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NUCLEAR REGULATORY COMMISSION DISCLAIMER

IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS DOCUMENT

PLEASE READ CAREFULLY

This technical report was derived through research and development
programs sponsored by Exxon Nuclear Company, Inc. It is being sub-
mitted by Exxon Nuclear to the USNRC as part of a technical contri-
bution to facilitate safety analyses by licensees of the USNRC which
utilize Exxon Nuclear-fabricated reload fuel or other technical services
provided by Exxon Nuclear for liaght water power reactors and it is true
and correct to the best of Exxon Nuclear's knowledge, information,
and belief. The information contained herein may be used by the USNRC
in its review of this report, and by licensees or applicants before the
USNRC which are customers of Exxon Nuclear in their demonstration
of compliance with the USNRC's regulations.

Without darogating from the foregoing, neither Exxon’ Nuclear nor
any person acting on its behalf:

A. Makes any warranty, express or implied, with respect to
the accuracy, completeness, or usefuiness of the infor-
mation contained in this document, or that the use of
any information, apparatus, method, or process disclosed
in this document will not infringe privately owned rights;
or

B. Assumes any liabilities with respect to the use of, or for

darrages resulting from the use of, any information, ap-
" paratus, method, or process disclosed in this document.

XN- NF- FQQ, 766
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1.0 INTRODUCTION

A LOCA ECCS analysis was completed by Exxon Nucleér Company (ENC) and
documented in XN-NF-84-72(1) in July 1984 for H.B. Robinson Unit 2. That
analysis was performed as a result of the decision by Carolina Power and Light
(CP&L) in 1983 to: (1) replace the H.B. Robinson Unit 2 steam generators, (2)
implement a Tow radial leakage fuel management scheme in order to reduce
vessel fluences and thereby alleviate concerns. about thermal shock, and (3)
to increase the peak assembly discharge exposdre for H.B. Robinson fuel to 44
MWD/kgU (49 MWD/kgU peak pellet). To implement the Tow radial leakage fuel
management scheme, the total nuclear enthalpy rise (FXH) was increased to 1.65
from 1.55. The analysis was performed with an LHGR, including the 1.02 factor
for power uncertainty, of 14.16 kw/ft, corresponding to a total power peaking
of 2.32 (FTQ). The analysis supported operation of the H.B. Robinson Unit 2
reactor at 100% power (2300 MWt) with up to 6% steam tube plugging. The
analysis was performed for the previously identified 1imiting quillotine cold
leg break with a discharge coefficient of 0.8 (the O.8IDECLG break)(2a3) using
the ENC EXEM/PUR(4) LOCA ECCS model.

This supplement documents the results of a break spectrum analysis
performed to confirm that the previously identified 0.8 DECLG remain 1imiting
using the EXEM/PWR LOCA ECCS model at the defined operating limits specified

in XN-NF-84-72. The results of that analysis are presented in Section 3.0.
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2.0 SUMMARY
The calculational basié and results of the break spectrum analysis are

presented in Table 2.1. The maximum peak cladding temperature (PCT) is 20420F

and occurs for the 0.8 DECLG break. The analysis confirms that the 0.8 DECLG

break is limiting.




Table 2.1

Calculational Basis

License Core Power, MWt

Power Used for Analysis, MWt**

Peak Linear Power for Analysis, kW/ft**
Total Peaking Factor, Fql

Enthalpy Rise, Nuclear, FTH

Steam Generator Tube Plugging (%)

Peak Cladding Temperature, OF
Peak Temperature Location, ft
Local Zr/Ho0 Reaction (Max.), %*
Local Zr/H20 Location, ft

Total Zr/H»0

Hot Rod Burst Time, sec

Hot Rod Burst Location, ft

Linear Heat Generation rate, BOCREC

* Computer value at 380 seconds.

H. B. Robinson Unit 2
Large Break Spectrum Results

2300

2346

14.16

2.32

1.65

6.00

DECLG 1.0 DECLG 0.8***  DECLG 0.6
1885 2042 1808 |
6.0 6.0 8.5
2.70 4.65 2.18
6.0 6.0 6.0

<1% <1% <1%
39.66 39.9 46.40
6.0  6.0 6.0
.5130 .5102 .5033

** Including 1.02 factor for power uncertainties.

***XN-NF-84-72, Analysis Result for Limiting Exposure Point, 2 MWD/kgU Burnup.

1 jusawd|ddng .
2L-98-IN-NX
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3.0 BREAK SPECTRUM ANALYSIS

A cold leg guillotine break spectrum analysié was performed to assure
that the 0.8 DECLG break, assumed 1imiting in the XN-NF-84-72 analysis, is
the limiting break. Previous analyses in 1976(2) and in 1980(3), using the
WREM-1(5) and WREM-IIA(6) LOCA ECCS models respectively, identified the
Timiting break to be the 0.8 DECLG break. The current.analysis used the
EXEM/PWR LOCA ECCS models with operating conditions and fuel parameters given
in Tables 3.1 and 3.2. The operating conditions and fuel parameters are
identical to those used in the XN-NF-84-72 analysis. The systems blowdown,
refill, reflood, and rod heatup analysis are identical to those used in the
AN-NF-84-72 analysis other than input changes required to define the
guillotine break conditions. The spectrum analysis assumed a 1.365 chopped

.cosine axial power profile. The analyses were performed for the previously
identified 1imiting exposure conditions, 2 MWD/kgU peak rod burnup.

3.1 RESULTS OF SPECTRUM ANALYSIS

The results of the spectrum analysis are éummarized in Table 2.1.
The previously identified limiting break, the 0.8 DECLG break, remains the
Timiting break. Timing and sequence of events for the three guillotine
breaks are presented in Table 3.1. Figures 3.1 to 3.27 present the results
of the analysis for the Timiting break, the 0.8 DECLG break. Figures 3.28 to
3.54 and Figures 3.55 to 3.81 present the results for the 0.6 DECLG and 1.0
DECLG breaks respectively. Unless otherwise noted in the figures, time zero
corresponds to the time of break initiation. |

The maximum peak cladding tempefature (PCT) calculated for the 0.8

DECLG break occurs at 2 MWD/kgU and is 20420F. The maximum local metal-water
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reaction is 4.65 after 380 seconds, and the total core metal-water reaction
is less than 1%. The PCT location is at an elevation of 6.0 feet from the

bottom of active core.




Table 3.1 Event Times for H. B. Robinson Unit 2
Large Break Spectrum Analysis

Event | Time (sec)

DECLG 1.0 DECLG 0.8 DECLG 0.6

- Start ‘ | * 0.0 0.0 0.0
Initiate Break 0.1 0.1 0.1
Safety Injection Signal 0.6 0.6 0.6
Accumulator Injection, Intact 11.8 12.0 12.9
Loop
Accumulator Injection, Broken 1.6 3.1 5.3
End-of-BTowdown 23.30 24.09 25.22
End-of-Bypass 21.81 22.57 23.70
Bottom of Core Recovery 44.69 45.79 46.93
Accumulator Empty 48.71 48.76 49.79
Safety Pump Injection 25.60 25.60 25.60
Peak Clad Temperature Reached 56. 60. 139.

1 3juswa|ddng

ZL-98-AN-NX



Table 3.2 “H. B. Robinson

Primary Heat Output, MWt

Primary Coolant Flow, lbm/hr

Primary Coolant Volume, ft3

Operating Pressure, psia

Inlet Coolant Temperature, OF

Reactor Vessel Volume, £t3

Pressurizer Volume, Total, ft3

Pressurizer Volume, Liquid, fFt3 |

Accumulator Volume, Total, ft3 (each of three)
Accumulator Volume, Liquid, £t3

Accumulator Trip Point Pressure, psia

Steam Generator Heat Transfer Area, ft2 (one)
Steam Generator Secondary Flow, lbm/hr (one)
Steam Generator Secondary pressure, psia
Reactor Coolant Pump Head, ft
Reactor Coolant Pump Speed, rpm
Moment of Inertia, Tbm-ft2/rad

Cold Leg Pipe, I.D., in

Hot Leg Pipe, 1.D., in

Pump Suction Pipe, I.D., in

Unit 2 System Data

2346*
100.3 x 106
9768**
2,250.
546.2

3660

1300

780

1200

825

615
40,859**
3.37 x 106
209

264

1180
70,000
27.5

29.0

31.09

* Primary Heat Output used in RELAP4-EM Model = 1.02 x 2300 =

** Includes 6% SG tube plugging.

XN-NF-84-72
Supplement 1

2346 MWt.
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Table 3.3 Fuel Design Parameters

Parameter

Cladding, 0.D, in.

Cladding, 1.D., in.

Cladding Thickness, in.

Pellet 0.D., in.
Diametral Gap, in.

Pellet Density, % TD

Active Fuel Length, in.

Enriched U0, in.
Upper Blanket, in.
Lower Blanket, in.
Cell Water/Fuel Ratio

Rod Pitch

ENC Fuel

0.424
0.364
0.030
0.3565
0.0075
94.0
144
132
6.0
6.0
1.76
0.563
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4.0 CONCLUSION

For breaks up to and including the double-ended severance of a reactor
coolant pipe, the Emergency Core Cooling System for H.B. Robinson Unit 2 wiltl
meet the Acceptance Criteria as presented in 10 CFR 50.46, with the 2.32 FQT
and 1.65 FXH Timits. The criteria are as follows:

(1) The calculated peak fuel element clad temperature does not exceed
the 2200°F 1imit.

(2) The amount -of fuel element cladding that reacts chemically with
water or steam does not exceed 1 percent of the total amount of zircaloy in the
reactor.

(3) The cladding temperature transient is terminated at a time whan the
core geometry is still amenable to cooling. The hot fuel rod cladding
oxidation limits of 17% are not exceeded during or after quenching.

(4) The core temperature is reduced and decay heat is removed for an
extended period of time, as reguired by the Tlong-lived ‘radio ctivity

remaining in the core.
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