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Description:

EAPC does not warrant, guarantee, or make any such
representations regarding the contents of this report. EAPC
cannot be held liable for erroneous results caused by errors
or omissions in the delivered data, or inaccuracy, limitations,
or malfunctioning of models or software used. For any claim
whatsoever related to the subject matter of this report, the
liability of EAPC for actual damages, regardless of the form
of action, shall be limited to the total amount paid to EAPC
for the services provided as part of this consultancy service.

alculation: BISON 2 Shadow Flicker (with existing BISON 1

Day step for calculation
Time step for calculation

Jan Feb Mar Apr May

istribution:
SDO for PARK 8643

Operational time

576 904 1,027

Assumptions for shadow calculations

Maximum distance for influence
Minimum sun height over horizon for influence

Jun

W WNW NW NNW Sum
793 8,509
flldle start wind speed: Cut in wind speed from power curve

Obstacles not used in calculation

Eye height: 1.5 m
Grid resolution: 10 m

WTGs
UTM WGSB84 Zone: 14
East

UTM WGS84 Zone: 14

1 308,045
2 308,398
3 305,708
4 306,742
5 306,144
6 307,814
7 306,789
8 305,723
9 308,835
10 308,356
11 309,883
12 308,458
13 307,026
14 306,821
15 307,258
16 306,222
17 307,611
18 306,948
19 307,408
20 307,108
22 307,008
23 305,241
25 308,117
26 306,823

Z )

North

5,206,621
5,207,681
5,204,697
5,204,066
5,205,889
5,208,723
5,208,091
5,203,854
5,206,312
5,207,066
5,206,747
5,204,347
5,204,302
5,205,492
5,207,647
5,204,408
5,209,252
5,206,325
5,205,372
5,208,697
5,203,168
5,203,255
5,209,319
5,209,364

Sunshine probability S (Average daily sunshine hours) [BISMARCK]
Jul
492 513 7.45 8.03 10.20 11.21 11.69 10.35 8.68 569 4.02 3.69

Aug Sep Oct

Fperational hours are calculated from WTGs in calculation and wind

N NNE NE ENE E ESE SE SSE S SSW SW WSW
458 248 266 220 302 504 760 767 521

IA ZV| (Zones of Visual Influence) calculation is performed before flicker

fcalculation so non visible WTG do not contribute to calculated flicker values.
IA WTG will be visible if it is visible from any part of the receiver window. The
ZV| calculation is based on the following assumptions: ]
Height contours used: Height Contours: 20110421_BISON_nested_HCLs_v2_| re
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Scale 1:200,000
A New WTG & Shadow receptor
WTG type
Z Row Valid Manufact. Type-generator Power, rated Rotor Hub height RPM
data/Description diameter

[m] (kW] [m] [m] [RPM]
710.2 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
712.8 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
697.2 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
684.1 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
687.5 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
699.8 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
697.9 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
694.7 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
686.8 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
704.4 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
665.7 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
662.0 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
678.5 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
674.2 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
696.1 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
682.6 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
691.9 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
663.9 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
666.1 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
698.3 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
670.0 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
705.6 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
675.4 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
689.1 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0

1 days
1 minutes

Nov Dec
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alculation: BISON 2 Shadow Flicker (with existin
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UTM WGS84 Zone: 14 WTG type
East North Z Row Valid Manufact. Type-generator Power, rated Rotor Hub height RPM
data/Description diameter
UTM WGS84 Zone: 14 [m) kW] [m] [m] [RPM]
27 307,666 5,206,450 684.1 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
28 307,454 5,208,223 699.8 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
29 308,855 5,203,961 659.6 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
30 308,850 5,207,651 682.8 BISON 1B Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
31 308,007 5,204,045 659.6 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
32 305,787 5,205,371 676.0 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
33 307,319 5,203,760 676.0 BISON 1A Yes Siemens SWT-2.3-101-2,300 2,300 101.0 80.0 16.0
201 309,464 5,208,918 677.3 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
202 309,685 5,209,120 676.7 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
203 310,887 5,208,104 665.3 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
204 310,897 5,208,576 676.0 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
205 311,399 5,208,734 691.6 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
206 311,493 5,207,129 663.0 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
207 312,259 5,206,895 682.4 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
208 307,794 5,202,144 666.4 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
209 307,622 5,201,766 676.7 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
210 307,287 5,201,341 678.5 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
21 306,204 5,201,988 691.0 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
212 305,792 5,201,997 687.0 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
213 305,343 5,201,946 685.8 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
214 305,086 5,201,688 683.4 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
215 304,921 5,203,659 700.3 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
216 304,151 5,202,483 677.3 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
217 303,760 5,201,883 670.6 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
218 304,453 5,199,790 684.6 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
219 303,654 5,199,579 680.9 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
220 303,574 5,199,109 668.2 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
221 303,104 5,198,656 658.4 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
222 299,716 5,199,978 657.8 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
223 299,930 5,200,609 665.1 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
224 301,600 5,199,737 677.0 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
225 301,676 5,200,064 678.5 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
226 301,044 5,200,758 684.0 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
227 301,339 5,201,562 683.4 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
228 300,385 5,199,954 656.5 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
229 301,958 5,201,876 689.4 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
230 302,272 5,202,012 695.0 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
231 302,500 5,202,464 685.2 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
232 301,742 5,203,479 692.5 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
233 302,013 5,203,777 696.8 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
234 302,093 5,204,102 699.8 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
235 302,838 5,204,194 681.1 BISON 2 Yes Siemens SWT-3.0-101-3,000 3,000 101.0 80.0 16.0
Shadow receptor-Input
UTM WGSB84 Zone: 14
No. Name East North Z  Width Height Height Degrees from Slope of Direction mode
a.g.l south cw window
(m] [m] [m] [m] [ [
SR001 SR001 308,281 5,210,878 684.7 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
SR002 SR002 312,331 5,210,518 667.5 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
SR003 SR003 304,789 5,207,620 679.2 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
SR004 SR004 306,077 5,208,878 691.7 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
SRO005 SR005 308,456 5,208,732 677.3 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
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UTM WGS84 Zone: 14
No. Name East North Z  Width Height Height Degrees from Slope of Direction mode
a.g.l south cw window
ml [m [(m] [m] [] [

SR006 SR006 309,777 5,208,086 658.4 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR007 SR007 312,386 5,207,439 674.5 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR008 SR008 310,463 5,203,623 650.0 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR009 SR009 310,303 5,203,128 643.1 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR010 SR010 310,167 5,202,263 676.7 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR011 SR011 308,704 5,202,962 655.3 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR012 SR012 308,504 5,199,667 674.6 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR013 SR013 305,091 5,204,059 680.2 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR014 SR014 305,600 5,202,951 680.3 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR015 SR015 305,735 5,202,742 681.1 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR016 SR016 305,362 5,202,580 681.3 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR017 SR017 304,204 5,201,211 671.2 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR018 SR018 304,015 5,200,169 672.6 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR019 SR019 302,002 5,200,728 663.3 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR020 SR020 298,345 5,201,007 658.4 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR021 SR021 298,817 5,200,870 660.0 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR022 SR022 299,277 5,199,763 649.2 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR023 SR023 299,548 5,198,404 658.4 1.0 1.0 1.0 -180.0 90.0 "Green house mode"

SR024 SR024 298,327 5,198,450 669.3 1.0 1.0 1.0 -180.0 90.0 "Green house mode"
Calculation Results
Shadow receptor

Shadow, worst case Shadow, expected values
No. Name Shadow hours Shadow days Max shadow Shadow hours
per year per year hours per day per year
[hiyear] [days/year] [h/day] [h/year]

SR001 SR001 0:00 0 0:00 0:00

SR002 SR002 0:00 0 0:00 0:00

SR003 SR003 0:00 0 0:00 0:00

SR004 SR004 12:26 54 0:22 4:49

SR005 SR005 63:53 199 0:36 26:57

SR006 SR006 34:08 137 0:24 12:12

SR007 SR007 7:54 32 0:23 2:21

SR008 SR008 0:00 0 0:00 0:00

SR009 SR009 0:00 0 0:00 0:00

SR010 SR010 0:00 0 0:00 0:00

SR011 SR011 8:15 34 0:18 1:53

SR012 SR012 0:00 0 0:00 0:00

SR013 SR013 58:27 127 0:46 18:28

SR014 SR014 2:11 18 0:11 0:53

SR015 SR015 3:31 25 0:13 1:27

SR016 SR016 23:52 93 0:24 8:18

SR017 SR017 15:05 51 0:24 5:55

SR018 SR018 47:18 92 0:42 16:32

SR019 SR019 10:04 32 0:25 4:21

SR020 SR020 0:00 0 0:00 0:00

SR021 SR021 12:08 55 0:20 4:23

SR022 SR022 43:53 89 0:46 17:40

SR023 SR023 0:00 0 0:00 0:00

SR024 SR024 0:00 0 0:00 0:00
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alculation: BISON 2 Shadow Flicker (with existing BISON 1

Total amount of flickering on the shadow receptors caused by each WTG

No. Name Worst case Expected
[hiyear] [h/year]

1 BISON 1B 0:00 0:00

2 BISON 1B 4:43 1:29

3 BISON 1A 0:00 0:00

4 BISON 1A 0:00 0:00

5 BISON 1A 0:00 0:00

6 BISON 1B 22:12 9:27

7 BISON 1B 5:18 1:40

8 BISON 1A 20:41 8:33

9 BISON 1B 0:00 0:00
10 BISON 1B 0:00 0:00
11 BISON 1B 0:00 0:00
12 BISON 1A 0:00 0:00
13 BISON 1A 0:00 0:00
14 BISON 1A 0:00 0:00
15 BISON 1B 0:00 0:00
16 BISON 1A 6:50 2:49
17 BISON 1B 17:29 9:05
18 BISON 1A 0:00 0:00
19 BISON 1A 0:00 0:00
20 BISON 1B 11:13 4:53
22 BISON 1A 5:41 2:20
23 BISON 1A 0:00 0:00
25 BISON 1B 0:00 0:00
26 BISON 1B 0:00 0:00
27 BISON 1B 0:00 0:00
28 BISON 1B 8:50 2:20
29 BISON 1A 0:00 0:00
30 BISON 1B 10:25 2:53
31 BISON 1A 0:00 0:00
32 BISON 1A 0:00 0:00
33 BISON 1A 0:00 0:00
201 BISON 2 8:09 3:17
202 BISON 2 4:56 2:02
203 BISON 2 6:17 2:39
204 BISON 2 12:42 5:11
205 BISON 2 0:00 0:00
206 BISON 2 7:54 2:21
207 BISON 2 0:00 0:00
208 BISON 2 8:15 1:53
209 BISON 2 0:00 0:00
210 BISON 2 0:00 0:00
211 BISON 2 11:57 4:08
212 BISON 2 8:09 2:32
213 BISON 2 0:00 0:00
214 BISON 2 15:05 5:55
215 BISON 2 30:56 7:23
216 BISON 2 3:46 1:34
217 BISON 2 0:00 0:00
218 BISON 2 47:18 16:32
219 BISON 2 0:00 0:00
220 BISON 2 0:00 0:00
221 BISON 2 0:00 0:00
222 BISON 2 43:38 16:59
223 BISON 2 5:31 215
224 BISON 2 0:00 0:00
225 BISON 2 0:00 0:00
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No. Name Worst case Expected
[hlyear] [hiyear]
226 BISON 2 10:04 4:21
227 BISON 2 0:00 0:00
228 BISON 2 6:52 2:47
229 BISON 2 0:00 0:00
230 BISON 2 0:00 0:00
231 BISON 2 0:00 0:00
232 BISON 2 0:00 0:00
233 BISON 2 0:00 0:00
234 BISON 2 0:00 0:00
235 BISON 2 0:00 0:00
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SHADOW - Calendar

unshine probability
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Assumptions for shadow calculations verage daily sunshine hours

Maximum distance for influence 1,500 m

Minimum sun height over horizon for influence 3 492 513 7.45 8.03 10.20 11.21 11.69 10.35 8.68 569 4.02 3.69

Day step for calculation 1 days Operational time

Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve

|January |February |[March |April |May |June [July |August  |SeptembefOctober |November|December
| | | | | | | | | | | |
1/08:33  |08:13  |07:28  |07:27  |06:32  |05:56  |05:555  |06:25  |07:05 |07:44  |07:28  |08:11
|17:08  |17:48  |18:30  |20:14  |20:55  [21:33  |21:46  |21:21  |20:30  [19:30  [17:31  [17:00
2 08:33 | 08:11 | 07:26 | 07:25 | 06:31 | 05:55 | 05:56 | 06:26 | 07:06 | 07:46 | 07:30 | 08:12
|17:09  |17:50  |[18:31  |20:15  [20:56  [21:33  |21:45  |21:20  |20:28  [19:228  [17:30 | 16:59
3/08:33  |08:10 |07:24  [07:23 | 06:29  |05:55  |05:56 | 06:27 | 07:08  |07:47  |07:31 | 08:13
1710  [17:52  [18:33  |20:16  [20:58  |21:34  [21:45  |21:19  |20:26  [19:26  [17:28 | 16:59
4|08:33  |08:09 [07:22  |07:21  |06:27  |0554  |05:57  |06:29  |07:09  |07:49  |07:33 | 08:15
|17:11  |17:53  |18:3@  |20:18  [20:59  [21:35  [2145  [21:17  |20:224  [19:224  [17:27 | 16:59
508:32 | 08:07 | 07:20 | 07:19 | 06:26 | 05:54 | 05:58 | 06:30 | 07:10 | 07:50 | 07:34 | 08:16
11712 |17:55  |18:36  [20:19  |21:00  |21:36  |21:45  [21:16  |20:22  |19:22  |17:26 | 16:58
6/08:32 |08:06 |07:18  |07:17  |06:24  |05:53  |05:58  |06:31  [07:12  [07:51  |07:36 | 08:17
117:13  |17:56 | 18:37  |20:21  |21:02  |21:37  |21:44  |21:14 20220  [19:20  |17:24 | 16:58
7/08:32  |08:04 |07:17  |07:15  |06:23  |05:53  |05:59  |06:33  |07:13  |07:53  |07:37 | 08:18
| 17:14 | 17:58 | 18:38 | 20:22 | 21:03 |121:38 | 21:44 |21:13 | 20:18 | 19:18 |17:23 | 16:58
808:32 | 08:03 | 08:15 107:13 | 06:21 | 05:52 | 06:00 | 06:34 | 07:14 | 07:54 | 07:39 | 08:19
[17:45  |17:59  |18:40  [20:23  |21:04  [21:38  |21:43  [21:11  |20:16  [19:16  [17:21  |16:58
9(08:31  |08:02 [08:43  |07:11  |06:20  |05:52  |06:01  |06:35  |07:15  |07:55  |07:40 | 08:20
|17:16 | 18:01  |19:41  |20:25  |21:06  |21:39  [21:43  |21:10  |20:14  [19:14  |17:20 | 16:57
10 | 08:31 | 08:00 | 08:11 | 07:10 | 06:19 | 05:52 | 06:01 | 06:36 | 07:17 | 07:57 | 07:42 | 08:21
|17:47  |18:01  |19:43  |20:26  |21:07  |21:40  |21:42  [21:08  [20:12  [19:12  |17:19 | 16:57
111 08:31 | 07:59 | 08:09 | 07:08 | 06:17 | 05:51 | 06:02 | 06:38 | 07:18 | 07:58 | 07:43 | 08:22
| 17:19 | 18:02 | 19:44 | 20:28 | 21:08 |21:41 |21:42 | 21:07 | 20:10 | 19:10 |17:17 | 16:57
12| 08:30 | 07:57 | 08:07 | 07:06 | 06:16 | 05:51 | 06:03 | 06:39 | 07:19 | 08:00 | 07:45 | 08:23
[17:20  [18:04  [19:46  |20:229  [21:10  [21:41  |21:41  [21:05 |20:08 [19:08 [17:16 | 16:57
13 | 08:30 | 07:55 | 08:05 | 07:04 | 06:15 | 05:51 | 06:04 | 06:40 | 07:21 | 08:01 | 07:46 | 08:24
| 17:21 | 18:05 | 19:47 | 20:30 | 21:11 | 21:42 |21:41 |21:04 | 20:06 | 19:06 |17:15 | 16:57
14| 08:29 | 07:54 | 08:03 | 07:02 | 06:13 | 05:51 | 06:05 | 06:42 | 07:22 | 08:02 | 07:48 | 08:24
| 17:22 | 18:07 | 19:49 | 20:32 | 21:12 | 21:42 | 21:40 | 21:02 | 20:04 | 19:04 [17:14 | 16:58
15| 08:29 | 07:52 | 08:01 | 07:00 | 06:12 | 05:51 | 06:06 | 06:43 | 07:23 | 08:04 | 07:49 | 08:25
| 17:24 | 18:09 | 19:50 | 20:33 |21:13 |21:43 | 21:39 |21:00 | 20:02 | 19:02 117:13 | 16:58
16 | 08:28 | 07:51 | 07:59 | 06:58 | 06:11 | 05:51 | 06:07 | 06:44 | 07:25 | 08:05 107:51 | 08:26
| 17:25 | 18:10 | 19:51 | 20:34 | 21:15 | 21:43 |21:39 | 20:59 | 20:00 | 19:01 117:12 | 16:58
17|08:27  |07:49  |07:57 |06:56 |06:10  |05:51 | 06:08 |06:45 |07:26  |08:07 |07:52 | 08:27
| 17:26 |18:12 1 19:53 | 20:36 | 21:16 |21:44 |21:38 | 20:57 | 19:58 | 18:57 117:11 | 16:58
18 | 08:27 | 07:47 | 07:55 | 06:55 | 06:08 | 05:51 | 06:09 | 06:47 | 07:27 | 08:08 | 07:53 | 08:27
| 17:28 |18:13 | 19:54 | 20:37 | 21:17 |21:44 |21:37 | 20:55 | 19:56 | 18:55 |1 17:09 | 16:58
19|08:26  |07:46  |07:53  |06:53  |06:07  |0551  |06:10  |06:48  |07:29  |08:09  |07:55 | 08:28
| 17:29 | 18:15 | 19:56 | 20:39 | 21:18 |21:44 |21:36 | 20:53 | 19:54 | 18:53 | 17:08 | 16:59
20(08:25 |0744  |07:51  |06:51 | 06:06  |05:51  |06:11  |06:49  |07:30  |08:11  |07:56  |08:29
|17:31  |18:16  [19:57  [20:40  [21:20 2145  [21:35  |20:52  [19:52  [18:51  [17:08 | 16:59
21|08:224 |07:42 |07:49 |06:49 |06:05 |05:51  |06:12  |06:51  |07:31  |08:12  |07:58  |08:29
| 17:32 |18:18 | 19:58 | 20:41 | 21:21 | 21:45 |21:34 | 20:50 | 19:50 | 18:50 | 17:07 | 17:00
22| 08:23 | 07:40 | 07:47 | 06:47 | 06:04 | 05:51 | 06:13 | 06:52 | 07:32 | 08:14 | 07:59 | 08:30
117:33  |18:19  |20:00  |20:43  |21:22  |2145  [21:33  |2048  |19:48  |1848  [17:06  |17:00
23| 08:22 | 07:39 | 07:45 | 06:46 | 06:03 | 05:52 | 06:14 | 06:53 | 07:34 | 08:15 | 08:00 | 08:30
|17:35  |18:221  |20:01  |20:44  |21:23  |21:46  [21:32  |2046  |19:46  |1846  |17:05 | 17:01
24| 08:21 | 07:37 | 07:43 | 06:44 | 06:02 | 05:52 | 06:15 | 06:55 | 07:35 | 08:17 | 08:02 | 08:31
| 17:36 | 18:22 | 20:03 | 20:45 | 21:24 | 21:46 | 21:31 | 20:45 | 19:44 | 18:44 | 17:04 | 17:01
25| 08:20 | 07:35 | 07:41 | 06:42 | 06:01 | 05:52 | 06:17 | 06:56 | 07:36 | 08:18 | 08:03 | 08:31
| 17:38 | 18:24 | 20:04 | 20:47 | 21:25 |21:46 | 21:30 | 20:43 | 19:42 | 18:43 | 17:03 | 17:02
26 | 08:19 | 07:33 | 07:39 | 06:40 | 06:00 | 05:53 | 06:18 | 06:57 | 07:38 | 08:20 | 08:05 | 08:31
| 17:39 | 18:25 | 20:05 | 20:48 | 21:26 | 21:46 |21:29 | 20:41 | 19:40 | 18:41 | 17:03 | 17:03
27| 08:18 | 07:32 | 07:37 | 06:39 | 05:59 | 05:53 | 06:19 | 06:58 | 07:39 | 08:21 | 08:06 | 08:32
|17:41 1827  |20:07  |20:50  |21:27  |21:46  [21:228  [20:39  |19:38  |18:39  [17:02  |17:03
280817  [07:30 |07:35  |06:37 |05:59  |05:53  |06:20  |07:00 |07:40  |08:23  |08:07  |08:32
| 17:42 | 18:28 | 20:08 |20:51 |21:29 | 21:46 | 21:27 | 20:37 | 19:36 | 18:38 |17:01 | 17:04

2908:16 | |07:33  |06:35  [05:58  |05:54  |06:21  [07:01  [07:42  |0824  |08:08  |08:32
|17:44 | |20:10  |20:52  [21:30  [21:46  [21:25  [20:35  [19:34  [18:36  [17:01  [17:05
300815 | |07:31  |06:34  |05:57  |05:54  |06:23  [07:02  |07:43  |0825  |08:10  |08:32
|17:45 | |20:11  [20:54  |21:31  |21:46  [21:224  |20:33  [19:32  [18:35  [17:00  [17:06
31(08:14 | |07:29 | |05:56 | |06:24  |07:04 | |o8:27 | | 08:33
|17:47 | 20112 | |21:32 | |21:23  |20:31 | |18:33 | | 17:08
Potentialsunhours | 279 | 287 | 368 | 407 | 466 | 475 | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | | | | | | | | | | | |
Sun reduction | | | | | | | | | | | |
Oper. time red. | | | | | | | | | | | |
Wind dir. red. | I I I | I | | I I | |
Total reduction | | | | | | | | | | | |
Total, real | | | | | | | | | | | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)

Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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WindPRO version 2.7.486 Jan 2011

fProject:

Minnesota Power - BISON Wind Energy Center

Minnesota Power
Frank Frederickson

30 West Superior Street
Duluth, MN 55802-2093

SHADOW - Calendar

Assumptions for shadow calculations

Maximum distance for influence 1
Minimum sun height over horizon for influence

Day step for calculation

Time step for calculation

|January |February |March |April |May |June
| | | | |
1/08:32 |08:12  |07:28  |07:27  |06:32 | 05:56
|17:07  |17:48  [18:229  [20:14  |20:55  |21:32
2/08:32 |08:11 |07:26 |07:25 |06:30  |05:55
|17:08  |17:50  |18:31  |20:15  |20:56 | 21:33
3(08:32 0810 |07:24  |07:23  |06:29 | 0554
|17:09  [17:51  [18:32  [20:16  |20:57  |21:34
4|08:32 |08:08 |07:22 |07:21 | 06:27  |05:54
|17:10  |17:53  [18:3¢  |20:18  |20:59 | 21:35
5|08:32 0807 |07:20 |07:19  |06:26 | 05:53
|17:11  |17:54  |18:35  [20:19  |21:00  |21:36
6/08:32 |08:06 |07:18  |07:17  |06:24  |05:53
1713 |17:56  [18:37  [20:20  [21:02  |21:37
7/08:32 |08:04  |07:16  |07:15  |06:23  |05:52
| 17:14 | 17:58 | 18:38 | 20:22 | 21:03 |21:37
8)08:32 |08:03 |0814  |07:13  |06:221  |05:52
1715  |17:59  [18:40  |20:23  |21:04  |21:38
9(08:31  |08:01 [08:12  |07:11  |06:20  |05:52
| 17:16 | 18:01 | 19:41 | 20:25 | 21:056 |21:39
10]08:31  |08:00  |08:11  [07:09  |06:18  |05:51
[17:47  [18:01  [1943  |20:26  |21:07 | 21:40
11]08:30  |07:58  |08:09  |07:07 |06:17  |05:51
|17:18  |18:02  |19:44  [20:27  |21:08  |21:40
12|08:30  |07:57  |08:07 |07:06 |06:16  |05:51
| 17:20 | 18:04 | 19:45 | 20:29 | 21:09 |121:41
13/08:29 | 07:55  |08:05 |07:04  |06:14 | 0551
| 17:21 | 18:05 | 19:47 | 20:30 | 21:11 |21:42
14|08:29  |07:54  |08:03 |07:02 |06:13  |05:51
|17:22  |18:07  |1948  [20:31  |21:12  |2142
15(08:28  |07:52  |08:01  |07:00 |06:12  |05:51
| 17:24 | 18:08 | 19:50 | 20:33 | 21:13 |21:43
16|08:28  |07:50  |07:59  |06:58 | 06:11 | 05:51
|17:25  |18:10  [19:51  |20:3¢  |21:14 | 2143
17 | 08:27 | 07:49 | 07:57 | 06:56 | 06:09 | 05:51
|17:26  |18:11  |19:53  [20:36  |21:16  |2143
1808:26  |07:47  |07:55  |06:54  |06:08  |05:51
|17:28  |18:13  [19:54  [20:37  |21:17 | 21:44
19 | 08:26 | 07:45 | 07:53 | 06:53 | 06:07 | 05:51
11729 |18:14  [19:55  |20:38  |21:18 | 21:44
200825 |07:44  |07:51  |06:51 | 06:06 | 05:51
| 17:30 | 18:16 | 19:57 | 20:40 |21:19 |21:45
21| 08:24 | 07:42 | 07:49 | 06:49 | 06:05 | 05:51
[17:32  [18:17  [19:58  [20:41  [21:21  |21:45
22(08:23 |07:40  |07:47  |06:47  |06:04  |05:51
| 17:33 | 18:19 | 20:00 | 20:42 | 21:22 | 21:45
23)08:22 |07:38  |07:45  |06:45 | 06:03 | 0551
|17:35  [18:21  [20:01  |20:44  |21:23  |21:45
24|08:21 |07:37  |07:43  |06:44  |06:02  |05:52
| 17:36 | 18:22 | 20:02 | 20:45 [21:24 | 21:45
25(08:20 |07:35  |07:41  |06:42  |06:01  |05:52
|17:38  [18:224  |20:04  |20:47  |21:25  |21:46
260819  |07:33  |07:39  |06:40 | 06:00 | 05:52
[17:39  |18:25  |20:05 |20:48  |21:26  |21:46
270818  |07:31  |07:37  |06:38 | 0559  |05:53
|17:41  [18226  [20:07 2049  |21:227  |21:46
28(08:177  |07:29  |07:35  |06:37 | 0558  |05:53
|17:42  |18:228  |20:08  [20:51  |21:28  |2146

29| 08:16 |07:33  [06:35  |0558  |05:54

| 17:44 12009  [20:52  [21:29  [21:46

30 | 08:15 |07:31  |06:3¢  [0557  |05:54

| 17:45 2041  |20:53  [21:30  |21:46
31| 08:14 [07:29 | | 05:56
| 17:47 120:12 | 21:31

407 | 466 475

Total, worst case |
Sun reduction |
Oper. time red. |
Wind dir. red. |
Total reduction |

|
|
|
|
|
|
Potential sun hours | 279 | 287 | 368
|
|
|
|
|
Total, real | |

| |
| |
| |
| |
| |
| |

Table layout: For each day in each month the following matrix a

Day in month Sun rise (hh:mm) Fir:

Description:

EAPC does not warrant, guarantee, or make any such
representations regarding the contents of this report. EAPC
cannot be held liable for erroneous results caused by errors
or omissions in the delivered data, or inaccuracy, limitations,
or malfunctioning of models or software used. For any claim
whatsoever related to the subject matter of this report, the
liability of EAPC for actual damages, regardless of the form
of action, shall be limited to the total amount paid to EAPC
for the services provided as part of this consultancy service.

ty
500 m Jan Feb Mar Apr May Jun
' 30 492 513 7.45 8.03 10.20 11.21
1 days Operational time

Printed/Page

6/21/2011 8:44 AM | 7

Licensed user:

EAPC Wind Energy

3100 DeMers Avenue
US-GRAND FORKS, ND 58201
+1701 775 3000

wind@eapc.net
Calculated:

Jul  Aug Sep Oct Nov Dec
11.69 10.35 8.68 5.69 4.02 3.69

1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum

458 248 266 220 302 504 760 767 521

378 415 371 576 904 1,027 793 8,509

Idle start wind speed: Cut in wind speed from power curve

| | | |
|05:55  |06:25  |07:05  |07:44  |07:28  |08:11
|21:45  |21:221 20229  [19229  [17:31  [17:00
|05:56  |06:26  |07:06  |07:46  |07:30 | 08:12
| 21:45 |21:20 | 20:27 |19:27 117:30 | 16:59
| 05:56 | 06:27 | 07:07 | 07:47 |07:31 | 08:13
| 21:45 121:19 | 20:25 |19:25 |17:28 | 16:59
|05:57  [06:29  |07:09 |07:48  |07:33 | 08:14
|21:45  |21:17 2024  [1923  [17:27 | 16:58
| 05:57 | 06:30 | 07:10 | 07:50 | 07:34 | 08:15
| 21:44 |21:16 | 20:22 1 19:21 |17:25 | 16:58
|05:58  |06:31  |07:41  |07:51  |07:36 | 08:17
|21:44  [21:14  [20:20  [1919  |17:224  |16:58
|05:59  |06:32  |07:43  [07:52  |07:37 | 08:18
| 21:44 121:13 | 20:18 | 19:18 |17:22 | 16:58
|06:00 |06:34  |07:14  [07:54  [07:39 | 08:19
121:43 121:11 | 20:16 | 19:16 117:21 | 16:57
| 06:00 | 06:35 |07:15 | 07:55 | 07:40 | 08:20
121:43  |21:10 20114 1914 [17:220 | 1657
|06:01  |06:36 | 07:17  |07:57  |07:42 | 08:21
| 21:42 | 21:08 | 20:12 | 19:12 |17:18 | 16:57
|06:02  |06:37  |07:18  |07:58  |07:43 | 08:22
|21:42  |21:07 20110  [19:10  [17:47 | 16:57
| 06:03 | 06:39 | 07:19 | 07:59 | 07:45 | 08:23
|21:41 | 21:05 | 20:08 | 19:08 [ 17:16 | 16:57
| 06:04 | 06:40 | 07:20 | 08:01 | 07:46 | 08:23
|21:40  |21:03  |20:06 |19:06 |17:15  |16:57
| 06:05 | 06:41 | 07:22 | 08:02 | 07:47 | 08:24
| 21:40 | 21:02 | 20:04 | 19:04 | 17:14 | 16:57
| 06:06 | 06:43 | 07:23 | 08:04 | 07:49 | 08:25
|21:39 | 21:00 | 20:02 | 19:02 117:12 | 16:57
|06:07  |06:44  |07:24  |[08:05  |07:50 | 08:26
|21:38  |20:58  [20:00  [19:00  [17:11 | 16:58
|06:08  |06:45 |07:26  |08:06  |07:52 | 08:27
|21:37  |20:57  |[19:58  [18:57  [17:10 [ 16:58
|06:09  |06:47  |07:27 [08:08 |07:53  |08:27
|21:37 | 20:55 | 19:56 | 18:55 | 17:09 | 16:58
| 06:10 | 06:48 | 07:28 | 08:09 | 07:55 | 08:28
|21:36 | 20:53 | 19:54 | 18:53 | 17:08 | 16:59
|06:11  |06:49  |07:30  |08:11  |07:56 | 08:29
|21:35  |20:52  [19:52  |18:51  [17:07 | 16:59
| 06:12 | 06:50 107:31 | 08:12 | 07:57 | 08:29
|21:3¢  |20:50  |19:50 [18:49  [17:06 | 16:59
| 06:13 | 06:52 | 07:32 | 08:14 | 07:59 | 08:30
|21:33  |20:48 | 19:47  |1848  |17:06  |17:00
| 06:14 | 06:53 | 07:34 | 08:15 | 08:00 | 08:30
|21:32  |20:46  |19:45  |1846  [17:05  |17:00
| 06:15 | 06:54 | 07:35 | 08:16 | 08:02 | 08:31
|21:31 | 20:44 | 19:43 | 18:44 117:04 117:01
| 06:16 | 06:56 | 07:36 | 08:18 | 08:03 | 08:31
121:30  |20:42  |19:41  |18:43  |17:03  |17:02
| 06:18 | 06:57 | 07:38 | 08:19 | 08:04 | 08:31
|21:29 | 20:41 | 19:39 | 18:41 | 17:02 |17:02
| 06:19 | 06:58 | 07:39 | 08:21 | 08:06 | 08:32
|21:27 | 20:39 | 19:37 | 18:39 17:02 117:03
|06:20  |07:00 |07:40  |08:22  |08:07  |08:32
|21:26 | 20:37 | 19:35 | 18:38 | 17:01 | 17:04
| 06:21 | 07:01 | 07:42 | 08:24 | 08:08 | 08:32
|21:25  |20:35  [19:33  [18:36  [17:01  |17:06
| 06:22 | 07:02 | 07:43 | 08:25 | 08:09 | 08:32
|21:24 | 20:33 | 19:31 | 18:34 |17:00 |17:05

July |August {October |November|D:
| I

|06:24  |07:04 | |08:27 | | 08:32
|21:23  |20:31 | 1833 | | 17:06
| 480 | 441 | 378 | 338 | 282 | 266
| | | | | |

| | | | | |

| | | | | |

| | | | | |

| | | | | |

| | | | | |
pply

st time (hh:mm) with flicker (WTG causing flicker first time)

Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page

H - H EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 8

Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC -
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n hergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
i liability of EAPC for actual damages, regardless of the form +1 701 775 3000

30 West Supenor Street of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: ’

Assumptions for shadow calculations

ty
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Maximum distance for influence 1,500 m

Minimum sun height over horizon for influence 30 492 513 7.45 8.03 10.20 11.21 11.69 10.35 8.68 569 4.02 3.69

Day step for calculation 1 days Operational time

Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve

|January |February |[March |April |May |June [July |August | iOctober | |

| | | | | | | | | | |
1/08:33  |08:13  |07:28  |07:27  |06:32  |05:56 | 0555 | 06:25 | 07:05  |07:45  |07:29 | 08:11
| 17:08 | 17:49 | 18:30 | 20:14 | 20:55 121:33 | 21:46 | 21:22 | 20:30 | 19:30 |17:32 | 17:00
208:33 | 08:11 | 07:26 | 07:25 | 06:31 | 05:55 | 05:56 | 06:27 | 07:07 | 07:46 | 07:30 | 08:12
|17:09  [17:50  [18:31  [20:15  |20:56  |21:33 2145  [21:220 |2028  |19:28  |17:30 | 17:00
3/08:33  |08:10  |07:224  |07:23 | 06:29  |05:55  |0557  |06:28  |07:08  |07:47  |07:31 | 08:13
| 17:10 |17:52 | 18:33 |20:17 | 20:58 |21:34 |21:45 |21:19 | 20:26 | 19:26 |17:29 | 16:59
408:33 | 08:09 | 07:22 |107:21 | 06:28 | 05:54 | 05:57 | 06:29 | 07:09 | 07:49 | 07:33 | 08:15
| 17:11 |17:53 | 18:34 |20:18 | 20:59 121:35 | 21:45 |21:17 | 20:24 | 19:24 | 17:27 | 16:59
5/08:32  [08:07 |07:20 [07:19  |06:26  |05:54  |0558  [06:30  [07:10  [07:50  |07:3¢ | 08:16
| 17:12 | 17:55 | 18:36 | 20:19 | 21:00 | 21:36 | 21:45 |21:16 | 20:22 | 19:22 | 17:26 | 16:58
6 | 08:32 | 08:06 | 07:19 | 07:18 | 06:25 | 05:53 | 05:59 | 06:32 | 07:12 | 07:51 | 07:36 | 08:17
1713 [17:56  [18:37  [20:21  |21:02  |21:37 2144 [21:15  [20:20 [19:20  [17:24 | 16:58
708:32 | 08:05 | 07:17 | 07:16 | 06:23 | 05:53 | 05:59 | 06:33 | 07:13 | 07:53 | 07:37 | 08:18
| 17:14 | 17:58 | 18:39 | 20:22 | 21:03 |21:38 | 21:44 121:13 | 20:18 | 19:18 |17:23 | 16:58
8| 08:32 | 08:03 | 08:15 |07:14 | 06:22 | 05:53 | 06:00 | 06:34 | 07:14 | 07:54 | 07:39 | 08:19
1745 |18:00  [18:40  [20:24  |21:04  |21:39  [21:44  [21:12  |20:16  [19:16  |17:22 | 16:58
908:31 | 08:02 | 08:13 |07:12 | 06:20 | 05:52 | 06:01 | 06:35 | 07:16 | 07:56 | 07:40 | 08:20
| 17:16 | 18:00 | 19:42 | 20:25 | 21:06 | 21:39 |21:43 |21:10 | 20:14 | 19:14 | 17:20 | 16:58
10 | 08:31 | 08:00 | 08:11 | 07:10 | 06:19 | 05:52 | 06:02 | 06:37 | 07:17 | 07:57 | 07:42 | 08:21
| 17:18 | 18:01 | 19:43 | 20:26 | 21:07 | 21:40 |21:43 | 21:09 | 20:12 119:12 | 17:19 | 16:58
11 08:31 | 07:59 | 08:09 | 07:08 | 06:17 | 05:52 | 06:03 | 06:38 | 07:18 | 07:58 | 07:43 | 08:22
| 17:19 | 18:03 | 19:44 | 20:28 | 21:08 |21:41 | 21:42 |21:07 | 20:10 | 19:10 |17:18 | 16:58
12| 08:30 | 07:57 | 08:07 | 07:06 | 06:16 | 05:51 | 06:03 | 06:39 | 07:20 | 08:00 | 07:45 | 08:23
| 17:20 | 18:04 | 19:46 | 20:29 | 21:10 |21:41 |21:41 | 21:05 | 20:08 | 19:08 | 17:16 | 16:58
13]08:30  |07:56  |08:05 |07:04 |06:15  |0551  |06:04 |06:40  |07:21  |08:01  |07:46  |08:24
|17:21  [18:06  [19:47  |20:30  [21:11  [21:42  [21:41  [21:04  |20:06 |19:06  |17:15 | 16:58
14| 08:29 | 07:54 | 08:03 | 07:02 | 06:14 | 05:51 | 06:05 | 06:42 | 07:22 | 08:02 | 07:48 | 08:25
| 17:23 | 18:07 | 19:49 | 20:32 | 21:12 | 21:42 | 21:40 |21:02 | 20:04 | 19:04 | 17:14 | 16:58
15| 08:29 | 07:52 | 08:01 | 07:00 | 06:12 | 05:51 | 06:06 | 06:43 | 07:23 | 08:04 | 07:49 | 08:25
|17:24  |18:09  [19:50  [20:33  |21:14  |21:43  [21:39  [21:00 [20:02 [19:03 |17:13  |16:58
16|08:28  |07:51  |07:59  |06:58  |06:11  |05:51  |06:07 | 06:44 | 07:25  |08:05 |07:51 | 08:26
| 17:25 | 18:10 | 19:52 | 20:35 | 21:15 |21:43 | 21:39 | 20:59 | 20:00 | 19:01 |17:12 | 16:58
17|08:27  |07:49  |07:57  |06:57  |06:10  |05:51  |06:08  |06:46  |07:26  |08:07  |07:52 | 08:27
[17:27 1812  [19:53  |20:36 | 21:16  |21:44  |21:38  |20:57 | 19:58  |18:57  |17:11 | 16:58
18|08:27  |07:47  |07:55  |06:55 |06:09  |05:51  |06:09 |06:47  |07:27  |08:08  |07:54  |08:28
| 17:28 | 18:13 | 19:54 | 20:37 | 21:17 | 21:44 |121:37 | 20:55 | 19:56 | 18:55 |17:10 | 16:59
19 | 08:26 | 07:46 | 07:53 | 06:53 | 06:08 | 05:51 | 06:10 | 06:48 | 07:29 | 08:10 | 07:55 | 08:28
|17:29  |18:15  [19:56  |20:39  |21:18  |21:45  |21:36  |20:54  [19:54  |18:53  [17:09 | 16:59
20 | 08:25 | 07:44 | 07:51 | 06:51 | 06:06 | 05:51 | 06:11 | 06:50 | 07:30 | 08:11 | 07:56 | 08:29
| 17:31 | 18:16 | 19:57 | 20:40 | 21:20 | 21:45 |121:35 | 20:52 | 19:52 | 18:52 | 17:08 | 16:59
21|08:24 |0742  |07:49  |06:49  |06:05 0552  |06:12  |06:51  |07:31  |08:12  |07:58 | 08:29
| 17:32 | 18:18 | 19:59 | 20:41 | 21:21 | 21:45 | 21:34 | 20:50 | 19:50 | 18:50 | 17:07 | 17:00
22| 08:23 | 07:41 | 07:47 | 06:48 | 06:04 | 05:52 | 06:14 | 06:52 | 07:33 | 08:14 | 07:59 | 08:30
| 17:34 | 18:19 | 20:00 | 20:43 | 21:22 |21:45 |121:33 | 20:48 | 19:48 | 18:48 | 17:06 | 17:00
23 | 08:22 | 07:39 | 07:45 | 06:46 | 06:03 | 05:52 | 06:15 | 06:53 | 07:34 | 08:15 | 08:01 | 08:30
[17:35  [18:21  [20:01  [20:44  [21:23  [21:46  |21:32  [20:46  [19:46  [18:46  |17:05  |17:01
24 | 08:22 | 07:37 | 07:43 | 06:44 | 06:02 | 05:52 | 06:16 | 06:55 | 07:35 | 08:17 | 08:02 | 08:31
| 17:37 | 18:22 | 20:03 | 20:46 | 21:24 | 21:46 [21:31 | 20:45 | 19:44 | 18:45 | 17:04 | 17:02
25| 08:21 | 07:35 | 07:41 | 06:42 | 06:01 | 05:53 | 06:17 | 06:56 | 07:37 | 08:18 | 08:03 | 08:31
[17:38  [18:224  [20:04  |20:47  |21:25  |21:46  |21:30  |20:43  |19:42  |1843  |17:04  |17:02
26| 08:19 | 07:33 | 07:39 | 06:41 | 06:01 | 05:53 | 06:18 | 06:57 | 07:38 | 08:20 | 08:05 | 08:32
| 17:40 | 18:25 | 20:06 | 20:48 |21:26 |21:46 | 21:29 | 20:41 | 19:40 | 18:41 | 17:03 | 17:03
27| 08:18 | 07:32 | 07:37 | 06:39 | 06:00 | 05:53 | 06:19 | 06:59 | 07:39 | 08:21 | 08:06 | 08:32
| 17:41 | 18:27 | 20:07 | 20:50 | 21:28 | 21:46 | 21:28 | 20:39 | 19:38 | 18:40 | 17:02 | 17:04
28| 08:17 | 07:30 | 07:35 | 06:37 | 05:59 | 05:54 | 06:20 | 07:00 | 07:41 | 08:23 | 08:07 | 08:32
| 17:43 | 18:28 | 20:08 | 20:51 | 21:29 | 21:46 | 21:27 | 20:37 | 19:36 | 18:38 | 17:02 | 17:04

2908:16 | |07:33  |06:36  [05:58  [05:54  |06:22  [07:01  [07:42  [08:24  [08:09  |08:32
|17:44 | [20:10  |20:52  [21:30  [2146  [21:225  [20:35  [19:34  [18:36  [17:01  [17:05
30/08:45 | |07:31  |06:3¢  |0557  [05:55 06223  [07:03  [0743  [08:26  |08:10  |08:32
|17:46 | 20111 [20:54  [21:31  [21:46  |21:224  [20:33  [19:32  [18:35  [17:01  [17:06
310814 | |07:29 | |05:57 | |06:24  [07:04 | 0827 | | 08:33
|17:47 | [20:113 | |21:32 | |21:23  [20:32 | |18:33 | | 17:07
Potentialsunhours | 279 | 287 | 368 | 407 | 466 | 475 | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | | | | | | | | | | | |
Sun reduction | | | | | | | | | | | |
Oper. time red. | | | | | | | | | | | |
Wind dir. red. | | | | | | | | | | | |
Total reduction | | | | | | | | | | | |
Total, real | | | | | | | | | | | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)

Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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Licensed user:

EAPC Wind Energy

3100 DeMers Avenue
US-GRAND FORKS, ND 58201
+1 701 775 3000

wind@eapc.net
Calculated:

Description:

EAPC does not warrant, guarantee, or make any such
representations regarding the contents of this report. EAPC
cannot be held liable for erroneous results caused by errors
or omissions in the delivered data, or inaccuracy, limitations,
or malfunctioning of models or software used. For any claim
whatsoever related to the subject matter of this report, the
liability of EAPC for actual damages, regardless of the form
of action, shall be limited to the total amount paid to EAPC
for the services provided as part of this consultancy service.

alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR004 - SR004

Assumptions for shadow calculations unshine probabili verage daily sunshine hours
; ; . Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Maximun distance for influence 1500 T 492 513 7.45 803 1020 1121 11.69 10.35 8.68 5.69 4.02 3.6
Minimum sun height over horizon for influence 3° ' ’ ' ' ' . ’ . : : ) '
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February [March |April |May [June |July |August  |September |October |November|December
I I I | | I I I | I I I
1108:33 09:23 (7) | 08:13 | 07:28 | 07:27 | 06:32 | 05:56 | 05:55 | 06:25 | 07:05 | 07:45 08:07 (20) | 07:28 | 08:11
| 17:08 10 09:33(7) | 17:49 | 18:30 | 20:14 | 20:55 |21:33 | 21:46 |21:21 | 20:30 | 19:30 15 08:22(20) | 17:32 | 17:00
2108:33 09:25 (7) | 08:11 | 07:26 | 07:25 | 06:31 | 05:55 | 05:56 | 06:26 | 07:06 | 07:46 08:08 (20) | 07:30 | 08:12
| 17:09 7 09:32(7)|17:50 | 18:31 | 20:15 | 20:56 121:33 | 21:45 |21:20 | 20:28 | 19:28 13 08:21(20) | 17:30 | 16:59
30833 09:27 (7) | 08:10 | 07:24 | 07:23 | 06:29 | 05:55 | 05:56 | 06:28 | 07:08 | 07:47 08:09 (20) | 07:31 | 08:13
|17:10 4  09:31(7)|17:52 | 18:33 | 20:17 | 20:58 | 21:34 | 21:45 |21:19 | 20:26 | 19:26 10 08:19 (20) | 17:29 | 16:59
4108:33 | 08:09 |07:22 | 07:21 | 06:28 | 05:54 | 05:57 | 06:29 | 07:09 | 07:49 08:11 (20) | 07:33 | 08:15
117:11 117:53 | 18:34 20118 |20:59  [21:35  |21:45  |21:17  |20:24 | 19:24 7 08:18(20) |17:27 | 16:59
5108:32 | 08:07 | 07:20 | 07:19 | 06:26 | 05:54 | 05:58 | 06:30 | 07:10 | 07:50 08:12 (20) | 07:34 | 08:16
|17:12 | 17:55 | 18:36 | 20:19 | 21:00 | 21:36 |21:45 |21:16 | 20:22 | 19:22 2 08:14(20) | 17:26 | 16:58
6]08:32 | 08:06 | 07:19 | 07:17 | 06:25 | 05:53 | 05:58 | 06:31 | 07:12 | 07:51 | 07:36 | 08:17
|17:13 | 17:56 | 18:37 | 20:21 |21:02 | 21:37 |21:44 |21:15 | 20:20 | 19:20 |17:24 | 16:58
7108:32 | 08:05 | 07:17 | 07:15 | 06:23 | 05:53 | 05:59 | 06:33 |07:13 | 07:53 | 07:37 | 08:18
|17:14 | 17:58 | 18:39 | 20:22 |21:03 | 21:38 |21:44 |21:13 | 20:18 | 19:18 |17:23 | 16:58
8]08:32 | 08:03 | 08:15 | 07:14 | 06:22 | 05:52 | 06:00 | 06:34 | 07:14 | 07:54 | 07:39 | 08:19
117:15 117:59 | 18:40 | 20:24 | 21:04 | 21:38 |21:44 |21:12 | 20:16 | 19:16 |17:21 | 16:58
908:31 | 08:02 | 08:13 08:34 (20) | 07:12 | 06:20 | 05:52 | 06:01 | 06:35 | 07:16 | 07:55 | 07:40 | 08:20 09:15 (7))
|17:16 | 18:01 | 19:42 5 08:39 (20) | 20:25 |21:06 | 21:39 | 21:43 | 21:10 | 20:14 | 19:14 | 17:20 | 16:58 4  09:19(7)
10 | 08:31 | 08:00 | 08:11 08:32 (20) | 07:10 | 06:19 | 05:52 | 06:02 | 06:37 |07:17 | 07:57 | 07:42 | 08:21 09:14 (7)
117:18 | 18:01 | 19:43 9  08:41(20) | 20:26 | 21:07 | 21:40 |21:43 | 21:08 | 20:12 | 19:12 117:19 | 16:58 7 09:21(7)
11]08:31 | 07:59 | 08:09 08:30 (20) | 07:08 | 06:17 | 05:52 | 06:02 | 06:38 | 07:18 | 07:58 | 07:43 | 08:22 09:13 (7)
|17:19 | 18:03 | 19:44 12 08:42(20) | 20:28 |21:08 | 21:41 | 21:42 | 21:07 | 20:10 | 19:10 |17:18 | 16:57 10 09:23(7)
121 08:30 | 07:57 | 08:07 08:28 (20) | 07:06 | 06:16 | 05:51 | 06:03 | 06:39 |07:19 | 08:00 | 07:45 | 08:23 09:13 (7)
|17:20 | 18:04 | 19:46 14 08:42(20) | 20:29 |21:10 | 21:41 |21:41 | 21:05 | 20:08 | 19:08 | 17:16 | 16:58 11 09:24 (7)
13 | 08:30 | 07:56 | 08:05 08:26 (20) | 07:04 | 06:15 | 05:51 | 06:04 | 06:40 107:21 | 08:01 | 07:46 | 08:24 09:13 (7)
|17:21 | 18:06 | 19:47 17  08:43 (20) | 20:30 |21:11 | 21:42 | 21:41 | 21:04 | 20:06 | 19:06 |17:15 | 16:58 12 09:25(7)
14| 08:29 | 07:54 | 08:03 08:24 (20) | 07:02 |1 06:13 | 05:51 | 06:05 | 06:42 | 07:22 | 08:02 | 07:48 | 08:25 09:13 (7)
117:23 | 18:07 | 19:49 19  08:43 (20) | 20:32 121:12 | 21:42 | 21:40 | 21:02 | 20:04 | 19:04 |17:14 | 16:58 13 09:26 (7)
15| 08:29 | 07:52 | 08:01 08:22 (20) | 07:00 | 06:12 | 05:51 | 06:06 | 06:43 | 07:23 | 08:04 | 07:49 | 08:25 09:14 (7)
|17:24 | 18:09 | 19:50 21 08:43 (20) | 20:33 [21:13 |21:43 |21:39 | 21:00 | 20:02 | 19:03 [17:13 | 16:58 13 09:27 (7)
16 | 08:28 | 07:51 | 07:59 08:20 (20) | 06:58 | 06:11 | 05:51 | 06:07 | 06:44 | 07:25 | 08:05 | 07:51 | 08:26 09:13 (7)
| 17:25 | 18:10 | 19:52 22 08:42(20) | 20:35 |21:15 | 21:43 |21:39 | 20:59 | 20:00 | 19:01 | 17:12 | 16:58 14 09:27 (7)
17 | 08:27 | 07:49 | 07:57 08:20 (20) | 06:57 | 06:10 | 05:51 | 06:08 | 06:46 | 07:26 | 08:07 | 07:52 | 08:27 09:14 (7)
|17:27 | 18:12 | 19:53 22 08:42(20) | 20:36 |21:16 | 21:44 |21:38 | 20:57 | 19:58 | 18:57 |17:11 | 16:58 14 09:28 (7)
18 | 08:27 | 07:47 | 07:55 08:20 (20) | 06:55 | 06:09 | 05:51 | 06:09 | 06:47 | 07:27 | 08:08 | 07:54 | 08:28 09:14 (7)
117:28 | 18:13 | 19:54 21 08:41(20) | 20:37 |21:17 | 21:44 121:37 | 20:55 | 19:56 | 18:55 | 17:10 | 16:59 15 09:29 (7)
19 | 08:26 | 07:46 | 07:53 08:21 (20) | 06:53 | 06:07 | 05:51 | 06:10 | 06:48 | 07:29 | 08:10 | 07:55 | 08:28 09:14 (7)
117:29 | 18:15 | 19:56 19 08:40 (20) | 20:39 |21:18 | 21:45 |21:36 | 20:54 | 19:54 | 18:53 | 17:09 | 16:59 15 09:29 (7)
20 | 08:25 | 07:44 107:51 08:22 (20) | 06:51 | 06:06 | 05:51 | 06:11 | 06:49 | 07:30 | 08:11 | 07:56 | 08:29 09:15 (7)
117:31 | 18:16 | 19:57 16  08:38 (20) | 20:40 |21:20 | 21:45 |21:35 | 20:52 | 19:52 | 18:52 | 17:08 | 16:59 15 09:30 (7)
21]08:24 | 07:42 | 07:49 08:23 (20) | 06:49 | 06:05 | 05:51 | 06:12 | 06:51 | 07:31 | 08:12 | 07:58 | 08:29 09:16 (7)
| 17:32 | 18:18 | 19:59 13 08:36 (20) | 20:41 |21:21 |21:45 |21:34 | 20:50 | 19:50 | 18:50 | 17:07 | 17:00 15 09:31(7)
22108:23 | 07:41 | 07:47 08:27 (20) | 06:47 | 06:04 | 05:52 | 06:13 | 06:52 |07:33 08:10 (20) | 08:14 | 07:59 | 08:30 09:16 (7)
|17:34 | 18:19 | 20:00 5 08:32(20) | 20:43 | 21:22 | 21:45 |21:33 | 20:48 | 19:48 11 08:21(20) | 18:48 | 17:06 | 17:00 15 09:31(7)
23| 08:22 | 07:39 | 07:45 | 06:46 | 06:03 | 05:52 | 06:15 | 06:53 | 07:34 08:07 (20) | 08:15 | 08:01 | 08:30 09:16 (7)
|17:35 | 18:21 | 20:01 | 20:44 |21:23 | 21:46 |21:32 | 20:46 | 19:46 15 08:22(20) | 18:46 | 17:05 |17:01 15 09:31(7)
24 |08:21 | 07:37 | 07:43 | 06:44 | 06:02 | 05:52 | 06:16 | 06:55 | 07:35 08:05 (20) | 08:17 | 08:02 | 08:31 09:17 (7)
| 17:37 | 18:22 |20:03 | 20:46 |21:24 | 21:46 |21:31 | 20:45 | 19:44 18 08:23 (20) | 18:45 | 17:04 | 17:01 15 09:32(7)
25| 08:20 | 07:35 | 07:41 | 06:42 | 06:01 | 05:52 | 06:17 | 06:56 | 07:37 08:04 (20) | 08:18 | 08:03 | 08:31 09:17 (7)
117:38 | 18:24 | 20:04 | 20:47 121:25 | 21:46 |21:30 | 20:43 | 19:42 20 08:24 (20) | 18:43 | 17:04 | 17:02 15 09:32(7)
26 | 08:19 | 07:33 | 07:39 | 06:41 | 06:00 | 05:53 | 06:18 | 06:57 | 07:38 08:03 (20) | 08:20 | 08:05 | 08:32 09:17 (7))
| 17:40 | 18:25 | 20:06 | 20:48 | 21:26 | 21:46 |21:29 | 20:41 | 19:40 21 08:24 (20) | 18:41 |17:03 |17:03 15 09:32(7)
27 | 08:18 | 07:32 | 07:37 | 06:39 | 06:00 | 05:53 | 06:19 | 06:59 | 07:39 08:02 (20) | 08:21 | 08:06 | 08:32 09:19 (7)
| 17:41 | 18:27 | 20:07 | 20:50 |21:28 | 21:46 |21:28 | 20:39 | 19:38 22 08:24 (20) | 18:40 | 17:02 |17:03 14 09:33 (7)
28 | 08:17 107:30 | 07:35 | 06:37 | 05:59 | 05:54 | 06:20 | 07:00 | 07:41 08:03 (20) | 08:23 | 08:07 | 08:32 09:19 (7)
| 17:43 | 18:28 | 20:08 | 20:51 |21:29 | 21:46 |21:27 | 20:37 | 19:36 21 08:24 (20) | 18:38 | 17:02 | 17:04 14 09:33 (7)
29 | 08:16 | | 07:33 | 06:36 | 05:58 | 05:54 | 06:22 | 07:01 | 07:42 08:04 (20) | 08:24 | 08:08 | 08:32 09:20 (7)
|17:44 | | 20:10 | 20:52 | 21:30 | 21:46 |21:25 | 20:35 | 19:34 20 08:24 (20) | 18:36 | 17:01 | 17:05 13 09:33(7)
30 | 08:15 | 107:31 | 06:34 | 05:57 | 05:55 | 06:23 | 07:03 | 07:43 08:05 (20) | 08:26 | 08:10 | 08:32 09:21 (7)
| 17:46 | |20:11 | 20:54 [21:31 | 21:46 | 21:24 | 20:33 | 19:32 18  08:23 (20) | 18:35 | 17:00 | 17:06 12 09:33(7)
31|08:14 | | 07:29 | | 05:57 | | 06:24 | 07:04 | | 08:27 | | 08:33 09:22 (7)
|17:47 | |20:12 | |21:32 | 2123|2032 | |18:33 | 11707 11 09:33(7)
Potential sun hours | 279 | 287 | 368 | 407 | 466 | 475 | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | 21 | | 215 | | | | | | 166 | 47 | | 297
Sun reduction | 0.55 | | 0.63 | | | | | | 0.69 | 0.52 | | 0.43
Oper. time red. | 0.97 | | 0.97 | | | | | | 0.97 | 0.97 | | 0.97
Wind dir. red. | 0.74 | | 0.71 | | | | | | 0.71 | 0.71 | | 0.74
Total reduction | 0.40 | | 043 | | | | | | 0.47 | 0.36 | | 0.31
Total, real | 8 | | 93 | | | | | | 79 | 17 | | 93
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
Minnesota Power - BISON Wind Energy Center  EAPC does notwarrant, guarantee, or make any such 6/21/2011 8:44 AM /10
representations regarding the contents of this report. EAPC —
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n hergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardless of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
DUIUth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: :
BISON 1)Shadow receptor: SR005 - SR005
Assumptions for shadow calculations unshine probability verage daily sunshine hours
Madmandisianes forliflenos 800 462 513 745 803 1090 1121 1169 1095 868 569 407 360
Minimum sun height over horizon for influence 3° : ’ : : : i ’ : ' ’ ’ '
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8509
Idle start wind speed: Cut in wind speed from power curve
|January |February [March |April |May |June
| | | | | |
1]08:33 | 08:12 17:11 (28) | 07:28 |07:27 19:00 (6) | 06:32 06:54 (202) | 05:56 20:50 (17)
| 17:08 [17:49 11 17:22(28) | 18:30 |20:14 36 19:36 (6) | 20:55 9 07:03(202) |21:32 15 21:05(17)
208:33 | 08:11 17:09 (28) | 07:26 | 07:25 18:59 (6) | 06:31 06:53 (202) | 05:55 20:49 (17)
| 17:09 [17:50 14 17:23(28) | 18:31 |20:15 36 19:35(6) [20:56 11 07:04 (202) |21:33 17  21:06 (17)
308:33 | 08:10 17:09 (28) | 07:24 | 07:23 18:59 (6) | 06:29 06:51 (202) | 05:55 20:49 (17)
| 17:10 |17:52 16 17:25(28) | 18:33 |20:16 36 19:35(6) [20:58 12 07:03(202) [21:3¢ 18  21:07 (17)
408:32 | 08:09 17:09 (28) | 07:22 |07:21 18:59 (6) | 06:27 06:50 (202) | 05:54 20:48 (17)
| 17:11 |17:53 18 17:27(28) | 18:34 [20:18 35 19:34 (6) |20:59 14 07:04(202) [21:35 19 21:07 (17)
508:32 | 08:07 17:08 (28) | 07:20 | 07:19 18:59 (6) | 06:26 06:48 (202) | 05:54 20:49 (17)
| 17:12 |17:55 20 17:28(28) | 18:36 [20:19 35 19:34 (6) [21:00 15 07:03(202) [21:36 19 21:08 (17)
6 08:32 | 08:06 17:08 (28) | 07:18 | 07:17 19:00 (6) | 06:24 06:47 (202) | 05:53 20:48 (17)
| 17:13 |17:56 21  17:29 (28) | 18:37 |20:21 33 19:33(6) [21:02 16 07:03(202) [21:37 20 21:08 (17)
708:32 | 08:04 17:08 (28) | 07:16 | 07:15 19:00 (6) | 06:23 06:46 (202) | 05:53 20:48 (17)
| 17:14 |17:58 21 17:29(28) | 18:38 |2022 32 19:32(6) [21:03 16 07:02(202) [21:38 22 21:10(17)
808:32 | 08:03 17:08 (28) | 08:15 |07:13 19:01 (6) | 06:21 06:46 (202) | 05:52 20:49 (17)
| 17:15 [17:59 22 17:30(28) | 18:40 |20:23 30 19:31(6) [21:04 15 07:01(202) |21:38 22 21:11(17)
908:31 | 08:02 17:08 (28) | 08:13 | 07:12 19:02 (6) | 06:20 06:48 (202) | 05:52 20:48 (17)
|17:16 [18:01 21 17:29(28) | 19:41 |20:25 28 19:30 (6) [21:08 12 07:00(202) [21:39 22 21:10(17)
10 | 08:31 | 08:00 17:09 (28) | 08:11 | 07:10 19:03 (6) | 06:19 06:48 (202) | 05:52 20:48 (17)
| 17:47 [18:01 20 17:29(28) | 19:43 |20:226 25 19:28 (6) [21:07 10 06:58 (202) |21:40 23 21:11(17)
11| 08:31 | 07:59 17:09 (28) | 08:09 | 07:08 19:05 (6) | 06:17 06:52 (202) | 05:51 20:49 (17)
| 17:19 [18:02 19 17:28(28) | 19:44 |20:28 21 19:26 (6) | 21:08 3 06:55(202) [21:40 23 21:12(17)
12 | 08:30 | 07:57 17:10 (28) | 08:07 | 07:06 19:07 (6) | 06:16 | 05:51 20:49 (17)
| 17:20 [18:04 17 17:27 (28) | 19:46 [20:29 16 19:23 (6) | 21:10 [21:41 24 21:13(17)
13 | 08:30 | 07:55 17:11 (28) | 08:05 | 07:04 07:25 (201) | 06:15 | 05:51 20:49 (17)
| 17:21 |18:05 16  17:27 (28) | 19:47 [20:30 12 19:20 (6) | 21:11 |21:42 24 21:13(17)
14 | 08:29 | 07:54 17:13 (28) | 08:03 | 07:02 07:23 (201) | 06:13 | 05:51 20:49 (17)
| 17:22 |18:07 12 17:25(28) | 19:49 | 20:32 6 07:29 (201) | 21:12 |21:42 25 21:14(17)
15| 08:29 | 07:52 17:16 (28) | 08:01 | 07:00 07:21 (201) | 06:12 | 05:51 20:49 (17)
| 17:24 | 18:09 7 17:23(28) | 19:50 | 20:33 9 07:30 (201) | 21:13 [21:43 25 21:14(17)
16 | 08:28 | 07:51 | 07:59 | 06:58 07:20 (201) | 06:11 | 05:51 20:50 (17)
| 17:25 | 18:10 | 19:51 |20:3¢ 12 07:32(201) | 21:15 |21:43 25 21:45(17)
17 | 08:27 | 07:49 | 07:57 | 06:56 07:18 (201) | 06:10 | 05:51 20:50 (17)
| 17:26 | 18:12 | 19:53 |20:36 14 07:32(201) | 21:16 |21:44 25 21:15(17)
18 | 08:26 | 07:47 | 07:55 19:28 (20) | 06:55 07:16 (201) | 06:08 | 05:51 20:50 (17)
|17:28 | 18:13 [19:54 4 19:32(20)[20:37 16  07:32(201) | 21:17 [21:44 25 21:15(17)
19 | 08:26 | 07:46 | 07:53 19:26 (20) | 06:53 07:14 (201) | 06:07 | 05:51 20:50 (17)
| 17:29 | 18:15 | 19:56 7 19:33(20)|20:39 18 07:32(201) | 21:18 [21:44 25 21:15(17)
20 | 08:25 | 07:44 | 07:51 19:25 (20) | 06:51 07:12 (201) | 06:06 | 05:51 20:50 (17)
| 17:31 | 18:16 |19:57 10  19:35(20) |20:40 20  07:32(201) | 21:19 [21:45 25 21:15(17)
2108:24 | 07:42 | 07:49 19:24 (20) | 06:49 07:11 (201) | 06:05 | 05:51 20:50 (17)
| 17:32 | 18:18 [19:58 12 19:36(20) [20:41 21 07:32(201) | 21:21 |21:45 25 21:45(17)
2208:23 | 07:40 | 07:47 19:14 (6) | 06:47 07:09 (201) | 06:04 | 05:51 20:50 (17)
| 17:34 | 18:19 [20:00 24 19:38(20)|20:43 22 07:31(201) |21:22 |21:45 25 21:15(17)
23| 08:22 | 07:39 | 07:45 19:10 (6) | 06:46 07:09 (201) | 06:03 | 05:52 20:51 (17)
| 17:35 | 18:21 [20:01 29 19:39(20)|20:44 21 07:30 (201) |21:23 |21:45 25 21:16(17)
24 | 08:21 | 07:37 | 07:43 19:08 (6) | 06:44 07:10 (201) | 06:02 | 05:52 20:51 (17)
[17:36 | 18:22 [20:03 32 19:40(20)[20:45 20 07:30 (201) | 21:24 |21:46 25 21:16(17)
25| 08:20 | 07:35 | 07:41 19:06 (6) | 06:42 07:10 (201) | 06:01 | 05:52 20:51 (17)
| 17:38 | 18:24 [20:04 33 19:39(20) |20:47 19  07:29 (201) | 21:25 |21:46 25 21:16(17)
26 | 08:19 | 07:33 | 07:39 19:05 (6) | 06:40 07:10 (201) | 06:00 20:55 (17) | 05:53 20:52 (17)
| 17:39 | 18:25 |20:05 32 19:37 (20)|20:48 17 07:27 (201) | 21:26 5  21:00(17)]|21:46 25 21:17 (17)
27| 08:18 | 07:31 | 07:37 19:03 (6) | 06:39 07:12 (201) | 06:00 20:53 (17) | 05:53 20:52 (17)
| 17:41 | 18:27 |20:07 32 19:35(6) 2049 14  07:26 (201) | 21:27 7 21:00(17)|21:46 25 21:17 (17)
2808:17 | 07:30 | 07:35 19:02 (6) | 06:37 06:59 (202) | 05:59 20:51 (17) | 05:54 20:52 (17)
| 17:42 | 18:28 |20:08 34  19:36(6) [20:51 13 07:24(201) |21:28 10  21:01(17)|21:46 25 21:17 (17)
29| 08:16 | | 07:33 19:02 (6) | 06:35 06:57 (202) | 05:58 20:50 (17) | 05:54 20:52 (17)
| 17:44 | |20:10 34 19:36 (6) | 20:52 5 07:02(202) [21:20 12 21:02(17) 2146 25 21:17 (17)
30| 08:15 17:14 (28) | | 07:31 19:01 (6) | 06:34 06:56 (202) | 05:57 20:50 (17) | 05:55 20:53 (17)
| 17:45 4 17:18(28)| |20:11 35 19:36 (6) | 20:54 7 07:03(202) |21:30 13 21:03(17)|21:46 24 21:17 (17)
31]08:14 17:12(28) | | 07:29 19:00 (6) | | 05:56 20:49 (17) |
| 17:47 8 17:20(28)| |20:12 36 19:36(6) | [21:31 15 21:04(17) |
Potential sun hours | 279 | 287 | 368 | 407 | 466 | 475
Total, worst case | 12 | 255 | 354 | 629 | 195 | 692
Sun reduction | 0.55 | 0.50 | 0.63 | 0.59 | 0.68 | 0.71
Oper. time red. | 0.97 | 0.97 | 097 | 0.97 | 0.97 | 0.97
Wind dir. red. | 0.57 | 0.57 | 067 | 0.66 | 0.65 | 0.74
Total reduction | 0.30 | 0.27 | 041 | 0.37 | 0.43 | 0.51
Total, real | 4 | 70 | 144 | 235 | 83 | 351
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker ~ Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
Minnesota Power - BISON Wind Energy Center EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 11
representations regarding the contents of this report. EAPC I
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n nergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardless of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: :
SHADOW - Calendar
Assumptions for shadow calculations ty
Mandroum distencs for infliense Ll m o> i TSl MG tE WAlES GRStk oics A St
Minimum sun height over horizon for influence 3 2 : . : . g . g . . g . :
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|July |August |September |October |November |December
| | | | | |
1]05:55 20:53 (17) | 06:25 | 07:05 19:04 (6) | 07:44 | 07:28 16:38 (28) | 08:11
|21:46 23 21:16(17) | 21:21 2029 21 19:25(6) | 19:30 [17:31 20  16:58 (28) | 17:00
205:56 20:53 (17) | 06:26 07:01 (202) | 07:06 19:01 (6) | 07:46 | 07:30 16:38 (28) | 08:12
|21:45 24 21:17 (17) | 21:20 6 07:.07(202)[20:28 25  19:26 (6) | 19:28 [17:30 21 16:59 (28) | 16:59
3 05:56 20:53 (17) | 06:28 06:58 (202) | 07:08 18:59 (6) | 07:47 | 07:31 16:38 (28) | 08:13
|21:45 23 21:16(17)[21:19 11 07:09(202) [20:26 28  19:27 (6) | 19:26 [17:28 21 16:59 (28) | 16:59
4 05:57 20:54 (17) | 06:29 06:57 (202) | 07:09 18:59 (6) | 07:49 | 07:33 16:37 (28) | 08:14
|21:45 22 21:16(17)[21:17 13 07:10(202) |20:24 29  19:28 (6) | 19:24 |17:27 22 16:59 (28) | 16:59
5]05:58 20:54 (17) | 06:30 06:57 (202) | 07:10 18:57 (6) | 07:50 | 07:34 16:38 (28) | 08:16
[21:45 22 21:16(17)|21:16 15 07:12(202) [20:22 32  19:29 (6) | 19:22 |17:26 21 16:59 (28) | 16:58
6] 05:58 20:54 (17) | 06:31 06:56 (202) | 07:12 18:56 (6) | 07:51 | 07:36 16:38 (28) | 08:17
|21:44 21 21:115(17)|21:14 16 07:12(202) [20:20 33 19:29 (6) | 19:20 [17:24 19 16:57 (28) | 16:58
7 05:59 20:55 (17) | 06:33 06:57 (202) | 07:13 18:54 (6) | 07:53 | 07:37 16:39 (28) | 08:18
|21:44 20 21:15(17)|21:13 15 07:12(202)|20:18 35  19:29 (6) | 19:18 [17:23 17  16:56 (28) | 16:58
8| 06:00 20:56 (17) | 06:34 06:58 (202) | 07:14 18:54 (6) | 07:54 | 07:39 16:40 (28) | 08:19
|21:43 19 21:15(17)|21:11 14 07:12(202) |20:16 35  19:29 (6) | 19:16 [17:21 15  16:55 (28) | 16:58
9(06:01 20:56 (17) | 06:35 06:59 (202) | 07:15 18:53 (6) | 07:55 | 07:40 16:40 (28) | 08:20
|21:43 18  21:14(17)[21:10 13 07:12(202) |20:14 36  19:29 () | 19:14 117:20 13 16:53 (28) | 16:57
10 | 06:01 20:56 (17) | 06:36 07:01 (202) | 07:17 18:53 (6) | 07:57 | 07:42 16:42 (28) | 08:21
|21:42 17 21:13(17)]21:08 12 07:13(202) [20:12 36  19:29 (6) | 19:12 117:19 10 16:52 (28) | 16:57
11 06:02 20:57 (17) | 06:38 07:02 (202) | 07:18 18:52 (6) | 07:58 | 07:43 16:43 (28) | 08:22
|21:42 16 21:13(17)]21:07 10 07:12(202) [20:10 36  19:28 (6) | 19:10 117:17 7 16:50 (28) | 16:57
12| 06:03 20:57 (17) | 06:39 07:03 (202) | 07:19 18:52 (6) | 08:00 | 07:45 16:47 (28) | 08:23
|21:41 15 21:12(17) | 21:05 9 07:12(202) |20:08 36  19:28 (6) | 19:08 117:16 3 16:50 (28) | 16:57
13| 06:04 20:58 (17) | 06:40 07:04 (202) | 07:21 18:52 (6) | 08:01 | 07:48 | 08:24
|21:41 14 21:12(17) | 21:04 7 07:11(202) [20:06 35  19:27 (6) | 19:06 117:15 | 16:57
14| 06:05 20:59 (17) | 06:42 07:06 (202) | 07:22 18:52 (6) | 08:02 | 07:48 | 08:24
121:40 12 21:11(17) | 21:02 9 07:29(201) |20:04 34  19:26 (6) | 19:04 117:14 | 16:58
15| 06:06 21:00 (17) | 06:43 07:07 (202) | 07:23 18:53 (6) | 08:04 | 07:49 | 08:25
|21:39 11 21:11(17)|21:00 13 07:32(201) [20:02 33  19:26 (6) | 19:02 117:13 | 16:58
16 | 06:07 21:02 (17) | 06:44 07:19 (201) | 07:25 18:53 (6) | 08:05 | 07:50 | 08:26
|21:38 8 21:10(17)|20:59 14 07:33(201) |20:00 32  19:25(6) | 19:01 117:12 | 16:58
17 | 06:08 21:03 (17) | 06:45 07:17 (201) | 07:26 18:53 (6) | 08:07 | 07:52 | 08:27
|21:38 7 21:10(17)|20:57 17 07:34(201) [19:58 32  19:25(20) | 18:57 |17:11 | 16:58
18 | 06:09 21:06 (17) | 06:47 07:15 (201) | 07:27 18:53 (6) | 08:08 | 07:53 | 08:27
| 21:37 3 21:09(17)|20:55 20 07:35(201) [19:56 33  19:26 (20) | 18:55 117:10 | 16:58
19| 06:10 | 06:48 07:15 (201) | 07:29 18:55 (6) | 08:09 | 07:55 | 08:28
|21:36 120:53 21 07:36(201) | 19:54 32  19:27 (20) | 18:53 | 17:09 | 16:59
20| 06:11 | 06:49 07:14 (201) | 07:30 18:56 (6) | 08:11 | 07:56 | 08:29
|21:35 |20:52 22 07:36(201) [19:52 30  19:26 (20) | 18:51 | 17:08 | 16:59
21]06:12 | 06:51 07:14 (201) | 07:31 18:58 (6) | 08:12 | 07:58 | 08:29
|21:34 |20:50 22 07:36(201) [19:50 26  19:24 (20) | 18:50 | 17:07 | 17:00
22|06:13 | 06:52 07:15 (201) | 07:32 19:03 (6) | 08:14 | 07:59 | 08:30
|21:33 |20:48 21 07:36(201) | 19:48 19  19:22(20) | 18:48 | 17:06 | 17:00
23| 06:14 | 06:53 07:17 (201) | 07:34 19:09 (20) | 08:15 | 08:00 | 08:30
|21:32 12046 19 07:36(201) [ 19:46 11  19:20 (20) | 18:46 | 17:05 117:01
24| 06:16 | 06:55 07:18 (201) | 07:35 19:09 (20) | 08:17 | 08:02 | 08:31
| 21:31 |20:44 18 07:36 (201) | 19:44 8 19:17 (20) | 18:44 | 17:04 117:01
25| 06:17 | 06:56 07:19 (201) | 07:36 19:10 (20) | 08:18 | 08:03 | 08:31
|21:30 |20:43 16  07:35(201) | 19:42 5 19:15(20) | 18:43 |17:03 117:02
26 | 06:18 | 06:57 07:20 (201) | 07:38 19:13 (20) | 08:20 | 08:04 | 08:31
|21:29 |20:41 14 07:34 (201) | 19:40 2 19:14(20) | 18:41 | 17:03 | 17:03
27| 06:19 | 06:58 07:22 (201) | 07:39 | 08:21 17:44 (28) | 08:06 | 08:32
|21:28 |20:39 12 07:34(201) | 19:38 | 18:39 8  17:52(28) | 17:02 117:03
28 | 06:20 | 07:00 07:23 (201) | 07:40 | 08:22 17:42 (28) | 08:07 | 08:32
|21:26 | 20:37 9 07:32(201) | 19:36 |18:38 13 17:55(28) | 17:01 | 17:04
29 | 06:21 | 07:01 07:24 (201) | 07:42 | 08:24 17:41 (28) | 08:08 | 08:32
|21:25 120:35 6 07:30 (201) | 19:34 |18:36 16 17:57 (28) | 17:01 |17:05
30 | 06:23 | 07:02 07:25 (201) | 07:43 | 08:25 17:39 (28) | 08:10 | 08:32
|21:24 |20:33 13 19:20 (6) | 19:32 |18:35 18  17:57 (28) | 17:00 | 17:06
31| 06:24 | 07:04 19:06 (6) | | 08:27 17:39 (28) | | 08:32
|21:23 [20:31 17 19:23 (6) | |18:33 19 17:58 (28) | |17:07
Potential sun hours | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | 295 | 424 | 714 | 74 | 189 |
Sun reduction | 0.75 | 0.73 | 0.69 | 0.52 | 0.43 |
Oper. time red. | 0.97 | 0.97 | 0.97 | 0.97 | 0.97 |
Wind dir. red. | 0.74 | 0.62 | 0.68 | 0.57 | 0.57 |
Total reduction | 0.54 | 0.44 | 0.45 | 0.29 | 0.23 |
Total, real | 159 | 186 | 320 | 21 | 44 |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
H - z EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 12
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC P
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n nergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardless of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: :
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR006 - SR006
Assumptions for shadow calculations unshine probabili verage daily sunshine hours
i, s Siatis g 452 513 745 8,03 1030 121 1169 1095 5,68 569 402 369
Minimum sun height over horizon for influence 3° : ’ i ’ . : ’ : ' : : '
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February |March |April |May |June
| | | | | |
1]08:32 | 08:12 | 07:28 17:42 (2) | 07:27 07:48 (203) | 06:32 | 05:56 06:31 (204)
[17:08 | 17:48 [18:30 16 17:58 (2) | 20:14 16 08:04 (203) | 20:55 |21:32 15 06:46 (204)
2]08:32  |08:11 |07:26 17:43 (2) | 07:25 07:46 (203) | 06:30 | 05:55 06:32 (204)
|17:09  |17:50 11831 13 17:56 (2) | 20:15 18  08:04 (203) | 20:56 |21:33 14 06:46 (204)
3/08:32 | 08:10 |07:24 17:45 (2) | 07:23 07:44 (203) | 06:29 | 05:55 06:33 (204)
|17:10  |17:52 |18:33 11 17:56 (2) | 20:16 20  08:04 (203) | 20:58 |21:38 13 06:46 (204)
4]08:32  |08:08 17:18 (30) | 07:22 17:47 (2) | 07:21 07:42 (203) | 06:27 | 05:54 06:33 (204)
117:11 |17:53 8 17:26 (30) | 18:34 6 17:53(2)|20:18 21  08:03 (203) | 20:59 |21:35 12 06:45 (204)
5/08:32 | 08:07 17:16 (30) | 07:20 | 07:19 07:42 (203) | 06:26 | 05:54 06:34 (204)
|17:12  |17:55 12 17:28(30) | 18:36 |20:19 20 08:02(203) | 21:00 |21:36 10  06:44 (204)
6]08:32  |08:06 17:15 (30) | 07:18 |07:17 07:43 (203) | 06:24 | 05:53 06:35 (204)
|17:13  [17:56 15  17:30 (30) | 18:37 2021 18  08:01(203) | 21:02 | 21:37 8 06:43 (204)
7]08:32 | 08:04 17:13 (30) | 07:16 |07:15 07:44 (203) | 06:23 | 05:53 06:37 (204)
[17:14  [17:58 18  17:31(30) | 18:38 |2022 15 07:59 (203) | 21:03 | 21:38 5  06:42 (204)
8/08:32  |08:03 17:13 (30) | 08:14 |07:13 07:45 (203) | 06:21 | 05:52
[17:16  [17:59 20 17:33(30) | 18:40 |2023 13 07:58 (203) | 21:04 | 21:38
9/08:31 0801 17:12(30) | 08:13 | 07:11 07:48 (203) | 06:20 | 05:52
[17:16  |[18:01 22  17:34(30) | 19:41 | 20:25 7 07:55(203) | 21:06 | 21:39
10]08:31 | 08:00 17:12(30) | 08:11 [07:10 | 06:19 | 05:52
|17:17  [18:01 23 17:35(30) | 19:43 [ 20:26 | 21:07 | 21:40
11]08:30 | 07:58 17:11 (30) | 08:09 | 07:08 | 06:17 | 05:51
|17:19  [18:02 24 17:35(30) | 19:44 | 20:27 | 21:08 | 21:40
12]08:30 | 07:57 17:11 (30) | 08:07 | 07:06 | 06:16 06:39 (204) | 05:51
[17:20  [18:04 23  17:34(30) | 19:46 | 20:29 | 21:09 2 06:40 (204) | 21:41
13/08:30 | 0755 17:12 (30) | 08:05 | 07:04 | 06:15 06:38 (204) | 05:51
|17:21 1805 23  17:35(30) | 19:47 | 20:30 |21:11 5 06:43 (204) | 21:42
1408:29  |07:54 17:12(30) | 08:03 | 07:02 | 06:13 06:36 (204) | 05:51
|17:22  |18:07 22 17:34(30) | 19:48 | 20:32 |21:12 7 06:43 (204) | 21:42
15]08:28 | 07:52 17:12(30) | 08:01 | 07:00 | 06:12 06:35 (204) | 05:51
|17:24  |18:09 22 17:34(30) | 19:50 | 20:33 |21:13 9 06:44 (204) | 21:43
16]08:28  |07:51 17:13 (30) | 07:59 | 06:58 | 06:11 06:34 (204) | 05:51
[17:25  [18:10 21  17:34(30) | 19:51 | 20:34 [21:15 11 06:45(204) | 21:43
1708:27 | 07:49 17:13 (30) | 07:57 | 06:56 | 06:10 06:33 (204) | 05:51
|17:26  [18:12 20 17:33(30) | 19:53 | 20:36 |21:16 13 06:46 (204) | 21:44
18]08:26 | 07:47 17:14 (30) | 07:55 | 06:55 | 06:08 06:32 (204) | 05:51
[17:28  [18:13 17 17:31(30) | 19:54 | 20:37 |21:17 15 06:47 (204) | 21:44
19]08:26  |07:46 17:17 (30) | 07:53 | 06:53 | 06:07 06:31 (204) | 05:51
[17:20  |18:45 13 17:30(30) | 19:56 | 20:38 [21:18 16 06:47 (204) | 21:44
20(08:25 | 07:44 17:19 (30) | 07:51 | 06:51 | 06:06 06:30 (204) | 05:51
117:31 | 18:16 8  17:27(30) | 19:57 | 20:40 |21:19 17 06:47 (204) | 21:45
21/08:24 | 07:42 | 07:49 | 06:49 | 06:05 06:29 (204) | 05:51
117:32 | 18:18 | 19:58 | 20:41 |21:21 19 06:48 (204) [ 21:45
22|08:23 | 07:40 17:48 (2) | 07:47 | 06:47 | 06:04 06:28 (204) | 05:51
|17:33 | 18:19 6  17:54 (2) | 20:00 | 20:43 |21:22 20 06:48 (204) | 21:45
23|08:22  |07:39 17:45 (2) | 07:45 | 06:46 | 06:03 06:27 (204) | 05:52
[17:35  [18:21 11 17:56(2) |20:01 | 20:44 [21:23 21 06:48 (204) [ 21:45
240821  |07:37 17:45 (2) | 07:43 | 06:44 | 06:02 06:27 (204) | 05:52
[17:36  [18:22 13 17:58 (2) | 20:03 | 20:45 [21:24 20 06:47 (204) | 21:45
2508220 | 07:35 17:43 (2) | 07:41 | 06:42 | 06:01 06:27 (204) | 05:52
[17:38  [18:24 16  17:59(2) | 20:04 | 20:47 [21:25 20 06:47 (204) | 21:46
26|08:19  |07:33 17:43 (2) | 07:39 | 06:40 | 06:00 06:28 (204) | 05:53
[17:39  [18:25 16  17:59(2) | 20:05 | 20:48 |21:26 20 06:48 (204) | 21:46
27|08:18 | 07:31 17:42 (2) | 07:37 | 06:39 | 05:59 06:28 (204) | 05:53
|17:41 1827 17 17:59(2) | 20:07 | 20:49 |21:27 20 06:48 (204) | 21:46
28|08:177 | 07:30 17:42 (2) | 07:35 07:56 (203) | 06:37 | 05:59 06:29 (204) | 05:53
|17:42  [18:28 16  17:58 (2) | 20:08 5 08:01(203) | 20:51 [21:28 18 06:47 (204) | 21:46
29|08:16 | | 07:33 07:54 (203) | 06:35 | 05:58 06:29 (204) | 05:54
[17:44 | | 20:09 9  08:03 (203) | 20:52 [21:29 18  06:47 (204) | 21:46
30(08:15 | | 07:31 07:52 (203) | 06:34 | 05:57 06:30 (204) | 05:54
[17:45 | [20:11 11 08:03 (203) | 20:53 |21:30 17 06:47 (204) | 21:46
31)08:114 | | 07:29 07:50 (203) | | 05:56 06:30 (204) |
|17:47 | |20:12 14 08:04 (203) | |21:31 16 06:46 (204) |
Potential sun hours | 279 | 287 | 368 | 407 | 466 | 475
Total, worst case | | 406 | 85 | 148 | 304 | 77
Sun reduction | | 0.50 | 0.63 | 0.59 | 0.68 | 0.71
Oper. time red. | | 0.97 | 0.97 | 0.97 | 0.97 | 0.97
Wind dir. red. | | 0.59 | 0.64 | 0.68 | 0.58 | 0.58
Total reduction | | 0.28 | 0.39 | 0.39 | 0.38 | 0.40
Total, real | | 115 | 33 | 57 | 117 | 31
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
Minnesota Power - BISON Wind Energy Center EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 13
representations regarding the contents of this report. EAPC iiarked e
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n nergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardless of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: :
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR006 - SR006
Assumptions for shadow calculations unshine probability S (Average daily sunshine hours
MEsyEl et Sl 1,500 m :lta;z l;e1b3 I;Airs Q%rs :/(l)ago 1J 121 1J1u239 ﬁ)ugs 3%% sogtg ,:%Vz 2%%
Minimum sun height over horizon for influence 3° ' ) ’ ’ ’ ' ’ ' ' ’ ’ '
Day step for calculation 1 days Operational time
Time step for calculation 1 minuteS N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8509
Idle start wind speed: Cut in wind speed from power curve
|July |August  |September |October |November |December
| | | | | |
1| 05:55 |06:25 | 07:05 | 07:44 | 07:28 16:41 (30) | 08:11
| 21:45 |21:21  |20:29 | 19:30 [17:31 22 17:03(30) | 17:00
205:56 |06:26 | 07:06 | 07:46 | 07:30 16:42 (30) | 08:12
| 21:45 |21:220 | 20:27 | 19:28 [17:30 21 17:03 (30) | 16:59
305:56 |06:27 | 07:08 07:45 (203) | 07:47 | 07:31 16:42 (30) | 08:13
| 21:45 |21:19  |20:26 7 07:52(203) | 19:26 [17:28 20  17:02(30) | 16:59
4| 05:57 |06:29 | 07:09 07:43 (203) | 07:48 |07:33 16:43 (30) | 08:14
| 21:45 |21:17 20224 12  07:55(203) | 19:24 |17:27 18 17:01(30) | 16:59
5 05:58 06:44 (204) [ 06:30 | 07:10 07:41 (203) | 07:50 | 07:34 16:45 (30) | 08:15
| 21:44 4 06:48 (204) |21:16  [20:22 16  07:57 (203) | 19:22 [17:25 15 17:00 (30) | 16:58
6 05:58 06:42 (204) [ 06:31 | 07:11 07:39 (203) | 07:51 | 07:36 16:46 (30) | 08:17
| 21:44 7 06:49(204) [21:14  [20:220 18  07:57 (203) | 19:20 |17:24 12 16:58 (30) | 16:58
705:59 06:41(204) | 06:33 | 07:13 07:38 (203) | 07:53 | 07:37 16:49 (30) | 08:18
| 21:44 9 06:50 (204) | 21:13  [20:18 19  07:57 (203) | 19:18 |17:23 7 16:56 (30) | 16:58
8| 06:00 06:41(204) | 06:3¢ | 07:14 07:37 (203) | 07:54 | 07:39 | 08:19
|21:43 10 06:51(204) [21:11  [20:16 21  07:58 (203) | 19:16 [ 17:21 | 16:58
9 06:01 06:39 (204) | 06:35 | 07:15 07:38 (203) | 07:55 | 07:40 | 08:20
|21:43 13 06:52(204) [21:10  [20:14 20  07:58 (203) | 19:14 | 17:20 | 16:57
10 | 06:01 06:39 (204) | 06:36 | 07:17 07:39 (203) | 07:57 18:20 (2) | 07:42 | 08:21
|21:42 14 06:53(204) |21:08  [20:12 18  07:57 (203) | 19:12 9 18:29(2) | 17:19 | 16:57
11| 06:02 06:39 (204) | 06:38 | 07:18 07:40 (203) | 07:58 18:17 (2) | 07:43 | 08:22
|21:42 15 06:54 (204) [21:07  [20:10 16 07:56(203) [19:10 13  18:30(2) | 17:17 | 16:57
12 | 06:03 06:39 (204) [ 06:39 | 07:19 07:42 (203) | 07:59 18:17 (2) | 07:45 | 08:23
[21:41 15 06:54 (204) [21:05  [20:08 14 07:56(203) [19:08 14  18:31(2) |17:16 | 16:57
13 | 06:04 06:38 (204) | 06:40 | 07:21 07:43 (203) | 08:01 18:15 (2) | 07:46 | 08:23
|21:40 17 06:55(204) |21:03  [20:06 12 07:55(203) |19:06 16  18:31(2) | 17:15 | 16:57
14 | 06:05 06:38 (204) | 06:42 | 07:22 07:44 (203) | 08:02 18:15 (2) | 07:48 | 08:24
[21:40 18 06:56 (204) [21:02 | 20:04 9 07:53(203) |19:04 17  18:32(2) [17:14 | 16:58
15 | 06:06 06:38 (204) [ 06:43 | 07:23 07:45 (203) | 08:04 18:15 (2) | 07:49 | 08:25
|21:39 18 06:56 (204) [21:00  |20:02 6 07:51(203)19:02 16  18:31(2) [17:13 | 16:58
16 | 06:07 06:38 (204) | 06:44 | 07:25 07:47 (203) | 08:05 18:15 (2) | 07:50 | 08:26
|21:38 19 06:57 (204) [ 20:58 | 20:00 2 07:49(203)[19:00 16  18:31(2) | 17:12 | 16:58
17 | 06:08 06:38 (204) | 06:45 | 07:26 | 08:06 18:15 (2) | 07:52 | 08:27
|21:38 19 06:57 (204) [20:57 | 19:58 |18:57 15 18:30(2) | 17:10 | 16:58
18 | 06:09 06:37 (204) | 06:47 | 07:27 | 08:08 18:16 (2) | 07:53 | 08:27
|21:37 20 06:57 (204) [20:55 | 19:56 |18:55 13 18:29(2) | 17:09 | 16:58
19 | 06:10 06:37 (204) | 06:48 | 07:28 | 08:09 18:17 (2) | 07:55 | 08:28
|21:36 20 06:57 (204) | 20:53 | 19:54 |18:53 10 18:27(2) | 17:08 | 16:59
20 | 06:11 06:38 (204) | 06:49 | 07:30 | 08:11 18:21 (2) | 07:56 | 08:29
|21:35 20 06:58 (204) | 20:52 | 19:52 | 18:51 3 18:24(2) |17:08 | 16:59
21]06:12 06:38 (204) | 06:51 | 07:31 | 08:12 | 07:58 | 08:29
|21:38 20 06:58 (204) | 20:50 | 19:50 | 18:50 | 17:07 | 17:00
22 | 06:13 06:39 (204) | 06:52 | 07:32 | 08:14 17:48 (30) | 07:59 | 08:30
|21:33 19 06:58 (204) | 20:48 | 19:48 |18:48 11 17:59 (30) | 17:06 | 17:00
23| 06:14 06:40 (204) | 06:53 | 07:34 | 08:15 17:46 (30) | 08:00 | 08:30
|21:32 18 06:58 (204) | 20:46 | 19:46 |18:46 14  18:00 (30) | 17:05 | 17:01
24| 06:15 06:41(204) [ 06:55 | 07:35 | 08:17 17:44 (30) | 08:02 | 08:31
121:31 17  06:58 (204) | 20:44 | 19:44 | 18:44 18  18:02(30) | 17:04 |17:01
25| 06:17 06:42 (204) | 06:56 | 07:36 | 08:18 17:43 (30) | 08:03 | 08:31
[21:30 15 06:57 (204) | 20:43 | 19:42 |1843 19 18:02(30) | 17:03 | 17:02
26 | 06:18 06:43 (204) | 06:57 | 07:38 | 08:19 17:42 (30) | 08:04 | 08:31
[21:29 14  06:57 (204) | 20:41 | 19:40 [18:41 22 18:04 (30) | 17:03 | 17:03
27| 06:19 06:44 (204) | 06:58 | 07:39 | 08:21 17:41 (30) | 08:06 | 08:32
[21:28 12 06:56 (204) | 20:39  |19:38 [18:39 22 18:03(30) | 17:02 | 17:03
28 | 06:20 06:45 (204) | 07:00 | 07:40 | 08:22 17:41 (30) | 08:07 | 08:32
[21:26 11  06:56 (204) | 20:37 | 19:36 |18:38 23 18:04 (30) | 17:01 | 17:04
29 | 06:21 06:46 (204) | 07:01 | 07:42 | 08:24 17:41 (30) | 08:08 | 08:32
| 21:25 9 06:55(204) [20:35 | 19:34 |18:36 24  18:05(30) | 17:01 | 17:05
30 | 06:23 06:47 (204) | 07:02 | 07:43 | 08:25 17:41 (30) | 08:10 | 08:32
| 21:24 6 06:53(204)|20:33  |19:32 |18:35 23  18:04 (30) | 17:00 | 17:06
31 06:24 06:49 (204) | 07:04 | | 08:27 17:41 (30) | | 08:32
|21:23 3 06:52(204) [20:31 | |18:33 23 18:04 (30) | |17:08
Potential sun hours | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | 382 | | 190 | 341 | 115 |
Sun reduction | 0.76 | | 0.69 | 0.52 | 0.43 |
Oper. time red. | 0.97 | | 0.97 | 0.97 | 0.97 |
Wind dir. red. | 0.58 | | 0.68 | 0.59 | 0.58 |
Total reduction | 0.43 | | 0.45 | 0.30 | 0.24 |
Total, real | 164 | | 86 | 102 | 28 |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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ject: Description: Printed/Page
: - : EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 14
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC B —
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n hergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardiess of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
DU|Uth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: !
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR007 - SR007
Assumptions for shadow calculations unshine probabili verage daily sunshine hours
Medmum dietange foriiaenee 1900 m iagz Ie;e1b3 ';Airs g%rs :Vcl)ago " 21 1J1u£39 ﬁ)ugs geeﬁs f?gg T%vz 2%09
Minimum sun height over horizon for influence 3° ' ’ ’ ' ’ ’ ' ' ) ’ ’ ’
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February |March |April |May |June [July |August  |Septembe{October |November|December
| | | | | | | | | | | |
1]08:32  |08:12 |07:28  |07:27  |06:32  |05:56  |05:55  |06:25  |07:05 | 07:44 |07:28 | 08:11
|17:08 | 17:48 1829 [20:13  |20:55  [21:32 2145  [21:221  [20:29  [19:29 [17:31  [17:00
2/08:32  |08:11 [07:26  |07:25 |06:30  |05:55  |05:55  [06:226  |07:06 | 07:46 |07:30 | 08:12
|17.08  |17:50 |18:31 20115  |20:56  |21:33  |21:45  [21:20  |20:27  [19:27 [17:30 [ 16:59
3/08:32 | 08:10 |07:24  |07:23  |06:229  |05:54  |05:56  |06:27  |07:07 | 07:47 |07:31 | 08:13
|17:09  |[17:51 |18:32 20116  |20:57  [21:34 2145  [21:18  [20:25 [ 19:25 [17:28 | 16:59
4]08:32 | 08:08 |07:22  |07:21  |06:27  |05:54  |0557  |06:29  |07:09  |07:48 |07:33 | 08:14
|17:10  |17:53 |18:3¢  |20:18  [20:59  [21:35  |21:45  [21:117  [20:23  [19:23 |17:27 1658
5/08:32 | 08:07 |0720  |07:19  |06:26  |05:53  |05:57  |06:30  |07:10  |07:50 |07:34 | 08:15
|17:12 [17:54 [18:35  [20:19  [21:00 [21:36  [21:44  [21:16  [20:22  |19:21 [17:25 | 16:58
6/08:32 | 08:06 |07:18  |07:47  |06:224  |05:53  |05:58  |06:31  |07:11 | 07:51 |07:36 | 08:16
|17:13  |17:56 [18:37  [20:220  [21:01  [21:37  [21:44  [21:14  |20:220  [19:19 |17:24 | 16:58
7/08:32 | 08:04 |07:16  |07:15  |06:223  |05:53  [05:59  |06:32  |07:13 | 07:52 |07:37  |08:18
|17:14  |17:58 |18:38  [20:22  [21:03  [21:37  |2144  [21:13 20118 [19:18 11723 |16:58
8/08:31  |08:03 |08:14  [07:13  |06:21  |0552  |06:00  |06:34  |07:14  |07:54 |07:39 | 08:19
[17:15 | 17:59 [18:40  |20:223  |21:04  [21:38  [2143  [21:11 20116 |19:16 11721 |16:57
9(08:31  |08:01 |08:12  [07:11  |06:20  |0552  [06:00  |06:35  |07:15 | 07:55 |07:40 | 08:20
[17:16 | 18:01 [19:41  [2025  |21:05  |21:39  [2143  |21:10  |20:14 [ 19:14 |17:20 | 16:57
10]08:31  |08:00 |08:10  [07:09  |06:18  |0552  |06:01  |06:36  |07:17  |07:57 |07:41 | 08:21
[17:17 | 18:01 |19:43  [20:226  [21:07  |2140  |21:42  [21:08  [20:12  [19:12 11719 | 16:57
11/08:30 | 07:58 |08:09  [07:07 |06:17  |05:51  |06:02  |06:38  |07:18 | 07:58 |07:43 | 08:22
[17:18 | 18:02 |19:44 2027 |21:08  |21:40  |21:42  [21:07  [20:10  [19:10 117:17 [ 16:57
12]08:30 | 07:57 |08:07 |07:06  |06:16  |05:51  |06:03  |06:39  |07:19  |07:59 |07:44 | 08:22
[17:20 | 18:04 |19:45 2020  [21:09  |21:41  |21:41  |21:05  [20:08  |19:08 |17:16 | 16:57
13]08:229 | 07:55 17:38 (206) | 08:05 ~ |07:04  |06:14  |05:51  |06:04  |06:40  |07:20 | 08:01 |07:46 | 08:23
[17:21 | 18:05 4 17:42(208) [19:47  [20:30  [21:11  [21:41 2140  [21:03  [20:06 | 19:06 |17:15 | 16:57
14]08:29 | 07:54 17:37 (206) | 08:03  |07:02  |06:13  |05:51  [06:05  |06:41  |07:22 | 08:02 18:14 (206) | 07:47 | 08:24
|17:22 | 18:07 6 17:43(206) [19:48  [20:31  [21:12  [21:42  [2140  [21:02  [20:04  |19:04 8 18:22(206) | 17:14 | 16:57
15(08:228 | 07:52 17:35 (206) |08:01  |07:00  |06:12  |05:51  |06:06  |06:43  |07:23 | 08:03 18:11 (206) | 07:49 | 08:25
|17:24 | 18:08 9  17:44(206) |19:50  [20:33  [21:43  |21:42  |21:39  [21:00  |20:02 [19:02 14 18:25(206)|17:13  |16:58
16|08:28 | 07:50 17:35(206) | 07:59  |06:58  |06:11  |05:51  |06:07  |06:44  |07:24 | 08:05 18:09 (206) | 07:50 | 08:26
|17:25  [18:10 12 17:47(206) | 19:51  [20:34  |21:4  |21:43  |21:38  [20:58  [20:00  [19:00 18 18:27 (206) | 17:11 | 16:58
17]08:27 | 07:49 17:34 (206) | 07:57  |06:56  |06:09  |05:51  |06:08  |06:45  |07:26 | 08:06 18:07 (206) | 07:52 | 08:26
|17:26  |[18:11 14 17:48(206) |19:53  [20:36  [21:16  |21:43  |21:37  [20:57  |19:58  |18:57 20 18:27(206) | 17:10 | 16:58
18(08:26 | 07:47 17:34 (206) |07:55  |06:54  |06:08  |05:51  |06:09  |06:47  |07:27 | 08:08 18:05 (206) | 07:53 | 08:27
|17:28  [18:13 15 17:49(206) | 19:54  [20:37  |21:17  |21:44  [21:37  |20:55  |19:56  |18:55 23  18:28(206)|17:09 | 16:58
1908:25  |07:45 17:33 (206) | 07:53  06:53  |[06:07  |0551  |06:10  [06:48  |07:28 | 08:09 18:05 (206) | 07:55 | 08:28
[17:29  |18:14 18 17:51(206) |19:55  [20:38  |21:18  |21:44  [21:36  [20:53  |19:54  |18:53 23  18:28(206) | 17:08 | 16:59
200825 | 07:44 17:34 (206) |07:51  |06:51  |06:06  |0551  |06:11  |[06:49  |07:30 | 08:11 18:04 (206) | 07:56 | 08:28
|17:31  [18:16 19 17:53(206) [19:57  [20:440  |21:119  |21:44  [21:35  [20:51  [19:52  [18:51 22 18:26(206) | 17:07 | 16:59
210824 | 07:42 17:34 (206) | 07:49  |06:49  |06:05 |0551  |06:12  [06:50  |07:31 | 08:12 18:04 (206) | 07:57 | 08:29
[17:32  [18:18 20 17:54(206) | 19:58  [20:41  [21:220  |21:45  [21:3¢  [20:50  [19:49  |18:49 20 18:24 (206) | 17:06  |17:00
220823 | 07:40 17:34 (206) | 07:47 | 06:47  |06:04  |05:51  |06:13  |06:52  [07:32 | 08:13 18:04 (206) | 07:59 | 08:29
[17:33  [18:19 22 17:56(206) [20:00  [20:42  [21:22  |2145  [21:33  [20:48  [19:47  [1848 19 18:23(206) |17:06 | 17:00
23|0822 |07:38 17:34 (206) | 07:45 | 06:45  |06:03  |05:52  |06:14  |06:53  |07:34  |08:15 18:04 (206) | 08:00 | 08:30
[17:35  [18:221 23  17:57(206) |20:01  [20:44  [2123  [2145  |21:32  |20:46  [19:45  [1846 17 18:21(206)|17:05  |17:01
240821  |07:37 17:35 (206) |07:43  |06:44  |06:02  |0552  |06:15  |06:54  [07:35 | 08:16 18:04 (206) | 08:02 | 08:30
|17:36  |[18:22 22 17:57(206) | 20:02  [20:45  |2124  |21:45  |21:31  [20:44  |19:43  |18:44 15 18:19(206) | 17:04 | 17:01
25|08:20 | 07:35 17:36 (206) | 07:41 | 06:42 | 06:01 | 05:52 |06:17 | 06:56 |07:36 | 08:18 18:04 (206) | 08:03 | 08:31
[17:38  [18:224 19 17:55(206) |20:04  [20:47  [2125  |2145  |21:30  [20:42  [19:41  |1843 13  18:17(206)|17:03  |17:02
26|08:19 | 07:33 17:37 (206) [ 07:39  |06:40  |06:00  |05:53  |06:18  |06:57  |07:38  |08:19 18:05 (206) | 08:04 | 08:31
|17:39  [18:25 17 17:54(206) |20:05 2048  [21:26  [21:46  |21:29  |20:41  [19:39  [18:41 11  18:16(206) |17:03  |17:02
27|08:18  |07:31 17:39 (206) | 07:37  |06:39  |0559  |05:53  |06:19  [06:58  |07:39 | 08:21 18:05 (206) | 08:06 | 08:31
|17:41  [18:27 12 17:51(206) [20:07  |20:49  [21:27  [21:46  |21:27  [20:39  [19:37 | 18:39 8 18:13(206)|17:02  |17:03
28|08:17 | 07:29 17:44 (206) | 07:35  |06:37  |0559  |05:53  |06:20  |07:00  |07:40  |08:22 18:06 (206) | 08:07 | 08:32
|17:42 | 18:28 2 17:46(206) [20:08  |20:51  [21:28  |21:46  |21:226  [20:37  [19:35 | 18:38 6 18:12(206) |17:01  |17:04
29|08:16 | |07:33  |06:35  [0558  |05:54  [06:21  [07:01  [07:42  |08:24 18:07 (206) | 08:08 | 08:32
|17:44 | |20:09  [20:52  [21:29  |21:45  [21:25  [20:35  [19:33 | 18:36 3 18:10(206) [17:01  |17:05
30(08:15 | |07:31  |06:38  |0557  |05:54  [06:22  [07:02  |07:43  |08:25 |08:09 | 08:32
|17:45 | |20:11  [20:53  [21:30  |2145  [21:224  [20:33  [19:31  [18:34 [17:00  |17:05
310813 | [07:29 | |05:56 | |06:24  |07:04 | | 08:27 | | 08:32
|17:47 | |20:12 | [21:31 | |21:22  |20:31 | | 18:33 | | 17:06
Potential sun hours | 279 | 287 | 368 | 407 | 466 | 475 | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | | 234 | | | | | | | | 240 | |
Sun reduction | | 0.50 | | | | | | | | 0.52 | |
Oper. time red. | | 0.97 | | | | | | | | 0.97 | |
Wind dir. red. | | 0.60 | | | | | | | | 0.60 | |
Total reduction | | 0.29 | | | | | | | | 0.30 | |
Total, real | | 68 | | | | | | | | 73 | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)

WindPRO is developed by EMD International A/S, Niels Jernesvej 10, DK-9220 Aalborg @, TIf. +45 96 35 44 44, Fax +45 96 35 44 46, e-mail: windpro@emd.dk
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roject:

Minnesota Power - BISON Wind Energy Center

Minnesota Power
Frank Frederickson

30 West Superior Street
Duluth, MN 55802-2093

SHADOW - Calendar

alculation:

|April

|

| 07:27
| 20:14
| 07:25
| 20:15
|07:23
1 20:16
107:21
|20:18
107:19
120:19
107:17
| 20:20
|07:15
| 20:22
107:13
| 20:23
| 07:11
| 20:25
| 07:10
| 20:26
| 07:08
| 20:27
| 07:06
| 20:29
| 07:04
| 20:30
| 07:02
| 20:31
| 07:00
| 20:33
| 06:58
| 20:34
| 06:56
120:36
| 06:55
| 20:37
| 06:53
| 20:38
| 06:51
| 20:40
| 06:49
| 20:41
| 06:47
| 20:42
| 06:46
| 20:44
| 06:44
| 20:45
| 06:42
| 20:47
| 06:40
| 20:48
| 06:39
| 20:49
| 06:37
| 20:51
| 06:35
| 20:52
| 06:34
| 20:53

407

|May
|

| 06:32
| 20:55
| 06:31
| 20:56
| 06:29
| 20:57
| 06:27
| 20:59
| 06:26
| 21:00
| 06:24
| 21:01
| 06:23
| 21:03
| 06:21
| 21:04
| 06:20
| 21:05
1 06:19
| 21:07
| 06:17
| 21:08
| 06:16
| 21:09
| 06:15
| 21:11
106:13
| 21:12
| 06:12
| 21:13
| 06:11
|21:14
| 06:10
| 21:16
| 06:09
| 21:17
| 06:07
| 21:18
| 06:06
| 21:19
| 06:05
|21:20
| 06:04
| 21:22
| 06:03
|21:23
| 06:02
| 21:24
| 06:01
| 21:25
| 06:00
| 21:26
| 06:00
|21:27
| 05:59
|21:28
| 05:58
|21:29
| 05:57
| 21:30
| 05:57
| 21:31
| 466

|
|
|
|
|
|

Maximum distance for influence
Minimum sun height over horizon for influence
Day step for calculation
Time step for calculation
|January |February |March
| | |
1]08:32 0812  |07:28
|17:08  [17:49  |18:30
2(08:32 |08:11  |07:26
[17:09  [17:50  [18:31
3|08:32 |08:10  [07:24
[17:10  [17:52 | 18:33
4/08:32 |08:08 |07:22
[17:11 |[17:53  |18:34
5(08:32  |08:07  |07:20
[17:12  [17:55  [18:35
6/08:32 |0806 |07:18
[17:13  |17:56 | 18:37
7/08:32  |08:04  |07:16
|17:14  |17:58 | 18:38
8/08:31  |08:03  |08:14
[17:15  [17:59 | 18:40
9/08:31  [08:01  |08:12
|17:16  [18:01  |19:41
10/08:31  |08:00 | 08:11
[17:17  [18:01  [1943
11/08:30  |07:58  |08:09
[17:19  [18:02  |19:44
12]08:30  |[07:57 | 08:07
[17:20  |18:04 | 19:46
1308229  |07:55 | 08:05
[17:21  |18:05  |19:47
14/08:29  |07:54  |08:03
[17:23  [18:07  [19:48
15(08:28  [07:52 | 08:01
|17:24  |18:09 | 19:50
16(08:28  |07:50 | 07:59
[17:25  |[18:10  [19:51
1710827  |07:49 | 07:57
[17:27  [18:12  [19:53
18]08:26  |07:47 | 07:55
|17:28 1813 | 19:54
19]08:25  |07:45 | 07:53
|17:29  |18:15 | 19:56
20|08:25  |07:44 | 07:51
[17:31  [18:16  [19:57
21|08:24  |07:42  |07:49
|17:32  |18:18 | 19:58
22|08:23  |07:40 | 0747
|17:3 1819 |20:00
23|08:22 |07:38  |0745
|17:35  [1821  |20:01
2410821 |07:37 | 0743
| 17:36 | 18:22 ] 20:02
25|08:20  [07:35  |07:41
|17:38  [18:24  |20:04
26(08:19  |07:33 | 07:39
|17:39  |18:25  |20:05
27|08:18  |07:31  [07:37
|17:41 1827  |20:07
28|08:17  |07:29  |07:35
|17:42  [18:28  |20:08
2908:16 | | 07:33
[17:44 | | 20:09
30|08:15 | | 07:31
|17:45 | | 20:11
310813 | | 07:29
|17:47 | | 20:12
Potential sun hours | 279 | 287 | 368
Total, worst case | | |
Sun reduction | | |
Oper. time red. | | |
Wind dir. red. | | |
Total reduction | | |
Total, real | | |
Day in month Sun rise (hh:mm)
Sun set (hh:mm)

|June

| 05:56
121:32
| 05:55
|21:33
| 05:55
|21:34
| 05:54
|21:35
| 05:54
|21:36
| 05:53
|21:37
| 05:53
|21:37
| 05:52
|21:38
| 05:52
| 21:39
1 05:52
| 21:39
| 05:52
| 21:40
| 05:51
| 21:41
| 05:51
|21:41
| 05:51
|21:42
| 05:51
|21:42
| 05:51
|21:43
| 05:51
|21:43
| 05:51
| 21:44
| 05:51
| 21:44
| 05:51
| 21:44
| 05:51
| 21:45
| 05:52
| 21:45
| 06:52
| 21:45
| 05:52
121:45
1 05:52
|21:45
| 05:53
| 21:45
| 05:53
|21:45
| 05:54
| 21:45
| 05:54
| 21:45
| 05:55
| 21:45

474

Minutes with flicker

Description:

representations regarding the

EAPC does not warrant, guarantee, or make any such

contents of this report. EAPC

cannot be held liable for erroneous results caused by errors
or omissions in the delivered data, or inaccuracy, limitations,

or malfunctioning of models of
whatsoever related to the sub,

r software used. For any claim
ject matter of this report, the

liability of EAPC for actual damages, regardless of the form
of action, shall be limited to the total amount paid to EAPC

for the services provided as p:

art of this consultancy service.

BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor
Assumptions for shadow calculations

ty
Apr

S

Printed/Page

6/21/2011 8:44 AM / 15
Licensed user:

EAPC Wind Energy
3100 DeMers Avenue
US-GRAND FORKS, ND 58201
+1 701 775 3000

wind@eapc.net
Calculated:

Aug Sep Oct Nov Dec

904 1,027 793 8,509

1500 m Jan Feb Mar May Jun  Jul

30 492 513 7.45 8.03 10.20 11.21 11.69 10.35 8.68 5.69 4.02 3.69

1 days Operational time

1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum

458 248 266 220 302 504 760 767 521 378 415 371 576
Idle start wind speed: Cut in wind speed from power curve

July |August | {October | 1D« b
| | I | | |
| 05:55 | 06:25 | 07:05 | 07:44 | 07:28 | 08:11
| 21:45 |21:21 | 20:29 119:29 117:31 | 17:00
|05:56  [06:26  |07:06  |07:46  |07:30 | 08:12
|21:45  [21:20 2027 [19:28  |17:30 | 16:59
|05:56  |06:28  |07:08  |07:47  |07:31 | 08:13
121:45  |21:18  |20:25  |19:26  |17:28 | 16:59
|05:57  |06:29  [07:09  |07:48  |07:33 | 08:14
| 21:45 |21:17 | 20:24 | 19:24 |17:27 | 16:59
|05:58  |06:30  [07:10  [07:50  [07:34  [08:15
| 21:44 121:16 | 20:22 | 19:22 | 17:26 | 16:58
105:58 | 06:31 | 07:11 107:51 |07:36 | 08:16
| 21:44 |21:14 | 20:20 | 19:20 | 17:24 | 16:58
105:59  |06:33 | 07:13  |07:52 | 07:37 | 08:17
|21:44  |21:13  |20:18  |19:18  [17:23 | 16:58
|06:00 |06:3¢  |07:14  |07:54  |07:39 | 08:19
121:43 | 21:11 |20:16  [19:16  [17:21 | 16:58
| 06:01 106:35 | 07:15  |07:55 | 07:40 | 08:20
| 21:43 |21:10 | 20:14 | 19:14 | 17:20 | 16:58
| 06:02 | 06:36 | 07:17 | 07:57 | 07:41 | 08:21
| 21:42 | 21:08 | 20:12 |19:12 |17:19 | 16:57
|06:02 |06:38 |07:18  |07:58  |07:43  |08:21
|21:42  [21:07  [20:10  [19:10  |17:17 | 16:57
|06:03  |06:39  |07:19  |07:59  |07:44 | 08:22
|21:41  |21:05  [20:08  [19:08  |17:16 | 16:57
|06:04  |06:40 | 07:21 | 08:01 107:46 | 08:23
|21:40  |21:03 |20:06 |19:06 |17:15 | 16:58
|06:05 |06:42 [07:22  [08:02  |07:47  |08:24
|21:40  |21:02  |20:04 [19:04 |17:14  |16:58
|06:06 |06:43  |07:23  |08:04 |07:49 | 08:25
[21:39  [21:00 [20:02  [19:02  [17:13  |16:58
|06:07 | 06:44  |07:25  |08:05 |07:50 | 08:26
|21:38 | 20:58 | 20:00 | 19:00 117:12 | 16:58
|06:08 | 06:45 |07:26  |08:06 |07:52 | 08:26
121:37  |20:57 |19:58 1857  [17:11  [16:58
106:09 | 06:47 | 0727  |08:08 |07:53 | 08:27
| 21:36 | 20:55 | 19:56 | 18:55 | 17:10 | 16:59
|06:10  |06:48  |07:28  |08:09  |07:55 | 08:28
121:36  |20:53  |[19:54 | 18:53  |17:09 | 16:59
| 06:11 | 06:49 | 07:30 | 08:11 | 07:56 | 08:28
121:35 | 20:51 |19:52 | 18:51 117:08 | 16:59
106:12 | 06:51 | 07:31 |08:12 | 07:57 | 08:29
|21:3¢  |20:50  [19:50  [18:50  [17:07  |17:00
|06:13 | 06:52  |07:32  |08:14  |07:59 | 08:29
|21:33  |20:48  [19:48  [1848  |17:06  |17:00
|06:14  |06:53  |07:34  |08:15  |08:00  |08:30
|21:32 | 20:46 | 19:46 | 18:46 | 17:058 | 17:01
|06:16  |06:55 | 07:35  |08:16  |08:02  |08:30
121:31 | 20:44 | 19:44 | 18:44 | 17:04 117:01
| 06:17 | 06:56 | 07:36 | 08:18 | 08:03 | 08:31
|21:30  |20:42  [19:42  [18:43  [17:03  [17:02
|06:18  |06:57  |07:38  |08:19  |08:04 | 08:31
|21:28 | 20:41 | 19:40 | 18:41 | 17:03 | 17:03
|06:19 | 06:58 | 07:39 | 08:21 108:06 | 08:31
|21:27 | 20:39 | 19:37 | 18:39 | 17:02 117:03
|06:20 |07:00 [07:40  [08:22  |08:07  |08:32
|21:26 | 20:37 | 19:35 | 18:38 117:01 | 17:04
|06:21  |07:01  |07:42  [0824  [08:08  |08:32
|2125  |20:35  [19:33  [18:36  [17:01  [17:05
|06:23  [07:02 |07:43  [0825  [08:09  |08:32
|21:24  |20:33  [19:31  [18:35  [17:00  |17:06
106:24 | 07:04 | 08:27 | 08:32
|21:22 | 20:31 | 18:33 | 17:07
| 480 | 441 378 | 338 282 | 266

Table layout: For each day in each month the following matrix apply

First time (hh:mm) with flicker
Last time (hh:mm) with flicker

(WTG causing flicker first time)
(WTG causing flicker last time)
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-—-———-—————Q
roject: Description: Printed/Page
H - : EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 16
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC Licenesd iier
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota POWGI’ or omissions in the delivered data, or inaccuracy, limitations, in hergy
§ or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
i liability of EAPC for actual damages, regardless of the form +1 701 775 3000
30 West Superlor Street of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated. ’

SHADOW - Calendar

Assumptions for shadow calculations

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Maximum distance for influence 1,500 m

Minimum sun height over horizon for influence 30 492 513 7.45 8.03 10.20 11.21 11.69 10.35 8.68 5.69 4.02 3.69

Day step for calculation 1 days Operational time

Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve

|January |February |[March |April |May [June [July |August befOctober | |

| | | | | | | | | | |
1]08:32 |08:12 |07:28  |07:27  |06:32 |05:56  |05:55  |06:25 |07:05 |07:44  |07:28  |08:11
|17:08  [17:49  |18:30  |20:14  |20:55  |21:32  |21:45  [21:21  [20:229  [19:30  |17:31  |17:00
2(08:32 |08:11 [07:26  |07:25  |06:31  |05:55 |05:56  |06:26  |07:06  |07:46  |07:30 | 08:12
[17:09  |[17:50  [18:31  |20:15  |20:56  |21:33  |21:45  [21:20  |20:27  |19:28  |17:30 | 16:59
308:32 | 08:10 | 07:24 | 07:23 | 06:29 | 05:55 | 05:56 | 06:28 | 07:08 | 07:47 | 07:31 | 08:13
[17:10  [17:52  [18:33  |20:16  [20:57  |21:34  [21:45  [21:18  [20:25  |19:26  |17:28 | 16:59
4(08:32 |08:08 |07:22 |07:21  |06:27  |0554  |05:57 |06:29 |07:09 |07:48  |07:33  |08:14
|17:11 | 17:53 | 18:34 | 20:18 | 20:59 |21:35 |21:45 |21:17 | 20:24 | 19:24 | 17:27 | 16:59
5/08:32 |08:07 |07:20  [07:19  |06:26  |05:54  |05:58  |06:30 | 07:10  |07:50  |07:3 | 08:15
| 17:12 | 17:55 | 18:36 | 20:19 | 21:00 |21:36 | 21:44 |21:16 | 20:22 | 19:22 | 17:26 | 16:58
6/08:32  |08:06 |07:18  |07:17  |06:24  |05:53  |05:58  [06:31  |07:12  [07:51  |07:36 | 08:16
| 17:13 | 17:56 | 18:37 | 20:20 |21:01 |21:36 |21:44 |21:14 | 20:20 | 19:20 | 17:24 | 16:58
708:32 | 08:04 | 07:16 | 07:15 | 06:23 | 05:53 | 05:59 | 06:33 | 07:13 | 07:52 | 07:37 | 08:17
|17:14  |17:58  [18:38  [20:22  |21:03  |21:37  |2143  [21:13  |2018  [19:18  [17:23 | 16:58
808:31 | 08:03 | 08:14 | 07:13 | 06:22 | 05:52 | 06:00 | 06:34 | 07:14 | 07:54 | 07:39 | 08:19
| 17:15 | 17:59 | 18:40 | 20:23 | 21:04 |21:38 121:43 |21:11 | 20:16 | 19:16 |17:21 | 16:58
9| 08:31 | 08:01 | 08:12 |07:11 | 06:20 | 05:52 | 06:01 | 06:35 | 07:15 | 07:55 | 07:40 | 08:20
| 17:16 | 18:01 | 19:41 | 20:25 | 21:05 | 21:39 |121:43 121:10 | 20:14 119:14 | 17:20 | 16:58
10|08:31  |08:00 |08:11  [07:10  |06:49  [05:52  |06:02  |06:36  |07:47  |07:57  |07:41 | 08:21
| 17:47 | 18:01 | 19:43 | 20:26 | 21:07 |21:39 | 21:42 | 21:08 | 20:12 119:12 117:19 | 16:57
11 08:30 | 07:58 | 08:09 | 07:08 | 06:17 | 05:52 | 06:02 | 06:38 | 07:18 | 07:58 | 07:43 | 08:21
1719 [18:02  [19:44  [20:27  [21:08  |21:40  [21:42  [21:07  |20:10  [19:10  |17:47  |16:57
12/08:30  |07:57  |08:07 |07:06 |06:16  |[05:51  |06:03  |06:39  |07:19  |07:59  |07:44 | 08:22
[17:20  |18:04  [19:46  [20:29  [21:09  |21:41  [21:41  [21:05  |20:08  [19:08 |17:16  |16:57
13|08:29  |07:55  |08:05 |07:04 |06:15  |05:51  |06:04 |06:40  |07:21  |08:01  |07:46  |08:23
| 17:21 | 18:05 | 19:47 | 20:30 |21:11 |21:41 | 21:40 | 21:03 | 20:06 | 19:06 | 17:15 | 16:58
14 | 08:29 | 07:54 | 08:03 | 07:02 | 06:13 | 05:51 | 06:05 | 06:42 | 07:22 | 08:02 | 07:47 | 08:24
[17:23 1807  [19:48  [20:31  |21:12  |21:42  [21:40  [21:02  |20:04 [19:04 |17:14  |16:58
15| 08:28 | 07:52 | 08:01 | 07:00 | 06:12 | 05:51 | 06:06 | 06:43 | 07:23 | 08:04 | 07:49 | 08:25
[17:24  [18:09  [19:50  [20:33  [21:13  [21:42  |21:39  [21:00  [20:02  [19:02 [17:13  |16:58
16/08:28  |07:50  |07:59  |06:58  |06:11  |05:51  |06:07  |06:44  |07:25  |08:05  |07:50 | 08:26
| 17:25 | 18:10 | 19:51 | 20:34 |21:14 121:43 |21:38 | 20:58 | 20:00 | 19:01 |17:12 | 16:58
17 | 08:27 | 07:49 | 07:57 | 06:56 | 06:10 | 05:51 | 06:08 | 06:45 | 07:26 | 08:06 | 07:52 | 08:26
| 17:27 |18:12 | 19:53 | 20:36 | 21:16 | 21:43 | 21:37 | 20:57 | 19:58 | 18:57 | 17:11 | 16:58
18 | 08:26 | 07:47 | 07:55 | 06:55 | 06:09 | 05:51 | 06:09 | 06:47 | 07:27 | 08:08 | 07:53 | 08:27
|17:28  |18:13  [19:54  [20:37  |21:17  |21:44  [21:36  [20:55  [19:56  |18:55  |17:10 | 16:59
19| 08:25 | 07:45 | 07:53 | 06:53 | 06:07 | 05:51 | 06:10 | 06:48 | 07:28 | 08:09 | 07:55 | 08:28
|17:29  |18:15  [19:56  |20:38  |21:18  |21:44  [21:36  |20:53  |19:54  |18:53  |17:09 | 16:59
20 | 08:25 | 07:44 |1 07:51 | 06:51 | 06:06 | 05:51 | 06:11 | 06:49 | 07:30 | 08:11 | 07:56 | 08:28
| 17:31 | 18:16 | 19:57 | 20:40 |21:19 | 21:44 121:35 | 20:51 | 19:52 | 18:51 | 17:08 | 16:59
21| 08:24 | 07:42 | 07:49 | 06:49 | 06:05 | 05:51 | 06:12 | 06:51 | 07:31 | 08:12 | 07:57 | 08:29
| 17:32 | 18:18 | 19:58 | 20:41 | 21:20 | 21:45 |21:34 | 20:50 | 19:50 | 18:50 | 17:07 | 17:00
22| 08:23 | 07:40 | 07:47 | 06:47 | 06:04 | 05:52 | 06:13 | 06:52 | 07:32 | 08:14 | 07:59 | 08:29
|17:38  |18:19  |20:00 |20:42  |21:22  |21:45 |21:33  |2048  |19:48  |1848  |17:06  |17:00
23| 08:22 | 07:38 | 07:45 | 06:46 | 06:03 | 05:52 | 06:14 | 06:53 | 07:34 | 08:15 | 08:00 | 08:30
|17:35 18221  |20:01  |20:44  |21:23  |21:45  [21:32  |20:46  |19:46  |1846  |17:05  |17:01
24|08:21 |07:37  |0743  |06:44  |06:02 |05:52 |06:16  |06:55  |07:35  |08:16  |08:02  |08:30
| 17:37 | 18:22 | 20:02 | 20:45 | 21:24 | 21:45 121:31 | 20:44 | 19:44 | 18:44 | 17:04 | 17:01
25| 08:20 | 07:35 | 07:41 | 06:42 | 06:01 | 05:52 | 06:17 | 06:56 | 07:36 | 08:18 | 08:03 | 08:31
| 17:38 | 18:24 | 20:04 | 20:47 | 21:25 | 21:45 | 21:30 | 20:42 | 19:42 | 18:43 | 17:03 | 17:02
26 | 08:19 | 07:33 | 07:39 | 06:40 | 06:00 | 05:53 | 06:18 | 06:57 | 07:38 | 08:19 | 08:04 | 08:31
[17:39  [18:25  |20:05 |20:48  |21:26  [21:45  |21:28  |20:41  |19:40  [1841  [17:03  |17:03
27| 08:18 |07:31 | 07:37 | 06:39 | 06:00 | 05:53 | 06:19 | 06:58 | 07:39 | 08:21 | 08:06 | 08:31
| 17:41 | 18:27 | 20:07 | 20:49 | 21:27 | 21:45 | 21:27 | 20:39 | 19:38 | 18:39 | 17:02 |17:03
2808:17 |07:29 |07:35  |06:37 | 0559  |05:54  |06:20 |07:00 |07:40  |08:22  |08:07  |08:32
| 17:42 | 18:28 | 20:08 | 20:51 | 21:28 | 21:45 |21:26 | 20:37 | 19:35 | 18:38 | 17:01 | 17:04

29]08:16 | |07:33  |06:35 | 05:58  |05:54  |06:21  |07:01  |07:42  |08:24  |08:08  |08:32
[17:44 | [20:09  |20:52  |21:29  |21:45  [21:225  [20:35  [19:33  [18:36  [17:01  |17:05
300815 | |07:31  |06:34  |05:57  |0555  |06:23  |07:02  |07:43  |0825  |08:09  |08:32
|17:45 | |20:41  [20:53  |21:30  [21:45  [21:24  [20:33  [19:31  [18:35  [17:00 | 17:06
310813 | o729 | |05:57 | |06:24  [07:04 | |08:27 | | 08:32
|17:47 | [20112 | |21:31 | |21:22  |20:31 | [18:33 | | 17:07
Potentialsunhours | 279 | 288 | 368 | 407 | 466 | 474 | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | | | | | | | | | | | |
Sun reduction | | | | | | | | | | | |
Oper. time red. | | | | | | | | | | | |
Wind dir. red. | | | | | | | | | | | |
Total reduction | | | | | | | | | | | |
Total, real | | | | | | | | | | | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)

Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
A - H EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 17
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC —
cannot be held liable for erroneous results caused by errors EAPC e
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, Wind Energy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardless of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated. :

SHADOW - Calendar

alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR010 - SR010

Assumptions for shadow calculations unshine probability S (Average daily sunshine hours
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Maximum distance for influence 1,500 m

Minimum sun height over horizon for influence 30 492 513 7.45 8.03 10.20 11.21 11.69 10.35 8.68 5.69 4.02 3.69

Day step for calculation 1 days Operational time

Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve

|January |February |[March  |April |May [June [July |August  |Sep iOctober [N ber|D
| | | | | | | | | | | |
1/08:32 |08:12  |07:28  |07:27  |06:32  |05:56  |05:55  |06:25  |07:05 |07:44  |07:28 | 08:11
[17:08  [17:49  |1830  |20:14  |20:55  |21:32  |21:45  |21:21  [20:29  |19:30  [17:31  |17:00
2 08:32 |1 08:11 | 07:26 | 07:25 | 06:31 | 05:55 | 05:56 | 06:26 | 07:06 | 07:46 | 07:30 | 08:12
| 17:09 | 17:50 | 18:31 |20:15 | 20:56 |21:33 | 21:45 | 21:20 | 20:27 | 19:28 | 17:30 | 16:59
308:32 | 08:10 | 07:24 | 07:23 | 06:29 | 05:55 | 05:56 | 06:28 | 07:08 | 07:47 | 07:31 | 08:13
[17:10  [17:52  [18:33  [20:16  [20:57  |21:34 2145  [21:18  [20:225  |19:26  |17:28 | 16:59
4]08:32 |08:08 |07:22 |07:21  |06:27  |0554  |05:57  |06:29  |07:09  [07:48  |07:33  |08:14
| 17:11 | 17:563 | 18:34 | 20:18 | 20:59 |21:35 | 21:45 | 21:17 | 20:24 | 19:24 | 17:27 | 16:59
5/08:32 [0807 |07:20 |07:19  |06:26  |05:54  |05:58  |06:30 | 07:10  |07:50  |07:34  |08:15
| 17:12 | 17:55 | 18:36 | 20:19 | 21:00 |21:36 | 21:44 21:16 | 20:22 | 19:22 |17:26 | 16:58
6| 08:32 | 08:06 | 07:18 | 07:17 | 06:24 | 05:53 | 05:58 | 06:31 | 07:12 | 07:51 | 07:36 | 08:16
1 17:13 | 17:56 | 18:37 | 20:20 |21:01 | 21:36 | 21:44 |21:14 | 20:20 | 19:20 | 17:24 | 16:58
7]08:32  |08:04 |07:16  |07:15 | 06:23  |05:53  |05:59  |06:33  [07:13  |07:52  |07:37 | 08:17
| 17:14 | 17:58 | 18:38 | 20:22 | 21:03 | 21:37 |21:43 121:13 | 20:18 | 19:18 117:23 | 16:58
8 08:31 | 08:03 | 08:14 107:13 | 06:22 | 05:52 | 06:00 | 06:34 | 07:14 | 07:54 | 07:39 | 08:18
| 17:15 | 17:59 | 18:40 | 20:23 | 21:04 |21:38 |21:43 |21:11 | 20:16 119:16 |17:21 | 16:58
908:31 | 08:01 | 08:12 107:11 | 06:20 | 05:52 | 06:01 | 06:35 | 07:15 | 07:55 | 07:40 | 08:20
[17:16  [18:01  [19:41  [20:25  [21:05  |21:39  [21:43  [21:10  |20:14  [19:14  |17:20 | 16:58
10 | 08:31 | 08:00 | 08:11 | 07:10 | 06:19 | 05:52 | 06:02 | 06:36 | 07:17 | 07:57 | 07:41 | 08:20
[17:18  [18:01  [19:43  |20:26  |21:07  |21:39  [21:42  [21:08  [20:12  |19:12  |17:19  |16:58
11/08:30  |07:58  |08:09  [07:08  |06:17  |05:52  |06:02 |06:38  |07:18  |07:58  |07:43 | 08:21
|17:19  [18:02  [19:44  |20:27  |21:08  |21:40  [21:41  [21:07  [20:10  |19:10  [17:18 | 16:57
12 | 08:30 | 07:57 | 08:07 | 07:06 | 06:16 | 05:51 | 06:03 | 06:39 | 07:19 | 07:59 | 07:44 | 08:22
| 17:20 | 18:04 | 19:46 | 20:29 | 21:09 |21:41 |21:41 | 21:05 | 20:08 | 19:08 |17:16 | 16:58
13 | 08:29 | 07:55 | 08:05 | 07:04 | 06:15 | 05:51 | 06:04 | 06:40 | 07:21 | 08:01 | 07:46 | 08:23
| 17:21 | 18:06 | 19:47 | 20:30 | 21:11 |21:41 | 21:40 |21:03 | 20:06 | 19:06 | 17:15 | 16:58
14 | 08:29 | 07:54 | 08:03 | 07:02 | 06:13 | 05:51 | 06:05 | 06:42 | 07:22 | 08:02 | 07:47 | 08:24
| 17:23 | 18:07 | 19:48 20:31 | 21:12 | 21:42 | 21:40 | 21:02 | 20:04 | 19:04 |17:14 | 16:58
15 08:28 | 07:52 | 08:01 | 07:00 | 06:12 | 05:51 | 06:06 | 06:43 | 07:23 | 08:04 | 07:49 | 08:25
| 17:24 | 18:09 | 19:50 | 20:33 | 21:13 | 21:42 |21:39 | 21:00 | 20:02 | 19:02 117:13 | 16:58
16/08:28  |07:50  |07:59  |06:58  |[06:11  [05:51  |06:07  |06:44  |07:25 |08:05 |07:50 | 08:26
| 17:25 | 18:10 | 19:51 | 20:34 |21:14 121:43 |21:38 | 20:58 | 20:00 | 19:01 117:12 | 16:58
17|08:27  |07:49  |07:57 |06:56  |06:10  |05:51  |06:08  |06:45 |07:26  |08:06  |07:52 | 08:26
| 17:27 | 18:12 | 19:53 | 20:36 | 21:16 |21:43 | 21:37 | 20:57 | 19:58 | 18:57 1 17:11 | 16:58
18|08:26  |07:47  |07:55 |06:55 |06:09  |05:51  |06:09 | 06:47  |07:27  |08:08  |07:53 | 08:27
| 17:28 | 18:13 | 19:54 | 20:37 | 21:17 | 21:44 |21:36 | 20:55 | 19:56 | 18:55 | 17:10 | 16:59
19|08:25  |07:45 |07:53  |06:53  |06:07  |05:51  |06:10 | 06:48  |07:28  |08:09  |07:55 | 08:28
[17:29  [18:15  [19:56  |20:38  |21:18  |21:44  |21:36  |20:53 | 19:54  |18:53  |17:09 | 16:59
20|08:25 |07:44  |07:51  |06:51  |06:06  |05:51  |06:11  |06:49 | 07:30  |08:11  |07:56 | 08:28
|17:31  |18:16  [19:57  |20:40  |21:19  |2144  |21:35  [20:51  [19:52  [18:51  [17:08 | 16:59
21]08:24 | 07:42 | 07:49 | 06:49 | 06:05 | 05:51 | 06:12 | 06:51 | 07:31 | 08:12 | 07:57 | 08:29
| 17:32 | 18:18 | 19:58 | 20:41 | 21:20 | 21:45 |21:34 | 20:50 | 19:50 | 18:50 | 17:07 | 17:00
22| 08:23 | 07:40 | 07:47 | 06:47 | 06:04 | 05:52 | 06:13 | 06:52 | 07:32 | 08:14 | 07:59 | 08:29
| 17:34 | 18:19 | 20:00 | 20:42 | 21:22 | 21:45 |21:33 | 20:48 | 19:48 | 18:48 | 17:06 | 17:00
23 | 08:22 | 07:38 | 07:45 | 06:46 | 06:03 | 05:52 | 06:15 | 06:53 | 07:34 | 08:15 | 08:00 | 08:30
| 17:35 | 18:21 | 20:01 | 20:44 | 21:23 |21:45 |21:32 | 20:46 | 19:46 | 18:46 | 17:05 | 17:01
24 | 08:21 | 07:37 | 07:43 | 06:44 | 06:02 | 05:52 | 06:16 | 06:55 | 07:35 | 08:16 | 08:01 | 08:30
| 17:37 | 18:22 | 20:02 | 20:45 | 21:24 |21:45 121:31 | 20:44 | 19:44 | 18:44 | 17:04 | 17:01
25| 08:20 | 07:35 | 07:41 | 06:42 | 06:01 | 05:52 | 06:17 | 06:56 | 07:36 | 08:18 | 08:03 | 08:31
| 17:38 | 18:24 | 20:04 | 20:47 | 21:25 | 21:45 |21:30 | 20:42 | 19:42 | 18:43 |1 17:03 | 17:02
26| 08:19 | 07:33 | 07:39 | 06:40 | 06:00 | 05:53 | 06:18 | 06:57 | 07:38 | 08:19 | 08:04 | 08:31
| 17:40 | 18:25 | 20:05 | 20:48 | 21:26 |21:45 |21:28 | 20:41 | 19:40 | 18:41 | 17:03 | 17:03
27| 08:18 107:31 | 07:37 | 06:39 | 06:00 | 05:53 | 06:19 | 06:58 | 07:39 | 08:21 | 08:05 | 08:31
| 17:41 | 18:27 | 20:07 | 20:49 | 21:27 |21:45 |21:27 | 20:39 | 19:38 | 18:39 | 17:02 | 17:03
28| 08:17 | 07:29 | 07:35 | 06:37 | 05:59 | 05:54 | 06:20 | 07:00 | 07:40 | 08:22 | 08:07 | 08:32
| 17:42 | 18:28 | 20:08 | 20:51 | 21:28 |21:45 | 21:26 | 20:37 | 19:36 | 18:38 |17:01 | 17:04

29(08:16 | |07:33  |06:35 |05:58  |0554  |06:21  |07:01  |07:42  |08:24  |08:08  |08:32

|17:44 | 120:09  [20:52  [21:29  [21:45  |21:225  [20:35  [19:34  [18:36  [17:01  |17:05

30]08:15 | [07:31  |06:34  |05:57  |0555  [06:23  |07:02 |07:43  |08:25  |08:09  |08:32

|17:46 | [20:11  [20:53  |21:30  |2145  [21:224  [20:33  [19:32  [18:35  [17:00  |17:06

310813 | j07:29 | |05:57 | |06:24  [07:04 | |08:27 | | 08:32

|17:47 | 20112 | |21:31 | |21:22 2031 | |18:33 | | 17:07

Potentialsunhours | 279 | 288 | 368 | 407 | 466 | 474 | 480 | 441 | 378 | 338 | 282 | 267
Total, worst case | | | | | | | | | | | |
Sun reduction | | | | | | | | | | | |
Oper. time red. | | | | | | | | | | | |
Wind dir. red. | | | | | | | | | | | |
Total reduction | | | | | | | | | | | |
Total, real | | | | | | | | | | | |

Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)

Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
H - H EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 18
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC i ner
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n nergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street Iiablllt_y of EAPC fo_r a_ctual damages, regardless_ of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: ’
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR011 - SR011
Assumptions for shadow calculations unshine probabili verage daily sunshine hours
SO0 IS SRR it o 1,500 m iagz gibs ';Ajrs g\%ra 1“?30 1J 121 1J1uc139 Q}ugs g%% ?gg i‘%vz 2%09
Minimum sun height over horizon for influence 3° : ) ’ ’ ’ ' ’ ’ ’ ’ ’ ’
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February |March |April |May |June [July |August | {October [N ber|D by
| | | | | | | | | | |
1]08:32 16:11(208) | 08:12  |07:28  |07:27  |06:32  |05:56  |05:55  |06:25  |07:05  |07:44  [07:28  |08:11
|17:08 15 16:26(208)|17:49  [18:30  [20:14  [20:55  [21:32  [2145  |21:221  [20:29  [19:30  [17:32  [17:00
208:32 16:12(208) | 08:11  |07:226  |07:25  [06:31  |05:55  |05:56  |06:26  |07:06  |07:46  |07:30  |08:12
[17:09 14 16:26 (208) | 17:50  |18:31  [20:15  |20:56  |21:33  |21:45  [21:220  |20:27  [19:28  [17:30 [ 17:00
3| 08:32 16:12(208) | 08:10  |07:224  |07:23  |06:29  |05:55  |05:56  |06:28  |07:08  |07:47  [07:31  |08:13
[17:10 13  16:25(208) |17:52  |18:33  [20:16  |20:57  [21:34  [2145  |21:18  [20:26 | 19:226  |17:29 | 16:59
4] 08:32 16:13(208) | 08:08  |07:22  |07:21  |06:28  |05:54  |0557  |06:29  |07:09  |07:48  |07:33  |08:14
11711 12 16:25(208) [17:53  |18:34  [20:18  [20:59  [21:35  [21:45  [21:117  [20:24  |19:224  |17:27 | 16:59
508:32 16:15(208) | 08:07  [07:220  [07:19  [06:26  |05:54  |05:58  |06:30  |07:10  |07:50  |07:3¢ | 08:15 16:04 (208)
[17:12 10 16:25(208) | 17:55  |18:36  [20:19  |21:00  |21:36  [21:44  [21:16  [20:22  |19:22  |17:26 | 16:58 5 16:09 (208)
608:32 16:17 (208) [ 08:06  |07:18  [07:17  |06:25  [05:53  |05:69  [06:31  [07:12  [07:51  [07:36 | 08:16 16:03 (208)
|17:13 8 16:25(208) [17:56  |18:37  |20221  [21:01  |21:37  |21:44  [21:14  |20:20  [19:20  [17:24 | 16:58 8  16:11(208)
708:32 16:18(208) | 08:04  |07:16  |07:15  |06:223  |05:53  [05:59  |06:33  |07:13  |07:53  [07:37  |08:18 16:02 (208)
| 17:14 5 16:23(208)|17:58  [18:39  |20:22  |21:03  |21:37  |2144  [21:43  |20:18  [19:18  [17:23  [16:58 10  16:12 (208)
8 | 08:31 |08:03 |08:15  |07:13  |06:222  |05:53  |06:00 |06:3¢  |07:14  |[07:54  |07:39 | 08:19 16:02 (208)
| 17:15 |17:59  [18:40  [20223  |21:04  [21:38  [2143  [21:11 20116 [19:16  [17:21  [16:58 11  16:13 (208)
9| 08:31 |08:01 0813  [07:12  [06:20  [05:52  |06:01  |06:35  [07:15  [07:55  |07:40 | 08:20 16:01 (208)
| 17:16 [18:01  [19:41  [2025  [21:05  [21:39  [2143  [21:10  [20:14  [19:14  [17:20  [16:58 13 16:14 (208)
10 | 08:31 |08:00 [08:11  |07:10  |06:19  [05:52  |[06:02  |06:37  |07:17  |07:57  |07:42 | 08:21 16:01 (208)
| 17:18 |18:01  [19:43  |20:226  |21:07  |21:40  [21:42  [21:08  [20:12  [19:12  [17:19  [16:58 14  16:15(208)
1108:30 |07:58  |08:09 |07:08  |06:17 |05:52  |06:03  [06:38  |07:18  |07:58  |07:43 | 08:22 16:01 (208)
[17:19 [18:02  [19:44  [20:27  [21:08  [21:40  [21:42  [21:07 [20:10  [19:10  [17:18  [16:58 15  16:16 (208)
12 08:30 |07:57  |08:07  |07:06 |06:16  |05:51  [06:03  [06:39  |07:19  [07:59  |07:44 | 08:22 16:01 (208)
| 17:20 [18:04  [19:46  |20:29  [21:09  |21:41  [2141  |21:05 |20:08 [19:08  [17:16  [16:58 16  16:17 (208)
1308:29 |07:55  |08:05 |07:04 |06:15  |05:51  |06:04  |06:40  |[07:21  |08:01  |07:46 | 08:23 16:02 (208)
| 17:21 [18:06  [19:47  [20:30  [21:11  [21:41  [21:40  |21:03  |20:06 [19:06  [17:15  [16:58 16  16:18 (208)
14 08:29 |07:54  [08:03  |07:02 |06:13  |05:51  [06:05 |06:42  |07:22  |08:02  |07:47  |08:24 16:01 (208)
117:23 [18:07  [19:49  [20:32  |21:12  |21:42  [21:40  [21:02  |20:04  [19:04 [17:14  [16:58 17  16:18 (208)
15| 08:28 |07:52  [08:01  [07:00 |06:12  |05:51  |06:06 |06:43  |07:23  |08:04  |07:49  |08:25 16:02 (208)
|17:24 |18:09  [19:50  |20:33 2113|2142 [21:39  [21:00  [20:02  [19:02 [17:13  [16:58 16  16:18 (208)
16 | 08:28 ]07:50  |07:59  |06:58  |06:11  |[05:51  |[06:07  |06:44  |07:25  |08:05  |07:50 | 08:26 16:02 (208)
| 17:25 [18:10  [19:51  |20:3¢  [21:114  [21:43  [21:38  |20:58  [20:00 [19:01  [17:12  [16:58 17  16:19 (208)
17 | 08:27 |07:49  |07:57  |06:56  |06:10  |05:51  |06:08  |06:46  |07:26  |08:06  |07:52 | 08:26 16:03 (208)
|17:27 [18:12  [19:53  [20:36  [21:16  [21:43  [21:37  |20:57  [19:58  [18:57  [17:11  [16:58 17  16:20 (208)
1808:26 |07:47  |07:55  |06:55  [06:09  |05:51  |06:09  |06:47  |07:27  |08:08  |07:53 | 08:27 16:02 (208)
| 17:28 [18:43  [19:54  [20:37  [21:47  [21:44  [21:37  |20:55  |19:56 1855  [17:10  [16:59 18  16:20 (208)
19 08:26 |07:45  |07:53  |06:53  |06:07  [05:51  |06:10  |06:48  |07:29 | 08:09  |07:55 | 08:28 16:03 (208)
| 17:29 |18:15  [19:56  [20:38  |21:18  |[21:44  [21:36  [20:53  |[19:54  [18:53  [17.09  [16:59 18  16:21 (208)
20 | 08:25 |07:44  |07:51  |06:51  |06:06  |05:51  |06:11  |06:49  |07:30  |08:11  |07:56 | 08:28 16:04 (208)
| 17:31 |18:16  [19:57  [20:40  [21:19  [21:44  [21:35  [20:52  [19:52  [18:52  [17:08  [16:59 18  16:22 (208)
21 08:24 |07:42  |07:49  [06:49  |06:05 |0551  |06:12  |06:51  |07:31  |08:12  |07:57 | 08:29 16:04 (208)
| 17:32 [18:18  [19:58  [20:41  |21:20  [2145  [21:3¢  |20:50  [19:50  [18:50  [17:07  [17:00 18  16:22(208)
22| 08:23 |07:40  |07:47  |06:47  |06:04  |0552  |06:13  |06:52  |07:32  |08:14  |07:59 | 08:30 16:05 (208)
| 17:34 [18:19  [20:00  |20:43  |21:22  |21:45  [21:33  |2048  [19:48  [18:48  [17:06  |[17:00 18 16:23 (208)
23| 08:22 |07:39  |07:45  |06:46  |06:03  |05:52  |06:15  |06:53  |07:34  [08:15  [08:00 | 08:30 16:05 (208)
| 17:35 [18:21  [20:01 [20:44  [21:223  [21:45  [21:32  |2046  |19:46  [1846  [17:05  [17:01 18  16:23 (208)
24 | 08:21 |07:37  [07:43  |06:44  |06:02 |0552  |06:16  |06:55  |07:35 | 08:16  |08:02  |08:30 16:05 (208)
|17:37 |18:22  [20:03  |20:45  [21:24  [21:45  [21:31  |20:44  [19:44  [18:45  [17:04  [17:01 18 16:23 (208)
25 | 08:20 |07:35  |07:41  |06:42  [06:01  |05:53  |06:17  |06:56  |07:36 | 08:18  |08:03 | 08:31 16:06 (208)
| 17:38 |18:224  |20:04  [20:47  [21:25 |21:45  |21:30  |20:43  [19:42 | 18:43  [17:04  [17:02 18 16:24 (208)
26 | 08:19 |07:33  |07:39  |06:41  |06:01 |05:53  |06:18  |06:57  |07:38 | 08:19  |08:04 | 08:31 16:07 (208)
| 17:40 [18:25  |20:05 [20:48  [21:26  |21:46  |21:229  [20:41  [19:40  [18:41  [17:03  [17:03 17  16:24 (208)
27 |08:18 |07:31  |07:37  [06:39  |06:00 |05:53  |06:19  [06:59  [07:39 | 08:21  |08:06 | 08:31 16:07 (208)
| 17:41 18227  |20:07  [2049  [2127  [21:46  [21:27  [20:39  [19:38  [18:40  [17:02  [17:03 17 16:24 (208)
28 08:17 |07:30  |07:35  |06:37  |0559  |05:54  |06:220  [07:00  |07:40  |08:22  |08:07 | 08:32 16:07 (208)
| 17:43 |18:28  |20:08  [20:51  |21:28  |21:46  |21:226  [20:37  [19:36 | 18:38  [17:02  |17:04 17  16:24 (208)
29 | 08:16 | |07:33  |06:35  |0558  |05:54  |06:22  |07:01  |07:42  |08:24  |08:08  |08:32 16:09 (208)
| 17:44 | |20:10  [20:52  [21:29  |21:46  [21:25  [20:35  |19:34  [18:36  [17:01  [17:05 16  16:25(208)
30| 08:15 | |07:31  |06:34  |0557  |05:55  [06:23  [07:02  |07:43  |08:25  |08:09  |08:32 16:10 (208)
| 17:46 | [20:11  [20:53  [21:30  [21:45  [21:24  [20:33  [19:32  [18:35  [17:00 [17:08 16 16:26 (208)
31| 08:14 | |07:20 | |05:57 | |06:24  |07:04 | |08:27 | | 08:32 16:10 (208)
| 17:47 | |20:12 | 12131 | |21:22  |20:31 | 1833 | |17:07 16 16:26 (208)
Potential sun hours | 279 | 288 | 368 | 407 | 486 | 474 | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | 77 | | | | | | | | | | | 418
Sun reduction | 0.55 | | | | | | | | | | | 0.43
Oper. time red. | 0.97 | | | | | | | | | | | 0.97
Wind dir. red. | 0.53 | | | | | | | | | | | 0.53
Total reduction | 0.28 | | | | | | | | | | | 0.22
Total, real | 22 | | | | | | | | | | | 92
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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e e
roject: Description: Printed/Page
H - H EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 19
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC R
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota POWGF or omissions in the delivered data, or inaccuracy, limitations, in nergy
i or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
i liability of EAPC for actual damages, regardless of the form +1701 775 3000
30 West Superlor Street of action, shall be limited to the total amount paid to EAPC wind@eapc.net
DUIUth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: :

SHADOW - Calendar

alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR012 - SR012

Assumptions for shadow calculations unshine probability S (Average daily sunshine hours
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Maximum distance for influence 1,500 m

Minimum sun height over horizon for influence 30 492 513 7.45 8.03 10.20 11.21 11.69 10.35 8.68 5.69 4.02 3.69

Day step for calculation 1 days Operational time

Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve

|January |February |March |April |May [June July |August | October | |

| | | | | | | | | | | |
1108:32 | 08:12 | 07:28 | 07:27 | 06:32 | 05:56 | 05:55 | 06:25 | 07:05 | 07:44 | 07:28 | 08:11
[17:08  |17:49  [18:30  |20:14  |20:55  [21:32  [2145  |21:221  |2029  [19:30  [17:32 | 17:00
2 08:32 | 08:11 | 07:26 | 07:25 | 06:31 | 05:56 | 05:56 | 06:27 | 07:06 | 07:46 | 07:30 | 08:12
[17:09  [17:50  [18:31  [20:15  |20:56  |21:33 2145  [21:220  |20:27  |19:28  |17:30 | 17:00
3|08:32 |08:10 |07:24  |07:23  |06:29  |05:55  |05:57  |06:28  |07:08  |07:47  |07:31 | 08:13
[17:10  [17:52  [18:33  [20:16  |20:57  |21:34  [21:45  [21:18  |20:26  |19:26  [17:20 | 16:59
408:32 | 08:08 | 07:22 | 07:21 | 06:28 | 05:54 | 05:57 | 06:29 | 07:09 | 07:48 |1 07:33 | 08:14
| 17:11 | 17:53 | 18:34 |20:18 | 20:59 |21:35 | 21:44 121:17 | 20:24 | 19:24 |17:27 | 16:59
5(08:32 0807 |07:20 |07:19  |06:26  |05:54  |0558  |06:30  |07:10  |07:50  |07:34 | 08:15
| 17:12 | 17:55 | 18:36 | 20:19 | 21:00 | 21:36 | 21:44 |121:16 | 20:22 | 19:22 | 17:26 | 16:59
6]08:32 0806 |07:18  |07:17  |06:25  |05:53  |05:59  |06:32  |07:12  |07:51  |07:36 | 08:16
|17:13 | 17:56 | 18:37 | 20:21 | 21:01 |21:36 | 21:44 |21:14 | 20:20 | 19:20 |17:24 | 16:58
7|08:32 | 08:04 | 07:16 | 07:15 | 06:23 | 05:53 | 05:59 | 06:33 | 07:13 | 07:53 | 07:37 | 08:17
| 17:14 | 17:58 | 18:39 | 20:22 | 21:03 | 21:37 | 21:43 |21:13 | 20:18 | 19:18 |17:23 | 16:58
8 08:31 | 08:03 | 08:14 | 07:14 | 06:22 | 05:53 | 06:00 | 06:34 | 07:14 | 07:54 | 07:39 | 08:18
| 17:15 | 17:59 | 18:40 | 20:23 | 21:04 121:38 |21:43 [21:11 | 20:16 | 19:16 |17:22 | 16:58
9/08:31  |0801  |08:13  |07:12  |06:20  |05:52  |06:01  |06:35 [07:16  |07:55  |07:40 | 08:19
| 17:16 | 18:01 | 19:41 | 20:25 | 21:05 |21:39 |21:43 |21:10 | 20:14 | 19:14 | 17:20 | 16:58
10/08:31  |08:00 |08:11 |07:10  |06:19  |05:52  |06:02  |06:37  |07:17  |07:57  |07:41 | 08:20
| 17:18 | 18:01 | 19:43 | 20:26 | 21:07 |21:39 | 21:42 | 21:08 | 20:12 | 19:12 117:19 | 16:58
111 08:30 | 07:58 | 08:09 | 07:08 | 06:17 | 05:52 | 06:03 | 06:38 | 07:18 | 07:58 | 07:43 | 08:21
[17:19  [18:03  [19:44  |20:27  |21:08  |21:40  [21:41  [21:07  [20:10  |19:10  [17:18  |16:58
12| 08:30 | 07:57 | 08:07 | 07:06 | 06:16 | 05:52 | 06:04 | 06:39 | 07:19 | 07:59 | 07:44 | 08:22
|17:20  |18:04  [19:46  [20:29  |21:09  |21:41  [21:41  [21:05 |20:08  |19:08  |17:16  |16:58
13 | 08:29 | 07:55 | 08:05 | 07:04 | 06:15 | 05:51 | 06:04 | 06:40 | 07:21 | 08:01 | 07:46 | 08:23
[17:221  |18:06  |19:47  |20:30  |21:11  |21:41  |21:40  [21:03  |20:06 |19:06 |17:15  |16:58
14 | 08:29 | 07:54 | 08:03 | 07:02 | 06:14 | 05:51 | 06:05 | 06:42 | 07:22 | 08:02 | 07:47 | 08:24
| 17:23 | 18:07 | 19:49 | 20:32 | 21:12 | 21:42 | 21:40 | 21:02 | 20:04 | 19:04 | 17:14 | 16:58
15(08:28  |07:52  |08:01  |07:00 |06:12 |0551  [06:06 |06:43 |07:23  |08:04 |07:49  |08:25
| 17:24 | 18:09 | 19:50 |20:33 121:13 |21:42 |21:39 | 21:00 | 20:02 | 19:02 117:13 | 16:58
16|08:28 | 07:50  |07:59  |06:58  |06:11  |05:51  |06:07 | 06:44  |07:25  |08:05 |07:50 | 08:26
|17:25  |18:10  |19:51  |20:38  |21:14  |21:43  [21:38  [20:58  |20:00 |19:01  [17:12 | 16:58
17 | 08:27 | 07:49 | 07:57 | 06:57 | 06:10 | 05:51 | 06:08 | 06:46 | 07:26 | 08:06 | 07:52 | 08:26
| 17:27 | 18:12 | 19:53 | 20:36 |21:16 |121:43 121:37 | 20:57 | 19:58 | 18:57 117:11 | 16:59
1808:26  |07:47  |07:55 |06:55 |06:09  |05:51  |06:09 |06:47  |07:27  |08:08  |07:53 | 08:27
| 17:28 | 18:13 | 19:54 | 20:37 | 21:17 | 21:44 |21:36 | 20:55 | 19:56 | 18:55 | 17:10 | 16:59
19]08:25 |07:45 |07:53  |06:53  |06:08 |05:51  |06:10  |06:48  |[07:29  |08:09  |07:55 | 08:28
[17:30  [18:15  [19:56  [20:38 | 21:18  |21:44  [21:36  |20:53  |19:54  |1853  [17:09 | 16:59
20 | 08:25 | 07:44 | 07:51 | 06:51 | 06:07 | 05:51 | 06:11 | 06:50 | 07:30 | 08:11 | 07:56 | 08:28
| 17:31 | 18:16 | 19:57 | 20:40 | 21:19 |21:44 121:35 | 20:51 | 19:52 | 18:52 | 17:08 | 17:00
21 08:24 | 07:42 | 07:49 | 06:49 | 06:05 | 05:52 | 06:12 | 06:51 1 07:31 | 08:12 | 07:57 | 08:29
[17:32 1818  [19:58  |20:41  [21:20  [21:45  [21:3¢  [20:50 [19:50  [18:50  [17:07 [ 17:00
22(08:23 |07:40  |07:47  |06:48  |06:04 |05:52  |06:14  |06:52 | 07:32  |08:14  |07:59 | 08:29
| 17:34 | 18:19 | 20:00 | 20:42 | 21:22 | 21:45 | 21:33 | 20:48 | 19:48 | 18:48 | 17:06 | 17:00
23]08:22 |07:39  |07:45  |06:46  |06:03  |05:52  |06:15  |06:53 | 07:34 | 08:15 | 08:00 | 08:30
|17:35  |18:21  [20:01  |20:44  [21:23  |21:45  [21:32  |20:46  [19:46  |18:46  |17:05  |17:01
24 | 08:21 | 07:37 | 07:43 | 06:44 | 06:02 | 05:52 | 06:16 | 06:55 | 07:35 | 08:16 | 08:01 | 08:30
| 17:37 | 18:22 | 20:03 | 20:45 | 21:24 | 21:45 |21:31 | 20:44 | 19:44 | 18:45 | 17:04 | 17:02
25 | 08:20 | 07:35 | 07:41 | 06:42 | 06:02 | 05:53 | 06:17 | 06:56 | 07:36 | 08:18 | 08:03 | 08:31
| 17:38 | 18:24 | 20:04 | 20:47 |21:25 |21:45 21:30 | 20:42 | 19:42 | 18:43 | 17:04 | 17:02
26|08:19  |07:33  |07:39 | 06:41 | 06:01 |05:53 | 06:18 | 06:57  |07:38  |08:19  |08:04 | 08:31
|17:40  |18:225  |20:05  [20:48  |21:26  |21:45  |21:28  |20:41  |19:40  |18:41  |17:03  |17:03
27| 08:18 107:31 | 07:37 | 06:39 | 06:00 | 05:53 | 06:19 | 06:59 | 07:39 | 08:21 | 08:05 | 08:31
|17:41  |18:227  |20:07  |20:49  |21:27  |2145 |21:227  |20:39  [19:38  [1840  [17:02  [17:04
28| 08:17 | 07:30 | 07:35 | 06:37 | 05:59 | 05:54 | 06:20 | 07:00 | 07:40 | 08:22 | 08:07 | 08:32
| 17:43 | 18:28 | 20:08 | 20:51 | 21:28 | 21:45 |21:26 | 20:37 | 19:36 | 18:38 | 17:02 | 17:04

2908:16 | |07:33 | 06:38 | 05:58  |05:54  |06:22  [07:01  |07:42  |08:224  |08:08  |08:32

|17:44 | |20:09  [20:52  [21:29  [21:45  |21:25  [20:35  [19:34  [18:36  [17:01  [17:05

30)08:15 | |07:31  |06:34  |05:57  |05:55  |06:23  |07:03  |07:43  |08:25  |08:09  |08:32

|17:46 | 2011 [20:53  [21:30  [21:45  [21:24  [20:33  [19:32  [18:35  [17:01  [17:06

3108:13 | |07:29 | |05:57 | |06:24  [07:04 | |08:27 | | 08:32

|17:47 | |20112 | [21:31 | [21:22  |20:31 | |18:33 | | 17:07

Potentialsunhours | 279 | 288 | 368 | 407 | 466 | 474 | 480 | 441 | 378 | 338 | 282 | 267
Total, worst case | | | | | | | | | | | |
Sun reduction | | | | | | | | | | | |
Oper. time red. | | | | | | | | | | | |
Wind dir. red. | | | | | | | | | | | |
Total reduction | | | | | | | | | | | |
Total, real | | | | | | | | | | | |

Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)

Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
@ - H EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 20
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC Uioaiaed Gaet:
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n hergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardless of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
DU|Uth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: :
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR013 - SR013
Assumptions for shadow calculations unshine probability S (Average daily sunshine hours
isaauindaince foriuenos e 452 513 745 503 1030 1121 1160 1095 868 569 407 360
Minimum sun height over horizon for influence 3i 2 ) E : : ' g ' ' ) : ’ '
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8509
Idle start wind speed: Cut in wind speed from power curve
|January |February |March |April |May |June
| | | | | |
1]08:33 14:02 (215) | 08:13 | 07:28 07:54 (8) | 07:27 | 06:32 06:55 (16) | 05:56
|17:08 42 14:44 (215) | 17:49 |18:30 28 08:22(8)|20:14 |20:55 12 07:07 (16) | 21:32
208:33 14:03 (215) | 08:11 | 07:26 07:53 (8) | 07:25 | 06:31 06:53 (16) | 05:56
[17:09 42 14:45(215) | 17:50 [18:31 30 08:23(8) | 20:15 |20:56 14  07:07 (16) | 21:33
3108:33 14:04 (215) | 08:10 | 07:24 07:52 (8) | 07:23 | 06:29 06:52 (16) | 05:55
[17:10 41 14:45(215) | 17:52 |18:33 31 08:23(8) | 20:17 [20:58 15 07:07 (16) | 21:34
4] 08:32 14:04 (215) | 08:09 | 07:22 07:51 (8) | 07:21 | 06:28 06:50 (16) | 05:54
[17:11 40  14:44 (215) | 17:53 |18:3¢ 33 08:24 (8) | 20:18 [20:58 17 07:07 (16) | 21:35
5| 08:32 14:05 (215) | 08:07 | 07:20 07:50 (8) | 07:19 | 06:26 06:49 (16) | 05:54
[17:12 39 14:44 (215) | 17:55 |18:36 34 08:24 (8) | 20:19 |21:00 18 07:07 (16) | 21:36
6| 08:32 14:06 (215) | 08:06 | 07:19 07:49 (8) | 07:18 | 06:25 06:47 (16) | 05:53
[17:13 38 14:44 (215) | 17:56 |18:37 35 08:24 (8) | 20:21 |21:02 19  07:06 (16) | 21:37
7108:32 14:08 (215) | 08:04 |07:17 07:49 (8) | 07:16 | 06:23 06:47 (16) | 05:53
|17:14 36 14:44 (215) | 17:58 |18:39 35 08:24 (8) | 20:22 121:03 19 07:06 (16) | 21:38
808:32 14:09 (215) | 08:03 | 08:15 08:49 (8) | 07:14 | 06:22 06:47 (16) | 05:53
|17:15 34 14:43(215) | 18:00 |18:40 35 09:24 (8) | 20:23 |21:04 17 07:04 (16) | 21:38
9| 08:31 14:10 (215) | 08:02 | 08:13 08:48 (8) | 07:12 | 06:20 06:48 (16) | 05:52
|17:17 33 14:43(215) | 18:00 |19:42 35 09:23 (8) | 20:25 |21:06 16 07:04 (16) | 21:39
10 | 08:31 14:11 (215) | 08:00 | 08:11 08:48 (8) | 07:10 | 06:19 06:50 (16) | 05:52
[17:18 31 14:42(215) | 18:01 [19:43 35 09:23 (8) | 20:26 |21:07 13 07:03(16) | 21:40
1108:31 14:14 (215) | 07:59 | 08:09 08:48 (8) | 07:08 | 06:18 06:50 (16) | 05:52
[17:19 28 14:42(215) | 18:03 |19:44 34 09:22(8) | 20:28 |21:08 11 07:01(16) | 21:40
12 | 08:30 14:15 (215) | 07:57 | 08:07 08:49 (8) | 07:06 | 06:16 06:53 (16) | 05:52
[17:20 25  14:40 (215) | 18:04 |19:46 32 09:21(8) | 20:29 | 21:10 6  06:59 (16) | 21:41
13 | 08:30 14:18 (215) | 07:56 | 08:05 08:49 (8) | 07:04 | 06:15 | 05:51
[17:21 22 14:40 (215) | 18:06 [19:47 31  09:20 (8) | 20:30 | 21:11 | 21:42
14 | 08:29 14:20 (215) | 07:54 | 08:03 08:50 (8) | 07:02 | 06:14 | 05:51
[17:23 18 14:38 (215) | 18:07 119:49 29 09:19 (8) | 20:32 |21:12 | 21:42
15 | 08:29 14:24 (215) | 07:52 | 08:01 08:51 (8) | 07:00 | 06:12 | 05:51
|17:24 10 14:34 (215) | 18:09 |19:50 26 09:17 (8) | 20:33 |21:13 | 21:43
16 | 08:28 | 07:51 | 07:59 08:52 (8) | 06:58 | 06:11 | 05:51
| 17:25 | 18:10 |19:52 23 09:15 (8) | 20:34 | 21:15 | 21:43
17 | 08:27 | 07:49 | 07:57 08:54 (8) | 06:57 | 06:10 | 05:51
|17:27 | 18:12 [19:53 19 09:13 (8) | 20:36 |21:16 | 21:44
18 | 08:27 | 07:47 | 07:55 08:56 (8) | 06:55 | 06:09 | 05:51
| 17:28 | 18:13 [19:54 14 09:10 (8) | 20:37 |21:47 |21:44
19 | 08:26 | 07:46 | 07:53 | 06:53 | 06:08 | 05:51
| 17:30 | 18:15 | 19:56 | 20:39 |21:18 | 21:44
20 | 08:25 | 07:44 | 07:51 | 06:51 | 06:07 | 05:51
| 17:31 | 18:16 | 19:57 | 20:40 | 21:19 | 21:45
21]08:24 | 07:42 | 07:49 | 06:49 | 06:05 | 05:52
| 17:32 | 18:18 | 19:59 | 20:41 |21:21 |21:45
22 | 08:23 | 07:41 | 07:47 | 06:48 | 06:04 | 05:52
| 17:34 | 18:19 | 20:00 | 20:43 |21:22 |21:45
23 | 08:22 | 07:39 | 07:45 | 06:46 | 06:03 | 05:52
| 17:35 | 18:21 | 20:01 | 20:44 |21:23 | 21:45
24| 08:21 | 07:37 |07:43 | 06:44 | 06:03 | 05:52
| 17:37 | 18:22 | 20:03 | 20:45 |21:24 | 21:46
2508:20 | 07:35 08:03 (8) | 07:41 | 06:42 | 06:02 | 05:53
| 17:38 |18:24 11 08:14 (8) | 20:04 | 20:47 |21:25 | 21:46
26| 08:19 | 07:33 07:59 (8) | 07:39 | 06:41 | 06:01 | 05:53
| 17:40 |18:25 18  08:17 (8) | 20:06 | 20:48 | 21:26 | 21:46
27| 08:18 | 07:32 07:57 (8) | 07:37 | 06:39 07:01 (16) | 06:00 | 05:53
| 17:41 |18:27 22 08:19(8)|20:07 | 20:50 3 07:04 (16) | 21:27 | 21:46
28 08:17 | 07:30 07:55 (8) | 07:35 | 06:37 06:59 (16) | 05:59 | 05:54
| 17:43 |18:28 25 08:20(8) | 20:08 | 20:51 6 07:05(16) | 21:28 | 21:46
29| 08:16 | | 07:33 | 06:36 06:58 (16) | 05:58 | 05:54
| 17:44 | | 20:10 | 20:52 8 07:06 (16) | 21:29 |21:46
30| 08:15 | | 07:31 | 06:34 06:56 (16) | 05:58 | 05:55
| 17:46 | | 20:11 |20:54 10  07:06 (16) | 21:30 | 21:46
31]08:14 | |07:29 | | 05:57 |
| 17:47 | | 20:12 | ]21:31 |
Potential sun hours | 279 | 287 | 368 | 407 | 466 | 474
Total, worst case | 479 | 76 | 539 | 27 | 177 |
Sun reduction | 0.55 | 0.50 | 063 | 0.59 | 0.68 |
Oper. time red. | 0.97 | 0.97 | 097 | 0.97 | 0.97 |
Wind dir. red. | 0.53 | 0.73 | 073 | 0.61 | 0.61 |
Total reduction | 0.28 | 0.35 | 0.44 | 0.34 | 0.39 |
Total, real | 134 | 27 | 236 | 9 | 70 |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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. = H EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 21
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC (icenseli ear:
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n nergy
- or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardless of the form +1701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: pe-.
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR013 - SR013
Assumptions for shadow calculations unshine probability S (Average daily sunshine hours
Maximum distance for influence 1,500 m 462 513 745 6,05 1020 121 1169 1095 568 569 402 369
Minimum sun height over horizon for influence 3° ' ’ . : ’ ’ ’ . : ’ ) '
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|July |August |September |October |November |December
| | | | | |
1]05:55 | 06:25 07:02 (16) | 07:05 | 07:45 08:29 (8) | 07:28 | 08:11 13:56 (215)
|21:46 | 21:21 8 07:10(16) | 20:30 [19:30 31 09:00 (8) | 17:32 |17:00 28 14:24 (215)
2|05:56 | 06:27 07:00 (16) | 07:07 | 07:46 08:27 (8) | 07:30 | 08:12 13:55 (215)
|21:45  |21:220 12 07:12(16) | 20:28 [19:28 33 09:00 (8) | 17:30 |17:00 30 14:25 (215)
3|05:57 | 06:28 06:59 (16) | 07:08 | 07:47 08:26 (8) | 07:31 | 08:13 13:54 (215)
|21:45  |21:19 14 07:13(16) | 20:26 |19:26 34  09:00 (8) | 17:29 [16:59 32 14:26 (215)
4]05:57 | 06:29 06:58 (16) | 07:09 | 07:49 08:26 (8) | 07:33 | 08:14 13:54 (215)
|21:45  |21:17 17  07:15(16) | 20:24 [19:24 35 09:01(8) | 17:27 |16:59 34 14:28 (215)
5|05:58 | 06:30 06:57 (16) | 07:10 | 07:50 08:25 (8) | 07:34 | 08:16 13:53 (215)
|21:45  |21:16 18  07:15(16) | 20:22 [19:22 35 09:00 (8) | 17:26 [16:59 36 14:29 (215)
6/05:59 | 06:32 06:57 (16) | 07:12 | 07:51 08:25 (8) | 07:36 | 08:17 13:53 (215)
|21:44 21114 19 07:16 (16) | 20:20 [19:20 35 09:00 (8) | 17:24 |16:58 37  14:30 (215)
7/05:59 | 06:33 06:57 (16) | 07:13 1 07:53 08:25 (8) | 07:37 | 08:18 13:52 (215)
|21:44  |21:13 19  07:16 (16) | 20:18 |19:18 35 09:00 (8) | 17:23 [16:58 39  14:31(215)
8/06:00 | 06:34 06:58 (16) | 07:14 | 07:54 08:25 (8) | 07:39 | 08:19 13:52 (215)
|21:43  [21:11 18  07:16 (16) | 20:16 |19:16 34  08:59 (8) | 17:22 [16:58 40  14:32 (215)
9[06:01 | 06:35 07:00 (16) | 07:16 | 07:55 08:25 (8) | 07:40 | 08:20 13:52 (215)
|21:43  |21:10 16  07:16 (16) | 20:14 |19:14 34 08:59 (8) | 17:20 [16:58 41 14:33 (215)
10]06:02 | 06:37 07:01 (16) | 07:17 | 07:57 08:25 (8) | 07:42 ] 08:21 13:52 (215)
|21:42  |21:08 15 07:16 (16) | 20:12 |19:12 33 08:58 (8) | 17:19 |16:58 42 14:34 (215)
11]06:03  |06:38 07:02 (16) | 07:18 | 07:58 08:26 (8) | 07:43 | 08:22 13:52 (215)
|21:42  |21:07 13 07:15(16) | 20:10 [19:10 31 08:57 (8) | 17:18 [16:58 42 14:34 (215)
12]06:04 | 06:39 07:03 (16) | 07:20 | 08:00 08:27 (8) | 07:45 | 08:23 13:52 (215)
|21:41  [21:05 12 07:15(16) | 20:08 |19:08 29  08:56 (8) | 17:17 |16:58 43 14:35 (215)
13]06:04 | 06:41 07:05 (16) | 07:21 | 08:01 08:27 (8) | 07:46 | 08:24 13:52 (215)
|21:41  |21:04 10 07:15(16) | 20:06 |19:06 27 08:54 (8) | 17:15 |16:58 44 14:36 (215)
14]06:05 | 06:42 07:06 (16) | 07:22 | 08:02 08:29 (8) | 07:48 | 08:24 13:53 (215)
|21:40  |21:02 8 07:14(16) | 20:04 [19:05 24 08:53(8) | 17:14 |[16:58 44  14:37 (215)
15(06:06 | 06:43 07:07 (16) | 07:23 | 08:04 08:30 (8) | 07:49 | 08:25 13:53 (215)
|21:39 | 21:00 5 07:12(16) | 20:02 |19:03 20 08:50 (8) | 17:13 [16:58 45  14:38 (215)
16]06:07 | 06:44 07:08 (16) | 07:25 | 08:05 08:33 (8) | 07:51 | 08:26 13:52 (215)
|21:38 | 20:59 2 07:10(16) | 20:00 [19:01 15 08:48 (8) | 17:12 |16:58 46  14:38 (215)
1706:08 | 06:46 | 07:26 | 08:07 08:36 (8) | 07:52 | 08:27 13:53 (215)
|21:38 | 20:57 | 19:58 | 18:57 7 08:43(8)[17:11 [16:59 46  14:39 (215)
18(06:09 | 06:47 |07:27 | 08:08 | 07:53 | 08:27 13:54 (215)
|21:37 | 20:55 | 19:56 | 18:55 | 17:10 [16:50 45  14:39 (215)
19(06:10 | 06:48 | 07:29 | 08:09 | 07:55 | 08:28 13:53 (215)
|21:36  |20:53 | 19:54 | 18:53 | 17:09 [16:59 46  14:39 (215)
20| 06:11 | 06:50 | 07:30 | 08:11 | 07:56 | 08:29 13:54 (215)
|21:35 | 20:52 | 19:52 | 18:52 | 17:08 [17:00 46  14:40 (215)
21/06:13 | 06:51 | 07:31 | 08:12 | 07:58 | 08:29 13:54 (215)
|21:38 | 20:50 | 19:50 1 18:50 | 17:07 [17:00 46  14:40 (215)
22|06:14 | 06:52 | 07:33 | 08:14 | 07:59 | 08:30 13:56 (215)
|21:33  |20:48 | 19:48 | 18:48 | 17:06 [17:01 46 14:41 (215)
23|06:15 | 06:54 | 07:34 | 08:15 | 08:00 | 08:30 13:55 (215)
|21:32  |2046 | 19:46 | 18:46 |17:05 |17:01 46 14:41 (215)
2406:16 | 06:55 | 07:35 | 08:17 | 08:02 | 08:31 13:56 (215)
|21:31 2045 | 19:44 | 18:45 | 17:04 [17:02 46  14:42 (215)
25|06:17 | 06:56 | 07:37 08:41 (8) | 08:18 | 08:03 | 08:31 13:57 (215)
|21:30  [20:43 |19:42 11 08:52(8) |18:43 | 17:04 [17:02 45 14:42(215)
2606:18 | 06:57 | 07:38 08:37 (8) | 08:20 | 08:04 | 08:31 13:57 (215)
|21:29 | 20:41 |19:40 18 08:55 (8) | 18:41 | 17:03 |17:03 46  14:43 (215)
27|06:19 | 06:59 | 07:39 08:34 (8) | 08:21 | 08:06 14:03 (215) | 08:32 13:57 (215)
|21:28  [20:39 [19:38 22 08:56 (8) | 18:40 [17:02 10 14:13(215)[17:04 46 14:43 (215)
2806:21 | 07:00 | 07:41 08:33 (8) | 08:23 | 08:07 14:01 (215) | 08:32 13:59 (215)
|21:26 | 20:37 |19:36 25 08:58 (8) | 18:38 |17:02 16 14:17(215) | 17:04 45 14:44 (215)
29|06:22 | 07:01 | 07:42 08:31 (8) | 08:24 | 08:08 13:58 (215) | 08:32 13:59 (215)
|21:25  [20:35 |19:3¢ 28 08:59 (8) | 18:36 [17:01 22 14:20(215) [17:05 45 14:44 (215)
30|06:23  |07:03 | 07:43 08:29 (8) | 08:25 | 08:10 13:57 (215) | 08:32 14:00 (215)
|21:24  [20:33 [19:32 30 08:59 (8) | 18:35 [17:01 25 14:22(215)[17:06 44 14:44 (215)
31/06:24 | 07:04 | | 08:27 | | 08:32 14:01 (215)
|21:23  [20:32 | |18:33 | 1707 43 14:44 (215)
Potential sun hours | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | | 206 | 134 | 492 | 73 | 1304
Sun reduction | | 0.73 | 0.69 | 0.52 | 0.43 | 043
Oper. time red. | | 0.97 | 0.97 | 0.97 | 0.97 | 0.97
Wind dir. red. | | 0.61 | 0.73 | 073 | 0.53 | 0.53
Total reduction | | 0.42 | 0.48 | 0.36 | 0.22 | 0.22
Total, real | | 87 | 64 | 179 | 16 | 286
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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Minnesota Power - BISON Wind Energy Center ~ EAPC does not warant, guarantee, or make any such 6/21/2011 8:44 AM/ 22
representations regarding the contents of this report. EAPC A
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n hergy
- or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardless of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: ’
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR014 - SR014
Assumptions for shadow calculations unshine probability S (Average daily sunshine hours
Heximunditancs forifflense ey 462 5143 745 6,03 1020 121 1169 1095 868 569 402 269
Minimum sun height over horizon for influence 3° ' ' . ' ’ ’ : ' ' : ' '
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February |March |April |May |June Nuly |August |September |October |November|December
| | | | | | | | | | | |
1]08:33  |08:12  [07:28  |07:27 |06:32 | 0556  [05:55 | 06:25 | 07:05 07:28 (22) | 07:45  |07:28 | 08:11
|17:08  [17:49  [18:30  |20:14 |20:55  |21:32  |2145  |21:21 | 20:30 2 07:30(22) [19:30  [17:32  |17:00
2/08:33  |08:11 |07:26 | 07:25 |06:31 | 05:56  |05:56 | 06:27 | 07:07 |07:46  |07:30 | 08:12
[17:09  [17:50  [18:31  |20:15 |20:56  |21:33  |21:45  |21:20 | 20:28 [19:28  [17:30 | 17:00
3/08:32 |08:10 |07:24  |07:23 |06:29  [05:55  |0557 | 06:28 | 07:08 |07:47  |07:31 | 08:13
[17:10  [17:52  |18:33  |20:17 |20:58  |21:3¢  [21:45  |21:19 | 20:26 [19:26  [17:29 | 16:59
4)08:32 |08:09 [07:22  |07:21 |06:28  |05:54  |0557 | 06:29 | 07:09 |07:49  |07:33 | 08:14
|17:11  |17:53  [18:34  |20:18 |20:59  |21:35  [2145  |21:17 | 20:24 |19:24  [17:27 | 16:59
5/08:32 |08:07 [07:20  |07:19 |06:26  |05:54  |0558 | 06:30 | 07:10 |07:50  |07:34 | 08:16
[17:12  |17:556  |18:36  |20:19 |21:00  |21:36  [21:44  |21:16 | 20:22 |19:22  [17:26 | 16:59
608:32 |08:06 |07:18  |07:18 |06:25  |05:53 0559 | 06:32 |07:12 |07:51  |07:36 | 08:17
1713 [17:56  [18:37  |20:21 |21:02  [21:37 2144 [21:14 | 20:20 [19:20  [17:24 | 16:58
7/08:32 |08:04 [07:17  |07:16 |06:23  |05:53  |0559 | 06:33 |07:13 |07:53  |07:37 | 08:18
[17:14  [17:58  [18:39  |20:22 |21:03  |21:38  |21:44  [21:13 | 20:18 |19:18  [17:23 | 16:58
808:32 |08:03 |08:15 |07:14 |06:22  |05:53  |06:00 | 06:34 | 07:14 |07:54  |07:39 | 08:19
[17:15  |[18:00  [18:40  |20:23 |21:04  |21:38 2143 [21:11 | 20:16 [19:16  [17:22 | 16:58
9/08:31  |08:02 |08:13  |07:12 |06:20 0552  |06:01 | 06:35 |07:16 |07:55  |07:40 | 08:20
[17:17  [18:00  |19:42  |20:25 [21:06  [21:39 2143  [21:10 | 20:14 [19:14  [17:20 | 16:58
10(08:31  [08:00  [08:11  |07:10 |06:19 05552  |06:02 | 06:37 |07:17 |07:57  |07:42  |08:21
[17:18  [18:01  [19:43  |20:26 [21:07  |21:40  |21:42  |21:08 | 20:12 |19:12  |17:19 | 16:58
11]08:31  |07:59  |08:09 | 07:08 07:29 (22) | 06:18  |05:52  |06:03 | 06:38 | 07:18 |07:58  |07:43 | 08:22
[17:19  [18:03  |19:44  |20:28 2 07:31(22) [21:08  |21:40  |21:42  |21:07 | 20:10 |19:10  [17:18 | 16:58
12(08:30  [07:57  |08:07 | 07:06 07:27 (22) | 06:16  |05:52  |06:04 | 06:39 | 07:20 |08:00 |07:45 | 08:23
[17:20  |[18:04  [19:46  [20:29 4 07:31(22) [21:10  |21:41 2141 [21:05 | 20:08 [19:08  [17:17 | 16:58
13(08:30  [07:55  |08:05 | 07:04 07:25(22) | 06:15  [05:51 | 06:04 | 06:41 | 07:21 |08:01  |07:46 | 08:23
[17:22  [18:06  |19:47  |20:30 6 07:31(22) [21:11  [21:42  [21:41 | 21:04 | 20:06 |19:06  [17:15 | 16:58
14(08:29  |07:54  |08:03 | 07:02 07:23(22) | 06:14  |05:51 | 06:05 | 06:42 | 07:22 |08:02 |07:48 | 08:24
|17:23  |18:07  [19:49  |20:32 7 07:30 (22) [21:12 2142 [21:40  |21:02 | 20:04 |19:04  [17:14 | 16:58
15(08:28  [07:52  |08:01  [07:00 07:22(22) |06:12  [05:51  |06:06 | 06:43 |07:23 |08:04  [07:49  |08:25
[17:24  [18:09  [19:50  |20:33 9 07:31(22) [21:13  [21:43  [21:39  [21:00 | 20:02 [19:03  [17:13 | 16:58
16|08:28  [07:51  |07:59 | 06:58 07:20 (22) | 06:11  [05:51  |06:07 | 06:44 | 07:25 |08:05  |07:50 | 08:26
|17:25  [18:10  [19:52  [20:3% 10 07:30 (22) [21:15  [21:43  |21:38 | 20:59 | 20:00 [19:01  [17:12 | 16:58
17]08:27  [07:49  [07:57 | 06:57 07:18 (22) | 06:10  |05:51  |06:08 | 06:46 | 07:26 |08:07  |07:52 | 08:27
|17:27 1812  [19:53  |20:36 10 07:28(22) |21:16  [21:44  |21:38 | 20:57 | 19:58 |18:57  [17:11 | 16:59
18|08:26  [07:47  |07:55 | 06:55 07:16(22) [06:09  [05:51  |06:09  |06:47 |07:27 |08:08  [07:53  |08:27
[17:28 1813  [19:54  [20:37 11 07:27 (22) [21:17  [21:44  [21:37 [ 20:55 | 19:56 |18:55  [17:10 [ 16:59
19]08:26  [07:46  |07:53 | 06:53 07:18 (22) |06:08  |05:51  |06:10 | 06:48 | 07:29 |08:09  |07:55 | 08:28
|17:30  [18:15  [19:56 | 20:39 6 07:24 (22) [21:18  |21:44  |21:368 | 2053 | 19:54 [18:53  [17:09 | 16:59
200825 |07:44  [07:51 | 06:51 |06:07  |05:51  |06:11 | 06:50 | 07:30 |08:11  [07:56 | 08:29
[17:31  [18:16  [19:57  |20:40 |21:19  [21:45  |21:35 | 20:52 | 19:52 |18:52  |[17:08  |17:00
210824  |07:42  [0749  |06:49 |06:05 |0552  |06:13 | 06:51 | 07:31 |08:12  |07:58  |08:29
[17:32  [18:18  [19:59  |20:41 [21:21  [21:45  [21:34 | 20:50 | 19:50 |18:50  [17:07  [17:00
22(08:23  [07:40  |0747  |06:48 |06:04  |05:52  [06:14 | 06:52 | 07:33 |08:14  |07:59 | 08:30
[17:3  [18:19  [20:00  |20:43 |21:22  |21:45  |21:33  |2048 | 19:48 |18:48  |17:08  |17:01
23|08:22 |07:39  |07:45 | 06:46 |06:03  [05:52  |06:15 | 06:54 | 07:34 |08:15  |08:00 | 08:30
|17:35  [18:21  [20:01  |20:44 |21:23  |21:45  [21:32  |20:46 | 19:46 |18:46  [17:05  [17:01
240821 |07:37 0743 | 06:44 |06:03 |0552 | 06:16 | 06:55 07:21(22) | 07:35 |08:17  |08:02 | 08:31
[17:37  [18:22  [20:03  |20:45 |21:24  [21:45  [21:31  |20:45 7 07:28(22) | 19:44 |18:45  [17:04  [17:02
25| 08:20 | 07:35 | 07:41 | 06:42 | 06:02 | 05:53 | 06:17 | 06:56 07:19 (22) | 07:37 | 08:18 | 08:03 | 08:31
|17:38  [18:24  |20:04 | 20:47 |21:25  [21:46  |21:30 2043 11 07:30(22) | 19:42 |18:43  [17:04  |17:02
26|08:19  |07:33  [07:39 | 06:41 |06:01  |05:53  |06:18 | 06:57 07:21 (22) | 07:38 |08:20  |08:04 | 08:31
|17:40  |18:25  |20:06  |20:48 |21:26  |21:46  [2129 2041 10 07:31(22) | 19:40 |18:41  |17:03  |17:03
27|08:18  |07:32  [07:37  |06:39 |06:00  |05:53  |06:19 | 06:59 07:22 (22) | 07:39 |08:21  |08:06  |08:32
|17:41  [1827  |20:07  |20:50 |21:27  |21:46  |21:28  [20:39 10 07:32(22) | 19:38 |18:40  [17:02  [17:04
2808:17  |07:30  [07:35  |06:37 |05:50  [05:54  [06:21 | 07:00 07:23 (22) | 07:41 |08:22  [08:07  |08:32
|17:43  |[18:28  [20:08  |20:51 |21:28  [21:46  |21:26  |20:37 9 07:32(22) | 19:36 |18:38  [17:02 | 17:04
2908:16 | |07:33 | 06:36 |05:58  |05:54  |06:22 | 07:01 07:24 (22) | 07:42 |08:24  |08:08 | 08:32
|17:44 | |20:10 | 20:52 |21:29  |21:46  |21:225  |20:35 7 07:31(22) [19:34 |18:36  [17:01  [17:05
3008:15 | |07:31 | 06:34 |05:58  |05:55  |06:23 | 07:03 07:26 (22) | 07:43 |08:25  |[08:10 | 08:32
|17:46 | |20:11 | 20:54 |21:30  |21:46  |21:224  [20:33 6 07:32(22) |19:32 |18:35  [17:01  |17:06
310814 | [07:29 | |05:57 | |06:24 | 07:04 07:27 (22) | |0827 | | 08:32
|17:47 | 20112 | [21:31 | |21:23  |20:31 4 07:31(22) | |18:33 | | 17:07
Potential sunhours | 279 | 287 | 368 | 407 | 466 | 474 | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | | | | 65 | | | | 64 | 2 | | |
Sun reduction | | | | 0.59 | | | | 0.73 | 0.69 | | |
Oper. time red. | | | | 0.97 | | | | 0.97 | 0.97 | | |
Wind dir. red. | | | | 0.64 | | | | 0.64 | 0.64 | | |
Total reduction | | | | 0.37 | | | | 045 I 043 I | |
Total, real | | | | 24 | | | | 29 | 1 | | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)

WindPRO is developed by EMD International A/S, Niels Jernesvej 10, DK-9220 Aalborg @, TIf. +45 96 35 44 44, Fax +45 96 35 44 46, e-mail: windpro@emd.dk



WindPRO version 2.7.486 Jan 2011

roject:

Minnesota Power - BISON Wind Energy Center

Minnesota Power
Frank Frederickson

30 West Superior Street
Duluth, MN 55802-2093

SHADOW - Calendar

Description:

EAPC does not warrant, guarantee, or make any such
representations regarding the contents of this report. EAPC
cannot be held liable for erroneous results caused by errors
or omissions in the delivered data, or inaccuracy, limitations,
or malfunctioning of models or software used. For any claim
whatsoever related to the subject matter of this report, the
liability of EAPC for actual damages, regardless of the form
of action, shall be limited to the total amount paid to EAPC
for the services provided as part of this consultancy service.

Printed/Page

6/21/2011 8:44 AM / 23
Licensed user:

EAPC Wind Energy
3100 DeMers Avenue
US-GRAND FORKS, ND 58201
+1701 775 3000
wind@eapc.net

Calculated:

=

Assumptions for shadow calculations unshine probability S (Average daily sunshine hours
Mbman distnce (O [DE000 LN ias?z §e1b3 V48 08 10,20, 1124 9,60 1098 2%% 50th r:%vz gzcg
Minimum sun height over horizon for influence 3° ' ’ ’ ' ) ' ) ' ' ' ’ ’
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February |March |April |May |[June [July |August | October [N |D
| | | | | | | | | | |
1/08:32 |08:12  [07:28  [07:27 | 06:32 06:55 (22) | 05:56 | 05:55 | 06:25 06:57 (22) |07:05  |0745  |07:28 | 08:11
| 17:08 | 17:49 | 18:30 | 20:14 | 20:55 4 06:59 (22) | 21:32 | 21:45 |121:21 4 07:01(22) | 20:30 | 19:30 | 17:32 | 17:00
208:33 | 08:11 | 07:26 | 07:25 | 06:31 06:53 (22) | 05:56 | 05:56 | 06:27 06:54 (22) | 07:07 | 07:46 | 07:30 | 08:12
|17:09  [17:50  [18:31  [20:15 |20:56 6 06:59(22) [21:33  |21:45  [21:20 10 07:04(22) [20:28  [19:28  [17:30 [ 17:00
308:32 | 08:10 | 07:24 | 07:23 | 06:29 06:51 (22) | 05:55 | 05:57 | 06:28 06:53 (22) | 07:08 | 07:47 | 07:31 | 08:13
| 17:10 | 17:52 118:33 |20:17 | 20:58 7 06:58 (22) [ 21:34 | 21:45 121:19 12 07:05(22) | 20:26 | 19:26 | 17:29 | 16:59
4]08:32 | 08:09 | 07:22 107:21 | 06:28 06:50 (22) | 05:54 | 05:57 | 06:29 06:54 (22) | 07:09 | 07:49 |07:33 | 08:14
| 17:11 | 17:53 | 18:34 | 20:18 | 20:59 9 06:59 (22) | 21:35 | 21:45 |21:47 13 07:07 (22) | 20:24 | 19:24 | 17:27 | 16:59
5 08:32 | 08:07 | 07:20 107:19 | 06:26 06:49 (22) | 05:54 | 05:58 | 06:30 06:55 (22) | 07:10 | 07:50 | 07:34 | 08:15
117:12 | 17:55 | 18:36 |120:19 |21:00 10 06:59 (22) | 21:36 | 21:44 |21:16 12 07:07 (22) | 20:22 |1 19:22 |17:26 | 16:59
6(08:32 |08:06 |07:18  |07:18 | 06:25 06:47 (22) | 05:53 | 05:59 | 06:32 06:56 (22) | 07:12 | 07:51 107:36 | 08:17
|17:13 | 17:56 | 18:37 | 20:21 | 21:02 11 06:58 (22) | 21:37 | 21:44 | 21:14 11 07:07 (22) | 20:20 | 19:20 |17:24 | 16:58
7| 08:32 | 08:04 | 07:17 | 07:16 | 06:23 06:46 (22) | 05:53 | 05:59 | 06:33 06:57 (22) | 07:13 | 07:53 | 07:37 | 08:18
| 17:14 | 17:58 | 18:39 | 20:22 |21:03 12 06:58 (22) | 21:38 | 21:44 |21:13 11 07:08 (22) | 20:18 | 19:18 117:23 | 16:58
8)08:32 |08:03 |08:15 |07:14 | 06:22 06:44 (22) | 05:53 | 06:00 | 06:34 06:58 (22) | 07:14  |07:54  |07:39 | 08:19
| 17:15 | 18:00 | 18:40 | 20:23 | 21:04 12 06:56 (22) | 21:38 | 21:43 |21:11 9 07:07 (22) | 20:16 | 19:16 |17:22 | 16:58
9| 08:31 | 08:02 | 08:13 107:12 | 06:20 06:43 (22) | 05:52 | 06:01 | 06:35 07:00 (22) | 07:16 | 07:55 | 07:40 | 08:20
| 17:17 | 18:00 | 19:42 | 20:25 | 21:08 13 06:56 (22) | 21:39 | 21:43 |21:10 8 07:08 (22) | 20:14 | 19:14 |17:20 | 16:58
10 | 08:31 | 08:00 | 08:11 | 07:10 | 06:19 06:44 (22) | 05:52 | 06:02 | 06:37 07:01 (22) | 07:17 | 07:57 | 07:42 | 08:21
| 17:18 | 18:01 | 19:43 | 20:26 | 21:07 11 06:55 (22) | 21:40 | 21:42 | 21:08 7 07:08 (22) | 20:12 | 19:12 117:19 | 16:58
11]08:31 | 07:59 | 08:09 | 07:08 | 06:18 06:45 (22) | 05:52 | 06:03 | 06:38 07:02 (22) | 07:18 | 07:58 | 07:43 | 08:22
| 17:18 | 18:03 | 19:44 | 20:28 |21:08 7 06:52(22) | 21:40 | 21:42 | 21:07 5 07:07 (22) | 20:10 | 19:10 117:18 | 16:58
12|08:30  |07:57  |08:07 | 07:06 | 06:16 |05:52 | 06:04  |06:39 07:03(22) |07:20  |08:00 |07:45 | 08:23
| 17:20 | 18:04 | 19:46 | 20:29 |21:10 | 21:41 | 21:41 | 21:05 3 07:06 (22) | 20:08 | 19:08 117:17 | 16:58
13|08:30  |07:55 |08:05 | 07:04 | 06:15 |05:51  |06:04  |06:41 07:05(22) [07:21  |08:01  |07:46  |08:23
|17:22  [18:06  [19:47  |20:30 |21:11 |21:42  [21:40  [21:04 2 07:06(22) [20:06  [19:06  [17:15 | 16:58
14| 08:29 | 07:54 | 08:03 | 07:02 | 06:14 | 05:51 | 06:05 | 06:42 | 07:22 | 08:02 | 07:48 | 08:24
[17:23  [1807  [1949  |20:32 | 21:12 |21:42  [21:40  [21:02 12004  |19:04  [17:14 | 16:58
15| 08:28 | 07:52 | 08:01 | 07:00 | 06:12 | 05:51 | 06:06 | 06:43 | 07:23 | 08:04 | 07:49 | 08:25
| 17:24 | 18:09 | 19:50 | 20:33 |21:13 |21:43 | 21:39 | 21:00 | 20:02 | 19:03 |17:13 | 16:58
16 | 08:28 | 07:51 | 07:59 | 06:58 | 06:11 | 05:51 | 06:07 | 06:44 | 07:25 | 08:05 | 07:50 | 08:26
| 17:25 | 18:10 | 19:52 | 20:34 | 21:15 | 21:43 | 21:38 | 20:59 | 20:00 | 19:01 |17:12 | 16:58
17 | 08:27 | 07:49 | 07:57 | 06:57 | 06:10 | 05:51 | 06:08 | 06:46 | 07:26 | 08:07 | 07:52 | 08:27
|17:27 | 18:12 1 19:53 | 20:36 |21:16 | 21:44 |21:38 | 20:57 | 19:58 | 18:57 [17:11 | 16:59
18 | 08:26 | 07:47 | 07:55 | 06:55 | 06:09 | 05:51 | 06:09 | 06:47 | 07:27 | 08:08 | 07:53 | 08:27
|17:28 |18:13 | 19:54 | 20:37 |21:17 | 21:44 |21:37 | 20:55 | 19:56 | 18:55 | 17:10 | 16:59
19]08:26  |07:46  |07:53 | 06:53 | 06:08 [05:51  |06:10 | 06:48 |0729  |08:09  [07:55  [08:28
117:30 | 18:15  |19:56  |20:39 |21:18 |21:44  |21:36 | 20:53 |19:54  |18:53  |17:09 | 16:59
20 | 08:25 | 07:44 | 07:51 | 06:51 | 06:07 | 05:51 | 06:11 | 06:50 | 07:30 | 08:11 | 07:56 | 08:29
117:31 | 18:16 | 19:57 | 20:40 121:19 | 21:45 |21:35 | 20:52 | 19:52 | 18:52 | 17:08 | 17:00
21|08:24 | 07:42 | 07:49 | 06:49 | 06:05 | 05:52 | 06:13 | 06:51 | 07:31 | 08:12 | 07:58 | 08:29
|17:32 |18:18 | 19:59 | 20:41 |21:21 | 21:45 | 21:34 | 20:50 | 19:50 | 18:50 |17:07 | 17:00
22| 08:23 | 07:40 | 07:47 | 06:48 | 06:04 | 05:52 | 06:14 | 06:52 | 07:33 | 08:14 | 07:59 | 08:30
| 17:34 | 18:19 | 20:00 | 20:43 |21:22 | 21:45 |21:33 | 20:48 | 19:48 | 18:48 | 17:06 | 17:01
23(08:22 |07:39  |07:45  |06:46 | 06:03 |05:52  [06:15 | 06:54 |07:34  |08:15  [08:00 | 08:30
| 17:35 | 18:21 | 20:01 | 20:44 |21:23 | 21:45 | 21:32 | 20:46 | 19:46 | 18:46 117:05 | 17:01
240821  |07:37  [0743 | 06:44 | 06:03 |0552  |06:16 | 06:55 |07:35  |08:17  |08:02  |08:31
| 17:37 | 18:22 | 20:03 | 20:45 | 21:24 | 21:45 121:31 | 20:45 | 19:44 | 18:45 | 17:04 | 17:02
25| 08:20 | 07:35 | 07:41 | 06:42 | 06:02 | 05:53 | 06:17 | 06:56 | 07:37 | 08:18 | 08:03 | 08:31
|17:38  [1824  [20:04  |20:47 |21:25 [21:46  |21:30  |20:43 |19:42  |18:43  [17:04  |17:02
26 | 08:19 | 07:33 | 07:39 | 06:41 | 06:01 | 05:53 | 06:18 | 06:57 | 07:38 | 08:20 | 08:04 | 08:31
| 17:40 | 18:256 | 20:06 | 20:48 | 21:26 | 21:46 | 21:29 | 20:41 | 19:40 | 18:41 | 17:03 | 17:03
27108:18 | 07:32 | 07:37 | 06:39 | 06:00 | 05:53 | 06:19 | 06:59 | 07:39 | 08:21 | 08:06 | 08:32
| 17:41 | 18:27 | 20:07 | 20:49 | 21:27 | 21:46 |21:28 | 20:39 | 19:38 | 18:40 | 17:02 | 17:04
28| 08:17 | 07:30 | 07:35 | 06:37 | 05:59 | 05:54 | 06:21 | 07:00 | 07:41 | 08:22 | 08:07 | 08:32
| 17:43 | 18:28 | 20:08 | 20:51 | 21:28 | 21:46 |21:26 | 20:37 | 19:36 | 18:38 | 17:02 | 17:04
290816 | |07:33 | 06:36 | 05:58 |05:54 | 06:22 | 07:01 |07:42 | 0824  |08:08  |08:32
117:44 | 120:10 | 20:52 121:29 |21:46  |21:25 | 20:35 |19:3¢ | 18:36 | 17:01 | 17:05
30 | 08:15 | | 07:31 | 06:34 06:56 (22) | 05:58 | 05:55 | 06:23 | 07:03 | 07:43 | 08:25 | 08:10 | 08:32
[17:46 | |20:11  |20:54 2 06:58 (22) | 21:30 |21:46  |21:24  |20:33 [19:32 1835  [17:01  [17:06
31/08:14 | 10729 | | 05:57 | |06:24 | 07:04 | |08:27 | | 08:32
|17:47 | |20:12 | |21:31 | 121:23 | 20:31 | 118:33 | |17:07
Potential sunhours | 279 | 287 | 368 | 407 | 468 | 474 | 480 | 441 | 378 | 338 | 282 | 266
Total, worst case | | | | 2 | 102 | | | 107 | | | |
Sun reduction | | | | 0.59 | 0.68 | | | 0.73 | | | |
Oper. time red. | | | | 0.97 | 0.97 | | | 0.97 | | | |
Wind dir. red. | | | | 0.60 | 0.60 | | | 0.60 | | | |
Total reduction | | | | 0.35 | 0.40 | | | 0.43 | | | |
Total, real | | | | 1 | 41 | | | 46 | | | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
Minnesota Power - BISON Wind Energy Center ~ EAPC does notwarrant, guarantee, or make any such 6/21/2011 8:44 AM / 24
representations regarding the contents of this report. EAPC G mart
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, in nergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardless of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: :
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR016 - SR016
Assumptions for shadow calculations unshine probability S (Average daily sunshine hours
Waimum datence for Infldenice oot m iagz Fs;e1ba ,;Ai:s g%rs %ago 1J1u o 1J1ué9 Q)ugs 2%% f? % r:%vz 2%09
Minimum sun height over horizon for influence 3° ’ ' ’ ' ' . ’ : ) L ! :
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February |March |April |May |June
| | | | | |
1]08:33 09:47 (212) | 08:12 08:43 (211) | 07:28 |07:27  |06:32  |05:56
|17:08 15 10:02(212) |17:49 22  09:05(211) | 18:30 |20:14  [20:55 | 21:32
208:33 09:49 (212) | 08:11 08:43 (211) | 07:26 |07:25  |06:31 | 0556
117:09 13 10:02(212) [17:50 21  09:04 (211) | 18:31 |20:15  |20:56 | 21:33
3]08:32 09:50 (212) | 08:10 08:44 (211) | 07:24 |07:23  |06:29 | 0555
[17:10 11 10:01(212)[17:52 20 09:04 (211) | 18:33 |20:17  |20:58 | 21:34
4 08:32 09:52 (212) | 08:09 08:46 (211) | 07:22 |07:21  |06:28 | 05:54
| 17:11 7 09:50(212) [17:53 18  09:04 (211) | 18:34 |20:18  |20:59  |21:35
508:32 | 08:07 08:47 (211) | 07:20 |07:19  |06:26 | 05:54
| 17:12 |17:55 15  09:02 (211) | 18:36 |20:19  [21:00  |21:36
608:32 | 08:06 08:49 (211) | 07:19 |07:18 | 06:25 | 05:54
|17:13 |17:57 12 09:01(211) | 18:37 |20:21  [21:02  |21:37
708:32 | 08:04 08:52 (211) | 07:17 |07:16  |06:223  |05:53
[17:14 | 17:58 5  08:57 (211) | 18:39 |20:22  |21:03  |21:38
808:32 | 08:03 | 08:15 |07:14  |06:22  |05:53
| 17:15 | 18:00 | 18:40 [20:23  [21:04  |21:38
9 08:31 | 08:02 | 08:13 |07:12  |06:20 | 05:52
[ 17:47 | 18:00 | 19:42 |20:25  [21:06 | 21:39
10| 08:31 | 08:00 | 08:11 |07:10 | 06:19 | 05:52
|17:18 | 18:01 |19:43 [20:26  [21:07  |21:40
11| 08:31 | 07:59 | 08:09 |07:08  |06:18  |05:52
| 17:19 | 18:03 | 19:44 |20:28  [21:08  |21:40
12 | 08:30 | 07:57 | 08:07 19:20 (216) | 07:06 | 06:16 | 05:52
| 17:20 | 18:04 | 19:46 4 19:24(216) |20:20  |21:10 | 21:41
13 | 08:30 | 07:55 | 08:05 19:19 (216) | 07:04  |06:15 | 05:51
| 17:22 | 18:06 | 19:47 6 19:25(216) [20:30  |21:11  |21:42
14 | 08:29 | 07:54 | 08:03 19:18 (216) | 07:02 | 06:14 | 05:51
| 17:23 | 18:07 | 19:49 8  19:26(216) [20:32  [21:12  |21:42
15 | 08:28 | 07:52 | 08:01 19:17 (216) | 07:00  |06:12 | 05:51
| 17:24 | 18:09 [19:50 11 19:28 (216) [20:33  [21:13  |21:43
16| 08:28 | 07:51 | 07:59 19:17 (216) | 06:58 | 06:11 | 05:51
|17:25 | 18:10 [19:52 12 19:29(216) [20:34  |21:115 | 2143
17 | 08:27 08:52 (211) | 07:49 | 07:57 19:17 (216) | 06:57  |06:10 | 05:51
| 17:27 3 08:55(211) | 18:12 [19:53 14 19:31(216)|20:36  |21:16 | 21:44
18 | 08:26 08:51 (211) | 07:47 | 07:55 19:17 (216) | 06:55  |06:09 | 05:51
| 17:28 6 08:57 (211) | 18:13 [19:54 15  19:32(216) | 20:37 21117 | 21:44
19| 08:26 08:50 (211) | 07:46 | 07:53 19:17 (216) | 06:53  |06:08 | 05:51
| 17:30 8 08:58 (211) | 18:15 [19:56 16 19:33(216) |20:39  |21:18  [21:44
20 | 08:25 08:49 (211) | 07:44 | 07:51 19:18 (216) | 06:51  [06:07 | 05:51
[17:31 10 08:59 (211) | 18:16 [19:57 14 19:32(216) | 20:40  [21:19  |21:45
21 08:24 08:48 (211) | 07:42 | 07:49 19:20 (216) | 06:49 | 06:06 | 05:52
[17:32 12 09:00 (211) | 18:18 [19:59 10  19:30(216) |20:41  [21:21  [2145
22 08:23 08:47 (211) | 07:40 | 07:47 |06:48  |06:04  |05:52
[17:3 14 09:01(211) | 18:19 | 20:00 [2043  |21:22  |2145
23| 08:22 08:46 (211) | 07:39 | 07:45 |06:46  |06:03 | 05:52
[17:35 16  09:02 (211) | 18:21 | 20:01 |20:44  |21:223  |21:45
24 | 08:21 08:45 (211) | 07:37 | 07:43 |06:44  |06:03 | 05:52
[17:37 18  09:03 (211) | 18:22 | 20:03 [20:45  [21:24  |21:45
25| 08:20 08:44 (211) | 07:35 | 07:41 | 06:42 | 06:02 | 05:53
[17:38 20 09:04 (211) | 18:24 | 20:04 |20:47  |21:25 | 21:46
26 | 08:19 08:43 (211) | 07:33 | 07:39 |06:41  |06:01  |0553
[17:40 21 09:04 (211) | 18:25 | 20:06 |20:48  [21:26  |21:46
27 | 08:18 08:42 (211) | 07:32 | 07:37 |06:39  |06:00 | 05:53
[17:41 23 09:05(211) | 18:27 | 20:07 |20:50  |21:27 | 2146
28 08:17 08:42 (211) | 07:30 | 07:35 |06:37  |05:59 | 05:54
|17:43 23 09:05(211) | 18:28 | 20:08 |20:51  |21:228 | 21:46
2908:16 08:41 (211) | | 07:33 |06:36 0558 | 05:54
|17:44 24 09:05(211) | | 20:10 |20:52 2129  |21:46
30 | 08:15 08:42 (211) | | 07:31 |06:3¢ 0558 | 05:55
|17:46 23 09:05 (211) | | 20:11 |20:54  [21:30 | 2146
31|08:14 08:42 (211) | | 07:29 | |0s:57 |
|17:47 23 09:05(211) | | 20:12 | 12131 |
Potential sun hours | 279 | 287 | 368 | 407 | 466 | 474
Total, worst case | 290 | 113 | 110 | | |
Sun reduction | 0.55 | 0.50 | 0.63 | | |
Oper. time red. | 0.97 | 0.97 | 0.97 | | |
Wind dir. red. | 0.74 | 0.74 | 0.66 | | |
Total reduction | 0.40 | 0.36 | 0.40 | | |
Total, real | 15 | 41 | 44 | | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
Minnesota Power - BISON Wind Energy Center ~ EAPC does notwamant, guarantee, or make any such 6/21/2011 8:44 AM / 25
representations regarding the contents of this report. EAPC Licenwed user:
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, i nergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC for actual damages, regardless of the form +1701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: ’
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR016 - SR016
Assumptions for shadow calculations unshine probabili verage daily sunshine hours
wan g e e L e e
Minimum sun height over horizon for influence 3° ’ ) : ) ' . ’ i ' ’ : :
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|July |August  |September |October |November |December
| | | | | |
1]05:55  |06:25 | 07:05 | 07:45 18:59 (216) | 07:28 | 08:11
|21:45 21221 |20:30 | 19:30 5 19:04 (216) | 17:32 | 17:00
2(05:56  |0627  |07:07 | 07:46 19:00 (216) | 07:30 | 08:12
|21:45  [21:220  |20:28 | 19:28 2 19:02 (216) | 17:30 | 17:00
3/05:57 |06:28  |07:.08 | 07:47 | 07:31 | 08:13
|21:45  |21:19 | 20:26 | 19:26 |17:29 | 16:59
40557 06229 | 07:09 | 07:49 |07:33 08:21 (211) | 08:14
|21:45  |21:17  |20:24 | 19:24 [17:27 6 08:27 (211) | 16:59
5/05:58  |06:30 | 07:10 | 07:50 | 07:34 08:19 (211) | 08:16
|21:44  [21:16 | 2022 | 19:22 [17:26 12 08:31(211) | 16:59
6]05:59  |06:32  |07:12 | 07:51 | 07:36 08:16 (211) | 08:17
|21:44  |21:14  |20:20 | 19:20 [17:24 16 08:32(211) | 16:58
70559  |06:33 | 07:13 | 07:53 | 07:37 08:16 (211) | 08:18
|21:44  |21:43  |20:18 [19:18 [17:23 18 08:34 (211) | 16:58
8/06:00 |06:34 | 07:14 | 07:54 | 07:39 08:14 (211) | 08:19 09:40 (212)
[21:43 2111 |20:16 | 19:16 [17:22 20 08:34 (211) | 16:58 7 0947 (212)
9(06:01 |06:35 | 07:16 | 07:55 | 07:40 08:14 (211) | 08:20 09:38 (212)
|21:43 21110 |20:14 119:14 [17:20 21 08:35(211) |16:58 11  09:49 (212)
1006:02  |06:37  |07:17 | 07:57 | 07:42 08:14 (211) | 08:21 09:38 (212)
|21:42  [21:08  |20:12 |19:12 [17:19 22 08:36(211) [16:58 13 09:51 (212)
11]06:03  |06:38 | 07:18 | 07:58 | 07:43 08:13 (211) | 08:22 09:37 (212)
|21:42 2107 | 20:10 | 19:10 |17:18 23 08:36 (211) [16:58 15 09:52 (212)
12(06:04  [06:39 | 07:20 | 08:00 | 07:45 08:13 (211) | 08:23 09:37 (212)
|21:41  [21:05 | 20:08 | 19:08 [17:17 24 08:37 (211) [16:58 16  09:53 (212)
13/06:05  |06:41  |07:21 | 08:01 | 07:46 08:13 (211) | 08:23 09:37 (212)
|21:41  |21:04 | 20:06 | 19:06 |17:15 24 08:37 (211) |16:58 17  09:54 (212)
14|06:05  |06:42 | 07:22 | 08:02 | 07:48 08:14 (211) | 08:24 09:37 (212)
|21:40  [21:02 | 20:04 | 19:05 |17:14 23 08:37 (211) [16:58 19  09:56 (212)
15(06:06  |06:43 | 07:23 | 08:04 | 07:49 08:15 (211) | 08:25 09:37 (212)
[21:39  [21:00  |20:02 | 19:03 [17:13 23 08:38(211) [ 16:58 19  09:56 (212)
1606:07 | 06:44 | 07:25 | 08:05 | 07:50 08:16 (211) | 08:26 09:37 (212)
|21:38  [20:59 | 20:00 | 19:01 [17:12 21 08:37 (211) |16:58 20 09:57 (212)
17]06:08  |06:46 | 07:26 | 08:07 | 07:52 08:18 (211) | 08:27 09:37 (212)
[21:38  [20:57 [ 19:58 | 18:57 [17:11 20 08:38(211) [16:59 21  09:58 (212)
18(06:09  |06:47  |07:27 | 08:08 | 07:53 08:19 (211) | 08:27 09:38 (212)
|21:37  |20:55 | 19:56 | 18:55 [17:10 18 08:37 (211) [16:59 21  09:59 (212)
19(06:10  |06:48 | 07:29 | 08:09 | 07:55 08:21 (211) | 08:28 09:38 (212)
|21:36  [20:53 | 19:54 | 18:53 [17:09 16 08:37 (211) [16:59 21  09:59 (212)
20|06:11  |06:50 | 07:30 | 08:11 | 07:56 08:22 (211) | 08:29 09:38 (212)
|21:35  |20:52 | 19:52 | 18:52 |17:08 14 08:36(211) [17:00 22  10:00 (212)
21|06:13  |06:51 | 07:31 | 08:12 | 07:58 08:24 (211) | 08:29 09:38 (212)
|21:3¢  [20:50 | 19:50 | 18:50 |17:07 12 08:36(211) [17:00 22  10:00 (212)
22|06:14  |06:52 | 07:33 19:06 (216) | 08:14 | 07:59 08:25 (211) | 08:30 09:39 (212)
|21:33 20148 | 19:48 9 19:15(216) | 18:48 |17:06 10 08:35(211) [17:01 22  10:01 (212)
23|06:15  |06:54 | 07:34 19:03 (216) | 08:15 | 08:00 08:27 (211) | 08:30 09:39 (212)
|21:32 2046  [19:46 13 19:16 (216) | 18:46 | 17:05 8 08:35(211) [17:01 22 10:01 (212)
2406:16  |06:55 | 07:35 19:01 (216) | 08:17 | 08:02 08:28 (211) | 08:31 09:41 (212)
|21:31 2045  [19:44 16 19:17 (216) | 18:45 |17:04 6 08:34(211) [17:02 21  10:02 (212)
25|06:17 | 06:56 | 07:37 19:01 (216) | 08:18 | 08:03 08:30 (211) | 08:31 09:41 (212)
|21:30 2043 [19:42 15  19:16 (216) | 18:43 | 17:04 3 08:33(211) [17:02 21 10:02 (212)
2606:18  |06:57 | 07:38 18:59 (216) | 08:20 | 08:04 | 08:31 09:41 (212)
|21:29 2041  [19:40 15 19:14 (216) | 18:41 |17:03 [17:03 21 10:02 (212)
27|06:19  |06:59 | 07:39 18:58 (216) | 08:21 | 08:06 | 08:32 09:42 (212)
|21:28  [20:39  [19:38 13 19:11 (216) | 18:40 | 17:02 [17:04 20 10:02 (212)
28|06:21  |07:00  |07:41 18:59 (216) | 08:22 | 08:07 | 08:32 09:43 (212)
|21:26  [20:37  [19:36 11 19:10(216) | 18:38 | 17:02 |17:04 20 1003 (212)
29|06:22  |07:01  |07:42 18:58 (216) | 08:24 | 08:08 | 08:32 09:44 (212)
|21:25  |20:35  [19:3¢ 10  19:08 (216) | 18:36 | 17:01 |17:05 19 10:03 (212)
30/06:23  |07:03  |07:43 18:58 (216) | 08:25 | 08:10 | 08:32 09:45 (212)
|21:24  |20:33  [19:32 7 19:05(216) | 18:35 | 17:01 |17:06 17  10:02 (212)
31|06:24  |07:04 | | 08:27 | | 08:32 09:46 (212)
|21:23  [20:31 | | 18:33 | |17:07 16  10:02 (212)
Potential sun hours | 480 | 441 | 378 | 338 | 282 | 267
Total, worst case | | | 109 | Y4 | 360 | 443
Sun reduction | | | 0.69 | 0.52 | 043 | 043
Oper. time red. | | | 0.97 | 0.97 | 0.97 | 0.97
Wind dir. red. | | | 0.66 | 0.66 | 0.74 | 073
Total reduction | | | 0.44 | 0.34 | 0.31 | 0.31
Total, real | | | 48 | 2 | 112 | 136
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
H - H EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 26
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC e
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, " hergy
i or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street Ilablhty of EAPC fOlr af:tual damages, regardle5§ of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: ’
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR017 - SR017
Assumptions for shadow calculations unshine probability S (Average daily sunshine hours
Maximum distance for influence L0 iagz ge1b3 I;/lit‘s g\%ra %ago i 121 1J1u<|59 ﬁ)ugs 2%% ? 6o z‘%\lz 2?9
Minimum sun height over horizon for influence 3° : ’ : ’ . ' : ) ) : ’ '
Day step for calculation 1 days Operational time
Time step for calculation 1minuteS N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February |[March |April |May [June |[July |August October | |
| | | | | | | | | | | |
1]08:33  |08:12  |07:28  |07:27  |06:33 | 05:56 06:21 (214) | 05:56 06:22 (214) | 06:25  |07:05  |07:45  |07:28 | 08:11
|17:08  |17:49  |18:30  |20:14 | 20:56 |21:32 13 06:34(214) |21:45 21 06:43(214) [21:21  [20:30  [19:30  [17:32 | 17:00
2(08:33  |08:11  |07:26  |07:25 | 06:31 | 05:56 06:21 (214) | 05:56 06:22 (214) | 06:27  |07:07  |07:46  |07:30 | 08:12
[17:09  [17:50  [18:31  [20:15 | 20:56 |21:33 14 06:35(214) |21:45 21 06:43(214) [21:20  [20:28  [19:28  [17:30 | 17:00
3/08:32 |08:10 |07:24  |07:23 | 06:29 | 05:55 06:20 (214) | 05:57 06:23 (214) | 06:28  |07:08  |07:47  [07:31  [08:13
[17:10  [17:52  |18:33  |20:17 | 20:58 |21:38 15 06:35(214)|21:45 20 06:43(214) [21:19  [20:26  [19:26  [17:29 | 16:59
4]08:32 |08:09 [07:22 |07:22  |06:28 | 05:55 06:20 (214) | 05:57 06:23 (214) | 06:29  [07:09  |07:49  |07:33  |08:14
11711 |17:54  [18:34  |20:118 | 2059 |21:35 16 06:36(214) | 21:45 20 06:43(214) [21:17  [20:224  [19:224  [17:27 | 1659
5/08:32  |08:07 |07:20 |07:20 | 06:26 | 05:54 06:19 (214) | 05:58 06:24 (214) | 06:30  [07:11  |07:50  |07:34 | 08:16
[17:12  [17:55  |18:36  |20:19 | 21:00 |21:36 17 06:36(214) | 21:44 19 06:43(214) [21:16  |20:22  [19:22  [17:26 | 16:59
6(08:32  |08:068 [07:19  |07:18 | 06:25 | 05:54 06:19 (214) | 05:59 06:25(214) | 06:32 0712 |07:51  |07:36 | 08:17
[17:13  [17:57  [18:37  |20:21 | 21:02 |21:37 18 06:37 (214) | 21:44 18 06:43(214) |21:14  [20:220  [19:20  [17:24 | 16:58
7/08:32  |08:04 |07:17  |07:16 | 06:23 | 05:53 06:18 (214) | 06:00 06:25(214) | 06:33  [07:13  |07:53 | 07:37 | 08:18
[17:14  [17:58  |18:39  |20:22 | 21:03 |21:38 19 06:37 (214) | 21:44 17 06:42(214) [21:13  |20:18  |19:118  |17:23  |16:58
8/08:32  |08:03 |08:15 |07:14 | 06:22 | 05:53 06:18 (214) | 06:00 06:26 (214) | 06:3¢  |07:14  |07:54  |07:39 | 08:19
[17:16  [18:00  [18:40  |20:24  |21:04 |21:38 19 06:37 (214)|21:43 17 06:43(214) [21:11  [20:16  [19:116  [17:22 | 16:58
908:31  |08:02 |0813  [07:12  |06:20 | 05:53 06:18 (214) | 06:01 06:27 (214) | 06:36  |07:16  |07:56  |07:40 | 08:20
[17:17  |[18:00  [1942  [20:25 | 21:06 |21:39 20 06:38(214)|21:43 16 06:43(214) [21:10  [20:14  [19:114  [17:20  |16:58
10]08:31  |08:00  |08:11  |07:10  |06:19 | 05:52 06:18 (214) | 06:02 06:28 (214) | 06:37  |07:17  |07:57  |07:42 | 08:21
|17:18  |18:01  [19:43  |20:26 | 21:07 |21:40 21 06:39 (214) |21:42 14 06:42(214) |21:08  [20:112  [19:112  [17:19  |16:58
11]08:31  |07:59  |08:09  |07:08  |06:18 | 05:52 06:17 (214) | 06:03 06:29 (214) | 06:38  |07:18  |07:58  [07:43  |08:22
|17:19  [18:03  [19:45  |20:28  |21:08 |21:40 21 06:38 (214) |21:42 13 06:42(214)|21:07  [20:10  [19:10  [17:18  |16:58
1208:30  |07:57  |08:07  [07:06  |06:16 | 05:52 06:17 (214) | 06:04 06:29 (214) | 06:39  [07:20 | 08:00  |07:45 | 08:23
[17:20  [18:04  [19:46  [20:229  [21:10 |21:41 22 06:39 (214) | 21:41 12 06:41(214) |21:05  [20:08  [19:08  [17:17  |16:58
13]08:30  |07:56  |08:05 |07:04 | 06:15 | 05:52 06:17 (214) | 06:05 06:30 (214) | 06:41  [07:21 | 08:01  |07:46 | 08:23
|17:22  [18:06  [19:47  |20:30 | 21:11 |21:42 22 06:39(214) |21:41 11 06:41(214) [21:04  [20:06  [19:06 [17:15 | 16:58
1408:29  |07:54  |08:03  |07:02  |06:14 | 05:51 06:17 (214) | 06:06 06:31 (214) | 06:42  [07:22 | 08:02  |07:48 | 08:24
|17:23  |18:07  |19:49  [20:32  |21:12 |21:42 22 06:39 (214) | 21:40 9  06:40 (214)|21:02  [20:04  [19:05 [17:14 | 16:58
15|08:28  |07:52  [08:01  [07:00 |06:12 | 05:51 06:17 (214) | 06:06 06:32 (214) | 06:43  [07:24  [08:04  |07:49  |08:25
[17:24  |18:09  [19:50  [20:33 | 21:13 |21:43 23 06:40 (214) | 21:39 7 06:39 (214) [21:00  [20:02  [19:03  [17:13 | 16:58
16]08:28  |07:51  |07:59  |06:59 | 06:11 | 05:51 06:17 (214) | 06:07 06:33 (214) | 06:45  |07:25 | 08:05  |07:51 | 08:26
|17:26  |18:10  [19:52  |20:34 | 21:15 |21:43 23 06:40 (214) | 21:38 4 06:37(214)|20:59  |20:00  [19:01  [17:12 | 16:58
17108:27  |07:49  |07:57  |06:57 | 06:10 | 05:51 06:17 (214) | 06:08 |06:46  |07:26  |08:07  |07:52 | 08:27
[17:27  [18:12  [19:53  [20:36 | 21:16 |21:44 23 06:40 (214) | 21:38 |20:57  |19:58  [18:57  [17:11 | 16:59
1808:26  |07:47  |07:55  |06:55  |06:09 | 05:51 06:17 (214) | 06:09 |06:47  |07:27  |08:08  |07:53 | 08:27
[17:28  [18:13  [19:54  |20:37 [ 21:17 |21:44 23 06:40 (214) | 21:37 |20:55  |19:56  [18:55  |17:10 | 16:59
19]08:26  |07:46  |07:53  |06:53  |06:08 | 05:51 06:17 (214) | 06:11 |06:48  |07:29  |08:09  |07:55 | 08:28
[17:30  |18:15  |19:56  [20:39 | 21:18 |21:44 23 06:40 (214) | 21:36 |20:53  |19:54  [18:54  [17:09 | 16:59
20|08:25  |07:44  |07:51  |06:51 | 06:07 | 05:52 06:17 (214) | 06:12 |06:50 |07:30  |08:11  |07:56 | 08:29
[17:31 1817  [19:57  [20:40 | 21:19 |21:45 24 06:41(214) | 21:35 |20:52  |19:52  [18:52  [17:08 | 17:00
21|08:24  |0742  |07:49  |06:49 | 06:06 | 05:52 06:18 (214) | 06:13 |06:51  |07:31  |08:12  [07:58 | 08:29
[17:33  [18:18  [19:59  |20:41  |21:21 |21:45 24 06:42 (214) | 21:34 |20:50  [19:50  [18:50  [17:07 | 17:00
22|08:23  |0741  |07:47  |06:48 | 06:05 | 05:52 06:18 (214) | 06:14 |06:52  |07:33  |08:14  |07:59 | 08:30
117:3¢ 1820  [20:00  |20:43  |21:22 |21:45 24 06:42(214) | 21:33 |20:48  [19:48  [18:48  [17:06  |17:01
23|08:22  |07:39  |07:45 | 06:46 | 06:04 | 05:52 06:18 (214) | 06:15 |06:54  [07:34  |08:15 | 08:00 | 08:30
117:35  [1821  [20:01  |20:44  |21:23 |21:45 23 06:41(214) | 21:32 |20:46  |19:46  |18:47  [17:05 | 17:01
24|08:21  |07:37  |07:43  |06:44  |06:03 | 05:53 06:18 (214) | 06:16 |06:55 |07:35  |08:17  [08:02 | 08:31
|17:37  [18:23  [20:03  |20:45  [21:24 |21:45 23 06:41(214) | 21:31 |20:45  |19:44  [18:45  |17:05 | 17:02
25|08:20 [07:35  |07:41  |06:42 | 06:02 | 05:53 06:19 (214) | 06:17 |06:56  |07:37  |08:18  |08:03 | 08:31
|17:38 1824  [20:04  |20:47  |21:25 |21:46 23 06:42(214) | 21:30 |20:43  |19:42  [18:43  [17:04  |17:02
26|08:19  |07:33  |07:39  |06:41 | 06:01 | 05:53 06:19 (214) | 06:18 |06:58  |07:38  [08:20  |08:04 | 08:31
|17:40  [18:226  [20:06  |20:48  |21:26 |21:46 23 06:42(214) | 21:29 |20:41  |19:40  [18:41  [17:03  |17:03
27|08:18  |07:32  |07:37  |06:39 | 06:00 06:24 (214) | 05:54 06:20 (214) | 06:19 |06:59  [07:39  [08:21  |08:06 | 08:32
|17:41  |18:27  |2007  [20:50  |21:27 3 06:27 (214) [21:46 23  06:43 (214) | 21:28 |20:39  [19:38  [1840  [17:02  [17:04
28(08:17  |07:30  |07:35  |06:37 | 05:59 06:24 (214) | 05:54 06:20 (214) | 06:21 |07:00 |07:41  |08:23  |08:07  |08:32
|17:43  |1829  |20:08  |20:51  |21:28 6 06:30(214) |21:46 23  06:43 (214) | 21:26 |20:37  [19:36  [18:38  [17:02 | 17:05
29 |08:16 | |07:33 | 06:36 | 05:58 06:23 (214) | 05:55 06:20 (214) | 06:22 |07:01  |07:42  |08:24  |08:08  |08:32
|17:44 | 12010 |20:52 | 21:29 8 06:31(214) |21:46 22 06:42(214) [ 21:25 |20:35  [19:34  [18:37  [17:01  [17:05
30(08:15 | |07:31  |06:3¢ | 05:58 06:22 (214) | 05:55 06:21 (214) | 06:23 |07:03  |07:43  |08:25  |08:10  |08:32
|17:46 | [20:11  [20:54  [21:30 10 06:32(214) [21:46 22  06:43 (214) | 21:24 |20:33  [19:32  [18:35  [17:01  [17:06
31)|08:114 | |07:29 | | 05:57 06:22 (214) | | 06:24 |07:04 | |0827 | | 08:32
117:47 | |20:12 | |21:31 11 06:33 (214) | |21:23 |20:32 | 11833 | | 17:07
Potential sunhours | 279 | 288 | 368 | 407 | 466 | 474 | 480 | 441 | 378 | 338 | 282 | 267
Total, worst case | | | | | 38 | 628 | 239 | | | | |
Sun reduction | | | | | 0.68 | 0.71 | 0.76 | | | | |
Oper. time red. | | | | | 0.97 | 0.97 | 0.97 | | | | |
Wind dir. red. | | | | | 0.56 | 0.56 | 0.56 | | | | |
Total reduction | | | | | 0.37 | 0.39 | 0.41 | | | | |
Total, real | | | | | 14 | 243 | 99 | | | | |
ITable layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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[Project:

Minnesota Power - BISON Wind Energy Center

Minnesota Power

Frank Frederickson

30 West Superior Street
Duluth, MN 55802-2093

'SHADOW - Calendar

BISON 2 Shadow Flicker (with existing

Description:

EAPC does not warrant, guarantee, or make any such
representations regarding the contents of this report. EAPC
cannot be held liable for erroneous results caused by errors
or omissions in the delivered data, or inaccuracy, limitations,
or malfunctioning of models or software used. For any claim
whatsoever related to the subject matter of this report, the
liability of EAPC for actual damages, regardless of the form
of action, shall be limited to the total amount paid to EAPC
for the services provided as part of this consultancy service.

_’

Printed/Page

6/21/2011 8:44 AM / 27
Licensed user:

EAPC Wind Energy
3100 DeMers Avenue
US-GRAND FORKS, ND 58201
+1701 775 3000
wind@eapc.net

Calculated:

Assumptions for shadow calculations ty
: : : Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Maximum distance for influence 1,500 m 492 513 7.45 803 1020 1121 1169 10.35 8.68 569 4.02 3.69
Minimum sun height over horizon for influence 3* ’ ' ’ ’ ’ ’ ’ ' ’ ' ' '
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February |March |April |May |[June [July |August  |SeptembeqOctober [November |December
I I I I I I | I I I I
108:32 09:08 (218) | 08:12 09:03 (218) | 07:28 | 07:27 | 06:33 | 05:56 | 05:56 | 06:26 | 07:05 | 07:45 | 07:28 08:40 (218) | 08:11 08:45 (218)
| 17:08 11 09:19 (218) | 17:49 41 09:44 (218) | 18:30 | 20:14 | 20:55 |21:32 | 21:45 |21:21 | 20:30 | 19:30 | 17:32 26 09:06 (218) | 17:00 30 09:15 (218)
208:32 09:07 (218) | 08:11 :03 (218) | O | 07:25 | 06:31 | 05:56 | 05:56 | 06:27 | 07:07 | 07:46 | 07:30 08:39 (218) | 08:12 08:46 (218)
| 17:09 14 09:21 (218) | 17:50 40  09:43 (218) | 1 | 20:18 | 20:56 |21:33 | 21:45 | 21:20 | 20:28 | 19:28 | 17:30 29 09:08 (218) | 17:00 28 09:14 (218)
308:32 09:07 (218) | 08:10 09:04 (218) | 0 | 07:23 | 06:29 | 05:55 | 05:57 | 06:28 | 07:08 | 07:47 | 07:31 08:38 (218) | 08:13 08:47 (218)
| 17:10 16 09:23 (218) | 17:52 39 09:43(218) |1 | 20:17 | 20:58 121:34 | 21:45 |21:19 | 20:26 | 19:26 | 17:29 32  09:10(218) | 16:59 26 09:13 (218)
408:32 09:05 (218) | 08:09 09:05 (218) | 07:22 | 07:22 | 06:28 | 05:55 | 05:57 | 06:29 | 07:09 | 07:49 | 07:33 08:37 (218) | 08:14 08:48 (218)
| 17:11 18  09:23 (218) | 17:54 38 09:43 (218) | 18:34 | 20:18 | 20:59 |21:35 | 21:45 | 21:17 | 20:24 | 19:24 | 17:27 33 09:10(218) | 16:59 25 09:13 (218)
508:32 09:05 (218) | 08:07 09:05 (218) | 07:20 | 07:20 | 06:26 | 05:54 | 05:58 | 06:30 | 07:11 | 07:50 | 07:34 08:36 (218) | 08:15 08:50 (218)
|17:12 20  09:25 (218) | 17:55 37 09:42(218) | 18:36 | 20:19 | 21:00 | 21:36 | 21:44 | 21:16 | 20:22 | 19:22 | 17:26 36 09:12(218) | 16:59 23 09:13(218)
608:32 09:05 (218) | 08:06 09:07 (218) | 07:19 | 07:18 | 06:25 | 05:54 | 05:59 | 06:32 | 07:12 | 07:51 | 07:36 08:35 (218) | 08:17 08:51 (218)
[17:13 21 09:26 (218) | 17:57 35 (218) | 18:37 | 20:21 |21:02 |21:37 | 21:44 |21:14 | 20:20 | 19:20 | 17:25 37  09:12(218) | 16:59 22 09:13 (218)
7 08:32 09:04 (218) | 08:04 09:07 (218) | 07:17 | 07:16 | 06:23 | 05:53 | 06:00 | 06:33 | 07:13 | 07:53 | 07:37 08:35 (218) | 08:18 08:52 (218)
[ 17:14 23 09:27 (218) | 17:58 34 09:41(218) | 18:39 | 20:22 |21:03 |21:37 | 21:44 | 21:13 | 20:18 | 19:18 | 17:23 38 09:13 (218) | 16:58 20 09:12(218)
8 08:32 09:04 (218) | 08:03 09:09 (218) | 08:15 | 07:14 | 06:22 | 05:53 | 06:00 | 06:34 | 07:14 | 07:54 | 07:39 08:34 (218) | 08:19 08:53 (218)
|17:16 25 09:29 (218) | 18:00 31 09:40 (218) | 18:40 | 20:24 | 21:04 | 21:38 | 21:43 | 21:11 | 20:16 | 19:16 |17:22 39 09:13(218) | 16:58 18  09:11(218)
9| 08:31 09:04 (218) | 08:02 09:09 (218) | 08:13 | 07:12 | 06:20 | 05:53 | 06:01 | 06:36 | 07:16 | 07:56 | 07:40 08:34 (218) | 08:20 08:55 (218)
| 17:17 26 09:30 (218) | 18:00 29 | 20:25 | 21:06 | 21:39 | 21:43 | 21:10 |20:14 | 19:14 09:14 (218) | 16:58 16 09:11(218)
10 | 08:31 09:03 (218) | 08:00 | 07:10 | 06:19 | 05:52 | 06:02 | 06:37 1 07:17 | 07:57 08:34 (218) | 08:21 08:56 (218)
|17:18 28 09:31(218) | 18:01 25 | 20:26 | 21:07 | 21:40 | 21:42 | 21:08 | 20:12 | 19:12 09:15 (218) | 16:58 14 09:10 (218)
11108:31 09:03 (218) | 07:59 | 07:08 | 06:18 | 05:52 | 06:03 | 06:38 | 07:18 | 07:58 08:33 (218) | 08:22 08:58 (218)
1 17:19 29 09:32 (218) | 18:03 22 | 20:28 | 21:08 | 21:40 | 21:42 | 21:07 | 20:10 | 19:10 09:15 (218) | 16:58 12 09:10 (218)
12| 08:30 09:02 (218) | 07:57 | 07:06 | 06:16 | 05:52 | 06:04 | 06:39 | 07:20 | 08:00 08:34 (218) | 08:23 08:59 (218)
| 17:20 31 09:33 (218) | 18:04 17 | 20:29 | 21:10 | 21:41 | 21:41 | 21:05 | 20:08 | 19:08 09:16 (218) | 16:58 10 09:09 (218)
13| 08:30 09:03 (218) | 07:55 | 07:04 | 06:15 | 05:52 | 06:05 | 06:41 | 07:21 | 08:01 08:33 (218) | 08:23 09:02 (218)
| 17:22 32 09:35(218) | 18:06 8  09:28 (218) | 19:47 | 20:30 | 21:11 | 21:42 | 21:40 | 21:04 | 20:06 | 19:06 09:15 (218) | 16:58 6 09:08 (218)
14| 08:29 09:02 (218) | 07:54 | 08:03 | 07:02 | 06:14 | 05:52 | 06:06 | 06:42 | 07:22 | 08:02 08:34 (218) | 08:24
| 17:23 33 09:35 (218) | 18:07 | 19:49 | 20:32 | 21:12 | 21:42 | 21:40 | 21:02 | 20:04 | 19:05 09:16 (218) | 16:58
15| 08:28 09:01 (218) | 07:52 | 08:01 | 07:00 | 06:13 | 05:51 | 08:07 | 06:43 | 07:24 | 08:04 08:35 (218) | 08:25
| 17:24 35 09:36 (218) | 18:09 | 19:50 | 20:33 |21:13 | 21:43 | 21:39 | 21:00 | 20:02 | 19:03 09:17 (218) | 16:58
16 | 08:28 09:02 (218) | 07:51 | 07:59 | 06:59 | 06:11 | 05:51 | 06:08 | 06:45 | 07:25 | 08:05 08:34 (218) | 08:26
| 17:26 35 09:37 (218) | 18:10 | 19:52 | 20:34 |21:15 |21:43 | 21:38 | 20:59 | 20:00 | 19:01 09:16 (218) | 16:58
17 | 08:27 09:02 (218) | 07:49 | 07:57 | 06:57 | 06:10 | 05:51 | 06:09 | 06:46 | 07:26 | 08:07 08:35 (218) | 08:27
| 17:27 36 09:38 (218) | 18:12 | 19:53 | 20:36 |21:16 | 21:44 | 21:38 | 20:57 | 19:58 | 18:57 09:17 (218) | 16:59
18| 08:26 09:01 (218) | 07:47 | 07:55 | 06:55 | 06:09 | 05:51 | 06:10 | 06:47 | 07:27 | 08:08 08:35 (218) | 08:27
| 17:28 38 09:39 (218) | 18:14 | 19:54 | 20:37 121:17 | 21:44 | 21:37 | 20:55 | 19:56 | 18:55 09:16 (218) | 16:59
19 | 08:26 09:01 (218) | 07:46 | 07:53 | 06:53 | 06:08 | 05:52 | 06:11 | 06:48 | 07:29 | 08:09 08:36 (218) | 08:28
| 17:30 38  09:39 (218) | 18:15 | 19:56 | 20:39 |21:18 | 21:44 | 21:36 | 20:53 | 19:54 | 18:54 09:17 (218) | 16:59
20|08:25 09:01 (218) | 07:44 | 07:51 | 06:51 | 06:07 | 05:52 | 06:12 | 06:50 | 07:30 | 08:11 08:36 (218) | 08:29
| 17:31 39  09:40 (218) | 18:17 | 19:57 | 20:40 |21:19 | 21:45 | 21:35 | 20:52 | 19:52 | 18:52 09:16 (218) | 17:00
21| 08:24 09:01 (218) | 07:42 | 07:49 ' | 06:06 | 05:52 | 06:13 | 06:51 | 07:31 | 08:12 08:37 (218) | 08:29
| 17:33 40  09:41 (218) | 18:18 | 19:59 121:21 | 21:45 | 21:34 | 20:50 | 19:50 | 18:50 09:17 (218) | 17:00
22]08:23 09:01 (218) | 07:41 | 07:47 | 06:05 | 05:52 | 06:14 | 06:52 | 07:33 | 08:14 08:37 (218) | 08:30
| 17:34 40  09:41 (218) | 18:20 | 20:00 | 21:22 | 21:45 | 21:33 | 20:48 | 19:48 | 18:48 09:16 (218) | 17:01
23| 08:22 09:01 (218) | 07:39 | 07:45 | 06:04 | 05:52 | 06:15 | 06:54 | 07:34 | 08:15 08:38 (218) | 08:30
| 17:35 41 09:42 (218) | 18:21 | 20:01 |21:23 | 21:45 | 21:32 | 20:46 | 19:46 | 18:47 09:16 (218) | 17:01
24| 08:21 09:01 (218) | 07:37 | 07:43 | 06:03 | 05:53 | 06:16 | 06:55 | 07:35 | 08:17 08:38 (218) | 08:31
| 17:37 41 09:42 (218) | 18:23 | 20:03 | 21:24 | 21:45 | 21:31 | 20:45 | 19:44 | 18:45 09:16 (218) | 17:02
2508:20 09:01 (218) | 07:35 | 07:41 | 06:02 | 05:53 | 06:17 | 06:56 | 07:37 | 08:18 08:40 (218) | 08:31
| 17:38 42 09:43 (218) | 18:24 | 20:04 | 21:25 | 21:46 | 21:30 | 20:43 | 19:42 | 18:43 09:16 (218) | 17:02
26 | 08:19 09:01 (218) | 07:33 | 07:39 | 06:01 | 05:53 | 06:18 | 06:58 | 07:38 | 08:20 08:40 (218) | 08:31
| 17:40 42 09:43 (218) | 18:26 | 20:06 |21:26 | 21:46 | 21:29 | 20:41 | 19:40 | 18:41 09:16 (218) | 17:03
27| 08:18 09:02 (218) | 07:32 | 07:37 | 06:00 | 05:54 | 06:19 | 06:59 | 07:39 | 08:21 08:41 (218) | 08:32
| 17:41 42 09:44 (218) | 18:27 | 20:07 | 21:27 | 21:46 | 21:28 | 20:39 | 19:38 | 18:40 09:15 (218) | 17:04
28 | 08:17 09:02 (218) | 07:30 |07:35 |05:59  |05:54  |[06:21  [07:00 [07:41 | 08:23 08:42 (218) | 08:32
| 17:43 42 09:44 (218) | 18:29 | 20:08 | 21:28 | 21:46 | 21:26 | 20:37 | 19:36 | 18:38 09:15 (218) | 17:05
29| 08:16 09:01 (218) | 1 07:33 105:58 | 05:55 | 06:22 | 07:01 |07:42 | 08:24 09:48 (218) | 08: 08:43 (218) | 08:32
| 17:44 42 09:43 (218) | | 20:10 | 21:29 | 21:46 | 21:25 | 20:35 | 19:34 | 18:37 11 09:59 (218) | 17:01 32 09:15(218) | 17:05
30 | 08:15 09:02 (218) | |07:31 10558 | 0555 | 06:23 | 07:03 |07:43 | 08:25 09:44 (218) | 08:10 08:43 (218) | 08:32 09:10 (218)
| 17:46 42 09:44 (218) | 20:11 | 21:30 | 21:46 | 21:24 | 20:33 | 19:32 | 18:35 18  10:02 (218) | 17:01 31 09:14 (218) | 17:06 5 09:15(218)
31]08:14 09:03 (218) | | 07:29 |05:557 | |06:24  |07:04 | | 08:27 09:42 (218) | | 08:32 09:09 (218)
| 17:47 41 09:44 (218) | | 20:12 121:31 | |21:23  |20:32 | 118:33 23 10:05(218) | | 17:07 8 09:17 (218)
Potential sun hours | 279 | 288 | 368 | 466 | 474 | 480 | 441 | 378 | 338 | 282 | 267
Total, worst case | 1003 | 396 | | | | | | | 52 | 1124 | 263
Sun reduction | 0.55 | 0.50 | | | | | | | 0.52 | 0.43 | 0.43
Oper. time red. | 0.97 | 0.97 | | | | | | | 0.97 | 0.97 | 0.97
Wind dir. red. | 0.75 | 0.75 | | | | | | | 0.75 | 0.75 | 0.75
Total reduction | 0.40 | 0.36 | | | | | | | 0.38 | 0.31 | 0.31
Total, real | 398 | 144 | | | | | | | 20 | 349 | 82
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
Minnesota Power - BISON Wind Energy Center EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 28
representations regarding the contents of this report. EAPC Licensed user:
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n hergy
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superior Street liability of EAPC fon_' actual damages, regardless of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated ’
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR019 - SR019
Assumptions for shadow calculations unshine probability S (Average daily sunshine hours
’ . : Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
e LE0 D 492 513 7.45 803 1020 1121 11.69 10.35 8.68 5.69 4.02 3.69
Minimum sun height over horizon for influence 3° ’ ’ ’ ' ’ ’ ’ ’ ’ ’ ’ '
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February |March |April |May |June [July |August  |September |October |November|December
| | | | | | | | | | |
1]08:33  [08:13  [07:28 |07:28 19:22 (226) [06:33  |05:56  |05:56  |06:26 | 07:05 |07:45  [07:29 | 08:11
|17:08  |[17:49  [18:30 |20:14 24 19:46 (226) [20:55  [21:32  |21:46  [21:221  [20:30 [19:30  [17:32 [ 17:00
208:33  |08:11  |07:26 | 07:26 19:22 (226) |06:31  |05:56 | 05:56 | 06:27 | 07:07 |07:46  |07:30 | 08:12
[17:00 1751 [18:32 [20:15 24 19:46 (226) |20:56  [21:33  [21:45  [21:20  |20:28 |19:28  [17:30 | 17:00
3]08:33  |08:10 | 07:24 | 07:24 19:22 (226) [06:29  |05:55 | 05:57  |06:28 | 07:08 |07:47  |07:31 | 08:13
|17:10  [1752  [18:33 [20:17 23 19:45(226) [20:58  [21:34  [21:45  [21:19  |20:26 |19:26  [17:29 | 17:00
4/08:33  |08:09 |07:22 |07:22 19:23 (226) |06:28  [05:55  [05:58  |06:229  |07:09 19:26 (226) | 07:49  |07:33 | 08:14
[17:11  [17:54  |18:35 [20:118 21 19:44 (226) [20:59  [21:35  [21:45  [21:47  |20:24 6 19:32(226) 1924  [17:27 | 16:59
5|08:32  |08:07  |07:21 | 07:20 19:23 (226) [06:26  |05:54 | 05:58 | 06:31 | 07:11 19:22 (226) [07:50  |07:34 | 08:16
[17:42  |17:55  [18:36 20:19 20 19:43(226) [21:00  |21:36  |21:45  [21:16  [20:22 13 19:35(226) [19:22  [17:26 | 16:59
608:32  |08:06 | 07:19 |07:18 19:24 (226) [06:25  |05:54  |05:59  |06:32 | 07:12 19:20 (226) [07:52  |07:36 | 08:17
|17:13  [17:57 | 18:37 [20:21 17 19:41(226)|21:02  [21:37  [21:44  [21:45  [2020 17 19:37 (226) [19:20  [17:25 | 16:59
7]08:32  |08:05  |07:17 |07:16 19:26 (226) [06:23  [05:53  |06:00  |06:33 | 07:13 19:18 (226) |07:53 | 07:37 | 08:18
[17:14  |17:58  |18:39 |20:22 13 19:39 (226) [21:03  [21:38  |21:44  [21:13  [20:118 20 19:38(226) [19:18  [17:23 | 16:58
8]08:32  |08:03  |08:15 |07:14 19:29 (226) |06:22  |05:53  |06:00 | 06:3¢ | 07:15 19:17 (226) |07:54  |07:39 | 08:19
[17:16  [18:00  |18:40 | 20:24 6 19:35(226) [21:04  |21:38  [21:43  |21:112  [20:16 21 19:38(226) |19:16  |17:22 | 16:58
9]08:31  |08:02  |08:13 | 07:12 |06:21  |05:53  |[06:01  [06:36  |07:16 19:15 (226) |07:56 | 07:40 | 08:20
|17:17  |18:00  [19:42 | 20:25 |21:06  [21:39  [21:43  [21:10  [20:14 23 19:38(226) [19:14  [17:21 | 16:58
10]08:31  [08:00  |08:11 | 07:10 |06:19  [05:52  [06:02  [06:37  [07:17 19:15 (226) | 07:57  |07:42 | 08:21
|17:18  [18:01  [19:43 | 20:26 |21:07  |21:40  [21:42  [21:08  [20112 24 19:39(226) [19:12  [17:19 [ 16:58
11]08:31  |07:59 | 08:09 | 07:08 |06:18  [05:52 | 06:03  [06:38  |07:18 19:14 (226) | 07:58 | 07:43 | 08:22
|17:19  |18:03  [1945 | 20:28 |21:08  |21:40  |21:42  [21:07  [20:10 25 19:39(226) [19:10  [17:18 | 16:58
12/08:30  |07:57  |08:07 | 07:06 |06:16  [05:52  |06:04  [06:39  |07:20 19:14 (226) |08:00  |07:45  |08:23
|17:20  [18:04 | 19:46 | 20:29 [21:10  |21:41  [21:41  |21:05  |20:08 24 19:38(226) [19:08  [17:17 | 16:58
13|08:30  |07:56 | 08:05 | 07:04 |06:15  |05:52  [06:05  [06:41 | 07:21 19:13 (226) |08:01  [07:46 | 08:24
[17:22  [18:06 | 19:47 | 20:30 [21:41  |21:42  |21:41  [21:04  |20:06 24 19:37 (226) [19:07  [17:16 | 16:58
14|08:29  |07:54 | 08:03 | 07:02 |06:14  |05:52  [06:06  |06:42 | 07:22 19:14 (226) [08:03  |07:48 | 08:24
|17:23  |[18:08 | 19:49 | 20:32 [21112  |21:42  [21:40  [21:02  [20:04 23 19:37 (226) [19:05  [17:14 [ 16:58
15|08:29  |07:52 | 08:01 | 07:01 |06:13  |05:52 | 06:07  |06:43 | 07:24 19:14 (226) |08:04  |07:49 | 08:25
[17:24  [18:09  [19:50 |20:33 [21:13  |21:43  [21:39  [21:00  [20:02 22 19:36(226) [19:03  [17:13 | 16:58
16/08:28  [07:51  |07:59 | 06:59 [06:11  [05:51  [06:08  |06:45  |07:25 19:14 (226) |08:05  |07:51 | 08:26
[17:26  [18:11  |19:52 | 20:35 |21:45  |21:43  |21:38  [20:59  [20:00 20 19:34 (226) [19:01  [17:12 | 16:50
17/08:27  |0749  |07:57 | 06:57 |06:10  |05:51 | 06:09  |06:46 | 07:26 19:14 (226) |08:07  |07:52 | 08:27
[17:27  [18:12  |19:53 | 20:36 |2116 2144  [21:38  [20:57  [19:58 18 19:32(226) [18:57  [17:11 | 16:59
18|08:27  |07:47  |07:55 | 06:55 |06:09  |05:52  [06:10  |06:47  |07:28 19:16 (226) | 08:08 | 07:53 | 08:27
|17:28  [18:14  [19:55 | 20:37 |21:17  |21:44  |21:37  |20:55  [19:56 14 19:30 (226) | 18:55  [17:10 | 16:59
19(08:26  |07:46  |07:53 | 06:53 |06:08  [05:52  [06:11  [06:49  |07:29 19:18 (226) [08:10  [07:55  |08:28
|17:30  [18:45  [19:56 | 20:39 |21:118  |21:44  [21:36  [20:54  [19:54 10 19:28(226) [18:54  [17:09 | 16:59
20(08:25  |07:44 | 0751 | 06:51 |06:07  |05:52  |06:12  |06:50 | 07:30 |08:11  |07:56 | 08:29
|17:31 1817|1957 | 20:40 |21:220  |21:45 |21:35  |2052  |19:52 |18:52  [17:08 | 17:00
21|08:24  |07:42 | 07:49 | 06:50 |06:06  |05:52 | 06:13  |06:51 | 07:31 |08:12  |07:58 | 08:29
[17:33  |[18:18 [ 19:59 | 20:41 |21:21  [21:45  |21:3¢  [20:50  [19:50 [18:50  [17:07 | 17:00
22(08:23  [07:41  |07:47 | 06:48 |06:05 [05:52  |06:14  |06:52 | 07:33 [08:14  [07:59 | 08:30
|17:38 1820  |20:00 | 20:43 |21:22  [21:45  [21:33  [2048  |19:48 |18:48  [17:086 | 17:01
23|08:22 |07:39 | 0745 | 06:46 |06:04  [05:52  |06:15  |06:54  |07:34 |08:15  |[08:00 | 08:30
|17:36 1821  |20:02 | 20:44 |21:23  |21:45  |21:32  [2046 | 19:46 |18:47  [17:06 | 17:01
24|08:21  |07:37 | 07:43 19:32 (226) | 06:44 |06:03  |05:53  |06:16  [06:55  |07:35 |08:17  |08:02 | 08:31
|17:37  [1823  |20:03 8  19:40 (226) | 20:46 |21:24  [21:46  [21:31  |2045 | 19:44 |18:45  [17:05 | 17:02
25| 08:20 | 07:35 | 07:41 19:28 (226) | 06:43 | 06:02 | 05:53 | 06:17 | 06:56 | 07:37 | 08:18 | 08:03 | 08:31
[17:38  [18:24  [20:04 14 19:42 (226) | 20:47 |21:25  |21:46  |21:30  |2043 | 19:42 |18:43  [17.04 | 17:03
260819  |07:34 | 07:39 19:26 (226) | 06:41 |06:01  |05:53  |06:18  |06:58  |07:38 |08:20  |08:05 | 08:31
|17:40  |18:226  |20:06 17 19:43 (226) | 20:48 |21:26  |21:46  [21:20  [20:41 | 19:40 |18:42  [17:03 | 17:03
2708:18  |07:32 | 07:37 19:25 (226) | 06:39 |06:00 |05:54  |06:20  |06:59  |07:39 |08:21  |08:06  |08:32
|17:41  |18:27  |20:07 19  19:44 (226) | 20:50 |21:27  |21:46  |21:228  [20:39  |19:38 |18:40  [17:03  |17:04
2808:17  |07:30 | 07:35 19:24 (226) | 06:38 |05:59  |05:54  [06:21  [07:00  |07:41 |08:23  |08:07  |08:32
[17:43 1829  [20:08 22  19:46 (226) | 20:51 [21:28  [21:46  [21:27  [2037  [19:36 |18:38  [17:02  [17:05
2908:16 | |07:33 19:23 (226) | 06:36 |05:59  |05:55  |06:22  |07:02 | 07:42 |08:24  |08:08  |08:32
|17:44 | |20:10 23 19:46 (226) | 20:52 [21:30  |21:46  |21:25  |20:35  |19:34 |18:37  [17:01  |17:05
3008:15 | | 07:31 19:22 (226) | 06:34 |05:58  |05:55  |06:23  |07:03  |07:43 |08:26  |08:10 | 08:32
|17:46 | |20:11 24 19:46 (226) | 20:54 [21:31 2146 [21:224  |20:3¢  [19:32 |18:35  [17:01  [17:06
3108:14 | | 07:29 19:21 (226) | |05:57 | |06:24  |07:04 | |08:27 | | 08:32
|17:48 | |20113 25 19:46 (226) | [21:31 | [21:23 (2082 | |18:3¢4 | | 17:07
Potentialsunhours | 279 | 288 | 368 | 407 | 466 | 474 | 480 | 441 | 378 | 338 | 282 | 267
Total, worst case | | | 152 | 148 | | | | | 304 | | |
Sun reduction | | | 0.63 | 0.59 | | | | | 0.69 | | |
Oper. time red. | | | 0.97 | 0.97 | | | | | 0.97 | | |
Wind dir. red. | | | 0.69 | 0.69 | | | | | 0.69 | | |
Total reduction | | | 0.42 | 0.39 | | | | | 0.46 | | |
Total, real | | | 63 | 58 | | | | | 139 | | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
2 - o EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 29
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC Uicensedi ueer:
cannot be held liable for erroneous results caused by errors EAPC W dE
Minnesota Power or omissions in the delivered data, or inaccuracy, limitations, n hergy
. or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
i liability of EAPC for actual damages, regardless of the form +1 701 775 3000
30 West SuPenor Street of action, shall be limited to the total amount paid to EAPC wind@eapc.net
DUlUth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: .

'SHADOW - Calendar

Assumptions for shadow calculations s tx = < e e O Nar B
: : ; Jan Feb Mar Apr ay un ul ug ep Oct Nov Dec

Maximum distance for influence 1,500 m

Minimum sun height over horizon for influence 30 492 513 7.45 8.03 10.20 11.21 11.69 10.35 8.68 5.69 4.02 3.69

Day step for calculation 1 days Operational time

Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve

|January |February |March |April |May [June [July |August  |S {October | | b
| | | | | | | | | | | |
108:33 | 08:13 | 07:28 | 07:28 | 06:33 | 05:57 | 05:56 | 06:26 | 07:08 | 07:45 | 07:29 | 08:11
| 17:08 | 17:49 | 18:30 |20:14 | 20:55 |121:33 | 21:46 |21:22 | 20:30 | 19:30 | 17:32 117:01
2]08:33 |08:12 |07:26  |07:26  |06:31  |05:56  |05:56  |06:27  |07.07 |07:46  |07:30 | 08:12
117:09  |17:51  |18:32  [20:16  |20:57  |21:34 2146  [21:220  |20:228  [19:228  [17:31 | 17:00
3/08:33  |08:10  |07:25  |07:24 | 06:30  |05:55  |05:57  |06:28  |07:08  |07:48  |07:32 | 08:14
|17:10  |17:52  [18:33  |20:17  |20:58  |21:3  [21:45  |21:19  |20:26  |19:26  [17:29 | 17:00
4]08:33 | 08:09 | 07:23 | 07:22 | 06:28 | 05:55 | 05:58 | 06:30 | 07:10 | 07:49 | 07:33 | 08:15
| 17:11 | 17:54 | 18:35 |20:18 | 20:59 121:35 | 21:45 |21:18 | 20:24 | 19:24 |17:28 | 16:59
5/08:33 |0808 |07:21  |07:20  |06:27  |05:54  |0558  |06:31  |07:41  |07:50  |07:35  |08:16
| 17:12 | 17:55 | 18:36 | 20:20 | 21:01 |21:36 | 21:45 |121:16 | 20:22 |1 19:22 |17:26 | 16:59
6 | 08:32 | 08:06 | 07:19 |07:18 | 06:25 | 05:54 | 05:59 | 06:32 | 07:12 |07:52 | 07:36 | 08:17
|17:14  |17:57  [18:38  [20:21  |21:02  [21:37  [21:44  [21:15  [2020 [19:20  |17:25 | 16:59
7| 08:32 | 08:05 |07:17 |07:16 | 06:24 | 05:54 | 06:00 | 06:33 | 07:13 | 07:53 | 07:38 | 08:18
| 17:15 | 17:58 | 18:39 | 20:22 | 21:03 |21:38 | 21:44 |21:13 |20:18 | 19:18 117:23 | 16:59
8 | 08:32 | 08:03 | 08:15 | 07:14 | 06:22 | 05:53 | 06:01 | 06:35 | 07:15 | 07:54 | 07:39 | 08:19
|17:16  |18:00  |18:41  |20:24  |21:05  |21:39  |21:44  |21:12  |20:16  |19:16  |17:22 | 16:58
9(08:32  |08:02 |08:13 |07:12  |06:21  |05:53  |06:01  |06:36  |07:16  |07:56  |07:41 | 08:20
1 17:17 | 18:00 | 19:42 | 20:25 | 21:06 |21:39 |21:43 [21:10 | 20:14 | 19:14 117:21 | 16:58
10/08:31  |08:00 |08:11  |07:10  |06:19  |05:53  |06:02  |06:37  |07:17  |07:57  |07:42 | 08:21
[17:18  [18:02  [19:43  [20:27  |21:07  |21:40  [21:43  [21:09  [20:12  [19:12  [17:19  |16:58
11/08:31 | 07:59  |08:09 |07:08 |06:18  |05:52  |06:03 |06:38  |07:19  |07:59  |07:44 | 08:22
| 17:19 | 18:03 | 19:45 | 20:28 | 21:09 |21:41 |21:42 |21:07 | 20:10 | 19:11 |17:18 | 16:58
12]08:30  |07:57  |08:07 |07:06 |06:17  |05:52  |06:04  |06:40 |07:220  |08:00 |07:45  |08:23
|17:21  [18:05  [19:46  [20:29  |21:10  |21:41 (2141 [21:06  |20:08  [19:09  [17:177  |16:58
13 | 08:30 | 07:56 | 08:05 | 07:04 | 06:15 | 05:52 | 06:05 | 06:41 | 07:21 | 08:01 | 07:46 | 08:24
| 17:22 | 18:06 | 19:48 |20:31 | 21:11 | 21:42 | 21:41 | 21:04 | 20:06 | 19:07 |17:16 | 16:58
14 | 08:29 | 07:54 | 08:03 | 07:03 | 06:14 | 05:52 | 06:06 | 06:42 | 07:23 | 08:03 | 07:48 | 08:25
| 17:23 | 18:08 | 19:49 | 20:32 |21:12 |21:42 | 21:40 | 21:02 | 20:04 | 19:05 |17:15 | 16:58
15|08:29 | 07:53  |08:01  |07:01  |06:13  |05:52  |06:07 |06:44  |07:24  |08:04  |07:49 | 08:25
| 17:25 | 18:09 | 19:51 | 20:33 | 21:14 | 21:43 121:39 |121:01 | 20:02 | 19:03 [17:13 | 16:59
16| 08:28 | 07:51 | 07:59 | 06:59 | 06:12 | 05:52 | 06:08 | 06:45 | 07:25 | 08:06 | 07:51 | 08:26
| 17:26 | 18:11 | 19:52 | 20:35 | 21:15 |21:43 |21:39 | 20:59 | 20:00 | 19:01 | 17:12 | 16:59
1708227  |0749  |07:57 |06:57 |06:10  |05:552  |06:09 | 06:46 | 07:26  |08:07  |07:52 | 08:27
| 17:27 | 18:12 | 19:53 | 20:36 | 21:16 |21:44 |21:38 | 20:57 | 19:58 | 18:57 | 17:11 | 16:59
18 | 08:27 | 07:48 | 07:55 | 06:55 | 06:09 | 05:52 | 06:10 | 06:47 | 07:28 | 08:08 | 07:54 | 08:28
| 17:29 | 18:14 | 19:55 | 20:38 | 21:17 |21:44 |121:37 | 20:56 | 19:56 | 18:56 [17:10 | 16:59
19 | 08:26 | 07:46 | 07:54 | 06:53 | 06:08 | 05:52 | 06:11 | 06:49 | 07:29 | 08:10 | 07:55 | 08:28
[17:30  [18:15  |19:56  [20:39  [21:19  [21:45  [21:36  |20:54  |19:54  [18:54  [17:09 | 17:00
20 | 08:25 | 07:44 | 07:52 | 06:52 | 06:07 | 05:52 | 06:12 | 06:50 | 07:30 | 08:11 | 07:57 | 08:29
| 17:31 | 18:17 | 19:58 | 20:40 |21:20 |21:45 |121:35 | 20:52 | 19:52 | 18:52 | 17:08 | 17:00
21]08:24 | 07:43 | 07:50 | 06:50 | 06:06 | 05:52 | 06:13 | 06:51 | 07:32 | 08:13 | 07:58 | 08:29
| 17:33 | 18:18 | 19:59 | 20:42 |21:21 |21:45 [21:34 | 20:50 | 19:50 | 18:50 | 17:07 | 17:00
22| 08:24 | 07:41 | 07:48 | 06:48 | 06:05 | 05:52 | 06:14 | 06:53 | 07:33 | 08:14 | 07:59 | 08:30
[17:3¢  |[18:20  [20:00  |20:43  |21:22  |21:45 |21:33  |20:48  |19:48  |18:49  [17:07  |17:01
23|08:23  |07:39  |07:46  |06:46  |06:04  |05:53  |06:15  |06:54  |07:34  |08:16  |08:01  |08:30
| 17:36 | 18:21 | 20:02 | 20:44 |21:23 | 21:46 |21:32 | 20:47 | 19:46 | 18:47 | 17:06 | 17:02
24 | 08:22 | 07:37 | 07:44 | 06:45 | 06:03 | 05:53 | 06:16 | 06:55 | 07:36 | 08:17 | 08:02 | 08:31
| 17:37 | 18:23 | 20:03 | 20:46 | 21:24 | 21:46 [21:31 | 20:45 | 19:44 | 18:45 | 17:05 | 17:02
25 | 08:21 |07:36  |07:42  |06:43  |06:02  |05:53  [06:17  |06:57  |07:37  |08:18  |08:03  |08:31
[17:39  [1824  [20:04  [20:47  |21:225  |21:46  [21:30  [20:43  |19:42  |1843  [17:04  |17:03
26 | 08:20 | 07:34 | 07:40 | 06:41 | 06:01 | 05:54 | 06:19 | 08:58 | 07:38 | 08:20 | 08:05 | 08:32
|17:40  |18:226  [20:06  |20:48  |21:27  |21:46  |21:229  [20:41  |1940  [1842  [17:03  |17:03
27 | 08:19 | 07:32 | 07:38 | 06:39 | 06:00 | 05:54 | 06:20 | 06:59 | 07:40 | 08:21 | 08:06 | 08:32
|17:42 1827  |20:07  [20:50 |21:28  |21:46  [21:28  |20:39  |19:38  |18:40  |17:03  |17:04
28| 08:17 | 07:30 | 07:36 | 06:38 | 05:59 | 05:54 | 06:21 | 07:00 | 07:41 | 08:23 | 08:07 | 08:32
| 17:43 | 18:29 | 20:09 | 20:51 | 21:29 | 21:46 |21:27 | 20:37 | 19:36 | 18:38 | 17:02 | 17:05

2908:16 | |07:3  |06:38 | 05:59  |05:55  |06:22  [07:02  |07:42  |08:24  |08:09  |08:32
|17:45 | |20:10  [20:53  [21:30  |21:46  [21:225  [20:36  |19:3¢  [18:37  [17:02 | 17:06
30|08:15 | |07:32  |06:34  [05:58  |05:55  [06:23  |07:03  |07:44  |08:226  |08:10 | 08:33
|17:46 | |20:11  |20:54  [21:31  |21:46  [21:24  [20:34  [19:32  [18:35  [17:01  |17:06
310814 | |07:30 | 0557 | |06:25  [07:04 | |08:27 | | 08:33
[17:48 | 20113 | |21:32 | [21:23  |20:32 | |18:34 | |17:07
Potentialsunhours | 279 | 288 | 368 | 407 | 466 | 474 | 480 | 441 | 378 | 338 | 282 | 267
Total, worst case | | | | | | | | | | | |
Sun reduction | | | | | | | | | | | |
Oper. time red. | | | | | | | | | | | |
Wind dir. red. | | | | | | | | | | | |
Total reduction | | | | | | | | | | | |
Total, real | | | | | | | | | | | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)

Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
: H EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 30
- :
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC P
cannot be held liable for erroneous results caused by errors "
. issions in the delivered data, or i limitati EAPC Wind Energy
Mlnnesota Power or OmISSIOI'I_S in the aelivere! ata, or inaccuracy, imita IOT\S,
X or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superlor Street Ilablllty of EAPC for actual damages, regardle3§ of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: '
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR021 - SR021
Assumptions for shadow calculations ity
’ ; ’ Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
e 00 m 492 513 745 803 1020 1121 11.69 10.35 8.68 569 4.02 3.69
Minimum sun height over horizon for influence 3° ’ ' : ' ) ' : ’ ) ) ’ ’
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February |March |April [May |June [July |August  [September |October [November|December
| | | | | | | | | | |
108:33 09:08 (222) | 08:13 | 07:28 | 07:28 | 06:33 | 05:57 | 05:56 | 06:26 | 07:08 | 07:45 08:12 (223) | 07:29 | 08:11
| 17:08 12 09:20 (222) | 17:49 | 18:30 | 20:14 | 20:55 |21:33 | 21:46 | 21:22 | 20:30 | 19:30 17 2 | 17:01
2|08:33 09:09 (222) | 08:11 | 07:26 | 07:26 | 06:31 | 05:56 | 05:56 | 06:27 | 07:07 | 07:46 | 08:12
| 17:09 11 09:20 (222) | 17:51 | 18:32 | 20:16 | 20:57 | 21:46 |21:20 | 20:28 | 19:28 19
308:33 09:10 (222) | 08:10 | 07:24 07:46 (223) | 07:24 | 06:30 | 05:57 | 06:28 | 07:08 | 07:48
| 17:10 10 09:20 (222) | 17:52 | 18:33 2 07:48(223) | 20:17 | 20:58 | 21:45 | 21:19 | 20:26 | 19:26 20  08:30(223) | 17:29
4]08:33 09:12 (222) | 08:09 | 07:23 07:44 (223) | 07:22 | 06:28 | 05:58 | 06:29 | 07:10 | 07:49 08:11 (223) | 07:33
1 17:11 8 09:20 (222) | 17:54 | 18:35 6  07:50 (223) | 20:18 | 20:59 | 21:45 | 21:18 | 20:24 | 19:24 18  08:29 (223) | 17:28
508:33 09:12 (222) | 08:08 | 07:21 07:42 (223) | 07:20 | 06:27 | 05:58 | 06:31 107:11 | 07:50 08:12 (223) | 07:35
| 17:12 6 09:18 (222) | 17:55 | 18:36 9  07:51(223) | 20:20 |21:01 | 21:45 | 21:16 | 20:22 | 19:22 17 08:29 (223) | 17:26
6| 08:32 | 08:06 | 07:19 07:40 (223) | 07:18 | 06:25 | 05:59 | 06:32 | 07:12 | 07:52 08:14 (223) | 07:36
| 17:14 |17:57 | 18:38 12 07:52 (223) | 20:21 | 21:02 | 21:44 | 21:15 | 20:20 | 19:20 15 08:29 (223) | 17:25
708:32 | 08:05 | 07:17 07:38 (223) | 07:16 | 06:24 | 06:00 | 06:33 |07:13 | 07:53 08:15 (223) | 07:38 09:00 (222)
| 17:15 | 17:58 | 18:39 14 07:52(223) | 20:22 121:03 | 21:44 |21:13 |20:18 | 19:18 13 08:28 (223) | 17:23 5 09:05(222)
8| 08:32 | 08:03 | 08:15 08:36 (223) | 07:14 | 06:22 | 06:01 | 06:35 | 07:15 | 07:54 08:17 (223) | 07:39 08:59 (222)
| 17:16 | 18:00 | 18:40 16 08:52(223) | 20:24 | 21:05 | 21:44 121:12 | 20:16 | 19:16 10  08:27 (223) | 17:22 8  09:07 (222)
9 08:32 | 08:02 | 08:13 08:34 (223) | 07:12 | 06:21 | 06:01 | 06:36 | 07:16 | 07:56 08:18 (223) | 07:41 08:58 (222)
| 17:17 | 18:00 | 19:42 18  08:52 (223) | 20:25 | 21:06 21:43 | 21:10 | 20:14 | 19:14 8  08:26 (223) | 17:21 10  09:08 (222)
10| 08:31 | 08:00 | 08:11 08:32 (223) | 07:10 | 06:19 | 06:02 | 06:37 | 07:17 | 07:57 08:19 (223) | 07:42 08:58 (222)
| 17:18 | 18:02 | 19:43 19  08:51(223) | 20:27 | 21:07 | 21:43 | 21:09 | 20:12 | 19:12 4 08:23(223) | 17:19 11 09:09 (222)
111 08:31 | 07:59 | 08:09 08:31 (223) | 07:08 | 06:18 | 06:03 | 06:38 |1 07:19 | 07:59 | 07:43 08:58 (222)
| 17:19 | 18:03 | 19:45 19 08:50 (223) | 20:28 |21:09 | 21:42 | 21:07 | 20:10 | 19:11 |17:18 12 09:10 (222)
12 | 08:30 | 07:57 | 08:07 08:33 (223) | 07:06 | 06:17 | 06:04 | 06:40 | 07:20 | 08:00 | 07:45 08:58 (222)
| 17:21 | 18:05 | 19:46 17 08:50 (223) | 20:29 | 21:10 |21:41 | 21:05 | 20:08 | 19:09 | 17:47 13 09:11(222)
13 | 08:30 | 07:56 | 08:05 08:34 (223) | 07:04 | 06:15 | 06:05 | 06:41 | 07:21 | 08:01 | 07:46 08:58 (222)
|17:22 | 18:08 | 19:48 15 08:49 (223) | 20:31 |21:11 | 21:41 | 21:04 | 20:06 | 19:07 [17:16 14 09:12(222)
14| 08:29 | 07:54 | 08:03 08:35 (223) | 07:03 | 06:14 | 06:06 | 06:42 | 07:23 | 08:03 | 07:48 08:59 (222)
| 17:23 | 18:08 | 19:49 12 08:47 (223) | 20:32 | 21:12 | 21:40 | 21:02 | 20:04 | 19:05 | 17:15 14 09:13 (222)
15 | 08:29 | 07:53 | 08:01 08:38 (223) | 07:01 | 06:13 | 06:07 | 06:44 | 07:24 | 08:04 | 07:49 08:59 (222)
| 17:25 | 18:09 | 19:50 6 08:44 (223) | 20:33 | 21:14 |21:39 | 21:01 | 20:02 | 19:03 | 17:13 15 09:14 (222)
16 | 08:28 | 07:51 | 07:59 | 06:59 | 06:12 | 06:08 | 06:45 | 07:25 | 08:06 | 07:51 08:59 (222)
| 17:26 | 18:11 | 19:52 | 20:35 |21:15 |21:39 | 20:59 | 20:00 | 19:01 |17:12 15 09:14 (222)
17 | 08:27 | 07:49 | 07:57 | 06:57 | 06:10 | 06:09 | 06:46 | 07:26 | 08:07 | 07:52 08:59 (222)
11r:2r | 18:12 | 19:53 | 20:36 |21:16 |121:38 | 20:57 | 19:58 | 18:57 | 17:11 16 09:15 (222)
18 | 08:27 | 07:48 | 07:55 | 06:55 | 06:09 | 06:10 | 06:47 | 07:28 | 08:08 | 07:54 09:00 (222)
| 17:29 | 18:14 | 19:55 | 20:38 |21:17 | 21:44 |21:37 | 20:55 | 19:56 | 18:56 | 17:10 16 09:16 (222)
19 | 08:26 | 07:46 | 07:53 | 06:53 | 06:08 | 05:52 | 06:11 | 06:49 | 07:29 | 08:10 | 07:55 09:00 (222)
| 17:30 | 18:15 | 19:56 | 20:39 121:19 | 21:45 |21:36 | 20:54 | 19:54 | 18:54 | 17:09 16 09:16 (222)
20 | 08:25 | 07:44 1 07:51 | 06:52 | 06:07 | 05:52 | 06:12 | 06:50 | 07:30 | 08:11 | 07:56 09:00 (222)
1 17:31 | 18:17 | 19:58 | 20:40 | 21:20 | 21:45 | 21:35 |20:52 | 19:52 | 18:52 | 17:08 16 09:16 (222)
21| 08:24 | 07:43 | 07:50 | 06:50 | 06:06 | 05:52 | 06:13 | 06:51 | 07:32 | 08:13 | 07:58 09:01 (222)
117:33 | 18:18 | 19:59 | 20:42 | 21:21 | 21:45 |21:34 | 20:50 | 19:50 | 18:50 | 17:07 16 09:17 (222)
2208:23 | 07:41 | 07:48 | 06:48 | 06:05 | 05:52 | 06:14 | 06:53 1 07:33 | 08:14 | 07:59 09:01 (222)
| 17:34 | 18:20 | 20:00 | 20:43 |21:22 | 21:45 | 21:33 | 20:48 | 19:48 | 18:49 | 17:07 16 09:17 (222)
23 | 08:23 | 07:39 | 07:46 | 06:46 | 06:04 | 05:53 | 06:15 | 06:54 | 07:34 | 08:16 | 08:01 09:01 (222)
| 17:36 | 18:21 | 20:02 | 20:44 |21:23 | 21:46 | 21:32 | 20:47 | 19:46 | 18:47 | 17:06 16 09:17 (222)
24 | 08:22 | 07:37 | 07:44 | 06:44 | 06:03 | 05:53 | 06:16 | 06:55 | 07:36 | 08:17 | 08:02 09:02 (222)
| 17:37 | 18:23 | 20:03 | 20:46 | 21:24 | 21:46 |21:31 | 20:45 | 19:44 | 18:45 | 17:05 16 09:18 (222)
25| 08:21 | 07:35 | 07:42 | 06:43 | 06:02 | 05:53 | 06:57 | 07:37 | 08:18 | 08:03 09:03 (222)
| 17:39 | 18:24 | 20:04 | 20:47 | 21:25 | 21:46 | | 20:43 | 19:42 | 18:43 | 17:04 16 09:19 (222)
26 | 08:20 | 07:34 | 07:40 | 06:41 | 06:01 | 05:54 | | 06:58 | 07:38 | 08:20 | 08:05 09:03 (222)
| 17:40 | 18:26 | 20:06 | 20:48 | 21:27 | 21:46 | | 20:41 | 19:40 | 18:42 | 17:03 16 09:19 (222)
27| 08:19 |07:32 | 07:38 |06:39  |[06:00  [05:54  |06:20  |06:59 | 07:40 | 08:21 | 08:06 09:04 (222)
| 17:42 | 18:27 | 20:07 | 20:50 | 21:28 | 21:48 | | 20:39 | 19:38 | 18:40 | 17:03 16 09:20 (222)
28 | 08:17 | 07:30 | 07:36 | 06:38 | 05:59 | 05:54 | | 07:00 | 07:41 | 08:23 | 08:07 09:05 (222)
| 17:43 | 18:29 | 20:09 | 20:51 | 21:29 | 21:46 | | 20:37 | 19:36 | 18:38 | 17:02 15 09:20 (222)
29 | 08:16 | |07:34 |06:36  |0559 | 0555 | 107:02 | 07:42 08:15 (223) | 08:24 | 08:09 09:05 (222)
| 17:45 | | 20:10 | 20:53 |21:30 | 21:46 | | 20:36 | 19:34 11 08:26 (223) | 18:37 | 17:02 15 09:20 (222)
30 | 08:15 | | 07:32 | 06:34 | 05:58 | 05:55 | | 07:03 | 07:44 08:14 (223) | 08:26 | 08:10 09:06 (222)
| 17:46 | [20:11 | 20:54 | 21:31 | 21:46 b | 20:34 | 19:32 14  08:28 (223) | 18:35 [17:01 14 09:20 (222)
31| 08:14 | | 07:30 | | 05:57 | | | 07:04 | | 08:27 | 09:07 (222)
| 17:48 | [20:13 | |21:32 | | | 20:32 | | 18:34 | 13 09:20 (222)
Potential sun hours | 279 | 288 | 368 | 407 | 466 | 474 | | 441 | 378 | 338 | 282
Total, worst case | 47 | | 165 | | | | | | 25 | 141 | 350
Sun reduction | 0.55 | | 0.63 | | | | | | 0.69 | 0.52 | 0.43
Oper. time red. | 0.97 | | 0.97 | | | | | | 0.97 | 0.97 | 0.97
Wind dir. red. | 0.75 | | 0.72 | | | | | | 0.72 | 0.72 | 0.75
Total reduction | 0.40 | | 0.44 | | | | | | 0.48 | 0.36 | 0.31
Total, real | 19 | | 72 | | | | | | 12 | 51 | 109
[Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker ~ Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject: Description: Printed/Page
Minnesota Power - BISON Wind Energy Center ~ EAPC does notwarrant, guarantee, or make any such 6/21/2011 8:44 AM / 31
representations regarding the contents of this report. EAPC T
cannot be held liable for erroneous results caused by errors "
: issions in the delivered data. or i limitati EAPC Wind Energy
MlnneSOta Power or OMISSIOQS In e delivere ata, or inaccuracy, limital IOTIS,
K or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
30 West Superlor Street habnhty of EAPC for actual damages, regardiess of the form +1 701 775 3000
of action, shall be limited to the total amount paid to EAPC wind@eapc.net
Duluth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: :
SHADOW - Calendar
alculation: BISON 2 Shadow Flicker (with existing BISON 1)Shadow receptor: SR022 - SR022
Assumptions for shadow calculations
; . ; Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
ISR SIS 1,89C 492 513 7.45 803 1020 11.21 11.69 10.35 8.68 5.69 4.02 3.69
Minimum sun height over horizon for influence 3° ’ ' : ’ ) ’ ’ ’ ’ ) ’ ’
Day step for calculation 1 days Operational time
Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve
|January |February [March |April |May [July |August October |
I I I | | | I I | I
1108:33 | 08:13 | 07:28 | 07:28 | 06:33 06:29 (222) | 05:56 06:32 (222) | 06:26 | 07:06 | 07:45 | 07:29 | 08:11
| 17:08 | 17:49 | 18:30 | 20:14 | 20:55 36 07:05(222) | 21:46 43 07:15(222) | 21:22 | 20:30 | 19:30 | 17:32 | 17:01
208:33 | 08:11 | 07:26 | 07:26 | 06:31 06:29 (222) | 05:56 06:32 (222) | 06:27 | 07:07 | 07:46 | 07:30 | 08:12
| 17:09 | 17:51 | 18:32 | 20:15 | 20:57 37 07:08 (222) | 21:45 43 07:15(222) | 21:20 | 20:28 | 19:28 | 17:31 | 17:00
3)08:33 | 08:10 | 07:24 | 07:24 | 06:30 06:28 (222) | 05:57 06:32 (222) | 06:28 | 07:08 | 07:48 | 07:32 | 08:13
| 17:10 | 17:52 | 18:33 | 20:17 | 20:58 38 07:06 (222) | 21:45 43 07:15(222) | 21:19 | 20:26 | 19:26 | 17:29 | 17:00
408:33 | 08:09 | 07:23 | 07:22 | 06:28 06:28 (222) | 05:58 06:33 (222) | 06:29 | 07:10 | 07:49 | 07:33 | 08:15
[ 17:11 | 17:54 | 18:35 | 20:18 | 20:59 39 07:07 (222) | 21:45 42 07:15(222) | 21:17 | 20:24 | 19:24 | 17:28 | 16:59
5| 08:32 | 08:07 | 07:21 |1 07:20 | 06:27 06:28 (222) | 05:58 06:33 (222) | 06:31 |1 07:11 | 07:50 | 07:35 | 08:16
117:12 | 17:55 | 18:36 | 20:20 | 21:01 39 07:07 (222) | 21:45 42 07:15(222) | 21:16 | 20:22 | 19:22 | 17:26 | 16:59
6| 08:32 | 08:06 | 07:19 | 07:18 | 06:25 06:28 (222) | 05:59 06:34 (222) | 06:32 107:12 | 07:52 | 07:36 | 08:17
|17:14 | 17:57 | 18:38 | 20:21 | 21:02 40  07:08 (222) | 21:44 41 07:15(222) | 21:15 | 20:20 | 19:20 | 17:25 | 16:59
708:32 | 08:05 | 07:17 | 07:16 | 06:24 06:28 (222) | 06:00 06:35 (222) | 06:33 |1 07:13 | 07:53 | 07:38 | 08:18
| 17:156 | 17:58 | 18:39 | 20:22 | 21:03 41 07:09 (222) | 21:44 40 07:15(222) | 21:13 | 20:18 | 19:18 | 17:23 | 16:59
808:32 | 08:03 | 08:15 | 07:14 | 06:22 06:27 (222) | 06:01 06:35 (222) | 06:35 | 07:15 | 07:54 | 07:39 | 08:19
| 17:16 | 18:00 | 18:40 | 20:24 | 21:05 42 07:09 (222) | 21:43 39 07:14(222) | 21:12 | 20:16 | 19:16 | 17:22 | 16:58
9| 08:32 | 08:02 | 08:13 | 07:12 | 06:21 06:27 (222) | 06:01 06:35 (222) | 06:36 1 07:16 | 07:56 | 07:40 | 08:20
| 17:17 | 18:00 | 19:42 | 20:25 | 21:06 43 07:10(222) | 21:43 39 07:14 (222) | 21:10 | 20:14 | 19:14 | 17:21 | 16:58
10 | 08:31 | 08:00 | 08:11 | 07:10 | 06:19 06:27 (222) | 06:02 06:36 (222) | 06:37 | 07:17 | 07:57 | 07:42 | 08:21
| 17:18 | 18:02 | 19:43 | 20:26 | 21:07 43 07:10(222) | 21:43 38 07:14 (222) | 21:09 | 20:12 | 19:12 | 17:19 | 16:58
11| 08:31 | 07:59 | 08:09 | 07:08 | 06:18 06:28 (222) | 06:03 06:37 (222) | 06:38 | 07:19 | 07:59 | 07:43 | 08:22
| 17:19 | 18:03 | 19:45 | 20:28 | 21:08 43 07:11(222) | 21:42 36 07:13(222) | 21:07 | 20:10 | 19:11 | 17:18 | 16:58
12| 08:30 | 07:57 | 08:07 | 07:06 | 06:17 06:28 (222) | 06:04 06:38 (222) | 06:40 | 07:20 | 08:00 | 07:45 | 08:23
| 17:21 | 18:05 | 19:46 | 20:29 | 21:10 44 07:12(222) | 21:41 35 07:13 (222) | 21:05 | 20:08 | 19:09 | 17:17 | 16:58
131 08:30 | 07:56 | 08:05 | 07:04 07:26 (228) | 06:15 06:27 (222) | 06:05 06:39 (222) | 06:41 | 07:21 | 07:46 | 08:24
|17:22 | 18:06 | 19:48 | 20:31 5 07:31(228) | 21:11 44 07:11(222) | 21:41 34 07:13 (222) | 21:04 | 20:06 | 17:16 | 16:58
14 | 08:29 | 07:54 | 08:03 | 07:03 07:24 (228) | 06:14 06:27 (222) | 06:06 06:39 (222) | 06:42 | 07:23 | 07:48 | 08:25
|17:23 | 18:08 | 19:49 | 20:32 8  07:32(228) | 21:12 45 07:12(222) | 21:40 32 07:11(222) | 21:02 | 20:04 | 17:15 | 16:58
15| 08:29 | 07:53 | 08:01 | 07:01 07:22 (228) | 06:13 06:27 (222) | 06:07 06:40 (222) | 06:44 | 07:24 | 07:49 | 08:25
| 17:25 | 18:09 | 19:50 | 20:33 11 07:33 (228) | 21:14 45 07:12(222) | 21:39 30 07:10(222) | 21:01 | 20:02 | 17:13 | 16:59
16 | 08:28 | 07:51 | 07:59 | 06:59 07:20 (228) | 06:12 06:27 (222) | 06:08 06:41 (222) | 06:45 07:28 (228) | 07:25 | 07:51 | 08:26
[ 17:26 | 18:11 | 19:52 | 20:35 13 07:33 (228) | 21:15 45 07:12(222) | 21:39 29  07:10 (222) | 20:59 2 07:30 (228) | 20:00 | 17:12 | 16:59
17 | 08:27 | 07:49 | 07:57 | 06:57 07:18 (228) | 06:10 06:27 (222) | 06:09 06:43 (222) | 06:46 07:23 (228) | 07:26 | 07:52 | 08:27
| 17:27 | 18:12 | 19:53 | 20:36 15  07:33 (228) | 21:16 45 07:12(222) | 21:38 25 07.08 (222) | 20:57 10  07:33 (228) | 19:58 | 17:11 | 16:59
18 | 08:27 | 07:48 | 07:55 | 06:55 07:17 (228) | 06:09 06:27 (222) | 06:10 06:44 (222) | 06:47 07:21 (228) | 07:28 | 07:54 | 08:28
| 17:29 | 18:14 | 19:55 | 20:37 17 07:34 (228) | 21:17 46  07:13 (222) | 21:37 23 07:07 (222) | 20:55 14 07:35(228) | 19:56 | 17:10 | 16:59
19 | 08:26 | 07:46 | 07:53 | 06:53 07:15 (228) | 06:08 06:28 (222) | 06:11 06:46 (222) | 06:49 07:19 (228) | 07:29 | 07:55 | 08:28
| 17:30 | 18:15 | 19:56 | 20:39 19 07:34 (228) | 21:18 46 07:14 (222) | 21:36 20 07:06 (222) | 20:54 17  07:36 (228) | 19:54 | 17:09 | 17:00
20 | 08:25 | 07:44 | 07:51 | 06:52 07:13 (228) | 06:07 | 05:52 06:29 (222) | 06:12 06:48 (222) | 06:50 07:19 (228) | 07:30 | 07:56 | 08:29
| 17:31 | 18:17 | 19:57 | 20:40 20 07:33 (228) | 21:20 | 21:45 45  07:14 (222) | 21:35 15 07:03 (222) | 20:52 18  07:37 (228) | 19:52 | 17:08 | 17:00
21|08:24 | 07:43 | 07:49 | 06:50 07:12 (228) | 06:06 | 05:52 06:29 (222) | 06:13 06:52 (222) | 06:51 07:18 (228) | 07:32 | 07:58 | 08:29
|17:33 | 18:18 | 19:59 | 20:42 20 07:32(228) | 21:21 |21:45 45 07:14 (222) | 21:34 8  07:00 (222) | 20:50 19  07:37 (228) | 19:50 | 17:07 | 17:00
22|08:23 | 07:41 | 07:47 | 06:48 07:13 (228) | 06:05 | 05:52 06:29 (222) | 06:14 | 06:53 07:17 (228) | 07:33 | 07:59 | 08:30
| 17:34 | 18:20 | 20:00 | 20:43 19  07:32(228) | 21:22 | 21:45 45  07:14 (222) | 21:33 | 20:48 20 07:37 (228) | 19:48 | 17:07 | 17:01
23| 08:23 | 07:39 | 07:46 | 06:46 07:13 (228) | 06:04 06:41 (222) | 05:53 06:28 (222) | 06:15 | 06:54 07:17 (228) | 07:34 | 08:01 | 08:30
| 17:36 | 18:21 | 20:02 | 20:44 18  07:31(228) | 21:23 11 06:52 (222) | 21:46 46 07:14 (222) | 21:32 | 20:47 20 07:37 (228) | 19:46 | 17:06 | 17:02
| 07:37 | 07:44 | 06:44 07:14 (228) | 06:03 06:38 (222) | 05:53 06:29 (222) | 06:16 | 06:55 07:19 (228) | 07:36 | 08:02 | 08:31
| 18:23 | 20:03 | 20:46 16 07:30 (228) | 21:24 17 06:55 (222) | 21:46 46 07:15(222) | 21:31 | 20:45 19 07:38 (228) | 19:44 | 17:05 | 17:02
| 07:35 | 07:42 | 06:43 07:14 (228) | 06:02 06:36 (222) | 05:53 06:29 (222) | 06:17 | 06:57 07:20 (228) | 07:37 | 08:03 | 08:31
| 18:24 | 20:04 | 20:47 14 07:28 (228) | 21:25 21 06:57 (222) | 21:46 46 07:15(222) | 21:30 | 20:43 17 07:37 (228) | 19:42 | 17:04 | 17:03
| 07:34 | 07:40 | 06:41 07:17 (228) | 06:01 06:34 (222) | 05:54 06:29 (222) | 06:19 | 06:58 07:21(228) | 07:38 | 08:05 | 08:32
| 18:26 | 20:06 | 20:48 9 07:26 (228) | 21:26 24 06:58 (222) | 21:46 45  07:14 (222) | 21:29 | 20:41 15  07:36 (228) | 19:40 | 17:03 | 17:03
|07:32  |07:38 | 06:39 | 06:00 06:34 (222) | 05:54 06:30 (222) | 06:20 1 06:59 07:22 (228) | 07:40 |08:06 | 08:32
|18:27  |20:07  |20:50 |21:28 27 07:01(222) | 21:46 45  07:15(222) | 21:28 120:39 13 07:35(228) | 19:38 117:03 | 17:04
| 07:30 | 07:36 | 06:38 | 05:59 06:32 (222) | 05:54 06:30 (222) | 06:21 | 07:00 07:23 (228) | 07:41 | 08:07 | 08:32
| 18:29 | 20:09 | 20:51 |21:29 29 07:01(222) | 21:46 45  07:15(222) | 21:27 | 20:37 11 07:34 (228) | 19:36 | 17:02 | 17:05
| | 07:34 | 06:36 | 05:59 06:31 (222) | 05:55 06:31 (222) | 06:22 | 07:02 07:25 (228) | 07:42 | 08:09 | 08:32
| | 20:10 | 20:52 121:30 31 07:02 (222) | 21:46 44 07:15(222) | 21:25 | 20:36 8 07:33(228) | 19:34 | 17:02 | 17:06
| | 07:32 | 06:34 | 05:58 06:31 (222) | 05:55 06:31 (222) | 06:23 | 07:03 07:26 (228) | 07:44 | 08:10 | 08:32
| | 20:11 | 20:54 | 21:31 33  07:04 (222) | 21:46 44 07:15(222) | 21:24 | 20:34 5 07:31(228) | 19:32 | 17:01 | 17:06
| | 07:30 | | 05:57 06:30 (222) | | 06:25 | 07:04 | | | 08:33
| 120:13 | [21:32 34 07:04 (222) | |21:23 120:32 | | [17:07
Potential sun hours | 279 | 288 | 368 | 407 | 466 | 474 | 480 | 441 | 378 | 282 | 267
Total, worst case | | | | 204 | 227 | 1297 | 697 | 208 | | |
Sun reduction | | | | 0.59 | 0.68 | 0.71 | 0.76 | 0.73 | | |
Oper. time red. | | | | 0.97 | 0.97 | 0.97 | 0.97 | 0.97 | | |
Wind dir. red. | | | | 0.63 | 0.57 | 0.57 | 0.57 | 0.63 | | |
Total reduction | | | | 0.36 | 0.38 | 0.40 | 0.42 | 045 | | |
Total, real | | | | 74 | 86 | 513 | 294 | 93 | | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)
Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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R A .S
roject: Description: Printed/Page
Minnesota Power - BISON Wind Energy Center EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 32

representations regarding the contents of this report. EAPC

N Licensed user:
cannot be held liable for erroneous results caused by errors

EAPC Wind Energy

: or omissions in the delivered data, or inaccuracy, limitations,
Minnesota P(')WEI' or malfunctioning of models or software used. For any claim 3100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
i liability of EAPC for actual damages, regardless of the form +1 701 775 3000
30 West SUpenor Street of action, shall be limited to the total amount paid to EAPC wind@eapc.net
DU|Uth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: ’

SHADOW - Calendar

Assumptions for shadow calculations

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Maximum distance for influence 1,500 m

Minimum sun height over horizon for influence 30 4.92 513 7.45 8.03 10.20 11.21 11.69 10.35 8.68 5.69 4.02 3.69

Day step for calculation 1 days Operational time

Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve

|January |February |March |April |May |June [July |August October | |

| | | | | | | | | | | |
1]08:33  |08:13  |07:28  |07:28  |06:33  |0557  |05:56  |06:26  |07:06 |07:45  |07:29 | 08:11
[17:09  [17:49  [18:30  |20:14  |20:55  [21:32  |2146  [21:22  [20:30  [19:30  [17:32  |17:01
2]08:33 |08:11  |07:26  |07:26  |06:31  |05:56  |05:57  |06:27  |07:07 |07:46  |07:30 | 08:12
117:09  |[17:51  [18:32  [20:15  |20:56  |21:33  [21:45  |21:20 |20:228  |19:28  |17:31  |17:00
308:33 | 08:10 | 07:24 | 07:24 | 06:30 | 05:55 | 05:57 | 06:28 | 07:08 | 07:48 | 07:32 | 08:13
1710|1752 [18:33  |20:17  |20:58  |21:34  [21:45  [21:19  |20:26  |19:26  [17:29  [17:00
408:33  |08:09 |07:23 |07:22 |06:228  [0555 |[05:58  |06:30 |07:10  |07:49  |07:33  |08:15
1711 |17:54  [18:35  [20:18  |20:59  |21:35  [21:45  [21:17  |20:224  [19:24  |17:28 | 16:59
5)08:32 |08:07 |07:21  |07:20 | 06:27  |05:54  |05:58  |06:31  |07:41  [07:50  |07:35 | 08:16
| 17:13 |117:55 | 18:36 | 20:20 | 21:01 | 21:36 | 21:45 |21:16 | 20:22 | 19:22 |17:26 | 16:59
6 08:32 | 08:06 | 07:19 | 07:18 | 06:25 | 05:54 | 05:59 | 06:32 | 07:12 | 07:52 | 07:36 | 08:17
[17:14 | 17:57 | 18:38 | 20:21 | 21:02 |21:37 |21:44 |21:15 | 20:20 | 19:20 | 17:25 | 16:59
7108:32 |08:05 |07:17  |07:16  |06:24  |05:54  |06:00 |06:33  |07:13  |07:53  |07:37 | 08:18
[17:15  [17:58  [18:39  |20:22  [21:03  [21:38  |21:44  [21:13  [20:18  |19:18  [17:23 [ 16:59
8]08:32 |08:03 |0815 |07:14 | 06:22  |05:53  |06:01  |06:35 |07:45  |07:54  |07:39 | 08:19
|17:16  |18:00  |18:40  |20:24  [21:04  [21:38  |21:43  [21:12  |20:16  [19:16  [17:22  |16:58
9]08:31  |08:02 |0813  [07:12 |06:21  |05:53  |06:01  |06:36  |07:16  |07:56  |07:40 | 08:20
1747 [18:00  [19:42  [20:25  |21:06  |21:39  [21:43  [21:10  |20:14  [19:14  [17:21 | 16:58
10 | 08:31 | 08:00 | 08:11 |107:10 | 06:19 | 05:53 | 06:02 | 06:37 | 07:17 | 07:57 | 07:42 | 08:21
[17:18  [18:02  [19:43  |20:26  |21:07  |21:40  [21:42  [21:09  |20:12  [19:12  [17:19 | 16:58
11]08:31 | 07:59 | 08:09 | 07:08 | 06:18 | 05:52 | 06:03 | 06:38 | 07:19 | 07:58 | 07:43 | 08:22
1719 |18:03  [19:45  |20:28  |21:08  |21:40  |21:42  [21:07  |20:10  [19:11  |17:18  |16:58
12]08:30 |07:57  |08:07 |07:06 |06:17 |0552  |06:04 |06:40  |07:20  |08:00  |07:45  |08:23
[17:21  |18:05  |19:46  [20:229  [21:10  [21:41  [21:41  [21:056  [20:08  [19:09  [17:17  |16:58
13/08:30 |07:56  |08:05 |07:04 [06:15 [05:52  |06:05 |06:41  |07:21  |08:01  |07:46  |08:24
|17:22  |18:06  [19:48  |20:31 2111  |21:42  [21:41  [21:04  |20:06 |19:07 |17:16  |16:58
14 | 08:29 | 07:54 | 08:03 | 07:03 | 06:14 | 05:52 | 06:06 | 06:42 | 07:22 | 08:03 | 07:48 | 08:24
|17:23 | 18:08 | 19:49 | 20:32 |121:12 |21:42 | 21:40 | 21:02 | 20:04 | 19:05 |17:15 | 16:58
15|08:29  |07:53  |08:01 |07:01  |06:13  |05:52  |06:07 |06:44  |07:24  |08:04  |07:49  |08:25
| 17:25 | 18:09 | 19:50 | 20:33 |21:13 121:43 |21:39 |21:00 | 20:02 | 19:03 [17:13 | 16:59
16| 08:28 |1 07:51 | 07:59 | 06:59 | 06:12 | 05:52 | 06:08 | 06:45 | 07:25 | 08:05 1 07:51 | 08:26
|17:26 |18:11 | 19:52 | 20:35 |21:15 |121:43 |21:38 | 20:59 | 20:00 | 19:01 117:12 | 16:59
17|08:27  |07:49  |07:57 |06:57  |06:10  |05:52  |06:09  |06:46  |07:26  |08:07  |07:52 | 08:27
[17:27 1842  [19:53  [20:36  |21:16  |21:44  [21:38  |20:57 | 19:58  |1857  |17:11 | 16:59
18 | 08:27 | 07:48 | 07:55 | 06:55 | 06:09 | 05:52 | 06:10 | 06:47 | 07:28 | 08:08 | 07:54 | 08:27
|17:29  [18:14  [19:55  [20:37  |21:17  |21:44  [21:37  |20:55  |19:56  [18:56  |17:10 | 16:59
19| 08:26 | 07:46 | 07:53 | 06:53 | 06:08 | 05:52 | 06:11 | 06:49 | 07:29 | 08:10 | 07:55 | 08:28
|17:30  |18:15  [19:56  [20:39 | 21:18  |21:44  [21:36  |20:54 | 19:54 | 1854  [17:09 | 17:00
20 | 08:25 | 07:44 | 07:51 | 06:52 | 06:07 | 05:52 | 06:12 | 06:50 | 07:30 | 08:11 | 07:56 | 08:29
|17:31 1817  |[19:57  |20:40  [21:20  [2145  |21:35  |20:52  [19:52  [1852  [17:08 | 17:00
21|08:24 |07:42  |07:49  |06:50  |06:06 |05:52  |06:13  |06:51 | 07:32 | 08:13  |07:58  |08:29
|17:33  [18:48  [19:59  [20:42  |21:221  |2145  [21:34  |20:50  |19:50  [18:50  [17:07 | 17:01
22|08:23 |07:41  |07:47  |06:48  |06:05 |05:52  |06:14  |06:53 | 07:33  |08:14  |07:59  |08:30
[17:3¢  [18:20  [20:00  |20:43  |21:22  [2145 [21:33 2048  [19:48  |1849  [17:07  [17:01
23 | 08:22 | 07:39 | 07:45 | 06:46 | 06:04 | 05:53 | 06:15 | 06:54 | 07:34 | 08:15 | 08:01 | 08:30
[17:36  [1821  [20:02  |20:44  |21:23  |2145  [21:32  |20:47 | 19:46  |1847  |17:06  |17:02
24| 08:22 | 07:37 | 07:44 | 06:45 | 06:03 | 05:53 | 06:16 | 06:55 | 07:36 | 08:17 | 08:02 | 08:31
[17:37  |18:223  [20:03  |20:46  |21:24  |21:46  |21:31 120:45 | 19:44  |1845  |17:05  |17:02
25 | 08:21 |07:35  |07:42  |06:43  |06:02 |05:53  |06:17  |06:57  |07:37  |08:18  |08:03  |08:31
| 17:39 |18:24 | 20:04 | 20:47 |21:25 | 21:46 |21:30 | 20:43 | 19:42 | 18:43 |17:04 |17:03
26|08:19  |07:34  |07:40  |06:41  |06:01  |05:54  |06:19  |06:58  |07:38  [08:20  |08:05 | 08:31
|17:40  |18:26  |20:06  |20:48  |21:26  |21:46  [21:29  |20:41  |19:40  |1842  [17:03  |17:03
27|08:18  |07:32 |07:38  |06:39 | 06:00 |05:54 |06:20 |06:59  |[07:40  |08:21  |08:06 | 08:32
| 17:42 | 18:27 | 20:07 | 20:50 | 21:27 | 21:486 |21:28 | 20:39 | 19:38 | 18:40 | 17:03 | 17:04
28|08:177 |07:30  |07:36 | 06:38 | 06:00 |05:54  |06:21  |07:00 |07:41  |0823  |08:07  |08:32
|17:43 18229  [20:09  [20:51  [21:29  [21:46  |21:27  [20:37  [19:36  [18:38  [17:02  [17:05

29|08:16 | |07:3¢  |06:36  |05:59  |05:55 0822  [07:02  |07:42  |08:24  |08:08  |08:32
|17:45 | |20:10  |20:52  [21:30  [21:46  [21:225  [20:36  [19:3¢  |18:37  [17:02 [ 17:06
30/08:15 | |07:32  |06:3%  |05:58  |05:55 06223  [07:03  |07:44  |08:26  |08:10  |08:32
|17:46 | [20:11  [20:54  [21:31  |2146  [21:224  |20:34  [19:32  [18:35  [17:01  [17:06
31]08:14 | |07:30 | |05:57 | |06:25  |07:04 | |08:27 | | 08:33
|17:48 | [20:43 | |21:32 | |21:23 2032 | |18:34 | | 17:07
Potentialsunhours | 279 | 288 | 368 | 407 | 466 | 474 | 480 | 441 | 378 | 339 | 282 | 267
Total, worst case | | | | | | | | | | | |
Sun reduction | | | | | | | | | | | |
Oper. time red. | | | | | | | | | | | |
Wind dir. red. | | | | | | | | | | | |
Total reduction | | | | | | | | | | | |
Total, real | | | | | | | | | | | |
Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)

Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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[Project: Description: Printed/Page
H - H EAPC does not warrant, guarantee, or make any such 6/21/2011 8:44 AM / 33
Minnesota Power - BISON Wind Energy Center representations regarding the contents of this report. EAPC
cannot be held liable for erroneous results caused by errors

Licensed user:

EAPC Wind Energy

i or omissions in the delivered data, or inaccuracy, limitations,
Minnesota PC.)WGI' or malfunctioning of models or software used. For any claim 100 DeMers Avenue
Frank Frederickson whatsoever related to the subject matter of this report, the US-GRAND FORKS, ND 58201
: liability of EAPC for actual damages, regardless of the form +1 701 775 3000
30 West Superlor Street of action, shall be limited to the total amount paid to EAPC wind@eapc.net
DU|Uth, MN 55802-2093 for the services provided as part of this consultancy service. Calculated: :

Assumptions for shadow calculations

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Maximum distance for influence 1,500 m

Minimum sun height over horizon for influence 3 492 513 7.45 8.03 10.20 11.21 11.69 10.35 8.68 5.69 4.02 3.69

Day step for calculation 1 days Operational time

Time step for calculation 1 minutes N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
458 248 266 220 302 504 760 767 521 378 415 371 576 904 1,027 793 8,509
Idle start wind speed: Cut in wind speed from power curve

|January |February |March |April |May |June [July |August {October |
| | | | | | | | | | | |
1108:33 | 08:13 | 07:28 | 07:28 | 06:33 | 05:57 | 05:56 | 06:26 | 07:06 | 07:45 |1 07:29 | 08:11
| 17:09 | 17:49 | 18:30 | 20:14 | 20:55 121:33 |21:46 |21:22 | 20:30 | 19:30 117:32 | 17:01
208:33 | 08:11 | 07:26 | 07:26 | 06:31 | 05:56 | 05:57 | 06:27 | 07:07 | 07:46 | 07:30 | 08:12
| 17:10 117:51 | 18:32 | 20:16 | 20:57 |121:33 |21:45 |21:20 | 20:28 | 19:28 117:31 | 17:00
308:33 | 08:10 | 07:24 | 07:24 | 06:30 | 05:56 | 05:57 | 06:28 | 07:08 | 07:48 | 07:32 | 08:13
[17:41  |17:52  [18:33  [20:117  |20:58  [21:34  [21:45  [21:19 2026  |19:226  [17:29 [ 17:00
4|08:33 | 08:09 | 07:23 | 07:22 | 06:28 | 05:55 | 05:58 | 06:30 | 07:10 | 07:49 | 07:33 | 08:15
| 17:12 | 17:54 | 18:35 |20:18 | 20:59 | 21:35 |21:45 |21:17 | 20:24 | 19:24 | 17:28 | 16:59
5108:32 | 08:07 |07:21 | 07:20 | 06:27 | 05:54 | 05:59 | 06:31 | 07:11 | 07:50 | 07:35 | 08:16
[17:13 | 17:55 | 18:36 | 20:20 | 21:01 |21:36 |21:45 |21:16 | 20:22 | 19:22 |17:26 | 16:59
6| 08:32 | 08:06 |1 07:19 |1 07:18 | 06:25 | 05:54 | 05:59 | 06:32 | 07:12 | 07:52 | 07:36 | 08:17
| 17:14 | 17:57 | 18:38 |20:21 | 21:02 |21:37 | 21:44 121:15 | 20:20 | 19:20 |17:25 | 16:59
7/08:32  |08:05 |07:17  |07:16  |06:24  [05:54  |06:00  |06:33  |07:13  |07:53  |07:38 | 08:18
|17:16  [17:59  [18:39  [20:22  [21:03  [21:38  [2144  [21:13  |20:18  [19:18  |17:23 | 16:59
8] 08:32 | 08:03 | 08:15 | 07:14 | 06:22 | 05:53 | 06:01 | 06:35 | 07:15 | 07:54 | 07:39 | 08:19
| 17:16 | 18:00 | 18:41 | 20:24 | 21:05 |21:38 121:43 [21:12 | 20:16 | 19:16 |17:22 | 16:58
9]08:32  |08:02 |08:13  [07:12  |06:21  |05:53  |06:02  |06:36  |07:16  |07:56  |07:40 | 08:20
| 17:47 | 18:00 | 19:42 | 20:25 | 21:06 | 21:39 |21:43 |21:10 | 20:14 | 19:14 117:21 | 16:58
10(08:31  |08:00  |08:11  [07:10  |06:19  |05:53  |06:02  |06:37  |07:47  |07:57  |07:42 | 08:21
| 17:18 | 18:02 | 19:43 | 20:27 | 21:07 | 21:40 121:43 |21:09 | 20:12 |19:13 | 17:20 | 16:58
1108:31 | 07:59 | 08:09 | 07:08 | 06:18 | 05:52 | 06:03 | 06:38 | 07:19 | 07:59 | 07:43 | 08:22
| 17:20 | 18:03 | 19:45 | 20:28 | 21:08 | 21:41 |21:42 |21:07 | 20:10 | 19:11 117:18 | 16:58
12|08:30  |07:57  |08:07  [07:06 |06:17  |05:52  |06:04  |06:40  |07:20  [08:00 |07:45  |08:23
| 17:21 | 18:05 | 19:46 | 20:29 | 21:10 | 21:41 |21:41 |21:05 | 20:08 | 19:09 |17:17 | 16:58
13 08:30 | 07:56 | 08:05 | 07:05 | 06:15 | 05:52 | 06:05 | 06:41 | 07:21 | 08:01 | 07:46 | 08:24
|17:22 | 18:06 | 19:48 |20:31 | 21:11 | 21:42 121:41 |21:04 | 20:06 | 19:07 |17:16 | 16:58
14 | 08:29 | 07:54 | 08:03 | 07:03 | 06:14 | 05:52 | 06:06 | 06:42 | 07:23 | 08:03 | 07:48 | 08:25
| 17:23 | 18:08 | 19:49 | 20:32 |21:12 |21:42 |21:40 |21:02 | 20:04 | 19:05 |17:15 | 16:58
15| 08:29 | 07:53 | 08:01 | 07:01 | 06:13 | 05:52 | 06:07 | 06:44 | 07:24 | 08:04 | 07:49 | 08:25
| 17:25 | 18:09 | 19:51 | 20:33 | 21:14 |121:43 121:39 |21:01 | 20:02 | 19:03 | 17:14 | 16:59
16(08:228  |07:51  |07:59  |06:59  |06:12  |05:52  |06:08  |06:45 |07:25  |08:06 |07:51  |08:26
[17:26  [18:11  [19:52  |20:35  [21:15  [21:43  [21:39  [20:59  |20:00  [19:01  [17:12 | 16:59
17 | 08:27 | 07:49 | 07:57 | 06:57 | 06:10 | 05:52 | 06:09 | 06:46 | 07:26 | 08:07 | 07:52 | 08:27
| 17:27 | 18:12 | 19:53 |20:36 | 21:16 | 21:44 |21:38 | 20:57 | 19:58 | 18:58 [17:11 | 16:59
18 | 08:27 | 07:48 | 07:55 | 06:55 | 06:09 | 05:52 | 06:10 | 06:47 | 07:28 | 08:08 | 07:54 | 08:28
1 17:29 | 18:14 | 19:55 | 20:37 | 21:17 |21:44 121:37 | 20:55 | 19:56 | 18:56 |17:10 | 16:59
19| 08:26 | 07:46 | 07:53 | 06:53 | 06:08 | 05:52 | 06:11 | 06:49 | 07:29 | 08:10 | 07:55 | 08:28
| 17:30 | 18:15 | 19:56 | 20:39 | 21:18 |21:44 121:36 | 20:54 | 19:54 | 18:54 | 17:09 | 17:00
20 | 08:25 | 07:44 | 07:52 | 06:52 | 06:07 | 05:52 | 06:12 | 06:50 | 07:30 | 08:11 | 07:56 | 08:29
| 17:32 | 18:17 | 19:58 | 20:40 | 21:20 | 21:45 121:35 | 20:52 | 19:52 | 18:52 | 17:08 | 17:00
2108:24 | 07:43 | 07:50 | 06:50 | 06:06 | 05:52 | 06:13 | 06:51 | 07:32 | 08:13 | 07:58 | 08:29
| 17:33 | 18:18 | 19:59 | 20:42 | 21:21 | 21:45 121:34 | 20:50 | 19:50 | 18:50 | 17:07 [17:01
22| 08:23 | 07:41 | 07:48 | 06:48 | 06:05 | 05:52 | 06:14 | 06:53 | 07:33 | 08:14 | 07:59 | 08:30
| 17:34 | 18:20 | 20:00 | 20:43 |21:22 | 21:45 121:33 | 20:48 | 19:48 | 18:49 | 17:07 |17:01
23| 08:23 | 07:39 | 07:46 | 06:46 | 06:04 | 05:53 | 06:15 | 06:54 | 07:34 | 08:16 | 08:01 | 08:30
| 17:36 | 18:21 | 20:02 | 20:44 |21:23 | 21:46 121:32 | 20:47 | 19:46 | 18:47 | 17:06 | 17:02
24|08:22 |07:37  |0744  |06:45 |06:03  |05:53  [06:16  |06:55  |07:36 | 08:17  [08:02 | 08:31
| 17:37 | 18:23 | 20:03 | 20:46 | 21:24 | 21:46 121:31 | 20:45 | 19:44 | 18:45 | 17:05 | 17:02
25 08:21 | 07:35 | 07:42 | 06:43 | 06:02 | 05:53 | 06:18 | 06:57 | 07:37 | 08:18 | 08:03 | 08:31
| 17:39 | 18:24 | 20:04 | 20:47 | 21:25 | 21:46 |21:30 | 20:43 | 19:42 | 18:43 | 17:04 | 17:03
26(08:20 |07:3¢  |07:40 | 06:41 | 06:01 |05:54  |06:19  |06:58  |07:38  |08:20  |08:05 | 08:32
| 17:40 | 18:26 | 20:06 | 20:48 | 21:26 | 21:46 |21:29 | 20:41 | 19:40 | 18:42 | 17:04 | 17:03
27| 08:19 | 07:32 | 07:38 | 06:39 | 06:00 | 05:54 | 06:20 | 06:59 | 07:40 | 08:21 | 08:06 | 08:32
| 17:42 | 18:27 | 20:07 | 20:50 |21:28 | 21:46 |21:28 | 20:39 | 19:38 | 18:40 | 17:03 | 17:04
28| 08:17 | 07:30 | 07:36 | 06:38 | 06:00 | 05:54 | 06:21 | 07:00 | 07:41 | 08:23 | 08:07 | 08:32
| 17:43 | 18:29 | 20:09 | 20:51 | 21:29 | 21:46 |21:27 | 20:37 | 19:36 | 18:38 | 17:02 | 17:05

2908:16 | |07:3¢  |06:36  |05:59  |05:55 0622  [07:02  |07:42  |08:24  |08:09 | 08:32

|17:45 | [20:10  |20:52  [21:30  |21:46  [21:25  [20:36  [19:34  [18:37  [17:02  |17:06

3008:15 | |07:32  |06:34  |05:58  |05:55  |06:23  [07:03  |07:44  |08:226  |08:10 | 08:32

|17:46 | [20:11  |20:54  |21:31  [2146  [21:224  [20:34  [19:32  [18:35  [17:01  [17:07

31]08:14 | [07:30 | |05:57 | |06:25  [07:04 | |08:27 | | 08:33

|17:48 | 120113 | [21:32 | |21:23  |20:32 | |18:34 | | 17:07

Potential sunhours | 279 | 288 | 368 | 407 | 466 | 474 | 480 | 441 | 378 | 339 | 282 | 267
Total, worst case | | | | | | | | | | | |
Sun reduction | | | | | | | | | | | |
Oper. time red. | | | | | | | | | | | |
Wind dir. red. | | | | | | | | | | | |
Total reduction | | | | | | | | | | | |
Total, real | | | | | | | | | | | |

Table layout: For each day in each month the following matrix apply
Day in month Sun rise (hh:mm) First time (hh:mm) with flicker (WTG causing flicker first time)

Sun set (hh:mm) Minutes with flicker Last time (hh:mm) with flicker (WTG causing flicker last time)
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roject:

Minnesota Power - BISON Wind Energy Center

Minnesota Power
Frank Frederickson

30 West Superior Street
Duluth, MN 55802-2093

SHADOW Calendar, graphlcal

Description:

EAPC does not warrant, guarantee, or make any such
representations regarding the contents of this report. EAPC
cannot be held liable for erroneous results caused by errors
or omissions in the delivered data, or inaccuracy, limitations,
or malfunctioning of models or software used. For any claim
whatsoever related to the subject matter of this report, the
liability of EAPC for actual damages, regardless of the form
of action, shall be limited to the total amount paid to EAPC
for the services provided as part of this consultancy service.

Printed/Page

6/21/2011 8:44 AM / 34

Licensed user:

EAPC Wind Energy

3100 DeMers Avenue
US-GRAND FORKS, ND 58201
+1701 775 3000
wind@eapc.net
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roject:

Minnesota Power - BISON Wind Energy Center

Minnesota Power

Frank Frederickson

30 West Superior Street
Duluth, MN 55802-2093

SHADOW Calendar, graphlcal

Description:

EAPC does not warrant, guarantee, or make any such
representations regarding the contents of this report. EAPC
cannot be held liable for erroneous results caused by errors
or omissions in the delivered data, or inaccuracy, limitations,
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