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) Resource Planning Power Flow & Feasibility Study 

1. Introduction 

The OSU Motor Systems Resource Facility (MSRF), co-directed by the Principal Investigators 
(PI's, bias included), is an Energy Systems Laboratory with operating capabilities up to 750kVA, 
testbeds up to 300hp, a 120kVA fully programmable source, and a bi-directional grid interface 
enabling regeneration back onto the grid. The MSRF was developed at OSU for the research and 
testing of current and emerging technologies involving electric energy generation and 
renewables, machines, power electronics, industrial systems and power quality, and the hands-on 
training of students to prepare them for their transition into industry. The laboratory is unique in 
that it serves both students and industry through contracted projects, demonstrations and courses, 
including two short courses offered to PGE on Adjustable Speed Drives and Utility Application 
Issues in 2000. Example research that the MSRF has conducted includes ocean wave and wind 
generation work, research with the Navy on the "all-electric ship" and their Landing Craft, Air 
Cushion (LCAC) hovercraft and hybrid electric vehicles including sport utility vehicles and 
military tanks. At this time the MSRF has the highest power ratings and is the best-equipped 
Energy Systems Laboratory in any university in the nation. 
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New potential electrical generation in Oregon and Washington (2000 - 5000 MW of Wind & 
Gas) offers significant opportunities for PGE. For optimum Resource Planning and Integration 
with existing resources, the PI' s propose to work with two graduate students to model regional 
Power Flow transmission options in order to provide input to an overall Feasibility Study. The 
PowerWorld simulator will be employed as the primary power flow platform, and Matlab will be 
considered if more detailed low level modeling is required. Contingency/outage analysis will be 
conducted at strategic locations. The OSU Power Flow team will work closely with PGE 
Transmission Engineers, namely Mr. James (Jim) Eden, to obtain all of the necessary system 
information, and for weekly input to the power flow and feasibility study development process. 

3. Period of Performance: July 1st, 2005 through September 30t\ 2005 

4. Scope of Work 

There are three primary feasibility studies that are required. 

A. The first study will be an examination of the transmission system north of the Portland area. 
This transmission path, South of Allston (SoA), is a system constraint that limits PGE's 
ability to secure adequate long-term firm transmission in other parts of the Pacific Northwest 
grid. PGE will complete the Port Westward combined-cycle gas project in May 2007. This 
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project will interconnect at the decommissioned Trojan Nuclear Plant site, which is located in 
the middle of the SoA path. Analysis on the post-Port Westward system will include several 
potential topology changes including: effects/impacts of opening the Allston-Trojan lines; a 
parametric study of adding phase-shifting transformers at Trojan on the Allston lines; adding 
a third 230 kV line from Trojan to Portland; and other potential upgrades of other facilities in 
the path. 

B. The second study will examine a PGE proposal to assess the Southern Crossing. This study 
will investigate the feasibility of upgrading the Bethel-Round Butte 230 kV line to 500 kV 
and extending PGE's transmission from Round Butte to the Boardman/Coyote 
Springs/McNary area. PGE's objective is to provide it's own transmission path from the 
McNary area directly to Portland and maximize the economic transfer of PGE's existing 
resources located in the McNary area, as well as, integrating new resource developments in 
the area. This plan may require HVDC, series compensation, phase-shifting transformers, or 
other possible technologies to optimize the transfer. New resources include renewable 
projects between John Day and Walla Walla and gasification or conventional coal 
technologies at-Boardman. 

C. The third study will build upon the results of the second study and examine the synergies 
between the Southern Crossing options and other potential large-scale regional projects that 
currently include several AC and DC Canada to California grid expansion alternatives. The 
Montana/Wyoming to PNW regional projects will not have been developed in sufficient 
detail to be included in this study. PGE's objective is to leverage the Southern Crossing 
transmission expansion with the new transmission from Canada. There are significant new 
potential resources being considered in Canada, and they are looking at potential markets for 
these resources. The new resources include hydro, renewable, gas and coal projects proposed 
in BC and Alberta. The Southern Crossing would enable PGE to tap into these 
developments. 

To accomplish the feasibility studies, PGE proposes to use the WECC 2007 HS2 base case. This 
case is also being used in the region to assess the Canada to California grid expansions. Each 
study will require one or more power flow maps to be constructed. Contingency studies will 
mainly be limited to critical outages using a power flow program, although some transient 
stability benchmarking may be necessary. New facility additions will need to be properly 
modeled. Each study will be documented and include assumptions, methodology, system 
analysis of options, cost estimates, and conclusions. PGE will provide generic cost information 
for these studies. 

PGE has received permission from PowerWorld to extend PGE's site license to OSU for the 
purposes of completing this study. To allow this, OSU will be required to sign an agreement 
with PowerWorld. In addition, OSU may be required to sign a non-disclosure agreement with 
PGE to protect certain information that is considered sensitive for national security reasons. 
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1) Introduction 

South of Allston 
Summer 2004 Study Report 

This report summarizes the studies used to determine safe and reliable operation of 
the South of Allston path. The South of Allston path is typically loaded heavily only 
during the summer season when there is high north-to-south power flow across the 
Northwest system. The generation sources for this pattern include: Upper Columbia 
generation, Mid Columbia generation, BC Hydro generation, generation in the Puget 
Sound area and along the I-5 Corridor. The following transmission lines define the 
South of Allston path. 

Allston - Keeler 500 kV (BP A) 
Trojan - St. Marys 230 kV (PGE) 
Trojan-Rivergate 230 kV (PGE) 
Lexington - Ross 230 kV (BP A) 
Allston - St. Helens 115 kV (BPA) 
Merwin- St. Johns 115 kV (PACW) 
Astoria- Seaside 115 kV (PACW) 
Lewis & Clark - Astoria Tap 115 kV (P ACW) 

Note: The ''from" and "to" substations are listed in the direction of positive flow 
on the South of Allston path. The underlined substation is where the flow is 
metered. 

This path is thermally limited and the worst contingencies were found to be the 
following list of facilities. 
N-1: Allston - Keeler 500 kV line 
BFR: 4394 Keeler 500 kV (loss of Allston-Keeler and Keeler-Pearl 500 kV lines) 
BFR: 4283 Pearl 500 kV (loss of Keeler-Pearl and Pearl-Ostrander 500 kV lines) 
N-2: Allston - Trojan 1&2 230 kV lines 
N-2: Keeler - St. Marys/ Trojan - St. Marys 230 kV lines 

The above contingencies typically overload the following listed elements depending 
on the generation pattern and transfer level. The limiting elements include: Merwin 
- View Tap 115 kV line section, Woodland-Ross 230 kV line section, Lexington
Longview 230 kV line, Keeler - St. Marys 230 kV line, Trojan - St. Marys 230 kV 
line, and Keeler - Forest Grove #2 115 kV line. 

The reactive margins were determined for the critical contingencies at the Operating 
Transfer Capability (OTC) limit and at a level that is 5% higher than the OTC to 
confirm that there are no potential voltage stability issues. All contingencies studied 
included RAS if applicable. 

2) Purpose 
The procedures outlined in BPA's Dispatcher Standing Order (DSO) 309 are what is 
used to operate the system in real-time for the South of Allston path. These 
procedures identify the transfer levels where RAS is to be armed. The RAS arming is 
triggered off the north-to-south loading of the Allston-Keeler 500 kV line for the 
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loss of the Allston- Keeler 500 kV line, as it is the worst outage in the local area 
without RAS. Any contingency involving the loss of the Allston- Keeler 500 kV 
line would also trigger the same RAS actions. 

The DSO currently specifies four levels where actions are taken based on Allston -
Keeler loading. The first three arm some type of RAS and the fourth level is the OTC 
limit where real-time schedule cuts are made to maintain reliable transfers. The Level 
1 RAS arms 1200 MW of gen drop. The Level 2 RAS specifies to arm the PACW 
automatic runback of generation at its Swift and Yale plants. The Swift plant is 
runback to 170 MW (from a typical output of 200 MW) and the Yale plant is runback 
to 70 MW (from a typical output of 150 MW). This reduces the flows on the limiting 
elements stated earlier and is in addition to the Level 1 RAS. The Level 3 RAS arms 
a total of 2700 MW of gen drop that includes the P ACW automatic runback scheme. 
The RAS gen drop sites include the Fredrickson LLP units at South Tacoma 
substation, TransAlta Big Hanaford project, Chehalis Power Partners generation at 
Napavine substation, Upper Columbia generation (Chief Joe and Grand Coulee) as 
well as generation in BC Hydro's system ifloading on the Custer-Ingledow lines is 
above 800 MW north-to-south. 

There is also RAS used for the loss of the Keeler-Pearl 500 kV line to protect the 
parallel transmission lines in its area. The Keeler - Pearl RAS is armed based on the 
Keeler - Pearl 500 kV line loading. It only has two levels where Gen Drop is armed. 
The first is at a Keeler - Pearl loading of 700 MW where 1200 MW is armed and the 
second is at a loading of 1000 MW where 2700 MW is armed. When 2700 MW of 
Gen Drop is armed then the Allston - Keeler loading will be limiting before Pearl -
Keeler ever hits a limit. 

3) Assumptions 
The studies were performed using the Heavy Summer 2004 WECC case, as the 
summer is when this path is most heavily loaded. Figure #1 shows a loading 
distribution curve of the Allston-Keeler line for Summer (May- September) and 
Non-Summer (October - April) seasons. It can be seen during the Non-Summer 
seasons that the path is not stressed high enough to result in any thermal problems, as 
the loading never reaches the Level 1 arming point. Also, the summer case uses 30 
deg C ratings for transmission lines resulting in conservative arming levels and limits 
during the Non-Summer period. Figure #2 shows a similar loading distribution curve 
for the Keeler- Pearl 500 kV line. 

It is important to note that the Merwin - View Tap 115 kV line section overloads first 
and is the most limiting element for the South of Allston path. P ACW monitors and 
protects this line by manually running back generation at its Merwin and Yale hydro 
plants that each integrate into the Merwin 115 kV substation. The studies used the 
same option that was applied in previous summer studies to model the manual 
runback scheme when determining the RAS arming levels. This was to see how far 
back from 250 MW the Merwin and Yale generators (150 MW at Yale and 100 MW 
at Merwin) would need to be set to in order to alleviate the overloaded Merwin -
View Tap 115 kV line section for an outage of the Merwin- Cardwell 115 kV line. 
It was found that if the combined output was limited to 170 MW then the overload 
was eliminated. The studies were then conducted by setting the combined generation 
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to 170 MW (100 MW at Yale and 70 MW at Merwin) to mimic what PACW would 
at least have to do for an outage on their system. By setting the Yale generator to 100 
MW the effectiveness of the automatic runback scheme was reduced as the Yale 
generator is still only ramped back to 70 MW when this scheme is implemented. 

When determining the OTC of the South of Allston path it was then assumed that 
P ACW would mitigate any overload experienced on the Merwin - View Tap 115 kV 
line section with its manual (Merwin and Yale) runback scheme. Also, the P ACW 
Holladay-Knott 115 kV line was allowed to go to 125 percent of its rating (1125 A 
from 900 A) to account for the time, after a contingency, to manually reduce loadings 
before a sag violation actually occurs. These assumptions were agreed to by PACW. 

4) System Changes 
There are a few significant changes in the area since the Summer 2003 studies were 
performed. There was a second Pearl 500/230 kV transformer bank installed. The 
Swift #2 generation is gone. The DSI load at Longview is reduced and the DSI load 
at Pennwalt has been removed. Also, comparing the load levels between 2003 and 
2004 indicates that the total amount of load is the same, but the load distribution is 
different. 

5) Methodology 
The studies were performed by increasing the north-to-south transfer across the South 
of Allston path while applying the surrounding area's N-1 and N-2 contingencies 
until some limiting element was loaded up to 100 percent of its rating in the post
contingent state. Then Level 1 RAS is applied, as described in the DSO, to allow 
transfers to go higher. When a new limit is found by modeling the Level 1 RAS then 
the Level 2 RAS is applied. This process continues until the Level 3 RAS has been 
modeled and no more mitigating actions are available. This point identifies the OTC 
for the path. Generation at the Beaver, Swift, River Road and Chehalis Power 

. Partners plants were also varied to check their impact on transfers. A list of all the 
contingencies considered in this study can be found in Table #4. 

6) Results 
A. Thermal Limitations 
The results of the thermal study for Allston - Keeler loadings are found in Table # 1. 
The studies began with no RAS being applied. For this scenario the worst 
contingency was the Keeler 500 kV breaker failure losing the Allston - Keeler and 
Keeler - Pearl 500 kV lines. This contingency was limited by overloads on the 
Merwin - View Tap 115 kV line section at a transfer level of 1678 MW on the South 
of Allston path. The Allston - Keeler loading to identify the Level 1 arming point in 
the DSO would be 940 MW. 

Next, the Level 1 RAS (1200 MW of gen drop) was modeled for any contingency 
involving the loss of the Allston - Keeler 500 kV line and the transfers increased 
again. The worst contingency was again the Keeler 500 kV breaker failure that 
would overload the Merwin - View Tap 115 kV line section. The South of Allston 
transfer level at this point was found to be 1982 MW. The Allston - Keeler loading 
to identify the Level 2 arming point in the DSO is 1136 MW. 
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Then the Level 2 RAS (Swift and Yale automatic runback) was modeled, in addition 
to the Level 1 RAS, for any contingency involving the loss of the Allston - Keeler 
500 kV line and the transfers increased further. The worst contingency was either the 
loss of the Allston-Keeler 500 kV line, the Keeler 500 kV breaker failure both of 
which would overload the Merwin- View Tap 115 kV line section. The South of 
Allston transfer level at this point was found to be 2341 MW. The Allston- Keeler 
loading to identify the Level 3 arming point in the DSO was found to be 1385 MW. 

Finally, the Level 3 RAS (2700 MW of total gen drop) was modeled, which included 
the Swift and Yale automatic runback schemes, for any contingency involving the 
loss of the Allston - Keeler 500 kV line and the transfers increased higher. The worst 
contingency was the simultaneous loss of the Allston-Trojan 1&2 230 kV lines. 
There were several limiting elements identified depending on the generation pattern, 
but the most restrictive was on the Woodland - Ross 230 kV line section. The South 
of Allston transfer level at which this occurred was 3050 MW and the Allston
Keeler loading was 1741 MW. This identifies the Level 4 OTC limit. Beyond this 
loading level real-time schedule cuts are made to stay at or below this maximum 
transfer. 

The results of the thermal study for Keeler-Pearl loadings are found in Table #2. 
The Level 1 Keeler- Pearl RAS (1200 MW of gen drop) is needed when the Keeler..:... 
Pearl 500 kV line loading exceeds 700 MW. The Merwin- View Tap 115 kV line 
section would overload for the loss of the Keeler- Pearl 500 kV line at loadings 
above 700 MW ifno RAS was applied. 

The Level 2 Keeler - Pearl RAS (2700 MW of gen drop) is needed when the Keeler -
Pearl 500 kV line loading exceeds 1000 MW. It was also found that no additional 
RAS was needed for Keeler - Pearl through the OTC loading level found for South of 
Allston. This Gen Drop is separate from the Gen Drop used for the Allston - Keeler 
outage, but the same points are armed to prevent overarming issues. 

B. Voltage Stability Checks 
Reactive margin was checked for the worst contingencies at the OTC level identified 
through the thermal study. All major 500 kV and 230 kV busses in the area were 
studied. The results are found in Table #3. 

It can be seen from Table #3 that each bus studied has adequate margin at the path 
OTC and at a transfer level that is 5% higher than the OTC. Also, it can be seen that 
there is no significant decrease in margin as the transfer level is increased. These 
findings indicate that transfers on the South of Allston path are not voltage stability 
limited at least through the current OTC limits found in the thermal study. 

The minimum reactive margin for any 500 kV bus was 1736 MV AR and for any 230 
kV bus was 745 MV AR. The collapse point voltage was always less than 0.85 p.u. at 
any bus for all transfer levels. 
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C. Transient Stability Checks 
Transient stability simulations were run at the path OTC as identified through the 
thermal studies. The contingencies studied were the Allston - Keeler 500 kV line 
outage and the simultaneous loss of both Allston- Trojan 230 kV lines. 

The Allston - Keeler 500 kV line outage included the RAS of 2700 MW of gen drop. 
All load bus voltage dips did not exceed 25%. 
All load bus voltage dips did not exceed 20% for more than 20 cycles. 
All generator bus voltage dips did not exceed 30%. 
All other bus voltage dips did not exceed 30% 

The simultaneous loss of both Allston-Trojan 230 kV lines did not have any 
violations of the NERC/WECC performance Level C criteria. 

All load bus voltage dips did not exceed 30%. 
All load bus voltage dips did not exceed 20% for more than 40 cycles. 
All generator bus voltage dips did not exceed 30%. 
All other bus voltage dips did not exceed 30% 

7) Outage History 
The following is a list of the outage history for the critical contingencies identified in 
the studies. The outage history was compiled from data back through July 1, 1996. 

Allston - Keeler #1 500 kV 
Date Time Duration (min.) 

8/10/96 3:42 PM 315 
4/18/98 3:10 PM 0 
7/14/98 8:45 PM 0 
7/22/00 5:29AM 0 

Allston - Trojan #1 230 kV 
Date Time Duration (min.) 

5/1/98 6:43 PM 0 
10/19/99 7:24 AM 83 
3/18/03 10:35 AM 8 

Allston - Trojan #2 230 kV 
Date Time Duration (min.) 

No outages since 7/1/96. 

Keeler - Pearl 500 kV 
Date 

7/13/96 
8/10/96 
6/24/02 
11/6/02 

Time 
2:36 PM 
3:42 PM 
8:58 AM 
6:43 AM 

Duration (min.) 
427 
315 

0 
0 

Reason 
Tree 

Lightning 
Unknown 
Lightning 

Reason 
Lightning 

Improper Relaying 
Maintenance Error 

Reason 

Reason 
Tree 

Forced 
Insulator 
Weather 
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Table #4: Contingencies Studied 
BFR: (Allston 4502) Allston-Keeler/Napavine-Allston 
BFR: (Allston 4690) Paul-Allston #2/Allston Bank #2 
BFR: Keeler 500 kV 
N-2: Allston-Trojan 1&2 230 kV 
N-2: Paul-Allston#2/Napavine-Allston 500 kV 
N-2: Trojan-Harborton/Trojan-St. Marys 230 kV 
N-2: Keeler- St. Marys/Trojan-St. Marys 230 kV 
N-2: Longview-Allston 1&2 230 kV 
N-2: Longview-Allston 1&3 230 kV 
N-2: Longview-Allston 2&3 230 kV 
N-1: Keeler-Pearl 500 kV 
N-1: Paul-Allston #2 500 kV 
N-1: Napavine-Allston 500 kV 
N-1: Pearl-Ostrander 500 kV 
N-1: Ostrander-Troutdale 500 kV 
N-1: Ostrander-Mcloughlin 500 kV 
N-1: Allston-Trojan #1 230 kV 
N-1: Allston-Trojan #2 230 kV 
N-1: I 19THSTI 15-HOKINSNI !SCI 
N-1: 119THSTll5-SW51115Cl 
N-1: 4THPLNI 15-SIFTTPI !SCI 
N-1: 4THPLNI 15-SW51115Cl 
N-1: 72NDCCI 15-99THTPI !SCI 
N-1: 72NDCCI 15-MANORI !SCI 
N-1: 72NDPPLI 15-CHERYPPLI !SCI 
N-1: 72NDPPLI 15-HZLDLPPLI !SCI 
N-1: 99THTPI IS-BABERTNI !SCI 
N-1: 99THTPI 1S-SW3S11SCI 
N-1: ABRNATHYI 15-ABRNTHYI I !SCI 
N-1: ABRNTHY#l lS-CANEMAHI !SCI 
N-1: ABRNTHY#l1S-MTPLSN211SCI 
N-1: ABRNTHY I l l 5-JENGSLD211 SC I 
N-1: ABRNTHYI 115-MCLGHLNAI !SCI 
N-1: ALBINA! lS-DELAWAREIISCI 
N-1: ALBINA! IS-KNOTT! !SCI 
N-1: ALCOA! IS-PORT! !SCI 
N-1: ALCOA! IS-ROSALC481 !SCI 
N-1: ALCOA! IS-STEVNTPI !SCI 
N-1: ALCOA230-ROSS230Cl 
N-1: ALCOTII IS-ALCOAI !SCI 
N-1: ALCOTII IS-SW481 ISCI 
N-1: ALDERCRTI IS-GLENCOE! !SCI 
N-1: ALDERCRTI 15-HARSNPGE 11 SC l 
N-1: ALLSTON! IS-DELENA! !SCI 
N-1: ALLSTON! IS-NYSTAPI 1SC4-MS 
N-1: ALLSTON! IS-RAINIER#! I SCI-MS 
N-1: ALLSTON230-BEAVER230CI 
N-1: ALLSTON230-DRISCOLL230CI 
N-1: ALLSTON230-DRISCOLT230Cl 
N-1: ALLSTON230-LONGVIEW230C I 
N-1: ALLSTON230-LONGVIEW230C2 
N-1: ALLSTON230-LONGVIEW230C3 
N-1: ARCHERCCI IS-SWS211SC1 
N-1: ARIEL! IS-CARDWELL! !SCI 
N-1: ARIEL! IS-MERWIN! !SCI 
N-1: ASTORIA! IS-FERNHILI !SCI 
N-1: ASTORTPI IS-ASTORIA! !SCI 
N-1: ASTORTPI IS-SEASIDE! !SCI 
N-1: AXFORD! IS-CHERYCCI !SCI 
N-1: AXFORD! IS-HEYEMYRI !SCI 
N-1: BABERTNI IS-BRBTNSWI !SCI 
N-1: BAKERCRI IS-WALNCTYI !SCI 
N-1: BAKERCRI lS-WALNTAPI !SCI 
N-1: BATLGRDI IS-CHERYCCI 15Cl 
N-1: BA TLGRDI l S-SW6 I I SCI 
N-1: BEAVRTONI IS-BEAVTN#l lSCI 
N-1: BEAVRTONI IS-DENNY! !SCI 
N-1: BEAVTN#l lS-TEKI I !SCI 
N-1: BELLI IS-LENTS! !SCI 
N-1: BELLI 15-SELLWOODl !SCI 
N-1: BETHANY! 15-CEDARHL#l lSCl 
N-1: BETHANY! IS-WILBRDG#l lSCI 

N-1: Allston - Keeler 500 kV 
N-1: BLOSS! IS-COLUMPGI !SCI 
N-1: BLOSS! IS-STJOHNTI 15Cl 
N-1: BLUELAKEI IS-FAIRVWPI !SCI 
N-1: BLUELAKEI IS-ROCKWD21 ISCI 
N-1: BLUELAKE230-TROUTDAL230Cl 
N-1: BOCGASESI IS-ELMGRNI 15Cl 
N-1: BOISECSCI lS-STHELENSI lSCl 
N-1: BOONES FR 115-OSWEGO 11 SC I 
N-1: BOONESFRI IS-WSTPRTLDI !SCI 
N-1: BOOTHBDI 15-MCMINVILI !SCI 
N-1: BOOTHBDl 15-WALNCTYI 15Cl 
N-1: BRBTNSWI 15-ELMGTII !SCI 
N-1: BURNT! 15-BURTONI 15Cl 
N-1: BURNT! IS-CAPLES! 15CI 
N-1: BURTON! 15-SWI0OI 15Cl 
N-1: BURTON! 15-SW105115Cl 
N-1: CAMAS! 15-FIBERWEBI !SCI 
N-1: CAMAS115-NCAMASI !SCI 
N-1: CANEMAHl 15-MTPLSNI I ISCl 
N-1: CANEMAH 115-SULIV AN I I SC 1 
N-1: CANNONBl 15-NEHALTPI !SCI 
N-1: CANNONBl 15-SEASIDEI !SCI 
N-1: CANYON! 15-SULZER#l lSCI 
N-1: CANYON! 15-SYLVAN#I ISCI 
N-1: CANYON! 15-URBANI 15Cl 
N-1: CARBNDMI IS-ROSSI !SCI 
N-1: CARDWELL! 15-CARROLLS I I SCI 
N-1: CARDWELL! 15-COWLCCP I I SC I 
N-1: CARLTON! 15-CARL TONTI I SCI 
N-1: CARLTON! 15-WINDSHARI !SCI 
N-1: CARLTON230-CASCADTP230Cl 
N-1: CARLTON230-TILLAMOK230Cl 
N-1: CARL TONTI 15-FILBRTTI !SCI 
N-1: CARLTONTI 15-WALNTAPIISCI 
N-1: CARROLLSI 15-SKELSOI ISCI 
N-1: CARVER! 15-CLACKMASI !SCI 
N-1: CARVER! 15-PLSNTVLYl !SCI 
N-1: CARVER! 15-TOWNCNTRI !SCI 
N-1: CARVER230-GRESHAM230Cl 
N-1: CARVER230-MCLOUGLN230CI 
N-1: CASCADTP230-SHERWOOD230Cl 
N-1: CASCADTP230-WINDSHAR230Cl-MS 
N-1: CASCDLKI 15-HOODRVRl !SCI 
N-1: CASCDPKI 15-JOEASTI !SCI 
N-1: CASCDPKI 15-SWl l 7115Cl 
N-1: CA THLAMTI 15-GRA YSRVI I SC l 
N-1: CATHTAPI 15-CATHLAMTI !SCI 
N-1: CATHTAPI 15-KNAPPAI !SCI 
N-1: CATHTAPI IS-MISTI 15Cl 
N-1: CEDARHILI 15-CEDARHL#l lSCI 
N-1: CEDARHL#l 15-STMARYEI I !SCI 
N-1: CHERYCCI 15-CHERYPPLI !SCI 
N-1: CHERYPPLI 15-VIEWTAPI !SCI 
N-1: CLACKMA#l 15-CLACKMASI !SCI 
N-1: CLACKMA#l 15-JENGSL#l l5Cl 
N-1: CLACKMA#l 15-MCLGHLNBI !SCI 
N-1: CLARK! IS-SARAI !SCI 
N-1: CLARK! 15-SW7115Cl 
N-1: CLATSKANI IS-DELENA! !SCI 
N-1: CLATSKANI IS-MISTI iSCI 
N-1: CLA TSOP230-DRISCOLT230C I 
N-1: CNTENlALI 15-CNTENLI l lSCI 
N-1: CNTENLI 115-ESTPORT#I ISCI 
N-1: CNTENLI 115-MIDWAYI I !SCI 
N-1: CNTENL2l 15-GLNDOVERI !SCI 
N-1: CNTENL2115-GRESHAMAI ISCI 
N-1: COLUMPGl IS-MALLORY! !SCI 
N-I: CORNELUSI 15-FORGROVI !SCI 
N-1: COWLCCPI 15-LONGVIEWI !SCI 
N-1: CULLY! 15-HOLLYWODI !SCI 
N-1: CULLY! 15-TROUTDALI ISCI 
N-1: CURTIS#! IS-DELAWARE! !SCI 
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N-1: CURTIS#l l5-PORTSMTHI 15Cl 
N-1: CURTIS I 15-CURTIS#l l5Cl 
N-1: DAYTON! 15-MCMINVILI l 5Cl 
N-1: DENNY! 15-PROGRESSI 15Cl 
N-1: DRISCOLL230-DRISCOLT230Cl 
N-1: DRISCOLL230-WAUNA230Cl 
N-1: DURHAM 1115-MERJDIAN l l 5C I 
N-1: DURHAM! 115-TUALATINI 15Cl 
N-1: DURHAM! 15-DURHAMI l 15Cl 
N-1: DURHAM2115-TIGARDl 115CI 
N-1: DURHAM2115-WSTPRTLDI 15Cl 
N-1: DUTCHCANI IS-STJOHNS! 15CI 
N-1: DUTCHCANI 15-WARRENI 15CI 
N-1: EASTPORTI IS-ESTPORT#l l5CI 
N-1: EKELSOl 15-SHAWNCCI 15CI 
N-1: EKELSOl 15-SKELSOl 15Cl 
N-1: ELMGRNI 15-SWS21 ISCI 
N-1: ELMGTII 15-ELMGRNI 15CI 
N-1: ELMGTII 15-SWI 19115CI 
N-1: ELSWORTI IS-SWI00I ISCI 
N-1: ELSWORTI IS-SWI 17115Cl 
N-1: ESTPORT#l lS-LINNEMANI !SCI 
N-1: ESUBSTAI 15-SULZER#l 15CI 
N-1: ESUBSTAI l5-WILBRDG#I 15CI 
N-1: ESUBSTAI 15-WILLPENNI 15Cl 
N-1: EVANSCI 15-EVANSCLKI 15CI 
N-1: EVANSCI 15-FIBERWEBI 15Cl 
N-1: EV ANSCLKI 15-NCAMAS I I SC I 
N-1: EVERGRNI 15-SEHSJLCAI 15Cl 
N-1: EVERGRNI IS-SIFTONI 15Cl 
N-1: EVERGRNIIS-SW6211SCI 
N-1: F.VALLEYI IS-HZLDLPPLI !SCI 
N-1: F.VALLEYI 15-RVRRDCI 15CI 
N-1: FAIRVWPI 15-FUJITSUI 15Cl 
N-1: FARGOl 15-ORECITYI !SCI 
N-1: FELIDAI 15-SARAI 15Cl 
N-1: FEUDAi 15-SW481 l 5Cl 
N-1: FERNHILI 15-KNAPPAI !SCI 
N-1: FILBRTTI 15-FORGROVI 15CI 
N-1: FISHERS 115-JOEASTI l 5Cl 
N-1: FISHERS! 15-SIFTONI 15Cl 
N-1: FORGROVI IS-KEELER! 15C2 
N-1: FORGRTI 15-KEELERI !SCI 
N-1: FORGRTI 15-THATCHJl 15Cl 
N-1: FUJJTSU#l l5-GRESHAMBI 15Cl 
N-1: FUJITSU#l l5-ROCKWDI 15Cl 
N-1: FUJITSU! 15-FUJITSU#l lSCI 
N-1: FUJITSU! 15-MCGILLI !SCI 
N-1: GARIBALDI 15-MOHLERI 15Cl 
N-1: GARIBALDI 15-TILLAMOKI 15Cl 
N-1: GLENCOE#l 15-TABORI 15CI 
N-1: GLENCOE! IS-GLENCOE#! 15Cl 
N-1: GLENCULNI 15-GRDNHOMI l 15Cl 
N-1: GLENCULNI 15-SYLVAN#l 15Cl 
N-1: GLNDOVERI 15-HEMLOCK#l 15Cl 
N-1: GLNDOVERI 15-RUSSELLVI !SCI 
N-1: GOBLE#l 15-RAINIER#l l5CI 
N-1: GOBLE#l 15-TWR22-4Nl 15Cl 
N-1: GRANDI 15-MILLPLNI !SCI 
N-1: GRANDI 15-ROSSI 15Cl 
N-1: GRAYSRVI 15-NASELLEI 15CI 
N-1: GRDNHOMI 115-WSTPRTLDI 15CI 
N-1: GRDNHOM2115-GRDNHOMEI 15Cl 
N-1: GRDNHOM2 l 15-RALGHHILI I 5Cl 
N-1: GRDNHOM2115-WSTPRTLDI 15Cl 
N-1: GRESHAM230-LINNEMAN230Cl 
N:l: GRESHAM230-TROUTPP2230CI 
N-1: GRESHAMAI 15-RAMAPO#I 15CI 
N-1: GRESHAMBI 15-HOGANI 15CI 
N-1: GRESHAMBI 15-PLSNTVLYI 15Cl 

N-1: HAGENTPI 15-NASELLEI 15Cl 
N-1: HAGENTPI 15-TARLETTI 15CI 
N-1: HARBLOADl 15-HARBTN2115Cl 
N-1: HARBORTNI 15-HARBTNI 115CI 
N-1: HARBORTNI 15-SCAPPOSEI 15CI 
N-1: HARBORTN230-RIVRGATE230Cl 
N-1: HARBORTN230-TROJAN2230CI 
N-1: HARBTNI 115-RVGTSO#I I5Cl 
N-1: HARBTN2l 15-STMARYSCI 15Cl 
N-1: HARBTN2l 15-WACKERI 15Cl 
N-1: HARMONY! 15-JENGSL#l 15Cl 
N-1: HARRISON! l5-HARSNPGE115Cl 
N-1: HARRISON! 15-HOLLADAYI 15Cl 
N-1: HARRISON! 15-LINCOLNI 15CI 
N-1: HEMLCKI 15-HEMLOCK#l l5CI 
N-1: HEMLOCK#l 15-ROCKWD2115Cl 
N-1: HEYEMYRI 15-HEYESWI 15Cl 
N-1: HEYEMYRI 15-HOKINSNI 15Cl 
N-1: HEYESWI 15-UNIONCCI 15Cl 
N-1: HOGAN! 15-MCGILLI 15Cl 
N-1: HOLCOMB I 15-VALLEYTI 15Cl 
N-1: HOLLADA YI 15-KNOTTI 15Cl 
N-1: HOLLYWODI 15-KNOTTI 15CI 
N-1: HUBER! 115-MURRAYHI 15CI 
N-1: HUBER I 115-REEDVILEI 15Cl 
N-1: HUBER I 15-HUBERI l 15CI 
N-1: HUBER2115-STMARYSBI 15Cl 
N-1: HUBER2115-TEKI 115Cl 
N-1: HYDNISLI 15-KELLEYI 115Cl 
N-1: HZLDLCCI 15-HZLDLPPLI 15Cl 
N-1: HZLDLCCI 15-ROSSI 15Cl 
N-1: HZLDLCCI 15-SWI l 15Cl 
N-1: ISLAND! 15-JENGSLD2115Cl 
N-1: ISLAND! 15-SELLWOODI 15Cl 
N-1: JENGSL#l 15-JENGSLDGI 15Cl 
N-1: JNSPI 115-JNSP2115Cl 
N-1: JNSPI l 15-SW8115Cl 
N-1: JNSP2115-LMJNSI 15Cl 
N-1: JOEASTI 15-RUNYANI 15Cl 
N-1: KEELER! 15-ORECITYI 15C2 
N-1: KEELER! 15-PENNWALTI 15Cl 
N-1: KEELER! 15-STJOHNSI 15C2 
N-1: KEELER230-RIVRGATE230Cl 
N-1: KEELER230-STMARYS230Cl 
N-1: KELLEY! 115-KELLEYPTI 15Cl 
N-1: KELLEY! 115-RIVRGTAI 15Cl 
N-1: KELYBUTEI 15-MIDWAYI I 15Cl 
N-1: KELYBUTEI 15-TABORI 15Cl 
N-1: KINGCJTYI 15-SHERWDBI 15Cl 
N-1: KINGCITYI 15-TIGARDI l 15Cl 
N-1: KNOTT! 15-MALLORYI 15Cl 
N-1: LENTS! IS-RAMAPO#l l5Cl 
N-1: LEXINGTN 115-PACIFWYI l 5C I 
N-1: LEXINGTNI 15-SHA WNCCI 15Cl 
N-1: LEXINGTN230-LONGVIEW230C2 
N-1: LEXINGTN230-WOODLAND230Cl 
N-1: LINCOLN! 15-URBANI 15Cl 
N-1: LINNEMAN230-TROUTPPl230CI 
N-1: LKSHOREI 15-SWI l 15Cl 
N-1: LKSHOREI 15-SW48115Cl 
N-1: LMJNSI 15-STKFRDI 15Cl 
N-1: LONGVIEW! 15-NYSTAPI 15C4-MS 
N-1: LONGVIEW! 15-PACIFWYI 15Cl 
N-1: MCLOUGLN230-PEARL#230Cl 
N-1: MCMINVILI 15-WALNTAPI 15Cl 
N-1: MCMINVILI 15-WINDSHARI 15CI 
N-1: MERIDIANI 15-ROSEMONTI 15Cl 
N-1: MERWIN! 15-VIEWTAPI 15Cl 
N-1: MIDWAYPGI 15-RAMAPOl 15Cl 
N-1: MILLPLNI 15-SHPYRDI 15Cl 
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N-1: MINHAHAI 15-SWI 19115CI 
N-1: MOHLER! 15-NEHALTPI 15CI 
N-1: MTPLSNI 115-MTPLSNTI 15CI 
N-1: MULTNM2#115-MULTNMAHI 15CI 
N-1: MULTNM2#115-RALGHHL#l 15CI 
N-1: MULTNM2#115-RNRVWI I 15CI 
N- I: MUL TNMA# 115-URBAN# 1 I 5C I 
N-1: MULTNMA#l 15-WSTPRTLDI 15CI 
N-1: MURRAYHI 15-BEAVRTONI 15CI 
N-1: MURRA YH230-SHERWOOD230Crl 
N-1: MURRA YH230-STMARYS230CI 
N-1: NASELLEI 15-TARLETTI 15CI 
N-1: NASELLEI 15-VALLEYTI 15CI 
N-1: NCAMASI 15-SIFTONI 15Cl 
N-1: NEHALTPl 15-NEHALEMI 15CI 
N-1: NEWBERGl 15-SHERWDAI 15CI 
N-1: OAKHILL2115-OAKHILLS l I 5Cl 
N-1: OAKHILL2115-STMARYSAI 15CI 
N-1: OAKHILL2115-SUNSETPGI 15CI 
N-1: ORCHRDS115-SW35115Cl 
N-1: ORCHRDSI 15-SW62115Cl 
N-1: ORENCOl 115-REEDVILEI 15Cl 
N-1: ORENCOl 115-STMARYSBI l5CI 
N-1: ORENCOl 115-STMARYSCI 15CI 
N-1: ORENCOl 115-SUNSETPGI 15CI 
N-1: ORENCO115-ORENCO1115CI 
N-1: ORENCOl 15-ROSEWAYI 15Crl 
N-1: ORESTEELI 15-RNRGTBl 15CI 
N-1: OSWEGOl 15-ROSEMONTI 15CI 
N-1: OWENSCR#l 15-SCAPPOSEI 15CI 
N-1: OWENSCR#l 15-STHELENSI 15Cl 
N-1: OWENSCRI 15-OWENSCR#l 15CI 
N-1: PARKDALE230-TROUTDAL230C I 
N-1: PEARL#230-SHERWOOD230CI 
N-1: PEARL230-PEARL#230C I 
N-1: PEARL230-SHERWOOD230CI 
N-1: PORTSMTHI 15-RIVRGTAI 15Cl 
N-1: PROGRESS! 15-TIGARD2115CI 
N-1: RAINIER! 15-RAINIER#l l5CI 
N-1: RALGHHL#l 15-SYLVAN2115CI 
N-1: RAMAPOl 15-RAMAPO#l l5CI 
N-1: REEDVILEI 15-ROSEWAYI 15Crl 
N-1: RNRGATE230-ROSS230CI 
N-1: RNRGTAI 15-RVGTSO#l l5CI 
N-1: RNRGTAI 15-RVGTSOl 15Cl 
N-1: RNRVIEWI 15-RNRVWI l 15Cl 
N-1: RNRVWI 115-SELLWOODI 15CI 
N-1: RNRVW2115-SELLWOODI 15CI 
N-1: RNRYW2115-URBAN#l 15CI 
N-1: ROSALC 11115-ROSALC48115C2-MS 
N-1: ROSALCI 1115-ROSALC48115C4 
N-1: ROSALCI 1115-ROSSI 15CI 
N-1: ROSEMONT! 15-SULIVANI 15CI 
N-1: ROSSI 15-SIFTONI 15CI 
N-1: ROSSI15-SW52115Cl 
N-1: ROSS230-SIFTTP I 230C I 
N-1: ROSS230-SIFTTP2230C2 
N-1: ROSS230-STJOHNS230Cl 
N-1: ROSS230-WOODLAND230CI 
N-1: RUNYAN 115-TROUTDALI 15C I 
N-1: RUNYAN! 15-WAFERTECI 15Cl 
N-1: RUSSELLVI 15-TABORI 15CI 
N-1: SEHSILCAI 15-SW105115CI 
N-1: SELLWOODI 15-TOWNCNT#l 15CI 
N-1: SHERWDAI 15-TUALATINI 15Cl 
N-1: SHERWDBI 15-SIXCRNRSI 15CI 
N-1: SIFTONI 15-SWI00l 15CI 
N-1: SIFTONI 15-WAFERTECI 15CI-MS 
N-1: SIFTTPI 15-SJFTONI 15CI 
N-1: SIFTTP1230-SIFTONl230CI 

N-1: SIFTTP2230-SIFTON2230CI 
N-1: SOUFORKI 15-TILLAMOKl 15CI 
N-1: SOUFORKI 15-TIMBERI 15CI 
N-1: STEYNTPl 15-STEVNSON115Cl 
N-1: STHELENSI 15-TWR22-4NI 15Cl 
N-1: STHELENSI 15-TWR22-4SI 15CI 
N-1: STHELNl 15-SWl 17115Cl 
N-1: STJOHNS I 15-STJOHNTl 15Cl 
N-1: STKFRDI 15-SWl 115CI 
N-1: STMARYEl 115-STMARYSAl 15CI 
N-1: STMARYE2115-STMARYESI 15Cl 
N-1: STMARYE2115-STMARYSB115Cl 
N-1: STMARYE2115-TEKTRONXI 15Cl 
N-1: STMAR YS230-TROJAN 1230C 1 
N-1: STMARYSCI 15-SUNSETPGl 15Crl 
N-1: SULZER! 15-SULZER#l 15Cl 
N-1: SWI05115-WALNUTI 15Cl 
N-1: SW! 19115-WALNUTI !SCI 
N-1: SW351 I 5-UNIONCCI 15CI 
N-1: SW50115-SW51 l 15Cl 
N-1: SW50115-SW62115Cl 
N-1: SW6115-SW7115CI 
N-1: SW7115-SW8115Cl 
N-1: SWIFT230-WOODLAND230Cl 
N-1: SYLVAN] 15-SYLVAN#l 15Cl 
N-1: THATCH.1115-TIMBERl 15Cl 
N-1: TIGARD] 15-TIGARDl l 15Cl 
N-1: TIGARD2115-WSTPRTLDI 15Cl 
N-1: TILLAMOKJ 15-TRASKRVI 15CI 
N-1: TOWNCNT#l 15-TOWNCNTRl 15Cl 
N-1: TROJAN230-TROJAN I 230C I 
N-1: TROJAN230-TROJAN2230CI 
N-1: TROUTDAL230-TROUTPP1230Cl 
N-1: TROUTDAL230-TROUTPP2230C I 
N-1: TWR22--4SI 15-WARRENl 15CI 
N-1: URBANI 15-URBAN#l !5Cl 
N-1: WACKER! 15-WILLPENNI 15Cl 
N-1: WILBRDG#l l5-WILLBRDGI 15Cl 
T-1: ALCOA230-ALCOAI 15Cl 
T-1: ALLSTON500-ALLSTON230Cl 
T-1: ALLSTON500-ALLSTON230C2 
T-1: BLUELAKE230-BLUELAKEI 15Cl 
T-1: CARLTON230-CARLTONI 15Cl 
T-1: CARYER230-CARVERI 15Cl 
T-1: CLA TSOP230-ASTORTPI I SCI 
T-1: GRESHAM230-GRESHAMAI 15CI 
T-1: GRESHAM230-GRESHAMBI 15Cl 
T-1: KEELER230-KEELERI 15Cl 
T-1: KEELER230-KEELER115C2 
T-1: KEELER500-KEELER230CI 
T-1: LEXINGTN230-LEXINGTNI 15Cl 
T-1: LINNEMAN! 15-LINNEMAN230Cl 
T-1: LONGVIEW230-LONGVIEWI 15Cl 
T-1: MCLOUGLN230-MCLGHLNAl 15CI 
T-1: MCLOUGLN230-MCLGHLNBI 15Cl 
T-1: MCLOUGLN500-MCLOUGLN230CI 
T-1: MURRA YHI 15-MURRA YH230CI 
T-1: PEARL500-PEARL230Cl 
T-1: RNRGATE230-RIVRGTAI 15CI 
T-1: RNRGATE230-RIVRGTB115Cl 
T-1: ROSS230-ROSSI 15Cl 
T-1: ROSS230-ROSSI 15C2 
T-1: SHERWOOD230-SHERWDA115Cl 
T-1: SHERWOOD230-SHERWDBI 15Cl 
T-1: SIFTON1230-SIFTON115CI 
T-1: SIFTON2230-SIFTON115Cl 
T-1: STJOHNS230-STJOHNSI 15Cl 
T-1: TILLAMOK230-TJLLAMOKI 15Cl 
T-1: TROUTDALI 15-TROUTPP2230Cl 
T-1: TROUTDAL500-TROUTDAL230Cl 
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South of Allston 
Summer 2005 Study Report 

1) Introduction 
This report summarizes the studies used to determine safe and reliable operation of 
the South of Allston path. The South of Allston path is typically loaded heavily only 
during the summer season when there is high n01ih-to-south power flow across the 
Northwest system. The generation sources for this pattern include: Upper Columbia 
generation, Mid Columbia generation, BC Hydro generation, generation in the Puget 
Sound area and along the I-5 Corridor. The following transmission lines define the 
South of Allston path. 

Allston - Keeler 500 kV (BPA) 
Trojan - St. Marys 230 kV (PGE) 
Trojan-Rivergate 230 kV (PGE) 
Lexington - Ross 230 kV (BPA) 

[
Allston - St. Helens 115 kV (BPA) 
Merwin - St. Johns 115 kV (P ACW) -
Astoria - Seaside 115 kV (P ACW) 
Lewis & Clark - Astoria Tap 115 kV (P ACW) 

Note: The ''from" and "to" substations are listed in the direction of positive flow 
on the South of Allston path. The underlined substation is where the flow is 
metered. 

This path is thermally limited and the worst contingencies were found to be the 
following list of facilities. 
N-1: Allston - Keeler 500 kV line 
BFR: 4322, 4324, 4394 Keeler 500 kV (loss of Keeler 500 kV bus) 
BFR: 4280 Pearl 500 kV (loss of Pearl-Keeler and Pearl Bank #2) 
BFR: 4283 Pearl 500 kV (loss of Pearl-Keeler and Pearl-Ostrander 500 kV lines) 
N-2: Pearl - Keeler 500 kV and Pearl - Sherwood 230 kV lines 
N-2: Keeler - St. Marys/ Trojan - St. Marys 230 kV lines 
N-1: Lexington-Longview 230 kV 

The above contingencies typically overload the following elements depending on the 
generation pattern and transfer level. The limiting elements include: Merwin - View 
Tap 115 kV line section, Woodland-Ross 230 kV line section, Lexington -
Longview 230 kV line, Keeler - St. Marys 230 kV line, Trojan - St. Marys 230 kV 
line, Keeler-Forest Grove #2 115 kV line, and the Longview 230/115 kV Bank. 

The reactive margins were determined for the critical contingencies at the Operating 
Transfer Capability (OTC) limit and at a level that is 5% higher than the OTC to 
confirm that there are no potential voltage stability issues. All contingencies studied 
included RAS if applicable. 
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2) Purpose 
The procedures outlined in BPA's Dispatcher Standing Order (DSO) 309 are what is 
used to operate the system in real-time for the South of Allston path. These 
procedures identify the transfer levels where RAS is to be armed. The RAS arming is 
triggered off the no1ih-to-south loading of the Allston - Keeler 500 kV line. This is 
because the Allston - Keeler 500 kV line is a very good measure of the relative stress 
through the area. Also. the Allston - Keeler 500 kV line is the worst single line 
outage in the local area without RAS. Any contingency involving the loss of the 
Allston - Keeler 500 kV line would also trigger the same RAS actions. 

The DSO specifies three levels where actions are taken based on Allston - Keeler 
loading. The first two arm some type of RAS and the third level is the OTC limit 
where real-time schedule cuts are made to maintain reliable transfers. The Level 1 
RAS arms 1200 MW of gen drop. The Level 2 RAS specifies to aim the PACW 
automatic runback of generation at its Swift and Yale plants. The Swift plant is 
runback to 170 MW and the Yale plant is rnnback to 70 MW. This reduces the flows 
on the limiting elements stated earlier and is in addition to the Level 1 RAS. The 
Level 2 RAS also arms a total of 2700 MW of gen drop that includes the P ACW 
automatic runback scheme. The RAS gen drop sites include the Fredrickson LLP 
units at South Tacoma substation, TransAlta Big Hanaford project, Chehalis Power 
Partners generation at Napavine substation, Upper Columbia generation (Chief Joe 
and Grand Coulee) as well as generation in BC Hydro's system ifloading on the 
Custer-Ingledow lines is above 800 MW north-to-south. 

There is also RAS used for the loss of the Keeler - Pearl 500 kV line to protect the 
parallel transmission lines in its area. The Keeler - Pearl RAS is armed based on the 
Keeler- Pearl 500 kV line loading. It only has two levels where Gen Drop is armed. 
The first is at a Keeler - Pearl loading of 700 MW where 1200 MW is armed and the 
second is at a loading of 1000 MW where 2700 MW is armed. 

3) Assumptions 
The studies were performed using the Heavy Summer 2005 WECC operating case, as 
the summer is when this path is most heavily loaded. Loads and generation at many 
local busses were modified to accurately model what was measured from recent 
summer historical SCAD A data. These changes were implemented for the northern 
Oregon and southern Washington coastal areas as well as in Lewis and Cowlitz 
County PUD systems. 

Figure #1 shows a loading distribution curve of the Allston - Keeler line for Summer 
(June - September) and Non-Summer (October - May) seasons. It can be seen 
during the Non-Summer seasons that the path is not stressed enough to result in 
significant thermal problems. The loading has only exceeded the Level 1 arming 
point for a few hours throughout its history. Also, the summer case uses 30 deg C 
ratings for transmission lines resulting in conservative arming levels and limits during 
the Non-Summer period. Figure #2 shows a similar loading distribution curve for the 
Keeler- Pearl 500 kV line. 
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It is important to note that the Merwin- View Tap 115 kV line section overloads first 
and is the most limiting element for the South of Allston path when the Merwin and 
Yale generators are up. P ACW monitors and protects this line by manually running 
back generation at its Merwin and Yale hydro plants that each integrate into the 
Merwin 115 kV substation. The studies used the same option that was applied in 
previous summer studies to model the manual runback scheme when determining the 
RAS arming levels. This was to see how far back the Merwin and Yale generators 
would need to be set to in order to alleviate the overloaded Merwin - View Tap 115 
kV line section for an outage of the Merwin- Cardwell 115 kV line. It was found 
that if the combined output was limited to 145 MW then the overload was eliminated. 
The studies were then conducted by setting the combined generation to 170 MW (70 
MW at Yale and 75 MW at Merwin) to mimic what PACW would at least have to do 
for an outage on their system. By setting the Yale generator to 70 MW the 
effectiveness of the automatic runback scheme was not apparent as the Yale generator 
is still only ramped back to 70 MW when this scheme is implemented. 

When determining the OTC of the South of Allston path it was then assumed that 
P ACW would mitigate any overload experienced on the Merwin - View Tap 115 kV 
line section with its manual (Merwin and Yale) runback scheme. This assumption 
was agreed to byPACW. 

4) System Changes 
There are a few significant changes in the area since the Summer 2004 studies were 
performed. There was a change in the generation assumption at the Longview Fiber 
plant integrating into the Cowlitz 115 kV bus. The 2004 case had 130 MW of 
generation while the 2005 case used only 35 MW of generation. Also, comparing the 
load levels between the 2004 and 2005 cases indicates that there were many changes 
in the South of Allston area. The following table summarizes the load differences 
based on ownership. 

Owner 2005 Load 2004 Load % Change 
ClarkPUD 632MW 564MW +12.0 % 

CowlitzPUD 552MW 586MW -5.8 % 
Tillamook PUD 69.3MW 72.8MW -4.8 % 

P ACW (PTLD+CLTP) 462MW 488MW -5.3 % 
PGE (East+ West) 3323 MW 3158 MW +5.2% 

5) Methodology 
The studies were performed by increasing the north-to-south transfer across the South 
of Allston path while applying the surrounding area's N-1 and N-2 contingencies 
until some limiting element was loaded up to 100 percent of its emergency rating in 
the post-contingent state. Then the Level 1 RAS is applied, as described in the DSO, 
to allow transfers to go higher. When a new limit is found by modeling the Level 1 
RAS then the Level 2 RAS is applied and transfers are again increased. Once the 
Level 2 RAS has been modeled then transfers are further increased until the next limit 
is found. This point describes when the Level 3 RAS becomes necessary. Finally, 
when the Level 3 RAS is modeled then transfers are increased again. At this point no 
more mitigating actions are available and this point identifies the OTC for the path. 
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Generation outputs at local sites were varied to check their impact on transfers. The 
generators were varied from an output of O MW (off-line) to their recent historical 
summer maximums as measured by SCADA. The generation sites include: Beaver, 
River Road, Swift, Merwin+ Yale and Chehalis Power Partners plants. Peak summer 
output amounts for these generators are: Chehalis= 525 MW, Beaver= 500 MW, 
River Road= 255 MW and Swift= 225 MW. The combined output of Merwin and 
Yale had a peak of 200 MW but was capped at 145 MW as described in the 
Assumptions section earlier. 

As there were five local generation sites toggled between O MW and historical peak 
values this gave 32 combinations to study at each arming level. The arming levels in 
the DSO use the worst-case scenario for each arming level. 

A list of all the contingencies considered in this study can be found in Table #4 at the 
end of this report. 

6) Results 
A. Thermal Limitations 
The results of the thermal study for Allston - Keeler loadings are found in Table #1. 
The studies began with no RAS being applied. For this scenario the worst 
contingency was the Keeler 500 kV breaker failure losing the Allston - Keeler and 
Keeler - Pearl 500 kV lines. This contingency was limited by overloads on the 
Merwin- View Tap 115 kV line section at a transfer level of 1780 MW on the South 
of Allston path. The Allston - Keeler loading to identify the Level 1 arming point in 
the DSO would be 1030 MW. 

Next, the Level 1 RAS (1200 MW of gen drop) was modeled for any contingency 
involving the loss of the Allston -Keeler 500 kV line and the transfers increased 
again. The worst contingency was again the Keeler 500 kV breaker failure that 
would overload the Merwin- View Tap 115 kV line section. The South of Allston 
transfer level at this point was found to be 2090 MW. The Allston - Keeler loading 
to identify the Level 2 arming point in the DSO is 1250 MW. 

Then the Level 2 RAS (Swift and Yale automatic runback) was modeled, in addition 
to the Level 1 RAS, for any contingency involving the loss of the Allston - Keeler 
500 kV line and the transfers increased further. The most limiting scenario for this 
case was found to be nearly identical as when just the Level 1 RAS was modeled. 
This is because the most limiting case had Swift generation off-line and therefore no 
benefit was noticed for this RAS action. However, it is important to note that other 
scenarios where Swift generation was on-line showed a benefit for having the 
automatic runback scheme. The previous RAS arming point will therefore designate 
when the Swift/Yale runback becomes armed as well as the 2700 MW of total 
generation drop. 

Finally, the Level 3 RAS (2700 MW of total gen drop) was modeled, which included 
the Swift and Yale automatic runback schemes, for any contingency involving the 
loss of the Allston - Keeler 500 kV line and the transfers increased higher. The worst 
contingency was the loss of the Keeler-St. Marys/Trojan-St. Marys 230 kV lines 
which would overload the Keeler-Forest Grove #2 115 kV line. Other outages and 
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limiting element pairs were almost as restrictive on transfers as this one. Outages of 
note include: Pearl BFR 4280, Pearl BFR 4283, Keeler BFR, Pearl-Keeler/Pearl
Sherwood, and Lexington-Longview 230 kV. Other limiting facilities include: 
Keeler-St. Marys 230 kV line, Trojan-St. Marys 230 kV line, and Longview 230/115 
kV Bank. The South of Allston transfer level was 2630 MW and the Allston -Keeler 
loading was 1670 MW. This identifies the Level 4 OTC limit. Beyond this loading 
level real-time schedule cuts are made to stay at or below this maximum transfer. 

The results of the thermal study for Keeler - Pearl loadings are found in Table #2. 
The Level 1 Keeler-Pearl RAS (1200 MW of gen drop) is needed when the Keeler
Pearl 500 kV line loading exceeds 700 MW. The Keeler - St. Marys 230 kV line 
section would overload for the loss of the Keeler - Pearl 500 kV line at loadings 
above 700 MW if no RAS was applied. 

The Level 2 Keeler - Pearl RAS (2700 MW of gen drop) is needed when the Keeler -
Pearl 500 kV line loading exceeds 1000 MW. It was also found that no additional 
RAS was needed for Keeler - Pearl through the OTC loading level found for South of 
Allston. This Gen Drop is separate from the Gen Drop used for the Allston - Keeler 
outage, but the same points are armed to prevent overarming issues. 

B. Voltage Stability Checks 
Reactive margin was checked for the worst contingencies at the OTC level identified 
through the thermal study. All major 500 kV busses in the area were studied. The 
results are found in Table #3. It can be seen from Table #3 that each bus studied has 
adequate margin at the path OTC and at a transfer level that is 5% higher than the 
OTC. Also, it can be seen that there is no significant decrease in margin as the 
transfer level is increased. These findings indicate that transfers on the South of 
Allston path are not voltage stability limited at least through the current OTC limits 
found in the thermal study. The minimum reactive margin for any 500 kV bus was 
1742 MV AR and the collapse point voltage was always less than 0.85 p.u. at any bus 
for all transfer levels. 

C. Transient Stability Checks 
Transient stability simulations were run at the path OTC as identified through the 
thermal studies. The contingencies studied were the N-1: Allston - Keeler 500 kV 
outage, the Keeler 500 kV BFR and the Pearl 500 kV BFR of 4283. 

The Allston - Keeler 500 kV line outage included the RAS of 2700 MW of gen drop. 
All load bus voltage dips did not exceed 25%. 
All load bus voltage dips did not exceed 20% for more than 20 cycles. 
All generator bus voltage dips did not exceed 30%. 
All other bus voltage dips did not exceed 30% 

Each of the 500 kV BFRs did not have any violations of the NERC/WECC 
performance Level C criteria. 

All load bus voltage dips did not exceed 30%. 
All load bus voltage dips did not exceed 20% for more than 40 cycles. 
All generator bus voltage dips did not exceed 30%. 
All other bus voltage dips did not exceed 30% 
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7) Outage History 
The following is a list of the outage history for the critical contingencies identified in 
the studies. The outage history was compiled from data back through July 1, 1996. 

Allston - Keeler #1 500 kV 
Date Time Duration (min.) Reason Pre-Flow 

8/10/96 3:42 PM 315 Tree 1298 MW 
4/18/98 3:10 PM 0 Lightning -53MW 
7/14/98 8:45 PM 0 Unknown 876MW 
7/22/00 5:29AM 0 Lightning -170MW 
6/18/04 6:33 PM 0 Lightning 630MW 

Allston - Trojan #1 230 kV 
Date Time Duration (min.) Reason 

5/1/98 6:43 PM 0 Lightning 
10/19/99 7 :24 AM 83 Improper Relaying 
3/18/03 10:35 AM 8 Maintenance Error 

Allston - Trojan #2 230 kV 
Date Time Duration (min.) Reason 

No outages since 7/1/96. 

Keeler - Pearl 500 kV 
Date Time Duration (min.) Reason 

7/13/96 2:36 PM 427 Tree 
8/10/96 3:42 PM 315 Forced 
6/24/02 8:58 AM 0 Insulator 
11/6/02 6:43 AM 0 Weather 

8) Conclusion 
The studies identified nearly identical transfers for the Level 2 and Level 3 arming. 
This was due to the generation assumptions for the Swift and Yale plants as well as 
the limiting scenario identified. Therefore, the Level 2 arming point will indicate 
when both the Level 2 (Siwft+ Yale runback) and Level 3 RAS (2700 MW total gen 
drop) needs to be armed. 

The proposed OTC for the South of Allston path is 2640 MW with the Allston-Keeler 
proxy, used to monitor the path for real-time operations, to have a limit of 1670 MW. 



) 

) 

Table #4: Contingencies Studied 
N-1: Keeler-Allston 500 kV 

BFR 4502 Napavine-Allston/Keeler-Allston 

BFR 4322 (or 4324, 4394) Keeler 500 Clear 

N-1: Keeler-Pearl 500 kV 

BFR 4280 Pearl-Keeler (+Pearl Bank #2) 

BFR 4283 Pearl-Keeler/Ostrander-Pearl 

N-2: Pearl-Keeler 500 and Pearl-Sherwood 230 

N-2: Pearl-Keeler 500 and Sherwood-Carlton 230 

BFR 4287 Ostrander-Pearl (+Pearl Bank #I and Pearl Caps) 

UD NORTH BONNEVILLE-TROUTDALE #1&2 (42) 

UD NORTH BONNEVILLE-TROUTDALE 2,NORTH BONNEVILLE-SIFTON TA 

UD PEARL-SHERWOOD I & 2 (111) 

UD ROSS-RIVERGATE & ROSS-ST JOHNS (IOI) 

UD ST MARY'S-TROJAN l,RIVERGATE-TROJAN 2 (9) 

UD WENDSON-LANE 230 & 115 M-149 4 XING (22) 

UDWENDSON-TAHKENICH230& IISM-149 I XING (43) 

N-1: l 19THSTI 15-HOKINSNI !SCI 

N-1: I 19THSTI 15-SWSI I ISCI 

BFR 4432 Ostrander-Troutdale (+Ostrander Caps) (need two OST busse~-1 : 4THPLN 115-S IFTTP I I SCI 

BFR 4439 Big Eddy-Ostrander/Ostrander-Troutdale N-1: 4THPLNI 15-SWS I I I SC I 

BFR 4442 Big Eddy-Ostrander/Ostrander-McLoughlin N-1 : 72NDCC I l 5-99THTP I I SCI 

BFR 4445 Ostrander-McLoughlin (+Ostrander Caps) 

BFR 4448 Hanford-Ostrander/Ostrander-Troutdale 

BFR 4450 Hanford-Ostrander/Ostrander-Pearl 

BFR 4453 Ostrander-Pearl (+Ostrander Caps) 

BFR 4475 Pearl-Marion (+Pearl Bank #2) 

BFR 4510 Pearl-Marion (+Pearl Bank #I and Pearl Caps) 

BFR 4690 Paul-Allston #2 (+Allston Bank #2) 

BFR 5134 Ostrander-Pearl (+Ostrander Caps) 

N-2: Hanford-John Day and McNary-Ross 345 

N-2: Hanford-Ostrander 500 and McNary-Ross 345 

N-2: Hanford-Ostrander 500 and Midway-North Bonneville 230 

N-2: Ostrander-McLoughlin 500 and Big Eddy-McLoughlin 230 

N-2: Pearl-Ostrander 500 and Big Eddy-McLoughlin 230 

N-2: Pearl-Ostrander/Ostrander-McLoughlin 

G-1: Beaver Gen (PGE) 

G-1: River Road Gen (CPUD) 

G-1: Swift Gen (PACW) 

G-1: Yale Gen (PACW) 

G-1: Wauna Gen 

N-1: Napavine-Allston 500 kV 

N-1: Paul-Allston #2 500 kV 

N-1: Ostrander-Pearl 500 kV 

BF A213 LEXINGTN 230 - FAULT ANY LINE 

UD ALLSTON-ASTORIA-NASELLE 115 

UD ALLSTON-DRSCOLL TAP/ALLSTON-DRISCOLL (74) 

UD ALLSTON-LONGVIEW I & 2 (IOI) 

UD ALLSTON-TROJAN I & ALLSTON-TROJAN 2 (91) 

UD CARLTON-SHERWOOD 230 3 TERMINAL LINE 

UD CHEHALIS-LONGVIEW,LEXINGTON-LONGVIEW (84) 

UD CHEMAWA-BIG EDDY-MCLOUGHLIN (18) 

N-1: 72NDCCI IS-MANOR! !SCI 

N-1: 72NDPPLI 15-CHERYPPLI !SCI 

N-1: 72NDPPLI 15-HZLDLPPLI !SCI 

N-1: 99THTPI 15-BABERTNI ISC! 

N-1: 99THTPl 15-SW35115Cl 

N-1: ABRNATHYI 15-ABRNTHY#l lSCI 

N-1: AB RNA THY 115-ABRNTHY I I I SC I 

N-1: ABRNTHY#l 15-CANEMAHI !SCI 

N-1: ABRNTHY#l 15-MTPLSN2115Cl 

N-1: ABRNTHYI l 15-JENGSLD2115Cl 

N-1: ABRNTHYI 115-MCLGHLNAI !SCI 

N-1: ACTON! 15-BONNVILEI !SCI 

N-1: ACTON! 15-CASCDLK! !SCI 

N-1: ALBINA! IS-KNOTT! !SCI 

N-1: ALBINAl 15-SWANTPl 15CI 

N-1: ALCOA I 15-PORTI ISCI 

N-1: ALCOA! 15-ROSALC48115CI 

N-1: ALCOAl 15-STEVNTPI !SCI 

N-1: ALCOA230-ROSS230Cl 

N-1: ALCOTil 15-ALCOAI !SCI 

N-1: ALCOTII 15-SW48115CI 

N-1: ALDERCRTI 15-GLENCOEI ISCI 

N-1: ALDERCRTl 15-HARSNPGEl 15CI 

N-1: ALFALFA230-BONNVILE230CI-MS 

N-1: ALLSTON! IS-DELENA! !SCI 

N-1: ALLSTON! 15-NYSTAPI 15C4-MS 

N-1: ALLSTONl 15-RAINIER#l 15Cl-MS 

N-1: ALLSTON230-DRISCOLL230CI 

N-1: ALLSTON230-DRISCOLT230CI 

N-1: ALLSTON230-LONGV ANX230C3 

UD FOREST GROVE-MCMINNVILLE & MCMINNVILLE-CARLTCll:!I-MAfill,~6)~230-LONGVIEW230CI 

UD GRESHAM-TROUTDALE-TROUTDALE,LINNEMAN-TROUTDl<l-IlEP(Bl2),TON230-LONGVIEW230C2 

UD KEELER-ST MARYS ST MARYS-TROJAN I (221) 

UD MCLOUGHLIN-PEARL #-SHERWOOD 

N-1: ALLSTON230-TROJAN1230CI 

N-1: ALLSTON230-TROJAN2230CI 

UD NORTH BONNEVILE-SIFTON TAP 2-ROSS,MCNARY-ROSS l'vNl-119~ERCCI 15-SW52115CI 

UD NORTH BONNEVILLE-SIFTON & NORTH BONNEVILL-ALCCN-15Milll121QNJ::ARDWELLI !SCI 

UD NORTH BONNEVILLE-S!FTON TAP-ROSS I & 2 (24) N-1: ARIELl 15-MERWINI !SCI 
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N-l: ASTORIA! 15-FERNH!Ll l5Cl 

N-l: ASTORIA! l5-YUNGSBAY115C1 

N-l: ASTORTPl 15-ASTOR!Al l5Cl 

N-1: ASTORTPI 15-LWSCLARKI l5Cl 

N-1: ASTORTPl 15-SEASIDEl l5Cl 

N-1: AXFORD! 15-CHERYCCl l5CI 

N-1: AXFORD! 15-HEISSONl !SCI 

N-l: AXFORD! 15-HEYEMYRI l5C1 

N-1: BABERTNl 15-BRBTNSWl 15Cl 

N-1: BAKERCRI 15-WALNCTYI l5CI 

N-l: BAKERCRl 15-WALNTAPl 15CI 

N-1: BALDMTl 15-CARSONl l5Cl 

N-1: BASINAVI 15-SWANTPl l l5Cl 

N-1: BATLGRDl 15-CHERYCCI 15CI 

N-1: BATLGRDI 15-SW6115Cl 

N-1: BEAVER! 15-TILLAMOKl 15CI-MS 

N-1: BEAVRTONI IS-BEAVTN#l l5CI 

N-1: BEAVRTONI l5-DENNYl 15CI 

N-1: BEAVRTONl 15-MURRAY#2115CI 

N-1: BEAVTN#l l5-RALGHHL#l 15CI 

N-1: BEAVTN#l 15-TEKl l 15Cl 

N-1: BELLI 15-LENTSl 15CI 

N-1: BELLl 15-SELLWOODl !SCI 

N-1: BETHANY! 15-STMARYEI l 15CI 

N-1: BETHANYl 15-WILBRDG#l l5CI 

N-1: BIGEDDYl230-PARKDALE230CI 

N-1: BIGEDDY3230-MCLOUGLN230CI-MS 

N-1: BLOSSl 15-COLUMPGI 15Cl 

N-1: BLOSS! 15-STJOHNSSl 15Cl 

N-1: BLUELAKEI 15-FAIRVWPI 15Cl 

N-1: BLUELAKEI 15-ROCKWD2115Cl 

N-1: BLUELAKE230-TROUTDAL230Cl 

N-1: BOCGASESl 15-ELMGRNI 15Cl 

N-1: BOISE#l 15-BOISECSCI 15CI 

N-1: BOISE#l 15-OWENSCRl 15Cl 

N-1: BOISE#l 15-STHELENSI 15Cl 

N-1: BONNVILEI 15-STEVNT2115Cl 

N-1: BONNVILEl 15-STEVNTPl 15Cl 

N-1: BONNVILE230-SIFTTPI 230Cl 

N-1: BONNVILE230-SIFTTP2230C2 

N- l: BONNVILE230-TROUTDAL230C 1 

N-1: BONNVILE230-TROUTDAL230C2 

N-l: BOONESFRI 15-OSWEGO115CI 

N-1: BOONESFRI 15-WSTPRT115C1 

N-1: BOOTHBDI 15-MCMINVILl l5Cl 

N-1: BOOTHBDl 15-WALNCTYl l5Cl 

N-l: BRBTNSWl 15-ELMGTil l5C1 

N-1: BURNT! 15-BURTONl l5Cl 

N-l: BURNT! 15-CAPLESI !SCI 

N-l: BURTONl 15-SWl00I !SCI 

N-l: BURTON! l5-SWl05l 15Cl 

N-1: CAMAS! 15-FIBERWEBI 15Cl 

N-1: CAMAS! 15-NCAMASl l5C1 

N-1: CANEMAHl 15-MTPLSNl 1 lSCl 

N-1: CANEMAHI lS-SULIVANl !SCI 

N-1: CANNONBl 15-SEASIDEl 15Cl 

N-1: CANYON! 15-SULZER#l 15Cl 

N-1: CANYON! 15-SYLVAN#l 15Cl 

N-1: CANYON! 15-URBANl lSCI 

N-1: CAPEHORNI 15-EVANSCLKl 15Cl 

N-1: CAPEHORNI 15-STEVNT2115CI 

N-1: CARBNDMI 15-ROSSI 15CI 

N-l: CARDWELL! 15-CARROLLSI 15Cl 

N-1: CARDWELLl 15-COWLCCPI 15Cl 

N-1: CARLTON! 15-CARLTONTl 15CI 

N-1: CARLTON! 15-WINDSHARl 15Cl 

N-l: CARLTON230-CASCADTP230Cl 

N-1: CARLTON230-TILLAMOK230CI 

N-1: CARLTONTl 15-FILBRTTl 15Cl 

N-1: CARLTONTl 15-WALNTAPl 15Cl 

N-1: CARROLLSI 15-SKELSOl 15Cl 

N-1: CARSONl 15-STEVNSONI 15CI 

N-1: CARVER! 115-CARVERLDI 15Cl 

N-1: CARVER! l 15-TOWNCNTRI 15CI 

N-l: CARVER! 15-CARVERI 115Cl 

N-1: CARVERl 15-CARVER2115CI 

N-1: CARVER115-CLACKMASI lSCI 

N-1: CARVER2115-CARVERLD115CI 

N-1: CARVER2115-PLSNTVLYI 15Cl 

N-1: CARVER230-GRESHAM230CI 

N-1: CARVER230-MCLOUGLN230Cl 

N-l: CASCADTP230-SHERWOOD230Cl 

N-1: CASCADTP230-WINDSHAR230Cl-MS 

N-1: CASCDLKl 15-HOODRVRI 15Cl 

N-l: CASCDPKI 15-JOEASTl 15CI 

N-1: CASCDPKl 15-SWI l7l 15Cl 

N-1: CATHLAMTl 15-GRAYSRVI l5CI 

N- l: CA THT AP 115-CA TH LAM Tl l 5C I 

N-l: CATHTAPI IS-KNAPPAl 15Cl 

N-1: CATHTAPl IS-MISTI 15Cl 

N-1: CEDARH!Ll lS-CEDARHL#l 15Cl 

N-l: CEDARH!Ll l5-SYLVAN2l lSCI 

N-1 CEDARHL#115-HARBTN2115CI 

N-1: CEDARHL#l 15-STMARYSCl !SCI 

N-1: CHEHALIS230-LONGVWT230C1 

N-l: CHEHALIS230-LONGVWT230C2 
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N-1: CHELATTI 15-MERWINI 15Cl 

N-1: CHERYCCI 15-CHERYPPLI 15Cl 

N-1: CHERYPPLI IS-VIEWTAPI !SCI 

N-1: CLACKMA#l lS-CLACKMASI !SCI 

N-1: CLACKMA#I I S-JENGSL#l l SCI 

N-1: CLACKMA#l lS-MCLGHLNBI !SCI 

N-1: CLARK! IS-SARAI !SCI 

N-1: CLARK! IS-SW71 ISCI 

N-1: CLATSKANI l S-DELENAI !SCI 

N-1: CLATSKANI l S-MISTI !SCI 

N-1: CLATSOP230-DRISCOLT230CI 

N-1: CNTENIALI IS-CNTENLI I !SCI 

N-1: CNTENIALI IS-CNTENL21 ISCI 

N-1: CNTENLI l lS-ESTPORT#I ISCI 

N-1: CNTENLI I IS-MIDWAY! I !SCI 

N-1: CNTENL21 IS-GLNDOVERI !SCI 

N-1: CNTENL21 IS-GRESHAMAI !SCI 

N-1: COLUMPGI IS-MALLORY! !SCI 

N-1: CORNELUS l l S-FORGROYI !SC! 

N-1: COWLCCPI IS-LONGVIEW! !SC! 

N-1: CULLY! IS-HLLYWOODI !SCI 

N-1: CULLY! IS-TROUTDALI !SCI 

N-1: CURTIS#l lS-CURTISPGI !SCI 

N-1: CURTIS#! IS-DELAWARE! !SC! 

N-1: CURTIS#l !S-PORTSMTH! !SC! 

N-1: DAYTON l l S-MCMINVILI ! SC I 

N-1: DELAWARE! !S-SWANTPI !SCI 

N-1: DENNY! IS-PROGRESS! !SC! 

N-1: DRISCOLL230-DRISCOLT230CI 

N-1: DRISCOLL230-WAUNA230Cl 

N-1: DURHAM!! IS-MERIDIAN! !SC! 

N-1: DURHAM!! IS-TUALATIN! !SC! 

N-1: DURHAM! IS-DURHAM! I !SC! 

N-1: DURHAM2I IS-DURHAM I !SC! 

N-1: DURHAM21 IS-TIGARDI I !SCI 

N-1: DURHAM21 IS-WSTPRTI !SC! 

N-1: DUTCHCANI 15-STJOHNSI !SC! 

N-1: DUTCHCANI IS-WARREN! !SC! 

N-1: EASTPORT! IS-ESTPORT#l lSC! 

N-1: EASTPORT! IS-HARRISON! !SC! 

N-1: EKELSOI IS-SHA WNCCI !SC! 

N-1: EKELSOI IS-SKELSOI !SCI 

N-1: ELMGRNI IS-SWS21 ISCI 

N-1: ELMGTII IS-ELMGRNI !SCI 

N-1: ELMGTII IS-SWI 191 !SCI 

N-1: ELSWORTI IS-SWI00I !SCI 

N-1: ELSWORTI IS-SWI 171 ISCI 

N-1: ESTPORT#l lS-LINNEMANI !SCI 

N-1: ESUBST A 11 S-SULZER# I I SC I 

N-1: ESUBSTAI IS-WILBRDG#l lSCI 

N-1: ESUBSTAI IS-WILLPENNI !SCI 

N-1: EVANSCI IS-EVANSCLKI ISC! 

N-1: EVANSCI IS-FIBERWEBI !SCI 

N-1: EVANSCLKI IS-NCAMASI !SCI 

N-1: EVERGRNI IS-SEHSILCAI !SCI 

N-1: EVERGRNIIS-SIFTONllSCI 

N-1: EVERGRNI IS-SW621 ISCI 

N-1: F.VALLEYI IS-HAYDENTI !SCI 

N-1: F.VALLEYI IS-HZLDLPPLI ISCI 

N-1: FAIRYWPI IS-GLISAN! !SCI 

N-1: FARGO! IS-ORECITYl lSCI 

N-1: FEUDAi IS-SARAI !SCI 

N-1: FELIDAI IS-SW4811SCI 

N-1: FERNHILI IS-KNAPPAI !SCI 

N-1: FILBRTTI IS-FORGROVI !SCI 

N-1: FISHERS 11 S-JOEASTI I SC I 

N-1: FISHERS! IS-SIFTONI !SCI 

N-1: FORGROVI IS-KEELER! ISC2 

N-1: FORGRT! IS-KEELER! !SCI 

N-1: FORGRTI IS-THATCHJI !SCI 

N-1: GARIBALDI IS-MOHLER! !SCI 

N-1: GARIBALDI IS-TILLAMOKI !SC! 

N-1: GLENCOE#l lS-HLLYWOODI !SCI 

N-1: GLENCOE#! IS-TABOR! !SCI 

N-1: GLENCOE! IS-GLENCOE#l lSCI 

N-1: GLENCULNI IS-GRDNHOMI) !SCI 

N-1: GLENCULNI IS-SYLVAN#! !SCI 

N-1: GLISAN#l lS-GRESHAMBI !SCI 

N-1: GLISAN#l lS-ROCKWDI !SCI 

N-1: GLISAN! IS-GLISAN#l !SCI 

N-1: GLISAN! IS-MCGILL! !SCI 

N-1: GLNDOVERI IS-HEMLOCK#! I SCI 

N-1: GLNDOVERI IS-RUSSELLVI ISCI 

N-1: GOBLE#l lS-RAINIER#I ISCI 

N-1: GOBLE#l lS-TWR22-4Nl !SCI 

N-1: GRANDI IS-MILLPLNI ISCI 

N-1: GRANDI IS-ROSSI !SCI 

N-1: GRA YSRY 11 S-NASELLE I I SC I 

N-1: GRDNHOM 111 S-GRDNHOME I I SC I 

N-1: GRDNHOMI l lS-WSTPRTI !SCI 

N-1: GRDNHOM21 IS-GRDNHOMEI !SCI 

N-1: GRDNHOM21 IS-RALGHHILI ISCI 

N-1: GRDNHOM21 IS-WSTPRTI I ISCI 

N-1: GRESHAM230-LINNEMAN230CI 

N-1: GRESHAM230-TROUTPP2230CI 

N-1: GRESHAMAI IS-RAMAPO#l lSCI 



) 

J 

N-1: GRESHAMBI IS-HOGAN#! I !SCI 

N-1: GRESHAM Bl I S-PLSNTVLYI !SCI 

N-1: HAGENTPI IS-NASELLEI !SCI 

N-l: HAGENTPI IS-TARLETTI \SCI 

N-1: HARBLOADI IS-HARBTNI 1 ISCI 

N-1: HARBLOADI \S-HARBTN21 !SCI 

N-1: HARBORTNI !S-HARBTN! I !SCI 

N-1: HARBORTN! lS-SCAPPOSEl !SCI 

N-1: HARBORTN230-RIYRGA TE230Cl 

N-1: HARBORTN230-TRO.JAN2230Cl 

N-l: HARBTN I I I S-RYGTSO#\ !SCI 

N-1: HARBTN21 IS-WACKERI \SCI 

N-1: HARMONY! !S-JENGSL#l lSCI 

N-1: HARMONY! \S-TOWNCNT#l \SCI 

N-1: HARRISON\ \S-HARSNPGEI ISC! 

N-l: HARRISON! IS-HOLLADAY! !SCI-MS 

N-1: HARRISON! IS-UNCOLNI lSCI 

N-1: HAYDENTI \S-STJOHNSSI !SCI 

N-1: HEMLCKI IS-HEMLOCK#! \SCI 

N-1: HEMLOCK#I IS-ROCKWD21 !SCI 

N-1: HEYEMYRI !S-HEYESW\ !SCI 

N-1: HEYEMYRI !S-HOKINSN! !SCI 

N-1: HEYESWI IS-UNIONCC! !SCI 

N-1: HLLYWOOD! IS-KNOTT! !SCI 

N-1: HOGAN#l I !S-HOGANNI ISCI 

N-1: HOGAN#21 IS-MCGILLI !SCI 

N-1: HOGAN! !S-HOGAN#l l!SCI 

N-1: HOGAN\ !S-HOGAN#21\SCI 

N-1: HOGANNI IS-HOGAN#21 !SCI 

N-1: HOLCOMB\ IS-VALLEYT! !SCI 

N-1: HOLLADA YI I S-KNOTTI !SCI 

N-1: HUBER! I IS-MURRAY#l !ISCI 

N-1: HUBER! I IS-REEDVILEI !SCI 

N-1: HUBER! IS-HUBER! I !SCI 

N-1: HUBER! \S-HUBER21 !SC\ 

N-1: HUBER2l lS-STMARYSB!ISCI 

N-1: HUBER21 IS-TEK! I !SCI 

N-1: HYDNISL! IS-KELLEY! I \SCI 

N-1: HZLDLCCI !S-HZLDLPPLI !SCI 

N-1: HZLDLCCI IS-ROSSI !SCI 

N-1: HZLDLCCI IS-SW! I \SCI 

N-1: ISLAND! l5-JENGSLD211SC\ 

N-1: ISLAND! IS-SELLWOODI !SCI 

N-1: JENGSL#l lS-JENGSLDG! !SCI 

N-1: JENGSLD21 IS-JENGSLDG! \SCI 

N-1: JNSP! \ IS-JNSP211 SC! 

N-1: JNSP! l !S-SW8! !SCI 

N-1: JNSP2I 15-LMJNSI !SCI 

N-1: JOEASTI IS-RUNYAN! \SCI 

N-1: KEELER! 15-OREC!TY! !SC2 

N-1: KEELER! 15-STJOHNS! ISC2 

N-1: KEELER230-RIVRGA TE230Cl 

N-l: KEELER230-STMARYS230Cl 

N-l: KEEL-SVC230-KEELER230C I 

N-l: KELLEY! 115-KELLEYPTI !SCI 

N-1: KELLEY! 1 IS-SWANTAPI \SCI 

N-l: KELLEYPTI 15-POTASH! I !SCI 

N-1: KELYBUTEI 15-MIDWAY! I 15Cl 

N-1: KELYBUTEI 15-TABORI !SCI 

N-1: KINGCITYI IS-SHERWDBI !SCI 

N-1: KINGCITYI 15-TIGARD! I \SCI 

N-1: KNOTT! IS-MALLORY! \SCI 

N-1: LENTS I \ S-RAMAPO# I I SC l 

N-1: LEXINGTNl 15-PACIFWYI !SCI 

N-1: LEXINGTNI IS-SHAWNCCI \SCI 

N-1: LEXINGTN230-LONGYIEW230C2 

N-1: LEXINGTN230-WOODLAND230Cl 

N-1: LINNEMAN230-TROUTPPI 230Cl 

N-1: LMJNSI IS-STKFRDI ISC! 

N-l: LONGVIEWI IS-NYSTAPl l5C4-MS 

N-l: LONGVIEW! IS-PACIFWYI !SCI 

N-l: LONGVIEW230-LONGVANX230Cl 

N-1: LONGYIEW230-LONGVWT230Cl 

N-l: Longview-Chehalis 1&3 230 kV 

N-1: LWSCLARK! !S-WARRNTONI !SCI 

N-1: MAXIMI IS-STMARYE21 !SCI 

N-1: MAXIMI IS-TEKTRONX! 15Cl 

N-1: MCLGHLNAI !S-MTPLSN21 !SC! 

N-1: MCLGHLNAI IS-REDLANDl l lSC! 

N-l: MCLGHLNBl 15-MTPLSNI l l5Cl 

N-1: MCLGHLNBI IS-REDLAND2l 15Cl 

N-1: MCLOUGLN230-MONITOR230Cl 

N-1: MCLOUGLN230-PEARL#230Cl 

N-1: MCMINVILI IS-WALNTAPI !SCI 

N-1: MCMINVILI !S-WINDSHAR! !SCI 

N-1: MERIDIAN! IS-ROSEMONT\ !SCI 

N-1: MIDWAYl l !S-MIDWAYPGI !SCI 

N-l: MIDWAYPGI IS-RAMAPO\ !SCI 

N-1: MILLPLNI !S-SHPYRDI l5Cl 

N-1: MINHAHAI IS-SW! 1911SC! 

N-1: MOHLER! IS-NEHALTPI I SCI 

N-1: MTPLSN\ 1 !S-MTPLSNT! !SCI 

N-l: MTPLSN21 IS-MTPLSNT! 15CI 

N-1: MULTNM2#1 !S-MULTNMAH! !SCI 

N-1: MULTNM2#l !S-RALGHHL#\ I SC\ 

N-1: MULTNM2#l !S-RIVRVWI l l5CI 
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N-1: MULTNMA#l lS-MULTNMAHI !SCI 

N-1: MULTNMA#I IS-URBAN#l lSCI 

N-1: MULTNMA#l IS-WSTPRTI !SCI 

N-1: MURA YLDI JS-MURRA Y#l l lSCI 

N-1: MURAYLDI IS-MURRAY#21 ISCI 

N-1: MURRA YH 11 S-MURRA Y#l l l SCI 

N-1: MURRAYHI IS-MURRAY#21 ISCI 

N-1: MURRA YH230-SHERWOOD230CI 

N-1: MURRA YH230-STMARYS230CI 

N-1: NASELLEI JS-TARLETTI !SCI 

N-1: NASELLEI IS-VALLEYTI !SCI 

N-1: NCAMASI IS-SIFTONI !SCI 

N-1: NEHALTPI IS-CANNONBI !SCI 

N-1: NEHALTPI JS-NEHALEM! !SCI 

N-1: NEWBERG! l S-SHERWDAI !SCI 

N-1: OAKHILL! J IS-OAKHILLSI !SCI 

N-1: OAKHILL! l lS-STMARYSCJ 15CI 

N-1: OAKHILL! I I S-SUNSETPGl 15CI 

N-1: OAKHILL21 IS-OAKHILLSI ISCI 

N-1: OAKHILL21 IS-STMARYSAI !SCI 

N-1: OAKHILL21 JS-SUNSETPGI !SCI 

N-1: ORCHRDSI IS-SW3Sl lSCI 

N-1: ORCHRDSI JS-SW621 ISCI 

N-1: ORENCOI I IS-ORENCOLDI !SCI 

N-1: ORENCOI l lS-STMARYSBI !SCI 

N-1: ORENCOI JS-ORENCOJ I !SCI 

N-1: ORENCOI IS-ORENCO21 !SCI 

N-1: ORENCOI IS-ROSEWAYI !SCI 

N-1: ORENCOJ JS-SUNSETPGI !SCI 

N-1: ORENCO21 IS-ORENCOLD11SCI 

N-1: ORENCO21 IS-STMARYSCI !SCI 

N-1: ORESTEELI JS-RIVRGTBI ISCI 

N-1: OSWEGO! IS-ROSEMONT! !SCI 

N-1: OWENSCR#l lS-SCAPPOSEI !SCI 

N-1: OWENSCR#l lS-STHELENSI !SCI 

N-1: OWENSCRJ IS-OWENSCR#l lSCI 

N-1: PARKDALE230-TROUTDAL230Cl 

N-1: PEARL#230-SHERWOOD230C1 

N-1: PEARL230-PEARL#230CI 

N-1: PEARL230-SHERWOOD230Cl-MS 

N-1: PORTSMTHJ IS-RIVRGTAI ISCI 

N-1: POTASH! l lS-RVGTSOI I JSCI 

N-1: POTASH I IS-POTASH I I !SCI 

N-1: PROGRESS I JS-TJGARD21 JSCI 

N-1: RAINIER! IS-RAINIER#I ISCI 

N-1: RALGHHILI IS-RALGHHL#J ISCI 

N-1: RALGHHL#1 IS-SYLVAN211SCI 

N-1: RAMAPO! 1S-RAMAPO#115Cl 

N-1: REDLAND21 IS-ROCKWD211 SC1 

N-1: REEDVILEI IS-ROSEWAYI !SCI 

N-1: RfVRGA TE230-ROSS230CI 

N-1: RIVRGTAI JS-RVGTSO#I ISCI 

N-1: RfVRGTAI JS-RVGTSOl l lSCI 

N-I: RfVRGTAI 15-SWANTAPI !SCI 

N-1: RIVRVIEWI IS-RIVRVWI I !SCI 

N-1: RfVRVIEWI 15-RIVRVW211SCI 

N-1: RfVRVWI I IS-SELLWOODI 15CI 

N-1: RIVRVW2I IS-SELLWOODI 15Cl 

N-1: RIVRVW2I JS-URBAN#! !SCI 

N-1: ROCKWDI IS-ROCKWD2I ISCI 

N-1: ROSALCI l I IS-ROSALC481 ISC2-MS 

N-1: ROSALCI I I IS-ROSALC481 JSC4 

N-1: ROSALCI 1115-ROSSI !SCI 

N-1: ROSEMONT! IS-SULIVANI 15C1 

N-1: ROSSI IS-SIFTONI ISCI 

N-1: ROSSl15-SWS211SCI 

N-1: ROSS230-SIFTTP1230Cl 

N-1: ROSS230-SJFTTP2230C2 

N-1: ROSS230-STJOHNS230Cl 

N-1: ROSS230-WOODLAND230CI 

N-1: Ross-Lexington 230 kV 

N-1: RUNYAN! IS-TROUTDALI !SCI 

N-1: RUNYAN! 15-WAFERTECI !SCI 

N-1: RUSSELL VJ IS-TABOR! !SCI 

N-1: RVGTSOI I l5-RVGTSO211SCI 

N-1: RVGTSO2J IS-RVGTSO#l 15CI 

N-1: SEHSILCAI IS-SWJ0SI !SCI 

N-1: SELL WOOD! 15-TOWNCNT#I JSCI 

N-1: SHERWDAI IS-SHERWDBI !SCI 

N-1: SHERWDAllS-TUALATINI !SCI 

N-1: SHERWDBI IS-SIXCRNRSI !SCI 

N-1: SIFTONI IS-SWI00I ISCI 

N-1: SIFTONI IS-WAFERTECI !SCI-MS 

N-1: SIFTTPI l S-SIFTONI !SCI 

N-1: SIFTTP1230-SIFTONJ230CI 

N-1: SIFTTP2230-SIFTON2230Cl 

N-1: SOUFORKI IS-TILLAMOKI 15CI 

N-1: SOUFORIG IS-TIMBER! 15Cl 

N-1: STEVNTP 11 S-STEVNSON I I SC I 

N-1: STHELENSI IS-TWR22-4Nl !SCI 

N-1: STHELENSI JS-TWR22-4SI !SCI 

N-1: STHELNI IS-SWI 171 ISCI 

N-1: STJOHNS I IS-STJOHNSSI 15Cl 

N-1: STKFRDI IS-SWI I !SCI 

N-1: STMARYEI l lS-STMARYESI !SCI 

N-1: STMARYEI l lS-STMARYSAI !SCI 
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N-1: STMARYE2115-STMARYESI 15Cl 

N-1: STMARYE2115-STMARYSBI 15Cl 

N-1: STMARYS230-TROJAN1230CI 

N-1: SULZER115-SULZER#l !5CI 

N-1: SW!05! 15-WALNUTI 15CI 

N-1: SW! 115-VANDYKEI 15CI 

N-1: SW! 19115-WALNUTI 15CI 

N-1: SW351 !5-UNIONCCl 15Cl 

N-1: SW481!5-VANDYKE115Cl 

N-1: SW50l 15-SW51115Cl 

N-1: SW50! l5-SW62115Cl 

N-1: SW6115-SW71 !5C1 

N-1: SW6115-URIDGE115Cl 

N-1: SW7! 15-SW8! 15Cl 

N-1: SW ANIS LI 15-SWANTPI l 15CI 

N-1: SWANTAPI !5-SWANTPll l5CI 

N-1: SWANTP2! 15-BASINAVI 15CI 

N-1: SWANTP2115-SWANISLI 15Cl 

N-1: SWIFT2230-SWIFT1230Cl 

N-1: SYLVANI l5-SYLVAN#l 15CI 

N-1: SYLVAN! !5-SYLVAN2115Cl 

N-1: TEK! 115-TEKTRONXI 15Cl 

N-1: THATCHJl 15-TIMBERl 15CI 

N-1: TIGARD! 15-TIGARDI I l5Cl 

N-1: TIGARD115-TIGARD2115CI 

N-1: TIGARD2115-WSTPRT2! 15Cl 

N-1: TILLAMOKl 15-TRASKRVI 15Cl 

N-1: TOWNCNT#115-TOWNCNTRl 15Cl 

N-1: TROJAN230-TROJAN1230CI 

N-1: TROJAN230-TROJAN2230CI 

N-1: TROUTDAL230-TROUTPP1230CI 

N-1: TROUTDAL230-TROUTPP2230C I 

N-1: TWR22-4Sl 15-WARRENI 15Cl 

N-1: URBANI 15-LINCOLNI 15Cl 

N-1: URBANI !5-URBAN#l 15Cl 

N-1: VIEWTAPl 15-MERWIN115CI 

N-1: WACKER! 15-WILLPENNl l5CI 

N-1: WILBRDG#l l5-WILLBRDGI 15Cl 

N-1: WILLBRDG 115-WILLPENNI 15CI 

N-1: WSTPRT! 115-WSTPRTLDl l5Cl 

N-1: WSTPRTI 15-WSTPRTI I 15C1 

N-1: WSTPRT115-WSTPRT2115CI 

N-1: WSTPRT2115-WSTPRTLDl 15C1 

T-1: ALCOA230-ALCOAI 15CI 

T-1: ALLSTON500-ALLSTON230Cl 

T-1: ALLSTON500-ALLSTON230C2 

T-1: BLUELAKE230-BLUELAKE! I 5Cl 

T-1: CARL TON230-CARL TON 11 SC l 

T-1: CARVER230-CARVER! l 5Cl 

T-1: CLATSOP230-LWSCLARK! !5C1 

T-1: GRESHAM230-GRESHAMA! 15Cl 

T-1: GRESHAM230-GRESHAMB l l 5C1 

T-1: KEELER230-KEELER! !5Cl 

T-1: KEELER230-KEELER! !5C2 

T-1: KEELER500-KEELER230Cl 

T-1: LEXINGTN230-LEXINGTN115Cl 

T-1: LINNEMAN230-LINNEMAN! 15Cl 

T-1: LONGVIEW230-LONGVIEW! l 5C1 

T-1: MCLOUGLN230-MCLGHLNA! 15Cl 

T-1: MCLOUGLN230-MCLGHLNB! 15CI 

T-1: MCLOUGLN500-MCLOUGLN230Cl 

T-1: MURRAYH230-MURRAYHI !SCI 

T-1: PEARL500-PEARL230Cl 

T-1: PEARL500-PEARL230C2 

T-1: RIVRGATE230-RIVRGTA! 15Cl 

T-1: RIVRGA TE230-RIVRGTB l l 5C l 

T-1: ROSS230-ROSSI !5Cl 

T-1: ROSS230-ROSSI 15C2 

T-1: ROSS230-ROSS345Cl 

T-1: SHERWOOD230-SHERWDA! !5Cl 

T-1: SHERWOOD230-SHERWDB! !5C1 

T-1: SIFTON1230-SIFTON! 15CI 

T-1: SIFTON2230-SIFTON! !5Cl 

T-1: STJOHNS230-STJOHNSI !5Cl 

T-1: STMARYS230-STMARYSA! !5Cl 

T-1: STMARYS230-STMARYSBl 15Cl 

T-1: STMARYS230-STMARYSCI 15Cl 

T-1: TILLAMOK230-TILLAMOKI !5CI 

T-1: TROUTDALl 15-TROUTPP2230Cl 

T-1: TROUTDAL500-TROUTDAL230Cl 
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WECC PATH RATING CATALOG 

Disclaimer 

This catalog contains descriptions of path components and describes path ratings as provided by 
individual WECC members. The path ratings in this catalog are "Maximum Path Transfer 
Capabilities" and not "First Contingency Incremental Transfer Capabilities" (the method used by 
other NERC councils). Most of the ratings reflect capabilities based on technical limits 
determined from system studies. They do not represent Available Transmission Capacity 
because they do not indicate the degree to which the path transfer capability has been committed 
with existing transactions. 

This document .is not intended to be used for the purposes of validating the applicability of a path 
or to determine if WECC procedures were followed to determine its rating. Publication of a path 
rating in this document does not imply WECC approval of that rating. The appropriate WECC 
procedures must 9e followed to achieve.formal WECC approval of a path rating. Per WECC 
procedure, any path rating can be challenged if the reliability criteria are violated. This 
document is only intended to compile currently available information into a single document. 

Introduction 

This WECC Path Rating Catalog contains a collection of discussions on individual path ratings 
within the WECC system. A path rating can be related to an individual transmission line or a 
combination of parallel transmission lines. The transfer path may be composed of transmission 
lines between control areas or internal to a control area, or a combination of both. 

All information in this Path Rating Catalog was provided, and should continue to be provided on a 
voluntary basis. From this information, transfer limitations can be identified for regional planning 
analysis. Identification of path ratings, with supporting information, will assure that any relation 
between existing ratings and proposed new projects can be identified during a project review process 
according to the WECC Procedures for Regional Planning Project Review and Rating Transmission 
Facilities. 

Purpose 

The Path Rating Catalog compilation of transfer path rating information is intended to: 
• Be a reference document for planning purposes, 
• Serve as a primary source of currently available information on maximum, non-simultaneous 

path ratings to WECC Members, 
• Provide a resource for discussion of simultaneous interactions between major transmission 

paths. 

Among other things, this Path Rating Catalog is not intended to: 
• Ascertain if WECC Procedures were followed to determine a path rating, 
• Support regulatory proceedings against a WECC member because of erroneous information, 
• Imply WECC approval of the rating, although a path can receive an "Accepted Rating" via 

the Three Phase Rating Process, 
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Prior to a member system submitting additions or changes to the WECC Path Rating Catalog to 
WECC, it shall notify and coordinate these additions and/or changes with other WECC members 
holding rights on the path. Additions or changes to the WECC Path Rating Catalog will be 
solicited, compiled, and distributed by the WECC staff prior to January 1st for review and 
comment by the Technical Studies Subcommittee. Members having any concerns with the 
content of a proposed submittal shall seek resolution with the member making the submittal. If 
resolution is not reached prior to the publication of the document, the member's concerns should 
be outlined in the appropriate narrative section submitted by the submitting member. 

WECC Proced ores 

Prior to August 1991, project ratings for new facilities were defined using the Annual Progress 
Reporting Procedure. In August 1991, the Notification Procedure for Changes in Facility 
Ratings and/or Operating Procedures was adopted for documenting up-rates in existing 
facilities. This augmented the Annual Progress Reporting Procedure. In November of 1992, the 
Policies and Procedures for Rating Transmission Facilities was adopted which added a formal 
review process for checking the proposed non-simultaneous rating and simultaneous operating 
problems of the new or existing path being rated. In November of 1993, the Interim Procedures 
for Regional Planning Project Review and Rating Transmission Facilities were adopted to 
address issues related to Regional Transmission Planning. This new procedure incorporated into 
it the Policies and Procedures for Rating Transmission Facilities of November 1992. The final 
version, called Procedures for Regional Planning Project Review and Rating Transmission 
Facilities, was approved in March 1995. 

In March of 1996, the procedures were further enhanced and are included in the WECC 
Procedures for Regional Planning Project Review and Rating Transmission Facilities. In March 
of 2000 the TSS revised the introduction for clarity. This change included improved procedures 
for adding (removing) paths to (from) the Catalog. In August 2004 the TSS revised the Path 
Rating Catalog document update policy to include procedures for making minor changes to path 
ratings. 

Explanation of Rating Categories as Used in this Catalog 

• Accepted Rating A project rating that has been reviewed and accepted by WECC 
members. This rating is granted by WECC at the conclusion of 
reviewed planning studies and will be the rating of the project when it 
is put in service, if it is built per specification. This is a 
comprehensive rating including both the simultaneous and non
simultaneous transfer capabilities. (Reference: Procedures for 
Regional Planning Project Review and Rating Transmission 
Facilities.) 

Existing Rating 

Other 

PART VI 

Transmission path ratings that were known and used in operation as of 
January 1, 1994. (Reference: Procedures for Regional Planning 
Project Review and Rating Transmission Facilities.) • 

A transmission path rating, either proposed or planned, that is not an 
accepted or existing rating. 
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WECC PATH RATING CATALOG 

Disclaimer 

This catalog contains descriptions of path components and describes path ratings as provided by 
individual WECC members. The path ratings in this catalog are "Maximum Path Transfer 
Capabilities" and not "First Contingency Incremental Transfer Capabilities" (the method used by 
otherNERC councils). Most of the ratings reflect capabilities based on technical limits 
determined from system studies. They do not represent Available Transmission Capacity 
because they do not indicate the degree to which the path transfer capability has been committed 
with existing transactions. 

This document is not intended to be used for the purposes of validating the applicability of a path 
or to determine if WECC procedures were followed to determine its rating. Publication of a path 
rating in this document does not imply WECC approval of that rating. The appropriate WECC 
procedures must l;Je followed to achieve formal WECC approval of a path rating. Per WECC 
procedure, any path rating can be challenged if the reliability criteria are violated. This 
document is only iri_tended to compile currently available information into a single document. 

Introduction 

This WECC Path Rating Catalog contains a collection of discussions on individual path ratings 
within the WECC system. A path rating can be related to an individual transmission line or a 
combination of parallel transmission lines. The transfer path may be composed of transmission 
lines between control areas or internal to a control area, or a combination of both. 

All information in this Path Rating Catalog was provided, and should continue to be provided on a 
voluntary basis. From this information, transfer limitations can be identified for regional planning 
analysis. Identification of path ratings, with supporting information, will assure that any relation 
between existing ratings and proposed new projects can be identified during a project review process 
according to the WECC Procedures for Regional Planning Project Review and Rating Transmission 
Facilities. 

Purpose 

The Path Rating Catalog compilation of transfer path rating information is intended to: 
• Be a reference document for planning purposes, 
• Serve as a primary source of currently available information on maximum, non-simultaneous 

path ratings to WECC Members, 
• Provide a resource for discussion of simultaneous interactions between major transmission 

paths. 

Among other things, this Path Rating Catalog is not intended to: 
• Ascertain if WECC Procedures were followed to determine a path rating, 
• Support regulatory proceedings against a WECC member because of erroneous information, 
• Imply WECC approval of the rating, although a path can receive an "Accepted Rating" via 

the Three Phase Rating Process, 
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• Provide OASIS information or Available Transfer Capability (A TC) or the most current 
operating limits, 
Serve as a complete list of all path information, or 

• Enforce, support or implement any WECC Policy. 

Contents 

This Path Rating Catalog should include: , . : . 
• · All significant paths (i.e., Loop Flow Qualified paths, OTC Policy Group paths and • · • • 

constrained paths), , ! ... 

• A compilation of best available path rating information consisting of accepted ratings, Phases;·:, 
2 and 3 ratings, existing ratings and other ratings, . 1 

1. I ·: • 
• The names of contact persons of the appropriate WECC members (single point of contact),,_ --; i: • 

• "Maximum Path Transfer Capabilities," not "First Contingency Incremental Transfer . , ':1.\ i::, 

Capabilities" and reflects technical transfer capabilities based on technical limits from syst~m" i;;: : . • 

planning studies. • .; .i·:-<: .. _. 

Path Descriptions 

The minimum specific content of each path description should include: 
• A specific identification of the facilities that make up the transmission path, .·•..:':. 
• A discussion of the non-simultaneous path rating and the conditions used to achieve the path · • 

rating, 
• Any necessary Remedial Action Schemes to achieve the path rating, 
• An identification of interactions or relationships with other paths including applicable 

nomograms (Information should be provided on where a "current" nomogram can be 
located), 

• Ownership and allocation or rights on the path, 
• Date of submittal or update and contact person. 

Additional explanatory information supporting transfer path ratings is welcome such as 
identification of internal paths that are considered to have no significant regional impact. 

Document Update Policy 

Changes to an "accepted" or "existing" path rating must follow the WECC Procedures for 
Regional Planning Project Review and Rating Transmission Facilities (WECC Procedures). 
Minor changes to a path rating (such as moving a metering location) should be submitted as part 
of the 60-day Expedited Process defined in Part 2B, Section 3.0 of the WECC Procedures 
(assuming no comments require reissuing a study report). Changes to a path with an "other" 
path rating do not need to follow the WECC Procedures; however, the path will retain the 
"other" status. Changes to an "accepted" or "existing" path rating that do not follow the WECC 
procedures will be reclassified to "other" status. Although updated entries to the WECC Path 
Rating Catalog may be submitted to the WECC staff at any time, the catalog will be published 
once annually. Each path rating narrative shall indicate the date it was added to the catalog. 
When a ·path rating narrative is revised, the word "Revised" will be added followed by the 
revision date. Paths can be deleted if superseded by another path with newly defined accepted 
rating or with notification and explanation to TSS. 
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Prior to a member system submitting additions or changes to the WECC Path Rating Catalog to 
WECC, it shall notify and coordinate these additions and/or changes with other WECC members 
holding rights on the path. Additions or changes to the WECC Path Rating Catalog will be 
solicited, compiled, and distributed by the WECC staff prior to January 1st for review and 
comment by the Technical Studies Subcommittee. Members having any concerns with the 
content of a proposed submittal shall seek resolution with the member making the submittal. If 
resolution is not reached prior to the publication of the document, the member's concerns should 
be outlined in the appropriate narrative section submitted by the submitting member. 

WECC Procedures 

Prior to August 1991, project ratings for new facilities were defined using the Annual Progress 
Reporting Procedure. In August 1991, the Notification Procedure for Changes in Facility 
Ratings and/or Operating Procedures was adopted for documenting up-rates in existing 
facilities. This augmented the Annual Progress Reporting Procedure. In November of 1992, the 
Policies and Procedures for Rating Transmission Facilities was adopted which added a formal 
review process for checking the proposed non-simultaneous rating and simultaneous operating 
problems of the new or existing path being rated. In November of 1993, the Interim Procedures 
for Regional Planning Project Review and Rating Transmission Facilities were adopted to • 
address issues related to Regional Transmission Planning. This new procedure incorporated into 
it the Policies and Procedures for Rating Transmission Facilities of November 1992. The final 
version, called Procedures for Regional Planning Project Review and Rating Transmission 
Facilities, was approved in March 1995. 

In March of 1996, the procedures were further enhanced and are included in the WECC 
Procedures for Regional Planning Project Review and Rating Transmission Facilities. In March 
of 2000 the TSS revised the introduction for clarity. This change included improved procedures 
for adding (removing) paths to (from) the Catalog. In August 2004 the TSS revised the Path 
Rating Catalog document update policy to include procedures for making minor changes to path 
ratings. 

Explanation of Rating Categories as Used in this Catalog 

• Accepted Rating A project rating that has been reviewed and accepted by WECC 
members. This rating is granted by WECC at the conclusion of 
reviewed planning studies and will be the rating of the project when it 
is put in service, if it is built per specification. This is a 
comprehensive rating including both the simultaneous and non
simultaneous transfer capabilities. (Reference: Procedures for 
Regional Planning Project Review and Rating Transmission 
Facilities.) 

Existing Rating 

Other 

PART VI 

Transmission path ratings that were known and used in operation as of 
January 1, 1994. (Reference: Procedures for Regional Planning 
Project Review and Rating Transmission Facilities.) 

A transmission path rating, either proposed or planned, that is not an 
accepted or existing rating. 
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EXPLANATION OF TERMS 

Path Name 

Location: 
Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Where the path is located, physically and geographically 

Accepted Rating D 
Existing Rating D 

OtherD 

A description of the path in terms of the transmission lines comprising the 
path, the area interconnected by the path, and any project or operations name 
given to the path. 

The rating of the path. This can be a single maximum rating or a range of 
operation dependent on system conditions. If the path is rated 
bidirectionally, then information for each direction is given. 

What was the critical disturbance(s) that limits the path rating? What was 
the limitation (steady-state thermal, transient or dynamic stability, post-
transient voltage or thermal)? , .. 

The date the path rating was defined and in which forum. 

Under what system conditions were the path rating determined (transmission 
system, area lo1:1d level, generation pattern, transfer direction, time of year, 
etc.). Describe any fictitious transmission devices, generation, or power 
scheduling that was utilized to achieve transfer levels, voltage levels, or 
generation resources. 

The planning and operating reliability criteria that was met in defining this 
path rating (WECC, internal company). 

A description of any remedial actions (both external and internal) required to 
achieve the path rating. 

The formal operating procedures utilized to achieve the path rating and meet 
applicable reliability criteria. 

Allocation of the path rating among the owners and major users of the path 
(be specific by participant and percent allocation). 

Under what conditions and operating procedures would the path rating be 
reduced? 

Person(s) who can be contacted for additional information on this path rating 
(include address). 
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1. Alberta - British Columbia 

Location:. 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
That limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

PART VI 

Southern Alberta and Southern British Columbia 

Sum of the flows on the following lines: 
Line Metered End 

Langdon-Cranbrook 500 kV Langdon (Alta Link) 
Pocaterra-Fording Coal Tap 138 kV Pocaterra (Alta Link) 
Coleman-Natal 138 kV Natal (BCTC) 

East to West: 1000 MW 
West to East: 1200 MW 

Accepted Rating D 
Existing Rating ~ 

Other □ 

West to East: Loss of the Langdon-Cranbrook 500 kV line. 

The 1000 MW bidirectional path rating was established in Progress Reports 
during the period from 1978 to 1985. Studies were conducted jointly by B.C. 
Hydro and Power Authority (BCH) and TransAlta Utilities Corp. (TAUC). 
East to West: Studies conducted since that time, show that loss of the PDCI 
dipole at high transfers could cause separation between Alberta and BC 
during high Alberta to BC transfer. Subsequent studies done by BP A in 1994 
show that separation still occurs with the COTP in service. Alberta accepts 
separation for loss of PDCI or for any N-1 outage. 
West to East: Internal studies conducted since the 1985 Progress Report 
indicate the transfer capability is 1200 MW. 

East to West: Typical flows are 0 to 400 MW and usually occur during light 
load hours. 
West to East: Typical flows are Oto 400 MW although they can be as high as 
800 MW and usually occur during peak load hours. 

All facilities loaded within normal ratings under normal system conditions. 
All facilities loaded within emergency ratings under outage conditions. The 
maximum acceptable transient voltage is 0.85 p.u. for 0.5 seconds on the 
500 kV system. 

Remedial actions are required to achieve the rated transfer capability. Most 
involve tripping the tie line for outages in the B.C. Hydro system. 
East to West: For high transfers, one of the units at Keephills may be tripped 
(up to 370 MW). 

West to East: For transfer 400 MW or greater, interruptible load is armed 
based on system load. 

BC Transmission Corporation System Operating Order 7T-17. Alberta 
Electric System Operator (AESO) OPP 303, 304 and 312. 
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Allocation: BC Hydro owns but BC Transmission Corporation plans, operates, and 
manages the lines and associated facilities in British Columbia. Alta Link 
owns the lines and associated facilities in Alberta. The Alberta Electric 
System Operator (AESO) plans and administers operation of the lines and 
associated facilities in Alberta. 

Interaction A nomogram showing the relationship between the transfers on the 
w/Other BC-Alberta Intertie and the PDCI were developed prior to the completion of 
Transfer Paths: COTP. Since Alberta now accepts separation of their intertie with B.C. 

Hydro for loss of PDCI or any N-1 outage, no nomogram is required. 
Contact Person: Eric Tse Neil J. Brausen 

British Columbia Transmission Alberta Electric System 
Corporation Operator 
Suite 1100, Four Bentall Centre 2500, 330 - 5th Ave. S.W. 
1055 Dunsmuir Street Calgary, Alberta, CANADA 
P. 0. Box 49260 T2P 0L4 
Vancouver, BC. (403) 539-2533 
Canada, V7X 1 V 5 (403) 539-2612 - fax 
(604) 699-7365 nei I. brausen@aeso.ca 
(604) 699-7538 - fax 
eric.tse@bctc.com 

) 
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2. Alberta - Saskatchewan 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Southern Alberta and Southern Saskatchewan 

Accepted Rating D 
Existing Rating ~ 

Other D 

This interconnection consists of the McNeill AC-DC-AC tie. This back-to-
back DC converter station is operated at 42.2 kV. 

East to West: 150MW 
West to East: 150MW 

The capacity of this path is currently limited by the DC converter rating. 

' 

This rating is independent of transfer levels between major areas of WECC. 
The transfer limit is impacted by local conditions. 

.. 

None 

Transmission Administrator of Alberta Ltd. TAOP 324 (draft) operating 
procedure under development. 

ATCO Electric owns the converter facilities in Alberta, and SaskPower Ltd. 
owns and operates the converter facilities in Saskatchewan. The 
Transmission Administrator of Alberta Ltd. plans and administers operation 
of the facilities in Alberta. 

None 

Neil J. Brausen, P. Eng. 
Director, System Planning 
Alberta Electric System Operator 
2500, 330 - 5th. Ave. S. W. 
Calgary, Alberta, CANADA 
T2P OL4 
(403) 539-2533 
(403) 539-2612 - fax 
neil.brausen(@aeso.ca 
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3. Northwest - Canada 

BRITISH COLUMBIA 
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3. Northwest - Canada 
Accepted Rating lZ] 
Existing Rating D 

Other □ 

Location: Washington and southern British Columbia 

Definition: BC Transmission Corporation now plans, operates, and manages all 
transmission equipment owned by BC Hydro in British Columbia. 
Sum of the flows on the following lines: 

Line Owner Metered End 
Custer (BPA)-lngledow (BCTC) 

500 kV lines 1&2 (Westside Intertie) Joint Ingledow (North end) 
Boundary (BPA)-Waneta (Fortis BC) 
230 kV (Eastside Intertie) Joint Boundary (South end) 

Boundary (BPA)-Nelway (BCTC) 

230 kV (Eastside Intertie) Joint Boundary (South end) 

Transfer Limit: North to South: Up to 3150 MW (all ties). Flow cannot exceed 2850 MW on 
both Custer-Ingledow lines 1&2 (Westside lntertie) or 400 MW on the 
Boundary-Nelway line (one of the two Eastside Interties). 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

PART VI 

South to North: Up to 2000 MW (all ties). Flow cannot exceed 2000 MW on 
both Custer-Ingledow lines 1&2 (Westside Intertie) or 400 MW on the 
Boundary-Nelway line (one of the two Eastside Interties). 

Depending on the season, load level, direction of transfer and the pattern of 
generation in the local area, different outages will limit the transfer capability. 
Typically the most severe outages are on the 500, 345 and 230 kV grid in the 
Puget Sound area. Typically the limiting facilities are on the 230 and 115 kV 
system. Recent study work addressing the N-2 common mode outages 
(breaker failures, common ROW, etc.) has identified the limiting 
contingencies. Addition of new sectionalizing breakers, reconfiguration of 
the 230 kV system and uprating of existing lines has improved the operating 
capability of the Northern Intertie. Work is continuing on further system 
improvements. 

North to South: The 2300 MW path rating was established in January 1989 
with the publication of"Facility Rating Studies for Joint BPA-BCH 
2300 MW Intertie Uprate Report." 

The 3150 MW path rating was established with the completion of the 
2850 MW Westside BCH-BPA Intertie Project. The Westside BCH-BPA 
2850 MW Intertie Uprate WECC Ad Hoc Review Group issued a final report 
titled "Report On the Accepted Rating Study of the Westside BCH-BPA 
2850 MW Intertie Uprate" in May 1994. 
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System North to South: The two Custer-lngJedow tielines can transmit 2850 MW 
Conditions: from Canada to the Northwest when B.C. Transmission Corporation's load 

(Canada) is between approximately 40% and 70% of its annual peak load. 
South to North: Restrictions occur during winter peak demand periods due to 
voltage stability concerns in the Northwest and B.C. Transmission 
Corporation. However, predominant transfers occur during spring months 
when voltage stability limitations are not a concern in northwest Washington. 

Study Criteria: All applicable B. C. Transmission Corporation, Bonneville Power 
Administration, and WECC Criteria. 

Remedial North to South: The maximum amount of generator tripping in Canada 
Actions (B.C. Transmission Corporation) is about 110% of the scheduled export from 
Required: Canada to the Northwest. Reactive power equipment switching scheme is 

used in B.C. Transmission Corporation (Canada) to control voltages when the 
transfer on the Ingledow-Custer tielines is between 2300 and 2850 MW. 
South to North: The 230 kV tielines are directly tripped after outages of both 
500 kV Ingledow-Custer ties when the South to North total transfer exceeds 
400 MW, thus separating the Northwest from Canada. 

Formal B.C. Transmission Corporation's System Operating Order #7T-18 "Custer-
Operating Ingledow 500 kV Interconnection," BPA Dispatcher Standing Order#320 
Procedure: "Operation of the Northern Intertie" and Standing Order #323 "Bellingham 

Area-Intalco Load Tripping." 

Allocation: North to South: All of the capacity is allocated to B. C. Transmission 
Corporation, BPA, and PSE. ) 
South to North: All of the capacity is allocated to B.C. Transmission 
Corporation, BPA, and PSE. 

Interaction North to South: For the Ingledow-Custer intertie 2850 MW accepted rating, 
w/Other there is a potential interaction with the Raver-Paul loading. 
Transfer Paths: 
Contact Person: Eric Tse 

British Columbia Transmission Corporation 
Suite 1100, Four Bentall Centre 
1055 Dunsmuir Street 
P.O. Box 49260 
Vancouver, British Columbia 
Canada V7X 1 V 5 
(604) 699-7365 
(604) 699-7538 - fax 
eric. tse@bctc.com 

Mike Kreipe (TOP-PPOC2-2) 
Bonneville Power Administration 
8100 NE Parkway Dr. #50 
Vancouver, WA 98662-1409 
(360) 619-6686 
(360) 619-6945 - fax 
mjkreipe@bpa.gov 
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4 .. West of Cascades - North 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Central Washington 

Sum of the flows on the following lines: 
Line 

Chief Joseph-Monroe 500 kV 
Schultz-Raver 1, 3, 4 500 kV 
Chief Joe-Snohomish 345 kV lines 3&4 
Rocky Reach-Maple Valley 345 kV 
Coulee-Olympia 300 kV 
Rocky Reach-White River 230 kV 
Columbia-Covington 230 kV 
Schultz-Echo Lake 500 kV 

Metered End 
Chief Joseph 
Schultz 
Chief Joseph 

Accepted Rating D 
Existing Rating D 

Other [ZI 

Rocky Reach 
Coulee 
Rocky Reach 
Columbia 
Schultz 

The transfer limit is approximately 10,200 MW and is voltage stability 
limited. The increase of 400 MW is due to the added series capacitors in the 
Schultz-Raver No 1. (45%) and Schultz-Echo Lake 500 kV (42%) lines in 
late 2003. 

The two critical outages include the single line outage of the Chief Joseph- . •, 
Monroe 500 kV line under "extra heavy" winter peak load levels and the 
double outage of the Raver-Schultz 500 kV lines 1&2 under normal winter, .. 
peak load levels. 

The most recent studies were published on October 9, 1992 and are reviewed 
each year. The studies are coordinated with the Northwest Power Pool. 

Generally, to achieve high west of Cascades north flows, the Northwest 
region must experience an "extra heavy" winter load condition. These 
unusual "Arctic storm" conditions have occurred on several occasions in the 
past. 

All applicable BPA and WECC criteria. 

None. Automatic under-voltage load tripping is in place to trip up to 15% of 
load in the Puget Sound Area for multiple contingencies. 

BP A Dispatch Standing Order 322, "Voltage Collapse Mitigation Procedures 
for the Puget Sound Area." 

100% BPA 

None 

Mike Kreipe (TOP-PPOC2-2) 
Bonneville Power Administration 
8100 NE Parkway Dr. #50 
Vancouver, WA 98662-1409 
(3 60) 619-6686 
(360) 619-6945 - fax 
mjkreipe(a),bpa.gov 
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5. West of Cascades - South 
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5. West of Cascades - South 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: . 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating. 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Northwestern Oregon and Southwestern Washington 

Sum of the flows on the following lines: 
Line Metered End 

Big Eddy-Ostrander 500 kV Big Eddy 
Ashe-Marion 500 kV Ashe 
Buckley-Marion 500 kV Buckley 
Hanford-Ostrander 500 kV Hanford 
John Day-Marion 500 kV John Day 
McNary-Ross 345 kV McNary 
Big Eddy-McLaughlin 230 kV Big Eddy 
Big Eddy-Chemawa 230 kV Big Eddy 
Midway-N. Bonneville 230 kV N. Bonneville 
McNary-Santiam 230 kV • McNary 
Big Eddy-Troutdale 230 kV • Big Eddy 
Round Butte-Bethel 230 kV Bethel 

Accepted Rating D 
Existing Rating r:zl 

Other D 

The transfer limit is 7000 MW and is voltage stability limited. 

Big Eddy-Ostrander 500 kV 
or 

Pearl breaker failure causing loss of the Keeler-Pearl and Pearl-Marion 500 
kV lines. 

The most recent studies were posted on BPA's transmission web site for 
2000/2001 studies. The studies are coordinated with the Northwest Power 
Pool. 

Generally, to achieve high west of Cascades south flows, the Northwest 
region must experience an "extra heavy" winter load condition. These 
unusual "Arctic storm" conditions have occurred on several occasions in the 
past. 

All applicable BPA and WECC criteria. 

None. Automatic under-voltage load tripping is in place to trip up to 15% of 
load in the Williamette Valley/Southwest Washington area for multiple 
contingencies. 

BPA Dispatch Standing Order 324 "Voltage collapse mitigation procedures 
for the Willamette Valley/Southwest Washington area." 

100% BPA 

None. 
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Contact Person: Mike Kreipe (TOP-PPOC2-2) 
Bonneville Power Administration 
8100 NE Parkway Dr. #50 
Vancouver, WA 98662-1409 
(360) 619-6686 
(360) 619-6945 - fax 
mikreipe@bpa.gov 

Revised February 1998 
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6. West of Hatwai 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

PART VI 

Eastern Washington 

Sum of the flows on the following line sections: 
Line 

Hatwai (BPA)-Lower Granite (BPA) 500 kV 
Bell (BPA)-Coulee (USBR) 230 kV lines 3&5 
Westside (AVA)-Coulee (BPA) 230 kV 
Hatwai (BPA)-Lolo (AVA) 230 kV 
Lolo (AV A) 230/115 kV transformers 1 &2 
North Lewiston (AVA)-Walla Walla (PAC) 230 kV 
Bell (BPA)-Creston (BPA) 115 kV 
N. Lewiston (AVA)-Clarkston (BPA) 115 kV 
Harrington (AVA)-Odessa (AVA) 115 kV 
Lind (AVA)-Roxboro (AVA) 115 kV 
Dry Gulch (AVA) 115/69 kV (PAC) transformer 
Grand Coulee (USBR)-Bell (BPA) 500 kV 

Accepted Rating D 
Existing Rating 1:8:] 

Other D 

Metered End 
Hatwai 
Bell 
Westside 
Hatwai 
115 kV 
North Lewiston 
Bell 
North Lewiston 
Harrington 
Lind 
115 kV 
Bell 

Note: BPA and Avista are proposing through the current WOH Review 
Group to change the WOH definition when the new WOH rating takes 
effect in the spring of 2005. The new definition will remove the Hatwai-Lolo 
230 kV line, the Lolo 230/115 kV transformer, and changes the termination 
of the North Lewiston-Walla Walla 230 kV line from North Lewiston to Dry 
Creek 230 kV to form a Dry Creek-Walla Walla 230 kV line with metering 
changed to Dry Creek. 

East to West: 2800MW 
West to East: Not defined 

In the Spring of 2005, it is expected that the East to West WOH rating will 
increase to about 4300 MW as a result of the completion of the new BPA and 
A vista WOH facility additions. This rating is presently being reviewed by the 
WOH Review Group. 
Loss of 500 kV facilities in Eastern Washington 

The WOH path is currently undergoing a re-rating of the WOH path with a 
new rating expected by April 2005. 

Cut-plane rating based upon spring load conditions with high Western 
Montana hydro and Colstrip generation levels. 

All applicable AV A, BP A, and WECC criteria. 

Generator dropping (Libby, Dworshak, Lancaster, and Colstrip) 
Reactor tripping (Garrison) 
Tripping of Miles City DC link 
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Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

WECC Operating Procedure BPA-16 

BPA dispatcher standing order 325 

BPA: 2200MW AVA: 600MW 

To be determined 

Contact Person: Scott Waples 
A vista Corp. 

PART VI 

1411 East Mission 
P. 0. Box 3727 
Spokane, WA 99220-3727 
(509) 495-4462 
(509) 495-8542 - fax 
scott. waples@avistacorp.com 

Mike Kreipe (TOP-PPOC2-2) 
Bonneville Power Administration 
8100 NE Parkway Dr. #50 
Vancouver, WA 98662-1409 
(360) 619-6686 
(360) 619-6945 - fax 
mjkreipe@bpa.gov 

Revised February 2005 
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8. Montana to Northwest 

Location: 
Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 
Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

PART VI 

The lines between western Montana and the Northwest US 

Accepted Rating IZJ 
Existing Rating D 

Other D 

The lines involved in this path are the metered tie lines between 
NorthWestern Energy (NWMT) and Bonneville Power Administration 
(BPA), plus the metered tie lines between NWMT and Avista Corp. (A VA). 

Metered End 
Broadview-Garrison #1 & #2 500 kV lines Garrison 
Anaconda-Garrison #1 & #2 230 kV lines Anaconda 
Ovando-Garrison 230 kV Garrison 
Ovando-Hot Springs 230 kV Hot Springs 
Rattlesnake 230/161 kV transformer 161 kV 
Kerr-Elmo 115 kV Kerr 
Thompson Falls-Burke 115 kV Burke 
Crow Creek-Burke 115 kV Burke 

East to West: 2200 MW 
West to East: 1350 MW 

The constraint that sets the East-to-West rating is pre-outage steady-state 
voltage performance. The West-to-East rating is set by post-transient voltage 
performance for the loss of both Garrison-Taft 500 kV lines. The ratings of 
the series capacitor bank lines between Garrison and Taft were increased to 
2000 A in 2004. 

This rating is based on studies conducted by the Montana Power Company 
(dba NWMT) and the Bonneville Power Administration in 1993. This study 
was reviewed by an Ad Hoc Review Group under the auspices of the WECC. 
The West to East rating of 1350 MW was studied and approved by the three-
phase rating process. This is an accegted rating. 

The east to west stability limit is higher than the thermal limit. This limit has 
been enhanced by the application of remedial action schemes. Without the 
remedial action schemes stability performance would be the limiting 
constraint for this path. The remedial actions which are used to enhance 
stability performance are as follows: 
1. Switching shunt reactors at the Garrison 500 kV bus for the loss of 

critical 500 kV lines. 
2. Tripping the back-to-back DC tie at Miles City. 
3. Tripping Colstrip generation. 
4. Tripping Libby and Noxon generation. 

None 
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Allocation: East-West 
NWMT/AVA 250 MW Ovando-Hot Springs 230 kV 
NWMT/AVA 132MW Thompson Falls-Burke 115 kV 
NWMT/BPA 1818 MW Kerr-Kalispell 115 kV, Garrison-Taft 

500 kV, Garrison-Hot Springs 230 kV 

West-East 
NWMT/AVA 382 MW Ovando-Hot Springs 230 kV, Thompson 

Falls-Burke l 15kV 
NWMT/BPA 968 MW Kerr-Kalispell 115 kV, Garrison-Taft 

500 kV, Garrison-Hot Springs 230 kV 
Interaction None 
w/Other 
Transfer Paths: 
Contact Person: Charles A. Stigers 

NorthWestern Energy 
40 East Broadway 
Butte, MT 59701 
(406) 497-4538 
(406) 497-3393 - fax 
Chuck.Stigers@northwestern.com 

Scott Waples 
A vista Corp. ) 
1411 East Mission 
P. 0. Box 3727 
Spokane, WA 99220-3727 
(509) 495-4462 
(509) 495-8542 - fax 
scott.waplesc@avistacorp.com 
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9. West of Broadview 
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9. West of Broadview 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 
Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

South Central Montana 

Accepted Rating D 
Existing Rating [:gj 

Other D 

The West of Broadview path consists of the following transmission lines: 
Line Metered End 

Broadview-Garrison 500 kV #1 & #2 Broadview 
Broadview-Judith Gap 230 kV Broadview 
Shorey Road-Wilsall 230 kV Shorey Road 
Alkali-Columbus/Rapleje 161 kV Alkali 
Broadview 2-230/100 kV auto transformers Broadview 
This path includes all lines which proceed west from the Billings area. 

East to West: 2573 MW 
Since the flow on this path is almost always east to west, and is never large 
when it is west to east, no effort has been made to determine the west to east 
capacity. 

The capacity rating is based on the maximum flow for which a two-phase-
ground fault at the Broadview end of a Broadview-Garrison line when cleared 
normally will result in a worst case voltage dip after the fault has cleared no 
more than 20% of the starting voltage on any load bus with no generator 
tripping at Colstrip. 

This capacity rating is based on studies done in 1980 for the Colstrip 
participants. 

None 

None 

Charles A. Stigers 
NorthWestern Energy 
40 East Broadway 
Butte MT 59701 
(406) 497-4538 
( 406) 497-3393 - fax 
Chuck.Stigers@northwestern.com 
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1· 10. West of Colstrip 
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10. West of Colstrip 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 
Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

PART VI 

Southeastern Montana 

Accepted Rating D 
Existing Rating 1:8:1 

Other D 

The West of Colstrip path consists of the following transmission lines: 
Line Metered End 

Colstrip-Broadview 500 kV lines #1 & #2 Colstrip 
Colstrip-Hardin 230 kV Colstrip 
Colstrip-Hardin 115 kV Colstrip 

East to West: 2598 MW 
Since this path was constructed to integrate the Colstrip generation project 
into the Montana system, no effort has been made to determine the west to 
east capacity. 

The path capacity is based on studies done in 1980 for the Colstrip 
participants. This study result must be regarded as only approximate, since 
the transmission system model used in the study did not include significant 
changes which have occurred since 1980. These include: 
1. The insertion of the Crossover bus in the Colstrip-Billings 230 kV line 

connecting this NWMT line to the Miles City-Yellowtail 230 kV Western 
Area Power Administration (W AP A) line at the location where the two 
lines intersect. 

2. The addition of the Miles City back-to-back DC tie. 
3. The insertion of the Hardin bus in the Colstrip-Crossover 230 kV line. 
4. The addition of the Montana 1 power station on the 115 kV line between 

Colstrip and the Nichols pumping station. 
5. The 230/115 kV transformer at Hardin. 
6. Closing through the 115 kV line between Colstrip and Hardin. 
7. A load tap has been placed between Crossover and Billings to serve the 

Huntley area. 
It is not likely that any of these changes has a significant impact on the 
capacity of this path. 

None 

None 
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Interaction 
w/Other 
Transfer Paths: 
Contact Person: Charles A. Stigers 

North Western Energy 
40 East Broadway 
Butte, MT 59701 
(406) 497-4538 
( 406) 497-3393 - fax 
Chuck.Stigers@northwestern.com 
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11. West of Crossover 
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11. West of Crossover 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 
Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 
Allocation: 

PART VI 

Southeastern Montana 

The branches included in this path are: 
Line 

Colstrip-Broadview #1 & #2 500 kV lines 
Crossover-Huntley 230 kV line 

East to West: 2598 MW 

Metered End 
Colstrip 
Crossover 

Accepted Rating D 
Existing Rating ~ 

Other D 

Since this path integrates the Colstrip generation and the Miles City DC tie 
into the system, no effort has been made to determine the west to east 
capacity. 

The path capacity is based on studies done in 1980 for the Colstrip 
participants. The original purpose of the study was to determine the transfer 
capacity west of Colstrip. This study result must be regarded as only 
approximate, since the transmission system model used in the study did not 
include significant changes which have occurred since 1980. These include: 
1. The insertion of the Crossover bus in the Colstrip-Billings 230 kV line 

connecting this line to the Miles City-Yellowtail 230 kV Western Area 
Power Administration (W APA) line at the location where the two lines 
intersect. 

2. The addition of the Miles City back-to-back DC tie. 
3. The insertion of the Hardin bus in the Colstrip-Crossover 230 kV line. 
4. The addition of the Montana 1 power station on the 115 kV line between 

Colstrip and the Nichols pumping station. 
5. The 230/115 kV transformer at Hardin. 
6. Closing through the 115 kV line between Colstrip and Hardin. 
7. A load tap has been placed between Crossover and Billings to serve the 

Huntley area. 
It is not likely that any of these changes has a significant impact on the 
capacity of this path. 

None 

None 
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Interaction 
w/Other 
Transfer Paths: 
Contact Person: Charles A. Stigers 

NorthWestern Energy 
40 East Broadway 
Butte, MT 59701 
(406) 497-4538 
(406) 497-3393 - fax 
chuck.stigers@northwestern.com 
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14. Idaho to Northwest 
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14. Idaho to Northwest 

Location: 

Definition: 

Accepted Rating D 
Existing Rating ~ 

Other D 

Southwest Idaho and Eastern Oregon/Washington and Northern Idaho 

Sum of the flows on the following lines: 
500 kV system: 
Midpoint-Summer Lake 500 kV 
230 kV and 115 kV system: 
Imnaha-Lolo 230 kV 
Hells Canyon-Enterprise 230 kV 
Quartz Tap-LaGrande 230 kV 
Hines-Harney 138/115 kV tie 

Metered End 
Midpoint 

Imnaha 
Enterprise 
LaGrande 
Harney 

Transfer Limit: Combined Ratings 
East to West: 2400MW 

1200MW 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

PART VI 

West to East: 
Individual Systems Ratings: 
500 kV system East to West: 

• West to East: 
230 kV and 115 kV system East to West: 

West to East: 
Current OTC Seasonal Transfer Limits: 
East to West: 2304 NW* 
West to East: 1200 MW Winter 

1150 MW Spring/Fall** 
1090 MW Summer** 

1500 MW 
unallocated 
1200 MW 
1200 MW 

* The East to West OTC transfer capability is limited due to network 
changes, which consisted of the removal of the Copperfield series capacitor 
and thermal limitations on the Imnaha-Lolo 230 kV line section. 
** The West to East OTC transfer capability is limited in the spring, summer, 
and fall seasons due to thermal limitations on the Imnaha-Lolo 230 kV line 
section. 

East to West: Transient voltage dip at LaGrande, post-transient voltages at 
LaGrande, Hines, and West John Day, and the thermal overload on the Walla 
Walla series capacitor following the loss of the Midpoint-Summer Lake 
500 kV line. 
West to East: The transfer capacity on the three 230 kV and one 115 kV tie 
lines is based on steady state thermal limits. The 1200 MW transfer capacity 
assumes no allocation on the Midpoint-Summer Lake line during normal 
system conditions. 
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When: The 2400 MW east to west rating was established in August, 1989 with the 
publication of Idaho Power Company to Pacific Northwest Intertie Capacity 
Study. The WECC Notification Procedures for Changes in Facility Ratings 
and/or Operating Procedures was followed. 
The 1200 MW west to east rating was established in 1981 and reconfirmed in 
1986. 
The 2400 MW east to west rating was conducted jointly by: 

Bonneville Power Administration (BPA) 
Idaho Power Company (IPC) 
PacifiCorp (PAC) 
A vista Corp. (AV A) 

The 500 kV system east to west capability was demonstrated at the time of 
2400 MW east to west study in 1989. 
The 230 kV and 115 kV system east to west capability was established in 
1976 and redemonstrated with the 1989 study. 
The 1200 MW west to east rating was established in 1981 and reconfirmed in 
1986 without allocation of capacity to the Midpoint-Summer Lake 500 kV 
line. The studies were conducted by Idaho Power Company. 

System The 2400 MW east to west transfer rating was studied with light load 
Conditions: conditions in Idaho with heavy eastern thermal resources, and moderate 

generation on the remaining hydro plants in Idaho. Studies were performed 
with both north to south and south to north on the PACI and near maximum 

) 
transfers on parallel paths; i.e. transfers to Northwest and Arizona to 
California. 

The 1200 MW west to east transfer rating was studied with high hydro 
conditions in the Northwest with low to moderate eastern thermal resources. 
In addition, the 1200 MW west to east rating cannot be fully utilized 
simultaneous with heavy Hells Canyon complex generation because of steady 
state thermal overloads and/or post disturbance voltage change in Idaho 
Power's internal transmission system. 

Study Criteria: WECC Reliability Criteria For Transmission System Planning 

Remedial Remedial action schemes are required to achieve the 2400 MW east to west 
Actions transfer capability. An outage of any one of the three 230 kV tie lines will 
Required: initiate the generator runback remedial action scheme at Idaho Power 

Company's Hells Canyon plants to automatically reduce the thermal 
overloads on the remaining tie lines. Outage of the Midpoint-Summer Lake 
500 kV line requires Jim Bridger unit(s) tripping. 

Remedial actions are not required to achieve the 1200 MW west to east 
transfer capability. 

Formal Under certain generation and load conditions, 2400 MW Idaho to Northwest 
Operating transfer simultaneous with heavy Northwest to California transfers may cause 
Procedure: overloading of the Midpoint-Summer Lake line. During these conditions, 

one-half of the Burns series capacitor can be bypassed to reduce Midpoint-
Summer Lake loading but it results in reduced Bridger West capacity. 

J 
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Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Revised February 2004 

The transfer capability of the path is allocated among the interconnections as 
follows: 
• 2400 MW East to West: 

1587 MW IPC - PacifiCorp interconnection 
413 MW IPC - BP A interconnection 
400 MW IPC - AV A interconnection 

• 1200 MW West to East: 
350 MW BPA - IPC interconnection 
400 MW PacifiCorp - IPC interconnection 
450 MW AV A - IPC interconnection 

Contact Person: Mark D. Hanson Scott Waples 
A vista Corp. 

PART VI 

Idaho Power Company 
P. 0. Box 70 
Boise, ID 83707 
(208) 388-2253 
(208) 3 88-664 7 - fax 
mhanson@idahopower.com 

Don Johnson 
PacifiCorp, 
9951 S.E. Ankeny Street, 2nd Floor 
Portland, OR 97216-2315 
(503) 251-5283 
(503) 251-5228 - fax 
don. iohnson(a1pacificorp.com 

1411 East Mission 
P. 0. Box 3727; MSC-16 
Spokane, WA. 99220-3727 
(509) 495-4462 
(509)-495-8542 - fax 
scott.waples@avistacorp.com 

Mike Kreipe (TOP-PPOC2-2) 
Bonneville Power Administration 
8100 NE Parkway Dr. #50 
Vancouver, WA 98662-1409 
(360) 619-6686 
(360) 619-6945 - fax 
mikreipe(a),bpa.gov 
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15. Midway - Los Banos 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Accepted Rating [ZJ 
Existing Rating D 

Other D 

Between central and southern California within the PG&E system and south 
of Los Banos substation (PG&E internal Path 15). 

Midway-Los Banos 500 kV line 
Los Banos-Gates# 1 and #3 500 kV lines 
Gates-Panoche #1 & #2 230 kV lines 
Gates-Gregg 230 kV line 
Gates-McCall 230 kV line 

The transfer limit ranges from 2000-3265 MW from north to south. 
The transfer limit ranges from 4800-5400 MW from south to north. 
From north to south: 
Midway-Gates and Midway-Los Banos 500 kV double line outage. 
Double Palo Verde unit outage. 
Los Banos-Tesla and Los Banos-Tracy 500 kV double line outage. 

From south to north: 
Double line 500 kV outages between Tesla and Midway. 
The 3265 MW north-to-south rating was established in the August 5, 2002 
Path 15 Upgrade north-to-south Project Comprehensive Progress Report. 
Phase III Status granted on October 23, 2003. 
The 5400 MW south-to-north rating was established in the September 18, 
2001 Path 15 Upgrade Project Comprehensive Progress Report. A letter 
from the PCC chair indicating the Phase II report was accepted and granting 
Phase III status was distributed on February 5, 2003. 
The north-to-south path rating was based on north-to-south transfers under 
heavy summer (high temperature) operating conditions. 

The south-to-north path rating was based on south-to-north transfers under 
light winter operating conditions. 

NERC/WECC Planning Standards. 

Remedial actions are employed on an as needed basis for double line 
outages between Tesla and Midway. 

CISO T-122 and PG&E 0-51 operating procedures which are periodically 
updated. 

PG&E, SCE, SDG&E, CDWR, and various new owners. 

For high north-to-south flows on Path 15 and high north-to-south flows on 
COi and/or PDCI it is necessary to operate based on a nomogram. 
Path 15 north-to-south transfer limit can be significantly less with high 
generation levels in the Midway area because of Path 26 limitations. 
For high south-to-north flows on Path 15 and high east-to-west flows on 
West of Borah it is necessary to operate based on a nomogram. 
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Contact Person: 
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PART VI 

Jon Eric Thalman 
Pacific Gas and Electric Company 
77 Beale St. B 15A 
San Francisco, CA 94105 
(415) 973-7691 
( 415) 973-8804 - fax 
jetg@pge.com 

Revised February 2001 
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16. Idaho - Sierra 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Border between southern Idaho and northern Nevada 

Midpoint-Valmy 345 kV (3 line sections make up this path) 

Accepted Rating D 
Existing Rating [Z] 

Other D 

Point of interconnection between Idaho Power Co. (Idaho) and Sierra Pacific 
Power Co. (Sierra) is the Idaho-Nevada state line border. 

North to South: 500 MW 
South to North: 360 MW 
The capacities listed above are non-simultaneous ratings of the line. 
Simultaneous ratings are dependent on Sierra's net control area operations. 
Seasonal OTC limits may be more restrictive for operating South to North. 

Outage of the Midpoint-Humboldt 345 kV line is a critical disturbance which 
determines Sierra's net system import limit. The net system export limit is 
determined by the outage of the Coyote Creek-Valmy 345 kV line. 

Initial non-simultaneous transfer studies were performed jointly by Sierra 
Pacific Power Company and Idaho Power Company in 1980. Periodically, 
Sierra updates their net system import limit studies to quantify simultaneous 
limits. 

Studies of the Sierra net system import limit have been conducted for all 
seasons and at various load levels. 

Criteria used in determining Sierra's net import and export limits: 

• The post disturbance steady state voltages on the Ft. Churchill-Pavant 
230 kV load buses must recover to 90% of pre-disturbance voltage and no 
less than 0.90 p.u. Automatic reactor switching allowed. 

• The post disturbance net flow on the Sierra-PG&E 120 kV and 60 kV 
interties must not exceed the limitations on that intertie (nominally 
180MW). 

None 

None 

The transfer capability of the path is allocated as follows: 
OwnershiQ Allocation 

50% Idaho 100% North-bound capacity 
50% Sierra 100% South-bound capacity 

Sierra's system import and export limits and the flows on their other tie lines 
affect the scheduling capability of this intertie. 
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Contact Person: Joe Tarantino 

PART VI 

Sierra Pacific Power Company 
P. 0. Box 10100 
Reno, NV 89520-0026 
(775) 834-3348 
(775) 834-3047 - fax 
jtarantino@sppc.com 

Revised February 2002 
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17. Borah West 

Location: Southeast Idaho 

Accepted Rating D 
Existing Rating ~ 

Other D 

Definition: Sum of the flows on the following lines: 
Line 
Kinport-Midpoint 345 kV 
Borah-Adelaide-Midpoint #1 345 kV 
Borah-Adelaide-Midpoint #2 345 kV 
AmFalls-Pleasant Valley-Adelaide 138 kV 
AmFalls-Raft River-Minidoka 138 kV 

Metered End 
Kinport 
Borah 
Borah 
American Falls 
American Falls 

Transfer Limit: East to West: 2307 MW 
West to East: Not defined 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

PART VI 

The transfer capacity listed above is the non-simultaneous rating. The 
simultaneous rating for all seasons except summer is also 2307 MW. This 
rating may be derated in the summer depending on local irrigation load 
served by the underlying 138 kV transmission system. 

The Borah West transfer capacity is limited by transient voltage dips for SLG 
line faults with delayed clearing (breaker failure), and thermal overloads on 
the 345 kV lines West of Borah following an outage of one of the Borah West 
345 kV lines. During the summer, the thermal overloads on the underlying 
138 kV system is more restrictive for an outage of one of the Borah West. 
345 kV lines due to increased initial loadings caused by local irrigation load. 

The Borah West non-simultaneous transfer rating was established in 1988. 
The simultaneous transfer rating was established in June, 1991 and 
reconfirmed in early 1994 by Idaho Power Company. The Borah West 
simultaneous transfer capacity studies were redone due to the addition of the 
Kinport 175 MV AR and the Jim Bridger 200 MV AR shunt capacitor banks in 
late 1992 and early 1993. _ 

The Borah West transfer rating was determined with simultaneous heavy 
transfers on series path consistent with heavy transfers of eastern thermal 
resources to the west. The studies were performed with simultaneous flows 
on Path C (south to north) at 700 MW, Bridger West at 2200 MW, and Idaho
Northwest at 1850 MW. 

During moderate to heavy load periods, high Borah West flows may not be 
achievable due to eastern Idaho load and the inability to import more 
resources due to capacity limitations on Bridger West and Path C. 

WECC Reliability Criteria for Transmission System Planning 

The loss of two of the 345 kV lines simultaneously or one line initially out
of-service and loss of another line will initiate a trip of one Jim Bridger unit if 
the flow from the east on the three 345 kV lines into Midpoint exceeds 
1050 MW. For the special contingency of the loss of the Kinport-Midpoint 
345 kV line with one of the Borah-Adelaide-Midpoint 345 kV lines under 
high flow conditions, a trip of two Jim Bridger units may be required. 
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Formal For PDCI south to north operation, a nomogram exists for flows on the PDCI, 
Operating COi, Borah West and available load dropping in the Northwest. California 
Procedure: ISO T-122 (West of Borah versus Path 15 nomogram). 

Allocation: The Borah West transfer path and capacity is owned by Idaho Power 
Company (IPC). IPC has long term agreements to provide transmission 
services on this path to PacifiCorp for up to 1600 MW. 

Interaction There is a known interaction for south to north transfers on PDCI and 
w/Other transfers on COi and Borah West. Also, there is a known interaction for 
Transfer Paths: south to north transfers on Path 15 and Borah West. 

Contact Person: Mark D. Hanson 
Idaho Power Company 
P. 0. Box 70 
Boise, ID 83707 
(208) 388-2253 
(208) 388-6647 - fax 
mhanson@idahopower.com 

) 
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18. Idaho - Montana 
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18. Idaho - Montana 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Eastern Idaho and Western Montana 

Accepted Rating D 
Existing Rating [ZI 

Other D 

Sum of the flows on the following lines: Meter Location 
Big Grassy-Dillon Salmon 161 kV Big Grassy 
Peterson Flats-AMPS 230 kV Amps 
North to South: 337 MW 
South to North: 337 MW 

Outage of the Anaconda-Antelope 230 kV line. 
Outage of the Big Grassy-Dillon Salmon 161 kV Line. 
Outage of the Bridger-Goshen and Bridger-Kin port 345 kV lines with RAS 
tripping two Bridger units. 

The 230 kV capability of 250 MW and the 161 kV capability of 87 MW was 
established by AMPS participants (PacifiCorp, NorthWestern Energy, Idaho 
Power and Avista Corp.) in 1978. 

North to south flows achieved with high Montana hydro and thermal 
generation and low Idaho generation patterns. 

Steady state voltage limit of .90 p.u. on the 161 kV busses at Dillon, Big 
Grassy, and Jefferson after the loss of the 230 kV line from Anaconda to 
Antelope. 

None 

None 

Based upon Hot Springs to Brady: 
OwnershiQ a1212rox. 

(varies year to year) Allocation 
230 kV IPC 31.9% 31.9% (80 MW) 

NWMT 31.9% 31.9% (80 MW) 
PAC 36.2% 36.2% (90 MW) 

161 kV Goshen-Stateline IPC 100.0% 100.0% (87 MW) 
Stateline-Dillon NWMT 100.0% 100.0% (87 MW) 

None 
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Contact Person: Mark D. Hanson 

PART VI 

Idaho Power Company 
P. 0. Box 70 
Boise, ID 83707 
(208) 388-2253 
(208) 388-6647 - fax 
mhanson@idahopower.com 

Don Johnson 
PacifiCorp, 
9951 S.E. Ankeny Street, 2nd Floor 
Portland, OR 97216-2315 
(503) 251-5283 
(503) 251-5228 - fax 
don. iohnson~pacificorp.com 

Revised February 2005 

Charles A. Stigers 
Northwestern Energy 
40 East Broadway 
Butte, MT 59701 
( 406) 497-4538 
( 406) 497-3393 - fax 
chuck.stigers@northwestern.com 
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19. Bridger West 
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19. Bridger West 
Accepted Rating D 
Existing Rating C8J 

Other D 

Location: Border between Southeast Idaho and Southwest Wyoming 

Definition: Sum of the flows on the following lines: 
Line Metered End 

Jim Bridger-Borah 345 kV Jim Bridger 
Jim Bridger-Goshen 345 kV Jim Bridger 
Jim Bridger-Kinport 345 kV Jim Bridger 

Transfer Limit: East to West: 2200 MW 
West to East: Not defined 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Transient voltage dips and post transient voltage stability are the limiting 
conditions for outages of the Jim Bridger system 345 kV lines. Generally, the 
most critical single line outage is the loss of the Jim Bridger-Borah 
345 kV line. 

The 2200 MW rating was established in 1982 and reconfirmed in 1990 and 
1992. The studies were conducted jointly by Idaho Power Company (IPC) 
and PacifiCorp. Since the transfer capability did not increase, the WECC 
"Notification Procedure for Changes in Facility Ratings and/or Operating 
Procedures" were not implemented. 

The Bridger West transfer rating was determined with simultaneous heavy 
transfers on series and parallel paths consistent with heavy transfers of eastern 
thermal resources to the west. The original transfer studies were performed 
with sii;nultaneous flows on Montana-Northwest at 1800-1900 MW, 
TOT 4A at 600 MW, Path C (Utah North) at 700 MW, and high West of 
Borah and Idaho-Northwest flows (actual flow dependent on load conditions 
assumed in Idaho). Subsequently, transfer studies have been performed with 
simultaneous flows on Path Cat 850 MW-950 MW depending on seasonal 
conditions. 

Study Criteria: Initial Conditions: 
• Per unit bus voltages within PacifiCorp and IPC systems between 

0.95 p.u. and 1.05 p.u. 
• All line and transformer loadings maintained within allowable 

continuous ratings. 
• Synchronous condensers at Kinport, Goshen, and American Falls 

operating in the middle of their boost-buck range. The Jim Bridger 
200 MV AR shunt capacitor bank in service. 

• The Treasureton 2 x 50 MVAR 138 kV shunt capacitor banks will be 
switched in service when the flows exceed either 1750 MW on 
Bridger West or 700 MW on Path C. 

Transient: WECC Reliability Criteria for Transmission System Planning. 
Post Transient: For single contingencies (N-1), a 250 MV AR reactive 
margin will be maintained from the point of voltage instability (nose of the 
QV curve) at the critical bus for an outage of the critical line with successful 
operation of remedial action scheme. For double contingencies (N-2), a 200 
MV AR reactive margin will be maintained at the critical bus. 
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Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Contact Person: 

PART VI 

Revised February 2005 

A remedial action scheme is required to achieve the 2200 MW east to west 
rating. Multi-phase faults, SLG faults with delayed clearing, and multi-line 
outages on the Jim Bridger 345 kV lines require Jim Bridger unit(s) tripping. 
The addition of the Jim Bridger 200 MV AR 345 kV, Kinport 175 MV AR 
345 kV, and Goshen 100 MV AR 161 kV shunt capacitor banks, along with 
the bypassing of Burns 500 kV series capacitor bank, has eliminated Jim 
Bridger unit tripping for SLG faults. The Jim Bridger shunt capacitor is 
normally on to reduce the reactive output of the Jim Bridger units so more 
reactive support can be provided during a disturbance. The Kinport and 
Goshen shunt capacitors are normally off and held in reserve to be switched 
at the time of a disturbance for additional reactive support. 

Bridger West vs Path C South - North seasonal nomograms (Operating 
Procedure: PCC-005 Path C, South to North) 

The transfer capability of the path is allocated as follows: 
2200 MW East to West: 
Ownership Allocation 

733 MW (1/3) 
1467 MW (2/3) 

IPC 707 MW (1/3 Max Jim Bridger Generation) 
PacifiCorp 1493 MW (Remainder) 

The Bridger West Path has a nomogram identifying simultaneous operating 
constraints between this path and Path C in the south to north direction during 
light load conditions. The intersection exists for Bridger West flows in 
excess of2100 MW. 

Mark D. Hanson 
Idaho Power Company 
P. 0. Box 70 
Boise, ID 83707 
(208) 388-2253 
(208) 388-6647 - fax 
mhanson(a)idahopower.com 

Don Johnson 
Pacificorp 
9951 S.E. Ankeny Street, 2nd Floor 
Portland, OR 97216-2315 
(503) 251-5283 
(503) 251-5228 - fax 
don. iohnson(a),pacificorp.com 
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) 20. Path C 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

) 
System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 

Allocation: 

PART VI 

Northern Utah/Southern Idaho 

Sum of the flows on the following transmission lines: 
Line 

Ben Lomond-Borah 345 kV 
Treasureton-Brady 230 kV 
Grace-Goshen 161 kV 
Malad-American Falls 138 kV 

North to South: 1000 MW (nominal) 
South to North: 1000 MW (nominal) 
Operating limits are based on OTC studies. 

Accepted Rating D 
Existing Rating ~ 

Other D 

The limiting outage in the south to north and north to south direction is loss of 
the Ben Lomond-Borah 345 kV line. 

Studies conducted by PacifiCorp in 1982 established the 1000 MW rating. 
The most current south to north studies were conducted in 1992. These 
studies developed the relationship between rating, ambient temperature, and 
load levels. 

The stated ratings are a function of load and generation in the northern Utah 
and southeastern Idaho area. As ratings are limited by thermal line ratings, 
they also depend on ambient temperatures. 

• Steady state pre disturbance voltages between .95 p.u. and 1.05 p.u . 
• Post-disturbance voltages between .90 p.u. and 1.10 p.u . . Post-disturbance line loadings less than "emergency ratings." . First-swing transient voltage dips not to exceed .80 p.u . 

None 

None 

PacifiCorp 
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Interaction For north to south transfers, there is a nomogram relationship with the 
w/Other Rocksprings-Monument and Firehole-Monument 230 kV lines. 
Transfer Paths: 

For south to north transfers, there is a nomogram relationship with the 
Bridger West transmission path. Operating limits are based on OTC studies. 

Contact Person: Bill Hall 
PacifiCorp 
1407 W. North Temple - Suite 275 
Salt Lake City, UT 84140 
(801) 220-4274 
(801) 220-2842 - fax 
bill.hall@pacificorp.com 

) 
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Arizona to California 
(Unscheduled Flow Qualified Path) 
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21. Arizona to California 
(Unscheduled Flow Qualified Path) 

Accepted Rating D 
Existing Rating [8J 

Other D 

Location: Western Arizona 

Definition: A WECC unscheduled flow qualified path which is the sum of the flows on 
the following transmission lines: 

Line Metered End 
Navajo-Crystal-McCullough 500 kV Navajo 
Moenkopi-Eldorado 500 kV Eldorado 
Liberty-Peacock-Mead Liberty 
Palo Verde-Devers 500 kV Palo Verde 
Hassayampa-North Gila 500 kV Hassayampa 
Round Valley-Peacock 230 kV Peacock 
Liberty-Parker #1 230 kV Parker 
Liberty-Parker #2 230 kV Parker 

Transfer Limit: East to West: 5700 MW (Non-simultaneous) 
West to East: Not rated 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

PART VI 

The present east to west, non-simultaneous path rating is 5700 MW and 
assumes a "normal" operating system with all lines in service and full series 
compensation levels in the Navajo, Palo Verde and Liberty-Mead 
transmission systems. Path 21 was initially qualified in the late 1980's. 
Since the study determining the rating of 5700 MW was performed, system 
upgrades and a parallel 500 kV transmission line have been added. No re
rating studies have been performed since the unscheduled flow curtailment 
procedure was installed in 1994. 

The 5700 MW non-simultaneous limit is due to the continuous rating of the 
series capacitors at the Palo Verde end of the Palo Verde-Devers 500 kV line. 
The transfer capability is limited under normal (all-lines-in-service) 
conditions. However, various East of the Colorado River (EOR) line outages 
may result in 97-99% loading of emergency ratings on various EOR lines. 

The non-simultaneous transfer rating was established in 1987 by the Western 
Arizona Transmission Systems (WA TS) Task Force. The Task Force was 
comprised of members from the following companies: 

Arizona Public Service Company 
El Paso Electric Company 
DOE-Western Area Power Administration 
Imperial Irrigation District 
Los Angeles Department of Water & Power 
Nevada Power Company 
Public Service Company of New Mexico 
Salt River Project 
San Diego Gas & Electric Company 
Southern California Edison Company 
Southern California Public Power Authority 
Tucson Electric Power Company 
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System Flows on the transfer path have historically been east to west due to the large 
Conditions: amount of joint participation plants located in Arizona and New Mexico 

which are partly owned by southern California and Nevada entities. 

Study Criteria: WECC Reliability Criteria for Transmission System Planning 

Remedial None 
Actions 
Reauired: 
Formal None 
Operating 
Procedure: 
Allocation: The 5700 MW transfer capability is divided among the following entities: 

Southern California Edison Company 2232 MW 
Los Angeles Department of Water & Power 1229 MW 
Western Area Power Administration 527 MW 
Nevada Power Company 353 MW 
San Diego Gas & Electric Company 914 MW 
Salt River Project 160 MW 
Imperial Irrigation District 153 MW 
Arizona Public Service Company 132 MW 

5700 MW 

Interaction The simultaneous transfer limit into southern California is governed by the 
w/Other Southern California Import Transmission (SCIT) Nomogram and is a function 

) Transfer Paths: of the EOR (Path 49) flow of which this path is a subset. 

Contact Person: Tom Isham 
Arizona Public Service Company 
P. 0. Box 53999, Station 2260 
Phoenix AZ 85072-3999 
(602) 250-1499 
(602) 250-1674 - fax 
tommy.isham@aps.com 
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Southwest of Four Corners 
(Unscheduled Flow Qualified Path) 
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22. Southwest of Four Corners 
(Unscheduled Flow Qualified Path) 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 

PART VI 

Northeastern Arizona 

Sum of the flows on the following transmission lines: 
Line Metered End 

Four Corners-Moenkopi 500 kV Four Corners 
Four Corners-Cholla 345 kV #1 Four Corners 
Four Corners-Cholla 345 kV #2 Four Corners 

East-West: 2325 MW nominal 
West-East: Not rated 

Accepted Rating D 
Existing Rating IZJ 

Other D 

The 2325 MW nominal operating limit is limited by the thermal rating of the 
Four Corners-Cholla 345 kV lines and voltage deviation at Pinnacle Peak 
following the critical disturbance. The actual rating is defined by the 
diagonal on the attached nomogram. 

The critical disturbance is loss of the Four Corners-Moenkopi 500 kV line. 

The transfer rating was established in the mid 1980's by the Four Corners 
Technical Studies Task Force. The task force is comprised of members from 
the following companies: 

Arizona Public Service Company 
El Paso Electric Company 
Public Service Company of New Mexico 
Salt River Project 
Southern California Edison Company 
Tucson Electric Power Company 

Verified by 2004 OTC studies. 

Flows on this transfer path have historically been east to west due to the large 
amount of generation located in northwestern New Mexico. This generation 
is partly owned by entities west of the Arizona - New Mexico border. 
The 2325 MW nominal limit was determined due to voltage deviation, and 
thermal constraints. 

Same as WECC Reliability Criteria for Transmission System Planning. 

None 

None 
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Allocation: The transfer capability is divided among the following utilities: 
Arizona Public Service Company owns all rights on the Four Corners-
Cholla 345 kV lines. 
Southern California Edison Company owns all the rights on the Four 
Corners-Moenkopi 500 kV line. 

Interaction None 
w/Other 
Transfer Paths: 
Contact Person: Tom Isham 

Arizona Public Service Company 
P. 0. Box 53999, Station 2260 
Phoenix AZ 85072-3999 
(602) 250-1499 
(602) 250-1674 - fax 
tommy.isham@aps.com 

) 

) 
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2004 PATH 22 OPERATING NOMOGRAM 
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Four Corners 345/500 Qualified 
Path 
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23. Four Corners 345/500 Qualified 
Path 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Northeastern Arizona 

Flow on 345/500 kV transformer 

345 to 500 kV: 840 MV A (top FOA) 
500 to 345 kV: 840 MV A (top FOA) 

Accepted Rating D 
Existing Rating C8J 

Other D 

1) Loss of Four Corners #5 (750 MV A); or 2) with Four Corners #5 off line, 
base case loading may approach the continuous rating; or 3) with Four 
Corners #5 off line, any of several single contingencies, may exceed 
continuous rating. 

Certified as a qualified path in mid 1980s. 

Flows in this area are from east to west due to the large amount of generation 
in the area. The 345/500 kV transformer is in series with the 500 kV line and 
is the limiting element when Four Corners #5 is off line. 

Base case loading not to exceed 100% of continuous rating. Single 
contingency load may not exceed 100% of continuous rating for more than 3 0 
minutes. 

Schedules to be reduced when necessary. 

None 

Owners of the transformer are: 
Southern California Edison Company 48% 
Arizona Public Service Company 15% 
Public Service Company of New Mexico 13% 
Salt River Project 10% 
El Paso Electric Company 7% 
Tucson Electric Power Company 7% 

100% 

None 

Tom Isham 
Arizona Public Service Company 
P. 0. Box 53999, Station 2260 
Phoenix AZ 85072-3999 
(602) 250-1499 
(602) 250-1674- fax 
tommy.isham@aps.com 
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24. PG&E - Sierra 
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24. PG&E - Sierra 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Between Northern California and Nevada 

Drum-Summit (2-115 kV lines) 
Spaulding-Summit (1-60 kV line) 

Sum of the flows on the following transmission lines: 

Line Metered Point 

Accepted Rating D 
Existing Rating IZI 

Other D 

Drum-Summit 1 115 kV Summit 1 115 kV bus 
Drum-Summit 2 115 kV Summit 2 115 kV bus 
Drum-Summit 60 kV Summit 60 kV bus 

160 MW West to East 
150 MW East to West 
Transfer limit may vary from 0-160 MW depending on generation and load in 
the Drum-Rio Oso-Goldhill area. East to west limit based on N. Tahoe loads 
and Cal Sub phase shifter. 

Loss of the Drum powerhouse 
Loss of Drum-Rio Oso #1 (115 kV) 
Loss of Drum-Summit 1&2 
Goldhill-Placer #2 (115 kV) 
Halsey Jct-Newark #1 & #2 (between Drum and Placer) 

Heavy Summer 
Heavy Winter 

All facilities loaded within normal ratings under normal system conditions. 
All facilities loaded within emergency ratings under outage conditions. 
Fully meets WECC Reliability Criteria in effect at time rating was 
established. 

Open Drum-Summit lines. 
For NE/SE separation, opening of the PG&E-Sierra tie lines is required. 
Open Drum-Atlantic 60 kV line at Weimer. 

Sierra, PG&E 

Affected by flow at California-Oregon border. 
The flow on the Midpoint-Humboldt line affects the scheduling capability of 
this path. 
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Contact Person: Eric Law 

PART VI 

Pacific Gas & Electric Company 
P. 0. Box 770000 - MC B15A 
San Francisco, CA 94177 
( 415) 973-7628 
( 415) 973-8804 - fax 
et! l@pge.com 

Revised February 2002 

Joe Tarantino 
Sierra Pacific Power Company 
P. 0. Box 10100 
Reno, NV 89520-0026 
(775) 834-3348 
(775) 834-3047 - fax 
jtarantino@sppc.com 
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25. PacifiCorp/PG&E 
115 kV Interconnection 
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25. PacifiCorp/PG&E 
115 kV Interconnection 

Location: 

Definition: 

Southern Oregon/Northern California (Line 14) 

Sum of flow on Line 14, measured at Cascade. 

Accepted Rating D 
Existing Rating D 

Other lZJ 

Transfer Limit: Winter Summer 
80MW 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria 

PART VI 

North to South: 100 MW * 
South to North: 45 MW ** 45 MW** 
The thermal rating of this 115 kV line is 100/149 MV A Summer/Winter 
(397.5 ACSR conductor). 

* Due to load growth in the area, there are periods when the winter transfer 
limit may be reduced below 100 MW, sometimes as low as 80 MW. 
** The south to north non-simultaneous rating listed in the WECC Transfer 
Capability Diagram is 45 MW. This capability is rated under tie-line open 
south of phase shifter and is equivalent to the magnitude of PacifiCorp' s local 
area load. 

Path rating was established on April 19, 1984 with the publishing of the 
WECC progress report, by project owners. 
The powerflow and stability studies deriving the path rating, above, were 
conducted by PacifiCorp and PG&E. 

This interconnection operates in parallel with the California-Oregon Intertie 
(COi). In order to direct flow of the 100 MW south on Line 14, a 
75/100/125 MV A, 118 kV 0-60 degrees compensated phase shifter is 
installed at PacifiCorp's Weed Junction substation, Weed Junction, 
California. This phase-shifting transformer regulates the flow of power, 
preventing power scheduled over it from flowing on the COL 

The following stability simulations were made: 

A. Islanding Without the Line 14, 115 kV Tie 
This simulation assumes 3200 MW on the COi as well as 4163 MW on 
the Arizona to southern California path and indicates that minimum 
standards for stable operation can be achieved, complying with WECC 
criteria. Stability plot of the Devers 500 kV bus shows oscillations of 
increasing amplitude through the first 7-8 seconds, with decreasing 
amplitude thereafter. 
The minimum transient swing voltage was at the Devers 230 kV bus with 
81.7%. Use of the SDG&E's Damping Coefficient Method demonstrates 
a 7.6% damping on this bus. Frequencies drop to 58.84 Hz minimum in 
California causing some under-frequency load shedding. 
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Study Criteria B. Islanding With the PAC-PG&E 115 kV Tie 
( continued) This simulation assumes the addition of 100 MW on the existing Line 14, 

115 kV Tie. This increase indicates that the minimum transient swing 
voltage at Devers would drop from 81.7% to 79.5% or a 2.2% reduction. 

Remedial In addition to standard protection, a thermal relay is installed at Cascade and 
Actions out-of-step indication is installed at Weed Junction. 
Required: 

In the event of islanding, Line 14 is tied into the relaying and communication 
of the WECC "islanding" scheme. It is to be tripped approximately six cycles 
after the 3-line loss of the COi. 

Formal PacifiCorp is the operating agent and uses real-time flows to monitor this 
Operating path. 
Procedure: 
Allocation: The entire path transfer capability is owned by PacifiCorp. 

Interaction No interaction with other WECC paths. However, transfer capability could 
w/Other be limited at times due to local loads. 
Transfer Paths: 
Contact Person: Don Johnson Eric Law 

PacifiCorp Pacific Gas & Electric 
9951 S.E. Ankeny Street, 2nd Floor Mail Code B 15A 

) 
Portland, 0 R 972216 - 2315 P. 0. Box 770000 
(503) 251-5283 San Francisco, CA 94177 
(503) 251-5228 - fax ( 415) 973-7628 
don.johnson@pacificorp.com ( 415) 973-8804 - fax 

etll@pge.com 
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26. Northern - Southern California 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Contact Person: 

PART VI 

Accepted Rating 1:8:] 
Existing Rating D 

Other □ 

Between PG&E and Southern California Edison (Midway-Vincent) 

Midway-Vincent (3-500 kV lines) 

North to South: 3400 MW (Accepted Rating) 
South to North: 3000 MW (Existing Rating) 
Transfer limits are affected by generation and load levels between Path 15 
and Midway. North to south seasonal limits can vary from 900 to 3400 MW 
and south to north from 1400 to 2400 MW. 

Midway-Vincent #1 and #2 500 kV double-line outage can overload the 
Midway-Vincent #3 500 kV line and/or cause voltage criteria violation. 

North to south rating of3400 MW was approved by WECC on July 17, 2003. 
A Path 26 RAS was operational on May 18, 2004 to support the north to 
south rating. 

North to south transfer was based on heavy summer and light spring 
conditions. 
South to north transfer was based on light winter conditions. 

All facilities loaded within normal ratings under normal system conditions. 
All facilities loaded within emergency ratings under outage conditions. 
The system meets the post transient voltage criteria. 
Fully meets NERC/WECC Planning Standards. 

Based on the nomogram curve designed for north to south flow between 3000 
and 3400 MW, a Path 26 RAS would trip Midway area generation for loss of 
any two of the Midway-Vincent #1, #2, and #3 500 kV lines. 

California ISO T-103, T-118A, T-120 and T-122. 

PG&E, SCE, SDG&E, CDWR 

South to north flows on Path 26 are typically limited by Path 15 capability. 
North to south flows on Path 26, during peak load and heavy transfer 
conditions, may be limited by the Southern California Import Transmission 
(SCIT) nomogram. (See entry to "Formal Operating Procedure" above.) 
Under light load and heavy transfer conditions in Northern California, the 
north to south flows may be limited by Midway area reactive margin. 

Kang Ling Ching Patricia L. Arons 
Pacific Gas & Electric Southern California Edison 
77 Beale St. Bl5A P. 0. Box 800 
San Francisco, CA 94105 2131 Walnut Grove A venue 
(415) 973-7637 Rosemead, CA 91770 
(415) 973-8804 - fax (626) 302-9644 
kxc5@pge.com (626) 302-9647 - fax 

patricia.arons@sce.com 
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27. lnte·rmountain Power Project 
DC Line 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

PART VI 

Accepted Rating D 
Existing Rating ~ 

OtherD 

Line from Intermountain station in central Utah to Adelanto station in 
southern California (IPPDC) 

The IPPDC line is a \f 500 kV DC bipole system. Power flow on the DC line 
is measured at the Intermountain end. 

Intermountain to Adelanto (NE-SW): 1920MW 
Adelanto to Intermountain (SW-NE): 1400MW 

Loss of the IPPDC bipole line. 

The NE-SW rating was established in May 1987 with the publication of the 
"Intermountain Power Project WECC Progress Report No. 9." The SW-NE 
rating established in conjunction with the DOE Form IE-411 reporting in 
1989. 

The NE-SW rating was established by the Los Angeles Department of Water 
and Power (LADWP), operating agent of the IPPDC. The SW-NE rating was 
established jointly by LADWP and PacifiCorp-Utah Power. 

IPPDC line NE-SW rating, when established, was dependent on the power 
flows on the NE/SE and the PACI paths. IPPDC line was most sensitive to 
the Pinto-Four Corners 345 kV and the Sigurd-Glen Canyon 230 kV line 
flows. Flows on the Sigurd-Red Butte-Harry Allen 345 kV line, which was 
built subsequent to the IPPDC line, has similar impact as the other two lines. 
The NE-SW rating studies assumed established maximum non-simultaneous 
flow capability of the NE/SE lines. 

IPPDC line SW-NE rating is dependent on the AC ties to the Utah system. 
The Intermountain-Mona 345 kV line transfer limitation is 1400 MW line 
thermal rating based on N-1 contingency, i.e., one of the Intermountain-Mona 
345 kV lines being out. 

(Summary) 
System intact: . Pre-disturbance voltage between 0.98 p.u. and 1.05 p.u. in Utah 
Single contingency outage conditions: . Transient voltage swing minimum of 0.85 p.u. in Utah . Post-disturbance voltage minimum of 0.95 p.u. in Utah 
Double contingency outage conditions: . Transient voltage swing minimum of 0.80 p.u. in Utah 

• Post-disturbance voltage minimum of 0.90 p.u. in Utah 
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Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Contact Person: 

PART VI 

Revised February 2005 

The Intermountain Power Project (IPP) Contingency Arming System (CAS) 
has been implemented to mitigate IPPDC disturbances by tripping one or two 
IPP generating units. The IPP CAS has been in operation since 1986. The 
design and operations of this RAS has been reported to WECC on April 1986 
with a report entitled "Intermountain Power Project Contingency Arming 
System: One Unit Operation" and on August 1992, with a report entitled 
"Intermountain Power Project Contingency Arming System: Non-Credibility 
of Remedial Action Scheme Failure." 

The IPP CAS consists of arming charts where real-time power output of the 
IPP generating units and the IPPDC line flows are used to select the no-unit, 
one-unit or two-unit arming of remedial actions. The IPP CAS and associated 
operating procedures are included with the LADWP's Energy Control Center 
Energy Management System (ECC-EMS) computers. 

LADWP 59.5% 
Anaheim 17.7% 
Riverside 10.2% 
Pasadena 5.9% 
Burbank 4.5% 
Glendale 2.3% 
Originally, there were simultaneous transfers for the IPPDC vs. PACI which 
were developed under Pacific and Southwest Transfer (PAST) studies. The 
need for IPPDC/P ACI nomogram operation was determined to be 
unnecessary in 1991. 

Ly Le 
Los Angeles Department of Water and Power 
P. 0. Box 111, Room 1246 
111 North Hope Street 
Los Angeles, CA 90051 
(213) 367-0302 
(213) 367-3829 - fax 
ly.le@ladwp.com 
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28. lntermountain - Mona 345 kV 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Accepted Rating D 
Existing Rating [:gl 

Other D 

Transmission line from Intermountain Power Facility (IPF) at Delta, Utah to 
Mona station in central Utah 

Two 50-mile 345 kV transmission lines from the 345 kV IPF station to the 
345 kV Mona station. The IPF 345 kV station is in the Los Angeles 
Department of Water and Power (LAD WP) control area, while the Mona 
345 kV station is in the PacifiCorp control area. 

East to West: 1200 MW 
West to East: 1400 MW 

N-1 load flow studies 

These ratings were established in 1987, when the IPF was first put into 
service. These ratings have been documented in the WECC Operations 
Committee's Non-Simultaneous Transfer Capability Diagram as well as in 
the NERC Form OE-411, Item 5A reportings. 

East to West: Sum of a) 200 MW: Intermountain-Gonder line non-
simultaneous capability, and b) 1000 MW: IPPDC capability with the two 
IPF units at minimum generation output (1920 - (2*460 MW)). This is N-1 
rating since each line's thermal capability is above 1400 MW. 
West to East: Based on N-1 load flow with two IPF generating units on line. 
The thermal capability of the IPF-Mona 345 kV lines is above 1400 MW. 

WECC Reliability Criteria for System Design. (The applicable WECC 
reliability criteria at that time.) 

A back-up protection to the IPF unit tripping RAS (the IPP Contingency 
Arming System) trips the IPF-Mona 345 kV line for failure of the IPF RAS. 
The relay protection, which is based on power surge measurement on the 
lines, trips the lines if the power surge exceeds a pre-selected power level. 
The power surge on these lines is expected to exceed the relay tripping level 
only when there are IPF bipole outages or two unit IPF tripping, and failure of 
the IPF RAS. 

There are automatic and operating procedures to fast-reclose the Mona lines 
whenever the lines are tripped due to the power-surge relay protection or 
other causes. 

The following utilities have entitlements on these lines: 
LADWP, Anaheim, Riverside, Pasadena, Burbank, Glendale, and 
PacifiCorp. 
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Contact Person: Ly Le 

PART VI 

Los Angeles Department of Water and Power 
P. 0. Box 111, Room 1246 
111 North Hope Street 
Los Angeles, CA 90051 
(213) 367-0302 
(213) 367-3829 - fax 
ly.le@ladwp.com 

Gil Coulam 
PacifiCorp 
1407 West North Temple 
Suite 110 
Salt Lake City, UT 84140 
(801) 220-2954 
(801) 220-2842 - fax 
gilbert.coulam@pacificorp.com 

Revised February 2005 

Item 1-77 



Revised February 2003 

29. lntermountain - Gonder 230 kV 

UTAH 

NEVADA 
INTERMOUNTAIN 

) 
MACHACEK 

GONDER 230(50) 

230(16) 

230(16) I 230(5) 

PAVANT 

_) 

PART VI Item 1-78 



) 

29. ·1ntermountain - Gonder 230 kV 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 

Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Accepted Rating D 
Existing Rating ~ 

OtherO 

Transmission line from Intermountain Power Facility (IPF) at Delta, Utah to 
Gonder station in eastern central Nevada 

A 144-mile 230 kV transmission line from the 230 kV IPF station to the 
Mt. Wheeler Power Cooperative's Gonder 230 kV station. The IPF 230 kV 
station is connected to the IPF 345 kV station through a 300 MV A regulating 
transformer. The IPF 345 and 230 kV stations are in the Los Angeles 
Department of Water and Power (LAD WP) control area, while the Gonder 
230 kV station is in the Sierra Pacific Power Company's control area. 

East to West: 200 MW (non-simultaneous) 
Studies to determine the simultaneous rating of this line with the Pavant-
Gonder 230 kV line are presently on-going. 

The non-simultaneous rating is based on the rule-of-thumb criterion of 
30 degree power angle difference between the sending and the receiving end, 
and on N-0 load flow studies. 

The 200 MW bidirectional non-simultaneous rating was established in 1987, 
when the IPF was first put into service. This rating has been documented in 
the WECC Operations Committee's Non-Simultaneous Transfer Capability 
Diagram as well as in the NERC Form OE-411, Item SA reportings. 

The non-simultaneous rating is based on the rule-of-thumb criterion of 
30 degree power angle difference between the sending and the receiving end, 
and on N-0 load flow studies. 

WECC Reliability Criteria for System Design. (The applicable WECC 
reliability criteria at that time.) 

For disturbances where both of the IPF-Mona 345 kV lines are tripped, a 
transfer trip protection trips the !PF-Gonder 230 kV line. 

There is an established energization/synchronization procedure for the line to 
control overvoltage conditions on the line. The IPF 230/345 kV regulating 
transformer (ULTC) is under the LADWP SCADA system. 

The following utilities have entitlements on this line: 
LADWP, Anaheim, Riverside, Pasadena, Burbank and Glendale. 

At the maximum flow conditions, the transfer capability of the line is 
sensitive to the flows on the Pavant-Gonder 230 kV line. Simultaneous flow 
capability of these two lines at the Gonder station cut-plane is presently under 
going a study. 
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Contact Person: John (Gang-Kung) Hu 

PART VI 

Los Angeles Department of Water and Power 
P. 0. Box 111, Room 1246 
111 North Hope Street 
Los A·ngeles, CA 90051 
(213) 367-0506 
(213) 367-0457 - fax 
gang-kung.hu@ladwp.com 

) 
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30. TOT 1A 
Accepted Rating D 
Existing Rating lZJ 

Other D 

Location: Extreme Northwest Colorado 

Definition: Sum of the flows on the following transmission lines: 
Line Metered End 

Bears Ears-Bonanza 345 kV Bears Ears 
Hayden-Artesia 138 kV Hayden 
Meeker-Rangely 138 kV Rangely 

Transfer Limit: East to West: 650 MW (maximum) 
West to East: Not defined 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

PART VI 

Depending on local generation levels and the flows on underlying 115 kV and 
138 kV facilities, the real-time rating can range between a minimum of 
230 MW and a maximum of 650 MW (see attachment). Typically, the real
time rating centers around 550 MW. 

Outage of the Bears Ears-Bonanza 345 kV line. The limiting element can be 
the emergency overload on the Upalco-Carbon 138 kV line, the Flaming 
Gorge 230/138 kV transformer, the Hayden-Artesia 138 kV line, or the 
Meeker-Rangely 138 kV line (see attachment). 

Rating established in March 1990 with the publication of "Bears Ears
Bonanza 345 kV Line Operating Study Report." 
The operating study was conducted jointly by: 

Western Area Power Administration - Salt Lake, Golden, Montrose 
Tri-State Generation & Transmission Association, Inc. (TSGT) 
Utah Associated Municipal Power System 
Platte River Power Authority 
Deseret Generation and Transmission Co-operative 
Salt River Project 
Utah Power & Light Co. (now PacifiCorp) 
Colorado-Ute Electric Association (now TSGT and Public Service 
Company of Colorado) 

This rating is independent of transfer levels between major areas of WECC, 
although the actual flow is heavily impacted by east to west inadvertent. The 
transfer limit is impacted by local area generation and load levels. 
Historically, the flows have all been east to west across the path. 
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Study Criteria: (Summary) 
System intact: 
• Per unit voltages between 0.95 p.u. and 1.05 p.u . 
• All lines and transformers loaded to less than continuous rating . 
Single contingency outage conditions: . Per unit voltages between 0.90 p.u. and 1.10 p.u . 
• All lines loaded to less than 15-minute emergency ratings . 

I 

• All transformers loaded to less than 30-minute emergency ratings . . Transient voltage swings down to 0.7 p.u. permitted, except PacifiCorp 
which is limited to 0.85 p.u. and DG&T Rangely bus which is limited to 
0.75 p.u. 

Remedial Remedial action schemes are required to achieve the rated transfer capability. 
Actions Following an outage, all overloaded lines and transformers must have their 
Required: loadings reduced to continuous ratings within 15 minutes. This is 

accomplished by reducing schedules or lowering local generation. Unit trip 
schemes are implemented for Bonanza and Flaming Gorge generation for 
outages of the Bonanza-Mona 345 kV line. Remedial action schemes are 
required to achieve the rated transfer capability. 

Formal There is a formal operating procedure dated July 26, 1990. WAPA-Montrose 
Operating is the operating agent and uses real-time flows to monitor the path. 
Procedure: 
Allocation: The transfer capability of the path is divided between W APA, PRP A, TSGT 

) andUAMPS. 

Interaction None 
w/Other 
Transfer Paths: 
Contact Person: Brent Vossler 

Western Area Power Administration 
Rocky Mountain Region 
P. 0. Box 3700 
Loveland, CO 80539-3003 
(970) 461-7482 
(970) 461-7213 - fax 
avossler@wapa.gov 
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TRANSFER CAPABILITY ALGEBRAIC EXPRESSIONS 

TOT IA transfer (schedule) limit is equal to 

PART VI 

The lesser of 

I - TOT IA limit based on Upalco-Carbon limit due to 

Bonanza-Mona outage 

TOT IA= UPC>CBNlf + 5.4(145 - UPC>CBNlf) + .886(BNZg) 

+ .52(FGg) + NET INTERCHANGE+ VNL>FGlf 

2 - TOT IA limit based on Flaming Gorge 138/230 

Transformer limit due to Bonanza-Mona outage 

TOT IA= UPC>CBNlf + 4.5(200 - FGxf) + l .13(BNZg) 

+ 2.74(FGg) + NET INTERCHANGE+ VNL>FGlf 

3 - TOT lA limit based on Hayden-Artesia or Meeker

Rangely limit due to a Bears Ears-Bonanza outage 

Hayden-Artesia 

TOT IA= MKR>SWRlf + HDN>ARTlf + 7.0(140 - HDN>ARTlf) 

Meeker-Rangely 

TOT IA= MKR>SWRlf + HDN>ARTlf + 4.9(160-MRK>SWRlf) 

Where 

BNZg = Droppable Bonanza generation 

FGg = Droppable Flaming Gorge generation 

MRK>SWRlf = Meeker-Southwest Rangely line flow 

HDN>ARTlf = Hayden-Artesia line flow 

VNL>FGlf = Vernal-Flaming Gorge 1 & 2 line flows 

UPC>CBNlf = Upalco-Carbon line flow 

FGxf = Flaming Gorge 138/230 I & 2 transformer flows 

140 = Hayden-Artesia emergency rating 

160 

250 

145 

= Meeker-Rangely emergency rating 

= Flaming Gorge transformers emergency rating 

= Upalco-Carbon emergency rating 
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31. TOT·2A 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

PART VI 

Extreme Southwest Colorado 

Sum of the flows on the following transmission lines: 
Line Metered End 

Hesperus-San Juan 345 kV San Juan 
Durango-Glade Tap 115 kV Glade Tap 
Lost Canyon-Shiprock 230 kV Shiprock 

Accepted Rating D 
Existing Rating IZJ 

Other D 

North to South: 690 MW minus net load in the Montrose-Curecanti-San 
Juan-Shiprock area of southwest Colorado. The load itself 
ranges 110-220 MW, and internal thermal generation can be 
100 MW and hydro generation can be 15 MW. However, 
the maximum rating is 690 MW. 

South to North: Not defined 

Depending on local load and generation levels, the real-time rating ranges 
between a maximum of 690 MW and a minimum of 550 MW. Typically, the 
real-time rating centers around 650 MW. 

The critical disturbance is the outage of the 345 kV system between Montrose 
and San Juan. The limiting elements are low voltages or emergency 
overloads on the local 115 kV system, or emergency overloads on local 
230/115 kV or 345/115 kV transformers. The specific outage and limiting 
element depend on load levels and generation patterns. 

The rating was established jointly by Colorado-Ute Electric Association 
( CUEA) and Western Area Power Administration (W AP A )-Montrose, in 
1989. 

This rating is independent of transfer levels between major areas ofWECC 
although the actual flow is heavily impacted by inadvertent. The transfer 
limit is impacted by local area generation and load levels. Historically, the 
flows have been predominately north to south across the path, although flows 
south to north have been recently experienced. 

(Summary) 
System intact: . Per unit voltages between 0.95 p.u. and 1.05 p.u . . All lines and transformers loaded to less than continuous rating . 
Single contingency outage conditions: . Per unit voltages between 0.90 p.u. and 1.10 p.u . . All lines loaded to less than 15-minute emergency ratings . . All transformers loaded to less than 30-minute emergency ratings . 

• Transient voltage swings down to 0.7 p.u. permitted . 
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Remedial Remedial action schemes are required to achieve the rated transfer capability. 
Actions Following an outage, all overloaded lines and transformers must have their 
Required: loadings reduced to continuous ratings within 15 minutes. This is 

accomplished by reducing schedules, lowering local generation or manually 
tripping a lower voltage parallel path. For the Montrose-Hesperus 345 kV 
line outage with generation at Nucla above 60 MW, the parallel Montrose-
Nucla 115 kV line can be automatically transfer tripped. This automatic 
transfer trip scheme is normally enabled. If it is disabled, then real-time 
transfer capability limits are calculated using local load and local generation 
as input variables. 

Formal There is a formal operating procedure, in the form of a letter agreement 
Operating between CUEA and WAPA, dated June 1, 1989. WAPA-Montrose is the 
Procedure: operating agent and uses real-time flows to monitor the path. 

Allocation: The transfer capability of the path is divided between W APA, Public Service 
Company of Colorado and Tri-State G&T. 

Interaction None 
w/Other 
Transfer Paths: 
Contact Person: Brent Vossler 

Western Area Power Administration 
Rocky Mountain Region 
P. 0. Box 3700 

) Loveland, CO 80539-3003 
(970) 461-7482 
(970) 461-7213 - fax 
avossler@wapa.gov 
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32. Pavant - Gonder 230 kV 
lntermountain - Gonder 230 kV 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Central Eastern Nevada/Central Western Utah 

Sum of the flows on the following transmission lines: 

Line Metered Point 
Gonder-Pavant 230 kV NV-UT stateline 
Gonder-Intermountain 230 kV Gonder 

East to West: 440MW 
West to East: 235MW 

Accepted Rating IZ] 
Existing Rating D 

Other D 

East to West: Pavant 230 kV bus voltage for loss of the !PP-Gonder 230 kV 
line. 
West to East: Falcon 345/230 XFMR thermal overload for loss of the Valmy-
Coyote Crk 345 kV line. Also, Ft. Churchill 230/120 kV XFMR thermal 
overload for loss of the Falcon-Gonder 345 kV line. 

A comprehensive progress report was accepted on August 27, 1999. A Phase 
II report was approved by the PCC chairman on 12/19/00. 

East to west transfers were studied on light winter and heavy summer 
conditions. West to east transfers were studied on heavy summer conditions. 

Both WECC and Sierra Pacific reliability criteria were used in the 
comprehensive progress report and the Phase II report. 

None. 

Mt. Wheeler is allocated 40 MW during the summer and 22 MW during the 
winter on the Gonder-Pavant 230 kV line. 

None. 

Joe Tarantino 
Sierra Pacific Power Company 
P. 0. Box 10100 
Reno, NV 89520-0026 
(775) 834-3348 
(775) 834-3047 - fax 
jtarantino@sppc.com 
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33. Bonanza West 
Accepted Rating D 
Existing Rating [8J 

Other □ 

Location: Northeast Utah to Central Utah 

Definition: Sum of the flows on the following transmission lines: 
Line Metered End 

Bonanza-Mona 345 kV Mona 
Upalco-Carbon 138 kV Carbon 

Transfer Limit: East to West: 785 MW 
West to East: Not defined 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Depending on local generation levels and the flows on underlying 138 kV 
facilities, the real-time rating can vary up to 785 MW. Typically the real
time rating is about 735 MW. 

Bonanza-Mona 345 kV outage. Based on modeled system conditions, 
outage results in post-transient overload on Upalco-Carbon 138 kV. 

December 1990. The rating was established with the publication of the 
"Bears Ears-Bonanza 345 kV Line Operating Study Report," March 1990, 
and with the upgrading of current transformers at Mona. The operating 
study was conducted jointly by the following entities: 

Western Area Power Administration - Salt Lake City, Golden, Montrose 
Tri-State Generation & Transmission Association, Inc. 
Utah Associated Municipal Power Systems 
Deseret Generation & Transmission Co-operative 
Platte River Power Authority 
Salt River Project 
PacifiCorp 
Colorado-Ute Electric Association 

The rating is independent of transfer levels between major areas ofWECC, 
although the actual flow is heavily impacted by inadvertent flows. The 
transfer limit is impacted by local area generation and load levels. 
Historically, flows have been east to west across the path. 

• Steady-state pre-disturbance voltages between 0.95 p.u. and 1.05 p.u. 
• All lines and transformers loaded to less than continuous rating. 
• Post-disturbance voltages between 0.90 p.u. and 1.10 p.u. 
• All lines loaded to less than 15-minute emergency ratings. 
• All transformers loaded to less than 110% of maximum continuous 

ratings. 
• Transient voltage swings down to 0.70 p.u. permitted, except for 

Utah Power facilities which were limited to 0.80 p.u. and Deseret 
G&T's Rangely bus which is limited to 0.75 p.u. 
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Remedial Unit tripping schemes are implemented for Bonanza Unit 1 and for Flaming 
Actions Gorge generation, as required, for an outage of the Bonanza-Mona 345 kV 
Required: line in order to achieve the rated transfer capability. 

Formal None, although the operating procedures for TOTlA are based, in part, on the 
Operating line loadings and implementation of the remedial action schemes for Bonanza 
Procedure: West path. Western Area Power Administration and the control area 

operator, PacifiCorp East, monitor real-time power flows on the Bonanza 
West path. 

Allocation: The transfer capability of the path is divided among the following entities: 
Utah Associated Municipal Power Systems 
Utah Municipal Power Agency 
Deseret Generation & Transmission Co-operative 
PacifiCorp 

Interaction None, however, implementation of remedial action schemes and Bonanza 
w/Other West loading affect scheduling limits on TOTlA. 
Transfer Paths: 
Contact Person: Curt Winterfeld 

Deseret Generation & Transmission Co-opative 
10714 South Jordan Gateway, Suite 300 
South Jordan, Utah 84095 
(801) 619-6511 
(801) 619-6599 - fax 
ckwinter@desgt.com ) 
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35. TOT 2C 
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' 35. TOT 2C 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that li~its the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

) Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Southwestern Utah to South-East Nevada 

Red Butte-Harry Allen 345 kV Line 

North to South: 300MW 
South to North: 300MW 

Accepted Rating D 
Existing Rating ~ 

Other D 

Non-simultaneous: Limited by pre-disturbance voltages in the Red Butte area 
and/or Harry Allen 345/230 transformer normal thermal rating. 

Simultaneous: Sigurd-Red Butte-Harry Allen 345 line outage, Huntington-
Pinto-Four Corners 345 line outage. 

These ratings were established prior to January 1994. 

Non-simultaneous capability is a function of Red Butte load and/or Harry 
Allen 345/230 kV transformer thermal rating. Moderate flow levels on 
parallel lines. 

WECC Reliability Criteria for System Design 
PacifiCorp Internal Reliability Criteria 
Nevada Power Internal Reliability Criteria 

None 

TOT 2B/2C Nomogram (see attachment) 

TOT2 OTC limits 

PacifiCorp/Nevada Power 

TOT 2A, TOT 2B 1, TOT 2B2, IPPDC, PDCI, COi 

Gil Coulam Hamilton A very 
PacifiCorp Nevada Power Company MS#57 
1407 W. North Temple - Suite 210 6226 West Sahara A venue 
Salt Lake City, UT 84140 Las Vegas, Nevada 89151 
(801) 220-2954 (702) 862-7174 
(801) 220-2842 - fax (702) 862-7113 - fax 
gilbert.coulam@oacificorp.com HA very~nevp.com 
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TOT 2B/2C N TO S NOMOGRAM 
SOUTH END 

PINTO: 64 MVAR CAPS, LOAD= 55 MW 
RED BUTTE LOAD= 90 MW, G.CANYON FLOW= 250 MW 

100 200 300 400 500 

PINTO-FOUR CORNERS* 

'tnn 

100 

ft -
600 

TOT 2B: Pinto-Four Corners* 345 
Sigurd-Gcanyon* 230 

Note: This.is a representative nomogram. 
Red Butte load varies from 60 to 210 MW, 
affecting TOT 2C capability. TOT 2C: Red Butte-Harry Allen* 345 

*metered end 

PART VI Item 1-96 

) 



) 

._) 

PART Vt 

36. TOT J 
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36. TOT 3 
Accepted Rating IZJ 
Existing Rating 0 

Other D 

Location: Border between Northeast Colorado and Southeast Wyoming 

Definition: Sum of the flows on the following transmission lines: 
Line Metered End 

Archer-Ault 230 kV Archer 
Laramie River-Ault 345 kV Laramie River 
Laramie River-Story 345 kV Laramie River 
Cheyenne-Ault 115 kV Cheyenne 
Sidney-Sterling 115 kV Sidney 
Sidney-N. Yuma 230 kV Sidney 

Transfer Limit: North to South: 1605 MW (Maximum) 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

PART VI 

South to North: Not defined 

Depending on local generation levels, DC tie levels and direction, the real
time rating can range between a maximum of 1605 W and a minimum of 
843 MW. Typically, the real-time rating is calculated dynamically and 
updated every minute based on Table lB. 

The critical disturbances and limiting elements vary with the various 
scenarios. Reference Table lB for further information. 

Rating was first established in 1981. The current rating was established in 
July 1999 with publication of the "Comprehensive Progress Report for the 
Revised Rating of the TOT 3 Transfer Path." The study was conducted by 
Western and the revised rating was jointly proposed by: 

Western Area Power Administration (W AP A) - Loveland 
Tri-State Generation & Transmission Association, Inc. (TSGT) 
Public Service Company of Colorado (PSC) 
Basin Electric Power Cooperative (BEPC) 

This rating is independent of transfer levels between major areas of WECC. 
The transfer limit is impacted by local area generation and the direction and 
magnitude of DC tie flows. Historically, the flows have all been north to 
south across the path. Under certain operating conditions when TOT 3 is 
loaded to its limit, the TOT 5 capability cannot be used since additional 
schedule on TOT 5 will overload TOT 3. 
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J Study Criteria: (Summary) 
System intact: . Per unit voltages between 0.95 p.u. and 1.05 p.u . . All lines and transformers loaded to less than continuous rating . 
Single contingency outage conditions: 

• Per unit voltages between 0.90 p.u. and 1.10 p.u . 
• All lines loaded to less than 15-minute emergency ratings . 
• All transformers loaded to less than 30-minute emergency ratings . 
• Transient voltage swings down to 0.7 p.u. permitted . 

Remedial Remedial actions are required to achieve the rated transfer capability. 
Actions Following an outage, all overloaded lines and transformers must have their 
Required: loadings reduced to continuous ratings within 15 minutes. This is 

accomplished by reducing schedules and adjusting generation. 

Formal There is a formal operating procedure dated November 1999. W APA-
Operating Loveland is the operating agent and uses real-time flows to monitor the path. 
Procedure: 
Allocation: The transfer capability of the path is divided between W APA, Missouri Basin 

Power Project (MBPP), Public Service Company of Colorado (PSC), and Tri-
State Generation & Transmission (TSGT). TSGT and BEPC are members of 
MBPP. 

' 
Interaction None 
w/Other 

) Transfer Paths: 
Contact Person: Brent Vossler 

Western Area Power Administration 
Rocky Mountain Region 
P. 0. Box 3700 
Loveland, CO 80539-3003 
(970) 461-7482 
(970) 461-7213 - fax 
avossler<@wapa.gov 
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TABLE 1B 
TOT3 PRIOR SYSTEM INT ACT LIMITS 

2001-2002 Heavy Winter 

Gen Level 300 MW East to West 

LRS ll00MW 
(Net) 
Pawnee 805 MW TOT3 = 1505 MW 
(Net) 

LRS 550MW 
(Net) 

(Outage LRS-Story 345-kV loaded 

LRS-Ault 345-kV to I 00% of 956 
MVA 
normal rating) 

Pawnee 805 MW TOT3 = 1256 MW 
(Net) 

CPP: 68MW 

System Intact 
DC TIES 

0MW 

ton= 1321 MW 

(Laramie bus at 0.90 p.u. 

for outage of 

LRS-Ault 345-kV line) 

TOT3 =1058MW 

(Laramie bus at 0.90 p.u. for outage of (Laramie bus at 0.90 p.u. 

LRS-Ault 345-kV line) for outage of 

LRS llO0MW 
(Net) 
Pawnee 300 MW TOT3 = 1605 MW 
(Net) 

LRS 550MW 
(Net) 

(Outage LRS-Story 345-kV loaded 

LRS-Ault 345-kV to 100% of956 
MVA 
normal rating) 

Pawnee 300 MW TOT3 = 1316 MW 
(Net) 

LRS-A_ult 345-kV line) 

TOT3 =1391 MW 

(Laramie bus at 0.90 p.u. 

for outage of 

LRS-Ault 345-kV line) 

TOT3 = 1134 MW 

(Outage Sidney-N.Yuma 230-kV loaded (May 115-kV voltage 

Revised February 2003 

300 MW West to East 

TOT3 = 1245 MW 

(Laramie bus at 0.90 p.u. for outage of 

LRS-Ault 345-kV line) 

TOT3 =901 MW 

(Outage Stegall-DaveJohn 230-kV loaded 

DaveJohn-Lar.Rivr 230-kV to l 00% of 442 

MV A normal rating) 

TOT3 = 1304 MW 

(Outage LRS-Story 345-kV loaded 

Sidney-Stegall 230-kV to l 00% of 319 
MVA 
normal rating) 

TOT3 = 927MW 

(Outage Stegall-DaveJohn 230-kV loaded 

Sidney-Peetz 115-kV line to I 00% 

of l 09 MV A rating) 

at .90 pu for outage DaveJohn-Lar.Rivr 230-kV to l 04% of 442 

PART VI 

Case Summary Report 

avossler@wapa.gov 

LRS-DaveJohn 230-kV line) MV A normal rating) 

WECC '.'Accepted Rating" is<= 1605 MW 

Item 1-100 

) 



) 

37. TOT 4A 
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37. TOT 4A 

Location: 

Definition: 

Tran sf er Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Accepted Rating D 
Existing Rating i:;g:j 

Other D 

Southwest Wyoming 

Sum of the flows on the following transmission lines: 
Line Metered End 

Riverton-Wyopo 230 kV Riverton 
Dave Johnston-Difficulty 230 kV Dave Johnston 
Spence-Mustang 230 kV Spence 

Northeast to Southwest: 810 MW (Non-simultaneous) 
Southwest to Northeast: Not defined 

Depending on flows on the adjacent TOT 4B path, the real-time rating can 
range between a minimum of O MW and a maximum of 810 MW (Reference 
attachment). Typically, the real-time rating centers around 650 MW. 

The critical disturbances and limiting elements vary with the various points 
on the nomogram. Reference attachment for further information. 

Rating was first established in March 1991 with the publication of 
"1990 Update of the TOT 4B vs. 4A Nomograms." The operating study was 
conducted jointly by: 

PacifiCorp (PAC) 
Western Area Power Administration (WAPA)-Loveland 

This rating is independent of transfer levels between major areas of WECC. 
Historically, the flows have all been northeast to southwest across the path. 

(Summary) 
System intact: . Per unit voltages between 0.95 p.u. and 1.05 p.u . . All lines and transformers loaded to less than continuous rating . 
Single contingency outage conditions: 

• Per unit voltages between 0.90 p.u. and 1.10 p.u . 
• All facilities loaded to less than 100% of emergency ratings . 

Remedial actions are required to achieve the rated transfer capability. 
Following an outage, all overloaded lines and transformers must have their 
loading reduced to continuous ratings within 15 minutes. This is 
accomplished by reducing schedules and adjusting generation. 

There is a formal operating procedure dated April 12, 1991. PAC is the 
operating agent and uses real-time flows to monitor the path. 

PAC has the entire transfer capability of the path. 

See attachment 
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Contact Person: Gil Coulam 
PacifiCorp 

PART VI 

1407 W. North Temple - Suite 100 
Salt Lake City, UT 84140 
(801) 220-2954 
(801) 220-2842 - fax 
gilbert.coulam(a),pacificorp.com 

Revised February 1995 
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0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 

TOT 4A FLOW (MW) 

SYSTEM NORMAL 

POWERFLOW TOT FLOWS (MW) LIMITING OUTAGE LIMITING CONDITION 
CASE 4A 48 LINE KV BUS/LINE KV LIMIT 

0.0 680.0 ESTIMATED 
92LW206 94.1 675.0 NONE BUF SHR230 99.70% 
92LW205 251.1 657.0 BUF-WYD 230 CSP DJ 230 99.90% 
92LW204 411.1 628.2 BUF-SHR 230 CART MT 115 0.9005 
92LW203 568.2 558.3 BUF-WYD 230 CSP DJ 230 99.60% 
92LW202 719.1 407.8 DJ - DIF 230 SPENCE 230 0.9008 

800.0 200.0 ESTIMATED 
92LW201 817.0 87.2 DJ - DIF 230 SPENCE 230 0.9000 

820.0 0.0 ESTIMATED 
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38. TOT 4B 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 
Allocation: 

PART VI 

Accepted Rating D 
Existing Rating lZJ 

Other D 

Northwest Wyoming 

Sum of the flows on the following transmission lines: 
Line Metered End 

Wyodak-Buffalo 230 kV Wyodak 
Spence-Thermopolis 230 kV Spence 
Alcova-Raderville 115 kV Alcova 
Casper-Midwest 230 kV Casper 
Riverton-Thermopolis 230 kV Riverton 
Riverton-230/115 kV transformers Riverton 230 kV 

Southeast to Northwest: 680 MW (Non-simultaneous) 
Northwest to Southeast: Not defined 

Depending on flows on the adjacent TOT 4A path, the real-time rating can 
range between a minimum of0 MW and a maximum of680 MW (Reference 
attachment). Typically, the real-time rating centers around 475 MW. 

The critical disturbances and limiting elements vary with the various points 
on the nomogram. Reference attachment for further information. 

Rating was established in March 1991 with the publication of "1990 Update 
of the TOT 4B vs. 4A Nomograms." The operating study was conducted 
jointly by: 

PacifiCorp (PAC) 
Western Area Power Administration (WAPA) - Loveland 

This rating is independent of transfer levels between major areas of WECC. 
Historically, the flows have all been southeast to northwest across the path. 

(Summary) 
System intact: 

• Per unit voltages between 0.95 p.u. and 1.05 p.u . 
• All lines and transformers loaded to less than continuous rating . 

Single contingency outage conditions: 
• Per unit voltages between 0.90 p.u. and 1.10 p.u . 
• All facilities loaded to less than 100% of emergency ratings . 

• Remedial actions are required to achieve the rated transfer capability. 
Following an outage, all overloaded lines and transformers must have their 
loading reduced to continuous ratings within 15 minutes. This is 
accomplished by reducing schedules or lowering local generation. 

There is a formal operating procedure dated April 12, 1991. PAC is the 
operating agent and uses real-time flows to monitor the path. 

PAC and WAPA share the transfer capability of the path. 
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Interaction See attachment 
w/Other 
Transfer Paths: 
Contact Person: Gil Coulam 

PacifiCorp 
1407 W. North Temple - Suite 110 
Salt Lake City, UT 84140 
(801) 220-2954 
(801) 220-2842 - fax 

gilbert.coulam@pacificorp.com 

) 
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TOT 4A FLOW (MW) 

SYSTEM NORMAL 

POWERFLOW TOT FLOWS (MW) LIMITING OUTAGE LIMITING CONDITION 
CASE 4A 48 LINE KV BUS/LINE KV LIMIT 

0.0 680.0 ESTIMATED 
92LW206 94.1 675.0 NONE BUF SHR230 99.70% 
92LW205 251.1 657.0 BUF-WYD 230 CSP DJ 230 99.90% 
92LW204 411.1 628.2 BUF-SHR 230 CART MT 115 0.9005 
92LW203 568.2 558.3 BUF-WYD 230 CSP DJ 230 99.60% 
92LW202 719.1 407.8 DJ - DIF 230 SPENCE 230 0.9008 

800.0 200.0 ESTIMATED 
92LW201 817.0 87.2 DJ - DIF 230 SPENCE 230 0.9000 

820.0 0.0 ESTIMATED 
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39. TOT 5 
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39. TOT 5 

Location: 

Definition: 

West-Central Colorado 

Sum of the flows on the following transmission lines: 
Line Metered End 

Hayden-Archer 230 kV Archer 
Craig-Ault 345 kV Craig 
Gore Pass-Blue River 230 kV Blue River 
Hayden-Gore Pass 138 kV Gore Pass 
Gore Pass 230/138 kV transformer Gore Pass 230 
Gunnison-Salida (Poncha Jct.) 115 kV Poncha 
Curecanti-Poncha 230 kV Curecanti 
Basalt-Malta 230 kV Basalt 
Basalt-Hopkins 115 kV 
Rifle-Hopkins 230 kV 

Basalt 
Rifle 

Accepted Rating D 
Existing Rating 1:8:1 

Other D 

Transfer Limit: West to East: 1675 MW 
East to West: Not defined 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

PART VI 

The critical disturbance is the outage of the Hayden-Gore Pass 230 kV line 
and the remedial action of opening the parallel Hayden-Gore Pass 138 kV 
line. The limiting elements are the overload of the Craig-Ault 345 kV and 
Rifle-Malta 230 kV lines. 

Rating established in "Hayden-Blue River 230 kV Transmission Line 
Operating Study, Phase 1 Report- System Normal Operation" dated October 
1987; and "Phase 2 Report - Line Outage Conditions" dated May 1988. The 
operating study was conducted jointly by: 

Colorado-Ute Electric Association (CUEA) (now PSCO and TSGT) 
Platte River Power Authority (PRP A) 
Public Service Company of Colorado (PSC) 
Tri-State Generation & Transmission Association, Inc. (TSGT) 
Western Area Power Administration (WAPA) - Salt Lake, Golden, 

Montrose, Loveland 
Salt River Project (SRP) 

This rating is independent of peak load/light load assumptions or transfer 
levels between major areas of WECC. This path is affected primarily by 
power exchanges within Colorado, and historically the flows have all been 
west to east across the path. 
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Remedial Remedial actions are required to achieve the rated transfer capability. 
Actions Following an outage, all overloaded lines and transformers must have their 
Required: loadings reduced to continuous ratings within 15 minutes. This is 

accomplished by reducing schedules, lowering local generation or manually 
tripping a lower voltage parallel path for an outage of the Hayden-Gore Pass 
230 kV line. 

Formal There is a formal operating procedure, the most current one dated 
Operating April 10, 1997. W APA-Rocky Mountain Region is the operating agent and 
Procedure: uses real-time flows to monitor the path. 

Formal There is a formal operating procedure, the most current one dated 
Operating April 10, 1997. W APA-Rocky Mountain Region is the operating agent and 
Procedure: uses real-time flows to monitor the path. 

Allocation: The transfer capability of the path is divided between W APA, PRP A, TSGT 
and PSC. 

Interaction None 
w/Other 
Transfer Paths: 
Contact Person: Brent Vossler 

Western Area Power Administration 
Rocky Mountain Region 
5555 East Crossroads Boulevard 

) 
Loveland, CO 80538-8986 
(970) 461-7482 
(970) 461-7213 - fax 
avossler@wapa.gov 
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40. TOT 7 
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) 40. TOT 7 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

) 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

Allocation: 

) 

PART VI 

Accepted Rating D 
Existing Rating IZJ 

Other D 

North Central Colorado 

Sum of the flows on the following transmission lines: 
Line Metered End 

Ault-Fort St. Vrain 230 kV Ault 
Weld-Fort St. Vrain 230 kV Weld 
Longs Peak-Fort St. Vrain 230 kV Fort St. Vrain 

North to South: 890MW 
South to North: Not defined 

The critical disturbance is the outage of the Ault-Windsor-Fort St. Vrain 
230 kV line. The limiting element is the emergency overload on the Weld-
Fort St. Vrain 230 kV line. 

Rating established in December 1995 with publication of "Foothills Planning 
Group TOT 7 Operating Study Report." The operating study was conducted 
jointly by: 

Public Service Company of Colorado (PSC) 
Western Area Power Administration (W AP A) - Loveland 
Tri-State Generation & Transmission Association, Inc. (TSGT) 
Platte River Power Authority (PRP A) 

This rating is independent of peak load/light load assumptions or transfer 
levels between major areas of WECC. This path is affected primarily by 
Colorado/Wyoming power exchanges, and historically the flows have all 
been north to south across the path. 

(Summary) 
System intact: . Per unit voltages between 0.95 p.u. and 1.05 p.u . . All lines and transformers loaded to less than continuous rating . 
Single contingency outage conditions: 

• Per unit voltages between 0.92 p.u. and 1.10 p.u . . All lines loaded to less than 15-minute emergency ratings . . All transformers loaded to less than their continuous ratings . 

Remedial actions schemes are required to achieve the rated transfer 
capability. Following an outage, all overloaded lines and transformers must 
have their loadings reduced to continuous ratings within 15 minutes. This is 
accomplished by reducing schedules or lowering local generation. 

There is a formal operating procedure, the most current one dated 
June 1, 2002. Public Service Company of Colorado is the operating agent 
and uses real-time flows to monitor the path. 

The transfer capability of the path is divided between Public Service 
Company of Colorado and Platte River Power Authority. 
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Interaction None 
w/Other 
Transfer Paths: 
Contact Person: Thomas W. Green 

Public Service Company of Colorado 
Technical Services Building 
550 15th Street, Suite 700 
Denver, CO 80202-4256 
(303) 571-7223 
(303) 571-7877 - fax 
thomas.green@xcelenergy.com 

) 

) 
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41. Sylmar to SCE 
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41. Sylmar to SCE 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure:· 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Los Angeles County, California 

Accepted Rating l:8'.J 
Existing Rating D 

Other □ 

Flows on the three 220/230 kV transformer banks at Sylmar switching 
station. 

North to South: 1600 MW (non-simultaneous) 
South to North: 1600 MW (non-simultaneous) 

Transfer limit based on the emergency thermal rating of the two existing 
transformers (800 MW each) for the loss of the third transformer. 

The rating was approved by letter dated May 24, 2004 subsequent to WECC 
approval of the Comprehensive Progress Report titled Sylmar to SCE - Path 
41 Upgrade Rating Report submitted on April 23, 2004. 

North to South flows (LADWP to SCE) are typical during heavy summer 
conditions with imports from the Northwest into southern California through 
the Pacific DC intertie. 
South to North flows (SCE to LAD WP) occur during light winter, South to 
North PDCI flows. 

WECC, LADWP, SCE 

None 

None 

The transformer capability of the path is divided between: 
PG&E CDWR City of Anaheim 
SCE LADWP City of Riverside 
SDG&E City of Pasadena 

None 

Patricia L. Arons Ly Le 
Southern California Edison Los Angeles Department of Water and Power 
P. 0. Box 800, Room 460 P. 0. Box 111, Room 1246 
2131 Walnut Grove Avenue 111 North Hope Street 
Rosemead, CA 91770 Los Angeles, CA 90051 
(626) 302-9644 (213) 367-0302 
(626) 302-9647 - fax (213) 367-3829 - fax 
patricia.arons@sce.com ly.le@ladwp.com 
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42. 11D - SCE 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Accepted Rating D 
Existing Rating [8J 
• Other D 

Riverside County, California 

Sum of the flows on the following transmission lines: 
Line Metered End 

Ramon-Mirage 230kV Mirage 230 kV 
Coachella-Devers 230 kV Devers 230 kV 

East to West: 600MW 
West to East: Not rated 

The limiting N-1 condition is an outage of Devers-Coachella line which 
results in power flow equaling the N-1 thermal rating of the Mirage-
Coachella line. 

The 600 MW rating was established in 1990. 

The 600 MW rating is valid at all times. Flows on this transfer path have 
historically been east to west due to the presence of a number of QFs in the ' 

IID service territory delivering power to SCE. 

WECC, SCE 

None 

None 

SCE, IID 

None 

Patricia L. Arons David L. Barajas 
Southern California Edison Imperial Irrigation District 
P. 0. aox 800, Room 460 P. 0. Box 937 
2131 Walnut Grove Avenue 333 E. Barioni Blvd. 
Rosemead, CA 91770 Imperial, CA 92251-093 7 
(626) 302-9644 (760) 339-9093 
(626) 302-9647 - fax (760) 339-0525 - fax 
patricia.arons@sce.com georgeb@thegrid.net 
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43. North of San Onofre 

Location: 

Definition: 

Transfer Limit: 
Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

North of San Onofre Nuclear Generating Station (SONGS) 
San Onofre Interconnection San Diego County, California 

North of SONGS Lines Metered End 
SONGS-Santiago #1 230 kV SONGS 
SONGS-Santiago #2 230 kV SONGS 
SONGS-Serrano 230 kV SONGS 
SONGS-Chino 230 kV SONGS 

South to North: 2440 MW 

Accepted Rating D 
Existing Rating IZI 

Other D 

Transient instability can occur for N-2 loss of both SONGS-Santiago #1 and 
#2 230 kV lines. 

The stability limit was established in 1988. The north to south transfer limit 
designation was removed per PCC chair's May 19, 1999 letter addressing this 
issue. 

The ratings given above are used under all system conditions. The stability 
rating was established based on light load conditions. 

WECCand SCE 

None 

None 

Southern California Edison owns and operates the lines as defined above. 

Patricia L. Arons 
Southern California Edison 
P. 0. Box 800, Room 460 
2131 Walnut Grove A venue 
Rosemead, CA 91770 
(626) 302-9644 
(626) 302-9647 - fax 
patricia.arons@sce.com 
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44. South of San Onofre 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

South of San Onofre Nuclear Generating Station (SONGS) 
San Onofre Interconnection, San Diego County, California 

South of SONGS Lines Metered End 
SONGS-San Luis Rey SONGS 
SONGS-San Luis Rey SONGS 
SONGS- San Luis Rey SONGS 
SONGS-Talega #1 SONGS 
SONGS-Talega #2 SONGS 

Accepted Rating lZJ 
Existing Rating D 

Other D 

North to South: 2200/2500 MW (see System Conditions below) 

South to North: No longer required based on determination made in 1999 
through WECC review. 

(See letter from PCC Chairman to PCC, OC, and TSS dated June 26, 2001) 

The 2200 MW north to south rating is based on flowability on the path under 
normal conditions. 

During critical contingency operating conditions with a 2500 MW north to 
south flow, outage of SCE's Del Amo-Ellis 230 kV line loads the Barre-Ellis 
230 kV line to 99.8% of its N-1 contingency "A" rating of2850 amps. 

Accepted dual ratings were approved by PCC on February 11, 2000. 

For north to south flow, the 2200 MW rating is applicable under normal 
conditions. The 2500 MW rating is applicable only for times when any 
segment of the Southwest Power Link is out of service for any reason. 

WECC, SDG&E, and the California ISO. 

The need for arming RAS for local load shedding will be determined by the 
California ISO and SDG&E during seasonal operating studies, however, no 
load shedding requirement has been identified at this time. 

None 

San Diego Gas & Electric owns lines as defined above. The California ISO 
exercises operational control of the lines and associated facilities. 

None 

Linda P. Brown 
San Diego Gas & Electric 
8316 Century Park Court, CP52A 
San Diego, CA 92123-1582 
(858) 654-6477 
(858) 654-1692 - fax 
lpbrown@semprautilities.com 
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45. SDG&E - CFE 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

PART VI 

San Diego County - Baja California Norte (Mexico) 

Tijuana Interconnection Metered End 
Tijuana I-Miguel Tijuana I 
La Rosita Interconnection Metered End 
La Rosita-Imperial Valley La Rosita 

North to South: 408 MW 

Accepted Rating.lZJ 
Existing Rating D 

Other D 

South to North: 800 MW per letters from PCC Chairman to PCC, OC, and 
TSS dated July 17, 2003, and from SDG&E to PCC, OC, TSS, CMOPS and 
TOC dated June 11, 2003). 

The South to North path is collectively rated 800 MW to allow for loss of 
Imperial Valley-Miguel 500 kV line without overloading the Miguel-Tijuana 
230kV line. 

Note that the North to South rating has not been changed and was established 
based on the old thermal rating of the La Rosita-Imperial Valley 230 kV line, 
which was 408 MW. 

The North to South ratings given above are used under all pre-contingency 
system conditions. The thermal ratings were established based on heavy load 
conditions. 

The South to North ratings given above were established based on winter and 
summer conditions, respectively, and maximum available generation in the 
CFE system. 
WECC, SDG&E and CFE 

None required at this time. 

None 

SDG&E owns the lines and associated facilities in the United States, and CFE 
owns and operates the lines and associated facilities in Mexico. The 
California ISO exercises operational control of the lines and associated 
facilities in the United States. 
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Contact Person: Ing. Jesus Moya Linda P. Brown 
Jefe de) Area de Control BCN San Diego Gas & Electric 
Comision Federal de Electricidad 8316 Century Park Court, CP52A 
PMB-42-023 San Diego, CA 92123-1582 
120-A Rockwood Ave. (858) 654-6477 
Calexico, CA 92231 (USA address) (858) 654-1692 - fax 
0l l-52(686)-558-1501 lprown@ semprautilities.com 
0l l-52(686)-558-1508 
011 52(686)-558-1543 - fax 
0l l-52(686)-558-1533 - fax 
iesus.moya@cfe.gob.mx 
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46. West of Colorado River (WOR) 
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46. West of Colorado River (WOR) 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 
Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 

PART VI 

Accepted Rating IZJ 
Existing Rating D 

OtherO 

The WOR lines interconnect southern Nevada and Arizona to southern 
California 

The sum of the flows on the following transmission lines: 
(Northern System) 

Eldorado-Lugo 500 kV 
Eldorado-Lugo 230 kV lines 1 & 2 
Mohave-Lugo 500 kV 
Julian Hinds-Mirage 230 kV (metered at Mirage) 
McCullough-Victorville 500 kV lines 1 & 2 
Hoover-Victorville 287 kV 
Marketplace-Adelanto 500 kV 

(Southern System) 
North Gila-Imperial Valley 500 kV 
Palo Verde-Devers 500 kV (metered at Devers) 

(Underlying System) 
El Centro-Imperial Valley 230 kV (metered at IV) 
Ramon-Mirage 230 kV 
Coachella-Devers 230 kV 

10,118 MW 

Loss of the Palo Verde-North Gila or Palo Verde-Devers 500 kV lines. 

The rating increase from 8,206 MW to 10,118 MW was approved by letter 
dated March 4, 1996, subsequent to WECC approval of the report titled 
"Comprehensive Progress Report On The Accepted Rating Study Of The 
Arizona-California West-of-the-River (WOR) Path" in December 7, 1995. 

Rating valid under all system conditions: 

WECC 

None 

Operation is maintained within the boundaries of the Southern California 
Import Transmission (SCIT) nomogram. 
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Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Contact Person: 

PART VI 

Revised February 2002 

Northern System: NetWORLine 
Lines Allocation Entitlements 
McCullough-Victorville 500 1&2 2592MW LADWP 2592 MW 
+Hoover-Victorville 287 
Marketplace-Adelanto 500 1291 MW LADWP 313MW 

SCE 60MW 
Cities 918MW 

Eldorado-Lugo 500 2754MW SCE 2509MW 
+Eldorado-Lugo 230 1&2 CDWR 235MW 
+Mohave-Lugo 500 ANZA l0MW 
+ J. Hinds-Mirage 230 

Northern Subtotal 6637MW 

Southern System: NetWORLine 
Lines Allocation Entitlements 
Palo Verde-Devers 500 1550MW SCE 1082MW 

LADWP 468MW 
Ramon-Mirage 230 600MW SCE 600MW 
+Coachella-Devers 230 
N. Gila-Imperial Valley 500 1331 MW SDGE 1168 MW 
+El Centro-Imperial Valley 230 IID 163MW 

Southern Subtotal 3481 MW 

Total System: 10118 MW 

Since IID's system is east of the WOR cut-plane, any schedules made by IID 
on the North Gila-Imperial Valley line are equal in magnitude and opposite 
in direction to IID's schedules on the El Centro-Imperial Valley line; thus, 
IID's schedules on the North Gila-Imperial Valley line and El Centro
Imperial Valley line are not added to the WOR flow total nor is IID required 
to curtail schedules for WOR or SCIT limitations. 

The maximum capability of the WOR path is influenced by the flows on the 
other paths bringing power into southern California. Real-time power flows 
are monitored for all of the paths defining the SCIT nomogram, including 
WOR, Midway-Vincent, PDCI, IPP DC and North of Lugo. 

Patricia L. Arons 
Southern California Edison Company 
P. 0. Box 800, Room 460 
2131 Walnut Grove A venue 
Rosemead, CA 91770 
(626) 302-9644 
(626) 302-9647 - fax 
patricia.arons@sce.com 
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47. Southern New Mexico (NM1) 

Location: 

Definition: 

Tran sf er Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Southern New Mexico 

Sum of the flows on the following transmission lines: 
Line Metered End 

West Mesa-Arroyo 345 kV West Mesa 345 kV 
Springerville-Luna 345 kV Springerville 345 kV 
Greenlee-Hidalgo 345 kV Greenlee 345 kV 
Belen-Bernardo 115 kV Belen 115 kV 

Accepted Rating IZ! 
Existing Rating D 

Other D 

The definition of Path 47 has been changed to replace the West Mesa-Belen 
115 kV line with the Belen-Bernardo 115 kV line, metered at Belen. This 
does not result in a change in the path rating. In 2004, this change was put 
through the expedited process to preserve the accepted rating status. 

Simultaneous firm: 925 MW Non-simultaneous: 1048 MW 

Either the Springerville-Luna 345 kV or Greenlee-Hidalgo 345 kV lines. 

Simultaneous firm accepted rating established by New Mexico Transmission 
Operating Procedure 1999 and non-simultaneous accepted rating established 
by WECC Peer Review Group in 1995. 

Ratings are independent of transfer levels between major WECC areas. 
Ratings were established for a heavy summer system and are dependent upon 
Arroyo phase shifter schedules, generation levels, area power factors and 
reactor levels in southern New Mexico. 

Local New Mexico pre-disturbance voltage levels between 0.95 p.u. and 
1.05 p.u. Post-transient voltage deviation no greater than 7% from base case 
levels on southern New Mexico 345 kV buses and 6% on northern New 
Mexico 345 kV buses. WECC criteria applied for systems outside New 
Mexico area. 

For double contingencies on the 345 kV lines defined above, WECC 
Operating Procedure EPE-1 is implemented. 

New Mexico Transmission Operating Procedure, effective 6/1/99. 

EPE, Tri-State G&T, PNM, TNP 

Interaction with Northern New Mexico Transfer Path (NM2) is controlled 
with the Arroyo phase shifter. 
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Contact Person: Dennis Malone 

PART VI 

El Paso Electric Company 
P. 0. Box 982 
El Paso, TX 79960 
(915) 543-5757 
(915) 521-4763 - fax 
dmalone@epelectric.com 
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48. Northern New Mexico {NM2) 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 

PART VI 

Northern New Mexico 

Accepted Rating [gj 
Existing Rating D 

Other D 

Sum of flows on the following transmission elements: 
Element Metered End 

Four Corners-West Mesa 345 kV line Four Corners 
San Juan-BA 345 kV line San Juan 
San Juan-Ojo 345 kV line San Juan 
McKinley/Y ah-Ta-Hey 345/115 kV trans Yah-Ta-Hey 
Bisti-Ambrosia 230 kV line Bisti 

Less the following flows: 
Belen-Bernardo 115 kV line Belen 
West Mesa-Arroyo 345 kV line West Mesa 

Simultaneous firm: 1800 MW Non-simultaneous: 1947 MW 

Four Corners-West Mesa or San Juan-BA 345 kV lines. 

The rating was approved by letter dated May 6, 2002, subsequent to WECC 
approval of the revised Comprehensive Progress Report titled Bluewater-
West Mesa (BW) and Norton-Hernandez (NH) 115 kV line Upgrades for Path 
48 (NM2) submitted April 16, 2002. 

The operating transfer limit on Path 48 uses independent real-time nomogram 
equations that are incorporated in PNM's Energy Management System. These 
nomogram equations utilize metered real-time system conditions ( e.g., 
real/reactive power flows, status of shunt capacitors/reactors, etc.) to 
determine the Path 48 limits on a one-minute basis. The nomogram equation 
variables included in the Path 48 calculations are therefore dependent upon 
system conditions and take into account seasonal and time-of-day variations. 

Local New Mexico criteria include pre-disturbance voltage levels between 
0.95 and 1.05 p.u., post transient voltage deviation no greater than 6% in 
northern New Mexico and 7% in southern New Mexico, or not less than a 5% 
voltage stability margin. PNM operates Path 48 based on the lower of the 
voltage or thermal limits. 

Post-PST New Mexico Transmission Operating Procedure, effective June 18, 
1999. 
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Allocation: PNM owns and operates Path 48. Several entities have the rights to use the 
transfer capability on this path. 

Interaction Interacts with transfers over path NMl, but is controlled by the Arroyo phase-
w/Other shifting transformer. 
Transfer Paths: 
Contact Person: Gregory C. Miller 

Public Service Company of New Mexico 
Alvarado Square, MS 0604 
Albuquerque, NM 87158 
(505) 241-4570 
(505) 241-4363 - fax 
gmiller@mail. pnm .com 

) 
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49. East of the Colorado River (EOR) 
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49. East of the Colorado River {EOR) 

Location: 

Definition: 

Western Arizona 

Sum of the flows on the following transmission lines: 
Line Metered End 

Navajo-Crystal-McCullough 500 kV Navajo 
Moenkopi-Eldorado 500 kV Eldorado 
Liberty-Peacock-Mead 345 kV Liberty 
Palo Verde-Devers 500 kV Palo Verde 
Hassayampa-North Gila 500 kV 
Perkins-Mead 500 kV 

Hassayampa 
Perkins 

Accepted Rating ~ 
Existing Rating D 

Other D 

Transfer Limit: East to West: 7550 MW (Non-simultaneous) 
West to East: Not rated 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

PART VI 

The present east to west, non-simultaneous EOR rating is 7550 MW and 
assumes a 'normal' operating system with all lines in service and full series 
compensation levels in the Navajo, Palo Verde, and Mead-Phoenix Project 
(MPP) transmission systems. 

The 7550 MW non-simultaneous limit is due to the continuous rating of the 
series capacitors at the Palo Verde end of the Palo Verde-Devers and 
Hassayampa-N.Gila 500 kV lines. The transfer capability is limited under 
normal (all-lines-in-service) conditions. However, various EOR line outages 
may result in 97-99% loading of emergency ratings on various EOR lines. 

The non-simultaneous transfer rating was established in 1996 by the Western 
Arizona Transmission Systems (WA TS) Task Force. The Task Force was 
comprised of members from the following companies: 

Arizona Public Service Company 
El Paso Electric Company 
DOE-Western Area Power Administration 
Imperial Irrigation District 
Los Angeles Department of Water and Power 
Nevada Power Company 
Public Service Company of New Mexico 
Salt River Project 
San Diego Gas and Electric Company 
Southern California Edison Company 
Southern California Public Power Authority 
Tucson Electric Power Company 

SDG&E sponsored studies conducted within a WECC Review Group that led 
to approval of the Accepted Rating Report, and was granted Accepted Rating 
Status by the August 5, 1996 letter from the PCC Chairman. 
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System Flows on this transfer path have historically been east to west due to the large 
Conditions: amount of joint participation plants located in Arizona and New Mexico 

which are partly owned by southern California and Nevada entities. 

Study Criteria: WECC Reliability Criteria for Transmission System Planning 

Remedial None 
Actions 
Required: 
Formal None 
Operating 
Procedure: 
Allocation: The presently used allocation is as follows: 

Southern California Edison Co. 3105 MW 
Los Angeles Dept. of Water & Power 695MW 
Western Area Power Administration 1218 MW 
Nevada Power Company 371 MW 
San Diego Gas & Electric Co. 970MW 
Imperial Irrigation Project 163 MW 
Arizona Public Service Co. 376MW 
Southern California Public Power Authority 238MW 
Salt River Project 236MW 
Modesto-Santa Clara-Redding 150MW 
Vernon 28MW 

) 7550MW 
Interaction The simultaneous transfer limit into southern California is governed by the 
w/Other Southern California Import Transmission (SCIT) Nomogram, and is partly a 
Transfer Paths: function of the EOR flow. The SCIT Nomogram varies seasonally and is 

limited by post transient and transient conditions. 

Contact Person: Tom Isham 
Arizona Public Service Company 
P. 0. Box 53999, Station 2260 
Phoenix AZ 85072-3999 
( 602) 250-1499 
(602) 250-1674- fax 
tommy.isham@aps.com 
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East-of-River/Southern California Import Transmission Nomogram 

Based upon: 
Three Palo Verde units 
All transmission facilities in service 

Reduction in SCIT Import Limit 
For Palo Verde Status: 
3 units on Line 
2 units on Line 
I unit on Line 
0 unit on Line 

0MW 
200MW 
400MW 
700MW 

500 MW Operating Margin Taken Normal to the Limits 

SCIT Maximum Non-simultaneous Import Capacity= 19286 MW Inertia (MWS) 
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Revised 3/18/2004 
CA/SO EOR Maximum Non-simultaneous Rating = 7550 MW 

*Sum of flows on Midway-Vincent, PDCI, IPP, North of Lugo, and WOR. 
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50. Cholla - Pinnacle Peak 
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50. Cholla - Pinnacle Peak 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Northern Arizona 

Sum of the flows on the following transmission lines: 
Line Metered End 

Challa-Pinnacle Peak 345 kV #1 Challa 
Challa-Pinnacle Peak 345 kV #2 Challa 

East to West: 1200MW 
West to East: Not rated 

Accepted Rating D 
Existing Rating ~ 

Other D 

The critical disturbance is loss of one of the Challa-Pinnacle Peak 345 kV 
lines which causes the remaining Challa-Pinnacle Peak 345 kV line to reach 
the emergency rating. 

The 1200 MW rating was established in the early 1980's by the Four Corners 
Technical Studies Task Force. The task force is comprised of members from 
the following companies: 

Arizona Public Service Company 
El Paso Electric Company 
Public Service Company of New Mexico 
Salt River Project 
Southern California Edison Company 
Tucson Electric Power Company 

Verified by 2004 OTC studies. 

Flows on this transfer path have historically been east to west due to the large 
amount of generation located in northwestern New Mexico and Challa. 

Same as the WECC Reliability Criteria for Transmission System Planning. 

None 

None 

The transfer capability is wholly owned by APS. 

None 

Tom Isham 
Arizona Public Service Company 
P. 0. Box 53999, Station 2260 
Phoenix AZ 85072-3999 
(602) 250-1499 
(602) 250-1674 - fax 
tommy.isham@aps.com 

Item 1-140 

) 

) 

I 



51. 

PART VI 

Southern Navajo 

SEE 

PHOENIX 

I DETAIL 

I 
I 
I 
L--------

u, 
0 
0 
-;;; 
.8 

KING 

Revised February 2003 

Item 1-141 



Revised February 2005 

51. Southern Navajo 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Northern Arizona 

Sum of the flows on the following transmission lines: 
Line Metered End 

Moenkopi-Yavapai 500 kV Moenkopi 
Navajo-Westwing 500 kV Navajo 

North to South: 2264MW 
South to North: Not rated. 

Accepted Rating [XI 
Existing Rating D 

Other D 

The 2264 MW operating limit is limited by the continuous thermal rating of 
the series capacitors at the Moenkopi end of the Moenkopi-Y avapai line prior 
to any line outages. 

The transfer rating was established in 1994 in a study performed by APS 
Transmission Planning. Detailed report mailed August 5, 1994. 

Verified by 1999 OTC studies. 
Flows on this transfer path have historically been north to south due to the 
generation at the Navajo power plant. Flows approaching these limiting 
levels can only be realized when the Palo Verde Nuclear Generating Plant is 
off line. 

Same as the WECC Reliability Criteria for Transmission System Planning. 

None 

None 

The transfer capability is divided among the following entities: 
APS 24.7% TEP 13.3% 
SRP 38.3% DOE 23.7% 

None 

Tom Isham 
Arizona Public Service Company 
P. 0. Box 53999, Station 2260 
Phoenix AZ 85072-3999 
(602) 250-1499 
(602) 250-1674 - fax 
tommy.isham@aps.com 
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52. Silver Peak - Control 55 kV 
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52. Silver Peak - Control 55 kV 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Southwestern Nevada/Central Eastern California 

Sum of flows: 
Line Metered End 

Accepted Rating D 
Existing Rating ~ 

Other D 

Silver Peak-Control 55 kV California-Nevada border 

Direction Limit 
Silver Peak to Control 17MW 
Control to Silver Peak 17MW 

Limited by pre-disturbance voltage on the intertie caused by surge impedance 
loading of the line. 

Studies were performed in 1985 to establish this line rating. 

Historically, during peak loading conditions, flows on the intertie have been 
limited to 14 MW. 

Joe Tarantino 
Sierra Pacific Power Company 
P. 0. Box 10100 
Reno, NV 89520-0026 
(775) 834-3348 
(775) 834-3047 - fax 
jtarantino@sppc.com 
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53. Billings - Yellowtail (obsolete, see 
Path 80) 
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53. Billings - Yellowtail (obsolete, see 
Path 80) 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

South Central Montana 

This path consists of the following two lines: 
Line Metered End 

Billings-Yellowtail 230 kV line 

Accepted Rating D 
Existing Rating IZJ 

Other □ 

Rimrock-Yellowtail 161 kV line (Rimrock is another substation in Billings.) 

Each of these lines is in series with a phase-shifting transformer at the 
Billings end. These are rated 300 MVA and 100 MVA respectively. Thus 
the path rating is 400 MV A. 

None 

None 

Charles A. Stigers 
NorthWestern Energy 
40 East Broadway 
Butte, MT 59701 
(406) 497-4538 
( 406) 497-3393 - fax 
chuck.stigers@northwestern.com 
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54. Coronado West 
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54. Coronado West 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Eastern Arizona 

Sum of flows on the following transmission lines: 
Line Metered End 

Coronado-Silver King 500 kV Coronado 
Coronado-Cholla 500 kV Coronado 

East to West: 1100 MW 
West to East: Not rated 

Accepted Rating D 
Existing Rating IZJ 

Other D 

The critical disturbance is loss of the Four Corners-Moenkopi 500 kV line. 

The capacity rating is based on studies performed in 1986 by SRP for the 
Coronado Transmission System. 

Flows on this transfer path have historically been east to west due to 
generation at Coronado. Based on two Coronado units in service. 

WECC Reliability Criteria For Transmission System Planning 

None 

Coronado-Silver King line operating procedure #45407. 

Salt River Project 

None 

James Hsu 
Salt River Project 
P.O. Box 52025 
Phoenix, AZ 85072-2025 
(602) 236-0969 
(602) 236-3896 - fax 
e-mail address: jchsu@srpnet.com 
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55. Brownlee East 
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55. Brownlee -East 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

PART VI 

Southwest Idaho 

The transfer path is comprised of the following lines: 
Brownlee-Boise Bench #1 230 kV 
Brownlee-Boise Bench #2 230 kV 
Brownlee-Boise Bench #3 230 kV 
Brownlee-Boise Bench #4 230 kV 
Brownlee-Ontario 230kV 
Oxbow-McCall 138 kV 
Quartz-Ontario 138 kV 

West to East: 1850 MW 

Accepted Rating [ZJ 
Existing Rating D 

Other D 

East to West: Not defined. However, this transfer path does not restrict east 
to west transfers through Idaho. 

Post transient reactive margin at the Boise Bench 230 kV following the loss 
of the Midpoint-Summer Lake 500 kV line, or the loss of two Jim Bridger 
lines with tripping of two Jim Bridger units, or the loss of two Brownlee-
Boise Bench 230 kV lines. Thermal limits on the remaining two Brownlee-
Boise Bench 230 kV lines for loss of the other two lines. 

In 1983, the Brownlee East transfer limit was established by Idaho Power 
Company and was revised in 1986 when the Northwest to Idaho transfer limit 
was restudied. After the July 2 and 3, 1996 disturbances, the Brownlee East 
transfer limit was restricted to 1560 MW. After the completion of the 
Brownlee-Boise Bench 230kV Project in 2001, the Brownlee East 
transmission path attained an Accepted Rating of 1750 MW West to East. 
The accepted rating was increased to 1850 MW West to East for the summer 
of 2004 when the final phase of the project, which included the 2nd Brownlee-
Oxbow 230 kV circuit, was completed. 

The Brownlee East transfer limit was developed with high Northwest to Idaho 
imports and T E Roach Complex generation with low eastern thermal 
resources, and with heavy summer loads. 

The WECC Reliability Criteria for Transmission System Planning and Idaho 
Power's post transient reactive margin criteria for N-1 and N-2 disturbances. 

At high flows East of Brownlee, the loss of two Brownlee-Boise Bench 230 
kV lines requires overload mitigation measure of bypassing ½ series 
compensation in the remaining two Brownlee-Boise Bench 230 kV lines, and 
in the Brownlee-Ontario 230kV line. 
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Formal None 
Operating 
Procedure: 

Allocation: The transfer path is an internal path and is I 00% owned by Idaho Power 
Company. 

Interaction None 
w/Other 
Transfer Paths: 

Contact Person: Mark D. Hanson 
Idaho Power Company 
P.O. Box 70 
Boise, ID 83707 
(208) 388-2253 
(208) 388-6647 - fax 
mhanson@idahopower.com 
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58. Eldorado - Mead 230 kV Lines 
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58. Eldorado - Mead 230 kV Lines 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Contact Person: 

PART VI 

Near Boulder City in southern Nevada 

Accepted Rating D 
Existing Rating k8'.] 

Other D 

Flows on the Eldorado-Mead 230 kV transmission lines 1 and 2. 

1140 MW 

The 1140 MW rating is limited by the likely contingency (emergency) 
thermal rating of the conductor. The critical disturbance for which the 
1140 MW rating is established, is outage of one of the two Eldorado-Mead 
230 kV lines. 

The 1140 MW rating was established in 1969. 

Power may flow westbound or eastbound in varying levels throughout the 
year primarily due to Mohave and Hoover power deliveries. 

WECC, SCE 

None 

None 

Jointly owned by SCE (54.700%), NEVP (26.425%) and SRP (18.875%). 

None 

Patricia L. Arons 
Southern California Edison 
P. 0. Box 800, Room 460 
2131 Walnut Grove A venue 
Rosemead, CA 91770 
(626) 302-9644 
(626) 302-9647 - fax 
patricia.arons@sce.com 
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59. WALC Blythe 161 kV Substation -
SCE Blythe 161 kV Substation 
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59. WALC Blythe 161 kV Substation -
SCE Blythe 161 kV Substation 

Location: 

Definition: 

Tran sf er Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 
Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 
Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Accepted Rating [8] 
Existing Rating D 

OtherO 

Blythe substation is 5 miles west of the city of Blythe in Riverside County 

The bus tie-line between WALC Blythe 161 kV substation and SCE Blythe 
161 kV substation. 
East to West: 218MW --The E-W transfer capacity of the path is limited by 
the continuous 168 MV A rating of the Eagle Mountain-Blythe (SCE) 161 kV 
line. The E-W flow across the bus tie-line between SCE Blythe 161 kV 
substation and W ALC is partially consumed by the load on the Blythe (SCE) 
161 kV bus first, and then, goes onto the Eagle Mountain-Blythe (SCE) 161 
kV line. 
The path rating is limited by the continuous 168 MV A rating of the Eagle 
Mountain-Blythe (SCE) 161 kV line. 

In 1965, the path rating was established by SCE. In 2002, the path rating was 
increased due to the replacement of the 230/161 kV transformer at Eagle 
Mountain and upgrades to the Eagle Mountain-Blythe (SCE) 161 kV line. A 
letter from the PCC chair dated September 24, 2002 was distributed granting 
Phase III status and an accepted rating. 

At the January 2004 TSS meeting, the elimination of the path rating 
in the west to east direction was approved. 

WECC, SCE, CISO 

None 

Path 59- WALC Blythe 161 kV Substation - SCE Blythe 161 kV Substation 
Tie vs. Blythe load east to west. 

The transfer is allocated 100% to SCE 
None 

Patricia L. Arons 
Southern California Edison 
P. 0. Box 800, Room 460 
2131 Walnut Grove Avenue 
Rosemead, CA 91 770 
(626) 302-9644 
(626) 302-9647 - fax 
patricia.arons@}sce.com 
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60. • Inyo - Control 115 kV Tie 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Contact Person: 

PART VI 

Accepted Rating D 
Existing Rating ~ 

Other D 

Inyo substation is located 2 miles southwest of the town of Bishop 

The 115 kV phase shifter between SCE and LAD WP. 

56MW 

The path rating is limited by the continuous rating of the 56 MVA phase 
shifter. 

1976 

WECC, SCE, LADWP 

None 

None 

The transfer is allocated between SCE and LADWP. 

None 

Patricia L. Arons Ly Le 
Southern California Edison Los Angeles Dept. Of Water & Power 
P. 0. Box 800, Room 460 P. 0. Box 111, Room 1246 
2131 Walnut Grove Avenue 111 N. Hope Street 
Rosemead, CA 91770 Los Angeles, CA 90051 
(626) 302-9644 (213) 367-0302 
(626) 302-9647 - fax (213) 367-3829 - fax 
patricia.arons@sce.com ly.le@ladwp.com 
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61. Lugo - Victorville 500 kV Line 
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61. Lugo - Victorville 500 kV Line 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 

Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Accepted Rating IZJ 
Existing Rating D 

Other □ 

500 kV transmission line from Victorville substation in LADWP's service 
area to Lugo substation in SCE's service area 

Line is owned independently from the midpoint of the line to the respective 
service areas of SCE and LAD WP. 

Victorville to Lugo: 2400MW 
Lugo to Victorville: 900MW 

The 2400 MW rating is limited by the loss of the Mohave-Lugo or Eldorado-
Lugo 500 kV lines in SCE's service territory. The 900 MW rating is limited 
due to thermal limitations on lnyokern-Searles 115 kV line under N-0 
conditions. 

The Victorville-Lugo rating was established in 2001 and the Lugo-Victorville 
rating was established in 1995. 

Victorville to Lugo flows are high during high IPPDC and high EOR/WOR 
flows. Lugo to Victorville flows are high with low flows on EOR/WOR and 
low flows on the IPPDC. 

WECC Reliability Criteria 

None 

Flows on Victorville-Lugo may be limited depending on flows across the 
Sylmar auto-transformer banks. A dynamic nomogram has also been put in-
place to monitor the actual flows on Eldorado-Lugo, Mohave-Lugo, Palo 
Verde-Devers and Palo Verde-N. Gila 1 ines such that the outage of any one of 
these lines will not load the Victorville-Lugo line above the emergency rating 
of2600MVA. 

The flows are allocated between LADWP, SCE, Anaheim and Riverside. 

Flow on this path is dependent on internal generation in SCE, and flows on 
IPPDC, EOR/WOR, Midway-Vincent 500 kV lines and north of Lugo paths. 

Ly Le Patricia L. Arons 
Los Angeles Dept. Of Water and Power Southern California Edison 
P. 0. Box 111, Room 1246 P. 0. Box 800, Room 460 
111 N. Hope Street 2131 Walnut Grove Avenue 
Los Angeles, CA 90051 Rosemead, CA 91770 
(213) 367-0302 (626) 302-9644 
(213) 367-3829 - fax (626) 302-9647 - fax 
ly.le@ladwp.com patricia.arons@sce.com 
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Eldorado - McCullough 
500 kV Line 
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• 62. Eldorado - McCullough 
500 kV Line 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Accepted Rating D 
Existing Rating IZJ 

Other D 

It is a 0.6 mile long 500 kV transmission line from McCullough substation in 
LADWP'S service area to Eldorado substation in SCE's service territory 

The line is owned by LAD WP for the purpose of mutual support between 
LADWP and SCE. 

The line is limited to 2598 MV A (3000 Amperes) in either direction. 

The transfer is limited by the continuous rating of circuit breakers at the two 
substations. 

The rating was established in 1970. 

The power flows from McCullough to Eldorado almost all the time. The 
level of the flow is dependent on generation commitment, EOR/WOR 
schedules and the lines in service. 

WECC, LADWP and SCE 

None 

None 

The flows on the line are allocated between: LADWP, SCE, and cities of 
Burbank, Glendale, Pasadena, Azusa, Banning, Colton, Vernon, and 
Riverside. 

Flow across this line is dependent on unit commitment in southern California, 
southern Nevada and Arizona and flows across the EOR and the WOR paths. 

Ly Le Patricia L. Arons 
Los Angeles Dept. Of Water and Power Southern California Edison 
P. 0. Box 111, Room 1246 P. 0. Box 800, Room 460 
111 N. Hope Street 2131 Walnut Grove Avenue 
Los Angeles, CA 90051 Rosemead, CA 91770 
(213) 367-0302 (626) 302-9644 
(213) 367-3829 - fax (626) 302-9647 - fax 
ly.le@ladwp.com patricia.arons@sce.com 
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Perkins - Mead - Marketplace 
500 kV Line 

"' .. 
0 ,,, 
"' 

ry' 

" o,' 

"' I!>' 

---L.__/ i 

LAS VEGAS AREA 
\PERKINS 

Item 1-164 

) 



) 

Revised February 2003 

63. Perkins - Mead - Marketplace 
500 kV Line 

Location: 

Definition: 

Accepted Rating [8J 
Existing Rating D 

OtherD 

Line from Perkins (Phoenix, AZ area) to Mead substation and Marketplace 
station (Las Vegas area) 

The Perkins-Mead-Marketplace 500 kV AC line (Mead-Phoenix Project or 
MPP) is 260 miles long with 70% series compensation of the line impedance 
between Perkins and Mead (35% at Perkins and 35% at Mead), one 
500/230 kV transformer at Mead, two 650 MV A 500 kV phase shifters 
installed, in parallel, at Perkins. A tie line between Marketplace and 
McCullough and two 387.5 MV AR static var compensators located at 
Marketplace and Adelanto are jointly owned with the Mead-Adelanto Project 
(MAP). The Perkins-Mead portion of the line, according to the existing 
system interconnections, is considered part of the East-of-the-River (EOR) 
path. 

Transfer Limit: East to West: Rating of 1300 MW 
West to East: Not rated 

Critical 
Disturbance 
That limits the 
Transfer 
Capability: 
When: 

System 
Conditions: 

PART VI 

The MPP is part of the EOR transmission path. The WECC Accepted Rating 
of the EOR path is: 
East to West: 7550 MW 
West to East: Not rated 
(See "East of the Colorado River (EOR)" for additional path rating 
information.) 

Loss of the Palo Verde-North Gila 500 kV line following a three-phase fault 
at Palo Verde 500 kV station. 

The 1300 MW MPP rating, in conjunction with the 1200 MW MAP rating, 
was established through the WECC Project Planning Project according with 
the WECC Interim Procedures for Regional Planning Project Review and 
Rating Transmission facilities. In accordance with these Interim Procedures, 
the Mead-Phoenix/Mead-Adelanto WECC Review Group was established in 
July, 1992 to facilitate peer review of the projects by WECC membership. 
The Review Group issued a final report on July 8, 1993. The WECC 
Planning Coordination Committee (PCC) accepted the Review Group's report 
on July 15, 1993. The PCC's acceptance of the report completed Phase II of 
the WECC Project Planning Process and established a WECC Accepted 
Rating for the EOR path of7000 MW. The 1300 MW incremental increase 
in the EOR rating is allocated to the MPP owners. 

1995/96 Heavy Summer and Heavy Winter conditions. Pre and Post Project 
benchmark cases were developed in which the EOR and Southern California 
Import Transmission (SCIT) Nomogram paths were stressed separately until a 
stability limit was reached. See "East of the Colorado River (EOR)" for 
additional information on SCIT. 
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Study Criteria: WECC Reliability Criteria for Transmission System Planning 
) 

Remedial None 
Actions 
Required: 
Formal None 
Operating 
Procedure: 
Allocation: Southern California Public Power Authority 

Anaheim 47 
Azusa 3 
Banning 3 
Burbank 35 
Colton 3 
Glendale 28 
LADWP 74 
Pasadena 33 
Riverside 12 

Salt River Project 236 
Arizona Public Service 236 
Modesto-Redding-Santa Clara 150 
Vernon 28 
Western 412 
Total 1300 MW 

Interaction See "East of the Colorado River (EOR)." 
w/Other 
Transfer Paths: 

Contact Person: James Hsu 
Salt River Project 
P. 0. Box 52025 
Phoenix, AZ 85072-2025 
(602) 236-0969 
(602) 302-3896 - fax 
jchsu@srpnet.com 
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64. Marketplace - Adelanto 
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64. Marketplace ~ Adelanto 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 

PART VI 

Accepted Rating ~ 
Existing Rating D 

Other D 

Line from Marketplace station near McCullough to Adelanto station in 
southern California 

The Mead-Adelanto Project (MAP) consists of a 45% series compensated 
500 kV transmission line, a tie line between Marketplace and McCullough, 
and two 387.5 MV AR static var compensators (SVCs) located at the 
termination points. (The SVCs and the tie line are jointly owned with the 
Mead-Phoenix Project (MPP)). The MAP line, according to the physical 
system interconnections, is considered part of the West-of-the-(Colorado) 
River (WOR) path. The MAP was put in-service on January 1996. 

Accepted rating of 1200 MW 

Loss of Palo Verde-North Gila line following three-phase fault at Palo Verde 
500 kV station. 

The 1200 MW MAP accepted rating, in conjunction with the 1300 MW MPP 
accepted rating, was established through the WECC Project Planning Process 
in accordance with the WECC Policies and Procedures for Rating 
Transmission Facilities. A WECC Ad Hoc Review Group on the Accepted 
Rating of the MAP/MPP was established in July 1992. The Review Group 
issued a final report on July 8, 1993. The WECC PCC accepted the Accepted 
Rating Report on July 15, 1993. 

The MAP line transfer capability is sensitive to the flows on the other West of 
River (WOR) lines. The MAP accepted rating of 1200 MW is based on the 
WOR transfer rating of 8206 MW. The MAP rating assumes that 250 MW of 
the 1200 MW is scheduled to the project participants in northern California. 
Thus, the SCIT import capability will be increased by 1300 MW on the EOR 
axis and approximately 950 MW on the SCIT axis for 1995 heavy winter 
conditions. Two 3 87 .5 MV AR SVCs are included at the Marketplace and 
Adelanto stations for dynamic support. The MPP line with 1300 MW 
schedule is also considered to be in service in the MAP rating studies. 

WECC Reliability Criteria for Transmission System Planning 

None 

None 
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Allocation: Percentage MW 
Southern California Public 
Power Authority (SCPPA) 67.9167 815 

Anaheim 9.1666 110 
Azusa 1.5000 18 
Banning 0.9167 11 
Burbank 7.8334 94 
Colton 1.7500 21 
Glendale 7.5000 90 
LADWP 24.2500 291 
Pasadena 5.8334 70 
Riverside 9.1666 110 

Modesto-Redding-Santa Clara 17.5000 210 
Vernon 6.2500 75 
Western 8.3333 100 

Interaction Because this line is considered part of the WOR path, the loading on the 
w/Other other WOR lines will have influence on the MAP line power transfer 
Transfer Paths: capability. Currently, the WOR path flow is one of the components of the 

Southern California Import Transmission (SCIT) nomogram. Therefore, the 
other components of the SCIT-Midway-Vincent, PDCI, IPPDC, North of 

) 
Lugo and East-of-the-River (EOR) will also have influence on the MAP line 
transfer flow capability. 

Contact Person: Ly Le 
Los Angeles Department of Water and Power 
P. 0. Box 111, Room 1246 
111 North Hope Street 
Los Angeles, CA 90051 
(213) 367-0302 
(213) 367-3829 - fax 
ly.le@ladwp.com 
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65. Pacific DC lntertie (PDCI) 
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-, 65. Pacific DC lntertie (PDCI) 

) 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
caoabilitv: 
When: 

System 
Conditions: 

PART VI 

Accepted Rating D 
Existing Rating l2sl 

Other D 

Line from Celilo station (Big Eddy area) in northern Oregon to Sylmar station 
in southern California 

The PDCI line is a 'i7'500 kV DC multi-terminal system. This system is 
divided into the northern and southern systems, the demarcation point is the 
Nevada-Oregon state line border (NOB). 

Based on the sending end measured power: 
Celilo to Sylmar (North to South): 
Sylmar to Celilo (South to North): 

Loss of the PDCI bipole line. 

North to South: 

3100 MW 
3100 MW 

The rating upgrade from 2000 MW to 3100 MW was through the 
DC Expansion Review Group studies performed in 1985-1988 and the 
1100 MW Expansion Project progress reports oflv;Iarch 25, 1985 and 
September 26, 1985. The DC Expansion Review Group was established by a 
letter to PCC on March 28, 1984. The Expansion Project was put in 
commercial operation on May 4, 1989. 
The rating was established by the Los Angeles Department of Water and 
Power, and the Bonneville Power Administration. 
South to North: 
The 3100 MW rating was based on the publication of the "3100 MW South
to-N orth Pacific DC Intertie Rating" report of July 1992. 
The rating was established by the Los Angeles Department of Water and 
Power, and the Bonneville Power Administration, in conjunction with the 
California Power Pool. 

North to South: 
The system transfer capability is most sensitive to the power flow level on the 
COi. High level of northern California hydro on line is also important for 
voltage support of 3100 MW bi pole outage if the static VAR devices in the 
Northwest and PG&E areas are out of service. 
South to North: 
The system transfer capability is sensitive to the south to north power flow 
levels on the COi, the Midway-Vincent lines, and the east to west transfer 
levels on the Idaho-Northwest lines (West-of-Borah flows). 
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Study Criteria: North to South: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

Allocation: 

PART VI 

System intact: 
• Series capacitor loading within normal continuous rating on the • 

PG&E's South-of-Tesla lines. 
Single contingency outage conditions: (bipole outage) 

• VAR margin of 300 MV AR (subsequently changed to 400 MV AR) 
and minimum 500 kV voltage of 480 kV in PG&E's system for post
transient conditions. 

• General WECC reliability criteria. 
South to North: 
System intact: 

• Series capacitor loading within normal continuous rating on the 
PG&E's South-of-Tesla lines. 

Single contingency outage conditions: (bi pole outage) 
• With minimum operating voltage profile in Idaho & Northwest areas, 

VAR margin of 250 MV AR at Idaho's critical bus (generally 
Midpoint, Borah or Kinport) for post-transient conditions. 

• Series capacitor loading within emergency thermal rating on the 
PG&E's South-of-Tesla lines. 

• WECC reliability criteria. (8/11/87 version) 

North to South: 
Generator dropping in the Northwest, and series capacitor fast insertion on 
the Pacific Intertie AC lines are remedial actions used for partial and full loss 
of the PDCI intertie. Mechanically switched capacitors (MSC) have been 
installed in the Northwest and COi systems for post-transient voltage support 
for loss of the 3100 MW PDCI bipole system. 
South to North: 
Load dropping remedial action scheme in the Northwest is implemented for 
loss of the 3100 MW PDCI bipole system. The Northwest and COi MSCs 
will also be activated for post-transient voltage support. 

North to South: 
Arming of the generation dropping is performed by Northwest (BPA) by 
monitoring the actual power flow on the DC line and the available generation 
for dropping. 

South to North: 

Load-dropping in the Northwest is implemented. PDCI power flow 
monitoring and load dropping arming is performed by the Northwest (BPA). 

The percentage ownership and scheduling allocations of the line is as follows: 

SCE 
LADWP 
San Diego 
PG&E 
Glendale 
Burbank 
Pasadena 
Vernon 

Ownership Scheduling 
50.00 38.22 
40.00 23.28 

3.85 
3.85 
2.30 

3.5 
21.6 

3.85 
3.85 
2.30 
3.4 
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Interaction North to South: 
w/Other A nomogram showing the relationship between the transfers on the 
Transfer Paths: BC Hydro-TransAlta Intertie and the PDCI was developed prior to the 

completion of COTP. Studies now conducted by BPA indicate that with the 
COTP in service, no nomogram is required. These new results are in the 
process of being reviewed. 
South to North: 
There is close dependence with the transfer on the Pacific AC Intertie 
(between Los Banos and Midway) and the Idaho transfer to the Northwest 
(West-of-Borah). 

Contact Person: Ly Le 
Los Angeles Department of Water and Power 
P. 0. Box 111, Room 1246 
111 North Hope Street 
Los Angeles, CA 90051 
(213) 367-0302 
(213) 367-3829 - fax 
ly.le@ladwp.com 

) 
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66. COi 
Revised February 2001 

Accepted Rating D 
Existing Rating 1:8:J 

Other D 

Location: Between Oregon and northern California 

Definition: Malin to Round Mt. 500 kV (2 lines) (Pacific AC Intertie) 
Captain Jack-Olinda 500 kV line (COTP) 

Transfer Limit: 4800 MW North to South 
3675 MW South to North 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

PART VI 

With north to south transfers, the critical outage is the loss of two Palo Verde 
units or the DC Bi pole outage. The outage of the Coulee-Hanford 500 kV 
line is critical with high North of John Day flows. The critical outage for the 
California portion of the COI when transfers are north to south is the south 
of Table Mt. 500 kV outage (Table Mt. To Tesla and Table Mt. To Vaca
Dixon). 
With south to north transfers, the critical outages are (I) single line outage of 
the Captain Jack-Meridian 500 kV line and the PDCI, (2) a double line 
outage of the Malin-Round Mt. 500 kV lines, and (3) a double line outage of 
the Ashe-Marion and Buckley-Marion 500 kV lines (this latter outage is 
limiting with high west-side loads in Oregon). Most of these critical outages 
were limiting due to voltage stability margin. 

The 4800 MW north to south rating was established in 1986 through the 
WECC Annual Progress Report Procedure. Update reports were submitted 
each year since through 1992. 
The 3675 MW south to north limit was established in November 1992. 

Six cases were studied (Heavy Summer; Heavy Spring; Light Winter; PG&E 
importing; PG&E exporting; BPA spring). 

• The PDCI is 3100 MW (n-s) in the N-S cases, 2000 MW (n-s) in the 
PG&E import case and 2000 MW (s-n) in the S-N cases. 

• Northern California hydro is at 60% in the BPA spring case and 90% 
in other cases. 

• Cases were developed showing both 1 and 2 units on line at Diablo 
for the Spring and Summer. The light winter case had 2 units on line 
as does the PG&E import case. The PG&E export case has 1 Diablo 
unit on line. 

All facilities loaded within normal ratings under normal system conditions. 
All facilities loaded within emergency ratings under outage conditions. 
The system meets the WECC voltage stability criteria recommended by TSS. 
Fully meets WECC reliability criteria in effect at time rating was established. 
The study's results meet the reliability criteria of all utilities in the Northwest 
and northern California. 
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Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Contact Person: 

PART VI 

Revised February 2005 

Depending on the outage and the magnitude and direction of flow, one or 
more of the following remedial actions may be used: 

Northwest generator dropping 
Chief Jo Brake insertion 
Fort Rock Series Capacitor insertion 
Northwest load dropping 
Feather River generator dropping 
Northern and central California pump dropping 
Round Mt 500/230 kV transformer bank opening 
Series capacitor bypassing on the Olinda-Tracy 500 kV line 
Series capacitor bypassing on the Malin-Round Mt. #1 and #2 500 kV 
lines 
MSC insertion at Malin, Table Mt, Olinda, and/or Tracy 500 kV 
stations 
Shunt reactors at Olinda and Tracy 
NE/SE Separation Scheme 
Northwest Shunt Reactive Switching 

WECC operating procedure # 1 
BPA Standing Order 306 and California ISO T-102 (COI/PDCI/North of 
John Day Nomogram Operation) 
California ISO T-120 (Adverse Operating Conditions) 

Northwest: BPA (58.8%), PacifiCorp (8.3%), PGE (17.7%), NW capacity 
Owners (15.1 %) 
California: PACI participants (2/3), COTP Participants (1/3) 

Nomograms are routinely developed to identify simultaneous operating 
constraints between this path and other paths including: the Pacific DC 
Intertie, North of John Day, Montana, Idaho, and Reno-Alturas path. (Please 
see entry to Formal Operating Procedure above.) 

California: 
Eric Law Morteza Sabet Dilip Mahendra 
PG&E WAPA, N4400 SMUD, MS DI 13 
77 Beale St. BI SA 114 Parkshore Drive P. 0. Box 15830 
San Francisco, CA 94105 Folsom, CA 95630 Sacramento, CA 95852 
(415) 973-7628 (916) 353-4489 (916) 732-6180 
(415) 973-8804 - fax (916) 985-1935 - fax (916) 732-7517 - fax 
et! l@pge.com sabet@wapa.gov dmahend@smud.org 

Northwest: 
Mike Kreipe (TOP-PPOC2-2) George Hutcherson Don Johnson 
BPA PGE PacifiCorp 
8100 NE Parkway Dr. #50 121 S. W. Salmon 9951 S.E. Ankeny Street 
Vancouver, WA 98662-1409 Street 3WTC0506 Second Floor 
(360) 619-6686 Portland, OR 97204 Portland, OR 97216-2315 
(360) 619-6945 - fax (503) 464-8027 (503) 251-5283 
mjkreipe@bpa.gov (503) 464-8178 - fax (503) 251-5228 - fax 

george.hutcherson@ don.johnson@ 
pgn.com pacificorp.com 
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71. South of Allston 
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71. South of Allston 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capabilitv: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Southwestern Washington/Northwestern Oregon 

Sum of the flows on the following lines: 
Line Metered End 

Allston-Keeler 500 kV Allston 
Allston-Rainier 115 kV Allston 
Astoria Tap-Seaside 115 kV Astoria Tap 
Merwin-View 115 kV Merwin 
Trojan-Rivergate 230 kV Trojan 
Trojan-St Marys 230 kV Trojan 
Woodland Tap-Ross 230 kV Woodland Tap 

Path limit yet to be determined. 

Accepted Rating D 
Existing Rating D 

Other IZJ 

RAS armed over a range of 1030-1620 MW loading on the Allston-Keeler 
500 kV line, depending on system conditions (all lines in service). 
Maximum Allston - Keeler 500 kV line loading 1620 MW, based on OTC 
studies. 

Allston-Keeler 500 kV line 

Heavy summer loadings 
Canada - NW - high north to south flow 
California - Oregon Intertie - high north to south flow 
Pacific DC Intertie - high north to south flow 
Upper Columbia generation high 
Lower Columbia generation low 
1-5 Corridor generation high 
BPA, PGE, PAC and WECC 

Generation dropping on available I-5 corridor thermal generation (Chehatis, 
Big Hanaford and Fredrickson) 

Generation ramping on Lewis River (Swift and Yale) 

Generation dropping in B.C. Hydro 

Generation dropping on Upper Columbia (Coulee and Chief Joseph) 

BPA Dispatcher Standing Order No. 309 dated 6-6-03 

Yet to be determined. 

None 
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Contact Person: Mike J. Kreipe (TOP-PPOC2-2) 
Bonneville Power Administration 
8100 NE Parkway Drive #50 
Vancouver, WA 98662-1409 
(360) 619-6686 

PART VI 

(360) 619-3945 -fax 
mjkreipe@bpa.gov 

George Hutcherson 
Portland General Electric 
121 S. W. Salmon Street, 3WTC0506 
Portland, OR 97204 
(503)464-8027 
(503) 464-8178 - fax 
george.hutcherson@pgn.com 

Don Johnson 
PacifiCorp 
9951 S.E. Ankeny Street, 2nd Floor 
Portland, OR 97216-2315 
(503) 251-5283 
(503) 251-5228-fax 
don.johnson@pacificorp.com 

Revised February 2005 
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73. North of John Day 
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73. North of John Day 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Southern Washington/Northern Oregon 

Sum of the flows on the following lines: 
Line Metered End 

Raver-Paul 500 kV Raver 
Hanford-Ostrander 500 kV Hanford 
Hanford-John Day 500 kV Hanford 
Ashe-Marion 500 kV Ashe 
Ashe-Slatt 500 kV Ashe 
Lower Monumental-McNary 500 kV McNary 

8400 MW established in OTC studies 

Accepted Rating D 
Existing Rating D 

Other IZJ 

Two Palo Verde unit loss/Coulee-Hanford,500 kV line/PDCI Bipole . 

OTC studies done 2002 

Light winter, heavy spring and summer loadings 
California-Oregon Intertie (north to south) - 4800 
Pacific DC Intertie (north to south) - 3100 MW 
Coulee generation - 5600 MW - 7000 MW 
Lower Columbia generation low (spring and summer fish flush levels) .,. 

All applicable BPA and WECC criteria. 

Third AC RAS - Gen Drop at Chief Jo, Coulee, John Day, McNary/Chief Jo 
Brake. RAS Reactive Switching in the Northwest. F ACRI - Fort Rock series 
capacitors and Malin MSC. 

Accepted COi vs NJD seasonal operating nomograms developed by NOPSG 
for winter, spring, and summer. Refer to NOPSG reports for 
COl+Alturas/PDCI vs NJD nomograms. 

COI/PDCI 

Mike Kreipe (TOP-PPOC2-2) 
Bonneville Power Administration 
8100 NE Parkway Dr. #50 
Vancouver, WA 98662-1409 
(3 60) 619-6686 
(360) 619-6945 - fax 
mjkreipe@bpa.gov 
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Midpoint - Summer Lake 
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75. Midpoint - Summer Lake 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

PART VI 

Southwest Idaho and eastern Oregon 

Accepted Rating D 
Existing Rating D 

Other~ 

Midpoint-Summer Lake 500 kV metered at the Midpoint 500 kV. 
Note: The path is also within the Idaho-Northwest Path. 

East to West: 1500 MW 
West to East: 400 MW 

East to West: Transient voltage dip at LaGrande, and post-transient voltage 
at LaGrande and Hines following the loss of the Midpoint-Summer Lake 
500 kV line. 

West to East: The thermal overload of the Lolo-Oxbow 230 kV line is the 
limiting condition for an outage of the Midpoint-Summer Lake 500 kV line. 
Under heavy Brownlee to Boise Bench 230 kV line flow, post transient 
reactive margin at Boise Bench may be more constraining for the loss of the 
Midpoint-Summer Lake 500 kV line. 

The east to west rating is limited by thermal ratings of Midpoint 345/500 kV 
transformer and series capacitor in the line. It was established along with the 
2400 MW east to west rating of Idaho to Northwest path in August, 1989 with 
the publication ofldaho Power Company to Pacific Northwest Intertie 
Capacity Study. The WECC Notification Procedures for Changes in Facility 
Rating and/or Operating Procedures was followed. 

The east to west rating was conducted jointly by: 
Bonneville Power Administration (BP A) 
Idaho Power Company (IPC) 
PacifiCorp (PAC) 
Avista Corp. (AVA) 

The west to east rating is based on the 1998-2002 OTC (formerly OCSG) 
Spring Operating Studies. 

The east to west transfer rating was studied with light load conditions in 
Idaho with heavy eastern thermal resources, and moderate generation on the 
remaining hydro plants in Idaho. Studies were performed with both north to 
south and south to north on the PACI and near maximum transfers on parallel 
paths; i.e., transfers to Northwest and Arizona to California. 

The west to east transfer rating was studied with high hydro conditions in the 
Northwest with low to moderate eastern thermal resources. In addition, the 
west to east rating may not be fully utilized simultaneous with heavy Hells 
Canyon Complex generation because of steady state thermal overloads and/or 
post disturbance voltage change in Idaho Power's internal transmission 
system. 

WECC Reliability Criteria for Transmission System Planning. 
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Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 

Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Revised February 2005 

Remedial action schemes are required to achieve the 2400 MW east to west 
transfer capability on the Idaho-Northwest path under which this path is 
operated. An outage of the Midpoint-Summer Lake 500 kV line requires Jim 
Bridger unit(s) tripping. Bridger tripping is only needed for the Midpoint
Summer Lake 500kV outage for East-West transfers. 

No RAS is required for West-East transfers. 

Under certain generation and load conditions, 2400 MW Idaho to Northwest 
transfers, simultaneous with heavy Northwest to California transfers, may 
cause overloading of the Midpoint-Summer Lake line. During these 
conditions, one-half of the Burns series capacitors can be bypassed to reduce 
Midpoint-Summer Lake loading but it results in reduced Bridger West 
capacity. 

The transfer capability of the path is allocated among the interconnections as 
follows: 

• 1500 MW East to West 
1187 MW PacifiCorp - IPC Interconnection 

• 400 MW West to East 
PacifiCorp 

Path 75 has an interaction with the Idaho-NW path (Path #14), as the 
Midpoint-Summer Lake line is part of Path 14. Path 75 also has an 
interaction with COi, as illustrated by the COi Nomogram which is 
dependent upon flows on the Midpoint-Summer Lake 500 kV line. 

Contact Person: Don Johnson 
PacifiCorp 
9951 S.E. Ankeny Street, 2nd Floor 
Portland, OR 97216-2315 
(503) 251-5283 
(503) 251-5228 - fax 
don.johnson@pacificorp.com 
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76. Alturas Project 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating· 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

PART VI 

Line between northeastern California and western Nevada 

Accepted Rating lZ] 
Existing Rating D 

OtherO 

Hilltop (near existing Warner Substation) 230/345 kV-Bordertown 345 kV 
and Bordertown-N. Valley Road 345 kV. Point of interconnection between 
Bonneville Power Authority (BPA) and Sierra Pacific Power Company 
(Sierra) is the Hilltop 230 kV. 

North to South: 300 MW 
South to North: 300 MW 

North to South: Post-disturbance voltage deviation on the Malin-Hill top 
230kV system and/or the Warner-Chiloquin 1 l 5kV system for a midpoint-
Humboldt 345kV outage or an outage of the Malin-Hill Top 230kV line. 
South to North: Post-disturbance line flows in the Reno 120kV system 
following a Tracy-Valley Road 345kV outage. 

The February 1995 Alturas Project Phase II rating report established the 
ratings for this project. PCC formally approved these ratings in July of 1995. 
A Phase II review group was formed in August of 1997 to amend the report's 
North to South rating due to events that demonstrated limits in transfers in 
from the Pacific Northwest. This amendment was accepted and approved by 
PCC in June 1998. 

North to South: The 300 MW rating was determined with heavy Northwest 
exports to California and heavy loads in the southern Oregon and Sierra areas. 
South to North: The 300 MW rating was determined with simultaneous 
heavy transfers consistent with high Pacific Northwest imports for winter 
loads. 

WECC Reliability Criteria for Transmission System Planning 

Direct transfer tripping of the Hilltop-Bordertown 345kV line for loss of the 
Malin-Hilltop 230kV under certain transfer conditions. 

None 

Sierra 100% 

An operating nomogram was developed in the amendment for the Phase II 
Report that shows safe areas of simultaneous operation between this path and 
COL The loads in the Alturas-Chiloquin 115 kV loop affect the north to 
south capability of this intertie. 
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Contact Person: Joe Tarantino 

PART VI 

Sierra Pacific Power Company 
P. 0. Box 10100 
Reno, NV 89520-0026 
(775) 834-3348 
(775) 834-3047 - fax 
jtarantino@sppc.com 

Revised February 2002 
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77. Crystal - Allen 
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77. Crystal - Allen 

Location: 
Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Contact Person: 

PART VI 

Southern Nevada 

Accepted Rating IZJ 
Existing Rating D 

OtherD 

Sum of the flows on the two 500/230 kV transformer banks at Crystal 
switching station, metered at the 500 kV bus. 

Crystal to Harry Allen: 950MW 
Harry Allen to Crystal: Not defined 

Under conditions of maximum transfers from Harry Allen into the Las Vegas 
Valley (i.e., all resources feeding into the Harry Allen substation at rated 
capacity - Reid Gardner 1-4, H. Allen 3, Red Butte-Harry Allen 345 kV and 
Crystal at 950 MW) the Pecos 230/138 kV autotransformers will be loaded to 
a level where loss of the #3 or #4 bank will load the # 1 bank to its emergency 
rating (275.1 MV A). 
The Crystal Transmission Project Phase 2 Review Group Report published in 
February 1999 established the rating for the project. PCC formally approved 
this rating in April 1999. 

The Crystal-Allen 950 MW rating has been evaluated under peak summer 
load conditions under maximum southern Nevada imports, and under heavy 
autumn conditions with maximum EOR or WOR path flows. 

WECC and Nevada Power Company Reliability Criteria for System Design 

None 

Operating and Clearance Procedures, Nevada Power Company - Crystal 
Substation 500/230 kV, dated December 7, 1998. 

The transfer capability is wholly owned by Nevada Power Company. 

The Crystal progress report identified an interaction between the EOR and 
WOR transfer paths. There is also an interaction with the Red Butte-H. Allen 
345 kV line (TOT2C path) due to the Crystal and H. Allen phase shifter 
interrelationship. 

Hamilton A very 
Nevada Power Company MS#57 
'6226 West Sahara Avenue 
Las Vegas, Nevada 89151 
(702) 862-7174- office 
(702) 862-7113 - fax 
HA very@nevp.com 
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78. TOT 2B1 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Southern Utah to N. Arizona/W. New Mexico 

Accepted Rating D 
Existing Rating IZJ 

Other D 

Pinto-Four Corners 345 kV Line. This line, combined with the Sigurd-Glen 
Canyon 230 Line, make up the TOT 2B Path. Formerly reported as the 
combined TOT 2B Path. 

North to South (so. end): 560 MW (up to 600 MW with PST bypassed, 
low Pinto load 

South to North (so. end): 600MW 

Non-simultaneous: Pre-disturbance voltage at Pinto 345 bus, normal thermal 
limit of the Pinto phase-shifting transformers. 

Simultaneous: Huntington-Pinto-Four Corners 345 line outage, Sigurd~Red • 
Butte-Harry Allen 345 line outage. 1 

Ratings established prior to January 1994. Two 32 MV AR capacitor biriks 
added at Pinto 138 bus in 1999 to compensate for Pinto area load growth. 

Non-simultaneous capability is a function of Pinto load and/or Pinto phase 
shifter thermal rating. Moderate flow levels on parallel lines. 

WECC Reliability Criteria for System Design 
PacifiCorp Internal Reliability Criteria 
North to South: Trip Huntington generation for loss of the Huntington-Pinto-
Four Corners line when parallel lines are heavily loaded. 

TOT 2B/2C Nomogram (see attachment) 

TOT 2 OTC limits. 

PacifiCorp 

TOT 2A, TOT 2B2, TOT 2C, IPPDC, PDCI, COI 

Gil Coulam 
PacifiCorp 
1407 W. North Temple - Suite 210 
Salt Lake City, UT 84140 
(801) 220-2954 
(801) 220-2842 - fax 
gilbert.coulam@pacificorp.com 
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RED BUTTE LOAD = 90 MW, G.CANYON FLOW = 250 MW 

~no_ 

100 

ft -
100 200 300 400 500 600 

PINTO-FOUR CORNERS* 

TOT 2B: . Pinto-Four Corners* 345 
Sigurd-GCanyon* 230 

Note: This is a representative nomogram. 
Red Butte load varies from 60 to 210 MW, 
affecting TOT 2C capability. TOT 2C: Red Butte-Harry Allen* 345 

*metered end 
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79. TOT 2B2 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Southern Utah to N. Arizona 

Accepted Rating D 
Existing Rating [ZI 

Other □ 

Sigurd-Glen Canyon 230 kV Line. This line, combined with the Pinto-Four 
Corners 345 kV Line, make up the TOT 2B Path. Formerly reported as the 
combined TOT 2B Path. 

North to South (so. end): 265MW 
South to North (so. end): 300MW 

Non-simultaneous: Normal thermal limit of Sigurd phase-shifting 
transformer. 

Simultaneous: Huntington-Pinto-Four Corners 345 line outage, Sigurd-Red 
Butte-Harry Allen 345 line outage. 

Ratings were established prior to January 1994. 

Parallel lines are at moderate levels. This line is limited to 250 MW when 
parallel lines are heavy. 

WECC Reliability Criteria for System Design 
PacifiCorp Internal Reliability Criteria 
None 

TOT 2B/2C Nomogram (see attachment) 

TOT2 OTC limits. 

PacifiCorp 

TOT 2A, TOT 2B 1, TOT 2C, IPPDC, PDCI, COI 

Gil Coulam 
PacifiCorp 
1407 W. North Temple - Suite 210 
Salt Lake City, UT 84140 
(801) 220-2954 
(801) 220-2842 - fax 
gilbert.coulam@pacificorp.com 
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TOT 2B/2C N TO S NOMOGRAM 
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PINTO: 64 MVAR CAPS, LOAD= 55 MW 
RED BUTTE LOAD = 90 MW, G.CANYON FLOW= 250 MW 
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TOT 2B: Pinto-Four Corners* 345 
Sigurd-GCanyon* 230 

Note: This is a representative nomogram. 
Red Butte load varies from 60 to 210 MW, 
affecting TOT 2C capability. TOT 2C: Red Butte-Harry Allen* 345 
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80. Montana Southeast 
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Added February 2005 

80. Montana Southeast 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 

Contact Person: 

PART VI 

Southeast Montana 

1. Billings-Yellowtail 230kV 
2. Rimrock-Yellowtail 161 kV 
3. Hardin-Crossover 230kV 
4. Huntley-Crossover 230kV 

Note: The metered end is underscored. 

Accepted Rating D 
Existing Rating D 

Other~-

The path has a rating of 600 MW for both imports and exports from the 
Montana Control area. The OTC for imports may be much lower depending 
on Yellowtail generation, Miles City DC tie flow, and loads in Northern 
Wyoming. The OTC nomogram is published through NOPSG. 

The critical disturbance for imports is a three-phase fault at the Broadview 
500 kV bus followed by the loss of both Broadview-Garrison 500 kV lines. 

This path rating is based primarily on OTC study work that has been 
performed since 1999 through the NOPSG committee. 

This path has been studied for all seasons and load conditions. The most 
important parameters that govern the OTC are Y ellowtail generation, Miles 
City DC tie_ flow, and loads in Northern Wyoming. There is an operational 
nomogram for imports. 

WECC performance criteria are met when the path is operated below the 
OTC nomogram. The principal criterion that governs the OTC for import is 
the transient voltage dip criterion. 
The A TR is in service at all times. This RAS protects for the critical 
contingency. 

NWE (NWMT) operators monitor the MTSE path to assure that it is operated 
below the OTC nomogram on a real-time basis. 

The flow on this path may be constrained by reaching limits on other paths 
first. Examples of such paths are South of Y ellowtail and West of 
Broadview. 

Charles A. Stigers 
Northwestern Energy 
40 East Broadway 
Butte, MT 59701 
(406) 497-4538 
(406) 497-3393 - fax 
chuck.stigers@northwestern.com 
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Revised February 2005 

111-1 Borah West 
(Path 17 250 MW Uprate) 

Location: 
Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits 
the transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 
Remedial 
Actions 
Required: 

Formal 
Operating 
Procedure: 
Allocation: 

PART VI 

Accepted Rating [:gj 
Existing Rating D 

Other □ 

Southeast Idaho 
Sum of the flows on the following lines: 
Line Metered End 
Kinport-Midpoint 345 kV Kinport 
Borah-Adelaide-Midpoint #1 345 kV Borah 
Borah-Adelaide-Midpoint #2 345 kV Borah 
Am Falls-Pleasant Valley-Adelaide 138 kV American Falls 
AmFalls-Raft River-Minidoka 138 kV American Falls 
East to West: 2557 MW 
West to East: Not defined 
The transfer capacity listed above is the accepted rating following the 
completion of the Borah West 250 MW uprate project. 
The double line loss of the Kinport-Midpoint 345 kV line and one of the 
Borah-Adelaide-Midpoint 345 kV lines. 

The 2557 MW Borah West rating was established in the Phase II 
comprehensive progress report, which was issued September 10, 2002. The 
Borah West Uprate project was granted Phase III status on March 24, 2003. 
The Borah West transfer rating was determined with simultaneous heavy 
transfers on series path (Path C south to north, and Bridger West) consistent 
with the transfer of eastern thermal resources to the west. 
WECC Reliability Criteria for Transmission System Planning 
The loss of two of the 345 kV lines simultaneously or one line initially out-
of-service and loss of another line will initiate a trip of one Jim Bridger unit 
if the flow from the east on the three 345 kV lines into Midpoint exceeds 
1050 MW. For the special contingency of the loss of the Kinport-Midpoint 
345 kV line with one of the Borah-Adelaide-Midpoint 345 kV lines under 
high flow conditions, a trip of two Jim Bridger units may be required. 
For PDCI south to north operation, a nomogram exists for flows on the 
PDCI, COi, Borah West and available load dropping in the Northwest. 
California ISO T-122 (West of Borah versus Path 15 nomogram). 
Idaho Power Company (IPC) owns the Borah West transfer path and 
capacity. IPC has long-term agreements to provide transmission services on 
this path to PacifiCorp for up to 1600 MW and has received requests for 250 
MW of additional firm transmission service. 

Item 1-206 
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Added February 2004 

' Interaction There is a known interaction for south to north transfers on PDCI and COi 
w/Other and Borah West. Also, there is a known interaction for high south to north 
Transfer Paths: transfer on Path 15 and Path 26 (under outage conditions) and high east-to-

west transfers on Borah West that requires operation based on a nomogram. 
A potential interaction under maximum simultaneous imports into the 
northwest with high north-to-south transfers on Canada-Northwest and high 
east-to-west transfers on Borah West is being studied. 

Contact Person: Mark D. Hanson 
Idaho Power Company 
P. 0. Box 70 
Boise, ID 83707 
(208) 288-2253 
(208) 388-6647 - fax 
mhanson(a),idahopower .com 

) 
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111-2 Centennial 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Southern Nevada 

Accepted Rating [gj 
Existing Rating D 

Other D 

Sum of the flows on the three 500 kV system lines interconnected at Harry 
Allen 500 kV substation. 

3000MW 

The Northwest 500/230 kV autotransformer and/or Crystal 500 kV phase 
shifters reach their emergency limit during loss of Harry Allen-Mead 500 kV 
line. 

The path was defined with The Centennial Plan: Western Arizona 
Transmission Studies Task Force Report, which was approved by WATS in 
April 2004. PCC approved study work in April 2004 and was given a Phase 
3 path rating in May 2004. 

The path rating was evaluated during peak summer loading conditions and 
light winter loading conditions. In addition, it was also evaluated under 
heavy autumn conditions with maximum EOR flows, SCIT imports, and 
southern Navajo flows. For rating acceptance, 3000 MW of generation was 
modeled at Harry Allen. 

WECC and Nevada Power Company Reliability Criteria for System Design 

None 

They are under development. 

Nevada Power Company: 100%. 

The Centennial progress report identifies an interaction with the EOR and 
southern Navajo transfer paths. 

Rahn Sorensen 
Nevada Power Company, MS # 26 
6226 West Sahara Avenue 
P.O. Box 98910 
Las Vegas, NV 89151-0001 
(702) 367-5447 
(702) 227-2250 - fax 
rsorensen@nevp.com 
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Revised February 2002 

11-1 Southwest lntertie Project (SWIP) 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

PART VI 

Accepted Rating D 
Existing Rating D 

Other IZJ 

Between southern Idaho and southern Nevada (Las Vegas area) 

Midpoint-Robinson Summit-Crystal 500 kV 

North to South: 1200 MW 
South to North: 1200 MW 

1200 MW North to South: Transient voltage dips in northern California and 
post-transient voltage dips at Red Butte 345 kV and in northern California are 
the limiting conditions for outages of the Midpoint-Robinson Summit-Crystal 
500 kV line. 
1200 MW South to North: The south to north transfer capability is limited by 
flowability due to line loadings on the parallel path of Midway-Vincent/South 
of Los Banos. Transient and post-transient results at 1200 MW transfer 
capability were non-limiting. 

The 1200 MW north to south rating was established in July, 1990 with the 
publication of the Southwest Intertie Project (SWIP) comprehensive progress 
report. The July, 1992 SWIP comprehensive progress report established the 
1200 MW south to north rating. 

North to South: The 1200 MW north to south rating was determined with 
simultaneous heavy transfers on significant parallel paths consistent with 
heavy transfers of hydro resources in the spring from the Pacific Northwest to 
the Southwest. The transfer studies were performed with simultaneous flows 
on PACI/COTP at 4880 MW, PDCI at 3100 MW, Midway-Vincent at 
2000 MW, and TOT2 at 625 MW (Red Butte-Harry Allen 345 kV line flow at 
250 MW). The east side phase shifters were operated to hold path schedule. 
South to North: The 1200 MW south to north rating was determined with 
simultaneous heavy transfers on significant parallel paths consistent with high 
Pacific Northwest imports for peak winter loads. The transfer studies were 
performed with simultaneous flows on PACI/COTP at-3682 MW, PDCI at-
2000 MW, Midway-Vincent at -1000 MW, South of Los Banos at 
-2690 MW, and TOT2 at -300 MW. The east side phase shifters were 
operated to hold path schedule. 

WECC Reliability Criteria for Transmission System Planning 

None 

None 

To be determined. 
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\ 
,I Interaction 

w/Other 
Transfer Paths: 
Contact Person: Mark D. Hanson 

Idaho Power Company 
P. 0. Box 70 
Boise ID 83707 
(208) 388-2253 
(208) 388-6647 - fax 
mhanson@idahopower.com 
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Reinserted February 2001 

11-2 Navajo Transmission Project 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 
When: 

System 
Conditions: 

Study Criteria: 

Remedial 
Actions 
Required: 
Formal 
Operating 
Procedure: 
Allocation: 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: 

PART VI 

Accepted Rating D 
Existing Rating D 

Other~ 

Line between the Four Comers area of New Mexico and southern Nevada 

Shiprock-Moenkopi-Marketplace 500 kV 

Shiprock-Moenkopi: 1189 MW 
Moenkopi-Marketplace: 1339MW 

Continuous rating of the Palo Verde-Devers 500 kV line and the emergency 
loading on the Palo Verde-N. Gila 500 kV line following an outage of the 
Palo Verde-Devers 500 kV line. 

The planned rating was established in August, 1993 with the completion of 
the WECC Annual Progress Report for the Navajo Transmission Project. The 
Phase 2 Ad-Hoc Review Group has been formed and Phase 2 studies are 
being actively developed. 

A 1997 heavy summer benchmark case established simultaneous maximums 
for the FCWest and EOR to be 2419 MW and 7104 MW respectively. With 
NTP added and schedules increased, the resulting path flows were 3608 MW 
for FCWest and 8443 MW for EOR. 

WECC Reliability Criteria For Transmission System Planning. 

None 

None 

Navajo Tribal Utility Authority and Western Area Power Administration are 
cosponsors. 

Steven Begay, General Manager 
Dine Power Authority 
P. 0. Box 3239 
Window Rock, AZ 86515 
(928) 871-2133 
(928) 871-4046 - fax 
dpasteve@citlink.net 
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Revised February 2004 

11-3 Midpoint - Summer Lake 
{Path 75 Re-rate) 

Location: 

Definition: 

Transfer Limit: 

Critical 
Disturbance 
that limits the 
transfer 
capability: 

When: 

System 
Conditions: 

Study Criteria: 

PART VI 

Southwest Idaho and eastern Oregon 

Accepted Rating D 
Existing Rating D 

Other [gJ 

Midpoint-Summer Lake 500 kV metered at the Midpoint 500 kV. 
Note: The path is also within the Idaho-Northwest Path. 

East to West:1500 MW 
West to East: 600 MW 

Studies are currently underway and have achieved Phase II status, to raise the 
W-E non-simultaneous rating to 600 MW. 

East to West: Transient voltage dip at LaGrande, and post-transient voltage 
at LaGrande and Hines following the loss of the Midpoint-Summer Lake 
500 kV line. 
West to East: The thermal overload of the Lolo-Oxbow 230 kV line is the 
limiting condition for an outage of the Midpoint-Summer Lake 500 kV line. 
Under heavy Brownlee to Boise Bench 230 kV line flow, post transient 
reactive margin at Boise Bench may be more constraining for the loss of the 
Midpoint-Summer Lake 500 kV line. 

The east to west rating is limited by thermal ratings of Midpoint 345/500 kV 
transformer and series capacitor in the line. It was established along with the 
2400 MW east to west rating ofldaho to Northwest path in August, 1989 with 
the publication ofldaho Power Company to Pacific Northwest Intertie 
Capacity Study. The WECC Notification Procedures for Changes in Facility 
Rating and/or Operating Procedures was followed. 

The east to west rating was conducted jointly by: 
Bonneville Power Administration (BPA) 
Idaho Power Company (IPC) 
PacifiCorp (PAC) 
Avista Corp. (A VA) 

The west to east rating is based on the 1998 OCSG Spring Operating Study. 

The east to west transfer rating was studied with light load conditions in 
Idaho with heavy eastern thermal resources, and moderate generation on the 
remaining hydro plants in Idaho. Studies were performed with both north to 
south and south to north on the PACI and near maximum transfers on parallel 
paths; i.e., transfers to Northwest and Arizona to California. 

The west to east transfer rating was studied with high hydro conditions in the 
Northwest with low to moderate eastern thermal resources. In addition, the 
west to east rating may not be fully utilized simultaneous with heavy Hells 
Canyon Complex generation because of steady state thermal overloads and/or 
post disturbance voltage change in Idaho Power's internal transmission 
system. 

WECC Reliability Criteria for Transmission System Planning 
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Revised February 2004 

Remedial Remedial action schemes are required to achieve the 2400 MW east to west 
Actions transfer capability on the Idaho-Northwest path under which this path is 
Required: operated. An outage of the Midpoint-Summer Lake 500 kV line requires Jim 

Bridger unit(s) tripping. 

No Bridger unit tripping is required for West-East transfers. 

Formal Under certain generation and load conditions, 2400 MW Idaho to Northwest 
Operating transfers, simultaneous with heavy Northwest to California transfers, may 
Procedure: cause overloading of the Midpoint-Summer Lake line. During these 

conditions, one-half of the Bums series capacitors can be bypassed to reduce 
Midpoint-Summer Lake loading but it results in reduced Bridger West 
capacity. 

Allocation: The transfer capability of the path is allocated among the interconnections as 
follows: 

• 1500 MW East to West 
1187MW PacifiCorp - IPC Interconnection 

• 600 MW West to East 
PacifiCorp 

Interaction 
w/Other 
Transfer Paths: 
Contact Person: Don Johnson 

PacifiCorp ) 
9951 S.E. Ankeny Street, 2nd Floor 
Portland, OR 97216-2315 
(503) 251-5283 

(503) 251-5228 - fax 
don.johnson@pacificorp.com 

G:\DEPT\SEC\PCC\TSS\PA THRA T\2005\Path2005doc 
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Portland General Electric 
One World Trade Center 
121 SW Salmon S1reer 
Porrland OR 97204 

FAX COVER SHEET 

Date: June 30, 2005 

To: Annette van Jouanne 

At: osu 

Receiver's Phone No.: (541) 737-0831 I Receiver's Fax No.: (541) 737-1300 

From: Jim Eden 

Sender's Phone No.: (503) 464-7031 I Sender's Fax No.: (503) 464-2605 

Number of Pages (including cover sheet): 3 

Remarks: 

Attached are two drawings (from the GE program) that may be useful. They generally 
convey my style/conventions. They may also be useful as a guide for the study areas. 
They are from a different base case, an older WECC 2008 HS case. The topology may 
be slightly different, due to change in future plans, as well as, I may have added facilities 
that are under study. Understand that the GE program, at the time these were made, had 
less than stellar drawing capability, and each page was a separate document file. You 
can tell that sometimes things had to get squeezed in. I don't know enough about the 
PowerWorld mapping capabilities to be explicit in how to show things, so I'll leave that 
to your creativity. The first plot shows the Portland area with the detail I'm looking for. 
The South of Allston (SoA) path is not fully included in this map and I would like to see it. 
I thfnk you have the ability to mark the path like what is done on page 181 from the Path 
Catalog, and put a total path flow on the marking. I would like to see that done for the 
West of Cascades-South (12· 1~, the North of John Da~ {Q. 1851 tbis ma~ be trfck~, t~~-
V:J.est of Slatt (W.Qfil ... §L!9Jhe West of McNaet (WoM). I'll get the. line listings for those. 
I would like the following paths totaled and placed on the drawing in a suitable location: 
The BCHw (~. 8)1 the COi {e-174l, the POCI (p. 170), and the ldaNW (p. 33L like I have 
done on the Portland drawing. The other draw1ngwas··use~a-f5f"ffansniission analysis 
for wind projects that happens to be in our Southern Crossing study. It shows some of 
the same facilities that you will also be mapping, and the challenge to get all the hydo 
machines shown. Now you know why I don't detafl generator step-ups. 

Jim 

THIS TRANSMISSION CONTAINS CONFIDENTIAL INFORMATION INTENDED ONLY FOR THE PERSON~S) 
NAMED ABOVE, AND ANY OTHER PERSONS AUTHORIZED TO RECEIVE SUCH INFORMATION UNDE 
THE PROVISIONS OF THE TRANSMISSION CONFIDENTIALITY AND NON-DISCLOSURE AGREEMENT 
BETWEEN PGE AND THE STATE OF OREGON ON BEHALF OF OSU. ANY OTHER DISTRIBUTION OR 
DISCLOSURE IS STRICTLY PROHIBITED. 
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\TE= 06-27-2001 
NOM LENGTH 

LINE DESCRIPTION KV MILES CONDUCTOR 

MARYS-TROJAN 230.00 

ST MARYS-SPRINGVILLE JCT .3.78 1272 AAC 61 
SPRING JCT-SKYLINE ,2.86 1590 AAC 61 
SKYLINE-TWR 1/3 (HAR) · 1.35 1780 ACSR 84/19 

SUBTOTAL 7.99 

TWR 1/3 - CORNER (37 /1) 32.65 1590 AAC 61 
TWR-37/1 TROJ HTS 0.10 178 0 ACSR 84/19 
TROJ HTS- TROJAN , 0.52 1780 ACSR 84/19 

SUBTOTAL 33.27 

PORTLAND GENERAL ELECTRIC CO. TRAN81•, .. SSION LINE DATA 
EQUIV POS SEQ OHMS ZERO SEQ OHMS ZERO SEQ P.U. AT 100 MVA 

CONF SP FT Rl Xl Zl ANG B RO XO ZO 
POS SEQ P.U. 
RlP XlP ROP XOP BP 

D2 

H3 

22.89 
23.49 
26.48 

0.319 
0.197 
0.082 
0.598 

2.892 
2.159 
1.016 
6.067 

21. 073 
16.172 

7.580 
6.097 84.368 44.825 

r 

1.400 9.501 
1. 015 7 .132 
0.468 3.305 

,....-----;o~.~~~~o~G~o~l~o~.~0~~~54~7::--f~o~.~00~2~6~5__,,,o~.~o~177~96:-t~o~.o~~~1~1~5-// 
0.00037 0.00408 0.00192 0.01348 0.00856 /z._ 
o.~0016 0.00192 0.00009 0.00625 0.00401 

2.883 19.938 20.145 0.00113 0.01147 0.00545 0.03769 0.02371 

23.49 2.253 24.645 184.625 11.591 81.421 0.00426 0.04659 0.02191 0.15391 0.09767 
25.49 0.006 0.075 0.565 0.035 0.246 0.00001 0.00014 0.00007 0.00046 0.00030 
34.02 0.032 0.407 2.803 0.180 1.241 0.00006 0.00077 0.00034 0.00235 0.00148 

2.291 25.127 25.231 84.791 187.993 11.806 82.908 83.744 0.00433 0.04750 0.02232 0.15673 0.09945 

-------------------------.---------------------------------------------------------------------------------------------------------------\ ------ -----------------\ ·--------
TOTAL 41.26 2.889 31.194 31.328 84.709 232.818 14.689 102.846 103.890 0.00546 0.05897 0.02777 0.19442 0.12316 

OJAN SW. STA.-TROJAN PL 230.00 

TROJAN SW. STA.-TROJAN PL 0.16 2-1780 ACSR 

TOTAL 0.16 

ST MA-(l.t~ ~ Tf.O.JA-N ~ I 

5,1,1 

S7 -1.00 0.005 0.087 

0.005 0.087 

11. 2,.6 lfAI I 

f'_:::.. . vo:>3o 

X::: o.0576, 

B· :=.. (). 12K 

2.600 0.051 0.361 

0.087 86.844 2.600 0.051 0.361 

,?e/1 Wt\ 

0. ooo 12..BS 

o'. oo, 3Gf(-

a , oo 30"-) 2.. 

0.00001 0.00016 0.00010 0.00068 0.00138 

0.365 0.00001 0.00016 0.00010 0.00068 0. 00138 

IL ><- E 

0 ,0000045 0 . oo,2.73 V. 015BS-

D .oo'1G, 3-Z... o, 05"o33 o .109~~ 

0 ,0001'65 O. 0075 I 

--------------

V .05t'lb 0. 10773 





DATE= 09-03-199, 

LINE DESCRIPTION 

KEELER BPA-RIVERGATE 
- BPA LINE 

NOM LENGTH 
KV MILES 

230.00 

PORTLAND GENERAL ELECTRIC CO. 
EQUIV POS SEQ OHMS 

CONDUCTOR CONF SP FT R1 X1 21 

MISSION LINE DATA 
ZERO SEQ OHMS 

ANG B RO XO 20 
POS SEQ P.U. 
R1P X1P 

(Z._ 

ZERO SE~ ~.u. AT 100 MVA 
ROP XOP BP 

E 
KEELER BPA-TWR 2/3 
TWR 2/3-TWR 1/5 

@3. 1272 ACS(3_~ , Jf 
1~01---SS-oA~sR-PAl<. a. S9 
0. 74 f272 ACSR '54/19 J2* 
8.38 

3!+-.02 
.-1.00 
27.68 

i.~ ... 
0.564 5.304 35.018 

0.412 10.416 
o.~~ 2.460 15.939 ~0.00107 0.00465 o.o3Ql~ o.o1852J 

0.383 0.00551 0.094 2.061 0.00018 0.00078 p.00072 0.00390 
TWR 1/5-DE TWR (BPA) 0.063 0.573 4.039 0.275 1.816 0.00012 0.00108 -0.00052 0.00343 0.00214 

SUBTOTAL 0. 721 6.289 6.331 83.459 49.473 3.118 19.816 20.060 0.00136 0.01189 0.00589 0.03746 0.02617 

DE TWR (PGE)-RIVERGATE 0.09 1272 AAC 61 J2* 27.68 0.008 0.071 0.486 0.033 0.222 0.00001 0.00013 0.00006 0.00042 0.00026 
SUBTOTAL 0.09 0.008 0.071 0.071 83.896 0.486 0.033 0.222 0.225 0.00001 0.00013 0.00006 0.00042 0.00026 

TOTAL 8.47 0. 729 6.360 6.402 83.464 49.959 3.151 20.038 20.285@013~~02] 0.00596 0.03788~ 

""KE=E=LE=R.:-.:.:BP-'-'A,_-s=T-=-.::.MA=R""'Ys"--_--=2=-30=•c::.=.oo pf(} -1 o 7 j M l 3~ 

KEELER-SPRINGVILLE JCT 
SPRINGVILLE JCT-ST MARYS 

TOTAL 

LINNEMAN PP&L -
-TROUTDATE BPA{PP&L LINE~ 230.00 

LINNEMAN PP&L - CHANGE 1 
CHANGE 1 - TROUTDALE BPA 

2.89 1590 ACSR TWO 
3.78 1590 ACSR TWD 

6.67 

6.33 900 SSAC 54/7 
0.11 1272 ACSR 36/1 

H2 25.20 0.159 2.182 
D2 22.89 0.208 2.809 

0.367 4.991 

PP&L 25.12 0.676 4.968 
PP&L 25.12 0.009 0.085 

5.004, 85.796 

16.316 0.985 7.133 
21.690 1.289 9.418 

38.005 2.274 16.551 

34.284 2.486 15;820 
0.605 0.041 0.274 

16.707 

0.00030 0.00412 0.00186 0.01348 0.00863 
0.00039 0.00531 0~00244 0.01780 0.01147 

0.00069 0.00943 0.00430 0.03129 0.02010 
Jf>fe ... 7/;-1/r.,3, 

0.00128 0.00939 0.00470 0.02991 0.01814 
0.00002 0.00016 0.00008 0.00052 0.00032 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TOTAL 6.44 

c 0.0,2.~2- - ><,) 

:. o.006a1, 

0.685 5.053 5.099 82.276 34.889 

e.:; ~o~-ct_~Gf7 3~ 
( O ,026'-I ). -1?,") -~, 

::. V, o (G133 r 
J 

2.527 16.094 16.291 0.00130 0.00955 0.00478 0.03042 0.01846 

/f)f}e'4. 7/A1/ f J 

5.07 
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Study areas should include all interconnecting: 
500 kV and 230 kV lines and bus connected devices 
500/230 & 230/115 transformers (do not need the 115 kV bus) 
115 kV lines only if significant to study 

Do not need to show generator step-up transformers 
Lines that leave the study area can be indicated with "To (substation name)" 
Map scaling is not critical, e.g., the Portland Metro area may not be 
to scale due to significant system detail that needs to be displayed 
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Portland General Electric 
One World Tra.de Cenrer 
121 SW Salmon Street 
Porrland OR 97204 

FAX COVER SHEET 

Date: July 25, 2005 

' 
To: Alan Wallace -

At: osu 

Receiver's Phone No.: (541) 737-2995 I Receiver's Fax No_: 

From: Jim Eden 

Sender's Phone No.: (503) 464-7031 I Sender's Fax No.: 

Number of Pages (including cover sheet): 3 

Remarks: 

(541) 737-1300 

(503) 464-2605 

Attached are two drawings (from the GE program) that represent Case 0 (the case I 
sent you) and Case 1 (Beaver switched to Trojan and the St Marys/Rivergate lines 
switched to Trojan). 

Comparing my Case 1 with the picture that Joe sent on 7-21-05, which I think are the 
same ca~~l'm puzzled by a number of differences. The cases should be more similar. 
Also, the COi flow i,c::; nff .n" 90 MW. My plot only shows the BC(west)-NW, i.e., just the 
lngledow.:.'ei'fster lines. V~ reactive flows in and around Beaver, Port Westward 
and Trojan seem to be quite different. I'm wondering if we need to double-check~ 
controls are used in the PW solution. 
\ -··- -~- --- - ·--·-

Looking at your figure, I see we still have some items missing. There are three lines • 
~r1from Allston to Longview (you show only one) and you are missing the SVC at Keeler 230. 

There is also a capacitor bank at Keeler 500 and two 230/115 xfmrs. We will want to show 
the 230/115 xfmrs at Longview and Lexington. That's just from looking at the one small 
picture you sent. I do need to look over the full drawing, I'll do that as soon as possible. 

Let's talk today, !_f_we ~a~. _about the solved differences. 

Jim 

THIS TRANSMISSION CONTAINS CONFIDENTIAL INFORMATION INTENDED ONLY FOR THE PERSONWS) 
NAMED ABOVE. AND ANY OTHER PERSONS AUTHORIZED TO RECEIVE SUCH INFORMATION UNDE 
THE PROVISIONS OF THE TRANSMISSION CONFIDENTIALITY AND NON-DISCLOSURE AGREEMENT 
BETWEEN PGE AND THE STATE OF OREGON ON BEHALF OF OSU. ANY OTHER DISTRIBUTION OR 
DISCLOSURE JS STRICTLY PROHIBITED. 
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South of Allston 
Summer 2005 Study Report 

1) Introduction 
, ? 1 This report summarizes the studies conducted by OSU for PGE on the South of 

ll / Allston path. The South of Allston path is typically loaded heavily only during the 
summer season when there is high north-to-south power flow across the Northwest 
system. The generation sources for this pattern include: Upper Columbia 
generation, Mid Columbia generation, BC Hydro generation, generation in the Puget 
Sound area and along the 1-5 Corridor. The following transmission lines define the 
South of Allston path. 

Allston-Keeler 500 kV (BPA) 
Trojan - St. Marys 230 kV (PGE) 
Trojan - Rivergate 230 kV (PGE) 
Lexington-Ross 230 kV (BPA) 
Allston- St. Helens 115 kV (BPA) 
Merwin - St. Johns 115 kV (PACW) 
Astoria- Seaside 115 kV (PACW) 
Lewis & Clark-Astoria Tap 115 kV (PACW) 

Note: The ''from" and "to" substations are listed in the direction of positive flow on 
the South of Allston path. The underlined substation is where the flow is metered. 

o.,e k ttowl'\ 
This path is thermally limited and the worst contingencies-were fottH<i to be the 
following list of facilities. 
N-1: Allston - Keeler 500 kV line 
BFR: 4322, 4324, 4394 Keeler 500 kV (loss of Keeler 500 kV bus) 
BFR: 4280 Pearl 500 kV (loss of Pearl-Keeler and Pearl Bank #2) 
BFR: 4283 Pearl 500 kV (loss of Pearl-Keeler and Pearl-Ostrander 500 kV lines) 
N-2: Pearl - Keeler 500 kV and Pearl - Sherwood 230 kV lines 
N-2: Keeler- St. Marys/ Trojan- St. Marys 230 kV lines 
N-1: Lexington - Longview 230 kV 

The above contingencies typically overload the following elements depending on the 
generation pattern and transfer level. The limiting elements include: Merwin -
View Tap 115 kV line section, Woodland - Ross 230 kV line section, Lexington -
Longview 230 kV line, Keeler - St. Marys 230 kV line, Trojan - St. Marys 230 kV 
line, Keeler - Forest Grove #2 115 kV line, and the Longview 230/115 kV Bank. 

X 
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2) Purpose 
The purpose of these studies are to assess the impacts of PGE's re-termination of 

its Beaver Plant, the relative contribution of PGE's Trojan lines to the SOA transfer 
capacity, the effects of controlling the Trojan line flows by using series reactors and 
phase-shifters, and finally, to assess the_ylative effects of reconductoring several 
critically limiting facilities and the addj,ttion of a third Trojan line. The studies were 
performed using the Heavy Summer 2007 WECC base case, a~t e summer is when 

<;of-. •~ 
the path is most heavily loaded. The North-to-South stress leve are-at-er beyond the 
present simultaneous operating limits as established by BPA for the 2005 operating 
season. 

I I 

flow 

I 

1.-00? I 
MW rating : 

Northern 

lntertie 2757 3100 

COi 3772 4800 

PDCI 3100 3100 

SOA Pa.:fh 3168 2630 

A-K /[n e.. 
l3attT 1821 1670 

Table. I The North-to South stress levels 

3) System Changes and Base Case Stress 
The base case (Case 1) was developed from the Heavy Summer 2007 WECC base case 
(Case 0) by the following re-terminations. 

(a) Open Beaver-Allston 230kV, and reconnect Beaver stations to the system 
through Beaver-PORTW-Trojan 230kV lines. 

(b) Change the internal connections at Trojan Switching Station. Allston 230kV bus 
is connected to the Trojan 230kV bus through Trojan 1 & 2. For the flow control 
studies the Reactors or the Phase Shifting Transformers will be inserted to 
manage the power flow between Allston 230kV and Trojan 230kV buses. 

4) Methodology 
There are totally 18 cases in these studies (Appendix A). All the cases were tested 

by only running four representative outages. These outages were identified by BPA as 
the most critical outages in limiting and setting the SOA transfer capacity. The 
following outages were used for this study. 

N-1: Allston- Keeler 500 kV line (AK) 
(\)- \ N~ Peai-f='Keeler 500 kV ~d 23Q kV lines (KP) 

N-2: Keeler - St. Marys/ Trojan - St. Marys 230 kV lines (KTS) 
N-1: Lexington - Longview 230 kV (LL) 



) 

J 

t ~ ' ~,,{~ sent.!> 0 {_ c«s~~ ~-f> > 

For the"tlow control cases, one series reactor is inserted in e~ Allston-Trojan line 
at Trojan, with-#te-impedance value~of 5, 10, 15, 20,~f5 ohms. For reference, 5 ohms 'f 
is equal to about 10 miles of 230 line, which is also equal the reactance of each 
Allston-Trojan line. Thus a 5 ohms rector will double the line impedance, 10 ohms 

For-t-nt S~l'.0>1c\. S'.(,r1ts. •+-.{!10~ <.or1tr•I <.0,11, one.. + I ' 
will triple, and so on. Next the Rectors a-rn replaced with.Phase .£hift ~ansformers..,•s •~st r 7c IW\ 

"' o.e-k AIIH""-•it-o.1""' 
which are the same type as the one used at Nelway on the Boundary line. Phase shift e , .\--1",c-1>, .... ~ 
angles of 0, 2, 4, 6, 8, and 10 degrees were used (Casrs9-14). The power flows from 
BC Hydro to the Northwest, and from Northwest to LA (PDCI) and PG&E (COI) are 
kept the same levels in all above scenarios. The phase-shifters were to block the 
contingency flows on the Trojan lines. Thus, as the angle is increased, the base flows 
from Trojan to Allston are increased. 

-SmeeJhe Allston-Keeler 500kV line is the worst single line outage in the South of 
Allston Path. For this outage, an additional case was run and is referred to as the 
reduced stress case. The North to South stress level is reduced by decreasing northern 
generation (BC imports and Coulee generation equally) and decreasing southern 
exports (AC & DC Interties equally). This was done to get a measure of how a system 
change affects the SOA transfer capacity. The stress is reduced until the overload 
ratios of Non-PGE facilities in the study area recovered to the original values as 
shown in the no flow control base case. 

-,11.S 
A(\ Additional casej(Case 15~) w@fe run to determine the relative benefits of 

'<' 

reconductoring several limiting facilities in the SOA Path with ACSS equivalent 
conductor. for the§e case/, the system topology and line impedances were unchanged 

l,,.,,-e ,,__ .. 'J 

- .,....WO II.-
and overloads should be greatly reduced or eliminated. Mother cas~(Case 17) was ive" (. 
studied that includes a new third 230kV line south of Trojan. This line was terminated 
at St. Marys. A final case (case 18) was studieJ that included this new third Trojan 
line and a new substation in the Springville area, about 5 miles north of St. Marys. 
Both Trojan-St. Marys lines and the Rivergate-Keeler lines were looped through this 
new station. 
5) Results 

5.1 Case 1: Beaver Re-termination 
South of Allston is operationally monitored by tracking the Allston-Keeler (500KV) 

loading. The RAS levels are armed according to the Allston-Keeler line loading. 
t-P ~ the base case incorporated into this Power World simulator study, the cases 
I . l1rt11ts (S•l-,sJa/1.J,h..t.c..l loy_ 8 A, 

studied are over-scheduled accordmg to aiumal scnedulea--trews as s own below: 

Scheduled Loading 

South of Allston Allston-Keeler 

(SOA) (A-K) 
YEAR [MW] [MW] 

2004 3050 ,2.6a0" l 7 40 

2005 ~ 1v30 1670 

Table.2 Scheduled loading for Year 2004 and 2005 
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For case study 1, Beaver is re-terminated at Port W.eito Trojan through a second..,_. )'I 

Port W Trojan 'JJQ K'l-l:;ine The South of Allston flow comparison for case Oto case 1 • -· - -.-

II Case Comparison: CASE O and CASE 1 for SOA MW Flows 

South of 

Allston Allston-Keeler Merwin-View Trojan-South 

CASE (SOA) (A-K) Tap (PGE Lines) Woodland-Ross Allston-Rainer 

0 3168 1821 127 712 322 

1 3180 1791 124 767 315 

Delta t. 12 -30 -3 55 -7 

Table.3 The South of Allston flow comparison 

The Beaver re-termination at Port W. to Trojan increases South of Allston flow by a 
total of 12 MW. All increased loading from this re-termination of Beaver is placed 
upon the Trojan-South PGE lines which include Trojan-St. Marys and Trojan-

lmc. }lo~ 
Harbortea. The total Allston-Keeler,.feduction is 30 MW. Consequently the critical 
outag~ are'5reduced in magnitude while critical facilities that overload are all 
reduced in the base case loading. 

For the Allston-Keeler 500 KV outage (A-K) all non-PGE overloads are reduced, 
one is eliminated and one is marginal (May be eliminated if SOA reduced to pre-2005 
levels). &,:t-the Keeler-Pearl 500 KV outage (K-P) experiences little change due to 

~ 

the Beaver re-termination with a slight improvement overall. The Keeler-St. Marys 
and Trojan-St. Marys 230 KV outage (KTS) also experiences little change due to the 
re-termination of Beaver, and also has little effect on the limiting Keeler-Forest Grove 
115 KV line. For the Longview-Lexington 230KV outage there is a slight 
improvement on-t~:i_tical facility. (Reference to index case 0 and 1 tables and onelines) 

A 
Based on these results, the Beaver re-termination at Port W. to Trojan, is a positive 

benefit to the South of Allston transfer capacity based upon the review of these most 
critical outages. 

/ tt. 

5.2 Case 2: Allston-Troja "Open" 

CASE 2: South of Allston MW Flow 

CASE CASE 

1 2 

South of Allston [MW] 3180 3206 

Trojan-South [MW] 767 867 t,. 

- 74 

new South of Allston [MW] 2413 2339 MW 

Table.4 Power flow comparison for Trojan-South and New South of Allston Path 

91 

88 

-3 
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over-all non-PGE line loading is reduced slightly. However for the Allston-Keeler ' 1

"' o ,:,e ,µ 6 • 

500 KV outage there are significantly worse overloads. The only exception is BPA's 
Keeler-Rivergate. This line is now less tightly coupled to the main-grid and therefore 
experiences a significant reduction in overload. Consequently, all PGE overloads 
normally experienced during an Allston-Keeler 500KV outage°"eliminated. 1 

e, ~(LS:!, (.ASL ~ 1 l'\d1t.ll.~~.:, 

For th3 Allston-Keeler outage the reduced ~uth of Allston,~ pm¥eS that SOA >< 
I ~-z 

must be reduced by approximate!~/,.~/~~~ ~nitia~ ~ler :2ase 1 ('. ,.,~-9 
outage overload values on non-PGE lmes.A:rfi1s would require a~ 1flie.,--r 5 ~+•o"' 
California red-Yotton of approximately 1800 MW. This is the most drastic of the flow .f/ov..J .,.,.dv 
reductions necessary to reach base 2,ase 1 values. }o 

For the Keeler-Pearl 500 KV Outage, there is little change due~ the Allston-Trojan 
lines being open. However, for the N-2 Keeler-St. Marys and Trojan-St. Marys 230 
KV outage, there is significant overloads on the PGE lines from Trojan to Rivergate 

o3c f$e,wlll'or f'.,t Wtstw-.nC. 
which would require generator tripping,jn the order of 300 MW total. There are no 
non-PGE overloads. Heavily overloaded facilities are reduced by Allston-Trojan lines 
being open. For the Longview-Lexington 230 KV outage, the heavily loaded facilities 
are also reduced by the Allston-Trojan lines being open. 

Based on these observations, the South of Allston path is severely impacted by the 
opening of the Allston-Trojan lines 1 and 2. The north to south stress across the 
Pacific Northwest must be reduced by nearly 2000 MW to achieve comparable results 

{;o,r ,,_~t A-v~.-l'v\-~ . . . 
as to the base case. Norr-PG.E-eootiageaei-es-ap-pear-t-e-be-l~ss-&evete, while PGE 

f r/7 W--

requires a 300 M~~en rat r trip in the case a Keeler-Trojan-St. Marys (KTS) k) 
230KV outage. tiiv,v~ '1,-, /~ {:,,-11!::J..ov-.. -, r-o ~"-~ c.,c"'"'-'-"-h::.,0' tto~?,..-1--1.--( or s .. ppor-

°'~pro-,,, ..,,.__..J-L> "2.ooo IMl-v o ~ 1-J, S tll\-1,,,~-f<t.,, (ll,,1-1'l">)'-"'- ... / ,. .. J Z,) 
.,d 1, 01 ,., .... ( 1roj"-

5.3 Case 3-8: Series Reactor Parametric Study: AJlsfoA ~ 
S'e~ ,.µ 'Iwo Reactors were inserted betw~en ~ 2 to Treja~ and the reactor 

"" vJCl.j ~.fvd,!.,t ,1:t """~ 
impedance ,,~~£ :fxQm0, 5,10,15,20 kl 25 ohms. Each case was studied under all 

~oc1, autages. The area power transaction levels are kept the same as the basic Case 1. Six 
critical transmission lines were selected to evaluate the mterf@reaees of the Trojan 
power flow control to the South of Allston Path, which are as follows: 1 ""'flQ..ck 

~s+o.-h- Ast~ WSCL 115 kV line (..e...,/.,.tC,L.:!I" )<.. 

\ rojan - St. Marys 230 kV line, ) 
Keeler -Rivergate 230 kV line, / 

\ 
Longview 230/115 kV Bank. _ / 
Woodland - Ross 230~k\11~ 

~ Merwin- Vi~:- ap 115 kV 1~ ~c:J,oll'--

1),i Astor- LWSCLAR 115 kV linlis the most heavily loaded line in the coastal area. 
Trojan - St. Marys 230 kV line and Keeler-Rivergate 230 kV line are good indictors 

Sov,rl-) ~ 
for the power flows"of Trojan. Longview 230/115 kV Bank and Woodland - Ross 

c,4.u,sed. 
230 kV line are always the first overloaded lines/transformers cas:ed by the power 
flow from the Longview bus. The Merwin - View Tap 115 kV lead ratio i~ alw~s 

\,-Ae.. \Md•v\~ 
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lJ:blU.==ttmn ~' and can be as high as 159% which made it the most critical 
bottleneck for the whole South of Allston. 

The cross comparison for each critical line during all 4 outages are summarized 
using tables and plots in Appendix B. When the reactor impedances between Trojan 1 

,:,,,n./1 "1lt"l '-'t 
&2 to Trojan were increased, more and more Trojan-South flow was blocked. As ..the c,... 

Cqn~i"'"''"' •t "- -1-•' 
result:,almost all transmission lines increased their oad kWel except the Trojan-South 
PGE lines✓ while ma-intaimng ~he MW transacti~ns ~~ng BC Hydro generation, 
Northwest, LA and PGE areas. iµU-' Mo.11-i+~intd (or et/I c:.c.•.ts' 

..z 
For most critical lines ;he loading variation caused by the changing of the Trojan 

Reactors are within/W3/il. The largest variation happened on Keeler-Rivergate 230 

-,v,e 9 .,.. ,~ ';, r l .. L~o .. > K_-V line during the }(TS out~ge. But ~hi~ w~uld be r~asonable ~sidering _the close ., be.-, c.L +-s 
~0 lo\..,.,_\<.. l"".i.'"'"i""I\ distance of KTS outage to this transmission hne. Th~-ffom the TroJan-South ( 

~ 10 ...,.,, ,:; J;"\:r-.,~&ll"' C flow control utilizing the Reactors to the South of Allston Path is very limited. S 
i,. .\w t.'t \?J! ... ~<l. • 

\ , .. :\ ~ ~ 
9 1t~·· •"f'""" 
~\ 1o,I, 'I• 

~ ... -P"'· 
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5.4 Case9-14: Phase-Shifter Parametric Study 
Instead of blocking the Trojan-South flow with Reactors, two Phase Shift 

Transformers were used to compensate the North to South power flow between 
Allston 230 kV bus and Trojan 230 kV. The six critical transmission lines in Case 3-8 

were still used in these cases. The Phase Shift Transformer has different impedance 
at 0 degree compared with the 0 ohm Reactor impedance in Case 3, so there is a little 
~difference between Case 3 and Case 9. During the AK outage, there is no+much 
difference in the overload scenarios between Reactor control and Phase Shift 
Transformer control. The Phase Shift Transformer control removed the overload of 
Keeler-Rivergate 230kV line during the KTS outage. The Phase-Shifter control 
reduced the burden on Woodland- Ross 230 kV line, but distributimore power flow 
to Longview 230/115 kV Bank, and Merwin- View Tap 115 kV line. 

5.5 Case 3-14: Power reduction control 
As shown in Fig. 1, the power flow of South of Allston was controlled from 

2336MW down to 1859 MW during the AK outage with the Reactor control. And the 
power flow though Trojan is 480 MW to 0 MW. The difference between these two 
flows is very close to a constant value of 1850 MW, which may be a good indicator of 
the loose interferences of Trojan to other transmission lines. The 500 ohms in Fig. 1 in 
fact refers to the Trojan 1 & 2 to Trojan open case (Case 2). A big Reactor will be 
needed for a wide operational range due to the saturation effect. As a passive device, 
the series reactor is very reliable and needn't any additional control circuit. -(Qnfortunately • bidirectional blocking ~i@I\ 11'ITiits"-both North-to-South and 

--- -·-- <'.',:,i~o. ~. l,+-c Is er,",. 1 ~ South-=-to-North power flows.-------- i ~-~" c..,..u.1~ ~"'' 
I \>-----

~(} ~ C.0->1..{,.,,J(wtc.) b/c:,c..kr"'j dtv 1 ~1' $, -~ ➔ ,-i.....t'_1 eC.C-e(._~ 1s 41ll.)a 
I I ( I I l I 

!i1V'\,,\1l1'-.( 4. \Ml-'11Mt'3I"") 

rc-....i ~--r ~Cl"' s ..k ✓ J b ... +-~, 
?<t-" ,o.,_~ .. ("' 4,,.,...vl,lt') 

c0+....,12.ll.""'-. "'-1 Is_~.,.__ ~-d , •0 j a."", 
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Power Reduction Control 
Utilizing Reactors 
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Fig.1 Power transaction control of the Trojan lines and the whole 
South of Allston Path utilizing the Reactors 

Power Reduction Control 
Utilizing Phase Shifter 
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Fig.2 Power transaction control of the Trojan lines and the whole 
South of Allston Path utilizing the Phase Shifting Transformers 

The Phase-Shifter has similar power flow control functions as the series reactor, also 
with a nearly constant difference of 185pMw between the whole capacity of SOA and 
Trojan shown in Fig.2. Note its bidireetional shai:a-Gt~ - H'te-~GiakQl, tl½e 

' ~r .f/4--l .,A-/'- ~....,~-" 19 · 
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5.5 Case 15 a$Svr'l\~J 

In this case we instalted new conductors in transmission lines which were known 
to overload heavily in the case of a major outage. These lines are Merwin-View 
Tap-Cherryppl, LwsClark-Astor Tap, Woodland-Ross, and Rivergate-Keeler. The 
Merwin-View Tap lin~(4.2 miles) and the View Tap-Cherryppl lin~ 1 .69 ~.7 
miles) are currently 636 ACSR Rook, gy using ~ 636 ACSS Rook,, the summer 
n0mtmtl emergency rating can by increased from 134.0 MVA to 292.6 MVA ~ 
~eFHiryY .. u1 ·.ncr.eas_e__d.J:r.om-1-1-0a-0-M-Y.:A-t~ . ¥A. '.Hite 
l~ently t)WH:ee--ey-Paei-H-Ge~-Wsst. The LwsClark-Astor Tap liner (0.7 
miles) ~ currently 397.5 ACSR Ibis,"~y using 397.5 ACSS Ibis1 the summer 
emergency rating can be increased 40-from 100 MVA to 216.9 MVA. The line from 
Astor Tap to Seaside is 12.8 miles long and is less critically loaded, however Alf 0 f +re 
installing new conductor on these lines is a consideration for future study.~ it,ioo"12 I,.,,, 
are currently owned by PacifiCorp-West:T'he Woodland-Ross lines (19:~miles).ak ,e".f-•0 "'s 

currently 795 ACSR Drake:'b°y using 795 ACSS Drake the summer emergency rating 
~- . .. -:--,, 

can be increased from 426.3 MVA to 682 MVA. These lines are currently owned b -
-Bonneville Power A . .inistratitm. ~€-RiY~-~~eler line/ (8.47 gfuiles) at'& ,s 
currently limited by 0.73 mile section of 1.0l)miles of 556 ACSR Eagle. By 

--------------· installing new 1272 AAC Narcissus, t e summer emergency rating for the 
Rivergate-Keeler lines can be increased from 346.6 MVA to 523.8 MVA. . 

Installing new conductors on these lines eliminates the three top overloads which 
occur during an N-1 Allston-Keeler 500KV Outage. (Refer to onelines and tables for 
Case 15) T~ educ@a-t0-the-l-imitir.1g-1ines in-the-transmission 
arna-ef-'Irojan-St. Mar-Y.s,_Trojan-Harborton, and Harborton-Rivergat~. Case 16 
addressesthislimitatio~ oevVl'l~Vl~"'-<' ovulo~d,J 4,c;/;l-/i,J a..-~ PGf's Tro)e.."' ~ou~\.s. 

J t, :fl ~s. 

5.6 Case 16 
In this case, we used case 15 with all the new conductors and then increased the 
capacity South of Allston by installing an entire new circuit from Trojan to St. 

h . . . S M #2 h {\ a.ss<Jvnec:l • 1 Marys. T e new circuit TroJan- t. arys as a summer .,pomrn~ emergency 
ratini_ 41.0 MVA and winter llemii:tal emergency if 844.5 MV A. 

From the installation of this new Trojan-St. Marys circuit, the flow South of 
Allston during an N-1 Allston-Keeler Outage is increased 165MW, from 2337MW to 
2502MW. The flow during normal operation is increased 47MW, from 3180MW to 
3227MW. The significant overloads above 100%;the summer namm,a,1 emergency 
rating during an N-1 Allston-Keeler outage are limited to Astor-Tap-Seaside and 
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5.7 Case 17 
In this case the advantage of having Trojan-St. Marys was realized while only 

installing new conductors on two of the most critical lines. Therefore we installed 
new conductors only on the Merwin-View Tap-Cherryppl and LwsClark-Astor Tap 
lines as described in case 15, and installed the new Trojan-St. Marys circuit. This 
case provides more South of Allston capacity while only fixing mere critical lines. 
(Refer to onelines and tables for cases 16 and 17) J-h t- m-1:1s-f 

TA!3L~·~ 
5.8 Case 18: New Springerville Station 

In this case, we took case 17 and created a new substation at Springerville which is 
located between Trojan and St. Marys and Rivergate and Keeler. The substation is a 
230KV bus as shown below: 

SPRGRVLE 
Bus: SPRGRl'lE (43536) 
Norn kV: 230.00 
Area: NORTHWEST (401 
Zone: Portland General Bectric (450) 

239.22!13 kV 
239.23 KV 
34.67 Deg 

0,00$'MWh 

40599 
240.594SkV 
240,59 KV 

CKT 1 

System Slate 

Ori:1GftS:.tleltw5tr 

""" JP,u;mU,lt2iicOJ 

238.71170 kV 
238.71 KV 

ST MARYS 

"8'/IUl:!1-"IG'N'\.c.U:ri6 

Ulmlli:inSlrJo•Hi:lt'>cil!l.M.&r.,•.•-~1N ... ,.,,.,.~:i--v:,~•·• 

43541 
239.0262 kV 
239.03 KV 

361.5 MW 
•17,1 Mvar 
361.9 MVA 

CKT 2 

Fig.3 New Springerville Station 

320.9~ 
f;l.1 Mvar 

325.9MVA 

CKT 1 

43597 
238.2939 kV 
238.29 KV 

328.0MW 
58.9Mvar 
333.2 MVA 

CKT 2 

By calculating the geographical position of the substation and using know fl 
distances and line parameters, we modeled the 230Kv transmission lines using the 
existing Rivergate-Keeler and Trojan-St. Marys #1 & #2. 

For the model simulation we changed the Keeler-St. Marys and Trojan-Marys 
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outage (KTS Outage) to a Keeler-~ and Sprgrvle-St. Marys 230Kv Outage 
(KSS Outage) The N-1 Allston-Keeler 500Kv Outage creates a 152% overload on 
the Keeler-Sprgrvle lines followed by Astor Tap-Seaside at 111 %. However a N-1 
Keeler Pearl 500KV Outage shifts the overload to St. Marys-Murray H. at 118% 

followed by a Fo~est Grove-Keeler at ~o. F~~he~ ~:~ailed results a~:~f~ll11o~~,""'""~ 10 " 

the case 18 onelmes and table_.~m1tmg factor to beaddressed cag&of ~ 
~;mating a:=i:ie.w..suhstatl.o ··at-thi~ 0ea:i0n would be the 3.4 miles of 1277 ACSR ·;J) 

Pheasant between Keeler and Spnngerv1lle. Ju.o ~ '::.(5 v11iH.._ .. ,_A ~5 tcivt-\, 0 '5'~ .c) 

I o• t:! • "' , c; i:t. > ~ r-1. ,. "' 1~ I; t.. +~ A. -1 . ~ ..J4#1!t y... , 
I ""-S +~otc:(, ~ c::1<.d cll.v'.t s ~ 4--k o ~ t,-'_,"" .:. ~ <"c c.~e- .. d-\ .. j 

""""~~ ~";~ 

6) Conclusion 
These studies evaluated the influence of the Trojan reconstruction on the transfer 

capacity of the South of Allston Path. Any power transaction reduced through the 
Trojan lines would cause almost the same amount of loss for the whole South of 
Allston Path. Due to the related loose connection of the Trojan lines to the other 
transfer channels, the re-termination would keep the power distribution in other 
transmission lines at reasonable levels, and would not generate new problems for the 
whole path. The update of the transmission lines including Merwin-View 
Tap-Cherryppl, LwsClark-Astor Tap, Woodland-Ross, and Rivergate-Keeler will also 
reduce the overloading problem of South of Allston will reduce the system 
overloading problem and improve the capacity of the South of Allston Path. A new 
substation at Spingerville could also be a good option. 

1 
u 





) 

fO,-.J-r 

) South of Allston 
\ Summer 2005 Study Report 

rtlJIJ.L P/?..A. F-r ? 

1/zfos 

J 



1) Introduction 
This report summarizes the studies conducted by OSU for PGE on the South of 
Allston path. The South of Allston path is typically loaded heavily only during the 
summer season when there is high north-to-south power flow across the Northwest 
system. The generation sources for this pattern include: Upper Columbia 
generation, Mid Columbia generation, BC Hydro generation, generation in the Puget 
Sound area and along the 1-5 Corridor. The following transmission lines define the 
South of Allston path. 

Allston-Keeler 500 kV (BPA) 
Trojan - St. Marys 230 kV (PGE) 
Trojan - Rivergate 230 kV (PGE) 
Lexington - Ross 230 kV (BPA) 
Allston- St. Helens 115 kV (BPA) 
Merwin- St. Johns 115 kV (PACW) 
Astoria- Seaside 115 kV (PACW) 
Lewis & Clark-Astoria Tap 115 kV (PACW) 

Note: The ''from" and "to" substations are listed in the direction of positive flow on 
the South of Allston path. The underlined substation is where the flow is metered. 

This path is thermally limited and the worst contingencies are known to be the 
following list of facilities. 
N-1: Allston- Keeler 500 kV line 
BFR: 4322, 4324, 4394 Keeler 500 kV (loss of Keeler 500 kV bus) 
BFR: 4280 Pearl 500 kV (loss of Pearl-Keeler and Pearl Bank #2) 
BFR: 4283 Pearl 500 kV (loss of Pearl-Keeler and Pearl-Ostrander 500 kV lines) 
N-2: Pearl - Keeler 500 kV and Pearl - Sherwood 230 kV lines 
N-2: Keeler - St. Marys/ Trojan - St. Marys 230 kV lines 
N-1: Lexington - Longview 230 kV 

The above contingencies typically overload the following elements depending on the 
generation pattern and transfer level. The limiting elements include: Merwin -
View Tap 115 kV line section, Woodland - Ross 230 kV line section, Lexington -
Longview 230 kV line, Keeler - St. Marys 230 kV line, Trojan - St. Marys 230 kV 
line, Keeler- Forest Grove #2 115 kV line, and the Longview 230/115 kV Bank. 



) 

2) Purpose 
The purpose of these studies are to assess the impacts of PGE's re-termination of 

its Beaver Plant, the relative contribution of PGE's Trojan lines to the SOA transfer 
capacity, the effects of controlling the Trojan line flows by using series reactors and 
phase-shifters, and finally, to assess the relative effects of reconductoring several 
critically limiting facilities and the addition of a third Trojan line. The studies were 
performed using the Heavy Summer 2007 WECC base case, as the summer is when 
the path is most heavily loaded. The SOA North-to-South stress level is beyond the 
present simultaneous operating limits as established by BPA for the 2005 operating 
season. 

flow 2005 
MW rating 

Northern lntertie 2757 3100 

COi 3772 4800 

PDCI 3100 3100 

SOA Path 3168 2630 

A-K Line 1821 1670 

Table. I The North-to South stress levels 

3) System Changes and Base Case Stress 
The base case (Case 1) was developed from the Heavy Summer 2007 WECC base case 
(Case 0) by the following re-terminations. 

(a) Open Beaver-Allston 230kV, and reconnect Beaver stations to the system 
through Beaver-PORTW-Trojan 230kV lines. 

(b) Change the internal connections at Trojan Switching Station. Allston 230kV bus] 
is connected to the Trojan 230kV bus through Trojan 1 & 2. For the flow control e,(ca,t,K/ 

studies the Reactors or the Phase Shifting Transformers will be inserted to 
manage the power flow between Allston 230kV and Trojan 230kV buses. 

4) Methodology 
There are totally 18 cases in these studies (Appendix A). All the cases were tested 

by only running four representative outages. These outages were identified by BPA as 
the most critical outages in limiting and setting the SOA transfer capacity. The 
following outages were used for this study. 

N-1: Allston-Keeler 500 kV line (AK) 
N-1: Keeler-Pearl 500 kV line ~(KP) 
N-2: Keeler - St. Marys/ Trojan - St. Marys 230 kV lines ,,-(KTS) 
N-1: Lexington- Longview 230 kV (LL) 

For the first series of flow control cases, one series reactor is inserted in (Cases 3-8) 
Allston-Trojan line at Trojan, with the impedance values of 5, 10, 15, 20 and 25 ohms. 

~t 
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For reference, 5 o"is is equal to about 10 miles of 230 line, which is also equal' 
reactance of each 

1!1 
Allston-Trojan line. Thus/ a 5 ohms rector will double the line 

e' impedance, 10 ohms will triple, and so on. For the second series of flow control cases, 
lft~lY ----on_e_l"hase ~hift 'transformer is inserted in each Allston-Trojan line at Trojan, which 

is the same type as the one used at N el way on the Boundary line. Phase shift angles of 
0, 2, 4, 6, 8, and 10 degrees were used (Cases 9-14). The power flows from BC Hydro 
to the Northwest, and from Northwest to LA (PDCI) and PG&E (COI) are kept the 
same levels in all above scenarios. The phase-shifters were to block the contingency 
flows on the Trojan lines. Thus, as the angle is increased, the base flows from Trojan 
to Allston are increased. 

The Allston-Keeler 500kV line is the worst single line outage in the South of 
Allston Path. For this outage, an additional case was run and is referred to as the 
reduced stress case. The North to South stress level is reduced by decreasing northern 
generation (BC imports and Coulee generation equally) and decreasing southern 
exports (AC & DC Interties equally). This was done to get a measure of how a system 
change affects the SOA transfer capacity. The stress is reduced until the overload 
ratios of Non-PGE facilities in the study area recovered to the original values as 
shown in the no flow control base case. 

An additional case(Case 15) was run to determine the relative benefits of 
reconductoring several limiting facilities in the SOA Path with ACSS equivalent 

(P conductoi:..1-fr this case, the system topology and line impedances were unchanged 
and overloads should be greatly reduced or eliminated. Two other cases (Cases 16-
17) were studied that includes a new third 230kV line south of Trojan. This line was 
terminated at St. Marys. A final case ( case 18) was studied that included this new 
third Trojan line and a new substation in the Springville area, about 5 miles north of 
St. Marys. Both Trojan-St. Marys lines and the Rivergate-Keeler lines were looped 
through this new station. 

5) Results 
5.1 Case 1: Beaver Re-termination 
South of Allston is operationally monitored by tracking the Allston-Keeler (500KV) 

loading. The RAS levels are armed according to the Allston-Keeler line loading. 
froM. 1he base case incorporated into this Power World simulator study, the cases studied 

are over-scheduled according to limits established,as shown below: 

Scheduled Loading 

South of Allston Allston-Keeler 

(SOA) (A-K) 

YEAR [MW] [MW] 

2004 3050 1740 

2005 2630 1670 

I Table.2 Scheduled loading for Year 2004 and 2005 

~ ce~dCA' --- ~ 

) 
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For case study 1, Beaver is re-terminated at Port Westward and I second Port 
Westward to Trojan 230kV line is added. The South of Allston flow comparison for case 

I ----- --- - - --
Oto case~ 

Case Comparison: CASE O and CASE 1 for SOA MW Flows 

South of 

Allston Allston-Keeler Merwin-View Trojan-South 

CASE (SOA) (A-K) Tap (PGE Lines) Woodland-Ross Allston-Rainer 

0 3168 1821 127 712 322 

1 3180 1791 124 767 315 

Delta /J,. 12 -30 -3 55 -7 

Table.3 The South of Allston flow comparison 

The Beaver re-termination at Port Westward. to Trojan increases South of Allston 
flow by a total of 12 MW. All increased loading from this re-termination of Beaver 
is placed upon the Trojan-South PGE lines which include Trojan-St. Marys and 
Trojan-Rivergate. The total Allston-Keeler line flow reduction is 30 MW. 
Consequently the critical outage is reduced in magnitude while critical facilities that 
overload a~_~reduced in the base case loading. 

-- For the Allston-Keeler 500 KV outage (A-K) all non-PGE overloads are reduced, 
one is eliminated and one is marginal (May be eliminated if SOA reduced to pre-2005 
levels). The Keeler-Pearl 500 KV outage (K-P) experiences little change due to the 
Beaver re-termination with a slight improvement overall. The Keeler-St. Marys and 
Trojan-St. Marys 230 KV outage (KTS) also experiences little change due to the 
re-termination of Beaver, and also has little effect on the limiting Keeler-Forest Grove 
115 KV line. For the Longview-Lexington 230KV outage there is a slight 
improvement on the critical facility. (Reference to index case 0 and 1 tables and 
onelines) 

Based on these results, the Beaver re-termination at Port W. to Trojan, is a positive 
benefit to the South of Allston transfer capacity based upon the review of these most 
critical outages. 

5.2 Case 2: Allston-Trojan "Open" 

CASE 2: South of Allston MW Flow 

CASE CASE 

1 2 

South of Allston [MW] 3180 3206 

Trojan-South [MW] 767 867 /J,. 

new South of Allston [MW] 2413 2339 - 74 

Table.4 Power flow comparison for Trojan-South and New South of Allston Path 

91 

88 

-3 



Case 2, with the Allston-Trojan lines open, no initial overloads are created and 
over-all non-PGE line loading is reduced slightly. This is due to small flows on the 
Allston-Trojan lines towards Allston that are now carried on the Trojan South line 
when the Allston lines are opened. However for the Allston-Keeler 500 KV outage 
there are significantly worse overloads. The only exception is BPA's Keeler-Rivergate. 
This line is now less tightly coupled to the main-grid and therefore experiences a 
significant reduction in overload. Consequently, all PGE overloads normally 
experienced during an Allston-Keeler 500KV outage are eliminated. 

f 
For the Allston-Keeler outage the reduced stress case indicates that SOA must be 

reduced by approximately 200MW to reach initial case 1 outage overload values on J 
1 

non-PGE lines. Specifically, this would require a inter-regional flow reduction from -tl1j 
BC/Coulee to N/S California of approximately 1800 MW. This is the most drastic of 
the flow reductions necessary to reach case 1 values. 

For the Keeler-Pearl 500 KV Outage, there 1s little change due to the 
Allston-Trojan lines being open. However, for the N-2 Keeler-St.Marys and Trojan-St. 
Marys 230 KV outage, there are significant overloads on the PGE lines from Trojan 
to Rivergate which would require generator tripping at Beaver or Po~ Westward in 
the order of 300 MW total. There are no non-PGE overloads. Heavily overloaded 
facilities are reduced by Allston-Trojan lines being open. For the 
Longview-Lexington 230 KV outage, the heavily loaded facilities are also reduced by 
the Allston-Trojan lines being open. 

Based on these observations, the South of Allston path is severely impacted by the 
opening of the Allston-Trojan lines 1 and 2. The north to south stress across the 
Pacific Northwest must be reduced by nearly 2000 MW to achieve comparable results 
as to the base case for the A-K outage. While PGE requires a 300 MW generator trip 
in the case a Keeler-Trojan-St. Marys (KTS) 230KV outage, alternatively, the 
Allston-Trojan connection is worth (or supports) approximately 2000 MW of N-S 
inter-regional flows. ~·it o.._ e-cm Pf-~ ? ) 

5.3 Case 3-8: Series Reactor Parametric Study 
Series Reactors were inserted between Allston and Trojan (Trojan 1 and 2) and the 

reactor impedance was studied at 0, 5,10,15,20 and 25 ohms. Each case was studied 
under all four outages. The area power transaction levels are kept the same as the 
bas~Case lifix critical transmission lines were selected to evaluate the ½ftterfeteilWS 1Mf)a.d-

of the Trojan power flow control M the South of Allston Path,. whieh-~e as follows: - .. I - r 
Astoria- Lewis & Clark 115 kV line "TvLR-M-~tcla.,f YlP-fA5fV\l~.sr~ (11,f..? OV7. • 

Trojan- St. Marys 230 kV line, 
Keeler -Rivergate 230 kV line, 
Longview 230/115 kV Bank. 
Woodland-Ross 230 kV line 
Merwin - View Tap 115 kV line 



4 Astoria- Lewis & Clark 115 kV line section is the most heavily loaded line in the 
coastal area. Trojan - St. Marys 230 kV line and Keeler -Rivergate 230 kV line are 
good indictors for the power flow$ south of Trojan. Longview 230/115 kV Bank and 
Woodland - Ross 230 kV line are always the first overloaded lines/transformers 
caused by the power flow from the Longview bus. The Merwin - View Tap 115 kV 
line loading can be as high as 159% which made it the most critical bottleneck for the 
whole South of Allston. foil/' 

The cross comparison for each critical line during all }(' outages are summarized 
using tables and plots in Appendix B. When the reactor impedances between Trojan 1 

µ,Y y to Trojan were increased, more and more Trojan-South contingency flow was 
-,f • blocked. As a result, almost all transmission lines increased their contingency 

loadings except for the Trojan-South PGE lines. The MW transactions among BC 
Hydro generation, Northwest, LA and PGE areas were maintained fol all cases. 

For most critical lines the loading variation caused by the changing of the Trojan 
Reactors are within 20%. The largest variation happened on Keeler-Rivergate 230 
KV line during the KTS outage. But ~<9e reasonable considering the close /~ i M i '-ly 

(l -t~ 14-el~ ....... e,"~i~ F'-'--h, 
-di,sta11ce ~ KTS outage -0 tais trnnsnttSMe line. The series reactors do block 
contingency flows south of Trojan but at the expense of inter-regional capability. 

5.4 Case9-14: Phase-Shifter Parametric Study 
Instead of blocking the Trojan-South flow with Reactors, two Phase Shift 

Transformers were used to compensate the North to South power flow between 
Allston 230 kV bus and Trojan 230 kV. The six critical transmission lines in Case 3-8 
were still used in these cases. The Phase Shift Transformer has different impedance at 
0 degree compared with the 0 ohm Reactor impedance in Case 3, so there is a little 
difference between Case 3 and Case 9. During the AK outage, there is not much 
difference in the overload scenarios between Reactor control and Phase Shift 
Transformer control. The Phase Shift Transformer control removed the overload of 
Keeler-Rivergate 230kV line during the KTS outage. The Phase-Shifter control 
reduced the burden on Woodland - Ross 230 kV line, but distributed more power 
flow to Longview 230/115 kV Bank, and Merwin- View Tap 115 kV line. 

5.5 Case 3-14: Power reduction control 
As shown in Fig. 1, the power flow of South of Allston was controlled from 

2336MW down to 1859 MW during the AK outage with the Reactor control. And the 
power flow though Trojan is 480 MW to 0 MW. The difference between these two 
flows is very close to a constant value of 1850 MW, which may be a good indicator of 
the loose interferences of Trojan to other transmission lines. The 500 ohms in Fig. 1 in 
fact refers to the Trojan 1 & 2 to Trojan open case (Case 2). A big Reactor will be 
needed for a wide operational range due to the saturation effect. As a passive device, 
the series reactor is very reliable and needn't any additional control circuit. As a 



contingency blocking device, its bidirectional blocking capability is effective for both 
North-to-South and South-to-North power flows. This effect is also similar to 
minimizing power transfer, both pre- & post-contingency between Allston and Trojan. 
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Fig.2 Power transaction control of the Trojan lines and the whole 
South of Allston Path utilizing the Phase Shifting Transformers 
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The Phase-Shifter has similar power flow control functions as the series reactor, also 
with a nearly constant difference of 1850MW between the whole capacity of SOA and 
Trojan shown in Fig.2 for the A-K outage. As a contingency blocking device, its 
directional blocking is effective for N-S power flows, but the undesirable 
pre-contingency loading by increasing pre-outage flows to Allston. The phase-shifter 
exhibits a linear operating curve. As an active equipment, the phase-shifter requires 
additional control and high maintenance. 

5.5 Case 15 
In this case we assumed new conductors in transmission lines which were known 

to overload heavily in the case of a major outage. These lines are Merwin-View 
Tap-Cherryppl, LwsClark-Astor Tap, Woodland-Ross, and Rivergate-Keeler. The 
Merwin-View Tap line (4.2 miles) and the View Tap-Cherryppl line (6.7 miles) are 
currently 636 ACSR Rook by using 636 ACSS Rook, the summer emergency rating 
can by increased from 134.0 MVA to 292.6 MVA. The LwsClark-Astor Tap line (0.7 
miles) is currently 397.5 ACSR Ibis, and by using 397.5 ACSS Ibis, the summer 
emergency rating can be increased from 100 MVA to 216.9 MVA. The line from 
Astor Tap to Seaside is 12.8 miles long and is less critically loaded, however 
installing new conductor on these lines is a consideration for future study. All of the 

) above line sections are currently owned by PacifiCorp-West. 

) 

The Woodland-Ross line (19.9 miles) is currently 795 ACSR Drake, and by using 
795 ACSS Drake the summer emergency rating can be increased from 426.3 MVA to 
6 VA. The Rivergate-Keeler line (8.5 miles) is currently limited by a 0.~ 
section o 1.01 mile of 556 ACSR Eagle. By installing new 1272 AAC Narcissus, the 

.--- summer emergency rating for the Rivergate-Keeler lines can be increased from 346.6 
MVA to 523.8 MVA. These lines are currently owned by Bonneville Power 
Administration. 

Installing new conductors on these lines eliminates the three top overloads which 
occur during an N-1 Allston-Keeler 500KV Outage. (Refer to onelines and tables for 
Case 15\lhe remaining overloaded facilities are PGE's Trojan South linestipase 16 
addresses this limitation. 

5.6 Case 16 
In this case, we used case 15 with all the new conductors and then increased the 

capacity South of Allston by installing an entire new circuit from Trojan to St. 
Marys. The new circuit Trojan-St. Marys #2 has an assumed summer emergency 
rating of 641.0 MVA and winter emergency of 844.5 MVA. 

From the installation of this new Trojan-St. Marys circuit, The flow during normal 
operation is increased 47MW, from 3180MW to 3227MW, and the flow South of 
Allston during an N-1 Allston-Keeler Outage is increased 165MW, from 2337MW to 



2502MW. The significant overloads above 100% the summer nominal emergency 
rating during an N-1 Allston-Keeler outage are limited to Astor-Tap-Seaside and 
Trojan-St. Marys #1. These overloads are significantly reduced, the seaside loading is 
reduced 13 % and the St. Marys line is reduced 31 %. 

I 
I Case 1 

(MW) : (MW) : (MW) 
I Case 161 /J. 

I 
soa TOTAL 3180 3227 47 

South of Trojan 767 965 198 

Allston-Keeler 1791 1673 -118 

Woodland-Ross 315 295 -20 

Merwin-ViewTp 124 118 -6 

AstrTp-h&C 97 92 -5 

Allston-Raineer 88 82 -6 

Table. Power flow distribution in case 16 compared with base Case 1 

's 
5.7 Case 17 

In this case the advantage of having Trojan-St. Marys was realized while only 
installing new conductors on two of the most critical lines. Therefore we installed 
new conductors only on the Merwin-View Tap-Cherryppl and LwsClark-Astor Tap 
lines as described in case 15, and installed the new Trojan-St. Marys circuit. This 
case provides more South of Allston capacity while only fixing the most critical lines. 
(Refer to onelines and tables for cases 16 and 17) 

Case 1 Case 17 /j, 

(MW) (%rating) (% of (MW) (%rating) (% of (MW) (% of 

Base Base Base 

SOA) SOA) SOA) 

SOA total 2337 73.5% 2502 77.5% 165 4.0% 

South of Trojan 1320 132% 41.5% 1589 101% 49.2% 269 7.7% 

Woodland-Ross 513 118% 16.1% 459 105% 14.2% -54 -1.9% 

Merwin-ViewTp 185 135% 5.8% 168 56% 5.2% -17 -0.6% 

AstrTp-h&c 140 137% 4.4% 127 56% 3.9% -13 -0.5% 

AstrTp-Seaside 147 86% 4.6% 131 76% 4.1% -16 -0.6% 

Allston-Raineer 533 159% 16.8% 394 116% 12.2% -139 -4.6% 

Rivergate 126 124% 4.0% 114 111% 3.5% -12 -0.4% 

Table Power flow distribution in case 17 compared with base Case 1 

~ 
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5.8 Case 18: New Springerville Station 
In this case, we took case 1 7 and created a new substation at Springerville which is 

located between Trojan and St. Marys and Rivergate and Keeler. The substation is a 
230KV bus as shown below: 

SPRGRVLE 
Bus: SPRGRVLE (43536) 
Nom kV: 230.00 
Area: NORTHWEST (40) 
Zone: Portland General Bectrlc (450) 

239.22!1! kV 
239.23 KV 
34.67 lleg 
0.00$'MWh 

System State 

40599 
240.594SkV 
240.59 KV 

CKT 1 
RIVRGA E 
43459 
239.7070 kV 
238.71 KV 

349.3MW 
•20.6 Mvar 
349.9 MVA 

43541 
239.0262 kV 
239.03 KV 

en,,.,..sweU--;.tJ 

""" JPNlll,l)Uh:u 

~a..tll:-9~i¥\..EU~ 
~-.,,.,Sfr.e1N<rt>ol~~.--~1Jl.a.yoa-,d=t-v,..V...;.-

361.SMW 
•17.1 Mvar 
361.9MVA 

Fig.3 New Springerville Station 

320.9MW 
57.1 Mvar 

325.9 MVA 

CKT 1 

43597 
238.2939 kV 
238.29 KV 

328.0MW 
58.9Mvar 
333.2MVA 

CKT 2 

Ol.5i.lS 
(')'(1,'200li 

By calculating the geographical position of the substation and using known 
distances and line parameters, we modeled the 230K v transmission lines using the 
existing Rivergate-Keeler and Trojan-St. Marys #1 & #2. 

For the model simulation we changed the Keeler-St. Marys and Trojan-Marys 
outage (KTS Outage) to a Keeler-St. Marys and Sprgrvle-St. Marys 230Kv Outage 
(KSS Outage) The N-1 Allston-Keeler 500Kv Outage creates a 152% overload on 
the Keeler-Sprgrvle lines followed by Astor Tap-Seaside at 111 %._ However a N-1 
Keeler Pearl 500KV Outage shifts the overload to St. Marys-Murray H. at 118% 
followed by a Forest Grove-Keeler at 104%. Further detailed results are shown in 
the case 18 onelines and tables.The limiting factor to be addressed for this 
configuration would be the 3.4 miles of 1272 ACSR Pheasant between Keeler a~d 
Springerville,.,:f1te to significant contingency loadings as a result of the A-K outage 



6) Conclusion 
These studies evaluated the influence of the Trojan reconstruction on the transfer 

capacity of the South of Allston Path. Any power transaction reduced through the 
Trojan lines would cause almost the same amount of loss for the whole South of 
Allston Path. Due to the related loose connection of the Trojan lines to the other 
transfer channels, the re-termination would keep the power distribution in other 
transmission lines at reasonable levels, and would not generate new problems for the 
whole path. The update of the transmission lines including Merwin-View 
Tap-Cherryppl, LwsClark-Astor Tap, Woodland-Ross, and Rivergate-Keeler will also 
reduce the overloading problem of South of Allston will reduce the system 
overloading problem and improve the capacity of the South of Allston Path. A new 
substation at Spingerville could also be a good option. 

) 
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1) Introduction 

South of Allston 
Summer 2005 Study Report 

This report summarizes the studies used to determine safe and reliable operation of 
the South of Allston path. The South of Allston path is typically loaded heavily only 
during the summer season when there is high north-to-south power flow across the 
Northwest system. The generation sources for this pattern include: Upper 
Columbia generation, Mid Columbia generation, BC Hydro generation, generation in 
the Puget Sound area and along the 1-5 Corridor. The following transmission lines 
define the South of Allston path. 

Allston - Keeler 500 kV (BPA) 
Trojan - St. Marys 230 kV (PGE) 
Trojan - Rivergate 230 kV (PGE) 
Lexington-Ross 230 kV (BPA) 
Allston- St. Helens 115 kV (BPA) 
Merwin - St. Johns 115 kV (PACW) 
Astoria-Seaside 115 kV (PACW) 
Lewis & Clark-Astoria Tap 115 kV (PACW) 

Note: The ''from" and "to" substations are listed in the direction of positive flow 
on the South of Allston path. The underlined substation is where the flow is 
metered. 

This path is thermally limited and the worst contingencies were found to be the 
following list of facilities. 
N-1: Allston-Keeler 500 kV line 
BFR: 4322, 4324, 4394 Keeler 500 kV (loss of Keeler 500 kV bus) 
BFR: 4280 Pearl 500 kV (loss of Pearl-Keeler and Pearl Bank #2) 
BFR: 4283 Pearl 500 kV (loss of Pearl-Keeler.and Pearl-Ostrander 500 kV lines) 
N-2: Pearl - Keeler 500 kV and Pearl - Sherwood 230 kV lines 
N-2: Keeler - St. Marys/ Trojan - St. Marys 230 kV lines 
N-1: Lexington- Longview 230 kV 

The above contingencies typically overload the following elements depending on the 
generation pattern and transfer level. The limiting elements include: Merwin -
View Tap 115 kV line section, Woodland- Ross 230 kV line section, Lexington
Longview 230 kV line, Keeler - St. Marys 230 kV line, Trojan - St. Marys 230 kV 
line, Keeler- Forest Grove #2 115 kV line, and the Longview 230/115 kV Bank. 
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2) Purpose 
Among all the transmission lines defined in South of Allston path, Trojan - St. Marys 
230 kV and Trojan- Rivergate 230 kV share a common point (Trojan, Trojan 1 and 
Trojan 2 buses). The power flow through both transmission lines could be managed 
by just controlling the Trojan connection. The objective of these studies is to explore 
the contribution of the Trojan transmission lines to the whole capacity of the South of 
Allston Path and the influence of the Trojan reconstruction on other lines during 
different outages. 
The studies were performed using the Heavy Summer 2005 WECC operating case, as 
the summer is when the path is most heavily loaded. Loads and generation at many 
local busses were modified to accurately model what was measured from recent 
summer historical SCADA data. These changes were implemented for the northern 
Oregon and southern Washington coastal areas as well as in Lewis and Cowlitz 
County PUD systems. 

3) System Changes 
The base case was developed from the Heavy Summer 2005 WECC operating case by 
the following re-terminations. 

a) Open Beaver-Allston 230kV, and reconnect Beaver stations to the system 
through Beaver-PORTW-Trojan 230kV lines. 

b) Change the internal connections at Trojan common point. Allston 230kV bus is 
connected to the Trojan 230kV bus through Trojan 1 & 2. And either the 
Reactors or the Phase Shifting Transformers will be used to manage the power 
flow between Allston 230kV and Trojan 230kV. 

4) Methodology 
The studies were first performed by directly connecting Trojan 1 & 2 buses to Trojan 
bus, and later opening Trojan 1 & 2 to Trojan. Then two Reactors are inserted between 
Trojan 1 & 2 to Trojan, with the impedance value of 5, 10, 15, 20, 25 ohms. Each case 
was tested with the following 4 outages: 

N-1: Allston - Keeler 500 kV line (AK) 
N-2: Pearl - Keeler 500 kV and Pearl - Sherwood 230 kV lines (KP) 
N-2: Keeler- St. Marys/ Trojan- St. Marys 230 kV lines (KTS) 
N-1: Lexington- Longview 230 kV (LL) 

Next the Rectors are replaced with Phase Shifting Transformers, which are the same 
type as the one used between NLY230(??). Phase shift angles of 2, 4, 6, 8, and 10 
degrees were used. Again every case was investigated under all 4 outages (AK, KP, 
KTS and LL). The power transactions from BC Hydro generation to Northwest, and 
from Northwest to LA and PGE are kept the same levels in all above scenarios. 
Since the Allston-Keeler 500kV line is the worst single line outage in the South of 
Allston, a series of power reduction studies are repeated for each case only with the 
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AK outage. The power transactions including BC Hydro generation -Northwest, 
Northwest-LA, Northwest-POE and ??DC lines are reduced until the overload ratios 
of Lexington - Longview 230 kV line and the Longview 230/115 kV Bank recovered 
to the original values as shown in the case of direct connection between Trojan 1 & 2 
to Trojan with AK outage. 
New conductors were installed in heavily overloaded transmission lines in the major 
outage, including the Merwin-View Tap lines ( 4.2miles), LwsClark-Astor Tap lines 
(0.7 mile), Woodland-Ross lines (19.85 miles) and the Keeler-Rivergate lines(8.47 
miles). The improvements are evaluated during both normal operation and the 
Allston-Keeler outage. 
Between Trojan-St. Marys 230kV lines and Keeler-Rivergate 230kV lines, a new 
substation at Springerville was added to investigate its effect on the power flow 
distribution among these buses. 

5) Results 
A) Power reduction control 
As shown in Fig. 1, the power flow of South of Allston can be controlled from 
2336MW down to 1859 MW during the AK outage with the Reactor control. And the 
power flow though Trojan is 480 MW to O MW. The difference between these two 
flows is very close to a constant value of 1850 MW, which may be a good indicator of 
the loose interferences of Trojan to other transmission lines. The 500 ohms in Fig. 1 in 
fact refers to the Trojan 1 & 2 to Trojan open case ( case 2). A big Reactor will be 
needed for a wide operational range due to the saturation effect. 
The Phase Shifting Transformer has similar power flow control functions, also with a 
nearly constant difference of 1850MW between the whole capacity of SOA and Trojan 
shown in Fig.2. Note the linearity of the operational curve. The Phase shifter can even 
compensate the South to North power flow. 
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B) The interferences of Trojan to the SOA 
As shown in Appendix A(Fig.4 -Fig.9), six critical transmission lines were selected to 
evaluate the interferences of the Trojan power flow control to the South of Allston 
system, which are as follows: 

Astor- LWSCLAR 115 kV line 
Trojan- St. Marys 230 kV line, 
Keeler -Rivergate 230 kV line, 
Longview 230/115 kV Bank. 
Woodland - Ross 230 kV line 
Merwin- View Tap 115 kV line 

Astor- L WSCLAR 115 kV line is the most heavily loaded line in the coastal area. 
Trojan- St. Marys 230 kV line and Keeler-Rivergate 230 kV line are good indictors 
for the power flows of Trojan. Longview 230/115 kV Bank and Woodland- Ross 230 
kV line are always the first overloaded lines/transformers cased by the power flow 
from the Longview bus. The Merwin - View Tap 115 kV load ratio is always more 
than 80%, and can be as high as 159% which made it the most critical bottleneck for 
the whole South of Allston. 
For both the Reactor control and the Phase Shifting Transformer control scenarios, all 
of the selected transmission line power flow changes due to the variation of the control 
parameters are pretty limited (most of them are less than 30%). The biggest variation 
from about 40% to 104% happened on Keeler -Rivergate 230 kV line with the KP 
outage using Reactor control, which could be quite reasonable considering the KP 
outage is so close to this transmission line. Thus the interference from the Trojan 
reconstruction is limited. 

C) Overload mitigation by utilizing new conductors 
New conductors were installed in transmission lines which were known to overload heavily in the 

case of a major outage. These lines are Merwin-View Tap-Cherryppl, LwsClark-Astor Tap, 

Woodland-Ross, and Rivergate-Keeler. 

The Merwin-View Tap lines (4.2 miles) and the View Tap-Cherryppl lines (6.69 miles) are 

currently 636 ACSR Rook, by using a 636 ACSS Rook the summer nominal emergency rating can 

by increased from 134.0 MVA to 292.6 MVA and the winter nominal emergency can be increased 

from 210.0 MVA to 323.3 MVA. The lines are currently owned by PacifiCorp-West. 

The LwsClark-Astor Tap lines (0.7 miles) are currently 397.5 ACSR Ibis, by using 397.5 ACSS 

Ibis the summer emergency rating can be increased to from 100 MVA to 216. 9 MV A. The line 

from Astor Tap to Seaside is 12.8 miles long and is less critically loaded, however installing new 

conductor on these lines is a consideration for future study. The lines are currently owned by 

PacifiCorp-West. 

The Woodland-Ross lines (19.85 miles) are currently 795 ACSR Drake, by using 795 ACSS Drake 

the summer emergency rating can be increased from 426.3 MVA to 682 MVA. These lines are 

currently owned by Bonneville Power Administration. 
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The Rivergate-Keeler lines (8.47 miles) are currently limited by a 0.73 mile section of 1.01 miles 

of 556 ACSR Eagle. By installing new 1272 AAC Narcissus, the summer emergency rating for the 

Rivergate-Keeler lines can be increased from 346.6 MVA to 523.8 MVA. Installing new conductors 

on these lines eliminates the three top overloads which occur during the Allston-Keeler 500KV 

Outage. (Refer to onelines and tables for CASE 15) The top overloads are now reduced to the 

limiting lines in the transmission area of Trojan-St. Mary's, Trojan-Harborton, and 

Harborton-Rivergate. 

By installing an entire new circuit from Trojan to St. Mary's, case 15 with all the new conductor 

was developed into a new case 16. The new circuit Trojan-St. Mary's #2 has a summer nominal 

emergency rating 641.0 MVA and winter nominal emergency is 844.5 MVA. From the installation 

of this new Trojan-St. Mary's circuit, the flow South of Allston during an N-1 Allston-Keeler 

Outage is increased 165MW, from 2337MW to 2502MW. The flow during normal operation is 

increased 47MW, from 3180MW to 3227MW. The significant overloads above 100% the summer 

nominal emergency rating during an N-1 Allston-Keeler outage are limited to Astor-Tap-Seaside 

and Trojan-St. Mary's #1. Further study was done by keeping the advantage of having Trojan-St. 

Mary's while only installing new conductors on two of the most critical lines, which include the 

Merwin-View Tap-Cherryppl and LwsClark-Astor Tap lines. This case provides more South of 

Allston capacity while only fixing more critical lines. (Refer to cases 16 and 17). 

D) Constructing new substation at Springerville 
Based on case 17, a new substation at Springerville was added between Trojan-St. Mary's and 

Keeler -Rivergate. The substation is a 230KV bus as shown in Fig.3 

SPRGRVLE 
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Norn kV: 230.00 
Area: NORTHWEST (40) 
Zone: P0r11and General Bectric (450) 

Zl9.2200kV 
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0.00 S'MV/h 
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43459 
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N;JNU:S.l'Rt.!Wu;~SM 
Locllb'IUri11,Nw1'1.ik~.a. .. -h)wt-lLWaoy,1a,~-......Ktff 
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·17.1 Mvar 
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CKT 2 

320.9MW 
fil.1 Mvar 
325.9MVA 
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238.2939 kV 
238.29 KV 

328.0 MW 
58.Q Mvar 
333.2MVA 

CKT 2 

....., ..... 

""'' ....... 
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Fig.3 
By calculating the geographical position of the substation and using know distances and line 

parameters, we modeled the 230Kv transmission lines using the existing Rivergate-Keeler and 

Trojan-St. Mary's #1 & #2. 

For the model simulation we changed the Keeler-St. Mary's and Trojan-Mary's outage (KTS 

Outage) to a Keeler-Sprgrvle and Sprgrvle-St. Mary's 230Kv Outage (KSS Outage) The N-1 

Allston-Keeler 500Kv Outage creates a 152% overload on the Keeler-Sprgrvle lines followed by 

Astor Tap-Seaside at 111 %. However a N-1 Keeler Pearl 500KV Outage shifts the overload to 

St.Mary's-Murray H. at 118% followed by a Forest Grove-Keeler at 104%. Further detailed 

results are shown in the case 18 onelines and tables. The limiting factor to be addressed in the 

case of creating a new substation at this location would be the 3.4 miles of 1272 ACSR Pheasant 

between Keeler and Springerville. 

6) Conclusion 
These studies evaluated the influence of the Trojan reconstruction on the transfer capacity of the 

South of Allston Path. Any power transaction reduced through the Trojan lines would cause almost 

the same amount of loss for the whole South of Allston Path. Due to the related loose connection of 

the Trojan lines to the other transfer channels, the re-termination would keep the power distribution 

in other transmission lines at reasonable levels, and would not generate new problems for the whole 

path. The update of the transmission lines including Merwin-View Tap-Cherryppl, LwsClark-Astor 

Tap, Woodland-Ross, and Rivergate-Keeler will also reduce the overloading problem of South of 

Allston will reduce the system overloading problem and improve the capacity of the South of 

Allston Path. A new substation at Spingerville could also be a good option. 
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Appendix B: the list of all studies 
Case# Comments Testing Scenarios 
Case 0 Initial Base All 4 outages 
Case 1 1) New base by Open Beaver-Allston 230kV, All 4 outages 

and reconnect Beaver stations to the system 
through Beaver-PORTW-Trojan 230kV lines. 
2) Allston 230kV bus connects to the Trojan 
230kV bus through Trojan 1 & 2 

Case 2 Trojan 1 & 2 to Trojan lines open circuit All 4 outages -
Power reduction in AK outage 

Case 3 Power flow control with O ohm reactors All 4 outages -
Power reduction in AK outage 

Case 4 Power flow control with 5 ohm reactors All 4 outages -
Power reduction in AK outage 

Case 5 Power flow control with 10 ohm reactors All 4 outages -
Power reduction in AK outage 

Case 6 Power flow control with 15 ohm reactors All 4 outages -
Power reduction in AK outage 

Case 7 Power flow control with 20 ohm reactors All 4 outages -
Power reduction in AK outage 

Case 8 Power flow control with 25 ohm reactors All 4 outages -
Power reduction in AK outage 

) Case 9 Power flow control using Phase Shift All 4 outages -
Transformers with O degree shifting angle Power reduction in AK outage 

Case 10 Power flow control using Phase Shift All 4 outages -
Transformers with 2 degree shifting angle Power reduction in AK outage 

Case 11 Power flow control using Phase Shift All 4 outages -
Transformers with 4 degree shifting angle Power reduction in AK outage 

Case 12 
-

Power flow control using Phase Shift All 4 outages 
Transformers with 6 degree shifting angle Power reduction in AK outage 

Case 13 Power flow control using Phase Shift All 4 outages -
Transformers with 8 degree shifting angle Power reduction in AK outage 

Case 14 - Power flow control using Phase Shift All 4 outages 
Transformers with 10 degree shifting angle Power reduction in AK outage 

Case 15 
Case 16 
Case 17 
Case 18 
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Mail : : PGE _ SUMMER: Re: North of John Day 

Date: Mon, 01 Aug 2005 12:16:51 -0700 

From: Jim Eden <Jim.Eden@pgn.com> 

To: prudell@engr.orst.edu 

Cc: avj@eecs.oregonstate.edu, wallace@eecs.oregonstate.edu, zhouxi@engr.orst.edu 

Subject: Re: North of John Day 

@2 HTML text/html 3.76 KB~ 

Looking good ! ! ! 

Looks like you have analysis and mapping going on together. Teamwork! 

• (M;ping suggestio~ 

Page 1 of 2 

On the SoA maps, it would be nice to extend the bottom and right side a bit. Can you set the lower right page marker out a 
bit, so that the Pearl 500 bus and the Ostrander 500 bus are included? As sent, and printed in color, the picture looks real 
nice. Extending the page will shrink the size down a bit, maybe getting to small. However, I printed the picture on tabloid 
(11x17) and everything grows. So, enlarging the view, when printed on tabloid, should be a wash. I will bring a sample for 
you. I envision that these pages can fold out (11X17 trifolds to 11X8.5). 

On the Southern maps, we need to move things around a bit. Note that even John Day is "north" of Portland. We can 
generally shift the 500 system up and right. My suggestions are: 

At Pearl, keep the three lines equal spaced, so, the Keeler line moves down the bus and equal with the Pearl line, the cap 
moves up to the "top" xfmer and the Ostrander line lines up with the "middle" xfmr. 

Move Ostrander up, equal with Mcloughlin. Move Wautoma up, below the logos. Put Hanford above the logos, and more to 
the right. Move Big Eddy well to the right and "higher" than Ostrander. Move John Day even more right and equal with Big 
Eddy. Grizzly will move right, as with all the rest of the east side 500 (Buckley, Slatt, McNary, etc). 

Move Marion down a little, equal to Grizzly. I think the NoJD cutplane will line up nicely. 

I know you are not done adding the 230 elements. To be sure; we will need the 230 from Portland to Salem (Big Eddy- ) 
Chemawa and the Mcloughlin-Monitor-Bethel line) and the 230 "Salem" system. Not much there, you can end at Fry. We 
will need the 230 from Portland/Salem up to the John Day area. It would include the couple lines to Bonneville, the Bethel, 
Round Butte line (remember, this line will be prime upgrading to 500, so leave some working room), and the 230 lines from 
Santiam all the way back to McNary (they will also be important, as this right-of way will get us to McNary. 

You can move Boardman south of Coyote a little more, it may be a key station, so we'll need some working room there too. 

I was out Thursday and Friday, so this note is not real timely, sorry. Keep sending stuff, 

Looks good folks ! ! ! 

Jim 

0 \..OAD FLO~ S -~ 

»> "Joseph H. Prudell" <prudell@engr.orst.edu> 07/29/2005 11 :50 AM»> 
Hello, D (:;(f,#J Et-A '11{._ (e..Ef'Of!~ " 

Included in the attached files is the latest version of the oneline which 
includes the 500KV lines and a N. of John Day interface. 
The PDF's are of the initial case, base case 1 with Beaver moved, and faults. 

Regards, 

Joseph H. Pru dell 
Oregon State University 
Energy Systems and Power Electronics 
School of Electrical Engineering and Computer Science 

https://webmail.oregonstate.edu/message. php ?actionID= 148&mailbox=mail%2FPGE _SUM... 8/2/2005 

) 



Mail : : INBOX: Re: Southern Crossing 

Date: Thu, 04 Aug 2005 15:24:29 -0700 

From: Jim Eden <Jim.Eden@pgn.com> 

To: prudell@engr.orst.edu 

Cc: avj@eecs.oregonstate.edu, wallace@eecs.oregonstate.edu, zhouxi@engr.orst.edu 

Subject: Re: Southern Crossing 

~ 2 HTML text/html 3.65 KB~ 

Page 1 of 1 

The drawing looks real good. And now that you have mapped many of the 500 kV lines it is obvious th'at1alfthe multi-sectioh 
lines have dummy busses added. These dummies don't exist in the GE data, but PW adds these when itreads in'.multi-
section lines. This is an option that a user selects when reading in an .epe file (I just confirmed this). • 

This has increased your mapping items because the dummy busses in PW are not modeled as busses in·GE.;·when I saw. 
this initially on the earlier one-lines I didn't know what was going on, as there were only a few. But now that,you did the:soo • • c: 
lines, and there are so many, I had to figure out what was going on. . . • • ·, .. , 

I'm not sure how I want to proceed. If you read in the .epc base case, and choose not to use dummy blisses (except for • 
lines that the sections are caps or xfmrs, then the dummies are always used), you will need to re-map the:lines that had<· '. ·" •• • :' 
multi-sections. And will have to recreate any new interfaces, like SoA. This is confirmed by selecting ttiis:'optior,iand ttien , . :· ; . , . 
opening th~ brand new one-line. I get a purple shading around all multi-section one:-line items that no ·lotilgef,,exlst.' ; • , : (i· • 

I would prefer to do this, but it mea·ns _more work .foryou. In the long run, PW will have to adapt to the rest·oftheworld,'jusf,._'. 
a matter of time·. I would rather have this for.future use, without ttie·dummy busses. • _:-, " • , r' • • ; ,.:-,r_,(,: 

If you print the one-line showing which facilities are missing, you will know which lines are affected and how to redraw them. 
The good news is, you won't have to plotthe dummy busses or the multiple lines. This will also help clea'h'._llip the ·one--lihe ·-u .. r, 
quite a bit. . .-,,_ :-.. ,~_. :·, i>, • 

As for other suggestions, I would stretch the Marion bus to the right and separate the lines a little more·, and separate the . • 
230 lines from the 500 lines a little more. Also, may as well add the Round Butte - Redmond 230 line,Redmorid'Wt>'uld be tb ': 
the right of Grizzly. You can eliminate the Celilo 1 and 2 busses, as you have only shown part of the PDCI (the two-pole 
1100 MW part, not the 2000 MW part). We don't need the DC line anyway. • • • ·' 

Other than that it looks real good! When the dummy busses go away, it will actually look a lot cleaner. 
I'm real sorry I didn't figure this out sooner. You guys are working real hard and I appreciate you efforts! 

You were sitting down when you read this, right?. 
~ --------'p 

Jim 

»> "Joseph H. Prudell" <prudell@engr.orst.edu> 08/04/2005 1 :41 PM »> 
Hello Jim, 

Attached is a newer one-line ready for comments and a sample print of the 
souther crossing with wider margins. Please comment! on what we have so far. 
I tired to follow the drawing you made yesterday. 

take care 
-Joe 

Regards, 

Joseph H. Prudell 
Oregon State University 
Energy Systems and Power Electronics 
School of Electrical Engineering and Computer Science 

http://engr.oregonstate.edu/~prudell 

https://webmail.oregonstate.edu/message.php?actionID=148&mailbox=INBOX&bodypart= .. , 8/4/2005 

ii 
. . . 
••• : .. ,. _i\·,: __ : ~· 

·-. t ·:•j 

) 

/ 



Mail:: INBOX: Next visit, Thursday? 

Date: Tue, 06 Sep 2005 13:47:51 -0700 

From: Jim Eden <Jim.Eden@pgn.com> 

To: avj@eecs.oregonstate.edu, wallace@eecs.oregonstate.edu 

Cc: prudell@engr.orst.edu, zhouxi@engr.orst.edu 

Subject: Next visit, Thursday? 

~ 2 HTML text/html 0.91 KB ~ 

I'm leaving shortly for a trip to Salt Lake City. This Thursday is open for a visit. Will that work? 

I think I still need all six one-lines for Case 12 (6 degree). 

I messed up printing Case 2 base one-line. I will bring the replacements. 

Page 1 of 1 

You mis-labeled Case 4 base one-line, says "3 ohns", should be "5 ohms". It is just that one plot, and I indicated that we can 
just hand correct that page. 

I will be looking over the write-up. Maybe you should send the electronic version. 

Jim 

https://webmail.oregonstate.edu/message.php?action1D=l48&mailbox=INBOX&bodypart=... 9/6/2005 

) 



ECE 499/599 WINTER TERM 2004 

TERM PAPER PRESENTATIONS 

PEER EVALUATIONS 

Score up to 5 points for each question (0-poor; 5-excellent) 

Date: 'J /2-(0 t- Group # i 
Title of Paper: 

H fV ~tPfj l-~S~<"S 

1. CONTENT 
1.1 Did the presentation address the topic? 

1.2 Was the topic addressed in sufficient depth? 

1.3 Were the broader implications for electric and HE 
vehicles addressed? 

1.4 Did you learn from this presentation? 

2. TECHNIQUE 
2.1 Did the presenters communicate well? 

(clear; responsive to audience; eye contact) 

2.2 Were the presenters well prepared? 
(good visuals; coherent theme) 

2.3 Had the topic been sufficiently researched? 
(did the presenter convince you?) 

2.4 Were questions answered well? 

Score 
s---

4 

> 

TOTAL: 3 l ---=----
Reviewer's signature: 

( 



Mail : : INBOX: Re: Southern Crossing 

Date: Wed, 07 Sep 2005 06:55:04 -0700 

From: Jim Eden <Jim.Eden@pgn.com> 

To: prudell@engr.orst.edu 

Page 1 of2 

Cc: avj@eecs.oregonstate.edu, wallace@eecs.oregonstate.edu, zhouxi@engr.orst.edu 

Subject: Re: Southern Crossing 

@ 2 HTML text/html 5.22 KB ~ 

):should be looking at the report, but couldn't help inspecting the Southern Crossing plot. What happened to the Tumble 
@' Creek-Dalreed 230 line? We were only replacing the Bethel-Round Butte 230 with a new 500 line. I may have confused you 

earlier, the McNary-Santiam is double-circuit towers, but one side is idle. Our Round Butte line is single-circuit lattice towers. 

_I have a few mapping suggestions. Move (rotate) the cap bank at John Day to be opposite the Marion line position. Then 
ef you will have room to move the Maupin substation to the area just below John Day sub. Keep Maupin oriented like it is so 

that the line that goes through it is north-south. ·-

/rhe Tumble Creek line, after it crosses the 500 lines, will head northeast (and move it closer to the 500 lines, I know I said to 
0 ~eparate it earlier, but it turns out that all of these lines are roughly in the same corridor) and cross the Maupin-Redmond 

line, then head east to cross the 500 lines. 

~w you will have more room for the new 500 sub. Lets call it Olallie (since the lake is nearby), but make sure we don't 
already have a sub with that name! ~-,_ 

---- --- c_~V72-J ) -
,/ The Boardman generator may have to rotate downward, to allow a line to continue on to 'McNary. We will also look at a 

second B_Qardmqn unit, but will do this later. 
CtfTt/i/ 7t) 

You stillnave· some decimals on flows and volts in the Round Butte/Grizzly area. 
l .. --· ' 

I like these results. I studied this 10-15 years ago, just a conversion of ,~el-Round Butte 230 to 50Q;'and I had trouble 
getting it to load. I had to use large amounts of compensation to get mediumflows.·lt looks like without compensation, you 
are getting nearly 900 MW out of Boardman(~), and nearly 300 MW to Bethel (wow again). This is real encouraging! 
Lets call this case 20 (don't want to get confused with our earlier work). We ~an comp the::Bethel leg~y 50%, just to see 
what happens. This would not be case for now, let's play with it before we give the case a laoel. 

Another option is to take the new line from Olallie to Slatt, this would be case 30 (t~.2 -' ·11 be for various options at 
,, -Boardman, the 30's will be options ~~For both of these, a new case, sa 21 and 3 ill add a new line from 

(y Boardman to McNary. ~ • 

;~/ The West of Slatt cut-plane will include any new 500 line, whether it starts from Slatt or Boardman. Do not include the 230 
<Y (Dal reed line) as it is already in the West of McNary cut-plane. Any new 500 line from McNary will be included in the West of 

McNary cut-plane. 

~ We will also need a one-line for the Southern Crossing that originates from Case 1, our base case starting point. 

_ I We will also need to test each "good plan" with a growth test. Since this won't be built for several years, we will need to add 
ty' 350 MW of load to PGE's Area (we will scale up the area load, 70 MW x 5 yrs = 350 MW). When we do this, we will add "L" 

on the case number, eg 20L, to indicate a higher load test. At the same time we will also add 350 MW ( or more) of new 
generation in the Boardman area, like new wind or Boardman #2. We worry about that later. 

_ /. realize that we are running out of time, but we can still make good headway on the Southern Crossing. I was talking 
(jj internally about maybe needing more help from OSU jf the results were looking good. If we demonstrate that this looks 

feasible (defined as not needing phase-shifters to achieve high flows), we will want to do more studies, maybe later this year! 

I like this! See you tomorrow. 

Jim 

»> "Joseph H. Prudell" <prudell@engr.orst.edu> 09/06/2005 9:07:32 PM>» 
Hello Jim, 

I wanted to get ahead on the Southern Crossing so I created a BASE CASE 1 which 
we can later input more accurate impedances and distances for the 500Kv lines. 

https://webmail.oregonstate.edu/message.php?actionID=148&mailbox=INBOX&bodypart=... 9/7/2005 



ECE 499/599 WINTER TERM 2004 

TERM PAPER PRESENTATIONS 

PEER EVALUATIONS 

Score up to 5 points for each question (0-poor; 5--excellent) 

Date: 5/ Cf /c r Group # --z_. 

Title of Paper: ::f':::t!;Jcl ~ ~ 4-i,:t ,P,4{,,,t( , 1~1 t-£..11 

1. CONTENT 
1.1 Did the presentation address the topic? 

1.2 Was the topic addressed in sufficient depth? 

1.3 Were the broader implications for electric and HE 
vehicles addressed? 

1.4 Did you learn from this presentation? 

2. TECHNIQUE 
2.1 Did the presenters communicate well? 

(clear; responsive to audience; eye contact) 

2.2 Were the presenters well prepared? 
(good visuals; coherent theme) 

2.3 Had the topic been sufficiently researched? 
(did the presenter convince you?) 

2.4 Were questions answered well? 

TOTAL: 

Score 

-) 

-----
Reviewer's signature: ~ ~ ~ 



Mail:: INBOX: New cases 

Date: Tue, 13 Sep 2005 08:46:48 -0700 

From: Jim Eden <Jim.Eden@pgn.com> 

To: prudell@engr.orst.edu, zhouxi@engr.orst.edu 

Cc: avj@eecs.oregonstate.edu, wallace@eecs.oregonstate.edu 

Subject: New cases 

2 HTML text/html 2.86 KB~ 

I've looked over the cases, and have a few comments. 

Page 1 of 1 

0 We need to maintain-aJ>QIJ! 540 kV at 500 stations, and from Case 1, we are holding Boardman at 541 kV and looking at 
Case 21 and 31, the machine is nearly at maximum@~ assume for 21 and 31, the addition of a 150 MVAr cap (550 kV 

p base). ,B~t the volatge control at Boardman to 540 kV for a new case . 

Marion is at 542 kV in Case 1, this is okay, but in Case 21 and 31, it climbs to 546 kV. There should be reactors at Marjg,n, Q 
and they should be coming on, can you look to see if they are on, and we may need to show this on the one-line ,..7 

Dolallie may need a reactor, let's assume a 150 MVAr reactor (500 kV base). Bethel is a little high, but the Olallie reactor will 
help. 

The Bethel 500/230 is not loading high enough, so let's look at termination options at Bethel. Let's set up a ~;~1lw~re we 
loop the Olallie-Bethel line into Santiam. The Bethel-Santiam 230 line is about 20 miles long and along the R/W somewhere, 

(JioJ~~the Olallie line into Santiam 500 with no additional line length. So, the Bethel-Santiam 500 is 20 miles and the 
. Santiam-Olallie is 20 miles. less. Let's change the~el 500/230 transformer for all cases_ to match the Allston 500/230 #2 J,tJ 
bank (1300 MVA). T -· 
For outages, we should look at heavily loaded lines, 1~m thinking: <'C" ~ 

D iD::fC> c,ufc;J,y O CS o~;e.-.- D ~ B 6v.b-L?,,~ 0 '-.).:? t11c, ''-;/--'Z ~ 
Wautoma-John Day 500, Coyote-Slatt 500, the Slatt-Buckley 500, and the Santiam 500/230. Trying to keep this to a sma 

list. 0 fl-;,t.. -~ - f.?r,ek-'-7 -~. lM ::.$.lA-rr 
I have to run to the airport, but wanted to make sure you had stuff to work on. I may e-mail you from the airport meeting. 

Jim 

»> "Joseph H. Prudell" <prudell@engr.orst.edu> 09/09/2005 1 :58:49 PM»> 
Hello Jim, 

I just sent you cases 21, 31 , 17 and 1 as requested. 
Have a good weekend .. 
Remember I'll be out of town .. Wednesday 16th (Afternoon) .. until Tuesday 2oth 
(afternoon). 
I'll be here sunday to work .. let me know ... l plan working long days monday, 
tuesday .. 

take care 
Joe 

Regards, 

Joseph H. Prude II 
Oregon State University 
Energy Systems and Power Electronics 
School of Electrical Engineering and Computer Science 

http://engr.oregonstate.edu/~prudell 

https:/ /webmail.oregonstate.edu/message. php?actionID= 148&mailbox= INBOX&bodypart... 9/13/2005 
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CASE 15 
In this case we installed new conductors in transmission lines which were known 

to overload heavily in the case of a major outage. These lines are Merwin-View Tap
Cherryppl, LwsClark-Astor Tap, Woodland-Ross, and Rivergate-Keeler. 

The Merwin-View Tap lines (4.2 miles) and the View Tap-Cherryppl lines (6.69 
miles) are currently 636 ACSR Rook, by using a 636 ACSS Rook the summer nominal 
emergency rating can by increased from 134.0 MV A to 292.6 MV A and the winter 
nominal emergency can be increased from 210.0 MVA to 323.3 MV A. The lines are 
currently owned by PacifiCorp-West. 

The LwsClark-Astor Tap lines (0.7 miles) are currently 397.5 ACSR Ibis, by 
using 397.5 ACSS Ibis the summer emergency rating can be increased to from 100 MVA 
to 216.9 MV A. The line from Astor Tap to Seaside is 12.8 miles long and is less 
critically loaded, however installing new conductor on these lines is a consideration for 
future study. The lines are currently owned by PacifiCorp-West. 

The Woodland-Ross lines (19.85 miles) are currently 795 ACSR Drake, by using 
795 ACSS Drake the summer emergency rating can be increased from 426.3 MV A to 
682 MV A. These lines are currently owned by Bonneville Power Administration. 

The Rivergate-Keeler lines (8.47 miles) are currently limited by a 0.73 mile 
section of 1.01 miles of 556 ACSR Eagle. By installing new 1272 AAC Narcissus, the 
summer emergency rating for the Rivergate-Keeler lines can be increased from 346.6 
MVA to 523.8 MVA. 

Installing new conductors on these lines eliminates the three top overloads which 
occur during an N-1 Allston-Keeler 500KV Outage. (Refer to onelines and tables for 
CASE 15) The top overloads are now reduced to the limiting lines in the transmission 
area of Trojan-St. Mary's, Trojan-Harborton, and Harborton-Rivergate. Case 16 
addresses this limitation. 

CASE 16 
In this case, we used case 15 with all the new conductors and then increased the 

capacity South of Allston by installing an entire new circuit from Trojan to St. Mary's. 
The new circuit Trojan-St. Mary's #2 has a summer nominal emergency rating 641.0 
MV A and winter nominal emergency is 844.5 MV A. 

From the installation of this new Trojan-St. Mary's circuit, the flow South of 
Allston during an N-1 Allston-Keeler Outage is increased 165MW, from 2337MW to 
2502MW. The flow during normal operation is increased 47MW, from 3180MW to 
3227MW. The significant overloads above 100% the summer nominal emergency rating 
during an N-1 Allston-Keeler outage are limited to Astor-Tap-Seaside and Trojan-St. 
Mary's #1. 

CASE 17 
In this case the advantage of having Trojan-St. Mary's was realized while only 

installing new conductors on two of the most critical lines. Therefore we installed new 
conductors only on the Merwin-View Tap-Cherryppl and LwsClark-Astor Tap lines as 
described in case 15, and installed the new Trojan-St. Mary's circuit. This case provides 
more South of Allston capacity while only fixing more critical lines. (Refer to onelines 
and tables for cases 16 and 17) 
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CASE 18 
In this case, we took'case 17 and created a new substation at Springerville which 

is located between Trojan and St. Mary's and Rivergate and Keeler. The substation is a 
230KV bus as shown below: 

SPRGRVLE 
Bus: SPRGRVLE(43536) 
Norn kV: 230.00 
Area: NORTHWEST (40) 
Zone: Portland General Beclric (450} 

239.2298 kV 
239.23 KV 
34.67 Deg 
0.OOS'MWh 

SystemSta1e 

405gg 
240.5948kV 
240.59 KV 

238.7U70 kV 
238.71 KV 

o. ... ~~:.1.U---..lh, 

""" Jh.mUXZ...Cv 

~a.a:~;;>,11.,i4J!M 

i.-...,s_llNll•Hr.,t,ol~M..,y-..m-~1!tl..-,11 .. a~...-Ko<1..-

43541 
239.0262kV 
239.03 KV 

•17.1 Mvar 
361.9MVA 

320.9MW 
57.1 Mvilr 
325.9MVA 

CKT 1 

43597 

238.2939 kV 
238.29 KV 

32/l.OMW 
58.9 Mvar 
333.2MVA 

CKT 2 

By calculating the geographical position of the substation and using know distances and 
line parameters, we modeled the 230K v transmission lines using the existing Rivergate
Keeler and Trojan-St. Mary's #1 & #2. 

For the model simulation we changed the Keeler-St. Mary's and Trojan-Mary's 
outage (KTS Outage) to a Keeler-Sprgrvle and Sprgrvle-St. Mary's 230Kv Outage (KSS 
Outage) The N-1 Allston-Keeler 500Kv Outage creates a 152% overload on the Keeler
Sprgrvle lines followed by Astor Tap-Seaside at 111 %. However a N-1 Keeler Pearl 
500KV Outage shifts the overload to St. Mary's-Murray H. at 118% followed by a Forest 
Grove-Keeler at 104%. Further detailed results are shown in the case 18 onelines and 
tables. The limiting factor to be addressed in the case of creating a new substation at this 
location would be the 3.4 miles of 1272 ACSR Pheasant between Keeler and 
Springerville. 
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60 MW 
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60 MW 
8Mwr 

112MW 2 
0 Mvar 
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98MW 60 MW 

4M\8r 8 M\8r 

60MW 
8Mvar 

ID SOUTH Of ALLSTON 

54 MW 
17 Mvar 

48 MW 
-19Mvar 

NORnMEST - CANADA 

COi 

PACHC DC !NlERlIE (PDCI) 

OREGON STATE UNIVERSITY 

ELECTRICAL ENGINEERIN3 

MOTOR SYSTEMS RESOURCE FACILITY 

-7151 MN 

3773MW 

JIOOMW 

3180 MW 

1096 MW 
-101 Mvar 

1790 MW 
-109 Mvar 

"'' 
1nsMW 
306M\Br ., 

KER.ER 
537.3 lo' 

-r 
1287 MW 440 Mva 

-57Mvar. f!i 

CASCADTP 

202MW 

-7M\81" 

ALISlllN 
238.5 W 

KER.ER 
239.6 W 

LONQ/WT 
237.4 W 

79 M-.er 

08MW 
24 Mvar 

WOODLAND ..,;:;,,;_,;,;;;;;,...;ilio __ _ 
238.0 W 

BEAVER SWITI-CED OVER TO PORT W. 

314MW 
-49Mvar 

ARI 
117.9 W 

YALE 
119.l lo' 

lOOMW 
-2 M1c1r 

CHB.ATT 
118.9 lo' 

M~WIN--------~ 
118.0 W 

79lioBUBAkEl: 
118.4 lo' 18Pfi~ 

-~ 

lROUTDAL 
534.4W 

5 

72NDPPL 
117.9 W 

17MW 
-9 Mvar 

H2lDLPPL 
118.0W 

OSTRNlER 

l 

53a0w ~ 

8 ..er 75 Mlar 

BICB>DYl 
239.3 lo' 

Cl 4 Cl 0 

WAlllOMA 
538.5 lo' 

~1t- r -74Mvar oJ~::1:~9MW 

~--~~~ •~~~ 

HARVALi.t 
236.S lo' 
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112MW 
-6M1.er 

98MW 
-4M\8r 
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OREGON STATE UNIVERSITY 
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3773 MW 
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3180 MW 
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306M-.er 

KIELER 
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1287 MW 
-57Mvar 121MW 107MW 

-14Mva -lSMvar 

Km 
117.71/J 

LONG/WT 
237.4 ~ 

119MW 

GRa!AM 
Zl7.l l/J 

CARVER 
237.4 kV 

MCLQJGLN 
238.3 kV 

BEAVER SWITCHED OVER TO PORT W. 

LINE REJlCTOR VALUES SHOWN AND ENrERED 

9M"' 

08MW 
24 Mvar 

WOODLAND _____ ..., __ _ 

Zl8.0 1/J 
314MW 
-49Mvar 

MERWJN_...,. _____ ~ 

118.0 kV 

7~DPR. 
117.9 kV 

17MW 
-9 M\0r 

118.0 IN 
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3773MW 

3:100 MW 

A5'i~ 

3180MW 

1775 MW 
306M1o0r 
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117.2 kl/ 
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S Mvar 

MW 89 MW 
Mvar 4 Mvar 

w 
RAINER 
116.1 kl/ 

STJOHNS 
239.S kV 

BEAVER SWITCHED OVER TO PORT W. 

LINE REACTOR VALUES SHOWN AND ENrERED 

79 M\8r 

08MW 
24 Mvar 

WOOOLAND ---------238.0 kl/ 
314MW 
-49Mvar ,~ .. 
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ARIEL 
117.9 W 
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100MW 
-2M\8r 

CHB.ATT 
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MW 
r 

M~WIN- .... -----~ 
118.0 kV 

V'JEWTAP 
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