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Limon Wind Farm Impact Study
I. Introduction
In April 2004, Western Area Power Administration received a request for
interconnection for a large wind generation facility near Limon, CO. In the Eastern part
of the state the wind is favorable for turbines, but the scarcity of transmission lines poses
a problem to interconnection. Another problem is the possibility of new generation
causing existing lines to overload. In this study, Shaw PTI’s powerflow and stability

program, PSS/E, will be used to analyze these problems and offer solutions.
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II. Purpose
The purpose of this study is to determine the impact on the power grid of 100 MW of

new generation between the Big Sandy and Last Chance substations in Eastern Colorado.
The interconnection application consists of plans to install turbines located near the
Limon Substation located in Lincoln County, CO. In this study, the energy is assumed be

scheduled to Public Service Company of Colorado’s control area loads.

III. Procedure

The Base case this study began with is the 2007 HS case created by Western
Electricity Coordinating Council (WECC) on November 15, 2002. Changes to this base
case include the following:
TOT 3 Generation adjustments: LRS=1100MW, Pawnee=778MW DC Ties (East to
West) =300MW Brush CPP=203 MW
The angle at four phase shifting transformers in the Four Corners region was changed
from zero to -30 in order to increase TOT 3 flow.
Generation north of TOT3 was increased as follows:
The 200MW Rapid City DC tie (RDC) was added to the case.
Dave Johnson + 44MW
Wyodak + 15MW
LRS generation + 38.7MW
Sidney DC tie + 4MW
Corresponding decreases in Colorado generation were distributed around three generators
which included taking 60 MW of generation at Burlington out of service.
Breaker 1701 at Glade Tap was opened.

Line ratings changes are included in Appendix A.

Adding the Wind Farm:

The Beaver Creek — Big Sandy transmission line went in service in 1951 and consists
of 397 MCM ASCR conductor on wooden H frame structures. It is 66.8 miles in length
and has four taps along its span. Rather than creating another tap along this line, a five
mile transmission line was modeled which went straight to Big Sandy substation. While
this substation is owned by Tri-State Transmission & Generation Association, Inc., this

appeared to be the most feasible solution to this interconnection request.



To create the model of the wind farm, collector buses were added and a collector bus
text file was created. Two 60MVA transformers and a five mile 115 kV transmission line

were used to connect the wind farm to the Big Sandy Substation.

Backing off Generation:

The three generators south of TOT3 that were reduced were: Cherokee (-147 MW)
Comanche (-128.5MW) and Burlington (-60MW). These three reductions correspond to
not only the backing off due to the new wind farm but also due to the TOT3 flow
adjustments mentioned earlier. The case was then solved with transformer taps set to

“stepping” and switched shunts “unlocked.”

. Powerflow Studies

The base case had an initial TOT 3 flow of 1268 MW. It was desired to raise this
level so the effects of the wind farm could be observed when TOT 3 is above 1400 MW.
After stressing the base case in a number of different ways, it was observed that the
transmission lines in the Hoyt — Beaver Creek — Adena area were consistently
overloading during N-1 Contingency #7 (from Beaver Creek to Fort Morgan West)

Since planning is on schedule for improvements to this problem area, overloads on
the 115 kV lines in the area surrounding Hoyt were ignored.

After ignoring the Hoyt 115 kV overloads, it was finally determined that two limiting
factors were in effect during Contingency #11 (LRS-Ault). The two factors were the
overloading of the Pawnee to Ft. Lupton line and reaching a low voltage limit near the
Laramie Bus.

With Wind Farm in service: During Contingency #11 with the wind farm in
service, the line from Pawnee to Ft. Lupton reached 99.8% of its thermal limit and the
voltage at the Corlett bus dropped to 0.89967 per unit. TOT3 was 1503 MW.

Without Wind Farm in service: During Contingency #1 1without the Limon Wind
Farm added, the TOT3 Limit was about the same, 1508 MW. The Pawnee to Ft. Lupton
line reached 99.3% of its thermal limit and the voltage at Corlett bus dropped to 0.89919
per unit.

Contingency output files are included in Appendix C.



Contingencies not in the study:

Assuming breakers will be installed at Big Sandy Substation, additional N-1
outages were considered. These included tripping the line from Big Sandy to Last
Chance, tripping the line from Big Sandy to Burlington, and tripping the 115 kV —230
kV transformer at Big Sandy. None of these outages caused line overloads.

The impacts of tapping the line from Big Sandy to Last Chance were also
investigated. While tapping the line at this particular spot would not provide much more
system reliability and cost more than using Big Sandy Substation, the possibility exists
that adding new equipment may not be possible at Big Sandy. The line from Big Sandy
to Last Chance is rated at 109 MW. In this study, the line was tapped and the Wind Farm
was introduced at full power. The result was that the Big Sandy side of the tap was
loaded to 76% capacity and the Last Chance side loaded to 11% capacity. When the line
on either side of the tap was tripped, the other side loaded to 85% capacity. See

Appendix D for single line diagrams of these outages.

Dynamics Analysis of Wind Farm Impact

For the Dynamics analysis, a three phase fault at Laramie River Station (LRS)
substation was introduced, and the simulation was run for 0.0666 seconds (4 cycles).
Then the fault was cleared and the line from LRS to Ault was tripped. The simulation
was then run for 10 seconds. The Laramie 115kV substation was among the monitored
buses, and three plots were made of the results. The first plot shows voltage at Laramie
115kV, LRS 345kV, Ault 230kV, and the new bus called WTG 115kV with the wind
farm operating at 0%. The next plot has the same four buses with the wind farm
operating at 50% and the final plot has the same four buses with wind at 100%. The
lowest voltage observed from these three plots was at the Laramie 115kV substation
when the wind was generating 0%, and the value of this voltage was 0.69772 p.u. Plots

of these voltage transients can be found in Appendix E.



IV. Cost of interconnection

Up to this point, this study has investigated the impact of new generation being
introduced at the Big Sandy Substation; however, Western Area Power Administration
does not control this sub, so it would not be able to determine the cost of interconnection
without more information. It is possible to give an estimate of materials cost and then a
rough estimate of overall cost.

The most expensive item is the 115kV transmission line that connects the Wind
Farm to the Big Sandy Substation. From studying a map of the area, it looks like the
length of this transmission line could be anywhere from two to five miles in length. Ata
cost of $250,000 per mile, the cost of this item will be from $500,000 to $1.25 Million.
Next, approach structures for the interface of transmission line and substation will be
needed. These cost approximately $100,000. Finally, a single breaker bay will likely be
needed. For the 1600 Amp continuous rated 115kV breaker the price is $450,000. If
these costs are summed and adjusted for inflation in 2007 (2003 dollars * 1.113), the total
materials comes to $1,168,650 (two mile line) or $2,003,400 (five mile line).

Next, design, planning and construction are estimated to be 35% of the cost of
materials. This estimation has concluded that the total interconnection cost will be

$1,557,678 (two mile line) or $2,704,590 (five mile line).

V. Conclusions
1) TOT3 Impacts

Power flow studies show that the introduction of a wind farm near the Big Sandy
Substation does not significantly impact TOT3. In this case, the starting TOT3 level was
1208 MW, so generation was increased north of TOT3 and backed off south of TOT3 to
obtain a level of 1508 MW. With the wind farm in service, generation was backed off at
three generators and the resulting TOT3 flow was 1503 MW.

This study has examined the effects of adding a wind farm when Brush CPP is
operating at 203 MW. It is possible for CPP to generate 243 MW, but when it is doing
s0, the lines to the West of this facility become more prone to overloads. Ifthe
generation at Comanche and Cherokee are backed off equally in order to compensate for
the added wind farm, the wind farm has only a small effect on TOT 3, and overloads are

minimized. One possible way to achieve a greater TOT 3 limit is to decrease generation



at Brush CPP. This would lighten the load on the lines to its West when the line from
LRS to Ault is tripped (Contingency 11).

2) Delivery options

This interconnection request implied the construction of a tap along the Big Sandy —
Beaver Creek line. Because there are already four taps along this span, breakers would
be needed to protect the line during the installation of a wind farm of this size. Instead of
building a new substation, it is recommended that a short transmission line be built into
the Big Sandy Substation which is owned by Tri-State Transmission & Generation
Association, Inc. This solution seems ideal because a single breaker can be installed
inside this bus instead of building a new substation with three breakers. If the planning
for this Wind Farm shows that a transmission line longer than five miles is needed, or
new breakers cannot be installed at the Big Sandy Substation, then it may be less
expensive to build a new substation and a ring bus on Western’s transmission line. It was

for this reason that additional contingencies were investigated.



Appendix A

PTI INTERACTIVE POWER SYSTEM SIMULATOR--PSS/E MON, OCT 25 2004 11:16
COMPARISON OF THE WORKING CASE AND THE SAVED CASE O7hslap.sav

BRANCHES WITH DIFFERENT LINE RATINGS:

IN WORKING CASE IN O07hslap.sav
X---- FROM BUS ----X X-—--—- TO BUS —-—---- X CKT RATEA RATEB RATEC RATEA RATEB RATEC
70471 [WELD PS 230] 73212 [WELD IM 230] 1 637.0 637.0 637.0 500.0 500.0 500.0
73012 [AULT 345] 73108 [LAR.RIVR 345] 1 956.0 0.0 0.0 896.0 0.0 0.0
73018 [B.SANDY 230] 73531 [LINCOLNT 230] 1 336.0 239.0 239.0 239.0 239.0 239.0
73020 [BEAVERCK 115] 73031 [BRUSHTAP 115] 1 160.0 122.0 122.0 122.1 122.0 122.0
73020 [BEAVERCK 115] 73464 [ADENA 1151 1 109.0 0.0 0.0 85.1 0.0 0.0
73023 [BIJOUTAP 115] 73379 [FMWEST 1151 1 121.0 0.0 0.0 80.0 0.0 0.0
73024 [BLKHLWTP 115] 73044 [COBBLKTP 115] 1 109.0 0.0 0.0 85.1 0.0 0.0
73024 [BLKHLWTP 115] 73552 [AULT 115] 1 110.0 0.0 0.0 85.1 0.0 0.0
73030 [BRIGHTNW 115] 73493 [SANDCRK 115] 1 109.0 0.0 0.0 85.1 0.0 0.0
73030 [BRIGHTNW 115] 73503 [ERIE TAP 115] 1 109.0 0.0 0.0 85.1 0.0 0.0
73031 [BRUSHTAP 115] 73305 [EFMORGTP 115] 1 160.0 0.0 0.0 121.7 0.0 0.0
73039 [CARTERLK 115] 73058 [FLATIRON 115] 1 120.0 0.0 0.0 80.0 0.0 0.0
73041 [CARTERMT 115] 73197 [THERMOPL 115] 1 120.0 0.0 0.0 40.0 0.0 0.0
73067 [GERING 115] 73189 [STEGALL 115] 1 109.0 0.0 0.0 80.0 0.0 0.0
73088 [HOYT 115] 73103 [L.MEADOW 115] 1 60.0 0.0 0.0 40.0 0.0 0.0
73097 [KIOWA CK 115] 73213 [WIGGINS 115] 1 80.0 0.0 0.0 59.6 0.0 0.0
73103 [L.MEADOW 115] 73213 [WIGGINS 115] 1 60.0 0.0 0.0 59.6 0.0 0.0
73145 [NUNN 115] 73552 [AULT 115] 1 110.0 0.0 0.0 85.1 0.0 0.0
73150 [PEETZ 115] 73191 [STERLING 115] 1 109.0 0.0 0.0 85.1 0.0 0.0
73196 [TERRY 115] 73503 [ERIE TAP 115] 1 109.0 0.0 0.0 85.1 0.0 0.0
73305 [EFMORGTP 115] 73379 [FMWEST 115] 1 135.0 0.0 0.0 80.0 0.0 0.0



Appendix C

Wth Wnd Farmin Service

167 MWV
338 MW
= 1503 MV
T5 = 744 MN S=sqrt[(933.7)+(248.2)°] = 966MWA

713 MWV
203 MWV S
1100 MW TQ=248. 2 VAR
300 MW >

Brush CPP__
778 MV P=933.7 MW
0 MV

97 MW

DC Ties (E-->W

Pawn_Manchi ef
Akron_W nd_Farm
Li ron_W nd_Farm

ACCC OVERLOAD REPORT: MONI TORED ELEMENTS LOADED ABOVE 98.0 % OF RATI NG SET A
I NCLUDES VOLTAGE REPORT

DI STRI BUTI ON FACTOR FI LE: W nd\ ACCC\ df ax_30. df x

SUBSYSTEM DESCRI PTI ON FI LE: W nd\ ACCC\ Li non_zones. sub

MONI TORED ELEMENT FI LE: W nd\ ACCC\ Li non_non. non

CONTI NGENCY DESCRI PTI ON FI LE: W nd\ ACCC\ Li non_conti ng. con
A MONI TORED BRANCH ----------------- > CONTI NGENCY RATI NG FLOW %
73012 AULT 345.00 73108*LAR RIVR 345.00 1 1 956. 0 966. 0 98.1
73020 BEAVERCK 115. 00 73464* ADENA 115.00 1 7 109.0 111.0 103. 8
73088* HOYT 115.00 73103 L. MEADOW 115.00 1 7 60.0 59.2 102.9
73088 HOYT 115. 00 73464* ADENA 115.00 1 7 109.0 108.7 101.7
73103* L. MEADOW 115.00 73213 WGGE NS 115.00 1 7 60. 0 55.5 98. 2
70192 FTLUPTON 230. 00 70311* PAWNEE 230.00 1 11 413.5 412. 3 99.8

MONI TORED VOLTAGE REPORT:
SYSTEM CONTI NGENCY  <-------- BUS -------- > V-CONT  V-INT V-MAX V-M N
" VOLTAGE RANGE 11 73348 CORLETT 115.00 0.89967 0.95612 1.10000 0.90000



Wthout Wnd Farm

TIA = 163 MV
T2A = 334 MV

T3 = 1508 MV

T5 = 753 MW S=sqrt[(935. 4)°+(249.5] = 968 WA
T7 = 714 MWV

Brush_ CPP__ = 203 MW S

LRS generation_ = 1100 MWV TQz 249.5 VAR

DC Ties (E-->W = 300 MW !

Pawn_Manchief = 778 MN P= 935.4 MW

Akron Wnd Farm= 0 MWV

Limon_ Wnd_Farm= 0 MWV

ACCC OVERLOAD REPORT: MONI TORED ELEMENTS LOADED ABOVE 98.0 % OF RATI NG SET A
I NCLUDES VOLTAGE REPORT

DI STRI BUTI ON FACTOR FI LE: W nd\ ACCC\ df ax_30. df x

SUBSYSTEM DESCRI PTI ON FI LE: W nd\ ACCC\ Li non_zones. sub

MONI TORED ELEMENT FI LE: W nd\ ACCC\ Li non_non. non

CONTI NGENCY DESCRI PTI ON FI LE: W nd\ ACCC\ Li non_conti ng. con
S MONI TORED BRANCH ----------------- > CONTI NGENCY RATI NG FLOW %
73012 AULT 345.00 73108*LAR RI VR 345.00 1 1 956. 0 967.9 98.3
73020 BEAVERCK 115.00 73464* ADENA 115.00 1 7 109.0 109.5 102. 4
73088* HOYT 115.00 73103 L. MEADOW 115.00 1 7 60. 0 58. 6 101.7
73088 HOYT 115.00 73464* ADENA 115.00 1 7 109.0 107. 2 100. 2
70192 FTLUPTON 230. 00 70311* PAWNEE 230.00 1 11 413.5 410. 3 99. 3

MONI TORED VOLTAGE REPORT:
SYSTEM CONTI NGENCY  <-------- BUS-------- > V-CONT  V-INT  V-MAX V-M N
" VOLTAGE RANGE 11 73348 CORLETT 115.00 0.89919 0.95585 1.10000 0.90000



