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Purpose: 

The purpose of this analysis is to revise the information pertaining to the H.B. Robinson 
Plant (Plant 7 ) in Table 3-2 of WCAP-13587, Rev 1 (Reference 1) to incorporate the 
following: 

1. The initial average charpy value assumed in Reference 1 for the material of Reference 
2 was 50 ft-lbs. The correct value is 53.6 ft-lbs (see Reference 2). Jmaerm is 
modified to reflect this higher value.  

2. The Reference 3 correlation is used for the ASTM A302 plate material. This 
incorparates the effect of temperature on Jmar.  

3. Table 3-2 of Reference 1 utilizes Jappue for a flaw which is axially orientated with 
J.,,, values for the transverse direction. Jt,,, is recalculated for both the 
transverse and longitudinal direction, and Janue for circumferential and axial flaws are 
compared with the transverse and longitudinal values, respectively.  

Analysis: 

Appendix A contains the analysis for items 1 and 2 listed above, and Appendix B contains 
the results for item 3.  

Results: 

The following table contains the J ,s parameters taken from Appendix A (note J values in 
in-lb/in2 and dJ/da values in in-lb/in3) 

Transverse Longitudinal 

material 299 541 

(dJ/da),,a 217 392 

Next, for comparison of the Transverse Orientaion to Circumferential Flaw and Longitudinal 
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Orientation to Axial Flaw, the Japplied values are given below: 

Circumferential Axial 

Jappied 204 525 

(dJ/da)applied 61 222 

It is shown that Japplied < material and (dJ/da) apied < (dJ/da)materia for all cases.  

References: 

1. Tandon S. et al., WCAP-13587, Rev 1, "Reactor Vessel Upper Shelf Energy 
Bounding Evaluation for Westinghouse Pressurized Water Reactors," September 1993.  

2. Hiser A. L., Terrell J. B., NUREG/CR-5265, MEA-2320, "Size Effects on J-R 
Curves for A302-B Plate," January 1989.  

3. Memorandum for Wichman K. R. from Hiser A. L. and Malik S. N. M., "J-R 
Curves for Low Toughness A 302-B Plate," September 9, 1993.  

4. Westinghouse Letter FDRT/SRPLO-220(93), "USE Data for H.B. Robinson Upper 
Shelf Plate W-10201-1," Chicots to Tandon, 12/14/93.  
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WO4PER SHELF ENERGY CPL REEVALUA1aO 
APPENDIX A 

Transverse Orientation 

Using the method of Reference 3 directly (this is for info only, it is not used) 
SF:=0.749 Cl = 946.82 C2 :=0.1334 CVN := 42 a =0.1 T :=390.5 

f(CVN):= 11.75.CVN+ 108 
695.5 

f(T) ie e-0.00277.(T- 180) 1 0.116-In(a) - 0.0092a-0.409) 

C2 
JR:=SF-Cl-a f(CVN)f(T) 

JR=452.361 

Using the methodology described in page 2-5 of Reference 1, adjusted for temperature with the 
Reference 3 factor.  

Point 1(taken @ a=0.1") See attached table taken from Reference 2 

a :2 0.1 

f(T) e2 e0.00277-(T -180). +0.116.In(a) - 0.0092-a-0.409).  

f(T) =0.661 

%Drop := 0.03 

INITJ =694 

Drop :53.6 - 42 

Jimatl = INITJ-f(T)-( I- (%Drop-Drop)) 

Jmatl =299.219 

Point 2(taken @ a=0.0563") See attached table taken from Reference 2 

f(T) = 0.661 Note: fT is actually a function of both a and T.  
However, since it is only a estimation 

%Drop := 0.03 technique used to adjust Jmat for different 

INITJ :672 tempertures the value of f) for 0.1" crack 
extension will be utilized. This represents a 

Drop :53.6 - 42 lower bound to the values off)at 0.1" and 

J mat2 = INTJ-f(T) (1 - (%Drop-Drop)) 0.0563" crack extension. If 0.0563" 

Jmat2 = 289.733 crack extension was to be utilized, f( would 
imati - mat equal 0.69, allowing Jmaterial to be higher 

delJ :c________ which is non-conservative 
(0.1 - 0.0563) 

delJ = 217.055 

Longitudinal Orientation 

Using the method of Reference 3 directly (for info only) 

SF .=0.749 Cl 12946.82 C2 :=0.1334 C VN :63.7 a:=.20. T :390.5 

1 1.75.CVN +- 108 Note, 63.7 value contained in Reference 4 
c en w o u e ( o 

695.59,alwngJaeia ob hge



W*UPPER SHELF ENERGY CPL REEVALU N 

f(T) :=e -0.00277-(T- 180). (1+0.116-In(a)- 0.0092-a-0.409)] 

iR :=SF-Cl-aC2 .f(CVN).f(T) 

JR = 433.48 

Using the methodology described in page 2-5 of Reference 1, adjusted for temperature with the 
Reference 3 factor.  
Note, for this case, a 1.5% increase in Jmaterial is assumed as opposed to a 3% increase for 
conservatism.  

Point 1 (taken @ a=O.1") See attached table taken from Reference 2 

a 0.1 

f(T) [e-0.00277-(T- 180). 1+0.116-In(a) - 0.0092-a-0.409)] 

f(T) =0.661 

%Inc: 0.015 

INITJ = 694 

Inc := 63.7 - 53.6 

. INITJf(T) 

1 - (%Inc- Inc) 

J mat = 540.866 

Point 2(taken @ a=0.0563") See attached table taken from Reference 2 

f(T) = 0.661 

%Inc = 0.0 15 

INITJ :=672 

Inc :63.7 - 53.6 

mat2 INITJ.f(T) 
1 - (%Inc- Inc) 

J mat2 = 523.72 

delJ: JmatI - mat2 

(0.1 - 0.0563) 

delJ = 392.348



Material Typ I STEEL 
Side Groove a 20% 
Thickne(1 s 4 In.  
Temperature s 18F 
Width 

o 8.9 i Ao38543.59.in.  
42. 6.7132 in.  
Fl4w Stress . 75701 psi.  
Young's Mod s 2933600 psi.  
Initial Slope a 3.5325E-7 .n./lbs.  Razor Spacing x .1 in.  
Hold-Load Dis 1 2.2 in.  
Razor-LL Di a 3 in.  

Load Def 1. Area Slope Poet-a Delta-a JmC Jd Jm Jd* Jm* .1.  (lbs) (in.) in. -lb.) (in./lbs) (in.) (in.) !< -- - ------- (I.-lbsg/n) -------- >: 22269.9 8.079 99.1 3.54163E-0 0143 16. 15.9 15.9 15.3 15.3 15.3* 38543.5 8.8199 166.8 3.54699E-07 4.1126 8.068 38.2 38.1 39.1 29.0 29.0 29.0 
39972.5 8.83148 273.2 3.54279E-07 4.1110 8.,0052 49.5 49.4 49.4 47.6 47.6 47.6 46832.5 0.08169 397.1 3.53685E-67 4.185 a.0027 72.0 71.9 71.9 69.2 69.2 69.2 
54785.0 83.8199 547.3 3.53173E-07 4.1864 8.8886 99.2 99.2 99.2 95.5 95.5 95.5 62ES2.5 8.8228 725.6 3.53212E--67 4.1868 8.8816 131.5 131.5 131.5 126.6 126.6 126.6 78712.5 8.0259 927.9 8.887 168.1 161.8 161.B 

1253431E.0 4.0.8514 6 .116 .  

79252.5 8.8298 1147.7 3.53335E-07 4.1876 8.8819 288.0 287.7 207.7 288.1 200.1 200.1 95775.0 8.8319 1394.7 3.53274E-07 4.1075 8.0017 252.7 252.4 252.4 243.2 243.2 243.2 93122.5 0.349 1659.1 3.5331E-h7 4.18 8.0020 388.6 388.3 388.3 299.4 289.4 289.4 
108832.5 8.8378 1945.4 3.53462E-07 4.1894 8.01826 352.5 352.8 352.8 339.4 339.4 339.4 186992.5 8.0488 2268.4 3.53712E-07 4. 1899 6.004t 409.6 488.8 488 394.3 394.4 394.3 r 113687.5 0.439 2597.2 3.54177E-7 4.1121 0.0063 470.7 469.4 469.5 453.0 453.1 453.8 
11935.8 5 .8468 2936.5 3.54739E-07 4.1147 8.8889 532.1 5'8.4 538.6 512.1 512.2 512.1 124482.5 0.0497 3299.8 3.56285E-07 4.1217 8.0159 597.9 594.6 595.1 574.3 574.7 574.3 126485.0 8.0514 3581.3 3.57966E-7 4.1292 0.0234 634.5 629.7 638.5 688.2 68.8 688.2 C 126712.5 6.8519 3571.7 3.59092E-07 4.1341 .8293 647.2 641.4 642.4 619.4 629.3 619.5 
126572.5 8.8524 3635.8 3.6693E-07 4.1411 .0353 659.9 651.4 652.9 629.8 638.2 629.1 

F.-. 126387.5 0.0529 3695.3 3.62444E-07 4. 1497 83.0429 669.6 668.5 662.3 637.6 639.1 637.6 
ON' 125762.5 0.8532 3735.3 3.63723E-07 4.1542 0.8484 676.9 66.5 668.6 643.4 645.2 643.4 125892.5 0.8535 3774.8 3.6533E-07 4.1621 0 CB563 65. 6.  124767.5 0.2539 3919.9 3.68116E-07 4.1730 -,@- U672692.6775 680.7 653t 3 656.0 653.3 123742.5 0.8542 3961.2 3.78486E-67 4.1926 8.0768 699.7 682.7 696.6 659.1 661.5 658.2 

123289.80 8.846 3906.6 3.73825E-67 4.1936. 8.88 787.9 689.4 693.8 663.2 667.1 663.2 Z 
1222M5.8l 0.8549 3946.7 3.76227E-07 4.2069 8.1811 715.2 (62.S 699.8 666.6 671.4 666.7 121538.0 0.8552 3979.4 3.78736E-77 4.2172 8.14 .. 'X02*2 669.6 675.8 669.7 
128962.5 0.8555 408.9 3.81@86E--97 4.2264 8.1286 729.3 788.9 787.9 674.1 68.1 674.2 128642.5 8.0559 4962.5 3.84416E-07 4.2481 0.1343 736.2 785.5 713.5 677.9 694.7 677.9 
128122.5 8.8563 4110.1 3.87236E-07 4.2514 0.1456 744.8 711.5 728.4 683.2 6908 693.2 119635.8 8.8567 4163.2 3.910777E-87 4.2654 0. 1596 754.4 717.9 727.9 688.6 697.2 688.7 ~ 2 119982.5 0.8572 4225.3 3.94241E-07 4.2789 .1731 765.7 725.9 737.0 696.8 75.5 696.1 118337.5 8.0576 427.2 3.96857E-07 4.299 .132 773.9 731.6 743.6 781.2 711.5 71.4 118195.8 8.81 4324.5 4..0155E-87 4.3816 .1959 793.7 738.5 751.5 787.3 719.5 717.4 117517.5 8.591 4439.7 4.8648SE-07 4.3252 .2194 84.5 753.7 76.9 721.1 734.2 721.2 117137.5 8.8681 4561.7 4.11622E-07 4.3445 .2387 26.6 771.5 79.5 737.6 752.3 737.9 116977.5 .8611 4679.9 4.16569E-07 4.3625 .2567 4.1 79.9 87.6 753.7 77.8 753.9 115422.5 8.8631 4912.9 4.296OIE-67 4.4999 .338 99.3 19.4 43.2 71.9 802.4 72.1 11259.0 8.0642 529.3 4.39253E-17 4.4419 0.3360 911.4 31.6 59.3 793.3 17.4 793.7 110777.5 0.0651 5139.8 4.4647GE-87 4.4659 0.3601 931.1 945.2 876.9 86.1 932.9 886.6 18937.5 0.8662 5255.2 4.56219E-67 4.4977 0.3919 952.3 857.9 92.9 17.7 848.2 91.2 17137.5 8.0672 5365.9 4.65064E-07 4.5257 .4199 972.4 70.5 99.4 29.5 63.5 3.1 104975.0 .83 5476.6 4.76167E-07 4.5599 .4541 992.4 98.9 925.0 39.0 77.5 39.7 192995.8 0.0694 5587.5 4.85095E-07 4.5867 0.489 112.5 94.1 942.2 851.7 93.9 52.4 11657.5 8.0704 696.5 4.93259E-17 4.6106 .58 132.3 97.7 959.8 64.7 910.4 865.4 198552.5 8.8715 50.5 5.01995E-07 4.6356 0.5299 151.1 92.8 976.2 76.9 925.5 76.9 99362.5 8.0726 5911.0 5.889E-07 4.6550 0.5492 1071.1 935.6 995.3 891.3 943.9 892.1 97845.83 0.0737 6018.4 5.18846E-07 4.6823 0.5765 1898a.6 947.5 1812.2 992.5 959.6 983.4



APPENDIX B ~C 

p :2.485 Ri :=77.97 CR:= 100 

t:=9.875 SF=1.5.1 s 1. (safety factor adjustment for dJ/da) 

Y := 43.8 E :=2.64. 104  v :0.3 E E 
2438 E 1 -iv2) 

F 1(a) :=0.982+ 1.006. 2 K Ipa(a) :=SF.p.1 .+ i F 1(a) 

F2(a) =0.885+ 0.233- a +) 0.345. 2 K Ipc(a) :=SF-p- 1 + 21 F 2(a) 

F 3 (a) := 0.690 + 3.127. -a 7.435- 2 + 3.532. a 

CR 25t t K It(a) 1000) t 2 F 3 (a) a = t + 0.1 ad:= t 000o4 d4 

a :=f (ao) (I)KIpa ao)+K tao))2  
1 KC(a)+..pc ao)Kt ao)) 

'2 000(K~aaaif)+K(a ) 2  
KO~~ p~ if C (a +K(aef ) 2 

ae6fan(aO)+() aeffc =(a o)+ ( (P ) ~y 6-n a 6 

1000. (K Ipa (a efa) + K it a 2 1000 K PC(aef) + K I(a2ff) Ja~Ip a- eEf It afa) eECc 

a efao (a 1)+ KJpa(ad)S+K t(a ))2  1 KIp(aods(+Kt( aO) 2 
6-n aeffco:= ao,) 

6.-nay 6.71 a 

a 1000 K Ipa (a efao) s +K It (aefa )2 1000- (K PC (aef)s+ Ki(af)) 2 

a Jao ada oa J 2 c aJ efocId e c 

E co 

a fa ad I Klpa ad)-s+K tad) 2 1 Kjpc/ad)-s+Klt ad) 2 

Results: 

a =524.734 J 203.926 

dJa dJ p - =221.783 Jc=61.421 
da da



Westinghouse Energy Systems Nuclear and Advanced 

Electric Corporation Technology Division 

Box 355 
Pittsburgh Pennsylvania 15230-0355 

Mr. J. S. Kozyra, Project Specialist 93-CPL-072 
RNPD Regulatory Affairs ET-NSL-OPL-II-93-557 
-Carolina Power & Light Company December 16, 1993 
H. B. Robinson, SEG Plant 
P.O. Box 790 
Hartsville, SC 29550 

CAROLINA POWER & LIGHT COMPANY 
H. B. ROBINSON UNIT 2 

Reactor Vessel Upper Shelf Energy Re-Evaluation 

Reference: 

1) Tandon S., et al., WCAP-13587, Revision 1, "Reactor Vessel Upper Shelf Energy Bounding 
Evaluation for Westinghouse Pressurized Water Reactors", September 1993.  

Dear Mr. Kozyra: 

Please find attached the revised information prepared by Westinghouse pertaining to the H. B. Robinson 
Unit 2 (Plant 7) reactor vessel upper shelf energy data presented in Table 3-2 of WCAP-13587, 
Revision 1 (Reference 1). The revised information is being supplied per our telephone conversation 
(Westinghouse and CP&L) with the NRC on December 12, 1993.  

Please contact either Mr. S. Tandon (412) 374-6634, Mr. S. A. Swamy (412) 374-6513 or Mr. B. A.  
Bishop (412) 374-4593, if you have any questions.  

Very truly yours, 

G S. Weingarten 
Special Representat ye 

WJR Carolina Area 
Attachment 

cc: D. B. Waters (HBR) IL, 1A C. Griffin (CP&L) IL, 1A 
R. J. Muth (W-HBR) IL, 1A 
G. S. Weingarten (W- Raleigh) 1L, 1A 
Document Control (CP&L) IL, 1A



Attachment to 93-CPL-072 

H. B. Robinson Upper Shelf Energy Re-Evaluation 

The purpose of this attachment is to revise the information pertaining to the H.B. Robinson Unit 2 
(Plant 7) in Table 3-2 of WCAP-13587, Rev 1 (Reference 1) to incorporate the following. Note that this 
table corresponds to the Level A and B condition analysis of Reference 1.  

1. The initial average charpy value assumed in Reference 1 for the material of Reference 2 was 
50 ft-lbs. Jm,.re is modified to reflect the actual initial value of 53.6 ft-lbs.  

2. Reference 3 contains a relationship to adjust the J.,,w value of the Reference 2 ASTM A 302B 
plate material for different temperature values. The technique described in Reference 1 along with 
this temperature correction is used to calculate J.,,,, for this plant.  

3. Table 3-2 of Reference 1 conservatively utilizes Jajlie for a flaw which is axially orientated with 
J.n,,e, values for the transverse direction. Jm,,ea is recalculated for both the transverse and 
longitudinal direction, and Japplied for circumferential and axial flaws are compared with the 
transverse and longitudinal values, respectively as depicted in the attached figure.  

Based on the items listed above, the following table contains the Jmnew parameters applicable to the H. B.  
Robinson Unit 2 vessel.  

Parameter Transverse Longitudinal 

Jna, (in-lbin) 299 541 

(dJ/da),,,1 217 392.  

Next, for comparison of the transverse orientation to circumferential flaw and longitudinal orientation to 
axial flaw, the Janlied values are given below: 

Parameter Circumferential Axial 

Japplied (in-lbin 204 525 

(dJ/da)lied 61 222 

It is shown that Jappied < J,,, and (dJ/da) applied < (dJ/da),ria in each respective direction. Note that 
longitudinal/axial values are supplied for information only as irradiated Charpy Energy is predicted to 
remain well above 50 ft-lbs in that direction.  

References: 

1. Tandon S. et al., WCAP-13587, Rev 1, "Reactor Vessel Upper Shelf Energy Bounding Evaluation 
for Westinghouse Pressurized Water Reactors," September 1993.  

2. Hiser A. L., Terrell J. B., NUREG/CR-5265, MEA-2320, "Size Effects on J-R Curves for 
A302-B Plate," January 1989.  

3. Memorandum for Wichman K. R. from Hiser A. L. and Malik S. N. M., "J-R Curves for Low 
Toughness A 302-B Plate," September 9, 1993.  
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DEFINITION OF ASME AND ASTM ORIENTATIONS 

"WEAK" DIRECTION "STRONG" DIRECTION 

ASME TRANSVERSE ASME LONGITUDINAL 
ASTM T-L ASTM L-T 

RPV CIRC. FLAW RPV AXIAL FLAW 

ASME TRANS.  
ASTM L-T O 

ASTM T-L 

00 
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