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Appendix D 
 

Summary Table of all Seismograph Data 
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(ft) (lb) (ft/lb1/2) (ft/lb1/3) (in/sec) (Hz) (Hz) (dB)
1050 array toward house 20 5 8.9 11.7 0.8 39.3 7.88 120
930 array toward house 50 5 22.4 29.2 1.12 25.6 28.06 116

1906 array toward house 150 5 67.1 87.7 0.2 24.3 27.5 110
2240 array toward house 300 5 134.2 175.5 0.115 24.3 16.94 106
1792 array toward house 500 5 223.6 292.4 0.09 22.2 16.5 106
1769 house 970 5 433.8 567.3 0.035 8.5 8.9 100
1010 on pig launcher 357 5 159.7 208.8 0.64 15 15.6 112

9/17/2004 1769 house 970 3 560.0 672.6 0.04 14.6 7.9 112
1050 array toward house 13 25 2.6 4.4 19 3.5 4 135
2407 array toward house 30 25 6.0 10.3 8 18.2 3.7 142
1906 array toward house 110 25 22.0 37.6 1.96 4.3 4.12 124
2241 array toward house 290 25 58.0 99.2 1.34 6.7 4.22 118
1258 array toward house 400 25 80.0 136.8 0.335 4.2 4.22 117
2240 array toward house 600 25 120.0 205.2 0.255 5.8 4.22 112
930 house on Unser 1411 25 282.2 482.6 0.09 5.5 4.03 112

1769 house 1208 25 241.6 413.2 0.135 6.6 4.25 110
1792 12 in. pipeline 115 25 23.0 39.3 1.28 5 3.81 nm
2276 20 in. pipeline 108 25 21.6 36.9 1.82 10.2 4.09 nm
2407 array toward house 83 7.5 30.3 42.4 1.32 32 18.38 126
1100 array toward house 164 7.5 59.9 83.8 0.255 36.5 10.38 120
1906 array toward house 254 7.5 92.7 129.8 0.1 8.8 8.5 110
1050 array in trench 113 7.5 41.3 57.7 0.32 85.3 39.88 125
930 ground at NW pipeline 201 7.5 73.4 102.7 0.15 17 16.62 112

2241 12 in. pipeline 196 7.5 71.6 100.1 0.14 28.4 8.56 nm
1258 20 in. pipeline 206 7.5 75.2 105.2 0.13 25.6 16.62 nm
2240 pig launcher in ground 357 7.5 130.4 182.4 0.135 13.4 7.81 110
1792 on pig launcher 357 7.5 130.4 182.4 1.07 16 15.75 110
1769 house 980 7.5 357.8 500.7 0.045 14.2 7.88 100
1050 array in trench 60 5 26.8 35.1 0.64 85.3 40 125
1906 array toward house 254 5 113.6 148.5 0.1 8.8 8.5 110
930 ground at NW pipeline 161 5 72.0 94.2 0.13 21.3 16.75 116

2241 12 in. pipeline 156 5 69.8 91.2 0.11 21.3 30.06 nm
1258 20 in. pipeline 165 5 73.8 96.5 0.12 17 20.31 nm
1050 start of shot 5 18.5 1.2 1.9 42 2.7 140
2241 end of shot 8 18.5 1.9 3.0 19 64 2.4 >148
1906 array toward house 143 18.5 33.2 54.1 0.7 4.8 5.31 120
1100 ground at SE pipeline 165 18.5 38.4 62.4 0.84 6.2 6.31 123
2407 12 in. Pipeline 165 18.5 38.4 62.4 0.72 7.1 5.81 nm
1792 20 in. pipeline 165 18.5 38.4 62.4 0.76 6 4.88 nm
1769 house 950 18.5 220.9 359.2 0.125 7.3 5.38 112
1050 array in trench 15 10 4.7 7.0 3.92 32 34.75 125
930 array in trench 35 10 11.1 16.2 1.24 32 28.25 125

1100 array in trench 60 10 19.0 27.9 0.34 42.6 8.25 124
1906 ground at NW pipeline 160 10 50.6 74.3 0.095 32 39.75 116
1258 12 in. pipeline 158 10 50.0 73.3 0.14 32 40.75 nm
2240 20 in. pipeline 154 10 48.7 71.5 0.15 32 40.12 nm
2241 ground at SE pipeline 116 48 16.7 31.9 1.66 11.6 5.12 140
1792 12 in. pipeline 122 48 17.6 33.6 1.42 5.2 4.25 nm
2407 20 in. pipeline 110 48 15.9 30.3 2.22 4 4.88 nm
1050 array 8 41.5 1.2 2.3 33.92 2.7 3.5 145
2408 array 18 41.5 2.8 5.2 23 10.6 6.5 142
2240 ground at SE pipeline 57 41.5 8.8 16.5 5.08 19.6 4 129
706 12 in. pipeline 67 41.5 10.4 19.4 2.72 7.3 4 nm

2407 20 in. pipeline 50 41.5 7.8 14.4 5.12 12.8 16.25 nm
1769 house 1011 41.5 156.9 292.0 lost data 110
2241 ground at NW pipeline 136 10 43.0 63.1 0.195 36.5 32.25 118
1258 12 in. pipeline 133 10 42.1 61.7 0.19 36.5 37 nm
930 20 in. pipeline 131 10 41.4 60.8 lost data nm
704 house 1340 10 423.7 622.0 lost data
706 ground at NW pipeline 85 10 26.9 39.5 0.68 23.2 26.5 116

2407 12 in. pipeline 88 10 27.8 40.8 0.445 36.5 11.5 nm
1258 20 in. pipeline 82 10 25.9 38.1 0.29 18.2 19.75 nm
704 array toward house 608 110 58.0 126.9 0.41 6.4 4.06 116

1258 new pipeline surface 164 110 15.6 34.2 2.72 4.4 4.81 130
1906 house 1137 110 108.4 237.3 0.175 4.4 4 112
1792 array toward house 340 216 23.1 56.7 0.78 8.5 5.06 122
2407 ground at pipeline 165 216 11.2 27.5 6 7.3 10.5 136
2276 ground at pipeline 186 216 12.7 31.0 2.88 4.3 3.25 137
2240 ground at pipeline 212 216 14.4 35.3 4.72 5.5 4.62 143
1906 house 962 216 65.5 160.4 0.365 5.2 3.25 117
1792 array toward house 340 40 53.8 99.4 0.3 6.7 6.38 112
2407 ground at pipeline 88 40 13.9 25.7 3.28 9.8 11.38 126
2276 ground at pipeline 108 40 17.1 31.6 1.5 7.5 3.5 118
2240 ground at pipeline 150 40 23.7 43.9 0.76 6.5 3.5 118
1906 house 962 40 152.1 281.3 0.125 4.5 3.25 110

10/28/2004

12/15/2004

12/30/2004 a

12/30/2004 b

10/7/2004 a

10/7/2004 b

10/14/04 a

10/14/04 b

9/21/2004

9/23/2004 a

9/23/2004 b

09/30/04

Airblast

9/16/2004

Charge 
Weight/
Delay

Square-
root

Scaled
Distance

Cube-root
Scaled

Distance

 Peak 
Particle
VelocityShot Date Serial No Location

Distance Peak
Frequency FFT
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2240 ground at pipeline 91 80 10.2 21.1 5.6 12.1 10.12 124
1769 array toward house 438 80 49.0 101.7 0.315 5.9 3.38 117
2407 Unser 1623 80 181.5 376.7 0.05 6.2 5.38 106
2240 ground at pipeline 83 39 13.3 24.5 2.8 17 13.25 124
2241 ground at pipeline 86 39 13.8 25.4 2.68 23.2 20.75 123
1769 array toward house 348 39 55.7 102.6 0.26 13.4 11 112
2240 pipeline 204 22.5 43.0 72.3 0.42 16 16.56 117
2241 pipeline 180 22.5 37.9 63.8 0.42 10.6 9.5 118
1769 array toward house 242 22.5 51.0 85.7 0.35 23.2 6.38 119
2407 pipeline 124 32 21.9 39.1 0.8 12.8 14.25 120
930 house 758.6 32 134.1 239.0 0.155 18.2 12.25 106

2407 pipeline 124 32 21.9 39.1 0.21 19.6 10.38 106
930 house 758.6 32 134.1 239.0 0.055 9.8 8.38 <100

2276 ground at pipeline 41 50 5.8 11.1 5.68 8.5 6.12 148
2241 ground at pipeline 50 50 7.1 13.6 10.08 12.8 5.88 144
930 house 1031.8 50 145.9 280.1 0.145 10.2 5.88 120

1/27/2005 b

1/28/2005

01/07/05

1/12/2005 a

1/12/2005 b

1/27/2005 a
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Appendix E  
 

Maps and Layouts of each Blast 
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House     Master  1769
S1 1793
S2 2279 (4x)

NN

9/16/04
3:43 pm

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

1010

1050 930

1906

2240

1792

 

 

 

NN

9/21/04
3:58 pm

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

2240

1258

2241
1906 (in ground)
1792 (on 12” pipe) – 4X
2276 (on 20” pipe)

2407
1050

House     Master  1769
S1 1793
S2 2279 (4x)
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NN

POI

N 255º - 108 ft

to pipelines

9/21/04
3:58 pm  

 

 

NN

9/23/04
2:48 pm
4:01 pm

1792 (on pipe)
2240 (in ground)

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

2407 

930 (in ground)
2241 (on 12” pipe)
1258 (on 20” pipe)

1050

House     Master  1769
S1 1793
S2 2279 (4x)

1100

1906
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NN

POI

N324º to pipelines

96 ft to 12” pipeline

2407 

N 134º to 1º seismograph 
in the house direction

83 ft

N19º to the house

9/23/04
2:48 pm
4:01 pm  

 

 

NN

9/30/04
2:49 pm

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

1906 

House     Master  1769
S1 1793
S2 2279 (4x)

1050

1100 (in ground)
1792 (on 12” pipe) – 4X
2407 (on 20” pipe)

2241
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Burden  x Spacing:  4 x 5

NN

1º POI

2º POI

N 140º to 
pipelines

165 ftN 184º to 
pipelines

N 242º to 
the house

N 250º to 
the house

9/30/04  
2:49 pm

 

 

 

NN

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

SHOT 1
1906 (in ground)
1258 (on 12” pipe)
2240 (on 20” pipe)

House     Master  1769
S1 1793
S2 2279 (4x)

SHOT 2 
2241 (in ground)

1792 (on 12” pipe)
2407 (on 20” pipe)

10/7/04  
5:13 pm 
5:30 pm

1100

930
1050

1100
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NN

185 ft

110 ft

38 ft  N22º

POI

155 ft to 
pipelines

N324º

N12º

• Distance from the pipelines 
to the POI =  470 ft

• Bearing = N194º

• Coordinates of POI:

N 35 deg. 09.725’

W 106 deg. 40.503’

Burden  x Spacing:  4 x 5

10/07/04 a
5:13 pm 

 

 

 

Pipelines - Seismograph in the ground (2241) 

• Distance from pipelines to the POI = 228 ft

• Distance from pipelines to the end = 121 ft

• Distance to the closest hole = 110 ft

• Bearing = N 322º

• Coordinates of 2241:

N 35 deg. 09.412’

W 106 deg. 43.361’

POI – Pre Split

Coordinates of POI:

N 35 deg. 09.445’

W 106 deg. 43.386’

End of Pre Split

Coordinates:

N 35 deg. 09.427’

W 106 deg. 43.339’

NN

House 
direction 
= N 246º

10/07/04 b  
5:29 pm

Pre Split: 97 holes220 ft

POI

123456789

N 142ºN 200º

Production: 65 holes

Pre Split: 97 holes220 ft

POI

123456789

N 142ºN 200º

Production: 65 holes
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NN

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

SHOT 2  
2241 (in ground)
1258 (on 12” pipe)
930 (on 20” pipe)

House     Master  1769
S1 1793
S2 2279 (4x)

SHOT 1
2240 (in ground)
706 (on 12” pipe)
2407 (on 20” pipe)

10/14/04  
2:33 pm 
3:10 pm

1050
2408

 

 

 

10/14/04 a
2:33 pm

NN

POI

25 ft

55 ft 10 ft 40 ft
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Burden  x Spacing:  4 x 5

10/14/04 b 
3:10 pm

25 ft

16 ft

POI NN

 

 

 

House     Master  704
S1 1793
S2 2279 (4x) 

N

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

706 (in ground)
2407 (on 12” pipe)
1258 (on 20” pipe)

10/28/04  
4:38 pm 

NN

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

706 (in ground)
2407 (on 12” pipe)
1258 (on 20” pipe)

10/28/04  
4:38 pm 
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Burden  x Spacing:  4 x 5

• Distance from the pipelines     
to the POI =  128 ft

• Bearing = N30º

• Coordinates of POI =

N 35 deg. 09.660’

W 106 deg. 43.502’

• Trench alignment N 45º

48 ft

25 ft

POI
91 ft

N20º

NN

82 ft

N28º
pipelines

 

 

 

N

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

House     Master  1906
S1 1793
S2 2279 (4x)

12/15/04  
3:10 pm

704

1258
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12/15/04
3:10 PM

N

PRE-SPLIT

POI
A

B

C

N       deg to pipeline

 

 

 

N

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

House     Master  1906
S1 1793
S2 2279 (4x)

12/30/04  
3:46 pm
4:23 pm

1792

2407
22402276
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114 PRE-SPLIT (109 loaded)
36 hole/delay maximum

POI

N

123

25 ms

500 ms

A

B
C

D

E

F
G

pipeline

88 ft 86 ft

Road alignment  N 120o

pipeline alignment  N 100o

 

 

 

N

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

House     Master  1906
S1 1793
S2 2279 (4x)

1/7/05 
12:18 pm

1769

2240
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15 PRE-SPLIT 80 lbs/delay maximum

AB

C D

E

pipeline N

Pre-split alignment  N 120o

pipeline alignment  N 100o

POI

 

 

 

N

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

House     Master  1906
S1 1793
S2 2279 (4x)

1/12/05 
3:22 pm
3:26 pm

1769

2240
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B A

POI

N

POI

N

A

BC

D

Trench blast

Road cut

 

 

 

N

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

House     Master  903
S1 1793
S2 2279 (4x)

1/27/05 
1:54 pm 

2:19 pm re-shoot

2407
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POI

N

A

BC

Trench blast

 

 

 

N

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

12 in pipeline X52
20 in. pipeline X62
Pig launcher/receiver

House     Master  903
S1 1793
S2 2279 (4x)

1/28/05
3:17 pm 

22762241
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Appendix F 

 

Summary Table of all Velocity and Airblast Data  

for the Seismographs in the House 

 

 

 



 

 217

transverse
(north)

Peak
Frequency

FFT
Frequency vertical Peak 

Frequency
FFT 

Frequency
Radial
(east)

Peak
Frequency

FFT
Frequency

(in/s) (Hz) (Hz) (in/s) (Hz) (Hz) (in/s) (Hz) (Hz) (dB) (psi)
9/16/2004 1769 master ground 0.035 8.5 8.94 0.035 12.4 7.75 0.025 17.6 12.50 100 0.0003
3:56 PM 1793 N corner S1 0.035 11.6 9.00 0.040 0.0 7.75 0.025 15.0 9.12

 1793 E wall east mid-wall 0.295 8.9 7.69
2279 N corner S2 0.165 9.1 9.44 0.090 10.6 7.75 0.095 9.6 7.69
2279 N wall north mid-wall 0.165 9.6 9.44

9/17/2004 1769 master ground 0.040 14.6 7.94 0.030 12.1 10.25 0.020 17.0 8.25 112 0.0012
8:59 AM 1793 N corner S1 0.030 10.0 8.00 0.040 0.0 8.12 0.025 15.0 7.31

1793 E wall east mid-wall 0.325 8.3 8.06
2279 N corner S2 0.120 9.3 10.25 0.080 9.4 8.06 0.105 8.3 8.06
2279 N wall north mid-wall 0.110 9.6 10.25

9/21/2004 1769 master ground 0.095 5.0 4.12 0.135 6.6 4.25 0.125 3.7 4.31 110 0.0009
3:57 AM 1793 N corner S1 0.115 4.9 4.06 0.140 5.5 4.31 0.120 6.3 4.38

1793 E wall east mid-wall 0.740 8.0 7.81
2279 N corner S2 0.245 7.8 8.19 0.280 4.3 4.31 0.340 7.3 7.81
2279 N wall north mid-wall 0.260 7.4 4.06

9/23/2004 1769 master ground 0.045 14.2 7.88 0.045 10.2 8.12 0.035 14.2 7.94 100 0.0003
2:50 PM 1793 N corner S1 0.035 12.1 8.50 0.040 0.0 7.88 0.030 11.6 7.62

1793 E wall east mid-wall 0.475 8.2 7.94
2279 N corner S2 0.135 10.2 8.06 0.090 10.6 7.62 0.200 8.5 7.94
2279 N wall north mid-wall 0.125 10.6 8.06

9/30/2004 1769 master ground 0.095 9.8 5.31 0.125 7.3 5.38 0.120 7.7 5.56 112 0.0012
2:59 AM 1793 N corner S1 0.115 6.0 5.31 0.140 6.2 5.38 0.100 6.7 5.38

1793 E wall east mid-wall 1.120 7.1 7.44
2279 N corner S2 0.320 6.9 5.31 0.330 6.9 5.38 0.500 7.1 7.44
2279 N wall north mid-wall 0.355 7.5 5.31 0.000 0.0 0.00

12/15/2004 1906 master ground 0.175 4.4 4.00 0.170 5.9 4.12 0.160 3.9 4.12 112 0.0012
3:50 PM 1793 N corner S1 0.220 4.7 4.06 0.220 4.7 4.12 0.150 4.1 4.06

1793 E wall east mid-wall 0.860 6.7 7.81
2279 N corner S2 0.485 6.5 8.69 0.440 4.5 4.12 0.440 6.5 7.81
2279 N wall north mid-wall 0.565 6.9 4.06

12/30/2004 1906 master ground 0.365 5.2 3.25 0.235 5.2 4.19 0.225 5.2 3.19 117 0.0020
3:46 PM 1793 N corner S1 0.400 5.2 5.00 0.300 5.1 4.19 0.220 5.2 3.19

1793 E wall east mid-wall 2.220 6.9 7.69
2279 N corner S2 0.700 6.9 7.75 0.630 5.1 4.19 0.880 6.5 7.62
2279 N wall north mid-wall 0.700 6.4 7.75

12/30/2004 1906 master ground 0.125 4.5 3.25 0.110 5.6 6.38 0.090 7.1 3.25 110 0.0009
4:24 PM 1793 N corner S1 0.100 4.0 3.38 0.140 6.4 6.88 0.095 6.4 6.38

1793 E wall east mid-wall 0.880 7.3 7.85
2279 N corner S2 0.330 7.7 7.00 0.310 6.0 6.88 0.415 6.9 7.75
2279 N wall north mid-wall 0.295 8.2 7.00

1/27/2005a 903 master ground 0.155 18.2 12.25 0.085 12.1 9.25 0.140 15.0 9.25 106 0.0006

AirblastUnit structure
location

location of
transducer(s)
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1:54 PM 1793 N corner S1 0.115 11.6 8.06 0.120 12.8 9.12 0.100 11.6 9.15
1793 E wall east mid-wall 1.040 7.5 8.00
2279 N corner S2 0.440 8.8 9.25 0.230 11.6 9.12 0.400 8.2 8.00
2279 N wall north mid-wall 0.395 8.5 9.25

1/27/2005b 903 master ground 0.035 13.4 19.75 0.025 14.2 6.62 0.055 9.8 8.38 < 100
2:19 PM 1793 N corner S1 0.040 10.6 8.12 0.020 0.0 8.38 0.035 9.8 9.50

1793 E wall east mid-wall 0.350 9.1 8.12
2279 N corner S2 0.175 9.4 10.25 0.070 8.2 8.00 0.125 8.5 8.12
2279 N wall north mid-wall 0.170 10.2 10.25

1/28/2005 903 master ground 0.105 7.5 5.94 0.110 5.3 5.94 0.145 10.2 5.88 120 0.0029
3:17 PM 1793 N corner S1 0.100 4.9 4.31 0.140 6.4 5.88 0.115 5.8 5.88

1793 E wall east mid-wall 1.180 8.2 8.00
2279 N corner S2 0.305 7.5 9.69 0.290 5.9 5.94 0.440 7.3 5.94
2279 N wall north mid-wall 0.280 6.9 5.94
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Appendix G 
 

Velocity Time Histories Comparative plots 
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Displacement Time Histories Used to Compute Strains
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