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1. INTRODUCTION 

M:"'.&2.2E"0'S/E#/0"'S&""K'W40&2"H"#9&C#'-&2`"#9' Y-&2`"#9Z' CE' H2#/9"0' 2='DV/='I/K")'
S/E#/0"'S&""K)'/=0'M:2$/E'J/4)'/..&2XC$/9"H4',6'$CH"E'=2&9:"/E9'21'-"9"&E%N&>)';H/EK/'
C='9:"'RD'U2&"E9'D"&<C#"'YRDUDZ'$/=/>"0'%4'9:"'M2=>/EE'b/9C2=/H'U2&"E9'YUC>N&"',F,Z8''
S/E#/0"'S&""K'IIS' YSSIISZ'.&2.2E"E' 92' #2=E9&N#9' /=' C=9/K"' E9&N#9N&")' ."=E92#K)' /=0'
.2V"&:2NE")'V:C#:'VCHH'/##2$$20/9"'9:&""'9N&%C="F>"="&/92&'N=C9E'12&'/'929/H'#/./#C94'21'
/..&2XC$/9"H4' ]+_78' ' SSIIS' .&2.2E"E' 92' 2."&/9"' 9:"' .&2.2E"0' -&2`"#9' VC9:C=' 9:"'
=2&$/H)' E"/E2=/H' 1HN#9N/9C2=E' 21' DV/=' I/K"8' ' M:"' -&2`"#9' V2NH0' =29' &"ONC&"' 9:"'
#2=E9&N#9C2='21'/'0/$'12&'2."&/9C2=/H'E92&/>"'.N&.2E"E)'%N9'V2NH0'C=#2&.2&/9"'/'$20"E9'
2N9H"9'#2=9&2H'E9&N#9N&"'92'/C0'C='9:"'$/=/>"$"=9'21'H/K"'H"<"HE8''

1.1. PROPOSED STRUCTURES 
M:"'$/`2&'.&2.2E"0' 1"/9N&"E'21' 9:"'-&2`"#9' C=#HN0"'/=' C=9/K"'E9&N#9N&")'."=E92#K)'2N9H"9'
#2=9&2H'E9&N#9N&")'.2V"&:2NE")'9/CH&/#")'E"&<C#"'&2/0E)'9&/=E$CEEC2='HC=")'/=0'/..N&9"=/=9'
"ONC.$"=98' ' UH2V' 92' 9:"' .2V"&:2NE"' VCHH' %"' 0&/V=' 1&2$' DV/=' I/K"' 9:&2N>:' /' H/K"'
EC.:2=8'''M:"'H/K"'EC.:2=)'"ONC.."0'VC9:'1CE:'E#&""=E'/=0'.H/#"0'/9'/='/..&2XC$/9"'0".9:'
21'Q+'19)'VCHH'%"':2NE"0'C='/'QTF1229FH2=>)'(QF1229FVC0")'/=0'*6F1229F:C>:'#2=#&"9"'C=9/K"'
#2=9&2H'E9&N#9N&"'Y>/9":2NE"Z'VC9:'/'</H<"'E4E9"$'92'#2=9&2H'V/9"&'1H2V8'''

;=' 2N9H"9' #2=9&2H' E9&N#9N&"' CE' C=#HN0"0' /E' ./&9' 21' 9:"' .&2.2E"0' -&2`"#98' ' M:CE' E9&N#9N&"'
V2NH0'#2=ECE9'21'/'<"&4'E$/HH)'H2VF:"/0'V"C&'/..&2XC$/9"H4'QFT'19':C>:'/%2<"'9:"'H2V"E9'
"H"</9C2=' 21' 9:"' H/K"' 2N9H"98' ' M:"' E9&N#9N&"' V2NH0' E"&<"' E"<"&/H' .N&.2E"E3' $C=C$Cd"'
2N91H2V' H"/K/>"' 9:&2N>:' 9:"' E:/HH2V' EN%E9&/9/)' .&2<C0"' 12&' $C=C$N$' C=FE9&"/$' 1H2V'
#2=9&C%N9C2='C1'&"ONC&"0a'1/#CHC9/9"'H/K"'H"<"H'$/=/>"$"=9'%4'/00C=>'9:"'/%CHC94'92'E92&"'2&'
&"H"/E"'V/9"&'/E'="#"EE/&4'C='0&2N>:9'2&'1H220'#2=0C9C2=E'92':"H.'$/C=9/C='9:"'0"EC&"0'H/K"'
H"<"Ha' /=0' /HH2V' 12&' "$"&>"=#4'2<"&1H2V'0CE#:/&>"' 92' 9:"' E9&"/$'2N9H"9' 21'DV/='I/K"8''
M:"'2N9H"9'#2=9&2H'E9&N#9N&"'V2NH0'%"'0"EC>="0'92'/HH2V'1CE:'92'"$C>&/9"'1&2$'9:"'H/K"'/E'
:/E'2##N&&"0'=/9N&/HH48'''

7/9"&' V2NH0' %"' 0"HC<"&"0' 92' 9:"' .2V"&:2NE"' 1&2$' 9:"' H/K"' EC.:2=' <C/' /' 0&CHH"0' /=0'
"X#/</9"0' ,*F19F0C/$"9"&' $2E9H4' N=HC="0' &2#K' .2V"&' 9N=="H' 9:/9' 2&C>C=/9"E' /9' 9:"'
>/9":2NE"' /9' \H8' ,)Q(+' 19' /=0' "X9"=0E' ,(),++' 19' /9' /' EH2."' 21' /..&2XC$/9"H4' ,' ."&#"=98''
U&2$'9:CE'.2C=9)'C9'V2NH0'0&2.'C=92'/',)*@+F19FH2=>'<"&9C#/H'E:/19L<"=98''M:"'<"&9C#/H'E:/19'
V2NH0' %"' #2=="#9"0' /9' 9:"' %2992$' "=0' 92' /=29:"&' ,)T*QF19FH2=>' 9N=="H' /9' /' EH2."' 21'
/..&2XC$/9"H4' ,' ."&#"=9' 9:/9' V2NH0' 9"&$C=/9"' /9' 9:"' ."=E92#K' /9' /=' "H"</9C2=' 21'
/..&2XC$/9"H4'*T6'19'$"/='E"/'H"<"H'Y$EHZ8''M:"'."=E92#K'V2NH0'#2=ECE9'21'/'T++F19FH2=>)'
@F19F0C/$"9"&'%N&C"0'E9""H'.C."' 9:/9'V2NH0'#2=="#9' 92' 9:"'.2V"&:2NE"'/9'/='"H"</9C2='21'
/..&2XC$/9"H4'6+'19'$EH'/9'9C0"V/9"&'2='M:2$/E'J/48'

'

'

'
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M:"'.2V"&:2NE")' H2#/9"0'/9' 9C0"V/9"&'2='M:2$/E'J/4)'V2NH0'#2=ECE9'21'/'#2=#&"9"'/=0'
$"9/H'%NCH0C=>)'/..&2XC$/9"H4',Q+'19'%4'5+'19)'"$%/=K"0'%4'&2#K'1CHH'2='9:"'=2&9:'/=0'"/E9'
EC0"E8' ' G9E' 12N=0/9C2='V2NH0'%"' #/E9FC=F.H/#"' #2=#&"9")' 12N=0"0'2='%"0&2#K8' 'M:"'=2&9:'
/=0'"/E9'V/HHE'V2NH0'%"'#2=#&"9"'/=0'/#9'/E'/'&"9/C=C=>'V/HH'12&'9:"'.&2.2E"0'9N=="H'"XC98''
M:"'EN."&E9&N#9N&"'V2NH0'%"'/'$"9/H'%NCH0C=>'VC9:'/'EH2."0'$"9/H'&2218''SSIIS'.&2.2E"E'
92' EC9"' 9:"' E9&N#9N&"' /9' H"/E9' *++' 19' 211' 9:"' E:2&"HC="' 92' .&2<C0"' /=' /"E9:"9C#' <">"9/9C<"'
%N11"&' /=0'/<2C0' "11"#9' 92' 9:"' #2/E9/H' d2="8' ' G=EC0"' 9:"'.2V"&:2NE")' /='2<"&:"/0'#&/="'
V2NH0' .&2<C0"' /##"EE' 92' .H/#"' /=0'$/C=9/C=' 9:"' 9N&%C="' >"="&/9C=>' N=C9E8' ' M:"' 9N&%C="'
:2NEC=>E'V2NH0' %"' #/E9' C=' 9:"' #2=#&"9"' EN%E9&N#9N&"8' ' G9' V2NH0' :2NE"' 9:&""' >"="&/9C=>'
N=C9E)'/=0'V/9"&'V2NH0'0&2.'<"&9C#/HH4'1&2$'9:"'N=C9E'92'9:"'9/CH&/#"'%"H2V8'

M:"'-&2`"#9'9/CH&/#"'CE'.&2.2E"0'/E'/'H2V'>&/0C"=9'2."='E9&"/$'#:/=="H'HC="0'VC9:'=/9N&/H'
&2#KL#2%%H"L%2NH0"&'$/9"&C/HE'/..&2XC$/9"H4'Q6+'19'H2=>'/=0'Q+'19'VC0")'0CE#:/&>C=>'/E'/'
="V' 2N9H"9' 92' M:2$/E' J/48' ' G9' V2NH0' "XC9' 9:"' .2V"&:2NE"' C=' /' E2N9:"&=' 0C&"#9C2=' 12&'
/..&2XC$/9"H4'(++'19'/=0'9:"='9N&='V"E9'92'M:2$/E'J/4'12&'/..&2XC$/9"H4',++'19'C='2&0"&'
92'.&2<C0"'/'9&""'E#&""='92'<CEN/HH4':C0"'9:"'.2V"&:2NE"'1&2$'M:2$/E'J/48''M:"'9/CH&/#"'
V2NH0'%"'0"EC>="0'92'0"9"&'NE"'%4'/=/0&2$2NE'1CE:8'

1.2. AQUATIC RESOURCES STUDY OBJECTIVES 
D9N0C"E'21'9:"'/ON/9C#'&"E2N&#"E'V"&"'C=C9C/9"0'92'.&2<C0"'.&"F0"<"H2.$"=9'%/E"HC="'0/9/)'
V:C#:'#2NH0'%"'NE"0'92'"X/$C="'.29"=9C/H'"11"#9E'21':40&2'0"<"H2.$"=9'/EE2#C/9"0'VC9:'
9:"' &N=F21F9:"F&C<"&' 2."&/9C2=' /..&2/#:' 21' 9:"' .&2.2E"0' S/E#/0"' S&""K' W40&2"H"#9&C#'
-&2`"#98' ' ^%`"#9C<"E' 21' 9:"' .&2.2E"0' E9N0C"E' /&"' 92' .&2<C0"' C=12&$/9C2=' ENC9/%H"' 923' ,Z'
\E9/%HCE:'%/E"HC="'/ON/9C#'&"E2N&#"E'0/9/'C='/&"/E'.29"=9C/HH4'/11"#9"0'%4'9:"'-&2`"#9a'/=0a'
*Z'\</HN/9"'9:"'"11"#9E'21'-&2`"#9'#2=E9&N#9C2='/=0'2."&/9C2='C='9:2E"'/&"/E8'''

1.2.1. STUDY SCOPE 

M:"'E9N04'.H/='"=#2$./EE"E'9:"'1CE:"&4'&"E2N&#"E'C='9:"'S/E#/0"'S&""K'0&/C=/>"'/E'V"HH'
/E'V/9"&'ON/HC94'/=0'/ON/9C#'C=<"&9"%&/9"E'C='9:"E"'V/9"&'%20C"E8' 'DV/='I/K"'#2=9/C=E'/'
E"H1' ENE9/C=C=>' .2.NH/9C2=' 21' &/C=%2V' 9&2N9' YPJMZ' E92#K"0' C=' 9:"' H/9"' ,@6+hE' Y;!UB'
,@]6Z8''

G=' 9:"' 12HH2VC=>' E"#9C2=E)' V"' 0"1C="' E."#C1C#' E9N0C"E' N=0"&9/K"=' C=' 9:"' </&C2NE' E9N04'
/&"/E8''M:"'C=0C<C0N/H'E9N0C"E'&"1H"#9'E9N04'&"ON"E9E'$/0"'%4'&"E."#9C<"'&"E2N&#"'/>"=#C"E'
VC9:'2<"&EC>:9'2='/ON/9C#'&"E2N&#"E8''M:"';H/EK/'!"./&9$"=9'21'UCE:'/=0'B/$"'Y;!UBZ'
.&2<C0"0'V&C99"='#2$$"=9E'2='D!,'/=0'EN%E"ON"=9'#2$$"=9E'EN%$C99"0'2='_/&#:'69:)'
*+,+'2='9:"'C=C9C/H'!&/19';ON/9C#'P"E2N&#"E'D9N04'-H/=8''SSIIS'0CE9&C%N9"0'["&EC2='*'21'
9:"'!&/19';ON/9C#'P"E2N&#"E'D9N04'-H/='12&'&"<C"V'C='ANH4'*+,+8''^=';N>NE9',*9:)'*+,+'
/=0'/>/C='2='D".9"$%"&'*59:)'*+,+)'SSIIS':2E9"0'/'$""9C=>'92'&"<C"V'["&EC2='*'21'9:"'
!&/19' ;ON/9C#' P"E2N&#"E' D9N04' -H/=8' ' ;>"=#4' E9/11' .&2<C0"0' #2$$"=9E' 0N&C=>' 9:/9'
$""9C=>' /E'V"HH' /E'V&C99"=' /=0'<"&%/H' #2$$"=9E8' 'M:"'*+,+';ON/9C#'P"E2N&#"'D9N0C"E'
C=#HN0"0'9:"'12HH2VC=>'C=0C<C0N/H'E9N04'#2$.2="=9E3'

 D92#K';EE"EE$"=9'/=0'D"/E2=/H'UCE:"&C"E'G=<"=92&4a'
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 UCE:'W/%C9/9'DN&<"4a'

 UCE:'-/EE/>"'DN&<"4'

 B"2$2&.:C#'D9N04'21'DV/='I/K"'G=H"9a'

 J/9:4$"9&4'D9N04a'

 IC$=2H2>4'D9N04'21'DV/='I/K"'/9'9:"'-"=E92#K'G=9/K"a'/=0'

 ;ON/9C#'_/#&2C=<"&9"%&/9"'D9N04'2='U/HHE'I/K"'/=0'I2V"&'S/E#/0"'S&""K8'

Table 1-1:  Schedule for Aquatic Resource Study components. 

'

1.3. RAINBOW TROUT FISHERY BACKGROUND 
DV/='I/K"'V/E'2&C>C=/HH4'E92#K"0'VC9:'PJM'YOncorhynchus mykissZ' C=',@6]'/=0',@65'
%4' 9:"' ;!UB8' ' P/C=%2V' 9&2N9' /&"' /' .2.NH/&' 9&2N9' E."#C"E' 21' 9/&>"9"0' %4' /=>H"&E'
=/9C2=VC0"8' M&2N9' 2##N&' =/9N&/HH4' C=' #2H0' V/9"&' E9&"/$' :/%C9/9E' %N9' %"#/NE"' 21' 9:"C&'
/0/.9/%CHC94'C='0C"9'/=0':/%C9/9'NE")'C='/00C9C2='92'9:"C&'>"="&/H':/&0C="EE)'9:"'E92#KC=>'21'
9:CE' E."#C"E' C=92' H/K"E' /=0' &"E"&<2C&E' CE'VC0"E.&"/0' 9:&2N>:2N9'b2&9:';$"&C#/' /=0' 9:"'
V2&H0'V:"&"'9:"C&'.&"E"=#"'EN..2&9E'$/`2&'E.2&9'1CE:"&C"E8'
M:"'PJM'NE"0'92'E92#K'DV/='I/K"'6+'4"/&E'/>2':/<"'9:&C<"0'/=0'E.&"/0'C=92'9:"'/0`/#"=9'
V/9"&' %20C"E' C=#HN0C=>' S/E#/0"' S&""K' YV:C#:' %29:' 1""0E' /=0' 0&/C=E' DV/=' I/K"Z' /=0'
U/HHE'I/K"'Y02V=E9&"/$'21'DV/='I/K"Z8'SN&&"=9'.2.NH/9C2='/=0'0CE9&C%N9C2='C=12&$/9C2='
12&'9:CE'CE2H/9"0'/=0'E"H1FENE9/C=C=>'.2.NH/9C2='21'9&2N9'CE'N=K=2V=8''W2V"<"&)'/H9:2N>:'
N=<"&C1C"0)' 9:"C&' 2##N&&"=#"' :/E' %""=' 0"E#&C%"0' /E' /%N=0/=9' C=' DV/=' I/K"8' ' P/C=%2V'
9&2N9'.2.NH/9C2=E'C='I2V"&'S/E#/0"'S&""K)'U/HHE'I/K"'/=0'9:"'-2=0'/&"'N=#"&9/C=8'''''

1.3.1. RAINBOW TROUT LIFE HISTORY BACKGROUND 

P/C=%2V'9&2N9'$/9N&"'%"9V""='9:"'/>"'21'('/=0']'4"/&E'/=0'/&"'#/./%H"'21'&".&20N#C=>'
/==N/HH4' 12&'$/=4'E"/E2=E8'M:CE' &".&20N#9C<"'./99"&=' CE'#/HH"0' C9"&2./&C94' YiNC=='*++6Z'

Study Study Area Study Year  Study period

Falls Lk 2010
August/September/ 

November

Lower Cascade dr 2010
August/September/ 

November

Habitat Survey Upper Cascade dr 2010 August
Geomorphic Investigation In Area Of 

Swan Lake Major Inlet Swan Lk 2010 August

Falls Lk 2010 August

Swan Lake Inlet 2010 August

Tidewater 2010 August
Limnology Study of Swan Lake @ 

Penstock Intake Swan Lk (at siphon depths) 2010 August  / September

Falls Lk 2010 August

Lower Cascade dr 2010 August
Aquatic Invertebrate Inventory 

 Bathymetric Mapping

Stock Assessment &Seasonal Fisheries 
Inventory
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/=0' CE' $/&K"0H4' 0C11"&"=9' 1&2$' E/H$2='V:C#:' E./V=' 2=#"' /=0' 9:"=' 0C"' YE"$"H./&C94Z8'
P/C=%2V' 9&2N9' E./V=' C=' 9:"' E.&C=>' /=0' "/&H4' EN$$"&'%">C==C=>' C='_/4' /=0' "=0C=>' C='
ANH48' U&4' "$"&>"' C=' H/9"' E.&C=>' 2&' "/&H4' EN$$"&' YiNC==' *++6Z' 0"."=0C=>' 2=' V/9"&'
9"$."&/9N&")' VC9:' V/&$"&' V/9"&' /##"H"&/9C=>' "$%&42=C#' 0"<"H2.$"=98' ;E' VC9:' 29:"&'
E/H$2=E'9:"'1"$/H"'#2=E9&N#9E'/'="E9'2&'j&"00k'%4'"X#/</9C=>'>&/<"H'VC9:'9:"C&'#/N0/H'1C=8'
\>>E'/&"'H/C0'C='9:"'&"ENH9C=>'0".&"EEC2='/=0'EN%E"ON"=9H4'1"&9CHCd"0'%4'/'$/H"'PJM8'M:CE'
E./V=C=>' E9&/9">4' &"=0"&E' 9:"' /</CH/%CHC94' 21' &"H/9C<"H4' H22E"' /=0' ENC9/%H4' ECd"0' >&/<"H'
EN%E9&/9")'V:C#:'CE'./&/$2N=9'C='C$.2&9/=#"'12&'&".&20N#9C<"'EN##"EE8'P/C=%2V'9&2N9)'/E'
V"HH' /E' 29:"&' E/H$2=)' /&"' /HE2' E"=EC9C<"' 92' 9"$."&/9N&")' 1H2V' /=0' 0CEE2H<"0' 2X4>"='
</&C/9C2=E' 9:/9' /&"' .&"E"=9' C=' /&"/E' 21' #2=="#9C<C94' %"9V""=' EN&1/#"' V/9"&' /=0'
>&2N=0V/9"&8'M:"E"'V/9"&'"X#:/=>"'.&2#"EE"E'/&"'#2HH"#9C<"H4'K=2V='/E'jN.V"HHC=>k'/=0'
2##/EC2=/HH4'j02V=V"HHC=>k'V:"='9:"'0C&"#9C2='21'V/9"&'$2<"$"=9'CE'&"<"&E"08''f2="E'21'
E9&"/$'2&'H/K"'%2992$':/%C9/9E'V:"&"'<"&9C#/H'>&/0C"=9E'2##N&'/&"'.&"1"&"=9C/HH4'E"H"#9"0'
12&'E./V=C=>'%4'9&2N9'/=0'29:"&'E/H$2=C0E8''M:"'/%2<"'2%E"&</9C2=E'21'PJM'/&"'>"="&/H'
92' 9:"' .2.NH/9C2=' /=0' =29' E."#C1C#' 92' 9:"' 9&2N9' /9'S/E#/0"'S&""K'2&'DV/='I/K"'.&2`"#9'
/&"/8' M:"' PJM' 12N=0' C=' S/E#/0"' S&""K' /=0' DV/=' I/K"' #2NH0' :/<"' C&&">NH/&C9C"E' =29'
$"=9C2="0':"&")'V:C#:'VCHH'%"'02#N$"=9"0'0N&C=>'9:"'E9N04'/=0'EN$$/&Cd"0'C='9:"'1C=/H'
&".2&98'

1.4. AQUATIC RESOURCES STUDY AREA 
M:"' E9N04' /&"/' 12&' 9:"' ;ON/9C#' P"E2N&#"' D9N04' "=#2$./EE"0' S/E#/0"' S&""K' 1&2$' C9E'
$2N9:' /9' M:2$/E' J/4' 92' 9:"' .2&9C2=' 21' S/E#/0"' S&""K' 9:/9' 1H2VE' 1&2$' /' =/9N&/H' 1CE:'
%/&&C"&)' /..&2XC$/9"H4' ,86'$CH"E' N.E9&"/$'21' DV/='I/K"' YUC>N&"' ,F*Z8' 'S/E#/0"'S&""K'
V/E' 0C<C0"0' C=92' 9:&""' &"/#:"E)' P"/#:' ,)' P"/#:' *)' /=0' P"/#:' (8' ' G=' /00C9C2=' 92' 9:"E"'
.&C$/&4'E9&"/$'&"/#:"E)'U/HHE'I/K")'9:"'-2=0)'DV/='I/K"'/=0'9:"'D.&C=>'S&""K'&"#"C<"0'
C=9"=EC<"'E9N04'/E'./&9'21' 9:"';ON/9C#'P"E2N&#"'D9N0C"E8' 'M:"'E"#9C2='21'S/E#/0"'S&""K'
1&2$'M:2$/E'J/4'92'9:"'DV/='I/K"'2N9H"9'V/E'&"1"&&"0'92'/E'I2V"&'S/E#/0"'S&""K8''M:"'
E"#9C2=' 21' S/E#/0"' S&""K' N.E9&"/$' 21' 9:"' DV/=' I/K"' C=H"9' V/E' &"1"&&"0' 92' /E' R.."&'
S/E#/0"'S&""K8'

P"/#:',' #2=9/C="0' 9:"' E9&"9#:'21' E9&"/$' 1&2$'M:2$/E'J/4' 92' 9:"'2N9H"9' 21'U/HHE'I/K"8'
M:CE' &"/#:' V/E' 1N&9:"&' 0C<C0"0' C=92' P"/#:' ,;)' 9C0"V/9"&' 92' 9:"' 1C&E9' %/&&C"&' 1/HHE)' /=0'
P"/#:',J)'9:"'%/&&C"&'1/HHE'92'9:"'2N9H"9'21'U/HHE'I/K"8''

P"/#:'*'E9/&9"0'/9'9:"'U/HHE'I/K"'C=H"9'/=0'"=0"0'/9'9:"'2N9H"9'21'DV/='I/K"8'P"/#:'*'V/E'
0C<C0"0' C=92' 9V2' EN%FE"#9C2=E)' *;'/=0'*J8'P"/#:'*;' &N=E' 1&2$'U/HHE'I/K"' C=H"9' 92' 9:"'
-2=0'2N9H"9'/=0'P"/#:'*J'&N=E'1&2$'9:"'-2=0'C=H"9'92'DV/='I/K"'2N9H"98'P"/#:'('CE'9:"'
.2&9C2='21'S/E#/0"'S&""K'1&2$'DV/='I/K"'C=H"9'/=0'/%2<")'92'9:"'%/&&C"&'1/HHE8'

P"/#:'()'H2#/9"0'2='R.."&'S/E#/0"'S&""K)'E9/&9"0'/9'9:"'DV/='I/K"'C=H"9'/=0'9"&$C=/9"0'
/9'9:"'%/&&C"&'1/HHE'/..&2XC$/9"H4'()6++'$'N.E9&"/$'1&2$'DV/='I/K"8''M:"'D.&C=>'S&""K'
0&/C="0' 9:"' </HH"4' %2992$' C=' R.."&' S/E#/0"' S&""K' 1H2VC=>' `NE9' =2&9:' /=0' ./&/HH"H' 92'
P"/#:'('12&'/..&2XC$/9"H4':/H1'C9E'H"=>9:8'''

' '
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2. UPPER CASCADE CREEK GEOMORPHIC AND AQUATIC 
HABITAT SURVEY 

M:"'12HH2VC=>'E"#9C2='.&"E"=9E'9:"'&"ENH9E'21'9:"'>"2$2&.:C#'/=0'/ON/9C#':/%C9/9'EN&<"4E'
#2$.H"9"0'12&'R.."&'S/E#/0"'S&""K'/=0'9:"'/0`/#"=9'D.&C=>'S&""K)'/'.:4EC#/H'EN&<"4'21'
9:"'0"H9/'/9'9:"'C=H"9'92'DV/='I/K"'/=0'E"H"#9'.2&9C2=E'21'I2V"&'S/E#/0"'S&""K8'''

2.1. INTRODUCTION 
SSIIShE' -&"F;..HC#/9C2=' !2#N$"=9' Y-;!Z' C0"=9C1C"0' CEEN"YEZ' /EE2#C/9"0' VC9:' R.."&'
S/E#/0"' S&""K' /=0' 9:"' /0`/#"=9' D.&C=>' S&""K' 12&' V:C#:' 9:"' "XCE9C=>)' &"H"</=9)' /=0'
&"/E2=/%H4' /</CH/%H"' C=12&$/9C2=' V"&"' C=EN11C#C"=9' 92' /00&"EE8' ' !N&C=>' EN%E"ON"=9'
#2=ENH9/9C2='VC9:'/>"=#4'E9/11)'9:"'12HH2VC=>'C=12&$/9C2='=""0E'V"&"'C0"=9C1C"03'

l J/E"HC="'C=12&$/9C2='2='9:"'/ON/9C#':/%C9/9'/=0'>"2$2&.:C#'#:/&/#9"&CE9C#E'21'
R.."&'S/E#/0"'/=0'D.&C=>'#&""KE)'%29:'21'V:C#:'1H2V'C=92'DV/='I/K"a'/=0''

l B"2$2&.:C#'#:/&/#9"&CE9C#E'21'9:"'&C<"&'0"H9/'12&$"0'/9'9:"'#2=1HN"=#"'21'9:"'
9V2'#&""KE'VC9:'DV/='I/K"'

;E' /' &"ENH9)' SSIIS)' C=' #2=ENH9/9C2=' VC9:' 9:"' />"=#4' &".&"E"=9/9C<"E' C=#HN0C=>' 9:"'
b/9C2=/H'_/&C="'UCE:"&C"E'D"&<C#")'R8D8'UCE:'/=0'7CH0HC1"'D"&<C#"'YRDU7DZ'/=0';H/EK/'
!"./&9$"=9'21'UCE:'/=0'B/$"'Y;!UBZ)'0"<"H2."0'/='/ON/9C#':/%C9/9'$/..C=>'E9N04'/E'/'
<C/%H"'/=0'&"/E2=/%H"'$"9:20'92'2%9/C='9:"'C=12&$/9C2='="#"EE/&4'92'/EE"EE'9:"'C0"=9C1C"0'
&"E2N&#"'CEEN"YEZ8'

M:"'.&C$/&4'>2/H'21'9:CE'E9N04'V/E'92'#:/&/#9"&Cd"'"XCE9C=>'1CE:':/%C9/9'/=0'>"2$2&.:C#'
#2=0C9C2=E' C='R.."&'S/E#/0"'S&""K'/=0' 9:"'/0`/#"=9'D.&C=>'S&""K)'%29:'21'V:C#:' 1H2V'
C=92' DV/=' I/K")' C=' EN11C#C"=9' 0"9/CH' 92' .&2<C0"' 9:"' HC#"=EC=>' ./&9C#C./=9E' /' E2N=0'
N=0"&E9/=0C=>' 21' #N&&"=9' YC8"8)' %/E"HC="Z' #2=0C9C2=E' /=0' 9:"'V/9"&E:"0' #2=9"X9' C='V:C#:'
9:"4'2##N&8''M:"'0"H9/'/&"/'12&$"0'%4'9:"'#2=1HN"=#"'21'9:"E"'#&""KE'VC9:'DV/='I/K"'V/E'
/HE2'#:/&/#9"&Cd"0'/E'92'C9E'12&$8''M:"'&/9C2=/H"'12&'9:CE'E9N04'V/E'.&"<C2NEH4'0"E#&C%"0'C='
9:"'E9N04'.H/=)'EN%$C99"0'/=0'/..&2<"0'%4'9:"'/>"=#C"E'C=<2H<"0'C='9:"'HC#"=EC=>'.&2#"EE8'

M:"'E."#C1C#'2%`"#9C<"E'12&'R.."&'S/E#/0"'S&""K'C=#HN0"03'

,8 G=<"=92&4'>"2$2&.:C#' #:/&/#9"&CE9C#E' /=0'.&2#"EE"E' C=' %29:' E9&"/$' E4E9"$E' /=0'
9:"'0"H9/'/9'9:"C&'#2=1HN"=#"'VC9:'DV/='I/K"8'

*8 S:/&/#9"&Cd"'"XCE9C=>'1CE:':/%C9/9'#2=0C9C2=E)'NEC=>'RDUD'P,+'EN&<"4'$"9:20E'12&'
%29:'R.."&'S/E#/0"'S&""K'/=0'D.&C=>'S&""K)'/E'/..&2.&C/9"8'

D9&"/$':/%C9/9'EN&<"4E'V"&"'#2=EC0"&"0'12&'I2V"&'S/E#/0"'S&""K'C='9:"'0"<"H2.$"=9'21'
9:"'E9N04'.H/='%"H2V'9:"'2N9H"9' 92'DV/='I/K"8' ';19"&'"X/$C=/9C2='21' 92.2>&/.:C#'$/.E'
/"&C/H' .:292E' /=0' /' &"#2==/CEE/=#"' 21' 9:"' &"/#:)' C9' V/E' 0"9"&$C="0' 9:/9' 9:"' "X9&"$"'
E9"".="EE' 21' 9:"' E9&"/$'.2E"0'N=&"/E2=/%H"' &CEK' 92' E/1"948' ' UN&9:"&$2&")' 9:"' #2=ECE9"=9'
E9"".' >&/0C"=9' &"ENH9"0' C=' /' 1/C&H4' :2$2>"=2NE' ./99"&=' 21' #/E#/0"E' /=0' .HN=>"' .22HE)'
/112&0C=>'HC99H"'/ON/9C#':/%C9/9'29:"&'9:/='E$/HH'.22HE'/=0'C=1&"ON"=9'&C11H"E8''\=N$"&/9C=>'
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9:"E"':/%C9/9E'V2NH0'E""$'92'.&2<C0"'HC99H"'%/ECE'92'$/K"'`N0>$"=9E'/%2N9':2V'9:"'.&2`"#9'
$C>:9' /11"#9' 9:"' 1CE:"&C"E' &"E2N&#"8' ' S2=E"ON"=9H4)' ON/=9C9/9C<"' E9&"/$' :/%C9/9' EN&<"4E'
V"&"'=29'#2=0N#9"0'C='I2V"&'S/E#/0"'S&""K8'';"&C/H'<C0"2'1229/>"'0".C#9C=>'9:"':/%C9/9'
#:/&/#9"&CE9C#E' 21' I2V"&' S/E#/0"' S&""K' /&"' /</CH/%H"' 2=HC="' /9'
VVV89:2$/E%/4:40&28#2$8' ' ;"&C/H' 1229/>"' 21' &"/#:' (' /=0' 9:"' D.&C=>' S&""K' /&"' /HE2'
.2E9"0' /9' 9:"' E/$"' EC9"8' ' G=' D".9"$%"&' *+,+)' 9:"' b/9C2=/H' _/&C="' UCE:"&C"E' D"&<C#"'
Yb_UDZ' &"ON"E9"0'/'ON/HC9/9C<"' E9&"/$':/%C9/9' EN&<"4' C=' 9:"'.2&9C2='21'I2V"&'S/E#/0"'
S&""K'/##"EEC%H"'92'/=/0&2$2NE'1CE:8''M:CE'*++'$"9"&'&"/#:)'&"1"&&"0'92'/E'&"/#:',;)'V/E'
/00"0'92'9:"'E9&"/$':/%C9/9'E9N04'.H/=8'

2.2. UPPER CASCADE CREEK GEOMORPHIC AND HABITAT 
SURVEY METHODS  

M:CE'E"#9C2='0"E#&C%"E'9:"'1C"H0'$"9:20E'/=0'0/9/'/=/H4ECE'/EE2#C/9"0'VC9:'9:"'>"2$2&.:C#'
E9N04'/=0'E9&"/$':/%C9/9'EN&<"4'C='R.."&'S/E#/0"'S&""K'/=0'9:"'/0`/#"=9'D.&C=>'S&""K8'''

2.2.1. STUDY AREA 

M:"' E9N04' /&"/' C=#HN0"0' /..&2XC$/9"H4' *+++' $"9"&E' 21' 9:"' $/C=' #:/=="H' 21' R.."&'
S/E#/0"' S&""K' /%2<"' C9E' #2=1HN"=#"' VC9:' DV/=' I/K"' 92' 9:"' C$./EEC%H"' 1/HHE8''
;00C9C2=/HH4)' /' EN&<"4' 21' 9:"' D.&C=>' S&""K' /0`/#"=9' 92' R.."&' S/E#/0"' S&""K' V/E'
#2$.H"9"0'12&'/'H"=>9:'21'/%2N9'T++'$'Y*+++'19Z8''U2&'R.."&'S/E#/0"'S&""K)'9:"'C=C9C/9C2='
.2C=9'V/E'1&2$'9:"'.22H'%"H2V'9:"'C$./EE/%H"'1/HHE'Y'm'*8+'P?'nj&C<"&'KCH2$"9"&koZ8'';HH'
EC0"'#:/=="HE'/=0'9&C%N9/&4'`N=#9C2=E'V"&"'=29"0)'/=0'B-D'#22&0C=/9"E'V"&"'&"#2&0"08'''

M:"'E9N04'/HE2' C=#HN0"0'/' 92.2>&/.:C#'EN&<"4'21' 9:"'0"H9/'/9' 9:"'#2=1HN"=#"'21'S/E#/0"'
S&""K'/=0'DV/='I/K"'92'/'0".9:'21'/%2N9',p,86'$'Y0"."=0C=>'2='H/K"'H"<"HZ'9:/9'0"1C="E'
9:"'.&"E"=9'92.2>&/.:C#'EN&1/#"'/=0'9:"'2<"&/HH'0CE9&C%N9C2='21'E"0C$"=9'ECd"E'/#&2EE'9:/9'
EN&1/#"8'''

2.2.2. GEOMORPHIC SURVEY METHODS 

U2&'S/E#/0"'S&""K)'9:"'RDUD'jMC"&'MV2k'EN&<"4'./&/$"9"&E'/=0'$"9:20E'V"&"'/..HC"0'
92' 0"<"H2.' #2=ECE9"=9)' &".HC#/%H"' 0/9/' 12&' NE"' C=' EN%E"ON"=9' /=/H4E"E' /=0' .&2<C0"' /'
%/E"HC="'12&'1N9N&"'0/9/F#2HH"#9C2='"112&9E8''M:"'.N&.2E"'21'9:CE'H"<"H'21'0/9/'#2HH"#9C2='CE'

jq92'.&2<C0"'#2=ECE9"=9)'ON/=9C9/9C<"'"E9C$/9"E'21':/%C9/9'./&/$"9"&E'="#"EE/&4'92'
"</HN/9"' 9:"' #2=0C9C2=' 21' /' E9&"/$' &"H/9C<"' 92' M2=>/EE' b/9C2=/H' U2&"E9' &C./&C/='
:/%C9/9' $/=/>"$"=9' 2%`"#9C<"E' YPW_^Z8' ' M:"' MC"&' MV2' EN&<"4' .&292#2H'
C0"=9C1C"E'</&C/%H"E'9:/9'#/='%"'$"/EN&"0'"11C#C"=9H4'%4'/'9V2F."&E2='EN&<"4'#&"V8''
W/%C9/9'N=C9E'/&"'0"1C="0'/=0'0CE#&"9"'#/9">2&C"E'"E9/%HCE:"0'92'$C=C$Cd"'2%E"&<"&'
%C/E)' &"0N#"'$"/EN&"$"=9' "&&2&)' /=0' "=/%H"' &".HC#/9C2=' /=0' #2$./&CE2=' 21' 0/9/'
/#&2EE' 9C$"' /=0' E./#"8' ' M:"E"' :/%C9/9' 2%`"#9C<"E' VCHH' :"H.' 0"1C="' 9:"' =/9N&/H'
</&C/9C2='12&'K"4'C=0C#"E'21'#:/=="H'#2=0C9C2='/=0'1CE:':/%C9/9)'/=0'/&"' 9:"'%/ECE'
12&' 0"E#&C%C=>' 9:"' 0"EC&"0' #2=0C9C2=' 21' :"/H9:4)' 1NHH4' 1N=#9C2=C=>' E9&"/$'
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"#2E4E9"$E8k' YUDW'*+@+8*,'p';ON/9C#'W/%C9/9'_/=/>"$"=9'W/=0%22K)'S:/.9"&'
*+)'*++,Z'

_"9:20E'NE"0'12&'9:"'12HH2VC=>'#:/=="H'$2&.:2H2>4'"H"$"=9E'21'9:"'EN&<"4'/&"'0"E#&C%"0'
%"H2V3'

,8 D9/9C2='Y0CE9/=#"Z'&"H/9C<"'92'/'K=2V='>"2>&/.:C#/H'.2C=9'

*8 S:/=="H'C=#CEC2='/=0'"=9&"=#:$"=9'

(8 J/=K1NHH'/=0'#:/=="HF%"0'VC09:'

Q8 J/=K1NHH'0".9:''

68 S:/=="H'EN%E9&/9"'

T8 S:/=="H'>&/0C"=9'

]8 S:/=="H'./99"&='/=0'EC=N2EC94'

M:"E"'0/9/'V"&"'#2HH"#9"0'NEC=>'/'9:&""F./EE'/..&2/#:8''M:"'1C&E9)'/'9&/<"&E"'21'9:"'"=9C&"'
E9N04'&"/#:)'V/E'NE"0'92'>/C='/='2<"&/HH'C$.&"EEC2='21'9:"'&C<"&hE'K"4'/99&C%N9"E)'92'$/K"'
/' .&"HC$C=/&4' /EEC>=$"=9' 21' 9:"' .&C$/&4' >"2$2&.:C#' &"/#:' %&"/KE' /=0' 92' C0"=9C14'
&".&"E"=9/9C<"' H2#/9C2=E' 12&' >"2$2&.:C#' #&2EEFE"#9C2=E' VC9:C=' "/#:' &"/#:8' ' M:"' E"#2=0'
./EE' 12#NE"0'2='ON/=9C9/9C<"'0/9/'#2HH"#9C2='/9' 9:"'#&2EEFE"#9C2=E'Y"H"$"=9E'*p6'/%2<"Za'
9:"' 9:C&0' #2=E9C9N9"0' /' E4E9"$/9C#' H2=>C9N0C=/H' EN&<"4)' =29' &"ONC&"0' N=0"&' MC"&' MV2'
.&292#2HE'%N9'4C"H0C=>'/='C=</HN/%H"'0/9/'E"9'12&'/=4'1N9N&"'/=/H4E"E'Y/E'V"HH'/E'.&2<C0C=>'
9:"'1&/$"V2&K'12&'"H"$"=9','/=0'9:"'2.9C$/H'0/9/'12&'"H"$"=9E'T'/=0']Z8'

J/E"0'2='/C&'.:292'&"<C"V)'9:"'1C&E9'1C"H0'9&/<"&E")'/=0'9:"'&"ONC&"$"=9E'21'9:"'MC"&'MV2'
EN&<"4)'S/E#/0"'S&""K'V/E'EN%0C<C0"0'C='92'1C<"'>"2$2&.:C#'&"/#:"E'VC9:'/'#&2EEFE"#9C2='
H2#/9C2=' EC9"0' C=' "/#:' 2="' YE""' "H"$"=9' r(' %"H2VZ8' ' U2&' D.&C=>' S&""K)' /' EC=>H"'
>"2$2&.:C#'&"/#:'V/E'`N0>"0'/..&2.&C/9"'12&'9:"'HC$C9"0'0">&""'21'2%E"&<"0'>"2$2&.:C#'
</&C/%CHC948''M:"'$"9:20E'NE"0'12&'#2HH"#9C=>'0/9/'=""0"0'12&'"/#:'"H"$"=9'/&"'/E'12HH2VE3'

1.  Station (distance) relative to a known geographical point.' ' D9/9C2=C=>' 12&' /HH'
>"2$2&.:C#' $"/EN&"$"=9E' Y&"/#:' %&"/KE' /=0' #&2EEFE"#9C2=EZ' V"&"' 0"1C="0' 0N&C=>' 9:"'
EN&<"4' 21' 9:"' H2=>C9N0C=/H' .&21CH"8' ' ^VC=>' 92' 0C11"&"=#"E' C=' 2<"&/HH' H"=>9:)' ECd")' /=0'
#2$.H"XC94)' V"' NE"0' 0C11"&"=9' $"9:20E' 12&' 9:"' 9V2' #:/=="HE8' ' G=' S/E#/0"' S&""K)'
:2&Cd2=9/H' .2EC9C2=' /=0'%"0' "H"</9C2='V/E' 0"9"&$C="0' %4' /' EN&<"4' /N92H"<"H' /=0' E9/0C/'
&20a'V/9"&'0".9:'2='9:"'0/4'21'$"/EN&"$"=9'V/E'&"/0'0C&"#9H4'211'9:"'&208''J29:'<"&9C#/H'
$"/EN&"$"=9E' :/<"' /' .&"#CEC2=' 21' m+8+(' $' Y+8,' 19Za' 2<"&' 9:"' 94.C#/H' 0CE9/=#"E' 21'
C=0C<C0N/H' E">$"=9E)' 9:"' :2&Cd2=9/H' .&"#CEC2=' CE' 94.C#/HH4' /%2N9' ,'$' Y(' 19Z8' ' G=E9&N$"=9'
E9/9C2=E)' #&2EEFE"#9C2=E)' /=0' E"<"&/H' %"=#:$/&KE' V"&"' /HE2' &"#2&0"0' NEC=>' %29:'
&"#&"/9C2=F>&/0"' Y]F$' :2&Cd2=9/H' .&"#CEC2=Z' /=0' =2=F0C11"&"=9C/H' EN&<"4F>&/0"' Y*F$'
.&"#CEC2=Z' B-D' N=C9E8' ' ^<"&' 9:"' H"=>9:' 21' 9:"' E9N04' &"/#:' /=0' /9' C=0C<C0N/H' H2#/9C2=E)'
$"/EN&"$"=9'.&"#CEC2=' CE'V"HH'VC9:C=' 9:"'=2&$/H' 9"$.2&/H'</&C/9C2=' C=' 9:"'.2EC9C2='/=0'
%"0'"H"</9C2='21'/='/HHN<C/H'#:/=="H)'/=0'E2'9:CE'>"2>&/.:C#'1&/$"V2&K'E:2NH0'.&2<C0"'/'
ENC9/%H"' %/ECE' 12&' /=4' 1N9N&"' $"/EN&"$"=9E' 21' #:/=="H' E9/%CHC94' 2&' #:/=>"8' D"$CF
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."&$/="=9'%"=#:$/&KE'jRSS,FQk'V"&"'"E9/%HCE:"0'VC9:' &"%/&'/=0'EN&<"4"0'VC9:'B-D8''
M:"'>"2$2&.:C#'/=0'>&/0C"=9'EN&<"4E'/&"'9C"0'C='92'9:"E"'%"=#:$/&KE8'

U2&'D.&C=>'S&""K)'2<"&:/=>C=>'<">"9/9C2='.&"#HN0"0'9:"'NE"'21'/='/N92H"<"H'%N9'0CE9/=#"E'
V"&"' EN11C#C"=9H4' E:2&9' 92' 9&/#K' :2&Cd2=9/H' H2#/9C2=' NEC=>' /' ,++h' 9/."8' ' I2#/9C2=' 21'
C=0C<C0N/H':/%C9/9'N=C9E)'/=0'9:"'2="'#&2EEFE"#9C2=)'V/E'E9/9C2="0'VC9:'&"E."#9'92'9:"'9/."0'
.2EC9C2=8' '_"/EN&"$"=9E'V"&"' H/9"&' #2=<"&9"0' 92'$"9&C#' "ONC</H"=9E' 12&' .&"E"=9/9C2=' C='
9:CE'&".2&98'

2.  Channel incision and entrenchment. ';H2=>'9:"'"=9C&"'E9N04'&"/#:'21'%29:'#:/=="HE)'
9:"&"'V/E'=2'"<C0"=#"'21'/=4'EC>=C1C#/=9'#:/=="H'C=#CEC2=)'N=02N%9"0H4'/'#2=E"ON"=#"'21'
9:"' "X9"=EC<"' 1H220.H/C=' "<"&4V:"&"' .&"E"=9' 2=' /9' H"/E9' 2="' EC0"' 21' 9:"' #:/=="H' /=0)'
V:"&"' /0`/#"=9' 92' 9:"' #:/=="H)' <"&4' E9/%H"' %"0&2#K' </HH"4' V/HHE8' ' M:NE)' 9:"E"'
$"/EN&"$"=9E'Y/=0'9:2E"'21'j1H220F.&2="'VC09:k'/=0'EC0"'EH2."'/=>H"Z'V"&"'=29'&"#2&0"08'''

3.  Bankfull and channel-bed width.' ' M:"' $2E9' .&"#CE"' $"/EN&"$"=9E' 21' #:/=="H'
0C$"=EC2=E'V"&"'$/0"'/9'9:"'>"2$2&.:C#'#&2EEFE"#9C2=E'Y1C<"'12&'S/E#/0"'S&""K'/=0'2="'
12&'D.&C=>'S&""KZ)'H2#/9"0'C='9:"'$C00H"'./&9'21'"/#:'>"2$2&.:C#'&"/#:'/9'EC9"E'9:/9'$2E9'
#H2E"H4'$"9'9:"'#&C9"&C/'12&'ENC9/%CHC94'/E'"X.&"EE"0'C='UDW'*+@+8*,'YRDUD)'*++,Z3'

jS:/=="H' #&2EEFE"#9C2=' EC9"E' E:2NH0' 2##N&' /9' &C11H"' E"#9C2=E8' ' D"H"#9' /'
E9&/C>:9' /=0' =/&&2V' E"#9C2=' 21' &C11H")' 1&""' 21' N=0"&#N9' %/=KE' /=0'
2%E9&N#9C2=E'EN#:'/E'H/&>"'V2204'0"%&CE'/##N$NH/9C2=E8' 'M:"'9/."'E:2NH0'
%"'E9&"9#:"0'/#&2EE'9:"'#:/=="H'92'/'.2C=9'V"HH'%"42=0'9:"'%/=K1NHH'.2C=98''
M:"'2%`"#9C<"'CE'92'#/.9N&"'=29'2=H4'9:"'%/=K1NHH'E9/>")'%N9'/HE2'9:"'H2V"&'
/=>H"8' '^='VC0"' #:/=="HE)' /' E9/0C/' &20' /=0' EN&<"4' C=E9&N$"=9' E:2NH0' %"'
NE"0' 92' 2%9/C=' /##N&/9"' $"/EN&"$"=9E8' ' ^=' =/&&2V' #:/=="HE)' C9' $/4' %"'
.2EEC%H"' 92' 2%9/C=' /##N&/9"'$"/EN&"$"=9E' %4'$"/EN&C=>' 1&2$' 9:"' E9&"/$'
%2992$'92'/'9/."'E9&"9#:"0'./&/HH"H'92'9:"'V/9"&'EN&1/#"8k'

U2&' %29:' S/E#/0"' S&""K' /=0' D.&C=>' S&""K)' /' :2&Cd2=9/HH4' E9&"9#:"0' 9/."' V/E' NE"0' 92'
0"9"&$C="':2&Cd2=9/H'E9/9C2=8''^='S/E#/0"'S&""K)'/='/N92H"<"H'/=0'E9/0C/'&20'"E9/%HCE:"0'
/##N&/9"'%"0'"H"</9C2='V:CH"'2='D.&C=>'S&""K'/':2&Cd2=9/H' 9/."' E"&<"0'/E' &"1"&"=#"' 12&'
$"/EN&C=>'#:/=="H'#&2EEFE"#9C2='"H"</9C2=E8''_"/EN&"$"=9'.&"#CEC2='V/E'+8+('$'Y+8,'19Z'
C='/HH'#/E"E8'

U2&'"/#:'#&2EEFE"#9C2=)'9:"'12HH2VC=>'/99&C%N9"E'V"&"'&"#2&0"03'

Left bank pin LBP 
Left bankfull LBF 
Top left bank LTB 
Bottom of left bank LBB 
Left edge of water  LEW 
Right edge of water REW 
Bottom of right bank RBB 
Top right bank RTB 
Right bankfull RBF 
Right bank pin  RBP 
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G='/00C9C2='92'E9/9C2=L"H"</9C2='$"/EN&"$"=9E'/9'"/#:'21'9:"E"'.2C=9E)'%"9V""='5'/=0',5'
/00C9C2=/H' $"/EN&"$"=9E' V"&"' &"#2&0"0' %"9V""=' IJJ' 92' PJJ' Y/' $C=C$N$' 21' Q' /&"'
&"ONC&"0' %4' 9:"' MC"&' MV2'$"9:20Z8' ' BC<"=' 9:"' 0"9/CH' 21' 9:"' #&2EEF#:/=="H' EN&<"4)' 9:"'
9:/HV">'YC8"8)'9:"'0""."E9'.2C=9'C='9:"'#:/=="HZ'V/E'EN%E"ON"=9H4'C0"=9C1C"0'1&2$'9:"'0/9/'
Y/H9:2N>:' 9:"'%"E9' 1C"H0F0"9"&$C="0' H2#/9C2='V/E'/HV/4E'/'$"/EN&"0'.2C=9'2=' 9:"'#&2EEF
E"#9C2=Z8'

M:"'N.."&'"0>"'21' 9:"'%/=K1NHH'#:/=="H'V/E'1C"H0FC0"=9C1C"0'NEC=>'9:"'=2&$/H' C=0C#/92&E'
21' <">"9/9C2=' #:/=>"' /=0' %/=KL1H220.H/C=' >"2$"9&4' #2$$2=H4' /..HC"0' 2=' &C<"&E' C='
:N$C0F&">C2=' /&2N=0' 9:"' V2&H08' ' J29:' S/E#/0"' S&""K' /=0' D.&C=>' S&""K' :/<"'
"X#".9C2=/HH4' V"HHF0"1C="0' %/=K1NHH' #:/=="HE)' VC9:' "X#"HH"=9' #2&&"E.2=0"=#"' 21'
<">"9/9C2=)' E"0C$"=9)' /=0' 92.2>&/.:C#' C=0C#/92&E8' ' M:"E"' .2C=9E' 2=' 9:"' #&2EEFE"#9C2=E)'
=/$"H4'/9'.2C=9E'IJU'/=0'PJU)'.&2<C0"0' 9:"'%/ECE' 12&'0"9"&$C=C=>'</HN"E' 12&'%29:' 9:"'
$/XC$N$'/=0'/<"&/>"'%/=K1NHH'VC09:'/9'"/#:'#&2EEFE"#9C2='%4'"X9&/#9C2='21'9:"'&"ENH9C=>'
0/9/8'''

M:"' H2#/9C2=' 21' 9:"' "0>"E' 21' 9:"' /#9C<"' %"0' C=' 9:"E"' #:/=="HE' #2&&"E.2=0"0' /H$2E9'
.&"#CE"H4'92'9:"'%/E"'21'9:"'92.2>&/.:C#'%&"/K'C='%/=K'EH2."'YC8"8)'/9'IJJ'/=0'PJJZ)'/=0'
9:"E"' V"&"' C0"=9C1C"0' <CEN/HH4' /9' 9:"' 9C$"' 21' $"/EN&"$"=98' ' _/=4' /00C9C2=/H'
$"/EN&"$"=9E'21'/#9C<"'%"0'VC09:'V"&"'$/0"'"HE"V:"&"'9:&2N>:2N9'9:"'E9N04'&"/#:'C='9:"'
.&2#"EE'21'#2=0N#9C=>'9:"'EN&<"4'21':/%C9/9'N=C9E)'/=0'9:"E"'V"&"'$/0"'VC9:'/':/=0F:"H0'
,++h'9/."8''M:"C&'.&"#CEC2='CE'E2$"V:/9'H2V"&'9:/='9:2E"'$/0"'/9'9:"'#&2EEFE"#9C2=E'Ym,'
$Z'%N9'V/E'`N0>"0'"=9C&"H4'/0"ON/9"'12&'9:"'.N&.2E"E'21'9:/9'EN&<"48'

4.  Bankfull depth.' ' ;E' =29"0' /%2<")' 9:"' N.."&' "0>"' 21' 9:"' %/=K1NHH' #:/=="H' V/E'
.&2$C="=9H4'"X.&"EE"0' C=' 9:"' 1C"H0'/9'"/#:'#&2EEFE"#9C2=)'/=0'E2' 9:"'%/=K1NHH'0".9:'V/E'
&"/0CH4' 0"1C="0' 1&2$' 9:"' &"ENH9C=>' #&2EEFE"#9C2=' "H"</9C2=' 0/9/8' ' ;E' CE' #2$$2=' C='
$20"&/9"H4' 92' <"&4' VC0"' #:/=="HE)' :2V"<"&)' 9:"' "H"</9C2=E' 21' 9:"' &C>:9F' /=0' H"19F%/=K'
%/=K1NHH' C=0C#/92&E' 02' =29' /HV/4E'$/9#:' .&"#CE"H4)' 2VC=>' 92' </&C/9C2=E' C=' 9:"'$"/=0"&'
:CE92&4)'E#2N&'./99"&=E)'/=0'1H220.H/C='/>>&/0/9C2='9:/9'#/='</&4'1&2$'2="'EC0"'21'9:"'&C<"&'
92' 9:"'29:"&8' 'M:NE)'2%E"&</9C2=E'V"&"'$/0"' C=' 9:"' 1C"H0'/9' 9:"' 9C$"'21'$"/EN&"$"=9' 92'
"</HN/9"' V:C#:' %/=K' /.."/&"0' 92' "X.&"EE' /' $2&"' #2=ECE9"=9)' /=0' $2&"' &"/#:F
&".&"E"=9/9C<")' "H"</9C2=' 21' j9:"k' %/=K1NHH' 0".9:8' ' !"."=0C=>' 2=' 9:"' &"/#:)' 2="' 2&' 9:"'
29:"&' 92.F21F%/=K' "H"</9C2=)' 2&' /=' C=9"&$"0C/9"' </HN")' V/E' C0"=9C1C"0' /E' 9:"' $2E9'
&".&"E"=9/9C<"' 2="8' ' G='$2E9' /HH' #/E"E' 9:CE' C=9&20N#"0' /' `N0>$"=9/H' #2=EC0"&/9C2=' 21' =2'
$2&"'9:/='/%2N9'+8*'$'YC8"8)'H"EE'9:/='/'1229Z'/=0'="<"&'$2&"'9:/='+8T'$'Y*'1""9Z8''

5.  Channel substrate.' 'DN&1/#"'."%%H"'#2N=9E'21' ,++' C=0C<C0N/H' #H/E9E'V"&"'$/0"'/9'
"/#:'#&2EEFE"#9C2='NEC=>'9:"'E9/=0/&0'j1C&E9F92N#:k'$"9:20'21'72H$/='Y,@6QZ8''7"'922K'
E/$.HC=>'9&/=E"#9E'/E'E."#C1C"0'C='UDW'*+@+8*,'Y*++,Z)'92'VC93'

j\E9/%HCE:'6'."%%H"'#2N=9'9&/=E"#9E'/9'"/#:'$2&.:2H2>4'EN&<"4'EC9"8''M/K"'
*+'%229F9C.'E/$.H"E'/H2=>'"/#:'9&/=E"#9'12&'/'929/H'21',++'./&9C#H"'E/$.H"E8''
M&/=E"#9E' E:2NH0' %"' ."&."=0C#NH/&' 92' 9:"' E9&"/$' Y./&/HH"H' 92' 9:"' #&2EEF
E"#9C2=Z)' /=0' "X9"=0' /#&2EE' 9:"' #:/=="H' %"0' 92' 9:"'.2C=9' #2C=#C0C=>'VC9:'
9:"'%2992$F21F%/=K888M:"'2%`"#9C<"'CE'92'E/$.H"'.&2.2&9C2=/9"H4'/#&2EE'9:"'
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"=9C&"'#:/=="H'%"0'Y=29'`NE9'9:"'V"99"0'%2992$Z)'/=0'92'#/.9N&"'VC9:C=FEC9"'
</&C/%CHC94'/H2=>'9:"'H2=>C9N0C=/H'.&21CH"8k'

M&/=E"#9E' %&/#K"9"0' 9:"' #&2EEFE"#9C2=' H2#/9C2=E' N.F' /=0' 02V=E9&"/$' VC9:C=' m,+' $)'
E./==C=>'9:"'1NHH'/#9C<"'%"0'VC09:8''B&/C=E'V"&"'$"/EN&"0'VC9:'/'&NH"&'/=0'%C=="0'C=92'sF
.:C'#/9">2&C"E)'VC9:'Q'$$'9:"'$C=C$N$'&"#2&0"0'ECd"'YC8"8)'#/9">2&C"E'21'tQ)'68T)'5)',,)'
,T)'**)'(*'$$)'"9#8Z8''!/9/'V"&"'"=9"&"0'C=92'RDUDFEN..HC"0'\X#"H'E.&"/0E:""9E'92'"=EN&"'
E9/=0/&0'$"9:20E'12&'/=/H4ECE'/=0'0CE.H/48'

6.  Channel gradient.' ' S:/=="H' >&/0C"=9'V/E' "X9&/#9"0' 1&2$' 9:"' 0/9/' #2HH"#9"0' N=0"&'
"H"$"=9'r,'/%2<"'YjD9/9C2='n0CE9/=#"o'&"H/9C<"'92'/'K=2V='>"2>&/.:C#/H'.2C=9kZ)'%"#/NE"'
C9'V/E'0"9"&$C="0'9:/9'/'E4E9"$/9C#'EN&<"4'21'9:"'H2=>C9N0C=/H'.&21CH"'V2NH0'.&2<C0"'$2&"'
/##N&/9"' 0/9/' 9:/=' N.L02V=E9&"/$' E:29E' VC9:' /' :/=0F:"H0' #HC=2$"9"&8' ' M:"' EN&<"4'
$"9:20E'E:2NH0'%"'#/./%H"'21'0"9"#9C=>'<"&9C#/H'#:/=>"E'H"EE'9:/='+8,'$'."&',++'$'YC8"8)'
2="'1229'."&'9:2NE/=0'1""9Z)'/=0'0/9/'V"&"'&".2&9"0'92'9:"',L,++9:'21'/'."&#"=98'

7.  Channel pattern and sinuosity.''M:"E"'/99&C%N9"E'V"&"'0"9"&$C="0'%4'#/H#NH/9C=>'9:"'
&/9C2'21'9:"'#:/=="H'0CE9/=#"'Y$"/EN&"0'1&2$'9:"'H2=>C9N0C=/H'.&21CH"Z'/=0'9:"'E9&/C>:9FHC="'
</HH"4'0CE9/=#"'/E'$"/EN&"0'1&2$':C>:FON/HC94'/"&C/H'.:292>&/.:E'1&2$'*++T8''DN#:'&/9C2E'
/&"'#2$$2=H4'&".2&9"0'VC9:'9V2F0C>C9'.&"#CEC2='Y"8>8)',86Z8''M:"'0/9/'N=0"&'9:"'$"9:20E'
NE"0'C='9:CE'&".2&9'V"&"'/9'H"/E9'2="'2&0"&'21'$/>=C9N0"'$2&"'.&"#CE"8'

2.2.3. FISH HABITAT SURVEY METHODS 

G='9:"'12HH2VC=>'E"#9C2='V"'.&2<C0"'/'0"E#&C.9C2='21' 9:"'EN&<"4'$"9:20E'92'#:/&/#9"&Cd"'
/ON/9C#' :/%C9/9E' C=' 9:"' E9N04' /&"/)' C=#HN0C=>' 9:"' E."#C1C#' $"9&C#E8' ' !"<C/9C2=E' 1&2$'
E9/=0/&0'.&292#2HE'V"&"'="#"EE/&4'12&'./&9'21'9:"'EN&<"4)'/=0'9:"E"'/&"'/HE2'0"E#&C%"08''

2.2.3.1. CASCADE CREEK 

M2' #:/&/#9"&Cd"' /ON/9C#' :/%C9/9' #2=0C9C2=E' C=' N.."&'S/E#/0"'S&""K)'V"' NE"0' 9:"'RDUD'
P">C2=',+' Y*++,Z'MC"&'MV2'E/$.HC=>'.&292#2HE)' /E'0"E#&C%"0' C=' 9:"';ON/9C#'P"E2N&#"E'
D9N04'-H/='/..&2<"0'%4' 9:"' />"=#C"E8'M2' EN&<"4' 9:"' /0`/#"=9'D.&C=>'S&""K)'V"'NE"0'/'
EHC>:9H4'$20C1C"0' /..&2/#:' 92' #:/&/#9"&Cd"' "XCE9C=>' >"2$2&.:C#' /=0' :/%C9/9' #2=0C9C2=E8'
;HH' 0CE9C=#9' E9&"/$' #:/=="H' j94."Ek' V"&"' #:/&/#9"&Cd"0' NEC=>' 9:"' RDUD' P">C2=' ,+'
#:/=="H'#H/EEC1C#/9C2='E#:"$"8' ';'#2$.H"9"'#"=ENE'21':/%C9/9' 94."E' C='%29:'E9&"/$E'V/E'
#2$.H"9"0'0N&C=>'9:"'E9N04'."&C208''DC0"'#:/=="HE'/=0'211F#:/=="H'1"/9N&"E'&"H/9C<"'92'9:"'
$/C=' S/E#/0"' S&""K' V"&"' /HE2' =29"0' /=0' 9:"C&' 1"/9N&"E' C=<"=92&C"0)' /##2&0C=>' 92' 9:"'
EN&<"4'.&292#2H8' 'U2&'"/#:'E9&"/$)' 9:"'EN&<"4'.&2#""0"0' C='/='N.E9&"/$'92'02V=E9&"/$'
0C&"#9C2=)' /=0' "/#:' N=CON"' :/%C9/9' N=C9' V/E' C0"=9C1C"0' 92' 9:"' $/#&2' 94."' Y.22H)' &C11H")'
>HC0")'"9#8Z'NEC=>'9:"':/%C9/9'1"/9N&"'#20"'/EEC>="0'C='9:"'.&292#2H8''\/#:':/%C9/9'N=C9'V/E'
1N&9:"&' /EEC>="0' /' E"ON"=9C/H' =N$%"&' YjbD^)k' 2&' =/9N&/H' E"ON"=#"' 2&0"&Z' 92' E:2V' C9E'
.2EC9C2='C='9:"'#:/=="H'D"#2=0/&4':/%C9/9'N=C9E'9:/9'2##N&&"0'C='9:"'$/C='#:/=="H'Y"8>8)'/'
.22H'9:/9'2##N.C"0't6+u'21'9:"'V"99"0'VC09:Z'V"&"'H/%"H"0'/E'EN#:8''J"#/NE"'21'9:"'E#/H"'
21' EC0"'#:/=="HE' /=0'211F#:/=="H' 1"/9N&"E)' /=0'/E'/'V/4' 92'0CE9C=>NCE:' 9:"$' 1&2$'$/C='
#:/=="H' N=C9E)' /HH' :/%C9/9' N=C9E' 9:/9' 2##N&&"0' C=' 9:"E"' /&"/E' V"&"' H/%"H"0' /E' E"#2=0/&4'
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N=C9E)'"<"='9:2N>:'9:"4'2##N.C"0'<C&9N/HH4'9:"'"=9C&"'V"99"0'VC09:'<E8'E"#2=0/&4'N=C9E'9:/9'
#2=E9C9N9"0'EC0"'#:/=="HE'/=0'9&C%N9/&4'`N=#9C2=E8'''

DN&<"4' 0/9/' V/E' #2$.CH"0' 2=' PC9"FC=F9:"FP/C=v' EN&<"4' 12&$E' 1/E:C2="0' /19"&' 9:"'
E9/=0/&0' 12&$E' NE"0' C=' 9:"'RDUD'MC"&' MV2' EN&<"4' /=0' EN%E"ON"=9H4' 9&/=E1"&&"0' 92' /='
\X#"H'E.&"/0E:""9'12&'/&#:C<C=>'/=0'/=/H4ECE8'';'0/9/'#2HN$='V/E'/00"0'92'9:"'E9/=0/&0'
RDUD' EN&<"4' 12&$' 92' /HH2V' &"#2&0C=>' 21' /<"&/>"' V"99"0' VC09:' 21' "/#:' :/%C9/9' N=C98''
D9/=0/&0' EN&<"4' 922HE' YH/E"&' &/=>"1C=0"&' /=0' ,++F19' EN&<"4' 9/."Z' V"&"' NE"0' 92' 9/K"'
$"/EN&"$"=9E' 21' :/%C9/9' N=C9' H"=>9:' /=0' VC09:E8' ' ;HH' $"/EN&"$"=9E' V"&"' &"#2&0"0' C='
\=>HCE:'E9/=0/&0'N=C9E'/=0'H/9"&'#2=<"&9"0'92'$"9&C#'N=C9E8'''

M:"'12HH2VC=>'$"9&C#E'V"&"'C=#HN0"0'C='9:"'EN&<"4'21'R.."&'S/E#/0"'S&""K3'

,8 M29/H'H"=>9:'21'E9&"/$'EN&<"4"0''

*8 S2$.H"9"'C=<"=92&4'21':/%C9/9'N=C9E)'#/9">2&Cd"0'%4'94.")'H"=>9:'/=0'9:"C&'&"H/9C<"'
.2EC9C2='C='9:"'#:/=="H'="9V2&K'

(8 ;<"&/>"':/%C9/9'N=C9'Y#:/=="H'%"0Z'VC09:''

Q8 -22H'#:/&/#9"&CE9C#Ea'C=#HN0C=>'=N$%"&'21''jON/HC14C=>k'.22HE)'$/X'0".9:)'0".9:'21'
#&"E9'2N9H"9)''/=0'&"EC0N/H'.22H'0".9:' '

68 I/&>"'V220'H2/0C=>'Y=N$%"&'21'.C"#"E'."&'#:/=="H'VC09:Za'K"4'.C"#"E'/=0'<"&9C#/H'
H2#/9C2='Yd2="Z'VC9:C='9:"'#:/=="H'

T8 DC0"'#:/=="H'$"/EN&"$"=9E'/E'/%2<"'C=#HN0C=>'H2#/9C2=)'VC09:'/=0'929/H'H"=>9:)'C1'
V/9"&' CE' .&"E"=9' /=0' 1H2VC=>a' =N$%"&' 21' ON/HC14C=>' $/#&2' .22HEa' =N$%"&' 21'
ON/HC14C=>'.C"#"E'21'H/&>"'V220'/=0'K"4'.C"#"E'E#/H"0'92'9:"'/<"&/>"'#:/=="H'%"0'
VC09:a'/=0'$/XC$N$'.22H'0".9:'/=0'.22H'9/CH'#&"E9'0".9:8'

2.2.3.2. SPRING CREEK 

;19"&' /=' C=C9C/H' &"#2==/CEE/=#"' 21' 9:CE' E9&"/$' E4E9"$' /=0' /EE2#C/9"0' V"9H/=0E)' V"'
0"9"&$C="0'9:/9'NE"'21'9:"'E9/=0/&0'MC"&'MV2'E9&"/$'EN&<"4'.&292#2H'V2NH0'=29'%"'<"&4'
NE"1NH)'#2=EC0"&C=>' 9:"':2$2>"="C94'21' 9:CE'E.&C=>F1"0'E4E9"$8' 'M:"':/%C9/9' 94."' C=' 9:CE'
"=9C&"' E4E9"$'V/E' .&C$/&CH4' EH2VF$2<C=>' >HC0")' VC9:' HC99H"' <"H2#C948' ' M:"' #:/=="H'V/E'
C=E"9'C='/'%&2/0'V"9H/=0'#2$.H"X)'VC9:'"X9"=EC<"'<">"9/9"0'/&"/E'2=H4'=/<C>/%H"'%4'1229'
VC9:'#2=EC0"&/%H"'0C11C#NH948''7:"='9:"'H/K"'H"<"H'CE':C>:)'V/9"&'%/#KEFN.'C=92'9:"'H2V"&'
&"/#:"E'21'9:"'#&""K'#&"/9C=>'$2&"'EH2VFV/9"&':/%C9/98''M:NE)'V"'2.9"0'92'NE"'/'EC$.HC1C"0'
/..&2/#:' 9:/9'0C<C0"0' 9:"' E9&"/$'Y/=0' C9E'$/=4'#:/=="HEZ' C=92'm(+F$'EN&<"4'E">$"=9E8''
G='9:CE'V/4)'V"'C=<"=92&C"0'9:"'"=9C&"'/##"EEC%H"'H"=>9:'21'9:"'E9&"/$8''DN&<"4"0'1"/9N&"E'
C=#HN0"0' 2<"&/HH' H"=>9:)' EN%E9&/9"' #:/&/#9"&Cd/9C2=)' V"99"0' VC09:)' 02$C=/=9' :/%C9/9'
1"/9N&")' /=0' =29"E' 2=' &C./&C/=' <">"9/9C2=8' ' D9&"/$1H2V' V/E' .&C$/&CH4' /99&C%N9/%H"' 92'
:4.2&:"C#' N.V"HHC=>)' E"".E' /=0' E.&C=>E' 1&2$' 9:"' N.E9&"/$' V"9H/=0E' /=0' /0`/#"=9'
:CHHEH2."E8' D2$"' H2#/9C2=E' C=' 9:"' #:/=="H' E:2V"0' /#9C<"' N.V"HHC=>' 21' 1H2V' 1&2$'
:40&2E9/9C#'.&"EEN&"8' 'b2'EC>='21'%"/<"&'/#9C<C94'V/E'E""='C='"C9:"&'D.&C=>'S&""K'2&' 9:"'
H/&>"&'R.."&'S/E#/0"'S&""K8'
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2.3. RESULTS 
M:"'&"ENH9E'1&2$'%29:'9:"'>"2$2&.:C#'EN&<"4'/=0'9:"':/%C9/9'EN&<"4'/&"'.&2<C0"0'%"H2V8''
M:"' "=9C&"' H"=>9:' 21' 9:"' E9N04' /&"/'V/E' C=#HN0"0' C=' 9:"' EN&<"4)' "EE"=9C/HH4' .&2<C0C=>' /'
#2$.H"9")'HC="/&'#"=ENE'21'>"2$2&.:C#'#2=0C9C2=E'/=0':/%C9/9'#:/&/#9"&CE9C#E'12&'9:"'/&"/'
21'C=9"&"E98''7:"&"'.&/#9C#/H)'&"ENH9E'/&"'.&"E"=9"0'C='9/%NH/&'2&'>&/.:C#'12&$8''UNHH'EN&<"4'
1C"H0'=29"E'/&"'.&2<C0"0'/E'/.."=0C#"E'/9'9:"'"=0'21'9:"'&".2&98'

2.3.1. GEOMORPHIC SURVEY RESULTS 

R.."&' S/E#/0"' S&""K' CE' /' %&2/0)' EC=N2NE)' H2VF>&/0C"=9' /HHN<C/H' #:/=="H' VC9:' /='
"X9"=EC<"H4'0"<"H2."0'1H220.H/C='/=0'/'>"="&/HH4'E9/%H"'./99"&=8''REC=>'9:"'#H/EEC1C#/9C2='
21'RDUD'P".2&9'P,+FM-F*T'Y,@@*Z)'C9'CE'/='U-Q'#:/=="H'YjVC0"'H2V'>&/0C"=9'1H220'.H/C='
#:/=="HkZ8' G9E'>&/0C"=9' CE' &"H/9C<"H4'V"HHF/=#:2&"0'%4' HCK"H4'="/&FEN&1/#"'%"0&2#K'/9' 9:"'
:"/0' 21' 9:"' E9N04' &"/#:' /=0' /9' E"<"&/H' .2C=9E' 1/&9:"&' 02V=E9&"/$)' /=0' %4' 9:"' H"<"H' 21'
DV/='I/K"' YN=0"&'V:/9"<"&' 0">&""'21' 1HN#9N/9C2=' C9' "X."&C"=#"EZ8' 'M:"' #:/=="H' :/E' /='
/$.H"'EN..H4'21'E/=0'/=0'>&/<"H'/</CH/%H"'12&'"&2EC2='1&2$'9:"'/0`/#"=9'1H220.H/C='/=0'
EN..HC"0'1&2$'N.E9&"/$'2<"&'9:"'&"/#:F%2N=0C=>'V/9"&1/HHa'/'./N#C94'21'I7!'/H2=>'9:"'
#:/=="H'EN>>"E9E'9:/9'H/=0EHC0"'0"HC<"&4'1&2$'9:"'/0`/#"=9'</HH"4'V/HHE'CE'=29'/'EC>=C1C#/=9'
E2N&#"' Y21'"C9:"&' H2>E'2&' E"0C$"=9Z8' 'M:"'EN%E9&/9"' CE' H22E"'/=0'V"HHF>&/0"0)'EN>>"E9C=>'
1&"ON"=9'$2%CHC94a'%N9'9:"'1H220.H/C='<">"9/9C2='CE'0"=E")'/=0'%29:'1C"H0'2%E"&</9C2=E'/=0'
&"1"&"=#"'92':CE92&C#'/"&C/H'.:292E'EN>>"E9'9:/9'#:/=="H'$C>&/9C2='CE'HC$C9"08''b2'"<C0"=#"'
21'<"&9C#/H'C=#CEC2='V/E'2%E"&<"0'2&'EN>>"E9"0'%4'9:"'#:/=="H'0/9/8'

U2&' .N&.2E"E' 21' 2&>/=CdC=>' 9:"' >"2$2&.:C#' 0/9/)' 9:"' m*FK$' E9N04' E"#9C2=' 12&' R.."&'
S/E#/0"'S&""K'V/E'EN%0C<C0"0'C=92'1C<"'&"/#:"E)':"&"/19"&'&"1"&&"0'92'/E'jB"2FP"/#:"Ek'
YM/%H"'*F,Z8''M:"'%/EC#'/99&C%N9"E'21'9:"'&"E."#9C<"'B"2FP"/#:"E'/&"'0"E#&C%"0'%"H2V8'

Table 2-1:  Upper Cascade Creek longitudinal profile reach lengths. 
Geo-Reach Length 

(m) 
1 233.2 
2 561.4 
3 395.0 
4 240.8 
5 709.3 

Total Survey Length 2139.7 

B"2FP"/#:' ,' %">C=E' /9' 9:"' %/E"' 21' 9:"' C$./EE/%H"' V/9"&1/HH' /9' P?' *8+' YUC>N&"' *F,/Z8''
UH2V'0C&"#9C2=' CE' 1&2$' 9:"'%2992$' &C>:9' 92' 9:"'N.."&' H"19' C=' 9:"'.:2928' 'M:"' C$./EEC%H"'
1/HHE'CE'E""='/E'/'V:C9"'/&"/'C='9:"'E:/02VE'/9'9:"'%2992$'&C>:9'#2&="&8''M:"'N.."&$2E9',+F
*+'$' CE' /' #:/29C#)' 9N&%NH"=9' .22H' V:"&"' 9:"'V/9"&' 0&2..C=>' 211' 9:"' 1/HHE'$2<"E' C=' /HH'
0C&"#9C2=E' %"12&"' 2&>/=CdC=>' C=92' /' E9"".' %2NH0"&' #/E#/0"' VC9:' /' =N$%"&' 21' H/&>"'
C$$2%CH"'#H/E9E)'0"HC<"&"0'2<"&'9:"'1/HHE'%N9'N=/%H"'92'%"'9&/=E.2&9"0'9:&2N>:'9:CE'&"/#:'
%4'/=4'%N9'9:"':C>:"E9'0CE#:/&>"E8''M:"'#:/=="H':/E'0".2EC9"0'/'%&2/0'H"19F%/=K'%/&'/9'9:"'
C=EC0"'21' 9:"'1C&E9'%&2/0'$"/=0"&'%"=0'9:/9' HC"E'N=#2=E9&/C="0'/9' 9:"':"/0'21' 9:"'</HH"48''
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M:"'#&2EEFE"#9C2='12&' 9:CE' &"/#:'V/E' H2#/9"0'/%2N9'5+'$'02V=E9&"/$'21' 9:"'%/E"'21' 9:"'
V/9"&1/HH)'9&/<"&EC=>'9:"'N.."&'./&9'21'9:"'H"19F%/=K'%/&'9:/9'V/E'./&9H4'EN%$"&>"0'"<"='/9'
H2V' 1H2V' /=0' V:C#:' V/E' %2N=0"0' 2=' C9E' &C>:9' EC0"' %4' 9:"' 1&""F1H2VC=>' #:/=="H8' ' M:"'
%2992$'21'9:CE'&"/#:'HC"E'/9'9:"'9&/=EC9C2='%"9V""='9:"'%&2/0'$"/=0"&'%"=0'9:/9'#2=E9C9N9"E'
$2E9' 21' C9E' H"=>9:' /=0' /' E:/&.' &C>:9' %"=0' C$.2E"0' %4' 1H2V' C$.C=>C=>' 2=' 9:"' %"0&2#K'
</HH"4'V/HH8''M:CE'&"/#:'C=#HN0"E':/%C9/9'N=C9E'bD^',pQ'Yjb/9N&/H'D"ON"=#"'^&0"&kZ8'

B"2FP"/#:'*'V/E'#:/&/#9"&Cd"0'%4'%"0&2#K'#2=9&2H'/H2=>'9:"'H"19'%/=K'/9'C9E'N.E9&"/$'/=0'
02V=E9&"/$'"=0E8''J"9V""='9:"E"'9V2'E">$"=9E'21'9:"'&"/#:)'9:"'#:/=="H':/E'0"<"H2."0'/'
.&2$C="=9'$"/=0"&'%"=0)'9:"'E"#2=0'EN#:'%"=0'02V=E9&"/$'21'9:"'1/HHE'9:/9'EVC=>E'V"HH'
C=92' 9:"'$C00H"' 21' 9:"'VC0"=C=>' </HH"4' /=0'VC9:' /' E"0C$"=9F&C#:)'V"HHF0"<"H2."0' .2C=9'
%/&8' 'M:"'#:/=="H'V/E' 9:NE'#2=1C="0'%4'%"0&2#K'2='2="'%/=K'/9'%29:' 9:"'N.E9&"/$'/=0'
02V=E9&"/$'"=0E'21'9:CE'&"/#:a'>&/<"H'%/&E'C$$"0C/9"H4'N.E9&"/$'21'%29:'%"0&2#K'%/=KE'
EN>>"E9'%/#KV/9"&'"11"#9E'/9':C>:'0CE#:/&>"8''M:"'#&2EEFE"#9C2='12&'9:CE'&"/#:'V/E'H2#/9"0'
$C0V/4' %"9V""=' 9:"' /."X' 21' 9:"' $/C=' $"/=0"&' %"=0' /=0' 9:"' 02V=E9&"/$' %"0&2#K'
#2=9&2H)' C=' /' E:2&9' E9&/C>:9' E">$"=9' 21' 9:"' H2VF1H2V' #:/=="H' 9:/9' %">/=' /' 1"V' $"9"&E'
%"H2V' 9:"' 02V=E9&"/$' "=0' 21' 9:"' YH"19F%/=KZ' .2C=9' %/&8' ' M:"' "=0' 21' 9:CE' &"/#:' V/E'
C$$"0C/9"H4'02V=E9&"/$'21'9:"'H"19F%/=K'%"0&2#K'#2=9&2H'9:/9'#2=E9&/C="0'9:"'E2N9:"&H4'
$C>&/9C2='21'9:"'#:/=="H8'D9/&9C=>'/9'bD^'])'9:CE'&"/#:'E9&"9#:"0'02V=E9&"/$'92'9:"'"=0'
21'bD^',]8''bD^'6'Y/'&C11H"'C='/'EC0"'#:/=="HZ'/=0'bD^'T'Y/'.22H'="E9"0'VC9:C='bD^']Z'
V"&"'E"#2=0/&4'N=C9E'#2C=#C0"=9'VC9:'bD^']'YUC>N&"'*F,/Z8'

'
Figure 2-1a:  Geo-Reaches 1 and 2 in Upper Cascade Creek.  

Habitat codes3 RF (riffle), GL (glide), FP (primary pool), PL (pool) 
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B"2FP"/#:'('V/E'/='"=9C&"H4'/HHN<C/H'&"/#:)'#2$.2E"0'21'2="'V/<"H"=>9:'Y/%2N9'Q++'$'
H2=>Z'21'/'%&2/0)'2."='$"/=0"&'%"=0'VC9:'/='/$.HC9N0"'21'5+'$'VC9:'V"/KH4'0"<"H2."0'
.2C=9'%/&E' YUC>N&"'*F,%Z8' 'M:"'#:/=="H'V/E'"=9C&"H4'N=#2=1C="08' 'M:"'#&2EEFE"#9C2='V/E'
H2#/9"0' /H$2E9' "X/#9H4' $C0V/4' %"9V""=' 9:"' /."X"E' 21' 9:"' 9V2' $"/=0"&' %"=0E)' C=' /'
N=C12&$'E9&/C>:9'&C11H"'9:/9'V/E'#:/&/#9"&CE9C#'21'$2E9'21'9:"'&"/#:8''M:"'"=0'21'9:CE'&"/#:'
HC"E' C$$"0C/9"H4' N.E9&"/$' 21' 9:"' "X9"=EC<"' .2C=9F%/&' 0".2EC9C2=' 2=' 9:"' H"19' %/=K'
/EE2#C/9"0'VC9:' 9:"' ="X9'$"/=0"&' %"=0' 02V=E9&"/$8' ' M:CE' &"/#:' E9/&9E' /9'bD^',5' /=0'
.&2#""0E'02V=E9&"/$'92'9:"'"=0'21'bD^'*,8'''

B"2FP"/#:'Q'V/E'/HE2'"=9C&"H4'/HHN<C/H)'"=#2$./EEC=>'9:"'EC=>H"'H/&>"E9'$"/=0"&'%"=0'21'
9:"'E9N04'/&"/8' 'M:CE'%"=0':/0'/'9C>:9'&/0CNE'21'#N&</9N&"'&"ENH9C=>'C='%29:'/='"X9"=EC<"'
.2C=9'%/&'0".2EC9'/=0'E"<"&/H'="#K'#N9211'#:/=="HE' 9:/9':/<"'0">&/0"0'9:"'.2C=9'%/&'%N9'
=29'4"9' H"0' 92' C9E' /%/=02=$"=9' YC8"8)' 9:"'$/`2&C94'21' H2V' 92'$20"&/9"' 1H2VE'#2=9C=N"' 92'
12HH2V' /' EC=N2NE' #2N&E"' /&2N=0' C9Z8' ' M:"' #&2EEFE"#9C2=' V/E' H2#/9"0' `NE9' ./E9' 9:"'
02V=E9&"/$'"=0'21'9:"'.2C=9F%/&'E"0C$"=9E)'/=/H2>2NE'92'9:"'H2#/9C2='21'9:"'#&2EEFE"#9C2='
C='P"/#:'*8''M:"'%2992$'21'9:CE'&"/#:'V/E'0"1C="0'%4'9:"'&"9N&='21'9:"'#:/=="H'/>/C=E9'9:"'
%"0&2#K'21' 9:"' E2N9:' </HH"4'V/HH)' #2=E9&/C=C=>' 1N&9:"&' 0"<"H2.$"=9' 21' C9E' .&C2&' EC=N2NE'
./99"&=8''M:CE'&"/#:'E9/&9E'/9'bD^'*('/=0'.&2#""0"0'02V=E9&"/$'92'9:"'"=0'21'bD^'*T8'
bD^'**)'/HE2'="E9"0'VC9:C='9:CE'&"/#:)'V/E'/'&"HC#9'EC0"'#:/=="H'VC9:'/='2N9H"9'92'9:"'$/C='
#:/=="H'%N9'VC9:'=2'0C&"#9'N.E9&"/$'C=H"9'#2=="#9C2='92'9:"'$/C='#:/=="H8'

'
Figure 2-1b:  Geo-Reaches 3 and 4 in Upper Cascade Creek. 

Habitat codes3 RF (riffle), GL (glide), FP (primary pool), PL (pool) 

'



Aquatic Resource Studies  Cascade Creek Hydroelectric Project 
  FERC No. 12495-002 

19 ,*L(L*+,+'

B"2FP"/#:'6'V/E'/'="/&H4'E9&/C>:9'&"/#:)'%2N=0"0'%4'%"0&2#K'/H2=>'9:"'H"19'%/=K'/=0'9:"'
%&2/0'1H220.H/C='21'9:"'/HHN<C/H'</HH"4'2='9:"'&C>:9)'/=0'#2=9C=N"0'/H$2E9'N=C12&$H4'92'9:"'
C=H"9'92'DV/='I/K"'YUC>N&"'(F,#Z8''D"<"&/H'/H9"&=/9"'>&/<"H'%/&E'VC9:'V/<"H"=>9:E'21'*++p
Q++'$'EN>>"E9'/='C=#C.C"=9'$C>&/9C=>'./99"&=)'%N9'%"0&2#K'/H2=>'9:"'H"19'%/=K'/=0'0"=E"'
VCHH2VE'/H2=>'9:"'&C>:9'%/=K':/<"'/../&"=9H4'C$."0"0'/=4'EC>=C1C#/=9'%/=K'"&2EC2='/=0'
&"ENH9C=>'$C>&/9C2=8''M:"'#&2EEFE"#9C2='V/E'H2#/9"0'5]'$'N.E9&"/$'21'9:"'H"19F%/=K'>/>")'
C='/'N=C12&$'E9&/C>:9'&C11H"'9:/9'"X"$.HC1C"0'9:"'#:/=="H'#:/&/#9"&CE9C#E'9:&2N>:'9:CE'&"/#:'
Y9:"' 12&$' /=0' .2EC9C2=' V/E' /=/H2>2NE' 92' 9:/9' 21' 9:"' #&2EEFE"#9C2=' C=' P"/#:' (Z8' ' M:"'
%2992$'21'9:CE'&"/#:'>&/0"0'C=92'/'V"HHF0"<"H2."0'0"H9/'#2=E9&N#9"0'C=92'9:"':"/0'21'DV/='
I/K"a' /' 0CE#&"9"' #:/=="H' 12&$'V/E' C0"=9C1C/%H"' N.' 92' /=0' %"42=0' 9:"' #2=1HN"=#"' VC9:'
D.&C=>'S&""K)'%N9'/9'$20"&/9"'0CE#:/&>"' Y2&':C>:' H/K"' H"<"HZ' 9:"' 1H2V'%">C=E' E.&"/0C=>'
2N9'2<"&' 9:"' H"19'%/=K'/#&2EE' 9:"'0"H9/'/=0' C=92' 9:"' H/K"'/%2N9',++'$' 1/&9:"&'N.E9&"/$8'
D9/&9C=>'/9'bD^'*]' 9:CE' &"/#:'"X9"=0E'02V=E9&"/$'92'bD^'Q,)'V:C#:' 9"&$C=/9"E'/9' 9:"'
0"H9/' #2=1HN"=#"' /9' 9:"' H/K"8' ' bD^' *5' V/E' /=' 211F#:/=="H' %/#KV/9"&' .22H' 1"/9N&"'
/EE2#C/9"0'VC9:'/'E$/HH'9&C%N9/&4)'/=0'V/E'#2C=#C0"=9'VC9:'bD^'*]'Y;.."=0CX'*F,Z8'

'
Figure 2-1c:  Geo-Reach 5 in Upper Cascade Creek, Spring Creek and Swan Lake  

Habitat codes3 RF (riffle), GL (glide), FP (primary pool), PL (pool). 

S&2EEFE"#9C2=/H'.H29E'/=0'>&/C=FECd"'0/9/'/9'"/#:'21'9:"'1C<"'#&2EEFE"#9C2=E'/&"'.&2<C0"0'C='
;.."=0CX'*FQa'9:"'EN$$/&4'0/9/'/&"'/E'12HH2VE3'

'

' '
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Table 2-2:  Summary geomorphic statistics for Upper Cascade Creek  

'
Wbkfl means bankfull width; Dbkfl means bankfull depth 

M:"'E4E9"$/9C#'/=0'&"H/9C<"H4'$2=292=C#'#:/=>"E'C='#:/=="H'#:/&/#9"&'V"&"'"<C0"=9'1&2$'
9:"'EN$$/&4'0/9/8''U2&'"X/$.H")'/9'9:"':"/0'21'9:"'&"/#:)'C9'CE'E9"".)'VC0"'/=0'E:/HH2V)'
#2/&E"F%"00"0)' /=0' EC=N2NE' 92'$"/=0"&C=>' C='#:/&/#9"&8' ';E' 9:"'#:/=="H' /..&2/#:"E' C9E'
"=9&/=#"' 92' DV/=' I/K")' C9E' >&/0C"=9' CE' 1H/9)' E"0C$"=9E' /&"' 1C="&' >&/C="0)' VC09:' CE' %29:'
=/&&2V"&'/=0'0""."&)'/=0'9:"'#:/=="H'CE'="/&H4'E9&/C>:98''^<"&/HH'EC=N2EC94'/#&2EE'9:"'1C<"'
&"/#:"E'YC8"8)'1&2$'V/9"&1/HH'%/E"'92'DV/='I/K"Z'V/E'/'$20"E9H4'EC=N2NE',8(58'

M:"'H2=>C9N0C=/H'.&21CH"'21'S/E#/0"'S&""K'"X:C%C9"0'/'>"="&/HH4'#2=#/<"FN.'.&21CH"'21'9:"'
#:/=="H'YUC>N&"'*F*Z8''M:"'%"0'92.2>&/.:4'V/E'"=9C&"H4'/HHN<C/H'YC8"8)'=2'%/&"'%"0&2#K'V/E'
2%E"&<"0Z' /=0' V/E' 0"<"H2."0' /H$2E9' "=9C&"H4' /E' /' &"ENH9' 21' "C9:"&' 12&#"0' YC8"8)'
C$.C=>"$"=9' 21' 1H2V' />/C=E9' 9:"' %"0&2#K' </HH"4' V/HHZ' 2&' 1&""' Y1NHH4' N=#2=E9&/C="0Z'
$"/=0"&E8' ' J2NH0"&E' /=0' H/&>"' V2204' 0"%&CE' V"&"' /H$2E9' "=9C&"H4' /%E"=9)' .&2<C0C=>'
$C=C$/H'2..2&9N=C9C"E'12&'$2&"'H2#/HCd"0'%"0':"9"&2>"="C948'

'
Figure 2-2:  Longitudinal profile of Upper Cascade Creek.   

M:"'4"HH2V'/&&2VE'C='UC>N&"'*F*'$/&K'9:"'H2#/9C2='21'9:"'1C<"'#&2EEFE"#9C2=E8''B"2FP"/#:'
%2N=0/&C"E'/&"'0"=29"0'%4'E:2&9'<"&9C#/H'HC="E'/H2=>'9:"':2&Cd2=9/H'/XCE8''M:"'+'.2C=9'V/E'
H2#/9"0' C=' 9:"' 1C"H0FC0"=9C1C"0' Y/=0' E2$"V:/9' 0C11NE"Z' %2N=0/&4' %"9V""=' jE9&"/$k' /=0'
jH/K"k'/=0'V2NH0'EN&"H4'</&4'C='C9E'.&"EN$"0'H2#/9C2='N=0"&'0C11"&"=9'0CE#:/&>"E'/=0'H/K"'
H"<"HE8'

GEO 1 GEO 2 GEO 3 GEO 4 GEO 5
Wbkfl--mean (m) 32.5 23.1 19.3 18.5 23.7

Wbkfl--maximum (m) 33.4 28.7 20.6 20.4 24.8
Dbkfl--mean (m) 0.6 1.0 1.1 1.1 0.9

Dbkfl--maximum (m) 1.1 1.2 1.3 1.5 1.0
Bed width (m) 30.2 21.3 16.3 18.4 22.5

D50 (mm) 63 39 38 30 32
D84 (mm) 150 77 70 55 62

Water-surface slope 1.76% 0.40% 0.40% 0.63% 0.22%
Reach Sinuosity 1.31 1.55 1.29 1.66 1.04
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D.&C=>'S&""K':/0'/='"=9C&"H4'0C11"&"=9'#:/&/#9"&'9:/='R.."&'S/E#/0"'S&""K)'&"1H"#9C=>'C9E'
E$/HH' 0&/C=/>"' /&"/' /=0' HC$C9"0' E2N&#"E' 21' V/9"&' /=0' E"0C$"=98' ' G9' V/E' ONC9"'
:2$2>"="2NE'C='#:/&/#9"&a':"=#")'=2'2<"&H/4'21'>"2$2&.:C#'j&"/#:"Ek'V/E'/..HC"0)'/E'C9'
V2NH0' H"=0' HC99H"' 92' C9E'0"E#&C.9C2=8' 'M:"'#:/=="H'V/E' 1"0'%4'/</H/=#:"'#:N9"E' 1&2$'9:"'
E9"".' =2&9:' </HH"4' V/HH)' %N9' 9:"' 1H2V' ./9:E' V"&"' 0CE#2=="#9"0' 1&2$' D.&C=>' S&""K8''
DN%EN&1/#"' 1H2V' 9:&2N>:' 9:"'%&2/0'0"%&CE'#2="E' 1H/=KC=>' 9:"'%/E"'21' 9:"'$2N=9/C=EC0"E'
0"HC<"&"0' V/9"&' $2&"' N=C12&$H4' 92' D.&C=>' S&""K' 9:&2N>:' >&2N=0V/9"&' N.V"HHC=>8'
S2=E"ON"=9H4)'E"0C$"=9'E2N&#"E'V"&"'HC$C9"08''M:"'#:/=="H'>&/0C"=9'V/E'0"9"&$C="0'%4'
9:"'&"H/9C<"H4'1H/9'</HH"4'>&/0C"=9'Y&/9:"&'9:/='9:"'29:"&'V/4'/&2N=0Z8''M:"'#:/=="H'C9E"H1'
V/E' 1C="F%"00"0' /=0' 2=H4'$20"E9H4' EC=N2NE8' ' DN$$/&4' 0/9/' 12&' 9:"' D.&C=>' S&""K' /&"'
HCE9"0'C='M/%H"'*F(8'

Table 2-3:  Summary geomorphic statistics for Spring Creek. 

'
M:"' $2&.:2H2>4' 21' 9:"' 0"H9/' 12&$"0' %4' 9:"' D.&C=>' S&""KpR.."&' S/E#/0"' S&""K'
#2=1HN"=#"'&"1H"#9"0'9:"'1H2VE'/=0'E"0C$"=9'#2=9&C%N9C2=E'21'"/#:'&"E."#9C<"'E2N&#"'/&"/)'
#2N.H"0'VC9:' 9:"' C=1HN"=#"'21'DV/='I/K"8' '!C&"#9H4'N.E9&"/$'21' 9:"'#2=1HN"=#")'D.&C=>'
S&""K' 1H2V"0' 2<"&' /' %&2/0' ECH9F%2992$' E:"H1' $2E9' HCK"H4' 0".2EC9"0' 1&2$' E"0C$"=9'
ENE."=0"0' C='DV/='I/K"'%/#KV/9"&E'0N&C=>':C>:'1H2V'"<"=9E8' ';E' H/K"' H"<"HE'0"#HC="0)'
0CE#:/&>"'C='D.&C=>'S&""K'V/E'=29'#2$."9"=9'92'&"$2<"'$N#:'21'9:"'$/9"&C/H'0".2EC9"08''
G=' #2=9&/E9)' R.."&' S/E#/0"' S&""K' V/E' 1NHH4' #2$."9"=9' 92' "&20"' 0".2EC9"0' $/9"&C/H' 92'
V:/9"<"&'0".9:'V/E'0"9"&$C="0'%4'9:"'>"2$"9&4'21'#:/=="H'/=0'H/K"'H"<"HE8'';9'9:"'9C$"'
21' 9:CE' EN&<"4' Y;N>NE9'*+,+Z)'R.."&'S/E#/0"'S&""K' 1H2V"0'=2&9:'/H$2E9'."&."=0C#NH/&'
/#&2EE'9:"'j$2N9:k'21'D.&C=>'S&""K8'M:"'&"ENH9'V/E'/'E#/&.'VC9:'2<"&','$'21'&"HC"1'V:"&"'
9:"'/H#2<"'21'D.&C=>'S&""K'V/E' C=#CE"0'%4'9:"'1H2V'21'R.."&'S/E#/0"'S&""K8' ';9'29:"&'
9C$"E)' ./E9' 2&' 1N9N&")'V:"=' 9:"' .&C$/&4' #:/=="H' 21'R.."&' S/E#/0"'S&""K' "=9"&E' DV/='
I/K"'$2&"' 0C&"#9H4' 92' 9:"' E2N9:)' 9:CE' /%&N.9' EN%/ON"2NE' 92.2>&/.:4' CE' .&2%/%H4' =29' /E'
.&2=2N=#"0)'/=0'9:"'9&/=EC9C2='1&2$'D.&C=>'S&""K'C=92'DV/='I/K"'CE'HCK"H4'$2&"'>&/0N/H8'

;'92.2>&/.:C#'$/.'21'9:"'#2=1HN"=#"'/=0'0"H9/)'92'9:"'HC$C9E'21'E/1"'V/0C=>)'V/E'$/0"'92'
.&2<C0"' %/E"HC="' 0/9/' 12&' 1N9N&"' /=/H4E"E' YUC>N&"' *F(Z8' ' M:"' EN&1/#"' E"0C$"=9' V/E'
.&"02$C=/=9H4'E/=0)'%N9'/&"/E'02$C=/9"0'%4'>&/<"H'/=0'ECH9'V"&"'=29"0'0N&C=>'9:"'EN&<"4'
/E'V"HH'/=0'/&"'C=0C#/9"0'2='9:"'$/.8''DN%E9&/9"'#2$.2EC9C2='V/E'0"HC="/9"0'%4'/&"/E'21'
2."='#C&#H"E'12&'>&/<"HF02$C=/9"0'/9' 9:"'EN&1/#"'V:CH"'/&"/E'VC9:'E:2&9' HC="E'0".C#9'ECH9F
02$C=/9"08'''

Spring Ck.
Wbkfl--mean (m) 6.9

Wbkfl--maximum (m) 8.0
Dbkfl--mean (m) 0.6

Dbkfl--maximum (m) 0.8
Bed width (m) 5.8

D50 (mm) 18
D84 (mm) 36

Water-surface slope 0.17%
Reach Sinuosity 1.09
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'
Figure 2-3:  Swan Lake inlet delta bathymetry, August 2010.   

S2H2&'%2N=0/&C"E'0"HC="/9"'+8(F$'Y,F19Z'C=9"&</HE'VC9:'9:"'$/XC$N$'0".9:E'Y0/&K"E9'%HN"Z'
21'w,8*'$8''M:"'%&2V='HC="E'C=0C#/9"'/&"/E'/%2<"'V/9"&'H"<"H8'''

M:"'&"ENH9E'21' 9:"'."%%H"'#2N=9E'E:2V"0'/='"<"='./99"&='C='R.."&'S/E#/0"'S&""K'Y2=H4'
2="'EN#:'$"/EN&"$"=9'V/E'$/0"'C='D.&C=>'S&""KZ'YE""'M/%H"'*F*'/%2<"Z8''M:"'#2/&E"E9'
E"0C$"=9'1&/#9C2='/9'9:"'%/E"'21'9:"'1/HHE'YC='B"2FP"/#:',Z'CE'ONC#KH4'&"=0"&"0'C$$2%CH")'
/=0' 9:"' #:/=="H'$/C=9/C=E' /' &"H/9C<"H4'N=C12&$' E"0C$"=9FECd"' 0CE9&C%N9C2=' /H$2E9' 92' 9:"'
$2N9:'21'9:"'#&""K'VC9:'2=H4'$20"E9'/00C9C2=/H'02V=E9&"/$'1C=C=>8'

2.3.2. HABITAT SURVEY RESULTS 

P"ENH9E' 21' 9:"' :/%C9/9' EN&<"4' /&"' .&"E"=9"0' %"H2V' 12&' %29:' R.."&' S/E#/0"' S&""K' /=0'
D.&C=>'S&""K8' 'W/%C9/9E'/&"'0"HC="/9"0'/E' 92' 9:"C&' 94."' YC8"8' '.22H'p' &C11H"'p'>HC0"Z)' 9:"C&'
H2#/9C2='E"ON"=9C/HH4'/=0'VC9:C='/'>C<"='B"2FP"/#:)'/=0' 9:"C&'0C$"=EC2=E'/&"'.&2<C0"0'

'
Spring 
Creek 

Cascade 
Creek 

SWAN LAKE 
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YC8"8'H"=>9:)'VC09:'/=0'12&'.22HE)'&"EC0N/H'0".9:Z8'S2=0C9C2=E'C='D.&C=>'S&""K'="#"EEC9/9"0'
NE"'21'/'$20C1C"0'EN&<"4'/..&2/#:'9:/9'C=#HN0"0'#:/&/#9"&Cd/9C2='21':/%C9/9'94."E)'V2204'
0"%&CE'/=0'EN%E9&/9"'VC9:C='#2=9C=N2NE'(+'$'EN&<"4'&"/#:"E)'/E'0"E#&C%"0'%"H2V8''-:292E'
V"&"'9/K"='12&'/'$/`2&C94'21'9:"'EN&<"4"0':/%C9/9'N=C9E'Y;.."=0CX'*F(Z8'

2.3.2.1. UPPER CASCADE CREEK HABITAT CENSUS 

M:"' #"=ENE' &"ENH9E' 21' #2=9C>N2NE' :/%C9/9' N=C9E' Y&"1"&&"0' 92' :"&"' /E' jbD^k' 2&' jb/9N&/H'
D"ON"=#"'^&0"&kZ'/&"'.&2<C0"0'C=';.."=0CX'*F,8' 'M:"&"'V"&"'*T'.&C$/&4'$/C=F#:/=="H'
:/%C9/9'N=C9E'/=0',@'EC0"F#:/=="H':/%C9/9'N=C9E'02#N$"=9"0' C=' 9:"'EN&<"48' 'UC>N&"E'*F,/'
9:&2N>:'*F,#'#2$.&CE"'9:&""'/==29/9"0'$/.E'E:2VC=>'9:"'&"H/9C<"'H2#/9C2=E'21'C0"=9C1C"0'
:/%C9/9'N=C9E'YbD^Z'12&'R.."&'S/E#/0"'S&""K'/=0'EN&<"4'E">$"=9E'12&'D.&C=>'S&""K8''U2&'
R.."&'S/E#/0"'S&""K)'9:"'929/H'H"=>9:'21'9:"'$/C='#:/=="H':/%C9/9'N=C9E'"=#2N=9"&"0'V/E'
/..&2XC$/9"H4'*),5('$'Y]),T+' 19Z'VC9:'/='/00C9C2=/H'5QT'$'Y*)]]]'19Z'21'EC0"'#:/=="HE8''
b29"' 9:/9' 9:"' 929/H' H"=>9:E' C=' 9:"' :/%C9/9' /=0' H2=>C9N0C=/H' .&21CH"' EN&<"4E' V"&"' =29' C='
#2$.H"9"' />&""$"=9)' /=' #2=E"ON"=#"' 21' NEC=>' 0C11"&"=9'$"9:20E' 92'$"/EN&"' H"=>9:E' 21'
C=0C<C0N/H' N=C9E' /=0' 9:"' H2=>C9N0C=/H' .&21CH"' E">$"=9E8' 'M:"' H"=>9:'$"/EN&"$"=9E' 1&2$'
9:"' H2=>C9N0C=/H' .&21CH"' EN&<"4' YE""' M/%H"' *F,Z' V"&"' $2E9' &"HC/%H"' %"#/NE"' /HH' EN&<"4'
jH">Ek' V"&"' #2=9C>N2NE)' V"&"' #2$.H"9"0' VC9:' /=' /N92H"<"H' /=0' EN&<"4' &20)' /=0' V"&"'
#2$.H"9"0'C='2="'#2$.H"9"' 9"$.2&/H'E"ON"=#"8' ' G='#2=9&/E9)'%2N=0/&C"E'%"9V""=':/%C9/9'
N=C9E'V"&"'EN11C#C"=9H4'/&%C9&/&4'92'C=9&20N#"'/'#"&9/C='H"<"H'21'/..&2XC$/9C2='C='9:"'N=C9'
H"=>9:'$"/EN&"$"=9E8''M:"'9V2'E"9E'21'=N$%"&E'V"&"'"ON/H'VC9:C='/%2N9',u)':2V"<"&)'E2'
9:"'0C<"&>"=#"'V/E'=29'EC>=C1C#/=98''S2=E"ON"=9H4)'9:"':/%C9/9'EN&<"4'H"=>9:E'/&"'NE"0'C='
9:CE' /=/H4ECE' 12&' #2=ECE9"=#48' G=' /00C9C2=)' 2="' 9&C%N9/&4' E9&"/$' V/E' =29"0' 0N&C=>' 9:"'
EN&<"48'''

^1'9:"'$/C='#:/=="H':/%C9/9E'"=#2N=9"&"0)'E"<"='V"&"'.&C$/&4'.22HE)'V:CH"'/=29:"&'9:&""'
.&C$/&4'.22HE'V"&"'E""='C='EC0"'#:/=="HE8''M:"'&"$/C=C=>':/%C9/9'N=C9E'V"&"'$/0"'N.'21'
>HC0"E'/=0'&C11H"E'YUC>N&"8'*FQZ8'''

M:&2N>:2N9' 9:"' EN&<"4)' &C11H"' :/%C9/9' V/E' 9:"' $2E9' /%N=0/=9' 94.")' 12HH2V"0' %4' >HC0"'
:/%C9/98'';H9:2N>:'.22HE'V"&"'1/C&H4'/%N=0/=9'C='B"2FP"/#:'Q'/=0'6)'9:"4'V"&"'>"="&/HH4'
H"EE' /%N=0/=9' 9:/=' >HC0"E' C=' 9:"' "=9C&"' EN&<"4' /&"/8' ' J"#/NE"' 21' 9:"' &"H/9C<"H4' H2V'
>&/0C"=9)' $/=4' >HC0"E' "X:C%C9"0' .22H' #:/&/#9"&CE9C#E)' VC9:' /' <"&4' H2=>)' &"H/9C<"H4' 0"".'
9:/HV">' 9:/9' 9&/=EC9C2="0' C=92' &C11H"E' V:"&"' >&/<"HE' /##N$NH/9"0' /9' .2C=9' %/&E' /=0'
$"/=0"&'%"=0E8'''

B"2FP"/#:','C=#HN0"0'9:&""'$/C='#:/=="H':/%C9/9'N=C9E'9:/9'12&$'`NE9'02V=E9&"/$'21'9:"'
9N&%NH"=9' .HN=>"' .22H' %"H2V' 9:"' /..&2XC$/9"H4' (+F$F9/HH' 1/HHE' Ym,++' 19Z8' ' M:"E"' 9:&""'
:/%C9/9' N=C9E' YbD^' ,)' (' /=0' QZ' 12&$"0' 9:"' N.."&$2E9' *((' $' Y]T6' 19Z' 21' :/%C9/9' 9:/9'
12&$"0' 9:"' 1C&E9' $"/=0"&' %"=0' C=' 9:"' #:/=="H8' ' M:"E"' :/%C9/9' N=C9E' C=#HN0"0' /' :C>:F
>&/0C"=9' &C11H"' YbD^' ,Z' 9:/9' 9&/=EC9C2="0' C=92' /' 1/E9' >HC0"' YbD^' (Z)' /=0' 9:"=' /' :C>:'
>&/0C"=9' &C11H"' YbD^' QZ' `NE9' /%2<"' /' .2C=9' V:"&"' 9:"' &C<"&' E9&N#K' /' %"0&2#K' V/HH' /=0'
>&/0"0'C=92'bD^]'YUC>N&"'*F,/Z'V:"&"'B"2FP"/#:'*'%">/=8'';'EC0"'#:/=="H'C=H"9'YbD^'
*Z'V/E'H2#/9"0'2='9:"'H"19'%/=K'21'bD^,)'/=0'9:"'1/E9'&C11H"'&/='/..&2XC$/9"H4',*5'$'YQ**'
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19Z'92'9:"'#2=1HN"=#"'VC9:'9:"'H2V"&'"=0'21'bD^'Q8'';='/00C9C2=/H'EC0"'#:/=="H'YbD^'6Z'
12&$"0'/9' 9:"'9&/=EC9C2='%"9V""='bD^'Q'/=0'bD^'])'V:"&"'9:"'#:/=="H'%&/=#:"08' 'M:"'
2=H4'K"4'.C"#"'21'V220'"=#2N=9"&"0'C='9:CE'EN&<"4'V/E'C='bD^','Y&C>:9'%/=KZ)'"$%"00"0'
C='9:"'#:/=="H'."&."=0C#NH/&'92'9:"'0C&"#9C2='21'1H2V8''

'
Figure 2-4:  Upper Cascade Creek main channel habitat distributions by Geo-

Reach. 

B"2FP"/#:'*'V/E'%2N=0"0'2='C9E'N.."&'"=0'%4'9:"':"/0'21'bD^']'Y/=0'EC0"'#:/=="H'bD^'
6Z'/=0' 9:"' H2V"&'"=0'%4' 9:"' 9"&$C=NE'21'bD^',]8' ';E' E:2V=' C='UC>N&"'*F,/)' 9:"' &"/#:'
#2=9/C="0' E"<"=' .&C$/&4' $/C=' #:/=="H' :/%C9/9' N=C9E' #2=E9C9N9C=>' 6T,' $"9"&E' 21' $/C='
#:/=="H'H"=>9:8'M:"'$/C='#:/=="H'N=C9E'2='9:"'&"/#:'C=#HN0"0'&C11H"E'YbD^'])'@',()'/=0'
,]Z)'>HC0"E'YbD^'5)',QZ)'/=0'2="'H2=>'.22H'YbD^',*Z8''M:CE'.22H'N=C9':/0'/'&"EC0N/H'0".9:'
"X#""0C=>'+8]6$'Y*86' 198Z)' /H9:2N>:' 9:"'"X/#9'$/XC$N$'0".9:'V/E'w',8*'$'YmQ' 19Z' /=0'
%"42=0'9:"'HC$C9E'21'9:"'EN&<"4'"ONC.$"=98''bD^'T'V/E'/'E"#2=0/&4'.22H'VC9:C='bD^']8''
;'H2=>'211F#:/=="H'1"/9N&"'jQ;k'%&/=#:"0'211'9:"'&C>:9'%/=K'C='9:CE'E"#9C2=8'';=29:"&'EC0"'
#:/=="H'2='9:"'H"19'%/=K'YbD^',+F,,Z'9"&$C=/9"0'C='/'.22H'2='9:"'C=EC0"'21'9:"'$"/=0"&'
%"=08'

B"2FP"/#:'(' %">/=' /9'bD^',5' /=0' "X9"=0"0' 02V=E9&"/$'(@6'$' 9:&2N>:'bD^'*,8' ' G9'
C=#HN0"0'/'E"&C"E'21'&C11H"F>HC0"':/%C9/9'E"ON"=#"E8''bD^',5'%">/='`NE9'%"H2V'9:"'%"0&2#K'
K=2%'9:/9'.&29&N0"0'1&2$'9:"' H"19'%/=K'YE""'.:292' C=';.."=0CX'*F(Z8' ' G9'#2=9/C=E'/' H2=>'
&C11H")'>HC0"'/=0'.22H':/%C9/9'N=C9'YVC9:'/'&"EC0N/H'.22H'0".9:'21'm'+8Q'$'Y,86'19Z8' ';'H"19'
%/=K'EC0"'#:/=="H'YbD^',@Z'/HE2'2##N&&"0'C='9:CE'&"/#:8'
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B"2FP"/#:'Q'%">/='/9'bD^'*('YVC9:'/='/EE2#C/9"0'EC0"'#:/=="H'bD^'**Z'9:/9'"X9"=0"0'
/&2N=0'/'9C>:9'$"/=0"&'E"ON"=#"'92'9:"'"=0'21'bD^'*T)'/'929/H'$/C='#:/=="H'0CE9/=#"'21'
*Q,'$"9"&E8''G9'#2=9/C="0'9V2'H2=>'&C11H"E'/=0'9:&""'H/&>"'.22HE8''^="'21'9:"'.22HE'YbD^'
*TZ':/0'/'&"EC0N/H'.22H'0".9:'21'w,'$'Y(8('19Z8'

B"2FP"/#:'6'V/E' #:/&/#9"&Cd"0'%4' /' &"H/9C<"H4' E9&/C>:9' #:/=="H' %"#2$C=>'%&/C0"0'="/&'
9:"' 0"H9/)' V:C#:' E.HC9' C=92' E"<"&/H' EC0"' #:/=="HE' 9:/9)' 12&' .N&.2E"E' 21' 9:CE' E9N04)' V"&"'
/EEC>="0'C=0C<C0N/H':/%C9/9'0"EC>=/9C2=E8'';'929/H'21',,'EC0"'#:/=="H'2&'E"#2=0/&4':/%C9/9E'
V"&"' #2N=9"0)' V:CH"' $/C=' #:/=="H' :/%C9/9' N=C9E' =N$%"&"0' ]' /=0' C=#HN0"0' (' &C11H"E)' *'
>HC0"E'/=0'*'.22HE8''M:"'.22HE'V"&"'ONC9"'0"".)'VC9:'&"EC0N/H'.22H'0".9:E'21'+8Q'$'Y,86'19Z'
/=0',8,*'$'Y(8]'19Z)'&"E."#9C<"H48''M:"'$/C='#:/=="H'&/=']+@'$"9"&E'1&2$'9:"'92.'21'bD^'
*]'92'9:"'%2992$'21'bD^'Q,'/9'9:"'0"H9/8'

2.3.2.2. HABITATS IN SIDE CHANNELS AND OFF-CHANNELS  

;'929/H'21',@'EC0"'#:/=="HE'V"&"'=29"0'0N&C=>'9:"'R.."&'S/E#/0"'S&""K'EN&<"4)'VC9:'/'
#2$%C="0'H"=>9:'21'm'5QT'$'Y*]]]'19Z)'$2E9H4' C=' 9:"'12&$'21'E:/HH2V'&C11H"E'/=0'>HC0"E'
YUC>N&"' *F6Z8' ';' 929/H' 21' (' .22HE'V"&"' #2N=9"0' C=' 9:"E"' EC0"' #:/=="HE)' /=0)' #2$%C="0)'
9:"E"':/0'/'929/H'H"=>9:'21']6'$'Y*Q]'19Z8'';'1"V'21'9:"E"'EC0"'#:/=="HE'V"&"'&"HC#9'1"/9N&"E'
9:/9' :/0' =2' 0C&"#9' #2=="#9C2=' 92' 9:"' EN&1/#"' 1H2VE' C=' 9:"'$/C=' #:/=="H)' /=0'V"&"' 9:NE'
H/%"H"0'/E'^S'12&'211'#:/=="H)'/=0'$2E9'/.."/&"0'92'%"'V"9'%4'<C&9N"'21'N.V"HHC=>'1&2$'
:4.2&:"C#' 1H2V' /=0' E.&C=>' #&""KE' 1H2VC=>' 1&2$' 9:"' /0`/#"=9' V"9H/=0' </HH"48' ' G='$2E9'
#/E"E)'9:"E"'0"/0F"=0"0'EC0"'#:/=="HE'0C0'&"#2=="#9'VC9:'9:"'$/C='#:/=="H'/9'9:"C&'H2V"&'
"=08' ' M:"&"' V"&"' 2=H4' (' 21' 9:"E"' 1"/9N&"E8' ' ^9:"&' jEC0"' #:/=="HEk' &"1H"#9"0' H2#/HCd"0'
#:/=="H' %C1N&#/9C2=' VC9:C=' /' >C<"=' B"2FP"/#:8' ' U2&' "X/$.H")' 2=H4' 2="' EC0"' #:/=="H'
2##N&&"0'C='B"2FP"/#:','YbD^'*Z)'/=0'B"2FP"/#:'('YbD^',@Z)'V:CH"'9:"'%&/C0"0'H2V"&'
E"#9C2='21'9:"'&C<"&'C='B"2FP"/#:'6'"X:C%C9"0'$NH9C.H"'EC0"'#:/=="HE8'''

2.3.2.3. RESIDUAL POOL DEPTH 

P"EC0N/H' .22H' 0".9:' YP-!Z)'$"/EN&"0' 12&' "/#:' .22H' "=#2N=9"&"0)'V/E' E9&/9C1C"0' C=' 9:"'
E"ON"=9C/H' B"2FP"/#:"E8' ' -22HE' V"&"' &"/E2=/%H4' V"HH' 0CE9&C%N9"0' /#&2EE' 9:"' 1C<"' B"2F
&"/#:"E'/=0'VC9:C='C=0C<C0N/H'B"2F&"/#:"E'YUC>N&"'*FTZ8''P-!E'>"="&/HH4'"X#""0"0'+8Q'$8''
!"9"&$C=/9C2='21'P-!'V/E'219"='/$%C>N2NE'>C<"='9:"'=/9N&"'21' 9:"'%2992$'92.2>&/.:4'
9:/9'4C"H0"0'/'>&/0N/HH4'EH2.C=>'2N9H"9'92'.22HE'/EE2#C/9"0'VC9:'>HC0"E8'''

'
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'
Figure 2-5.  Habitat types in side channels to Upper Cascade Creek by Geo-Reaches. 

'

'
Figure 2-6:  Residual pool depths for 5 Geo-Reaches in Upper Cascade Creek. 
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2.3.2.4. LWD DISTRIBUTION AND ABUNDANCE 

M:"' 929/H' #2N=9' 21' /HH' V220' YC=#HN0C=>' EC0"' #:/=="HEZ' V/E' ONC9"' H2V' YUC>N&"' *F]Z)' /E'
#2$./&"0' 92' &"1"&"=#"' E9&"/$E' 9:&2N>:2N9' 9:"'-/#C1C#'b2&9:V"E9' YU2X' *++(Z8' '^<"&/HH)'
H/&>"' V220' C=' 9:"' #:/=="H' V/E' <"&4' HC$C9"08' ' ;' 929/H' 21' ,+' 21' .C"#"E' 21' I7!' V"&"'
"=#2N=9"&"0'/=0'2=H4'2="'21'9:"E"'$"9'9:"'ECd"'#&C9"&C/'12&'/'jK"4k'.C"#"8''B"2FP"/#:'Q'
#H"/&H4' :/0' 9:"' $2E9' V220)' /=0)' #2C=#C0"=9/HH4)' /HE2' :/0' /=' /%N=0/=#"' 21' .22HE8' ' G='
#2=9&/E9)'B"2FP"/#:'*':/0'=2'/../&"=9'V220'/9'/HH8'''

'
Figure 2-7:  Total LWD count for 5 Geo-Reaches in Upper Cascade Creek. 

2.3.2.5. SUMMARY STATISTICS 

M:"' RDUD' P">C2=/H' E9&"/$' EN&<"4' .&292#2H' E."#C1C"E' /' </&C"94' 21' EN$$/&4' E9/9CE9C#E'
YM/%H"'*F6Z'/..HC"0'12&'9:"'*8+'P?'Y,8*'$CZ'21'R.."&'S/E#/0"'S&""K8'

'
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Table 2-4.  Summary statistics and methods for USFS stream survey protocol. 

W/%C9/9'&"E.2=E"'
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2.3.3. SPRING CREEK SURVEY RESULTS 

M:"'N.E9&"/$'"X9"=9'21'9:"'EN&<"4'V/E'/..&2XC$/9"H4'T++'$'Y*+++'19Z)'C=#HN0C=>'EN&<"4E'
21'9:"'E"<"&/H'./&/HH"H'EC0"'#:/=="HE'9:/9'#/='%"'E""='C='UC>N&"'*F,#8''M:"'N.E9&"/$'"X9"=9'
21' 9:"'EN&<"4'V/E':/H9"0'(+'$'Y,++'19Z'%"H2V'9:"'$/`2&'#:/=="H'E.HC9'2%E"&</%H"' C=' 9:"'
/"&C/H'.:2928''DN%E9&/9"'#2=0C9C2=E'C='9:CE'&"/#:)'/=0'9:"'2="'%"H2V)':/0'%"#2$"'EN#:'9:/9'
V/HKC=>'C='9:"'#:/=="H'V/E'C$.&/#9C#/H8''_N0'/=0'ECH9'0".2EC9E'N.'92'w+8T'$'Y*'19'0"".Z'
$/0"' C9'="/&H4' C$.2EEC%H"' 92'V/HK'N.E9&"/$8' ';'=/&&/9C<"'/##2N=9'21' 9:"'(+'$' Y,++' 19Z'
EN&<"4' E">$"=9E)' 1&2$' N.E9&"/$' 92' 02V=E9&"/$' CE' .&2<C0"0' %"H2V' /=0' EN$$/&Cd"0' C='
M/%H"'*FT8'

Segment 1'F'D9/&9C=>'/9'm'(+'$'Y,++'19Z'%"H2V'9:"'$/`2&'#:/=="H'E.HC9'<CEC%H"'C='9:"'/"&C/H'
.:292)' 9:"' 1C&E9' E">$"=9'V/E' #:/&/#9"&Cd"0' %4' 0"".'$N0)' N.' 92' +8T'$' Y*' 19Z)' 2<"&H4C=>'
>&/<"H'EN%E9&/9"'Y.&"EN$"0'%N9'=29'<CEC%H"Z8''-/9#:"E'21'>&/<"H'/=0'&229"0'<">"9/9C2='V"&"'
/HE2'.&"E"=9)'%N9'E./&E"'C='9:"'2<"&/HH'/&"/8''7/9"&'0".9:E'C='9:CE'E">$"=9'V"&"'1&2$'+8('$'
92'+8Q6'$'Y,'92',86'19Z'0N&C=>'9:"'EN&<"48''S:/=="H'VC09:'V/E'm']'$'Y*('19Z)'%N9'=/&&2V"0'
92' /E' HC99H"' /E' Q8('$' Y,Q' 19Z' C=' .H/#"E' YE""' .:292E' C=';.."=0CX' *F(Z8' ';=' /%N=0/=#"' 21'
VCHH2VE'C='9:"'&C./&C/='d2="'.&2<C0"0'E:/0"'92'9:"'E9&"/$'#:/=="H8'';9'6}S'YQ*~UZ)'V/9"&'
9"$."&/9N&"E'C='9:"'E9&"/$'2<"&/HH'V"&"'m'F,*}S'Y,+}UZ'H"EE'9:/='C='S/E#/0"'S&""K'0N&C=>'
9:"'EN&<"48''

Segment 2'F'DN%E9&/9"'C='9:CE'(+'$'Y,++'19Z'&"/#:'V/E'02$C=/9"0'%4'>&/<"H)'VC9:'1"V"&'
./9#:"E' 21' ECH9E)' %N9' E9CHH' E:2VC=>' E2$"' 2##N&&"=#"' 21' &229"0' <">"9/9C2=8' ' W/%C9/9' V/E'
#2=ECE9"=9H4'>HC0"'C='#:/&/#9"&8''7/9"&'0".9:E'C='9:CE'&"/#:'</&C"0'1&2$'+8('92'+8Q'$'Y,'92'
,8Q'19Z8' 'SN&&"=9'V/E'"E9C$/9"0'92'%"'m'+86'1.E)'VC9:'/='"E9C$/9"0'1H2V'21'/&2N=0'6'92']'
#1E8''S:/=="H'VC09:'/<"&/>"0'686'$'Y,5'19Z8''7CHH2VE'/=0'E"0>"E'02$C=/9"0'9:"'&C./&C/='
<">"9/9C2=8''

Segment 3' F' G=' 9:CE' (+'$' Y,++' 19Z' E">$"=9)'V/9"&' 0".9:E' /<"&/>"0'+8*'$' Y+8]' 19Z)' /=0'
$2&"'>&/<"H'./9#:"E'V"&"'"<C0"=9)'%"00"0'C='EN%E9/=9C/H'/$2N=9E'21'E/=08''M:"&"'V/E'H"EE'
ECH9' Y0"9&C9NEZ'/=0' H"EE' &229"0'<">"9/9C2='"<C0"=98'M:"'#:/=="H'/<"&/>"0'685'$'Y,@'19Z' C='
VC09:8''7/9"&'<"H2#C9C"E'V"&"'"E9C$/9"0'/9'm'+8]'1.E8'''

Segment 4'FM:"'12N&9:'E">$"=9'21'(+'$'Y,++'19Z'C='H"=>9:'V/E'02$C=/9"0'%4'/'H/&>"'.22H'
Ym,8,' $' Y(8T' 19Z' $/XC$N$' 0".9:Z' 9:/9' 2##N.C"0' $2E9' 21' 9:"' #:/=="H' VC09:)' VC9:' /'
:40&/NHC#' #2=9&2H' 02V=E9&"/$' 9:/9' V/E' +8(' $' Y,' 19Z' 0"".8' ' M:"' .22H' 2##N.C"0'
/..&2XC$/9"H4',*86'$'YQ,'19Z'21'9:"'H"=>9:'21'9:CE'E">$"=98''M:"'#:/=="H'VC09:'/<"&/>"0'
/%2N9']'$'Y*('19Z'C='9:CE'E">$"=98'''

Segment 5' F'DN%E9&/9"' C='9:"'1C19:'(+'$'Y,++'19Z'E">$"=9'V/E'.&"02$C=/=9H4'E/=0E'/=0'
>&/<"HE)'VC9:' HC99H"' &229"0' /ON/9C#'<">"9/9C2=8' 'M:"' &C./&C/='d2="'V/E'0"=E"'VC9:'=/9C<"'
VCHH2VE' /=0' N=0"&E92&4' E:&N%E8' ' 7/9"&' 0".9:E' /<"&/>"0' w' +8Q6' $' Y,86' 19Z)' VC9:' /'
$/XC$N$'0".9:'&"#2&0"0'21'+8]T'$'Y*86'19Z8''^="'#&2EEF2<"&'%/&'C='9:"'#:/=="H'$/&K"0'
9:"'1C&E9'&C11H"'/=0'/='2%<C2NE'C=#&"/E"'C='H2#/H'>&/0C"=98'';'E$/HH'%&/=#:'2='9:"'&C>:9'%/=K'
12&$"0'/='/H#2<"':/%C9/98' 'M:"'#:/=="H'/<"&/>"0'/%2N9'@'$'Y(+'19Z' C='VC09:'9:&2N>:2N9'
9:"'E">$"=98'
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Segment 6'F'_C0V/4'9:&2N>:'9:CE'(+'$'Y,++'19Z'E">$"=9'Y/9'9:"'Q5'19'$/&KZ'9:"&"'V/E'/'
EC>=C1C#/=9'#:/=="H'E.HC9'VC9:'/'+856'$'Y*85'19Z'0"".'.22H'Y/=0'/':40&/NHC#'#2=9&2H'/9'+8+T'
$'Y+8*'19Z'0"".8'';9'685'$'Y,@'19Z'VC0")'9:"'H"19'%/=K'#:/=="H'V/E'9:"'$/C='#:/=="H)'VC9:'/'
&C11H"':/%C9/9'N=C9'9:/9'#2N&E"0'2<"&'/'EN%E9&/9"'21'ENC9/%H"'ECd"0'E./V=C=>'>&/<"HE8''D2$"'
0CE9N&%/=#"'21'9:"'0"9&C9NE'H/4"&'EN>>"E9"0'&"#"=9'E./V=C=>'/#9C<C94)'%N9'9:CE'#2NH0'=29'%"'
0"9"&$C="0'0"1C=C9C<"H4'>C<"='9:"'0CE9N&%/=#"'/99"=0/=9'VC9:'V/HKC=>'9:"'#:/=="H8'''

Segment 7'F'M:CE'(+'$'Y,++'19Z'E">$"=9'.&2<C0"0'9:"'1C&E9'I7!'"=#2N=9"&"0'C='D.&C=>'
S&""K)'VC9:'/'929/H'V220'#2N=9'21',('.C"#"E)'/HH'w'+8,'$'YQ'C=Z'0C/$"9"&'/=0'('$'Y,+'19Z'C='
H"=>9:)'/HH'VC9:C='9:"'V"99"0'#:/=="H'YC8"8'f2="',Z8''^="'.C"#"'V/E'+8*'$'Y5'C=Z'0C/$"9"&'
/=0'T'$'Y*+'19Z'H2=>8''DN%E9&/9"':"&"'V/E'.&C$/&CH4'E/=0E'/=0'>&/<"HE)'VC9:'/='"E9C$/9"0'
!6+' 21' m' (+' $$8' '7/9"&' 0".9:' /<"&/>"0' +8(' $' Y,' 19Z)' /=0' V/9"&' <"H2#C94' V/E' $2&"'
"<C0"=9' 9:&2N>:' &C11H"' :/%C9/9)' C=0C#/9C=>' /' H2#/HCd"0' C=#&"/E"' C=' %"0' >&/0C"=98' ' ;' E:2&9'
#:/=="H' "=9"&"0' 2=' 9:"' &C>:9' %/=K)' /=0' :/0' /' 1"V' .C"#"E' 21' E#/99"&"0' I7!8' ' ;' 1"V'
%2NH0"&E' V"&"' E""=' C=' 9:"' #:/=="H)' /=0' #&"/9"0' H2#/HCd"0' E#2N&' :2H"E8' ' D2$"' &229"0'
<">"9/9C2=' .N=#9N/9"0' 9:"' .&"02$C=/9"H4' E/=0' /=0' >&/<"H' EN%E9&/9"8' ' M:"' #:/=="H'
/<"&/>"0',,8('$'Y(]'19Z' C='VC09:8' 'D2$"' 9/0.2H"E'V"&"'E""='2=' 9:"'#:/=="H'$/&>C=E' C='
EH2V'$2<C=>'V/9"&Z8''^="'`N<"=CH"'1CE:'21'm'6+'$$'C='H"=>9:'V/E'E""=8'

Segment 8'F'M:CE'E">$"=9'21'(+'$'Y,++'19Z'/HE2'#2=9/C="0'/'E#/99"&C=>'21'I7!'Y6'.C"#"E)'
/HH' EN%$"&>"0' VC9:C=' 9:"' #:/=="HZ8' ' J/#KV/9"&' 1&2$' 9:"' "H"</9"0' H/K"' H"<"H' #&"/9"0'
.&"02$C=/=9H4' EH/#KFV/9"&' >HC0"' :/%C9/98' ' ' UC="' ECH9' /=0' 0"9&C9NE' 2<"&H/C0' 9:"' >&/<"H'
EN%E9&/9"'/=0'EN%$"&>"0'%2NH0"&E8''!".9:E'1&2$'9:"'%/#KV/9"&'&/=>"0'1&2$'m+86'92'+8]'$'
Y,86'92'*8*'19Z)'VC9:'/='/<"&/>"'21'+8T'$'Y,8@'19Z8''S:/=="H'VC09:'</&C"0'1&2$'586'p'@8Q'$'
Y*5'19'92'(,'19Z8'

Segment 9' F' J"#/NE"' 21' 9:"' 2##N&&"=#"' 21' CEH/=0E' 9:/9' %C1N&#/9"0' 9:"' #:/=="H)' 9:CE'
E">$"=9'V/E'*+8]'$'YT5' 19Z' C=' H"=>9:8' 'M:"E"' CEH/=0E'E.HC9' 9:"'#:/=="H' C=92' 9:&""' H2%"E8''
M:CE' E">$"=9'"=0"0'/9' 9:"' CEH/=0' 9:/9' E.HC9E' 9:"'#:/=="H)' /=0'V/E'@'$'Y(+' 19Z' C='VC09:)'
VC9:'/='/<"&/>"'21'+86'$'Y,8]'19Z'C='0".9:8''B&/<"H'V/E'9:"'02$C=/=9'EN%E9&/9")'%N9'V/E'
/>/C=' 2<"&H/C=' %4' /' 9:C=' $/=9H"' 21' 0"9&C9NE' 9:/9' V/E' "/ECH4' 0CE9N&%"0' V:"=' 9&20' N.2=8''
M:"&"'V"&"'9V2'.C"#"E'21'EN%$"&>"0'I7!)'%N9'="C9:"&'$"9'9:"'K"4'.C"#"'ECd"'#&C9"&C/8'''

Segment 10' F'M:CE'E">$"=9'V/E'(T86'$'Y,*+'19Z' H2=>)'/=0'9"&$C=/9"0'/9' 9:"'"=0'21' 9:"'
CEH/=0' &"1"&&"0' 92' C=' 9:"' 0"E#&C.9C2=' 21' D">$"=9' @' /%2<"8' ' M:"' EN%E9&/9"' V/E'
.&"02$C=/=9H4'>&/<"H'#2<"&"0'VC9:'0"9&C9NE)'VC9:'E2$"'&229"0'<">"9/9C2=8''S:/=="H'VC09:'
V/E',*86'$'YQ,'198Z8' 'UC<"'.C"#"E'21'I7!'V"&"'EN%$"&>"0' C=' 9:"'#:/=="H8' ';>/C=)' 9:CE'
V/E'.&C$/&CH4'/'EH/#KFV/9"&'>HC0"'C='9"&$E'21':/%C9/9'#:/&/#9"&CE9C#E8'

Segment 11' F' M:CE' T*86' $' Y*+6' 19Z' H2=>' E">$"=9' V/E' /=29:"&' H2%"' 21' 9:"' #:/=="H'
9&C1N&#/9"0'%4'9:"'CEH/=0E'$"=9C2="0'/%2<"'YE""'.:292E)';.."=0CX'*F(Z8''B&/<"HE'V"&"'9:"'
02$C=/=9'EN%E9&/9"'/=0'E:2V"0'H"EE'#2<"&/>"'VC9:'0"9&C9NE'9:/='E""='"HE"V:"&")'."&:/.E'
&"1H"#9C=>':C>:"&'<"H2#C9C"E'.&"E"=9'V:"='H/K"'H"<"HE'/&"'H2V"&8''S:/=="H'VC09:'V/E',+'$'
Y(5'198Z8''MV2'.C"#"E'21'I7!'V"&"'E""=)'%29:'C='d2="'2="'/=0'=29'$""9C=>'9:"'K"4'.C"#"'
#&C9"&C/8'
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Segment 12' F' M:CE' V/E' 9:"' H/E9' EN&<"4"0' E">$"=9' /=0' V/E' #2$.2E"0' 21' .&C$/&CH4'
%/#KV/9"&'>HC0"E)'>&/0C=>'C=92'9:"'H/K"'0"H9/'$/KC=>'C9E'9"&$C=NE'C=0CE9C=#98''M:"'/<"&/>"'
VC09:'V/E'(,'19'/=0'9:"'H"=>9:'V/E'm,6@'$'Y6*+'19Z8''DN%E9&/9"'V/E':2$2>"=2NE'>&/<"HE'
VC9:'/='2<"&H/4'21'0"9&C9NE'/=0'ECH98'''

Table 2-5:  Spring Creek habitat characteristics. 

Segment Length/Width 
(ft) 

Primary 
Substrate 

# LWD Habitat Type 

D">$"=9',' (+'$'Y,++'19ZL'
]8+p'Q8('$''
Y*(F,Q'19Z'

!"".'$N0'/=0'ECH9'
VC9:'&229"0'
<">"9/9C2='

+' BHC0"'

D">$"=9'*' (+'$'Y,++'19ZL'
686'$'Y,5'19Z'

B&/<"HE'VC9:'
&229"0'<">"9/9C2='

+' BHC0"'

D">$"=9'(' (+'$'Y,++'19ZL'
685'$Y,@'19Z'

B&/<"HE'VC9:'E/=0' +' BHC0"'

D">$"=9'Q' (+'$'Y,++'19ZL'
]'$'Y*('19Z'

B&/<"HE'VC9:'E/=0' +' -22H'VC9:'>HC0"E'

D">$"=9'6' (+'$'Y,++'19ZL'
@'$'Y(+'19Z'

D/=0E'/=0'
>&/<"HE)'VC9:'HC99H"'
&229"0'<">"9/9C2='

+' BHC0"E'/=0'&C11H"

D">$"=9'T' (+'$'Y,++'19ZL'
685'$'Y,@'19Z'

B&/<"HE'VC9:'
0"9&C9NE'/=0'ECH9'

+' BHC0"'VC9:'H/&>"'
.22H''

D">$"=9']' (+'$'Y,++'19ZL'
,,8('Y(]'19Z'

D/=0E'/=0'>&/<"HE' ,(' BHC0"'

D">$"=9'5' (+'$'Y,++'19ZL'
586'p'@8Q'$''
Y*5'F'(,'19Z'

B&/<"HE'
E$29:"&"0'C='
0"9&C9NE'/=0'ECH9'

6' BHC0"'

D">$"=9'@' (+'$'Y,++'19ZL'
@8,'$'Y(+'19Z'

'' *' BHC0"'

D">$"=9',+' (T8T$'Y,*+'
19ZL'
,*86'YQ,'19Z'

B&/<"HE'VC9:'
0"9&C9NE'

6' BHC0"'

D">$"=9',,' T*86$'Y*+619ZL'
,,8T'$'Y(5'19Z'

B&/<"HE' *' BHC0"'

D">$"=9',*' ,6@$'Y6*+'19ZL'
@$'Y(,19Z'

B&/<"HE'VC9:'
0"9&C9NE'/=0'ECH9'

+' J/#KV/9"&''

2.3.4. LOWER CASCADE CREEK AT TIDEWATER 

P"/#:' ,;)' H2#/9"0' %"9V""='M:2$/E'J/4' 9C0"V/9"&' /=0' 9:"' 1C&E9' %/&&C"&' 1/HHE' 2='I2V"&'
S/E#/0"' S&""K' V/E' /..&2XC$/9"H4' *++F$"9"&E' C=' H"=>9:8' ' J"#/NE"' 9:"' #2$%C=/9C2=' 21'
E9"".'>&/0C"=9'/=0':C>:'0CE#:/&>"'$/0"'V/0C=>'N=E/1")'V/9"&'0".9:E'/=0'#:/=="H'VC09:E'
V"&"'"E9C$/9"0'1&2$'E:2&"8''UH2VE'/9'9:"'9C$"'21'9:"'ON/HC9/9C<"'EN&<"4'2='^#92%"&'*]9:)'
*+,+'V"&"'/..&2XC$/9"H4'Q++'#1E'2='I2V"&'S/E#/0"'S&""K8'''
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M:"'E9&"/$':/%C9/9'C='&"/#:',;'V/E'.&C$/&CH4'#/E#/0"E'VC9:'/'H/&>"'.22H'H2#/9"0'0C&"#9H4'
%"H2V'9:"'%/&&C"&'1/HHE'Y;.."=0CX'*F6Z8''M:"'EH2."'1&2$'9:"'%/&&C"&'1/HHE'92'M:2$/E'J/4'
V/E'E9"".'Y"E9C$/9"0' ,+uZ8'7/9"&'<"H2#C94'V/E'EVC19'/=0'#/E#/0C=>'C='$2E9'.H/#"E'VC9:'
2##/EC2=/H'%&"/KE'2##N&&C=>'/H2=>'9:"'%/=KE'/=0'%":C=0'H/&>"'%2NH0"&E'V:"&"'9:"&"'V"&"'
HC$C9"0'.2#K"9E'21'#/H$'V/9"&8''DN%E9&/9"'="/&'9:"'$2N9:'21'9:"'MC0"V/9"&E'&/=>"0'1&2$'
EN%F/=>NH/&' /=0' &2N=0"0' #2%%H"E' 92' %2NH0"&E'VC9:' 1"V'>&/<"HE' .&"E"=98' ' IC$C9"0' E$/HH'
.2#K"9E'21'E/=0'/=0'ECH9'V"&"'H2#/9"0'="/&'9:"'$2N9:'21'9:"'E9&"/$'/=0'#H2E"'92'2&'%"H2V'
9:"'9C0"V/9"&'C=1HN"=#"8'M:"'/<"&/>"'V/9"&'0".9:'V/E'/..&2XC$/9"H4'+86'1""9'C='9:"'&C11H"E'
/=0'#/E#/0"':/%C9/9E'/=0'"E9C$/9"0' 92'%"'N.' 92',86F$"9"&E' C=' 9:"'.22H'%"H2V'9:"'%/&&C"&'
1/HHE8''M:"'#:/=="H':/0'/='/<"&/>"'VC09:'21',+86F$"9"&E8'

S2$./&/9C<"H4)'9:"'E9&"/$'&"/#:'/%2<"'9:"'%/&&C"&'1/HHE'#2=9/C=E'H/&>"&'.22HE'/=0'0&2.E)'
&"H/9C<"H4'1"V"&'%2NH0"&E'/=0'#2%%H"E)'/=0'/.."/&E'92'%"'C=1HN"=#"0'%4'%"0&2#K'#2=9&2HE'
92'/'>&"/9"&'0">&""'9:/='9:"'H2V"&'P"/#:',;8''

;'HC$C9"0'/$2N=9'21'H/&>"'V2204'0"%&CE'2<"&:N=>'/=0'V/E'EN%$"&>"0'/H2=>'9:"'%/=KE'21'
I2V"&'S/E#/0"'S&""K'%N9'&"H/9C<"H4'HC99H"'92'=2'<">"9/9C<"'#2<"&'"XCE9"0'C='9:"'#:/=="H'2='
9:CE' E"#9C2=' 21' 9:"' E9&"/$a' :2V"<"&)' 9:C#K' 2<"&F:/=>C=>' <">"9/9C2=' "XCE9"0' /H2=>' 9:"'
%/=KE'/'E:2&9'0CE9/=#"'1&2$'9:"'V"99"0'."&C$"9"&'Y"8>8'/H0"&E'/=0'0"<CHhE'#HN%Z8'J2NH0"&E'
/=0'#2%%H"'EN%E9&/9"'.&2<C0"0'9:"'$2E9':/%C9/9'</&C/9C2='/=0'.22HE'12&'1CE:'92'N9CHCd"8'

2.4. DISCUSSION 
^<"&/HH)' :/%C9/9' 0C<"&EC94' V/E' &"H/9C<"H4' HC$C9"0' C=' 9:"' H2VF>&/0C"=9' #:/=="H' 21' R.."&'
S/E#/0"' S&""K8' ' M:"'V/9"&E:"0'V/E' #2$.H"9"H4' N=/11"#9"0' %4' :N$/=' 0"<"H2.$"=9' 2&'
&"E2N&#"' "X9&/#9C2=8' 'W/%C9/9' N=C9E'V"&"' H/&>")' /=0' %2N=0/&C"E' %"9V""=' 2="' N=C9' 92' 9:"'
="X9' V"&"' 219"=' C=0CE9C=#98' ' M:"' H/#K' 21' 2%E9&N#9C2=E' 92' 1H2V' YH/&>"' V2204' 0"%&CE' /=0'
%2NH0"&EZ'&"ENH9"0'C='&"H/9C<"H4'1"V'$C#&2':/%C9/9'1"/9N&"E8''7220'H2/0C=>'V/E'&"H/9C<"H4'
H2V'V:"=' #2$./&"0' 92' HC9"&/9N&"' </HN"E' %N9' V/E' HCK"H4' 94.C#/H' 12&' E9&"/$E' C=' &"#"=9H4'
0">H/#C/9"0' H/=0E#/."E' /9' "H"</9C2=E' 9:/9' 02' =29' EN..2&9' &/.C0' >&2V9:' 21' H/&>"' 9&""E8''
B&/<"HE'ENC9/%H"'12&'E./V=C=>'V"&"'/%N=0/=9)'%N9'9:"'H/#K'21'H/&>"'#2%%H"'/=0'%2NH0"&E'
EN>>"E9E' 9:/9' `N<"=CH"' O. mykiss' $/4' =29' 1C=0' /%N=0/=9' &"/&C=>' :/%C9/9E8' ' D9CHH)' 9:"'
"XCE9C=>':/%C9/9E'V"&"'EN11C#C"=9H4'0C<"&E"'92'.&2<C0"'V:/9'/.."/&E'92'%"'C0"/H'E./V=C=>'
/=0'/0NH9'1""0C=>':/%C9/9E8' '-22HE'V"&"'&"/E2=/%H4'/%N=0/=9)'/H9:2N>:'1"V'V"&"'12&$"0'
%4'$/`2&'2%E9&N#9C2=E'92'1H2V'EN#:'/E'%2NH0"&E'2&'H/&>"'V220'/##N$NH/9C2=E8'';H9:2N>:'
=29' VC0"H4' /%N=0/=9)' 2<"&%/=K' #2<"&' V/E' .&2<C0"0' %4' 9:"' /$.H"' &C./&C/=' <">"9/9C2='
#2=ECE9C=>'21'=/9C<"'VCHH2VE'/=0'#2=C1"&E8'

W/%C9/9'0C<"&EC94'C='D.&C=>'S&""K'V/E'#2=EC0"&/%H4'$2&"'HC$C9"0)'%N9'9:"'.&"02$C=/=9H4'
>HC0"L.22H':/%C9/9'/=0'H2V'<"H2#C94'&"1N>"'V/9"&'V/E'C0"/H'12&'`N<"=CH"'E/H$2=C0'&"/&C=>8''
M"$."&/9N&"' C=' D.&C=>' S&""K' V/E' /%2N9' F,*8*}S' Y,+}UZ' #2H0"&' 9:/=' R.."&' S/E#/0"'
S&""K)' /=0' 9:"' &"H/9C<"H4'#2H0"&' 9"$."&/9N&"E'$/4' &"0N#"'>&2V9:' C1' 1220' EN..HC"E'V"&"'
HC$C9"08' ' D./V=C=>' :/%C9/9' $/4' %"' H2#/9"0' N.E9&"/$' 21' 9:"' &"/#:' EN&<"4"0' 2=' D.&C=>'
S&""K)' %N9' 0C11C#NH94' VC9:' /##"EE' .&"<"=9"0' C0"=9C1C#/9C2=' 21' 9:CE' /&"/8' ' BC<"=' 9:"'
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.&".2=0"&/=#"' 21' ECH9E' /=0' $N0' 2<"&H/4C=>' 9:"' &"/#:)' C9' E""$E' N=HCK"H4' 9:/9' EN#:'
E./V=C=>':/%C9/9'2##N&E'C='>&"/9'/%N=0/=#"'N.E9&"/$'21'9:"'.2C=9'EN&<"4"08'''

M:"' 0"H9/' /9' 9:"' H2V"&' #2=1HN"=#"' 21' 9:"' 9V2' #&""KE' /=0' DV/='I/K"'V/E' /' .&20N#9' 21'
2=>2C=>'E"0C$"=9'9&/=E.2&9'02V='R.."&'S/E#/0"'S&""K)'$20C1C"0'%4'=/9N&/H'</&C/%CHC94'
C=' H/K"' H"<"HE8' ';H9:2N>:'=2' E"0C$"=9' #2&"E'V"&"' 9/K"=)' 9:"' EN%E9&/9"' #2$.2EC9C2='V/E'
HCK"H4'.&C$/&CH4'#2$.2E"0'21'E/=0)'VC9:'ECH9'$2<C=>'C=92'0""."&'V/9"&'%4'ENE."=EC2='Y2&'
&"FENE."=EC2=' 0N&C=>' E92&$EZ8' ' B&/<"H' #/=' %"' $2<"0' 1/C&H4' "11C#C"=9H4' 2<"&' 9:"' 0"H9/'
EN&1/#")'%N9'C9E'2%E"&<"0'0CE9&C%N9C2='EN>>"E9E'9:/9'C9'CE'/'E"#2=0/&4'#2$.2="=9'21'9:"'%NHK'
#2$.2EC9C2='21'9:"'0"H9/8''D:C19C=>'21'9:"'.&C$/&4'1H2V'./9:'21'S/E#/0"'S&""K'2<"&'9C$")'
/E'/'&"ENH9'21'E92&$F0".2EC9"0'>&/<"H'%/&E'C='9:"'N.E9&"/$'./&9'21'9:"'0"H9/)'N=02N%9"0H4'
E#2N&E' 0C11"&"=9' ./&9E' 21' 9:CE' 1"/9N&"' 2<"&' 9C$"' /=0' >/<"' &CE"' 92' /' #2$.H"X' C=9"&=/H'
E9&/9C>&/.:4'/=0'/'$20"&/9"H4'</&4C=>'"X9"=98''M:"'%&2/0'>"2$"9&4'/=0'92.2>&/.:4'21'9:"'
0"H9/)' :2V"<"&)' :/<"' .&2%/%H4' %""=' &"H/9C<"H4' E9/%H"' 12&' /' H2=>' ."&C20' /=0' .&"EN$/%H4'
&"1H"#9E'/'H2=>F9"&$'%/H/=#"'21'E"0C$"=9'C=.N9'1&2$'N.F</HH"4)'<"&4'EH2V'>&2V9:'C=92'9:"'
0"".'V/9"&'21'9:"'H/K")'/=0'9&/=E.2&9'21'1C="&'E"0C$"=9'%4'".CE20C#'E92&$'V/<"E'/=0':C>:'
E9&"/$'1H2V8'

I2V"&'S/E#/0"'S&""K'CE'/':C>:'"="&>4)'H2V'E"0C$"=9'EN..H4'E9&"/$'E4E9"$'9:/9'CE'$2E9H4'
%"0&2#K' 2&' E9&N#9N&/HH4' #2=9&2HH"0' Y%2NH0"&EL#2HHN<C/H' 0".2EC9C2=Z' C=' /=' "=9&"=#:"0' /=0'
#2=1C="0'#:/=="H'/EE2#C/9"0'VC9:'1/NH9E)'E#/&.E)' `2C=9E)'/=0'29:"&'E9&N#9N&/H'#2=9&2HE' C='/'
0"".'#/=42=8'';##2&0C=>H4)'E./V=C=>'ECd"'EN%E9&/9"'V/E'<C&9N/HH4'=2=F"XCE9"=9'C='I2V"&'
S/E#/0"' S&""K)' C=#HN0C=>' 9:"' &"/#:' %"9V""=' 9:"' H/E9' 02V=E9&"/$' %/&&C"&' 1/HHE' /=0'
M:2$/E' J/48' ' -22H' E./#C=>' V/E' C&&">NH/&' VC9:' &"H/9C<"H4' H2V' EC=N2EC948' ' D2$"' H/&>"'
V2204' 0"%&CE' 2<"&:N=>' /=0'V/E' EN%$"&>"0' /H2=>' 9:"' %/=KE' 21' I2V"&'S/E#/0"'S&""K'
%N98'HC99H"'92'=2'<">"9/9C<"'#2<"&'V/E'.&"E"=9'C='9:"'V"99"0'#:/=="H'2='9:CE'EN%&"/#:'21'9:"'
E9&"/$8' ' W2V"<"&)' 9:C#K' 2<"&F:/=>C=>' <">"9/9C2=' 0C0' "XCE9' /H2=>' 9:"' %/=KE' /%2<"' 9:"'
V"99"0' ."&C$"9"&' Y"8>8' E.&N#")' /H0"&E' /=0' 0"<CHhE' #HN%Z8' J2NH0"&E' /=0' #2%%H"' EN%E9&/9"'
.&2<C0"0'9:"'$2E9':/%C9/9'</&C/9C2='/=0'.22HE'12&'1CE:'92'N9CHCd"8'

;9' %"E9)' I2V"&' S/E#/0"' S&""K'$C>:9' .&2<C0"' 9&/=EC92&4' :/%C9/9' 12&' 1CE:' %"C=>' 1HNE:"0'
02V=E9&"/$8''\<"='/9'."&C20E'21'H2V'1H2V)'9:"E"'H2V"&'/&"/E'/&"'C$./EEC%H"'C='9"&$E'21'
$C>&/9C2=' N.E9&"/$' 92' /&"/E' VC9:' $2&"' ENC9/%H"' E./V=C=>' /=0' &"/&C=>' :/%C9/9E)' /=0'
9:"&"12&")'.&2<C0"'HC99H"'%"="1C9'92'2<"&/HH'1CE:'.&20N#9C<C94'2&'#2=9&C%N9"'92'ENE9/C=C=>'9:"'
.2.NH/9C2='C='DV/='I/K"8'''

' '
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3. BATHYMETRY 

M:"' 12HH2VC=>' E"#9C2='.&"E"=9E' 9:"' &"ENH9E'21' 9:"'%/9:4$"9&4' EN&<"4E'#2$.H"9"0' 12&' 9:"'
DV/='I/K"'!"H9/)'U/HHE'I/K")'/=0'/='/&"/'21'9C0/H'V/9"&E'C='M:2$/E'J/48'''

3.1. INTRODUCTION 
G=' *++5)' SSIIS' #2=0N#9"0' /' %/9:4$"9&C#' E9N04' 21' DV/=' I/K"' C=' &"E.2=E"' 92' />"=#4'
&"ON"E9E' 12&' %/E"HC="' C=12&$/9C2=' 2=' 9:"' %/EC=' E:/."' YJC2D2=C#E)' G=#8' *++5Z8' ' ;19"&'
&"<C"VC=>' 9:"' *++5' %/9:4$"9&C#' E9N04)' ;>"=#4' E9/11' &"ON"E9"0' /00C9C2=/H' E9N04' 21' 9:"'
R.."&'S/E#/0"'S&""K'!"H9/'/9' 9:"' C=H"9' 92'DV/='I/K"8' 'D."#C1C#/HH4)'/>"=#4'E9/11'V"&"'
C=9"&"E9"0' C=' :C>:"&' &"E2HN9C2=' EN&<"4E' 21' 9:"' 0"H9/' /&"/' C=' 2&0"&' 92' %"99"&' /EE"EE' 9:"'
.29"=9C/H'12&'#:/=="H'"&2EC2='/=0':"/0#N99C=>'C='9:"'0"H9/'/&"/'12&'&"E."#9C<"'DV/='I/K"'
.22H'"H"</9C2=E8'''

G=' 9:"C&' #2$$"=9E' 2=' 9:"' A/=N/&4' *+,+' !&/19' ;ON/9C#' P"E2N&#"E' D9N04' -H/=)' ;!UB'
&"ON"E9"0' :C>:' ON/HC94' %/9:4$"9&C#'$/..C=>' 21' 9:"' 0"H9/' /&"/' C='DV/='I/K"' /E'V"HH' /E'
U/HHE'I/K"8''_/..C=>'21'9:"'H/99"&'V/9"&%204'E:2NH0'#2=9/C='EN11C#C"=9'&"E2HN9C2='92'/112&0'
"</HN/9C2=' 21' 9:"' /ON/9C#' :/%C9/9' /&"/' #N&&"=9H4' 0"V/9"&"0' 0N&C=>' E"/E2=/H' #:/=>"E' C='
S/E#/0"'S&""K'0CE#:/&>"8'''

I/E9H4)'/9'9:"';N>NE9',*)'*+,+'/>"=#4'$""9C=>'C='-"9"&E%N&>)'/>"=#4'E9/11'"X.&"EE"0'/='
C=9"&"E9' C=' %/9:4$"9&4' 0/9/' 12&' 9:"' ="/&' E:2&"' "=<C&2=$"=9' 21' M:2$/E' J/4'V:"&"' 9:"'
.2V"&:2NE")'9/CH&/#"'/=0'02#K'V"&"'.&2.2E"0'12&'#2=E9&N#9C2=8'''

!N&C=>' EN%E"ON"=9' #2=ENH9/9C2='VC9:' />"=#4' E9/11)' 9:"' 12HH2VC=>' E9N04' 2%`"#9C<"E'V"&"'
C0"=9C1C"0'12&'DV/='I/K")'U/HHE'I/K"'/=0'M:2$/E'J/43'

l !"<"H2.' /' ,F1229' <"&9C#/H' "H"</9C2=' %/9:4$"9&C#' $20"H' 21' K"4' /&"/E' C=' 9:"'
V/9"&E:"0' .29"=9C/HH4' /11"#9"0' %4' 9:"' .&2.2E"0' S/E#/0"' S&""K' :40&2"H"#9&C#'
.&2`"#98''

l S2$.H"9"' /' %/9:4$"9&C#' EN&<"4' 21' 9:"' DV/=' I/K"' 0"H9/' V:"&"' R.."&' S/E#/0"'
S&""K'1H2VE'C=92'DV/='I/K"'92'"X/$C="'9:"'C=9"&/#9C2='21'H/K"'0&/V02V=E'1&2$'
.2V"&'2."&/9C2=E'/=0'C=1H2V':40&2H2>4'92'%"99"&'N=0"&E9/=0'.29"=9C/H'12&'#:/=="H'
"&2EC2='/=0':"/0#N99C=>'C='9:"'0"H9/'/&"/8'

l S2$.H"9"'/'%/9:4$"9&C#'EN&<"4'21'U/HHE'I/K"'/HH2VC=>'ON/=9C1C#/9C2='21'9:"'H2EE'C='
1CE:':/%C9/9'/&"/'0"V/9"&"0'%4'E"/E2=/H'#:/=>"E'C='.22H'"H"</9C2=E'N=0"&'=/9N&/H'
0CE#:/&>"'#2=0C9C2=E8'

l S2$.H"9"' /' %/9:4$"9&C#' EN&<"4' 21' ,+++' 1""9' 21' 9:"' ="/&E:2&"' 2#"/=' 1H22&' 21'
M:2$/E' J/4' V:"&"' 9:"' .2V"&:2NE")' 9/CH&/#"' /=0' 02#K' /&"' .&2.2E"0' 12&'
#2=E9&N#9C2=8''
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3.2. BATHYMETRY SURVEY METHODS  
M:"'%/9:4$"9&4'EN&<"4'V/E'#2=0N#9"0'NEC=>'/=';N92$/9"0'R=0"&V/9"&'[":C#H"'Y;R[Z8''
M:"' /##N&/#4' /=0' .&"#CEC2=' 21' 9:"' ;R[' /&"' 0"E#&C%"0' %"H2V' /E' V"HH' /E' 9:"' EN&<"4'
$"9:20E8' ' M:"' %/9:4$"9&4' 1C"H0'V2&K' 12#NE"0' 2=' 9:"' ="/&' E:2&"' 2#"/=' %"0' C='M:2$/E'
J/4)'U/HHE'I/K"'/=0'9:"'C=H"9'0"H9/'2='DV/='I/K"'YUC>N&"'(F,Z8''

3.2.1. AUTOMATED UNDERWATER VEHICLE EQUIPMENT 

J/9:4$"9&C#' H/K"' /=0' 2#"/=' %2992$' 0".9:' E2N=0C=>E' V"&"' #2HH"#9"0' NEC=>' /=' ;R['
0"EC>="0' /=0' 2."&/9"0' %4' gDG' G=#8' M:"' ;R[' =/<C>/9"E' /H2=>' .&"F.H/=="0' $CEEC2='
9&/=E"#9E' 2&C"=9C=>' C9E"H1' NEC=>' /' #2$%C=/9C2=' 21' B-D' /=0' C=9"&=/H' 0"/0F&"#K2=C=>'
E4E9"$E8' M:"' ;R[' #2HH"#9E' E2=/&' 0".9:' E2N=0C=>E' /9' 2="FE"#2=0' C=9"&</HE' V:CH"'
&"#2&0C=>':2&Cd2=9/H'B-D'.2EC9C2=E'/E'C9'$2<"E'/H2=>'C9E'$CEEC2='#2N&E"8''

;R['%/9:4$"9&C#'EN&<"4'C=E9&N$"=9'E."#C1C#/9C2=E3'

l !".9:3'P/=>"3'+F*++'$'

l P"E2HN9C2=3'+8++,'$'

l ;##N&/#43'yLF'+8('$'

l ;H9C$"9"&3'P/=>"3'+8+TF5+$'

l ;##N&/#43'yLF'+8*'#$LE'

l P"E2HN9C2=3'+8++,'$LE'

M:"' 0/9/'V/E' .&2#"EE"0' %4' /' HC#"=E"0' EN&<"42&' NEC=>'W4./#K' -&2#"EEC=>' -/#K/>"' /=0'
V/E' &"<C"V"0' 12&' ON/HC94' /EEN&/=#"' NEC=>' UH"0"&$/NE' [CEN/HCd/9C2=' D219V/&"8' !C>C9/H'
0/9/' .&20N#9E' C=#HN0C=>' "H"</9C2=' $20"HE)' EN%EN&1/#"' #2=92N&E' /=0' #/&92>&/.:C#'
&"=0"&C=>E'V"&"'0"<"H2."0'NEC=>';&#BGD'@8(8,'D./9C/H';=/H4E98'

3.2.2. SURVEY PROCEDURES 

M:"';R['V/E'#/HC%&/9"0'.&C2&' 92'"/#:'EN&<"4'"<"=9' 92'E"9' C=9"&=/H'#2$./EE)'B-D' H2#K)'
/=0'E4E9"$'E9/%CHC948'DN&<"4E'V"&"'94.C#/HH4'#2=0N#9"0'C='/'.:/E"0'/..&2/#:'E9/&9C=>'VC9:'
/=' C=C9C/H' .&"HC$C=/&4' EN&<"4' 12HH2V"0' %4' 9:"' 1NHH' 0"9/CH"0' EN&<"48' SNE92$' $CEEC2='
.H/==C=>' E219V/&"' #/HH"0' ["#92&_/.' V/E' NE"0' VC9:' 9:"' ;R[' 92' E"9' 9:"' <":C#H"' 2=' /'
.&"HC$C=/&4'EN&<"4'21' 9:"'V/9"&' 1"/9N&"hE'."&C$"9"&'/=0'>"="&/H'EN%EN&1/#"' H/42N98'M:CE'
C=12&$/9C2='V/E' NE"0' 92' .H/=' 9:"' 0"9/CH"0' EN&<"4' 9&/=E"#9E8';9' 9C$"E)' 9:"' 0"".' #/=42='
&"HC"1'21'9:"'.&2`"#9'/&"/'V2NH0'#&"/9"'B-D'EC>=/H'C=9"&1"&"=#")'/HE2'K=2V='/E'$NH9CF./9:'
"&&2&)' V:C#:' V2NH0' 0CE&N.9' 9:"' .&"HC$C=/&4' EN&<"48' !N&C=>' 9:"E"' ".CE20"E)' 9:"' EN&<"4'
#&"VE'V2NH0' 92V'9:"'<":C#H"'%":C=0'/' &2VF%2/9' 92'.&2<C0"'/' &2N>:'EN&<"4'21' 9:"'V/9"&'
1"/9N&"8'

M:"' .&"HC$C=/&4' EN&<"4E' V"&"' NE"0' 92' .&2<C0"' 9:"' %2N=0/&4' 21' 9:"' .H/=="0' 0"9/CH"0'
EN&<"4E'/E'V"HH'/E'.&2<C0"'C=EC>:9' C=92'.29"=9C/H'/&"/E'&"ONC&C=>'/00C9C2=/H'/99"=9C2=)'12&'
C=E9/=#"'/'E9"".'0&2.)':2H")'2&'&2#K4'%2992$8'["#92&_/.'V/E'NE"0'92'0"<"H2.'9&/=E"#9E''
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E./#"0'/..&2.&C/9"H4'92'0"&C<"'9:"'&"ONC&"0'<"&9C#/H'.&"#CEC2=8'M:"';R['V/E'0".H24"0'2='
9:"'0"9/CH"0'$CEEC2=E' 9/&>"9C=>'B-D'V/4.2C=9E'/=0'NEC=>'C=9"&=/H'=/<C>/9C2='E4E9"$E'92'
12#NE' /H2=>' C9E' .H/=="0' #2N&E"8' G=' /&"/E'VC9:'0&/$/9C#' H/K"'2&' 2#"/='%2992$' &"HC"1)' 9:"'
;R['V/E'EN%$"&>"0'C='/'0"".'0C<"'./99"&='92'$/C=9/C='.&2XC$C94'92'9:"'%2992$8'G='9:"E"'
C=E9/=#"E' 9:"' ;R[' &"HC"0' "X#HNEC<"H4' 2=' C9E' C=9"&=/H' 02..H"&' <"H2#C94' C=E9&N$"=9E' 12&'
=/<C>/9C2='/E'B-D'H2#K'%"#2$"E' C$.2EEC%H"'/9'0".9:E8'DN&<"4'$CEEC2=E' 94.C#/HH4' H/E9"0'
%"9V""='(+'$C=N9"E'/=0'2="':2N&'VC9:'E2$"'H/E9C=>'`NE9'2<"&'9V2':2N&E8'

!/9/' 1CH"E' V"&"' &"H/4"0' 0/CH4' 92' HC#"=E"0' EN&<"42&' A2E:N/' W/d"=' YM"&&/D2=0' G=#8' UI'
-&21"EEC2=/H' DN&<"42&' TT5,Z' <C/' V"%' HC=K' 12&' .&"HC$C=/&4' C=E."#9C2=' /=0' 0/9/' &"<C"V)'
VC9:'9:"'"X#".9C2='21'9:"'DV/='I/K"'0/9/'0N"'92'9C$"'#2=E9&/C=9E8'R.2='C=C9C/H'C=E."#9C2=)'
/' 1"V' #2=#"&=E'V"&"' =29"0' /=0' 0CE#NEE"08' G=' #"&9/C=' 0/9/' E"9E' C9'V/E' /../&"=9' 9:/9' 9:"'
0".9:'E2N=0"&'V/E'H2EC=>'%2992$'9&/#KC=>'/=0'V/E'#&"/9C=>'1/HE"'E2N=0C=>E8';19"&'1N&9:"&'
C=<"E9C>/9C2=)' C9' V/E' 0"9"&$C="0' 9:/9' /' ./&9' 21' 9:"' E9/=0/&0' .&2>&/$$C=>' C=' 9:"' ;R['
#&"/9"E'/'02..H"&'<"H2#C94'/H9C9N0"'</HN"'21'(*8]]'1""9'V:"="<"&'9:"'E2N=0"&'02"E'=29'>"9'
/' </HC0' &"9N&=' 1&2$' 9:"' %2992$8' D""' D"#9C2=' (8*8(8Q' 12&' :2V' 9:CE' V/E' &"E2H<"0' C='
.&2#"EEC=>8'

;=29:"&'CEEN"'9:/9'%"#/$"'/../&"=9'V/E'9:"'H2EE'21'B-D'E/9"HHC9"E'C='E."#C1C#'/&"/E'p'$2E9'
=29/%H4' C=' 9:"' U/HHE'I/K"' .&2`"#9' EC9"8'M:"' /#ONC&"0' 0/9/' 0C0' =29' &"#2&0' 9:"'W2&Cd2=9/H'
!CHN9C2='21'-&"#CEC2='YW!^-Z'0/9/'%N9'0C0'#2=9/C='C=12&$/9C2='C=0C#/9C=>'9:"'=N$%"&'21'
E/9"HHC9"E' 9:/9'V"&"' %"C=>' 9&/#K"0' 0N&C=>' /#ONCEC9C2=8' M:CE'V/E' </HN/%H"' C=12&$/9C2=' C='
"E9C$/9C=>'9:"'&"HC/%CHC94'21'9:"';R['.2EC9C2='/=0'V/E'9:"'2=H4'C=12&$/9C2='/</CH/%H"'9:/9'
#2NH0'%"'NE"0'C='"E9C$/9C=>'9:"':2&Cd2=9/H'/##N&/#4'21'9:"';R['/E'C9'0C&"#9H4'C=1HN"=#"0'
9:"'/##N&/#4'21'%/9:4$"9&C#'0/9/8'

!N"'92'/0<"&E"'EC9"'#2=0C9C2=E'EN#:'/E'#&2EEF#N&&"=9E'/=0'HC$C9"0'<C"V'21'B-D'E/9"HHC9"E)'
9:"';R['V/E'=29'/%H"'92'$/C=9/C='#2N&E"'12&'9:"'"=9C&"'0N&/9C2='21'/'1"V'.H/=="0'9&/=E"#9'
HC="E8'M:CE' #&"/9"0' E2$"'/&"/E'V:"&"' 9:"&"'V"&"' EC>=C1C#/=9'>/.E)' E2$"'>&"/9"&' 9:/=']+'
1""9)'V:"&"'=2'0/9/'V"&"'#2HH"#9"08'7"/9:"&'#2=0C9C2=E'/=0'9C$"'#2=E9&/C=9E'0C0'=29'/HH2V'
EN%E"ON"=9'<CEC9E'92'/#ONC&"'0/9/'C='9:"E"'/&"/E8'M:"E"'/&"/E'V"&"'1"V'/=0'&"H/9C<"H4'E$/HH'
#2$./&"0'92'9:"'2<"&/HH'EN&<"4'/&"/E8'G=9"&.2H/9C2='V/E'NE"0'92'/##2N=9'12&'/=4'>/.E'C='
EN&<"4'#2<"&/>"8'

3.2.4. DATA PROCESSING 

P/V' 0/9/' V/E' 02V=H2/0"0' =C>:9H4' /=0' &"<C"V"0' 12&' ON/HC94' /=0' #2$.H"9"="EE8' ;' 1NHH'
&"<C"V' /=0' .&2#"EEC=>' 21' 9:"' 0/9/'V/E' ."&12&$"0' %4' A2E:N/'W/d"=' 21' M"&&/D2=0' G=#8'
/19"&'1C"H0'"112&9E'V"&"'#2=#HN0"08'

3.2.4.1. RAW DATA FORMAT 

M:"'0/9/'V"&"'0"HC<"&"0'92'M"&&/D2=0'G=#8'C=';DSGG'12&$/99"0'{8I^B'1CH"E'/E'9:"'=/9C<"'
12&$/9'02V=H2/0"0'0C&"#9H4'1&2$'9:"';R[8'M:"E"'1CH"E'#2=9/C="0'=N$"&2NE'#2HN$=E'21'
NE"1NH' 0/9/8'^1'$2E9' C$.2&9/=#"' 12&' .&2#"EEC=>'V"&"' 9:"' #2HN$=E' #2=9/C=C=>'I/9C9N0")'
I2=>C9N0")'MC$")'bN$%"&'21'D/9"HHC9"E)'!UD'!".9:)'!MJ'W"C>:9)'M29/H'7/9"&'S2HN$=)'
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![I' !".9:)' ![I' ;H9C9N0")' ![I' 7/9"&' S2HN$=)' -C9#:)' /=0' P2HH8' M:"' M29/H' 7/9"&'
S2HN$='</HN"E'V"&"'NE"0'/E'9:"'E2N=0C=>E'12&'.&2#"EEC=>'V:CH"'/HH'29:"&'/12&"$"=9C2="0'
</HN"E'V"&"'NE"0)'/9'H"/E9'C='E2$"'./&9)'/E'/'12&$'21'ON/HC94'#:"#K'2&'ON/HC94'#2=9&2H8'

3.2.4.2. VERTICAL REFERENCE DATUM 

M:"'%/9:4$"9&C#'0/9/'/&"'=29'&"1"&"=#"0'92'/=4'"XCE9C=>'>"20"9C#'2&'9C0/H'<"&9C#/H'0/9N$8'
;HH' E2N=0C=>E'/&"' &"H/9C<"' 92' 9:"'V/9"&' EN&1/#"'"H"</9C2='/9' 9:"' 9C$"'21'0/9/'/#ONCEC9C2='
/=0'/&"'"C9:"&'&"0N#"0'92'V/9"&'E9/>"'"H"</9C2=E'/E'.&2<C0"0'%4'>/N>"'E9/9C2='&"/0C=>E'2&'
&"0N#"0'92'/'</HN"'21'+8+'1""9'F'&"1"&&C=>'92'9:"'H2V"E9'2%E"&<"0'V/9"&'H"<"H'/9'9:"'9C$"'21'
/#ONCEC9C2=8'\/#:'EN&<"4'/&"/'p'U/HHE'I/K")'DV/='I/K")'/=0'M:2$/E'J/4'9C0"V/9"&E'p':/E'
/='C=0"."=0"=9'<"&9C#/H'&"1"&"=#"'12&'/'</HN"'21'+8+'/=0'E."#C/H'#2=EC0"&/9C2='E:2NH0'%"'
9/K"='&">/&0C=>'9:CE'./&9C#NH/&'/%"&&/9C2=8'U2&'"X/$.H")'/='"H"</9C2='21'F,+8+'1""9'C='DV/='
I/K"' CE' =29' /9' 9:"' E/$"' /%E2HN9"' "H"</9C2=' /E' /' .2C=9' /9' F,+8+' 1""9' C=' U/HHE' I/K"8' b2'
"H"</9C2=' 0/9/' .&"E"=9"0' C=' 9:CE' EN&<"4' #/=' %"' &"1"&"=#"0' 92' $"/=' E"/' H"<"H' VC9:2N9'
1N&9:"&'>&2N=0'<"&C1C#/9C2=8'

3.2.4.3. TIDAL AND WATER ELEVATION DATA 

MC0/H' /=0' V/9"&' EN&1/#"' $"/EN&"$"=9E' V"&"' #2HH"#9"0' %4' 9:"' 1C"H0' #&"V' /=0' V"&"'
/..&2XC$/9"0' C=' 9:"' M:2$/E' J/4' 9C0"V/9"&' /&"/8' M:"' 9C0"' 0/9/' 12&' M:2$/E' J/4' V/E'
$"/EN&"0'C='&"1"&"=#"'92'9:"'1"/9N&"E'%"H2V3'

l MC0"V/9"&'MC0"'_/&K"&','YI/93'6T}'6@�'6@8T@*Ä'b)'I2=>3',(*}'Q]�'+8,+QÄ'7Z'''
;N>'*,',Q66',,8*'C=''

l MC0"V/9"&'MC0"'_/&K"&'*'YI/93'6T}'6@�'658]T,Ä'b)'I2=>3',(*}'Q]�'+86(5Ä'7Z''''''
;N>'*,',TQ5'T86'C='

MV2'$/&K"&E'V"&"'/..&2XC$/9"H4'(86'19'/./&9'C='"H"</9C2='Y-:292'(F,Z8'M:"'$"/EN&"$"=9'
CE' 1&2$' /' =29C#"/%H"' <"C=' 2=' 9:"' &2#K' 92' 9:"' EN&1/#"' 21' 9:"' V/9"&8' 7C9:' =2' 29:"&'
C=12&$/9C2='92'V2&K'1&2$'%"EC0"E'/'<"&4'>"="&/H'9C0"'#:/&9)'9:"'/..&2XC$/9"'</HN"E'E:2V='
/%2<"'V"&"'NE"0'92'0"9"&$C="'9:"'9C0"'#2&&"#9C2=E'12&'9:"'9C0"V/9"&E'/&"/8'J4':2H0C=>'9:"'
(86'19'E"./&/9C2='%"9V""='9:"'9V2'&"1"&"=#"'.2C=9E'/=0'/0`NE9C=>'12&'9:"'$"/EN&"0'02V='
</HN"E' 1&2$'&"1"&"=#"'.2C=9E' 92' 9:"'V/9"&' EN&1/#"'/9' 9:"' E."#C1C"0' 9C$"E)' 9:"' 9C0/H' &/=>"'
%"9V""=' ,Q366' YH2#/H' 9C$"Z' /=0' ,T3Q5' V/E' #/H#NH/9"0' 92' %"' (8,,' 1""9' VC9:' 9:"' 9C0"'
0&2..C=>'0N&C=>'0/9/'/#ONCEC9C2=8'M:"'9C$"'&/=>"'21'0/9/'/#ONCEC9C2='V/E'1&2$',Q3(]'Y/9'
9:"'%">C==C=>'21'9:"'1C&E9'NE/%H"'HC="Z'92',53+('Y9:"'"=0'21'9:"'H/E9'NE/%H"'HC="Z8'M:"'EN&<"4'
9"#:=C#C/=' V/E' 2=H4' /%H"' 92' NE"' 9:"' 9V2' /12&"$"=9C2="0' 9C0"' 2%E"&</9C2=E)' E2'
"X9&/.2H/9C2='V/E' &"ONC&"0' C=' 2&0"&' 92' %"E9' /..&2XC$/9"' 9:"' 9C0/H' &/=>"' 9:&2N>:2N9' 9:"'
/#ONCEC9C2=8'

;'0&2.'21'(8,,'1""9'2<"&'9:"'9C$"'&/=>"'21',,('$C=N9"E'9&/=EH/9"E'C=92'/'9C0/H'#:/=>"'21'
+8+*]6'1""9'."&'$C=N9"8'\X9&/.2H/9C=>'9:CE'92'9:"'%">C==C=>'/=0'"=0'21'9:"'0/9/'#2HH"#9C2='
2<"&'/'&/=>"'21'*+T'$C=N9"E'>"="&/9"E'/='/..&2XC$/9"0'9C0"'0&2.'21'68]'1""9'2<"&'9:"'('
:2N&' /=0' *T'$C=N9"' /#ONCEC9C2=' ."&C208' M:"E"' 9C0"' #2&&"#9C2=E'V"&"' /..HC"0' 92' 9:"' &/V'
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0/9/' 2=' /' ."&FE"#2=0' %/ECE)' 9:/9' CE' p' "/#:' &"#2&0"0'$"/EN&"$"=9'V/E' /0`NE9"0' /9' "/#:'
2="FE"#2=0'#2HH"#9C2='C=9"&</H8'

G=' U/HHE' I/K")' V/9"&' E9/>"' 0/9/' V/E' .&2<C0"0' %4' 1C"H0' :40&2H2>CE9E' C=' /' E.&"/0E:""9'
12&$/98'M:"'0/9/'#2=9/C="0'/'0/9")'9C$"E9/$.'C=';H/EK/'!/4HC>:9'MC$"'Y;!MZ)'/=0'V/9"&'
E9/>"'"H"</9C2='YC='1""9Z8'M:"'"H"</9C2=E'V"&"'.&2<C0"0'C=',6F$C=N9"'C=9"&</HE8'M:"'929/H'
&/=>"'21'9:CE'0/9/'0N&C=>'9:"'U/HHE'I/K"'EN&<"4'V/E'(8@6'1""9)'VC9:'/'$/XC$N$'</HN"'21'
Q,85+' 1""9' /9' ,T3Q6' Y;!MZ' 2=' 5L,@L*+,+' /=0' /'$C=C$N$' </HN"' 21' (]856' 1""9' /9' ,53Q6'
Y;!MZ'2='5L*(L*+,+8'

G9' CE' C$.2&9/=9' 92' =29"' 9:/9' 9:"' "H"</9C2=' 21' 9:"' V/9"&' EN&1/#"' $/4' </&4' %"9V""=' 9:"'
=2&9:"&='.2&9C2='21'U/HHE'I/K"'/=0'9:"'E2N9:"&='.2&9C2='21'U/HHE'I/K")'/E'9:"&"'/&"'E2$"'
2%E9&N#9C2=E'%"9V""='9:"'9V2'H/K"':/H<"E'9:/9'$/4'C=1HN"=#"'9:"'1H2V'21'9:"'V/9"&8';=4'
E"./&/9C2=' %"9V""=' 9:"' V/9"&' EN&1/#"E)' C1' C9' "XCE9E)' :/E' =29' %""=' /##2N=9"0' 12&' C=' 9:CE'
/=/H4ECE8' 'W2V"<"&)'9:"'0C11"&"=#"'C='"H"</9C2='%"9V""='9:"'N.."&'/=0'H2V"&'.22H'/9'9:"'
V/9"&'EN&1/#"'"H"</9C2=E'0N&C=>'9:CE'1C"H0'V2&K'/&"'%"HC"<"0'92'%"'$C=2&'Yt+8,'19Z'/=0'=29'
HCK"H4'92'/11"#9'9:"'2<"&/HH'%/9:4$"9&4'&"ENH9E8'

^1'/HH'9:"'0/9/'/#ONC&"0'C='9:CE'/&"/)'2=H4'1C<"'21'9:"'9&/=E"#9'HC="E'E./=="0'9V2'2&'$2&"'
V/9"&' E9/>"' ".2#:E' Y(+'$C=N9"E' 2&' >&"/9"&Z8'M:"'V/9"&' "H"</9C2=E' C=' 9:CE' /&"/)' C=' E:/&.'
#2=9&/E9' 92' 9:"' #:/=>"E' 2%E"&<"0' C=' 9:"' 9C0"V/9"&' /&"/)' #:/=>"0' &/9:"&' EH2VH4' 2<"&' 9:"'
0N&/9C2='21'9:"'.&2`"#98';19"&'#2$./&C=>'9:"'E9/>"'0/9/'92'9:"'E9/&9'/=0'E92.'9C$"E'21'"/#:'
HC=")'C9'V/E'0"9"&$C="0'9:/9'9:"'V/9"&'E9/>"'0C0'=29'#:/=>"'$2&"'9:/='+8+*'1""9'0N&C=>'/=4'
2="'9&/=E"#9'HC="8'G='2&0"&'92'"X."0C9"'.&2#"EEC=>'V:CH"'$/C=9/C=C=>'9:"':C>:"E9'.2EEC%H"'
/##N&/#4)'C9'V/E'0"#C0"0'9:/9'9:"'9&/=E"#9'HC="'1CH"E'V2NH0'%"'/0`NE9"0'C=0C<C0N/HH4'92'9:"'
E9/>"'0/9/'/E' /' EC=>H"' E:C19'%4'/'</HN"' 9:/9'V2NH0'%"'0"9"&$C="0'%4' 9:"' E9/>"'"H"</9C2='
#H2E"E9' 92' 9:"' 9C$"' /9' 9:"' E9/&9' 21' "/#:' HC="8' M:CE' "HC$C=/9"0' 9:"' =""0' 12&' "X#"EEC<"'
C=9"&.2H/9C2='21'9:"'"H"</9C2='0/9/'/=0'/HH2V"0'12&'/'ONC#K"&'.&2#"EEC=>'$"9:208'M:"'1C=/H'
.&2#"EE"0' E2N=0C=>E'V"&"' &"1"&"=#"0' 92' 9:"'/&%C9&/&4'0/9N$' 9:/9'V/E' &"1"&"=#"0'%4' 9:"'
E9/>"'0/9/8';HH' E2N=0C=>E' 12&' 9:"'U/HHE'I/K"'/&"/E'V"&"' C=' 9:"'E/$"'0/9N$'/E' 9:"'E9/>"'
C=12&$/9C2=8'

G='9:"'DV/='I/K"'0"H9/'/&"/)'V/9"&'E9/>"'0/9/'V/E'.&2<C0"0'C='/'EC$CH/&'12&$/9'/E'E9/9"0'
/%2<"' 12&'U/HHE'I/K")'VC9:' 9:"'"X#".9C2='21' 9:"' 9C$"E9/$.8'M:"'DV/='I/K"' 9C$"E'V"&"'
.&2<C0"0' C=';H/EK/'D9/=0/&0'MC$"' Y;DMZ8'M:"' 9C$"E9/$.E'V"&"' #2=<"&9"0' 92';!M' 12&'
N=C12&$C948'M:"'929/H'&/=>"'21'9:CE'0/9/'0N&C=>'9:"'DV/='I/K"'EN&<"4'V/E'+8+]'1""9)'VC9:'
/' $/XC$N$' </HN"' 21' ,+86Q' 1""9' /9' ,,3,6' Y;!MZ' 2=' 5L*TL,+' /=0' /'$C=C$N$' </HN"' 21'
,+8Q]'1""9'/9',]3Q6'2='5L*TL,+8'M:"'DV/='I/K"'/&"/'V/E'.&2#"EE"0'C='9:"'E/$"'$/=="&'/E'
0"E#&C%"0'C='9:"'U/HHE'I/K"';&"/'EN%E"#9C2=)'/%2<"8'

M:"'1C=/H'.&2#"EE"0'E2N=0C=>E'V"&"'&"1"&"=#"0'92'9:"'/&%C9&/&4'0/9N$'9:/9'V/E'&"1"&"=#"0'
%4' 9:"'DV/='I/K"'E9/>"'0/9/8' ';HH'E2N=0C=>E'12&' 9:"'DV/='I/K"'/&"/'V"&"' C=' 9:"'E/$"'
0/9N$'/E'9:"'E9/>"'C=12&$/9C2=8'
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'

'
Photo 3-1:  Benchmarks used to quantify elevation differences in tide during survey 
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3.2.4.4. REMOVAL OF INVALID SOUNDINGS 

G9' V/E' 2%E"&<"0' C=' #"&9/C=' EN&<"4' /&"/E)' /=0' "<"=' E2$"9C$"E' E.2&/0C#/HH4)' 9:/9' 9:"'
E2N=0"&':/&0V/&"'2='9:"';R['V2NH0'H2E"'C9E'/%CHC94'92'9&/#K'9:"'%2992$'/=0'V2NH0'&"9N&='
/='C=</HC0'0".9:8';19"&'0CE#NEEC2=E'VC9:'gDG'."&E2=="H)'C9'V/E'0"9"&$C="0'9:/9'9:"';R['
V/E' .&2>&/$$"0' 92' &"9N&=' /' </HN"' 21' "X/#9H4' (*8]]' 1""9' V:"=' 9:"' E2N=0"&' 0".9:' V/E'
C=</HC08''

M:"'$/XC$N$'&/=>"'21'9:"';R['#2NH0'/HE2':/<"'%""='"X#""0"0)'/H9:2N>:'9:"'0".9:E'C='
9:CE'/&"/'V"&"'VC9:C='9:"'$/=N1/#9N&"&hE'E."#C1C#/9C2=E'12&'0".9:'HC$C9/9C2=E8'M:"'"X/$.H"'
/%2<"' CE' 2=H4' 2="' "X/$.H"' 21'V:"&"' 9:"' (*8]]' 1""9' E2N=0C=>E'V"&"' &"#2&0"0)' /=0' C9' CE'
C$.2&9/=9'92'=29"'9:/9'C='"<"&4'EN&<"4'/&"/'9:"&"'V"&"'E"<"&/H'H2#/9C2=E'V:"&"'E2N=0C=>E'
V"&"' H2E98' M:2$/E'J/4' 9C0"V/9"&'V/E' 9:"' 2=H4' /&"/'V:"&"' 0".9:' 2&' E9"".="EE' 21' EH2."'
V2NH0':/<"'%""='9:"'$2E9'HCK"H4'"X.H/=/9C2='21'C=</HC0'&"/0C=>E8'

\/#:'&/V'1CH"'V/E'C=E."#9"0'C=0C<C0N/HH4'/=0'/=4'C=</HC0'E2N=0C=>E'V"&"'&"$2<"08'M:"'
0/9/'9:/9'#2=9/C="0'9:"E"'E2N=0C=>'</HN"E'V"&"'=29'&"#2<"&/%H"8'

3.2.4.5. EXCESSIVE ROLL 

^=#"' 9:"' 9C0"' #2&&"#9C2=E' V"&"' $/0"' /=0' 9:"' C=</HC0' E2N=0C=>E' V"&"' &"$2<"0)' 9:"'
&"$/C=C=>' 0/9/'V"&"' C=E."#9"0' 12&' /=4' "X#"EEC<"' /99C9N0"'$29C2=8' G9'V/E' =29C#"0' C=' 9:"'
.&"HC$C=/&4' 0/9/' #:"#KE' 9:/9' 9:"' &2HH' </HN"' 1HN#9N/9"0' 0&/E9C#/HH4' C=' E2$"' /&"/E' 0N&C=>'
/#ONCEC9C2=8' _/=4' 9C$"E' 9:CE' V/E' C=' /&"/E' ="/&' 9:"' %">C==C=>' 2&' "=0' 21' "/#:' $CEEC2='
9&/=E"#9' HC=")'%N9' 9:"&"'V"&"'29:"&'/&"/E'V:"&"' 9:"'&2HH'</HN"'2##/EC2=/HH4'"X#""0"0'6+~'
"<"='C='9:"'$C00H"'21'/'HC="8'M:"'&2HH'/=>H"'%"#2$"E'/='CEEN"'/E'9:"';R['&29/9"E'/&2N=0'
C9E'H2=>C9N0C=/H'/XCE'%"#/NE"'9:"'E2=/&'9&/=E0N#"&'%">C=E'92'.2C=9'C='9:"'2..2EC9"'0C&"#9C2='
21'9:"'&2HH8'M:CE'#/='#&"/9"'EC>=C1C#/=9'#:/=>"E'C='9:"'0".9:'&"/0C=>E'21'9:"'E2N=0"&'/=0'
"&&2&E'#/NE"0'%4'E2N=0'<"H2#C94'#:/=>"E'/=0'C=/##N&/#C"E'C='&2HH'/=>H"'0"9"#9C2='%"#2$"'
$/>=C1C"0'/9'/=' C=#&"/EC=>' H"<"H8'M:"' &2HH' 1/#92&' CE'%"C=>'#2$."=E/9"0' 12&'%4' 9:"';R['
/=0'C9' CE'#2&&"#9C=>'9:"'&2HH'0".9:'Y:4.29"=NE"'H"=>9:Z'92'=/0C&'0".9:'Y<"&9C#/H' H"=>9:Z'C='
&"/H' 9C$"8' M/KC=>' 9:/9' C=92' #2=EC0"&/9C2=)' C9' V2NH0' E""$' H2V"&' &2HH' </HN"E' E:2NH0' E9CHH'
.&"E"=9'&"H/9C<"H4'&"HC/%H"'E2N=0C=>'0/9/8';=4'/&"/E'V:"&"'9:"'&2HH'</HN"'V/E'2N9EC0"'9:"'
&/=>"' 21' /..&2XC$/9"H4' yLF' (+~' V"&"' EN%E"ON"=9H4' &"$2<"0' 1&2$' 9:"' 0/9/' E"9E8' M:CE'
&"ENH9"0' C=' /' H2EE' 21' /..&2XC$/9"H4' (u' 21' 9:"' 2<"&/HH' 0/9/)' /=0' <"&4' 1"V' >/.E' V"&"'
#&"/9"0'0N"'92'&2HH'1CH9"&C=>8'

3.2.4.6. COORDINATE TRANSFORMATION 

M:"'#H"/="0'E2=/&'1CH"E'V"&"'&"0N#"0'92'#2=9/C='2=H4'9:"'I/9C9N0")'I2=>C9N0")'/=0'M29/H'
7/9"&' S2HN$=' Y0".9:Z' 1C"H0E8' M:"E"' #22&0C=/9"E'V"&"' &"#2&0"0' C=' 9:"'72&H0'B"20"9C#'
D4E9"$'21',@5Q'Y7BD5QZ'0/9N$8'M:"4'V"&"'C$.2&9"0'C=92'W4./#K'.&2#"EEC=>'E219V/&"'
C=0C<C0N/HH4)' /=0' #2=<"&9"0' 92'R8D8' D9/9"' -H/="'B&C0' #22&0C=/9"E' N9CHCdC=>' 9:"' jM"X9' 92'
cgfk'0/9N$'#2=<"&EC2='.&2>&/$8'

M:"' 1C=/H' 0/9/' E"9' V/E' 0"HC<"&"0' C=' R8D8' D9/9"' -H/="' B&C0)' b2&9:' ;$"&C#/=' !/9N$' 21'
,@5()';H/EK/='f2="',)'C='R8D8'DN&<"4'U""98'
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3.2.4.7. TRANSDUCER OFFSET 

UC"H0' 9"E9E' /=0' #/HC%&/9C2='.&2#"0N&"E' ."&12&$"0'%4'gDG)' G=#8'V:CH"' 2=' 9:"'.&2`"#9' EC9"'
#2=1C&$"0'9:/9'/'9&/=E0N#"&'.:/E"'#"=9"&'211E"9'VCHH'=""0'92'%"'/..HC"0'92'9:"'E2N=0C=>E'
0N&C=>'.&2#"EEC=>8'UC"H0'$"/EN&"$"=9E'%/E"0'2='$2=C92&C=>'E2=/&'0/9/'/=0'#2$./&C=>'C9'
92'.:4EC#/H'0".9:'$"/EN&"$"=9E'C='E:/HH2V'V/9"&E'#2=#HN0"0'9:/9'/'</HN"'21'+8,+'$"9"&E'
Y+8(('1""9Z'VCHH'=""0'92'%"'/00"0'92'9:"'E2N=0C=>E'9:&2N>:2N9'9:"'.&2`"#9'EC9"'92'/##2N=9'
12&' 9:CE' 9&/=E0N#"&'211E"98'M:CE'V/E'."&12&$"0'%4'/00C=>' 9:"'211E"9' 9:&2N>:' 9:"'W4./#K'
E219V/&"'./#K/>"8'

3.2.4.8. OUTLIERS 

;19"&' 9:"' 0/9/' E"9E' V"&"' #H"/="0' /=0' 1CH9"&"0' 92' &"$2<"' K=2V=' CEEN"E' 21' #2=#"&=)' 9:"'
C=0C<C0N/H'9&/=E"#9'HC="E'V"&"'#2$%C="0'/=0'<C"V"0'EC$NH9/="2NEH4'C='W4./#KhE'jSH2N0k'
.&2>&/$8'M:CE'/HH2V"0'NE'92'<C"V'/=0'C=9"&.&"9'9:"'0/9/'C='/'(F!'<C"V"&'/=0'"=/%H"0'NE'92'
"/ECH4'C0"=9C14'/=4'2N9HC"&E'2&'&/=02$'E2N=0C=>E'9:/9'02'=29'#2&&"H/9"'92'V:/9'/.."/&E'92'
%"'9:"'&"/HCE9C#'EN&1/#"8'

M:CE'.&2>&/$'V/E'NE"0'12&'/HH'9:"'EN&<"4'/&"/E'/=0'<"&4'1"V'.2C=9E'V"&"'12N=0'VC9:'9:CE'
$"9:20'9:/9'=""0"0'92'%"'&"$2<"08'

3.2.4.9. SURFACE SMOOTHING AND CELL AVERAGING 

;=/H4ECE'21'9:"'0/9/'E:2V"0'9:/9'9:"'E2=/&'.C=>'E./#C=>'%"9V""='"#:2E2N=0"&'&"9N&=E'V/E'
94.C#/HH4' %"9V""=' ,F(' 1""98' M:"' 9&/=E0N#"&' N9CHCd"0' 12&' 9:CE' .&2`"#9' #&"/9"0' /' <"&9C#/H'
E.&"/0' 21' 9:"' E2N=0C=>' 0/9/' 9:/9' CE'VC0"&' 9:/='V:/9'V2NH0' 94.C#/HH4' %"' #&"/9"0'VC9:' /'
:40&2>&/.:C#'EN&<"4'9&/=E0N#"&8'M:"'"X/$C=/9C2='21'9:"'E2=/&'2<"&'</&C2NE'/&"/E'E:2V"0'
9:/9'9:CE'jE.&"/0k'C=#&"/E"0'/E'/'1N=#9C2='21'0".9:8'

_20"HC=>' 21' 9:"' 0/9/' %4' NEC=>' /HH' 9:"' .2C=9E'VC9:' EN#:' /' <"&9C#/H' E.&"/0'V2NH0' =29' %"'
.2EEC%H")' 2&'V2NH0' #&"/9"' "X9&"$"H4' &2N>:' EN&1/#"E' C=' 9:"' /&"/E'V:"&"' E2N=0C=>E'V"&"'
#2HH"#9"0'9:/9'V2NH0'=29'#&"/9"'/'&"/HCE9C#'C=9"&.&"9/9C2='21'9:"'9&N"'H/K"'%"0E8'M:"&"12&")'
92'#&"/9"'/'$2&"'&"/HCE9C#'/=0'E$229:"&'$20"H'21'9:"'E2N=0C=>E)'/'E2N=0C=>'&"0N#9C2='V/E'
."&12&$"0' 2=' 9:"' 0/9/' E"9' %4' #&"/9C=>' /' 6' 1229' >&C0' 12&' "/#:' EN&<"4' EC9"8' M:"' &/V'
E2N=0C=>E'V"&"'9:"='C$.2&9"0'C=92'9:CE'>&C0'/=0'/='/<"&/>"'</HN"'V/E'>"="&/9"0'12&'"/#:'
#"HH' 9:/9'#2=9/C="0'0/9/8'M:"'>&C00"0'/=0'/<"&/>"0'0/9/'V"&"' 9:"='NE"0'/E' 9:"'%/ECE'12&'
9:"'M&C/=>NH/9"0'G&&">NH/&'b"9V2&KE'9:/9'%"#/$"'9:"'1C=/H'EN&1/#"E'12&'9:"'/&"/E8'

3.2.4.10. TIN MODEL CREATION 

;'M&C/=>NH/9"0'G&&">NH/&'b"9V2&K'YMGbZ'$20"H'V/E'#&"/9"0'12&'"/#:'.&2`"#9'/&"/'%/E"0'
2=' 9:"' 6' 1229' E$229:"0' 0/9/' $"=9C2="0' /%2<"8' M:"' MGb' $20"H' V/E' &"ONC&"0' C=' 9:CE'
.&2#"EE' %"#/NE"' C9' /HH2V"0' 9:"' 0/9/' 92' %"' C=9"&.2H/9"0' 9:&2N>:' /&"/E' V:"&"' 0/9/' V/E'
$CEEC=>8' ;E' .&"<C2NEH4'$"=9C2="0)' 9:"&"' V"&"' >/.E' %"9V""=' EN&<"4' HC="E' 9:/9' V"&"' /E'
H/&>"' /E' ]+' 1""98' M:"' MGb' $20"H' /HH2V"0' /' 9&C/=>NH/9"0' EN&1/#"' 92' %"' #&"/9"0' %4'
#2=="#9C=>' 9:"E"'E2N=0C=>E'/#&2EE' 9:2E"'>/.E'/=0' 92'>"="&/9"'EN&1/#"E' C='%"9V""=8'M:"'
MGb'$20"H'#&"/9"0'/'#2=9C=N2NE'/=0'E2HC0'EN&1/#"'12&'"/#:'21'9:"'EN&<"4'/&"/E8'
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M:"'MGb'$20"HE'V"&"'#H2E"H4'"X/$C="0'/=0'"0C9"0'92'&"$2<"'/=4'.2EEC%H"'9&C/=>H"E'9:/9'
V"&"' #&"/9"0' 2N9EC0"' 9:"' /&"/E' V:"&"' E2N=0C=>E' "XCE9"0' /=0' 92' .&"<"=9' "X#"EEC<"' 0/9/'
"X9&/.2H/9C2=8'^=#"'9:"'MGb'$20"HE'V"&"'<"&C1C"0'12&'#2=ECE9"=#4)'9:"4'V"&"'"X/$C="0'C='
/'(F!'"=<C&2=$"=9'/'1C=/H'9C$"'92'H22K'12&'/=4'.2EEC%H"'2N9HC"&E'2&'N=NEN/H'jE.CK"Ek'9:/9'
$/4' :/<"' %""=' >"="&/9"08' M:"' MGb' $20"HE' V"&"' 9:"=' NE"0' 92' >"="&/9"' 9:"' &"ONC&"0'
!C>C9/H'M"&&/C='_20"HE8'

3.2.4.11. DTM CREATION 

R9CHCdC=>'9:"'1C=/H'E$229:"0'EN&1/#"'9:/9'V/E'#&"/9"0'1&2$'9:"'MGb'$20"H)'/'1C=/H'>&C00"0'
EN&1/#"'V/E'#&"/9"0'2='/',F1229'%4',F1229'>&C08'M:CE'V/E'."&12&$"0'%4'N9CHCdC=>'W4./#KhE'
jMGb'_20"H'\X.2&9k'&2N9C="'/=0'%4'2<"&H/4C=>'/',F1229'>&C00"0'$/9&CX'2='92.'21'9:"'MGb'
EN&1/#"8' M:"'$/9&CX' V/E' .2.NH/9"0'VC9:' 9:"' 0".9:' </HN"' 9:/9' V/E' #/H#NH/9"0' 92' %"' 9:"'
/<"&/>"' 0".9:' C=' 9:"' #"=9"&' 21' "/#:' ,F1229' #"HH8' M:"E"' 1C=/H' #"HHF#"=9"&"0' </HN"E' V"&"'
"X.2&9"0'92'/=';DSGG'cgf'12&$/9'Y\/E9C=>)'b2&9:C=>)'\H"</9C2=Z'12&'1C=/H'0"HC<"&/%H"E8'

3.2.5. DATA CHECKS AND QUALITY CONTROL 

G='/00C9C2='92'0/CH4'&"<C"VE'21'&/V'EN&<"4'0/9/)'E"<"&/H'9"#:=CON"E'V"&"'NE"0'C='9:"'211C#"'
/19"&'9:"'EN&<"4E'V"&"'#2$.H"9"'92'"=:/=#"'0/9/'ON/HC94'/=0'&"HC/%CHC948'

3.2.5.1. CROSSING LINES 

;E' /' E9/=0/&0' ON/HC94' #2=9&2H' #:"#K' C=' :40&2>&/.:C#' .&2`"#9E)' /&"/E' V:"&"' 0C11"&"=9'
EN&<"4' HC="E' C=9"&E"#9' #&"/9"' /' N=CON"' 2..2&9N=C94' 92' <"&C14' E2=/&' /##N&/#4' /=0'
#2=ECE9"=#48'S&2EEC=>'HC="E'#/='%"'"X/$C="0'/=0'"E9C$/9C2=E'#/='%"'$/0"'2='/##N&/#4'%4'
#2$./&C=>'9:"'0".9:E'21'2="'HC="'92'9:"'29:"&'/9'2&'="/&'9:"'H2#/9C2=E'V:"&"'9:"4'#&2EE8'

W2V"<"&)' /E' .&"<C2NEH4' $"=9C2="0)' 9:"' .29"=9C/H' "&&2&E' #/NE"0' %4' 9:"' E.&"/0' 21' 9:"'
E2N=0C=>E' C=#&"/E"E' VC9:' 0".9:8' M:"E"' "&&2&E' V"&"' =29' CE2H/9"0' 92' 2="' ./&9C#NH/&' HC="'
%"C=>'211E"9' C='/'#"&9/C='0C&"#9C2='2&'2="'./&9C#NH/&'E">$"=9'%"C=>'$2&"'=29C#"/%H"' 9:/='
9:"'&"E98'M:"'"&&2&E'/.."/&'92'%"'&/=02$'/=0'E#/99"&"0'9:&2N>:2N9'"/#:'EN&<"4'EC9"8'G9'CE'
"E9C$/9"0' 9:/9' 9:"' #&2EEC=>' HC="E' :/0' /=' /<"&/>"' "&&2&' 21' &2N>:H4' ,' 1229)' VC9:' E"<"&/H'
H2#/9C2=E'$/9#:C=>'VC9:C='/##".9/%H"'HC$C9E'/=0'29:"&E'VC9:'/E'$N#:'/E'6'1229'0C11"&"=#"8'

M:"' /..HC#/9C2=' 21' 9:"' E$229:C=>' /=0' /<"&/>C=>' >&C0E' 9:/9' V"&"' 0CE#NEE"0' C=' D"#9C2='
(8*8(8@' V/E' 9:"' %"E9' .2EEC%H"' $"9:20' 21' 0"/HC=>' VC9:' 9:CE' 0C11"&"=#"8' M:"' /<"&/>C=>'
E4E9"$' N9CHCd"0' VCHH' #&"/9"' 9:"' $2E9' &"/E2=/%H"' EN&1/#"' VC9:' 9:"' H"/E9' /$2N=9' 21'
N=#"&9/C=94'.2EEC%H"8'

3.2.5.2. TIDES AND STAGE DATA 

MC0"'0/9/'12&'9:"'M:2$/E'J/4'9C0/H'/&"/'V/E'0CE#NEE"0'C='D"#9C2='(8*8(8(8'M:"'/##N&/#4'
21'9:"'9C0/H'C=12&$/9C2='12&'9:CE'EC9"'V/E'ON"E9C2=/%H"'0N"'92'9:"'/EEN$"0'&"H/9C<"'0CE9/=#"'
%"9V""=' 9:"' 9V2' &"1"&"=#"' .2C=9E' Y&2#KEZ8' 7C9:' 2=H4' /=' /..&2XC$/9"' 0CE9/=#"' =29"0'
%"9V""='&"1"&"=#"'.2C=9E)' C9'V/E'.2EEC%H"' 9:/9' 9:"' 9C0/H'"&&2&' C=' 9:CE'E"#9C2='#2NH0'%"'2='
9:"'2&0"&'21'yLF'*'1""9'9:&2N>:2N9'9:"'0N&/9C2='21'9:"'EN&<"48'M:"'M:2$/E'J/4'9C0"V/9"&'
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EN&<"4' 0/9/E"9' #/=' %"'$/0"' EN%E"ON"=9H4'$2&"' /##N&/9"' %4' >&2N=0' EN&<"4C=>' 9:"' 9V2'
9C0"V/9"&'$/&K"&E'0"E#&C%"0'/%2<"8''

U2&'9:"'H/K"'E9N04'/&"/E)'9:"'V/9"&'E9/>"'0/9/'/.."/&E'92'%"'$2&"'/##N&/9"8'M:"'E9/>"'0/9/'
.&2<C0"0' %4' /' 1C"H0' :40&2H2>CE9' V"&"' &"9&C"<"0' 1&2$' /' 7/9"&I2>' WF(6+FcI' <"=9"0'
.&"EEN&"' 9&/=E0N#"&8' M:"' V/9"&' EN&1/#"E' #:/=>"0' <"&4' HC99H"' 9:&2N>:2N9' 9:"' EN&<"4'
0N&/9C2=' /=0' V"&"' /<"&/>"0' 2<"&' ,6' $C=N9"' C=9"&</HE8' M:"' "H"</9C2=' #:/=>"E' %"9V""='
EN&<"4' 9&/=E"#9' HC="E'V"&"'$C=C$/H' p' NEN/HH4' H"EE' 9:/=' +8+*' 1""98' \<"=' 9:&2N>:2N9' 9:"'
."&C20'21'/'0/4)'9:"'#:/=>"E'V"&"'$2E9H4'C=EC>=C1C#/=9'p'/&2N=0'+8,+'1""9'2&'H"EE)'VC9:'9:"'
"X#".9C2=' 21' 9:"' #:/=>"' 2=' 5L*+L*+,+' V:C#:' E/V' /' 0&2.' 21' /&2N=0' +8Q+' 1""98' G9' V/E'
"E9C$/9"0'9:/9'9:"'"&&2&E'#/NE"0'%4'9:"'E9/>"'0/9/'V2NH0'%"'H"EE'9:/='+8,+'198'

3.2.5.3. DATA DENSITY 

;19"&' 9:"' 0/9/' V/E' #H"/="0' /=0' 1CH9"&"0)' 9:"' 1C=/H' E2N=0C=>E' V"&"' "X/$C="0' 12&' /&"/E'
V:"&"' 9:"' 0"=EC94' /=0' E./#C=>' 21' 9:"' 0/9/' $/4' #&"/9"' /' H2EE' 21' /##N&/#4' 2=' 9:"' 1C=/H'
EN&1/#"8''

G='9:"'=2&9:"&='.2&9C2='21'U/HHE'I/K")'EN&<"4'HC="E'V"&"'.H/=="0'2='/'$N#:'9C>:9"&'>&C0'
9:/='C='9:"'M:2$/E'J/4'9C0"V/9"&E'/&"/8' '\112&9'V/E'$/0"'92'EN&<"4'HC="E'2='/'6'$"9"&'
Y,T8QhZ' >&C08' W2V"<"&)' #N&&"=9E' /=0' 9N&%NH"=#"' #&"/9"0' %4' 9:"' V/9"&1/HH' /9' U/HHE' I/K"'
12&#"0' .&"EEN&"' 2=' 9:"' ;R[' $/KC=>' C9' 0C11C#NH9' 92' $/C=9/C=' C9E' .H/=="0' #2N&E"' /H2=>'
9&/=E"#9E'="/&'9:"'V/9"&1/HH8'^9:"&'1/#92&E'9:/9'#2=9&C%N9"0'92'=/<C>/9C2='0C11C#NH9C"E'V"&"'
9:"'&N>>"0'E:2&"HC=")'2%E9&N#9C2=E'C='9:"'V/9"&E'Y%2NH0"&EZ)'/=0'9:"'9N&=C=>'&/9"'/=0'&/0CNE'
21'9:"';R[8'^='/<"&/>")'9:"'&"ENH9C=>'#2<"&/>"'#&"/9"0'>/.E'21'/..&2XC$/9"H4'*6h'X'6+h8''
M:"&"'V"&"'/&"/E)'/E':C>:HC>:9"0'/%2<")' 9:/9'"X#""0"0' 9:"E"'=N$%"&E'/=0'#&"/9"0'/&"/E'
V:"&"'<"&4' HC99H"'0/9/'V/E' /#ONC&"08' 'M:"E"'/&"/E'=""0"0'"X#"EEC<"' C=9"&.2H/9C2=' C=' 9:"'
.&2#"EEC=>'.:/E"'/=0' 9:"'N=#"&9/C=94' C=' 9:"'1C=/H' &"ENH9E'E:2NH0'%"'#2=EC0"&"0':C>:"&' C='
9:"E"'H2#/9C2=E8'

M:"' E2N9:"&=' .2&9C2=' 21' U/HHE' I/K"' :/0' 9:"' E/$"' CEEN"E' VC9:' #&2EEF#N&&"=9E' /E' 9:"'
=2&9:"&='.2&9C2=)'%N9'VC9:'H"EE'21'/='C$./#9'2='9:"'EN&<"4'HC="E8''M:"'0/9/'#2<"&/>"'V/E'
EN11C#C"=9'VC9:'9:"'"X#".9C2='21'/&"/E'9:/9'V"&"'0C11C#NH9'92'2%9/C='=/<C>/9C2='0/9/'/=0':/0'
HC$C9"0' E./#"' V:"&"' 9:"' ;R[' #2NH0' $/="N<"&' .&2."&H48' ' M:"&"' V"&"' /HE2' EC>=C1C#/=9'
/$2N=9E' 21' .2EC9C2=/H' "&&2&E' C=' 9:"E"' /&"/E' V:C#:' &"ONC&"0' E"<"&/H' E2N=0C=>E' 92' %"'
&"$2<"0'1&2$'9:"'0/9/'E"98'

M:"' DV/=' I/K"' .&2`"#9' EC9"' :/0' 2="' /&"/' 21' #2=#"&=' C=' 9:"' E:/HH2V"&' V/9"&' ="/&' 9:"'
=2&9:"&='"=0'21'9:"'EC9"8' '!/9/'V/E'#2HH"#9"0'C='9:CE'/&"/)'%N9'/'$/`2&C94'21'9:"'0/9/':/0'
C=</HC0'E2N=0C=>E'/=0'V"&"'&"$2<"0'C='.&2#"EEC=>8''M:"'E:/HH2V'V/9"&'C='9:CE'/&"/'V/E'
H"EE'9:/='9:"'NE/%H"'&/=>"'21'9:"'E2=/&'E4E9"$8''

' '
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3.3. BATHYMETRY RESULTS AND DISCUSSION 
J/9:4$"9&C#'EN&<"4E'V"&"'#2=0N#9"0'%4'/'9V2F."&E2='1C"H0'#&"V'2<"&'/'2="'V""K'."&C20'
&/=>C=>' 1&2$' ;N>NE9' ,@' 92' ;N>NE9' *T)' *+,+8' U/HHE' I/K"' V/E' EN&<"4"0' C=' C9E' "=9C&"94'
Y/..&2XC$/9"H4' ]Q+)+++' $"9"&E*Z' /=0' E"./&/9"0' %4' EN&<"4E' 21' 9:"' N.."&' /=0' H2V"&'
.2&9C2=E' 21' 9:"' I/K"8' ' M:"' 0"H9/' 21' DV/=' I/K"' Y/..&2XC$/9"H4' *T)+++' $"9"&E*Z' V/E'
EN&<"4"0'/9'9:"'C=1H2V'21'R.."&'S/E#/0"'S&""K8'';'.2&9C2='21'9:"'9C0"V/9"&E'21'M:2$/E'
J/4' Y@T)+++'$"9"&E*Z'V/E' EN&<"4"0' E2N9:' 21' 9:"'S/E#/0"'S&""K' 2#"/=' 2N91H2V8' 'cgf'
0/9/' 12&' 9:"' &"E."#9C<"' E9N04' EC9"E' /&"' /</CH/%H"' 2=HC="' /9' VVV89:2$/E%/4:40&28#2$8''
J/9:4$"9&C#'$/.E'12&'9:"'&"E."#9C<"'V/9"&'%20C"E'/&"'.&2<C0"0'%"H2V'YUC>N&"E'(F*)'(F()'
(FQ)'/=0'(F6Z8' 'U/HHE'I/K"'V/E'0C<C0"0' C=92' 9V2'E"./&/9"'$/.Ea'R.."&'/=0'I2V"&'U/HHE'
I/K"8'''

M:"' 0/9/' #2HH"#9"0' /9' U/HHE' I/K"' /=0' DV/=' I/K"' /#:C"<"0' 9:"' 9/&>"9"0' ,F1229' <"&9C#/H'
/##N&/#4'"H"</9C2='$20"H8''M:"'H"EE'.&"#CE"'M:2$/E'J/4'9C0"V/9"&'0/9/'#/='%"'C$.&2<"0'
$/&K"0H4'%4' EN&<"4C=>' 9:"' 9C0"'$/&K"&E'NEC=>' 9&/0C9C2=/H' EN&<"4'"ONC.$"=98' ';##N&/#4'
"E9C$/9"E' 21' 9:"' E2=/&' 0/9/' </&4' EC>=C1C#/=9H4' %"9V""=' EN&<"4' /&"/E' /=0' /HE2' </&4'
0"."=0C=>'2='0".9:8''M:"'/##N&/#4'&/=>"E'C=#HN0"'"E9C$/9"E'%/E"0'2='/=/H4dC=>'E2N&#"E'
21' "&&2&' C=#HN0C=>' E2N=0' <"H2#C9C"E' Y9&/<"H' 9C$"' $"/EN&"$"=9' 21' /' E2=/&' .NHE"Za' E2=/&'
</&C/9C2=E' /E' %"/$' VC09:E' "X./=0' /=0' #2=9&/#9' 2<"&' 0C11"&"=9' 0".9:Ea' /=0' H2V' B-D'
.&"#CEC2='0N"'92'=/9N&/H'C$."0C$"=9E8'

M:"'/##N&/#4'"E9C$/9"E'/&"'9:"'.&21"EEC2=/H'2.C=C2='21'/'HC#"=E"0'EN&<"42&'VC9:'"X9"=EC<"'
%/#K>&2N=0'/=0'9&/C=C=>'C='9:"'1C"H0'21':40&2>&/.:48''G9'E:2NH0'%"'=29"0'9:/9'9:"'"E9C$/9"E'
&".2&9"0':"&"'&"1"&'2=H4' 92' 9:"'E2N=0C=>E'/=0'.2EC9C2=E' 9:/9'V"&"'/#9N/HH4'#2HH"#9"0'/=0'
NE"0'C='.&2#"EEC=>8'';&"/E'V:"&"'C=9"&.2H/9C2='V/E'&"ONC&"0'%"9V""='E2N=0C=>E'VCHH':/<"'
/'EC>=C1C#/=9H4':C>:"&'N=#"&9/C=94'H"<"H8''S2$./&CE2=E'92'K=2V='</HN"E)'"C9:"&':2&Cd2=9/H'
2&' <"&9C#/H)'V"&"' =29'$/0"' 92' <"&C14' /##N&/#C"E' %"#/NE"' 9:"' &"ONC&"0' 1C"H0' #:"#KE'V"&"'
2N9EC0"' 9:"' E#2."' /=0' 9/&>"9' 21' 9:CE' "112&9'V:C#:'V/E' .&C=#C./HH4' 92' "E9/%HCE:' /' &"H/9C<"'
"H"</9C2=' $20"H' #/./%H"' 21' 0"9"&$C=C=>' 1CE:' :/%C9/9' /=0' #/H#NH/9C=>' V/9"&' 1"/9N&"'
<2HN$"E8' ' G1' /%E2HN9"' "H"</9C2=E' /&"' &"ONC&"0' C=' 9:"' 1N9N&")' C9' CE' &"#2$$"=0"0' 9:/9'
/00C9C2=/H'>&2N=0'EN&<"4E'%"'."&12&$"0'92'9C"'9:"E"'0/9/'C=92'<"&C1C"0'9C0/H'EN&<"4E'NEC=>'
9&/0C9C2=/H'EN&<"4'$"9:20E'/=0'#2=9&2H'$2=N$"=9/9C2=8''
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Thomas Bay Accuracy Assessment
Vertical: +/- 3 feet (due to tide uncertainty)
up to 5% of water depth
Horizontal: +/- 6.5 feet.
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Contour Interval (CI) is 2 feet
One Centimeter Equals Ten Meters

Elevation data is reduced from lake level measurement
of 37.85 feet based on Falls Lake gauge station.

Alaska State Plane Zone 1, North American Datum 1983
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Contour Interval (CI) is 2 feet
One Centimeter Equals Ten Meters

Elevation data is reduced from lake level measurement
of 37.85 feet based on Falls Lake gauge station.

Alaska State Plane Zone 1, North American Datum 1983
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Contour Interval (CI) is 2 feet
One Centimeter Equals Ten Meters

Elevation data is reduced from lake level measurement
of 10.47 feet based on Swan Lake gauge station.

Alaska State Plane Zone 1, North American Datum 1983
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4. LIMNOLOGY 

M:CE' E"#9C2=' 0"E#&C%"E' 9:"' HC$=2H2>C#/H' .&21CH"E' &"#2&0"0' C=' DV/='I/K"' C=' *+,+' C=' 9:"'
<C#C=C94' 21' 9:"' .&2.2E"0' C=9/K"' E9&N#9N&"8' ' G=' /00C9C2=)' /=' /=/H4ECE' 21' 9:"' .29"=9C/H' 12&'
#:/=>"E'C='9:"'HC$=2H2>4'21'M:2$/E'J/4'&"ENH9C=>'1&2$'.&2`"#9'2."&/9C2=E'CE'/00&"EE"08'''

4.1. INTRODUCTION 

4.1.1. SWAN LAKE 

M:"'HC$=2H2>4'C=<"E9C>/9C2='12#NE"0'2='9:"'.:4EC#/H'/=0'#:"$C#/H'#2=0C9C2=E'C='9:"'V/9"&'
#2HN$=' 21' DV/=' I/K"' C=';N>NE9' /=0' D".9"$%"&)'VC9:C=' 9:"' C$$"0C/9"' <C#C=C94' 21' 9:"'
.&2.2E"0'C=9/K"'YUC>N&"'QF,Z8''M:"'.&2.2E"0'&N=F21F9:"F&C<"&':40&2"H"#9&C#'.&2`"#9'V2NH0'
EC.:2=' V/9"&' /9' /' 0".9:' 21' /..&2XC$/9"H4' ,*' $' YQ+' 19Z' 1&2$' DV/=' I/K")' /=0' />"=#4'
$/=/>"&E'/&"'9/EK"0'VC9:'/EE"EEC=>'9:"'.29"=9C/H'"11"#9E'21'9:CE'C=9/K"'2='9:"'.:4EC#/H'/=0'
#:"$C#/H'#2=0C9C2=E'21'9:"'H/K"8''

!"".)' #2H0' H/K"E' /9' 9:CE' H/9C9N0"' /=0' "H"</9C2=' 94.C#/HH4' "X:C%C9' 9V2' ."&C20E' 21' 9:"&$/H'
E9&/9C1C#/9C2=)' 0N&C=>' VC=9"&' /=0' EN$$"&)' 0&C<"=' %4' 9"$."&/9N&"F0"."=0"=9' 0"=EC94'
>&/0C"=9E' 9:/9' "XCE9' VC9:C=' 9:"' V/9"&' #2HN$=8' ' M:"' EN$$"&' 9:"&$/H' E9&/9C1C#/9C2=' 21'
C=9"&"E9' 92' 9:CE' E9N04' CE' #/NE"0'V:"=' E2H/&' &/0C/9C2=' :"/9E' 9:"' H/K"' EN&1/#")' &/CEC=>' 9:"'
V/9"&' 9"$."&/9N&"' /=0' C=' 9N&=' 0"#&"/EC=>' V/9"&' 0"=EC948' ' ;E' V/9"&' 0"=EC94' 0"#&"/E"E)'
>&"/9"&' /$2N=9E' 21' VC=0' "="&>4' /&"' &"ONC&"0' 92' #/NE"' "=2N>:' 9N&%NH"=#"' 92' $CX' 9:"'
N.."&)'V/&$"&'H/4"&'VC9:'9:"'H2V"&)'#22H"&'H/4"&E8''M:NE)'9:"'H/K"'%">C=E'92'E9&/9C14'C=92'
/=' N.."&' H/4"&' #/HH"0' 9:"' ".CHC$=C2=)' N=0"&H/C=' %4' 9:"' $"9/HC$=C2=' /=0' :4.2HC$=C2='
H/4"&E)' V:C#:' /&"' #2$.&CE"0' 21' #22H"&)' 0"=E"&' V/9"&8' IC$=2H2>CE9E' /HE2' &"1"&' 92' 9:"'
$"9/HC$=C2='/E'9:"'j9:"&$2#HC="8k''M:"'9:"&$2#HC="'CE'/'0CE9C=#9'H/4"&'21'V/9"&'%"9V""='
9:"'".CHC$=C2='/=0':4.2HC$=C2='9:/9'"X:C%C9E'/'0CE9C=#9'9"$."&/9N&"'>&/0C"=98'

M:"'2%`"#9C<"E'21'9:"'HC$=2H2>4'C=<"E9C>/9C2='V"&"'92'Y,Z'0"E#&C%"'9:"'%/E"HC="'#2=0C9C2=E'
21'9"$."&/9N&")'0CEE2H<"0'2X4>"='Y!^Z)'.W)'/=0'#2=0N#9C<C94'VC9:C='DV/='I/K"'="/&'9:"'
.&2.2E"0' C=9/K")' C=#HN0C=>' /=4' 9:"&$/H' E9&/9C1C#/9C2=' 21' 9:"' V/9"&' #2HN$=' /=0' Y*Z' C1'
9:"&$/H'E9&/9C1C#/9C2='CE'2%E"&<"0)'C0"=9C14'9:"'0".9:E'/9'V:C#:'9:"'EN$$"&'".CHC$=C2='/=0'
9:"&$2#HC="'"XCE9)'VC9:'&">/&0E'92'9:"&$/H'E9&/9C1C#/9C2=)'/=0'9:"'/EE2#C/9"0'!^'.&21CH"8''

4.1.2. THOMAS BAY 

;!UB' "X.&"EE"0' #2=#"&=' /%2N9' 9:"' .2EEC%H"' "11"#9E' 21' 9:"' :40&2.2V"&' .H/=9' V/9"&'
0CE#:/&>"E'2='9:"'2#"/=2>&/.:4'/=0'$/&C="'1/N=/'C='M:2$/E'J/48''M:"E"'#2=#"&=E'V"&"'
.&C$/&CH4'%/E"0'2='9:"'&"ENH9E'21'/',@56'.&"F1"/EC%CHC94'/EE"EE$"=9'&".2&9'#2$$CEEC2="0'
%4'9:"'#C94'21'-"9"&E%N&>'9:/9'0CE#NEE"E'.29"=9C/H'2#"/=2>&/.:C#'C$./#9E'21':40&2"H"#9&C#'
0"<"H2.$"=9'2='DV/='I/K")'D#"="&4'I/K"'/=0'PN9:'I/K"'YW2E"4'Å';EE2#C/9"E)',@56Z8''
M:CE'&".2&9'$"=9C2=E'9:&""'$/C='#2=#"&=E'&"H/9"0'92'#:/=>"E'C='9:"'9C$C=>'/=0'<2HN$"'21'
V/9"&'0CE#:/&>"0'C=92'M:2$/E'J/48'

,8 S:/=>"E'C='V/9"&'9"$."&/9N&")'E/HC=C94'/=0'V/9"&'0"=EC94'C='M:2$/E'J/48'
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*8 S:/=>"E'C='#C&#NH/9C2='/=0'E9&/9C1C#/9C2='21'9:"'V/9"&'#2HN$='C='M:2$/E'J/48''

(8 S:/=>"E'C='C#"'12&$/9C2='C='M:2$/E'J/48'

M:"'.&"F1"/EC%CHC94'&".2&9'V/E'%/E"0'2='.2EEC%H"':40&2.2V"&'2."&/9C2=E'21'9:&""'0&/C=/>"'
%/EC=E8' 'U&2$'=2&9:'92'E2N9:'9:"E"'0&/C=/>"'E4E9"$E'/&"'D#"="&4'S&""K'YD#"="&4'I/K"Z)'
S/E#/0"' S&""K' YDV/=' I/K"' /=0' U/HHE' I/K"Z)' /=0' !"H9/' S&""K' YPN9:' I/K"Z8' ' M:"'
#/H#NH/9C2=E'/=0'/EE2#C/9"0'#2=#"&=E'EN$$/&Cd"0'C='9:"'W2E"4'Å';EE2#C/9"E'P".2&9'V"&"'
%/E"0'2='/'#2=E9/=9'V/9"&'C=9/K"'12&':40&2.2V"&8''

M:"'S/E#/0"'S&""K':40&2.2V"&'.&2`"#9'CE'.&2.2E"0'92'2."&/9"'C='/'&N=F21F9:"F&C<"&'$20"'
V:"&"' H"<"HE' 21' DV/='I/K"'V2NH0' %"'$/C=9/C="0' #H2E"' 92' =/9N&/H' E"/E2=/H' H/K"' H"<"HE8''
M:"'V/9"&'C=9/K"'/$2N=9'1&2$'DV/='I/K"'12&':40&2.2V"&'>"="&/9C2='VCHH'=29'"X#""0'9:"'
V/9"&' C=1H2V' C=92'DV/='I/K"' 1&2$'N.."&'S/E#/0"'S&""K8' 'J/E"0'2=' 9:"' #2=9"X9'21' 9:"'
.&2.2E"0' &N=F21F9:"F&C<"&' 2."&/9C2=' $20")' 9:"' 9:&""' #2=#"&=E' HCE9"0' /%2<"' VCHH' %"'
/00&"EE"0'C='9:"'E"#9C2=E'%"H2V8'

4.2. LIMNOLOGY METHODS AND STUDY AREA 

4.2.1. SWAN LAKE INTAKE 

DV/=' I/K"' CE' /..&2XC$/9"H4' 9V2' $CH"E' H2=>' /=0' 6++' 19' 0"".)' EC9N/9"0' C=' /' E9"".'
$2N=9/C=2NE'%/EC='/9'&2N>:H4',)6,Q'19'"H"</9C2=8''G9'CE'/':C>:H4'2HC>29&2.:C#'H/K"'YH2V'C='
=N9&C"=9' C=.N9E'/=0'2&>/=C#'.&20N#9C2=Z)'>C<"=' C9E':C>:'$2N=9/C='E"99C=>)' C=1H2V'21'#2H0'
>H/#C/H'E9&"/$E)'/=0'E9"".'E:2&"HC="'VC9:'/'>"="&/H'H/#K'21'HC992&/H'd2="8'

^;DGD'#2=0N#9"0'HC$=2H2>4'$"/EN&"$"=9E'2='DV/='I/K"'0N&C=>'9V2'E/$.HC=>'"<"=9E)'
2=';N>NE9',69:'/=0'D".9"$%"&'*Q9:)'*+,+8''D9/11'NE"0'/'gDG'66T'$NH9CF./&/$"9"&'$"9"&'
92'EC$NH9/="2NEH4'$"/EN&"'12N&'./&/$"9"&E'C='9:"'<C#C=C94'21'9:"'.&2.2E"0'C=9/K"'Y-:292'
QF,Z3' 9"$."&/9N&"' Y!SZ)' 0CEE2H<"0' 2X4>"=' Y!^Z' Y$>LHZ)' .W)' /=0' #2=0N#9C<C94' YÇDL#$Z8''
!N&C=>' 9:"';N>NE9' E/$.HC=>' "<"=9)' ./&/$"9"&E'V"&"'$"/EN&"0' /9' ,' 19' Y+8('$Z' C=9"&</HE'
1&2$' 9:"' H/K"' EN&1/#")' 02V=' 92' /' 0".9:' 21' (+' 19' Y@8,Q' $Z)' /=0' 9:"=' /9' 6' 19' Y,86*' $Z'
C=9"&</HE' 1&2$' (+' 19' 92' T6' 19' Y,@85,'$Z' Y929/H' =z(5Z8' ' !N&C=>' 9:"' D".9"$%"&' E/$.HC=>'
"<"=9)'./&/$"9"&E'V"&"'E/$.H"0'/9','19'C=9"&</HE'02V='92'/'0".9:'21'6+'19'Y,68*Q'$Z)'9:"='
/9'6'19'C=9"&</HE'92'T+'19)'VC9:'9:"'D".9"$%"&'0".9:'.&21CH"'"=0C=>'/9'T('19'Y,@8*'$Z'Y929/H'
=z6(Z8' ' D9/11' #/HC%&/9"0' 9:"' gDG' 0/CH4' NEC=>' K=2V=' E9/=0/&0E' 12&' "/#:' ./&/$"9"&'
$"/EN&"08'';HH'#/HC%&/9C2='$"/EN&"$"=9E'V"&"'&"#2&0"0'C='C=E9&N$"=9'H2>%22KE8''M:"'gDG'
!^'.&2%"'V/E'/HE2'#/HC%&/9"0'C=FEC9N'/##2N=9'12&'H2#/H'%/&2$"9&C#'.&"EEN&"8''

!/9/' /=/H4ECE' C=#HN0"0' EN$$/&4' E9/9CE9C#E' Y$C=C$N$' /=0'$/XC$N$Z' /=0' /' ON/HC9/9C<"'
/EE"EE$"=9'21'9"$."&/9N&")'!^)'.W'/=0'#2=0N#9C<C94'/H2=>'9:"'0".9:'#2=9C=NN$8''P"ENH9E'
21'"/#:'./&/$"9"&'V"&"'.H299"0'/>/C=E9'0".9:'92'C0"=9C14'/=4'./99"&=E'.&"E"=9'C='9:"'V/9"&'
#2HN$=)' C=#HN0C=>' 9:"' .&"E"=#"' 21' /' 9:"&$2#HC="8' ' M:"' 9:"&$2#HC="' CE' 0"E#&C%"0' /E' 9:"'
/&"/' 21'$/XC$N$' &/9"' 21' 0"#&"/E"' C=' 9"$."&/9N&"'VC9:' &"E."#9' 92' 0".9:)'V:C#:' #/=' %"'
0C11C#NH9' 92'0"9"&$C="'>&/.:C#/HH48' 'M:"&"12&")'7"9d"H' Y,@5(Z'ON/=9C1C"0' 9:"' 9:"&$2#HC="'
/E'/'#:/=>"'21'>&"/9"&'9:/=',}S'."&'$"9"&)'V:C#:'$NE9'2##N&'2<"&'/'&"/E2=/%H"'&/=>"'21'
0".9:'
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'
Photo 4-1:  Aerial view of proposed location for intake structure on Swan Lake 

VC9:C=' /' H/K"8' M"$."&/9N&"' #:/=>"' ."&'$"9"&' V/E' 9:"&"12&"' #/H#NH/9"0' 12&';N>NE9' /=0'
D".9"$%"&)'C='/='"112&9'92'ON/=9C14'9:"'.&"E"=#"'21'/'9:"&$2#HC="8'

4.2.2. THOMAS BAY 

M:2$/E' J/4' CE' ./&9' 21' U&"0"&C#K' D2N=0)' H2#/9"0' C=' E2N9:"/E9' ;H/EK/' /9' 6]8++++}' b)'
,(*8]5((}' 7' /=0' EC9N/9"0' =2&9:"/E9' 21' -"9"&E%N&>8' J/C&0' BH/#C"&' 0&/C=E' C=92' 9:"' %/4'
9:&2N>:'E"<"&/H'0&/C=/>"'%/EC=E8''M:"'S/E#/0"'S&""K'.&2`"#9'CE'H2#/9"0'C='9:"'E2N9:'/&$'
21'M:2$/E'J/48''M:"'$/C='&C<"&'/=0'#&""KE'9:/9'0CE#:/&>"'C=92'9:/9'./&9'21'9:"'%/4'1&2$'
=2&9:'92'E2N9:'/&"'D#"="&4'S&""K)'S/E#/0"'S&""K)'!"H9/'S&""K)'/=0'-/99"&E2='PC<"&8''

M:"'.&2`"#9'#2=ECE9E'21'/'H/K"'EC.:2='9/KC=>'V/9"&'1&2$'DV/='I/K"'/9'/%2N9',*'$'YQ+'19Z'
V/9"&'0".9:8''M:"'V/9"&'VCHH'&N='9:&2N>:'/'>/9":2NE"'/=0'</H<"'"=9&4'92'/='/..&2XC$/9"H4'
9:&""F$CH"' H2=>' ,,h' 0C/$"9"&' 9N=="H' #2$.H"X' 21' :2&Cd2=9/H' /=0' <"&9C#/H' E:/19E8' ' M:CE'
9N=="H' H"/0E' 92' /' .2V"&:2NE"' /9' 9C0"V/9"&' 2=' M:2$/E' J/4)' V:"&"' 9:"' V/9"&' VCHH'
"<"=9N/HH4'%"'0CE#:/&>"08''M:"'9/CH&/#"'CE'.&2.2E"0'/E'/'H2V'>&/0C"=9'2."='E9&"/$'#:/=="H'
HC="0' VC9:' =/9N&/H' &2#KL#2%%H"L%2NH0"&' $/9"&C/HE' /..&2XC$/9"H4' (++FQ++' 1""9' H2=>'
0CE#:/&>C=>'/E'/'="V'2N9H"9'92'M:2$/E'J/4)'/..&2XC$/9"H4'É'$CH"'E2N9:'21'9:"'$2N9:'21'
S/E#/0"' S&""K8' ' S2$%C="0' 9/CH&/#"' /=0' S/E#/0"' S&""K' .2E9' 0"<"H2.$"=9' 0CE#:/&>"'
<2HN$"E'VCHH'#H2E"H4'&"E"$%H"'9:"'.&"F0"<"H2.$"=9'0CE#:/&>"'21'S/E#/0"'S&""KhE'=/9N&/H'
&">C$"' 2=' /' E"/E2=/H' /=0' V""KH4' %/ECE8' ' M:"' :40&2.2V"&' .H/=9' VCHH' %"' C=' /' =2=F
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2."&/9C2=/H'$20"'N=0"&'#C&#N$E9/=#"E'V:"&"'9:"'V/9"&'1H2V'C=92'DV/='I/K"'CE'922'H2V8''
M:CE'#/='%"'"X."#9"0'92'2##N&'0N&C=>'9:"'VC=9"&'$2=9:E8'

M:"'#/H#NH/9C2=E'EN$$/&Cd"0'C='9:"'E"#9C2='%"H2V'/&"'%/E"0'2='C=12&$/9C2='.&"E"=9"0'C='
9:"'.&"F1"/EC%CHC94'&".2&9'YW2E"4'Å';EE2#C/9"E)',@56Z'/=0'1&2$'1C"H0'0/9/'#2HH"#9"0'0N&C=>'
*++@' /=0' *+,+8' ' G9' E:2NH0' %"' =29"0' 9:/9' 9:"' /</CH/%H"' 0/9/' V"&"' =29' #2HH"#9"0' 92'
E."#C1C#/HH4' /00&"EE' 9:"' #2=#"&=E' EN$$/&Cd"0' "/&HC"&8' ' M:"' #/H#NH/9C2=E' /=0' /EE2#C/9"0'
#2=#HNEC2=E'/&"'9:"&"12&")'C='./&9)'%/E"0'2='E"<"&/H'/EEN$.9C2=E'EN$$/&Cd"0'C='9:"'&"ENH9'
E"#9C2=8'

4.3. LIMNOLOGY RESULTS 
M:"' &"ENH9E' E"#9C2=' C=#HN0"E' /=/H4ECE' 21' 9:"' HC$=2H2>4' 0/9/' #2HH"#9"0' /9' DV/=' I/K"' C='
;N>NE9' /=0' D".9"$%"&' *+,+' /E' V"HH' /E' <2HN$"9&C#' $20"HC=>' 21' .29"=9C/H' C$./#9E' 2='
M:2$/E'J/4' HC$=2H2>4' &"ENH9C=>' 1&2$'0C<"&EC2='21'S/E#/0"'S&""K' 92' 9:"':40&2"H"#9&C#'
.2V"&:2NE"'0CE#:/&>"'.2C=98''

4.3.1. SWAN LAKE INTAKE 

7"/9:"&'0N&C=>'9:"';N>NE9'E/$.HC=>'"<"=9'V/E'#H"/&'/=0'V/&$)'*(86!S)'VC9:'HC>:9'VC=0E'
6F,+'$.:8''!N&C=>'9:"'D".9"$%"&'E/$.HC=>'"<"=9'C9'V/E'2<"&#/E9'/=0'&/C=4)'586!S)'VC9:'
=2' VC=0' &"#2&0"08' ' M/%H"' QF,' .&"E"=9E' 9:"' $C=C$N$' /=0' $/XC$N$' </HN"E' 12&'
9"$."&/9N&")'.W)'#2=0N#9C<C94'/=0'!^'12&' 9:"'9V2'E/$.HC=>'"<"=9E8' '-/&/$"9"&E'12&' 9:"'
;N>NE9'/=0'D".9"$%"&'E/$.HC=>'"<"=9E'/&"'.H299"0'/H2=>'9:"'0".9:'#2=9C=NN$'C='UC>N&"'
QF*)'VC9:'9:"'0".9:'21'9:"'.&2.2E"0'C=9/K"'`NE9'%"H2V',*'$'YQ+'19Z)'0".C#9"0'2='9:"'$/.'/E'
/' :2&Cd2=9/H' 0/E:"0' HC="' 12&' &"1"&"=#"8' ' P"ENH9E' 12&' "/#:' ./&/$"9"&' /&"' 0CE#NEE"0'
E"./&/9"H4'%"H2V'VC9:'/'12#NE'2='9:"'9"$."&/9N&"'.&21CH"8'

Table 4-1:  Swan Lake temperature, pH, conductivity and dissolved oxygen 

Parameter August September 

Min Max Min Max 

Temperature (˚C) 68QQ' ,Q8Q]' T8*]' @85+'
Dissolved Oxygen 
(mg/l) ,+8,,' ,,8@*' ,+8QQ' ,,8+Q'

pH 68,Q' 58,,' T8*,' T86,'

Conductivity (µS/cm) ,,' ,5(' ,+' ,6]'

M"$."&/9N&"' C=';N>NE9' &/=>"0' 1&2$' ,Q8Q]' }S' /9' 9:"' H/K"' EN&1/#"' 92' 68QQ' }S' /9' *+'$)'
V:CH"'D".9"$%"&' 9"$."&/9N&"E' &/=>"0' 1&2$'T8*]F@85' }S' YM/%H"'QF,Z8' ';H9:2N>:';N>NE9'
9"$."&/9N&"E'V"&"':C>:"&'="/&'9:"'H/K"'EN&1/#"'/=0'0"#&"/E"0'VC9:'0".9:)'9:"'9"$."&/9N&"'
.&21CH"'V/E'&"H/9C<"H4'E$229:)'/=0'=2'0CE9C=#9'9"$."&/9N&"'>&/0C"=9'V/E'C0"=9C1C"08''M/%H"'
QF*'.&"E"=9E'9:"'9"$."&/9N&"'#:/=>"'."&'$"9"&'C=';N>NE9'/=0'D".9"$%"&)'VC9:C='9:"'1C&E9'
@'$'Y(+'19Z'21'9:"'EN&1/#"8''S:/=>"E'21'>&"/9"&'9:/=',}S'."&'$"9"&'V"&"'C0"=9C1C"0'/9'9:&""'
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H2#/9C2=E'C=';N>NE93'%"9V""=',F*'$)'/9'mQ86'$)'/=0'%"9V""='TF]86'$8''M:CE'>&/0C"=9'V/E'
2%E"&<"0'/9'/..&2XC$/9"H4']86'$'C='D".9"$%"&)'V:C#:'#2&&"E.2=0"0'92'9:"'0".9:'/9'V:C#:'
9:"'V/9"&' 9&/=EC9C2="0' 1&2$' CE29:"&$/H)' 92' EHC>:9H4'$2&"' </&C"0' 9"$."&/9N&"' YM/%H"' QF*'
/=0'UC>N&"'QF,Z8'

!CEE2H<"0' 2X4>"=' &/=>"0' 1&2$' ,+8,F,,8@' $>LH' C=' ;N>NE9)' /=0' ,+' 92' ,,' $>LH' C='
D".9"$%"&8' 'G=';N>NE9)'!^'V/E'H2V"E9'/9'9:"'H/K"'EN&1/#"'/=0'>"="&/HH4'C=#&"/E"0'VC9:'
0".9:)'C=#&"/EC=>'EHC>:9H4'1&2$'m,,'92',,8@'$>LH'/9'/..&2XC$/9"H4'T86'$)'/=0'&"9N&=C=>'92'
,,'$>LH'`NE9'%"H2V']'$8''M:CE'./99"&='V/E'=29'/E'0CE9C=#9'C='D".9"$%"&'VC9:'/'=/&&2V"&'
&/=>"'21'!^'</HN"E8''

G=' ;N>NE9)' .W' "X:C%C9"0' /' VC0"&' &/=>"' Y68,QF58,,Z' 9:/=' C=' D".9"$%"&' YT8*,FT86,Z8''
;N>NE9'.W'</HN"E'V"&"'H2V"E9'="/&'9:"'H/K"'EN&1/#"'/=0'>"="&/HH4'C=#&"/E"0'VC9:'0".9:)'
VC9:' 9:"'>&"/9"E9' C=#&"/E"'2##N&&C=>'%"9V""='TF5'$8' 'S2=0N#9C<C94' &/=>"0' 1&2$',,F,5('
ÇDL#$' C=' ;N>NE9' /=0' 1&2$' ,+F,6]' ÇDL#$' C=' D".9"$%"&8' ' S2=0N#9C<C94' </HN"E' </&C"0'
9:&2N>:2N9' 9:"'V/9"&' #2HN$=)'VC9:' 9:"' >&"/9"E9' </&C/%CHC94' 2##N&&C=>' %"9V""=' QF@'$' C='
;N>NE98''

4.3.2. THOMAS BAY 

S/E#/0"'S&""K'CE'2="'21'9:"'12N&'$/C='E2N&#"E'21'1&"E:V/9"&'C=1HN"=#"'C='E2N9:'M:2$/E'
J/48' ' _2E9' 1&"E:V/9"&' C=1HN"=#"' 2&C>C=/9"E' 1&2$' 9:"' -/99"&E2=' PC<"&)' H2#/9"0' C=' 9:"'
E2N9:"&=' "=0' 21' 9:"' E2N9:"&=' M:2$/E' J/4' /&$8' M/%H"' QF(' E:2VE' 9:"' #2=9&C%N9C2=' 21'
1&"E:V/9"&' 0CE#:/&>"' C=92' E2N9:'M:2$/E'J/4' 1&2$'S/E#/0"'S&""K' /=0' 9:"' :40&2.2V"&'
.H/=9'&"H/9C<"'92'29:"&'1&"E:V/9"&'E2N&#"E'0N&C=>'.&"F'/=0'.2E9F0"<"H2.$"=9'.:/E"E8''M:"'
0/9/'CE'EN$$/&Cd"0'12&'EN$$"&'/=0'VC=9"&'."&C20)'&".&"E"=9C=>'9:"'12N&'$2=9:E'VC9:'9:"'
:C>:"E9'/=0'H2V"E9'0CE#:/&>")'&"E."#9C<"H48' 'M:"'$/C='/EEN$.9C2='12&' 9:CE'#/H#NH/9C2='CE'
9:/9'9:"'$C=C$N$'/HH2V/%H"'H"<"H'C='S/E#/0"'S&""K'VCHH'%"'*+'#N%C#'1""9'."&'E"#2=0'Y#1EZ8''
M:CE' =N$%"&' CE' %/E"0'2=' /' @+F0/4' /==N/H'$C=C$N$'0"&C<"0' 1&2$'W2E"4'Å';EE2#C/9"E'
Y,@56a'./>"'G[FQZ8''b29"'9:/9'#:/=>"E'C='9:CE'=N$%"&'VCHH'=29':/<"'/=4'C=1HN"=#"'2='9:"'
#2$%C="0'S/E#/0"'S&""K'/=0':40&2.2V"&'.H/=9'0CE#:/&>"'<2HN$")'2=H4'2=' 9:"' &"H/9C<"'
#2=9&C%N9C2=' %"9V""=' 9:"E"' 9V2' E2N&#"E8' ' R=0"&' 9:"E"' /EEN$.9C2=E' 0CE#:/&>"' 1&2$'
S/E#/0"'S&""K'.2E9'0"<"H2.$"=9'VCHH'%"'/%2N9',u'0N&C=>'EN$$"&'/=0'@u'0N&C=>'VC=9"&8''
M:"' &"$/C=C=>' ,Qu' /=0' ,@u' VCHH' %"' 0CE#:/&>"0' 9:&2N>:' 9:"' 9/CH&/#"' 1&2$' 9:"'
:40&2.2V"&' .H/=98' ' M:"' #2=9&C%N9C2=' 21' #2$%C="0' S/E#/0"' S&""K' /=0' -2V"&' -H/=9'
0CE#:/&>"' C=' M:2$/E' J/4' VCHH' &"$/C=' EC$CH/&' 92' .&"F0"<"H2.$"=9' </HN"E' N=0"&' 9:"'
/EEN$.9C2=' 9:/9' 2."&/9C2=E' VCHH' %"' #2=0N#9"0' N=0"&' /' &N=F21F9:"F&C<"&' 1H2V' E#"=/&C28''
S:/=>"E' C=' C#"' 12&$/9C2=' 0N"' 92' C=#&"/E"0' 1&"E:V/9"&' 0CE#:/&>"' 0N&C=>' VC=9"&' VCHH'
9:"&"12&"'=29'2##N&'N=0"&'9:"'.&2.2E"0'2."&/9C2=E8'

M:"' EN&1/#"' /&"/' /=0' V/9"&' <2HN$"' 21' E2N9:' M:2$/E' J/4' V"&"' #/H#NH/9"0' %4' ^;DGD'
9:&2N>:' /' BGD' "X"&#CE"' NEC=>' EN%FE"/' #2=92N&' 0/9/' 21' b^;;' S:/&9' r(,](T])' D#/H"'
,3Q+)+++8' ' M:"' #/H#NH/9"0' EN&1/#"' /&"/' 21' E2N9:' M:2$/E' J/4' V/E' ,,),,@)56+' EON/&"'
$"9"&E'YQ8('EON/&"'$CH"EZ'/=0'V/9"&'<2HN$"'*,@)@(+)6*Q'#N%C#'$"9"&E8''

Table 4-2:  Temperature change in the first 9.14 m (30 ft) in Swan Lake.  
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Depth 
(m) 

Temp ˚C 
Aug 

Aug Temp 
˚C change/m

Temp ˚C 
Sept 

Sept Temp ˚C 
change/m 

0.00 ,Q8Q]' b;' b;' b;'
0.30 ,Q8Q]' +8++' @8]@' b;'
0.61 ,Q8Q*' +8,T' @8]@' +8++'
0.91 ,Q8*5' +8QT' @8]@' +8++'
1.22 ,Q8+(' +85*' @8]@' +8++'
1.52 ,(8]' 1.08 @8]@' +8++'
1.83 ,(8(Q' 1.18 @8]@' +8++'
2.13 ,(8,6' +8T*' @8]@' +8++'
2.44 ,(8,*' +8,+' @8]@' +8++'
2.74 ,(8+,' +8(T' @8]@' +8++'
3.05 ,*8@*' +8(+' @8]@' +8++'
3.35 ,*8T]' +85*' @8]@' +8++'
3.66 ,*86(' +8QT' @8]@' +8++'
3.96 ,*8(5' +8Q@' @8]@' +8++'
4.27 ,*8,(' +85*' @85' F+8+('
4.57 ,,8]5' 1.15 @8]5' +8+]'
4.88 ,,865' +8TT' @8]5' +8++'
5.18 ,,8Q' +86@' @8]5' +8++'
5.49 ,,8,' +8@5' @8]5' +8++'
5.79 ,+85@' +8T@' @8]@' F+8+('
6.10 ,+8]T' +8Q(' @8]@' +8++'
6.40 ,+8(Q' 1.38 @8]@' +8++'
6.71 ,+8+]' +85@' @8]@' +8++'
7.01 ,+8+T' +8+(' @8]5' +8+('
7.32 @85,' 2.59 @8]5' +8++'
7.62 @8T,' +8TT' @8Q]' 1.02 
7.92 @86@' +8+]' @8*]' +8TT'
8.23 @86]' +8+]' @8,6' +8(@'
8.53 @8(5' +8T*' 58@*' +8]6'
8.84 @8*@' +8(+' 585T' +8*+'
9.14 @8+5' +8T@' 585' +8*+'

bold print signifies temperature changes >1°C per meter 

'
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'

'

'

'

'
'

Figure 4-2:  Temperature, DO, pH and conductivity in Swan Lake  
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Table 4.3:  Analysis of discharge inputs to Thomas Bay 

 FRESHWATER DISCHARGE (cfs) Pre-development Post-development

 
SUMMER   
(Jun-Sep)

WINTER   
(Jan-Apr)

SUMMER   
(Jun-Sep) 

WINTER   
(Jan-Apr)

Lower Cascade Creek 1 Q]Q T, *+' *+
Patterson River 2 *+5Q 5+ *+5Q' 5+
Delta Creek 3 ,Q* ,5 ,Q*' ,5
Scenery Creek 4 Q]Q T, Q]Q' T,
Hydropower plant + + Q6Q' Q,
TOTAL discharge on south Thomas Bay (,]Q8* **+8( (,]Q8*' **+8(

% contribution Cascade Creek ,6u *5u ,u' @u
% contribution hydropower plant +u +u ,Qu' ,@u
% contribution combined ,6u *5u ,6u' *5u

, ;<"&/>"'#1E',@,5F*5'/=0',@Q]F]('YW2E"4'Å';EE2#C/9"E',@56Z8'_C=C$N$'.2E9'0"<"H2.$"=9'0CE#:/&>"'</HN"E'
%/E"0'2='@+F0/4'#1E'$C=C$N$'21',@,5F*5'/=0',@Q]F]('YW2E"4'Å';EE2#C/9"E',@56)'./>"'G[FQZ8''
*'M/%H"'[F;)'./>"'[F@'W2E"4'Å';EE2#C/9"E',@56Z'
('#1E'(+u'21'S/E#/0"'S&""K)'./>"'[F]'W2E"4'Å';EE2#C/9"E',@56Z'
Q'#1E'EC$CH/&'92'S/E#/0"'S&""K)'./>"'G[F]'W2E"4'Å';EE2#C/9"E',@56Z8'

M/%H"'QFQ'E:2VE'9:/9'N=0"&'9:"'.&2.2E"0'&N=F21F9:"F&C<"&'1H2V'E#"=/&C2'/=0'9:"'/EEN$"0'
0CE#:/&>"' </HN"E' 1&2$' M/%H"' QF()' 9:"' 1&"E:V/9"&' 0CE#:/&>"' 1&2$' 9:"' :40&2.2V"&' .H/=9'
&"H/9C<"'92'9:"'929/H'<2HN$"'21'E2N9:'M:2$/E'J/4'CE'+86u'YEN$$"&Z'/=0'+8+6u'YVC=9"&Z8''
M:"' 0CE#:/&>"' <2HN$"' 21' /HH' 1&"E:V/9"&' E2N&#"E' #2$%C="0' YD#"="&4' S&""K)' S/E#/0"'
S&""K'/=0':40&2.2V"&'.H/=9)'!"H9/'S&""K)'/=0'-/99"&E2='PC<"&Z'&"H/9C<"'92'E2N9:'M:2$/E'
J/4'CE'.&2<C0"0'12&'&"1"&"=#"8'

Table 4.4:  Discharge from hydropower plant verses tributaries to Thomas Bay. 

  
SUMMER    
(Jun-Sep)

WINTER     
(Jan-Apr) 

Freshwater discharge in cubic meters per day '' ''
from hydropower plant ,)+@5)(,]' @@),5]'
from all main freshwater sources ])T]@)+*6' 6(*)@6+'

% discharge relative to south Thomas Bay volume '' ''
from hydropower plant +86+u' +8+6u'
from all main freshwater sources (8Q@u' +8*Qu'

M"$."&/9N&"'#:/=>"E'C='9:"'E2N9:'/&$'21'M:2$/E'J/4'0N"'92'/'E:C19'C='0CE#:/&>"'E2N&#"'
1&2$'S/E#/0"'S&""K' 92' 9:"' :40&2.2V"&' .H/=9' /&"' "X."#9"0' 92' %"' =">HC>C%H"8' 'W2E"4'Å'
;EE2#C/9"E'Y,@56Z'&".2&9'9"$."&/9N&"'0/9/'.&21CH"E'1&2$'DV/='I/K"'9/K"='C='EN$$"&'21'
,@T,'/=0',@T*'/=0'VC=9"&'21',@5Q8'^;DGD'$"/EN&"0'0".9:'.&21CH"' 9"$."&/9N&"'0/9/'21'
DV/='I/K"'C=';N>NE9'/=0'D".9"$%"&'21'*+,+'YM/%H"'QF*Z8''M:"'/</CH/%H"'0/9/'E:2V'9:/9'
EN$$"&' 9"$."&/9N&"' C='DV/='I/K"'</&C"0'1&2$',+8+' 92',Q862S'/9' 9:"'EN&1/#"'/=0'1&2$'
T8,' 92' ,+8*2S' /9' 9:"' C=9/K"' H"<"H' Y,*' $' 2&' Q+' 19Z8' ' ^=' /<"&/>"' 9:"' 0C11"&"=#"' C='
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9"$."&/9N&"'%"9V""='9:"'C=9/K"'H2#/9C2='/9'DV/='I/K"'/=0'I2V"&'S/E#/0"'S&""K'V/9"&'
EN&1/#"'0N&C=>'EN$$"&'CE'/%2N9'(2S8''!N&C=>'VC=9"&'$2=9:E'9:"'9"$."&/9N&"'21'9:"'V/9"&'
C=9/K"'/9'DV/='I/K"'$C>:9'%"'E2$"V:/9'V/&$"&'9:/='S/E#/0"'S&""K'EN&1/#"'V/9"&8''b2'
/../&"=9' 9"$."&/9N&"'#:/=>"E'/&"'"X."#9"0'0N&C=>' 9:"' 9:&""F$CH"' 9N=="H' 9&/=E.2&98' 'M:"'
#2=9&C%N9C2=' 21' :40&2.2V"&' .H/=9' 0CE#:/&>"' &"H/9C<"' 92' M:2$/E'J/4'V/9"&' <2HN$"' /=0'
29:"&' 1&"E:V/9"&' E2N&#"E' CE' &"H/9C<"H4' E$/HH)' "E."#C/HH4' C=' VC=9"&8' ' b2' /..&"#C/%H"'
C=1HN"=#"'2='M:2$/E'J/4'V/9"&'9"$."&/9N&"'CE'9:"&"12&"'"X."#9"0'92'2##N&'1&2$'/'E:C19'C='
V/9"&'0CE#:/&>"'1&2$'S/E#/0"'S&""K'92'9:"':40&2.2V"&'.H/=98''

!C11"&"=#"E' C='V/9"&' E/HC=C94)' .W' /=0' 0CEE2H<"0' 2X4>"=' %"9V""=' 9:"' C=9/K"' H2#/9C2=' /9'
DV/=' I/K"' /=0' EN&1/#"' V/9"&' /&"' >"="&/HH4' <"&4' E$/HH)' "E."#C/HH4' C=' VC=9"&' V:"='
%C2H2>C#/H'.&20N#9C<C94' CE' H2V8' ';=4'0C11"&"=#"E' 9:/9'$C>:9'"XCE9'VCHH'=29'#:/=>"'0N&C=>'
9:"' ./EE/>"' 9:&2N>:' 9:"' 9:&""F$CH"' &2#K' 9N=="H' E4E9"$8' ' ^=#"' 9:"' V/9"&' "XC9E' 9:"'
.2V"&:2NE"'92'9:"'9/CH&/#")'#2=ECE9C=>'21'/'(++FQ++'1""9'H2=>'2."='E9&"/$'#:/=="H)'C9'VCHH'
%"'"X.2E"0'92'=/9N&/H'/9$2E.:"&C#'#2=0C9C2=E'%"12&"'"=9"&C=>'M:2$/E'J/48''M:CE'#:/=="H'
CE' 922' E:2&9' 92' EN%E9/=9C/HH4' #:/=>"' /=4' V/9"&' #:/&/#9"&CE9C#E)' %N9' $C9C>/9"E' 12&' 9:"'
.29"=9C/H' 21' >/E' EN."&E/9N&/9C2=' 21' 0CE#:/&>"' V/9"&8' ' _2E9' C$.2&9/=9H4)' 9:"' 0CE#:/&>"'
<2HN$"'21'9:"':40&2.2V"&'.H/=9'VCHH'=29'"X#""0'=/9N&/H'</HN"E'/=0'/E'EN#:'VCHH':/<"'=2'
$"/EN&/%H"' "11"#9' 2=' 9:"' V/9"&' ON/HC94' 21' M:2$/E' J/48' ' G1' 9:"' :40&2.2V"&' .H/=9' VCHH'
2."&/9"' N=0"&' /' 0C11"&"=9' &">C$"' 9:/=' 9:"' &N=F21F9:"F&C<"&' 1H2V' E#"=/&C2)' 9:"' &"ENH9E'
$"=9C2="0':"&"'=""0'92'%"'&"F/EE"EE"08'

4.4. LIMNOLOGY DISCUSSION 

4.4.1. SWAN LAKE INTAKE 

J/E"0'2='9:"';N>NE9'/=0'D".9"$%"&'E/$.HC=>'"<"=9E)'/HH'21'9:"'EC>=C1C#/=9'</&C/%CHC94'C='
9:"'<"&9C#/H'.&21CH"E'21'9"$."&/9N&")'0CEE2H<"0'2X4>"=)'.W'/=0'#2=0N#9C<C94'C='DV/='I/K"'
/.."/&E' 92' 2##N&' /%2<"' ,+'$)' V:C#:' CE' /%2<"' 9:"' H"<"H' 21' 9:"' ,*'$' .&2.2E"0' C=9/K"8''
W2V"<"&)' C9' E:2NH0' %"' &"#2>=Cd"0' 9:/9' 9:CE' 0/9/' &".&"E"=9E' /' <"&4' HC$C9"0' E./9C/H' /=0'
9"$.2&/H' <C"V' 21' DV/=' I/K")' /=0' =29' 9:"' /==N/H' H/9"' EN$$"&L1/HH' 0CE9&C%N9C2=' 21'
9"$."&/9N&")'!^)'.W'/=0'#2=0N#9C<C94' C='DV/='I/K"8' '["&9C#/H'0CE9&C%N9C2=E'21'"/#:'21'
9:"'12N&'./&/$"9"&E'/&"'0CE#NEE"0'%"H2V8'

b2'0CE9C=#9' 9:"&$/H'E9&/9C1C#/9C2='V/E'2%E"&<"0'C='DV/='I/K"'0N&C=>'9:"'*+,+'E/$.HC=>'
"<"=9E8' ' ;H9:2N>:' /' 9"$."&/9N&"' >&/0C"=9' >&"/9"&' 9:/=' ,}S' ."&'$"9"&'V/E' C0"=9C1C"0' /9'
9:&""'0".9:E'C=';N>NE9)'9:"E"'/&"/E'21'C=#&"/E"0'>&/0C"=9'V"&"'<"&4'=/&&2V'Y+8('$'92',86'
$Z' /=0' V"&"' =29' #2=EC0"&"0' 9:C#K' "=2N>:' 12&' 0CE9C=#9C2=' 21' /' 9:"&$2#HC="' C=' 9:"'
9"$."&/9N&"' .&21CH"8' ' M:"' H/#K' 21' 9:"&$/H' E9&/9C1C#/9C2=' #2NH0' %"' /' &"ENH9' 21' 9:"' 1H2VF
9:&2N>:'04=/$C#E'21'DV/='I/K")'V:C#:'CE'1"0'%4'>H/#C/H'E9&"/$E8' '7"9d"H'Y,@5(Z'=29"E'
9:/9'jqC='&"E"&<2C&E)':C>:' C=1H2V'1&2$'E9&"/$'0CE#:/&>")'219"='#22H"&' 9:/='9:"'V/9"&'21'
9:"'".CHC$=C2=)'#/='#/NE"'$N#:'9N&%NH"=#"'/=0'&"0N#"'9:"'9:"&$/H'>&/0C"=9'/..&"#C/%H48''
;' EC$CH/&'.:"=2$"=2=' CE'2%E"&<"0' 1&"ON"=9H4' C=' /H.C="' /=0'=2&9:"&=' H/K"E' 9:/9' &"#"C<"'
H/&>"' 1H2VE' 21' >H/#C/H' 2&' E=2V' $"H9V/9"&' 0N&C=>' 9:"' H/9"&' .2&9C2=E' 21' 9:"' EN$$"&'
E9&/9C1C#/9C2=8k' ' ;E' 9:"' EN&1/#"' 21' DV/=' I/K"' %">C=E' 92' V/&$' 0N&C=>' 9:"' EN$$"&)' 9:"'
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C=1HNX'21'#2H0"&)'0"=E"&'V/9"&'HCK"H4'&"0N#"E'EN&1/#"'9"$."&/9N&"E'/=0'1/#CHC9/9"E'$CXC=>'
21' 9:"'V/9"&' #2HN$=)' C=' 9N&='#&"/9C=>'/' E$229:"&' 9"$."&/9N&"'.&21CH"' 9:/9' H/#KE'0CE9C=#9'
9"$."&/9N&"'>&/0C"=9E8''

G=' D".9"$%"&)' 9:"' CE29:"&$/H' 9"$."&/9N&"E' 2%E"&<"0' 1&2$' 9:"' EN&1/#"' 02V=' 92'
/..&2XC$/9"H4']'$'V"&"'"X."#9"0'12&'9:/9'9C$"'21'4"/&8''M:"'#22H"&)'0"=E"&'EN&1/#"'V/9"&'
&"ENH9C=>'1&2$'#22H"&'1/HH'/C&'9"$."&/9N&"E'%">C=E'92'#/NE"'<"&9C#/H'9N&%NH"=#"'/=0'$CXC=>)'
N=9CH'9:"'"=9C&"'V/9"&'#2HN$='CE'CE29:"&$/H8'

G=' %29:' ;N>NE9' /=0' D".9"$%"&)' DV/=' I/K"' "X:C%C9"0' /=' 2&9:2>&/0"' 2X4>"=' .&21CH"'
94.C#/H'21'2HC>29&2.:C#' H/K"E'Y7"9d"H',@5(Z)'VC9:'0CEE2H<"0'2X4>"='>"="&/HH4' C=#&"/EC=>'
VC9:' 0".9:)' /E' /' 1N=#9C2=' 21' 0"#&"/EC=>' 9"$."&/9N&"8' ' M:"' "X#".9C2=' 92' 9:CE' 2&9:2>&/0"'
.&21CH"' V/E' 2%E"&<"0' /9' /..&2XC$/9"H4' ]' $' C=' ;N>NE9)' V:"&"' !^' 9"$.2&/&CH4' E.CK"08''
M:CE'E.CK"'V/E'#2=EC0"&"0'&"H/9C<"H4'$C=2&'>C<"='9:"'$/>=C9N0"'Y,'$>LH'2<"&'/'E./='21'
,8*'$Z)'%N9'CE'C=9"&"E9C=>'C='9:/9'C9'#2&&"E.2=0"0'92'9:"'0".9:'21'E.CK"E'2%E"&<"0'C='9:"'.W'
/=0'#2=0N#9C<C94'.&21CH"E8''

M:"';N>NE9'.W'.&21CH"'#2&&"E.2=0"0'&2N>:H4'VC9:'9:"'!^'.&21CH")'VC9:'H2V"&'.W'</HN"E'
/9'9:"'EN&1/#")'E.CKC=>'EHC>:9H4'/9']'$)'/=0'%"#2$C=>'&"H/9C<"H4':2$2>"=2NE'%"H2V',+'$8''
M:CE' .&21CH"' V/E' &/9:"&' N="X."#9"0' 12&' /=' 2HC>29&2.:C#' H/K")' V:"&"' 9:"' .W' <"&9C#/H'
0CE9&C%N9C2=' CE' >"="&/HH4' :2$2>"=2NE' VC9:' 0".9:)' /E' E""=' C=' 9:"' D".9"$%"&' .&21CH"'
Y7"9d"H' ,@5(Z8' ' G9' CE' #2$$2=' 12&' 9:"' .W' .&21CH"' 92' $C&&2&' 9:"' !^' .&21CH"' C=' :C>:H4'
.&20N#9C<"'"N9&2.:C#'H/K"E'V:"&"'.W'CE'0&C<"='%4'<"&9C#/H'1HN#9N/9C2=E'21'#/&%2='0C2XC0"'
YS^*Z)' V:C#:' CE' C=' 9N&=' &"H/9"0' 92' %C2H2>C#/HH4' $"0C/9"0' &"/#9C2=E)' =/$"H4' $"9/%2HC#'
&"E.C&/9C2=' /=0' .:292E4=9:"9C#' N.9/K"8' ' J"#/NE"' .W' CE' C=<"&E"H4' .&2.2&9C2=/H' 92' S^*)'
V/9"&'%"#2$"E'$2&"'/#C0C#'2&'%/EC#' C=' &"E.2=E"' 92' &"E."#9C<"' C=#&"/E"E'2&'0"#&"/E"E' C='
S^*8' ' G=' #2=9&/E9)' 2HC>29&2.:C#' H/K"E' >"="&/HH4' "X."&C"=#"' 2=H4' EHC>:9' #:/=>"E' C=' 9:"'
<"&9C#/H'.&21CH"'21'S^*)'&"ENH9C=>'C='$C=C$/H'.W'</&C/%CHC94'9:&2N>:2N9'9:"'V/9"&'#2HN$=8''
G9' CE' .2EEC%H"' 9:/9' 9:"' V/&$' V"/9:"&' 0N&C=>' 9:"' ;N>NE9' E/$.HC=>' "<"=9' #2NH0' :/<"'
&"ENH9"0'C='C=#&"/E"0'%C2H2>C#/H'/#9C<C94'="/&'9:"'EN&1/#")'C=#&"/EC=>'S^*'.&20N#9C2='/=0'
C=' 9N&=' 0"#&"/EC=>' .W8' 'W2V"<"&)' /00C9C2=/H' .&21CH"E' 21' .W' /=0' 29:"&'V/9"&' #:"$CE9&4'
./&/$"9"&E'V2NH0':/<"'%""='&"ONC&"0'92'0"9"&$C="'V:"9:"&'2&'=29'9:CE'V/E'9:"'#/E"8'''

S2=0N#9C<C94' </HN"E'V"&"'VC9:C=' 9:"' &/=>"' 21' =/9N&/H' </&C/%CHC94' 12&' 2HC>29&2.:C#' H/K"E)'
VC9:' 9:"' >&"/9"E9' </&C/%CHC94' 2%E"&<"0' C=' ;N>NE98' ' W2V"<"&)' /00C9C2=/H' E/$.HC=>' 21'
#2=0N#9C<C94' /=0' 29:"&' V/9"&' #:"$CE9&4' ./&/$"9"&E' V2NH0' %"' ="#"EE/&4' 92' "X.H/C=' 9:"'
H/&>"'EVC=>E'C='#2=0N#9C<C948'';N>NE9'#2=0N#9C<C94'C='DV/='I/K"'&2N>:H4'$C&&2&"0'9:"'.W'
.&21CH")' V:C#:' CE' 94.C#/H' >C<"=' 9:/9' /HK/HC=C94F&"H/9"0' C2=E' /HE2' C=#&"/E"' 9:"' "H"#9&C#/H'
#2=0N#9/=#"'21'V/9"&'Y7"9d"H',@5(Z8''

;HH' 12N&'21' 9:"'./&/$"9"&E'"X:C%C9'/'0CE9C=#9' H/4"&'21'V/9"&'/9'/..&2XC$/9"H4']'$'V:"&"'
!^)'.W'/=0'#2=0N#9C<C94'9"$.2&/&CH4'C=#&"/E"8''M:CE'#2NH0'.29"=9C/HH4'%"'9:"'&"ENH9'21'9:"'
C=H"9'E9&"/$'V/9"&'EC99C=>'/9'9:CE'0".9:8'';E'9:"'#22H"&'C=H"9'E9&"/$'V/9"&'"=9"&E'9:"'H/K"'C9'
CE' 0"=E"&' 9:/=' 9:"' EN&1/#"' V/9"&)' #/NEC=>' 9:"' E9&"/$' V/9"&' 92' EC=K' N=9CH' C9' "=#2N=9"&E'
#22H"&' H/K"'V/9"&' 21' "ONC</H"=9' 0"=EC948' ' M:"' C=H"9' E9&"/$'V/9"&' CE' HCK"H4'$2&"' /"&/9"0'
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VC9:':C>:"&'$C="&/H'#2=#"=9&/9C2=E)'&"ENH9C=>'C='"H"</9"0'!^)'.W)'/=0'#2=0N#9C<C94'H"<"HE'
/9'9:/9'0".9:8'

G='#2=#HNEC2=)'=2'0CE9C=#9' 9:"&$2#HC="'V/E'=29"0)'/=0'$2E9'21' 9:"'<"&9C#/H'</&C/%CHC94' C='
9"$."&/9N&")' 0CEE2H<"0' 2X4>"=)' .W' /=0' #2=0N#9C<C94' C=' DV/=' I/K"' /.."/&E' 92' 2##N&'
/%2<"' 9:"' H"<"H' 21' 9:"' ,*' $' .&2.2E"0' C=9/K"8' ' W2V"<"&)' 9:CE' 0/9/' CE' HC$C9"0' 92' 9V2'
E/$.HC=>'"<"=9E' C='/'EC=>H"'4"/&)'/=0'E:2NH0'%"'9&"/9"0'/E'/'E=/.E:29'C='E./#"'/=0'9C$"'
&/9:"&'9:/='9:"'/==N/H'H/9"'EN$$"&L1/HH'0CE9&C%N9C2='21'.:4EC#/H'/=0'#:"$C#/H'./&/$"9"&E'
C='DV/='I/K"8'''

4.4.2. THOMAS BAY 

M:"'S/E#/0"'S&""K':40&2.2V"&'.&2`"#9'CE'.&2.2E"0'92'2."&/9"'C='/'&N=F21F9:"F&C<"&'1H2V'
E#"=/&C28' ' M:CE'$"/=E' 9:/9' H"<"HE' 21' DV/=' I/K"'V2NH0' %"'$/C=9/C="0' #H2E"' 92' =/9N&/H'
E"/E2=/H'H/K"'H"<"HE'/=0'9:/9'9:"'#2$%C="0'0CE#:/&>"'<2HN$"'21'H2V"&'S/E#/0"'S&""K'/=0'
9:"':40&2.2V"&'.H/=9'0CE#:/&>"'VCHH'=29'"X#""0'9:"'=/9N&/H'0CE#:/&>"'<2HN$"'21'S/E#/0"'
S&""K8' ' J/E"0' 2=' 9:CE' $/`2&' /EEN$.9C2=)' 9:"' #2=9&C%N9C2=' 21' :40&2.2V"&' 0CE#:/&>"'
&"H/9C<"'92'9:"'"XCE9C=>'1&"E:V/9"&'0CE#:/&>"'/=0'92'9:"'<2HN$"'21'M:2$/E'J/4'CE'HC$C9"0'
/=0' VCHH' :/<"' =2' C$./#9E' 2=' 9:"' 2#"/=2>&/.:C#' #2=0C9C2=E' 21' M:2$/E' J/48' ' G9' CE'
C$.2&9/=9'92'=29"'9:/9'9:CE'#2=#HNEC2='CE'%/E"0'2='/'&N=F21F9:"F&C<"&'2."&/9C2=8'S:/=>"E'92'
9:CE' 2."&/9C=>' &">C$"' V2NH0' &"ONC&"' /' &"F/EE"EE$"=9' 21' 9:"' <2HN$"9&C#' $20"HC=>' /=0'
/EE2#C/9"0'#2=#HNEC2=E'.&2<C0"0'C='9:CE'&".2&98'

'

'

'

'

'

'

'

'

' '
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5. CASCADE CREEK FISHERY INVESTIGATIONS 

UCE:"&C"E'C=<"E9C>/9C2=E'0N&C=>'9:"'EN$$"&'/=0'1/HH'21'*+,+'V"&"'12#NE"0'2='9V2'/&"/E'21'
E9N043' ,Z' /' $/&K' /=0' &"#/.9N&"' /=0' E"/E2=/H' 0CE9&C%N9C2=' E9N04' 92' 0"9"&$C="' 9:"'
/%N=0/=#"'21' 9:"'PJM'E92#K'C='U/HHE'I/K"'/=0'9:"'-2=0'/=0'C=<"=92&4'29:"&'E."#C"E'21'
1CE:'9:/9'$/4'%"'.&"E"=9'C='9:"'H/K"'/=0'I2V"&'S/E#/0"'S&""K'E4E9"$a'/=0'*Z'/'HC$C9"0'
&/C=%2V'E./V=C=>'EN&<"4'12#NEC=>'2='#&""KE'9:/9'"=9"&'DV/='I/K"8''

5.1. INTRODUCTION 
DV/='I/K"'#2=9/C=E'/'.2.NH/9C2='21'PJM'E92#K"0'C='9:"'H/9"',@6+hE'Y;!UB',@]6Z8''b2'
E92#KC=>':/E'2##N&&"0' C='DV/='I/K"' EC=#"' 9:"' C=C9C/H' &"H"/E"E' C=',@6]' /=0',@658' 'PJM'
:/<"' E.&"/0' 9:&2N>:2N9' 9:"' S/E#/0"' S&""K' 0&/C=/>"' EC=#"' 9:"' C=C9C/H' E92#KC=>' "<"=98''
!CE9&C%N9C2='C='9:"'N.E9&"/$'"=0'CE'HC$C9"0'%4'/='C$./EE/%H"'%/&&C"&'1/HHE'/..&2XC$/9"H4'
,86'$CH"E' N.E9&"/$' 1&2$'DV/='I/K"8' ';9' .&"E"=9)' 9:"'PJM' C=:/%C9C=>' 9:"'DV/='I/K"F
S/E#/0"' S&""KFU/HHE' H/K"FE4E9"$' &".&"E"=9' /' 1&/>$"=9"0' E92#K' E"./&/9"0' %4' .:4EC#/H'
%/&&C"&E'YV/9"&1/HHE'/=0'#/E#/0"EZ'9:/9'HC$C9E'9:"'.2EEC%CHC94'21'N.E9&"/$'$2<"$"=9'VC9:C='
E."#C1C#' &"/#:"E' 21' S/E#/0"' S&""K8' ' D"/E2=/H' $2<"$"=9' 2##N&E' 1&2$' DV/=' I/K"'
N.E9&"/$' 92'K=2V='/=0'N=K=2V=' E9&"/$'E./V=C=>'/&"/E' C='R.."&'S/E#/0"'S&""K'/=0)'
.29"=9C/HH4)' 29:"&' DV/=' I/K"' C=1H2V' 9&C%N9/&C"E8' ' G=' I2V"&' S/E#/0"' S&""K)' N.E9&"/$'
$2<"$"=9'1&2$'U/HHE'I/K"' 92' 9:"'-2=0'CE'&"E9&C#9"0'%4'E"<"&/H'V/9"&1/HHE'/=0'#/E#/0"E8''
R.E9&"/$'$2<"$"=9'%"9V""='9:"'-2=0'/=0'DV/='I/K"'CE'/HE2'0""$"0'92'%"'&"E9&C#9"08'''

M:"' PJM' 21' 9:"' DV/=' I/K"FS/E#/0"' S&""K' E4E9"$' /&"' HCK"H4' /' >"="9C#/HH4' 0CE9C=#9)'
CE2H/9"0)'/=0'E"H1'ENE9/C=C=>'E92#K8''D2$"'C=0C<C0N/HE'E/$.H"0'C='./E9'4"/&E':/<"'/.."/&"0'
<CEN/HH4'0CE9C=#9'/=0'C0"=9C1C/%H"'1&2$'29:"&' 9&2N9' C=' 9:"'&">C2='%4'9:"C&'N=CON"'.C=KF&"0'
%/#K>&2N=0'#2H2&/9C2='Y."&E8'#2$$8'!8'UH"$C=>Z8''M:CE'1CE:"&4'&"E2N&#"'CE'%"HC"<"0'92'%"'
/'$2=2#NH9N&"8''

!N"'92'9:"'1/#9'9:/9'9:"'PJM'E92#K'C='9:"'E4E9"$'/.."/&'1&/>$"=9"0'%4'9:"'2="'2&'$2&"'
N.E9&"/$' .:4EC#/H' %/&&C"&E)' 12&' 9:"' .N&.2E"E' 21' 9:CE' E9N04' "/#:' 0CE#&"9"' .2&9C2=' 21' 9:"'
V/9"&E:"0'V/E' #2=EC0"&"0' C=0C<C0N/HH48' ' M:CE' .&2`"#9' /EE"EE"0' 9:"'PJM' E92#K' 12&' U/HHE'
I/K"' /=0' 9:"' -2=0' N.E9&"/$' 21' U/HHE' I/K"' 2=H4' /=0' /' E"/E2=/H' 1CE:"&4' C=<"=92&4' 12&'
I2V"&'S/E#/0"'S&""K'2=H48'

^9:"&' 9"&$E' 92' %"' 0"1C="0' 9:/9' /&"' ."&9C="=9' 92' 9:"' 2=>2C=>' C=<"E9C>/9C2=' /&"' E92#K'
E9&N#9N&"'/=0'E92#K'/EE"EE$"=98' 'D92#K'E9&N#9N&"'CE'9:"'.&2.2&9C2=/H'0CE9&C%N9C2='21'ECd"E)'
/>"E)'2&'>"=0"&E'C='/'E92#K'&"ENH9C=>'1&2$'.&2#"EE"E'21'&"#&NC9$"=9)'>&2V9:)'/=0'$2&9/HC94'
Y_N&.:4'/=0'7CHHCE',@@TZ8''D92#K'/EE"EE$"=9'E9N0C"E'9:"'E9/9NE'21'/'1CE:'E92#K'/E'V"HH'/E'
9:"' .2EEC%H"' 2N9#2$"E' 21' 0C11"&"=9' $/=/>"$"=9' /H9"&=/9C<"E8' ' M:"' .&"E"=9' E9N04' .H/='
0"<C/9"E'1&2$'9:CE'j#H/EEC#/Hk'0"1C=C9C2='21'E92#K'/EE"EE$"=9'%"#/NE"'jH"=>9:F%/E"0k'E92#K'
/EE"EE$"=9E' /=0' $/=/>"$"=9' /&"' $2&"' #2$$2=H4' NE"0' C=' D2N9:"/E9' ;H/EK/' H/&>"H4'
2VC=>'92'9:"'0C&"#9'/..HC#/9C2='92'H"=>9:F%/E"0'&">NH/9C2=E8''_2&"2<"&)'9:"'0"9"&$C=/9C2='
21' /##N&/9"' />")' /=0' C=' $/=4' #/E"E' E"X)' 21' PJM' /=0' 29:"&' >/$"' 1CE:' 219"=' &"ONC&"E'
#2=1C&$/9C2=' NEC=>' H"9:/H' E/$.HC=>'$"/=E8' 'b2=FH"9:/H' />"C=>' 21' E#/H"E' CE' .2EEC%H"' %N9'
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.&2%H"$/9C#' YC8"8' E#/H"' /==NHC' /&"' <"&4' E$/HH' /=0' #H2E"' 92>"9:"&' C=' EH2V' >&2VC=>)'
#2H0V/9"&'1CE:Z'/=0'$NE9'%"'<"&C1C"0'9:&2N>:'$2&"'0"E9&N#9C<"'E/$.HC=>'9"#:=CON"E'Y"8>8'
292HC9:'C=9"&.&"9/9C2=Z'2&'VC9:'K=2V='/>"0'1CE:'9:&2N>:'H2=>"&F9"&$'E9N0C"E8''G='/00C9C2=)'
12&' PJM)' 9:"' &"ENH9E' 21' 9:"' &"#&NC9$"=9)' >&2V9:' /=0' $2&9/HC94' .2&9C2=E' 21' /' E92#K'
/EE"EE$"=9'$/4'%"' 2%1NE#/9"0' %4' 9:"' &"/HC94' 21' /0NH9' 9&2N9' .&"0/9C2=' 2=' `N<"=CH"' 9&2N98''
U2&'9:"'.N&.2E"'21'9:CE'.&2`"#9'9:"'.H/=="0'E92#K'/EE"EE$"=9'12#NE"E'2='ECd"'YH"=>9:'/=0'
V"C>:9Z' /=0' E92#K'/%N=0/=#"' Y"E9C$/9"'21' 9:"'=N$%"&'21' C=0C<C0N/H'PJM' C='U/HHE'I/K"'
/=0'"E9C$/9"'21'9:"'=N$%"&'21'C=0C<C0N/H'PJM'C='9:"'-2=0Z8'''

;' PJM' E./V=C=>' EN&<"4' V/E' #2=0N#9"0' 0N&C=>'_/4' *+,+' C=' 9:"' 9&C%N9/&C"E' 92' DV/='
I/K"8''M:CE'V/E'9:"'2=H4'9&C.'92'9:"'.&2`"#9'EC9"'9:/9'V/E'E."#C1C#/HH4'0"EC>="0'92'2%E"&<"'
E./V=C=>' 1CE:8' UN&9:"&' 2%E"&</9C2=E' 21' E./V=C=>' /#9C<C94' C=' DV/='I/K"' 9&C%N9/&C"E' /=0'
29:"&'/&"/E'21'9:"'S/E#/0"'S&""K'0&/C=/>"'V"&"'$/0"'0N&C=>'9:"'D92#K';EE"EE$"=9'/=0'
D"/E2=/H'UCE:'G=<"=92&4'1C"H0'9&C.E8''P"ENH9E'21'9:"E"'2%E"&</9C2=E'/&"'.&"E"=9"0'%"H2V8'

5.2. RAINBOW TROUT STOCK ASSESSMENT AND SEASONAL FISH 
INVENTORY STUDY OBJECTIVES 

M:"'PJM'E92#K'/EE"EE$"=9' /=0' E"/E2=/H' 1CE:' C=<"=92&4' E9N04'V/E'0"EC>="0' 92'"</HN/9"'
/=0'02#N$"=9'9:"'E9/9NE'21'9:"'PJM'E92#K'21'U/HHE'I/K"'/=0'I2V"&'S/E#/0"'S&""K'0N&C=>'
9:"' .&"F0"<"H2.$"=9' .:/E"' 21' 9:"' S/E#/0"' S&""K' W40&2"H"#9&C#' -&2`"#98' ' M:"' E."#C1C#'
2%`"#9C<"E'V"&"3'

,8 \E9C$/9"' 9:"'/%N=0/=#"'21' 9:"'PJM'E92#K'21'U/HHE'I/K"' 9:&2N>:'$/&KF&"#/.9N&"'
Y_FPZ'E/$.HC=>' Y/HH' ECd"E'<NH="&/%H"' 92'E/$.HC=>'>"/&Z'0N&C=>'EN$$"&'/=0' 1/HH)'
*+,+8'

*8 \E9C$/9"' 9:"' /%N=0/=#"' 21' 9:"' PJM' E92#K' C=' 9:"' -2=0' 9:&2N>:'$/&KF&"#/.9N&"'
E/$.HC=>'Y/HH'ECd"E'<NH="&/%H"'92'E/$.HC=>'>"/&Z'0N&C=>'EN$$"&'/=0'1/HH)'*+,+8'

(8 ;EE"EE' 9:"' ECd"' E9&N#9N&"' /=0' 21' 9:"' PJM' E92#KE' C=' U/HHE' I/K"' /=0' 9:"' -2=0'
9:&2N>:'H"=>9:F1&"ON"=#4'/=/H4ECE8''

Q8 !"9"&$C="'E"X'21'#/.9N&"0'PJM)'V:"='/=0'C1'.2EEC%H"8''
68 -"&12&$'/'E"/E2=/H'1CE:"&4'C=<"=92&4'92'0"9"&$C="'.&"E"=#"L/%E"=#"'21'PJM'/=0'
29:"&'1CE:'C=:/%C9C=>'I2V"&'S/E#/0"'S&""K'Y92'C=#HN0"'_FP'E/$.HC=>'V:C#:'VCHH'
/HH2V'12&'"E9C$/9C2='21'/%N=0/=#"Z8''

5.3. METHODS AND STUDY AREA 
M:"'E9N04'/&"/'/=0'$"9:20E'NE"0'12&'9:"'$/&K'/=0'&"#/.9N&"'E9N04'/=0'9:"'E"/E2=/H'1CE:'
C=<"=92&4'/&"'.&"E"=9"0'%"H2V8''

5.3.1. MARK-RECAPTURE STUDY METHODS  

M:"'E92#K'/EE"EE$"=9'Y:"&"/19"&'&"1"&&"0'92'/E'9:"'_/&KFP"#/.9N&"'D9N04Z'V/E'HC$C9"0'92'
P"/#:'*'Y*;'/=0'*JZ'C='I2V"&'S/E#/0"'S&""K)'U/HHE'I/K"'/=0'9:"'-2=08''P/C=%2V'9&2N9'
V"&"'#/.9N&"0' C='U/HHE'I/K"'/=0' 9:"'-2=0'NEC=>'/'#2$%C=/9C2='21'%/C9"0'$C==2V' 9&/.E'
/=0' %/C9"0' :22.' ="9E' 1CE:"0' C=0"."=0"=9H4' /=0' /9' </&4C=>' 0".9:E8' ;HH' 9&/.' EC9"E' V"&"'
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/EEC>="0' /=' C0"=9C1C#/9C2=' =N$%"&' /=0' $/&K"0' VC9:' 1H/>>C=>' /=0' C0"=9C1C#/9C2=' 9/>)'
C=#HN0C=>' #2HH"#9C2=' ."&$C9' /=0' #2=9/#9' C=12&$/9C2=8' P/C=%2V' 9&2N9' V"&"' #/.9N&"0' C='
H2V"&'S/E#/0"'S&""K'YP"/#:'*Z'VC9:'%/C9"0'$C==2V'9&/.E8'_C==2V'9&/.E'V"&"'$/0"'21'
+8(*'#$'ECd"'>/H</=Cd"0'VC&"'$"E:'/=0':/0'9V2)',8@'#$'0C/$"9"&'1N=="H'2."=C=>E8'W22.'
="9E'V"&"' ,8Q'$' H2=>' /=0' #2=ECE9"0' 21' 12N&' +8T'$F0C/$"9"&' :22.E'VC9:' @' #$'0C/$"9"&'
9:&2/9E'/99/#:"0'92'9:"'1C&E9'/=0'9:C&0':22.E8';HH'$C==2V'9&/.E'/=0':22.'="9E'V"&"'%/C9"0'
VC9:'%"9/0C="F9&"/9"0'E/H$2='">>E8''

!N"'92'9:"'ECd"'/=0'E:/."'21'U/HHE'I/K"'C9'V/E'0C<C0"0'C=92'9V2'./&9E'YR.."&'U/HHE'I/K"'
/=0'I2V"&'U/HHE'I/K"Z'92'"=EN&"'/0"ON/9"'E/$.HC=>'"112&98'R.."&'U/HHE'I/K")'I2V"&'U/HHE'
I/K"'/=0'9:"'-2=0'V"&"'1N&9:"&'0C<C0"0'C=92'#"HHE'C='/'>&C0'./99"&='YUC>N&"E'6F,)'6F*'/=0'
6F(Z8''\/#:'#"HH'#2=9/C="0'/9'H"/E9'2="'$C==2V'9&/.'/=0':22.'="9'#2$%C=/9C2=8''_C==2V'
9&/.E'V"&"' E"9' #H2E"' 92' E:2&"' C=' E:/HH2V'V/9"&' 92' 9/&>"9' `N<"=CH"' /=0' E$/HHFECd"0' 9&2N98''
W22.' ="9E'V"&"' E"9' 1N&9:"&' 1&2$' E:2&"' C=' 0"".'V/9"&' 92' 9/&>"9' /0NH9' 9&2N9' Y-:292' 6F,Z8''
I2V"&'S/E#/0"'S&""K'V/E' E/$.H"0'VC9:'$C==2V' 9&/.E' 2=H48' M:CE'V/E' 0N"' 92' E:/HH2V'
V/9"&'0".9:'/=0':C>:'V/9"&'<"H2#C94'V:C#:'.&"#HN0"0'9:"'NE"'21':22.'="9E8' 'M&/.'0".9:'
V/E'0C&"#9H4'$"/EN&"0'V:"&"'.2EEC%H"' /=0' 9&/.' H2#/9C2='V/E' &"#2&0"0'VC9:'B-D8' 'M&/.'
0".9:)'V/9"&'9"$."&/9N&")'H2#/9C2='#22&0C=/9"E'/=0'E"9'/=0'.C#K'9C$"E'V"&"'&"#2&0"08''G='
I2V"&'U/HHE'I/K"'/=0'I2V"&'S/E#/0"'S&""K)' 9&/.'0".9:'V/E'=29'$"/EN&"0'12&'/HH' 9&/.E'
0N"'92'E/$.HC=>'0C11C#NH9C"E'YC8"8':/d/&02NE'9"&&/C='2='H/=0'/=0'C='9:"'E9&"/$'#:/=="HZ8'';HH'
1CE:'9&/.E'Y$C==2V'9&/.E'/=0':22.'="9EZ'V"&"'/HH2V"0'92'E2/K'2<"&=C>:98'

_C==2V'9&/.E'/=0':22.'="9E'V"&"'&"9&C"<"0'/=0'#:"#K"0'VC9:C='/..&2XC$/9"H4'*Q':2N&E'
21' 9:"' E"9' 9C$"8' S/.9N&"0' 1CE:' V"&"' E"0/9"0' Y#H2<"' 2CHF"9:/=2H' E2HN9C2=Z)' C0"=9C1C"0)'
$"/EN&"0'Y929/H'H"=>9:'92'9:"'="/&"E9'$$Z)'$/&K"0)'/=0'&"H"/E"0'/19"&'/'&"#2<"&4'."&C208'
M:"';N>NE9' ,T' 92';N>NE9' *+)' *+,+' #/.9N&"' /=0'$/&KC=>' "<"=9' N9CHCd"0' N.."&' 2&' H2V"&'
#/N0/H'./&9C/H'1C='#HC.E'YM/%H"'6F,Z'0"."=0C=>'2='9:"'#/.9N&"'H2#/9C2=8''M:"'D".9"$%"&'*+'
92'D".9"$%"&'*Q'#/.9N&"'/=0'$/&KC=>'"<"=9'N9CHCd"0'<CEN/H'C$.H/=9'"H/E92$"&'Y[G\Z'9/>E'
9:/9'V"&"'#2H2&'#20"0'/##2&0C=>'92'#/.9N&"'H2#/9C2=8' 'M:"'"H/E92$"&'CE'/'*F./&9'.2H4$"&'
9:/9' .&20N#"E' /' %&C>:9H4' #2H2&"0' HCONC0' V:C#:' :/&0"=E' C=92' /' 1H"XC%H")' #2H2&F#20"0' 9/>'
V:"=' C=`"#9"0'EN%#N9/="2NEH4' Y-:292'6F*Z8' 'P/C=%2V' 9&2N9'#/.9N&"0' C='D".9"$%"&'V"&"'
"X/$C="0'12&'./&9C/H'1C='#HC.'$/&KE8'

'

' '
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'
Photo 5-1:  Hoop net deployment in Upper Falls Lake, September 2010. 

S/9#:' ."&' N=C9' "112&9' YS-R\Z' V/E' NE"0' 92' #2$./&"' /=0' "</HN/9"' 9:"' "11"#9C<"="EE' 21'
#/.9N&"' E/$.HC=>8' ' I"=>9:F1&"ON"=#4' /=/H4ECE' V/E' "$.H24"0' 92' "E9/%HCE:' %/E"HC="' ECd"'
C=12&$/9C2=' 12&' 9&2N9'.&"E"=9' C=' 9:"' &"E."#9C<"'V/9"&'%20C"E8' 'DCd"'E9&N#9N&"'21' 9:"'PJM'
.2.NH/9C2=E'HC<C=>'C='</&C2NE'E">$"=9E'21'9:"'S/E#/0"'S&""K'0&/C=/>"'VCHH'EN%E9C9N9"'12&'
1CE:'/>"'%"#/NE"'/>"C=>'21'PJM'C='9:"'E4E9"$'CE'=29'.&/#9C#/H'"X#".9'9:&2N>:'0"E9&N#9C<"'
E/$.HC=>'YC8"8'292HC9:'/=/H4ECEZ8'

' '
Photo 5-2:  Typical rainbow trout marked with visual implant elastomer (VIE).  
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G=' /00C9C2=' 92' #:"#KC=>' 1CE:' 12&' ./&9C/H' #/N0/H' 1C=' #HC.E)' #/.9N&"0' C=0C<C0N/HE' V"&"'
"X/$C="0' 12&' "X9"&=/H' $2&.:2H2>C#/H' #:/&/#9"&CE9C#E' C=0C#/9C<"' 21' E"X8' ' D."#C1C#/HH4)'
/=/92$4'21'9:"'N&2>"=C9/H'Y<"=9Z'2."=C=>'V/E'=29"08'

Table 5-1:  Fin clips and VIE marks according to capture location. 

'

5.3.2. SEASONAL FISHERY INVENTORY METHODS  

M:"'E"/E2=/H'1CE:"&C"E'C=<"=92&4'12#NE"0'2='P"/#:','C='I2V"&'S/E#/0"'S&""K8''P"/#:','
V/E'1N&9:"&'0C<C0"0'C=92'P"/#:',;)'9C0"V/9"&'92'1C&E9'%/&&C"&'1/HHE'/=0'P"/#:',J)'%/&&C"&'
1/HHE'92'U/HHE'I/K"'2N9H"98''M"='%/C9"0'$C==2V'9&/.E'V"&"'E"9'C='P"/#:',;'/=0'9"='9&/.E'C='
P"/#:',J' YUC>N&"'6FQZ8' 'M&/.E'V"&"'.H/#"0' C=' /&"/E'VC9:' /' &"H/9C<"H4' H2V'<"H2#C94' /=0'
/$.H"'#2<"&'C1'/</CH/%H"8''U2&'9:"'$2E9'./&9)'9:"E"'H2#/9C2=E'V"&"'C='"00C"E'%":C=0'H/&>"'
%2NH0"&E'2&'.2#K"9'V/9"&'/H2=>'9:"'%/=KE8''M&/.E'V"&"'E2/K"0'2<"&=C>:9'/=0'#:"#K"0'9:"'
12HH2VC=>'0/48''B-D'H2#/9C2=E'V"&"'&"#2&0"0'/E'V"HH'/E'$/&K"0'2='$/.E8'''

P".&"E"=9/9C<"' .:292>&/.:E' V"&"' 9/K"=' 21' "/#:' 9&/.' H2#/9C2=' /=0' "/#:' #/.9N&"0' 1CE:8''
;00C9C2=/HH4)' 1CE:'V"&"' C0"=9C1C"0)' 929/H' H"=>9:'V/E'$"/EN&"0' 92' 9:"' ="/&"E9'$CHHC$"9"&)'
/=0' .&"E"=#"L/%E"=#"' 21' 1C=' #HC.E' 2&' [G\' 9/>E' V/E' #:"#K"0' /=0' &"#2&0"08' ' ;19"&'
C0"=9C1C#/9C2=' /=0' $"/EN&"$"=9' V"&"' #2$.H"9"0)' 9:"' 1CE:' V"&"' &"9N&="0' 92' 9:"' E9&"/$'
H2#/9C2='1&2$'V:C#:'9:"4'V"&"'#2HH"#9"08''b2'/="E9:"9C#'V/E'NE"0'2='9:"'1CE:'/=0'/HH'0/9/'
V/E'&"#2&0"0'C='/='/HHFV"/9:"&'=29"%22K8''M:"'.N&.2E"'21'9:CE'E/$.HC=>'V/E'92'"E9/%HCE:'
.&"E"=#"L/%E"=#"'21'PJM'/=0L2&'29:"&'E."#C"Ea'9:"&"12&")'S-R\'V/E'=29'/=/H4d"08'

'

'
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'

F'-/>"'G=9"=9C2=/HH4'I"19'JH/=K'F''

'

'
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5.4. RESULTS 
G=' /=' "112&9' 92' >/9:"&' C=12&$/9C2=' 2=' 9:"' PJM' .2.NH/9C2=' .29"=9C/HH4' /11"#9"0' %4'
#2=E9&N#9C2=' /=0' 2."&/9C2=' 21' 9:"' S/E#/0"' S&""K' W40&2"H"#9&C#' -&2`"#9)' 1CE:'
C=<"E9C>/9C2=E' V"&"' N=0"&9/K"=' C=' ;N>NE9)' D".9"$%"&' /=0' ^#92%"&' *+,+' C=' E."#C1C#'
&"/#:"E'/=0'V/9"&'%20C"E'C='I2V"&'S/E#/0"'S&""K'02V=E9&"/$'21'DV/='I/K"8''M:"'$/&K'
/=0' &"#/.9N&"' E9N04' V/E' HC$C9"0' 92' ;N>NE9' /=0' D".9"$%"&' E/$.HC=>' "<"=9E' NEC=>' /'
#2$%C=/9C2='21':22.'="9E'/=0'$C==2V'9&/.E' C=' 9:"'-2=0'/=0'U/HHE'I/K"8' 'M:"'E"/E2=/H'
1CE:"&C"E' C=<"=92&4' E/$.H"0' 12&' 9:"' .&"E"=#"L/%E"=#"' C=' 12N&' 0CE9C=#9' &"/#:"E' 21'I2V"&'
S/E#/0"'S&""K'Y,;)',J)'*;)'/=0'*JZ'.HNE'9:"'-2=0'/=0'U/HHE'I/K"8''M:"'E./V=C=>'EN&<"4'
V/E' HC$C9"0' 92' /' EC=>H"' &"#2==/CEE/=#"' "112&9' 2='R.."&'S/E#/0"'S&""K' /EE2#C/9"0'VC9:'
0".H24$"=9' 21' 9"$."&/9N&"' .&2%"E8' ' -29"=9C/H' %/&&C"&E' 92' N.E9&"/$' 1CE:' ./EE/>"' V"&"'
02#N$"=9"0'12&'"/#:'&"/#:'C='I2V"&'S/E#/0"'S&""K'/E'V"HH'/E'R.."&'S/E#/0"'S&""K8''G='
/00C9C2=)' 1CE:"&4' %C2H2>CE9E' ."&12&$"0' &"#2==/CEE/=#"' C=<"E9C>/9C2=E' 2=' 9&C%N9/&C"E' 92'
DV/='I/K"'/=0'I2V"&'S/E#/0"'S&""K'=29C=>'1CE:'./EE/>"'%/&&C"&E)'.&"E"=#"'21'E./V=C=>'
:/%C9/9)' /=0' .&"E"=#"L/%E"=#"' 21' 1CE:)' C=' ./&9C#NH/&)' E"/&#:C=>' 12&' g^g' 1CE:' C=0C#/9C=>'
.&"E"=#"'21'E./V=C=>':/%C9/9' C=' 9:"' 9&C%N9/&48' 'M:"'&"ENH9E'/&"'2&>/=Cd"0'%"H2V'%4'"/#:'
E."#C1C#'E9N048'

5.4.1. MARK-RECAPTURE STUDY  

DCX94' YT+Z' PJM'V"&"' #/.9N&"0' /=0'$/&K"0' 0N&C=>' 9V2' E/$.HC=>' "<"=9E' ;N>NE9' ,T' 92'
;N>NE9'*+)'*+,+'/=0'D".9"$%"&'*+'92'D".9"$%"&'*Q)'*+,+'C='U/HHE'I/K")' 9:"'-2=0'/=0'
&"/#:"E' *;' /=0' *J' 21' I2V"&' S/E#/0"' S&""K8' ' b2' 29:"&' 1CE:' E."#C"E' V/E' #/.9N&"0' 2&'
2%E"&<"08'^=H4'@'1CE:'V"&"'#/.9N&"0' C=';N>NE9'/=0'=2="'21' 9:"E"'1C=F#HC.."0'PJM'V/E'
V"&"' &"#/.9N&"0' C=' D".9"$%"&8' ' !N"' 92' 9:"' H2V' =N$%"&E' 21' 1CE:' #/.9N&"0' /=0' H/#K' 21'
&"#/.9N&"E)'/%N=0/=#"'"E9C$/9C2='CE'=29'.2EEC%H"'/9'9:CE'9C$"8'

5.4.1.1. THE POND 

M29/H'#/9#:'C='D".9"$%"&'Y=z,,Z'V/E'$2&"'9:/='02N%H"'9:"'929/H'#/9#:'C=';N>NE9'Y=z6Z8''
^N9' 21' /' 929/H' 21' ,+' :22.' ="9E' 0".H24"0' C=' ;N>NE9)' (' EN##"EE1NHH4' #/.9N&"0' 1CE:8' G='
D".9"$%"&)' Q' 2N9' 21' ,+' :22.' ="9E' #/.9N&"0' 1CE:8' ' ^N9' 21' /' 929/H' 21' ,+' $C==2V' 9&/.E'
0".H24"0'C=';N>NE9)','EN##"EE1NHH4'#/.9N&"0'1CE:8''G='D".9"$%"&)'*'2N9'21'@'$C==2V'9&/.E'
#/.9N&"0' 1CE:8' ' W22.' ="9E' #/N>:9' $2&"' PJM' C=' %29:' $2=9:E8' ' S/9#:' ."&' N=C9' "112&9'
YS-R\Z'CE'/'$"/EN&"'21'9:"'=N$%"&'21'1CE:'#/N>:9'."&':2N&8''M/%H"'6F*'0CE.H/4E'S-R\'12&'
9:"'.2=0'0N&C=>'9:"';N>NE9'/=0'D".9"$%"&'E/$.HC=>8'

M:"'929/H'H"=>9:'YMIZ'21'PJM'#/.9N&"0'C='9:"'.2=0'&/=>"0'1&2$'5T'92'*]6'$$'/=0',Q5'
$$' Y685kZ'V/E' 9:"' /<"&/>"'MI' YUC>N&"' 6F6Z8' ' UCE:' #/N>:9' %4'$C==2V' 9&/.' #/N>:9' 1CE:'
&/=>"0' 1&2$',+6' 92',(5'$$'MI'VC9:'/'$"/='/<"&/>"'21',*+'$$'MI8' 'UCE:'#/N>:9'%4'
:22.'="9'&/=>"0'1&2$'5T'92'*]6'$$'MI'VC9:'/'$"/='/<"&/>"'21',T6'$$'MI8''W22.'="9E'
#/N>:9'9:"'H/&>"E9'/=0'E$/HH"E9'PJM'V:C#:'EN>>"E9E'9:/9'9&/.E'V"&"'=29'ECd"'E"H"#9C<"8''

M&/.'0".9:'Y:22.'="9E'/=0'$C==2V'9&/.EZ'&/=>"0'1&2$'+8,6'92'(8+6'$'Y+86'92',+'198Z'%N9'
2=H4' 9&/.E' C=' 9:"' 8T,' 92',85'$' Y*' 92'T' 198Z' 0".9:' &/=>"' #/.9N&"0' 1CE:' C=' 9:"'.2=08' 'M&/.'
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0".9:E'VC9:'9:"':C>:"E9'/=0'*=0'E"#2=0':C>:"E9'S-R\'V"&"',86'/=0'+8T,'$'Y6'/=0'*'198Z'
&"E."#9C<"H4' C=';N>NE9'*+,+'/=0'+85' 92',86'$'Y*8]'/=0'6'198Z' &"E."#9C<"H4)' C='D".9"$%"&'
*+,+8'

 

Table 5-2:  CPUE for the Pond in August and September, 2010. 

'
HN=Hoop Net, MT=Minnow Trap, *=not sampled. 

Sept 20 and 21

A-1H ,86 , +8+6 ,8@ + +
A-2H +85 + + ,86 ( +8,6
B-1H (8+ + + ,8] + +
B-2H (8+ + + ,8, + +
C-1H ,86 * +8,+ ,8, , +8+6
C-2H *8+ + + ,8Q + +
D-1H ,86 + + ,8@ + +
D-2H ,85 , +8+6 ,86 , +8+6
E-1H +8T + + ,8] , +8+6
F-1H +8@ + + ,8* + +

HN Catch 4 6
A-1M +86 + + ,86 + +
B-1M +8@ + + ,86 + +
B-2M +8( + + ,8Q + +
C-1M +8@ + + ,8, + +
C-2M +8T , +8+6 { { {
D-1M ,8* + + +8] + +
D-2M { { { ,86 + +
E-1M +8T + + +8* + +
E-2M +8@ + + { { {
F-1M +86 + + ,8( , +8+6
F-2M +85 + + +85 Q +8,@

MT Catch 1 5
Total Catch 5 11

CPUE

Aug 16 and 17
Trap ID no.

Depth (m) Catch CPUE Depth (m) Catch
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'
Figure 5-5:  Length frequency histogram of RBT captured in the Pond 

5.4.1.2. UPPER FALLS LAKE 

M29/H' #/9#:' C=' D".9"$%"&' Y=z(+Z' V/E' ECX' 9C$"E' >&"/9"&' 9:/=' 9:"' 929/H' #/9#:' C=' ;N>NE9'
Y=z6Z8'^N9'21'/'929/H'21',+':22.'="9E'0".H24"0'C=';N>NE9)','EN##"EE1NHH4'#/.9N&"0'1CE:8''G='
D".9"$%"&)'Q'2N9'21',+':22.'="9E'EN##"EE1NHH4'#/.9N&"0'1CE:8'^N9'21'/'929/H'21',+'$C==2V'
9&/.E' 0".H24"0' C=' ;N>NE9)' (' #/.9N&"0' 1CE:8' ' G=' D".9"$%"&)' T' 2N9' 21' ,+' $C==2V' 9&/.E'
EN##"EE1NHH4'#/.9N&"0'1CE:8'_C==2V'9&/.E'#/N>:9'$2&"'PJM'C=';N>NE98''W22.'="9E'#/N>:9'
$2&"' PJM' C=' D".9"$%"&8' ' M/%H"' 6F(' 0CE.H/4E' S-R\' 12&' R.."&' U/HHE' I/K"' 0N&C=>' 9:"'
;N>NE9'/=0'D".9"$%"&'E/$.HC=>'"<"=9E8'

M:"'929/H'H"=>9:'YMIZ'21'PJM'#/.9N&"0'C='R.."&'U/HHE'I/K"'&/=>"0'1&2$'Q5'92'(T,'$$'
/=0' ,66'$$' YT8,' C=kZ'V/E' 9:"' /<"&/>"'MI' YUC>N&"' 6FTZ8' ' UCE:' #/N>:9' %4'$C==2V' 9&/.'
&/=>"0'1&2$'Q5'92',(+'$$'MI'VC9:'/'$"/='/<"&/>"'21'@6'$$'MI8''UCE:'#/N>:9'%4':22.'
="9'&/=>"0'C='ECd"'1&2$'@]'92'(T,'$$'MI'VC9:'/'$"/='/<"&/>"'21',@Q'$$'MI8'W22.'="9E'
#/N>:9'9:"'H/&>"E9'PJM'/=0'$C==2V'9&/.E'#/N>:9'9:"'E$/HH"E9'PJM'EN>>"E9C=>'9:/9'9&/.E'
V"&"'ECd"'E"H"#9C<"8''

M&/.'0".9:'Y:22.'="9E'/=0'$C==2V'9&/.EZ'&/=>"0'1&2$'+8T,'92']8T'$'Y*'92'*6'19Z'%N9'2=H4'
9&/.E'C='9:"'+8T,'92'Q8T'$'Y*'92',6'19Z'0".9:'&/=>"'#/.9N&"0'1CE:'C='R.."&'U/HHE'I/K"8''M&/.'
0".9:E'21'9&/.E'VC9:'9:"':C>:"E9'/=0'*=0'E"#2=0':C>:"E9'S-R\'V"&"'*8Q'/=0',85'$'Y5'/=0'
T' 19Z' &"E."#9C<"H4' C=' ;N>NE9' *+,+' /=0' (8+6' /=0' +8T,' $' Y,+' /=0' *' 19Z' &"E."#9C<"H4)' C='
D".9"$%"&'*+,+8'

' '
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Table 5-3:  CPUE for Upper Falls Lake in August and September, 2010. 

'
HN=Hoop Net, MT=Minnow Trap, *=not sampled. 

A-1H ]8T + + ,86 + +
A-2H ,85 , +8+Q (8+ ,T +8]T
B-1H (8+ + + (8+ * +8+@
B-2H (8] + + (8] , +8+6
C-1H ,85 + + (8+ + +
C-2H ]8T + + (8] + +
D-1H Q8T + + (8] + +
D-2H Q8T + + ,85 + +
E-1H Q8T + + T8, + +
F-1H ,85 + + Q8T , +8+6

HN Catch 1 20
A-1M ,85 , +8+Q ,85 * +8+@
B-1M ,8* + + +8T ( +8,(
B-2M *8Q * +8+5 { { {

C-1M ,86 + + ,8* + +
C-2M ,86 + + ,8* * +8+@
D-1M ,86 + + +8@ + +
D-2M *8Q + + ,8* + +

E-1M +8T , +8+Q +85 , +8+Q
E-2M +8@ + + +8@ , +8+Q
F-1M +8@ + + +8@ + +
F-2M { { { +8T , +8+Q

MT Catch 4 10
Total Catch 5 30

CPUE
Trap ID no.

Aug 18 and 19 Sept 22 and 23

Depth (m) Catch CPUE Depth (m) Catch
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'
Figure 5-6:  Length-frequency histogram of RBT captured in Upper Falls Lake 

5.4.1.3. LOWER FALLS LAKE 

M29/H'#/9#:'C='D".9"$%"&'Y=zTZ'V/E'ECX'9C$"E'>&"/9"&'9:/='9:"'929/H'#/9#:'C=';N>NE9'Y=z+Z8'
G=' ;N>NE9)' ,+' :22.' ="9E' V"&"' 0".H24"0' %N9' =2="' EN##"EE1NHH4' #/.9N&"0' 1CE:8' ' G='
D".9"$%"&)','2N9'21',+':22.'="9E'EN##"EE1NHH4'#/.9N&"0'1CE:8'I2V"&'U/HHE'I/K"'V/E'=29'
E/$.H"0'%4'$C==2V'9&/.' C=';N>NE98' ' G='D".9"$%"&)'('2N9'21',+'$C==2V'9&/.E'#/.9N&"0'
1CE:8' _C==2V' 9&/.E' #/N>:9' $2&"' PJM' C=' D".9"$%"&' C=' I2V"&' U/HHE' I/K"8' ' M/%H"' 6FQ'
0CE.H/4E'S-R\'12&'I2V"&'U/HHE'I/K"'0N&C=>'9:"';N>NE9'/=0'D".9"$%"&'E/$.HC=>'"<"=9E8'

M:"'929/H'H"=>9:'YMIZ'21'PJM'#/.9N&"0'C='I2V"&'U/HHE'I/K"'&/=>"0'1&2$'66'92'(*+'$$'
/=0' ,@('$$' Y]8T' C=kZ' V/E' 9:"' /<"&/>"' MI' YUC>N&"' 6F]Z8' UCE:' #/N>:9' %4'$C==2V' 9&/.'
&/=>"0'1&2$'66'92'*(+'$$'MI'VC9:'/'$"/='/<"&/>"'21',(6'$$'MI8''UCE:'#/N>:9'%4':22.'
="9'Y=z*Z'V"&"'*@]'/=0'(*+'$$'MI8''W22.'="9E'#/N>:9'9:"'H/&>"E9'PJM'%N9'9:"'.&"E"=#"'
21'/'*(+'$$'MI'Y@8+6'C=kZ'/=0'/',@T'$$'MI'Y]8]'C=kZ'PJM'C='/'EC=>H"'$C==2V'9&/.'CE'
=29/%H"'%"#/NE"'$C==2V'9&/.E'E"H02$'#/.9N&"'1CE:'>&"/9"&'9:/='T'C=k'C='929/H'H"=>9:8''M:CE'
EN>>"E9E' /' H/#K'21' ECd"' E"H"#9C<C94' 21' 9:"'$C==2V' 9&/.E' /=0' CE' N=NEN/H' EC=#"' C0"=9C#/HH4'
%/C9"0':22.'="9E'V"&"'="/&%4'YC='D".9"$%"&Z8''

' '
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Table 5-4:  CPUE for Lower Falls Lake in August and September, 2010. 

'
HN=Hoop Net, MT=Minnow Trap, *=not sampled. 

A-1H { + + ,85 + +
A-2H ,85 + + (8Q + +
B-1H ( + + (8+ + +
B-2H { + + (8] + +
C-1H { + + ,86 + +
C-2H { + + (8] + +
D-1H Q8T + + Q8+ * +8+@
D-2H { + + Q8T + +
E-1H { + + ]8( + +
E-2H { + + { { {
F-1H { { { (8+ + +

HN Catch 0 2
A-1M { { { +8@ , +8+6
B-1M { { { { + +
C-1M { { { ,86 , +8+6
C-2M { { { ,8* + +
D-1M { { { { + +
D-2M { { { { + +
E-1M { { { { + +
E-2M { { { { * +8+@
F-1M { { { { + +
F-2M { { { { + +

MT Catch 0 4
Total Catch 0 6

Trap ID no.
Aug 19 and 20 Sept 23 and 24

Depth (m) Catch CPUE Depth (m) Catch CPUE
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Figure 5-7:  RBT length-frequency histogram, Lower Falls Lake, Sep. 2010. 

5.4.1.4. LOWER CASCADE CREEK REACH 2 

I2V"&'S/E#/0"'S&""K'V/E'2=H4'E/$.H"0'C='D".9"$%"&'/=0'2=H4'%4'$C==2V'9&/.E8''MV2'
E">$"=9E'21'P"/#:'*' Y*;'/=0'*JZ'V"&"' E/$.H"08'UC<"'$C==2V' 9&/.E'V"&"'0".H24"0'/9'
"/#:' EC9"' %N9' 2=H4' 9:&""' Y=z(Z' PJM'V"&"' #/.9N&"0' C=' P"/#:' *;' /=0' =2="' Y=z+Z'V"&"'
#/.9N&"0'C='P"/#:'*J'

Table 5-5:  CPUE for Lower Cascade Creek, Reach 2 in September, 2010. 

'
MT=Minnow Trap. *=not sampled. 

M:"'929/H'H"=>9:'YMIZ'21'PJM'#/.9N&"0'C='I2V"&'S/E#/0"'S&""K'&/=>"0'1&2$'6+'92',,T'
$$'/=0']('$$'Y*8@'C=kZ'V/E'9:"'/<"&/>"'MI'YUC>N&"'6F5Z8'';='2<"&/HH'I"=>9:FU&"ON"=#4'
:CE92>&/$'YUC>N&"'6F@Z'CE'.&2<C0"0'92'#2$./&"'MI'21'#/.9N&"0'1CE:'%"9V""='V/9"&'%20C"E8'

2A ISF, ,8* , +8+6
2A ISF* { , +8+6
2A ISF( +86 + +
2A ISFQ +8@ , +8+6
2A ISF6 { + +
2B ISFT +8@ + +
2B ISF] +8T + +
2B ISF5 ,86 + +
2B ISF@ *8, + +
2B ISF,+ ,8* + +

MT Catch 3

Reach no.
Sept 20 and 22

Trap ID no. Depth (m) Catch CPUE
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'
Figure 5-8:  RBT Length-frequency, Reach 2A Lower Cascade Creek, Sept. 2010. 

'
Figure 5-9:  Comparative length-frequency of all RBT collected in 2010. 

MV2' 12&$E' 21' <"=9' /=/92$4' V"&"' =29"0' C=' D".9"$%"&' *+,+3' jK"4:2H"' E:/."0k' /=0'
j"HHC.E2C0k'Y-:292'6F(Z8'_2E9'#/.9N&"0'PJM'YQ@'2N9'21'6,Z'V"&"'.H/#"0'C='2="'21'9:"'9V2'
#/9">2&C"Ea'2%E"&</9C2=E'2='9:"'&"$/C=C=>'9:&""'V"&"'C=#2=#HNEC<"8''M&2N9'VC9:'/'K"4:2H"F
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shaped vent (n=21) were possible females and RBT with ellipsoid-shaped vents (n=28) 
were possible males but no effort was made to verify this through destructive sampling. 

 
Photo 5-3:  RBT with ellipsoid-shaped vent on left; keyhole-shaped vent on right.  

5.4.2. LOWER CASCADE CREEK SEASONAL FISHERIES INVENTORY 
REACH 1 

The seasonal fish inventory scheduled during the August and September sampling events 
in Reach 1 were not completed due to heavy precipitation events raising discharge levels 
in Lower Cascade Creek to levels that made it impractical to sample with minnow traps 
as well as unsafe for biologists to access stream habitats.  Sampling in Reach 1A and 1B 
was completed on October 27 and October 28, 2010.  

In Reach 1A, two (n=2) juvenile RBT (TL 63 and 65 mm); three (n=3) Dolly Varden, 
(DV) (Salvelinus malma) (DV: TL 135, 155 and 171 mm); and one (n=1) coast range 
sculpin, (Cottus aleuticus) (90 mm TL) were captured (Table 5-6).  

In Reach 1B, one (n=1) juvenile RBT (73 mm TL) and one (n=1) DV (165 mm TL) 
(Photo 5-4) were captured.  None of the RBT captured in Reach 1 were previously VIE-
marked or fin clipped.  

5.4.3. FISH PASSAGE  

Barriers to upstream fish passage were mapped in Reaches 1A, 1B, 2A, 2B and 3 (Figure 
5-10).  A total of nine potential barriers to upstream fish passage were observed in 
Cascade Creek (Table 5-7).  All observed barriers were photo documented (Appendix 5-
1).  Eight of these barriers were located in Lower Cascade Creek between Swan Lake 
outlet and Thomas Bay.  The ninth barrier was located in Upper Cascade Creek upstream 
of Swan Lake.  Obvious barriers were designated with a B such as the falls at Falls Lake 
inlet whereas cascades that appeared to present barriers to upstream movement were 
designated PB to signify a potential barrier.  
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Table 5-6:  Seasonal Fishery Inventory, Reach 1, Lower Cascade Creek. Oct., 2010. 

'
MT=Minnow Trap; DV=Dolly Varden; CS=coast range sculpin. 

MV2'%/&&C"&E'H2#/9"0'C='&"/#:"E'*;'/=0'*J'&"E."#9C<"H4)'V"&"'EN&<"4"0'NEC=>'/'E9/0C/'&20'
/=0' EN&<"4' H"<"H' 92'ON/=9C14' 9:"':"C>:9'21' 9:"'%/&&C"&8' 'J/&&C"&'JF6'V/E' H2#/9"0'/' E:2&9'
0CE9/=#"' N.E9&"/$' 1&2$' 9:"' RDUD' H"/=F92' E9&N#9N&"' 2=' S/E#/0"' S&""K8' ' M:"' EN&<"4"0'
:"C>:9'21'9:"'%/&&C"&'JF6'V/E'(+'1""98''J/&&C"&'-JFT'V/E'H2#/9"0'C='&"/#:'*J'`NE9'N.E9&"/$'
1&2$' 9:"'-2=08' 'J/&&C"&' -JFT'V/E' /' E9".."0' #/E#/0"8' '!CE#:/&>"' 0N&C=>' 9:"' EN&<"4' 2='
D".9"$%"&'*,)'*+,+'V/E']*'#1E8''R=0"&'9:"E"'1H2V'#2=0C9C2=E'N.E9&"/$'./EE/>"'/.."/&"0'
92' %"' 2%E9&N#9"08' 'R=0"&' :C>:"&' 1H2V' #2=0C9C2=E)' N.E9&"/$' ./EE/>"'$/4' %"' .2EEC%H"' /9'
%/&&C"&'-JFT8'''

J/&&C"&'-JF])'H2#/9"0'0C&"#9H4'N.E9&"/$'21'-JFT)'V/E'/'(++'1229'&"/#:'21'>C/=9'%2NH0"&E'
VC9:'=N$"&2NE' 1/HHE' &/=>C=>' C=':"C>:9' 1&2$'6' 92',+' 1""98' 'M:CE' &"/#:' HCK"H4'.&"E"=9E'/='
N.E9&"/$'%/&&C"&'92'1CE:'./EE/>"8'

'

1A ;F,_ +8*6 , PJM TQ
1A ;F*_ +8,6 +
1A ;F(_ +8(6 * ![ ,(6
1A PJM T(
1A ;FQ_ +8QT +
1A ;F6_ +86 , SD @+
1A ;FT_ +8( , ![ ,],
1A ;F]_ +8*6 +
1A ;F5_ +8@ +
1A ;F@_ +8* +
1A ;F,+_ +8QT , ![ ,66

MT Catch 6
1B JF,_ +8(6 , PJM ](
1B JF*_ +8T, +
1B JF(_ +8(6 +
1B JFQ_ +8T, +
1B JF6_ +86 +
1B JFT_ +8(6 , ![ ,T6
1B JF]_ +86 +
1B JF5_ +86T +
1B JF@_ +86T +
1B JF,+_ +8*6 +

MT Catch 2
Total Catch 8

Trap ID no. Depth (m) Catch Species TL mm
Reach no.

October 27 and 28
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'

F-/>"'G=9"=9C2=/HH4'I"19'JH/=K'p'

'

'
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Photo 5-4:  Dolly Varden (165 mm) captured at 1B-6M (above barrier falls) 

J/&&C"&' -JF5'V/E' /' E"/E2=/H' %/&&C"&' "<C0"=9'V:"=' 0CE#:/&>"'V/E' C=EN11C#C"=9' C='I2V"&'
S/E#/0"'S&""K' 12&' EN&1/#"' 1H2V8' 'S/E#/0"'S&""K' 1H2V"0' EN%EN&1/#"' C=' 9:CE' E"#9C2=' `NE9'
02V=E9&"/$' 1&2$' DV/=' I/K"' 2N9H"98' ' M:"' H"=>9:' 21' 9:"' 0&4' #:/=="H' "X./=0"0' /=0'
#2=9&/#9"0' VC9:' #:/=>"E' C=' 0CE#:/&>"' 0CE#2=="#9C=>' 9:"' H/&>"' .22H' /..&2XC$/9"H4' (++'
$"9"&E'02V=E9&"/$'1&2$'DV/='I/K"8'';'E:2&9'E"#9C2='21'0"V/9"&"0'#:/=="H'Yt*'$"9"&EZ'
V/E' 1C&E9' 2%E"&<"0' 2=' ;N>NE9' ,()' *+,+' V:"=' 0CE#:/&>"' V/E' *(T' #1E8' '7/&$' V"/9:"&'
9:&2N>:2N9' 9:"' E/$.HC=>' V""K' C=#&"/E"0' &N=211' 1&2$' 9:"' >H/#C"&E' N.E9&"/$)' #/NEC=>'
0CE#:/&>"' 92' C=#&"/E"' /=0' &"#2=="#9C=>' EN&1/#"' 1H2V' C=' I2V"&' S/E#/0"' S&""K8' ' ^='
D".9"$%"&'*,)'*+,+'9:"'H"=>9:'21'0&4'E9&"/$'#:/=="H'/9'9:CE'H2#/9C2='V/E'/..&2XC$/9"H4'
,++'$"9"&E8''!CE#:/&>"'V/E']*'#1E'/9'DV/='I/K"'2N9H"98'''

J/&&C"&' JF@)' /..&2XC$/9"H4' ,++' 1""9' C=' :"C>:9)' V/E' H2#/9"0' C=' R.."&' S/E#/0"' S&""K'
/..&2XC$/9"H4',86'$CH"E'N.E9&"/$'1&2$'9:"'C=H"9'92'DV/='I/K"8''J/E"0'2='#2$$N=C#/9C2='
VC9:';!UB'1CE:"&C"E'%C2H2>CE9'Y!2N>'UH"$$C=>)'."&E2=/H'#2$$N=C#/9C2=Z'#2N.H"0'VC9:'
&"<C"V'21'E92#KC=>'&"#2&0E)'R.."&'S/E#/0"'S&""K'N.E9&"/$'21'%/&&C"&'JF@'V/E'#2=EC0"&"0'
1CE:H"EE8'''

5.4.4. RAINBOW TROUT SPAWNING SURVEY RESULTS 

M:"'PJM'E./V=C=>'EN&<"4'V/E'HC$C9"0'/'EC=>H"'&"#2==/CEE/=#"'"<"=9'C='R.."&'S/E#/0"'
S&""K)'9:"'C=H"9'0"H9/'92'DV/='I/K"'/=0'S/%C='S&""K'#2C=#C0C=>'VC9:'9:"'0".H24$"=9'21'
9"$."&/9N&"' .&2%"E' C=' S/E#/0"' S&""K' 2=' _/4' *()' *+,+8' ' b2' PJM' E./V="&E' V"&"'
2%E"&<"0' C='R.."&' S/E#/0"'S&""K)' DV/=' I/K"' C=H"9' 0"H9/' 2&' S/%C='S&""K8' ' M:"'V/9"&'
#H/&C94'V/E'"X#".9C2=/HH4'#H"/&'/HH2VC=>' 1CE:"&C"E'%C2H2>CE9E' 92'"/ECH4'2%E"&<"' &"00E':/0'
9:"4' %""=' .&"E"=98' ' UCE:"&C"E' E9/11' /HE2' ."&12&$"0' E./V=C=>' EN&<"4' &"#2==/CEE/=#"' 2='
9&C%N9/&C"E'92'9:"'-2=0'2='_/4'*()'*++Q'%N9'0C0'=29'2%E"&<"'/=4'E./V=C=>'PJM'2&'&"00E8'''
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Table 5-7:  Observed and potential upstream fish passage barriers in Cascade Creek 

Barrier 
No. 

Reach 
No. Description Height 

(ft) 
Appendix 5.1 

Photo No. 

JF,' P"/#:',/' S/E#/0"'SK'U/HHE' mQ6' -:292'68,F,'

JF*'
P"/#:'
,%' R==/$"0'U/HHE' m(6' -:292'68,F*F'/"&C/H'

JF('
P"/#:'
,%' U/HHE'I/K"'^N9H"9' m,++' -:292'68,F*'

JFQ' P"/#:'*/' U/HHE'I/K"'G=H"9' mQ6' -:292'68,F('

JF6' P"/#:'*/' S/E#/0"LU/HHE' m(+' -:292'68,FQ'

-JFT'
P"/#:'
*%' S/E#/0"LU/HHE' m**' -:292'68,F6'

-JF]'
P"/#:'
*%' J2NH0"&'S/E#/0"' m6F,+' -:292'68,FT'

-JF5'
P"/#:'
*%' EN%EN&1/#"'#:/=="H' =/' -:292'68,F]'

JF@'
P"/#:'(' J/&&C"&'U/HHE',86'$CH"E'

/%2<"'DV/='I/K"' m,++'
-:292'68,F5'

D./V=C=>' EN&<"4E' V"&"' =29' #2=0N#9"0' C=' 9:"' /0`/#"=9' D.&C=>' S&""K' 2=' _/4' *(8''
W2V"<"&)'0N&C=>':/%C9/9'$/..C=>'EN&<"4E'C='9:"'D.&C=>'S&""K'C=';N>NE9'*+,+'N.'92'Q@'
.29"=9C/H'&"00E'V"&"'2%E"&<"0'C='9:"'1C&E9'*++'$"9"&E'21'D.&C=>'S&""K'0C&"#9H4'N.E9&"/$'
1&2$'DV/='I/K"8''b"VH4'"$"&>"0'g^g'1CE:'V"&"'2%E"&<"0'C='9:"'>&/<"H'0".&"EEC2=E'21'
9:"E"'&"00E'/9'9:"'9C$"8'''

MV2' N==/$"0' 9&C%N9/&4' E9&"/$E' 1H2VC=>' 0C&"#9H4' C=92' DV/=' I/K"' V"&"' EN&<"4"0' 2='
;N>NE9' ,69:' *+,+' 12&' E./V=C=>' :/%C9/9' /=0' .29"=9C/H' &"00E8' ' M:"' >&/0C"=9E' 21' 9:"'
&"$/C=C=>' 9&C%N9/&4' E9&"/$E' 92'DV/='I/K"'V"&"' 922' E9"".' 92'.&2<C0"' ENC9/%H"' E./V=C=>'
:/%C9/98''

M:"'1C&E9'DV/='I/K"'9&C%N9/&4'C=<"E9C>/9"0'0&/C=E'/'>H/#C"&'C='9:"'S2E$2E'P/=>"'1H2VC=>'
C=92' DV/=' I/K"' ="/&' 9:"' 2N9H"9' C=' 9:"' <C#C=C94' 21' 9:"' .&2.2E"0' C=9/K"' E9&N#9N&"8' ' M:"'
EN%E9&/9"'C='9:"'C=C9C/H',6+'$"9"&E'21'9:CE'9&C%N9/&4'#2=ECE9"0'H/&>"H4'21'>&/<"HE'/=0'E/=0'
ENC9/%H"' 12&' E./V=C=>8' ' W2V"<"&)' 9:"' :"/<CH4' %&/C0"0' #:/=="H' EN>>"E9"0' /' 04=/$C#'
E4E9"$'9:/9'E:C19"0'/==N/HH48''UN&9:"&$2&")'9:"'$/XC$N$'E9&"/$'9"$."&/9N&"E'V"&"'6'S'
/9' ,(++' :2N&E' 2=' /' #H"/&' 0/4'VC9:' ="/&' &"#2&0' /C&' 9"$."&/9N&"E' 21'cc'S8' ';%2<"' 9:CE'
.2C=9)' 9:"' >&/0C"=9' E9""."="0' 0&/$/9C#/HH4' VC9:' =N$"&2NE' C$./EE/%H"' 1/HHE' /#&2EE'
%"0&2#K8''b2'&"00E'V"&"'2%E"&<"0'C='9:"'C=C9C/H',6+'$"9"&E8''M:"'0"H9/'/9'9:CE'#&""K'$2N9:'
V/E' E$/HH'0&2..C=>'211' 92'0"".'V/9"&':/%C9/9E'ONC#KH48'b2' &"00E'V"&"'2%E"&<"0' C=' 9:CE'
/&"/'"C9:"&8'''

M:"'E"#2=0'DV/='I/K"'9&C%N9/&4'E9&"/$'0&/C=E'1&2$'9:"'%/EC='%"H2V'UC>:9C=>'A2:='."/K'
"=9"&C=>'DV/='I/K"'C='9:"'E2N9:V"E9'ON/&9"&'21'E"#9C2='Q8'';'.29"=9C/H'%/&&C"&'92'N.E9&"/$'
1CE:'./EE/>"'"XCE9E'VC9:C='6+'$"9"&E'21'DV/='I/K"8''M:CE'%/&&C"&'CE'HCK"H4'./EE/%H"'0N&C=>'
4"/&E' V:"=' DV/=' I/K"' &"/#:"E' ="/&' &"#2&0' 1NHH' .22H' "<"=9E8' ' M:"' E9&"/$'V/E'$2E9H4'
%"0&2#K' #/E#/0"E' /=0' .HN=>"' .22HE8' ' M:"' EN%E9&/9"' V/E' 02$C=/9"0' %4' %2NH0"&E' /=0'
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%"0&2#K'VC9:'"X9&"$"H4'HC$C9"0'E./V=C=>'/&"/E'#2=9/C=C=>'ENC9/%H"'E./V=C=>'>&/<"HE'12&'
PJM8''D"<"&/H'N.E9&"/$'./EE/>"'%/&&C"&E'V"&"'2%E"&<"0'9:"'$2E9'=29/%H"'21'V:C#:'V/E'/'
6+' 1229' 2<"&:/=>C=>' 1/HHE' /..&2XC$/9"H4' 5++' $"9"&E' 1&2$' 9:"' #2=1HN"=#"' VC9:' DV/='
I/K"8''b2'&"00E'2&'1CE:'V"&"'2%E"&<"0'%"42=0'9:"'.22H'/9'9:"'%/E"'21'9:"'1C&E9'%/&&C"&'6+'
$"9"&E'N.E9&"/$'1&2$'DV/='I/K"8'''

5.5. DISCUSSION 
P/C=%2V'9&2N9'V"&"'C=9&20N#"0'92'DV/='I/K"'C='9:"'H/9"',@6+E'92'.&2<C0"'/'E.2&9'1CE:"&48''
-&"<C2NE'C=9&20N#9C2=E'21'\/E9"&='%&22K'9&2N9'C='9:"',@(+hE'V"&"'N=EN##"EE1NH8''M:"'PJM'
.2.NH/9C2='CE'E"H1FENE9/C=C=>8'';!UÅB'&">NH/9C2=E'/HH2V'/'0/CH4'%/>'/=0'.2EE"EEC2='HC$C9'
21' *' PJM' %"9V""=' ,,' /=0' **' C=#:"E' Y*]@F66@'$$Z' C=' H"=>9:8' ' M:"' D2N9:"/E9' ;H/EK/'
P"#&"/9C2=/H' S/%C=' DN&<"4' CE' #2=0N#9"0' "<"&4' 1"V' 4"/&E' 92' >/N>"' 1CE:C=>' .&"EEN&"' 2='
H/K"E'9:&2N>:2N9'D2N9:"/E9'E"&<C#"0'%4'RDUD'#/%C=E8''G='*++T'Y9:"'H/E9'4"/&'DV/='I/K"'
V/E' EN&<"4"0Z)' DV/=' I/K"' V/E' EN%`"#9' 92' T@' 0/4E' 21' 1CE:C=>' 0N&C=>' V:C#:' Q6' 1CE:'
Y%"9V""=',,'/=0'**'C=#:"E'C='H"=>9:Z'V"&"'#/N>:9'/=0'&"9/C="0'%4'/=>H"&E'/=0'*56'1CE:'
V"&"' #/N>:9' /=0' &"H"/E"08' ' D.2&9' 1CE:C=>' CE' "X."#9"0' 92' "X"&9' H2V' $2&9/HC94' 2=' PJM'
.2.NH/9C2=E' C=' 9:"' E/$.H"0' /&"/E' 0N"' 92' 9:"C&' &"$29"' H2#/HC94' Y1H4FC=' 2&' :CK"FC=' 2=H4Z8''
^E.&"4)' %/H0' "/>H")' H22=' /=0' %H/#K' %"/&' /&"' 29:"&' E2N&#"E' 21' =/9N&/H' 9&2N9' $2&9/HC948''
I/&>"' PJM' .&"0/9C=>' E$/HHFECd"0' /=0' `N<"=CH"' PJM' CE' ENE."#9"0' %N9' 9:"' "X9"=9' 21'
.CE#C<2&4'%4'H/&>"'9&2N9'CE'=29'K=2V=8'

M:"'PJM'C='9:"'S/E#/0"'S&""KFDV/='I/K"'!&/C=/>"'"XCE9'C='E"<"&/H'1&/>$"=9"0)'CE2H/9"0'
.2.NH/9C2=E'21'N=K=2V='.&2.2&9C2=8''G=C9C/H'9&/..C=>'"112&9E'C=';N>NE9'*+,+'2=H4'$/&K"0'
/'E$/HH'=N$%"&'21'9&2N9'C='*'2N9'21'9:"'Q'V/9"&'%20C"E'YQ'PJM'C='9:"'-2=0'/=0'6'C='R.."&'
U/HHE'I/K"Z8' 'b2="'21'9:"E"'1CE:'V"&"'&"#/.9N&"0'C='9:"'D".9"$%"&'*+,+'9&/..C=>'"112&98''
!N"' 92' 9:"' E$/HH' #/.9N&"' C=' ;N>NE9' /=0' 1/CHN&"' 92' &"F#/.9N&"' /=4' 1CE:' C=' D".9"$%"&' /'
.2.NH/9C2='"E9C$/9"'V/E'=29'.2EEC%H"'12&'/=4'21'9:"'V/9"&'%20C"E8'''

;EEN$.9C2=E' C=#HN0"0' C=' %/EC#' $/&K' /=0' &"#/.9N&"' E9N0C"E' /&"' ,Z' 9:"' .2.NH/9C2=' CE'
>"2>&/.:C#/HH4'#H2E"0'VC9:'=2'1CE:'"=9"&C=>'2&' H"/<C=>' 9:"'E4E9"$)' '*Z' 9:"'.2.NH/9C2=' CE'
0"$2>&/.:C#/HH4'#H2E"0'Y=2'%C&9:E'2&'0"/9:EZ)'(Z'=2'$/&KE'/&"'H2E9'2&'$CEE"0)'QZ'$/&KC=>'
02"E'=29'#:/=>"'1CE:'%":/<C2&'2&'<NH="&/%CHC94'92'#/.9N&")'6Z'$/&K"0'1CE:'$CX'/9'&/=02$'
VC9:' N=$/&K"0' 1CE:' /=0)' TZ' /HH' 1CE:' :/<"' /=' "ON/H' .&2%/%CHC94' 21' #/.9N&"' 9:/9' 02"E' =29'
#:/=>"'2<"&'9C$"'YW/4"E)'"9'/H8'*++]Z8''[/&C2NE'12&$NH/"'12&'$/&KF&"#/.9N&"'/%N=0/=#"'
"E9C$/9"E' 4C"H0' EC$CH/&' &"ENH9E' .&2<C0"0' 9:/9' /' EN11C#C"=9' =N$%"&' 21' $/&K"0' 1CE:' /&"'
&"#/.9N&"0' Y"8>8)' /9' H"/E9' *FQ' .&"1"&/%H4' >&"/9"&' 9:/=' ,+Z' YS:/.$/=' ,@6,a'P2%CE2=' /=0'
P">C"&' ,@TQZ8' ' !N"' 92' 9:"' 1/#9' 9:/9' =2' PJM' 9:/9' :/0' %""=' $/&K"0' C=' ;N>NE9' V"&"'
&"#/.9N&"0'C='D".9"$%"&'/='"E9C$/9"'21'/%E2HN9"'/%N=0/=#"'#/==29'%"'$/0"'/9'9:CE'9C$"8''
G1'$/&K"0'PJM'/&"' &"#/.9N&"0' C=' 1N9N&"'E/$.HC=>'"<"=9E)' /='/%N=0/=#"'"E9C$/9"'21' 9:"'
.2.NH/9C2=' #/=' 9:"=' %"' #/H#NH/9"0' NEC=>' S:/.$/=hE' $20C1C#/9C2=E' 21' 9:"' -"9"&E2='
"E9C$/92&'YD"%"&',@5*Z'V:C#:'/$2=>'$/=4'EC$CH/&'12&$NH/"':/E'/'E9&2=>'9:"2&"9C#/H'%/ECE'
/=0'CE'VC0"H4'NE"0'C='1CE:"&C"E'E9N0C"E'YW/4"E'"9'/H8'*++]Z3'

'
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'

'

'

7:"&"'=,'z'=N$%"&'#/N>:9'/=0'$/&K"0'C='9:"'1C&E9'E/$.HC=>'."&C20a'=*'z'=N$%"&'#/N>:9'C='E"#2=0'
E/$.HC=>'."&C20a'/=0'$*'z'=N$%"&'21'$/&K"0'1CE:'C='E"#2=0'E/$.HC=>'."&C208'

!C&"#9'#2$./&CE2=E'21'/%N=0/=#"'"E9C$/9"E'1&2$'2="'H/K"'92'/=29:"&'#/='%"'$CEH"/0C=>'
0N"'92'H/&>"'0C11"&"=#"E'C='H/K"'ECd"'2&'29:"&'1/#92&E'YJ/=>E'*++]Z8''S2$./&CE2=E'21'1CE:'
0"=EC94' YC8"8' PJM' #/9#:' 0C<C0"0' %4' V/9"&' %204' EN&1/#"' /&"/Z' $/4' .&2<C0"' /' $2&"'
$"/=C=>1NH'$"/EN&"' 12&' #2$./&CE2=' YJ/=>E' *++]Z8' ' S/9#:' ."&' N=C9' "112&9'VC9:' ./EEC<"'
>"/&'YEN#:'/E'$C==2V'9&/.E'/=0':22.'="9EZ'#/='%"'NE"0'/E'/='C=0"X'21'.2.NH/9C2='0"=EC94'
Y_N&.:4'/=0'7CHHCE',@@TZ8'G0"=9C#/H'C9"$E'21'>"/&'1CE:"0'C='/'EC$CH/&'$/=="&'/=0'9C$"'21'
4"/&' #/='.&2<C0"' &"/E2=/%H"' C=0C#"E'21' #:/=>"' C=' E92#K'/%N=0/=#"' Y_N&.:4'/=0'7CHHCE'
,@@TZ8''M:"'9:"2&"9C#/H'N=0"&.C==C=>E'21'9:CE'$"9:20'/&"'%/E"0'N.2='9:"'/EEN$.9C2='9:/9'
S-R\'CE'.&2.2&9C2=/H' 92'E92#K'0"=EC948' 'M&N"'0"=EC94' CE'N=K=2V='/E' CE' 9:"'</HN"'21' 9:"'
.&2.2&9C2=/HC94'#2=E9/=98''G1'9:"'.&2.2&9C2=/HC94'#/='%"'/EEN$"0'92'%"'#2=E9/=9)'#:/=>"E'C='
S-R\' VCHH' C=0C#/9"' #2&&"E.2=0C=>' #:/=>"E' Y.2EC9C<"' 2&' =">/9C<"Z' C=' 9:"' E."#C"Eh'
/%N=0/=#"'Y_N&.:4'/=0'7CHHCE',@@TZ8''M2'NE"'S-R\'C='9:CE'$/=="&)'#/&"'$NE9'%"'9/K"='
92'&"0N#"'9:"'</&C/%CHC94'%4'E9/=0/&0CdC=>'>"/&)'$"9:20E'/=0'E/$.HC=>'0"EC>=8'

!"E.C9"'9:"'C=/%CHC94'92'ON/=9C14'9:"'PJM'.2.NH/9C2='1&2$'9:"'$/&K'/=0'&"#/.9N&"'&"ENH9E)'
9:"'H2V'=N$%"&E'21'1CE:'9&/.."0'>C<"='9:"'H"<"H'21'"112&9'EN>>"E9E'/'E$/HH'.2.NH/9C2='21'
PJM' C=' U/HHE' I/K"' /=0' "<"=' E$/HH"&' &"EC0C=>' C=' 9:"' -2=08' ' G=' D".9"$%"&)' 9:"' PJM'
.2.NH/9C2=' C=' U/HHE' I/K"' /.."/&"0' 92' C=#&"/E"' #2$./&"0' 92' ;N>NE9' V:"&"/E' 9:"' #/9#:'
=N$%"&E' V"&"' E2' HC$C9"0' C=' 9:"' -2=0' 9:/9' C9' V/E' =29' .2EEC%H"' 92' 0"9"#9' 0C11"&"=#"E8''
D"/E2=/HC94'/=0'9:"'/EE2#C/9"0'#:/=>"E'C='0CE#:/&>"'$/4'"X.H/C=)'C='./&9)'9:"'.2.NH/9C2='
#:/=>"E8''_NH9C.H"'%/&&C"&E'92'N.E9&"/$'1CE:'./EE/>"'/HE2'HCK"H4'.H/4'/'&2H"8''P"F#/.9N&"E'
/&"' /=9C#C./9"0' 0N&C=>' 1N9N&"' E/$.HC=>' "<"=9E' EC=#"'$2&"'PJM'V"&"' #/.9N&"0' /=0'[G\'
$/&K"0' C=' 9:"' D".9"$%"&' 9&/..C=>' "112&98' ' ;9' 9:/9' 9C$")' 9:"' &/9C2' 21' 9:"' $/&K"0' 92'
N=$/&K"0'1CE:'#/='%"'NE"0'92'"E9C$/9"'9:"'929/H'.2.NH/9C2=8'''

M:"'9&/..C=>'&"ENH9E'/EE2#C/9"0'VC9:'9:"'$/&K'/=0'&"#/.9N&"'"112&9'#/='%"'/..HC"0'92'9:"'
D"/E2=/H' UCE:"&C"E' G=<"=92&4' .&2<C0C=>' </HN/%H"' C=12&$/9C2=' 2=' 1CE:' 0CE9&C%N9C2=' /=0'
:/%C9/9'NE"8''U2&'"X/$.H")'0N&C=>'9:"'D".9"$%"&'_FP'1C"H0'2."&/9C2=E)'E"<"&/H'E$/HH'9&2N9'
V"&"'#/.9N&"0)'$/&K"0'/=0'&"H"/E"0'C='.22HE'C='P"/#:'*;8''M:"E"'V"&"'"E9C$/9"0'92'%"',F
4"/&' 2H0'PJM8' ' G='P"/#:' *J)' C=' E2$"'.22HE' .&"<C2NEH4' C=/##"EEC%H"' 0N"' 92' :C>:'V/9"&'
0N&C=>'9:"'E.&C=>'/=0'EN$$"&'PJM'V"&"'2%E"&<"0'N.'92'*6+'$$'Y,+'C=#:"EZ'929/H'H"=>9:'
YMIZ'/H9:2N>:'=2="'21'9:"E"'1CE:'V"&"'EN##"EE1NHH4'#/.9N&"0'2&'$/&K"0'9:"&"8''M:"':/%C9/9'
C='%29:'9:"E"'&"/#:"E'V/E'$/&>C=/H'92'1/C&'/=0'1&/>$"=9"08''S2=="#9C<C94'%"9V""='$2&"'
1/<2&/%H"' :/%C9/9E' V/E' HC$C9"0' 92' 02V=E9&"/$' ./EE/>"' 2=H4' 0N"' 92' $NH9C.H"' N.E9&"/$'
%/&&C"&E' C='P"/#:"E'*;'/=0'*J'C=' 9:"'12&$'21'V/9"&1/HHE)':C>:'>&/0C"=9'&C11H"E)'#/E#/0"E'
/=0'EN%EN&1/#"'1H2V'0CE#2=="#9C=>'E9&"/$':/%C9/9'N=C9E8'

, *

*

Y ,ZY ,Z ,
,

n nN
m
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UCE:':/%C9/9'C='9:"'-2=0'/.."/&"0'92'%"'.22&'C='/..&2XC$/9"H4'2="':/H1'21'C9E'/&"/'0N"'92'
E:/HH2V'V/9"&' 0".9:)'$N0L2&>/=C#' /=0' 1C="'./&9C#NH/9"' EN%E9&/9"' #2N.H"0'VC9:' /' H/#K'21'
#2<"&8''M:"'29:"&':/H1'21'9:"'-2=0'V/E'$/&>C=/H'92'1/C&'1CE:':/%C9/9'VC9:'V/9"&'0".9:E'92'
(8T'$'Y,*'19Z8'';#9C<"'N.V"HHC=>'V/E'2%E"&<"0'2='9:"'=2&9:"&='"0>"'21'9:"'-2=0'V:"&"'/'
E$/HH'9&C%N9/&4'"=9"&E8''M:CE'.2&9C2='21'9:"'-2=0':/E'.29"=9C/H'/E'&"/&C=>':/%C9/9'12&'g^g'
PJM'%N9'=2="'V"&"'2%E"&<"0'C='9:CE'H2#/9C2='0"E.C9"'#2=#"&9"0'E"/&#:'"112&9E8'

S/9#:' C='R.."&'U/HHE'I/K"'V/E':C>:"E9'/9' 9:"' C=H"9'0C&"#9H4'%"H2V' 9:"' 1/HHE8'MN&%NH"=#"'
/EE2#C/9"0'VC9:' /=' C=1HNX' 21' 0&C19C=>'$/#&2C=<"&9"%&/9"E' /=0' 29:"&' 1220' ./&9C#H"E' HCK"H4'
$/K"' 9:CE' /=' "X#"HH"=9' 1""0C=>' /&"/' 12&' PJM8' ' I2V"&' U/HHE' I/K"' Y#2=="#9"0' 92'R.."&'
U/HHE'I/K"'%4'/'&2#K4'=/&&2VEZ'V/E'/HE2'>220'PJM':/%C9/9'/=0'#2=9/C="0'/%N=0/=9'#2<"&'
12&' E$/HHFECd"0' PJM8' ' ^="' C=0C<C0N/H' #/.9N&"0' /=0' $/&K"0' :/0' /' 92&=' H2V"&' $/XCHH/'
V:C#:'CE'V/E'.&"EN$"0'92'%"'/':22K'E#/&8'

b2'g^g'PJM'V"&"'2%E"&<"0'2&'#/.9N&"0'C='I2V"&'S/E#/0"'S&""K)'9:"'-2=0)'U/HHE'I/K"'
2&' 9&C%N9/&C"E' %"H2V' DV/=' I/K"8' ' M:CE' EN>>"E9E' 9:/9' =2' E./V=C=>' 2##N&E' %"H2V' DV/='
I/K"8''UC"H0'E9/11'E"/&#:"0'9&C%N9/&C"E'92'9:"'-2=0'VC9:'.29"=9C/H':/%C9/9'12&'E./V=C=>'/=0'
&"/&C=>'%N9'1/CH"0'92'2%E"&<"'g^g'2&'H/&>"&'PJM8''g^g'V"&"'2%E"&<"0'C='D.&C=>'S&""K'
/%2<"'DV/='I/K"'%N9'=2="'V"&"'2%E"&<"0'C='I2V"&'S/E#/0"'S&""K'2&' 9&C%N9/&C"E8' 'M:"'
H/#K' 21' g^g' 2%E"&</9C2=E' %"H2V' DV/=' I/K"' EN>>"E9E' PJM' "C9:"&' "$C>&/9"' 2&' /&"'
C=<2HN=9/&CH4' EV".9' 02V=E9&"/$' 1&2$'DV/='I/K"'<C/' 9:"'I2V"&'S/E#/0"'S&""K'2N9H"98''
M:"' /%CHC94' 92' &">/C='DV/='I/K"' /9' 9:CE' %204' ECd"' 2&' /E' /0NH9E' %4'$2<C=>' N.E9&"/$' C='
I2V"&'S/E#/0"'S&""K'CE'N=HCK"H4'0N"'92':C>:'>&/0C"=9'&C11H"E)'&/.C0E'/=0'#/E#/0"E)'V:C#:'
#2HH"#9C<"H4' &".&"E"=9'/'%/&&C"&' 92'N.E9&"/$'$2<"$"=9' Y;.."=0CX'6F,Z8' 'M:CE'./99"&='21'
<2HN=9/&4' /=0' C=<2HN=9/&4' 02V=E9&"/$'$2<"$"=9' #2N.H"0' VC9:' N.E9&"/$' 1CE:' ./EE/>"'
%/&&C"&E'V/E' /HE2' "<C0"=9' /9' 9:"'-2=0)'U/HHE'I/K"'/=0' 9:"' &"$/C=0"&'21'I2V"&'S/E#/0"'
S&""K8''G='E2$"'&"/#:"E)'$NH9C.H"'%/&&C"&E'"XCE9"08''S2=E"ON"=9H4'9:"'PJM'.2.NH/9C2='C='
I2V"&' S/E#/0"' S&""K)' C=#HN0C=>' 9:"' -2=0' /=0' U/HHE' I/K")' CE' 1&/>$"=9"0'VC9:' HC$C9"0'
/##"EE)' C1' /=4)' 92' E./V=C=>' :/%C9/98' ' PJM' C=' I2V"&' S/E#/0"' S&""K' HCK"H4' :/<"' H2V'
0"=EC9C"E'/=0'02'=29'#2=9&C%N9"'92'ENE9/C=C=>'9:"'.2.NH/9C2='C='DV/='I/K"'0N"'92'N.E9&"/$'
./EE/>"'%/&&C"&E8'

M:"'ECd"'E9&N#9N&"'21'9:"'PJM'.2.NH/9C2=E'C='9:"'12N&'V/9"&'%20C"E'E9N0C"0'/.."/&"0'92'%"'
0C11"&"=9'/H9:2N>:'9:CE'#/==29'%"'#2=1C&$"0'VC9:2N9'H/&>"&'E/$.H"'ECd"E8''D2$"'21'9:"E"'
0C11"&"=#"E' $/4' %"' </&C/9C2=E' /EE2#C/9"0' VC9:' E"/E2=/HC94' 2&' 9&/.' E"H"#9C<C948' ' DCd"'
E9&N#9N&"E' 2%9/C="0' 1&2$' E/$.H"E' /&"' 219"=' 0C11"&"=9' 1&2$' 9:"' 9&N"' ECd"' E9&N#9N&"' 21' 9:"'
1CE:'.2.NH/9C2='0N"'92'E/$.HC=>'>"/&)'9C$"'21'4"/&'/=0'9&/.'H2#/9C2='Yb"N$/=='/=0';HH"='
*++]Z8'';HH'#/.9N&"0'1CE:'/.."/&"0'92'%"'C='>220'#2=0C9C2='VC9:'E"<"&/H'C='=29/%H4'&2%NE9'
#2=0C9C2=8'

D"X'&/9C2'21'#/.9N&"0'PJM'#2NH0'=29'%"'&"HC/%H4'0"9"&$C="0'%/E"0'2='2N&'2%E"&</9C2=E8''
D"XN/H' C0"=9C1C#/9C2=' 21' PJM'$/4' %"' .2EEC%H"' 0N&C=>' E.&C=>' E./V=C=>' V:"=' #/.9N&"0'
PJM'$/4' "X.&"EE' ">>E' 2&' $CH9' V:"=' :/=0H"08' ' G=' 9:"' #/E"' 21' #N99:&2/9' 9&2N9)' /' #H2E"'
&"H/9C<"'21'PJM'YE/$"'>"=NE'^=#2&:4=#:NEZ)'9:"'2<C.2EC92&'21'1"$/H"'9&2N9'$/4'.&29&N0"'
EHC>:9H4' 1&2$' 9:"' <"=9' 0N&C=>' 9:"' E./V=C=>' ."&C208' ' ^9:"&E' :/<"' NE"0' $/XCHH/&4' %2="'
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H"=>9:'/E'/'=2=FH"9:/H'$"9:20'21'0"9"&$C=C=>'E"X'21'9&2N9'Y9:"'$/XCHH/&4'%2="'C='$/H"E'CE'
219"=' H2=>"&Z' :2V"<"&' 9:"' /##N&/#4' 21' 9:CE' $"9:20' CE' ON"E9C2=/%H"8' ' J/=>E' Y*++5Z'
EN>>"E9"0'9:/9'&"E"/&#:"&E'&"1&/C='1&2$'&"H4C=>'2='"X9"&=/H)'$2&.:2H2>C#/H'#:/&/#9"&CE9C#E'
12&'0"9"&$C=C=>'9:"'E"X'/=0'&".&20N#9C<"'E9/9NE'21'9&2N98'';H9:2N>:'9V2'"X9"&=/H'12&$E'21'
<"=9'/=/92$4'V"&"'2%E"&<"0'/=0'=29"0'2='#/.9N&"0'PJM'/'&"<C"V'21'9:"'HC9"&/9N&"'1/CH"0'
92'C=0C#/9"'/'EC$.H")'&"HC/%H")'/=0'=2=FH"9:/H'$"9:20'21'E"XC=>'PJM'C='9:"'1C"H08''

M:"':/%C9/9'&"ONC&"$"=9E'21'9&2N9'C='E9&"/$E'/=0'H/K"E'</&4'E"/E2=/HH4'/=0'/##2&0C=>'92'
HC1"' E9/>"' YJ`2&=='/=0'P"CE"&',@@,Z8' 'M:"'>&2V9:'/=0'0"<"H2.$"=9'21' 9&2N9)' 1&2$'">>E'
C=#N%/9C=>' C=' >&/<"H' 92' 9:"' &".&20N#9C<"' E./V=C=>' 4"/&E' 92' E"="E#"=#")' CE' 0&C<"=' /=0'
0"."=0"=9' N.2=' 9:"' 9:"&$/H' /E."#9E' 21' 9:"C&' /ON"2NE' "=<C&2=$"=98' ' ^.9C$/H' >&2V9:'
9"$."&/9N&"'12&'`N<"=CH"'PJM'CE',(8,'92F,(8T'!S'Y_#_/:2=)'"9'/H8'*++TZ8''^<"&/HH'9:"&$/H'
.&"1"&"=#"'12&'/0NH9'PJM'CE',Q85F,Q8@'!S'V:"='9"E9"0'C='/'9:"&$/H'>&/0C"=9'21',,F,]'!S8'

;H9:2N>:'PJM'/&"'>"="&/HH4'&">/&0"0'/E'/'j#2H0V/9"&k'1CE:'E."#C"E)'E9&"/$E'#/='%"'922'
#2H0' /E'V"HH' /E' 922'V/&$' 12&'N.E9&"/$'$C>&/9C2=8' 'SN99:&2/9' 9&2N9' /=0'PJM':/<"'%""='
2%E"&<"0'V/C9C=>'12&' 9&C%N9/&C"E'92'V/&$'N.'%"12&"'"=9"&C=>'9:"$'92'E./V='YJ`2&=='/=0'
P"CE"&' ,@@,Z8' ' !"#"$%"&' /=0' A/=N/&4' E./V=C=>' :/E' .&20N#"0' <C/%H"' ">>E' /9' V/9"&'
9"$."&/9N&"E'21'+8(' 92'*8+' !S'>' YP/H"C>:'"9' /H8' ,@5QZ8' 'W2V"<"&)' ">>E' "X.2E"0' 92' H2=>'
."&C20E'21'+'92'Q'!S'EN11"&"0':C>:'$2&9/HC9C"E'/=0'/%=2&$/HC9C"E8'

M&2N9' Y/=0' E/H$2=Z' E92#KE' :/<"' "<2H<"0' 92' &"E.2=0' 92' 9"$."&/9N&"' #N"E' 12&' N.E9&"/$'
$C>&/9C2=' 12&' 9:"' .N&.2E"E' 21' E./V=C=>8' ' G==/9"' /0/.9/%CHC94' ."&$C9E' EN&<C</H' C='
#2=0C9C2=E' /=0' 9"$."&/9N&"E'%"42=0'/' j.&"1"&&"0k' &/=>"'V:C#:'$/4'</&4'VC9:' H/9C9N0")'
E92#K' /=0' .:4EC2>&/.:C#' &">C2=8' ' W2V"<"&)' E9&"/$' 0CE#:/&>")' E9&"/$' 9"$."&/9N&")' /=0'
V/9"&'ON/HC94'$NE9'%"'ENC9/%H"'12&'/9'H"/E9'/'.2&9C2='21'9:"'$C>&/9C2='E"/E2='YJ`2&=='/=0'
P"CE"&' ,@@,Z8' ' G1' 9:"&$/H' &">C$"E' 9:/9' 9&2N9' /=0' 29:"&' 1CE:' E."#C"E' :/<"' /0/.9"0' 92' CE'
/%&N.9H4'#:/=>"0'2&'/H9"&"0'9:&2N>:':N$/=F#/NE"0'/#9C2=E'9:"'/%CHC94'92'EN&<C<"'9:&2N>:'
&".&20N#9C2='CE'&"0N#"08'

R=ENC9/%H"' 9"$."&/9N&"E' #/=' .&"#"0"' 9:"' 2N9%&"/K' 21' 0CE"/E"' C='$C>&/9C=>' 2&' E./V=C=>'
1CE:)' /H9"&"0' 9C$C=>' 21' $C>&/9C2=)' /=0' /##"H"&/9"0' 2&' E9N=9"0' $/9N&/9C2=' YJ`2&==' /=0'
P"CE"&',@@,Z8''M&/=E.H/=9"0'1CE:)'EN#:'/E'9:"'PJM'E92#KE'C='9:"'.&"E"=9'E9N04)'$/4'1/#"'
"<"=' >&"/9"&' EN&<C</H' #:/HH"=>"E' 9:/=' =/9C<"' E92#KE' C1' 9:"4' H/#K' 1H"XC%CHC94' C='$C>&/9C2='
9C$C=>'C='9:"C&'="V'"=<C&2=$"=9'YJ`2&=='/=0'P"CE"&',@@,Z8'

ANE9'/E'.29"=9C/H'.:4EC#/H'%/&&C"&E'$/4'.&"<"=9'PJM'N.E9&"/$'$2<"$"=9'%"9V""='V/9"&'
%20C"E'C='9:"'DV/='I/K"FS/E#/0"'S&""K'E4E9"$)'9:"&$/H'%/&&C"&E'$/4'.&"<"=9'9:"'NE"'21'
E2$"' 9&C%N9/&4' E9&"/$E' 12&' E./V=C=>8' ' -&"HC$C=/&4' /=/H4E"E' 21' V/9"&' 9"$."&/9N&"' 0/9/'
YM/%H"' 6F5Z' EN>>"E9' 9:/9' R.."&' S/E#/0"' S&""K' /=0' S/%C=' S&""K' $/4' %"' 922' #2H0' 12&'
EN##"EE1NH'PJM'E./V=C=>8''M:CE'CE'#2&&2%2&/9"0'%4'&"#"=9'2%E"&</9C2=E'21'PJM'E./V=C=>'
&"00E'/=0'g^g'PJM'C='D.&C=>'S&""K'V:2E"'0/CH4'$C=C$/'CE'/..&2XC$/9"H4'*'}S'V/&$"&'
9:/='%29:'S/%C='S&""K'/=0'R.."&'S/E#/0"'S&""K8'

' '
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Table 5-8:  Min/max temperatures at 7 sites on Cascade Ck.  (June-Sept 2010). 

Site 
Min Temp 

(°C) 
Max Temp 

(°C) 

R.."&'S/E#/0"'S&""K' ,8@' ,(8,'
D.&C=>'S&""K' Q8*' ,*8Q'
S/%C='S&""K' ,85' ,,8]'
DV/='I/K"'G=H"9' (8Q' ,T8]'
DV/='I/K"'^N9H"9' (86' ,Q85'
U/HHE'I/K"' Q8,' ,Q8*'
I2V"&'S/E#/0"'/9'MC0"V/9"&' 68,' ,Q8T'

M:"'PJM'.2.NH/9C2='C='S/E#/0"'S&""K'/.."/&E'92'%"'1&/>$"=9"0'0N"'92'$NH9C.H"'%/&&C"&E'
92'N.E9&"/$' 1CE:'./EE/>"' C='"/#:' E9N04'21' 9:"' 9:&""' E9N04' &"/#:"E8' ';H9:2N>:'E./V=C=>'
EN&<"4E'V"&"'=29'"X:/NE9C<"' C='*+,+)'E./V=C=>'02"E'/.."/&' 92'%"' HC$C9"0' 92' 9:"'D.&C=>'
S&""K' /9' 9:"' C=H"9' 92' DV/=' I/K"8' ' M:CE' #2=#HNEC2=' CE' %/E"0' 2=' 9:"' 1/#9' 9:/9' HC$C9"0'
E./V=C=>':/%C9/9'V/E'2%E"&<"0'C='I2V"&'S/E#/0"'S&""K'/=0'/EE2#C/9"0'9&C%N9/&C"E'/E'V"HH'
/E'9:"'H/#K'21'g^g'1CE:'2%E"&<"'0'/=4V:"&"'%N9'9:"'D.&C=>'S&""K8''G1)'C='1/#9)'E./V=C=>'
02"E'=29'2##N&'2&'CE'E"<"&"H4'HC$C9"0'C='I2V"&'S/E#/0"'S&""K)'9:"='9:"'PJM'.2.NH/9C2='
C='I2V"&'S/E#/0"'S&""K'CE'ENE9/C="0'"=9C&"H4'%4'2N9$C>&/=9E'1&2$'DV/='I/K"8''D./V=C=>'
EN&<"4E'C='*+,,'VCHH':"H.'#2=1C&$'9:"'9C$C=>'/=0'0CE9&C%N9C2='21'E./V=C=>'C='9:"'S/E#/0"'
S&""K'0&/C=/>"'/=0'C$.HC#/9C2=E'2='9:"'ENE9/C=/%CHC94'21'9:"'.2.NH/9C2='VC9:C='&"E."#9C<"'
&"/#:"E8'

M:"'.&"E"=#"'21'!['/%2<"'9:"'C=C9C/H'1CE:'./EE/>"'%/&&C"&'C='I2V"&'S/E#/0"'S&""K'$/4'
%"' "X.H/C="0' 9:&2N>:' "X/$C=/9C2=' 21' 9:"' >"2H2>C#' &"#2&08' ' !N&C=>' .&":CE92&C#' 9C$"'
."&C20E' 2#"/=' H"<"HE' 2&' 9:"' .&"E"=#"' 21' C#"' $/4' :/<"' &"=0"&"0' /' .2&9C2=' 21' I2V"&'
S/E#/0"'S&""K'/##"EEC%H"' 92'/=/0&2$2NE'![8' ';E' 9:"E"'#2=0C9C2=E'#:/=>"0'2<"&' 9C$")'
/##"EE' 92' N.E9&"/$' /&"/E' V/E' />/C=' &"E9&C#9"0' H"/<C=>' E$/HH)' CE2H/9"0' .2.NH/9C2=E' 21'
E9&"/$' &"EC0"=9' ![8' ' WN$/=' 9&/=E.2&9' 21' ![' /%2<"' 9:"' %/&&C"&' 1/HHE' C=' /=' /99"$.9' 92'
#&"/9"' /00C9C2=/H' E.2&9' 1CE:C=>' 2..2&9N=C9C"E' CE' /=29:"&' .2EEC%H"' $"#:/=CE$' "X.H/C=C=>'
#N&&"=9'!['0CE9&C%N9C2=8''

M:"'1/#9'9:/9'!['V"&"'#/.9N&"0'/%2<"'9:"'I2V"&'S/E#/0"'S&""K'%/&&C"&'U/HHE'E"./&/9C=>'
P"/#:',;'1&2$'P"/#:',J'EN>>"E9E'/'E$/HH'E"H1FENE9/C=C=>'.2.NH/9C2='21'!['CE'.&"E"=9'C='
9:CE'E9&"/$'&"/#:8''M:CE'.:"=2$"=2='21'H2=>F9"&$'."&ECE9"=#"'21'CE2H/9"0'.2.NH/9C2=E'21'
![' /=0' #N99:&2/9' 9&2N9' :/E' %""=' V"HHF02#N$"=9"0' C=' $/=4' 29:"&' E2N9:"/E9' #2/E9/H'
E9&"/$E'YW/E9C=>E'*++6a'I"0"&'*++,a'JH/#K"99',@](Z8' ' G='E2$"'#/E"E)' 9:"E"'.2.NH/9C2=E'
/&"'#/./%H"'21'"XCE9C=>'C='CE2H/9C2='12&'9:2NE/=0E'21'4"/&E'C1'E9&"/$':/%C9/9E'&"$/C='C=9/#9'
YW/E9C=>E'*++6Z8'

!2HH4'</&0"='.2.NH/9C2=E'C=';H/EK/'"XCE9'C='9V2'0CE9C=#9'12&$E3'/=/0&2$2NE'/=0'&"EC0"=9'
YG:H"=1"H09' *++6Z8' ' M:"' &"EC0"=9' 12&$' CE' #2$$2=H4' 12N=0' N.E9&"/$' 21' =/9N&/H' %/&&C"&E'
Y"8>8'1/HHE)'0/$EZ'9:/9'.&"<"=9'9:"'N.E9&"/$'$C>&/9C2='21'9:"'/=/0&2$2NE'12&$'YG:H"=1"H09'



Aquatic Resource Studies  Cascade Creek Hydroelectric Project 
  FERC No. 12495-002 

100 ,*L(L*+,+'

*++6Z8' ' D2$"' 21' 9:"' #:/&/#9"&CE9C#E' 21' 9:"' &"EC0"=9' 12&$' /&"' E$/HH' %204' ECd")' &"0N#"0'
1"#N=0C94'/=0'"/&H4'$/9N&/9C2=8'

M:"' 1/#9' 9:/9'!['V"&"'#/.9N&"0'%"H2V' 9:"'I2V"&'S/E#/0"'S&""K'%/&&C"&' 1/HHE' C='P"/#:'
,;' EN>>"E9E' 2N9F$C>&/=9E' 1&2$' 9:"' N.E9&"/$' .2.NH/9C2=)' /' E"./&/9"' E9&"/$' &"EC0"=9'
.2.NH/9C2='2&'.2EEC%H"'NE"'21'I2V"&'S/E#/0"'S&""K'P"/#:',;'%4'/=/0&2$2NE'![8'

S2/E9' &/=>"' E#NH.C=' CE' /'$/&C="F0"&C<"0' E."#C"E'V:C#:' E."=0E'$2E9' 21' C9E' HC1"' C=' 1&"E:'
V/9"&'%N9'E./V=E'C='E/H9'V/9"&'2&'%&/#KCE:'V/9"&'"E9N/&C"E'Y/'HC1"':CE92&4'E9&/9">4'K=2V='
/E'#/9/0&2$4Z8' 'M:CE' 1CE:' CE'VC0"H4'0CE9&C%N9"0' 1&2$'E2N9:"&='S/HC12&=C/' 92'J&CE92H'J/4)'
;H/EK/' V:"&"' C9' #2$$2=H4' 2##N&E' C=' E$/HH' #2/E9/H' E9&"/$E8' ' ;' EC=>H"' E."#C$"=' V/E'
#/.9N&"0'C='^#92%"&)'*+,+'02V=E9&"/$'21'9:"'1C&E9'%/&&C"&'1/HHE'C='I2V"&'S/E#/0"'S&""K'
P"/#:',;8'

'

'

'

'

'

'

'

'

'

'
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6. BENTHIC MACROINVERTEBRATE COMMUNITY 

J"=9:C#'$/#&2C=<"&9"%&/9"E'YJ_GZ'/&"'/='"EE"=9C/H'#2$.2="=9'C='9:"'"#2H2>C#/H'.&2#"EE"E'
21'/='/ON/9C#'"#2E4E9"$)'0N"'92'9:"C&'.2EC9C2='/E'#2=EN$"&E'/=0'C=9"&$"0C/9"'9&2.:C#'H"<"H'
21'H29C#'1220'V"%E'YW4="E',@]+a'7/HH/#"'/=0'7"%E9"&',@@TZ8''J_G'/&"'C=#HN0"0'C='$/=4'
E9/9"' /=0' 1"0"&/H' />"=#4' %C2H2>C#/H' $2=C92&C=>' .&2>&/$E' %"#/NE"' 21' 9:"C&' EC>=C1C#/=9'
1N=#9C2=/H' &2H"E' #2N.H"0' VC9:' 9:"C&' <NH="&/%CHC94' 92' 1H2V' &">NH/9C2=E' /=0' V/9"&' ON/HC94'
."&9N&%/9C2=E' YJ/&%2N&' "98' /H8' ,@@@Z8' ' J_G' /&"' /0</=9/>"2NE' 12&' %C2H2>C#/H'$2=C92&C=>'
%"#/NE"' 9:"4' /&"' N%CONC92NE)' :/<"' /' :C>:' E."#C"E' 0C<"&EC94' 211"&C=>' /' E."#9&N$' 21'
&"E.2=E"E' 92' "=<C&2=$"=9/H' E9&"EE)' /=0' 9:"C&' HC1"' #4#H"E' 211"&' /=/H4ECE' 21' "11"#9E' 1&2$'
E92#:/E9C#'/=0'C=9"&$C99"=9'0CE9N&%/=#"E'YP2E"=%"&>'/=0'P"E:',@@(Z8'

6.1. BENTHIC MACROINVERTEBRATE STUDY OBJECTIVES 
M:"' E9N04' CE' 0"EC>="0' 92' 02#N$"=9' J_G' #2$.2EC9C2=' C=' H2V"&' S/E#/0"' S&""K8' ' M:"'
E."#C1C#'2%`"#9C<"E'21'9:"'J"=9:C#'_/#&2C=<"&9"%&/9"'D9N04'C=#HN0"3'

,8' J_G'#2$$N=C94'#2$.2EC9C2='

*8' J_G'0"=EC94'H2=>C9N0C=/HH4'C='I2V"&'S/E#/0"'S&""K'

6.2. BENTHIC MACROINVERTEBRATE METHODS AND STUDY 
AREA 

M:CE' E"#9C2=' 0"E#&C%"E' 9:"' $"9:20E' NE"0' 92' C=<"E9C>/9"' J_G' C=' H2V"&' S/E#/0"' S&""K8''
J_G'VCHH'%"'E/$.H"0'/9'12N&'H2#/9C2=E'2='S/E#/0"'S&""K'YUC>N&"'TF,Z8'

J_G'D/$.H"'DC9"E'1&2$'02V=E9&"/$'92'N.E9&"/$3'

J_G',8 I2V"&'S/E#/0"'/9'P_',8*6a'

J_G'*8 -"H/>C#'d2="'21'U/HHE'H/K"a''

J_G'(8 S/E#/0"'S&""K'0C&"#9H4'N.E9&"/$'21'9:"'-2=0a'/=0''

J_G'Q8 ^N9H"9'92'DV/='I/K"a''

M:"E"' E/$.H"' H2#/9C2=E' /&"' &".&"E"=9/9C<"' 21' 9:"' J_G' #2$$N=C94' C=' S/E#/0"' S&""K'
/#&2EE' 9:"' "H"</9C2=' >&/0C"=9' /=0' V/9"&' 1"/9N&"E8' ' D/$.H"' EC9"E' V"&"' E"H"#9"0)' C=' ./&9)'
%/E"0'2='/</CH/%CHC94'21'E/1"'E/$.HC=>'H2#/9C2=E'C='S/E#/0"'S&""K8'''

PC11H"' :/%C9/9E' /&"' 9:"' .&"1"&&"0' E9&"/$' :/%C9/9' 12&' #2$./&/9C<"' E9N0C"E' 21' %"=9:C#'
$/#&2C=<"&9"%&/9"E8' 'PC11H"':/%C9/9E' 94.C#/HH4':/<"' 9:"':C>:"E9'0"=EC9C"E'/=0'0C<"&EC94'21'
%"=9:C#' $/#&2C=<"&9"%&/9"E8' ' _2E9' %"=9:C#' $/#&2C=<"&9"%&/9"' E/$.HC=>' 0"<C#"E' /&"'
0"EC>="0'12&'&C11H"':/%C9/9E'&"H4C=>'2='9:"'9&/=E.2&9'21'2&>/=CE$E'%4'9:"'#N&&"=9'<"H2#C94'
C=92'/'="9'/19"&'0CE9N&%/=#"'%4'1C"H0'E9/118'';##2&0C=>H4)'9:&""'21'9:"'EC9"E'V"&"'H2#/9"0'C='
&C11H"' :/%C9/9E8' ' J_G' E/$.HC=>' C=' U/HHE' I/K"' V/E' &"ON"E9"0' %4' ;!UB' 92' /EE"EE' 1220'
&"E2N&#"E'12&'9:"'PJM'.2.NH/9C2=8'''
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M:&""' &".HC#/9"'J_G' E/$.H"E'V"&"' #2HH"#9"0' C=' &C11H"' :/%C9/9E'VC9:' %2NH0"&' /=0' #2%%H"'
EN%E9&/9"'/9'&"E."#9C<"'E/$.H"'EC9"E'NEC=>'/'EN&%"&'E/$.H"&'VC9:'6++'Ç$'$"E:'C=';N>NE9'
*+,+8''M:"'EN&%"&'E/$.H"&'#2<"&E'/'*+'#$'EON/&"'/&"/'21'9:"'E9&"/$8''M:"'EN%E9&/9"'V/E'
0CE9N&%"0' 92' /' 0".9:' 21' ,+' #$8' ' G=0C<C0N/H' EN%E9&/9"' V/E' E#&N%%"0' #H"/=' 21' /99/#:"0'
$/9"&C/H'/=0'2&>/=CE$E8''D/$.H"E'V"&"'.&"E"&<"0'C='@+'."&#"=9'CE2.&2.4H'/H#2:2H8'''

D/$.HC=>'C='9:"'U/HHE'I/K"'."H/>C#'d2="'V/E'02="'NEC=>'/'d22.H/=K92='="9'$"/EN&C=>'+8('
$'0C/$"9"&' %4' ,8*'$' H2=>'VC9:' /' TQ'Ç$'$"E:8' 'M:&""' <"&9C#/H' 92VE'V"&"' 02="' C=' 9:"'
"E9C$/9"0'0""."E9'.2C=9' C='U/HHE'I/K"8'M:"'H"=>9:'21'"/#:'<"&9C#/H' 92V'V/E'$"/EN&"0'C='
2&0"&' 92' #/H#NH/9"' 9:"' <2HN$"' 21' H/K"' V/9"&' 1CH9"&"08' M:"' E/$.H"' V/E' &C=E"0' VC9:'
0"C2=Cd"0'V/9"&'1&2$'9:"'&"$2</%H"'%N#K"9'"=0'21'9:"'="9)'C$$"&E"0'C='#/&%2=/9"0'V/9"&'
9:"='.&"E"&<"0'C='@+u'CE2.&2.4H'/H#2:2H8''

G0"=9C1C#/9C2='/=0'"=N$"&/9C2='21'J_G'E/$.H"E'V/E'."&12&$"0'%4'b2&9:"&='\#2H2>C#/H'
D"&<C#"E'C='J"HHC=>:/$)'7/E:C=>92=8''D."#C"E'0"=EC9C"E'V"&"'"X.&"EE"0'/E'9:"'=N$%"&'21'
2&>/=CE$E'."&'EON/&"'$"9"&'C='9:"'#/E"'21'9:"'EN&%"&'E/$.H"&'/=0'9:"'=N$%"&'."&'HC9"&'12&'
E/$.H"E' #2HH"#9"0' C=' U/HHE' I/K"8' ' M:"' 0/9/' &"ONC&"0' "H"#9&2=C#' 9&N=#/9C2=' 21' E2$"'
9/X2=2$C#' >&2N.E' Y"8>8)' #:C&2=2$C0' $C0>"E' /=0' 2HC>2#:/"9"EZ' %"12&"' $"9&C#E' V"&"'
#/H#NH/9"08''M:"'1C=/H'.&20N#9'21'9:"'H/%2&/92&4'/=/H4E"E'V/E'/'9/%H"'21'9:"'&/V'9/X2=2$C#'
0/9/'/=0'/'HCE9'21'/HH'$/#&2C=<"&9"%&/9"'9/X/'/=0'9:"'/%N=0/=#"'."&'E/$.H"'12&'/HH'E/$.H"E8''
_"9&C#E' V"&"' #/H#NH/9"0' 92' /EE"EE' 9/X2=2$C#' /%N=0/=#"' C=' 9"&$E' 21' 1N=#9C2=' C=' 9:"'
"#2H2>4'21'9:"'E4E9"$8'

6.3. BENTHIC MACROINVERTEBRATE RESULTS 
M:"'J_G'E/$.HC=>'922K'.H/#"'2=';N>NE9',()'*+,+8''M:&""'&".HC#/9"'E/$.H"E'V"&"'9/K"='/9'
"/#:' 21' 9:"' 12N&' J_G' E/$.H"' EC9"E8' ' !/9/' /=/H4ECE'V/E' HC$C9"0' 92' 0"E#&C.9C<"' E9/9CE9C#E'
Y/<"&/>"' 21' &".HC#/9"' E/$.H"E' ."&' EC9"Z' 12&' J_G' 0"=EC94' /=0' 9/X/' &C#:="EE' /E' V"HH' /E'
&"H/9C<"'#2$$N=C94'#2$.2EC9C2='/=0'1N=#9C2=/H'1""0C=>'>&2N.'#2$.2EC9C2=8''J"9V""='EC9"'
#2$./&CE2=E' V"&"' =29' /..&2.&C/9"' 0N"' 92' 9:"' "H"</9C2=' >&/0C"=9' %"9V""=' EC9"E)' EC=>H"'
E/$.HC=>'"<"=9'C='9C$"'/=0'0C11"&"=#"E'C='EC9"'#:/&/#9"&CE9C#E8'''

M:"' 9:&""' &".HC#/9"' E/$.H"E' C=' U/HHE' I/K"' 0C0' =29' #2=9/C=' /=4'J_G' 2&>/=CE$E8' ' M:&""'
<"&9C#/H'92VE'V"&"'."&12&$"0'C='9:"'#"=9"&'21'R.."&'U/HHE'I/K"8''M:"'0".9:'C='U/HHE'I/K"'
/9'9:CE'H2#/9C2='V/E'58@'$"9"&E8''["&9C#/H'92VE'V"&"'1&2$'/'0".9:'21'686'$"9"&E'92'9:"'H/K"'
EN&1/#"8' ' M29/H' <2HN$"' 21' V/9"&' E/$.H"0' V/E' Q+,8(' HC9"&E' 12&' "/#:' &".HC#/9"8' ' \/#:'
&".HC#/9"'E/$.H"'#2=9/C="0'/%N=0/=9'=N$%"&E'21'cladocera)'copepoda'/=0'rotifera8''M:"'
E/$.H"E'V"&"'/&#:C<"0'12&'C0"=9C1C#/9C2='/=0'"=N$"&/9C2='/9'/'H/9"&'0/9"'C1'&"ON"E9"0'%N9'
/&"'=29'C=#HN0"0'C='9:CE'&".2&98'

M:"'*+,+'J_G'E/$.HC=>'"112&9'4C"H0"0'9:C&94F1C<"'9/X/'#2HH"#9"0'1&2$'9:&""'EC9"E'C='I2V"&'
S/E#/0"'S&""K'Y;.."=0CX'TF,Z8''M:"'*+,+'J_G'9/X/'V"&"'0CE9&C%N9"0'/$2=>'"C>:9'2&0"&E3'
Ephemeroptera' Y6Za' Plecoptera' Y]Za' Trichoptera' YQZa' Diptera' Y,QZa' Bivalvia' Y,Za'
Crustacea' Y*Za'Arachnidea' Y,Z' /=0'Annelida' Y,Z8' 'Diptera' #2$.&CE"0'="/&H4':/H1'21' 9:"'
929/H'9/X/'HCE98'7C9:C='9:"'Diptera'2&0"&'9:"'1/$CH4'Chironomidae'02$C=/9"0'9:"'9/X/'HCE9'
VC9:'/'929/H'21'9V"H<"'9/X/8''M:"'HCE9'21'9/X/'V/E'&"H/9C<"H4'#2=ECE9"=9'E./9C/HH4'9:&2N>:2N9'
9:"'"H"</9C2='>&/0C"=9'2='I2V"&'S/E#/0"'S&""K8'
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'

F'-/>"'G=9"=9C2=/HH4'I"19'JH/=K'F'

'
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M:"'/<"&/>"'J_G'0"=EC94'/9'DV/='I/K"'2N9H"9'V/E'02N%H"'9:"'0"=EC94'2%E"&<"0'/%2<"'9:"'
-2=0'/=0'/9'I2V"&'S/E#/0"'S&""K'P_',8*6a'T)T]]'2&>EL$*'#2$./&"0'92'()+6@'/=0'*)5T]'
2&>EL$*' &"E."#9C<"H4' YUC>N&"'TF*Z8' 'M:"'/<"&/>"'EphemeropteraFPlecopteraFTrichoptera'
Y\-MZ' 0"=EC94' V/E' /HE2' EN%E9/=9C/HH4' >&"/9"&' /9' DV/=' I/K"' 2N9H"9' YQ)*55' 2&>EL$*Z'
#2$./&"0'92'I2V"&'S/E#/0"'P_,8*6'Y,)T5('2&>EL$*Z'/=0'9:"'EC9"'/%2<"'9:"'-2=0'YT*5'
2&>EL$*Z8''!"E.C9"'9:"'0"=EC94'0C11"&"=#"E'%"9V""='EC9"E'\-M'#2$.&CE"0'T(86u'/=0'T*8+u'
21'9:"'J_G'#2$$N=C94'#2$.2EC9C2='/9'DV/='I/K"'2N9H"9'/=0'I2V"&'S/E#/0"'S&""K'P_'
,8*6'&"E."#9C<"H4'YM/%H"'TF,Z8''G='#2=9&/E9)'\-M'#2$.&CE"0'2=H4',@85u'/9'9:"'EC9"'/%2<"'
9:"'-2=08''

'
Figure 6-2:  BMI density at three sites on Lower Cascade Creek 

;9' DV/=' I/K"' 2N9H"9)' Plecoptera' #2$.&CE"0' T(8*u' 21' 9:"' #2$$N=C94' #2$.2EC9C2='
YUC>N&"'TF(Z8' 'M:"'02$C=/=9'Plecoptera' 9/X/'/9' 9:CE'EC9"'V/E'Triznaka sp8)'/'$"$%"&'21'
9:"'chloroperlidae'1/$CH4)'#2$.&CEC=>'Y6(85uZ'21'9:"'#2$$N=C94'#2$.2EC9C2=8''Diptera'
V/E' 9:"' E"#2=0' H/&>"E9' >&2N.' #2$.&CEC=>' *,86u' 21' 9:"' #2$$N=C94' #2$.2EC9C2=8''
Ephemeroptera'/=0'Trichoptera'#2$.&CE"0'H"EE'9:/=',u'21'9:"'#2$$N=C94'#2$.2EC9C2='
/9'DV/='I/K"'2N9H"98'''

Table 6-1:  BMI density at three sites on Lower Cascade Creek 

'
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orgs/m2 EPT Ephemer-
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Plec-

optera
Trich-
optera

Total 
Diptera

Chirono-
midae Other Domimant 

Taxa

Lower Cascade RM 1.25 1B 2867 1683 62.0% 24.5% 35.7% 1.8% 30.4% 27.7% 7.6% 36.6%

Above Pond 2B 3057 628 19.8% 8.5% 10.4% 0.8% 71.8% 68.6% 8.4% 34.7%

Swan Lake Outlet 2B 6677 4288 63.5% 0.1% 63.2% 0.2% 21.5% 18.8% 15.0% 53.8%

Community Composition
Sample Site Reach 

No. 
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;9'EC9"'J_G()' H2#/9"0'/%2<"' 9:"'-2=0)'Diptera'#2$.&CE"0' 9:"' H/&>"E9'."&#"=9/>"'21' 9:"'
#2$$N=C94' #2$.2EC9C2=' Y],85uZ' 21' V:C#:' chironomidae' #2$.&CE"0' T58Tu8' ' M:"'
02$C=/=9' 9/X2=' V/E' Eukiefferiella sp8)' /' #:C&2=2$C0)' #2$.&CEC=>' (Q8]u' 21' 9:"' J_G'
#2$$N=C948' 'Plecoptera' /=0'Ephemeroptera'V"&"' 9:"' E"#2=0' /=0' 9:C&0' H/&>"E9' >&2N.E)'
,+8Qu'/=0'586u'&"E."#9C<"H48'''

'
Figure 6-3:  BMI community composition at three sites on Lower Cascade Creek 

M:"' J_G' S2$$N=C94' E/$.H"0' /9' I2V"&' S/E#/0"' S&""K' P_' ,8*6' V/E' 1/C&H4' "<"=H4'
0CE9&C%N9"0' %"9V""=' -H"#2.9"&/' Y(68]uZ)' !C.9"&/' Y(+8QuZ' /=0' \.:"$"&2.9"&/' Y*Q86uZ8''
M:"'02$C=/=9'9/X2='V/E'9:"'Plecoptera'>"=NE)'Zapada sp8)'C='9V2'&".HC#/9"'E/$.H"E'/=0'
9:"'#:C&2=2$C0)'Tvetenia sp8'C='9:"'9:C&0'&".HC#/9"8'''
M/X/'&C#:="EE'V/E'EC$CH/&'/9'9:"'9:&""'EC9"E'&/=>C=>'1&2$',6'92',T'9/X/'YUC>N&"'TFQZ8'';9'
9:"'I2V"&'S/E#/0"'P_',8*6'EC9")' 9:"'/<"&/>"'Ephemeroptera' 9/X/'V/E'(8]'YM/%H"'TF*Z8''
Chironomidae'/HE2':/0'/='/<"&/>"'21'(8]' 9/X/'/9' 9:CE'EC9"8' 'Plecoptera'/=0'Trichoptera'
9/X/'&C#:="EE'V/E'*'/=0',8]'&"E."#9C<"H48''M:"'EC9"'H2#/9"0'/%2<"'9:"'-2=0'#2=9/C="0'/='
/<"&/>"'21' 68]'Chironomidae' 9/X/)' *8]'Plecoptera' 9/X/)' ,8]'Ephemeroptera' 9/X/' /=0','
Trichoptera'9/X/8'';9'DV/='I/K"'2N9H"9)'9:"&"'V/E'/='/<"&/>"'21'6'Chironomidae'9/X/)'Q'
Plecoptera'9/X/)'+8]'Ephemeroptera'9/X/'/=0'+8]'Trichoptera'9/X/8'''
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'
Figure 6-4:  BMI taxa richness at three sites on Lower Cascade Creek 

M:"'J_G'#2$$N=C94'/9'9:"'9:&""'E/$.H"'EC9"E'V/E'#H/EEC1C"0'C=92'1C<"'1N=#9C2=/H'1""0C=>'
>&2N.E'YJ/&%2N&'"9'/H8',@@@a'_"&&C9'/=0'SN$$C=E8',@@TZ8''B/9:"&"&E'V"&"'9:"'02$C=/=9'
1N=#9C2=/H'1""0C=>'>&2N.'/9'9:"'I2V"&'S/E#/0"'S&""K'P_',8*6'EC9"'/=0'9:"'EC9"'/%2<"'9:"'
-2=0)' 6,85u' /=0' 5Q8Tu' &"E."#9C<"H4' YUC>N&"' TF6Z8' ' D:&"00"&E'V"&"' 9:"' E"#2=0' H/&>"E9'
1N=#9C2=/H' 1""0C=>' >&2N.' /9' 9:"' I2V"&' S/E#/0"' P_' ,8*6' EC9")' (,8Qu' YM/%H"' TF(Z8' ' G='
#2=9&/E9)' E:&"00"&E'V"&"' 2=H4' ]8]u'21' 9:"' 1N=#9C2=/H' 1""0C=>' >&2N.' #2$.2EC9C2=' /9' 9:"'
EC9"'/%2<"'9:"'-2=08'';9'DV/='I/K"'2N9H"9)'.&"0/92&E'#2$.&CE"0'6585u'21'9:"'1N=#9C2=/H'
1""0C=>' >&2N.' #2$.2EC9C2=8' ' B/9:"&"&E' #2$.&CE"0' ((8@u' /9' DV/=' I/K"' 2N9H"98''
DN&.&CEC=>H4)'1CH9"&'1""0"&E'#2$.&CE"0'2=H4'+8*u'21'9:"'#2$$N=C94'/9'DV/='I/K"'2N9H"98'''

Table 6-2:  BMI taxa richness at three sites on Lower Cascade Creek 
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'
Figure 6-5:  BMI functional feeding group composition on Lower Cascade Creek 

'

Table 6-3:  BMI functional feeding group composition on Lower Cascade Creek 

'

6.4. BENTHIC MACROINVERTEBRATE DISCUSSION 
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Lower Cascade RM 1.25 1B 4.2% 51.8% 10.9% 1.4% 31.4%

Above Pond 2B 0.7% 84.6% 6.0% 1.0% 7.7%

Swan Lake Outlet 2B 0.2% 33.9% 58.8% 0.0% 2.5%
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ON/HC94' 0"#HC="E8' 'M:"'J_G'0"=EC94' /9' 9:"' 9V2'02V=E9&"/$' EC9"E'V/E' H"EE' 9:/=' :/H1' 9:"'
0"=EC94'2%E"&<"0'/9'DV/='I/K"'2N9H"98''

M4.C#/HH4)'1CH9"&'1""0"&E'/&"'9:"'$2E9'/%N=0/=9'1N=#9C2=/H'1""0C=>'>&2N.'/9'H/K"'2N9H"9E8''G='
9:CE' E9N04)' 1CH9"&' 1""0"&E' V"&"' H"EE' 9:/=' ,u' 21' 9:"' #2$.2EC9C2=' /9' DV/=' I/K"' 2N9H"98''
-&"0/92&E'/=0'>/9:"&"&E'V"&"'9:"'02$C=/=9'>&2N.E8''M:"'H/#K'21'1CH9"&'1""0"&E'CE'E2$"V:/9'
21' /'$4E9"&48' '_2E9' 1CH9"&' 1""0"&E' :/<"' /' 2="F4"/&' HC1"' :CE92&4' /=0'$/4' :/<"' "$"&>"0'
.&C2&' 92' 9:"';N>NE9'E/$.HC=>'"<"=98' ';00C9C2=/H' E/$.HC=>'0N&C=>' 9:"'"/&H4'EN$$"&'/=0'
1/HH'."&C20E'$/4'#2HH"#9'1CH9"&'1""0"&E'$CEE"0'C=';N>NE98''

M:"'=N$%"&'21'9/X/'#2HH"#9"0'/9'9:"'9:&""'EC9"E'2='I2V"&'S/E#/0"'S&""K'V/E'H2V'&"H/9C<"'
92'9/X/'HCE9E'12&'E9N0C"E'"HE"V:"&"'C=';H/EK/'/=0'E."#C1C#/HH4'C='9:"';H"X/=0"&';&#:C."H/>2'
C='E2N9:"/E9';H/EK/'Y^EV220',@5@Z8''M:"'H/#K'21'J_G'0C<"&EC94'$/4'%"'0N"'92'9:"':C>:'
>&/0C"=9' =/9N&"' 21'I2V"&'S/E#/0"'S&""K' &"ENH9C=>' C=' #2/&E"' EN%E9&/9"' Y$2E9H4' %2NH0"&E'
VC9:'HC99H"'1C="'>&/C="0'$/9"&C/HZ'/=0'&"9N&='C=9"&</H'21'E#2N&C=>'1H2VE8''M:"'!C.9"&/'9/X/'
$2&"' #2$$2=' 92' ;H/EK/' E9&"/$E' Y^EV220' ,@5@Z' 9"=0' 92' %N&&2V' C=92' 1C="&' >&/C="0'
$/9"&C/HE8''M:"':C>:'>&/0C"=9'#:/&/#9"&'21'I2V"&'S/E#/0"'S&""K'&"ENH9E'C='C=9"=E"'E#2N&'
21'9:"'E9&"/$%"0'2='/'&">NH/&'%/ECE8''D#2N&C=>'1H2VE'V"&"'2%E"&<"0'C='*+,+'2='/'="/&H4'
$2=9:H4' %/ECE' 9&C>>"&"0' %4' E=2V$"H9' C=' 9:"' E.&C=>)' /%2<"' =2&$/H' /C&' 9"$."&/9N&"E' C='
;N>NE9' &"ENH9C=>' C=' C=#&"/E"0' >H/#C/H' $"H9)' /=0' 0N&C=>' =2&$/H' .&"#C.C9/9C2=' "<"=9E' C='
;N>NE9)' D".9"$%"&' /=0' ^#92%"&8' ' ;00C9C2=/H' E/$.HC=>' "<"=9E' C=' 9:"' E.&C=>' /=0' 1/HH'
."&C20E'V2NH0'HCK"H4'&"ENH9'C='#2HH"#9C2='21'/00C9C2=/H'J_G'9/X/8'

U/HHE'I/K"'V/E'=29' #2=0N#C<"' 92'%2992$' E/$.HC=>'NEC=>' /='\K$/='2&'-2=/&' >&/%' 94."'
0"<C#"'0N"'92'9:"'/=>NH/&'%2NH0"&'EN%E9&/9"8''G=E9"/0)'9:&""'&".HC#/9"'92VE'V"&"'9/K"='VC9:'
/' d22.H/=K92=' ="9' C=' 9:"' ."H/>C#' d2="' 21'U/HHE'I/K"8' 'b2'J_G'V"&"' #2HH"#9"0' C=' 9:"E"'
E/$.H"E' 0"E.C9"' 1CH9"&C=>'Q++' HC9"&E' 21' H/K"' #2HN$=' C=' "/#:' 92V8' 'UC"H0' E9/11' 0C0' #2HH"#9'
=N$"&2NE' J_G' YPlecoptera' /=0' TrichopteraZ' C=' 9:"' $C==2V' 9&/.E' /=0' :22.' ="9E'
0".H24"0'C='R.."&'U/HHE'I/K"'="/&'9:"'C=H"9'1/HHE8''M:"E"'9&/.E'/HE2':/0'9:"':C>:"E9'S-R\8''
M&/.E'H2#/9"0'"HE"V:"&"'C='U/HHE'I/K"'#2=9/C="0'1"V'C1'/=4'J_G8''J_G'HCK"H4'0&C19'1&2$'
N.E9&"/$'C=92'U/HHE'I/K"'V:"&"'PJM'9/K"'/0</=9/>"'21' 9:"'1220'C=.N9E' C='/='29:"&VCE"'
1220'HC$C9"0'E4E9"$8''U"V'PJM'V"&"'#/N>:9'C='I2V"&'U/HHE'I/K"'HCK"H4'0N"'92'9:"'H/#K'21'
/</CH/%H"' 1220'&"E2N&#"E8' 'M:"':C>:"E9' 9&/..C=>'EN##"EE' C='I2V"&'U/HHE'I/K"'V/E' C=' 9:"'
/&"/' #H2E"E9' 92' 9:"' 9&C%N9/&4' C=1H2V' EN>>"E9C=>' 9:/9' C=1H2VE' .&2<C0"' 9:"' ="#"EE/&4' 1220'
&"E2N&#"E' 12&' 9:"' PJM' .2.NH/9C2=8' ' \X/$C=/9C2=' 21' PJM' E92$/#:' #2=9"=9E' C=' 1N9N&"'
E/$.HC=>' V2NH0' C0"=9C14' /=0' ON/=9C14' C$.2&9/=#"' 21' /</CH/%H"' 1220' &"E2N&#"E' C=' U/HHE'
I/K"'/=0'29:"&'.2&9C2=E'21'I2V"&'S/E#/0"'S&""K8'''

UC"H0' E9/11' 2%E"&<"0' 0CE9C=#9' 0C11"&"=#"E' C=' 9:"' J_G' /=0' /H>/H' #2$$N=C9C"E' %"9V""='
R.."&'S/E#/0"'S&""K' /=0'I2V"&'S/E#/0"'S&""K8' ' M:"' EN%E9&/9"' C=' E:/HH2V"&' >&/0C"=9'
E"#9C2=E'21'I2V"&'S/E#/0"'S&""K'V/E'#2<"&"0'VC9:'9:C#K'$/9E'21'1CH/$"=92NE'>&""='/H>/"'
YCladophora glommerataZ8' ' M:"' $/9E' V"&"' ./&9C#NH/&H4' "<C0"=9' C=' 9:"' H2V"&' >&/0C"=9'
E"#9C2=E'`NE9'N.E9&"/$'21'9:"'-2=0'%N9'H/#KC=>'C='9:"':C>:"&'>&/0C"=9'E"#9C2=E'"X.2E"0'92'
$2&"'C=9"=E"'E#2N&8''M:"'$/9E'21'/H>/"'C=0C#/9"':C>:"&'=N9&C"=9'#2=#"=9&/9C2=E'&"H/9C<"'92'
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/0`/#"=9' 9&C%N9/&4' E9&"/$E' H/#KC=>' EC$CH/&' /H>/H' >&2V9:8' ' bN$"&2NE' Plecoptera' /=0'
Trichoptera'V"&"'2%E"&<"0'C=8'$C==2V'9&/.E'C='I2V"&'S/E#/0"'S&""K8'

R.."&'S/E#/0"'S&""K)'C='#2=9&/E9)'V/E'<2C0'21'1CH/$"=92NE'/H>/"'/=0'."&C.:492='2='9:"'
E9&"/$'EN%E9&/9"8''UC"H0'E9/11'12N=0'<"&4'1"V'J_G'Y\.:"$"&2.9"&/Z'/=0'2=H4'/19"&'9N&=C=>'
2<"&'=N$"&2NE'&2#KE8''J_G'0"=EC94'C='R.."&'S/E#/0"'S&""K'/.."/&"0'92'%"'/'1&/#9C2='21'
9:/9' 2%E"&<"0' C=' I2V"&' S/E#/0"' S&""K8' ' R.."&' S/E#/0"' S&""K' /.."/&E' 92' #2=9/C=' /='
"X9&"$"H4' H2V'J_G' 0"=EC94' .&2<C0C=>' HC99H"' C=' 9:"' 12&$' 21' 1220' &"E2N&#"E' 92' 9:"' PJM'
#2$$N=C948'''

M:"' /0`/#"=9' D.&C=>' S&""K' /.."/&E' 92' :/<"' /' :C>:"&' J_G' 0"=EC94' &"H/9C<"' 92' R.."&'
S/E#/0"' S&""K' %/E"0' 2=' 1C"H0' 2%E"&</9C2=E8' ' bN9&C"=9E' /EE2#C/9"0' VC9:' :4.2&:"C#'
N.V"HHC=>E' #2N.H"0' VC9:' %C2H2>C#/H' .&20N#9C<C94' C=' 9:"' V"9H/=0E' /=0' E9/%H"' EN%E9&/9"'
HCK"H4'#2=9&C%N9"'92'9:"'C=#&"/E"'C='J_G'0"=EC948''g^g'/=0'`N<"=CH"'PJM'HCK"H4'&"H4'2='
9:"'J_G' /=0' d22.H/=K92=' 1220' &"E2N&#"E' C=' 9:"'D.&C=>'S&""K8' ';!UB'0"9"&$C="0' 9:/9'
J_G'E/$.HC=>'V/E'=29'="#"EE/&4'C='R.."&'S/E#/0"'S&""K'2&'9:"'/0`/#"=9'D.&C=>'S&""K'
%/E"0'2='9:"'=/9N&/H'H/K"'H"<"H'2."&/9C2='&">C$"8'''

'

'

'
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Appendix 2-2: GeoReach photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

GeoReach 1, upstream view

GeoReach 1, downstream view



Appendix 2-2: GeoReach photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

GeoReach 2, upstream view

GeoReach 2, downstream view



Appendix 2-2: GeoReach photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

GeoReach 3, upstream view

GeoReach 3, downstream view



Appendix 2-2: GeoReach photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

GeoReach 4, upstream view

GeoReach 4, downstream view



Appendix 2-2: GeoReach photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

GeoReach 5, upstream view

GeoReach 5, downstream view
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Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

1 (IMGP3004a)  Oblique aerial view of Upper Cascade Creek Falls and Geo Reaches 1-2

2 (IMGP3006a)  Oblique aerial view of Upper Cascade Creek Geo Reaches 2-5

Note: Digital versions of original photographs are available on request.



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

Upper Cascade Creek

3 (imgp1754)  large pool with gyro below falls 4 (imgp1746)  Derek approaching upper Cascade Creek falls

5 (imgp1755)  Top of NSO 1 6 (imgp1749)  Habitat Survey (NSO1) begins in this riffle unit

7 (imgp1756)  Head of NSO 1 Riffle (high gradient) 8 (imgp1757)  NSO 1 - Riffle

10 (imgp1759)  Side Channel (NSO2) on LB of NSO19 (imgp1758)  NSO 1 - note submerged log at lower left bank of 
channel



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

11 (imgp1762)  NSO 2 Side Channel 12 (imgp1766)  NSO 3 MC Glide begins

14 (imgp1773)  NSO 3 Glide grades into riffle NSO4

15 (IMG_3165pc)  Long profile station OS12, NSO 4-5-7

16 (imgp1829)  NSO 5-7 and outlet of sidechannel NSO 2 17 (imgp1778)  Eric at top of S bend of NSO 4

13 (IMG_3168c)  Long profile station OS13, NSO 3 (glide) and 
NSO 1 (riffle)



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

18 (imgp1774)  Channel splits at NSO 4 19 (imgp1824)  NSO 7

20 (imgp1825)  Boulder in NSO 7, pool NSO 6 to left (u/s) 21 (imgp1822)  View of NSO 8 from NSO 9

22 (IMG_3256c)  NSO 4a, facing u/s near head of sidechannel

24 (IMG_3253c)  NSO 4a, facing u/s near sidechannel outlet 25 (imgp1820)  Terminus of sidechannel NSO 4a

23 (IMG_3255c)  Sidechannel NSO 4a, facing u/s approx. 40 
meters u/s from outlet



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

27 (imgp1782)  Facing u/s, NSO 12 (left) and NSO 9 (right)

29 (imgp1783)  Pool NSO 12, sidechannel pool NSO 11 on left

30 (imgp1784)  Sidechannel NSO 11 joining NSO 12 on right 31 (IMG_3126c)  Right bank of NSO 13 at Geo XS 2

32 (imgp1785)  NSO 15-16

26 (IMG_3123c)  Transition from NSO 9 riffle to NSO 12 pool; SC 
pool NSO 11 forms left edge of bar

28 (imgp1781)  Sidechannel NSO 11 Pool, facing u/s to NSO 9 
Riffle

33 (IMG_3252c)  Sidechannel NSO16, small tributary on steep left 
bank



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

34 (IMG_3127c)  Sidechannel pool NSO16 35 (IMG_3128c)  NSO 18 Glide grades into NSO 20 Riffle

36 (IMG_3129c)  NSO 20 Riffle

38 (IMG_3133c)  Sidechannel NSO 22, facing u/s 39 (IMG_3131c)  Sidechannel NSO 22, substrate with frog

41 (imgp1790)  NSO 24 Pool

37 (IMG_3130c)  NSO 23 Riffle, facing dewatered inlet to 
sidechannel NSO 22

40 (IMG_3134c)  NSO 24 Pool, facing outlet of sidechannel NSO 
22



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

42 (imgp1793)  NSO 24 Glide grades into NSO 25 Riffle

45 (IMG_3245c)  NSO 27 Pool, view 1/4 from long profile OS5

46 (IMG_3246c)  NSO 27 Pool, view 2/4 from long profile OS5 47 (IMG_3247c)  NSO 27 Pool, view 3/4 from long profile OS5

49 (imgp1799)  Side channel habitat units NSO 38, 43

43 (IMG_3292c)  Tributary from south side of valley, flows into 
NSO 28

44 (IMG_3297c)  View of NSO 27 Pool from mouth of 
tributary/backwater NSO28

48 (IMG_3248c)  NSO 27 Pool grading to NSO 29 Riffle, view 4/4 
from long profile OS5



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

50 (imgp1803)  Main channel NSOs 40-41 just u/s of delta 51 (IMG_3174c)  d/s end of sidechannel NSO 46 at Swan Lake

Spring Creek Habitat Photos

52 (IMG_3145c)  Survey segment 1 (facing d/s) 53 (IMG_3146c)  Survey segment 2 (facing u/s from bottom)

54 (IMG_3148c)  Survey segment 3 (facing d/s from top) 55 (imgp1953)  Survey segment 3 @ Geo X-S



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

56 (imgp1955)  Survey segment 3 @ Geo X-S 57 (imgp1951)  gravels suitable for spawning?

58 (imgp1952)  Survey segment 3, overhanging bank 59 (IMG_3149c)  Survey segment 4 pool (facing d/s)

60 (IMG_3225c)  Survey segment 4 pool 61 (IMG_3150c)  Survey segment 5

62 (IMG_3226c)  Survey segment 5 joined by tributary from north 
side of valley

63 (imgp1960)  Survey segment 5: typical Spring Creek glide/riffle 
habitat types



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

64 (IMG_3151c)  Survey segment 6 (facing u/s) 65 (IMG_3152c)  Survey segment 7 (facing d/s)

66 (imgp1961)  Survey segment 7, facing u/s 67 (imgp1962)  Survey segment 7 (facing u/s), glide habitat

68 (IMG_3153cp)  Survey segment 7

70 (imgp1964)  Survey segment 8 with backwater from lake69 (imgp1963)  Survey segment 8 showing rip vegetation and 
occasional LWD



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

71 (IMG_3227c)  Survey segment 8 72 (imgp1946)  gravel substrate with detritus overlay

73 (imgp1947)  gravel with detritus 74 (imgp1949)  rooted veg and gravels

75 (imgp1950)  gravels and detritus 76 (IMG_3231c)  Survey segment 9, overhanging bank

77 (IMG_3232c)  Survey segment 9 78 (IMG_3233c)  Survey segment 11, Salix cover



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

79 (IMG_3234c)  Survey segment 11 80 (IMG_3235c)  Survey segment 11

81 (IMG_3237c)  Survey segment 10, facing d/s to delta 82 (IMG_3238c)  Survey segment 12

83 (IMG_3240c)  swale southeast of Survey segment 12

86 (imgp1944)  Derek amidst boulders in delta

84 (imgp1942)  rooted veg and boulders at lower end of Spring 
Crk

85 (imgp1943)  boulders at terminus of Spring Creek: size ~ 1.5 ft 
x 1.5 ft



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

87 (imgp1939)  delta view u/s showing islands 88 (imgp1968)  View from delta into survey segment 10

Spring Creek Aerial Photos

89 (IMG_3138cp)  Panorama view from delta facing Spring Creek 
mouth

90 (imgp1860)  Helicopter view -- Lake feature u/s of Spring Creek 
(Upper Cascade Cr in foreground)

91 (IMG_3190c)  Helicopter view -- u/s wetland complex, 
connected to Spring Cr & Cascade Cr by hyporrheic flow



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

94 (IMG_3192c)  Helicopter view -- Spring Creek u/s wetlands 95 (imgp1869)  more wetland complex at head of Spring Creek

97 (imgp1873)  main channel of Spring Creek

92 (IMG_3191c)  Helicopter view -- wetlands u/s from Spring 
Creek

93 (imgp1862)  Helicopter view -- wetland complex u/s from 
Spring Creek

96 (IMG_3197c)  Helicopter view -- wetlands @ head of Spring 
Creek

98 (IMG_3201c)  Helicopter view -- Spring Creek confluence 
above survey segment 1

99 (IMG_3202c)  Helicopter view -- Spring Creek survey segments 
1-2



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

100 (IMG_3203c)  Helicopter view -- Spring Creek survey 
segments 3-4

101 (imgp1876)  Helicopter view -- main channel of Spring Creek 
in surveyed segments 4-5-6

102 (IMG_3204c)  Helicopter view -- Spring Creek survey 
segment 5

103 (IMG_3205c)  Helicopter view -- Spring Creek survey 
segment 6

104 (IMG_3206c)  Helicopter view -- Spring Creek survey 
segments 7-8

105 (IMG_3207c)  Helicopter view -- Spring Creek approaching 
Swan Lake delta

106 (IMG_3208c)  Helicopter view -- Spring Creek at Swan Lake 
delta

107 (imgp1880)  lower end of Spring Crk as it approaches delta; 
note islands and channel split



Appendix 2-3: Habitat photos Cascade Creek Hydroelectric Project—FERC No. 12495-002

108 (imgp1884)  Spring Creek near delta confluence 109 (imgp1881)  islands at lower Spring Creek

110 (imgp1889)  delta confluence with islands at lower Spring Creek

111 (IMGP3003.jpg)  Oblique aerial view of delta formed at the outlets of Upper Cascade Creek and Spring Creek to Swan Lake
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Appendix 2-4: Upper Cascade Creek survey data Cascade Creek Hydroelectric Project—FERC No. 12495-002

Longitudinal profile survey of Upper Cascade Creek, August 17, 2010.

Two stadia rods in use, one metric (Derek), one feet (Steve).

Data have been carefully reviewed to ensure there were no problems related to units of measurement.

Original data are available on request.

Control Points

Description

0 0 -1.77 0.00 BM_UCC3 (*) 245 1.46 (**)

1 411 -3.82 0.28 7 stream gage lag bolt 1148 6.63

2 592 0.54 1.54 25 BM_UCC2 3300 9.76

4 842 -0.79 1.81 61 BM_UCC1 7060 21.55

5 999 -0.47 2.09

8 1299 -0.12 2.21 Notes

9 1434 1.13 2.53

11 2042 1.84 3.84

13 2214 1.15 4.05

14 2447 0.15 4.22

15 2605 0.39

17 2642 2.61 4.29

18 2861 2.46 4.56

19 2949 4.20 5.11

21 3115 1.42 5.42

22 3199 2.20 5.55

23 3271 2.10 5.60

24 3402 3.78 5.62

26 3533 3.34 6.36

28 3709 4.89 6.79

29 3816 4.62 6.65

30 4192 7.62 8.74

31 4336 5.45 8.85

33 4543 7.44 9.24

34 4767 8.06 9.83

35 4956 9.63

37 5069 7.62

38 5205 10.15 11.79

39 5324 6.98 12.08

40 5389 7.58 12.04

41 5463 9.09 12.39

42 5601 9.76 12.51

43 5726 11.27

44 5869 13.01 14.52

45 6061 13.11 14.69

47 6245 11.16 14.81

48 6314 10.61 14.91

50 6447 13.92 15.62

51 6494 12.82 15.81

52 6569 14.23 16.27

53 6694 16.84

54 6776 14.78 18.39

55 6875 16.45

57 7103 14.78 18.94

58 7219 16.92 19.12

59 7322 19.71 20.93

60 7461 18.51 22.33

Derek Booth, Steve Ralph, Eric Edlund

Streambed Points Along Longitudinal Profile

LP 
point

Distance 
from mouth 

(feet)

Streambed 
Height (feet 

above Swan Lk 
surface)

Stream 
Water 

Surface 
(feet)

LP 
point

Approx. 
distance 

from mouth 
(feet)

Height (feet 
above Swan 

Lake 
surface)

na

* Benchmarks set with rebar and flagged; height 
measurements to ground surface directly behind rebar 
marker as viewed from occ. stn.

** approximate height only; BM UCC3 was established 
on Aug. 18th, the day after LP survey, and the original 
LP occ. stn. was reoccupied +/- 0.1 ft.



Appendix 2-4: Upper Cascade Creek survey data Cascade Creek Hydroelectric Project—FERC No. 12495-002

Two stadia rods in use, one metric, one feet!  Data have been carefully reviewed to ensure against problems related to units.

Auto-level data Notes Intermediate data Data in Local Coordinates (feet)

Shot Top Hair Azimuth Remarks units easting northing depth

0 6.66 7.6 5.72 0 1.96 0.94 0.94 f 188.1 0.0 188.1### 2.0

1 1.05 1.16 0.94 151.1 BM UCC3, ground 0.11 0.11 m 74.8 36.2 -65.5### -3.7

2 0.87 1.05 0.82 151.1 BM top of pin 0.18 0.05 m 74.8 36.2 -65.5###

3 8.01 9.16 6.86 190.3 3.3 1.15 1.15 f 230.0 -41.1 -226.3### 3.3

4 1.83 2.14 1.53 190.4 1.3 0.31 0.3 m 200.1 -36.1 -196.8### -2.9

5 9.17 10.25 8.11 192.3 4.6 1.08 1.06 f 213.5 -45.5 -208.6### 4.5

6 1.87 2.17 1.57 192 0.3 0.3 m 197.5 -41.1 -193.2### -2.8

7 9.36 10.36 8.36 195.6 4.62 1 1 f 199.5 -53.6 -192.2### 4.7

8 1.85 2.13 1.57 195.2 against log g 1.35 0.28 0.28 m 183.7 -48.2 -177.3### -2.9

9 8.14 9.11 7.18 196.9 3.42 0.97 0.96 f 192.7 -56.0 -184.4### 3.4

10 1.7 1.93 1.47 190 end of log 0.85 0.23 0.23 m 151.6 -26.3 -149.3### -3.0

11 9.39 10.37 8.43 204.6 s 0.98 0.97 f 194.5 -81.0 -176.8### 4.7

12 1.88 2.15 1.61 203 0.27 0.27 m 177.2 -69.2 -163.1### -2.8

13 9.45 10.42 8.49 212 s 0.97 0.97 f 193.5 -102.5 -164.1### 4.8

14 1.86 2.13 1.59 212 0.27 0.27 m 176.5 -93.5 -149.7### -2.8

15 9.33 10.3 8.39 217.7 0.97 0.95 f 191.0 -116.8 -151.1### 4.6

16 1.88 2.15 1.62 218 0.27 0.26 m 173.2 -106.7 -136.5### -2.8

17 9.31 10.27 8.34 222.8 0.96 0.98 f 193.5 -131.5 -142.0### 4.6

18 1.97 2.24 1.7 225.5 0.27 0.27 m 177.5 -126.6 -124.4### -2.7

19 9.53 10.5 8.56 228.9 0.97 0.97 f 193.5 -145.8 -127.2### 4.8

20 1.95 2.22 1.68 230.3 0.27 0.27 m 177.8 -136.8 -113.6### -2.7

21 9.39 10.35 8.43 234.9 0.96 0.96 f 192.0 -157.1 -110.4### 4.7

22 1.86 2.11 1.58 234.7 0.26 0.28 m 175.5 -143.3 -101.4### -2.8

23 9.37 10.31 8.43 241.6 4.61 0.94 0.94 f 188.0 -165.4 -89.4### 4.7

24 1.89 2.15 1.62 241.9 0.26 0.26 m 171.9 -151.7 -81.0### -2.8

25 9.38 10.31 8.46 248.2 0.93 0.93 f 185.5 -172.2 -68.9### 4.7

26 2.19 2.43 1.96 252.4 g 0.24 0.24 m 155.8 -148.5 -47.1### -2.5

27 9.34 10.26 8.42 255.6 0.92 0.92 f 184.0 -178.2 -45.8### 4.6

28 2.26 2.52 2 256.9 0.26 0.26 m 168.6 -164.2 -38.2### -2.4

29 9.43 10.32 8.54 262.9 0.89 0.89 f 177.5 -176.1 -21.9### 4.7

30 2.27 2.52 2.03 263.8 0.25 0.25 m 162.7 -161.8 -17.6### -2.4

31 9.14 10.03 8.26 269.7 0.89 0.88 f 177.0 -177.0 -0.9### 4.4

32 2.13 2.37 1.88 272.5 0.24 0.24 m 159.4 -159.3 7.0### -2.6

33 9.17 10.07 8.28 276.8 0.9 0.9 f 179.5 -178.2 21.3### 4.5

34 7.11 7.94 6.28 277.8 0.83 0.83 f 165.5 -164.0 22.5### 2.4

35 9.38 10.31 8.44 281.7 0.94 0.94 f 187.5 -183.6 38.0### 4.7

36 7.45 8.35 6.56 282 0.9 0.89 f 178.5 -174.6 37.1### 2.8

37 9.24 10.25 8.24 287.5 1.01 1.01 f 201.0 -191.7 60.4### 4.5

38 6.78 7.71 5.85 287.6 0.93 0.93 f 185.5 -176.8 56.1### 2.1

39 9.21 10.29 8.18 293.3 1.08 1.03 f 211.0 -193.8 83.5### 4.5

40 6.17 7.15 5.19 294 g 0.98 0.99 f 196.5 -179.5 79.9### 1.5

41 9.06 10.16 7.98 298.2 g 1.1 1.09 f 218.0 -192.1 103.0### 4.4

42 6.49 7.51 5.47 298.5 g edge 1.03 1.02 f 204.5 -179.7 97.6### 1.8

43 9.22 10.37 8.07 303.8 1.15 1.16 f 230.0 -191.1 127.9### 4.5

44 6.87 7.99 5.76 304.3 1.12 1.11 f 223.0 -184.2 125.7### 2.2

45 8.91 10.17 7.65 306.8 1.26 1.26 f 252.0 -201.8 151.0### 4.2

46 6.73 7.9 5.55 308 1.18 1.18 f 235.5 -185.6 145.0### 2.0

47 8.72 10.08 7.35 311 1.36 1.37 f 273.0 -206.0 179.1### 4.0

48 6.26 7.46 5.06 311.2 1.21 1.2 f 240.0 -180.6 158.1### 1.6

49 8.09 9.32 6.87 317.1 1.23 1.23 f 245.5 -167.1 179.8### 3.4

50 6.02 7.18 4.86 316.9 1.16 1.16 f 231.5 -158.2 169.0### 1.3

51 8.04 9.2 6.87 324 1.16 1.17 f 233.0 -137.0 188.5### 3.3

52 5.66 6.77 4.54 324 1.12 1.12 f 223.0 -131.1 180.4### 1.0

53 8 9.15 6.85 333 1.15 1.15 f 230.0 -104.4 204.9### 3.3

54 6.12 7.21 5.03 333.1 1.09 1.1 f 218.5 -98.9 194.9### 1.4

55 8.43 9.61 7.24 341.4 1.19 1.19 f 237.0 -75.6 224.6### 3.7

56 6.97 8.13 5.84 341.8 1.16 1.14 f 229.0 -71.5 217.5### 2.3

57 8.05 9.28 6.82 349 1.23 1.23 f 246.0 -46.9 241.5### 3.4

58 6.29 7.44 5.14 349.6 1.15 1.16 f 230.5 -41.6 226.7### 1.6

59 7.94 9.31 6.59 352.4 1.37 1.35 f 272.0 -36.0 269.6### 3.2

60 7.97 9.36 6.59 -1.6 1.39 1.38 f 277.0 -7.7 276.9### 3.3

Swan Lake Delta bathymetric survey, August 18, 2010.  Survey crew: Derek Booth, Steve Ralph, Eric Edlund

Setup autolevel @ long profile OS LP1.  Position is just a few hundredths of a foot below waterline at 10:00 a.m.  Inst. ht. 4.7 ft.

Zero ("BS") on long profile shot 0 from previous day.  FS to new benchmark BM UCC3.  Sideshot to BM UCC4 on Cascade Creek right bank.

Rod 
Height

Bottom 
Hair

Substrate 
(s=sand, 
g=gravel)

Water 
depth 
(obs.)

upper 
minus 

middle

middle 
minus 
lower

distance 
feet

h
ei
g
h
t

_
ft

to start of LP 
survey

3.9 feet to rock 
wall2.3 meters to rock 
wall; lower hair 
estimated

sand w minor 
g

5.5 ft from end of 
log

gravel w 
minor s

gravel w 
minor s

begin Derek = 
sole rodman, 
Steve = notetaker

very soft silty 
sand



Appendix 2-4: Upper Cascade Creek survey data Cascade Creek Hydroelectric Project—FERC No. 12495-002

Auto-level data Notes Intermediate data Data in Local Coordinates (feet)

Shot Top Hair Azimuth Remarks units easting northing depth
Rod 

Height
Bottom 

Hair

Substrate 
(s=sand, 
g=gravel)

Water 
depth 
(obs.)

upper 
minus 

middle

middle 
minus 
lower

distance 
feet

h
ei
g
h
t

_
ft

61 6.56 7.83 5.29 0 1.27 1.28 f 254.5 0.0 254.5### 1.9

62 7.97 9.49 6.48 -1.7 g 1.52 1.5 f 301.5 -8.9 301.4### 3.3

63 6.05 7.48 4.62 -1.2 g 1.43 1.43 f 286.0 -6.0 285.9### 1.3

64 7.91 9.46 6.34 3.3 g 1.56 1.57 f 312.5 18.0 312.0### 3.2

65 6.33 7.83 4.83 3.6 1.5 1.5 f 300.0 18.8 299.4### 1.6

66 7.31 8.8 5.82 8.1 1.5 1.49 f 298.0 42.0 295.0### 2.6

67 6.3 8 4.61 10.4 top of shelf 1.7 1.69 f 339.0 61.2 333.4### 1.6

68 5.9 7.58 4.24 5.8 1.68 1.67 f 334.0 33.8 332.3### 1.2

69 5.57 7.12 4.02 8.2 1.56 1.55 f 310.5 44.3 307.3### 0.9

70 5.21 6.6 3.83 13.6 1.39 1.38 f 276.5 65.0 268.7### 0.5

71 4.97 6.12 3.82 20 edge of grass 1.15 1.15 f 229.5 78.5 215.7### 0.3

72 6.08 7.15 5.04 20.2 edge of grass 1.07 1.04 f 210.5 72.7 197.6### 1.4

73 8.4 9.41 7.39 20.5 1.01 1.01 f 202.0 70.7 189.2### 3.7

74 8.97 10.06 7.89 18.3 deep hole 1.09 1.08 f 217.0 68.1 206.0### 4.3

75 8.81 9.98 7.65 15.7 g 1.17 1.16 f 233.0 63.0 224.3### 4.1

76 7.33 8.62 6.04 10.3 s 1.29 1.29 f 257.5 46.0 253.4### 2.6

77 6.59 7.67 5.51 9.7 1.08 1.08 f 216.0 36.4 212.9### 1.9

78 6.37 7.13 5.6 11.2 g 0.77 0.77 f 153.0 29.7 150.1### 1.7

79 5.51 5.9 5.12 11 g 0.39 0.39 f 78.1 14.9 76.7### 0.8

BMx 3.43 151.1 -3.43 3.43 f 74.8 36.2 -65.5### -1.3

80 5.7 5.93 5.46 63.2 g 0.23 0.23 f 46.4 41.4 20.9### 1.0

81 6.47 6.85 6.11 63.2 g 0.38 0.37 f 74.0 66.1 33.4### 1.8

82 7.26 7.69 6.82 62.2 s+g 0.43 0.43 f 86.3 76.3 40.2### 2.6

83 5.76 6.29 5.23 60.5 g 0.53 0.53 f 105.8 92.1 52.1### 1.1

84 5.85 6.47 5.23 61.2 1 ft from edge s 0.62 0.62 f 123.7 108.4 59.6### 1.1

85 5.81 6.5 5.11 37.3 g 0.69 0.69 f 138.7 84.1 110.3### 1.1

86 6.36 7.2 5.52 36.3 1 ft from edge s 0.84 0.85 f 168.5 99.8 135.8### 1.7

87 3.62 4.61 2.62 28 BM UCC4, ground 0.99 0.99 f 198.4 93.1 175.2### -1.1

88 20.5

89 4.93 6.34 3.52 26 grassy pt silt 1.41 1.41 f 282.0 123.6 253.5### 0.2

90 6.96 8.55 5.37 19.6 grassy pt silt 1.59 1.59 f 318.0 106.7 299.6### 2.3

91 6.11 8.06 4.18 17.4 side channel inlet 1.95 1.94 f 388.5 116.2 370.7### 1.4

92 5.58 7.43 3.73 10 2 ft from bank silt 1.85 1.85 f 369.5 64.2 363.9### 0.9

93 6.15 7.82 4.47 11 silt 1.68 1.68 f 335.0 63.9 328.8### 1.4

94 7.57 9.31 5.83 6.3 16 ft from bank 1.74 1.74 f 348.0 38.2 345.9### 2.9

95 6.68 8.48 4.89 1.2 15 ft from bank silt 1.8 1.8 f 359.0 7.5 358.9### 2.0

96 7.79 9.48 6.12 1 silt/gravel 1.69 1.68 f 336.5 5.9 336.4### 3.1

97 7.76 9.31 6.23 0.2 silt 1.55 1.54 f 308.0 1.1 308.0### 3.1

98 8.03 9.48 6.59 356 silt 1.45 1.44 f 289.0 -20.2 288.3### 3.3

99 7.77 9.39 6.16 355.5 silt 1.62 1.62 f 323.5 -25.4 322.5### 3.1

100 6.91 8.73 5.11 354.9 12 ft from bank silt 1.82 1.81 f 362.5 -32.2 361.1### 2.2

101 5.67 7.18 4.16 346.9 3 ft from bank silt 1.51 1.51 f 302.0 -68.4 294.1### 1.0

102 7.92 9.38 6.46 347.1 15 ft from bank 1.46 1.46 f 292.0 -65.2 284.6### 3.2

103 7.79 9.04 6.55 347.4 1.25 1.25 f 249.5 -54.4 243.5### 3.1

104 7.42 8.77 6.08 342.8 silt 1.35 1.35 f 269.5 -79.7 257.4### 2.7

105 9.19 10.56 7.83 342.3 17 ft from bank s+g 1.37 1.36 f 273.0 -83.0 260.1### 4.5

106 8.46 9.65 7.28 341.4 silt 1.19 1.18 f 236.5 -75.4 224.1### 3.8

107 6.66 7.78 5.55 341.2 silty sand 1.13 1.11 f 223.0 -71.9 211.1### 2.0

108 5.56 6.37 4.75 341.9 0.81 0.81 f 162.0 -50.3 154.0### 0.9

109 5.13 5.48 4.78 343.8 0.35 0.35 f 69.5 -19.4 66.7### 0.4

110 4.37 4.57 4.16 300.4 0.2 0.21 f 40.9 -35.3 20.7### -0.3

111 5.3 5.94 4.64 318.2 g E, s W 0.65 0.65 f 130.0 -86.6 96.9### 0.6

112 5.48 6.39 4.56 325.3 0.92 0.92 f 183.3 -104.3 150.7### 0.8

113 5.97 7.11 4.84 324.3 delta lip s 1.14 1.14 f 227.5 -132.8 184.7### 1.3

114 5.97 7.08 4.87 314 s 1.11 1.1 f 220.5 -158.6 153.2### 1.3

115 6.44 7.42 5.46 303.9 s 0.98 0.98 f 195.5 -162.3 109.0### 1.7

116 6 6.72 5.28 303.2 minor g 0.72 0.72 f 144.3 -120.7 79.0### 1.3

117 5.29 5.76 4.82 301.6 g/s 0.47 0.48 f 94.8 -80.7 49.7### 0.6

118 5.72 6.14 5.3 282.3 0.42 0.42 f 84.1 -82.2 17.9### 1.0

119 6.88 7.53 6.23 279 s 0.65 0.65 f 130.0 -128.4 20.3### 2.2

120 7.06 7.78 6.31 256 0.73 0.74 f 146.9 -142.5 -35.5### 2.4

121 5.64 6.12 5.16 254.2 0.49 0.48 f 96.3 -92.7 -26.2### 0.9

122 5.03 5.31 4.75 252.5 0.28 0.28 f 55.6 -53.0 -16.7### 0.3

bottom hair 
estimated in field; 
revised downward 
by .015 avg.

sg mix

reoccupy edge of 
grass; failed to 
record rod data

sand w minor 
g

gravel w 
minor s

crest of gravel 
bar, 
D50=25mm

sand w minor 
g

sand w minor 
g

sand w minor 
g

gravel w 
minor s



Appendix 2-4: Upper Cascade Creek survey data Cascade Creek Hydroelectric Project—FERC No. 12495-002

Auto-level data Notes Intermediate data Data in Local Coordinates (feet)

Shot Top Hair Azimuth Remarks units easting northing depth
Rod 

Height
Bottom 

Hair

Substrate 
(s=sand, 
g=gravel)

Water 
depth 
(obs.)

upper 
minus 

middle

middle 
minus 
lower

distance 
feet

h
ei
g
h
t

_
ft

123 5.52 5.97 5.08 237.4 0.44 0.44 f 88.4 -74.5 -47.6### 0.8

124 5.59 6.26 4.92 238 s 0.67 0.67 f 134.3 -113.9 -71.2### 0.9

125 5.68 6.52 4.85 228.2 0.84 0.83 f 167.0 -124.5 -111.3### 1.0

126 5.56 6.17 4.94 218.1 s 0.62 0.62 f 123.5 -76.2 -97.2### 0.9

127 4.45 4.91 3.99 200 0.46 0.46 f 92.3 -31.6 -86.7### -0.3

128 4.9 5.24 4.57 188.2 g+s 0.33 0.33 f 66.6 -9.5 -65.9### 0.2

129 4.44 4.6 4.28 176.2 bare bar g 0.16 0.16 f 32.0 2.1 -31.9### -0.3

130 4.49 4.93 4.05 166.4 s+g 0.44 0.44 f 88.0 20.7 -85.5### -0.2

131 5.16 5.65 4.67 172.4 0.49 0.49 f 98.0 13.0 -97.1### 0.5

132 4.24 4.77 3.72 184.3 0.53 0.52 f 104.5 -7.8 -104.2### -0.5

133 4.46 5.17 3.77 175.7 SE corner of delta s+g 0.7 0.69 f 139.4 10.5 -139.0### -0.2

134 5.22 5.9 4.54 185.4 3 ft from bank g 0.68 0.68 f 135.2 -12.7 -134.6### 0.5

135 5.36 6.19 4.52 203 g 0.83 0.84 f 166.4 -65.0 -153.2### 0.7

136 5.51 6.31 4.7 219 g 0.81 0.81 f 161.5 -101.6 -125.5### 0.8

137 5.66 6.32 4.99 226 s 0.67 0.66 f 132.9 -95.6 -92.3### 1.0

138 5.44 6.06 4.81 241.2 s 0.63 0.63 f 125.1 -109.6 -60.3### 0.7

139 6.22 6.78 5.65 261.6 0.56 0.57 f 113.4 -112.2 -16.6### 1.5

140 6.29 6.84 5.74 272 s 0.55 0.55 f 109.3 -109.2 3.8### 1.6

141 6.16 6.73 5.59 287 0.57 0.57 f 113.2 -108.3 33.1### 1.5

142 6 6.7 5.31 305.1 s 0.7 0.7 f 139.5 -114.1 80.2### 1.3

143 5.03 5.67 4.39 314.2 0.64 0.64 f 128.2 -91.9 89.4### 0.3

144 5.4 6.07 4.73 339.6 0.67 0.67 f 134.0 -46.7 125.6### 0.7

145 5.54 6.14 4.93 355.8 g+s 0.6 0.61 f 121.1 -8.9 120.8### 0.8

146 5.73 6.3 5.17 10.7 0.56 0.56 f 112.8 20.9 110.8### 1.0

147 6.67 7.22 6.11 26.7 g 0.55 0.56 f 111.0 49.9 99.2### 2.0

148 7.44 8.01 6.87 37.5 g+s 0.57 0.57 f 114.0 69.4 90.4### 2.7

149 5.35 5.97 4.74 48 g 0.62 0.61 f 122.6 91.1 82.0### 0.7

150 6.19 6.84 5.54 55.2 5 ft from bank s 0.65 0.65 f 129.2 106.1 73.7### 1.5

151 5.69 6.25 5.14 55 g 0.56 0.55 f 111.3 91.2 63.8### 1.0

152 7.11 7.57 6.64 52.3 0.46 0.46 f 92.4 73.1 56.5### 2.4

153 7.65 8.09 7.22 53 0.44 0.43 f 86.6 69.2 52.1### 3.0

154 5.79 6.08 5.5 52 0.29 0.29 f 57.8 45.5 35.6### 1.1

155 5.41 5.8 5.03 3.1 0.39 0.38 f 76.8 4.2 76.7### 0.7

156 6.1 6.82 5.37 8.4 g 0.73 0.73 f 145.0 21.2 143.4### 1.4

157 5.39 5.92 4.86 342.7 0.53 0.53 f 105.5 -31.4 100.7### 0.7

158 5.37 5.67 5.09 279.5 0.29 0.28 f 57.8 -57.0 9.5### 0.7

159 5.09 5.32 4.84 233 0.24 0.24 f 48.0 -38.3 -28.9### 0.4

160 4.47 4.64 4.31 158 upper edge g 0.17 0.16 f 33.1 12.4 -30.7### -0.2

sand w minor 
g

gravel w 
minor s

upper end of 
unvegetated bar

gravel w 
minor s

middle of side 
channel

top edge unveg 
bar

center of side 
channel

top of veg bar 15' 
wide 32' long

sand w minor 
g

gravel w 
minor s

sand w minor 
g

sand w minor 
g

gravel w 
minor s

gravel w 
minor s

sand w minor 
g



Appendix 2-4: Upper Cascade Creek survey data Cascade Creek Hydroelectric Project—FERC No. 12495-002

Upper Cascade Creek and Spring Creek GPS survey data, August 20, 2010.

Benchmarks are semi-permanent, 1.5-foot rebar with flagging; survey measurements to solid ground next to peg.

Point Name GPS_Date GPS Time Latitude Longitude

2.5 8/20/2010 06:43:18PM 31 0.59 464.94 64.44 121.46 -132.696939917 57.037391407

3.2 8/20/2010 01:31:59PM 43 2.57 467.65 65.32 103.60 -132.672832050 57.033327372

3.6 8/20/2010 05:21:12PM 66 4.42 463.60 63.01 105.23 -132.672762654 57.033320295

4.0 8/20/2010 05:48:05PM 46 4.12 443.62 84.08 157.81 -132.685821897 57.036131903

2.2 8/20/2010 09:32:14AM 15 1.91 464.80 76.84 99.89 -132.696851093 57.037595751

4.3 8/20/2010 09:32:49AM 27 3.25 464.19 64.38 97.01 -132.696861834 57.037607591

2.9 8/20/2010 12:01:12PM 61 0.26 464.25 57.91 87.65 -132.696845672 57.037586231

4.7 8/20/2010 09:40:02AM 23 4.71 464.03 104.28 135.56 -132.697001112 57.038258873

2.9 8/20/2010 11:58:13AM 31 2.47 455.94 63.56 86.18 -132.696975036 57.038246654

2.5 8/20/2010 06:44:24PM 51 2.74 468.94 62.71 101.62 -132.696803607 57.037655332

1.4 8/20/2010 10:58:06AM 62 0.74 459.75 46.92 73.94 -132.693058286 57.038205501

Datum NAD83, units = meters

Differential correction failed to provide accurate positions because of problems with nearby CORS reference station parameters.

GPS operator: Eric Edlund

Max 
PDOP

Unfilt 
Pos

Std 
Dev

GPS 
Height

Horiz 
Prec

Vert 
Prec

bm-bedrock

bm-ucc1

bm-ucc1b

bm-ucc2

bm-ucc3

bm-ucc3b

bm-ucc3c

bm-ucc4

bm-ucc4b

bm-ucc4d

xs-SpgCr

Note: GPS positions were recorded with a handheld Trimble Pathfinder GPS with post-processed differential capability.

With corrected basestation data, it should be possible to correct the existing Upper Cascade Creek GPS positions to accuracies of +/- a few meters.  

Original GPS data are available on request.
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Appendix 2-5:  Stream Habitat in Reach 1A, Lower Cascade Creek Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 
 

Photos 1 and 2: First barrier falls upstream from Thomas Bay on Lower Cascade Creek 
(top photo) and aerial view of Lower Cascade Creek below, and including, barrier falls. 



Appendix 2-5:  Stream Habitat in Reach 1A, Lower Cascade Creek Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 
 
Photos 3 and 4: Barrier falls and upstream view of Reach 1A showing steep gradient and 
large substrate in main flow/current (top photo) and minnow trap location 1A-7M 
showing stream substrate along banks of this reach. 

 
 



Appendix 2-5:  Stream Habitat in Reach 1A, Lower Cascade Creek Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 
 

Photos 5 and 6: View from trail along left bank of upper section of Reach 1A (both 
photos). The bottom photo is downstream of the upper photo. NOTE: Half of the large 
boulder in center of top photo on left bank is visible in the far right hand side of the lower 
photo for reference. 



Appendix 2-5:  Stream Habitat in Reach 1A, Lower Cascade Creek Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 
 

Photos 8 and 9: Lowest section of Reach 1A in Lower Cascade Creek with view from left 
bank looking downstream (top photo) and upstream view at the mouth of the stream, also 
taken from the left bank. 
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Appendix 5-1:  Fish Passage Barriers  Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

  

 

Photo 5-1.1:  Upstream Fish Barrier B-1, also known as Cascade Creek Falls, located 150 meters 
upstream from Thomas Bay, Reach 1A. Photo Date: 10/26/2010 and 9/26/2010 respectively; Discharge 
was 302 cfs on 10/22/2010 and 438 cfs on 9/26/2010 at the Lower Cascade Creek gauge. 

  



Appendix 5-1:  Fish Passage Barriers  Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 

Reach 1B aerial view 9/26/2010 

Barriers B-2 and B-3 

 

Falls Lake outlet downstream 8/20/2010 

Barrier B-3 

 

Photo 5-1.2:  Barriers to upstream fish passage in Reach 1B.  Barrier B-2 located in middle of aerial 
photo on left.  Barrier B-3 at Falls Lake outlet.  Discharge 577 cfs on 8/20/2010 and 438 cfs on 9/26/2010 
at the Lower Cascade Creek gauge. 



Appendix 5-1:  Fish Passage Barriers  Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 

 

Photo 5-1.3:  Barrier B-4 located at Falls Lake inlet in Reach 2A. Photo Date 9/21/2010 and 9/23/2010; 
Discharge 72 cfs on 9/21/2010 and 63 cfs on 9/23/2010 at the Swan Lake outlet gauge.  



Appendix 5-1:  Fish Passage Barriers  Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 

Photo 5-1.4:  Barrier B-5 located in Reach 2A directly upstream of lean-to structure.  Elevation 
difference surveyed on 9/21/2010.  Photo Date: 9/21/2010; Discharge 72 cfs at the Swan Lake outlet 
gauge. 

 

 

 

 

 



Appendix 5-1:  Fish Passage Barriers  Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 

 

 

 

 

 

Photo 5-1.5:  Potential Barrier PB-6 located 150 meters upstream from the Pond in Reach 2B. Elevation 
difference surveyed on 9/21/2010.  Photo Date: 9/21/2010; Discharge 72 cfs at the Swan Lake outlet 
gauge. 

 



Appendix 5-1:  Fish Passage Barriers  Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 

 

 

Photo 5-1.6:  Potential barrier PB-7 located equidistant between the Pond and Swan Lake outlet in Reach 
2B.  Boulder cascade with multiple 1.5 to 3 meter drops over 100 meter section.  Photo Date: 8/14/2010; 
Discharge 238 cfs at the Swan Lake outlet gauge. 



Appendix 5-1:  Fish Passage Barriers  Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 

Photo 5-1.7:  Bottom end of potential barrier PB-8 in Reach 2B.  Cascade Creek went subsurface for 
approximately 100 meters at this discharge disconnecting large pool from Swan Lake.  Pool was mostly 
non-existent.  Photo Date: 9/21/2010; Discharge 72 cfs at the Swan Lake outlet gauge (view upstream). 

 

  

 

 

Photo 5-1.8:  Middle of potential barrier PB-8 in dewatered section in Reach 2B below Swan Lake outlet. 
Photo Date: 9/21/2010; Discharge 72 cfs at the Swan Lake outlet gauge (view downstream). 



Appendix 5-1:  Fish Passage Barriers  Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 

 

Photo 5-1.9:  Start of potential barrier PB-8 in dewatered section in Reach 2B below Swan Lake outlet. 
Photo Date: 9/21/2010; Discharge 72 cfs at the Swan Lake outlet gauge (view upstream). 

 

 

 

 

 

 

 

 

 

 

 



Appendix 5-1:  Fish Passage Barriers  Cascade Creek Hydroelectric Project 
Aquatic Resource Studies   FERC No. 12495-002  

 

 

 

 

Photo 5-1.10:  Barrier B-9 located at the end of Reach 3 in Upper Cascade Creek.  Photo Date: 8/15/2010; 
Discharge 178 cfs at the Swan Lake inlet gauge. 
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