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ENCLOSURE
RAI's 2-1 & 2-2 (second round), Geotechnical Program

NRC Comment — The PFS field geotechnical investigation program is limited in the
number of borings and tests provided. PFS should perform an evaluation of the Standard
Penetration Test blow counts (N-values), individually, rather than averaged over 5-ft
intervals, to demonstrate that the variability in N-values across the site is not significant.
Atterberg Limits, shear strength, and compressibility should also be addressed.

PFS Resolution — PFS reviewed the variability of N-values across the site, evaluating the
Standard Penetration Test (SPT) blow counts individually, rather than averaged over 5-ft
intervals, and reported the findings on March 24, 1999. This response addresses the
request for profiles of Atterberg limits and undrained shear strength. No additional
compressibility testing has been performed since the teleconference of March 16, 1999.

A total of 63 natural water content tests, 63 Atterberg limits tests, and three consolidated
- undrained triaxial tests were performed to develop data for responding to the request for
profiles of Atterberg limits and shear strength across the emplacement area.

Table 1 presents these data in the form of a matrix of the Atterberg limits data vs depth,
along with data for all samples that have been tested in the borings drilled in the proposed
emplacement area. In this matrix, the data are arranged to correspond with the locations
of the borings in the field, with north situated at the top of the sheet. For example,
Boring A-1, which was drilled in the northwest corner of the proposed emplacement area,
is located in the upper left corner of the matrix. Borings B-1, C-1, and D-1 were drilled
in locations east of A-1, and these are arranged to the right of A-1 in the matrix. Boring
A-2 was drilled at a location south of A-1, and it is arranged in the matrix in the row just
below A-1. The remaining borings are located similarly with respect to their locations in
the plan view. This results, therefore, in Borings A-4 through D-4 being located at the
bottom of the matrix, with A-4 on the left (i.e., the southwestern corner of the proposed
emplacement area) and D-4 on the far right (i.e., the southeastern corner of the proposed
emplacement area).

These data are plotted in the attached figures, "Soil Properties vs Depth in Storage Pad
Area," along with the SPT N-values and the results of the shear strength tests that have
been performed to date. Note, two additional consolidated - undrained triaxial tests were
performed on undisturbed samples that were obtained in the vicinity of the Canister
Transfer Building, approximately 150 ft northeast of Boring D-4. These data also are
included on the attached figures to present all of the available strength data vs depth that
has been obtained near the pad emplacement area.

This matrix and these figures illustrate that the soils in the upper layer of the profile do
not vary significantly across the site. Shear strength data are provided for samples
obtained from depths of 5 to 7 ft and 10 to 12 ft. As can be seen on these figures, the



SPT N-values increase below this depth. As indicated in the response to SAR Question
,2-2a of RAI No. 2:

"Since the strength of these soils is directly related to the blow count, testing soils
whose blow count is less than the average provides a conservative estimate of the
strength of the soil.”

Therefore, it is concluded that these data demonstrate that the soils in the upper layer are
uniform across the site and there is not sufficient variability in the blow counts to justify
requiring individual design parameters for each pad. In addition, the strength and
compressibility testing that have been performed provide conservative estimates of the
strength and compressibility of the deeper soils within the upper layer.

No additional consolidation tests were performed because suitable samples for
performing these tests are not available at this time. In addition, compressibility of these
soils is not considered to be a significant issue for the cask storage pads, since there is
nothing connected to these pads that would be adversely affected by settlements. As
indicated in the response to SAR Question 2-2(a) of RAI No. 2:

e the samples that were tested for compressibility were obtained from
testing specimens from the upper 25 to 30 feet where the Standard
Penetration Test (SPT) blow count was less than or equal to the average
value of all samples obtained in this layer, and

o the SPT blow count is inversely related to compressibility of soils.

Therefore, as the blow count increases, the compressibility (and, hence, settlement)
decreases. If additional laboratory tests were performed on samples of the soils from
deeper within the profile than those that were tested (from depths of about 10 to 11 ft), it
is expected that their compressibilities would be lower than those determined by testing
these specimens, because their SPT blow counts are higher.
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Borin Natural ;.0 .id Plastic Plastic Liguidity|Bor Natural ;)00 Plastic Plastic Liquidity| Borin Natusal ;) 0id Plastic Plastic Liguidity|Borin Natural . uid Plastic Flastic Liquidt
No._ Ssmple  Zu e Ll:nit Limit Index dex” N:g Sample  Zug  Water Limit Limit Index den | No.© SamPle  Zurg oer Limit Limit Index dex | No.” Sample Turg e Ll:nlt Limit Index adex
Al S 1 08 B1 S 1 08 Ci s 1 08 D1 S 1 08
Al S 2 58 347 548 309 239 159 | Bl U 2D 67 452 598 347 251 418 | C1 S 2 S8 530 674 393 281 488 | D1 S 2 58 363 54.6 . 29.4 252 27.4
Al S 3 108 198 288 258 30 -2000| Bl S 3 108 230 394 290 104 5727 | €1 U 3B 109 303 330 281 49 449 | D1 S 3 108 286 405 252 153 222
C1 U 3C 11.1 389 47.8 346 132 326
c1 U 3D 115 467 61.1 441 170 153
Al S 4 158 223 302 276 26 -2038| B1 S 4 158 230 352 259 93 312 €1 S 4 158 274 42 244 98 306 | D1 S 4 158 322 47.3 331 142 6.3
A1 S S 208 554 586 430 156 795 | Bl S 5 208 459 503 358 145 697 | CGL S 5 208 427 497 387 110 364 | D1 S 5 208 207 300 195 105 114
Al S 6 258 Bl S 6 258 c1 S 6 258
¥
A% S 1 08 156 289 233 56 -1375] B2 S 1| 08 G2 S 1 08 D2 S 1 08 \
A2 U 2C 62 528 702 429 273 363 | B2 S 2 58 320 474 256 218 294 | €2 U ID 65 505 703 413 2900 317 | B2 S 2 58 369 464 311 153 379
A2 U2 70 454 61.8 367 251 347 | B2 U 1 90 c2 U 2C 110 276 346 269 7.7 9.1
a2 S 3 108 184 270 245 25 2440| B2 S 3 108 189 298 258 40 -1725| €2 U 2E 118 397 412 285 127 882 | D2 S 3 108 342 540 286 254 220
A2 S 4 158 297 365 265 100 320 | B2 S 4 158 126 Nonplastic c2 S 2 158 303 400 244 156 378 | D2 S 4 158 226 443 299 144 507
A2z S 5 208 282 380 268 112 125 | B2 S 5 208 439 S51 462 89 2568 | €2 S 3 208 418 488 372 116 397 | D2 S 5 208 122 377 316 6.1 -3180
A2 S 6 258 279 4l4 304 110 227 | B2 S 6 258 201 318 200 118 08 | C2 S 4 258 D2 S 6 258 139 3l4 195 119 -47.1
: c2 S 5 308
A3 S [ 08 Ba S 1 0B 80 266 197 69 -1565] C3 S 1 0.8 D3 5 1 08
A3 S 2 58 360 498 233 265 479 | B3 U 1B S5 335 524 252 27.2 305 | €3 S 2 S8 268 431 224 207 213 | D3 S 2 58 23.5 434 27.3 161 -236
A3 S 3 108 433 601 351 250 328 | B3 U 2 110 c3 S 3 108 326 488 294 194 165 [ D3 S 3 108 250 Nonplastic
A3 S 4 158 259 358 277 81 222 | B3 S 2 158 c3 S 4 158 279 329 231 98 490 | D3 S 4 158 368 406 280 126 698
A3 S 5 208 B3 S 3 208 446 543 416 127 236 | €3 S 5 208 39.5 508 358 150 247 | D3 S 5 208 420 477 342 135 578
A3 S 6 258 B3 S 4 258 c3 S 6 258 181 262 195 67 -209 D3 S 6 258
B3 S 5 308
A4 S 1 08 B4 S5 1 08 T4 s 1 08 - D4 1 08 b;
A4 S 2 58 442 690 424 266 68 | B4 S 2 58 484 565 27.8 287 718 [ C4 S 24 52 286 461 229 232 246 | D4 S5 2 58 380 493 277 216 |
c4 S 2B 60 506 695 442 253 253 '
A4 S 3 108 108 Nonplastic B4 U 3D 107 426 425 247 17.8 1006 | ¢4 S 3 108 182 265 260 05 -15600{ D4 S 3A 103 168 247 233 14 4643
As S 4 158 193 209 224 75 413 | B4 S 4 158 199 307 246 61 770 | €4 S 4 158 265 366 269 97 -4l D4 S 4A 154 83 Nonplastic
’ _ D4 S 4B 162 328 428 257 171 415
A4 S 5 208 37.8 565 4L6 149 255 | B4 S S5 208 242 354 299 55 -1036| C4 S 5 208 407 525 415 110 73 p4 S 5 208 434 568 412 156 141
A4 S 6 258 15.2 29.1 19.8 9.3 -49.5 B4 S 6 258 245 326 243 8.3 2.4 c4 S 6 258 187 29.2 20.1 9.1 -15.4 D4 S 6 258 18,0 270 216 54 -66.7

-
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TABLE 1

MATRIX OF ATTERBERG LIMITS IN
PROPOSED EMPLACEMENT AREA
PFSF SAFETY ANALYSIS REPORT

|
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( ( ( | (
1’
1
rin Natural ,...:4 Plastic Plastic Liquidity| Borin Natural ;.0 0.4 plastic Plastic Liquidity|Borin Natural .0 Plastic Plastic Liquidity|Borin Natural , ouid tic Liquidi
B;o'.g Sample B C:l:::;t L;lm.lt Limit Index ;lnde;y o'g Sample Z C:::::t LGit Limit Index ;ln d exty No.g Sample Z.ug c:lx:::;t Lg“-ﬂt Limit Index ?ndexty’ No.g Sample e CY::::::\ !;'{q ‘li‘:flty %l”’%:e: g‘“’:y
A1 S 1 038 B1 S 1 038 T cCl1 S 1 08 T D1 S 1 038 T
Al S 2 58 347 548 309 239 159 | Bl U 2D 67 452 598 347 251 418 | Cl S 2,58 530 674 393 281 488 | D-1 S 58 363 546 204 252 274
A1 S 3 108 198 288 258 30 -200| B1 S 3 108 230 394 290 104 577 €1 U 3B 109 303 330 281 49 449 [ D1 S 3 108 286 405 252 153 222
c1 U 3C 11.1 389 47.8 346 132 326
c1 U 3D 115 467 61.1 441 17.0 153 ‘
Al S 4 158 223 302 276 26 -2038| B1 S 4 158 230 352 259 93 312 | Cl S 4 158 274 442 244 08 306 | D1 S 4 158 322 473 33.1 142 6.3
Al S 5 208 554 586 430 156 795 | B-1 S 5 208 459 503 358 145 697 | C1 S 5 208 427 497 387 110 364 | D1 S 5 208 207 300 195 105 114
Al S 6 258 B1 S 6 258 . c1 S 6 258
!
Fag S5 . 08 156 289 233 56 -1375] B2 S 1 038 = — TC2 S 1 08 - D2z S 1 08 —
A2 U 2C 62 528 702 429 273 363 | B2 S 2 58 320 474 256 218 294 | ¢2 U 1D 65 505 703 413 200 317 | D2 s 2 58 369 464 311 153 379
A2 U 2E 7.0 454 618 367 251 347 | B2 U 1 90 c2 U 2C 110 276 346 269 7.7 9.1
a2 S 3 108 184 270 245 25 -2440| B2 S 3 108 189 298 258 40 -1725| C2 U 2E 118 397 412 285 127 882 | p2 S 3 108 342 540 286 254 220
A2 S 4 158 297 365 265 100 320 | B2 S 4 158 126 Nonplastic c2 S 2 158 303 400 244 156 378 | D2 S 4 158 226 443 299 144 -50.7
A2 S 5 208 282 380 268 112 125 | B2 S 5 208 439 551 462 89 258 | C2 S 3 208 418 488 372 116 397 | p2 S 5 208 122 377 316 6.1 -3180
A2 S 6 258 279 414 304 110 227 | B2 S 6 258 201 318 200 118 08 | C2 S 4 258 D2 S 6 258 139 314 195 119 -47.1
c2 S 5 308
‘——-—-——'—'—'——_—_—__—_—————— ——— — — ——— —— — e —
\W ———— ——— —_—— ———— — ——
A3 S 1 08 B3 S 1 08 89 266 197 69 -1565] C3 S 1 08 TD3 S 1 08 A
A3 S 2 58 360 498 233 265 479 | B3 U 1B 55 335 524 252 272 305 | C3 S 2 58 268 43l 224 207 213 | D3 S 2 58 235 434 273 161 -23.6
A3 S 3 108 433 601 351 250 328 | B3 U 2 110 c3 S 3 108 326 488 1294 194 165 | D3 S 3 108 250 Nonplastic
A3 S 4 158 259 358 277 81 222 | B3 S 2 158 c3 S 4 158 279 329 231 98 490 | D3 S 4 158 368 406 280 126 698
A3 S 5 208 ‘ B3 S 3 208 446 543 416 127 236 | c3 S 5 208 395 508 358 150 247 | D3 S 5 208 420 477 342 135 578
A3 S 6 258 : B3 S 4 258 c3 S 6 258 181 262 195 67 -209 | D3 S 6 258 o
R : B3 S 5 308
|
!
i
R ___ ___ _ L .
A4 S 1 08 B4 S 1 038 c4 S 1 08 TD4 s 1 08
A4 S 2 58 442 690 424 266 68 | B4 S 2 58 484 565 278 287 718 | C4 S 2A 52 286 46.1 229 232 246 | D4 S 2 58 380
o : c4 S 2B 60 506 69.5 442 253 253
A4 S 3 108 108 _Nonplastic B4 U 3D 107 426 425 247 178 1006 | c4 S 3 108 182 265 260 05 -1560.0 D-4 S 3A 103 1638
A4 S 4 158 193 299 224 75 -413 | B4 S 4 158 199 307 246 61 770 | C4 S 4 158 265 36.6 269 97 -41 || D4 S 4A 154 83
| D4 s 4B 162 32.8
A4 S 5 208 378 565 416 149 -255| B4 S 5 208 242 354 299 55 -1036) Cc4 S 5 208 407 52,5 41.5 11.0 -7.3{ D4 S 5 208 434 568 4
A4 S 6 258 152 291 198 93 -495| B4 S 6 258 245 326 243 83 24 | C4 S 6 258 187 292 201 9.1 154 | D4 s 6 258 18.0 270 2I.
— e e ——— — ————
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