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Akron Wind Farm Impact Study
I. Introduction
In March 2004, Western Area Power Administration received an interconnection
request for a large wind generation facility near Akron, CO. In the Eastern part of
Colorado, 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, the Shaw Group’s PTI powerflow and

stability program, PSS/E, will be used to analyze these problems and offer solutions.

A simple diagram of the major transmission lines near and around the Akron facility
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Figure 1 — Major Transmission Lines near and around Akron, Colorado



II. Purpose
The purpose of this study is to determine the impact of 100 MW of new generation

between the Beaver Creek and Deering Lake substations on the power grid in Eastern
Colorado. The interconnection application consists of plans to install turbines near the
Akron Substation located in Washington County, CO. It is assumed in this study that the

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

III1. 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.
Colstrip + 50.5MW
LRS generation + 38. 7MW
Sidney DC tie + 4MW
Corresponding decreases in Colorado generation were distributed around 6 generators

which included taking 60 MW of generation at Burlington out of service.

165 MW was added to the area 73 interchange (WAPA Rocky Mountain Region). 165
MW was subtracted from the area 70 interchange (Public Service of Colorado). This was
necessary to keep TOT 3 operating at an acceptable level.

Breaker 1701 at Glade Tap was opened.

Generic generators were added at Ponnequin, Ridge Crest and the Colorado Green

Project near Lamar, CO for a total of 221 MW of existing wind generation.

Line ratings changes are included in Appendix A.



Adding the Wind Farm:
The Beaver Creek — Deering Lake line was built in 1950 and consists of 266.8 MCM

ACSR conductor on wooden H frame structures. It is 48.5 miles in length and has two
taps: Akron and Otis. Since the Akron substation has no breakers, a new substation with
a ring bus will need to be built to accommodate this interconnection. For the purposes of
this study, it is assumed that land can be purchased and a substation be built close to the
Akron substation.

Collector buses were added and a collector bus text file was created.
Two 60 MVA transformers and a five mile 115 kV transmission line were used to

connect the wind farm to the Akron Substation.

Backing off Generation:

The remaining 60MW Burlington generator was taken offline, and the rest of the
required generation was backed off at Cherokee. When this was completed, it was
noticed that TOT 3 could be increased by backing off 7MW at Comanche and increasing
generation at Colstrip. The case was then solved with transformer taps set to “stepping”

and switched shunts “unlocked” and area interchange to “ties only.”

. 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 in 2007,
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 there were
two limiting factors: the Pawnee-Ft. Lupton 230 kV line and the Peetz — Sterling 115 kV
line. In the case with no wind farm added, the Peetz — Sterling 115 kV line reached
100% of its thermal rating during the N-1 contingency of the Sidney — North Yuma 230
kV line. In the case with the Akron Wind Farm added, the Pawnee - Ft. Lupton 230 kV



line reached 100% of its thermal rating during the N-1 contingency of the LRS - Ault 345
kV line.

Without the Akron Wind Farm in place, it was possible to increase TOT 3 to 1476
MW before the Peetz — Sterling line overloaded. When the wind farm was added and
area interchanges adjusted accordingly, it was possible to increase TOT3 by 18 MW to
1494 MW before overloading the Pawnee - Ft. Lupton line. It should be noted that the
Peetz - Sterling line is at 98.9% of its thermal rating during a different contingency in this
case.

Contingency output files are included in Appendix C.

Contingencies not in the study:

Assuming breakers will be installed at the Akron substation, additional N-1 outages
were considered. These included tripping the line from Akron to Beaver Creek, and
tripping the line from Akron to Deering Lake. Each outage caused the other line to
overload to approximately 105%. See the attached single line diagrams for an example

of this in Appendix D.

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. 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 showed voltage at Laramie 115kV, LRS
345kV, and the new bus called Wind Tap 115kV with the wind farm operating at 0%.
The next plot has the same three buses with the wind farm operating at 50% and the final
plot has the same three 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 0.74610 p.u. Plots of these voltage transients can be

found in Appendix E.

IV. Cost of interconnection

1) New substation near Akron, CO



Since it will be necessary to build a new substation with a ring bus for this
interconnection, the cost of materials and construction of such a project was investigated
in this study. The substation is necessary because there exist no breakers at the Akron
substation and for proper line protection, a three breaker ring bus is the most cost
effective solution.

Typical dimensions for a substation of this size are approximately 26 X 50 feet =
1300 square feet. At a cost of $150 per sq. foot, this comes to approximately $200,000.
Next, the line will need to be broken, and approach and takeoff structures built at a cost
of $250,000. Three single breaker bays will be built. For a rating of 1600 amps
continuous, the cost per bay is $450,000. SCADA Communications equipment will be
approximately $200,000. The total for materials comes to $1.8 M in 2003 Dollars.
Adjusting for inflation in 2007 (* 1.113), the cost for materials comes to $2.226 M.

The design, planning, and construction for such a substation is roughly 35% of the

cost of materials, but a more detailed analysis follows:

Design
Six engineers are typically employed for 120 days working 8 hours a day are paid
$400,000 for this task.

Planning
The Planning and Project Management portion of this accounts for $40,000.

Inspections of the construction site will take approximately 100 days and cost $75,000.
Contract Management costs will be around $30,000. Costs for procuring the necessary

land will be $5,000 and Environmental Clearance will cost $25,000.

Construction

Constructing a project of this scale requires approximately 10 weeks, or 50 days of
work at 10 hours a day. Since work will be done at a remote location, a per diem cost is
also added. Typically, four electricians, one foreman and one engineer will be on site for

this work. Commissioning costs come to approximately $200,000.

Total for the design, planning, and construction is approximately $775,000

Total cost for the three breaker ring bus substation = $2.226M + $775,000 ~ $3 Million



2) Remedial Action Scheme (RAS) or the possibility of new conductor:

If a 100 MW wind farm is connected to the WAPA transmission system near Akron,
about 60% of the energy will flow eastward to Otis, and 40% will flow westward to
Beaver Creek. If either of these 115-kV lines were to fail, the shift in power flow would
cause the other line to overload if the wind is generating more than 90 MW. There are
two possible solutions to this problem.

The first is to re-conductor or rebuild the 48.5 mile transmission line between Beaver
Creek and Deering Lake. Since the age of the wooden structures makes their reliability
questionable, it is likely that most of them would have to be rebuilt to handle the
increased weight of the new conductor. At a cost of $250,000 per mile, this improvement
would cost $12.125 million, approximately.

The second solution is to implement a Remedial Action Scheme which will
essentially switch off the wind farm in the case of a failure of the line anywhere between
Beaver Creek and Deering Lake. Consequences resulting from the failure of the RAS
would be putting the transmission line at risk of overloading. The sensing and switching
equipment would need to be set so that a good security factor is obtained to guard against
false operation. The following comes from the WSCC Relay Work Group Guide for

Remedial Action Schemes:

An inportant phase of the study of any renmedial action
schene that nust not be overl ooked is the consequence
of false operation of the schenme. A nunber of cases
under various operating conditions should be
investigated for false operation. If the results are
severe, the security of the schene becones that nuch
nore an inportant factor is the overall design. If the
remedi al action schene is to involve two or nore system
el enents (such as "open a line and drop a unit"),
studi es should investigate the inpact of parti al
failure of the schene (i.e., line fails to open while
the unit is successfully dropped). The results of such
studies could effect the acceptability of the entire
scheme. Also, as part of this study, the operating
[imts should be established with the renmedial action
out of service to allow for maintenance.

Because the use of a RAS reduces the system reliability, it would be much more
desirable to upgrade the transmission line between Beaver Creek and Deering Lake rather

than depend on the swift and accurate response of a RAS.



V. Conclusions

Interconnection Requirements

The first requirement for this interconnection is a new substation located near the
Akron substation. The cost for materials, planning, and construction will be
approximately $3 Million. Another requirement is that the wind farm must not cause an
overload if the line from Beaver Creek to Deering Lake should fail or need to be de-
energized for maintenance (which is quite likely considering the age of the line). One
possible solution to this problem is the demolition of the old transmission line and the
construction of a new line with a higher thermal rating. Another acceptable solution to
this problem is to design a Remedial Action Scheme which will automatically switch off
part of the wind farm’s generation if the transmission line fails. Since the danger of
overloading exists only when the generators are producing more than 90 MW, the RAS
may not need to drop the entire 100 MW of generation, only a portion of the wind farm

may need to be tripped.

Load flows in the local transmission system

The generator at Brush CPP is known to be at a sensitive generation area, and the
proposed wind farm will be located nearby. It is sensitive because it is located at a
receiving point for TOT 3. 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 so, the lines to the West of this facility become more prone to
overloads. If the generation at Comanche and Cherokee are equally backed off 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).



PTI INTERACTIVE POWER SYSTEM SIMULATOR--PSS/E

Appendix A

Changes in Line Ratings from Original Base Case

MON, OCT 04 2004 14:33

COMPARISON OF THE WORKING CASE AND THE SAVED CASE \2007HS\O7hslap.sav

BRANCHES WITH DIFFERENT LINE RATEA:

X---—- FROM BUS ----X X
70471 [WELD PS 230]

73012 [AULT
73018 [B.SANDY
73020 [BEAVERCK
73020 [BEAVERCK
73023 [BIJOUTAP
73024 [BLKHLWTP
73024 [BLKHLWTP
73030 [BRIGHTNW
73030 [BRIGHTNW
73031 [BRUSHTAP
73039 [CARTERLK
73041 [CARTERMT
73067 [GERING
73088 [HOYT
73097 [KIOWA CK
73103 [L.MEADOW
73145 [NUNN
73150 [PEETZ
73196 [TERRY
73305 [EFMORGTP

73212
73108
73531
73031
73464
73379
73044
73552
73493
73503
73305
73058
73197
73189
73103
73213
73213
73552
73191
73503
73379

[WELD 1M
[LAR.RIVR
[LINCOLNT
[BRUSHTAP
[ADENA
[FMWEST
[COBBLKTP
[AULT

[ SANDCRK
[ERIE TAP
[EFMORGTP
[FLATIRON
[THERMOPL
[STEGALL
[L.MEADOW
[WIGGINS
[WIGGINS
[AULT
[STERLING
[ERIE TAP
[FMWEST

PR RRPRRPRERRRRRERBRRRRRP R

IN WORKING CASE
RATEA
797.
956.
336.
160.
109.
121.
109.
110.
109.
109.
160.
120.
120.
1009.
60.
80.
60.
110.
109.
1009.
135.

o

eNeoNeoRoNoNoNoNolNoNeoNoloNoNoNoNoNoNoNoNe]
eNeoNeoRolNoNoNolNolNoNeoNoloNeoNoNeoNoNo oo Ne]
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IN O07hslap.sav
RATEC RATEA RATEB
797. 500.0 500.
896. 0.
239. 239.
122. 122.
85.
80.
85.
85.
85.
85.
121.
80.
40.
80.
40.
59.
59.
85.
85.
85.
80.

239.
122.

o
o

eNeoNololoNoNoNeolNolNoNoloNeo oo NoNoNo oo Noj
orrFrRrFOOCOHODOOOIdIRrRr P PP ORRE OO
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RATEC

500.

239.
122.

o
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Appendix C

Page 1
For Wnd Farm at Akron, CO generating at full

capacity (100%

ACCC OVERLOAD REPORT: MONI TORED ELEMENTS LOADED ABOVE 97.0 % OF RATING SET A

I NCLUDES VOLTAGE REPCRT

O MONI TORED ELEMENT ----------- > CONTI NGENCY
73012 AULT 345 73108*LAR RIVR 345 1 1
73150* PEETZ 115 73191 STERLING 115 1 3
73020 BEAVERCK 115 73464* ADENA 1151 7
73088* HOYT 115 73103 L. MEADOW 115 1 7
73088 HOYT 115 73464* ADENA 1151 7
73103*L. MEADOW 115 73213 WGE NS 1151 7
70005 BRUSHCPP 115 70500*QF CPP 113.8 1 11
70192 FTLUPTON 230 70311*PAWNEE 230 1 11
73020* BEAVERCK 115 73464 ADENA 115 1 11
MONI TORED VOLTAGE REPORT
SYSTEM CONTI NGENCY  <-------- BUS------
Totcal c
T1A = 168 MWV
T2A = 322 MW
T3 = 1494 MV
T5 = 759 MW
T7 = 683 MWV
Brush_CPP__ = 203 MW
LRS generation_ = 1100 MWV
DC Ties (E-->W = 300 MV
Pawn_Manchief __ = 778 MWV
Akron_Wnd_Farm = 97 MN
CONTI NGENCY LEGEND:
LABEL EVENTS
1 : TRIP LINE FROM BUS 73108 [LAR RI VR 345
2 TRI P LI NE FROM BUS 73192 [ STORY 230
3 TRI P LI NE FROM BUS 73180 [ SI DNEY 230
4 TRI P LI NE FROM BUS 73192 [ STORY 230
TRI P LI NE FROM BUS 73192 [ STORY 230
5 TRI P LI NE FROM BUS 70311 [ PAWNEE 230
6 OPEN LI NE FROM BUS 73136 [ MESSEX 115
OPEN LI NE FROM BUS 73136 [ MESSEX 115.
7 OPEN LI NE FROM BUS 73031 [ BRUSHTAP 115
OPEN LI NE FROM BUS 73031 [ BRUSHTAP 115
OPEN LI NE FROM BUS 73310 [ FME 115
OPEN LI NE FROM BUS 73378 [ FMN 115
OPEN LI NE FROM BUS 73305 [ EFMORGIP 115
8 : TRIP LINE FROM BUS 73047 [ DEERI NGL 115
9 : TRIP LINE FROM BUS 73020 [ BEAVERCK 115
TRI P LI NE FROM BUS 73065 [ GARY 115
TRI P LI NE FROM BUS 73221 [ WOODROW 115.
TRI P LI NE FROM BUS 73194 [ SWOODROW 115.
TRI P LI NE FROM BUS 73125 [ LSCHANCE 115
10 : TRIP LINE FROM BUS 73020 [ BEAVERCK 115
11 : TRIP LINE FROM BUS 73108 [LAR RI VR 345
12 : TRIP LINE FROM BUS 73017 [ B. SANDY 115
OPEN LI NE FROM BUS 73194 [ SWOODROW 115.
OPEN LI NE FROM BUS 73194 [ SWOODROW 115.
OPEN LI NE FROM BUS 73221 [ WOODROW 115.

RATE

956.
109.
1009.
60.
1009.
60.
50.
413.
1009.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

OQUIOO0OO0O0OO0OO0O0o

TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO

FL

974
107.
112.
60
110.
56.
48.
412.
105.

BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS

ow

oOwWwoohwooor

98.
99.
105.
104.
103.
99.
97.
100.
98.

DONOWWWO WO
S

V-INT V- MAX

73193
73143
73143
73016
73014
73192
73191
73020
73305
73020
73305
73305
73379
73142
73065
73221
73194
73125
73017
73464
73012
73125
73221
73125
73065

STORY

N. YUVA
N. YUVA
B.CK TR
B. CK PS
STORY
STERLI NG
BEAVERCK
EFMORGTP
BEAVERCK
EFMORGTP
EFMORGTP
FMAEST
N. YUVA
GARY
WOODROW
SWOODROW
L SCHANCE
B. SANDY
ADENA
AULT

L SCHANCE
WOCDROW
L SCHANCE
GARY

V-M N

345

230

230

230

230

230

115.
115.
115.
115.
115.
115.
115.
115.
115.
115.
115.
115.
115.
115.
345.
115.
115.
115.
115.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00




Appendix C

Page 2

For Wnd Farm at Akron, CO generating 0 MN (0%

ACCC OVERLOAD REPCRT: MONI TORED ELEMENTS LCADED ABOVE 97.0

| NCLUDES VOLTAGE REPORT

Semmmmmmm e MONI TORED ELEMENT --------- > CONTI NGENCY
73004* ALCOVA 115 73438 ALCOVA2 6.60 1 2
73150* PEETZ 115 73191 STERLING 115 1 3
73004* ALCOVA 115 73438 ALCOVA2 6.60 1 6
73020 BEAVERCK 115 73464* ADENA 1151 7
73088* HOYT 115 73103 L. MEADOW 115 1 7
73088 HOYT 115 73464* ADENA 1151 7
70005 BRUSHCPP 115 70500*QF CPP 113.8 1 11
MONI TORED VOLTAGE REPORT
SYSTEM CONTI NGENCY  <-------- BUS------
T1A = 153 MW
T2A = 302 MWV
T3 = 1476 MW
T5 = 798 MW
T7 = 662 MWV
Brush_CPP___ = 203 MV
LRS generation_ = 1100 MV
DC Ties_(E-->W = 300 MV
Pawn_Manchief = 778 MN
Akron_Wnd_Farm= 0 MV
CONTI NGENCY LEGEND
CONTI NGENCY LEGEND:
LABEL EVENTS
1 : TRIP LINE FROM BUS 73108 [LAR RIVR 345
2 TRI P LI NE FROM BUS 73192 [ STORY 230
3 TRI P LI NE FROM BUS 73180 [ SI DNEY 230
4 TRI P LI NE FROM BUS 73192 [ STORY 230
TRI P LI NE FROM BUS 73192 [ STORY 230
5 TRI P LI NE FROM BUS 70311 [ PAWNEE 230
6 OPEN LI NE FROM BUS 73136 [ MESSEX 115
OPEN LI NE FROM BUS 73136 [ MESSEX 115
7 OPEN LI NE FROM BUS 73031 [ BRUSHTAP 115
OPEN LI NE FROM BUS 73031 [ BRUSHTAP 115
OPEN LI NE FROM BUS 73310 [ FME 115
OPEN LI NE FROM BUS 73378 [ FMN 115
OPEN LI NE FROM BUS 73305 [ EFMORGTP 115
8 : TRIP LINE FROM BUS 73047 [ DEERI NGL 115
9 . TRIP LINE FROM BUS 73020 [ BEAVERCK 115
TRI P LI NE FROM BUS 73065 [ GARY 115
TRI P LI NE FROM BUS 73221 [ WOODROW 115.
TRI P LI NE FROM BUS 73194 [ SWOODROW 115.
TRI P LI NE FROM BUS 73125 [ LSCHANCE 115
10 : TRIP LINE FROM BUS 73020 [ BEAVERCK 115
11 : TRIP LINE FROM BUS 73108 [LAR RI VR 345
12 : TRIP LINE FROM BUS 73017 [ B. SANDY 115
OPEN LI NE FROM BUS 73194 [ SWOODROW 115.
OPEN LI NE FROM BUS 73194 [ SWOODROW 115.
OPEN LI NE FROM BUS 73221 [ WOODROW 115.

RATE

20.
1009.
20.
1009.
60.
1009.
50.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

[elololeololoNe]

FL

19
108.
19
106.
57.
104.
48.

V- CONT

TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO

BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS

ow
4

7
4
7
6
5
8

% OF RATING SET A

97.
100.
97.
99.
99.
97.
97.

No~Nooooy

V-INT V- MAX

73193
73143
73143
73016
73014
73192
73191
73020
73305
73020
73305
73305
73379
73142
73065
73221
73194
73125
73017
73464
73012
73125
73221
73125
73065

STORY

N. YUVA
N. YUVA
B.CK TR
B. CK PS
STORY
STERLI NG
BEAVERCK
EFMORGTP
BEAVERCK
EFMORGTP
EFMORGTP
FMAEST
N. YUVA
GARY
WOODROW
SWOODROW
L SCHANCE
B. SANDY
ADENA
AULT

L SCHANCE
WOCDROW
L SCHANCE
GARY

V-M N

345

230

230

230

230

230

115.
115.
115.
115.
115.
115.
115.
115.
115.
115.
115.
115.
115.
115.
345.
115.
115.
115.
115.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
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CKT
CKT
CKT
CKT
CKT
CKT
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