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Figure 8 (continued). Fatality rates for bats (number of bats per megawatts per year) from publically
available wind energy facilities in the Midwest region of North America. Data from the

following sources:

Facility Study

Bat Fatality Fatality Estimate Citation

Three Waters, MN

This study

Cedar Ridge, WI (2009) 30.61 BHE Environ-mental 2010
Blue Sky Green Field, WI (2008; 2009) 24.57 Gruver et al. 2009
Cedar Ridge, WI (2010) 2412 BHE Environ-mental 2011
Fowler I, II, Ill, IN (2011) 20.19 Good et al. 2012
Lakefield Wind, MN (2012) 19.87 Minnesota Public Utilities Commission 2012
Fowler I, II, 1ll, IN (2010) 18.96 Good et al. 2011
Forward Energy Center, WI (2008-2010) 18.17 Grodsky and Drake 2011
Top Crop | & 11 (2012-2013) 12.55 Good et al. 2013c

Rail Splitter, IL (2012-2013) 11.21 Good et al. 2013b
Harrow, Ont (2010) 11.13 Natural Resources Solutions Inc. (NRSI) 2011
Top of lowa, IA (2004) 10.27 Jain 2005

Waverly Wind, US-KS (2016-2017) 8.2 Tetra Tech 2017a
Fowler I, IN (2009) 8.09 Johnson et al. 2010a
Crystal Lake I, 1A (2009) 7.42 Derby et al. 2010b

Top of lowa, 1A (2003) 7.16 Jain 2005

Kewaunee County, WI (1999-2001) 6.45 Howe et al. 2002
Fowler, US-IN (2014) 4.86 Good et al. 2015

Ripley, Ont (2008) 4.67 Jacques Whitford 2009
Fowler, US-IN (2015) 4.54 Good et al. 2016

Fowler, US-IN (2016) 4.54 Good et al. 2017
Winnebago, 1A (2009-2010) 4.54 Derby et al. 2010a
Pioneer Prairie I, 1A (Phase II; 2011-2012) 4.43 Chodachek et al. 2012
Buffalo Ridge, MN (Phase Il; 2001/Lake 435 Johnson et al. 2004
Benton 1)

Pioneer Prairie Il, 1A (2013) 3.83 Chodachek et al. 2014
Buffalo Ridge, MN (Phase llI; 2001/Lake 3.71 Johnson et al. 2004
Benton II)

Crescent Ridge, IL (2005-2006) 3.27 Kerlinger et al. 2007
Fowler I, II, 1ll, IN (2012) 2.96 Good et al. 2013a
Buffalo Ridge Il, SD (2011-2012) 2.81 Derby et al. 2012a

Elm Creek I, MN (2011-2012) 2.81 Derby et al. 2012b
Buffalo Ridge, MN (Phase IlI; 1999) 272 Johnson et al. 2000
Buffalo Ridge, MN (Phase IlI; 1999) 2.59 Johnson et al. 2000
Moraine I, MN (2009) 242 Derby et al. 2010f
Buffalo Ridge, MN (Phase Il; 1998) 2.16 Johnson et al. 2000
PrairieWinds ND1 (Minot), ND (2010) 213 Derby et al. 2011d
Grand Ridge I, IL (2009-2010) 2.1 Derby et al. 2010a

Big Blue, MN (2013) 2.04 Fagen Engineering 2014
Barton | & 1I, 1A (2010-2011) 1.85 Derby et al. 2011b
Fowler IlI, IN (2009) 1.84 Johnson et al. 2010b
Buffalo Ridge, MN (Phase Ill; 2002/Lake 1.81 Johnson et al. 2004
Benton II)

Pleasant Valley, US-MN (2016-2017) 1.8 Tetra Tech 2017b
Buffalo Ridge, MN (Phase Il; 2002/Lake 1.64 Johnson et al. 2004
Benton 1)

Rugby, ND (2010-2011) 1.6 Derby et al. 2011c

EIm Creek, MN (2009-2010) 1.49 Derby et al. 2010e
Wessington Springs, SD (2009) 1.48 Derby et al. 2010c

Big Blue, MN (2014) 143 Fagen Engineering 2015
PrairieWinds ND1 (Minot), ND (2011) 1.39 Derby et al. 2012d
WEST, Inc. 20 2018



Three Waters Bat Acoustic Survey

Figure 8 (continued). Fatality rates for bats (number of bats per megawatts per year) from publically
available wind energy facilities in the Midwest region of North America. Data from the
following sources:

Facility Study Bat Fatality Fatality Estimate Citation
Three Waters, MN This study

PrairieWinds SD1, SD (2011-2012) 1.23 Derby et al. 2012c

NPPD Ainsworth, NE (2006) 1.16 Derby et al. 2007
PrairieWinds SD1, SD (2012-2013) 1.05 Derby et al. 2013a

Buffalo Ridge, MN (Phase I; 1999) 0.74 Johnson et al. 2000
PrairieWinds SD1, SD (2013-2014) 0.52 Derby et al. 2014

Prairie Rose, US-MN (2014) 0.41 Chodachek et al. 2015
Wessington Springs, SD (2010) 0.41 Derby et al. 2011a

Buffalo Ridge I, SD (2009-2010) 0.16 Derby et al. 2010d
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Appendix A1. Wind energy facilities in North America with comparable activity and fatality data for
bats, separated by geographic region.

Bat Activity Bat Activity Fatality No.of Total

Wind Energy Facility Estimate® Dates Estimate® Turbines MW
Three Waters, MN 4.72 7/31/17-10/14/17
Southwest
Dry Lake, AZ 8.8 4/29/10-11/10/10 4.29 30 63
Southern Plains
Barton Chapel, TX 3.06 60 120
Buffalo Gap I, TX 0.14 155 233
Buffalo Gap I, TX 0.1 67 134
California
Shiloh I, CA 3.92 100 150
High Winds, CA (2004) 2.51 90 162
Dillon, CA 217 45 45
High Winds, CA (2005) 1.52 90 162
Alite, CA 0.24 8 24
Pacific Northwest
Biglow Canyon, OR (Phase II; 2009/2010) 2.71 65 150
Nine Canyon, WA 2.47 37 48.1
Stateline, OR/WA 2003 2.29 454 263
Biglow Canyon, OR (Phase I; 2008) 1.99 76 125.4
Leaning Juniper, OR 1.98 67 100.5
Big Horn, WA 1.90 133 199.5
Combine Hills, OR 1.88 41 41
Pebble Springs, OR 1.55 47 98.7
Hopkins Ridge, WA (2008) 1.39 87 156.6
Elkhorn, OR (2008) 1.26 61 101
Vansycle, OR 1.12 38 24.9
Klondike IIl, OR 1.1 122 375
Stateline, OR/WA 2002 1.09 454 263
Tuolumne (Windy Point 1), WA 0.94 62 136.6
Klondike, OR 0.77 16 24
Hopkins Ridge, WA (2006) 0.63 83 150
Biglow Canyon, OR (Phase I; 2009) 0.58 76 1254
Hay Canyon, OR 0.53 48 100.8
Klondike II, OR 0.41 50 75
Wild Horse, WA 0.39 127 229
Goodnoe, WA 0.34 47 94
Marengo Il, WA (2009) 0.27 39 70.2
Marengo I, WA (2009) 0.17 39 70.2
Klondike Illa, OR 0.16 125 375
Rocky Mountains
Summerview, Alb. (2008) 7.7P 07/15/06-07- 11.42 39 70.2
09/30/06-07
Judith Gap, MT 8.93 90 135
Foote Creek Rim, WY (Phase I; 1999) 3.97 69 41.4
Foote Creek Rim, WY (Phase I; 2001- 2.2DE 6/15/01-9/1/01 1.57 69 41.4
2002)

Foote Creek Rim, WY (Phase [; 2000) 2.2PE 6/15/00-9/1/00 1.05 69 41.4




Appendix A1. Wind energy facilities in North America with comparable activity and fatality data for
bats, separated by geographic region.

Bat Activity Bat Activity Fatality No.of Total
Wind Energy Facility Estimate® Dates Estimate® Turbines MW
Midwest
Cedar Ridge, WI (2009) 10.0 CEF 7/16/07-9/30/07 30.61 41 67.6
Blue Sky Green Field, WI 7.7F 7/24/07-10/29/07 24.57 88 145
Cedar Ridge, WI (2010) 10.0 CEF 7/16/07-09/30/07 2412 41 68
Forward Energy Center, WI 6.97 8/5/08-11/08/08 18.17 86 129
Top of lowa, IA (2004) 35.7 5/26/04-9/24/04 10.27 89 80
Crystal Lake II, 1A 7.42 80 200
Top of lowa, IA (2003) 7.16 89 80
Kewaunee County, WI 6.45 31 20.46
Ripley, Ont. (2008) 4.67 38 76
Winnebago, 1A 4.54 10 20
Buffalo Ridge, MN (Phase II; 2001/Lake 2.2P 6/15/01-9/15/01 4.35 143  107.25
Benton I)
Buffalo Ridge, MN (Phase lll; 2001/Lake 2.2P 6/15/01-9/15/01 3.71 138 103.5
Benton II)
Crescent Ridge, IL 3.27 33 54.45
Buffalo Ridge, MN (Phase IlI; 1999) 2.72 138 103.5
Buffalo Ridge, MN (Phase IlI; 1999) 2.59 143  107.25
Morraine Il, MN 2.42 33 49.5
Buffalo Ridge, MN (Phase Il; 1998) 2.16 143  107.25
Prairie Winds (Minot), ND 213 80 115.5
Grand Ridge, IL 2.10 66 99
Buffalo Ridge, MN (Phase IIl; 2002/Lake 1.9P 6/15/02-9/15/02 1.81 138 103.5
Benton II)
Buffalo Ridge, MN (Phase II; 2002/Lake 1.9P 6/15/02-9/15/02 1.64 143  107.25
Benton I)
EIm Creek, MN 1.49 67 100
Wessington Springs, SD 1.48 34 51
NPPD Ainsworth, NE 1.16 36 20.5
Buffalo Ridge, MN (Phase I; 1999) 0.74 73 25
Buffalo Ridge I, SD (2010) 0.16 24 50.4
Southeast
Buffalo Mountain, TN (2005) 39.70 18 28.98
Buffalo Mountain, TN (2000-2003) 23.7F 31.54 3 1.98




Appendix A1. Wind energy facilities in North America with comparable activity and fatality data for
bats, separated by geographic region.

Bat Activity Bat Activity Fatality No.of Total

Wind Energy Facility Estimate® Dates Estimate® Turbines MW
Northeast

Mountaineer, WV 38.3F 8/1/04-9/14/04 31.69 44 68
Mount Storm, WV (2009) 30.09 7/15/09-10/7/09 24.32 132 264
Mount Storm, WV (2010) 4412 4/18/10-10/15/10 15.18 132 264
Casselman, PA (Spring & Fall 2008) 12.61 23 34.5
Maple Ridge, NY (2006) 11.21 120 198
Maple Ridge, NY (2007) 9.42 195 321.75
Cohocton/Dutch Hill, NY (2009) 8.62 50 125
Noble Bliss, NY (2008) 7.80 67 100
Mount Storm, WV (Fall 2008) 35.2 7/20/08-10/12/08 6.62 82 164
Wolfe Island, Ont (July-December 2009) 6.42 86 197.8
Maple Ridge, NY (2008) 4.96 195 321.75
Noble Clinton, NY (2009) 1.9¢ 8/1/09-09/31/09 4.50 67 100
Noble Ellenburg, NY (2009) 16.1°¢ 8/16/09-09/15/09 3.91 54 80
Noble Bliss, NY (2009) 3.85 67 100
Lempster, NH (2010) 3.57 12 24
Noble Ellenburg, NY (2008) 3.46 54 80
Noble Clinton, NY (2008) 2.1¢ 8/8/08-09/31/08 3.14 67 100
Lempster, NH (2009) 3.1 12 24
Mars Hill, ME (2007) 2.91 28 42
Munnsville, NY (2008) 1.93 23 34.5
Stetson Mountain, ME (2009) 28.5;0.3¢  7/10/09-10/15/09 1.40 38 57
Mars Hill, ME (2008) 0.45 28 42

A = Bat passes per detector-night

B = Number of fatalities per megawatt per year

C = Activity rate based on data collected at various heights all other activity rates are from ground-based units only

D = Activity rate was averaged across phases and/or years

E = Activity rate calculated by WEST from data presented in referenced report

F= Activity rate based on pre-construction monitoring; data for all other activity and fatality rates were collected
concurrently

G = The overall activity rate of 28.5 is from reference stations located along forest edges which may be attractive to
bats; the activity rate of 0.3 is from one unit placed on a nacelle



Appendix A1 (continued). Wind energy facilities in North America with comparable fatality data for

bats.
Activity Fatality Activity Fatality
Project, Location Reference Reference Project, Location Reference Reference
Alite, CA Chatfield et al. 2010 |Klondike I, OR NWC and WEST 2007
Barton Chapel, TX WEST 2011 Klondike Ill, OR Gritski et al. 2009a
Big Horn, WA Kronner et al. 2008 Klondike llla, OR Gritski et al. 2009b
Biglow Canyon, OR (Phase Jeffrey et al. 2009a  |Leaning Juniper, OR Kronner et al. 2007
I; 08)
Biglow Canyon, OR (Phase Enk et al. 2010 Lempster, NH (09) Tidhar et al. 2010
I; 09)
Biglow Canyon, OR (Phase Enk et al. 2011 Lempster, NH (09) Tidhar et al. 2011
II; 09/10)
Blue Sky Green Field, WI  Gruver 2008 Gruver et al. 2009 Maple Ridge, NY (06) Jain et al. 2007
Buffalo Mountain, TN (00-  Fiedler 2004 Nicholson et al. 2005 |Maple Ridge, NY (07) Jain et al. 2008
03)
Buffalo Mountain, TN (05) Fiedler et al. 2007 Maple Ridge, NY (08) Jain et al. 2009c
Buffalo Ridge, MN (Phase Johnson et al. 2000 |Marengo |, WA (09) URS Corporation 2010b
1; 99)
Buffalo Ridge, MN (Phase Johnson et al. 2000 |Marengo Il, WA (09) URS Corporation 2010c
II; 98)
Buffalo Ridge, MN (Phase Johnson et al. 2000 |Mars Hill, ME (07) Stantec 2008
II; 99)
Buffalo Ridge, MN (Phase Johnson et al. Johnson et al. 2004 |Mars Hill, ME (08) Stantec 2009a
II; 01/Lake Benton 1) 2004
Buffalo Ridge, MN (Phase Johnsonet al. Johnson et al. 2004 |Moraine II, MN Derby et al. 2010d
II; 02/Lake Benton 1) 2004
Buffalo Ridge, MN (Phase Johnson et al. 2000 |Mount Storm, WV (Fall  Young et al. Younget al. 2009a
I11; 99) 08) 2009a
Buffalo Ridge, MN (Phase Johnsonet al. Johnson et al. 2004 |Mount Storm, WV (09) Young et al. 2009b,
III; 01/Lake Benton Il) 2004 2010a
Buffalo Ridge, MN (Phase Johnsonet al. Johnson et al. 2004 [Mount Storm, WV (10) Young et al. 2010b,
Il; 02/Lake Benton II) 2004 2011
Buffalo Ridge |, SD Derby et al. 2010b Mountaineer, WV Arnett et al. Arnettet al. 2005
2005, Arnett
pers. comm.
Casselman, PA (Spring and Arnett et al. 2009 Munnsville, NY Stantec 2009b
Fall 08)
Cedar Ridge, WI (09) BHE BHE Environmental [Nine Canyon, WA Erickson et al. 2003b
Environmen 2010
tal 2008
Cedar Ridge, WI (10) BHE BHE Environmental |Noble Bliss, NY (08) Jain et al. 2009d
Environmen 2011
tal 2008
Cohocton/Dutch Hill, NY Stantec 2010 Noble Bliss, NY (09) Jain et al. 2010a
Combine Hills, OR Young et al. 2006 Noble Clinton, NY (08) Jain et al. 2009b
Crescent Ridge, IL Kerlinger et al. 2007 |Noble Clinton, NY (09) Jain et al. 2010b
Crystal Lake II, IA Derby et al. 2010a Noble Ellenburg, NY Jain et al. 2009a
(08)
Dillon, CA Chatfield et al. 2009 [Noble Ellenburg, NY Jain et al. 2010c
(09)
Dry Lake, AZ Thompson et Thompsonet al. 2011 [NPPD Ainsworth, NE Derby et al. 2007
al. 2011
Elkhorn, OR Jeffrey et al. 2009b  |Pebble Springs, OR Gritski and Kronner
2010b
Elm Creek, MN Derby et al. 2010c Prairie Winds (Minot), Derby et al. 2011
ND
Foote Creek Rim, WY Young et al. 2003 Ripley, Ont. (08) Jacques Whitford 2009
(Phase [; 99)
Foote Creek Rim, WY Gruver 2002 Younget al. 2003 Shiloh I. CA Kerlinger et al. 2010
(Phase I; 00)
Foote Creek Rim, WY Younget al. 2003 Stateline, OR/WA (02) Erickson et al. 2004
(Phase I; 01-02)
Forward Energy Center, WI Grodsky and Drake |Stateline, OR/WA (03) Ericksonet al. 2004
2011
Goodnoe, WA URS Corporation Stetson Mountain, ME ~ Stantec 2009¢ Stantec 2009¢
2010a




Appendix A1 (continued). Wind energy facilities in North America with comparable fatality data for

bats.
Activity Fatality Activity Fatality
Project, Location Reference Reference Project, Location Reference Reference
Grand Ridge, IL Derby et al. 2010g Summerview (08) Baerwald 2008 Baerwald 2008
Hay Canyon, OR Gritski and Kronner | Top of lowa, IA (03) Jain 2005
2010a
High Winds, CA (04) Kerlinger et al. 2006 |Top of lowa, IA (04) Jain 2005

High Winds, CA (05)

Hopkins Ridge, WA (06)
Hopkins Ridge, WA (08)
Judith Gap, MT
Kewaunee County, WI
Klondike, OR

Kerlinger et al. 2006

Young et al. 2007
Young et al. 2009c
TRC 2008

Howe et al. 2002
Johnson et al. 2003

Tuolumne (Windy Point
1), WA

Vansycle, OR

Wessington Springs, SD

Wild Horse, WA

Winnebago, IA

Wolfe Island, Ont. (July-
Dec. 09)

Enz and Bay 2010

Erickson et al. 2000
Derby et al. 2010f
Erickson et al. 2008
Derby et al. 2010e
Stantec Ltd. 2010b




Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities
(bats/megawatt/year) Habitat Type

Predominant

Citation

Alite, CA (2009-2010)
Alta I, CA (2013-2014)

Alta |, CA (2015-2016)
Alta I1-V, CA (2013-2014)
Alta 11-V, CA (2015-2016)

Alta VIII, CA (2012-2013)

Alta VIII, CA (2014-2015)

Alta Wind I, CA (2011-2012)

Alta Wind 1I-V, CA (2011-
2012)

Alta X, CA (2014-2015)

Alta X, CA (2015-2016)
Barton Chapel, TX (2009-
2010)

Barton | & 11, IA (2010-2011)
Beech Ridge, WV (2012)

Beech Ridge, WV (2013)
Big Blue, MN (2013)

Big Blue, MN (2014)

Big Horn, WA (2006-2007)
Big Smile, OK (2012-2013)
Biglow Canyon, OR (Phase I;
2008)

Biglow Canyon, OR (Phase I;
2009)

Biglow Canyon, OR (Phase
Il; 2009-2010)

Biglow Canyon, OR (Phase
Il; 2010-2011)

Biglow Canyon, OR (Phase
I1; 2010-2011)

Bingham Wind Project, ME
(2017)

Blue Sky Green Field, WI
(2008; 2009)

Buffalo Gap I, TX (2006)
Buffalo Gap II, TX (2007-
2008)

Buffalo Mountain, TN (2000-
2003)

0.24
0.36

0.7

0.17

1.28
0.08
0.42

3.06

1.85
2.03
0.58

2.04

1.43

1.9
2.9

1.99

0.58

2.71

0.57

0.22

0.23

24.57
0.1
0.14

31.54

shrub/scrub & grassland
Grassland;Shrub Steppe

Grassland;Shrub Steppe
Grassland;Shrub Steppe
Grassland;Shrub Steppe

grassland and riparian

Desert
Creosote;Grassland;Joshua
Tree

woodland, grassland,
shrubland

desert scrub

Forest/Woodlot;Shrub Steppe
Shrub Steppe

agriculture/forest

agriculture
forest

forest

agriculture

agriculture

agriculture/grassland
grassland, agriculture

agriculture/grassland
agriculture/grassland

agriculture

grassland/shrub-steppe,
agriculture
grassland/shrub-steppe,
agriculture

Bermuda Grass/Mixed
Grasses;Clover;Road and
Pad

agriculture
grassland

forest

forest

Chatfield et al. 2010

Chatfield et al. 2014

Thompson et al.
2016a

Chatfield et al. 2014

Thompson et al.
2016a

Chatfield and Bay
2014

Western
EcoSystems
Technology, Inc.
(WEST) 2016¢

Chatfield et al. 2015

Thompson et al.
2016b

Chatfield et al. 2012

Chatfield et al. 2012

WEST 2011

Derby et al. 2011b

Tidhar et al. 2013a

Young et al. 2014a

Fagen Engineering
2014

Fagen Engineering
2015

Kronner et al. 2008

Derby et al. 2013b

Jeffrey et al. 2009b
Enk et al. 2010

Enk et al. 2011b

Enk et al. 2012b

Enk et al. 2012a

TRC 2017a

Gruver et al. 2009
Tierney 2007
Tierney 2009

Nicholson et al.
2005



Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities
(bats/megawatt/year) Habitat Type

Predominant

Citation

Buffalo Mountain, TN (2005)
Buffalo Ridge I, SD (2009-
2010)

Buffalo Ridge II, SD (2011-
2012)

Buffalo Ridge, MN (Phase |;
1999)

Buffalo Ridge, MN (Phase II;
1998)

Buffalo Ridge, MN (Phase II;
1999)

Buffalo Ridge, MN (Phase II;
2001/Lake Benton I)

Buffalo Ridge, MN (Phase lI;
2002/Lake Benton I)

Buffalo Ridge, MN (Phase llI;
1999)

Buffalo Ridge, MN (Phase lll;
2001/Lake Benton II)

Buffalo Ridge, MN (Phase llI;
2002/Lake Benton II)

Bull Hill, ME (2013)

Cameron Ridge/Section 15,
CA (2014-2015)

Cameron Ridge/Section 15,
CA (2015-2016)
Casselman Curtailment, PA
(2008)

Casselman, PA (2008)
Casselman, PA (2009)

Cedar Ridge, WI (2009)

Cedar Ridge, WI (2010)

Chopin, OR (2016-2017)

Cohocton/Dutch Hill, NY
(2009)

Cohocton/Dutch Hill, NY
(2013)

Cohocton/Dutch Hills, NY
(2010)

Combine Hills, OR (2011)

Combine Hills, OR (Phase I;
2004-2005)

Crescent Ridge, IL (2005-
2006)

Criterion, MD (2011)

39.7
0.16

2.81

0.74

2.16

2.59

4.35

1.64

2.72

3.71

1.81

1.62

0.15

0.19

4.4

12.61
8.6

30.61

24.12

1.9

8.62

1.37

10.32

0.73

1.88

3.27
15.61

forest

agriculture/grassland
agriculture, grassland
agriculture
agriculture
agriculture
agriculture
agriculture
agriculture
agriculture

agriculture
forest

Shrub Steppe
Shrub Steppe

forest

forest
forest, pasture, grassland

agriculture

agriculture
Agriculture

agriculture/forest
Agriculture;Forest/\Woodlot

agriculture/forest

grassland/shrub-steppe,
agriculture

agriculture/grassland

agriculture

forest, agriculture

Fiedler et al. 2007
Derby et al. 2010d

Derby et al. 2012a

Johnson et al. 2000
Johnson et al. 2000
Johnson et al. 2000
Johnson et al. 2004
Johnson et al. 2004
Johnson et al. 2000
Johnson et al. 2004

Johnson et al. 2004

Stantec Consulting,
Inc. (Stantec)
2014a

WEST 2016b

Rintz and
Thompson 2017

Arnett et al. 2009a

Arnett et al. 2009b

Arnett et al. 2010

BHE Environmental
2010

BHE Environmental
2011

Hallingstad and
Riser-Espinoza
2017

Stantec 2010
Stantec 2014b
Stantec 2011a
Young et al. 2006
Enz et al. 2012

Kerlinger et al. 2007
Young et al. 2012b



Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities
(bats/megawatt/year) Habitat Type

Predominant

Citation

Criterion, MD (2012)
Criterion, MD (2013)
Crystal Lake I, 1A (2009)
Diablo Winds, CA (2005-
2007)

Dillon, CA (2008-2009)

Dry Lake |, AZ (2009-2010)

Dry Lake II, AZ (2011-2012)

Elkhorn, OR (2008)
Elkhorn, OR (2010)

EIm Creek Il, MN (2011-
2012)

Elm Creek, MN (2009-2010)
Foote Creek Rim |, WY
(1999)

Foote Creek Rim |, WY
(2000)

Foote Creek Rim |, WY
(2001-2002)

Forward Energy Center, WI
(2008-2010)

Fowler I, 11, 111, IN (2010)
Fowler I, 11, 1ll, IN (2011)
Fowler I, 11, 11l IN (2012)

Fowler I, IN (2009)

Fowler III, IN (2009)

Fowler, IN (2014)
Fowler, IN (2015)
Fowler, IN (2016)

Goodnoe, WA (2009-2010)

Grand Ridge I, IL (2009-
2010)

Groton, NH (2013)
Groton, NH (2014)

Groton, NH (2015)
Hancock, ME (2017)

Harrow, Ont (2010)

Harvest Wind, WA (2010-
2012)
Hatchet Ridge, CA (2011)
Hatchet Ridge, CA (2012-
2013)

7.62
5.32
7.42

0.82
217
3.43

1.66

1.26
2.14

2.81
1.49
3.97

1.05

1.57

18.17

18.96
20.19
2.96

1.84

1.84

3.84
4.86
4.54

0.34

2.1

1.31

1.63

1.74
0.3

11.13

1.27

2.23
5.22

forest, agriculture
forest, agriculture
agriculture

desert

desert grassland/forested

desert grassland/forested

shrub/scrub & agriculture
shrub/scrub & agriculture

agriculture, grassland
agriculture
grassland

grassland
grassland

agriculture

agriculture
agriculture
agriculture

agriculture

agriculture

Agriculture;Developed
Agriculture;Developed
Agriculture;Developed

grassland and shrub-steppe
agriculture

Forest/Woodlot
Forest/Woodlot

Forest/Woodlot

Clover;Gravel;Road and Pad
agriculture
grassland/shrub-steppe

Forest/Woodlot
Forest/Woodlot

Young et al. 2013
Young et al. 2014b
Derby et al. 2010b

WEST 2006, 2008

Chatfield et al. 2009

Thompson et al.
2011

Thompson and Bay
2012

Jeffrey et a. 2009a

Enk et al. 2011a

Derby et al. 2010e
Derby et al. 2012b
Young et al. 2003

Young et al. 2003

Young et al. 2003

Grodsky and Drake
2011

Good et al. 2011

Good et al. 2012

Good et al. 2013a

Johnson et al.

2010a

Johnson et al.
2010b

Good et al. 2015

Good et al. 2016

Good et al. 2017

URS Corporation
(URS) 2010a

Derby et al. 2010a

Stantec and WEST
2014

Stantec and WEST
2015a

Stantec and WEST
2015b

TRC 2017b

Natural Resource
Solutions Inc.
(NRSI) 2011

Downes and Gritski
2012a

Tetra Tech 2013

Tetra Tech 2013



Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities
(bats/megawatt/year) Habitat Type

Predominant

Citation

Hatchet Ridge, CA (2012)
Hay Canyon, OR (2009-
2010)

High Sheldon, NY (2010)
High Sheldon, NY (2011)
High Winds, CA (2003-2004)
High Winds, CA (2004-2005)
Hopkins Ridge, WA (2006)
Hopkins Ridge, WA (2008)

Howard, NY (2012)
Howard, NY (2013)
Judith Gap, MT (2006-2007)

Judith Gap, MT (2009)

Kewaunee County, WI (1999-
2001)

Kibby, ME (2011)

Kittitas Valley, WA (2011-
2012)

Klondike I, OR (2005-2006)

Klondike Il (Phase 1), OR
(2007-2009)

Klondike Illa (Phase II), OR
(2008-2010)

Klondike, OR (2002-2003)

Lakefield Wind, MN (2012)
Leaning Juniper, OR (2006-

2008)
Lempster, NH (2009)

Lempster, NH (2010)

Linden Ranch, WA (2010-
2011)

Locust Ridge, PA (Phase II;
2009)

Locust Ridge, PA (Phase lI;
2010)

Lower West, CA (2012-2013)

Lower West, CA (2014-2015)

Lower West, CA (2016-2017)
Maple Ridge, NY (2006)

4.2
0.53

2.33
1.78
2.51
1.52
0.63
1.39

10

2.13

8.93

3.2

6.45
0.12
0.12

0.41

0.14
0.77

19.87

1.98

3.1

3.57

1.68

14.11

14.38

2.17

1.13

11.21

agriculture

agriculture

agriculture
agriculture/grassland
agriculture/grassland
agriculture/grassland
agriculture/grassland
Agriculture;Forest/Woodlot;P
asture
Agriculture;Forest/Woodlot;P
asture

agriculture/grassland
agriculture/grassland

agriculture
forest; commercial forest

sagebrush-steppe, grassland

agriculture/grassland

agriculture/grassland

grassland/shrub-steppe and
agriculture
agriculture/grassland

agriculture

agriculture

grasslands/forest/rocky
embankments
grasslands/forest/rocky
embankments
grassland/shrub-steppe,
agriculture

grassland
grassland
Joshua Tree;Shrub Steppe

Joshua Tree;Shrub Steppe

Joshua Tree;Shrub Steppe
agriculture/forested

Tetra Tech 2014
Gritski and Kronner
2010a
Tidhar et al. 2012a
Tidhar et al. 2012b
Kerlinger et al. 2006
Kerlinger et al. 2006
Young et al. 2007
Young et al. 2009b

Tidhar et al. 2013c

Lukins et al. 2014

TRC Environmental
Corporation 2008

Poulton and
Erickson 2010

Howe et al. 2002

Stantec 2012a

Stantec Consulting
Services 2012

Northwest Wildlife
Consultants
(NWC) and WEST
2007

Gritski et al. 2010

Gritski et al. 2011

Johnson et al. 2003

Minnesota Public
Utilities
Commission 2012

Gritski et al. 2008

Tidhar et al. 2010
Tidhar et al. 2011
Enz and Bay 2011
Arnett et al. 2011

Arnett et al. 2011

Levenstein and Bay
2013a

Levenstein and
DiDonato 2015

WEST 2017b

Jain et al. 2007



Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities
(bats/megawatt/year) Habitat Type

Predominant

Citation

Maple Ridge, NY (2007-
2008)

Maple Ridge, NY (2007)
Maple Ridge, NY (2012)
Marengo |, WA (2009-2010)
Marengo I, WA (2009-2010)
Mars Hill, ME (2007)

Mars Hill, ME (2008)

Milford | & II, UT (2011-2012)
Milford I, UT (2010-2011)

Montezuma I, CA (2011)

Montezuma I, CA (2012)

Montezuma Il, CA (2012-
2013)

Moraine Il, MN (2009)
Mount Storm, WV (2009)

Mount Storm, WV (2010)
Mount Storm, WV (2011)
Mount Storm, WV (Fall 2008)

Mountaineer, WV (2003)

Munnsville, NY (2008)
Mustang Hills, CA (2012-
2013)

Mustang Hills, CA (2014-
2015)

Nine Canyon, WA (2002-
2003)

Noble Altona, NY (2010)
Noble Bliss, NY (2008)
Noble Bliss, NY (2009)
Noble Chateaugay, NY
(2010)

Noble Clinton, NY (2008)
Noble Clinton, NY (2009)
Noble Ellenburg, NY (2008)
Noble Ellenburg, NY (2009)
Noble Wethersfield, NY
(2010)

NPPD Ainsworth, NE (2006)

Pacific Wind, CA (2014-2015)

Pacific Wind, CA (2015-2016)

Palouse Wind, WA (2012-
2013)

6.49

4.96
7.3
0.17
0.27
2.91
0.45
1.67
2.05

1.9
0.84

0.91

242
17.53

15.18
7.43
6.62

31.69
1.93
0.1

2.47

4.34
7.8
3.85
2.44

3.14
4.5
3.46
3.91
16.3
1.16

0.21

4.23

agriculture/forested

agriculture/forested
agriculture/forested
agriculture
agriculture

forest

forest

desert shrub
desert shrub

agriculture and grasslands
agriculture and grasslands

agriculture

agriculture/grassland
forest

forest
forest
forest

forest
agriculture/forest
Grasslands and Riparian

Desert
Creosote;Grassland;Joshua
Tree

agriculture/grassland

forest
agriculture/forest
agriculture/forest

agriculture

agriculture/forest
agriculture/forest
agriculture/forest
agriculture/forest

agriculture

agriculture/grassland
Desert Creosote;Joshua
Tree;Pinyon Pine/ Juniper
Desert Creosote;Joshua
Tree;Pinyon Pine/ Juniper

agriculture and grasslands

Jain et al. 2009a

Jain et al. 2009b

Tidhar et al. 2013b

URS 2010b

URS 2010c

Stantec 2008a

Stantec 2009a

Stantec 2011b

Stantec 2012b

ICF International
2012

ICF International
2013

Harvey &
Associates 2013

Derby et al. 2010f

Young et al. 2009¢

Young et al. 20093,
2010b

Young et al. 2010a,
2011b

Young et al. 2011a,
2012a

Kerns and Kerlinger
2004

Stantec 2009b

Chatfield and Bay
2014

WEST 2016¢

Erickson et al. 2003

Jain et al. 2011a
Jain et al. 2009c
Jain et al. 2010c

Jain et al. 2011b

Jain et al. 2009d
Jain et al. 2010a
Jain et al. 2009e
Jain et al. 2010b

Jain et al. 2011c
Derby et al. 2007
WEST 2016a

WEST 2017a

Stantec 2013a



Appendix A2. Fatality estimates for North American wind energy facilities.

Bat Fatalities Predominant
Project (bats/megawatt/year) Habitat Type Citation

Pebble Springs, OR (2009-

Gritski and Kronner

2010) 1.55 grassland 2010b
Pinnacle, WV (2012) 40.2 forest Hein et al. 2013b
Pinyon Pines | & I, CA Chatfield and Russo
(2013-2014) 0.04 NA 2014
Pinyon Pines | & II, CA . Rintz and
(2015-2016) 0.18 Desert Creosote;Joshua Tree Starcevich 2016
Pioneer Prairie |, 1A (Phase 4.43 aariculture. arassland Chodachek et al.
IIl; 2011-2012) : 9 9 2012
Pioneer Prairie 11, 1A (2013) 3.83 agriculture ngfj“:he“ etal.
Pleasant Valley, MN (2016- 18 Agriculture;Grassland;Wetlan Tetra Tech 2017b
2017) ds
Prairie Rose, MN (2014) 0.41 Agriculture;Grassland ng;jgchek etal.
PrairieWinds ND1 (Minot), .
ND (2010) 213 agriculture Derby et al. 2011d
PrairieWinds ND1 (Minot), .
ND (2011) 1.39 agriculture, grassland Derby et al. 2012d
;6a1|£|)eW|nds SD1, SD (2011- 1.23 grassland Derby et al. 2012c
gcr)?lgfwmds SD1, SD (2012- 1.05 grassland Derby et al. 2013a
g(;a;lzl)eWmds SD1, SD (2013- 0.52 grassland Derby et al. 2014
Prince Wind Farm, ON
(2006) 1.27 forest NRSI 2008
Prince Wind Farm, ON
(2007) 1.03 forest NRSI 2008
Prince Wind Farm, ON
(2008) 2.39 forest NRSI 2009
Rail Splitter, IL (2012-2013) 11.21 agriculture Good et al. 2013b
Record Hill, ME (2012) 2.96 forest Stantec 2013b
Record Hill, ME (2014) 0.55 forest Stantec 2015a
Record Hill, ME (2016) 125 gfjrtifggVOOd'Ot;Roc"y Stantec 2017
Red Hills, OK (2012-2013) 0.1 grassland Derby et al. 2013c
Ripley, ON (2008) 467 agriculture "az%qotges Whitford
Rollins, ME (2012) 0.18 forest Stantec 2013c
Rollins, ME (2014) 0.33 Forest/Woodlot;Gravel Stantec 2015b
Roth Rock, MD (2011) 6.24 g%rtifg;’VOOd'Ot;ROCKV Atwell, LLC 2012
Rugby, ND (2010-2011) 1.6 agriculture Derby et al. 2011c
Shiloh I, CA (2006-2009) 3.92 agriculture/grassland Kerlinger et al. 2009
Shiloh 1, CA (2009-2010) 2.6 agriculture Kerlinger et al. 2010
. , Kerlinger et al.
Shiloh 1I, CA (2010-2011) 3.8 agriculture 20133
. . Kerlinger et al.
Shiloh 1, CA (2011-2012) 3.4 agriculture 20133
Shiloh Ill, CA (2012-2013) 0.4 NA Kerlinger et al.

2013b



Appendix A2. Fatality estimates for North American wind energy facilities.

Bat Fatalities

Predominant

Project (bats/megawatt/year) Habitat Type Citation
Solano I, CA (2012-2013) 0.31 NA AECOM 2013
28'1"3“)9 Valley, NV (2012- 3.73 Grassland;Shrub Steppe WEST 2014
Spruce Mountain Wind Forest/Woodlot;Gravel;Rocky
Project, ME (2014) 0.31 Outcrop Tetra Tech 2015
gct)%tze)lme, OR/WA (2001- 1.09 agriculture/grassland Erickson et al. 2004
Stateline, OR/WA (2003) 2.29 agriculture/grassland Erickson et al. 2004
Stateline, OR/WA (2006) 0.95 agriculture/grassland Erickson et al. 2007
Deciduous
Steel Winds | & II, NY (2013) 6.14 Shrub;Grassland;Gravel;Othe Stantec 2014c
r
Bermuda Grass/Mixed
Stetson Il, ME (2014) 0.83 Grasses: Forest/Woodlot Stantec 2015¢
Stetson Mountain |, ME
(2009) 1.4 forest Stantec 2009¢
Stetson Mountain |, ME 028 forest Normandeau
(2011) ' Associates 2011
Stetson Mountain |, ME
(2013) 0.18 forest Stantec 2014d
Stetson Mountain 1l, ME 165 forest Normandeau
(2010) ' Associates 2010
(Sztgt1820)n Mountain II, ME 2.27 forest Stantec 2013d
Summerview, AB (2005- 10.27 aariculture Brown and Hamilton
2006) : 9 2006
ggg;r;erwew, AB (2006- 11.42 agriculture/grassland Baerwald 2008
Top Crop | & 11 (2012-2013) 12.55 agriculture Good et al. 2013c
Top of lowa, 1A (2003) 7.16 agriculture Jain 2005
Top of lowa, 1A (2004) 10.27 agriculture Jain 2005
;8?8“ the World, WY (2010- 274 Grassland; Other Rintz and Bay 2012
;8?2?: the World, WY (2011- 2.43 Grassland; Other Rintz and Bay 2013
;—85)3(;]: the World, WY (2012- 2.34 Grassland Other Rintz and Bay 2014
Cropland; Developed; Hallinastad et al
Tucannon River, WA (2015) 2.22 Grassland; Shrub Steppe: 9 :
i 2016
Winter Wheat
Tuolumne (Windy Point I), grassland/shrub-steppe,
WA (2009-2010) 0.94 agriculture and forest Enz and Bay 2010
Vansycle, OR (1999) 1.12 agriculture/grassland Erickson et al. 2000
Ventus
Vantage, WA (2010-2011) 0.4 Shrub-steppe, grassland Environmental
Solutions 2012
\2/\(/)a1v7ta)rly Wind, KS (2016- 8.2 Agriculture; Grassland Tetra Tech 2017a
}/;/(e)gg)ngton Springs, SD 1.48 grassland Derby et al. 2010c
Wessington Springs, SD 0.41 grassland Derby et al. 2011a

(2010)



Appendix A2. Fatality estimates for North American wind energy facilities.

Bat Fatalities

Predominant

Project (bats/megawatt/year) Habitat Type Citation

White Creek, WA (2007- 204 grassland/shrub-steppe, Downes and Gritski

2011) ) agriculture 2012b

Wild Horse, WA (2007) 0.39 grassland Erickson et al. 2008

Windstar, CA (2012-2013) 0 Gra§sland; Pinyon Pine/ Levenstein and Bay
Juniper 2013b

Windy Flats, WA (2010-2011) 0.41 grassland/shrub-steppe, £ ot 5 2011
agriculture

Winnebago, IA (2009-2010) 4.54 agriculture/grassland Derby et al. 2010a

Stantec Consulting

Wolfe Island, ON (July- 6.42 grassland Ltd. (Stantec Ltd.)

December 2009) 2010

Wolfe Island, ON (July-

December 2010) 9.5 grassland Stantec Ltd. 2011

Wolfe Island, ON (July- 2.49 grassland Stantec Ltd. 2012

December 2011)




(€102)

skep om} Aiane  syjuow G/ snipeJ w Qf 19 08 G'00l) 19 AM “0Bp1y Uooog
. (z1o2)
sAep omj Aione syjuow 2 snipel w O 19 08 G001 19 AM “0BpIy 10999
Apnis
8y} Jo Jopulewsal
(sauiqny Aiojesbiw-uou ay} Jo} payoJess
JsjuIm ‘Jawwins) Ajyjuow alom sauiqin] 9z (1102
‘(sauiguny Aioyelbiw seah | W 00¢ x W 00c (senss| Jaumopue| 00} 091 08 -0L02) VI ‘11 ® | uopeg
ey ‘Bunds) Apjeem 0} anp QLQgZ aunr
ul paddoup aiam
saulqun) ) G¢
Alyyuows (0102-6002)
0z “Apiosm seuiqin o Jeah | w 00Z X W 002 0e 8. ozl 09 X1 ‘lodeys uoueg
yuow Jad 8oI1my Jeak | W 0z X W 0%Z VN 001} /€l 8y (9102-G102) VO X ely
yuow Jod 8o1my Jeak | W 0z X W 0%Z VN 001} /€l 8y (5102-7102) VO X ey
. CIRNB) (z10Z-1102)
syeam om) Alens  syuow .
3 1 u Syl snipeJ Ww-0z | (57 08 048 06l VO ‘A-ll PUIM By
syeam om Alone  suUOW Gz} o149 sz 08 05} 00} . leloe
snipeJ W-0gl -1102) VO ‘I PUIM BjY
uow Jod 89Im w X w (5102
u M VN ove ove VN 06 00€ 00l 5102) VO “llIA BNy
(souiqiny (€102
Apjoom-| Jeak w X 0} JusjeAinba .
> Iq l 0ve X 0v¢ Gl o1} Q_ Inba) 06 0SlL 0S -2102) VO ‘A BNy
sjod z|
uow Jad a1m] ‘{Ajyiuow Jeah snipeJ w (9102
u IM} AU I Ip oclL VN 08 0cL 06¢ 5102) VO ‘A-ll BNV
uow Jad a1m] ‘{Ajyiuow Jeah snipeJ w (v102
u IM} AU I Ip oclL VN 08 0cL 06¢ €102) VO ‘A-ll BNV
puow Jad soimy “Ajuow 1eah | snipeJ w 0z} YN 08 0z 06 (9102-6102) vO I BIY
Ypuow Jad 801m} ‘Ajypuowl leak | snipeJ w 0z VN 08 0z 062 (¥102-€102) VO ‘I BIV
(ejuim suiuns) Aluow 1eak | W 00Z X W 00Z 8 08 vz 8 (0102-6002) VO ‘@UY
-19 ‘(J1ey ‘Bunds) Apjeem .
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo |

jejol

jo#lejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



s|eAIdul

Aep g 0} z pue ‘Ajpuows  Jeek | snipes Ww-0g 8l 8L=08A  gg07 8l . (g002)
-1 ‘Apjeom ‘Apjeam-Iq -G9 = LVA NL "ulejunol|y ojeyng
Alguow i . (€002-0002)
g ‘Apjoom Apomclq  SOPAE Snipel w05 € 59 861 € N.L ‘Urejunojy ojeyng
she Klana syjuow w X W h (8002-2002)
plc u 14 154 Gle 9¢ 08 €ee GGl %1 ‘|| des ojeung
ISNEE) VLV Syjuo (9002)
MoOM € AIBA yiuow 0} wglgxuwagle ¥4 8. 12" .9 %1 ‘| des oeyng
(saulqun} 0Z) . (6002 8002) IM
Apjoom ‘(sauiqiny 01 )AIEp Buuds ‘|ley W Q91 X W 09} 0¢ 08 Gl 88 ‘pjol4 UBaIS ANS oN|g
w oyl (£102) IN
oM 1od SO SUOW Ly iy w100 Uy N v6 a8l 9 4ooloid puim weybuig
(Ja3uIm “Jawwns) Alyyuow . (1102-0L0Z ‘11l 9seyd)
‘(J1ey ‘Bunds)Apeam-iq 1eaf | W eSe x W ege 05 08 8Ll 9L YO ‘uoAuen molbig
(48puim “Jowwns) Ajyyuow (1102-0102 ‘Il @seud)
‘(Jiey ‘Bunds)Apeam-iq seah | W eSe x W ege 05 08 051 g9 YO ‘uoAuen molbig
(Jowwns “usyuim) Ajyyuow (0102-6002 ‘Il @seud)
‘(11es ‘Buids) Ajyauow-iq Jeak | w 0G¢ X W 08¢ 0s 08 0Sl G9 YO ‘UoAUED Mo|BIg
(4awwns “eyuim) Alyluow . (6002 ‘] @seud)
‘(jjes ‘Bunds) Ajyuow-iq Jeak | woLLxwolLl 0S 08 v'acl 9. 4O ‘Uokue) mo|Big
(Jawwins “1o1uIm) Ajyiuow . (8002 ‘I @seyd)
‘(jjes ‘Bunds) Ajyruow-iq Jeak | woLLxwolLl 0S 08 v'ach 9. 4O ‘Uokue) mo|Big
(soyuim) Alyyuow “(jjey (Jomoy (eroz
‘Jawwns ‘Bunds) Apjeam seaf | 001 X 001 10w auo snid) /| 8. cel 99 -Z2102) MO ‘ows big
Lawuuins sjuim) Ajpuouw 1eak | W 0} X W 08} eel 08 661 eel 2002
‘(Irey ‘Buuds) Ajyuow-iq -9002) VM ‘uioH Big
(eysgam
. oad VN JBjoWeIp WOOZ 8l SSOWED N ge 8l (¥102) N ‘enig Big
pue AoON) Alyuow ‘Apjaam Buipioooe)
06408/
(eysgam
(08 esawes) 0} .
bUE AON) AlLUOW “Apjom VN Isjewelp wooz 8l BuipJ0ooE) 9 8l (€102) NI ‘enig Big
06408/
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo |

jejol  jo#ejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



seyosess Ajlep  syjuow G/ W 0zl X W9zl 0l 08 gve ¥4 (6002) Vd ‘uew|asse)
Allep syjuow / W 0zl X W9zl 0l 08 Gve ¥4 (8002) Vd ‘uew|esse)
. |03u02 0| . (8002) vd
Aep Slpuow g'g woch xwoel ‘leyuswiiadxa z| 08 v'se 24 ‘Juswjieun) uewjasse)
(9102-G102) VO ‘Sl
NEE W\ snipeJ wsz| VN 08 201 e UoI109S/8BpIY UoIWED
. (G102-7102) VO ‘Sl
Apfeam eak | snipes wg'z9 VN 08 0l Y€ Lonoos/ebpry UosowEn
(1%) AOOM — sipuows 9 snipes w 0g 61 g6 o 61 (£102) 3N ‘IIH lIng
pue Ajiep ‘(buuds) Apjeem : :

(11 uoyueg
Alyyuow-1g  |jey ‘Jowwns w Q9 X W 09 0] 0S G'eol 8¢l a)e1/Z00¢ ‘Il seud)
N ‘@bpry ojeyng
(11 uoyueg
Alyyuow-1g  |jey ‘Jswiwns w Q9 X W 09 €8 0S G'eol 8¢l 93e7/L00Z ‘Il 8seyd)
NI ‘©Bpry ojeyng
(e} pue “Jowwns } (6661 ‘11l @Seyd)
Burds) AlyUow-Iq Jeak | w ozl X W ozl 0¢ 0S G'eol 8¢l NI ‘6piy ofeng
(] uoyuag
Alyyuow-1g  |jey ‘Jswiwns W Q9 X W 09 €0l 0S GZ'L01 evl 8%e1/2002 ‘Il @seyd)
NI ‘©Bpry ojeyng
(] uoyjuag
Alyyuow-1g  |jey ‘Jswiwns w 09 X W 09 €8 0S GZ'L01 evl 8Ye7/1L002 ‘Il @seyd)
NI “e6pry ojeyng
(I1e} pue Jswwns . (6661 ‘Il ®SeUd)
Bunds) AjUpuow-iq Jeak | w ozl X W ozl oY 0S GzZ'/0l el NI ‘08P ofeung
(I1e} pue Jswwns . (8661 ‘Il ®Seyd)
Bunds) AjUpuow-iq Jeak | w ozl X W ozl oY 0S GzZ'/0l el NI ‘08P ofeung
(11} pue Jswwns (6661 ‘I ©seUd)
Bunds) AJYUOW-Iq Jeak | w9zl X W ozl (¥4 9¢ o14 €L NI ‘9B ofeung
(o) Auuows “(iey o S o oLz co (2102-1102)

“Jewwins ‘Buuds) Apjeem : ‘1] @bpry ojeyn
Hds) Apy PUE PEOJ 09) 59 as ‘Il ebpry oeyng
(Aoyesbiw-uou) Ajyiuow . (0102-6002)
(Aio1e1B1) Apjoom Jeak | w 00Z X W 002 v 6. ¥'0G 74 as 1 oBpry ofeung
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo |

jejol

jo#lejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



JBUIM

U AjUpuouw-iq ‘Apjeam leak | W 00z X W 002 Sl 69 Sy Sy (6002-8002) VO ‘uolid
Alyuow sleak WG/ XWw ue : ) (£002-5002)
w3 14 S/ Gl L€ GG pue Qg 9t'0¢ L€ V0 ‘SPUIM O[qelq
Apnis Jo uoneinp
SERN lley 10} G| usy) pue (6002)
9z 10} yoam Jad sawy ¢ ‘Jswwns ‘Bunds W00l x W ool ‘g9 yoam ybnouyy 08 00¢ 08 VI ‘Il e |eishin
sauiqiny 91
Apdream syjuow g/ snipeJ Wog-0f 145 08 0. 8¢ (€102) AW ‘uousjID
Apream syjuow g/ snipeJ Wog-0 145 08 0. 8¢ (2102) A ‘uousjid
Allep syjuow ¢/ snipeJ Wog-0y 8¢ 08 0. 8¢ (1102) AW ‘uousjid
(Bunds ‘|jey) Apeam Jeah | snipeJ w-0/ ce 08 G'6¥ ce (9002-5002)
! ' 71 ‘9bpry jusasain
i (S002-002 ‘I 9seyd)
Ajypuow seah | snipes w-06 44 €9 34 Ly O SllIH AUIgLIO
(4squm “Jewwins) Ajyiuow (1amoy (1102)
. . Jeak w X W )
(e} ‘Bupids)Apream-iq g 081 XWO8L 13wy snid) g €s vol vol O ‘SliiH BuIqWIoD
. [EN (0L02) AN
Apfeam “Aiep . ine Bunds W OTL X WOzl Ll 08 Gzl 0S ‘sl LOINQUOPOYOD
A (€102) AN
[Moam syjuouw i wogl x woegl VN 08 14" 0S ‘14 U2INC/UoI040D
(sauiqun z1) ey (6002) AN
Apjeam ‘(sauiquny G) Ajlep  ‘Jswwins ‘Bunds woelL x woel L 08 el 05 ‘[IIH Yy2INQg/uo100yoH
Ajyjuow Jeahk w X w . (2102
W3 l 042 0L¢ VN VN ol 9 -9102) ¥O ‘uidoyn
lle} aye|
BuLinp sAep aaiy) Alons
pakanins Oz ||V “Aep yoea
sdnoub Buiejos ul skep leak | w09} X W 09} 0C 08 89 Ly (0102) IM ‘96pry JepaD
¢ Aiana pakanins sauiqiny
Gl ‘Aiep pakanins
8J9M SBUIGIN]} BAIH
shep lley
¢ Aions payosess ey o Fisge WO9L X W09 0z 08 929 lv (6002) IM ‘ebpry JepeD
ale| ‘sAep  Alans ‘Ajiep :
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo |

jejol

jo#lejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



08

: (w 08 03 1n0) sped =39°08 = (z102)
Appom  stpuow gz sped pue speos  puespeol gl JeddiD ‘08 009 a5e NI 111 T Jeimod
= SBISOA
(Irey)
wmwaowcmﬁmmwh sped pue speos m% m.wom - (1102)
Apioam ‘Ajiep Ile} ‘Bunds 101d Jenouo %wwpmhmww_%mmw Jeddii ‘08 009 GGe NEKRE Y
w 0g) saulqin} pUE PEOI /| = SBISO/
sped pue 08
. . speol Joj snipes  sped pue peos =39 ‘08 = (0102)
: : w-0f ¢ seuiqny ‘saulqJn) Jaddip NI ‘1111 ‘] 481mod
Apjoam ‘Ajiep [les ‘buuds 0 001 9e ddiio ‘08 009 gge
10} W Qg X W 08 = SBISOA
sKep G A1one g ‘shep ¢ (0102-8002) IM
Alans g ‘Ajiep saulquny || sieak g w o9l xw ool 6¢ 08 6l 98 ‘Jeyuen ABisug psemio
Apuow  seak | W 9z} X W 9z} 69 ov by 69wy M_w%m-%ooow
Algyuow leak | W 9zl X W9zl 69 o vy 69 AM ] Wiy v_mmLoAmwooomuv_
Alyyuow leak | W 9zl X w9zl 69 o vy 69 AM ] Wiy v_mmLkowomow_
Alyiuow ‘Appjoem Jeak | w 00¢ X W 002 6¢ 08 00} L9 -6002) NI .v_mmhwoﬁn_m
(uonesbiw Buunp sAep 001 Mw%wrcw 189S (2102-1102)
£ Kians ssuiquny 0| ‘shep 1eok | uonesBiw wopuel 0€ 08 g8rl 29 NIN ‘Il Y9210 Wi
gz Aana payoless g N
2) Wooz X 002
(Jawwns “1oyum) Ajyluow ‘
‘(11es ‘Bunids) Ajpuow-iq Jeak | w 0ge X W 0ce LE 08 LOL 19 (0102) "O ‘wioy|3
Alyyuows leak | W Qc¢e X W oce 19 08 Lol 19 (8002) HO ‘wioyy|3
Ap1oam (e} ;M_M“L_Rmv Jeak | w9l X W o9l A.wwaaw mwo:. 8. g9 L€ . ) ale mAN\_%N
‘Bunids) Ajyeem ao1m) 9¢ (GoldIng) G -1€ 1102) ZV ‘Il e AQ
(4awwns “eyuim) Ajyiuow (oroz
‘(11ey *Buuids) Ajyjuou-ig seak W09} X W09} ab 8. €9 0¢ -6002) ZV ‘I &%e1 Aig
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo |

jejol

jo#lejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



(Alyuow) woeL

h _ (z102)
yruow sad soimyiAjyjuow VN X wogl ‘(Ajyyuow VN 08 Ho]# 474 _
ob ayole
Q) WizZL X W)z) VO ‘ebpry 19yojeH
yuow Jod 8o1my Jeaf | w/zL X w/zl VN 08 VN 4% Vo _mmw_wmemwmw
. > S;EocMw wo6 ! (1102)
yuow Jad 8oImyAjyuow VN x woel ‘(Alypuow VN 08 L0l 4% .
abpry 10yoie
Q) Wzl X Wzl VO ‘ebpry JeyojeH
Alyyuows W 0t X W 0% _ (z102-01L02)
pue Apjeam doam e aoim) sieak QW08 X W Q8L (4> 08 6'86 ev VM ‘PUIN 1SOAIBH
Apjoom-somy  sypuow p osed SuIgIm 00BNy VN 968 Awm__ﬁ_.w& (0102) NO ‘MoLteH
: wol snipes w-0G ¢ ‘Ainr ui zi
noy) ¥z
soom Jod SoM}  SUUOW / W ovl VN 08 1S Ll (2102) TN “fo0ouEH
. UIYHIM ‘W 08 UIyIm
Afoam  sypow g STipel VN 8. 8 vz (G10Z) HN ‘ucjoI
wQ9 ‘ped/peod
Apfeam  sypow g Snipe VN 8. 8 ve (#102) HN ‘Ucj0ID
wQ9 ‘ped/peod
Apfoom  sypow 2 Snipel VN 8. 8 vz (£102) HN ‘Uoj0ID
wQ9 ‘ped/peod
Alyjuow ‘Apjeam Jleak w X w . (0102-6002)
U3 I | 091 091 0 08 66 99 1 ‘| 9BpIY puBlS
spouad uoneibiw-uou (0102
Buunp sAep gz ‘spolied Jeah | w 0gl X w 0gl | £ 08 ¥6 yA4 } .
uonelbiw Buunp sAep | 6002) VM "80upood
Aposm  sypuow ¢ Spe VN 08 VN oz (9102) NI ‘1Mo
wog ‘ped/peol
sioam Jad SOIM}  SUUOW € Smpe N 08 009 orers (G1L02) NI ‘18Im0
: wog ‘ped/peol
sioam Jad SOIM}  SUMUOW € Smpe N 08 009 orers (¥1.02) NI “JaImo
: wog ‘ped/peol
Apteam-1q “Apjeem S}99M 0| W 09| X W 09} zl 8. 66 09 (6002) NI ‘Il 18|m04
Aisioam-1q “Apjoam 1%} W 09} X W 09} 5z veddio)os 5o Z91 (6002) NI ‘I Joimo4
: ‘Jawwns ‘Bunds ‘(seysep) 82
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo |

jejol

jo#lejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



(12qum “Jowiwins) Ajyiuow

(900z

. . Jeak w X w .
(i} ‘Buids) Ajypuow-q F 08} Xt 08l a¢ 08 5l 05 _5002) WO ‘Il &puoly
vl bny - 9| Ae pue
Gl yoJe - | AON wod} ~
Spoom y Aione ‘gL ke Jeok | W Z0L X W 00} 8y 08 8001 8y o Ae0eL 100
- 91 Yoie|\ pue Lg 10 i
- G| Bny wouy Ap@am-iq
Aep-g bre S)oaMm g sioid Jeinoiio sauigqin} gg vl zel 44 (1102) AN ‘Aaary
Jajawelp w-g/ : :
(Jo3uIm “jey)
Apjeam ‘(uonelbiw ey . (L00Z-6661)
‘bunds) Ajiep ‘(Jewwns sieak g w09 x o9 le 99 90c L€ IM ‘Aluno) asunemay)
‘bunds) Apjeam-iq
Alypuow-iq syjuow g W 00l X W 00l 0g 08 gel 06 (6002) LN ‘des yypnr
Alyiuow syjuow w X W . (200Z
U} u L 061 061 0z 08 Gel 06 -9002) LI\ ‘des unpn
ApreamiAjiep syjuow 9 WOzl X wozi VN g8/ g /2 (€10Z) AN ‘piemoH
ApreamiAjiep syjuow / WOzl X wozi VN g8/ S /2 (210Z) AN ‘psemoH
(souiLns auim) Ayjuows 1eak | W 08 X W 08l Sr-Lb 19 9951 /8 (8002)
‘(11ey ‘Bunds) Ajyyuow-iq VM ‘©b6pry suiydoy
(uonesbiw |jey (9002)
pue Bunds sauiqin} Zz Jo Jeak | w08l X W 08l R4 19 (0[] €8 :
19sqns) Apjeam ‘Ajyiuow VM ‘9Bpry supjdoH
Alyjuow-1 Jeak snipeJ w- . (5002
U} Iq L P G/ 06 09 29l 06 -5002) WD “SPUIM UBIH
Alyjuow-1 Jeah snipeJ w- (v00z
U3 Iq L P Gl 06 09 29l 06 -£002) Y “SPUIM UBIH
(seuigqiny /1) . (1102)
Apjoom ‘(seuiqan g) Aliep syjuow / WGLLXWGLL T4 08 gzl Gl AN ‘UOPIBUS UL
(seuigqiny /1) . (0102)
Apfoom ‘(souiquny g) Ajep S HOW 2 Wkl xSl a¢ 08 gkl 5L AN ‘Uopjays UbIH
(4awwns “eyuim) Ajyiuow . (o102
‘(11ey *Buuids) Ajyjuou-ig seak L w08l x w08l 0¢ 6 800l 87 _6002) MO ‘uokueg Aey
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo |

jejol

jo#lejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



(sped/speos 001

Apfeam  syjuow ¢ W00 X W00k souuaum ¢) go 08 Gliee S61  (210Z) AN ‘eBpry sdepy
Adteem syjuow / w Ozl XWwogl 79 08 Gl'1ze 66l  (200Z) AN ‘obpry a|dep
Apeam syjuow w X w : . (8002
I u i ozl ocl 9 08 Gl'1ee S6L _,002) AN ‘0BpI a1de
(seuigquny 0g) Aeam
‘(seuiquny 01) sAep ¢ syjuow g W 0zl X W ogl 0g 08 861 0zl (9002) AN ‘ebpry ajdep
Aiane ‘(sauiquny o) Ajiep
2om Jad 2oIm Jeah snipeJ w : (2102
N 1My L Ipes wozl VN GOoLlL vl L -9102) Y5 “ISOM JoMoT
uow Jad 8oIm snipeJ w ' . AerN
U 1My VN Ipes wozl VN GoLlL vl L “5102) YO 1SOM JoMOT]
uow Jad aoIm snipeJ w ' . AerN
u 1My VN Ipes wozl VN GoLlL vl L -20L02) YO 1SOM JoMOT]
. (0102 ‘Il @seud)
Alep  syjuow g9 Wzl X woz| Gl 08 2ol LS vd ‘0B 1SM00T
. (6002 ‘Il @seud)
Alep  syjuow g9 Wzl X wozi Gl 08 2ol LS vd ‘aBpIy 1SM00T
(1a)uIm “Jawwns) Ajyjuow (1102-0L02)
(l1E} ‘Bunds)Apeam-q Jeak | wQoLLXWwolLl Ge 08 0S 14 VA “LOUEY Uspur
Aproam syjuow 9 W 0gl X W0zl zl 8. T zl (010Z) HN “J8)sdwe
Allep syuow 9 W 0gL X W0zl 4 8. T zl (600Z) HN ‘J8)sdwae
(Jawwns “JajuIm) Ajyauow } (8002-9002)
(1123 “Buuids) AluIUOW-Ig sieak g W 0t X W 0vg Ll 08 G001 19 40 “sadiunp Buiuee'
aam Jad sawi syjuow g w X w : . (¢102)
b ne u G/ 00l 00} 9z 08 6’502 L€) NI “PUIM DIOUSYE
Ajyjuow Jeak w X w . (€00z
U} | ovl ovl 9l 08 174 9l -2002) HO ‘SIpUoD]
(J9)uIm Jawiwins) Ajyyuow P _ . (0102-8002) 4O
‘(Iley ‘Bunds) Alyuow-lg S oon© W ove x W ove ve 08 =39 9. b5 (1) eseyd) il axipuol)
08
(48juIm ‘Jawiwns) (MINE2) Wi gse = lysIgnsHN )
Aiyuow ‘(uopeibiw  Jeak Z X W ZGZ (MING'L) oy ‘08 otzz  szb mw%mwm__wmm_wcw__w
[1ey ‘Bunds) Ajyuow-iq Ww Oz X W 0pe =suswaIg :
08 =39
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo | [ejol  Jo|ejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



ey

Apfeam . wns ‘Bunds W 02 X W ozl 4" G'69 Gve 4 (8002) AN ‘BlliAsuuny
Apuow “Apjeam  sypuow / snipes w-09 144 08 99 [44 AM ;moc_mmwmww,_v
(seuiquny @) AjIep (8002
‘(sauiqun} g|) Apfem  SHUOW € POUEA e 8. ol 8 jled) AM ‘WUOIS JUNOR
(1102)
>__N_U syjuow 9 paueA Ve 8. ¥9¢ cel AM ‘WI0IS UNO
auIginy (0102)
Ajep syuow 9 WOl W 09 0} 0Z 144 8/ ¥9¢ 49" AM ‘WIOIS JUNO
saulgJn Are
_a%cz o) o stuow gy pouieA vy 8. v9z zel A LIS 1002
(AioresBiw-uou) Ajyluow . . ‘
‘(KiorelBiu) Apjoom leak | W 002 X W 002 0 G'z8 g'6v ee (6002) NIAl ‘I @utelopy
. (€102-2102)
Aea Jeak | snipeJ w GO Ll 08 z8L ve VD ‘|| BwNZajuop
_ . (2102)
Apeap-iq pue Apjeap Jeah | snipes w Go| 9l 08 8'9¢ 9l VD ‘| BWNZBJUON
] . (1102)
Aeapn-1q pue Apjespn Jeak | snipes w GOl 9l 08 8'9¢ 9l v ‘| BLINZSJUON
Apreom X ‘ (1Loz
I VN 0Z1X0Z!) 74 08 14 8G -0L02) LA ‘I PIOHIA
SAeD L K1oAS x (IrzoL I h (zroz
PSoL VN 0z} x0z) ey 08 ggg)goor ‘0% -1102) 1n I 9 1 Prop
uoseos - Jojowelp w-g¢ee
ied 8douo payosess o Fisqe 10D papusixe 8z G'08 v 8z (8002) 3N ‘liH sie
10|d papuaixe :Apjeam . ‘JIo)awelp w-9/
uosess Jad aouo
Jejowelp w-gez
PaU0JEaS jJ0id PIpUBIXS % j0/d papuaixe 8z 08 b 8z (200Z) 3N “IIH S
((seuiquny |e) Apjeam  ‘Jawwns ‘Buuds o15WEID W~ .
‘(seulguny wopuel g) Ajiep } P -9
Jawwns ‘1auim) Ajyjuow
A ‘(Iley .mc_awv. Lﬁﬁ&-ﬁ 180k | wosl XU osl 0¢ £9 ¢z 6¢  _6002) vm I omhm_wo_\m
Jawwins ‘Jajuim) Ajyuow
A ‘(Iley .mc_awv. Lﬁﬁ&-_g 1ok | wosl xuosl 6¢ £9 vovl 8. -6002) VM | omhm_wo_\w
ouanbal4 Aaaing Apn)sg jo yjbuaT 9zI1S )Jo|d payoJeas si9jaw) spemeba|y soaulqun] awep jo9lo.ug
K baig A K 6 B {

saulgJn} JaquinN 9zis oMo |

jejol

jo#lejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



ey (0102)
Aproam ‘Jawwns ‘Buuds wock xuwoct 8¢ 08 %l 8 AN ‘PloLsIayIg 910N
G| i1snbny
0] | AInp woly Apjeam [es (6002)
saulqny |e ‘(seulquny z}) ‘Jewwns ‘Buuds woel x wock 8l 08 08 S AN ‘Binqua||3 9|qoN
Apjeam ‘(saulquny 9) Ajiep
(saulquny el (8002)
Apeam ‘(saulqun . . w X w .
>ww-m_v_Awwc_Mha % >_H_%“W sowwns ‘Buuds 0k XH0Ct ot 08 08 vs AN ‘Binquaji3 8|qoN
G| 1shbny
0} | AInp wouy Apjeam ey (6002)
soulqny ||e ‘(seuiqun} G) ‘Jewwns ‘Buuds wock xwoch €c 08 00} 9 AN ‘uojuid s|qoN
Apjeam ‘(saulquny g) Ajiep
(seuiqin el (8002)
Apjoam ‘(sauigqin w X w
>wwv-m_v_.Awmc_M§ % >_H_%_w ‘Jowins ‘Buuids 0cl X woch €ec 08 00l 19 AN ‘UOIUID SIGON
ey . (0102)
Apeem . o uns ‘bunds M 0cl xWoch ve 08 5901 h AN ‘Aebnesjey) s|qoN
Gl snbny 0} | -
Ainp woy Ajep payoress s qe WOZL X W OZL €2 08 00! 19 (6002) AN ‘sslig ®|GoN
saulqin] g ‘Apjeam :
(sauiqiny -
L) Apeam ‘(seuiqini g) . o Fs 1 ge WOZL X WOZL o1 08 001 19 (8002) AN ‘sslig ®|qoN
Aep-¢ ‘(saulquny g) Ajiep _
_ ey . (0102)
Apfeam “Aiep . ins Bunds W OTLX W ozl r4 08 G'/6 g9 AN ‘BUOlY 9|q0N
Gejuim) (€002-2002)
Alyyuow “(jjey “Jowiwns leak | snipeJ w-06 L€ 09 L8 L€ :
‘Bunds) Alyyuow-iq VM ‘uofued suiN
(£102-9102)
yiuow Jad a01m} Jeak | woye X Wove VN 00l 00€ 001 V9 ‘slliH Buesnpy
(S5102-v102)
yjuow Jad 90IM] VN WOy X Woye VN 06 00¢ 001 \%8) .w___—l_ @CNHWD_\/_
(sauiginy (£102-2102)
Apteem-iq leak | w ove X 0v¢ Gl oM“m_ﬂ_m:cmv 06 0Sl 0S V0 ‘siliH BuBsniy
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo |

jejol  jo#ejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



(11ey)

n (¥102)
Apeem eak | ped/peou ‘(Bulds) VN 08 002 6Ll NI ‘950X BUIBI
woQol X wool
(£102-9102)
Aptoam VN wQ9l x w9l VN G6 00¢ 00l NI “ASI[e/ Juesea|y
(sauiquny /G)
auiqiny Jo w00l (€102)
Apdteem VN UM ped pue 29 08 €20l 29 vl ‘|| BUIBId J8BLOIY
peoJ ‘(sauigqiny
G) W 08X08
(18puim)
Alyyuow “(Jowiwns) sjold yotess (N} G ) (z1L02Z-1102 ‘Il @seud)
syoom om] Aians 1eaf | wog x 08 (ped/peol 26) z9 08 ecol a9 V| ‘| duield Jesuold
‘(les pue Buuds) Apjeam
(9102-6102)
Yyuow Jad 8o1my VN wope X wWove VN 06 00¢€ 0oL VD ‘Il ® | seuldg uoAuig
- (seuiqun) (¥102-€102)
Apjeeam-ig VN Ww 0yZgxote L¢ xoide) s1o/d Gz 06 VN 00l V0 ‘Il 9 | saulg UoAulg
Adjeam syjuow wogl xwogl Ll 08 2’68 €c (2102) AM ‘8|oeUUId
(4awwns “eyuim) Alyluow . (0102-6002)
‘(11e) ‘Bunids) AluIUOW-Iq Jeak | w 08l X W 08l (014 6. 1’86 LY 40 ‘sBunds 21qqoy
(eysgam
SBISaA
(I1e4-bundg) Aeam ay} 0} ) (€102-2102)
pue (Ja1uIpn) Apuo 1eaf | Woc}h x woel 61 Buipioooe) v'yol 89 VM ‘PUIM @Snojed
A Re{0]
J0 ‘06 ‘08
Aptoom N snipes weg N 5'8. vl 0L L
. -G102) VO ‘PUIM Oljioed
Apeam snipel w : (G102
b VN Ip 9cl VN g8l 1474’ 0L 102) VO ‘PUIM Slioed
ApreamiA|yuow leak | woz|l X wozlk VN VN 002 00l (£102-9102) NI ‘lIePO
w ovl .
Jsyjo syjuow £ UIYNIM ‘W 08 UIYNIM VN v6 114" 14 (£102) 3N ‘pIeYEO
} ey . (9002)
Alyyuow-iq ‘Jawwns ‘Buiids W 0geg x w oce 9¢ 0. g'0¢c 9¢ IN ‘YHOMSUIY ddN
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig
saulgJn} JaquinN 9zIs Jomo | [ejJol  jJo#|ejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



"sauIgJn)

uaA® Joj Apjeem ‘saulquny  ||ey ‘Bunds w08 X W 08 8¢ 9 9. 8¢ (8002) NO “Aeidiy
PPO Jo} Apjoam ao1m)
(418pum) Alyyuow (jrey (1amoy (c10z
‘Jawwns ‘Bunds) Apjeam seak | 001 X001 19w auo snid) oz 08 ect c8 -2102) MO ‘SliiH pay
Jayjo syyuow / snipes wg'zy VN 08 LS 44 (9102) 3N ‘lliH p10day
seale
soome skep g oy Aep  sywow gy POIIRDR Aineay ol 08 905 2z (bL0Z) I ‘IIH p10osy
: pue uielss) desis :
0} anp paleA
Sfosm syjuow g G'9ZLXG'9Z | 4 08 905 I (2102) 3N ‘liH p1oday
om] Alana sawily 9aly) :
Usjuim) (€102
Apteeam-iq pue (||ej pue Jeak | snipel w 09 ve 08 6’00} 19 ) .
JeLuns ‘Buuds) Apeom Z102) 11 Jends ey
_ _ _ (8002)
Yoam/xg eam/xg ‘Allep  syuow g9 snipeJ wgt 9zl 08 681 9zl NO ‘WiE4 PUIM 80Ul
1sL€ 18q0300
> . -6 AInp wioly (2002)
eem ‘Allep  syjuow Q) Snipes W-G 0} -9 SdUIGIN} 9Z| ‘Uig 08 681 9zl .
Anp -1s} Alenuer NO "WHEd puim soulid
woJ} sauiqiny g¢
Apoam ‘Ajlep  sujuow p SnIpeJ W-g9 8e 08 681 9zl (9002)
_ . NO ‘wJe4 puip @dulld
Gaum (¥102-€102)
Alypuow ‘(jjey Jowwins Jeak | w0z X 002 17 08 29l 801 _
Bunds) AjUpuow som ds ‘1ds spuimalield
i (€102-2102)
Apeem-iq 1eah | w00z X 002 05 08 29l 801 as ‘LaS SPUIMOLIEI
Uaum) (2L02-1102)
Alyyuow “(jey ‘Jowwins leak | w0z X 002 0 08 29l 801 _
‘Bunds) Ajyiuow 801m) ds '1ds spuipmsiield
wool . (1102) aN “(3ouln)
Alyzuow so1my uosess ¢ X 001 WNLUILILL Ge 08 GGLL 08 LAN SPUMELIELY
] W oL X W . (0102) GN “(ouin)
Alypuow-ig  suosess ¢ 001 10 WnWILIW Ge 68 GGLL 08 LN SPUIMBLIEL]
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo |

jejol

jo#lejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



SEED syjuow 9 snipeJ wo9 VN VN 9z Ll (£102) 3N ‘11 UosIBIS
2am Jad a0Im syjuow w X w . (e102)
b M u S oclL ocl VN 08 ge 145 AN ‘11 3 | SPUIM, [981S
] sbuis (9002)
Apisam-iq seaf | auIqun) S|qel.A 6¢ 05 662 vay VM/HO ‘auleiels
. i w ozl (€002)
Alyuow ‘Apjoem-iq Jeah | X W 9|, WNWIUIW €6l 0S 66¢ 12°14 VM/NO ‘oullerels
. i w ozl (2002-1002)
Alyuow “Apream-iq syjuow /| X W 9Z] WNWIUIW 174’ 0S 66¢ 12514 VMNO ‘sUlja1ers
snipel (#102) 3 oeloid
Yoom Jad aoimy VN woo ‘ped/peo: VN 8. 0¢ ol PUIA UIEjuUnopy 8onids
Yiuow Jod aoIm)Allep syuow g ‘4esk | W9zl X W9Z| VN 08 ZS1 99 (€10z-2l02)
HAL AN ‘Asjea buuds
IWNEETE! snipeJ w . (eloe
MedMN-Iq VN Ip 00l 6l 08 8cl Gs -2102) V9 ‘Il ouBjoS
Apjoam snipeJ w ) ) (el0z
b VN Ip 00l 14 g8l g'colL 0S -2102) VO ‘Il YoIus
Apjoam Jeak snipeJ w . (¢10z
¥l I Ip 00l 14 08 0Sl Gl -1102) VO ‘|1 YoIus
Apjoam Jeak snipeJ w . (1loz
Apjoam Jeak snipeJ w . (0102
I ! Ipes WwoolL sz 08 oS} §L -6002) VO ‘Il YoIlys
Apjoam sieak snipeJ w- . (6002
> € Ip Sol 00l g9 0G1 00l -9002) VO ‘1 YoIus
(sauiqny
fropeiDu-uou) AUOW ot W 00Z X W 002 2 8. 6v1 12 (1102-0L02) AN “AaBny
‘(sauiguny Asojelbiw
ey ‘bunds) Apjeem
Alrep syjuow ¢ wQg X wog VN 08 0S 0z (1102) AN o0y yioy
Apjeam syjuow 9 snipeJ w9 VN VN 09 [\ (¥102) 3N ‘suljjoy
wQgQ 0} N0 Speol
ssaooe |onelb .
Apjeam syuow 9 DUE EJE UMOPAE| 0z 08 09 ov (z102) AN ‘suljjoy
auIgJn} ‘palieA
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo |

jejol

jo#lejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



(5102)

eak | snipes wyg| VN 08 192 9l VA “IBAI LOUUBON |
Apj@amiyuow Jad aoIm Jeak wQg9l X W ) (€L0z-c102)
b} u M L 091l 09l VN 08 00¢ oLl AM “‘PHOM 83 jo do .
Apjeamiyjuow Jad aoIm Jeak w X W (z10z-1102)
b u My } 091 091 VN 08 00¢ oLl AM ‘PHOM 8 Jo do|
Apjeamiyjuow Jad aoIm Jeak w X W (1102-0102)
b u My } 091 091 VN 08 00¢ oLl AM ‘PHOM 8 Jo do|
e
shep ¢ 0} g Auens souo BEE__,_M_@:_ ds  W9Lxwol 9 9L 08 68 (¥002) VI ‘emo] jo do|
skep ¢ 0} z A1ore ouo %3 W9/ Xw o, oz 9L 08 68 (£002) VI ‘BMmoj Jo do
‘Joawwns ‘Burds
Il
(4opuim) { ( (11) eseyd)
aseyd
Apfoom-q pue (lley pue ek | SnIpes W |9 0oL sseud) 08 Tl ZEL (e doniiol
‘Jawwns ‘Bunds) Apjeam (1 @seyd) g9 aseyd) g9
20l) 00€
uede w )
AwMM_wﬂ_MMNNNV Wv_v_\m\.._d_om\w 2) __mmw %omc\ME:w £ spoesuel) [elids 6¢ 59 c0L 6¢ av %Mmhmcwmhﬂwwv
: . Z ‘snipeJ w-gg :
(Joquisydes “Ainp . (9002-5002)
o1 Ae) Apjeam-iq ‘Apjeam Jeak | w oyl Xworl 6¢ 19 c'0. 6¢ gy ‘MaInaWILNG
w9 0} dn peol . (z102)
Apioom StUow 9 pue eale umopAe| Ll 08 ga¢ b 3IA Il ulejuUno uosielS
Ooam g uow g WS /XS b Ll 08 g'sz Ll (0102)
B 90IM] SauIqiny €) Apjeam JIN ‘]| UIBJUNOIN UOS)BIS
(€102)
Apdteem syjuow 9 Jsyswelp w 9/ 6l 08 AS, 8¢ 3N ‘| UIBIUNO UOSIBIS
_ . (L1o2)
Ateem syluow 9 WSy 6/.XSv°6. 6l 08 AS, 8¢ JW ‘| UIBIUNOp UOSIBNS
(Irey “Jswiwins i (6002)
Apioom ‘Burids) syeem /g {ejstlelp W-9/ 61 08 L5 8¢ JIN ‘] UIBJUNOJN UOS)BIS
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig
saulqin} JaquinN 9IS JaMo | [ejJol  jJo#|ejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



. Apam g uow g snipes wog 98 08 8261 98 (1 10z Joquioaq
ev ‘Aoam aoim} ¢y . -AINr) NO ‘pue|s| 8jjopm
SEED) . (010Z Joquedaqg
. syjuow snipels w- .
oy ‘Apjoom somy gy o HUOW 9 IPE4 05 98 08 8,6 9% _finr) NO 'Puels] sjiom
Apioam _ . (600z Joqwadaqg
. eJ ‘Jawwns snipeJ w- .
e ‘Apjoem somy gy 1 tPEd 09 98 08 8.6 9% _finr) NO ‘PUels] Sjiom
(A1oyesBiw-uou) Ajyiuow (0102
(Aiorei6iu) Ajeom Jeak | w 00Z X W 002 ] 8. 0z (] -6002) 1 ‘oBegauLp
(uonesbiw (e} pue bulds) (1emoy
Apfoom ‘(ojum pue ‘jley  Jeak | 13N 18 Woz) g 08 2 R T o
Jewuns ‘Buuds) ALpuou WogL xwog, L3N snd)oe 0102) VM ‘siel4 Apuipy
Ypuow sad somy:Ajuow N snipes woz| N GOLLIZOL 901 €5 2102 v e
(Souiqin 10|d uI sauiqn} .
9| je uoneltbiw Bupds Jeak | oM WOl W 0L | 9 19 622 i’ (2002) YM ‘SI0H PIIM
‘I1ey) Apeam ‘Alyjuow
Algyuow W Otz X W 0t } (1102-2002)
pue Apjeam yeome somy AV % W08l X W 08l 68 08 £voe 68 VM 881D SIUM
(11ey ‘Jowwins (0102) as
‘bunids) Apjeam-iq Syjuow'g W 00¢ X W 00e 0c 08 VS ve ‘sburidg uoibuissapp
- [EN (6002) as
Apuow-iq ‘Joawwns ‘Burds W 00c x W 00e 0c 08 VS ve ‘sburidg uoibuissapp
. ed/peol -
Apjeamiyiuow Jad ao1m) Jeah | ”Emor\m wool VN 6 661 G6 ~ .th%o\mhw\v,m\w\v,
uonelbiw (Loz
Buunp Ajyeem payoless Jeak | W O¥Z X W 0t 0¢ 08 06 09 i h
01, 10 195qnS € “AjLuol 0102) VM ‘ebejuep
Alypuow Jeak | W ozl X W9zl 8¢ 0S 6172 8¢ (6661) O "dloAsuep
[EN
pue ‘Jawuwns ‘BuLds ay)
Buunp Apjeem payoless .y " w . ) v ’ Aw__ﬂ%N
OS|E S10M SOUIQIM | 08l 08l 4 08 9'9¢l 29 6002) VM ‘(I yulod
\ Apuipy) auwnjon |
0l Jo18s-gns e ‘Jeak
ay1 1noybnouy Ajyiuow
Kouanbaiq Aaaing Apnyg jo yjbuaT 9zI1S )0|d payoieas (s1@yow) spemebopy saulqin] awe\ joaloig

saulgJn} JaquinN 9zis oMo | [ejol  Jo|ejol

‘ABojopoyjaw Apnjs }99|8s pue ‘sopsiiajoeteyd 3oafoud ‘saipnys Buliojiuow uoionisuod-jsod ||y "¢y xipuaddy



Appendix A3 (continued). All post-construction monitoring studies, project characteristics, and
select study methodology.

Data from the following sources:

Project, Location

Reference

Project, Location

Reference

Alite, CA

Alta Wind I, CA (11)

Alta Wind 1I-V, CA (11)

Barton I&ll, IA

Barton Chapel, TX

Beech Ridge, WV

Big Horn, WA

Big Smile, OK

Biglow Canyon, OR (Phase [; 08)

Biglow Canyon, OR (Phase I; 09)

Biglow Canyon, OR (Phase II; 09/10)

Biglow Canyon, OR (Phase II; 10/11)

Biglow Canyon, OR (Phase IlI; 10/11)

Blue Sky Green Field, WI

Buena Vista, CA

Buffalo Gap I, TX

Buffalo Gap I, TX

Buffalo Mountain, TN (00-03)

Buffalo Mountain, TN (05)

Buffalo Ridge, MN (94/95)

Buffalo Ridge, MN (Phase I; 96)

Buffalo Ridge, MN (Phase |; 97)

Buffalo Ridge, MN (Phase I; 98)

Buffalo Ridge, MN (Phase I; 99)

Buffalo Ridge, MN (Phase 11;98)

Buffalo Ridge, MN (Phase II; 99)

Buffalo Ridge, MN (Phase II; 01/Lake
Benton I)

Buffalo Ridge, MN (Phase II; 02/Lake
Benton I)

Buffalo Ridge, MN (Phase IlI; 99)

Buffalo Ridge, MN (Phase IlII; 01/Lake
Benton Il)

Buffalo Ridge, MN (Phase IllI; 02/Lake
Benton Il)

Buffalo Ridge I, SD (10)

Buffalo Ridge I, SD (11)

Casselman, PA (08)

Casselman, PA (09)

Casselman Curtailment, PA (08)

Castle River, Alb (01)

Castle River, Alb (02)

Cedar Ridge, WI (09)

Cedar Ridge, WI (10)

Cohocton/Dutch Hill, NY (09)
Cohocton/Dutch Hills, NY (10)
Combine Hills, OR

Combine Hills, OR (11)

Condon, OR

Crescent Ridge, IL

Criterion, MD (11)

Criterion, MD (12)

Crystal Lake Il, IA

Diablo Winds, CA

Dillon, CA

Dry Lake I, AZ

Dry Lake I, AZ

Elkhorn, OR (08)

Elkhorn, OR (10)

EIm Creek, MN

Elm Creek II, MN

Erie Shores, Ont

Foote Creek Rim, WY (Phase I; 99)
Foote Creek Rim, WY (Phase I; 00)
Foote Creek Rim, WY (Phase I; 01-02)
Forward Energy Center, WI

Fowler I, IN (09)

Chatfield et al. 2010
Chatfield et al. 2012
Chatfield et al. 2012
Derby et al. 2011a
WEST 2011

Tidhar et al. 2013
Kronner et al. 2008
Derby et al. 2013a
Jeffrey et al. 2009a
Enk et al. 2010

Enk et al. 2011a

Enk et al. 2012b

Enk et al. 2012a
Gruver et al. 2009
Insignia Environmental 2009
Tierney 2007
Tierney 2009
Nicholson et al. 2005
Fiedler et al. 2007
Osborn et al. 1996, 2000
Johnson et al. 2000
Johnson et al. 2000
Johnson et al. 2000
Johnson et al. 2000
Johnson et al. 2000
Johnson et al. 2000

Johnson et al. 2004

Johnson et al. 2004
Johnson et al. 2000
Johnson et al. 2004

Johnson et al. 2004

Derby et al. 2010b

Derby et al. 2012a

Arnett et al. 2009a

Arnett et al. 2010

Arnett et al. 2009b

Brown and Hamilton 2006a
Brown and Hamilton 2006a
BHE Environmental 2010

BHE Environmental 2011

Stantec 2010

Stantec 2011

Young et al. 2006

Enz et al. 2012

Fishman Ecological Services
2003

Kerlinger et al. 2007

Young et al. 2012a

Young et al. 2013

Derby et al. 2010a

WEST 2006, 2008

Chatfield et al. 2009

Thompson et al. 2011

Thompson and Bay 2012

Jeffrey et a. 2009b

Enk et al. 2011b

Derby et al. 2010c

Derby et al. 2012b

James 2008

Young et al. 2003a

Young et al. 2003a

Young et al. 2003a

Grodsky and Drake 2011

Good et al. 2011

Klondike I, OR

Klondike Il (Phase 1), OR
Klondike llla (Phase Il), OR
Leaning Juniper, OR
Lempster, NH (09)
Lempster, NH (10)

Linden Ranch, WA

Locust Ridge, PA (Phase II; 09)
Locust Ridge, PA (Phase Il; 10)
Madison, NY

Maple Ridge, NY (06)
Maple Ridge, NY (07)
Maple Ridge, NY (08)
Marengo |, WA (09)
Marengo Il, WA (09)

Mars Hill, ME (07)

Mars Hill, ME (08)
McBride, Alb (04)
Melancthon, Ont (Phase )
Meyersdale, PA (04)
Moraine II, MN

Mount Storm, WV (Fall 08)
Mount Storm, WV (09)
Mount Storm, WV (10)
Mount Storm, WV (11)
Mountaineer, WV (03)

Mountaineer, WV (04)

Munnsville, NY (08)
Nine Canyon, WA
Noble Altona, NY

Noble Bliss, NY (08)

Noble Bliss, NY (09)

Noble Chateaugay, NY

Noble Clinton, NY (08)

Noble Clinton, NY (09)

Noble Ellenburg, NY (08)

Noble Ellenburg, NY (09)

Noble Wethersfield, NY

NPPD Ainsworth, NE

Oklahoma Wind Energy Center,
OK

Pebble Springs, OR

Pine Tree, CA

Pioneer Prairie |, |A (Phase Il)

PrairieWinds ND1 (Minot), ND

PrairieWinds ND1 (Minot), ND (11)

PrairieWinds SD1, SD
Prince Wind Farm, Ont (06)
Prince Wind Farm, Ont (07)
Prince Wind Farm, Ont (08)
Red Canyon, TX

Red Hills, OK

Ripley, Ont (08)

Ripley, Ont (Fall 09)
Rugby, ND

San Gorgonio, CA
Searsburg, VT (07)

Shiloh I, CA

Shiloh I, CA

SMUD Solano, CA
Stateline, OR/WA (02)
Stateline, OR/WA (03)
Stateline, OR/WA (06)
Stetson Mountain I, ME (09)

NWC and WEST 2007
Gritski et al. 2010

Gritski et al. 2011

Gritski et al. 2008

Tidhar et al. 2010

Tidhar et al. 2011

Enz and Bay 2011

Arnett et al. 2011

Arnett et al. 2011
Kerlinger 2002b

Jain et al. 2007

Jain et al. 2009a

Jain et al. 2009d

URS Corporation 2010b
URS Corporation 2010c
Stantec 2008

Stantec 2009a

Brown and Hamilton 2004
Stantec Ltd. 2008

Arnett et al. 2005

Derby et al. 2010d

Young et al. 2009b

Young et al. 2009a, 2010b
Young et al. 2010a, 2011b
Young et al. 2011a, 2012b
Kerns and Kerlinger 2004

Arnett et al. 2005

Stantec 2009b
Erickson et al. 2003
Jain et al. 2011b

Jain et al.2009e

Jain et al. 2010a
Jain et al. 2011¢c
Jain et al. 2009¢
Jain et al. 2010b
Jain et al. 2009b
Jain et al. 2010¢c
Jain et al. 2011a
Derby et al. 2007

Piorkowski and O’Connell 2010

Gritski and Kronner 2010b
BioResource Consultants 2010
Chodachek et al. 2012

Derby et al. 2011¢c

Derby et al. 2012¢

Derby et al. 2012d

Natural Resource Solutions 2009
Natural Resource Solutions 2009
Natural Resource Solutions 2009
Miller 2008

Derby et al. 2013b

Jacques Whitford 2009

Golder Associates 2010

Derby et al. 2011b

Anderson et al. 2005

Kerlinger 2002a

Kerlinger et al. 2009

Kerlinger et al. 2010

Erickson and Sharp 2005
Erickson et al. 2004

Erickson et al. 2004

Erickson et al. 2007

Stantec 2009c

Fowler I, 11, 111, IN (10) Good et al. 2011 Stetson Mountain I, ME (11) Normandeau Associates 2011
Fowler I, 11, 111, IN (11) Good et al. 2012 Stetson Mountain Il, ME (10) Normandeau Associates 2010
Fowler I, 11, 111, IN (12) Good et al. 2013 Summerview, Alb (06) Brown and Hamilton 2006b
Fowler Ill, IN (09) Good et al. 2011 Summerview, Alb (08) Baerwald 2008

Goodnoe, WA URS Corporation 2010a Tehachapi, CA Anderson et al. 2004



Appendix A3 (continued). All post-construction monitoring studies, project characteristics, and
select study methodology.

Data from the following sources:

Project, Location Reference Project, Location Reference
Grand Ridge I, TL Derby et al. 2010g Top of Towa, TA (03) Jain 2005
Harrow, Ont (10) Natural Resource Solutions 2011 |Top of lowa, |A (04) Jain 2005

Harvest Wind, WA (10-12)
Hay Canyon, OR

High Sheldon, NY (10)

High Sheldon, NY (11)
High Winds, CA (04)
High Winds, CA (05)
Hopkins Ridge, WA (06)
Hopkins Ridge, WA (08)
Jersey Atlantic, NJ
Judith Gap, MT (06-07)
Judith Gap, MT (09)
Kewaunee County, WI|
Kibby, ME (11)

Kittitas Valley, WA (11-12)
Klondike, OR

Downes and Gritski 2012a
Gritski and Kronner 2010a

Tidhar et al. 2012a

Tidhar et al. 2012b
Kerlinger et al. 2006
Kerlinger et al. 2006
Young et al. 2007

Young et al. 2009c

NJAS 2008a, 2008b, 2009
TRC 2008

Poulton and Erickson 2010
Howe et al. 2002

Stantec 2012

Stantec Consulting 2012
Johnson et al. 2003

Tuolumne (Windy Point I), WA
Vansycle, OR

Vantage, WA

Wessington Springs, SD (09)
Wessington Springs, SD (10)
White Creek, WA (07-11)

Wild Horse, WA

Windy Flats, WA

Winnebago, IA

Wolfe Island, Ont (May-June 09)
Wolfe Island, Ont (July-Dec 09)
Wolfe Island, Ont (Jan-June 10)
Wolfe Island, Ont (July-Dec 10)
Wolfe Island, Ont (Jan-June 11)
Wolfe Island, Ont (July-Dec 11)

Enz and Bay 2010

Erickson et al. 2000

Ventus Environmental Solutions
2012

Derby et al. 2010f

Derby et al. 2011d

Downes and Gritski 2012b

Erickson et al. 2008

Enz et al. 2011

Derby et al. 2010e

Stantec Ltd. 2010a

Stantec Ltd. 2010b

Stantec Ltd. 2011a

Stantec Ltd. 2011b

Stantec Ltd. 2011c

Stantec Ltd. 2012
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Three Waters Bat Acoustic Survey

EXECUTIVE SUMMARY

In April 2018, Western EcoSystems Technology, Inc. initiated a bat acoustic survey for the
proposed Three Waters Wind Farm (Project) in Jackson County, Minnesota, and Osceola and
Dickinson counties, lowa. The bat acoustic survey conducted at the Project was designed to
estimate levels of bat activity throughout the Project during the spring, summer, and fall.

Acoustic surveys were conducted from April 23 to October 15, 2018, using four AnaBat® SD2
(AnaBat) detectors. Two detectors were paired at a meteorological (met) tower in cultivated
cropland representative of future turbine placement, with one microphone placed near the ground
at 1.5 meters (m; 5.0 feet [ft]) and the other placed within the rotor-swept zone at 45 m (148 ft).
The two remaining detectors were moved between four locations of temporary stations located
near the ground in representative habitat as well as habitat potentially attractive to bats (e.g.,
deciduous forest, wetlands).

Overall, the AnaBat units recorded 7,473 bat passes on 670 detector-nights for a mean (x
standard error) of 14.61 £ 1.39 bat passes per detector-night. Activity was nearly identical
between the ground (1.64 bat passes per detector-night) and the raised (1.39 bat passes per
detector-night) microphones at the met tower. Activity at temporary stations was more variable,
ranging between 7.07 bat passes per detector-night and 36.57 bat passes per detector-night.
Approximately 83% of bat passes were classified as low-frequency (e.g., big brown bats, hoary
bats, and silver-haired bats), and 17% of bat passes were classified as high-frequency (e.g.,
eastern red bats and Myotis species). Hoary bats, eastern red bats, and silver-haired bats are the
main casualties at other North American wind energy facilities, and it is expected these species
will be the main bats killed at the Project. Bat activity was highest during the fall, peaking at fixed
stations from August 20 to 26 (4.50 bat passes per detector-night). This timing of high bat activity
corresponds with the period of peak bat fatality at most wind-energy facilities, and suggests most
bat fatalities at the Project will occur during the late summer or early fall. Overall bat activity levels
and timing of activity were similar to results from the 2017 bat surveys at the Project.

The bat pass rate for the fixed ground detector during the standardized Fall Migratory Period was
2.03 bat passes per detector-night. This activity rate was lower than the national median (7.68
bat passes per detector-night), and lower than most of the public studies from Midwest regions
that have measured preconstruction bat activity and post-construction bat fatality. Mean activity
was also lower than bat pass rates reported at the nearby Lakeview Wind Project in 2011 and in
2012. Post-construction monitoring of Lakefield in 2012 and in 2014 found estimated bat fatality
rates of 19.87 and 20.19 bats/megawatt (MW), respectively. Hoary bat, eastern red bat, and
silver-haired bat were the main species killed, and most bat fatalities occurred between mid-July
and mid-September. Given the proximity of Lakefield to the Project, it is expected the Project will
experience similar patterns in bat fatality, and the bat fatality rate will likely be less than 20
bats/MW!/year.

WEST, Inc. i 2019
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Tim Sichmeller Project Manager
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EcoSystems Technology, Inc. (WEST), Houston, Texas. 2019
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INTRODUCTION

Three Waters Wind Farm, LLC (Three Waters) contracted Western EcoSystems Technology, Inc.,
(WEST) to conduct surveys and monitor wildlife resources for the potential Three Waters Wind
Farm (Project) in southwestern Minnesota and northwestern lowa (Figure 1) to estimate the
potential impacts of wind energy facility construction and operations on wildlife. This document
provides results of the second year of studies of bat activity following the recommendations of the
U.S. Fish and Wildlife Service (USFWS) Land-based Wind Energy Guidelines (WEG; USFWS
2012), Kunz et al. (2007a), and following the Minnesota Department of Natural Resources (MN-
DNR) Avian and Bat Survey Protocols for Large Wind Energy Conversion Systems in Minnesota
(Mixon et al. 2014). WEST conducted acoustic monitoring surveys to estimate levels of bat activity
throughout the Project during the spring, summer, and fall. The following report describes the
results of acoustic monitoring surveys conducted at the Project between April 23 and October 15,
2018.

STUDY AREA

The proposed Project is located at the Minnesota-lowa border in Jackson County, Minnesota, and
Osceola and Dickinson counties, lowa, between the towns of Jackson and Worthington (Figure 1).
The Project area encompasses approximately 23,843.1 hectares (58,917.6 acres; Figure 2). The
Project area is within the Des Moines Lobe Level IV Ecoregion and the Western Corn Belt Plains
Level Il Ecoregion. The Western Corn Belt Plains is over 75% cultivated cropland and much of
the remainder is forage for livestock. Most of the Des Moines Lobe has been converted from wet
prairie to agricultural land. The Project area includes portions of the Little Sioux River and the
West Fork of the Little Sioux River, along with other small drainages (Figure 2). The Project area
also overlaps with several small lakes and ponds, including lllinois Lake, Skunk Lake, Rush Lake,
and lowa Lake (Figure 2). Based on the National Land Cover Database (NLCD; US Geological
Survey NLCD 2011, Homer et al. 2015), land cover within the Project area is primarily (89.8%)
cultivated cropland, with small portions of emergent herbaceous wetlands (3.2%); developed
open space (3.1%); herbaceous (1.4%); open water (0.7%); hay pasture (0.5%), and other habitat
types (Figure 2, Table 1).

WEST, Inc. 1 2019
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Three Waters Bat Acoustic Survey

Table 1. Land cover types, coverage, and composition within the Three Waters Wind Farm in
Jackson County, Minnesota, and Osceola and Dickinson counties lowa.

Habitat Hectares Acres % Composition
Cultivated Crops 21,419.0 52,927.5 89.8
Emergent Herbaceous Wetlands 764.2 1,888.3 3.2
Developed, Open Space 739.7 1,827.9 3.1
Herbaceous 335.7 829.5 14
Open Water 160.8 397.2 0.7
Hay/Pasture 128.6 317.7 0.5
Developed, Low Intensity 119.8 296.0 0.5
Mixed Forest 107.2 264.8 0.4
Developed, Medium Intensity 33.9 83.9 0.1
Deciduous Forest 10.4 25.6 <01
Shrub/Scrub 9.5 23.6 <01
Barren Land 6.1 15.1 <01
Woody Wetlands 5.6 13.8 <01
Developed, High Intensity 2.7 6.7 <0.1
Total’ 23,843.1 58,917.6 100

Data from the National Land Cover Database (Yang et al. 2018, Multi-Resolution Land Characteristics 2019).
1 Sums of values may not add to total value shown due to rounding.

Overview of Bat Diversity

There are seven species of bats are found in Minnesota (Table 2). Those species include: the big
brown bat (Eptesicus fuscus), silver-haired bat (Lasionycteris noctivagans), eastern red bat
(Lasiurus borealis), hoary bat (Lasiurus cinereus), little brown bat (M. lucifugus), NLEB, and tri-
colored bat (Perimyotis subflavus) all of which have been found as fatalities at wind energy
facilities (Table 2). Of the seven species with the potential to occur in Minnesota, one (NLEB) is
federally listed as threatened under the Endangered Species Act [ESA].
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Table 2. Bat species with potential to occur within the Three Waters Wind
Farm categorized by echolocation call frequency.

Common Name Scientific Name
High-Frequency (>30 kHz)

eastern red bat"* Lasiurus borealis

little brown bat'-3 Myotis lucifugus

northern long-eared bat'23 M. septentrionalis
tri-colored bat'-3 Perimyotis subflavus
Low-Frequency (<30 kHz)

big brown bat"? Eptesicus fuscus
silver-haired bat'* Lasionycteris noctivagans
hoary bat'* Lasiurus cinereus

' Species known to have been killed at wind energy facilities (American Wind Wildlife
Institute 2018);

2 federally threatened (International Union for Conservation of Nature 2018; US Fish and
Wildlife Service 2018);

3 species of special concern in Minnesota (Minnesota Department of Natural Resources
2017); and

4long-distance migrant
kHz = kilohertz
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White-Nose Syndrome

Bats that hibernate in North America are being severely impacted by white-nose syndrome
(WNS), an infectious mycosis in which bats are infected with a psychrophilic fungus from Europe
(Pseudogymnoascus [formerly Geomyces] destructans) that is thought to act as a chronic
disturbance during hibernation (USGS 2010; Minnis and Lindner 2013). Infected bats arouse
frequently from hibernation, leading to premature loss of fat reserves and atypical behavior, which
in turn leads to starvation prior to spring emergence (Boyles and Willis 2010; Reeder et al. 2012;
Warnecke et al. 2012). WNS was first discovered in New York State in 2006 and by 2013 had
rapidly spread to over 115 caves and mines and is now confirmed in 31 states and the causative
fungus has been identified in an additional two states (Mississippi and Texas). To date, the full
WNS has spread north into five Canadian provinces, and reaches as far south as Alabama and
as far west as Washington (Heffernan, 2016). It is estimated that between 5.7 and 6.7 million bats
have died as a result of WNS by 2012 (UMWS 2012). WNS is the primary reason the USFWS
listed the northern long-eared bat as threatened in 2015 under the Endangered Species Act
(USFWS 2015) and is the reason the little brown bat has been petitioned for listing as well. The
fungus was first detected in Minnesota during the winter of 2014-2015. The closest confirmed
occurrence of WNS to the Project is in Webster County, lowa, approximately 97 mi (156 km) to
the southeast of the Project.

METHODS

Bat Acoustic Surveys

The bat activity acoustic surveys were conducted to estimate the level of bat activity throughout
the Project area during April 23 to October 15, 2018.

Survey Stations

AnaBat SD2 ultrasonic bat detectors (AnaBat; Titley™ Scientific, Columbia, Missouri) were used
during the study. Two detectors were placed at a meteorological (met) tower, with one microphone
at ground level (ground station; station TW1g; approximately 1.5 meters (m; 5.0 feet [ft] above
ground level [AGL]) and another within the rotor-swept zone (raised station; station TW1r;
approximately 45 m [148 ft] AGL; Figure 3). Microphones at ground stations likely detect a more
complete sample of the bat species present within the Project area, whereas microphones at
raised stations may give a more accurate assessment of risk to bat species flying at rotor swept
heights (Kunz et al. 2007b; Collins and Jones 2009; Mueller et al. 2013; Roemer et al. 2017). The
met tower stations were located in cultivated crops, which is the dominant land cover type (Table
1) and is representative of potential turbine locations (representative stations).

Two more detectors were moved between four temporary stations (stations TW2t — TW5t; Figure
3) every two weeks to increase spatial coverage at the Project. Two of these stations were placed
near wetland and deciduous forest habitat attractive to foraging bats (bat feature stations; Figure
3). An experienced bat biologist selected the location of the bat feature stations. Monitoring at the
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bat feature stations provides an upper threshold for bat activity in the Project area for comparison
with representative stations.

Each AnaBat unit was placed inside a plastic weather-tight container that had a hole cut in the
side through which the microphone extended. Each microphone was encased in a 45-degree
angle polyvinyl chloride (PVC) tube, and holes were drilled in the PVC tube to allow water to drain.

WEST, Inc. 7 2019
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Survey Schedule

Bats were surveyed in the Project from April 23 to October 15, 2018, and detectors were
programmed to turn on approximately 30 minutes (min) before sunset and turn off approximately
30 min after sunrise each night. To highlight seasonal activity patterns, the study was divided into
three survey periods: spring (April 23 — May 14), summer (May 15 — August 15), and fall (August
16 — October 15). Mean bat activity was also calculated for a standardized Fall Migration Period
(FMP), defined here as July 30 — October 14. The FMP was defined by WEST as a standard for
comparison with activity from other wind energy facilities. During this time bats begin moving
toward wintering areas, and many species of bats initiate reproductive behaviors (Cryan 2008).
This period of increased landscape-scale movement and reproductive behavior is often
associated with increased levels of bat fatalities at operational wind energy facilities (Arnett et al.
2008; Arnett and Baerwald 2013).

Data Collection and Call Analysis

AnaBat detectors use a broadband high-frequency microphone to detect the echolocation calls of
bats. Incoming echolocation calls are digitally processed and stored on a high capacity, compact
flash card. The resulting files can be viewed in appropriate software (e.g., Analook®) as digital
sonograms that show changes in echolocation call frequency over time. Frequency versus time
displays were used to separate bat calls from other types of ultrasonic noise (e.g., wind, insects)
and to determine the call frequency category and (when possible) the species of bat that
generated the calls.

To standardize acoustic sampling effort across the Project, AnaBat units were calibrated and
sensitivity levels were set to six (Larson and Hayes 2000), a level that balanced the goal of
recording bat calls against the need to reduce interference from other sources of ultrasonic noise
(Brooks and Ford 2005).

For each survey location, bat passes were sorted into two groups based on their minimum
frequency. High-frequency (HF) bats, such as eastern red bats (Lasiurus borealis) and Myotis
species, have minimum frequencies greater than 30 kilohertz (kHz). Low-frequency (LF) bats,
such as big brown bats, silver-haired bats (Lasionycteris noctivagans), and hoary bats (Lasiurus
cinereus), typically emit echolocation calls with minimum frequencies below 30 kHz. HF and LF
species that may occur in the study area are listed in Table 2

Statistical Analysis

The standard metric used for measuring bat activity is the number of bat passes per detector-
night, and this metric was used as an index of bat activity in the Project area. A bat pass was
defined as a sequence of at least two echolocation calls (pulses) produced by an individual bat
with no pause between calls of more than one second (Fenton 1980). A detector-night was
defined as one detector operating for one entire night. The terms bat pass and bat call are used
interchangeably. Bat passes per detector-night was calculated for all bats, and for HF and LF
bats. Bat pass rates represent indices of bat activity and do not represent numbers of individuals.
The number of bat passes was determined by an experienced bat biologist using Analook.
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Additionally, the calculation of bat passes per detector-night was based on the first and last bat
call sequence positively identified during the study period. This removed the inclusion of
operational days where no bat calls were recorded from the analysis.

The period of peak sustained bat activity was defined as the 7-day period with the highest average
bat activity. If multiple 7-day periods equaled the peak sustained bat activity rate, all dates in these
7-day periods were reported. This and all multi-detector averages in this report were calculated
as an unweighted average of total activity at each detector. Temporary stations were not sampled
on a continuous basis throughout the survey period and were, therefore, excluded from temporal
analyses. Data from the bat feature stations were also excluded from temporal analysis because
seasonal changes in activity at bat feature stations likely reflects changes in insect abundance or
roosting behavior, whereas activity at representative stations reflects bats commuting through the
Project area.

RESULTS

Bat Acoustic Surveys

Bat activity was monitored at six sampling locations for a total of 670 detector-nights between
April 23 and October 15, 2018. AnaBat units were operating for 95% of the sampling period
(Figure 4). Overall, the average bat pass rate was 14.61 + 1.39 bat passes per detector-night
(Table 3).

Spatial Variation

Bat activity in the Project varied among stations (Table 3, Figure 5). Activity at the fixed
representative stations was relatively low, and similar between the fixed ground (1.64 bat passes
per detector-night) and the raised (1.39 bat passes per detector-night) microphones (Table 3,
Figure 6). While activity at temporary ground representative stations varied, ranging between 7.07
bat passes per detector-night (station TW3t) and 20.26 bat passes per detector-night (station
TWA41). Activity at bat feature stations was slightly variable, ranging between 20.74 bat passes per
detector-night (station TW2t) and 36.57 bat passes per detector-night (station TW5t; Table 3,
Figure 5).
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Figure 4. Operational status of bat detectors (n = 6) operating at the Three Waters Wind Farm,
during each night of the survey period April 23 — October 15, 2018.
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Temporal Variation

Bat activity at the fixed stations was similar among seasons, ranging between 0.64 bat passes
per detector-night in the spring to 1.94 bat passes per detector-night in the fall (Table 4, Figure
7). The bat pass rate for the fixed ground detector during the standardized FMP was 2.03 bat
passes per detector-night (Table 4). Weekly acoustic activity at the fixed stations was relatively
low for much of the study period (Figure 8), peaking from August 20 to August 26 (4.50 bat passes
per detector-night; Table 5). Bat activity was also high the first week of October (Figure 8), which
was mainly detected at the raised microphone (Figure 9). Otherwise, bat activity at the ground
and raised microphones were fairly similar throughout the study period (Figure 9).

Table 4. The number of bat passes per detector-night recorded at fixed stations in the Three
Waters Wind Farm during each season, separated by call frequency: high-
frequency (HF), low-frequency (LF), and all bats (AB).

Spring Summer Fall Fall Migration Period

Call April 23 - May 15 - August 16 — July 30 -
Station Frequency May 14 August 15 October 15 October 14

LF 0.86 1.38 1.54 1.62
TW1g HF 0 0.31 0.3 0.40

AB 0.86 1.69 1.84 2.03

LF 0.41 1.01 1.8 1.88
TWA1r HF 0 0.12 0.25 0.27

AB 0.41 1.13 2.05 2.16

LF 0.64 +0.30 1.19 £ 0.11 1.67 £ 0.38 1.75%0.30
Overall HF 0.00 +0.00 0.22 +0.04 0.27 + 0.06 0.34 = 0.06

AB 0.64 +0.30 1.41+0.13 1.94 + 0.38 2.09 +0.31

* Sums may not equal totals shown due to rounding.

Table 5. Periods of peak activity for low-frequency (LF) and all bats at representative
stations within the Three Waters Wind Farm April 23 — October 15, 2018.

Start Date of End Date of Peak

Bat Passes per

Species Group Peak Activity Activity Detector-Night
LF August 20 August 26 3.93
All Bats August 20 August 26 4.50

Note: Peak activity was not calculated for HF bats due to low activity rates (<1.0 bat passes per detector-
night).
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Figure 7. Mean seasonal bat activity by frequency for representative acoustic monitoring
stations at the Three Waters Wind Farm, April 23 — October 15, 2018. The bootstrapped
standard errors are represented on the ‘All Bats’ columns. HF = high-frequency; LF =
low-frequency.
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Figure 9. Weekly patterns of bat activity April 23 — October 15, 2018, at ground and raised fixed
stations at the Three Waters Wind Farm.

Species Composition

At all stations, 83.0% of bat passes were classified as LF (e.g., big brown bats, hoary bats, and
silver-haired bats), and 17.0% of bat passes were classified as HF (e.g., eastern red bats and
Myotis species; Tables 2 and 3). These proportions were similar among both fixed and temporary
stations (Table 3), and between the ground and raised fixed station (Table 3).

DISCUSSION

Bat fatalities have been discovered at most wind energy facilities monitored in North America,
with fatality estimates ranging from 0 to 49.70 bat fatalities/megawatt (MW)/year (American Wind
Wildlife Institute [AWWI] 2018). A summary of 202 studies at 137 wind energy facilities in the US
found the majority of wind energy facilities reported fewer than five bat fatalities/MW/year, with a
nationwide median of 2.66 bat fatalities/MW/year (AWWI 2018). In 2012, an estimated 600,000
bats died as a result of interactions with wind turbines in the US (Hayes 2018). Wind development
may pose a threat to populations of migratory bats in particular. Projection models estimate
populations of hoary bats could decline as much as 90% in the next 50 years (Frick et al. 2017).
Proximate causes of bat fatalities are primarily due to collisions with moving turbine blades
(Grodsky et al. 2011, Rollins et al. 2012), but also, to a limited extent, by barotrauma (Baerwald
et al. 2008). The underlying reason(s) why bats come near turbines is still largely unknown (Cryan
and Barclay 2009, Barclay et al. 2017).
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To date, post-construction monitoring studies of wind energy facilities in the US show the
following: a) migratory tree-roosting species (e.g., eastern red bat, hoary bat, and silver-haired
bat) compose approximately 72% of reported bat fatalities; b) the majority of fatalities occur during
the fall migration season (August and September); and c) most fatalities occur on nights with
relatively low wind speeds (e.g., <6.0 meters/second; Arnett et al. 2008, Arnett and Baerwald
2013, Arnett et al. 2013, AWWI 2018, Thompson et al. 2017).

Few studies of wind energy facilities are available that have recorded both bat activity and bat
fatality rates (Appendix A). Hein et al. (2013a) compiled data from 12 wind projects that measured
bat activity and fatality rates and found a non-significant (p = 0.07), positive correlation where low
activity was generally associated with low fatalities and vice-versa. Researchers concluded pre-
construction acoustic data could not currently predict bat fatalities, but acknowledged the data set
was limited and additional data may indicate a stronger relationship. Complicating matters, recent
evidence suggests the main species killed at wind turbines, hoary bats, often fly without
echolocation (Corcoran and Weller 2018) and are therefore not recorded on ultrasonic detectors.
However, Baerwald and Barclay (2009) found a significant positive association between pass
rates measured at 30 m (98 ft) and fatality rates for hoary and silver-haired bats across five sites
in southern Alberta. Yet, on a continental scale, a similar relationship has proven difficult to
establish.

A review of 40 US studies found bat mortality might be inversely related to the percent grassland
cover surrounding wind facilities (Thompson et al. 2017). That is, the more open the landscape,
the less risk of turbine collisions by bats. However, exceptions to this pattern exist (e.g., Jain
2005, Arnett and Baerwald 2013) and it may not be applicable to all regions (Thompson et al.
2017). Bat activity in the rotor-swept zone is representative of bat exposure to turbines (Baerwald
and Barclay 2009, Collins and Jones 2009, Roemer et al. 2017), but it is unclear how bat activity
at raised stations might relate to bat fatality, or even if such a relationship exists.

Mean bat activity during the FMP at fixed ground detectors (2.03 bat passes per detector-night;
Table 4) was lower than the national median bat activity (7.68 bat passes per detector-night) and
the maijority of studies available from the Midwest (Appendix A). Overall bat activity was highest
within the Project area during the fall, peaking in late August. In 2017, bat activity during the FMP
was similarly low (4.72 bat passes per detector-night), and activity was highest in the summer,
peaking in mid-August (Sichmeller and Solick 2018). This timing is consistent with peak fatality
periods for most wind energy facilities in the US (AWWI 2018), and suggests bat fatalities at the
Project will be highest during late summer to early fall.

Activity by HF bat species composed 17% of bat passes recorded at all stations in the Project
area. Eastern red bats are usually the most common HF species found during carcass searches
(Arnett et al. 2008, Arnett and Baerwald 2013, AWWI 2018). Myotis species are recorded less
commonly than other species in the rotor-swept zone or as fatalities at most post-construction
studies of wind energy facilities (Kunz et al. 2007b, Arnett et al. 2008, AWWI 2018), with a few
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notable exceptions (Kerns and Kerlinger 2004, Jain 2005, Brown and Hamilton 2006, Gruver et
al. 2009).

Approximately 83% of bat passes recorded in the Project area were emitted by LF bats. LF bat
species may become casualties because they fly at higher altitudes, as demonstrated by their
greater prevalence at raised detectors (Table 3, Figure 6). Given that hoary bats, eastern red
bats, and silver-haired bats are among the most common bat fatalities at many facilities (Arnett
et al. 2008, Arnett and Baerwald 2013, AWWI 2018), it is expected these three species would be
the most common fatalities at the Project.

Over two-thirds of bat fatality studies in the Midwest report fewer than five bat fatalities/MW/year
(Appendix A, Figure 10). It is possible similar fatality rates could be recorded at the Project. Mean
bat activity at the Project was also lower than activity recorded at the Lakefield Wind Project,
located 8.5 km (5.3 mi) to the northeast. At Lakefield, bat activity was surveyed from April 1 to
October 31 in 2011 using ground and raised AnaBat detectors at two met towers. One of the
ground detectors recorded 10.40 bat passes per detector-night, and the other recorded 13.08 bat
passes per detector-night (Minnesota Public Utilities Commission (MPUC) 2012). In 2012, bat
activity was monitored concurrently with post-construction monitoring from March 31 to October
31, and the bat pass rates at ground detectors were 7.94 and 14.77 bat passes per detector-night
(Westwood Professional Services (Westwood) 2013). In both years, peak bat activity occurred
between mid-July and early September, and LF bats were the main species recorded (MPUC
2012, Westwood 2013), consistent with this study. Post-construction monitoring at Lakefield in
2012 and in 2014 determined estimated bat fatality rates of 19.87 and 20.19 bats/MW,
respectively, with peak bat mortality for hoary, eastern red, and silver-haired bats occurring
between mid-July and mid-September in both years (Westwood 2013, 2015). Given the proximity
of the Project to Lakefield, it is likely similar patterns in fatality could be recorded at the Project.
Due to the lower bat activity rates at the Project, the bat fatality rates are likely to be less than 20
bats/MW/year.
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Figure 10 (continued). Fatality rates for bats (number of bats per megawatts per year) from
publically available wind energy facilities in the Midwest region of North America. Data from

the following sources:

Facility Study

Bat Fatality Fatality Estimate Citation

Three Waters, MN

This study

Cedar Ridge, WI (2009) 30.61 BHE Environ-mental 2010
Blue Sky Green Field, WI (2008; 2009) 24.57 Gruver et al. 2009

Cedar Ridge, WI (2010) 2412 BHE Environ-mental 2011
Fowler I, II, Ill, IN (2011) 20.19 Good et al. 2012
Lakefield Wind, MN (2012) 19.87 Minnesota Public Utilities Commission 2012
Fowler I, II, 1ll, IN (2010) 18.96 Good et al. 2011

Forward Energy Center, WI (2008-2010) 18.17 Grodsky and Drake 2011
Top Crop | & 11 (2012-2013) 12.55 Good et al. 2013c

Rail Splitter, IL (2012-2013) 11.21 Good et al. 2013b
Harrow, Ont (2010) 11.13 Natural Resources Solutions Inc. (NRSI) 2011
Top of lowa, IA (2004) 10.27 Jain 2005

Waverly Wind, US-KS (2016-2017) 8.2 Tetra Tech 2017a

Fowler I, IN (2009) 8.09 Johnson et al. 2010a
Crystal Lake I, 1A (2009) 7.42 Derby et al. 2010b

Top of lowa, 1A (2003) 7.16 Jain 2005

Odell, US-MN (2016-2017) 6.74 Chodachek and Gustafson 2018
Kewaunee County, WI (1999-2001) 6.45 Howe et al. 2002

Fowler, US-IN (2014) 4.86 Good et al. 2015

Ripley, Ont (2008) 4.67 Jacques Whitford 2009
Fowler, US-IN (2015) 4.54 Good et al. 2016

Fowler, US-IN (2016) 4.54 Good et al. 2017
Winnebago, 1A (2009-2010) 4.54 Derby et al. 2010a
Pioneer Prairie I, IA (Phase II; 2011-2012) 4.43 Chodachek et al. 2012
Buffalo Ridge, MN (Phase IlI; 2001/Lake 435 Johnson et al. 2004
Benton 1)

Pioneer Prairie Il, 1A (2013) 3.83 Chodachek et al. 2014
Buffalo Ridge, MN (Phase Ill; 2001/Lake 3.71 Johnson et al. 2004
Benton II)

Crescent Ridge, IL (2005-2006) 3.27 Kerlinger et al. 2007
Fowler I, II, 1ll, IN (2012) 2.96 Good et al. 2013a

Buffalo Ridge Il, SD (2011-2012) 2.81 Derby et al. 2012a

Elm Creek I, MN (2011-2012) 2.81 Derby et al. 2012b
Buffalo Ridge, MN (Phase IlI; 1999) 272 Johnson et al. 2000
Buffalo Ridge, MN (Phase IlI; 1999) 2.59 Johnson et al. 2000
Moraine I, MN (2009) 2.42 Derby et al. 2010f

Buffalo Ridge, MN (Phase Il; 1998) 2.16 Johnson et al. 2000
PrairieWinds ND1 (Minot), ND (2010) 213 Derby et al. 2011d

Grand Ridge I, IL (2009-2010) 2.1 Derby et al. 2010a

Big Blue, MN (2013) 2.04 Fagen Engineering 2014
Barton | & 1I, 1A (2010-2011) 1.85 Derby et al. 2011b
Fowler 111, IN (2009) 1.84 Johnson et al. 2010b
Buffalo Ridge, MN (Phase lll; 2002/Lake 1.81 Johnson et al. 2004
Benton II)

Pleasant Valley, US-MN (2016-2017) 1.8 Tetra Tech 2017b

Buffalo Ridge, MN (Phase Il; 2002/Lake 1.64 Johnson et al. 2004
Benton 1)

Rugby, ND (2010-2011) 1.6 Derby et al. 2011c

EIm Creek, MN (2009-2010) 1.49 Derby et al. 2010e
Wessington Springs, SD (2009) 1.48 Derby et al. 2010c

Big Blue, MN (2014) 143 Fagen Engineering 2015
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Figure 10 (continued). Fatality rates for bats (number of bats per megawatts per year) from
publically available wind energy facilities in the Midwest region of North America. Data from
the following sources:

Facility Study Bat Fatality Fatality Estimate Citation
Three Waters, MN This study
PrairieWinds ND1 (Minot), ND (2011) 1.39 Derby et al. 2012d
PrairieWinds SD1, SD (2011-2012) 1.23 Derby et al. 2012c
NPPD Ainsworth, NE (2006) 1.16 Derby et al. 2007
PrairieWinds SD1, SD (2012-2013) 1.05 Derby et al. 2013a
Buffalo Ridge, MN (Phase I; 1999) 0.74 Johnson et al. 2000
PrairieWinds SD1, SD (2013-2014) 0.52 Derby et al. 2014
Prairie Rose, US-MN (2014) 0.41 Chodachek et al. 2015
Wessington Springs, SD (2010) 0.41 Derby et al. 2011a
Buffalo Ridge I, SD (2009-2010) 0.16 Derby et al. 2010d
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Appendix A1. Wind energy facilities in North America with comparable activity and fatality data
for bats, separated by geographic region. Activity estimate given as the number of bat
passes per detector night. Fatality estimate given as the number of bat fatalities per

megawatt (MW) per year.

Bat Activity Fatality No. of Total
Wind Energy Facility Estimate Bat Activity Dates Estimate  Turbines MW
Three Waters, Minnesota 2018 2.09 7/30/18-10/14/18
Three Waters, Minnesota 2017 4.72 7/30/17-10/14/17
Midwest
Cedar Ridge, WI (2009) 9.97ABCD 7/16/07-9/30/07 30.61 41 67.6
B'SSO%';V Green Field, WI (2008; 77°  7/24/07-10/29/07 2457 88 145
Cedar Ridge, WI (2010) 9.97ABCD 7/16/07-9/30/07 2412 41 68
Fowler I, II, 1ll, IN (2011) NA NA 20.19 355 600
Lakefield Wind, MN (2012) NA NA 19.87 137 205.5
Fowler I, II, 1ll, IN (2010) NA NA 18.96 355 600
Forward Energy Center, WI
(2008-2010) 6.97 8/5/08-11/08/08 18.17 86 129
200 (68 300 (102
Phase | Phase
Top Crop | & 11 (2012-2013) NA NA 12.55 132 ’ I, 198
Phase
Phase II) Il
Rail Splitter, IL (2012-2013) NA NA 11.21 67 100.5
24 (four 6-
Harrow, Ont (2010) NA NA 11.13 turbine 39.6
facilities)
Top of lowa, IA (2004) 35.7 5/26/04-9/24/04 10.27 89 80
Waverly Wind, KS (2016-2017) NA NA 8.2 95 199
Fowler I, IN (2009) NA NA 8.09 162 301
Crystal Lake Il, 1A (2009) NA NA 7.42 80 200
Top of lowa, IA (2003) NA NA 7.16 89 80
Odell, MN (2016-2017) NA NA 6.74 100 200
K‘;‘gg‘j;‘ee County, W1 (1999- NA NA 6.45 31 20.46
Fowler, IN (2014) NA NA 4.86 355 600
Ripley, Ont (2008) NA NA 4.67 38 76
Winnebago, 1A (2009-2010) NA NA 4.54 10 20
Fowler, IN (2016) NA NA 4.54 420 750
Fowler, IN (2015) NA NA 4.54 420 NA
Pioneer Prairie I, IA (Phase lI;
2011-2012) NA NA 4.43 62 102.3
Buffalo Ridge, MN (Phase lI; B
2001/Lake Benton I) 2.2 6/15/01-9/15/01 4.35 143 107.25
Pioneer Prairie Il, 1A (2013) NA NA 3.83 62 102.3
Buffalo Ridge, MN (Phase llI; B
2001/Lake Benton I1) 2.2 6/15/01-9/15/01 3.71 138 103.5
Crescent Ridge, IL (2005-2006) NA NA 3.27 33 495
Fowler I, II, 1ll, IN (2012) NA NA 2.96 355 600
Elm Creek Il, MN (2011-2012) NA NA 2.81 62 148.8
Buffalo Ridge Il, SD (2011-2012) NA NA 2.81 105 210
Bfgg’g)R'dge' MN (Phase III; NA NA 272 138 1035
Buffalo Ridge, MN (Phase lI; NA NA 259 143 107.25

1999)



Appendix A1. Wind energy facilities in North America with comparable activity and fatality data
for bats, separated by geographic region. Activity estimate given as the number of bat
passes per detector night. Fatality estimate given as the number of bat fatalities per
megawatt (MW) per year.

Bat Activity Fatality No. of Total
Wind Energy Facility Estimate Bat Activity Dates Estimate  Turbines MW
Moraine I, MN (2009) NA NA 242 33 49.5
Bﬂfgﬂg)R'dge’ MN (Phase II; NA NA 216 143 107.25
Prfzi(r)i?g\)/inds ND1 (Minot), ND NA NA 213 80 1155
Grand Ridge I, IL (2009-2010) NA NA 2.1 66 99
Big Blue, MN (2013) NA NA 2.04 18 36
Barton | & 11, IA (2010-2011) NA NA 1.85 80 160
Fowler IlI, IN (2009) NA NA 1.84 60 99
Buffalo Ridge, MN (Phase llI; B
2002/Lake Benton I1) 1.9 6/15/02-9/15/02 1.81 138 103.5
Pleasant Valley, MN (2016-2017) NA NA 1.8 100 200
Buffalo Ridge, MN (Phase lI; B )
2002/Lake Benton ) 1.9 6/15/02-9/15/02 1.64 143 107.25
Rugby, ND (2010-2011) NA NA 1.6 71 149
Elm Creek, MN (2009-2010) NA NA 1.49 67 100
Wessington Springs, SD (2009) NA NA 1.48 34 51
Big Blue, MN (2014) NA NA 1.43 18 36
Prggt:\{\)/mds ND1 (Minot), ND NA NA 139 80 115.5
Prgér;%\;des SD1, SD (2011- NA NA 123 108 162
NPPD Ainsworth, NE (2006) NA NA 1.16 36 20.5
Przaér;e?)\;des SD1, SD (2012- NA NA 105 108 162
Bl{]f;aglg)Ridge, MN (Phase I; NA NA 0.74 73 o5
Pr;(i)rﬁ\;Vinds SD1, SD (2013- NA NA 052 108 162
Prairie Rose, MN (2014) NA NA 0.41 119 200
Wessington Springs, SD (2010) NA NA 0.41 34 51
Buffalo Ridge I, SD (2009-2010) NA NA 0.16 24 50.4
Rocky Mountains
. . A 07/15/06-07-
Summerview, Alb (2006; 2007) 7.65 09/30/06-07 11.42 39 70.2
Summerview, Alb (2005-2006) NA NA 10.27 39 70.2
Judith Gap, MT (2006-2007) NA NA 8.93 90 135
Foote Creek Rim I, WY (1999) NA NA 3.97 69 41
Judith Gap, MT (2009) NA NA 3.2 90 135
;8?1? the World, WY (2010- NA NA 274 110 200
;8?2?: the World, WY (2011- NA NA 243 110 200
;’(c))ﬁ)stgf the World, WY (2012- NA NA 234 110 200
Milford I, UT (2010-2011) NA NA 2.05 58 145
160.5
Milford | & II, UT (2011-2012) NA NA 1.67 107 (58.51,

102 11



Appendix A1. Wind energy facilities in North America with comparable activity and fatality data
for bats, separated by geographic region. Activity estimate given as the number of bat
passes per detector night. Fatality estimate given as the number of bat fatalities per
megawatt (MW) per year.

Bat Activity Fatality No. of Total
Wind Energy Facility Estimate Bat Activity Dates Estimate  Turbines MW
;88;‘; Creek Rim I, WY (2001- 2.28C 6/15/01-9/1/01 157 69 41
Foote Creek Rim I, WY (2000) 2.28C 6/15/00-9/1/00 1.05 69 41

Northeast

Pinnacle, WV (2012) NA NA 40.2 23 55.2
Mountaineer, WV (2003) NA NA 31.69 44 66
Mount Storm, WV (2009) 30.09 7/15/09-10/7/09 17.53 132 264
Noble Wethersfield, NY (2010) NA NA 16.3 84 126
Criterion, MD (2011) NA NA 15.61 28 70
Mount Storm, WV (2010) 36.67F 4/18/10-10/15/10 15.18 132 264
Locust Ridge, PA (Phase II; 2010) NA NA 14.38 51 102
Locust Ridge, PA (Phase II; 2009) NA NA 14.11 51 102
Casselman, PA (2008) NA NA 12.61 23 34.5
Maple Ridge, NY (2006) NA NA 11.21 120 198
Cohocton/Dutch Hills, NY (2010) NA NA 10.32 50 125
Howard, NY (2012) NA NA 10 27 54
Wc;l(;e1 (I)s)land, Ont (July-December NA NA 95 86 197.8
Cohocton/Dutch Hill, NY (2009) NA NA 8.62 50 125
Casselman, PA (2009) NA NA 8.6 23 34.5
Noble Bliss, NY (2008) NA NA 7.8 67 100
Criterion, MD (2012) NA NA 7.62 28 70
Mount Storm, WV (2011) NA NA 7.43 132 264
Maple Ridge, NY (2012) NA NA 7.3 195 321.75
Mount Storm, WV (Fall 2008) 35.2 7/20/08-10/12/08 6.62 82 164
Maple Ridge, NY (2007) NA NA 6.49 195 321.75
;\é%lge) Island, Ont (July-December NA NA 6.42 86 1978
Roth Rock, MD (2011) NA NA 6.24 20 50
Steel Winds | & 1I, NY (2013) NA NA 6.14 14 35
Criterion, MD (2013) NA NA 5.32 28 70
Maple Ridge, NY (2007-2008) NA NA 4.96 195 321.75
Noble Clinton, NY (2009) 1.97 8/1/09-09/31/09 4.5 67 100
Ca(sZ%%Irgn)an Curtailment, PA NA NA 4.4 23 35.4
Noble Altona, NY (2010) NA NA 4.34 65 97.5
Noble Ellenburg, NY (2009) 16.14 8/16/09-09/15/09 3.91 54 80
Noble Bliss, NY (2009) NA NA 3.85 67 100
Lempster, NH (2010) NA NA 3.57 12 24
Noble Ellenburg, NY (2008) NA NA 3.46 54 80
Noble Clinton, NY (2008) 2.1A 8/8/08-09/31/08 3.14 67 100
Lempster, NH (2009) NA NA 3.1 12 24
Record Hill, ME (2012) 24.6 4/16/12-10/23/12 2.96 22 50.6
Mars Hill, ME (2007) NA NA 2.91 28 42
\2/\6?% Island, Ont (July-December NA NA 249 86 1978
Noble Chateaugay, NY (2010) NA NA 2.44 71 106.5
High Sheldon, NY (2010) NA NA 2.33 75 112.5

Stetson Mountain Il, ME (2012) NA NA 2.27 17 255



Appendix A1. Wind energy facilities in North America with comparable activity and fatality data
for bats, separated by geographic region. Activity estimate given as the number of bat
passes per detector night. Fatality estimate given as the number of bat fatalities per
megawatt (MW) per year.

Bat Activity Fatality No. of Total

Wind Energy Facility Estimate Bat Activity Dates Estimate  Turbines MW
Howard, NY (2013) NA NA 213 27 54
Beech Ridge, WV (2012) NA NA 2.03 67 100.5
Munnsville, NY (2008) NA NA 1.93 23 34.5
High Sheldon, NY (2011) NA NA 1.78 75 112.5
Groton, NH (2015) NA NA 1.74 24 48
Stetson Mountain I, ME (2010) NA NA 1.65 17 25.5
Groton, NH (2014) NA NA 1.63 24 48
Bull Hill, ME (2013) NA NA 1.62 19 34
Stetson Mountain I, ME (2009) 28.5;0.3F  7/10/09-10/15/09 1.4 38 57
Cohocton/Dutch Hill, NY (2013) NA NA 1.37 50 125
Groton, NH (2013) NA NA 1.31 24 48
Record Hill, ME (2016) NA NA 1.25 22 51
Stetson Il, ME (2014) NA NA 0.83 17 26
Beech Ridge, WV (2013) NA NA 0.58 67 100.5
Record Hill, ME (2014) NA NA 0.55 22 50.6
Oakfield, ME (2017) NA NA 0.51 48 148
Mars Hill, ME (2008) NA NA 0.45 28 42
Rollins, ME (2014) NA NA 0.33 40 60
Spruce Mountain Wind Project,
ME (2014) NA NA 0.31 10 20
Hancock, ME (2017) NA NA 0.3 17 51
Stetson Mountain I, ME (2011) NA NA 0.28 38 57
Bingham Wind Project, ME (2017) NA NA 0.23 56 185
Rollins, ME (2012) NA NA 0.18 40 60
Stetson Mountain |, ME (2013) NA NA 0.18 38 57
Kibby, ME (2011) NA NA 0.12 44 132

Southeast
Buffalo Mountain, TN (2005) NA NA 39.7 18 28.98
Buffalo Mountain, TN (2000-2003) 23.7¢ NA 31.54 3 1.98

Southern Plains

Barton Chapel, TX (2009-2010) NA NA 3.06 60 120
Big Smile, OK (2012-2013) NA NA 29 66 132
Buffalo Gap II, TX (2007-2008) NA NA 0.14 155 233
Red Hills, OK (2012-2013) NA NA 0.11 82 123
Buffalo Gap I, TX (2006) NA NA 0.1 67 134

Southwest
Spring Valley, NV (2012-2013) NA NA 3.73 66 152
Dry Lake I, AZ (2009-2010) 8.8 4/29/10-11/10/10 3.43 30 63
Dry Lake Il, AZ (2011-2012) 11.5 5/11/11-10/26/11 1.66 31 65

California
Hatchet Ridge, CA (2012) NA NA 5.22 44 101
Hatchet Ridge, CA (2012-2013) NA NA 4.2 44 NA
Shiloh I, CA (2006-2009) NA NA 3.92 100 150
Shiloh 1, CA (2010-2011) NA NA 3.8 75 150
Shiloh 1, CA (2011-2012) NA NA 3.4 75 150
Shiloh 11, CA (2009-2010) NA NA 2.6 75 150
High Winds, CA (2003-2004) NA NA 2.51 90 162
Hatchet Ridge, CA (2011) NA NA 2.23 44 101

Lower West, CA (2012-2013) NA NA 217 7 14



Appendix A1. Wind energy facilities in North America with comparable activity and fatality data
for bats, separated by geographic region. Activity estimate given as the number of bat
passes per detector night. Fatality estimate given as the number of bat fatalities per
megawatt (MW) per year.

Bat Activity Fatality No. of Total
Wind Energy Facility Estimate Bat Activity Dates Estimate  Turbines MW
Dillon, CA (2008-2009) NA NA 217 45 45
Montezuma |, CA (2011) NA NA 1.9 16 36.8
High Winds, CA (2004-2005) NA NA 1.52 90 162
Alta Wind I, CA (2011-2012) 4.42¢ 6/26/09 -10/31/09 1.28 100 150
Lower West, CA (2014-2015) NA NA 1.13 7 14
Montezuma Il, CA (2012-2013) NA NA 0.91 34 78.2
Montezuma |, CA (2012) NA NA 0.84 16 36.8
Diablo Winds, CA (2005-2007) NA NA 0.82 31 20.46
Alta X, CA (2015-2016) NA NA 0.8 48 137
Alta I, CA (2015-2016) NA NA 0.7 290 720
Alta X, CA (2014-2015) NA NA 0.42 48 137
Shiloh 11, CA (2012-2013) NA NA 0.4 50 102.5
Alta I, CA (2013-2014) NA NA 0.36 290 720
Mustang Hills, CA (2016-2017) NA NA 0.33 100 300
Solano lll, CA (2012-2013) NA NA 0.31 55 128
Alite, CA (2009-2010) NA NA 0.24 8 24
Pacific Wind, CA (2014-2015) NA NA 0.21 70 144
Cameron Ridge/Section 15, CA

(2015-2016) NA NA 0.19 34 102
PI;%?S)PIHES I & Il, CA (2015- NA NA 018 100 300
Alta VIII, CA (2014-2015) NA NA 0.17 100 300
Cameron Ridge/Section 15, CA

(2014-2015) NA NA 0.15 34 102
Mustang Hills, CA (2012-2013) NA NA 0.1 50 150
Alta Wind 1I-V, CA (2011-2012) 0.78 6/26/09 -10/31/09 0.08 190 570
Pl%?z)Pmes I &I, CA (2013- NA NA 0.04 100 NA
Windstar, CA (2012-2013) NA NA 0 53 106
Lower West, CA (2016-2017) NA NA 0 7 14
Pacific Wind, CA (2015-2016) NA NA 0 70 144
Alta VIII, CA (2012-2013) NA NA 0 50 150
Rising Tree, CA (2017-2018) NA NA 0 60 198
Mustang Hills, CA (2014-2015) NA NA 0 100 300
Alta lI-V, CA (2013-2014) NA NA 0 290 720
Alta lI-V, CA (2015-2016) NA NA 0 290 720

Pacific Northwest
Palouse Wind, WA (2012-2013) NA NA 4.23 58 104.4
Biglow Canyon, OR (Phase Il;

2009-2010) NA NA 2.71 65 150
Nine Canyon, WA (2002-2003) NA NA 2.47 37 48.1
Stateline, OR/WA (2003) NA NA 2.29 454 299
Tucannon River, WA (2015) NA NA 2.22 116 267
Elkhorn, OR (2010) NA NA 2.14 61 101
White Creek, WA (2007-2011) NA NA 2.04 89 204.7
B|g|(;)c\)/é)0anyon, OR (Phase I; NA NA 1.99 76 1254
Leaning Juniper, OR (2006-2008) NA NA 1.98 67 100.5

Chopin, OR (2016-2017) NA NA 1.9 6 10



Appendix A1. Wind energy facilities in North America with comparable activity and fatality data
for bats, separated by geographic region. Activity estimate given as the number of bat
passes per detector night. Fatality estimate given as the number of bat fatalities per
megawatt (MW) per year.

Bat Activity Fatality No. of Total
Wind Energy Facility Estimate Bat Activity Dates Estimate  Turbines MW
Big Horn, WA (2006-2007) NA NA 1.9 133 199.5
Combine Hills, OR (Phase I;

2004-2005) NA NA 1.88 41 41
Linden Ranch, WA (2010-2011) NA NA 1.68 25 50
Pebble Springs, OR (2009-2010) NA NA 1.55 47 98.7
Hopkins Ridge, WA (2008) NA NA 1.39 87 156.6
Harvest Wind, WA (2010-2012) NA NA 1.27 43 98.9
Elkhorn, OR (2008) NA NA 1.26 61 101
Vansycle, OR (1999) NA NA 1.12 38 24.9
Klggglsl;)e Il (Phase I), OR (2007- NA NA 111 125 293 6
Stateline, OR/WA (2001-2002) NA NA 1.09 454 299
Stateline, OR/WA (2006) NA NA 0.95 454 299
Tuolumne (Windy Point I), WA

(2009-2010) NA NA 0.94 62 136.6
Klondike, OR (2002-2003) NA NA 0.77 16 24
Combine Hills, OR (2011) NA NA 0.73 104 104
Hopkins Ridge, WA (2006) NA NA 0.63 83 150
Biglow Canyon, OR (Phase I;

2009) NA NA 0.58 76 125.4
Biglow Canyon, OR (Phase II;

2010-2011) NA NA 0.57 65 150
Hay Canyon, OR (2009-2010) NA NA 0.53 48 100.8
Windy Flats, WA (2010-2011) NA NA 0.41 114 262.2
Klondike I, OR (2005-2006) NA NA 0.41 50 75
Vantage, WA (2010-2011) NA NA 0.4 60 90
Wild Horse, WA (2007) NA NA 0.39 127 229
Goodnoe, WA (2009-2010) NA NA 0.34 47 94
Marengo II, WA (2009-2010) NA NA 0.27 39 70.2
Biglow Canyon, OR (Phase lI;

2010-2011) NA NA 0.22 76 174.8
Marengo I, WA (2009-2010) NA NA 0.17 78 140.4
Klondike Illa (Phase 1), OR

(2008-2010) NA NA 0.14 51 76.5
Kittitas Valley, WA (2011-2012) NA NA 0.12 48 100.8

A = Activity rate based on data collected at various heights all other activity rates are from ground-based units only.
B = Activity rate was averaged across phases and/or years.
€ = Activity rate calculated by WEST from data presented in referenced report.

P = Activity rate based on pre-construction monitoring; data for all other activity and fatality rates were collected
concurrently.

B = Activity rate based on data collected from ground-based units excluding reference stations during the spring,
summer and fall season’s.

F = The overall activity rate of 28.5 is from reference stations located along forest edges which may be attractive to
bats; the activity rate of 0.3 is from one unit placed on a nacelle.

€ = Average of ground-based detectors at CPC Proper (Phase |) for late summer/fall period only.



Appendix A1 (continued). Wind energy facilities in North America with comparable fatality data for
bats. Data from the following sources:

Activity Fatality Activity Fatality
Project, Location Reference Reference Project, Location Reference Reference
Three Waters, .
Minnesota This Study
. Chatfield et al. Locust Ridge, PA
Alite, CA (2009-2010) 2010 (Phase II: 2009) Arnett et al. 2011
Chatfield et al. Locust Ridge, PA
Alta |, CA (2013-2014) 2014 (Phase II; 2010) Arnett et al. 2011
Thompson et al. Lower West, CA Levenstein and
Alta |, CA (2015-2016) 2016a (2012-2013) Bay 2013a
Alta 1l-V, CA (2013- Chatfield et al. Lower West, CA Levenstein and
2014) 2014 (2014-2015) DiDonato 2015
Alta II-V, CA (2015- Thompson et al. Lower West, CA
2016) 2016a (2016-2017) WEST 2017b
Alta VIII, CA (2012- Chatfield and Bay [Maple Ridge, NY .
2013) 2014 (2006) Jain et al. 2007
Western
Alta VIII, CA (2014- EcoSystems Maple Ridge, NY .
2015) Technology, Inc. | (2007) Jain et al. 20092
(WEST) 2016¢c
Chatfield et al. Maple Ridge, NY .
Alta X, CA (2014-2015) 2015 (2007-2008) Jain et al. 2009b
) Thompson et al. Maple Ridge, NY )
Alta X, CA (2015-2016) 2016b (2012) Tidhar et al. 2013b
Alta Wind I, CA (2011-  Solick et al. Chatfield et al. Marengo |, WA
2012) 2010 2012 (2009-2010) URS 20100
Alta Wind 1I-V, CA Solick et al. Chatfield et al. Marengo Il, WA URS 2010c
(2011-2012) 2010 2012 (2009-2010)
8328?1')& Il, 1A (2010- Derby et al. 2011b |Mars Hill, ME (2007) Stantec 2008a
Barton Chapel, TX .
(2009-2010) WEST 2011 Mars Hill, ME (2008) Stantec 2009a
Beech Ridge, WV ) Milford I, UT (2010-
(2012) Tidhar et al. 2013a 2011) Stantec 2011b
Beech Ridge, WV Milford | & 11, UT
(2013) Young et al. 2014a (2011-2012) Stantec 2012b
. Fagen Engineering [Montezuma |, CA ICF International
Big Blue, MN (2013) 2014 (2011) 2012
. Fagen Engineering [Montezuma |, CA ICF International
Big Blue, MN (2014) 2015 (2012) 2013
Big Horn, WA (2006- Montezuma Il, CA Harvey &
2007) Kronner et al. 2008 |~ 5415 5013) Associates 2013
Big Smile, OK (2012- Moraine II, MN
2013) Derby et al. 2013b (2009) Derby et al. 2010f
Biglow Canyon, OR Mount Storm, WV Young et al.
(Phase I; 2008) Jeffrey et al. 2009b (Fall 2008) 2009¢ Young et al. 2009¢c
. Young et al.
Biglow Ca.nyon, OR Enk et al. 2010 Mount Storm, WV 2009a. Young et al. 20093,
(Phase [; 2009) (2009) 2010b 2010b
. Young et al.
Biglow Can.yon, OR Enk et al. 2011b Mount Storm, WV 2010a. Young et al. 20103,
(Phase II; 2009-2010) (2010) 2011b 2011b

Biglow Canyon, OR
(Phase II; 2010-2011)

Biglow Canyon, OR
(Phase IlI; 2010-2011)

Bingham Wind Project,
ME (2017)

Enk et al. 2012b

Enk et al. 2012a

TRC 2017a

Mount Storm, WV
(2011)

Mountaineer, WV
(2003)

Munnsville, NY
(2008)

Young et al. 20113,
2012a

Kerns and
Kerlinger 2004

Stantec 2009b



Appendix A1 (continued). Wind energy facilities in North America with comparable fatality data for
bats. Data from the following sources:

Activity Fatality Activity Fatality
Project, Location Reference Reference Project, Location Reference Reference
Blue Sky Green Field, Mustang Hills, CA Chatfield and Bay
WI (2008: 2009) Gruver 2008 Gruver et al. 2009 (2012-2013) 2014
Buffalo Gap I, TX (2006) Tierney 2007 ME‘;&?Z?;;;";; CA WEST 2016¢
Buffalo Gap I, TX ] Mustang Hills, CA
(2007-2008) Tierney 2009 (2016-2017) WEST 2018
Buffalo Mountain, TN Fiedler 2004 Nicholson et al. Nine Canyon, WA Erickson et al.
(2000-2003) 2005 (2002-2003) 2003
Buffalo Mountain, TN . Noble Altona, NY .
(2005) Fiedler et al. 2007 (2010) Jain et al. 2011a
Buffalo Ridge, MN Noble Bliss, NY .
(Phase I: 1999) Johnson et al. 2000 (2008) Jain et al.2009¢c
Buffalo Ridge, MN Noble Bliss, NY .
(Phase II; 1998) Johnson et al. 2000 (2009) Jain et al. 2010c
Buffalo Ridge, MN Noble Chateaugay, .
(Phase II; 1999) Johnson et al. 2000 NY (2010) Jain et al. 2011b
Buffalo Ridge, MN .
(Phase II; 2001/Lake J‘;T”;ggft Johnson et al. 2004 N‘()zb(')%g““t"“’ NY Rggqg’;’s Jain et al. 2009d
Benton 1) ’
Buffalo Ridge, MN .
(Phase Il; 2002/Lake  *O"">90E' johnson et al. 2004 N?zb(')%gc)““ton’ NY Reyadlds  Jain etal. 2010a
Benton 1) )
Buffalo Ridge, MN Noble Ellenburg, NY .
(Phase Ill; 1999) Johnson et al. 2000 (2008) Jain et al. 2009e
Buffalo Ridge, MN
(Phase III; 2001/Lake J‘;T”;ggft Johnson et al. 2004 N?Zb(')%g)”e”b“rg’ NY Rgg?gfs Jain et al. 2010b
Benton 1) ’
Buffalo Ridge, MN '
(Phase IIl; 2002/Lake  *2"">90 €1 Johnson et al. 2004 Nf\ﬁ'(e(%ﬁtoh)e“ﬂe'd' Jain et al. 2011c
Benton 1) )
Buffalo Ridge I, SD NPPD Ainsworth, NE
(2009-2010) Derby et al. 2010d (2006) Derby et al. 2007
Buffalo Ridge Il, SD )
(2011-2012) Derby et al. 2012a |Oakfield, ME (2017) TRC 2018
. Stantec Consulting [Odell, MN (2016- Chodachek and
Bull Hill, ME (2013) (Stantec) 2014a | 2017) Gustafson 2018
Cameron Ridge/Section Pacific Wind, CA
15, CA (2014-2015) WEST 2016b (2014-2015) WEST 2016a
Cameron Ridge/Section Rintz and Pacific Wind, CA
15, CA (2015-2016) Thompson 2017 (2015-2016) WEST 2017a
Casselman, PA (2008) Amett et al. 2009b P"z"z%f‘ze_zv(\)’;”;)' WA Stantec 2013a
Casselman, PA (2009) Arnett et al. 2010 P?gg(l)%_sé%r%g);s OR G;I(tﬁ]k(;;lﬂd Kronner
Casselman Curtailment, . .
PA (2008) Arnett et al. 2009a |Pinnacle, WV (2012) Hein et al. 2013b
BHE
. Environ- BHE Environ- Pinyon Pines | & II, Chatfield and
Cedar Ridge, W1 (2009) o rtal mental 2010 CA (2013-2014) Russo 2014
2008
BHE
. Environ- BHE Environ- Pinyon Pines | & II, Rintz and
Cedar Ridge, W1 (2010) o tal mental 2011 CA (2015-2016) Starcevich 2016
2008

Chopin, OR (2016-2017)

Hallingstad and
Riser-Espinoza
2017

Pioneer Prairie |, 1A
(Phase IlI; 2011-
2012)

Chodachek et al.
2012



Appendix A1 (continued). Wind energy facilities in North America with comparable fatality data for
bats. Data from the following sources:

Activity Fatality Activity Fatality
Project, Location Reference Reference Project, Location Reference Reference
Cohocton/Dutch Hill, NY Stantec 2010 Pioneer Prairie Il, 1A Chodachek et al.
(2009) (2013) 2014
Cohocton/Dutch Hill, NY Pleasant Valley, MN
(2013) Stantec 2014b (2016-2017) Tetra Tech 2017b
Cohocton/Dutch Hills, Stantec 2011a Prairie Rose, MN Chodachek et al.
NY (2010) (2014) 2015
Combine Hills, OR PrairieWinds ND1
(Phase I; 2004-2005) Young et al. 2006 (Minot), ND (2010) Derby et al. 2011d
Combine Hills, OR PrairieWinds ND1
(2011) Enz et al. 2012 (Minot), ND (2011) Derby et al. 2012d
Crescent Ridge, IL Kerlinger et al. PrairieWinds SD1,
(2005-2006) 2007 SD (2011-2012) Derby et al. 2012¢
o PrairieWinds SD1,
Criterion, MD (2011) Young et al. 2012b SD (2012-2013) Derby et al. 2013a
. PrairieWinds SD1,
Criterion, MD (2012) Young et al. 2013 SD (2013-2014) Derby et al. 2014
o Prince Wind Farm,
Criterion, MD (2013) Young et al. 2014b ON (2006) NRSI 2008
Crystal Lake Il, 1A Prince Wind Farm,
(2009) Derby et al. 2010b ON (2007) NRSI 2008
Diablo Winds, CA (2005- Prince Wind Farm,
2007) WEST 2006, 2008 ON (2008) NRSI 2009
. Chatfield et al. Rail Splitter, IL (2012-
Dillon, CA (2008-2009) 2009 2013) Good et al. 2013b
Dry Lake I, AZ (2009- Thompson Thompson et al. Record Hill, ME Stantec
2010) etal. 2011 2011 (2012) 2008b Stantec 2013b
Thompson .
Dry Lake II, AZ (2011- Thompson and Bay|Record Hill, ME
2012) and Bay 2012 (2014) Stantec 2015a
2012
Elkhorn, OR (2008) Jeffrey et a. 2009a R‘(*;g;‘é)H'”' ME Stantec 2017

Elkhorn, OR (2010)

Elm Creek, MN (2009-
2010)

Elm Creek I, MN (2011-
2012)

Foote Creek Rim I, WY
(1999)

Foote Creek Rim I, WY
(2000)

Foote Creek Rim I, WY
(2001-2002)

Forward Energy Center,
WI (2008-2010)

Fowler I, IN (2009)

Fowler I, 11, 111, IN (2010)
Fowler I, II, 11, IN (2011)
Fowler I, 11, 111, IN (2012)

Fowler Ill, IN (2009)

Fowler, IN (2014)

Enk et al. 2011a
Derby et al. 2010e
Derby et al. 2012b
Young et al. 2003
Gruver 2002 Young et al. 2003

Gruver 2002 Young et al. 2003

Wgtt and Grodsky and Drake
rake 2011
2011
Johnson et al.
2010a

Good et al. 2011

Good et al. 2012

Good et al. 2013a

Johnson et al.
2010b

Good et al. 2015

Red Hills, OK (2012-
2013)

Ripley, ON (2008)

Rising Tree, CA
(2017-2018)

Rollins, ME (2012)

Rollins, ME (2014)

Roth Rock, MD
(2011)

Rugby, ND (2010-
2011)

Shiloh I, CA (2006-
2009)

Shiloh II, CA (2009-
2010)

Shiloh II, CA (2010-
2011)

Shiloh II, CA (2011-
2012)

Shiloh Ill, CA (2012-
2013)

Solano IIl, CA (2012-
2013)

Derby et al. 2013c

Jacques Whitford
2009

Chatfield et al.
2018

Stantec 2013c
Stantec 2015b

Atwell, LLC 2012

Derby et al. 2011c

Kerlinger et al.
2009
Kerlinger et al.
2010
Kerlinger et al.
2013a
Kerlinger et al.
2013a
Kerlinger et al.
2013b

AECOM 2013



Appendix A1 (continued). Wind energy facilities in North America with comparable fatality data for
bats. Data from the following sources:

Fatality Activity Fatality
Project, Location Reference Project, Location Reference Reference
Spring Valley, NV
Fowler, IN (2015) Good et al. 2016 (2012-2013) WEST 2014
Spruce Mountain
Fowler, IN (2016) Good et al. 2017 Wind Project, ME Tetra Tech 2015
(2014)
Goodnoe, WA (2009- URS Corporation |Stateline, OR/WA Erickson et al.
2010) (URS) 2010a (2001-2002) 2004
Grand Ridge |, IL (2009- Derby et al. 2010a Stateline, OR/WA Erickson et al.
2010) yetal (2003) 2004
Stantec and WEST |Stateline, OR/WA Erickson et al.
Groton, NH (2013) 2014 (2006) 2007
Stantec and WEST |Steel Winds | & II, NY
Groton, NH (2014) 20152 (2013) Stantec 2014c
Groton, NH (2015) Stantec and WEST |stetson 11, ME (2014) Stantec 2015¢
Stetson Mountain I,  Stantec
Hancock, ME (2017) TRC 2017b ME (2009) 2009¢ Stantec 2009c
Natural Resources .
Harrow, ON (2010) Solutions Inc. St&téczgo“ﬁ‘)‘”ta'” g Normandeay 1
(NRSI) 2011
Harvest Wind, WA Downes and Gritski [Stetson Mountain |, Stantec 2014d
(2010-2012) 2012a ME (2013)
Hatchet Ridge, CA Stetson Mountain Il, Normandeau
(2011) Tetra Tech 2013 " \iE (2010) Associates 2010
Hatchet Ridge, CA Stetson Mountain I,
(2012) Tetra Tech 2013 ME (2012) Stantec 2013d
Hatchet Ridge, CA Summerview, AB Brown and
(2012-2013) Tetra Tech 2014 |~ 5405-2006) Hamilton 2006
Hay Canyon, OR (2009- Gritski and Kronner |[Summerview, AB Baerwald Baerwald 2008
2010) 2010a (2006-2007) 2008
High Sheldon, NY ) Top Crop | & 11, IL
(2010) Tidhar et al. 2012a (2012-2013) Good et al. 2013¢c
High Sheldon, NY . Top of lowa, 1A .
(2011) Tidhar et al. 2012b (2003) Jain 2005
High Winds, CA (2003- Kerlinger et al. Top of lowa, IA . .
2004) 2006 (2004) Jain 2005 Jain 2005
High Winds, CA (2004- Kerlinger et al. Top of the World, WY .
2005) 2006 (2010-2011) Rintz and Bay 2012
Hopkins Ridge, WA Top of the World, WY .
(2006) Young et al. 2007 (2011-2012) Rintz and Bay 2013

Hopkins Ridge, WA
(2008)

Howard, NY (2012)
Howard, NY (2013)

Judith Gap, MT (2006-
2007)

Judith Gap, MT (2009)

Kewaunee County, WI
(1999-2001)

Kibby, ME (2011)

Young et al. 2009b

Tidhar et al. 2013c

Lukins et al. 2014

TRC Environmental
Corporation 2008

Poulton and
Erickson 2010

Howe et al. 2002

Stantec 2012a

Top of the World, WY
(2012-2013)

Tucannon River, WA
(2015)

Tuolumne (Windy
Point 1), WA (2009-
2010)

Vansycle, OR (1999)

Vantage, WA (2010-
2011)

Waverly Wind, KS
(2016-2017)

Wessington Springs,
SD (2009)

Rintz and Bay 2014

Hallingstad et al.
2016

Enz and Bay 2010

Erickson et al.
2000

Ventus
Environmental
Solutions 2012

Tetra Tech 2017a

Derby et al. 2010c



Appendix A1 (continued). Wind energy facilities in North America with comparable fatality data for
bats. Data from the following sources:

Activity Fatality Activity Fatality
Project, Location Reference Reference Project, Location Reference Reference
Kittitas Valley, WA Stantec Consulting [Wessington Springs,
(2011-2012) Services 2012 | SD (2010) Derby etal. 2011a

Klondike, OR (2002-
2003)

Klondike II, OR (2005-
2006)

Klondike Il (Phase I),
OR (2007-2009)

Klondike llla (Phase II),
OR (2008-2010)

Lakefield Wind, MN
(2012)

Leaning Juniper, OR
(2006-2008)

Lempster, NH (2009)

Lempster, NH (2010)

Linden Ranch, WA
(2010-2011)

Johnson et al. 2003

Northwest Wildlife
Consultants
(NWC) and
WEST 2007

Gritski et al. 2010

Gritski et al. 2011

Minnesota Public
Utilities
Commission 2012

Gritski et al. 2008

Tidhar et al. 2010

Tidhar et al. 2011

Enz and Bay 2011

White Creek, WA
(2007-2011)

Wild Horse, WA
(2007)

Windstar, CA (2012-
2013)

Windy Flats, WA
(2010-2011)

Winnebago, IA
(2009-2010)

Wolfe Island, ON
(July-December
2009)

Wolfe Island, ON
(July-December
2010)

Wolfe Island, ON
(July-December
2011)

Downes and Gritski
2012b

Erickson et al.
2008

Levenstein and
Bay 2013b

Enz et al. 2011

Derby et al. 2010a

Stantec Ltd. 2010

Stantec Ltd. 2011

Stantec Ltd. 2012




Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities
(bats/megawatt/year) Habitat Type

Predominant

Citation

Alite, CA (2009-2010)
Alta I, CA (2013-2014)

Alta |, CA (2015-2016)
Alta I1-V, CA (2013-2014)
Alta 11-V, CA (2015-2016)

Alta VIII, CA (2012-2013)

Alta VIII, CA (2014-2015)

Alta Wind I, CA (2011-2012)

Alta Wind 1I-V, CA (2011-
2012)

Alta X, CA (2014-2015)

Alta X, CA (2015-2016)
Barton Chapel, TX (2009-
2010)

Barton | & 11, IA (2010-2011)
Beech Ridge, WV (2012)

Beech Ridge, WV (2013)
Big Blue, MN (2013)

Big Blue, MN (2014)

Big Horn, WA (2006-2007)
Big Smile, OK (2012-2013)
Biglow Canyon, OR (Phase I;
2008)

Biglow Canyon, OR (Phase I;
2009)

Biglow Canyon, OR (Phase
Il; 2009-2010)

Biglow Canyon, OR (Phase
Il; 2010-2011)

Biglow Canyon, OR (Phase
I1; 2010-2011)

Bingham Wind Project, ME
(2017)

Blue Sky Green Field, WI
(2008; 2009)

Buffalo Gap I, TX (2006)
Buffalo Gap II, TX (2007-
2008)

Buffalo Mountain, TN (2000-
2003)

0.24
0.36

0.7

0.17

1.28
0.08
0.42

3.06

1.85
2.03
0.58

2.04

1.43

1.9
2.9

1.99

0.58

2.71

0.57

0.22

0.23

24.57
0.1
0.14

31.54

shrub/scrub & grassland
Grassland;Shrub Steppe

Grassland;Shrub Steppe
Grassland;Shrub Steppe
Grassland;Shrub Steppe

grassland and riparian

Desert
Creosote;Grassland;Joshua
Tree

woodland, grassland,
shrubland

desert scrub

Forest/Woodlot;Shrub Steppe
Shrub Steppe

agriculture/forest

agriculture
forest

forest

agriculture

agriculture

agriculture/grassland
grassland, agriculture

agriculture/grassland
agriculture/grassland

agriculture

grassland/shrub-steppe,
agriculture
grassland/shrub-steppe,
agriculture

Bermuda Grass/Mixed
Grasses;Clover;Road and
Pad

agriculture
grassland

forest

forest

Chatfield et al. 2010

Chatfield et al. 2014

Thompson et al.
2016a

Chatfield et al. 2014

Thompson et al.
2016a

Chatfield and Bay
2014

Western
EcoSystems
Technology, Inc.
(WEST) 2016¢

Chatfield et al. 2015

Thompson et al.
2016b

Chatfield et al. 2012

Chatfield et al. 2012

WEST 2011

Derby et al. 2011b

Tidhar et al. 2013a

Young et al. 2014a

Fagen Engineering
2014

Fagen Engineering
2015

Kronner et al. 2008

Derby et al. 2013b

Jeffrey et al. 2009b
Enk et al. 2010

Enk et al. 2011b

Enk et al. 2012b

Enk et al. 2012a

TRC 2017a

Gruver et al. 2009
Tierney 2007
Tierney 2009

Nicholson et al.
2005



Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities
(bats/megawatt/year) Habitat Type

Predominant

Citation

Buffalo Mountain, TN (2005)
Buffalo Ridge I, SD (2009-
2010)

Buffalo Ridge II, SD (2011-
2012)

Buffalo Ridge, MN (Phase |;
1999)

Buffalo Ridge, MN (Phase II;
1998)

Buffalo Ridge, MN (Phase II;
1999)

Buffalo Ridge, MN (Phase II;
2001/Lake Benton I)

Buffalo Ridge, MN (Phase lI;
2002/Lake Benton I)

Buffalo Ridge, MN (Phase llI;
1999)

Buffalo Ridge, MN (Phase lll;
2001/Lake Benton II)

Buffalo Ridge, MN (Phase llI;
2002/Lake Benton II)

Bull Hill, ME (2013)

Cameron Ridge/Section 15,
CA (2014-2015)

Cameron Ridge/Section 15,
CA (2015-2016)
Casselman Curtailment, PA
(2008)

Casselman, PA (2008)
Casselman, PA (2009)

Cedar Ridge, WI (2009)

Cedar Ridge, WI (2010)

Chopin, OR (2016-2017)

Cohocton/Dutch Hill, NY
(2009)

Cohocton/Dutch Hill, NY
(2013)

Cohocton/Dutch Hills, NY
(2010)

Combine Hills, OR (2011)

Combine Hills, OR (Phase I;
2004-2005)

Crescent Ridge, IL (2005-
2006)

Criterion, MD (2011)

39.7
0.16

2.81

0.74

2.16

2.59

4.35

1.64

2.72

3.71

1.81

1.62

0.15

0.19

4.4

12.61
8.6

30.61

24.12

1.9

8.62

1.37

10.32

0.73

1.88

3.27
15.61

forest

agriculture/grassland
agriculture, grassland
agriculture
agriculture
agriculture
agriculture
agriculture
agriculture
agriculture

agriculture
forest

Shrub Steppe
Shrub Steppe

forest

forest
forest, pasture, grassland

agriculture

agriculture
Agriculture

agriculture/forest
Agriculture;Forest/\Woodlot

agriculture/forest

grassland/shrub-steppe,
agriculture

agriculture/grassland

agriculture

forest, agriculture

Fiedler et al. 2007
Derby et al. 2010d

Derby et al. 2012a

Johnson et al. 2000
Johnson et al. 2000
Johnson et al. 2000
Johnson et al. 2004
Johnson et al. 2004
Johnson et al. 2000
Johnson et al. 2004

Johnson et al. 2004

Stantec Consulting,
Inc. (Stantec)
2014a

WEST 2016b

Rintz and
Thompson 2017

Arnett et al. 2009a

Arnett et al. 2009b

Arnett et al. 2010

BHE Environmental
2010

BHE Environmental
2011

Hallingstad and
Riser-Espinoza
2017

Stantec 2010
Stantec 2014b
Stantec 2011a
Young et al. 2006
Enz et al. 2012

Kerlinger et al. 2007
Young et al. 2012b



Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities
(bats/megawatt/year) Habitat Type

Predominant

Citation

Criterion, MD (2012)
Criterion, MD (2013)
Crystal Lake I, 1A (2009)
Diablo Winds, CA (2005-
2007)

Dillon, CA (2008-2009)

Dry Lake |, AZ (2009-2010)

Dry Lake II, AZ (2011-2012)

Elkhorn, OR (2008)
Elkhorn, OR (2010)

EIm Creek Il, MN (2011-
2012)

Elm Creek, MN (2009-2010)
Foote Creek Rim |, WY
(1999)

Foote Creek Rim |, WY
(2000)

Foote Creek Rim |, WY
(2001-2002)

Forward Energy Center, WI
(2008-2010)

Fowler I, 11, 111, IN (2010)
Fowler I, 11, 1ll, IN (2011)
Fowler I, 11, 11l IN (2012)

Fowler I, IN (2009)

Fowler III, IN (2009)

Fowler, IN (2014)
Fowler, IN (2015)
Fowler, IN (2016)

Goodnoe, WA (2009-2010)

Grand Ridge I, IL (2009-
2010)

Groton, NH (2013)
Groton, NH (2014)

Groton, NH (2015)
Hancock, ME (2017)

Harrow, Ont (2010)

Harvest Wind, WA (2010-
2012)
Hatchet Ridge, CA (2011)
Hatchet Ridge, CA (2012-
2013)

7.62
5.32
7.42

0.82
217
3.43

1.66

1.26
2.14

2.81
1.49
3.97

1.05

1.57

18.17

18.96
20.19
2.96

1.84

1.84

3.84
4.86
4.54

0.34

2.1

1.31

1.63

1.74
0.3

11.13

1.27

2.23
5.22

forest, agriculture
forest, agriculture
agriculture

desert

desert grassland/forested

desert grassland/forested

shrub/scrub & agriculture
shrub/scrub & agriculture

agriculture, grassland
agriculture
grassland

grassland
grassland

agriculture

agriculture
agriculture
agriculture

agriculture

agriculture

Agriculture;Developed
Agriculture;Developed
Agriculture;Developed

grassland and shrub-steppe
agriculture

Forest/Woodlot
Forest/Woodlot

Forest/Woodlot

Clover;Gravel;Road and Pad
agriculture
grassland/shrub-steppe

Forest/Woodlot
Forest/Woodlot

Young et al. 2013
Young et al. 2014b
Derby et al. 2010b

WEST 2006, 2008

Chatfield et al. 2009

Thompson et al.
2011

Thompson and Bay
2012

Jeffrey et a. 2009a

Enk et al. 2011a

Derby et al. 2010e
Derby et al. 2012b
Young et al. 2003

Young et al. 2003

Young et al. 2003

Grodsky and Drake
2011

Good et al. 2011

Good et al. 2012

Good et al. 2013a

Johnson et al.

2010a

Johnson et al.
2010b

Good et al. 2015

Good et al. 2016

Good et al. 2017

URS Corporation
(URS) 2010a

Derby et al. 2010a

Stantec and WEST
2014

Stantec and WEST
2015a

Stantec and WEST
2015b

TRC 2017b

Natural Resource
Solutions Inc.
(NRSI) 2011

Downes and Gritski
2012a

Tetra Tech 2013

Tetra Tech 2013



Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities
(bats/megawatt/year) Habitat Type

Predominant

Citation

Hatchet Ridge, CA (2012)
Hay Canyon, OR (2009-
2010)

High Sheldon, NY (2010)
High Sheldon, NY (2011)
High Winds, CA (2003-2004)
High Winds, CA (2004-2005)
Hopkins Ridge, WA (2006)
Hopkins Ridge, WA (2008)

Howard, NY (2012)
Howard, NY (2013)
Judith Gap, MT (2006-2007)

Judith Gap, MT (2009)

Kewaunee County, WI (1999-
2001)

Kibby, ME (2011)

Kittitas Valley, WA (2011-
2012)

Klondike I, OR (2005-2006)

Klondike Il (Phase 1), OR
(2007-2009)

Klondike Illa (Phase II), OR
(2008-2010)

Klondike, OR (2002-2003)

Lakefield Wind, MN (2012)
Leaning Juniper, OR (2006-

2008)
Lempster, NH (2009)

Lempster, NH (2010)

Linden Ranch, WA (2010-
2011)

Locust Ridge, PA (Phase II;
2009)

Locust Ridge, PA (Phase lI;
2010)

Lower West, CA (2012-2013)

Lower West, CA (2014-2015)

Lower West, CA (2016-2017)
Maple Ridge, NY (2006)

4.2
0.53

2.33
1.78
2.51
1.52
0.63
1.39

10

2.13

8.93

3.2

6.45
0.12
0.12

0.41

0.14
0.77

19.87

1.98

3.1

3.57

1.68

14.11

14.38

2.17

1.13

11.21

agriculture

agriculture

agriculture
agriculture/grassland
agriculture/grassland
agriculture/grassland
agriculture/grassland
Agriculture;Forest/Woodlot;P
asture
Agriculture;Forest/Woodlot;P
asture

agriculture/grassland
agriculture/grassland

agriculture
forest; commercial forest

sagebrush-steppe, grassland

agriculture/grassland

agriculture/grassland

grassland/shrub-steppe and
agriculture
agriculture/grassland

agriculture

agriculture

grasslands/forest/rocky
embankments
grasslands/forest/rocky
embankments
grassland/shrub-steppe,
agriculture

grassland
grassland
Joshua Tree;Shrub Steppe

Joshua Tree;Shrub Steppe

Joshua Tree;Shrub Steppe
agriculture/forested

Tetra Tech 2014
Gritski and Kronner
2010a
Tidhar et al. 2012a
Tidhar et al. 2012b
Kerlinger et al. 2006
Kerlinger et al. 2006
Young et al. 2007
Young et al. 2009b

Tidhar et al. 2013c

Lukins et al. 2014

TRC Environmental
Corporation 2008

Poulton and
Erickson 2010

Howe et al. 2002

Stantec 2012a

Stantec Consulting
Services 2012

Northwest Wildlife
Consultants
(NWC) and WEST
2007

Gritski et al. 2010

Gritski et al. 2011

Johnson et al. 2003

Minnesota Public
Utilities
Commission 2012

Gritski et al. 2008

Tidhar et al. 2010
Tidhar et al. 2011
Enz and Bay 2011
Arnett et al. 2011

Arnett et al. 2011

Levenstein and Bay
2013a

Levenstein and
DiDonato 2015

WEST 2017b

Jain et al. 2007



Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities
(bats/megawatt/year) Habitat Type

Predominant

Citation

Maple Ridge, NY (2007-
2008)

Maple Ridge, NY (2007)
Maple Ridge, NY (2012)
Marengo |, WA (2009-2010)
Marengo I, WA (2009-2010)
Mars Hill, ME (2007)

Mars Hill, ME (2008)

Milford | & II, UT (2011-2012)

Milford I, UT (2010-2011)
Montezuma I, CA (2011)

Montezuma I, CA (2012)

Montezuma Il, CA (2012-
2013)

Moraine Il, MN (2009)
Mount Storm, WV (2009)

Mount Storm, WV (2010)
Mount Storm, WV (2011)
Mount Storm, WV (Fall 2008)

Mountaineer, WV (2003)

Munnsville, NY (2008)
Mustang Hills, CA (2012-
2013)

Mustang Hills, CA (2014-
2015)

Mustang Hills, CA (2016-
2017)

Nine Canyon, WA (2002-
2003)

Noble Altona, NY (2010)
Noble Bliss, NY (2008)
Noble Bliss, NY (2009)
Noble Chateaugay, NY
(2010)

Noble Clinton, NY (2008)
Noble Clinton, NY (2009)
Noble Ellenburg, NY (2008)
Noble Ellenburg, NY (2009)
Noble Wethersfield, NY
(2010)

NPPD Ainsworth, NE (2006)

Oakfield, ME (2017)

Odell, MN (2016-2017)

6.49

4.96
7.3
0.17
0.27
2.91
0.45
1.67
2.05

1.9
0.84

0.91

242
17.53

15.18
7.43
6.62

31.69
1.93
0.1

0.33

2.47

4.34
7.8
3.85
2.44

3.14
4.5
3.46
3.91
16.3
1.16

0.51

6.74

agriculture/forested

agriculture/forested
agriculture/forested
agriculture
agriculture

forest

forest

desert shrub
desert shrub

agriculture and grasslands
agriculture and grasslands

agriculture

agriculture/grassland
forest

forest
forest
forest

forest
agriculture/forest
Grasslands and Riparian

Desert
Creosote;Grassland;Joshua
Tree

Joshua Tree;Shrub Steppe

agriculture/grassland

forest
agriculture/forest
agriculture/forest

agriculture

agriculture/forest
agriculture/forest
agriculture/forest
agriculture/forest

agriculture

agriculture/grassland
Bermuda Grass/Mixed
Grasses;Clover;Gravel

Agriculture

Jain et al. 2009a

Jain et al. 2009b

Tidhar et al. 2013b

URS 2010b

URS 2010c

Stantec 2008a

Stantec 2009a

Stantec 2011b

Stantec 2012b

ICF International
2012

ICF International
2013

Harvey &
Associates 2013

Derby et al. 2010f

Young et al. 2009¢

Young et al. 20093,
2010b

Young et al. 2010a,
2011b

Young et al. 2011a,
2012a

Kerns and Kerlinger
2004

Stantec 2009b

Chatfield and Bay
2014

WEST 2016¢

WEST 2018

Erickson et al. 2003

Jain et al. 2011a
Jain et al. 2009c
Jain et al. 2010c

Jain et al. 2011b

Jain et al. 2009d
Jain et al. 2010a
Jain et al. 2009e
Jain et al. 2010b

Jain et al. 2011c
Derby et al. 2007
TRC 2018

Chodachek and
Gustafson 2018



Appendix A2. Fatality estimates for North American wind energy facilities.

Bat Fatalities

Predominant

Project (bats/megawatt/year) Habitat Type Citation

Pacific Wind, CA (2014-2015) 0.21 Desert CreosoteJoshua — \yeqr 50165
Tree;Pinyon Pine/ Juniper

Pacific Wind, CA (2015-2016) 0 Desert CreosoterJoshua — \yeqr 9047,
Tree;Pinyon Pine/ Juniper

ggI%;se Wind, WA (2012- 4.23 agriculture and grasslands  Stantec 2013a

Pebble Springs, OR (2009- Gritski and Kronner

2010) 1.55 grassland 2010b

Pinnacle, WV (2012) 40.2 forest Hein et al. 2013b

Pinyon Pines | & Il, CA Chatfield and Russo

(2013-2014) 0.04 NA 2014

Pinyon Pines | & Il, CA ) Rintz and

(2015-2016) 0.18 Desert Creosote;Joshua Tree Starcevich 2016

Pioneer Prairie |, IA (Phase 4.43 aariculture. arassland Chodachek et al.

IIl: 2011-2012) : 9 9 2012

Pioneer Prairie II, 1A (2013) 3.83 agriculture C;gfj"hek etal

Pleasant Valley, MN (2016- 18 Agriculture;Grassland;Wetlan Tetra Tech 2017b

2017) ds

Prairie Rose, MN (2014) 0.41 Agriculture;Grassland C;gfgcr‘ek etal

PrairieWinds ND1 (Minot), .

ND (2010) 213 agriculture Derby et al. 2011d

PrairieWinds ND1 (Minot), .

ND (2011) 1.39 agriculture, grassland Derby et al. 2012d

;6a1|£|)eW|nds SD1, SD (2011- 1.23 grassland Derby et al. 2012¢

;(rﬁlcr;)eWmds SD1, SD (2012- 1.05 grassland Derby et al. 2013a

gga;l:)eWmds SD1, SD (2013- 0.52 grassland Derby et al. 2014

Prince Wind Farm, ON

(2006) 1.27 forest NRSI 2008

Prince Wind Farm, ON

(2007) 1.03 forest NRSI 2008

(Pzr(')%%e) Wind Farm, ON 2.39 forest NRSI 2009

Rail Splitter, IL (2012-2013) 11.21 agriculture Good et al. 2013b

Record Hill, ME (2012) 2.96 forest Stantec 2013b

Record Hill, ME (2014) 0.55 forest Stantec 2015a

Record Hill, ME (2016) 1.25 Forest/Woodlot;Rocky Stantec 2017
Outcrop

Red Hills, OK (2012-2013) 0.11 grassland Derby et al. 2013c

Ripley, ON (2008) 4.67 agriculture Jacaues Whittord

Rising Tree, CA (2017-2018) 0 Desert Creosote;Joshua oy ifield et al. 2018

’ Tree;Shrub Steppe ’

Rollins, ME (2012) 0.18 forest Stantec 2013c

Rollins, ME (2014) 0.33 Forest/Woodlot;Gravel Stantec 2015b

Roth Rock, MD (2011) 6.24 g%rtifggVOOd'Ot;ROCky Atwell, LLC 2012

Rugby, ND (2010-2011) 1.6 agriculture Derby et al. 2011c



Appendix A2. Fatality estimates for North American wind energy facilities.

Project

Bat Fatalities

Predominant

(bats/megawatt/year) Habitat Type

Citation

Shiloh I, CA (2006-2009)
Shiloh II, CA (2009-2010)

Shiloh 11, CA (2010-2011)
Shiloh II, CA (2011-2012)

Shiloh Ill, CA (2012-2013)

Solano Ill, CA (2012-2013)
Spring Valley, NV (2012-
2013)

Spruce Mountain Wind
Project, ME (2014)
Stateline, OR/WA (2001-
2002)

Stateline, OR/WA (2003)
Stateline, OR/WA (2006)

Steel Winds | & I, NY (2013)

Stetson Il, ME (2014)

Stetson Mountain |, ME
(2009)

Stetson Mountain I, ME
(2011)

Stetson Mountain I, ME
(2013)

Stetson Mountain Il, ME
(2010)

Stetson Mountain Il, ME
(2012)

Summerview, AB (2005-
2006)

Summerview, AB (2006-
2007)

Top Crop | & 11 (2012-2013)
Top of lowa, IA (2003)

Top of lowa, 1A (2004)

Top of the World, WY (2010-
2011)

Top of the World, WY (2011-
2012)

Top of the World, WY (2012-
2013)

Tucannon River, WA (2015)
Tuolumne (Windy Point I),

WA (2009-2010)
Vansycle, OR (1999)

3.92
2.6

3.8

3.4

0.4
0.31
3.73

0.31

1.09

2.29
0.95

6.14

0.83

1.4

0.28

0.18

1.65

2.27

10.27

11.42

12.55
7.16
10.27

2.74

2.43

2.34

2.22

0.94
1.12

agriculture/grassland
agriculture

agriculture
agriculture

NA
NA
Grassland;Shrub Steppe

Kerlinger et al. 2009

Kerlinger et al. 2010

Kerlinger et al.
2013a

Kerlinger et al.
2013a

Kerlinger et al.
2013b

AECOM 2013

WEST 2014

Forest/Woodlot;Gravel;Rocky Tetra Tech 2015

Outcrop
agriculture/grassland

agriculture/grassland
agriculture/grassland
Deciduous

Shrub;Grassland;Gravel;Othe

r
Bermuda Grass/Mixed
Grasses;Forest/Woodlot

forest
forest
forest
forest
forest
agriculture

agriculture/grassland

agriculture
agriculture
agriculture

Grassland; Other
Grassland; Other

Grassland Other
Cropland; Developed;

Grassland; Shrub Steppe;

Winter Wheat
grassland/shrub-steppe,
agriculture and forest
agriculture/grassland

Erickson et al. 2004
Erickson et al. 2004
Erickson et al. 2007

Stantec 2014c

Stantec 2015c

Stantec 2009c

Normandeau
Associates 2011

Stantec 2014d

Normandeau
Associates 2010

Stantec 2013d

Brown and Hamilton
2006

Baerwald 2008

Good et al. 2013c
Jain 2005
Jain 2005

Rintz and Bay 2012
Rintz and Bay 2013
Rintz and Bay 2014

Hallingstad et al.
2016

Enz and Bay 2010
Erickson et al. 2000



Appendix A2. Fatality estimates for North American wind energy facilities.

Bat Fatalities

Predominant

Project (bats/megawatt/year) Habitat Type Citation
Ventus
Vantage, WA (2010-2011) 0.4 Shrub-steppe, grassland Environmental
Solutions 2012

\2/\6a1v7(§rly Wind, KS (2016- 8.2 Agriculture; Grassland Tetra Tech 2017a
\(/;/ce)ggl)ngton Springs, SD 1.48 grassland Derby et al. 2010c
\(/ggigl)ngton Springs, SD 0.41 grassland Derby et al. 2011a
White Creek, WA (2007- 204 grassland/shrub-steppe, Downes and Gritski
2011) ’ agriculture 2012b
Wild Horse, WA (2007) 0.39 grassland Erickson et al. 2008
Windstar, CA (2012-2013) 0 Gra_ssland; Pinyon Pine/ Levenstein and Bay

Juniper 2013b
Windy Flats, WA (2010-2011) 0.41 grassland/shrub-steppe, £ ot 51 2011

agriculture
Winnebago, IA (2009-2010) 4.54 agriculture/grassland Derby et al. 2010a

Stantec Consulting

Wolfe Island, ON (July- 6.42 grassland Ltd. (Stantec Ltd.)
December 2009) 2010
Wolfe Island, ON (July-
December 2010) 9.5 grassland Stantec Ltd. 2011
Wolfe Island, ON (July- 2.49 grassland Stantec Ltd. 2012

December 2011)
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Appendix A3 (continued). All post-construction monitoring studies, project characteristics, and
select study methodology. Data from the following sources:

Project, Location

Reference

Project, Location

Reference

Alite, CA (2009-2010)
Alta I, CA (2013-2014)

Alta I, CA (2015-2016)

Alta II-V, CA (2013-2014)

Alta 11-V, CA (2015-2016)
Alta VIII, CA (2012-2013)

Alta VIII, CA (2014-2015)

Alta Wind |, CA (2011-2012)

Alta Wind 1I-V, CA (2011-
2012)

Alta X, CA (2014-2015)
Alta X, CA (2015-2016)
Barton Chapel, TX (2009-
2010)

Barton | & II, IA (2010-2011)

Beech Ridge, WV (2012)
Beech Ridge, WV (2013)
Big Blue, MN (2013)
Big Blue, MN (2014)

Big Horn, WA (2006-2007)

Big Smile, OK (2012-2013)
Biglow Canyon, OR (Phase I;

2008)

Biglow Canyon, OR (Phase I;

2009)

Biglow Canyon, OR (Phase lI;

2009-2010)

Biglow Canyon, OR (Phase lI;

2010-2011)

Biglow Canyon, OR (Phase llI;

2010-2011)

Bingham Wind Project, ME

(2017)

Blue Sky Green Field, WI
(2008; 2009)

Buffalo Gap I, TX (2006)

Chatfield et al. 2010
Chatfield et al. 2014

Thompson et al. 2016a

Chatfield et al. 2014

Thompson et al. 2016a
Chatfield and Bay 2014
Western EcoSystems
Technology, Inc.
(WEST) 2016¢c
Chatfield et al. 2015

Thompson et al. 2016b

Chatfield et al. 2012
Chatfield et al. 2012

Derby et al. 2011b

WEST 2011

Tidhar et al. 2013a
Young et al. 2014a
Fagen Engineering 2014
Fagen Engineering 2015

Kronner et al. 2008

Derby et al. 2013b
Jeffrey et al. 2009b

Enk et al. 2010

Enk et al. 2011b
Enk et al. 2012b
Enk et al. 2012a

TRC 2017a

Gruver et al. 2009
Tierney 2007

Buffalo Gap I, TX (2007-2008) Tierney 2009

Buffalo Mountain, TN (2000-

2003)

Buffalo Mountain, TN (2005)

Buffalo Ridge I, SD (2009-
2010)

Buffalo Ridge II, SD (2011-

2012)

Buffalo Ridge, MN (Phase ;

1999)

Buffalo Ridge, MN (Phase II;

1998)

Nicholson et al. 2005
Fiedler et al. 2007
Johnson et al. 2000

Johnson et al. 2000

Johnson et al. 2000

Johnson et al. 2004

Locust Ridge, PA (Phase II;

2009)

Locust Ridge, PA (Phase II;

2010)

Lower West, CA (2012-2013)

Lower West, CA (2014-2015)
Lower West, CA (2016-2017)

Maple Ridge, NY (2006)

Maple Ridge, NY (2007-2008)

Maple Ridge, NY (2007)
Maple Ridge, NY (2012)

Marengo I, WA (2009-2010)
Marengo Il, WA (2009-2010)

Mars Hill, ME (2007)
Mars Hill, ME (2008)

Milford | & II, UT (2011-2012)

Milford I, UT (2010-2011)
Montezuma |, CA (2011)
Montezuma |, CA (2012)

Montezuma II, CA (2012-
2013)

Moraine II, MN (2009)
Mount Storm, WV (2009)

Mount Storm, WV (2010)

Mount Storm, WV (2011)

Mount Storm, WV (Fall 2008)

Mountaineer, WV (2003)

Munnsville, NY (2008)

Arnett et al. 2011

Arnett et al. 2011

Levenstein and Bay
2013a

Levenstein and
DiDonato 2015

WEST 2017b

Jain et al. 2007

Jain et al. 2009a

Jain et al. 2009b
Tidhar et al. 2013b

URS 2010b
URS 2010c

Stantec 2008a

Stantec 2009a

Stantec 2011b

Stantec 2012b

ICF International 2012

ICF International 2013

Harvey & Associates
2013

Derby et al. 2010f

Young et al. 2009c

Young et al. 20093,
2010b

Young et al. 2010a,
2011b

Young et al. 20113,
2012a

Kerns and Kerlinger
2004

Stantec 2009b

Mustang Hills, CA (2012-2013) Chatfield and Bay 2014

Mustang Hills, CA (2014-2015) WEST 2016¢
Mustang Hills, CA (2016-2017) WEST 2018

Nine Canyon, WA (2002-2003) Erickson et al. 2003

Noble Altona, NY (2010)
Noble Bliss, NY (2008)

Noble Bliss, NY (2009)

Jain et al. 2011a
Jain et al.2009c

Jain et al. 2010c

Noble Chateaugay, NY (2010) Jain et al. 2011b

Noble Clinton, NY (2008)

Jain et al. 2009d



Appendix A3 (continued). All post-construction monitoring studies, project characteristics, and
select study methodology. Data from the following sources:

Project, Location Reference Project, Location Reference

?ggg)'o Ridge, MN (Phase II; ;1 hson et al. 2004 Noble Clinton, NY (2009) Jain et al. 2010a

Buffalo Ridge, MN (Phase II; .

2001/Lake Benton ) Johnson et al. 2000 Noble Ellenburg, NY (2008)  Jain et al. 2009e

Buffalo Ridge, MN (Phase II; .

2002/Lake Benton 1) Johnson et al. 2004 Noble Ellenburg, NY (2009)  Jain et al. 2010b

?ggg)b Ridge, MN (Phase IIl; ;1 0s0n et al. 2004 Noble Wethersfield, NY (2010) Jain et al. 2011¢

Buffalo Ridge, MN (Phase llI; .

2001/Lake Benton 1) Derby et al. 2010d NPPD Ainsworth, NE (2006) Derby et al. 2007

Buffalo Ridge, MN (Phase llI; )

2002/Lake Benton 1) Derby et al. 2012a Oakfield, ME (2017) TRC 2018

. Stantec Consulting Chodachek and

Bull Hill, ME (2013) (Stantec) 2014a Odell, MN (2016-2017) Gustafson 2018

Cameron Ridge/Section 15, R

CA (2014-2015) WEST 2016b Pacific Wind, CA (2014-2015) WEST 2016a

Cameron Ridge/Section 15,  Rintz and Thompson e \pn }

CA (2015-2016) 2017 Pacific Wind, CA (2015-2016) WEST 2017a

Casselman Curtailment, PA Palouse Wind, WA (2012-

(2008) Arnett et al. 2009b 201 3) Stantec 2013a
Pebble Springs, OR (2009-  Gritski and Kronner

Casselman, PA (2008) Arnett et al. 2010 2010) 2010b

Casselman, PA (2009) Arnett et al. 2009a Pinnacle, WV (2012) Hein et al. 2013b

Cedar Ridge, WI (2009) BHE Environ-mental 2010 |Finyon Pines | &I, CA (2013- Chatfield and Russo
2014) 2014

Cedar Ridge, Wi (2010) BHE Environ-mental 2011 Pinyon Pines | & Il, CA (2015- Rintz and Starcevich
2016) 2016

. Hallingstad and Riser- Pioneer Prairie |, IA (Phase II;

Chopin, OR (2016-2017) Espinoza 2017 2011-2012) Chodachek et al. 2012

é%%%‘;wn/ Dutch Hill, NY Stantec 2010 Pioneer Prairie II, IA (2013)  Chodachek et al. 2014

Cohocton/Dutch Hill, NY Pleasant Valley, MN (2016-

(2013) Stantec 2014b 2017) Tetra Tech 2017b

Cohocton/Dutch Hills, NY

(2010) Stantec 2011a Prairie Rose, MN (2014) Chodachek et al. 2015

Combine Hills, OR (2011)  Young et al. 2006 gg;r('gw'”ds ND1 (Minot), ND' po v et al. 2011d
Combine Hills, OR (Phase I; PrairieWinds ND1 (Minot), ND

2004-2005) Enz et al. 2012 (2011) Derby et al. 2012d
Crescent Ridge, IL (2005- . PrairieWinds SD1, SD (2011-

2006) Kerlinger et al. 2007 2012) Derby et al. 2012c
Criterion, MD (2011) Young et al. 2012b ggﬁ'g'fw'”ds SD1,SD (2012- porpy et al. 2013a
Criterion, MD (2012) Young et al. 2013 ;(';jﬁ')ew'”ds SD1.SD (2013~ porpy et al. 2014
Criterion, MD (2013) Young et al. 2014b Prince Wind Farm, ON (2006) NRSI 2008

Crystal Lake 11, IA (2009) Derby et al. 2010b Prince Wind Farm, ON (2007) NRSI 2008

Diablo Winds, CA (2005-2007) WEST 2006, 2008 Prince Wind Farm, ON (2008) NRSI 2009

Dillon, CA (2008-2009) Chatfield et al. 2009 Rail Splitter, IL (2012-2013) Good et al. 2013b
Dry Lake I, AZ (2009-2010)  Thompson et al. 2011 Record Hill, ME (2012) Stantec 2013b

Dry Lake Il, AZ (2011-2012)  Thompson and Bay 2012 |Record Hill, ME (2014) Stantec 2015a
Elkhorn, OR (2008) Jeffrey et a. 2009a Record Hill, ME (2016) Stantec 2017
Elkhorn, OR (2010) Enk et al. 2011a Red Hills, OK (2012-2013) Derby et al. 2013c
Elm Creek Il, MN (2011-2012) Derby et al. 2010e Ripley, ON (2008) Jacques Whitford 2009
Elm Creek, MN (2009-2010)  Derby et al. 2012b Rising Tree, CA (2017-2018) Chatfield et al. 2018

Foote Creek Rim I, WY (1999) Young et al. 2003 Rollins, ME (2012) Stantec 2013c



Appendix A3 (continued). All post-construction monitoring studies, project characteristics, and
select study methodology. Data from the following sources:

Project, Location

Reference

Project, Location

Reference

Foote Creek Rim I, WY (2000) Young et al. 2003

Foote Creek Rim I, WY (2001-

2002)

Forward Energy Center, WI

(2008-2010)

Fowler I, 11, 1Il, IN (2010)
Fowler I, 11, 1Il, IN (2011)
Fowler I, 11, 1Il, IN (2012)

Fowler I, IN (2009)
Fowler Ill, IN (2009)
Fowler, IN (2014)
Fowler, IN (2015)

Fowler, IN (2016)

Goodnoe, WA (2009-2010)
Grand Ridge |, IL (2009-2010)

Groton, NH (2013)
Groton, NH (2014)
Groton, NH (2015)
Hancock, ME (2017)

Harrow, ON (2010)

Harvest Wind, WA (2010-
2012)

Young et al. 2003

Grodsky and Drake 2011

Johnson et al. 2010a
Good et al. 2011
Good et al. 2012
Good et al. 2013a
Johnson et al. 2010b
Good et al. 2015
Good et al. 2016

Good et al. 2017

URS Corporation (URS)
2010a

Derby et al. 2010a

Stantec and WEST 2014

Stantec and WEST 2015a

Stantec and WEST 2015b

TRC 2017b

Natural Resources
Solutions Inc. (NRSI)
2011

Downes and Gritski
2012a

Rollins, ME (2014)
Roth Rock, MD (2011)

Rugby, ND (2010-2011)

Shiloh I, CA (2006-2009)

Shiloh 11, CA (2009-2010)
Shiloh 11, CA (2010-2011)
Shiloh 11, CA (2011-2012)
Shiloh I1I, CA (2012-2013)

Solano Ill, CA (2012-2013)

Stantec 2015b
Atwell, LLC 2012

Derby et al. 2011c

Kerlinger et al. 2009
Kerlinger et al. 2010
Kerlinger et al. 2013a
Kerlinger et al. 2013a
Kerlinger et al. 2013b
AECOM 2013

Spring Valley, NV (2012-2013) WEST 2014

Spruce Mountain Wind
Project, ME (2014)

Tetra Tech 2015

Stateline, OR/WA (2001-2002) Erickson et al. 2004

Stateline, OR/WA (2003)
Stateline, OR/WA (2006)

Steel Winds | & I, NY (2013)

Stetson I, ME (2014)

Erickson et al. 2004
Erickson et al. 2007
Stantec 2014c
Stantec 2015¢

Stetson Mountain I, ME (2009) Stantec 2009¢c

Stetson Mountain |, ME (2011)

Normandeau
Associates 2011

Stetson Mountain I, ME (2013) Stantec 2014d

Hatchet Ridge, CA (2011)  Tetra Tech 2013 (Sztgzsoo)” Mountain I, ME NXg::Cf}gfeasuzm .
Hatchet Ridge, CA (2012- Stetson Mountain Il, ME

2013) Tetra Tech 2013 (2012) Stantec 2013d
Hatchet Ridge, CA (2012)  Tetra Tech 2014 Summerview, AB (2005-2006) B;%"(‘)’g and Hamilton

Hay Canyon, OR (2009-2010) Gritski and Kronner 2010a|Summerview, AB (2006-2007) Baerwald 2008
High Sheldon, NY (2010) Tidhar et al. 2012a Top Crop | & 11 (2012-2013)  Good et al. 2013c
High Sheldon, NY (2011) Tidhar et al. 2012b Top of lowa, 1A (2003) Jain 2005

High Winds, CA (2003-2004) Kerlinger et al. 2006 Top of lowa, 1A (2004) Jain 2005

High Winds, CA (2004-2005) Kerlinger et al. 2006 Top of the World, WY (2010-  pint; and Bay 2012

2011)
Hopkins Ridge, WA (2006)  Young et al. 2007 ggﬁ’g the World, WY (2011- itz and Bay 2013
Hopkins Ridge, WA (2008)  Young et al. 2009b ;82’3‘;“ the World, WY (2012- - pint; and Bay 2014

Howard, NY (2012) Tidhar et al. 2013c Tucannon River, WA (2015)

Tuolumne (Windy Point 1), WA

Hallingstad et al. 2016

Howard, NY (2013)

Judith Gap, MT (2006-2007)

Judith Gap, MT (2009)

Kewaunee County, WI (1999-

2001)
Kibby, ME (2011)

Kittitas Valley, WA (2011-
2012)

Lukins et al. 2014

TRC Environmental
Corporation 2008
Poulton and Erickson

2010

Howe et al. 2002

Stantec 2012a

Stantec Consulting
Services 2012

(2009-2010)
Vansycle, OR (1999)

Vantage, WA (2010-2011)

Waverly Wind, KS (2016-
2017)
Wessington Springs, SD
(2009)
Wessington Springs, SD
(2010)

Enz and Bay 2010

Erickson et al. 2000

Ventus Environmental
Solutions 2012

Tetra Tech 2017a
Derby et al. 2010c
Derby et al. 2011a



Appendix A3 (continued). All post-construction monitoring studies, project characteristics, and
select study methodology. Data from the following sources:

Project, Location

Reference

Project, Location

Reference

Klondike I, OR (2005-2006)
Klondike Ill (Phase I), OR
(2007-2009)

Klondike llla (Phase Il), OR
(2008-2010)
Klondike, OR (2002-2003)

Lakefield Wind, MN (2012)

Leaning Juniper, OR (2006-
2008)

Lempster, NH (2009)

Lempster, NH (2010)

Linden Ranch, WA (2010-
2011)

Johnson et al. 2003

Northwest Wildlife
Consultants (NWC) and
WEST 2007

Gritski et al. 2010

Gritski et al. 2011
Minnesota Public Utilities
Commission 2012

Gritski et al. 2008
Tidhar et al. 2010
Tidhar et al. 2011

Enz and Bay 2011

White Creek, WA (2007-2011)

Wild Horse, WA (2007)

Windstar, CA (2012-2013)
Windy Flats, WA (2010-2011)
Winnebago, IA (2009-2010)

Wolfe Island, ON (July-
December 2009)
Wolfe Island, ON (July-
December 2010)
Wolfe Island, ON (July-
December 2011)

Downes and Gritski
2012b

Erickson et al. 2008
Levenstein and Bay

2013b
Enz et al. 2011

Derby et al. 2010a
Stantec Ltd. 2010
Stantec Ltd. 2011

Stantec Ltd. 2012
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INTRODUCTION

Three Waters Wind Farm, LLC (Three Waters) is proposing to develop the Three Waters Wind
Energy Project (Project) in Jackson County, Minnesota and Dickinson and Osceola counties,
lowa (Figure 1). In 2017, Three Waters contracted Western EcoSystems Technology, Inc.
(WEST) to conduct presence/probable absence surveys for the federally threatened northern
long-eared bat (M. septentrionalis; NLEB) within the Project. The main objectives of the summer
bat surveys were to: 1) to determine the summer presence/probable absence of the NLEB in
areas potentially affected by construction activities, 2) determine sites where follow-up mist-net
surveys for NLEB should be conducted if warranted, 3) capture NLEB in order to confirm sex,
age, and reproductive status of individual bats, and 4) locate NLEB roost trees within the Project
should individuals be captured.

The following report summarizes the results of presence/probable absence surveys conducted
during summer 2017.

Study Area

The proposed Project is located in Jackson County, Minnesota and Dickinson and Osceola
counties, lowa. The Project area encompasses approximately 23,832 hectares (ha; 58,890
acres [ac]; see Appendix A). According to the U.S. Geological Survey National Land Cover
Dataset (USGS NLCD 2006), the dominant land cover type within the Project is cultivated
cropland, primarily corn and soybeans, covering 89.9% of the land area. The second most
common cover type is emergent herbaceous wetlands (3.2%), followed by developed open
space (3.1%), herbaceous (1.4%), and open water (0.7%). Deciduous forests, mixed forest, and
woody wetlands are considered potential habitat for NLEB and make up a total of 0.5% of all
land cover types within the Project. All other land cover types total less than 1.0% of the land
area, individually. Developed areas are found at residences and farms scattered throughout the
Project.

Based on habitat assessment of the original Project area and U.S. Fish and Wildlife Service
(USFWS) recommendations, a total of 310 acres has been identified as potential NLEB suitable
habitat. After finalizing project boundaries, a total of 304 acres of potential suitable NLEB habitat
were identified in Jackson County, MN and Dickinson and Osceola counties, IA.

WEST sampled a total of 4 acoustic sites for NLEB following the summer survey guidance
(USFWS 2017). No additional follow-up mist-net surveys were required at either of the acoustic
sites.

OVERVIEW OF BAT DIVERSITY

There are seven species of bats found in Jackson County, MN and Dickinson and Osceola
counties, |A. Those species include: the big brown bat (Eptesicus fuscus), silver-haired bat
(Lasionycteris noctivagans), eastern red bat (Lasiurus borealis), hoary bat (Lasiurus cinereus),
little brown bat (M. lucifugus), NLEB, and tri-colored bat (Perimyotis subflavus). Of the seven
species with the potential to occur in Minnesota, one (NLEB) is federally listed as threatened

WEST, Inc. 3 2018
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under the Endangered Species Act [ESA]. With the spread of white-nose syndrome (WNS)
throughout the Midwest and Eastern US, several once common and abundant bat species, such
as the little brown bat and northern long-eared bat, are experiencing population declines (Frick
et al. 2010, USFWS 2013).

METHODS

Acoustic Surveys

WEST conducted acoustic surveys following guidance described in the 2017 Range-Wide Indiana
Bat Summer Survey Guidelines, which is also used for NLEB presence/probable absence surveys
(USFWS 2017) and the NLEB Interim Conference and Planning Guidance (USFWS 2014).

Acoustic surveys were conducted at four survey sites, during a time period consistent with
USFWS guidelines (June 17 — 20; 2017; USFWS 2014, 2017). Bats were surveyed using
SM4BAT™ ultrasonic detectors (Wildlife Acoustics, Inc., Maynard, MA). WEST placed detectors
in suitable habitat for NLEB, including forest edges, small clearings and forest-canopy openings,
near water sources and/or forested riparian edges. Detectors were placed in areas with open
tree canopies or canopy heights greater than 33 ft (10 m) and were spaced at least 656 ft (200
m) apart. Detectors were elevated at least 9.8 ft. (3.0 m) above ground level (AGL) to minimize
acoustic interference from vegetation. Acoustic monitoring began before sunset and continued
for the entire night. Survey duration at each site was a minimum of four detector nights (two
detectors for two nights).

If weather conditions, such as persistent rain (more than 30 minutes), strong winds (greater than
nine miles per hour [mph; 14 kilometers per hour (kph)] for more than 30 minutes), or persistent
cold temperatures (below 10 degrees Celsius [°C; 50 degrees Fahrenheit (°F)] for more than 30
minutes), occurred during the first five hours of a survey night, then the survey was conducted
for an additional night (USFWS 2014, 2017). Weather conditions were checked with the
following weather stations, which can be found on Weather Underground’s Wundermap
(http://www.wunderground.com/wundermap/): Worthington, MN.

Bat calls were quantitatively identified using Kaleidoscope (version 4.2.0; Bats of North America
classifier version 4.2.0; Wildlife Acoustics. Using Kaleidoscope, the appropriate state
(Minnesota) from the Bats of North America classifier (version 4.2.0) was selected, and the Most
Sensitive (i.e., most liberal) setting was used. All calls identified as NLEB by automated ID
software were verified via qualitative call analysis by a biologist experienced with acoustic
identification and who met required USFWS qualifications (Dr. Kevin Murray; USFWS 2017). As
well, if a night exceeded the maximum likelihood threshold (p-value < 0.05) for NLEB, all files
from that night received qualitative review. If call sequences were not characteristic of NLEB
bats, contained distinct calls produced by species other than NLEB bats, or were of insufficient
quality, they were reclassified as another species or as unknown. NLEB were considered
present at sites with probable NLEB calls flagged by automated analysis and verified by
qualitative review. NLEB were considered likely absent from sites with no probable NLEB bat
calls or from sites with probable NLEB bat calls that were overruled by qualitative analysis.

WEST, Inc. 4 2018



THREE WATERS WIND ENERGY PROJECT SUMMER BAT SURVEY REPORT

RESULTS

Acoustic Surveys

WEST conducted acoustic surveys from June 17 — 20, 2017. Universal Transverse Mercator
(UTM) coordinates and brief site descriptions for each site are listed in Table 1. Maps and
photographs of acoustic survey sites are included in Appendix A and B, respectively. Acoustic
surveys were completed at four sites for a total of 16 valid detector nights (Table 2). Due to
inclement weather or technical issues with the equipment, an additional night was sampled at all
locations.

The number of bat calls per detector night varied between the survey sites (27 to 394 bat calls
per detector night), with an average of 61.2 bat calls per detector night within the Project (Table
2). Kaleidoscope identified 1,468 bat call files and identified 1,324 files to species (90.2%; Tables
2 and 3).

Automated acoustic ID software identified potential NLEB calls at 4 site locations (sites TW-1a,
TW-2a, TW-3b, and TW-4a). Qualitative analysis of these potential bat calls determined the calls
were not indicative of NLEB. Based on these data, NLEB are considered to be likely absent at all
acoustic survey sites within the Project. Follow-up mist-netting was not required due to the lack
of positive NLEB calls.

CONCLUSION

To meet the objectives of the study, acoustic surveys were conducted to determine
presence/probable absence of NLEB within the Project. Based on the acoustic survey results, it
was determined that there was likely summer absence of the federally listed NLEB at all survey
sites within the Project. WEST’s surveys in 2017 provided no indication that WNS has impacted
local bat populations.
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TABLES

Table 1. Location and site description of 2017 acoustic survey sites at the Three Waters Wind
Energy Project

Site ID UTM Zone Easting Northing Site Description
TW-1a 15 311800 4823885 forest/field edge
TW-1b 15 311938 4824012 forest/field edge
TW-2a 15 309341 4824040 forest/field edge
TW-2b 15 309414 4824138 forest/field edge
TW-3a 15 314510 4829184 forest/field edge
TW-3b 15 314683 4829303 forest/field edge
TW-4a 15 320878 4829991 forest/field edge
TW-4b 15 320954 4829843 forest/field edge
WEST, Inc. 7 2018
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Table 2. Number of bat calls identified by Kaleidoscope during 2017 northern long-eared bat

surveys at the Three Waters Wind Energy Project.

Survey Site T°é2'"§at Calls Identified Dﬁtigﬁtt‘:' Bat Ca'ksi/g 'zftector-
TW-1a 259 234 3 86.3
TW-1b 327 314 3 109.0
TW-2a 240 217 3 80.0
TW-2b 394 342 3 131.3
TW-3a 78 70 3 26.0
TW-3b 67 63 3 22.3
TW-4a 76 64 3 25.3
TW-4b 27 20 3 9.0
Total 1,468 1,324 24 61.2
WEST, Inc. 2018
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Appendix A. Maps of Northern Long-Eared Bat Surveys
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Appendix B. Photographs of Acoustic Survey Sites
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1 INTRODUCTION

Although wind energy facilities use a renewable resource, their construction and operation can
impact birds and bats. Interactions with wind turbines and associated infrastructure, such as
energy transmission lines, distribution lines, and substations, may result in fatalities or indirect
effects such as displacement or habitat loss. To address these concerns, Three Waters Wind
Farm, LLC (Three Waters) contracted Western EcoSystems Technology, Inc. (WEST) to develop
this Bird and Bat Conservation Strategy (BBCS) for the Three Waters Wind Farm (Project) in
Jackson County, Minnesota and Dickinson and Osceola counties, lowa. This BBCS outlines
processes that Three Waters has or will employ to: 1) comply with state and federal laws and
regulations that protect bird and bat species; 2) ensure potential impacts to bird and bat species
are identified, quantified, and analyzed; and 3) avoid, minimize, and mitigate potential effects
consistent with the US Fish and Wildlife Service (USFWS) Land-Based Wind Energy Guidelines
(WEG; USFWS 2012) and the Minnesota Department of Natural Resources (MNDNR) Avian and
Bat Survey Protocols for Large Wind Energy Conversion Systems in Minnesota (Mixon et al
2014).

Federal laws and regulations protect the majority of birds found in and around the Project area,
including the Migratory Bird Treaty Act of 1918 (MBTA), the Bald and Golden Eagle Protection
Act of 1940 (BGEPA), and the federal Endangered Species Act of 1973 (ESA). The purpose of
the BBCS is to meet the intent of these regulations and guidelines by reducing and managing the
risk to bird and bat species. This BBCS has been voluntarily prepared as a good faith effort by
Three Waters to proactively address potential impacts to birds and bats that may result from
construction and operation of the Project.

Three Waters has developed this BBCS to meet the following objectives:

1) Document and describe the scope of the Project, the biological survey work that was
completed pre-construction, and provide an assessment of risks to bird and bat resources
posed by the Project. This objective includes providing a single point of reference for
information related to avian and bat studies performed in relation to the Project.

2) Provide a plan that avoids, minimizes, or monitors potential effects to bird and bat species
resulting from construction and operation of the Project consistent with the WEG.

3) Describe post-construction monitoring efforts that will continue to be implemented at the
Project to identify impacts to birds and bats, as well as the methods for reporting the
monitoring results.

4) Outline the adaptive management framework that Three Waters has committed to over the
life of the Project.

5) Provide an educational and practical reference for Three Waters’ employees and
contractors to facilitate the application of measures that avoid and minimize potential
negative effects to avian and bat species at the Project.
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2 SITE AND PROJECT DESCRIPTION

The Project area is in Jackson County, Minnesota and Dickinson and Osceola counties, lowa
(Figure 1). The Project area includes 23,832 hectares (ha; 58,890 acres [ac]), most (89.9%) of
which is cultivated cropland (Table 1; Figure 2). Smaller areas of emergent herbaceous wetlands
(3.2%); developed, open space (3.1%); and herbaceous (1.4%) land cover also occur in the
Project area (Table 1). The remaining land cover types each compose less than 1% of the total
area (Table 1). Segments of the Little Sioux River, the West Fork of the Little Sioux River, and
other small drainages run through the Project area (Figure 2). Several small lakes and ponds,
including lllinois Lake, Skunk Lake, Rush Lake, and lowa Lake, also occur in the Project area
(Figure 2).

Table 1. Land cover types, coverage, and composition within the Three Waters Wind Farm in
Jackson County, Minnesota and Dickinson and Osceola counties, lowa.

Habitat Hectares Acres % Composition
Cultivated Crops 21,411.7 52,910.4 89.9
Emergent Herbaceous Wetlands 764.1 1,888.1 3.2
Developed, Open Space 735.9 1,818.5 3.1
Herbaceous 335.5 829.0 1.4
Open Water 160.8 397.3 0.7
Hay/Pasture 128.3 317.0 0.5
Developed, Low Intensity 119.7 295.9 0.5
Mixed Forest 107.2 264.8 0.5
Developed, Medium Intensity 33.9 83.9 0.1
Deciduous Forest 10.4 25.6 <01
Shrub/Scrub 9.5 23.6 <0.1
Barren Land 6.1 15.1 <01
Woody Wetlands 5.6 13.8 <01
Developed, High Intensity 2.7 6.7 <01
Total' 23,832 58,890 100

Data from the National Land Cover Database (Yang et al. 2018, Multi-Resolution Land Characteristics 2019).
1 Sums of values may not add to total value shown due to rounding.
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3 REGULATORY REQUIREMENTS RELEVANT TO THIS BBCS

3.1 Federal Endangered Species Act

Species at risk of extinction, including many birds and bats, are protected under the federal ESA
of 1973, as amended. The purpose of the ESA is to protect threatened and endangered species
and to provide a means to conserve their habitats. Take under the ESA is defined as “...to harass,
harm, hunt, shoot, wound, Kill, trap, capture, or collect or attempt to engage in any such conduct.”
Harm is an act which injures or kills a wildlife species, including significant habitat modification or
degradation; whereas harass is defined as an intentional or negligent act or omission which
creates the likelihood of injury by annoying the animal to the extent it significantly disrupts normal
behavior patterns such as breeding, feeding, or sheltering. The ESA authorizes the USFWS to
issue permits for “incidental take” of wildlife species, which is take resulting from an otherwise
lawful activity.

3.2 Migratory Bird Treaty Act

The MBTA integrates and implements four international treaties that provide for the protection of
migratory birds. The MBTA prohibits the taking, killing, possession, transportation, import and
export of migratory birds, their eggs, parts, and nests, except when specifically authorized by the
Department of the Interior.” (16 United States Code [USC] 703 [1918]). The word “take” is defined
under the MBTA as “to pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to
pursue, hunt, shoot, wound, Kill, trap, capture, or collect.” (50 Code of Federal Regulations [CFR]
10.12 [1973]). The USFWS maintains a list of all species protected by the MBTA at 50 CFR 10.13
(1973). This list includes over one thousand species of migratory birds, including eagles and other
raptors, waterfowl, shorebirds, seabirds, wading birds, and passerines.

On December 22, 2017, the US Department of Interior (USDOI) issued a Solicitor's Opinion
(USDOI 2017) followed by the USFWS Guidance Memorandum on April 11, 2018
(USFWS 2018a), both of which clarified the following with regards to enforcement of the MBTA:
1) the MBTA’s take prohibitions only apply when the purpose of an action is “take” of migratory
birds, their eggs, or their nests; 2) the project’'s impacts on migratory birds should still be
considered during the National Environmental Policy Act of 1969 (NEPA) review process; 3) future
settlement agreements for take of listed species or eagles should not include restrictions,
minimization measures, or mitigation for purposes of MBTA compliance; 4) future permits under
the ESA or BGEPA, or inter-agency consultations under Section 7 of the ESA, should not include
restrictions, minimization measures, or mitigation for purposes of MBTA compliance; and 5) the
MBTA does not affect protections provided under the ESA or the BGEPA (Locke Lord 2018).

3.3 Bald and Golden Eagle Protection Act

The BGEPA provides legal protection to bald eagles (Haliaeetus leucocephalus) and golden
eagles (Aquila chrysaetos; 16 USC 668-668d [1940]). The BGEPA prohibits the take, sale,
purchase, barter, offer of sale, transport, export or import, at any time or in any manner of any
bald or golden eagle, alive or dead, or any part, nest, or egg thereof. The BGEPA also defines
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take to include “pursue, shoot, shoot at, poison, wound, Kkill, capture, trap, collect, molest, or
disturb,” (16 USC 668c [1940]), and includes criminal and civil penalties for violating the statute
(see 16 USC 668 [1940]). The USFWS further defined the term “disturb” as agitating or bothering
an eagle to a degree that causes, or is likely to cause, injury, or either a decrease in productivity
or nest abandonment by substantially interfering with normal breeding, feeding, or sheltering
behavior.

In September 2009, the USFWS promulgated a final rule on two new permit regulations that
specifically authorize under the BGEPA the non-purposeful (i.e., incidental) take of eagles and
eagle nests in certain situations (see 50 CFR 22.26 [2009] and 22.27 [2009]). Revisions to the
final rule were issued in December 2016. The permits authorize limited take of bald and golden
eagles; authorizing individuals, companies, government agencies and other organizations to
disturb or otherwise take eagles in the course of conducting lawful activities. To facilitate issuance
of Eagle Take Permits (ETPs) for wind energy facilities the USFWS finalized the Eagle
Conservation Plan Guidance (ECPG) - Module 1 - Land-based Wind Energy Version 2
(USFWS 2013). If eagles are identified as a potential risk at a project site, developers are
encouraged to follow the ECPG. The ECPG describes specific actions recommended to achieve
compliance with the regulatory requirements in the BGEPA for an ETP, as described in 50 CFR
22.26 (2009) and 22.27 (2009). The ECPG provides a national framework for assessing and
mitigating risk specific to eagles through development of Eagle Conservation Plans (ECPs) and
issuance of programmatic ETPs at wind energy facilities.

3.4 Minnesota State Threatened and Endangered Species

The Minnesota legislature has authorized regulations pertaining to the management, regulation,
and protection of native animals listed as state threatened or endangered. Species of fish or
wildlife indigenous to Minnesota are endangered if threatened with statewide extinction
throughout all or much of its range as filed by the commissioner of the Minnesota Department of
Natural Resources (MNDNR). A threatened animal species is any species that MNDNR has
determined is likely to become endangered in the future. No person may take, import, transport,
or sell any portion of an endangered wild animal or plant species, or sell or possess with intent to
sell an article made with any part of the skin, hide, or parts of an endangered wild animal or plant
species; certain exemptions apply (subdivisions 2 and 7 of Minnesota Statues, section 84.0895).
The Minnesota Endangered Species Statue and the associated rules establish a variety of
restrictions, permitting programs, and exemptions pertaining to state-listed threatened and
endangered species.

4 AGENCY CONSULTATION

The WEG encourages energy developers to coordinate with agencies regarding bird, bat or other
wildlife issues within a project area. Agencies can help developers identify potential natural
resource issues early in the development process. Three Waters has coordinated with the
MNDNR and the USFWS Ecological Services Field Office in St. Paul, Minnesota (Table 2) and
has committed to continued coordination as necessary throughout the life of the Project.
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Table 2. Summary of agency coordination regarding the Three Waters Wind Farm in Jackson
County, Minnesota and Dickinson and Osceola counties, lowa.

Date Attendees Meeting Topics

Three Waters

WEST
May 8, 2017 MNDNR Survey description; Upcoming studies
MNDOC
USFWS
Three Waters
WEST
MNDNR
USFWS
Three Waters
August 5, 2019 WEST Completed studies

MNDNR

WEST = Western EcoSystems Technology, Inc.
MNDNR = Minnesota Department of Natural Resources
MNDOC = Minnesota Department of Commerce
USFWS = US Fish and Wildlife Service

August 13, 2018 Completed studies; Upcoming studies

5 SITE CHARACTERIZATION - TIERS 1 and 2

The WEG outlines a tiered approach for assessing habitat suitability and risks to wildlife at a
potential wind energy site (USFWS 2012). At each tier, potential issues associated with the
development or operation of a project are identified and questions are asked to guide the decision
process. This process starts at a broad scale and provides more site-specific detail at each tier
as more data are gathered and potential risks are better understood. This approach ensures that
sufficient data are collected to enable Three Waters to make informed decisions regarding further
development of the Project.

Tiers 1 and 2 provide a framework for evaluating potential issues that should be addressed before
development of the Project continues. Tier 1 studies provide a preliminary desktop evaluation of
public data from federal, state, and tribal entities and offer early guidance on potential risks to
natural resources at the site. This information can help the developer identify sites where
development may pose significant risks to natural resources. Tier 2 studies determine potential
effects of a proposed project on sensitive species. Tier 2 studies typically include a more
substantive review of available data on sensitive species and wildlife habitat within or near a
project.

Three Waters developed a Site Characterization Study (SCS; McDonald et al. 2019). This study
followed recommendations in the WEG for tiers 1 and 2 and recommendations in the ECPG for a
Stage 1 Initial Site Assessment, which includes more detail on potential risks to eagles. The SCS
identified sensitive species that may be impacted by development or operation of the Project.
Sensitive species included federally or state-protected species (Table 3) and Birds of
Conservation Concern (Table 4). The SCS also identified all bat species that could occur in the
Project area (Table 5).
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Table 3. Bird and bat species listed as state or federally threatened, endangered, or otherwise
protected that could occur at the Three Waters Wind Farm in Jackson County, Minnesota
and Dickinson and Osceola counties, lowa.

Common Name Scientific Name Status
Bats

Northern Long-eared Bat Myotis septentrionalis FT
Birds

Bald Eagle Haliaeetus leucocephalus BGEPA

Golden Eagle Aquila chrysaetos BGEPA

Burrowing Owl Athene cunicularia SE

Henslow’s Sparrow Ammodramus henslowii SE

King Rail Rallus elegans SE

Loggerhead Shrike Lanius ludovicianus SE

Wilson’s Phalarope Phalaropus tricolor ST

BGEPA = Bald and Golden Eagle Protection Act (1940);
FT = Federally Threatened (USFWS 2014);

SE = State Endangered (MNDNR 2016);

ST = State Threatened (MNDNR 2016)

Table 4. US Fish and Wildlife Service Migratory Birds of Conservation Concern that could occur at
the Three Waters Wind Farm in Jackson County, Minnesota and Dickinson and Osceola
counties, lowa.

Common Name Scientific Name

Bald Eagle Haliaeetus leucocephalus
Black Tern Chlidonias niger

Bobolink Dolichonyx oryzivorus
Dunlin Calidris alpina

Franklin’s Gull Leucophaeus pipixcan
Hudsonian Godwit Limosa haemastica
Lesser Yellowlegs Tringa flavipes

Marbled Godwit Limosa fedoa
Red-Headed Woodpecker Melanerpes erythrocephalus
Semipalmated Sandpiper Calidris pusilla
Short-Billed Dowitcher Limnodromus griseus

Source: US Fish and Wildlife Service 2018b

Table 5. Bat species (categorized by echolocation call frequency) that could occur at the Three
Waters Wind Farm in Jackson County, Minnesota and Dickinson and Osceola counties,

lowa.
Common Name Scientific Name
High Frequency (>30 kilohertz [kHz])
eastern red bat Lasiurus borealis
little brown bat Myotis lucifugus
northern long-eared bat Myotis septentrionalis
evening bat Nycticeius humeralis
tri-colored bat Perimyotis subflavus
Low Frequency (15 — 30 kHz)
big brown bat Eptesicus fuscus
hoary bat Lasiurus cinereus
silver-haired bat Lasionycteris noctivagans
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6 BIRD AND BAT ASSESSMENT: TIER 3

Three Waters conducted pre-construction bird and bat studies for the Project from 2017 to 2019.
These included two years of avian use surveys, two years of aerial raptor nest surveys, two years
of general bat acoustic surveys, and one year of northern long-eared bat (Myotis septentrionalis)
presence/probable absence surveys.

6.1 Eagle and Large Bird Use Surveys

6.1.1 Methods

Eagle and other large bird use surveys were conducted within the Project area from March 2017
through February 2019 following guidelines in the ECPG and revised eagle permitting rule. The
objective was to provide spatial and temporal information on eagle and other large bird use to
help inform decisions on turbine siting and ways to avoid/minimize impacts to eagles and other
large bird species.

Surveys consisted of counting eagles and other large birds within 18 circular plots centered on an
observation point (Figure 3). All observations were recorded; however, analysis was restricted to
observations within 800 meters (m; 2,625 feet [ft]) of the observer. The Rotor Swept Height (RSH)
was defined as 25 to 150 m AGL. A Geographic Information System (GIS) software specialist
assigned survey locations remotely in a spatially random design consistent with recommendations
described in the ECPG and revised eagle permitting rule (Figure 3). Points were surveyed from a
random start location to vary visitation times throughout the day during each season.

Surveys were conducted for one hour at each point once per month, for a total of 24 visits and
432 survey hours at each point over the two-year study. Each survey day began with a randomly
selected survey location from all available remaining points to be surveyed. Surveys were
conducted during daylight hours and survey times varied across daylight hours.

6.1.2 Year 1 Results

Two hundred sixteen fixed-point bird use surveys were conducted from March 24, 2017 —
February 18, 2018. Thirty-five large bird species were identified over the course of all fixed-point
bird use surveys. Species richness was greatest during the spring and lowest during the winter.
The index to overall species richness was 1.22 large bird species/800-m plot/60-min survey.

Sensitive large bird species recorded during year one surveys included nine bald eagles, one
golden eagle, three Swainson’s hawks (Buteo swainsoni), seven northern harriers (Circus
hudsonius), one peregrine falcon (Falco peregrinus), 145 American white pelicans (Pelecanus
erythrorhynchos), 58 northern pintails (Anas acuta), 246 Franklin’s gulls (Leucophaeus pipixcan),
and 12 black terns (Chlidonias niger). Incidental observations of sensitive species included one
bald eagle, two northern harriers, one semipalmated sandpiper, and one upland sandpiper.

There were 3,850 large bird observations recorded within 357 separate groups (defined as one
or more individual) during these surveys. Of all large bird types, waterfowl and gulls/terns
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composed most of the large bird observations (1,769 and 1,405 observations, respectively). Ring-
billed gull (Larus delawarensis) was the most abundant species recorded during large bird
surveys (1,142 observations), followed by unidentified duck (826 observations) and Canada
goose (Branta canadensis; 440 observations). Red-tailed hawks (Buteo jamaicensis) were the
most abundant diurnal raptor species recorded (53 observations).

Overall large bird use was higher during spring (38.31 observations/800-m plot/60-min survey)
and fall (29.11 observations/800-m plot/60-min  survey) compared to summer
(3.33 observations/800-m plot/60-min survey) and winter (0.46 observations/800-m plot/60-min
survey). Waterfowl accounted for the highest percentage of the large bird use in spring, summer,
and fall. Ring-billed gull had the highest use in spring, Canada goose had the highest use of all
species during summer and fall, and American crow (Corvus brachyrhynchos) had the highest
use during winter. . Diurnal raptor use was highest in fall (1.04 observations/800-m plot/60-min
survey), followed by spring (0.59 observations/800-m plot/60-min survey), summer
(0.11 observations/800-m plot/60-min survey), and winter (0.11 observations/800-m plot/60-min
survey). Buteos made up most of the diurnal raptor use, largely due to higher use by red-tailed
hawks. Bald eagle use was recorded in spring (0.06 observations/800-m plot/60-min survey), fall
(0.04 observations/800-m plot/60-min survey), and winter (0.02 observations/800-m plot/60-min
survey).

During large bird surveys, 19.2% of all flying large birds were within the RSH (i.e., between 25—
150 m) when first observed, 27.1% were below the RSH (i.e., <25 m), and 53.7% were above the
RSH (i.e., >25 m). Of flying diurnal raptors, 51.6% were within the RSH when first observed,
27.5% were below the RSH, and 20.9% were above the RSH. Diurnal raptor groups recorded
most often within the RSH were Accipiters (66.7%) and Buteos (57.6%). Of the six bald eagle
observations flying, two were within the RSH when first observed, one was below the RSH, and
three were above the RSH.

An exposure index, based on initial flight height and use estimates, was calculated for each
species. Ring-billed gull had the highest exposure index value of all large birds. Other species
with exposure values greater than zero included mallard (Anas platyrhynchos), Canada goose,
Franklin’s gull, American white pelican, red-tailed hawk, turkey vulture (Cathartes aura), American
crow, great blue heron (Ardea herodias), sharp-shinned hawk (Accipiter striatus), rough-legged
hawk (Buteo lagopus), and northern harrier. Bald eagle exposure was relatively low (less
than 0.01) and golden eagle exposure could not be calculated because the one observation was
outside the 800-m survey plot.

Flight paths and perch locations of diurnal raptor species were digitized and mapped (Figures 5
and 6). Flight paths indicated no obvious movement corridors or areas of concentration. Mean
use estimates suggest that overall large bird use is distributed relatively evenly throughout the
Project area, with high use at Point 10 (66.67 observations/60-min survey; Figures 5 and 6).
Diurnal raptors were observed at 17 of the 18 survey points, with higher use at Point 14
(1.17 observations/60-min survey). Eagles were observed at five survey points, with highest use
at Point 9 (0.17 observations/60-min survey; Figures 4 and 5).
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Three Waters Wind Farm Bird and Bat Conservation Strategy

6.1.3 Year 2 Results

Two hundred fourteen fixed-point large bird use surveys were conducted from March 3, 2018 —
February 27, 2019. Fifty-six large bird species were identified during the large bird use surveys.
Species richness was greatest during the spring (50 species) and lowest during the winter (7
species). The index to species richness was highest in spring (4.24 large bird species/800-m
plot/60-min survey), followed by summer (2.17 large bird species/800-m plot/60-min survey), fall
(1.48 large bird species/800-m plot/60-min survey), and winter (0.38 large bird species/800-m
plot/60-min survey).

Sensitive species recorded during year two surveys included 54 bald eagles, 986 American white
pelicans, 747 Franklin’s gulls, 60 northern pintails, 32 northern harriers, one peregrine falcon, 26
lesser scaup (Aythya affinis), seven upland sandpipers (Bartramia longicauda), three western
grebes (Aechmophorus occidentalis), two common loons (Gavia immer), one common nighthawk
(Chordeiles minor), one northern goshawk (Accipiter gentilis), one short-eared owl (Asio
flammeus), one Swainson’s hawk, and one Virginia rail (Rallus limicola). Incidental observations
of sensitive large bird species included 20 American white pelicans, three bald eagles, two
northern harriers, two trumpeter swans.

There were 13,869 large bird observations recorded within 1,049 separate groups. Waterfowl
were the most abundant large bird type overall (10,078 observations), largely due to the
abundance of Canada goose and greater white-fronted goose (Anser albifrons) in spring (2,933
and 2,197 observations, respectively). American white pelican was the most abundant large bird
species in summer (250 observations). Of the 13 species of diurnal raptor species recorded during
surveys, red-tailed hawks were most abundant (83 observations), followed by bald eagle (54
observations) and northern harrier (32 observations).

From the 54 bald eagle observations, 196 total eagle minutes were recorded and 63 eagle
minutes were recorded in the Zone of Risk (ZOR). Most eagle minutes in the ZOR were recorded
during fall (23 minutes), while fewer were recorded during spring (17 minutes), summer (15
minutes), and winter (8 minutes).

Overall large bird use was highest during spring (139.59 observations/800-m plot/60-min survey),
followed by fall (46.04 observations/800-m plot/60-min survey), summer (8.11 observations/800-
m plot/60-min survey), and winter (3.55 observations/800-m plot/60-min survey). Waterfowl had
the highest use of all large bird types in all seasons, although waterfowl use was higher during
spring (129.94 observations/800-m plot/60-min survey) and fall (19.93 observations/800-m
plot/60-min survey) compared to summer (2.59 observations/800-m plot/60-min survey) and
winter (1.41 observations/800-m plot/60-min survey). Diurnal raptor use occurred in all seasons,
but was higher in spring (1.87 observations/800-m plot/60-min survey) and fall
(0.63 observations/800-m plot/60-min survey) compared to summer (0.15 observations/800-m
plot/60-min survey) and winter (0.12 observations/800-m plot/60-min survey). Bald eagle use was
relatively low during all seasons, ranging from 0.06 observations/800-m plot/60-min survey in
winter to 0.15 observations/800-m plot/60-min survey in both spring and fall (Figures 7, 8, & 9).
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During large bird surveys, 54.0% of all flying large birds were within the RSH when first observed,
8.0% were below the RSH, and 38.0% were above the RSH. Of flying diurnal raptors, 41.6% were
within the RSH, 34.3% were below the RSH, and 24.1% were above the RSH. Of the 24 bald
eagles observed flying, 79.2% were within the RSH when first observed, 8.3% were below the
RSH, and 12.5% were above the RSH (Figure 9).

WEST, Inc. 13 August 2019
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Figure 9. Diurnal raptor flight paths recorded during eagle/large bird use surveys conducted from March 3, 2018 — February
27, 2019 at the Three Waters Wind Farm in Jackson County, Minnesota and Dickinson and Osceola counties, lowa.
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6.2 2017-2018 Small Bird Use Surveys

6.2.1 Methods

The objective of small bird use surveys was to provide a species list for small birds recorded
during surveys and to document relative abundance at the sampling locations. The small bird use
surveys consisted of small bird counts at the same 18 observation points used for eagle and other
large bird surveys (Figure 3). Small birds were defined as passerines (songbirds excluding large
corvids), kingfishers, swifts and hummingbirds, woodpeckers, and cuckoos.

Small bird use surveys were conducted for 10 min preceding the eagle and other large bird
surveys at each point. All small birds were recorded, but analyses were restricted to only those
within 100 m (328 ft) of the observer. The estimated distance to each bird observed was recorded
to the nearest 5-m (16-ft) interval. Other data recorded for each survey included date, start, and
end time of the observation period; species or best possible identification; number of individuals;
sex and age class, distance from plot center when first observed; closest distance; behavior; flight
height above ground; activity; and habitat.

6.2.2 Year 1 Results

Forty-five small bird species were documented during the small bird fixed-point bird use surveys.
Small bird species richness was highest in summer (3.35 species/100-m plot/10-min survey),
followed by spring (2.31 species/100-m plot/10-min survey), fall (1.30 species/100-m plot/10-min
survey), and winter (0.30 species/100-m plot/10-min survey).

Sensitive species recorded during fixed-point small bird surveys included 12 dickcissels (Spiza
americana), eight bobolinks (Dolichonyx oryzivorus), five sedge wrens (Cistothorus platensis),
two swamp sparrows (Melospiza georgiana), two marsh wrens (Cistothorus palustris), one
eastern meadowlark (Sturnella magna), one field sparrow (Spizella pusilla), and one state
endangered Henslow’s sparrow (Ammodramus henslowii).

Small bird surveys resulted in 3,036 observations in 525 groups. Passerines made up nearly all
of the observations. Red-winged blackbirds (Agelaius phoeniceus) were the most abundant small
bird species recorded during spring (149 observations), summer (89 observations), and fall
(475 observations). Lapland longspurs (Calcarius lapponicus) and horned lark (Eremophila
alpestris) represented most observations during winter (395 and 193 observations, respectively).

Overall small bird use was highest in the fall (29.78 observations/100-m plot/10-min survey),
followed by winter (11.11  observations/100-m  plot/10-min  survey), = summer
(9.02 observations/100-m plot/10-min survey), and spring (4.06 observations/100-m plot/10-min
survey). Small bird use in fall was largely influenced by red-winged blackbirds
(8.80 observations/100-m plot/10-min survey) and unidentified blackbirds
(15.57 observations/100-m plot/10-min survey).

During small bird surveys, 29.3% of all flying small birds were within the RSH when first observed,
69.1% were below the RSH, and 1.7% were above the RSH. An exposure index based on initial

WEST, Inc. 17 August 2019
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flight height and use estimates was calculated for each species. Lapland longspurs had the
highest exposure index value (1.60) of all small birds, followed by unidentified blackbirds (0.59)
and snow buntings (0.43). Based on the relative abundance and the relatively higher exposure
index of Lapland longspur, this species may have a greater potential for fatalities than other small
bird species, including species that occurred more frequently and had relatively higher abundance
and use throughout multiple seasons.

6.2.3 Year 2 Results

Thirty-six small bird species were documented during the small bird fixed-point bird use surveys.
The index to small bird species richness was highest in the summer (3.11 small bird species/100-
m plot/10-min survey), followed by spring (1.94 small bird species/100-m plot/10-min survey), fall
(0.69 small bird species/100-m plot/10-min survey), and winter (0.15 small bird species/100-m
plot/10-min survey).

Sensitive species recorded during fixed-point small bird surveys included eight dickcissels, six
bobolinks, five rusty blackbirds (Euphagus carolinus), five swamp sparrows, four grasshopper
sparrows (Ammodramus savannarum), four sedge wrens, and three marsh wrens (all Species of
Greatest Conservation Need).

Small bird surveys resulted in 1,714 observations in 644 groups. Passerines made up nearly all
of the observations. Overall, horned larks and red-winged blackbirds were the most abundant
small bird species recorded (401 and 398 observations, respectively). Horned larks were the most
abundant small bird species recorded during spring (360 observations). Common grackles were
the most abundant small bird species recorded during summer (159 observations). Red-winged
blackbirds were the most abundant small bird species recorded during fall (113 observations).
House sparrows (Passer domesticus) were the most abundant small bird species recorded during
winter (35 observations).

Overall small bird use was highest in the spring (17.57 observations/100-m plot/10-min survey),
followed by summer (8.63 observations/100-m plot/10-min survey), fall (4.15 observations/100-m
plot/10-min survey), and winter (1.03 observations/100-m plot/10-min survey). High small bird use
during the spring was largely influenced by horned lark use (6.67 observations/100-m plot/10-min
survey), red-winged blackbird use (3.87 observations/100-m plot/10-min survey), and unidentified
blackbird use (2.87 observations/100-m plot/10-min survey).

During year two small bird use surveys, 15.9% of flying small birds were within the RSH when
first observed, 52.5% were below the RSH, and 31.6% were above the RSH. An exposure index,
based on initial flight height and use estimates, was calculated for each species. Horned larks
had the highest exposure index value (0.59) of all small birds, followed by unidentified
blackbirds (0.14) and common grackle (0.07).

WEST, Inc. 18 August 2019
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6.3 Aerial Raptor Nest Surveys

6.3.1 Methods

WEST conducted two separate aerial helicopter eagle and other raptor nest surveys in 2017, with
the first conducted from March 29 — April 1 and a follow-up survey conducted on May 3. The
surveys included a 1.6-km (1.0-mi) buffer around proposed turbine locations for all raptor nests
and a 16-km (10-mi) buffer around proposed turbine locations for eagle nests (Figure 7). During
the second survey round, potential eagle nesting habitat within the 16-km (10-mi) buffer was
revisited to ensure that no eagle nests were missed during the first round.

WEST conducted a second year of aerial nest surveys on April 9 — 10, 2018, focusing on locating
bald eagle nests within a slightly larger survey area (Figure 8) than surveyed in 2017. On May 15,
2018, WEST conducted a follow-up aerial survey of bald eagle nests documented in the first nest
survey to confirm species, occupancy, and activity status. The follow-up nest checks occurred 33
to 35 days after the initial survey, following ECPG recommendations that eagle nest status be
checked at least 30 days after the initial observation.

Nest status definitions were consistent with the ECPG and nests were classified as occupied,
unoccupied, or unknown. To determine the status of a nest, the biologist evaluated behavior of
adults on or near the nest, and presence of eggs, young, whitewash, or fresh building materials.
Nest condition was categorized as excellent, fair, or poor. Nests were classified as occupied
based on five characteristics defined by Postupalsky (1974) and the ECPG (Appendix C). High
resolution photographs were taken of each eagle nest or potential eagle nest (see Appendix C).
The reported nest status reflects the most active status observed during the aerial survey or
follow-up status check.

6.3.2 2017 Results

Twenty-seven raptor nests were located in 2017, including eight occupied and active bald eagle
nests and one occupied and inactive bald eagle nest. Two nests (6 and 9) were inactive nests of
unidentified species that appeared consistent with the size and shape of a bald eagle nest
(Figure 7). Other nests found included seven occupied and active red-tailed hawk nests, three
occupied and active great horned owl (Bubo virginianus) nests, and one unoccupied great blue
heron rookery (Figure 7).

6.3.3 2018 Results

Sixteen raptor nests were located in 2018, including eight occupied and active bald eagle nests
and one occupied and inactive bald eagle nest. Two nests (3271 and 3288) were inactive nests
of unidentified species that appeared consistent in size and shape of a bald eagle nest (Figure
8). Other raptor nests included two occupied and active great horned owl nests and three
occupied active red-tailed hawk nests (Figure 8).

WEST, Inc. 19 August 2019
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6.4 Bat Acoustic Surveys

6.4.1 Methods

Bat acoustic surveys were conducted to estimate levels of bat activity within the Project area in
2017 and 2018. Acoustic surveys were conducted using AnaBat™ SD2 detectors at five ground
stations and one raised station. Ground units were placed approximately 1.5 m (5.0 ft) AGL at all
stations in 2017. Station TW1 was considered a fixed station, as the detector remained at this site
throughout the entirety of the survey duration. Stations TW2t, TW3t, TW4t, and TW5t were
considered temporary stations, as they were moved every two weeks to improve spatial coverage
of the Project area (Figure 9). In the surveys in 2018, a raised microphone was placed at TW1
(fixed station) along with a ground unit that remained throughout the study (Figure 10). The raised
microphone was placed approximately 45 m (148 ft) AGL on a meteorological tower.

Acoustic detectors at TW1, TW3t, and TW5t were placed in cultivated cropland or other habitat
representative of likely turbine locations. Stations TW2t and TW4t were placed near habitats or
features that may attract foraging bats such as woodlands and waterbodies (call. Detectors were
programmed to turn on nightly at least 30 minutes before sunset and to turn off at least 30 minutes
after sunrise. The acoustic surveys were conducted from July 6 through November 11, 2017 and
from April 23 to October 15, 2018. To document seasonal activity patterns, data were analyzed
separately for two survey periods in 2017: summer (July 6 — August 15) and fall (August 16 —
November 11) and three survey periods in 2018: spring (April 23 — May 14), summer (May 15 —
August 15), and fall (August 16 — October 15). Mean bat activity was also calculated for the fall
migration period, defined as July 30 — October 14.

WEST, Inc. 22 August 2019
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6.4.2 2017 Results

Anabat units operated for 276 detector nights between July 6 and November 11, 2017. The
average bat pass rate was 3.62 + 0.6 bat passes per detector night (Table 6; Appendix E). Bat activity
in the Project area was relatively low and the average bat pass rates were similar between the fixed
station (3.72 bat passes per detector-night) and the temporary stations (3.59 bat passes per detector-
night; Table 6). However, bat activity was higher at TW3t (11.74 bat passes per detector-night) than
the other temporary stations, which ranged from approximately 0.81 — 0.98 bat passes per detector-
night (Table 6). Average bat activity was higher during the summer (early to mid-August) than the
fall (Figure 10). Most bat calls recorded were low-frequency (e.g., big brown bat [Eptesicus
fuscus], hoary bat [Lasiurus cinereus], and silver-haired bat [Lasionycteris noctivagans]). High-
frequency bat calls (e.g., Myotis species and eastern red bat [Lasiurus borealis]) were less
common, but followed a similar temporal pattern (Figure 10; Appendix E).

6.4.3 2018 Results

Anabat units operated for 670 detector nights between April 23 and October 15, 2018. The
average bat pass rate was 14.61 + 1.39 bat passes per detector night (Table 7; Appendix F). Activity
at the fixed station was relatively low and similar between the ground (1.64 bat passes per detector-
night) and raised (1.39 bat passes per detector-night) microphones (Table 7). Activity at temporary
stations varied, ranging from 7.07 bat passes per detector-night at station TW3t to 36.57 bat passes
per detector-night at station TW5t (Table 7). Bat activity during fall migration at ground-based
stations was 2.09 £ 0.31 (mean + standard error) bat passes per detector night (Table 7). Average
bat activity was higher during the summer (mid to late August) than in the fall (Figure 11). Most
bat calls recorded were low-frequency, while high-frequency bat calls were less common, but
followed a similar temporal pattern (Figure 11; Appendix F).

WEST, Inc. 25 August 2019
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Three Waters Wind Farm Bird and Bat Conservation Strategy

6.5 2017 Northern Long-eared Bat Acoustic Surveys

6.5.1 Methods

Acoustic surveys were conducted to target the federally threatened northern long-eared bat
(Myotis septentrionalis; NLEB) at four sites within the Project area from June 17-20, 2017,
adhering to USFWS guidelines (USFWS 2014, 2017; Figure 12). Surveys were conducted using
SM4BAT ™ ultrasonic detectors (Wildlife Acoustics, Inc., Maynard, MA). Detectors were placed in
habitats suitable for northern long-eared bats, including forest edges, small clearings and forest-
canopy openings, near water sources and/or forested riparian edges. Detectors were placed in
areas with open tree canopies or canopy heights greater than 33 ft (10 m) and were spaced at
least 656 ft (200 m) apart. Detectors were elevated at least 10 ft (3 m) above ground level (AGL).
Acoustic monitoring began before sunset and continued throughout the night. Survey duration at
each site was a minimum of four detector nights (i.e., two detectors for two nights). Bat calls were
quantitatively identified using Kaleidoscope (version 4.2.0; Bats of North America classifier
version 4.2.0; Wildlife Acoustics). All calls identified as NLEB by automated ID software were
verified via qualitative call analysis.

6.5.2 Results

The number of bat calls per detector night ranged from 27 to 394 bat calls per detector night, with an
average of 61.2 bat calls per detector night within the Project (Table 8; Appendix G). Kaleidoscope
identified 1,468 bat call files and identified 1,324 files to species (Table 8). Automated acoustic ID
software identified potential NLEB calls at 4 sites (sites TW-1a, TW-2a, TW-3b, and TW-4a), but
qualitative analysis determined the calls were not NLEB. Based on these results, NLEB is considered
to be likely absent from the Project area. No follow-up mist-netting was required due to the lack of
positive NLEB calls.

Table 8. Species identified by Kaleidoscope during 2017 northern long-eared bat surveys at the
Three Waters Wind Farm.

Site ID EPFU LABO LACI LANO MYLU NLEB PESU UNK Total

TW-1a 135 80 3 0 13 1 2 25 259
TW-1b 169 129 2 5 2 0 7 13 327
TW-2a 36 0 167 11 2 1 0 23 240
TW-2b 272 0 41 24 5 0 0 52 394
TW-3a 5 52 11 0 1 0 1 8 78
TW-3b 28 18 9 2 3 1 2 4 67
TW-4a 24 21 8 0 9 2 0 12 76
TW-4b 5 7 5 2 1 0 0 7 27
Totals 674 307 246 44 36 5 12 144 1,468

EPFU = Big Brown Bat, LABO = Eastern Red Bat, LACI = Hoary Bat, LANO = Silver-haired Bat, MYLU = Little
Brown Bat, NLEB = Northern Long-eared Bat, PESU = Tri-colored Bat, UNK = Unknown.

WEST, Inc. 29 August 2019
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Three Waters Wind Farm Bird and Bat Conservation Strategy

7 ASSESSMENT OF RISKS TO BIRDS AND BATS

Impacts to birds and bats may include direct impacts (i.e., collision mortality) or indirect impacts
(e.g., habitat loss, fragmentation, disturbance, or displacement). Data from site-specific and
regional pre-construction surveys, along with publicly available information from comparable wind
energy projects, were used to assess risk to birds and bats at the Project.

7.1 Mortality Risk Assessment

7.1.1 Birds

Mortality risk to birds is largely related to collision with wind turbines. Estimates of annual bird
mortality caused by wind turbines in the US range from 368,000 (Erickson et al. 2014) to 679,089
(Smallwood 2013). In the US, wind turbines are estimated to cause 0.02 percent of anthropogenic
avian mortalities (Table 9). Furthermore, the number of avian mortalities at wind energy facilities
is low compared to the total number of birds observed at these sites (Erickson et al. 2002b).
Limited data from existing wind energy facilities suggest that about half of mortalities are migratory
birds and half are resident birds (NRC 2007). In addition to mortality from collision with wind
turbines, Project construction can cause mortality of birds and other wildlife due to destruction of
nests, eggs, or young, as well as collisions with vehicles and construction equipment. Collision
with various man-made structures can be a significant source of bird mortality (Table 9).

Table 9. Estimated annual avian mortality from anthropogenic causes in the United States (from
Loss et al. 2015).

Mortality Source Estimated Annual Mortality Percent Reference

Cats 2,407,000,000 74.26 Loss et al. 2013a
Buildings 599,000,000 18.48 Loss et al. 2014a
Automobiles 199,600,000 6.16 Loss et al. 2014b
Power Line Collisions 22,800,000 0.70 Loss et al. 2014c
Communication towers 6,581,945 0.20 Longcore et al. 2012
Power Line Electrocutions 5,630,000 0.17 Loss et al. 2014c
Wind Turbines 573,093 0.02 Smallwood 2013

7.1.1.1 Diurnal Raptors

Diurnal raptors are known to be susceptible to collision with wind turbines, although collision risk
may vary geographically and seems to be higher in the western US (NRC 2007). Several species
of diurnal raptors occur in the Project area, at least during part of the year. Overall, diurnal raptor
use at the Project was low compared to 46 publicly available studies (Figure 13). Three wind-
energy facilities in Minnesota have publicly available mortality data for comparison (Table 10).
Based on results from two years of avian use surveys, diurnal raptor fatality rates at the Project
are expected to be low.

WEST, Inc. 31 August 2019
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Three Waters Wind Farm

Bird and Bat Conservation Strategy

Figure 17 (continued). Comparison of estimated annual diurnal raptor use during fixed-point bird
use surveys at the Three Waters Wind Farm and diurnal raptor use at other US wind
resource areas with three or four other seasons of raptor use data.

Data from the following sources:

Wind Energy Facility

Reference

Wind Energy Facility

Reference

Three Waters (2018-19)

Baird et al. 2019

High Winds, CA
Diablo Winds, CA
Altamont Pass, CA
Elkhorn, OR

Big Smile (Dempsey), OK

Cotterel Mtn., ID

Swauk Ridge, WA
Golden Hills, OR
Windy Flats, WA
Combine Hills, OR
Desert Claim, WA
Hopkins Ridge, WA
Reardon, WA

Stateline Reference, OR

Buffalo Ridge, MN
White Creek, WA

Foote Creek Rim, WY

Roosevelt, WA
Leaning Juniper, OR
Dunlap, WY
Klondike, OR

Stateline, WA/OR

Antelope Ridge, OR
Condon, OR

Kerlinger et al. 2005
WEST 2006

Orloff and Flannery 1992

WEST 2005b
Derby et al. 2010a
Bureau of Land
Management 2006
Erickson et al. 2003b
Jeffrey et al. 2008
Johnson et al. 2007
Young et al. 2003c
Young et al. 2003b
Young et al. 2003a
WEST 2005a
URS et al. 2001
Johnson et al. 2000a
NWC and WEST 2005

Johnson et al. 2000b

NWC and WEST 2004
Kronner et al. 2005
Johnson et al. 2009a
Johnson et al. 2002

Erickson et al. 2003a

WEST 2009
Erickson et al. 2002b

High Plains, WY
Zintel Canyon, WA
Sunflower, ND
Nine Canyon, WA
Maiden, WA

Hatchet Ridge, CA
Bitter Root. MN

Johnson et al. 2009b
Erickson et al. 2002a, 2003c
Derby and Thorn 2014
Erickson et al. 2001

Young et al. 2002

Young et al. 2007a
Derby and Dahl 2009

Timber Road (Phase Il), OH Good et al. 2010

Biglow Canyon, OR
Wild Horse, WA
North Sky River, CA

AOCM (CPC Proper), CA

Biglow Reference, OR
Simpson Ridge, WY
Vantage, WA

Grand Ridge, IL

Tehachapi Pass, CA

Sunshine, AZ
Dry Lake, AZ
Alta East (2011), CA
Alta East (2010), CA

San Gorgonio, CA
AOCM (CPC East), CA

WEST 2005¢
Erickson et al. 2003d
Erickson et al. 2011
Chatfield et al. 2010
WEST 2005¢
Johnson et al. 2000b
Jeffrey et al. 2007
Derby et al. 2009
Anderson et al. 2000,
Erickson et al. 2002b
WEST et al. 2006
Young et al. 2007b
Chatfield et al. 2011
Chatfield et al. 2011
Anderson et al. 2000,
Erickson et al. 2002b
Chatfield et al. 2010

Table 10. Diurnal raptor fatality rates at new-generation wind energy facilities in Minnesota.

Project Name

Raptor Fatality/MW/Year

Fatality Reference

Buffalo Ridge, Phase 1 (1999) 0.47 Johnson et al. 2000
Moraine 1l (2009) 0.37 Derby et al. 2010

Prairie Rose (2014) 0.08 Chodachek et al. 2015
Buffalo Ridge, Phase 1 (1996) 0 Johnson et al. 2000a
Buffalo Ridge, Phase 1 (1997) 0 Johnson et al. 2000a
Buffalo Ridge, Phase 1 (1998) 0 Johnson et al. 2000a
Buffalo Ridge, Phase 2 (1998) 0 Johnson et al. 2000a
Buffalo Ridge, Phase 2 (1999) 0 Johnson et al. 2000a
Buffalo Ridge, Phase 3 (1999) 0 Johnson et al. 2000a
Elm Creek (2009-2010) 0 Derby et al. 2010d

Elm Creek Il (2011-2012) 0 Derby et al. 2012b

Big Blue (2013) 0 Fagen Engineering 2014
Big Blue (2014) 0 Fagen Engineering 2015
WEST, Inc. 33 August 2019
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7.1.1.2 Passerines

Passerines are the most common bird types found at wind energy facilities in the US
(Erickson et al. 2014), primarily due to their large overall abundance. While nocturnally migrating
small birds represent most wind farm bird mortalities in the US, wind energy facilities are
considered unlikely to adversely impact small bird populations (Loss et al. 2013b,
Erickson et al. 2014). Mean passerine use at the Project was highest during migration, although
seasonal use varied between study years (Appendix A, Appendix B). The results of this study
show that risk of collisions with wind turbines for passerines would most likely be greatest during
migration.

7.1.2 Bats

Bat fatality rates in the US range from 0.10 (Tierney 2007) to 39.70 bats/MW/year
(Fiedler et al. 2007). In 2012, an estimated 600,000 bats died as a result of interactions with wind
turbines in the US (Hayes 2013). Bat mortality at wind farms is largely due to collisions with
moving turbine blades (Grodsky et al. 2011, Rollins et al. 2012), but the underlying reasons for
why bats come near turbines are still largely unknown (Cryan and Barclay 2009). The few studies
that have estimated pre-construction activity and post-construction mortality suggest a general
association between activity and fatality rates, with higher or lower activity rates coinciding with
higher or lower mortality rates in several cases. However, this general association is more
consistent for sites with very low activity; the relationship is not as consistent for sites with
moderate or higher activity (Hein et al. 2013). Bat fatality rates recorded at wind energy facilities
in the Midwest are <10 fatalities per MW per year (Figure 15), and the highest number of bat
fatalities in the US have occurred in August and September (Johnson 2005, Arnett et al. 2008,
Derby et al. 2013c).

Bat activity rates in the Project area were low-moderate based on two years of acoustic surveys.
Most bat activity was by low frequency (LF) bats (big brown, silver-haired, or hoary bats). LF
species may be more susceptible to collision because they tend to fly at higher altitudes (Arnett
et al. 2008). Based on the results of general acoustic bat surveys and targeted NLEB
presence/probable absence surveys, bat fatality rates at the Project are expected to be low-
moderate and most fatalities are expected to be migratory tree-roosting bats. Of the Myotis
species, little brown bats may be at higher risk based on results from the NLEB presence/probable
absence surveys.

WEST, Inc. 34 August 2019
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Figure 18 (continued). Fatality rates for bats (number of bats per megawatt [MW] per year) from
publicly available studies at wind energy facilities in the Midwest and Southern Plains
regions of North America.

Data from the following sources:

Wind Energy Facility

Fatality Reference

Wind Energy Facility

Fatality Reference

Cedar Ridge, W1 (2009)

Blue Sky Green Field, WI
(2008; 2009)
Cedar Ridge, W1 (2010)

Fowler I, 11, 1ll, IN (2011)

Fowler I, 11, 1ll, IN (2010)

Forward Energy Center, WI
(2008-2010)

Top Crop | & 11 (2012-2013)

Rail Splitter, IL (2012-2013)

Harrow, Ont (2010)
Top of lowa, IA (2004)

Fowler I, IN (2009)

Crystal Lake Il, 1A (2009)

Top of lowa, IA (2003)

Kewaunee County, WI
(1999-2001)

Heritage Garden |, MI
(2012-2013)

Ripley, Ont (2008)

Winnebago, IA (2009-2010)

Pioneer Prairie Il, 1A (2011-
2012)

Buffalo Ridge, MN (Phase II;
2001/Lake Benton 1)

Pioneer Prairie 11, IA (2013)

Buffalo Ridge, MN (Phase
[ll; 2001/Lake Benton II)

Crescent Ridge, IL (2005-
2006)

Barton Chapel, TX (2009-
2010)

Fowler I, 11, 11I, IN (2012)

Big Smile, OK (2012-2013)

Buffalo Ridge Il, SD (2011-
2012)

EIm Creek Il, MN (2011-
2012)

BHE Environmental 2010

Gruver et al. 2009
BHE Environmental 2011
Good et al. 2012

Good et al. 2011

Grodsky and Drake 2011

Good et al 2013b

Good et al 2013a

Natural Resources Solutions
Inc. (NRSI) 2011

Jain 2005

Johnson et al. 2010a

Derby et al. 2010b
Jain 2005

Howe et al. 2002
Kerlinger et al. 2014
Jacques Whitford 2009
Derby et al. 2010f
Chodachek et al. 2012
Johnson et al. 2004
Chodachek et al 2014
Johnson et al. 2004
Kerlinger et al. 2007
WEST 2011

Good et al. 2013¢c
Derby et al. 2013b
Derby et al. 2012a

Derby et al. 2012b

Buffalo Ridge, MN (Phase
I11; 1999)

Buffalo Ridge, MN (Phase II;
1999)

Moraine II, MN (2009)

Buffalo Ridge, MN (Phase II;
1998)

PrairieWinds ND1 (Minot),
ND (2010)

Grand Ridge |, IL (2009-
2010)

Big Blue, MN (2013)

Barton | & II, 1A (2010-2011)

Fowler Ill, IN (2009)

Buffalo Ridge, MN (Phase
III; 2002/Lake Benton 1)

Buffalo Ridge, MN (Phase lI;
2002/Lake Benton I)

Rugby, ND (2010-2011)

Elm Creek, MN (2009-2010)

Wessington Springs, SD
(2009)

Big Blue, MN (2014)

PrairieWinds ND1 (Minot),
ND (2011)

PrairieWinds SD1, SD
(2011-2012)

NPPD Ainsworth, NE (2006)

PrairieWinds SD1, SD
(2012-2013)

Buffalo Ridge, MN (Phase I;
1999)

PrairieWinds SD1, SD
(2013-2014)

Wessington Springs, SD

(2010)

Buffalo Ridge I, SD (2009-
2010)

Buffalo Gap II, TX (2007-
2008)

Red Hills, OK (2012-2013)
Buffalo Gap |, TX (2006)

Johnson et al. 2000a

Johnson et al. 2000a
Derby et al. 2010e
Johnson et al. 2000a

Derby et al. 2011c

Derby et al. 2010h

Fagen Engineering 2014
Derby et al. 2011a

Johnson et al. 2010b
Johnson et al. 2004

Johnson et al. 2004

Derby et al. 2011b
Derby et al. 2010d

Derby et al. 2010g
Fagen Engineering 2015
Derby et al. 2012c
Derby et al. 2012d
Derby et al. 2007

Derby et al. 2013a
Johnson et al. 2000a
Derby et al. 2014

Derby et al. 2011d
Derby et al. 2010b

Tierney 2009
Derby et al. 2013c
Tierney 2007
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7.2 Indirect Impacts

7.2.1 Birds

Wind energy developments can result in habitat loss or displacement of wildlife from otherwise
suitable habitats (USFWS 2012, NRC 2007). Birds displaced from wind energy facilities might
move to lower quality habitat with fewer disturbances, with an overall effect of reducing breeding
success. Such indirect impacts typically occur near turbines or along access roads, although
available data indicate that avoidance of wind turbines by birds generally extends 75 to 800 m
(245 to 2,625 ft) from a turbine, depending on the environment and the bird species affected
(Strickland 2004). The magnitude of such impacts at the Project is expected to be minimal, as the
Project will result in a relatively small amount of habitat loss and disruption relative to the
surrounding agricultural landscape.

Raptors nesting close to turbines may be disturbed during construction or operation of the wind
energy facility. Most studies of raptor displacement at wind energy facilities have found negligible
effects (Howell and Noone 1992; Johnson et al. 2000a, 2003; Madders and Whitfield 2006). Given
the low density of raptor nests documented in or near the Project area during two years of nest
surveys, limited displacement of nesting raptors is anticipated at the Project.

Wind energy facility construction can cause small-scale local displacement of grassland
passerines. Construction also reduces habitat effectiveness because of the presence of access
roads and large gravel pads surrounding turbines (Leddy 1996; Johnson et al. 2000a). Leddy et
al. (1999) surveyed bird densities in Conservation Reserve Program (CRP) grasslands at the
Buffalo Ridge wind energy facility in Minnesota, and found mean densities of 10 grassland bird
species were four times higher at areas located 180 m (591 ft) from turbines than they were at
grasslands nearer turbines. Similarly, Shaffer and Buhl (2015) demonstrated reduced breeding
density for seven of nine breeding grassland birds and the attraction to turbines of one species
(killdeer [Charadrius vociferous]) likely attributed to increased nesting habitat from road and pad
construction. Johnson et al. (2000a) found reduced use of habitat by seven of 22 grassland-
breeding birds following construction of the Buffalo Ridge wind energy facility. Results from the
Stateline wind energy facility in Oregon and Washington (Erickson et al. 2004) and the Combine
Hills wind energy facility in Oregon (Young et al. 2005) suggest a relatively small impact of wind
energy facilities on grassland-nesting passerines. Transect surveys conducted prior to and after
construction of the wind energy facilities found that grassland passerine use was significantly
reduced within approximately 50 m (164 ft) of turbine strings, but areas further away from turbine
strings did not have reduced bird use. Because the majority (87.1%) of the Project area consists
of cultivated croplands, which have limited value to nesting passerines and other bird species,
displacement impacts resulting from Project development are anticipated to be minimal. Another
study in Minnesota grasslands indicated no conclusive evidence of habitat avoidance based on
distance to operating wind turbines for three common grassland breeding birds (Hale et al. 2014);
however, the authors acknowledge that effects in their study may have been difficult to isolate
due to other factors that covary with turbine distance (e.g., presence of fence lines).
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7.2.2 Bats

Due to the lack of any known bat maternity roosts or hibernacula, displacement impacts to bats
are not expected at the Project.

7.3 Potential Risk to Sensitive Species

This section discusses potential risks to species that may be sensitive to wind energy
development in the Project area. These include bald and golden eagles, which are federally
protected under the BGEPA; northern long-eared bat, which is federally listed as threatened, and
Henslow’s sparrow, which is state-listed endangered.

7.3.1 Bald Eagle

Bald eagle abundance in southwestern Minnesota and northeastern lowa is generally higher
during migration or winter and lower during the nesting season (eBird 2019). Winter habitat is
typically associated with open water, but may include any habitat with an available food source
(Buehler 2000). Habitat during migration is similar (Buehler 2000), although food availability may
differ between seasons. Nesting habitat typically includes mature trees near large water bodies
(Buehler 2000), although nests can also occur in atypical habitats (Guinn 2004).

The Project area is largely dominated by cropland, and lacks features that would attract high bald
eagle use. Bald eagle use was generally low during both years of avian use surveys. No bald
eagle concentration areas were identified in or near the Project area. Bald eagle use was higher
during migration. Suitable nesting habitat is available, but limited by the lack of mature trees. Eight
occupied and active bald eagle nests were recorded during both the 2017 and 2018 aerial nest
surveys within 16 km (10 mi) of the Project, but none were within 3.2 km (2.0 mi). Therefore, the
Project poses low risk to bald eagles.

7.3.2 Golden Eagle

Golden eagles are uncommon in southwestern Minnesota and northeastern lowa (eBird 2019).
The small number of golden eagle observations recorded during baseline studies within and near
the Project area suggests that golden eagle use in the area is low, although an occasional
individual may pass through during migration. One golden eagle was observed in spring during
the two years of eagle use surveys. Potential roost sites are limited within the Project area and
surrounding area due to a lack of rock outcrops and cliffs. The generally flat topography of the
Project area is not expected to create conditions suitable for strong updrafts of wind and would
not be expected to greatly influence the potential collision risk to golden eagles. Impacts to golden
eagles are not expected.

7.3.3 Northern Long-eared Bats

The federally threatened northern long-eared bat is known to potentially occur in the Project area
(Appendix G). The Project area is not located near any large, known bat colonies, water sources,
caves, rocky outcrops, or other features that are likely to attract large numbers of northern long-
eared bats. In addition, the Project area does not contain topographic features that may funnel
migrating bats, and the Project area has few trees for roosting areas. No northern long-eared bats
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were detected during acoustic surveys targeting this species in the Project area. Impacts to
northern long-eared bats are not expected.

7.3.4 Henslow’s Sparrow

The Project area lacks grassland habitat suitable for Henslow’s sparrows. During the two years
of avian use studies at the Project, one Henslow’s sparrow was observed during the fall of 2017
(Appendix A). Henslow’s sparrows are unlikely to use the Project area during the breeding
season, but have a small potential to use any large flat fields containing dead standing vegetation
during migration. Impacts to Henslow’s sparrow are not expected.

8 AVOIDANCE AND MINIMIZATION MEASURES

Information gathered during Tier 1-3 studies was used to inform Project design and turbine siting
to reduce potential impacts to birds and bats. The following conservation measures will be
implemented during the design, construction, and operational phases of the Project. These
measures demonstrate Three Waters’ effort to minimize impacts to birds and bats at the Project.

8.1 Conservation Measures Implemented During Site Selection and Project Design

Based on the initial Tier 1-3 studies, Three Waters determined the Project area to be the preferred
location for a wind energy project based upon the following reasons related to potential avian and
bat impacts:

o The Project area does not contain known federally threatened or endangered species or
designated critical habitat.

o Eagle and raptor use of the Project area is considered low for the region.
e The Project area contains few wetlands and/or streams.
e The Project area is dominated by cultivated cropland (89.9% of total area).

Three Waters will make efforts during initial site selection and during project design to locate and
select wind turbines, met towers, and other appurtenances such that bird and bat collisions are
minimized. Project design and siting measures to avoid or minimize risk to avian and bat species
will include the following:

o Use the existing road network to reduce the need for road construction.

e Coordinate with the Federal Aviation Administration to minimize the number of wind
turbines and met towers that require lighting.

o Keep lighting at substations and other facilities at a minimum required for safety and
security needs (i.e., directional, hooded and/or shielded, low-intensity, low-sodium lights
equipped with motion sensors). Extinguish all internal turbine nacelle and tower lighting
when unoccupied.

o To the extent commercially reasonable, maximize power generation per turbine in order
to reduce the number of turbines needed to achieve maximum energy production.
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8.2 Conservation Measures to be Implemented during Construction

Construction of the Project is expected to begin in 2021 and occur over a period of approximately
12 months. Construction activities will involve the heaviest use of the site during the life of the
Project. The following conservation measures (CMs) will be implemented to avoid or minimize
risk to avian and bat species during construction:

o Vehicle speeds will be limited to 25 miles-per-hour (mph) to avoid and minimize wildlife
collisions. Construction vehicles will be restricted to pre-designated access routes.
Following Project construction, roads not needed for site operations will be restored to
native vegetation.

e To the extent feasible, the area required for Project construction and operation will be
minimized. Three Waters will develop a restoration plan for restoring all areas of temporary
disturbance to their previous condition, including the use of native species when seeding
or planting during restoration. The restoration plan will ensure:

o0 All areas disturbed temporarily by Project construction will be restored including
temporary disturbance areas around structure construction sites, laydown/staging
areas, and temporary access roads.

o Topsoil salvage will be included in all grading activities.

o The inclusion of performance criteria, habitat replacement specifications, and
tentative time frames for restoration of the site in addition to provisions for a
monitoring program to assess the success of the restoration efforts.

e Appropriate natural fiber erosion control methods will be used during construction to
eliminate or minimize runoff and avoid impacts to hydrology.

o Three Waters will develop and implement a noxious weed control plan in accordance with
the land lease agreements.

o Gravel will be placed at least 1.5 m (5 ft) around each turbine foundation to discourage
small mammals and reptiles from burrowing under or near turbine bases.

e Sensitive resources (e.g., nests) identified during pre-construction activities will be flagged
and all site personnel notified of their presence and necessary setbacks.

e No unleashed dogs will be allowed on the Project site during construction.

o All trash will be covered in containers and work sites will be cleared daily of any garbage
and debris related to food.

e All permanent met towers will be un-guyed.

e All power lines will be constructed in accordance with the most current Avian Power Lines
Interaction Committee (APLIC) Guidelines (APLIC 2012) to protect birds from
electrocution and collision.
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8.3 Conservation Measures to be Implemented during Operations

Low speed limits (e.g., less than 25 mph) will be enforced on all roads within the facility.

Other than maintenance vehicles which will park at the entrance of turbines for
maintenance purposes, parts and equipment which may be used as cover for prey will not
be stored at the base of wind turbines while a turbine is operational and spinning.

Fire hazards from vehicles and human activities will be reduced (e.g., use of spark
arrestors on power equipment, avoiding driving vehicles off roads, allowing smoking in
designated areas only).

Three Waters will develop and implement a noxious weed control plan in accordance with
the land lease agreements.

Pest and weed control measures will be implemented as specified by county, state, and
federal requirements.

A one-year avian and bat fatality monitoring program will be implemented at the start of
operation.

A carcass removal program will be implemented to minimize potential attractants for
carrion-feeding raptors.

All of Three Waters’ employees and contractors working on site will receive worker
awareness training for identifying and responding to encounters with sensitive biological
resources, including bird and bat species. The training:

o Will be conducted by Three Waters or their designee.

o Will include instructions for all employees, contractors, and site visitors to avoid
harassing or disturbing wildlife.

o Willinclude instruction on identification and values of plant and wildlife species and
significant natural plant community habitats, fire protection measures and
measures to minimize the spread of weeds during construction as well as
hazardous material spill and containment measures.

o Will include a flier to be distributed to all workers on the Project detailing
information on potential state and federal special-status animal and plant species
that might be discovered on the Project site.

o Will include an overview of the distribution, general behavior, and ecology of
golden and bald eagles. Employees will be informed that they are not authorized
to approach, handle, or otherwise move any eagles that might be encountered
during construction, whether alive, injured, or deceased. Operations personnel will
be instructed to report any finding of an injured or deceased eagle to USFWS within
24 hours of positive identification by a qualified biologist.
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9 POST-CONSTRUCTION MONITORING: TIER 4

9.1 Tier 4a — Bird and Bat Fatality Monitoring

To estimate bird and bat mortality rates, Three Waters will conduct post-construction fatality
monitoring at the Project. Post-construction fatality monitoring will consist of one year of third-
party monitoring followed by continued operational staff monitoring for the life of the Project.

9.1.1 Third-Party Monitoring

During the first year of commercial operations, third-party fatality monitoring will be conducted
following guidelines provided in the WEG and MNDNR’s Avian and Bat Survey Protocols for Large
Wind Energy Conversion Systems in Minnesota (Mixon et al 2014). Based on the results of Tier
3 studies outlined in this BBCS, Three Waters is developing a monitoring protocol for low-risk
sites. This protocol will include carcass searches between March 15 and November 15. Search
methods will be determined through coordination with the MNDNR. Proposed methods consist of
weekly searches at 45 turbines, including five 120 m x 120 m plot searches and 40 road and pad
searches.

Fatality rate estimates will factor in searcher efficiency and carcass persistence following
recommendations of the MNDNR (Mixon et al. 2014). Searcher efficiency will be determined by
placing 100 total carcasses, including 15 small bird carcasses, 15 large bird carcasses, and 20
bat/surrogate carcasses on each survey plot type (i.e., road/pad and full plot). Carcass
persistence rates will be determined by placing 135 total carcasses, with 15 small bird carcasses,
15 large bird carcasses, and 15 bat/surrogate carcasses per season (i.e., spring, summer, and
fall). Carcass persistence trial carcasses will be roughly divided between full plot and road/pad
survey plots in each season to allow for differentiation of rates between plot types. Fatality rates
will be estimated using two estimators approved by the USFWS and MNDNR. Proposed
estimators include the Shoenfeld and Huso estimators.

A final report will be shared with the MNDNR following the first year of third-party fatality
monitoring. This report will follow the Fatality Report Guidelines provided by the MNDNR (Mixon
et al. 2014). The report will describe the results of mortality surveys, searcher efficiency trials, and
carcass removal trials. All equations and methods used to estimate fatality rates will be provided.
Results will be discussed with the MNDNR to determine if an additional year of monitoring is
needed. Any federally protected species found during third-party monitoring will be reported to
the USFWS within 24 hours of identification. Any incident involving a state-listed threatened or
endangered species will be reported to the MNDNR within 24 hours of identification.

9.1.2 Operational Staff Monitoring

Operational staff will be trained to monitor for dead or injured golden eagles, bald eagles, and
other sensitive wildlife species during their work activities. A data sheet that describes how Project
personnel can recognize an injured or dead eagle or sensitive species will be posted in the
maintenance facility. The data sheet will include instructions on how to proceed if an injured or
dead bald eagle, golden eagle, or other protected species is discovered onsite. Any federally
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protected species found during third-party monitoring will be reported to the USFWS within 24
hours of identification. Any incident involving a state-listed threatened or endangered species will
be reported to the MNDNR within 24 hours of identification.

9.2 Tier 4b — Assessing Impacts to Habitat

No Tier 4b studies to assess impacts to habitat or species of special concern are deemed
necessary at this time, based on Tier 3 findings.

10 RESEARCH: TIER 5

In addition to Tiers 1-4 described above, the WEG describe Tier 5 Other Post-Construction
Studies. Typically, Tier 5 studies are research related and, as written in the WEG, “will not be
necessary for most wind energy projects.” Based on results of Tier 1-3 studies and the expected
results of Tier 4 studies, no Tier 5 studies are anticipated.

11 ADAPTIVE MANAGEMENT

The WEG define adaptive management as “an iterative decision process that promotes flexible
decision-making that can be adjusted in the face of uncertainties as outcomes from management
actions and other events become better understood” (USFWS 2012). The WEG also notes that
adaptive management is unlikely to be needed at wind energy facilities that are sited in
accordance with the WEG's tiered approach. Nevertheless, Three Waters will incorporate an
adaptive approach for the conservation of wildlife potentially impacted by the Project

Based on Project siting and the results of Tier 1-3 studies, no significant adverse impacts are
anticipated from the Project and mortality is expected to fall within the overall range of other
projects in the Midwest. Tier 4 post-construction monitoring will be conducted to estimate the
actual level of bird and bat mortality at the Project. If impacts are minor, no further action will be
required. Should Tier 4 studies indicate higher impacts than anticipated, adaptive management
measures will be considered to further avoid, minimize, or compensate for impacts to wildlife.
Thresholds for considering an adaptive response may include:

e Mortality of an eagle or a species listed as state or federal endangered/threatened; or

o Significant levels of mortality of unlisted species of birds or bats. Significance will be
determined by qualified biologists and will be based on the latest information available,
including the most recent data on species’ population sizes and trends. For example, even
relatively high levels of mortality of the most common species may not be significant.
Conversely, lower levels of mortalities of less common species may be of more concern,
particularly if these species appear to be at risk (e.g., USFWS Birds of Conservation
Concern).

If impacts are higher than anticipated, potential causes will be evaluated to help determine
appropriate mitigation actions. If causal factors are not identified, further monitoring efforts may
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