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!
,-$$.!/&0-1-2!
341-5!677$802#97$(!:-;#$9<-29!7=!>%717?.!!
@A!B7C!DEF**!
A1.<;0#(!GH!!I'J*DKEF**!
!

RE:!PETITION!TO!AMEND!WAC!173"201A"200(1)(f)(ii)!
!
:-#$!"$L!/&0-1-2(!
!
@4$54#29!97!36G!MDL*JLMM*(!N#O-!A4$!G018!N#1<72!#28!095!428-$50?2-8!%7#109072!
<-<P-$5!Q&-$-02#=9-$!%711-%90O-1.!$-=-$$-8!97!#5!R;-909072-$S!7$!RNANST!&-$-P.!
;-909072!9&-!G#5&02?972!N9#9-!:-;#$9<-29!7=!>%717?.!QR>%717?.ST!97!#<-28!GH6!
+EMK)*+HK)**Q+TQ=TQ00T(!U&0%&!>%717?.!;$7<41?#9-8!;4$54#29!97!36G!I*LD'L*MJL+!!
/&05!$41-!5-95!U#9-$!V4#109.!59#28#$85!QRGWN5ST!=7$!979#1!805571O-8!?#5!QR/:XST!02!
G#5&02?972Y5!=$-5&!54$=#%-!U#9-$5L)!!X-2-$#11.(!9&-!$41-!$-V40$-5!9&#9!/:X!1-O-15!279!
-C%--8!++*!;-$%-29!5#94$#9072L!!Z7U-O-$(!9&-!$41-!02%148-5!-C-<;90725!97!=#%0109#9-!
=05&!;#55#?-!9&$74?&!9&-!=-8-$#1!8#<5!72!9&-!N2#[-!#28!6714<P0#!30O-$5\!
!
/&-!=7117U02?!5;-%0#1!=05&!;#55#?-!-C-<;90725!=7$!9&-!N2#[-!#28!6714<P0#!
$0O-$5!#;;1.!U&-2!5;01102?!U#9-$!#9!8#<5!05!2-%-55#$.!97!#08!=05&!;#55#?-\!
! /:X!<459!279!-C%--8!#2!#O-$#?-!7=!72-!&428$-8!=0=9--2!;-$%-29!#5!

<-#54$-8!02!9&-!=7$-P#.5!7=!9&-!2-C9!87U259$-#<!8#<5!#28!<459!279!
-C%--8!#2!#O-$#?-!7=!72-!&428$-8!9U-29.!;-$%-29!#5!<-#54$-8!02!9&-!
9#01$#%-5!7=!-#%&!8#<!Q9&-5-!#O-$#?-5!#$-!<-#54$-8!#5!#2!#O-$#?-!7=!
9&-!9U-1O-!&0?&-59!%725-%490O-!&74$1.!$-#802?5!02!#2.!72-!8#.(!$-1#90O-!
97!#9<75;&-$0%!;$-554$-T]!#28!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
+!N#O-!A4$!G018!N#1<72!;$-O07451.!=01-8!9U7!;-9090725!50<01#$!97!9&05!72-(!9&-!=0$59!02!"#$%&!)**E!#28!
9&-!5-%728!02!,42-!)**IL!!/&-!"#$%&!)**E!;-909072!U#5!1#9-$!U09&8$#U2!57!9&#9!NAN!%7418!-29-$!0297!
805%4550725!U09&!>%717?.!#P749!/:X!02!9&-!6714<P0#!#28!N2#[-!30O-$5L!!H5!#!$-5419!7=!9&75-!
%72O-$5#90725!#28!#!8-%05072!=$7<!9&-!A$-?72!>2O0$72<-29#1!W4#109.!67<<055072!02!,42-!)**E(!
>%717?.!%72O-2-8!#2!H8#;90O-!"#2#?-<-29!/-#<!QRH"/ST!#5!;$-5%$0P-8!P.!9&-!^7U-$!6714<P0#!
30O-$!/79#1!:05571O-8!X#5!/79#1!"#C0<4<!:#01.!^7#8!QR/":^STL!!@-909072-$!U#5!#!<-<P-$!7=!9&-!
H"/(!U&0%&!<-9!#;;$7C0<#9-1.!<729&1.!=$7<!_7O-<P-$!)**E!9&$74?&!N-;9-<P-$!)**'L!!>%717?.!
8-20-8!9&-!,42-!)**I!;-909072!72!H4?459!+*(!)**IL!
)!`28-$!9&-!61-#2!G#9-$!H%9!QR6GHST(!59#9-5!&#O-!9&-!#49&7$09.!97!#87;9!U#9-$!V4#109.!59#28#$85L!!MM!
`LNL6L!a!+M+ML!!N9#9-!U#9-$!V4#109.!59#28#$85!02%148-!9&$--!%-29$#1!-1-<-295\!Q+T!8-50?2#9-8!45-5(!Q)T!
U#9-$!V4#109.!%$09-$0#(!#28!QMT!#2908-?$#8#9072!$41-5L!!D*!6LbL3L!a!+M+LFQ#TKQ8T]!D*!6LbL3L!aa!+M+L+*KL+ML!!
G#9-$!V4#109.!59#28#$85!<459!02%148-!%$09-$0#!9&#9!U011!;$79-%9!-#%&!8-50?2#9-8!45-L!!D*!6LbL3L!a!
+M+L++Q#TQ+TL!!/&-5-!%$09-$0#!<#.!P-!-C;$-55-8!02!24<-$0%!7$!2#$$#90O-!=7$<L!!D*!6LbL3L!a!
+M+L++QPTQ+T(!Q)TL!!G#5&02?972!N9#9-!&#5!5-9!9&-!8-50?2#9-8!45-!=7$!9&-!N2#[-!#28!6714<P0#!30O-$5!97!
02%148-!R#V4#90%!10=-!45-5(S!02%14802?!5#1<7208!&#P09#9(!5;#U202?(!$-#$02?(!#28!<0?$#9072L!!GH6!+EMK
)*+HK)**Q+TQ#TQ00TKQ0OTL!



! )

! H!<#C0<4<!/:X!72-!&74$!#O-$#?-!7=!72-!&428$-8!9U-29.K=0O-!;-$%-29!
<459!279!P-!-C%--8-8!84$02?!5;011#?-!=7$!=05&!;#55#?-LM!

!
@-909072-$!#?$--5!9&#9!#2!-C-<;9072!97!9&-!++*!;-$%-29!/:X!10<09!05!2-%-55#$.!97!
-254$-!5#=-!5#1<7208!;#55#?-!72!9&-!N2#[-!#28!6714<P0#!30O-$5]!&7U-O-$(!9&-!
$-V40$-<-29!9&#9!/:X!279!-C%--8!++J!;-$%-29!02!9&-!=7$-P#.5!05!42841.!$-59$0%90O-(!
#9!7885!U09&!57428!5%0-2%-(!#28!%729$#$.!97!=-8-$#1!#28!59#9-!1#UL!
!
A2!,42-!+I(!)**I(!NAN!54P<099-8!#!;-909072!97!>%717?.!97!#<-28!7$!$-<7O-!9&-!++J!
;-$%-29!=7$-P#.!59#28#$8L!>%717?.!8-20-8!9&#9!;-909072!72!H4?459!+*(!)**I!P#5-8!
;$0<#$01.!72!095!P-10-=!9&#9!R#V4#90%!10=-!54%&!#5!=$7?5(!594$?-72!1#$O#-(!=05&(!#28!
8#;&20#S!-C;-$0-2%-!#8O-$5-!-==-%95!#9!/:X!5#94$#9072!1-O-15!#;;$7#%&02?!+)*!
;-$%-29]!>%717?.!%1#0<-8!9&#9!$-9#0202?!9&-!++J!;-$%-29!=7$-P#.!10<09!U#5!2-%-55#$.!
97!=411.!;$79-%9!#11!5;-%0-5!7=!#V4#90%!10=-L!!Z7U-O-$(!02!8-2.02?!NANY5!;-909072!72!
9&-5-!?$74285(!>%717?.!=#01-8!97!%72508-$!$-1-O#29!59480-5!U&0%&!8-<7259$#9-!9&#9!
#V4#90%!10=-!U011!279!P-!&#$<-8!P.!9&-!$-<7O#1!7=!9&-!++J!;-$%-29!=7$-P#.!10<09L!!
H8809072#11.(!02!%7284%902?!095!$05[KP-2-=09!#2#1.505(!>%717?.!808!279!#;;$7;$0#9-1.!
%72508-$!9&-!P-2-=095!97!5#1<72!#28!79&-$!#V4#90%!10=-(!54%&!#5!@#%0=0%!1#<;$-.(!=$7<!
;79-290#1!02%$-#5-5!02!5;011!$-541902?!=$7<!9&-!;-909072-8!$41-!%&#2?-L!!B#5-8!72!9&05!
$-1-O#29!-O08-2%-!#28!2-U!02=7$<#9072(!#5!U-11!#5!9&-!02=7$<#9072!02!74$!,42-!)**I!
;-909072(!NAN!$-V4-595!9&#9!>%717?.!?$#29!9&05!;-909072!#28!$-<7O-!9&-!++J!;-$%-29!
=7$-P#.!10<09!7$(!#19-$2#90O-1.(!02%$-#5-!9&#9!10<09!97!+)*!;-$%-29L!!!
!
I.!! SPILL!IS!VITAL!TO!SALMON!AND!STEELHEAD!PROTECTION.!!
!
H5!NAN!#55-$9-8!02!095!,42-!)**I!;-909072(!02%$-#5-8!5;011!;$7O08-5!#!54P59#290#1!
P-2-=09!97!-28#2?-$-8!5#1<72!#28!59--1&-#8L!!c28--8(!>%717?.!&#5!#%[27U1-8?-8!
9&#9!5;011!05!0<;7$9#29!=7$!5#1<72!#28!59--1&-#8(!#28!&#5!O70%-8!#;;$7O#1!7=!9&-!
&0?&-$!5#1<72!54$O0O#1!$#9-5!#%&0-O-8!P.!9&-!++Jd+)*!;-$%-29!/:X!%$09-$072!9&#9!
NAN!87%4<-29-8!02!74$!,42-!)**I!;-909072LD!!G-!87%4<-29!9&-!54;;7$9!=7$!9&75-!
&0?&-$!54$O0O#1!$#9-5!&-$-!#?#02L!!
!
b7$!e4O-201-!5#1<72!#28!59--1&-#8!<0?$#902?!02!9&-!N2#[-!#28!6714<P0#!30O-$5(!5;011!
02805;49#P1.!;$7O08-5!9&-!5#=-59!;#55#?-!9&$74?&!9&-!b-8-$#1!6714<P0#!30O-$!@7U-$!
N.59-<!QRb63@NST!8#<5LJ!!/&-$-!05!#157!54P59#290#1!-O08-2%-!9&#9!5;011!05!9&-!5#=-59!
$749-!7=!;#55#?-!=7$!#8419!5#1<72!#28!59--1&-#8!9&$74?&!8#<5LF!!H117U02?!02%$-#5-8!
U#9-$!7O-$!9&-!5;011U#.5!#9!9&-5-!8#<5!#117U5!e4O-201-!5#1<72!97!#O708!9$#O-102?!
9&$74?&!9&-!;7U-$!94$P02-5!f!#!;#55#?-!$749-!9&#9!02%$-#5-5!<7$9#109.!7=!9&-5-!=05&!
P.!54Pe-%902?!9&-<!97!$#;08!;$-554$-!%&#2?-5!#28!80$-%9!0<;#%95!U09&!94$P02-!
P1#8-5LE!!c2%$-#5-8!5;011!#157!$-54195!02!17U-$!<7$9#109.!9&#2!9&-!;$#%90%-!7=!80O-$902?!
=05&!=$7<!9&-!94$P02-!029#[-5!#28!RP.;#5502?S!9&-<!9&$74?&!#!5-$0-5!7=!5%$--25(!
;0;-5(!#28!9422-15!97!P-!-e-%9-8!#9!9&-!17U-$!508-!7=!9&-!8#<!f!9&-!721.!79&-$!<-9&78!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
M!GH6!+EMK)*+HK)**Q+TQ=TQ00T!
D!:-;#$9<-29!7=!>%717?.L!H4?459!+*9&(!)**IL!3-5;725-!97!@-909072!=7$!341-<#[02?!f!6&#;9-$!+EMK)*+#!
GH6!f!G#9-$!W4#109.!N9#28#$85L!3-5;725-!97!@-909072!c554-!+L 
J!N--!_"bN!)***!b-8-$#1!6714<P0#!30O-$!@7U-$!N.59-<!B0717?0%#1!A;02072!Q)***!B0A;T!#9!FK+EL 
F!N--!63c/b6!,41.!M(!)**'!<-<7$#284<!97!9&-!H"/(!Review!of!Adult!Passage!Through!Different!Dam!
Passage!Routes. 
E!)***!B0A;!#9!IK'ML 



! M

#O#01#P1-!97!-254$-!9&#9!=05&!<0?$#902?!02K$0O-$!#$-!279!=7$%-8!97!;#55!9&$74?&!9&-!
94$P02-5L!!!
!
3-%-29!-C;-$0-2%-!428-$5%7$-5!9&-!P-2-=0%0#1!-==-%95!7=!02%$-#5-8!5;011L!!674$9!
02e42%90725!&#O-!$-V40$-8!9&-!`LNL!H$<.!67$;5!7=!>2?02--$5!QR67$;5ST!97!5;011!
#8809072#1!U#9-$!#9!9&-!b63@N!8#<5!97!#08!87U259$-#<!=05&!;#55#?-(!U&0%&!$-5419-8!
02!57<-!7=!9&-!&0?&-59!02K$0O-$!e4O-201-!54$O0O#1!$#9-5!02!.-#$5!#28!#117U-8!<7$-!
e4O-201-!5#1<72!97!<0?$#9-!02!9&-!$0O-$!428-$!P-99-$!%728090725L!!/&-5-!02K$0O-$!
54$O0O#15!&#O-!9$#251#9-8!0297!02%$-#5-8!#8419!$-94$25L!!b7$!-C#<;1-(!9&-!)**'!#28!
)**I!#8419!$-94$2!7=!57%[-.-!5#1<72!97!9&-!6714<P0#!#28!N2#[-!30O-$5!Q=05&!9&#9!
&#8!749K<0?$#9-8!02!)**F!#28!)**ET!5&#99-$-8!$-%-29!$-%7$85L!!H%%7$802?!97!#2!
#2#1.505!7=!9&-5-!02%$-#5-8!#8419!$-94$25!P.!9&-!b05&!@#55#?-!6-29-$!QRb@6ST(!
54$O0O#1!9&$74?&!9&-!&.8$75.59-<!02!9&-!.-#$5!9&-5-!=05&!<0?$#9-8!97!9&-!7%-#2!U#5!
P-99-$!9&#2!#2.!.-#$!502%-!9&-!1#9-K+II*5\!!
!

g,h4O-201-!57%[-.-!=$7<!9&-!"08K6714<P0#!&#8!#!$-#%&!54$O0O#1!=$7<!
37%[!c51#28!97!,7&2!:#.!8#<!7=!#;;$7C0<#9-1.!*L''(!U&0%&!U#5!9&-!
&0?&-59!54$O0O#1!#<72?!9&-!.-#$5!#2#1.i-8L!!3-#%&!54$O0O#1!02!)**E!
U#5!*LJF(!9&-!5-%728!&0?&-59!#<72?!9&-!.-#$5!#2#1.i-8L'!!!
!

6$090%#11.!-28#2?-$-8!N2#[-!30O-$!57%[-.-!5#1<72!-C;-$0-2%-8!50<01#$1.!&0?&!
$-#%&!54$O0O#1!02!)**E\!!
!

g,h4O-201-!57%[-.-!=$7<!9&-!N2#[-!30O-$!&#8!#!$-#%&!54$O0O#1!=$7<!
^7U-$!X$#209-!97!,7&2!:#.!8#<!7=!#;;$7C0<#9-1.!*L'F(!U&0%&!U#5!9&-!
&0?&-59!54$O0O#1!#<72?!9&-!.-#$5!#2#1.i-8L!!3-#%&!54$O0O#1!=7$!
<0?$#9072!.-#$!)**E!U#5!*LF)LI!!

! !
/&-5-!&0?&!$-#%&!54$O0O#15!U-$-!84-!02!1#$?-!<-#54$-!97!?778!$0O-$!%728090725!
;$784%-8!P.!#8-V4#9-!$0O-$5!=17U5!#28!%74$9K7$8-$-8!5;011!1-O-15L+*!!b@6Y5!
%72%1450725!U-$-!V4-59072-8!P.!9&-!_#9072#1!"#$02-!b05&-$0-5!N-$O0%-d_AHH!
b05&-$0-5!QR_AHHST(!U&0%&!%7284%9-8!#!5-;#$#9-!$-O0-U!%72%14802?!9&#9!9&-!&0?&!
57%[-.-!$-94$25!02!)**'!U-$-!?-2-$#11.!84-!97!=#O7$#P1-!7%-#2!%728090725L!!c2!
$-5;725-(!b@6!$-O0-U-8!_AHHY5!#2#1.505(!%#$-=411.!$--C#<02-8!095!7U2!=02802?5(!#28!
%72%148-8!9&#9\!
!

/&-$-!05!27!874P9!9&#9!7%-#2!%728090725!#$-!0<;7$9#29(!P49!9&05!87-5!
279!$-84%-!9&-!0<;7$9#2%-!7=!<0?$#9072!%728090725!#28!=05&!54$O0O#1!
02K$0O-$!L!L!L!L!/&-!_AHH!%72%145072!9&#9!#99$0P49-5!9&-!)**'!&0?&!$-94$2!
7=!57%[-.-!5#1<72!97!<#$02-d-594#$.!%728090725!U&01-!805%742902?!9&-!
-==-%9!7=!&0?&-$!02K$0O-$!54$O0O#1(!17U-$!;$7;7$9072!9$#25;7$9-8!#28!
0<;$7O-8!02K$0O-$!%728090725(!05!=1#U-8!P-%#45-!09!=#015!97!$-%7?20i-!
9&#9!=05&!<459!$-#%&!9&-!7%-#2d-594#$.!#10O-!97!P-2-=09!=$7<!?778!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
'!b@6!"-<7!Q,41.!+D(!)**'T!#9!+L!!H!%7;.!7=!9&05!#2#1.505!05!#O#01#P1-!=$7<\!
&99;\ddUUUL=;%L7$?d87%4<-295d<-<75d+*IK*'L;8= 
I!b@6!"-<7!Q,41.!+D(!)**'T!#9!)L!!/&-!R.-#$5!#2#1.i-8S!02!b@6Y5!#2#1.505!U-$-!+II'K)**EL!
+*!Id.!#9!)L 



! D

7%-#2!%728090725L!>O-2!9&-!P-59!7%-#2!%728090725!U011!279!$-54$$-%9!
8-#8!=05&L++!!!
!

b@6!&#5!#157!$-O0-U-8!_AHHY5!#2#1.505!7=!e4O-201-!59--1&-#8!$-#%&!54$O0O#1!
=7$!)**I(!%72=0$<-8!9&-!#?-2%.Y5!=02802?5!7=!FFKFIj!02K$0O-$!59--1&-#8!
54$O0O#1!$#9-5!=$7<!^7U-$!X$#209-!97!B722-O011-!8#<5(!#28!%72%148-8!9&#9\!!
!

P#5-8!4;72!<4190K.-#$!#2#1.505!9&-!<759!0<;7$9#29!O#$0#P1-5!
-C;1#0202?!O#$0#P0109.!02!$-#%&!54$O0O#1!=7$!59--1&-#8!U-$-!5;011!
;$7;7$9072!#28!U#9-$!9$#2509!90<-!Q0L-L!=17UTL!!Z0?&-$!5;011!;$7;7$90725(!
;#$90%41#$1.!=7$!9&-!N2#[-!30O-$(!#$-!10[-1.!9&-!;$0<#$.!=#%97$5!
%729$0P4902?!97!9&-!&0?&-$!e4O-201-!54$O0O#15!#28!=#59-$!e4O-201-!9$#O-1!
90<-5!U&0%&!7%%4$$-8!02!)**E(!)**'(!#28!)**IL+)!!!

!
c28--8(!_AHH!&#5!;$-O07451.!#%[27U1-8?-8!9&#9(!#172?!U09&!$-<7O#P1-!
5;011U#.!U-0$5(!Rg&h0?&-$!54$O0O#1!=7$!02K$0O-$!<0?$#295!02!)**F!U#5!10[-1.!9&-!
$-5419!7=!&0?&-$!=17U5!#28!?$-#9-$!O714<-5!7=!U#9-$!5;011-8LS+M!!_AHH!&#8!
#157!%72%148-8!#5!172?!#?7!#5!)***!9&#9!R<-#54$-5!9&#9!02%$-#5-!e4O-201-!=05&!
;#55#?-!7O-$!b63@N!5;011U#.5!#$-!9&-!&0?&-59!;$07$09.S!=7$!;#55#?-!
0<;$7O-<-295L+D!!!!
!
c2!5&7$9(!5;011!;$7O08-5!9&-!P-59!#28!5#=-59!$749-!7=!;#55#?-!=7$!e4O-201-!#28!#8419!
5#1<72!#28!59--1&-#8!P.!#117U02?!9&-<!97!#O708!&0?&-$!94$P02-!#28!5%$--2!P.;#55!
<7$9#1090-5(!$-84%02?!;#55#?-!8-1#.(!#28!805;-$502?!;$-8#97$5L!!H9!9&-!5#<-!90<-(!
5;011!can!%#45-!-C%-550O-!/:X!1-O-15(!U&0%&!%#2!P-!&#$<=41!97!=05&!#28!79&-$!#V4#90%!
10=-!P.!%#4502?!?#5!P4PP1-!9$#4<#!QRXB/STL!!N9#9-!#28!=-8-$#1!1#U5!$-V40$-!>%717?.!97!
5-9!/:X!10<095!9&#9!<#C0<0i-!5#1<72!54$O0O#1!P.!P#1#2%02?!9&-!P-2-=095!7=!5;011!U09&!
9&-!$05[5!7=!XB/L!!c9!05!&-$-!f!U&-2!P#1#2%02?!$05[5!#28!P-2-=095!97!#V4#90%!P079#!f!
9&#9!>%717?.Y5!8-%05072!-$$5\!9&-!-O08-2%-!0280%#9-5!9&#9!9&-!++J!;-$%-29!=7$-P#.!
/:X!10<09!87-5!279!#%&0-O-!#2!#;;$7;$0#9-!P#1#2%-L!
!
II.! THE!115!PERCENT!FOREBAY!TDG!LIMIT!IS!NOT!GROUNDED!IN!SCIENCE.!
!
H!59#9-Y5!U#9-$!V4#109.!%$09-$0#!R<459!P-!P#5-8!72!57428!5%0-290=0%!$#9072#1-!L!L!L!LS!!D*!
6LbL3L!a!+M+L++Q#TQ+TL!!N0<01#$1.(!9&-!G#5&02?972!^-?051#94$-!$-V40$-5!>%717?.!97!45-!
R%$-80P1-!8#9#S!U&-2!09!8-9-$<02-5!RU&-9&-$!#2.!54$=#%-!U#9-$!7=!9&-!59#9-!05!
54;;7$902?!095!8-50?2#9-8!45-!L!L!L!LS!!36G!I*LD'LJ'*Q)TQ%TL!!c2!7$8-$!97!P-!%72508-$-8!
R%$-80P1-S!9&-!8#9#!<459!P-!R$-;$-5-29#90O-!7=!U#9-$!V4#109.!%728090725!#9!9&-!90<-!
9&-!8#9#!U#5!%711-%9-8LS!!36G!I*LD'LJ'JQ+TQPTL!!/&-!++J!;-$%-29!=7$-P#.!10<09!
O071#9-5!9&-!6GH!#28!G#5&02?972!1#U!P-%#45-!09!05!279!P#5-8!72!57428!5%0-2%-!7$!
%$-80P1-!8#9#L!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
++!b@6!"-<7!97!>8!B7U1-5(!A:bG!Qb-PL!+'(!)**IT!#9!+L!!H!%7;.!7=!9&05!#2#1.505!05!#O#01#P1-!=$7<\!
&99;\ddUUUL=;%L7$?d87%4<-295d<-<75d+'K*IL;8=!Q1#59!O0509-8!b-P$4#$.!+*(!)*+*T 
+)!b@6!"-<7!97!>8!B7U1-5(!A:bG!QN-;9L!)I(!)**IT!#9!+K)L!!H!%7;.!7=!9&#9!#2#1.505!05!#O#01#P1-!
=$7<\!&99;\ddUUUL=;%L7$?d87%4<-295d<-<75d+JEK*IL;8=!Q1#59!O0509-8!b-P$4#$.!+*(!)*+*T!
+M!_"bN(!_7$9&U-59!b05&-$0-5!N%0-2%-!6-29-$(!@$-10<02#$.!N4$O0O#1!>590<#9-5!)**F!N;$02?!,4O-201-!
"0?$#9072!#9!+KD!QH4?L!M*(!)**FTL 
+D!)***!B0A;!#9!IK')L! 



! J

!
A. Ecology!overstated!the!potential!for!harm!to!aquatic!biota!!

!
/&-!H"/!177[-8!02!8-9#01!#9!9&-!$-1#90725&0;!P-9U--2!02%$-#5-8!/:X!1-O-15!84-!97!
5;011!#28!9&-!02%08-2%-!7=!XB/!02!#V4#90%!7$?#205<5L!!H%%7$802?1.(!9&-!e7029!$-;7$9!
0554-8!P.!>%717?.!#28!9&-!N9#9-!7=!A$-?72+J!8-5%$0P-8!9&$--!028-;-28-29!109-$#94$-!
$-O0-U5!%7284%9-8!P.!>%717?.(!_AHH!b05&-$0-5(!#28!@#$#<-9$0CL!!>#%&!$-O0-U!
-C#<02-8!9&-!-==-%95!7=!/:X!72!#V4#90%!10=-!#28!977[!5;-%0#1!2790%-!7=!5;-%0-5!79&-$!
9&#2!5#1<72085L!!_AHH!#28!@#$#<-9$0C!P79&!%72%148-8!9&#9!$-<7O02?!9&-!++J!
;-$%-29!=7$-P#.!<72097$02?!$-V40$-<-29!U7418!;$784%-!2-?10?0P1-!&#$<=41!-==-%95!
72!#V4#90%!10=-L+F!!>%717?.!$-#%&-8!#!80==-$-29!%72%145072\!U&01-!09!%72%-8-8!9&#9!#2.!
#V4#90%!10=-!10O02?!8--;-$!9&#2!72-!<-9-$!U7418!279!P-!#==-%9-8!0=!/:X!02%$-#5-8!97!
+)*!;-$%-29(!>%717?.!-<;&#50i-8!9&#9!9&-!;79-290#1!0<;#%9!97!#V4#90%!10=-!U09&02!72-!
<-9-$!7=!9&-!U#9-$!54$=#%-(!U&01-!5<#11(!05!279!2-?10?0P1-L+E!
!
c2!5;09-!7=!9&-!%72=10%902?!$-O0-U5(!>%717?.!9&-2!59#9-8\!Rg9h&-!U-0?&9!7=!9&-!-O08-2%-!
=$7<!#O#01#P1-!5%0-290=0%!59480-5!clearly!;70295!97!8-9$0<-29#1!-==-%95!72!#V4#90%!10=-!
2-#$!9&-!54$=#%-!U&-2!/:X!#;;$7#%&-5!+)*!;-$%-29LS+'!!B#5-8!72!9&05!#55-$9072(!
>%717?.!%7284%9-8!#!$05[KP-2-=09!#2#1.505!f!U-0?&02?!9&-!R7O-$#11!P-2-=095!7=!
#8809072#1!5;011!O-$545!#8809072#1!$05[!7=!?#5!P4PP1-!9$#4<#S+I!f!97!8-9-$<02-!
U&-9&-$!97!$-<7O-!9&-!++J!;-$%-29!=7$-P#.!$-V40$-<-29L!!/&-!#?-2%.!%72%148-8!
9&#9!#!$41-!$-O05072!U#5!279!2-%-55#$.!7$!$-V40$-8L!!/&05!%72%145072!=7$<-8!9&-!P#505!
7=!>%717?.Y5!8-20#1!7=!74$!,42-!)**I!;-909072!97!$-<7O-!7$!$-O05-!9&-!++J!;-$%-29!
/:X!=7$-P#.!59#28#$8L)*!!
!
>%717?.Y5!$-#57202?!f!#28!9&45!095!%72%145072!f!05!=#419.!=7$!9U7!$-#5725L!!b0$59(!
>%717?.!=#01-8!97!%72508-$!#!24<P-$!7=!59480-5!02!9&-0$!805%455072!7=!R0<;#%95!72!
#V4#90%!10=-!Q02!9&-!97;!72-!<-9-$TLS!!c2!#8809072(!57<-!7=!9&-!59480-5!>%717?.!808!
%72508-$!#$-!<05$-;$-5-29-8L!!/&-5-!7<099-8!#28!<05$-;$-5-29-8!59480-5!
8-<7259$#9-!9&#9!>%717?.!54P59#290#11.!7O-$-590<#9-8!9&-!$05[!7=!XB/!97!54$=#%-K
8U-1102?!#V4#90%!10=-L)+!!N-%728(!>%717?.!P#5-8!095!%72%145072!9&#9!02O-$9-P$#9-5!#28!
79&-$!54$=#%-K8U-1102?!#V4#90%!10=-!U7418!P-!&#$<-8!P.!$-<7O#1!7=!9&-!++Jj!
59#28#$8!72!9&-!<7$9#109.!$#9-5!=7428!02!-C;-$0<-29#1!59480-5(!#28!=#01-8!97!%72508-$!
7$!?0O-!54==0%0-29!U-0?&9!97!=0-18!59480-5!$-#%&02?!%729$#$.!%72%1450725L))!!H5!
<4190;1-!59480-5!&#O-!279-8(!P-%#45-!/:X!1-O-15!02!%#;90O-!=05&!#$-!54P59#290#11.!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
+J!H8#;90O-!"#2#?-<-29!/-#<!/79#1!:05571O-8!X#5!02!9&-!6714<P0#!#28!N2#[-!30O-$5]!>O#14#9072!7=!
9&-!++J!@-$%-29!/79#1!:05571O-8!X#5!b7$-P#.!3-V40$-<-29L!)**IL!G#5&02?972!N9#9-!:-;#$9<-29!7=!
>%717?.!#28!N9#9-!7=!A$-?72!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.L!@4P10%#9072!_7L!*IK+*K**)L!F'!;L!
g&-$-02#=9-$!H"/!>O#14#9072hL 
+F!Id.!#9!JIL 
+E!Id. 
+'!Id.!#9!F*(!-<;&#505!#88-8L 
+I!Id.!#9!F+L 
)*!:-;#$9<-29!7=!>%717?.L!H4?459!+*9&(!)**IL!3-5;725-!97!@-909072!=7$!341-<#[02?!f!6&#;9-$!+EMK
)*+#!GH6!f!G#9-$!W4#109.!N9#28#$85L!N--!3-5;725-!97!@-909072!c554-!+(!@-909072!c554-!)(!@-909072!
c554-!D(!@-909072!c554-!JL 
)+!N--(!-L?L(!3.#2(!B$#8!HL(!>L"L!:#U1-.(!k!3LHL!_-1572L!!)***L!"78-102?!9&-!-==-%95!7=!54;-$5#94$#9-8!
805571O-8!?#5!72!$-508-29!#V4#90%!P079#!02!9&-!<#02K59-<!N2#[-!#28!6714<P0#!30O-$5L!_7$9&!H<-$0%#2!
b05&-$0-5!"#2#?-<-29!)*\+I)K)*DL 
))!H"/!>O#14#9072!#9!DFKDEL 



! F

&0?&-$!9&#2!1-O-15!=7428!02!9&-!=0-18(!-C;-$0<-29#1!8#9#!5.59-<#90%#11.!7O-$-590<#9-5!
9&-!$05[!7=!XB/L)M!!>%717?.Y5!-C%1450O-!$-10#2%-!72!-C;-$0<-29#1!59480-5!02!10-4!7=!
=0-18!59480-5!9&45!#157!1-8!>%717?.!97!54P59#290#11.!7O-$-590<#9-!9&-!$05[!7=!XB/!97!
#V4#90%!10=-L!!!
!

+L >%717?.!b#01-8!97!H;;$7;$0#9-1.!672508-$!H11!3-1-O#29!N9480-5!

a. Ecology!missed!key!studies!
!
>%717?.!=#01-8!97!%72508-$!#!24<P-$!7=!59480-5!8-<7259$#902?!9&#9!#V4#90%!10=-!02!9&-!
97;!72-!<-9-$!U7418!279!P-!&#$<-8!P.!$-<7O#1!7=!9&-!++J!;-$%-29!/:X!59#28#$8L!!
"759!50?20=0%#291.(!9&-!>%717?.!109-$#94$-!$-O0-U!#2#1.505!=#01-8!97!805%455!=0-18!
59480-5!%7284%9-8!P-9U--2!+IID!#28!+IIE!P.!_#9072#1!"#$02-!b05&-$0-5!N-$O0%-!
QR_"bNST!5%0-290595!72!272K5#1<7208!=05&-5!#28!02O-$9-P$#9-5!02!9&-!6714<P0#!#28!
N2#[-!$0O-$5L!!_"bN!5;-%0=0%#11.!8-50?2-8!9&75-!=0-18!59480-5!97!-C#<02-!9&-!
%725-V4-2%-5!7=!>%717?.Y5!9-<;7$#$.!U#0O-$!7=!9&-!++*!;-$%-29!805571O-8!?#5!
5#94$#9072!59#28#$8!?$#29-8!97!9&-!67$;5!02!+IID!97!#%%7<<78#9-!5;011U#.!;#55#?-!
7=!e4O-201-!5#1<72085L!!c2!;#$90%41#$(!5%0-290595!U-$-!177[02?!=7$!9&-!;$-O#1-2%-!7=!
XB/!U09&!02%$-#5-8!1-O-15!7=!/:X!72!#11!5;-%0-5!7=!=05&!#28!02O-$9-P$#9-5L)D!
!
c2!9&-!_"bN!5948.(!P0717?0595!5#<;1-8!$-508-29!=05&!P-9U--2!*KM!<-9-$5!#28!&-18!
9&-<!=7$!D!8#.5!02!2-9K;-25!#2%&7$-8!02!9&-0$!$-5;-%90O-!$-#%&-5L!!c2!#8809072(!
P-29&0%!#28!-;0P-29&0%!<#%$702O-$9-P$#9-5!U-$-!%711-%9-8!=$7<!8-;9&5!4;!97!*LF!<L!!
l77;1#2[972!5#<;1-5!#9!9&-!U#9-$!54$=#%-!U-$-!#157!%711-%9-8L!!/&-!$0O-$!;$784%-8!#!
O#$0-9.!7=!/:X!1-O-15\!02!&-#O.!$42!7==!.-#$5!54%&!#5!+IIE(!9&-!/:X!$#2?-8!=$7<!+)*!
;-$%-29!97!+M*!;-$%-29L!!:4$02?!9&-!D!.-#$!5948.(!5%0-290595!-C#<02-8!MI(I)D!=05&!
$-;$-5-2902?!)E!5;-%0-5]!721.!MLI!;-$%-29!7=!#11!=05&!805;1#.-8!XB/!50?25)J!#28!50?25!
7=!XB/!U-$-!$#$-!U&-2!/:X!U#5!1-55!9&#2!+)*!;-$%-29L)F!!H8809072#11.(!J(DMD!
02O-$9-P$#9-5!$-;$-5-2902?!)E!5;-%0-5!U-$-!%711-%9-8]!721.!seven!0280O084#15!5&7U-8!
50?25!7=!XB/L)E!
!
B79&!9&-!_AHH!#28!@#$#<-9$0C!109-$#94$-!$-O0-U5!02%148-8!_"bNY5!$-54195!#28!
805%455-8!9&-<!#9!1-2?9&L)'!!/&-!>%717?.!109-$#94$-!$-O0-U(!&7U-O-$(!=#01-8!97!
805%455!7$!-O#14#9-!9&-5-!59480-5!02!095!805%455072!87%4<-29L)I!!c28--8(!%729$#$.!97!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
)M!N--!@#$#<-9$0CL!)**'L!/79#1!:05571O-8!X#5!N4;-$5#94$#9072!B0717?0%#1!>==-%95(!3-O0-U!7=!^09-$#94$-!
+I'*K)**EL!:$#=9L!@$-;#$-8!P.!:72!>L!G-09[#<;L!#9!;#?-!EK'L 
)D!3.#2(!B$#8!HL(!>L"L!:#U1-.(!k!3LHL!_-1572L!!)***L!"78-102?!9&-!-==-%95!7=!54;-$5#94$#9-8!805571O-8!
?#5!72!$-508-29!#V4#90%!P079#!02!9&-!<#02K59-<!N2#[-!#28!6714<P0#!30O-$5L!_7$9&!H<-$0%#2!b05&-$0-5!
"#2#?-<-29!)*\+I)K)*D!#9!+I)L 
)J!3.#2(!B$#8!HL(!>L"L!:#U1-.(!k!3LHL!_-1572L!!)***L!"78-102?!9&-!-==-%95!7=!54;-$5#94$#9-8!805571O-8!
?#5!72!$-508-29!#V4#90%!P079#!02!9&-!<#02K59-<!N2#[-!#28!6714<P0#!30O-$5L!_7$9&!H<-$0%#2!b05&-$0-5!
"#2#?-<-29!)*\+I)K)*DL!/#P1-!M(!;L!+IFK+IEL 
)F!Id.!#9!+I)(!5--!#P59$#%9L 
)E!Id.!#9!+IF!k!/#P1-!DL 
)'!N%&2-08-$(!"#$[!,L!)**'L!G#5&02?972!#28!A$-?72!N9#9-!f!H8#;90O-!"#2#?-<-29!/-#<!3-508-29!
b05&!^09-$#94$-!3-O0-UL!#9!;#?-!E]!!@#$#<-9$0CL!!)**'L!!/79#1!:05571O-8!X#5!N4;-$5#94$#9072!B0717?0%#1!
>==-%95(!3-O0-U!7=!^09-$#94$-!+I'*K)**EL!:$#=9L!@$-;#$-8!P.!:72!>L!G-09[#<;L!#9!;#?-!)JL 
)I!>O#14#9072!7=!/79#1!:05571O-8!X#5!6$09-$0#!Q/:XT!B0717?0%#1!>==-%95!3-5-#$%&L!)**'L!G#5&02?972!
N9#9-!:-;#$9<-29!7=!>%717?.L!@4PL!_7L!*'K+*K*JI(!#9!;;L!!DKJ]!H8#;90O-!"#2#?-<-29!/-#<!/79#1!
:05571O-8!X#5!02!9&-!6714<P0#!#28!N2#[-!30O-$5]!>O#14#9072!7=!9&-!++J!@-$%-29!/79#1!:05571O-8!X#5!



! E

9&-!-O08-2%-!%711-%9-8!02!9&-5-!-<;0$0%#1(!<4190K.-#$!59480-5!7=!=05&!#28!
02O-$9-P$#9-5(!9&-!>%717?.!109-$#94$-!$-O0-U!%72%148-8!9&-$-!05!R10991-!02=7$<#9072!72!
=$--K=17#902?!#28!54$=#%-!8U-1102?!7$?#205<5!54%&!#5!1#$O#-!7=!=05&(!%$459#%-#25(!#28!
<71145[5LSM*!!"7$-7O-$(!U&01-!>%717?.!808!%09-!_AHHY5!#$90%1-!02!095!P0P107?$#;&.(!09!
<05$-;$-5-29-8!9&-!0<;7$9#2%-!7=!9&-!5948.!P.!%&#$#%9-$0i02?!09!#5!#2!#99-<;9!97!
Rg%h7$$-1#9-!/:X!1-O-15!#28!-C;754$-!97!P4PP1-!50?25!02!272!$-508-29!#V4#90%!
7$?#205<5S!#28!%4$57$01.!27902?!9&-!5948.!-C#<02-8!R)E!5;-%0-5!7=!#V4#90%!
7$?#205<5LSM+!
!
/&-!=0-18!8#9#!?#9&-$-8!02!9&-!_"bN!5948.!#172-!59$72?1.!54;;7$95!9&-!%72%145072!
9&#9!=05&!#28!02O-$9-P$#9-5!U011!279!P-!&#$<-8!P.!9&-!$-<7O#1!7=!9&-!++J!;-$%-29!
=7$-P#.!59#28#$8]!&7U-O-$(!>%717?.!#157!=#01-8!97!%72508-$!#8809072#1!59480-5!9&#9!
54;;7$9!9&-!5#<-!%72%145072\!!!!!!
!

! N%&$#2[!-9!#1L!Q+IIET!<72097$-8!02O-$9-P$#9-5!#28!$-508-29!2725#1<7208!=05&!
5;-%0-5!&-18!02!2-9K;-25!87U259$-#<!=$7<!B722-O011-!:#<!#28!c%-!Z#$P7$!
:#<!02!+IIJL!!A=!9&-!+(M*M!02O-$9-P$#9-5!Q$-;$-5-2902?!+'!9#C#T!5#<;1-8(!
721.!72-!5;-%0-5!5&7U-8!#2.!50?25!7=!XB/!QP-9U--2!*LJKMLJ!;-$%-29!
;$-O#1-2%-(!7O-$#11!=$-V4-2%.!7=!*L)M!;-$%-29TLM)!

! 67%&2#4-$!Q)***T!-C#<02-8!<7$-!9&#2!M*(***!$-508-29!=05&!=7$!XB/!7O-$!#!J!
.-#$!;-$078!02!9&-!61-#$U#9-$!$0O-$(!c8#&7(!U09&!2-O-$!?$-#9-$!9&#2!#!+!
;-$%-29!7O-$#11!02%08-2%-!7=!XB/!02!#!?0O-2!.-#$LMM!!

! /72-$!-9!#1L!Q+IIJT!%711-%9-8!+'(***!5;-%0<-25!7=!$-508-29!=05&!#28!
02O-$9-P$#9-5!P-17U!B722-O011-!#28!c%-!Z#$P7$!8#<5!#28!#P7O-!#28!P-17U!
@$0-59!3#;085!:#<!02!+IIDL!!A=!9&-!D(+MM!02O-$9-P$#9-5!5#<;1-8(!721.!72-!
5;-%0-5!5&7U-8!#2.!50?25!7=!XB:!#28!721.!#9!#!<020<#1!;$-O#1-2%-L!MD!!!

! _-P-[-$!-9!#1L!Q+I'+TMJ!8-9-$<02-8!9&-!-==-%95!72!/:X!72!54$O0O#1!#28!#8419!
-<-$?-2%-!7=!<#.=10-5(!%#8805=10-5(!<75V4097-5(!#28!<08?-5!02!1#P7$#97$.!
9-595L!!H11!7=!9&-5-!025-%95!U-$-!<7$-!971-$#29!7=!/:X!54;-$5#94$#9072!9&#2!
=05&L!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
b7$-P#.!3-V40$-<-29L!)**IL!G#5&02?972!N9#9-!:-;#$9<-29!7=!>%717?.!#28!N9#9-!7=!A$-?72!
:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.L!@4P10%#9072!_7L!*IK+*K**)L!#9!;#?-!DJKJML 
M*!H8#;90O-!"#2#?-<-29!/-#<!/79#1!:05571O-8!X#5!02!9&-!6714<P0#!#28!N2#[-!30O-$5]!>O#14#9072!7=!
9&-!++J!@-$%-29!/79#1!:05571O-8!X#5!b7$-P#.!3-V40$-<-29L!)**IL!G#5&02?972!N9#9-!:-;#$9<-29!7=!
>%717?.!#28!N9#9-!7=!A$-?72!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.L!@4P10%#9072!_7L!*IK+*K**)L!#9!
;#?-!J*L 
M+!:-;#$9<-29!7=!>%717?.L!)**'L!>O#14#9072!7=!/79#1!:05571O-8!X#5!6$09-$0#!Q/:XT!B0717?0%#1!>==-%95!
3-5-#$%&\!H!109-$#94$-!3-O0-UL!@4P10%#9072!_4<P-$!*'K+*K*JI!#9!;#?-!EJL 
M)!N%&$#2[(!BL@L(!>L"L!:#U1-.(!k!BL!3.#2L!!+IIEL!!>O#14#9072!7=!9&-!-==-%95!7=!805571O-8!?#5!
54;-$5#94$#9072!72!=05&!#28!02O-$9-P$#9-5!02!@$0-5!3#;085!3-5-$O70$(!#28!87U259$-#<!=$7<!
B722-O011-!#28!c%-!Z#$P7$!:#<5(!+IIJL(!#9!;L!+)K+ML!`2;4P105&-8!3-;7$9!#O#01#P1-!=$7<!_#9072#1!
"#$02-!b05&-$0-5!N-$O0%-(!_7$9&U-59!b05&-$0-5!N%0-2%-!6-29-$(!N-#991-(!GHL!DJ!;L! 
MM!67%&2#4-$(!/0<L!)***L!mN4<<#$0i#9072!7=!X#5!B4PP1-!/$#4<#!"72097$02?!02!9&-!61-#$U#9-$!30O-$(!
c8#&7m(!+IIJK+III!b02#1!3-;7$9(!@$7e-%9!_7L!+IIE*+E**(!+E!-1-%9$720%!;#?-5(!QB@H!3-;7$9!:A>dB@K
M+)JIKMT(!#9!;L)L!!
MD!/72-$(!"LHL(!BL!3.#2!#28!>L"L!:#U1-.L!!+IIJL!!>O#14#9072!7=!9&-!-==-%95!7=!805571O-8!?#5!
54;-$5#94$#9072!72!=05&!#28!02O-$9-P$#9-5!87U259$-#<!=$7<!B722-O011-(!c%-!Z#$P7$(!#28!@$0-59!
3#;085!:#<5(!+IIDL!`2;4P105&-8!$-;7$9!#O#01#P1-!=$7<!67#59#1!l72-!#28!>594#$02-!N9480-5!:0O05072(!
_7$9&U-59!b05&-$0-5!N%0-2%-!6-29-$L!!M'!;L!#9!;L+EL! 
MJ!_-P-[-$(!HLnL(!bL:L!B#[-$(!#28!NL^L!G-09iL!!+I'+L!!N4$O0O#1!#28!#8419!-<-$?-2%-!7=!#V4#90%!025-%95!02!
#0$K54;-$5#94$#9-8!U#9-$L!,74$2#1!7=!b$-5&U#9-$!>%717?.L!!+\)DMK)J*L 



! '

! N%&2-08-$!Q)***TMF!;$7O08-5!#2!#55-55<-29!P.!9&-!_#9072#1!"#$02-!b05&-$0-5!
N-$O0%-!7=!9&-!+)*!;-$%-29!%$09-$072!#28!%72%148-5!9&#9!9&-!$05[!#557%0#9-8!
U09&!9&-!+)*!;-$%-29!/:X!05!U#$$#29-8!P.!9&-!;$7e-%9-8!DKF!;-$%-29!02%$-#5-!
02!5#1<72!54$O0O#1!=$7<!02%$-#5-8!5;011L!!

!
B79&!9&-!_AHH!#28!9&-!@#$#<-9$0C!109-$#94$-!$-O0-U5!$-%7?20i-!9&-!0<;7$9#2%-!7=!
9&-5-!59480-5!#28!805%455!9&-<!02!8-9#01ME]!>%717?.(!02!%729$#59(!7<099-8!9&-<!
-290$-1.L!!/&-5-!%$4%0#1!7<0550725!5[-U-8!9&-!%72%1450725!>%717?.!8$-U!=$7<!095!
109-$#94$-!$-O0-UL!!G-!$-V4-59!9&#9!>%717?.!$-O0509!#28!%&#2?-!095!;$07$!8-%05072!97!
$-9#02!9&-!++Jj!=7$-P#.!/:X!59#28#$8!P#5-8!72!=411!%72508-$#9072!7=!#11!9&-!$-1-O#29!
109-$#94$-(!02%14802?!9&-5-!;$-O07451.!7<099-8!59480-5L!!!

!
b. Ecology!misrepresented!other!studies!

!
>O-2!02!9&75-!59480-5!09!808!54<<#$0i-!#28!;$-54<#P1.!%72508-$(!>%717?.!-09&-$!
02%7<;1-9-1.!7$!02#%%4$#9-1.!%&#$#%9-$0i-8!9&-!$-54195!02!9&-!H"/!>O#14#9072M'\!
!

! >%717?.Y5!$-=-$-2%-!97!@#$#<-9$0C!Q)**MT!MI!87-5!279!805%175-!9&#9!7=!9&-!
I('JJ!02O-$9-P$#9-5!9&#9!U-$-!-C#<02-8(!721.!)!5&7U-8!#2.!50?25!7=!XB/!
Q*L*)j!7=!9&-!979#1!5#<;1-T(D*!9&#9!/:X!;-#[-8!02!9&-!+M*K+MD!;-$%-29!
$#2?-(D+!#28!9&#9!9&-!59#90590%!R"#.=10-5\!I!;-$%-29!&#8!XB:!#9!++'!;-$%-29S!
V479-8!02!/#P1-!+D!#%94#11.!$-;$-5-29-8!one!single!insectLD)!!c2!#8809072(!
ME()J'!=05&!U-$-!%711-%9-8(!7=!U&0%&!M(***!U-$-!-C#<02-8!=7$!XB/LDM!!_7!XB/!
U#5!=7428!02!5;$02?!5#<;1-5!Q/:X!+*MK+)E!;-$%-29T(!9&74?&!-O08-2%-!7=!XB/!
U#5!=7428!02!54<<-$!5#<;1-5!Q/:X!+*EK+MD!;-$%-29TLDD!

! >%717?.Y5!$-=-$-2%-!97!G-09[#<;!-9!#1L!Q)**M#T!=#015!97!279-!9&#9!9&-!#49&7$5!
%72%148-8!9&#9!029-$<099-29!-C;754$-!97!+)JK+M*!;-$%-29!/:X!&#5!-55-290#11.!
27!-==-%9!72!$-508-29!=05&!#28!9&#9!/:X!1-O-15!P-17U!+)J!;-$%-29!87!279!$-5419!
02!54P59#290#1!02%08-2%-!7=!XB/!02!=05&(DJ!#28!9&#9!/:X!O#$0-8!?$-#91.!7O-$!9&-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
MF!N%&2-08-$(!"L^L!)***L!305[!#55-55<-29!=7$!5;011!;$7?$#<!8-5%$0P-8!02!)***!8$#=9!P0717?0%#1!7;02072L!
H;;-280C!>(!)***!b63@N!B0717?0%#1!A;02072(!_#9072#1!"#$02-!b05&-$0-5!N-$O0%-(!@7$91#28(!A$-?72L!M*!
;L! 
ME!N%&2-08-$(!"#$[!,L!)**'L!G#5&02?972!#28!A$-?72!N9#9-!f!H8#;90O-!"#2#?-<-29!/-#<!3-508-29!
b05&!^09-$#94$-!3-O0-UL!#9!;L!EK++]!!@#$#<-9$0CL!!)**'L!!/79#1!:05571O-8!X#5!N4;-$5#94$#9072!B0717?0%#1!
>==-%95(!3-O0-U!7=!^09-$#94$-!+I'*K)**EL!:$#=9L!@$-;#$-8!P.!:72!>L!G-09[#<;L!#9!;L!)JL 
M'!H8#;90O-!"#2#?-<-29!/-#<!/79#1!:05571O-8!X#5!02!9&-!6714<P0#!#28!N2#[-!30O-$5]!>O#14#9072!7=!
9&-!++J!@-$%-29!/79#1!:05571O-8!X#5!b7$-P#.!3-V40$-<-29L!)**IL!G#5&02?972!N9#9-!:-;#$9<-29!7=!
>%717?.!#28!N9#9-!7=!A$-?72!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.L!@4P10%#9072!_7L!*IK+*K**)L!#9!
;#?-5!DFKD'L 
MI!@#$#<-9$0CL!)**ML!/79#1!:05571O-8!X#5!B0717?0%#1!>==-%95(!)**)L!b02#1!3-;7$9!72!9&-!37%[.!3-#%&!
Z.8$7-1-%9$0%!@$7e-%9!b>36!@$7e-%9!_7L!)+DJL 
D*!Id.!#9!;#?-!)L 
D+!Id.!#9!;#?-5!)(!MKEL 
D)!Id.!#9!;#?-!MK+IL 
DM!Id.!#9!;#?-!MK))L 
DD!Id.!#9!;#?-!MK))!97!MK)DL 
DJ!G-09[#<;(!:L>L(!3L@L!N4110O#2(!/L!NU#29(!#28!,L!:75N#2975L!!)**M#L!!X#5!B4PP1-!:05-#5-!02!3-508-29!
b05&!7=!9&-!^7U-$!61#$[!b7$[!30O-$L!!/$#25#%90725!7=!9&-!H<-$0%#2!b05&-$0-5!N7%0-9.L!!+M)\'FJK'EF!#9!
'EJL 



! I

5948.!;-$078!Q+IIEK)***T(!57<-90<-5!$-#%&02?!#5!&0?&!#5!+M)K+J'!;-$%-29!
=7$!-C9-28-8!;-$0785LDF!!!

! >%717?.Y5!$-=-$-2%-!97!30%&9-$!-9!#1L!=#015!97!279-!9&#9!9&-!5948.!5#<;1-8!M(*+)!
=05&!5;-%0<-25!#28!%72=0$<-8!9&#9!U&-2!/:X!05!+)*!;-$%-29!7$!1-55!
5.<;97<5!7=!XB/!#$-!<020<#1!97!272-C059-29LDE!

!
/&$74?&!095!02%7<;1-9-!7$!02#%%4$#9-!%&#$#%9-$0i#90725(!>%717?.!=#01-8!97!$-%7?20i-!
9&#9!<#2.!7=!9&-!59480-5!09!808!%72508-$!59$72?1.!54;;7$9!9&-!%72%145072!9&#9!#V4#90%!
10=-!05!279!&#$<-8!U&-2!/:X!1-O-15!#$-!?-2-$#11.!#9!7$!P-17U!+)*!;-$%-29L!!!!!
!

)L c9!05!02#;;$7;$0#9-!97!%72%148-!/:X!2-?#90O-1.!#==-%95!P079#!P#5-8!571-1.!
72!-C;-$0<-29#1!59480-5]!=0-18!59480-5!#$-!%$090%#1!

!
_-#$1.!-O-$.!Q0=!279!-O-$.T!5948.!>%717?.!%09-5!U&-$-!9&-!#49&7$5!$-;7$9!1#$?-!XB/!
<7$9#109.!24<P-$5!U#5!%7284%9-8!428-$!-C;-$0<-29#1!%728090725LD'!!/&-!#49&7$5!7=!
9&75-!59480-5!U-$-!279!02O-590?#902?!0=!<7$9#109.!U7418!7%%4$(!P49!&7U!172?!09!U7418!
9#[-!97!7%%4$L!!N4%&!-C;-$0<-29#1!%728090725!U&-$-!=05&!7$!02O-$9-P$#9-5!#$-!&-18!02!
5&#117U!Q-L?L(!*L)J!<-9-$T!U#9-$!U09&!%7259#29(!&0?&!1-O-15!7=!/:X!=7$!-C9-28-8!
;-$0785!7=!90<-!#$-!O#591.!80==-$-29!=$7<!#%94#1!%728090725!=#%-8!P.!#V4#90%!P079#!
#$7428!8#<5!02!G#5&02?972Y5!$0O-$5!U&-$-!8-;9&!%7<;-25#9072!05!#O#01#P1-!#28!
U&-$-!/:X!1-O-15!=14%94#9-!54P59#290#11.LDI!!c28--8(!-C;-$0<-29#1!59480-5!#28!=0-18!
59480-5!&#O-!$-#%&-8!8$#<#90%#11.!80==-$-29!%72%1450725!$-?#$802?!9&-!-==-%95!7=!
-1-O#9-8!1-O-15!7=!/:X!72!9&-!5#<-!5;-%0-5\!=7$!-C#<;1-(!_-P-[-$!-9!#1L!Q+IEFT(J*!#2!
-C;-$0<-29#1!5948.!U&0%&!>%717?.!%09-5!#5!=02802?!RJ*!;-$%-29!<7$9#109.!=7$!8#;&20#!
02!IM!&74$5SJ+!02!095!54<<#$.!7=!=02802?5!72!;#?-!DF(!05!80$-%91.!%729$#80%9-8!P.!
3.#2!-9!#1L!Q)***T(!#!=0-18!5948.!9&#9!>%717?.!=#01-8!97!%72508-$(!U&0%&!5#<;1-8!+(J+D!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
DF!Id.!#9!'FIK'E*L! 
DE!30%&9-$(!/L,L(!,L!_#.<0[(!#28!,LHL!6&#281-$L!!)**FL!!Z66!?#5!P4PP1-!9$#4<#!<72097$02?!5948.L!c8#&7!
@7U-$!67<;#2.!B705-(!c8#&7L!M';L 
D'!>L?L(!H29%10==-(!BL(!^L>L!b081-$(!#28!cLoL!B0$9U-11L!)**)L!>==-%95!7=!:05571O-8!X#5!N4;-$5#94$#9072!72!9&-!
N4$O0O#1!#28!672809072!7=!,4O-201-!3#02P7U!/$749!QOncorhynchus!mykissT!`28-$!N9#90%!#28!:.2#<0%!
>C;754$-!N%-2#$075L!6#2#80#2!/-%&20%#1!3-;7$9!7=!b05&-$0-5!#28!HV4#90%!N%0-2%-5!)ME*\+KE*L!Qb$7<!
;#?-!D)KDD!7=!9&05!5948.!>%717?.!%09-5!RD)!;-$%-29!<7$9#109.!02!I!8#.5S!02!095!54<<#$.!7=!=02802?5!72!
;#?-!DFL!!Z7U-O-$(!H290%10==-!-9!#1L!%711-%9-8!8#9#!428-$!-C;-$0<-29#1!%728090725!#28!%72%148-8!9&#9!
59$0%9!#8&-$-2%-!97!9&-!++*!;-$%-29!G#9-$!W4#109.!H%9!6$09-$072!<#.!279!P-!2-%-55#$.!U&-$-!U#9-$!
8-;9&!#117U5!=05&!97!-5%#;-!97!#!%7<;-25#97$.!8-;9&TL!! 
DI!N--!@#$#<-9$0CL!)**'L!/79#1!:05571O-8!X#5!N4;-$5#94$#9072!B0717?0%#1!>==-%95(!3-O0-U!7=!^09-$#94$-!
+I'*K)**EL!:$#=9L!@$-;#$-8!P.!:72!>L!G-09[#<;L!#9!;#?-!EK']!G-09[#<;(!:L>L(!3L@L!N4110O#2(!/L!NU#29(!
#28!,L!:75N#2975L!!)**M#L!!X#5!B4PP1-!:05-#5-!02!3-508-29!b05&!7=!9&-!^7U-$!61#$[!b7$[!30O-$L!!
/$#25#%90725!7=!9&-!H<-$0%#2!b05&-$0-5!N7%0-9.L!!+M)\'FJK'EF!#9!'EM(!'EJLL 
J*!_-P-[-$(!HLnL(!N9-O-25(!:LXL(!#28!B$-99(!,L3L!+IEFL!!>==-%95!7=!X#5!N4;-$5#94$#9-8!G#9-$!72!
b$-5&U#9-$!HV4#90%!c2O-$9-P$#9-5L!@#?-5!J+KFJ!02!:Z!b0%[-259-02!#28!N%&-08-$(!X#5!B4PP1-!:05-#5-L!
/-%&!c2=7!6-29-$(!>3:HL!_/cN!672=!ED+*MML 
J+!H8#;90O-!"#2#?-<-29!/-#<!/79#1!:05571O-8!X#5!02!9&-!6714<P0#!#28!N2#[-!30O-$5]!>O#14#9072!7=!
9&-!++J!@-$%-29!/79#1!:05571O-8!X#5!b7$-P#.!3-V40$-<-29L!)**IL!G#5&02?972!N9#9-!:-;#$9<-29!7=!
>%717?.!#28!N9#9-!7=!A$-?72!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.L!@4P10%#9072!_7L!*IK+*K**)L!#9!
;#?-!DEL 



! +*

5;-%0<-25!7=!61#87%-$#!Q#!9#C#!9&#9!02%148-5!8#;&20#TJ)!using!the!exact!same!
methods!8-5%$0P-8!P.!_-P-[-$!-9!#1LJM!#28!5&7U-8!721.!*LJ!;-$%-29!;$-O#1-2%-!7=!
XB/L!!"7$-7O-$(!59480-5!&#O-!5&7U2!9&#9!-O-2!02!10O-K%#?-!02O-590?#90725!U&-$-!
$-508-29!=05&!#$-!&-18!%#;90O-!02K$0O-$!02!;-25!#117U02?!=7$!8-;9&!%7<;-25#9072(!XB/!
1-O-15!02!%#;90O-!=05&!#$-!59011!54P59#290#11.!&0?&-$!9&#2!XB/!1-O-15!7P5-$O-8!02!=$--K
5U0<<02?!=05&LJD!!c28--8(!27902?!9&-5-!805%$-;#2%0-5(!72-!5948.!279-8!R9&-!2--8!=7$!
%#49072!02!4502?!9&-!$-54195!7=!9&-!1#P7$#97$.!#28!10O-K%#?-!02O-590?#90725!97!
029-$;$-9!%728090725!02!9&-!2#94$#1!-2O0$72<-29LSJJ!!/&45(!>%717?.Y5!7O-$$-10#2%-!72!
-C;-$0<-29#1!59480-5!7=!%#;90O-!P079#!f!9&#9!$74902-1.!87%4<-29!&0?&-$!1-O-15!7=!XB/!
%7<;#$-8!U09&!1-O-15!7P5-$O-8!02!9&-!U018!f!1-8!>%717?.!97!7O-$-590<#9-!9&-!$05[!7=!
XB/!;75-8!P.!-10<02#902?!9&-!++J!;-$%-29!/:X!59#28#$8!02!9&-!=7$-P#.5L!!!
!
>%717?.!-O-2!#%[27U1-8?-8!9&#9!8-;9&!%7<;-25#9072!$-28-$5!-C;-$0<-29#1!59480-5!
7=!<759!#V4#90%!5;-%0-5!02!5&#117U!U#9-$!42$-#10590%!=7$!8-9-$<0202?!#%94#1!1-O-15!7=!
XB/!-C;-$0-2%-8!02!9&-!N2#[-!#28!6714<P0#!$0O-$5L!!b7$!-C#<;1-(!#19&74?&!>%717?.!
#2#1.i-8!9&-!0<;#%9!7=!/:X!72!#V4#90%!10=-!02!9&-!97;!72-!<-9-$(!09!U-29!72!97!
#2#1.i-!9&-!8-;9&!8059$0P49072!7=!=05&L!!>%717?.!=7428!9&#9!9&-!R<-#2!8-;9&!gU&-$-!
=05&!$-508-h!U#5!#1U#.5!8--;-$!9&#2!72-!<-9-$(!#28!454#11.!8--;-$!9&#2!9U7!<-9-$5L!!
/&-!#<7429!7=!90<-!5;-29!#9!8-;9&5!5&#117U-$!9&#2!72-!<-9-$!U#5!454#11.!QP49!279!
#1U#.5T!1-55!9&#2!9&-!#<7429!7=!90<-!U&-$-!50?20=0%#29!8-9$0<-29#1!-==-%95!U-$-!
=7428LSJF!!`2=7$942#9-1.(!>%717?.!9&-2!;$7%--8-8!97!?0O-!?$-#9-$!U-0?&9!97!9&-!
%729$711-8!-C;-$0<-29#1!59480-5!9&#9!87!279!#%%7429!=7$!8-;9&!%7<;-25#9072L!!/&-!
$-54195!7=!9&-!=0-18!59480-5!8-<7259$#9-!9&#9!=05&!#28!79&-$!P079#!<7O-!#$7428!02!9&-!
U#9-$!%714<2!#28!#$-!4210[-1.!97!5;-28!50?20=0%#29!90<-!02!9&-!;7$9072!7=!9&-!U#9-$!
%714<2!U09&!-1-O#9-8!1-O-15!7=!/:XLJE!!
!
>O-2!0=!>%717?.!05!<#021.!%72%-$2-8!U09&!02O-$9-P$#9-5!7$!79&-$!#V4#90%!10=-!=7428!02!
9&-!97;!72-!<-9-$!7=!U#9-$(!09!05!279!$#9072#1!=7$!>%717?.!97!%72%148-!9&#9!$-9#0202?!
9&-!++J!;-$%-29!=7$-P#.!/:X!59#28#$8!05!2-%-55#$.L!!>O-2!9&-!-C;-$0<-29#1!59480-5!
7=!02O-$9-P$#9-5!72!U&0%&!>%717?.!$-10-8!%72%148-8!9&#9!02O-$9-P$#9-5!U-$-!<7$-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
J)!3.#2(!B$#8!HL(!>L"L!:#U1-.(!k!3LHL!_-1572L!!)***L!"78-102?!9&-!-==-%95!7=!54;-$5#94$#9-8!805571O-8!
?#5!72!$-508-29!#V4#90%!P079#!02!9&-!<#02K59-<!N2#[-!#28!6714<P0#!30O-$5L!_7$9&!H<-$0%#2!b05&-$0-5!
"#2#?-<-29!)*\+I)K)*D!#9!+IDL 
JM!Id.!#9!;#?-!+IDL 
JD!IdL!!#9!)**]!N%&$#2[(!BL@L(!>L"L!:#U1-.(!k!BL!3.#2L!!+IIEL!!>O#14#9072!7=!9&-!-==-%95!7=!805571O-8!?#5!
54;-$5#94$#9072!72!=05&!#28!02O-$9-P$#9-5!02!@$0-5!3#;085!3-5-$O70$(!#28!87U259$-#<!=$7<!
B722-O011-!#28!c%-!Z#$P7$!:#<5(!+IIJ(!#9!>C-%490O-!N4<<#$.!;#?-!OL]!G-09[#<;(!:L>L(!3L@L!N4110O#2(!
/L!NU#29(!#28!,L!:75N#2975L!!)**M#L!!X#5!B4PP1-!:05-#5-!02!3-508-29!b05&!7=!9&-!^7U-$!61#$[!b7$[!
30O-$L!!/$#25#%90725!7=!9&-!H<-$0%#2!b05&-$0-5!N7%0-9.L!!+M)\'FJK'EF!#9!'E)L 
JJ!G-09[#<;(!:L>L(!3L@L!N4110O#2(!/L!NU#29(!#28!,L!:75N#2975L!!)**M#L!!X#5!B4PP1-!:05-#5-!02!3-508-29!
b05&!7=!9&-!^7U-$!61#$[!b7$[!30O-$L!!/$#25#%90725!7=!9&-!H<-$0%#2!b05&-$0-5!N7%0-9.L!!+M)\'FJK'EF!#9!
'E)L 
JF!H8#;90O-!"#2#?-<-29!/-#<!/79#1!:05571O-8!X#5!02!9&-!6714<P0#!#28!N2#[-!30O-$5]!>O#14#9072!7=!
9&-!++J!@-$%-29!/79#1!:05571O-8!X#5!b7$-P#.!3-V40$-<-29L!)**IL!G#5&02?972!N9#9-!:-;#$9<-29!7=!
>%717?.!#28!N9#9-!7=!A$-?72!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.L!@4P10%#9072!_7L!*IK+*K**)L!#9!
;#?-!D'L 
JE!>L?L(!G-09[#<;(!:L>L(!3L@L!N4110O#2(!/L!NU#29(!#28!,L!:75N#2975L!!)**M#L!!X#5!B4PP1-!:05-#5-!02!
3-508-29!b05&!7=!9&-!^7U-$!61#$[!b7$[!30O-$L!!/$#25#%90725!7=!9&-!H<-$0%#2!b05&-$0-5!N7%0-9.L!!
+M)\'FJK'EF!#9!'FIK'E*L! 



! ++

$-5059#29!9&#2!=05&!97!XB/LJ'!!"7$-!0<;7$9#291.(!09!05!02#;;$7;$0#9-!=7$!>%717?.!97!$-1.!
571-1.!72!-C;-$0<-29#1!59480-5!7=!02O-$9-P$#9-5!#28!79&-$!5&#117UK8U-1102?!#V4#90%!
10=-(!!U&01-!0?27$02?!7$!<05428-$59#2802?!9&-!O#59!#<7429!7=!=0-18!8#9#!%711-%9-8!72!
02O-$9-P$#9-5!805%455-8!#P7O-L!!/&75-!=0-18!59480-5!P.!_"bN(JI!@#$#<-9$0C(F*!#28!
79&-$5!%7284%9-8!#$7428!8#<5!97!8-9-$<02-!9&-!-==-%95!7=!/:X!72!02O-$9-P$#9-5!
;$7O08-!9&-!P-59!-O08-2%-!7=!9&-!#%94#1!1-O-15!7=!XB/!-C;-$0-2%-8!P.!9&75-!P079#(!#28!
9&-5-!59480-5!420O-$5#11.!%72%148-8!9&#9!9&-!02%08-2%-!7=!XB/!02!02O-$9-P$#9-5!02!9&-!
N2#[-!#28!6714<P0#!$0O-$5!05!17ULF+!
!

B. Ecology!did!not!appropriately!consider!benefits!to!salmon!and!other!
species!such!as!Pacific!lamprey!

!
+L B-2-=095!97!N#1<72!

!
@-909072-$!#28!>%717?.!#?$--!9&#9!5;011!?-2-$#11.!P-2-=095!5#1<72L!!Z7U-O-$(!9&-!
V4-59072!#9!&#28!05!&7U!<4%&!#8809072#1!P-2-=09!U011!5#1<72!$-%-0O-!=$7<!9&-!
$-<7O#1!7=!9&-!++J!;-$%-29!/:X!=7$-P#.!59#28#$8p!!/&-!#25U-$!8-;-285!72!&7U!
<4%&!#8809072#1!U#9-$!05!5;011-8L!!64$$-29!=7$-%#595!;$-80%9!9&#9!+K)!;-$%-29!
#8809072#1!U#9-$!U7418!P-!5;011-8!U09&749!9&-!++J!;-$%-29!/:X!59#28#$8!428-$!
%4$$-29!%728090725LF)!!/&05!#<7429!05!;$-80%9-8!97!%&#2?-(!&7U-O-$(!U09&!#2!02%$-#5-!
02!8-<#28!=7$!;7U-$!02!%7<02?!.-#$5L!!G&-2!9&#9!%&#2?-!<#9-$0#10i-5(!8#<5!U011!
5;011!1-55!7=9-2!=7$!7O-$?-2-$#9072!$-#5725L!!c2!=#%9(!Rg0h=!P79&!9&-!B0A;!5;011!
$-V40$-<-295!#28!7O-$?-2-$#9072!5;011!O714<-5!%&#2?-!50?20=0%#291.!7O-$!90<-(!
$-<7O#1!7=!9&-!++J!;-$%-29!=7$-P#.!$-V40$-<-29!&#5!9&-!;7550P0109.!7=!#==-%902?!5;011!
-O-2!<7$-!50?20=0%#291.!Q4;!97!#!9&-7$-90%#1!<#C0<4<!7=!F*!;-$%-29!<7$-!5;011!02!
57<-!.-#$5TLSFM!
!
_-O-$9&-1-55(!-O-2!428-$!9&-!%4$$-29!%728090725!<78-1-8!#28!805%455-8!02!9&-!e7029!
$-;7$9!f!=7$-%#5902?!#!+K)!;-$%-29!02%$-#5-!02!U#9-$!5;011-8!f!R-#%&!#2#1.505!=7428!
9&#9!9&-$-!05!10[-1.!#!5<#11(!;75090O-!-==-%9!72!6&0277[!54$O0O#1!;-$%-29#?-LSFD!!/&75-!
;-$%-29#?-5!$#2?-8!=$7<!K*L*)!97!#!I!;-$%-29!02%$-#5-!02!54$O0O#1(!8-;-2802?!72!9&-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
J'!_-P-[-$(!HLnL(!bL:L!B#[-$(!#28!NL^L!G-09iL!!+I'+L!!N4$O0O#1!#28!#8419!-<-$?-2%-!7=!#V4#90%!025-%95!02!
#0$K54;-$5#94$#9-8!U#9-$L!,74$2#1!7=!b$-5&U#9-$!>%717?.L!!+\)DMK)J*L!!_-P-[-$(!HLnL(!N9-O-25(!:LXL(!
#28!B$-99(!,L3L!+IEFL!!>==-%95!7=!X#5!N4;-$5#94$#9-8!G#9-$!72!b$-5&U#9-$!HV4#90%!c2O-$9-P$#9-5L!@#?-5!
J+KFJ!02!:Z!b0%[-259-02!#28!N%&-08-$(!X#5!B4PP1-!:05-#5-L!/-%&!c2=7!6-29-$(!>3:HL!_/cN!672=!
ED+*MML 
JI!3.#2(!B$#8!HL(!>L"L!:#U1-.(!k!3LHL!_-1572L!!)***L!"78-102?!9&-!-==-%95!7=!54;-$5#94$#9-8!805571O-8!
?#5!72!$-508-29!#V4#90%!P079#!02!9&-!<#02K59-<!N2#[-!#28!6714<P0#!30O-$5L!_7$9&!H<-$0%#2!b05&-$0-5!
"#2#?-<-29!)*\+I)K)*DL 
F*!@#$#<-9$0CL!)**ML!/79#1!:05571O-8!X#5!B0717?0%#1!>==-%95(!)**)L!b02#1!3-;7$9!72!9&-!37%[.!3-#%&!
Z.8$7-1-%9$0%!@$7e-%9!b>36!@$7e-%9!_7L!)+DJL 
F+!Id.!#9!;#?-!DK)!Q%72%1450725!$-!02O-$9-P$#9-5!#28!54<<#$0i02?!%72%1450725!=$7<!79&-$!59480-5!7=!
02O-$9-P$#9-5TL 
F)!H8#;90O-!"#2#?-<-29!/-#<!/79#1!:05571O-8!X#5!02!9&-!6714<P0#!#28!N2#[-!30O-$5]!>O#14#9072!7=!
9&-!++J!@-$%-29!/79#1!:05571O-8!X#5!b7$-P#.!3-V40$-<-29L!)**IL!G#5&02?972!N9#9-!:-;#$9<-29!7=!
>%717?.!#28!N9#9-!7=!A$-?72!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.L!@4P10%#9072!_7L!*IK+*K**)L!#9!
;#?-!JIL 
FM!Id.!#9!JIL 
FD!Id.!#9!JIL 



! +)

<78-1!45-8L!!>%717?.Y5!805<055#1!7=!9&-5-!P-2-=095!#5!5<#11FJ!=7%45-5!72!9&-!17U!
$#2?-!7=!9&-5-!54$O0O#1!0<;$7O-<-295!U&01-!0?27$02?!-V4#11.!%$-80P1-!-590<#9-5!#9!
9&-!&0?&-$!-28L!!!
!
"7$-7O-$(!02!10?&9!7=!9&-!<0110725!7=!8711#$5!5;-29!02!9&-!6714<P0#!30O-$!B#502!#28!
@4?-9!N7428!$-?072!72!#!O#$0-9.!7=!;$7e-%95!97!0<;$7O-!5#1<72!54$O0O#1!P.!721.!#!
=-U!;-$%-29#?-!;70295(FF!-O-2!9&-!<759!%725-$O#90O-!0<;$7O-<-29!02!54$O0O#1!P.!
50<;1.!5;01102?!<7$-!U#9-$!5&7418!P-!5--2!#5!#!50?20=0%#29!P-2-=09!97!5#1<72L!!
H8809072#11.(!%&#2?02?!=494$-!%728090725(!#5!279-8!#P7O-(!<#.!$-5419!02!-O-2!<7$-!
P-2-=09!97!5#1<72L!
!
c2!54<(!;-909072-$5!P-10-O-!9&#9!>%717?.!808!279!#8-V4#9-1.!%72508-$!7$!U-0?&!9&-!
;79-290#1!P-2-=09!7=!02%$-#5-8!5;011!97!9&$-#9-2-8!#28!-28#2?-$-8!5#1<72!#?#0259!9&-!
2-?10?0P1-!f!U&-2!#;;$7;$0#9-1.!O0-U-8!f!$05[!02%$-#5-8!5;011!;75-5!97!02O-$9-P$#9-5!
#28!79&-$!P079#L!
!

)L B-2-=095!97!@#%0=0%!^#<;$-.!
!
N#1<72!#$-!279!9&-!721.!#2#8$7<745!5;-%0-5!<0?$#902?!9&$74?&!9&-!&.8$75.59-<L!!
@#%0=0%!1#<;$-.!Qlampetra!tridentataT!<#.!#157!P-2-=09!=$7<!9&-!$-<7O#1!7=!9&-!++J!
;-$%-29!/:X!=7$-P#.!59#28#$8(!#!P-2-=09!97!#V4#90%!P079#!9&#9!>%717?.!808!279!
%72508-$!02!095!8-20#1!7=!NANY5!,42-!)**I!;-909072L!!!
!
@#%0=0%!1#<;$-.!&#O-!5&7U2!U08-5;$-#8!8-%102-!502%-!9&-!+IF*5!02!9&-!6714<P0#!
30O-$!5.59-<!84-!97!&#P09#9!1755(!U#9-$!;71149072(!7%-#2!%728090725(!#28!;$7P1-<5!
U09&!8#<!;#55#?-LFE!!^#<;$-.!8-%102-!05!7=!;#$90%41#$!%72%-$2!02!9&-!27$9&U-59!
P-%#45-!7=!9&-0$!0<;7$9#2%-!97!_#90O-!H<-$0%#25Y!%4194$#1!&-$09#?-!#28!9$0P#1!
=05&-$0-5LF'!!c2!=#%9(!9&-!1#<;$-.Y5!5094#9072!05!;-$01745!-274?&!9&#9!9&-!A$-?72!
_#94$#1!3-574$%-5!6742%01!;-909072-8!9&-!`NbGN!97!1059!9&-!5;-%0-5!428-$!9&-!
>28#2?-$-8!N;-%0-5!H%9!02!)**)L!!H19&74?&!9&-!`NbGN!8-20-8!9&-!;-909072!02!)**D(!
84-!97!#!1#%[!7=!5%0-290=0%!7$!%7<<-$%0#1!02=7$<#9072(!9&-!`NbGN!&#5!%729024-8!97!
O70%-!%72%-$2!7O-$!9&-!59#945!#28!8059$0P49072!7=!@#%0=0%!1#<;$-.L!!b7$!-C#<;1-(!#5!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
FJ!:-;#$9<-29!7=!>%717?.L!H4?459!+*9&(!)**IL!3-5;725-!97!@-909072!=7$!341-<#[02?!f!6&#;9-$!+EMK
)*+#!GH6!f!G#9-$!W4#109.!N9#28#$85L!N--!3-5;725-!97!@-909072!c554-!JL 
FF!/7!;49!9&-5-!;79-290#1!54$O0O#1!P-2-=09!0297!;-$5;-%90O-(!09!05!029-$-5902?!97!%7<;#$-!9&-5-!54$O0O#1!
24<P-$5!97!54$O0O#1!0<;$7O-<-295!-C;-%9-8!=$7<!9&-!)**'!b63@N!B0A;!Q#9!;#?-!'LJKJDT(!U&0%&!9&-!
N9#9-!7=!G#5&02?972!05!O0?7$7451.!8-=-2802?\!

! #!Jj!54$O0O#1!0<;$7O-<-29!=7$!N2#[-!30O-$!5;$02?d54<<-$!%&0277[!=$7<!#11!7=!9&-!
;$75;-%90O-!&.8$7!#%90725!$-V40$-8!P.!9&-!B0A;!

! #!Fj!54$O0O#1!0<;$7O-<-29!=7$!5;$02?d54<<-$!%&0277[!=$7<!;$75;-%90O-!-594#$.!&#P09#9!
0<;$7O-<-295!

! #!)j!54$O0O#1!0<;$7O-<-29!=7$!N2#[-!30O-$!5;$02?d54<<-$!%&0277[!=$7<!;$75;-%90O-!P0$8!
;$-8#9072!#%90725!

! #!+j!54$O0O#1!0<;$7O-<-29!=7$!N2#[-!30O-$!5;$02?d54<<-$!%&0277[!=$7<!;$75;-%90O-!
;0[-K<0227U!;$-8#9072!#%90725!

FE!6175-(!:LHL(!"L!b09i;#9$0%[(!ZL!^0(!BL!@#$[-$(!:L!Z#9%&!k!XL!,#<-5L!+IIJL!N9#945!$-;7$9!7=!9&-!@#%0=0%!
1#<;$-.!Qlampetra!tridentataT!02!9&-!6714<P0#!30O-$!B#502L!@$-;#$-8!=7$!9&-!`LNL!:-;#$9<-29!7=!
>2-$?.(!B722-O011-!@7U-$!H8<02059$#9072(!@7$91#28(!A$-?72L 
F'Id.!!N--!#157!_-i!@-$%-(!`<#9011#(!q#[#<#!#28!G#$<!N;$02?5!/$0P-5L!)**'L!!/$0P#1!@#%0=0%!^#<;$-.!
3-597$#9072!@1#2!=7$!9&-!6714<P0#!30O-$!B#502L!b7$<#1!:$#=9(!#9!;#?-!DL 



! +M

;#$9!7=!#2!-==7$9!97!%711-%9!02=7$<#9072!97!&-1;!<72097$!#28!%725-$O-!9&-!5;-%0-5(!9&-!
`NbGN!7$?#20i-8!#!R67#59U08-!6725-$O#9072!c2090#90O-S!029-28-8!97!&0?&10?&9!
1#<;$-.!$-597$#9072LFI!!/&-!6725-$O#9072!c2090#90O-!U7$[02?!?$74;!02!)**I!08-290=0-8!
Rg$h-<7O02?!0<;-80<-295!97!#2#8$7<745!1#<;$-.!;#55#?-r#5!9&-!&0?&-59!;$07$09.!
$-%7O-$.!7Pe-%90O-!=7$!1#<;$-.5!02!9&-!6714<P0#!30O-$!P#502LSE*!!!
!
@-909072-$5!$-%7?20i-!9&#9!9&-$-!05!10991-!02=7$<#9072!#O#01#P1-!97!0280%#9-!;$-%05-!
e4O-201-!1#<;$-.!54$O0O#1!P-2-=095!=$7<!02%$-#502?!5;011!P.!-10<02#902?!9&-!++J!
;-$%-29!=7$-P#.!59#28#$8]!&7U-O-$(!09!05!&0?&1.!10[-1.!9&#9!e4O-201-!1#<;$-.!U011!
P-2-=09!0280$-%91.!=$7<!02%$-#5-8!5;011L!!,4O-201-!1#<;$-.!#$-!=$-V4-291.!0<;02?-8!
#28!#$-!02e4$-8!7$!80-!72!9&-!94$P02-!029#[-!5%$--25!9&#9!#$-!<-#29!97!80O-$9!e4O-201-!
5#1<72!0297!9&-!P.;#55!5.59-<]!72-!5948.!-590<#9-8!#!e4O-201-!1#<;$-.!<7$9#109.!
$#9-!7=!#5!&0?&!#5!)Jj!=7$!;#55#?-!7=!8#<5!U09&!-C9-28-8!1-2?9&!94$P02-!029#[-!
5%$--25LE+!!G&-2!5;011!05!$-84%-8(!<7$-!e4O-201-!1#<;$-.!#$-!=7$%-8!9&$74?&!9&-!
5%$--2-8!P.;#55!$749-5L72!!672O-$5-1.(!U&-2!5;011!05!02%$-#5-8(!9&-!P.;#55!5.59-<5!
#$-!<7$-!=$-V4-291.!%175-8(!#28!=-U-$!1#<;$-.!U011!P-!=7$%-8!9&$74?&!9&-!5%$--2-8!
P.;#55!$749-5(!$-541902?!02!17U-$!$#9-5!7=!1#<;$-.!0<;02?-<-29!#28!<7$9#109.LEM!!
c28--8(!9&-!b@6!$-%-291.!&0?&10?&9-8!9&#9!$-84%02?!5;011!Q#28!02%$-#502?!9$#25;7$9!7=!
5#1<72!02!P#$?-5T!84$02?!1#<;$-.!<0?$#9072!02!9&-!5;$02?\!
!

U011!P-!8-9$0<-29#1!97!1#<;$-.(!502%-!-10<02#9072!7=!5;011!U011!$-5419!02!
#8809072#1!e4O-201-!1#<;$-.!;#55#?-!9&$74?&!5%$--2-8!;7U-$!&745-!
P.;#55!5.59-<5!QN9#$[-!#28!:#1-2!+IIJ(+II']!"74$5#28!-9!#1L(!)***(!
)**+(!)**)(!)**M]!B1-0%&!#28!"74$5#28(!)**FTL!!c<;02?-<-29!7=!
e4O-201-!1#<;$-.!72!94$P02-!029#[-!5%$--25!05!#!5-$0745!$-?072#1!
;$7P1-<LED!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
FI_-i!@-$%-(!`<#9011#(!q#[#<#!#28!G#$<!N;$02?5!/$0P-5L!)**'L!!/$0P#1!@#%0=0%!^#<;$-.!3-597$#9072!
@1#2!=7$!9&-!6714<P0#!30O-$!B#502L!b7$<#1!:$#=9(!#9!;#?-!DL 
E*!"75-$(!"L^L(!"LXL!"-5#L!!)**IL!!@#55#?-!672508-$#90725!=7$!H2#8$7<745!^#<;$-.5L!H<-$0%#2!
b05&-$0-5!N7%0-9.!N.<;7504<!E)\++JK+)D]!#157!5--!^4i0-$(!6LGL!#28!E!%7#49&7$5L!!)**IL!!@$7%--802?5!
7=!9&-!@#%0=0%!^#<;$-.!%725-$O#9072!c2090#90O-!G7$[!N-55072!f!A%97P-$!)'K)I(!)**'L!!`LNL!b05&!#28!
G01810=-!N-$O0%-(!3-?072#1!A==0%-(!@7$91#28(!A$-?72(!`NH(!;#?-5!IK+M(!#O#01#P1-!#9\!
&99;\ddUUUL=U5L?7Od;#%0=0%d=05&-$0-5d5;s&#P%72d1#<;$-.d;8=dA%97P-$j)*)**'j)*G7$[j)*N-5
5072j)*@$7%--802?5j)*b02#1j)*DKIK*IL;8=!Q1#59!O0509-8!b-P$4#$.!'(!)*+*TL 
E+!63c/b6(!@#%0=0%!^#<;$-.!@#55#?-!:-50?2(!@$7e-%9!_7L!)**'KJ)DK**L!bq!)**'K)**I!bkG!@$7?$#<!
H%%7$85!Q"AHT!@$7;75#1!3-O0-UL!@#?-5!+*K++]!5--!#157!B07H2#1.595(!c2%L!)***L!H!N9#945!7=!@#%0=0%!
^#<;$-.!02!9&-!"08K6714<P0#!3-?072L!37%[.!3-#%&!Z.8$7-1-%9$0%!@$7e-%9L!b>36!@$7e-%9!_7L!)+DJL!#9!
;#?-5!)FK)EL 
E)!b05&!@#55#?-!6-29-$(!R3-O0-U!7=!9&-!_AHH!/$#25;7$9#9072!#2#1.5-5!#28!;79-290#1!-==-%95!7=!
$-84%02?!5;011!=7$!=05&!;#55#?-!02!"#.!#28!P-?02202?!9&-!9$#25;7$9#9072!;$7?$#<!-#$10-$!02!9&-!5;$02?!
#28!54;;7$902?!#2#1.5-5SL!!b-PL!I(!)*+*L!#9!;#?-!)!#28+*K+)L!!HO#01#P1-!#9\!!
&99;\ddUUUL=;%L7$?d87%4<-295d<-<75d+JK+*L;8=!Q1#59!O0509-8!b-P$4#$.!+)(!)*+*TL!
EM!>O-2!0=!1#<;$-.!87!279!;#55!9&$74?&!9&-!5;011U#.(!1#<;$-.!#$-!1-55!545%-;90P1-!97!02e4$.!7$!
<7$9#109.!=$7<!94$P02-!;#55#?-!%7<;#$-8!U09&!79&-$(!;#$90%41#$1.!1#$?-$!=05&L!!"74$5428(!3LHL(!"L:L!
B1-0%&(!oL:L!Z#<(!#28!3L@L!"4-11-$L!!)**ML!!>O#14#9072!7=!9&-!>==-%95!7=!>C9-28-8!^-2?9&!N4P<-$?-8!
B#$!N%$--25!72!"0?$#902?!,4O-201-!@#%0=0%!^#<;$-.!QLampetra!tridentateT!#9!,7&2!:#.!:#<!02!)**)L!
b02#1!3-;7$9!;$-;#$-8!=7$!9&-!`LNL!H$<.!67$;5!7=!>2?02--$5(!@7$91#28!A$-?72!428-$!6729$#%9!:>K
H6*FKEF3^*+'M*!#9!;L!DLML 
ED!b05&!@#55#?-!6-29-$(!R3-O0-U!7=!9&-!_AHH!/$#25;7$9#9072!#2#1.5-5!#28!;79-290#1!-==-%95!7=!
$-84%02?!5;011!=7$!=05&!;#55#?-!02!"#.!#28!P-?02202?!9&-!9$#25;7$9#9072!;$7?$#<!-#$10-$!02!9&-!5;$02?!
#28!54;;7$902?!#2#1.5-5SL!!b-PL!I(!)*+*L!#9!;#?-!+*L!!HO#01#P1-!#9\!!
&99;\ddUUUL=;%L7$?d87%4<-295d<-<75d+JK+*L;8=!Q1#59!O0509-8!b-P$4#$.!+)(!)*+*TL!



! +D

!
"7$-7O-$(!e4O-201-!1#<;$-.!<7O-!87U259$-#<!;$0<#$01.!#9!20?&9!#28!#$-!59$72?1.!
#==-%9-8!P.!=17U(EJ!57!02%$-#5-5!02!20?&990<-!5;011!U011!02%$-#5-!e4O-201-!1#<;$-.!8#<!
;#55#?-!#9!9&-!90<-!U&-2!54%&!;#55#?-!05!5#=-59!84-!97!9&-!%1754$-!7=!9&-!P.;#55!
5.59-<L!!H8809072#11.(!0=!54==0%0-29!5#1<72!;#55!O0#!5;011(!#117U02?!5%$--25!97!P-!
$-<7O-8!7$!10=9-8!#9!57<-!;$7e-%95!84$02?!-O-2!;#$95!7=!9&-!.-#$(!1#<;$-.!<7$9#109.!
84-!97!5%$--2!0<;02?-<-29!%7418!P-!$-84%-8!-O-2!=4$9&-$L!!!!
!
c2!54<(!#19&74?&!R9&-!1#%[!7=!02=7$<#9072!72!e4O-201-!1#<;$-.!<7O-<-295!
05r#1#$<02?(SEF!>%717?.Y5!=#014$-!97!%72508-$!9&-!;79-290#1!P-2-=095!97!@#%0=0%!
1#<;$-.!<#.!&#O-!2-?#90O-1.!#==-%9-8!095!$05[KP-2-=09!#2#1.505LL!!H5!279-8!#P7O-(!
>%717?.Y5!8-50?2#9072!=7$!G#5&02?972Y5!=$-5&!54$=#%-!U#9-$5!02%148-5!R#V4#90%!10=-!
45-5(S!GH6!+EMK)*+HK)**Q+TQ#TQ00TKQ0OTL!!H2.!;79-290#1!P-2-=09!97!@#%0=0%!1#<;$-.!
=$7<!02%$-#5-8!5;011!9&-$-=7$-!5&7418!P-!%72508-$-8!02!>%717?.Y5!8-%05072L!!@-909072-$!
9&45!#5[5!>%717?.!97!$-%72508-$!#28!%&#2?-!095!%72%145072!02!10?&9!7=!9&-!P-2-=095!97!
5#1<72(!1#<;$-.!#28!79&-$!5;-%0-5!$-V40$02?!8#<!;#55#?-!97!54$O0O-L!
!

6L A$-?72!:>WY5!%7$$-%9!%72%145072!
!
/&-!A$-?72!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.!QA:>WT!%7$$-%91.!P#1#2%-8!9&-!
-O08-2%-!$-;7$902?!2-?10?0P1-!XB/!02!#V4#90%!10=-!02!U#9-$!U09&!/:X!4;!97!+)*!
;-$%-29!U09&!9&-!;79-290#1!P-2-=095!97!5#1<72!#28!79&-$!5;-%0-5L!!H5!>%717?.!279-5!02!
9&-!,#24#$.!)**I!e7029!8-%05072!U09&!9&-!A:>W(!_AHH!#28!@#$#<-9$0C!%72%148-8!
9&#9!9&-!02%08-2%-!7=!XB/!02!e4O-201-!#28!#8419!%&0277[!#28!59--1&-#8(!02!$-508-29!
=05&(!#28!02!02O-$9-P$#9-5!05!2-?10?0P1-!U&-2!/:X!1-O-15!<--9!9&-!+)*!;-$%-29!
9#01$#%-!%$09-$0#LEE!!H28!9&-!;-$%-29#?-!7=!=05&!#==10%9-8!U09&!XB/!87-5!279!-C%--8!+!
;-$%-29!42901!/:X!1-O-15!54$;#55!+)*!;-$%-29LE'!!!
!
H%%7$802?1.(!#5!U#5!$-%7?20i-8!P.!A:>W!02!095!,#24#$.!)**I!8-%05072!#28!095!,42-!
)**I!=7$<#1!<780=0%#9072!7=!095!/:X!U#0O-$(!9&-$-!05!27!5%0-290=0%!P#505!=7$!10<0902?!
/:X!02!9&-!=7$-P#.5!97!++J!;-$%-29LEI!
!
c2!54<(!5#1<72!#28!59--1&-#8!U011!P-2-=09!=$7<!9&-!$-<7O#1!7=!9&-!++J!;-$%-29!
=7$-P#.!10<09L!!A9&-$!5;-%0-5(!54%&!#5!@#%0=0%!1#<;$-.(!<#.!#157!P-2-=09L!!b411!
%72508-$#9072!7=!9&-!P-59!#O#01#P1-!5%0-2%-!#28!%$-80P1-!8#9#!=$7<!=0-18!59480-5!
$-O-#15!9&#9!9&-!$05[!Q0=!#2.T!97!79&-$!=05&!5;-%0-5!#28!02O-$9-P$#9-5!05!2-?10?0P1-L!!!!
3-<7O#1!7=!9&-!=7$-P#.!10<09!05!2-%-55#$.!97!%7<;1.!U09&!>%717?.Y5!7P10?#9072!97!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
EJ!"75-$(!"L^L(!"LXL!"-5#L!!)**IL!!@#55#?-!672508-$#90725!=7$!H2#8$7<745!^#<;$-.5L!H<-$0%#2!
b05&-$0-5!N7%0-9.!N.<;7504<!E)\++JK+)DL!;#?-!+)*L 
EF!"75-$(!"L^L(!"LXL!"-5#L!!)**IL!!@#55#?-!672508-$#90725!=7$!H2#8$7<745!^#<;$-.5L!H<-$0%#2!
b05&-$0-5!N7%0-9.!N.<;7504<L!E)\++JK+)D(!#9!;#?-!+)+L 
EE!H8#;90O-!"#2#?-<-29!/-#<!/79#1!:05571O-8!X#5!02!9&-!6714<P0#!#28!N2#[-!30O-$5]!>O#14#9072!7=!
9&-!++J!@-$%-29!/79#1!:05571O-8!X#5!b7$-P#.!3-V40$-<-29L!)**IL!G#5&02?972!N9#9-!:-;#$9<-29!7=!
>%717?.!#28!N9#9-!7=!A$-?72!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.L!@4P10%#9072!_7L!*IK+*K**)!#9!;L!
JM(!%0902?!#2#1.5-5!=$7<!9&-!b@6!XB/!"72097$02?!@$7?$#<(!>%717?.Y5!Evaluation!of!Total!Dissolved!Gas!
Criteria!(TDG)!Biological!Effects!Research(!_AHH!b05&-$0-5Y!Washington!and!Oregon!State!–!Adaptive!
Management!Team!Resident!Fish!Literature!Review(!#28!9&-!:72!G-09[#<;d@#$#<-9$0C!Total!
Dissolved!Gas!Supersaturation!Biological!Effects,!Review!of!Literature!1980"2007. 
E'!>%717?.dA:>W!>O#14#9072!#9!;;L!J+KJ)L 
EI!IdL!#9!;L!F+L 



! +J

;$79-%9!#V4#90%!10=-!02!G#5&02?972Y5!=$-5&!54$=#%-!U#9-$5L!
!
III.! FOREBAY!MONITORS!DO!NOT!PROVIDE!CREDIBLE!DATA!NECESSARY!

FOR!MONITORING!COMPLIANCE!WITH!WATER!QUALITY!STANDARDS.!
!
>%717?.!$-5;728-8!97!NANY5!,42-!)**I!;-909072!P.!59#902?!9&#9!R80==0%419.!02!
<72097$02?!05!279!#!O#108!$-#572!97!-10<02#9-!#!%$09-$072!02!9&-!U#9-$!V4#109.!
59#28#$85LS'*!!G&01-!9&05!<#.!P-!#2!#;;$7;$0#9-!?-2-$#1!$41-(!09!87-5!279!#;;1.!&-$-(!
U&-$-!9&-!02#%%4$#9-!=7$-P#.!/:X!<72097$02?!7=9-2!$-84%-5!5;011!P-2-=0%0#1!97!
5#1<72(!U&01-!#9!9&-!5#<-!90<-!9#01$#%-!<72097$5!;$7O08-!%$-80P1-!8#9#!4;72!U&0%&!
9&-!$05[5!7=!5;011!<#.!P-!<72097$-8L!!`28-$!9&-5-!%0$%4<59#2%-5(!=7$-P#.!<72097$5!
5&7418!279!P-!9&-!10<0902?!=#%97$!8-9-$<0202?!5;011!#<7429L!!3#9&-$(!P-%#45-!=7$-P#.!
<72097$5!#$-!42$-10#P1-(!U-!#5[!>%717?.!97!-10<02#9-!7$!#<-28!9&-!$-V40$-<-29!=7$!
=7$-P#.!<72097$02?!#9!9&05!90<-L!
!
c9!05!U-11!87%4<-29-8!9&#9!=7$-P#.!<72097$02?!05!42$-10#P1-L!!H5!8-5%$0P-8!02!9&-!
e7029!>%717?.dA:>W!>O#14#9072!=$7<!,#24#$.!)**I(!9&-$-!05!#!172?!&0597$.!7=!
%72%-$2!#P749!9&-!O#10809.!7=!8#9#!=$7<!=7$-P#.!<72097$02?(!;#$90%41#$1.!9&-!6#<#5K
G#5&74?#1!?#4?-L!!c2!095!)***!B0A;(!_"bN!#%[27U1-8?-8!9&-!%72%-$25!7O-$!9&-!
#8-V4#%.!7=!=7$-P#.!<72097$5!P-%#45-!7=!9&-0$!9-28-2%.!97!;$784%-!9&-$<#11.K
0284%-8!#28!5--<02?1.!272K$-;$-5-29#90O-!5;0[02?!7=!/:XL!!b7$!9&05!$-#572(!9&#9!
B0A;!02%148-8!#!$-#572#P1-!#28!;$48-29!#19-$2#90O-!Q3@H!+M)T!80$-%902?!=-8-$#1!
#?-2%0-5!97!%7284%9!#!5.59-<#90%!$-O0-U!7=!9&-!/:X!<72097$02?!59#90725!02!9&-!
=7$-P#.5!7=!#11!9&-!<#0259-<!N2#[-!#28!6714<P0#!30O-$!8#<5L!!B#5-8!72!9&#9!$-O0-U(!
9&-!67$;5!%72%148-8!9&#9!$74902-!5;0[-5!02!8#01.!U#9-$!9-<;-$#94$-!U-$-!59$72?1.!
#557%0#9-8!U09&!9&-!8#01.!5;0[-5!02!/:X!#28!54P5-V4-291.!$-17%#9-8!5-O-$#1!7=!9&-!
=7$-P#.!<72097$5!97!5--!0=!9&#9!U7418!$-<-8.!9&-!02#%%4$#%0-5L'+!
!
/&-!b05&!@#55#?-!6-29-$!02%148-8!#2!-C9-250O-!$-O0-U!7=!9&-!490109.!7=!=7$-P#.!
<72097$5!02!#!)**F!<-<7!-O#14#902?!5;$02?!5;011!02!9&-!b63@NL!!H5!9&#9!<-<7!
$-1#9-5!02!?$-#9!8-9#01(!9&-!67$;5!428-$977[!#!=7117UK4;!97!095!3@H!+M)!5948.!97!
8-9-$<02-!U&-9&-$!9&-!$-17%#9072!7=!9&-!=7$-P#.!<72097$5!571O-8!9&-!;$7P1-<L!!c2!
9&-!%74$5-!7=!9&05!5948.(!09!P-%#<-!%1-#$!9&#9!R=7$-P#.!<72097$5!87!279!#%%4$#9-1.!
$-=1-%9!9&-!/:X!7=!<0C-8!U#9-$5!#28!%729024-!97!P-!0<;#%9-8!P.!17%#10i-8!;$7%-55-5L!!
"-#54$-5!Q$-17%#9072T!9#[-2!428-$!3@H!+M)!97!#554$-!9&#9!9&-!=7$-P#.!<72097$5!
U-$-!$-;$-5-29#90O-!7=!<0C-8!U#9-$!#9!5-O-$#1!7=!9&-!;$7e-%95!808!279!#%&0-O-!9&#9!
7Pe-%90O-LS')!!b@6!%72%148-8!02!095!)**F!-O#14#9072!9&#9!Rg8h7U259$-#<!=7$-P#.!
<72097$5(!#5!;$-5-291.!%72=0?4$-8(!#$-!279!0280%#90O-!7=!9&-!$-#802?5!02!#!U-11K<0C-8!
U#9-$!%714<2!84-!97!9&-!17%#1!02=14-2%-!7=!9-<;-$#94$-(!P#$7<-9$0%!;$-554$-!#28!
P0717?0%#1!;$7%-55-5LS'M!!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
'*!:-;#$9<-29!7=!>%717?.L!!H4?459!+*9&(!)**IL!!3-5;725-!97!@-909072!=7$!341-<#[02?!f!6&#;9-$!+EMK
)*+#!GH6!f!G#9-$!W4#109.!N9#28#$85L!!N--!3-5;725-!97!@-909072!c554-!ML 
'+!B0A;!"-#54$-!+M)!b02#1!3-;7$9(!:-%-<P-$(!)**D\!m/79#1!:05571O-8!X#5!b7$-P#.!b0C-8!"72097$02?!
N9#9072!3-O0-U!#28!>O#14#9072!=7$!^7U-$!N2#[-!30O-$!@$7e-%95!#28!"%_#$.!:#<(!)**MK)**D(m!
&99;\ddUUUL2U8KU%L45#%-L#$<.L<01d9<9dUVd59480-5d$;#+M)s)**D+)M*L;8=!Q1#59!O0509-8!b-P$4#$.!
+)(!)*+*TL 
')!b05&!@#55#?-!6-29-$(!N;$02?!N;011!)**F!"-<7$#284<!QN-;9L!)I(!)**FT!#9!;L!IL 
'M!IdL!#9!;;L!+K)L 
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/&-!>%717?.dA:>W!e7029!-O#14#9072!#157!#%[27U1-8?-5!9&#9!9&-!6#<#5KG#5&74?#1!
?#4?-!05!;#$90%41#$1.!545;-%9!#28!%09-5!97!)**+!#28!)**D!`NXN!59480-5!7=!9&-!-==0%#%.!
7=!9&#9!?#4?-L!!/&-!-O#14#9072!279-5!9&#9!9&75-!59480-5!=7428!9&#9!8#01.!O#$0#90725!7=!
/:X!U-$-!R;$7P#P1.!84-!97!9&-!;$784%9072!7=!7C.?-2!P.!#V4#90%!;1#295!#28!97!U#9-$K
9-<;-$#94$-!O#$0#90725!72!U#$<(!5422.!8#.5LS'D!!
!
H5!.-#$5!7=!0<;1-<-29#9072!#28!5948.!8-<7259$#9-(!<72097$02?!8#9#!;$784%-8!P.!
9&-!=7$-P#.!<72097$5!05!279!9&-![028!7=!R%$-80P1-!8#9#S!9&#9!>%717?.!<#.!$-1.!72!
U&-2!09!8-9-$<02-5!RU&-9&-$!#2.!54$=#%-!U#9-$!7=!9&-!59#9-!05!54;;7$902?!095!
8-50?2#9-8!45-S!P-%#45-!09!05!279!!R$-;$-5-29#90O-!7=!U#9-$!V4#109.!%728090725!#9!9&-!
90<-!9&-!8#9#!U#5!%711-%9-8LS!See!36G!I*LD'LJ'*Q)TQ%T]!36G!I*LD'LJ'JQ+TQPTL!!
`28-$!9&-5-!%0$%4<59#2%-5(!>%717?.!<459!-10<02#9-!9&-!$-V40$-<-29!=7$!=7$-P#.!
/:X!<72097$02?L!
!
IV.! THE!115!PERCENT!FOREBAY!TDG!LIMIT!DOES!NOT!PROTECT!THE!MOST!

SENSITIVE!DESIGNATED!USE!OF!THE!SNAKE!AND!COLUMBIA!RIVERS:!
SALMONID!HABITAT.!

!
c2!$-5;725-!97!NANY5!,42-!)**I!;-909072(!>%717?.!59#9-8!9&#9!09!U#5!R279!%72O02%-8!
9&#9!5#1<72!#$-!9&-!<759!5-25090O-!#V4#90%!10=-!02!9-$<5!7=!-==-%95!=$7<!&0?&!/:XLS'J!!
>%717?.!O70%-8!%72%-$2!7O-$!79&-$!#V4#90%!10=-!54%&!#5!=$7?5(!594$?-72!1#$O#-(!=05&(!
#28!8#;&20#!#9!/:X!1-O-15!7=!++J!;-$%-29!#28!#P7O-L!!/&-5-!%72%-$25!5&7418!P-!
#11-O0#9-8!72%-!>%717?.!%72508-$5!9&-!24<-$745!=0-18!59480-5!749102-8!02!N-%9072!cc!
7=!9&05!;-909072L!!H8809072#11.(!NAN!59$-55-5!9&#9!U&01-!#11!#V4#90%!P079#!<459!P-!
;$79-%9-8!P.!U#9-$!V4#109.!59#28#$85(!9&-!P-2-=095!#28!$05[5!97!#2!-28#2?-$-8!
population!8-5-$O-5!?$-#9-$!U-0?&9!9&#2!-==-%95!7=!/:X!72!individuals!7=!&-#19&.!
;7;41#90725!Q-O-2!0=!9&-!P-59!5%0-2%-!808!279!=028!9&75-!-==-%95!97!P-!2-?10?0P1-!#9!+)*!
;-$%-29!/:X!7$!1-55TL!!
!
N9#9-5!#87;902?!GWN5!#$-!$-V40$-8!97!8-50?2#9-!45-5!=7$!59#9-!U#9-$5!#28!-254$-!
9&#9!9&-0$!GWN5!R;$79-%9!9&-!8-50?2#9-8!45-LS!!D*!6LbL3L!a!+M+L++Q#TQ+TL!!G&-2!9&-$-!
#$-!<4190;1-!45-!8-50?2#90725(!9&-!GWN5!R5&#11!54;;7$9!9&-!<759!5-25090O-!45-LS!!Id.!!
>%717?.!&#5!8-50?2#9-8!=74$!45-5!=7$!G#5&02?972Y5!=$-5&!54$=#%-!U#9-$5L!!GH6!+EMK
)*+HK)**L!!/&-!=0$59!7=!9&-5-!8-50?2#9-8!45-5!f!R#V4#90%!10=-!45-5S!f!02%148-5!
;$7O0802?!5#1<7208!&#P09#9!#28!=#%0109#902?!5#1<7208!5;#U202?(!$-#$02?(!#28!
<0?$#9072L!!GH6!+EMK)*+HK)**Q+TQ#TQ00TKQ0OTL!!c2!#8809072(!>%717?.!8-50?2#9-8!
R$-%$-#9072#1!45-5(S!RU#9-$!54;;1.!45-5(S!#28!R<05%-11#2-745!45-5LS!!GH6!+EMK)*+HK
)**Q)TKQDTL!!/&-!<05%-11#2-745!=$-5&U#9-$!45-5!R#$-!U01810=-!&#P09#9(!&#$O-5902?(!
%7<<-$%-!#28!2#O0?#9072(!P7#902?(!#28!#-59&-90%5LS!!GH6!+EMK)*+HK)**QDTL!!@7U-$!
?-2-$#9072!05!279!#!8-50?2#9-8!45-!=7$!G#5&02?972Y5!=$-5&!54$=#%-!U#9-$5L!!!
!
:-5;09-!;$7O-2!P-2-=095(!5;011!&#5!P--2!10<09-8!02!$-%-29!.-#$5!02!9&-!5;$02?!#28!
54<<-$!<729&5!02!9&-!N2#[-!#28!6714<P0#!30O-$5!02!7$8-$!97!%7<;1.!U09&!9&-!++J!
;-$%-29!=7$-P#.!805571O-8!?#5!59#28#$8L!!H5!279-8!02!74$!;$07$!;-9090725(!b@6!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
'D!G#9-$K3-574$%-5!c2O-590?#90725!3-;7$9!*+KD)EM(!;#?-!++!#28!b0?4$-!+M!72!;#?-!+)(!
http://or.water.usgs.gov/pubs_dir/WRIR01-4273/index.html!Q1#59!O0509-8!b-P$4#$.!+)(!)*+*TL 
'J!:-;#$9<-29!7=!>%717?.L!!H4?459!+*9&(!)**IL!!3-5;725-!97!@-909072!=7$!341-<#[02?!f!6&#;9-$!+EMK
)*+#!GH6!f!G#9-$!W4#109.!N9#28#$85L!N--!3-5;725-!97!@-909072!c554-!DL 



! +E

%7284%9-8!#2!-C9-250O-!#2#1.505!7=!5;$02?!5;011!02!)**F!=7$!9&-!-0?&9!b63@N!8#<5L!!
/&#9!-O#14#9072!=7428!9&#9(!;$0<#$01.!84-!97!9&-!67$;5Y!#%90725!97!<--9!9&-!=7$-P#.!
10<095(!5;$02?!5;011!U#5!#;;$7C0<#9-1.!DLD!<011072!#%$-!=--9!QR"HbST!1-55!9&#2!U7418!
P-!-C;-%9-8!428-$!9&-!674$9Y5!A$8-$!0=!/:X!U-$-!279!#!%7259$#029!#9!#11L!!G09&749!9&-!
=7$-P#.!?#5!%#;5!#28!721.!9&-!9#01$#%-!U#0O-$!#9!+)*!;-$%-29(!DL+!"Hb!7=!9&05!DLD!
"Hb!U7418!&#O-!P--2!5;011-8L'F!!/&45!9&-!=7$-P#.!?#5!%#;5!;1#.!#!87<02#29!$71-!02!
$-84%02?!5;011!=7$!5#1<72!54$O0O#1L!!!
!
/&-!H"/Y5!02O-590?#9072!7=!9&-!<#99-$!U-29!-O-2!=#$9&-$(!%72508-$02?!#2#1.5-5!P.!
9&-!67$;5'E!#28!B722-O011-!@7U-$!H8<02059$#9072(''!#172?!U09&!#!2-U!b@6!
-C#<02#9072L'I!!/&-!%72%1450725!=$7<!9&75-!#2#1.5-5!O#$0-8!U08-1.(!#5!808!9&-!
#554<;90725!9&#9!U-29!0297!9&-!80==-$-29!#2#1.5-5L!!Z7U-O-$(!#11!#?$--8!9&#9!9&-$-!
U7418!P-!#8809072#1!5;011!02!9&-!5.59-<!0=!9&-!=7$-P#.!<72097$02?!$-V40$-<-29!U-$-!
$-<7O-8(!$#2?02?!=$7<!9&-!+!;-$%-29!97!F*!;-$%-29!02%$-#5-!;$-80%9-8!P.!b@6!97!#2!
7O-$#11!02%$-#5-!7=!e459!#2!#O-$#?-!7=!+LM!;-$%-29!#%%7$802?!97!B@HL!!H8809072#11.(!
9&-$-!U#5!P#50%!#?$--<-29!#%$755!9&-!#2#1.5-5!9&#9!^0991-!X775-(!^7U-$!
"724<-29#1(!#28!B722-O011-!8#<5!U7418!5--!9&-!?$-#9-59!02%$-#5-!02!5;011!0=!9&-!++J!
;-$%-29!$-V40$-<-29!U-$-!$-<7O-8L!!!
!
>%717?.Y5!%1#0<5!$-?#$802?!9&-!#8809072#1!;$79-%90725!#==7$8-8!#V4#90%!10=-!P.!9&-!
++J!;-$%-29!=7$-P#.!59#28#$8!#$-!50<;1.!279!54;;7$9-8!P.!9&-!5%0-2%-L!!c2!9&-!=0$59!
;1#%-(!#5!279-8!02!N-%9072!ccc!#P7O-(!87U259$-#<!=7$-P#.!<72097$!$-#802?5!#$-!279!
#%%4$#9-1.!?#4?02?!9&-!-==-%95!7=!4;59$-#<!5;011(!P49!#$-!0259-#8!$-=1-%902?!17%#1!
%728090725!54%&!#5!9-<;-$#94$-!#28!U028L!!/&45(!P#502?!#%90725!97!;$79-%9!9&-!<759!
5-25090O-!45-!f!#V4#90%!10=-!f!72!/:X!<-#54$-<-295!9&#9!87!279!#%94#11.!$-;$-5-29!
9&-!%728090725!02!9&-!$0O-$!<#[-5!27!5-25-L!
!
^0[-U05-(!>%717?.Y5!59#9-<-295!$-?#$802?!9&-!-==-%95!7=!/:X!72!#V4#90%!10=-!2-#$!9&-!
U#9-$!54$=#%-!#$-!42=7428-8L!!G-![27U!=$7<!5%$--2!P.;#55!8#9#!#28!9-595!7=!=05&!
#;;$7#%&02?!8#<5!U09&!#28!U09&749!54$=#%-!P.;#55!#28!5;011!9&#9!2-#$1.!#11!e4O-201-!
5#1<72!#;;$7#%&!9&-!8#<!02!9&-!=7$-P#.!=$7<!8-;9&5!02!-C%-55!7=!72-!<-9-$L!!b7$!
-C#<;1-(!02!-C9-250O-!54$=#%-!%711-%97$!9-595!#9!B722-O011-!:#<(!#11!e4O-201-!=05&!
Q+J('**!9#$?-95T!=$7<!+E!<-9-$5!749!97!9&-!=#%-!7=!9&-!8#<!U-$-!17%#9-8!U09&!572#$!
-V40;<-29!P-9U--2!)LJ!#28!+*!<-9-$5!02!8-;9&LI*!!H9!^7U-$!X$#209-!:#<(!#279&-$!
5948.!=7428!9&#9!#5!=05&!#;;$7#%&-8!9&-!8#<!02!9&-!=7$-P#.(!9&-.!9-28-8!97!<7O-!97!
9&-!%-29-$!7=!9&-!$0O-$!#9!#!8--;-$!8-;9&!9&#2!4;59$-#<!U&-$-!9&-.!U-$-!=7428!02!
5&#117U-$!#$-#5!2-#$!5&7$-L!!/&-!5948.!#157!279-8!9&#9!=05&!+**!=--9!4;59$-#<!7=!9&-!
8#<!U-$-!=7428!8--;-$!02!9&-!U#9-$!%714<2!02!=$729!7=!9&-!5;011P#.5!9&#2!02!=$729!7=!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
'F!b05&!@#55#?-!6-29-$(!N;$02?!N;011!)**F!"-<7$#284<!QN-;9L!)I(!)**FT!#9!;L!)KML 
'E!`LNL!H$<.!67$;5!7=!>2?02--$5(!_7$9&U-59!:0O05072(!3-;7$9!A2!9&-!NqN/:X!"78-102?!=7$!H"/!G09&!
#28!U09&749!++Jj!/:X!59#28#$8!Q,41.!E(!)**'TL!
''!B722-O011-!@7U-$!H8<02059$#9072(!Zq:Nc"!`5-!02!H2#1.505!7=!3-<7O02?!++Jj!/:X!b7$-P#.!X#4?-!
3-V40$-<-295(!B@H!3-;7$9!97!9&-!H8#;90O-!"#2#?-<-29!/-#<!f!"#.!)**'!
'I!b05&!@#55#?-!6-29-$(!N;011!n714<-!6&#2?-5!U09&!`5-!7=!/#01$#%-!"72097$5!Q,#24#$.!)**'TL 
I*!,7&2572(!3L^L(!3LHL!"74$5428!#28!"LHL!N0<<725L!!b05&!P-&#O07$!02!=$729!7=!9&-!;$7979.;-!54$=#%-!
%711-%97$!#9!B722-O011-!:#<(!+II'L!@$7e-%9!_7L!)'EEL!!@$-;#$-8!=7$!@7$91#28!:0O05072(!67$;5!7=!
>2?02--$5(!P.!@#%0=0%!_7$9&U-59!^#P7$#97$.(!30%&1#28(!GHL 



! +'

9&-!;7U-$&745-L!!b4$9&-$<7$-(!<759!7=!9&-!=05&!02!9&-!=7$-P#.!U-$-!02!9&-!JK+J!
<-9-$!8-;9&!$#2?-!#28!=-U!0=!#2.!U-$-!02!9&-!*K+!<-9-$!8-;9&!$#2?-LI+!!!
!
3-?#$802?!84$#9072!7=!-C;754$-!97!/:X(!>%717?.Y5!59#9-<-29!9&#9!R<759!#V4#90%!10=-!
5;-285!<7$-!7=!9&-0$!90<-!02!9&-!=7$-P#.5SI)!05!279!=411.!#%%4$#9-L!!c2!=#%9(!57<-!
-O08-2%-!0280%#9-5!9&#9!8#<5!U09&!5;011!$-84%-!=7$-P#.!$-508-2%-!90<-!#28!=05&!
8-2509.L!!b7$!-C#<;1-(!72-!5948.!=7428!9&#9!.-#$102?!%&0277[!$-508-2%-!90<-!02!9&-!
"%_#$.!:#<!=7$-P#.!U#5!721.!*LF!&74$5!U09&!5;011!#28!)LF!&74$5!U09&749!5;011LIM!
H279&-$!5948.!=7428!9&#9!84$02?!FD!;-$%-29!5;011(!9&-!<-#2!=7$-P#.!$-508-2%-!90<-!
U#5!*L+!&74$]!428-$!M*!;-$%-29!5;011(!9&-!<-#2!$-508-2%-!90<-!U#5!+!&74$L!!c2!5&7$9(!
U09&!5;011(!$-508-2%-!90<-!U#5!721.!R=$#%90725!7=!#2!&74$LSID!
!
H!5948.!#9!/&-!:#11-5!:#<!279-8!9&#9!=7$-P#.!$-508-2%-!90<-!U#5!%7$$-1#9-8!U09&!
5;011!O714<-\!9&-!?$-#9-$!9&-!5;011(!9&-!17U-$!9&-!$-508-2%-!90<-!=7$!e4O-201-!
59--1&-#8L!!/&-!#49&7$5!54<<#$0i-8!9&-!0<;7$9#2%-!7=!$-84%-8!=05&!$-508-2%-!90<-!
02!9&-!=7$-P#.\!
!

! :-1#.!02!-<0?$#9072!805$4;95!10=-!&0597$.!5.2%&$72.!
! :-1#.!%#45-5!=05&!=#90?4-!=$7<!5-#$%&02?!#28!<01102?!U&0%&!%#2!1-#8!97!59$-55(!

U&0%&!U011!02%$-#5-!9&-!;$-8#9072!$05[!84-!97!$-84%-8!;$-8#97$!#O708#2%-!
=092-55!

! c2%$-#5-8!$-508-2%-!90<-!<#.!#99$#%9!;$-8#97$5!97!#$-#5!7=!&0?&!;$-.!
8-2509.IJ!!

!
/&45(!02!10?&9!7=!9&-!#P428#29!-O08-2%-!9&#9!XB/!05!4210[-1.!97!7%%4$!0=!/:X!1-O-15!
59#.!P-17U!+)*!;-$%-29!02!9&-!9#01$#%-!#28!9&#9!9&-!++J!;-$%-29!=7$-P#.!59#28#$8!
#==7$85!27!#8809072#1!;$79-%9072(!9&-!5;011!9&#9!05!P-02?!=7$-?72-!84-!97!9&-!++J!
;-$%-29!59#28#$8!05!#%94#11.!0<;-802?!5#1<72!#28!59--1&-#8!54$O0O#1L!!b7$!9&05!
$-#572(!9&-!++J!;-$%-29!=7$-P#.!59#28#$8!05!421#U=41!P-%#45-!09!029-$=-$-5!U09&!9&-!
<759!5-25090O-!8-50?2#9-8!45-!7=!G#5&02?972Y5!=$-5&!54$=#%-!U#9-$\!&#P09#9!=7$!
5#1<72085L!!b4$9&-$<7$-(!9&-!++J!;-$%-29!=7$-P#.!/:X!-C-<;9072!05!50<;1.!279!
P#5-8!72!57428!5%0-2%-L!!H%%7$802?1.(!>%717?.!5&7418!#<-28!9&-!-C-<;9072!97!095!
U#9-$!V4#109.!59#28#$85!97!$-<7O-!9&-!++J!;-$%-29!=7$-P#.!?#5!%#;L!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
I+!H8#<5(!_LNL(!:LGL!37287$=!(!>L>L!o7;=779(!"L,L!B#2#%&!#28!"LHL!/4-11L!!"0?$#9072!%&#$#%9-$0590%5!7=!
e4O-201-!5#1<72!#28!59--1&-#8!02!9&-!=7$-P#.!7=!^7U-$!X$#209-!:#<!$-1#90O-!97!+IIF!54$=#%-!P.;#55!
%711-%97$!9-595L!!@$7e-%9!_7L!>!'FIM*+J+!97!G#11#!G#11#!:059$0%9!67$;5!7=!>2?02--$5(!P.!`NXN!#28!_-i!
@-$%-!/$0P-L!!677[(!GH(!+IIEL!
I)!H8#;90O-!"#2#?-<-29!/-#<!/79#1!:05571O-8!X#5!02!9&-!6714<P0#!#28!N2#[-!30O-$5]!>O#14#9072!7=!
9&-!++J!@-$%-29!/79#1!:05571O-8!X#5!b7$-P#.!3-V40$-<-29L!)**IL!G#5&02?972!N9#9-!:-;#$9<-29!7=!
>%717?.!#28!N9#9-!7=!A$-?72!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.L!@4P10%#9072!_7L!*IK+*K**)!#9!;L!
F*L 
IM!HC-1(!XLHL(!>L>L!Z7%[-$5<09&(!"LBL!>;;#$8!#28!BL@L!N#28=7$8L!!)**DL!!@#55#?-!#28!54$O0O#1!7=!
&#9%&-$.!.-#$102?!6&0277[!5#1<72!#9!"%_#$.!:#<(!)**ML!!6729$#%9!GF'NBnI)'DD'FF!97!G#11#!G#11#!
:059$0%9!67$;5!7=!>2?02--$5(!P.!b05&!>%717?.!:0O05072(!_7$9&U-59!b05&-$0-5!N%0-2%-!6-29-$(!_AHH!
b05&-$0-5L!!N-#991-(!GHL 
ID!H11-2(!"LB!#28!-0?&9!%7K#49&7$5L!!+IIIL!!"7O-<-29(!8059$0P49072(!#28!P-&#O07$!7=!$#807K9#??-8!
.-#$102?!#28!54P.-#$102?!5#1<72!02!9&-!9#01$#%-!7=!/&-!:#11-5!:#<(!+IIIL!!3-;7$9!97!@7$91#28!:059$0%9(!
67$;5!7=!>2?02--$5(!P.!`NXN(!677[!GHL!
IJ!@175[-.(!XL(!/L!@7-(!HLX07$?0!#28!XL!,7&2572L!!)**+L!!N.29&-505!7=!&.8$7#%74590%(!$#807!9-1-<-9$.!#28!
54$O0O#1!59480-5!7=!e4O-201-!5#1<72!#9!/&-!:#11-5!:#<!Q+I')K)***TL!!6729$#%9!U09&!@7$91#28!:059$0%9(!
67$;5!7=!>2?02--$5!#28!@#%0=0%!_7$9&U-59!^#P7$#97$.(!@7$91#28(!A3(!#28!30%&1#28(!GHL 



! +I

!
V.! ECOLOGY!SHOULD!AMEND!WAC!173"201A"200(1)(F)(II)!TO!REMEDY!

ITS!VIOLATIONS!OF!FEDERAL!AND!STATE!LAW.!
!

>%717?.!5&7418!8-1-9-!9&-!$-V40$-<-29!9&#9!/:X!P-!<72097$-8!02!9&-!=7$-P#.5L!!/&05!
#<-28<-29!U7418!279!721.!#117U!=7$!5;011!97!<#C0<0i-(!97!9&-!-C9-29!;7550P1-(!
5#1<72!#28!59--1&-#8!54$O0O#1!9&$74?&!9&-!&.8$75.59-<(!P49!09!U7418!#157!-10<02#9-!
#!<72097$02?!#;;$7#%&!9&#9!05!U-11!87%4<-29-8!#5!P-02?!42$-10#P1-L!!H19-$2#90O-1.(!
>%717?.!5&7418!02%$-#5-!9&-!=7$-P#.!/:X!10<09!97!+)*!;-$%-29L!
!
A$-?72Y5!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.!%72508-$-8!9&-!5#<-!-O08-2%-!#5!
>%717?.!#28!%#<-!97!9&-!%72%145072!9&#9!R9&-!$-<7O#1!7=!9&-!=7$-P#.!<72097$02?!
$-V40$-<-29!U011!279!%#45-!-C%-550O-!&#$<!97!9&-!P-2-=0%0#1!45-(!#V4#90%!5;-%0-5!02!
9&-!6714<P0#!30O-$(!84$02?!=05&!;#55#?-!5;011!5-#572LSIF!!B#5-8!72!9&#9!%72%145072(!
A:>W!&#5!$-<7O-8!9&-!$-V40$-<-29!=7$!9&-!45-!7=!=7$-P#.!<72097$5!#5!7=!)**ILIE!
!
>%717?.(!72!9&-!79&-$!&#28(!808!279!805;49-!9&-!5%0-2%-(!P49!0259-#8!8-9-$<02-8!9&#9!
9&-!P-2-=095!97!5#1<72!=$7<!%&#2?02?!095!U#9-$!V4#109.!59#28#$85!U#5!749U-0?&-8!P.!
9&-!%7<;1-C09.!7=!9&-!;$7%-55!=7$!<#[02?!9&#9!%&#2?-!02!G#5&02?972!N9#9-!1#ULI'!!
_79&02?!02!9&-!61-#2!G#9-$!H%9!7$!G#5&02?972!1#U!54??-595!9&#9!#8<02059$#90O-!
%72O-20-2%-!05!#!54==0%0-29!$#9072#1-!=7$!$-9#0202?!#!U#9-$!V4#109.!59#28#$8!9&#9!05!
&#$<=41!97!P-2-=0%0#1!45-5L!!c2!#8809072(!279U09&59#2802?!095!=02802?!9&#9!+)*!;-$%-29!
/:X!1-O-1!02!9&-!9#01$#%-!R87-5!#117U!=7$!#8809072#1!5;011!9&#9!P-2-=095!5#1<72(S!
>%717?.!8-%102-8!97!%&#2?-!095!++J!;-$%-29!=7$-P#.!59#28#$8!P-%#45-!09!;1#%-8!
U-0?&9!72!095!02#%%4$#9-!P-10-=!9&#9!9&-$-!05!#!$05[!7=!R8-9$0<-29#1!-==-%95!72!#V4#90%!
10=-!2-#$!9&-!54$=#%-!U&-2!/:XS!-C%--85!++J!;-$%-29!02!9&-!=7$-P#.5!#28!
R#;;$7#%&-5!+)*!;-$%-29LSII!!B49!>%717?.!&#5!279!;7029-8!97!#2.!5;-%0=0%!-O08-2%-!09!
$-10-8!72!97!<#[-!9&05!=02802?(!&7U!09!U-0?&-8!7$!%7<P02-8!9&05!-O08-2%-!U09&!79&-$!
-O08-2%-(!7$!U&.!09!=7428!9&05!102-!7=!-O08-2%-!<7$-!%7<;-1102?!9&#2!#279&-$L+**!!
_7$!&#5!09!#88$-55-8!9&-!%729$#$.!-O08-2%-!$-?#$802?!2-#$K54$=#%-!45-!7=!U#9-$!02!
9&-!=7$-P#.5!P.!5#1<72!805%455-8!#P7O-L!!G#5&02?972!N9#9-Y5!H8<02059$#90O-!
@$7%-84$-!H%9!;$7&0P095!9&-!#?-2%.!=$7<!$-1.02?!4;72!54%&!42-C;1#02-8!
59#9-<-295L+*+!!!!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
IF!H8#;90O-!"#2#?-<-29!/-#<!/79#1!:05571O-8!X#5!02!9&-!6714<P0#!#28!N2#[-!30O-$5]!>O#14#9072!7=!
9&-!++J!@-$%-29!/79#1!:05571O-8!X#5!b7$-P#.!3-V40$-<-29L!)**IL!G#5&02?972!N9#9-!:-;#$9<-29!7=!
>%717?.!#28!N9#9-!7=!A$-?72!:-;#$9<-29!7=!>2O0$72<-29#1!W4#109.L!@4P10%#9072!_7L!*IK+*K**)#9!;L!
F+L 
IE!Id.!#9!F)L!QRB#5-8!72!9&-5-!%725419#90725!#28!9&-!=02802?5!#28!%72%1450725!8-5%$0P-8!02!9&05!
87%4<-29(!9&-!:-;#$9<-29!;$7;75-5!97!$-<7O-!9&-!$-V40$-<-29!=7$!9&-!45-!7=!=7$-P#.!<72097$5!02!
)**ILST!/&#9!;$7;75#1!U#5!#87;9-8!P.!9&-!A$-?72!>2O0$72<-29#1!W4#109.!67<<055072!72!,42-!+'(!
)**IL 
I'!Id.!#9!F+L!Q$-%0902?!9&-!$-V40$-<-295!9&#9!<#.!P-!9$0??-$-8!P.!#!$41-!%&#2?-(!02%14802?!59#9-!
-2O0$72<-29#1!;710%.!#%9!$-O0-U!#28!#;;$7O#1!P.!>@H(!#28!54<<#$01.!%72%14802?!9&#9!R>%717?.!87-5!
279!P-10-O-!9&-!7O-$#11!P-2-=095!7=!#8809072#1!5;011!O-$545!#8809072#1!$05[!7=!?#5!P4PP1-!9$#4<#!#$-!
%1-#$!#28!#$-!54==0%0-29!=7$!#!$41-!$-O05072LST 
II!Id.!#9!F*L 
+**!c28--8(!>%717?.!7==-$-8!721.!#2!4254;;7$9-8!#55-$9072!9&#9!9&-!R-O08-2%-!=$7<!#O#01#P1-!5%0-290=0%!
59480-5!clearly!;70295S!97!9&-!%72%145072!9&#9!/:X!1-O-15!#;;$7#%&02?!+)*!;-$%-29!$05[!&#$<!97!
#V4#90%!10=-!2-#$!9&-!54$=#%-L!!Id.!Q-<;&#505!#88-8TL 
+*+!See!36G!MDL*JLJE*L 



! )*

>%717?.Y5!=#014$-!97!=7117U!9&-!5%0-2%-!#28!%&#2?-!095!59#28#$85!U011!10<09!5;011!#9!9&-!
8#<5!#28!=4$9&-$!&#$<!9&-!8-50?2#9-8!P-2-=0%0#1!45-!7=!5#1<72!<0?$#9072!02!9&-5-!
$0O-$5L!!c2!#8809072(!9&-!5;011!10<09#90725!;4$54#29!97!9&-!8-%05072!279!97!<780=.!7$!
-10<02#9-!9&-!=7$-P#.!59#28#$85!U011!02%$-#5-!=05&!$-508-2%-!90<-(!U&0%&!U011!
02%$-#5-!/:X!-C;754$-!#28!<#.!#%94#11.!%#45-!=05&!97!7%%4;.!&0?&-$!;7$90725!7=!9&-!
U#9-$!%714<2!U&-$-!9&-.!U011!P-!<7$-!#==-%9-8!P.!/:XL!!!
!
>%717?.Y5!$-=45#1!97!$-O05-!095!59#28#$85!#157!9&$-#9-25!97!428-$<02-!A:>WY5!<7$-!
;$79-%90O-!U#0O-$!9&#9!-10<02#9-5!9&-!=7$-P#.!<72097$02?!$-V40$-<-29L!!`21-55!#28!
42901!>%717?.!%&#2?-5!G#5&02?972Y5!59#28#$85(!9&-!67$;5!#;;#$-291.!U011!5--[!97!
#P08-!P.!9&-!17U-59!%7<<72!8-27<02#97$!02!G#5&02?972Y5!59#28#$85(!$#9&-$!9&#2!
9&-!<7$-!;$79-%90O-!59#28#$8!%729#02-8!02!A$-?72Y5!U#0O-$L+*)!!/&05!U011!$-5419!02!9&-!
428-$<0202?!7=!A$-?72Y5!8-%05072!#28!%729024-!97!8-;$0O-!9&-5-!9&$-#9-2-8!#28!
-28#2?-$-8!=05&!7=!5;011!1-O-15!9&#9!U7418!02%$-#5-!9&-0$!54$O0O#1(!9&74?&!9&-$-!05!27!
#8-V4#9-!P#505!=7$!8702?!57L+*M!!!
!
>%717?.!5&7418!9&-$-=7$-!-09&-$!#P#2872!#197?-9&-$!9&-!%7429-$;$784%90O-!
$-V40$-<-29!9&#9!/:X!P-!<72097$-8!02!9&-!=7$-P#.!7$!09!5&7418!02%$-#5-!9&-!=7$-P#.!
10<09!97!+)*!;-$%-29L!!@-909072-$!;$7;75-5!9&-!=7117U02?!#<-28<-295!97!GH6!+EMK
)*+HK)**Q+TQ=TQ00T\!
!
Preferred!amendment!proposal:!

!
/&-!/:X!%$09-$0#!<#.!P-!#8e459-8!97!#08!=05&!;#55#?-!7O-$!
&.8$7-1-%9$0%!8#<5!U&-2!%725059-29!U09&!#!8-;#$9<-29!#;;$7O-8!?#5!
#P#9-<-29!;1#2L!/&05!;1#2!<459!P-!#%%7<;#20-8!P.!=05&-$0-5!
<#2#?-<-29!#28!;&.50%#1!#28!P0717?0%#1!<72097$02?!;1#25L!/&-!
-1-O#9-8!/:X!1-O-15!#$-!029-28-8!97!#117U!02%$-#5-8!=05&!;#55#?-!
U09&749!%#4502?!<7$-!&#$<!97!=05&!;7;41#90725!9&#2!%#45-8!P.!94$P02-!
=05&!;#55#?-L!/&-!=7117U02?!5;-%0#1!=05&!;#55#?-!-C-<;90725!=7$!9&-!
N2#[-!#28!6714<P0#!$0O-$5!#;;1.!U&-2!5;01102?!U#9-$!#9!8#<5!05!
2-%-55#$.!97!#08!=05&!;#55#?-\!

! /:X!<459!279!-C%--8!#2!#O-$#?-!7=!72-!&428$-8!=0=9--2!
;-$%-29!#5!<-#54$-8!02!9&-!=7$-P#.5!7=!9&-!2-C9!87U259$-#<!8#<5!
#28!<459!279!-C%--8!#2!#O-$#?-!7=!72-!&428$-8!9U-29.!;-$%-29!#5!
<-#54$-8!02!9&-!9#01$#%-5!7=!-#%&!8#<!Q9&-5-!#O-$#?-5!#$-!
<-#54$-8!#5!#2!#O-$#?-!7=!9&-!9U-1O-!&0?&-59!%725-%490O-!&74$1.!
$-#802?5!02!#2.!72-!8#.(!$-1#90O-!97!#9<75;&-$0%!;$-554$-T]!#28!
! H!<#C0<4<!/:X!72-!&74$!#O-$#?-!7=!72-!&428$-8!9U-29.K=0O-!
;-$%-29!<459!279!P-!-C%--8-8!84$02?!5;011#?-!=7$!=05&!;#55#?-L!

!
Alternative!amendment!proposal:!

!
/&-!/:X!%$09-$0#!<#.!P-!#8e459-8!97!#08!=05&!;#55#?-!7O-$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
+*)!See!)**I!N4<<-$!b05&!A;-$#90725!@1#2L!!,42-!)(!)**IL!#99#%&-8!#5!>C&0P09!HL!
+*M!See!Arkansas!v.!Oklahoma(!J*M!`LNL!I+(!+*JL!!+II)L!!Q$-O0-U02?!$-?41#90725!9&#9!;$7&0P09!055402?!
;71149072!;-$<095!9&#9!Rt%#2279!-254$-!%7<;10#2%-!U09&!9&-!#;;10%#P1-!U#9-$!V4#109.!$-V40$-<-295!7=!
#11!#==-%9-8!N9#9-5YSTL!!! 





! ))

"0%&#-1!X#$$09.(!G#5&02?972!! ! ! ,0<!"#$902(!6725-$O#9072!:0$-%97$!!
6725-$O#9072!:0$-%97$! ! ! ! Berkley!Conservation!Institute!
American!Rivers! ! ! ! ! !
!
:45902!GL!H&-$02(!@$-508-29!! ! ! B011!N-80O.(!>C-%490O-!:0$-%97$!
Citizens!For!Progress! ! ! ! Idaho!Rivers!United!
!
,#.!B4$$05(!@$-508-29! X1-2!N;#02(!_7$9&U-59!3-?072#1!!
Association!of!Northwest!Steelheaders!! :0$-%97$(!Pacific!Coast!

Federation!of!Fishermen’s!
Associations!#28!Institute!for!
Fisheries!Resources!

!
!
66\!! /-8!N94$8-O#29(!:-;9L!7=!>%717?.!
! H28$-U!o71755-45(!:-;9L!7=!>%717?.!
! >8!B7U1-5(!A$-?72!:-;9L!7=!b05&!#28!G01810=-!
! H?2-5!^49(!A$-?72!:-;9L!7=!>2O0$72<-29#1!W4#109.!
! "0[-!6#$$0-$(!A==0%-!7=!X7OL!/-8!o4172?75[0!
! ,#.!"#2202?!(!6&0-=!7=!N9#==(!A==0%-!7=!X7OL!6&$05!X$-?70$-!!
! o-09&!@&0110;5(!A==0%-!7=!X7OL!6&$05!X$-?70$-!
! "#$.!^74!N75%0#(!`LNL!>2O0$72<-29#1!@$79-%9072!H?-2%.!
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CENWD-PDD       June 2, 2009 
 
 

2009 Summer Fish Operations Plan 
 
 
BACKGROUND 
 
The 2009 Summer Fish Operations Plan (FOP) describes the U.S. Army Corps of 
Engineers (Corps) planned operations for fish passage at its mainstem Federal Columbia 
River Power System (FCRPS) dams during the 2009 summer fish migration season.  The 
2009 Summer FOP is consistent with the adaptive management provisions in the 2008 
NOAA Fisheries FCRPS Biological Opinion (2008 BiOp) and the Corps’ Record of 
Consultation and Statement of Decision (ROCASOD) adopting the project operations 
contained in the 2008 BiOp and the Columbia Basin Fish Accords (Accords).  
 
As in 2008, the 2009 Summer FOP incorporates planned operational adjustments 
necessary to perform essential research, and to accommodate the adjustment of surface 
bypass structures or other features for the 2009 summer migration season.  The FCRPS 
water management and project operations not specifically addressed in this 2009 Summer 
FOP are consistent with the 2008 BiOp and other operative documents including the 
2009 Water Management Plan (WMP), seasonal WMP updates, and the 2009 Fish 
Passage Plan (FPP).  As in 2008, operations may be adjusted through coordination with 
regional sovereigns. 
 
The following sections describe: factors that influence management of fish operations 
during various runoff conditions, including TDG management, spillway operations, and 
minimum generation; specific summer operations for fish passage at each mainstem 
project; the juvenile fish transportation program operations; protocols for emergencies; 
coordination with the region; and, monthly reporting. 
 
GENERAL CONSIDERATIONS FOR FISH OPERATIONS 
 
For planning purposes, the Corps’ 2009 Summer FOP spill levels, summarized in Table 
A below, assume “average” run-off conditions.  However, because actual run-off 
conditions vary in timing and shape and may be higher or lower than average, 
adjustments in spill levels (kcfs discharge rates, spill percentages, or spill caps) will be 
adaptively managed in-season as needed to avoid or minimize poor juvenile or adult fish 
passage conditions, navigation safety concerns, or to accommodate powerhouse or 
transmission constraints.  Actual spill levels may be adaptively managed from those 
displayed in the table below for research or other conditions and will be coordinated 
through the Technical Management Team (TMT) or other appropriate regional forum. 
Such conditions are discussed in more detail below. 
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Management of Spill for Fish Passage 
 
The Corps will continue to manage spill for fish passage to avoid exceeding 120% in the 
project tailrace, and 115% in the forebay of the next project downstream consistent with 
the current State of Washington total dissolved gas (TDG) saturation upper limits.1  
These levels are referred to as “gas caps.”  The project maximum flow rate or spill 
discharge level that meets but does not exceed the gas caps, is referred to as the “spill 
cap.”  The gas caps are constant, whereas, spill caps may vary daily depending on flow, 
temperature, and other environmental conditions. 
 
As noted above, the spill rates presented in Table A are the planned summer spill 
operations and assume average runoff conditions; however, adjustments to these spill 
rates may be necessary for the following reasons: 
 

1. high runoff conditions where flows exceed the powerhouse hydraulic capacity 
with the specified spill rates; 

2. navigation safety concerns; 
3. generation unit outages that reduce powerhouse capacity; 
4. power system or other emergencies that reduce powerhouse discharges; and, 
5. a lack of power demand resulting in an increase in the rate of spill. 

 
Spill below the specified rates could also occur during low runoff conditions when 
meeting minimum generation levels at a project requires reducing spill rates.  This would 
most likely occur in July and August.  Minimum generation and spill rates are included 
below in the project specific information. 
 
The Corps’ Reservoir Control Center (RCC) is responsible for daily management of TDG 
responsive to changing conditions. In order to manage gas cap spill rates consistent with 
the States’ TDG saturation limits, RCC establishes the spill caps for each project on the 
lower Columbia and Snake rivers on a daily basis throughout the fish passage season.  
These spill caps are set so that resultant TDG percent saturation levels are not expected to 
exceed the 120%/115% TDG limits, measured as the average of the highest 12 hourly 
readings each day. 
 
Within any given day, some hours of measured TDG levels may be higher or lower than 
the gas caps due to changing environmental conditions (wind, air temperature, etc.).  The 
process of establishing daily spill caps entails reviewing existing hourly data at each dam 
(including flow, spill, temperature, and TDG levels) and taking into consideration a 
number of forecast conditions (including total flow, flow through the powerhouse, wind 
and temperature forecast, etc.).  This information is used as input into the System TDG 
(SYSTDG) modeling tool.  The SYSTDG model estimates TDG levels in the rivers 
several days into the future, and is a tool integral to daily decision-making when 
establishing spill caps at individual dams. 

                                                 
1 In February 2009, the State of Oregon modified its waiver for 2009 to remove the 115% forebay TDG 
limit.  However, the Corps will continue to manage to 120% and 115% limits (the Washington TDG 
standard) in 2009. 
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Spill caps set by RCC in daily spill priority requests will be met at the projects by using 
the spill pattern in the appropriate FPP spill table which most closely corresponds to the 
requested spill (i.e. may be slightly over or under). During the freshet when flows are 
often expected to be greater than hydraulic capacity with the specified spill rates at the 
dams, or if a lack of power load results in an increase in the spill rate, the Corps will 
attempt to minimize TDG on a system-wide basis.  In this case, spill caps are also 
developed for 125%, 130%, or 135% saturation to minimize TDG throughout the system. 
 
In accordance with the 2009 Spring FOP, spring spill operations commenced on April 3 
at 0001 hours for the Corps’ lower Snake projects and on April 10 at 0001 hours for the 
lower Columbia projects.  Spill caps have been established at the specified amounts and 
will continue unless conditions require changing to maintain TDG within the upper limits 
of 120% in the tailwater of a dam and 115% in the forebay of the next project 
downstream (and at Camas/Washougal).  Spill will transition to summer levels at 2359 
hours, or shortly before midnight, at each project just prior to the summer start dates 
specified. 
 
Operations to manage TDG will continue to be coordinated through the TMT. 
 

Spillway Operations 
 
The Action Agencies will meet the specified spill levels to the extent feasible; however, 
actual hourly spill quantities at dams will be slightly greater or less than specified in 
Table A below.  Actual spill levels depend on the precision of spill gate settings, flow 
variations in real time, varying project head (the elevation difference between a project’s 
forebay and tailwater), automatic load following, and other factors. 
 
Operational Considerations: 
 
! Spill discharge rates:  Due to limits in the precision of spill gates and control devices, 

short term flow variations, and head changes, it is not possible to discharge exactly 
the spill rates stated in Table A, or as stated in RCC spill requests (teletypes) to 
projects that call for specific spill discharges.  Therefore, spillway gates are opened to 
the settings in FPP spill pattern tables, which provide discharges that are the closest to 
the spill discharge rates.  The spill rates in Table A coincide with specific gate 
settings in the FPP spill tables.  Actual spill may be higher or lower than the 
identified spill rate due to low flow conditions, periods of minimum generation, TDG 
spill cap limitations on spill amounts, spill curtailment for navigation safety, and 
other circumstances. 

 
! Spill percentages:  Spill percentages are considered target spill levels.  The project 

control room operator and BPA duty scheduler calculate spill rates to attempt to be 
within +/- 1% of the target percentage for the following hour (or +/- 1.5% at Little 
Goose Dam when flows are less than 30 kcfs).  These percentages may not be 
attained due to low flow conditions, periods of minimum generation, TDG spill cap 
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limitations on spill amounts, spill curtailment for navigation safety, and other 
circumstances.  Operators and schedulers will review the percentages achieved during 
the day and adjust spill rates in later hours, with the objective of ending the day with a 
day average spill that achieves the target. 

 
Minimum Generation 

 
The Corps has identified minimum generation flow values derived from FPP tables which 
specify turbine operation within the 1% of best efficiency range.  These values are 
approximations and do not account for varying head or other small adjustments that may 
result in variations in the reported minimum generation flow and spill amount.  
Conditions that may result in minor variations include: 
 

1. Varying pool elevation: as reservoirs fluctuate within the operating range, flow 
rates through the generating unit change. 

2. Generating unit governor "dead band": the governor controls the number of 
megawatts the unit should generate and cannot precisely control a unit; variations 
can be +/- 1% to 2% of generation. 

3. System disturbances: once the generator is online and connected to the grid, it 
responds to changes in system voltage and frequency.  These changes may cause 
the unit to increase flow and generation slightly within an hour. 

4. Individual units may operate slightly differently or have unit specific constraints. 
5. Generation control systems regulate megawatts (MW) generation only, and not 

flow through turbines. 

All of the lower Snake River powerhouses may be required to keep one generating unit 
on line at all times for power system reliability, which may result in a reduction of spill at 
that project.  During low flows, one generator runs at the lower end of the 1% of best 
efficiency range.  All of the Snake River plants have two “families” of turbines with 
slightly different capacities.  In most cases one of the smaller units, with somewhat less 
generation and flow, will be online during these times.  The smaller units are generally 
numbered 1 – 3 and are the first priority for operation during the fish passage season.  An 
exception to this is at Ice Harbor Dam, where the unit priority list has been modified to 
accommodate the transformer bank outage at Sacajawea.  Also, if smaller units are 
unavailable, one of the larger units may be used.  Further, at Lower Monumental, 
generating unit 1, which is the first priority unit during fish passage, was damaged, then 
welded in a fixed blade configuration.  Consequently the unit cannot operate at the low 
end of the design range.  In addition, Ice Harbor units cannot be operated at the lower end 
of the 1% of best efficiency range.  These units experience cavitation at a generation level 
somewhat higher than the lower 1% limit, which damages the turbine and can be 
detrimental to fish.  Therefore, Ice Harbor units will operate at their lower cavitation 
limits.  Minimum generation flows are 50 kcfs at McNary, John Day and The Dalles and 
30 kcfs at Bonneville. 
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Low Flow Operations 
 
Low flow operations at lower Snake River projects are triggered when inflow is not 
sufficient to provide for both minimum generation and the planned spill levels.  In these 
situations, the projects will operate one unit at minimum generation and spill the 
remainder of flow coming into the project.  As flows transition from higher flows to 
lower flows, there may be situations when flows recede at a higher rate than forecasted.  
In addition, inflows provided by nonfederal projects upstream are variable and uncertain.  
The combination of these factors may result in instances where unanticipated changes to 
inflow result in forebay elevations dropping to the low end of the Minimum Operating 
Pool (MOP).  Since these projects have limited operating flexibility, maintaining 
minimum generation and the target spill may not be possible on every hour. 
 
During low flow conditions, when the navigation lock is being emptied, the total spill 
remains unchanged but the spill stated as a percent of total flow may be temporarily 
reduced below the target spill percentage.  This occurs because the volume of water 
needed to empty the navigation lock during periods of low flow is a greater percentage of 
the total flow than when flows are higher.   
 
At Little Goose Dam, when day average flows in the lower Snake River are below about 
40 kcfs, achieving 30% spill requires changing turbine operations between 2 units at the 
low end of the 1% of best efficiency range and one unit at the high end of the 1% range.  
This operation is incompatible with the more constant discharge upstream at Lower 
Granite Dam.  It is also difficult to meet the constant FOP spill level downstream at 
Lower Monumental Dam.  The unsteady flow at Little Goose also impacts that project’s 
reservoir operation and can cause inadequate navigation depths at the downstream sill of 
the Lower Granite navigation lock.  In 2008, through coordination with TMT during 
these low flow periods, Little Goose spill changed from the 30% level in the FOP to a flat 
spill pattern of approximately 11 kcfs to smooth out Little Goose discharges, meet Lower 
Monumental spill levels, and maintain the MOP operating range at Little Goose.  A 
similar operation, modified as necessary to consider configuration or operational changes 
such as spillway weir and turbine unit 1 operations, will be implemented in 2009 if 
needed during low flow periods, in coordination with TMT. 
 

Operations during Rapid Load Changes 
 
Project operations during hours in which load and/or intermittent generation changes 
rapidly may result in not meeting planned hourly spill level because projects must be 
available to respond to within-hour load variability to satisfy North American Electric 
Reliability Council (NERC) reserve requirements (“on response”).  This usually occurs at 
McNary, John Day and The Dalles dams.  In addition to within-hour load variability, 
projects on response must be able to respond to within hour changes that result from 
intermittent generation (such as wind generation).  During periods of rapidly changing 
loads and intermittent generation, projects on response may have significant changes in 
turbine discharge within the hour while the spill quantity remains the same within the 
hour.  Under normal conditions, within-hour load changes occur mostly on hours 
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immediately preceding and after the peak load hours, however, within-hour changes in 
intermittent generation can occur at any hour of the day.  Due to the high variability of 
within-hour load and intermittent generation, these load swing hours may have a greater 
instance of reporting actual spill percentages that vary more than the +/- 1% requirement 
than other hours. 
 

Turbine Unit Testing around Maintenance Outages 
 
Turbine units may be operationally tested for up to 30 minutes by running the unit at 
speed no load and various loads within the 1% of best efficiency range to allow pre-
maintenance measurements and testing and to allow all fish to move through the unit.  
Units may be operationally tested after maintenance or repair efforts but before a unit 
comes out of a maintenance or forced outage status.  Operational testing may consist of 
running the unit for up to 30 minutes before it is returned to operational status.  
Operational testing of a unit under maintenance is in addition to a unit in run status (e.g. 
minimum generation) required for power plant reliability.  Operational testing may 
deviate from unit operating priorities and may use water that would otherwise be used for 
spill if the running unit for reliability is at the bottom of the 1% of best efficiency range.  
Water will be used from the powerhouse allocation if possible, and water diverted from 
spill for operational testing will be minimized.  The Corps will coordinate this testing 
with the region through the Fish Passage Operations and Maintenance Coordination 
Team (FPOM). 
 

Navigation Safety 
 
Short-term adjustments in spill may be required for navigation safety, primarily at the 
lower Snake projects but may also be necessary at the lower Columbia projects. This may 
include changes in spill patterns, reductions in spill discharge rates, or short-term spill 
stoppages.  In addition, adjustments to pool elevation in the Little Goose pool of up to 1.0 
foot above the MOP operating range may be necessary to accommodate safe navigation 
at Lower Granite Dam during periods of low flow (approximately 40 kcfs or less).  These 
adjustments may be necessary for both commercial tows and fish barges. 
 
2009 SUMMER SPILL OPERATIONS 
 

Lower Snake River Projects 
 
Summer spill will begin on June 21 at Lower Granite, Little Goose, and Ice Harbor dams.  
However, at Lower Monumental Dam, fish run timing and research schedules may 
require transitioning to summer spill earlier than June 21.  Such changes will be 
coordinated through TMT.  Summer spill will occur through August 31, 2009 at all four 
lower Snake River projects.  Summer spill levels are shown in Table A. 
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Lower Columbia River Projects 
 
Summer spill will begin July 1 at John Day and The Dalles dams, and will begin June 21 
at Bonneville Dam.  However, at McNary Dam, fish run timing and research schedules 
may require transitioning to summer spill earlier than July 1.  Such changes will be 
coordinated through TMT.  Summer spill will occur through August 31, 2009 at all four 
projects.  Summer spill levels are shown in Table A. 
 
Table A.  Summary of 2009 summer spill levels at lower Snake and Columbia River 
projects.2 
 

Project 
Planned Operations for Summer 

2009 
(Day / Night) 

Comments 

Lower Granite 18 kcfs / 18 kcfs Same as 2008 

Little Goose 30% / 30% Same as 2008 

Lower 
Monumental 17 kcfs / 17 kcfs Same as 2008 

Ice Harbor 
45 kcfs / gas cap on non-test days; 

30% / 30% or 
45 kcfs / gas cap on test days 

Same as 2008 

McNary 40% / 40% or 60% / 60%  Same as 2008 

John Day 
30% / 30% on non-test days; 

30% / 30% or 
40% / 40% on test days  

Same as 2008 

The Dalles 40% / 40%  Same as 2008 

Bonneville 
85 or 75 kcfs day / gas cap night 

(85 kcfs day through July 20, then 75 kcfs day 
through August 31) 

Same as 2008 

    
 
SUMMER FISH OPERATIONS BY PROJECT 
 
The following describes the 2009 summer spill operations for each project.  Included in 
the description are planned research activities identified in the 2008 BiOp.  The Corps, 
regional agencies, and Tribes are interested in the continuation of project research studies 
under the Corps’ Anadromous Fish Evaluation Program (AFEP).  The 2009 studies have 
been through the annual AFEP review process with the regional agencies and Tribes, 
with the study designs being finalized in an interagency meeting held on January 15, 
2009.  The studies are intended to provide further information on project survival and 
                                                 
2 Table A displays in summary form the planned summer spill operations.  More specific detail governing 
project operations is in the section entitled “Summer Fish Operations By Project.” 
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assist the region in making decisions on future operations and configuration actions to 
improve fish passage and survival at the lower Snake and Columbia River dams. 
 

Lower Granite 
 
Summer Spill Operations June 21 through August 31, 2009:  18 kcfs (including 
approximately 6 kcfs from the RSW and 12 kcfs from training spill) 24 hours per day.  
See Table A for operational spill levels. 
 
Changes in Operations for Research Purposes: 

 
! Summer research operations:  Normal summer spill patterns and rates as described in 

the FPP will be used.  An alternate (bulk) spill pattern may be used at Lower Granite 
in summer, as discussed and recommended at the April 2009 FFDRWG meeting.   
This pattern was evaluated in 2006 and 2007 and will have the same spill level as the 
FPP spill pattern.  There will be no specific spill level variations for testing. 

 
Operational Considerations: 
 
! Lack of power load or unexpected unit outages could cause involuntary spill at higher 

total river discharges that could result in exceeding the gas cap limits. 
! During high flow periods when involuntary spill occurs, there may be periods where 

certain spill levels create hydraulic conditions that are unsafe for fish barges crossing 
the tailrace and/or while moored at fish loading facilities.  If such runoff conditions 
occur, spill may be reduced temporarily when fish transport barges approach or leave 
the barge dock or are moored at loading facilities.  If conditions warrant a spill 
reduction, the MOP elevation range at Lower Granite will be exceeded temporarily to 
enable the barge to exit the tailrace safely. 

! Minimum spill:  During periods of low flow before the spring freshet and during the 
summer period, there may be periods where spill quantities are limited so that tailrace 
conditions are not advantageous to fish passage.  If such low runoff conditions occur, 
alternative spill operations at the dam will be coordinated through the TMT. 

! Minimum generation:  The minimum generation amount represents the operation of 
one unit at the lower end of its 1% of best efficiency range and is needed for power 
system reliability.  This operation will result in individual turbine flows of 
approximately 11.3 kcfs – 13.1 kcfs at units 1 – 3 and 13.5 kcfs - 14.5 kcfs at units 4 - 
6.  There may be slight variations in the generation due to power system fluctuations.  
Also, the outflow will fluctuate because of changing head at the dam.  This condition 
may occur in early spring before the freshet and during the late summer period with 
low flow conditions. 

! Unit outages will occur for required maintenance activities.  The outage schedule for 
the project is shown in the FPP.  Dates are subject to change in coordination with 
FPOM or TMT.  
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Little Goose 
 
Summer Spill Operations June 21 – August 31, 2009:  30% spill 24 hours per day.  
See Table A for operational spill levels. 
 
Changes in Operations for Research Purposes: 
 
! Spill duration for testing: Juvenile passage will be studied throughout the summer 

spill period.  
! Summer research operations: 30% spill 24 hour/day.  The spill pattern used in the 

spring will be continued in the summer.  Final test conditions will be coordinated 
through FPOM and/or Studies Review Work Group (SRWG).  

! Objectives of the biological test: The goals of this study include: (1) Determine the 
timing and route of passage for subyearling Chinook salmon relative to spillway weir 
spill and powerhouse operations;  (2) Estimate route-specific and overall concrete 
survival of sub-yearling Chinook; (3) Determine the effects of spillway weir 
operation and associated training spill, as well as powerhouse operations, on smolt 
approach paths in the forebay of Little Goose Dam; (4) Estimate survival (concrete) 
as the first year to determine if BiOp performance standards are being met with the 
tested configuration and operation. 

! Spill pattern during the biological test:  The test spill patterns have been developed 
through ERDC modeling and in coordination with FPOM and/or SRWG. 

 
Operational Considerations:   
 
! Day average flows in the lower Snake River below about 40 kcfs can result in 

incompatible operations with Lower Monumental Dam and cause spill quantity 
fluctuations.  Little Goose operations to resolve this issue are described in the Low 
Flow Operations section above (page 5). 

! Unit outages will occur for required maintenance activities.  The outage schedule for 
the project is shown in the FPP.  Dates are subject to change in coordination with 
FPOM or TMT.  

! Turbine Unit 1 Operation:  For 2009, a new more limited operating range is set within 
the GDACS program for Little Goose Dam to restrict Turbine Unit 1 operation to 
approximately the upper 25% of the 1% of best efficiency range (about 16 kcfs).  This 
will ensure a strong flow along the south shore to counter the strong eddy that forms 
during certain spill conditions.  A strong south shore current is important for both 
adult fish passage and juvenile fish egress.  Special turbine operations are expected to 
continue through the spring and summer spill periods until river flow can support 
only one operating turbine unit.  Once low flow conditions occur, the full 1% of best 
efficiency range will be restored, to minimize impacts on spill levels.    

! Minimum spill:  During periods of low flow before the spring freshet and during the 
late summer period, there may be periods where spill quantities are so low that it 
creates tailrace conditions not advantageous to fish passage.  If such flow conditions 
occur, alternative operations at the dam will be coordinated through the TMT. 
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! Minimum generation:  The minimum generation amount represents the operation of 
one unit at the lower end of its 1% efficiency range and is needed for power system 
reliability.  This should result in individual turbine flows of 11.3 kcfs – 13.1 kcfs at 
units 1 – 3 and 11.5 kcfs – 14.5 kcfs at units 4 – 6.  There may be slight variations in 
the generation due to power system fluctuations.  Also, the outflow will fluctuate 
because of changing head at the dam.  This situation may occur in early spring before 
the freshet and during the late summer period with low flow conditions. 

 
Lower Monumental 

 
Summer Spill Operations Approximately June 21 – August 31, 2009:  Spill 17 kcfs 
24 hours per day (subject to 120%/115% TDG spill cap limits) with the RSW operating.  
See Table A for operational spill levels. 
 
Changes in Operations for Research Purposes: 
 
! Spill duration for testing:  Summer testing will begin approximately June 21 or 

earlier, and lasting until mid-July.  The dates of testing will be dependent on the 
availability of subyearling fall Chinook of sufficient size for tagging.  Final dates for 
testing will be coordinated through FPOM and/or SRWG. 

! Summer research operations:  17 kcfs 24 hours per day with one spill pattern 
treatment.  The spill pattern will be the pattern used in 2008 and coordinated through 
FPOM and/or SRWG.   

! Objectives of the biological test:  Estimate passage distribution, survival, forebay 
retention, tailrace egress, and vertical distribution of fish passing over the RSW for 
subyearling fall Chinook under one spill pattern.  Estimate survival (concrete) to 
determine if BiOp performance standards are being met with the tested configuration 
and operation. 

! Spill pattern during the biological test: The 2008 FPP spill pattern will be used for 
summer testing. 

 
Operational Considerations:    
 
! Daily average flows near 30 kcfs results in incompatible operations with Little Goose 

Dam and results in spill quantity fluctuation. 
! As in the spring, the amount of water spilled in the summer at Little Goose may affect 

the Lower Monumental spill volume (due to elevated TDG levels). 
! Transit of the juvenile fish barge across the Lower Monumental tailrace, then docking 

at and disembarking from the fish collection facility, may require the level of spill to 
be reduced due to safety concerns.  The towboat captain may request that spill be 
reduced or eliminated during transit.  During juvenile fish loading operations, spill is 
typically reduced to 15 kcfs, but can be reduced further if needed for safety reasons.  
Loading periods can take up to 3.5 hours.  Because of the time needed to complete 
loading at Lower Monumental, the Little Goose Project personnel will notify the 
Lower Monumental personnel when the fish barge departs from Little Goose.  This 
ensures that BPA scheduling is provided advance notice for spill control at Lower 
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Monumental Dam.  Reducing spill may cause Lower Monumental to briefly operate 
outside of MOP conditions. 

! Minimum spill:  During periods of low flow before the spring freshet and during the 
summer period, there may be periods when spill quantities are limited so that tailrace 
conditions are not advantageous to fish passage.  This condition is interpreted to be a 
minimum spill level provided through the spillway weir only (approximately 6.8 kcfs 
with the reservoir operating at MOP).  If such a low flow condition occurs, alternative 
operations at the dam will be coordinated through the TMT. 

! Minimum generation:  The minimum generation amount represents the operation of 
one unit at the lower end of its 1% of best efficiency range and is needed for power 
system reliability.  This will result in individual turbine flows of approximately 11.3 
kcfs – 13.1 kcfs for units 2 and 3 and 13.5 kcfs – 14.5 kcfs for units 4 – 6 and 16.5 
kcfs – 19.5 kcfs for unit 1.  There may be slight variations in the generation due to 
power system fluctuations.  Also, the outflow will fluctuate because of changing head 
at the dam.  This limit may occur in early spring before the freshet and during the late 
summer period with low flow conditions. 

! Unit outages will occur for required maintenance activities.  The outage schedule for 
the project is shown in the FPP.  Dates are subject to change in coordination with 
FPOM or TMT.  

 
Ice Harbor 

 
Summer Spill Operations June 21 – August 31, 2009:  Spill 30% 24 hours per day or 
45 kcfs day / spill cap night; then 45 kcfs day / spill cap night after the end of the test, 
with the RSW operating.  See Table A for operational spill levels. 
 
Changes in Operations for Research Purposes: 
 
! Summer research operations: Spill patterns will be verified and coordinated through 

FPOM and/or SRWG.  Radio tagged fish will be monitored for passage route and 
survival.   

! Objectives of the biological test:  The objectives of the test are to determine passage 
routes and estimate route-specific and concrete survival under the two spill conditions 
for subyearling Chinook. 

! Spill pattern during the biological test:  Spill patterns will be verified and coordinated 
through FPOM and/or SRWG.   

 
Operational Considerations:   
 
! Minimum generation or higher powerhouse operation will occur at all times during 

the 2009 summer fish spill season, until repairs are complete at BPA’s Sacajawea 
transmission facility near the project.  Mobile capacitor groups remain in use at 
BPA’s Franklin transmission facility to partially resolve power system issues.  In 
addition, continuous generation is required at Ice Harbor Dam for power system 
stability and reliability. Normal unit operating priorities will be re-established when 
the Sacajawea transformer is returned to service, expected in July 2009. 
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! Minimum spill:  During periods of low flow before the spring freshet and during the 
summer period, there may be periods where spill quantities are limited so that tailrace 
conditions are not advantageous to fish passage.  The minimum spill for Ice Harbor 
Dam is 15.2 kcfs, which includes providing spill through the RSW and training spill 
to ensure good tailrace egress conditions. If such a low flow condition occurs, 
alternative operations at the dam will be coordinated through the TMT. 

! Minimum generation:  The minimum generation amount represents the operation of 
one unit at the lower cavitation limit.  The cavitation limit is within the 1% of best 
efficiency range.  This will result in individual turbine flows of approximately 8.5 
kcfs – 11.5 kcfs at units 1 – 3 and 10.8 kcfs – 13.8 kcfs at units 4 – 6.  Unit 2 has been 
modified by fixing the blades in a single position to eliminate an oil leak.  As a result, 
its MW output and kcfs discharge at the low end of 1% will be higher than the other 5 
units.  There may be slight variations in the generation due to power system 
fluctuations.  Also, the outflow will fluctuate because of changing head at the dam.  
This limit may occur in early spring before the freshet and during the late summer 
period with low flow conditions. 

! Unit outages will occur for required maintenance activities.  The outage schedule for 
the project is shown in the FPP.  Dates are subject to change in coordination with 
FPOM or TMT.  

 
McNary 

 
Summer Spill Operations Approximately July 1 through August 31, 2009:  40% or 
60% spill 24 hours per day, in two day blocks throughout the summer spill period.  See 
Table A for operational spill levels. 
 
Changes in Operations for Research Purposes: 
 
! Spill duration for testing:  Approximately early June through August 3.  The dates of 

testing will be dependent on the size of fish, fish availability, and the number of 
treatments needed for testing.  Final dates for testing will be coordinated through the 
SRWG. 

! Summer research operations:  40% or 60% spill 24 hours per day.  Continue to 
evaluate spillway weir performance by changing the configuration to optimize the 
spillway and reduce navigation issues.  Each test spill level will occur for two days in 
a randomized block test design, throughout the period.  Two spillway weirs will be in 
place during the test, located at spill bays 4 and 20. 

! Objectives of the biological test:   
o Estimate passage and survival rates of subyearling fall Chinook salmon under 

two treatments.  
o Characterize subyearling fall Chinook behavior in the forebay of McNary 

Dam under two treatments. 
! Spill pattern during the biological test:  Spill patterns have been identified using the 

general model at ERDC by USACE Walla Walla District staff and representatives of 
the regional fisheries agencies and tribes.  Test spill patterns are modifications of the 
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2003-2005 flat pattern and the 2008 test pattern to accommodate the new placement 
of the spillway weirs. 

! After the study is complete, about August 3, the spillway weir in spill bay 4 will be 
removed.  The spillway weir in spill bay 20 will remain in place.  The project will 
return to the 2008 summer spill pattern.  Spill schedule and configuration will be 
determined in coordination with FFDRWG and TMT.  The spill schedule will 
consider fish passage, power system needs, and changing flow conditions. 

   
Operational Considerations: 
 
! Spillway weir 1 (relocated from spill bay 19) is located in spill bay 4.  Spillway weir 

2 remains in spill bay 20. 
! During the periods when total river discharge exceeds approximately 320 kcfs, 

involuntary spill in excess of the States’ TDG limits for fish passage may occur. 
! In addition, low power demand may also necessitate involuntary spill during any 

given spill treatment. 
! Spill will be curtailed as needed to allow safe operation of fish transportation barges 

near collection facilities downstream of the project.  Spill changes will be minimized 
in order to reduce effects on spill research.  Specifically, the spillway, including 
spillway weirs in spill bays 4 and 20, will be closed while barges are crossing the 
tailrace (15 – 30 minutes per crossing).  Gate hoists at spill bays 4 and 20 are 
modified to allow closure with spillway weirs in place. 

! Minimum generation:  A minimum powerhouse discharge of 50 kcfs is required at all 
times to meet minimum generation requirements.  The lower Columbia River dams 
provide some of the required generation capacity reserves for the power system.  Due 
to this requirement and the constant fluctuations in power demands throughout the 
day, the 50 kcfs flow cannot be maintained precisely on an hourly basis.  The flow 
may increase by as much as 10 kcfs for short periods.  Therefore, the minimum 
generation flow should meet or exceed 50 kcfs for all hours. 

! If total river discharge drops below about 90 kcfs, 40% spill treatments may be 
reduced to maintain 50 kcfs powerhouse discharge for minimum generation.  
Similarly, if total river discharge drops below about 135 kcfs, 60% spill treatments 
may be reduced to maintain a 50 kcfs powerhouse discharge. 

! Minimum spill:  During periods of low flow before the spring freshet and during the 
summer period, there may be periods where spill quantities are limited so that tailrace 
conditions are not advantageous to fish passage.  If such a low flow condition occurs, 
alternative operations at the dam will be coordinated through the TMT. 

! Unit outages will occur for required maintenance activities.  The outage schedule for 
the project is shown in the FPP.  Dates are subject to change in coordination with 
FPOM or TMT. 

 
John Day 

 
Summer Spill Operations July 1 – August 31, 2009:  30% or 40% spill 24 hours per 
day, then 30% spill 24 hours per day after the summer test.  See Table A for operational 
spill levels. 
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Changes in Operations for Research Purposes: 
 
! Spill duration for testing:  Approximately early June to July 20.  The dates of testing 

will be dependent on the size of fish, fish availability, and the number of treatments 
needed for testing.  Final dates for testing will be coordinated through the SRWG. 

! Summer research operations:  If planned abatement measures are successful at 
reducing avian predation in the tailrace of John Day Dam, a repeat of the 2008 
spillway weir test will be conducted.  Two training spill percentages, 30% and 40% 
24 hours per day, will be tested.  If avian predation in the tailrace is at an 
unacceptably high level, to be determined during a May 21 SRWG meeting, spill will 
revert to the 2008 FPP summer pattern which is 30%, 24 hours per day.  The two 
spillway weirs will be shut off to accommodate this, and a north bulked pattern will 
use spill bays 1-14.   

! Objectives of the biological test:  The objectives of the study are to assess passage 
distribution and efficiency metrics, forebay retention, tailrace egress, and survival for 
subyearling fall Chinook. 

! Spill pattern during the biological test:  Spill patterns for 30% and 40% spill have 
been developed at ERDC in coordination with regional agencies.  These patterns are 
included in the FPP.  From approximately early June to July 20, 30% spill versus 
40% spill will be evaluated.  Pending the outcome of the May 21 SRWG meeting, 
either spill patterns described in the 2008 FPP or the 30% spillway weir pattern will 
be used from the conclusion of the spillway weir test to the end of spill 
(approximately July 20 – August 31). 

 
Operational Considerations:  
 
! Wire lines in the avian wire array across the tailrace need to be replaced.  A full 

spillway outage is required to accomplish the work.  The Corps is coordinating with 
the region to stop spill during daylight hours for one or more days to repair the array.  
The outage is being considered for early June between spring and summer fish 
outmigration periods, and prior to the start of the summer spillway weir test. 

! Minimum spill:  During periods of low flow before the spring freshet and during the 
summer period, there may be periods where spill quantities are limited so that tailrace 
conditions are not advantageous to fish passage.  If such a low flow condition occurs, 
alternative operations at the dam will be coordinated through the TMT. 

! Minimum generation:  A minimum powerhouse discharge of 50 kcfs is required at all 
times to meet minimum generation requirements.  The lower Columbia River dams 
provide some of the required generation capacity reserves for the power system.  Due 
to this requirement and the constant fluctuations in power demands throughout the 
day, the 50 kcfs flow cannot be maintained precisely on an hourly basis.  The flow 
may increase by as much as 10 kcfs for short periods.  Therefore, the minimum 
generation flow should meet or exceed 50 kcfs for all hours. 

! Unit outages will occur for required maintenance activities.  The outage schedule for 
the project is shown in the FPP.  Dates are subject to change in coordination with 
FPOM or TMT.  
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! Unit outages and spill outages may be required to repair research equipment.  These 
will be coordinated through FPOM and TMT. 

! If river flows drop below about 75 kcfs then spill may need to drop below 30% spill 
in order to maintain station service and power system needs.   

 
The Dalles 

 
Summer Spill Operations July 1 – August 31, 2009:  40% spill 24 hours per day.  See 
Table A for operational spill levels. 
 
Changes in Operations for Research Purposes: 
 
! Spill pattern during the biological test:  No research is planned for 2009.  The FPP 

spill patterns will be used. 
 
Operational Considerations: 
 
! When high river flows are such that available spill bays 1 – 6 cannot maintain 40% 

spill (when spill exceeds 162 kcfs), FPOM and TMT will discuss the preferred spill 
pattern and rate.  The project may maintain 40% spill of the total river flow and 
depart from the spill pattern, or spill less than 40% of the total river flow using a 
pattern other than that shown in the FPP. 

! Spill bays 10, 11, 13, 16, 18, and 19 are not operational due to wire rope and 
structural concerns.  Spill bay 23 has undercutting issues but may be used during high 
flows. 

! The spill pattern in the FPP is based on a nominal Bonneville forebay elevation of 74 
feet. 

! Minimum generation:  A minimum powerhouse discharge of 50 kcfs is required at all 
times to meet minimum generation requirements.  The lower Columbia River dams 
provide some of the required generation capacity reserves for the power system.  Due 
to this requirement and the constant fluctuations in power demands throughout the 
day, the 50 kcfs flow cannot be maintained precisely on an hourly basis.  The flow 
may increase by as much as 10 kcfs for short periods.  Therefore, the minimum 
generation flow should meet or exceed 50 kcfs for all hours. 

! Unit outages will occur for required maintenance activities.  The outage schedule for 
the project is shown in the FPP.  Dates are subject to change in coordination with 
FPOM or TMT.  

! If river flows drop below about 90 kcfs then spill may need to drop below 40% spill 
in order to maintain station service and power system needs. 

 
Bonneville 

 
Summer Spill Operations June 21 through August 31, 2009:  Spill 85 kcfs during 
daytime hours from June 21 through July 20, then spill 75 kcfs during daytime hours 
from July 21 through August 31.  Spill to the 120%/115% TDG spill cap at night.  
Daytime spill hours change periodically and are defined in FPP Table BON-6.  It takes 
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approximately 10 minutes to change between day and night summer spill levels.  See 
Table A for operational spill levels. 
 
Changes in Operations for Research Purposes: 
 
! Spill duration for testing:  No special spill operations are required in 2009.  Spill 

patterns and durations from the FPP will be used. 
! Summer research operations:  No special spill operations are required for 2009 

biological tests. 
! Objectives of the biological test:  Estimate juvenile subyearling Chinook passage 

distribution in response to a behavioral guidance structure at Powerhouse 2. 
! Spill Patterns for summer operations:  Spill patterns in the FPP will be used. 
 
Operational Considerations:   
 
! Minimum generation:  A minimum powerhouse discharge of 30 kcfs is required at all 

times to meet minimum generation requirements.  The lower Columbia River dams 
provide some of the required generation capacity reserves for the power system.  Due 
to this requirement and the constant fluctuations in power demands throughout the 
day, the 30 kcfs flow cannot be maintained precisely on an hourly basis.  The flow 
may increase by as much as 10 kcfs for short periods.  Therefore, the minimum 
generation flow should meet or exceed 30 kcfs for all hours. 

! Unit outages will occur for required maintenance activities.  The outage schedule for 
the project is shown in the FPP.  Dates are subject to change in coordination with 
FPOM or TMT. 

! Turbine unit and corner collector outages may be required to repair hydrophones and 
other research equipment.  These will be coordinated through FPOM.   

! Minimum spill discharge level is 50 kcfs.  This is to provide acceptable juvenile fish 
egress conditions in the tailrace. 

! Actual spill levels at Bonneville Dam may range from 1 to 3 kcfs lower or higher than 
specified Table A.  A number of factors influence this including hydraulic efficiency, 
exact gate opening calibration, spillway gate hoist cable stretch due to temperature 
changes, and forebay elevation (a higher forebay results in a greater volume of spill 
since more water can pass under the spill gate). 

! The second powerhouse corner collector (5 kcfs discharge) will operate until the 
afternoon of August 31, 2009. 

! A mid-season spillway outage will be required to survey the stilling basin for erosion.  
Pending the outcome of this survey, the 2009 spill operation may be altered to 
maintain dam safety.  Changes to spill operations may include changing the spill 
pattern to avoid further erosion or discontinuing spill until repairs can be made.  The 
mid-season survey will take approximately ½ day to complete.  The Corps will 
coordinate this work through the Fish Facility Design Review Work Group 
(FFDRWG), FPOM, and TMT. 
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JUVENILE FISH TRANSPORTATION PROGRAM OPERATIONS 
 
As noted above, the Corps’ planned spill operations assume average runoff conditions.  
The following explains the juvenile fish transportation program under all runoff 
conditions and is consistent with the 2008 transport operations. The lower Snake River 
projects are described first, followed by McNary project operations.  Detailed 
descriptions of project and transport facility operations to implement the program, 
including the transition from barges to trucks when fish numbers decrease in the summer, 
and the end dates for transport, are contained in FPP Appendix B. 
 

Lower Snake River Dams - Operation and Timing 
 
The 2009 Spring FOP provides information about the initiation of transport at the lower 
Snake River collector projects; however, the Snake River projected seasonal average 
(April 3 – June 20) flows were greater than 70 kcfs and the Corps initiated transportation 
on a staggered start basis.  Dates to begin transport at the lower Snake River collector 
projects were coordinated through TMT. 
 
The collection of fish for transport began at Lower Granite Dam on May 1 at 0700 hours.  
It began 4 days later at Little Goose Dam, on May 5 at 0700 hours; and began 3 days 
after that at Lower Monumental, on May 8 at 0800 hours.  Barging of fish began the 
following day and will continue with collected juvenile fish barged from each facility on 
a daily or every-other-day basis (depending on the number of fish) throughout the spring 
and into the summer.  Starting on or about August 15, fish will be transported by truck, 
pending numbers of subyearling Chinook collected.  Transport operations will be carried 
out concurrent with FOP spill operations at each project and in accordance with all 
relevant FPP operating criteria.  Fish transportation operations for the lower Snake River 
collector projects are described in FPP Appendix B. 
 
Fish transportation operations are expected to continue through approximately October 
31 at Lower Granite and Little Goose dams, and through September 30 at Lower 
Monumental Dam.  Transportation operations may be adjusted due to research, 
conditions at the collection facilities, or through the adaptive management process to 
better match juvenile outmigration timing or achieve/maintain performance standards. 
 

McNary Dam - Operation and Timing 
 
Juvenile fish collected at McNary between April and the start of transport will be 
bypassed to the river.  The normal operation is to bypass fish through the full flow bypass 
pipe, which has interrogation capability to monitor for PIT tags.  Every other day, 
however, in order to sample fish for the Smolt Monitoring Program, fish are routed 
through the separator, interrogated for PIT tags, and then bypassed to the river. 
 
Transportation will be initiated at McNary Dam during July 15 – 30, 2009 as per the 
2008 BiOp (RPA 30, Table 4) and in coordination with NOAA Fisheries and TMT.  Fish 
will be transported from McNary Dam by barge through August 16, then transported by 
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truck every other day.  All fish collected will be transported except those marked for in-
river studies.  Fish are expected to be transported through September 30, 2009.  The 
presence of factors such as excess shad, algae or bryozoans that can clog screens and 
flumes may result in discontinuing transport operations at McNary Dam before 
September 30.  Detailed criteria for McNary transport are contained in the FPP, 
Appendix B. 
   
Transportation operations may be adjusted for research purposes, due to conditions at the 
collection facilities, or as a result of the adaptive management process (to better match 
juvenile outmigration timing and/or to achieve or maintain performance standards).  If 
new information indicates that modifying (or eliminating) transportation operations at 
McNary Dam is warranted, adaptive management will be used to make appropriate 
adjustments through the TMT coordination process. 
 
TRANSPORT, LATENT MORTALITY, AND AVIAN RESEARCH 
 
Spring operations to conduct research on the seasonal effects of transport and latent 
mortality are described in the 2009 Spring FOP.  The avian predation study continues 
into the summer and is described below. 
 

Avian Predation 
 
A study is being conducted to evaluate the impacts of avian predation on salmonid smolts 
from the Columbia and Snake rivers.  The study will determine how various biotic and 
abiotic factors are associated with differences in steelhead smolt vulnerability to 
predation by Crescent Island terns and Foundation Island cormorants.  The study requests 
PIT tagging both hatchery and wild steelhead collected in the smolt monitoring sample at 
Lower Monumental and Ice Harbor dams, beginning April 1 and continuing through July.  
The recorded condition of a fish will be attached to a specific tag code and vulnerability 
to avian predation will be evaluated using PIT tag recovery data collected from the avian 
bird colonies.  The study needs a minimum sample of 100 fish each day that are collected 
for condition by the smolt monitoring program.   
 
EMERGENCY PROTOCOLS 
 
The Corps and the Bureau of Reclamation will operate the projects in emergency 
situations in accordance with the WMP Emergency Protocols (WMP Appendix 1).  The 
Protocols define emergency conditions and situations that may arise while operating the 
FCRPS projects, and the immediate actions that may be taken in the face of the 
emergency.  The most recent version of the Emergency Protocols is located at: 
http://www.nwd-wc.usace.army.mil/tmt/documents/wmp/2009/final/emerproto/ 
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COORDINATION 
 
To make adjustments in response to changes in conditions, the Corps will utilize the 
existing regional coordination committees.  Changes in spill rates when flow conditions 
are higher or lower than anticipated will be coordinated through the TMT.  This could 
include potential issues and adjustments to the juvenile fish transportation program.  Spill 
patterns and biological testing protocols that have not been coordinated to date will be 
finalized through the Corps’ AFEP subcommittees, which include the SRWG, FPOM, 
and FFDRWG. 
 
REPORTING  
 
The Corps will provide periodic in-season updates to TMT members on the 
implementation of 2009 fish passage operations.  The updates will include the following 
information: 
 
! the hourly flow through the powerhouse; 
! the hourly flow over the spillway compared to the spill target for that hour; and, 
! the resultant 12-hour average TDG for the tailwater at each project and for the next 

project’s forebay downstream. 
 
The updates will also provide information on substantial issues that arise as a result of the 
spill program (e.g. Little Goose adult passage issues in 2005 and 2007), and will address 
any emergency situations that arise. 
 
The Corps will continue to provide the following data to the public regarding project 
flow, spill rate, TDG level, and water temperature. 
 
! Flow and spill quantity data for the lower Snake and Columbia River dams are posted 

to the following website every hour: 
http://www.nwd-wc.usace.army.mil/report/projdata.htm 

 
! Water Quality:  TDG and water temperature data are posted to the following website 

every six hours:  http://www.nwd-wc.usace.army.mil/report/total.html  These data are 
received via satellite from fixed monitoring sites in the Columbia and Snake rivers 
every six hours, and placed on a Corps public website upon receipt.  Using the hourly 
TDG readings for each station in the lower Snake and Columbia rivers, the Corps will 
calculate both the highest and highest consecutive 12-hour average TDG levels daily 
for each station.  These averages are reported at: 

http://www.nwd-wc.usace.army.mil/ftppub/water_quality/12hr/html/ 
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