B O N N E V I L L E P O W E R AD M I N I § T R A T 1 O N

Big Eddy-Knight Transmission Project
Final Environmental Impact Statement

Volume 2: Appendices

July 2011

DOE/EIS-0421







Table of Contents
VOLUME 1: Environmental Analyses

Summary
S.1 Purpose of and Need for ACtiON..........ccciiiiiiiieeeccieiriircrineereeesreeeernnnsssssesseeesnnsssssssssseeennnns S-1
AT 01 B 2 - 1ol <=4 o TV o T SRR S-1
T8 A U] o] [ ol [0 1Y7 ] LYZ=Y 4 =T o PRSP S-2
5.2 PrOJECt OVEIVIEW ..ccuuuiiireeiiiieneniiiieneiiiiensisisenssissssnsssssnnssesssnnssssssnsssssssnsssssssnssssssnnssssssnnsnsns S-2
S.2.1  Proposed Action AItErNatiVES ........cceecieiiiiciie et S-3
S$.2.2  NO ACHON AILEINATIVE .evvveeeee ettt e e e e e e e rbre e e e e e e e aaraaeeeas S-5
S.3  Affected ENVIrONMENT.......ciiiiiiiiiiiiiiiiiiiiiiiiiiiiieniineeisnnssiiisniiieesssssssiisstisessssssssssssssssssssses S-5
S.4  Environmental IMPacts.......cccoiiiiiieeeecreeiiiiierrennesseesreeeernnssssssesseeeennnssssssssssessnnnssssssssssesennnns S-7
S.4.1  Land Use and RECIEALION .....uiiiiiciiiie ettt ettt st e s tee e st e s s sbee e e s nbee e e snneeas S-7
S.4.2  ViSUGI RESOUICES ...eeiiieiieieiiiieeeiitee e sttt e s sttt e e s sbee e e ssabeee s ssteeessbteeessabeeesennbeeessnssaesennsenas S-8
AT 0C T VA=Y = {1 - o o S-10
N 1= o] [0 =4V o o IV 11 USSP S-10
S.4.5 Water Resources and Wetlands ........ccueevviiiiiiiiieiiiiiee ittt see e S-11
T STV o | SRS S-12
R A 1 o DS OTSPS PP RPT S-13
S.4.8  CUIUIAl RESOUICES .....uuviiiiiiiiee ettt ettt st e st e e s sb e e s sbeeeessabaeeesanbaeessanes S-14
S.4.9  SOCIOBCONOMICS ceeiiiiiiiiiiiiee e ettt e e et e e e e e e e e e s s e s e e e e e e e s s sassreeeeeeeesaanrnneens S-15
SIS (O B N =Y [ o Jo ] ot - 1 o o HU N S-16
S LT NOISE cuueeeeieiitte ettt ettt e ettt e e sttt e s bt e e s e bb e e e s s bbe e e s e abbe e e e b b e e e e abeeesenbaeeeerbaeeenae s S-17
S.4.12 Public Health and Safety.....c..eeiiiiiie i S-18
SA.13 AN QUATITY ettt ettt st sba e e bee e s abe e sbeeeaeeen S-18
S.4.14 GreENNOUSE GASES.....ccccurreeeeeeeeeiiirreeeeeeeeesiirereeeeeesiestbreseeeeeessssraseeseesesesssssssseeesssnnsnes S-18
S.4.15 Fiber Optic Cable and Wautoma Substation ......ccccceevcieeiicciiee st sieee s S-19
S.4.16 CUMUIAtIVE IMPACES .ueiiiii ettt e e st e e s sbte e e e sbaeeeesnbaeeesnes S-20
Chapter 1 Purpose of and Need for ACLION .......uuuuiiiiiiiiiiiiiiiiiiiiiiiieriiierierrererrnerrreerr. 1-1
1.1 BAcCKBroUNd ....cciiiiieeueiiiiiiiiiiininniiieniiiieesssssisieiiiiissssssssssesiiimssssssssssssssssssssssssssssssssssssssssssess 1-1
0 [T T I o - Yo 4 o T 1-5
1.3 PUMPOSES cuieuiieiiiuiiiniieeiieeiieiieiteetiasciascrsssessiasstassrassssstosstasstssssssssssssssssssssssssssssssasssasssnssanssnne 1-6
1.4 Transmission System Benefits.......ccciiiieeeiiieiiiiiiiicirccccenerreeceneecee s e e eeennnsssseeessenesnnnnnssnnns 1-6
1.5 ABENCY ROIES ...ttt e e st e e reennesse e s s e e e e s nnnssssssseeeesnnssssssssseseesnnnssssssssseeeennnnnsnnnnns 1-6
1.5.1 Lead and Cooperating AZENCIES ....ccccccuuriiieeeeeeieciieeee e e eccree e e e e e carere e e e e e eenraraeeeeeeeens 1-6
1.5.2 Other Agencies That May Use ThiS EIS ......cciiiiiiiiiiiee et e e inrrae e 1-7
1.6 Public Involvement and Major ISSUES.......ccceiiiireeiiiiirniiiiineiiiienesisiennsiiienssssssenssssssenssssssens 1-7
1.6.1  SCOPING OULIEACK ...cviiiiiiiiee ettt ettt e e e bte e e e sbae e e esntaeeesnraeenans 1-7
1.6.2  Scoping COMMENT SUMMAIY ...vvuiiiiiiiiiiiiiiiieeeieeeeereeeeereereeerrereeeeerererereeeeeeeeeeesesereeeaaaaeees 1-8
1.6.3  Draft EIS PUbIiCc OQULIEACK .....uuiiiiiiee ettt ettt e e e e e e e ee e e e e e 1-9
Big Eddy-Knight Transmission Project Final EIS i

July 2011



Table of Contents

Chapter

Chapter

1.7

1.8

2.1
2.2
2.3

2.4

2.5
2.6

2.7
2.8

3.1

Issues Outside the Scope of the Proposed Action or this EIS .........ccccoerrrereeeccciirrrreeenennnen. 1-10
1.7.1 Regional Generation DevelopmeENt .........coiiiiieciiiiiiie e e 1-10
1.7.2 Regional Transmission DeVEelOpMENTt .......ccoooeeiiiiieii it 1-11
1 . B o T o 1Y =T o V7 ) i [ o FO 1-11
Organization Of this EIS......c.ueuciiiiiiiiiccccccinircrecenceeeereseesennssseeeseseesnnnnsssessseseesnnnnnsssssnnns 1-11
2 Proposed Action and AITErNatiVES ....ccooooieiieeeeeee e 2-1
Overview of the Action AIternatives ........cciviireeiiiiiiiiiiiiecrirccenreeernssee s reeeseanssssssessaaens 2-1
Transmission LiNe SitiNg.......civieuiiiiiiuiiiiiiiiiiiiiiiiirrss e rsae s rsasss s s esnssesnens 2-2
Project COMPONENTS ....ciieeiiiiieeiiiiineiiiieeeieiieneieireneisissnssstssssssssensssssssnsssssssnssssssssssssssnnnns 2-4
2.3.1  Easements @and LANd.......ceceoiiiiiiiieeee ettt e e e trre e e e e e e eeta b e e e e e e e s e aarraaeeaae s 2-4
B B I -1 o 0 0 T3] o TN T =PSRRI 2-5
. TR T U o 1] =1 d [ o - SRR 2-13
D T Y Volol Y 2 (o - To SR 2-15
D P R V=Y Y - L o) o W O 1= [ o 1 V=R 2-16
2.3.6  Final Design and CoNSTIUCTION ......ciiiiiiiiciiiieee et e e et e e e e e e s araneee s 2-16
2.3.7 Construction Schedule and WOrk CreWS ........cceeeiccuiiireeeieecciiieeeee e eeeceriree e e e e e ecvneees 2-17
Dt T |V =Y o) =Y o =1 o ol PSP 2-18
2.3.9  Estimated Project COSt ...t e e e e e e e e s e neee e 2-19
Proposed Action AItErnatives ........cccceeeeeeeeeeeeiieirieeeneneseseesrreennnssssssssseeennassssssssssseennnnnsnns 2-19
0 N = 17= 1 o [o A U 1 = o] o SR 2-19
D VLT QN =T o o - 1 1Y U UU 2-20
D T Y/ 1T o | LN A L =T o o - | 4 V7T 2-26
2.4.4 East Alternative (Preferred)....... e 2-27
2.4.5 Knight SUbstation OPtioNsS......cc.uvieeiii i e 2-29
2.4.6  Wautoma SUBSTAtiON .....ceiiiii it 2-31
2.4.7 Fiber Optic Cable OptioNnS.....cccuiiiiiei i e e e e rrrare e e e s 2-31
[ o ot 4 oLy I N =T TP 2-32
Alternatives Considered but Eliminated from Detailed Study......cccccceeiiiiriiirrnnnniiiicnninnennns 2-32
2.6.1  Non-Transmission AILEIrNAtIVES .......cceeeiiiiiii i e e 2-33
2.6.2  Transmission LiN€ AILEINatiVES ......ccccueeeieiiieecciee ettt et e e e e e e 2-34
2.6.3 Undergrounding the Transmission LINE ..........ccccveeeiiiieiiciee et 2-34
2.6.4 Transmission Line ROULING OPLIONS ......uuuuuuiiiiiiiiiiiiie v reeeeeeee 2-36
2.6.5  Alternate SUDSTAtioN Site......ccciiiiiieiie et et e e e a e 2-39
REPresentative VI@WS .....civiiieuiiienieiiniiieniiieniiiisiiisiiisieiosieissiersssissssssssssssssssssssssssesassessns 2-39
Comparison of ARREIrNAtIVES .......ccceiveeeeeieiiiiiirrecereees s e rreeennessse s s e eresnnnssssssssseeesnnnnsssssssnns 2-50
3 Affected Environment, Environmental Impacts, and Mitigation Measures .....3-1
Land Use and RECreation ..........eeeveeereeereermmermmeemmeeimeemmeeimeeimemimmeimmmmmmeemmsemmmmmmmssmmsmemmsmmmmemee 3-3
3.1.1  Affected ENVIFONMENT ...cccviiieeiiie ettt e et e e et e e e e abe e e s eare e e e enaaeeeeenneeas 3-3
3.1.2  EnVIironmMental CONSEQUENCES .....ueeieeeeeeciirireeeeeeeeierieeeeeeeessssssreeeesssessnssseneesssssssssssseees 3-8
I S B |V ==Y f o] o AV, 1= ] U1 =P 3-24
3.1.4 Unavoidable Impacts Remaining after Mitigation............cccceeevieeiiciiee e, 3-24
3.1.5 NO ACHION AILEINALIVE ..occevieec et e e e e e e eba e e e naeas 3-25

Big Eddy-Knight Transmission Project Final EIS
July 2011



Table of Contents

3.2 ViSUQl RESOUICES....cciiiiiiiiiiiiiiiiiiiiiiiiiiiiisiininiisieisssssisssssssssssneesseemememseenseesseesseessesssessnsesssenn 3-26
3.2.1  Affected ENVIFONMENT ..ooceiiii ittt ettt e e s s aae e e e 3-26

3.2.2  Environmental CONSEQUENCES .....eeeeeeeeictiiieeeeeeeeeiitreeeeeeseesistreseeseessssssseseeesessssnsssssees 3-28

3.2.3  MitiGatioN IMIEASUIES .....uvveeieriiiieieieieieieietreeeerereeererererererrrerrrrrrerrrrerrrrrrrrrrrrererrrererereeeens 3-58

3.2.4 Unavoidable Impacts Remaining after Mitigation.........ccccccoeeciiiieeei i 3-59

3.2.5  NO ACLION AIEINALIVE .eoi et 3-59

2 T V=Y 7= - Y o T o PPN 3-60
3.3.1  Affected ENVIFONMENT coooviiii ettt e e e e s are e e e snraeas 3-60

3.3.2  EnVironmental CONSEQUENCES .....eeeeeeeeiciriiereeeeeeeiitrteeeeeeeesesrreseesesessssssessessessssnsssseees 3-65

I T B \V 1 P = Y o) o I AV, 1= ] U1 =R 3-76

3.3.4 Unavoidable Impacts Remaining after Mitigation.........ccccccoeeciiiiieii e 3-77

3.3.5  NO ACLION AIEINALIVE .ooi it 3-77

2 S CT=Yo] [ T=4 VAT s T BT o T1 £ RN 3-78
3.4.1 Affected ENVIFONMENT ..ococoiiiiiieeee ettt ettre e e e e e e estrr e e e e e e e e enaaaraaeeeas 3-78

3.4.2  ENVironmMental CONSEOUENCES .....eeeeeeeeiciriiiereeeeeeeiirrteeeeeseesssrseeeesessssssssesseesessssnsssseees 3-80

I B \V T ==Y d o] I AV, 1= ] U1 =R 3-86

3.4.4 Unavoidable Impacts Remaining after Mitigation.........ccccceeeciiiiieii e 3-86

3.4.5  NO ACION AIEINALIVE .ooi e 3-87

3.5 Water Resources and Wetlands........ccccceeiiiiiiiiiinnniiiiiniiiinniisn, 3-88
3.5.1  Affected ENVIFONMENT ..ooeiiiiiiee ettt e tee e s ate e e e 3-88

3.5.2  EnvironmMental CONSEQUENCES .....cccccvieeeieiiieeeiieeeeeiiteeeesiaee e ssebeee e esaseeesssaeesesneeeeenssees 3-91

3.5.3  MitiGatioN IMIEASUIES .....uvuveeeiiieieiiiiiiirieieieteeererereeerererererrrrrererrrrerrrrerrerrrrrrrererererereeeens 3-101

3.5.4 Unavoidable Impacts Remaining after Mitigation........cc.cccoecciiiieeiiiccciiiieeee e 3-102

3.5.5  NO ACLION AIEINALIVE .eoiiiieie e sbre e s ree e s 3-102

ST AV e | PPt 3-103
3.6.1 Affected ENVIFONMENT ...cccooiiireeeee ettt et e e e e e e atrr e e e e e e e e eaaraaaeeas 3-103

3.6.2  Environmental CONSEQUENCES .....cccccvieeeieiiieeiiiieeeeeieeeeeitteeeessseeeeesreeeessnsaeesssssaeassans 3-112

3.6.3  MitiGatioN IMIEASUIES .....uvurereiiieiiieieieirieieretereeererrrererererererrrrrrrrrrrrrrrrrrerrrrrrrerrrererereeeens 3-119

3.6.4 Unavoidable Impacts Remaining after Mitigation........ccccccoecciiiieeiiiicciiiieeee e 3-120

3.6.5 NO ACLION AIEINAtIVE .eoiieiiiee e rae e eaes 3-120

20 o o 3-121
3.7.1  Affected ENVIFONMENT ..ooicuiiieiciie ettt et e st e e st e e e sbae e e senbaeeesanes 3-121

3.7.2  Environmental CONSEQUENCES .....cccccuieeiieiiieeeiireeesiieeeessiteeeesssaeeeesseeesssnsaeesssssaeeesans 3-123

3.7.3  MitiGatioN IMEASUIES ....uuvuieiiiiiiiiiiiiiiiitiiittirererererererereeeeeeeeeeeeeeeeeeeteeeaeaesesereresereserereees 3-126

3.7.4 Unavoidable Impacts Remaining after Mitigation........cc.cccoecciiiieeiiiicciiiieeee s 3-126

3.7.5  NO ACION AIEINALIVE .ooiiiiiee e s e e s ree e e saes 3-126

3.8  CUITUIal RESOUICES.....ciiiiiiiiiunuiiiiiiiiiirisneiiiiiniiiisssssssssissiiissssssssssssssisssssssssssssssssssssssssssns 3-127
3.8.1 Affected ENVIFONMENT ..ooccuiiieiciiiie et et e s e e et e e e sba e e e senbaeeesanes 3-127

3.8.2  EnvironmMental CONSEQUENCES .....cccccvieeiieiiieeeiiteeesiieeeeesiteeeessreeeeesseeeessnseeesssssaeeesnns 3-130

3.8.3  MitiGatioN IMEASUIES ....uuveiiiiiiiiiiiiiiitiiteiitrevtrerer e erereree e e eeeeeeeeeeeeeeseseaeseseseserereserereees 3-133

3.8.4 Unavoidable Impacts Remaining after Mitigation........ccccccoecciiiieeiiiicciiiieeee e 3-134

3.8.5 NO ACLION AIEINAtIVE .oooieiiiie e e s rae e s 3-134

Big Eddy-Knight Transmission Project Final EIS iii

July 2011



Table of Contents

3.9

3.10

3.11

3.12

3.13

3.14

3.15

K0Tt T T =T oo 0 T ] 4 31 (ot 3 3-135
3.9.1  Affected ENVIFONMENT .ooiicviiiiiiiiee ettt s e e st e e s sbee e e seabaeeesanes 3-135
3.9.2  ENVIironmMental CONSEQUENCES ....eeieeeeeecirrireeeeeeeeiitrrereeeeeessisssreeeeseessasnresseesessssssssseses 3-140
3.9.3  MitiGatioN IMIEASUIES .....uvvvereiiieieiiieieieieieeeieeeeerereeererererereerrrrrrrrrrrrrerererrrrrrrrerrererereeeens 3-149
3.9.4 Unavoidable Impacts Remaining after Mitigation........ccccccoeeciiiieeiiiicciiiiieee s 3-149
3.9.5  NO ACLION AIEINALIVE .eoiiiiiee e e s sbeee e saes 3-149
B 1 T e T T - 1 Lo T 3-150
3.10.1 Affected ENVIFONMENT ..occcuiiiiiciiiie ettt st e s satre e e et e e e sbae e e senraeeesanes 3-150
3.10.2 ENVironmental CONSEQUENCES ....eeieeeeeecuriireeeeeeieiitrreeeeeeeessisssreeeeeeessssnresseasssssssssssenes 3-151
3.10.3 MitiatioN IMIEASUIES .....uvuvereiereiereieinieieiereereeeererrerrerrrrrrrerrrererrrrrrrerrrrerrrrrrreeererererereens 3-155
3.10.4 Unavoidable Impacts Remaining after Mitigation........ccccccoecciiiiieeiiiccciiiieeee s 3-155
3.10.5 NO ACtiON AIEINAtIVE ..ocieieee i sbre e s sbae e e saes 3-155
N\ T N 3-156
3.11.1 Affected ENVIFONMENT ..ooccviiieiciiiee ettt et e e s ste e e e evte e e e sbae e e senraeeesanes 3-156
3.11.2 ENVironmental CONSEQUENCES ....ceieeeeeecrrirreeeeeeieiirrrereeeeeeesisrsreeeesessssssressessessssnsssseses 3-157
3.11.3 MitiGatioN IMIEASUIES .....uvuvereieieieieieieirieieretrrererereerrerrrrrrrerrrrrrrrrrerrrerrrrrrrrrrrrerrererereeeens 3-161
3.11.4 Unavoidable Impacts Remaining after Mitigation........ccccccoecciiiieeiiiccciiiieeee e 3-161
3.11.5 NO ACtiON AIEINAtIVE .oooieiiiie et s e e s sbae e e saes 3-161
Public Health and Safety.......ccceeeuucciiiiiiiiiccccce e sseee s e e s e rennns s eeesesesnnnsssssssssseeennnn 3-162
3.12.1 Affected ENVIFONMENT ...cocooiieeeeee ettt ettt eeerre e e e e e e eetrrr e e e e e e e e enaraaaeeas 3-162
3.12.2 EnvironmMental CONSEQUENCES .....cceccuieeeiiiiieeeiiieeeseteeeeesiieeeesssteeeessreeessnseeeessssaeessans 3-163
3.12.3 MitiGatioN IMIEASUIES .....uvuvereieieieieirieieeeierreeeeeerereeererereeererrrrrerrrrerrrrrrrrrrrrereerrrererereeeens 3-171
3.12.4 Unavoidable Impacts Remaining after Mitigation........ccccccoecciiieeeiiiicciiiieeee e 3-172
3.12.5 NO ACtiON AIEINAtIVE .ooiiiieeiccieee e sbre e s sree e e saes 3-172
AN QUATIEY cevniiieeiiiiiieiiiireicrirecrrrenierrenaiessenessessensssssssnsssssssnsssssssnsssssennsssssenssssssennnnns 3-173
3.13.1 Affected ENVIFONMENT ..occcuiiiiiciiiee ettt et e e st e et e e e sbae e e senbaeeesanes 3-173
3.13.2 Environmental CONSEQUENCES .....cccccvieeeieiiieeeiiteeeeeieeeeeeiteeeesssaeeesssreeessnsaeessssseeassnns 3-173
3.13.3 MitiGatioN IMIEASUIES .....uvurereieieieieinieeeieeeretereeererererererrrrrerrrrrrrrrrrrrerrrrerrrrrrrrrrrereeerereens 3-175
3.13.4 Unavoidable Impacts Remaining after Mitigation........ccccccoecciiiieeiiiccciiiieeee s 3-175
3.13.5 NO ACtION AIEINAtIVE ..ooieiiiee et sbre e e s baee e saes 3-175
GreENNOUSE GASES...cciiiiiiiruuuissiiiiiiirmmmssisseeiiiirssmsssssseesiimrssssssssssssstmrsssssssssssssssssssssssssssss 3-176
3.14.1 Affected ENVIFONMENT ..ooicuiiiiiciiiee ettt st e e st e e e sbee e s senraeeesanes 3-176
3.14.2 Environmental CONSEQUENCES .....cccccvuieeiiciiieeeiiieeesiieeesesiteeeessseeeeesseeesssnsseessssseeeesans 3-177
3.14.3 MitiGatioN IMEASUIES ....uuuuieiiiiiiiiiiiiiiiiiiirtrirerererererererererereeereeeeeeeeetesesesesesererererererereees 3-181
3.14.4 Unavoidable Impacts Remaining after Mitigation........ccccccoecciiiiieeiiiccciiiieeee s 3-182
3.14.5 NO ACtiON AIEINAtIVE ..ociiieie e sbre e s bee e e saes 3-182
Fiber Optic Cable and Wautoma Substation .......ccceeeiiiiienniiiiienicniienicniiniennenenen. 3-183
3.15.1 Affected ENVIFONMENT ..ooccuiiieiciiiee ettt et e e s stee e st e e e sbae e e senbaeeesanes 3-184
3.15.2 Environmental CONSEQUENCES .....cccccvieeeieiiieeeiiieeeecireeeesiteeeeseseeeeessaeeessnsaeesssssaeessnns 3-186
3.15.3 MitiGatioN IMEASUIES .....uvuieiiiiiiiiiiiiiiiiieirtrtrtrerererererererereeeeeeeeeeeeeeeseeeseseseseseserereserereees 3-188
3.15.4 Unavoidable Impacts Remaining after Mitigation........ccccccoecciiiiieeiiiccciiieeee e 3-188
3.15.5 NO ACtioN AIErNAtIVE ..ccoviiii i e e s 3-188

Big Eddy-Knight Transmission Project Final EIS
July 2011



Table of Contents

3.16 Intentional DeStruCtiVe ACES ......cccceeiiiiiiiiintieiiiiiiinnrree s sase e aaanee 3-189
3.17 Irreversible or Irretrievable Commitment of Resources ..........cccceiviiiiiiiiiiiiiiiicninnnieennnn, 3-190
3.18 Relationship Between Short-Term Uses of the Environment and Long-Term
g0 Yo [F ot 4 V7 Y 2O 3-190
Chapter 4 CumulatiVe IMPACTS .....cooiiiiiiiiiiie e e e 4-1
4.1 Affected Resources, Resource Boundaries, and Cumulative Actions.........cccccevvuuereeeiiiinnnee 4-1
4.2 Cumulative Impacts ANAlYSIS ....ccuveuuuiiiiiiiiiirimniiiiiiiiiiiiimmmeeiiiiemmsiieemmmsetsseene 4-12
Chapter 5 Consultation, Permit, and Review ReqUIirements .........ccccoocvvvviveeeeeeiiiiiiiiineeenn. 5-1
5.1 National Environmental Policy Act (NEPA)......ccceueciiiriiierieneccceeereeennnnssssessseeesnnnssssssssseeens 5-1
5.2 Endangered Species Act (ESA) Of 1973 ......ccoiiiiieeemrieeeiiieeeennnnieeereeeeeessssssseessessssnsssssssssseens 5-1
5.3 Fish and Wildlife Conservation Act of 1980...........cccovvumreiiiiiiiiiininreeiiiininsinereesssssssssassseens 5-2
5.4 Magnuson-Stevens Fishery Conservation and Management Act ......cccceeeeeeirriireeennnnccecnnnnns 5-2
5.5 Migratory Bird Treaty Act of 1918.......c.ccccciiiiiiiiiinmmnniiiiiiiiiieeniiiiesssissssnn 5-2
5.6 Bald and Golden Eagle Protection Act 0f 1940 .........cccceeierreencceeerreeeennnnnceeeeseeeennnnsssssesseeees 5-3
5.7 Federal NOXious Weed ACt.....cccccveeiieiiiiiiiiiinneieiiiiiiiieeerecenisiseesseeesisssssssessseesssssssssenes 5-3
5.8  Clean Air ACt......ccciiiiiiiiiiiiiiiiiiiiinir e e e e s 5-3
5.9 GreenhoUSE GASES......eeeeeiiiiiiiiiinneeiiiiiiiiinsteeeisisesssssssee e s ssssssssse e s s s s sssssssssseeesssssssssssnsnens 5-4
5.10 Clean Water ACh.......cccceeieiiiiiiiiiinieiieiiiicieeeetce s inssssessree e sssssesssee e e sssssssssssssesssssssssssanns 5-5
5.11 Floodplains and Wetlands (Executive Orders 11988 and 11990)......ccccccceeeeerrrrermnnnncceeneeeens 5-6
5.12 Rivers and Harbors Act of 1899.........ccciiiiiimmmiiiiiiiiiiinineniceninieesrecessesssee s ssssssenes 5-6
5.13 Hazardous Materials........cccceiriiiiiiiiiiiiiiiiiiiiniiniinecnier 5-7
5.14 CUIUIal RESOUICES.....cueteiiiiiiiiiineteetiiiisissrr et ssassse e sssss e s s s s s s asss e e e e s s s s s s snnnnns 5-8
5.15 Tribal CONSUIAtioN .....eeeeeriiiiiiiicnneiiiiiiiiiiintteeniiiiiiensteeniseissessre e sessssssessseeessessssssennnes 5-10
5.16 Federal Aviation Administration ReVieW..........ccceeveeiiiiiiiiiiiiiiiiiiiiiiiinnenneenneccseccseeeneeceeeeee 5-10
5.17 National Trails SyStem ACt ........ccciiiiiiieeeiiieiiiiiireeeeeseeereeeeeenssssssesseeeesnnnsssssssssesesnnnnssssssnes 5-10
LR T o T o o 1 Y o 5-11
5.19 Environmental JUSEICe......cceeriiiiiiiiiiiiiiiiiiiiiiincccrecrrerr e 5-12
5.20 Federal Communications Commission Regulations ........ccccecerreenirieeenicireenncerieennerneenseenens 5-12
5.21 Farmland Protection PoliCy ACt.......cccevviiiiiiiiiiiimnnniiiiiniiiiienmisssssssss 5-12
5.22 National Scenic ByWays Program ...........ccceeiiiiieeemeenicecriieeeeennsssssssseeeesnnssssssssssssesnnsssssssssnns 5-13
5.23 Columbia River Gorge National SCeNiC Area AcCt .....ccceeerreeuneirrennneereennneereensecreenseeseenseceees 5-13
5.24 National Forest Management ACt .......cccccciiiiieeiiiiiieniiiiieenniinieenienieesierienssessenssssssenssssaes 5-15
5.25 State, Area-Wide, and Local Plan and Program ConsiStency.........ccccceeeereennecrreenncrrennnceenns 5-15
5.25.1 Oregon Land Use PIanNNiNg ...........uiiiiiiii ittt e eettae e e e e e abre e e e e e e e e nnnnes 5-15
5.25.2 Washington Land Use PIanning .........ccceoociiiiiie ettt eecivreee e e e e e eannns 5-17
5.25.3 Critical Areas OrdiNanCes.........ceiueeriieeeiiienieeeiee et sreesree s beeesateesbeesbeessneeesreesnee s 5-19
5.25.4 Transportation ... 5-20
Big Eddy-Knight Transmission Project Final EIS s

July 2011



Table of Contents

Chapter 6 Consistency with State Substantive Standards..........ccccccceeeiii i, 6-1
6.1 Washington EFSEC Standards.........ccccceerreeneereennierirnnneeerennneerrensseesnenssesssenssessssnssssssnnssesssnnnns 6-2
6.1.1 Natural Environment — Energy and Natural Resources..........ccccceeeevccvieeeeeeeeeccnvvnnnenn. 6-2

(00 07 I -1 ¢ £ o o o = f o ] o S PPNt 6-3

00 S Yo Yol oYY olo 1 [ o Y (ot J0S PP PPPPPPPPPPP 6-4

L I A - o Vo B U Yl o] oY [V - PR 6-6

6.1.5 Site Restoration and Preservation.......cccoccueeecciieeeciieee st e e 6-6

T Y ST €= To ] Lo =4V AT o o IEST o 11 USSR 6-6

T O A V=Y Y @ U | 1 Y 6-6

TR T V1 - Y Vo £ 6-7

6.1.9  Fish @and WilAIIfe ...ccccuviieiieeeeee sttt e e e e s e 6-7

o O O N[ @ LU =1 [ Y 2P PP 6-8
6.1.11 Public Health and Safety.......couviiiiice e 6-8

6.2 Washington Department of Natural Resources Standards .........ccccccvuuniiiceninnnnnnnnsiinennneen 6-9
6.2.1 Compliance and Cooperation with other State and Federal Laws..........cccccceevveeennnen. 6-9

6.2.2  Natural Areas Preserve ACT......ccicoiieee ettt e e eaee e e e e e 6-10

T2 B C 1= To] Fo -4V A=T o Yo IST o 11 SRR 6-10

T A V- <Y N @ U | 1 Y USSR 6-10

6.2.5  BiOlOGICAl RESOUICES ...ueiiiiieieiciiiie ettt ettt e e s st e e e sbee e e e sabae e e s ate e e ennraeas 6-11

L I O 1 U] =1l 2 V=T o 1 U] ol UURRR P 6-11

6.2.7 Land Use and SOCIOBCONOIMICS ...uviiiieeiiiiirieeeeeeeeiiirreeeeeeesesitrreeeeeeeeesitsreeeeesesesssrsseeens 6-11

6.2.8  Fish and WilAIIfE ....eeeiiieeie ettt ettt e te e st e e aae e saree s 6-12

6.2.9  Transportation @anNd ACCESS ...ccccuiiiiiiiiee ettt e et e e e rte e e e sbae e e s ebeeeeeneeas 6-12
6.2.10 Public Health and Safety ... e 6-13
6.2.11 Washington’s Forest Practices ACt anNd RUIES.....oeeeeeiiiieeee ettt eeens 6-13
6.2.12 State OWNEA AQUATIC LANGS ... iiieneeiieiieeeeeeeee et teeeeeetee s eetaeesesteeeseeeaneseeeeneseseanaeseeennns 6-13

6.3 Washington Department of Fish and Wildlife Standards...........ccccevvrreeencceiiriiirrennnccceennens 6-14
6.4 Washington Department of ECOIOZY .....ccceeiirimmniiiiiemniiiieennecireenscereenseereensesseenssesssensseseees 6-17
6.4.1 Shorelines and Wetlands........c.uuieieei i 6-17

L V- =Y o © [V | 1 Y SR 6-17

I T T N[ @ (U | 11 Y O TSP OTPPR 6-18

6.5 Washington Department of Archaeology and Historic Preservation Standards ................ 6-19
6.6 Oregon Department Of ENEIEY.......ccivuuuiiiiiiiiiiinnmniiiiiniiiiiesmmsiiniiiissssssiiiisssssssssnnns 6-19
6.6.1  SOil aNd GEOIOZIC RESOUICTES .....uveiieeiiieeceieie ettt ettt et etre e e etee e e e aree e e e aeee e eeaaes 6-19

ST A - o Vo U EY USSR 6-20

6.6.3  Fish and Wildlife Habitat .........ccceeieiiiii i 6-20

T VoYY V=Y o ol PSR 6-20

6.6.5 Historic, Cultural, and Archaeological RESOUICES.........eeeeeeviicirreeeeeeeeiiiireeeeeeeeeeinnes 6-20

oI S N (= Tol €T f (o] o O OPUPPPPPRR 6-21

SN ST A Yo Tof [o 1= Tol oY [o] o ¢ | of P PPPPPPPRN 6-21

6.6.8 Public Health and Safety.......coociii i 6-21

T I N[ O LU =1 [ Y U PPPPR 6-22
6.6.10 WWater RESOUICES. . uuuieiiiiiiiiiiiiieee e eee ettt e e e s e e e et et s s e e e e eeaatbab e s eeeeeeaaetsaaaseeeaseeessannn 6-22

Y Big Eddy-Knight Transmission Project Final EIS

July 2011



Table of Contents

Chapter 7 Consistency with the Management Plan for the Columbia River Gorge

National Scenic Area Substantive Standards ...........ccccvvveviieiniiiiiiiiieeee s 7-1
70 R © 1 =T VT 7-1
787 2 - T4 T U F PP 7-1
75 T o1 T 1o 2 =Ty T o = 7-5
7.4  NaAtural RESOUICES ....ccciiiiirruuuuiiiiiiiiiiimmmuiiiiiiiiiiisssssisiisiiiiisssssssssttimmsssssssssssstssssssssssssssssns 7-5
7.5  CUltural RESOUICES ......cciiiiiiiiiiiiiiiiiiiiiiieii s s s sss s s s ss s s s s s s ssssssssssssssssssssssssses 7-8
7.6  ReCreation RESOUICES .....c..ciiiieuiiiiiieuiiiiiiiiiiieaeseirsaeistrsaessstrsasssstesesssstessssssrensssssssnssssseanees 7-8
Chapter 8 LiSt Of PrEPAIEIS .....eeiiiii ittt e e e e s 8-1
(O F= 1oL LT e I = LT =7 o T o = 9-1
Chapter 10 Agencies, Organizations, and Persons Receiving Notice of the Availability
(o TS = 1P 10-1
Chapter 11 GloSSary and ACIONYIMS ....uuuuuuuuuuueuienuuennuieneennnennneenneenneennnennnnnnnnnnnnnnnnnnnnnnnnnnnnnnns 111
(O 0 F= T 0} LT 0 2 [ o = G 12-1
Tables
Table 2-1. Disturbance Areas for Single- and Double-Circuit Towers (in acres) ......ccccoceeeeeiveeeeecveeeescnnennn. 2-8
Table 2-2. West Alternative Options—Tower Configurations by Line Mile..........cccocccvieeeeeiiicciiieeeeeen, 2-22
Table 2-3. Estimated Access Road Needs By Action Aternative .......ccooeeccvieeeeee e 2-25
Table 2-4. Middle Alternative Options—Tower Configurations by Line Mile..........ccccovveeeeeriiciiiieeneeenn. 2-27
Table 2-5. East Alternative Options—Tower Configurations by Line Mile .........cccooveciiiieiieniicciieeeeeen, 2-29
Table 2-6. Comparison of Proposed Action Alternatives to Project PUrpOSES ........ccccveeeecieeeeeciveeeeennnen. 2-51
Table 2-7. Summary of Environmental Impacts by Alternative........cccceeecveeieeciee e, 2-53
Table 2-8. Proposed Mitigation Measures for the Action Alternatives.........cccccveeeeeiiieeeecciiee e, 2-59
Table 3-1. Public and Tribal Lands in the Project Ar€a ... ivcciiieeee it eevvre e e e e 3-4
Table 3-2. Approximate Transmission Line Lengths and New Right-of-Way by Land Ownership
AN ACLION ALEINATIVE ...eviieiee ettt e st esae e e sabe e sbeesbeessaseesabeean 3-12
Table 3-3. Permanent Access Road Miles by Land Ownership and Action Alternative...........cccccueenne.e. 3-13
Table 3-4. Impacts on Land Use by the West Alternative..........cceeeecvieiicciiee e 3-14
Table 3-5. Impacts on Land Use by the Middle ARRErnative..........cceecvveeeeciiee e 3-18
Table 3-6. Impacts on Land Use by the East ARErNative .........cccueveeciieeicciieeeceee e 3-20
Table 3-6.1. Impacts on Land Use by the Knight Substation SiteS......cccccccciiiiiiiiiiiie, 3-22
Table 3-7. Parks, Highways and Trails in or near the Project Ar€a .......ccoccccvveeeeieeeeciinieeeeeeeeeicivreeeeeeeenns 3-27
Table 3-8. Scenic and Populated Areas Impacted by Action Alternative.......cccccccveeecieeiccciee e, 3-31
Table 3-9. Special-Status Plants Documented along Action Alternatives......ccccccceveecieeeeecieeeeecvee e, 3-61
Table 3-10. Permanent Impacts on Special-Status Plants along the West Alternative .........cccccvvveeeeenn. 3-67
Table 3-11. Impacts on Vegetation Types and Priority Ecosystems on the West Alternative................. 3-68
Table 3-12. Woodland Locations and Potential Tree Removals along the Action Alternatives............... 3-70
Table 3-13. Impacts on Vegetation Cover Types and Priority Ecosystems on the Middle
A =T T 4 LY PSP 3-72
Table 3-14. Impacts on Vegetation Cover Types and Priority Ecosystems on the East Alternative........ 3-73
Table 3-14.1. Impacts on Vegetation by the Knight Substation SiteS.......cccccvvcviririiiereriiieerrieee e 3-75
Table 3-15. Potential Erosion (Soil Loss) Impacts by Action Alternative ........ccccceeeeeiieeeccciieeeecieee e, 3-82
Big Eddy-Knight Transmission Project Final EIS vii

July 2011



Table of Contents

Table 3-16. Landslide Areas Disturbed by Action AIternative .........cccceeeeciiee e 3-82
Table 3-17. Tower Disturbance within 50 Feet of Intermittent Streams by Action Alternative.............. 3-93
Table 3-18. Number of Streams Crossed by Access Roads by Action Alternative.........ccccccceeeeecveeeeennnen. 3-93
Table 3-19. Potentially Impacted Wetlands/Buffers along the West Alternative ..........ccccecevvveeevereennenns 3-95
Table 3-20. Potential Wetland Impacts by Action AIternative ......ccccceeveeciieiiiiiiee e 3-96
Table 3-21. Potentially Impacted Wetlands/Buffers along the Middle Alternative ..........cccccoeevveevreennenns 3-98
Table 3-22. Potentially Impacted Wetlands/Buffers along the East Alternative........c.cccccvvevveeecveeenneen. 3-100
Table 3-23. Special-Status Species Documented or with Potential to Exist along the Action

A =T g 4 =TSP 3-104
Table 3-24. Fish-Bearing Streams Crossed by the Action Alternatives........cccooeeeeeieccciiieeee e, 3-122
Table 3-25. Approximate Tower Distances from Intersections with Fish-Bearing Streams .................. 3-125
Table 3-26. Identified Cultural Resource Sites by Action Alternative.........ccccveeeeeeeeccciiieeee e, 3-128
Table 3-27. Reductions in Output and Labor Income Resulting from Farmland Displacement and

Disturbance along the Action ALErnatives.......cccuuveeeii i 3-146
Table 3-28. Reductions in Output and Labor Income from Farmland Displacement and

Disturbance at Knight SUDStation ..........vviiiiiiic e 3-148
Table 3-29. Average Daily Traffic for Primary Roads in the Project Area .......cccoceeeecieeeeecieeecciiee e, 3-150
Table 3-30. CoMMON NOISE LEVEIS ......uiiiiiiiiiiiiee ettt et e e s sbbe e e s saneeas 3-156
Table 3-31. Construction EQUipMENt NOISE LEVEIS .......ccovuiiiiiiiiiee ettt et 3-158
Table 3-32. Construction Equipment Noise Levels by DiStance........ccccceeeeveeeeciiieeccciiee e 3-158
Table 3-33. Houses/Businesses near the Action AIRErNatives .........eevvvviviveeiieiieee e 3-160
Table 3-34. Typical Magnetic FIeld LEVEIS........ccuiii ittt et e e e 3-163
Table 3-35. Magnetic Field Levels at Houses/Business near the Action Alternatives..........ccccccuvene... 3-169
Table 3-36. Estimated Greenhouse Gas Emissions from the Action Alternatives...........ccccceevcvveeennnnee. 3-179
Table 3-37. Net Carbon Footprint Associated with the Removal of Trees by Action Alternative ........ 3-181
Table 3-38. Fish-Bearing Streams Crossed by the Wautoma Option.......ccccceeecveeiiciieeeccieee e, 3-185
Table 4-1. Catalogue of Past, Present, and Reasonably Foreseeable Future Actions by Affected

RESOUICE ..ttt e et ee e et e et e e s e e e s e s e s e s e e et et aeeeaeaeaeaeaeaaaeaeaeaaeeeeaeees sannnnen 4-3
Table 4-2. Existing and Operating Wind Projects in the General Project VIiCIiNity ..coeeeeeeeveeeeeeeerenieeeeeieees 4-9
Table 4-3. Under Construction Wind Projects in the General Project VICiNity ..c.ceeeeeeeeereeeeiereeeeeeeeeennn, 4-10
Table 4-4. Reasonably Foreseeable Wind Projects in the General Project ViCinity...cccoeeveeeeeereieneeeenenn. 4-11
Table 4-5 3. Estimated Annual CO2 Emissions for Each State in BPA’s Service Territory........ccccvveeenn... 4-24
Table 5-1. Klickitat County Zoning In the Project Area ........eeeiieecciiiieee e e 5-18
Table 6-1. NOISE LimMitatioNs.....ccuiiiiiiiieeeiiee ettt e e st e e s be e e s s abee e s sabeeessanbaee e aas 6-8
Table 7-1. Impacts in the National Scenic Area by Action Alternative ........ccccceeeee e 7-2
Table 7-2. National Scenic Area Land Use Designations and Review Use Requirements...........ccccvveeeen.. 7-2
Table 7-3. National Scenic Area Land Use Designations Crossed by the Action Alternatives ................... 7-3
Table 7-4. Land Uses Impacted by the Action Alternatives within the National Scenic Area ................... 7-4
Table 7-5. KEY VIEWING AFBAS......uiiiiiciieeeeciieeeeeiiee e eitiee e e eitteeeestaeeesetteeessbteeeasataeeeastaeeeanseeesesssesesansteeesnnsens 7-6
Table 7-6 5. Vegetation Types Impacted by the Action Alternatives within the National Scenic

LY=L T PO P PP PPN 7-7
Figures
Figure 2-1. Typical 500-kV Lattice StEEI TOWELS ...cccvcuiiiiiciiie ettt ee st e e s sree e sata e e s sbeeeesnane 2-5
Figure 2-2. Columbia RiVEr CroSSiNG TOWEIS.....c.uutiiiiiieeiiiieeeseiteeeseiiteessiteeessbeeesssabaeessastaeessseaeessseeeesanes 2-6
Figure 2-3. Components 0N a TranSMIiSSION TOWEK .......uuiiiieiiiiiiiiiteeeeeeeiiireeee e e s e seereeeeeeesesarneeeeeesseennns 2-10
Figure 2-4. Typical Overhead View of COUNTEIPOISE .....ccueerviiiiieeiiieecteeesee e steeeee e st et eesveeesreeenes 2-11
Figure 2-5. Typical SNUD PlaCemMENT....ccci it e st e e s e e e e eae e e e e e sennenes 2-12
vii Big Eddy-Knight Transmission Project Final EIS

July 2011



Table of Contents

Figure 2-6. Proposed Single-Circuit Tower (West, Middle, and East Alternatives) .......c.ccccoceeeeecvveeeennen. 2-23
Figure 2-7. Proposed Single-Circuit Tower Parallel to the Spearfish Tap Line (West Alternative).......... 2-23
Figure 2-8. Proposed Single-Circuit Tower Parallel to the Chenoweth-Goldendale Line (West and

MiIAAIE AILEINATIVES) wvvvveeeeiieiciiiiiee ettt eeecrree e e e e eeestbbreeeeeeeeestabereeeeeessnasbsseaeeeeensnes 2-23
Figure 2-9. Proposed Double-Circuit Tower with the Chenoweth-Goldendale Line (West

ATEEINATIVE) evveee ittt ettt e ee e et e e e et e e e e tbbeeeeebbeeeesbreeeeasbreeeenareeeeenres narens 2-23
Figure 2-10. Proposed Single-Circuit Tower with the removal of the Chenoweth-Goldendale Line

(WEST AILEINGTIVE) .. uvviie ettt ettt e et ee e e eetba e e e e abeeeeenseeeenntreeesnnnreeas 2-23
Figure 2-11. Proposed Double-Circuit Tower (West Alternative) .......cccceccveeeeecieeeeeciee et 2-23
Figure 2-12. Proposed Double-Circuit Tower Parallel to the Spearfish Tap Line (West Alternative)...... 2-23
Figure 2-13. Proposed Single-Circuit Tower Parallel to the Harvalum-Big Eddy Line (Middle and

EQST AILEINATIVES) . .uveiiiiiiie ettt ettt e ettt e e ettt e e et e e e e stae e e e asaeeeesseeeeesbeeasannreeans 2-23
Figure 2-14. Proposed Double-Circuit Tower with the Harvalum-Big Eddy Line (Middle and East

F A =Y g o T | LV Z<T) PRSP 2-23
Figure 2-15. Proposed Single-Circuit Tower Parallel to the Big Eddy-Spring Creek Line (Middle

A =Y EaF- 1V TR 2-23
Figure 2-16. Proposed Single-Circuit Tower Parallel to the McNary-Ross and Harvalum-Big Eddy

Lines (EQSt AILEINATIVE) c..uveiii ettt e e e e e e ate e e e are e e e ate e e e eabaee e enraeas 2-23
Figure 2-17. Proposed Double-Circuit Tower with the McNary-Ross Line Parallel to the

Harvalum-Big Eddy Line (East AItErnative) ......ccccccuveeeeeiiiiecciiee e 2-23
Figure 2-18. View of BPA's Big Eddy Substation from Columbia View Drive (looking east) .................... 2-40
Figure 2-19. View of Entrance to Big Eddy Substation (I0oking €ast) .......cccvveeeieiiiiiiiveeiiei e 2-40
Figure 2-20. View of Big Eddy Substation from Columbia View Drive (looking south) .........ccceceuvvveeeee.n. 2-41
Figure 2-21. View of Big Eddy Substation from The Dalles Dam Overlook (looking south) .................... 2-41
Figure 2-22. View of BPA Transmission lines Exiting Big Eddy Substation (from Columbia View

Drive, |00KING NOITNEAST) iiiiieiiiieeeeeeeeeeeee bbb aaeaeseseeeeeeeaeeeeeereeeees 2-42
Figure 2-23. View along Fifteen Mile Road (near E3/M3, looking northeast) .......ccceeveeveviveeevvivveeeeennen, 2-42
Figure 2-24. View along Moody Road (near E7/M7, [00King NOrth) ..c...coovveieiviiiieiiiiieeceiee e, 2-43
Figure 2-25. View along Washington SR 14 (near E9/M9, looking SOUthWest) ......ccceveveivivieeiiinereeennen. 2-43
Figure 2-26. View from Rattlesnake Road (near E16, 100King NOrth) .....cocoveeeeeiiiiiiiiieee e 2-44
Figure 2-27. View from Cameron Road (near E17, [00KING €aSt) wuuveevieiiiiciiieiieee et 2-44
Figure 2-28. View from Intersection of Knight Road and Washington SR 142 (near

E25/M23 /W23, I0OKING WESE) evvviiiiiiiiiiiiiie ettt ettt s st e s et e e s saaae e s e eabeeesenbeeesennaeas 2-45
Figure 2-29. View from Knight Road near proposed Knight Substation sites (looking southwest) ........ 2-45
Figure 2-30. View from Knight Road near proposed Knight Substation sites (looking northeast) ......... 2-46
Figure 2-31. View from intersection of Erickson Road and Dalles Mountain Road (near M13,

[0OKINE SOULN) et e e e e et e e et e e s abr e e e e abaeeeenareeeeennees 2-46
Figure 2-32. View from Olson Road (near M20/W20, l0oKing SOUthWESL) ....ccovvvriieirveriiiieeeceiieee e, 2-47
Figure 2-33. View from Dock Road (near W3, 100king NOrtheast) ........cccoevveveeeeeiiiiivreiiee e eeens 2-47
Figure 2-34. View from Washington SR 14 (near W4, 100King SOUth) .....cccovveiiiiiiiiiiiiieeeeeeecireeee e 2-48
Figure 2-35. View from Dalles Mountain Road (near W7, 100King sOUth) .....cccceeeeeeiiiivieeeeeeiiiiineeeeeeeen, 2-48
Figure 2-36. View from Columbia Hills State Park (near W8, looking northeast) ......ccccccceeeeeveeiivveeneeennn. 2-49
Figure 2-37. View from Horseshoe Bend Road (near W17, looking southwest) .....ccccccvvvvviiiiiiiinnnnnnnnn. 2-49
Figure 3-1. Photo Location 1. West Alternative Crossing of SR14 (from SR-14 near Dalles

Mountain Road, Looking West, 0.2 mile east of line crossing) ........cccoeevveeeeeceeeeeecreeeeennnen. 3-34
Figure 3-2. Photo Location 2. West Alternative in Columbia Hills State Park (from Dalles

Mountain Road, LOOKING SOULN) ....ccvviiiiiiiiiceiieie ettt et et e ebee e e 3-36
Big Eddy-Knight Transmission Project Final EIS ix

July 2011



Table of Contents

Figure 3-3. Photo Location 3. West Alternative in Columbia Hills State Park (from Dalles

Mountain Road, LOOKING EAST)........ceeiiiuiiiiiiiiiie ettt ettt e e e s svre e s ita e e e eaaneeean 3-38
Figure 3-4. Photo Location 4. West Alternative at Klickitat Trailhead (Looking West).........ccccccuveeeneee. 3-40
Figure 3-5. Photo Location 5. West or Middle Alternative near Little Klickitat River (from Esteb

Road, Looking Northwest toward Mt. Adams) .........ccccvieiieeiiieeiee e eee e 3-42
Figure 3-6. Photo Location 6. West, Middle or East Alternative Heading North toward Knight

Substation Sites (from Horseshoe Bend Road, Looking Northwest toward Mt.

1Yo F= Y0 1 1) [ RS SR 3-43
Figure 3-7. Photo Location 7. West, Middle or East Alternative Approaching Knight Substation

Sites (from Knight Road, Looking SOUthWESL) .........cccviiiiiiiiiiicciiec e 3-44
Figure 3-8. Photo Location 8. Middle or East Alternative Crossing of Columbia River (from Celilo

Park Looking West; 1.15 miles from [in@ CrossSing) .......ccccveeecueeeeeciiieeeciee et 3-46
Figure 3-9. Photo Location 9. Middle or East Alternative along Columbia Hills (from Celilo Park,

(o To )l a7 =41 N o o o ) PP UURUPRR 3-48
Figure 3-10. Photo Location 10. Middle or East Alternative Crossing of SR-14 (from SR-14 Looking

West; 0.12 mMile from CroSSING) .....ueeiiciiieeeecieee ettt e et e e eetee e e seatr e e e esareeeeebaeeeenes 3-50
Figure 3-11. Photo Location 11. East Alternative along Columbia Hills (from SR-14 at Wishram

Road, LOOKING NOITRWEST) .....evieiiiiieeeeee ettt et e e e e e aree e 3-52
Figure 3-12. Electric Fields around Single-Circuit Configuration 1.........cccccceeviiiiiiiiiee e, 3-165
Figure 3-13. Magnetic Fields for Single-Circuit Configuration 1 .........ccccocoieeiiiiiiie i, 3-166
Figure 3-14. Single-Circuit Tower Design to Mitigate EMF ........cc.oeeiiiiiiiiiiiiee e 3-168
Figure 3-15. Double-Circuit Tower Design to Mitigate EMF ..........ccooiiiieriiiii i 3-169
Figure 3-16. Project Construction Schedule with Peak EmMissions ........ccccccuveevviieeeeiiiee e 3-178
Figure 3-17. Estimated Total Above Ground Biomass for Typical Trees in the United States.............. 3-180
Maps
MapP S-1.  PrOJECt OVEIVIEW ...cccceeiiiieeee e e ettt e e e eeettee e e e e e s esaaree e e e e s e e snnbtaeeeeeesennsnaaneeeeeenas follows page S-2
Map 1-1. ProjECt OVEIVIEW ...coeeueiiiiiieeeieiiiite et e e e ettt e e e s s s sirare e e e s s s s saabaaeeeeessssssnsaeeesssnnns follows page 1-2
Map 2-1. Project Overview of Proposed Action Alternatives .........c.cccocveevenineeniineneenn, follows page 2-2
Map 2-2. Knight Substation OPLtioNs .....cccciuiieiieeiiiiiiiiiiie e eecsiiiieeeeeecessiirereeeeeeesnesseeeeeens follows page 2-30
Map 2-3. Options Considered but Eliminated from Detailed Study........cccvvvviiiiiiiienennnes follows page 2-36
Map 3-1. Land OWNEISHIP cooeieeieieee ettt e et e e e e e e et rr e e e e e e e e abaraeaeaaeeas follows page 3-4
Y T T T A IF- [ T« I @0 YT PSR follows page 3-4
Y Y oG s T - o Vo B U1 PSSR follows page 3-4
Y T B N o Vo) o o o1 o o L3RRSt follows page 3-32
Map 3-5. VeBEtation TYPES ..cooviiiiiieiiieeriie ettt s s e e e s follows page 3-62
Y Yo T T I o To [ [To [ N T 1SR SRRN follows page 3-78
Map 3-7. Water Resources and Wetlands.........cuveeeeiiiiiciiiieeee e e follows page 3-88
Map 3-8. Fiber Optic Cable OVEIVIEW ........uuiiiieieiecciiiieee et e e e e e e follows page 3-184
Map 5-1.  COUNLY ZONING c.veitieiieiieiieiniee ettt ettt st st st s e b e b b e neenns follows page 5-16
Map 7-1. Columbia River Gorge National Scenic Area Land Use Designations.................. follows page 7-2
X Big Eddy-Knight Transmission Project Final EIS

July 2011



Table of Contents

VOLUME 2: Appendices

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H
Appendix |

Appendix J

Appendix K

Living and Working Safely around High-Voltage Power Lines
Aerial Photomap Series

Visual Resources

Special-Status Species and Habitats

Electric Fields, Magnetic Fields, Noise, and Radio Interference
Electric and Magnetic Fields Research on Health Effects
Greenhouse Gases

Disclosure Forms

Washington Department of Natural Resources Lands Analysis
Geology and Soils

Environmental Justice

VOLUME 3: Comments and Responses

L LY T PP 1
COMMENTS/RESPONSES ...eeeveeeereeeeteeeetreeeeteeeeteeeeeeeeeteeesteeesseeeseeeesesessseesseeeseeeasseesseeeseeessseesns steeensesesnreesnses 4
Tables

Table 1. List of Correspondence and COMMENTOIS.........uuiiieeiiiiiiiiiiieee e et e e e e e e e eerrree e e e e e eeenareeeeeeeeesnnnnns 1
Big Eddy-Knight Transmission Project Final EIS xi

July 2011



BONNEVILLE POWER ADMINISTRATION
DOE/BP-4292 = July 2011



Appendix A

Living and Working Safely Around
High-Voltage Power Lines







AROUND HIGH-VOLTAGE
POWER LINES




igh-voltage power lines
can be just as safe as
the electrical wiring in

our homes — or just as danger-
ous. The key is learning to act
safely around them.

This booklet is a basic safety guide for those who
live and work around power lines. It deals primarily
with nuisance shocks caused by induced voltages
and with possible electric shock hazards from
contact with high-voltage lines.

In preparing this booklet, the Bonneville Power
Administration has drawn on more than 70 years
of experience with high-voltage power lines. BPA
operates one of the world’s largest networks of
long-distance, high-voltage lines, ranging from
69,000 volts to 500,000 volts. This system has
more than 200 substations and more than
15,000 miles of power lines.

BPA's lines make up the main electrical grid for
the Pacific Northwest. The grid delivers large
blocks of power to substations located near load
centers. Public and investor-owned utilities and

rural cooperatives take delivery of the power at
these points and deliver it to the ultimate customers.

BPA’s lines cross all types of property: residential,
agricultural, industrial, commercial and recreational.

If you have questions about
safe practices near
power lines, call BPA.

Due to safety considerations many of the practices
suggested in this booklet are restrictive. This is
because they attempt to cover all possible situa-
tions, and the worst conditions are assumed.

In certain circumstances, the restrictions can

be re-evaluated. To determine what practices

are applicable to your case, contact BPA at
1-800-836-6619 or find the contact information
for the local BPA office at www.transmission.bpa.

gov/LanCom/Real_Property.cfm.



USING THE
RIGHT-OF-WAY

Before a power line is built, BPA negotiates with

the landowner for the right to cross the land as
required for the construction, operation and
maintenance of the line. Usually, BPA acquires
right-of-way rights to construct, operate and
maintain a power line and the right to keep the
right-of-way clear of all structures, fire hazards,
vegetation and any other use that may interfere
with the operation or maintenance of the line.
Most crops, less than 10 feet in height, can be
grown safely under power lines. Orchards,
Christmas trees and structure-supported crops

(i.e., trellises) require special consideration.

Call BPA if you plan to use the right-of-way for

any use.

BPA’s “Landowner’s Guide for Compatible Use

of BPA Rights-of-Way” explains how to apply for
permission to use a portion of a BPA right-of-way
for approved purposes. This document can be
found online at www.transmission.bpa.gov/
LanCom/Real_ Property.cfm or by contacting
BPA at 1-800-836-6619.

Construction and maintenance of any structures
are specifically prohibited within a BPA right-of-
way. Coordinating with BPA early in your planning
process can keep you safe and avoid wasting

time and money.

(GENERAL SAFE
PRACTICES

BPA designs and maintains its facilities to meet or
exceed the rules set forth in the National Electrical
Safety Code. BPA provides information on safe
practices because serious accidents involving
power lines can be avoided if simple precautions
are taken. Every kind of electrical installation —
from the 110-volt wiring in your home to a
500,000-volt power line — must be treated with
respect.

The most significant risk of injury from a power line
is the danger of electrical contact. Electrical
contact between an object on the ground and an
energized wire can occur even though the two do
not actually touch. In the case of high-voltage
lines, electricity can arc across an air gap. The gap
distance varies with the voltage at which the line is



operated. Unlike the wiring in a home, the wires roads, driveways, parking lots, cultivated fields or
of overhead power lines are not enclosed by grazing lands.

electrical insulating material. , , )
For your safety, coordinate with BPA if you need to

The most important safe practice is this: exceed the 14-foot limitation.

Avoid bringing yourself, or any POSSIBLE SHOCK

object you are holding, too close HAZARDS

to an overhead power line. The previous section discussed dangerous electrical

contact conditions that can occur when getting

In other words, do not lift, elevate, build or pass too close to the high-voltage wires. This section

under a power line with any object, equipment,

facility or vehicle that could come close to the Farm equipment or large machinery 14 feet or less in

energized wires. height may be operated safely under all BPA lines in
cultivated fields.

BPA does not recommend that anyone attempt
to calculate how close they can come to a power
line. As a general precaution, when under a line,
never put yourself or any object any higher than
14 feet above the ground.

The National Electrical Safety Code specifies a
minimum safe clearance for each operating volt-
age. BPA builds its lines so the clearance between
the wires of a power line and the ground meets

or exceeds the minimum safe clearance set forth
in the code. Therefore, do not alter the ground
elevation; without first applying to BPA, call
1-800-836-6619 to ensure safe distances are
maintained.

Vehicles and large equipment that do not extend
more than 14 feet in height, such as harvesting
combines, cranes, derricks and booms, can be
operated safely under all BPA lines that pass over




will discuss the possible electrical shock hazards

that can occur when touching transmission towers
or metallic objects near the power line but away
from the high-voltage wires.

These types of shocks are caused by a voltage
induced from the power line into the nearby
metallic objects. Typically the shocks can be
avoided when the nearby metallic objects are
grounded or connected to earth. The severity of
these shocks depends on the operating voltage of
the power line, the distance from the conductor,
the size or length of the object, its orientation to
the line and how well the object is grounded.

Normally, shocks do not occur when BPA's
guidance is followed (see the following sections).
However, under certain conditions, non-hazardous
nuisance shocks can still occur and possibly
cause discomfort.

The severity of nuisance shocks can vary in sensa-
tion from something similar to a shock you might
receive when you cross a carpet and then touch a
door knob to touching the spark-plug ignition
wires on your lawnmower or car. The nuisance
shock, however, would be continuous as long as
you are touching the metallic object. Such objects
include vehicles, fences, metal buildings or roofs
and irrigation systems that are near the line or
parallel the line for some distance.

The possibility of nuisance shocks can be eliminated by
grounding metal pipe when unloading near BPA lines.

IRRIGATION SYSTEMS

All types of irrigation systems have been operated
safely near BPA power lines for years. Nonetheless,
caution should be used in storing, handling and
installing irrigation pipe, and in operating spray

irrigation systems near power lines.

To avoid electrical contact with power lines,
two very important safety practices should be
observed at all times:

1. While moving irrigation pipe under or near
power lines, keep the equipment in a horizontal
position to keep it away from overhead wires.

2. Electricity can be conducted through water so
never allow the irrigation system to spray a
continuous stream onto power lines or towers.

In addition, central pivot circular irrigation systems
installed near or under power lines can develop
hazardous shock potentials during operation and
maintenance. To eliminate these hazards:



e Provide a good electrical ground for the
pivot point.

e Do not touch the sprinkler pipe or its support-
ing structures when the system is operating
under or parallel to and near a power line.

e Perform repairs/maintenance of the system
with the sprinkler pipe perpendicular to the
power line.

For more information on storing, handling, installing

or operating an irrigation system on BPA rights-of-
way and to apply to use BPA's right-of-way please
contact BPA at 1-800-836-6619. A copy of
“Guidelines for Installation and Operation of
Irrigation Systems” will be provided when you
contact BPA for approval. This document describes
methods for safely installing and operating an
irrigation system under high-voltage power lines.
This document also can be obtained at www.
transmission.bpa.gov/LanCom/Real_ Property.cfm.

Irrigation pipe should be moved in a horizonal position
under and near all power lines to keep it away from the
lines overhead.



UNDERGROUND PIPES,
TELEPHONE CABLES
AND ELECTRIC CABLES

Underground pipes and cables may be compatible

with power lines provided installation and mainte-
nance are done properly. Pipes and cables should
not be installed closer than 50 feet to a BPA tower,
any associated guy wires or grounding systems.
These grounding systems are long, buried wires
that are sometimes attached to the structures and
can run up to 300 feet along the right-of-way.
These grounding systems are not visible above
ground and must be located before installing

any underground utilities.

Proper positioning of underground utilities is
required to prevent an accident in an extreme
case when an unusual condition might cause
electricity to arc from the high-voltage wire to the
tower and then to ground. This could produce a
dangerous voltage on underground piping or cable
system. Contact BPA at 1-800-836-6619 to apply
before installing any underground utilities within a
BPA power line right-of-way.

FENCES

BPA strongly discourages locating fences within
the right-of-way as they can cause a potential
safety hazard and an access problem (particularly
in high-density subdivisions). Contact BPA at
1-800-836-6619 if you are interested in submitting
an application to place a fence on the right-of-way
using the guideline that the location must be a

minimum of 50 feet from BPA structures as well
as other considerations discussed below.

WIRE FENCES

Barbed wire and woven wire fences insulated from
ground on wood posts can assume an induced
voltage when located near power lines. If you are
having a shock-related problem, call BPA for an
investigation. The fence may need to be

grounded if:

e it is located within the right-of-way;
e it parallels the line within 125 feet of the outside
wire and is longer than 150 feet; or

e it parallels the line 125 to 250 feet from the
outside wire and is longer than 6,000 feet.

These fences should be grounded at each end
and every 200 feet with a metal post driven at
least 2 feet into the ground. Attach all wire strands
of the fence to the metal post. Install the ground-



ing posts at least 50 feet from the nearest

transmission tower. If shocks are experienced
when contacting a fence or gate, or if you have
any questions about the need for grounding, call
BPA at 1-800-836-6619.

ELECTRIC FENCES

In situations where a fence cannot be grounded
(electric fences, for example), a filter may be
installed to remove voltages induced by the power
lines. BPA may provide this filter after an investiga-
tion has been conducted. Do not use fence
chargers that are not approved by Underwriters’
Laboratories, Inc. They may carry voltages and
currents that are hazardous to anyone touching
the fence — even if power lines are not present.
For more information about fences, fence chargers
or filters, call BPA at 1-800-836-6619.

BUILDINGS

This section applies to buildings outside BPA's
rights-of-way, since BPA prohibits buildings within

a right-of-way. — E—
Buildings located off TT
BPA's rights-of-way Q"5
may collect an II

induced voltage.

This voltage is often ] Ny
drained through the

building’s plumbing,

electrical service,

metal sheeting or

M%“’v‘

Example of grounding a metal
building at a down spout.

metal frame. If the

voltage does not drain through the systems
described above, then it can result in a nuisance
shock situation.

BPA recommends grounding metallic components

on buildings near a power line when:

the building is within 100 feet of the outside wire;

e the building has more than 2,000 square feet of
metal surface and is within 100 to 150 feet of
the outside wire; or

e the building is used to store flammable materi-

als and is within 250 feet of the outside wire.
BPA will assist in grounding metallic objects after
receiving a request and an investigation has been
conducted. Call BPA at 1-800-836-6619 if you are
having shock-related problems or if you have any
question on grounding a building.

VEHICLES

Under some high-voltage lines, vehicles can
collect an induced voltage. This is particularly true
if the vehicle is parked on a nonconductive surface
such as asphalt or dry rock. You can drain the
voltage from your vehicle to the ground by attach-
ing a chain that reaches the ground or by leaning a
metal bar against your vehicle. The only way to be
sure you won'’t get shocked is to park your car
away from the high-voltage power line.

BPA has specific restrictions for parking and roads
within the right-of-way to keep possible shocks at
a low level. Contact BPA at 1-800-836-6619 to
apply before locating roads and parking areas
within the BPA right-of-way.



Refueling vehicles is not allowed on BPA rights-

of-way because there is a chance that a spark
from an induced voltage could ignite the fuel.

LIGHTNING

Lightning will usually strike the highest nearby
object, which might be a power line tower or wire.
Transmission facilities are designed to withstand
lightning strikes by channeling them to ground at

the tower.

Play it safe. Stay away from power lines and other
tall objects during electrical storms. Lightning is
dangerous if you are standing near where it enters

the ground.

FIRES

Smoke and hot gases from a large fire can create
a conductive path for electricity. When a fire is
burning under a power line, electricity could arc
from the wire, through the smoke and to the
ground, endangering people and objects near the
arc. BPA does not permit burning within the
right-of-way.

Field burning and other large fires in and around
power lines can damage power lines and cause
power outages. Water and other chemicals used
to extinguish those fires should never be directed

toward a power line.

Contact BPA at 1-800-836-6619 if you need to
burn near a BPA right-of-way.

A fire burning under a power line can create a danger-
ous situation. Stay away from lines if a fire is nearby.

KITE FLYING AND
MODEL AIRPLANES

BPA strongly discourages anyone from flying a kite
or model airplane anywhere near a power line. The
electricity from the line can travel through the
string or hand line and electrocute a person on the
other end. If your kite or model airplane is about to
touch a power line, drop the string or hand line
instantly, before it touches the line. Do not try to
pull the kite or airplane down or climb up after it.
Call the nearest electric utility.

VANDALISM, SHOOTING
AND TRESPASSING

People entering high-voltage electrical facilities,
such as substations and power line rights-of-way,



for the purpose of vandalism or theft, run the risk

of serious injury or death. For example, when
hunting, do not shoot at transmission facilities.
Gunshot damage can cause flashovers or may
cause the wire to fall to the ground. This could be
a serious hazard to anyone close to the power line.
It could also cause a power outage and a fire.

Removal of equipment from substations or power
line facilities can result in unsafe operating condi-
tions and put people nearby at risk of serious injury
or death. Those who cause willful damage to BPA
transmission facilities or associated property can
be prosecuted by the federal government, the
property owner, or both.

Please report damage to transmission facilities to
BPA’s Crime Witness Program at 1-800-437-2744.
The Crime Witness Program allows you to confi-
dentially report an illegal activity that you witness
against BPA's transmission system, property or
personnel. This includes:

e Shooting at power lines, transmission towers or
substation equipment.

I

Orir
WITNess
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1-800-437-2744

BONNEVILLE POWER ADMINISTRATION
BUREAU OF RECLAMATION

e Dumping any waste or material on BPA property.

e Vandalism to BPA property, buildings and
vehicles.

e Theft of BPA equipment, supplies, tools or
materials.

This program offers rewards of up to $25,000 for

information leading to the arrest and conviction of

the perpetrator(s).

TALL OBJECTS

Facilities

Temporary or permanent facilities within the right-
of-waysuchas, light standards, signs, above- ground
utilities, etc., can create unsafe situations when
constructed too close to BPA power lines and
structures. Permissable heights for such facilities

can vary depending on site specfic conditions. Call
BPA at 1-800-836-6619 to apply for these uses.

Activities

As a precautionary practice, do not raise any metal
object more than 14 feet in the air underneath a
power line. For example, when you mount an
antenna on a vehicle that you plan to operate on

a BPA right-of-way, do not let it extend more than
14 feet above the ground.

Before you sail a boat on a lake or river, check the
allowable clearance under any power line. We re-
commend that all masts or guy wires above the
deck be connected electrically to an underwater
metallic part such as the keel or centerboard.



This precaution, which protects against lightning

or accidental contact with a power line, may save
your life.

Remember, if you plant, dig or build within the
right-of-way an application is required. Any
activities or use with a reach capacity greater
than 14 feet (eg. cranes, dump trucks, irrigation
systems, etc.) may cause safety concerns.
Please specifically identify these uses and equip-
ment in your application. Contact BPA to apply at
1-800-836-6619.

POOLS

BPA does not permit the building of swimming
pools within BPA rights-of-way because it impedes
our ability to operate and maintain the power line
and presents a potential safety hazard to the
public. Hazards range from possible electrical
contact with the wires (with pool skimmers or
rescue poles, for example) to dangers that can

be encountered during and after lightning strikes

on transmission facilities.

CLIMBING

Climbing on power line towers or guy wires can
be extremely hazardous. Do not do it under any
circumstance. It is dangerous and illegal.

PACEMAKERS

Under some circumstances, voltages and currents
from power lines and electrical devices can inter-

fere with the operation of some implanted cardiac

Cutting trees within power line rights-of-way can be
dangerous. It is safer to have BPA do it for you.

pacemakers. However, we know of no case where

a BPA line has harmed a pacemaker patient.

As a precaution, people who may have reason to
be very near high-voltage facilities should consult
with a physician to determine whether their par-
ticular implant may be susceptible to power line

interference.

If a person with a pacemaker is in an electrical
environment and the pacemaker begins to pro-
duce a regularly spaced pulse that is not related
to a normal heartbeat, the person should leave
the environment and consult a physician.

TREES AND LOGGING

No logging or tree cutting should be done within
BPA'’s right-of-way without first contacting BPA
at 1-800-836-6619 to apply. In many cases,
BPA owns the timber within its rights-of-way.



Additionally, logging or tree cutting near power

lines can be very hazardous and requires special
caution. Since trees conduct electricity, if one
should fall into or close to a power ling, the current
could follow the tree trunk to the ground and
endanger anyone standing near its base. Here are

two simple rules:

1. If you come upon a tree that has fallen into a
power line, stay away from it.

2. If you accidentally cause a tree to fall into a
power line, run for your life! Do not go back to
retrieve your saw or equipment. Call BPA or
your local utility immediately.

If you have trees either on or close to the right-
of-way that need to be cut, contact BPA at
1-800-836-6619. It is unsafe to do it yourself.

Since power line rights-of-way usually are not
owned by BPA but are acquired through ease-
ments from landowners, trees or logs stacked
within or alongside the rights-of-way are not public
property. People removing trees and logs without
permission are stealing and can be prosecuted.

EXPLOSIVES

If you plan to detonate explosives near a BPA
power line, apply to BPA well in advance by calling
1-800-836-6619 or find the contact information
for your local office at www. fransmission.bpa.gov/
LanCom/Real_ Property.cfm. BPA will tell you if
any special precautionary measures must be taken

at a particular blasting site.

Any blasting near or within BPA rights-of-way
must not damage any BPA facilities or permitted
uses within the rights-of-way. Do not use electric
detonating devices when blasting within 1,000 feet
of a power line. Use of non-electric methods of
detonation will avoid the danger of accidentally
discharging an electric blasting cap due to
induced voltages from energized transmission
facilities.

TOWERS AND WIRES

Do not climb towers.

* Do not shoot or otherwise damage trans-
mission facilities.

¢ Never touch a fallen wire.
e Do not attempt to dismantle towers.
¢ Do not attach anything to towers.

e Stay away from towers and lines during ex-
treme windstorms, thunderstorms, ice storms
or under other extreme conditions.



Preventive measures include:

e Report any suspicious activities to BPA at
1-800-437-2744 or to your nearest electrical
utility.

e Stay away from and report damage to trans-
mission facilities to BPA at 1-800-437-2744 or
your nearest electrical utility.

e Stay away from and report broken, damaged
or abnormally low-hanging wires to BPA at
1-800-437-2744 or your nearest electrical utility.

CONCLUSION

We live in an age of electric power. Almost every-
thing we do requires it. Consequently, high-voltage
power lines have become about as commonplace
as the wiring in our homes. Nevertheless, every
year people are killed or seriously injured by power
lines and home wiring. In almost every case, lives
could have been saved and injuries avoided if the
basic safety practices outlined in this booklet had
been followed. BPA and your local utilities make
every effort to design and build power lines that
are safe to live and work around. Ultimately,
however, the safety of high-voltage lines depends
on people behaving safely around them. No line
can practicably be made safe from a person who,

through ignorance or foolishness, violates the
basic principles of safety. Please take time now to
learn the practices outlined in this booklet and
share your knowledge with your family, friends and
colleagues. Your own life, or that of a loved one,
might well hang in the balance.

RELATED BPA
PUBLICATIONS AND
(GUIDELINES

For more information, call BPA at 1-800-836-6619
for the following publications:

1. “Landowner’s Guide for Compatible Use of
BPA Rights-of-Way” (DOE/BP-3657)

2. “Landowner’s Guide to Trees and Trans-
mission Lines” (DOE/BP-3076)

3. “Keeping the Way Clear for Better Service”
(DOE/BP-2816)

4. “Guidelines for Installation and Operation
of Irrigation Systems”

These documents also can be found at
www.transmission.bpa.gov/LanCom/Real_
Property.cfm.



BONNEVILLE POWER ADMINISTRATION
PO Box 3621 Portland, Oregon 97208-3621

DOE/BP-3804 e October 2007 ¢ 3M



Appendix B

Aerial Photomap Series
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Visual Resources Methodology

Terminology

The term aesthetics typically refers to the perceived visual impression of an area, such as a
scenic view, open space, or architectural interest. The aesthetic value of an area is a measure of
its visual character and visual quality combined with viewer response (Federal Highway
Administration 1988). This combination may be affected by the components of a project (e.g.,
transmission towers constructed at a height that obstructs views, hillsides cut and graded, open
space changed to a transmission line corridor), as well as changing elements such as light,
weather, and the length and frequency of viewer exposure to the setting. Aesthetic impacts are
thus defined as changes in viewer response as a result of project construction and operation.

Visual Character

Visual character is the appearance of the physical form of the landscape, composed of natural
and human-made elements, including topography, water, vegetation, structures, roads,
infrastructure, and utilities; and the relationships of these elements in terms of form, line, color,
and texture.

Visual Quality

Visual quality is evaluated based on the relative degree of vividness, intactness, and unity as
modified by the visual sensitivity of the viewer.

e Vividness is the visual power or memorableness of landscape components as they combine
in striking or distinctive visual patterns.

e Intactness is the visual integrity of the natural and human-built landscape and its freedom
from encroaching elements; this factor can be present in well-kept urban and rural
landscapes, as well as natural settings.

e Unity is the visual coherence and compositional harmony of the landscape considered as a
whole; it frequently attests to the careful design of individual components in the artificial
landscape (Federal Highway Administration 1988).

High-quality views are highly vivid, relatively intact, and exhibit a high degree of visual unity.
Low-quality views lack vividness, are not visually intact, and possess a low degree of visual unity.

Viewer Response

Viewer response is the psychological reaction of a person to visible changes in the viewshed. A
viewshed is defined as all of the surface area visible from a particular location (e.g., an overlook)
or sequence of locations (e.g., roadway or trail) (Federal Highway Administration 1988). The
measure of the quality of a view must be tempered with the overall sensitivity of the viewer and
viewer response. Viewer sensitivity is dependent on the number and type of viewers and the



frequency (e.g., daily or seasonally) and duration of views (i.e., how long a scene is viewed).
Visual sensitivity is also modified by viewer activity, awareness, and visual expectations in
relation to the number of viewers and the viewing duration.

Visual Assessment Process

The concepts presented above are combined in a visual resource assessment process that
involves identification of the following:

e visual character and quality of the project area,
e relevant policies and concerns for protection of visual resources,
e general visibility of the project area and site using descriptions and photographs, and

e viewer response and potential impacts.

Assumptions

Visual resources consist of views of the project area. Therefore, impacts are not limited to the
specific alignment corridor as is often the case for other resources such as vegetation,
waterways, and soils. Many viewsheds may be affected by any one given alternative, thus
affecting a variety of viewer groups.

Topography plays an important role in providing and limiting views within the visual study area.
Topography was evaluated using a geographic information system (GIS) viewshed analysis
(Appendix A) to identify a preliminary list of vantage points from which the project could be
visible. Because the GIS analysis does not include features such as vegetation or structures, it
was used as a starting point to help guide the analysis and site visit.

Views of the study area were inventoried during a site visit that took place August 18 through
21, 2009, by identifying the locations and photographing views of and from the surrounding
areas. Appendix B includes a map of all locations surveyed during the site visit and the
photograph log for these points. Because the study area covers a large area, this analysis
focuses on representative vantages from where views of the study area are present.
Representative views are views that are representative of other views in the area, able to
embody impacts on a given viewer group or number of viewer groups, and illustrative in
describing the impact, nonimpact, or range in severity of impact on certain vantages.



Visual Simulation Methodology

General Approach

Visual simulations were prepared by developing a simplified 3D model of the proposed project,
then using scenes captured from this model to develop more realistic simulations of the project
in photographs taken from selected viewpoints throughout the project area.

Photographs

Photographs of existing conditions were taken at numerous locations throughout the project
area to document visual conditions and assess visual impacts. Some photographs were selected
for developing simulations that would represent views of project alternatives after construction
in typical or sensitive viewsheds.

Modeling in Google Earth

A 3D model of the project was prepared using Google Earth Pro software. Google Earth provides
a reasonably accurate digital terrain model draped with aerial and satellite imagery. The
locations of proposed towers and access roads were added to Google Earth using georeferenced
data imported in KMZ format. Markers were added for the locations of selected simulation
viewpoints. View elevations and directions were set to emulate the views captured in the
photographs.

Simple, box-like, 3D markers were created in Google SketchUp software for each tower that
would be visible in each of the visual simulations. The tower markers were designed to represent
the planned height (to the nearest meter) of each tower (both single-circuit and double-circuit
options), using tower heights and location coordinates provided by BPA. These markers were
imported to Google Earth to complete the schematic model of the project.

Simulations in Photoshop

Series of overlapping photographs had been taken at most of the selected simulation
viewpoints. These images were aligned and blended in Adobe Photoshop Extended to prepare
panoramic views. Panoramas generally enable better representation of the viewer's experience
of the landscape than single-frame views, especially where multiple towers would be visible.

Views from photo locations in the Google Earth model were adjusted to emulate spatial
relationships in the photographs as accurately as possible. Screen views were exported from
Google Earth and aligned with the photographs in Photoshop to determine the position and
height of each tower.

The detailed renderings of the towers used in the simulations were developed as detailed 3D
models in Google SketchUp. One model was developed for each of the tower options (single-
circuit and double-circuit) based on diagrams and photographs of representative towers

provided by BPA. The SketchUp models were either imported to Photoshop and manipulated



there for proper scale and orientation, or were rotated and scaled in SketchUp then exported to
Photoshop as 2D images (the later method being easier for the software to process). Minor
adjustments of color, contrast, and sharpness were made to the tower images in Photoshop for
a more photo-realistic appearance. Cables between the towers were drawn as paths in
Photoshop, then stroked (painted) and adjusted to approximate their visibility under conditions
represented in the photographs.

Existing towers or poles were removed, as needed, by painting them out with colors and
textures sampled from elsewhere in the image.

The locations of proposed new or improved access roads were determined in the same manner
as the tower locations, by overlaying Google Earth views on the photographs in Photoshop.
Roads were then painted digitally, in some cases using textures sampled from reference
photographs of other graded dirt and gravel roads.

The towers, cables, roads, painted-out areas, and reference/positioning images were all placed
on separate layers to facilitate adjustments and corrections. Layer masks were used extensively
to control screening by foreground objects and to emulate atmospheric (aerial) perspective in
more distant views.



View 1. Looking toward Mt. Adams from the Hill Residence

Existing View
2-14-11

Simulated View




View 2. Panoramic View Looking Northwest to North from the Hill Residence

Existing View
2-14-11

Simulated View




ICF-Graphics ... 00588.09 (10-5-10) tm

Location: State Route 14 above Wishram, approx. 2,000 feet east of
Boulder Drive

Looking north, towers M9/6 and M10/1 (single and double circuit) break the skyline.
Looking southwest, M9/5 (single and double circuit) breaks the skyline. Across the river
(approximately 2 miles distant) towers M7/1 through M7/5 (single and double circuit)
break the skyline, but these are smaller and less visible because of their distance.

Looking North

Breaks Skyline?
Visible Tower (distance) Single Circuit Double Circuit
M/E 9/6 (0.04 mi) Yes Yes
M/E 10/1 (0.16 mi) Yes Yes
M/E 10/2 (0.35 mi) No May touch skyline
M 10/3 (0.59 mi) No No
M 10/4 (0.80 mi) Not visible No

Looking Southwest

Breaks Skyline?

Visible Tower (distance) Single Circuit Double Circuit
M/E 9/5 (0.16 mi) Yes Yes

M/E 9/4 (0.41 mi) No No

M/E 9/3 (0.55 mi) No No

M/E 9/2 (0.70 mi) No No

M/E 9/1 (0.87 mi) No No

M/E 8/2 (1.04 mi) No No

River

M/E 8/1 (1.75 mi) No May touch skyline
M/E 7/5 (2.04 mi) Yes Yes

M/E 7/4 (2.13 mi) Yes Yes

M/E 7/3 (2.24 mi) Yes Yes

M/E 7/2 (2.33 mi) Yes Yes

M/E 7/1 (2.44 mi) Maybe a little Yes

All images: Google Inc. 2010.
Google Earth Pro, Version 5.2.
Mountain View, CA. Accessed:
September 3, 2010.

JViewpoint location
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Skyline Assessment Results
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Location: Columbia River at Celilo Park Boat Ramp

Looking west, towers M7/3, M7/4, M7/5, and M8/1 (single and double circuit) break the skyline on the south side
of the river. M8/2 and M9/1 (single and double circuit) and M9/2 (double circuit only) break the skyline on the north
side of the river. Looking north, only towers M11/2, M11/3, and M11/4 near the top of the ridge break the skyline.

Looking West to North
Breaks Skyline?

Visible Tower (distance) Single Circuit Double Circuit

M/E 7/3 (1.90 mi) Yes Yes

M/E 7/4 (1.81 mi) Yes Yes

M/E 7/5 (1.72 mi) Yes Yes

M/E 8/1 (1.52 mi) May touch skyline Yes

River

M/E 8/2 (1.27 mi) Yes Yes

M/E 9/1 (1.14 mi) Yes Yes

M/E 9/2 (1.05 mi) No Yes

M/E 9/3 (0.96 mi) No No

M/E 9/4 (0.91 mi) No No

M/E 9/5 (0.88 mi) No No

M/E 9/6 (0.90 mi) No No

M/E 10/1 (0.94 mi) No No

M/E 10/2 (1.06 mi) Not Visible No

M 10/3 (1.29 mi) No No 5.2 Momain veai, GA. Avctssed: Seotember 3, 2010,
M 10/4 (1.56 mi) No No

M 11/1 (1.84 mi) No May touch skyline ﬁ‘”ewm‘”t location
M 11/2 (2.09 mi) Yes Yes

M 11/3 (2.22 mi) Yes Yes

M 11/4 (2.36 mi) Yes Yes
- Skyline Assessment Results

ICF
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Location: State Route 14 at intersection with Dalles Mountain Road
Looking north, towers W5/3, W5/4, W5/5, and W6/1 (single and double circuit) break
the skyline. Looking south to southeast, tower W5/2 (single and double circuit) and
WS5/1(double circuit only) break the skyline.

Looking North

Breaks Skyline?

Visible Tower (distance) Single Circuit Double Circuit
W 5/3 (0.21 mi) Yes Yes
W 5/4 (0.39 mi) Yes Yes
W 5/5 (0.56 mi) Yes Yes
W 6/1 (0.75 mi) Yes Yes

Looking Southeast

Breaks Skyline?

Visible Tower (near to far) Single Circuit Double Circuit
W 5/2 (0.07 mi) Yes Yes
W 5/1 (0.20 mi) May touch skyline Yes
W 4/5 (0.41 mi) No No
W 4/4 (0.58 mi) No No
Others approaching river No No
W 2/2 (2.65 mi) (across river) Yes Yes

Viewpoint Iocatioan

ICF-Graphics ... 00588.09 (10-5-10) tm
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All images: Google Inc. 2010.
Google Earth Pro, Version 5.2.
Mountain View, CA. Accessed:
September 3, 2010.

Skyline Assessment Results
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Location: US Highway 197 at Interstate 84

Looking northeast, towers W1/4 (double circuit only), W2/1, and W2/2 (single and double

circuit) break the skyline.

Towers W1/1, W1/2, and W1/3 are hidden by terrain. Other existing towers at the

substation south of Columbia View Drive are visible.

Looking East

Breaks Skyline?

Visible Tower (distance) Single Circuit Double Circuit
W 1/4 (1.81 mi) No Yes
W 2/1 (1.82 mi) Yes Yes
W 2/2 (1.83 mi) Yes Yes
W 3/1 (2.18 mi) No No

All images: Google Inc. 2010. Google Earth
Pro, Version 5.2. Mountain View, CA. Accessed:
September 3, 2010.

Viewpoint location o/’
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Skyline Assessment Results
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Oregon Department of Fish and Wildlife (ODFW)
Habitat Impacts

The six habitat categories listed below were established by the State of Oregon to help consistently
identify appropriate mitigation measures for environmental impacts on different fish and wildlife
habitats in Oregon (ODFW 2009). Impacts from the proposed action alternatives on each of these
habitat categories are given in Tables D-1 and D-2.

Category 1 —is irreplaceable, essential habitat for a fish or wildlife species, population, or a unique
assemblage of species and is limited on either a physiographic province or site-specific basis,
depending on the individual species, population or unique assemblage. In the project vicinity, cliffs
would be considered Category 1 habitat.

Category 2 - is essential habitat for a fish or wildlife species, population, or unique assemblage of
species and is limited either on a physiographic province or site-specific basis depending on the
individual species, population or unique assemblage. In the project vicinity, wetlands would be
considered Category 2 habitat.

Category 3 — is essential habitat for fish and wildlife, or important habitat for fish and wildlife that is
limited either on a physiographic province or site-specific basis, depending on the individual species
or population. In the project vicinity, high-quality woodlands would be considered Category 3
habitat.

Category 4 - is important habitat for fish and wildlife species. In the project vicinity, disturbed
grassland/shrub-steppe would be considered Category 4 habitat.

Category 5 - is habitat for fish and wildlife having high potential to become either essential or
important habitat. There is no Category 5 habitat in the project vicinity.

Category 6 - is habitat that has low potential to become essential or important habitat for fish and
wildlife. In the project vicinity, cropland or small areas of trees would be considered Category 6
habitat.



ODFW Habitat Impacts

Table D-1. West Alternative Acreage Impacts on Oregon Department of Fish and Wildlife
Habitat Categories

Permanent Impacts

Temporary Impacts

Uoaradin Total Total
Habitat 2 New pgrading Impacts per Temporary | Impacts per

1 | Towers Existing . Towers .

Category Roads Roads Habitat Roads Habitat
Category Category

Category 1 0 0 0 0 0 0 0
Category 2 0 0 0 0 0 0 0
Category 3 0 0 0 0 0 0 0
Category 4 0.5-0.7 2.0 1.1 3.6-3.8 1.5-2.1 0 1.5-2.0
Category 5 0 0 0 0 0 0 0
Category 6 0.5-0.7 1.0 0.1 1.6-1.8 1.5-2.1 0 1.5-2.0

!See the text for definitions of the six ODFW Habitat Categories.
2 Impacts are presented as ranges from all possible tower options. The upper end of each range reflects the double-circuit options and
includes the removal of the existing towers.

Table D-2. Middle and East Alternatives Acreage Impacts on Oregon Department of Fish and
Wildlife Habitat Categories

Permanent Impacts

Temporary Impacts

Uoaradin Total Total
Habitat 2 New pgrading Impacts per Temporary | Impacts per

1 | Towers Existing : Towers .

Category Roads Roads Habitat Roads Habitat
Category Category

Category 1 0 0 0 0 0 0 0
Category 2 0 0 0 0 0 0 0
Category 3 0 0 0 0 0 0 0
Category 4 2.4-8.8 5.4 6.7 14.5-20.6 7.1-29.6 0 7.1-29.6
Category 5 0 0 0 0 0 0 0
Category 6 1.5-5.7 0.9 1.1 3.5-7.7 4.5-19.2 0 4.5-19.2

TSee the text for definitions of the six ODFW Habitat Categories.
2 Impacts are presented as ranges from all possible tower options. The upper end of each range reflects the double-circuit options and
includes the removal of the existing towers.




Federal Species Determination—Impacts on
Species Listed Under the Endangered Species Act

Because BPA is a federal agency, it is required to analyze the effects of its actions on species
listed under the Endangered Species Act (ESA) of 1973 as amended. Making a No Effect
Determination is the appropriate conclusion when the proposed action will not affect a listed
species or designated critical habitat.

The following ESA listed species were identified by USFWS and NOAA Fisheries as potentially
being present in the project area (Wasco County, OR and Klickitat County, WA).

Table D-3. Wasco County, OR and Klickitat County, WA Species List

(Strix occidentalis caurina)

Critical Habitat

Species ESA Status & Critical Effect of the Proiect
(Scientific Name) Habitat Designation J
Gray wolf Endangered Not documented in or near project area.
(Canis lupus) No effect
Northern spotted owl Threatened No suitable habitat, not documented in or near

project area.
No effect

Bull trout, Columbia River DPS

(Salvelinus confluentus)

Threatened
Critical Habitat

No streams will be affected by the project.
No Effect

Chinook Salmon

(Oncorhynchus tshawytscha)

Upper Columbia River
spring-run ESU Endangered

Snake River spring/summer-
run ESU
Threatened

Snake River fall-run ESU
Threatened

No streams will be affected by the project.
No Effect

Coho Salmon
(Oncorhynchus kisutch)

Lower Columbia River ESU
Threatened

No streams will be affected by the project.
No Effect

Sockeye Salmon
(Oncorhynchus nerka)

Snake River ESU
Endangered

No streams will be affected by the project.
No Effect

Steelhead
(Oncorhynchus mykiss)

Middle Columbia River DPS
Threatened

Snake River Basin DPS
Threatened

Upper Columbia River DPS
Threatened

No streams will be affected by the project.
No Effect

Ute ladies'-tresses
Spiranthes diluvialis

Threatened

Suitable habitat present. Surveys did not document
any occurrences.

No effect




Federal Species Determination

Gray Wolf

Gray wolves were historically present in the project area, but were extirpated from the region
by the 1930’s. Occasional wolf sightings have been recorded in the Cascades, which likely
represent lone individuals rather than established wolf packs. Documented wolf packs exist in
eastern Oregon and north eastern Washington, but none have been documented within 50
miles of the project area. In the unlikely even that individual wolves would be passing through
the area during construction, they may avoid the area of active construction. No long term
impacts to wolf prey species are likely from the proposed project. No wolf pack territory would
be affected. Since there are no documented wolf packs nearby and it is unlikely that any
transitory wolves would use the project area during construction, the project would have no
effect upon the gray wolf.

Northern Spotted Owl

The project area is mostly shrub-steppe with some ponderosa pine and oak forests. These
forested areas do not provide spotted owl habitat. There are no documented sightings of
northern spotted owls within 5 miles of the project area and they are not expected to use the
types of habitats present within or near the project area. Therefore, the project will have no
effect upon the northern spotted owl.

Fish Species

The proposed project crosses streams and rivers that do contain listed fish species habitat.
However, no new access roads would be constructed across these streams, no towers would be
placed in or next to streams or rivers, or wetlands leading up to them. Sediment and spill
control will be implemented at all construction sites to prevent any hazardous materials or
sediments from entering waterways. A few trees would need to be removed in the riparian area
adjacent to the non-fish bearing Threemile Creek in Washington. Other trees would need to be
removed in upland areas on either side of some river and stream crossings. Because no
sediment or chemical inputs to streams are expected and because no adverse changes to water
temperature or stream function are anticipated from tree removal, the project will have no
effect upon listed salmonids.

Ute Ladies-Tresses

Surveys for Ute ladies-tresses were conducted during the summer of 2010 within the project
area. No occurrences were found. Because the plant is not present in the project area, the
project will have no effect upon the Ute ladies-tresses.



Potential Impacts on Sensitive Species of the Columbia River Gorge National Scenic Area
and National Forest System

West Alternative

Middle Alternative

East Alternative

Species

. Usual Habitat in Oregon and Potential Potential Potential
(Population SIS Washington Occurrence Impact Occurrence Impact Occurrence Impact
Segment)
Fish
Bull trout T Spawns and rears in cold streams and lakes. Present in NE on species Present in NE on species Present in NE on species
(Columbia River) OR-SC Adults will disperse and/or migrate in warmer Columbia River or designated Columbia River or designated Columbia River or designated
(Salvelinus WA-C systems such as the Columbia River mainstem. and Fifteenmile | critical habitat. and Fifteenmile | critical habitat. and Fifteenmile | critical habitat.
confluentus) Also documented in Hood River, Drano Lake, and | Creek No in-water Creek No in-water Creek No in-water
suspected in Klickitat River and Sandy River in the work. work. work.
National Scenic Area (NSA).
Steelhead trout T Anadromous. Presence in the NSA limited to Present in NE on species Present in NE on species Present in NE on species
(Snake River) WA-C migration corridor of the Columbia River. Columbia River | or designated Columbia River | or designated Columbia River | or designated
(Oncorhynchus critical habitat. critical habitat. critical habitat.
mykiss) No in-water No in-water No in-water
work. work. work will occur.
Steelhead trout T Anadromous. Spawns and rears in Columbia Present in NE on species Present in NE on species Present in NE on species
(mid-Columbia WA-C River tributaries between Mosier and Yakima, in Columbia River or designated Columbia River or designated Columbia River or designated
River) both OR and WA. and Fifteenmile | critical habitat. and Fifteenmile | critical habitat. and Fifteenmile | critical habitat.
(Oncorhynchus Creek No in-water Creek No in-water Creek No in-water
mykiss) work. work. work.
Steelhead trout E Anadromous. Presence in the NSA limited to Present in NE on species Present in NE on species Present in NE on species
(upper Columbia WA-C migration corridor of the Columbia River. Columbia River | or designated Columbia River | or designated Columbia River | or designated
River) critical habitat. critical habitat. critical habitat.
(Oncorhynchus No in-water No in-water No in-water
mykiss) work. work will occur. work.
Steelhead trout T Anadromous. Spawns and rears in Columbia Presentin NE on species Present in NE on species Presentin NE on species
(lower Columbia OR-SC River tributaries between the mouth of the Columbia River, | or designated Columbia River, | or designated Columbia River, | or designated
River) WA-C Columbia River east to Hood River, in both OR downstream of | critical habitat. downstream of | critical habitat. downstream of | critical habitat.
(Oncorhynchus and WA. project corridor project corridor project corridor
mykiss)
Chinook (mid- FS Anadromous. Spawns and rears in Columbia Present in NI. No in-water | Presentin NI. No in-water | Presentin NE on species
Columbia River River tributaries between Mosier and Yakima, in Columbia River work. Columbia River work. Columbia River or designated
spring run) both OR and WA. and Fifteenmile and Fifteenmile and Fifteenmile | critical habitat.
(Oncorhynchus Creek Creek Creek No in-water
tshawytscha) work.




West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Chinook salmon T Anadromous. Presence in the NSA limited to Present in NE on species Present in NE on species Present in NE on species
(Snake River OR-T migration corridor of the Columbia River. Columbia River or designated Columbia River or designated Columbia River or designated
spring/summer/fall WA-C critical habitat. critical habitat. critical habitat.
runs) No in-water No in-water No in-water
(O. tshawytscha) work. work. work.
Chinook salmon T Anadromous. Spawns and rears in Columbia Present in NE on species Present in NE on species Present in NE on species
(lower Columbia OR-SC River tributaries between the mouth of the Columbia River, | or designated Columbia River, | or designated Columbia River, | or designated
River) (fall Columbia R east to Hood River, in both OR and downstream of | critical habitat. downstream of | critical habitat. downstream of | critical habitat.
(Oncorhynchus run) WA. the project the project the project
tshawytscha) WA-C corridor corridor corridor
Chinook salmon E Anadromous. Presence in NSA limited to Present in NE on species Present in NE on species Present in NE on species
(upper Columbia WA-C migration corridor of the Columbia River. Columbia River or designated Columbia River or designated Columbia River or designated
River) critical habitat. critical habitat. critical habitat.
(Oncorhynchus No in-water No in-water No in-water
tshawytscha) work work work
Sockeye salmon E Anadromous. Presence in NSA limited to Present in NE on species Presentin NE on species Presentin NE on species
(Snake River) WA-C migration corridor of the Columbia River. Columbia River or documented | Columbia River or documented | Columbia River | or documented
(Oncorhynchus Spawning area typically adjacent to or in lakes, critical habitat. critical habitat. critical habitat.
nerka) where young rear. No in-water No in-water No in-water
work work work
Chum salmon T Anadromous. Spawns and rears in several Presentin NE on species Present in NE on species Presentin NE on species
(Columbia River) OR-SC locations on the Columbia River shoreline and in Columbia River, | or designated Columbia River, | or designated Columbia River, | or designated
(Oncorhynchus WA-C low-gradient tributaries, in both OR and WA. downstream of | critical habitat. downstream of | critical habitat. downstream of | critical habitat.
keta) Historically documented spawning run as far east | the project the project the project
as the Umatilla and Walla Walla systems, but corridor corridor corridor
present population largely below Bonneville
Dam. Some incidental spawning known to occur
near the mouths of White Salmon River (WA) and
Eagle Creek (OR).
Coho (lower T Anadromous. Spawns and rears in Columbia Present in NE on species Present in NE on species Presentin NE on species
Columbia River) OR-E River tributaries between the mouth of the Columbia River or designated Columbia River or designated Columbia River | or designated
(Oncorhynchus Columbia River east to Hood River, in both OR and the lower critical habitat. and the lower critical habitat. and the lower critical habitat.
kisutch) and WA. reaches of No in-water reaches of No in-water reaches of No in-water
Fifteenmile work. Fifteenmile work. Fifteenmile work.
Creek Creek Creek
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Pacific lamprey OR-SV Anadromous. Found sporadically throughout Present in NI. No in-water | Presentin NI. No in-water | Presentin NI. No in-water
(Lampetra Columbia River Basin. Spawns in gravelly riffles Columbia River work. Columbia River work. Columbia River work.
tridentata) in late spring or early summer. Ammocoetes rear | and Fifteenmile and Fifteenmile and Fifteenmile
for approximately 6 years in silt and fine sand Creek Creek Creek
before outmigration.
River lamprey WA-C Anadromous. Historically occurred throughout Present in NI. No in-water | Presentin NI. Noin-water | Presentin NI. No in-water
(Lampetra ayresi) the Columbia River system, but little information | Columbia River | work. Columbia River | work. Columbia River | work.
on current distribution or abundance. Difficult to | and Fifteenmile and Fifteenmile and Fifteenmile
identify as ammocoetes. Adults not documented | Creek Creek Creek
in OR or WA since 1980.
Western brook OR-SV Resident and nonparasitic. Documented in Outside known NI. Outside known NI. Species is Outside known NI. Species is
lamprey tributaries of the White Salmon and Klickitat range. No range. No not known to range. No not known to
(Lampetra Rivers. suitable habitat. suitable habitat. | occur. suitable habitat. | occur.
richardoni)
Eulachon T Anadromous, with spawning in mainstem Present in NE on species Present in NE on species Present in NE on species
(Thaleichthys WA-C Columbia River and lower reaches of rivers, often | Columbia River, | or proposed Columbia River, | or proposed Columbia River, | or proposed
pacificus) in tidal influence (Sandy River in NSA). downstream of | critical habitat. downstream of | critical habitat. downstream of | critical habitat.
Historically migrated as far east as Hood River the project the project the project
prior to construction of Bonneville Dam. corridor corridor corridor
Leopard dace WA-C Disjunct populations in Columbia River mainstem | Presentin NI. Noin-water | Presentin NI. Noin-water | Presentin NI. No in-water
(Rhinichthys and Yakima, Snake, Similkameen Rivers. Habitat Columbia River work. Columbia River work. Columbia River work.
falcatus) in large, slower flowing rivers and lakes. Lay and Fifteenmile and Fifteenmile and Fifteenmile
adhesive eggs in riffles, late spring. Creek Creek Creek
Mountain sucker WA-C Historic range in Columbia River system, largely Present in NI. No in-water Presentin NI. No in-water | Presentin NI. No in-water
(Catostomus east of Cascades, including the Columbia River Columbia River work. Columbia River work. Columbia River work.
platyrhynchus) mainstem and lower Klickitat River in the NSA. and Fifteenmile and Fifteenmile and Fifteenmile
June/luly spawner in riffles. Creek Creek Creek
Herptiles
Cope’s giant FS Western WA, northwestern OR. Clear, cold Outside known NI. Outside known NI. Outside known NI.
salamander OR-SU mountain streams with rocky substrate. range. No range. No range. No
(Dicamptodon suitable habitat. suitable habitat. suitable habitat.
copei)
Cascade torrent FS Cascade Mountains of southern WA and Outside known NI Outside known NI Outside known NI
salamander WA-C northern OR. In and adjacent to cold, fast range range range
(Rhyacotriton OR-SV mountain streams or seeps with rocky substrate.
cascadae)

Potential Impacts on Sensitive Species of the CRGNSA and National Forest System




West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
Status - Impact Impact Impact
(Population Washington Occurrence P Occurrence P Occurrence P
Segment)
Dunn's salamander | WA-C Coast range only WA and western OR. Moss- Outside known | NI Outside known | NI Outside known | NI
(Plethodon dunni) covered rock rubble, shady stream banks. range range range
Oregon slender FS North and central OR Cascades. Forests with Outside known | NI Outside known | NI Outside known | NI
salamander OR-SU large down logs and moist talus with abundant range range range
(Batrachoseps wood debris
wrighti)
Larch Mountain FS Cascades of southern WA and northern OR. Outside known NI Outside known NI Outside known NI
salamander WA-S Moss-covered shady talus slopes, low to mid- range range range
(Plethodon larselli) | OR-SV elevation.
Columbia spotted WA-C Columbia River Basin (east of Cascades). In or Outside known NI Outside known NI Outside known NI
frog OR-SU near permanent slow ponds, streams, marshes range range range
(Rana luteiventris) with abundant vegetation (one known site at
Conboy National Wildlife Refuge). No currents
sites in NSA.
Oregon spotted FS Historically found in the Puget Trough from the Outside known NI Outside known NI Outside known NI
frog WA-E Canadian border to the Columbia River and east range range range
(Rana pretiosa) OR-SC into the southern Washington Cascades. In or
near large perennial lakes and marshes. Closest
extant population at Crane Prairie Reservoir in
Deschutes County.
Northern leopard WA-E Lowland marshes and ponds with dense Outside known | NI Outside known [ NI Outside known | NI
frog OR-SC vegetation. Presently found only in Grant County. | range range range
(Rana pipiens) Likely extirpated in Columbia River Gorge.
Western toad WA-C Widespread distribution in WA and OR. Most Likely occurs MIIH. Project Likely occurs MIIH. Project Likely occurs MIIH. Project
(Bufo boreas) OR-SV common near marshes and small lakes (breeding would not would not would not
sites in mid-spring); can travel readily overland to impact aquatic impact aquatic impact aquatic
streams and seeps. associated associated associated

habitats, but
may result in
removal of
upland habitat
potentially used
by species, as
well as

habitats, but
may result in
removal of
upland habitat
potentially used
by species, as
well as

habitats, but
may result in
removal of
upland habitat
potentially used
by species, as
well as

temporary temporary temporary

construction construction construction

impacts impacts impacts
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)

Northwestern pond | FS Streams, large rivers, slow sloughs, and quiet Outside known NI Outside known NI Outside known NI

turtle WA-E waters with nesting habitat (open meadow) range range range

(Clemmys OR-SC within 0.5 mile. Occurs below 3,000-foot

marmorata) elevation.

Painted turtle FS (OR) Likely occurs NI. Project will Likely occurs NI. Project will Likely occurs NI. Project will

(Chrysemys picta) OR-SC Slow water ponds, marshes, rivers below 3,000- not impact not impact not impact
foot elevation. Widely introduced outside aquatic aquatic aquatic
Columbia River Gorge and Columbia River Basin. habitats. habitats. habitats.

California FS (WA) | Main population in CA and Klamath Mountains, No suitable NI No suitable NI No suitable NI

mountain king WA-C with disjunct population in Columbia River Gorge | habitat habitat habitat

snake OR-SV (Klickitat, Skamania County area). Oak and pine

(Lampropeltis woodland, rocky riparian in logs and rocky cover.

zonata) No confirmed specimens on OR side of NSA,
although unconfirmed sightings in The Dalles and
Maupin areas.

Sharptail snake FS (WA) | Eastslope of WA Cascades, Columbia River May occur NI. Project May occur NI. Project May occur NI. Project

(Contia tenuis) WA-C Gorge, western OR. Rocky slopes often in open | along streams alignment will along streams alignment will along streams alignment will

OR-sy | pineand oak woodland, preying on small slugs. | and riparian not affect and riparian not affect and riparian not affect

Also in moist riparian east of Cascades. Usually | areas aquatic or areas aquatic or areas aquatic or

found near streams. Largely subterranean
during summer, appearing in spring and fall.

riparian habitat.

riparian habitat.

riparian habitat.
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West Alternative

Middle Alternative

East Alternative

Species

. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)

Night snake FS (WA) | C.and E. Oregon. C. Washington. Found in semi May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

(Hypsiglena arid areas of oak and talus. Rarely encountered may result in may result in may result in

torquata) due to entirely nocturnal habits. habitat habitat habitat
removal, removal, removal,
temporary temporary temporary
construction construction construction
impacts and impacts and impacts and
indirect impacts indirect impacts indirect impacts
(e.g., new (e.g., new (e.g., new
perches for perches for perches for
raptors that raptors that raptors that
may result in may result in may result in
increased increased increased
predation), but predation), but predation), but
is not is not is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.

Striped whipsnake FS (WA) | South and central WA, eastern OR. Dry rocky Outside known NI Outside known NI Outside known NI

(Masticophis WA-C sites, oak woodland, pine forests. Not range range range

taeniatus) documented in Klickitat County, WA.

Birds

Bald eagle WA-T Shoreline (generally within 1 mile of large water Known to occur | MIIH. Project Known to occur | MIIH. Project Known to occur | MIIH. Project

(Haliatus OR-T bodies). Large trees and prey base of fish. Diet may result in may result in may result in

leucocephalus) also includes waterfowl, turtles, and carrion. temporary temporary temporary

construction
impacts (e.g.,
disturbance),
but not
expected to
cause a
downward
trend in the
population.

construction
impacts (e.g.,
disturbance),
but not
expected to
cause a
downward
trend in the
population.

construction
impacts (e.g.,
disturbance),
but not
expected to
cause a
downward
trend in the
population.
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West Alternative

Middle Alternative

East Alternative

Species

. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)

Northern spotted T Mature coniferous forest for nesting, roosting, Outside known NE Outside known NE Outside known NE

owl WA-E and foraging. Will disperse in early or mid-seral range range range

(Strix occidentalis OR-T forests.

caurina)

Ferruginous hawk FS (WA) | Open prairie and shrub steppe in eastern WA and | Known to occur | MIIH. Project Known to occur | MIIH. Project Known to occur | MIIH. Project

(Buteo regalis) WA-T OR. may result in may result in may result in

OR-SC removal of removal of removal of

foraging foraging foraging
habitat, habitat, habitat,
construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance) disturbance) disturbance)
and indirect and indirect and indirect
impacts (e.g., impacts (e.g., impacts (e.g.,
reduced reduced reduced
foraging success foraging success foraging success
during during during
construction), construction), construction),
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Potential Impacts on Sensitive Species of the CRGNSA and National Forest System 7




West Alternative

Middle Alternative

East Alternative

Species

. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Peregrine falcon FS Tall cliff (nest) sites within 1 mile of water with Known to occur | MIIH. Project Known to occur | MIIH. Project Known to occur | MIIH. Project
(Falco peregrinus) OR-E small bird prey base. may result in may result in may result in
WA-S removal of removal of removal of
foraging foraging foraging
habitat, habitat, habitat,
construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance) disturbance) disturbance)
and indirect and indirect and indirect
impacts (e.g., impacts (e.g., impacts (e.g.,
reduced reduced reduced
foraging success foraging success foraging success
during during during
construction), construction), construction),
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Northern goshawk WA-C More common east of Cascades in a wide variety | No suitable NI No suitable NI No suitable NI
(Accipiter gentilis) OR-SC of forest ages, structural conditions, and habitat habitat habitat
successional stages. Nests in stands of mature
forest at elevations of 1,900 to 6,100 feet in
Oregon.
Potential Impacts on Sensitive Species of the CRGNSA and National Forest System 8




West Alternative

Middle Alternative

East Alternative

(Pi?)i(r;fison Status Usual H%Sitat _in Oregon and Potential Impact Potential Impact Potential Impact
ashington Occurrence Occurrence Occurrence
Segment)
Golden eagle WA-C Various habitats in open country and forests. Known to occur | MIIH. Project Known to occur | MIIH. Project Known to occur | MIIH. Project
(Aquila chrysaetos) Often nests on steep cliffs or large trees. may result in may result in may result in
removal of removal of removal of
foraging foraging foraging
habitat, habitat, habitat,
construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance) disturbance) disturbance)
and indirect and indirect and indirect
impacts (e.g., impacts (e.g., impacts (e.g.,
reduced reduced reduced
foraging success foraging success foraging success
during during during
construction), construction), construction),
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Merlin WA-C Forests, grasslands, marshes. Nests in WA Known to occur | MIIH. Project Known to occur | MIIH. Project Known to occur | MIIH. Project
(Falco columbarius) Cascades, northeastern WA. Winters throughout may result in may result in may result in
the northwest. removal of removal of removal of
foraging foraging foraging
habitat, habitat, habitat,

construction
impacts (e.g.,
disturbance)

construction
impacts (e.g.,
disturbance)

construction
impacts (e.g.,
disturbance)

and indirect and indirect and indirect
impacts (e.g., impacts (e.g., impacts (e.g.,
reduced reduced reduced
foraging success foraging success foraging success
during during during
construction), construction), construction),
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Flammulated owl WA-C East Cascades. Cavity nester in mature pine and May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Otus flammeolus) OR-SC mixed conifer forests at mid-elevations. Winters may result in may result in may result in
south of US border. removal of removal of removal of
foraging foraging foraging
habitat, habitat, habitat,
construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance) disturbance) disturbance)
and indirect and indirect and indirect
impacts (e.g., impacts (e.g., impacts (e.g.,
reduced reduced reduced
foraging success foraging success foraging success
during during during
construction), construction), construction),
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Common loon FS (WA) | Undisturbed lakes and ponds with fish and Possible winter NI. Project not Possible winter NI. Project not Possible winter NI. Project not
(Gavia immer) WA-S invertebrate prey base. Spring/fall migrant; resident along expected to resident along expected to resident along expected to
winters in NSA. Columbia River impact Columbia River impact Columbia River impact
habitats.. habitats.. habitats..
Western grebe WA-C Open lakes and marshes with rushes and tule. Possible winter NI. Project not Possible winter NI. Project not Possible winter NI. Project not
(Aechmophorus Winters in coastal estuaries and bays. resident along expected to resident along expected to resident along expected to
occidentalis) Columbia River impact habitats. | Columbia River impact habitats. | Columbia River impact habitats.
Clark’s grebe FS (WA) | Wintersin NSA on large rivers. Breeds in large Possible winter NI. Project not Possible winter NI. Project not Possible winter NI. Project not
(Aechmophorus lakes with tule or rushes. resident along expected to resident along expected to resident along expected to
clarkii) Columbia River impact habitats. | Columbia River impact habitats. | Columbia River impact habitats.
Horned grebe FS (OR) Common winter resident on Columbia River in Possible winter NI. Project not Possible winter NI. Project not Possible winter NI. Project not
(OR only) OR-SP NSA. Breeds on marshes and lakes in eastern WA | resident along expected to resident along expected to resident along expected to
(Podiceps and OR. Columbia River impact habitats. | Columbia River impact habitats. | Columbia River impact habitats.
grisegena)
Red-necked grebe FS (OR) Rare winter migrant on the Columbia River. Possible winter | NI. Project not Possible winter | NI. Project not Possible winter | NI. Project not
(Podiceps OR-SC Uncommon breeder in eastern WA and OR. resident along expected to resident along expected to resident along expected to
grisegena) Columbia River impact habitats. | Columbia River impact habitats. | Columbia River impact habitats.

Potential Impacts on Sensitive Species of the CRGNSA and National Forest System
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West Alternative

Middle Alternative

East Alternative

Species

. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Eared grebe FS (WA) | Documented but uncommon winter resident of Possible winter NI. Project not Possible winter NI. Project not Possible winter NI. Project not
(Podiceps NSA. Breeds in eastern OR and WA lakes and resident along expected to resident along expected to resident along expected to
nigricollis) reservoirs with rushes and cattails. Columbia River impact habitats. | Columbia River impact habitats. | Columbia River impact habitats.
Harlequin duck FS Winters at coast. Breeds at NSA on ground, Breeds in NI. Project not Breeds in NI. Project not Breeds in NI. Project not
(Histrionicus usually within 10 meters of fast-moving Cascade Columbia River | expected to Columbia River | expected to Columbia River | expected to
histrionicus) tributaries of the lower and middle Columbia Gorge Cascade impact habitats. | Gorge Cascade impact habitats. | Gorge Cascade impact habitats.
River, often on rocky islands and banks. tributaries tributaries tributaries
Bufflehead FS(OR) Nests in tree cavities and winters in small flocks Possible winter | NI. Project not Possible winter | NI. Project not Possible winter | NI. Project not
(Bucephala along the Columbia River resident along expected to resident along expected to resident along expected to
albeola) Columbia River impact habitats. | Columbia River impact habitats. | Columbia River impact habitats.
American white WA-E Nest in large colonies on islands in shallow water | Rare, but NI. Project not Rare, but NI. Project not Rare, but NI. Project not
pelican OR-SV and marshes free of human disturbance and possible expected to possible expected to possible expected to
(Pelecanus mammalian predators. Post breeders sometimes | occurrence impact habitats. | occurrence impact habitats. | occurrence impact habitats.
erythrorhynchos) seen in Columbia River (such as Klickitat Delta).
Winters from southern US to Mexico.
Sandhill crane WA-E Riverine wetland, isolated mountain meadows Rare, but NI. Project not Rare, but NI. Project not Rare, but NI. Project not
(Grus canadensis) and basins. No current breeding populations in possible expected to possible expected to possible expected to
the NSA; some migration. occurrence impact habitats. | occurrence impact habitats. | occurrence impact habitats.
Yellow-billed WA-C Historic range in WA and OR. No reported Formerly NI. Project not Formerly NI. Project not Formerly NI. Project not
cuckoo OR-SC breeding occurrences since the 1950s, although considered expected to considered expected to considered expected to
(Coccyzus periodically sighted east of Cascades. Riparian extirpated from | impact habitats. | extirpated from | impact habitats. | extirpated from | impact habitats.
americanus) forests, with cottonwood and thick willow. the CRGNSA; the CRGNSA; the CRGNSA;
Neotropical migrant. sightings at sightings at sightings at
Sandy River Sandy River Sandy River
Delta in 2009 Delta in 2009 Delta in 2009
and 2010. and 2010. and 2010.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Lewis' woodpecker | WA-C Open pine and oak woodland, conifer forests, May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Melanerpes lewis) OR-SC and riparian woodland. Neotropical migrant. within wooded may result in within wooded may result in within wooded may result in
Commonly seen in eastern dry forests of NSA. areas temporary areas temporary areas temporary
construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance), disturbance), disturbance),
but is not but is not but is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
White-headed WA-C Central and eastern WA and OR in mature and May occur NI. Species May occur NI. Species May occur NI. Species
woodpecker OR-SC open coniferous forests, especially ponderosa within wooded occurs further within wooded occurs further within wooded occurs further
(Picoides pines. Cavity nester. Not currently documented areas west of the areas west of the areas west of the
albolarvatus) in NSA. project project project
alignment in alignment in alignment in
forested areas forested areas forested areas
Black-backed WA-C Uncommon Cascades resident usually at higher No suitable NI. Project No suitable NI. Project No suitable NI. Project
woodpecker OR-SC elevations (above 3,000 feet). Eastern Cascades habitat alignment habitat alignment habitat alignment
(Picoides arcticus) in WA. Scattered distribution as populations are traverses the traverses the traverses the
highly associated with post-fire habitats in CRGNSA at CRGNSA at CRGNSA at
mature forests (stand-replacement fires with elevations elevations elevations
snags), dependent on high density of dead and below those at below those at below those at
insect-ridden trees. which species which species which species
typically occurs. typically occurs. typically occurs.
Acorn woodpecker | FS (WA) | Highly associated resident of oaks and pine and Outside known NI Outside known NI Outside known NI
(Melanerpes oak woodlands. Klickitat County (near Lyle) is the | range of species range of species range of species
formicivorus) only known location in WA, home to the
northernmost population in its range. Primary
cavity nester.
Pileated WA-C Conifer and mixed conifer forests, and deciduous | Outside known NI Outside known NI Outside known NI
woodpecker OR-SV stands in valley bottoms with large dead or live range of species range of species range of species
(Dryocopus trees (or remnants) for foraging and nesting.
pileatus) Primary cavity nester.

Potential Impacts on Sensitive Species of the CRGNSA and National Forest System
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West Alternative

Middle Alternative

East Alternative

Species

. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Green-tailed FS (WA) | At moderate to higher elevations, nests in Outside known NI Outside known NI Outside known NI
towhee shrubby areas intermixed with small trees, often range of species range of species range of species
(Pipilo chlorurus) in areas maintained by fires or other disturbance.
WA state is on its most northwesterly range
peripherally, with most recorded in the Blue
Mountains of southeast WA. Known occurrences
in east Hood River County, OR.
Sharp-tailed grouse | WA-T Grasslands and sagebrush. Historically found Extirpated from | NI Extirpated from | NI Extirpated from | NI
(Tympanuchus east of the Cascades, including much of Klickitat this portion of this portion of this portion of
phasianellus) County, but extirpated in 1950s from most of historic range historic range historic range
range in WA and OR. Remnant population in
northeastern WA.
Lesser goldfinch FS (WA) | Open steppes and oak woodlands. A permanent May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Carduelis psaltria) resident in south-central WA. Klickitat County is may remove may remove may remove
its northernmost population across its range in open steppe open steppe open steppe
western and southwestern US and Mexico. habitats habitats habitats
occupied by this occupied by this occupied by this
species and species and species and
result in result in result in
temporary temporary temporary

construction
impacts (e.g.,
disturbance),

construction
impacts (e.g.,
disturbance),

construction
impacts (e.g.,
disturbance),

but is not but is not but is not
anticipated to anticipated to anticipated to
resultin a resultin a resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Sage sparrow WA-C Eastern WA and OR. Flat terrain highly associated | May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Amphispiza belli) with big sagebrush; may also use chaparral, and may remove may remove may remove
dry foothills. On periphery of habitat in NSA; in habitats habitats habitats
the extreme eastern end. No known current occupied by this occupied by this occupied by this
populations, although migrants may pass through species and species and species and
the NSA. Winters in southern OR and result in result in result in
southwestern US. temporary temporary temporary
construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance), disturbance), disturbance),
but is not but is not but is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
Sage thrasher WA-C Eastern WA and OR semiarid sagebrush plains May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Oreoscoptes and bottomlands. May have historically been in may remove may remove may remove
montanus) outlying east portion of NSA, but no current habitats habitats habitats
populations. occupied by this occupied by this occupied by this
species and species and species and
result in result in result in
temporary temporary temporary

construction
impacts (e.g.,
disturbance),

construction
impacts (e.g.,
disturbance),

construction
impacts (e.g.,
disturbance),

but is not but is not but is not
anticipated to anticipated to anticipated to
resultin a resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Loggerhead shrike WA-C East of Cascades. Dry grassland and sagebrush May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Lanius desert habitats. On periphery of habitat in NSA may remove may remove may remove
ludovicianus) with sightings in east Klickitat County. habitats habitats habitats
Neotropical migrant. occupied by this occupied by this occupied by this
species and species and species and
result in result in result in
temporary temporary temporary
construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance), disturbance), disturbance),
but is not but is not but is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
Oregon vesper WA-C Lowland valleys of western WA and OR May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
sparrow (Willamette, Klamath, Puget Sound). Sparsely may remove may remove may remove
(Pooecetes vegetated grasslands with scattered tall habitats habitats habitats
gramineus dffinis) structures used for song perches, including occupied by this occupied by this occupied by this
agricultural lands. On periphery of habitat in species and species and species and
NSA. result in result in result in
Ground nester. temporary temporary temporary
construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance), disturbance), disturbance),
but is not but is not but is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
Slender-billed FS(WA) A westside subspecies of the white-breasted Outside known NI Outside known NI Outside known NI
white-breasted nuthatch. Open oak and oak/Douglas-fir forests range of species range of species range of species
nuthatch in western Washington (Skamania, Clark, and
(Sitta carolinensis Cowlitz Counties). Decline directly related to loss
aculeata) of this habitat.
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West Alternative

Middle Alternative

East Alternative

Species

. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Gray flycatcher FS Southeast WA and eastern OR. Ponderosa pine, May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Empidonax sagebrush, and pinyon juniper woodlands. On may result in may result in may result in
wrightii) periphery of habitat in NSA. Winters in temporary temporary temporary
southwest US and southward. construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance), disturbance), disturbance),
but is not but is not but is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
Ash-throated FS(WA) Oak and juniper woodlands. Nests in natural or May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
flycatcher artificial cavities. Winters in southwest US and may result in may result in may result in
(Myiarchus southward. temporary temporary temporary
cinerascens) construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance), disturbance), disturbance),
but is not but is not but is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
Black swift FS(OR) Nests in waterfalls, steep cliffs, and damp caves | Outside known NI Outside known NI Outside known NI
(Cypseloides niger) | OR-SP out of direct sunlight. Highly suspected to be range of species range of species range of species
in NSA, but NSA is outside current known
range. Neotropical migrant.
Vaux's swift WA-C Forests and urban areas with hollow trees, bark, May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Chaetura vauxi) or chimneys provide nesting sites. may result in may result in may result in
Neotropical migrant. temporary temporary temporary

construction
impacts (e.g.,
disturbance),

construction
impacts (e.g.,
disturbance),

construction
impacts (e.g.,
disturbance),

but is not but is not but is not
anticipated to anticipated to anticipated to
resultin a resultin a resultin a
downward downward downward
trend in the trend in the trend in the
population. population. population.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Purple martin OR-SC Western WA and OR up the Columbia River Outside known NI Outside known NI Outside known NI
(Progne subis) WA-C Gorge to western Wasco County. Cavity and range of species range of species range of species
crevice nester, often near water. Forages over
open water, fields, and forest canopy. Winters in
South America.
Mammals
Grizzly bear T Historically in lower 48 states, presently Project NE on species Project NE on species Project NE on species
(Ursus arctos) WA-E restricted to areas with low human populations, alignment does | or proposed alignment does | or proposed alignment does | or proposed
such as North Cascades Range. not intersect critical habitat. not intersect critical habitat. not intersect critical habitat.
species current species current species current
range range range
Gray wolf E Historically found in almost all habitats in lower Project NE on species. Project NE on species. Project NE on species.
(Canis lupus) WA-E 48 states; presently reintroduced in steppe, alignment is Critical habitat alignment is Critical habitat alignment is Critical habitat
woodland, and forest habitats. outside known has been outside known has been outside known has been
range neither range neither range neither
proposed nor proposed nor proposed nor
designated in designated in designated in
WA or OR. WA or OR. WA or OR.
California FS Conifer forests. Intolerant of human encounters No suitable NI No suitable NI No suitable NI
wolverine WA-C or disturbance. Requires very large home ranges. | habitat habitat habitat
(Gulo gulo) OR-T One sighting in last several decades of road-killed
juvenile male on I-84, near Starvation Creek,
January 1990.
Pacific fisher FS Optimum habitat is dense, lower elevation, No suitable NI No suitable NI No suitable NI
(Martes pennanti) WA-E mature conifer forest, with large down logs for habitat. habitat habitat
OR-SC nesting. Likely extirpated in NSA and adjacent
forests.
Columbian white- E Historic distribution in floodplains, bottomland This portion of NE on species. This portion of NE on species. This portion of NE on species.
tailed deer (lower WA-E riparian of Willamette and Lower Columbia River | the CRGNSA is Critical habitat the CRGNSA is Critical habitat the CRGNSA is Critical habitat

Columbia River
population only)

now limited to these lower southwest counties:
Clark, Cowlitz, Pacific, Skamania, and

outside known
range.

has been
neither

outside known
range.

has been
neither

outside known
range.

has been
neither

(Odocoileus Wahkiakum Counties, WA; Clatsop, Columbia, proposed nor proposed nor proposed nor
virginianus and Multnomah Counties, OR. designated in designated in designated in
leucurus) WA or OR. WA or OR. WA or OR.
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West Alternative

Middle Alternative

East Alternative

Species

. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
White-tailed WA-C East of Cascades. Open areas with native May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
jackrabbit OR-SU bunchgrass, sagebrush plains. Can also be found may remove may remove may remove
(Lepus townsendii) in coniferous forests and subalpine meadows. habitats habitats habitats
On periphery of habitat in NSA at The Dalles and occupied by this occupied by this occupied by this
Dallesport. species and species and species and
result in result in result in
temporary temporary temporary
construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance), disturbance), disturbance),
but is not but is not but is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
Washington ground | WA-C Presently found in Columbia Basin of WA state in | Project NI Project NI Project NI
squirrel OR-E sagebrush/grassland w/ sandy soils; also Gilliam, alignment is alignment is alignment is
(Spermophilus Morrow and Umatilla counties, OR. May have outside known outside known outside known
washingtoni) historically been in the eastern edge of NSA. range. range. range.
Western gray FS (WA) | Open mixed oak and conifer woodland, typically May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
squirrel OR-SU within 0.5 mile of water source. Core range for may result in may result in may result in
(Sciurus griseus) WA-T WA in Klickitat County. Known to occur in Hood temporary temporary temporary
River and in eastern OR. Easy to confuse with construction construction construction
nonnative and invasive eastern gray squirrel. impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance), disturbance), disturbance),
but is not but is not but is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
Gray-tailed vole WA-C Endemic to Clark County, WA and Willamette Project NI Project NI Project NI
(Microtus Valley, OR. Grassy and agricultural lands, alignment is alignment is alignment is
canicaudus) meadows. On periphery of habitat in NSA. outside known outside known outside known
Common in OR. range. range. range.
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West Alternative

Middle Alternative

East Alternative

(Pi?)i(r;fison Status Usual H%Sitat _in Oregon and Potential Impact Potential Impact Potential Impact
ashington Occurrence Occurrence Occurrence
Segment)
Townsend’s big- FS (WA) | Throughout western US. Roost and May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
eared bat WA-C, hibernaculum sites in caves, buildings, mines, may result in may result in may result in
(Corynorhinus OR-SC and bridge undersides, with exacting temp, temporary temporary temporary
townsendii) humidity, and physical requirements. Very construction construction construction
intolerant of human disturbance, which results in impacts (e.g., impacts (e.g., impacts (e.g.,
loss of critical fat reserves during torpid period. disturbance), disturbance), disturbance),
but is not but is not but is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
Pacific fringe-tailed | FS Nursery colonies and roosts in mines, caves, Project NI Project NI Project NI
bat buildings, and similar conditions. Intolerant of alignment is alignment is alignment is
(Myotis thysanodes human disturbance. Documented in Little White outside known outside known outside known
vespertinus) Salmon Subbasin in 1996. More common in range. range. range.
southwest WA.
Pacific pallid bat FS (OR) Arid area specialist. Daytime roosts in buildings May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Antrozous OR-SV and crevices, less often in caves and other may result in may result in may result in
pallidus) shelters. Feeds primarily on the ground on large temporary temporary temporary
insects, scorpions, and other small prey. construction construction construction
impacts (e.g., impacts (e.g., impacts (e.g.,
disturbance), disturbance), disturbance),
but is not but is not but is not
anticipated to anticipated to anticipated to
resultina resultina resultina
downward downward downward
trend in the trend in the trend in the
population. population. population.
Invertebrates
California floater WA-C Shallow areas of lakes, ponds, reservoirs, and May occur NI. Projectis May occur NI. Projectis May occur NI. Projectis
mussel large rivers with muddy or sandy substrate. within aquatic not anticipated within aquatic not anticipated within aquatic not anticipated
(Anodonta Historically found throughout western US, but habitats to impact habitats to impact habitats to impact
californiensis) presently known to occur as remnant suitable aquatic suitable aquatic suitable aquatic

populations in Columbia, Okanogan, and lower
Willamette River systems. Intolerant of
fluctuating water levels that decimate local
populations.

habitat.

habitat.

habitat.
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West Alternative

Middle Alternative

East Alternative

(Pi?)i(r;fison Status Usual H%Sitat _in Oregon and Potential Impact Potential Impact Potential Impact
ashington Occurrence Occurrence Occurrence
Segment)
Western ridged FS Low to mid-elevation cold clean streams and May occur NI. Projectis May occur NI. Projectis May occur NI. Projectis
mussel rivers of the western US. Mainly east of the within aquatic not anticipated within aquatic not anticipated within aquatic not anticipated
(Gonidea angulata) Cascades. Known stronghold in the larger rivers habitats to impact habitats to impact habitats to impact
of the Snake and Columbia River systems. suitable aquatic suitable aquatic suitable aquatic
habitat. habitat. habitat.
Giant Columbia WA-C Historically in almost the entire Columbia River May occur NI. Projectis May occur NI. Projectis May occur NI. Projectis
River limpet Basin, now restricted to a few remnant sites. In within aquatic not anticipated within aquatic not anticipated within aquatic not anticipated
(Fisherola nuttalli) WA, confirmed in Hanford Reach of the Columbia | habitats to impact habitats to impact habitats to impact
River, as well as the Okanogan, Wenatchee and suitable aquatic suitable aquatic suitable aquatic
Methow Rivers. In OR, only documented in habitat. habitat. habitat.
Deschutes River.
Great Columbia WA-C Historically, widespread throughout the Lower May occur NI. Projectis May occur NI. Projectis May occur NI. Projectis
River spire snail Snake and Columbia Rivers and their larger within aquatic not anticipated within aquatic not anticipated within aquatic not anticipated
(Fluminicola tributaries. Now limited to a few reaches of the habitats to impact habitats to impact habitats to impact
columbiana) Columbia River system that remain free-flowing suitable aquatic suitable aquatic suitable aquatic
and colder. Confirmed in a few sites along the habitat. habitat. habitat.
Columbia, Okanogan, Wenatchee and Methow
Rivers in WA, and the Deschutes River in OR.
Puget Oregonian FS Western Cascades at low to mid- elevations. Outside known NI Outside known NI Outside known NI
(Cryptomastix Moist conifer forests, associated with bigleaf range. No range; no range. No
devia) maple. Often found on or under hardwood logs, suitable habitat. suitable habitat suitable habitat.
leaf litter, or under swordfern, moist rocks and
talus. Young devia may be under mosses on trunk
of bigleaf maple.
Columbia FS Low to mid elevations. Columbia Gorge in May occur in NI. Project is May occur in NI. Projectis May occur in NI. Project is
Oregonian Wasco, Sherman, Skamania, and Klickitat riparian areas not anticipated riparian areas not anticipated riparian areas not anticipated
(Cryptomastix Counties. Terrestrial species usually within to impact to impact to impact
hendersoni) 100 meters of streams, seeps, and springs (low suitable riparian suitable riparian suitable riparian
elevation) in steppe communities. May also be habitat. habitat. habitat.
in mid- elevation mature closed canopy forests
among moist talus, leaf litter, or shrubs, or
under logs or other debris.
Evening fieldslug FS Low to mid-elevation from the Cascades to the | May occurin NI. Project is May occur in NI. Projectis May occur in NI. Project is
(Deroceras Pacific Ocean, with most currently documented | wetland not anticipated | wetland not anticipated | wetland not anticipated
hesperium) sites east of the Cascade crest. Terrestrial habitats to impact habitats to impact habitats to impact
species associated with perennially wet suitable suitable suitable
meadows in forested habitat; microsites wetland wetland wetland
include a variety of low vegetation, litter and habitat. habitat. habitat.
debris, and rocks or talus.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Malone’s jumping FS-WA Below 4,600-foot elevation. Benton County Outside known NI. Projectis Outside known NI. Projectis Outside known NI. Projectis
slug northward into western OR Cascades and into range. No not anticipated range. No not anticipated range. No not anticipated
(Hemphilia southwestern Cascades of WA. Terrestrial suitable habitat. | to impact suitable habitat. | to impact suitable habitat. | to impact
malonei) species associated with moist forest stands, suitable aquatic suitable aquatic suitable aquatic
generally older than 50 years, with more than habitat. habitat. habitat.
50% canopy cover, especially with dense
swordfern and large woody material. Some
found near marshy areas with low vegetation
cover.
Barren juga FS Limited distribution in Columbia River Gorge May occur NI. Projectis May occur NI. Projectis May occur NI. Projectis
(Juga hemphilli (Clark and Skamania Counties, WA.), Johnson within aquatic not anticipated | within aquatic not anticipated | within aquatic not anticipated
hemphilli) Creek, and Mt. Hood National Forest. Also likely habitats to impact habitats to impact habitats to impact
to occur in Gifford-Pinchot National Forest. suitable aquatic suitable aquatic suitable aquatic
Found in smaller low-elevation streams, with low habitat. habitat. habitat.
gradient, stable gravel substrate, moderate
velocity, and highly oxygenated cold water.
Basalt juga FS (OR) Occurs very sporadically in low elevation May occur NI. Project is May occur NI. Projectis May occur NI. Project is
(Juga oreobasis, tributaries of the Columbia River in cold, within aquatic not anticipated | within aquatic not anticipated | within aquatic not anticipated
new sp. 2) oxygenated springs in central and eastern habitats to impact habitats to impact habitats to impact
Columbia River Gorge (OR, WA). Sensitive to suitable aquatic suitable aquatic suitable aquatic
water temperature and sedimentation. Coexists habitat. habitat. habitat.
with pristine springsnail and Columbia
duskysnail.
Purple lipped juga FS (OR) | Suspected in NSA on the east side (OR). May occur NI. Project is May occur NI. Projectis May occur NI. Project is
(Juga hemphilli Documented in Deschutes River drainage. Found | within aquatic not anticipated within aquatic not anticipated within aquatic not anticipated
manupinensis) at low-elevation large streams in well- habitats to impact habitats to impact habitats to impact
oxygenated and minimally affected gravel-cobble suitable aquatic suitable aquatic suitable aquatic
riffles in cold water. habitat. habitat. habitat.
Deschutes FS (OR) Found on Deschutes Wild and Scenic River. May occur in NI. Projectis May occur in NI. Projectis May occur in NI. Projectis
Mountain snail Maybe in CRGNSA. Moderate xeric, rather open | isolated areas in | not anticipated isolated areas in | not anticipated isolated areas in | not anticipated
(Oreohelix variabilis and dry areas, in large scale basalt taluses on the Columbia to impact the Columbia to impact the Columbia to impact
ssp. nov.) steep, cool aspects. Assoc. w/ seeps springs, Hills suitable habitat. | Hills suitable habitat. | Hills suitable habitat.
but not in wettest areas.
Columbia Gorge FS (OR) Known only in the Columbia River Gorge in May occur NI. Project is May occur NI. Projectis May occur NI. Project is
caddisfly Wahkeena Creek in Multnomah County, OR, within aquatic not anticipated | within aquatic not anticipated | within aquatic not anticipated
(Neothremma where it is apparently endemic. Larvae and habitats to impact habitats to impact habitats to impact
andersoni) pupa common above Gorge escarpment, less so suitable aquatic suitable aquatic suitable aquatic

as stream flows out onto the Columbia River
floodplain.

habitat.

habitat.

habitat.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)

Wahkeena Falls FS Flightless — dispersal is only by aquatic matures. Outside known NI Outside known NI Outside known NI

flightless stonefly Known only in waterfalls at Wahkeena Falls in the | range. No range. No range. No

(Zapada NSA. Water quality important. suitable habitat. suitable habitat. suitable habitat.

wahkeena)

Columbia FS Counties include Klickitat, Skamania, Cowlitz, May occur NI. Projectis May occur NI. Projectis May occur NI. Projectis

duskysnail Clark, Washington, Multnomah, Clackamas, and within aquatic not anticipated within aquatic not anticipated within aquatic not anticipated

(Lyogyrus n. sp. 1) Hood River). Springs and spring outflows in cold, habitats. to impact habitats to impact habitats to impact
clear, and well-oxygenated water. Usually slow suitable aquatic suitable aquatic suitable aquatic
flow with moss substrate. habitat. habitat. habitat.

Oregon FS (WA) | Puget Sound and Coast range to west foothills of | Outside known NI Outside known NI Outside known NI

megomphix Cascades in moist coniferous forests. Often in range. No range. No range. No

(Megomphix association with bigleaf maple and swordfern. suitable habitat. suitable habitat. suitable habitat.

hemphilli) Photo-phobic; seldom found on surface.

Dalles sideband FS Central and east Gorge; Wasco and Klickitat May occur in NI. Projectis May occur NI. Project is May occur NI. Projectis

(Monadenia fidelis Counties. Terrestrial species usually found riparian not anticipated | within riparian not anticipated | within riparian not anticipated

minor) within 200 meters of streams, seeps, or habitats to impact habitats to impact habitats to impact
springs, in steppe or dry forest plant suitable riparian suitable riparian suitable riparian
communities (in talus and moist rocky areas). habitat. habitat. habitat.
May be found among rocks, shrubs, vegetation,
and down wood.

Crowned tightcoil FS Historic range probably from southern Alaska to Outside known NI Outside known NI Outside known NI

(Pristiloma pilsbryi)

southern Oregon. Currently known from Clallam
and Pacific Counties, WA; suspected in Grays
Harbor, Wahkiakum, Cowlitz, and Clark Counties,
WA; and in Multnomah, Clatsop, and Columbia
Counties, OR. Very moist forests, including
floodplains, in decaying leaf litter, commonly
under dense salal, vine maple, waterleaf or other
deciduous vegetation.

range. No

suitable habitat.

range. No

suitable habitat.

range. No

suitable habitat.
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East Alternative

habitat.

habitat.

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Shiny tightcoil FS (WA) | Reported from many widely separate (but Outside known NI Outside known NI Outside known NI
(Pristiloma imprecise) historic locations; in Wasco, Marion, range. No range. No range. No
wascoense) and Wallowa Counties in Oregon; also reported suitable habitat. suitable habitat. suitable habitat.
from several counties in Idaho. Occurs rarely in
Oregon; surveys in recent years in these areas
have failed to relocate it. It is possible that P.
wascoense is a small form or P. cherisnella, or
represents a species complex in the northern
portion of OR Cascades. Thought to generally
occur in ponderosa pine and Douglas-fir plant
associations at moderate to high elevations with
likely preference for moist microsites such as
basalt talus accumulations, usually with riparian
influence.
Pristine springsnail FS (WA) | Scattered colonies in Columbia, Snake, and May occur NI. Projectis May occur NI. Projectis May occur NI. Projectis
(Pristinicola Willamette River watersheds, as well as within aquatic not anticipated within aquatic not anticipated within aquatic not anticipated
hemphilli) southwest OR. Most sites are very small, habitats to impact habitats to impact habitats to impact
undisturbed cold springs or seeps with slow to suitable aquatic suitable aquatic suitable aquatic
moderate flow; sometimes in larger springs and habitat. habitat. habitat.
spring runs or spring-influenced portions of small
streams.
Blue-gray FS (WA) | Widespread. Western Cascades and Puget Outside known NI Outside known NI Outside known NI
taildropper trough, south to northern CA. Occurs on both range. No range. No range. No
(Prophysaon sides of southern OR Cascades. Suspected on suitable habitat. suitable habitat. suitable habitat.
coeruleum) east slopes of Cascades in WA. Moist conifer and
mixed conifer/hardwood forest, where litter is
moist and shaded. Associated with decayed logs,
leaf litter, mosses, and bigleaf maple and
swordfern.
Columbia River WA-C Known to occur only in sandbars of Snake and May occur NI. Projectis May occur NI. Projectis May occur NI. Projectis
tiger beetle Columbia River riparian area, east of Cascades. within aquatic not anticipated | within aquatic not anticipated | within aquatic not anticipated
(Cicindela habitats to impact habitats to impact habitats to impact
columbica) suitable aquatic suitable aquatic suitable aquatic

habitat.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
Status - Impact Impact Impact
(Population Washington Occurrence P Occurrence P Occurrence P
Segment)

Yuma skipper WA-C Main population in Great Basin area with outliers | May occur in NI. Project is May occur NI. Projectis May occur NI. Project is

butterfly in central and eastern OR and WA. Terrestrial riparian not anticipated within riparian not anticipated within riparian not anticipated

(Ochlodes yuma) species typically found near freshwater marshes, | habitats to impact habitats to impact habitats to impact
streams, ponds, lined with phragmites reeds. suitable riparian suitable riparian suitable riparian
The only record in NSA found at Maryhill in 1999 habitat. habitat. habitat.
on ornamental Miscanthus

Chinquapin WA-C North-central OR, Skamania County, WA: Outside known NI Outside known NI Outside known NI

hairstreak butterfly Obligate with Chrysolepis chrysophylla. One range. No range. No range. No

(Habrodais grunus known location near Stevenson, WA. suitable habitat. suitable habitat. suitable habitat.

herri)

Johnson's WA-C Cascades, Coast, Siskiyou, Blue, and Wallowa Outside known NI Outside known NI Outside known NI

hairstreak butterfly Mountains. Coniferous forest old-growth range. No range. No range. No

(Callophry[Mitoura] obligate. suitable habitat. suitable habitat. suitable habitat.

johnsoni)

Mardon skipper WA-E Historic distribution unknown. Present known Outside known NI Outside known NI Outside known NI

(Polites mardon)

distribution is disjunct northern CA, Puget Sound,
and southern Cascades of WA. Open fescue
grasslands, riparian, or meadows with nectar
plant source. No known populations in the NSA
but surveys by NSA office continue. Species
decline likely due to loss of native grass-
meadows and prairie habitat throughout
northwest.

range. No

suitable habitat.

range. No

suitable habitat.

range. No

suitable habitat.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Vascular Plants
Tall agoseris OR-2 Meadows, open woods and exposed rocky ridge Outside known NI Outside known NI Outside known NI
(Agoseris elata) WA-S tops, from low elevations (2,900 feet) to range: project range: project range: project
FS-S timberline (7,800 feet). traverses the traverses the traverses the
CRGNSA below CRGNSA below CRGNSA below
2,900 ft., below 2,900 ft., below 2,900 ft., below
elevations elevations elevations
where species where species where species
generally generally generally
occurs. occurs. occurs.
Howell’s bentgrass | OR-1 Moist rocks on south side of Columbia River Outside known NI Outside known NI Outside known NI
(Agrostis howellii) FS-S Gorge (Multnomah and Hood River Counties). range. range. range.
Endemi
c
Sickle-pod rock OR-2 Eastside, low elevation. Found in arid, sagebrush May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
cress FS-S and ponderosa pine habitats. may result in may result in may result in
(Arabis sparsiflora removal of removal of removal of
var. atrorubens) suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Northern OR-E Gravely beach areas of Columbia River. Miller May occur NI. Project May occur NI. Project May occur NI. Project
wormwood OR-1 Island in Gorge. alignment will alignment will alignment will
(Artemesia WA-E not affect Miller not affect Miller not affect Miller
campestris spp. FS-S Island and no Island and no Island and no
borealis var. US-C towers will be towers will be towers will be

wormskioldii)

located within
the floodplain
of the Columbia
River.

located within
the floodplain
of the Columbia
River.

located within
the floodplain
of the Columbia
River.
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Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)

Hood River milk- OR-2 Dry open areas of east Gorge. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

vetch Endemi may result in may result in may result in

(Astragalus c direct mortality direct mortality direct mortality

hoodianus) of individuals of of individuals of of individuals of
this species if this species if this species if
present along present along present along
the alignment the alignment the alignment
and habitat and habitat and habitat
removal, but is removal, but is removal, but is
not expected to not expected to not expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Oregon bolandra WA-S Wet basalt cliffs. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

(Bolandra oregana) | FS-S may result in may result in may result in
removal of removal of removal of
suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Lance-leaved OR-2 Moist, wet areas in mountains. Outside known NI Outside known NI Outside known NI

grape-fern FS-S range. No range. No range. No

(Botrychium suitable habitat. suitable habitat. suitable habitat.

lanceolatum)

Moonwort OR-2 Moist wet areas but rarely in meadows. Low to | Outside known NI Outside known NI Outside known NI

(Botrychium FS-S high elevations in grassy slopes, meadows, turf | range. No range. No range. No

lunaria) ledges, open deciduous forests and hay fields. suitable habitat. suitable habitat. suitable habitat.

Mountain OR-2 Forested and open areas in conifer forest zones. Outside known NI Outside known NI Outside known NI

grapefern FS-S range. No range. No range. No

(Botrychium suitable habitat. suitable habitat. suitable habitat.

montanum)

Brewer reedgrass OR-2 Stream banks, lake margins, sub-alpine to alpine Outside known NI Outside known NI Outside known NI

(Calamagrostis FS-S meadows. range. No range. No range. No

breweri) suitable habitat. suitable habitat. suitable habitat.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
Status " Impact Impact Impact
(Population Washington Occurrence P Occurrence P Occurrence P
Segment)

Howell's reedgrass | Endemi | Steep north facing slopes at elevations ranging | Outside known NI Outside known NI Outside known NI
(Calamagrostis c from 1,600 to 3,400 feet, generally within range. No range. No range. No
howellii) microsites that have very little soil suitable habitat. suitable habitat. suitable habitat.

development and limited development of

competing vegetation. Rocky banks and

crevices of cliffs in the Gorge.
Long-bearded sego | WA-S Found in open areas in vernally moist Outside known NI Outside known NI Outside known NI
lily FS-S meadows, forest-meadow edges, and semi- range. No range. No range. No
Calochortus open areas within coniferous woods. East suitable habitat. suitable habitat. suitable habitat.
longebarbatus slope of Cascades.
var. longebarbatus
Dense sedge WA-T Wet areas on both sides of Cascades. Occursin | Outside known NI Outside known NI Outside known NI
(Carex densa) FS-S habitats strongly influenced by fluctuating range. No range. No range. No

water levels, which may limit competition with | suitable habitat. suitable habitat. suitable habitat.

other plants.
Lesser panicled OR-1 Wet areas with saturated soils. Swampy, Outside known NI Outside known NI Outside known NI
sedge FS(OR)- | marshy or boggy areas including features such | range. No range. No range. No
Carex diandra 3 as wet meadows, fens, muskegs, floating mats, | suitable habitat. suitable habitat. suitable habitat.

and shores of lakes and ponds.
Different nerve FS-S Montaine. Outside known NI Outside known NI Outside known NI
sedge range. No range. No range. No
Carex heteroneura suitable habitat. suitable habitat. suitable habitat.
(Carex atrata var.
erecta)
Pale sedge OR-2 Willamette Valley. Outside known NI Outside known NI Outside known NI
(Carex livida) FS-S range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Large-awn sedge WA-T Moist open places, coastal but suspected in Outside known NI Outside known NI Outside known NI
(Carex OR-2 Gorge. range. No range. No range. No
macrochaeta) FS-S suitable habitat. suitable habitat. suitable habitat.
Native sedge OR-2 Alpine to sub-alpine. Dwarf size. Outside known NI Outside known NI Outside known NI
(Carex vernacula) FS-S range. No range. No range. No
suitable habitat. suitable habitat. suitable habitat.
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West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
Status - Impact Impact Impact
(Population Washington Occurrence P Occurrence P Occurrence P
Segment)
Golden paintbrush T Open fields, west side of Cascades. Outside known NE Outside known NE Outside known NE
(Castilleja levisecta) | OR-E range of species range of species range of species
OR-1
WA-E
FS-S
Cliff paintbrush OR-2 Rocky cliffs at low to moderate elevations. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Castilleja rubicola) | FS-S may result in may result in may result in
direct mortality direct mortality direct mortality
of individuals of of individuals of of individuals of
this species if this species if this species if
present along present along present along
the alignment the alignment the alignment
and habitat and habitat and habitat
removal, but is removal, but is removal, but is
not expected to not expected to not expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Golden chinquapin | WA-S Open to closed forest openings Low to mid No suitable NI No suitable NI No suitable NI
(Chrysolepis FS-S elevations. habitat habitat habitat
chrysophylla)
Bulb-bearing OR-2 Wet places to standing water. Low elevations. Outside known NI Outside known NI Outside known NI
water-hemlock WA-S range. No range. No range. No
(Cicuta bulbifera) FS-S suitable habitat. suitable habitat. suitable habitat.
Tall bugbane OR-1 Hardwood and mixed forest on west side. Outside known NI Outside known NI Outside known NI
(Cimicifuga elata) WA-S range of species range of species range of species
FS-S
Potential Impacts on Sensitive Species of the CRGNSA and National Forest System 28




West Alternative

Middle Alternative

East Alternative

Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Few-flowered blue- | WA-S Dry slopes with sparse vegetation on east side of | May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
eyed Mary FS-S Cascades. Low elevations. may result in may result in may result in
(Collinsia direct mortality direct mortality direct mortality
sparaiflora var. of individuals of of individuals of of individuals of
bruceae) this species if this species if this species if
present along present along present along
the alignment the alignment the alignment
and habitat and habitat and habitat
removal, but is removal, but is removal, but is
not expected to not expected to not expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Three-leaf OR-2 Wasco County. Prefers wet to mesic forests, No suitable NI No suitable NI No suitable NI
goldthread WA-1 bogs, muskegs, willow scrub and tundra, often habitat habitat habitat
(Coptis trifolia) FS-S with mosses. Prefers partially shaded, cool, wet
areas, and relatively infertile, acidic, poorly
drained organic soils. The WA population grows
in a coastal cedar bog.
Cold-water OR-1 Along cold streams on west side of Cascades. Outside known NI Outside known NI Outside known NI
corydalis WA-S range of species range of species range of species
(Corydalis aqua- FS-S
gelidae)
Beaked cryptantha WA-T Dry open areas, east side Cascades. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Cryptantha FS-S may result in may result in may result in
rostellata) direct mortality direct mortality direct mortality

of individuals of
this species if
present along
the alignment
and habitat
removal, but is
not expected to
cause a

of individuals of
this species if
present along
the alignment
and habitat
removal, but is
not expected to
cause a

of individuals of
this species if
present along
the alignment
and habitat
removal, but is
not expected to
cause a

downward downward downward

trend in the trend in the trend in the

population. population. population.
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Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)

Shining cyperus FS-S Wet places. Low elevation. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

(Cyperus bipartitus) may result in may result in may result in
habitat habitat habitat
removal, but is removal, but is removal, but is
not expected to not expected to not expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Clustered lady's- OR-2 Open to closed forested woodlands. East side of No suitable NI No suitable NI No suitable NI

slipper WA-S Cascades. habitat habitat habitat

(Cypripedium FS-S

fasiculatum)

Fringed WA-T Sloughs, marshes, and other standing waters. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

waterplantain FS-S may result in may result in may result in

(Damasonium removal of removal of removal of

californicum) suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Pale larkspur WA-E West side (Multnomah County). Outside known NI Outside known NI Outside known NI

(Delphinium OR-1 range of species range of species range of species

leucophaeum)

Nuttall’s larkspur OR-2 Moist open ground and basaltic cliffs. Common Outside known NI Outside known NI Outside known NI

(Delphinium on the gravelly outwash “prairie” remnants of range of species range of species range of species

nuttallii) prehistoric glaciations. Occurs west of the

Cascades.

Smooth-leaf Basalt cliffs and rocky outcrops, low elevation May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

douglasia Endemi | through the Gorge. may result in may result in may result in

(Douglasii c habitat habitat habitat

laevigata var. removal, but is removal, but is removal, but is

laevigata) not expected to not expected to not expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
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Species . . : .
. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Howell’s daisy OR-1 Open areas on ridges and rocky areas, Outside known NI Outside known NI Outside known NI
(Erigeron howellii) WA-T primarily on north-facing slopes at elevations range of species range of species range of species
Endemi | rangingfrom 1,600 to 3,400 ft. Found in
c microsites with minor soil development and
Fsos little development of competing vegetation.
Columbia Gorge OR-1 Overhanging basalt cliffs. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
daisy WA-T may result in may result in may result in
(Erigeron oreganus) Endemi habitat habitat habitat
c removal, but is removal, but is removal, but is
FS-S not expected to not expected to not expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Oregon coyote- WA-T Dry ephemeral wetlands in east Gorge. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
thistle FS-S may result in may result in may result in
(Eryngium habitat habitat habitat
petiolatum) removal, but is removal, but is removal, but is
not expected to not expected to not expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Western wahoo WA-T In woods in west Cascades. Outside known NI Outside known NI Outside known NI
(Euonymus FS-S range. No range. No range. No
occidentalis) suitable habitat. suitable habitat. suitable habitat.
Black lily OR-2 Moist areas in west Cascades from coast to Outside known NI Outside known NI Outside known NI
(Fritillaria WA-S mountains. range. No range. No range. No
camschatcensis) FS-S suitable habitat. suitable habitat. suitable habitat.
Currant-leaf WA-S Cliffs, often shaded, along streams or rivers in May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
alumroot FS-S eastern Gorge. may habitat may habitat may habitat
(Heuchera removal, but is removal, but is removal, but is

grossularifolia
var. tenuifolia)

not expected to
cause a

not expected to
cause a

not expected to
cause a

downward downward downward

trend in the trend in the trend in the

population. population. population.
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. Usual Habitat in Oregon and Potential Potential Potential
(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)

Long-bearded Endemi Open areas throughout Gorge. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

hawkweed c may result in may result in may result in

(Hieracium habitat habitat habitat

longiberbe) removal, but is removal, but is removal, but is
not expected to not expected to not expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Howellia T Occurs in low elevation wetlands within the Outside known NI Outside known NI Outside known NI

(Howellia aquatilis) | OR-1 forested portions of the channeled scablands. range. No range. No range. No

WA-T Requires seasonally inundated wetlands, suitable habitat. suitable habitat. suitable habitat.
FSos which dry out in late summer or early fall.

Columbia lewisia OR-2 Open rocky areas in western Gorge, generally Outside known NI Outside known NI Outside known NI

(Lewisia FS-S middle to high elevations. range. No range. No range. No

columbiana var. suitable habitat. suitable habitat. suitable habitat.

columbiana)

Baker's linanthus WA-S Dry open areas in eastern Gorge. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

(Linanthus FS-S may result in may result in may result in

bolanderi) removal of removal of removal of
suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Twayblade WA-E Wet or damp areas in forest. No suitable NI No suitable NI No suitable NI

(Liparis loeselii) FS-S habitat habitat habitat
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(Population SIEHIE Washington Occurrence Lufg=1e Occurrence Lifzree Occurrence Lufg=1e
Segment)
Smooth desert OR-2 Basalt cliffs and crevices in eastern Gorge. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
parsley WA-T Documented in the vicinity BEK project may result in may result in may result in
(Lomatium FS-S direct mortality direct mortality direct mortality
laevigatum) Endemi of individuals of of individuals of of individuals of
c this species if this species if this species if
present along present along present along
the alignment the alignment the alignment
and habitat and habitat and habitat
removal, but is removal, but is removal, but is
not expected to not expected to not expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Salmon River OR-2 Wasco County. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
lomatium may result in may result in may result in
(Lomatium removal of removal of removal of
salmoniflorum) suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Suksdorf’s desert OR-2 Open wooded or open areas in eastern Gorge. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
parsley WA-S may result in may result in may result in
(Lomatium FS-S removal of removal of removal of
suksdorfii) Endemi suitable habitat, suitable habitat, suitable habitat,
c but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
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Watson's desert OR-2 Open hillsides and with sage brush, often May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

parsley FS-S amongst sagebrush on the eastside. Found in may result in may result in may result in

(Lomatium Kittitas, Yakima and Klickitat Counties in WA removal of removal of removal of

watsonii) and Jefferson, Hood River and Wasco Counties suitable habitat, suitable habitat, suitable habitat,

in OR. but is not but is not but is not

expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Columbia Gorge Endemi Open areas in pine and oak woodlands. Outside known NI Outside known NI Outside known NI

broad-leaf lupine c range. No range. No range. No

(Lupinus latifoius suitable habitat. suitable habitat. suitable habitat.

var

thompsonianus)

Northern bog OR-2 Wet, sandy places, wetlands adjunct to lakes, and | No suitable NI No suitable NI No suitable NI

clubmoss WA-S swampy ground. Westside. habitat. habitat. habitat.

(Lycopodiella FS-S

inundata)

Ground cedar OR-2 Westside. No suitable NI No suitable NI No suitable NI

(Lycopodium FS-S habitat. habitat. habitat.

complanatum)

White meconella OR-1 Oak woodlands in eastern Gorge. No suitable NI No suitable NI No suitable NI

(Meconella WA-T habitat. habitat. habitat.

oregana) FS-S

Northern WA-S Low to mid elevation wetlands. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

microseris FS-S may result in may result in may result in

(Microseris removal of removal of removal of

borealis) suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
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Columbia monkey OR-1 Wet areas in east Cascades. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

flower FS-S may result in may result in may result in

(Mimulus removal of removal of removal of

jungermannioides) suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Pulsifer's monkey- WA-S Wet areas. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

flower FS-S may result in may result in may result in

(Mimulus removal of removal of removal of

pulsiferae) suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Suksdorf's monkey- | WA-S Open, moist, or rather dry places. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project

flower FS-S may result in may result in may result in

(Mimulus removal of removal of removal of

suksdorfii) suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.

Branching montia WA-S Upturned root disturbances in the forest of No suitable NI No suitable NI No suitable NI

(Montia diffusa) FS-S Cascades. habitat. habitat. habitat.

Howell's montia FS-S Multnomah County. Outside known NI Outside known NI Outside known NI

(Montia howellii) range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
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Marigold WA-T Open rocky places at elevations of 250 to 450 May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
navarretia FS-S feet, where there is standing water or saturated may result in may result in may result in
(Navarretia soil in early spring. Adjacent forests are removal of removal of removal of
tagetina) composed of ponderosa pine and Douglas-fir. suitable habitat, suitable habitat, suitable habitat,
Garry oak is also present. Occurs in the transition but is not but is not but is not
zone between the forested and nonforested expected to expected to expected to
areas at the east end of the Gorge. cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Adder's-tongue OR-2 Terrestrial in pastures, fields, roadside ditches | Outside known NI Outside known NI Outside known NI
(Ophioglossum WA-T and floodplain woods in seasonally wet, rather | range. No range. No range. No
pusillum) FS-S acid soils. suitable habitat. suitable habitat. suitable habitat.
Fringed grass-of- WA-T Bogs, stream banks, wet areas (Multnomah, Outside known NI Outside known NI Outside known NI
parnassus FS-S Hood, and Washington Counties, Oregon). range. No range. No range. No
(Parnassia suitable habitat. suitable habitat. suitable habitat.
frimbriata
var. hoodiana)
Barrett’s OR-1 Rocky cliffs, talus slopes in eastern Gorge. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
penstemon WA-T may result in may result in may result in
(Penstemon FS-S removal of removal of removal of
barrettiae) Endemi suitable habitat, suitable habitat, suitable habitat,
c but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Hot-rock OR-SNR | Found on open, dry soils over basalt at elevations | May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
penstemon WA-1,2 ranging from 1,800 to 2,400 feet. may result in may result in may result in
(Penstemon FS(WA)- removal of removal of removal of
deustus var. S suitable habitat, suitable habitat, suitable habitat,
variabilis) but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
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Status - Impact Impact Impact
(Population Washington Occurrence P Occurrence P Occurrence P
Segment)

Henderson phlox OR-2 Hood River County. Outside known NI Outside known NI Outside known NI
(Phlox hendersonii) | FS-S range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Pine-foot WA-T Low-elevation mixed conifer forest. No suitable NI No suitable NI No suitable NI
(Pityopus FS-S habitat. habitat. habitat.
californica)
Coral seeded OR-1 Open areas in low-lying wet meadows that dry No suitable NI No suitable NI No suitable NI
popcorn flower FS-S out in summer. habitat. habitat. habitat.
(Plagiobothrys
figuratus ssp.
corallicarpus)
Canyon bog-orchid | WA-T Wet, boggy areas. No suitable NI No suitable NI No suitable NI
(Platanthera FS-S habitat. habitat. habitat.
sparsiflora)
Pacific bluegrass Endemi Mostly on south side of Gorge in rocky, shaded No suitable NI No suitable NI No suitable NI
(Poa gracillima var. | € cliff near waterfalls. habitat. habitat. habitat.
multnomae)
Loose-flowered WA-S Moist woods to open rocky slopes up to mid- No suitable NI No suitable NI No suitable NI
bluegrass FS-S elevations. habitat. habitat. habitat.
(Poa laxiflora)
Wheeler's WA-S Limited to lower Columbia River and adjacent Outside known NI Outside known NI Outside known NI
bluegrass FS-S tributaries. Open slopes, ridges and talus slopes. range. No range. No range. No
(Poa nervosa var. suitable habitat. suitable habitat. suitable habitat.
nervosa)
Great polemonium | WA-T Mid-elevation forests in western Gorge. Outside known NI Outside known NI Outside known NI
(Polemonium FS-S range. No range. No range. No
carneum) suitable habitat. suitable habitat. suitable habitat.
Diverse-leaved WA-S Moist, shady and open areas; gravelly soils of No suitable NI No suitable NI No suitable NI
cinquefoil FS-S glacially carved areas; ledges and rocky slopes; habitat. habitat. habitat.
(Potentilla stream banks.
diversifolia var.
perdissecta)
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Obscure buttercup | OR-E Meadow steppe habitat dominated by May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Ranunculus OR-1 bunchgrasses and forbs. Mostly found on north- may result in may result in may result in
reconditus) WA-E facing slopes and crests of basalt ridges overlain removal of removal of removal of
FS-S by loess deposits of varying depth. Elevations in suitable habitat, suitable habitat, suitable habitat,
.| WA of 1,900 to 4,000 feet. but is not but is not but is not
Endemi
expected to expected to expected to
¢ cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Thompson FS-S Seasonally wet, open, sunny cliffs and gravelly No suitable NI No suitable NI No suitable NI
mistmaiden OR-1 slopes. Occurs west of the Cascades. habitat. habitat. habitat.
(Romanzoffia
thompsonii)
Columbia yellow OR-1 Mud flats along Columbia River. Documented in No suitable NI No suitable NI No suitable NI
cress WA-E western Klickitat County/eastern Skamania habitat. habitat. habitat.
(Rorippa FS-S County.
columbiae)
Scheuchzeria OR-2 Multnomah County. Outside known NI Outside known NI Outside known NI
(Scheuchzeria FS-S range. No range. No range. No
palustris var. suitable habitat. suitable habitat. suitable habitat.
americana)
Water clubrush OR-2 Wasco County. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Scirpus may result in may result in may result in
subterminalis) removal of removal of removal of
suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Scribner-grass WA-S Dry, sandy to rocky soil. Documented in western | No suitable NI No suitable NI No suitable NI
(Scribneria FS-S Klickitat County/eastern Skamania County. habitat. habitat. habitat.
bolanderi)
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Pale blue-eyed OR-1 Meadows and small openings that fill with snow Outside known NI Outside known NI Outside known NI
grass WA-T or water in winter and spring, and variously range. No range. No range. No
(Sisyrinchium FS-S dominated by grasses and sedges. Conifers such suitable habitat. suitable habitat. suitable habitat.
sarmentosum) as lodgepole pine and Engelmann spruce, and
shrubs such as hardhack border the meadows
and are occasional invaders. Most sites are in
either the Little White Salmon River or the White
Salmon River Sub-basins ranging from 1,600 to
4,200 feet.
Western ladies’ WA-S Open moist meadows. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
tresses FS-S may result in may result in may result in
(Spiranthes removal of removal of removal of
porrifolia) suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Kruhsea OR-2 Hood River, Multnomah Counties. Outside known NI Outside known NI Outside known NI
(Streptopus range. No range. No range. No
streptopoides) suitable habitat. suitable habitat. suitable habitat.
Violet suksdorfia OR-2 Moist cliffs at low elevations in middle Gorge. May occur MIIH. Project May occur MIIH. Project May occur MIIH. Project
(Suksdorfia FS-S may result in may result in may result in
violacea) removal of removal of removal of
suitable habitat, suitable habitat, suitable habitat,
but is not but is not but is not
expected to expected to expected to
cause a cause a cause a
downward downward downward
trend in the trend in the trend in the
population. population. population.
Oregon sullivantia OR-1 Wet basalt cliffs near waterfalls at low elevations | Outside known NI Outside known NI Outside known NI
(Sullivantia WA-E in the western Gorge. range. No range. No range. No
oregana) FS-S suitable habitat. suitable habitat. suitable habitat.
Endemi
c
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Columbia Endemi Shaded banks, cliffs, and ridges in the western Outside known NI Outside known NI Outside known NI
kittentails [ Gorge. range. No range. No range. No
(Synthyris stellata) suitable habitat. suitable habitat. suitable habitat.
Strickland’s OR-2 Wet subalpine meadows in the western Gorge. Outside known NI Outside known NI Outside known NI
tauschia FS-S range. No range. No range. No
(Tauschia suitable habitat. suitable habitat. suitable habitat.
stricklandii)
Flat-leaved WA-S Slow-moving water or streams. Outside known NI Outside known NI Outside known NI
bladderwort FS-S range. No range. No range. No
(Utricularia suitable habitat. suitable habitat. suitable habitat.
intermedia)
Lesser bladderwort | OR-2 Found in low nutrient lakes and peat-bog pools | Outside known | NI Outside known [ NI Outside known | NI
(Utricularia minor) in the lowland and montane zones at range. No range. No range. No
elevations from 135 - 4,000 ft. Obligate suitable habitat. suitable habitat. suitable habitat.
wetland species. Wasco County.
Siskiyou False WA-T Dry, open woods and brush in the middle Gorge. Outside known NI Outside known NI Outside known NI
hellebore FS-S Documented in western Klickitat County/eastern | range. No range. No range. No
(Veratrum Skamania County. suitable habitat. suitable habitat. suitable habitat.
insolitum)
Dotted water-meal | FS-S Freshwater ponds and slow- flowing ditches with | Outside known NI Outside known NI Outside known NI
(Wolffia borealis) OR-2 high levels of organic material. Natural ponds as range. No range. No range. No
well as in log and sewage treatment ponds. suitable habitat. suitable habitat. suitable habitat.
Willamette Valley and near the Columbia River in
Columbia County.
Columbia water- OR-2 Freshwater lakes, ponds, and slow streams below | Outside known NI Outside known NI Outside known NI
meal elevations of 650 feet. range. No range. No range. No
(Wolffia suitable habitat. suitable habitat. suitable habitat.
columbiana)
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Fungi
Greening goat’s OR-2,3 Grows in woods, prefers conifers, and common in | Outside known NI Outside known NI Outside known NI
foot FS (WA)- | the mountains of western North America. range. No range. No range. No
Albatrellus ellisii S suitable habitat. suitable habitat. suitable habitat.
(WA only)
Giant polypore OR-1 On boles of noble firs. Multnomah County. Outside known NI Outside known NI Outside known NI
fungus range. No range. No range. No
Bridgeoporus suitable habitat. suitable habitat. suitable habitat.
nobilissimus
Truffle eater S&M Grows on ground, associated with Elaphomyces Outside known NI Outside known NI Outside known NI
Cordyceps capitata truffles, which are generally associated with both | range. No range. No range. No
(Former S&M) hardwood and coniferous forests. suitable habitat. suitable habitat. suitable habitat.
Cortinarius OR-2 Associated with conifer forests. Outside known NI Outside known NI Outside known NI
barlowensis FS (OR)- range. No range. No range. No
(OR only) S suitable habitat. suitable habitat. suitable habitat.
Cudonia monticola | OR-2,3 Associated with conifer forests. Outside known NI Outside known NI Outside known NI
FS-S range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Gomphus OR-3 Associated with conifer forests. Outside known NI Outside known NI Outside known NI
kauffmanii FS-S range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Umbrella false S&M Associated with rotting wood in conifer forests. Outside known NI Outside known NI Outside known NI
morel range. No range. No range. No
Gyromitra suitable habitat. suitable habitat. suitable habitat.
californica
Helvella OR-2 Fungus. Hood River County. Outside known NI Outside known NI Outside known NI
crassitunicata range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Hygrophorus OR-2 Fungus. Hood River County. Outside known NI Outside known NI Outside known NI
caeruleus range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Yellow false truffle | OR-3,4 Associated with conifer forests. Outside known NI Outside known NI Outside known NI
Leucogaster FS-S range. No range. No range. No
citrinus suitable habitat. suitable habitat. suitable habitat.
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Macowanites OR-1 Fungus. Multnomah County. Outside known NI Outside known NI Outside known NI
mollis range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Mycena monticola | S&M Restricted to conifer forests above 1,000 meters Outside known NI Outside known NI Outside known NI
(Former S&M) in elevation. range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Otidea smithii OR-2 Associated with Douglas-fir, western hemlock, Outside known NI Outside known NI Outside known NI

FS-S and cottonwood. range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Phaeocollybia OR-3 Associated with conifers. Outside known NI Outside known NI Outside known NI
attenuata FS-S range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Phaeocollybia OR-1 Fungus. Multnomah County. Outside known NI Outside known NI Outside known NI
californica range. No range. No range. No
(OR only) suitable habitat. suitable habitat. suitable habitat.
Olive FS Associated with mixed woods and conifers. Outside known NI Outside known NI Outside known NI
Phaeocollybia (OR)-S range. No range. No range. No
(Phaeocollybia suitable habitat. suitable habitat. suitable habitat.
olivacea)
(OR only)
Phaeocollybia OR-1 Fungus. Multnomah County. Outside known NI Outside known NI Outside known NI
oregonensis range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Phaeocollybia OR-3 Associated with Douglas-fir, western hemlock, Outside known NI Outside known NI Outside known NI
piceae FS-S and Pacific silver fir. range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Phaeocollybia OR-3 Associated with conifers. Outside known NI Outside known NI Outside known NI
pseudofestiva FS-S range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Phaeocollybia OR-3 Associated with conifers and blueberry. Outside known NI Outside known NI Outside known NI
scatesiae FS-S range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Ramaria OR-2 Associated with conifers. Outside known NI Outside known NI Outside known NI
amyloidea FS-S range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
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Ramaria FS (WA)- | Associated with conifers and hardwoods. Outside known NI Outside known NI Outside known NI
cyaneigranosa S range. No range. No range. No
(WA only) suitable habitat. suitable habitat. suitable habitat.
Ramaria OR-2 Associated with conifers. Outside known NI Outside known NI Outside known NI
gelatiniaurantia FS-S range. No range. No range. No
suitable habitat. suitable habitat. suitable habitat.
Ramaria OR-2 Associated with conifers and hardwoods. Outside known NI Outside known NI Outside known NI
rubrievanescens FS (WA)- range. No range. No range. No
(WA only) S suitable habitat. suitable habitat. suitable habitat.
Violet hedgehog OR-2,3 Associated with mixed forest. Outside known NI Outside known NI Outside known NI
Sarcodon FS (WA)- range. No range. No range. No
fuscoindicus (WA S suitable habitat. suitable habitat. suitable habitat.
only)
Sowerbyella OR-3 Associated with conifers. Outside known NI Outside known NI Outside known NI
rhenana FS-S range. No range. No range. No
suitable habitat. suitable habitat. suitable habitat.
Fairy fan FS (WA)- | Associated with humus or rotten wood in Outside known NI Outside known NI Outside known NI
Spathularia flavida | S coniferous forests. range. No range. No range. No
(WA only) suitable habitat. suitable habitat. suitable habitat.
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Lichens
Cetrelia S&M WA—Grows primarily on bark, and occasionally Outside known NI Outside known NI Outside known NI
cetrarioides (WA on mossy rock. Most common host tree is Alnus range. No range. No range. No
only) rubra. Most common in moist riparian and valley | suitable habitat. suitable habitat. suitable habitat.
bottom forests, especially older A. rubra stands
over seepy or swampy ground.
Chaenotheca S&M WA, OR—Associated with humid intermontane Outside known | NI Outside known [ NI Outside known | NI
subroscida old-growth forests at lower and middle range. No range. No range. No
elevations. Grows on conifer bark and suitable habitat. suitable habitat. suitable habitat.
occasionally wood.
Collema nigrescens | S&M WA—Grows on bark of hardwood trees and Outside known | NI Outside known | NI Outside known | NI
(WA only) shrubs, including Garry oak, canyon live oak, range. No range. No range. No
bigleaf maple, cottonwood, and vine maple. suitable habitat. suitable habitat. suitable habitat.
Dendriscocaulon S&M WA—In old-growth western forests and in open Outside known | NI Outside known | NI Outside known | NI
intricatulum oak balds. range. No range. No range. No
(WA only) suitable habitat. suitable habitat. suitable habitat.
Dermatocarpon S&M WA, OR—Aquatic on submerged or seasonally Outside known | NI Outside known | NI Outside known | NI
luridum emergent rocks. range. No range. No range. No
suitable habitat. suitable habitat. suitable habitat.
Hypogymnia S&M OR—Western Cascade forests at mid-elevations Outside known | NI Outside known | NI Outside known | NI
duplicata of 1,000 to 5,500 feet. range. No range. No range. No
(OR only) suitable habitat. suitable habitat. suitable habitat.
Leptogium S&M WA, OR—Epiphytic on trees, logs, rocks, mosses. | Outside known | NI Outside known | NI Outside known | NI
burnetiae var. range. No range. No range. No
hirsutum suitable habitat. suitable habitat. suitable habitat.
Leptogium S&M WA, OR—Tree bark both conifers and Outside known | NI Outside known | NI Outside known | NI
cyanescens hardwoods, logs, rocks in cool, moist sites range. No range. No range. No
suitable habitat. suitable habitat. suitable habitat.
Lobaria linita S&M OR—Cool, humid old-growth forest on boles of Outside known | NI Outside known [ NI Outside known | NI
(OR only) silver firs and boulders. range. No range. No range. No
suitable habitat. suitable habitat. suitable habitat.
Nephroma bellum S&M WA—Western Cascades, mostly on conifer Outside known | NI Outside known | NI Outside known | NI
(WA only) branches. range. No range. No range. No
suitable habitat. suitable habitat. suitable habitat.
Nephroma S&M WA, OR — Moist old-growth forests at elevations | Outside known | NI Outside known | NI Outside known | NI
occultum below 4,000 feet. range. No range. No range. No
suitable habitat. suitable habitat. suitable habitat.
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Pannaria S&M WA, OR — Epiphyte on Hooker’s willow at low Outside known | NI Outside known | NI Outside known | NI
rubiginosa elevations in old-growth western forests. range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Peltigera neckeri S&M WA, OR — Mossy logs, soil and tree bases in Outside known | NI Outside known | NI Outside known | NI
(Former S&M) moist forests. range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Peltigera pacifica S&M WA, OR — Mossy logs, soil and tree bases in Outside known | NI Outside known | NI Outside known | NI

moist forests. range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Pilophorus S&M WA, OR — On rocks in talus slopes, cliffs in old- Outside known | NI Outside known [ NI Outside known | NI
nigricaulis (Former growth forests. range. No range. No range. No
S&M) suitable habitat. suitable habitat. suitable habitat.
Platismatia S&M WA —Western conifer forest. Outside known | NI Outside known | NI Outside known | NI
lacunosa (WA only) range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Pseudocyphellaria S&M WA, OR — Conifers in cool, humid, old-growth Outside known | NI Outside known [ NI Outside known | NI
rainierensis western forests range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Ramalina pollinaria | S&M CA only. Outside known | NI Outside known | NI Outside known | NI
(Former S&M) range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Tholurna dissimilis | S&M WA, OR — High elevation, wind- swept trees. Outside known | NI Outside known | NI Outside known | NI

range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Usnea longissima S&M WA, OR — Wet forest. Outside known | NI Outside known | NI Outside known | NI

range. No range. No range. No

suitable habitat. suitable habitat. suitable habitat.
Bryophytes
Ribbed mountain OR-2 Hood River County. Outside known NI Outside known NI Outside known NI
moss range. No range. No range. No
(Conostomum suitable habitat. suitable habitat. suitable habitat.
tetragonum)
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Crum’s OR-1 Associated with crevices and fractures on large Outside known | NI Outside known | NI Outside known | NI
extinguisher moss WA-1 igneous rock outcrops. Only reported from two range. No range. No range. No
(Encalypta FS-S sites, Mt. Rainier National Park and the Siskiyou suitable habitat. suitable habitat. suitable habitat.
brevicolla var. National Forest.
crumiana) (Former
S&M)
Braided Frostwort OR-2 Liverwort, Hood River and Multnomah Counties. | Outside known | NI Outside known | NI Outside known | NI
Gymnomitrion range. No range. No range. No
concinnatum suitable habitat. suitable habitat. suitable habitat.
Polytichium OR-2 Hood River County. Outside known | NI Outside known | NI Outside known | NI
sphaerothecium range. No range. No range. No
suitable habitat. suitable habitat. suitable habitat.
Nake round moss OR-2 Very moist humus or soil, typically near seepage | Outside known | NI Outside known | NI Outside known | NI
Rhizomnium in conifer forest. Wasco County. range. No range. No range. No
nudum (OR only) suitable habitat. suitable habitat. suitable habitat.
Goblin’s gold OR-2 Fine-textured mineral soil in shaded pockets of Outside known | NI Outside known [ NI Outside known | NI
Schistostega FS-S overturned tree roots, often adjacent to shallow range. No range. No range. No
pennata pools of standing water at the base of the root suitable habitat. suitable habitat. suitable habitat.
wad; also attached to rock or mineral soil around
the entrance to caves, old cellars and animal
burrows.
Margined OR-2 Wet and often inundated rocks along May occur NI. Species May occur NI. Species May occur NI. Species
streamside moss FS watercourses, from low to high elevations. associated with associated with associated with
Scouleria (WA)-S aquatic habitat. aquatic habitat. aquatic habitat.
marginata (Former Project not Project not Project not
S&M) expected to expected to expected to
impact suitable impact suitable impact suitable
habitat for this habitat for this habitat for this
species. species. species.
Tetraphis OR-2 Moist forests with large down logs . Outside known NI Outside known NI Outside known NI
geniculata range. No range. No range. No

suitable habitat.

suitable habitat.

suitable habitat.
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Species Usual Habitat in Oregon and Potential Potential Potential
(Population SIEWE Washingtong Occurrence LufzEtets Occurrence pack Occurrence LufzEtets
Segment)
Notes:
Forest Service Region 6 (OR/WA) sensitive species = FS
Endangered Species Act (federal) listed species status codes: E, T, S, C, or P (see below)
WA = Washington State listed species status codes: E, T, S, or C (see below)
OR = Oregon state listed species status codes: E, T, or SC = Sensitive Critical, SV = Sensitive Vulnerable, SP = Sensitive Peripheral or naturally rare, SU = Sensitive Undetermined status
e E=Endangered
e T=Threatened
e S =Sensitive
e C=_Candidate
e P =Proposed
Effect Determination Codes:
e NE = No Effect (for federally protected species)
e NI =noimpact (for species not federally protected)
e  MIIH =may impact individuals or habitat, but would not likely contribute to a
trend toward federal listing or loss of viability to the population or
species
e  WIFV = will impact individuals or habitat with a consequence that the action
may contribute to a trend toward federal listing or cause a loss of
viability to the population or species
e Bl =beneficial impact
e NLAA = may affect, but is not likely to adversely affect
e LAA =may affect, and will likely adversely affect
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ELECTRICAL EFFECTS FROM THE PROPOSED
BIG EDDY — KNIGHT
500-kV TRANSMISSION LINE PROJECT

1.0 Introduction

The Bonneville Power Administration (BPA) is proposing to build an approximately 28-mile 500-kilovolt
(kV) transmission line from the existing BPA Big Eddy Substation in Wasco County, Oregon to the
proposed BPA Knight Substation near Goldendale in Klickitat, County, Washington. The proposed line is
designated the Big Eddy — Knight transmission line. The proposed transmission line will traverse mostly
arid pasture and agricultural land that is sparsely populated. However, there are scattered structures
throughout the project area. Three alternative routes — West, Middle and East - are under consideration
for the proposed transmission line as shown in Figure 1.

The purpose of this report is to describe and quantify the electrical effects of the proposed Big Eddy —
Knight 500-kV transmission line along the alternative routes. These effects include the following:

o the levels of 60-hertz (Hz; cycles per second) electric and magnetic fields (EMF) at 3.28 feet (ft.)
or 1 meter (m) above the ground,

e the effects associated with those fields,
o the levels of audible noise produced by the line, and

o electromagnetic interference associated with the line.

Electrical effects occur near all transmission lines, including those 500-kV lines already present in the
area of the proposed route for the Big Eddy — Knight line. Therefore, the levels of these quantities for the
proposed line are computed and compared with those from the existing lines in Oregon, Washington and
elsewhere.

The proposed line would be built on new and existing right-of-way, paralleling existing lower voltage
lines along portions of the route. The length of the sections with parallel line depends on the alternative
route. Electrical effects were analyzed for all segments with or without parallel lines that had constant
physical and electrical characteristics for over more than one mile. Shorter segments (< 1 mile) could
occur where the line changes direction, crosses a roadway or enters a substation. The electrical effects
associated with these short line segments would be very similar to those for the analyzed segments. The
proposed project has 13 different line configurations (physical and electrical changes that could affect the
field levels) with line segments greater than one mile in length. The 13 line configurations are described
in Table 1.

The voltage on the conductors of transmission lines generates an electric field in the space between the
conductors and the ground. The electric field is calculated or measured in units of volts-per-meter (V/m)
or kilovolts-per-meter (kV/m) at a height of 3.28 feet (ft.) (1 meter [m]) above the ground. The current
flowing in the conductors of the transmission line generates a magnetic field in the air and earth near the
transmission line; current is expressed in units of amperes (A). The magnetic field is expressed in
milligauss (mG), and is usually measured or calculated at a height of 3.28 ft. (1 m) above the ground. The
electric field at the surface of the conductors causes the phenomenon of corona. Corona is the electrical
breakdown or ionization of air in very strong electric fields, and is the source of audible noise,
electromagnetic radiation, and visible light.
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To quantify EMF levels along the route, the electric and magnetic fields from the proposed and existing
lines were calculated using the BPA Corona and Field Effects Program (USDOE, undated). In this
program, the calculation of 60-Hz fields uses standard superposition techniques for vector fields from
several line sources: in this case, the line sources are transmission-line conductors. (Vector fields have
both magnitude and direction: these must be taken into account when combining fields from different
sources.) Important input parameters to the computer program are voltage, current, and geometric
configuration of the line. The transmission-line conductors are assumed to be straight, parallel to each
other, and located above and parallel to an infinite flat ground plane. Although such conditions do not
occur under real lines because of conductor sag and variable terrain, the validity and limitations of
calculations using these assumptions have been well verified by comparisons with measurements. This
approach was used to estimate fields for the proposed Big Eddy -Knight line, where minimum clearances
were assumed to provide worst-case (highest) estimates for the fields.

Electric fields are calculated using an imaging method. Fields from the conductors and their images in
the ground plane are superimposed with the proper magnitude and phase to produce the total field at a
selected location.

The total magnetic field is calculated from the vector summation of the fields from currents in all the
transmission-line conductors. Balanced currents are assumed for each three-phase circuit and the
contribution of induced image currents in the conductive earth is not included. Peak current and power
flow direction for the proposed line were provided by BPA and are based on the projected system normal
annual peak power loads in 2013.

Electric and magnetic fields for the proposed line were calculated at the standard height (3.28 ft. or 1 m)
above the ground (IEEE, 1987). Calculations were performed out to 300 ft. (91 m) from the centerline of
the existing corridor. The validity and limitations of such calculations have been well verified by
measurements. Because maximum voltage, maximum current, and minimum conductor height above-
ground are used, the calculated values given here represent worst-case conditions: i.e., the calculated
fields are higher than they would be in practice. Such worst-case conditions would seldom occur.

The corona performance of the proposed line was also predicted using the BPA Corona and Field Effects
Program (USDOE, undated). Corona performance is calculated using empirical equations that have been
developed over several years from the results of measurements on numerous high-voltage lines (Chartier
and Stearns, 1981; Chartier, 1983). The validity of this approach for corona-generated audible noise has
been demonstrated through comparisons with measurements on other lines all over the United States
(IEEE Committee Report, 1982). The accuracy of this method for predicting corona-generated radio and
television interference from transmission lines has also been established (Olsen et al., 1992). Important
input parameters to the computer program are voltage, current, conductor size, and geometric
configuration of the line.

Corona is a highly variable phenomenon that depends on conditions along a length of line. Predictions of
the levels of corona effects are reported in statistical terms to account for this variability. Calculations of
audible noise and electromagnetic interference levels were made under conditions of an estimated average
operating voltage (536 kV for the proposed line) and with the average line height over a span of 47 ft.
(14.3 m).

Levels of audible noise, radio interference, and television interference are predicted for both fair and foul
weather; however, corona is basically a foul-weather phenomenon. Wet conductors can occur during
periods of rain, fog, snow, or icing. Along the route of the proposed Big Eddy -Knight transmission line,
such conditions are expected to occur about 1 percent of the time during a year, based on hourly
precipitation records during years with complete records for Moro, Oregon (2000-2003) and Kennewick,
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WA (2006-2008).(NOAA, 2010) Corona activity also increases with altitude. For purposes of evaluating
corona effects from the proposed line, an altitude that corresponded to the average where each line
configuration would be constructed was assumed for that configuration. Assumed altitudes ranged from
350 to 1650 ft. (100 to 500 m).

2.0 Physical Description

2.1 Proposed Line

The proposed 500-kV transmission line would be a three-phase, single-circuit line. Each phase is carried
on a separate set of conductors (wires). For the 500-kV line, each phase actually is carried on a bundle of
three conductors (wires) and there are three bundles per circuit as shown in Figure 2.

The voltage and current waves on each phase are displaced by 120° in time (one-third of a cycle) from the
waves on the other phases. The proposed line would be placed either on single-circuit towers with the
phases arranged in a delta (triangular) configuration (Figure 2) or on double-circuit towers with three of
six phase conductors or bundles arranged vertically on either side of the tower (Figure 8). The double-
circuit towers would support both the proposed line and an existing parallel lower voltage line or just the
proposed line with the proposed line located on the west side of the double-circuit tower. For some
configurations, the proposed line would be operated as a split-phase line. In this case, each phase is split
between two bundles, one on either side of the double-circuit tower. A total of 13 configurations were
identified for the project based on parallel lines, tower type and conductors.

BPA provided the physical and operating characteristics of the proposed and existing lines. The electrical
characteristics and physical dimensions for the configurations of the proposed line are shown in Table 2
and the configurations are shown in Figures 2 to 12.

The maximum phase-to-phase voltage for the proposed line would be 550 kV and the average voltage
would be 536 kV. The maximum electrical current on the line would be 970 amperes (A) per phase,
based on the BPA projected system annual peak load in 2013 as the base year. The load factor for this
line will be about 0.50 (average load = peak load x load factor), resulting in an average current of 485 A.

For most of the configurations each bundle of the proposed 500-kV line will have three 1.300-inch
diameter conductors arranged in an inverted triangle bundle configuration with approximately 17-in.
(43.3 cm) spacing between conductors. Some portions of the line could have slightly larger conductors to
meet a BPA design criterion for audible noise performance. In this case, the conductor bundles would be
comprised of three 1.600-inch diameter conductors arranged in an inverted triangle with approximately
19-in. (48.9 cm) spacing.

For the double-circuit tower configurations the east circuit on the tower would be strung with a 1x1.300-
in conductor for configurations with an existing 115-kV circuit on that side. For the two configurations
where an existing 230- or 345-kV line would be placed on the double-circuit tower, then a 3x1.300-in
bundle would be used. The three-conductor bundle would also be used if the proposed 500-kV line was
split between the two sides of the tower.

For the single-circuit tower with the phases arranged in a triangle or delta configuration, the horizontal
spacing between phases in the lower conductor positions would be 46 ft. (14 m). The vertical spacing
between the conductor positions would be 31.5 ft. (9.6 m).
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For the double-circuit tower the horizontal spacing between the top and bottom pairs of conductor
bundles would be 36.5 ft. (11.1 m) and the spacing between the middle pair of conductor bundles would
be 56.5 ft. (17.2 m). The vertical spacing between the bundles would be 36 ft. (11.0 m).

Minimum conductor-to-ground clearance would be 35 or 36 ft. (10.7 or 11.0 m) at a conductor
temperature of 122°F (50°C). This temperature represents heavy operating conditions and high ambient
air temperatures; clearances above ground would be greater under normal operating temperatures. The
larger 36-foot clearance would be employed to ensure that the BPA criterion for maximum electric field
at ground level (9 kV/m) is met along the entire route. The 35-foot clearance would be used for the single
circuit towers except for Configuration 3 where it could be raised to 36 feet, depending on the relative
phases of the proposed and adjacent 345-kV line. The 36-foot clearance would also be used for the
double-circuit tower configurations (Configurations 7-12). The average clearance above ground along a
span will be approximately 47 ft. (14.3 m); this value was used for corona calculations and to estimate
average electric and magnetic fields along the line.

The minimum clearance of 35 ft (10.7-m) or greater provided by BPA exceeds the minimum distance of
the conductors above ground required to meet the National Electric Safety Code (NESC) (IEEE, 2002).
At road crossings, the ground clearance would be at least 50 ft. (15.2 m).

New right-of-way for the proposed line will be 150 ft. (46 m) wide. When placed on existing right-of-way
the centerline of the proposed line will be at least 75 ft. (23 m) from the edge.

2.2  Existing Lines

The proposed Big Eddy — Knight 500-kV line would parallel existing transmission lines along parts of all
three alternative routes. In all, there are five existing lines that could be paralleled: the Harvalum - Big
Eddy 230-kV line, the McNary — Ross 345-kV line, the Chenowick — Goldendale 115-kV line, the
Spearfish Tap 115-kV line and the Big Eddy — Spring Creek 230-kV line. The lines to be paralleled and
lengths of their parallel segments are dependent on the route. Descriptions of the three routes and five
existing lines and their associated routes are given in Tables 1 and 2.

3.0 Electric Field

3.1 Basic Concepts

An electric field is said to exist in a region of space if an electrical charge, at rest in that space,
experiences a force of electrical origin (i.e., electric fields cause free charges to move). Electric field is a
vector quantity: that is, it has both magnitude and direction. The direction corresponds to the direction
that a positive charge would move in the field. Sources of electric fields are unbalanced electrical charges
(positive or negative) and time-varying magnetic fields. Transmission lines, distribution lines, house
wiring, and appliances generate electric fields in their vicinity because of the unbalanced electrical
charges associated with voltage on the conductors. On the power system in North America, the voltage
and charge on the energized conductors are cyclic (plus to minus to plus) at a rate of 60 times per second.
This changing voltage results in electric fields near sources that are also time-varying at a frequency of 60
hertz (Hz; a frequency unit equivalent to cycles per second).

As noted earlier, electric fields are expressed in units of volts per meter (V/m) or kilovolts (thousands of
volts) per meter (kV/m). Electric- and magnetic-field magnitudes in this report are expressed in root-
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mean-square (rms) units. For sinusoidal waves, the rms amplitude is given as the peak amplitude divided
by the square root of two.

The spatial uniformity of an electric field depends on the source of the field and the distance from that
source. On the ground, under a transmission line, the electric field is nearly constant in magnitude and
direction over distances of several feet (1 meter). However, close to transmission- or distribution-line
conductors, the field decreases rapidly with distance from the conductors. Similarly, near small sources
such as appliances, the field is not uniform and falls off even more rapidly with distance from the device.
If an energized conductor (source) is inside a grounded conducting enclosure, then the electric field
outside the enclosure is zero, and the source is said to be shielded.

Electric fields interact with the charges in all matter, including living systems. When a conducting object,
such as a vehicle or person, is located in a time-varying electric field near a transmission line, the external
electric field exerts forces on the charges in the object, and electric fields and currents are induced in the
object. If the object is grounded, then the total current induced in the body (the "short-circuit current™)
flows to earth. The distribution of the currents within, say, the human body, depends on the electrical
conductivities of various parts of the body: for example, muscle and blood have higher conductivity than
bone and would therefore experience higher currents.

At the boundary surface between air and the conducting object, the field in the air is perpendicular to the
conductor surface and is much, much larger than the field in the conductor itself. For example, the
average surface field on a human standing in a 10 kV/m field is 27 kV/m; the internal fields in the body
are much smaller: approximately 0.008 V/m in the torso and 0.45 V/m in the ankles.

3.2 Transmission-line Electric Fields

The electric field created by a high-voltage transmission line extends from the energized conductors to
other conducting objects such as the ground, towers, vegetation, buildings, vehicles, and people. The
calculated strength of the electric field at a height of 3.28 ft. (1 m) above an unvegetated, flat earth is
frequently used to describe the electric field under straight parallel transmission lines. The most
important transmission-line parameters that determine the electric field at a 1-m height are conductor
height above ground and line voltage.

Calculations of electric fields from transmission lines are performed with computer programs based on
well-known physical principles (cf., Deno and Zaffanella, 1982). The calculated values under these
conditions represent an ideal situation. When practical conditions approach this ideal model,
measurements and calculations agree. Often, however, conditions are far from ideal because of variable
terrain and vegetation. In these cases, fields are calculated for ideal conditions, with the lowest conductor
clearances to provide upper bounds on the electric field under the transmission lines. With the use of
more complex models or empirical results, it is also possible to account accurately for variations in
conductor height, topography, and changes in line direction. Because the fields from different sources
add vectorially, it is possible to compute the fields from several different lines if the electrical

and geometrical properties of the lines are known. However, in general, electric fields near transmission
lines with vegetation below are highly complex and cannot be calculated. Measured fields in such
situations are highly variable.

For evaluation of EMF from transmission lines, the fields must be calculated for a specific line condition.
The NESC states the condition for evaluating electric-field-induced short-circuit current for lines with
voltage above 98 kV, line-to-ground, as follows: conductors are at a minimum clearance from ground
corresponding to a conductor temperature of 120°F (50°C), and at a maximum voltage (IEEE, 2002).
BPA has supplied the needed information for calculating electric and magnetic fields from the proposed
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transmission lines: the maximum operating voltage, the estimated peak current in 2013, and the minimum
conductor clearances.

There are standard techniques for measuring transmission-line electric fields (IEEE, 1987). Provided that
the conditions at a measurement site closely approximate those of the ideal situation assumed for
calculations, measurements of electric fields agree well with the calculated values. If the ideal conditions
are not approximated, the measured field can differ substantially from calculated values. Usually the
actual electric field at ground level is reduced from the calculated values by various common objects that
act as shields.

Maximum or peak field values occur over a small area at midspan, where conductors are closest to

the ground (minimum clearance). As the location of an electric-field profile approaches a tower, the
conductor clearance increases, and the peak field decreases. A grounded tower will reduce the electric
field considerably by shielding.

For traditional transmission lines, such as the proposed line, where the right-of-way extends laterally well
beyond the conductors, electric fields at the edge of the right-of-way are not as sensitive as the peak field
to conductor height. Computed values at the edge of the right-of-way for any line height are fairly
representative of what can be expected all along the transmission-line corridor. However, the presence of
vegetation on and at the edge of the right-of-way will reduce actual electric-field levels below calculated
values.

3.3 Calculated Values of Electric Fields

Table 3 shows the calculated values of electric field at 3.28 ft. (1 m) above ground for the proposed Big
Eddy - Knight 500-kV transmission-line configurations. The maximum value on the right-of-way and the
value at the edge of the right-of-way are given for the proposed configurations at minimum conductor
clearance and at the estimated average clearance along a span. Both the maximum and average fields were
computed with the line operating at the maximum voltage of 550 kV. Lateral profiles of the electric fields
for the 13 configurations are shown in Figures 13 — 24.

The calculated maximum electric fields expected on the right-of-way of the proposed line range from 7.4
to 8.8 kV/m, depending on the configuration. For average clearance, the peak field ranges from 4.2 to
5.8 kV/m. As shown in Figures 13 to 24, the peak values would be present only at locations directly
under the line, near mid-span, where the conductors are at the minimum clearance. The conditions of
minimum conductor clearance at maximum current and maximum voltage occur very infrequently. The
calculated peak levels are rarely reached under real-life conditions, because the actual line height

is generally above the minimum value used in the computer model, because the actual voltage is below
the maximum value used in the model, and because vegetation within and near the edge of the right-of-
way tends to shield the field at ground level.

The average values expected at the edge of the right-of-way of the proposed line range from 2.4 to less
than 0.1 kV/m. The largest field values at the edge of the right-of-way occur for configurations where the
centerline of the proposed single-circuit delta tower is located 75 ft from the edge.

For comparison the electric fields along the existing corridors for the No-action alternative are also shown
in Table 3. For the existing lines the maximum fields range from 0 to 4.5 kVV/m and the average peak
field ranges from 0 to 2.6 kV/m. Average fields at the edge of the right-of-way vary from 0 to 1.3 kV/m
for the No-action alternative. The principal reason for the lower fields in the No-action alternative is the
absence of a 500-kV line among the existing lines.
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3.4 Environmental Electric Fields

The electric fields associated with the proposed Big Eddy - Knight transmission line can be compared
with those found in other environments. Sources of 60-Hz electric (and magnetic) fields exist everywhere
electricity is used; levels of these fields in the modern environment vary over a wide range. Electric-field
levels associated with the use of electrical energy are orders of magnitude greater than the naturally
occurring 60-Hz fields of about 0.0001 VV/m, which stem from atmospheric and extraterrestrial sources.

Electric fields in outdoor, publicly accessible places range from less than 1 VV/m to 12 kV/m; the large
fields exist close to high-voltage transmission lines of 500 kV or higher. In remote areas without
electrical service, 60-Hz field levels can be much lower than 1 VV/m. Electric fields in home and work
environments generally are not spatially uniform like those of transmission lines; therefore, care must be
taken when making comparisons between fields from different sources such as appliances and electric
lines. In addition, fields from all sources can be strongly modified by the presence of conducting objects.
However, it is helpful to know the levels of electric fields generated in domestic and office environments
in order to compare commonly experienced field levels with those near transmission lines.

Numerous measurements of residential electric fields have been reported for various parts of the United
States, Canada, and Europe. Although there have been no large studies of residential electric fields,
sufficient data are available to indicate field levels and characteristics. Measurements of domestic 60-Hz
electric fields indicate that levels are highly variable and source-dependent. Electric-field levels are not
easily predicted because walls and other objects act as shields, because conducting objects perturb the
field, and because homes contain numerous localized sources. Internal sources (wiring, fixtures, and
appliances) seem to predominate in producing electric fields inside houses. Average measured electric
fields in residences are generally in the range of 5 to 20 VV/m. In a large occupational exposure
monitoring project that included electric-field measurements at homes, average exposures for all groups
away from work were generally less than 10 VV/m (Bracken, 1990).

Electric fields from household appliances are localized and decrease rapidly with distance from the
source. Local electric fields measured at 1 ft. (0.3 m) from small household appliances are typically in
the range of 30 to 60 V/m. In a survey, reported by Deno and Zaffanella (1982), field measurements at a
1-ft. (0.3-m) distance from common domestic and workshop sources were found to range from 3 to 70
VI/m. The localized fields from appliances are not uniform, and care should be taken in comparing them
with transmission-line fields.

Electric blankets can generate higher localized electric fields. Sheppard and Eisenbud (1977) reported
fields of 250 V/m at a distance of approximately 1 ft. (0.3 m). Florig et al. (1987) carried out extensive
empirical and theoretical analysis of electric-field exposure from electric blankets and presented results in
terms of uniform equivalent fields such as those near transmission lines. Depending on what parameter
was chosen to represent intensity of exposure and the grounding status of the subject, the equivalent
vertical 60-Hz electric-field exposure ranged from 20 to over 3500 VV/m. The largest equivalent field
corresponds to the measured field on the chest with the blanket-user grounded. The average field on the
chest of an ungrounded blanket-user yields an equivalent vertical field of 960 V/m. As manufacturers
have become aware of the controversy surrounding EMF exposures, electric blankets have been
redesigned to reduce magnetic fields. However, electric fields from these “low field” blankets are still
comparable with those from older designs (Bassen et al., 1991).

Generally, people in occupations not directly related to high-voltage equipment are exposed to electric
fields comparable with those of residential exposures. For example, the average electric field measured in
14 commercial and retail locations in rural Wisconsin and Michigan was 4.8 V/m (11T Research Institute,
1984). Median electric field was about 3.4 V/m. These values are about one-third the values in
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residences reported in the same study. Electric-field levels in public buildings such as shops, offices, and
malls appear to be comparable with levels in residences.

In a survey of 1,882 volunteers from utilities, electric-field exposures were measured for 2,082 work days
and 657 non-work days (Bracken, 1990). Electric-field exposures for occupations other than those
directly related to high-voltage equipment were equivalent to those for non-work exposure.

Thus, except for the relatively few occupations where high-voltage sources are prevalent, electric fields
encountered in the workplace are probably similar to those of residential exposures. Even in electric
utility occupations where high field sources are present, exposures to high fields are limited on average to
minutes per day.

Electric fields found in publicly accessible areas near high-voltage transmission lines can typically range

up to 3 kV/m for 230-kV lines, to 10 kV/m for 500-kV lines, and to 12 kV//m for 765-kV lines. Although
these peak levels are considerably higher than the levels found in other public areas, they are present only
in limited areas on rights-of-way.

The calculated electric fields for the proposed Big Eddy — Knight 500-kV transmission line are consistent
with the levels reported for other 500-kV transmission lines in Washington, Oregon and elsewhere. The
calculated electric fields on the right-of-way of the proposed transmission line would be much higher than
levels normally encountered in residences and offices.

4.0 Magnetic Field

4.1 Basic Concepts

Magnetic fields can be characterized by the force they exert on a moving charge or on an electrical
current. As with the electric field, the magnetic field is a vector quantity characterized by both magnitude
and direction. Electrical currents generate magnetic fields. In the case of transmission lines, distribution
lines, house wiring, and appliances, the 60-Hz electric current flowing in the conductors generates a time-
varying, 60-Hz magnetic field in the vicinity of these sources. The strength of a magnetic field is
measured in terms of magnetic lines of force per unit area, or magnetic flux density. The term “magnetic
field,” as used here, is synonymous with magnetic flux density and is expressed in units of gauss (G) or
milligauss (mG). (The tesla (T) is the unit of magnetic flux density preferred in scientific publications,
where 1.0 gauss equals one ten-thousandth of a tesla (0.1 mT) and 1.0 mG equals 0.1 microtesla [uT]).

The uniformity of a magnetic field depends on the nature and proximity of the source, just as the
uniformity of an electric field does. Transmission-line-generated magnetic fields are quite uniform over
horizontal and vertical distances of several feet near the ground. However, for small sources such as
appliances, the magnetic field decreases rapidly over distances comparable with the size of the device.

The interaction of a time-varying magnetic field with conducting objects results in induced electric fields
and currents in the object. A changing magnetic field through an area generates a voltage around any
conducting loop enclosing the area (Faraday's law). This is the physical basis for the operation of an
electrical transformer. For a time-varying sinusoidal magnetic field, the magnitude of the induced voltage
around the loop is proportional to the area of the loop, the frequency of the field, and the magnitude of the
field. The induced voltage around the loop results in an induced electric field and current flow in the loop
material. The induced current that flows in the loop depends on the conductivity of the loop as well as its
area.
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4.2  Transmission-line Magnetic Fields

The magnetic field generated by currents on transmission-line conductors extends from the conductors
through the air and into the ground. The magnitude of the field at a height of 3.28 ft. (1 m) is frequently
used to describe the magnetic field under transmission lines. Because the magnetic field is not affected
by non-ferrous materials, the field is not influenced by normal objects on the ground under the line. The
direction of the maximum field varies with location. (The electric field, by contrast, is essentially vertical
near the ground.) The most important transmission-line parameters that determine the magnetic field at
3.28 ft. (1 m) height are conductor height above ground and magnitude of the currents flowing in the
conductors. As distance from the transmission-line conductors increases, the magnetic field decreases.

Calculations of magnetic fields from transmission lines are performed using well-known physical
principles (cf., Deno and Zaffanella, 1982). The calculated values usually represent the ideal straight
parallel-conductor configuration. For simplicity, a flat earth is usually assumed. Balanced currents
(currents of the same magnitude for each phase) are also assumed. This is usually valid for transmission
lines, where loads on all three phases are maintained in balance during operation. Induced image currents
in the earth are usually ignored for calculations of magnetic field under or near the right-of-way. The
resulting error is negligible. Only at distances greater than 300 ft. (91 m) from a line do such
contributions become significant (Deno and Zaffanella, 1982). The clearance for magnetic-field
calculations for the proposed line was the same as that used for electric-field evaluations.

Standard techniques for measuring magnetic fields near transmission lines are described in ANSI IEEE
Standard No. 644-1994 (1994). Measured magnetic fields agree well with calculated values, provided the
currents and line heights that go into the calculation correspond to the actual values for the line. To
realize such agreement, it is necessary to get accurate current readings during field measurements
(because currents on transmission lines can vary considerably over short periods of time) and also to
account for all field sources in the vicinity of the measurements.

As with electric fields, the maximum or peak magnetic fields occur in areas near the centerline and at
midspan where the conductors are the lowest. The magnetic field at the edge of the right-of-way is not
very dependent on line height. If more than one line is present, the peak field will depend on the relative
electrical phasing of the conductors and the relative direction of power flow in the lines.

4.3 Calculated Values for Magnetic Fields

Table 4 gives the calculated values of the magnetic field at 3.28 ft. (1 m) height for the proposed 500-kV
transmission-line configurations. Field values on the right-of-way and at the edge of the right-of-way are
given for projected maximum currents and minimum clearance during system annual peak load in 2013.
Field levels at the same locations for average current and average conductor clearance are also given. The
projected maximum currents are 970 A on each of the three phases of the proposed line. For double-
circuit configurations where the phases are split between two sets of conductors, the maximum current on
each set of conductors would be 485 A. Average currents over the year would be about 50 percent of the
maximum values.

Figures 25 to 38 show lateral profiles of magnetic fields under these same current and clearance
conditions for the proposed 500-kV transmission line and the existing adjacent lines. The levels for
maximum current and minimum clearance shown in the figures represent the highest magnetic fields
under the proposed Big Eddy — Knight 500-kV line except under extreme temperature conditions. The
actual day-to-day magnetic-field levels would be lower. They would vary as currents change daily and
seasonally and as clearances change with ambient temperature. As shown in the figures, the average
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fields along the line over a year would be considerably reduced from the maximum values, as a result of
increased clearances and reduced current.

The maximum calculated 60-Hz magnetic fields expected at 3.28 ft. (1 m) above ground for the proposed
line range from 219mG to 60 mG for the 13 configurations of the proposed line. The highest fields would
occur for single and double circuit towers that are adjacent to the existing Harvalum - Big Eddy 230-kV
line (Configurations 2, 3 and 9). The lowest maximum fields would occur for the double-circuit tower
configurations with split-phasing (Configurations 7 and 12). Maximum fields on the existing rights-of-
way would range from 176 to 0 mG should the proposed line not be built — the No-action alternative. The
maximum fields in this case would occur under the existing Big Eddy — Spring Creek and Harvalum - Big
Eddy 230-kV lines.

The estimated average peak fields on the right-of-way for the proposed line would range from 65 to 17
mG. The average peak field on the existing rights-of-way would range from 48 to 0 mG for the No-
action alternative.

At the edge of the right-of-way of the proposed line (on new right-of-way with no adjacent lines),
estimated maximum fields would be 42 mG for the single-circuit tower (Configuration 1), 14 mG for the
double-circuit tower with split phasing (Configurations 7) and 52 mG for the double-circuit tower with a
single circuit on one side (Configurations 7A and 10). The peak average fields at the edge of the right-of-
way for these configurations would be 18, 6, and 21 mG, respectively.

On existing rights-of-way with parallel adjacent lines, the calculated levels at the edge of the right-of-way
obviously depend on the width of the right-of-way and the current on the existing line. Consequently, on
existing rights-of-way, the maximum magnetic field at the edge of the right-of-way for maximum current
conditions would range from 67 to less than 1 mG, while the average field at the edge would range from
23 to less than 1 mG. The maximum edge of right-of-way values for the No-action alternative would
range from 67 to 0 mG, while the average values range from 23 to 0 mG. The highest edge of right-of-
way levels for the No-action alternative occur adjacent to the Harvalum - Big Eddy and Big Eddy -
Spring Creek 230-kV lines.

The magnetic field falls off rapidly as distance from the line increases. At a distance of 200 ft. (61 m)
from the centerline of the proposed single-circuit tower line with maximum current, the field would be 6.4
mG and the average field would be about 3 mG. At the same current and distance from the double-circuit
tower with the split phase configuration, the maximum and average fields would be less than 2 mG. For
the double-circuit tower with only a single-circuit on one side, the maximum and average fields at 200
feet would be about 10 and 3 mG, respectively. The largest maximum and average fields at 200 feet from
the existing lines for the No-action alternative would be 6-7 mG and 2-4 mG, respectively. These largest
values for existing lines would occur adjacent to the Harvalum - Big Eddy 230-kV line, the Big Eddy -
Spring Creek 230-kV line, and the McNary — Ross 345-kV line.

There would 2 to 5 houses within 300 feet of the proposed centerline and 10 to 12 houses within 500 ft,
depending on which route and line designs are selected (Table 5). The average magnetic fields at these
houses would range from 0.5 to 22.3 mG for the single-circuit configuration routes and from 0.1 to 3.5
mG for the double circuit routes. The range of maximum fields would be from 1.1 to 45 mG for the
single-circuit routes and from 0.2 to 7 mG for the double circuit routes. (Note: A single house at 71 ft
from the centerline of the proposed single-circuit configuration contributes the high upper ranges of
average and maximum fields for the East and Middle alternatives shown in Table 5.)

In general, magnetic fields at houses would be higher for the East and Middle alternatives than for the
West alternative when single circuit configurations are used. The opposite would be true if double-circuit
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configurations were used: in this case, magnetic fields would be higher at houses along the West
alternative than along the other two routes.

4.4  Environmental Magnetic Fields

Transmission lines are not the only source of magnetic fields; as with 60-Hz electric fields, 60-Hz
magnetic fields are present throughout the environment of a society that relies on electricity as a principal
energy source. The magnetic fields associated with the proposed Big Eddy - Knight 500 kV line can be
compared with fields from other sources. The range of 60-Hz magnetic-field exposures in publicly
accessible locations such as open spaces, transmission-line rights-of-way, streets, pedestrian walkways,
parks, shopping malls, parking lots, shops, hotels, public transportation, and so on range from less than
0.1 mG to about 1 G, with the highest values occurring near small appliances with electric motors. In
occupational settings in electric utilities, where high currents are present, magnetic-field exposures for
workers can be above 1 G. At 60 Hz, the magnitude of the natural magnetic field is approximately
0.0005 mG.

Several investigations of residential fields have been conducted. In a large study to identify and quantify
significant sources of 60-Hz magnetic fields in residences, measurements were made in 996 houses,
randomly selected throughout the country (Zaffanella, 1993). The most common sources of residential
fields were power lines, the grounding system of residences, and appliances. Field levels were
characterized by both point-in-time (spot) measurements and 24-hour measurements. Spot measurements
averaged over all rooms in a house exceeded 0.6 mG in 50 percent of the houses and 2.9 mG in 5 percent
of houses. Power lines generally produced the largest average fields in a house over a 24-hour period.
On the other hand, grounding system currents proved to be a more significant source of the highest fields
in a house. Appliances were found to produce the highest local fields; however, fields fell off rapidly
with increased distance. For example, the median field near microwave ovens was 36.9 mG at a distance
of 10.5in (0.27 m) and 2.1 mG at 46 in (1.17 m). Across the entire sample of 996 houses, higher
magnetic fields were found in, among others, urban areas (vs. rural); multi-unit dwellings (vs. single-
family); old houses (vs. new); and houses with grounding to a municipal water system.

In an extensive measurement project to characterize the magnetic-field exposure of the general
population, over 1000 randomly selected persons in the United States wore a personal exposure meter for
24 hours and recorded their location in a simple diary (Zaffanella and Kalton, 1998). Based on the
measurements of 853 persons, the estimated 24-hour average exposure for the general population is

1.24 mG and the estimated median exposure is 0.88 mG. The average field “at home, not in bed” is

1.27 mG and “at home, in bed” is 1.11 mG. Average personal exposures were found to be largest “at
work” (mean of 1.79 mG and median of 1.01 mG) and lowest “at home, in bed” (mean of 1.11 mG and
median of 0.49 mG). Average fields in school were also low (mean of 0.88 mG and median of 0.69 mG).
Factors associated with higher exposures at home were smaller residences, duplexes and apartments,
metallic rather than plastic water pipes, and nearby overhead distribution lines.

As noted above, magnetic fields from appliances are localized and decrease rapidly with distance from the
source. Localized 60-Hz magnetic fields have been measured near about 100 household appliances such
as ranges, refrigerators, electric drills, food mixers, and shavers (Gauger, 1985). At a distance of

1 ft. (0.3 m), the maximum magnetic field ranged from 0.3 to 270 mG, with 95 percent of the
measurements below 100 mG. Ninety-five percent of the levels at a distance of 4.9 ft. (1.5 m) were less
than 1 mG. Devices that use light-weight, high-torque motors with little magnetic shielding exhibited the
largest fields. These included vacuum cleaners and small hand-held appliances and tools. Microwave
ovens with large power transformers also exhibited relatively large fields. Electric blankets have been a
much-studied source of magnetic-field exposure because of the length of time they are used and because
of the close proximity to the body. Florig and Hoburg (1988) estimated that the average magnetic field in
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a person using an electric blanket was 15 mG, and that the maximum field could be 100 mG. New "low-
field" blankets have magnetic fields at least 10 times lower than those from conventional blankets (Bassen
etal., 1991).

In a domestic magnetic-field survey, Silva et al. (1989) measured fields near different appliances at
locations typifying normal use (e.g., sitting at a typewriter or standing at a stove). Specific appliances
with relatively large fields included can openers (n = 9), with typical fields ranging from 30 to 225 mG
and a maximum value up to 2.7 G; shavers (n = 4), with typical fields from 50 to 300 mG and maximum
fields up to 6.9 G; and electric drills (n = 2), with typical fields from 56 to 190 mG and maximum fields
up to 1.5 G. The fields from such appliances fall off very rapidly with distance and are only present for
short periods. Thus, although instantaneous magnetic-field levels close to small hand-held appliances can
be quite large, they do not contribute to average area levels in residences. The technology of newer
energy-efficient appliances is likely to reduce fields from appliances further.

Although studies of residential magnetic fields have not all considered the same independent parameters,
the following consistent characterization of residential magnetic fields emerges from the data:

@ External sources play a large role in determining residential magnetic-field levels.
Transmission lines, when nearby, are an important external source. Unbalanced ground
currents on neutral conductors and other conductors, such as water pipes in and near a house,
can represent a significant source of magnetic field. Distribution lines per se, unless they are
quite close to a residence, do not appear to be a traditional distance-dependent source.

2 Homes with overhead electrical service appear to have higher average fields than those with
underground service.

3) Appliances represent a localized source of magnetic fields that can be much higher than
average or area fields. However, fields from appliances approach area levels at
distances greater than 3 ft. (1 m) from the device.

Although important variables in determining residential magnetic fields have been identified,
guantification and modeling of their influence on fields at specific locations is not yet possible. However,
a general characterization of residential magnetic-field level is possible: average levels in the United
States are in the range of 0.5 to 1.0 mG, with the average field in a small number of homes exceeding this
range by as much as a factor of 10 or more. Average personal exposure levels are slightly higher,
possibly due to use of appliances and varying distances to other sources. Maximum fields can be much
higher.

Magnetic fields in commercial and retail locations are comparable with those in residences. As with
appliances, certain equipment or machines can be a local source of higher magnetic fields. Utility
workers who work close to transformers, generators, cables, transmission lines, and distribution systems
clearly experience high-level fields. Other sources of fields in the workplace include motors, welding
machines, computers, and office equipment. In publicly accessible indoor areas, such as offices and
stores, field levels are generally comparable with residential levels, unless a high-current source is nearby.

Because high-current sources of magnetic field are more prevalent than high-voltage sources,
occupational environments with relatively high magnetic fields encompass a more diverse set of
occupations than do those with high electric fields. For example, in occupational magnetic-field
measurements reported by Bowman et al. (1988), the geometric mean field from 105 measurements of
magnetic field in "electrical worker" job locations was 5.0 mG. "Electrical worker" environments showed
the following elevated magnetic-field levels (geometric mean greater than 20 mG): industrial power
supplies, alternating current (ac) welding machines, and sputtering systems for electronic assembly.
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Measurements of personal exposure to magnetic fields were made for 1,882 volunteer utility workers for
a total of 4,411 workdays (Bracken, 1990). Median workday mean exposures ranged from 0.5 mG for
clerical workers without computers to 7.2 mG for substation operators. Occupations not specifically
associated with transmission and distribution facilities had median workday exposures less than 1.5 mG,
while those associated with such facilities had median exposures above 2.3 mG. Magnetic-field
exposures measured in homes during this study were comparable with those recorded in offices.

Magnetic fields in publicly accessible outdoor areas seem to be, as expected, directly related to proximity
to electric-power transmission and distribution facilities. Near such facilities, magnetic fields are
generally higher than indoors (residential). Higher-voltage facilities tend to have higher fields. Typical
maximum magnetic fields in publicly accessible areas near transmission facilities can range from less than
a few milligauss up to 300 mG or more, near heavily loaded lines operated at 230 to 765 kV. The levels
depend on the line load, conductor height, and location on the right-of-way. Because magnetic fields near
high-voltage transmission lines depend on the current in the line, they can vary daily and seasonally.

Fields near distribution lines and equipment are generally lower than those near transmission lines.
Measurements in Montreal indicated that typical fields directly above underground distribution systems
were 5 to 19 mG (Heroux, 1987). Beneath overhead distribution lines, typical fields were 1.5 to 5 mG on
the primary side of the transformer, and 4 to 10 mG on the secondary side. Near ground-based
transformers used in residential areas, fields were 80 to 1000 mG at the surface and 10 to 100 mG at a
distance of 1 ft. (0.3 m).

The magnetic fields from the proposed line would be comparable to or less than those from existing 500-
kV lines in Washington and elsewhere. On and near the right-of-way of the proposed line, magnetic
fields would be well above average residential levels. However, the fields from the line would decrease
rapidly and approach common ambient levels at distances greater than a few hundred feet from the line.
Furthermore, the fields at the edge of the right-of-way would not be above those encountered during
normal activities near common sources such as hand-held appliances.

5.0 Electric and Magnetic Field (EMF) Effects

Possible effects associated with the interaction of EMF from transmission lines with people on and near a
right-of-way fall into two categories: short-term effects that can be perceived and may represent a
nuisance, and possible long-term health effects. Only short-term effects are discussed here. The issue of
whether there are long-term health effects associated with transmission-line fields is controversial. In
recent years, considerable research on possible biological effects of EMF has been conducted. A review
of these studies and their implications for health-related effects is provided in a separate technical report
for the environmental assessment for the proposed Big Eddy — Knight 500-kV transmission line
(Exponent, 2009).

51 Electric Fields: Short-term Effects

Short-term effects from transmission-line electric fields are associated with perception of induced currents
and voltages or perception of the field. Induced current or spark discharge shocks can be experienced
under certain conditions when a person contacts objects in an electric field. Such effects occur in the
fields associated with transmission lines that have voltages of 230-kV or higher. These effects could
occur infrequently under the proposed Big Eddy - Knight 500-kV line.

Steady-state currents are those that flow continuously after a person contacts an object and provides a
path to ground for the induced current. The amplitude of the steady-state current depends on the induced
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current to the object in question and on the grounding path. The magnitude of the induced current to
vehicles and objects under the proposed line will depend on the electric-field strength and the size and
shape of the object. When an object is electrically grounded, the voltage on the object is reduced to zero,
and it is not a source of current or voltage shocks. If the object is poorly grounded or not grounded at all,
then it acquires some voltage relative to earth and is a possible source of current or voltage shocks.

The responses of persons to steady-state current shocks have been extensively studied, and levels of
response documented (Keesey and Letcher, 1969; IEEE, 1978). Primary shocks are those that can result
in direct physiological harm. Such shocks will not be possible from induced currents under the existing
or proposed lines, because clearances above ground required by the NESC preclude such shocks from
large vehicles and grounding practices eliminate large stationary objects as sources of such shocks.

Secondary shocks are defined as those that could cause an involuntary and potentially harmful movement,
but no direct physiological harm. Secondary shocks could occur under the proposed 500-kV line when
making contact with ungrounded conducting objects such as vehicles or equipment. However, such
occurrences are anticipated to be very infrequent. Shocks, when they occur under the 500-kV line, are
most likely to be below the nuisance level. Induced currents are extremely unlikely to be perceived off
the right-of-way of the proposed line.

Induced currents are always present in electric fields under transmission lines and will be present near the
proposed line. However, during initial construction, BPA routinely grounds metal objects that are located
on or near the right-of-way. The grounding eliminates these objects as sources of induced current and
voltage shocks. Multiple grounding points are used to provide redundant paths for induced current flow.
After construction, BPA would respond to any complaints and install or repair grounding to mitigate
nuisance shocks.

Unlike fences or buildings, mobile objects such as vehicles and farm machinery cannot be grounded
permanently. Limiting the possibility of induced currents from such objects to persons is accomplished in
several ways. First, required clearances for above-ground conductors tend to limit field strengths to levels
that do not represent a hazard or nuisance. The NESC (2002) requires that, for lines with voltage
exceeding 98 kV line-to-ground (170 kV line-to-line), sufficient conductor clearance be maintained to
limit the induced short-circuit current in the largest anticipated vehicle under the line to 5 milliamperes
(mA) or less. This can be accomplished by limiting access or by increasing conductor clearances in areas
where large vehicles could be present. BPA and other utilities design and operate lines to be in
compliance with the NESC.

For the proposed line, conductor clearances at 50°C conductor temperature would be increased to at least
50 ft. (15.2 m) over road crossings along the route to meet the BPA requirement that electric fields be less
than 5.0 kV/m at road crossings. The actual clearance to meet the criterion would depend on the
configuration and parallel lines. For example, in order for Configuration 3 to meet the 5.0 kV/m criterion
at a clearance of 50 feet, adjacent phases of the proposed Big Eddy — Knight 500-kV line and the existing
McNary — Ross 345-kV line could not be the same; for Configurations 7A and 10 clearance would have
to be increased to 54 feet to meet the 5.0 kV/m criterion. In any case, the conductor clearance at each
road crossing would be checked during the line design stage to ensure that the BPA 5-kV/m and NESC 5-
mA criteria are met. Line clearances would also be increased in accordance with the NESC, such as over
railroads and water areas suitable for sailboating.

The largest truck allowed on roads in Oregon and Washington without a special permit is 14 feet high by
8.5 feet wide by 75 feet long (4.3 x 2.6 x 22.9 m). The induced currents to such a vehicle oriented
perpendicular to the line in a maximum field of 5 kV/m (at 3.28-foot height) would be 4.5 mA (Reilly,
1979). For smaller trucks, the maximum induced currents for perpendicular orientation to the proposed
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line would be less than this value. (Larger special-permitted trucks, such as triple trailers, can be up to
105 feet in length, but are not expected on the roads crossed by the proposed line. However, because they
average the field over such a long distance, the maximum induced current to a 105-foot vehicle oriented
perpendicular to the 500-kV line at a road crossing would be less than 4.5 mA.) Thus, the NESC 5-mA
criterion would be met for perpendicular road crossings of the proposed line. These large vehicles are not
anticipated to be off highways or oriented parallel and on the right —of-way of the proposed line. As
discussed below, these are worst-case estimates of induced currents at road crossings; conditions for their
occurrence are rare.

Several factors tend to reduce the levels of induced current shocks from vehicles:

@ Activities are distributed over the whole right-of-way, and only a small percentage of time is
spent in areas where the field is at or close to the maximum value.

2 At road crossings, vehicles are aligned perpendicular to the conductors, resulting in a
substantial reduction in induced current.

3 The conductor clearance at road crossings may not be at minimum values because of lower
conductor temperatures and/or location of the road crossing away from midspan.

4) The largest vehicles are permitted only on certain highways.

() Off-road vehicles are in contact with soil or vegetation, which reduces shock currents
substantially.

Induced voltages occur on objects, such as vehicles, in an electric field where there is an inadequate
electrical ground. If the voltage is sufficiently high, then a spark discharge shock can occur as contact is
made with the object. Such shocks are similar to “carpet"” shocks that occur, for example, when a person
touches a doorknob after walking across a carpet on a dry day. The number and severity of spark
discharge shocks depend on electric-field strength. Based on the low frequency of complaints reported
by Glasgow and Carstensen (1981) for 500-kV ac transmission lines (one complaint per year for each
1,500 mi. or 2400 km of 500-kV line), nuisance shocks, which are primarily spark discharges, do not
appear to be a serious impediment to allowed activities under 500-kV lines. Recommended safety
practices and restricted activities on BPA transmission line rights-of-way are described in the BPA
booklet “Living and Working Safely Around High-Voltage Transmission Lines” (USDOE, 2007).

In electric fields higher than will occur under the proposed line, it is theoretically possible for a spark
discharge from the induced voltage on a large vehicle to ignite gasoline vapor during refueling. The
probability for exactly the right conditions to occur for ignition is extremely remote. The additional
clearance of conductors provided at road crossings reduces the electric field in areas where vehicles are
prevalent and reduces the chances for such events. Even so, BPA recommends that vehicles should not
be refueled under the proposed line unless specific precautions are taken to ground the vehicle and the
fueling source (USDOE, 2007).

Under certain conditions, the electric field can be perceived through hair movement on an upraised hand
or arm of a person standing on the ground under high-voltage transmission lines. The median field for
perception in this manner was 7 kV/m for 136 persons; only about 12 percent could perceive fields of

2 kV/m or less (Deno and Zaffanella, 1982). In areas under the conductors at midspan, the fields

at ground level would exceed the levels where field perception normally occurs. In these instances, field
perception could occur on the right-of-way of the proposed line. It is unlikely that the field would be
perceived beyond the edge of the right-of-way. Where vegetation provides shielding, the field would not
be perceived.
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Conductive shielding reduces both the electric field and induced effects such as shocks. Persons inside a
vehicle cab or canopy are shielded from the electric field. Similarly, a row of trees or a lower-voltage
distribution line reduces the field on the ground in the vicinity. Metal pipes, wiring, and other conductors
in a residence or building shield the interior from the transmission-line electric field.

The electric fields from the proposed 500-kV line would be comparable to those from existing 500-kV
lines in the project area and elsewhere. Potential impacts of electric fields can be mitigated

through grounding policies, adherence to the NESC, and increased clearances above the minimums
specified by the NESC. Worst-case levels are used for safety analyses but, in practice, induced currents
and voltages are reduced considerably by unintentional grounding. Shielding by conducting objects, such
as vehicles and vegetation, also reduces the potential for electric-field effects.

5.2 Magnetic Field: Short-term Effects

Magnetic fields associated with transmission and distribution systems can induce voltage and current in
long conducting objects that are parallel to the transmission line. As with electric-field induction, these
induced voltages and currents are a potential source of shocks. A fence, irrigation pipe, pipeline,
electrical distribution line, or telephone line forms a conducting loop when it is grounded at both ends.
The earth forms the other portion of the loop. The magnetic field from a transmission line can induce a
current to flow in such a loop if it is oriented parallel to the line. If only one end of the fence is grounded,
then an induced voltage appears across the open end of the loop. The possibility for a shock exists if a
person closes the loop at the open end by contacting both the ground and the conductor. The magnitude
of this potential shock depends on the following factors: the magnitude of the field; the length of the
object (the longer the object, the larger the induced voltage); the orientation of the object with respect to
the transmission line (parallel as opposed to perpendicular, where no induction would occur); and the
amount of electrical resistance in the loop (high resistance limits the current flow).

Magnetically induced currents from power lines have been investigated for many years; calculation
methods and mitigating measures are available. A comprehensive study of gas pipelines near
transmission lines developed prediction methods and mitigation techniques specifically for induced
voltages on pipelines (Dabkowski and Taflove, 1979; Taflove and Dabkowski, 1979). Similar techniques
and procedures are available for irrigation pipes and fences. Grounding policies employed by utilities for
long fences reduce the potential magnitude of induced voltage.

The magnitude of the coupling with both pipes and fences is very dependent on the electrical unbalance
(unequal currents) among the three phases of the line. Thus, a distribution line where a phase outage
may go unnoticed for long periods of time can represent a larger source of induced currents than a
transmission line where the loads are well-balanced (Jaffa and Stewart, 1981).

Knowledge of the phenomenon, grounding practices, and the availability of mitigation measures mean
that magnetic-induction effects from the proposed 500-kV transmission line will be minimal.

Magnetic fields from transmission and distribution facilities can interfere with certain electronic
equipment. Magnetic fields have been observed to cause distortion of the image on older VDTs and
computer monitors that employ cathode ray tubes. This can occur in fields as low as 10 mG, depending
on the type and size of the monitor (Baishiki et al., 1990; Banfai et al., 2000). Generally, the problem
arose when computer monitors were in use near electrical distribution facilities in large office buildings.
Contemporary display devices using flat-panel technologies, such as liquid-crystal or plasma displays are
not affected.
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Interference from magnetic fields can be eliminated by shielding the affected device or moving it to an
area with lower fields. Interference from 60-Hz fields with computers and control circuits in vehicles and
other equipment is not anticipated at the field levels found under and near the proposed 500-kV
transmission line.

The magnetic fields from the proposed line will be comparable to those from existing 500-kV lines in the
area of the proposed line.

6.0 Regulations

Regulations that apply to transmission-line electric and magnetic fields fall into two categories. Safety
standards or codes are intended to limit or eliminate electric shocks that could seriously injure or Kill
persons. Field limits or guidelines are intended to limit electric- and magnetic-field exposures that can
cause nuisance shocks or might cause health effects. In no case has a limit or standard been established
because of a known or demonstrated health effect.

The proposed line would be designed to meet the NESC (IEEE, 2002), which specifies how far
transmission-line conductors must be from the ground and other objects. The clearances specified in the
code provide safe distances that prevent harmful shocks to workers and the public. In addition, people
who live and work near transmission lines must be aware of safety precautions to avoid electrical (which
is not necessarily physical) contact with the conductors. For example, farmers should not up-end
irrigation pipes under a transmission or other electrical line. In addition, as a matter of safety, the NESC
specifies that electric-field-induced currents from transmission lines to vehicles must be below the 5 mA
(*let go”) threshold deemed a lower limit for primary shock. BPA publishes and distributes a booklet that
describes safe practices to protect against shock hazards around power lines (USDOE, 2007).

Field limits or guidelines have been adopted in several states and countries and by national and
international organizations (Maddock, 1992). Electric-field limits have generally been based on
minimizing nuisance shocks or field perception. The intent of magnetic-field limits has been to limit
exposures to existing levels, given the uncertainty of their potential for health effects.

General guidelines for EMF exposure have been established for occupational and public exposure by
national and international organizations. The limits established by three such guidelines are described in
Table 5.

The American Conference of Governmental Industrial Hygienists (ACGIH) sets guidelines (Threshold
Limit Values or TLVs) for occupational exposures to environmental agents (ACGIH, 2008). In general, a
TLV represents the level below which it is believed that nearly all workers may be exposed repeatedly
without adverse health effects. For EMF, the TLVs represent ceiling levels. For 60-Hz electric fields,
occupational exposures should not exceed the TLV of 25 kV/m. However, the ACGIH also recognizes
the potential for startle reactions from spark discharges and short-circuit currents in fields greater than

5-7 kV/m, and recommends implementing grounding practices. They recommend the use of conductive
clothing for work in fields exceeding 15 kV/m. The TLV for occupational exposure to 60-Hz magnetic
fields is a ceiling level of 10 G (10,000 mG) (ACGIH, 2008).

The International Committee on Non-ionizing Radiation Protection (ICNIRP), working in cooperation
with the World Health Organization (WHO) has developed guidelines for occupational and public
exposures to EMF (ICNIRP, 1998). For occupational exposures at 60 Hz, the recommended limits to
exposure are 8.3 kV/m for electric fields and 4.2 G (4,200 mG) for magnetic fields. The electric-field
level can be exceeded, provided precautions are taken to prevent spark discharge and induced current
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shocks. For the general public, the ICNIRP guidelines recommend exposure limits of 4.2 kV/m for
electric fields and 0.83 G (830 mG) for magnetic fields (ICNIRP, 1998).

More recently the International Committee on Electromagnetic Safety (ICES) under the auspices of the
IEEE has established exposure guidelines for 60-Hz electric and magnetic fields (ICES, 2002). The ICES
recommended limits for occupational exposures are 20 k\V/m for electric fields and 27,100 mG for
magnetic fields. The recommended limits for the general public are lower: 5 kV/m for the general public,
except on power line rights-of-way where the limit is 10 k\VV/m; and 9,040 mG for magnetic fields.

Electric and magnetic fields from various sources (including automobile ignitions, appliances and,
possibly, transmission lines) can interfere with implanted cardiac pacemakers. In light of this potential
problem, manufacturers design devices to be immune from such interference. However, research has
shown that these efforts have not been completely successful and that a few models of older pacemakers
still in use could be affected by 60-Hz fields from transmission lines. There were also numerous models
of pacemakers that were not affected by fields larger than those found under transmission lines. Because
of the known potential for interference with pacemakers by 60-Hz fields, field limits for pacemaker
wearers have been established by the ACGIH. They recommend that, lacking additional information
about their pacemaker, wearers of pacemakers and similar medical-assist devices limit their exposure to
electric fields of 1 kV/m or less and to magnetic fields to 1 G (1,000 mG) or less (ACGIH, 2008).
Additional discussion of interference with implanted devices is given in the accompanying technical
report on health effects (Exponent, 2009).

There are currently no national standards in the United States for 60-Hz electric and magnetic fields. The
state of Washington does not have guidelines for electric or magnetic fields from transmission lines.
However, several states have been active in establishing mandatory or suggested limits on 60-Hz electric
and (in two cases) magnetic fields. Six states have specific electric-field limits that apply to transmission
lines: Florida, Minnesota, Montana, New Jersey, New York, and Oregon. Florida and New York have
established regulations for magnetic fields. These regulations are summarized in Table 6.

Government agencies and utilities operating transmission systems have established design criteria that
include EMF levels. BPA has maximum allowable electric fields of 9 and 5 kV/m on and at the edge of
the right-of-way, respectively (USDOE, 1996). BPA also has maximum-allowable electric field strengths
of 5 kV/m, 3.5 kV/m, and 2.5 kV/m for road crossings, shopping center parking lots, and commercial/
industrial parking lots, respectively. The latter levels are based on limiting the maximum short-circuit
currents from anticipated vehicles to less than 1 mA in shopping center lots and to less than 2 mA in
commercial parking lots.

The electric fields from the proposed 500-kV line would meet the ACGIH standards, provided wearers of
pacemakers and similar medical-assist devices are discouraged from unshielded right-of-way use. (A
passenger in an automobile under the line would be shielded from the electric field.) The electric fields in
limited areas on the right-of-way would exceed the ICNIRP guideline for public exposure, but would be
below IEEE guideline limits. The magnetic fields from the proposed line would be below the ACGIH,
ICNIRP, and IEEE limits.

The estimated peak electric fields on the right-of-way of the proposed transmission line would meet limits
set in Florida, New York and Oregon, but not those of Minnesota and Montana (see Table 6). The BPA
maximum allowable electric field limit would be met for all configurations of the proposed line. The
edge of right-of-way electric fields from the proposed line would be below limits set in Florida and New
Jersey, but above those in Montana and New York.
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The magnetic field at the edge of the right-of-way from the proposed line would be below the regulatory
levels of states where such regulations exist.

7.0 Audible Noise

7.1 Basic Concepts

Audible noise (AN), as defined here, represents an unwanted sound, as from a transmission line,
transformer, airport, or vehicle traffic. Sound is a pressure wave caused by a sound source vibrating or
displacing air. The ear converts the pressure fluctuations into auditory sensations. AN from a source is
superimposed on the background or ambient noise that is present before the source is introduced.

The amplitude of a sound wave is the incremental pressure resulting from sound above atmospheric
pressure. The sound-pressure level is the fundamental measure of AN; it is generally measured on a
logarithmic scale with respect to a reference pressure. The sound-pressure level (SPL) in decibels (dB)
is given by:

SPL = 20 log (P/P.)dB

where P is the effective rms (root-mean-square) sound pressure, Pq is the reference pressure, and the
logarithm (log) is to the base 10. The reference pressure for measurements concerned with hearing is
usually taken as 20 micropascals (Pa), which is the approximate threshold of hearing for the human ear.
A logarithmic scale is used to encompass the wide range of sound levels present in the environment. The
range of human hearing is from 0 dB up to about 140 dB, a ratio of 10 million in pressure (EPA, 1978).

Logarithmic scales, such as the decibel scale, are not directly additive: to combine decibel levels, the dB
values must be converted back to their respective equivalent pressure values, the total rms pressure level
found, and the dB value of the total recalculated. For example, adding two sounds of equal level on

the dB scale results in a 3 dB increase in sound level. Such an increase in sound pressure level of 3 dB,
which corresponds to a doubling of the energy in the sound wave, is barely discernible by the human ear.
It requires an increase of about 10 dB in SPL to produce a subjective doubling of sound level for humans.
The upper range of hearing for humans (140 dB) corresponds to a sharply painful response (EPA, 1978).

Humans respond to sounds in the frequency range of 16 to 20,000 Hz. The human response depends on
frequency, with the most sensitive range roughly between 2000 and 4000 Hz. The frequency-dependent
sensitivity is reflected in various weighting scales for measuring audible noise. The A-weighted scale
weights the various frequency components of a noise in approximately the same way that the human ear
responds. This scale is generally used to measure and describe levels of environmental sounds such as
those from vehicles or occupational sources. The A-weighted scale is also used to characterize
transmission-line noise. Sound levels measured on the A-scale are expressed in units of dB(A) or dBA.

AN levels and, in particular, corona-generated audible noise (see below) vary in time. In order to account
for fluctuating sound levels, statistical descriptors have been developed for environmental noise.
Exceedence levels (L levels) refer to the A-weighted sound level that is exceeded for a specified
percentage of the time. Thus, the Ls level refers to the noise level that is exceeded only 5 percent of the
time. Ls, refers to the sound level exceeded 50 percent of the time. Sound-level measurements and
predictions for transmission lines are often expressed in terms of exceedence levels, with the Ls level
representing the maximum level and the Lsq level representing a median level.
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Table 7 shows AN levels from various common sources. Clearly, there is wide variation. Noise exposure
depends on how much time an individual spends in different locations. Outdoor noise generally does not

contribute to indoor levels (EPA, 1974). Activities in a building or residence generally dominate interior

AN levels.

BPA has established a transmission-line design criterion for corona-generated audible noise (Lso, foul
weather) of 50 dBA at the edge of the right-of-way (USDOE, 2006). This criterion applies to new line
construction and is under typical conditions of foul weather, altitude, and system voltage for the line. Itis
generally only of concern for 500-kV lines. This criterion has been interpreted by the state and BPA to
meet Oregon Noise Control Regulations (Perry, 1982).

The Washington Administrative Code provides noise limitations by class of property, residential,
commercial or industrial (Washington State, 1975). Transmission lines are classified as industrial and
may cause a maximum permissible noise level of 60 dBA to intrude into residential property. During
nighttime hours (10:00 pm to 7:00 am), the maximum permissible limit for noise from industrial to
residential areas is reduced to 50 dBA. This latter level applies to transmission lines that operate
continuously. The state of Washington Department of Ecology accepts the 50 dBA level at the edge of
the right-of-way for transmission lines, but encouraged BPA to design lines with lower audible noise
levels (WDOE, 1981).

Audible noise from substations is generated predominantly by equipment such as transformers, reactors
and other wire-wound equipment. It is characterized by a 120 Hz hum that is associated with magnetic-
field caused vibrations in the equipment. Noise from such equipment varies by voltage and other
operating conditions. The BPA design level for substation noise is 50 dBA at the substation property line
for new construction (USDOE, 2006). The design level is met by obtaining equipment that meets
specified noise limits and, for new substations, by securing a no-built buffer beyond the substation
perimeter fence.

In industrial, business, commercial, or mixed use zones the AN level from substations may exceed 50
dBA but must still meet any state or local AN requirements. The design criteria also allows the 50 dBA
design level to be exceeded in remote areas where development of noise sensitive properties is highly
unlikely.

The EPA has established a guideline of 55 dBA for the annual average day-night level (Lg,) in outdoor
areas [EPA, 1978]. In computing this value, a 10 dB correction (penalty) is added to night-time noise
between the hours of 10 p.m. and 7 a.m.

7.2 Transmission-line Audible Noise

Corona is the partial electrical breakdown of the insulating properties of air around the conductors of a
transmission line. In a small volume near the surface of the conductors, energy and heat are dissipated.
Part of this energy is in the form of small local pressure changes that result in audible noise. Corona-
generated audible noise can be characterized as a hissing, crackling sound that, under certain conditions,
is accompanied by a 120-Hz hum. Corona-generated audible noise is of concern primarily for
contemporary lines operating at voltages of 345 kV and higher during foul weather. The proposed 500-
kV line will produce some noise under foul weather conditions.

The conductors of high-voltage transmission lines are designed to be corona-free under ideal conditions.
However, protrusions on the conductor surface—particularly water droplets on or dripping off the
conductors—cause electric fields near the conductor surface to exceed corona onset levels, and corona
occurs. Therefore, audible noise from transmission lines is generally a foul-weather (wet-conductor)
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phenomenon. Wet conductors can occur during periods of rain, fog, snow, or icing. Based on hourly
meteorologic records over several years from Kennewick, WA and Moro, OR , such conditions are
expected to occur about 1 percent of the time during the year in the vicinity of the proposed line.

For a few months after line construction, residual grease or oil on the conductors can cause water to bead
up on the surface. This results in more corona sources and slightly higher levels of audible noise and
electromagnetic interference if the line is energized. However, the new conductors "age™ in a few
months, and the level of corona activity decreases to the predicted equilibrium value. During fair
weather, insects and dust on the conductor can also serve as sources of corona.

All except Configuration 7 would use three 1.30-inch diameter conductors per phase to yield acceptable
corona levels. However, Configuration 7 with split-phase 500-kV circuits on either side of the double
circuit tower would employ three 1.60-inch diameter conductors per phase to achieve the required 50
dBA or less at the edge of the right-of-way.

7.3 Predicted Audible Noise Levels

Audible noise levels are calculated for average voltage of 536 kV and average conductor heights for fair-
and foul-weather conditions. The predicted levels of corona-generated audible noise at the edge of the
right-of-way for the proposed line configurations are given in Table 8. The Ls, foul-weather levels for
the proposed configurations range from 40 to 49 dBA. The highest levels would generally occur when
the new 500-kV circuit is at the minimum distance of 75 feet from the edge of the right-of-way. This
occurs for Configurations 1, 4, 6, 7, and 10. Predicted profiles of the Lz, foul-weather levels for
Configurations 1 and 7 are shown in Figure 37.

The audible noise levels for the No-action alternative are generally lower than the levels at the same
locations with the proposed configurations. For the No-action alternative, the levels at the edges of
existing rights-of-way range from ambient to 48 dBA. In this case, the existing McNary — Ross 345-kV
and parallel Harvalum - Big Eddy 230-kV lines produce the highest noise levels.

During fair-weather conditions, which occur about 99 percent of the time, audible noise levels at the edge
of the right-of-way would be about 20 dBA lower (if corona were present). These lower levels could be
masked by ambient noise on and off the right-of-way.

7.4 Discussion

Along much of the proposed routes there would be increases in the perceived noise above ambient levels
during foul weather at the edges of the right-of-way. This would be especially true in areas where the
centerline of the proposed 500-kV line is at 75 feet from the edge of the right-of-way. However, even
there, the corona-generated noise during foul weather would be masked to some extent by naturally
occurring sounds such as wind and rain on foliage. The calculated foul-weather corona noise levels for
the proposed line would be comparable to, or less, than those from existing 500-kV lines in Oregon and
Washington. Relatively lower levels would be especially prevalent in line segments with existing wide
rights-of-way where the proposed 500-kV line would be placed well away from the edge of the right-of-
way.

Off the right-of-way corona-generated noise during fair weather will likely be masked or so low as to not
be perceived even in fair weather. During foul-weather ambient noise levels can be high due to rain
hitting foliage or buildings and wind. These sounds can mask corona noise both on and off the right-of-
way. Furthermore people tend to be inside with windows closed, providing additional attenuation when
corona noise is present.
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Off the right-of-way, the foul-weather levels of audible noise from the proposed line would be well below
the 55 dBA level that can produce interference with speech outdoors. Residential buildings provide
significant sound attenuation (-12 dBA with windows open; -24 dBA with windows closed). Therefore
indoor noise levels off the right-of-way would be well below the 45 dBA level where interference with
speech indoors can occur and below the 35 dBA level where sleep interference can occur (EPA, 1973;
EPA, 1978).

The highest noise level of 49-dBA for the configurations would meet the BPA design criterion and,
hence, the statutory limits established in both Oregon and Washington. The computed annual Ly, level
for transmission lines operating in areas with 1 to 2 percent foul weather is about Lg, = Lso - 6 dB
(Bracken, 1987). Therefore, assuming such conditions in the Big Eddy Transmission Line Project area,
the estimated worst case Lg, at the edge of the right-of-way would be approximately 43 dBA, which is
below the EPA Lg, guideline of 55 dBA.

No transformers will be installed at the new Knight Substation so that the audible noise at the edge of the
substation will be due to the transmission lines entering the substation. Since the proposed transmission
line will meet the 50 dBA criterion at the edge of the right-of-way, this criterion as it applies to
substations will also be met (USDOE, 2006).

At the existing Big Eddy substation audible noise levels will also be predominantly due to foul weather
corona noise from incoming and outgoing transmission lines. Noise levels produced from the new
transformers will be lower than that from the existing equipment and unnoticeable when added to the
existing noise levels at the edge of the substation property.

Thus all applicable federal, state, and local regulations will be met by the proposed transmission line and
substation addition and modification.

8.0 Electromagnetic Interference

8.1 Basic Concepts

Corona on transmission-line conductors can also generate electromagnetic noise in the frequency bands
used for radio and television signals. The noise can cause radio and television interference (Rl and TVI).
In certain circumstances, corona-generated electromagnetic interference (EMI) can also affect
communications systems and other sensitive receivers. Interference with electromagnetic signals by
corona-generated noise is generally associated with lines operating at voltages of 345 kV or higher. This
is especially true of interference with television signals. The bundle of three 1.3-inch (or 1.6-inch)
diameter conductors used in the design of the proposed 500-kV line will mitigate corona generation and
thus keep radio and television interference levels at acceptable levels.

Spark gaps on distribution lines and on low-voltage wood-pole transmission lines are a more common
source of RI/TVI than is corona from high-voltage electrical systems. This gap-type interference is
primarily a fair-weather phenomenon caused by loose hardware and wires. The proposed transmission
line would be constructed with modern hardware that eliminates such problems and therefore
minimizes gap noise. Consequently, this source of EMI is not anticipated for the proposed line.

No state has limits for either Rl or TVI. In the United States, electromagnetic interference from power

transmission systems is governed by the Federal Communications Commission (FCC) Rules and
Regulations presently in existence (Federal Communications Commission, 1988). A power transmission
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system falls into the FCC category of "incidental radiation device," which is defined as "a device that
radiates radio frequency energy during the course of its operation although the device is not intentionally
designed to generate radio frequency energy." Such a device "shall be operated so that the radio
frequency energy that is emitted does not cause harmful interference. In the event that harmful
interference is caused, the operator of the device shall promptly take steps to eliminate the harmful
interference.” For purposes of these regulations, harmful interference is defined as: "any emission,
radiation or induction which endangers the functioning of a radio navigation service or of other safety
services or seriously degrades, obstructs or repeatedly interrupts a radio communication service operating
in accordance with this chapter” (Federal Communications Commission, 1988: Vol II, part 15. 47CFR,
Ch. 1).

Electric power companies have been able to work quite well under the present FCC rule because harmful
interference can generally be eliminated. It has been estimated that more than 95 percent of power-line
sources that caused interference were due to gap-type discharges. These can be found and completely
eliminated, when required to prevent interference (USDOE, 1980). Complaints related to corona-
generated interference occur infrequently. This is especially true due to increased use of FM radio, cable
television and satellite television, which are not subject to corona-generated interference. Mitigation of
corona-generated interference with conventional broadcast radio and television receivers can be
accomplished in several ways, such as use of a directional antenna or relocation of an existing antenna
(USDOE, 1977; USDOE, 1980; Loftness et al., 1981).

8.2 Radio Interference (RI)

Radio reception in the AM broadcast band (535 to 1605 kilohertz (kHz)) is most often affected by corona-
generated EMI. FM radio reception is rarely affected. Generally, only residences very near to
transmission lines can be affected by RI. The IEEE Radio Noise Design Guide identifies an

acceptable limit of fair-weather RI as expressed in decibels above 1 microvolt per meter (dBuV/m) of
about 40 dB(uV/m) at 1 megahertz (MHz) (IEEE Committee Report, 1971). This limit applies at 100 ft.
(30 m) from the outside conductor. As a general rule, average levels during foul weather (when the
conductors are wet) are 16 to 22 dBuV/m higher than average fair-weather levels.

8.3 Predicted RI Levels

The L, fair-weather RI levels were predicted for all configurations at the furthest of 100 ft. (30 m) from
the outside conductor or the edge of the right-of-way. The results are shown in Table 9. The Ls, levels
for all configurations are at or below the acceptable limit of about 40 dBuV/m and are therefore
compliant with the IEEE guideline level. The RI levels for the proposed 500-kV configurations would
exceed those from the existing lower voltage lines.

8.4  Television Interference (TVI)

Corona-caused TV occurs during foul weather and is generally of concern for transmission lines with
voltages of 345 kV or above, and only for conventional receivers within about 600 ft. (183 m) of a line.
As is the case for RI, gap sources on distribution and low-voltage transmission lines are the principal
observed sources of TVI. The use of modern hardware and construction practices for the proposed line
would minimize such sources.
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8.5 Predicted TVI Levels

The predicted foul-weather TVI levels at 75MHz from the proposed configurations operating at 536 kV
are shown in Table 9. These levels are given for the further of 100 ft. (30 m) from the outside conductor
or the edge of the right-of-way. The levels at these points range from 2 to 24 dBuV/m depending
primarily on the distance from of the proposed 500-kV line. These levels are comparable to or lower than
than those from existing 500-kV lines in Oregon and Washington. As with RI the largest values occur
when the proposed 500-kV line is directly adjacent to the edge of the right-of-way.

At the highest predicted levels, there is a potential for interference with television signals at locations very
near the proposed line in fringe reception areas. However, several factors reduce the likelihood of
occurrence. Corona-generated TVI occurs only in foul weather; consequently, signals will not be
interfered with most of the time, which is characterized by fair weather. Because television antennas are
directional, the impact of TVI is related to the location and orientation of the antenna relative to the
transmission line. If the antenna were pointed away from the line, then TVI from the line would affect
reception much less than if the antenna were pointed towards the line. Since the level of TVI falls off
with distance, the potential for interference becomes minimal at distances greater than several hundred
feet from the centerline.

Other forms of TVI from transmission lines are signal reflection (ghosting) and signal blocking caused by
the relative locations of the transmission structure and the receiving antenna with respect to the incoming
television signal. Again only houses within several hundred feet of the proposed line would possibly be
affected.

Television systems that operate at higher frequencies, such as satellite receivers, are not affected by
corona-generated TVI. Cable television systems are also not affected.

Interference with television reception can be corrected by any of several approaches: improving the
receiving antenna system; installing a remote antenna; installing an antenna for TV stations less
vulnerable to interference; connecting to an existing cable system; or installing a translator (cf. USDOE,
1977). BPA has an active program to identify, investigate, and mitigate legitimate Rl and TVI
complaints. It is anticipated that any instances of TVI caused by the proposed line could be effectively
mitigated.

8.6 Interference with Other Devices

Corona-generated interference can conceivably cause disruption on other communications bands such as
the citizen’s (CB) and mobile bands. However, mobile-radio communications are not susceptible to
transmission-line interference because they are generally frequency modulated (FM). Similarly, cellular
telephones operate at a frequency of about 900 MHz or higher, which is above the frequency where
corona-generated interference is prevalent. In the unlikely event that interference occurs with these or
other communications, mitigation can be achieved with the same techniques used for television and AM
radio interference.

8.7 Conclusion
Predicted EMI levels for the proposed 500-kV transmission line are comparable to, or lower, than those
that already exist near 500-kV lines and no impacts of corona-generated interference on radio, television,

or other reception are anticipated. Based on land use surveys approximately 10 to 12 houses could be
within 500 feet of the proposed line (Table 5) and possibly affected by interference. Whether interference
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occurs will depend on which 28-mile route alternative and line designs are selected as well as the type of
television or radio receiver. Furthermore, if interference should occur, there are various methods for
correcting it; BPA has a program to respond to legitimate complaints.

9.0 Other Corona Effects

Corona is visible as a bluish glow or as bluish plumes. On the proposed 500-kV line, corona levels would
be very low, so that corona on the conductors would be observable only under the darkest conditions and
only with the aid of binoculars, if at all. Without a period of adaptation for the eyes and without
intentional looking for the corona, it would probably not be noticeable.

When corona is present, the air surrounding the conductors is ionized and many chemical reactions take
place, producing small amounts of ozone and other oxidants. Ozone is approximately 90 percent of the
oxidants, while the remaining 10 percent is composed principally of nitrogen oxides. The national
primary ambient air quality standard for photochemical oxidants, of which ozone is the principal
component, is 235 micrograms/cubic meter) or 120 parts per billion. The maximum incremental ozone
levels at ground level produced by corona activity on the proposed transmission line during foul weather
would be much less than 1 part per billion. This level is insignificant when compared with natural levels
and fluctuations in natural levels.

10.0 Summary

The number of nearby houses/businesses that could be impacted by field or corona effects is small and
fairly consistent among the three line route alternatives: ranging from 2 to 5 within 300 feet of centerline
and from 10 to 12 within 500 feet.

Electric and magnetic fields from the proposed transmission line have been characterized using well-
known technigues accepted within the scientific and engineering community. The expected electric-field
levels from the proposed line at minimum design clearance would be comparable to those from existing
500-kV lines in Washington and elsewhere. The expected magnetic-field levels from the proposed line
would be comparable to, or less than, those from other 500-kV lines in Washington, Oregon and
elsewhere.

The peak electric field expected under the proposed line would be 8.8 kV/m; the maximum value at the
edge of the right-of-way would be about 2.4 kV/m. Clearances at road crossings would be increased to
reduce the peak electric-field value to 5 kV/m or less.

Under maximum current conditions, the maximum magnetic fields on and at the edge of the right-of-way
vary considerably among configurations: ranging from 219 to 60 mG on the right-of-way and from 82 to
less than 1 mG at the edge of the right-of-way. Average values of the fields are much reduced and also
vary widely between configurations. The average field value at the edge of the right-of way adjacent to
the proposed line ranges from 21 to less than 1 mG depending on right-of-way width and the presence of
other lines.

For the No-action alternative, maximum magnetic fields would range from 163 to 0 mG on the right-of-

way and from 67 to 0 mG at the edge. For this alternative average fields would be reduced to a maximum
of 48 on the right-of-way and 23 at the edge.
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The electric fields from the proposed line would meet regulatory limits for public exposure in some states
and guidelines set established by IEEE. However, the electric fields from the line could exceed the
regulatory limits or guidelines for peak fields established in some states and by ICNIRP. The magnetic
fields from the proposed line would be within the regulatory limits of the two states that have established
such limits and below the guidelines for public exposure established by ICNIRP and IEEE. Washington
does not have any electric- or magnetic-field regulatory limits or guidelines.

Short-term effects from transmission-line fields are well understood and can be mitigated. Nuisance
shocks arising from electric-field induced currents and voltages could be perceivable on the right-of-way
of the proposed line. It is common practice to ground permanent conducting objects during and after
construction to mitigate against such occurrences.

Corona-generated audible noise from the line would be perceivable during foul weather. The levels
would be comparable to or less those near existing 500-kV transmission lines in Oregon and Washington,
would be in compliance with noise regulations in Oregon and Washington, and would be below levels
specified in EPA guidelines.

Corona-generated electromagnetic interference from the proposed line would be comparable to or less
than that from existing 500-kV lines in Washington. Radio interference levels would be at or below
limits identified as acceptable. Television interference, a foul-weather phenomenon, is anticipated to be
comparable to or less than that from existing 500-kV lines in Washington. The presence of only 10 to 12
residences/businesses closer than 500 feet (183 m) to the line and the rarity of precipitation conditions
when TVI occurs (about 1% of time) make it unlikely that television reception will be affected. However,
if legitimate complaints arise, BPA has a mitigation program.
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Table 1: Description of line configurations and associated segments along the
proposed Big-Eddy- Knight 500-kV transmission line alternative routes.
. . Total configuration length
Configuration Line Segment by alternative, miles
5 length,
segments k
No. Description® miles West | Middle | East
W-1 thru W-3 3.9
W-5 0.8
W-8 4.9
1 BE-KN SgICkt M-3 1.9 9.6 14.0 14.4
M-5 7.6
M-7 4.9
E-4 14.0
M-1 and M-2 9.2
2 | BE-KN SgICkt & || HARV-BE E_1 and E-2 . - 9.2 9.2
BE-KN SgICkt & || McN-RO & || ] ] ]
3 HARV-BE E-3 4.8 4.8
4 | BE-KN SgICkt & || CHE-GOL W-6and W-7 | 164 16.4 2.1 .
M-6 2.1
BE-KN SgICkt & || Spearfish Tap W-4 1.1 1.1 - -
BE-KN SgICkt & ||BE-SPR M-4 1.3 - 1.3 -
BE-KN DbICkt split-phase
7 W/ 3x1.6” bundles W-1 thru W-3 3.9 3.9 - -
7A BE-KN I?bIth tower with _SgIth W-1 thru W-3 3.9 3.9 i i
w/ 3x1.3” bundles on one side
M-1 and M-2 9.2
8 BE-KN DbICkt w/ HARV-BE E-1 and E-2 92 - 9.2 9.2
BE-KN DbICkt w/ McN-RO &
9 | |HARV-BE E-3 4.8 - - 4.8
10 | BE-KN DblCkt w/ CHE-GOL W-6and W-7 | 16.4 16.4 2.1 -
M-6 2.1
11 | BE-KN DbICkt w/ Spearfish Tap W-4 1.1 1.1 - -
12 BE-KN DbICkt split phase & || W-4 11 11 ) i

Spearfish Tap

Notes for Table 1:
1 BE-KN = Big Eddy-Knight; HARV-BE = Harvalum-Big Eddy; McN-RO = McNary-Ross;

CHE-GOL = Chenoweth-Goldendale; BE-SPR = Big Eddy Spring Creek; SgICkt = Single circuit;
DbICkt = Double circuit; || = parallel to.

Physical locations of alternative routes and segments are shown in Figure 1. Segments are numbered
from Big Eddy to Knight by route: W = West alternative, M = Middle alternative;
E = East alternative
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Table 2:

Project corridor.

Physical and electrical characteristics of transmission lines in the Big Eddy — Knight 500-kV Transmission Line

Proposed Line

Existing Lines

Line Characteristics Big Eddy — Knight Harvalum- McNary-Ross Chenoweth- Spearfish Tap Big Eddy-
500-K\/2 Big Eddy 345KV Goldendale 115-KV Spring Creek

230-kV 115-kV° 230 kV

Voltage, kV . 550/536 241.5/232 362/350 0/0 121/118 241.5/237

Maximum/Average

Circuit Configuration? Single Double Single Single Single Single Single

Proposed Current, A 970/485 485/243 1075/505 630/380 0/0 35/9 8721244

Peak/Average

No-action Current, A ; . 820/410 520/244 0/0 35/9 950/266

Peak/Average

. . AC

Electric Phasing B

(looking towards Knight) A C %f CBA CAB BCA CBA BAC

leaa_rance, ft. 1,3 35/47 36/47 32.5/45.4 33.8/47.6 25.9/34.4 25.9/29.5 33.8/46.7

Minimum/Average

Tower configuration Delta DC-Vert Flat Flat Flat Flat Flat

Phase spacing, ft. 46H, 31.5V 36'5?;6":{?'5H 27 32 12 12 27

Conductor: 3/1.3 3/1.3 or 3x1.62 1/1.382 1/1.602 1/0.563 1/0.642 1/1.382

#/Diameter, in.

Centerline distance to

edge of ROW, f 4 75 75 187.5/62.5 312.5/187.5 50 425/50 62.5

Centerllne_dlstance to ) i 195 195 195 195 195

proposed line, ft.

Average altitude, ft. 1500 1500 600 600 1600 350 1650

33



Bonneville Power Administration/Big Eddy — Knight 500-kV Transmission Project
Appendix E: Electrical Effects

Notes for Table 2:

1 Average voltage and average clearance used for corona calculations.

2 When the proposed Big Eddy — Knight 500-kV line is energized on all six 3x1.6” phase bundles on a double circuit tower (Configuration
7), the three phases of the line will be split between six conductor bundles with each carrying one half of the single-circuit current. When
the proposed Big Eddy — Knight 500-kV line is energized with only three 3x1.3” phase bundles on the double circuit tower (Configuration
7A), the non-energized phases will be left ungrounded. In Configuration 7A the energized circuit of the proposed line could be on either
the west or east side of the tower. When the proposed Big-Eddy — Knight 500-kV line is on a double circuit tower with one of the existing
parallel lines, the respective circuits will have the same voltages and currents as the individual single-circuit lines. When the existing
Harvalum - Big Eddy or McNary — Ross line is the parallel line, they will have a 3x1.3” bundle (Configurations 8 and 9). The Chenoweth
— Goldendale and Spearfish Tap lines would have a single 1.3” conductor when placed on the double circuit tower (Configurations 10 and
11).

3 To meet the BPA 9 kV/m limit for peak electric field and use consistent design clearances, the minimum clearance for all proposed
double-circuit tower configurations was increased to 36 feet.

4 The distance to the west and east) edges of the right-of-way depends on the configuration as shown in Figures 2 — 10.

5 The Chenoweth — Goldendale 115-kV line is normally open at both ends with no current.
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Table 3:

Calculated maximum and average electric fields for the proposed Big Eddy — Knight 500-kV line operated at

maximum voltage by configuration. Configurations are described in Tables 1 and 2. [Note: all 1.3” bundles except Config. 7]

Configuration

Electric Field, kV/m Proposed Alternative

Electric Field, kV/m No-action Alternative

Location Peak on ROW At Edge of ROW? Peak on ROW At Edge of ROW?
e Field Description Maximum | Average Maximum | Average Maximum | Average Maximum | Average
1 |BE-KN SgICkt 8.6 54 24,24 23,23 - - - -
2 |BE-KN SgICkt & HARV-BE 8.6 54 24,15 24,12 2.9 1.7 01,13 01,11
3 ﬁig\t{gggcbtsfcl\gcgpﬁz%% 8.8 5.8 0.2,1.3 02,11 4.5 2.6 <0.1,1.3 <0.1,1.1
4 |BE-KN SgICkt & CHE-GOL 8.6 5.4 24,03 23,03 0.0 0.0 0.0 0.0
5 |BE-KN SgICkt & Spearfish Tap 8.6 5.4 0.1,0.2 0.1,0.2 1.2 1.0 0.1,04 02,04
6 |BE-KN SgICkt & BE-SPR 8.6 54 24,14 23,12 2.7 1.6 13,13 11,11
7 | BE-KN DbICkt w/ 3x1.6” bundles® 7.3 4.3 13,13 13,13 - - - -
7A | BE-KN DbICkt w/ only 1 circuit® 8.8 5.8 13,01 14,03 - - - -
8 |BE-KN DbICkt w/ HARV-BE? 7.9 4.9 0.3,0.5 0.2,04 2.9 1.7 13,01 11,01
9 ii'és_gggckt W/MCN-RO & 7.6 4.6 014,13 | 01,11 45 26 <0.1,13 | <0.1,1.1
10 |BE-KN DbICkt w/ CHE-GOL? 8.7 5.7 13,01 1.4,0.2 0.0 0.0 0.0 0.0
11 |BE-KN DbICkt w/ Spearfish Tap® 8.5 5.6 0.1,0.2 0.1,<0.1 1.2 1.0 0.0,0.4 0.2,04
12 | BE-KN DbICkt & Spearfish Tap® 7.0 4.2 0.1,0.3 0.1,0.3 12 1.0 0.0,0.4 02,04

Notes for Table 3:

1 BE-KN = Big Eddy-Knight; HARV-BE = Harvalum- Big Eddy; McN-RO = McNary-Ross; CHE-GOL = Chenoweth-Goldendale;
BE-SPR = Big Eddy Spring Creek; SngCkt = Single circuit; DbICkt = Double circuit

2 Field at west (north) edge of ROW shown first.
3 To meet the BPA 9 kV/m limit for peak electric field and use consistent design clearances, the minimum clearance for all proposed double-circuit tower

configurations was increased to 36 feet.
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Table 4: Calculated maximum and average magnetic fields for the proposed Big Eddy — Knight 500-kV line operated at
maximum current/minimum clearance and average current/average clearance. Configurations are described in Tables 1 and 2.

Configuration® Magnetic Field, mG Proposed Alternative Magnetic Field, mG No-action Alternative
Location Peak on ROW At Edge of ROW? Peak on ROW At Edge of ROW?
N Field Description Maximum | Average | Maximum | Average | Maximum | Average | Maximum | Average
1 |BE-KN SgICkt 159 50 42,42 18, 18 - - - -
2 |BE-KN SgICkt & HARV-BE 219 65 49, 82 21,31 163 48 7,60 3,22
3 Ei'g\';'_ gg'th & MCN-RO & 214 62 7,78 3,29 161 46 3,61 2,23
4 |BE-KN SgICkt & CHE-GOL 159 50 42,8 18,4 0 0 0 0
5 |BE-KN SgICkt & Spearfish Tap 160 50 3,8 1,4 7 2 0,2 0,<1
6 |BE-KN SgICkt & BE-SPR 155 49 43, 64 18, 14 176 31 67, 67 15,15
7 | BE-KN DbICkt w/ 3x1.6” bundles 60 17 14,14 6, 6 - - - -
7A | BE-KN DbICkt w/ only 3 bundles 118 38 52,29 21,13 - - - -
8 |BE-KN DbICkt w/ HARV-BE 128 35 3,33 2,12 163 48 7,60 3,22
9 Ei'g\';'_ E?é"th W/ MeN-RO & 212 61 3,79 1,29 161 46 3,61 2,23
10 [BE-KN DbICkt w/ CHE-GOL 36’ 117 38 52,29 21,13 0 0 0 0
11 |BE-KN DbICkt w/ Spearfish Tap 36’ 116 38 3,27 1,13 7 2 0,2 0,<1
12 | BE-KN DbICkt & Spearfish Tap 60 17 <1,3 <1,1 7 2 0,2 0,<1

Notes for Table 4:
BE-KN = Big Eddy-Knight; HARV-BE = Harvalum- Big Eddy; McN-RO = McNary-Ross; CHE-GOL = Chenoweth-Goldendale;

1

2
3

36

BE-SPR = Big Eddy Spring Creek; SngCkt = Single circuit; DbICkt = Double circuit

Field at west (north) edge of ROW shown first.
To meet the BPA 9 kV/m limit for peak electric field and use consistent design clearances, the minimum clearance for all proposed double-circuit tower

configurations was increased to 36 feet.
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Table 5:

Locations and ranges of average and maximum magnetic fields at residences

and businesses near proposed line by primary circuit configuration and line

route.

Primary Configuration Single Circuit Double Circuit+

Route Alternative East* Middle* West East Middle West
Houses < 300 ft 3 2 4 5 4 4
Houses < 500 ft 12 11 10 10 10 10
Range of Distances 71-484 | 71-425 | 203-486 | 191-484 | 191 - 495 | 203 - 486
from Centerline, ft

Range of Average 05-223|07-223| 05-31 | 03-18 | 01-18 | 01-35
Magnetic Field, mG ' ' ' ' ' ' ' ' ' ' ' '
Range of Maximum 11-45 | 14-45 | 11-62 | 07-46 | 02-45 | 02-7
Magnetic Field, mG ' ' ' ' ' ' ' ' '

* A single house at 71 feet from the proposed centerline contributes the high field levels along the East

and Middle alternatives.

+ Double circuit configuration counts include houses from single circuit sections E-4 and M-5, where no

double circuit is planned.
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Table 6: Electric- and magnetic-field exposure guidelines.
TYPE OF ELECTRIC FIELD, | MAGNETIC FIELD,
ORGANIZATION EXPOSURE kV/m mG
ACGIH Occupational 25" 10,000
Occupational 8.3? 4,200
ICNIRP
General Public 4.2 833
Occupational 20 27,100
IEEE
General Public 53 9,040

1 Grounding is recommended above 5 -7 kV/m and conductive clothing is recommended above

15 kV/m.

2 Increased to 16.7 kV/m if nuisance shocks are eliminated.
3 Within power line rights-of-way, the guideline is 10 kV/m.

Sources: ACGIH, 2008; ICNIRP, 1998; ICES, 2002
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Table 7: States with transmission-line field limits.
WITHIN AT EDGE OF
STATE AGENCY RIGHT-OF- RIGHT-OF- COMMENTS
WAY WAY

a. 60-Hz ELECTRIC-FIELD LIMIT, kV/m

Florida Department of

Codified regulation, adopted after

: 8 (230 kV) ) . L
Environmental 2 a public rulemaking hearing in
Regulation 10 (500 kV) 1989.

Minnesota Environ- 12-kV/m limit on the high

. 8 - voltage direct current (HVDC)
mental Quality Board . e

nominal electric field.
Montana Board of L , Codified regulation, adopted after
Natural Resources and 7 1 a public rulemaking hearing in
Conservation 1984.
New Jgrsey Department Used only as a guideline for
of Environmental - 3 . .
. evaluating complaints.

Protection
New York State Public 118 16 Explicitly implemented in terms
Service Commission (7,11)° ' of a specified right-of-way width.

e Codified regulation, adopted after
Oregon Facility Siting 9 - a public rulemaking hearing in
Council

1980.

b. 60-Hz MAGNETIC-FIELD LIMIT, mG
Florida Department of 150 ( 230 kV) Codified regulations, adopted
Environmental - after a public rulemaking hearing
Regulation 200 (500 kV) | i 1089.
New York State Public - 200 Adopted August 29, 1990.

Service Commission

Notes for Table 6:

1 Atroad crossings

2 Landowner may waive limit
3 At highway and private road crossings, respectively
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Table 8: Common noise levels.
Sound Level, dBA Noise Source or Effect
130 Threshold of pain
110 Rock-and-roll band
80 Truck at 50 ft. (15.2 m)
70 Gas lawnmower at 100 ft. (30 m)
60 Normal conversation indoors
50 Moderate rainfall on foliage
49 Highest foul-weather Ls, at edge of proposed 500-kV right-of-way
40 Refrigerator
25 Bedroom at night
0 Hearing threshold

Adapted from: USDOE, 1985; USDOE, 1996.
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Table 9: Calculated median (Lso) foul-weather audible noise levels at the edge of the
right-of-way for the proposed Big Eddy — Knight 500-kV line operated at
average voltage. Configurations are described in Table 1.

Configuration Foul weather L50 Audible Noise, dBA
! Proposed No-action
No. Description Alternative’ Alternative?
1 [BE-KN SgICkt 49, 49 -
2 |BE-KN SgICkt & HARV-BE 48, 45 30, 35
BE-KN SgICkt & McN-RO &
3 HARV-BE 48, 49 45, 48
4 |BE-KN SgICkt & CHE-GOL 49, 46 -
5 |BE-KN SgICkt & Spearfish Tap 42, 45 13,23
6 |BE-KN SgICkt & BE-SPR 49, 46 37,37
7 |BE-KN DbICkt w/ 3x1.6” bundles 49, 49 -
7A BE—KI_\I DbICkt w/ only SgICkt on 48, 46 i
west side
8 |BE-KN DbICkt w/ HARV-BE 45, 47 30, 35
BE-KN DbICkt w/ McN-RO &
9 | LARV-BE 43, 44 45, 48
10 |BE-KN DbICkt w/ CHE-GOL 49, 47 -
11 |BE-KN DbICkt w/ Spearfish Tap 40, 46 13,23
12 |BE-KN DbICkt & Spearfish Tap 46, 48 13,23

Notes for Table 8:

1 BE-KN = Big Eddy-Knight; HARV-BE = Harvalum-Big Eddy; McN-RO = McNary-Ross;
CHE-GOL = Chenoweth-Goldendale; BE-SPR = Big Eddy Spring Creek;
SglCkt = Single circuit; DbICkt = Double circuit

2 Field at west (north) edge of ROW shown first.
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Table 10 Calculated median (Lso) fair-weather radio interference level and foul
weather television level for the proposed Big Eddy — Knight 500-kV line
operated at average voltage. Configurations are described in Table 1.

Configuration L50 Fair-Weather Foul-Weather
RI Level at 1 MHz, TVI at 75 MHz,
No. Description* dB(uV/m)? dB(pV/m) 2
1 [BE-KN SgICkt 39, 39 24, 24
2 |BE-KN SgICkt & HARV-BE 39, 31 23,10
3 Ei—g\l;l_gglet & McN-RO & 34, 31 16, 13
4 |BE-KN SgICkt & CHE-GOL 39, 36 24, 17
5 |BE-KN SgICkt & Spearfish Tap 29, 35 6, 16
6 |BE-KN SgICkt & BE-SPR 39, 32 24,11
7 |BE-KN DbICkt w/ 3x1.6” bundles 38, 38 21,21
7A | BE-KN DbICkt w/ only 3 bundles 41, 37 23,18
8 |BE-KN DbICkt w/ HARV-BE 37, 38 17,18
9 Ei—FI{(\?I_BDé)Ith w/ McN-RO & 33, 33 7.8
10 |BE-KN DbICkt w/ CHE-GOL 41, 37 23,18
11 |BE-KN DbICkt w/ Spearfish Tap 25, 36 2, 17
12 |BE-KN DbICkt & Spearfish Tap 34, 36 8, 13

Notes for Table 9:

1 BE-KN = Big Eddy-Knight; HARV-BE = Harvalum- Big Eddy; McN-RO = McNary-Ross;
CHE-GOL = Chenoweth-Goldendale; BE-SPR = Big Eddy Spring Creek;
SglCkt = Single circuit; DbICkt = Double circuit

2 Field at west (north) side of ROW shown first. Calculated levels shown at 100 feet (30 m) from the
outside conductor or at the edge of the right-of-way, whichever is further from the conductor.
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Figure 1: Alternative Routes and Segments for the Proposed Big Eddy — Knight
500-kV Transmission Line.

44



Bonneville Power Administration/Big Eddy — Knight 500-kV Transmission Project

Appendix E: Electrical Effects

Figure 2:  Single-circuit Configuration 1 for the proposed Big Eddy — Knight

500-kV line. Configurations are described in Tables 1 and 2.

Configuration 1

Big Eddy-Knight Proposed Single Circuit
Voltage: 536 kV (ave.), 550 kV (max.)
Current: 485 A (ave.), 970 A (max.)
Conductors: 3 x 1.3 in., 17 in. bundle spacing

WEST! 'EAST
EDGE; |EDGE

Not to scale
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Figure 3:  Single-circuit Configuration 2 for the proposed Big Eddy — Knight
500-kV line. Configurations are described in Tables 1 and 2.

Configuration 2

Big Eddy-Knight Proposed Single Circuit
Voltage: 536 kV (ave.), 550 kV (max.)
Current: 485 A (ave.), 970 A (max.)
Conductors: 3 x 1.3 in., 17 in. bundle spacing

Harvalum-Big Eddy Single Circuit
Voltage: 232 kV (ave.), 241.5 kV (max.)
Current: 505 A (ave.), 1075 A (max.)
Conductors: 1 x 1.382 in.

WEST! 1EXISTING I EAST
EDGE| |ROW | EDGE
OF ROW: ] - OF ROW  Notto scale
T 625 !
I e — | |
| I == L
75' 125' ! 62.5'
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Figure 4:  Single-circuit Configuration 3 for the proposed Big Eddy — Knight
500-kV line. Configurations are described in Tables 1 and 2.

Configuration 3

Big Eddy-Knight Proposed Single Circuit Harvalum-Big Eddy Single Circuit
See Figure 2. See Figure 3.

McNary-Ross Single Circuit

Voltage: 350 kV (ave.), 362 kV (max.)
Current: 380 A (ave.), 630 A (max.)
Conductors: 1 x 1.602 in.

WEST! ' EAST

EDGEI | EDGE
. OF ROW Mot to scale
|

| | |
125 I 125 ! 62.5'
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Figure5:  Single-circuit Configuration 4 for the proposed Big Eddy — Knight
500-kV line. Configurations are described in Tables 1 and 2.

Configuration 4

Big Eddy-Knight Proposed Single Circuit Chenoweth-Goldendale Single Circuit
See Figure 2. Voltage: 0 kV
Current: 0 A

Conductors: 1 x 0.563 in.

Bllc |A
|
WEST EXISTING EAST
EDGE! |Row ' EDGE
OF ROW| | |OFROW  Notto scale
' | 100 i
I | | 1
| . ! I
75' i 125" | 50'
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Figure 6:  Single-circuit Configuration 5 for the proposed Big Eddy — Knight

500-kV line. Configurations are described in Tables 1 and 2.

Configuration 5

Big Eddy-Knight Proposed Single Circuit Spearfish Tap Single Circuit

See Figure 2. Voltage: 118 kV (ave.), 121 kV (max.)
Current: 9 A (ave.), 35 A (max.)
Conductors: 1 x 0.642 in.

cll B |lA
WEST! | EAST
EDGE; | EDGE |
OF ROW: ) | OF ROW Not to scale
I | ] !
I 300’ [ 125' I 50' |
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Figure 7:  Single-circuit Configuration 6 for the proposed Big Eddy — Knight
500-kV line. Configurations are described in Tables 1 and 2.

Configuration 6

Big Eddy-Knight Proposed Single Circuit Big Eddy-Spring Creek Single Circuit

See Figure 2. Voltage: 237 kV (ave.), 241.5 kV (max.)
Current: 244 A (ave.), 872 A (max.)
Conductors: 1 x 1.382 in.

WEST , EAST
EDGE I _‘_'1 'IEX|ST|NG EDGE
OF ROW! vy ROW ' OF ROW Not to scale

—y—

75' I 125' I 62.5'
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Figure 8:  Double-circuit Configurations 7 and 7A for the proposed Big Eddy —
Knight 500-kV line. The current is split between the two circuits in Configuration 7.
The current is only on the west circuit in Configuration 7A and the east circuit conductors
carry zero current and are not grounded. Configurations are described in Tables 1 and 2.

Configuration 7

Big Eddy-Knight Proposed Double Circuit

Voltage: 536 kV (ave.), 550 kV (max.)

Current: 242.5 A per phase (ave.), 485 A per phase (max.)
Conductors:

3x1.6in., 19in. bundle spacing (7)

3x1.3in., 17 in. bundle spacing (7A)

WESTf '_EAST
EDGE' |EDGE Mot to scale
OF ROW OF ROW
| L i
' 75 ' 75 '
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Figure 9:  Double-circuit Configuration 8 for the proposed Big Eddy — Knight
500-kV line. Configurations are described in Tables 1 and 2.

Configurations 8

Big Eddy-Knight Proposed Double Circuit Harvalum-Big Eddy 230 kV
Voltage: 536 kV (ave.), 550 kV (max.) Voltage: 232 kV (ave.), 241.5 kV (max.)
Current: 485 A (ave.), 970 A (max.) Current: 505 A (ave.), 1075 A (max.)

Conductors: 3 x 1.3 in., 17 in. bundle spacing Conductors: 3 x 1.3 in., 17 in. bundle spacing

EXISTING
WEST! 'EAST
EDGE | | EDGE
OF ROW

| OF ROW Mot to scale

’ i

| ' |
175' 75'
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Figure 10: Double-circuit Configuration 9 for the proposed Big Eddy — Knight
500-kV line. Configurations are described in Tables 1 and 2.

Configuration 9

Big Eddy-Knight Proposed Double Circuit McNary-Ross

See Figure 9. Voltage: 350 kV (ave.), 362 kV (max.)
Current: 380 A (ave.), 630 A (max.)
Conductors: 3 x 1.3 in,. 17 in. bundle spacing

Harvalum-Big Eddy Single Circuit
See Figure 3.

WEST! k. | EAST
EDGE| i | EDGE
OF ROW.I i Not to scale - OF ROW

T - . : |
| |
| 312.%9 [ 125 [ 62.5' I
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Figure 11: Double-circuit Configurations 10 and 11 for the proposed Big Eddy —
Knight 500-kV line. The west circuit will be the proposed Big Eddy — Knight line and
the east circuit will be the existing Chenoweth — Goldendale line (Configuration 10) or
the existing Spearfish Tap line (Configuration 11). Configurations are described in Tables
1 and 2.

Configurations 10 & 11

Proposed Double Circuits Configuration 11 Configuration 10
Big Eddy-Knight No. 1 Spearfish Tap Chenoweth-Goldendale
See Figure 9. Voltage: 118 kV (average), 121 kV (maximum) Voltage: 0 V
Current: 9 A (average), 35 A (maximum) Current: 0 A
Conductors: 1 x 1.3 in. Conductors: 1 x 1.3 in.

WEST EDGE OF ROW

| I ' EAST
Config. 11I. Config. 10 | v\ | EDGE
! 5 7 OF ROW Not to scale
| I i |
L | s |
™= 1

400’ ! 75'
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Figure 12: Double-circuit Configuration 12 for the proposed Big Eddy — Knight
500-kV line. Configurations are described in Tables 1 and 2.

Configuration 12

Big Eddy-Knight Proposed Double Circuit Spearfish Tap
Split-phase See Figure 6.
Voltage: 536 kV (ave.), 550 kV (max.)

Current: 2425 A (ave.), 485 A (max.)

Conductors: 3 x 1.3 in., 17 in. bundle spacing

cll B |a
WEST! | EAST
EDGE| > A | EDGE
OF ROW B OF ROW Not to scale
: - = |
I 300' i 125' i 50" I
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Figure 13: Electric-field profiles for single-circuit Configuration 1 of the proposed
Big Eddy — Knight 500-kV line. Fields for maximum voltage with minimum and
average clearances are shown. Configurations are described in Tables 1 and 2.

1 0 T T T T T 1] T T T T T
Config. 1 ;r: i epacing [ Proposed maximum field
35'¢l in. I
35 clearance E:‘\r‘z% I Proposed average field
550 KV (max.) |
536 kV (ave.) /\ | /—\
8 |
|
|
|
|
£ i
a
a |
s |
fro / _
o / ' \
5 ' \
w4 a :
@ / \
2
ST! 'EA
GE| |EDG
ROW | | OF RO -
p—— S
0 'S ' L A | L 1 | L ' L L
-300 -250 -200 -150 -100 -50 50 100 150 200 250 300

DISTANCE FROM CENTERLINE OF PROPOSED LINE, feet
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Figure 14: Electric-field profiles for single-circuit Configuration 2 of the proposed

Big Eddy — Knight 500-kV line. Fields for maximum voltage with minimum and
average clearances are shown. Configurations are described in Tables 1 and 2.

10 T T T T T
Config. 2 Proposed single circuit i
) 3% 1.3", 17" spacing Existing Big Eddy Harvalum 230kV
35’ clearance (min.) | 1x1.382"
L 47" clearance (ave.) 32.2' clearance (min.)
550 kV (max.) | 241.5 KV (max.)
AN
8 I
|
Proposed maximum field |
— — —  Proposed average field |
—————— No action maximum field |
£ |
z 6 |
(=
| |
w
o |
2] |
o
[ | \
(&
4 !
@ \
2
GE|
ROW:
= |
e
D 1 L - e 1 1 L L
-300 -250 -200 -150 -100 50 100 150 200 250

DISTANCE FROM CENTERLINE OF PROPOSED SINGLE CIRCUIT LINE, feet
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Figure 15: Electric-field profiles for single-circuit Configuration 3 of the proposed
Big Eddy — Knight 500-kV line. Fields for maximum voltage with minimum and
average clearances are shown. Configurations are described in Tables 1 and 2.

10 T T T T T T T T T T T T T
Proposed single circuit Existing McMary Ross 345kV Existing Big Eddy Harvalum 230kV
Conﬁg, 3 3% F1:_3". 7™ sgpecing I 1x1.602" 1x1.3827
36 clearance (min.) | 33.8' clearance (min.) 32.2' clearance (min.)
48 clearance (ave.) | 362 KV (max.) 241.5kV (max.)
550 kW (max.)
I [\
8 AN
Proposed maximum field |
_——— Proposed average field I
—————— No action maximum field I
|
6 !
|
|
!
|
|
-

ELECTRIC FIELD, kV/m

0
-300 -250 -200 -150 -100 -50 50 100 150 200

DISTANCE FROM CENTERLINE OF PROPOSED SINGLE CIRCUIT LINE, feet

300 350 400
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Figure 16: Electric-field profiles for single-circuit Configuration 4 of the proposed
Big Eddy — Knight 500-kV line: Fields for maximum voltage with minimum and
average clearances are shown. Configurations are described in Tables 1 and 2.

10 T T T T T
Config. 4 Proposed
3x1.3", 17" spacing : Existing Chenowith-Goldendale 115kV
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Figure 17:  Electric-field profiles for single-circuit Configuration 5 of the proposed
Big Eddy — Knight 500-kV line: Fields for maximum voltage with minimum and
average clearances are shown. Configurations are described in Tables 1 and 2.

10 T T T T T T T
Proposed single circuit
Config. 5 3% 1.3", 17" spacing Existing Spearfish Tap 115kV
35" clearance (min.) 1x 0.642"
47" clearance {ave.) 25.9 clearance (min.)
550 kV (max.) 121 kV (max.)

| N

Proposed maximum field
— — —  Proposed average field
—————— No action maximum field

ELECTRIC FIELD, kV/m

N E
T
= \| [\ | EAsT
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| , .

150 200 250 300
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Figure 18: Electric-field profiles for single-circuit Configuration 6 of the proposed

Big Eddy — Knight 500-kV line: Fields for maximum voltage with minimum and
average clearances are shown. Configurations are described in Tables 1 and 2.

10 T T T T
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) 3%1.3", 17" spacing I Existing Big Eddy Spring Creek 230kV
35’ clearance (min.) | 1x1.382"
47" clearance {ave.) | 33.8 clearance (min.)
550 kV (max.) | 241.5 kV (max.)
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Figure 19:  Electric-field profiles for double-circuit Configurations 7 and 7A of the
proposed Big Eddy — Knight 500-kV line: Fields for maximum voltage with minimum and
average clearances are shown. Configurations are described in Tables 1 and 2.

10 T T T T T
Config. 7 & 7A

T T T T T

Proposed maximum field
— — Proposed average field

Config. 7A
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on double circuit tower
3x1.3", 17" spacing
36" clearance (min.)
48’ clearance (ave.)
550 kV (max.)

Config. 7

Froposed double circuit
3x1.6", 19" spacing
38' clearance (min.)
48' clearance (ave.)
550 kV (max.)

i

—

ELECTRIC FIELD, kV/m

-300 -250 -200 -150 -100 -50 250

DISTANCE FROM CENTERLINE OF PROPOSED LINE, feet
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Figure 20:  Electric-field profiles for double-circuit Configuration 8 of the proposed Big
Eddy — Knight 500-kV line. Fields for maximum voltage with minimum and average
clearances are shown. Configurations are described in Tables 1 and 2.

1 0 T T T T T ' T T T T T
Config. 8 o | i
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[
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!
|
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Figure 21:  Electric-field profiles for double-circuit Configuration 9 of the
proposed Big Eddy — Knight 500-kV line: Fields for maximum voltage with minimum
and average clearances are shown. Configurations are described in Tables 1 and 2.
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Figure 22:  Electric-field profiles for double-circuit Configuration 10 of the
proposed Big Eddy — Knight 500-kV line: Fields for maximum voltage with minimum
and average clearances are shown. Configurations are described in Tables 1 and 2.
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Figure 23:  Electric-field profiles for double-circuit Configuration 11 of the
proposed Big Eddy — Knight 500-kV line: Fields for maximum voltage with minimum
and average clearances are shown. Configurations are described in Tables 1 and 2.
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Figure 24:  Electric-field profiles for double-circuit Configuration 12 of the
proposed Big Eddy — Knight 500-kV line: Fields for maximum voltage with minimum
and average clearances are shown. Configurations are described in Tables 1 and 2.
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Figure 25:  Magnetic-field profiles for single-circuit Configuration 1 of the
proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current with
minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 26:  Magnetic-field profiles for single-circuit Configuration 2 of the
proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current with
minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 27:  Magnetic-field profiles for single-circuit Configuration 3 of the
proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current with
minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 28:  Magnetic-field profiles for single-circuit Configuration 4 of the
proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current with
minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 29:  Magnetic-field profiles for single-circuit Configuration 5 of the
proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current with
minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 30: Magnetic-field profiles for single-circuit Configuration 6 of the proposed Big Eddy —
Knight 500-kV line. Fields computed for maximum current with minimum clearance and for average
current with average clearance are shown. Configurations are described in Tables 1 and 2.
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Figure 31:  Magnetic-field profiles for double-circuit Configurations 7 and 7A of
the proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current
with minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 32:  Magnetic-field profiles for double-circuit Configuration 8 of the
proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current with
minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 33:  Magnetic-field profiles for double-circuit Configuration 9 of the
proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current with
minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 34:  Magnetic-field profiles for double-circuit Configuration 10 of the
proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current with
minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 35:  Magnetic-field profiles for double-circuit Configuration 11 of the
proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current with
minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 36:  Magnetic-field profiles for double-circuit Configuration 12 of the

proposed Big Eddy — Knight 500-kV line. Fields computed for maximum current with
minimum clearance and for average current with average clearance are shown.
Configurations are described in Tables 1 and 2.
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Figure 37: Audible Noise Profile for Proposed Big Eddy — Knight 500-kV
Transmission Line Configurations 1 and 7 with No Adjacent Transmission Lines.

Calculations performed for average voltage and average height. Configurations are
described in Tables 1 and 2.
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Introduction

Electrical objects produce two field types—electric fields and magnetic fields. The term field is
used to describe the way an object influences its surrounding area. A temperature field, for
example, surrounds a warm object, such as a space heater or campfire. Electric and magnetic
fields (EMF) surround any object that generates, transmits, or uses electricity, including
appliances, electrical wiring, office equipment, generators, and any other electrical devices.

These fields are invisible, and they cannot be felt or heard.

Electric fields occur as a result of the electric potential (i.e., voltage) on these objects, and
magnetic fields occur as a result of current flow through these objects.® Just like a temperature
field, both electric fields and magnetic fields can be measured, and their levels depend on the
properties of the source of the field (e.g., voltage, current, and configuration) and the distance

from the source of the field, among other things.

Both electric fields and magnetic fields decrease rapidly with distance from the source, such that
a magnetic field of 300 milligauss (mG) within 6 inches of a vacuum cleaner diminishes to 1
mG at 4 feet (NIEHS, 2002). This is similar to the way that the heat generated by a space heater
or a campfire lessens as a person moves farther away from it. Although ordinary objects do not
block magnetic fields, objects such as trees and buildings easily block electric fields.

The electrical power system in the United States produces alternating current (AC) EMF that
changes direction and intensity 60 times per second—i.e., a frequency of 60 Hertz (Hz).? This
frequency is in the extremely low frequency (ELF) range of the electromagnetic spectrum.
Electricity produced by generating stations flows as 60-Hz current through transmission and
distribution lines and provides power to the many appliances and electrical devices that we use

in our homes, schools, and workplaces. Magnetic fields are found throughout our environment

The electric field is expressed in measurement units of volts per meter (V/m) or kilovolts per meter (kV/m);
1 kilovolt per meter is equal to 1,000 V/m. The strength of magnetic fields is expressed as magnetic flux
density in units called gauss (G), or in milligauss (mG), where 1 G is equal to 1,000 mG.

Europe’s electrical system produces 50-Hz EMF. Since 50-Hz EMF is also in the ELF range, research on 50-
Hz EMF is relevant to questions on 60-Hz EMF.
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because electricity is needed for so many things in our daily lives, from lighting, heating, and

cooling our homes to powering our refrigerators and computers.

Questions about whether these ubiquitous exposures could affect our health began to be raised
in the 1970s. Since then, researchers from many different scientific disciplines have
investigated this question, and hundreds of studies have been conducted. The public frequently
expresses concern about ELF EMF, particularly in the context of new transmission lines. The
intent of this report is to describe what this large body of research has told us about ELF EMF

and the precautions, if any, recommended by public health agencies

In July 2007, Exponent provided a report to the Bonneville Power Administration (BPA) that
described the conclusions of a comprehensive, weight-of-evidence review published by the
World Health Organization (WHO) in June 2007; the portion of Exponent’s 2007 report that
describes the conclusions of the WHO report is attached as Appendix 1 for reference.* The
WHO review still represents the most recent comprehensive review of the literature by a
multidisciplinary scientific panel. The WHO organized a multidisciplinary Task Group of 21
scientists from around the world to draft a Monograph that summarized the research and
provided conclusions as to whether there are risks associated with ELF EMF and, if so, at what
exposure levels (WHO, 2007a). The report concluded that the only established effects of ELF
EMF exposure are acute neurostimulatory effects (i.e., shock-like effects) that occur at very
high levels of exposure; these exposure levels are not encountered in ordinary residential or
occupational environments. The fact sheet from the WHO review is attached as Appendix 2
(WHO, 2007b) and can be found at

http://www.who.int/mediacentre/factsheets/fs322/en/print.html.

Research is a constantly evolving process. Despite the volume of research available on ELF
EMF and the large reduction in uncertainty that research has achieved over the years, scientists
continue research in this area with the goal of clarifying and replicating old findings and testing
new hypotheses. New studies on ELF EMF are published every month. While the WHO
review provides a comprehensive and relatively up-to-date summary of the status of research on

® Exponent. Assessment of Research Regarding EMF and Health and Environmental Effects. Olympic Peninsula

Reinforcement Transmission Line Project. July 2007.
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this topic, new research has the potential to modify or strengthen conclusions. The BPA has,
therefore, requested an update on the research with regard to ELF EMF and health. This report
provides an overview of the cumulative body of research published since the WHO review
(January 1, 2006-October 1, 2010) and provides the reader with perspective on if, and how,
recent research changes the WHO’s conclusions.

A summary of the methods scientists use to conduct studies and make decisions about health
risks is included in Section 1 as a framework for understanding later discussions. In Section 2,
the discussion of new research is broadly grouped by health outcome—cancer, reproductive
effects, developmental effects, and neurodegenerative diseases. This discussion summarizes
two types of research—epidemiology studies and experimental studies in animals (in vivo)—
within each health outcome category. Experimental studies in cells and tissues (in vitro) of
carcinogenesis are discussed briefly in Section 2. Other areas of research not reviewed by
WHO are discussed in Section 3, including the possible effects of ELF EMF on the functioning
of pacemakers, on flora and fauna, and on marine life. Finally, guidelines for ELF EMF
exposure developed by scientific organizations to prevent against established health effects are

summarized in Section 4.
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1 Scientific Methods

Weight-of-evidence review

Most of what we encounter in our every day environment has no effect on our health. Other
exposures, however, may affect our health in either a beneficial or a harmful way, including
such ubiquitous interactions with our environment as the air we breathe, the water we drink, and
our exposure to sunlight. Much time and money is spent by scientists around the world
designing, conducting, and publishing research to determine what factors may affect our health,
including environmental exposures (like ELF EMF), infectious agents, and our genetics. The
process for arriving at a conclusion about whether there is a health risk associated with any of
these factors often is not straightforward or definitive. Rather, it is a long process that requires

repeated hypothesis generation and testing.

The process begins when a scientist forms a hypothesis and conducts a study to test that
hypothesis. Studies are conducted by scientists at academic universities and scientific
institutions around the world. Once a study is complete, the authors submit it to a scientific
journal for publication, where it undergoes peer review prior to publication. The evidence to
evaluate any health risk includes all of the relevant studies published in the peer-reviewed

literature.

These individual research studies can be thought of as puzzle pieces. When all of the research is
placed together, we have some understanding of possible health effects; no conclusions can be
reached, however, by looking at only one study, just as no picture can be formed with just one
puzzle piece. Each study provides a different piece of information to the puzzle because of its
unique strengths and weaknesses—if the study used valid methods and had no obvious sources
of bias, it may provide a wealth of information or, if the study was not well conducted, it may

add little or no information to our understanding.

This process of evaluating all of the research together to determine whether something poses

either a health benefit or health risk is referred to as a weight-of-evidence review. There are
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three types of research that are considered in a weight-of-evidence review: epidemiology studies

of people, experimental studies in animals (in vivo research), and experimental studies in cells

and tissues (in vitro research). It is important to consider all three types of research together

because they provide complementary information:

Epidemiology studies collect observational data about human populations in their
every day environments to determine whether there are patterns between exposures
and diseases. These studies measure statistical associations to evaluate whether a
disease and exposure occur together more often than expected. An important
limitation of these studies is that, if an association is measured, they do not tell
scientists how the exposure is truly related to the disease. That conclusion can only
be reached by considering the entire body of research. Most of the studies evaluating
ELF EMF examine whether people with a particular disease have had higher

estimates of ELF EMF exposure in the past compared to people without that disease.

Experimental studies in which scientists expose animals (in vivo) to varying levels of
electric or magnetic fields (some as high as 50,000 mG) are an important source of
information. These studies compare the amount of disease they observe in exposed
animals to the amount of disease they observe in animals that have not been exposed.
The strength of animal studies is that scientists are able to control all aspects of the
animals’ lives to minimize the potential confounding effects of factors other than the
exposure of interest. The most valuable experimental studies for understanding

disease are those in which the animals receive life-long exposures.

Experimental studies in vitro involve the exposure of isolated cells and tissues to the
agent of interest, in this case ELF EMF, and compare the characteristics of exposed
and unexposed samples to look for differences that are indicative of a disease
process. These studies are limited because what occurs to exposed cells or tissues
outside of a human body may not be the same as what occurs to cells and tissues

inside a body.
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The weight-of-evidence approach is the standard process used worldwide by scientists,
scientific organizations, and regulatory agencies to assess the possible health benefits and risks
associated with exposures. A weight-of-evidence review begins with a systematic review of
published, peer-reviewed epidemiology, in vivo, and in vitro research. The weight that
individual studies provide to the overall conclusions is not equal—studies vary widely in terms
of the sophistication and validity of their methods. Therefore, each study from each discipline
must be evaluated critically and assigned a weight. A final conclusion is then reached by
considering the cumulative body of research, giving more weight to studies of higher quality
(Figure 1).

Figure 1. Weight-of-evidence reviews
consider three types of research

Continuing with the puzzle example from above, the picture that is formed when the individual
studies are assembled can take on many different shapes. In some cases (e.g., smoking and lung
cancer), a clear picture of an adverse health effect was presented by the research within a
relatively short time. In most cases, however, the picture is unclear and more questions are
raised than answered. It is impossible to prove the negative in science—i.e., to say that any
exposure is completely safe—therefore, research studies can only reduce the uncertainty that
there is a health effect through continued research. The only way to reduce this uncertainty is to
conduct high quality studies with meaningful results that are replicated across study populations
(in the case of epidemiology studies) and by different laboratories (in the case of in vivo and in
vitro research). Thus, in most areas of research, unless the data clearly indicate an increased
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risk at defined exposure levels, scientific panels will conclude that the research is inadequate or
limited and requires further study until the uncertainty has been reduced below an acceptable
level. While the public may interpret this conclusion as indicating concern, it is natural for
scientists to recommend future research to reduce uncertainty around a largely negative body of

research or to replicate findings that appear positive.

Scientific and health organizations put together panels of scientists to conduct weight-of-
evidence reviews. These panels consist of experts from around the world in the areas of interest
(e.g., epidemiology, neurophysiology, toxicology, etc.) and they follow standard scientific
methods for arriving at conclusions about possible health risks. The conclusions of these
reviews are looked to for the current scientific consensus on a particular topic and form the basis
of recommendations made by organizations and governments on exposure standards and

precautionary measures.

Scientific reviews on ELF EMF

Numerous national and international organizations responsible for public health have convened
multidisciplinary panels of scientists to conduct weight-of-evidence reviews and arrive at
conclusions about the possible risks associated with ELF EMF. These organizations include the

following (in ascending, chronological order of their most recent publication):

e The National Institute for Environmental Health Sciences (NIEHS) in the United States
assembled a 30-person Working Group to review the cumulative body of epidemiologic and
experimental data on ELF EMF and provide conclusions and recommendations to the
government (NIEHS, 1998, 1999).

e The International Agency for Research on Cancer (IARC) completed a full carcinogenic
evaluation of ELF EMF in 2002 (IARC, 2002).

e The World Health Organization (WHO) released a review in June 2007 as part of its
International EMF Program to assess the scientific evidence related to ELF EMF in the
frequency range from 0 to 300 GHz (WHO, 2007a). Appendix 1 summarizes the

conclusions of this review.
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e The Swedish Radiation Protection Authority (SSI),* using other major scientific reviews

as a starting point, evaluated new studies in consecutive annual reports (SSI, 2007; SSI,
2008).

The Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR)
issued a report in March 2007 and March 2009 (SCENIHR, 2007; SCENIHR, 2009)
updating previous conclusions (SSC, 1998; CSTEE, 2001) to the Health Directorate of the

European Commission.

The National Radiological Protection Board (NRPB)® of the United Kingdom issued full
evaluations of the research in 1992, 2001, and 2004, with supplemental updates (NRPB,
1993; NRPB, 1994a) and topic-specific reports (NRPB, 1994b; NRPB, 2001b; HPA, 2006)
published in the interim. In a letter addressing a related topic, the Director of the Health
Protection Agency of Great Britain (HPA) reiterated their position on ELF EMF and
appropriate precautionary measures (HMG, 2009).

The International Commission on Non-lonizing Radiation Protection (ICNIRP), the
formally recognized organization for providing guidance on standards for non-ionizing
radiation exposure for the WHO, published a review of the cumulative body of
epidemiologic and experimental data on ELF EMF in 2003. The ICNIRP released draft
exposure guidelines for ELF EMF in July 2009 (ICNIRP, 2009). While the ICNIRP panel
stated that they relied heavily on previous reviews of the literature related to long-term ELF
EMF exposures, they provided relevant conclusions as part of the drafting of these
guidelines.

Dissenting opinion on ELF EMF

In August 2007, an ad hoc group of 14 scientists and public health and policy consultants

published an on-line report titled “The Biolnitiative Report: A Rationale for a Biologically-

4
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based Public Exposure Standard for Electromagnetic Fields (ELF and RF).” The group’s
objective was to “assess scientific evidence on health impacts from electromagnetic radiation
below current public exposure limits and evaluate what changes in these limits are warranted
now to reduce possible public health risks in the future” (p. 4). The report was followed by
several publications related to ELF EMF that summarized some of the online report’s
conclusions (Hardell and Sage, 2008; Davanipour and Sobel, 2009; Johansson 2009). The
individuals who comprised this group did not represent any well-established regulatory agency
nor were they convened by a recognized scientific authority. The report has been criticized by
scientific agencies because it did not follow the methods of a standard weight-of-evidence
review and, for this reason, its conclusions and recommendations are not considered further in
this report (Danish National Board of Health, 2007; ACRBR, 2008; HCN, 2008).° Appendix 3

provides a full criticism of the report.

Epidemiology basics

This section briefly describes the main types of epidemiology studies and the major issues that
are relevant to evaluating their results. The two, main types of epidemiology studies are cohort
studies and case-control studies (Figure 2).

Figure 2. Basic design of cohort and
case-control studies

A case-control study compares the characteristics of people that have been diagnosed with a
disease (i.e., cases) to a similar group of people who do not have the disease (i.e., controls). The
prevalence and extent of past exposure to a particular agent is estimated in both groups and

®  http://www.gezondheidsraad.nl/en/publications/bioinitiative-report-0
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compared to assess whether the cases have a higher exposure level than the controls, or vice

Vversa.

In a case-control study, this comparison (or statistical association) is estimated quantitatively
with an odds ratio (OR). An OR is the ratio of the odds of exposure among persons with a
disease to the odds of exposure among persons without a disease. The general interpretation of
an OR equal to 1.0 is that the odds of exposure are the same in the case and control groups (i.e.,
there is no statistical association between the exposure and disease). If the OR is greater than
1.0, the inference is that the odds of exposure are greater in the case group or, in other words,

the exposure may increase the risk of the disease (Figure 3).

Figure 3. Interpretation of an odds ratio in a
case-control study

Each OR is reported with a confidence interval (CI), which is a range of OR values that have a
specified probability of occurring if the study is assumed to be repeated a large number of times.
A 95% ClI, for example, provides the range of values that are likely to occur in 95% of repeated
experiments. In short, a Cl indicates how certain (or confident) the researcher is about the OR
calculated from his or her data; if the CI includes 1.0, the researcher cannot statistically exclude
the possibility that the OR is 1.0, meaning the odds of exposure are the same in the case and

control groups.

A cohort study is conducted in the reverse manner—in the most traditional sense, researchers

study a population without disease and follow them over time to see if persons with a certain
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exposure develop disease at a higher rate than unexposed persons. The comparisons conducted
in cohort studies are similar to the comparisons conducted in case-control studies, although the
risk estimate is referred to as a relative risk (RR) rather than an OR. The RR is equal to rate of
disease in the exposed group divided by the rate of disease in the unexposed group, with values

greater than 1.0 suggesting that the exposed group has a higher rate of disease.

The resulting RR or OR is simply a comparative measure of how often a disease and exposure
occur together in exposed and unexposed study populations—it does not mean that there is a
known or causal relationship. Before any conclusions can be drawn, all studies considering a
particular exposure and disease must be identified, and each study must be evaluated to
determine the possible role that factors such as chance, bias, and confounding may have played

in the study’s results.

e Chance refers to a random event, i.e., a coincidence. An association can be observed
between an exposure and disease that simply is the result of a chance occurrence. Statistics,
such as the CI, are calculated to determine whether chance is a likely explanation for the
findings.

e Bias refers to any error in the design, conduct, or analysis of a study that would cause a
distorted estimate of an exposure’s effect on the risk of disease. There are many different
types of bias; for example, selection bias may occur if the characteristics of persons that
participate in a study differ in a meaningful way from the characteristics of those subjects
that do not participate (e.g., cases living near power lines might be more likely to participate
than controls because the cases are concerned about this possible exposure).

e Confounding is a situation in which an association is distorted because the exposure being
studied is associated with other risk factors for the disease. For example, a link between
coffee drinking in mothers and low birth weight babies may be observed in a study, but
some women who drink coffee also smoke cigarettes. When the smoking habits of mothers
are taken into account, coffee drinking may not be associated with low birth weight babies

because the confounding effect of smoking has been removed.
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As part of the weight-of-evidence review process, each study’s design and methods are
evaluated critically to determine if and how chance, bias, and confounding may have affected

the results and, subsequently, the weight that should be placed on the study’s findings.

IARC classifications

This section briefly describes the method that the IARC uses following a weight-of-evidence
review to classify exposures based on the evidence in support of carcinogenicity. The WHO
adopted this method in their 2007 review on ELF EMF, and other scientific agencies refer to
this classification system, as well.

First, each research type (epidemiology, in vivo, and in vitro) is evaluated to determine the
strength of evidence in support of carcinogenicity (as defined in Figure 4). Epidemiology
studies are characterized as having sufficient evidence for carcinogenicity if an association is
found and chance, bias, and confounding can be ruled out with “reasonable confidence.”
Limited evidence is used to describe a body of research where the findings are inconsistent or
where an association is observed but there are outstanding questions about study design or other
methodological issues that preclude making strong conclusions. Inadequate evidence describes
a body of research where it is unclear whether the data is supportive or unsupportive of
causation because there is a lack of data or there are major quantitative or qualitative issues.
The same overall categories apply for in vivo research. In vitro research is not described in
Figure 4 because it provides ancillary information and, therefore, is used to a lesser degree in
evaluating carcinogenicity and is classified simply as strong, moderate, or weak.

Agents are then classified into five overall categories using the combined categories from
epidemiology, in vivo, and in vitro research (listed from highest to lowest risk): (1) known
carcinogen, (2) probable carcinogen, (3) possible carcinogen, (4) non-classifiable, and (5)
probably not a carcinogen.

As summarized in Figure 4, the category possible carcinogen typically denotes exposures for
which there is limited evidence of carcinogenicity in epidemiology studies, and in vivo studies

provide limited or inadequate evidence of carcinogenicity.
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The IARC has reviewed over 900 substances and exposure circumstances to evaluate their
potential carcinogenicity. Figure 5 provides examples of some of the more common exposures
that have been classified in each category. As Figure 5 shows, over 80% of exposures fall in the
categories possible carcinogen (27%) or non-classifiable (55%). This occurs because, as
described above, it is nearly impossible to prove that something is completely safe and few
exposures show a clear-cut or probable risk, so most agents will end up in either of these two
categories. Throughout the history of the IARC, only one agent has been classified as probably
not a carcinogen, which illustrates the conservatism of the evaluations and the difficulty in

proving the absence of an effect beyond all doubt.

Over half of the agents are non-classifiable in terms of carcinogenicity, i.e., it is unclear whether
they can cause cancer—hair coloring products, jet fuel, and tea are included in this category.
Possible carcinogens include occupation as a firefighter, coffee, and pickled vegetables, in
addition to magnetic fields. Exposures identified as probable carcinogens include high
temperature frying and occupation as a hairdresser. Finally, known carcinogens include
benzene, asbestos, solar radiation, use of tanning beds, and tobacco smoking. As Figure 5
shows, there is much uncertainty about whether certain agents will lead to cancer, and possible
and probable carcinogens include substances to which we are commonly exposed or are

common exposure circumstances.
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out with “reasonable confidence.”

Inadequate evidence in epidemiology studies—The
available studies are of insufficient quality, consistency or
statistical power to permit a conclusion regarding the presence
or absence of a causal association between exposure and
cancer, or no data on cancer in humans are available.

Evidence suggesting a lack of carcinogenicity in
epidemiology studies—There are several adequate studies
covering the full range of levels of exposure that humans

are known to encounter, which are mutually consistent in

not showing a positive association between exposure to

the agent and any studied cancer at any observed level of
exposure, The results from these studies alone or combined
should have narrow confidence intervals with an upper limit
close to the null value (e.g. a relative risk of 1.0). Bias and
confounding should be ruled out with reasonable confidence,
and the studies should have an adequate length of follow-up.

Basic IARC method for classifying exposures based on potential carcinogenicity
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evidence.

Limited evidence in animal studies—The data suggest

a carcinogenic effect but are limited for making a definitive
evaluation, e.g. (a) the evidence of carcinogenicity is
restricted to a single experiment; (b) there are unresolved
questions regarding the adequacy of the design, conduct or
interpretation of the studies; efc.

Inadequate evidence in animal studies—The studies
cannot be interpreted as showing either the presence or
absence of a carcinogenic effect because of major qualita-
tive or quantitative limitations, or no data on cancer in
experimental animals are available

Evidence suggesting a lack of carcinogenicity in animal
studies—Adequate studies involving at least two species
are available which show that, within the limits of the tests
used, the agent is not carcinogenic.
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Figure 5. Percentage of substances classified in each
IARC category with examples
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2 Human Health Research

The following sections provide an overview of peer-reviewed research published between
January 1, 2006 and October 1, 2010. A literature review was conducted to identify new
epidemiologic, in vivo, and in vitro research published on 50 or 60-Hz ELF EMF. A large
number of search strings referencing the exposure and diseases of interest, as well as authors
who regularly publish in this area, were included as search terms in the PubMed database, a
service of the U.S. National Library of Medicine that includes over 17 million citations from
MEDLINE and other life science journals for biomedical articles dating to the 1950s.” A
scientist with experience in this area reviewed the search results to identify relevant studies.

This report focuses on the diseases that have received the most attention—cancer, reproductive
effects, developmental effects, and neurodegenerative diseases. Other health effects have been
studied (i.e., rare cancer types, suicide, depression, electrical hypersensitivity, and
cardiovascular effects), but for brevity and because research on these topics evolves slowly,
these topics are not summarized here. The WHO review provides a good resource for the status

of research on these additional health effects.

This update focuses on identifying and summarizing new epidemiologic and major in vivo
research, since these study types are the most informative for risk assessment in this field; for

the status of in vitro research, we include our discussion from the July 2007 report.

Cancer

Childhood leukemia

What was previously known about childhood leukemia and what did the WHO review

conclude?

Scientific panels have concluded consistently that magnetic fields are a possible carcinogen

largely because of findings from studies of childhood leukemia. Since 1979, approximately 35

" pubMed includes links to full text articles and other related resources (http://www.ncbi.nlm.nih.gov/PubMed/).
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studies conducted in the United States, Canada, Europe, New Zealand, and Asia have evaluated
the relationship between childhood leukemia and magnetic fields using various methods to
estimate exposure. These methods have included long-term (48-hour) personal monitoring; spot
or long-term (24- or 48-hour) measurements in structures and outdoors; calculations using
loading, line configuration, and distance of nearby power installations to estimate historical,
residential exposure; and wire code categories.® As a group of independent studies, they did not
show a clear or consistent association between magnetic fields and childhood leukemia. The
largest and most methodologically sound case-control studies to estimate personal magnetic
field exposure directly did not report a consistent relationship (Linet et al., 1997; McBride et al.,
1999; UKCCS, 2000). When two independent pooled analyses combined the data from these
case-control studies, however, a statistically significant association was observed between rare
average magnetic field exposure above 3-4 mG and childhood leukemia (Ahlbom et al., 2000;
Greenland et al., 2000). Both pooled analyses indicated that children with leukemia were about
two times more likely to have had estimated magnetic field exposures above 3-4 mG. Average
exposures at this level are uncommon; according to the WHO, results from several extensive
surveys showed that approximately 0.5-7.0% of children had time-averaged exposures in excess
of 3 mG and 0.4-3.3% had time-averaged exposures in excess of 4 mG (WHO, 2007a). While
these analyses provide a valuable quantitative summary of the data, pooled analyses are limited
by the disparate methods used to collect the underlying data. Questions have been raised as to
whether the original studies, particularly those that are large and estimated exposure directly,

provide a more valid estimate of the association than the pooled analyses (Elwood, 2006).

Despite the association observed in these pooled analyses, health agencies have not concluded
that magnetic fields are a known or probable cause of childhood leukemia. The studies are of
insufficient strength to rule out with “reasonable confidence” the role that chance, bias, and
confounding may have had on the observed statistical association. In other words, researchers
do not have enough confidence in the way these studies were conducted to conclude that the
measured statistical association represents a true relationship between magnetic fields and

childhood leukemia. Furthermore, experimental data do not provide evidence for a risk in the

8 Wire code categories are categories used to classify the potential magnetic field exposures at residences based

on the characteristics of nearby power installations.
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more highly-controlled in vivo studies, and in vitro studies do not provide evidence of a
plausible biological mechanism whereby magnetic fields lead to carcinogenesis.

Since chance, bias, and confounding could not be ruled out as an explanation for the association,
the IARC concluded in 2002 that the data on childhood leukemia provided limited evidence of
carcinogenicity (IARC, 2002). In 2007, the WHO reviewed studies on childhood leukemia and
magnetic field exposure published since the 2002 IARC review (WHO, 2007a). They
concluded that the new epidemiologic studies were consistent with the classification of limited
epidemiologic evidence in support of carcinogenicity and, together with the largely negative in
vivo and in vitro research, consistent with the classification of magnetic fields as a possible
carcinogen (Figure 4).°

Since it is unclear whether the association is real, the WHO review evaluated other factors that
might be partially, or fully, responsible for the association, including chance, control selection
bias, confounding from hypothesized or unknown risk factors, and misclassification of magnetic
field exposure (Figure 6). The following is a summary of their evaluation:

v" The WHO review concluded that chance is an unlikely explanation since the pooled

analyses had a large sample size and decreased variability.

v Control selection bias occurs when the controls that decide to participate in the study
do not represent the true exposure experience of the non-diseased population. In the
case of magnetic fields, the WHO speculates that controls with a higher socioeconomic
status (SES) may participate in studies more often than controls with a lower SES. Since
persons with a higher SES may have lower magnetic field exposures or tend to live
farther from transmission lines, the control group’s magnetic field exposure may be
artificially low. Thus, when the exposure experience of the control group is compared to
the case group, there is a difference between the case and control group that does not

exist in the source population. The WHO concluded that control selection bias is

The WHO concluded the following: “Consistent epidemiological evidence suggests that chronic low intensity
ELF magnetic field exposure is associated with an increased risk of childhood leukaemia. However, the
evidence for a causal relationship is limited, therefore exposure limits based upon epidemiological evidence are
not recommended, but some precautionary measures are warranted” (p. 355-6, WHO, 2007a).
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probably occurring in these studies and would result in an overestimate of the true
association, but would not explain the entire observed statistical association

v" The WHO panel concluded that confounding is less likely to be causing the observed
association than other factors, although the possibility that some yet-to-be identified
confounder is responsible for the association cannot be excluded completely. Suggested
risk factors that may be confounding the relationship include SES, residential mobility,

contact currents, and traffic density.™

v' The WHO stated that the possible effects of exposure misclassification are the most
difficult to predict. EMF presents unique challenges in exposure assessment because it
is ubiquitous, imperceptible, and has many sources (Kheifets and Oksuzyan, 2008). No
target exposure or exposure window has been identified, and the numerous methods of
estimating exposure likely result in a different degree of error within and between
studies. Most reviews have concluded that exposure misclassification would likely
result in an underestimate of the true association, meaning the association we observe is
lower than the true value; however, the extent to which this might occur varies widely
and is difficult to assess (Greenland et al., 2000). The WHO concluded that exposure
misclassification likely is present in these studies, but is unlikely to provide an entire
explanation for the association.

10 For example, if dwellings near power lines encounter higher traffic density and pollution from traffic density
causes childhood leukemia, traffic density may cause an association between magnetic field exposure and
childhood leukemia, where a relationship does not truly exist.
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Figure 6. Possible explanations for the observed association between magnetic
fields and childhood leukemia

The WHO review stated that reconciling the epidemiologic data on childhood leukemia and the
negative (i.e., no hazard or risk observed) experimental findings through innovative research is
currently the highest priority in the field of ELF EMF research. Given that few children are
expected to have average magnetic field exposures greater than 3-4 mG, however, the WHO
stated that the public health impact of magnetic fields on childhood leukemia would be low if
the association was determined to be causal.

What relevant studies have been published since the WHO review?

A number of studies investigating childhood leukemia and magnetic fields have been published
since the WHO review (Table 1). Recent studies continue to support a weak association
between elevated magnetic field levels and childhood leukemia, but they lack the
methodological improvements required to advance this field; the evidence remains limited and
the observed statistical association is still unexplained. Some scientists have opined that
epidemiology has reached its limits in this area and any future research must demonstrate a
significant methodological advancement (e.g., an improved exposure metric or a large sample

size in high exposure categories) to be justified (Savitz, 2010; Schmiedel and Blettner, 2010).
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Most notably, Kheifets et al. (2010) conducted a pooled analysis of studies published between
2000 and 2010 that was intended to mirror the earlier pooled analyses of studies published
between 1974 and 1999 (Ahlbom et al., 2000; Greenland et al., 2000). Kheifets et al. identified
six studies for the main analysis that met their inclusion criteria (i.e., population-based studies of
childhood leukemia that measured or calculated magnetic fields inside a home); three of the
studies in this analysis were considered in the WHO review, while two are described here (Kroll
et al., 2010; Malagoli et al., 2010)."* An additional Brazilian study remains unpublished, but the
results were provided via personal communication to Kheifets et al. (Wunsch Filho, personal
communication, 2009). 2 A large number of cases were identified by Kheifets et al. (10,865),
but a relatively small number of cases (23) were classified in the highest exposure category (>3
mG). A positive association was reported (OR=1.44), but it was weaker than the previous
pooled estimates and not statistically significant (95% C1=0.88-2.36); a dose-response
relationship was apparent and the association was stronger when the Brazilian study was

excluded.

The largest number of cases in Kheifets et al. (2010) was from a large, case-control study
conducted in the United Kingdom by Kroll et al. (2010). Kroll et al. expands upon an earlier
study (Draper et al., 2005) by replacing residential distance to nearby transmission lines as the
exposure metric with calculated magnetic fields from nearby transmission lines; both studies
included all children diagnosed with cancer in the United Kingdom from 1962 through 1995.
Draper et al. (2005) reported that children with leukemia were more likely to have lived at birth
within 600 meters (m) of a high-voltage transmission line, although the authors questioned the
significance of this finding since magnetic fields from power lines do not extend to distances of
600 m."® Kroll et al. calculated average yearly residential magnetic-field levels for children

11 A seventh study was included in Kheifets et al. (2010), but only in the pooled analysis of childhood leukemia
and residential distance to power lines (Lowenthal et al., 2007). This study is not discussed further in this
section because published findings only report on a combined category of lymphoproliferative and
myeloproliferative disorders for both adults and children combined.

The study evaluated acute lymphoblastic leukemia among children less than 8 years of age and measured
exposure using 24-hour measurements in the children’s bedrooms.

¥ The WHO concluded the following with respect to the Draper et al. (2005) findings: “[the] observation of the
excess risk so far from the power lines, both noted by the authors and others, is surprising. Furthermore,
distance is known to be a very poor predictor of magnetic field exposure, and therefore, results of this material
based on calculated magnetic fields, when completed, should be much more informative” (p. 270, WHO
2007a).

12
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living within 400 m of power lines at birth; modeling estimated that magnetic field levels above
1 mG could be predicted reliability only at residences within 400 m of a transmission line. Only
1% of children had a residence at birth within 400 m of a transmission line and only 0.07% had
calculated exposures greater than 1 mG. Furthermore, nearly 25% of the residences within 400
m of a transmission line lacked data to calculate residential magnetic-field levels. An OR of 2.0
was calculated for the two cases of childhood leukemia and one control with calculated
magnetic fields greater than 4 mG (95% CI=0.18 to 22.04); no dose-response relationship was
apparent. As a result of small numbers and incomplete information, no strong conclusions can
be drawn from this study. The authors stated that the study “slightly strengthens” the evidence

for an association between magnetic fields and childhood leukemia.

Malagoli et al. (2010) was also included in the pooled analysis. This Italian study identified all
childhood hematological malignancies diagnosed between 1967 and 2007 in two Italian
municipalities (64 cases) and recruited four controls per case matched on sex, age, and
municipality of residence.** Exposure was defined as having lived for at least 6 months prior to
diagnosis at a residence with calculated power-line magnetic field levels above 1 mG or above 4
mG; magnetic-field levels were calculated using 2001 average line loading, rather than loading
during the year of birth or diagnosis. Few children lived in a residence with power-line
magnetic field levels above 1 mG (2 cases and 5 controls) or 4 mG (1 case and 2 controls); thus,
estimated associations were unstable. The RR for leukemia and residence in an area with
exposure >1 mG was 3.2 (6.7 adjusting for SES), but the estimate was statistically unstable
(95% CI1=0.4-23.4), and there was no indication of a dose-response relationship. Similar to
Kroll et al. (2010), this study’s strength is the lack of participation required, but it is limited by

small numbers, the related imprecision, and the lack of an exposure-response relationship.

Two studies published since the WHO review confirmed an association with residential distance
to power lines and childhood leukemia (Feizi and Arabi, 2007 [< 500 m vs. >500 m]; Abdul
Rahman et al., 2008 [< 200 m vs. >200 m]). While these two studies were excluded from the
pooled analysis because they were hospital-based, Kheifets et al. (2010) pooled data on distance

and childhood leukemia from other studies and confirmed an elevated OR at distances less than

 Hematological cancers include all types of leukemias, lymphomas, and Hodgkin’s disease.
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200 m. The association remains unexplained, however, and a recent study confirms that
distance is a poor proxy for measurements of residential magnetic fields; Maslanyj et al. (2009)
reported that only 13% of homes in a 100 m corridor of 220-440-kV power lines had a measured

magnetic field level above 2 mG.

Other recent studies were not included in the pooled analysis because they reported on leukemia
subgroups and magnetic fields. These studies reported that children with leukemia and
estimates of average magnetic-field exposures greater than 3-4 mG had poorer survival (Foliart
et al., 2006, 2007; Svendsen et al., 2007); children with Down syndrome and childhood
leukemia were more likely to have spot measurements at the door of their home greater than 6
mG compared to children with Down syndrome only (Mejia-Arangure et al., 2007); and one
genetic polymorphism related to DNA repair (but with no known relationship to leukemia) was
reported to be more common among children with leukemia living close to an electrical
installation compared to children with leukemia living at a distance (Yang et al., 2008). The
results of these recent studies were limited by small numbers, incomplete adjustment for
potential risk factors, and the lack of a biological explanation to explain the observed
associations, among other methodological issues. Additional epidemiologic and biological

research is required in these new fields of inquiry.

Another new field of inquiry is the relevance of pre- or post-conception EMF exposure of a
parent to cancer in their offspring. Hug et al (2010) studied the pre-conception occupational
exposures of parents of children with leukemia and compared them to the exposures of parents
of healthy children. No association was found between childhood leukemia and magnetic-field
exposure pre-conception in either parent. Another recent study reported an association between
childhood leukemia and a paternal history of electrical work, but is limited because exposure is

based solely on occupational title (Pearce et al., 2007).

Scientists have also pursued the influence of bias and confounding in recent years. Recent
studies confirmed that control selection bias appears to be operating in case-control studies of
childhood leukemia and magnetic fields, although the exact degree of its influence is still
unknown (Mezei and Kheifets, 2006; Mezei et al., 2008a, 2008b). A study has also found that

contact currents from residential grounding systems show characteristics of a confounding
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variable (Kavet and Hooper, 2009). Finally, a recent study confirmed that the time of day when
magnetic-field measurement are made is not contributing to exposure misclassification; no
difference in the magnitude or pattern of results was found for nighttime vs. 24-hour or 48-hour
measurements, refuting the hypothesis that nighttime exposures are more strongly associated
with childhood leukemia because magnetic fields might affect carcinogenesis through a
melatonin-driven pathway (Schiz et al., 2007).

In summary, the studies conducted since the WHO review support an association with magnetic

fields and childhood leukemia. In particular, scientific data published since the WHO review:

e confirms the rarity of living in close proximity to a power line or having estimated or

measured exposures greater than 1 mG;

e confirms a positive association between average magnetic field levels greater than 3 mG
and childhood leukemia, but the association cannot be distinguished from chance due to

small numbers;

e confirms an association with residential proximity to power lines and childhood
leukemia, but reports that distance is not a reliable predictor of in-home magnetic field

levels; and,

e suggests that control selection bias may play some role in the observed association.

These findings do not alter previous conclusions that the epidemiologic evidence on magnetic
fields and childhood leukemia is limited. Chance, confounding, and several sources of bias
cannot be ruled out. Conclusions from reviews (Kheifets and Oksuzyan, 2008; Schiz and
Ahlbom, 2008) and scientific organizations (SSI, 2007; SSI, 2008; HCN, 2009; SCENIHR,
2009) published since the WHO review support this conclusion.
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Table 1. Relevant studies of childhood leukemia published after the WHO review

Author Year Study Title
A case-control study on the association between environmental
Abdul Rahman et al. 2008 factors and the occurrence of acute leukemia among children in
Klang Valley, Malaysia.
Fezei and Arabi 2007 Acute chlldhooql leukemias and exposure to _magnenc_ fields '
generated by high voltage overhead power lines — a risk factor in Iran
Foliart et al. 2006 Magnetlg field exposure and long-term survival among children with
leukaemia
Foliart et al. 2007  Magnetic field exposure and prognostic factors in childhood leukemia
Hug et al 2010 Parental occupational exposure to extremely low frequency magnetic
9 ’ fields and childhood cancer: a German case-control study
Kavet and Hooper 2009 Regldgntlal magnetic fields and measures of neutral-to-earth voltage:
variability within and between residences
Kheifets et al. 2010 Pooled a_naly5|s of recent studies on magnetic fields and childhood
leukaemia
Kroll et al. 2010 _Chlldhood cancer and.magnetlc fields from high-voltage power lines
in England and Wales: a case-control study
Risk of hematological malignancies associated with magnetic fields
Malagoli et al. 2010  exposure from power lines: a case control study in two municipalities
in northern Italy
Power frequency magnetic fields and risk of childhood leukaemia:
Maslanyj et al. 2009  Misclassification of exposure from the use of the ‘distance from
power line’ exposure surrogate
Mejia-Arangure et al. 2007  Magnetic fields and acute leukemia in children with Down syndrome
Mezei and Kheifets 2006 Selection bias apd its implications for ca_se-control studle_s: A case
study of magnetic field exposure and childhood leukaemia
. Assessment of selection bias in the Canadian case-control study of
Mezei et al. 2008a . . - ; .
residential magnetic field exposure and childhood leukemia
Paternal occupational exposure to electro-magnetic fields as a risk
Pearce et al. 2007  factor for cancer in children and young adults: A case-control study
from the North of England
Schiiz et al. 2007 Nighttime exposure to electromagnetlc fields and childhood leukemia:
An extended pooled analysis
Svendson et al. 2007 Exposu_rg to magnetic fields and surwyal after diagnosis of childhood
leukemia: An extended pooled analysis
Case-only of interactions between DNA repair genes (hMLH1,
Yang et al. 2008 APEX1, MGMT, XRCC1, and XPD) and low frequency

electromagnetic fields in childhood acute leukemia
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Childhood brain cancer

What was previously known about childhood brain cancer and what did the WHO review
conclude?

The research related to magnetic fields and childhood brain cancer has been less consistent than

that observed for childhood leukemia. The WHO review recommended the following:

As with childhood leukaemia, a pooled analysis of childhood brain cancer studies
should be very informative and is therefore recommended. A pooled analysis of
this kind can inexpensively provide a greater and improved insight into the
existing data, including the possibility of selection bias and, if the studies are
sufficiently homogeneous, can offer the best estimate of risk (p. 18, WHO 2007a).

What relevant studies have been published since the WHO review?

The relevant studies of childhood brain cancer and magnetic field exposure are listed in Table 2
below. In response to the WHO recommendation above, Mezei et al. (2008b) conducted a
meta-analysis of studies on childhood brain tumors and residential magnetic field exposure.
Thirteen epidemiologic studies were identified that used various proxies of magnetic field
exposure (distance, wire codes, calculated magnetic fields, and measured magnetic fields). The
combined effect estimate was close to 1.0 and not statistically significant, indicating no
association between magnetic field exposure and childhood brain tumors. A sub-group of five
studies, however, with information on childhood brain tumors and calculated or measured
magnetic fields greater than 3-4 mG reported a combined OR that was elevated but not
statistically significant (OR=1.68, 95% CI=0.83-3.43). The authors suggested two
explanations for this elevated OR. First, they suggested that an increased risk of childhood
brain tumors could not be excluded at high exposure levels (i.e., >3-4 mG). Second, they
stated that the similarity of this result to the findings of the pooled analyses of childhood
leukemia suggests that control selection bias is operating in both analyses. Overall, the authors
concluded that the analysis did not find a significant increase in childhood brain cancer risk

using various proxies of residential exposure to magnetic fields.

Two case-control studies were completed after this pooled analysis (Kroll et al., 2010; Saito et
al., 2010). In their study of 55 cases of childhood brain cancer, Saito et al. (2010) reported that

children with brain cancer were more likely to have average magnetic-field exposure levels
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greater than 4 mG, compared to children without brain cancer.”® The association was based on
three cases and one control; interpretations of the data were, therefore, limited by small numbers
in the upper exposure category. The strength of this study is the exposure assessment;
measurements were taken continuously over a weeklong period in the child’s bedroom
approximately 1 year after diagnosis. An important limitation, however, is the very poor
participation rates among study subjects; poor participation rates introduce the possibility of
selection bias, among other biases. As described above, Kroll et al. (2010) included 6,584 cases
of brain cancer diagnosed over a 33-year period in the United Kingdom. No associations were
reported in any analysis of brain cancer, including calculated magnetic fields >1-2 mG, 2-4 mG,
and 4mG.

Studies of parental occupational magnetic field exposure and childhood brain tumors have
produced inconsistent results. In a recent pooled analysis of two Canadian case-control studies,
Li et al. (2009) calculated individual maternal occupational magnetic field exposure pre- and
post-conception and analyzed these estimates in relation to brain cancer in offspring.
Associations were reported between childhood brain cancer and average magnetic-field
exposures greater than approximately 3 mG for exposure in the 2 years prior to conception and
during conception; no associations were found using the cumulative and peak exposure metrics.

More research is required in this area.

Recent studies provide some suggestion of an association between magnetic field exposures
prior to diagnosis or in utero and the development of childhood brain cancer. The data receive
little weight in an overall assessment, however, due to methodological shortcomings. The

recent data do not alter the classification of the epidemiologic data in this field as inadequate.

15 The unpublished results of this study were included in Mezei et al. (2008b).
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Table 2. Relevant studies of childhood brain cancer published after the WHO review
Authors Year Study

Pooled analysis of recent studies on magnetic fields and

Kroll et al. 2010 childhood leukaemia
Li et al 2009 Maternal occupational exposure to extremely low frequency
’ magnetic fields and the risk of brain cancer in the offspring
Mezei et al. 2008b ReS|de-nt|aI magnetic fl_eld exposure and childhood brain
cancer: a meta-analysis
Saito et al. 2010 Power frequency magnetic fields and childhood brain tumors:

A case-control study in Japan

Breast cancer

What was previously known about breast cancer and what did the WHO review conclude?

The WHO reviewed studies of breast cancer and residential magnetic field exposure, electric
blanket usage, and occupational magnetic field exposure. These studies did not report
consistent associations between magnetic field exposure and breast cancer, and the WHO
concluded that, since the recent body of research was higher in quality compared with previous
studies, it provided strong support to previous consensus statements that magnetic field
exposure does not influence the risk of breast cancer.’®* The WHO recommended no further

research with respect to breast cancer and magnetic field exposure.

What relevant studies have been published since the WHO review?

Two case-control studies (McElroy et al., 2007; Ray et al., 2007) and one cohort study
(Johansen et al., 2007) have been published, all of which evaluated occupational magnetic field
exposure.’” In addition, a meta-analysis of 15 studies of breast cancer and occupational
magnetic field exposure was published (Chen et al., 2010), which included one of the case-
control studies (McElroy et al 2007).

8 The WHO concluded, “Subsequent to the IARC monograph a number of reports have been published

concerning the risk of female breast cancer in adults associated with ELF magnetic field exposure. These studies
are larger than the previous ones and less susceptible to bias, and overall are negative. With these studies, the
evidence for an association between ELF exposure and the risk of breast cancer is weakened considerably and
does not support an association of this kind” (p. 307, WHO 2007a).

In addition to the studies described in the text, another study was identified. Peplonska et al. (2007) is a case-
control study of female breast cancer reporting associations for a wide range of occupations and industries. It is
not considered in depth in this report because no qualitative or quantitative estimates of magnetic field exposure
were made, beyond occupation and industry titles.

17
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Ray et al. (2007) was a nested case-control study in a cohort of approximately 250,000 textile
workers in China followed for breast cancer incidence, and McElroy et al. (2007) evaluated
occupational exposures to high, low, medium, or background EMF levels in a large number of
breast cancer cases and controls. Neither study observed a significant association between
breast cancer and higher estimated magnetic field exposure. A large cohort study of utility
workers in Denmark also reported that women exposed to higher occupational magnetic field

levels did not have higher rates of breast cancer (Johansen et al., 2007).

Chen et al. (2010) published a meta-analysis of all published case-control studies of female
breast cancer and magnetic field exposure meeting defined inclusion criteria. Fifteen studies
published between 2000 and 2009 were identified examining residential and occupational
exposure and electric blanket usage. The authors crudely re-categorized data from the original
studies to reflect a common comparison of <2 mG and >2mG and reported an overall OR of
0.988 (95% CI = 0.898-1.088). The advantage of this meta-analysis is its very large size. Its
main limitation is that data from a wide range of exposure definitions and cut-points were

combined.

These studies, particularly the large cohort of utility workers, add to growing support against a
causal role for magnetic fields in breast cancer. This is consistent with the conclusion by the
SCENIHR, which stated that an association is “unlikely” (p. 7, SCENIHR 2007).

Table 3. Relevant studies of breast cancer published after the WHO review

Authors Year Study

Extremely low-frequency electromagnetic fields exposure and female breast cancer

Chen et al. 2010 risk: a meta-analysis based on 24,338 cases and 60,628 controls

Risk for leukaemia and brain and breast cancer among Danish utility workers: A

Johansen et al. 2007

second follow-up

Occupational exposure to electromagnetic field and breast cancer risk in a large,
McElroy et al. 2007 population-based, case-control study in the United States
Ray et al. 2007 Occupational exposures and breast cancer among women textile workers in

Shanghai
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Other adult cancers

What was previously known about other adult cancers and what did the WHO review
conclude?

In general, scientific panels have concluded that there is not a strong or consistent relationship
between other adult cancers (leukemia, lymphoma, or brain cancers) and exposure to magnetic
fields; however, the possibility cannot be entirely ruled out because the findings have been
inconsistent (IARC, 2002; WHO, 2007a). Stronger findings have not been observed in studies
with better exposure assessment methods, which have led scientific panels to conclude that the
evidence for an association is weak. The IARC classified the epidemiologic data with regard to
adult leukemia, lymphoma, and brain cancer as “inadequate” in 2002, and the WHO confirmed
this classification in 2007, with much of the remaining uncertainty attributed to limitations in

exposure assessment methods.

Much of the research on EMF and adult cancers is related to occupational exposures, given the
higher range of exposures encountered in the occupational environment. The main limitation of
these studies, however, has been the methods used to assess exposure, with early studies relying
simply on a person’s occupational title (often taken from a death certificate) and later studies
linking a person’s full or partial occupational history to representative average exposures for
each occupation (i.e., a job exposure matrix). The latter method, while advanced, still has some
important limitations, as highlighted in a review summarizing an expert panel’s findings by
Kheifets et al. (2009).® While a person’s occupation may provide some indication of the
overall magnitude of their occupational magnetic field exposure, it does not take into account
the possible variation in exposure due to different job tasks within occupational titles, the
frequency and intensity of contact to relevant exposure sources, or variation by calendar time.
Furthermore, since scientists do not know any mechanism by which magnetic fields could lead

to cancer, an appropriate exposure metric is unknown.

In order to reduce the remaining uncertainty about whether there is an association between

magnetic fields and these cancers, researchers have recommended (1) meta-analyses to clarify

18 Kheifets et al. (2009) reports on the conclusions of an independent panel organized by the Energy Networks
Association in the United Kingdom in 2006 to review the current status of the science on occupational EMF
exposure and identify the highest priority research needs.
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inconsistencies and (2) better exposure assessment methods that incorporate a greater level of
detail on tasks and exposure characteristics such as spark discharge, contact current, harmonics,
etc. (WHO, 2007a; Kheifets et al., 2009).

Adult brain cancer

What was previously known about adult brain cancer and what did the WHO review
conclude?

As described above, the WHO classified the epidemiologic data on adult brain cancer as
inadequate and recommended (1) updating the existing cohorts of occupationally-exposed
individuals in Europe and (2) pooling the epidemiologic data on brain cancer and adult leukemia

to confirm the absence of an association. °
What relevant studies have been published since the WHO review?

Epidemiologic studies published after 2006 on adult brain cancer and EMF exposure are listed
in Table 6 and include two case-control studies, two cohort studies, and a meta-analysis, all of
which are related to occupational magnetic field exposure.

In response to the WHO’s recommendation, two cohorts of approximately 20,000
occupationally-exposed persons each were updated: a cohort of utility workers in Denmark and
a cohort of railway workers in Switzerland (Johansen et al., 2007; Rd6sli et al, 2007a). In both
cohorts, brain cancer rates were similar between jobs with high magnetic field exposure and
jobs with lower exposures. A case-control study of gliomas was conducted in Australia and
reported no associations with higher estimated magnetic field exposure, using a standard job-
exposure matrix (Karipidis et al., 2007a). Forssén et al. (2006) performed a large registry-based
case-control study of acoustic neuroma and reported no association between higher occupational
magnetic field exposures and this benign and rare brain cancer type. Another large case-control
study was recently published of gliomas and meningiomas in the United States (Coble et al.,
2009). For the first time, the exposure metric in this study incorporated the frequency of

exposure to EMF sources, as well as the distance people worked from these sources, on an

% The WHO concluded, “In the case of adult brain cancer and leukaemia, the new studies published after the
IARC monograph do not change the conclusion that the overall evidence for an association between ELF [EMF]
and the risk of these disease remains inadequate” (p. 307, WHO 2007a).
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individual basis. The authors also evaluated exposure metrics in addition to the time-weighted
average (TWA) exposure (maximum exposed job, total years of exposure above 1.5 mG,
cumulative lifetime exposure, and average lifetime exposure). No association was reported

between any of these exposure metrics and brain cancer.

As recommended in the WHO review, a meta-analysis of occupationally-exposed cohorts was
performed by Khefeits et al. (2008). All relevant publications of occupational EMF exposure
and adult leukemia or brain cancer were collected and summary risk estimates were calculated
using various schemes to weight and categorize the study data. The authors reported a small
and statistically significant increase of leukemia and brain cancer in relation to the highest
estimate of magnetic field exposure in the individual studies. Several findings, however, led the
authors to conclude that magnetic field exposure is not responsible for the observed
associations, including the lack of a consistent pattern among leukemia subtypes when the past
and new meta-analyses were compared. In addition, for brain cancer, the recent meta-analysis
reported a weaker association than the previous meta-analysis, whereas a stronger association
would be expected since the quality of studies has increased over time. The authors concluded,
“the lack of a clear pattern of EMF exposure and outcome risk does not support a hypothesis

that these exposures are responsible for the observed excess risk” (p. 677).

Recent studies have reduced possible exposure misclassification by improving exposure
assessment methods (i.e., the expanded job-exposure matrix in Coble et al., 2009) and attempted
to clarify inconsistencies by updating studies and meta-analyzing data (Johansen et al., 2007,
R&osli et al., 2007a; Kheifets et al., 2008); however, despite these advancements, no association
has been observed. While an association still cannot be entirely ruled out because of the
remaining deficiencies in exposure assessment methods, the current database of studies provides
weak evidence of an association between magnetic fields and brain cancer.’ The recent report
by the SCENIHR described the data on brain cancers as “uncertain” (p. 43, SCENIHR 2009).

2 A recent consensus statement by the National Cancer Institute’s Brain Tumor Epidemiology Consortium
confirms this statement. They classified residential power frequency EMF in the category “probably not risk
factors” and described the epidemiologic data as “unresolved” (p. 1958, Bondy et al., 2008).
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Table 4. Relevant studies of adult brain cancer published after WHO review

Authors Year Study
Coble et al. 2009 Occupational exposure to magnetic fields and the risk of brain tumors
Forssén et al. 2006 Occupational magnetic field exposure and the risk of acoustic neuroma

Risk for leukaemia and brain and breast cancer among Danish utility workers: A

Johansen et al. 2007
second follow-up

Karipidis et al. 2007a Occupatlonal exposure to low frequency magnetic fields and the risk of low grade
and high grade glioma

Kheifets et al. 2008 Occupational electromagnetic fields and leukemia and brain cancer: An update to
two meta-analyses

R&6sli et al. 2007a Leukaemia, brain tumours and exposure to extremely low frequency magnetic fields:

cohort study of Swiss railway employees

Adult leukemia and lymphoma

What was previously known about adult leukemia/lymphoma and what did the WHO
review conclude?

The same issues discussed above with regard to adult brain cancer are relevant to research on
adult leukemia and lymphoma. The WHO classified the epidemiologic evidence as
“inadequate” and recommended updating the existing occupationally-exposed cohorts in Europe

and the meta-analysis on occupational magnetic field exposure (p. 307, WHO 2007a).*
What relevant studies have been published since the WHO review?

Two cohorts of occupationally-exposed workers and a meta-analysis of occupational magnetic
field exposure (all of which were described above) reported on the possible association of
occupational magnetic field exposure and adult leukemia. Also, a case-control study described
patterns of estimated residential magnetic field exposure and combined lymphoma and leukemia

diagnostic categories (Lowenthal et al., 2007).

In the occupational cohort of Swiss railway workers, the authors noted a stronger association
among occupations with higher estimates of magnetic field exposures, but the associations were
not statistically significant (R606sli et al, 2007a). In the study of Danish utility workers, no
increases in leukemia rates were observed in job titles that involved higher exposures to

magnetic fields (Johansen et al., 2007). As described above, the updated meta-analysis by

21 No specific conclusions were provided by the WHO with regard to lymphoma.
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Kheifets et al. (2008) reported a weak association between estimated occupational magnetic
field exposure and leukemia, but the authors felt that the data was not indicative of a true

association.

Lowenthal et al. (2007) grouped cases in five diagnostic categories as lymphoproliferative
disorders (LPD) (including acute lymphoblastic leukemia [ALL]) and cases in three diagnostic
categories (including acute myeloid leukemia [AML] and other leukemias) as
myeloproliferative disorders (MPD). These groups included both adults and children of all
ages. The authors estimated exposure by obtaining a lifetime residential history and assessing
distance of residences from 88-kV, 110-kV, and 220-kV power lines. They reported elevated,
but not statistically significant, ORs for those who lived within 50 m of any of these power
lines, and an indication of decreasing ORs with increasing distance. This study adds very little
to the existing database of information on adult leukemia and residential exposure, however,
because of fundamental limitations. For example, different cancer types were combined as were
different ages of diagnosis. It is well known that cancer etiology varies by cancer type, cancer

subtype, and diagnostic age.?

Very little is known about the etiology of Non-Hodgkin lymphoma (NHL), and few studies have
been conducted in relation to magnetic field exposure. In one of the first studies to estimate
cumulative occupational magnetic field exposure among NHL cases, Karipidis et al. (2007b)
reported a statistically significant association between NHL and the highest category of
exposure (OR=1.59, 95% CI1=1.07-2.36). Overall, the study was well conducted, with its most
significant limitation being the possibility of uncontrolled confounding. In another case-control
study of NHL, Wong et al. (2010) identified 649 cases from a hospital in Shanghai. Among
numerous questions in the interview, cases and controls were asked whether they had ever lived
within 100 m of a high-voltage power line. Results showed no association (i.e., no differences
in residential history between cases and controls), but the strength of the study is limited by the
use of distance as a proxy for exposure. Of note, the cohort of railway workers in Switzerland
did not report an increase in NHL deaths among the more highly exposed workers (R66sli et al,

2007a). Further research in this area is required.

%2 The recent meta-analysis by Kheifets et al. (2010) implies that data are available from Lowenthal et al. (2007)
for childhood leukemia as a separate diagnostic category. This information is not publicly accessible, however.
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The recent literature also includes a novel study examining whether there are differences in the
activity of the natural killer (NK) cell, a cytotoxic immune cell which attacks tumor cells and
cells infected with viruses, among persons occupationally exposed to magnetic fields (Gobba et
al., 2008). Higher measured magnetic field levels (i.e., >10 mG) during three complete work
shifts were associated with reduced NK activity. Future studies are required to replicate this
finding and understand the potential significance of NK activity in cancer.

A number of studies of adult leukemia have attempted to clarify inconsistencies by updating
studies and meta-analyzing data (Johansen et al., 2007; Kheifets et al., 2008; Ro6sli et al,
2007a); however, despite these advancements, no clear or statistically significant association has
been observed. While an association still cannot be entirely ruled out because of the remaining
deficiencies in exposure assessment methods, the current database of studies provides weak
evidence of an association between magnetic fields and leukemia. Preliminary results related to

NHL have been published and require further investigation.

Table 5. Relevant studies of adult leukemia/lymphoma published after the WHO review

Authors Year Study

Gobba et al. 2008 Extremely low frequency-magnetic fields (ELF-EMF) occupational exposure and
natural killer activity in peripheral blood lymphocytes

Johansen et al. 2007 Risk for leukaemia and brain and breast cancer among Danish utility workers: A
second follow-up

Occupational exposure to power frequency magnetic fields and risk of non-Hodgkin

Karipidis et al. 2007b |
ymphoma

Kheifets et al. 2008 Occupational electromagnetic fields and leukemia and brain cancer: An update to
two meta-analyses

Lowenthal et al. 2007 Residential exposure to electric power transmission lines and risk of
lymphoproliferative and myeloproliferative disorders: a case-control study

ROOsli et al. 2007a Leukaemia, brain tumours and exposure to extremely low frequency magnetic fields:
cohort study of Swiss railway employees
A hospital-based case-control study of non-Hodgkin lymphoid neoplasms in

Wong et al. 2010

Shanghai: Analysis of personal characteristics, lifestyle, and environmental risk
factors by subtypes of the WHO classification

In vivo studies of carcinogenesis

What was previously known about in vivo studies of carcinogenesis and what did the
WHO review conclude?

It is standard procedure to conduct studies on laboratory animals to determine whether exposure

to a specific agent leads to the development of cancer (USEPA, 2005). This approach is used
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because all known human carcinogens cause cancer in laboratory animals. In the field of ELF
EMF research, a number of research laboratories have exposed rodents, including those with a
particular genetic susceptibility to cancer, to high levels of magnetic fields over the course of
the animals’ lifetime and performed tissue evaluations to assess the incidence of cancer in many
organs. In these studies, magnetic field exposure has been administered alone (to test for the
ability of magnetic fields to act as a complete carcinogen), in combination with a known
carcinogen (to test for a promotional or co-carcinogenetic effect), or in combination with a

known carcinogen and a known promoter (to test for a co-promotional effect).

The WHO review described four large-scale, long-term studies of rodents exposed to magnetic
fields over the course of their lifetime that did not report increases in any type of cancer
(Mandeville et al., 1997; Yasui et al., 1997; Boorman et al., 1999a, 1999b; McCormick et al.,
1999). No directly relevant animal model for childhood ALL existed at the time of the WHO
report. Some animals, however, develop a type of lymphoma similar to childhood ALL and
studies exposing predisposed transgenic mice to ELF magnetic fields did not report an increased
incidence of lymphoma (Harris et al., 1998; McCormick et al., 1998; Sommer and Lerchel,
2004).

Studies investigating whether exposure to magnetic fields can promote cancer or act as a co-
carcinogen used known cancer-causing agents, such as ionizing radiation, ultraviolet radiation,
or other chemicals. No effects were observed for studies on chemically-induced preneoplastic
liver lesions, leukemia or lymphoma, skin tumors, or brain tumors; however, the incidence of
7,12-dimethylbenz[a]anthracene (DMBA)-induced mammary tumors was increased with
magnetic field exposure in a series of experiments in Germany (Ldscher et al., 1993, 1994,
1997; Baum et al., 1995; Loscher and Mevissen, 1995; Mevissen et al., 1993a,1993b, 19964,
1996b, 1998), suggesting that magnetic field exposure increased the proliferation of mammary
tumor cells. These results were not replicated in a subsequent series of experiments in a
laboratory in the United States (Anderson et al., 1999; Boorman et al.1999a, 1999b), possibly
due to differences in experimental protocol and the species strain. In Fedrowitz et al. (2004),

exposure enhanced mammary tumor development in one sub-strain (Fischer 344 rats), but not in
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another sub-strain that was obtained from the same breeder, which argues against a promotional
effect of magnetic fields.”®

Some studies have reported an increase in genotoxic effects among exposed animals (e.g., DNA
strand breaks in the brains of mice [Lai and Singh, 2004]), although the results have not been

replicated.

In summary, the WHO concluded the following with respect to in vivo research: “There is no
evidence that ELF exposure alone causes tumours. The evidence that ELF field exposure can
enhance tumour development in combination with carcinogens is inadequate” (p. 322, WHO
2007a). Recommendations for future research included the development of a rodent model for
childhood ALL and the continued investigation of whether magnetic fields can act as a promoter

or co-carcinogen.
What relevant studies have been published since the WHO review?

In view of the available evidence that exposure to magnetic fields alone does not increase the
occurrence of cancer, the literature published following the WHO review includes numerous in
vivo studies testing different hypotheses of cancer promotion, including effects on brain cancer
(Chung et al., 2008), breast cancer (Fedrowitz and Loscher, 2008), and lymphoma or leukemia
(Bernard et al., 2008; Negishi et al., 2008), as referenced below. Studies of genotoxicity and
oxidative damage in vivo have also been published since 2006, but these studies are just
conceptually linked to carcinogenicity; this summary focuses on studies of tumor progression
since these studies are the most relevant. In each of these studies, the animals were treated first
with chemicals known to initiate the cancer process. Initiated animals are more likely to
develop cancer, and a subsequent exposure, known as a promoter, is often needed for an
initiated cell to reproduce into many cancer cells. Several studies treated the animals with the
initiators ethylnitrosourea (ENU) (Chung et al., 2008), n-butylnitrosourea (BNU) (Bernard et
al., 2008), and DMBA (Fedrowitz and Léscher, 2008; Negishi et al., 2008). An additional study

%2 The WHO concluded with respect to the German studies of mammary carcinogenesis, “Inconsistent results were
obtained that may be due in whole or in part to differences in experimental protocols, such as the use of specific
substrains” (p. 321, WHO 2007a).
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by Sommer and Lerchel (2006) tested whether magnetic fields alone increased the incidence of

lymphoma in mice virally predisposed to lymphoblastic lymphoma.

Chung et al. (2008) examined the possible role of 60-Hz magnetic fields in promoting brain
tumors initiated by ENU injections in utero; the authors concluded that there was no evidence
that exposure to 60-Hz magnetic fields up to 5,000 mG promoted tumor development in this

study.

Fedrowitz and Léscher (2008) is the most recent study from the German laboratory that
previously reported increases in DMBA-induced mammary tumors with high magnetic field
exposure. In this recent study, the researchers exposed DMBA-treated Fischer 344 rats (the
strain of inbred rats used in previous experiments) to either high levels of magnetic fields (1,000
mG) or no exposure for 26 weeks and reported that the incidence of mammary tumors was
significantly elevated in the group exposed to magnetic fields (Fedrowitz and Léscher, 2008).
No independent replication of this experiment has yet occurred and questions still remain about

the effect of experimental protocol and species strain.

Sommer and Lerchl (2006) is a follow-up to an earlier study (Sommer and Lerchl, 2004) that
reported no increases in lymphoma among predisposed animals chronically exposed to magnetic
fields (up to 1,000 mG for 24 hours per day for 32 weeks). Sommer and Lerchl (2006)
increased magnetic field exposure to 10,000 mG and exposed some of the animals only during
the night to test the hypothesis that nighttime exposure may have a stronger effect than
continuous exposure. Magnetic fields did not influence body weight, time to tumor, cancer
incidence, or survival time in this study. In another study of lymphatic system cancers,
researchers treated newborn mice with DMBA and magnetic fields up to 3,500 mG (Negishi et
al., 2008). The authors reported that the percentage of mice with lymphoma or lymphatic

leukemia was not higher in magnetic field-exposed groups, compared to the sham-exposed

group.

In another study of lymphoid leukemia, Chung et al (2010) evaluated the effect of magnetic
fields on AKR mice, which are genetically predisposed to thymic lymphoblastic lymphoma.
Exposures ranged from 50-500 mG for 21 hours per day for 40 weeks, and cancer incidence was

compared with a sham-exposed control group. Potential confounding variables (such as
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temperature, humidity, and magnetic-field variations) were monitored daily. The experiment
was performed blind to ensure that biases were not introduced by investigator knowledge of
exposure conditions. Magnetic-field exposures were not associated with changes in body
weight, survival time, or the incidence of lymphoma compared to sham-treated controls.
Exposure also did not affect components of the blood, micronuclei formation, or gene
expression in the thymus.

A study by Bernard et al. (2008) provides a significant development, in that it is the first study
to use an animal model of ALL, the most common leukemia type in children. All rats were
exposed to BNU to initiate the leukemogenic process, and a sub-group of rats was exposed to
magnetic fields of 1,000 mG for 18 hours per day for 52 weeks. No difference in leukemia
incidence was observed between the BNU-treated group exposed to magnetic fields and the
BNU-treated unexposed group. This study supports the hypothesis that magnetic fields do not
affect the development of ALL and provides additional support to the conclusion that
experimental data is not supportive for a role of magnetic fields in the incidence of childhood
leukemia. The researchers followed guidelines for the experimentation and care of laboratory
animals and conducted the analyses blind to the treatment group. Experience with this strain of
rat is limited, however, so it is unclear whether the results are more or less reliable than other

animal models; replication is required.

Thus, aside from the most recent replication of enhanced mammary carcinogenesis in a specific
sub-strain of rats in a German laboratory, recent studies provide further evidence against a role
for magnetic fields as a co-carcinogen. These studies strengthen the conclusion that there is
inadequate evidence of carcinogenicity from in vivo research, although independent
confirmation of the German results is of high priority.
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Table 6. Relevant in vivo studies of carcinogenesis published after the WHO review

Authors Year Study

Bernard et al. 2008 Assessmg the potgntlal Leukemogenic effects of 50 Hz and their harmonics using
an animal leukemia model

Chung et al. 2008 Lf’iCk of a co'-promotlon effect c_)f 60 Hz r(_)tatlng magnetic fields on n-ethyl-n-
nitrosourea induced neurogenic tumors in F344 rats

Chung et al. 2010 L_ack ofa co-promotion effect c_)f 60 Hz rotating magnetic fields on N-ethyl-N-
nitrosourea induced neurogenic tumors in F344 rats

Fedrowitz and Exposure of Fischer 344 rats to a weak power frequency magnetic field facilitates

- 2008 . L

Loscher mammary tumorigenesis in the DMBA model of breast cancer
Lack of promotion effects of 50 Hz magnetic fields on 7,12-

Negishi et al. 2008 dimethylbenz(a)anthracene-induced malignant lymphoma/lymphatic leukemia in
mice

Sommer and Lerchl 2006 50 Hz magnetic fields of 1 mT do not promote lymphoma development in AKR/J

mice

In vitro studies of carcinogenesis

What did the WHO and other scientific panels conclude with respect to in vitro studies of
carcinogenesis?

In vitro studies are widely used to investigate the mechanisms for effects that are observed in
humans and animals. The relative value of in vitro tests to human health risk assessment,
however, is much less than that of in vivo and epidemiology studies. Responses of cells and
tissues outside the body may not always reflect the response of those same cells if maintained in

a living system, so the relevance of in vitro studies cannot be assumed (IARC, 1992).

The IARC and other scientific review panels that systematically evaluated in vitro studies
concluded that there is no clear evidence indicating how ELF magnetic fields could adversely
affect biological processes in cells (IARC, 2002; ICNIRP, 2003; NRPB, 2004). The WHO
panel reviewed the in vitro research published since the time of these reviews and reached the
same conclusion. The WHO noted that previous studies have not indicated a genotoxic effect of
ELF magnetic fields on mammalian cells, however a series of experiments reported DNA
damage in human fibroblasts exposed intermittently to 50 Hz magnetic fields (Ivancsits et al.,
2002a, 2002b; Ivancsits et al., 2003a, 2003b). These findings have not been replicated by other
laboratories (Scarfi et al., 2005), and the WHO recommended continued research in this area.
Recently, investigators reported that they were unable to confirm any evidence for damage to
DNA in cells exposed to magnetic fields over a range of exposures from 50 to 10,000 mG

(Burdak-Rothkamm et al., 2009). Research in the field of in vitro genotoxicity of magnetic
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fields combined with known DNA-damaging agents is also recommended, following suggestive
findings from several laboratories. As noted by the SSI, however, the levels at which these
effects were observed are much higher than the levels to which we are exposed in our everyday
environments and are, therefore, not directly relevant to questions about low-level, chronic
exposures (SSI, 2007). In vitro studies investigating other possible mechanisms, including gene
activation, cell proliferation, apoptosis, calcium signaling, intercellular communication, heat
shock protein expression, and malignant transformation have produced “inconsistent and
inconclusive” results, according to the WHO (p. 347, WHO, 2007a).

Reproductive and developmental effects

What was previously known about reproductive and developmental effects and what did
the WHO review conclude?

Two studies received considerable attention because of a reported association between peak
magnetic field exposure greater than approximately 16 mG and miscarriage: a prospective
cohort study of women in early pregnancy (Li et al., 2002) and a nested case-control study of

women who miscarried compared to their late-pregnancy counterparts (Lee et al., 2002).

These two studies improved on the existing body of literature because average exposure was
assessed using 24-hour personal magnetic field measurements (early studies on miscarriage
were limited because they used surrogate measures of exposure, including visual display
terminal use, electric blanket use, or wire code data). Following the publication of these two
studies, however, a hypothesis was put forth that the observed association may be the result of
behavioral differences between women with “healthy” pregnancies that went to term (less
physically active) and women who miscarried (more physically active) (Savitz, 2002). It was
proposed that physical activity is associated with an increased opportunity for peak magnetic
field exposures, and the nausea experienced in early, healthy pregnancies and the
cumbersomeness of late, healthy pregnancies would reduce physical activity levels, thereby
decreasing the opportunity for exposure to peak magnetic fields. Furthermore, nearly half of the
miscarriages reported in the cohort by Li et al. had magnetic field measurements taken after
miscarriage occurred, when changes in physical activity may have already occurred, and all

measurements in Lee et al. occurred post-miscarriage.
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The scientific panels that have considered these two studies concluded that the possibility of this
bias precludes making any conclusions about the effect of magnetic fields on miscarriage
(NRPB, 2004; FPTRPC, 2005; WHO, 2007a). The WHO concluded, “There is some evidence
for increased risk of miscarriage associated with measured maternal magnetic field exposure,
but this evidence is inadequate” (p. 254, WHO 2007a). The WHO stated that, given the
potentially high public health impact of such an association, further epidemiologic research is

recommended.

What relevant studies have been published since the WHO review?

No new original studies on magnetic field exposure and miscarriage have been conducted,
however, recent methodological studies evaluated the likelihood that the observed association
was due to bias. Epidemiologic and in vivo studies of ELF EMF and reproductive and

developmental effects are summarized in Table 7.

It is not possible to directly “test” for the effects of this bias in the original studies, but two
recent analyses examined whether reduced physical activity was associated with a lower
probability of encountering peak magnetic fields (Mezei et al., 2006; Savitz et al., 2006). Ina 7-
day study of personal magnetic field measurements in 100 pregnant women, Savitz et al. (2006)
reported that active pregnant women were more likely to encounter peak magnetic fields. In
addition, an analysis by Mezei et al. (2006) of pre-existing databases of magnetic field
measurements among pregnant and non-pregnant women found that increased activity levels
were associated with peak magnetic fields. These findings are broadly supportive of the
hypothesis that reduced activity among women in early pregnancies because of nausea and in
later pregnancies because of cumbersomeness may explain the observed association between
peak magnetic fields and miscarriage. As noted in a recent commentary on this issue, however,
the possibility that there is a relationship between peak magnetic field exposure and miscarriage
still cannot be excluded and further research that accounts for this possible bias should be
conducted (Neutra and Li, 2008; Mezei et al., 2006). There remains no biological basis,
however, to indicate that magnetic field exposure increases the risk of miscarriage (WHO,
2007a).
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Two additional studies were published related to developmental outcomes and growth. Fadel et
al. (2006) conducted a cross-sectional study in Egypt of 390 children 0-12 years of age living in
an area within 50 m of an electrical power line and 390 children 0-12 years of age living in a
region with no power lines in close proximity. Measurements were taken as proxies of growth
retardation, and radiological assessments were performed on carpal bones. The authors reported
that children living in the region near power lines had a statistically significant lower weight at
birth and a reduced head and chest circumference and height at all ages. The authors concluded
that “exposure to low frequency electromagnetic fields emerged [sic] from high voltage electric
power lines increases the incidence of growth retardation among children” (p. 211). This
conclusion, however, fails to adequately take into account the many limitations of their cross-
sectional analysis (namely, inadequate control for the possible confounding effects of nutritional
and SES status) and the pre-existing body of literature, which does not support such an
association (WHO, 2007a). Public health statistics indicate that detrimental birth outcomes,
including pre-term birth, low birth weight, or small for gestational age, occur more frequently in
populations of lower SES (HHS, 2004); thus, analyses of adverse birth outcomes should be

adjusted for these factors.

Auger et al. (2010) studied whether maternal residence near transmission lines was associated
with adverse birth outcomes, adjusting for socioeconomic factors, among all live births in
Montreal and Canada between 1990 and 2004. Maternal residential distances were measured
within 400 m of nearby transmission lines for over 700,000 live births, and the proportion of
adverse events was compared between mothers living >400 m and within 400 m, adjusting for
mother’s age, education, household income, and other potential confounding factors. The
analysis found no association with distances in 50 m increments for any of the outcomes: pre-
term birth, low birth weight, small for gestational age, or proportion of male births. The use of

distance as a surrogate of EMF exposure limits the value of this study.

Among recent in vivo reproductive studies of ELF EMF, seven examined effects on the female
reproductive system (Aksen et al., 2006; Roushanger and Soleimani Rad, 2007; Al-Akhras et
al., 2008; Anselmo et al., 2009; Aydin et al., 2009; De Bruyen and De Jager, 2010; Rajaei et al.,
2010). In most of these studies, the researchers did not clarify whether they incorporated

blinding to minimize bias and failed to indicate whether they used appropriate statistical
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analyses (e.g., use of the litter, rather than the pup, as the unit for analysis since littermates are
known to be more similar to each other than offspring derived from separate litters). Other
limitations included the use of animals with extremely deficient diets and the use of only one
magnetic field level so that dose-response could not be assessed. Although some of the studies
reported biological changes, none of the studies reported strong evidence of adverse

reproductive outcomes.

Studies of reproductive effects on males were conducted across a broad range of exposures and
duration and also suffered from flaws that affect validity; most failed to report methods to
ensure blinding, and some used short-term exposures to extremely high fields (Al-Akhras et al.,
2006; Mostafa et al., 2006; Farkhad et al., 2007; Khaki et al., 2008; Kim et al., 2009; Bernabo et
al., 2010). De Bruyn and de Jager (2010) reported decreases in sperm motility that do not

translate to functional decrements in reproductive capacity.

Studies also were conducted of exposure during pregnancy (Anselmo et al., 2006, 2008; Okudan
et al., 2006; Yao et al., 2007; Dundar et al., 2009; De Bruyn and De Jager, 2010). The studies
entailed high and short-term exposures and had specific and narrows goals, e.g., evaluating
changes in the eye or bone. Of note, De Bruyn and De Jager (2010) continuously exposed mice
to a randomly varying 50-Hz magnetic field between 5mG and 770 mG from conception
through two generations of offspring in a double-blind study. Both the treated and sham-
exposed groups consisted of ten pairs of mice in each generation. No effects of exposure were
observed on mean gestational and generational days, mean litter size, or total number of
stillborn pups. Like the other studies, however, the authors did not indicate whether appropriate

statistical methods were used to control for potential litter effects.

Thus, the recent epidemiologic research does not provide sufficient evidence to alter the
conclusion that the evidence for reproductive or developmental effects is inadequate. Recent
studies of animals in vivo also do not provide evidence to change the conclusions expressed by
the WHO. Various deficiencies in the methods and reporting of these studies limit their use in

health risk assessment.
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Table 7. Relevant studies of reproductive and developmental effects published after the WHO

review
Authors Year Study

Aksen et al. 2006 Effect of 50-Hz 1-mT magnetic field on the uterus and ovaries of rats (electron
microscopy evaluation)

Al-Akhras et al. 2006 Influence of 50 Hz magnetic field on sex hormones and other fertility parameters of
adult male rats

Al-Akhras et al. 2008 Influence of 50 Hz magnetic field on sex hormones and body, uterine, and ovarian
weights of adult female rats

Anselmo et al. 2006 Influence of a 60 Hz, 3 microT, electromagnetic field on the reflex maturation of
Wistar rats offspring from mothers fed a regional basic diet during pregnancy

Anselmo et al. 2008 Influence of a 60 Hz, microT, electromagnetic field on the somatic maturation of
wistar rat offspring fed a regional basic diet during pregnancy

Anselmo et al. 2009 Effects of the electromagnetic field, 60 Hz, 3 microT, on the hormonal and metabolic
regulation of undernourished pregnant rats

Auger et al. 2010 The relationship between residential proximity to extremely low frequency power
transmission lines and adverse birth outcomes

Aydin et al. 2009 Evaluation of hormonal change, biochemical parameters, and histopathological
status of uterus in rats exposed to 50-Hz electromagnetic field

Bernabo et al. 2010 Extremely low frequency electromagnetic field exposure affects fertilization outcome
in swine animal model

De Bruyen and De 2010 Effect of long-term exposure to a randomly varied 50 Hz power frequency magnetic

Jager field on the fertility of the mouse

Dundar et al. 2009 The effect of the prenatal and post-natal long-term exposure to 50 Hz electric field
on growth, pubertal development and IGF-1 levels in female Wistar rats

Fadel et al. 2006 Growth assessment of children exposed to low frequency electromagnetic fields at
the Abu Sultan area in Ismailia (Egypt)

Farkhad et al. 2007 Effects of extremely low frequency electromagnetic field on testes in guinea pig

Khaki et al. 2008 The effects of electromagnetic field on the microstructure of seminal vesicles in rat:
a light and transmission electron microscope study

Kim et al. 2009 Effects of 60 Hz 14 uT magnetic field on the apoptosis of testicular germ cell in mice

Mezei et al. 2006 Analyses of magnetic-field peak-exposure summary measures

Mostafa et al 2006 Sex hormone status in male rats after exposure to 50 Hz, mT magnetic field

Neutra and Li 2008 Letter to the Editor — Magnetic fields and miscarriage: A commentary on Mezei et
al., JESEE 2006

Okudan et al. 2006 DEXA analysis on the bones of rats exposed in utero and neonatally to static and 50
Hz electric fields

Rajei et al. 2010 Effects of extremely low-frequency electromagnetic field on fertility and heights of
epithelial cells in pre-implantation stage, endometrium and fallopian tube in mice

Roushanger and 2007 Ultrastructural alterations an occurrence of apoptosis in developing follicles exposed

Soleimani Rad to low frequency electromagnetic field in rat ovary

Savitz et al. 2006 Physical activity and magnetic field exposure in pregnancy

Yao et al. 2007 Absence of effect of power-frequency magnetic fields on exposure on mouse

embryonic lens development
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Neurodegenerative disease

What was previously known about neurodegenerative disease and what did the WHO
review conclude?

Research into the possible effect of magnetic fields on the development of neurodegenerative
diseases began in 1995, and the majority of research since then has focused on Alzheimer’s
disease and a specific type of motor neuron disease called amyotrophic lateral sclerosis (ALS),
which is also known as Lou Gehrig’s disease. The inconsistency of early Alzheimer’s disease
studies prompted the NRPB to conclude that there is “only weak evidence to suggest that it
[ELF magnetic fields] could cause Alzheimer’s disease” (p. 20, NRPB, 2001). Early studies on
ALS, which had no obvious biases and were well conducted, reported an association between
ALS mortality and estimated occupational magnetic field exposure. The review panels,
however, were hesitant to conclude that the associations provided strong support for a causal
relationship. Rather, they felt that an alternative explanation (i.e., electric shocks received at
work) may be the source of the observed association.

The majority of the more recent studies discussed by the WHO reported statistically significant
associations between occupational magnetic field exposure and mortality from Alzheimer’s
disease and ALS, although the design and methods of these studies were relatively weak (e.g.,
disease status was based on death certificate data, exposure was based on incomplete
occupational information from census data, and there was no control for confounding factors).
Furthermore, there was no biological data to support an association between magnetic fields and
neurodegenerative diseases. The WHO panel concluded that there is “inadequate” data in
support of an association between magnetic fields and Alzheimer’s disease or ALS.?* The panel
recommended more research in this area using better methods; in particular, studies that
enrolled incident Alzheimer’s disease cases (rather than ascertaining cases from death

certificates) and studies that estimated electrical shock history in ALS cases were recommended.

2 After considering the entire body of literature and its limitations, the WHO report concluded, “When evaluated
across all the studies, there is only very limited evidence of an association between estimated ELF exposure and
[Alzheimer’s] disease risk” (p. 194, WHO 2007a).
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What relevant studies have been published since the WHO review?

Six studies have been published since the WHO review. Two occupational cohorts were
followed for neurodegenerative diseases—approximately 20,000 railroad workers in
Switzerland (R66sli et al., 2007b) and over 80,000 electrical and generation workers in the
United Kingdom (Sorahan and Kheifets, 2007). Two case-control studies collected incident
cases of Alzheimer’s disease and estimated occupational magnetic field exposure (Davanipour
et al., 2007; Seidler et al., 2007), and a meta-analysis was conducted of occupational magnetic
field exposure and Alzheimer’s disease studies (Garcia et al., 2008). The first study of non-
occupational exposure followed the Swiss population to evaluate associations with residential
distance to power lines and death due to neurodegenerative diseases (Huss et al., 2009).

Garcia et al. (2008) identified 14 epidemiologic studies with information on Alzheimer’s disease
and occupational EMF exposure; the WHO considered the majority of these studies in their
2007 review. A statistically significant association between Alzheimer’s disease and
occupational EMF exposure was observed for both case-control and cohort studies (OR =2.03,
95% CI=1.38-3.00 and RR =1.62, 95% CI1=1.16-2.27, respectively), although the results from
the individual studies were so different that the authors cautioned against the validity of these
combined results. While some subgroup analyses had statistically significant increased risks
and were not significantly heterogeneous between studies, the findings were contradictory
between study design types (e.g., elevated pooled risk estimates were reported for men in cohort
studies and elevated pooled risk estimates were reported for women in case-control studies).
The authors concluded that their results suggest an association between Alzheimer’s disease and
occupational magnetic field exposure, but noted the numerous limitations associated with these
studies, including the difficulty of assessing EMF exposure during the appropriate time period,
case ascertainment issues due to diagnostic difficulties, and differences in control selection.

They recommended further research that uses more advanced methods.

An earlier publication by the same group of investigators documented the relatively poor quality
of the studies included in the meta-analysis. Santibafiez et al. (2007) evaluated studies related to
occupational exposure and Alzheimer’s disease, which included seven of the studies in the

Garcia et al. meta-analysis. Two epidemiologists blindly evaluated each of these studies using a
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questionnaire to assess the possibility of a number of biases, with a score assigned to each study
that represented the percentage of possible points that the study obtained (range 0-100%). Only
one of the seven studies obtained a score above 50% (a retrospective cohort study by Savitz et

al. in 1998), and disease and exposure misclassifications were the most prevalent biases.

Davanipour et al. (2007) extended an earlier hypothesis-generating study by Sobel et al. (1996)
by collecting cases from eight California Alzheimer’s Disease Diagnostic and Treatment
Centers. Self-reported primary occupation was collected from patients with verified diagnoses
of Alzheimer’s disease and compared to occupational information collected from persons
diagnosed with other dementia-related problems at the Centers. The results of this study were
consistent with the previous studies by Sobel et al.; cases were approximately twice as likely to
be classified as having medium/high magnetic field exposures, compared with controls. The
strengths of this study included its large size and self-reported occupational information. The
main limitation of this study was that the exposure assessment only considered a person’s
primary occupation, classified as low, medium, or high magnetic field exposure. The WHO
noted limitations of the 1996 publication that are relevant to this publication as well, including
the use of controls with dementia (which some studies report have an increased risk of
Alzheimer’s disease) and the classification of seamstresses, dressmakers, and tailors as “high

exposure” occupations, which drives the increase in risk.

Seidler et al. (2007) conducted a similar case-control study in Germany, except cases included
all types of dementia (55% of which had Alzheimer’s disease). Cumulative magnetic field
exposure was estimated from occupational histories taken from proxy respondents, and no
difference was reported between cases of dementia or probable Alzheimer’s disease and
controls, although an association was reported among electrical and electronics workers. The
authors reported that exposure misclassification was likely to be a significant problem and
concluded that their results indicate a strong effect of low-dose EMF is “rather improbable” (p.
114).

Sorahan and Kheifets (2007) followed a cohort of approximately 84,000 electrical and
generation workers in the United Kingdom for deaths attributed to neurodegenerative disease on

death certificates. Cumulative magnetic field exposure was calculated for each worker, using
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job and facility information. The authors reported that the cohort did not have a significantly
greater number of deaths due to Alzheimer’s disease or motor neuron disease compared to the
general population in the United Kingdom. They also reported that persons with higher
estimated magnetic field exposures did not have a consistent excess of death due to Alzheimer’s
disease or motor neuron disease compared to persons with lower estimated magnetic field
exposure. A statistically significant excess of deaths due to Parkinson’s disease was observed in
the cohort, although there was no association between calculated magnetic field exposure and
Parkinson’s disease. The authors concluded “our results provide no convincing evidence for an
association between occupational exposure to magnetic fields and neurodegenerative disease”
(p. 14). This result is consistent with two other Alzheimer’s mortality follow-up studies of
electric utility workers in the United States (Savitz et al., 1998) and Denmark (Johansen and
Olsen, 1998). The findings may be limited by the use of death certificate data, but are
strengthened by the detailed exposure assessment.

Death from several neurodegenerative conditions was also evaluated in the cohort of more than
20,000 Swiss railway workers described above (Ro6sli et al., 2007b). Magnetic field exposure
was characterized by specific job titles as recorded in employment records; stationmasters were
considered to be in the lowest exposure category and were, therefore, used as the reference
group. Train drivers were considered to have the highest exposure, and shunting yard engineers
and train attendants were considered to have exposure intermediate to stationmasters and train
drivers. Cumulative magnetic field exposure was also estimated for each occupation using on-
site measurements and modeling of past exposures. The authors reported an excess of senile
dementia disease among train drivers, compared to station masters, however, the difference was
not statistically significant. The association was larger when restricted to Alzheimer’s disease,
but was still not statistically significant (hazard ratio [HR]=3.15, 95% CI1=0.90-11.04); an
association was observed between cumulative magnetic field exposure and Alzheimer’s
disease/senile dementia. No elevation in mortality was reported for multiple sclerosis,
Parkinson’s disease, or ALS among train drivers, shunting yard engineers, or train attendants,
compared with stationmasters, nor were more deaths from these causes observed for higher
estimated magnetic field exposures. Similar to another recent Swedish study (Feychting et al.,
2003), the authors reported that recent exposure was more strongly associated with Alzheimer’s
disease than past exposure.
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There are several strengths of this study relative to the existing body of data. First, there is little
turnover among Swiss railway employees, which means that study participants are enrolled in
the cohort and possibly exposed for long periods of time. The wide variation in exposure levels
between different occupations in the same industry allows for comparison of similar workers
with different levels of exposure. Another advantage is that the company kept detailed registers
of employees, which means there is less potential for bias in the enumeration of the cohort and
reconstruction of exposures. Finally, the authors reported that exposures to chemicals or electric
shocks, which often occur in other occupational settings (for example, in electric utility workers

or welders), are rare in this occupation.

Another cohort study conducted in Switzerland linked all persons older than 30 years of age at
the 2000 census with a national database of death certificates from 2000 through 2005 (Huss et
al., 2009). Residential location was also extracted from 1990 and 2000 census data and the
closest distance of a person’s home in 2000 to nearby 220-380 kV transmission lines was
calculated. The authors reported that persons living within 50 m of these high-voltage
transmission lines were more likely to have died from Alzheimer’s disease, compared to those
living farther than 600 m, although chance could not be ruled out as an explanation (HR=1.24,
95% CI=0.80-1.92). The association was stronger for persons that lived at the residence for at
least 15 years (HR=2.00, 95% CI=1.21-3.33). Associations of similar magnitude were reported
for senile dementia and residence within 50 m of a high-voltage line. No associations were
reported beyond 50 m for Alzheimer’s disease or senile dementia, and no associations were

reported at any distance for Parkinson’s disease, ALS, or multiple sclerosis.

The study’s main limitation is the use of residential distance from transmission lines as a proxy
for magnetic-field exposure (Maslanyj et al., 2009). It is also limited by the use of death
certificate data, which are known to under-report Alzheimer’s disease, and the lack of a full
residential and occupational history. Furthermore, while the underlying cohort was very large,
relatively few cases of Alzheimer’s disease lived within 50 m of a high-voltage transmission
line—20 cases total and 15 cases who lived at the residence for at least 15 years. This means

that misclassification of a small number of cases could have a large impact on the risk estimate.
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Another recent study used Sweden’s large twin registry to assess whether occupational exposure
to EMF was associated with dementia or Alzheimer’s disease (Andel et al., 2010). Twins over
the age of 65 were interviewed by phone to screen for possible dementia, and cases were
identified for further evaluation to determine whether they had dementia or Alzheimer’s disease
(cases); study subjects without either diagnosis were considered the control group. Study
subjects or their proxies were asked to identify their major lifetime occupation, which was
linked with a job-exposure matrix to categorize EMF exposure into three, broad categories. In
the overall twin population, EMF exposure was not associated with either dementia or
Alzheimer’s disease. An association with EMF was observed for those employed in manual
labor and for those with early onset dementia (< 75 years at diagnosis), but not Alzheimer’s
disease. This study’s strength is the recruitment of living cases; however, small numbers

limited the subgroup analyses and robust associations were not found.

In summary, two cohort studies of the Swiss population of relatively high quality were followed
for death due to neurodegenerative disease. Ro0sli et al. (2007b) reported an association
between Alzheimer’s disease or senile dementia and occupational magnetic-field exposure,
while Huss et al. (2009) reported an association between Alzheimer’s disease or senile dementia
and living within 50 m of a high-voltage transmission line for at least 15 years. Neither study
reported an association with any other neurodegenerative disease, including ALS. A cohort of
utility workers, however, did not confirm an association with Alzheimer’s disease mortality and
magnetic field exposure. The meta-analysis and supporting evaluation of study quality by
Garcia, Santibafez, and colleagues confirmed that the associations reported in previous
occupational studies are highly inconsistent and the studies have many limitations (Santibafiez
et al., 2007; Garcia et al., 2008).

The main limitations of these studies include the difficulty in diagnosing Alzheimer’s disease;
the difficulty of identifying a relevant exposure window given the long and nebulous course of
this disease; the difficulty of estimating magnetic field exposure prior to the appearance of the
disease; the under-reporting of Alzheimer’s disease on death certificates; crude exposure
evaluations that are often based on the recollection of occupational histories by friends and
family given the cognitive impairment of the study participants; and the lack of consideration of

both residential and occupational exposures or confounding variables.
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The recent epidemiologic studies do not alter the conclusion that there is inadequate data on

Alzheimer’s disease or ALS. While a good number of studies have been published since the

WHO review, little progress has been made on clarifying these associations. Further research is

still required, particularly on electrical occupations and ALS (Kheifets et al., 2008). There is

currently no body of in vivo research to suggest an effect and two studies reported no effect of

magnetic fields on ALS progression (Seyhan and Canseven, 2006; Poulletier de Gannes et al.,
2008). These conclusions are consistent with the recent review by the SCENIHR (SCENIHR,

2009).

Table 8. Relevant studies of neurodegenerative disease published after the WHO review

Authors Year Study
Andel et al 2010 Work-related exposure to extremely low-frequency magnetic fields and dementia:
' Results from the population-based study of dementia in Swedish twins
A case-control study of occupational magnetic field exposure and Alzheimer’s
Davanipour et al. 2007 disease: results from the California Alzheimer’s Disease Diagnosis and Treatment
Centers
Garcia, et al. 2008 Occupatlone_ll expo§ure to extreme_ly low frequency electric and magnetic fields and
Alzheimer disease: a meta-analysis
Huss, et al. 2009 ReS|_den_ce near power Ilnes_ and morta_llty from neurodegenerative diseases:
longitudinal study of the Swiss population
Poulletier de 2008 Amyotrophic lateral sclerosis (ALS) and extremely-low frequency (ELF) magnetic
Gannes et al. fields: a study in the SOD-1 transgenic mouse model
R Mortality from neurodegenerative disease and exposure to extremely low-frequency
Ro06sli, et al. 2007b ! e . ) . .
magnetic fields: 31 years of observations on Swiss railway employees
Santibafiez, et al. 2007 Occgpatlonal_ risk _facto_rs in AIz_helmer s disease: a review assessing the quality of
published epidemiological studies
Seidler et al. 2007 Occupational exposure to low frequency magnetic fields and dementia: a case-
control study
Seyhan and 2006 In vivo effects of ELF MF_s on collagen synthe_3|s, free radical processes, natural
C antioxidant system, respiratory burst system, immune system activities, and
anseven X . . L
electrolytes in the skin, plasma, spleen, lung, kidney, and brain tissues
Mortality from Alzheimer's, motor neurone and Parkinson's disease in relation to
Sorahan and 2007

Kheifets

magnetic field exposure: findings from the study of UK electricity generation and
transmission workers, 1973-2004
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3  Other Areas of Research

Pacemakers and implanted cardiac devices

The sensing system of pacemakers and other implanted cardiac devices (ICD) is designed to be
responsive to the heart’s electrical signal. For this reason, other electrical signals potentially can
interfere with the normal functioning of pacemakers and ICDs, a phenomenon called
electromagnetic interference (EMI). Most sources of EMF are too weak to affect a pacemaker
or ICD; however, EMF from certain sources, e.g., some appliances and industrial equipment,
may cause interference. This section considers potential EMI with implanted cardiac devices

such as pacemakers and defibrillators.

In the presence of electromagnetic fields, pacemakers and ICDs can respond in different ways,
defined as modes. The probability of interference occurring and the mode of the response
depend on the strength of the interference signal, the patient’s orientation in the electromagnetic
field, the exact location of the device, and the variable parameters of the device that are specific

to a patient.

There are a number of experimental studies dating back to the 1990s that were conducted to
assess whether interference may occur when currents are induced in the patient’s body by
electric or magnetic fields (e.g., Toivonen et al., 1991; Astridge et al., 1993; Scholten and Silny,
2001). In general, pacing abnormalities in these tests occurred at magnetic field levels that are
much higher than the levels a person would encounter on a daily basis. Electric fields did
produce interference at levels that can be produced by certain electrical sources, but most
pacemakers were not affected by high levels of electric fields (up to 20 kV/m) and did not
exhibit any pacing abnormalities. Unipolar (single lead) pacemakers tended to be more
sensitive to electric fields compared to bipolar (two lead) devices, which are designed

specifically to reduce the effects of EMI.

A recent study by Joosten et al. (2009) confirmed earlier work by Scholten and Silny (2001).
Both studies found that the performance of a pacemaker in the presence of external ELF electric

fields varied considerably based on anatomical and physiological conditions. The 15 study
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subjects in Joosten et al. experienced a variance of up to 200% when the interference voltage
was applied at the input of their cardiac pacemakers. This variance was due to individual,
personal factors such as state of respiration, systole and diastole of the heart, filling of the
stomach, and muscle activity. The authors’ analyses further suggested that for a 50-Hz electric
field to affect the function of the most sensitive unipolar pacemaker, the field levels would have
to be between 4.3 kV/m and 6.2 kV/m. Unipolar pacemakers are less and less common today;
the study authors found that in Germany, only 6% of the pacemakers in use have a unipolar

sensing system.

Suggested exposure levels have been determined by the American Conference of Governmental
Industrial Hygienists (ACGIH) and the Electric Power Research Institute (EPRI) to prevent
against pacemaker EMI. Both organizations suggest that exposures be kept below 1.5-2 k\V/m
for electric fields and the ACGIH recommends an exposure level not to exceed 1 G for magnetic
fields (ACGIH 2001, EPRI 2004). These recommendations are general in nature and do not
address that classes of pacemakers from some manufacturers are quite immune to interference
even at levels much greater than these recommended guidelines. Both the ACGIH and EPRI
recommend that patients consult their physicians and the respective pacemaker manufacturers

before following these organizations’ guidelines.

In addition, the Food and Drug Administration’s Center for Devices and Radiological Health
has issued guidelines for both the development of pacemakers and the design of new electrical
devices to minimize susceptibility to electrical interference from any source. Pacemakers are
designed to filter out electrical stimuli from sources other than the heart, e.g., the muscles of the
chest, currents encountered from touching household appliances, or currents induced by external
electric or magnetic fields. Used in both temporary and permanent pacemakers, these electrical
filters increase the pacemaker’s ability to distinguish extraneous signals from legitimate cardiac
signals (Toivonen et al., 1991). Furthermore, most circuitry of modern pacemakers is
encapsulated by titanium metal, which insulates the device by shielding the pacemaker’s pulse
generator from electric fields. Some pacemakers also may be programmed to pace the heart
automatically if interference from electric or magnetic fields is detected (fixed pacing mode).
This supports cardiac function and allows the subject to feel the pacing and move away from the

source.
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Due to recent design improvements, many pacemakers currently in use would not be susceptible
to low intensity electric fields. There remains a very small possibility that some pacemakers,
particularly those of older design and with single-lead electrodes, may sense potentials induced

on the electrodes and leads of the pacemaker and provide unnecessary stimulation to the heart.

In summary, interference from strong electric fields is theoretically possible under certain
circumstances. The likelihood of interference occurring is low, however, particularly with
respect to sources that produce low levels of electric fields and when modern devices are
implanted. It is recommended that concerned patients contact their doctors to discuss the make
and model of their implanted device, their clinical condition, and any lifestyle factors that put

them in close contact with strong electric or magnetic fields.

Flora

Electric currents are involved in cell to cell communication in plants (Framm and Lautner,
2007). For this reason, numerous laboratory and on-site studies over the past 35 years have
been conducted to assess the possible effects of exposure to ELF EMF from transmission lines
on flora—including agricultural crops, trees, and forest and woodland vegetation (e.g., Hodges
et al., 1975; Bankoske et al., 1976; McKee et al., 1978; Miller et al., 1979; Rogers et al., 1980;
Lee and Clark, 1981; Warren et al., 1981; Rogers et al., 1982; Greene 1983; Hilson et al., 1983;
Hodges and Mitchell, 1984; Brulfert et al., 1985; Parsch and Norman, 1986; Conti et al., 1989;
Krizaj and Valencic 1989; Ruzic et al., 1992; Reed et al., 1993; Smith et al., 1993; Mihai et al.,
1994; Davies 1996; Zapotosky et al., 1996). Researchers have found no adverse effects on plant
responses from exposure to EMF levels comparable to that produced by high-voltage
transmission lines, including seed germination, seedling emergence and growth, leaf area per
plant, flowering, seed production, longevity, and biomass production. The one confirmed
adverse effect was damage to the tops of trees growing under or within 40 feet of an
experimental transmission line operating at a voltage of 1,200 kV, attributable to corona-
induced damage to branch tips. The right-of-way (ROW) clearance on operational transmission
lines is typically a 100 to 200 foot clearance on each side of the line; this area would be cleared
of trees or the branches trimmed back sufficiently to prevent flashover and other interference.

This effect is not relevant to trees growing at greater distances from the ROW clearance area.

1003741.000 A0T1 0111 LEO2 52



January 2011

Experimental studies of plants have suggested that magnetic fields increased plant size and
weight for radish and barley but not mustard plants (Davies, 1996). Two more recent studies on
the possible effects of EMF on plants were performed by Huang and Wang (2008) and Costanzo
(2008). Huang and Wang evaluated the effects of magnetic fields induced on the early seed
germination of mung beans. The exposures from an inverter system were applied at six
different frequencies between 10 Hz and 60 Hz, producing magnetic-field levels from 6 mG to
20 mG. The authors found that magnetic-field exposure at frequencies of 20 and 60 Hz
enhanced early mung bean growth, while magnetic fields induced by 10, 30, 40, and 50 Hz
frequencies had an inhibitory effect on early mung bean growth. Costanzo (2008) performed a
similar study of soy beans exposed in vitro to 50-Hz electric fields at strengths of 1.3 kV/m and
2.5 kV/m (root mean square). The author found that this exposure increased soy bean growth in
length. In addition, this same study reported that direct current (DC) electric fields of the same

peak to peak value had no effect (Costanzo, 2008).

Thus, researchers have found no adverse effects on plant responses at the levels of EMF

produced by typical high- or low-voltage transmission lines.

Fauna

Since the 1970s, research has been conducted on the possible effect of EMF on wild and
domestic animals in response to concerns about the effects of high-voltage and ultra-high-
voltage transmission lines in the vicinity of farms and the natural habitat of wild animals.
National agencies and universities have conducted research on an assortment of fauna using a
variety of study designs including observational studies of animals in their natural habitats and
highly-controlled experimental studies. The research to date does not suggest that AC magnetic
or electric fields (or any other aspect of high-voltage transmission lines, such as audible noise)
result in adverse effects on the health, behavior, or productivity of fauna, including livestock
(e.g., dairy cows, sheep, and pigs) and a variety of other species (e.g., small mammals, deer, elk,
birds, and bees).
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Dairy Cattle and Deer

Burchard et al. (2007) is the most recent publication in a long-term series of controlled studies
conducted at McGill University (e.g., Rodriquez et al., 2002, 2003, 2004; Burchard et al., 2003;
2004) on the possible effects of strong and continuous EMF exposure on the health, behavior,
and productivity of dairy cattle. The broad goal of this research program was to assess whether
EMF exposure could mimic the effect of days with long periods of light and increase milk
production and feed intake through a hormonal pathway involving melatonin. In previous
studies, some differences were reported between EMF-exposed and unexposed cows; however,
they were not reported consistently between studies, the changes were still within the range of

what is considered normal, and it did not appear that the changes were adverse in nature.

The study by Burchard et al. in 2007 differed from previous studies in that the exposure was
restricted to magnetic fields; the outcomes evaluated included the hormones progesterone,
melatonin, prolactin, and insulin-like growth factor 1 (IGF-1), as well as feed consumption. No
significant differences in melatonin levels, progesterone levels, or feed intake were reported.
Significant decreases in prolactin and IGF-1 levels were reported. Thus, similar to the previous
studies by this group of investigators, Burchard et al. (2007) did not report findings that suggest
magnetic fields cause changes in the melatonin pathway that could result in effects on

reproduction or milk production.

The research does indicate that some species of animals are able to detect and orient to DC
magnetic fields at levels associated with the earth’s static geomagnetic field (~ 500 mG), and
this detection may be important for navigational purposes (in particular for species such as
birds). Based upon the characteristics of the major hypothesized detection mechanisms and
testing in some species, it seems unlikely that a weak 60-Hz magnetic field would be detected or

that it would perturb navigational functions.

Along these lines, two studies, both of which received considerable press attention, published
analyses of the orientation of cattle and deer using satellite images and field observations that
identify a possible geomagnetic component influencing the animals’ behavior. A report by

Begall et al. (2008) found that domestic cattle and red and roe deer tend to orient their bodies

pointing in a northerly direction. The authors’ hypothesize that this body orientation is related
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to the earth’s static geomagnetic field because in areas where the earth’s magnetic North Pole
can be distinguished more easily from the geographic North Pole’s high magnetic declination,
body orientation appeared to point more towards the magnetic north rather than the geographic
north. This northerly body orientation was not correlated with time of day or the position of the
sun, and although the authors speculated that the orientation of the animals was not influenced
by wind, no analyses were presented. Based on these limited and indirect data the authors

raised the possibility that these species can detect the earth’s geomagnetic field.

In the second study, Burda et al. (2009) also explored the possible magnetic basis for the
northerly orientation of cattle and deer by analyzing their behavior in the vicinity of high-
voltage power lines. They report that cattle within 150 m and deer within 50 m of high-voltage
power lines exhibit a random body orientation with respect to magnetic north. Some of the
effect might be attributed to the deflection of the geomagnetic field by steel towers close to the
line, but the authors did not test this possibility. Other analyses indicated that the orientation of
cattle differed around power lines running in an east-west or north-south direction, which
suggests that neither sun nor wind cues explain the orientation of these animals with respect to
magnetic north. If the observed orientations of cattle and deer are attributable to the earth’s
geomagnetic field, the biological significance is not clear and the authors suggest additional
experimental study. With respect to deer, the authors commented that deer prefer to locate near
power lines, perhaps because of the browse or shelter afforded.

Wild Bees and Honey Bees

Wild bees have an important role in natural plant and forest ecosystems. Research on wild bees
was conducted at a site near a United States Navy communications system in Northern
Michigan where two species of honeybees were observed living in the vicinity of this facility.
The researchers studied the bees’ exposure to 76-Hz electric and magnetic fields produced by
the facility’s communications system and compared the mortality, foraging behavior, and nest
architecture to a group of honeybees living at a distance from the facility. A few differences
were found in nesting parameters, although the effects were small, inconsistent, and likely due
to other factors. Although a small increase in the overwinter mortality was reported in one of
the two species studied, the researchers concluded that since the reported differences were small
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and inconsistent between experiments, there were no findings that raised concern about ELF
EMF exposures to wild bees (Zapotosky et al., 1996). This conclusion was confirmed in a
review by the United States National Academy of Sciences (NAS, 1997).

More research has focused on commercial honeybees since farmers often place hives on fields
near transmission lines. Greenberg et al. (1981) studied the effect of a 765-kV transmission line
on honeybee colonies placed at varying distances from the transmission line’s centerline, with
some hives exposed to EMF from the line and some shielded. Differences between the shielded
and unshielded hives were reported at exposures above 4.1 kV/m, including decreases in hive
weight, abnormal amounts of propolis at hive entrances, increased mortality and irritability, loss

of the queen in some hives, and a decrease in the hive’s overwinter survival.

These adverse effects were reported only in the unshielded group. Since the shielding only
prevented exposure to electric fields, not magnetic fields, the results indicate that these adverse
effects are attributable to electric field exposure. These results have been replicated by other
investigators (Rogers et al., 1980, 1981, 1982). Further studies indicated that the effects were
indirect, i.e., the electric fields were not affecting the bees directly, and that field levels greater
than 200 kV/m were required to affect the behavior of free-flying bees. Thus, heating of the
hive by induced currents caused some of the adverse effects and the rest were attributed to
shocks within the hive (Bindokas et al., 1988a, 1988b, 1989). Prevention is easily accomplished
by placing a grounded metal cover on top of the hive.

Since the nests of wild bees in the ground or in trees contain no metal or highly conductive
materials, there appears to be little relevance of such effects to wild bees. At these locations,
wild bees also are naturally shielded from electric fields. Laboratory studies indicate that bees
are unable to discriminate 60-Hz magnetic fields reliably at intensities less than 4,300 mG,
although they can detect fluctuations in the earth’s static geomagnetic field as weak as 0.26 mG
(Kirschvink et al., 1997). The difference in the sensitivity of honey bees is an illustration that a
sensory mechanism has developed to detect static magnetic fields that effectively rejects
extraneous signals, in this case AC (60-Hz) magnetic fields.
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Birds

A recent study by Dell’omo et al. (2009) analyzed the effects of exposure to magnetic fields
from high-voltage power lines during the embryonic and post-hatching period of kestrel
nestling. The authors found that exposure does not have any significant short-term

physiological effects on these birds.

The ability of birds to detect and use of the earth’s geomagnetic field during migration does not
translate to a capability to detect 60-Hz magnetic fields. Scientists have hypothesized that the
mechanism for detection of the earth’s geomagnetic field by birds (and bees), for which there is
the most evidence, indicates they would be far less sensitive to 60-Hz magnetic fields. The
WHO suggested that power frequency fields at intensities much less than the earth’s
geomagnetic field of around 500 mG are unlikely to be of much biological significance in
relation to birds’ navigational abilities because the changes produced by ELF magnetic fields
and static magnetic fields are similar (WHO, 2007).

Finally, in a study by Elmusharaf et al. (2007), veterinarians in the Netherlands noted the
beneficial effects of AC magnetic fields in poultry. The researchers infected broiler chickens
with coccidiosis and reported that exposure to a 50 mG AC magnetic field for 30 minutes each
day for a course of 15 days prior to infection provided significant protection against intestinal

lesions and reduced growth characteristic of this disease.

Overall, the research over the course of the past 35 to 40 years does not suggest that electric or
magnetic fields result in any adverse effects on the health, behavior, or productivity of fauna,

including livestock, small mammals, deer, elk, birds, and bees.

Marine Life

Although transmission lines mostly traverse the land they also frequently cross water bodies as
well. Therefore, the potential for effects on certain marine ecological systems are evaluated
regarding the potential impact of EMF on aquatic species in rivers and creeks. To date, there is
little or no evidence that fish, mammals, or birds exhibit any harmful effects when exposed to

EMF of frequencies close to or at power frequencies (50-60 Hz) at levels found under
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transmission lines, even for a prolonged period of time (e.g., NRC, 1997a, 1997b; NIEHS 1998;
WHO, 2007a). Thus, there is no concern that EMF would have any direct toxic effects on the

marine biota.

A number of fish species, however, are reported to make use of the earth’s geomagnetic field in
navigation and migration, including Pacific salmon (Oncorhynchus spp.); the chinook salmon
(O. tschawytscha) and the steelhead (O. mykiss) species particularly spend their adult lives in
estuarine or oceanic environments and are well known for their annual spawning runs into
freshwater, returning to the home streams and rivers where they were spawned and spent the
first few months of their lives (Groot and Margolis, 1998). Pacific salmon are an important part
of the history, ecology, and economy of the Pacific Northwest region.

Transmission lines will be a source of potential exposure to 60-Hz magnetic fields in rivers and
streams below the conductors, but not electric field exposure because the water shields the fish
from electric fields. Since the level of EMF decreases with distance from the source, maximum
magnetic-field exposures of fish will occur when they are directly under the lines. The
magnetic field levels in rivers and streams below transmission lines would be expected to be
significantly lower than for spans on land because clearances for river and stream crossings are
usually much higher. Additionally, prolonged exposure is not a critical issue as the fish species
of most interest are migratory by nature and will only be exposed to magnetic fields during the
relatively short time they take to spawn or travel down or up the river during their life cycle.

The Pacific salmon have been thought to navigate by several mechanisms: detecting and
orienting to the earth’s geomagnetic field, using a celestial compass (i.e., based on the position
of the sun in the sky), and using their innate ability to imprint on their home stream by odor
(Groot and Margolis, 1998, Quinn et al, 1981).

Generally, scientific studies have reported that, along with other cues or biological mechanisms,
certain species of birds, bees, and fish may have magnetite in certain organs in their bodies, and
use magnetite crystals as an aid in navigation (Bullock, 1977; Wiltschko and Wiltschko, 1991,
Kirschvink et al, 1993, Walker et al. 1988). Crystals of magnetite have been found in Pacific
salmon (Mann et al, 1998; Walker et al, 1998). These magnetite crystals are believed to serve

as a compass that orients to the earth’s magnetic field. Other studies, however, have not found
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magnetite in sockeye salmon (Oncorhynchus nerka) fry (Quinn et al., 1981). While salmon can
apparently detect the geomagnetic field, their behavior is governed by multiple stimuli as
demonstrated by the ineffectiveness of magnetic field stimuli in the daytime (Quinn et al., 1982)
and the inability of strong magnetic fields from permanent magnets attached to sockeye salmon

(Ueda et al., 1998) or other salmon (Yano et al., 1997) to alter their migration behavior.

An important consideration is that the earth’s geomagnetic field is static (0 Hz), in contrast to
the oscillating magnetic field created by AC transmission lines, which produce current that
changes direction and intensity 60 times per second. Static magnetic fields have fixed polarity,
I.e. the earth’s magnetic north and south poles. AC transmission lines produce magnetic fields
that do not have fixed polarity.

No studies have been conducted to date that specifically examine the effects of AC magnetic
fields on the salmon’s ability to orient to the earth’s geomagnetic field. Theoretical calculations
do not suggest that 60-Hz magnetic fields could affect magnetite at levels less than 50 mG
(Adair 1994). Studies on the response of other organisms that also use magnetite crystals as one
means of navigation can, however, provide useful insight regarding salmon. Kirschvink et al.
(1993) reports studies of the effects of AC magnetic fields on honey bees, which use magnetite
crystals to navigate. In this study, the honey bees only oriented to an AC magnetic field when it
was one million times greater in intensity than the DC field needed to elicit the same orientation
response. This difference in intensity indicates that the AC magnetic field is less influential
than the DC magnetic field in the navigation of honey bees and potentially other organisms that
orient to the earth’s geomagnetic field using magnetite crystals (Kirschvink et al., 1993). The
level of AC magnetic fields under transmission lines are well below the levels reported in that

study.

The scientific literature does not support the conclusion that the EMF associated with the
proposed transmission line will have an adverse impact on the survival, growth, and
reproduction of organisms in a marine ecosystem. There are no data on the effects of AC EMF
on salmon navigation, but based on a study with honey bees, it appears that organisms that use
magnetite crystals to orient to the earth’s geomagnetic field would be affected only when the

field levels are very much greater than the levels expected from a transmission line. Given this
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evidence and the salmon’s ability to navigate using multiple sensory cues, overhead
transmission lines are unlikely to have an adverse impact on these species of interest and the

aquatic ecosystems of these creeks.
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4  Standards and Guidelines

Scientific agencies develop exposure standards and guidelines to protect against known health
effects following a thorough review of the relevant research. One of the main objectives of
weight-of-evidence reviews is to identify the lowest exposure level below which no health
hazards have been found (i.e., a threshold level). Exposure limits are then set well below the
threshold level established by these reviews to take into account individual variability and

sensitivity that may exist in susceptible populations.

The only effects known to be produced in humans by exposure to ELF EMF are seen at very
high field levels to which the average person is not typically exposed. The effects are short-
term, immediate, perceptible reactions to the electrical stimulation of the muscle and the

nervous system. These effects are neither severe nor life-threatening.

Two international scientific organizations, ICNIRP and ICES, have published guidelines for
limiting public exposure to ELF EMF to protect against these effects (ICNIRP, 1998, 2010;
ICES, 2002). ICNIRP is an independent organization of scientists from various disciplines with
expertise in the field of non-ionizing radiation assembled from around the world. It is the
formally recognized, non-governmental organization that develops safety guidance for non-
ionizing radiation for the WHO, the International Labour Organization, and the European

Union.

The ICES is sponsored by the American National Standards Institute and IEEE. The mandate
for ICES is the “Development of standards for the safe use of electromagnetic energy in the
range of 0 Hz to 300 GHz relative to the hazards of exposure to man ... to such energy.”?* The
ICES encourages a balanced international volunteer participation from several sectors: the
interested general public; the scientific, health and engineering communities; agencies of

governments; energy producers; and energy users.

% The ICES is a 50-year-old internationally recognized, EMF standard-setting organization, which is sponsored by
the IEEE that itself was established in 1884. The ICES should not be confused with a group of scientists who
have acted together as an advocacy group and banded together under the similar name of the International
Commission for Electromagnetic Safety in 2003.

1003741.000 A0T1 0111 LEO2

61



January 2011

Although both organizations have the same objectives and use similar methods, their
recommended exposure limits to 60-Hz EMF for the general public differ (Table 9). The
ICNIRP recommends screening values for magnetic fields of 833 mG for the general public and
4,200 mG for workers (ICNIRP, 1998). The ICES recommends maximum permissible exposure
of 9,040 mG for magnetic fields (ICES, 2002). The ICNIRP’s screening value for exposure to
60-Hz electric fields for the general public is 4.2 kV/m and the ICES screening value is 5 kV/m.
Both organizations allow higher exposures if it can be demonstrated that exposures do not
produce current densities or electric fields within tissues that exceed basic restrictions on

internal current densities or electric fields.

Table 9. Reference levels for whole body exposure to 60-Hz fields: general public

Magnetic Electric
Organization recommending limit fields fields
ICNIRP restriction level 833 mG 4.2 kV/m
) o 5 kvim
ICES maximum permissible exposure (MPE) 9,040 mG
10 kv/m®

This is an exception within transmission line ROWSs because people do not spend a substantial

amount of time in ROWs and very specific conditions are needed before a response is likely to

occur (i.e., a person must be well insulated from ground and must contact a grounded conductor)

(ICES, 2002, p. 27).
These guidelines were developed following a weight-of-evidence review of the literature by
each organization, including epidemiologic and experimental evidence related to both short-
term and long-term exposure. Both reviews concluded that the stimulation of nerves and the
central nervous system could occur at very high exposure levels immediately upon exposure.
While ICNIRP and ICES reference levels for electric fields are similar, the reference levels for
magnetic fields differ by a factor of 10. As explained by Reilly (2005), this difference results
from the way the two guidelines have extrapolated responses of the retina of the eye to magnetic
fields at around 20 Hz to higher frequencies and other tissues. Their reviews also concluded
that there was not sufficient evidence to support a causal role for EMF in the development of
cancer or other long-term adverse health effects. Therefore, neither organization found a basis

to recommend quantitative exposure guidelines to prevent effects at lower exposure levels.

Following the publication of their 1998 guidelines, the ICNIRP published an evaluation of the

epidemiologic literature (ICNIRP, 2001) and a full weight-of-evidence evaluation of health
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research on EMF (ICNIRP, 2003), concluding again that there is no basis for exposure
restrictions for long-term health effects. In June 2009, the ICNIRP published an updated review
of the scientific literature related to potential short- and long-term adverse effects, and draft
guidelines to replace their 1998 ELF EMF exposure guidelines (ICNIRP, 2009). The document
recommended no changes to the screening values shown in Table 9, nor did the final standard

that was published in December 2010. .

There are no national or state standards in the United States limiting exposures to ELF EMF
based on health effects. Two states, Florida and New York, have enacted standards to limit
magnetic fields at the edge of transmission line ROWSs (150 mG and 200 mG, respectively)
(NYPSC, 1978, 1990; FDER, 1989; FDEP, 1996). The basis for limiting magnetic fields from
transmission lines was to maintain the status quo so that fields from new transmission lines

would be no higher than those produced by existing transmission lines.
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Overview

The World Health Organization (WHO) is a scientific organization within the United Nations
system whose mandate includes providing leadership on global health matters, shaping the health
research agenda, and setting norms and standards. WHO established the International EMF
Project in 1996, in response to public concerns about exposures to electric and magnetic fields
(EMF) and possible adverse health effects. The Project’s membership includes 8 international
organizations, 8 collaborating institutions, and over 54 national authorities. The overall purpose
of the project is to assess health and environmental effects of exposure to static and time-varying
EMF in the frequency range 0-300 gigahertz (GHz). A key objective is to evaluate the scientific
literature and make a status report on health effects, to be used as the basis for a coherent
international response, including the identification of important research gaps and the development
of internationally acceptable standards for EMF exposure. This status report was published in
June 2007 as part of WHO’s Environmental Health Criteria (EHC) Programme.

The Monograph used standard scientific procedures, as outlined in the Preamble, to conduct its
weight-of-evidence review.® The Task Group responsible for the report’s overall conclusions
consisted of 21 scientists from around the world with expertise in a wide range of disciplines. The
Task Group relied on the conclusions of previous weight-of-evidence reviews, where possible, and
(with regard to cancer) mainly focused on evaluating studies published after the IARC review in
2002. Specific terms were used by the Task Group to describe the strength of the evidence in
support of causality. Limited evidence describes a body of research where the findings are
inconsistent or there are outstanding questions about study design or other methodological issues
that preclude making strong conclusions. Inadequate evidence describes a body of research where
it is unclear whether the data is supportive or unsupportive of causation because there is a lack of

data or there are major quantitative or qualitative issues.

The following sections describe the conclusions of the WHO by health outcome (cancer,

reproductive effects, and neurodegenerative diseases). The conclusions and perspectives of

The term “weight-of-evidence review” is used in this report to denote a systematic review process by a multidisciplinary,
scientific panel involving experimental and epidemiologic research to arrive at conclusions about possible health risks. The
WHO Monograph on EMF does not specifically describe their report as a weight-of-evidence review. Rather, they describe
conducting a health risk assessment. Although the two terms are similar, a health risk assessment differs from a weight-of-
evidence review in that it also incorporates an exposure assessment and an exposure-response assessment.
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weight-of-evidence reviews conducted by other scientific organizations are discussed, where
appropriate, to highlight consistencies and inconsistencies in conclusions.

Conclusions
Cancer

The overwhelming majority of health research related to EMF has focused on the possibility of a
relationship with cancer, including leukemia, lymphoma, breast cancer, and brain cancer. The vast
majority of epidemiologic studies in this field enrolled persons with a specific cancer type (cases);
selected a group of individuals similar to the cancer cases (controls); estimated past magnetic or
electric field exposures, or both; and compared these exposures between the cases and controls to
test for statistical differences. Some of these studies looked for statistical associations of these
diseases with magnetic fields produced by nearby power lines (estimated through calculations or
distance) or appliances, while other studies actually measured magnetic field levels in homes or
estimated personal magnetic field exposures from all sources. In studies of adult cancers,
occupational magnetic field exposures were estimated in some studies, as well. In vivo studies in
this field exposed animals to high levels of magnetic fields (up to 50,000 milligauss [mG]) over
the course of their entire lifetime to observe whether exposed animals had higher rates of cancer
than unexposed animals. Some of these studies exposed animals to magnetic fields in tandem
with a known carcinogen to test whether magnetic field exposure promoted carcinogenesis. Since
there is relatively low energy associated with extremely low-frequency (ELF) EMF, researchers
believe it is highly unlikely that electric or magnetic fields can directly damage DNA. Therefore,
in vitro studies in this field have largely focused on investigating whether ELF EMF could
promote damage from other known carcinogens or cause cancer through a pathway other than

DNA damage (e.g., hormonal or immune effects or alterations in signal transduction).

The International Agency for Research on Cancer (IARC) is the division of the WHO with
responsibility to coordinate and conduct research on the causes of human cancer and the
mechanisms of carcinogenesis and to develop scientific strategies for cancer control. The IARC
convened a scientific panel in 2001 to conduct an extensive review and arrive at a conclusion
about the possible carcinogenicity of EMF (IARC, 2002). The IARC has a standard method for
classifying exposures based on the strength of the scientific research in support of carcinogenicity.
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Categories include (from highest to lowest risk): carcinogenic to humans, probably carcinogenic to
humans, possibly carcinogenic to humans, unclassifiable, and probably not carcinogenic to
humans. As a result of two pooled analyses reporting an association between high, average
magnetic field exposure and childhood leukemia, the epidemiology data was classified as

"2 in relation to childhood leukemia. With regard to

providing “limited evidence of carcinogenicity
all other cancer types, the epidemiology evidence was classified as inadequate. The IARC panel
also reported that there was “inadequate evidence of carcinogenicity” in studies of experimental
animals. Overall, magnetic fields were evaluated as “possibly carcinogenic to humans.” The
IARC usage of “possible” denotes an exposure in which epidemiologic evidence points to a
statistical association, but other explanations cannot be ruled out as the cause of that statistical
association (e.g., bias and confounding)® and experimental evidence does not support a cause-and-
effect relationship. Considering recently published epidemiology, in vivo, and in vitro research,
the WHO concluded that the classification of “possible carcinogen” remains accurate (WHO,

2007).

Childhood Leukemia

The issue that has received the most attention is childhood leukemia. Research in this area was
prompted by an epidemiology study of children in the United States that reported a statistical
association between childhood leukemia and a higher predicted magnetic field level in the home
based on characteristics of nearby distribution and transmission lines (Wertheimer and Leeper,
1979). Subsequently, some epidemiologic studies reported that children with leukemia were more
likely to live closer to power lines or have higher estimates of magnetic field exposure (compared
to children without leukemia), while other epidemiologic studies did not report this statistical
association. Of note, the largest epidemiology studies of childhood leukemia that actually

measured personal magnetic field exposure (as opposed to estimating exposure through

Each type of evidence is categorized based on the strength of the evidence in support of carcinogenicity. The categories
include: sufficient evidence of carcinogenicity, limited evidence of carcinogenicity, inadequate evidence of carcinogenicity,
and evidence suggesting lack of carcinogenicity. If a positive association between an exposure and cancer is found (although
factors such as chance, bias and confounding cannot be ruled out with reasonable confidence), the epidemiologic evidence is
rated as “limited evidence of carcinogenicity.” If chance, bias and confounding can be ruled out with reasonable confidence,
then the evidence is classified as “sufficient evidence of carcinogenicity.” The in vivo studies are ranked using a similar
system, and the totality of the evidence is then considered to reach a conclusion about a particular exposure’s carcinogenicity.

Bias refers to any systematic error in the design, implementation or analysis of a study that results in a mistaken estimate of an
exposure’s effect on the risk of disease. A confounder is something that is related to both the disease under study and the
exposure of interest such that we cannot be sure what causes the observed association - the confounder or the exposure of
interest.
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calculations or distance) did not report evidence to support a causal relationship, nor did they
report a dose-response relationship with exposure to higher magnetic field levels (Linet et al.,
1997; McBride et al., 1999; UKCCS, 1999).

In 2000, researchers combined the data from previously published epidemiology studies of
magnetic fields and childhood leukemia that met specified criteria (Ahlbom et al., 2000;
Greenland et al., 2000). The researchers pooled the data on the individuals from each of the
studies, creating a study with a much larger number of subjects and, as a result, greater statistical
power to detect an effect (should one exist) than any single study. In both pooled analyses, a weak
association was reported between childhood leukemia and estimates of average magnetic field
exposures greater than 3-4 mG. The authors were appropriately cautious in the interpretation of
their analyses, and noted the uncertainty related to pooling estimates of exposure obtained by
different methods from studies of diverse design, as did other researchers (e.g., Elwood, 2006).
Because of the inherent uncertainty associated with observational epidemiologic studies, the
results of these pooled analyses were not considered to provide strong epidemiologic support for a
causal relationship. Furthermore, in vivo studies have not found that magnetic fields induce or
promote cancer in animals exposed under highly controlled conditions for their entire lifespan, nor
have in vitro studies found a cellular mechanism by which magnetic fields could induce
carcinogenesis. As discussed above, these findings resulted in the classification of magnetic fields
as a possible carcinogen (IARC, 2002).

The WHO evaluated two more recently published studies related to childhood leukemia and
magnetic fields (Draper et al, 2005; Kabuto et al., 2006). Draper et al. conducted a case-control
study of childhood cancer, which included 9,700 children with leukemia (i.e., cases) and an equal
number of children that did not have leukemia (i.e., controls). The study compared the distance of
birth address to high-voltage transmission lines among cases and controls and reported a weak
association between childhood leukemia and birth addresses within 600 feet of high-voltage
transmission lines. Kabuto et al. conducted a smaller case-control study in Japan that measured
the average weekly magnetic field in the bedrooms of 312 children with leukemia and 603
children without leukemia. The investigators reported that children with leukemia were more

likely to have average magnetic field levels >4 mG compared to children without leukemia.
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The WHO did not assign a high weight or significance to these studies in their overall evaluation,
stating that the low participation rate in Kabuto et al. and the use of distance as a proxy for
magnetic field exposure in Draper et al. were important limitations. Less weight should be placed
on these studies relative to studies that used good exposure assessment techniques and had high
participation rates. The WHO described the results of these two studies as consistent with the
classification of limited epidemiologic evidence in support of carcinogenicity and, together with
the largely negative in vivo and in vitro research, consistent with the classification of magnetic

fields as a possible carcinogen.

The WHO concluded that several factors might be fully, or partially, responsible for the consistent
association observed between high, average magnetic fields and childhood leukemia, including
misclassification of magnetic field exposure due to poor exposure assessment methods,
confounding from unknown risk factors, and selection bias.* The WHO concluded that
reconciling the epidemiologic data on childhood leukemia and the negative (i.e., no hazard)
experimental findings through innovative research is currently the highest priority in the field of
ELF EMF research. Given that few children are expected to have average magnetic field
exposures greater than 3-4 mG, however, the WHO stated that the public health impact of

magnetic fields on childhood leukemia would be low if the association were causal.
Breast Cancer

Research on breast cancer has examined the possible effects of ELF EMF from three sources:
workplace exposures, residential exposure from power lines, and electric blankets. Some of the
early epidemiology studies in this field reported a weak association between breast cancer and
higher magnetic field exposures, while others did not; however, the conclusions that could be
drawn from this initial body of research were limited because of study quality issues (e.g., poor
exposure assessment, inadequate control for confounding variables, and small sample sizes within

subgroups with reported associations). Review panels evaluating this initial body of research

Selection bias arises if there are differences in the persons who participate in a study compared to the persons who do not
participate in a study that are related to the exposure and differential by case/control status. For example, if the parents of a
child with leukemia were informed that the study was investigating magnetic field exposure and they resided close to a
transmission line, they may be more likely to participate than a family that lived far from a transmission line. As a result,
children with leukemia that lived closer to transmission lines (and with a presumably higher magnetic field exposure) would be
over-represented in the study population compared to the source population. In this scenario, the study may report that children
with leukemia are more likely to have higher magnetic field exposure when, if the entire source population of leukemia cases
were to be considered, there would be no difference in the exposure levels between leukemia cases and controls.
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concluded that the evidence in support of an association was weak, but should be further evaluated
with higher quality studies (NRPB, 2001; IARC, 2002; ICNIRP, 2003).

A large number of studies on breast cancer and magnetic field exposure have been conducted
since the publication of the IARC review in 2002. These studies were systematically reviewed by
the WHO and included seven studies that estimated residential magnetic field exposure, four
studies reporting associations with electric blanket usage, and nine studies that estimated
occupational magnetic field exposure. No consistent associations between magnetic field
exposure and breast cancer were reported in these studies. The WHO concluded that this recent
body of research was higher in quality compared with previous studies, and, for that reason,
provides strong support to previous consensus statements that magnetic field exposure does not
influence the risk of breast cancer. In summary, the WHO stated “With these [recent] studies, the
evidence for an association between ELF magnetic field exposure and the risk of female breast
cancer is weakened considerably and does not support an association of this kind” (p. 9). The
WHO recommended no further research with respect to breast cancer and magnetic field exposure.

Breast cancer has received additional attention because of some initial epidemiologic and
experimental findings suggesting that magnetic fields may depress levels of the hormone
melatonin (which is believed to have anti-carcinogenetic effects), leading to the development of
breast cancer. A comprehensive weight-of-evidence review by the Health Protection Agency of
Great Britain (HPA) in 2006 concluded that the evidence to date did not support the hypothesis
that exposure to magnetic fields affects melatonin levels, or the risk of breast cancer in general
(HPA, 2006). The WHO also considered this body of research, concluding “Overall, these data do
not indicate that ELF electric and/or magnetic fields affect the neuroendocrine system in a way
that would have an adverse impact on human health and the evidence is thus considered
inadequate” (p. 186).
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Adult leukemia and brain cancer

A large number of studies of variable quality and using a wide range of techniques have been
conducted in both occupational and residential settings to explore the possible relationship
between EMF exposure and adult brain cancer and leukemia. The scientific committees
assembled by the IARC, NRPB, and ICNIRP concluded that the evidence is weak and does not
support a role for electric or magnetic fields in the etiology of brain cancer or leukemia among
adults (NRPB, 2001a; IARC, 2002; ICNIRP, 2003). The WHO reviewed the body of research
published since the time of these reviews, including three studies estimating residential exposure,
four cohort studies estimating occupational exposures, and eight case-control studies reported on
occupation and brain cancer or leukemia risk. The WHO concluded, “In the case of adult brain
cancer and leukaemia, the new studies published after the IARC monograph do not change the
conclusion that the overall evidence for an association between ELF [EMF] and the risk of these
disease remains inadequate” (p. 307). The WHO panel recommended updating the existing
European cohorts of occupationally exposed individuals and then pooling the epidemiologic data

on brain cancer and adult leukemia to confirm the absence of an association.

In vivo and in vitro research on carcinogenesis

It is standard procedure to conduct studies of laboratory animals to determine whether exposure to
a specific agent leads to the development of cancer (USEPA, 2005). This approach is used
because all known human carcinogens cause cancer in laboratory animals. In the field of ELF
EMF research, a number of research laboratories have exposed rodents with a particular genetic
susceptibility to cancer to high levels of magnetic fields over the course of their lifetime and
performed tissue evaluations to assess the incidence of cancer in many organs. In these studies,
magnetic field exposure has been administered alone (to test for the ability of magnetic fields to
act as a complete carcinogen), in combination with a known carcinogen (to test for a promotional
or co-carcinogenetic effect), or in combination with a known carcinogen and a known promoter
(to test for a co-promotional effect). The WHO described four large-scale, long-term studies of
rodents exposed to magnetic fields over the course of their lifetime that did not report increases in
any type of cancer (Mandeville et al., 1997; Yasui et al., 1997; Boorman et al., 1999a, 1999b;
McCormick et al., 1999). No directly relevant animal model for childhood acute lymphoblastic

leukemia (ALL) currently exists. Some animals, however, develop a type of lymphoma similar to
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childhood ALL and studies exposing transgenic mice predisposed to this lymphoma to power-
frequency magnetic fields have not reported an increased incidence of lymphoma associated with
exposure (Harris et al., 1998; McCormick et al., 1998; Sommer and Lerchel 2004). Based on this
body of research, the WHO panel concluded that exposure to ELF magnetic fields, does not
appear to cause cancer alone, although it is a high priority to identify and perform studies on an
animal model that is more directly relevant to childhood ALL.

Studies investigating whether exposure to magnetic fields can promote cancer or act as a co-
carcinogen used known cancer-causing agents, such as ionizing radiation, ultraviolet radiation, or
other chemicals. No effects were observed for studies on chemically-induced preneoplastic liver
lesions, leukemia/lymphoma, skin tumors, or brain tumors; however, the incidence of DMBA-
induced mammary tumors was increased with magnetic field exposure in a series of experiments
(Loscher et al., 1993, 1994, 1997; Baum et al., 1995; Loéscher and Mevissen, 1995; Mevissen et
al., 1993a, 1993b, 1996a, 1996b, 1998), suggesting that magnetic field exposure increased the
proliferation of mammary tumor cells. These results were not replicated in subsequent series of
experiments in another laboratory (Anderson et al., 1999; Boorman et al.1999; NTP, 1999),
possibly due to differences in experimental protocol and the species strain (Fedrowitz et al., 2004).
Some studies have reported an increase in genotoxic effects among exposed animals (e.g., DNA
strand breaks in the brains of mice [Lai and Singh, 2004]), although the results have not been
replicated.

In summary, the WHO concluded with respect to in vivo research, “There is no evidence that ELF
exposure alone causes tumours. The evidence that ELF field exposure can enhance tumour
development in combination with carcinogens is inadequate.” Recommendations for future
research include the development of a rodent model for childhood ALL and the continued

investigation of whether magnetic fields can act as a co-carcinogen.

In vitro studies are widely used to investigate the mechanisms for effects that are observed in
humans and animals. The relative value of in vitro tests to human health risk assessment,
however, is much less than that of in vivo and epidemiology studies. Responses of cells and
tissues outside the body may not always reflect the response of those same cells if maintained in a

living system, so the relevance of in vitro studies cannot be assumed (IARC, 1992).
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The IARC and other scientific review panels that systematically evaluated in vitro studies
concluded that there is no clear evidence indicating how ELF magnetic fields could adversely
affect biological processes in cells (IARC, 2002; ICNIRP, 2003; NRPB, 2004). The WHO panel
reviewed the in vitro research published since the time of these reviews and reached the same
conclusion. The WHO noted that previous studies have not indicated a genotoxic effect of ELF
magnetic fields on mammalian cells, however a recent series of experiments reported DNA
damage in human fibroblasts exposed intermittently to 50-Hz magnetic fields (Ivancsits et al.,
2002a, 2002b; Ivancsits et al., 2003a, 2003b). These findings have not been replicated by other
laboratories (Scarfi et al., 2005), and the WHO recommended continued research in this area.
Research in the field of in vitro genotoxicity of magnetic fields combined with known DNA-
damaging agents is also recommended, following suggestive findings from several laboratories.
As noted by the Swedish Radiation Protection Authority, the levels at which these effects were
observed are much higher than the levels we are exposed to in our everyday environments and
therefore are not directly relevant to questions about low-level, chronic exposures (SSI, 2007). In
vitro studies investigating other possible mechanisms, including gene activation, cell proliferation,
apoptosis, calcium signaling, intercellular communication, heat shock protein expression and
malignant transformation, have produced “inconsistent and inconclusive” results (p. 347, WHO,
2007).

Reproductive Effects

Epidemiology studies have been conducted to observe whether maternal or paternal EMF
exposures are associated with adverse reproductive effects, including effects on fertility,
reproduction, miscarriage, and prenatal and postnatal growth and development. A body of in vivo
literature is also available on this topic. Early studies on the potential effect of EMF exposures on
reproductive outcomes were limited because the majority of the studies used surrogate measures
of exposure (including visual display terminal use, electric blanket use, or wire code data) or

assessed exposure retrospectively.

Two recent studies related to miscarriage improved exposure assessment by directly measuring
magnetic field exposure. These two studies reported a positive association between miscarriage
and exposure to high maximum, or instantaneous, peak magnetic fields (Li et al., 2002; Lee et al.,

2002). No consistent associations were reported, however, with high, average magnetic field

1-9



January 2011
levels, the typical method for assessing magnetic field exposure. The WHO noted several issues
that have been raised by other investigators and scientific review panels concerning the validity of
these associations (HCN, 2004; NRPB, 2004; Feychting et al., 2005; Mezei et al., 2005; Savitz et
al., 2006). First, the studies had a low response rate, which means that the case and control groups
may not be comparable because those who participated in the study may have differed from those
who declined (i.e., selection bias). Second, in the study by Lee et al. (2002), magnetic field
measurements were taken 30 weeks after a woman’s last menstrual period. Some of these women
had already miscarried at 30 weeks when magnetic field exposure was measured. This introduces
the possibility for bias because pregnancy may alter physical activity levels and physical activity
may be associated with magnetic field exposure in pregnant women, as recently confirmed in a
study by Savitz et al. (2006). It is possible that the women who miscarried prior to 30 weeks in
the study by Lee et al. (2002) subsequently increased their physical activity levels (i.e., returned to
work or their normal routine), which resulted in greater opportunities to encounter higher peak
magnetic field levels. Furthermore, there is no biological basis to indicate that EMF increases the
risk of reproductive effects. In vivo studies exposed animals to high levels of electric and
magnetic fields and reported no significant, adverse developmental effects. The WHO stated that

in vivo studies on other reproductive outcomes are inadequate at this time.

The WHO concluded that, overall, the body of research does not suggest that maternal or paternal
exposures to ELF EMF cause adverse reproductive outcomes. The evidence from epidemiology
studies on miscarriage is inadequate, and further research on this possible association is

recommended, although low priority was given to this recommendation.

Neurodegenerative Diseases

Research into the possible effect of magnetic fields on the development of neurodegenerative
diseases began in 1995, and the majority of research since then has focused on Alzheimer’s
disease and a specific type of motor neuron disease called amyotrophic lateral sclerosis (ALS) or
Lou Gehrig’s disease. The inconsistency of the Alzheimer’s studies prompted the National
Radiological Protection Board of Great Britain (NRPB)® to conclude that there is “only weak

evidence to suggest that it [i.e., extremely low frequency magnetic fields] could cause Alzheimer’s

® The NRPB merged with the Health Protection Agency in April 2005 to form its new Radiation Protection Division.
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disease” (p. 20, NRPB, 2001b). Early studies on ALS, which had no obvious biases and were well
conducted, reported an association between ALS mortality and estimated occupational magnetic
field exposure. The review panels, however, were hesitant to conclude that the associations
provided strong support for a causal relationship between ALS and occupational magnetic field
exposure. The scientific panels felt that an alternative explanation (i.e., electric shocks received at
work) may be the source of the observed association. The NRPB concluded: “In summary, the
epidemiological evidence suggests that employment in electrical occupations may increase the risk
of ALS, possibly, however, as a result of the increased risk of receiving an electric shock rather

than from the increased exposure to electromagnetic fields” (p.20, NRPB, 2001b).

Most recent studies reported associations between occupational magnetic field exposure and
mortality from Alzheimer’s disease and ALS, although the design and methods of these studies
were relatively weak (disease status based on death certificate data, exposure based on incomplete
occupational information from census data, and no control for confounding factors). There is
currently no biological data to support an association between magnetic fields and
neurodegenerative diseases. The WHO concluded that there is inadequate data in support of an
association between magnetic fields and Alzheimer’s disease or ALS. The panel highly
recommended that further studies be conducted in this area, particularly studies where the
association between magnetic fields and ALS is estimated while controlling for the possible
confounding effect of electric shocks.
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Electromagnetic fields and public health
Exposure to extremely low frequency fields

The use of electricity has become an integral part of everyday life. Whenever electricity flows, both electric and
magnetic fields exist close to the lines that carry electricity, and close to appliances. Since the late 1970s,
questions have been raised whether exposure to these extremely low frequency (ELF) electric and magnetic
fields (EMF) produces adverse health consequences. Since then, much research has been done, successfully
resolving important issues and narrowing the focus of future research.

In 1996, the World Health Organization (WHO) established the International Electromagnetic Fields Project to
investigate potential health risks associated with technologies emitting EMF. A WHO Task Group recently
concluded a review of the health implications of ELF fields (WHO, 2007).

This Fact Sheet is based on the findings of that Task Group and updates recent reviews on the health effects of
ELF EMF published in 2002 by the International Agency for Research on Cancer (IARC), established under the
auspices of WHO, and by the International Commission on Non-lonizing Radiation Protection (ICNIRP) in
2003.

ELF field sources and residential exposures

Electric and magnetic fields exist wherever electric current flows - in power lines and cables, residential wiring
and electrical appliances. Electric fields arise from electric charges, are measured in volts per metre (V/m) and
are shielded by common materials, such as wood and metal. Magnetic fields arise from the motion of electric
charges (i.e. a current), are expressed in tesla (T), or more commonly in millitesla (mT) or microtesla (uT). In
some countries another unit called the gauss, (G), is commonly used (10,000 G = 1 T). These fields are not
shielded by most common materials, and pass easily through them. Both types of fields are strongest close to the
source and diminish with distance.

Most electric power operates at a frequency of 50 or 60 cycles per second, or hertz (Hz). Close to certain
appliances, the magnetic field values can be of the order of a few hundred microtesla. Underneath power lines,
magnetic fields can be about 20 puT and electric fields can be several thousand volts per metre. However,
average residential power-frequency magnetic fields in homes are much lower - about 0.07 uT in Europe and
0.11 pT in North America. Mean values of the electric field in the home are up to several tens of volts per metre.

Task group evaluation

In October 2005, WHO convened a Task Group of scientific experts to assess any risks to health that might exist
from exposure to ELF electric and magnetic fields in the frequency range >0 to 100,000 Hz (100 kHz). While
IARC examined the evidence regarding cancer in 2002, this Task Group reviewed evidence for a number of
health effects, and updated the evidence regarding cancer. The conclusions and recommendations of the Task
Group are presented in a WHO Environmental Health Criteria (EHC) monograph (WHO, 2007).

Following a standard health risk assessment process, the Task Group concluded that there are no substantive
health issues related to ELF electric fields at levels generally encountered by members of the public. Thus the
remainder of this fact sheet addresses predominantly the effects of exposure to ELF magnetic fields.

2-1
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Short-term effects

There are established biological effects from acute exposure at high levels (well above 100 uT) that are
explained by recognized biophysical mechanisms. External ELF magnetic fields induce electric fields and
currents in the body which, at very high field strengths, cause nerve and muscle stimulation and changes in
nerve cell excitability in the central nervous system.

Potential long-term effects

Much of the scientific research examining long-term risks from ELF magnetic field exposure has focused on
childhood leukaemia. In 2002, IARC published a monograph classifying ELF magnetic fields as "possibly
carcinogenic to humans". This classification is used to denote an agent for which there is limited evidence of
carcinogenicity in humans and less than sufficient evidence for carcinogenicity in experimental animals (other
examples include coffee and welding fumes). This classification was based on pooled analyses of
epidemiological studies demonstrating a consistent pattern of a two-fold increase in childhood leukaemia
associated with average exposure to residential power-frequency magnetic field above 0.3 to 0.4 uT. The Task
Group concluded that additional studies since then do not alter the status of this classification.

However, the epidemiological evidence is weakened by methodological problems, such as potential selection
bias. In addition, there are no accepted biophysical mechanisms that would suggest that low-level exposures are
involved in cancer development. Thus, if there were any effects from exposures to these low-level fields, it
would have to be through a biological mechanism that is as yet unknown. Additionally, animal studies have been
largely negative. Thus, on balance, the evidence related to childhood leukaemia is not strong enough to be
considered causal.

Childhood leukaemia is a comparatively rare disease with a total annual number of new cases estimated to be
49,000 worldwide in 2000. Average magnetic field exposures above 0.3 uT in homes are rare: it is estimated that
only between 1% and 4% of children live in such conditions. If the association between magnetic fields and
childhood leukaemia is causal, the number of cases worldwide that might be attributable to magnetic field
exposure is estimated to range from 100 to 2400 cases per year, based on values for the year 2000, representing
0.2 to 4.95% of the total incidence for that year. Thus, if ELF magnetic fields actually do increase the risk of the
disease, when considered in a global context, the impact on public health of ELF EMF exposure would be
limited.

A number of other adverse health effects have been studied for possible association with ELF magnetic field
exposure. These include other childhood cancers, cancers in adults, depression, suicide, cardiovascular
disorders, reproductive dysfunction, developmental disorders, immunological modifications, neurobehavioural
effects and neurodegenerative disease. The WHO Task Group concluded that scientific evidence supporting an
association between ELF magnetic field exposure and all of these health effects is much weaker than for
childhood leukaemia. In some instances (i.e. for cardiovascular disease or breast cancer) the evidence suggests
that these fields do not cause them.

International exposure guidelines

Health effects related to short-term, high-level exposure have been established and form the basis of two
international exposure limit guidelines (ICNIRP, 1998; IEEE, 2002). At present, these bodies consider the
scientific evidence related to possible health effects from long-term, low-level exposure to ELF fields
insufficient to justify lowering these quantitative exposure limits.

2-2
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WHO's guidance

For high-level short-term exposures to EMF, adverse health effects have been scientifically established
(ICNIRP, 2003). International exposure guidelines designed to protect workers and the public from these effects
should be adopted by policy makers. EMF protection programs should include exposure measurements from
sources where exposures might be expected to exceed limit values.

Regarding long-term effects, given the weakness of the evidence for a link between exposure to ELF magnetic
fields and childhood leukaemia, the benefits of exposure reduction on health are unclear. In view of this
situation, the following recommendations are given:

e Government and industry should monitor science and promote research programmes to further reduce
the uncertainty of the scientific evidence on the health effects of ELF field exposure. Through the
ELF risk assessment process, gaps in knowledge have been identified and these form the basis of a
new research agenda.

e Member States are encouraged to establish effective and open communication programmes with all
stakeholders to enable informed decision-making. These may include improving coordination and
consultation among industry, local government, and citizens in the planning process for ELF EMF-
emitting facilities.

e When constructing new facilities and designing new equipment, including appliances, low-cost ways of
reducing exposures may be explored. Appropriate exposure reduction measures will vary from one
country to another. However, policies based on the adoption of arbitrary low exposure limits are not
warranted.

Further reading

WHO - World Health Organization. Extremely low frequency fields. Environmental Health Criteria, Vol. 238.
Geneva, World Health Organization, 2007.

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Non-ionizing radiation, Part 1:
Static and extremely low-frequency (ELF) electric and magnetic fields. Lyon, IARC, 2002 (Monographs on the
Evaluation of Carcinogenic Risks to Humans, 80).

ICNIRP - International Commission on Non-lonizing Radiation Protection. Exposure to static and low
frequency electromagnetic fields, biological effects and health consequences (0-100 kHz). Bernhardt JH et al.,
eds. Oberschleissheim, International Commission on Non-ionizing Radiation Protection, 2003 (ICNIRP
13/2003).

ICNIRP — International Commission on Non-lonizing Radiation Protection (1998). Guidelines for limiting
exposure to time varying electric, magnetic and electromagnetic fields (up to 300 GHz). Health Physics 74(4),
494-522.

IEEE Standards Coordinating Committee 28. IEEE standard for safety levels with respect to human exposure to
electromagnetic fields, 0-3 kHz. New York, NY, IEEE - The Institute of Electrical and Electronics Engineers,
2002 (IEEE Std C95.6-2002).

For more information contact:

WHO Media centre
Telephone: +41 22 791 2222
E-mail: mediainquiries@who.int
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Background

In August 2007, an ad hoc group of 14 scientists and public health and policy consultants
published an on-line report titled “The Biolnitiative Report: A Rationale for a Biologically-based
Public Exposure Standard for Electromagnetic Fields (ELF and RF).” The group’s objective was
to “assess scientific evidence on health impacts from electromagnetic radiation below current
public exposure limits and evaluate what changes in these limits are warranted now to reduce
possible public health risks in the future” (p. 4). The individuals who comprised this group did not
represent any well-established regulatory agency, nor were they convened by a recognized
scientific authority. The report is a collection of 17 sections on various topics each authored by 1
to 3 persons from the working group. The research on both ELF and radio frequency (RF) EMF
was addressed, with major portions of the report focused largely or entirely on RF research.
Epidemiologic literature related to ELF EMF and childhood cancers, Alzheimer’s disease, and

breast cancer was discussed, as well as experimental data for a number of mechanistic hypotheses.
Conclusions and comments

The authors of the Biolnitiative Report contended that the standard procedure for developing

exposure guidelines—i.e., to set guidelines where adverse health effects have been established by
using a weight-of-evidence approach—is not appropriate and should be replaced by a process that
sets guidelines at exposure levels where biological effects have been reported in some studies, but

not substantiated in a rigorous review of the science or linked to adverse health effects.

Based on this argument, the main conclusion of the Biolnitiative Report was that existing
standards for exposure to ELF EMF are insufficient because “effects are now widely reported to
occur at exposure levels significantly below most current national and international limits” (Table
1-1). Specifically, the authors concluded that there was strong evidence to suggest that magnetic

fields were a cause of childhood leukemia based on epidemiologic findings.
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The report recommended the following:

ELF limits should be set below those exposure levels that have been linked
in childhood leukemia studies to increased risk of disease, plus an
additional safety factor ... While new ELF limits are being developed and
implemented, a reasonable approach would be a 1 mG (0.1 uT) planning
limit for habitable space adjacent to all new or upgraded power lines and
a 2 mG (0.2 uT) limit for all other new construction. It is also
recommended that a 1 mG (0.1 uT) limit be established for existing
habitable space for children and/or women who are pregnant. (p. 22)

The recommendations made in the Biolnitiative Report are not based on appropriate scientific
methods and, therefore, do not warrant any changes to the conclusions from the numerous
scientific agencies that have already considered this issue. These organizations are consistent in
their conclusions that the research does not support the setting of exposure standards at these low
levels of magnetic field exposure.

The World Health Organization (WHO) published the most recent weight-of-evidence review in

June 2007 and concluded the following:

Everyday, low-intensity ELF magnetic field exposure poses a possible
increased risk of childhood leukaemia, but the evidence is not strong
enough to be considered causal and therefore ELF magnetic fields remain
classified as possibly carcinogenic. (p. 357)

The report continued:

Given the weakness of the evidence for a link between exposure to ELF
magnetic fields and childhood leukaemia and the limited potential impact
on public health, the benefits of exposure reduction on health are unclear
and thus the cost of reducing exposure should be very low. (p. 372)

The WHO made no recommendations for exposure standards at the magnetic field levels where an
association has been reported in some epidemiologic studies of childhood leukemia. In a fact

sheet created for the general public and published on their website, the WHO stated,

When constructing new facilities and designing new equipment, including
appliances, low-cost ways of reducing exposures may be
explored...However, policies based on the adoption of arbitrary low
exposure limits are not warranted (WHO, 2007b).

As stated, the conclusions in the Biolnitiative Report deviate substantially from those of reputable
scientific organizations because they were not based on standard, scientific methods. Valid
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scientific conclusions are based on weight-of-evidence reviews, which entail a systematic
evaluation of the entire body of scientific evidence in three areas of research (i.e., epidemiology,
in vivo research, and in vitro research), by panels of experts in these relevant disciplines. The
report by the Biolnitiative working group does not represent a valid weight-of-evidence review for

the following key reasons:

1. Review panels should consist of a multidisciplinary team of experts that reach consensus
statements by collaboratively contributing to and reviewing the final work product. This
process ensures that overall conclusions represent a valid and balanced view of each relevant
area of research. The document released by the Biolnitiative working group was a compilation
of sections, with each authored by one to three members of the group. It does not appear that

the report was developed collaboratively or reviewed in its entirety by each member.

2. Valid conclusions about causality are based on systematic evaluations of three lines of
evidence—epidemiology, in vivo research, and in vitro research. The conclusions in the
Biolnitiative Report are not based on this multidisciplinary approach. In particular, little
attention is provided to the results from in vivo studies on cancer and disproportionate weight

is given to the results of in vitro studies reporting biological effects.

3. The entire body of evidence to date should be considered when drawing conclusions
regarding the strength of evidence in support of a hypothesis. The Biolnitiative Report is
not a comprehensive review of the cumulative evidence. Rather, results from specific studies
are cited, but no rationale is provided for their inclusion relative to the many other relevant,

published studies.

4. The evidence from each study must be evaluated critically to determine its validity and
the degree to which it is relevant and able to support or refute the hypothesis under
question. The significance of the results reported in any study depends on the validity of the
methods used in that study, so weight-of-evidence reviews must include an evaluation of the
strengths and limitations of each study. In some discussions, the report claimed to use a
weight-of-evidence approach, but the individual sections of the report provide little evidence
that the strengths and limitations of individual studies (e.g., the quality of exposure

assessment, sample size, biases, and confounding factors) were evaluated systematically.
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5. Support for a causal relationship is based on consistent findings from methodologically
sound epidemiology studies that are coherent with the results reported from in vivo and
in vitro studies. The Biolnitiative group often arrived at conclusions about causality by
considering only a few studies from one discipline, with no consideration of the significance

and validity of the study’s results.

In summary, the authors of this report largely ignored basic scientific methods that should be
followed in the review and evaluation of scientific evidence. These methods are fundamental to

scientific inquiry and are not, as the Biolnitiative Report states, “unreasonably high.”

The policy responses proposed in the report are cast as consistent with the precautionary principle,
i.e., taking action in situations of scientific uncertainty before there is strong proof of harm. A
central tenet of the precautionary principle is that precautionary recommendations are proportional
to the perceived level of risk and that this perception is founded largely on the weight of the
available scientific evidence. The Biolnitiative Report recommends precautionary measures on

the basis of argument, rather than the basis of sound peer-reviewed scientific evidence.

Unlike the Biolnitiative Report, the WHO review was the product of a multidisciplinary scientific
panel assembled by an established public health agency that followed appropriate scientific
methods, including the systematic and critical examination of all the relevant evidence. The
recommendations from the WHO report (pp. 372-373) are presented below:

e Policy-makers should establish guidelines for ELF field exposure for
both the general public and workers. The best source of guidance for
both exposure levels and the principles of scientific review are the
international guidelines.

e Policy-makers should establish an ELF EMF protection programme
that includes measurements of fields from all sources to ensure that
the exposure limits are not exceeded either for the general public or
workers.

e Provided that the health, social and economic benefits of electric
power are not compromised, implementing very low-cost
precautionary procedures to reduce exposures is reasonable and
warranted.
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e Policy-makers and community planners should implement very low-
cost measures when constructing new facilities and designing new
equipment including appliances.

e Changes to engineering practice to reduce ELF exposure from
equipment or devices should be considered, provided that they yield
other additional benefits, such as greater safety, or involve little or no
cost.

e When changes to existing ELF sources are contemplated, ELF field
reduction should be considered alongside safety, reliability and
economic aspects.

e Local authorities should enforce wiring regulations to reduce
unintentional ground currents when building new or rewiring existing
facilities, while maintaining safety. Proactive measures to identify
violations or existing problems in wiring would be expensive and
unlikely to be justified.

e National authorities should implement an effective and open
communication strategy to enable informed decision-making by all
stakeholders; this should include information on how individuals can
reduce their own exposure.

e Local authorities should improve planning of ELF EMF-emitting
facilities, including better consultation between industry, local
government, and citizens when siting major ELF EMF-emitting
sources.

e Government and industry should promote research programmes to

reduce the uncertainty of the scientific evidence on the health effects of
ELF field exposure.
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Big Eddy- Knight CO, Emissions for 6 months of Transmission Line Construction
Note: Only Vehicle round trips/day or 6 months and distance need to be changed to calculate emissions

CO,
COsEmissions in
Vehicle round Distance Miles/ 6 Metric tons
trips/day (miles) months Gallonsl/year* CO,lyear**
16 80 233,600 40,276 409

*Gallons/year is calculated using a fuel economy factor of 5.8 mpg for heavy trucks (more than 26,000 Ibs)

**CO, Emission Factor for Diesel Fuel No 1 and 2 = 10.15 kg CO»/gallon

CH,
Vehicle round Distance CH4 Emissions in CO.e Emissions in
trips/day (miles) Miles/year Gallons/mile* Metric tons Metric tons/year**
16 80 233,600 1,191 0.001 0.03

*Gallons/mile is calculated using a CH4 emission factor of 0.0051 g/mi for all model years of diesel heavy-duty vehicles

**CO, equivalent conversion factor for CHy4 is 21 GWP

NO,
Vehicle round Distance CHsEmissions in CO,e Emissions in
trips/day (miles) Miles/year Gallons/mile* Metric tons Metric tons/year**
16 80 233,600 1,121 0.001 0.35
Total CO,
Emissions over
one year of 409.38

*Gallons/mile is calculated using a NO, emission factor of 0.0048 g/mi for
all model years of diesel heavy-duty

vehicles

**CQO, equivalent conversion factor for NO; is 310 GWP

transmission line
construction in
metric tons/year




Big Eddy- Knight CO2 Emissions for 6 months for Operations and Maintenance

CO,
COz Emissions in
Vehicle round Distance Metric tons
trips/year (miles) Miles/year Gallons/year* CO,lyear**
3 80 240 30 0.3
COzEmissions in
Helicopter round Distance Metric tons
trips/year (miles) Miles/year Gallons/year*** CO.lyear****
2 60 120 44 0.4
Total CO, 0.7

*Gallons/year is calculated using a fuel economy factor of 8.0 mpg for medium trucks (more than 26,000 Ibs)

**CO, Emission Factor for Motor gasoline = 8.81 kg CO,/gallon
***Gallons/year is calculated using a fuel economy factor of 2.7 mpg (2.35 Nautical Miles/g) for a helicopter

****CO, Emission Factor for Aviation gasoline = 8.32 kg CO»/gallon

CH,

Vehicle round Distance CH4 Emissions in CO.e Emissions in
trips/year (miles) Miles/year Gallons/mile* Metric tons Metric tons/year**

3 80 240 0.24 0.000000 0.000005
Helicopter round Distance CH4 Emissions in CO.e Emissions in
trips/year (miles) Gallons/year*** | Grams/year**** Metric tons Metric tons/year**

2 60 44 313 0.0000 0.001
Total CH,4 0.001005

*Gallons/mile is calculated using a CH4 emission factor of 0.0010 g/mi for model years 1996-2004 diesel light trucks

**CO, equivalent conversion factor for CHy4 is 21 GWP
***Gallons used per year = miles per year/2.7 mpg for helicopter
****Grams/year is calculated using an emission factor of 7.04 grams/gallon fuel for aviation gasoline.




N,O

Vehicle round Distance N20 Emissions in CO.e Emissions in
trips/year (miles) Miles/year Gallons/mile* Metric tons Metric tons/year**
3 160 480 0.72 0.000001 0.0002
Helicopter round Distance N20 Emissions in CO.e Emissions in
trips/year (miles) Gallons/year** | Grams/year**** Metric tons Metric tons/year**
2 130 96 11 0.00010 0.030
Total N,O 0.0302
Total CO,
Emissions over
one year of
transmission line
operation and
maintenance in
metric tons/year 0.7312

*Gallons/mile is calculated using a N20 emission factor of 0.0015 g/mi

for model years 1996-2004 diesel light trucks

**CO, equivalent conversion factor for NO; is 310 GWP
***Gallons used per year = miles per year/2.7 mpg for helicopter

****Grams/year is calculated using an emission factor of
0.11 grams/gallon fuel for aviation

gasoline.




The following table is a summary of unit conversions and assumptions required to calculate CO, emissions associated
with tree harvesting.

Coefficient Unit Source
300 Horse power Assumed
2,545 (British thermal unit/hour)/horse power
2 hours/tree Assumed
138,000 BTU/gallon-diesel EPA 2005
10.1 kg-CO2.equiv/gallon-diesel EPA 2005
35% Efficiency Assumed
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NEPA Fi nanci al Disclosure Statenent for Preparation of the
Envi ronment al | npact Statenent for the Proposed
Bi g- Eddy- Kni ght Transmi ssi on Proj ect

CEQregul ations at 40 CER 1506. 5¢. shi ch have been adopted by DOE 10 CFR 1021. require
contractors who will prepare an [1Sto execute a disclosure specifying that they have no financial
or other interest inthe out cone of the project. The term"financial interest or other interest inthe
out come of the project, for the purposes of this disclosure, is defined inthe March 23. 1981

gui dance "Forty Most Asked Questions Concerning CEQ s National Environmental Policy Act
Regul ations," 46 FR 18026- 18038 at Question | 7a and b.

Financial or other interest inthe outcone of the project “includes' any financial benefit such as a
pronmise of future construction or design work in the project, as well as indirect benefits the
contractor is aware ofe.g., if the project woul d aid proposal s sponsored by the firnts other
clients." 46 FR 18026- 18038 at 18031.

In accordance with these requirements, the offeror and any proposed subcontractors hereby
certify as follows: [check either & or kb to assure consideration of your proposal ]

a Offerer and any proposed subcontractor have no financial interest in the
out cone of the project.

b O feror and any proposed subcontractor have the fol | owi ng financial or other
interest inthe outcome of the project and hereby agree to divest thensel ves of such interest prior
to award of this contract.

Financial or Cther Interests:

Certified by:

Signature

. &rieeSvt  Coitic,tt i
Name

27, |,

Date /



NI PA Financi aL Di scl osun St atenent for Pnparat | on of the
f:nironncntal | npact Statenent for she Proposed
Ri g Eddy- Kni ght Transmi ssion ['rojt’ct

CEO tpul.itinsat 40 CFR 1508544 cJiich have hecti adopted by DOEt 0 CER 1021, require
contractors who will prepare an LbSto cccut e adisclosure spetifying duit they have no financui!
‘Tother interc.i inthe out come of the project. [ticterminancial inrerecx or other interest inthe
*..Let*nt of the pruject,” For the purposes of this di seknurc, is definedinthe Marvh 2.3, 1981

ui danct “Forty Most Asked Questions Coneer ni ns CEQc National Enviruiuntntal Pult&y Act
Rewkuiotis," 46 FR 1 $026-1*f| at Qucsl km 17a and b.

Fivanciai ix other intercst inthe outcome of thu prujccl "includ& any financial benefit such as a
pmi t ¢ of [uture coristructict ur design work inthe pncct as Well as indirect benelik, IKe

cciitrztet + azue ofc . ifilsu tyect  Uld att ptopisak wonsored K the litni ‘tiic
i. FRIt2& [11tH1 2t 1*1 1

Ay accordance wi th thetrt rcquktnaents. the ofleror and any pruposed sculor:ttnctors hereby
ci2rtifv as follows: [chaSeither & or Ib to assure consideritlonof 0131 propcsal ]

X trkrir and any proposed subcontncttw lute ni fitunelal iltLervt iii Lic
Ligiunc fothe pt'ject

b ; Ofrrv.r and any proposed subcontractor havethe fol | owins financial or other

interest inthe outcone oithc project and hereby ugnwto ditcs theutsches of such idcrel prior
U award ci this centn*ct,

Financial or O her inscrests;

trertifis by

Signature

26170y “OAh. . cf 4Tz

rctine

3244f 2 20/0

late



NEPA Fi nanci al Disclosure Statement for Preparation of the
Envi ronment al | npact Statenent for the Proposed
Bi g Eddy- Kni ght Transni ssi on Proj ect

CEQregul ations at 40 CFR 1506. 5¢c. whi ch have been adopted by DOE 10 CFR 1021. require
contractors who will prepare an EI'Sto execute a disclosure specifying that they have no financial
or other interest in the outcone of the project. The term"financial interest or other interest in the
out come of the project[ for the purposes of this disclosure, is defined inthe March 23, 1981

gui dance "Forty Mbst Asked Questions Concerning CEQ s National Environmental Policy Act
Regul ations," 46 FR 18026- 18038 at Question | 7a and b.

Financial or other interest inthe out come of the project “includes' any financial benefit such as a
proni se of future construction or design work inthe project, as well as indirect benefits the
contractor is aware ofe.g.. if the project woul d aid proposal s sponsored by the flrms other
clients."46 FR 18026- 18038 at 18031.

In accordance with these requirements, the offeror and any proposed subcontractors hereby
certify as follows: [check either a or kb to assure consideration of your proposal ]

a_ Offeror and any proposed subcontractor have no financial interest inthe
out cone of the project

b O feror and any proposed subcontractor have the fol | owing financial or other
interest inthe outcone of the project and hereby agree to divest themsel ves of such interest prior
to award of this contract.

Financial or O her Interests:

2.
3
Certified by:
0
Signfure C
/ R-r v - IV']. 0y |

Nane

1/ 2/ 1 D

Dae
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Appendix |
Washington Department of Natural
Resources Lands Analysis

As described in Chapter 6, Washington EFSEC, Oregon DOE, and other state agencies have
provided BPA with potentially applicable state substantive standards that they believe apply to
the proposed project. Inclusion of these standards in the EIS helps BPA understand these
standards and aids state agencies in their review of the proposed project. By identifying and
considering these standards as early as possible, the proposed project can be designed to be
consistent or compatible with these standards to the maximum extent practicable.

In addition to the incorporation of state standards into the EIS and project design, BPA
recognizes that when a state agency owns property that BPA proposes to cross with its
proposed transmission line and associated facilities, that agency may need to comply with
certain state or local laws or regulations before it can agree to allow BPA use of their property.
As discussed in Section 3.1 Land Use and Recreation of the EIS, the Washington Department of
Natural Resources (DNR) is a state agency that manages property crossed by the project. To
assist DNR in its compliance efforts for DNR lands potentially crossed by the proposed project,
BPA has included this Appendix | to provide additional information, where available, for these
lands.

Some of the information included in this appendix reflects the expected negotiation of a
Washington Statewide Rights-of-Way Memorandum of Agreement (MOA) between BPA and
DNR. This MOA will cover certain issues related to all DNR lands that are encumbered with BPA
easements. Itis the mutual goal of BPA and DNR to address BPA transmission line operations
and maintenance compatibility with trust land management and to complete the MOA prior to
December 31, 2011. Itis expected that this MOA will, at a minimum, address the following
elements:

a. Integration of State and Federal Requirements;

b. Danger trees;

c. Vegetation management;

d. Access road management, maintenance, repair, and cost sharing;
e. Dispute resolution;

f.  Communications/notification;

g. Liability;

h. Situations where additional right-of-way and/or mitigation is needed for transmission
operations, such as safety zones and vegetation removal for clear safe backlines;

i.  Third party use (authorized and unauthorized); and

j. Safety.



This appendix also reflects twe one other agreements between BPA and DNR: an Appraisal

Memorandum of Understanding (Appraisal MOU) and-a-tand-Exchange-Agreement. The
Appraisal MOU was finalized on August 1, 2010 and describes the process BPA would use to

appraise DNR lands crossed by the proposed project.

The following sections of this appendix provide more detailed information on DNR lands
relevant to the proposed Big Eddy-Knight Transmission Project. Section I.1 describes the specific
DNR properties that could be affected by the proposed project, and Section .2 discusses
potential impacts to these properties. Section 1.3, at the end of this appendix, lists possible

measures that could be undertaken to lessen or avoid these potential impacts.

.1

DNR Land Parcels Potentially Impacted

In Klickitat County, DNR manages four parcels potentially crossed by the proposed project (see
Table I-1 and Maps I-1 thru |-4). BPA’s preferred East Alternative with Substation Site 1 would
impact Parcel 3 with the proposed line and Parcel 4 with a substation access road. Table I-2
identifies the project components potentially located on the four DNR parcels for all the action
alternatives and the possible right-of-way needs. Table I-3 identifies the permanent footprint
impacts due to towers and roads as well as the temporary disturbance areas (construction areas
around towers, counterpoise and temporary roads).

Table I-1. DNR Land Parcels within the Project Area

Township, i
Parcel | oo rion R P Land Use Al Location
Recreation and Conservation
TO3N, R14E, Sections | (Columbia Hills Natural Area
Parcel 1 28 32, 33 Preserve) West W8.5-10.5
total 3,600 acres
Washington State Trust Lands —
Parcel 2 TO4N, R14E, Section Leased Agrlculture and Dispersed West W16-17
36 Recreation
total 633 acres
. Washington State Trust Lands —
Parcel 3 ;23N' R15E, Section Wind Power Production East E15
total 483 acres
Washington State Trust Lands-
Parcel 4 TO5N, R15E, Section Leased Agriculture and Dispersed West, Middle, East, | WM26, E28,

36

Recreation
total 544 acres

Substation 2

Substation Site 2




Table I-2. Project Components Potentially Located on DNR Parcels

Number New Existing New Upgrade
Miles of Right-of- | Right-of- Existing Substation
Parcel . of New Roads
Line Way Way . Roads (acres)
Towers (miles) .
(acres) (acres) (miles)
Parcel 1 2 10 13-40 27 21 2 -
Parcel 2 0.8 3 5-14 9 0.7 0.8 -
Parcel 3 0.5 1 9 0 8:640.2 0 -
Parcel 4 with 0.7 4 13 15 072 0 30
Substation
Parcel 4
without - - - 15 872 -0 -
Substation
Table I-3. Impacts by DNR Parcel
Permanent Impacts Temporary Impacts
Upgrade Total Total
New Existing Permanent Temporary | Temporary
Towers | Roads | Roads |Substation| Impacts | Towers | Roads Impacts
Parcel |(acres)?|(acres)| (acres) (acres) (acres) |(acres)?| (acres) (acres)
Parcel 1 1-2 74 8 - 1713-14 4-16 0 4-16
Parcel 2 0.4-0.5 3 3 - 6 1-5 0 1-5
Parcel 3 0.1 0207 0 - 030.8 0.4 0 0.4
Parcel 4
with 0.5-0.7 25 0 30 323336 2 0.3 2
Substation
Parcel 4
without - 5 -0 - -5 - - -
Substation

1.2

Resource Impacts

The following discussions focus on the environmental resources that DNR has stated requires
additional information to aid the agency in its statutory and regulatory compliance efforts for
DNR parcels potentially crossed by the proposed project. General resource impacts that occur
due to the project are described in Chapter 3 of this EIS; the information below addresses the
site specific impacts on the DNR parcels. Also, Chapter 3 of the EIS provides analysis for the
environmental resources not specifically addressed in this appendix, including DNR lands.

1.2.1

Land Use and Recreation

The vicinity of the proposed project, including the general vicinity of the four parcels of DNR
lands, is sparsely populated with development mainly limited to rural homes, ranches, and

-3




farms. The four DNR parcels are located on gently rolling to moderately hilly plateaus. Parcel 1
is a dedicated preserve under the Washington Natural Area Preserves Act, for the preservation
of high quality and rare natural areas, as well as threatened and endangered species as part of
the Washington Natural Heritage Program (WNHP) (WNHP 2007, 2009b). While preservation is
its primary mission, the preserve is also used for research and education. -and-reereation-
Recreation Otherwise, public use in the preserve eensistsprimariy-of is limited to hiking,
wildflower viewing, and wildlife observation along The Dalles Mountain Road. DNR Parcels 2, 3,
and 4 are Washington State Trust Lands managed by DNR. Parcels 2 and 4 are leased for
agriculture and allow for dispersed recreation (hunting, fishing, etc.), and Parcel 3 is leased for
wind production as part of the Windy Flats Energy Production Area and is also used for range

and cereal grains/alfalfa production. may-alse-be-usedforrange.

Section 3.1 Land Use and Recreation of the EIS provides an analysis of the project’s potential
impacts on land use along the proposed project, including on the four DNR parcels potentially
affected by the project, and identifies measures to lessen or avoid impacts that would also apply
to the four DNR parcels.

Impacts to land use would include limitations of use within the right-of-way, removal of land
from use due to tower footprints, roads, and Knight Substation, disruption of use due to the
presence of the line through properties, and disturbance during maintenance and construction
activities.

Use limitation within the right-of-way would include keeping the right-of-way clear of all
structures, fire hazards, tall-growing vegetation and any other use that may interfere with the
safe operation or maintenance of the line. Buildings could not be constructed within the right-
of-way.

While BPA would obtain the right through its easements to keep the right-of-way clear of
vegetation and structures, BPA could enter into agreements with DNR for low-growing
vegetation that does not interfere with BPA's safe operation and maintenance of its
transmission facilities. DNR would coordinate with BPA prior to planting to ensure that the use
is safe, compatible and does not create an interference. Most crops could be grown safely
under the transmission line. However, orchards, Christmas trees, tall-growing landscape or
natural vegetation, and structure—supported crops (i.e., trellises) would require special
consideration. For DNR’s Parcel 3 specifically, BPA has determined it would be safe to grow
non-structure supported vegetation to a mature height not to exceed 10 feet.

Many uses would not be restricted, but certain precautions would need to be taken. For
example, no object should be raised higher than 14 feet above the ground within the right-of-
way (i.e., when moving irrigation pipes, they should be kept low and parallel to the ground);
ground elevation should not be altered (such as piling of dirt within the right-of-way); irrigation
spray should not create a continuous stream onto the conductors or towers; fences should be
grounded; and installing underground pipes or cables through the right-of-way needs to be
coordinated with BPA so as not to interfere with transmission line grounding systems and tower
footings. In general, vehicles and large equipment that do not exceed more than 14 feet in
height, such as harvesting combines, cranes derricks and booms could be operated safely under
the line where it passes over roads, driveways, parking lots, cultivated fields or grazing lands.
For DNR’s Parcel 3 specifically, line design would accommodate clearance of a 40' crane to cross
under the proposed line on Haystack Butte Road.




BPA does not restrict land uses outside the right-of-way. This is true of all lands adjacent to the
proposed corridor including DNR lands. Land uses such as growing crops, grazing livestock, state
and county roads, electric transmission lines, and outdoor recreational sports and activities
would continue. Some temporary impacts may occur during construction of the transmission
line as discussed in Section 3.1.2 of the EIS. Placement of the transmission line would not limit
development outside the right-of-way including agricultural use, residential development, wind
power production, or solar energy or communication sites. Within Klickitat County, private
lands crossed by the action alternatives are zoned rural center, open space and extensive
agricultural use. Much of the area is in an energy overlay zone. DNR lands;as+ranaged-by-the
State-of- Washingtonare-net is subject to state and local zoning laws regulations.

The land uses on the DNR parcels include nonirrigated crop land, rangeland (the wind
production area appears as rangeland as it is multi use), and Conservation/Recreation. See
Table I-4 for acreages of impacts to various land uses, prime farm land, and farmland of
statewide importance.

Table I-4. Land Use Impacts and New Right-of-Way by DNR Parcel

Permanent Impacts by

Temporary Impacts by

New Right-of-Way by

Land Use Parcel (acres)* Parcel (acres)* Parcel (acres)
1 2 3 4 1 2 3 4 1 2 3 4
Nonirrigated 32
Cropland 0 0 0 5_35 0 10 840 0.04 0 0 0 0-13
4-13
Rangeland 0 46 [6308| 0-1 0 01-5 | 8604 | 0-2 0 e 11 9 0
Preserve
14-15 4-5
Conservation/ —.
13-14 0 0 0 4-16 0 0 0 13-40 0 0 0
Reereation
Totals by
Parcel Type M5 46 |es0s| B 4= 15 | 04 | 02 |1340| ¥ 9 0-13
— 13-14 5-36 4-16 5-14
of impact
Prime Farmland 0 0 0 3136 0 0 0 1-2 0 0 0 0-10
Farmland of
Statewide 6 2 0.2 0.5 2-4 10.4-10| 04 |0.5-0.6| 6-19 2-6 6 0-3
Importance

! permanent and Temporary Impacts by Parcel include impacts from towers, access roads, and/or substations.

1.2.2

Geology and Soils

Section 3.4 Geology and Soils of the EIS provides an analysis of the potential impacts on geology
and soils along the project (routing alternatives and substation sites), and identifies measures to
lessen or avoid potential geologic hazards and soil impacts. The analysis in Section 3.4 includes
a general assessment of geologic hazards for the four DNR parcels potentially affected by the
proposed project, and the identified measures to lessen or avoid potential geologic hazards
would also apply to the four DNR parcels. In addition, Map I-5 series of this appendix displays
the liquefaction risks and faults found within the project area, including the four DNR parcels.
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Additional geology and soils information is continuing to be obtained using geologic hazard
assessments, including on-the-ground field assessments. The geologic hazard assessments have
included the review of liquefaction hazard mapping, geologic maps for fault locations, and aerial
photographs combined with surface condition assessments at proposed tower locations and
surrounding terrain for landslide hazard assessment. Geological soil testing will be performed at
representative tower locations to help determine appropriate tower footings for a given soil
type or hazard. Geologic and soil hazard areas are avoided where possible, and where
avoidance is not possible, towers and roads would be designed to address the applicable hazard.

Landslides. In Washington, landslide areas along the project occur along the Columbia Hills (see
Map I-5). The West Alternative crosses a large inactive landslide on Washington Parks and DNR
lands between line miles W7.6-8.4. Small landslides may also be associated with the
headwaters of drainages on the north flank of the Columbia Hills near line mile W9.5.

Landslide areas along the East Alternative in Washington occur in the Wishram area and just
south of the DNR Parcel 3.

As discussed in Section 3.4.2 of the EIS, because road development has the potential to cause
erosion or landslides, road grades on all lands crossed by the proposed project would be varied
depending on the erosion potential of the soil and roads would be rocked where needed for
dust abatement, stability, load bearing, and seasons of use. Final design measures would take
slopes, soil types, bedrock, the presence of bedrock hollows or inner gorges, and other factors
into account based on site-specific information.

Seismic. Various faults are located along the project routes (see Map I-5). Earthquakes
occurring in the Northwest could cause ground shaking or ground failure — landslides or
liguefaction (severe settling of soil) —in large landslide areas, in floodplain sediments and
alluvial fill in the Swale Creek Valley, and in floodplain sediments around Fifteenmile Creek in
Oregon and the Little Klickitat River in Washington. All facilities would be built to applicable
seismic standards and combined wind- and ice-loading tower design criteria typically exceed
earthquake-induced loads.

Liquefaction. Liquefaction hazards occur where the combination of fine-grained cohesionless
soils and high water table conditions occur. Generally, transmission towers are likely to survive
settlement associated with liquefaction with only minor structural damage. It is BPA’s policy to
avoid placing towers in areas where liquefaction might occur, such as stream crossings.

Liquefaction hazards were identified where the Middle and East alternatives cross Swale Creek
(see Map I-5). Test pits would be excavated at tower sites in these areas to further investigate
subsurface conditions and verify no liquefaction hazard exists. If a potential liquefaction hazard
is found, the liquefiable soils would most likely be excavated to bedrock and replaced with non-
liquefiable backfill.

1.2.3 Vegetation

Section 3.3 of the EIS provides an analysis of the project’s potential impacts on vegetation in the
project vicinity for all routing alternatives, including on the four DNR parcels potentially affected
by the proposed project, and identifies measures to lessen or avoid impacts that would also
apply to the four DNR parcels. Table I-5 displays the potential impacts to vegetation at each of
the four DNR parcels that could be affected by the proposed project.
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Four special-status species associated with high-quality grasslands have mapped occurrences on
Columbia Hills Natural Area Preserve Parcel 1; clustered lady’s-slipper (Cypripedium
fasciculatum), Douglas’ draba (Cusickiella douglasii), hot-rock penstemon (Penstemon deustus
var. variabilis), and obscure buttercup (Ranunculus triternatus (ORNHIC 2007 and

WNHP 2009c). Vegetation surveys conducted of the proposed transmission line corridors in
spring 2010 only found the obscure buttercup. Because of the unusual spring weather (early
heat, then a late snow) it is assumed that the field surveys missed the plant flowering times of
the other three special species grassland plants and their presence could not be verified.
Because both the park and preserve bielegists ecologists have recorded their presence, it is
assumed that all four of the special-status grassland type species occur in this area and the
analysis reflects the previously recorded data. In addition, Parcel 1 has Oregon white oak and
ponderosa pine trees.

Table I-5. Vegetation Impacts and Right-of-Way by DNR Parcel

Permanent Impacts Temporary Impacts New Right-of-Way
(acres) (acres) (acres)
Parcel #: 1 2 3 4 1 2 3 4 1 2 3
Vegetation

Cover Types
Shrub-Steppe 0 0 0 0 |24 | o0 0 0 0 0 0
Grassland 13-14 0 0 0 zg;glz 0 0 0 12-36 0 0
Idaho Fescue-
HOUI‘IdStOI'I?U@ 3-7 3-20 0 0 0 0 0 0 0 0 0
Hawkweed
Disturbed
Shrub-Steppe/ 0:4-07| 1-2 | 104 4 03 1 g _
o 0 6 0.8 01 0 15 04 0-2 0-0.01 | 4-13 9

! Priority ecosystem associated with grasslands

As discussed in Section 3.3.2, the proposed project could result in the spread of noxious weeds,
especially along newly constructed access roads. To control or contain noxious weeds on DNR
parcels potentially crossed by the proposed project, BPA would undertake actions in
coordination with DNR at four stages of the proposed project: pre-construction, construction,
immediate post-construction, and maintenance.

Pre-Construction. The MOA between DNR and BPA and/or easement document for any DNR
parcels affected would outline measures for weed control (see Table I-7 for Potential Measures
on DNR Parcels). As part of BPA’s noxious weed management, BPA contracted with Klickitat
County to conduct a noxious weed survey in spring 2010 along the proposed alternatives to help
determine infestation locations and appropriate mitigation measures needed for construction.
However, because BPA did not have permission to enter the DNR parcels, the inventory in those
areas was conducted from public access where available. If noxious weeds are currently on the
DNR property, BPA and DNR could decide to apply herbicides prior to construction to help
reduce spread during construction. Construction specifications will contain provisions stating



how the noxious weeds would be controlled or contained including provisions outlined in the
MOA.

All proposed actions to control or eradicate noxious weeds would comply with the Carson-Foley
Act (P.L. 90-583), the Federal Noxious Weed Act (P.L. 93-629), and other applicable Stateand
Federal regulations, and all applicable state and county noxious weed control regulations and
guidelines to the extent practicable.

Construction. During construction, BPA would implement noxious weed control measures
specified in the construction specifications which would include establishing vehicle and
equipment washing stations in strategic locations to reduce the possibility of seed being carried
to areas that do not have infestations, as well as reseeding disturbed areas with desirable
species to limit noxious weed germination. To ensure that the desired level of noxious weed
control is being carried out, the BPA field inspector and the land liaison representative would
monitor the program. For DNR land, BPA will coordinate these efforts with DNR as specified in
the MOA or easement agreement.

Immediate Post-Construction. Upon completion of construction, the maintenance of the
transmission line and its associated access roads and rights-of-way would become the
responsibility of BPA Transmission Line Maintenance with the assistance of the BPA Regional
Natural Resource Specialist. Before the line is released for future maintenance, a detailed post-
construction field review would be conducted with DNR, the BPA field inspector, and the BPA
Regional Natural Resource Specialist. Specific weed control measures would be agreed upon
and responsibilities, including funding, assigned to the participating organization.

Maintenance. Over the long-term, vegetation (including noxious weeds) on DNR land would be
managed by the BPA Regional Natural Resource Specialist along the right-of-way as guided by
BPA’s Transmission System Vegetation Management Program EIS, agreements made with DNR,
and input from the Klickitat County weed board.

Noxious weed control on BPA easements across DNR parcels and other lands would be
coordinated through the BPA Regional Natural Resource Specialist (NRS). Prior to conducting
any such weed control, BPA’s usual practice is to develop a noxious weed management plan
within an overall Vegetation Management Prescription, followed by preparation of a
Supplement Analysis (SA) to BPA’s Transmission System Vegetation Management Program EIS.
The SA provides a review of the control activities and ensures they are consistent with the
vegetation maintenance activities contained in that EIS. BPA would coordinate preparation of
the noxious weed management plan on DNR managed trust lands with DNR staff. Examples of
maintenance policies that are defined in BPA’s Transmission System Vegetation Management
Program EIS, and that likely would be included in a noxious weed management plan and
considered in SAs relevant to DNR, include the following:

a. _Apply herbicides to the rights-of-way.

b. Provide herbicides to landowners.
Contract with the owners or county weed control districts to apply herbicides to
BPA rights-of-way.

d. Contract with the county weed control district to apply herbicides to specific
identified noxious weeds.

e. Initiate additional control measures as recommended by local jurisdictions or
responsible governmental agencies.
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f.  Where required by state or local agencies or in agricultural areas where noxious
weeds are present, pressure or steam wash all vehicles used in that location before
entering another location.

1.2.4  Wildlife

Section 3.6 of the EIS provides an analysis of the project’s potential impacts on wildlife in the
project vicinity for all routing alternatives, including on the four DNR parcels potentially affected
by the proposed project, and identifies measures to lessen or avoid impacts that would also
apply to the four DNR parcels.

DNR parcels 2, 3, and 4 provide common, disturbed grassland/shrub-steppe and cropland
habitat (see Table I-4 for acres of the corresponding cropland and rangeland impacts). As
described in Section 3.6.1, cropland habitat provides habitat for horned lark, mountain guail,
owls, hawks, burrowing owl, and others. The DNR Columbia Hills Natural Area Preserve on
Parcel 1 provides high quality grassland/shrub-steppe habitat (see Table I-5) and woodland
Oregon white oak-ponderosa pine habitat (see Section |.2.3). These habitats can be frequented
by western skink, raccoon, black-tailed deer, mule deer, coyote, various species of rodents,
reptiles (such as western rattlesnake, alligator lizard, and western fence lizard), long-billed
curlew, prairie falcon, golden eagle, northern harrier, Swainson’s hawk, red-tailed hawk,
Cooper’s hawk, barn owl, downy woodpecker, ash-throated flycatcher, mountain quail,
California quail, ring-necked pheasant northern flicker, western meadowlark, horned lark, and
many other species.

.2.5 Water Resources, Wetlands, and Fish

Sections 3.5 and 3.7 of the EIS provides an analysis of the project’s potential impacts on water
resources, wetlands, and fish in the project vicinity for all three routing alternatives, including on
the four DNR parcels potentially affected by the proposed project, and identifies measures to
lessen or avoid impacts that would also apply to the four DNR parcels.

There are no perennial water bodies or floodplains located on the four DNR parcels where the
proposed transmission line would cross. Proposed access roads would not cross drainages on
any DNR parcels and no culverts would be installed.

Wetlands are found on Parcels 1 and 2. On Parcel 1, about 3.2 acres in five different wetlands
could be permanently impacted by fill (dirt, rock, or concrete) required for tower footings and
upgrading or building new access roads (see Section 3.5, Table 3-19); on Parcel 2 about 1.0 acre
in two different wetlands could be permanently impacted. Impacts would vary depending on
wetland quality (or “functional level”). Wetlands along Parcel 1 were ranked low or were not
ranked because the wetland function could not be assessed and wetlands in Parcel 2 were
ranked moderate. There would be no impacts to wetlands on Parcels 3 or 4.

As discussed in Section 3.5.1, if project-generated sediment were to reach an intermittent
stream, it would have little effect, if any, and would likely be indiscernible from existing
conditions within a few hundred feet. As there are no drainages on DNR parcels, there would be
no impacts to fish.



.2.6 Cultural Resources

Section 3.8 of the EIS provides an analysis of the project’s potential impacts on cultural
resources in the project vicinity for all three routing alternatives, including on the four DNR
parcels potentially affected by the proposed project, and identifies measures to lessen or avoid
impacts that would also apply to the four DNR parcels.

The first phase of cultural resource surveys were not conducted on DNR lands due to the lack of
permission to enter the properties. Additional surveys of the alternatives, including DNR lands,
willbe were conducted winter/spring 2011. Cultural resources will be avoided where possible
and mitigation measures have been identified to reduce or eliminate adverse impacts (see Table
3.8.2). BPA will coordinate with DNR to avoid and minimize impacts to cultural resources.

.2.7 Socioeconomics

Section 3.9 of the EIS provides an analysis of the project’s potential impacts on socioeconomics
and public facilities in the project vicinity for all three routing alternatives, including on the four
DNR parcels potentially affected by the proposed project, and identifies measures to lessen or
avoid impacts that would also apply to the DNR parcels.

Several of the DNR parcels are Washington State Trust Lands managed by DNR. The State Trust
Lands are held in trust by the state and leased to private farmers either on a cash rent or
sharecrop basis (McKay 2010), or to a wind developer (i.e., Windy Flats). The primary
beneficiaries of State Trust Lands are public schools (kindergarten through 12th grade), which
receive over 78 percent of the funds. In 2009, over 5.6 million acres were in State Trust Lands,
and provided over $192 million in state revenues (DNR 2010).

As discussed above in Section 1.2.2, Land Use and Recreation, DNR Parcels 2, 3, and 4 are
Washington State Trust Lands managed by DNR. Parcel 2 is leased for range land and Parcel 4 is
leased for range and crop production. Parcel 3 is leased for wind production as part of the
Windy Flats Energy Production Area and in the NW % contains 37 acres of leased cropland used

for dryland cereal grain and alfalfa production. may-alse-be-used-forrange.

As shown in Table I-4, permanent removal of land from use from construction of transmission
tower footings and new access roads on DNR land used for grazing leases would be 4 6 acres
(Parcel 2), 83 1 acres (Parcel 3) and 0—1 acre (Parcel 4). Parcel 4 is also primarily used for crop
production, although there may also be some rangeland, in the area of Substation Site 2, which
would permanently remove 38 5—36 acres from use. These totals represent a relatively small
portion of the DNR parcels (see Section I-1 for total parcel acreages).

It is estimated that cash rents for range land are about $2/acre-year, while crop land rents are
between $30 and $40 per acre, per year (acre-year). Sharecrop returns to DNR range from 30 to
35 percent of the crop, which results in $10 to $70 per acre-year.

Based on the maximum potential cash rents and sharecrop returns given above, the amount of
DNR revenue that would be lost to towers and access roads is estimated to be $12 per year for
Parcel 2 (West Alternative with approach to Knight Substation Site 2) and $8-60 $2.60 per year
for Parcel 3 (based on the impacts to rangeland; East Alternative with approach to Knight
Substation Site 2). The amount of additional DNR revenue lost to Knight Substation Site 1 would
be about $322 per year from a substation access road across Parcel 4. Knight Substation Site 2
would result in the loss of about $2,451 in DNR revenue from the substation and substation
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access road. Hany-ofthealternativesconnecttoSubstationSite 2 they would-impact
Crops lost to temporary construction activity would result in about $273 annually during
construction for the action alternatives; this amount would be compensated in addition to the
purchase of the property or easement. If any of the land is held in CRP, federal payments made
to the state would be affected if all or a portion of the land had to be taken out of CRP.
Placement of transmission lines would not necessarily affect CRP status and no loss in value
from construction activities would be expected for CRP land. Because the East Alternative
would be routed to avoid conflicts with existing wind turbines already developed on Parcel 3,
there would be no additional wind development revenue loss expected.

1.2.8  Transportation

Section 3.10 of the EIS provides an analysis of the project’s potential impacts on transportation
in the project vicinity for all three routing alternatives, including on the four DNR parcels
potentially affected by the proposed project, and identifies measures to lessen or avoid impacts
that would also apply to the four DNR parcels.

Table I-2 displays the proposed miles and acres of new access roads and those needing
improvement located on the four DNR parcels that could be affected by the proposed project.
Table I-6 displays the general characteristics of access road easements proposed to be located
on the four DNR parcels that could be affected by the proposed project. This table identifies the
type, length, and width of the proposed easements and what type of use is expected (joint or
BPA exclusive use).

During construction, unavoidable transportation impacts would consist of minor delays and
interruptions to local traffic, with a relatively low increase in daily traffic volume on highways.
Operation and maintenance traffic over the life of the line would be only a few maintenance
vehicles once a year, and helicopters twice a year.

A discussion of BPA’s access road system for the proposed project is included in Section 2.3.4,
Access Roads, of the EIS. This discussion includes a general description of the width, location,
type of road improvement, and construction equipment that would be used. Use of temporary
roads within agricultural fields is also discussed. For the DNR parcels, BPA would acquires rights
(easements for line access roads and fee title for substation access roads), and develop and
maintain permanent access suitable for travel by wheeled vehicles to each transmission line
structure site, substation or other transmission facility. Existing public and private roads and
transmission line rights-of-way would be used for access where reasonably possible. See
Section 3.1 Land Use and Recreation for a discussion about possible unauthorized access and
use of BPA roads.

As part of BPA’s Transmission Engineering Manual, BPA has an Access Road Planning and Design
Manual (BPA, 1987). This comprehensive manual includes BPA’s access road policy and
standards regarding the design and construction of access roads that also would be used for
proposed access roads on and adjacent to the four DNR parcels.

Environmental, engineering, economic, and maintenance factors are considered in locating and
designing access roads. Access road planning, as described in the BPA Manual, takes into

account many factors including seasonal constraints for construction, steep slopes, present and
potential land uses, soil conditions, soil erosion potential, water quality impacts, visual impacts,
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and impacts to cultural resources. The BPA Manual also describes erosion and sediment control
methods that are implemented. Erosion control is a very important factor in planning,
designing, constructing and maintaining access roads. Erosion must be controlled during and
after construction to prevent road damage, to avoid undue increases in stream turbidity and
sedimentation, and soil deposition outside of the road right-of-way. Well designed and
constructed erosion control measures would reduce road maintenance costs and provide a
reliable road in the event of emergency work on the transmission line. Drainage structures
including culverts, intercepting dips, water bars, and gravel surfacing are elements of erosion

control, as is seeding.

Access road planning and design are important elements of transmission project development
and to be effective must begin at the earliest stage of project planning. Well developed access
road plans and designs minimize construction and maintenance costs, environmental impacts,
and costly delays because of late changes in access road routing. Access road plans and designs
are developed using landowner, environmental, construction, and maintenance input. For the
DNR parcels, access road plans and designs would also be coordinated with the appropriate DNR

engineer.

Table I-6. Proposed Access Roads located on DNR Parcels

Length of | Width of
DNR Legal Type of | Easement | Easement
Parcel | Description Land Use Easement (feet) (feet) Anticipated Road Use
Permanent
Parcel 1 |Sec 28 T3N R14E Road 2,040 50 BPA Use - Road AZH-10-AR-3
Permanent
Parcel 1 |Sec28 T3N R14E Road 1,620 50 BPA Use - Road AZH-11-AR-1
Permanent
Parcel1 |Sec 32 T3N R14E Road 360 50 BPA Use - Road AZH-9-AR-2
Permanent
Parcel1 |Sec 32 T3N R14E Road 1,375 50 BPA Use - Road AZH-9-AR-3
Columbia Hills
Natural Area Permanent
Parcell |Sec32T3NR14E |~ Road 970 50 BPA Use - Road AZH-9-AR-4
Preserve
Permanent
Parcel1 |Sec 32 T3N R14E Road 1,545 50 BPA Use - Road AZH-9-AR-5
Permanent
Parcel 1 |Sec 32 T3N R14E Road 1,775 50 BPA Use - Road AZH-10-AR-1
Permanent
Parcel 1 |Sec 32 T3N R14E Road 1,025 50 BPA Use - Road AZH-10-AR-2
Permanent
Parcel1 |Sec 33 T3N R14E Road 1,925 50 BPA Use - Road AZH-10-AR-2
None:
Existing Road
Existing Road (Stacker Mt
Microwave Joint Use - Stacker Mt
Parcel 1 |Sec 32 T3N R14E Rd) 5,810 60 Microwave Rd
Agriculture Permanent
Parcel 2 |Sec 36 T4N R14E 8 Road 330 50 BPA Use - AZH-16-AR-2P1

I-12




Length of | Width of
DNR Legal Type of | Easement | Easement
Parcel | Description Land Use Easement (feet) (feet) Anticipated Road Use
Permanent
Parcel 2 |Sec 36 T4N R14E Road 1,580 50 BPA Use - AZH-16-AR-2P2
Permanent
Parcel 2 |Sec 36 T4N R14E Road 700 50 BPA Use - AZH-16-AR-3
Permanent
Parcel 2 |Sec 36 T4N R14E Road 670 50 BPA Use - AZH-17-AR-1
Permanent
Parcel 2 |Sec 36 T4N R14E Road 350 50 BPA Use - W17-AR-2
None:
Existing Road Existing Road
Parcel 2 |Sec 36 T4N R14E (Ahola Rd) 4,390 60 Joint Use - Ahola Rd
Permanent
Parcel3 | Sec36T3N-RISE Road 3035 56 BPA-Use—Road-AZE-15-AR-4
Permanent
Parcel 3 |Sec 36 T3N R15E Road 105 - BPA Use - Road AZE-15-AR-3
Windy Flats
Permanent
Parcel 3 |Sec 36 T3N R15E Road 420 50 BPA Use - Road AZE-15-AR-5
Permanent
Parcel 3 |Sec 36 T3N R15E Road 895 50 BPA Use - Road AZE-16-AR-1
None:
L Existing Road
Existing Road (Haystack Joint Use - Road HAST-SAR-
Parcel 3 |Sec 36 T3N R15E Butte Road) |1,800 60 P9 (Haystack Butte Rd)
Agriculture Permanent
Easement
(Route of BPA Use - Tower access E
Parcel 4 |Sec 36 T5N R15E Travel) 2,625 50 28/4
Agriculture’ Permanent
Parcel 4 |Sec 36 T5N R15E g Road 2,685 50 BPA Use - Knight-SAR-1
Agriculture? Permanent BPA Use - Knight Substation
Parcel 4 |Sec 36 T5N R15E & Road 3,900 50 Access

! This road would lead to Knight Substation Site 1.
> This road would lead to Knight Substation Site 2.

As discussed in the introduction to this appendix, BPA and DNR expect to negotiate a

Washington Statewide Rights-of-Way MOA with the goal of addressing BPA transmission line

operations and maintenance compatibility with DNR trust land management. Among other

things, this MOA is expected to provide mutually agreeable definitions, classifications, and

responsibilities for BPA sole and joint use access roads located on DNR lands, in order to provide

for mutually agreeable maintenance and operation of these roads. Although a statewide

approach to BPA access roads on DNR lands will be addressed in the Statewide MOA, there

already has been fairly extensive discussion between BPA and DNR on this issue. While these

discussions have not concluded, they provide an indication of the likely language concerning

definitions, classifications, and best practices for BPA access roads located on DNR lands that
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BPA and DNR expect may be included in the easement documents for the proposed project, as
well as in any project-specific maintenance and operation agreement that may be negotiated if
the project is approved before the Statewide MOA is negotiated. Based on current, in-progress
discussions between BPA and DNR, any such language likely will be similar to, or possibly largely
the same as, the following:

DEFINITIONS

1. Road Maintenance: Periodic work performed on a road so that the road prism remains
usable and costly repairs are not needed. Activities include but are not limited to shaping
the roadway, vegetation control, cleaning catch basins, installation of cross-drain culverts
and culvert maintenance, water bars, ditches, roadside brushing, and spot rocking. Includes
traffic and non-traffic generated maintenance.

2. Road Improvement: Includes any work that increases the overall value of the road.
Activities include but are not limited to: new road and bridge construction, bridge and
culvert replacement, significant road surface improvement or changing the surface of a
road, widening, ditch construction, abandonment, decommissioning and road realignments
or rerouting. It does not include any of the specific activities listed in road maintenance.

3. BPA Sole Use Road: A road on State-managed uplands within and outside the transmission
corridor that is used almost exclusively by BPA including roads built for the original line
construction, patrol, maintenance, upgrades, emergency repairs, and vegetation
management. General characteristics of this type of road include:

a. Road does not currently, nor in the foreseeable future provide needed access to State-
managed lands for the purpose of resource management.

b. Road is not generally used, identified, or necessary for administrative use by State
purchasers, lessees, or permittees.

c. _No additional easement holder user of the road has been identified.

d. State rarely uses the road administratively. Such State use includes, but is not limited to
easement administration.

e. State does not have a designated recreational trail or promote other authorized
recreational use of the road.

f. State does not consider the road part of the State funded transportation system.

4. BPA/State Joint Use Road: A road on DNR-managed land that is mutually beneficial where
BPA is an easement holder. General characteristics of this type of road include:

a. State uses or has immediate plans to use the road, or a portion of the road, to access

DNR-managed lands.

State’s purchasers, lessees or permittees require use of the road.

An additional easement holder user of the road may have been identified.

d. State has designated sections of the road as a recreation trail or has invited recreational
use onto the road.

e. State maintains the road and considers the road part of the State funded transportation

system.

BEST PRACTICES TO MAINTAIN AND IMPROVE JOINT AND SOLE USE ROADS ON STATE MANAGED
LANDS

o 1T

DNR and BPA agree to produce and maintain a safe, cost effective, environmentally friendly, and
practical road program that is supported by and meets the needs of the sole and joint use roads.
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Instead of complying with specific roads standards, the agencies will identify and implement

best practices to accomplish the following objectives:

a. Protect water quality and avoid sediment loading into water bodies;

Protect sensitive areas and reduce ecosystem impacts;

c.__Maintain natural channels, natural stream flow, and maintain passage for aquatic
organisms;

d. Control surface water on the road;

e. Stabilize the driving surface;

f. Evaluate unauthorized use that may damage the road and take steps to curtail such use;

g. Implement needed slope stabilization measures and reduce mass wasting;

h. Establish compatible vegetation on disturbed areas; and

Avoid and control the spread of noxious weeds.

1.3

Potential Measures on DNR lands

In addition to mitigation measures identified in Chapter 3 of the EIS, the measures outlined in
Table I-7 could be implemented to further reduce or avoid potential impacts on DNR lands.

Table I-7. Potential Measures on DNR Parcels

Measure

Implementation

Implement the MOA with DNR that reduces noxious, invasive and undesirable species
including tall-growing woody plants and works towards compatible and native low-
growing species vegetation on DNR lands. The MOA also will provide coordination
between DNR and BPA for the use of herbicides on lands where DNR uses herbicides and
minimizes the use of herbicides on lands where DNR does not use herbicides.

Washington Statewide
Rights-of-Way MOA/DNR
Easement Document

Commit to developing and complying with mutually agreeable definitions, classifications,
and responsibilities for BPA sole and joint use access roads for the proposed project that
would be located on DNR lands, with the goal of addressing operations and maintenance
compatibility of the proposed transmission line with DNR trust land management.

Washington Statewide
Rights-of-Way MOA/DNR
Easement Document

For any noxious weed management plans prepared for proposed weed control and other
vegetation maintenance on DNR managed trust lands as part of future line maintenance
activities, coordinate preparation of these management plans with DNR staff.

Noxious Weed
Management Plans

Commit to €coordinateing with DNR regarding the 1989 DNR Agricultural and Grazing
lands Policy Plan and related Resource Management Plans for individual parcels during
construction and maintenance of the line and access roads over DNR trust lands. Provide
DNR with notice of potential impacts to affected lands enrolled in the Conservation
Reserve Program. Request permission to disturb ground cover as needed to complete the
project and agree to restore impacted lands outside of lands developed to tower pads and

access roads to the same type of cover at no expense to any applicable DNR lessee or to
DNR as landowner.

Washington Statewide
Rights-of-Way MOA
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Measure

Implementation

Implement the Appraisal MOU with DNR to pay fair market value for impaets any
easement conveyances granted to BPA e on trust lands.

Appraisal MOU

Utilize the Appraisal MOU with DNR to assess the value for any reduction in CRP acreage
due to construction of access roads or towers.

Appraisal MOU

Work with DNR concerning a possible cooperative agreement for the control of
unauthorized public access and use on state lands that could result from the proposed
project. The agreement could address various provisions related to unauthorized access,
such as additional measures to be taken to discourage unauthorized use of the project
corridor and associated access roads, periodic inspection for unauthorized access and any
resulting damage, and repair of any damage from unauthorized access. BPA will strive to
design the corridor to prevent trespass and provide signs that discourage unauthorized
use of the corridor.

Washington Statewide
Rights-of-Way MOA (see
McNary-John Day
Maintenance and
Operations Agreement)
/DNR Easement Document

Mark the easement corridor in strategic locations on DNR land so that BPA, contractors,
adjacent landowners and the public can clearly recognize when they are within the
corridor to prevent uncompensated corridor expansion, vegetation management
conflicts, and to reduce trespass.

Washington Statewide
Rights-of-Way MOA (see
McNary-John Day
Maintenance and
Operations Agreement)
/DNR Easement Document

Develop a mutually agreeable fire prevention and suppression plan with DNR that
addresses managing and controlling the risks associated with wildland fire due to
construction, operation, and maintenance of the transmission line.

Washington Statewide
Rights-of-Way MOA (see
McNary-John Day
Maintenance and
Operations Agreement)
/DNR Easement Document
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Appendix J
Geology and Soils
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Table Y-1. Minority Populations in (KS .13 9RR&nYyI3K{ ti2eS00 1NSI- 1yR I (KS /2dzy@ 1-yR {il-iS [Svels

Black or American Native
African Indian and Hawaiian or
Total Minority American Alone  Alaska Native Asian Alone Other Pacific
Population Persons (%) (%) Alone (%) (%) Islander (%) Hispanic (%)
Klickitat County 19,161 896 (4.7) 51 (0.3) 665 (3.5) 139 (0.7) 41 (0.2) 1,496 (7.8)
Washington State 5,894,121 630,456 (10.7) 190,267 (3.2) 93,901 (1.6) 322,335 (5.5) 23,953 (0.4) 441,509 (7.5)
Wasco County 23,791 1,284 (5.4) 71 (0.3) 903 (3.8) 191 (0.8) 119 (0.5) 2,214 (9.3)
Oregon State 3,421,399 210,199 (6.2) 55,662 (1.6) 45,211 (1.3) 101,350 (3.0) 7,976 (0.2) 275,314 (8.0)
Study Area! 42,952 2,180 (5.1) 122 (0.3) 1,568 (3.7) 330 (0.8) 160 (0.4) 3,710 (8.6)
Census Tract 9501  Block Group 8 1,480 52 (3.5) 2(0.1) 45 (3.0) 5(0.3) 0(0.0) 44 (3.0)
Census Tract 9502  Block Group 1 898 92 (10.2) 2(0.2) 85 (9.5) 5(0.6) 0(0.0) 34 (3.8)
Block Group 3 1,350 71 (5.3) 3(0.2) 43 (3.2) 25 (1.9) 0(0.0) 64 (4.7)
Census Tract 9707  Block Group 1 731 8(1.1) 0(0.0) 2(0.3) 6 (0.8) 0(0.0) 113 (15.5)
Census Tract 9708  Block Group 1 1,322 48 (3.6) 2(0.2) 46 (3.5) 0 (0.0) 0(0.0) 23 (1.7)

1 Study Area is comprised of Klickitat and Wasco Counties
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