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Background 
 
The Big Sandy-Landsman Creek 230 kV (breaker to breaker) and the Landsman Creek-Burlington 
230 kV (breaker to breaker) lines are used to schedule power bi-directionally between Big Sandy and 
Landsman Creek; and between Landsman Creek and Burlington, respectively.  Table 1 shows the 
parameters of each line.  Figure 1 shows the lines’ location in eastern Colorado.   
 
 

Table 1:  Transmission Line Parameters  
 

 
 
 
 

 
 

Figure 1: Eastern Colorado Transmission System 
 
 
  

Description 
Conductor             

(ACSR) 

Normal             
Rating                           
(MVA) 

Emerg.      
Rating                           
(MVA) 

Length                 
(Miles) 

Design 
Temperature                

(OC)         Limited Element 

Big Sandy-Landsman Creek 230 kV 954 275.0 291.5 75.5 50 Conductor 

Landsman Creek-Burlington 230 kV 954 275.0 291.5 5.0 50 Conductor 
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Objective 
 
The objective is to conduct power flow and transient stability studies to determine the Total Transfer 
Capability (TTC) of the Big Sandy-Landsman Creek 230 kV and the Landsman Creek-Burlington 230 
kV lines in accordance with Standard MOD-029-1a — Rated System Path Methodology (Appendix B).   
 
 
Base Case Assumptions 
 
The 2013HS (heavy summer) and 2013LA (light autumn) LGIP PSSE base cases were selected to 
perform the power flow study.  An equivalent 2013HS LGIP PSLF case will be used to perform the 
transient stability study.  These two base cases are updated with the latest branch and generator 
ratings in the study area.  They consist of the following modeling parameters, as described in 
Requirement 1 (R1) of Standard MOD-029-1a.   
 
• all WECC base case elements such as transmission lines, transformers, shunt capacitors, etc., 
• latest load and generation forecast,  
• existing and planned Special Protection System (SPS), if any, and 
• latest facility ratings. 
 
 
Methodology 
 
TTC is defined as the amount of electric power that can be transferred reliably from one area to 
another area of the interconnected transmission system by utilizing all available transmission lines 
between these areas under stressed system operating conditions.  In this particular study, the 
available transmission lines are the Big Sandy-Landsman Creek 230 kV and the Landsman Creek-
Burlington 230 kV lines.  The stressed system operating conditions include various generation 
dispatches for heavy summer and light autumn loads of 2013. 
 
Requirement 2 (R2) of Standard MOD-029-1a describes the methodology as follow: 
 
• Adjust base case generation and load levels within the updated power flow model to determine 

the TTC (maximum flow or reliability limit) that can be simulated on the Available Transfer 
Capability (ATC) Path while at the same time satisfying all planning criteria  
 

• Where it is impossible to actually simulate a reliability-limited flow in a direction counter to 
prevailing flows (on an alternating current Transmission line), set the TTC for the non-prevailing 
direction equal to the TTC in the prevailing direction. If the TTC in the prevailing flow direction is 
dependent on a Special Protection System (SPS), set the TTC for the non-prevailing flow direction 
equal to the greater of the maximum flow that can be simulated in the non-prevailing flow direction 
or the maximum TTC that can be achieved in the prevailing flow direction without use of a SPS.  
 

• For an ATC Path whose capacity is limited by contract, set TTC on the ATC Path at the lesser of 
the maximum allowable contract capacity or the reliability limit.  
 

• For an ATC Path whose TTC varies due to simultaneous interaction with one or more other paths, 
develop a nomogram describing the interaction of the paths and the resulting TTC under specified 
conditions.  
 

• The Transmission Operator shall identify when the TTC for the ATC Path being studied has an 
adverse impact on the TTC value of any existing path.  Do this by modeling the flow on the path 
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being studied at its proposed new TTC level simultaneous with the flow on the existing path at its 
TTC level while at the same time honoring the reliability criteria outlined in R2.1. The Transmission 
Operator shall include the resolution of this adverse impact in its study report for the ATC Path.  
 

• Where multiple ownership of Transmission rights exists on an ATC Path, allocate TTC of that ATC 
Path in accordance with the contractual agreement made by the multiple owners of that ATC Path.  
 

• For ATC Paths whose path rating, adjusted for seasonal variance, was established, known and 
used in operation since January 1, 1994, and no action has been taken to have the path rated 
using a different method, set the TTC at that previously established amount.  
 

• Create a study report that describes the steps above, including the contingencies and 
assumptions used, when determining the TTC and the results of the study. Where three phase 
fault damping is used to determine stability limits, that report shall also identify the percent used 
and include justification for use unless specified otherwise in the ATCID.  
 

• Each Transmission Operator shall establish the TTC at the lesser of the value calculated in R2 or 
any System Operating Limit (SOL) for that ATC Path.  
 

• Within seven calendar days of the finalization of the study report, the Transmission Operator shall 
make available to the Transmission Service Provider of the ATC Path, the most current value for 
TTC and the TTC study report documenting the assumptions used and steps taken in determining 
the current value for TTC for that ATC Path.  
 

The power flow study is performed in accordance with Tri-State’s planning criteria (Appendix A).  They 
are consistent with the planning criteria of Western Electricity Coordinating Council (WECC) and 
North American Electric Reliability Council (NERC).   
 
 
Power flow Study Results 
 
This TTC study includes power flow in both directions for the Big Sandy-Landsman Creek 230 kV and 
the Landsman Creek-Burlington 230 kV lines. 
 
West-to-East Flow: 
 
Two study cases, 13HS1a and 13LA1a, derived from the base cases, 13HS0 and 13LA0, are used to 
study the West-to-East flows on the Big Sandy-Landsman Creek 230 kV line.  Another two study 
cases, 13HS2a and 13LA2a, also derived from the base cases, 13HS0 and 13LA0, are used to study 
the West-to-East flows on the Landsman Creek-Burlington 230 kV line.  The respective stressed 
generation for the four study cases, including Lincoln (also known as Limon) and Burlington unit 
generation; and other generation in southeastern Colorado and Montana/Idaho areas, are shown in 
Table 2.  Red numbers under the study cases indicate the generation that are different from the base 
cases. 
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Table 2:  Stressed Generation Dispatches for Various Study Cases 
(West-to-East Flow) 

 

Number Name Pmax Pmin 

Base             
Case              

13HS0 

Study                      
Case                  

13HS1a 

Study                      
Case                  

13HS2a 

Base                   
Case           

13LA0 

Study                       
Case                

13LA1a 

Study                       
Case                

13LA2a 
    (MW) (MW) (MW) (MW) (MW) (MW) (MW) (MW) 

Area 62 & 60 
Montana & Idaho 
Generation 

8823.1 HS         
8823.1 LA 

1062.4 HS             
1062.4 LA 7617.8 7520.4 7469.4 7616.7 7339.2 7288.2 

73181 (Z756) SIDNEYDC    230 200.0 -200.0 200.0 -200.0 -200.0 200.0 -200.0 -200.0 
73302 (Z752) BRLNGTN1    13.8  50.0 25.0 29.0 0.0 0.0 0.0 0.0 0.0 
73303 (Z752) BRLNGTN2    13.8  50.0 25.0 29.0 0.0 0.0 0.0 0.0 0.0 
72714 (Z751) KIT.CARSON  0.69  51.0 2.4 51.0 0.0 51.0 51.0 0.0 51.0 
73532 (Z752) LINCOLN1    13.8  68.0 40.0 0.0 68.0 68.0 0.0 68.0 68.0 
73533 (Z752) LINCOLN2    13.8  68.0 40.0 59.0 68.0 68.0 0.0 68.0 68.0 
70119 (Z704) COMAN_1     24.0  360.0 200.0 360.0 360.0 360.0 360.0 360.0 360.0 
70120 (Z704) COMAN_2     24.0  365.0 200.0 360.0 365.0 365.0 365.0 365.0 365.0 
70777 (Z704) COMAN_3     27.0  870.0 330.0 800.0 870.0 870.0 800.0 870.0 870.0 

Zones 712 & 757 
Southeastern Colorado 
Generation 

1936.0 HS         
1683.0 LA 

10.0 HS             
0.0 LA 1445.6 1900.0 1900.0 1097.5 1620.0 1620.0 

Total       10,951.4 10,951.4 10,951.4 10,490.2 10,490.2 10,490.2 

Big Sandy-Landsman Creek 230kV West-to-East Flow:                                                            
(Stressed by Study Cases 13HS1a and 13LA1a) -32.7 79.1 44.4 -46.2 38.6 4.3 

Landsman Creek-Burlington 230 kV West-to-East Flow:                                                                      
(Stressed by Study Cases 13HS2a and 13LA2a) 17.3 78.2 94.3 3.5 38.4 54.4 

 
Base case 13HS0 shows -32.7 MW flow on Big Sandy-Landsman Creek 230 kV line and 17.3 MW on 
Landsman Creek-Burlington 230 kV line. 
 
Study case 13HS1a stressed local unit and other generation in base case 13HS0 to increase the flow 
on Big Sandy-Landsman Creek 230 kV line to 79.1 MW.  
 
Study case 13HS2a stressed local unit and other generation in base case 13HS0 to increase the flow 
on Landsman Creek-Burlington 230 kV line to 94.3 MW.  
 
Base case 13LA0 shows -46.2 MW flow on Big Sandy-Landsman Creek 230 kV line and 3.5 MW on 
Landsman Creek-Burlington 230 kV line. 
 
Study case 13LA1a stressed local unit and other generation in base case 13LA0 to increase the flow 
on Big Sandy-Landsman Creek 230 kV line to 38.6 MW.  
 
Study case 13LA2a stressed local unit and other generation in base case 13LA0 to increase the flow 
on Landsman Creek-Burlington 230 kV line to 54.4 MW.  
   
Eight single line outages (breaker to breaker) were selected for the contingency study, as shown 
below: 
 

1) Lincoln-Midway 230 kV, 
2) Lincoln-Big Sandy 230 kV, 
3) Big Sandy-Landsman Creek 230 kV, 
4) Landsman Creek-Burlington 230 kV, 
5) North Yuma-Wray 230 kV, 
6) North Yuma-Story 230 kV, 
7) Big Sandy-Last Chance 115 kV, and 
8) Burlington-Bonny Creek-South Fork 115 kV.  
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All transmission facilities in Western (Areas 70) and Excel Energy (Area 73) are monitored.  The 
resulting planning criteria violations including voltage, voltage deviation and transmission loading in 
the study area are summarized in Table 3.  Note that planning criteria violations due to generation 
dispatches in remote areas are ignored. 
 

Table 3:  Summary of Planning Criteria Violations 
(West-to-East Flow) 

 

System Conditions Monitored Elements 
Rating    
(MVA) 

Base             
Case              

13HS0 

Study                      
Case                  

13HS1a 

Study                      
Case                  

13HS2a 

Base                   
Case           

13LA0 

Study                       
Case                

13LA1a 

Study                       
Case                

13LA2a 

All Lines in Service Loading violation   none none none none none none 
  Voltage violation   none none none none none none 
Lincoln-Midway 230 kV Out                   
(73531-73413) Loading violation   none none none none none none 
  Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
Lincoln-Big Sandy 230 kV Out        
(73531-73018) Loading violation   none none none none none none 
  Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
Big Sandy-Landsman Creek 
230 kV Out Loading violation   none none none none none none 
(73018-72710) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
Landsman Creek-Burlington  
230 kV Out Loading violation   none none none none none none 
(72710-73036) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 

North Yuma-Wray 230 kV Out Loading violation   none none none none none none 
(73143-73224) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 

North Yuma-Story 230 kV Out               Loading violation   none none none none none none 
(73143-73192) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
Big Sandy-Last Chance 115 kV 
Out Loading violation   none none none none none none 
(73017-73125) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
Burlington-Bonny Creek-South 
Fork 115 kV Loading violation   none none none none none none 
(73035-73025-73185) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
 
The table shows no planning criteria violation for West-to-East flows on Big Sandy-Landsman Creek 
230 kV and Landsman Creek-Burlington 230 kV lines. 
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East-to-West Flow: 
 
Two study cases, 13HS1b and 13LA1b, derived from the base cases, 13HS0 and 13LA0, are used to 
study the East-to-West flows on the Burlington-Landsman Creek 230 kV line.  Another two study 
cases, 13HS2b and 13LA2b, also derived from the base cases, 13HS0 and 13LA0, are used to study 
the East-to-West flows on the Landsman Creek-Big Sandy 230 kV line.  The respective stressed 
generation for the four study cases, including Lincoln and Burlington unit generation; and other 
generation in southeastern Colorado and Montana/Idaho areas, are shown in Table 4.  Red numbers 
under the study cases indicate the generation that are different from the base cases. 
 

Table 4:  Stressed Generation Dispatches for Various Study Cases 
 (East-to-West Flow) 

 

 
Base case 13HS0 shows -17.3 MW on Burlington-Landsman Creek 230 kV line and 32.9 MW on 
Landsman Creek-Big Sandy 230 kV line. 
 
Study case 13HS1b stressed local unit and other generation in base case 13HS0 to increase the flow 
on Burlington-Landsman Creek 230 kV line to 53.8 MW. 
 
Study case 13HS2b stressed local unit and other generation in base case 13HS0 to increase the flow 
on Landsman Creek-Big Sandy 230 kV line to 90.0 MW. 
 
Base case 13LA0 shows -3.5 MW on Burlington-Landsman Creek 230 kV line and 46.5 MW on 
Landsman Creek-Big Sandy 230 kV line. 
 
Study case 13LA1b stressed local unit and other generation in base case 13LA0 to increase the flow 
on Burlington-Landsman Creek 230 kV line to 98.1 MW.  
  

Number Name Pmax Pmin 

Base             
Case              

13HS0 

Study                      
Case                  

13HS1b 

Study                      
Case                  

13HS2b 

Base                   
Case           

13LA0 

Study                       
Case                

13LA1b 

Study                       
Case                

13LA2b 
    (MW) (MW) (MW) (MW) (MW) (MW) (MW) (MW) 

Area 62 & 60 
Montana & Idaho 
Generation 

8823.1 HS         
8823.1 LA 

1062.4 HS             
1062.4 LA 7617.8 8650.0 8650.0 7616.7 8650.0 8650.0 

73181 (Z756) SIDNEYDC    230 200.0 -200.0 200.0 200.0 200.0 200.0 200.0 200.0 
73302 (Z752) BRLNGTN1    13.8  50.0 25.0 29.0 50.0 50.0 0.0 50.0 45.0 
73303 (Z752) BRLNGTN2    13.8  50.0 25.0 29.0 50.0 50.0 0.0 50.0 45.0 
72714 (Z751) KIT.CARSON  0.69  51.0 2.4 51.0 0.0 51.0 51.0 0.0 51.0 
73532 (Z752) LINCOLN1    13.8  68.0 40.0 0.0 0.0 0.0 0.0 0.0 0.0 
73533 (Z752) LINCOLN2    13.8  68.0 40.0 59.0 0.0 0.0 0.0 0.0 0.0 
70119 (Z704) COMAN_1     24.0  360.0 200.0 360.0 0.0 0.0 360.0 0.0 0.0 
70120 (Z704) COMAN_2     24.0  365.0 200.0 360.0 220.0 220.0 365.0 220.0 220.0 
70777 (Z704) COMAN_3     27.0  870.0 330.0 800.0 350.0 350.0 800.0 350.0 350.0 

Zones 712 & 757 
Southeastern Colorado 
Generation 

1936.0 HS         
1683.0 LA 

10.0 HS             
0.0 LA 1445.6 1431.4 1380.4 1097.5 970.2 929.2 

Total       10,951.4 10,951.4 10,951.4 10,490.2 10,490.2 10,490.2 

Burlington-Landsman Creek 230 kV East-to-West Flow:                                                                      
(Stressed by Study Cases 13HS1b and 13LA1b) -17.3 53.8 39.8 -3.5 98.1 77.6 

Landsman Creek-Big Sandy 230kV East-to-West Flow:                                                            
(Stressed by Study Cases 13HS2b and 13LA2b) 32.9 53.7 90.0 46.5 97.9 127.7 
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Study case 13LA2b stressed local unit and other generation in base case 13LA0 to increase the flow 
on Landsman Creek-Big Sandy 230 kV line to 127.7 MW.  Note that the total of Burlington and Kit 
Carson generation is limited to 141 MW (when both Lincoln (also known as Limon) generating units 
are off line) according to Operating Procedure 105: The combined operation of Limon and Burlington 
network resources, as shown in Appendix C.   
 
The same eight single line outages, as selected in the “West-to-East Flow” section, are used to 
perform the contingency study. 
 
All transmission facilities in Western (Areas 70) and Excel Energy (Area 73) are monitored.  The 
resulting planning criteria violations including voltage, voltage deviation and transmission loading in 
the study area are summarized in Table 5.  Note that planning criteria violations due to generation 
dispatches in remote areas are ignored. 
 

Table 5:  Summary of Planning Criteria Violations 
(East-to-West Flow) 

 

 
The table shows no planning criteria violation for East-to-West flows on Burlington-Landsman Creek 
230 kV and Landsman Creek-Big Sandy 230 kV lines. 
 
 

System Conditions Monitored Elements 
Rating    
(MVA) 

Base             
Case              

13HS0 

Study                      
Case                  

13HS1b 

Study                      
Case                  

13HS2b 

Base                   
Case           

13LA0 

Study                       
Case                

13LA1b 

Study                       
Case                

13LA2b 

All Lines in Service Loading violation   none none none none none none 
  Voltage violation   none none none none none none 
Lincoln-Midway 230 kV Out                   
(73531-73413) Loading violation   none none none none none none 
  Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
Lincoln-Big Sandy 230 kV Out        
(73531-73018) Loading violation   none none none none none none 
  Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
Big Sandy-Landsman Creek 
230 kV Out Loading violation   none none none none none none 
(73018-72710) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
Landsman Creek-Burlington  
230 kV Out Loading violation   none none none none none none 
(72710-73036) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 

North Yuma-Wray 230 kV Out Loading violation   none none none none none none 
(73143-73224) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 

North Yuma-Story 230 kV Out               Loading violation   none none none none none none 
(73143-73192) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
Big Sandy-Last Chance 115 kV 
Out Loading violation   none none none none none none 
(73017-73125) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
Burlington-Bonny Creek-South 
Fork 115 kV Loading violation   none none none none none none 
(73035-73025-73185) Voltage violation   none none none none none none 
  Voltage deviation violation   none none none none none none 
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Transient Stability Study Results 
 
Based on the developed study cases, study case 13HS2a is mostly stressed by the local generation 
and was chosen to perform the transient stability study.  An equivalent PSLF case 13HS2a_GE was 
created to perform the following transient stability simulations.   
 
Simulation 1:  3-φ Lincoln 230 kV Fault and Loss of the Lincoln-Midway 230 kV Line. 
Simulation 2:  3-φ Big Sandy 230 kV Fault and Loss of the Big Sandy-Landsman Creek 230 kV Line 
 
The switching sequence is that the 3 phase fault was applied at 1.0 second and the faulted line was 
cleared in 4 cycles.   
 
The selected voltage and frequency dynamic responses for Simulation 1 are shown in Plot 1 and Plot 
2, respectively.  The selected voltage and frequency dynamic responses for Simulation 2 are shown 
in Plot 4 and Plot 5, respectively.  These plots indicate no transient stability violations according to Tri-
State’s planning criteria (Appendix A).  Tri-State’s criteria are consistent with the planning criteria of 
WECC and NERC. 
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Plot 1:  Voltage Response for Simulation 1 
 

 
 

Plot 2:  Frequency Response for Simulation 1 
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Plot 3:  Voltage Response for Simulation 2 

 
 

Plot 4:  Frequency Response for Simulation 2 
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Conclusions 
 
The study models various generation dispatches and load levels to increase the Big Sandy-Landsman 
Creek 230 kV line and Landsman Creek-Burlington 230 kV line flows in both West-to-East and East-
to-West directions.  The generation dispatches include local and other remote generators.  Load 
levels include heavy summer and light autumn loads. 
 
The power flow study results, as summarized in Tables 3 and 5, demonstrate that there are no system 
performance violations under all lines in service and single line outage conditions.  In addition, the 
transient stability results indicate no dynamic violations.  As a result, it is concluded that the TTCs for 
Big Sandy-Landsman Creek 230 kV and Landsman Creek-Burlington 230 kV lines are not “reliability 
limited”.  The TTCs are therefore defaulted to the System Operating Limits (SOL) of the lines, as 
shown in Table 6 below. 
 
 

Table 6:  TTCs 
 

 
 
  

Breaker to Breaker Line West-to-East TTC                             
(MVA) Reason 

Big Sandy-Landsman Creek 230 kV 275.0 The TTC values are defaulted to the system operating limits 
(SOL) of these lines because the power flow study results, upon 
applying Operating Procedure 105, could not find the reliability-
limited flows on these lines under various stressed generation 
dispatches and load levels in the study areas. Landsman Creek-Burlington 230 kV 275.0 

  East-to-West TTC                             
(MVA)   

Big Sandy-Landsman Creek 230 kV 275.0 From R2 MOD-029-1a:  When it is impossible to actually simulate 
a reliability-limited flow in a direction counter to the prevailing flow, 
set the TTC for the non-prevailing direction equal to the TTC in 
the prevailing direction. Landsman Creek-Burlington 230 kV 275.0 
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Appendix A: Planning Criteria 
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Table A 1 
 

Summary of Tri-State Steady-State Planning Criteria 
 

 
System 

Condition 

Operating Voltages (1) 
(per unit) 

Maximum Loading (2) 
(Percent of Continuous Rating) 

Maximum Minimum Transmission 
Lines 

Other  
Facilities 

Normal 1.05 0.95 80/100 100 
N – k 1.10 0.90 100 100 

 
 (1) Exceptions may be granted for high side buses of Load-Tap-Changing (LTC) transformers that violate this criterion, if the corresponding 

low side busses are well within the criterion. 
 
 (2) The continuous rating is synonymous with the static thermal rating.  Facilities exceeding 80% criteria will be flagged for close scrutiny.  

By no means, shall the 100% rating be exceeded without regard in planning studies.   
 
 
 

Table A 2 
 

 
 
 
 

Tri-State Generation and Transmission Assoc. (TP) –Reactive Power & Voltage Regulation 
Requirements for Generation Interconnections 

 
 

A. Tri-State’s Steady State VAR, and Voltage Regulation Requirements: 
Note - while these generally make reference to wind generation facilities, they shall apply 
to all generation interconnections, PV solar plants may be exempt if the requirement is 
not feasible. 

 
 
 
 

Tri - State Voltage Criteria
Conditions Operating 

Voltages
Delta-V Areas Bus List Name in 

Spreadsheet

Normal 0.95 - 1.05
Contingency N-1 0.90 - 1.10 7% Northeastern New Mexico NE New Mexico
Contingency N-1 0.90 - 1.10 7% Southern New Mexico S New Mexico
Contingency N-1 0.90 - 1.10 6% Other buses in PNM area O New Mexico
Contingency N-1 0.90 - 1.10 7% Western Colorado W Colorado
Contingency N-1 0.90 - 1.10 7% Southern Colorado S Colorado
Contingency N-1 0.90 - 1.10 6% Other Tri-State areas
Contingency N-2 0.90 - 1.10 10% All
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1) All interconnections are subject to detailed study and may require mitigation in excess of 
minimums imposed by published standards, according to the best judgement of Tri-State 
engineers.  The IC’s Large Generating Facilities (LGF) shall be capable of either producing or 
absorbing reactive power (VAR) as measured at the HV POI bus at an equivalent 0.95 p.f., across 
the range of near 0% to 100% of facility MW rating, with the magnitude of VAR calculated on 
the basis of nominal POI voltage (1.0 p.u. V).  This would be the net MVAR able to be either 
produced or absorbed by the IF facility, depending upon the voltage regulating conditions at the 
POI (see next item). 

 
2) The POI voltage range where the IC’s LGF may be required to produce VAR is from 0.90 p.u. V 

through 1.04 p.u. V.  In this range the IC facilities are being utilized to help support or raise the 
POI bus voltage. 

 
3) The POI voltage range where the IC’s LGF may be required to absorb VAR is from 1.02 p.u. V 

through 1.10 p.u. V.  In this range the IC facilities are being utilized to help reduce the POI bus 
voltage. 

 
4) Note that the POI voltage range where the IC’s LGF may be required to either produce VAR or 

absorb VAR is 1.02 p.u. V through 1.04 p.u. V, with the typical target regulating voltage being 
1.03 p.u. V. 

 
5) The IC’s LGF may supply reactive power from the generators, from the generators’ inverter 

systems alone (if capable), or a combination of the generators, generators’ inverter systems plus 
switched capacitor banks and/or reactors, or continuously variable STATCOM or SVC type 
systems.  The IC’s LGF is required to supply a portion of the reactive power (VAR) in a 
continuously variable fashion, such as supplied from either the generators, the generators’ 
inverter systems, or a STATCOM or SVC system.  The amount of continuously variable VAR 
shall be a value equivalent to a minimum of 0.95 p.f. produced or absorbed at the generator 
terminal Low Voltage (LV) bus, across the full range (0 to 100%) of rated MW output.  The 
remainder of VAR required to meet the 0.95 p.f. net criteria at the HV POI bus may be achieved 
with switched capacitors and reactors, so long as the resultant step-change voltage is no greater 
than 3% of the POI operating bus voltage. This step change voltage magnitude shall be initially 
calculated based upon the minimum system (N-1) short circuit POI bus MVA level as supplied by 
the TP. 

 
6) Under conditions when the IC’s LGF is not producing any real power (near 0 MW, and typically 

less than 2 MVAR), the reactive power exchange at the POI shall be near 0 MVAR (“VAR 
neutral”).  This condition assumes that the facility needs to remain energized to supply base-level 
station-service “house power” for the control facilities, maintain wind turbines on turning gear, 
etc., and that tripping open the IC transmission line supply is not a normal or acceptable means to 
create this VAR neutral condition.  In this non-generating mode, the IC Facility appears as a 
transmission connected load customer, and therefore must meet TP's requirements for load p.f., 
which requires that the load p.f. be 0.95 or better.   

  
7) All interconnections are subject to additional detailed study, utilizing more complex models and 

software such as PSCAD, EMTP, or similar, and may require mitigation in excess of minimums 
imposed by published standards, according to the best judgement of the TP’s engineers. 
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Basic WECC Dynamic Criteria: 
 
Tri-State’s dynamic reactive power and voltage control / regulation criteria are in accordance with 
the NERC/WECC dynamic performance standard shown in Figure W-1 and Table W-1 of the 
”TPL-(001 thru 004)-WECC-1-CR, System Performance Criteria” dated April 18, 2008..  
Additional Tri-State dynamic reactive power and voltage criteria are listed below. 

 
B. Tri-State’s Dynamic VAR and Low Voltage Ride-Through Requirements (consistent with 

FERC Order 661-A): 
Note - while these requirements generally make reference to wind generation facilities, 
they shall apply to all types of generation interconnections. PV solar plants may be 
exempt if the requirement is not feasible. 

  
1) The IC’s LGF shall be able to meet the dynamic response Low Voltage Ride-Through (LVRT) 

requirements consistent with the latest WECC / NERC criteria.  In particular, as per the Tri-
State LGIP, Error! Reference source not found. and FERC Order 661a for LVRT 
(applicable to Wind Generation Facilities). 

  
2) Generating plants are required to remain in service during and after faults, three-phase or single 

line-to-ground (SLG) whichever is worse, with normal total clearing times in the range of 
approximately 4 to 9 cycles, SLG faults with delayed clearing, and subsequent post-fault 
voltage recovery to pre-fault voltage unless clearing the fault effectively disconnects the 
generator from the system.  The clearing time requirement for a three-phase fault will be 
specific to the circuit breaker clearing times of the effected system to which the IC facilities are 
interconnecting.  The maximum clearing time the generating plant shall be required to 
withstand for a fault shall be 9 cycles after which, if the fault remains following the location-
specific normal clearing time for faults, the wind generating plant may disconnect from the 
transmission system.  A wind generating plant shall remain interconnected during such a fault 
on the transmission system for a voltage level as low as zero volts, as measured at the Point of 
Interconnection (POI).  To elaborate, before time 0.0, the voltage at the POI is the nominal 
voltage.  At time 0.0, the voltage drops.  The plant must stay online for at least 0.15 seconds 
regardless of voltage during the fault.  Further, if the voltage returns to 90 percent of the 
nominal voltage within 3 seconds of the beginning of the voltage drop, the plant must 
continuously stay online.  The Interconnection Customer may not disable low voltage ride-
through equipment while the wind plant is in operation. 

  
3) This requirement does not apply to faults that would occur between the generator terminals and 

the POI. 
  

4) Generating plants may be tripped after the fault period if this action is intended as part of a 
special protection system. 

  
5) Wind generating plants may meet the LVRT requirements of this standard by the performance 

of the generators or by installing additional equipment (e.g., Static VAR Compensator) within 
the wind generating plant or by a combination of generator performance and additional 
equipment. 
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Table A 3 
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Table A 4 
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Appendix B:  Standard MOD-029-1a — Rated System Path Methodology 
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Appendix C: Operating Procedure 105:   
The combined operation of Limon and Burlington network resources 
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