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Public Service Company of Colorado (PSCo !lved an interconnecti
2010-09) for a 30 MW solar photovoltaic ge tion facili Pueblo Cou
The interconnection request was received June 22, 20 e solar generation facility
will consist of 60 Advanced Energy Solaron 500 kK\Whi ers connected to photovoltaic

Executive Summary

panels.

The Customer originally requested a primary-Poi nection (POI) on one of
the Comanche-Midway 230 kV lines. e from the solar facility
The original alternative ested one 115 kV substation,
which is 8.7 miles fro SO cility. er, in an émail dated May 5, 2011, the

Customer requested that the Boone 115 k
POI. Both of the or

bstation be considered as the primary
igure 1 below. At both POls, the

project only, with no evaluations made of other potential
may exist in the Large Generator Interconnection Request
(LGIR) queueiother tha generation projects that are already approved and
planned to be in‘senvi June 2012. The main purpose of this Feasibility Study was
to evaluate the pot%paet on the PSCo transmission infrastructure as well as that
of neighboring utilitieS when injecting the additional 30 MW of generation into the
Comanche-Midway 230 kV line or the Boone 115 kV substation, and delivering the
additional generation to native PSCo loads.

Network Resource (NR)

At the primary POI at the Boone 115 kV substation, the proposed generation caused a
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2.0% increase in contingency overloading on Black Hills Energy’s (BHE) Portland —
West Station 115 kV circuit for the loss of the Midway BR to West Canon 230 kV line.
Therefore, the Customer will need to work with BHE to address this overload. However,
since there were no new overloads or overloads that increased by greater than 1% on
the PSCo system, the Network Resource Capability of the proposed generation is as
follows:

NR =30 MW (at Boone 115 kV POI, without PSCo upgsades)

At the alternative POI on the Comanche-Midway 230 kV lin€, the proposed generation
caused a 1.5% increase in contingency overloading on BHE'S Portland — West Station
115 kV circuit for the loss of the Midway BR to West Ca‘u line. Therefore, the
Customer will need to work with BHE to address’wverload. ver, since there

were no new overloads or overloads that increa greater than
system, the Network Resource Capability of oposed generation

Enerqgy Resource (ER)

ere was an overload on
ore, the Energy Resource

For the Boone 115 kV POI, there wer
the BHE system that inc

Capability of the prop

out PSCo upgrades)

re no new overloads, but there was an
greater than 1%. Therefore, the Energy

osed generation is:

idway 230 kV POI, without PSCo upgrades)
Short Circuit

The short circuit st«ﬂts showed no new circuit breakers overdutied due to the
proposed solar generation facility.
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Cost Estimates

Boone 115 kV Primary POI

The cost for the transmission interconnection (in 2011 dollars):

Transmission Proposal
The total estimated cost of the recommended system im%ments to interconnect

the project is approximately $2,054,000 and includes:

connection Facilities
e $0.000 million for PSCo-Owned, PSCo-Fund e
Interconnection

e $0.000 million for PSCo Network Upgr i Loads

ing recei authorizati proceed.
11 ca e met with this timeline.

e $ 2.054 million for PSCo-Owned, Customer-Fw
tw

This work can be completed in 18 months f
However, the backfeed date of December 31,

The Interconnection Agreement (I1A) requires. th jat certai ditions be met, as follows:

1 The conditi onnection Guidelines (LGIG)
are met
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Figure 1 Comanche, Midway, Boone and Surrounding Transmission System
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Introduction

Public Service Company of Colorado (PSCo) received an interconnection request (GI-
2010-09) for a 30 MW solar photovoltaic generation facility in Pueblo County, Colorado.
The interconnection request was received June 22, 2010. The solar generation facility
will consist of 60 Advanced Energy Solaron 500 kW inverters connected to photovoltaic
panels.

The Customer originally requested a primary Point of Intercon‘on (POI) on one of
the Comanche-Midway 230 kV lines. These lines are a half mile from the solar facility.
The original alternative POI requested by PSCo was thegBoone,115 kV substation,
which is 8.7 miles from the solar facility. However, in ?mai d May 5, 2011, the
Customer requested that the Boone 115 kV subs? e consi as the primary

POI. Both of the proposed POls are shown in Fi 1 above. Atb
proposed generation would be connected via & Customer owned radi
30, 2012. The assumed

kV or 230
kV line. The requested in-service date is J eed date

is December 31, 2011.

Study Scope and Analysis

The Feasibility Study evaluated the tr [ cts iated with the proposed
solar generation facility. rt Circuit analyses. The
power flow analysis i olations resulting from the
installation of the preposed gen identification of network upgrades
required to deliverthe proposed SCo loads. The short circuit analysis
identified any new it bre e to the proposed generation and the
short circuit levels at '

C Reliability Criteria, as well as internal Company
ing system intact conditions, criteria are to maintain

ow the thermal ratings of all facilities. Operationally, PSCo
n system voltage profile ranging from 1.02 per unit or
higher at re on) buses to 1.0 per unit or higher at transmission load
buses. Following a sinﬁle contingency, transmission system steady state bus voltages

must remain within er unit to 1.10 per unit, and power flows within 100% of the
facilities’ continuous thermal ratings. Also, voltage deviations should not exceed 5%.

This project was studied as a Network Resource. Network Resource Interconnection
Service shall mean an Interconnection Service that allows the Interconnection Customer
to integrate its Large Generating Facility with the Transmission Provider's Transmission
System (1) in a manner comparable to that in which the Transmission Provider
integrates its generating facilities to serve native load customers; or (2) in an RTO or
ISO with market based congestion management, in the same manner as all other
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Network Resources. Network Resource Interconnection Service in and of itself does not
convey transmission service.

The project’'s Energy Resource Capability was also evaluated. Energy Resource
Interconnection Service shall mean an Interconnection Service that allows the
Interconnection Customer to connect its Generating Facility to the Transmission
Provider's Transmission System to be eligible to deliver the Generating Facility's electric
output using the existing firm or non-firm capacity of the Transmission Provider’s
Transmission System on an as available basis. Energy Reso Interconnection
Service in and of itself does not convey transmission servicé

For this project, potential affected parties include Tri-S‘ Ge ijon & Transmission

(TSG&T) and Black Hills Energy (BHE). '

Power Flow Study Models

LD

The power flow studies for 2012 summer were based
10HS3BP case. PSCo loads in the e were adj
2010) PSCo load forecast for ZOIZ.M
latest 2010 load forecast for 2012. The topa
project plans. Updates were included

systems. The PSCo up included
circuit, upgrade of the
and Daniels Park 345 kV 40 M

circuit 1 & 2 ratings, and correct
primary rated volta
and associated wind

he WECC approved

to reflect the most recent (April
djusted to reflect IREA’s
dated to reflect current
&T, WAPA, and BHE
ay-Waterton 345 kV

er, addition of the Comanche
rrection of the Comanche-Reader 115 kV
nche Unit 1 & 2 GSU transformer

d the Missile Site 230 kV substation

, and the new Waterton 230/115 kV

itional’generation on the transmission system, the power
simulate higher flows from southern Colorado to the north.
n in south-central Colorado was dispatched to maximum
output to increaseflows'to the north. Generation increases were implemented at
Comanche Units 1fhe Colorado Green & Twin Butte wind farms. The new 400
MW BHE generatio Airport Tap was also included. Generation at Cameo Units 1 &
2, Ft. Lupton Units 1 & 2, Manchief Units 1 & 2, Fort St Vrain Units 1-6, Valmont Units 6-
8, Arapahoe Units 5-7, Brush Units 1, 3, & 4, Spruce Units 1-2, Fountain Valley Units 1-
6,, and the Plains End Plant was used as a sink for the dispatch changes. PSCo control
area (Area 70) wind generation facilities except for Colorado Green and Twin Butte
were dispatched to 12.5%.
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In the cases with the proposed generation, the 30 MW of new solar generation was
added using modeling information provided by the customer. The power factor of the
proposed generation was set to unity for the thermal analysis.

Given that it was originally PSCo that preferred the Boone 115 kV POI, the impedance
of the 8.7 mile 115 kV line for the primary POI was provided by PSCo. The impedance
of the Ft. Lupton-Hudson 115 kV transmission line with 1 — 477 kcmil ACSR 26/7
conductor was used as a surrogate, adjusted for distance. Thegew generation was
offset by reducing generation at Spindle Units 1 & 2. 3

Power Flow Study Process

Contingency power flow studies were completed o dels and the
models with the proposed new generation usin program.
Results from each of the two cases were co red and new overloa verloads

that increased significantly in the new gene n case were noted. Volt riteria
violations were also recorded. PSSE’s ACCCactivity ed to perform the load flow
contingency analysis. Siemens PTI's MUST program TC analysis was used to
determine the Energy Resource ca

ility. Areas
contingency files (single branches and-tieli . elements included branches
and ties in zones 700, 704, 705, 709, 712, . d121.

Power Flow Results

Boone 115 kV PQI
The results of the con rimary POI at the Boone 115 kV POI

e results showed one increase in a

t was greater than 1%. That overload was on BHE’s
ircuit for the loss of the Midway BR to West Canon 230
ad was 137.4% of its 80 MVA rating and the

new generation was 139.4% of its rating for an increase of
d to work with BHE to develop an appropriate mitigation

Comanche-Midwaw POI

The results of the contingency analyses for the alternative POI on the Comanche-
Midway 230 kV line can be found in Table 6 in the Appendix. These results showed
one increase in a previously existing overload that was greater than 1%. That overload
was on BHE'’s Portland — West Station 115 kV circuit for the loss of the Midway BR to
West Canon 230 kV line. The benchmark case overload was 137.4% of its 80 MVA
rating and the overload in the case with the new generation was 138.9% of its rating for
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an increase of 1.5%. The Customer will need to work with BHE to develop an
appropriate mitigation strategy for this overload.

Network Resource (NR)

At the primary POI at the Boone 115 kV substation, the proposed generation caused a
2.0% increase in contingency overloading on BHE’s Portland — West Station 115 kV
circuit for the loss of the Midway BR to West Canon 230 kV Iir*herefore, the
Customer will need to work with BHE to address this overload.” However, since there
were no new overloads or overloads that increased by greater than 1% on the PSCo
system, the Network Resource Capability of the prop generation is as follows:

NR =30 MW (at Boone 115 kV POI, with SCo upgra

At the alternative POI on the Comanche-Mi 230 kV line, the propos neration
caused a 1.5% increase in contingency overloading on Portland —
115 kV circuit for the loss of the Midway BR to West n 230 kV line. Therefore, the

ithout PSCo upgrades)

erloads, but there was an overload on
1%. Therefore, the Energy Resource

30 kV POI, there were no new overloads, but there was an
that increased by greater than 1%. Therefore, the Energy
proposed generation is:

Resource Capahility ofsh

ER = 0 MW (at Comanche-Midway 230 kV POI, without PSCo upgrades)

Short Circuit

For the Customer proposed interconnection at the Boone 115 kV primary POI, no new
circuit breakers are expected to exceed their capabilities following installation of the new
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generation. The calculated short circuit parameters for the POI at the Boone 115 kV
substation are shown in Table 1 below.

Table 1 — Short Circuit Parameters at the Boone 115 kV POI

Svstem Three-Phase Single-Line-to- Thevenin System Equivalent
Co>r/1dition Fault Level Ground Fault Impedance
(Amps) Level (Amps) (R 4j X) (0hms)
S 21 +j 7.69803
égr'\:,ﬁfé““es in 8589.9 8423.5 169658 +j 7.69777
.85678 +j 8.14340
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Costs Estimates and Assumptions
GI-2010-9 (Feasibility Study Report)
July 18, 2011

Scoping level cost estimates for Interconnection Facilities and Network/Infrastructure
Upgrades for Delivery (+/- 30% accuracy) were developed by PSCo Engineering. The
cost estimates are in 2011 dollars with escalation and contingencies applied (AFUDC is
not included) and are based upon typical construction costs for ’eviously performed

similar construction. These estimated costs include all appli abor and overheads
associated with the siting support, engineering, design, andfconstruction of these new
PSCo facilities. This estimate does not include the cos ther Customer owned
equipment and associated design and engineering. ’

The estimated total cost for the required upgra . 2 below
represents a conceptual one-line of the prop one 115kV

wing tables list'the

on and the delivery of the
onsibilities associated with
lines. System improvements

) 4
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Figure 2: Proposed Boone Station One-line with Project Interconnection
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Table 2 — PSCo Owned; Customer Funded Transmission Provider Interconnection

Facilities
Element Description Cost Est.
(Millions)
PSCo’s Boone | Interconnect Customer to the 115kV bus at the Boone 115kV $1.891
115kV Substation. The new equipment includes:
Transmission e Three 115kV gang switches
Substation e One 115KV circuit breaker
e Two 115V combination CT/PT metering unw
e Power Quality Metering (115kV line from € mer)
e Three 115KV lightning arresters
e One relay panel (transformer break e
e Associated communications, su
equipment
e Associated line relaying an
e Associated bus, wiring a ipment
e Associated foundation structures
e Associated transmission Qmmu i s, relaying
and testing
Element Load Frequency/Automated Generati | (LF/AGC) RTU $0.163
Power’s and associated equi
Armadillo flats
115kV
Substation
Total Co stimate for 0-O mer-Funded $2.054
Inteﬁacilitie
Time Frame Design, procure and construct 18 Months
TabjA“ned o Funded Interconnection Network Facilities
Element Description Cost
Estimate
(Millions)
PSCo N/A $0.0
115kV
Transmiss
Substation A
V $0.0
ost Estimate for PSCo-Owned, PSCo-Funded $0.0
Interconnection Facilities
Time Frame Site, design, procure and construct N/A
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Table 4 — PSCo Network Upgrades for Delivery

Element Description Cost Est.
(Millions)
Not Applicable
Total Cost Estimate for PSCo Network Upgrades for $0.0
Delivery
Design, procure and construct N/A
Total Project Estimate $2.054

Cost Estimate Assumptions

. Scoping level cost estimates for Int ection Facili
Upgrades for Delivery (+/- 30% accuracy) were de

tingency and escalation applied).

. Estimates are based on 2011 dollars (approp

) AFUDC has been exclude

. Labor is estimated for strM— no o e included.

. Lead times for materials were,c d for the ule.

. The Solar Generation Facility is,not | " i ice territory. Therefore, no costs
for retail load metering are in i i .

. PSCo (om tion, wiring, testing and
commissi .

. The esti d time t i and construct the interconnection facilities is
approxi tion to proceed has been obtained.

. This other queued projects and their respective

onnection facilities construction.
ubstation as part of the transmission line

mined that no breaker replacements are needed in neighboring
ages will be authorized during the construction period to meet

otentially be problematic and extend requested backfeed date due to
on window.
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A. Load Flow Thermal Results

GI-2010-09

DRAFT

Branch N-1 Loading
Without G1-2010-09

Branch N-1 Loading
With GI1-2010-09

Monitored Facility Line Branch Rating| N-1Flowin | N-1Flowin% [ N-1Flowin | N-1Flowin % % .
(Line or Transformer) TYPe | Owner MVA MVA of Rating MVA of Rating Change N-1 Contingency Outage
Portland — West Station 115 kV LN BHE 80 2.0 Midway BR — West Canon 230 kV

1

137.4 \ 139.4

Q

Newly overloaded elements, or delta overloads > 1.0% of rating, due to proposed 30 MW generation increase at POI.
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Table 6 — Summary Listing of Differentially Overloaded Facilities (Alternative 230 kV POI)2

Branch N-1 Loading
Without G1-2010-09

Branch N-1 Loading
With GI-2010-09

Monitored Facility Line |BranchRating| N-1Flowin | N-1Flowin% | N-1Flowin | N-1Flowin % % .
(Line or Transformer) TYPe | Owner MVA MVA of Rating MVA of Rating Change N-1 Contingency Outage
Portland — West Station 115 kV 80 109.2 138.9 15 Midway BR — West Canon 230 kV

2 Newly overloaded elements, or delta overloads > 1.0% of rating, due to proposed 30 MW generation increase at POI.
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B. Generation Dispatch

Dispatch of Major Generating Units in the Vicinity of GI-2010-09:

PSCo:
Bus LFID MW
Comanche C1 360.0
Comanche Cc2 365.0
Comanche C3 804.0

. 101.0

Lamar DC Tie DC Import
Fountain Valley Gl
Fountain Valley G2
Fountain Valley G3
Fountain Valley G4
Fountain Valley G5
Fountain Valley G6
Colorado Green 1
Colorado Green 1
Twin Butte 1

BHE:
Bus
City of Lamar

R.F. Diese
Airport Diese
Baculite 1
Baculite 2
Baculite 3
Baculite 3
Baculite 3
Baculite 4
Baculite 4
Baculite 4
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CSs

CSu:
Bus
Birdsale 1
Birdsale 2
Birdsale 3

Nixon

Tesla

Drake 5

Drake 6

Drake 7

Nixon CT 1

Nixon CT 2

Front Range CC 1

Front Range CC 2
Front Range CC 3

PR RPRRRRPREPRPRRRER
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