
ENCLOSURE 2 

SAFETY EVALUATION REPORT BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

H. B. ROBINSON UNIT 2, FAST NEUTRON FLUENCE OF FRACTURE TOUGHNESS 

REQUIREMENTS FOR PROTECTION AGAINST PRESSURIZED THERMAL SHOCK EVENTS 

(10 CFR 50.61).  

1.0 INTRODUCTION 

By letters dated February 4, 1986 and January 16, 1987, Carolina Power and 

Light Company, licensee for the H. B. Robinson Unit 2 (HBR) plant, submitted 

information on the material properties and the fast neutron fluence 

(E > 1.0 MeV) on the inside surface of the reactor pressure vessel, in 
compliance with the requirements of 10 CFR 50.61 .(References 1 and 2). We 

have reviewed the pressure vessel material properties and chemical composition 

and found them acceptable (Enclosure 2). The following evaluation concerns 

the estimation of the fluence to the pressure vessel to the end of the 

current license and the corresponding value of the RT PTS Part of this 

review was performed by BNL, under Technical Assistance contract FIN No.  

A-3837.  

Early and extensive studies of the Pressurized Thermal Shock (PTS) issue for 

the Robinson plant showed (a) that the controlling beltline material from 

the standpoint of PTS susceptibility was the lower circumferential weld 

11-273 (Reference 4) and (b) a flux reduction factor of about 9.2 was 

required to prevent the Robinson plant from reaching the 10 CFR 50.61 

screening criteria before April 14, 2007, i.e. the expiration of the 

operating license. To this end the licensee implemented a flux reduction 

scheme based on the use of part-length shield assemblies (PLSA) located 

on the core flats. Based on later submittals (References 1 and 2) 

concerning the chemical composition of the lower girth weld and the upper 

girth weld, the latter became the controlling weld. These chemical 

compositions were accepted by the NRC (Enclosure 2).  

The purpose of this review is to evaluate the effectiveness of the flux reduction 

measures and to evaluate the projected estimate of the peak azimuthal fluence 

on circumferential weld 10-273, which is the critical weld at the end of the 

current license.  
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2.0 EVALUATION 

2.1 Calculational Methods; Licensee 

The licensee's determination of the fast flux (E > 1.0 MeV) at the inside 

surface of the pressure vessel was based on the DOT-4.3 two dimensional (r,o) 

and (r,z) geometries and the ANISN-W one dimensional (r) geometry, discrete 

ordinates transport codes with an S8 angular quadrature (Reference 4). The 

ELXIR 56 neutron group cross section library was used. This library was 

generated for EPRI for LWR dosimetry calculations, and contains cross sections 

in a P3 expansion for most reactor and dosimeter materials of interest 

(Reference 5).  

The three-dimensional flux at the weld is synthesized via a modified form of 

the standard approach, necessitated by the significantly different radial 

power (source) distributions resulting from the use of PLSAs in Cycle-10 and 

beyond, i.e.  

0 (r,O,z) = OU (r,o) * [$U (r,z)/0U(r)] + 0 L (r,o) * [OL (ro)/0L(r)] 
g g g g g g g 

The superscripts U and L designate the contributions to the three-dimensional 

flux distribution resulting from source neutrons originating in the core 

regions above (U) and below (L) the top of the PLSA region. Source 

distributions for use in the fixed source neutron transport calculations were 

obtained from PDQ-7 and XTG calculations performed for the configurations of 

Cycle-8 and -10 by CP&L and Exxon (the fuel supplier for HBR-2). Results from 

PDQ calculations were used for the assembly averaged power distributions for 

the U and L planes, with the XTG results (for 6 in. high axial segments) used 

solely to define the axial power shapes and the fractional contributions to 

the PDQ planar averages (References 6 and 7). In particular, an "average" 

planar distribution given by: 

AV U L 
PDQ (x,y) = 0.75 PPD (x,y) + 0.25 PPD (xy) PQPDQ PDQ(x)



3 

was taken as the basis for the calculations in (r,o) geometry, and then 

modified by the XTG axial power fractions. The PLSAs were assumed to be only 
L 

36 in. high in the original analyses, hence, the factor of 0.25 for PPDQ (x,y).  

The source distributions were further modified to account for the effects of 

exposure in the conversion from power to neutron source. The correction for 

exposure was obtained by combining the assembly averaged burnup from the PDQ 

planar calculations with an exposure dependent V/K obtained from an XPOSE 

calculation for a typical fuel pin-cell (Reference 8).  

The licensee calculations contained a conservatism in that the excore water 

regions were assumed to be at the core average temperature of 5750 F, rather 

than at the inlet temperature of 5470F.  

2.2 Calculational Methods; BNL 

The basic elements of the BNL approach for determining the fast flux at the 

peak wall location on the upper circumferential pressure vessel weld are quite 

different, and are summarized below: 

1. Forward and/or adjoint fixed source calculations are performed with 

DOT-4.3 in (r,o) and (r,z) geometries in order to determine the 

contributions of selected assemblies and axial zones to the E>1.0 MeV 

flux at the upper circumferential weld, near the core major axis which is 

the peak azimuthal location (References 9,10).  

2. The DOT calculations employ a 16-neutron group library derived from the 

ENDF/B-IV based 100-neutron group EPR Library, and an S8-P3 angular 

decomposition (Reference 11).  

3. Cycle specific source data provided by CP&L are used in conjunction with 

the DOT-4.3 results to synthesize the three-dimensional flux. Only 

assembly averaged sources are considered, and the neglected pinwise power 

distributions are accounted for via a generic adjustment factor 

determined from an earlier study (Reference 12).
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4. -An exposure correction is applied on an assembly basis and includes the 

effect of plutonium on both the source normalization and the 

energy-dependent source spectrum (Reference 12).  

3.0 RESULTS 

The present and projected EOL values for RTPTS were based on both equations 1 

and 2 of 10 CFR 50.61. (It must be noted that the regulation requires the 

smaller of the two values which for the case of a circumferential weld must 

be less than 300oF).  

The corresponding expressions are: 

RT= I + M + (-10 + 470 x C + 350 x C x N. ) x f0 27 Eq. 1 + 
PTS u u 1 

RTP = I + M + 283 x f0 194  Eq. 2+ 

where: 

I = Initial value of RTNDT = -560F * 

M = Uncertainty margin = 590F* 

Cu = w/o Copper in critical component 10-273 = 0.34 * 

N. = w/o Nickel in critical component 10-273 = 0.66 * 

f = Maximum azimuthal fast neutron fluence 

E>1.0 MeV in units of 1019n/cm2 on weld 10-273 See Table 1.  

+10 CFR 50.61, *Reference 3.
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The results are summarized and compared in Table 1. The BNL values are 

estimated for neutron source distribution representing PDQ/XTG and XTG 

calculations. The BNL are about 10-15% higher (in terms of fluence) than the 

corresponding values obtained by the licensee. For this type of calculation 

and considering the severe axial effects we consider this good agreement.  

Table 1 

H. B. Robinson, RTPTS and Present and EOL Fluence (E >1.0 MeV) Peak Azimuthal 

Location on Circumferential Weld 10-273.  

BNL 
PDQ/XTG XTG Licensee 

Present (Jan. 23, 1986) 

Fluence, f 1.05 1.01 .918 

RTPTS (Equ. 1) 234.4 232.0 226.1 

RTPTS (Equ. 2) 263.7 261.5 256.3 

End-of-License (April 14, 2007)* 

Fluence, f 1.98 2.02 1.76 

RTPTS (Equ. 1) 277.6 279.1 269.0 

RTPTS (Equ. 2) 301.1 302.4 293.8 

* Assuming an 80% load factor for future operation.  

4.0 CONCLUSIONS 

We have independently reviewed and analyzed the fluence estimate submitted by 

the Carolina Power and Light Company, the licensee for the H. B. Robinson-2 

plant. Three dimensional calculations were performed by BNL based on entirely
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different methods than those employed by the licensee. The BNL methods have 

been previously benchmarked vs carefully measured critical experiments, 

surveillance capsules and other codes. The results showed that the calculated 

value of the RTPTS is less than 300'F as required by 10 CFR 50.61 and, hence, 

it is acceptable.  
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