United States Nuclear Regulatory Commission Official Hearing Exhibit

In the Matter of: PSEG POWER, LLC AND PSEG NUCLEAR, LLC

PSEG004L

(Early Site Permit Application)

ASLBP #: 15-943-01-ESP-BD01
Docket #: 05200043

R REGY,
o ",

Y,

%,
fRof ¢ | Exhibit#: PSEGO004L-MA-BDOT Identified: 03/24/2016
5%%'\ /5 | Admitted: 03/24/2016 Withdrawn:
“u, TS Rejected: Stricken:
halelld Other:

1E-4 Smooth Horizontal Rock Spectra for PSEG Site

e High Frequency

Spectral acceleration, g

= e == | ow Frequency

O PSEG 10-4 Mean
UHRS

0.001
0.1 1 10

Frequency, Hz

100

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

High- and Low-frequency
Rock Spectra for 10-4,
with 10-4 UHRS Amplitudes

FIGURE 2.52-31 oo 4




Spectral acceleration, g

1E-5 Smooth Horizontal Rock Spectra for the PSEG Site

10

0.1

0.01

e High Frequency

= = == | ow Frequency

o  PSEG 10-5 Mean
UHRS

Frequency, Hz

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

High- and Low-frequency
Rock Spectra for 10-5,
with 10-5 UHRS Amplitudes

FIGURE 2.52-32 g




Spectral acceleration, g

1E-6 Smooth Horizontal Rock Spectra for the PSEG Site

10

e High Frequency

0.1

0.01

= = == | ow Frequency

o PSEG 10-6 Mean
UHRS

Frequency, Hz

100

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

High- and Low-frequency
Rock Spectra for 10-6,
with 10-6 UHRS Amplitudes

FIGURE 2.52-33 g




Depth (feet from top of competent layer)

Vs (ft/s)

5000

1000 -

1200 -

1400 +

1600 -

1800 -

2000

Profile 01
Profile 03
Profile 05
Profile 07
Profile 09
Profile 11
Profile 13
Profile 15
Profile 17
———— Profile 19
Profile 21
Profile 23
Profile 25
—— Profile 27
Profile 29
—— Profile 31
------- Profile 33
~——— Profile 35
Profile 37
Profile 39
Profile 41
Profile 43
Profile 45
Profile 47
Profile 49
——— Profile 51
——— Profile 53

Profile 55
— — = Profile 57
Profile 59

— |0 g-mean

Profile 02
Profile 04
Profile 06
—— Profile 08

Profile 10

Profile 12

Profile 14

Profile 16

Profile 18

Profile 20
—— Profile 22
——— Profile 24
Profile 26
—— Profile 28
Profile 30
Profile 32
Profile 34
— Profile 36
Profile 38
——— Profile 40
Profile 42
Profile 44
Profile 46
——— Profile 48
——— Profile 50
—— Profile 52
Profile 54
— — = Profile 56
— — = Profile 58
— — = Profile 60

PSEG Power, LLC
PSEG Site ESPA

Part 2, Site Safety Analysis Report

Synthetic Vs Profiles
(Entire Profile)

FIGURE 2.5.2-34

Rev 1




Depth (feet from top of competent layer)

50 1

100

8

g

&

g

w
3

S
8

450 1

500

——

—— Profile 01 —— Profile 02
Profile 03 Profile 04
Profile 05 Profile 06

—— Profile 07 —— Profile 08
Profile 09 Profile 10
Profile 11 Profile 12
Profile 13 ——— Profile 14

———— Profile 15 Profile 16
Profile 17 Profile 18
Profile 19 Profile 20

———— Profile 21 ——— Profile 22

—— Profile 23 ——— Profile 24
Profile 25 —— Profile 26
Profile 27 ——— Profile 28

——— Profile 29 ——— Profile 30
Profile 31 —— Profile 32

------- Profile 33 ——— Profile 34
Profile 35 ——— Profile 36
Profile 37 Profile 38
Profile 39 Profile 40
Profile 41 Profile 42
Profile 43 —— Profile 44
Profile 45 Profile 46
Profile 47 ~——— Profile 48

—— Profile 49 Profile 50
Profile 51 —— Profile 52
Profile 53 ——— Profile 54
Profile 55 — — = Profile 56

— — —Profile 57 — — — Profile 58
Profile 59 — — = Profile 60

—log-m.ean

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Synthetic Vs Profiles (Shallow Portion)

FIGURE 2.52-35 oo 4




Depth (ft from top of competent layer)

Vs (ft/s)

0 2000 4000 6000 8000 10000 12000 14000
O 4 . 3 1 L L
! — s nput log-mean
200 - Input log{mean+sigma)
Input log{mean-sigma)
——|0g-mean
400 - ; 1
log{mean+sigma)
600 - ] log{mean-sigma)
Notes:
1. The input base-case profile (red;
800 Table2:5:2-17)-doesnot takeinto
account the uncertainty in layering or
in depth to bedrock.
2. The synthetic profiles (black)

004 — -4 | underestimate sigma by a small
amountbecausethe randomization
procedure contains tests that reject
profiles where the marginal values of
In (V's} or the In(Vs) increments deviate

1200 + 1l morethan 2 standard deviations, This

L underestimationis small and does not
affect the validity of the synthetic
profiles.

1400

1600 -

1800 H

1
1 |
2000

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Comparison of Input and
Modeled Velocity Profiles
(Entire Profile)

FIGURE 2.5.2-36

Rev 1




Depth (ft from top of competent layer)

50

100

150 |

200

250 1

300

350

400

2000

4000

Vs (ft/s)

6000 8000

10000 12000 14000

LT

s |nput log-mean

—— Input log(mean+sigma)
—— Input log{mean-sigma)
—0g-mean
——log(mean+sigma)

—log{mean-sigma)

Notes:

profiles.

1. Theinputbase-caseprofile {red;
Table 2.5.2-17) does not take into
account the uncertainty in layering or
in depth to bedrock.

2. The synthetic profiles (black)
underestimate sigma by a small
amountbecause the randomization
procedure contains tests that reject
profiles where the marginal values of
In (Vs) or the In{Vs) increments deviate
marethan 2 standard deviations. This
underestimationis smalland does not
affect the validity of the synthetic

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Comparison of Input and
Modeled Velocity Profiles
(Shallow Portion)

FIGURE 2.52-37 oo 4




10

Sa Amplification Factor

0.1

PSEG Site - 1E-4 HF Site Response
Sa amplification factor at depth (ft) = 0.0 (Top of Competent Layer)

0.9

LN B I B I | T 1 T T T 1TT] T T L L L 0

0.1

1 10 100
Frequency (Hz)

Logarithmic Std. Deviation

prof.
prof.
prof.
prof.
prof.
prof.
——— prof.
——prof.
——— prof.

prof.
— prof.
prof.
prof.
prof.
prof.
prof.
prof.
prof.
prof.
prof.
prof.
—— prof.
prof.
prof.
prof.
——— prof.

prof.
— — —prof.

prof.
— — —prof.
==g==|0garithmic mean —s—|ogarithmic sigma

3

5

7

9

11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
4
43
45
47
49
51
53
55
57
59

prof. 2
prof. 4
prof. 6
prof. 8
10
12

prof.
prof.
prof. 14
prof. 16
prof. 18
——prof. 20
—— prof. 22
——prof. 24
——prof. 26
——prof. 28
prof.
prof.
—— prof.
—— prof.
prof.
prof.
—— prof.
prof.
——— prof.
prof.
—— prof.
—— prof.
— ——prof.
prof.
— — —prof.
— — - prof.

BBFLIRBEEERENEEEREE

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Amplification Factors Calculated
with the 60 Synthetic Profiles
for the 10 High-Frequency Rock Input

FIGURE 2.5.2-40 Rev 1




10

Sa Amplification Factor

0.1

PSEG Site - 1E-4 LF Site Response
Sa amplification factor at depth (ft) =

0.9

- 0.6

I
o
w

0.1

Frequency (Hz)

100

Logarithmic Std. Deviation

0.0 (Top of Competent Layer)

prof.
prof.
prof.
——— prof.
prof.

prof.

— prof.
prof.
- prof.

prof.
—— prof.
prof.
prof.
prof.
prof.
prof.
—— prof.
prof.

prof.

—— prof.
—— prof.
— prof.
—— prof.
—— prof.
prof.

prof.

prof.

— — —prof.
prof.

— — =prof.
==@==|0garithmic mean

O~ W=

1"
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59

prof. 2
—prof. 4
—prof. 6

prof. 8

prof. 10

prof. 12

prof. 14
———prof. 16

prof. 18
—— prof. 20
——— prof. 22
—— prof. 24
——prof. 26
——prof. 28
—— prof.
—— prof.
—— prof.
~——— prof.
prof.
— prof.
prof.
prof.
——— prof.

prof.
—— prof.
—— prof.
— ——prof.

prof.
— ——prof.
— — —prof.
—s— |ogarithmic sigma

8%%%%8&8%%8&8%‘%8

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Amplification Factors Calculated
with the 60 Synthetic Profiles
for the 10 Low-Frequency Rock Input

FIGURE 2.5.2-41 Rev 1




Amplification Factor

Sigma (In)

Median Amplification Factors for the PSEG Site GMRS HF

10 -

1E-5 1E-6

0.1

Std. Dev. of In[Amplification Factor] for the PSEG Site GMRS HF

0.8
0.6
0.4
0.2

0.1

Frequency (Hz)

100

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Logarithmic Mean Amplification

Factors for High-Frequency (HF) Rock

Inputs and Associated Logarithmic
Standard Deviations

FIGURE 2.5.2-42 Rev 1




Amplification Factor

Sigma (In)

Median Amplification Factors for the PSEG Site GMRS LF

10 ;

—— 1E-4 e 1E-5 1E-6

0.1
Std. Dev. of In[Amplification Factor] for the PSEG Site GMRS LF

0.8
0.6
0.4 -

R ~ ’

0 ' —
0.1 10 100

Frequency (Hz)

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Logarithmic Mean Amplification
Factors for Low-Frequency (LF) Rock
Inputs and Associated Logarithmic
Standard Deviations

FIGURE 2.5.2-43 Rev 1




Depth (ft from top of competent layer)

50

100

150

200

250

300

350

400

PSEG Site - 1E-4 HF Site Response

Maximum Strain
Strain (%)

0 0.01 0.02 0.03 0.04

o i
? 'L": I "(:;’ R

—_wll ' r .lll ill

prof. 1
prof. 2 ——prof. 3
——nprof. 4 ——prof. 5
—proif‘. g — pro;. ;
prof. prof.
prof. 10 prof. 11
prof. 12 ——prof. 13
prof. 14 ——prof. 15
——prof. 16 ——prof. 17
prof. 18 ——prof. 19
——prof. 20 ——prof. 21
——prof. 22 ——prof. 23
——prof. 24 ——prof. 25
——prof. 26 ——prof. 27
——prof. 28 ——prof. 29
——prof. 30 prof. 31
——prof. 32 ——prof. 33
——prof. 34 prof. 35
——prof. 36 prof. 37
——prof. 38 ——prof. 39
——prof. 40 ——prof. 41
——prof. 42 ——prof. 43
prof. 44 ——prof. 45
——prof. 46 ——prof. 47
prof. 48 prof. 49
——prof. 50 ——prof. 51
——prof. 52 prof. 53
——-prof. 54 ——-prof. 55
prof. 56 prof. 57
——-prof. 58 ——-prof. 39
——-prof. 60 === |0garithmic mean

PSEG Power, LLC
PSEG Site ESPA

Part 2, Site Safety Analysis Report

10 High-Frequency (HF) Rock
(Shallow Portion of Profile)
FIGURE 2.5.2-44

Strain as a Function of Depth for the

Input

Rev 1




Depth (ft from top of competent layer)

o0

100

150

200

250

300

350

400

0.01

PSEG Site - 1E-4 LF Site Response
Maximum Strain
Strain (%)
0.02

0.03 0.04

-

J

'-t - \u-n 'o

\\

L- inh ‘“‘L'l;

I \

prof. 1
prof. 2 —prof. 3
—prof. 4 ——prof. 5
——prof. 6 ——prof. 7
prof. 8 prof. 9
prof. 10 prof. 11
prof. 12 prof. 13
prof. 14 ——prof. 15
——prof. 16 prof. 17
prof. 18 prof. 19
—— prof. 20 ——prof. 21
——prof. 22 —prof. 23
——prof. 24 ——prof. 25
——prof. 26 ——prof. 27
——prof. 28 —prof. 29
——prof. 30 prof. 31
——prof. 32 ——prof. 33
——prof. 34 prof. 35
—— prof. 36 prof. 37
——prof. 38 ——prof. 39
——prof. 40 —— prof. 41
——prof. 42 ——prof. 43
prof. 44 ——prof. 45
—— prof. 46 ——prof. 47
prof. 48 prof. 49
——prof. 50 —— prof. 51
——prof. 52 prof. 53
——-prof. 54 ——-prof. 55
prof. 56 prof. 57
——-prof. 58 ——-prof. 59
——-prof. 60 o= |0garithmic mean

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Strain as a Function of Depth for the
10* Low-Frequency (LF) Rock Input
(Shallow Portion of Profile)

FIGURE 2.5.2-45 Rev 1




PGA Total Mean and Median Soil Hazard and Select Fractiles at PSEG Site

1.E-01
I ~——95th Fractile

» LE-02 3 !
E - | —84th Fractile
_g [ |
-7} I \
3
e 1.E-03 - —Mean
— -
= [
> C
<
s =
S LE-04 —Median
b C
b= i
<
g . [ ~——16th Fractile
é 1.E-05 3

I —5th Fractile

1.E-06 e s bemlenlinhed i e e feneitel
0.001 0.01 0.1 1 10

Peak Ground Acceleration (g)

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Mean and Fractile Soil Seismic
Hazard Curves at the GMRS Elevation
for 100 Hz (PGA) Spectral Acceleration

FIGURE 2.5.2-46

Rev 1




Annual Frequency of Exceedance

25 Hz Total Mean and Median Soil Hazard and Select Fractiles at PSEG Site

1.E-01

1.E-02

1.E-03

1.E-04

1.LE-05

1.E-06

——95th Fractile

—384th Fractile

—Nean

—Median

——16th Fractile

—5th Fractile

0.001 0.01

0.1

25 Hz Spectral Acceleration (g)

10

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Mean and Fractile Soil Seismic
Hazard Curves at the GMRS Elevation
for 25 Hz Spectral Acceleration

FIGURE 2.5.2-47

Rev 1




Annual Frequency of Exceedance

10 Hz Total Mean and Median Soil Hazard and Select Fractiles at PSEG Site

1.E-01

1.E-02

1.E-03

—95th Fractile

1.E-04

LE-05

1.E-06

——84th Fractile

AL A s L) A ' Al L L i

0.001

0.01 0.1
10 Hz Spectral Acceleration (g)

==Mean

—Median

—16th Fractile

—5th Fractile

10

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Mean and Fractile Soil Seismic
Hazard Curves at the GMRS Elevation
for 10 Hz Spectral Acceleration

FIGURE 2.5.2-48 Rev 1




5 Hz Total Mean and Median Soil Hazard and Select Fractiles at PSEG Site
1.E-01

—95th Fractile

1.E-02
—84th Fractile

1.E-03

==\ ean

1.E-04 —Median

——16th Fractile
1.E-05

Annual Frequency of Exceedance

——5th Fractile

I'E_06 " PO S S T A PO TR T T B A PR T T B W | 1 it
0.001 0.01 0.1 1 10

5 Hz Spectral Acceleration (g)

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Mean and Fractile Soil Seismic
Hazard Curves at the GMRS Elevation
for 5 Hz Spectral Acceleration

FIGURE 2.5.2-49 Rev 1




2.5 Hz Total Mean and Median Soil Hazard and Select Fractiles at PSEG Site

1.E-01
—95th Fractile
o LE-02
2 —84th Fractile
S C
U R
2
& 1.E-03 3 —Mean
ot -
o -
’6) n
5 -
5 LE-04 ~——Median
& ;
= -
~
= [ —16th Fractile
= -05 k
z 1.E-05 E
[ —5th Fractile
1..E_06 1 11 1 1 1 3 iL 1 4
0.001 0.01 0.1 1 10

2.5 Hz Spectral Acceleration (g)

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Mean and Fractile Soil Seismic
Hazard Curves at the GMRS Elevation
for 2.5 Hz Spectral Acceleration

FIGURE 2.5.2-50 Rev 1




1 Hz Total Mean and Median Soil Hazard and Select Fractiles at PSEG Site

1.E-01
—95th Fractile
o LE-02 E
= F —84th Fractile
S [
@D R
S
e 1.E-03 3 =—=Nean
- :
S -
s. -
= b=
g R —Median
g I.IL-M §' ed
- o
[ig L
s I
= —16th Fractile
= - 3
z 1.E-05 :
[ —5th Fractile
1.E-06 it
0.001 0.01 0.1 1 10

1 Hz Spectral Acceleration (g)

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Mean and Fractile Soil Seismic
Hazard Curves at the GMRS Elevation
for 1 Hz Spectral Acceleration

FIGURE 2.5.2-51 Rev 1




Annual Frequency of Exceedance

1.E-01

0.5 Hz Total Mean and Median Soil Hazard and Select Fractiles at PSEG Site

—95th Fractile

1.LE-02

—84th Fractile
L E ——Mean
1LE-04 —Maedian

- —16th Fractile
1.E-05 E

: ——5th Fractile
1-E"06 4 4 a2zl 1 Lo g

0.001 0.01 0.1 1 10

0.5 Hz Spectral Acceleration (g)

PSEG Power, LLC

PSEG Site ESPA

Part 2, Site Safety Analysis Report

Mean and Fractile Soil Seismic
Hazard Curves at the GMRS Elevation
for 0.5 Hz Spectral Acceleration

FIGURE 2.5.2-52

Rev 1




Spectral acceleration, g

0.1

0.01

PSEG Site Mean and Median Soil UHRS for 104, 105, and 10 AFE

0.1

Frequency, Hz

~—— 10-6 Mean

= = 10-6 Median

—10-5 Mean

- = 10-5 Median

—— 10-4 Mean

- = 10-4 Median

100

PSEG Power, LLC
PSEG Site ESPA

Part 2, Site Safety Analysis Report

Horizontal Soil UHRS

FIGURE 2.5.2-53

Rev 1




= Horizontal GMRS
= =\/ertical GMRS
o 0.1
c
)
©
o
©
%)
O
<
©
©
a
o 0.01
0.001 L ! I S N I | B I B B
0.1 1 10 100

Frequency, Hz

PSEG Power, LLC

PSEG Site ESPA
Part 2, Site Safety Analysis Report

Horizontal and Vertical Soil GMRS

FIGURE 2.5.2-54 Rev 1




V/H Ratio

1.6

e Recommended V/H
—— NUREG/CR-6728 CEUS Rock
=== 1E-4HF (Reference 2.5.2-113) - Shifted
1.4 —=—1E-5HF (Reference 2.5.2-113) - Shifted
---- 1E-4HF (Reference 2.5.2-113) - Unshifted (for comparison)
---- 1E-5HF (Reference 2.5.2-113) - Unshifted (for comparison)
== 1E-4HF ( Reference 2.5.2-112) - Shifted
1.2 + e====1E-5HF ( Reference 2.5.2-112) - Shifted
---- 1E-4HF (Reference 2.5.2-112) - Unshifted (for comparison)
---- 1E-5HF (Reference 2.5.2-112) - Unshifted (for comparison)
—Reg. Guide 1.60

1

o
®

0.6

0.4 -

0.2

0.1 1
Frequency, Hz

10

100

PSEG Power, LLC
PSEG Site ESPA

Part 2, Site Safety Analysis Report

Recommended V/H Ratios

FIGURE 2.5.2-55

Rev 1




	021 PSEG004U - SSAR_FIG02_05_02_031 to 05_02_041
	PSEG_SSAR_FIG02_05_02_031
	PSEG_SSAR_FIG02_05_02_032
	PSEG_SSAR_FIG02_05_02_033
	PSEG_SSAR_FIG02_05_02_034
	PSEG_SSAR_FIG02_05_02_035
	PSEG_SSAR_FIG02_05_02_036
	PSEG_SSAR_FIG02_05_02_037
	PSEG_SSAR_FIG02_05_02_040
	PSEG_SSAR_FIG02_05_02_041

	022 PSEG004V - SSAR_FIG02_05_02_042 to 05_02_055
	PSEG_SSAR_FIG02_05_02_042
	PSEG_SSAR_FIG02_05_02_043
	PSEG_SSAR_FIG02_05_02_044
	PSEG_SSAR_FIG02_05_02_045
	PSEG_SSAR_FIG02_05_02_046
	PSEG_SSAR_FIG02_05_02_047
	PSEG_SSAR_FIG02_05_02_048
	PSEG_SSAR_FIG02_05_02_049
	PSEG_SSAR_FIG02_05_02_050
	PSEG_SSAR_FIG02_05_02_051
	PSEG_SSAR_FIG02_05_02_052
	PSEG_SSAR_FIG02_05_02_053
	PSEG_SSAR_FIG02_05_02_054
	PSEG_SSAR_FIG02_05_02_055




