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APPENDIX C:  RESULTS OF MARINE MAMMAL MONITORING 
TABLE C.1  Visual observation effort for cetaceans from daylight MMO watches during the summer 
Chukchi Sea survey (21 Jul. - 12 Sept.) from the Gilavar and its chase vessels.  Effort categories include 
kilometers, hours and miles, subdivided by Beaufort wind force and airgun status.  Ramp-up effort is 
included in the "Seismic" category. 

Beaufort Wind Force 0 1 2 3 4 5 6 7 Total

Gilavar
   Effort in km
          Non-seismic 33 322 678 737 262 455 302 157 2945
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 37 295 823 589 229 76 16 2065

Total 33 359 974 1559 850 683 378 173 5009

   Effort in h
          Non-seismic 4 35 75 81 31 43 31 22 324
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 5 34 97 68 26 9 2 241

Total 4 40 109 177 100 70 40 24 565

   Effort in mi
          Non-seismic 20 200 421 458 163 283 188 97 1830
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 23 184 511 366 142 47 10 1283

Total 20 223 605 969 528 425 235 108 3113

Chase Vessels
   Effort in km
          Non-seismic 20 529 1317 1590 608 303 100 83 4548
          Post seismica 0 10 79 39 37 0 0 0 166
          Seismic 0 131 753 487 183 226 99 1879

Total 20 670 2149 2115 828 529 199 83 6593

   Effort in h
          Non-seismic 1 39 90 109 37 26 7 8 317
          Post seismica 0 1 4 2 2 0 0 0 9
          Seismic 0 14 76 49 19 25 10 193

Total 1 53 170 160 58 52 17 8 519

   Effort in mi
          Non-seismic 12 328 818 988 378 188 62 51 2826
          Post seismica 0 7 49 24 23 0 0 0 103
          Seismic 0 82 468 302 114 141 61 0 1167

Total 12 417 1335 1314 515 329 123 51 4096

Total Effort in km 52 1029 3122 3674 1679 1212 577 256 11602

Total Effort in h 5 93 280 337 158 122 58 32 1084

Total Effort in mi 32 639 1940 2283 1043 753 358 159 7209

Daylight MMO Watch Effort

a For Gilavar : Period encompassing 3 min. to 2 hrs. after all airguns are shut down.  For chase vessels:  Periods encompassing 
3 min. to 2 hrs. after all airguns are shut down and 3 min. to 2 hrs. after transiting beyond the 120-decibel sound level radius.  
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TABLE C.2.  Visual observation effort for pinnipeds and polar bears from daylight MMO watches during the 
summer Chukchi Sea survey (21 Jul. - 12 Sept.) from the Gilavar and its chase vessels.  Effort categories 
include kilometers, hours and miles, subdivided by Beaufort wind force and airgun status.  Ramp-up effort 
is included in the "Seismic" category. 

Beaufort Wind Force 0 1 2 3 4 5 6 7 Total

Gilavar
   Effort in km
          Non-seismic 33 322 678 737 262 455 302 157 2945
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 37 295 823 589 229 76 16 2065

Total 33 359 974 1559 850 683 378 173 5009

   Effort in h
          Non-seismic 4 35 75 81 31 43 31 22 324
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 5 34 97 68 26 9 2 241

Total 4 40 109 177 100 70 40 24 564

   Effort in mi
          Non-seismic 20 200 421 458 163 283 188 97 1830
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 23 184 511 366 142 47 10 1283

Total 20 223 605 969 528 425 235 108 3113

Chase Vessels
   Effort in km
          Non-seismic 20 605 1637 1691 699 394 146 83 5274
          Post seismica 0 20 54 64 22 15 13 0 188
          Seismic 0 45 457 360 108 121 39 0 1130

Total 20 670 2149 2115 828 529 199 83 6593

   Effort in h
          Non-seismic 1 47 117 117 45 36 12 8 382
          Post seismica 0 2 5 5 2 2 1 0 16
          Seismic 0 5 49 38 12 14 4 0 121

Total 1 53 170 160 58 52 17 8 519

   Effort in mi
          Non-seismic 12 376 1017 1051 434 245 91 51 3277
          Post seismica 0 13 34 40 13 9 8 0 117
          Seismic 0 28 284 224 67 75 25 0 702

Total 12 417 1335 1314 515 329 123 51 4096

Total Effort in km 52 1029 3122 3674 1679 1212 577 256 11602

Total Effort in h 5 93 279 337 158 122 58 32 1084

Total Effort in mi 32 639 1940 2283 1043 753 358 159 7209

Daylight MMO Watch Effort

a Period encompassing 3 min. to 1 hr. after all airguns are shut down.  
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TABLE C.3.  Visual observation effort for cetaceans from daylight MMO watches during the fall Chukchi 
Sea survey (8 Oct. - 5 Nov.) from the Gilavar and its chase vessels.  Effort categories include kilometers, 
hours and miles, subdivided by Beaufort Wind Force and airgun status.  Ramp-up effort is included in the 
"Seismic" category. 

Beaufort Wind Force 0 1 2 3 4 5 6 7 Total

Gilavar
    Effort in km
          Non-seismic 0 16 29 76 146 149 51 12 479
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 11 32 116 234 282 250 20 945

Total 0 27 60 192 380 431 301 32 1423

   Effort in h
          Non-seismic 0 2 4 8 12 10 4 1 40
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 1 3 14 28 33 29 3 110

Total 0 3 6 22 40 43 33 3 150

    Effort in mi
          Non-seismic 0 10 18 47 91 93 32 7 298
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 7 20 72 145 176 155 13 587

Total 0 17 38 119 236 268 187 20 884

Chase Vessels
  Effort in km
          Non-seismic 0 49 150 375 485 404 232 47 1743
          Post seismica 0 2 0 112 111 87 14 0 327
          Seismic 0 0 180 524 361 329 181 39 1613

Total 0 51 330 1011 956 820 427 86 3682

   Effort in h
          Non-seismic 0 3 13 26 31 32 19 4 128
          Post seismica 0 0 0 8 7 6 2 0 23
          Seismic 0 0 17 48 34 32 20 5 156

Total 0 3 30 82 72 70 41 9 307

    Effort in mi
          Non-seismic 0 30 93 233 301 251 144 29 1083
          Post seismica 0 1 0 70 69 54 9 0 203
          Seismic 0 0 112 325 224 204 112 24 1002

Total 0 32 205 628 594 509 265 54 2288

Total Effort in km 0 78 390 1203 1337 1251 728 118 5105

Total Effort in h 0 6 37 104 112 113 74 12 457

Total Effort in mi 0 49 243 747 830 778 452 74 3172

Daylight MMO Watch Effort

a For Gilavar:  Period encompassing 3 min. to 2 hrs. after all airguns are shut down.  For chase vessels:  Periods encompassing 
3 min. to 2 hrs. after all airguns are shut down and 3 min. to 2 hrs. after transiting beyond the 120-decibel safety radius.  
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TABLE C.4.  Visual observation effort for pinnipeds and polar bears from daylight MMO watches during the 
fall Chukchi Sea survey (21 Jul. - 12 Sept.) from the Gilavar and its chase vessels.  Effort categories 
include kilometers, hours and miles, subdivided by Beaufort Wind Force and airgun status.  Ramp-up 
effort is included in the "Seismic" category. 

Beaufort Wind Force 0 1 2 3 4 5 6 7 Total

Gilavar
   Effort in km
          Non-seismic 0 16 29 76 146 149 51 12 479
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 11 32 116 234 282 250 20 945

Total 0 27 60 192 380 431 301 32 1423

   Effort in h
          Non-seismic 0 2 4 8 12 10 4 1 40
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 1 3 14 28 33 29 3 110

Total 0 3 6 22 40 43 33 3 150

   Effort in mi
          Non-seismic 0 10 18 47 91 93 32 7 298
          Post seismica 0 0 0 0 0 0 0 0 0
          Seismic 0 7 20 72 145 176 155 13 587

Total 0 17 38 119 236 268 187 20 884

Chase Vessels
   Effort in km
          Non-seismic 0 51 193 624 696 603 304 63 2534
          Post seismica 0 0 59 166 95 116 65 15 516
          Seismic 0 0 78 221 166 101 58 8 632

Total 0 51 330 1011 956 820 427 86 3682

   Effort in h
          Non-seismic 0 3 18 45 46 49 27 6 194
          Post seismica 0 0 5 16 10 12 8 2 52
          Seismic 0 0 6 21 15 10 6 1 60

Total 0 3 30 82 72 70 41 9 307

   Effort in mi
          Non-seismic 0 32 120 388 432 375 189 39 1575
          Post seismica 0 0 36 103 59 72 40 9 320
          Seismic 0 0 49 137 103 63 36 5 393

Total 0 32 205 628 594 509 265 54 2288

Total Effort in km 0 78 390 1203 1337 1251 728 118 5105

Total Effort in h 0 6 37 104 112 113 74 12 457

Total Effort in mi 0 49 243 747 830 778 452 74 3172

Daylight MMO Watch Effort

a Period encompassing 3 min. to 1 hr. after all airguns are shut down.  



Appendix C: Results of Marine Mammal Monitoring    C-5 

TABLE C.5.  All marine mammal sightings (number of individuals) recorded by Gilavar and chase vessels 
MMOs in the Chukchi Sea from 21 Jul - 12 Sep and 8 Oct - 5 Nov 2007.  Numbers include animals 
observed during daylight, darkness, when MMOs were on watch, and any opportunistic off-watch 
sightings.  

Species

Cetaceans

  Bowhead Whale 3 (4) 1 (3) 4 (7)
  Gray Whale 2 (2) 22 (46) 24 (48)
  Harbor Porpoise 3 (4) 0 3 (4)
  Humpback Whale 2 (3) 1 (2) 3 (5)
  Killer Whale 1 (1) 0 1 (1)
  Unidentified Mysticete Whale 3 (3) 1 (2) 4 (5)
  Unidentified Whale 9 (13) 5 (11) 14 (24)

Total Cetaceans 23 (30) 30 (64) 53 (94)

Seals and Sea Lions

  Bearded Seal 2 (2) 25 (26) 27 (28)
  Ringed and Spotted Sealsa 16 (16) 165 (192) 181 (208)
  Stellar's Sea Lion 0 1 (1) 1 (1)

Total Seals and Sea Lions 18 (18) 191 (219) 209 (237)

Pacific Walruses

  In Water 269 (1279) 136 (303) 405 (1582)
  On Ice 1 (404) 5 (988) 6 (1392)
  Unidentified Pinnipedb 6 (7) 4 (4) 10 (11)

Total Pacific Walruses 276 (1690) 145 (1295) 421 (2985)

Grand Total of All Sightings 317 (1738) 366 (1578) 683 (3316)

Gilavar  Chase Vessels Total

a Includes all records of ringed, spotted, and unidentified seals.
b Ten of 10 total unidentified pinniped sightings were added to "Pacific Walruses In Water" based on the ratio of
identified large pinniped sightings in water (27 bearded seal to 405 Pacific walrus). All unidentified pinnipeds
were sighted in water at times when Pacific walrus sightings were common.  
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TABLE C.6.  Numbers of marine mammal sightings (number of individuals) by seismic state during daylight 
MMO watches during the summer Chukchi Sea survey (21 Jul – 12 Sep 2007) from the Gilavar and its 
chase vessels. 

Species

Gilavar

  Cetaceans 8 (13) 0 11 (13) 19 (26)
  Seals and Sea Lions in Water 3 (3) 0 11 (11) 14 (14)
  Pacific Walruses* 40 (67) 0 221 (1593) 261 (1660)

Gilavar Total Marine Mammals 51 (83) 0 243 (1617) 294 (1700)

Chase Vessels

  Cetaceans 8 (17) 0 21 (46) 29 (63)
  Seals and Sea Lions in Water 21 (21) 1 (1) 115 (131) 137 (153)
  Pacific Walruses* 54 (99) 8 (14) 79 (1163) 141 (1276)

Chase Vessels Total Marine Mammals 83 (137) 9 (15) 215 (1340) 307 (1492)

Grand Total Marine Mammals 134 (220) 9 (15) 458 (2957) 601 (3192)

* Ten of 10 total "unidentified pinniped" sightings were included in the "Pacific Walruses" table based on the ratio of identified large pinniped
sightings in water (14 bearded seal to 386 Pacific walrus).

Seismic Post-Seismic Non-Seismic Total

 
 
 

TABLE C.7.  Numbers of marine mammal sightings (number of individuals) by seismic state during daylight 
MMO watches during the fall Chukchi Sea survey (8 Oct – 5 Nov 2007) from the Gilavar and its chase 
vessels. 

Species

Gilavar

  Cetaceans 0 0 2 (2) 2 (2)
  Seals 2 (2) 0 1 (1) 3 (3)
  Pacific Walruses 0 0 0 0

Gilavar Total Marine Mammals 2 (2) 0 3 (3) 5 (5)

Chase Vessels

  Cetaceans 0 0 0 0
  Seals 7 (7) 7 (7) 35 (35) 49 (49)
  Pacific Walruses 1 (1) 0 0 1 (1)

Chase Vessels Total Marine Mammals 8 (8) 7 (7) 35 (35) 50 (50)

Grand Total Marine Mammals 10 (10) 7 (7) 38 (38) 55 (55)

Seismic Post-Seismic Non-Seismic Total
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 TABLE C.8.  Numbers of sightings (number of individuals) of cetaceans observed by seismic states during 
daylight MMO watches during the summer Chukchi Sea survey (21 Jul – 12 Sep 2007) from the Gilavar 
and its chase vessels. 

Species

Gilavar

  Cetaceans
    Unidentified Whale 6 (10) 0 2 (2) 8 (12)
    Mysticetes
        Bowhead Whale 0 0 3 (4) 3 (4)
        Humpback Whale 1 (2) 0 0 1 (2)
        Gray Whale 0 0 2 (2) 2 (2)
        Unidentified Mysticete Whale 1 (1) 0 0 1 (1)
    Odontocetes
        Harbor Porpoise 0 0 3 (4) 3 (4)
        Killer Whale 0 0 1 (1) 1 (1)

Gilavar Total Cetaceans 8 (13) 0 11 (13) 19 (26)

Chase Vessels

  Cetaceans
    Unidentified Whale 5 (11) 0 0 5 (11)
      Mysticetes
        Humpback Whale 0 0 1 (2) 1 (2)
        Bowhead Whale 1 (3) 0 0 1 (3)
        Gray Whale 1 (1) 0 20 (44) 21 (45)
        Unidentified Mysticete Whale 1 (2) 0 0 1 (2)

Chase Vessels Total Cetaceans 8 (17) 0 21 (46) 29 (63)

Grand Total Cetaceans 16 (30) 0 32 (59) 48 (89)

Seismic Post-Seismic Non-Seismic Total

 
 
 
TABLE C.9.  Numbers of sightings (number of individuals) of cetaceans observed by different seismic 
states during daylight MMO watches during the fall Chukchi Sea survey (8 Oct – 8 Nov 2007) from the 
Gilavar and its chase vessels. 

Species

Gilavar

  Cetaceans
    Mysticetes
        Humpback Whale 0 0 1 (1) 1 (1)
        Unidentified Mysticete Whale 0 0 1 (1) 1 (1)

Gilavar Total Cetaceans 0 0 2 (2) 2 (2)

Chase Vessels

  Cetaceans 0 0 0 0

Chase Vessels Total Cetaceans 0 0 0 0

Grand Total Cetaceans 0 0 2 (2) 2 (2)

Seismic Post-Seismic Non-Seismic Total
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TABLE C.10.  Sighting rates for cetacean sightings during different seismic states from daylight 
MMO watch effort during the summer Chukchi Sea survey (21 Jul - 12 Sep 2007) from the 
Gilavar and its chase vessels.  "Ramp-up" and “Power-up” effort is included in the Seismic 
category. 

Seismic State
No. of 

Sightings Effort (km)
Sighting Rate 
(No./1000 km)

Gilavar
  Cetaceans

  Seismic 8 2065 3.9
  Post-Seismic 0 0 0.0
  Non-Seismic 11 2945 3.7

Gilavar Total 19 5009 3.8

Chase Vessels
  Cetaceans

  Seismic 8 1879 4.3
  Post-Seismic 0 166 0.0
  Non-Seismic 21 4548 4.6

Chase Vessels Total 29 6593 4.4

Grand Total 48 11602 4.1

 

Seismic State
No. of 

Sightings Effort (mi)
Sighting Rate 
(No./1000 mi)

Gilavar
  Cetaceans

  Seismic 8 1283 6.2
  Post-Seismic 0 0 0.0
  Non-Seismic 11 1830 6.0

Gilavar Total 19 3113 6.1

Chase Vessels
  Cetaceans

  Seismic 8 1167 6.9
  Post-Seismic 0 103 0.0
  Non-Seismic 21 2826 7.4

Chase Vessels Total 29 4096 7.1

Grand Total 48 7209 6.7
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TABLE C.11.  Sighting rates for cetacean sightings during different seismic states from daylight 
MMO watch effort during the fall Chukchi Sea survey (8 Oct - 8 Nov 2007) from the Gilavar and 
its chase vessels.  "Ramp-up" and “Power-up” effort is included in the Seismic category. 

Seismic State
No. of 

Sightings Effort (km)
Sighting Rate 
(No./1000 km)

Gilavar
  Cetaceans

  Seismic 0 945 0.0
  Post-Seismic 0 0 0.0
  Non-Seismic 2 479 4.2

Gilavar Total 2 1423 1.4

Chase Vessels
  Cetaceans

  Seismic 0 1613 0.0
  Post-Seismic 0 327 0.0
  Non-Seismic 0 1743 0.0

Chase Vessels Total 0 3682 0.0

Grand Total 2 5105 0.4

 

Seismic State
No. of 

Sightings Effort (mi)
Sighting Rate 
(No./1000 mi)

Gilavar
  Cetaceans

  Seismic 0 587 0.0
  Post-Seismic 0 0 0.0
  Non-Seismic 2 298 6.7

Gilavar Total 2 884 2.3

Chase Vessels
  Cetaceans

  Seismic 0 1002 0.0
  Post-Seismic 0 203 0.0
  Non-Seismic 0 1083 0.0

Chase Vessels Total 0 2288 0.0

Grand Total 2 3172 0.6
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TABLE C.12.  Numbers of sightings (number of individuals) of seals and sea lions observed by different 
seismic states during daylight MMO watches during the summer Chukchi Sea survey (21 Jul – 12 Sep 
2007) from the Gilavar and its chase vessels. 

Species

Gilavar

  Seals and Sea Lions in Water
      Bearded Seal 0 0 0 0
      Ringed Seal 0 0 0 0
      Spotted Seal 0 0 1 (1) 1 (1)
      Unidentified Seal 3 (3) 10 (10) 13 (13)

Gilavar Total Seals and Sea Lions 3 (3) 0 11 (11) 14 (14)

Chase Vessels

  Seals and Sea Lions in Water
      Steller Sea Lion 0 0 1 (1) 1 (1)
      Bearded Seal 2 (2) 0 12 (13) 14 (15)
      Ringed Seal 14 (14) 0 67 (75) 81 (89)
      Spotted Seal 4 (4) 0 6 (8) 10 (12)
      Unidentified Seal 1 (1) 1 (1) 29 (34) 31 (36)

Chase Vessels Total Seals and Sea Lions 21 (21) 1 (1) 115 (131) 137 (153)

Grand Total Seals and Sea Lions 24 (24) 1 126 (142) 151 (167)

Seismic Post-Seismic Non-Seismic Total

 
 
TABLE C.13.  Numbers of sightings (number of individuals) of seals observed by different seismic states 
during daylight MMO watches during the fall Chukchi Sea survey (8 Oct – 8 Nov 2007) from the Gilavar 
and its chase vessels. 

Species

Gilavar

  Seals
      Bearded Seal 2 (2) 0 0 2 (2)
      Unidentified Seal 0 0 1 (1) 1 (1)

Gilavar Total Seals 2 (2) 0 1 (1) 3 (3)

Chase Vessels

  Seals
      Bearded Seal 1 (1) 4 (4) 4 (4) 9 (9)
      Ringed Seal 4 (4) 1 (1) 10 (10) 15 (15)
      Spotted Seal 1 (1) 1 (1) 4 (4) 6 (6)
      Unidentified Seal 1 (1) 1 (1) 17 (17) 19 (19)

Chase Vessels Total Seals 7 (7) 7 (7) 35 (35) 49 (49)

Grand Total Seals 9 (9) 7 (7) 36 (36) 52 (52)

Seismic Post-Seismic Non-Seismic Total

 



Appendix C: Results of Marine Mammal Monitoring    C-11 

TABLE C.14.  Sighting rates for seal and sea lion sightings during different seismic states from daylight 
MMO watch effort during the summer Chukchi Sea survey (21 Jul - 12 Sep 2007) from the Gilavar and its 
chase vessels.  "Ramp-up" and “Power-up” effort is included in the Seismic category.  There were no 
seals or sea lions observed on ice during this survey. 

Seismic State
No. of 

Sightings Effort (km)
Sighting Rate 
(No./1000 km)

Gilavar
  Seals and Sea Lions in Water

  Seismic 3 2065 1.5
  Post-Seismic 0 0 0.0
  Non-Seismic 11 2945 3.7

Gilavar Total 14 5009 2.8

Chase Vessels
  Seals and Sea Lions in Water

  Seismic 21 1130 18.6
  Post-Seismic 1 188 5.3
  Non-Seismic 115 5274 21.8

Chase Vessels Total 137 6592 20.8

Grand Total 151 11601 13.0

 

Seismic State
No. of 

Sightings Effort (mi)
Sighting Rate 
(No./1000 mi)

Gilavar
  Seals and Sea Lions in Water

  Seismic 3 1283 2.3
  Post-Seismic 0 0 0.0
  Non-Seismic 11 1830 6.0

Gilavar Total 14 3113 4.5

Chase Vessels
  Seals and Sea Lions in Water

  Seismic 21 702 29.9
  Post-Seismic 1 117 8.6
  Non-Seismic 115 3277 35.1

Chase Vessels Total 137 4096 33.4

Grand Total 151 7209 20.9
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TABLE C.15.  Sighting rates for seal sightings during different seismic states from daylight MMO watch 
effort during the fall Chukchi Sea survey (8 Oct - 5 Nov 2007) from the Gilavar and its chase vessels.  
"Ramp-up" and “Power-up” effort is included in the Seismic category.  There were no seals or sea lions 
observed on ice during this survey. 

Seismic State
No. of 

Sightings Effort (km)
Sighting Rate 
(No./1000 km)

Gilavar
  Seals in Water

  Seismic 2 945 2.1
  Post-Seismic 0 0 0.0
  Non-Seismic 1 479 2.1

Gilavar Total 3 1423 2.1

Chase Vessels
  Seals in Water

  Seismic 7 632 11.1
  Post-Seismic 7 516 13.6
  Non-Seismic 35 2534 13.8

Chase Vessels Total 49 3682 13.3

Grand Total 52 5105 10.2

 

Seismic State
No. of 

Sightings Effort (mi)
Sighting Rate 
(No./1000 mi)

Gilavar
  Seals in Water

  Seismic 2 587 3.4
  Post-Seismic 0 0 0.0
  Non-Seismic 1 298 3.4

Gilavar Total 3 884 3.4

Chase Vessels
  Seals in Water

  Seismic 7 393 17.8
  Post-Seismic 7 321 21.8
  Non-Seismic 35 1575 22.2

Chase Vessels Total 49 2288 21.4

Grand Total 52 3172 16.4
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TABLE C.16.  Numbers of sightings (number of individuals) of Pacific walruses observed during daylight 
MMO watches during the summer Chukchi Sea survey (21 Jul – 12 Sep 2007) from the Gilavar and its 
chase vessels during the different seismic states. 

Species

Gilavar

  Pacific Walruses in Water
      Pacific Walrus 39 (66) 0 215 (1183) 254 (1249)
      Unidentified Pinniped* 1 (1) 0 5 (6) 6 (7)

  Pacific Walruses on Ice
      Pacific Walrus 0 0 1 (404) 1 (404)

Gilavar Total Pacific Walruses 40 (67) 0 221 (1593) 261 (1660)

Chase Vessels

  Pacific Walruses in Water
      Pacific Walrus 54 (99) 8 (14) 70 (171) 132 (284)
      Unidentified Pinniped* 0 0 4 (4) 4 (4)

  Pacific Walruses on Ice
      Pacific Walrus 0 0 5 (988) 5 (988)

Chase Vessels Total Pacific Walruses 54 (99) 8 (14) 79 (1163) 141 (1276)

Grand Total Pacific Walruses 94 (166) 8 (14) 300 (2756) 402 (2936)

* Ten of 10 total "unidentified pinniped" sightings were included in the "Pacific Walruses" table based on the ratio of identified large pinniped
sightings in water (14 bearded seal to 386 Pacific walrus).

Seismic Post-Seismic Non-Seismic Total

 
 
 
TABLE C.17.  Numbers of sightings (number of individuals) of Pacific walruses observed during daylight 
MMO watches during the fall Chukchi Sea survey (8 Oct – 8 Nov 2007) from the Gilavar and its chase 
vessels during the different seismic states. 

Species

Gilavar

  Pacific Walruses in Water 0 0 0 0

Gilavar Total Pacific Walruses 0 0 0 0

Chase Vessels

  Pacific Walruses in Water 1 (1) 0 0 1 (1)

Chase Vessels Total Pacific Walruses 1 (1) 0 0 1 (1)

Grand Total Pacific Walruses 1 (1) 0 0 1 (1)

Seismic Post-Seismic Non-Seismic Total
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TABLE C.18.  Sighting rates for Pacific walrus sightings during different seismic states from 
daylight MMO watch effort during the summer Chukchi Sea survey (21 Jul - 12 Sep 2007) from 
the Gilavar and its chase vessels.  "Ramp-up" and “Power-up” effort is included in the Seismic 
category. 

Seismic State
No. of 

Sightingsa Effort (km)
Sighting Rate 
(No./1000 km)

Gilavar
  Pacific Walrus in Water

  Seismic 40 2065 19.4
  Post-Seismic 0 0 0.0
  Non-Seismic 220 2945 74.7

  Pacific Walrus on Ice
  Seismic 0 2065 0.0
  Post-Seismic 0 0 0.0
  Non-Seismic 1 2945 0.3

Gilavar Total 261 5009 52.1

Chase Vessels
  Pacific Walrus in Water

  Seismic 54 1130 47.8
  Post-Seismic 8 188 42.6
  Non-Seismic 74 5274 14.0

  Pacific Walrus on Ice
  Seismic 0 1130 0.0
  Post-Seismic 0 188 0.0
  Non-Seismic 5 5274 0.9

Chase Vessels Total 141 6592 21.4

Grand Total 402 11601 34.7

a Ten of 10 total "unidentified pinniped" sightings were included in the "Pacific Walruses" table based
on the ratio of identified large pinniped sightings in the water (14 bearded seal to 386 Pacific walrus).  
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Seismic State
No. of 

Sightingsa Effort (mi)
Sighting Rate 
(No./1000 mi)

Gilavar
  Pacific Walrus in Water

  Seismic 40 1283 31.2
  Post-Seismic 0 0 0.0
  Non-Seismic 220 1830 120.2

  Pacific Walrus on Ice
  Seismic 0 1283 0.0
  Post-Seismic 0 0 0.0
  Non-Seismic 1 1830 0.5

Gilavar Total 261 3113 83.8

Chase Vessels
  Pacific Walrus in Water

  Seismic 54 702 76.9
  Post-Seismic 8 117 68.5
  Non-Seismic 74 3277 22.6

  Pacific Walrus on Ice
  Seismic 0 702 0.0
  Post-Seismic 0 117 0.0
  Non-Seismic 5 3277 1.5

Chase Vessels Total 141 4096 34.4

Grand Total 402 7209 55.8

a Ten of 10 total "unidentified pinniped" sightings were included in the "Pacific Walruses" table based
on the ratio of identified large pinniped sightings in the water (14 bearded seal to 386 Pacific walrus).  
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TABLE C.19.  Pacific walrus sighting rates during different seismic states from daylight MMO 
watch effort during the fall Chukchi Sea survey (8 Oct - 5 Nov 2007) from the Gilavar and its 
chase vessels.  "Ramp-up" and “Power-up” effort is included in the Seismic category.  There were 
no Pacific walruses observed on the ice during this survey 

Seismic State
No. of 

Sightings Effort (km)
Sighting Rate 
(No./1000 km)

Gilavar
  Pacific walrus in Water

  Seismic 0 945 0.0
  Post-Seismic 0 0 0.0
  Non-Seismic 0 479 0.0

Gilavar Total 0 1423 0.0

Chase Vessels
  Pacific Walrus in Water

  Seismic 1 632 1.6
  Post-Seismic 0 516 0.0
  Non-Seismic 0 2534 0.0

Chase Vessels Total 1 3682 0.3

Grand Total 1 5105 0.2

 

Seismic State
No. of 

Sightings Effort (mi)
Sighting Rate 
(No./1000 mi)

Gilavar
  Pacific walrus in Water

  Seismic 0 587 0.0
  Post-Seismic 0 0 0.0
  Non-Seismic 0 298 0.0

Gilavar Total 0 884 0.0

Chase Vessels
  Pacific Walrus in Water

  Seismic 1 393 2.5
  Post-Seismic 0 321 0.0
  Non-Seismic 0 1575 0.0

Chase Vessels Total 1 2288 0.4

Grand Total 1 3172 0.3
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TABLE C.20. Visual observation effort during daylight hours from the Gilavar and its chase/monitoring 
vessels within the Beaufort Sea (12 Sep – 8 Oct 2007), in (A) hours, and (B) kilometers, subdivided by 
Beaufort wind force and seismic state.  Ramp-up effort is included in the "Seismic" category.  See 
following table for version in miles. 
 

  Seismic State 0 1 2 3 4 5 6 7 8 Total

Gilavar
A. Effort in h
  Seismic 0.3 2.0 4.4 5.3 27.7 49.0 40.1 9.3 0.0 138.1
  Post-seismic (3 min–2 h) 0.0 0.0 0.0 0.5 2.4 1.0 0.0 0.4 0.0 4.3
  Non-seismic 0.0 0.7 5.4 16.0 22.0 19.6 7.3 1.5 0.0 72.4

Total h 0.3 2.6 9.8 21.8 52.1 69.6 47.3 11.2 0.0 214.8

B. Effort in km
  Seismic 2.6 16.4 39.2 44.4 283.8 467.6 336.4 72.0 0.0 1262.4
  Post-seismic (3 min–2 h) 0.0 0.0 0.0 4.2 18.9 8.6 0.0 2.5 0.0 34.2
  Non-seismic 0.0 5.7 37.4 123.7 185.6 184.1 62.6 12.4 0.0 611.5

Total km 2.6 22.0 76.6 172.3 488.2 660.3 399.0 86.9 0.0 1908.1

Chase Vessels
A. Effort in h
  Seismic 0.0 3.8 8.7 57.5 82.3 19.2 15.9 6.9 5.4 199.6
  Post-seismic (3 min–2 h) 0.0 2.1 4.4 8.1 6.8 2.2 5.2 9.8 1.1 39.6
  Non-seismic 0.0 6.8 33.1 54.3 26.8 16.3 4.4 5.6 1.0 148.1

Total h 0.0 12.7 46.1 119.9 115.8 37.6 25.4 22.3 7.5 387.3

B. Effort in km
  Seismic 0.0 51.6 96.8 565.5 795.0 166.7 159.7 66.8 45.7 1947.7
  Post-seismic (3 min–2 h) 0.0 23.6 48.1 96.4 98.6 23.0 63.1 79.1 5.7 437.7
  Non-seismic 0.0 35.3 455.7 700.6 385.2 172.2 48.2 39.0 12.5 1848.6

Total km 0.0 110.5 600.5 1362.5 1278.8 361.9 271.0 184.9 63.9 4234.1

All Vessels Total h 0.3 15.3 55.9 141.7 167.9 107.2 72.7 33.5 7.5 602.0

All Vessels Total km 2.6 132.5 677.1 1534.8 1767.0 1022.2 670.0 271.9 63.9 6142.2

Beaufort Wind Force
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  Seismic State 0 1 2 3 4 5 6 7 8 Total

Gilavar
A. Effort in h
  Seismic 0.3 2.0 4.4 5.3 27.7 49.0 40.1 9.3 0.0 138.1
  Post-seismic (3 min–2 h) 0.0 0.0 0.0 0.5 2.4 1.0 0.0 0.4 0.0 4.3
  Non-seismic 0.0 0.7 5.4 16.0 22.0 19.6 7.3 1.5 0.0 72.4

Total h 0.3 2.6 9.8 21.8 52.1 69.6 47.3 11.2 0.0 214.8

B. Effort in mi
  Seismic 1.6 10.2 24.4 27.6 176.2 290.4 208.9 44.7 0.0 784.0
  Post-seismic (3 min–2 h) 0.0 0.0 0.0 2.6 11.7 5.3 0.0 1.6 0.0 21.3
  Non-seismic 0.0 3.5 23.2 76.8 115.2 114.3 38.9 7.7 0.0 379.7

Total mi 1.6 13.7 47.6 107.0 303.2 410.1 247.8 54.0 0.0 1184.9

Chase Vessels
A. Effort in h
  Seismic 0.0 3.8 8.7 57.5 82.3 19.2 15.9 6.9 5.4 199.6
  Post-seismic (3 min–2 h) 0.0 2.1 4.4 8.1 6.8 2.2 5.2 9.8 1.1 39.6
  Non-seismic 0.0 6.8 33.1 54.3 26.8 16.3 4.4 5.6 1.0 148.1

Total h 0.0 12.7 46.1 119.9 115.8 37.6 25.4 22.3 7.5 387.3

B. Effort in mi
  Seismic 0.0 32.0 60.1 351.2 493.7 103.5 99.2 41.5 28.4 1209.5
  Post-seismic (3 min–2 h) 0.0 14.7 29.8 59.9 61.2 14.3 39.2 49.1 3.6 271.8
  Non-seismic 0.0 21.9 283.0 435.1 239.2 107.0 29.9 24.2 7.8 1148.0

Total mi 0.0 68.6 372.9 846.1 794.1 224.8 168.3 114.8 39.7 2629.4

All Vessels Total h 0.3 15.3 55.9 141.7 167.9 107.2 72.7 33.5 7.5 602.0

All Vessels Total mi 1.6 82.3 420.5 953.1 1097.3 634.8 416.1 168.8 39.7 3814.3

Beaufort Wind Force
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TABLE C.21.  Numbers of sightings (number of individuals) of marine mammals observed during daylight 
MMO watches in the Beaufort Sea (17 Aug – 14 Oct 2007) from each vessel, including opportunistic 
sightings when MMOs were not officially on-watch and sightings from the chase/monitoring vessels when 
they were not conducting chase/monitoring vessel duties. 
 

Species

Cetaceans
  Unidentified Whale 5 (8) 0 3 (3) 0 8 (11)
  Mysticetes
      Bowhead Whale 6 (11) 7 (12) 22 (45) 4 (10) 39 (78)
      Gray Whale 0 0 1 (1) 0 1 (1)
      Minke Whale 0 1 (1) 0 0 1 (1)
      Unidentified Mysticete Whale 4 (7) 5 (9) 5 (12) 0 14 (28)

Total Cetaceans 15 (26) 13 (22) 31 (61) 4 (10) 63 (119)

Seals in Water
      Bearded Seal 0 0 9 (14) 2 (2) 11 (16)
      Ringed Seal 2 (2) 14 (14) 21 (22) 5 (5) 42 (43)
      Spotted Seal 0 6 (6) 37 (47) 0 43 (53)
      Unidentified Seal 4 (4) 5 (5) 98 (123) 9 (16) 116 (148)

Seals on Ice or Land
      Ringed Seal 0 0 1 (1) 2 (5) 3 (6)
      Unidentified Seal 0 0 0 7 (20) 7 (20)

Total Seals 6 (6) 25 (25) 166 (207) 25 (48) 222 (286)

Pacific Walruses in Water
      Pacific Walrus 0 2 (3) 0 0 2 (3)
      Unidentified Pinnipeda 1 (1) 0 0 0 1 (1)

Total Pacific Walrus 1 (1) 2 (3) 0 0 3 (4)

Polar Bears in Water 0 1 (5) 0 0 1 (5)

Polar Bears on Ice or Land 0 2 (11) 6 (32) 0 8 (43)

Total Polar Bears 0 3 (16) 6 (32) 0 9 (48)

Total All Marine Mammals 22 (33) 43 (66) 203 (300) 29 (58) 297 (457)

aThe single "unidentif ied pinniped" sighting w as included as a Pacif ic w alrus, based on the ratio of identif ied large pinnipeds in the 
Beaufort Sea. 

Gilavar Gulf Provider Norseman II Kilabuk Total
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TABLE C.22.  Numbers of sightings (number of individuals) of cetaceans observed during daylight in the 
Beaufort Sea (12 Sep – 8 Oct 2007) from (A) the Gilavar, and (B) its chase/monitoring vessels, during the 
different seismic states. 
 

Species

A.  Gilavar

Cetaceans
  Unidentified Whale 4 (7) 1 (1) 0 5 (8)
  Mysticetes
      Bowhead Whale 6 (11) 0 0 6 (11)
      Minke Whale 0 0 0 0
      Unidentified Mysticete Whale 3 (5) 0 0 3 (5)

Total Cetaceans 13 (23) 1 (1) 0 14 (24)

B.  Chase Vessels

Cetaceans
  Unidentified Whale 0 0 1 (1) 1 (1)
  Mysticetes
      Bowhead Whale 6 (8) 5 (10) 5 (14) 16 (32)
      Minke Whale 0 0 1 (1) 1 (1)
      Unidentified Mysticete Whale 5 (9) 0 2 (8) 7 (17)

Total Cetaceans 11 (17) 5 (10) 9 (24) 25 (51)

aThe post-seismic period for cetaceans is from 3 min – 2 h after the airguns are shut dow n, and in the case of the chase 
vessels, also 3 min –  2 h after the vessel has left a 15 km radius around the operating seismic vessel.

Seismic Post-Seismica Non-Seismic Total

 
 
TABLE C.23.  Numbers of sightings (number of individuals) of seals observed during daylight in the 
Beaufort Sea (12 Sep – 8 Oct 2007) from (A) the Gilavar, and (B) its chase/monitoring vessels, during the 
different seismic states.   

Species

A.  Gilavar

  Seals in Water
      Bearded Seal 0 0 0 0
      Ringed Seal 2 (2) 0 0 2 (2)
      Spotted Seal 0 0 0 0
      Unidentified Seal 2 (2) 0 2 (2) 4 (4)

Total Seals 4 (4) 0 2 (2) 6 (6)

B.  Chase Vessels

  Seals in Water
      Bearded Seal 1 (1) 0 1 (1) 2 (2)
      Ringed Seal 6 (6) 1 (1) 13 (13) 20 (20)
      Spotted Seal 5 (5) 1 (1) 0 6 (6)
      Unidentified Seal 4 (4) 0 6 (6) 10 (10)

Total Seals 16 (16) 2 (2) 20 (20) 38 (38)

aThe post-seismic period for pinnipeds is from 3 min – 1 h after the airguns are shut dow n, and in the case of the 
chase vessels, also 3 min –  1 h after the vessel has left a 5 km radius around the operating seismic vessel.

Seismic Post-Seismica Non-Seismic Total
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TABLE C.24.  Numbers of sightings (number of individuals) of Pacific walruses and polar bears observed 
during daylight in the Beaufort Sea (12 Sep – 8 Oct 2007) from (A) the Gilavar, and (B) its 
chase/monitoring vessels, during the different seismic states.   
 

Species

A.  Gilavar

  Pacific Walruses in Water
      Pacific Walrus 0 0 0 0
      Unidentified Pinnipedb 1 (1) 0 0 1 (1)

Total Pacific Walrus 1 (1) 0 0 1 (1)

  Polar Bears on Ice or Land
      Polar Bear 0 0 0 0

B.  Chase Vessels

  Pacific Walruses in Water
      Pacific Walrus 1 (2) 0 1 (1) 2 (3)
      Unidentified Pinniped 0 0 0 0

Total Pacific Walrus 1 (2) 0 1 (1) 2 (3)

  Polar Bears on Ice or Land
      Polar Bear 0 0 1 (3) 1 (3)

bThe single "unidentif ied pinniped" sighting w as included as a Pacif ic w alrus, based on the ratio of identif ied large 
pinnipeds in the Beaufort Sea. 

Seismic Post-Seismica Non-Seismic Total

aThe post-seismic period for pinnipeds and Polar bears is from 3 min – 1 h after the airguns are shut dow n, and in the 
case of the chase vessels, also 3 min –  1 h after the vessel has left a 5 km radius around the operating seismic 
vessel.
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TABLE C.25.  Detection rates (# groups per 1000 km) for marine mammal sightings during the different 
Beaufort wind forces by (A) the Gilavar, and (B) its chase/monitoring vessels during the Beaufort Sea 
cruise (12 Sep – 8 Oct 2007).  See following table for version in miles. 
 

Beaufort 
Wind Force

No. of 
Sightings Effort (km)

Detection Rate 
(No./1000 km)

A. Gilavar
0 1 2.6 377.4
1 1 22.0 45.4
2 1 76.6 13.1
3 2 172.3 11.6
4 3 488.2 6.1
5 9 660.3 13.6
6 3 399.0 7.5
7 1 86.9 11.5
8 0 0.0 0.0

B. Chase Vessels
0 0 0 0.0
1 11 110.5 99.6
2 6 600.5 10.0
3 18 1362.5 13.2
4 20 1278.8 15.6
5 5 361.9 13.8
6 3 271.0 11.1
7 1 184.9 5.4
8 2 63.9 31.3
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Beaufort 
Wind Force

No. of 
Sightings Effort (mi)

Detection Rate 
(No./1000 mi)

A. Gilavar
0 1 1.6 607.7
1 1 13.7 73.1
2 1 47.6 21.0
3 2 107.0 18.7
4 3 449.7 6.7
5 9 608.1 14.8
6 3 247.8 12.1
7 1 54.0 18.5
8 0 0.0 0.0

B. Chase Vessels
0 0 0 0.0
1 11 68.6 160.4
2 6 372.9 16.1
3 18 846.1 21.3
4 20 794.1 25.2
5 5 224.8 22.2
6 3 168.3 17.8
7 1 114.8 8.7
8 2 39.7 50.4
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TABLE C.26.  Detection rates (# groups per 1000 km) for marine mammal sightings during watches with 
different numbers of observers by (A) the Gilavar, and (B) its chase/monitoring vessels during the 
Beaufort Sea cruise (12 Sep – 8 Oct 2007).  See following table for version in miles. 
 

Number of 
Observers

No. of 
Sightings Effort (km)

Detection Rate 
(No./1000 km)

A. Gilavar
1 8 1066.6 7.5
2 13 840.4 15.5
3 0 1.1 0.0

B. Chase Vessels
1 50 3385.7 14.8
2 16 838.3 19.1
3 0 10.1 0.0

 
 
 

Number of 
Observers

No. of 
Sightings Effort (mi)

Detection Rate 
(No./1000 mi)

A. Gilavar
1 8 662.4 12.1
2 13 521.9 24.9
3 0 0.7 0.0

B. Chase Vessels
1 50 2102.5 23.8
2 16 520.6 30.7
3 0 6.3 0.0
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TABLE C.27.  Detection rates (# groups per 1000 km) for cetacean sightings during the different seismic 
states from MMO daylight effort by (A) the Gilavar, and (B) its chase/monitoring vessels during the 
Beaufort Sea cruise (12 Sep – 8 Oct 2007).  Ramp up effort is included in the "Seismic" category.  See 
following table for version in miles. 
 

Seismic State
No. of 

Sightings Effort (km)
Detection Rate 
(No./1000 km)

A. Gilavar
Cetaceans

Seismic 13 1262.4 10.3

Post-Seismic 1 33.9 29.5

Non-Seismic 0 611.7 0.0

B. Chase Vessels
Cetaceans

Seismic 11 1947.7 5.6

Post-Seismic 5 437.7 11.4

Non-Seismic 9 1848.6 4.9

 
 
 

Seismic State
No. of 

Sightings Effort (mi)
Detection Rate 
(No./1000 mi)

A. Gilavar
Cetaceans

Seismic 13 784.0 16.6

Post-Seismic 1 21.1 47.5

Non-Seismic 0 379.9 0.0

B. Chase Vessels
Cetaceans

Seismic 11 1209.5 9.1

Post-Seismic 5 271.8 18.4

Non-Seismic 9 1148.0 7.8

 
 
 
 



C-26   Monitoring in the Chukchi and Beaufort Seas:  Shell Offshore, 2007 

 
TABLE C.28.  Detection rates (# groups per 1000 km) for seal sightings during the different seismic states 
from daylight effort by (A) the Gilavar, and (B) its chase/monitoring vessels during the Beaufort Sea 
cruise (12 Sep – 8 Oct 2007).  Ramp-up effort is included in the "Seismic" category.  See following table 
for version in miles. 
 

Seismic State
No. of 

Sightings Effort (km)
Detection Rate 
(No./1000 km)

A. Gilavar
Seals in Water

Seismic 4 1262.4 3.2

Post-Seismic 0 18.6 0.0

Non-Seismic 2 627.1 3.2

B. Chase Vessels
Seals in Water

Seismic 16 1235.6 12.9

Post-Seismic 2 276.3 7.2

Non-Seismic 20 2722.2 7.3

 
 
 

Seismic State
No. of 

Sightings Effort (mi)
Detection Rate 
(No./1000 mi)

A. Gilavar
Seals in Water

Seismic 4 784.0 5.1

Post-Seismic 0 11.6 0.0

Non-Seismic 2 389.4 5.1

B. Chase Vessels
Seals in Water

Seismic 16 767.3 20.9

Post-Seismic 2 171.6 11.7

Non-Seismic 20 1690.5 11.8
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TABLE C.29.  Detection rates (# groups per 1000 km) for Pacific walrus sightings during the different 
seismic states from daylight effort by (A) the Gilavar, and (B) its chase/monitoring vessels during the 
Beaufort Sea cruise (12 Sep – 8 Oct 2007).  Ramp-up effort is included in the "Seismic" category.  See 
following table for version in miles. 
 

Seismic State
No. of 

Sightings Effort (km)
Detection Rate 
(No./1000 km)

A. Gilavar
Pacific Walruses in Watera

Seismic 1 1262.4 0.8

Post-Seismic 0 18.6 0.0

Non-Seismic 0 627.1 0.0

B. Chase Vessels
Pacific Walruses in Water

Seismic 1 1235.6 0.8

Post-Seismic 0 276.3 0.0

Non-Seismic 1 2722.2 0.4

a Includes a single sighting of an Unidentif ied Pinniped.  
 

Seismic State
No. of 

Sightings Effort (mi)
Detection Rate 
(No./1000 mi)

A. Gilavar
Pacific Walruses in Watera

Seismic 1 784.0 1.3

Post-Seismic 0 11.6 0.0

Non-Seismic 0 389.4 0.0

B. Chase Vessels
Pacific Walruses in Water

Seismic 1 767.3 1.3

Post-Seismic 0 171.6 0.0

Non-Seismic 1 1690.5 0.6

a Includes a single sighting of an Unidentif ied Pinniped.  
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TABLE C.30.  Detection rates (# groups per 1000 km) for polar bear sightings during the different seismic 
states from daylight effort by (A) the Gilavar, and (B) its chase/monitoring vessels during the Beaufort 
Sea cruise (12 Sep – 8 Oct 2007).  Ramp-up effort is included in the "Seismic" category.  See following 
table for version in miles. 
 

Seismic State
No. of 

Sightings Effort (km)
Detection Rate 
(No./1000 km)

A. Gilavar
Polar bears on Ice or Land

Seismic 0 1262.4 0.0

Post-Seismic 0 18.6 0.0

Non-Seismic 0 627.1 0.0

B. Chase Vessels
Polar bears on Ice or Land

Seismic 0 1235.6 0.0

Post-Seismic 0 276.3 0.0

Non-Seismic 1 2722.2 0.4

 
 
 

Seismic State
No. of 

Sightings Effort (mi)
Detection Rate 
(No./1000 mi)

A. Gilavar
Polar bears on Ice or Land

Seismic 0 784.0 0.0

Post-Seismic 0 11.6 0.0

Non-Seismic 0 389.4 0.0

B. Chase Vessels
Polar bears on Ice or Land

Seismic 0 767.3 0.0

Post-Seismic 0 171.6 0.0

Non-Seismic 1 1690.5 0.6
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TABLE C.31.  Visual observation effort from the Henry C. during daylight hours in the Beaufort Sea (16 
Aug. – 2 Oct. 2007), subdivided by Beaufort wind force and seismic state.   

Seismic State 1 2 3 4 5 8 Total

Henry C.
Effort in h
Seismic 9.4 5.2 0.0 0.2 0.0 0.0 14.7
Post-seismic (3 min–2 h) 3.4 2.6 0.0 0.8 0.0 0.0 6.8
Non-seismic 132.5 109.6 73.9 27.1 2.4 0.5 346.0

Total 145.2 117.4 73.9 28.1 2.4 0.5 367.5

Effort in km
Seismic 65.946 32.1 0.0 1.9 0.0 0.0 100.0
Post-seismic (3min- 2h) 25.7 20.1 0.0 9.7 0.0 0.0 55.6
Non-seismic 937.4 911.8 654.9 135.5 21.0 6.8 2667.2

Total 1029.0 964.0 654.9 147.1 21.0 6.8 2822.8

Beaufort Wind Force

 

Seismic State 1 2 3 4 5 8 Total

Henry C.
Effort in h
Seismic 9.4 5.2 0.0 0.2 0.0 0.0 14.7
Post-seismic (3 min–2 h) 3.4 2.6 0.0 0.8 0.0 0.0 6.8
Non-seismic 132.5 109.6 73.9 27.1 2.4 0.5 346.0

Total 145.2 117.4 73.9 28.1 2.4 0.5 367.5

Effort in mi
Seismic 41.0 20.0 0.0 1.2 0.0 0.0 62.1
Post-seismic (3min- 2h) 16.0 12.5 0.0 6.0 0.0 0.0 34.5
Non-seismic 582.5 566.5 406.9 84.2 13.0 4.2 1657.4

Total 639.4 599.0 406.9 91.4 13.0 4.2 1754.0

Beaufort Wind Force
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TABLE C.32.  Total number of groups (individuals in parentheses) of marine mammals observed from the 
Henry C. (16 Aug.- 2 Oct. 2007) by species and seismic activity during the shallow hazards survey. See 
Table C.28 for the total number of daylight sightings. 
 

Species Seismic
Post-

Seismic
Non-

seismic Sightings  Indiv.

Cetacenas
Bowhead Whale 0(0) 1(1) 7(19) 1(2) 9 (22)
Unidenified Mysticete Whale 0(0) 0(0) 2(2) 0(0) 2 (2)
Unidentified Whale 0(0) 0(0) 1(1) 0(0) 1 (1)

Seals
Bearded Seal 0(0) 0(0) 32(34) 0(0) 32 (34)
Ringed Seal 1(1) 0(0) 89(105) 0(0) 90 (106)
Spotted Seal 0(0) 0(0) 10(13) 0(0) 10 (13)
Unidentified Seal 1(1) 0(0) 70(72) 0(0) 71 (73)

Polar Bears in Water
Polar Bear 0(0) 0(0) 2(4) 1(2) 3 (6)

Polar Bears on Land
Polar Bear 0(0) 0(0) 16(27) 6(20) 22 (47)

Total 2(2) 1(1) 229(277) 8(24) 240 (304)

Periods within Beaufort Sea 
Study Area Total

Off-watch within 
Beaufort Sea 
Study Area

 
 

TABLE C.33.  Detection rates of marine mammals from the Henry C. during different seismic states during 
the shallow hazards survey in the Beaufort Sea (16 Aug. – 2 Oct. 2007). 

Seismic State
No. of 

Sightings Effort (km)
Detection Rate 
(No./1000 km)

Henry C.
Seismic 2 100.0 20.0
Post-seismic 1 55.6 18.0
Non-seismic 229 2667.2 85.9

Henry C. Total 232 2822.8 82.2
 

Seismic State
No. of 

Sightings Effort (mi)
Detection Rate 
(No./1000 mi)

Henry C.
Seismic 2 62.1 32.2
Post-seismic 1 34.5 29.0
Non-seismic 229 1657.3 138.2

Henry C. Total 232 1754.0 132.3
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TABLE C.34.  Detection rates of cetaceans from the Henry C. in different seismic states during daylight 
effort during the shallow hazards survey (16 Aug. – 2 Oct. 2007). 

Seismic State
No. of 

Sightings Effort (km)
Detection Rate 
(No./1000 km)

Henry C.
Cetaceans

Seismic 0 100.0 0.0

Post-Seismic 1 55.6 18.0

Non-Seismic 10 2667.2 3.7
 

Seismic State
No. of 

Sightings Effort (mi)
Detection Rate 
(No./1000 mi)

Henry C.
Cetaceans

Seismic 0 62.1 0.0

Post-Seismic 1 34.5 29.0

Non-Seismic 10 1657.3 6.0
 

 
TABLE C.35.  Detection rates for seals from the Henry C. in different seismic states during daylight effort 
during the shallow hazards survey (16 Aug. – 2 Oct. 2007). 

Seismic State
No. of 

Sightings Effort (km)
Detection Rate 
(No./1000 km)

 Henry C.
Seals

Seismic 2 98.1 20.4

Post-Seismic 0 19.3 0.0

Non-Seismic 201 2705.4 74.3
 

Seismic State
No. of 

Sightings Effort (mi)
Detection Rate 
(No./1000 mi)

 Henry C.
Seals

Seismic 2 61.0 32.8

Post-Seismic 0 12.0 0.0

Non-Seismic 201 1681.1 119.6
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TABLE C.36.  Closest observed points of approach (CPA) of marine mammals to the airguns of the Henry 
C. during seismic and non-seismic periods of the shallow hazards survey (16 Aug. – 2 Oct. 2007).   

Taxonomic Group n
Mean 

CPA (m) s.d. Range (m)

Cetaceans
    Seismic -- -- -- --
    Post-Seismica 1 464 -- 464
    Non-Seismic 10 829.9 615.16 114-2064

Seals in Water
    Seismic 2 131 17.68 118-143
    Post-Seismicb -- -- -- --
    Non-Seismic 201 168.4 118.34 54-1056

Polar Bears in Water
    Seismic -- -- -- --
    Post-Seismicb -- -- -- --
    Non-Seismic 2 1072.5 589.02 656-1489

Polar Bears on Land
    Seismic -- -- -- --
    Post-Seismicb -- -- -- --
    Non-Seismic 16 1615.3 765.29 870-3396

a Post-seismic for cetaceans: Period encompassing 3 min. to 2 hrs. after all airguns are shut down.
b Post-seismic for seals and polar bears: Period encompassing 3 min. to 1 hr after all airguns are 
shut down.  

Taxonomic Group n
Mean CPA 

(yd) s.d. Range (yd)

Cetaceans
    Seismic -- -- -- --
    Post-Seismica 1 507.4 -- 507.4
    Non-Seismic 10 907.6 615.2 124.7-2257.2

Seals in Water
    Seismic 2 143.3 17.7 129.1-156.4
    Post-Seismicb -- -- -- --
    Non-Seismic 201 184.2 118.3 59.1-1154.9

Polar Bears in Water
    Seismic -- -- -- --
    Post-Seismicb -- -- -- --
    Non-Seismic 2 1172.9 589.0 717.4-1628.4

Polar Bears on Land
    Seismic -- -- -- --
    Post-Seismicb -- -- -- --
    Non-Seismic 16 1766.5 765.3 951.4-3713.9

a Post-seismic for cetaceans: Period encompassing 3 min. to 2 hrs. after all airguns are shut down.
b Post-seismic for seals and polar bears: Period encompassing 3 min. to 1 hr after all airguns are shut 
down.  

 



Appendix C: Results of Marine Mammal Monitoring    C-33 

TABLE C.37. Initial behaviors of marine mammals observed from the Henry C. in daylight during the 
shallow hazards survey (Aug. 16- 2 Oct. 2007). 

Taxonomic Group Dive Feed Look Rest
Surface 
Active Swim Walk Total

Cetaceans 
Seismic 0 0 0 0 0 0 0 0

Post-seismica 0 0 0 0 1 0 0 1
Non-seismic 0 1 0 0 8 1 0 10

 Total 0 1 0 0 9 1 0 11

Pinnipeds 
Seismic 1 0 0 0 1 0 0 2

Post-seismicb 0 0 0 0 0 0 0 0
Non-seismic 3 0 90 1 102 5 0 201

 Total 4 0 90 1 102 5 0 203

Polar Bears in Water
Seismic 0 0 0 0 0 0 0 0

Post-seismicb 0 0 0 0 0 0 0 0
Non-seismic 0 0 0 0 1 1 0 2

 Total 0 0 0 0 1 1 0 2

Polar Bears on Land
Seismic 0 0 0 0 0 0 0 0

Post-seismicb 0 0 0 0 0 0 0 0
Non-seismic 0 0 5 1 0 0 10 16

 Total 0 0 5 1 0 0 10 16

a Post-seismic for cetaceans: Period encompassing 3 min. to 2 hrs. after all airguns are shut down.
b Post-seismic for seals and polar bears: Period encompassing 3 min. to 1 hr after all airguns are shut 
down.  
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FIGURE D.1.  Total marine mammal observer effort (mi) during Chukchi (A) summer and (B) fall seismic 
surveys from the Gilavar in the Chukchi Sea study area by seismic period in daylight and darkness, 2007.  
No post seismic effort occurred during the the summer or fall Chukcki Sea surveys from the Gilavar.   
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FIGURE D.2.  Total marine mammal observer effort (mi) during Chukchi (A) summer and (B) fall seismic 
surveys from the chase vessels in the Chukchi Sea study area by seismic period in daylight and 
darkness, summer 2007. 
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FIGURE D.3.  Total daylight marine mammal observer effort (mi) in the Chukchi Sea study area from the 
Gilavar and chase vessels by Beaufort wind force in (A) summer and (B) fall 2007 
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TABLE D.3.  Sighting rates for marine mammal sightings during different seismic states from daylight MMO 
watch effort during the summer Chukchi Sea survey (21 Jul - 12 Sep) from the Gilavar and its chase 
vessels.  "Ramp-up" effort is included in the Seismic category. 

Seismic State
No. of 

Sightings Effort (mi)
Sighting Rate 
(No./1000 mi)

Gilavar
  Seismic 51 1283 39.8
  Post-Seismic 0 0 0.0
  Non-Seismic 243 1830 132.8

Gilavar Total 294 3113 94.5

Chase Vessels
  Seismic 83 1167 71.1
  Post-Seismic 9 103 87.3
  Non-Seismic 215 2826 76.1

Chase Vessels Total 307 4096 74.9

Grand Total 601 7209 83.4
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TABLE D.4.  Sighting rates for marine mammal sightings during different seismic states from daylight MMO 
watch effort during the fall Chukchi Sea survey (8 Oct - 5 Nov) from the Gilavar and its chase vessels.  
"Ramp-up" and “Power-up” effort is included in the Seismic category. 

Seismic State
No. of 

Sightings Effort (mi)
Sighting Rate 
(No./1000 mi)

Gilavar
  Seismic 2 587 3.4
  Post-Seismic 0 0 0.0
  Non-Seismic 3 298 10.1

Gilavar Total 5 884 5.7

Chase Vessels
  Seismic 8 1002 8.0
  Post-Seismic 7 203 34.5
  Non-Seismic 35 1083 32.3

Chase Vessels Total 50 2288 21.9

Grand Total 55 3172 17.3
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FIGURE D.6.  Marine mammal sighting rates by seismic state for the Gilavar and its chase vessels during 
(A1) summer (21 Jul – 12 Sep 2007), (A2) summer excluding Gilavar 24 Aug sightings, and (B) fall (8 Oct 
– 5 Nov 2007) Chukchi Sea surveys. 
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FIGURE D.7.  Marine mammal sighting rates by Beaufort wind force from the Gilavar and its chase vessels 
during (A) summer (21 Jul – 12 Sep 2007) and (B) fall (8 Oct – 5 Nov 2007) Chukchi Sea surveys.  Note 
Gilavar summer rate at Beaufort wind force of 0 is truncated at 500 – the actual value approaches 3900 
but was inflated as a result of the 24 Aug Pacific walrus sightings event in calm conditions and is not 
representative of the majority of the season. 
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FIGURE D.8.  Marine mammal sighting rates by number of MMOs on watch from the Gilavar and its Chase 
vessels during (A) summer (21 Jul – 12 Sep 2007) and (B) fall (8 Oct – 5 Nov 2007) Chukchi Sea 
surveys. 
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FIGURE D.10.  Cetacean sighting rates by seismic state for the Gilavar and its chase vessels during the 
summer Chukchi Sea survey (21 Jul – 12 Sep 2007). 
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FIGURE D.12.  Sighting rates for seal and sea lion sightings by seismic state for the Gilavar and its chase 
vessels during (A) summer (21 Jul – 12 Sep 2007) and (B) fall (8 Oct – 5 Nov 2007) Chukchi Sea 
surveys. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix D:  English Units Tables and Figures    D-7 

A1

31.2

76.9

0

120.2

22.6

68.5

0

20

40

60

80

100

120

Gilavar Chase Vessels

 S
ig

ht
in

gs
 p

er
 1

00
0 

m
i o

f  
  

D
ay

lig
ht

 M
M

O
 W

at
ch

 E
ffo

rt
Seismic
Post-seismic
Non-seismic

 

A2

31.2

76.9

0

42.0

22.6

68.5

0

20

40

60

80

Gilavar Chase Vessels

 S
ig

ht
in

gs
 p

er
 1

00
0 

m
i o

f  
  

D
ay

lig
ht

 M
M

O
 W

at
ch

 E
ffo

rt

Seismic
Post-seismic
Non-seismic

 
FIGURE D.15.  Pacific walrus sighting rates by seismic state for the Gilavar and its chase vessels during 
(A1) the summer Chukchi Sea survey (21 Jul – 12 Sep 2007) and (A2) the summer Chukchi Sea survey 
excluding the Gilavar’s 24 August walrus sightings (n = 148). 
 
TABLE D.10.  Comparison of cetacean CPA distances by seismic period from daylight MMO watches 
aboard the Gilavar and its chase vessels during the summer Chukchi Sea survey (21 Jul - 12 Sep  2007).  

Vessel and Seismic Status Mean CPAa (yd) s.d. Range (yd) n

Gilavar Seismic 3004 3404 697-11009 8
Gilavar Non-seismic 1500 1246 338-3285 11

Gilavar Overall Mean 2134 2439 338-11009 19

Chase Vessels Seismic 2167 1265 411-3743 8
Chase Vessels Non-seismic 2069 2507 77-8749 21

Chase Vessels Overall Mean 2096 2211 77-8749 29

a CPA = Closest Point of Approach . For Gilavar this value is the marine mammal's closest point of approach to the airgun array, for chase
vessels this value is the marine mammal's closest point of approach to the MMO/vessel.  
 
Table D.13.  Comparison of seal and sea lion CPA distances by seismic period from daylight MMO 
watches aboard the Gilavar and its chase vessels during the summer Chukchi Sea survey (21 Jul - 12 
Sep 2007).   

Vessel and Seismic Status Mean CPAa (yd) s.d. Range (yd) n

Gilavar Seismic 762 169 570-891 3
Gilavar Non-seismic 570 727 143-2662 11

Gilavar Overall Mean 611 646 143-2662 14

Chase Vessels Seismic 144 122 11-383 21
Chase Vessels Non-seismic 145 151 1-606 115

Chase Vessels Overall Mean 144 147 1-606 136

a CPA = Closest Point of Approach . For Gilavar this value is the marine mammal's closest point of approach to the airgun array, for chase
vessels this value is the marine mammal's closest point of approach to the MMO/vessel.  
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Table D.14.  Comparison of seal CPA distances by seismic period from daylight MMO watches aboard 
the Gilavar and its chase vessels during the fall Chukchi Sea survey (8 Oct - 5 Nov 2007).  

Vessel and Seismic Status Mean CPAa (yd) s.d. Range (yd) n

Gilavar Seismic 300 249 124-477 2
Gilavar Non-seismic 183 NA 183 1

Gilavar Overall Mean 261 189 124-477 3

Chase Vessels Seismic 153 154 22-366 7
Chase Vessels Non-seismic 163 134 11-586 35

Chase Vessels Overall Mean 161 136 11-586 42

a CPA = Closest Point of Approach . For Gilavar this value is the marine mammal's closest point of approach to the airgun array, for chase
vessels this value is the marine mammal's closest point of approach to the MMO/vessel.  
 
TABLE D.19.  Comparison of Pacific walrus CPA distances by seismic period from daylight MMO watches 
aboard the Gilavar and its chase vessels during the summer Chukchi Sea survey (21 Jul - 12 Sep 2007).  

Vessel and Seismic Status Mean CPAa (yd) s.d. Range (yd) n

Gilavar Seismic 725 571 90-2542 39
Gilavar Non-seismic 977 753 78-4991 221

Gilavar Overall Mean 938 733 78-4991 260

Chase Vessels Seismic 295 319 1-1784 54
Chase Vessels Non-seismic 398 536 1-3743 79

Chase Vessels Overall Mean 356 462 1-3743 133

a CPA = Closest Point of Approach . For Gilavar this value is the marine mammal's closest point of approach to the airgun array, for chase
vessels this value is the marine mammal's closest point of approach to the MMO/vessel.  
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TABLE D.21A.  List of power downs for marine mammals sighted in the Gilavar's ≥180 dB safety radius 
(2470 m) during the summer Chukchi Sea seismic survey (21 Jul - 12 Sep 2007).   

Sighting ID Species
Group 
Size

Day in 
2007 UTC

Water 
Depth (yd)

Reaction 
to Vessela

Distance 
(yd) to 

airguns at 
first 

detection
CPAb (yd) to 

airguns

286 Pacific walrus 1 29-Aug 45.3 IS 259 259
291 Pacific walrus 2 30-Aug 15.4 LO 966 966
294 Pacific walrus 2 31-Aug 45.6 IS 183 183
295 Pacific walrus 2 31-Aug 45.6 NO 370 362
297 Pacific walrus 2 3-Sep 44.1 LO 521 521
300 Pacific walrus 3 4-Sep 45.7 IS 230 230
302 Pacific walrus 2 5-Sep 44.9 LO 620 620
304 Pacific walrus 3 5-Sep 43.5 NO 449 147
*305 Pacific walrus 2 6-Sep 45.9 NA 1590 1592
306 Pacific walrus 1 6-Sep 45.7 LO 586 90
*307 Pacific walrus 2 6-Sep 46.5 NA 2307 2277
*308 Pacific walrus 1 6-Sep 43.9 NA 2494 2229
309 Pacific walrus 3 7-Sep 43.7 LO 118 118
*311 Pacific walrus 1 7-Sep 43.0 NA 2041 1767
*312 Pacific walrus 2 7-Sep 44.3 NA 2403 2111
*313 Pacific walrus 2 7-Sep 44.9 NA 2466 1836
*318 Pacific walrus 2 7-Sep 44.5 NA 2663 2543
319 Pacific walrus 1 7-Sep 44.8 LO 1229 1229
329 Pacific walrus 1 7-Sep 44.3 LO 417 417
331 Pacific walrus 2 8-Sep 44.2 NO 1239 1187
340 Pacific walrus 2 8-Sep 45.8 LO 396 341
*343 Pacific walrus 2 9-Sep 45.8 NA 2585 2421
*346 Pacific walrus 2 9-Sep 46.2 NA 2647 2702
347 Pacific walrus 2 10-Sep 44.3 LO 405 405
348 Pacific walrus 2 11-Sep 43.4 LO 509 509
349 Pacific walrus 3 11-Sep 45.6 NO 1002 441

 
 
TABLE D.21B.  The single power down in the Gilavar's ≥190 dB safety radius (550 m) during the fall 
Chukchi Sea seismic survey (8 Oct - 5 Nov 2007).   

Sighting ID Species
Group 
Size

Day in 
2007 UTC

Water 
Depth (yd)

Reaction 
to Vessela

Distance 
(yd) to 

airguns at 
first 

detection
CPA (yd) to 

airguns

419 Bearded Seal 1 2-Nov 42.7 LO 476 476

b CPA=Closest Point of Approach

* Indicates animal(s) sighted by chase vessel and determined to be within the 180 dB safety radius
a Observed reaction of animal to vessel: IS=Increase Speed, LO=Look at Vessel, NO=None, NA =Not Applicable as sighting 
was reported by Chase Vessel
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TABLE D.23.  Densities of marine mammals in offshore areas of the Alaskan Chukchi Sea by useable and 
daylight sightings criteria (see Chapter 4 for more details) for the summer Chukchi Sea survey (21 Jul - 12 
Sep 2007).  Densities are corrected for f(0) and g(0) biases. 

Species Useable Daylight Useable Daylight

Cetaceans
      Unidentified Whale 0.141 0.250 0 4.978
      Harbor Porpoise 3.306 1.465 0 0
      Killer Whale 0.304 0.269 0 0
      Bowhead Whale 0.884 0.783 0 1.116
      Gray Whale 5.462 5.708 0 0.236
      Humpback Whale 0.308 0.273 0 0.518
      Unidentified Mysticete Whale 0 0.105 0 0.597

Cetacean Total 10.405 8.851 0 7.445

Seals and Sea Lions
      Unidentified Seal 37.661 57.634 9.757 13.478
      Bearded Seal 15.873 20.095 0 7.953
      Ringed Seal 136.671 181.494 0 87.152
      Spotted Seal 9.487 11.878 0 13.581
      Steller Sea Lion 0.252 0.245 0 0

Seal and Sea Lion Total 199.944 271.347 9.757 122.164

Pacific Walruses*
      Pacific Walrus 306.337 532.652 11.799 134.459
      Unidentified Pinniped 6.446 8.967 0 2.307

Pacific Walrus Total 312.783 541.619 11.799 136.765

* Daylight Non-seismic density for Pacific Walrus decreases from 541.619 animals per 1000 mi2 to 329.722 animals per 1000 mi2 

when Gilavar  24 Aug sightings are excluded from calculations.

Seismic DensitiesNon-seismic Densities
(No. individuals / 1000 mi2)(No. individuals / 1000 mi2)
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TABLE D.24.  Densities of marine mammals in offshore areas of the Alaskan Chukchi Sea by useable and 
daylight sightings criteria (see Chapter 5 for more details) for the fall Chukchi Sea survey (8 Oct - 5 Nov 
2007).  Densities are corrected for f(0) and g(0) biases. 

Species Useable Daylight Useable Daylight

Cetaceans
      Humpback Whale 0 0.460 0 0
      Unidentified Mysticete Whale 0 0.353 0 0

Cetacean Total 0 0.813 0 0

Seals
      Unidentified Seal 34.925 64.316 0 6.827
      Bearded Seal 5.152 16.866 0 24.168
      Ringed Seal 64.523 66.012 0 50.449
      Spotted Seal 0 0 0 6.879

Seal Total 104.601 161.595 0 88.322

Pacific Walruses
      Pacific Walrus 0 0 0 1.651

Pacific Walrus Total 0 0 0 1.651

Seismic DensitiesNon-seismic Densities
(No. individuals / 1000 mi2)(No. individuals / 1000 mi2)

 
 
TABLE D.25.  Estimated areas (mi2) ensonified with various sound levels during the summer (21 Jul – 12 
Sep) and fall (8 Oct – 5 Nov) Chukchi Sea seismic surveys in 2007.   

Area (mi2) 120 160 170 180 190

Summer
Including Overlap Area 339,703 17,906 8,326 4,169 849

Excluding Overlap Area 9,527 970 624 467 220

Fall
Including Overlap Area 244,620 14,866 7,287 3,734 779

Excluding Overlap Area 10,032 1,087 751 532 229

Level of ensonification (dB re1μPa (rms))    
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FIGURE D.39.  Total daylight marine mammal observer effort (mi) in the Beaufort Sea study area from the 
Gilavar and its chase/monitoring vessels by Beaufort wind force, 12 Sep – 8 Oct 2007.    
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FIGURE D.40.  Total marine mammal observer effort (mi) from the Gilavar in the Beaufort Sea study area 
by seismic period, in daylight and darkness, 12 Sep – 8 Oct 2007.   
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FIGURE D.41.  Total marine mammal observer effort (mi) from chase/monitoring vessels in the Beaufort 
Sea study area by seismic period, in daylight and darkness, 12 Sep – 8 Oct 2007.  Numbers in figure are 
rounded. 
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FIGURE D.44.  Marine mammal detection rates (sightings per 1000 mi of daylight MMO effort) for the 
Gilavar and its chase/monitoring vessels during watches with one or two observers in the Beaufort Sea 
(12 Sep – 8 Oct 2007).   
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FIGURE D.45.  Marine mammal detection rates (sightings per 1000 mi of daylight MMO effort) from the 
Gilavar and its chase/monitoring vessels during different Beaufort wind force conditions during the 
Beaufort Sea survey (12 Sep – 8 Oct 2007).   
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FIGURE D.46.  Detection rates (sighings per 1000 mi daylight MMO effort) for cetaceans during 
seismic versus non-seismic periods during the Beaufort Sea survey (12 Sep – 8 Oct 2007) from 
the Gilavar and its chase/monitoring vessels.  "Ramp-up" effort is included in the Seismic 
category.   

 



Appendix D:  English Units Tables and Figures    D-15 

5.1

20.9

5.1

11.8

0.0

5.0

10.0

15.0

20.0

25.0

Gilavar Chase Vessels

D
et

ec
tio

n 
Ra

te
 

(S
ig

ht
in

gs
/1

00
0 

m
i)

Seismic
Non-Seismic

 
FIGURE D.47.  Detection rates (sighings per 1000 mi daylight MMO effort) for seals during seismic 
versus non-seismic periods during the Beaufort Sea survey (12 Sep – 8 Oct 2007) from the 
Gilavar and its chase/monitoring vessels.  "Ramp-up" effort is included in the Seismic category.   

 
TABLE D.32.  Comparison of cetacean CPA distances by seismic period from daylight MMO watches 
aboard the Gilavar and its chase vessels during the Beaufort Sea survey (12 Sep - 8 Oct).  

Vessel and Seismic Status Mean CPAa (yd) s.d. Range (yd) n

Gilavar Seismic 2198 823 1028-4033 13
Gilavar Non-seismic N/A N/A N/A 0

Gilavar Overall Mean 2198 823 1028-4033 13

Chase Vessels Seismic 760 382 230-1277 11
Chase Vessels Non-seismic 728 819 73-2743 9

Chase Vessels Overall Mean 873 808 73-2743 20

 
a CPA = Closest Point of Approach.  For Gilavar this value is the marine mammal's closest point of approach to the airgun array, for 
Chase Vessels this value is the marine mammal's closest point of approach to the MMO/vessel. 
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Table D.33.  Comparison of seal CPA distances by seismic period from daylight MMO watches aboard 
the Gilavar and its chase vessels during the Beaufort Sea survey (12 Sep - 8 Oct).  

Vessel and Seismic Status Mean CPAa (yd) s.d. Range (yd) n

Gilavar Seismic 216 139 107-418 4
Gilavar Non-seismic 100 29 79-120 2

Gilavar Overall Mean 177 124 79-418 6

Chase Vessels Seismic 151 139 5-390 16
Chase Vessels Non-seismic 95 81 9-316 20

Chase Vessels Overall Mean 120 112 5-390 36

 
a CPA = Closest Point of Approach.  For the Gilavar this value is the marine mammal's closest point of 
approach to the airgun array, for Chase Vessels this value is the marine mammal's closest point of 
approach to the MMO/vessel. 
 
 
 
TABLE D.34.  List of power downs for cetaceans sighted in the Gilavar's ≥180 dB safety radius (2057 yd) 
during the Beaufort Sea seismic survey (12 Sep – 8 Oct 2007).   

Sighting 
ID Species

Group 
Size

Day in 
2007 UTC

Water 
Depth (ft)

Reaction 
to Vessela

Distance 
(yd) to 

Airguns at 
First 

Detection
CPAb (yd) 
to Airguns

382 unidentified whale 1 19-Sep 98 NO 1280 1280
383 bowhead whale 2 19-Sep 92 SP 1755 1755
386 bowhead whale 1 19-Sep 86 NO 1280 1280
391 unidentified whale 3 26-Sep 110 NO 1028 1028

a Observed reaction of animal to vessel:SP=splash, NO=none
b CPA=Closest Point of Approach
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TABLE D.35.  List of power downs for pinnipeds sighted in the Gilavar's ≥180 dB safety radius (786 yd) 
during the Beaufort Sea seismic survey (12 Sep – 8 Oct 2007).   

Sighting 
ID Species

Group 
Size

Day in 
2007 UTC

Water 
Depth (ft)

Reaction 
to Vessela

Distance 
(yd) to 

Airguns at 
First 

Detection
CPAb (yd) 
to Airguns

377 ringed seal 1 18-Sep 91 LO 147 147
378 unidentified seal 1 18-Sep 91 LO 107 107

a Observed reaction of animal to vessel:LO=Look at Vessel
b CPA=Closest Point of Approach  
 
 
 
TABLE D.36.  Expected densities of marine mammals in offshore areas of the Alaskan Beaufort Sea (see 
Chapter 5 for more details).  Densities are corrected for f(0) and g(0) biases.  A lack of "useable" effort 
required that 1) all daylight observations and effort were used in calculating densities, and 2) that data 
from all vessels operating in the Beaufort was used instead of data from only the Gilavar and its chase 
vessels. 

Seismic Non-seismic

Species (No. individuals /1000 mi2) (No. individuals /1000 mi2)

Cetaceans
  Unidentified Whale 0.0003 0.0001
  Unidentified Mysticete 0.0005 0.0004
      Bowhead Whale 0.0013 0.0012
      Minke Whale 0.0000

Pinnipeds
  Unidentified Pinniped 0.0004
  Odobenids
      Pacific Walrus 0.0003 0.0001
  Phocids
      Unidentified Seal 0.0039 0.0038
      Bearded Seal 0.0008 0.0006
      Ringed Seal 0.0095 0.0115
      Spotted Seal 0.0032

Ursids
      Polar Bear 0.0002
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TABLE D.37.  The areas (mi2) potentially ensonified to various levels by the Gilavar's airgun array 
volumes, operating within the study area during seismic periods of the Beaufort Sea cruise, 12 Sep − 8 
Oct 2007.  Maximum area ensonified is shown with overlapping areas counted multiple times, total area 
ensonified shown with overlapping areas counted only once. 

Area (mi2) 120 160 170 180 190

Including Overlap Area 439,054 26,357 8,711 2,633 931
Excluding Overlap Area 11,436 1,396 755 394 249

Level of ensonification (dB re1μPa (rms))    
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FIGURE D.56.  Total marine mammal observer effort (mi) from the Henry C. in the Beaufort Sea study area 
by seismic activity in daylight and darkness. Post-seismic: Period encompassing 3 min to 2 hrs. after all 
airguns were shut down. 
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FIGURE D.57.  Total daylight marine mammal observer effort (mi) in the Beaufort Sea study area from the 
Henry C. by Beaufort wind force. 
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FIGURE D.59.  Detection rates from the Henry C. in different seismic periods during the shallow hazards 
survey (16 Aug – 2 Oct 2007).  
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FIGURE D.60.  Detection rates from the Henry C. in different Beaufort wind force categories during the 
shallow hazards survey (16 Aug–2 Oct 2007). 
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FIGURE D.61.  Detection rates for 1 vs. 2 MMOs on watch aboard the Henry C. during the shallow hazards 
survey (16 Aug – 2 Oct 2007). 
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FIGURE D.62.  Detection rates for cetaceans during different seismic states from daylight effort aboard the 
Henry C. during the shallow hazards survey (16 Aug – 2 Oct 2007).   
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FIGURE D.63.  Detection rates for seals during different seismic states from daylight effort aboard the 
Henry C. during the shallow hazards survey (16 Aug – 2 Oct 2007).   
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TABLE D.45.  Closest observed points of approach (CPA) of seals to the airguns of the Henry C. during 
seismic and non-seismic periods of the shallow hazards survey (16 Aug – 2 Oct 2007). 

Species and Seismic Statusa
n 

Sightings
Mean CPA 

(yd)b s.d. Range (yd)

Henry C.
Seals in Water
    Seismic 2 142.7 17.7 129.1-156.4
    Non-Seismic 201 184.2 118.3 59.1-1154.9

a Seismic Status:  All sightings  is the total of Seismic and Non-seismic Sightings .  Seismic sightings  include all 
sightings while airguns were firing, Non-seismic sightings  for cetaceans include all sightings after the airguns were off 
for 1 hour.  

b CPA = Closest Point of Approach .  For Henry C.: this value is the marine mammal's closest point of approach to the 
airgun array.  

 
 
 
TABLE D.46.  Estimated densities of marine mammals in offshore areas of the Alaskan Beaufort Sea 
based on all daylight effort and sightings from the Henry C. (see Chapter 4 for more details).  Densities 
are corrected for f(0) and g(0) biases. 
 

Density - Seismica Density - Non-seismica

Species (No. individuals /1000 mi2) (No. individuals /1000 mi2)

Cetaceans
      Bowhead Whale -- 10.45
      Unidentified Mysticete Whale -- 0.59
      Unidentified Whale -- 0.35

Seals
      Ringed Seal 198.89 775.20
      Spotted Seal -- 54.91
      Bearded Seal -- 160.34
      Unidentified Seal 107.66 287.73

Polar Bears
      Polar Bear -- 14.90

a These density estimates are based on daylight sighting and daylight observation effort.  
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TABLE D.47.  The areas (km2) potentially ensonified to various levels by the Henry C. airgun(s) during the 
shallow hazards survey, (16 Aug.- 2 Oct. 2007). (A) Maximum area ensonified, with overlapping areas 
counted multiple times. (B) Total area ensonified, with overlapping areas counted only once. 
 

Area (mi2) 120 160 180 190

A. Including Overlap Area 5295.09 92.74 4.97 1.18

B. Excluding Overlap Area 1965.17 62.36 4.39 1.13

Level of ensonification dB re 1 µPa (rms)

 
 

TABLE D.50. Summary of aerial survey effort and sighting rates in the central Alaskan Beaufort Sea, 22 
Aug through 8 Oct 2007.  Sighting rates are based on useable sightings and effort. Values in parentheses 
are based on less than 500 km (311 mi) of effort. Estimates were not calculated when effort was less than 
250 km (155 mi). 

Sightings Individuals Sightings/
1000mi

Individuals/
1000mi Sightings Individuals Sightings/

1000mi
Individuals/

1000mi

22 Aug 1 540 69 4 5 7.4 9.3 1 13 1.9 24.1
24 Aug 2 180 23 (4) (4) (22.2) (22.2) (0) (0) (0.0) (0.0)
03 Sep 3 211 27 (5) (5) (23.7) (23.7) (0) (0) (0.0) (0.0)
10 Sep 4 548 49 16 19 29.2 34.7 0 0 0.0 0.0
11 Sep 4,5 667 59 20 26 30.0 39.0 30 48 45.0 72.0
14 Sep 5 284 25 (8) (15) (28.1) (52.7) (0) (0) (0.0) (0.0)
18 Sep 6 439 39 14 17 31.9 38.7 0 0 0.0 0.0
19 Sep 6 4 0 (0) (0) NC NC (0) (0) NC NC
20 Sep 7 303 27 (4) (4) (13.2) (13.2) (0) (0) (0.0) (0.0)
21 Sep 8 731 65 6 18 8.2 24.6 0 0 0.0 0.0
26 Sep 9 32 3 (0) (0) NC NC (0) (0) NC NC
30 Sep 10 150 13 (3) (5) NC NC (0) (0) NC NC
02 Oct 11 57 8 (0) (0) NC NC (0) (0) NC NC
03 Oct 11,12 343 48 1 1 2.9 2.9 0 0 0.0 0.0
07 Oct 13 83 12 (0) (0) NC NC (0) (0) NC NC
08 Oct 13 11 2 (0) (0) NC NC (0) (0) NC NC

taTo l 4583 27 85 119 19.7 26.1 31 61 7.8 16.0

Bowhead Whale Beluga Whale
Date in 

2007
Survey 

No.
Effort 
(mi)

Percent 
of Survey 

Area
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FIGURE D.71. Useable aerial survey effort (mi) and seismic survey effort (hr) in the Alaskan Beaufort Sea 
from 22 Aug through 8 Oct 2007.   
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FIGURE D.72. Useable aerial survey effort (mi) by seismic state in the Alaskan Beaufort Sea from 22 Aug 
through 8 Oct 2007. 
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FIGURE D.73. Useable aerial survey effort (mi) and average daily cloud ceiling height (ft) (NWS 2007) from 
22 Aug through 8 Oct 2007 in the central Beaufort Sea.  Cloud ceiling height is a proxy for useable 
sighting conditions.  Horizontal black bar indicates minimum survey altitude (1500 ft prior to issuance of 
IHA on 24 Aug and 1000 ft after 24 Aug).  
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Figure D.74. Useable aerial survey effort (mi) and average daily wind speed (the inverse of wind speed is 
a proxy for useable sighting conditions) from 22 Aug through 8 Oct 2007 in the central Beaufort Sea.  
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TABLE D.51. Bowhead sightings and sighting rates in the Beaufort Sea by seismic state, 22 Aug- 8 Oct 
2007. 

Seismic Post-seismic Non-seismic Total 

All sightings
All areas Sightings 31 18 73 122

Individuals 35 37 90 162
Sightings/1000mi 28.7 16.6 30.2 26.6
Individuals/1000mi 32.5 34.1 37.2 35.3

Useable sightings
All areas Sightings 19 14 52 85

Individuals 22 33 64 119
Sightings/1000mi 17.6 12.9 21.5 18.5
Individuals/1000mi 20.4 30.4 26.4 26.0

West Sightings 11 12 15
Individuals 12 31 21 64
Sightings/1000mi 28.8 29.1 15.4 21.5
Individuals/1000mi 31.5 75.3 21.6 36.3

Central Sightings 5 2 21 28
Individuals 7 2 23 32
Sightings/1000mi 10.9 3.0 21.2 13.2
Individuals/1000mi 15.3 3.0 23.2 15.1

East Sightings 3 -- 16 19
Individuals 3 -- 20 23
Sightings/1000mi 12.5 -- 35.0 27.3
Individuals/1000mi 12.5 -- 43.8 33.0

38

 
 
TABLE D.52. Estimated numbers of bowhead whales in the Phoenix prospect area.  Estimates calculated 
using DISTANCE software for each individual survey.  Numbers in parentheses represent estimates that 
should be interpreted with caution due to low effort (<311 mi). No estimates were calculated when effort 
was less than 155 mi.  Estimates include allowance for f(0) (as calculated by DISTANCE) and g(0) (value 
of 0.144 from Thomas et al 2002.). 

Survey 
No.

Date in 
2007

Effort 
(mi) Sightings

Density 
(No./1000mi2)

Est. No. 
Whales

1 22 Aug 540 4 29.7 109 32 365
2 24 Aug 180 4 (178.4) (653) 163 2617
3 03 Sep 211 5 (152.4) (916) 325 2582

95% C.I.
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TABLE D.53. Estimated numbers of bowhead whales in the Sivulliq prospect area.  Estimates calculated 
using DISTANCE software for each individual survey.  Numbers in parentheses represent estimates that 
should be interpreted with caution due to low effort (<311 km). No estimates were calculated when effort 
was less than 155 mi.  Estimates include allowance for f(0) (as calculated by DISTANCE) and g(0) (value 
of 0.144 from Thomas et al 2002.). 

Survey 
No.

Date in 
2007

Effort 
(mi) Sightings

Density 
(No./1000mi2)

Est. No. 
Whales

4 10 Sep 1124 33 329.3 3047 1465 6338
11 Sep

5 11 Sep 376 11 463.7 4826 1513 15397
14 Sep

6 18 Sep 444 14 343.3 3176 1651 6109
19 Sep

7 20 Sep 303 4 (35.9) (332) (63) (1755)
8 21 Sep 731 6 223.2 2065 323 13214
9 26 Sep 32 NC NC -- --

10 30 Sep 150 3 NC NC -- --
11 02 Oct 355 1 30.7 284 59 1364

03 Oct
12 03 Oct 45 NC NC -- --
13 07 Oct 94 NC NC -- --

08 Oct

95% C.I.
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FIGURE D.76. Number of bowhead sightings from 22 Aug through 8 Oct 2007 in the central Beaufort Sea 
by 3-mi distance from shore intervals.  Seismic state at the time of sighting is indicated by color. 
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FIGURE D.77. Survey effort within the Beaufort Sea. (A) Total survey effort (mi) in the central Beaufort Sea 
over the period of 22 Aug through 8 Oct 2007, by 3-mi distance from shore intervals. (B) Total survey 
effort (mi) within survey areas over the period 22 Aug through 8 Oct 2007. 
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FIGURE D.78. Number of bowhead sightings in the central Beaufort Sea by depth categories with seismic 
state indicated by color.  Data collected from 22 Aug through 8 Oct 2007. 
 
TABLE D.54. Sighting rates (number of sightings/1000mi) of bowhead whales from 22 Aug through 8 Oct 
2007 in the central Beaufort Sea by 3-mi distance from shore intervals. Data are presented by area and 
seismic state.  Numbers in bold indicate maximum values. Effort is <311 mi for all bins, so rates should be 
interpreted with caution.  

Distance bin Seismic Post Non Seismic Post Non Seismic Post Non Seismic Post Non
3 82.1 84.9 0.0 0.0 0.0 9.9 0.0 -- 0.0 42.2 55.2 4.8
6 27.3 62.5 85.1 0.0 0.0 41.8 0.0 -- 0.0 9.6 32.2 48.8
9 110.9 41.4 0.0 0.0 21.3 26.0 36.9 -- 253.4 42.4 31.5 55.4

12 35.9 93.6 0.0 0.0 0.0 61.2 49.4 -- 32.0 27.9 42.3 28.0
16 0.0 0.0 35.1 90.6 23.5 71.8 0.0 -- 23.6 36.0 14.4 45.6
19 54.9 0.0 74.2 24.0 0.0 37.6 0.0 -- 0.0 23.6 0.0 47.0
22 34.0 0.0 0.0 40.4 0.0 33.3 38.9 -- 0.0 37.6 0.0 11.5
25 48.2 0.0 0.0 0.0 0.0 0.0 0.0 -- 293.3 0.0 0.0 37.7
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -- 0.0 19.9 0.0 0.0
31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -- 36.0 0.0 0.0 7.0
34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0
37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0
40 0.0 0.0 15.8 0.0 0.0 0.0 -- 0.0 0.0 0.0 7.4
43 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0
47 0.0 0.0 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0
50 0.0 0.0 0.0 0.0 28.8 0.0 -- 0.0 0.0 0.0 20.4
53 0.0 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0
56 0.0 0.0 0.0 0.0 0.0 -- 0.0 0.0 0.0 0.0

Average 24.6 20.2 13.1 9.1 2.6 18.3 8.9 -- 37.5 14.1 10.3 18.5

West Central East All
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FIGURE 5.79. Bowhead sighting rates from 22 Aug through 8 Oct 2007 in the central Beaufort Sea by 12-
mi distance from shore intervals. (A) western area, (B) central area, (C) eastern area, (D) all areas (E) 
survey effort within 12-mi distance from shore bins.  
 
 
TABLE 5.56. Minimum, maximum and mean distance (mi) of bowheads in the central Beaufort Sea from 
center of then-current seismic patch over the period of 22 Aug through 8 Oct 2007.  

Patch locations Type of sighting n Minimum Distance Maximum distance Mean Distance

A. All Seismic 19 6.5 50.4 34.8
Post-seismic 14 18.4 48.0 33.0
Nonseismic 52 7.6 49.2 28.0

B. Phoenix Seismic 0
Post-seismic 0
Nonseismic 13 42.6 7.6 17.6

C. Sivulliq Seismic 19 6.5 50.4 34.8
Post-seismic 14 18.4 48.0 33.0
Nonseismic 39 7.8 49.2 31.4

 
 
 



Appendix D:  English Units Tables and Figures    D-31 

TABLE D.57. All seismic bowhead sightings in the central Beaufort Sea from 22 Aug through 8 Oct.  
Sightings in bold are sightings <20 km (12 mi) from the then current seismic patch. 

Date in 
2007 Time Number Array 

Type
On/Off 

Transect

Distance (mi) 
from center of 
seismic patch

Heading 
(°T) Start of seismic

Time elapsed 
since start of 

seismic

18 Sep 16:31:21 1 Ramp-up On 47 60 18-09-07 7:10 9:21:21
18 Sep 16:31:33 1 Ramp-up On 47 -- 18-09-07 7:10 9:21:32
18 Sep 17:02:20 1 Ramp-up On 46 -- 18-09-07 7:10 9:52:19
18 Sep 17:05:47 1 Ramp-up On 43 90 18-09-07 7:10 9:55:46
18 Sep 17:06:09 1 Ramp-up On 43 100 18-09-07 7:10 9:56:08
18 Sep 17:21:54 2 Ramp-up On 37 -- 18-09-07 7:10 10:11:53
18 Sep 17:29:57 1 Ramp-up On 47 -- 18-09-07 7:10 10:19:56
18 Sep 17:53:38 1 Ramp-up Off 35 -- 18-09-07 7:10 10:43:38
18 Sep 17:56:05 1 Ramp-up Off 32 -- 18-09-07 7:10 10:46:05
18 Sep 17:57:25 1 Ramp-up On 32 40 18-09-07 7:10 10:47:25
18 Sep 17:59:09 1 Ramp-up Off 31 -- 18-09-07 7:10 10:49:09
18 Sep 18:01:24 1 Ramp-up On 30 20 18-09-07 7:10 10:51:24
18 Sep 18:10:30 1 Ramp-up Off 27 -- 18-09-07 7:10 11:00:30
18 Sep 18:16:05 1 Ramp-up On 33 -- 18-09-07 7:10 11:06:05
18 Sep 18:43:40 1 Ramp-up Off 24 -- 18-09-07 7:10 11:33:40
18 Sep 18:43:48 1 Ramp-up Off 24 -- 18-09-07 7:10 11:33:48
18 Sep 18:43:50 1 Ramp-up Off 24 -- 18-09-07 7:10 11:33:50
18 Sep 18:44:15 1 Ramp-up On 23 -- 18-09-07 7:10 11:34:15
18 Sep 18:44:37 1 Ramp-up On 23 -- 18-09-07 7:10 11:34:37
18 Sep 18:44:57 2 Ramp-up On 23 20 18-09-07 7:10 11:34:57
18 Sep 18:47:03 1 Ramp-up Off 21 -- 18-09-07 7:10 11:37:03
18 Sep 19:36:43 1 Full array Off 11 90 18-09-07 7:10 12:26:43
18 Sep 19:49:45 2 Full array Off 5 -- 18-09-07 7:10 12:39:45
18 Sep 19:51:48 2 Full array On 7 260 18-09-07 7:10 12:41:48
18 Sep 20:17:41 1 Full array Off 34 230 18-09-07 7:10 13:07:41
18 Sep 20:18:18 1 Full array Off 35 170 18-09-07 7:10 13:08:18
20 Sep 10:56:44 1 Ramp-up On 50 180 18-09-07 7:10 51:06:44
20 Sep 11:53:03 1 Full array On 41 68 18-09-07 7:10 52:03:03
20 Sep 12:59:17 1 Full array On 30 68 18-09-07 7:10 53:09:17
20 Sep 13:39:45 1 Full array On 25 360 18-09-07 7:10 53:49:45
03 Oct 12:13:51 1 Ramp-up On 34 315 30-09-07 18:45 65:28:51
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FIGURE D.80. Average distance (km) from the center of the then-current seismic patch of bowhead whales 
in the central Beaufort Sea from 22 Aug through 8 Oct 2007. 
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FIGURE 5.82. Daily sighting rates of bowheads in the central Beaufort Sea from 22 Aug through 8 Oct 
2007.  
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APPENDIX E:  DETAILS OF MONITORING, MITIGATION, AND ANALYSIS 
METHODS 

This appendix provides details on the standard visual and acoustic monitoring methods and data 
analysis techniques implemented for this project and previous seismic studies.  Four marine mammal 
observers (MMOs) were aboard the Gilavar throughout the cruise.  Two MMOs were biologists 
experienced in marine mammal identification and observation methods.  The other two MMOs 
were Inupiat with various levels of experience identifying arctic marine mammals.  In addition to 
the MMOs onboard the Gilavar, SOI placed 2-3 MMOs on each of the chase and support 
vessels.  MMOs generally worked 2-4 hr shifts for up to 12 hrs per day during a 6-week shift 
before being replaced by other MMOs. 

 All MMOs participated in safety training and a 1-2 d course, depending on previous MMO 
experience,  designed to familiarize them with the operational and data recording procedures, reporting 
protocols, and IHA stipulations.  The IHA stipulations and requirements were also explained to the 
Operations Manager and Head Airgun Operator aboard the Gilavar during a meeting prior to seismic 
operations.  MMO duties included 

 recording environmental and sighting conditions; 
 searching for and identifying marine mammals, and recording their numbers, distances from the 

vessel, and behavior; 
 recording possible reactions of marine mammals to the seismic operations; and 
 initiating mitigation measures when appropriate. 

Visual Monitoring for Marine Mammals  
Vessel-based observers monitored marine mammals from the seismic source vessel (Gilavar) 

during all daytime seismic operations, and during any nighttime power ups of the airgun(s), as specified 
in the IHAs.  MMOs onboard the chase vessels also monitored marine mammals during much of the time 
that seismic operations were occurring.  Seismic operations were suspended or amended when marine 
mammals were observed within, or about to enter, designated safety zones described in the IHAs. In 
general, vessel-based observations for marine mammals were conducted using the following guidelines:  

 Observations during daylight hours were conducted in good and poor visibility whenever the airgun(s) 
were operating, and by two observers when possible, unless precluded by safety considerations. 

 MMOs observed during transit periods without airgun operations, at the discretion of the lead 
MMO, to obtain baseline data on marine mammal distribution and (in the case of less experienced 
observers) to become more familiar with observation protocols. 

 Two MMOs observed for 30 min prior to the planned start of seismic operations after an extended 
shut down and the entirety of the ≥180 dB radius was required to be visible for those 30 min. 

 When the airgun array was powered up at night, two MMOs watched for marine mammals, using 
night vision devices, for 30 min prior to start up.  (Note that there was 24-hour daylight until late 
August.) 

 At least one MMO was on stand-by during ongoing seismic operations at night, but was not 
necessarily on watch.   

 Bridge personnel watched for marine mammals during seismic operations at night and were 
required to call for the airgun(s) to be shut down if a marine mammal was observed within or 
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about to enter the applicable safety zone.  Bridge personnel also notified the MMO on stand-by if 
marine mammals were observed in or about to enter the safety radii.   

 MMOs also recorded locations and movements of vessels when on watch; information regarding 
vessels as well as marine mammals was recorded in a database. 

The MMOs used the bridge of the Gilavar as an observation platform, where the observer's eye 
level was ~9 m above sea level (ASL).  When two MMOs were on duty on the bridge simultaneously, 
they worked on opposite sides of the bridge unless safety or weather conditions precluded such 
observations.   

From the duty station, MMO(s) systematically scanned the area around the vessel in a sweeping 
pattern, usually alternating scan sweeps between reticle binoculars (e.g., Fujinon 7 × 50) and the unaided 
eye during the daytime.  Observations were focused and centered forward and to the sides of the vessel in 
an arc of ~210º, but MMOs also regularly checked for the presence of marine mammals astern of the 
vessel.  Night vision devices were used during non-daylight hours using a similar sweep search pattern. 

 MMOs were generally on duty for shifts up to 4 hr, with a 2–4 hr break between shifts, depending 
on the number of observers available and the number of daylight hours. Each MMO was generally on 
duty for 8–10 hr per day.  The duration of a single visual shift was no longer than 4 hr to minimize 
observer fatigue.  Use of two observers simultaneously was desirable and was scheduled when possible to 
increase detection of marine mammals near the source vessel.  In addition to the dedicated MMOs, bridge 
personnel were instructed and assisted in detecting marine mammals, implementing mitigation require-
ments, and collecting data when possible. 

While on watch, MMOs kept systematic written records of the vessel’s position, activity, and 
environmental conditions using codes that were entered either onto a datasheet and later transcribed onto 
an Excel spreadsheet, or entered directly into a database using a hand-held computer.  Vessel and 
environmental data were recorded onto the datasheet every 30 min or whenever conditions changed 
significantly.  Additional data were recorded when marine mammals were observed.  For all records, the 
date and time, vessel position (longitude and latitude), and environmental conditions were recorded.  The 
database was constructed to prevent entry of out-of-range values and codes.  Data entries were checked 
manually by comparing listings of the computerized data with the original handwritten datasheets, both in 
the field and upon later analyses.   

The following information was recorded for each marine mammal sighting: date, time, species, 
total number of individuals, number of juveniles, bearing relative to vessel’s heading, direction of 
movement relative to the vessel, distance from the vessel, behavior when sighted, whether animal was in 
the water or hauled out on ice or land, behavioral pace, reaction to the vessel, vessel position, water depth, 
observer initials, species identification reliability, and the time that mitigation measures were requested (if 
necessary).  On the seismic vessel, distance to marine mammals was measured from the MMO’s location 
on the bridge rather than from the nominal center of the seismic source.  The distance of the animal from 
the airgun array was calculated using a GIS during data error checking and processing at the end of the 
season.  However, for sightings near or within the safety radius in effect at the time, the distance from the 
marine mammal to the nearest airgun was estimated and recorded for the purposes of implementing 
power downs or shut downs.  The bearing from the vessel to individual or groups of marine mammals 
was estimated using positions on a clock face, with the bow of the vessel considered to be 12 o’clock and 
the stern 6 o’clock. 

Operational activities that were recorded by MMOs onboard the seismic vessel included the 
number of airguns in use, total volume of the airguns, and the type of vessel/seismic activity.  Intra-ship 
communication between seismic technicians and MMOs was conducted via radio or telephone and used 



 Appendix E: Details of Monitoring, Mitigation, & Analysis Methods    E-3 

to alert MMOs of any changes in operations, and to request power or shut downs by MMOs.  The position 
of the vessel was logged every 60 sec by the ships navigational system and these data were integrated 
with the marine mammal database to check for data recording errors.  Details regarding the seismic 
activities (start and stop times, number of guns firing, etc.) was collected from the airgun operators log 
and also used to error check MMO data.   

Marine Mammal Mitigation During Operations 
The following mitigation measures were adopted for marine mammal sightings during the 

proposed seismic program, provided that doing so did not compromise operational safety requirements: 
ramp ups, power ups, shut downs, power downs, and course alterations.    

Ramp Up 
A ramp up is a process commonly used by seismic vessels with large airgun arrays that involves a 

gradual increase in the number of airguns firing from none or one airgun until the full array is active.  In this 
report, a ramp up from no airguns firing is simply called a ramp up.  However, when a ramp up was 
initiated while the single “mitigation” airgun had been firing it is referred to as a power up.  The reason for 
the different terms, as described further below, is that a ramp up can not be initiated during times when the 
full safety radii are not visible to MMOs for 30 minutes while a power up can be initiated during times when 
the full safety radius is not visible because the mitigation gun has been firing. 

Daylight Procedure.—During daylight hours, a ramp up or power up was required when the full 
airgun array had not been operating for a period of >10 min.  A 30 min watch period performed by at 
least two MMOs was required prior to a ramp up.  The entire ≥180 dB safety radius for the full array must 
be visible for the entire 30-min pre-ramp up observation period before the ramp-up could commence.  
However, if the mitigation airgun had been operating during the break in full array activity, then a power 
up could be initiated at any time provided two MMOs were on active watch during the power up.  If the 
airguns had been shut down or powered down because of the presence of a marine mammal within or near 
the applicable safety radius, a ramp up or power up could not begin until that safety radius was clear of 
marine mammals.  Following a marine mammal sighting the safety radius was considered clear when the 
marine mammal was observed to exit safety radius, or if no marine mammals were seen in the safety radii 
for 15 min (for small odontocetes and pinnipeds) or 30 min ( for mysticetes and large odontocetes).  If a 
marine mammal was observed within the applicable safety radius during the 30-min pre-ramp up 
observation period, the airgun operator was informed and the ramp up was postponed. 

Ramp ups of the airgun array began with firing a single airgun.  The number of airguns firing was 
then increased at a rate no greater than an increase of ~6 dB per 5-min period.  During a power up the 
same procedure was applied by increasing the number of operating guns from the single “mitigation” gun 
to the full array.  During a ramp up or power up, the safety zone for the full airgun array was maintained 
even though fewer airguns were operating.   

MMOs informed the airgun operators when ramp up could proceed.  If a marine mammal was 
observed within its applicable safety radius during the 30-min observation period, or during the ramp up, 
the bridge and airgun operators were informed, as usual, of any necessary mitigation measures (power 
down, shutdown).   

Darkness Procedures.—During hours of darkness, ramp up could commence only if the entire 
≥180 dB safety radius for the full array was visible to MMOs for 30 min using either the unaided eye or 
night-vision devices (unlikely with very large safety radii).  However, similar to daylight periods with 
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poor visibility conditions, a power up could commence at night even if the full array ≥180 dB radius was 
not visible. 

Power Down 
A power down is a reduction in the number of operating airguns (usually from all airguns firing to 

a single mitigation gun firing).  If marine mammals were detected outside the applicable safety radius of 
the full airgun array but were likely to enter the safety radius (i.e., if the mammals were moving towards 
the vessel or if the vessel was moving in the direction of the mammals), and if the vessel's course or speed 
could not be changed to avoid having the mammals enter the safety radius, the airgun array was powered 
down to the single mitigation airgun before the mammals were within the full array safety radius.  
Likewise, if a mammal was first observed already within the full array safety radius, the airguns were 
immediately powered down.  The single airgun continued firing at a source level of at least 180 dB re 1 
μPa-m (rms) during the interruption of full array seismic operations.  A shut-down (see below) was 
implemented only if a marine mammal was detected within or about to enter the smaller safety zone 
around the mitigation airgun.  Full airgun activity did not resume (via a power up) until the marine 
mammal had cleared the safety zone for the full array.   

Shut Down 
A shut down is the cessation of all airgun activity, including the single mitigation airgun.  If a cetacean 

or pinniped was detected within or about to enter the applicable safety radius of the mitigation gun, the airgun 
was shut down.  After a shut down, the animal must have cleared the safety zone before start up 
procedures could begin.  If the mitigation airgun was shut down for >10 min and no observer was on 
duty, then at least 30 min of observation by two MMOs was necessary prior to ramp up.  MMOs informed 
the bridge when ramp up of the airgun(s) could proceed.     

Course Alteration 
If a marine mammal was detected outside the applicable safety radius and, based on its position and 

direction of travel, was likely to enter the safety radius, one possible mitigation measure was to adjust the ship 
track and/or speed to avoid close approach to the mammal.   However, given the presence of the streamer(s) 
and airgun(s) behind the vessel, the turning rate of the vessel while this gear is deployed is limited, and course 
alteration is generally not a practical mitigation method for a seismic vessel.  Instead, the marine mammal’s 
activities and movements relative to the seismic vessel were closely monitored.  If the mammal appeared likely 
to enter the safety radius, further mitigation actions were taken, i.e., power or shut down of the airgun(s).   

 

Analyses  

Vessel Based Monitoring 
This section describes the analyses of the marine mammal sightings and survey effort recorded 

during this project.  It also describes the methods used to calculate densities and estimate the number of 
marine mammals potentially exposed to airgun sounds associated with SOI’s seismic and shallow-hazards 
surveys.   

The sightings and effort data were grouped into three categories to assess potential effects of 
seismic sounds on marine mammals.  The categories were “seismic” (1 or more airguns operating and up 
to 3 minutes after airguns stopped firing), “post-seismic” (3 min to 1h for pinnipeds and 2 h for cetaceans 
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after the airguns were turned off), and “non-seismic” (periods before seismic started or >1 or >2 h after 
airguns were turned off for pinnipeds and cetaceans, respectively).  Unless specifically stated otherwise, 
comparison of seismic and non-seismic periods excluded the post seismic period.  The justification for the 
selection of these criteria was based on the size of the array in use and is provided below.  These criteria 
were also used and discussed in previous reports to NMFS (see Haley and Koski 2004; Smultea et al. 
2004, 2005; MacLean and Koski 2005; Holst et al. 2005a,b): 

• Mammal distribution and behavior during the short period up to 3 min after the last seismic 
shot are assumed to be similar to those while seismic surveying is ongoing. 

• It is likely that any marine mammals near the vessel between 3 min and 30 min after the 
cessation of seismic activities would have been “recently exposed” (i.e., within the past 30 min) 
to sounds from the seismic survey.  During at least a part of that period, the distribution and 
perhaps behavior of the marine mammals may still be influenced by the (previous) sounds. 

• For some unknown part of the period from 30 min to 1 or 2 h post-seismic, it is possible that 
the distribution of the animals near the ship, and perhaps the behavior of some of those animals, 
would still be at least slightly affected by the (previous) seismic sounds.  

• By 1 or 2 h after the cessation of seismic operations, the distribution and behavior of pinnipeds and 
cetaceans, respectively, would be expected to be indistinguishable from “normal” because of (a) 
waning of responses to past seismic activity, (b) re-distribution of mobile animals, and (c) 
movement of the ship and thus the MMOs.  Given those considerations, plus the limited observed 
responses of most marine mammals to seismic surveys (e.g., Stone 2003; Smultea et al. 2004; Haley 
and Koski 2004; MacLean and Koski 2005; Holst et al. 2005a,b), it is unlikely that the distribution 
or behavior of marine mammals near the vessel > 1 or 2 h post-seismic would be appreciably 
different from “normal” even if they had been exposed to seismic sounds earlier.  Therefore, we 
consider animals seen >1 or 2 h after cessation of seismic operations to be unaffected by the 
(previous) seismic sounds.   

As summarized in Chapter 5, marine mammal density was one of the variables examined to assess 
differences in the distribution of marine mammals relative to the seismic vessel between seismic and non-
seismic periods.  Densities were calculated using line-transect procedures for vessel-based surveys.  To allow 
for animals missed during daylight, we corrected our visual observations using correction factors calculated 
with these procedures.   

Corrections for Sightability.— As was standard for line-transect estimation procedures, corrections for 
the following two parameters were included in the calculation of densities: 

• g(0), a measure of detection bias.  This factor allows for the fact that less than 100% of the 
animals present along a transect line are detected.  

• f(0), the reduced probability of detecting an animal with increasing distance from a transect 
line. 

Where species-specific values did not exist, values for similar species were used.  The g(0) values for 
gray whales and bowhead whales were taken from previously calculated values for gray whales and right 
whales respectively.  The g(0) values for pinniped species observed during this study were taken from 
values calculated previously for pinniped species off California.  Other correction factors were extracted 
from species-specific g(0) tables produced for previous studies.   

The f(0) factors used in the analysis were calculated from observations made during this study 
when enough data were available.  The sightings from all vessels involved in this study were combined to 
achieve the largest sample size possible and to minimize the number of f(0)s calculated.  Only non-
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seismic period sightings that were made during useable effort (good sighting conditions) were used for 
the calculations.  These sightings were imported into DISTANCE 4.1 where the f(0) values were 
calculated separately for each species or species group.  The default analysis method was conventional 
distance sampling with a half-normal model and cosine expansion with no stratification. As very few 
sightings were of large groups of animals, we simply used the ratio of f(0)s between group sizes of 1–16, 
17–60 and >60 individuals used in previous studies to estimate the appropriate f(0)s for the two larger 
group categories.   

Number of Individuals Exposed.—Estimates of the number of individual marine mammals potentially 
exposed to sound levels ≥160 dB re 1 µPa (rms) were calculated by multiplying the area of water ensonified to 
that level by the density of marine mammals estimated by line transect methods.  The area of water ensonified 
was calculated using MapInfo Geographic Information System (GIS) software to create a “buffer” that 
extended around the vessel’s trackline to the predicted ≥160 dB distance.  The area of water covered by the 
buffer was calculated two different ways: 1) “Including Overlap Area” is the area of water ensonified to ≥160 
dB where areas exposed on more than one occasion (as a result of crossing tracklines or tracklines that were 
close enough for their ≥160 dB zones to overlap) were counted repeatedly each time they were exposed; and 2) 
“Excluding Overlap Area” was the area of water that was exposed to airgun sounds ≥160 dB where areas 
exposed on more than one occasion were counted only once.   

Number of Exposures per Individual.—The estimated number of potential exposures per 
individual is the ratio of the two area calculations described above and represents the average number of 
times a given area of water was exposed to sound levels ≥160 dB.   

Aerial Monitoring—Beaufort Sea 
Details of the aerial survey monitoring methods are presented in Chapter 4. 
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APPENDIX F:  BACKGROUND ON MARINE MAMMALS IN THE CHUKCHI AND 
BEAUFORT SEAS 

TABLE F-1.  The habitat, abundance and conservation status of marine mammals inhabiting the project 
areas.   

Species Habitat Abundance ESA1 IUCN2 CITES3 
Odontocetes 
Beluga whale 
(Delphinapterus leucas) 

Offshore, 
Coastal, Ice edges

50,0004 

39,2575 Not listed VU I 

Narwhal 
(Monodon monoceros) Offshore, Ice edge Rare6 Not listed DD II 

Killer whale 
(Orcinus orca) Widely distributed  Not listed LR-cd II 

Harbor Porpoise 
(Phocoena phocoena) 

Coastal, inland 
waters Extralimital Not listed VU II 

Mysticetes 
Bowhead whale 
(Balaena mysticetus) 

Pack ice & 
coastal 10,5457 Endangered LR-cd I 

Gray whale 
(Eschrichtius robustus) 
(eastern Pacific population) 

Coastal, lagoons 4888 

17,5009 Not listed LR-cd I 

Minke whale 
(Balaenoptera acutorostrata) Shelf, coastal 0 Not listed LR-cd I 

Humpback whale  
(Megaptera novaeangliae) 

Mainly near-shore 
and banks 

203610 

400511 

286612 

>600013 

Endangered* VU I 

Fin whale 
(Balaenoptera physalus) 

Slope, mostly 
pelagic 0 Endangered EN I 

Pinnipeds 
Walrus 
(Odobenus rosmarus)  188,31614  

Not listed 
 

– 
 

II 

Bearded seal 
(Erignathus barbatus) Pack ice 

300,000-
450,00015 

486316 
Not listed – – 

Spotted seal 
(Phoca largha) Pack ice 100017 Not listed – – 

Ringed seal 
(Pusa hispida) 

Landfast & 
pack ice 

Up to 3.6 
million18 

245,04819 

326,50020 

Not listed – – 

Ribbon seal 
(Histriophoca fasciata) 

Ice 100,00021 Not listed N.A. – 

Carnivora 
Polar bear 
(Ursus maritimus) 

Coastal, ice >250022 

15,00023 Not listed LR-cd – 

1 U.S. Endangered Species Act. 
2 IUCN Red List of Threatened Species (2003).  Codes for IUCN classifications: CR = Critically Endangered; EN = Endangered; VU 
= Vulnerable; LR = Lower Risk (-cd = Conservation Dependent; -nt = Near Threatened; -lc = Least Concern); DD = Data Deficient.   
3 Convention on International Trade in Endangered Species of Wild Fauna and Flora (UNEP-WCMC 2004). 
4 Total Western Alaska population, including Beaufort Sea animals that occur there during migration and in winter (Small and 

DeMaster 1995). 
5 Beaufort Sea population (IWC 2000). 
6 Population in Baffin Bay and the Canadian arctic archipelago is ~60,000 (DFO 2004); very few enter the Beaufort Sea. 
7 Abundance of bowheads surveyed near Barrow, as of 2001 (George et al.  2004); revised to 10,545 by Zeh and Punt (2005). 
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8 Southern Chukchi Sea and northern Bering Sea (Clark and Moore 2002). 
9  North Pacific gray whale population (Rugh 2003 in Keller and Gerber 2004) ; see also Rugh et al. (2005). 

10 All feeding aggregations (Angliss and Lodge 2004). 
11 Abundance estimate for the central North Pacific stock (Calambokidis et al. 1997). 
12 Northern GOA and Aleutian Islands (Zerbini et al. 2004). 
13 North Pacific (Calambokidis and Barlow 2004). 
14 Pacific walrus population (USFWS 2000). 
15 Alaska population (USDI/MMS 1996). 
16 Eastern Chukchi Sea population (NMML, unpublished data). 
17 Alaska Beaufort Sea population (USDI/MMS 1996). 
18 Alaska estimate (Frost et al. 1988 in Angliss and Lodge 2004). 
19 Bering/Chukchi Sea population (Bengston et al. 2000). 
20 Alaskan Beaufort Sea population estimate (Amstrup 1995). 
21 Estimate for Bering Sea (Burns 1981); current estimate is unavailable. 
22 Amstrup et al. (2001). 
23 NWT Wildlife and Fisheries, http://www.nwtwildlife.rwed.gov.nt.ca/Publications/speciesatriskweb/polarbear.htm 
* Listed as a strategic stock under the U.S. Marine Mammal Protection Act 
 

http://www.nwtwildlife.rwed.gov.nt.ca/Publications/speciesatriskweb/polarbear.htm
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APPENDIX H:  DESCRIPTION OF VESSELS AND EQUIPMENT 
 
Vessels 

MV Gilavar 

 
 
SOI’s seismic source vessel, the Gilavar, was built in Norway in 1981.  The Gilavar is owned by 

Caspian Geophysical Ltd., of Baku, Azerbaijan, and its current port of registry is Panama.  The overall 
length of the Gilavar is 84.9 m (279 ft) and its gross tonnage is 3779 metric tons with a mean draft of 
5.9 m (19 ft).  The total fuel capacity of the Gilavar is 916 m3 with a fuel consumption rate ranging from 
24 to 35 m3 per day.  The Gilavar has a helicopter deck rated for a Bell 214 or Super Puma.  The Gilavar 
is equipped with fresh water making capabilities, and a sludge and waste oil incinerator. 

Airgun Description and Safety Radii:  Gilavar 
Aboard the Gilavar, SOI used WesternGeco’s 3147 in3 Bolt-Gun Array for its 3–D seismic survey 

operations in the Chukchi Sea.  WesternGeco’s source arrays were composed of three identically tuned 
Bolt-Gun sub-arrays operated at an air pressure of 2000 psi.   Each sub-array was 15 m in length, and was 
8 m from the adjacent array(s).  The individual airguns ranged in volume from 30 to 235 in3, and each 
sub-array included two 235 in3 and two 125 in3 airguns in two-gun clusters.  A 30 in3 airgun was used for 
mitigation when marine mammals were observed within or about to enter the applicable safety radius.   
The airgun arrays were towed at a depth of 6 m.  The system also included four to six hydrophone 
streamers with hydrophones distributed over a length of 4200 m and spaced 100 m apart, which recorded 
reflected sound energy.  Air compressors aboard the Gilavar were the source of high pressure air used to 
operate the airgun arrays.  Seismic pulses were emitted at intervals of 25 m (~10 sec) while the Gilavar 
traveled at a speed of 4 to 5 knots (7.4–9.3 km/h).  In general, the Gilavar towed this system along a 
predetermined survey track, although adjustments were occasionally made during the field season to 
avoid obstacles or during repairs to the equipment.   
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In general, the signature produced by an array composed of multiple sub-arrays has the same shape 
as that produced by a single sub-array while the overall acoustic output of the array is determined by the 
number of sub-arrays employed.  The gun arrangement for each of the three 1049-in3 sub-arrays was 
detailed in SOI’s IHA application. As indicated in the application’s diagram, each sub-array was 
composed of six tuning elements; two 2–gun clusters and four single guns.  The standard configuration of 
a source array for 3–D surveys consists of one or more 1049 in3 sub-arrays.  When more than one sub-
array is used, as here, the arrays are lined up parallel to each other with 8 m (26 ft) cross-line separation 
between them.  This separation was chosen to minimize the dimensions of the array in order to 
approximate point source radiation characteristics for frequencies in the nominal seismic processing band.  
For the 3147 in3 array the overall dimensions were 15 m (49 ft) long by 16 m (52.5 ft) wide.   

 
Standard 1049 in3 sub-array - 3 subarrays comprise each 3147 in3

 Source 

 
Information on WesternGeco’s source arrays was taken from the IHA application. 

 
As noted above, the sub-array was composed of six tuning elements;  two 2-gun clusters and four 

single guns. The clusters had their component guns arranged in a fixed side-by-side fashion with the 
distance between the gun ports set to maximize the bubble suppression effects of clustered guns.  A near-
field hydrophone was mounted about 1 m above each gun station (one phone was used per cluster).  One 
depth transducer per position was mounted on the gun’s ultrabox, and a high pressure transducer was 
mounted at the aft end of the sub-array to monitor high pressure air supply.  All the data from these 
sensors were transmitted to the vessel for input into the onboard systems and recording to tape.   
 



Appendix H:  Description of Vessels and Equipment    H-3 

MV Henry Christoffersen 

 
 
The Henry Christoffersen was built in Victoria, B.C., Canada, and is owned by Northern 

Transportation Company, Ltd.  Its port of registry is Edmonton, Alberta, Canada.  The overall length of the 
Henry Christoffersen is 47 m (153 ft) and the gross tonnage is 783 metric tons.  The Henry Christoffersen is 
powered by four Caterpillar V16 D399 diesel engines and can travel at a speed of 14 knots.  The fuel 
capacity of the Henry Christoffersen is 313 m3 and the fuel consumption rate is ~13.2 m3 per day.  The 
Henry Christoffersen conducted shallow hazards and site clearance surveys in the Beaufort Sea during the 
2007 open-water season.   

High-Resolution Seismic Profiling.—Reflected sound energy, often called acoustic or seismic 
energy, can produce graphic images of seafloor and sub-seafloor features.  High-resolution profiling 
systems transmit the acoustic energy from various sources called transducers that are attached to the hull 
of the vessel or towed astern.  Part of this energy is reflected from the seafloor and from geologic strata 
below the seafloor.  This reflected energy is received by one or more hydrophones or a streamer, and the 
signals are recorded to produce seismic records or profiles.  Seismic profiles often take the form of 
geologic cross-sections along the course traveled by the survey vessel.  

The Henry Christoffersen operated several high-resolution profiling systems simultaneously in the 
Beaufort Sea to obtain detailed records of seafloor and near seafloor conditions.  A typical survey 
included 
• a dual-frequency sub-bottom profiler (Datasonics CAP6000 Chirp II; 2–7 or 8–23 kHz) as a shallow 

penetration or sub-bottom profiler; transducer depth ~1 m; pulse interval 0.25–5 sec; 
• a Datasonics SPR-1200 Bubble Pulser as a medium penetration system, nominally operating at 400 

Hz and pulse interval 0.5–5 sec (but see Chapter 3 for empirical data on measured frequency output); 
• a high resolution multi-channel seismic system comprised of a two 10 in3 airgun array with a total 

volume of 20 in3 with predominant output at 0–150 Hz.  This small airgun system should not be 
confused with the much larger system deployed from the Gilavar for deep-penetration seismic 
exploration for hydrocarbons. 

These profiling systems complement each other since each system achieves different degrees of 
resolution and depths of sub-seafloor penetrations.   

Side Scan Sonar.—SOI used a Datasonics SIS-1500 side scan sonar system to collect data on seafloor 
topography.  Unlike seismic profiling systems, which produce a vertical profile along the vessel’s path, side 
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scan sonar systems provide graphic records that show two-dimensional (map) views of seafloor topography 
and of objects on the seafloor.  The sonar images provide a swath display/record covering an area on the 
seafloor up to several hundred feet on both sides of the survey trackline. The side scan sonar transmits very 
high-frequency acoustic signals (190–210 kHz) and records the reflected energy from the seafloor.  Signals 
reflected from the seafloor are displayed on a continuous record produced by a two-channel recorder.  
Reflected signals normally appear as dark areas on the record whereas shadows behind objects appear as light 
or white areas.  The intensity and distribution of reflections displayed on the sonar image depend on the 
composition and surface texture of the reflecting features, on their size, and on their orientation with respect to 
the transducers.  Line spacing and display range are designed to ensure 100 percent coverage of the proposed 
survey area in the prime survey line direction, with additional tie-lines acquired in an orthogonal direction.  
Side scan sonar data are useful for mapping areas of boulders, rock outcrops, and other areas of rough 
seafloor, and for determining the location and trends of seafloor scarps and ice gouges.  These data are 
also used to locate shipwrecks, pipelines, and other objects on the seafloor. 

Multi-beam Bathymetry.—A Seabat 8101 multi-beam bathymetric sonar was used to determine 
water depths in the surveyed area.  Multi-beam bathymetric systems are either hull mounted or towed 
astern of the survey vessel. The system transmits acoustic signals (200–500 kHz; 240 kHz in this project) 
from multiple projectors propagating to either side of the vessel at angles that vary from vertical to near 
horizontal.  The locations of the soundings cover a swath whose width may be equal to many times the 
water depth.  By adjusting the spacing of the survey tracklines such that adjacent swaths overlap, SOI 
obtained depth information for 100 percent of the bottom in the survey area.  The time required to receive 
the signals as well as signal intensity, position, and other characteristics for echoes received across the 
swath were used to calculate the depth where each individual beam in the swath reached the bottom.  
Acoustic systems similar to the ones used by SOI have been described in detail by NMFS previously (see 
66 FR 40996, 6 Aug 2001; 70 FR 13466, 21 Mar 2005).      
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MV Gulf Provider 

 
 

The Gulf Provider was the Gilavar’s primary chase/monitoring vessel during the 2007 Chuckhi and 
Beaufort sea seismic surveys.  The Gulf Provider was built in Jennings, Louisiana, in 1979 and was re-
built in 2001.  The current port of registry is Panama.  The overall length of the Gulf Provider is 57.8 m 
(190 ft) and the gross tonnage is 926 metric tons.  The fuel capacity of the Gulf Provider is 530 m3 and 
the fuel consumption rate is 6-10 m3 per day.  The Gulf Provider is powered by two Caterpillar D-399 
diesel engines and is equipped with a waste oil and sludge incinerator. 
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MV Norseman II 

 
 

The Norseman II was built in   Seattle at the Marco Shipyard in 1979.  In 2007 the Norseman II 
underwent major modification adding the new dinning, work area and lounge along with 4 staterooms and 
bathrooms.   The vessel measures 115 ft in length,  27 ft wide and draws 13 ft when loaded.  The main 
engine is a Caterpillar 398 operating at 850 hp.  The gross tonnage is 199 tons.  Fuel capacity is 44,000 
gallons and cruising speed is 10.5 knots.  The Norseman II operated as a chase/monitoring vessel for the 
Gilavar, and was involved in the deployment and retrieval of acoustic equipment in both the Chukchi and 
Beaufort seas in 2007.   
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MV Kilabuk 

 
 

The Kilabuk is a vessel with ice-breaking capabilities and was used as the chase/monitoring vessel for 
the Gilavar during a portion of the seismic operations in the Beaufort Sea in 2007.  The Kilabuk was built in 
Victoria, B.C., Canada, and was commissioned in 1975.  The Kilabuk is owned by Northern Transportation 
Company Ltd. (NTCL) of Canada and its port of registry is Vancouver, B.C.  The overall length of the Kilabuk 
is 62.5 m (205 ft) and its gross tonnage is 1190 tons.  The vessel is powered by two General Motors EMD 20-
645-E7 turbocharged diesel engines clutched to reduction gears driving open KaMeWa propellers.  The 
maximum speed of the Kilabuk is 15.5 knots with a cruising speed of 12.5 knots.  The fuel capacity of the 
Kilabuk is 570 m3 and the fuel consumption rate is 16 m3 per day at cruising speed.    
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MV Nanuq 

 
The Nanuq is a spill response vessel operated by Edison Chouest Offshore that was used as a 

chase/monitoring vessel in the Chukchi Sea for a portionof the 2007 season.  The total length of the 
Nanuq is 91.9 m (301 ft) with a width of 18.3 m (60 ft).  It is powered by two Caterpillar diesel engines 
and is equipped with a stern thruster and two bow thrusters.  The Nanuq is capable of sailing at 13.5 kt at 
full cargo capacity and has bunk space for 41 plus a hospital room.  There are two 910 kw generators and 
one 166 kw emergency generator.  Clear cargo deck space is 8535 ft2, and mission support equipment 
includes various skimmers, booms, bladders, winches, and pumps.   
 

MV American Islander 

 
 



Appendix H:  Description of Vessels and Equipment    H-9 

The American Islander, owned by American Marine Corporation, was built in 1970 and underwent 
a complete rebuild in 1994.  The American Islander has a length of 30.5 m (100 ft) and is 7 m (24 ft) at 
the beam.   The gross weight is 98 tons.  The vessel is powered by two GM Detroit diesels, Model V-16-
71 and can travel at 12 knots.  The American Islander is equipped with a 15 ton hydraulic crane, deck and 
bow winches, potable water system, and a clear deck space of 1100 ft2.  It can accommodate 40 
passengers plus four crew members, and can sleep 20.  The Ameircan Islander was a chase/monitoring 
vessel for the Gilavar for a short period during the fall seismic activities in the Chukchi Sea.   
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RV Peregrine Falcon 
 

 
 

The RV Peregrine Falcon is a small (94 ft length by 24 ft beam), jet- and prop-driven, aluminum 
landing craft with a 0.76 m (30 in) draft.  The Peregrine Falcon is 29 m (94 ft) in length with a 7 m (24 ft) 
beam.  The Peregrine Falcon  was powered by three 300 hp Cummins diesels, driving two Kodiak model 
403 water jets, and a single four-bladed propeller mounted within a 0.76 m (30 in) recess at the stern.  The 
Peregrine Falcon was used to transfer personnel and equipment from shore to other vessels involved in 
the seismic survey activities.   
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APPENDIX I:  ENGLISH UNIT TABLES FROM CHAPTER 3 
 
Table I.7.  Forward-endfire Sound level threshold radii in miles for the full 3147 cubic inch airgun array 
during the Chukchi seismic survey program. 

 Endfire Range (mi) 
rms SPL (dB 

re µPa) Flat Weighted Mid Frequency 
Cetaceans 

High Frequency 
Cetaceans 

Underwater 
Pinnipeds 

190 0.28 (1476 ft) 0.11 (561 ft) 0.09 (479 ft) 0.14 (735 ft) 
180 0.71 0.30 (1568 ft) 0.25 (1322 ft) 0.42 (2192 ft) 
170 1.80 0.81 0.68 1.18 
160 4.44 2.08 1.75 3.00 
120 36.29 24.86 21.99 31.16 

 
 
Table I.8.  Broadside Sound level threshold radii in miles for the full 3147 cubic inch airgun array. 

 Broadside Range (mi) 
rms SPL (dB 

re µPa) Flat Weighted Mid Frequency 
Cetaceans 

High Frequency 
Cetaceans 

Underwater 
Pinnipeds 

190 0.34 (1788 ft) 0.14 (755 ft) 0.11 (600 ft) 0.21 (1135 ft) 
180 1.53 0.42 (2215 ft) 0.33 (1745 ft) 0.64 
170 2.80 1.20 0.94 1.82 
160 5.03 3.23 2.57 4.72 
120 41.01 40.54 37.32 45.37 

 
 

Table I.9.  Sound level threshold radii in miles for 
the mitigation airgun. 

rms SPL (dB re 
µPa) Endfire Range (mi) 

190 <0.01 (33 ft)* 
180 <0.01 (33 ft)* 
170 0.05 (249 ft)* 
160 0.85 
120 25.54 

* Extrapolated from minimum measurement range 262 ft. 
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Table I.10.  Forward-endfire sound level threshold radii in miles for the full 3147 cubic inch airgun array at 
Sivilluq Prospect in Camden Bay. 

 Endfire Range (mi) 
rms SPL (dB re 

µPa) Flat Weighted Mid Frequency 
Cetaceans 

High Frequency 
Cetaceans 

Underwater 
Pinnipeds 

190 0.47 (2484 ft) 0.04 (197 ft) 0.02 (121 ft) 0.11 (577 ft) 
180 1.39 0.18 (935 ft) 0.11 (594 ft) 0.48 (2520 ft) 
170 3.72 0.80 0.53 (2776 ft) 1.86 
160 8.33 3.03 2.13 5.58 
120 46.49* 36.59* 32.46 41.98* 

* Extrapolated from maximum measurement range of 58.7 km (36.5 mi). 
 
 
Table I.11.  Broadside sound level threshold radii in miles for the full 3147 cubic inch airgun array at 
Sivulliq Prospect in Camden Bay. 

 Broadside Range (mi) 

rms SPL (dB re µPa) Flat Weighted Mid Frequency 
Cetaceans 

High Frequency 
Cetaceans 

Underwater 
Pinnipeds 

190 0.53 (2812 ft) 0.32 (1703 ft) 0.26 (1358 ft) 0.44 (2333 ft) 
180 1.30 0.88 0.72 1.15 
170 2.99 2.24 1.89 2.81 
160 6.27 5.05 4.42 6.05 
120 38.45 33.02 31.14 36.01 

 
 

Table I.12.  Sound level threshold radii in miles for the 30 cubic inch mitigation airgun at 
Sivulliq Prospect in Camden Bay. 

rms SPL (dB re µPa) Best fit range (mi) 90th percentile range(mi) 
190  <0.01 (33 ft)*  <0.01 (33 ft)* 
180 0.01 (49 ft)* 0.01 (79 ft)* 
170 0.23 (1198 ft) 0.29 (1526 ft) 
160 0.78 0.89 
120 14.24 15.29 

* Extrapolated from minimum measurement range of 656 ft. 
 
 

Table I.13.  Sound threshold level radii in miles for 190, 180, 160 
and 120 dB re μPa (rms) from 2 x 10 in3 airgun array. 

rms SPL 90th percentile fit (mi) 
120 dB 6.65 
160 dB 0.37 (1959 ft) 
180 dB 0.03 (167 ft) 
190 dB 0.01 (39 ft) 
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Table I.14.  Sound threshold level radii in miles for 190, 180, 160 
and 120 dB re μPa (rms) from single 10 in3 airgun. 

rms SPL 90th percentile fit (mi) 
120 dB 5.05 
160 dB 0.21 (1093 ft) 
180 dB 0.01 (66 ft) 
190 dB 0.00 (16 ft) 

 
 

Table I.15.  Sound threshold level radii in feet for 160, 150, 140, 130 and 120 dB re μPa (rms) 
from Datasonics SPR-1200 bubble pulser sub-bottom profiler. 

rms SPL Best fit range (ft) 90th percentile fit (ft) 
120 dB 3104 4108 
130 dB 928 1293 
140 dB 249 351 
150 dB 66 92 
160 dB 16 23 

 
 

Table I.16.  Sound threshold level radii in feet for 160, 150, 140, 130 and 120 dB re μPa (rms) 
from the Datasonics CAP6000 Chirp II sub-bottom profiler. 

rms SPL Best fit range (ft) 90th percentile fit (ft) 
120 dB 689 853 
130 dB 187 233 
140 dB 49 59 
150 dB 13 16 
160 dB 3 3 

 
 

Table I.17.  Sound threshold level distances in miles for 190, 180, 
160 and 120 dB re μPa (rms) from 2 x 10 in3 airgun array. 

rms SPL 90th percentile fit (mi) 
190 dB 0.00 (3 ft)* 
180 dB 0.00 (23 ft)* 
160 dB 0.62 
120 dB 15.66 

          * Extrapolated from minimum measurement range of 656 ft. 
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Table I.18.  Sound threshold level radii in feet for 120-170 dB re μPa (rms) for the MV Henry 
Christofferson cruising at 7.4 km/h (4 kt) during operation of the Chirp profiler. 

rms SPL Best fit range (ft) 90th percentile fit (ft) 
120 dB 3540 4390 
130 dB 866 1047 
140 dB 226 276 
150 dB 62 72 
160 dB 16 20 
170 dB 3 7 

 
 

Table I.19.  Sound threshold level radii in feet for 120-180 dB re μPa (rms) for the MV Henry 
Christofferson cruising at full speed (22 km/h or 12 kt). 

rms SPL Best fit range (ft) 90th percentile fit (ft) 
120 dB 5479 (1.04 mi) 8199 (1.55 mi) 
130 dB 1588 2356 
140 dB 466 689 
150 dB 138 203 
160 dB 39 59 
170 dB 13 16 
180 dB 3 7 

 
 

Table I.20.  Sound threshold level distances in feet for 140, 130 and 120 dB re μPa (rms) for 
the MV Henry Christofferson sailing at 6.7 km/h (3.6 kt) with swells. 

rms SPL Best fit range (ft) 90th percentile fit (ft) 
140 dB 72* 89* 
130 dB 627* 755 
120 dB 4101 4724 

* Extrapolated from minimum measurement range of 656 ft. 
 
 

Table I.21.  Sound level threshold radii in miles for the MV Gilavar at 
8.5 km/h (4.6 kt). 

rms SPL (dB re µPa) Best fit range (mi) 
150  0.03 (174 ft)* 
140 0.19 (984 ft)* 
130 0.93** 
120 3.91** 

* Extrapolated from minimum measurement range of 1148 ft. 
** These ranges may be overestimated due to inclusion of reverberation noise from simultaneous and nearby 
mitigation airgun shooting. 
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Table I.22.  Sound level threshold radii in feet for the support vessel MV 
American Islander cruising at 14 km/h (7.8 kt). 

rms SPL (dB re µPa) Range (ft) 
140  82* 
130  427* 
120 2133 

       * Extrapolated from minimum measurement range of 1640 ft. 

 
 

Table I.23.  Sound level threshold radii in feet for the Gulf Provider in 
Camden Bay. 

rms SPL (dB re µPa) Best fit range (ft) 
140 112* 
130 394 
120 1312 

        * Extrapolated from minimum measurement range of 1640 ft. 

 
 

Table I.26-1.  Sound level threshold radii in feet for the airgun array and mitigation gun from seismic 
vessel Gilavar in the Chukchi Sea. 

rms SPL (dB re μPa) 190 180 170 160 120 
Flat Weighted 1476 3740 9514 23458 191601 

Mid Frequency Cetaceans 561 1568 4278 10994 131240 
High Frequency Cetaceans 479 1322 3579 9236 116109 

Airgun Endfire Range (ft) 

Underwater Pinnipeds 735 2192 6211 6211 15860 
Flat Weighted 1788 8104 14764 26575 216535 

Mid Frequency Cetaceans 755 2215 6342 17073 214029 
High Frequency Cetaceans 600 1745 4984 13563 197057 

Airgun Broadside Range (ft) 

Underwater Pinnipeds 1135 3369 9590 24905 239573 
Best Fit <33* <33* 180* 3678 120791 

Mitigation Gun Range (ft) 
90th Percentile <33* <33* 249* 4462 134843 

      * Extrapolated from minimum measurement range 262 ft. 
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Table I.26-2.  Sound level threshold radii in miles for the airgun array and mitigation gun from 
seismic vessel Gilavar in the Chukchi Sea. 

rms SPL (dB re μPa) 190 180 170 160 120 
Flat Weighted 0.28 0.71 1.80 4.44 36.29 

Mid Frequency Cetaceans 0.11 0.30 0.81 2.08 24.86 
High Frequency Cetaceans 0.09 0.25 0.68 1.75 21.99 

Airgun Endfire Range (mi) 

Underwater Pinnipeds 0.14 0.42 1.18 1.18 3.00 
Flat Weighted 0.34 1.53 2.80 5.03 41.01 

Mid Frequency Cetaceans 0.14 0.42 1.20 3.23 40.54 
High Frequency Cetaceans 0.11 0.33 0.94 2.57 37.32 

Airgun Broadside Range (mi) 

Underwater Pinnipeds 0.21 0.64 1.82 4.72 45.37 
Best Fit <0.01* <0.01* 0.03* 0.70 22.88 

Mitigation Gun Range (mi) 
90th Percentile <0.01* <0.01* 0.05* 0.85 25.54 

           * Extrapolated from minimum measurement range 0.05 mi. 
 
 

Table I.27-1.  Sound level threshold radii in feet for the airgun array and mitigation gun from seismic 
vessel Gilavar in Camden Bay. 

rms SPL (dB re μPa) 190 180 170 160 120 
Flat Weighted 2484 7365 19639 43980 245449* 

Mid Frequency Cetaceans 197 935 4236 15981 193196* 
High Frequency Cetaceans 121 594 2776 11270 171385 

Airgun Endfire Range (ft) 

Underwater Pinnipeds 577 2520 9806 29462 221677* 
Flat Weighted 2812 6850 15787 33084 203041 

Mid Frequency Cetaceans 1703 4636 11808 26667 174367 
High Frequency Cetaceans 1358 3796 9977 23317 164432 

Airgun Broadside Range (ft) 

Underwater Pinnipeds 2333 6093 14820 31942 190131 
Best Fit <33** 49** 1198 4137 75167 

Mitigation Gun Range (ft) 
90th Percentile <33** 79** 1526 4721 80709 

     * Extrapolated from maximum measurement range of 58.7 km (36.5 mi). 
     ** Extrapolated from minimum measurement range of 656 ft. 
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Table I.27-2.  Sound level threshold radii in miles for the airgun array and mitigation gun from 
seismic vessel Gilavar in Camden Bay. 

rms SPL (dB re μPa) 190 180 170 160 120 
Flat Weighted 0.47 1.39 3.72 8.33 46.49* 

Mid Frequency Cetaceans 0.04 0.18 0.80 3.03 36.59* 
High Frequency Cetaceans 0.02 0.11 0.53 2.13 32.46 

Airgun Endfire Range (mi) 

Underwater Pinnipeds 0.11 0.48 1.86 5.58 41.98* 
Flat Weighted 0.53 1.30 2.99 6.27 38.45 

Mid Frequency Cetaceans 0.32 0.88 2.24 5.05 33.02 
High Frequency Cetaceans 0.26 0.72 1.89 4.42 31.14 

Airgun Broadside Range (mi) 

Underwater Pinnipeds 0.44 1.15 2.81 6.05 36.01 
Best Fit <0.01** 0.01** 0.23 0.78 14.24 

Mitigation Gun Range (mi) 
90th Percentile <0.01** 0.01** 0.29 0.89 15.29 

      * Extrapolated from maximum measurement range of 58.7 km (36.5 mi). 
          ** Extrapolated from minimum measurement range of 656 ft. 
 
 

Table I.28.  Maxima of Broadside and Forward-endfire direction flat 
weighted sound level radii in miles for the full 3147 cubic inch airgun 
array in Camden Bay. 

rms SPL (dB re µPa) Maximum distance (mi) 
190 0.53 (2798 ft) 
180 1.39 
170 3.72 
160 8.33 
120 46.49* 

         *Extrapolated from maximum measurement range of 58.7 km (36.5 mi). 
 
 

Table I.29.  Sound level threshold radii in feet for airgun(s) and sub-bottom profilers from 
seismic vessel Henry Chistofferson at Beechey Point. 

rms SPL (dB re μPa) 190 180 170 160 120 

2 × 10 in3 Airgun Array Range (ft) 90th Percentile 39 167  1959 35105 (6.65 mi) 

Single 10 in3 Airgun Range (ft) 90th Percentile 16 66  1093 26673 (5.05 mi) 

Best Fit 16 66 249 928 3104 (0.59 mi) 
Bubble Pulser Range (ft) 

90th Percentile 23 92 351 1293 4108 (0.78 mi) 
Best Fit 3 13 49 187 689 

Chirp II Range (ft) 
90th Percentile 3 16 59 233 853 
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Table I.30.  Sound level threshold radii in miles for airgun array from seismic vessel 
Henry Christofferson in Camden Bay. 

rms SPL (dB re μPa) 190 180 160 120 

2 × 10 in3 Airgun Array Range (mi) 90th Percentile 0.00 (3 ft)* 0.00 (23 ft)* 0.62 15.66 

              * Extrapolated from minimum measurement range of 656 ft. 
 
 
Table I.31.  Sound threshold level radii in feet for 180-120 dB re μPa (rms) for the vessels used in SOI’s 
2007 Seismic Survey and Shallow Hazards programs. 

rms SPL (dB re μPa) 180 170 160 150 140 130 120 
Best Fit  3 16 62 226 866 3540 

Henry C in Beechey Point at 
7.4 km/h (4 kt) Range (ft)* 90th Percentile  7 20 72 276 1047 4390 

(0.83 mi) 
Best Fit 3 13 39 138 466 1588 5479 

(1.04 mi) Henry C in Beechey Point at 
22 km/h (12 kt) Range (ft) 90th Percentile 7 16 59 203 689 2356 8199 

(1.55 mi) 
Best Fit     72** 627 4101 

(0.78 mi) Henry C in Camden Bay at 
6.7 km/h (3.6 kt) Range (ft) 90th Percentile     89** 755 4724 

(0.89 mi) 

Gilavar at 8.5 km/h (4.6 kt) in 
Camden Bay Range (ft) Best Fit    174† 984† 4921†† 

20669 
(3.91 
mi)†† 

American Islander at 14 
km/h (7.8 kt) in Camden Bay 

Range (ft) 
Best Fit     82††† 427††† 2133 

Gulf Provider at 18 km/h (9.7 
kt) in Camden Bay Range (ft) Best Fit     112††† 394 1312 

Maxime at 12 km/h (6.5 kt) in 
Prudhoe Bay Range (ft) Best Fit      82 381 

Mikkelsen Bay at 10 km/h 
(5.5 kt) in Prudhoe Bay 

Range (ft) 
Best Fit       554 

Jim Kilabuk at 8.3 km/h (4.5 
kt) in Prudhoe Bay Range (ft) Best Fit      1148 4839 

(0.92 mi) 
Norseman II at 19 km/h (10 

kt) in Prudhoe Bay Range (ft) Best Fit      397 1969 

        * The Chirp II profiler was operating during this pass due to miscommunication with the ship crew. 
        ** Extrapolated from minimum measurement range of 656 ft. 
       † Extrapolated from minimum measurement range of 1148 ft. 
       †† These ranges may be overestimated due to inclusion of reverberation noise from simultaneous and nearby mitigation airgun 
        shooting. 
       ††† Extrapolated from minimum measurement range of 1640 ft. 
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APPENDIX J:  DEFINITIONS OF BEAUFORT WIND FORCES 
 

WIND SPEED 

KNOTS M/S 

BEAUFORT 
WIND 

FORCE 

WORLD 
METEOROLOGICAL 

ORGANIZATION TERMS

WAVE 
HEIGHT 

(M) 
DESCRIPTION 

<1 <0.5 0 Calm 0 Glassy like a mirror 
1-3 0.5-1.5 1 Light air <0.1 Ripples with the appearance of scales but 

no whitecaps or foam crests 
4-6 2.1-3.1 2 Light breeze 0-0.1 Small wavelets, crests have a glassy 

appearance but do not break (no 
whitecaps) 

7-10 3.6-5.1 3 Gentle breeze 0.1-0.5 Smooth large wavelets, crests begin to 
break, occasional/scattered whitecaps 

11-16 5.7-8.2 4 Moderate breeze 0.5-1.2 Slight; small fairly frequent whitecaps 
17-21 8.7-10.8 5 Fresh breeze 1.2-2.4 Moderate waves becoming longer, some 

spray, frequent moderate whitecaps 
22-27 11.3-13.9 6 Strong breeze 2.4-4 Rough, larger waves, longer-formed 

waves, many large whitecaps 
28-33 14.4-17.0 7 Near gale 4-6 Very rough, large waves forming, white 

foam crests everywhere, spray is present 
34-40 17.5-20.6 8 Gale   
41-47 21.1-24.2 9 Strong gale   
48-55 24.7-28.3 10 Storm 6-9 High 
56-63 28.8-32.4 11 Violent storm 9-14 Very high 
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