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Plant Vogtle Boreholes B-1002 & B-1002A
Source to Receiver and Receiver to Receiver Analysis
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Figure A-1.  Boring B-1002 and B-1002A, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp  Depth Vs Vp Depth Vs Vp 

(ft) (ft/sec) (ft/sec)  (ft) (ft/sec) (ft/sec) (ft) (ft/sec) (ft/sec) 

8.5 1030 1490  108.6 2360 6660 190.6 1740 5740 
10.2 1120 1620  110.2 2640 7130 192.3 1640 5710 
11.8 1390 2360  111.9 2740 6970 193.9 1570 5540 
13.5 1580 3170  113.5 2650 7180 195.5 1590 5660 
15.1 1420 2780  115.2 2500 6660 197.2 1550 5590 
16.7 1320 2320  116.8 2500 6660 198.8 1460 5540 
18.4 1170 1940  118.4 2480 6700 200.5 1460 5560 
20.0 1100 1880  120.1 2600 6660 202.1 1460 5590 
21.7 1020 1710  121.7 2710 6220 203.7 1490 5540 
23.3 950 1540  123.4 2710 6180 205.4 1490 5590 
24.9 900 1460  125.0 2740 6700 207.0 1350 5440 
26.6 860 1510  126.6 2760 6850 208.7 1150 5410 
28.2 810 1840  128.3 2760 6850 210.3 1100 5290 
29.9 770 2040  129.9 2860 6490 211.9 1090 5360 
31.5 720 2400  131.6 2990 6680 213.6 1080 5350 
33.1 720 2990  133.2 3020 6760 215.2 1050 5260 
34.8 730 3600  134.8 3090 6790 216.9 1140 5350 
36.4 740 4110  136.5 2950 6900 218.5 1260 5400 
38.1 760 3460  138.1 2890 7010 220.1 1280 5510 
39.7 790 2650  139.8 2860 6970 221.8 1300 5500 
41.3 830 2340  141.4 2680 6970 223.4 1350 5540 
43.0 840 1990  143.0 2630 6970 225.1 1390 5650 
44.6 860 1730  144.7 2550 6660 226.7 1490 5770 
46.3 870 1800  146.3 2520 6720 228.4 1540 5760 
47.9 850 1930  148.0 2500 6450 230.0 1460 5690 
49.5 850 1940  149.6 2500 6660 231.6 1380 5620 
51.2 850 1920  151.3 2500 6610 233.3 1420 5660 
52.8 850 1810  152.9 2600 6570 234.9 1360 5730 
54.5 850 1770  154.5 2630 6570 236.6 1460 5810 
56.1 860 1650  156.2 2630 6610 238.2 1630 5890 
57.7 870 1600  157.8 2820 6920 239.8 1840 6170 
59.4 850 1550  159.5 2650 6760 241.5 1840 6300 
61.0 850 1590  161.1 2300 6530 243.1 1810 6300 
62.7 810 1510  162.7 2110 6350 244.8 1940 6310 
64.3 810 1440  164.4 1850 6090 246.4 1990 6310 
66.0 840 1470  166.0 1740 6130 248.0 2010 6390 
67.6 860 1570  167.7 1530 5740 249.7 2060 6310 
69.2 820 1660  169.3 1370 5540 251.3 2060 6280 
70.9 810 1610  170.9 1340 5490    
72.5 780 1690  172.6 1340 5490     
74.2 780 1800  174.2 1370 5400     
75.8 790 1820  175.9 1470 5440     
95.5 1700 5810  177.5 1520 5510     
97.1 1710 5650  179.1 1540 5790     
98.8 1710 5650  180.8 1680 5810     

100.4 1740 5650  182.4 1750 5940     
102.0 1880 5940  184.1 1770 5970     
103.7 2170 5970  185.7 1710 5970     
105.3 2280 6450  187.3 1700 5920     
107.0 2280 6410  189.0 1750 5820     

 
Table A-1.  Boring B-1002 and B-1002A, S - R1 quality assurance 

analysis P- and SH-wave data 
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Plant Vogtle Borehole B-1003
Source to Receiver and Receiver to Receiver Analysis
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Figure A-2.  Boring B-1003, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp  Depth Vs Vp Depth Vs Vp 

(ft) (ft/sec) (ft/sec)  (ft) (ft/sec) (ft/sec) (ft) (ft/sec) (ft/sec) 

82.4 2560 6490  164.4 2290 6280 328.4 1500 5620 
84.0 2330 6700  167.7 2040 6150 331.7 1460 6390 
85.6 2140 6530  170.9 1770 5970 335.0 1330 6350 
87.3 1910 6410  174.2 1620 5810 338.3 1360 6430 
88.9 1850 6330  177.5 1650 5870 341.5 1400 6060 
90.6 1720 5900  180.8 1700 6010 344.8 1410 5710 
92.2 1730 5900  184.1 1740 6040 348.1 1500 5650 
93.8 1930 6080  187.3 1690 5970 351.4 1650 5820 
95.5 2130 6300  190.6 1680 5950 354.7 1940 6200 
97.1 2240 6490  193.9 1750 5990 357.9 2200 6900 
98.8 2120 6530  197.2 1850 6180 361.2 2160 6920 

100.4 1960 6330  200.5 2120 6550 364.5 1960 6470 
102.0 2030 6370  203.7 2330 6680 367.8 1770 6060 
103.7 2070 7260  207.0 2360 6720 371.1 1690 5870 
105.3 2000 6220  210.3 2040 6430 374.3 1560 5840 
107.0 2000 6300  213.6 1900 6350 377.6 1730 6130 
108.6 2140 6530  216.9 1940 6390 380.9 2060 6200 
110.2 2480 6610  220.1 2130 6570 384.2 2270 6350 
111.9 2600 6830  223.4 2170 6550 387.5 2480 6350 
113.5 2570 6830  226.7 2190 6410 390.8 2690 6610 
115.2 2630 6790  230.0 2290 6550 394.0 2570 6630 
116.8 2580 6900  233.3 2290 6530 397.3 2330 6410 
118.4 2590 6830  236.6 2270 6590 400.6 2180 6390 
120.1 2700 6900  239.8 2130 6550 403.9 2080 6170 
121.7 2670 6760  243.1 2080 6350 407.2 2020 6220 
123.4 2770 6990  246.4 1960 6090 410.4 2050 6240 
125.0 2830 7130  249.7 1900 6010 413.7 2230 6490 
126.6 2860 7280  253.0 1990 6060 417.0 2480 6610 
128.3 2780 7160  256.2 2100 6180 420.3 2440 6810 
129.9 2770 7080  259.5 2130 6450 423.6 2350 6530 
131.6 2710 7330  262.8 2010 6280 426.8 2260 6390 
133.2 2630 6680  266.1 1890 6130 430.1 2120 6240 
134.8 2610 6990  269.4 1830 6110 433.4 2230 6430 
136.5 2620 6940  272.6 1800 6130 436.7 2330 6590 
138.1 2630 7040  275.9 1840 6110 440.0 2290 6570 
139.8 2660 7160  279.2 1890 6150 443.2 2350 6470 
141.4 2620 6970  282.5 1930 6180 446.5 2180 6220 
143.0 2610 7040  285.8 2130 6390 449.8 2270 6310 
144.7 2470 7010  289.0 2160 6530 453.1 2360 6300 
146.3 2320 6790  292.3 2130 6470 456.4 2400 6300 
148.0 2180 6490  295.6 2030 6450 459.7 2390 6450 
149.6 2060 6350  298.9 1990 6450 462.9 2390 6470 
151.3 1980 6300  302.2 1990 6570 466.2 2410 6280 
152.9 1870 6220  305.5 2010 6530 469.5 2400 6720 
154.5 1800 6010  308.7 2050 6300 472.8 2370 6590 
156.2 1870 6040  312.0 2150 6180 476.1 2370 6680 
157.8 1950 6060  315.3 2240 6260 479.3 2380 6720 
159.5 2080 6090  318.6 2220 6110 482.6 2360 6720 
161.1 2130 6240  321.9 1620 6180 485.9 2400 6720 
162.7 2200 6220  325.1 1550 5620 489.2 2450 6740 

 
Table A-2.  Boring B-1003, S - R1 quality assurance 

analysis P- and SH-wave data 
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Depth Vs Vp  Depth Vs Vp Depth Vs Vp 

(ft) (ft/sec) (ft/sec)  (ft) (ft/sec) (ft/sec) (ft) (ft/sec) (ft/sec) 

492.5 2480 6810  659.8 2730 6720 823.8 2840 6920 
495.7 2520 6920  663.1 2740 6850 827.1 2920 6990 
499.0 2510 6660  666.3 2790 6940 830.4 3020 7010 
502.3 2560 6680  669.6 2900 7060 833.7 3090 7080 
505.6 2510 6610  672.9 3000 7040 836.9 2990 7080 
508.9 2530 6610  676.2 3150 7570 840.2 2990 7110 
512.1 2560 6680  679.5 3230 7550 843.5 2950 7360 
515.4 2570 6680  682.7 3110 7280 846.8 3020 7410 
518.7 2630 7310  686.0 3020 7080 850.1 3020 7310 
522.0 2650 6680  689.3 2870 6920 853.4 3020 7360 
525.3 2740 6720  692.6 2810 6940 856.6 3040 7440 
528.5 2970 7180  695.9 2770 6940 859.9 3000 7520 
535.1 2890 7230  699.2 2740 6900 863.2 2950 7460 
538.4 2810 6970  702.4 2770 6880 866.5 2990 7490 
541.7 2770 6850  705.7 2840 6970 869.8 2990 7310 
545.0 2760 6970  709.0 2840 7010 873.0 3040 7230 
548.2 2770 6990  712.3 2840 6970 876.3 3170 7410 
551.5 2720 6970  715.6 2870 7130 879.6 3420 7830 
554.8 2790 6970  718.8 2780 6990 882.9 3530 8160 
558.1 2740 6920  722.1 2810 7040 886.2 3390 8290 
562.3 2700 6990  725.4 2890 7060 889.4 3250 7830 
564.6 2690 6990  728.7 3000 7360 892.7 2840 7260 
567.9 2810 7010  732.0 3040 7520 896.0 2590 7080 
571.2 2900 7040  735.2 3000 7520 899.3 2470 6720 
574.5 3040 7110  738.5 2820 7280 902.6 2440 6720 
577.8 3110 7110  741.8 2730 7160 905.8 2490 6680 
581.0 3060 7110  745.1 2710 7110 909.1 2990 7010 
584.3 2940 6900  748.4 2770 7160 912.4 3600 7310 
587.6 2860 6920  751.6 3040 7520 915.7 3440 7520 
590.9 2860 7060  754.9 3110 7830 919.0 3190 7410 
594.2 2860 7110  758.2 3190 7860 922.2 2940 7280 
597.4 2860 7160  761.5 3130 7570 925.5 2780 6970 
600.7 2890 7060  764.8 3040 7360 929.1 2670 6940 
604.0 2900 6920  768.0 3020 7410 932.1 2630 6940 
607.3 3000 6880  771.3 3110 7390 935.4 2670 6920 
610.6 3000 7010  774.6 3040 7310 938.7 2770 7110 
613.9 3040 7010  777.9 2940 7210 941.9 2860 7230 
617.1 3060 7010  781.2 3000 7110 945.2 2810 7040 
620.4 3070 6990  784.5 3000 6970 948.5 2810 6920 
623.7 2940 7260  787.7 3000 6940 951.8 2860 6920 
627.0 2890 7230  791.0 2920 6990 955.1 2940 6970 
630.3 2820 7110  794.3 2860 7110 958.3 3040 7390 
633.5 2730 7060  797.6 2860 7280 961.6 2700 7210 
636.8 2630 6900  800.9 2790 6990 964.9 2560 6970 
640.1 2630 6900  804.1 2780 6920 968.2 2510 6810 
643.4 2700 7040  807.4 2710 6850 971.5 2530 6970 
646.7 2690 7080  810.7 2730 7010 974.7 2540 6940 
649.9 2840 7110  814.0 2740 6970 978.0 2560 6970 
653.2 2840 7160  817.3 2760 6990 981.3 2610 6760 
656.5 2740 6990  820.5 2810 6970 984.6 2650 7280 

 
Table A-2, continued.  Boring B-1003, S - R1 quality assurance 

analysis P- and SH-wave data 
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Depth Vs Vp  Depth Vs Vp Depth Vs Vp 

(ft) (ft/sec) (ft/sec)  (ft) (ft/sec) (ft/sec) (ft) (ft/sec) (ft/sec) 

987.9 2840 7180  1096.1 5460 10660 1178.2 6330 12120 
991.1 3250 7260  1097.8 5560 10560 1179.8 6040 12380 
994.4 3270 7710  1099.4 5440 10980 1181.4 5850 11330 
997.7 3270 7680  1101.1 5350 10190 1183.1 5570 11140 

1001.0 3110 7570  1102.7 5230 10130 1184.7 5250 11050 
1004.3 2870 7310  1104.3 5110 11000 1186.4 5200 11070 
1007.6 2580 6830  1106.0 5080 10170 1188.0 5300 11510 
1010.8 2300 6530  1107.6 5010 10620 1189.6 5530 11290 
1014.1 2280 6530  1109.3 5160 10430 1191.3 5510 11260 
1017.4 2300 6590  1110.9 5330 10370 1192.9 5510 11140 
1020.7 2310 6510  1112.5 5570 10840 1194.6 5490 11430 
1024.0 2260 6610  1114.2 5740 10580 1196.2 5530 11310 
1027.2 2240 6610  1115.8 6040 11210 1197.8 5570 11720 
1030.5 2230 6720  1117.5 6060 11880 1199.5 5570 11300 
1033.8 2230 6740  1119.1 6110 11770 1201.1 5570 11820 
1037.1 2250 6830  1120.7 5920 11360 1202.8 5570 12440 
1040.4 2250 6810  1122.4 5870 11140 1204.4 5690 13130 
1042.0 2240 6740  1124.0 5870 11930 1206.0 5680 12070 
1043.6 2250 6720  1125.7 5950 11240 1207.7 5850 11660 
1045.3 2300 6790  1127.3 6010 11900 1209.3 6350 12560 
1046.9 2440 7060  1128.9 6060 12010 1211.0 6610 13160 
1048.6 2490 6880  1130.6 6260 11140 1212.6 6880 13710 
1050.2 2610 7010  1132.2 6150 12040 1214.2 7110 13790 
1051.8 2710 7080  1133.9 5920 11820 1215.9 6920 13540 
1053.5 2790 7040  1135.5 5690 11610 1217.5 6850 13060 
1054.8 2920 7110  1137.1 5530 11610 1219.2 7110 13430 
1056.8 3110 7080  1138.8 5420 10840 1220.8 7260 12290 
1058.4 3250 7080  1140.4 5330 10560 1222.4 7460 12500 
1060.0 3130 7520  1142.1 5250 10620 1224.1 7390 13400 
1061.7 3260 7770  1143.7 5380 10980 1225.7 7600 13470 
1063.3 3420 7920  1145.3 5330 10560 1227.4 7550 13260 
1065.0 3690 8180  1147.0 5250 10840 1229.0 7160 12590 
1066.6 3750 8440  1148.6 5190 10770 1230.6 6630 11640 
1068.2 3850 8840  1150.3 5200 11090 1232.3 6330 11820 
1069.9 3860 9220  1151.9 5160 10820 1233.9 6200 11690 
1071.5 3940 9070  1153.5 5110 10580 1235.6 6240 11740 
1073.2 3900 9360  1155.2 5190 10580 1237.2 6330 12470 
1074.8 4020 9060  1156.8 5350 10600 1238.9 6570 12040 
1076.4 4070 9230  1158.5 6010 11640 1240.5 6740 11880 
1078.1 4390 9280  1160.1 6300 12010 1242.1 6880 12590 
1079.7 4420 9480  1161.8 6610 12270 1243.8 6790 12900 
1081.4 4650 9480  1163.4 7260 13060 1245.4 6610 13130 
1083.0 4800 9720  1165.0 8070 14050 1247.1 6390 12070 
1084.7 5050 9720  1166.7 8070 13060 1248.7 6240 12120 
1086.3 5060 10290  1168.3 7460 13540 1250.3 6470 12680 
1087.9 5010 9930  1170.0 7230 13130 1252.0 6580 11530 
1089.6 5150 10010  1171.6 7260 12350 1253.6 6410 11260 
1091.2 5250 9930  1173.2 7330 11820 1255.3 6630 12350 
1092.9 5250 10150  1174.9 6970 12740 1256.9 6810 12590 
1094.5 5410 10370  1176.5 6580 11960 1258.5 7330 14280 

 
Table A-2, continued.  Boring B-1003, S - R1 quality assurance 

analysis P- and SH-wave data 
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Depth Vs Vp 

(ft) (ft/sec) (ft/sec) 

1260.2 7830 14320 
1261.8 7680 15140 
1263.5 7520 14890 
1265.1 7460 14680 
1266.7 7440 14680 
1268.4 7460 13470 
1270.0 7330 13030 
1271.7 7110 13570 
1273.3 7160 13860 
1274.9 7160 13030 
1276.6 7600 14640 
1278.2 7680 14640 
1279.9 7920 15740 
1281.5 8070 13970 
1283.1 7920 15010 
1284.8 8200 13900 
1286.4 8200 13640 
1288.1 7680 14640 
1289.7 7310 14590 
1291.3 7040 13500 
1293.0 6850 13540 
1294.6 6740 13360 
1296.3 6680 12040 
1297.9 6740 12470 
1299.5 7260 14080 
1301.2 7520 14280 
1302.8 7680 14160 
1304.5 7390 13470 
1306.1 7440 13470 
1307.7 7460 13970 
1309.4 7440 14050 
1309.4 7570 14120 
1311.0 7570 14320 
1312.7 7520 14220 
1314.3 7310 14200 
1316.0 7110 14800 
1317.6 6880 13710 
1319.2 6630 13100 
1320.9 6350 12010 
1322.5 6150 11880 
1324.2 6110 12410 
1325.8 6110 12530 
1327.4 6200 12680 
1329.1 6350 12470 
1330.7 6610 13160 
1332.4 6920 12590 
1334.0 7260 13500 

   

 
Table A-2, continued.  Boring B-1003, S - R1 quality assurance 

analysis P- and SH-wave data 
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Plant Vogtle Borehole B-1004
Source to Receiver and Receiver to Receiver Analysis
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Figure A-3.  Boring B-1004, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp Depth Vs Vp 

(ft) (ft/sec) (ft/sec) (ft) (ft/sec) (ft/sec) 

141.4 1900 6450 223.4 2490 6940 
143.0 1980 6410 225.1 2440 6790 
144.7 2290 6490 226.7 2220 6880 
146.3 2230 6530 228.4 2070 6630 
148.0 2050 6530 230.0 1950 6490 
149.6 2150 6530 231.6 1800 6200 
151.3 2150 6920 233.3 1610 5920 
152.9 2160 6660 234.9 1480 5790 
154.5 2130 6740 236.6 1490 5840 
156.2 2130 6970 238.2 1510 5870 
157.8 2340 7160 239.8 1510 5840 
159.5 2430 7260 241.5 1460 5870 
161.1 2430 7060 243.1 1480 5840 
162.7 2510 6880 244.8 1510 5840 
164.4 2610 7160 246.4 1440 5740 
166.0 2610 6970 248.0 1410 5740 
167.7 2710 6880 249.7 1400 5680 
169.3 2710 7160 251.3 1400 5740 
170.9 2710 7210 253.0 1390 5770 
172.6 2820 7210 254.6 1380 5770 
174.2 2890 7230 256.2 1450 5970 
175.9 2910 7230 257.9 1520 5940 
177.5 2890 7230 259.5 1480 5990 
179.1 2860 7210 261.2 1480 5950 
180.8 2810 7280 262.8 1490 5990 
182.4 2760 7210 264.4 1490 5950 
184.1 2740 7160 266.1 1480 5920 
185.7 2710 7210 267.7 1500 5920 
187.3 2760 7280 269.4 1540 5940 
189.0 2760 7310 271.0 1490 5920 
190.6 2780 7330 272.6 1540 5940 
192.3 2860 7410 274.3 1570 5990 
193.9 2960 7390 275.9 1620 5990 
195.5 3020 7180 277.6 1690 6060 
197.2 3220 7890 279.2 1720 6060 
198.8 3450 8070 280.8 1720 5890 
200.5 3430 7570 282.5 1780 6080 
202.1 3280 7800 284.1 1850 6130 
203.7 3240 7440 285.8 1970 6510 
205.4 3350 7570 287.4 2120 6510 
207.0 3220 7600 289.0 2250 6660 
208.7 3020 7210 290.7 2320 6900 
210.3 2720 7110 292.3 2360 6880 
211.9 2570 7160    
213.6 2610 7280     
215.2 2510 7110     
216.9 2400 6850     
218.5 2440 7010     
220.1 2500 6920     
221.8 2520 7080     

 
Table A-3.  Boring B-1004, S - R1 quality assurance 

analysis P- and SH-wave data 
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Plant Vogtle Borehole C-1005A
Source to Receiver and Receiver to Receiver Analysis
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Figure A-4.  Boring C-1005A, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp 

(ft) (ft/sec) (ft/sec) 

10.2 1310 2600 
11.8 1260 2550 
13.5 1230 2480 
15.1 1160 2380 
16.7 1100 2270 
18.4 1000 2200 
20.0 890 2150 
21.7 780 2050 
23.3 740 1970 
24.9 670 1950 
26.6 670 1970 
28.2 680 2010 
29.9 670 2050 
31.5 680 2110 
33.1 700 2200 
34.8 700 2220 
36.4 690 2200 
38.1 670 2220 
39.7 670 2200 

   

 
Table A-4.  Boring C-1005A, S - R1 quality assurance 

analysis P- and SH-wave data 
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CALIBRATION PROCEDURE FOR 

GEOVision SEISMIC RECORDER/LOGGER 

Reviewed 10/10/05 

 

Objective 

The timing/sampling accuracy of seismic recorders or data loggers is required for 
several GEOVision field procedures including Seismic Refraction, Downhole Seismic 
Velocity Logging, and P-S Suspension Logging.  This procedure describes the method 
for measuring the timing accuracy of a seismic data logger, such as the OYO Model 170 
or the Geometrics Strataview.  The objective of this procedure is to verify that the timing 
accuracy of the recorder is accurate to within 1%. 

 
Frequency of Calibration 
The calibration of each GEOVision seismic data logger is twelve (12) months.  In the 
case of rented seismic data loggers, calibration must be performed prior to use. 

 
Test Equipment Required 
The following equipment is required.  Item #2 must have current NIST traceable 
calibration. 

1. Function generator, Krohn Hite 5400B or equivalent 

2. Frequency counter, HP 5315A or equivalent 

3. Test cables, from item 1 to item 2, and from item 1 to subject data logger. 

 
Procedure 
This procedure is designed to be performed using the accompanying Seismograph 
Calibration Data Sheet with the same revision number.  All data must be entered and 
the procedure signed by the technician performing the test.   

1. Record all identification data on the form provided. 

2. Connect function generator to data logger (such as OYO Model 170) using test 
cable 

3. Connect the function generator to the frequency counter using test cable. 

GEOVision Job 5492 12/19/2005

GEOVision Report 5492-01 Vol 1 of 2 Vogtle Boring Geophysics rev a.pdf Page 60 of 167



Seismic Recorder/Logger Calibration Procedure  
Revision 1.21           Page 2 GE

4. Set up generator to produce a 100.0 Hz, 0.25 volt (amplitude is approximate, modify 
as necessary to yield less than full scale waveforms on logger display) peak square 
wave or sine wave.  Verify frequency using the counter and initial space on the data 
sheet. 

5. Initialize data logger and record a data record of at least 0.1 second using a 100 
microsecond sample period. 

6. Measure the recorded square wave frequency by measuring the duration of 9 cycles 
of data.  This measurement can be made using the data logger display device, or by 
printing out a paper tape.  If a paper tape can be printed, the resulting printout must 
be attached to this procedure.  Record the data in the space provided. 

7. Repeat steps 5 and 6 three more times using separate files.   

 
Criteria 
The duration for 9 cycles in any file must be 90.0 milliseconds plus or minus 0.9 
milliseconds, corresponding to an average frequency for the nine cycles of 100.0 Hz 
plus or minus 1 Hz (obtained by dividing 9 cycles by the duration in milliseconds). 

If the results are outside this range, the data logger must be marked with a GEOVision 
REJECT tag until it can be repaired and retested. 

If results are acceptable affix label indicating the initials of the person performing the 
calibration, the date of calibration, and the due date for the next calibration (12 months). 

 
Procedure Approval 
Approved by: 

_____John G. Diehl_____________  _____President__________________ 
Name       Title 

_____________________________  ____October 10, 2005_____________ 
Signature      Date 

Client Approval (if required): 

_____________________________  _______________________________ 
Name       Title 

_____________________________  _______________________________ 
Signature      Date 
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PROCEDURE FOR

OYO P-S SUSPENSION SEISMIC VELOCITY LOGGING

Background

This procedure describes a method for measuring shear and compressional wave
velocities in soil and rock.  The OYO P-S Suspension Method is applied by generating
shear and compressional waves in a borehole using the OYO P-S Suspension Logger
borehole tool and measuring the travel time between two receiver geophones or
hydrophones located in the same tool.

Objective

The outcome of this procedure is a plot and table of P and SH wave velocity versus
depth for each borehole.  Standard analysis is performed on receiver to receiver data.
Data is presented in report format, with ASCII data files and digital records transmitted
on diskette.

Instrumentation

1. OYO Model 170 Digital Logging Recorder or equivalent

2. OYO P-S Suspension Logger probe, including two sets horizontal and vertical
geophones, seismic source, and power supply for the source and receivers

3. Winch and winch controller, with logging cable

4. Batteries to operate OYO 170 and winch

The Model 170 Suspension P-S Logging system, manufactured by OYO Corporation, is
currently the only commercially available suspension system.  As shown in Figure 1, the
System consists of a borehole probe suspended by a cable and a recording/control
electronics package on the surface.

The suspension system probe consists of a combined reversible polarity solenoid
horizontal shear-wave generator (SH ) and compressional-wave generator (P), joined to
two biaxial geophones by a flexible isolation cylinder.  The separation of the two
geophones is one meter, allowing average wave velocity in the region between the
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geophones to be determined by inversion of the wave travel time between the two
geophones.  The total length of the probe is approximately 7 meters; the center point of
the geophones is approximately 5 meters above the bottom end of the probe.

The probe receives control signals from, and sends the amplified geophone signals to,
the instrumentation package on the surface via an armored 7 conductor cable.  The
cable is wound onto the drum of a winch and is used to support the probe.  Cable travel
is measured by a rotary encoder to provide probe depth data.

The entire probe is suspended by the cable and centered in the borehole by nylon
“whiskers.”  Therefore, source motion is not coupled directly to the borehole walls;
rather, the source motion creates a horizontally propagating pressure wave in the fluid
filling the borehole and surrounding the source.  This pressure wave produces a
horizontal displacement of the soil forming the wall of the borehole.  This displacement
propagates up and down the borehole wall, in turn causing a pressure wave to be
generated in the fluid surrounding the geophones as the soil displacement wave passes
their location.

Environmental Conditions

The OYO P-S Suspension Logging Method can be used in either cased or uncased
boreholes.  For best results, the borehole must be between 10 and 20 cm in diameter,
or 4 to 8 inches.

Uncased boreholes are preferred because the effects of the casing and grouting are
removed.  It is recommended that the borehole be drilled using the rotary mud method.
This method does little damage to the borehole wall, and the drilling fluid coats and
seals the borehole wall reducing fluid loss and wall collapse.  The borehole fluid is
required for the logging, and must be well circulated prior to logging.

If the borehole must be cased, the casing must be PVC and properly installed and
grouted.  Any voids in the grout will cause problems with the data.  Likewise, large grout
bulbs used to fill cavities will also cause problems.  The grout must be set before
testing.  This means the grouting must take place at least 48 hours before testing.

For borehole casing, applicable preparation procedures are presented in ASTM
Standard D4428/D4428M-91 Section 4.1 (see ASTM website for copy).

Calibration

Calibration of the Model 170 digital recorder is required.  Calibration is limited to the
timing accuracy of the recorder.  GEOVision’s Seismograph Calibration Procedure or
equivalent should be used.  Calibration must be performed on an annual basis.
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Measurement Procedure

The entire probe is lowered into the borehole to a specific measurement depth by the
winch.  A measurement sequence is then initiated by the operator from the
instrumentation package control panel.  No further operator intervention is then needed
to complete the measurement sequence described below.

The system electronics activates the SH-wave source in one direction and records the
output of the two horizontally oriented geophone axes which are situated parallel to the
axis of motion of the source.  The source is then activated in the opposite direction, and
the horizontal output signals are again recorded, producing a SH-wave record of polarity
opposite to the previous record.  The source is finally actuated in the first direction
again, and the responses of the vertical geophone axes to the resultant P-wave are
recorded during this sampling.

The data from each geophone during each source activation is recorded as a different
channel on the recording system.  The Model 170 has six channels (two simultaneous
recording channels), each with a 12 bit 1024 sample record.  The recorded data is
displayed on a CRT display and on paper tape output as six channels with a common
time scale.  Data is stored on 3.5-inch floppy diskettes for further processing.  Up to 8
sampling sequences can be stacked (averaged) to improve the signal to noise ratio of
the signals.

Review of the displayed data on the CRT or paper tape allows the operator to set the
gains, filters, delay time, pulse length (energy), sample rate, and stacking number in
order to optimize the quality of the data before recording.  Final printed data is verified
by the operator prior to moving the probe.

Typical depth spacing for measurements is 1.0 meters, or 3.3 feet.  Alternative spacing
is 0.5 meter, or 1.6 feet.

Required Field Records

1) Field log for each borehole showing

a) Borehole identification

b) Date of test

c) Tester or data recorder

d) Description of measurement

e) Any deviations from test plan and action taken as a result

f) QA Review
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2) Paper output records for each measurement as backup showing depth and ID
number

3) List of record ID numbers (for data on diskette) and corresponding depth

4) Diskettes with backup copies of data on hard disk, labeled with borehole
designation, record ID numbers, date, and tester name.

An example Field Log is attached to this procedure.

Analysis

Following completion of field work, the recorded digital records are processed by
computer using the OYO Corporation software program PSLOG and interactively
analyzed by an experienced geophysicist to produce plots and tables of P and SH wave
velocity versus depth.

The digital time series records from each depth are transferred to a personal computer
for analysis.  Figure 2 shows a sample of the data from a single depth.  These digital
records are analyzed to locate the first minima on the vertical axis records, indicating
the arrival of P-wave energy.  The difference in travel time between these arrivals is
used to calculate the P-wave velocity for that 1-meter interval.  When observable, P-
wave arrivals on the horizontal axis records are used to verify the velocities determined
from the vertical axis data.  In addition, the soil velocity calculated from the travel time
from source to first receiver is compared to the velocity derived from the travel time
between receivers.

The digital records are studied to establish the presence of clear SH-wave pulses, as
indicated by the presence of opposite polarity pulses on each pair of horizontal records.
Ideally, the SH-wave signals from the ‘normal’ and ‘reverse’ source pulses are very
nearly inverted images of each other.  Digital FFT – IFFT lowpass filtering are used to
remove the higher frequency P-wave signal from the SH-wave signal.

The first maxima are picked for the ‘normal’ signals and the first minima are picked for
the 'reverse' signals.  The absolute arrival time of the ‘normal’ and ‘reverse’ signals may
vary by +/- 0.2 milliseconds, due to differences in actuation time of the solenoid source
caused by constant mechanical bias in the source or by borehole inclination.  This
variation does not affect the velocity determinations, as the differential time is measured
between arrivals of waves created by the same source actuation.  The final velocity
value is the average of the values obtained from the ‘normal’ and ‘reverse’ source
actuations.

In Figure 2, the time difference over the 1-meter interval of 1.70 millisecond is
equivalent to a SH-wave velocity of 588 m/sec.  Whenever possible, time differences
are determined from several phase points on the SH -wave pulse trains to verify the data
obtained from the first arrival of the SH -wave pulse.  In addition, the soil velocity
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calculated from the travel time from source to first receiver is compared to the velocity
derived from the travel time between receivers.

Figure 3 is a sample composite plot of the far normal horizontal geophone records for a
range of depths.  This plot shows the waveforms at each depth, clearly showing the S-
wave arrivals.  This display format is used during analysis to observe trends in velocity
with changing depth.

Once the proper picks are entered, PSLOG automatically calculates both Vs and Vp for
each depth.  The program allows spreadsheet output for presentation in either charts or
tables or both.

Standard analysis is performed on receiver 1 to receiver 2 data, with separate analysis
performed on source to receiver data as a quality assurance procedure.

Registered Geophysicist____________________________Date__6/20/00______

QA Review____________________________Date__6/20/00______

References:

1. Guidelines for Determining Design Basis Ground Motions, Report TR-102293,
Electric Power Research Institute, Palo Alto, California, November 1993, Sections 7
and 8.

2. The P-S Velocity Logging Method, R.L. Nigbor and T. Imai, XIII ICSMFE, 1994, New
Delhi, India / XIII CIMSTF, 1994, New Delhi, India

3. “Standard test Methods for Crosshole Seismic Testing”, ASTM Standard
D4428/D4428M-91, July 1991, Philadelphia, PA
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OYO SUSPENSION P-S VELOCITY LOGGING SETUP

Figure 1.  Suspension PS logging method setup
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Figure 2.  Sample suspension method waveform data showing horizontal normal and
reversed (HR and HN), and vertical (V) waveforms received at the near
(bottom 3 channels) and far (top 3 channels) geophones. The arrivals in
milliseconds for each pick are shown on the left. The box in the upper right
corner shows the depth in the borehole and the velocities calculated based
on the picks.
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Figure 3.  Sample composite waveform plot for normal shear waves received
at the near geophone in a single borehole
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