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DESIGN VERIFICATION CONTROL SHEET 

Design Verification Checklist 
(exceroted from ANSI N.45.11 [1974 Edition] and AS ME NQA-1-1994 Edition 

Yes No N/A 
Design Verification Element 

Note: Any items checked "No· automatically imply the design is not verified. 

~ Is the person performing the design verification qualified to originate the document? 

)L' Is the design verification being performed by someone other than the supervisor of the 
originator? 

'f Were the design inputs correctly selected and incorporated into design? 

)( 
Are assumptions necessary to perform the design activity adequately described and 
reasonable? Where necessary, are assumptions identified for subsequent re-verifications 
when the detailed design activities are completed? 

>Z Are the appropriate quality and quality assurance requirements specified? 

>< Are the applicable codes, standards and regulatory requirements including issue and 
addendaproperly identified, and their requirements for design met? 

~ Have applicable construction and operating experiences been considered? 

y Have the design interface requirements been satisfied? 

-/: Were appropriate design methods and computer programs used? 

y Is the design output reasonable compared to design inputs? 

').(' Are the specified parts, equipment, and processes suitable for the required application? 

V. Are the specified materials compatible with each other and the design environmental 
conditions to which the material will be exposed? 

X Have adequate maintenance features and requirements been specified? 

K. Are accessibility and other design provisions adequate for performance of needed 
maintenance and repair? 

K Have adequate accessibility been provided to perform the in-service inspection expected 
to be required during the plant life? 

)( Has the design properly considered radiation exposure to the public and plant personnel? 

:Y-. i An" tile acccpwnce. 2Titerif! ineorporateo in the design dO~1I1l1ent:. :>llffi:::ic:n: ie' anU\\ 

verification that design requirements have been satisfactorily accomplished? 

X' Have adequate pre-operational and subsequent periodic test requirements been 
appropriately specified? 

>( Have adequate handling, storage, cleaning, and shipping requirements been specified? 

< Are adequate identification requirements specified? 

K .. Are requirements for record preparation review, accePtance~ntion, etc., adequately 
specified? . 

Verified by: ~~ /' iJ~,,-;L~t.. ... - Date: loL'3./(t/ Approved by: ~ ____ Date: Itt iL~ 1/ 

S&L Acceptance Review: Name: Dan Kocunik Sign: ~ Date: //)6#. 
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2047-ACR-040 Rev. 1 2

Calculation of smooth vertical GMRS for the PSEG Site 
 
1. Objectives of analysis. 
 
This calculation documents the smooth vertical GMRS for the PSEG Site. 
 
2. Inputs. 
 
Horizontal 10-5 UHRS and GMRS at 38 frequencies (Ref. 1). 
Vertical/Horizontal (V/H) ratios (Ref. 2 and 3). 
Western US ground motion equations (Ref. 4 and 5). 
 
3. Literature search and background information. 
 
Recommended V/H ratios for response spectra are given in Ref. 2 and 3.  There is no 
reference that directly recommends V/H ratios for CEUS soil sites, so multiple V/H ratios 
are derived here from various sources, and a conservative envelope is used to bound 
those estimates to derived a recommended set of V/H ratios for the PSEG Site. 
 
4. Assumptions and basis. 
 
It is assumed that the horizontal 10-5 UHRS and GMRS from Ref. 1 are accurate.  The 
basis is the separate QA review conducted for these calculations. 
 
5. Computer calculations: 
 
N/A. 
 
6. Hand calculations:  
 
Excel file 2047-ACR-041.XLS in Ref. 8 calculates smooth vertical GMRS spectra at 38 
frequencies for the PSEG Site and documents these in a plot and table.  Spectra are 
calculated as follows: 
 
(1) NUREG6728:  This worksheet copies the V/H factors from Table 4-5 of Ref. 2.  Note 
that these are for CEUS rock conditions. 
 
(2) Campbell:   This worksheet copies Table 5 and 6 from Ref. 5, and uses these to 
calculate spectral accelerations for horizontal and vertical motions for specified values of 
M and R.  These motions are for the western US (WUS) for rock and soil.  Note that M 
and R values in cells G1 and G2 are controlled in worksheet (7).  Columns R and S show 
V/H ratios for rock and soil (the V/H ratios are the same). 
 
(3) A&S-Table3:  This worksheet copies the coefficients from Table 3 from Ref. 4, which 
are used to calculated horizontal amplitudes. 
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2047-ACR-040 Rev. 1 3

(4) A&S-Table5:  This worksheet copies the coefficients from Table 5 from Ref. 4, which 
are used to calculated vertical amplitudes. 
 
(5) A&S-vert amps:  This worksheet uses the Table 5 coefficients from worksheet (4) to 
calculate vertical motions for the specified M and R values in cells F1 and F2 (these are 
controlled in worksheet (7)).  Ground motions are calculated for both rock and soil 
conditions.  Note that these motions are for WUS sites. 
 
(6) A&S-horiz amps:  This worksheet uses the Table 3 coefficients from worksheet (3) to 
calculate horizontal motions for the specified M and R values in cells F1 and F2 (these 
are controlled in worksheet (7)).  Ground motions are calculated for both rock and soil 
conditions.  Note that these motions are for WUS sites.  Columns H and I calculated V/H 
ratios using ground motions from worksheets (5) and (6). 
 
(7) VH_ratio:  This worksheet copies V/H ratios from worksheets (2) and (6) and 
averages them for rock (column M) and soil (column P).  Plots show the V/H ratios as a 
function of frequency.  Column R shifts the frequency axis by a factor of 3 to 
approximate the difference between CEUS and WUS ground motion frequencies, and 
plots the V/H ratios with the shifted frequencies, as further background information.  This 
worksheet also calculates V/H ratios from Reg. Guide 1.60 (Ref. 3).  Recommended 
spectral amplitudes based on ground displacement for 0.25 Hz in Ref. 3 are converted to 
spectral accelerations as explained in notes in this worksheet.   
 
This worksheet plots the V/H ratios for 7 cases as follows (this is included as Figure 1 
below): 

1.  NUREG/CR-6728 (Ref. 2) labeled “CEUS rock”, calculated in worksheet (1) for 
PGA<0.2g, which is the case for the horizontal GMRS. 

2. “RG1.60”, calculated in worksheet (7). 
3. “WUS soil M=5.6, R 22”.   This is the average V/H ratio from WUS soil, column 

V of worksheet (7), for the dominant M and R values for the 1E-4 HF spectrum 
(Ref. 6).  (Note that column V holds the “paste values” amplitudes from column 
P, for the appropriate M and R.) 

4. “WUS soil (shifted) M=5.6, R 22”.   This is the average V/H ratio from WUS soil 
with frequencies shifted, similar to #3 above except that shifted frequencies are 
used from column R for plotting. 

5. “WUS soil M=5.6, R 9.6”.   This is the average V/H ratio from WUS soil, column 
U of worksheet (7), for the dominant M and R values for the 1E-5 HF spectrum 
(Ref. 6).  (Note that column V holds the “paste values” amplitudes from column 
P, for the appropriate M and R.) 

6. “WUS soil (shifted) M=5.6, R 9.6”.   This is the average V/H ratio from WUS 
soil with frequencies shifted, similar to #5 above except that shifted frequencies 
are used from column R for plotting. 

7. “Recommended V/H” is the V/H ratio of 1 for frequencies above 10 Hz, 0.75 for 
frequencies below 5 Hz, and a log-linear interpolation between 5 and 10 Hz. 
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2047-ACR-040 Rev. 1 4

The M and R values above are taken from the 1E-4 and 1E-5 HF deaggregations in Ref. 6 
because the high frequencies above 10 Hz are where the V/H ratio is highest, and it is 
important to represent this frequency range accurately.  The amplitude of the GMRS is 
below that of the 1E-5 UHRS, and the deaggregations at 1E-4 and 1E-5 are expected to 
bound the earthquakes that will control the GMRS.  The CEUS rock spectrum 
demonstrates that V/H ratios in the CEUS have peaks at high frequencies (40 Hz and 
higher), which supports the frequency shift explained above for worksheet (7).  The 
recommended V/H ratios envelop all other V/H ratios except the RG1.60 ratios, which 
are considered obsolete because they are based on ground motion records obtained 
primarily in California and all prior to 1973. 
 
(7) H+V_GMRS:  This worksheet copies the 1E-5 UHRS and GMRS from Ref. 1, 
applies the recommended H/V ratios described above, and calculates the vertical GMRS 
from the horizontal GMRS.  This calculation is numerically identical to calculating a 
vertical 1E-5 UHRS and applying a factor of 0.45 to calculate the vertical GMRS from it.   
 
Figure 2 plots the horizontal and vertical GMRS.  Table 1 shows numerical values for the 
horizontal 1E-5 UHRS, the horizontal GMRS, the V/H ratios, and the vertical GMRS. All 
numerical results are documented in Ref. 8. 
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Figure 1: V/H ratios calculated by various methods. 
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Figure 2: PSEG Site horizontal and vertical soil GMRS. 
 
Table 1: Amplitudes for PSEG Site 10-5 horizontal soil UHRS and GMRS. 

Freq. 
1E-5 

UHRS GMRS 
V/H 
ratio 

Vertical 
GMRS 

100 4.00E-01 1.80E-01 1 1.80E-01
90 4.03E-01 1.81E-01 1 1.81E-01
80 4.07E-01 1.83E-01 1 1.83E-01
70 4.16E-01 1.87E-01 1 1.87E-01
60 4.34E-01 1.96E-01 1 1.96E-01
50 4.72E-01 2.13E-01 1 2.13E-01
45 4.99E-01 2.25E-01 1 2.25E-01
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40 5.40E-01 2.42E-01 1 2.42E-01
35 5.99E-01 2.69E-01 1 2.69E-01
30 6.71E-01 3.03E-01 1 3.03E-01
25 7.75E-01 3.48E-01 1 3.48E-01
20 8.79E-01 3.89E-01 1 3.89E-01
15 9.42E-01 4.20E-01 1 4.20E-01

12.5 9.36E-01 4.20E-01 1 4.20E-01
10 8.99E-01 4.10E-01 1 4.10E-01
9 9.22E-01 4.13E-01 0.96 3.97E-01
8 9.29E-01 4.17E-01 0.92 3.84E-01
7 9.23E-01 4.14E-01 0.87 3.61E-01
6 8.77E-01 3.96E-01 0.82 3.23E-01
5 8.17E-01 3.60E-01 0.75 2.70E-01
4 6.29E-01 2.84E-01 0.75 2.13E-01
3 3.96E-01 1.78E-01 0.75 1.33E-01

2.5 3.20E-01 1.45E-01 0.75 1.09E-01
2 2.91E-01 1.31E-01 0.75 9.79E-02

1.5 2.46E-01 1.09E-01 0.75 8.19E-02
1.25 2.07E-01 9.27E-02 0.75 6.95E-02

1 1.59E-01 7.34E-02 0.75 5.51E-02
0.9 1.44E-01 6.47E-02 0.75 4.85E-02
0.8 1.24E-01 5.63E-02 0.75 4.23E-02
0.7 1.09E-01 4.92E-02 0.75 3.69E-02
0.6 9.88E-02 4.44E-02 0.75 3.33E-02
0.5 9.05E-02 4.07E-02 0.75 3.05E-02
0.4 7.97E-02 3.58E-02 0.75 2.69E-02
0.3 5.15E-02 2.31E-02 0.75 1.73E-02
0.2 2.26E-02 1.05E-02 0.75 7.85E-03
0.15 1.24E-02 5.60E-03 0.75 4.20E-03

0.125 8.04E-03 3.63E-03 0.75 2.72E-03
0.1 4.90E-03 2.21E-03 0.75 1.65E-03
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