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TABLE 4.1 - Performance Category 3 Bedrock Design Basis Spectrum

5% 5% 5%
Damped Damped Damped
Frequency | Response | |Frequency| Response Frequency | Response
(Hz) (g) (Hz) (g) (Hz). (®
0.1 0.0002772 5 0.1652 28 0.1893317
0.2 0.0020445 6 0.1747 31 0.1837419
0.3 0.0052704 7 0.1816 34 0.1778419
0.4 0.0102714] 8 0.18637 40 0.1659168
05 0.0168325 9 0.1902 45 0.1564396
0.6 0.0227327 10 0.1929 50 0.1477262
0.7 0.0290546 11 0.1952 55 - ]0.1399159
0.8 0.0369375 12 0.1972 60 0.1330411
0.9 0.043226 13 0.1985 65 0.1270767
1 0.0482713 14 0.1996 70 0.1219522
1.1 | 0.055 145 0.1998 75 0.1175789
1.25 0.0648 15 0.2004 80 0.1138581
1.5 0.0772 16 02001831 85 0.1106881
1.75 0.088 17 02006463 90 0.1079623
2 0.0989 18 02007362 95 0.1055485
25 0.1171 20 0.1999783 100 0.1031972
3 0.131 22 0.1982369
4 0.1511 25 0.1943077
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TABLE 4.2 - Performance Category 4 Bedrock Design Basis Spectrum

5%

5%

%

Damped Damped Damped
Frequency | Response | |Frequency| Response Frequency | Response
(Hz) (g) (Hz) (g) (Hz) (8
0.1 0.0012566 4 0357 28 0.4868542
02 0.009044 S 0383 31 }0.4792033
03 0.0210028 6 0.4034 34 0.4697532
0.4 0.0372613 7 04176 40 0.4476758
0.5 0.0565381 8 0.4311 45 0.4278605
0.6 0.0718682 8.5 0.4375 50 0.4080071
0.7 0.0873354 9 0.4425 55 03888318
0.8 0.1066482 10 0.452 60 03707935
0.9 0.1210048 11 0.4597 65 03541422
1 0.1355 12 0.4657 70 03389912
1.1 0.1493 14 0.4757 75 03253537
1.25 0.17 16 0.483 80 03131722
1.5 0.2031 18 0.4889 85 0.3023209
1.75 0.23 20 0.4916649 90 02925963
2 0252 22 0.4933728 95 0.283595
25 02917 25 0.4919316 100 02742803
3 032
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TABLE 5.1 Velocity Profiles Used in this Study

Min. Max.
Area Prof. No. | Name Lat. Lon. Depth (m) Depth (m)
A 1505 ACPT-1 33344 81.739 2.74 38.10
A 1506 ACPT-=2 33.344 81.738 274 37.49
A 1507 ACPT4 33344 81.737 2.74 36.27
A 1508 ACPT-7 33.346 81.738 2.74 36.27
A 1509 ACPT-8 _ 33.345 81.739 2.74 37.19
CFD 1537 CFD-18 33240 81.632 2.71 310.90
CFD 1538 CFD-1 33238 81.630 0.91 292.61
F 1388 F-SEP-C2 33288 81.678 7.62 5243
F 1389 F-SEP-C3 33288 81.675 2.74 35.36
F 1390 F-SEP-C4 33287 81.676 2.74 33.53
F 1391 F-SEP-C5 33.287 81.676 3.05 34.75
F 1392 F-SEP-C6 33288 81.676 4.57 54.56
F 1393 F-SEP-C7 33.289 81.676 3.05 51.51
F 1394 F-SEP-C8 33.286 81.678 .4.88 36.88
F 1395 F-SEP-C9 33.288 81.679 3.05 46.03
F 1396 F-SEP-C10 33290 81.678 3.05 46.03
F 1397 F-SEP-C11 33289 81.677 3.05 52.43
F 1398 F-SEP-C12 33.288 81.679 3.05 5425
F 1399 F-SEP-C13 33.289 81.678 2.74 52.12
F 1400 F-SEP-C14 33287 81.679 3.05 46.94
F 1401 F-SEP-C15A 33.287 81.677 3.05 43.77
F 1402 F-SEP-C16 33.287 81.674 3.05 47.85
F 1403 F-SEP-C17 33288 81.678 4.57 55.47
F 1404 F-SEP-CI 33288 81.680 3.05 48.46
F 1407 F-TNK-C3 33282 81.678 3.05 48.77
F 1409 F-TNK-C5 33283 81.679 3.05 26.82
F 1410 F-TNK-C6 33.282 81.676 335 50.60
F 1412 F-TNK-C8 33283 81.678 3.05 2499
F 1413 F-TNK-C9 33282 81.676 5.79 41.76
F 1414 F-TNK-C10 33282 81.677 3.05 3341
F 1415 F-TNK-C11 33283 81.676 3.05 36.88
F 1416 F-TNK-C12 33284 81.676 335 45.11
F 1417 F-TNK-C13 33275 81.669 3.05 40.54
F 1419 F-TNK-C15 33283 81.677 3.05 24.08
F 1420 F-TNK-C16 33281 81.678 3.05 33N
F 1421 F-TNK-C17 33284 81.678 3.05 4023
F 1511 235F-CPT1 33.291 81.676 3.66 4633
F 1512 235F-CPT2 33.290 81.676 3.66 44 .50
F 1513 235F-CPT3 33291 81.676 3.66 49.99
F 1514 235F-CPTS 33.291 81.676 3.66 4724
F 1539 F-51 33289 81.676 3.05 35.66
GCB2 1649 GCB-2, interp 33322 81.720 43.01 194 49
H 1422 htf<18 33284 81.639 3.05 34.14
H 1424 cpt-05 33285 81.639 2.1 6127
H 1425 cpt-06 33285 81.639 280 44 50
H 1426 cpi-07 33.285 $1.640 2.63 60.35
H 1427 ept-10 33285 81.640 591 4237
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TABLE 5.1 Velocity Profiles Used in this Study (continued)

Min. Max.

Area Prof. No. Name Lat. Lon. Depth (m) Depth (m)
H 1428 cpt-11 33.285 81.639 1524 60.96
H 1430 cpt-16 33.284 81.640 2.62 33.53
H 1431 cpt-18 33.284 81.639 2.84 53.04
H 1432 cpt-20 33.285 81.638 10.15 3292
H 1433 cpt-20.1 33.285 81.638 21.73 33.83
H 1434 cpt-20.2 33.285 81.638 3.69 30.21
H 1435 cpt-23 33.286. 81.639 4.15 3322
H 1436 cpt-25 33286 81.639 2.80 44.50
H 1437 cpt-26 33.285 81.639 2.77 47.55
H 1438 cpt-282 33.285 81.638 2.56 37.19
H 1439 cpt-29 33.285 81.640 6.52 60.96
H 1440 cpt-30 33.285 $1.639 2.90 62.79
H 1441 cpt-31 33284 81.640 11.00 41.15
H 1442 4 H-CYN-CO01 33.290 81.641 3.05 41.45
H 1443 H-CYN-C02 33.289 81.643 6.71 44.20
H 1445 H-CYN-C04 33.99 81.651 3.05 54.25
H 1446 H-CYN-CO05 33.288 81.641 4.88 49.68
H 1447 H-CYN-C06 33.290 81.643 3.05 51.51
H 1448 H-CYN-C07 33290 81.639 3.05 46.03
H 1449 H-CYN-C08 33.290 81.638 3.05 45.11
H 1450 H-CYN-C09 33.291 81.642 3.96 57.00
H 1451 H-CYN-C10 33.289 81.640 2.74 58.22
H 1452 H-CYN-C12 33.287 81.639 2.74 57.30
H 1453 H-CYN-C13 33.287 81.641 2.74 5822
H 1454 HTF-CO05 33.286 81.640 3.05 60.66
H 1455 HTF-C06 33.286 81.640 5.79 61.57
H 1456 HTF-C07 3328 81.640 3.05 65.53
H 1457 HTF-C08 33285 81.641 5.719 56.08
H 1458 HTF-C09 33.286 $1.641 3.05 57.00
H 1459 HTF-C10 33285 81.645 3.96 12.19
H 1460 HTF-C11 33.285 81.644 7.50 12.07
. H 1461 HTF-C12 33285 81.646 3.05 12.19
H 1462 HTF-C13 33.285 81.645 3.96 44 20
H 1463 HTF-Cl14 33284 81.642 4.88 45.11
H 1464 HTF-C15 33284 81.641 438 46.94
H 1465 HTF-C16 33.285 $1.641 5.79 4328
H 1466 HTF-C17 33.286 81.642 4.88 3139
H 1467 H244-C01 33.286 81645 3.69 53.34
H 1468 H244-C02 33.286 81.645 2.7 49.07
H 1469 HCPT-32 33285 81.643 2.74 57.91
H 1470 HCPT-34 33284 81.643 in 57.6)
H 1471 HCPT-37 33.285 $1.644 2.68 57.61
H 1472 HCPT-38 33284 31.643 4.69 58.52
H 1477 RHLWE-C1 33285 81.645 0.00 5029
H 1478 RHLWE-CS 33285 81.645 0.00 5029
H 1479 RHLWE-CI10 33.285 $1.645 0.00 5029
H 1480 RHLWE-CI2 33285 81645 2.74 54 86
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TABLE 5.1 Velocity Profiles Used in this Study (continued)

Min. Max.
Area Prof. No. | Name Lat. Lon. Depth (m) Depth (m)
H 1481 H-NWT-C1 33.284 81.643 8.23 39.32
H 1482 H-NWT-C2 33.284 81.643 10.97 47.55
H 1433 H-NWT-C3 33.284 81.642 3.66 52.12
H 1484 H-NWT-C4 33.284 81.643 3.66 53.04
H 1485 HMMC-B02 33.284 81.644 3.05 53.34
H 1487 HMMC-C02 33284 81.644 3.05 30.79
H 1488 HCIFCO6A 33.291 81.639 2.74 25.15
H 1489 HCIFC06B 33.291 81.639 2.74 5334
H 1490 HCIFCO07 33.291 81.639 3.05 5425
H 1491 HCIFCO08 33.291 81.640 427 36.88
H 1492 HCIFC09 33291 81.640 274 47.85
H 1493 HCIFCI10 33291 81.640 2.74 4328
H 1494 HLWFCO1 33.286 81.638 4.57 5425
H 1495 HLWFCO02 33286 81.638 244 53.34
H 1496 HLWFC04 33287 81.638 2.74 47.55
H 1540 B3 & B10 33290 -81.646 1.52 6035
H 1541 B10 & Bl11 33290 81.646 1.52 60.35
H 1542 Bl & B8 33.289 81.646 1.52 6035
H 1543 B8 & B9 33.289 81.646 152 6035
H 1545 SCPT-01 33285 81.640 3.66 55.79
H 1547 SCPT-14 33.284 81.640 3.68 4845
H 1589 SCPTU-1 33.290 81.646 533 49.53
H 1591 SCPTU7 3329 81.647 3.81 48.46
H 1592 SCPTU-11 33289 ‘81.647 5.03 49.99
H 1608 RTRCPT04 33290 81.646 3.69 5035
H 1611 RTFCPT1S 33.289 81.646 3.68 50.30
H 1615 MMP-2A-SB(R1-R2) 33.284 81.644 1.00 289.00
K 1318 P-25 33211 81.657 0.00 121.92
K 1544 P-25B & P-25TB 33211 81.657 0.00 94.49
K 1550 K-1012 33212 81.666 4.60 57.90
K 1551 K-1008 33211 81.664 3.00 57.60
K 1552 K-1003 33213 81.663 3.00 57.90
K 1561 KC-2 33213 81.663 230 37.30
K 1562 KC-RT3 33213 81.663 230 36.60
K 1565 KC-9 33212 81.662 229 3734
K 1566 KC-10 33211 81.663 229 41.68
K 1567 KC-15 33213 81.664 229 4971
K 1568 KC-18 33213 81.664 233 2819
K 1569 KC-20 33.211 81.663 229 3886
K 1570 KR-1 33210 81.665 390 3097
K 1571 KR-2A 3321 81.664 387 26.73
K 1572 KR-3 33211 81.664 3.81 29.75
K 1573 KR-§ 33211 81.666 3.81 23.56
K 1574 KR-6 33211 81.666 533 38.36
K 1576 KR-9 33212 81.664 3.93 38.39
K 1577 KR-12B 33212 81.666 6.86 2249
K 1616 MMP-3-SB (R1-R2) 33211 81.657 1.00 31300
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TABLE 5.1 Velocity Profiles Used in this Study (continued)

Min. Max.
Area Prof. No. | Name Lat. Lon. Depth (m) Depth (m)
L 1515 LREC-C01 33210 81.627 3.96 29.57
L 1517 LREC-CO03 33214 81.624 3.05 34.14
L 1518 LREC-C04 33.210 81.625 3.05 49.68
L 1519 LREC-C05 33.212 81.626 3.05 48.77
L 1520 LREC-C06 33211 81.624 3.05 5243
L - 1521 LREC-C07 33211 81.624 3.05 46.03
L 1522 LREC-C08 33.210 81.624 3.05 51.51
L 1523 LREC-C11 33.211 81.623 3.05 7.62
L 1524 LREC-C12 33.210 81.622 3.05 50.50
L 1525 LREC-Ci3 33210 81.623 3.96 5.79
L 1526 LREC-C14 33210 81.623 3.05 48.46
L 1527 LREC-C16 33210 81621 3.05 4328
L 1528 LREC-C17 33213 81.622 3.05 37.80
L 1529 LREC-C20 33210 81.621 3.05 4420
L 1530 LREC-C21 33214 81.624 3.05 47.85
L 1531 LREC-C22 33210 81.621 3.05 4420
L 1532 LREC-C23 33.209 81.621 2.74 4328
L 1533 LREC-C24 33.209 81.621 3.05 49.68
L 1578 L205 AND L206 33212 81.626 3.05 51.82
MMP4 1510 MMP-4C 33.338 81.708 3.66 39.93
MMP4 1617 MMP-4-SB (R1-R2) 33338 81.708 1.00 221.00
NPR 1347 NPR M12A-17 33253 81.638 0.00 78.94
NPR 1348 NPR M12A-18 33252 81.637 0.00 4298
NPR 1349 NPR M12A-19 33253 81.637 0.00 63.09
NPR 1351 NPR M12A-21 33253 81.637 0.00 70.41
NPR 1352 NPR M12A-22 33.253 81.636 0.00 79.55
NPR 1353 NPR M12A-25 33254 81.637 0.00 53.04
NPR 1354 NPR M12A-26 33251 81638 0.00 41.15
NPR 1355 NPR M12A-27 33253 81.639 0.00 44 81
NPR 1356 NPR M12A-28 33254 81636 0.00 66.75
NPR 1357 NPR M12A-29 33.252 81.636 0.00 59.44
NPR 1358 NPR M12A-30 33252 81.635 0.00 64.92
NPR 1553 AFR-E24 33257 81.627 3.00 91.40
NPR 1554 AFR-E25 33258 81.628 1.50 91.40
NPR 1555 AFR-E26 33.259 81.630 1.50 91.40
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TABLE 5.2 Summary of Deeper Profiles

Profiles Deeper Than 75m
Max.
Area Prof. No. Name Lat. Lon. Depth (m)
CFD 1537 CFD-18 33240 81.632 310.90
CFD 1538 CFD-1 33238 81.630 292.61
GCB2 1649 GCB-2, interp 33322 81.720 194.49
H 1615 MMP-2A-SB (R1-R2) 33.284 81.644 289.00
K 1318 P-25 33211 81.657 121.92
K 1544 P-25B & P-25TB 33211 81.657 94.49
K 1616 MMP-3-SB (R1-R2) 33211 81.657 313.00
MMP4 1617 MMP-4-SB (R1-R2) 33.338 81.708 221.00
NPR 1347 NPR M12A-17 33253 81.638 78.94
NPR 1352 NPR MI12A-22 33.253 81.636 79.55
NPR 1553 AFR-E24 33257 81.627 91.40
NPR 1554 AFR-E25 33258 81.628 91.40
NPR 1555 AFR-E26 33259 81.630 91.40
Profiles Deeper Than 100m
Max.
Area Prof. No. Name Lat. Lon. Depth (m)
CFD 1537 CFD-18 33240 81.632 310.90
CFD 1538 CFD-1 33238 81.630 292.61
GCB2 1649 GCB-2, interp 33222 81.720 194.49
H 1615 MMP-2A-SB (R1-R2) 33284 81.644 289.00
K 1318 P-25 33211 81.657 121.92
K 1616 MMP-3-SB (R1-R2) 33211 81.657 313.00
MMP4 1617 MMP-4-SB (R1-R2) 33338 81.708 221.00
Profiles Deeper Than 200m
Max.
Ares Prof. No. Name Lat Lon. Depth (m)
CFD 1537 CDF-18 33.240 81.632 310.90
CFD 1538 CFD-1 33238 81.630 292.61
H 1615 MMP-2A-SB (R1-R2) 33284 81.644 289.00
K 1616 MMP-3-SB (R1-R2) 33211 81.657 313.00
MMP4 1617 MMP-4-SB (R1-R2) 33338 81.708 221.00
ssrs.doc 60
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TABLE 5.3 - SRS Well Data Used to Derive Soil Column Thickness

Well ID UTM north | UTM east | Surface | Depthto | Ref. Notes
Elevation] Topof | Source
(f) Rock (ft)
AIK454 3709940.00 | 412737.40 470 630 7
AIKS830 3707695.00 | 431346.50 480 541 7
AIK831 3707880.00 | 431347.90 505 538 7
AIKS832 3710384.00 | 434357.90 480 515 7
AIK858 3696882.00 | 434372.10 435 651 1
ALL27 3655603.00 | 454404.60 186 1476 1
ALL324 3665301.00 | 44908220 203 1355 1
Cl 3690555.00 | 424736.00 235 567 1
C10 3653933.00 | 464096.00 | 289.6 1725.6 1
Cl15 358137626 | 538147.82 65 2758 5
2 3699924.00 | 428347.50 | 4188 553 1
C3 3711255.00 { 454998.80 | 2952 523 1
C5 3686712.00 | 46204240 | 2656 | - 1073 1
C6 3670906.00 | 470604.70 | 208.7 1374 1
C7 3663770.00 | 452781.20 252 1416 I
CFD-1 3677663.24 | 441304.80 | 268.8 979 10 1991 TD
CFD-18 3677879.59 | 441176.71 | 2484 1072 10 |1085TD
CPCl 3679081.25 | 437361.81 | 285.1 1096 1
DRB-1 3638417128 | 43752432 | 266.5 877 11  |versus database
DRB-10 3673729.08 | 446088.37 250 1170 12 |TD 4212, location est.
DRB-11 3676727.82 | 443943.08 | 2743 1071 12 |3279.11 TD. location scaled
DRB-2 3682229.00 | 43871000 | 279.5 977 5
DRB-3 3682955.00 | 438181.00 | 2854 934 11 jversus database
DRB4 3681931.00 | 437630.00 | 249.9 924 11
DRB-5 3683426.00 | 438803.00 286 930 [}
DRB-6 3683130.00 | 439247.00 268 900 2  |deha with Table 5
DRB-7 3682833.00 | 439474.00 | 276.5 965 S
DRB-8 3682396.01 | 439666.13 260 960 13 {1965 TD, elev. est,, scaled
DRB-9 3678515.00 | 442591.00 | 293.5 1034 12 Jelev. est, TD 2694
GCB-1 3687046.38 | 431141.65 | 3362 749 S
GCB-2 3637061.02 | 433006.03 | 2212 659 S
GCB-3 3689597.85 | 432841.86 | 255.7 621 ]
GCB-4 3679654.53 | 440617.80 | 3062 1056 6
GCB-5.1 3685563.64 | 44337093 | 308.8 973 S
GIRARD 3658532.00 | 432761.90 250 1375 7
MILLERSPD| 3676951.00 | 416551.40 245 852 1
MMP-2A 368274136 | 440041.13 | 2874 982 6
MMP-3B 3674679.41 | 438731.52 | 264.58 1088 6
MMP-4B 3688771.48 | 434068.64 | 354.14 785 6
NPR-5 3679842.85 | 441336.26 32 1094 5 |DH-1, elev. est. NPR Phase3
P12R 3676845.82 | 443801.78 295 1088 ?  |TD approx 1222, elev. est.
P30 3688762.74 | 43405353 | 35739 772 3
P4R 3679131.49 | 42515828 | 1053 690 2
PSR 3667525.45 | 44335643 207 1235 S letev. wellnv.
313 doc 61
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“TABLE 5.3 - SRS Well Data Used to Derive Soil Column Thickness (cont.)

P6R 3682009.21 | 43135137 | 2534 842 11  lelev. wellinv.

P7R 3688205.73 | 444313.88 273 888 11

PSR 3687564.00 | 430814.00 | 357.6 831 5

POR 3686765.92 | 431978.53 322 680 5  |estimated by log correlation
PBF1 3683749.00 | 450624.60 | 276.1 1053 1

PBF2 3682966.00 | 45107920 268 995.6 1

PBF3 3679455.00 | 442063.40 317 11193 1

PBF4 3673852.00 } 434686.40.] 208 1069 i

PBFS5 3672789.00 | 435586.00 241 1050 1

PBF6 3670150.00 | 430909.50 93 874.5 1

PBF8 3678609.00 | 442465.60 292 993 1

PPC1 3676536.00 | 446358.10 313 1158 1

PWS3A 3689122.00 | 43140040 381 7382 7

SSW-1 3677651.00 | 43310530 311 1023 4 |TD 1400

SSw-2 3678541.00 | 434695.80 167.3 860 4 |TD 1308

SSW-3 3678790.00 | 435066.50 179 912.5 4 |TD 1116

SSw-4 3678993.11 | 440381.23 290 1059 9  |vert. array, delta database
SSW-5 3696926.33 | 434262.58 440 652 8 |New Ellenton, TD 260m
SSW-6 -{3638250.76 | 539201.67 68.9 2424 8 |Walterboro, 800m (2624)

Notes: Source of Basement "Top of Rock" Picks
1. Aadland et al., 1995, Hydrogeologic Framework of West-Central South Carolina,
SCDNR Water Resources Report 5
2. Christl, R.J., 1964, Storage of Radioactive Wastes in Basement Rock Beneatl. U.c
Savannah River Plant, DP-844
3. Bledsoe et al., 1990, Baseline Hydrogeologic Investigation - Summary Report,

WSRC-RP-90-1010

. WEGS Report, Geophysical log Figures, Top of Rock Picks by D.E. Wyatt

. Top of Rock by D. E. Wyatt from geophysical logs

. Top of Rock by D. E. Wyatt from geophysical and OYO suspension logs

. Top of Rock by D. Stephenson

Top of Rock from USGS Field Geological Log (Fred Falls)

4
5
6
7. Top of Rock from database
8
9.
1

0. Stieve et al., 1991, Pen Branch Fault Program: Consolidated Report, WSRC-RP-91-

87

11. Benedict et al., 1969, Permanent Storage of Radioactive Separations Process Wasles

in Bedrock, SRTC
12. Bradley and Cory, 1976, Technical Assessment of Bedrock Waste Storage, DP-1438
13. Top of Rock from Zoback and Moos, 1989, In Situ Stress Measurements at the

Savannah River Site.
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TABLE 5.4 - Basecase Stratigraphic Layering (Typical H-Area)

AVERAGE LAYER
- LAYER THICKNESS (ft)

Upland 1*
Tobacco Rd 76
Shallow Clay 6

Dry Branch/Santee 54
Four Mile/Shallow Sand 20
Snapp 20
Four Mile/Shallow Sand 87
Shallow Clay 10
Deep Sand 54
Deep Clay 15
Deep Sand 209
Deep Clay 18
Deep Sand 11
Deep Clay 10
Deep Sand 106
Deep Clay 6

Deep Sand 192

* Typical Upland thickness in H-Area is about 28 ft.
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TABLE 8.1 Selected PGA - Controlling Earthquake Median
‘Magnitude-Distance Pairs with 5% and 95% Confidence Range

PGA(g)
0.05
0.10
0.20
0.25
0.30
0.40
0.50
0.75

Note: The target distances are associated with different source depths.

Target Magnitudes (Mw)
5% M-bar 95%
4.8 5.7 6.8
4.8 5.7 6.8
5.0 5.9 7.2
5.0 5.9 7.2
5.0 6.0 7.2
5.0 6.0 72
5.5 6.2 7.8
5.5 6.2 7.8

Target Distance (km)
5% D-bar 95%
36 42 79
17 36 43
8 21 36
4 17 32
9 19 58
6 15 43
7 13 54
5 9 24
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TABLE 8.2 - Crystalline Bedrock Control Motion Spectral .(log) Averages
Over the 1-2.5 hz and 5-10 hz Frequency Ranges

Magnitude
(Mw)
4.8
4.8
5.0
5.0
5.0
5.0
55
5.5

5.7
5.7
59
59
6.0
6.0
6.2
6.2

6.8
6.8
72
7.2
7.2
7.2
7.8
7.8

PGA
(€:4]
0.05
0.10
0.20
0.25
0.30
0.40
0.50
0.75

0.05
0.10
0.20
0.25
0.30
0.40
0.50
0.75

0.05
0.10
0.20
0.25
0.30
0.40
0.50
0.75

Average Sa Average Sa
l1to25hz 5t010hz

€9)
0.010

0.018
0.052
0.063
0.078
0.102
0.203
0.297

0.027
0.051
0.110
0.134
0.180
0.231
0.309
0.446

0.051
0.083
0.173
0.210
0.307
0.373
0.525
0.643

(®
0.065

0.120
0.267
0.326
0.383
0.502
0.693
1.020

0.082
0.160
0.307
0.378
0.464
0.604
0.760
1.110

0.098
0.176
0.352
0.431
0.577
0.732
0.965
1.290
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v. TABLE 8.3 - Triassic Bedrock Control Motion Spectral (log) Averages
Over the 1-2.5 hz and 5-10 hz Frequency Ranges
~ Average Sa Average Sa

ML
ML

Magnitude
(Mw)
4.8
4.8
5.0
5.0
5.0
5.0
5.5
55

5.7
5.7
59
5.9
6.0
6.0
6.2
6.2

6.8
6.8
7.2
7.2
7.2
7.2
7.8
7.8

PGA
(2
0.05
0.10
0.20
0.25
0.30
0.40
0.50
0.75

0.05
0.10
0.20
0.25
0.30
0.40
0.50
0.75

0.05
0.10
0.20
0.25
0.30
0.40
0.50
0.75

]1t02.5hz
€4
0.010
0.019
0.053
0.065
0.075
0.099
0.198
0.379

0.027
0.051
0.109
0.134
- 0.169
0.221
0.298
0.598

0.056
0.083
0.171
0.208
0.261
0.336
0.450
1.009

5t010hz
®
0.065
0.121
0.271
0.332
0.377
0.499
0.689
1.095

0.082
0.159
0.306
0.378
0.448
0.591
0.747
1.283

0.101
0.175
0.348
0.428
0.526
0.687
0.884
1.590
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TABLE 8.4 S_ource Parameters Used To Develop Bedrock Control Motion

PGA | Magnitude | Distance | Depth Comner Freq.
(km) (km) (Hz)
0.05 48 34.59 15 1.862
5.7 40.85 15 0.6608
6.8 93.39 10 0.1746
0.10 438 19.24 15 1.8624
5.7 34.64 15 0.6608
6.8 41.57 15 0.1862
020 5.0 10.42 10 1.387
5.9 10.1 10 0.492
7.2 34.03 10 0.1101
025 5.0 7.76 10 1.387
5.9 17.24 10 0.492
72 30.09 10 0.1101
030 5.0 8.59 5 1.293
6.0 1323 5 0.4089
72 3233 5 0.1027
0.40 5.0 7.03 5 1293
6.0 11.21 3 0.4089
7.2 27.61 3 0.1027
0.50 5.5 7.82 5 0.727
6.2 10.67 5 0.3248
7.8 31.03 5 0.0515
0.75 5.5 8.44 3 0.5058
62 22.13 2 02259
7.8 74.05 3 0.0358

ssrs doc
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TABLE 10.2 Pafémeters Varied to Genérafe 'Cha'rléston 84th Percentilé Ground

Motions
Parameter

Stress Drop (Ac)
(event 1)
Stress Drop (Ac)
(event 2)
Stress Drop (Ac)
(event 3)
Stress Drop (Ac)
(event 4)

Kappa (x)
Quality Factor (Q)

Frequency exponent (1))

Source Depth

Soil Profile Thicl

(uniform distribution)

30th Standard Error
150 cj, = 0.50

130 o1, =0.50

70 o1, =0.50

40 G, = 0.50
0.006 fixed

670 o, =0.18

0.33 o, = 0.05

4,10, 15,20,25 km

Crystalline
600-800 ft
800-1000 ft

1000-1200 ft

84th %
247
214
115

66

fixed
802

0.347

Triassic
900-1100 ft
1100-1300 fi

1300-1500 ft

sars doc
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TABLE 13.1 PC3 Design Basis Envelope Spectrum (Interpolated spectral values using
log frequency and linear spectral acceleration)

Frequency Response Spectral Acceleration (g’s)

(Hz) 0.5% 2.0% 5% - 7% 10%
100 0.16 0.16 0.16 0.16 0.16
33 0.1756 0.1676 0.16 0.1568 0.153
14 T 03922 0.3375 0.30 0.2727 0.2526
6.5 0.5930 0.4687 0.375 0.3361 0.2983
1.6 0.5382 0.4221 0.340 0.2994 0.2646
0.6 0.2482 0.1990 0.1677 0.1456 0.1300
0.5 0.1986 0.1604 0.1303 0.1185 0.1062
04 0.1112 0.0908 0.0747 0.0682 0.0615
0.3 0.0566 0.0470 0.0362 0.0361 0.0328
0.2 0.0286 0.0244 0.0209 0.0195 0.018
0.1 0.0043
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TABLE 13.2 PC4 Design Basis Envelope Spectrum (Interpolated spectral values using
log frequency and linear spectral acceleration)

Erequency
(Hz)

100
33
18
7
1.5
0.7
0.5
0.4
0.3
0.2
0.1

0.5%

0.227

0.2516
0.4471
1.0107
1.1825
0.7401
0.5209
0.2404
0.0998
0.0426

€

e Spectral

2.0%

0.227

0.2396
0.3946
0.8030
0.9275
0.5899
0.4206
0.1963
0.0827
0.0363

cceleration (g’
5%

0.227
0.227
0.350
0.655
0.760
0.4813
0.3411
0.1519
0.0632
0.0311
0.0067

7%

0.227

0.2238
0.3308
0.5800
0.6579
0.4279
0.3107
0.1474
0.0636
0.029

10%

0.227

0.2183
0.3105
0.5160
0.5814
0.3813
0.2786
0.1329
0.0578
0.0268
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. PC-3 UHS (enwelope)

Bpocv i Assatarsiion s g

(a) SRS Broadened Rock Uniform Hazard Spectra (UHS)
are the basis for generating a Soil UHS (free surface).

MM

4

Bpoevel Asasherstions g

Preanenmy - 4

(b} Three bedrock control motion spectra representing low (ML), mediuri (MM},
and high (MH) magnitude were generated for each suite of Peak Ground
Acceleration (PGA) levels (0.05, 0.1, 0.2, 0.25, 0.3, 0.4, 0.5 and U./5g}
and each SRS bedrock type (crystalline and Triassic). The bedr~~'- ~~atrc!
motion PGA levels and magnitudes, are based on the EPRI de-aggizgauon.
The distances were varied to produce the desired PGA levels.

(c) Thirty convolution anatyses (corresponding to 30 different soil profiles) are
performed for each bedrock control motion (30 convolution analyses x 9
PGA levels x 3 magnitudes x 2 bedrock types) The convolution analyses
are also performed for 3 depth ranges

Figure 2.1 - Flow chart and diagrams describing design basts spectra approach
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(d) Thirty Spectral Amplification Functions (SAFs) are calculated for each

Bpwittsl Asddocation » §
“ .

Dpsdv el Agattatation « g

s -

Sosctot Atsetursnen sy
- . .

bedrock control motion and depth range. The 30 SAFs are averaged 1o
get 2 mean SAF for each bedrock control motion, PGA level and depth

range.

]
i
1

k3
Soasw e Aamows vium . §
. .

us . A SAF

{¢)

L 2

Each PGA lcvel, bedrock 1ype and depth range has three
mean SAFs representing low, medium, and high magnstude.

Figure 2.1 (conunued) - Flow chart and dhagrams describing design bases spectra approach

s3r3 doc
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Berorial At inr sidna  §

® The appropriate mean SAFs are interpolated to provide
SAFs to scale the UHS to surface.

- Scaled Surtace Spectra -

Sptn e Astsureton - g
. ¢
Sperndt Moskuerton sy

g

®) The same scaling process is repeated for the Charleston
deterministic check. Soil response for UHS scaling and
Charleston scaling can then be compared.

Al Scated Sartace

res assmeten ¢
¢

(h) The UHS and Charleston surface responses (low, medium,
and high magnitude surface responses for each bedrock type
and depth range) are then enveloped.

Figure 2.1 (continued) - Flow chart and diagrams describing design basis spectra approach.
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SRS Rock 5% Damped UHS (5 x 10-4/yr)
(EPRI/LLNL96) with scaled M-bar-D-bar

SSUTjoping siseq u‘a‘g§aq pue s;sA[éuv 3500055y JTWISIES SUS

025
0.2 v Ll
C \\
§ 015 L
g —a— LLNL-EPRI 0.0005
§ N
NEN o
S N \ <o - - Mw 5.4, R=70km; -
7 "*‘ Scaled 7.5 Hz
A N '
g A N | ——Mw 5.7, R=105km;
v Scaled 1.75 Hz
' ——PC3 Envelope -
005
| :
| VJ//
0 bt et
01 1 ' 10 100

Frequency (Hz)

Figure 4 | - Bedrock Performance Category 3 (PC3) envelope spectrum meeting requirements of DOE-STD-1023 (diamonds).

Combined EPRI and LLNL bedrock UHS with annual probability of exceedance of 5x10 (triangles). RVT site specific spect'ra' ;

used for broadening UHS shown with solid (scaled to the UHS spectrum at 1.75 Hz) and dashed (scaled to the UHS spectrum at
7.5 Hz2) lines.
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SRS Rock 5% Damped UHS (1 x10-4/yr)
(EPRV/LLNLS6) with scaled M-bar-D-bar

SSUIapIND SISeq USISa(] PUE STSA[eUY 3500055y STURES SUS

05 . »N‘L\
0.4 y t\
' \ \
G \ \
S 03 : < _ :
[ || —8— LLNL-EPRI 0.0001
Q
® \ \\
b | \ N |- Mw5.5, Re=d5 km
© N Scaled 7.5 Hz
5 02 o -
$ ——— Mw 6.1, R=90 km:;
) Scaled 1.75 Hz-'
——10-4/yr Envelopé
01
0 " - . - ) - — - ——
0! 10 100

‘requer cy (H2)

Figute 4 2 - Bedrock Perrory ance Cate o1y « - 4 cnveope spectrum meeting requirements of DOE-STD-1023 (diamo‘nds).'.
Combined EPRIl and } _NL bed. <k " ite an:.aal crobability of exceedance of 1x10* (triangles). Scaled RVT site specific
spectra used for broadening UHS show.. v...h solid (scaied to the UHS spectrum at 1.75 Hz) and dashed (scaled to the UHS

spectium at 7.5 Hz) lines.
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APPLIED RESEARCH ASSOCIATES. INC. - 2/16/96

Shear.Wave Speeds
i T I T l T I T
300 — 0 . | —
io |
A o ‘
0
0
= o -
Depth Wavespeed o 0
270 — (ft) (1t/s) & —
. 00
- 10 - 25 1100 ) .
2%5- 82 1340 %
i 82 - 94 1490 &L 1
- 0
240 94 - 109 1000 5 ]
109 - 127 1450 o,
—_ i 127 - 145 1050 ) o i
e 145 - 160 2500 0
o o
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[ [0} ©
e) | 0 —
% 210 o
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o - 0
@ 0
)
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0
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| 0
o
(o] :
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150 p— —
- |
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Figure 5.1 - Example seismic cone penetrometer S-wave interpretation (sohd linev)
Measurements taken in F-area.
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Shear Wave Velocity, ft/s
0

2000 4000

Depth, #

1000

Figure 5.2 - Example Oyo S-wave velocity logger profile (thin solid lines). Measurements

taken in vicinity of F- and H-areas. Low-pass filtered (using Program LAYERSH)
velocity model shown by heavy hine
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g USFS

M —— see Figure 5.3 (b)

_~see Figure 5.3 (d)
& / R
see Figure 5.3 (c)
A 4
P RR
; see Figure 5.3 (g) ) \ Bar Pond
< P a E’! \
@ < P
<2 see Figure 5.3 ()
(,,c‘p see Figure 5.3 (e)
L L Lake
QQ

3 Xammotars

Figure 5.3 (a) - SRS map showing locations of existing facility areas and locations of

shear-wave measurements (dots). Arecas shown in rectangles are expanded in
Figures 5.3 (b) - 5.3 (g).
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A
300 o 300 Gsters
MMP4-S8 (R1-R2) o
MMP4C
(=

Figure 5.3 (b) - SRS A- and M-Areas with names and locations of shear-wave
measurements (dots). -
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Figure 5.3 (¢) - SRS F-Area with names and focations of shear-wave measurement: ‘dots)
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A 42
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Figure 5.3 (d) - SRS H-Area with names and locations of shear-wave measurements (¢.ais)
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AP35 1 g

BAP2STE P> |

Figure 5.3 (¢) - SRS K-Area with names and locations of shear-wave measurements (o).
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Figure 5.3 (f) - SRS L-Areca with names and locations of shear-wave measurements (dots)
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Figure 5.3 (g) - SRS NPR- and AFR-Areas with names and locations of.shear-wave
measurements (dots). -
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SRS Oyo shear-wave velocity

(ftfsec) F e
0 2000 4000 6000 8000 10000 12000
o _
100 -
200
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4; %;
A wa -  oew mm.
1000 L

Figure 5.4 - Oyo velocity profile obtained in borehole GCB.
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SRS SURFACE ELEVATION

N ™

R
N \\\\\\\i\ RN

SRS Seismic R@ponsq Analysis and Design Basis Guidelines

Figure 5.5(b) - USGS digital surtace elevation map tor the SRS
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Figure 5.5 (c) - SRS contours of soil column thuckness

1313 doc 89



WSRC-TR-97-0085, Rev. 0

(6861 ‘T8 10 puE[pBY IJoye) SYS 0] UOHoag §5057) diydesBeleng pazifeiauan - 9'g 3By

SRS Scismic Response Analysis and Desien Basis Guidelines

10T YR
Lt I et
v r——— 1 4
NVd A3M od [
TR
0o} 1 "
" o
“it- o [ osc
Wi ADROONM o
wed ‘ \ N -
" AN 1
s w~ H R ﬂ’ we-{ b o
' B
" s 00 o8 ; R Ny 1
e | X3 ] t\\; R R % e 4
" w303 —Et\ l - \ btk BN X
- S
- wpaw I :_\_\ -4
w3 ooy 1o B XS
w-d{ [ 4 OUTSRYENIA % -
- [ . -4
w - . s | R - &
o 4 - = A
» gopn = o 11
okt I ¥ ¥300) S W
w 4 . { ' VRV RN
- N woms "
o 0 00 VY
e - uuv:m = 9 -
- W ]
" [ = " v w{ ™
"9 - I/ - 4
(f u é’ ¢
t-7 mlm & 3 ,1':‘. ’ l ulujmu
Awm“.::::: b 3 /- I-/
0LV TR BIVAULY T
Inascrn vnom::uwouu ) i . -
M — o' .
e 2, L
aw v ave uue v () Lahd okt _L
c2igess 0 162 Tovane I T T I LS3AHIUON
10T ADOWVHLLY ;SVBHLOOS } e s ] §




SRS Sgismic Responsg Analysis anq De;;ign Basis Guidelines . WSRC-TR-97-0085. Rev. 0 -

All Profiles MEAN +/— SIGMA

O 1
- qul « 1 ¥ ]l A & \J

: 171

ol 170 7
i | 156
I « . 118 7
50. I IR ' 58 ]
i R 18
! T ]
! AN 12

8

DEPTH (mi)

100. ~

- 6 -
150. | =

! -
200. FUNT U ST U (T N S S . :. _1-

0. 250. 500. 750.  1000.

VS (m/sec)

Figure 6.1 - SRS generic shear-wave velocity mode! based on all SRS shear-wave velocity
data. Solid line is median velocity; dashed lines, median t loganthmic standard
deviation (O,v). Numbers on right side axis are number of profiles used to compute
statistics at the corresponding depth (Figure taken from Toro (1996))

sers o 91



. SRS Seismic Response Ané!vsis and Design Basis Guidelines WSIiC-TR-97-0085, Rev. 0

All Profiles SIGMA

0. 1 76
i 171
i 170
i 1156
I 118
50. X , 58
I & 18
— . 412
E | A
T 100. 1
5 \ _
&J M
(o -1 U B
150. ! =
200. [P U DU U SO Ui S S S S

0.00 0.25 0.50 0.75 1.00
Sigma ( In(VS) )

Figure 6.2 - SRS generic shear-wave velocity standard deviation derived from all SRS shear-
wave velocity data. Solid line is best estimate Cuv vs. depth; dashed line, best esumate
Gwv  standard error of esimation. Numbers on right side axis are number of profiles
used to compute statistics at the corresponding depth (Figure taken from Toro (1996))
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Simulated Profiles
Generic Model (Poisson)

0. - L1 1 kY
T |
50.
g
= 100.
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3]
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0. 250. 500. 750. . 1000.

VS (M/SEC)

Figure 6.3 (a) - Simulated shear-wave velocity profiles using SRS generic model and a
non-homogeneous Poisson model for layer thickness (Figure taken from Toro (1996))
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Simulated Profiles
Generic Model: MEAN +/— SIGMA

50
0_ L) T ¥ L] I]l T T i ](l ) t L] l L] WU '}

90.

100.
150.

200. ‘l

Figure 6.3 (b) - Median shear-wave profile from S0 profiles simulated using the SRS generic
velocity model (Figure taken from Toro (1996)).
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Simulated Profiles
Generic Model: SIGMA
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Figure 6.3 (C) - Oiav and its error of estimation vs. depth from 50 profiles simulated using the
SRS generic velocity model (Figure taken from Toro (1996)).
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Figure 6.4 (a) - Simulated shear-wave velocity profiles for F-Area using F-Area-specific
shear-wave data (Figure taken from Toro (1996)).
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Simulated Profiles
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Figure 6.4 (b) - Median shear-wave profile from 50 profiles simulated using the F-Area
specific shear-wave data and its error of estimation (Figure taken from Toro ( 1990))
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Figure 6.4 (c) - Oiav and its error of estimation vs. depth from 50 profiles simulated using the
F-Area specific shear-wave data (Figure taken from Toro (1996))
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Simulated Profiles

' H Cluster

O. ] i “._.'_! -El T = 1-‘ lf—' 1t [ 1 1T T 1 ‘
50. |- .
E ! ,
E 100. -
o - R

= | Xa-
a - 4
150. -

PRI DU U VA L VY S S S N :
<00. 0. 250. 500. 750. 1000.

VS (M/SEC)

Figure 6.5 (a) - Simulated shear-wave velocity profiles for H-Area using H-Area-specitic
shear-wave data (Figure taken from Toro (1996)).
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Simulated Profiles
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Figure 6.5 (b) - Median shear-wave velocity profile and its standard deviation from SO profiles
simulated using the H-Area specific shear-wave data (Figure taken from Toro (1996)).
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Simulated Profiles
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Figure 6.5 (c) - Gv and its error of estimation vs. depth from 50 profiles simulated using the
H-Area specific shear-wave data (Figure taken from Toro (1996)).
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Simulated Profiles
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Figure 6.6 (a) - Simulated shear-wave velocity profiles for A-Area using A-Area-specific
shear-wave data (Figure taken from Toro (1996)).
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Simulated Profiles
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Figure 6.6 (b) - Median shear-wave velocity profile from 50 profiles simulated using the
A-Area specific shear-wave data (Figure taken from Toro (1996)).
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Figure 6.6 () - Giv and its error of estimation vs. depth from 50 profiles simulated using the
A-Area specific shear-wave data (Figure taken from Toro (1996)).

s3r3 doc 104



S'-RS Seismic Response Analysis and Desien Basis Guidelines . ) ‘WSRC-TR-97-0085, Rev. 0

Comparison of Medians
From Simulations
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Figure 6.7 - Comparison of median shear-wave velocity profiles from simulations for A-. F-,
and H-Arcas.
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Figure 6.8 - Comparison of Gi,v vs. depth from shear-wave velocity simulations for A-, F-,
and H-Areas.
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Figure 7.1 - Map of SRS showing the general boring (well) locations af all specunens used n
the dynamic propenty corrclation database.
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Elevation (ft)  Geologic Formation Depth (ft)  Number of Specimens
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Note: Straugraphic profile taken from boning CFD 18,

Figure 7.2 - Representative stratigraphic profile of the SRS showing locations of soil samples
used for dynamic testing.
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Figure 7 3 - Recommended generic strain-dependent shear modulus degradation curves for SRS soils (formations shown in Figure 7.2)'

(Stokoe et al , 1995).
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(Stokoe et al., 1995).
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nediur.: magnitude (M-bar) crystalline bedrock control motions used to generate

Figure 8.1(a) - 5 % damped response », C.
pediock peak ground acceleration (PGA) ranges from 0.05g (GOOSMM.RO00) to 0.75¢

generic soil response for soil category <.
(GO7SMM.R00) (see Table 8.2).




Figure 8.1(b) - Mean 5 % damped SRS generic amplification spectra for medium magnitude (M-bar) soil category 2 and crystalline ':

response. Corresponding bedrock peak ground acceleration (PGA) ranging from 0.05g (GOO5MM) to 0.75g (GO75MM)

(see Table 8.2). _
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Medium Magnitude Standard Deviation of log transformed Spectral Amplification Ratios
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Figure 8 1(c) - Logarithmic standard deviatioi ¢t 5 % dzmped SRS generic amplification spectra for medium magnitude (M-bar) soil
category 2 response. Corresponding bedrock peak ground acceleration (PGA) ranging from 0.05g (GOOSMM) to 0.75g

(GO75SMM) (see Table 8.2).
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Figure 8 1(d) - Comparison of crystailine depth category 2 SAFs (PGA=0.05g; ML, MM, MH) to F- and H-Canyon median SAF

spectra (light lines).
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Figure 8.1(¢) - Comparison of crystalline depth category 2 SAFs (PGA=0.10g; ML, MM, MH) to F- and H-Canyon median SAF
spectra (light lines).
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Figure 82 (1) - 5 % damped response spectra of low magnitude (ML) crystalline bedrock control motions used to generate soil
tesponse Bedrock peak ground acceleration (PGA) ranges from 0.05g (GOOSML.R00) to 0.75g (GO75ML.R0O) (see Table 8.2).
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Figure 8.2 (b) - Mean 5 % damped response spectra of low magnitude soil category 2 spectral amplification for crystalline rock.

Corresponding bedrock peak ground acceleration (PGA) ranges from 0.05g (GOOSML) to 0.75g (GO75ML).
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Figure 8.2 (c) - Logarithmic standard deviation of 5 % damped spectral amplification spectra for low magnitude soil category 2 ,
response for crystalline rock. Corresponding bedrock peak ground acceleration (PGA) ranges from 0.05g (GOOSML) to 0.75g -
(GO75ML).
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Figure 8 3 (a) - 5 % damped amplification response
soil category 2 response. Bedrock peak groun

(see Table 8.2).
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Figure 8.3 (b) - Mean 5 % damped response spectra of high magnitude soil category 2 response for crystalline rock. Corresponding
bedrock peak ground acceleration (PGA) ranges from 0.05g (GOOSMH) to 0.75g (GO7SMH) (see Table 8.2).
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Figure 8.3 (c) - Logarithmic standard deviation of 5 % damped response spectra of high magnitude soil category 2 response for
crystalline rock. Corresponding bedrock peak ground acceleration (PGA) ranges from 0.05g (GOOSMH) to 0.75g (GO75MH) -

(see Table 8.2).
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Figure 8.9 - Soil response for ML, MM, MH shown with broadened UHS.
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Figure 8.10 - The envelope of the responses shown in Figure 8.9.
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Figure 8.11 - Sensitivity of the median SAF to the selected number of soil velocity profile randomizations. SAFs were computed

using 7, 15, 30, 60, and 120 velocity profiles for M-bar and 10%g for soil category 2.
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7. 15, 30, 60, and 120 velocity profiles for M-bar and 10%g for soil category 2.
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Figure 8.13 - Composition of SAF sigma by comparison of total sigma to individual randomizations of soil column depth, modulus -
reduction, and damping.
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Figure 10.3 - Charleston median and 84th percentile point-source RVT 5% damped bedrock response spectra for the suite of
magnitudes and stress-drops considered in this study (Mw 7.3, Ac = 150 bars, Mw 7.3, Ac = 70 bars, Mw 7.6, AG = 40 bars,

Mw 7.0, AG = 130 bars).

SIUI3PIND) SISEY USIS3(] pUe SISA|euy 95u0dsay oIWSIas SUS

0 °A3Y "$800-L6-U.L-D¥SM




g Crystaline Bedrock Soll Depth 800-1000 ft
X (50th percentile) -
025 —— : i
P
! . :
I I ﬂ LD
‘%! “Qz%

i B!

: \

S 015 !

‘é —0—M=7.3SD=150g
-l 3 : \ —o—M=7.08D = 130!
? g +M=7.3$D=70:i

% —4—M=768D=40 !

‘G 01 ‘ N " )

&

[’2]

OO0
0.05
0
0.1 1 10 100
Freyuency - Hz '
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study. Soil depth range is 800-1000 ft over crystalline rock.
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Figure 10 6 - Charleston (Mw 7.3, AG = 150 bars) median 5% damped soil response spectra for all soil categories (D 1= 600-800 ft,
etc.) and bedrock types (Cry = crystalline, etc.).
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800 f1, etc.) and bedrock types (Cry = crystalline, etc.).
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Figure 11.1 - EPRI annual probability of exceedence vs. 5% dampéd spectral velo.city for SRS bedrock (dashed lines for both 1 and 2.5

Hz). Computed soil hazard results for soil category 2 (800-1000 ft) over crystalline bedrock (solid lines for both 1 and 2.5 Hz).. '-
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Figure 131 - Comparison of envelope of mean UHS Performance Category 3 soil response spectra to Charleston 50th percentile
deterministic response spectrum for crystalline bedrock, soil category 1 (600-800 ft) 5% damping.
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deterministic response spectrum for crystalline bedrock, soil category 1 (600-800 ) 5% damping.
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Figure 13.3 - Comparison of envelope of mean UHS Performance Category 3 soil response spectra to Charleston 50th percentile
deterministic response spectrum for crystalline bedrock, soil category 2 (800-1000 ft) 5% damping.
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ABSTRACT

A probabilistic model is constructed for the variation of shear-wave velocity in soil sites in
the Savannah River Site (SRS), for the purpose of calculating site-amplification factors and
their uncertainty at sites in SRS. The data used for constructing and calibrating the model
consists of 176 profiles. The probabilistic model is based on earlier work by Risk
Engineering, Inc. (EPRI, 1993; Toro et al., 1994, Toro, 1995). This model consists of three
parts, as follows: (1) a model that describes the random stratigraphy at the site, (2) a median
site-velocity profile, and (3) a model that describes the deviations of the velocity in each layer
from the median and its correlation with the velocity in the layer above.

The probabilistic model is used to simulate artificial velocity profiles. This is done for
generic sites and for sites in a specific cluster. The simulations for a specific cluster use
both parameters of the generic model and the actual measurements obtained in that cluster.
This is important if the number of measured profiles in the cluster is not sufficient for the
determination of a new set of model parameters for the cluster.

1. INTRODUCTION

This report presents a model for the probabilistic characterization of the shear-wave “.! 5
profiles at soil sites and apblics it to develop a generic model for SRS using available shear-
wave velocity profile data. This model can be used to generate a suite of artificial velocity
profiles for an arbitrary site in SRS. These artificial profiles can then be used to calculate the
median and uncertainty of ground-motion amplification at that site (sec Roblee et al., 1995).
An extended version of the probabilistic model can be used to generate amﬁcxal profiles for
an SRS site within a cluster in which some velocity profiles are available.

The model utilized here is essentially the same used in Toro (1995), and on earlier work by
the author (Toro et al., 1994; sce also Appendix 6A of EPRI, 1993). This study utilized a

more homogencous data set, both in terms of the smaller geographic region considered and in
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terms of the higher quality of the velocity—px;oﬁle data: As a result, there is less variation
between profiles. In addition to estimating model parameters for the SRS data set, it was
necessary to modify the model in order to accommodate the characteristics observed in the
data. The most important of these modifications are as follows: (1) the introduction of a
dcpth—dcpcﬁdcnt standard deviation, (2) the use of weighting in the likelihood function to
avoid dominance by a single cluster, and (3) the use of a renewal model to represent the
distribution of layer thickness.

Section 2 of this report presents a summary of the data used for this study and the site
categorizations employed. Section 3 describes the probabilistic models of layering and
velocity, the procedure used to derive model parameters for the entire SRS dataset (and for
cluster H, which can be treated as a distinct data set due to its large size). Section 4
describes an extension of the above model to situations where one wishes to simulate profiles
for a cluster where some site-specific velocity data are available (but those data are not
sufficient for calculating a new set of cluster-specific model parameters), and the application
of this model to clusters A and F. We refer to the model in Section 3 as the generic model,
and to the model in Section 4 (where correlation between profiles in the same cluster is
considered) as the site-specific model.

2. DATA

The velocity data set used in this study was provided by Dr. Richard Lee of Westinghouse
Savannah River Company (WSRC) through Pacific Engineering and Analysis and

subjected to extensive scrutiny in order to remove spurious and duplicate daa. The daraset
cousists of 176 interpreted shear-wave velocity profiles, with locations shown in Figurz 1.
Most of these profiles were obtained from suspension-logger data (low-pass filtered at 70 Hz)
or from profiles interpreted by ARA (a consultant to WSRC). The profile data come from
ninc geographic clusters, associated with various facilites at SRS (see Figure 1), with cluster
H containing more than half of the profiles. This uneven distribution of profiles amoung
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). cluster necessitated the introduction of a weighting scheme, which will be described in
Section 3. - '

Table 2 lists the shear-wave velocity profiles considered in this study, together with their
coordinates and depths. Most of the profiles do not begin at the surface and only ten of them
extend to depths greater than 75 m, as shown in more detail in Table 2.

A few of these profiles extend into bedrock. The bedrock portion of these profiles was
truncated, using information provided by WSRC, so that all velocities in the data set apply to
soil.

3. GENERIC MODEL: DATA ANALYSIS, MODEL FITTING, AND RESULTS

Figures 2 and 3 show the median® * logarithmic ¢ and the logarithmic ¢ (+ the standard error
of estimation in the logarithmic ©) as a function of depth, as calculated from all profiles
(without any weighting). Figures 4 through 21 show similar results for the individual
clusters?. These figures show lower values of the logarithmic © than earlier results, due to
the more homogeneous nature of this data set. In addition, the logarithmic G is not constant,
having its highest value ncar the surface.

Another difference with observations from typical profiles (e.g.. EPRI, 1993; Toro, 1995) is
that the median profiles do not show a velocity gradient near the surface. In many SRS

'What we actually show is the gecometric mean (sometimes called logarithmic mean), not the
median. Because the distribution of velocities is approximately lognormal, the geometric mean
is approximately equal to the median.

2F1gums 8,9, 13, 16, 17, and 19 show eratic behavior at the bottom of the dataset. This is
the result of having only one or two profiles near the bottom and is not statistically.significant.
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profiles, the weathered soils near the surface have higher velocities than soils beneath them.
Variations in this weathering are also responsible for the higher G near the surface.

3.1 Elements of Probabilistic Model

- The probabilistic model to characterize these profiles attempts to capture the main features
observed in interpreted soil vélocity profiles; namely, random layering, velocities with the
observed depth-dependent o, and correlated velocities. Figure 22 illustrates the various
elements of the soil-profile model. The layering model describes the thicknesses of the layers
(or the location of layer boundaries). The velocity model describes the velocity at the mid-
point of each layer and its relationship to the velocity in other layers.

Bedrock is represented separately from the soil layers in the simulations, having its own
distribution of velocity and depth.

The general structure of this probabilistic model, as illustrated in Figure 22, is the same used
in Toro (1995). The parameter values, detailed model parameterization, and details of the
analysis procedure are different as a result of differences in the dataset.

3.2 Layering Model

Regarding the layering, we note that layers tend to be thinner near the surface and thicker at
depth (sec Figures 1 through 4 and 13). A simple probabilistic model to characterize the
layering is a Poisson process with depth-dependent rate (i.c., a non-homogeneous Poisson
process; sce Parzen, 1962). In this model, the mean layer thickness is depth-dependent, but
the thickness of layer i is probabilistically independent of the thickness of layer i-J. Ina
Poisson model with constant rate, the layer thicknesses follow an exponential distribution.
Because we utilize a depth-dependent rate, the distribution of layer thickness is no longer
exponential, but this causes no problems in the analysis or in the generation of artificial
profiles. |
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! We adopt a modified power-law model to characterize the depth-dependent rate of layer
boundaries, ie., | |

Mh)=cy[h+c,] ey

where A is the rate of layer boundaries (m'l) and h denotes depth in meters. The Poisson
model is chosen because it is the simplest possible model for the location of discrete events.
The power-law functional form is chosen for the variation of A because this functional form

is often used to represent the variation of shear-wave velocity with depth.

Coefficients ¢, through c; in Equation 1 are estimated from the entire SRS dataset, using the
method of maximum likelihood (Benjamin and Comell, 1971). The following result is
obtained for the entire SRS data set:

A(k)=4.588 [h+163) 0675 (2)

Figure 23 compares the rate function in Equation 2 to the observed rate of layer boundarics’
(or transition rate). The observed rates (thin line) are shown as running averages over a 10 m
window (ic., the quamity shown for a depth of 50 m is the number of layer boundar.:
between 45 and 55 m, divided by the number of profiles that contain data at a depth of 50
m). This figure shows a good agreement between the data and the fitted model, although a
model with constant A for the first 30 m and Equation 1 for greater depths would have
provided a better fit.

31t is useful to think of the rate of layer boundarics as the reciprocal of the mean layer
thickness. This is strictly applicable only if the rate vanes slowly. .
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One may mtcrpmt the rate A(h) as the reciprocal of the mean layer thickness for a given
depth. According to this, Equation 2 indicates mean layer thicknesses of approximately 6 m
near the surface and of approximately 15 m for a deépth of 300 m.

Although a statistical goodness-of-fit test for the EPRI data set (Toro et al., 1994) indicated
no significant deviation from the assumption of a Poisson process, an examination of ﬂxe
normalized layer thicknesses shows some deviations from Poisson in the SRS data set. For
this purpose, we introduce the normalized layer thickness for layer i (between depths 4; and
h;, 1), which we define as

hi*l

i = [rwan
h;

L2
it

h..+h.
= (B - hA "1; ’) 3)

(1~ h)

7 hin+h;
2

where 7_‘(h)=[7t(h)]’l represents average layer thickness. Figure 24 shows a histogram of

normalized layer thickness. The observed distribution has a coefficient of variation (COV) of
0.7 and has its mode at approximately 0.5. In contrast the exponential distribution associated
with the Poisson process would have a COV of unity and would have its mode at zero.
Figure 24 also shows the shapes of the exponential (with a mean of 1) and gamma (with a
mean of 1 and a COV of 0.71) distributions, for the sake of comparison. Both the
exponential and gamma models will be used in the simulations.

33 Velocity Model
As shown in Figure 22, the velocity model operates on the velocities at the layer midpoints.
One can think of these velocities, for a given profile, as a sequence of velocity values (ic.,

.




- SRS Seismic Respoﬁse Analysis and Design Basis Guidelines R WSRC-TR-0085, Rev. 0

V;. V3, V3, ..V,). The velocity model defines the probability distribution of In{V; ']; and its
correlation with the In-velocities in adjacent layers. More precisely, the model -opcrates with
the normalized quantity

z,- In(V)-InlV, in (B} @
Oy .

where the standard deviation O, is treated as a function of depth. As a result of the

normalization in Equation 4, Z; has a mean of zero and a standard deviation of unity.

Normal probability plots in Toro et al. (1994) indicate that Z; is well approximated by a
normal distribution (or, equivalently, that V; is well approximated by a log-normal
distribution).

We characterize the lognormal distribution of velocities and the correlation among layers by
means of a first-order auto-regressive model, so that the conditional distribution of Z in layer

i (given the values of Z in layers 1, 2, ... i-I) is normal with mean and standard deviation

given by
SZNZ, 2y Z, ) =0ZAZ, )N 1-p? ©

where p is the serial auto-correlation coefficient of Z.

Equations 5 and 6 exhibit the so-called Markov property, because the conditional distribution
of Z; depend only on Z;_, and not on Z,,2,...Z; ,. The Markov property applies only if p is
constant, but we will assume that it applies even though we will make p a function of depth.

-
-
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We use the method of maximum likelihood to estimate model parameters. This formulation
may be thought of as an extension of the regression procedure used by Toro et al. (1994).

The log-likelihood function for profile j, which contains n layers with normalized velocities

2y529,---Z,,, IS given by

lan-'ln[le(zl)] *ig; In[f7(z12; )] @

where

1 1.2
fo(z)= exp[-_zl] ®
) =="2|3
is the probability distribution of Z for the top layer of the profile and

1| Zi P2;i- 9
Sz(z:i zi)= - . ®

1
——— . CcXp —
Y2r1-p?) 2 y1-p2

is the conditional probability of Z in layer i given the value of Z in the layer above. We
introduce weights in Equation 7, so that profiles from one cluster do not dominate the
calculations. The resulting log-likelihood function is given by

InL;=w, In[f7 (z))] +~}::' w; In[ f7(z;12;_))] (10)
[

where the weight w; depends both on the number of profiles in the cluster and on the
homogeneity of velocities in that cluster. This weight is given by the expression:

w"-_-——l_—
1+ =1)p py

where n,, is the number of profiles in cluster & (the cluster containing profile j; only those

aan

profiles that have data at the depth of layer i are counted in n; ) and p,, is the horizontal

correlation between profiles in the cluster. This choice of weights is designed to minimize

-
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the standard error of estimation of the median profile. The values of p,, for the calculation
of weights were obtained by fitting a model with constant 6y, y to the entire dataset and t0
the data from each individual cluster. The resulting values are shown in Table 3. Test

calculations using equal weights and weights of n,-k'l lead tb small differences in the median
profile.

The total log-likelihood function for all m profiles in the data set is the sum of the log-
likelihood functions of the profiles, i.e.,

m
1nL=): InL; (12)
j=1

Toro (1995) uses a different form of the likelihood function, which allows for the possibility
that some of the velocity data represent bedrock. This is not required in this study because.
all data used in this study cormrespond to soil.

The value of the likelihood function (given the data) depends on the median velocity, the

standard deviation Gy, , and the layer cormrelation coefficient p, all of which as treated as

functions of depth. The variation of the median velocity with depth is represented as
piccewise linear in terms of the median velocities at several control depths and is made

smooth by applying a penalty function. The variation of Oy, with depth is represented as
constant between 0, piccewise linear between 5 and 200 m' (with control depths at 5, 15, 50,

100, and 200 m), and constant at greater depths. The variation of p with depth is
represented by the function
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hhg . hs:zooA .
p(h) =1 2| 200k, or 13)
200 for #>200

where p,qy. A, and b are parameters to be dctcrmihcd. Toro (1995) uses a more
complicated correlation model, where, in addition to being depth-dependent, the correlation
between thin layers is higher than the correlation between thick layers. The SRS data set
does not require the presence of those terms.

The maximum-likciihood estimation procedure solves for the median velocity at the velocity
control depths, values Gy, y at the © control depths. and parameters Pog, , by, and b. Table 4
lists the estimated parameter values. Table 5 and Figure 25 show the median velocity versus
depth values obtained as part of the estimation process. These median velocities differ
somewhat from those calculated from the raw profiles (e.g., Figure 2) in because of the
smoothing. The median velocities extend to a depth where fewer than five profiles are
available in the corresponding category. Data at greater depths were not used in the
calculations. Figure 26 shows the variation of G, and p as a function of depth.

Because cluster H has a sufficiently large number of profiles to obtain stable estimate v
above model parameters (at least at depths of 70 m or less), we apply the same anal,

. procedure to this cluster (clusters A and F will be treated differently in Section 4). woiausc
only one profile in cluster H extends beyond 70 m, we added the data from decp profiles in
other clusters to the data from cluster HY. We could have given higher weight to the on~
profile from cluster H. This would have a small effect because all deep profiles are quue

similar as shown by the low O,y at depth (sec Figure 26). Tables 4 and 5, and Figures 27

and 28 show the parameters obtained. Comparing these Figures to Figures 24 and 25, we

4 These decp profiles from other clusters were truncated at the shallowest layer boundary
deeper than 70 m, so that the data for h< 70 m come entircly from cluster H. :
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note a small difference in the median profiles and that dlnv is slightly lower for cluster H

than for the generic model.

3.4 Simulation Results

Figures 29 and 30 show samples of artificial profiles generated using the model and
parameters developed here for generic SRS conditions. Figure 29 uses the exponential
distribution of normalized thickness (non-homogeneous Poisson) and Figure 30 ﬁscs the
Gamma distribution with a COV of 0.71 (see Figure 24). In the generation of artificial
profiles, the truncation of In-velocities and residuals at +26 (see Toro et al., 1994) is still
used although it may no longer be necessary. The profiles in Figure 30 look more realistic
because they do not exhibit very thin or very thick layers, but those on Figure 29 appear
adequate. Both types of profiles yield similar results in sitc-msponsc calculations, but fewer
profiles are required to obtain stable results for the exponential distribution of normalized
thickness (W. Silva, personal communimtién, 1996). Therefore, the exponential distribution
is preferable for the sake of computational efficiency. Figure 31 shows the logarithmic

mediant oy, profile calculated from 50 simulated profiles and figure 32 shows the

corresponding G,y  its standard error of estimation.

Figures 33 through 35 show similar results obtained for cluster H. Comparison of the
medianto,,,, and G, + standard error plots to those obtained above for the generic model

shows only minor differences. We will retumn to this issue in the conclusions.

4. SITE-SPECIFIC MODEL

4.1 Introduction
A site-specific velocity model could be developed by collecting site-specific profile data and
repeating the analysis procedure followed in Section 3 above. This approach is generally not
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practical because it requires a .l.a_.r-gc number of sitc'-.spcciﬁc proﬁlcs'. The proccdum -
developed here uses the site-specific velocity measurements and stratigraphy to modify the
generic model. The relative weights given to the site-specific data and to the generic '
parameters depend on the amount of data and its (profile-to-profile) variability. If the
correlation between two profiles in the same cluster depends on the horizontal distance
between the borings, then profiles closer to the target site are given more weight in modifying

the generic results.

The site-specific model is based on the idea that if one applies the model in Section 3 to 2
narrow class of sites (assuming there are sufficient data to obtain stable results), one would
obtain a lower G, y (and usually a different median profile) than for the broader class of
sites. This is exemplified by comparing the generic-SRS results obtained here to the broader
nationwide results obtained in Toro (1995). The lower value of o;; y obtained in this study
arises because there are some characteristics in common among the profiles in the narrow
class, which are not shared with all other profiles in the broader class. Therefore, there is
less variability among the profiles in the narrow class. This lower variability, relative to the
variability in the broader class of profiles, may be interpreted as positive correlation among
the profiles in the narrow class. In this analysis, the narrow class corresponds to a Cluslua ut

sites with distances of a few hundred to a thousand meters.

The information provided by the measured profiles at the cluster is treated as additionai
information, which is combined with the information contained in the generic modcl 10
produce a site-specific model. Because there is correlation between sites in the cluster, the
cluster-specific data are more relevant than the generic data. The advantage of not discarding
the generic data is that we obtain more stable results in cases where the number of availatle
cluster-specific profiles is small.

The key to applying the site-specific model is the horizontal (more precisely, profile-to-
profile) correlation between profiles in the same cluster and its possible dependence on

distance. Toro (1995) investigated the spatial corrclation of shear-wave velocity in clusters
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from SRS and Califomia, and concluded that the correlation between prbﬁlcs in a cluster is
rouglily independent of distance for the range of distances found in these clusters. As a
result, this study will assume that the correlation between profiles in a cluster is independent
of distance. Obviously, the correlation between profiles will depend on distance for distances
that are much longer or much shorter than the range of distances in these clusters and this
assumption will not be valid in other situations. |

Section 4.2 presents the formulation for a site-specific velocity model, which includes
horizontal correlation, vertical correlation, and the generic modcl (an early version of thls
model was presented in Appendix 6A of EPRI,1993). Section 4.3 presents a preliminary site-

specific model for the stratigraphy. Section 4.4 presents the simulation of site-specific
profiles for the A and H clusters in SRS.

4.2 Site-Specific Velocity Model
Consider a cluster of sites that exhibits inter-cluster correlation (i.e., where the within-cluster

variance is smaller than or equal to the generic variance) and assume that we have computed

the within-cluster variance czlnv. clusterk and the generic (or site-wide) variance ollnv‘ generic”

From these variances, we can calculate the horizontal within-cluster correlation function
P4=1-0%1v, clusterk/ OV, generic (We use the subscript b to emphasize that this quantity

represents horizontal correlation). This model provides information about the horizontal
correlation between the In-velocities of the various profiles, at a given depth.

Let Z, ; denote the normalized In-velocity (see eq. 4) at location 0 (the location at which we
wish to generate an artificial profile) and at depth hJ Let Zﬁ, i=1,n be the normalized In-
velocities at depth b; in the n profiles measured in the cluster. We do not know Zy; but we
know Z;, i=1.n. We also know that the random vector Z;=(Z, J.Z,j.sz....an]T follows a
multi-normal distribution with mean zero and with an autocorrelation matrix that is given in

terms of p,. This correlation matrix may be writien as

- 15
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Rz 1 Rg;- . (14) -
7 {Ro; Ry

where R;; is the nxn correlation matrix of the cluster In-velocities and R ; is an nx1 column

vector containing the correlations between Z; and the clustered In-velocities. In the case

considered here, where p, is independent of distance, all diagonal terms are 1 and all off-‘

diagonal terms are equal to p;,.

In addition, the generic velocity model specifies the vertical correlation (within a profile)
between the In-velocity of a layer and that of the layer immediately above (i.c., the

correlation between Zg; and Z, . ;, where the latter is also assumed to be known if we are
generating artificial velocities from the top to the bottom of the profile. This correlation is
given by equation 7 (we will call this correlation p,).

The normalized In-velocities at depth hj_l Gie., Zj_1=[Z0 'j_l,Z1 J-I'ZQJ-I'“-Zn,jJ]T) also have the
correlation matrix given by equation 14.

We have no information, however, about the correlation between the values of Z in two
different profiles and at different depths (all we know is that this correlation cannot be ¢ .
A reasonable assumptions is that the correlation between the In-velocity at depth j in one
profile and depth j-1 in another profile is given by p xp, (this assumption is analogous to 2
Markov assumption). Thus, one can construct the joint covariance matrix of the Z’s at depths
j and j-1 in terms of the quantities in eq. 14 and of p, 3, Using this cormrelation matrix, one
can determine the conditional distribution of ZOJ (the only unknown quantity), given the

3This formulation should also include correlation between Zy; and Z,5,, (C.A. Cornell,
personal communication). It is anticipated that this additional correlaton has little effect on the
results. .

A-i6
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| _ . - .
/ va1u¢S-of the other quantities, using the properties of the multi-normal distribution. In the
special case where the horizontal correlation is independent of distance (horizontal -

equicorrelation), one obtains the. following expression for the conditional mean of In Vo,i3

InVy, = b T 1o 0k gy
0,,cond.median 1+(n-1)ph J 1+(n_1)ph Jjumedian

Oy,
+ PyInV iy -1V g egian)—— (15

Opv,j-1
I (EV —InV. . ) Onmv,;
1 +(n -1 )ph 1 1 CanJ,l

where n is the number of profiles in the cluster (at depth hj), Py is the correlation between

profiles in the clusters, InV; and InV;, are the mean In-velocities from all profiles in the

cluster at depths hj and hj_l, and V, 31 is the (previously calculated) artificial velocit, iu the
layer above. The quantity

- np,
Te=-Dpy
. in the first term represents the weight given to the site-specific mean In-velocinn ~— n- + L
approaches 1 (and the weight given to the generic data in the second term approu. «
np, >>1. For instance, the weight onc would give to the site-specific data in the H site at
shallow and moderate depths (n=79, p,=0.33) would be 0.97. The third term represents
vertical correlation between adjacent layers in the same profile (coming from the genene
model). The final term (which has a lower weight than the first and third terms) is required

because the correlation between In-velocities at different depths and in different profiles

(1A}

SThis process is equivalent to lincar regression or to the detcrmination of weights in
geostatistical "Kriging.” .
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cannot be zero. In the.case where the horizontal correlation dcpcnds on distance, one would
obtain a similar expression in terms of weighted averages of the In-velocities in the cluster at
depths h; and h; ).

Similarly, one obtains the following expression for the conditional variance of In V;:

o2 oy (1-pAf1pi—2 | 17
InVg_;, cond. "1y, j { -2 Ph T,

The equation above indicates that the conditional variance is reduced by both the vertical
correlation and the horizontal correlation. The reduction factor for horizontal correlation is

(1-p,2) for n=1 and (1-py,) for npy>>1.

This site-specific model is not applicable to cases where the cluster variance is greater than
the generic variance. The current implementation of the simulation code assumes p,=0 in

these cases, thereby ignoring the site-specific data and using the generic model alone.

4.3 Site-specific Layering Model

If the profiles in a cluster tend to have layer boundaries concentrated at certain depths, one
would like the artificial profiles to also have layer boundaries concentrated at those depths.
On the other hand, one should not preclude all artificial profiles from having layer boundaries
at depths different from those occurring in the observed profiles, especially if the number of
site-specific profiles is small. In a manner analogous to that used for the velocity data, one
can construct a rate function A(h) that is a combination of the generic rate function in
Equation 2 and the observed rate of layer boundaries in the site-specific profiles. The
resulting expression for the rate of layer boundaries between depths h; and h, is given by

hy
m (Mo N (hy ) (18)
Ay )=

m+n

A-18
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where m is the "equi'valcnt number of site-specific profiles" represented by the generic dé.ta,
N(h,,h,) is the number of observed layer boundaries between depths h; and h, in the cluster
data, and n is the number of site-specific profiles that extend down to depth h, or greater.

We do not have a quantitative procedure to estimate m, but visual examination of simulation
results indicates that a value m=1 is appropriate. Note that if n is large, equation 18 will be

. dominated by the depth-wise distribution of layer boundaries in the cluster data. The
calculation of layer boundaries in the artificial profiles uses Equation 18 may be done with
cither the Poisson (i.e., exponential normalized thickness) or the renewal (i.e., non-exponential
normalized thickness) assumption.

One of the benefits of using this site-specific model for the simulation of the layering (as
opposed to the generic model) is that the median of the arificial profiles is closer to the site-
specific median when n is large and the site-specific median profile has sharp changes in
velocity. If one uses the generic layering model, the median of the artificial profiles tends to

be smooth, even if the cluster median has sharp changes in velocity.

4.4 Examples of Artificial Site-Specific Profiles

Figures 36 through 41 show artificial profiles for clusters A and F of SRS, as well as the
respective medians and standard deviations calculated from 100 artificial profiles. We see
that the median profile for cluster A (from simulations) is intermediate between the observed
median from cluster-A data (Figure 4) and the median velocity of the generic model

(Figure 25). The standard deviation between 10 and 30 m depth (Figure 38) is lower than the
generic standard deviation in Figure 26, because the data from cluster A have a low standard
deviation at these depths.

Results for cluster F also show the stabilizing effect of this approach. Figure 8 shows that
the median velocity calculated for this cluster is very high near 55 m. These high velocities
come from only four profiles (many other profiles terminate at shallower depths). The effect
of these higher velocities is moderated by the combination with the generic median profile.
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5. SUMMARY AND CONCLUSIONS

The generic model developed in this study for Savannah River Site (SRS) shear-wave velocity
profiles differs from models developed in earlier studies for broader (nationwide) data sets in
the following three main aspects: (1) the median profile for SRS shows less of a gradient at

_depths shallower than 30 m, and (2) the standard deviation of In[Velocity] is lower for the
SRS dataset than for the nationwide dataset (except in the top 10 m, where the standard
deviations are comparable), and (3) the standard deviation of In[Velocity] is treated as a
function of depth in this study. '

Other differences with the earlier the models in earlier studies (i.e., Toro et al., 1994; Toro,
1995) include the introduction of weights in order to keep one cluster from dominating the
results, and the use of a Gamma distribution (with a 71% coefficient of variation) for
normalized layer thickness as an alternative to the exponential distribution implicit in the non-
homogeneous Poisson model. Differences between the two distributions of normalized
thickness do not lead to large differences in the sirﬂulatcd profiles, and the Poisson model is
still considered adequate.

The profiles in cluster H are analyzed using the same approach, obtaining a model of the
same form as the generic-SRS model discussed above, but with slightly different parameters.
The median profile for cluster H differs littie from the generic-SRS median profile and the
standard deviation is moderately smaller than that obtained for the generic-SRS data.

The smaller number of profiles in clusters A and F necessitate a different approach, where we
combine the generic-SRS model with the profiles in each specific cluster. The resulting
model utilizes the local velocity information but is more robust than a model that would use
that information alone. The resulting median profile is a linear combination of the site-
specific and generic median and the resulting standard deviation is lower than the generic
standard deviation but higher than the cluster standard deviation.
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Comparison of the medians and standard deviations of simulated profiles-corresponding to the

generic modcl~and to clusters A, F, and H (Figures 42 and 43) shows small differences in the
median profiles and moderate differences in G vs. depth. Therefore, it is appropriate to use
the generic SRS model for these three clusters.

These observations suggest that, in the case of SRS, the important benefit in reducing the
uncertainty of site amplification is achieved in going from the nationwide velocity model to
the generic-SRS velocity mbdel. The benefits obtained in going from the generic-SRS model
to cluster-scale models are small. This conclusion is applicable to SRS (and to clusters A, F,
and H) and may not be valid in general.
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‘Table 1. Velocity Profiles Used in this Study

. Min. Max,
Area |Prof. No. Name _ Lat. Lon. | Depth (m) { Depth (m)
A 1505 [ACPT-1 33.344 | 81.739 | 2.74 | 38.10 ]
A 1506 ACPT-2 33.344 | 81.738 2.74 37.49
A 1507 ACPT4 33.344 | 81.737 2.74 36.27
A 1508 ACPT-7 33.346 | 81.738 2.74 36.27
A 1509 ACPT-8 33.345 | 81.739 2.74 37.19
CFD 1537 CFD-18 33.240 | 81.632 2.71 310.90
CFD 1538 CFD-1 33.238 | 81.630 0.91 292.61
F 1388 F-SEP-C2 33.288 | 81.678 7.62 52.43
F 1389 F-SEP-C3 33.288 | 81.675 2.74 35.36
F -1390 F-SEP-C4 33.287 | 81.676 | 2.74 33.53
‘F 1391 F-SEP-C5 33.287 | 81.676 3.05 34.75
F 1392 F-SEP-C6 33.288 | 81.676 4.57 54.56
F 1393 F-SEP-C7 33.289 | 81.676. 3.05 51.51
F 1394 F-SEP-C8 33.286 | 81.678 4.88 36.88
F 1395 F-SEP-C9 33.288 | 81.679 3.05 46.03
F 1396 F-SEP-C10 33.290 | 81.678 3.05 46.03
F 1397 F-SEP-C11 33.289 | 81.677 3.05 5243
F 1398 F-SEP-C12 33.288 | 81.679 3.05 54.25
F 1399 F-SEP-C13 33.289 | 81.678 2.74 52.12
F 1400 F-SEP-C14 33.287 { 81.679 3.05 46.94
F 1401 F-SEP-C15A 33.287 | 81.677 3.05 48.77
F 1402 F-SEP-C16 33.287 | 81.674 3.05 47.85
F 1403 F-SEP-C17 33.288 | 81.678 4.57 55.47
F 1404 F-SEP-C1 33.288 | 81.680 3.05 48.46
F 1407 F-TNK-C3 33.282 | 81.678 3.05 48.77
F 1409 F-TNK-CS 33.283 | 81.679 3.05 26.82
F 1410 F-TNK-C6 33.282 | 81.676 3.35 50.60
F 1412 F-TNK-C8 33.283 | 81.678 3.05 24.99
F 1413 F-TNK-C9 33.282 | 81.676 5.79 41.76
F 1414 F-TNK-C10 33.282 | 81.677 3.05 3841
F 1415 F-TNK-C11 33.283 | 81.676 3.05 36.88
F 1416 F-TNK-C12 33.284 | 81.676 3.35 45.11
F 1417 F-TNK-C13 33.275 | 81.669 3.05 40.54
F 1419 F-TNK-C15° 33.283 | 81.677 3.05 24.08
F 1420 F-TNK-C16 33.281 | 81.678 3.05 38.71
F 1421 F-TNK-C17 33.284 | 81.678 3.05 40.23
F 1511 235F-CPT] 33.291 | 81.676 3.66 46.33
F 1512 235F-CPT2 33.290 | 81.676 3.66 44.50
F 1513 235F-CPT3 33.291 | 81.676 3.66 49.99
F 1514 235F-CPTS 33.291 | 81.676 3.66 47.24
F 1539 F-5) 33.289 | 81.676 3.05 35.66
GCB2 1649 GCB-2, interp 33.322 | 81.720 | 43.01 194.49
H 1422 hifc18 33.284 | 81.639 3.05 34.14
H 1424 cpt-05 33.285 | 81.639 2.77 61.27
H 1425 cpt-06 33.285 | 81.639 2.80 | 44.50
H 1426 cpt-07 33.285 | 81.640 2.68 60.35°
H 1427 cpt-10 33.285 | 81.640 5.91 42.37
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Table 1. Veldciiy Profiles Used 'in this Study (continued) -

Min. Max.
Area |Prof. No. Name- Lat. Lon. | Depth (m) | Depth (m

H 1428 Jopt-11 33.285 | 81.639 %%
H 1430 cpt-16 33.284 | 81.640 2.62 33.53
H 1431 cpt-18 33.284 | 81.639 2.84 53.04
H 1432 cpt-20 33.285 | 81.638 10.15 32.92
H 1433 cpi-20.1 33.285 | 81.638 21.73 33.83
H - 1434 cpt-20.2 : 33.285 | 81.638 3.69 30.21
H 1435 cpt-23 33.286 | 81.639 4.15 33.22
H 1436 cpt-25 33.286 | 81.639 2.80 44.50
H 1437 cpt-26 33.285 | 81.639 2.77 47.55
H 1438  {cpt-28.2 33.285 | 81.638 | 2.56 37.19
H 1439 cpt-29 33.285 | 81.640 6.52 60.96
H 1440 cpt-30 33.285 { 81.639 2.90 62.79
H 1441 cpt-31 33.284 | 81.640 11.00 41.15
H 1442 H-CYN-C01 33.290 | 81.641 3.05 4145
H 1443 H-CYN-C02 33.289 | 81.643 6.71 44.20
H 1445 H-CYN-C04 33.299 { 81.651 3.05 54.25
H 1446 H-CYN-C05 33.288 { 81.641 4.88 49.68
H 1447 H-CYN-C06 33.290 | 81.643 3.05 51.51
H 1448 H-CYN-C07 33.290 | 81.639 3.05 46.03
H 1449 H-CYN-C08 33.290 { 81.638 3.05 45.11
H 1450 H-CYN-C09 33.291 | 81.642 3.96 57.00
H 1451 - [H-CYN-CI10 33.289 | 81.640 2.74 58.22
H 1452 H-CYN-C12 33.287 | 81.639 2.74 57.30
H 1453 H-CYN-C13 33.287 | 81.641 2.74 58.22
H 1454 HTF-C05 33.286 | 81.640 3.05 60.66
H 1455 HTF-C06 33.286 | 81.640 5.79 61.57
H 1456 HTF-C07 33.285 | 81.640 3.05 65.53
H 1457 HTF-C08 33.286 | 81.641 5.79 56.08
H 1458 HTF-C09 33.285 | 81.641 3.05 57.00
H 1459 HTF-C10 33.285 | 81.645 3.96 12.19
H 1460 HTFE-C11 33.285 | 81.644 7.50 12.07
H 1461 HTF-C12 33.285 | 81.646 3.05 12.19
H 1462 HTF-C13 33.284 | 81.645 3.96 44.20
H 1463 HTF-Cl14 33.284 | 81.642 4.88 45.11
H 1464 HTF-C15 33.284 | 81.641 4.88 46.94
H 1465 HTF-C16 33.285 | 81.641 5.79 43.28
H 1466 HTF-C17 33.286 | 81.642 4.88 31.39
H 1467 H244-C01 33.286 | 81.645 3.69 53.34
H 1468 H244-CO2 33.286 | 81.645 2.71 49.07
H 1469 HCPT-32 33.285 | 81.643 2.74 571.91
H 1470 HCPT-34 33.284 | 81.643 3.72 57.6}
H 1471 HCPT-37 33.285 | 81.644 2.68 57.6}
H 1472 HCPT-38 33.284 | 81.643 4.69 58.52
H 1477 RHLWE-<C] 33.285 | 81.645 0.00 50.29
H 1478 RHLWE-C5 33.285 | 81.645 0.00 50.29
H 1479 RHLWE-C10 33.285 | 81.645 0.00 50.29"
H 1480 RHLWE-C12 33.285 | 81.645 2.74 54.86
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Table 1. Velocity Profiles Used in this Study (continued)

Min. - Max.

jArea  |Prof. No. Name Lat. Lon. | Depth (m) | Depth (m)

H 1481 JBNWIGCL . ] 33.084 | 81.643 | %2%"3@32’_
H 1482 H-NWT-C2 33.284 | 81.643 | 10.97 47.55
H 1483 H-NWT-C3 33.284 | 81.642 3.66 52.12
H 1484 H-NWT-C4 33.284 | 81.643 3.66 53.04
H 1485 HMMC-B02 33.284 | 81.644 3.05 53.34
H 1487 HMMC-C02 33.284 | 81.644 3.05 30.79
H 1488 HCIFCO6A 33.291 | 81.639 | 2.74 25.15
H 1489 HCIFOO6B 33.291 | 81.639 2.74 53.34
H 1490 HCIFC07 33.291 | 81.639 3.05 54.25
H 1491 HCIFCO08 33.291 | 81.640 427 36.88
H 1492 HCIFC09 33.291 | 81.640 2.74 47.85
H 1493 HCIFC10 33.291 -| 81.640 2.74 4328
H 1494 HLWFC01 33.286 | 81.638 4.57 54.25
H 1495 HLWFC02 33.286 | 81.638 2.44 53.34
H 1496 HLWFC04 33.287 | 81.638 2.74 4755
H 1540 B3 &B10 33.290 | 81.646 1.52 60.35
H 1541 B10 & B11 33.290 | 81.646 1.52 60.35
H 1542 Bl & B8 33.289 | 81.646 1.52 60.35
H 1543 B8 & B9 33.289 | 81.646 1.52 60.35
H 1545 SCPT-01 33.285 | 81.640 3.66 55.79
H 1547 SCPT-14 33.284 | 81.640 3.68 48.45
H 1589 SCPTU-1 33.290 | 81.646 5.33 49.53
H 1591 SCPTU7 33.290 | 81.647 3.81 48.46
H 1592 SCPTU-11 33.289 | 81.647 5.03 49.99
H 1608 RTFCPTO4 33.290 | 81.646 3.69 50.35
H 1611 RTFCPT15 33.289 | 81646 | 3.68 50.30
H 1615 MMP-2A-SB (R1-R2) | 33.284 | 81.644 1.00 289.00

K 1318 P-25 33.211 | 81.657 0.00 12192 |
K 1544 P-25B &P-25TB 33.211 | 81.657 0.00 94 .49
K 1550 K-1012 33.212 | 81.666 4.60 57.90
K 1551 K-1008 33.211 | 81.664 3.00 57.60
K 1552 K-1003 33.213 | 81.663 3.00 57.90
K 1561 KC-2 33.213 | 81.663 2.30 3730
K 1562 KC-RT3 33.213 | 81.663 2.30 36.60
K 1565 KC-9 33.212 | 81.662 2.29 37.34
K 1566 KC-10 33.211 | 81.663 2.29 41.68
K 1567 KC-15 33.213 | 81.664 2.29 497}
K 1568 KC-18 33.213 | 81.664 2.33 28.19
K 1569 KC-20 33.211 | 81.663 2.29 38.86
K 1570 KR-1 33.210 | 81.665 3.90 30.97
K 1571 KR-2A 33.211 | 81.664 3.87 26.73
K 1572 KR-3 33.211 | 81.664 3.8) 29.75
K 1573 KR-5 33.211 | 81.666 3.81 23.56
K 1574 KR-6 33.211 | 81.666 5.33 38.86
K 1576 KR-9 33.212 | 81.664 3.93 38.89
K 1577 KR-12B 33.212 | 81.666 6.86 2249
K 1616 MMP-3-SB (R1-R2) 33.21) | 81.657 1.00 31300
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Table 1. Velocity Profiles Used in this Study (continued)

' Min. Max.
Area |Prof. No. Name Lat. Lon. De%th :m! Depth (m)
L 1515 LREC-C01 [33.210 | 81.627 | K [ 2957 |}
L 1517 LREC-C03 33.214 | 81.624 3.05 34.14
L 1518 LREC-C04 33.210 | 81.625 3.05 49.68
L 1519 LREC-C05 | 33.212 | 81.626 3.05 48.77
L 1520 LREC-C06 33.211 { 81.624 3.05 5243
L 1521 LREC-C07 33.211 | 81.624 3.05 46.03
L 1522 LREC-C08 33.210 | 81.624 3.05 51.51
L 1523 LREC-C11 33.211 | 81.623 3.05 7.62
L 1524 LREC-C12 33.210 | 81.622 3.05 50.60
L 1525 LREC-C13 33.210 | 81.623 3.96 5.79
L 1526 LREC-C14 33.210 | 81.623 3.05 48.46
L 1527 LREC-C16 33.210 | 81.621 3.05 43.28
L 1528 LREC-C17 33.213 | 81.622 3.05 37.80
L 1529 LREC-C20 33.210 | 81.621 3.05 4420
L 1530 LREC-C21 33.214 | 81.624 3.05 47.85
L 1531 LREC-C22 33.210 | 81.621 3.05 44.20
L 1532 LREC-C23 33.209 | 81.621 2.74 43.28
L 1533 LREC-C24 33.209 | 81.621 3.05 49.68
L 1578 1.205 AND 1.206 33.212 | 81.626 3.05 51.82
MMP4 1510 MMP-4C 33.338 | 81.708 3.66 39.93
MMP4 1617 MMP-4-SB (R1-R2) 33.338 | 81.708 1.00 221.00
NPR 1347 NPR M12A-17 33.253 | 81.638 0.00 78.94
NPR 1348 NPR M12A-18 33.252 | 81.637 0.00 42.98
NPR 1349 NPR M12A-19 33.253 | 81.637 0.00 63.09
NPR 1351 NPR M12A-21 33.253 | 81.637 0.00 70.41
NPR 1352 NPR M12A-22 33.253 | 81.636 0.00 79.55
NPR 1353 NPR MI12A-25 33.254 | 81.637 0.00 53.04
NPR 1354 NPR M12A-26 33.251 | 81.638 0.00 41.15
NPR 1355 NPR M12A-27 33.253 { 81.639 0.00 44 .81
NPR 1356 NPR MI12A-28 33.254 | 81.636 0.00 66.75
NPR 1357 NPR M12A-29 33.252 | 81.636 0.00 59.44
NPR 1358 NPR M12A-30 33.252 { 81.635 0.00 64.92
NPR 1553 AFR-E24 33.257 | 81.627 3.00 91.40
NPR 1554 AFR-E25 33.258 | 81.628 1.50 91.40
NPR 1555 AFR-E26 33.259 | 81.630 1.50 9140
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Table 2. Summary of Deeper Profiles

Profiles Deeper Than 75m
Max.
Area | Prof. No. [Name Lat. Lon. |Depth (m)
CFD 1537 [CFD-138 3.24 77.33‘2"'%?0‘.9?
CFD 1538 |CFD-1 33.238 81.630 292.61
GCB2 1649 JGCB-2, interp 33322 81.720 194.49
H 1615  |MMP-2A-SB (R1 -R2) 33.284 81.644 289.00
K 1318  |P-25 33.211 81.657 121.62
K 1544 |P-25B &P-2STB 33.211 81.657 94.49
K 1616 _|MMP-3-SB (R1-R2) 33.211 81.657 313.00
MMP4 1617 MMP-4.SB (R1-R2) 33338 81.708 221.00
NPR 1347 INPR M12A-17 33.253 81.638 ' 78.94
NPR 1352  INPR M12A-22 33.253 81.636 79.55
NPR 1553 {AFR-E24 33.257 81.627 91.40
NPR 1554 {AFR-E2S 33.258 81.628 91.40
NPR 1555 AFR-E26 33.259 81.630 91.40
Profiles Deeper Than 100m
Max.
Area Prof. No. {Name Lat. Lon. |Depth (m)
CrFD 1537 CrD-18 33.240 81.632 310.
CFD 1538 CFED-1 33.238 81.630 292.61
GCB2 1649  |GCB-2, interp 33322 81.720 194.49
H 1615 IMMP-2A-SB (R1-R2) 33.284 81.644 289.00
K 1318 P-25 33.211 81.657 121.92
K 1616 |MMP-3-SB (R1-R2) 33.211 81.657 313.00
MMP4 1617 MMP-4-SB (R1-R2) 33338 81.708 221.00
Profiles Deeper Than 200m
Max.
Area | Prol. No. |[Name Lat Lon. |Depth (m)
1337 JCED-18 33.240 | 81.632 310.90
CFD 1538 |CFD-} 33.238 81.630 292.61
H 1615 MMP-2A-SB (R1-R2) 33.284 81.644 289.00
K 1616 |MMP-3-SB (R1-R2) 33.211 81.657 313.00
MMP4 1617 MMP-4-SB (R1-R2) 33.338 81.708 221.00
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Table 3. Horizontal Correlation
Coefficients used in the
Calculation of Weights

ll Cluster (k) P Number of
Profiles
A 0.54 5
H CFD 0.00 2
F - 0.00 34
GCB2 - 1
H 0.33 79
| «x 0.29 20
L 0.00 19
MMP4 0.00 2
H NPR 0.51 14
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Table 4. Parameters of

Velocity Model
Model

Parameter |Generic |Cluster H
Sigma(0-5Sm) | 0.33 0.26
Sigma(15m) 0.17 0.15
Sigma(50m) 0.21 0.17
Sigma(100m) { 0.10 0.10
Sigma(>200m){ 0.14 0.12
Rho(200) 0.687 0.667

ho 20 20

b 0.509 0.639

WSRC-TR-0085; Rev. 0
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Table 5. Median
Velocity Model {m/sec)

] Model
Depth (m) | Generic | Cluster H
0.00 366 351
0.20 366 350
0.23 366 350
0.26 366 350
0.30 366 350
035 366 350
0.40 366 351
0.46 367 351
0.53 367 352
0.61 368 352
0.70 368 353
0.81 369 354
093 371 355
1.07 372 356
1.23 374 357
1.42 376 359
1.63 379 360
1.87 381 361
2.15 384 362
248 385 363
2.85 386 363
3.27 386 364
3.76 386 364
433 386 365
498 388 365
5.73 390 365
6.58 387 365
757 379 365
8.7 369 360
10.01 359 356
11.52 351 355
13.24 349 355
15.23 347 350
17.51 343 347
20.14 337 351
23.16 340 356
26.64 338 356
30.63 340 356
352 347 354
40.51 359 356
46.58 372 369
5357 394 392
61.61 422 421
70.85 453 459
81.48 490 493
93.70 526 522
107.75 569 574
123.92 608 609
142.50 658 653
163.88 722 721
188.46 797 799
216.73 860 864
249.24 919 914

WSRC-TR-0085, Rev. 0
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Borehole Locations
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Figure 1. Location of SRS velocity-profile clusters analyzed in this study.
Numbers in parentheses indicate the number of profiles in each cluster
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All Profiles: medianﬂ‘:a. of In(VS)
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Figure 2. Summary statistics for all SRS wvelocity-profile data:
median profile and variability. Solid line, median profile;
dashed line, median + logarithmic standard deviation. The
numbers on the right side of the frame indicate the numbers of
profiles at that depth or greater.
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All Profiles: o of 1n(VS)
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Figure 3. Summary statistics for all SRS welocity-profile data:
O,y Vs. depth. Solid line, best estimate; dashed line,  best
estimatc + standard error of estimation. The numbers on the right
side of the frame indicatc the numbers of profiles at that depth or

greater.
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Cluster A: medianto of In(VS)
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Figure 4. Summary statistics for data from cluster A: median
profile and variability. Solid line, median profile; dashed
line, median + logarithmic standard deviation.
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Cluster A: o of In(VS)
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Figure 5. Summary statistics for data from cluster A: o,y vs.
depth. Solid line, best estimate; dashed line, best estimate
+ standard error of estimation.
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Cluster CFD: medianto of In(VS)
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Figure 6. Summary statistics for data from cluster CFD: median

profilc and varability. Solid line, median profile; dashed
line, median + logarithmic standard deviation.
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Cluster CFD: o of In(VS)
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Figure 7. Summary statistics for data from cluster CFD: o,y vs.

<+ standard error of estimation.
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Cluster F: median+o of In(VS)
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" Figure 8. Summary statistics for data from cluster F: median
profile and variability. Solid line, median profile; dashed
line, median + logarithmic standard deviation.
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Cluster F: ¢ of In(VS)
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Figure 9. Summary statistics for data from cluster F: o0,, vs

depth. Solid line, best estimate; dashed line, best estimate
+ standard error of estimation.
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Cluster GCB2: -median+o of In(VS)

O. 1] 1 ] i l 1 1 L] L | I { { 1 l 4 11 1 ¥
50. | -
E - _
T 100. =
B
a., - .
=
a - .
150. ]
200. R U S N A W VA VU VN A SR TN RN U DY SR T S
0. 250. 500. 750. 1000.
VS (m/sec)

Figure 10. Summary statistics for data from cluster GCB2: median
profile and varability. Solid line, median profile; dashed
line, median + logarithmic standard deviation.
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Cluster GCB2: o of In(VS)
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Figure 11. Summary statistics for data from cluster GCB2: OLy

vs. depth.

Solid line, best estimate; dashed line,

best

estimatc + standard error of estimaton. Note: no value of the
standard deviation is shown because this quantity cannot be
computed using one profile.
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Cluster H: median+o of 1In(VS)
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Figure 12. Summary statistics for data from cluster H: median
profile and variability. Solid line, median profile; dashed
line, median + logarithmic standard deviation.
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Cluster H: ¢ of In(VS)
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Figure 13. Summary statistics for data from cluster H: o0, vs.

depth. Solid line, best estimate; dashed line, best estimate
<+ standard error of estimation.
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Cluster K: median+o of In(VS)
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Figure 14. Summary statistics for data from cluster K: median

profile and variability. Solid line, median profile; dashed
line, median + logarithmic standard deviation.
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Cluster K: o of In(VS)
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Figure 15. Summary statistics for data from cluster K: o,y vs.

depth. Solid line, best estimate; dashed line, best estimate
+ standard error of estimation.
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" Cluster L: median+o of In(VS)
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Figure 16. Summary statistics for data from cluster L: median
profile and variability. Solid line, median profile; dashed
line, median + logarithmic standard deviation
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Cluster L: .o of In(VS)
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Figure 17. Summary statistics for data from cluster L: o,y vs.

depth. Solid line, best estimate; dashed line, best estimate
+ standard error of estimation.
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Cluster MMP4: medianto of In(VS)
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Figure 18. Summary statistics for data from cluster MMP4: medias
profile and variability. Solid line, median profile; dashed
line, median + logarithmic standard deviation.
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Figure 19. Summary statistics for data from cluster MMP4: o,y

vs. depth. Solid line, best estimate; dashed line, best
estimate + standard error of estimation.

Cluster MMP4: ¢ of In(VS) o
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Cluster NPR: medianto of 1n(VS)
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Figure 20. Summary statistics for data from cluster NPR: median
profile and variability. Solid line, median profile; dashed
line, median + logarithmic standard deviation.
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Cluster NPR:

o of In(VS)
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Figure 21. Summary statistics for data from cluster NPR: ¢,

depth.
+ standard error of estimation.
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Soil Velocity
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Figure 22. Schematic
model of velocity profiles.
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representation of the three eclements of the probabilistic
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Layering' Model
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Figure 23. Probabilistic model of layer thickness. Thin jagged lines. 1. - o
ratc of  layer boundaries; thin smooth curve, maximum-likelihood mouc! for
transition rate A(h), dashed line, number of profiles at this depth (scale given in
right Y axis).
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Probability Distribution of
Normalized Layer Thickness
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Figure 24. Observed distribution of normalized layer thickness <t (histogram).
Thick line, exponential distribution; thin line, gamma distribution with COV of
0.71.
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Generic Model

'Model Results: medianto of In(V)
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Figure 25. Generic SRS  shear-wave velocity model: median
profile and wvariability. Solid line, median profile; dashed
line, median + logarithmic. standard deviation, dotted line,
median + standard error of estimaton.
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Generic Model
- Model Results: SIGMA and p vs. Depth
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Figure 26. Generic SRS shear-wave wvelocity model:  standard
deviation o,y and correlation coefficient p(k) vs. depth. Solid
line, standard deviation; dashed line, correlation coefficient
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Clustér' H

Model Results: median+o of In(V)
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Figure 27.  Shear-wave velocity model for cluster H: median
profile and variability. = Solid line, median profile; dashed
line, median + logarithmic standard deviation; dotted line,
median + standard error of estimation.
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. - Cluster H
Model Results: SIGMA and p vs. Depth
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Figure 28. Shear-wave velocity model for cluster H:  standard
deviation o,, and comrelation coefficient p(h) vs. depth. Solid
line, standard deviation; dashed line, correlation coefficient
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Figure 29. Velocity profiles simulated with the generic SRS
shear-wave velocity model, non-homogeneous Poisson layering
model.




. SRS Seismic Response Analysis and Design Basis Guidelines . : - WSRC-TR-0085, Rev.0 .

'Simulated Profiles
Generic Model (Renewal)

O. i T
90. - -
g | Z
E 100. -
o, s
S
e =
150. -
= i
_ 5]
I o]
200. Lt L x
0. 250. 500. 1000.

VS (M/SEC)

Figure 30. Velocity profiles simulated with the generic SRS
shear-wave velocity model, non-homogeneous renewal layering
model.
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Simulated Profiles
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Figure 31. Summary statistics for 50 artificial profiles
simulated with the generic SRS wvelocity model: median
profile and varability. Solid line, median profile;
dashed line, median + logarithmic standard deviation.
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Figure 32. Summary statisics for 50 artificial profiles
simulated with the generic SRS velocity model: o, vs. depth.
Solid line, best estimate; dashed line, best estimate + standard
error of estimation.
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Figure 33. Velocity profiles simulated with the shear-wave
velocity model for cluster H, non-homogeneous renewal layering
model.
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Figure 34, Summary statistics for 50 artificial profiles
simulated with the shear-wave wvelocity model for cluster H:
median profile and variability. Solid line, median profile;
dashed line, median + logarithmic standard deviaton.
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Figure 35. Summary statistics for 50 amificial profiles
simulated with the shear-wave velocity model for cluster H: o,
vs. depth. Solid line, best estimate; dashed line, best
estimate + standard error of estimation.
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Figure 36. Velocity profiles simulated for cluster A using the
site-specific velocity model.
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Figure 37. Summary statisics for S0 amnificial profiles
simulated for cluster A using the site-specific wvelocity model:
median profile and variability. Solid line, median profile;
dashed line, median + logarithmic standard deviation.
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Figure 38. Summary statistics for 50 anificial profiles
simulated for cluster A using the site-specific wvelocity model:
Ou,yv Vs. depth. Solid linc, best estimate; dashed line, best
estimate + standard error of estimation.
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Figure 39. Velocity profiles simulated for cluster F using the
site-specific velocity model.
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Figure 40. Summary statistics for 50 artificial profiles
simulated for cluster F using the site-specific velocity model:
median profile and variability. Solid line, median profile;
dashed line, median + logarithmic standard deviation.
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Figure 41. Summary statistics for 50 artificial profiles
simulated for cluster F using the site-specific velocity model:
O,y Vs. depth. Solid line, best estimate; dashed line, best
estimate + standard error of estimation.
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From Simulations
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Figure 42.  Comparison of median shar-wave velocity profiles
from simulatons for generic conditions and for clusters A, F,
and H.
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Figure 43. Comparison of 0,y vs. depth from simulations for
generic conditions and for clusters A, F, and H.




