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Hp VOC CO NOx SOx PM10 CO2EQ
Crane 250 0.0778 0.2948 1.1241 0.0014 0.0516 73.3462
Fork Lift 120 0.0253 0.2176 0.2634 0.0004 0.0220 19.3615
Man Lift 120 0.0101 0.2425 0.1976 0.0005 0.0101 26.7116
Welder Electric 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Air Compressor 50 0.0380 0.2546 0.1950 0.0004 0.0177 20.7119
Generator 50 0.0380 0.2639 0.1950 0.0004 0.0177 20.7119
Light Plant 50 0.0380 0.3456 0.1950 0.0004 0.0177 20.7119
Track Excavator 120 0.0306 0.5177 0.3698 0.0007 0.0278 36.1744
Scraper 250 0.1534 0.6408 2.2020 0.0024 0.1012 126.2025
Backhoe 120 0.0344 0.3529 0.3949 0.0007 0.0315 36.1695
Front End Loader 120 0.0344 0.3529 0.3949 0.0007 0.0315 36.1695
3-yd Loader 175 0.0438 0.5861 0.6229 0.0012 0.0315 61.7966
Grader 500 0.0660 0.6289 0.9806 0.0026 0.0373 140.4933
Skip Loader 120 0.0344 0.3529 0.3949 0.0007 0.0315 36.1695
Trash Pump 50 0.0339 0.1004 0.1493 0.0003 0.0147 15.6525
Trash Pump 50 0.0339 0.3116 0.1493 0.0003 0.0147 15.6525
Ditch Witch 50 0.0471 0.1355 0.2428 0.0005 0.0224 26.1733
Roller 120 0.0436 0.4063 0.4850 0.0007 0.0362 38.3436
(1) OFFROAD2011 emissions except for CO, which are from the OFFROAD2007.

Hp VOC CO NOx SOx PM10 CO2EQ
Crane 250 0.0753 0.2817 1.0834 0.0014 0.0497 73.3415
Fork Lift 120 0.0240 0.2158 0.2500 0.0004 0.0209 19.3615
Man Lift 120 0.0084 0.2400 0.1696 0.0005 0.0081 26.7116
Welder Electric 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Air Compressor 50 0.0374 0.2446 0.1937 0.0004 0.0175 20.7137
Generator 50 0.0374 0.2545 0.1937 0.0004 0.0175 20.7137
Light Plant 50 0.0374 0.3331 0.1937 0.0004 0.0175 20.7137
Track Excavator 120 0.0292 0.5137 0.3533 0.0007 0.0263 36.1863
Scraper 250 0.1467 0.6146 2.1091 0.0024 0.0964 126.1285
Backhoe 120 0.0323 0.3503 0.3747 0.0007 0.0294 36.0979
Front End Loader 120 0.0323 0.3503 0.3747 0.0007 0.0294 36.0979
3-yd Loader 175 0.0409 0.5857 0.5774 0.0012 0.0290 61.7668
Grader 500 0.0686 0.5992 0.9810 0.0026 0.0377 140.4799
Skip Loader 120 0.0323 0.3503 0.3747 0.0007 0.0294 36.0979
Trash Pump 50 0.0332 0.0959 0.1476 0.0003 0.0144 15.6525
Trash Pump 50 0.0332 0.3004 0.1476 0.0003 0.0144 15.6525
Ditch Witch 50 0.0462 0.1355 0.2404 0.0005 0.0221 26.1684
Roller 120 0.0413 0.4030 0.4591 0.0007 0.0342 38.3145
(1) OFFROAD2011 emissions except for CO, which are from the OFFROAD2007.

Hp VOC CO NOx SOx PM10 CO2EQ
Crane 250 0.0567 0.2713 0.5684 0.0006 0.0422 29.8511
Fork Lift 120 0.0232 0.2143 0.2409 0.0004 0.0202 19.3615
Man Lift 120 0.0079 0.2377 0.1566 0.0005 0.0072 26.7116
Welder Electric 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Air Compressor 50 0.0377 0.2360 0.1937 0.0004 0.0175 20.7115
Generator 50 0.0377 0.2465 0.1937 0.0004 0.0175 20.7115
Light Plant 50 0.0377 0.3227 0.1937 0.0004 0.0175 20.7115
Track Excavator 120 0.0289 0.5102 0.3456 0.0007 0.0257 36.1904
Scraper 250 0.1443 0.5906 2.0728 0.0024 0.0946 126.1095
Backhoe 120 0.0316 0.3480 0.3641 0.0007 0.0285 36.0740
Front End Loader 120 0.0316 0.3480 0.3641 0.0007 0.0285 36.0740
3-yd Loader 175 0.0407 0.5853 0.5655 0.0012 0.0286 61.7679
Grader 500 0.0712 0.5739 0.9830 0.0026 0.0381 140.4726
Skip Loader 120 0.0316 0.3480 0.3641 0.0007 0.0285 36.0740
Trash Pump 50 0.0327 0.0919 0.1461 0.0003 0.0141 15.6525
Trash Pump 50 0.0327 0.2910 0.1461 0.0003 0.0141 15.6525
Ditch Witch 50 0.0458 0.1355 0.2382 0.0005 0.0217 26.1595
Roller 120 0.0406 0.4000 0.4506 0.0007 0.0336 38.3134
(1) OFFROAD2011 emissions except for CO, which are from the OFFROAD2007.

Equipment Type
2014 Emission Factors lb/hr(1)

Equipment Type
2015 Emission Factors lb/hr(1)
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Equipment Hours (hr/day) 1 2 3 4 5 6 7
Crane 6 2 3 3 3
Fork Lift 2 1 1 2 2 3 3 3
Man Lift 8 4 4 4 4
Welder 8 8 8 8 8
Air Compressor 8 2 2 2 2 2 2 2
Generator 8 3 3 3 3
Light Plant 8 2 2 2
Track Excavator 8 2
Scraper 7 3 3
Backhoe 4 1 2 2 2 2
Front End Loader 8 1 1 1 1 1 1 0
3-yd Loader 8 1 1 1 1
Grader 8 2 2 2 2 1 1 1
Skip Loader 4 1 1 1 2
Trash Pump 8 2 2 2
Trash Pump 8 2 2
Ditch Witch 8
Roller 8 2 2 1 1

Emission Rate 
(lb/hr)

VOC 2013 1 2 3 4 5 6 7
Crane 0.078 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.93 1.40 1.40 1.40
Fork Lift 0.025 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.10 0.10 0.15 0.15 0.15
Man Lift 0.010 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.32 0.32 0.32
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 0.038 0.00 0.00 0.00 0.00 0.00 0.61 0.61 0.61 0.61 0.61 0.61 0.61
Generator 0.038 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.91 0.91 0.91 0.91
Light Plant 0.038 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.61 0.61 0.61
Track Excavator 0.031 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.49 0.00 0.00 0.00 0.00
Scraper 0.153 0.00 0.00 0.00 0.00 0.00 3.22 3.22 0.00 0.00 0.00 0.00 0.00
Backhoe 0.034 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.27 0.27 0.27 0.27
Front End Loader 0.034 0.00 0.00 0.00 0.00 0.00 0.27 0.27 0.27 0.27 0.27 0.27 0.00
3-yd Loader 0.044 0.00 0.00 0.00 0.00 0.00 0.35 0.35 0.35 0.35 0.00 0.00 0.00
Grader 0.066 0.00 0.00 0.00 0.00 0.00 1.06 1.06 1.06 1.06 0.53 0.53 0.53
Skip Loader 0.034 0.00 0.00 0.00 0.00 0.00 0.14 0.14 0.14 0.27 0.00 0.00 0.00
Trash Pump 0.034 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.54 0.54 0.00
Trash Pump 0.034 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.54 0.00 0.00
Ditch Witch 0.047 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 0.044 0.00 0.00 0.00 0.00 0.00 0.70 0.70 0.35 0.35 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 6.39 6.39 3.50 6.54 6.17 5.62 4.81

Emission Rate 
(lb/hr)

CO 2013 1 2 3 4 5 6 7
Crane 0.295 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.54 5.31 5.31 5.31
Fork Lift 0.218 0.00 0.00 0.00 0.00 0.00 0.44 0.44 0.87 0.87 1.31 1.31 1.31
Man Lift 0.243 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.76 7.76 7.76 7.76
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 0.255 0.00 0.00 0.00 0.00 0.00 4.07 4.07 4.07 4.07 4.07 4.07 4.07
Generator 0.264 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.33 6.33 6.33 6.33
Light Plant 0.346 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.53 5.53 5.53
Track Excavator 0.518 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.28 0.00 0.00 0.00 0.00
Scraper 0.641 0.00 0.00 0.00 0.00 0.00 13.46 13.46 0.00 0.00 0.00 0.00 0.00
Backhoe 0.353 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.41 2.82 2.82 2.82 2.82
Front End Loader 0.353 0.00 0.00 0.00 0.00 0.00 2.82 2.82 2.82 2.82 2.82 2.82 0.00
3-yd Loader 0.586 0.00 0.00 0.00 0.00 0.00 4.69 4.69 4.69 4.69 0.00 0.00 0.00
Grader 0.629 0.00 0.00 0.00 0.00 0.00 10.06 10.06 10.06 10.06 5.03 5.03 5.03
Skip Loader 0.353 0.00 0.00 0.00 0.00 0.00 1.41 1.41 1.41 2.82 0.00 0.00 0.00
Trash Pump 0.100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.61 1.61 1.61 0.00
Trash Pump 0.312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.99 4.99 0.00 0.00
Ditch Witch 0.136 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 0.406 0.00 0.00 0.00 0.00 0.00 6.50 6.50 3.25 3.25 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 43.45 43.45 36.87 55.64 47.58 42.59 38.16

Emission Rate 
(lb/hr)

NOX 2013 1 2 3 4 5 6 7
Crane 1.124 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.49 20.23 20.23 20.23
Fork Lift 0.263 0.00 0.00 0.00 0.00 0.00 0.53 0.53 1.05 1.05 1.58 1.58 1.58
Man Lift 0.198 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.32 6.32 6.32 6.32
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 0.195 0.00 0.00 0.00 0.00 0.00 3.12 3.12 3.12 3.12 3.12 3.12 3.12
Generator 0.195 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.68 4.68 4.68 4.68
Light Plant 0.195 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.12 3.12 3.12
Track Excavator 0.370 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.92 0.00 0.00 0.00 0.00
Scraper 2.202 0.00 0.00 0.00 0.00 0.00 46.24 46.24 0.00 0.00 0.00 0.00 0.00
Backhoe 0.395 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.58 3.16 3.16 3.16 3.16
Front End Loader 0.395 0.00 0.00 0.00 0.00 0.00 3.16 3.16 3.16 3.16 3.16 3.16 0.00
3-yd Loader 0.623 0.00 0.00 0.00 0.00 0.00 4.98 4.98 4.98 4.98 0.00 0.00 0.00
Grader 0.981 0.00 0.00 0.00 0.00 0.00 15.69 15.69 15.69 15.69 7.85 7.85 7.85
Skip Loader 0.395 0.00 0.00 0.00 0.00 0.00 1.58 1.58 1.58 3.16 0.00 0.00 0.00
Trash Pump 0.149 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.39 2.39 2.39 0.00
Trash Pump 0.149 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.39 2.39 0.00 0.00
Ditch Witch 0.243 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 0.485 0.00 0.00 0.00 0.00 0.00 7.76 7.76 3.88 3.88 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 83.06 83.06 40.96 67.47 58.00 55.61 50.06
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Emission Rate 
(lb/hr)

SOx 2013 1 2 3 4 5 6 7
Crane 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.02
Fork Lift 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Man Lift 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.02
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 0.000 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Generator 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01
Light Plant 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01
Track Excavator 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Scraper 0.002 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.00 0.00 0.00 0.00 0.00
Backhoe 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01
Front End Loader 0.001 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00
3-yd Loader 0.001 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00
Grader 0.003 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.04 0.04 0.02 0.02 0.02
Skip Loader 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Trash Pump 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Trash Pump 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ditch Witch 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 0.001 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.13 0.13 0.09 0.13 0.11 0.10 0.09

Emission Rate 
(lb/hr)

PM10 2013 1 2 3 4 5 6 7
Crane 0.052 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.62 0.93 0.93 0.93
Fork Lift 0.022 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.09 0.09 0.13 0.13 0.13
Man Lift 0.010 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.32 0.32 0.32
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 0.018 0.00 0.00 0.00 0.00 0.00 0.28 0.28 0.28 0.28 0.28 0.28 0.28
Generator 0.018 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.43 0.43 0.43 0.43
Light Plant 0.018 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.28 0.28
Track Excavator 0.028 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.00 0.00 0.00 0.00
Scraper 0.101 0.00 0.00 0.00 0.00 0.00 2.13 2.13 0.00 0.00 0.00 0.00 0.00
Backhoe 0.031 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.25 0.25 0.25 0.25
Front End Loader 0.031 0.00 0.00 0.00 0.00 0.00 0.25 0.25 0.25 0.25 0.25 0.25 0.00
3-yd Loader 0.032 0.00 0.00 0.00 0.00 0.00 0.25 0.25 0.25 0.25 0.00 0.00 0.00
Grader 0.037 0.00 0.00 0.00 0.00 0.00 0.60 0.60 0.60 0.60 0.30 0.30 0.30
Skip Loader 0.031 0.00 0.00 0.00 0.00 0.00 0.13 0.13 0.13 0.25 0.00 0.00 0.00
Trash Pump 0.015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.24 0.24 0.00
Trash Pump 0.015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.24 0.00 0.00
Ditch Witch 0.022 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 0.036 0.00 0.00 0.00 0.00 0.00 0.58 0.58 0.29 0.29 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 4.26 4.26 2.46 4.11 3.65 3.42 2.93

Emission Rate 
(lb/hr)

CO2EQ 2013 1 2 3 4 5 6 7
Crane 73.346 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 880.15 1320.23 1320.23 1320.23
Fork Lift 19.362 0.00 0.00 0.00 0.00 0.00 38.72 38.72 77.45 77.45 116.17 116.17 116.17
Man Lift 26.712 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 854.77 854.77 854.77 854.77
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 20.712 0.00 0.00 0.00 0.00 0.00 331.39 331.39 331.39 331.39 331.39 331.39 331.39
Generator 20.712 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 497.09 497.09 497.09 497.09
Light Plant 20.712 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 331.39 331.39 331.39
Track Excavator 36.174 0.00 0.00 0.00 0.00 0.00 0.00 0.00 578.79 0.00 0.00 0.00 0.00
Scraper 126.202 0.00 0.00 0.00 0.00 0.00 2650.25 2650.25 0.00 0.00 0.00 0.00 0.00
Backhoe 36.169 0.00 0.00 0.00 0.00 0.00 0.00 0.00 144.68 289.36 289.36 289.36 289.36
Front End Loader 36.169 0.00 0.00 0.00 0.00 0.00 289.36 289.36 289.36 289.36 289.36 289.36 0.00
3-yd Loader 61.797 0.00 0.00 0.00 0.00 0.00 494.37 494.37 494.37 494.37 0.00 0.00 0.00
Grader 140.493 0.00 0.00 0.00 0.00 0.00 2247.89 2247.89 2247.89 2247.89 1123.95 1123.95 1123.95
Skip Loader 36.169 0.00 0.00 0.00 0.00 0.00 144.68 144.68 144.68 289.36 0.00 0.00 0.00
Trash Pump 15.652 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 250.44 250.44 250.44 0.00
Trash Pump 15.652 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 250.44 250.44 0.00 0.00
Ditch Witch 26.173 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 38.344 0.00 0.00 0.00 0.00 0.00 613.50 613.50 306.75 306.75 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 6810.16 6810.16 4615.35 7058.81 5654.57 5404.14 4864.34
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Equipment Hours (hr/day) 8 9 10 11 12 13 14 15 16 17 18
Crane 6 3 3 2 2 2 2 2 2 2 2 2
Fork Lift 2 3 3
Man Lift 8 4 4 4 4 4 4 4 4 3 2 2
Welder 8 8 8 8 8 8 8 8 8 8 6 6
Air Compressor 8 2 2 1 1 1 1
Generator 8 3 3 3 3 3 3 3 3 3 2 2
Light Plant 8 2 2
Track Excavator 8
Scraper 8
Backhoe 4 2 2 1 1 1 2
Front End Loader 8 0 0 1 1 1
3-yd Loader 8 1 1 1 1 1
Grader 8 1 1 1 1
Skip Loader 4 1 2 2 2 2 2 2 2 1
Trash Pump 8 2 2 2
Trash Pump 8
Ditch Witch 8 2 1
Roller 8 2 1 2 1 1 1 1 1

Emission Rate 
(lb/hr)

VOC 2014 8 9 10 11 12 13 14 15 16 17 18
Crane 0.075 1.35 1.35 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.00
Fork Lift 0.024 0.14 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Man Lift 0.008 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.20 0.13 0.13 0.00
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 0.037 0.60 0.60 0.30 0.30 0.30 0.30 0.00 0.00 0.00 0.00 0.00 0.00
Generator 0.037 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.60 0.60 0.00
Light Plant 0.037 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.60 0.00
Track Excavator 0.029 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Scraper 0.147 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Backhoe 0.032 0.26 0.26 0.13 0.13 0.13 0.26 0.00 0.00 0.00 0.00 0.00 0.00
Front End Loader 0.032 0.00 0.00 0.26 0.26 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3-yd Loader 0.041 0.33 0.33 0.33 0.33 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Grader 0.069 0.55 0.55 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Skip Loader 0.032 0.13 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.13 0.00 0.00 0.00
Trash Pump 0.033 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.53 0.53 0.00 0.00 0.00
Trash Pump 0.033 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ditch Witch 0.046 0.00 0.74 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 0.041 0.66 0.33 0.66 0.33 0.33 0.00 0.00 0.33 0.33 0.33 0.00 0.00

5.19 5.73 4.92 4.22 3.67 2.89 2.86 3.19 2.99 2.57 2.23 0.00

Emission Rate 
(lb/hr)

CO 2014 8 9 10 11 12 13 14 15 16 17 18
Crane 0.282 5.07 5.07 3.38 3.38 3.38 3.38 3.38 3.38 3.38 3.38 3.38 0.00
Fork Lift 0.216 1.29 1.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Man Lift 0.240 7.68 7.68 7.68 7.68 7.68 7.68 7.68 7.68 5.76 3.84 3.84 0.00
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 0.245 3.91 3.91 1.96 1.96 1.96 1.96 0.00 0.00 0.00 0.00 0.00 0.00
Generator 0.254 6.11 6.11 6.11 6.11 6.11 6.11 6.11 6.11 6.11 4.07 4.07 0.00
Light Plant 0.333 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.33 5.33 0.00
Track Excavator 0.514 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Scraper 0.615 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Backhoe 0.350 2.80 2.80 1.40 1.40 1.40 2.80 0.00 0.00 0.00 0.00 0.00 0.00
Front End Loader 0.350 0.00 0.00 2.80 2.80 2.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3-yd Loader 0.586 4.69 4.69 4.69 4.69 4.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Grader 0.599 4.79 4.79 4.79 4.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Skip Loader 0.350 1.40 2.80 2.80 2.80 2.80 2.80 2.80 2.80 1.40 0.00 0.00 0.00
Trash Pump 0.096 0.00 0.00 0.00 0.00 0.00 0.00 1.53 1.53 1.53 0.00 0.00 0.00
Trash Pump 0.300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ditch Witch 0.136 0.00 2.17 1.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 0.403 6.45 3.22 6.45 3.22 3.22 0.00 0.00 3.22 3.22 3.22 0.00 0.00

44.20 44.54 43.14 38.83 34.04 24.73 21.51 24.73 21.41 19.85 16.62 0.00

Emission Rate 
(lb/hr)

NOX 2014 8 9 10 11 12 13 14 15 16 17 18
Crane 1.083 19.50 19.50 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00
Fork Lift 0.250 1.50 1.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Man Lift 0.170 5.43 5.43 5.43 5.43 5.43 5.43 5.43 5.43 4.07 2.71 2.71 0.00
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 0.194 3.10 3.10 1.55 1.55 1.55 1.55 0.00 0.00 0.00 0.00 0.00 0.00
Generator 0.194 4.65 4.65 4.65 4.65 4.65 4.65 4.65 4.65 4.65 3.10 3.10 0.00
Light Plant 0.194 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.10 3.10 0.00
Track Excavator 0.353 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Scraper 2.109 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Backhoe 0.375 3.00 3.00 1.50 1.50 1.50 3.00 0.00 0.00 0.00 0.00 0.00 0.00
Front End Loader 0.375 0.00 0.00 3.00 3.00 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3-yd Loader 0.577 4.62 4.62 4.62 4.62 4.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Grader 0.981 7.85 7.85 7.85 7.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Skip Loader 0.375 1.50 3.00 3.00 3.00 3.00 3.00 3.00 3.00 1.50 0.00 0.00 0.00
Trash Pump 0.148 0.00 0.00 0.00 0.00 0.00 0.00 2.36 2.36 2.36 0.00 0.00 0.00
Trash Pump 0.148 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ditch Witch 0.240 0.00 3.85 1.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 0.459 7.35 3.67 7.35 3.67 3.67 0.00 0.00 3.67 3.67 3.67 0.00 0.00

58.49 60.16 53.86 48.26 40.41 30.62 28.44 32.11 29.26 25.59 21.91 0.00

Appendix A
Phillips 66 Carson Plant

Crude Oil Storage Capacity Project
Construction Equipment Emissions

Year 2

Year 2

Total

Year 2

Total

Year 2

Total

M:\MC\2778 P66 - Crude Capacity Project\2778 Appendix A (rev3).xlsx: Equipment Yr2 8/1/2013

Appendix A

A-5



Emission Rate 
(lb/hr)

SOx 2014 8 9 10 11 12 13 14 15 16 17 18
Crane 0.001 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.00
Fork Lift 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Man Lift 0.001 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.00
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 0.000 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Generator 0.000 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00
Light Plant 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
Track Excavator 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Scraper 0.002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Backhoe 0.001 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Front End Loader 0.001 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3-yd Loader 0.001 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Grader 0.003 0.02 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Skip Loader 0.001 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Trash Pump 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Trash Pump 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ditch Witch 0.000 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 0.001 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.00

0.11 0.11 0.10 0.09 0.07 0.06 0.05 0.06 0.05 0.04 0.04 0.00

Emission Rate 
(lb/hr)

PM10 2014 8 9 10 11 12 13 14 15 16 17 18
Crane 0.050 0.89 0.89 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.00
Fork Lift 0.021 0.13 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Man Lift 0.008 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.19 0.13 0.13 0.00
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 0.017 0.28 0.28 0.14 0.14 0.14 0.14 0.00 0.00 0.00 0.00 0.00 0.00
Generator 0.017 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.28 0.28 0.00
Light Plant 0.017 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.28 0.00
Track Excavator 0.026 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Scraper 0.096 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Backhoe 0.029 0.24 0.24 0.12 0.12 0.12 0.24 0.00 0.00 0.00 0.00 0.00 0.00
Front End Loader 0.029 0.00 0.00 0.24 0.24 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3-yd Loader 0.029 0.23 0.23 0.23 0.23 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Grader 0.038 0.30 0.30 0.30 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Skip Loader 0.029 0.12 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.12 0.00 0.00 0.00
Trash Pump 0.014 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.23 0.23 0.00 0.00 0.00
Trash Pump 0.014 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ditch Witch 0.022 0.00 0.35 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 0.034 0.55 0.27 0.55 0.27 0.27 0.00 0.00 0.27 0.27 0.27 0.00 0.00

3.41 3.61 3.26 2.81 2.51 1.89 1.74 2.01 1.83 1.56 1.28 0.00

Emission Rate 
(lb/hr)

CO2EQ 2014 8 9 10 11 12 13 14 15 16 17 18
Crane 73.341 1320.15 1320.15 880.10 880.10 880.10 880.10 880.10 880.10 880.10 880.10 880.10 0.00
Fork Lift 19.362 116.17 116.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Man Lift 26.712 854.77 854.77 854.77 854.77 854.77 854.77 854.77 854.77 641.08 427.39 427.39 0.00
Welder 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Air Compressor 20.714 331.42 331.42 165.71 165.71 165.71 165.71 0.00 0.00 0.00 0.00 0.00 0.00
Generator 20.714 497.13 497.13 497.13 497.13 497.13 497.13 497.13 497.13 497.13 331.42 331.42 0.00
Light Plant 20.714 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 331.42 331.42 0.00
Track Excavator 36.186 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Scraper 126.128 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Backhoe 36.098 288.78 288.78 144.39 144.39 144.39 288.78 0.00 0.00 0.00 0.00 0.00 0.00
Front End Loader 36.098 0.00 0.00 288.78 288.78 288.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3-yd Loader 61.767 494.13 494.13 494.13 494.13 494.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Grader 140.480 1123.84 1123.84 1123.84 1123.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Skip Loader 36.098 144.39 288.78 288.78 288.78 288.78 288.78 288.78 288.78 144.39 0.00 0.00 0.00
Trash Pump 15.652 0.00 0.00 0.00 0.00 0.00 0.00 250.44 250.44 250.44 0.00 0.00 0.00
Trash Pump 15.652 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ditch Witch 26.168 0.00 418.69 209.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Roller 38.314 613.03 306.52 613.03 306.52 306.52 0.00 0.00 306.52 306.52 306.52 0.00 0.00

5783.81 6040.38 5560.02 5044.15 3920.31 2975.27 2771.22 3077.74 2719.65 2276.84 1970.32 0.00
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Vehicle Miles/Trip Trips/Day
Mechanics Trucks 0.05 4
Total Light Vehicle Miles 0.2

Delivery Trucks 0.05 0
Total Medium Truck Miles 0

Haul Trucks 0.05 2
Dump Trucks 0.05 4
Water Trucks 0.5 3
Total Heavy Truck Miles 1.8

Backhoe 0.5 3
Loader 0.5 2
Trencher 0.5 2
Excavator 1 2
Grader/Scraper 1 6
Total Heavy-Heavy Duty Miles 11.5

PM10
Emission Rate 

(lb/mi)(1) Emissions (lb/day)
Light Duty 0.9052149 0.18
Medium Duty 1.2907494 0.00
Heavy Duty 2.0273082 3.65
Heavy Heavy Duty 2.2006518 25.31

29.14
11.36

(1) Based on Section 13.2.2 of EPA’s Compilation of Air Pollutant Emission Factors (AP-42).
          Emission Rate = 1.5((s/12)^.9)*((W/3)^.45)
          s = silt content = 7.5%
         W = Vehicle Weight (ton) =2.5 for light, 5.5 for medium, 15 for heavy, 
         and 18 for heavy heavy (EMFAC2007).
(2)  Controlled Emissions assume that watering 3 times per day reduces emissions by 
        61 percent (Uncontrolled Emissions x 0.39)

Controlled Total(2)

Appendix A
Phillips 66 Carson Plant

Crude Oil Storage Capacity Project
Offroad Construction Vehicle Dust Emissions

Uncontrolled Total

M:\MC\2778 P66 - Crude Capacity Project\2778 Appendix A (rev3).xlsx: Offroad Vehicle Dust - Peak 8/1/2013
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CO VOC NOx SOx PM10 PM2.5
Peak Construction Emissions 55.64 83.06 46.56 20.15
Screening Value(1)(2) 7,558 NA 142 NA 158 93
Significant? NO - NO - NO NO

      (October 2009).
(2)  1 acre site located in SRA No. 4 at 500 meters.

Appendix A
Phillips 66 Carson Plant

Crude Oil Storage Capacity Project
LST Analysis for Construction Emissions

On-site Source Emissions (lbs/day)

(1)  Screening values for LST analysis from SCAQMD Final Localized Significance Threshold Methodology, Appendix C 

M:\MC\2778 P66 - Crude Capacity Project\2778 Appendix A (rev3).xlsx: LST Screening

Appendix A

A-14



Sources  VOC (lb/day)(1)

Existing Tank 510 Emissions(2)                         7.52 
Existing Tank 511 Emissions(2)                         9.22 
Total Baseline Emissions                      16.74 
Modified Tank 510 Crude Tank                       17.04 
Modified Tank 511 Crude Tank                       17.04 
New Tank 2640 Crude Tank(3)                       19.54 
New Tank 2643 Crude Tank(3)                         4.27 
New Fugitive Emissions                         9.67 
Total Proposed Project Emissions                      67.57 
Net Emissions                      50.83 
Significance Threshold                      55.00 
Significant?  NO 

(3) Tank leg emissions scaled for 4" legs.

(1) Peak daily emissions based on peak month in TANKS 4.0 models for each tank.
(2) Based on TANKS 4.0 model with 2010 throughputs.

Appendix A
Phillips 66 Carson Plant

Increase Crude Capacity Project
Peak Operational VOC Emissions
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GHG from Electrical Demand
Electrical Demand 25 kW
Hours of Operation 8760 per year
Total Electrical Demand 219 MWh/yr
CO2e Emission Factor 634.6 lbs/MWh
Total CO2e Emissions 63 tonnes/yr

GHG from Construction
Total Construction GHG 1264 tonnes
30-yr Ammortized GHG 43 tonnes/yr

Total Operational GHG 106 tonnes/yr

Appendix A
Phillips 66 Carson Plant

Increase Crude Capacity Project
Operational GHG Emissions
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Estimation of VOC Emissions from Excavating Contaminated Soil During LARC 
Crude Storage Capacity Project Construction 
 
Equations for estimating emissions from contaminated soil are provided in DTSC’s 
Preliminary Endangerment Assessment (PEA) Guidance Manual.  The Equations are 
based on the Jury Model evaluated by USEPA.  Emissions are estimated based on 
chemical concentrations in soil and physical properties of those chemicals. 
 
The chemical concentrations were estimated based on methods established by the Total 
Petroleum Hydrocarbon (TPH) Work Group.  The actual volatile organic chemicals 
(VOCs) in the soil are a complex mixture of various hydrocarbons.  The concentrations 
of total petroleum hydrocarbons present in the soil were analyzed by USEPA Test 
Method 8015.  Results were reported in terms of gasoline and diesel range organic 
compounds.  Results for samples at the estimated depth of the elevation (38 feet above 
mean sea level) are listed in the attached Table 1.  The highest gasoline result reported 
(640 mg/kg) was in the location of Soil Boring (SB) 19 at a depth of 4’ below existing 
grade.  The highest diesel result reported (14000 mg/kg) was in the location of Soil 
Boring (SB) 26 at a depth of 4’ below existing grade. 
 
In accordance with practices developed by the TPH Work Group, surrogate hydrocarbons 
were used to simulate the physical properties of the detected hydrocarbons.  Based on the 
retention times of the detected hydrocarbons, surrogate compounds were assigned based 
on the ranges shown in Table 2.  Physical properties for the surrogate compounds used 
for estimating the emission rates were taken from a Utah, Department of Environmental 
Quality publication “Guidelines for Fractionation at Leaking Underground Storage Tank 
Sites” (see Attachment 1)  Surrogate concentrations estimated from the maximum 
detected levels from Table 1 are summarized in Table 3. 
 
Emissions for each surrogate compound were calculated based on the Total Emission 
Rate calculations in Appendix A of the PEA Guidance Manual (see Attachment 2).  The 
exposure area was taken as the size of the excavation at its greatest extent (60,000 square 
feet).  Instead of the six years that is usually used to estimate emission rates for 
noncarcinogenic risk assessments, the exposure time was taken as one day to maximize 
the estimated daily emission rates.  Values for Soil Bulk Density, Particle Density and 
Soil Moisture were obtained from the geotechnical data collected for the tank foundation 
design. 
 
The estimates of emissions are summarized in Table 4.  The total peak daily estimated 
VOC emissions are 3.26 pounds per day. 
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TABLE 1. TOTAL PETROLEUM HYDROCARBON RESULTS
LARC RESERVOIR 1

Sample ID Lab Report ID
TPH-GRO

(mg/kg)
TPH-DRO

(mg/kg)
Total TPH
(mg/kg)

SB-16 @ 5' 12-09-1278 140 9300 9440

SB-17 @ 4' 12-09-1439 0.08 770 770.08

SB-18 @ 4' 12-09-1439 0.52 5300 5300.52

SB-19 @ 4' 12-09-1439 2.3 14000 14002.3

SB-20 @ 4' 12-09-1439 0.69 1800 1800.69

SB-21 @ 4' 12-09-1439 3.8 8800 8803.8

SB-22 @ 4' 12-09-1439 * 7900 7900

B-23 @ 4' 12-09-1490 240 4200 4440

B-24 @ 4' 12-09-1490 0 3800 3800

B-25 @ 4' 12-09-1490 * 2600 2600

B-26 @ 4' 12-09-1490 640 7900 8540

SB-27 @ 4' 12-09-1531 99 2700 2799

B-29 @ 4' 12-09-1490 610 10000 10610

B-30 @ 4' 12-09-1490 1 9 10

Limits

Minimum 0.08 9.4 10.27
Maximum 640 14000 14002.3
Average 144.79 5648.53 5772.63

Notes:
*  - not detected at or above reporting limit.
mg/kg - milligrams per kilogram
mg/L - milligrams per liter
INS - insufficient material to run test
Class III Landfills:  <1000 mg/kg GRO, <3000 mg/kg DRO, <3000 mg/kg MRO

P:\My Documents\Crude Tanks\Excavation Emissions\speciate.xls 1of 1

Appendix A

A-51



Table 2:  Retention Times for Speciation

Carbon Ranges
TPH (Diesel) 
Peaks Low

TPH (Diesel) 
Peaks High

TPH (Gasoline) 
Peaks Low

TPH (Gasoline) 
Peaks High

(minutes) (minutes) (minutes) (minutes)
C5-C6 0 0.233 1.402 2.859
C7-C8 0.234 0.694 2.86 5.395
C9-C10 0.695 1.223 5.396 13.558
C11-C12 1.224 1.696 13.559 22.736
C13-C16 1.697 2.494 NA NA
C17-C21 2.495 3.297 NA NA
C22-C35 3.298 4.96 NA NA

Table 3:  Surrogate Concentrations
SB26@4' Areas mg/kg
Gasoline 17181208 640 TPH
C5-C6 40141 1 Hexane
C7-C8 80112 3 Heptane
C9-C10 844770 31 Nonane
C11-C12 7006698 261 Undecane
Subtotal 7971721 297
C13+ 8280452 343 Hexadecane

SB19@4' Areas mg/kg
Diesel 5523.09 14000 TPH
C5-C6 0.00 0
C7-C8 0.00 0
C9-C10 8.68 22 Nonane
C11-C12 61.23 155 Undecane
C13-C16 373.13 946 Hexadecane
C17-C21 845.84 2144 Heptadecane
C22-C35 2359.52 5981 Heptadecane
Subtotal 3648.40 9248
C35+ 1624.35 4117 Nonvolatile
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Table 4: Calculation of Maximum Daily VOC Emissions

Bulk Density Particle Density Moisture
#/ft3 128 160 15.36
g/cm3 2.05 2.57 0.25
Pt 0.2
Pa 0.075
Pa3.33/Pt2 0.00449
A 55741824 cm2
T 86400 sec.

Carbon 
Range

Surrogate 
Compound Hc Kd Kas Dei α

unitless l/kg g/ml cm2/sec
C5-C6 Hexane 41 12.6 3.253968 0.000384 3.585E-05
C7-C8 Heptane 48 63.2 0.759494 0.0003 7.035E-06
C9-C10 Nonane 5 632 0.007911 0.000289 7.222E-08
C11-C12 Undecane 0.48 6320 7.59E-05 0.000206 4.953E-10
C13-C16 Hexadecane 0.036 100000 3.6E-07 0.000177 2.016E-12
C17-C21 Heptadecane 8.40E-04 8000000 1.05E-10 0.000147 4.883E-16
C22-C35 Heptadecane 8.40E-04 8000000 1.05E-10 0.000147 4.883E-16

E/C(mg/kg)

Gasoline 
from 
SB26@4'

Diesel from 
SB19@4'

Worst 
Case E mg/sec

mg/kg mg/kg
3.35E-03 1 0 1 5.02E-03
1.38E-03 3 0 3 4.12E-03
1.37E-04 31 22 31 4.30E-03
1.13E-05 261 155 261 2.95E-03
7.21E-07 343 946 946 6.82E-04
1.12E-08 0 2144 2144 2.41E-05
1.12E-08 0 5981 5981 6.71E-05

Total Daily VOC Emissions 1.72E-02 mg/sec
3.26 #/day
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For contaminants which do not fit into either of the classes listed above, use this third equation,
which is based primarily on pesticides:

Where:
Koc = organic carbon partition coefficient, L/kg (mL/g)

Kow = octanol/water partition coefficient, L/kg (Ml/g)

Step 2: Calculate the Total Emission Rate

If bulk soil concentrations do not exceed Csat, then calculate an emission rate for each
contaminant using the equation below.  This equation assumes the bulk soil concentration of
the contaminant is less than the saturation concentration, Csat.  The default values are the same
as those stated in EPA (1991b), except for the area of contamination, (A), the fraction of organic
carbon in the soil (foc), and the exposure interval (T).  The default value for the exposed surface
area is equal to 5,000 square feet (4.84 x 106 cm2 or 484 m2), the minimum dimensions of a
residential lot in California (Hadley and Sedman, 1990).  The default value for soil organic
carbon is 0.02 (1992b).  The default values for exposure interval are 30 yr for carcinogenic risk
and 6 yr for non-carcinogenic hazard.

Where:
Ei = average emission rate of contaminant i over the residential lot during the

exposure interval, mg/sec

A = area of contamination, cm2; default = 4.84 x 10+6 cm2,

Dei = effective diffusivity of compound, cm2/sec
= Di (Pa

3.33/Pt
2)

Where:
Di = diffusivity in air, cm2/s.

(Values are shown in Appendix C, Table 4.  If the desired value is not found
in Table 4, refer to USEPA (1992b), equation (9), page 13.)

Pt = total soil porosity, unitless
= 1-(ß/ρ)

10 = K 1.377)   +   )K ((0.544 
oc

owlog

T α π
mg/g  10 x C K  P D A2  = E

3
iasaei
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Where:
ß = soil bulk density, g/cm3 (default = 1.5 g/cm3)

ρ = particle density, g/cm3 (default = 2.65 g/cm3)

Pt = 0.434

Pa = air filled soil porosity, unitless
= Pt - Θ m ß

Where:
Θ m = soil moisture content, cm3/g (default = 0.1 cm3/g)

Pa = 0.284

Kas = soil/air partition coefficient, g/cm3

= (Hc/Kd) x 41

Where:
Hc = Henry's Law constant, atm-m3/mole

41 = conversion factor to change Hc to dimensionless form

Kd = soil-water partition coefficient (cm3-water/g-soil) 
(= L/kg)

Ci = bulk soil concentration of contaminant i, g/g-soil

T = exposure interval, sec (default = 30 yr = 9.5 x 108 seconds)

α = conversion factor composed of quantities defined above

]K)/P-)(1ρ[( + P
P x D = α

asaa

aei

Appendix A

A-57

jmatthe7
Typewritten Text
ATTACHMENT 2 (CONT.)



LAB RESULTS 

Appendix A

A-58



Analytical Report

TriHydro Corporation 09/24/12Date Received:
2501 Cherry Street, Suite 200 12-09-1439Work Order No:
Signal Hill, CA 90755-2070 EPA 3550BPreparation:

EPA 8015B (M)Method:

Project: LARC Soil Characterization Analysis 436-087-001 Page 3 of 6

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/12 09/26/12 09/27/12Solid 120926B03SB-19@4' 12-09-1439-9-A GC 45
19:0209:56

-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.Comment(s):
Parameter Result RL DFMDL Qual Units

mg/kgHDTPH as Diesel 100 2014000 31

Surrogates: REC (%) Control Limits Qual

n-Octacosane 99 61-145

09/21/12 09/26/12 09/27/12Solid 120926B03SB-19@8' 12-09-1439-10-A GC 45
19:1710:06

-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.Comment(s):
Parameter Result RL DFMDL Qual Units

mg/kgHDTPH as Diesel 100 2012000 31

Surrogates: REC (%) Control Limits Qual

n-Octacosane 103 61-145

09/21/12 09/26/12 09/27/12Solid 120926B03SB-19@12' 12-09-1439-11-A GC 45
19:4810:22

-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.Comment(s):
Parameter Result RL DFMDL Qual Units

mg/kgHDTPH as Diesel 500 10065000 160

Surrogates: REC (%) Control Limits Qual

n-Octacosane 119 61-145

09/21/12 09/26/12 09/27/12Solid 120926B03SB-19@16' 12-09-1439-12-A GC 45
20:0310:27

-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.Comment(s):
Parameter Result RL DFMDL Qual Units

mg/kgHDTPH as Diesel 250 5042000 78

Surrogates: REC (%) Control Limits Qual

n-Octacosane 117 61-145

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

TriHydro Corporation 09/24/12Date Received:
2501 Cherry Street, Suite 200 12-09-1490Work Order No:
Signal Hill, CA 90755-2070 EPA 5035Preparation:

EPA 8015B (M)Method:

Project: LARC Soil Characterization Analysis 436-087-001 Page 4 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/12 09/25/12 09/25/12Solid 120925B01SB-25@4' 12-09-1490-13-F GC 22
19:2512:38

-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.Comment(s):
Parameter Result RL DFMDL Qual Units

mg/kgTPH as Gasoline 0.24 0.95ND 0.048

Surrogates: REC (%) Control Limits Qual

1,4-Bromofluorobenzene 94 60-126

09/24/12 09/25/12 09/26/12Solid 120925B02SB-25@8' 12-09-1490-14-E GC 22
01:2212:48

-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.Comment(s):
Parameter Result RL DFMDL Qual Units

mg/kgHDTPH as Gasoline 110 458260 23

Surrogates: REC (%) Control Limits Qual

1,4-Bromofluorobenzene 95 60-126

09/24/12 09/25/12 09/26/12Solid 120925B02SB-26@4' 12-09-1490-15-E GC 22
01:5414:33

-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.Comment(s):
Parameter Result RL DFMDL Qual Units

mg/kgHDTPH as Gasoline 110 425640 21

Surrogates: REC (%) Control Limits Qual

1,4-Bromofluorobenzene 98 60-126

09/24/12 09/25/12 09/26/12Solid 120925B02SB-26@8' 12-09-1490-16-E GC 22
02:2614:43

-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.Comment(s):
Parameter Result RL DFMDL Qual Units

mg/kgHDTPH as Gasoline 89 357220 18

Surrogates: REC (%) Control Limits Qual

1,4-Bromofluorobenzene 92 60-126

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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OGV Main Engine Usage per One-Way Transit
Propulsion Speed Load Distance Duration Energy Consumed

Activity Max kW (1) (Kts) (1) Factor (2) (nm/trip) (3) (hr/trip) (kW-hr/trip)
California to AQMD Overwater Boundary (4) 11,060                 14.8             1.00                         110.0                 7.43           82,203                          
Fairway:  AQMD Overwater Boundary to 20-Mile (5) 11,060                 12.0             0.53                         22.9                   1.90           11,226                          
Fairway:  20-Mile to Precautionary Zone (5) 11,060                 12.0             0.53                         20.0                   1.67           9,826                            
Precautionary Zone (6,7) 11,060                 9.0               0.22                         8.1                     0.90           2,238                            
Harbor Transit Inbound (8) 11,060                 5.0               0.04                         3.5                     0.70           299                               
Harbor Transit Outbound (8) 11,060                 8.0               0.16                         3.5                     0.44           764                               
Turning (8) 11,060                 n/a 0.02                         n/a 0.25           55                                 
Docking (8) 11,060                 n/a 0.02                         n/a 0.25           55                                 
Hoteling (9) 11,060                 n/a -                          n/a 8.00           -                                
Anchorage (10) 11,060                 n/a -                          n/a -             -                                
Notes:  (1) Port of Long Beach Air Emissions Inventory - 2011 - Table A.3 (Starcrest 2012)
               (2)  Load factor = (speed/max speed)3.   Load factor of 0.02 represents minimum load factor for propulsion engines.
               (3)  Distances from Starcrest (2010), except for California to AQMD and harbor, which were measured from a map.  Assumes northern route.
          Average One-Way Transit Distances nmiles
                California to AQMD Boundary 110.0                  
                Fairway 1-way nm 42.9                    
                20nm 1-way Distance within Fairway 20.0                    
                PZ to Breakwater 1-way nm 8.1                      
               (4) Assume no Vessel Speed Reduction (VSR).
               (5) Assume VSR to 12 knots.
               (6) Portion of transit that occurs from PZ boundary to the breakwater.
               (7) Average speeds in the precautionary zone are from POLB Air Emissions Inventory 2011 - Table 2.4 (Starcrest 2012)
               (8) In harbor transit times and load factors from POLB Air Emissions Inventory 2005 - pg.67 (Starcrest 2007)
               (9) Assumes 320,000 barrels unloaded at 40,000 barrels per hour.
               (10) Assumes no anchorage.

OGV Auxiliary Generator Usage per One-Way Transit
Auxiliary kW Hours/ kW-Hrs/

Activity per Vessel (1) Transit Transit
Point Conception to AQMD Overwater Boundary 630                     7.43           4,682                     
Fairway:  AQMD Overwater Boundary to 20-Mile 630                     1.90           1,200                     
Fairway:  20-Mile to Precautionary Zone 630                     1.67           1,050                     
Precautionary Zone 630                     0.90           567                        
Harbor Transit Inbound 867                     0.70           607                        
Harbor Transit Outbound 867                     0.44           379                        
Turning 867                     0.25           217                        
Docking 867                     0.25           217                        
Hoteling 683                     8.0             5,464                     
Anchorage 630                     -             -                        
Notes:  (1) Port of Long Beach Air Emissions Inventory - 2011 - Table 2.12 (Starcrest 2012)

OGV Auxiliary Boiler Usage per One-Way Transit
Boiler kW Hours/ kW-Hrs/

Activity per Vessel (1) Transit Transit
Point Conception to AQMD Overwater Boundary -                      7.43           -                        
Fairway:  AQMD Overwater Boundary to 20-Mile -                      1.90           -                        
Fairway:  20-Mile to Precautionary Zone -                      1.67           -                        
Precautionary Zone -                      0.90           -                        
Harbor Transit Inbound 371                     0.70           259.700                 
Harbor Transit Outbound 371                     0.44           162.313                 
Turning 371                     0.25           92.750                   
Docking 371                     0.25           92.750                   
Hoteling 3,000                  8.0             24,000.000            
Anchorage 371                     -             -                        
Notes:  (1) Port of Long Beach Air Emissions Inventory - 2011 - Table 2.16 (Starcrest 2012)

Tugboat Usage during Assists
Tugboat Load Hours/ Tugboats kW-Hrs/

Engine Type Max Hp (1) Factor (2) Assist (3) per Assist Assist
Main Engine 5,080                  0.31           3.28                       2                       7,695         
Auxiliary Generator 850                     0.43           3.28                       2                       1,786         
Notes:  (1) Based on 2 engines per vessel.  Port of Long Beach Air Emissions Inventory - 2011 - Table 3.1, 3.2 (Starcrest 2012)
               (2) Port of Long Beach Air Emissions Inventory - 2011 - Table 3.3 (Starcrest 2012)
               (3) Time spent operating per vessel trip.  Assumed to be equal to vessel "Harbor" transit times 2 to
                     account for tug movement and assist time.
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OGV Main Engine Usage per One-Way Transit
Propulsion Speed Load Distance Duration Energy Consumed

Activity Max kW (1) (Kts) (1) Factor (2) (nm/trip) (3) (hr/trip) (kW-hr/trip)
California to AQMD Overwater Boundary (4) 13,319                 15.1             1.00                         110.0                 7.28           97,026                          
Fairway:  AQMD Overwater Boundary to 20-Mile (5) 13,319                 12.0             0.50                         22.9                   1.90           12,729                          
Fairway:  20-Mile to Precautionary Zone (5) 13,319                 12.0             0.50                         20.0                   1.67           11,141                          
Precautionary Zone (6,7) 13,319                 9.0               0.21                         8.1                     0.90           2,538                            
Harbor Transit Inbound (8) 13,319                 5.0               0.04                         3.5                     0.70           338                               
Harbor Transit Outbound (8) 13,319                 8.0               0.15                         3.5                     0.44           867                               
Turning (8) 13,319                 n/a 0.02                         n/a 0.25           67                                 
Docking (8) 13,319                 n/a 0.02                         n/a 0.25           67                                 
Hoteling (9) 13,319                 n/a -                          n/a 18.00         -                                
Anchorage (10) 13,319                 n/a -                          n/a 168.00       -                                
Notes:  (1) Port of Long Beach Air Emissions Inventory - 2011 - Table A.3 (Starcrest 2012)
               (2)  Load factor = (speed/max speed)3.   Load factor of 0.02 represents minimum load factor for propulsion engines.
               (3)  Distances from Starcrest (2010), except for California to AQMD and harbor, which were measured from a map.  Assumes northern route.
          Average One-Way Transit Distances nmiles
                California to AQMD Boundary 110.0                  
                Fairway 1-way nm 42.9                    
                20nm 1-way Distance within Fairway 20.0                    
                PZ to Breakwater 1-way nm 8.1                      
               (4) Assume no Vessel Speed Reduction (VSR).
               (5) Assume VSR to 12 knots.
               (6) Portion of transit that occurs from PZ boundary to the breakwater.
               (7) Average speeds in the precautionary zone are from POLB Air Emissions Inventory 2011 - Table 2.4 (Starcrest 2012)
               (8) In harbor transit times and load factors from POLB Air Emissions Inventory 2005 - pg.67 (Starcrest 2007)
               (9) Assumes 720,000 barrels unloaded at 40,000 barrels per hour.
               (10) Assumes 7 days of anchorage.

OGV Auxiliary Generator Usage per One-Way Transit
Auxiliary kW Hours/ kW-Hrs/

Activity per Vessel (1) Transit Transit
Point Conception to AQMD Overwater Boundary 584                     7.28           4,254                     
Fairway:  AQMD Overwater Boundary to 20-Mile 584                     1.90           1,112                     
Fairway:  20-Mile to Precautionary Zone 584                     1.67           973                        
Precautionary Zone 584                     0.90           526                        
Harbor Transit Inbound 803                     0.70           562                        
Harbor Transit Outbound 803                     0.44           351                        
Turning 803                     0.25           201                        
Docking 803                     0.25           201                        
Hoteling 632                     18.0           11,376                   
Anchorage 584                     168.0         98,112                   
Notes:  (1) Port of Long Beach Air Emissions Inventory - 2011 - Table 2.12 (Starcrest 2012)

OGV Auxiliary Boiler Usage per One-Way Transit
Boiler kW Hours/ kW-Hrs/

Activity per Vessel (1) Transit Transit
Point Conception to AQMD Overwater Boundary -                      7.28           -                        
Fairway:  AQMD Overwater Boundary to 20-Mile -                      1.90           -                        
Fairway:  20-Mile to Precautionary Zone -                      1.67           -                        
Precautionary Zone -                      0.90           -                        
Harbor Transit Inbound 371                     0.70           259.700                 
Harbor Transit Outbound 371                     0.44           162.313                 
Turning 371                     0.25           92.750                   
Docking 371                     0.25           92.750                   
Hoteling 3,000                  18.0           54,000.000            
Anchorage 371                     168.0         62,328.000            
Notes:  (1) Port of Long Beach Air Emissions Inventory - 2011 - Table 2.16 (Starcrest 2012)

Tugboat Usage during Assists
Tugboat Load Hours/ Tugboats kW-Hrs/

Engine Type Max Hp (1) Factor (2) Assist (3) per Assist Assist
Main Engine 5,080                  0.31           3.28                       2                       7,695         
Auxiliary Generator 850                     0.43           3.28                       2                       1,786         
Notes:  (1) Based on 2 engines per vessel.  Port of Long Beach Air Emissions Inventory - 2011 - Table 3.1, 3.2 (Starcrest 2012)
               (2) Port of Long Beach Air Emissions Inventory - 2011 - Table 3.3 (Starcrest 2012)
               (3) Time spent operating per vessel trip.  Assumed to be equal to vessel "Harbor" transit times 2 to
                     account for tug movement and assist time.
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OGV Main Engine Usage per One-Way Transit
Propulsion Speed Load Distance Duration Energy Consumed

Activity Max kW (1) (Kts) (1) Factor (2) (nm/trip) (3) (hr/trip) (kW-hr/trip)
California to AQMD Overwater Boundary (4) 18,587                 15.3             1.00                         110.0                 7.19           133,632                        
Fairway:  AQMD Overwater Boundary to 20-Mile (5) 18,587                 12.0             0.48                         22.9                   1.90           17,076                          
Fairway:  20-Mile to Precautionary Zone (5) 18,587                 12.0             0.48                         20.0                   1.67           14,946                          
Precautionary Zone (6,7) 18,587                 9.0               0.20                         8.1                     0.90           3,405                            
Harbor Transit Inbound (8) 18,587                 5.0               0.03                         3.5                     0.70           454                               
Harbor Transit Outbound (8) 18,587                 8.0               0.14                         3.5                     0.44           1,162                            
Turning (8) 18,587                 n/a 0.02                         n/a 0.25           93                                 
Docking (8) 18,587                 n/a 0.02                         n/a 0.25           93                                 
Hoteling (9) 18,587                 n/a -                          n/a 25.00         -                                
Anchorage (10) 18,587                 n/a -                          n/a 168.00       -                                
Notes:  (1) Port of Long Beach Air Emissions Inventory - 2011 - Table A.3 (Starcrest 2012)
               (2)  Load factor = (speed/max speed)3.   Load factor of 0.02 represents minimum load factor for propulsion engines.
               (3)  Distances from Starcrest (2010), except for California to AQMD and harbor, which were measured from a map.  Assumes northern route.
          Average One-Way Transit Distances nmiles
                California to AQMD Boundary 110.0                  
                Fairway 1-way nm 42.9                    
                20nm 1-way Distance within Fairway 20.0                    
                PZ to Breakwater 1-way nm 8.1                      
               (4) Assume no Vessel Speed Reduction (VSR).
               (5) Assume VSR to 12 knots.
               (6) Portion of transit that occurs from PZ boundary to the breakwater.
               (7) Average speeds in the precautionary zone are from POLB Air Emissions Inventory 2011 - Table 2.4 (Starcrest 2012)
               (8) In harbor transit times and load factors from POLB Air Emissions Inventory 2005 - pg.67 (Starcrest 2007)
               (9) Assumes 1,000,000 barrels unloaded at 40,000 barrels per hour.
               (10) Assumes 7 days of anchorage.

OGV Auxiliary Generator Usage per One-Way Transit
Auxiliary kW Hours/ kW-Hrs/

Activity per Vessel (1) Transit Transit
Point Conception to AQMD Overwater Boundary 718                     7.19           5,162                     
Fairway:  AQMD Overwater Boundary to 20-Mile 718                     1.90           1,367                     
Fairway:  20-Mile to Precautionary Zone 718                     1.67           1,197                     
Precautionary Zone 718                     0.90           646                        
Harbor Transit Inbound 988                     0.70           692                        
Harbor Transit Outbound 988                     0.44           432                        
Turning 988                     0.25           247                        
Docking 988                     0.25           247                        
Hoteling 778                     25.0           19,450                   
Anchorage 718                     168.0         120,624                 
Notes:  (1) Port of Long Beach Air Emissions Inventory - 2011 - Table 2.12 (Starcrest 2012)

OGV Auxiliary Boiler Usage per One-Way Transit
Boiler kW Hours/ kW-Hrs/

Activity per Vessel (1) Transit Transit
Point Conception to AQMD Overwater Boundary -                      7.19           -                        
Fairway:  AQMD Overwater Boundary to 20-Mile -                      1.90           -                        
Fairway:  20-Mile to Precautionary Zone -                      1.67           -                        
Precautionary Zone -                      0.90           -                        
Harbor Transit Inbound 371                     0.70           259.700                 
Harbor Transit Outbound 371                     0.44           162.313                 
Turning 371                     0.25           92.750                   
Docking 371                     0.25           92.750                   
Hoteling 3,000                  25.0           75,000.000            
Anchorage 371                     168.0         62,328.000            
Notes:  (1) Port of Long Beach Air Emissions Inventory - 2011 - Table 2.16 (Starcrest 2012)

Tugboat Usage during Assists
Tugboat Load Hours/ Tugboats kW-Hrs/

Engine Type Max Hp (1) Factor (2) Assist (3) per Assist Assist
Main Engine 5,080                  0.31           3.28                       2                       7,695         
Auxiliary Generator 850                     0.43           3.28                       2                       1,786         
Notes:  (1) Based on 2 engines per vessel.  Port of Long Beach Air Emissions Inventory - 2011 - Table 3.1, 3.2 (Starcrest 2012)
               (2) Port of Long Beach Air Emissions Inventory - 2011 - Table 3.3 (Starcrest 2012)
               (3) Time spent operating per vessel trip.  Assumed to be equal to vessel "Harbor" transit times 2 to
                     account for tug movement and assist time.
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FACILITY INFORMATION 
 
The Phillips 66 Los Angeles Refinery – Carson Plant (LARC) is located at 1520 East Sepulveda in 
the City of Carson in the southern portion of Los Angeles County (see Figure 1).  The South Coast 
Air Quality Management District (SCAQMD) identification number for the facility is 171109.  
Land use at the LARC is designated by the City of Carson as heavy industrial zoning.  The LARC 
is bounded on the north by Sepulveda Boulevard, on the west by Wilmington Avenue, on the south 
by a branch of the Burlington Northern and Santa Fe Railroad, and on the east by the Alameda rail 
corridor and Alameda Boulevard.  Property to the north of the LARC is occupied by the Tesoro 
Los Angeles Refinery-Carson Operations (formerly BP Los Angeles Refinery).  The western 
boundary of the LARC property borders the Container Transportation Services shipping and 
container storage facility.  Property across Wilmington Avenue includes a residential neighborhood 
to the northwest and commercial uses to the southwest.  Land uses to the south of the LARC are 
used as heavy industrial.  Land to the south of Lomita Avenue is dominated by port-related 
activities.  Land to the east of Alameda Street is occupied by the Kinder Morgan storage tank farm 
and the Tesoro Los Angeles Refinery – Wilmington Operations (formerly Shell/Equilon/Texaco 
Refinery). 
 
INTRODUCTION 
 
The LARC operates bulk crude oil supply storage facilities to handle incoming crude oil supplies 
from domestic, i.e., primarily via onshore pipelines, and various vessel-delivered sources from the 
Port of Long Beach at Berth 121.   
 
LARC currently has four existing 320,000 barrel1 (bbl) (nominal capacity2) receiving tanks for 
crude oil.  Crude oils from up to three different sources are segregated using the four existing 
320,000 bbl tanks, which limits vessel delivery volumes to Panamax vessels (400,000 bbl 
capacity).  For larger vessels, such as Aframax (720,000 bbl capacity) or Suezmax (1,000,000 bbl 
capacity), LARC requires two ship calls to unload the full volume of the vessels, resulting in seven 
to 10 days when the ship remains in the port area.  When a ship larger than Panamax calls, LARC 
accepts delivery of the first portion of the crude oil into the existing tanks then processes the crude 
oil through LARC to make room in the receiving tanks to accommodate the second discharge from 
the larger vessel.  In order to avoid the extra time and related vessel hoteling emissions, LARC 
needs more crude oil tankage and capacity to accommodate the larger vessels so they can discharge 
all crude oil in one call.   
 
Phillips 66 is proposing to increase crude oil storage capacity at the LARC by installing one new 
615,000 bbl crude oil tank3 (Tank 2640) and associated support facilities at the LARC.  In addition, 
the throughput of two existing 320,000 bbl nominal capacity storage tanks (Tanks 510 and 511) 

                                                 
1 One barrel equals 42 gallons. 
2 Nominal capacity is the physical maximum capacity of the storage tank.  Working capacity is less than the physical 
capacity. 
3 The new crude oil tank would have a nominal (maximum) capacity of 614,656 barrels and a working capacity of 
500,141 barrels.  Herein the new crude oil storage tank will be referred to as 615,000 barrel capacity storage tanks. 
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would be increased, therefore the proposed project also includes the construction of geodesic 
domes on existing crude oil Tanks 510 and 511.  The proposed project also includes the 
construction of one 14,000 bbl water draw surge tank (Tank 2643).  In addition, to provide power 
to the western portion of the LARC, one new electrical substation will be installed.  The proposed 
project would comply with the South Coast Air Quality Management District's (SCAQMD) best 
available control technology (BACT), as applicable, for control of volatile organic compounds 
(VOCs) emissions from refinery storage tanks.  No changes to refinery processes are included in 
the proposed project, therefore, the crude throughput rate of the LARC would not change as a result 
of implementing the proposed project.  The addition of crude oil storage capacity streamlines the 
movement of ships delivering crude oil to the LARC without changing the overall volume of crude 
oil delivered to the LARC.  Therefore, the proposed project would not increase the crude oil 
throughput of the Refinery, only the crude oil storage capacity. 
 
As part of the CEQA process, Environmental Audit Inc. (EAI) has performed a health risk analysis 
for the proposed project.  EAI has calculated emissions to evaluate the maximum potential impacts 
of toxic air contaminants (TACs) associated with the proposed project. 
 
Based on information provided by Phillips 66, the proposed project has been modeled as six area 
sources (four tanks and two fugitive areas) (See Figure 2).  TACs in the emissions from the 
proposed project are regulated by SCAQMD Rule 1401 – New Source Review for Toxic Air 
Contaminants.  The health risks were evaluated using the SCAQMD Risk Assessment Procedures 
for Rules 1401 and 212 Version 7.0 (July 2005).  The analysis for cancer and non-cancer risks is 
presented below.  The sources are expected to emit nine chemicals listed in Appendix I of the 
SCAQMD Rule 1401 Guidelines – four are considered carcinogens, eight are considered to have 
adverse chronic health effects, and four are considered to have adverse acute health effects (See 
Attachement A). 
 
EMISSION ESTIMATES 
 
The emissions estimates of TACs for tanks are calculated using the U.S. EPA TANKS 4.0.9d 
emissions model.  Fugitive emissions are based on the Method 2 of the SCAQMD Guide for 
Fugitive Emissions Calculations (SCAQMD, 2003).  All emissions are based on a hybrid crude oil 
speciation, including Tank 2643, which is primarily water.  Emissions from Tank 2643 are treated 
as the same crude oil found in the other tanks instead of a diluted crude oil to present a 
conservative emission estimate.  The emission rates for the health risk model are based on 
annualized emissions.  The calculated emissions and hybrid speciation are presented in 
Attachement B. 
 
HEALTH RISK ASSESSMENT 
 
The California Air Resources Board (CARB) Hotspots Analysis Reporting Program (HARP) 
model is the most appropriate model for determining the air quality impact from proposed project.  
The HARP model (CARB, 2005) combines the US EPA Industrial Source Complex dispersion 
model with a risk calculation model based on the Air Toxics Hot Spots Program Risk Assessment 
Guidelines (OEHHA, 2003).  The dispersion portion of the HARP model provides estimates of 
source-specific annual and hourly maximum ambient groundlevel concentrations.  The risk 

Appendix B

B-3



Phillips 66 – Carson Plant  
SCAQMD Rule 1401 Analysis 
Crude Oil Storage Capacity Project 
 

3 

calculator in the HARP model estimates the cancer risk, chronic index, and acute index values.  
The model default values were modified to conform to the SCAQMD Supplement Guidelines for 
Preparing Risk Assessment for the Air Toxics “Hot Spots” Information and Assessment Act 
(AB2588) (SCAQMD, 2005). 
 
The project is modeled as six area sources.  The source parameters are listed in Table 1.  The 
locations of the sources were identified based on data provided by Phillips 66 and the Long Beach 
and Torrance United Stated Geological Survey Quadrangles (see attached Figure 2). 
 
The receptors used in the model include a fenceline receptor grid and a fine receptor grid.  The 
terrain surrounding the LARC is relatively flat; however, terrain variations were included for the 
receptor networks.  The fenceline receptor grid (maximal spacing every 50 meters(m)) were used to 
determine the maximum concentrations at the property line of the LARC.  A fine receptor grid (100 
m x 100 m spacing) was used to identify the maximum impact locations.  Figure 3 shows all 
modeled receptors. 
 
All maximum impact locations are verified as credible locations for receptors (i.e., streets, railroad 
tracks, and waterways are not considered valid receptor locations).  The locations of the maximum 
impacts are then verified for the type of receptor and are reported below.  Selected tables from the 
HARP model are included in Attachment C.  The complete output results from the HARP model 
are on file at the SCAQMD. 

 
 

TABLE 1 
 

Source Parameters 
 

Name UTME UTMN 

Release 
Height 

(ft)
Width 

(ft) 
Length 

(ft) 
Tank 510 384270 3741030 50 218 218 
Tank 511 384170 3741030 50 218 218 
Tank 2640 384424 3740995 65 260 260 

Tank 2640 Fugitives 384424 3740995 6 260 260 
Tank 2643 384405 3741085 51.5 40 44 

Tank 2643 Fugitives 384405 3741085 6 40 44 
 
 
CANCER RISK ANALYSIS 
 
The maximum cancer risk from the proposed project for an exposed individual resident (MEIR) is 
located 650 meters south of the LARC boundary.  The incremental cancer risk is 1.27 x 10-7 or 0.1 
cancer cases per one million at the MEIR.  Benzene contributes approximately 90.4 percent of the 
calculated cancer risk at the MEIR.  The inhalation pathway accounts for 99.2 percent of the cancer 
risk.  The cancer risk at the MEIR is less than the significance threshold of one cancer case per one 
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million, therefore, the cancer risk at the MEIR is less than significant.  Detailed cancer risk 
contributions by pathway and pollutants are presented in Attachment C. 
 
The maximum exposed incremental cancer risk at an occupational exposure (MEIW) is located 
approximately 50 meters west of the LARC boundary.  The incremental cancer risk is 1.33 x 10-7 
or 0.1cancer cases per one million at the MEIW.  Benzene contributes approximately 85.7 percent 
of the calculated cancer risk at the MEIW.  The inhalation pathway accounts for 98.5 percent of the 
cancer risk.  The cancer risk at the MEIW is less than the significance threshold of one cancer case 
per one million, therefore, the cancer risk at the MEIW is less than significant.  Detailed cancer risk 
contributions by pathway and pollutants are presented in Attachment C. 
 
NON-CANCER RISK ANALYSIS 
 
The maximum chronic hazard index (MCHI) total for the proposed project for the central nervous 
system is 0.0005.  The MCHI is located at the same receptor as the MEIW.  Benzene contributes 
approximately 72.4 percent of the calculated MCHI.  The MCHI is less than the significance 
threshold of 1.0, therefore, the MCHI is less than significant for the proposed project.  Detailed 
contribution by pollutant to the chronic hazard index for the maximum receptor location is 
presented in Attachment C. 
 
The maximum acute hazard index (MAHI) total for the developmental and reproductive systems is 
0.0015.  The MAHI is located on the western boundary of the Refinery.  Benzene contributes 
approximately 98.0 percent of the calculated MAHI.  The MAHI is less than the significance 
threshold of 1.0, therefore, the MAHI is less than significant for the proposed project.  Detailed 
contribution by pollutant to the acute hazard index for the maximum receptor location is presented 
in Attachment C. 
 
CONCLUSIONS 
 
The cancer risk for the TACs emitted from the proposed project is below the significance threshold 
of 10 cancer cases per one million and chronic and acute hazard indices are below the 1.0 threshold 
established under CEQA.  Therefore, the cancer risk and hazard index thresholds are not expected 
to be exceeded at any receptor location.  No further health risk analyses are required. 
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SITE LOCATION MAP
Phillips 66 Los Angeles Refinery

Carson Plant

Figure 1Project No. 2778

N:\2778\1401\SiteLocMap (Carson).cdr

0 2,000’

SOURCE: USGS TOPOGRAPHIC 7.5 MINUTE SERIES
               Long Beach, California
               Quadrangle (Revised 1981)
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Attachment A 
Health Risk Tables 
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Attachment A

Health Data

CHEMICAL CAS NO.

CancerPF 
(Inhalation) 
(mg/kg-d)-1

CancerPF     
(Oral)     

(mg/kg-d)-1

ChronicREL 
(Inhalation)  

(μg/m3)

ChronicREL 
(Oral)         

(mg/kg-d)
AcuteREL  

(Inhalation) (μg/m3)
Benzene 71432 0.1 * 60 * 1300
Chrysene 218019 3.90E-02 1.20E-01 * * *
Cresols 1319773 * * 600 * *
Ethyl Benzene 100414 8.70E-03 * 2000 * *
Hexane 110543 * * 7000 * *
Naphthalene 91203 0.12 * 9 * *
Phenol 108952 * * 200 * 5800
Toluene 108883 * * 300 * 37000
Xylenes 1330207 * * 700 * 22000
PF = Potency Factor

Phillips 66 Carson Plant
Crude Oil Storage Capacity Project

REL = Reference Exposure Limit
Source: SCAQMD, Risk Assessment Proceedures for Rules 1401 and 212, 
Attachment  L, Tables for Applications Deemed Complete on or after July 1, 2005.

M:\MC\2778 P66 - Crude Capacity Project\HRA\2778 HRA Tables (rev4).xlsx:Health Data

Appendix B

B-13



 

 

 

 

 

This page intentionally left blank. 

Appendix B

B-14



 

 

 
 
 
 
 
 
 
 
 
Attachment B 
Emission Calculations 
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APPENDIX C 
HAZARDS ANALYSIS  
 



 

 
MAILING: P.O. BOX 721387 NORMAN, OK 73070-8069 

SHIPPING: 908 26TH AVENUE NW, SUITE 103 NORMAN, OK 73069 
TELEPHONE: (405) 329-7475 FAX: (405) 329-7734 

E-mail: info@questconsult.com 

 
 
July 3, 2013 
 
 
 
Ms. Debra Bright Stevens 
Environmental Audit, Inc. 
1000-A Ortega Way 
Placentia, CA  92670-7125 
 

Re: Phillips 66 Tank Fire Calculations 
 
Dear Ms. Stevens: 
 
Phillips 66 is proposing to install one new 615,000 barrel crude storage tank at the Phillips 66 Carson 
Plant located at 1520 East Sepulveda Boulevard, Carson, California.  Phillips 66 is also proposing to 
increase the throughput of two existing 320,000 barrel nominal capacity storage tanks so the proposed 
project includes the construction of geodesic domes on existing crude Tanks 510 and 511.  The proposed 
project also includes the construction of a 14,000 barrel water draw surge tank.  The new 615,000 barrel 
tank will be located in an area that already has existing crude storage tanks.  The existing and proposed 
storage tanks are summarized in Table 1.  The location of the existing and proposed storage tanks are 
shown on Figure 1 with the proposed tanks marked with diagonal lines. 
 

Table 1 
Storage Tank Parameters 

Tank 
Status Tank Number(s) Contents 

Tank Diameter Tank Wall 
Height 

(ft) (ft) 

Proposed 2640 Crude oil with Reid Vapor 
Pressure up to 11 psi 260 65 

Proposed 2643 Crude oil and water 44 52 

Existing 510, 511, 512, 513 Crude oil  218  50  

 
 
The objective of this study was to compute the potential decrease and/or increase in hazards to the public 
due to the proposed storage tank additions. 
 
This report details the calculations made to identify the maximum fire radiation hazard zones associated 
with a tank top fire (pool fire) from any one of the proposed storage tanks.  The scenario selected 
represents the largest, credible releases (i.e., storage tank dome failure) followed by ignition (pool fire) 
resulting in a large fire. 
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  QUEST 

 
 

Figure 1 
Existing and Proposed Tank Locations 

 
The following atmospheric conditions were employed in the modeling.   
 
Wind speed  = 20 miles/hour (worst case for fires as flame is bent downwind) 
Relative humidity = 70% 
Air temperature  = 70°F 
Surface temperature = 70°F 
 
The hazard of interest for pool fires is direct exposure to the flames.  Pool fire hazard zones are 
determined by first calculating the maximum size of the flame column created by the pool fire and then 
determining how far specific radiant impacts extend from the fire column.  For fire radiation hazards, the 
maximum distance to potentially injurious levels are determined.   
 
The fire radiation hazard endpoint criterion defined in this study corresponds to a hazard level which 
might cause an injury.  Data exist which define an injury level following exposure to fire radiation.  
Table 2 presents the endpoint hazard criteria used by federal agencies and national associations for this 
type of analysis. 
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Table 2 
Consequence Analysis Hazard Levels 

(Endpoint Criteria for Consequence Analysis) 

Hazard Type 
Injury Threshold 

Exposure 
Duration Hazard Level Reference 

Radiant heat exposure 40 sec 1,600 Btu/(hr•ft2) * 
40 CFR 68 

[EPA, 1996] 

40 CFR 68.  United States Environmental Protection Agency RMP endpoints. 
* Corresponds to second-degree skin burns. 

 
 
Consequence Analysis 
 
When performing site-specific consequence analysis studies, the ability to accurately model the release, 
dilution, and dispersion of gases and aerosols is important if an accurate assessment of potential exposure 
is to be attained.  For this reason, Quest uses a modeling package, CANARY by Quest®, that contains a set 
of complex models that calculate release conditions, initial dilution of the vapor (dependent upon the 
release characteristics), and the subsequent dispersion of the vapor introduced into the atmosphere.  The 
models contain algorithms that account for thermodynamics, mixture behavior, transient release rates, gas 
cloud density relative to air, initial velocity of the released gas, and heat transfer effects from the 
surrounding atmosphere and the substrate.  The release and dispersion models contained in the 
QuestFOCUS package (the predecessor to CANARY by Quest®) were reviewed in a United States 
Environmental Protection Agency (EPA) sponsored study1 and an American Petroleum Institute (API) 
study2.  In both studies, the QuestFOCUS software was evaluated on technical merit (appropriateness of 
models for specific applications) and on model predictions for specific releases.  One conclusion drawn 
by both studies was that the dispersion software tended to overpredict the extent of the gas cloud travel, 
thus resulting in too large a cloud when compared to the test data (i.e., a conservative approach). 
 
A study prepared for the Minerals Management Service3 reviewed models for use in modeling routine and 
accidental releases of flammable and toxic gases.  CANARY by Quest® received the highest possible 
ranking in the science and credibility areas.  In addition, the report recommends CANARY by Quest® for 
use when evaluating toxic and flammable gas releases.  The specific models contained in the CANARY by 
Quest® software package have also been extensively reviewed. 
 

                                                           
1 Evaluation of Dense Gas Dispersion Models.  Prepared for the U.S. Environmental Protection Agency by TRC 
Environmental Consultants Inc., East Hartford, Connecticut, 06108, EPA Contract No. 68-02-4399, May, 1991. 
2 Hazard Response Modeling Uncertainty (A Quantitative Method); Volume II, Evaluation of Commonly-Used 
Hazardous Gas Dispersion Models, S. R. Hanna, D. G. Strimaitis, and J. C. Chang, Study cosponsored by the Air 
Force Engineerin4g and Services Center, Tyndall Air Force Base, Florida, and the American Petroleum Institute, 
and performed by Sigma Research Corporation, Westford, Massachusetts, September 1991. 
3 A Critical Review of Four Types of Air Quality Models Pertinent to MMS Regulatory and Environmental 
Assessment Missions, Joseph C. Chang, Mark E. Fernau, Joseph S. Scire, and David G. Strimaitis.  Mineral 
Management Service, Gulf of Mexico OCS Region, U.S. Department of the Interior, New Orleans, November, 1998. 
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 QUEST 

CANARY by Quest® also contains models for pool fire and torch (jet) fire radiation.  These models 
account for material composition, target height relative to the flame, target distance from the flame, 
atmospheric attenuation (includes humidity), wind speed, and atmospheric temperature.  The fire models 
are based on information in the public domain (published literature) and have been validated with 
experimental data. 
 
 
Conclusions 
 
CANARY by Quest® was used to model the potential tank top fire following the failure of the tank dome.  
Table 3 presents the maximum downwind distances for the pool fire hazard associated with two proposed 
and four existing storage tanks in the same area of the Phillips 66 refinery.  As can be seen from the table, 
the impact distances can extend up to about 510 feet from the center of the proposed 615,000 barrel tank.  
This maximum impact distance is larger than the potential hazard zones associated with the nearby 
existing tanks but the impact distance to 1,600 Btu/(hr•ft2) does not extend off the refinery property.  
Thus, the addition of the two proposed storage tanks to this section of the Phillips 66 refinery does not 
pose any new hazards to areas outside of the existing Refinery. 
 
The results listed in Table 3 are presented in Figure 2.  The maximum impact zone distances are shown in 
Figure 2 for each proposed and existing tank evaluated.  The dashed lines around the existing tanks show 
the area currently potentially exposed to a 1,600 Btu/(hr•ft2) radiant impact.  The dashed lines around the 
proposed tanks show the area that could be exposed to a 1,600 Btu/(hr•ft2) radiant impact.  As can be seen 
in Figure 2, neither of the two proposed tanks can produce this impact level outside the refinery property 
line.  The potential radiant impact zones all shown for the four existing tanks (510, 511, 512, and 513) in 
order to demonstrate the existence of the current potential hazard relative to the potential new hazard 
associated with tank 2640. 
 
I believe this covers the analysis requested.  If you have any questions, please give us a call. 
 
Sincerely, 

 
John B. Cornwell. 
Principal Engineer 
 
tml 
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 QUEST 

 
Table 3 

Consequence Modeling Radiation Results 

Tank Status Tank Number(s) Contents 

Tank 
Diameter 

Tank Wall 
Height 

Distance (ft) to 
1,600 Btu/(hr•ft2) 
[measured from 
center of tank] (ft) (ft) 

Proposed 2640 Hydrocarbon mix with Reid 
Vapor Pressure up to 11 psi 260 65 510 

Proposed 2643 Crude oil and water 44 52 130 

Existing 510, 511, 512, 513 Crude oil 218 50 450 

 
 

 
 

Figure 2 
Potential 1,600 Btu/(hr•ft2) Impact Zones for Existing and Proposed Storage Tanks 
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APPENDIX E 
NOISE IMPACT CALCULATIONS 
 



APPENDIX E 

E-1 

 
TABLE E-1 

 
Construction Noise Impact Estimates 

 
Distance from 

Construction Activities 
Estimated Noise 

Levels (dBA) 
50 85 

100 79 
200 73 

400(1) 67 
800 61 

1,600(2) 55 
3,200 49 

(1) Distance to closest industrial receptor. 
(2) Distance to closest resident (sensitive receptor). 

 
 
 

TABLE E-2 
 

Construction Vibration Impact Estimates 
 

Distance 
from 

Construction 
Activities 

Construction Equipment Vibration (VdB) 

Pile Driver Large 
Bulldozers 

Loaded 
Trucks Jackhammer Small 

Bulldozer 

25 100 87 86 79 58 
50 94 81 80 73 52 
100 88 75 74 67 46 
200 82 69 68 61 40 
400 76 63 62 55 34 
800 70 57 56 49 28 

1,600(1) 64 51 50 43 22 
3,200 58 45 44 37 16 

(1) Distance to closest resident (sensitive receptor).  Note there is no CEQA significance threshold for 
industrial sources. 
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