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# GI-2004-1 

 
Generation Interconnection Request for a 150 MW Wind 

Generation Facility Near Ft. Morgan, Colorado 
 
 

Xcel Energy Transmission Planning 
June 18, 2004 

 
Executive Summary 
PSCo Transmission received a generation request to determine the feasibility of 
interconnecting 150 MW of new Customer wind turbine generation into the PSCo 
transmission system at the Pawnee Station 230 kV bus.  The Customer 
proposed commercial operation date is December 31, 2005 with a back feed 
date of June 1, 2005.   
 
This study shows that after execution of an Interconnection Agreement (IA), the 
Customer can interconnect within 9 months and deliver the full 150 MW in 24 
months. 
 
The Customer requested both an ER (Energy Resource) and an NR (Network 
Resource) Interconnection Service into the Pawnee Station 230 kV bus via the 
Customer’s 18-20 mile line.  The ER portion of this study determined that the 
transmission system could accept approximately 62 MW of the proposed 
Customer generation before additional transmission infrastructure would be 
required.   This determination is dependent upon the loading of the TOT 3 import 
path as well as assumed infrastructure additions required to accommodate the 
delivery of proposed generation from pending higher queued interconnection 
requests.  In this case TOT 3 was loaded to a high level of 1470 MW and the 
TOT 3 limit was 1543 MW based on operating studies for Summer 2004.  If the 
flows are lower on the TOT 3 path, the existing transmission system could accept 
higher levels of generation from the proposed wind farm.  If the assumed 
infrastructure additions as part of higher queued interconnection requests are not 
constructed, the amount of delivery for the ER request would be zero (0).  The 
current PSCo generation interconnection queue can be found in Appendix E. 
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The estimated cost of designing and constructing the new PSCo interconnection 
facilities required to interconnect the new Customer wind turbine generation into 
the Pawnee Station 230 kV bus is $625,000.  The estimated time required to 
engineer, permit, and construct the network upgrades associated with 
interconnection is at least 9 months from the time an (IA) is signed.  As per the 
Customer’s request, this study assumed that the Customer would engineer, 
permit, construct, pay, and fund their 230 kV transmission line that will 
interconnect at the Pawnee Station 230 kV bus. 
 
As a NR request, PSCo evaluated the network to determine the upgrades 
required to deliver the full 150 MW of the wind facility to PSCo native load 
Customers.  Powerflow studies show that the 150 MW injection into the PSCo 
system in 2006 will create overloads on the PSCo system and increase 
overloads on nearby neighboring systems, thus network upgrades are required to 
relieve these problems.  The initial upgrades will consist of an uprate of the PSCo 
Ft. Lupton Station-Henry Lake Substation –Riverdale Substation-Cherokee 
Station 230kV transmission line from its current rating of 435 MVA to at least 460 
MVA.  Preliminary engineering has determined that this will require changing 
jumpers on termination equipment at Riverdale Substation and Cherokee Station 
at an estimated cost of $153,000. Due to the position of this request in the PSCo 
generation interconnection queue, other upgrades will be required in 2008 as a 
result of this project’s influence on request GI-2003-2 in 2008.  This will require 
upgrading PSCo’s 115 kV line from Ft. Lupton Station to Cherokee Station to 230 
kV operation with an 800 MVA rating.  The estimated cost for this upgrade is 
$23,595,000.   
 
In summary, total requirements for a NR interconnection request includes: 
 

• $625,000 for Pawnee Station interconnection facilities required in 2006. 
• $153,000 for the Ft.Lupton Station –Henry Lake Substation-Riverdale 

Substation to Cherokee Station 230kV line uprate required in 2006. 
• $23,595,000 to upgrade the Ft. Lupton Station – Cherokee Station 115kV 

line to 230kV required in 2008. 
  

Total NR cost is estimated at $24,373,000.  The time required to engineer, 
permit, and construct all the required PSCo facilities, including the 115 kV to 230 
kV conversion, is at least 24 months from the time an Interconnection Agreement 
(IA) is signed.  The cost responsibilities associated with these PSCo facilities, if 
constructed, would be handled as per applicable FERC policies.   
 
Other impacts on TOT 3 and the neighboring utilities were monitored, but not 
addressed in the scope of this study.  Should the Customer continue this request 
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and move on to the System Impact Study, all impacts on the PSCo and 
neighboring utilities will be identified and these studies would include 
participation from those Affected Systems Operators/Planners. 
 
It should be noted that if infrastructure associated GI-2003-1 is not constructed, 
then additional facilities and time will be required to support both an ER and NR 
request.  Specifically, those facilities estimated in GI-2003-1 Feasibility Study 
associated with an NR request consist of the following: 

 
1) Uprate the PSCo 230 KV line from Pawnee Station to Quincy 

Substation and on to Smoky Hill Substation. 
2) Upgrade the PSCo 230 kV line from Pawnee Station to Ft. Lupton 

Station to a 230 kV double circuit, 800 MVA per circuit rated 
transmission line. 

 
PSCo estimated that it would take at least 27 months to construct the above 
facilities from the execution of an IA.  The completed GI-2003-1 Feasibility study 
report is available via the Rocky Mountain Area Oasis (www.rmao.com). 
 
Introduction 
 
PSCo Transmission received this large generator interconnection request (GI-
2004-1) to interconnect one hundred (100) 1.5 MW, GE doubly fed induction 
generator (DFIG) wind turbines, for a total of 150 MW generation, with a 
commercial operation date of December 31, 2005 and a back feed date of June 
1, 2005.  The proposed wind farm would be located near Ft. Morgan, Colorado 
and would interconnect into the PSCo transmission system via an 18-20 mile 
radial 230 kV line terminating at the PSCo Pawnee Station.  The Customer has 
requested that this Project be evaluated as a Network Resource (NR) and an 
Energy Resource (ER) with the energy going to PSCo Customers.   
 
Study Scope and Analysis 
 
The Interconnection Feasibility Study preliminarily evaluated the transmission 
requirements associated with the proposed interconnection to the PSCo 
Transmission System.  As per section 6.2 of the FERC LGIP, the Study 
considered the Base Case as well as all Generating Facilities (and with respect 
to (iii), any identified Network Upgrades) that, on the date the Interconnection 
Feasibility Study is commenced: 
 

(i) are directly interconnected to the Transmission System; 
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(ii) are interconnected to Affected Systems and may have an impact on 
the Interconnection Request; 

(iii) that have a pending higher queued Interconnection Request to 
interconnect to the Transmission System; and 

(iv) have no Queue Position but have executed an LGIA or requested that 
an unexecuted LGIA be filed with FERC. 

 
The Study consisted of power flow and short circuit analyses.   The power flow 
analysis provided a preliminary identification of any thermal or voltage limit 
violations resulting for the interconnection; and for a NR request, a preliminary 
identification of network upgrades required to deliver the proposed generation to 
PSCo loads.  The short circuit analysis provided a preliminary identification of 
any circuit breaker short circuit capability limits exceeded as a result of the 
Interconnection and for a NR request, the delivery of the proposed generation to 
PSCo loads. 
 
PSCo adheres to NERC / WECC Reliability Criteria, as well as internal Company 
criteria for planning studies.  During system intact conditions, criteria are to 
maintain transmission system bus voltages between 0.95 and 1.05 per-unit of 
system nominal / normal conditions, and steady state power flows within 1.0 per-
unit of all elements thermal (continuous current or MVA) ratings.  Operationally, 
PSCo tries to maintain a transmission system voltage profile ranging from 1.02 
per-unit or higher at generation buses, to 1.0 per-unit or higher at transmission 
load buses.  Following a single contingency element outage, transmission 
system steady state bus voltages must remain within 0.90 per-unit to 1.10 per-
unit, and power flows within 1.0 per-unit of the elements continuous thermal 
ratings. 
 
Power Flow Study Models: 
The power flow study used a 2006 heavy summer power flow model with high 
TOT 3 load flow that was created from the Western Electricity Coordinating 
Council (WECC) 2004 Heavy Summer Case Operating case.  The Tot 3 limit was 
assumed to be 1543 MW, based on 2004 summer studies.  This study did not 
include a comprehensive analysis of how the TOT3 limit might be affected by this 
project.  A full TOT 3 analysis would be part of a later Interconnection System 
Impact Study during which the Affected System Operators would need to take 
part in the system analysis.  Appendix A details the transmission lines that 
comprise the TOT 3 interface.   
 
To evaluate the impact of this request on those ahead in the PSCo 
Interconnection Queue (See Appendix E), another set of load flow cases with 
heavy summer 2010 loads and resources were used that were based on the 
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WECC 2008 Heavy Summer case.  The generators in the interconnection queue 
that affect this request are as follows: 
 

1. GI-2003-1:  300 MW Wind Farm connected to Pawnee Station 
and its associated infrastructure with a proposed ISD of 12/05.  The 
infrastructure identified in GI-2003-1 consists of the following: 
a. Uprate the 94 mile PSCo 230 KV line from Pawnee Station to 

Quincy  and Smoky Hill Substations from 500 MVA to 800 MVA. 
b. Upgrade the PSCo 64 mile 230 kV line from Pawnee Station to 

Ft. Lupton Station to a 230 kV double circuit, 800 MVA per 
circuit rated transmission line. 

2. GI-2003-2: 500 MW Coal fired generator connecting to the 
Pawnee to Daniels Park 230 kV line near Deer Trail, Colorado and 
its associated infrastructure with a proposed ISD of 10/08.  The 
infrastructure identified in GI-2003-2 consists of the following: 
a. Construct a new Corner Point Substation 40 miles east of 

Smoky Hill connecting to the PSCo Pawnee to Daniels Park 
230 kV transmission line. 

b. Construct a new  63 mile 230 kV line with 345 kV 
specifications from Corner Point to Daniels Park. 

3. GI-2003-3: 750 MW Coal fired generator connected at Comanche 
Station and it’s associated infrastructure with a proposed ISD of 
10/09.  The infrastructure identified in GI-2003-3 consists of the 
following: 
a. 345 kV yards at Comanche Station and Daniels Park 

Substation 
b. Two new  122 mile 345 kV lines from Comanche Station to 

Daniels Park Substation. 
 
As an NR request, the proposed generation was  scheduled to the Denver Metro 
Area and Southeast Colorado peaking units.   
 
At this Feasibility Study stage, the 150 MW wind farm was modeled as two (2) 75 
MW conventional generators with a 0.9 pu lag power factor and a 0.95 pu lead 
power factor capability (+25/-36.5 MVAR) to simulate the VAR requirements of 
the generators.  This is on the assumption that Customer will be using the GE 1.5 
MW DFIG turbines that will have power factor and voltage control capability, as 
proposed and stated in their request. 
 
 As previously stated, the Customer to PSCo point of interconnection (POI) will 
be located at PSCo’s Pawnee Station 230 kV switch yard, terminating the 
Customer’s radial 18 to 20 mile 230 kV line constructed from the Customer’s 
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wind turbine generation facility collector site to the PSCo Pawnee Station.  
Customer provided all the impedance data for their interconnecting radial 230 kV 
transmission line and their 230/34.5 kV step-up transformer. 
 
Power Flow Study Results and Conclusions 
 

Energy Resource (ER) Study Results: 
 

The ER results were determined by using PTI’s MUST program for 
performing power transfer limit analysis, and utilizing a PSS/E powerflow 
model..  The case included GI-2003-1, a 300 MW Wind Farm connecting at 
Pawnee Station along with it’s associated infrastructure, with TOT 3 at 1470 
MW, and showed that this wind project could inject 62 MW of power into the 
PSCo transmission system before network upgrades are constructed.  The 
amount that the wind project can inject into the PSCo is directly related to the 
loading of the TOT 3 interface as well as other current generation currently 
dispatched at Pawnee Station and at nearby IPP’s.  For higher levels of TOT 
3 there will be less injection capability is and similarly for lower levels of TOT 
3 more injection capacity will be available. Also it should be noted that if any 
Pawnee area generation is off–line or reduced, more injection capability 
would be available.  Appendix B shows the MUST transfer level results 
determining the 62 MW limit at 1470 MW TOT 3 loading.  This level was also 
confirmed using a PSS/E saved case. The cost of the interconnecting 
facilities at Pawnee Station is $625,000 and will take at least 9 months from 
the signing of an Interconnection agreement (IA) to complete construction. 

 
Network Resource (NR) Study Results: 
 
The NR study determined the network upgrades that will be required to 
accept the full 150 MW from the proposed wind farm for the conditions 
studied,.  As stated earlier, the amount that can be injected into the PSCo 
transmission system is dependent upon the loading of the TOT 3 interface   
study examined 150 MW injections with TOT 3 at the 1470 MW level.  
Appendix C at the end of this document will show the MUST single 
contingency analysis study results that determine the need for infrastructure 
along with a contingency comparison table for the requests ahead of this one 
in the queue. 
 
To determine the network upgrades the 2006 case from the ER evaluation 
was used and the proposed Ft. Morgan 150 MW Wind Farm was set at full 
150 MW output along with the generation in the Pawnee area modeled at full 
output.  Laramie River Station in Southern Wyoming was also dispatched so 
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that it was at its full capacity.  With the wind generation dispatched to replace 
Cherokee Station generation, heavy loading occurs on the PSCo 230 kV 
system south of Ft. Lupton Station.  For the loss of the Ft. Lupton Station to 
JL Green 230 kV line, the Ft. Lupton Station to Henry Lake line overloads 
105% of its 435 MVA rating.  Also the 230 kV line section from Henry Lake 
Substation to Riverdale Substation is at 100% of its rating  
 
When including those requests higher in the Interconnection queue, the 2010 
case showed that a Ft. Lupton Station to Henry Lake contingency will produce 
overloads as high as 112% for the Ft. Lupton Station to JL Green section and 
110% for the JL Green to Washington line section.  Other less severe 
overloads also occur for the loss of one of the three PSCo 230 kV lines 
exiting from Ft. Lupton Station south to Cherokee Station.  To relieve the 
overloading conditions, network upgrades are required. 
 
Coincident with the December 2006 interconnection, an uprate of the 230 kV 
line from Ft. Lupton Station-Henry Lake Substation-Riverdale Substation-
Cherokee Station from 435 MVA to at least 460 MVA will be required.  The 
estimated cost for this would be approximately $153,000 and consists of 
installing double 1272 kCMIL ACSR jumpers on the equipment at Cherokee 
Station and Riverdale Substation. 
 
By October 2008, the required network upgrades include converting the 
existing PSCo  28 mile Ft. Lupton Station to Platte Valley to Cherokee Station 
115 kV line to 230 kV operation with an 800 MVA capacity.  A system one-line 
diagram showing this entire infrastructure can be found below in Figure 1.  
Appendix D shows the one-line diagrams of the substations and their required 
changes. 
 
The 115 kV to 230 kV conversion will be required before GI-2003-2 goes in 
service with a proposed ISD of 10/08.  As mentioned earlier there are three 
230 kV lines leaving Ft. Lupton Station and terminating at Cherokee Station 
and they are: 

• Ft. Lupton Station – JL Green – Washington - Glenn – 
Cherokee Station 

• Ft. Lupton Station – Henry Lake Substation– Riverdale 
Substation- Cherokee Station 

• Ft. Lupton Station – Green Valley Station – Barr Lake Station – 
Reunion Substation– Cherokee Station 

 
Powerflow studies that have generators GI-2003-1 (Brush 300 MW Wind 
Farm) and GI-2003-2 (Buick 500 MW Coal) and their associated infrastructure 
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show that for contingency of the line section from Ft. Lupton Station to JL 
Green overloads occur on the Ft. Lupton Station – Henry Lake Substation– 
Riverdale Substation- Cherokee Station line as much as 105% of the 435 
MVA rating.  Likewise for a contingency of the Ft. Lupton Station to Henry 
Lake Substation line, the Ft. Lupton Station – JL Green Substation – 
Washington Substation- Glenn Substation – Cherokee Station line overloads 
as much as 112% in addition to the Ft. Lupton Station 230/115 kV 280 MVA 
rated autotransformer overloading 108%.  This results in the need to convert 
the 115 kV line from Ft. Lupton Station to Cherokee Station to 230 kV and 
convert the tapped Platte Valley Substation to 230 kV operation.  With this 
upgrade in the powerflow studies, the above contingency overloads are 
alleviated.   
 
Short Circuit Study Results 
 
The short circuit analysis at Pawnee Station consisted of faulting the 230kV 
bus at Pawnee Station with three-phase and phase to ground faults.  
Previous studies show that the type of wind turbines specified by the 
Customer, provide little to no fault current.  To exaggerate the fault current, 
the wind turbines were modeled as conventional generators using 
impedances supplied from the power flow studies.  More detailed short circuit 
models, and associated possible Customer generation fault contribution (or 
lack thereof) will need to be addressed in later studies, such as the 
Interconnection System Impact Study (SIS), and the following Interconnection 
Facilities Study (IFS). 
 
The fault currents are listed below. 
 

Before the addition of the proposed Ft. Morgan 150MW Wind 
Farm (GI-2004-1) Wind Farm: 
Location  3 Phase   Single Phase 

 Pawnee   23,625A   26,079A 
Ft. Lupton   30,544A   26,033A 
Smoky Hill   20,317A   21,134A 

 
Before the addition of the proposed Ft. Morgan 150MW Wind 
Farm (GI-2004-1) Wind Farm: 
Location  3 Phase   Single Phase 

  Pawnee   23,668A   26,114A 
  Ft. Lupton   30,552A   26,037A 
  Smoky Hill   27,103A   24,031A 
 Ft. Morgan Wind Farm 699A    32A 
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The fault current at these substations is within the 40kA rating of the 
breakers; therefore, the 150 MW Ft. Morgan Wind Farm and associated 
infrastructure will not cause fault current to exceed the circuit breaker ratings. 
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Costs Estimates and Assumptions: 

 
To provide an interconnection and delivery for the Customer requested 
generation at the PSCo Pawnee Station; network upgrades must be made on 
the PSCo transmission system.  
 
The estimated indicative total cost for the PSCo network upgrades is: 

$24,373,000 
 
The estimated cost shown is an “indicative” (+/-30%) preliminary budgetary 
cost in 2006 dollars and is based upon typical construction costs for 
previously performed similar construction.  These estimated costs include all 
applicable labor and overheads associated with the engineering, design, and 
construction of these new PSCo facilities.  This estimate does not include any 
costs for any Customer-owned, supplied, and installed equipment and 
associated design and engineering.  This estimate also does not include any 
costs that may be required for other entities’ systems.   
 
The following lists the improvements required to accommodate the 
interconnection and the delivery of the proposed 150 MW facility.  The cost 
responsibilities associated with these facilities shall be handled as per current 
FERC guidelines. 
 
System Improvements (subject to change upon more detailed analysis): 
 
PSCo Interconnection Facilities   
Substation Description  Cost 
Pawnee 
Station 

Interconnect Customer’s 230 kV line, 
which will connect to the far west bay of 
the 230 kV switchyard.  The new 
equipment required includes: 
• a new 230 kV 3000 A, 50 kA circuit 

breaker  
• 230 kV bi-directional revenue 

metering  
• two 230 kV switches 
• required steel supporting structures 
• associated control and relaying 

changes and additions. 
(See one-line in Appendix D) 

$550k 
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 Transmission line relocation $55k 
 Siting and Land Rights for misc. permits $20k 
 Total Cost $625k 

 
PSCo Network Upgrades required to deliver the proposed 150 MW as an 
NR Request 
2006 Additions 
Substation Description  Cost 
Cherokee 
Station and 
Riverdale 
Substation 

• Install two (2) 1272 kCMIL ACSR 
jumpers from the incoming/outgoing 
transmission lines to the substation 
bus work, in addition to associated 
control and relaying changes and 
additions. 

(See one-lines in Appendix D) 
 

$83k 

 Transmission Line Survey $50k 
 Siting and Land Rights for misc. permits $20k 
 Total Cost $155k 

 
2008 Additions 
 Description Cost 
Ft. Lupton 
Station 

New 230 kV 2000 Amp Line Terminal to 
Cherokee Station via Platte Valley 
Substation which will be located on the far 
west bay o f the 230 kV switchyard 
sharing the middle circuit breaker with one 
of the Ft. St. Vrain lines.  The following 
equipment will be required: 

• one (1) 230 kV 3000 amp 50 kA 
circuit breaker  

• two (2) 230 kV switches  
• misc. supporting steel  
• electrical bus work  
• associated metering control and 

relaying  
(See One-line in Appendix D) 

$665k 

   
Platte Valley 
Substation 

Convert this Tri-State/Untied Power 115 
kV delivery point to 230 kV operation.  The 

$2,961k 
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 Description Cost 
following equipment will be required: 

• two (2) 230 kV 2000 amp circuit 
breakers 

• two (2) 230 kV 1200 amp circuit 
switchers  

• two 230/13 kV, 25 MVA transformers 
• misc. supporting steel  
• electrical bus work  
• associated metering, control and 

relaying  
(See One-line in Appendix D) 

   
Cherokee 
Station 

New 230 kV 2000 Amp Line Terminal to 
Ft. Lupton via Platte Valley Substation 
which will be located on the far west bay o 
f the 230 kV switchyard sharing the middle 
circuit breaker with one of the Ft. St. Vrain 
lines.  The following equipment will be 
required: 

• one (1) 230 kV 3000 amp 50 kA  
circuit breaker  

• two (2) 230 kV switches 
• misc. supporting steel  
• electrical bus work  
• associated metering control and 

relaying  
(See One-line in Appendix D) 

$669k 

   
Convert the existing 115 kV line from Ft. 
Lupton Station to Cherokee Station via 
Platte Valley to 230 kV operation.  

$18,600k Transmission 

  
   
Siting and 
Permitting 

Obtain necessary siting, permits, and 
ROW as required 

$700k 

 TOTAL COST $23,595k 
 TOTAL COST ALL PROJECTS $24,373k 
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Assumptions: 
 
• Infrastructure associated with Interconnection Request GI-2003-1 is 

assumed to be constructed (See previous description) and it was 
determined that these network upgrades required a minimum of 27 
months to complete following the execution of and IA.  The feasibility 
study report for GI-2003-1 is available via RMAO.com. 

 
• PSCo (or its contractor) crews will perform all construction and wiring 

associated with PSCo-owned and maintained equipment.  
 
• The estimated time for design and construction of PSCo interconnection 

facilities at Pawnee Station is at least 9 months and is completely 
independent of GI-2003-1. 

 
• The estimated time for design and construction for the PSCo network 

upgrades is at least 24 months after authorization to proceed has been 
received, and based upon other identified assumptions for Siting and Land 
Rights, and Transmission (see below). 

 
• The last span into Pawnee Station from the Customer owned 230 kV line 

will be a slack span between the PSCo substation dead-end and the 
Customer’s last structure, which is assumed to be a dead-end tangent 
structure. 

 
• New Ft. Lupton Station-Platte Valley-Cherokee Station 230 kV line has a 

two conductor bundled 954 ACSR conductors per phase.  Rebuild is 
constructed within existing ROW with daily outages and rebuilt one section 
at a time. 

 
• A siting study will not be required if constructed in existing ROW 

 
• Permitting to take at least 16 months and will be difficult in obtaining 

permits through six (6) local jurisdictions.  It is also anticipated that a 
Certificate of Public Convenience and Necessity (CPCN) will be required 
from Colorado Public Utility Commission (CPUC). 

 
• Minimal additional ROW required and available to rebuild. 

 
• No land requirements for substations 
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APPENDIX A 
TOT 3 DETAILS 
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APPENDIX B 
MUST TRANSFER REPORT 
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Appendix D-1 
Pawnee Station One-line 
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Appendix D-2 
Ft. Lupton Station One-line 
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Appendix D-3 
Platte Valley One-Line 
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Appendix D-4 
Cherokee Station One-Line 
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Appendix D-5 
Riverdale Substation One-Line 
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