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! 6A&8B+>=&!1B;;#9:! !

E"!

U>4;N'N/1=1''/CXX%")'A@'Langseth'A$#"%0,A8-2'Q,-C%G'%8&'$%--,Q#'%VAC-0,V'XA8,0A",89'Y!>RZ'#@@A"02'

%8&'X%",8#'X%XX%G'%8&'-#%'0C"0G#'-,9.0,89-'&C",89'-#,-X,V'0#-0,89',8'0.#'8A"0.#"8'TCG@'A@'R#F,VA2'

*='HAQ1'*66<'0A'M'+#(1'*6651'

'' '' '' Non-Seismic  Seismic  

'' '' '' Useable
a
 Other 

Post 

Seismic
b
  Useable

a
Other 

Total 

Useable
a
 Total 

Operations in h ' ' ' ' ' ' ' ' '

' Langseth'H,9.00,X# ' 616' 5L<1=' LL1=' ' 616' MM1L' 616' D*M1M'

' Langseth'S%)G,9.0 ' =5M16' ?L<1L' JL1=' ' J*1<' ?1L' **<1<' D=J1J'

' Langseth Total  185.0 1474.4 76.2  42.7 61.4 227.7 1839.9 
' ' ' ' ' ' ' ' ' ' '

' 3(-#"Q#"'H,9.00,X#' ' 616' 61M' 616' ' 616' 61*' 616' 61<'

' 3(-#"Q#"'S%)G,9.0' ' =5M16' <=1D' *<1=' ' J*1<' ?1L' **<1<' LLL16'

' Observer Total ' 185.0 72.5 27.1  42.7 6.5 227.7 333.7 
' ' ' ' ' ' ' ' ' ' '

 PAM Total
c
  77.2  84.7 - 161.9 

' ' ' ' ' ' ' ' ' ' '

Operations in km ' ' ' ' ' ' ' ' '

' Langseth'H,9.00,X# ' 616' LJ=J1*' L<<1=' ' 616' J561<' 616' J*<*16'

' Langseth'S%)G,9.0 ' =J<515' *MJ615' L*?1M' ' LL<15' J<1D' =5=?1?' J<L=15'

' Langseth Total  1478.8 5955.0 703.6  337.8 527.4 1816.6 9003.8 
' ' ' ' ' ' ' ' ' ' '

' 3(-#"Q#"'H,9.00,X#' ' 616' L15' 616' ' 616' =1*' 616' M16'

' 3(-#"Q#"'S%)G,9.0' ' =J<515' L=*1J' *6516' ' LL<15' J<1D' =5=?1?' *L5J1D'

 Observer Total  1478.8 316.2 208.0  337.8 49.1 1816.6 2389.9 

' ' ' ' ' ' ' ' ' ' '

HA1':#0%V#%8'/,9.0,89-'

''''Y[8&,Q1Z'  D'Y?MZ' J'YJ?Z' ='Y=Z' ' *'Y?Z' 6'Y6Z' =='Y<=Z' =?'Y==5Z'

HA1':#0%V#%8'>VAC-0,V'

''''S#0#V0,A8-' 6' 6' 6' ' 6' 6' 6' 6'

HA1'/#%'UC"0G#'/,9.0,89-'

''''Y[8&,Q1Z' ' 6'Y6Z' ='Y=Z' *'Y*Z' ' 6' 6' 6' L'YLZ'

'  ' ' ' ' ' ' ' ' '

HA1' !AP#"\/.C0' SAP8-'

Y!S\/]Z'@A"':#0%V#%8-' ' K' K' K' ' *\=' 6' *\=' *\='

HA1' !S\/]' @A"' /#%'

UC"0G#-' ' K' K' K' ' 6' 6' 6' 6'

 PD/SZ Total '' - - -  2/1 0 0 2/1 

%'
/##'Acronyms and Abbreviations'@A"'0.#'&#@,8,0,A8'A@'^C-#%(G#_'#@@A"01'

('
N@@A"0'@"AX'D6'-'0A'?'.'%@0#"'%,"9C8-'P#"#'0C"8#&'A@@',-'VA8-,&#"#&'$A-0K-#,-X,V'%8&'8A0'C-#%(G#*!

V'
N@@A"0'&C",89'%GG'8A8K-#,-X,V'V%0#9A",#-'P%-'VAX(,8#&2'%-'P%-'#@@A"0'&C",89'%GG'-#,-X,V'%V0,Q,0)*!
'

!

!

!
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!
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1.  INTRODUCTION 

8+5$,'9:$;04'<!=+4';!>?&04@+'$4<!f89:=>g!B$,-6B'0-!+!&0"&5"B!'0&'",7!+,-!B+%"?4+'"$,!K4$74+5!

D4$5!1[!F$@05?04!122G!';4$67;!P!I0?46+4<!1223!",!';0!,$4';04,!C6%D!$D!)0E"B$!fI"7*![*[g*!!L;0!K4$^0B'!

e+&!B$,-6B'0-!+?$+4-!';0!JcX!-#98B,!23!4#*?,&+@!e;"B;!"&!$e,0-!?<!';0!F+'"$,+%!VB"0,B0!I$6,-+'"$,!

fFVIg! +,-! $K04+'0-! ?<! 89:=>*! ! L;0! 5+",! K64K$&0&! $D! ';0! K4$74+5! e040! '$! '0&'! ';0! 0i6"K50,'! +,-!

$K04+'"$,+%! K4$B0-640&! +?$+4-! ';"&! ,0e! &0"&5"B! 40&0+4B;!@0&&0%(! +,-! '$! B$,-6B'! +,! +B$6&'"B! B+%"?4+'"$,!

&'6-<!$D! ';0!@+4"$6&!+"476,!+44+<&! '$!?0!6&0-!?<!';0!4#*?,&+@!-64",7!D6'640!&0"&5"B!B46"&0&*! !L;0!&'6-<!

K4"5+4"%<!6&0-!+!]W9+"476,!+,-!+,![39+"476,!+44+<!+&!';0!0,047<!&$64B0(!e"';!'$'+%!-"&B;+470!@$%650&!$D!

WW22!+,-!]]22!",](!40&K0B'"@0%<*!!L;0!70$K;<&"B+%!",@0&'"7+'"$,!e+&!6,-04!';0!-"40B'"$,!$D!';0!T4",B"K+%!

Y,@0&'"7+'$4&!fTY&g!:4&*!.$;,!:"0?$%-!+,-!)+<+!L$%&'$<!$D!89:=>*!

)+4",0!&0"&5"B!&64@0<&!05"'!&'4$,7!&$6,-&!",'$!';0!e+'04!fC400,0!+,-!J"B;+4-&$,![O33h!L$%&'$<!0'!

+%*!122N+(?g!+,-!;+@0!';0!K$'0,'"+%!'$!+DD0B'!5+4",0!5+55+%&(!7"@0,!';0!_,$e,!+6-"'$4<!+,-!?0;+@"$4+%!

&0,&"'"@"'<!$D!5+,<!&6B;!&K0B"0&!'$!6,-04e+'04!&$6,-&!fJ"B;+4-&$,!0'!+%*![OOPh!C$4-$,!0'!+%*!122Ng*!!L;0!

0DD0B'&!B$6%-!B$,&"&'!$D!?0;+@"$4+%!$4!-"&'4"?6'"$,+%!B;+,70&(!+,-!K04;+K&!fD$4!+,"5+%&!B%$&0!'$!';0!&$6,-!

&$64B0g!'05K$4+4<!$4!K045+,0,'!40-6B'"$,!",!;0+4",7!&0,&"'"@"'<*!!="';04!?0;+@"$4+%c-"&'4"?6'"$,+%!0DD0B'&!

$4! f"D! ';0<! $BB64g! +6-"'$4<! 0DD0B'&! B$6%-! B$,&'"'6'0! j'+_",7k! 6,-04! ';0! K4$@"&"$,&! $D! ';0! S*V*! )+4",0!

)+55+%!T4$'0B'"$,!MB'!f))TMg!+,-!';0!S*V*!=,-+,7040-!VK0B"0&!MB'!f=VMg(!+'!%0+&'!"D!';0!0DD0B'&!+40!

B$,&"-040-!'$!?0!j?"$%$7"B+%%<!&"7,"D"B+,'k*!

F6504$6&!&K0B"0&!$D!B0'+B0+,&!",;+?"'!';0!C6%D!$D!)0E"B$(!5+",%<!@+4"$6&!&K0B"0&!$D!-$%K;",&!+,-!

$';04! '$$';0-!e;+%0&! f",B%6-",7! ';0! 0,-+,7040-! &K045!e;+%0g(! +%';$67;!?+%00,!e;+%0&!5+<! +%&$! $BB64!

';040*!!T",,"K0-&!-$!,$'!,$45+%%<!$BB64!",!';0!C6%D!$D!)0E"B$*!!V0+!'64'%0&!+40!+%&$!$D!B$,B04,!",!';0!+40+(!

",B%6-",7! ';0! 0,-+,7040-! %0+';04?+B_(! Q05KA&! 4"-%0<(! +,-! ;+e_&?"%%! '64'%0&(! +,-! ';0! ';40+'0,0-!

%$7704;0+-!+,-!7400,!&0+!'64'%0&!f';0!7400,!'64'%0!"&!%"&'0-!+&!0,-+,7040-.",!I%$4"-+g*!!!

>,!1! .6,0!122W(!89:=>! 40i60&'0-! ';+'! ';0!F+'"$,+%!)+4",0!I"&;04"0&!V04@"B0! fF)IVg! "&&60! +,!

Y,B"-0,'+%!#+4+&&50,'!M6';$4"\+'"$,!fY#Mg!'$!+6';$4"\0!,$,9%0';+%!j'+_0&k!$D!5+4",0!5+55+%&!",B"-0,'+%!

'$! ';0! +"476,! $K04+'"$,&! ",! ';0! ,$4';04,! C6%D! $D! )0E"B$! f8C8! 8'-*! 122Wg*! ! L;0! Y#M! e+&! 40i60&'0-!

K64&6+,'!'$!V0B'"$,![2[f+gfPgf:g!$D!';0!))TM*!!M,!=,@"4$,50,'+%!M&&0&&50,'!f=Mg!;+-!?00,!K40K+40-!

K40@"$6&%<!'$!0@+%6+'0!';0!K$'0,'"+%!"5K+B'&!$D!+!&"5"%+4!&0"&5"B!B+%"?4+'"$,!&'6-<!",!';0!,$4';04,!C6%D!$D!

)0E"B$!",!122]!f8C8!8'-*!122]g*!!L;+'!=M!e+&!+-$K'0-!?<!FVI(!';0!D0-04+%!+70,B<!&K$,&$4",7!?$';!$D!

';0!&0"&5"B!B+%"?4+'"$,!&'6-"0&*!!L;0!Y#M!e+&!"&&60-!?<!F)IV!$,!1G!.6%<!122G!fMKK0,-"E!Mg*!!!

L;0! Y#M! +6';$4"\0-! jK$'0,'"+%! '+_0! ?<! ;+4+&&50,'k! $D! 5+4",0! 5+55+%&! -64",7! ';0! &0"&5"B!

K4$74+5! -0&B4"?0-! ",! ';"&! 40K$4'*! ! L;0! &0"&5"B! &'6-<! B$,&"&'0-! $D! &0@04+%! K;+&0&a! ! f[g! +,! ","'"+%!

'0&'",7c&;+_0-$e,!K;+&0(!f1g!50+&64050,'&!$D!';0!&$6,-&!K4$-6B0-!?<!@+4"$6&!+"476,!+44+<&!'$!?0!6&0-!

?<! ';0! 4#*?,&+@(! +,-! f]g! +! ';4009-"50,&"$,+%! f]:g! &0"&5"B! '0&'",7! K;+&0! f&00! I"7*! [*[g*! ! L;0! &'6-<!

$BB6440-!D4$5!1[!F$@05?04!122G!'$!P!I0?46+4<!1223*!!I$4!';0!D"4&'!K;+&0!$D!';0!&'6-<(!';0!&;+_0-$e,(!

';0! &;"K! %0D'!C+%@0&'$,(! LZ(! $,! 1[!F$@05?04! 122G! +,-! +44"@0-! ",! ';0! &'6-<! +40+! %+'04! ';+'! &+50! -+<*!!

V0"&5"B!$K04+'"$,&!'$$_!K%+B0!$,!1G(!1O(!+,-!]2!F$@05?04*!!L;0!@0&&0%!+44"@0-!?+B_!",!C+%@0&'$,!$,!W!

:0B05?04*!!L;0!,0E'!K;+&0!$D!';0!&'6-<(!';0!&;+%%$e9e+'04!B+%"?4+'"$,(!$BB6440-!D4$5![G!'$!1[!:0B05?04*!!

L;0!@0&&0%! %0D'!C+%@0&'$,!$,![G!:0B05?04! +,-! +44"@0-! ",! ';0! &'6-<! +40+! %+'04! ';+'! &+50!-+<*! ! V0"&5"B!

$K04+'"$,&! '$$_! K%+B0! $,! [O! +,-! 12!:0B05?04*! ! L;0! ]:! &0"&5"B! '0&'",7! K;+&0! $BB6440-! D4$5! ]! '$! 1N!

.+,6+4<! 1223*! ! V0"&5"B! $K04+'"$,&! '$$_! K%+B0! $,! [N(! 11(! +,-! 1]! .+,6+4<*! ! L;0! %+&'! K;+&0(! ';0! 5+",!

B+%"?4+'"$,! &'6-<(! $BB6440-! D4$5! 1G! .+,6+4<! '$! P! I0?46+4<*! ! V0"&5"B! $K04+'"$,&! '$$_! K%+B0! $,! ]2H][!

.+,6+4<! +,-! [HN! I0?46+4<*! ! L;0! &'6-<! e+&! B$,B%6-0-! $,! N! I0?46+4<! 1223(! +,-! ';0! @0&&0%! +44"@0-! ",!

C+%@0&'$,(!LZ(!$,!P!I0?46+4<*!!!



! DE3!!F*+9'GB8+>'*!!!!!1!

!

!

!

+[TWBN'=1=1''R%$'A@'0.#'-0C&)'%"#%',8'0.#'8A"0.#"8'TCG@'A@'R#F,VA'%8&'GAV%0,A8-'P.#"#'0.#'Q%",AC-'$.%-#-'
A@'0.#'V%G,("%0,A8\-#,-X,V'0#-0,89'$"A9"%X'0AA`'$G%V#'@"AX'*='HAQ#X(#"'*66<'0A'M'+#("C%")'*6651'''

!



! DE3!!F*+9'GB8+>'*!!!!!]!

!

!

L;"&!-$B650,'!&04@0&!'$!500'!40K$4'",7!40i6"4050,'&!&K0B"D"0-!",!';0!Y#M*!!L;0!K4"5+4<!K64K$&0&!

$D! ';"&! 40K$4'! +40! '$! -0&B4"?0! ';0! &0"&5"B! K4$74+5! ",! ';0! ,$4';04,! C6%D! $D! )0E"B$(! '$! -0&B4"?0! ';0!

+&&$B"+'0-!5+4",0!5+55+%!f+,-!&0+!'64'%0g!5$,"'$4",7!+,-!5"'"7+'"$,!K4$74+5&!+,-!';0"4!40&6%'&(!+,-!'$!

0&'"5+'0!';0!,65?04&!$D!5+4",0!5+55+%&!K$'0,'"+%%<!+DD0B'0-!?<!';0!K4$^0B'*!!

*(#'&!(+3$.C3,3001!(+.:%+8-,'D3+'-(..

Y#M&!"&&60-!'$!&0"&5"B!$K04+'$4&!",B%6-0!K4$@"&"$,&!'$!5","5"\0!';0!K$&&"?"%"'<!';+'!5+4",0!5+59

5+%&! B%$&0! '$! ';0! &0"&5"B! &$64B0! 5"7;'! ?0! 0EK$&0-! '$! %0@0%&! $D! &$6,-! ;"7;! 0,$67;! '$! B+6&0! ;0+4",7!

-+5+70! $4! $';04! ",^64"0&*! ! :64",7! ';"&! K4$^0B'(! &$6,-&! e040! 70,04+'0-! ?<! ';0! +"476,&! 6&0-! -64",7! ';0!

&0"&5"B!&'6-<!+,-!+%&$!?<!+!56%'"?0+5!?+';<50'4"B!0B;$&$6,-04!f)/=Vg(!+!&6?9?$''$5!K4$D"%04!fV/Tg(!

+,-! 70,04+%! @0&&0%! $K04+'"$,&*! !F$! &04"$6&! ",^64"0&! $4!-0+';&! $D!5+4",0!5+55+%&! f$4! &0+! '64'%0&g!e040!

+,'"B"K+'0-!D4$5!';0!&0"&5"B!&64@0<(!7"@0,!';0!,+'640!$D!';0!$K04+'"$,&!+,-!';0!5"'"7+'"$,!50+&640&!';+'!

e040!"5K%050,'0-(!+,-!,$!",^64"0&!$4!-0+';&!e040!+''4"?6'0-!'$!';0!&0"&5"B!$K04+'"$,&*!!F$,0';0%0&&(!';0!

&0"&5"B! &64@0<! $K04+'"$,&! -0&B4"?0-! ",! R;+K'04! 1! ;+-! ';0! K$'0,'"+%! '$! j'+_0k! 5+4",0! 5+55+%&! ?<!

;+4+&&50,'*!!/0;+@"$4+%!-"&'64?+,B0!'$!5+4",0!5+55+%&!"&!B$,&"-040-!'$!?0!j'+_0!?<!;+4+&&50,'k!6,-04!

';0!K4$@"&"$,&!$D!';0!))TM*!!MKK0,-"E!/!K4$@"-0&!D64';04!?+B_74$6,-!$,!';0!"&&6+,B0!$D!Y#M&!40%+'"@0!

'$!&0"&5"B!$K04+'"$,&!+,-!j'+_0k*!

S,-04! B6440,'!F)IV! 76"-0%",0&! f0*7*(!F)IV! 1222g(! j&+D0'<! 4+-""k! D$4!5+4",0!5+55+%&! +4$6,-!

+"476,!+44+<&!+40!B6&'$5+4"%<!-0D",0-!+&!';0!-"&'+,B0&!e"';",!e;"B;!';0!40B0"@0-!K6%&0!%0@0%&!+40!"[32!-/!

40! [!qT+45&
[! D$4! B0'+B0+,&! +,-!"[O2!-/! 40! [!!T+45&! D$4! K",,"K0-&*! !L;$&0! &+D0'<! 4+-""! +40! ?+&0-!$,! +,!

+&&65K'"$,!';+'!&0"&5"B!K6%&0&!40B0"@0-!+'!%$e04!40B0"@0-!%0@0%&!+40!6,%"_0%<!'$!",^640!';0&0!5+55+%&!$4!

"5K+"4!';0"4!;0+4",7!+?"%"'"0&(!?6'!';+'!;"7;04!40B0"@0-!%0@0%&!;>?@+!;+@0!&$50!&6B;!0DD0B'&*!!L;0!5"'"7+9

'"$,!50+&640&!40i6"40-!?<!Y#M&!+40(!",!%+470!K+4'(!-0&"7,0-!'$!+@$"-!$4!5","5"\0!0EK$&640!$D!B0'+B0+,&!

+,-! K",,"K0-&! '$! &$6,-! %0@0%&! 0EB00-",7! [32! +,-! [O2! -/! 40! [!!T+(! 40&K0B'"@0%<*! ! Y,! +--"'"$,(! D$4! ';"&!

K4$^0B'(!F)IV!&K0B"D"0-!+!&+D0'<!f&;6'9-$e,g!B4"'04"$,!$D![32!-/!D$4!&0+!'64'%0&*!

:"&'64?+,B0!'$!5+4",0!5+55+%&!B$6%-!$BB64!+'!-"&'+,B0&!?0<$,-!';0!&+D0'<!fp&;6'!-$e,g!4+-""! "D!

';0! 5+55+%&! e040! 0EK$&0-! '$! 5$-04+'0%<! &'4$,7! K6%&0-! &$6,-&! 70,04+'0-! ?<! ';0! +"476,! +44+<!

fJ"B;+4-&$,!0'!+%*![OOPg*!!F)IV!+&&650&!';+'!5+4",0!5+55+%&!0EK$&0-!'$!+"476,!&$6,-&!e"';!40B0"@0-!

%0@0%&!"[W2!-/!40![!!T+45&!+40! %"_0%<! '$!?0!-"&'64?0-!+KK40B"+?%<*! !L;+'!+&&65K'"$,! "&!?+&0-!5+",%<!$,!

-+'+!B$,B04,",7!?0;+@"$4+%!40&K$,&0&!$D!?+%00,!e;+%0&(!+&!&655+4"\0-!?<!J"B;+4-&$,!0'!+%*!f[OOPg!+,-!

C$4-$,! 0'! +%*! f122Ng*! ! :$%K;",&! +,-! 5$&'! K",,"K0-&! +40! 70,04+%%<! %0&&! 40&K$,&"@0! f0*7*(! V'$,0! 122]h!

C$4-$,!0'!+%*!122Ng(!+,-![G2!-/!40![!!T+45&!5+<!?0!+!5$40!+KK4$K4"+'0!B4"'04"$,!$D!?0;+@"$4+%!-"&'64?+,B0!

D$4! ';$&0! 74$6K&! f&00! 8C8!8'-*! 122Wg*! ! Y,! 70,04+%(! -"&'64?+,B0! 0DD0B'&! +40! 0EK0B'0-! '$! -0K0,-! $,! ';0!

&K0B"0&!$D!5+4",0!5+55+%(!';0!+B'"@"'<!$D!';0!+,"5+%!+'!';0!'"50(!"'&!-"&'+,B0!D4$5!';0!&$6,-!&$64B0(!+,-!

';0!40B0"@0-!%0@0%!$D!';0!&$6,-!+,-!';0!+&&$B"+'0-!e+'04!-0K';*!!V$50!",-"@"-6+%&!40&K$,-!?0;+@"$4+%%<!+'!

40B0"@0-!%0@0%&!&$50e;+'!?0%$e!';0!,$5",+%![W29!$4![G29-/!B4"'04"+(!?6'!$';04&!'$%04+'0!%0@0%&!&$50e;+'!

+?$@0![W2!$4![G2!-/!40![!!T+45&!e"';$6'!40+B'",7!",!+,<!&6?&'+,'"+%!5+,,04*!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
[
! j45&k!50+,&! j4$$'!50+,! &i6+40k(! +,-! 40K40&0,'&! +! D$45! $D! +@04+70! +B4$&&! ';0! -64+'"$,! $D! ';0! &$6,-! K6%&0! +&!

40B0"@0-!?<! ';0! +,"5+%*! !J0B0"@0-! %0@0%&! $D! +"476,!K6%&0&!50+&640-!$,! +,! j45&k!?+&"&! +40!70,04+%%<! [2H[1!-/!

%$e04!';+,!';$&0!50+&640-!$,!';0!j\04$9'$9K0+_k!?+&"&(!+,-![WH[3!-/!%$e04!';+,!';$&0!50+&640-!$,!+!jK0+_9'$9

K0+_k!?+&"&!fC400,0![OOGh!)BR+6%0<!0'!+%*![OO3(!1222g*!!L;0!%+''04!'e$!50+&640&!+40!';0!$,0&!B$55$,%<!6&0-!?<!

70$K;<&"B"&'&*! ! S,%0&&! $';04e"&0! ,$'0-(! +%%! +"476,! K6%&0! %0@0%&! i6$'0-! ",! ';"&! 40K$4'! +40! 45&! %0@0%&! e"';! 0i6+%!

e0"7;'",7!D$4!+%%!D40i60,B"0&*!



! DE3!!F*+9'GB8+>'*!!!!!N!

!

!

M!,$'"B0!407+4-",7!';0!K4$K$&0-!"&&6+,B0!$D!+,!Y#M!D$4!';0!&0"&5"B!&'6-<!",!';0!,$4';04,!C6%D!$D!

)0E"B$!e+&!K6?%"&;0-!?<!F)IV!",!';0!H&G&9#%!/&?>,+&9!$,!W!>B'$?04!122W(!+,-!K6?%"B!B$550,'&!e040!

",@"'0-! fF)IV! 122Wg*! ! L;0! )+4",0! )+55+%! R$55"&&"$,! f))Rg! +,-! ';0! R0,'04! D$4! J076%+'$4<!

=DD0B'"@0,0&&!fRJ=g!&6?5"''0-!B$550,'&!fF)IV!122Gg*!!

>,!1G!.6%<!122G(!89:=>!40B0"@0-!';0!Y#M!';+'!;+-!?00,!40i60&'0-!D$4!';0!&0"&5"B!&'6-<(!+,-!$,!

[P!M676&'!122G!F)IV!K6?%"&;0-!+!&0B$,-!,$'"B0!",!';0!H&G&9#%!/&?>,+&9!'$!+,,$6,B0!';0!"&&6+,B0!$D!';0!

Y#M! fF)IV! 122Gg*! ! L;0! &0B$,-! ,$'"B0! 40&K$,-0-! '$! ';0! 40B0"@0-! B$550,'&! +,-! K4$@"-0-! +--"'"$,+%!

",D$45+'"$,!B$,B04,",7!';0!Y#M!+,-!+,<!B;+,70&!D4$5!';0!$4"7",+%%<!K4$K$&0-!Y#M*!!M!B$K<!$D!';0!"&&60-!

Y#M!"&!",B%6-0-!",!';"&!40K$4'!+&!MKK0,-"E!M*!!

L;0!Y#M!e+&!74+,'0-!'$!89:=>!$,!';0!+&&65K'"$,&!';+'!!

$' ';0! ,65?04&! $D! 5+4",0! 5+55+%&! K$'0,'"+%%<! ;+4+&&0-! f+&! -0D",0-! ?<! F)IV! B4"'04"+g! -64",7!

&0"&5"B!$K04+'"$,&!e$6%-!?0!j&5+%%k(!!

$' ';0!0DD0B'&!$D!&6B;!;+4+&&50,'!$,!5+4",0!5+55+%!K$K6%+'"$,&!e$6%-!?0!,07%"7"?%0(!!

$' ,$!5+4",0!5+55+%&!e$6%-!?0!&04"$6&%<!",^640-!$4!_"%%0-(!+,-!!

$' ';0!+7400-!6K$,!5$,"'$4",7!+,-!5"'"7+'"$,!50+&640&!e$6%-!?0!"5K%050,'0-*!!

6'+')3+'-(.3(&.6-('+-,'().E5F!#+'G!0..

L;0!$?^0B'"@0&!$D!';0!5"'"7+'"$,!+,-!5$,"'$4",7!K4$74+5!e040!-0&B4"?0-!",!-0'+"%!",!89:=>A&!Y#M!

MKK%"B+'"$,! f8C8!8'-*!122Wg!+,-! ",! ';0! Y#M! "&&60-!?<!F)IV! '$!89:=>!fMKK0,-"E!Mg*! !=EK%+,+'$4<!

5+'04"+%! +?$6'! ';0! 5$,"'$4",7! +,-! 5"'"7+'"$,! 40i6"4050,'&! e+&! K6?%"&;0-! ?<! F)IV! ",! ';0! H&G&9#%!

/&?>,+&9!fF)IV!122W(!122Gg*!!!

L;0!5+",!K64K$&0!$D!';0!5"'"7+'"$,!K4$74+5!e+&!'$!+@$"-!$4!5","5"\0!K$'0,'"+%!0DD0B'&!$D!89:=>A&!

&0"&5"B!&'6-<!$,!5+4",0!5+55+%&!+,-!&0+!'64'%0&*!!L;"&!40i6"40-!';+'"-64",7!-+<'"50!+"476,!$K04+'"$,&!

"89:=>!-0'0B'!5+4",0!5+55+%&!+,-!&0+!'64'%0&!e"';",!$4!+?$6'!'$!0,'04!';0!&+D0'<!4+-"6&(!+,-!",!&6B;!

B+&0&! ","'"+'0! +,! "550-"+'0! K$e04! -$e,! f$4! &;6'! -$e,! "D! ,0B0&&+4<g! $D! ';0! +"476,&*! ! M! K$e04! -$e,!

",@$%@0&!40-6B",7!';0!&$64B0!%0@0%!$D!';0!$K04+'",7!+"476,&(!70,04+%%<!?<!B0+&",7!';0!$K04+'"$,!$D!+%%!?6'!

$,0!+"476,*!!M!&;6'!-$e,!",@$%@0&!B0+&",7!';0!$K04+'"$,!$D!+%%!+"476,&*!!M,!+--"'"$,+%!5"'"7+'"$,!$?^0B'"@0!

e+&!'$!-0'0B'!5+4",0!5+55+%&!$4!&0+!'64'%0&!e"';",!$4!,0+4!';0!&+D0'<!4+-""!K4"$4!'$!&'+4'",7!';0!+"476,&(!$4!

-64",7! 4+5K! 6K! '$! D6%%! K$e04*! ! Y,! ';0&0! B+&0&(! ';0! &'+4'! $D! +"476,&! e+&! '$! ?0! -0%+<0-! $4! 4+5K! 6K!

-"&B$,'",60-! 6,'"%! ';0! &+D0'<! 4+-""! e040! D400! $D! 5+4",0! 5+55+%&! $4! &0+! '64'%0&! f&00! MKK0,-"E! M! +,-!

R;+K'04!]g*!!

L;0!K4"5+4<!$?^0B'"@0&!$D!';0!5$,"'$4",7!K4$74+5!e040!+&!D$%%$e&a!!

[*' T4$@"-0!40+%9'"50!&"7;'",7!-+'+!,00-0-!'$!"5K%050,'!';0!5"'"7+'"$,!40i6"4050,'&*!!!

1*' S&0! 40+%9'"50!K+&&"@0!+B$6&'"B!5$,"'$4",7! fTM)g! '$!5$,"'$4! D$4!@$B+%"\",7!B0'+B0+,&!+,-! '$!

,$'"D<!@"&6+%!$?&04@04&!$D!,0+4?<!B0'+B0+,&*!

]*' =&'"5+'0!';0!,65?04&!$D!5+4",0!5+55+%&!K$'0,'"+%%<!0EK$&0-!'$!&'4$,7!&0"&5"B!K6%&0&*!

N*' :0'045",0!';0!40+B'"$,&!f"D!+,<g!$D!K$'0,'"+%%<!0EK$&0-!5+4",0!5+55+%&!+,-!&0+!'64'%0&*!

VK0B"D"B!5"'"7+'"$,!+,-!5$,"'$4",7!$?^0B'"@0&!"-0,'"D"0-!",!';0!Y#M!+40!&;$e,!",!MKK0,-"E!M*!!)"'"7+'"$,!

+,-! 5$,"'$4",7! 50+&640&! ';+'! e040! "5K%050,'0-! -64",7! ';0! &0"&5"B! &'6-<! +40! -0&B4"?0-! ",! -0'+"%! ",!

R;+K'04!]*!



! DE3!!F*+9'GB8+>'*!!!!!P!

!

!

>!7-,+.E,)3('D3+'-(..

L;0! K4"5+4<! K64K$&0! $D! ';"&! 40K$4'! "&! '$! -0&B4"?0! ';0! +B$6&'"B! B+%"?4+'"$,! +,-! &0"&5"B! '0&'",7!

K4$74+5! ';+'! '$$_!K%+B0! ",! ';0!,$4';04,!C6%D! $D!)0E"B$! D4$5!1[!F$@05?04! 122G! '$! P!I0?46+4<!1223(!

",B%6-",7! ';0! +&&$B"+'0-!5$,"'$4",7! +,-!5"'"7+'"$,!K4$74+5&(! +,-! '$! K40&0,'! 40&6%'&! +&! 40i6"40-!?<! ';0!

Y#M!f&00!MKK0,-"E!Mg*!!L;"&!40K$4'!",B%6-0&!D"@0!B;+K'04&a!!

[*' /+B_74$6,-!+,-!",'4$-6B'"$,!f';"&!B;+K'04gh!!

1*' :0&B4"K'"$,!$D!';0!&0"&5"B!K4$74+5h!!

]*' :0&B4"K'"$,! $D! ';0!5+4",0!5+55+%! +,-! &0+! '64'%0!5$,"'$4",7! +,-!5"'"7+'"$,! 40i6"4050,'&! +,-!

50';$-&(!",B%6-",7!&+D0'<!4+-""h!!

N*' J0&6%'&!$D!';0!+B$6&'"B!B+%"?4+'"$,!&'6-<h!+,-!

P*' J0&6%'&!$D! ';0!5+4",0!5+55+%!+,-!&0+!'64'%0!5$,"'$4",7!K4$74+5(!",B%6-",7!0&'"5+'0-!,65?04&!

$D!5+4",0!5+55+%&!K$'0,'"+%%<!j'+_0,!?<!;+4+&&50,'k*!

L;$&0!B;+K'04&!+40!D$%%$e0-!?<!MB_,$e%0-7050,'&!+,-!8"'04+'640!R"'0-!&0B'"$,&*!!!

Y,! +--"'"$,(! ';040! +40! &0@0,!MKK0,-"B0&*! ! :0'+"%&! $D! K4$B0-640&! ';+'! +40!5$409$49%0&&! B$,&"&'0,'!

+B4$&&!89:=>A&! &0"&5"B! &64@0<&!+40!K4$@"-0-! ",! ';0!MKK0,-"B0&!+,-!+40!$,%<! &655+4"\0-! ",! ';0!5+",!

?$-<!$D!';"&!40K$4'*!!L;0!MKK0,-"B0&!",B%6-0!

M*'!! +!B$K<!$D!';0!Y#M!"&&60-!'$!89:=>!D$4!';"&!&'6-<h!

/*'!! ?+B_74$6,-!$,!-0@0%$K50,'!+,-!"5K%050,'+'"$,!$D!&+D0'<!4+-""h!

R*'!! B;+4+B'04"&'"B&!$D!';0!4#*?,&+@(!';0!+"476,!+44+<(!+,-!';0!0B;$&$6,-04&h!

:*'!! -0'+"%&!$,!@"&6+%!+,-!+B$6&'"B!5$,"'$4",7(!5"'"7+'"$,(!+,-!-+'+!+,+%<&"&!50';$-&h!

=*'!! B$,&04@+'"$,!&'+'6&!+,-!-0,&"'"0&!$D!5+4",0!5+55+%&!",!';0!K4$^0B'!407"$,h!

I*'!!5$,"'$4",7!0DD$4'!+,-!%"&'!$D!B0'+B0+,&!&00,!-64",7!';"&!B46"&0h!

C*'!! +--"'"$,+%!&6KK$4'",7!-0'+"%&!40!,65?04&!$D!5+4",0!5+55+%&!0EK$&0-!'$!&0"&5"B!&$6,-&*!

 

!

!

!

!

!

!

!

!

!

!

!

!



DI3!!1&>,;>8!J9'?9#;!K&,89>$&G!!!!!W!

!

!

2.  SEISMIC PROGRAM DESCRIBED 
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K%+B0!$,!N!I0?*!1223*!!M"476,!$K04+'"$,&!$BB6440-!-64",7!-+<9!+,-!,"7;''"50*!!M!B;4$,$%$7<!$D!';0!&'6-<!

"&!K40&0,'0-!",!L+?%0!1*[*!!M!&655+4<!$D!';0!'$'+%!-"&'+,B0&!'4+@0%0-!?<!';0!4#*?,&+@!-64",7!';0!&0"&5"B!

&'6-<(!-"&'",76"&;",7!K04"$-&!e"';!+,-!e"';$6'!&0"&5"B!$K04+'"$,&(!"&!K40&0,'0-!",!L+?%0!=V*[*!!!

L;4$67;$6'! ';0!&'6-<(!K$&"'"$,(!&K00-(!+,-!+B'"@"'"0&!$D! ';0!4#*?,&+@!e040! %$770-!-"7"'+%%<!0@04<!

5",6'0*!!Y,!+--"'"$,(!';0!K$&"'"$,!$D!';0!4#*?,&+@L!e+'04!-0K';(!+,-!",D$45+'"$,!$,!';0!+"476,!+44+<!e040!

%$770-!D$4!0@04<!+"476,!&;$'!e;"%0!';0!4#*?,&+@!e+&!B$%%0B'",7!70$K;<&"B+%!-+'+*! !L;0!70$K;<&"B&!B40e!

_0K'!+!e4"''0,!%$7!$D!0@0,'&(!+&!-"-!';0!5+4",0!5+55+%!+,-!'64'%0!$?&04@04&!f))>&g!e;"%0!$,!-6'<*!!L;0!

))>&(! e;0,! $,! -6'<(! +%&$! 40B$4-0-! ';0! ,65?04! +,-! @$%650! $D! +"476,&! ';+'! e040! D"4",7! e;0,! ';0!

4#*?,&+@!e+&!$DD%",0!f0*7*(!'64,",7!D4$5!$,0!%",0!'$!';0!,0E'g!$4!e+&!$,%",0!?6'!,$'!40B$4-",7!-+'+!f0*7*(!

-64",7!+"476,!$4!B$5K6'04!K4$?%05&g*!

!
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'

+[TWBN'*1=1''R%$'A@'0.#'-0C&)'%"#%',8'0.#'8A"0.#"8'TCG@'A@'R#F,VA'-.AP,89'-.,$'0"%V`2'-#9X#80-'P,0.'%8&'

P,0.AC0' A(-#"Q#"' #@@A"02' %8&' -#,-X,V' G,8#-' &C",89' 0.#' -#,-X,V' $"A9"%X' @"AX' *=' HAQ#X(#"' *66<' 0A' M'

+#("C%")'*6651'

Shallow site 

Slope site 

Deep site 
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!
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U>4;N'*1=1'':."A8AGA9)'A@'#Q#80-'&C",89'0.#'-#,-X,V'-0C&)',8'0.#'8A"0.#"8'TCG@'A@'R#F,VA2'*='HAQ1'*66<'a'

M'+#(1'*6651''U,X#-'%"#':#80"%G'/0%8&%"&1'

Date  Event Description 

Initial Seismic Testing/Shake-down Phase, Nov.–Dec. 2007 

*='HAQ1' ;#@0'$A"0'A@'T%GQ#-0A82'Ub2'%0'*c=M'$X'@A"'-0C&)'%"#%'

*M'HAQ1'' +,"-0'&%)'A@'X%",8#'X%XX%G'A(-#"Q%0,A8-d'&#G%)'A@'A(-#"Q%0,A8-'&C#'0A'$AA"'P#%0.#"'

*<'HAQ1'' +,"-0'&%)'A@'%,"9C8'A$#"%0,A8-'P,0.'='-0",89d'@,"-0'&%)'A@'!>R'

*D'HAQ1'' /#VA8&'&%)'A@'%,"9C8'%V0,Q,0)'a'='-0",89d'!>R'

L6'HAQ1' ;%-0'&%)'A@'%,"9C8'A$#"%0,A8-'a'J'-0",89-d'8A'!>R'

M'S#V1' ;%-0'&%)'A@'X%",8#'X%XX%G'A(-#"Q%0,A8-'

?'S#V1'' >"",Q#&',8'T%GQ#-0A8'

Shallow-water Calibration Phase, Dec. 2007 

=<'S#V1'' ;#@0'$A"0'A@'T%GQ#-0A8'%"AC8&'J'$X''

=5'S#V1'' +,"-0'&%)'A@'X%",8#'X%XX%G'A(-#"Q%0,A8-'

=D'S#V1' +,"-0'&%)'A@'%,"9C8'A$#"%0,A8-'a'J'-0",89-d'8A'!>R'

*6'S#V1' /#VA8&'&%)'A@'%,"9C8'A$#"%0,A8-'a'J'-0",89-d'G%-0'&%)'A@'A(-#"Q%0,A8-d'A8G)'&%)'A@'!>R'

*='S#V1' N%"G)'XA"8,89'a'0"%8-,0'(%V`'0A'T%GQ#-0A81''>"",Q#&'%0'5'%X1'

3D Seismic Testing Phase, Jan. 2008'

L'e%81' ;#@0'$A"0'A@'T%GQ#-0A8'%0'?'$X'@A"'-0C&)'%"#%'

J'e%81'' >"",Q#&'%0'-0C&)'%"#%'%0'=6'%Xd'-0%"0'A@'X%",8#'X%XX%G'A(-#"Q%0,A8-'

=J'e%81' +,"-0'&%)'A@'%,"9C8'A$#"%0,A8-'a'='-0",89d'!>R'

**'e%81' /#VA8&'&%)'A@'%,"9C8'A$#"%0,A8-'a'*'-0",89-d'!>R'

*L'e%81' ;%-0'&%)'A@'%,"9C8'A$#"%0,A8-'a'*'-0",89-d'G%-0'&%)'A@'A(-#"Q%0,A8-d'!>R'

*J'e%81' >"",Q#&'(%V`',8'T%GQ#-0A8'

Shallow-, Intermediate-, and Deep-water Calibration Phase, Jan. – Feb. 2008'

*<'e%81' ;#@0'T%GQ#-0A8'%8&'-0%"0#&'X%",8#'X%XX%G'A(-#"Q%0,A8-'

L6'e%81' +,"-0'&%)'A@'%,"9C8'A$#"%0,A8-'a'*'%8&'J'-0",89-d'@,"-0'&%)'A@'!>R'

L='e%81' >,"9C8'A$#"%0,A8-'a'*'%8&'J'-0",89-d'!>R'

='+#(1' >,"9C8'A$#"%0,A8-'a'J'-0",89-d'8A'!>R'&C",89'-#,-X,V'

*'+#(1' >,"9C8'A$#"%0,A8-'a'*'%8&'J'-0",89-d'!>R'

L'+#(1' >,"9C8'A$#"%0,A8-'a'*'-0",89-d'!>R'

J'+#(1' >,"9C8'A$#"%0,A8-'a'J'-0",89-d'G%-0'&%)'A@'A(-#"Q%0,A8-'%8&'!>R'

M'+#(1' >"",Q#&',8'T%GQ#-0A8'

 

:',)%(.:,,3B.=83,3#+!,'0+'#0..

L;0!5+",!+"476,!+44+<!B$,&"&'0-!$D!]W!/$%'![P2288!+,-!/$%'![O2288Z!+"476,&*!!L;0!/$%'!+"476,&!

@+4"0-!",!@$%650!D4$5!N2!'$!]W2!",]*!!M%';$67;!@+4"$6&!,65?04&!$D!+"476,&!e040!6&0-!-64",7!';0!&'6-<(!

';0! ]W9+"476,!+44+<!e"';! +! '$'+%!-"&B;+470!@$%650!$D!WW22! ",]!e+&!6&0-!5$&'!$D'0,(! D$%%$e0-!?<! ';0![39

+"476,!+44+<!f'$'+%!@$%650!$D!]]22!",]g(!+,-!';0!O9+"476,!+44+<!f[WP2!",]g*!!L;0!D"4",7!K40&&640!$D!';0!+44+<!

"&!1222!K&"*!!:64",7!D"4",7(!+!?4"0D!fr2*[!&g!K6%&0!$D!&$6,-!"&!05"''0-*!!!
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!

L;0!+"476,&!+40!B$,D"7640-!+&!D$64! "-0,'"B+%! %",0+4!+44+<&!$4!j&'4",7&k!fI"7*!1*1g*! !=+B;!&'4",7!;+&!

'0,!+"476,&h!';0!D"4&'!+,-!%+&'!+"476,&!",!';0!&'4",7&!+40!&K+B0-![W!5!+K+4'*!!F",0!+"476,&!",!0+B;!&'4",7!D"40!

&"56%'+,0$6&%<(!e;040+&!';0!'0,';!"&!_0K'!",!40&04@0!+&!+!&K+40(!'$!?0!'64,0-!$,!",!B+&0!$D!D+"%640!$D!+,$';04!

+"476,*! ! L;0! D$64! +"476,! &'4",7&! +40! -"&'4"?6'0-! +B4$&&! +,! +KK4$E"5+'0! +40+! $D! 1N%[W! 5! ?0;",-! ';0!

4#*?,&+@!+,-!+40!'$e0-!P2H[22!5!?0;",-!';0!@0&&0%*!!M!'<K"B+%!'$e",7!+44+,7050,'!"&!&;$e,!",!I"7640!

1*]*!!!

:64",7!$K04+'"$,&! ",! ';0!,$4';04,!C6%D!$D!)0E"B$(! ';0!+"476,&!e040!&6&K0,-0-!",! ';0!e+'04!D4$5!

+"49D"%%0-! D%$+'&! f&00! MKK0,-"E! Rg! +,-! e040! $4"0,'0-! ;$4"\$,'+%%<(! rWHG! 5! ?0%$e! ';0! e+'04! &64D+B0*!!

R$5K40&&0-! +"4! &6KK%"0-! ?<! B$5K40&&$4&! +?$+4-! ';0! &$64B0! @0&&0%! K$e040-! ';0! +"476,! +44+<*! ! V0"&5"B!

K6%&0&!e040!05"''0-!+'! ",'04@+%&!$D!r]2!&!e;"%0!';0!4#*?,&+@! '4+@0%0-!+'!+,!+@04+70!&K00-!$D!rG*1!_5c;!

f]*O!_'g*!!L;0!]29&!&K+B",7!B$440&K$,-0-!'$!+!&;$'!",'04@+%!$D!rW2!5*!!L;0!+"476,&!e040!&"%0,'!-64",7!';0!

",'04@0,",7!K04"$-&*!

L;0!,$5",+%!&$64B0!%0@0%!D$4!-$e,e+4-!K4$K+7+'"$,!$D!%$e9D40i60,B<!0,047<!$D!';0!+"476,!+44+<&!

"&! &;$e,! ",! L+?%0! 1*1*! ! L;0! ,$5",+%! &$64B0! %0@0%! e$6%-! ?0! &$50e;+'! ;"7;04! "D! ';0! &5+%%! +5$6,'! $D!

0,047<!+'!;"7;04! D40i60,B"0&!e040!B$,&"-040-*! !/0B+6&0! ';0!+B'6+%! &$64B0! "&! +!-"&'4"?6'0-! &$6,-! &$64B0!

f5+,<!+"476,&g!4+';04!';+,!+!&",7%0!K$",'!&$64B0(!';0!;"7;0&'!&$6,-!%0@0%!50+&64+?%0!+'!+,<!%$B+'"$,!",!';0!

e+'04! "&! %0&&! ';+,! ';0! ,$5",+%! &$64B0! %0@0%! fR+%-e0%%! +,-! :4+7$&0'! 1222g*! ! Y,! +--"'"$,(! ';0! 0DD0B'"@0!

&$64B0! %0@0%! D$4! &$6,-!K4$K+7+'",7! ",!,0+49;$4"\$,'+%!-"40B'"$,&! "&! &6?&'+,'"+%%<! %$e04! ';+,! ';0!,$5",+%!

&$64B0!%0@0%!+KK%"B+?%0!'$!-$e,e+4-!K4$K+7+'"$,!?0B+6&0!$D!';0!-"40B'"$,+%!,+'640!$D!';0!&$6,-!D4$5!';0!

+"476,!+44+<*!!L;0!&$64B0!%0@0%!$,!';0!45&!?+&"&!6&0-!0%&0e;040!",!';"&!40K$4'!e$6%-!?0!%$e04(!?6'!&$64B0!

%0@0%&!$D!+"476,&!+40!,$'!,$45+%%<!-0'045",0-!$,!+,!45&!?+&"&!?<!+"476,!5+,6D+B'6404&!$4!70$K;<&"B"&'&*!!

E+8!,.?B7!0.-A.:',)%(.E7!,3+'-(0..

! M"476,&! $K04+'0-! -64",7! B04'+",! $';04! K04"$-&! ?0&"-0&! ';0! &;+_0-$e,! $4! B+%"?4+'"$,! &'6-<(!

",B%6-",7!-64",7!4+5K!6K&!+,-!K$e04!-$e,&*! !J+5K!6K&!e040!40i6"40-!?<!';0!Y#M!f&00!R;+K'04!]!+,-!

MKK0,-"E!Mg*! !J+5K!6K&! ",@$%@0-!+! &<&'05+'"B! ",B40+&0! ",! ';0!,65?04!$D! +"476,&! D"4",7h! +"476,&!e040!

+--0-!0@04<!P!5",(!'$!0,&640!';+'!';0!&$64B0!%0@0%!$D!';0!+44+<!",B40+&0-!",!&'0K&!,$'!0EB00-",7!W!-/!K04!

P95",! K04"$-*! ! J+5K! 6K&! $BB6440-! e;0,! $K04+'"$,&! e"';! ';0! +"476,! +44+<! B$550,B0-! +D'04! +! K04"$-!

e"';$6'! +"476,!$K04+'"$,&(! +,-! +D'04! K04"$-&!e;0,!$,%<! $,0! +"476,!;+-!?00,! D"4",7! f0*7*(! +D'04! +! K$e04!

-$e,!D$4!+!5+4",0!5+55+%!$4!&0+!'64'%0g*!!J+5K!6K&!$D!';0!+"476,&!$BB6440-!$,![W!$BB+&"$,&!-64",7!';0!

&0"&5"B! &'6-<a! ! [P!$BB6440-! +'! ';0! &'+4'! $D! +"476,!$K04+'"$,(! +,-!$,0! 4+5K!6K! '$$_!K%+B0! +D'04! +! &",7%0!

+"476,!;+-!?00,!$K04+'",7!D$4!+,!0E'0,-0-!K04"$-*!

6%$+'5!31.<3+8B1!+,'#.I#8-0-%(&!,.3(&./%5J5-++-1.2,-A'$!,.

M%$,7!e"';! ';0!+"476,!$K04+'"$,&(! 'e$!+--"'"$,+%!+B$6&'"B!&<&'05&!$K04+'0-!-64",7! ';0!B46"&0*! !M!

[19_#\!V"54+-!=)[12!)/=V! +,-! +! ]*P9_#\!V/T!$K04+'0-! ';4$67;$6'!5$&'! $D! ';0! B46"&0! '$!5+K! ';0!

?+';<50'4<!+,-!&6?9?$''$5!B$,-"'"$,&(!+&!,0B0&&+4<!'$!500'!';0!70$K;<&"B+%!&B"0,B0!$?^0B'"@0&*!!:64",7!

&0"&5"B! $K04+'"$,&(! ';0&0! &$64B0&! '<K"B+%%<! $K04+'0-! &"56%'+,0$6&%<! e"';! ';0! +"476,! +44+<*! ! L;0! 0B;$9!

&$6,-04&!+40!-0&B4"?0-!",!D64';04!-0'+"%!",!MKK0,-"E!R*!!

!

!

!
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+[TWBN'*1*1''38#'G,8#%"'%,"9C8'%""%)'A"'-0",89'P,0.'0#8'%,"9C8-2'8,8#'A@'P.,V.'%"#'%V0,Q#'&C",89'-#,-X,V'
A$#"%0,A8-1'

+[TWBN' *1L1' ' NF%X$G#' A@' 0)$,V%G' 0AP,89' VA8@,9C"%0,A8' 0A' (#' C-#&' A8' @C0C"#' Langseth -C"Q#)-1' ' U.,-'

VA8@,9C"%0,A8'P%-'%G-A'C-#&'%0'0,X#-'&C",89'0.#'-#,-X,V'0#-0,89'$.%-#'A@'0.#'-0C&)',8'0.#'8A"0.#"8'TCG@'A@'

R#F,VA2'*='HAQ1'*66<'0A'M'+#(1'*6651'

Hydrophone 

streamer 

Airgun 

string 

Langseth 
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U>4;N'*1*1''/$#V,@,V%0,A8-'A@'0.#'%,"9C8'%""%)-'C-#&'&C",89';KSN3f-'-#,-X,V'-0C&)',8'0.#'8A"0.#"8'TCG@'A@'

R#F,VA2'*='HAQ1'*66<'a'M'+#(1'*6651'''

'

9-airgun array 
'
N8#"9)'-AC"V#'' ' H,8#'*666'$-,'4AG0'%,"9C8-'A@'J6aL?6',8

L
'

/AC"V#'AC0$C0'Y&AP8P%"&Z
'%' '

6K$`',-'*='(%"KX'Y*J?'&4'"#'='!!%
'
·
 
XZd' '

' ' ' ' ' $`K$`',-'JL'(%"KX'Y*ML'&4Z'
UA0%G'%,"'&,-V.%"9#'QAGCX#' ' g=?M6',8

L
'

'

18-airgun array 
'
N8#"9)'-AC"V#'' ' N,9.0##8'*666'$-,'4AG0'%,"9C8-'A@'J6aL?6',8

L
'

/AC"V#'AC0$C0'Y&AP8P%"&Z
'%' '

6K$`',-'J*'(%"KX'Y*M*'&4'"#'='!!%
'
·
 
XZd'

' ' ' ' ' $`K$`',-'5<'(%"KX'Y*MD'&4Z'
UA0%G'%,"'&,-V.%"9#'QAGCX#' ' gLL66',8

L
'

'

36-airgun array 
'
N8#"9)'-AC"V#'' ' U.,"0)K-,F'*666'$-,'4AG0'%,"9C8-'A@'J6aL?6',8

L
'

/AC"V#'AC0$C0'Y&AP8P%"&Z
'%
' 6K$`',-'5J'(%"KX'Y*MD'&4'"#'='!!%

'
·
 
XZd'

' ' ' ' $`K$`',-'=<<'(%"KX'Y*?M'&4Z'

' UA0%G'%,"'&,-V.%"9#'QAGCX#' ' g??66',8
L
'

!
%'
/AC"V#'G#Q#G'#-0,X%0#-'%"#'(%-#&'A8'%'@,G0#"'(%8&P,&0.'A@'g6a*M6'Oh1''SAX,8%80'@"#iC#8V)'VAX$A8#80-'%"#'*a=55'

Oh1'

!

.

'

!

!

!
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3. MONITORING AND MITIGATION METHODS 

L;"&! B;+K'04! -0&B4"?0&! ';0! 5+4",0! 5+55+%! +,-! &0+! '64'%0! 5$,"'$4",7! +,-! 5"'"7+'"$,! 50+&640&!

"5K%050,'0-!D$4!89:=>A&!&0"&5"B!&'6-<(!+--40&&",7!';0!40i6"4050,'&!&K0B"D"0-!",!';0!Y#M!fMKK0,-"E!Mg*!!

L;0! &0B'"$,! ?07",&! e"';! +! ?4"0D! &655+4<! $D! ';0! 5$,"'$4",7! '+&_&! 40%0@+,'! '$! 5"'"7+'"$,! D$4! 5+4",0!

5+55+%&! +,-! &0+! '64'%0&*! !L;0!+B$6&'"B!50+&64050,'&!+,-!5$-0%",7! 40&6%'&!6&0-! '$! "-0,'"D<! ';0! &+D0'<!

4+-""!D$4!5+4",0!5+55+%&!+,-!'64'%0&!+40!';0,!-0&B4"?0-*!!M!&655+4<!$D!';0!5"'"7+'"$,!50+&640&!40i6"40-!

?<!F)IV!"&!';0,!K40&0,'0-*!!L;0!&0B'"$,!0,-&!e"';!+!-0&B4"K'"$,!$D!';0!5$,"'$4",7!50';$-&!"5K%050,'0-!

D$4!';"&!B46"&0!D4$5!+?$+4-!';0!4#*?,&+@(!+,-!+!-0&B4"K'"$,!$D!-+'+!+,+%<&"&!50';$-&*!

6-('+-,'().?30K0..

L;0!5+",!K64K$&0&!$D! ';0!@0&&0%9?+&0-!5$,"'$4",7!K4$74+5!e040! '$!0,&640! ';+'! ';0!K4$@"&"$,&!$D!

';0! Y#M! "&&60-! '$! 89:=>! ?<!F)IV!e040! &+'"&D"0-(! 0DD0B'&! $,!5+4",0!5+55+%&! +,-! &0+! '64'%0&! e040!

5","5"\0-(!+,-!40&"-6+%!0DD0B'&!$,!+,"5+%&!e040!-$B650,'0-*!!L;0!$?^0B'"@0&!$D!';0!5$,"'$4",7!K4$74+5!

e040!%"&'0-!",!R;+K'04![(!->+>?#+>'*!#*G!-'*>+'9>*?!N$O&8+>=&,*! !L+&_&!&K0B"D"B!'$!5$,"'$4",7!+40!%"&'0-!
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U>4;N'M1=1''HCX(#"-'A@'X%",8#'X%XX%G-'%8&'-#%'0C"0G#-'A(-#"Q#&'@"AX'0.#'Langseth',8'0.#'8A"0.#"8'TCG@'

A@'R#F,VA2'*='HAQ1'*66<'a'M'+#(1'*665c''(A) UA0%G2'%8&'(B)'C-#%(G#
%
1'

Groups Indiv. Groups Indiv. Groups Indiv. Groups Indiv.

A. All Sightings

Cetaceans

      OCX$(%V`'E.%G# 6 6 = = 6 6 = =

''''''R#GA8K.#%&#&'E.%G# 6 6 6 6 = =5 = =5
''''''/$#"X'E.%G# 6 6 6 6 M D 5 9

''''''/.A"0K@,88#&'!,GA0'E.%G# 6 6 6 6 = == 1 11

''''''4A00G#8A-#'SAG$.,8 6 6 6 6 * L 2 3

''''''!%80"A$,V%G'/$A00#&'SAG$.,8 6 6 6 6 * ?M 2 65

''''' Stenella '-$1 = L 6 6 6 6 1 3

''''''W8,&#80,@,#&'SAG$.,8 = L 6 6 * M 3 8

Total Cetaceans 2 6 1 1 13 111 16 118

Sea Turtles

'''''';A99#".#%&'UC"0G# 6 6 = = 6 6 = =

''''''T"##8'UC"0G# 6 6 = = 6 6 = =

''''''W8,&#80,@,#&'UC"0G# 6 6 6 6 = = = =

Total Sea Turtles 0 0 2 2 1 1 3 3

B. Useable Sightings
b

''''''/$#"X'E.%G# 6 6 K K L ? 3 6

''''''/.A"0K@,88#&'!,GA0'E.%G# 6 6 K K = == 1 11

''''''4A00G#8A-#'SAG$.,8 6 6 K K * L 2 3

''''''!%80"A$,V%G'/$A00#&'SAG$.,8 6 6 K K = J6 1 40

''''' Stenella '-$1 = L 6 6 6 6 1 3

''''''W8,&#80,@,#&'SAG$.,8 = L K K * M 3 8

Total Cetaceans 2 6 K K 9 65 11 71

%'
W-#%(G#'-,9.0,89-'%"#'0.A-#'X%&#'&C",89'C-#%(G#'&%)G,9.0'$#",A&-'A@'Q,-C%G'A(-#"Q%0,A82'%-'&#@,8#&',8'Acronyms and 

Abbreviations 1'
'(
'W-#%(G#'-,9.0,89-'#FVGC&#&'-,9.0,89-'&C",89'$A-0K-#,-X,V'$#",A&-1

Seismic Post-Seismic Non-Seismic Total
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APPENDIX A:
3
    

INCIDENTAL HARASSMENT AUTHORIZATION ISSUED TO L-DEO FOR THE SEISMIC 

STUDY IN THE NORTHERN GULF OF MEXICO
.
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DEPARTMENT OF COMMERCE 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

NATIONAL MARINE FISHERIES SERVICE!

Incidental Harassment Authorization 
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Terms and Conditions of the Biological Opinion 
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APPENDIX B: 

DEVELOPMENT AND IMPLEMENTATION OF SAFETY RADII 
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APPENDIX D: 

DETAILS OF MONITORING, MITIGATION, AND ANALYSIS METHODS 
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U>4;N'S1=1''/CXX%")'A@'&%0%'VA&#-'C-#&'&C",89'0.#'-#,-X,V'-C"Q#)1'
!

`V! `+'B;!V'+4'!

`=! `+'B;!=,-!

LINE  

=,'04!8",0!Y:!$4!%0+@0!?%+,_!

SEISMIC ACTIVITY 

JS! J+5K96K!

8V!! 8",0!V;$$'",7!!

LJ! L4+,&"'",7!'$!&'6-<!+40+!

)Y! V;"K!5"%%",7c&'$KK0-!

:T! :0K%$<",7!=i6"K50,'!

JR! J0B$@04",7!=i6"K50,'!

V#! V;$$'",7!/0'e00,c>DD*8",0&!

VL! V0"&5"B!L0&'",7!

Vb! V+D0'<!b$,0!V;6'9:$e,!

T:! T$e04!:$e,!

V:! V;6'!:$e,!

>L! >';04!fB$550,'!+,-!-0&B4"?0g!

# GUNS 

=,'04!F65?04!$D!>K04+'",7!M"476,&(!$4!

33! X+4<",7!f0*7*(!4+5K96Kg!

OO! S,_,$e,!

ARRAY VOLUME 

=,'04!$K04+'",7!@$%650(!$4!

OO! S,_,$e,!!

(BEAUFORT) SEA STATE 

V00!/0+6D$4'!VB+%0!&;00'* 

LIGHT OR DARK 

8! 8"7;'!f-+<g!

:! :+4_,0&&!

GLARE AMOUNT 

F>! F$,0!

8Y! 8"''%0!

)>! )$-04+'0!

V=! V0@040 

POSITION 

R%$B_!T$&"'"$,(!$4!

OO! X+4"+?%0!f@0&&0%!'64,",7g!

WATER DEPTH 

Y,!50'04&!

 

MARINE MAMMAL SPECIES 

Baleen Whales 

/8`! /%60!`;+%0!

/J`! /4<-0A&!`;+%0!

I`! I",!`;+%0!

V`! V0"!`;+%0!

#`! #65K?+B_!`;+%0!

)`! )",_0!`;+%0!

S)`! S,"-0,'"D"0-!)<&'"B0'0!`;+%0!

S`! S,"-0,'"D"0-!`;+%0!

Large Toothed Whales 

:V`! :e+4D!VK045!`;+%0!

!

!

IQ`! I+%&0!Q"%%04!`;+%0!

Q`! Q"%%04!`;+%0!

)#`! )0%$,9;0+-0-!`;+%0!

TQ`! T<75<!Q"%%04!`;+%0!

TV`! T<75<!VK045!`;+%0!

VT`! VK045!`;+%0!

VIT`! V;$4'9D",,0-!T"%$'!`;+%0!

SL`! S,"-0,'"D"0-!L$$';!`;+%0!

Beaked Whales 

//`! /%+",@"%%0A&!/0+_0-!`;+%0 

R/`! R6@"04A&!/0+_0-!`;+%0!

C/`! C04@+"&A!/0+_0-!`;+%0!

V/`! V$e04?<A&!/0+_0-!`;+%0!

S/`! S,"-0,'"D"0-!/0+_0-!`;+%0!

!

Dolphins!

MV:! M'%+,'"B!VK$''0-!:$%K;",!

/:! /$''%0,$&0!:$%K;",!

R:! R%<50,0!:$%K;",!

I:! I4+&04A&!:$%K;",!

8R:! 8$,79?0+_0-!R$55$,!

! :$%K;",!

TVT! T+,'4$K"B+%!VK$''0-!:$%K;",!

J:! J"&&$}&!:$%K;",!

JL:! J$67;9'$$';0-!:$%K;",!

VR:! V;$4'9?0+_0-!R$55$,!

! :$%K;",!

VT:! VK",,04!:$%K;",!

VL:! V'4"K0-!:$%K;",!

S:! S,"-0,'"D"0-!:$%K;",!

Pinnipeds 

#:V! #$$-0-!V0+%!

TURTLE SPECIES 

CJ! C400,!L64'%0!

#/! #+e_&?"%%!L64'%0!

QJ! Q05K}&!J"-%0<!L64'%0!

8#! 8$7704;0+-!L64'%0!

8/! 80+';04?+B_!L64'%0!

SL! S,"-0,'"D"0-!L64'%0!

MOVEMENT 

T=! T04K0,-"B6%+4!+B4$&&!?$e!

VL! Ve"5!L$e+4- 

VM! Ve"5!Me+<!

I8! I%00 

VT! Ve"5!T+4+%%0%!

)Y! )"%%!

F>! F$!5$@050,'!

SF! S,_,$e,!

INDIVIDUAL  BEHAVIOR 

)M! )+'",7!

VY! V",_!

I:! I4$,'!:"@0!

L#! L;4+&;!:"@0!

:Y! :"@0!

!

!

8>! 8$$_!

8C! 8$77",7!

V`! Ve"5!

/J! /40+B;!

8L! 8$?'+"%!

V#! VK<;$K!

IV! I%"KK04!V%+K!

I=! I00-",7!

I8! I%6_",7!

/8! /%$e!

/>! /$e!J"-",7!

T>! T$4K$"&",7!

JM! J+D'",7!

`J! `+_0!J"-",7!

MC!!!!!!!!!! !MKK4$+B;",7!C6,&!

:=! :0+-!

>L! >';04!f-0&B4"?0g!

F>! F$,0!f&"7,!&00,!$,%<g!

SF! S,_,$e,!

GROUP  BEHAVIOR  

(BEHAVIORAL STATES) 

LJ! L4+@0%!

VM! V64D+B0!MB'"@0!

VL! V64D+B0!MB'"@09L4+@0%!

)Y! )"%%",7!

IC! I00-",7!

J=! J0&'",7!

>L! >';04!f-0&B4"?0g!

SF! S,_,$e,!

# RETICLES or ESTIMATE!!

f$D!Y,"'"+%!:"&'+,B0(!0'B*h!Y,-"B+'0!/"7!0<0&!$4!

I6^",$,&!",!B$550,'&g!

2!'$![W! F65?04!$D!40'"B%0&!

=! =&'"5+'0(!?<!0<0!

SIGHTING CUE 

/>! /$-< 

#=! #0+- 

VT! VK%+&;!

I8! I%6_0&!

:>! :$4&+%!I",!

/8! /%$e!

/Y! /"4-&!

IDENTIFICATION RELIABILITY 

)M! )+<?0!

TJ! T4$?+?%<!

T>! T$&"'"@0!

BEHAVIOR PACE 

V=! V0-+'0!

)>! )$-04+'0!

XY! X"7$4$6&!

WITH ABOVE RECORD? 

U! U0&!

f?%+,_g! ,$'!e"';!+?$@0!40B$4-

!
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5+",!B$5K6'04!%+?!e;040!';0!V=M)MT!+,-!&"7,+%!B$,-"'"$,",7!+,-!K4$B0&&",7!&<&'05!e040!%$B+'0-*!!!

L;0!;<-4$K;$,0!+44+<!e+&!PW!5!",!%0,7';!+,-!B$,&"&'0-!$D!+,!+B'"@0!&0B'"$,!$D!D$64!;<-4$K;$,0&h!

$,%<!'e$!;<-4$K;$,0&!e040!5$,"'$40-!&"56%'+,0$6&%<!e"';!';0!V=M)MT!&<&'05*!!L;0!-"&'+,B0!?0'e00,!

';0!$6'04!;<-4$K;$,0&!e+&!rP2!5*!!L;0!%0,7';!$D!';0!%0+-9",!B+?%0!'$!';0!+44+<!e+&!rN22!5!+,-!70,04+%%<!

e+&!D6%%<!-0K%$<0-!e;0,!';0!&<&'05!e+&!",!6&0*!!L;6&(!';0!;<-4$K;$,0&!e040!N22HNP2!5!?0;",-!';0!&'04,!

$D!';0!&;"K(!+,-!]P2HN22!5!?0;",-!';0!+"476,!+44+<*!!L;0!-0K';!+'!e;"B;!';0!;<-4$K;$,0!+44+<!e+&!'$e0-!

B+,!?0!+-^6&'0-!?<!+--",7!$4!405$@",7!e0"7;'&*!!:64",7!';0!C6%D!$D!)0E"B$!&'6-<(!';0!;<-4$K;$,0!+44+<!

e+&!'$e0-!+'!+!-0K';!$D!r]2!5*!!!

:60!'$!,6504$6&!K4$?%05&!e"';!';0!V=M)MT!&$D'e+40(!+!?+B_96K!&$D'e+40!+,-!40B$4-",7!&<&'05!

fV0+T4$S%'4+!-0&"7,0-!?<!RY/JM(!S,"@04&"'<!$D!T+@"+(!Y'+%<g!e+&!6&0-!-64",7!';0!B46"&0*!!:0'+"%&!$D!';0!

V=M)MT!&<&'05!+,-!5$,"'$4",7!K4$'$B$%!+40!7"@0,!?0%$e(!D$%%$e0-!?<!-0'+"%&!+?$6'!';0!RY/JM!?+B_9

6K! &<&'05! ';+'! "&! 5+",%<! 6&0-! D$4! 40B$4-",7! $D! @$B+%"\+'"$,&*! ! L;0! V=M)MT! &<&'05! f+&! e0%%! +&! ';0!

RY/JM!&<&'05g!"&!6&0-!'$!-"&K%+<!';0!",B$5",7!&"7,+%&!$,!';0!5$,"'$4(!?6'!"'!B+,,$'!?0!6&0-!'$!40B$4-!$4!

%$B+%"\0!@$B+%"\+'"$,&*! !L;0!RY/JM!&<&'05!B+,!?0!6&0-!'$!40B$4-!@$B+%"\+'"$,&(!?6'! "'! "&!,$'!B+K+?%0!$D!

%$B+%"\",7!@$B+%"\+'"$,&*!!!

SEAMAP 

V=M)MT! &$D'e+40! f@04&"$,! [*P1P(! #$6&'$,(! LZg! B+,! ?0! 6&0-! D$4! 40+%9'"50! K4$B0&&",7! $D! 'e$!

B;+,,0%&!$D!+B$6&'"B!-+'+!D4$5!';0!+44+<*!!CTV!K$&"'"$,!"&!40B$4-0-!+6'$5+'"B+%%<!?<!V=M)MT!&$D'e+40!

0@04<!5",6'0*! ! Y,'074+'0-! K%$''",7! &$D'e+40! +6'$5+'"B+%%<! -"&K%+<&! ';0! &;"K! %$B+'"$,(! +&!e0%%! +&! +! 6&049

-0D",0-! &+D0'<! 4+-"6&(! 74+K;"B+%%<! -0K"B'0-! +&! +! B$%$40-! 4",7! B0,'040-! $,! ';0! +"476,! +44+<*! !`+@0D$45(!

&K0B'4+%!-0,&"'<(!+,-!+!&$6,-!&K0B'4$74+5!+40!-"&K%+<0-!6&",7!';0!V=M)MT!&$D'e+40*!!R4$&&9B$440%+'"$,!

'0B;,"i60&!+40!6&0-! '$! B+%B6%+'0! ';0! '"50!-0%+<!?0'e00,! ';0! &"7,+%&! +44"@",7!+'! 'e$!;<-4$K;$,0&! ",! ';0!

V=M)MT!+44+<*!!M!&"7,+%!$D!",'040&'!f0*7*(!+,<!&"7,+%!?0%"0@0-!'$!?0!+!B0'+B0+,!B+%%g!B+,!?0!&0%0B'0-!?<!

';0! $K04+'$4!e"';! +!5$6&0!6&",7! +! je",-$e",7k! D0+'640*! !L;0! &K00-!$D! &$6,-(! ';0! '"50!-0%+<(! +,-! ';0!

-"&'+,B0! ?0'e00,! ';0! 'e$! ;<-4$K;$,0&! +40! 6&0-! '$! B+%B6%+'0! ';0! ?0+4",7! '$! ';0! &0%0B'0-! &"7,+%*! ! L;0!

?0+4",7!'$!';0!&"7,+%!"&!74+K;"B+%%<!-"&K%+<0-!$,!';0!K%$'!-"&K%+<!",!V=M)MT*!!!

I$4!0+B;!?0+4",7(!';040!"&!+%&$!+!j5"44$49"5+70k!B$5K%050,'+4<!?0+4",7!$,!';0!$KK$&"'0!&"-0!$D!';0!

&;"KA&!'4+B_%",0*! !`;0,!$,%<!$,0!B+%%!"&!-0'0B'0-(!"'! "&!,$'!K$&&"?%0!'$!-"&'",76"&;!40%"+?%<(!D4$5!+B$6&'"B!

-+'+!+%$,0(!e;"B;!$D!';0!'e$!B$5K%050,'+4<!?0+4",7&!"&!';0!'460!?0+4",7!'$!';0!5+55+%*!!

! `"';!V=M)MT!+,-!&"5"%+4!&<&'05&(!56%'"K%0!?0+4",7&!+40!,0B0&&+4<!'$!$?'+",!+,!+,"5+%!%$B+'"$,*!!

L;"&!"&!+BB$5K%"&;0-(!+'!%0+&'!",!';0$4<(!?<!40K0+'0-%<!$?'+",",7!?0+4",7&!'$!+,!+,"5+%!+&!';0!&;"K!5$@0&!

+%$,7!+!&'4+"7;'9%",0*!!L;0!+,"5+%A&!%$B+'"$,!"&!-0'045",0-!?<!'4"+,76%+'",7!D4$5!'e$!$4!5$40!?0+4",7&h!';0!

K$",'!+'!e;"B;!';0!?0+4",7!%",0&!",'04&0B'!"&!';0!0&'"5+'0-!%$B+'"$,!$D!';0!+,"5+%*!!`;0,!$,%<!$,0!B+%%!"&!

-0'0B'0-(!"'!"&!,$'!K$&&"?%0!'$!-0'045",0!';0!+,"5+%A&!%$B+'"$,*!!M%&$(!"D!';0!+,"5+%!"&!5$@",7(!';040!"&!&$50!

-07400! $D! 044$4! ",! ';0! 0&'"5+'0-! %$B+'"$,*! !`;0,! ';040! +40! &6BB0&&"@0! ?0+4",7&! '$! 40K0+'0-! B+%%&! ?<! ';0!

&+50!",-"@"-6+%!B0'+B0+,!$4!74$6K(!V=M)MT!B+,!';0$40'"B+%%<!K4$@"-0!",D$45+'"$,!$,!';0!-"&'+,B0!$D!';0!

@$B+%"\",7!B0'+B0+,f&g! D4$5!';0!;<-4$K;$,0!+44+<*! !#$e0@04(! ",!K4+B'"B0(! "'! "&!70,04+%%<!,$'!K$&&"?%0! '$!

%$B+%"\0!@$B+%"\",7!B0'+B0+,&!?+&0-!$,!V=M)MT!+%$,0(!D$4!+!,65?04!$D!40+&$,&a!
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!

$' L;0!V=M)MT!&$D'e+40!5+,6+%!40B$550,-&!';+'! ';0!5$,"'$4",7!@0&&0%!B;+,70!"'&!;0+-",7!?<!r[2n!

?0'e00,! &6BB0&&"@0! +B$6&'"B! jD"E0&k! ",! $4-04! '$! 40&$%@0! ';0!5"44$49"5+70! +5?"76"'<! +,-! '$! $?'+",!

-"&'+,B0! ",D$45+'"$,! $,! @$B+%"\",7! 5+4",0! 5+55+%&*! ! L;"&! "&! ,$'! K$&&"?%0! -64",7! 5$&'! 89:=>!

B46"&0&(! +&! "'! "&! "5K$4'+,'! D$4! ';0! K4"5+4<! K64K$&0! $D! ';0! &0"&5"B! &64@0<! '$! 5+",'+",! ';0! K%+,,0-!

'4+,&0B'!%",0&*!!

$' `;0,! ';0! B+%%&! +40! D4$5! +! &K40+-9$6'! 74$6K! $D! ",-"@"-6+%&(! "'! "&! "5K$&&"?%0! '$! +&B04'+",! e;0';04!
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SeaProUltra and CIBRA Monitoring System as Used during the Cruise 
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Ramp-up Procedures  
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A$#"%0,89',8'0.#'-0C&)'%"#%'&C",89'0.#'-#,-X,V'$"A9"%X',8'0.#'8A"0.#"8'TCG@'A@'R#F,VA2'*='HAQ1'*66<'a'M'

+#(1'*6651''(A)'R%F,XCX'%"#%'#8-A8,@,#&2'P,0.'AQ#"G%$$,89'%"#%-'VAC80#&'XCG0,$G#'0,X#-1''(B)'UA0%G'%"#%'

#8-A8,@,#&'%0'G#%-0'A8V#2'P,0.'AQ#"G%$$,89'%"#%-'VAC80#&'A8G)'A8V#1'
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Sound Criterion (db) Area Ensonified  

(km
2
) 160 dB 170 dB 180 dB 190 dB 

 ' ' ' '

Excluding Overlap Area <5L*' J5*D' *L6*' =*MM'

 ' ' ' '

Including Overlap Area *62=JD' =L2?55' M5JJ' *D6M'

' ' ' ' '

'



! .QQ&*G>A!6W!!U#8]?9'B*G!'*!-#9>*&!-#;;#%,!!!!!WG!

!

!

APPENDIX E:  

BACKGROUND ON MARINE MAMMALS IN THE NORTHERN GULF 

OF MEXICO 

U>4;N'N1=1''U.#'.%(,0%02'%(C8&%8V#2'%8&'VA8-#"Q%0,A8'-0%0C-'A@'X%",8#'X%XX%G-'0.%0'%"#'`8AP8'0A'AVVC"'

,8'0.#'8A"0.#"8'TCG@'A@'R#F,VA1'''

 

Species Habitat 

Occurrence  

in Gulf of 

Mexico
1
 

Abundance 

in Gulf 

and/or North 

Atlantic
2
 

 

ESA
3
 

 

IUCN
4
 

 

CITES
5

Odontocetes 

/$#"X'P.%G#''

YPhyseter macrocephalusZ'

'

W-C%GG)'

$#G%9,V'%8&'

&##$'-#%-'

'

:AXXA8'

'

=LJD'
%
'

13,190 
(
 

'

N8&%89#"#&m'

'

lW'

'

['

!)9X)'-$#"X'P.%G#''

YKogia brevicepsZ'

S##$#"'

P%0#"-'A@@'0.#'

-.#G@'

:AXXA8' HA0'G,-0#&' H1>1' [['

SP%"@'-$#"X'P.%G#''

YKogia simaZ'

S##$#"'

P%0#"-'A@@'0.#'

-.#G@'

:AXXA8'

<J*'
%2V'

695 
#2V
' HA0'G,-0#&' H1>1' [['

:CQ,#"f-'(#%`#&'P.%G#'

YZiphius cavirostrisZ'

!#G%9,V' B%"#' =MD'
&'

3196 
#2@
'

HA0'G,-0#&' SS' [['

/AP#"()n-'(#%`#&'P.%G#'

YMesoplodon bidensZ'

!#G%9,V' NF0"%G,X,0%G' HA0'G,-0#&' SS! [['

T#"Q%,-n'(#%`#&'P.%G#'

YMesoplodon europaeusZ'

!#G%9,V' W8VAXXA8' HA0'G,-0#&' SS! [['

4G%,8Q,GG#f-'(#%`#&'P.%G#''

YMesoplodon densirostrisZ'

!#G%9,V' B%"#'

=6?'
%'

MJ=
'92.
'

HA0'G,-0#&' SS! [['

BAC9.K0AA0.#&'&AG$.,8''

YSteno bredanensisZ'

RA-0G)'

$#G%9,V'

:AXXA8' ***L'
,'

*<J
'9
'

HA0'G,-0#&' SS! [['

4A00G#8A-#'&AG$.,8'

YTursiops truncatusZ''

:A80,8#80%G''

/.#G@2'VA%-0%G'

%8&'A@@-.A"#

:AXXA8' *M2L*6'
o'

**LD'
`
'

29,774 
#2G
'

HA0'G,-0#&
p
' SS! [['

!%80"A$,V%G'-$A00#&'&AG$.,8'

YStenella attenuataZ'

R%,8G)'

$#G%9,V'

:AXXA8' D=2L*='
%'

13,117
 m

 

HA0'G,-0#&' ;BKV&' [['

>0G%80,V'-$A00#&'&AG$.,8'

YStenella frontalisZ'

R%,8G)'

VA%-0%G'

P%0#"-'

:AXXA8' L62DJ<'
,
'

52,279 
8
 

HA0'G,-0#&' SS' [['

/$,88#"'&AG$.,8''

YStenella longirostrisZ'

'!#G%9,V',8'

TCG@'A@'

R#F,VA'

:AXXA8 ==2D<='
%
' HA0'G,-0#&' ;BKV&' [['

:G)X#8#'&AG$.,8''

YStenella clymeneZ'

!#G%9,V' :AXXA8 =<2LMM'
%
'

6086 
e
 

HA0';,-0#&' SS' [['

mailto:@@-.A
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Species Habitat 

Occurrence  

in Gulf of 

Mexico
1
 

Abundance 

in Gulf 

and/or North 

Atlantic
2
 

 

ESA
3
 

 

IUCN
4
 

 

CITES
5

/0",$#&'&AG$.,8'

YStenella coeruleoalbaZ'

3@@'0.#'

VA80,8#80%G'

-.#G@'

:AXXA8 ?M6M'
%'

61,546 
A
'

HA0'G,-0#&' ;BKV&' [['

/.A"0K(#%`#&' VAXXA8' &AG$.,8'

YDelphinus delphisZ'

:A80,8#80%G'

-.#G@'%8&'

$#G%9,V'

P%0#"-'

!A--,(G#' 30,768 
e
 HA0'G,-0#&m' H1>1' [[

q
'

;A89K(#%`#&' VAXXA8' &AG$.,8'

YDelphinus capensisZ'

:A%-0%G'' !A--,(G#' H1>1' HA0';,-0#&' H1>1' [[
q'

+"%-#"f-'&AG$.,8''

YLagenodelphis hoseiZ'

E%0#"'''''''

k=666'X'

:AXXA8 <*?'
%
' HA0'G,-0#&' SS! [['

B,--Af-'&AG$.,8''

YGrampus griseusZ'

E%0#"-'J66K

=666'X'

:AXXA8' *=?D'
%'

29,110 
$
'

HA0'G,-0#&' SS! [['

R#GA8K.#%&#&'P.%G#''

YPeponocephala electraZ'

3V#%8,V' :AXXA8' LJM='
%
' HA0'G,-0#&' H1>1' [['

!)9X)'`,GG#"'P.%G#''

YFeresa attenuataZ'

3V#%8,V' W8VAXXA8' J65'
%
' HA0'G,-0#&' SS' [['

+%G-#'`,GG#"'P.%G#''

YPseudorca crassidensZ'

!#G%9,V' W8VAXXA8' =6L5'
%
'

'

HA0'G,-0#&' H1>1' [['

7,GG#"'P.%G#''

YOrcinus orcaZ'

E,&#G)'

&,-0",(C0#&'

W8VAXXA8' =LL'
%'

6600 
i
'

HA0'G,-0#&' ;BKV&' [['

/.A"0K@,88#&'$,GA0'P.%G#''

YGlobicephala macrorhynchusZ'

RA-0G)'

$#G%9,V'

:AXXA8' *L55'
%'

780,000 
"'

14,524 
e
 

HA0'G,-0#&m' ;BKV&' [['

;A89K@,88#&'$,GA0'P.%G#''

YGlobicephala melasZ 

RA-0G)'

$#G%9,V'

!A--,(G#' H1>1' HA0'G,-0#&m' H1>1' [['

Mysticetes 

HA"0.'>0G%80,V'",9.0'P.%G#'

YEubalaena glacialisZ'

'

:A%-0%G'%8&'

-.#G@'P%0#"-

 

NF0"%G,X,0%G'

'

291 
s
 

'

N8&%89#"#&m'

'

NH'

'

['

OCX$(%V`'P.%G#''

YMegaptera novaeangliaeZ'

R%,8G)'8#%"K

-.A"#'P%0#"-'

%8&'(%8`-'

B%"#' 11,570 
0
 

10,400 
C 

N8&%89#"#&m' lW' ['

R,8`#'P.%G#''

YBalaenoptera acutorostrataZ'

:A%-0%G'

P%0#"-'

B%"#' 149,000 
"
 HA0'G,-0#&' ;BK80' ['

4")&#f-'P.%G#''

YBalaenoptera edeniZ 

!#G%9,V'%8&'

VA%-0%G'

W8VAXXA8' J6'
%'

90,000 
v
 

HA0'G,-0#&' SS' ['

/#,'P.%G#''

YBalaenoptera borealisZ''

!",X%",G)'

A@@-.A"#2'

$#G%9,V'

B%"#' 12–13,000 
P
 N8&%89#"#&m' NH' ['

+,8'P.%G#''

YBalaenoptera physalusZ'

:A80,8#80%G'

-GA$#2'XA-0G)'

$#G%9,V'

B%"#' *5=J'
#
'

47,300 
"
 

N8&%89#"#&m' NH' ['

mailto:@@-.A
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Species Habitat 

Occurrence  

in Gulf of 

Mexico
1
 

Abundance 

in Gulf 

and/or North 

Atlantic
2
 

 

ESA
3
 

 

IUCN
4
 

 

CITES
5

4GC#'P.%G#'

YBalaenoptera musculusZ'

:A%-0%G2'

-.#G@2'%8&'

AV#%8,V'

P%0#"-'

NF0"%G,X,0%G' 308 
#2F
' N8&%89#"#&m' NH' ['

Sirenian 

E#-0'[8&,%8'X%8%0##'

YTrichechus manatusZ'

'

+"#-.P%0#"'

%8&'VA%-0%G'

P%0#"-'

 

:AXXA8'

%GA89'0.#'

VA%-0'A@'

+GA",&%d'

"%"#',8'A0.#"'

$%"0-'A@'TCG@'

'

1822 
y 

'

'

N8&%89#"#&m'

'

NH'

'

['

Pinnipeds 

OAA&#&'-#%G'

YCystophora cristataZ 

:A%-0%G' l%9"%80' 400,000 h HA0'G,-0#&' H1>1' H1>1'

H1>1'K'S%0%'8A0'%Q%,G%(G#'A"'-$#V,#-'-0%0C-'P%-'8A0'%--#--#&1'
=
'3VVC""#8V#'@"AX'Er"-,9'#0'%G1'Y*666Z1'
*
'N-0,X%0#'@A"'HA"0.'>0G%80,V'Y%8&'AC0-,&#'A@'TCG@Z'$A$CG%0,A8-'-.AP8',8',0%G,V-1'''
L
'N8&%89#"#&'/$#V,#-'>V01

'

J
'[W:H'B#&';,-0'A@'U."#%0#8#&'/$#V,#-'Y*66JZ1!!:A&#-'@A"'[W:H'VG%--,@,V%0,A8-c'NH's'N8&%89#"#&d'lW's'QCG8#"%(G#d';B's';AP#"'
B,-`'YKV&'s':A8-#"Q%0,A8'S#$#8&#80d'K80's'H#%"'U."#%0#8#&Zd'SS's'S%0%'S#@,V,#801'
M'
:A8Q#80,A8'A8'[80#"8%0,A8%G'U"%&#',8'N8&%89#"#&'/$#V,#-'A@'E,G&'+%C8%'%8&'+GA"%'YWHN!KE:R:'*66?Z1!
m';,-0#&'%-'%'-0"%0#9,V'-0AV`'C8&#"'0.#'W1/1'R%",8#'R%XX%G'!"A0#V0,A8'>V01'
p'
38G)'0.#'TCG@'A@'R#F,VA'(%)2'-AC8&2'%8&'#-0C%",8#'-0AV`-'%"#'-0"%0#9,V1'

%
'>(C8&%8V#'#-0,X%0#'@A"'0.#'8A"0.#"8'TCG@'A@'R#F,VA'YRCGG,8'%8&'+CGG,89'*66JZ1'
('
gYAZ'VA""#V0#&'0A0%G'#-0,X%0#'@A"'0.#'HA"0.#%-0'>0G%80,V2'+%"A#-K[V#G%8&2'%8&'0.#'W1/1'#%-0'VA%-0'YE.,0#.#%&'*66*Z1'

V'
N-0,X%0#'@A"'Kogia'-$1'

&
'>(C8&%8V#'#-0,X%0#'@A"'0.#'8A"0.#"8'TCG@'A@'R#F,VA'-0AV`'@"AX'S%Q,-'#0'%G1'Y*66*Z1'
#'
>(C8&%8V#'#-0,X%0#'@A"'W1/1'E#-0#"8'HA"0.'>0G%80,V'-0AV`'YE%",89'#0'%G1'*66JZ1'

@
'U.,-'#-0,X%0#',-'@A"'Mesoplodon'%8&'Ziphius'-$$1'
9
'N-0,X%0#'@A"'>0G%80,V'3V#%8'A@@'-AC0.#"8'W1/1'YRCGG,8'%8&'+CGG,89'*66LZ1'
.
'N-0,X%0#'@A"'%GG'Mesoplodon'-$$1'YX%)',8VGC&#'-AX#'Ziphius'-$$1Z'
,'
>(C8&%8V#'#-0,X%0#'@A"'0.#'8A"0.#"8'TCG@'A@'R#F,VA'-0AV`'@"AX'E%",89'#0'%G1'Y*66JZ1'
o'
TCG@'A@'R#F,VA'VA80,8#80%G'-.#G@'-0AV`'Y+CGG,89'#0'%G1'*66LZ1'
`
'TCG@'A@'R#F,VA'AV#%8,V'-0AV`'YRCGG,8'%8&'+CGG,89'*66JZ1'
G
'>(C8&%8V#'#-0,X%0#',-'@A"'0.#'E#-0#"8'HA"0.'>0G%80,V'A@@-.A"#'-0AV`'YE%",89'#0'%G1'*66JZ1'
X
'E#-0#"8'HA"0.'>0G%80,V'-0AV`'YH3>>'*66*%Z1'

8
'N-0,X%0#'@A"'0.#'E#-0#"8'HA"0.'>0G%80,V'-0AV`'YH3>>'*666%Z1'
A
'E#-0#"8'HA"0.'>0G%80,V'-0AV`'YH3>>'*666(Z1'
$
'E#-0#"8'HA"0.'>0G%80,V'-0AV`'YH3>>'*66*(Z1'
i
'N-0,X%0#'@A"'HA"0.'>0G%80,V'Y[V#G%8&'%8&'+%"A#-#'[-G%8&-d'B#)#-'=DD=Z1'
"'
N-0,X%0#',-'@A"'0.#'HA"0.'>0G%80,V'Y[E:'*66?Z1'
-
'N-0,X%0#'@A"'0.#'E#-0#"8'-0AV`'YE%",89'#0'%G1'*66JZ1'
0
'U.,-'#-0,X%0#',-'@A"'0.#'>0G%80,V'4%-,8'Y/0#Q,V`'#0'%G1'*66LZ1'
C
'N-0,X%0#'@A"'0.#'HA"0.'>0G%80,V'Y/X,0.'#0'%G1'=DDDZ1'
Q
'EA"G&'$A$CG%0,A8'#-0,X%0#'Y>:/'*66MZ1'
P
'>(C8&%8V#'#-0,X%0#'@A"'0.#'HA"0.'>0G%80,V'Y:%00%8%V.'#0'%G1'=DDLZ1'
F
'R,8,XCX'%(C8&%8V#'#-0,X%0#1'
)
'R,8,XCX'%(C8&%8V#'#-0,X%0#'@A"'+GA",&%'-0AV`'Y+SN!'=DDM',8'H3>>'*666VZ1'
h'
N-0,X%0#'@A"'0.#'8A"0.P#-0'>0G%80,V'Y/#%G':A8-#"Q%0,A8'/AV,#0)'*66=Z1'

q
'HA'&,-0,8V0,A8',-'X%&#'(#0P##8'D. delphis'%8&'D. capensis. 

!

!

mailto:@@-.A
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APPENDIX F: 

VISUAL EFFORT AND SIGHTINGS 

U>4;N'+1=1' '>GG'%8&'C-#%(G#
%
'Q,-C%G'A(-#"Q%0,A8'#@@A"0' @"AX'0.#'Langseth' ,8' 0.#'8A"0.#"8'TCG@'A@'R#F,VA'

-0C&)'%"#%2'*='HAQ1'*66<'a'M'+#(1'*6652',8'(A)'`,GAX#0#"-'%8&'(B)'.AC"-2'-C(&,Q,&#&'()'P%0#"'&#$0.'%8&'
%,"9C8'-0%0C-1'''
'

All Effort by  
water depth  

Useable Effort by  
water depth 

Airgun Status <100 m 100 -1000 m >1000 m  <100 m 100 -1000 m >1000 m 

' ' ' ' ' ' ' ' '
(A) Effort in km ' ' ' ' ' ' '
'  ' ' ' ' ' ' '

Total Airguns On (Seismic) 163.9 80.5 142.5 ' 160.3 35.4 142.2
' =KD6'-'%@0#"'-.C0'&AP8' =16 =1L =1= ' =16 =16' =1=
' B%X$'C$' *J1M *J1< =51M ' *J1L D1D' =51L
' ='%,"9C8' <1< *1J =1J ' <1< *1J' =1J
' D'%,"9C8-'Y='-0",89Z' =1D *1D *1L ' =1D *1D' *1L
' =5'%,"9C8-'Y*'-0",89-Z' JJ15 =M1L =<1D ' JJ15 6' =<1D
' *<'%,"9C8-'YL'-0",89-Z' L1? 6 6 ' L1? 6' 6
' L?'%,"9C8-'YJ'-0",89-Z' 561J LJ16 =6=1* ' <<16 =D1*' =6=1*
' ' '  

Total Airguns Off 417.2 670.6 914.8 ' 244.7 559.2 674.9
' HA8K-#,-X,V''

Yk?'.'-,8V#'-#,-X,VZ' *?M1L ?M<16 5<*1?
'

*JJ1< MMD1*' ?<J1D
' !A-0'-#,-X,V''

YkD6'-a?'.'%@0#"'-#,-X,VZ' =M=1D =L1? J*1*
'

6 6' 6
' ' ' ' ' ' '

Total effort (Airguns On&Off) 581.1 751.1 1057.3 ' 405.0 594.6 817.1
  ' ' ' ' ' ' '

(B) Effort in h ' ' ' ' ' ' '
'  ' ' ' ' ' ' '

Total Airguns On (Seismic) 20.2 10.5 18.5 ' 19.6 4.5 18.4
=KD6'-'%@0#"'-.C0'&AP8' 61= 61* 61* ' 61= 61=' 61*

B%X$'C$' L1M L1< L16 ' L1J =1J' *1D
='%,"9C8' =16 61L 61* ' =16 61L' 61*

D'%,"9C8-'Y='-0",89Z' 61L 61J 61J ' 61L 61J' 61J
=5'%,"9C8-'Y*'-0",89-Z' M1J =15 *1* ' M1J 6' *1*
*<'%,"9C8-'YL'-0",89-Z' 61J 6 6 ' 61J 6' 6
L?'%,"9C8-'YJ'-0",89-Z' D1M J1= =*1M ' D16 *1L' =*1M

' ' '  
Total Airguns Off 53.8 86.2 144.5 ' 21.3 72.0 91.7
' HA8K-#,-X,V''

Yk?'.'-,8V#'-#,-X,VZ' LM1M 5J1M =L<1J
'

*=1L <*16' D=1<
' !A-0'-#,-X,V''

YkD6'-a?'.'%@0#"'-#,-X,VZ' =51J =1? <1=
'

6 6' 6
     ' '

Total effort (Airguns On&Off) 74.0 96.7 163.0 ' 40.9 76.5 110.1
 ' ' ' ' ' ' '
%
'/##'Acronyms and Abbreviations'@A"'0.#'&#@,8,0,A8'A@'^C-#%(G#_1'

'

'
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U>4;N'+1*1''>GG'Y%8&'C-#%(G#
%
Z'Q,-C%G'A(-#"Q%0,A8'#@@A"0'@"AX'0.#'Langseth ,8'0.#'8A"0.#"8'TCG@'A@'R#F,VA'

-0C&)'%"#%2'*='HAQ1'*66<'a'M'+#(1'*6652' ,8'(A)'`,GAX#0#"-'%8&'(B)'.AC"-2'-C(&,Q,&#&'()'4#%C@A"0'E,8&'

+A"V#'Y4@Z'%8&'%,"9C8'-0%0C-1'''

Beaufort Wind Force   

Airgun Status 2 3 4 5 6* 7*  Total 

(A) Effort in km ' ' '

Total Airguns On (Seismic) 
24.3

(24.3)
53.1

(48.8)
149.4

(147.9)
119.3

(117.7) 12.8 28.0  
387.0

(337.8)

' =KD6'-'%@0#"'-.C0'&AP8' 61D'Y61DZ' 61?'Y61?Z' =1='Y=1=Z' 61M'Y61MZ' 61L' =1D' ' L1J'YL1=Z'

' B%X$'C$' ?1<'Y?1<Z' D1L'Y515Z'
*L1J'
Y*L1*Z

=L1D'
Y=L1<Z =*1M' 6' '

?M15'
YM*1JZ

' ='%,"9C8' *1J'Y*1JZ' 61?'Y61?Z' L1<'YL1<Z' J1D'YJ1DZ' 6' 6' '
==1?'
Y==1?Z

' D'%,"9C8-'Y='-0",89Z' 6' L1*'YL1*Z' L1D'YL1DZ' 6' 6' 6' ' <16'Y<16Z'

' =5'%,"9C8-'Y*'-0",89-Z' 61M'Y61MZ'
=*1L'
Y51MZ

L?1L'
YL?1LZ

=<1J'
Y=<1JZ 6' ==1J' '

<516'
Y?*1<Z

' *<'%,"9C8-'YL'-0",89-Z' 6' 6' L1?'YL1?Z' 6' 6' 6' ' L1?'YL1?Z'

' L?'%,"9C8-'YJ'-0",89-Z'
=L15'
Y=L15Z

*<1='
Y*<1=Z

<<1L'
Y<M1*Z

5*1?'
Y5=1*Z 6' =J1<' '

*=M1?'
Y=D<1JZ

Total Airguns Off 
435.6

(401.8)
347.9

(302.8)
523.4

(361.3)
467.2

(412.9) 228.3 0  
2002.9

(1478.8)

'
HA8K-#,-X,V''

Yk?'.'-,8V#'-#,-X,VZ'
J=*1M'
YJ6=15Z'

LLD15'
YL6*15Z'

L<<15'
YL?=1LZ'

JL?1M'
YJ=*1DZ' **51L' 6' '

=<DJ1D'
Y=J<515Z'

'
!A-0'-#,-X,Vm''

YkD6'-a?'.'%@0#"'-#,-X,VZ' *L1=' 51=' =JM1?' L61<' 61J' 6' ' *6516'

Total effort (Airguns On&Off) 
459.9

(426.1)
401.1

(351.6)
672.8

(508.3)
586.5

(530.6) 241.5 28.0  
2389.9

(1816.6)

(B) Effort in h ' ' ' ' ' ' ' '

Total Airguns On (Seismic) 
3.3

(3.3) 
7.0 

(6.4) 
18.4 

(18.1) 
15.2

(14.9) 1.8 3.5  
49.2

(42.7) 

=KD6'-'%@0#"'-.C0'&AP8' 61='Y61=Z' 61='Y61=Z' 61='Y61=Z' 61='Y61=Z' 6' 6' ' 61M'Y61JZ'

B%X$'C$' =16'Y=16Z' =1?'Y=1MZ' L1L'YL1LZ' *1='Y*16Z' =15' 61J' ' =61*'Y<15Z'

='%,"9C8' 61L'Y61LZ' 61='Y61=Z' 61M'Y61MZ' 61<'Y61<Z' 6' 6' ' =1?'Y=1?Z'

D'%,"9C8-'Y='-0",89Z' 6' 61M'Y61MZ' 61?'Y61?Z' 6' 6' 6' ' =16'Y=16Z'

=5'%,"9C8-'Y*'-0",89-Z' 61='Y61=Z' =1M'Y=16Z' J1J'YJ1JZ' *1='Y*1=Z' 6' =1L' ' D1J'Y<1?Z'

*<'%,"9C8-'YL'-0",89-Z' 6' 6' 61J'Y61JZ' 6' 6' 6' ' 61J'Y61JZ'

L?'%,"9C8-'YJ'-0",89-Z' =15'Y=15Z' L1*'YL1*Z' D1='Y51DZ'
=61='
Y=616Z 6' =1D' '

*?1='
Y*L15Z

Total Airguns Off 
52.3

(46.2)
55.8

(37.2)
79.2

(48.8)
65.0

(52.8) 32.3 0  
284.6

(185.0)

'
HA8K-#,-X,V''

Yk?'.'-,8V#'-#,-X,VZ'
JD16'
YJ?1*Z'

MJ1J'
YL<1*Z'

?*15'
YJ515Z'

MD1='
YM*15Z' L*1*' 6' '

*M<1M'
Y=5M16Z'

'
!A-0'-#,-X,Vm''

YkD6'-a?'.'%@0#"'-#,-X,VZ' L1L' =1J' =?1J' M1D' 61=' 6' ' *<1='

Total effort (Airguns On&Off)'
55.5

(49.5)
62.8

(43.6)
97.6

(66.9)
80.1

(67.7) 34.1 3.5  
333.8

(227.7)

%
'/##'Acronyms and Abbreviations'@A"'0.#'&#@,8,0,A8'A@'^C-#%(G#_1'
m'N@@A"0',8'0.#-#'V%0#9A",#-',-'8A0'C-#%(G#1'

'
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U>4;N'+1L1''/,9.0,89-'A@'V#0%V#%8-'X%&#'@"AX'0.#'B\l'Marcus G. Langseth',8'0.#'8A"0.#"8'TCG@'A@'R#F,VA2'*='HAQ#X(#"'*66<'a'M'+#("C%")'*6651'

'
%
'W-#%(G#'A"'8A8KC-#%(G#'-,9.0,891' 'I's'/,9.0,89'X%&#'&C",89'&%)G,9.0'$#",A&-1' 'H's'$#",A&-'D6'-' 0A'?'.'%@0#"'%,"9C8-'P#"#' 0C"8#&'A@@' Y$A-0K-#,-X,VZ2'8,9.00,X#'A(-#"Q%0,A8-2'$AA"'

Q,-,(,G,0)'VA8&,0,A8-'YQ,-,(,G,0)'jL1M'`XZ2'%8&'$#",A&-'P,0.'4#%C@A"0'E,8&'+A"V#'kM'Yk*'@A"'V")$0,V'-$#V,#-Z1'''>G-A'#FVGC&#&'P#"#'$#",A&-'P.#8'0.#'Langsethf-'-$##&'P%-'jL1<'`X\.'Y*'`0Z'

A"'P,0.'k?6t'A@'-#Q#"#'9G%"#'(#0P##8'D6t'G#@0'%8&'D6t'",9.0'A@'0.#'(AP1'
(
':!>',-'0.#'&,-0%8V#'%0'0.#'VGA-#-0'A(-#"Q#&'$A,80'A@'%$$"A%V.'0A'0.#'8#%"#-0'%,"9C81''U.,-',-'8A0'8#V#--%",G)'0.#'&,-0%8V#'%0'P.,V.'0.#',8&,Q,&C%G'A"'9"AC$'P%-',8,0,%GG)'-##8'8A"'0.#'

VGA-#-0',0'P%-'A(-#"Q#&'0A'0.#'Q#--#G1'
V
'U.#',8,0,%G'XAQ#X#80'A@'0.#',8&,Q,&C%G'A"'9"AC$'"#G%0,Q#'0A'0.#'Q#--#G1''!N's'-P,XX,89'$#"$#8&,VCG%"'0A'-.,$'A"'%V"A--'-.,$'0"%V`d'/>'s'-P,XX,89'%P%)d'/!'s'-P,XX,89'$%"%GG#Gd'R['s'

X,GG,89d'/U's'-P,XX,89'0AP%"&-'0.#'Q#--#Gd'WH's'XAQ#X#80'C8`8AP8d'H3's'8A'XAQ#X#80'"#G%0,Q#'0A'Q#--#G1'
&
'U.#',8,0,%G'(#.%Q,A"'A(-#"Q#&1''/>'s'-C"@%V#'%V0,Q#d'S['s'&,Q,89d'R['s'X,GG,89d';T's'GA99,89d'UB's'0"%Q#G,89d'/E's'-P,XX,89d'43's'(AP",&,891'
#
'4#%C@A"0'E,8&'+A"V#'/V%G#1'
@
''E%0#"'&#$0.'P%-'"#VA"&#&'@A"'0.#'Q#--#Gf-'GAV%0,A8'%0'0.#'0,X#'A@'0.#'-,9.0,891'
9'
>V0,Q,0)'A@'0.#'Q#--#G'%0'0.#'0,X#'A@'0.#'-,9.0,891''3U's'A0.#"'A"'8A'-#,-X,V'%V0,Q,0)d'UB's'0"%Q#G,89'P,0.AC0'-#,-X,Vd'R['s'X,-V#GG%8#AC-'%V0,Q,0)'P,0.AC0'-#,-X,Vd';/'s'G,8#'-.AA0,89'P,0.'

%,"9C8-d'BW's'"%X$'C$'A@'0.#'%,"9C8'%""%)1'
.
'R,0,9%0,A8'X#%-C"#-1''!S's'$AP#"'&AP8'0A'%'-,89G#'%,"9C8d'/]'s'-%@#0)'hA8#'-.C0'&AP81'

'

'

'

'

'

'

'

'

'

'



! .QQ&*G>A!2W!!-#9>*&!-#;;#%!K&*,>+>&,!<!6AQ',B9&,!!!!!G]!

!

APPENDIX G: 

MARINE MAMMAL DENSITIES AND EXPOSURE ESTIMATES 

U>4;N' T1=1' ' /,9.0,89-' %8&' &#8-,0,#-' A@' X%",8#' X%XX%G-' &C",89' 8A8K-#,-X,V' $#",A&-' ,8' P%0#"' &#$0.-'

j=66'X',8'0.#'8A"0.#"8'TCG@'A@'R#F,VA2'*='HAQ1'*66<'0A'M'+#(1'*6651''HA8K-#,-X,V'$#",A&-'%"#'$#",A&-'

(#@A"#'-#,-X,V'-0%"0#&'A"'$#",A&-'k?'.'%@0#"'-#,-X,V'#8&#&1' '/C"Q#)'#@@A"0'P%-'*JM'`X'&C",89'4#%C@A"0'

E,8&'+A"V#'Y4@Z'"'M'%8&'6'`X'P,0.'4@'j'*1'

CV 
b

Odontocetes

Delphinidae

4A00G#8A-#'&AG$.,8' * =1M D1MJ 615L

W8,&#80,@,#&'&AG$.,8 * *1M =M1D6 615L

Total Delphinidae 4 25.44 0.72

Physeteridae 6 u 6166 u
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