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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 t is being sut
mitted by Exxon Nuclear to the USNRC as part of
bution to facilitate safety analyses by licensees of the
utilize Exxon Nuclear-fabricated reload fuel or other technica
provided by Exxon Nuclear for liaht water power reactors and
and correct to the best of Exxon Nuclear’'s knowledge
and belief. The information contained herein may be used by
n Its review of this report, and by cansees Or applicants bDefore the
USNRC which are customers of Exxon Nuclear in their demonstratior

of compliance with the USNRC's reguiations

Without derogating from the forry neither Exxon Nuclear nor

any person acting on its behalf

Makes any warranly, express or /mplied, with
the accuracy, completeness, or usefuiness of
mation contained n this document r that
any information, apparatus, method, or proce

this document wi ot nfrnge privaely owr

Assumes any labiiles w pect ne use
jarrages resuiting from the u 0 nformatior

paratus, method ) process ' 30
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H.B. ROBINSON UNIT

SAFETY ANALYS

1.0 INTRODUCTION

The results of the safecy analysis for Cycle 10 for the H.B. Robinson

Unit 2 nuclear plant are presented in this report. he Cycle 10 analysis

reflects plant operation at 2,300 MWt. The topics addressed herein include
operating history of the reference cycle, power distribution considera-
tions, control rod reactivity requiremnents, temperature coefficient c«
siderations, and the control rod ejection analysis.

The Cycle 10 design requires the loading of sixty-five
Exxon Nuclear Company (ENC) supplied fuel assemblies; forth-four
7 assemblies, nine (9) XN-6 assemblies and twelve (1
Shield Assemblies (PLSAs). The forty-four (44) fresh XN
utilize natural uranium axial biankets (NUABs) with thirty-si
assemblies also containing gadolinia-bearing fuel

pins.

|

3ssemblies also contain gado!inia-bearind

PLSAs will reduce the fast neutron fiuence

wall.




Robtnson
operate at 2,300 MWt in Cycle 10 beginning in
characteristics of the fuel and of the
with required shutdown margins and thermal

the neutronic analysis for the plant during Cycle

y( 10 operation.

N

Reference 1. he

The ENC fuel mechanical design is presented in

thermal-hydraulic analyses are provided in Reference 14. The Plant

Transient Analyses and the ECCS/LOCA Analyses are presented in References

15 and 16, respectively. The generic Control Rod

Analysis 1is
provided in Reference 17. These ana

10 operating conditions at 2,300 MWt.

H.B. Robinson Cycle 8 has been cho:zen as the

reference neu
cycle due to the close resemblance of the

overal| neutronic character-

istics of Cycle 10 to Cycle 8.
The results contained in this report show that operation at a

level of 2,300 MWt can be safely achieved within sed




3.0 OPERATING HISTORY OF THE REFERENCE CYCLE

H. B. Robinson Cycle 8 has been chosen as the refere itroni
cycle due to the close resemblance of the overall neutror haracte
istics of Cycle 10 to Cycle 8.

The Cycle 8 plant operation at nominal core average temperature, an
power (5789F, 2,300 MWt) started in October 1980 and continued unti
November 1981. In early December 1981, operation at a reduced core averag
temperature and power was 1initiated to 1improve stea enerator tube
performance. Cycle 8 ended with an accumulated ex; re of 1 MWD /MT
2,300 MWD/MT of which was achieved at reduced temperature and power

The measured power peaking factors remained below the hnica
Specification limits for Cycle 8. The total nuclear pee“ing factor, N
and the radial nuclear pin peaking factor, TSH. remained below 1.96 an
1.49 respectively. Cyc le 8 operation was typically 1 free with ntr
Bank D positioned in the range of 200 to 220 steps; teps being fu
withdrawn. It is anticipated that similar contro! banc ertior
seen in Cycle If

The critical boron concentration a: 2 lcu ed by ENC f ;
igreed well when pared t the obse ed valuye ¢ JUY
distribution 1 j'ated with the node ympared t N Iy
shown in Figure 3 The nharison is made at ve le X[ e §
MWD/MT for a core powe f 96% of 2, MWt

.
T . & ST ) . £ SN & = v < o -
\ D i il SR - o




1000

ENC Calculation (5397F, 1746 Mwt)
ENC Caleutation {578°F, 2300 MWt )
Measured

Cycle Exposure, GWD/MT

{

1.1 H.B. Robinson Unit 2, Critical Boron Concentration varsus Exposure

’

qure
w Cy.le 8 at Both Nominal and Redud ed Temperature Conditions
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4.0 GENERAL DESCRIPTION

The H.B. Robinson reactor consists of 157 assemblies, each having a
15x15 fuel rod array. Each assembly contains 204 fuel rods, twenty RCC
guide tubes, and one instrumentation tube. The RCC guide tubes and the
instrumentation tube are made of zircaloy. £ assembly contains
seven zircaloy spacers with Inconel springs; six of the spacers are located
within the active fuel region. The fuel rods consist of slightly enriched
UD7 peliets inserted into zircaloy tubes.

The Cycle 10 design reflects the loading of six

supplied fuel assemblies. This core design contains the first reload of

axially blanketed fuel in H. B. Robinson Unit 2, XN-7, and twelve
special fuel assemblies which will reduce the fast neutron "fluence
reaching the pressure vesse | ] The latter are denoted as Partial
Length Shield Assemblies (PLSAs). i design is the second H.

Robinson reload fuel design utilizing 4 w/c gadolinia. Thirty-six

the forty-four (44) fresh Region 13 (XN-7) fuel assemblies and one of

nine (9) fresh Region 12 (XN-6) assemblies contain gadolinia-bearing pins.

1%

The design for Batch XN-7, Region 13, includes natural uranium axial
blankets in the top and bottom six (6) inches of the acti
The batch average enrichment for the blanketed assemblie
235. This average enrichment is achieved by using a central axial

enrichment of 3.34 w/o in fuel pins which contain no gadolinia anc

in the gadolinia-bearing fuel pins. In twelve




twelve (12) fuel pins per assembly will contain 4 w/o gadolinia.

/

another twenty-four (24) assemblies, eight (8) pins of 4 w/o gadolinia
assembly will be utilized. In the remaining eight
fuel assemblies no gadolinia pins will be used. In
four (44) blanketed assemblies loaded, nine (9)
containing 2.85 w/o0 enrichment will be used in C
6 assembly will contain twelve (12) pins of 4 w/o gadolinia and will be
loacded in the center core location. An enrichment of 2.20 w/o U-235 is used
in the XN-6 gadolinia-bearing fuel pins. Thus, the total number of
gadolinia pins required for Cycle 10 is 348.

Twelve (12) PLSAs are being loaded on the core periphery
as part of the program to reduce the fast neutron fluence to the pressure
vessel wall. In the active fuel region, the top six (6) inches contain
natural uranium, the next ninety-six (96) inches contain uranium enriched
to 1.24 w/o, and the bottom forty-two (42) inches contain 30
steel.

The projected Cvcle 10 loading pattern is shown inf
assemblies identified by assembly ftabrication
location in the previous cycle or by fresh ruel region.
based on an EOC9 yosure of 10,63
shown in Figure 4.2. > initial enrichments
listed in Table 4.1. A.s0 included in Table

exposures by region and fuel




Table 4.1 H.B. Robinson Unit 2 Cycle 10, Fuel Assembly Design Parameters
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XN Number
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0 C

NO9

Gl0
L48

89
M40

L10
L18

B7
M3

G6
L08

*hw

N12

Jl2
L44

L13
L40

12

1
M21

8 pins of 4 w/0 gadolinia per

assembly in Region 12 fuel -

12 pins of 4 w/0 gadolinia per

assembly in Region 13 frel

PLSA Part Length Shiela Assembly

+ 12 pins of 4 w/0 gadolinia per
assembly in Region 12 fuel
This assembly contains

inert zirconium rod

Figure 4.
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5.0 MECHANICAL DESIGN

The 44 XN-7 Reload fuel assemblies are mechanically

previous reload assemblies, with the exception of the f
inch fuel column includes a six (6) inch column of natural
each end. The natural UD2 pellets have a lenoth-to-diameter
and a total dish volume of 0.7% as compared to 0.8 and 1.(
for the enriched pellets. In addition, the fuel column

no longer used.

The 12 Partial Length Shield Assemblies (Pl
identical to the Reload XN-7 assemblies, with the
the bottom 42 inches of the fuel column
steel rod used for neutron shielding.
analysis for the PLSAs is provided in Reference

A description of the basic Exxon

design methods is contained in Reference

current methodology i< contained
assemblies are expected to exceed
MWD/MT. The reference analysis
that the relevant mecha

the low p
generally enveloped by

in physical properties

required confirmation




The thermal and mechanical behavior of the
evaluated for thermal expansion etfects of the stainless
The fuel rod response was determined to be bound by the highes
power fuel rods.

The loss in assembly holddowr margin resulting from

weight fuel rods was determined to be within the ca

the hulddown springs to prevent hydraulic liftoff

operating conditions.
The fuel assembly was determined to be no
irradiation-induced bowing than previous d
The seismic analysis was determined to be valid for
weight of the assemblies.
One (1) once burnt and one (1) twic
nert rod each will be loaded irto the core for Cycl

were designed to be mechanically compatiblie with the fuel




6.0

NUCLEAR CORE DESIGH

The H. B. Robinson Unit 2, Cycle
developed in accordance with the
3 The Cycle
assemblies;
XN-7 (Region
Shield .ssemblies.
The length of
rated power
length of

EOQC9 exposure of

ever,the re
ollowing
not pre

forth




The loading pattern shall be de to accommodate

used to reduce the neutron fluence the pressure Ve

.

The neutronic design methods utilized in the analyses are

with those described in References 4 through

6.1 PHYSICS CHARACTERISTICS

The neutronic characteristics he Cycle | ore are
to those of Cycle 8 in Table 6.1. The data presented in the
the neutronic similarity between Cycles 8 and
coefficients of the Cycle 10 core are bounded by the c
the safety analysis. The safety analysis for
characteristics representative of those expected
10,637 MWD/MT.

The boron : curve for Cycle 10 operation
shown in Figure 6.1. As shown, the BOC10 nq
critical boron concentration is predicted to be
equilibrium xenon, the critical boron concentrati
Cycle 10 length is projected to be 10

at EOC at a power level

1.1 0 * Distribution onsiderations

power level of 300 MWt at

3

conditions, 100 MWL/MT. the calculated

|
measurement incertainty.
including 3% engineer

consideraions, and an

target bands

the PLSA

ompared

at




A

The peak FAH and FQv in Cyc 10 occur at a c)
of 5,000 MWD/MT. The predicted value ¢ Al t this
including the 4% measurement uncertainty. The peak
V(Z) and K(Z) considerations and appropriate uncertainties,

The quarter-core radial power
sented in Figures 6.2 through 6.4 for Cycle 10 e
5,000 MWD/MT, and (ECC) 10,820 MWD/MT, respectively.

With the normalized axial dependence

-1 i T
cluded, the expected peak power, F'pn, versus

- T v
evaluated. A1l F'p values are within Te

<

limiting case is found to be at 5

-

F-TQ being-about 6% below the allowable unit for operation with

2,300 MWt.

peaking factor of

fuel densification

measurement, and analysis. This power
linear power density remains

linear power density, thus

criteria.




margins of 1,911 pcm at the BOC and

indicated excess shutdown margins
and 565 at the EOC. The Cycle 1C
similar to the Cycle 8 values.
The control rod groups and 1

will remain unchanged from Cycle

in Table 6.2 allow for a HFP D Bank inserti
1

e ] control

and 400 pcm for EOC, to bound the Cyc
6.1.3 Isothermal Temperature Coefficient
isothermal temperature
shown in 1 for HFP and HZP conditions at b
80[10. fol ]Owiﬂg a nominal EOCY9 shutdown exposure
isothermal temperature coefficient 1is
critical boron concentration of
boron concentration is : with the 1«
ficient being -0.7 p«
The Technical ypecifica
erature coefficient for Cycle 10 allows for

conditions. With a calculated value

‘ra:;,
Technical Specifications onditior
control rod insertior

3&!"“/‘ at HFP

for HFP, shown




CONTROL PRO

(-.Dntr{j‘l of the core power

following the procedures for "Exxon Nuclear
Pressurized Water Reactors, Phase []
PDC-I1, have been generically approved

Westinghouse type PWRs.

6.3 ANALYTICAL METHODOLOGY

[he methods usea 1n the
references through

analysis of the

the calcul

monitor the power
Calculated

twenty-four

feedback and

worths, and cy«
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HZP, ARO, No

Moderator Temp.
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fable 6.2 H.B.Robinson Unit 2, Control Rod Shutdown Margin
and Requirements for Cycle 1C
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8.0 ACCIDENT AND TRANSIENT ANALYSIS
8.1 PLANT TRANSIENT AND ECCS ANALYSES

The plant transient(15) and eccs(16) analyses are performed to
support operation at a power level of 2,300 MWt with 6% of the tubes plugged
in the replacement steam generators. Confirmation that operation with an
FA of 1.65 and an Fo of 2.32 meets the acceptance criteria for each event
as def ined in the licensing basis for H. B. Robinson Unit 2 is provided in
References 15 and 16.

8.2 ROD EJECTION ANALYSIS

A Control Rod Ejection Accident is defined as the mechanical
failure of a control rod mechanism pressure housing, resulting in the
ejection of a Rod Cluster Contrcl Assembly (RCCA) and drive shaft. The
consequence of this mechanical failure is a rapid reactivity insertion
together with an adverse core power distribution, possibly leading to
localized fuel rod damage.

The rod ejection accident has been evaluated with the procedures
developed in the ENC Generic Rod Ejection Analysis, Reference 17. The
ejected rod worths and hot pellet peaking fa-tors were calculated using the
XTG code. No credit was taken for the power flattening effects of Doppler
or moderator feedback in the calculation of ejected rod worths or resultant
peaking factors. The pellet energy deposition resulting from an ejected
rod was conservatively evaluated explicitly for BOC and EOC conditions.
The HFP pellet energy deposited was calculated to be 165 cal/gm at BOC and
172 cal/gm at EOC. The HZP pellet energy deposition was calculated to be

less than 40 cal/gm for both BOC and EOC conditions. The rod ejection




accident was found to result ir an energy depos?
cal/gm limit as stated in Regulatory Guid
parameters for the analyses, along with the

Tables 8.1 and 8.2

RADIOLOGICAL ASSESSMENT OF

With the increased fuel exposures planned for H.B

fu‘f? s the pOf.er)T‘ld] r'.-}(J’(;.Tr)qxt 31 onsequence of the pOS

have been assessed to verify that the 10

satisfied. This 2ssessment assumes that the reactor

MWt with a peak assembly exposure of 44,000 MWD/MT.

5

yssessment (Reference l indicate that the whole
received from the postulated lo
ling accident (FHA) aind other e

vacively shown to be wel




H.B.Pobinson Unit 2, Cycle 10 Ejected Rod Analysis, HFP

—— : e
contributiont?’ to { -:vntr'sbutlonrJT to
Energy Deposition Energy Deposition,

(cal/gm) ' (cal/gm)

BOC EOC

31 /Qm )

Enthalpy

on is a function of initial fuel enthalpy,
delayed neutron fracti The enerqy
1 from data caicu ) the "Gener i

document.




H.B.Robinson Unit 2, Cycle 10 Ejected Rod Analysis, HZP

»

BO(

— I . S

Contributioni?@/ to Contribution{d) to

Energy Deposition, Energy Deposition,
(cal/gm) ____(cal/gm)

Initial Fuel Enthalpy (cal/gm)

Generic Initial Fuel Enthalpy
{ ( ;lx‘,;m}‘

*ial Fuel Enthalpy

Maximum Control Rod Worth (pcm)

J'!(;L“v( gettricient ’\EJ\H'H/(" )

Delayed Neutron Fraction,B
ower Feaking Factor
Lor

TOTAL

ibution to the total pellet energy deposition 1s a function of initial fuel enthalpy,
control rod worth, Doppler coefficient, and delayed neutron fraction. The energy
contribution values and factors are derived from data alculated in the "Gener i
the Control Rod Ejection Transient. . ." document.

¢

nultiplication factors applied to (L +

on due to maximum control rod worth i< a function of the power peaking factor.

gy deposition (cal/gm) calculated by the cquation
n) (C+D)(E)(F)

coerticiue HT, conservat ve values of . .4 weri issumed at

Yle'ly.
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