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1O INTRODUCTION AND SUMMARY

1.1 Introduction

Upgraded Fuel Features (VANTAGE 5§ Hybrid)




Fhimble Plug Assembly Removal
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Changes in the nuclear characteristics due to the transition to upgraded fucl will be

within the range normally secn from cycle to cycle due to fuel management.

The reload upgraded fuel assemblies are hydraulically compatible with the fuel

assemblies from previous reload cores.

The core design and salety sesults documented in this report show the core's

capability for operating safcly at the rated Beaver Valley Unit 2 design thermal power.
This repoit establishes 2 reference upon which to base Westinghouse reload safety

evaluations for future relcads with the upgraded fuel features and thimble plug

removal.
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2.0 DESIGN FEATURES

2.1 Introduction

The mechanical design of the upgraded fuel assemblies for Beaver Valley Unit 2 is the same as
previous reload fuel assemblies except that the upsraded fuel assemblies will incorporate a few fuel
design improvements. An improvement is the VANTAGE 5H Zircaloy grid. Previous VANTAG
5 features that were incorporated are Reconstitutable Top Nozzles (RTNs), Debris Filter Bottom
Nozzles (DFBNs), Snay Resistant Grids, Standardized Fuel Pellets, Enriched Integral Fuel Burnable
Absorbers (IFBAs) and Axial Blankets. The previous and new design changes are described in more

detail in the following sections.

2.2 VANTAGE 5H Fuel Assembly

The VANTAGE 5H fuel assembly design evolved from the current VANTAGE S, Optimized Fuel
Assembly (OFA) and Standard (STD) fuel assembly designs. It is based on substantial design and
operating experience. Design features from each of these previous designs are incorporated into the
VANTAGE SH fuel assembly design. The VANTAGE SH design is characterized by the use of
Zircaloy grids with 0.374 inch OD standard fuel rods. To accommodate the Zircaloy grids, the
VANTAGE SH thimble tube diameter was modified 1o he the same as the 17x17 OFA or
VANTAGE 5 fuel. A comparison of the STD and VANTAGE SH fuel assembly design parameters
is giver in Table 2.1, Figure 2.1 demonstrates the similarity of the two designs and shows a

comparison of overall dimensions.

Comparat.¢ fuel ussembiy flow testing results indicate that the VANTAGE SH and the STD 17x17
fuel assembly are hydraulically equivalent. Full assembly testing has confirmed that the VANTAGE
SH fuel assembly has hydraulic stability sad that <he fuel rod contact wear with the spacer grids is

within the allowable design limits.

The major components that determine the scructural integrity of the fuel assembly are the grids.
Mechanical testing and analysis of the VANTAGE 5H Zircaloy grid and fuel assembly have
demonstrated that the VANTAGE 5H structural integrity under seismic/LOCA loads will provide

Rev 08/16/°1 4.00pm 2-1
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margins comparable to the STD 17:17 fuel assembly design and will meet all desiga bases

The VANTAGE SH Zircaloy grid is besed on the OFA Zircaloy grid design and operating
experience. The grid strap thicknzss, type of sirap welding, basic mixing vane design and pattern,
method of thimble tube attacament, type of fuel rod suppori (6 point), nateria and envelope are
identical to the OFA Zircaloy grid. This evaluation of the VANTAGE SH grid performance is based
on the extensive design and irradiation experience with previous grid designs and full grid testing
completed with the VANTAGE SH gnid design

In order to demonstrate early performance of the Z..caloy grid design, fuel assembly demonstration
programs were conducted inserting OFA fuel assemblies containing Zircaloy grids into 14x14, 15x15
and 17x17 cores. Subsequent o the satisfactory performances observed in these programs, the OFA
with Zircaloy grids were loaded and have operated successfully since the carly 1980's in many

Westinghouse cores'®),
2.3 Fuel ¥e¢atures and Other Upgrades

Beaver Valley Unit 2 Cycle 4 and subsequent reloads will contain fuel assemblies that incorporate
Recoustitutadle Top Nozzles, Debris Filier Bottom Nozzle, Snag Resistant Grids, Stanvardized Fuel
Pellets, Integral Fuel Burnable Absorbers and Axial Blankets as wel! as the VANTAGE SH Zircaloy
grids described in the previous secticn. These design features and other changes, described below,
are currently part of the licensing basis in other plants anid meet all fuel assembly and fuel rod design

criteria.

Debris Filter Boitom Nozzle (DFBN) - The bottom nozzle is designed to inhibit debris from entering

the active fuel region of the core and thereby improves fuel performance by minimizing debris related
fuel failures. The DFBN is a low profile bottom nozzle design made of stainless steel, with reduced
end plate thickness and leg height. The DFEBN is structurally and hydraulically equivalent to the

ewsting bottom nozzle.

Reconstitutable Top Nozzle (RTN) - The RTN differs from the current design in two ways: a groove

is provided in each thimble thru-hole in the nozzle plate to facilitate attachment and removal; and

Kev 08/16M1 4.00pm 2-2
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2.4 Fue! Rod Performance

The 0.374 inch OD fuel rod used in the VANTAGE SH fuel assembly is the same as that used in the
Beaver Vallev " ait 2 17x17 STD fuel assemblies. The design bases, methodology, and models are
the same as 1 .ose described previously'®’. No changes in fuel rod design criteria, methods, or models
are necessary because of the transition 10 VANTAGE SH fuel. The STD and VANTAGE SH fuel
are designed according to the Westinghouse fuel performance models™ ™. All fuel rod design

critenia are satisfied {or the planned irradiation life.

Rev 0871641 4 00pm 2.4
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AND VANTAGE S HYBRID FUEL ASSEMBLY MECHANICAL DESIGN PARAMETERS

Fuel Rod End Plugs
Relative Clad Thickness/
Drameter Ratio

Relative Moderator/Fuel
Ratio for Assembly

Relative UO,/Rod
ruide Thimble Material
Guide Thimble OD, inch

Guide Thimble Wall
Thickness, inch
Gnd Material, Inner
Mid Gnid (6)

Edges Modified

Grid Matenat, End
Gnids (2)

Rewv “8716/91 4 00pm

1’ 2.1 cont.

COMPARISON OF 17X17 STANDARD, OPTIMIZED, VANTAGE 5

Standard

Standard

1.0

1.0

1.0
Zirc-4
0482

0.016

Inconel
No

Inconel

OFA

Standard

1.04

092
Zwc 4
0374

01416

Zirc-4
No

Inconel

2-7

VANTAGE 5

Tapered and
Radwsed

1.04

092
Zuc-4
0474

o016

Zirc-4
No

Inconel

VANTAGE SH

Tapered and
Radiused

1o

1.0

1.0
Zirc4
06474

0.016

Zirc-4
Yes

Inconel
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3.0 Nuclear Design




3.0 NUCLEAR DESIGN

i.] Introduction and Summary
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The 0.374 inch diameter fuel rod has had extensive nuclear design and operating experience with the
current Beaver Valley Unit 2 17x17 STD fuel assembly design. The Zircaloy grid material has also
had extensive nuclear design and operating experience with the current 17x17 VANTAGE 5 and
17x17 OFA fuel assembly designs. These changes have a negligible effect on the use of standard
nuclear design analytical models and methods to accurately describe the neutronic behavior of the

VANTAGE 5H fuel

Rev GE1691 4.00pm
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4.0 THERMAL AND HYDRAULIC DESIGN

4.1 Introduction and Summary

This section describes the calculational methods used for the thermal-hydraulic analysis, the DNB
pertormance, and the hydraulic compatibility during the transition from a Standard through mixed-fuel
cores 10 an all VANTAGE SH core. Based on minimal hardware design differences and prototype
hydraulic testing of the fuel assemblies, it is concluded™ that the STD and VANTAGE SH fuel
assembly designs are hydraulically compatible. Table 4-1 summarized the thermal-hydraulic design
parameters for Beaver Valley Unit 2 that were used in this analysis. The thermal-hydraulic decign
criteria and methods remain the same as those presented in the Reaver Valley Unit 2 UFSAR™ with
the exceptions noted in the following sections. All of the current UFSAR' thermal-hydraulic design
criteria are satisfied.

4.2  Methodology

The existing thermal-hydraulic analysis of the 17x17 STD fuel used in the Beaver Valley Unit 2 plant
is based on the standard thermal and hydraulic methods and the W-3 (R-Grid) NNB correlation as
described in the Beaver Valley Unit 2 UFSAR. The DNB analvsis of the core containing both 17x17
STD aind VANTAGE SH fuei assemblies has been modified 10 incorporate the WRB-1 DNB
correlation” and a conservative application of the Revised Thesma! Design Procedure (RTDP)
which is called MINI-RTDP!'?

The WRB-1 DNB correlation is based entirely on rou bundle data and takes credit for the significant
improvement in the accuracy of the critical heat flux predictions over previous DNB correlations.
The approval by the NRC that a 95/65 limit DNBR of 1.17 is appropriate for the 17x17 STD fuel
assemblies has been documented'

The WRB-1 DNB correlation is applicable to VANTAGFE SH fuel since, from a DNB perspective,
the Zircaloy mixing vane grids of the VANTAGE SH assembly are virtually identical in performance
to *he 17x17 Inconel R-Grid design. For regions outside the mixing vane grids, the W-3 correlation
is used. As documented in the VANTAGE SH Fuel Assembly Report™, the use of the WRB-1
DNB correlation with a 95/95 limit DNBR. of 1.17 is applicable to the VANTAGE SH fuel assembly

Rev OR/16/91 4:00pm 4-1
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4.4 Effects or Fuel Rod Bow on DNBR

The phenomenon of fuel rod bowing must be accounted for in the DNBR safety analysis of
Condition 1 and Condition 11 events. Currently, the maximum rod bow penalty 1s 1.3% DNBR at an
assembly average burnup of 24,000 MWDMTU. For burnups greater than 24,000 MWD/MTU,
credit is taken for the effect of F¥ ai burndown, due 1o the decrease in fissionable isotopes and the
buildup of fission product inventory. Therefore, no additional rod bow penalty is required at burnups
greater than 24,000 MWD/MTU. Based on the similarities between 17x17 STD and VANTAGE SH
fuel assemblies, (i.c. fuel rod diameter, fuel rod pitch and grid spacing), this penalty is also applicable
to VANTAGE 5H fuel assemblies.

For this application, the rod bow penalty will be offset with DNE margin retained between the safety
analysis and design DNBR limits (Table 4-2).

4.5  Fuel Temperature Analysis

There is no difference in the fuel temperatures used in tne safety analysis calculations between the
VANTAGE 5H fuel and the STD fuel. The fuel temperatures for the standardized pellets are the
same as those for unchamfered pellets and slightly less than those for the current chamfered peliet

design
4.6 Transition Core Effect

The VANTAGE SH hydraulic test program showed identical tesults for the VANTAGE SH grid and

the STD fuel Inconel mixing vane grid, therefore, no transition core DNBR penalty is necessary'™.
4.7 Conclusion

The thermal hydraulic evaluation of the fuel upgrade for Beaver Valley Unit 2 has shown that 17x17
STD and VANTAGE SH fuel assemblies are hydraulically compatible and that the DNB margin

gaineu through use of the MINI-RTDP methodology and the WRB-1 DNR correlation is sufficient

Rev 08/160] 4 00pm 4.3
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for future changes. The core limit curves (Technical Specifications Figure 2.1-1 for three loops in
operation) remain vahid for both STD and VANTAGE 5H fue! assemblies with or without thimble
plug assemblies. More than sufficient DNBR margin in the safety limit DNBR exists to cover any
rod bow penalties. The upgraded fue! features described in Section 2 do not affect the core flow
rate, core flow distribution, or any other safety related parameters. All current thermal-hydraulbic

design criteria are satisfied.

Rev 0871691 4 00pm 4.4
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TABLE 4-1
BEAVER VALLEY UNIT 2 THERMAL AND HYDRAULIC DESIGN
PARAMETERS

Thermal and Hydraulic Design Parameters sign

Reactor Core Heat Output, MWt 2,652
Reactor Core Heat Output, 10°, BTU/Hr 9,051
Heat Generated in Fuel, % 974
Core Pressure, Nominal, psia 2250
Radial Power Distribution” 1.62[1+0.3(1-P))
Limit DNBR for Design Transients'" 1.33
DNB Correlation"* WRB-1

HFP Nominal Coolant Conditions

Vessel Thermal Design Flow
Rate (including Bypass), 10° Ib_/hr 100.8
GPM 265,500

Core Flow Rate'"’
(excluding Bypass, based on TDF)

10° Ib, /hr 94.25
GPM 248,242
Core Flow Area, ft* (STD) 41.5
{(V5H) 417
Coare Inlet Mass Velocity,
10° b /hr-ft* (Base¢ <n TDF) (STD) 227
(VSH; 2.26

Includes 4% measurement uncertainty - Analysis wssumed value bounds licensed value of 1.55
peak.
™ Applics to STD and VANTAGE SH fuel.

""Fesed on design bypass flow of 6.5% without thimble plugs

Kev 081681 4-(0pm 4.5
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TABLE 4.2

DNBR MARGIN SUMMARY

DNB Correlation
Correlation Limit
Design 1 imit
Safety Limit
DNBR Margin’

Rod Bow DNBR Penaity

Available DNBR Margin

DNBR margin between the safety limit and the desig

Rev 0871691 4 Mipm 4.7
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7x17 STD and

YANTAGE SH Fuel

WRB-1

1.17

1.21

1.33

9%

limit DNBRs
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50 ACCIDENT ANALYSIS

The primary effect of the proposed modifications on the LOCA and non-LOCA design basis
caleulations is due to the introduction of the VANTAGE SH Zircaloy grid and the thimble plug
removal. The salety analysis justification for these design modifications is summarized for the non-
LOCA and LOCA design basis calculations in Sections 5.1 and $.2, respectively. The balance of the
fuel upgrade features described in Section 1.2 of this report have been introduced and acceptably

evaluated for pravious reload designs.
81  Non-LOCA Accidents

This section summarizes the non-LOCA reanalyses and evaluations performed for the Beaver Valley
Unit 2 upgrade 1o VANTAGE SH fuel and the deletion of thimble plugs. This evaluation bounds
the case where some or all of the thimble plugs are present. In addition, this evaluation continues
10 support steam generator tube plugging, up to a level of 20%, provided that the per loop licensed
Thermal Design Flow is maintained.

The major effect of changing from STD 17x17 fuel 10 VANTAGE SH fuel on the non-LOCA
transients is the increased design Rod Coatrol Cluster Assembly (RCCA) drop ume. The
VANTAGE SH fuel assembly has a thimble tube LD. of 0.442 inches. STD fuel has a thimble tube
LD. ot 0.450 inches. The smaller VANTAGE SH thimble tuhe will increase the design RCCA drop
time from a current maximum of 2.2 seconds 10 2.7 seconds. This slower drop tiwe will affect the
results of the fast non-LOCA limiting transients such as Loss of Forced Reactor Coolant Flow,
Locked Rotor, RCCA Bank Withdrawal from Subcritical and Rod Ejection. The balance of the non-
LOCA accidents are evaluated for this fuel upgrade.

Non-LOCA cvents that are not mentioned above did not require reanalysis for one or more of the

following reasons:

1) Transient results are insensitive to the rod insertion rate.
Z) Reactor trip was not assumed or explicitly modeled in the analysis.
3) Reactor trip has no cffect on the minimum or maximum value of the critical

parameter of interest.

Rev 04/1641 4 00pm 5-1
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The main impact of removing the thimble plugs on non-LOCA transients is an increase in the core
bypass flow from 4.5% 10 6.5%. This increase in bypass flow results in an equivalent decrease in the

flow thiough the core active fuel region.

The DNB limited events have either been re-analyzed incorporating the core active flow decrease,
or have been cvaluated for the core active flow decrease such that the results of previous analyses
remain valid. In addition, the reactor core thermal limit curves have not changed such that the

current Technical Specification Overtemperature AT and Overpower AT setpoints remain valid.

For events that are not DNB related, or for which prevention of DNB is not the only safety criterion,
the effects of decreased core flow have been evaluated with respect (o the pplicable acceptance
criteria.  Reduced ~ore active region flow results in an increase in the nominal core coolant exit
temperature. However, the total RCS flow is not decreased.  Also, for the small increase in core
bypass flow, the additional bypass flow is mixed with the core coolant at the core exit such that the
vessel average and the vessel outlet coolant temperatures remain unchanged. Thus the overal!
transient system response in terms of parameters such as RCS pressure or RCS volumetric expansion

is unaffected. Only core related results such as peak clad temperature are potentialiv affected.

A summary of the non-LOCA design basis calculations thit were performed or evaluated for these

maodifications follows.
S.1.1 Overtemperature and Overpower AT Protection (UFSAR 15.9)

As noted in Section 4.7, the current Beaver Valley Unit 2 Technical Specification core thermal limits
(Figure 2.1-1 for 3 loops in operation) are valid for VANTAGE SH and STD fuel assemblics with
or without thimble plugs. As discussed in the following paragraphs, the system transient 1ESPORSes
for the UFSAR cvents that rely on Overtemperature and Overpower AT (OTDT/OPDT) for
protection are not affected by the increased rod drop time. Therefore, the revised™ Nooop
Technical Specification OTDT/OPDT setpoint equation constants continue to protect the core satety

limits as shown in the revised Figure 15.0-1 in Reference 15,

Rev 081691 4.00pm
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5.1.2 Increase in Heat Remeval by the Secondary System

Feed g Mal 4 Causi B Juction in Feedwater IEmD:Iﬂl!II: ﬂ'[SﬁBm_le

The decrease in feedwater temperature transient, as discussed in the UFSAR'", is bounded by the

Increase in Secondary Steam Flow event.

Feedwater. System Malfunctions Causing an

This ANS Condition [l event is analyzed to show that the DNB design basis is met. Cases are
analyzed for both full power and zero power conditions. The zero power case, as discussed in the
UFSAR™, ishounded by the Uncontrolled RCCA Bank Withdrawal from Subcritical event. For the
full power case, the transient is effectively terminated by a turbine trip and feedwater isolation on
high-high steam generator level A conservative evaluation of the effects of the 0.5 second increase
in control rod lasertion time was performed by extrapolating the transient DNBR results assuming

‘ that reactor trip was delayed by 0. Ssecond. The extrapolation showed that ample margin to the DNB
limit still exists with a 0.5 second delay. Therefore, the UFSAR™ conclusions remain valid.

Excessive Increase in Secondary Steam Flow (UFSARY 15.1.3)

This ANS Condition 1l event is analyzed to show that the DNB design basis is met toilowing a step
load increase from rated power Cases are analvzed at BOL and EOL conditions with and without
sutomatic rod control. In all cases analyzed, the reactor stabilized without a reactor trip. Therefore,
the increased control rod insertion time will have no effect on this event. Therefore, the conclusions
of the UFSAR™ remain valid.

|

’ Inadvertent Opening of 3 Steam Generator Relief or Safety Valve Causing a Depressurization of the
[ Main_Steam_System (UFSAR™ 15.1.4) a0d Steam System Piping Failure (UFSAR® 15.1.8)

| The inadvertent opening of a steam generator relief or safety valve is an ANS Condition I event
l
|
r
|
|
!
|

which 15 analyzed (0 show that the DNB design basis is met. The steam system piping failure is an
. ANS Condition TV transient analyzed to show that the core remains intact and in place and that the
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radiation doses do not exceed the guidelines of 10CFR100. This is dem.mstrated by showving that the
DNB design basis is met, even though DNB and possible clad perforation are not necessarily
unacceptable for a Condition 1V event,

The analyses are performed assuming zero power initial conditions and peaking factors consistem with
the most reactive RCCA stuck out of the core. The transient is started assuming the reactor is
tripped and the core is at the minimum design shutdown margin. Therefore, the 0.5 second increase
in rod insertion time wi'l have no effect on the results of this analysis. The safety analysis DNBR

limits are met. The coaclusions of the UFSAR' remain valid.

5.1.3 Decrease in Heat Removal by the Secondary System

Steam Pressure Regulator Malfunction o
1821

Any steam flow decrease caused by a malfunction or failure of any steam pressure regulator is

conservatively bounded by the turbine trip event.

l 088 ]f E!“:mll I i"d GIESSBAI! ]q 3 ‘))

The Loss of External Load Transient, as discussed in the UFSAR™, is bounded by the Turbine Trip

event.

Turhine Trip (UFSAR'™ 15.2.3)

This ANS Condition 11 event is analyzed to show that the DNB design basis is met and that primary

and secondary side system pressures do not exceed 110% of design values. Four cases are analyzed:

Beginning of Cycle (BOC) with pressurizer pressure control
BOC without pressurizer pressure control
End of Cycle (EOC) with pressurizer pressure control

EQOC without pressurizer pressure control
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The increased rod insertion time to the dashpot will not result in system pressures exceading 110%
of design values. Pressure transients from the current analysis of record were evaluated by
extrapolation assuming the reactor triz | *s delayed 0.5seconds. In all cases there was ample margin
to account for the slight expected pressure rise due to the increased design rod drop times. As
previously noted, the RCS pressure transient is not affected by the elimination of the thimble plugs,
since the total RCS flow and vessel outlet temperature remain the same  The increased rod drop
time to the dashpot will not result in DNBR below the design limit

DNBR for the BOC case without pressure control and both EOC cases rises continuously throughout
the transients. Therefore, the increased insertion time will have no effect on the minimum DNBR
for these cases, DNBR during the BOC with pressure control case initially rises and then decrsased
10 @ minimum value well above the safety analysis limit at the time of reactor trip. The margin o
the design DNB limit is very large at the time of reactor trip for this case and the increased rod drop
time will not result in a DNBR below the design basis. Therefore, the UFSAR™ conclusions remain
valid for the introduction of VANTAGE SH fuel.

l [!I . ECE l s 4 ! .I. ' ] .,.Qn-- E B'E'S!E(|)
152.0)

This ANS Condition [l event is analyzed to show that adequate heat removal capability exists via
natural circulation flow as aided by the Auxiliary Feedwater System to remove core decay heat and
stored energy following reactor trip. This is demonstrated by ensuring that the RCS heatup is turned
around prior to the time when coolant expansion cxises the pressurizer to hecome filled with water
The calculated RCS volumetric expansion is not artected by the VANTAGE SH fuel. As previously
noted, the RCS volumetric expansion is not affected by the elimination of the thimble plugs, since
the total RCS flow and vessel outlet temperaturs remain the same. This transient is an slow long-
term heatup event and is not sensitive to the rate & which the rods are inserted during 2 reactor trip.
With respect 10 the DNB criterion, this event is bounded by the Complete Loss of Forced Reactor
Coolant Flow analysis which was reanalyzed and shown to be acceptable. The results of the current
analysis of record and the conclusions of the UFSAR'Y remain valid,
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5.1 4 Decrease in RCS Flow Rate

s 0f 7 -eed Reactor Coolant Flow (UESARY 153 1& 15.3.2)

The Partial Loss of Flow accident is an ANS Condition 1l eveat. The Complete Loss of Flow
accident is an ANS Condition 11 event. Both of these transients have been reanalyzed in support
of N-loop operation. The Partial Loss of Flow transient assumes the coastdown of one RCP during
3-loop, full power operation while the Complete Loss of Flow transient assumes the coastdown of
JRCPs. The analyses have incorporated the VANTAGE SH design RCCA drop time of 2.7 seconds
in the determination of the thermal-hydraulic conditions existing at the time of minimum DNBR

The results of these two transients zre shown in Figures 5.1-1 through S 1<4and 5. 1-53 through 5.1-8,
respectively. The coastdown transients are shown in Figure 5.1-1 ard 5.1-5. Transient calculations
were performed to provide a basis for comparison of the analytical pump coastdown characteristics
to the plant startup test data. On the basis of this comparison, the analysis calculations are verified
to be conservative with respect to actual plant behavior. For both transients, the FACTRAN code™®
is used to calculate the heat flux transient based upon nuclear power and flow from LOFTRAN!7,

The partial loss of flow transient is terminated by a low RCS loop flow reactor trip; the Complete

Loss of Flow transient is terminated by reactor trip on reactor coolant pump undervoltage. In both
cases, the DNBR safety analysis limit is not violated for the VANTAGE SH and STD fuel assemblies.
Therefore, the safety analysis DNBR limits are met and the conclusions of the UFSAR' remain
valid.

Forced reactor coolant pump frequency decay in all three RCPs was also reanalyzed for the
VANTAGE S5H fuel. The transient assumptions for this case are identical to the Complete Los. of
Flow case except for the flow coastdown. The Underfrequency analysis assumed a constant frequency
decay rate of 5 Hz/second. No credit is taken for RCP trip on underfrequency. The transient is
terminated by reactor trip on RCP underfrequency. The transient results indicate that the safety
analysis DNBR limit is not violated for the VANTAGE 5H and STD fuel assemblies. Therefore, the
safety analysis acceptance criteria are met for this loss of flow event. It is determined that the
underfrequency event is the limiting loss of flow case for these analyzed conditions,

The recomr.ended UFSAR'" markups for the Partial and Complete Loss of Forced Reactor Coolant
Flow accidents are included in Appendix B
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verified for each reload  Specifically, the DNB acceptance criteria is met for the Condition 11 events
and the culoulated number of fuel rods experiencing DNB is confirmed to be within the curreni safety
analysis limit of §% for the Condition 1 event

Startupof an Inactive Reactor . Coulunl Loop (UFSAR' 15.4.4)

The Startup of an Inactive Loop transient is an ANS Condition 11 event analyzed to demonstrate that
the DNB design basis is met. The transient was previously reanalyzed Incorporating the VANTAGE
SH increased rod drop time of 2 7 seconds It was determined that the safety analysis DNBR limi‘s
are met. The UFSARY has already been upduted to reflect that analysis.

Chemical and Yolume tonrol System Maltuneoy 1 shit Results in o Devrgase o the Borop
Congentration_in ™e Reactor Coolant (UFSAR'™_15.4 6)

This ANS Condition 1l event is analyzed to show that adeguate time exists for operator action to
terminate an inadvertent dilution prior to the loss of shutdown margin. The transient is analyzed for
Mode 1 in automatic and manual rod control and in Modes 2 and 3. The Mode | case for manual
rod control assumes reactor trip on Overtemperature AT The impact of 4 0.5 second wcrease in rod
drop time on an operator action time of approximately 15 minutes is imperceptible.  The Mode |
automatic rod control case does not assume (eactor trip. The Mode 2 caleulstion of available
operalor action time & ris at the time of reactor trip. The core flow and the mechanics of the trip
are not explicitly modelwd ti the analysis  In mode 3, all rods are inserted. Thus the analysis results
for all 1. ee modes are unaffected by the thimble plug elimination and all ‘he UFSAR' cases are
unaffected by the increase in rod dwop time  The UFSAR™ Boron Dilution accident reactivity
insertion transients are bounded by those examined for the Rod Withdrawal at Fower accident.
Theiefore, the Boron Dilution transient calculation does not include an explicit evaluation for the
Condition 11 DNB acceptance criterion. Therefore, the UFSAR' conclusions remain valid for these
modifications

Inadvenient Loading and Operation_of a Fugl Assembly inan lmpioper Condition (UFSARY 15.4.7)

This ANS Condition 1! event addresses the possibility and consequences of one or more fuel pellets
having the wrong enrichment or the loading of a fuel assembly without the proscribed amount of
burnable poisons The UFSAR' concludes that any significant perturbation from the intended core
inventory would be detectable due to the resulting effects on power distribution. VANTAGE SH
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fuel does not affect the ability of core instrumentation 1o detect unexpected power shapes.
Thevefore, the UFSARY conclusions remain valid

\ ¥ oy

The RCCA ejection accident is an ANS Condition 1V event that is characterized by & rapid power
burst. Due to the speed at which the { ower increases this transient can be sensitive 1o the RCCA
drop time. The limiting criteria for this event are:

1) Average fuel pellet enthalpy at the hot spot below 228 cal gri for unirradiated fuel
and 200 cal/gm for irradiated fuel

2) Average clad temperature 2700°F

L)) Fuel melting limited to less than the innermost 10 percent of the pellet at the hot
spot. (Melting is assumed 10 occur at 4900°F for BOL conditions and 4800°F for
EOL conditions).

The UFSAR" RCCA ejection transient beginning and end-of-life cases at hot full power and hot
zero power were reanalyzed for the Cycle 2 reload to allow & beginning-of-life least negative doppler
power defect of <0.9% Ap. The analysis performed conservatively assumed a rod drop time of 2.7
seconds, consistent with the design rod drop time for VANTAGE SH fuel  The effects of the thimble
plug deletion have been evaluated for these cases. It was determined that in all cases the applicable
safety analysis acceptance criteria are met. The UFSAR™ has already been updated to reflect that
analysis.

§.1.6 Increase in Reactor Coolant Inventory

1550

The Spurious Operation of the Safety Iniection System is an ANS Condition Il event. The transient
produces & negativ reactivity transient causing a reduction in core power. The power reduction
causes a decrease in reactor coolant average temperature and consequent coolant shrinkige.
Pressurizer pressure and level decrease until the reactor is tripped on the low pressurizer pressure
signal. During the transient the DNB ratio never decreases below the initial value, therefore the 0.5
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second increase in control rod insertion time will have no effect on the minimum DNBR  Therefore,
the conclusions of the UFSAK' remain valid

5.1.7 Decrease in Reactor Coolant Inventory

This ANS Condition 11 event is analyzed 1o show that the DNB design hasis is met.  This transient
is terminated by a reactor trip on Overtemperature AT, Minimum DNBR ocours immediately
following rewctor trip A conservative evaluation of the effect of the 0.5 second increase in control
rod droj time was performed by extrapolating the transient DNBR results assuming that the reactor
trip was delayed by 0.5 second. The extrapolations showed that abundant margin to the DNB limit
still exists with a 0.5 second increase in rod insertion time.  Therefore, the conclusions of the
UFSAR™ reiain valid

5.1.8 Steamline Break Mass and Energy Keleases for Postulated Ruptures
Inside Containment and Equipment Favironmental Qualification
Outside Containment

The limiting Steamline Break transient for core response is found in UFSAR' Section 15.1.5. The
Steamline Break transients analyzed for containment response and equipment  qualification,
alternatively, are designed 1o maximize break mass and energy releases. The calculation results are
insensitive to the rate at which control rods are inserted. The calculations are not affected by the
small decreace in core active flow caused by the deletion of the thimble plugs. Therefore, the mass
and energy releases used in contmnment response calculations and the mass and energy relsase
calculated for equipmant qualification outside containment'®  remain valid
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. TABLE 5141

Single Reactor Coolant Pump Locked Roter Accident Results

1 Loops Operating 3y Loops Operating
(with Offsite Power) (without Offsite Power)
Muximum Reactor 2597 2642
Coolant System Pressure (psia)
Mauximum Clad Tumpetature (°F) 1798 R70
Core Hot Spot
Amount of Zr H‘.l’ at Core 0269 0418

Hot Spot (% by Weight)
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Figure 5,141
Flow Transients for Partial Loss of Flow
hree Loops in Operation
One Pump Coasting Down
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Figure 5.1.2
Nuclear Power and RCS Pressure for Partial Loss of Flow
Three Loops vl Operation,
One Pump Coasting Down
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Avcrage and Hot Channel Heat Flux Transient for Partial Loss of Flow

Three Loops of Operation,
One Pump Coasting Down
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Figure 5.1-4
DNBR versus Time for Partial Loss of Flow
Lhree | Wwps in Operation
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Figure £.1.8
Core Flow Coastdown versus Time for Three Loops in Operation,
Three Pumps Coasting Down,

Complete Loss of Flow
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Nuclear Power Transient and Pressurizer Pressure Trans
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Average and Hot Channel Heat Flux Transient

For Three Loops in Operation

'hree Loops Coasting Down, Complete Loss of Flow




Figure 5.1-8

DNHBR vs Time for Three Loops in Operation,

| hree l-»-"s\ Coasting Down
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Figure 5.1.9

Flow Transients for Three Loops in Operation,

One Locked Rotor
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Figure 51-10

Reactor Coolant System Pressure Transient

for Three Loops in Operation
One Locked Rotor
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Vigure 5.1-1)
Nuclear Power Transient, Average and Hot

Channel Heat F'ux Transients for Three

Loops in Operation, One Locked Rotor
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Figure 5.1-12
Maximum Clad and Fuel Centerline lemperatures
at Hot Spot for Three Loops in Operation
One Locked Rotor

deo0

3000 4

2000 4

(BECREE 7)

0004

AL /1 IR

1900 4

o0 - "

T IME (ENCONDS )

aoee

".UJ
00 4

1280 4

(IECHEL 1)

(14D IR TEWPT AT

1000 4

P fvr_‘}ﬂnrr“__._..
v00 w Orfs Ye BowER - T o .|

-

¥ ! b Y T ¥ T gyt T 11 3

TImME (SECONDSE )

Rev 081641 4 00pm € 9%



n BEAVER VALLEY UNIT 2 PSE AUGUST 1991 @

§2  LOCA Accidents

This section summarizes the evaluatiors performed 0 assess the ~ffects of the thimble plug removal
and the VANTAGE SH low pressure drop Zircaloy grid fuel feature on the Beaver Valley Unit 2
LOCA analyses

The Beaver Valley Unit 2 LBLOCA analysis of record, which is presented in the UFSAR™, is a
BART Evaluation Model (EM) analyss with a PCT of 2120°F. PCT penalties to the analysis have
been assigned as most recently documented in Reference 19, which indicated @ cumulative PCT of
2116"F.

As noted in the VANTAGE SH Fuel Assembly Revort™, the low pressure drop Zircaloy grids have
no adver ¢ effect on the LOCA analyses due 10 the mechanical and hydraulic similarityto 17¢178TD
fuel. Th. Zuzaley grids provide a Peak Clad Temperature (PCT) benefit due to increased reweiting
when compared with the 17417 8TD grid Additional differences introduced by the VANTAGE SH
assembly, such as slight flow area changes attributed to thimble tube diameter, have been evaluated
/. naving negligible impact on the LBLOCA analysis.

An evaluation has been performed, based upon the BART <M, to consider any cther effects on the
analysis due 1o the VANTAGE fH fuel. The LBLOCA evaluation model does not take coedit for
the negative reactivity introduced by the control rods. Instead, the reactor is brought 10 & suboritical
condition by the presence of voids in the core caused by the rapid depressurization of the RCS.
Since credit is not taken for the negative reactivity introduced by the controi rods, the increase in
design rod drop time will have no effect on the results.

As noted in the VANTAGE SH Fuel Assembly Report™, LOCA rcanalysis is nov needed in
transitioning from 17x.7 STL to 17x17 VANTAGE SH without Intermediate Flow Mixer: ([FMs)
if there is available margin to the 10CFRS0 46 limits 1o accommaodate any LOCA transition core
penalty. The transition from 17x17 STD fuel to 17x17 VANTAGE SH fuel without IFMs results in

no transition core peak cladding temperature penalty™
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showed that, since the magnitude of the LOCA hydraulic forces do not change appreciably, the
conclusions of WCAP-8784-P-A Addendum | remain unchanged by the proposed modifications.
Thus, the conclusions of WCAP-11523-NP-A®Y remain unchanged as well.

The Westinghouse licensing position for satisfying the requirements of 10CFR Part 50 Section 46
Paragraph () ltem (5) “Long-Term Cooling® is defined in  WCAP-8330NP.A®Y,
WCAP-8472-NP-A®Y | and Technical Bulletin NSID-TB-86-08%" The Westinghouse commitment
is that the reactor will remain shutdown by borated ECCS water alone after & LOCA. Since credit
for the control rods is not taken for a LBLOCA, the horated ECCS water provided by the
accumulators and the RWST must have a concentration that, when mixed with other sources of
barated and non-borated water, will result in the reactor core remaining sub ritical assuming all
sontrol rods out,

Since the use of VANTAGE SH Zircaloy grids (including the associated increase in design rod drop
time) and thimble plug removal will have a negligible affect on the sources of borated and non-
borated water assumed in the long term cooling calculation, it is concluded that there would bs no
change to the long term cooling capability of the ECCS system. Further, this licensing commitment
is checked by Westinghouse on a cycle by cycle basis, ensuring compliance with this requirement
independent of this safety evaluation

HOL Les over 1o Prg

D

Fost-LOCA hot leg recirculation time is determined for inclusion in emergency procedures to ensure
no boron precipiation in the reactor vessel following boiling in the core. This recirculation time is
dependent on power level, and the RCS, RWST, and accumulator water volumes and boron
concer trations. The VANTAGE SH Zircaloy grids (including the asscciated increase in design rod
drop time) and thimble plug removal will have a negligible effect on the assamptions for the RCS,
RWST, and the accumulators in the hot leg switchover calculation. Thus, there is no effect on the
post-LOCA hot leg switchover time.
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Westinghouse recently performed the Long Term ECCS Safety Injection (5D Verification (Cold Leg
and Hot Leg Recirculation) for Unit 2 as part of tae Recire Spray Modification Safety Evatuation™®'.
Since the HLSO time was not affected, and the VANTAGE SH and thimble plug removal upgrades
do not effect S1 performance, the Cold Leg and Mot Leg Revirculation Long Term Cooling SI
Verifications contained therein semain appropriate

LOCA Containment Integrity (UFSAR 15.3.4)

There is no impact on the short 1erm mass and energy and subcompartiment pressure analyss since
fuel design changes and upgrades, including the increase in design rod drop time and peaking factor
increases, have a negligible affect on the transient.  For the short term subcompartment  analyses,
approximately only the first 3 seconds of the blowdown are negligibly affected

The long term mass and energy and contatument peak pressure analysis is not adversely affected by
the fuel upgrade, including the associsted increase in design rod drop time, or increased peaking
factors since the plant T, remains the same. Additonally, the VANTAGE SH fuel rod i the same
as that used in the STD 17x17 fuel assembly. Since the fuel rod designs are the same, there is no
difference in initia’ core stored energy, und hence no additiony) energy would be available for release
0 containment.
L

In summary, there is no impact on ¢che UISAR ' LOCA containment integrity analyses due to the
increase in peaking factors and the use of upgrade] Westinghouse fuel features, including the
VANTAGE SH fuei design, for Beaver Valley Unit 2,

5.3 Accident Analysis Conclusion

Sections 5.0, 5.1 and 5.2 have summarized the impact on the LOCA and non-LOCA design basis
calculations of the introduction of the VANTAGE SH low pressure Zircaloy grids and thimble plug
removal that will be in Cycle 4 of Beaver Valley, Unit 2

In most cases it was found that all the intended Cycle 4 moditications are supported by the existing

licensing basis safety analyses. In these cases it was concluded that specific safety analynes are
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imsensitive 1o the fuel and thimble plug remova, . ggrades or have otherwise incorporsted bounding
analyses assumptions, such as the LBLOCA analysis. A total of 20°F of permanent SBLOCA PCT
margin, 20°F of wmporary SBLOCA PCT masgin and 16°F of temporary LBLOCA PCT margin
were assessed. Haplicit reanalyses were required for non-LOCA transients sensitive to the increased
design RCCA drop time associ@ 4 with the VANTAGE § Hybrid fuel The WRB-1 correlation and
the MINI-RTDF methodology have been introduced to evaluate transient DNBRs for both the
Standard and VANTAGE 5 Hybrid tuel.

All transient reanalyses and evaluations demonstrate that all applicable safety analysis acceptance
criteria  coatinue to be met for the intended fuel and design upgrades that will be introduced in
Cycle 4 of Beaver Valley Unit 2
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SUMMARY OF TECHNICAL SPECIFICATION CHANGES

FOR rUEL UPGRADE FOR

BEAVER VALLEY POWER STATION UNIT 2

211

2.2.1 Basis
3/4.2 Basis
3/4.2.2 Basis
3/42.3 Basis
/44,1 Baiis

1.4

3423

Lo

Changed W-3 (R-Grid)
correlation to WRB-1
correlation and added
design DNBR linuts.

Revised rod drop time 0
less than or equal to 2.7

seconds.

Revised DNBR margin for
meeting rod bow penalty.

tificatio

This change reflects the LNB
correlation used for Standerd

and VANTAGE SH fuel

This change is a result of
changes in the fuel due to the
VANTAGE SH fuel design
The cffect of this increase on
safety analysis has  been

considered.

This change reflects change in

DNB correlation and methods.



2.1 SAFETY

The restrictions of this safety limit prevent overheating of the fue' and
pOsSsIbie c accing perforation which woula result 1n the release of fissior pro-
gucts to the reactor :;:‘aﬂz Overneating of the fyue! clada\nq 's prevented
Dy resir CLing fue operation to within the nucleate boiling regime where the
heat transfer 'oo"‘-~e~t is large and the cladding surface temperature 1
s!ightly above the coolant Sltu'l"”‘ temperature

Operation above the upper boundary of the nucleate dbotlin regime cou'd re-
sult ir excessive cladding temperatures because of the onset of departure from
nucleate boiling (ONB) ana the resultant sharp reduction in heat transfer coef-
ficient, DONE is not a directly measuradble paramcter during operation and there-
fore THERMAL POWER and Reactor Coolcnt Temperature and Pressure have been relatec

WAE-~1 to DNB through tn:m correlation *hum DNB correlation has
beer gdeve'oped to predict the DNB flux and the location of for axially uni+
form and non~uniform heat flux distridutions. The loca! heat flux ratio,

ONER, defined as the ratioc of the neat flux that would cauge DNB at a particular
core location to the loca) heat flux, 1s indicative of the |margin to ONB.

The curve of Figure 2.1-1 shows the loci of points of THERMAL POWER K Reactor
.oo1l"t Syste sSure and average temperature for which the minimum DNBR 15
ne less tnnnﬁﬂ r the average vv.'mpy st the vesse) exit 1s equal to the

enthalpy of saturated liguid. -
Conser vaticely d‘, 14’0\& Dhse W :.67.‘
The cur j 1 ! r“ f 358 , s P

uryes arelbased o ¢ tha y ;hot channo f’s}or , © v These w

acbual plu - e oa.f,.a whle rary ® e (oo‘ 01-0 AeaCiomw MY.3 2

A lowance

s included for an increase in F' 4t reduced power based on the cxprossonE

ipsy i ded 1n TR Coké V“H"'(M #2173 R FPoRT (Coek),

L e s 3 (1-P)) '
AN

—whery P4e-Lhe fraction of RATED THERMAL POMER

These limiting heat flux conditions are higher than those calculated for
the range of ail control rods fully withdrawn to the saxisum allowable contro!
rod insertion assuming the axial power imbalance is within the limits of the
flal) function of the Overtesperature AT trip. When the axis) power imbalance
is not within the tolerance, the axial power imbalance effect on the Overtew-
perature AT trip will reduce the setpoint to provide protaction consistent with
core safety limits

I SEAT 2

BEAVER VALLEY - UNIT 2 B 2-1



BASES 2.1.1 REACTOR CORE

INSERT 1
The DNB design basis is as follows: there must be at least a 95 percent
probability that the minimum DNBR of the limiting fuel rod curing
Condition I and Il events is greater than or equal to the DNBR limit
of the DNB correlation being used (the WRE-1l correlation in this
application). The cerrelation DNBR limit is besed on the entire
applicable experimental data set such that there is a 95 percent
probability with 95 percent confidence that DNB will not occur when

T

: minimum DNBR is at the DNBR limit (1.17 for the WRB=1 correlation)

-

Incorporating the peaking factor uncertainties in the correlation limi
- results in a DNBR design limit value of 1.21. This DNBR value must Le

met in plant safety analyses using nominal values of the input

parameters that were included in the DNBR uncerwviinty evaluation,

In addition, margin has been maintained in the design by meeting a

safety analysis DNBR limit of 1.3J in performing safety analyses,

INSERT 2
*+ The Thermal-Hydraulic and nen-LOCA analy

Y
Unit 1 bounds the Unit 2 analyses (:.e.,, F
and Core Design licensing basis 1s .58,

es chat were conducted for
Nod) of 1.62). The LOCA




S e M T A TR AT

“Ofn
REPORTABLE EVENT!

gerive t! +T1p setpoints 1s based upon combining a
es 1n the channels inherent to the determination of the
Lhe magnitudes of these channel uncertainties Sensors and
on ut 1eC 'n these channels are expected to be capable of
e aliowances of these uncertainty msagnitudes Rack drift
Owable Yalue exhibits the behavior that the rack has not
Being that there is a smal) statistica)l chance that tt
nfrequent excessive arift is expected Rack or sensor dr
| lowance that 1 ( than occasiona)l, may be indicative
' urther investigatior

Kea

he Manua actor Trig ‘ Jundar - nn 0 the automat
"umentation chanr and provides m J ctor trip capat

»

Power Range, Neutro:
The Power Range, Neutron Flux channel high setpoint provides reactor core
tion against reactivity excursions which are too rapid to be protected by
"e and pressure protective circuitry The low setpoint provides redund
on 1n the power range for a power excursion beginning from low puwer
‘ated with the low setpoint may be msenually bypassed when P-10 is
the four power range channels indicate a power leve! of above
L0 percent of RATED THERMAL POWER) and is automatically reinstatec
-omes 1nactive (three of the four channels indicate & power leve
1y 10 percent of RATED THERMAL POWER)

Power 'l'ﬁ! Ne | ux, High Rates

The Power Range Positive Rate trip provides protection against rapid f)ux
-reases which are characteristic of rod ejection events from any power leve
specifically, this trip complemsents the Power Range Neutron Flux High and Low
Lrips Lo ensure Lhat the criteria are mpt for rod chc~\on from partial power
il L44g DILUVBE Lomwwd

The Power Range Negative Rate tr%p p?c~‘d{s protection to ensure that the
minimum ONER 1s maintained nhoweizf}U}‘cr control rod drop accidents At high
power a muitiple rod drop accident could cause local flux peaking which, wher

i 1on with nuclear power being maintained equivalent to turdbine power

PARN YIRS
. W

t
Dy action of the automatic rod control systes, could cause an unconservative
ocal DNER to exist. The Power Range Megative Rate trip will prevent this from
occurring Dy Lripping the reactor. No credit 1s taken for operstion of the
Power Range Negative Rate trip for those contro) rod drop accidents for whi
ONBRs w be greater thaniZad?




REACTIVITY CONTROL SYSTEMS
ROD DROP TIME

ITING - v 2

3.1.3.4 The individual full length (Shutdowgfand control) rod drop time from
the fully withdrawn position shall be ¢ (ZZLiseconds from beginning of decay
of stationary gripper coil voltage to dashpot entry with:

3. > 541°F, and

Tavg
b. A1l reactor coolant pumps operating.
APPLICABILITY: MODE 3.

ACTION:

a. With the drop time of any full length rod determined to exceed the
above limit, restore the rod drop time to within the above limit
prior to proceeding to MODE 1 or 2.

%

4.1.3.4 The rod drop time of full Tength rods shall be demonstrated through
measurement prior to reactor criticality:

a. For all rods following each removal o the reactor vessel head.

b. For specifically affected individual rods following any maintenance
on or modification to the control rod drive system which could
affect the drop time cof those specific rods, and

=. At least once per 18 msonths.

BEAVER VALLE - UNIT 2 3/4 1-23



3/8.2 POWER DISTRIBUTION {IMITS e dirian
OCNBE L-)J.Mu, -

__ﬁ'

s,

The specifications of this section provide assurance 2:°'uol integrity
during Condition 1 (Normal Operation) and II (Incidents ofModerate Frequency)
events by: (a) maintaining the minimum ONBR in the core > @AR{ during norma!
operation and in short term transients, and (b) limiting the fission gas release
fuel pellet temperature and cladding mechanica) properties to within assumed de-
sign criteria. 1In addition, limiting the peak 1inear power density during Con-
dition | events provides assurance that the initia) conditions assumed for the
LOCA analyses are met and the ECCY acceptance criteria limit of 2200°F s not
exceeded.

The definitions of hot channe) factors as used in these specifications are
as follows:

FQ(Z) Heat Flux Hot Channel Factor, is defined as the maximum loca! heat
flux on the surface of a fuel rod at core elevation 2 divided by the

average fuel rod heat flux, allowing for manufacturing tolerances on

fuel pellets and rods.

Nuclear Enthalpy Rise Hct Channel Factor, is defined as the ratio of

the integral of linear power along the rod with the highest integrated

power to the average rod power.

N
FAN

3/4.2. 1 AXIAL FLUX DIFFERENCE (AFD)

The limits on AXIAL FLUX DIFFERENCE assure that the FQ(Z) upper bound

envelope times the normalized axial peaking factor is not exceeded during
either normal operation or in the event of xenon redistribution following power
changes.

Target flux difference {s determined at equilibriue xenon conditions. The
full length rods may be positioned within the core in accordance with their
respective insertion 1imits and should be inserted near their normal position
for steady state operation at high poser levels. The value of the target flux
difference obtained uncer these conditions divided by the fraction of RATED
THERMAL POWER {s the target flux difference at RATED THERMAL POWER for the
associated core burnup conditions. Target flux differences for cther THERMAL
POWER levels are obtained by muitiplying the RATED THERMAL POWER value by the
appropriate fractional THERMAL POWER level. The periodic updating of the target
flux difference value 1s necessary to reflect core burnup considerations.

Although it is intended that the plant will be operated with the AXIAL
FLUX DIFFERENCE within the target band about the target flux difference,
during rapid plant THERMAL POWER reductions, control rod motion will cause the
AFD to deviate outside of the target band at reduced THERMAL POWER levels.
This devigtion wil' not affect the xenon redistribution sufficiently to change
the envelope of peaking factors which may be reached on a subsequent return to
RATED THERMAL POWER (with the AFD within the target band) provided the ' te

GEAVER VALLEY - UNIT 2 B 3/4 2-1 Amendment No. 31
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F. measurement 1s taken, both experiment prror and mar
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be allowed for % is the appropriate experimenta)l error a)low:
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BASES 3/4.2.1 AXIAL FLUX DIFFERENCE

L tosers 2,

Fuel rod bowing reduces the value of DUB ratio. Margin has been
maintained between the DNBR value used in the safety analyses (1.33)

and the design limit (1.21) to offset the rod bow penalty and other
penalties which may apply.

BerveR VALLEY - unvirl 2
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LT RATIO (Continyed

measuremenis are made

irec "\

pilane powegr L111L§

owance for operation with a tilt condition greater
ess than 1.09 s provided to allow identificetion and correct
or misaligned rod In the event such action does not correct the
910 for uncertainly on Fo, s reinstated by reducing the saximun
-
percent for each percent of tilt in excess of

~ s

ARAME TE R

The mits on the DNB related parameters assure that each of the ~arameters
€ maintained within the normal steady state envelope of operation assumed in
he transient and accident analyses. The 'imits are consistent with the initial
A

FOAR assumptions #nd have been analytically demonstrated adequate to maintain a
minimun ONER (GF L73B throughout each analyzed transiept ) .

R gréalis CHan v egual e Tha KLALGr ¢ Al 4 LA

hour periodic surveillance of these parameters through instrusent

sufficient to ensure that the parameters are restored within their

L § owing load changes and other expected transient operation. The 1B

month periodic measurement of the RCS tota) flow rate is adequate to detact

f %

;

Ow degredation and ensure correlation of the flow indication channels w
measured fiow such that the indicated percent flow will provide sufficient
verification of flow rate on a 12 hour basis

»




~ L ~ > A':'\ L3
t:m . SEATR . W e T LS T i Y T il S L W B O R L (S L
& K e ANT | . AN AN k A N

The plant gesigned 1o operate with all react coolant loops n opera
t and maintain ONBR above (LA during &)1 norma) operations and anticipates
tra ents in MODES 1 and J.ih‘t' one reactor ¢ ant loop not in operat
t specification requires that the plant be in at least HOT STANDBY witt

fi4 Li 3o [ "N L AMuA
¥ é ngle realtor coolant loop provides sufficient heat remova

capat ty “ar removing decay heat; however, due to the initial conditions
assumec the analysis for the control rod bank withdrawa) from & subcritica
condition, two operating coolant loops are required to meet the DNE design bas
’ » . » » -

h1s Condition 1] event when the 08 contro system s capable of ontre

In MODES & and 5, a single reactor coclant loop or RHR subsystem provides
sufficient heat remova apability for removing decay heat; but single failure
considerations require that at least two loops be OPERABLE Thus, 1f the
reastor coclant loops are not OPEtRABLE, this specification requires two RHMR

ps to be OPERABLE

The operation of one Reactor Coolant Pump or one RHR pump provides adequate
! 0 ensure mixing, prevent stratification and produce gradual reactivity
changes during boron concentration reductions in the Reactor Cuolant Systen
The reactivity change rate associated with boron reduction will, therefore, be

e - 4

wit the capability of operator recognition and contro)

ns on starting a Reactor Coolant Pump with one or more RS

or equal to 350°F are provided to prevent RCS pressure trar
sients, caused by energy additions from the secondary systes, which could exceec
the 1imits of Appendix G to 10 CFR Part 50. The RCS will be protected against
overpressure transients and will not exceed the limits of Appendix § by restrict
ng starting of tue RCPs to when the secondary water temperature of each steam
generator is Jess than S0°F above each of the RCS cold leg temperatures

v
ne restrictio

¢ legs less tha
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. INSERT A

The significant new mechanical design features of the VANTAGE SH
fuel assembly design are described in References 1| and 2. These
features include the following:

Integral tu<i Burnable Absorbers (IFBAs)

Axial Biankets {six inches of natura) uranium dioxide at bo’h
ends of the fuel stac:)

Replacement of six intermediate Inconel grids with Zirculoy
nrids

31'ghtly longer fuel rods and thinner top and bottom nozzle ¢od
plates to accommodate extended burnup

Reconstitutable Top Nozzles (RTNs)

aedesi?ned fuel rod bottom end plug to facilitate recoustitution
capability

Reduction in guide thimble and instrumentation tube diameter
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BVPS§-2 UFSAR

TABLE 4.1-1 (Cont)

Core Mechanical
Design Parameters

'Nunbcr of absorber rods
per cluster

Core Structure
Core barrel, 1.D./0.D. (in)

Core barrel design

Structure Characteristics

Core equivalent diameter
(1a)

Core active fuel height
(in)

Reflector Thickness and
Composition

Top - water plus steel (in)
Bottom - water plus steel (in)
Side - water plus stee! (in)

Ha0/U molecular ratio
core, lattice (cold)

Fieat Core Fuel enrichment, weight percent
Region 1
Region 2
Region 3
NOTES

*Refer to Section 4.3.2.2.6.

133.85/137.875

Neutron pad
design

119.7

144

~10

10

2.42

2.10
2.60

3.10

**This is the value of F,. for normal operation.

Q

4 of &

Virgil C. Summer
Nuclear Station

24

133.85/137.875

Neutron pad
design

119.7

164

10
10

15

2.42

3.10
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fABLE & 1.2

ANALYTIC T8 IQUES IN CORE DESIGN

1. Cross sections and group Microscopic dats; Mudified ENDF/B (iDrary 4.3.3.2
constants Macroscopic constanis LEOPARD/CIiNDER type 9.3.3.2
for homogenized cors ek PHOEN!X - £
ragions h
Group constants for FEAPABRE 3 - A | M 8.35.3.2
control rods with seif-
shiaiding
2. X-¥ Power distributions, 2-0 2-group diffusion TURTLE wnd ANC % 3.31.3
fus! deplistion, critical theory
boron concentrations, X-Y
xenon distributions,
reactivity coefficlients
———
43 Axial power distributlions, -0, 2-group diffusion PANDA h.3.31.3
control rod woerths, and thecry
axia! xenon distribution
< %. fuel rod power integral transport theory LASER N.3.3.%
fffective resonance Monte Carlo weighting RE PO
tesperature funct ion
7 s
3 x-¥-Z FPowe- p"""‘“*‘w,f ‘,{ 30, Z (v:-ulf’ D, Husion 2D ANC . 2>

Section
Analysis Technique Computer Code Reference
fue! rod design
1. fuwei performance chesacteristics Semi-empirical (hermat wWestinghouse fuel rod N.Z2:.7.8.
{tempereture, internal pressure sodet of fuel rod con- das ign mode! %.3.3.1%
ciad stess, etc) sideration of fue! density £.%$.2.2

Nuclear design

i‘rr‘"tf,on, € "t‘

x v~,_;

(\:’i 6{»”4 (‘)‘Q‘RA(“.‘)‘?'
[y D-”‘"-“‘Ao" >, fea- A.(;y
€. c-fl,li. P «Q.t’? x-n(l (v-ah'/ &‘J oo H‘,

changes, heat transfer,
fisslown ges realesse, etc.

I'"'G'c/

i aof 2
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Insert A p4.2.2

WCAP-10444-A, Addendum 2-A, "ANTAGE SH Fuel Assembly” (W, 1. Johnson (Westinghouse)
to M. W, Hodges (NRC), Letter No. NS-NRC-88-3119, dated April 15, 1988 W, J Johnson
(Westinghouse) to M. W, Huoxiges (NRC), Letter No. NS.NRC-88-3363, dated Julv 29, 1988.)
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.+ documents the operating experience with Zircaloy-4 as a clad

o

“.2.):-2

material. Information on the materials, chemical, and mechanical
properties of the cladding is given by Besumont (et al 1978).

Stress Limits

A, Clad stress -~ The clacd stresses under ANS Conditiens I anc II
are less than the Zircaloy 0.2 percent offset yield stress,
with due consideration of ‘temperature and irradiation
effects. While the <clad has sowme capability for
accommodating plastic strain, the yield stress has been
accepted as a conservative design basis.

b. Clad tensile strain - The total tensile creep strain is less
than one percent from the unirradiated condition. The
elcstic tensile strain during a transient is less than one
percent from the pretransient value. This limit s

consistent with proven practice (Beaumont et al :978).

Vibration and Fatigue

a8, Strain fatigu, - The cumulative strain fatigue cycles are
less than the design strain fatigue life. This basis is
consistent with proven practice (Section

4,2.3.3)(Ch istensen; Allio; and Biancheria 1963).

b. Vibration - Potential fretting wear due to vibration is
limited, ensuring that the stress limits are not exceeded
during design life. Fretting of the clad surface can occur
due to flow-induced vibration between the fuel rods and fuel
assembly grid springs. Vibration and frettiung forces vary
during the fuel life due to clad diameter creepdown combined
with grid spring relaxation.

Chemical properties of the cladding are discussed by Beaumont (et
al 1978).

Fuel Material

Thermal-physical properties - fuel pellet temperature. The center
temperature of the hottest pellet is to be below the melting
temperature of the unirradiated U0, wmelting point of 5,080°F

(Christensen, Allio, and Biancheria 1965) and decreasing by 58°F
per 10,000 MWD/MTU). While a limited amount of center melting can
be tolerated, the design conservatively precludes center melting.
& calculated fuel centerline temperature of &4,700°F has been
selected as an overpower limit to assure no fuel melting. This
provides
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sufficient eargin for wuncertaincies as described in Section
4.4.2.9.

The normal design density of the fuel is 95 percent of
theoretical. Additional information on fuel properties is given
by Beaumont (et al 1978).

»

Fuel densification and fission product swelling - The design bases
and models used for fuel densification and swelling are provided
by Hellman (1975) and Miller (1976).

3. Chemical properties - Beaumont (et al 1978) provides the basis for
justifying that no adverse chemical interactions occur between the
fuel and its adjacent material.

4.2.1.3 Fuel Rod Performance

1. Fuel rod models - The basis fuel rod models and the ability to
predict operating characteristics are given byA Miller (1979),

§ A
(Section 4.2.3). Dav.dscn (HK\})

an W‘tc'lbdr(lq“
Mech. .cal design limits - Cladding collapse shall be precluded
during the fuel rod design lifetime. The models described by
George (et al 1974),are used for this evaluation,

and Weiner (1988)
The rod internal gas pressure remains below the value which causes the
fuel/clad diametral gap to increase due to outward cladding creep during
steady state operation. Rod pressure is also limited such that extensive
departure from nucleate boiling (DNB) propagation shall not occur during
vormal operation and any accident event. R.sher (et al 1977) show that the
DNB propagation criteria is satisfied.

]

4.2.1.4 Spacer Grids

1. Mechanical limits and materials properties - The grid component
strength criteria are based on experiwental tests. The grid
strength was based on the 95 percent confidence level on the tiue
mean as taken from the distribu-ion of measurements, This limic
is sufficient to assure that under worst-case combined seismic and
blow.. wn loads from ar ANS Condition IV, loss-of-coclant accident
(LOCA), -he core will maintain a geometry amenable to cooiing. As
an integ.<l part of the fuel assembly structure, the grids must
satisfy the applicable fuel assembly design bases and limits
defined in Section +.2.1.5.

The grid material and chemical properties are given by Beaumont (et al
1978).

4.2.1.5 Fuel Assembly
Structural design - As discussed in Section 4.2.1, the structural

intergrity of the fuel assembly is ensured by setting design limits on
stresses and deformations due to various nonoperational, operational, and
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. ¢ bottom NOZZ.e Serves A48 Dotiom structural elsmant { he fue assenl
8 rects the reactor lant flow distribution 1t the s&sssenbly he
B gzle is fabricated from Typ & stainioss steel and nsists of ¢
2% erforated ;‘até.aué 1.«‘ Angie GRS With DeAring piates as showt n Figure
y he legs’ M 4 planus for the inlet wolant flow to the 'fue |
. ssamb iy The plate also prevents a idental downward ejesction f the fue
is from the fuel asseambly The bottow nozzle is fastened to the fue
gl Laswbly guiue tubes by screws which penetrate through the nozzle and mate
with & threaded plug in each guide tube [he screw i3 prevented o
sening by & stainless steal dock pin whieh 1o welded Lo  Lhe botion
sazzls. LE SR | . . e - » " . . - mE 3
g ¢ L - ,
Heactor pola~t fiws from the plenus in the bottome E2le UPWATL b1 gt
o the penstrition ‘m the plate to the channels betwean the fuel rods he
penstrations 1o the plate Are positiorsd bDetween the rows {f fuel 18
Axial oads holddown) imposed on the fuel assambly and the weight of t}
fuel asssexbly are transaitted through tae bottom noxgle to the lower re
ate Indexing and positioning of the fuel assembly are provided by
aligament holes in two disgonally opposite besring plates which mate witt
. ating pins in the lower re plate latarel loads on the fuel assembly
are transaitted to the lower re plate through the locating pins
“.2.2.4.7 Top Nozzle
ere »! Ve
[he ., top nozzle assembly functions as the upper structursl elemant of
2 fuel asseably in addition to providing & partial protective housing for the
RLLA o1 ther cowmponents, which are installed in the guide thimble tubes
he-top-nopsie-astenbly consists of an adapter plate, anclosure, top plat
' and pads _ Helddown epringe ase @cunied oun Lthe assambly as shown oo Figure
, “.2-2. The springs and _bedte. are mede of Inconel-718, whereas the!
o wponents are mads of T pe 304 stainless stee
— -
i
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ln.‘rfA.
0 The -~square- adapter plate (s provided with round p;{tunom and |
sepicircular ended slots to persit the flow of coolant upwetd through the

tog nozsle. Other round holes are provided to sccept Blesves which -ase-
we ded Lo Lhe AdEPLel Preie Rl Belhalical. yodllached Lo the thiable tubes.
The ligaments in the plate cover the tops of the fuel rods and prevent
their upward ejection from the fuel sssembly. The enclesuse 13 a4 box<like
structure which sets the distance betwsen the adapter ~ te and the top
plate. The top plate has & large squere heole in the ce er to persit
access for the control rods and the control rod spiders. HNolddowu springs
are sount-d on the top plate and are Sessened 4n. plece by-bolts and clamps |
iocated st two disgonsally opposite corners On the other two corners,
integral pads are positioned which contain alignpent holes for locating the
upper end of the fue. assembly.

Th wbie® Tubesn
6.2.2.2.5% Guxdo,\and Instrument

r.*k‘AJ by s,w.'v\’ BErEwS

e Inoert B
The guide thimbles are structursl mepb@rs which also provide channels for
the neutron sbsorber rods, burnable  sbsorber rods, neutron source, or
thimble plug assamblies. Each thisb.e ia fabricated frowm Zircaloy=&¢ tubing
having two different diameters. FThe tube diameter at the top section l
provides the annular ares necessary to permit repid contrel rod insertion
during # reactor trip. The lower portion of the guide thisble is swaged to
4 sopaller diameter to reduce diametral clearances and produce a dashpot
actiun near the end of the control rod travel during normal trip operatvion.
Holes are provided in the thimble tube above the dashpot te reduce the rod
drop time. The dashpot is closed at the bottom by weans of an end plug
. which s provided with a swall flow port to avoid fluid stagnation in the
dashpot volume during norwal operstiou. The top end of the guide thimble
an imserl Ty fastened €0 $-tubuier-sieove by three expansion svages. The sleswd™its
Jecked inke ““into and i3 "edded-ve the top nozzle adepter plateq, The lower end of the
guide thimble is fitted with an end plug vhich s then fastened into the
bottom nozzle by & integral locking cup thimble schew. & -Stainiess sileal l
106k Pl 48 welded o the Lotios noiz)e Lo prevent Lhe sciew Lice
- : “using & lock bube
using bhe and gircaley
Fuel rod support grids are) fastensd to the guide thimble sksemblies to
cresate an integrated structu binee welding of fhe lncon 1V grids and
wre .t(tuLoJ te the Zircaloy thimble mechanica. fasteniug technique, depicted
on Figures & .24 and 4.2+5 u—-oot‘ for adl-bus the 4op and bottom gridy b
a fuel essembiy. ' oy
the ar"f’/j

An espanding tool is inserted into the dnner diameter of the Zircaloy
., thimble tube at the eslevatiou of muk»—éoo& sleeves which bhave been
proviousy ikl brasud—inte the -incened grid assembly. The tour lobed tool forces the
fe " thimble and sleeve cutward to & predetermined diameter, thus joining the
two components. I
Inser é.' D. —»

C The top grid t5 thimblie ettechment is shown on Figure 4.J-6. The slain.ess.

~steel sieeves are bresed inte the Incenel grid assembly. The lirecaioy-

~guide thisbles are festened to the long sieeves by expanding the-two-

- sesbers 46 shown on Figures 4. .i-4 and &.23-5. Finalliy, the top ends of the

‘ —sleeves are wolded te the top noeeie adapter plate as shown on Figure wvi~

.n..’f

’a.lr 4

nilbais
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g8 . yThe grid asseml
ahd braded +h Al gL . ArTANRERANT $O-20al v Ty

o ’ At their points of intersectios he siraps wobbesh
Pplaig Lalgels, 3LPPOIl CiBPLeS, ALC BLALLE Vales
-
rhe grid Balal o0, I PRNSETY SRR T O L Lelacses Of
PO LALANGCEe ARd Digh stzength. The magnitude of the grid rest
! t! roG 18 set higt ! : IMfilmize possidie frett
the iadding at O int of ntact detwveer
The grid asseamb]| e T 1] ' thernal e
lmpos ing train fficient leve )
is

iwe — types of gGrid 466enbiios are used b sach fuel essembly S giids,
viLh miIALhg VARAS PIOIeCLLng 1rom Lhe edgel of Lhe slidps L0Lo Lhe hid, @i e
wEed b LBe HLgh Desl f.uX Tegioh OfF Lhe fuel sssambiies Lo promele BiIxiLng
wb Lhe ie8clor Gowiant Twe gride,;, one at each end of Lhe sssembiy, do ned
bl dai  BAAMRg  VARSr 9R  Lhe LBLAIRAL slrape. The oulside SLraps oh S
LGS LOBLALE BLXMLG Vakes Which. oA #0dLLI0R Le Lheir @ining function, <6
W geiding Lhe FRide ARG (uel AL60Bb L1 PAIL PICISCLLINE SUTI8Ces Guiing
hahd i Mg O Guring 104867 g AREd un.Cadinag ol Lhe <oie.
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Insert A p 42:13

The VSH instrumentation tube also has an 0.008 inch diametral decrease compared 10 the LOPAR
assembly instrumentation tube  This decrease still iows sufficient diametral clearance for the incore
neutron detector 1o traverse the tube without binding

Insert Bp 4213

The top and bottom Inconel (non-mixing vane) grids of the LOPAR and VS assemblies are nearly
identical in design. The only differences are: 1) VSH interactions during core loading/unioading, 2)
VSH top and bottom grids have dimples which are rotated 90 degrees to minimize fuel rod fretting
and dimple cocking, 3) VSH 10p and bottom grid heights have been increased to 1522 inches, 4) the
VSH top grid spring force has been reduced to minimize rod bow, and 5) the VSH top grid uses 3041
stainless steel sleeves.

The six intermediate (mixing vane) grids are made of zircaloy material rather than Inconel which is
currently used in the LOPAR design. These VSH grids (known as the VANTAGE SH zircaloy grid)
are designed to give the same pressure drop as the Inconel grid. Relative to the Inconel grid, the
VSH zircaloy grid strap thickness and strap height are increased for structural performance. In
addition 1o the snag-resistant design noted above, the upstream strap edges of the VSH zircaloy grid
are chamfered ¢~d & diagonal grid spring is employed w0 reduce pressure drop. The VSH zircaloy
grids incorporate the same grid cell support configuration as the Inconel grids (six support locations
per cell: four dimples and two springs). The zircaloy grid interlocking strap joints and grid/sleeve
joints are fabricated by laser welding whereas the Inconel grid joints are brazed.

The VSH zircaloy grid has superior dynamic structural performance relative to the inconel grid
Structural testing was performed and analyses have shown the VSH zircaloy grid seismic/LCCA load
margin is superior to that of the Inconel grid.
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ue neutrdn source asseal | jes provide & neutron sourcs for so
retpariods of low peutron ' level The thimble plug assesl

DYPASS flow thrcugh those fuel SARARD Iy thimbiss which A

pitrel rods, burnable absordber rods, Or neutron source roas
Rod Cluster Control Assambly

™e RCCAs are divided into two catsgories’ contro'! and shutdowt
ontyel groups compenssts for reactivity chauges associated with variat
o opexsting conditions f the reactor, that is, power fid Lamparal
variations Twe nuclear design criteria have bean smployed for se .act
f the comtrol group First, the total resactivity worth sust be adequ
Lo mest the nuclear requirssents of the reactor Second, in view f
fact the thess rods msay bs tially inserted &t power operation, the
power peaking factor should be low enough to ensure that the
Apability is wmet The ontrol and shutdown groups provide ace
shutdown margin

is comprised ¢ neutron absorber rods fastened at
ommon spider asssnbly illustrated on Figure & v

-
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o sutrons. The primary source assemblies are normally removed after the
first cycle of operation

Four source assemblies are installed in the initial reactor core two
primary source assemblies and two secondary source assemblies Each
primary source assembly contains one primary source rod and a number of
burnable absorber rods and thimble plugs Each secondary source assemdly
contains & symmetrical groupiug of four secondary source rods and (himble
plugs in the remaining lecations The source asssemblies are shown on
Figure & .2+11,

Neution source assemblies are employed &t opposite sides of the core
(Figure & 3+5).  The asseablies are inserted in the guide thimbles of fuel
ass~pblies at selected unrodded locations.

As shown on Figure & . 2<11, the source assemblies contain a holddown
assembly identical to that of the burnable sbsorber sssembly

The prisary and secondary source rods both wutilize the same cladding
mater.al as the absorber rods. The secondary source rods contain Sbebe
pellets stacked to a height of approximately 88 inches. The primary source
rods contain capsules of Californium source meterial and an aluminag specer
to position the solrce wmaterial within the cladding. The rods in each
assenbly are permanently fastened at the top end to & holddown assembly

The other structural mambers are constructed of Type 204 stainless stee)
except for the springs. The springs exposed to the reactor coolant are
Inconel+718.

€.2.2.%.0 Thimble Plug Asseably

Thimble plug essemblies limit bypass flow through the guide thisbles in
fuel assamblies which do not contain either control rods, source rods, or
burnable absorber rods.
- cl'ny)oﬁl

sembly with short rods

The thimble plug assemb!ies consist of & hold down
suspended from the base plate and a spriug peack sembly, as shown on
Figure &.2«11. The 24 thimble plugs, project © the upper ends of the
guide thimbles to reduce the bypass flow. Each thirbie plug is permanently
attached to the base piate by & nut which s tded 1o the threaded
end off the plug. Similar thimble plugs are alse used on the source
assembdies and burnable absorber assesblies to plug the ends of all vecant
fuel ly guide thimbles. VWhen in the core, the thimble plug
assemBlies interface with both the upper core plate and with the fue!l
assembly top nozzles by resting on the adapter plate. The spring pack is
compressed by the upper core plate whan the upper internals sasesbly is
lovered into place.

All components 4in the thimble plug assembiy, except for the springs, are
constructed from Type 204 stainless steel. The springs are loconel-718,
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fuel axsembly based on out-of-pile flow tests (DeMario, 1974,

performance of similarly designed fuel (n operating resctors

(Skaritka 1985), and design analyses _
.J“.PO"

Fuel rod internal pressure and cladding nuuu v\g.unup
dependent fission gas release model (Miller 19748 a" used in
determining the internal gas pressures as a function of
irradiavion time. The plenum height of the fuel rod has been
designed to ensure that the maximum internal pressure of the fuel
rod will not exceed the value which would cause, 1) the fuel clad
diemetral gap 10 increase during steady state operstion and, .
extensive DNB propagation te Gccur

The clad stresses at a constant local fuel tod power are low

Compressive stresses are created by the pressure different sl
between the reactor coolant pressure and the rod internsl gas
pressure. Because of the prepressurization with helium, the
volume aversge effective stresses are  always less than

18,00

100 Lo [ 000 9 ¢ub® pais for & typical

approaxu.te pPsi at the pressurization level used in this
fuel rod design, Stresses due to the temperasture gradiont are not
included in this average effective stress becsuse thermal stresses
are, in general, negative at the zlad inside diameter and positive
at the clad ocutside diameter and their contributions to the gslad
volume average stress is small Furthermore, the thersa! stress
decreases with time during steady state operation due 1o strsss
relaxation. The stress due to pressure differential is kighest in
the minimum power rod a4t the beginning-of+~life due tu Jow internal
888 pressure and the thermal stress is highest in the maximum
power rod due to the steep tempersture gradient
17, 208 R, 00 rangty .

The internal gas pressure at\hh!xnn\k\-of'lxto.‘t approximately

lead power\ fuel rod The toral

2,300 ~— tangential stress at the clad insidediamedyr at beginuingrof«iife

is approximately psi compressive (437008 psi due 1o AP and

L2100 ¥4, 400 due to 8T) for an average power wgd operating at K kw it

@, S0

13,600

nd Approximate Y™ #0800 psi cowpressive [$ed86 psi due to and
3,500 + 4460 psi due to AT) for a high power rod operating at .\J«JE

w ft
However, the volume average effective stress &t beginning-sf-life
is  between _ approximately 8,000 psi (high power rod) and

approximately psi (low power rod). These stre:ses are
substantially below even the unirradisted clad strength (55,500
psi) at & typical clad mean operating temperature of '0)°F.

Tensile stresses could be created cnce the clad has come in
contact with the pellet. These stresses would be irduzed by the
fuel pellet swelling during irradiation. Fuel swelling can result
in small clad strains (<] percent) for expected discharge burnups,
but the asscciated clad stresses are very low because of clad
creep (thermal and irradistion-induced). The one percent strain
criterion is extremely conservative for fuel'-swelling driven clad
strain because the strain rate associated with solid fission
products swelling is very slow A detaiied discussion on fuel rod
performance is given in Section &.2.3.3

&.2+19
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than the manufactured values. Fuel densification and subsequent settiing

of the fuel pellets can result in local and distiibuted gops  in the fue)

. rods . Fue! densification has been ginimized by ilmprovements in the fuel
manufacturing process and by specifying 4 nouinal 95 percent initial fuel
dens ity,

wnd We 'ner (N08)

The -evaluetion of fuel densification effects and their cpmwoutmts in
fuel design are described by Hellman (1975) and Miller (1976), ¥ The
treatment of fuel swelling and fission gas release is described by Miller
(1976) igumad We mear LI9RA ),

The effects of weterlogging on fuel behavior are discussed in Sactien
4.2.2.3.

©.2.2.3 Fuel Rod Performance

L]

in the calculation of the steady state performance of a nuclear fuel rod,
the following interacting factors must be considered:

) Clad creep and elastic deflectiion

Q. Pellet dens'ty changes, thermal expansion, B4s release, and
thermal pruperties as 4 function of temperature and fuel burnup.

- 3 Internal pressure as & function of fission gas release, rod

geometry, and temperature distribution
. These effects are evaluated using & fuel rod des ign mode .S tMedier J8idan
P FOREOE Lite dopandent (et doneilicatieh e geven by

‘V‘L“e B S (F VRSP,
{Millar 1976 and We ner "‘.) w"\-‘c.L fdc/uJC ~,ff¢.,ar«'-['b MoJo /b ber
t e - Jepndut rr“‘/ Jen..'l'csf'bn- W H~ bhe whbove. ...
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interacting factors considered, the woodel determines the fuel rod
performance characteristics fo & given rod geometry, power haistory, and
Axial power shape. In parvicular, internal gas pressure, fuel and clad
temperatures, and clad deflections are calculated. The fue! rod is divided
inte saveral axial sections and sadislly inte & number of annular zones
Fuel density changes are calculated separately for esch segment The
effects are integrated to obtain the internal rod pressure

The initial rod internal pressure is selected to delay fuel/clad
wechanical interaction and to avoid the potential for flattencd rod
formation, It i& limited, however, by the design criteris for the rod
internal pressure (Section 4.2.1.3).

The gep conductance between the pellet surface and the clad inner diameter
is calculated as a function of the composition, temperature, and pressure
of the ges mixture, and the gap size of contact pressure between clad and
pellet. After computing the fuel temperature for each pellet annular zone,
the fractional fission gas release is assessed using an empirica) =model
derived from experimental data (Miller 1978 The total amount o: gas
released is based on the average fractions! release within each axial and
radial zone and the gas generation rate whjch in turn is @& funct.on of

burnup. Finally, the gas released is/ summed over all zones and the
pressure is calculated. ond Welrar (988
model

The @0d¥ shows good agreement in fit for a variety of published and
proprietary data of fission gas release, fuel temperatures, and «clad
deflections (Miller 1978. These data include variations in power, time,
fuel cCensity, and, goo.otgF.
wnd We'ner (188

Fuel/cladding mechanical interaction « One factor in fuel element duty is
potential wmechanical interaction of fuel and clad. This fuel/clad
interaction produces cyclic stresses and strains in the clad, and these in
turn consume clad fatigue life. The reduction of fuel/clad interasction is
therefore a gorl of design. The technology of using prepressurized fuel
rods has been developed to further this objective.

The gap between the fuel and clad is initially sufficient to prevent hard
contact between the two. However, during power operation, a gradual
compressive creep of the clad onto the fuel pellet occurs due to the
extarnal pressure exerted on the rod by the reactor coolant. Clad

smpressive creep aventually results in the fuel/clad contact. Once
tuel/clad contact occurs, changes in power level result in changes in «lad
stresses and strains, By using prepressurized fuel rods to partially
offset the effect of the reactor coolant external pressure, the rate of
clad creep toward the surface of the fuel is reduced. Fuel rod
prepressurization delays the time at which tuel/clad intersctien and
contact occurs, and significantly reduces the number and extent of cyeclic
stresses and strains experienced by the clad both before and after
fuel/clad contact, These factors result in an in.rease in the fatigue life
margin of the clad and lead to greater clad reliability If gas should
form in the fuel stacks,

&.2-231
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7. Provisions {or decection of “Tuel red failure include highs and
lowerange off+line  iguid monitors i tia resctor coolant lecdown
l1ine a8 discussed in Ssctiep 1).5.23.5. 140

«.2.3.4 Spacer Orids

The redstor coolant flow channels fre ostablishad and maintained by the
structure couposed of grids snd guide sShistles The iiteral spacing
batwoer, fuel rods is provided and contrelled by the support dipples of
ad acent grid cells. Contact of the fual rods on the dimples is saintained
through the clasping force of the grid springs. Lateval motion of the fuel
rods is opposed by the spring ferce and the internal mowents generated
betwean the spring ead the support diaples.

Time history numerical iutegraticn cechomiques are used to analyze the fusl
assembly vesponses resulting froe the latevai safe shutdown earthquake,
SSE, and the most limiting sain coalunt pipe dreak sctident, LOCA. The
reactor vassel motions resulting from the transient loading are asymmetric
with respec. to the geometrical center of the resctor core. The complete
fuel assesbly core finite elegsnt pode. /s emploved to determine the fuel
assenbly deflections and grid imr scy forces.

A comparison of the seismic (SSE) response spectruwm at the reactor vesgel
SUpports versus the response spectrum of the time history indicates that
the time history spectrum conssrvatively hounds the design acceleration
spectrus curves for BVPE-2. The seismic analyses performed for a number of
plants indicate that the maximum impact response is, iu general, influenced
by the acceleration level of the input forcing function at the fuel
assembly fundamental mcae. Thus, the data in seismic time histories
corresponding to the design euvelope are conservatively used for the fuel
evalustion.

The reactor crre finite element mo“.i consisting of the saximum number of
fuel assemblies acroas the core diameter was used., The BVPS-2 plant has
fifteen 17x17 B-grid tincomnel) fuel assemulies arranged in & planar srrsy.
Gapped elemen.s simulate the clesrsnces betwean the peripheral fuel
assemblies and the baffle plates.

The fuel essambly finite element model preserves essential dyvamic
properties, such as the fuel assembly vibratiouv frequencies, mode shapes,
and oaas distri’utrion. The cime history motions for the upper and lower
core plates and the motions for the core barrel at the upper core plate
elevatism are simultaneously introduced into the simsulated core model. The
analytical procedures, the fusl assembly and core wmodeling, and the
wethodology are detailed in Gensinski and Chiang (1973) and Davidson (e: al
1981). The time history inputs ctepresenting the SSE sotions and the
coolant pipe rupture transiencs v re obtained from the time history
analyses of the reactor vessel inturnals.

GRID ANALYSIS

~With respect ‘v the guidelines of Appaadix A4 of SRF Secticn .4,
S westinghouse FAs domoactreted thal \ simuitanecus 350 and LOCA eveat s
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~bighlyunlikaly. The fatigue cycles, crack initiation and orack. groweh -due

. O OOl CPOIALLAG ARd S2i60i6 SVORLE Will DOl Le8LibLAcaliY - lead te o l
PIPe FUPLUES (WILL L 8418384~ The factor applied to the LOCA grid impact

load due to flashing has been demonstrated by Westinghouse to be

unrealistic for Westinghouse fuel in Westinghouse plants. Therefore, this

factor was not applied to the BVPE«2 analysis results

The wmaxioum grid impact forces for both the seisr and asymmetric LOCA
accidents occur at tae peripheral fuel assesbly locatiuvns adjacent to the
baffle wall The easious grid opact Lo1ce Lor tae suveloped S5E ansiveis -
~wan 3 perceat of the allowable grid strength. The corr nding vaive for
~the  nossie —iniet —break vas 3  pescent. Lo osdes To comply with the
requirsments ‘n SKP Section 4.2 the maxisum grid impact responses obtained
from the 1two transient analyses are combined. The square-root<of-sus-of-+
squares (SRS5S) method is wused to calculate the results. The Baxioum |
combinec impact force for the BVPS<2 fuel asseablies vas S -peroent-of the |
allowab e grid strength. The grid strength was established experimentally
It war based oo .he 9% percent confidence level on the true mean 4s taken
from the distribution of messurements.

NON-GRIL COMPONENT ANALYSES

The stresses induced in the various fuel assembly non-grid components are
caleculated. The calculations are based on the maximum responses obtaifed
from the wmost limiting seismic and LOCA accident conditions. The fuel
assembly axial forces resulting from the LOCA accident are the primary
sources of stresses in the thimble guide tube and the fuel assembly
. noxzles. The induced stresses in the fuel rods result from the relative
deflections during the hypothetical seismic and LUCA accidents. The
stresses are generally small., The combined seismic and LOCA induced

s —

belew “ire olpres. od-4s-o-porcentage-of the allowable limit. Consequently, the
fuel assembly components are structurally acceptable under the postulsted
sccident design (onditions for BVPS-2.

“«.2.3.5 TFuel Assembly -
4.2.3.5.1 Stresses and Deflections

The fuel assesbly componsnt stress levels are limited by the design. For
example, stresses in the fvel rod due te thermsl expansion and lZircaloy
Jrradiation growth are limited by the relative motion of the rod as it
slips ower the grid spriug end dieple wsurferes. Clearances Dastween the
fue! rod ends and nozzlos are provided so that Zircaloy irradiation growth
does not rosult in the rod end interferences. Otresses in the (uel
sssambly caured by tripp .ng of the RCCA have little influence on fatigue
because of the small nusber of events during the life of an assembly.
Asseably cowponents and protitype frel sssesblies made from production
perts have been subjected to structural tests to verify that the design
L&sas requirements are met.

The fuel assenbly design loads for shipping have been established at ég
. leteral and 4g axial. Accelerometers are perveuently placed into the

&.2-28
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results of the surveillance and cpersting experience with Westinghouse fuel
and inceore centrol components.

“« J.«.6 Onsite Inspection

Detailed written procedures are used for receipt inspection of new fuel
assemblies and associated components, such a8 control rods, plugs, and
inserts. loaded fuel containers, are visuall, iaspacted upon receipt for
pessible evidence of damage or improper hanaling. Shock indicators
attached to the dinterior of the container are inspected to verify that
excessive forces caused by movement have not bean applied to the fuel
ssseablies. The fuel assesblies and associated coepopents are subjected to
inspections which verify sufficient attributes to assure that damage or
deterioretion during shipping was avoided.

Post-irradiation fuel inspections are routinely snducted during refueling.
These inspectiont include & qualitative visusl exasination of some
discharged fuel assesblies from esch refueling. Gross problems of
structural iotegrity, fuel rod failure, rod bowing and crud depositior are
identified. Additional surveillance is provided (f the visual examination
identifies unvsual behavior or ‘f the plant instrusentation indicates gross
fuel failures.

“.2.4.7 On+line Fuel System Monitoring

Resctor coolant letdown radiation monitors which can detect conditious
which indicate fuel rod failure are discussed in Sectiom 11.5.2.2.

4.2.5 References for Section 4.2

Besumont, M. D. et al 1978, Properties of Fusl and Core Componant
Matarials. WCAP-9179, Revision | (Propristary) and WCAP-9224 (Non+
Proprietary), and Appendix B (Al,0,-B,C) 1980,

Burien, R. J.; Fromui, E. O.; and Gates, J. £. 1963, Effact of High
Burnups oo B,C and 2rB, Dispersions in the Al,0, and Zircaloy. BMI 1627,

Christensen, J. A.; Allio, R. J.; and Biancheria, A. 1965, Meltizg Peint
of Irradiated U0, WCAP-6065.

Coban, J. 1959, Develovwant and Properties of Silver Base Ailoys as Control
Rod Mategicls for Pressurized Water Reactors; WAPD-214,

Davideon, 8. L. et al 1981, Verification Testing and Analysis of the 17 x
17 Opitimized Frel Assesmbly, WCAP-9401-F+A (Vroprietsry, and VCAP-9402-A
(Non-Proprietary).

S

DaMario, E. E. 1974, Hydraulic Flow Test of the 17 x 17 Fuel Assembly.
WCAF-8278 (Proprietary) and WCAP-8279 (Non-Proprietary).

Eggleston, F. T. 197s. Safety-Related Research and Davelopment for

Yestinghouse Pressurized Water Reacters, Progras Sumsaries - Wioter 1977 -
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TABLE 4.2+

FUEL ASSEMBLY COMPONENT STRESSES
PERCENT OF ALLOWARLE)

Uniform Stresses combined Stresses
Copponent (Direct/Membrane) (Membrane ¢ Hending)
Thisble 78.6 .2
Fuel Rodw 2.8 26.6
1o Nozzle Flate - 6.0
e,
Bottom Nozzle Plate e ,(»,s‘ 7.8
TR .

Bottom Nozzle Leg ’.? \ 8.9

)

\ '\»h
\ €

*Including primary operatifg atresses
**A negligible value £

€
\4

1l of 1
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against. ANS Condition IV faults shall not cause & release of
. radjioactive material that results in an undue risk to public health

and safety.

The core design power distribution limits related to fuel integrity
are wet for ANS Condition I occurrences through conservative design
and maintsined by the action of the control system. The requirements
for ANS Condition Il occurrences are met by providing an adequate
protection system which monitors reactor parameters The control and
protection systems are described in Chapter 7, and the consequences
of ANS Condition II, III, and IV occurrences are given in Chapter 15.

¢.3.1.1 Fuel Burnup
Basis

The fuel rod design basis is described in Section 4.2. The nuclear

design basir is to install sufficienty reactivity :in the fuel to

ittain a4 region discharge burnup of }14%00 MWD/MTU. The above, along |
with the design basis in Section 4.3.1.3, satisfies GDC-10.

Discussion

Fuel ovurnup is & measure of fue. depletion which represents the
integrated energy output of the fuel (MWD/MTU) and is a convenient
weans Jor quantifying fuel exposure criteria.

. The core design lifetime or design discharge burnup is achieved by
installing sufficient initial excess reactivity in each fuel region
and by following a fuel replacement program (such as that described
in Section 4.3.2.1) that meets all safety-related criteria in each
cycle of operation.

Initial excess reactivity installsd in the fuel, although not a
design basis, must be sufficient to maintain core criticality at full
power operating conditions throughout cycle life with equilibrium
xenon, samarium, and other fission products present. The end of
design cycle life is defined to occur when the chemical shim
concentration is essentially zero with control rods present to the
degree necessary for operational requirements (e.g., the controlling
bank 11 the "bite" position). In rerms of chemical shim boron
conc ntration, this represents approximetely 10 ppm with no control
rod .usertiom.

A lirdtation on initial installed excess reactivity is not required
ofher than as is quantified in terms of other design bases, such as
SOiw mnegative reactivity feedback and shutdown margin, discussed
below.
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detectors can be activated to provide more detailed information. In
all proposed cores, these horizontal plane oscillations are self-
damping by wvirture of reactivity feedback effects designed into the
core.

Axial xenon spatial pover oscillations may occur late in core life

The control bank and excore detectors are provided for centrol and
monitoring of axial power distributions. Assurance that fuel design
limits are not exceeded is provided by reactor overpowe. AT and
overtemperature AT trip functions which use the measured axial power
imbalance as an input.

€.3.1.7 Anticipated Transients Without Trip

The effects of anticipated transients with failure to trip are not

‘considered in the design basgs of the plant. Analysis has shown that

the likelihood of such & hypotheticsl event is negligibly small.
Furthermore, analysis of the consequences of a hypothetical failure
e trip following anticipated transients has shown that no
significant core damage would result, system peak pressures would be
limited to acceptable velues, and no failure of the reactor coclant
system would result (Westinghouse 1974).

6.3.2 Description
€.3.2.1 Nuclear Design Description

The reactor core consists of & specified number of fuel rods which
are held in bundles by spacer grids and top and bottom nozzles. The
fuel rods are constructed of cylindrical Zircaloy tubes containing
UO; fuel pellets. The bundles, known as fuel assemblies, are

arranged in a pattern which approximates a right circular cylinder.

Each fuel assembly contains & 17 x 17 rod array composed of 264 fuel
rods, 24 rod cluster control thimbles, and an incore instrumentation
thimble. Figure 4.2-1 shows & cross-sectional view of &« 17 x 17 fuel
assembly and the related rod cluster control locations. Further
details of the fuel assembly are given in Seccion /.2,

The fue)' rods within & given assembly have the same uranium

cnrlmwwm. Fuel assemtlies of

sevacal > Lheos different enrichments are used in the amésias core loading to

establish a favorable radial power dis.:ibution. Figure—eri~i—ohows
the o Sawd

The reference reloading pattern is typically similar to Figure 4.3-1
with depleted fuel interspersed checkerboard style in the center and

& .37
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in the radial plane. However. the uranium enrichment may change with fuel height (e.g.. the fuel
assemblies may wse unznniched uranium fuel in the wop and bottom six inches of the fue! rods. The
middle 120 inzhes of each assembly would then contain the enriched uranium tuel )
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wow  fuel  on tho//porxphexy. The core will normally operate
approximately wwe-yess between refueling, ecoumulating Approgigately

, 1%,000 MWD/MTU per yeew cycle. The exact relcading pattera, iaitial
and final pesitions of assemb' es, and the number of fresh assemblies
and their placement are dependent on iha enargy requirement for the
next cycle and burnup and power histories of the previous c¢yzles

The core average enrichment is detersinod by the amount of
fissionable material reauired to provide the 4desired core lifetime
ans energy requirements, namely 2 regior aversge discharga burnup aof
3%%000 MWD/MTU. The physics of the burnout process i3 such that
operatiun of the reactor depleies the amount of fuel available due to
the absorption of neutrons by the U-233 atoms and their subseguent
fission, The r&%e of U235 depletion is dirsctly proportional to the
power level at which cthe reacter is rperated. In addition, the
fission process results in the formation of fissior products, some of
which readily absorb neutrons. These effocts, depletion, and the
buildup of fission products, are partially offset by the buildup of
cluscn.um, as shown on Figure 4.3-2 for =2 typicel 17 x 17 fuel
assembly, which o~ccurs due ¢ the ponfissica Zhaorption of neutrons
in U-238. Therefore, &t the beginning of sny cycla, & resctivity
reserve oqual to the depleticn of the fissicugble fuel and the
buildup of fissiun product poisons over the specified cycle life must
be "built” into the resctor. This excess resctivity is controlled by
removable neutren sbsorbing materisl in cie forwm of boron dissolved

in the primery coolant and burnible potoc:::od..
abeer

The concentration of boric acid in the reactor coclant is veried to
provide control and to compensate for long~term  reactivity
requirements. The concentraticn of the soluble neutron absorber is
varied Lo compensate for reactivity changes due to fuel burnup;
fission product poisoning, including xeron and samarium; burnable
poison depletion; and the cold-to-operating moderator temperature
change. Using its normal wmakeup path, the chemical and volume
control systam (CVCS) is capable of inserting negative reactivity at
4 rate of approximately 30 pem/win when the reactor coolant boron
concentration is ,,000 ppm and spproximately 35 pcem/@in wher reactor
coolant boron concentratica i3 100 ppm. If the emergency boratior
path is used, the CVCS is capable of inserting negative reactivity at
& rate of approximately 65 pem/ein when the reactor coolant
concentration is 1,000 ppm and approximately 75 pea/min when the
resctor coclant boron concentration is 100 ppm. The peak burnout
rate for xenon is 25 pcm/min (Section 9.3.4 discusses the capabilit,
of the CVCS to counteract xsnon decay). Rapid transient resctivity
requirements and safety shutdown requirements are wmet with control
rods .

As the boron concentra’ion is increased, the moderstor temperature
coefficient becomes less negative. The use of & soluble absorber
alone would result in a positive moderstor coefficient at beginning-
of-life, for-ehe-firns oyete. Therefore, burneble absorber® sods are
used 4b--the -£icst sose- to sufficiuntly reduce the soluble boron
concentration to

4.3-8
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ensure that the wmoderator temperature coefficient is negative for
power operating conditions. The use of control rods may be recaired
early in the cycle at low power to ensure a negative moderator
temperature coefficient is achieved. During operaticn, the poison
content in the burnable absorber —pede~ is depleted, thus adding
positive reactivity to offset some of the negative reactivity from
fue. depletion and fission product buildup. The depletion ra.e of
the burnable absorbererede~ is not critical since chemical shim is
always available and flexible enough to cover any possible deviations
in the expected burnable absorber depletion rate. Figure 4.3+3 shows
plots of typical core depletion with and without burnable absorber,
FOd8 . - Note Lhatl even el  endsoi=lifa- conditi1one, presence of the
PuEmabie ABCOrBOT  FOUs FOSVITe +R 8 HOL G8CIesse 1k Lhe [1F8L Gveie
trfetime— —Upon-compietion-ef —che  fi#58  S¥eior —alt - Lhe burnable

5600{bo¢-—;odo-c&o~aoa-t44y-;4-oaod-ooo‘aso~sho~¢oda&a&o¢—&o.poso&u&o—
rostiscrent 1R re 08 COTES ¥6 Sufiee

In addition te roactzvf??) contrel, the burnable absorber rods,are
strategically located to /provide a favorable radial power
distribution. Figurcsa.s-afsboua the burnable absorber distributions
within & fuel assembly for thc lovcral burnlblo absorber patterns
used in a 17 x 17 array. A typical core, burnable absorber
loading pattern is shown in Figure &.3-5. rale hb‘,,“l

Table &4.3-1 through &.3-3 contain summaries of the reactor core
design parameter: for the first fuel cycle, including reactivity
coetficinnts, delayed neutron fraction, and neutron lifetimes.
Sufficient information is included to permit an independent
calculation of the nuclear performance characteristics of the core.

. 3,.2.2 Power Distributions

The accuracy of power distribution calculations has been confirmed
through approximately 1,000 flux maps during some 20 years of
operstion under couditions very similar to those expecied. Details
of this confirmation are given in Langford and Nath (1971) and in
Section 4.3.%.7.7,

©.3.2.2.1 Definitions

Fowar distributions &re gquantified in terms of hot chaunel factors.
These factors are a measure of the peak pellet power within the
reactor core and the total energy produced in a coolant channel,
relative to the total reactor power output, and are expressed in
terms of quantities related to the nuclear or thermal design, namely:

&y Power density - the thermal power produced per unit volume
of the core (kW/liter).

& Linsar power density - the thermal power produced per unit

length of active fuel (kW/ft). Becsuss fuel &sseably
geomertry is standardized, this is the unit of powcr density

4.3-8%
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effec? f iniform flo distributl 18 negligible L8 adial
e ey 418! but it ! a1rious planes f the re are ofte
11 tratecd the ore radial enthalpy rise distributior A
determined by the integral of power up each channel, i1s of greate:
terest Figures 4,3-6 through 4.3-10 show typical radial powve
distributions for 1/8¢th : the core for represantative operating
ditions These conditions at 1) hot full power HF? at
beginning-of-~life BOL ne xenon ¢) KFP at BOL INI ded
eqQuUiIlibriun xenon HFP near BOL bank [ in eqQuilibrium xer
- {F¥ ear middle-of-life MOL u7 :Jae& equllibrium xenon, and
HFP near end-of-life (EOL unrodded, equalibrium xenor
) b
s
Because the position of the hot channel

sing.ie reference racdial design power dist: r DNE
calculations This reference power dis tively
chosen to concentrate power iAn one area of g the

penelts o} fiow redistribution., Assembly powers are lZed tO
~0re average powver The radial pover distribution within a fuel od
and Ats variation with burnup as utilized in thermal calculations and
fuel rod design 1is discussed in Section 4.4

; the purp 3f 1ilustration, typical assemcly power distributions
< he BOL ana £E0L conditions, corresponding to Figures 4.3~ and
4.3~1C espectively are given for th same assembly ir
Figures 4 ll and 4.3~12, respectively

aries from time to time 8 onservatively flat assembly power
distributior 18 assumed 1n the DNB analysis described i
Section 4.4, with the rod of maximum, integrated power artificially
raisegd t¢ the desigr value of F;H Care 1s taken in the nuclear
design of all fuel cycles and all operating .onditions to ensure that
Amendment 12 B 12 ne ¢
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 3F Contrel rods in a single bank move together with no
individual rod insertion differing by more than 13 steps
(indicated) from the bank demand position,

-2 Control banks are seguenced ith overlapping banks,

The control rod bank insertion limits are not violated.

b T

4. Axial power distribution control procedures. which are given
in terms of flux difference control and control bank
position, are observed. 4

P :‘Ja-(‘:’

The axial power distribution procedures /referred to above are past of

the required operating procedures which are foilowed 1in normal

operation, Briefly, tney require cgntrol of the axial offser ( £lux

diffarence divided by fractional powyr) at «ll power levels within a

permissible operating band of .}nrqc Valiue corresponding to the

equilibrium full rower value. In 4he—faret cycle, the target value

et o cally o ShEANgES Admeardy from about Minue—id-te-o percent through the life of
i the cycle. This minimizes xenon transient effects on the axial power
distribution, because the procedures entially keep the xenon

distribution in phase with the power diltrxbﬁt:‘né\‘_’, 2 £ : 3
s L T Y

Calcuiations are performed for normal operation of the reactor,
including load folloving maneuvers. Beginning, middle, and end-of-
cycle conditions are included in the calculations. Different
hirtories of operation are assumed pPrior teo calculating the effect of
load follow transients on the axial power (distribution. These

. different histories assume base loaded operation and extensive load
following., For a given plant and fuel cycle, a finite number of
maneuvers are studied to determine the general behavior of the local
power density as a funstion of core elevation.

These cases reprasent many possiblie reactor states in tne life of one
fuel cycle, and they have been chosen as sufficiently definitive of
the cycle by comparison with much more exhaustive studies performed
on some 2) or 3C different, but typical, plant and fuel cycle
combinations. The cases are described in detail in Morita e* al
(1974), end “hey are considered to be necessary and sufficient to
generate < local power density limit which, vhen increased by
5 percent for consnrvatism, will not be exceeded with a 9S5-percent
confidence level. Many of the points do not approach the limiting
envelope. However, they are part of the time histories which lesd te
the hundreds of shapes vhich do define the envelope. They also serve
as a check that the reactor studied is typical of those more
exhaustively studied.

Thus, it is not possible to single out any transient or steady-state
condition which defines the most limiting case. It is not even
possible to separate out a small number which form an adequate
analysis. The process of generating & myriad of shapes is essential
to the philoscphy that leads to the required level of confidence. A

. 4.3-17
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maneuver which provides a limiting case for one reactor fuel cycle
{defined as approachang the line of Figure 4.3-20) is not necessavily
4 limiting cese of another reactor or fuel cycle with different

antrol bank wertits. enrichments burnup, coefficient ete. Each
shape depends on the detailed history of operation up to that time
and on the manner in which the operator condiiionsd xenon in the days

immediately prior to the tire at which the powsr distribution i1s

caleulated,

The calculated points are synthesized from axial calculations
combined with radial factors appropriate for rodded and unrodded
planes, tm the—firei-—64640. In these calculations, tne effects on the
unrodded radial peak of xenon redistribution that occurs following
the withdrawal of a control bank (or banks) from a rodded region is
obtained from two-dimensional X-Y calculations. A 1.03 factor to be
applied on the unrodded radial peak was obtained from calculations in
which xenon dastribution was preconditioned by the presence of
coatrel rods ang then allowed to redistribute for several hours. A
detailed discussion of this effect may be found in Morita et

al (1974). The calculated values have been increased by a factor of
:tos for conservatism and a factor of 1.03 for the engineering factor
Q .

The envelope drawn over the calculated points (max F, x power) in
Figure 4.3-20 represents an uJpper bound envelope on ' local power
density versus elevation in the core. It should be emphasized that
this envelope is a conservative representation of the bounding values
of local power density. Expected values are considerably smaller
and, in fact, less conservative bounding values may be justified with
additional analysis or surveillance requirements. For example,
Figure 4.3-20 bounds both BOL and EOL conditions but without
consideration ot radial power dis‘ribution flattening with burnup,
i.e. both BOL and ECL noints presume the same radial peaking factor.
Inclusion of the burnup flattening effect would reduce the local
power densities corresponding to EOL conditions which may be limiting
at the higher core elevations.

Finally, as previously discussed, this upper bound envelope is based
on procedures of load follow which require operation within an
allowed deviation from a target equilibrium value of axial flux
difference. Thene procedures are detailed in the Technical
Specifications and are followed by relying only upon excore
surveillance supplemented by the normal monthly full rire map
requirement and by computer-based alarms »n deviation and time of
deviation frum the allowed flux difference band.

Accident analyses are presented in Chapter 15. The results of these
analyses determined a limiting value of total peaking factor, F, of
2.32 wunder normal operation, including load following maneuvers.
This value is derived from the conditions necessary to satisfy the
limiting conditions specified in the LOCA analyses of Section 15.6.5.
As noted previously in this section, an upper bound envelope of

4.3-18
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Chapter 15. The reactivity coefficients are calculated on a corevise
basis by radial and axial diffusion theory methods and vith 1.0dal
analysis methods. The effect of radial and axial pover distributien
On  core average reactivity coefficients is amplicit in  those
calculations and is not significant under normal cperating
cenditions. For example, a skewed xenon distribution which results
in changing axial offset by § percent, changes the moderator and
Doppler temperature coefficients by less than 0.01 pem/®°F and
0.05 pem/®F, respectively. An artzfxcxllby skewved xeron distribution
which results 1in changing the radial Fiy by 3 peicent, changes the
moderator and Doppler tLemperature coefficients by less than
0.03 pem/°F 4and 0.001 pem/°F, respectively. The spatial effects are
accentuated in some transient conditions; for example, in the
postulated rupture of the main steam line and rupture of a rod
cluster control assembly mechanism housing described in
Sections 15.1.5 and 15.4.8, and are included in chese analyses.

The analytical methods and calculational models used in caleculating
the reactivity coefficients are given in Section 4.3.3. These models
have been confirmed through extensive testing of more than 30 cores
similar to the plant described herein: results of these tests are
discussed in Section 4.3.3.

Quantitative information for calculated reactivity coefficients,
including fuel-Doppler coefficient, moderstor coefficients (density,
temperature, pressure, /1d void), and pover coefficient is given in
the following sections.

4.3.2.3.1 Fuel Temperature (Doppler) Coefficient

The fuel temperature (Doppler) coefficient is defined as the change
in reactivity per degree change in effective fuel temperature and is
primarily a measure of the Doppler broadening of U-238 and Pu-240
resonance absorption peaks. Doppler broadening of cther isotopes,
such as U~236 and Np-237, s alsc cousidered but their contribution
to the Doppler effect is small. Ar .increase in fuel temperature
increases the effective resonance absorption cross-section of the
fuel and produces a corresponding redustion in reactivity,

Insart A Mmau%mmmw
qaoup-&-i—oo%ou&o&tauoT—uoinq~ca—updniod~voe.&oa—o§—§ho~-44HHHJF~4&ulr*
tharry —and-—Altomare1536). Moderator temperature is held constant,
and the power level is varied. Spatial variation of fuel temperature
is taken into account by calculatirg the effective fuel temperature
as & function of power density, as discussed in Section 4.3.3.1.

A typical Doppler temperature coefficient is shown in Figure 4.3-26
as 2 function of the effective fusl temperature (at BOL and EOL
conditions). The effective fuel temperature is lower than the volume
averaged fuel “"emperature, since the neutron flux distribution is
non-uniform through the pellet and gives preferential weight to the
surface temperature. A typical Doppler-only contribution to the

4.3-23
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The fuel temperature coefficient is calculated by performing two-group X-Y calculations using: a)
an updated version of the TURTLE code (Barry and Altomare 1975), or b) the Advanced Nodal
Code (ANC) (Liu, et.al, 1986)
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With burnup, the moderator coefficient becomes wmore negative,
primarily as & result of boric acid dilution, but also to a
significant extent from the effects of the buildup of plutonium and
fission products.

J.‘mu‘oal

The moderator coefficiant {is uléuutod for the varicus plant
conditions by performing two-group calculations, wvarying the
moderator temperature (and dansity) by about £5°F about each of the
mean temperatures. The moderator coefficient i shown as a function
of core temperature and boron concantration for a typical unrodded
and rodded core in Figures &.3+29 through 4.3-31. The tamperature
rangs covered is frow cold (68°F) to about 600°F. The contribucion
dus to Doppler coefficient (becauss of change in woderstor
temperature) has been subtracted from these results. Figure 4.3-32
shows the hot, full power moderator tempersture coefficient for a
typical core plotted as a function of “ferwe cycle lifetime for the
just ¢critical boron concentration condition based on the design boron
concentration reduction as a function of burnup (Figure 4.3-3.).

Tie moderator coefficients presented here are calculated on &
corewide basis, since they are used to describs the core bebavior ia
normal and sccident situations when the modersator tempersture changes
can be conasidared to affect the entire core.

Hodezetor Prassure Coefficient

The wmodsrator pressurs coefficient relates the change in mode.ator
density, resuliiag from a reactor coolant pressurs changs, to the
corresponding eifect om neutrop production. This cosfficient is of

wuch less significance in cosparison with the moderstor temperature
coeffliciant.

A change of 50 psi in pressure has approximately the same effect on
reastivity as & 1/2 degres change in wmoderator temperaturs. This
confflciant can be determined from ths moderator teampersture
cosfficiant by relating change in pressurs to the corresponding
chenge 4in dansity. The ®moderstor jressurs coefficient may be
negative over 8 portion of the msoderstor tempersture range at BOL (-
0.006 pecm/pei, BOL) Ddut is alweye positive at operating conditions
and becomes more positive dariag life (+0.3 pem/pai, ECL).

Modeystor Void Coefficisat

The wodarstor voild coefficent relates the changs in neutron
sultiplication to the presencs of voids in the modarator. In
pressurized water reactor, thin coefficient is oot very significant
because of the low void content v the coolant. The core void
content 4is less than 1/2 of 1 percent and {s due to local or
statistical boiling. The void coefficient varies from 50 pca/percent
void at BOL eand at low temperatures to -250 pcm/percent void at EOL
and at operating temperatures The negative void coefficient at
operating temperature becomes more negative with fuel burnup.

&.3-25



BVPS~2 UFSAR

transient analysis even though the extreme coefficients assumed mway
not simultaneously occur &t the conditions of lifetime, power level,
tewperature and boron concentration assumed in the analysis. The
need for a reevaluation of any accident in a subsequent cycle is
contingent upon whether or nut the coefficients for that cycle fall
within the identified range used in the analysis presented in Chapter
15 wizh due allowance for the calculational uncertainties given in
Section 4.3.3.3. Jontrol rod requirements are given in Table &.3-3

OF - ARIOIBALIOH Sy AR - SROIT VELidity ih -8 PETLiGuier -
~ooanoidoao:/,_b.ﬂ.. fiesl cycle and a typ cal ra il

“.3.2.4 Contrel Requirements

Te ensure the shutdown margin stated in the Technical Specifications
under conditions where a cocldown to ambient temperature is required,
soncentiated solubly bPoron is added to the reactor coolant. Boron
concentrations for several core conditions are listed in Table &.3-2,
For all core conditions including refueling, the horon concoutrq{ion
is well below the solubility limit, The rod cluster control
assemblies are employed to bhring the reactor to the hot standby
condition. The minimus required shutdown margin is given in the
Technical Specifications.

The ability to accomplish ‘e shutdown for hot conditions is
demonstrated in Table 4.3-3 by comparing the difference between the
rod cluster control assembly ruactivity available with an allowance
for the worst struck rod with cthat required for control and
protection purposes. The shutdown margin includes an allowance of 10
percent fo: analytical uncertainties (see Section &.3.2.4.9). The
largest reactivity conrtrol requirement appears at the EOL when the
moderator temperature coefficient reaches its peak negative value as
reflected in the larger power defect.

The control rods are required to provide sufficient reactivity to
account for the power defect from full power to zero power and to
provide the required shutdown margin., The reactivity addition
resulting from power reduction consists of contributions from
Doppler, variable average moderator temperature, flux redistribution,
and reduction in void content, as discussed below.

4.3.2.4.1 Doppler

The Doppler effect arises from the broadeaning of U-238 and Pu-240
rasonance cross-section peaks with an increese in effective pellet
tampersture. This effect is most noticeable over the range of zero

power to full power due to the large pellet tamperature increase with
power generation.

&.3-27
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.3.2.4.11 Chemical Poison

Boron ain solution as boric ecid is used to control relatively slow
reactivity changes associated with:

3 The moderator temperature defect in going from cold shutdown
" &t ambient temperature to a constant moderator temperature
at equilibrium no load value.

The transient xenon and samarium poisoning, such as that
following power changes or changes in rod cluster control
position.

L]

- I8 The excess reactivity required to compensate for the effects
of fissile inventory depletion and buildup of lonig=life
fission products.

qh)or'b!f'

“. The durnebie poison depletion.

The boron concentrations for various core conditions are presented in
Table 4.3-2.

4.3.2.64.12 Rod Cluster Control Assemblies

The number of rod cluster control assemblies is shown in Table &.%-1.
The rod cluster control assemblies are used for shutdown and control
purposes to offset fast reactivity changes associated with:

1. The required shutdown margin in the hot zaro power, stuck
rods condition.

2. The reactivity compensation as & result of an increase in
power above hot zero power (power defect, including Doppler,
and moderator reactivity changes).

- Unprogrammed fluctuations in boron concentration, reactor
covlant temperature, or xenon concentration (with rods not
exceeding the allowable rod insertion limits).

&, Reactivity ramp rates resulting from load changes.

The allowed contrel bank reactivity insertion is limited at full
power to wemaintain shutdown capability. As tha power level is
reduced, control rod reactivity requirements are also reduced, and
more rod insertion is allowed. The control bank position is
monitored, and the operator is notified by an slars if the limit is
approached. The determination of the insertion limit uses
convervative xenon distributions and axisl power shapes. In
addition, the rod cluster control assembly withdrawal pattern
determined from these analyses is used in determining power
distribution factors and in determining the wmaximum worth of an
insarted rod cluster control assembly ejection accident. For further
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discussion, refer to the Technical Specifications on rod insertion
limits.

Power distribution, rod ejection, and rod misalignment analvses are
based on the arrangement of the shutdown and control groups of the
rod cluster control assemblies shown in Figure 4.3-35. All shutdown
rod clyster control assemblies are withdrawn before withdrawal of the
control banks is initiated. In going from zero to 100-percent power,
control banks A, B, C, and D are sequentially withdrawn. The limits
of rod positions and further discussion on the basis for rod
insertion limits are provided in the Technical Specifications.

4.3.2.4.13 Burnable Abscroers Reds : |
at b bc,.’n-,‘n? .x( Hae (,c e

ﬁo-*&:mnblc absorbers wvods provido/plrtul control of the excess
reactivity available duesng-the-faset-fuai-oyele. In doing so, iﬁooo-nn»egsmL"
#ode- prevent the wmoderator temperature pcoefficient from being

positive at normal operating conditions. perform this function

by reducing the requirement for soluble poison in the moderator at

the heginning of the tret-fued cycle, as previously described, For

purposes of illustration a typical burnable absorber -sed pattern in

the core, btogetherwith the-—RuBbei-of -50de-pes—assenbly, Sese shown in

Figure &.3-5, while the arrangement within an assembly Jlo-dinplcyod

in Figure 4.3-4. The reactivity worth of is shown in

Table 4.3-1. The boren in the is depleted with burnup, but at a
sufficiently slow rate so that the result critical concentration

of soluble boron is such that the moderagor temperature coefficient

remains negative at all times for power opdrating conditions.

this b.,m..U; q‘-’”'bef'

$.3.2.4.14 Peak Xenon Startup

Compensation for the peak xemon buildup is accomplished using a
chemical shim control system. Startup from the peak xenon condition
is accomplished with a combination of rod motion and boron dilution.
The boron dilution may be made at any time, including during the
shutdown period, provided the shutdown margin is maintained.

4.3.2.4.15 Load Follow Control and Xenon Control

During load follow maneuvers, power changes are accomplished using
control rod motion and dilution or boration by the chemical shim
control system as required. Control rod motion is limited by the
control rod iusertion limits on the control rods, as provided in the
Technical Specifications and discussed in Sectiom 4.3.2.4.12. The
power distribution is maintained within acceptable limits through
location of the control rod bank. Reactivity changes cue to the
changing xenon concentration can be controlled by rod wmotion and/or
changes in the soluble borom concentration.

Rapid power increases (5 percent/min) from part power during load

follow operation are accomplished with a combination of rod motion
and boron dilution. Compensation for the rapid power increase is
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[t was observed in the second X-Y xenon test that the
pressurized water resctor core with 157 fuel assemblies had
become more stable due to an increased fuel depletion, and
the stability index was not determined.

€.3.2.7.5 Comparisen of Casculations with Measurements

The analysis »f the axial xenon transient tests was performed in an
axial slab geometiy, using & flux synthesis technique. The direct
simulation of the axial offset dats was carried out using the PANDA
Code (Barry et al 1975). The analysis of the X-Y xenon trassient
tests was perforred .n an X-Y geometry, using a modified TURTLE Code
(Barry and Altomare 197%). Poih the PANDA anc TURTLE Codes solve the
two-group time-dependent neutron diffusion equation with time-
dependent xenon and iodine concentrations. The fuel temperature and
moderator deasitv feedback is limited to a steady-state model. All
the X-Y calculations were performed in an average enthalpy plane. -

"™he basic nuclear cross-sections used in this study were generated
from a unit cell depletion program which has evolved from the codes
LEOPARD (Rarry 1963) ana CINDER (England 1962). The detailed
experime.tal outs during the tests, including the reactor power
level, enthalpy rise, and the impulse wmotion oy the control rod
assembly, as well as the plant follow burnup data, werse closely
simulatod 1o the study. @ e

The results of the stability cnlculatioﬁ for the axial tests are
cwparad with the experimental date in Table 4.3-5. The calculations
suow conservative results for both of the axisl ti-.: with a margin

of approximately -0.01 br ' in the stability .ndex.

Az analytical simulation of the first X-Y xenon oscillation test
shows a calculated stability index of ~0.081 hr ', in good agreement

with the measured value of -0.076 hr . As indicated earliec, the
second X-Y xenon test showed that the core had become wmore stable
compared Lo the firs: test, and £o eveluation of the stabiliity index
was attempted. This increase in the core stability in the X-¥ plane
due to incressed fuel burnup is due mainly to the increased magnitude
of the negative moderator tempercturs coefficieut.

Previous studies of the physics of zenon oscillations, including
three-dimensional analysis, are reported in the series of topical
reports: Poncelet and Christie (1968); Skogen and McFarlane
(1965a); and Skogen and McFarlane (1969b). A more detailed
description of the experimantal results and analysis of the axial and
X-Y xenon transient tests is presented in Les et &l (1971) and
Section 1 of Eggleston (1977).

4.3.2.7.6 Stability Control and Protection

The excore detector system is utilized to provide ind’cations of
xenon-induced spatial oscillations. The readings from the excore

4.3-39
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Current designs use ANC, a two group time dependent neutron diffusion equation solution. lodine
Xenon, and feedback modeling has been preserved {rom prior methods

Insert B p. 4.3-39

Current designs use PHOENIX-P. This code has been extensively benchmarked against prior
methods and actual data
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provide a sensitive measure of the Doppler coefficient near full
power (see Section 4.3.2.7). It can be seen that Doppler defect data
is typically within 0.2 percent 4p of prediction.

4.3.3.2 Macrescopic Group Constants
insert A
Macroscopic few-group constants and ¢
sections (needed for foedback and microschpic depletion calculations)
can bt ave generated for fuei cells by a version of the LEOPARD
(Barry 1963) and CINDER (England 1962) codes, which are internally
linked and provide burnup-aependent cross-sections. Normally, a
simplified approximation of the main fuel chains is used. However,
where needied, a compleve sciution for all the significant isotopes in
the fuel chains, from Th-23%: to Cm-244, is available (Nodvik et al
1969). Fast and taermas cross-section library tapes contain
microscopic cross-sections take: for the most part from the ENDF/B
(Drake 1970) library, with & few exceptions where other data prov.ded
better agreement with critical experiments, isotopic measurezents,
and plant critical boron values. The effect on the unit fuel cell of
nonlattice components in the fuel assembly is obtained by supplying
an sppropriate volume fraction of these materials io an ertra region
which is homogenized with the unit cell 4in the .ast (MUFT) and
thexmal (SOFOCATE) flux calculations. In the tliermal! calculation,
the fuel rod, clad, and moderator are homogenized b7 erergy-dependent
disadvantage factors d:rived from an analytical fit to integral
transport theory results.

w c."rhg“’"“"f

sistent microscopic cross-

. Group constants for guide thimbles, instrument thiables, and
interassembly gaps are genersted in u manner analogous to the fuel
cell calculations. Reflector group constants are taken from infinite
medium LEOPARD calculations. Baffle group constants are csalculsted
from an average of core and radial reflector microscopic group
constants for stainless steel.

Group constauts for control rods and burnable absorbers are
calculated in a linked version of the HAMMER (Suich and Honeck 1967)
and AIM (Flatt and Buller 1560) codes. The Doppler broadened cross
sections of the control rod and burnable absorber materials are
represented as smooth cross sections in the Sé-group LEOPARD fast
group structure and in 30 thermal groups. The four-group constants
in the rod cell and appropriate extre region are generated in the
coupled space-energy transport HAMMER calculation. A corresponding
AIM calculation of the homogenized rod cell with extra region ‘~ used
to adjust the absorption cross-sections of the rod cell to mate the
reaction rates in HAMMER. These transport-equivalent group constants
are reduced to two-group constants for use in space-depandent
diffusion calculations. In discrete X-Y calculations, only one mesh
interval per cell is used, and the rod group constants are further
adjusted for use in this standard mesh by reaction rate matching the
stancard mesh unit assembly to & fine mesh unit asseambly calculation.

. 4.3-43



Insert A p. 4.3-43

There are two lattice codes used for the generation of macroscopic group constants for use in the
spatial few group diffusion codes. The first code is a linked version of LEOPARD (Barry 1963) and
CINDER (England 1962) and the second code s PHOENIX-P (Nguyen, et. al., 1988). A description
of each code follows
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The PHOENIX-P computer code is a two-dimensional, multigroup, transport

based lattice code and capable of providing al) necessary data for PwR
analysis. Being a dimensional lattice code, PHOEN!)-P does not rely on
pre-determined spatial/spectral interaction assumptions for a heterogeneous
fuel lattic, hencs 11 provide a more accurate multi-group flux solution
than versions of Lt ARD/CINDER. The PHOENIX-P computer code is approved

by the USNRC as the lattice code for generating macroscopic and microscopic

few group #russ sections for PWR analysis . . e e MQ “w e

v

The solution for the detailed spatia) flux and ong:g*,n$s&a4butinn\)s
divided 1nto two major steps in PHOENIX-P " 1In the first step-a
two-dimensional fine energy group nodal solution 15 obtained which couples
individual subcell fons (pellet rlad and mooerator) as well as
surrounding pini. ENIX-P use. & mthod based on the Carlvik’s collision
probability approach and heterogeneous response fluxes which preserves the
Feterogeneity of the pin cells and their surroundings. The nodal solution
provides accurale and detatled local flux distribution which is then used
to spatially homogenize the pin cells to fewer groups.

The second step in the solution process rolves for the ln?ullr f1ux
distribution using a standard S4 discrete ordinates calculation., This step
15 Lased on the group-collapsed and homogenized cross sections obtaned
from the first step of the solution  The S4 fluxes are then used to
normalize the detailed spatia) and energy noda) fluxes. The norealized
noda! fluxes are used to compute resction rates, power distribution and to
depiete the fuel and burmable absorvers. A standard Bl calculation is
employed to evaluate the fundaments' wmode critica) spectrum and to prov . de
an improved fast diffusion coefficient for the core spatial codes.

The PHOENIX-P code employs a 42 ene group library whigh has been derived
mainly from ENDF/B-V files. The PMOENIX-P cross sectipns 1ibrary was
gesigned to properly capture integral prcyerties of the multi-group data
during group collapse, and enabling proper modeling Of important resonance
parameters. The 1ibrary contains all neutronic data necessary for modeling
fuel, fission products, cladding and structural, €oolant, and
control/burnadble absorbur materials present in Light Water Reactor cores.

Group constants Tor burnable absorber ce'ls, guide thimbles, instrument
thimbles, control rod cells and other non-fuel cells cin be obtained
direclly from PHOENIX-P without any adjustments such as those required in
the cell or 1D lattice codes.

1
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Spatial few-group diffusion calculations have primarily consisted of
two-group X-Y calculations using an updated version of the TURTLE code, and
two-group axtal calculations using an upcated version of the PANLA code.
However, with the advent of VANTAGE 5 fuel and, hence, axial features such
as axial blankets and part length burnable absorbers, there will be a
greater reliance on three dimensional noda) codes such as 3D ANC (Advanced
Nodal Code) ( The three dimensional nature of the nodal
codes provides both the jrad™y) and axial power distributions.

Noda) three dimensional caloulations ave carried out to determine the
critical boron concentrations arc powsr distributions. The moderator
coefficient is evaluated by varying the inlet temperature in the same
calculations used for power distribution and reactivity predictions,
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AN( s used in t'\'. dimens ('d\ and three-dimens na a at ne AN ar
be used for safety analyses and t alculate critica) boron concentrat
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AN
sre obtained from the hree dimensions)l PRI calculation from whioh
constants are homugenized by flux~volume welghting.
Validation of the epatial codes fc .aloulating power distributions
involves the use of Lncore and excore detectors and is discussed in
section 4.3.2.3.7

Based on compavison with messured dats, It ie estimated that the
acouracy of currant analytical methods (e

#0.1 percent Ap for Doppler defect
22 x 10°%/°'r tor moderstor cosfficient
£5C ppm for critical bhoron concentration with depletion
+) purcent tor power distributions
+0.2 percent &40 for rod bank worth
24 pom/etep for differenticl rod worth
£0.5 pom/ppe for boron worth
$0.1 percent 4p for moderator defect
4.3.4 Revinione
The design mechods for the criticality of fuel sssemblies outslde the

reactor now ues thy ANPI/KENO system of codes as desoribed (n Section
4.3.2.6,

The deeign wechods Lo4 LEe AUCLeAs A Alyeis Of Lhe COre A ube bolk !
TURTLE  (Barry and Aivsecare 1976 and FALADOR (Camden o4 &l 1978 for .
B e e SR Y SR |

4.3.5 Rafaerences for Section 4.3
Inse~t A = |

Barry, R.F. 196}, LBOPARG = A Spectrum Dependent Ron-foatia.
Deplation Code for the IBN-7094. WCAP~1269-26.

Barry, R.F. ot al 197%, The PANDA Code. WCAP-1048-P-A (Proprietary)
wid WCAP-7787-A (Nenproprietary).

Barry, K. 7. and Alcomare, 8. 197§, The TURTLE 24.0 Diffusion
Depletion Code. WCAP=7213=P=A  (Proprietary) and WCAP-77858-A
(Nonpropristary).
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. & THERMAL AND HYDRAULIC DERIGN
“ | Design Pases

The overall objective of the thermal and hvdraulic iesign of the
Feactor core is to provide adequate heat trensfer which s
Compatible with the heat generation distribution in the core such
that heat removal by the reacter coolant systam (KCE) or the
emergency core cooling system (ECCS) (when anplicable) assures
that the following performances and safety criteria requirements
are met

1 Fuel damage (defined as penetration of the fission
product barrier, that is, the fuel rod clad) is not
expected during norma) operation and operational
transients (ANS Condition 1) or any transient conditions
arising from faults of moderate frequency (ANS
Tondition 11) It is not possible, however, to preclude
& very small number of rod failures resulting in the
release of fission products. The chemical and volume
contrel system is designed to remove the fission
products from the reactor coolant, keeping the reactor
conlant activity within plant design bases limits.

The reactor can be brought to & safe state following a
Condition 11l event with only & small fraction of the
fuel rods damaged, as defined previously, although
sufficient fuel damage wight occur to preclude
resumption of operation without ceousiderable outage
time.

"2

3. The reactor can be brought to & safe state and the core
can be kept subcritical with acceptable heat transfer
geometrv  following transients arising from Condition IV
events .

In order to satisfy these requirements, the following design
bases have been established for the thermal and hydraulic design
of the reactor core.

“.4.1.1 Departure from Nucleate Boiling Design Basis

Basis

There will be at least a 95 percent probability that departure
from nucleate boiling (DNJ) will not occur on the limiting fuel
rods during normal operation, operational transients, or during
transient conditions arising from faults of moderate frequency
(ANS Condition ! and Il events), at a 9§ percent confidence
level. ;
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INSERT A PAGE 4.4-1

For this application, this criterion {s met by limiting the minimum

departure from nucleate boiling ratioc (UNBR) to a design value of 1.21,
Plant specific margin to accormodate rod bow and other DNB penalties and
allow for flexibility in the design, operation and analysis ot the
plant is provided by performing the sa‘ety analyses to a DNBR limit

value of 1.33.

INSERT B PACE 4.4-2

Historically, the DNBR limit has been 1,130 for Westinghouse
applications. In this application, the WRB-1 correlation Motley 1084
is used, With the significant improvement in the accuracy of the

eritical heat flux prediction by using this correlation instead of the
previous correlation, a DNBR correlation limit of 1.17 can be used with
at least a 95 % probability with a 9% § confidence level.

The design method used to meet the DNB design vasis 18 the MINI-Revised
Thermal Design ¢rocedure (Ray 1+84) which 18 a conservative application
of the Revised Thermal Design Procedure (Friedland, Ray 1987). In the
MINI=RTDP method, uncertainties in the nuclear peaking factors and fuel
fabrication parameters are cornpired statistically with the DNB
correlat ‘on uncertainties tc tefire the DNBR design limit such that
there is at least a 95 percert probability (with 95 percent confidence)
that ONB will not occur when *he calculated minimum DNBR is egual to o
greater than the design limit The uncertainties included in the
MINI<RTCP method are for the -.clear enthalpy hot-channel factor,
(FNAH) ; the enthalpy rise hot- hannel factor, F(E,6H); and the THINC-1V
and transient codes., Tncorporiting the peaking factor uncertainties in
the correlation limit results .n a DNBR design limit value of 1.21.

In addition to the considerations abkuve, a specific plant allowance has
been considered in the present analysis. In particular, a DNBR limit
value of 1.3 has been used in the safety analyses for the plant. The
difference between the DNBR value used in the safety analyses and the
design DNBR value (1.33 versus 1.21) provides plant specific DNB marqin
to offset the rod bow pe alty and other DNB penalties that m  “ccur.
This DNB margin may also be used for flexibility in the Jdesiq
cperation or analysis of the plant.

For conditions outside the range of parameters for the WRB-1
correlation (rofer to Secticn 4.4.2.2.1), the W-] correlation is used
with a DNBR correlation limit of 1.30 for pressure equal to or greater
than 1000 psia. For low pressure applications (500~1000 psia), the w-!
DNBR correlation limit is 1.45 (Thadani, USNRC, 1989).
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meet ﬂ\‘ UMD des: ’u critey oe o‘ ,Qefc'- Wy

presented « Table « &+ f¢ ' 4Nt ons
. serv.ce it & dlso rnoted wer SPAb L Lty
evaLudtian, thers 4% N : € des gt riteria The
TRACIOT i $L4 I S L A s L e e R T LA T
tue. entariine me:ting WWTing normal pearation, ocperaticons
irans.enti ind fauits 91 moGerate
nx;o usm' “t h 3 (c.f\'/a* T
11 #ONI sraivses performed fot \PS+hnave in ..‘r‘ i UNBER
pultiplier of 0.863 The resulits of “ by 17 geometry | .E tests,
(Mot ley el al 1975a discussed in Sestion ¢« . &.2 5.1 and
indicatang 4 ONBR sultiplier of 0 .88, is regquired for the "R"
grid DNB correlstion Thus, the wmultiplier wused resul’s :in

conservative UNB evealuations

Fusl densification has been considered in the DNB and fuel
temperature evalustions wutilizing the methods and mode | s
described by Me.lman (197§

and

@ &6 .28 Critical Heat Flux Rotio _eof Departure from Nucleate
Boiling Ratic and Mixing Tezhnology

The winimus ONBRs for the rated power, designh overpower, and
anticipated transient conditions are given in Table & 4«1 ¢ he
minimum ONBR in the limiting flow channel is downstream of the
peak heat flux location (hot spot) due te the (ncreased
downstream enthalpy rise

»
In;.". 4

' Departure from nuclesats boiling retios are calculated by using
the correlation and definitions described in Sections &.&.2.2.1
and & . &.2.2.2. The THINC-IV computer code (Section & .&.4.5.1) is
used %o determine the flow distribution in the core and the local
conditions in the hot channel for use in the DNB correlation
The use of hot channel factors is discussed in Section & « & 3.1
(nuclear fhot channel factor) and in  Section &.4.2.2.4
(engineering hot channel factors).

¢ 6.2.2.1 Departure from Nucleate Boiling Technology

! - {
in Westinghouse critical heat flux calculations. The Oelete w

was ofseinslly developed froem single tube data (Tong 1 , but
was subseq y sodified to apply to the 0. 422 j outside
dismeter rod rid (Tong 1972) and "L" grid tley and Cadek
1972), as well a8 ¢t . 374 inch outside d er (Motley et al
19758 and Hill et al 1 4. These modifications
te the ¥W-3 correlation have strated to be adequate for
reactor rod bundle design.

~

Ll
wth "“” w'

A description of 7 by 17 fuel ass
summary of the r ts are described by Motley
correction tor was developed to adapt the W-3
17 by semblies with top split mixing vane grids re
as grid. This correction factor, termed the "modified s

test program and &
el 1375¢). A
slation to

b ok









Insert D p. 4.4-4 10 4.4.5 (cont)

equal 1o several pellet lengths. This s due 1o the randomness of the angle of contact of the pellets
in the rod at BOL. The randomness has been verified by observation of radiograpbs of Beznau Unit
1 fuel rods and is due in part to the variation in pellet diameter

For the ch'l.ovality case, the local hest flux peak also has a maximum length equal 0 several pellets
at a given azimuthe, angle. This is due o the randomness of the azimuthal location of the cracked
peliet fragments in the axial direction.

The recent spike DNB tests (Hill, Motley, and Cadek 1973) described previously indicate that for
360° circumferential heat Nux spikes at 20% magnitude and 6" long. 1 special spike factor on DNB
need not be incorporated into Westinghouse reactor designs which incorporate the Westinghouse
type mixing vane grids. Since the 6 inch length is equivalent 1o 10 pellet lengths, no reduction in
DNBR due to pellet eccentricity or clad ovality is applied it. DNB evaluations. Similarly, the heat
flux engineerisg hot channel factor, F(E.Q) of 1.03 which allowed for variations in manufacturing
tole/ances and was used (0 determine the local maximum linear heat generation rate at a point, the
“hot spot”, is no longer considered in DNB evaluations. This sublactor was determined by statistically
combining the tolerances for the fuel pellet diameter, density, enrichment, eccentricity and the fuel
rod dimneter. F{E.Q) continues 1o be applied in determining the peak power and in fuel pellet
lemperature evaluations.

The effect of manufu.uring tolerances which affect the integrated values along a channel, i e,
vnthalpy rise engineering hot channel sublactor corresponding 10 pellet diameter, density and
enrichment, and fuel rod diameter, pitch and bowing, are still considered in all DNB evalustions as
described in Section 44 2241,
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The M}:d heat flur ainclude » 0.88 mu,:;;;ur vhich is

| the 17 by Thagdified spacer facter. However 48 neted previously |
| ($ection 4.4.2.3) i“w.xn of ©.86% has—Eeen conservatively |
| APp.ied for all ONB analysed i~ - .

e B T ST R by ll data obtained M‘muéwaﬁo leke
part of | Vet

-

| The test results indectfed that reactiveess using this geometry |

| May operate with-T minimum ONBR of 1.28 and sallwéy. the design
Critgraenm  However, as stated in Section 4.4.1.. & minimUN-HNER of |
Lﬂ!&—wrmmw e .. |

§.4.2.2.2 Definition of Departure from Nucleate Boiling Ratie

The DNB heat iUk ratio (ONBR) as appiied to this design when all
fiow cell valls are heated i3,

0 ¥
i ). N Sy .
D‘\"R - —‘S—B-"‘-.L. \"‘-"}
loc

's the haot £l st 'lfaj.c{fJ ‘, te -./g/u‘/‘ ovl Cw’w.{» -

wherey ?;,. p
0". c.or.fs l "N

qQ 4
" D!!, El
. . (4.4+2)

and g" is  the uniform DNB heat flux as predicted by the W-3}
DNB corpnhfgn (Tong 1967) vhen all flow cell valls are heated,

F is the flux shape factor to account for nen~uniform axial heat flux
distributions (Tong 1967) with the "¢ term modified by Tong (1972).

4.4-5

L N
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The DHER a8 appiied o this design when 8 cold wail 48 present is
9.5 00 B8
BR o radln 4 4
where.
" =

q" ™ ‘;‘\:‘ALLAFL,

DNB, N, CW ¥ 4. .48
where:

§ VoD i the wuniform ONB heat fluxm o8 predicted by the W+)
ce?!‘df . Nl correlation (Tong 1972) when not all flov cell walls
47e heated (thimble co.id wvai. ce.l).

-&t—to—oho~ocno—00-0uooo-ood»4¢m~oyptooi«oo%%v

CWF ‘s the ctold vall factrer

4.4.2.2.3 Mixing lechneoliogy

The rate of heat exchenge by mixing betveen flow channels is
propertional to the difference ir the local mean fluid enthalpy of
the respective channels tnhe local fluid density end flov velocity.

The proportionality is expressed by the dimensionless TDC which is
defined as:

©
-
-

1

e e (4.4+8)

where :

<

‘& flov exchange rate per unit length

(lbg/ ft-sec)

fluid density (lbg/ftd)

fluid velocity (ft/sec)

lateral flov ares between channels per unit length
(fed/fe)

> <o
L R

The application of the TDC in the THINC snalysis tor determining the
overall mixing effect or heat exchange rate is presanted by Chelemer
(et al -39%%) .

1969

4.4+6
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CWF (Tong 1972) = 10 - Ru (1376 - 1.372¢' ™

and Ru = 1 - DeDh

For the WRB-1 correlation

QCong N = g ;‘_B.HJ

where F is the same flux shape factor that is ue

J -".‘L(J‘) 4 O 8 (H'.lukl,J('il

1"

; with the W3 correlation

KK

8 S09DK" )

(4.4-4a)
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The heat flux hot channel factor considers the Incal maximum
linear heat generation rate at a point (the hot spot), and the
enthalpy rise hnt channel factor involves the maximum integrated
linear heat generation rate along a channel (the hot channel)

Each of the total hot channel factors is conmposed cf a4 nuclear
hot channel factor (Section &.4.4.3) describing the fission power
distribution and an engineering hot channel factor. which allows
for variations in flow conditions and fabricaticn telerances.
The engineering hot channul factors are made up of subfactors
which sccount for the influence of the variations of fuel pellet
diameter, density, enrichment, and eccentricity; inlet flow
distribution; flow redistribution; and flow WAXANE .

The heat flux engineering hot channel factor (TEQ) is used to

evalugte the maximum linesr heat generation rate in the core.
This subfactor {s determined by statistically combining the
fabrication variations for fuel pellet diameter, density, and

enrichment & and has a value of 1.03 at the 9% percent probability
level with 95 percent confidence.

. 4.2.2.64.1 Enthalpy Rise Engineering Hot Channel Factor, FAHE

The effect of variations ir flow conditions and fabrication
tolerances on the hot channel enthalpy rise s directly
considered in the THINC core thermel subchannel analysis
(Section 4.4.4.5.1) under any reactor operating condition. The
items included in the consideration of the enthalpy rise
engineering hot channel factor are discussed as follows:

Pellet Diameter, Density, and Enrichment wed Fuel Red m.-..h.-Lr:&L -

Design values employed in the THINC analysis related to the above
fabrication variationus are based on applicable limiting
tolerances such that these design values are met for 9% percent
of the limiting channels at @& 95 percent confidence level.
Measured wmanufacturing data on Westinghouse 17 by 17 fuel show
the tolerances used in this evaluation are conservative. Ir
addition, each fuel asseambly is inspected to assure that the
channel spacing design criteria are met. The eoffect of
variations in pellet diametar, enrichment, and density is
employed in the THINC analysis as a direct sultiplier on the hot
cthannel enthalpy rise. The fuel rod diameter, pitch, and bowing
variation (including inpile effects) is considered in the
preparation of the THINC input values, such as axial flow area,
equivalent hydraulic diameter, and lateral cross<flow area for
the hot channel. This effect (pitch reduction) is used as part
of the margin to offset rod bow penalties (Section ..6,2,.2.85).

4.4-8
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et Flow Maldistribution

The considerstion of ialet flow maldistribution in core thermal
performances is discussed in Section 4. &4.4.2.2. A design basis
of 5 percent raduction in reactor coolant flow te the hot
assembly is use! in the THINC-IV analysis.

Flow Redistribution

The flow redistribution accounts for tlve reduction in flow in the
hot channel resulting from the high flow resistance in the
channel Jdue to the local or bulk beiling. The effect of the non-
uniform power distribution is inherently considered in the THIN"
analysis for every operating condition which 1s evaluated.

clow Mixing

The subchannel mixing wodel incorporated in the THINC Code and
used in reactor design is based on experimental data (Cadek 1975)
discussed in Se tions 4.4.2.2.3 and 4.4.4.5.1. The mixing vanes
incorporated in e spacer grid design induce additional flow
mixing between (he various flow channels in a fuel assexbly as
well as between adjacent assecblies. This wmixing reduces the
enthalpy rise in the hot channel resulting from local power
peaking or unfavorable cechanical tolerances.

4.4,2.2.5 Effects of Rod Bow on DNBR

The phenomenon of fuel rod bowing, as described in Skaritka
(1979), must be accounted for im the DNBR safety analvsis of
Condition I and Condition II events for each plant application.

Applicable generic credits for margin resulting from retained
consscsvatisw in the evaluation of DNBR and/or mar obtninod
from measured plant operating parameters (such as F core

flow), which are less limiting than those required by tile plant
safe.y analysis, can be used to offset the effect of rod bow.

The safety analysis for BVPS-2 maintained sufficient wargin of- as 4 -cvaﬂ/ ]
Bt po SoRL- Aot bt DNBR 0130 828y GEed —SPaGEng  Secl bn .yl
-+K§+-06-«0~066—u0r-0vOitr-ohofn.+«ibGﬁuoco.—oooi‘io%on&-o‘-Owdao—

il Ll S DN e b ip b her o f 0. 86, 3
to accommodate full and low flow DNBR penalties identified in
Westinghouse (1981) and USNRC (1986) (<1.3 percent for the worst
case which occurs at a burnup of 24,000 MWD/MTU).

The maximum rod bow penalties accounted for iy ‘he design safety
analysis are based on an assembly average .urnup of 24,000
MWD/MTU. At burnups greater than 24,000 MWD/MTU, credit is taken

for the effect of FA burndown due to the decrease in fissionable

isotopas and the buildup of fissinn prodict inventory, and no
additional rod bow penalty is required (USNRC 1986).

4.4-9
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phase vater. These assumptions apply to the core and vessel pressure

drop calculations for the purpose of establishing the reactor coolant
loops flow rate, Two-phase considerations are neglected in the
vessel pressure drop evaluation because the core average void is
negligible (Table 4.4-2), Two-phase flow considerations Ah the core
thermal subchannel analyses are considered and the models are
discussed in Section 4.4.4.2.3. Core and vessel pressure losses are
calculated by equations of the form:

" %
ay* (§.4-8)
AP, = (K#F %" 5
¢

where:

e
-

unrecoverable pressure drop (4B /1n?)
fluid density (lb/fid)

length (ft)

equivalent diameter (ft)

fluid velocaty (ft/sec;

32.17% (lbg-ft/lbg-sec*)

form loss coefficient (dimensionless)
friction loss coefficient (dimensicnless)

RO <THEY
n

. Fluid density is assumed to be congta~t 4t the appropriate value for
each component in the core and vessel. Because of the complex core
and vessel flow geometry, precise analytical values for the form and
friction loss coefficients are not ava:lable. Therefore,
experimental values for these coefficients are obtained from
geometrically similar models.

Values are gquoted in Table 4.4-1 for unrecoverable pressure loss
4Cross the reactor vessel, including the inlet and outlet nozzles,
and across the core. The results of full scale tests of core
components and fuel assemblies were utilized in developing the core
pressure loss characteristics. The pPressure drop for the vessel vas
obtained by combining the core loss with correlation of 1/7th scale
model hydraulic test data on a number of vessels (Hetsroni 1964,
1965) end form loss relationships (Idel'chik 1960). Moody's (1944)
Curves were used to obtain the single phase friction factors.
Japart %
Tests of the reactor coolant loop flow rates will be made
(Section 4.4.5.1) prior to initial criticality to verify that the
flov rates used ir the design, which were determined in part from the
pressure losses calculated by the method described Fere, are
conservative.

4.4-12
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Core pressure drops will be confirmed when the results of the Hydraulic Verification Tests become
available. These hydraulic verification tests include hydraulic head losses and effects of velocity
changes as well as unrecoterable pressure losses. The elfects of velocity changes are small since the
static pressure waps are located at elevations of approximately equal flow areas (and therefore
approximately equal velocities). When wall static pressure taps are used near ambient fluid
conditions, it can be shown analytically that the clevation head losses do not contribute to the
measured core pressure drops. Therefore, dats from the hydraulic verification tests can be directly
applied to confirm the pressure drop values quoted in Table 4.4-1 which are based on unrecoverable
pressure losses only.

Insert L p. 4.4-13

the safety analysis limit DNBR

Insert M p. 44-13

for DNBRs greater than or equal 1o the safety analysis DNBR limit
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:.%9.8.7.3 Veid Frazten Correistien
ThAre Are Lhred jsnarate « FRJ1308 TShsigdered in flow Boilins 3
TR 43 - Saeud 3383 On FLioure 4 1-\’ S8V are the wall id .
- bie gtagamen? ¢ Jubsooied toi.ang egicy iLe.
"B Bt R ans g Dued saly regis
AR PR NBae V5aid resint N8 PRANt where [o2al Boiling bezifs
determined wnen the T.ad temperature reacnes the amount of superneat
predicted from Thom s et al (855-1988) carrelation
section ¢.4.2.7.1) The void fradtien in this region 15 calculates
“Sing Maurer's 1960 relationship. The bubble detachment point
where the superheated bubbles Dreak avay from the wall, is determires
by using Griffith et al L958) relationsnip.

ihe veoid fraction in the subcaoled BCi.ing region (that is. afier the
detachment poant) is zaltulated rom Bowring's 1962) corralatios

. | A - B . - - “aw e
+N48 corre.aticon predicts tne vo.id fracticn from the detachment poaint

to the bulk beiling regisn

The wvoid fraction in the bulk boiling region is predacted by using
nemogeneous flow theory and assuming ne slip. The void fractisn AN
thi region is therefor & function only of the thermedynamic
quality,

$.8.2.8 Thermal Effects of Operational Transients

Peparture from nucleate boiling core safety limits are gererated as 1
function of resctor coolant temperature, pressure. core power and
axial power imbalance. Steady state cperation within these safety
iimits ensures that the minumum ONBR 1s not less than rde T
Figure 15.0.3-1 shows the BNBR-—eyuete—tr30C TInLt Lines RT TRE" /- se-
resu.iting overtemperature T trip lines (vhizh become part of th
Technical Specifications) pilotted as AT versus Tavg for various
pressures. This system provides Adegquate protection against
anticipeted operational transients that are slov with respect o

fiuid transport delays in the RCS. In addition for fast transients

for examplc, wuncontrolled rod bank withdraval at power incident
(Section 15.4.2) specific protection functions are provided  as
described .n Section 7.2 and the use of these p:otoczaon functions 1is
described in Chapter 15., The thegma! respense o the Juel rool

/8 oliacusseel T Sectinm gy 4 YR

4.4.2.9 Uncertainties in Estimates

nye!

4.4.2.9.1 Uncertainties in Fuel and Clad Temperatures

As discussed in Section 4.4.2.11, the fuel temperature is a function
of crud, oxide. clad gap. end pellet conductances. Uncertainties in
the fuel temperature calculation are essentially of twe types:
1) fabrication uncertainties such as variations in the pellet and
clad dimensions and the pellet density: and 2) model uncercainties
such as wvariations 1n the pellet conductivity and the ge&p

&.4-13
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9.4.2.9.4 Uncertainty in Departure from Nucleate Boiling Correlation

The uncertainty in the ONB correlation (Ssction 4.4.2.2) can be

writtien as a statement on the probability of not being in ONB based

en the statistics of the DNB data. This is discussed in

section 4.4.2.2.2.

4.4.2.9.5 Uncertainties in Departure from Nucleate Beiling Ratio
Calculations

The uncertainties in the DNBRs calculated by THINC analysis
(Section 4.4.4.5.1) due to uncertainties in the nuclear peaking
factors are accounted for by applying conserva.ively high values of
the nuclear peaking facters and including measurement error
allovances. In addition. conservative values for the engineering hot
channel factors are used as discussed in Section 4.4.2.2.4. e
-acou&&a—-o4~—¢-—0on‘*++u+&y—o%udy~+aoch;oa&oa~aad—Cho&onof—+8334-*uﬂn»
“THINC IV —ahow - thet—the MALAWR-DNEBR—4H 458 ROt -ChRReL - ;

The ability of the THINC-IV code to accurately predict flow and
enthalpy distributions an rod bundles 18 discussed in
Section 4.4.4.5.1 and presented by Hoch:eiter (et al 1973), Studies
have been performed by Mochreiter and Chelemer (1973) to determine
the sensitivity of the minimum DNBR in the hot channel to the void
fraction correlation (Section 4.4.2.7.3): the inlet velocity and exat
pressure  distributions assumed as boundary conditions for the
analysis gand the grid pressure loss coefficients. The results of
these studies show that the minimum DNBR in the hot channel s
relatively insens’ tive to variations in these parameters. The range
of varistions considered in these studies covered the range of
possible variations in these parameters.
corawidt readie power dinhe but on (Lee “..é'...é F'(N,AH))

4.4.2.9.6 Uncertainties in Flow Rates

she uncertainties associated with reactor co nt loop flow rates are
discussed in f=cvtion 5.1. A thermal design fl s defined for wuse
in core thermal performance evaluations which™ . aceounte—for—besh
PrAdLciion. AR DEUGUFORIAL--WRCALLAMALLME~— In addition, &nother

© 5 4% percent of the thermal design flow is assumed to be ineffective

for core heat removal capability hbecause it bypasses the core through
the various avaliiable vessel flow paths descrived in
Section 4.4.4.2.1

4.4.2.9.7 Uncertainties in lydraulic Loads
As discusved in Section 4.4.2.6.2. hydraulic loads on the fuel
asserbly are esvaluzted for a pump overspee. transient which creates

flow rates 20 percent greater than the mechanical design flow. As
stated in Section 5.!, the nechanical design flow is greater than the

4.4-15
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At higher temperatures taermal conductivity 1s best sptained -
UilliZing the integral CORSuUCtIvity to melt NICH can be Jetermined
with meorse  certaing, From an examination of the data. it nas been
conciuded that the best estimate for the Vadiue of 2 B00°C Kdr 1s
93 W/em. This conclusion is based on the integral values teperted by
Cuncan (1962): Gyllander (1971, Lyons (et al 1%66). Soplin 1988) :
Bain (1962): and Stora (1970).

N 3

The design curve for the thermal conductivity is shown on Figureys-x,
The section of the curve at temperatures petween 0°C and 1 300¢r is
in  excellent agreement with the recommendation of the lnternational
Atomic Energy Agency (1966) panel. The section of the curve above
1,300°C 1s derived for an integral value of 93 W/ em (Duncan 19&2

Gyllander 1971, and Stora 1970).

Thermal conductivity of UC, at 95 perczent theoretical density can be
represented Ddest by the following equation:

K = + 8.773 % 1C'13 73 (4.4-9)

where:

A = Weme°C
T = o

4.4.2.11.2 Radial Power Distribution in UQ, Fuel Rods

An accurate description cof the fuel rod radial power distrib.iion as
& function of burnup is needed for determining the power level for
incipient fuel melting and other important performance parametars
such as pellet thermal expansion, fuel swelling, and fission gas
release rates.

Radial power distributions in UD, fuel rods are de. rmined with the
rieutron transport theory code, LASER. The LASER Code has been
validated by comparing the code predistions on radial burnup and
iS0topic distributions with measured radial microdrill data (Poncelet
1965 and Nodvick 1970). A radial power depression factor £ is
determined using radial power lJistributions predicted by LASER. The
factor f enters into the determination of the pellet centerline
temperature, Tc. relative to the pellet surface temperature, T,
through the expression:

4.4-18
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roughness (Dean 1962)., This infeormation together with the pellet and
clad inner surface roughness for Westinghouse fuel leads to the
following correlation:

K 4.4-12)

vhere:
P = coatact pressure (psi)
4.4.2.11.4 Surface Heat Trensfer Coefficients

The fuel rod surface heat transfer coefficients during subcooled
forced convection and nucleate boiling are presented in
Section 4.4.2.7.1.

§.4.2.11.5 Fuel Clad Temperatures

The outer surface of the fuel rod at the hot spot cperates at a
temperature of approximately 660°F for steady state operation at
rated power throughout core life due to the presence of nucleate
beiling. Initially (beginning-of-life), this temperature is that of
the clad metal outer surface.

During operation over the life ¢f the core. the buildup of oxides and
crud on the fuel rod surface causes the clad surface temperature to
increase, Allowance 1is made in the fuel center melt evaluation for
this temperature rise. Since the thermal-hydraulic Jesign bas s
iimits ODNB, adequate heat transfer is provided between the fuel zlad
and the reactor coolant so that the core thermal output 1is not
limited by considerations of clad temperature. - jnsert (8]

§.4.2.11.86 Treatment of Peaking Factors

The total heat flux hot channsl factor, Fn, is def.ned as the ratio
of the maximus to average core heat flux. e design value for F, as
presented in Table 4.3-2 and discussed in Section 4.3.2.2.6 is 2.32
for normal operation. This results 1in a peak linear pover of
12.1 kW/ft at full power conditions.

As described in Section 4.3.2.2.6, the peak linear power resulting
from overpower transients/operator errors (assuming maximum overpower
of 118 percent) is 18.0 kW/ft. The centerline temperature kW/ft musc
be below the UO, melt temperature over the lifetime of the rod,
including allowances for uncertainties. The fuel temperature cesign
basis is discussed in Section 4.4.1.2 and results in maximum
allowable calc lated centerline temperature of 4 700°F. The peak

4.4-20
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4. Flow introduced between the baffle and the carrel for the
purpese of czooling these components and which 1s  nat
tonsidered avaiiable for core cooling.

g Flow in the gaps Dbetveen the fuel assemblies on the =are

periphery and the adjacent baffle wall.

These flow paths are evaluated to confirm that the design value of
the core bypass flow 15 met. The design value of core bypass flow
for BVPS-2 1s equal to-4+H percent of the total vessel flow.
5 iess thee 4.6

Of the total allowance, 2.0 percent is associated with the core and
the nder 1s associated with the internals (items 2 through &),
Caicv.atioOns have Dbeen performed wusing draving tolerance in the
worst direction and accounting for uncertainties in pressure losses.
Based on these calculations. the core bypass is no greater than the
preceding design values Qquoted.

Flow model test results for the flow path through the reactor are
discussed in Section 4.4.2.7.2.

4.4,4.2.2 1Inlet Flow Distributions

Data from several 1/7th scale hydraulic reactor model tests (Hetsroni
1964 and 1965, and Carter 1972) have been utilized in arriving at the
core 1inlet flow maldistribution criteria to be used in the THINC
analyses Section 4.4.4.5.1)., THINC-1 analyses made, using this data
have indic:- .ed that a conservative design Dbasis 1is to consider
5 percent reduction in the flow to the hot assembly (Shefcheck 1972).
The same design basis of % percent reduction te the hot assembly
anlet 1is used in THINC-IV analyses.

The experimental error estimated in the inlet velocity distribution
has been considered as outlined by Hochreiter and Chelemer (1973)
where the sensitivity of changes in inlet velocity distributions to
hot channel thermal performance is shown to be small. Hochreiter and
Chelemer (1973) studies made with the improved THINC model (THINC-IV)
show that it is adequate to use the 5 percent reduction in inlet flow
to the hot assembly for a reactor coolant loop out of service based
on the experimental data presented by Hetsroni (1964 and 196%).

The effect of the total flow rate on the inlet velocity distribution
was studied in the experiments by Hetsroni (1964). As wvas expected,
on the basis of the theoretical analysis, no significant variation
could be found in inlet velocity distribution with reduced flow rate.

4.4.4.2.3 Empirical Friction Factor Correlations

Two empirical friction factor correlations are used in the THINC-IV
Code (Section 4.4.4.5.1). .
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The way in wvhich Fﬁn i used in the DNB celculation is important
The location of minimum ONBR depenas on the axial prefile and the
value of DNBR depends on the enthalpy rise to that point. Basically
the maximum value of the rod integral is used to identify the mos:
likely rod for minimum OUNBR An axial power profile is obtained
which when normalized to the design value of Fla recreates the axia.
heat flux along the limiting rod. The surrounding rods are assumed
to have the same axial profile with rod average powers which are
typical distributions found in hot assemblies. In this manner, worst
case axial profiles can be comdbined with worst case radial
distributions for reference ONB calculations.

It should be noted again that M, is an integral and is used as such
in DNB calculations. Local h;o:“?lulct are obtained by using not
channel and adjecent channel explicit pover shapes which take into
account variations in horizontal pover shapes throughout the core
The sensitivity of the THINC-IV analysis to radial pover shapes .s
discussed by Hochreiter and Chelemer (19731).

For operation at P-of full pover, the dlf}qn '2! used s
Ll R $ o -vwtlySis hqsusr?m;dnrofnw.y e A s T
P Lover 2 &% ”',!c.r«f',./ w o Fechkwical %/'y< £l A
g ¥ J '.“ ’

,*:(',' c'/dw'ajlfm efa if: /'.m P."?[ L/’,"wu- f\EQMJ‘.’A- 0; Q 'S @
The permitted relaxation of rg is included in the DNB protection
setpoints and allows radisl pover yhnpo changes with rod insertion to
the insertion limits (McFar.ane 1975), thus alloving greater
flexibility in the nucleer design.

4.4.4.3.2 Axial Heat Flux Distributions

As discussed in Section 4.3.2.2. the axial heat flux distribution can
vary as a result of rod motion, power chanae, or due to a sSpatia.
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xenon transient which may oceour in the axial direciis
Consequently. i1t is necessary to measure the axial power impa.anc
means of the excore nuclear detectsrs (Section 4.3.2.2.7) and pro

R IR 4 e

the sore from excessive axial power imbalance. FThe talerence. axeal nsert

r-$ho——oou'oo——o€~4hoco—aoc&don&o~*n~uh*eh—9»&~*t—.~eonoefn«tt—anaéytoq,,
Eh\Chlpter 15 assuming that the protection setpoints have been SQSxdﬁ

the ™ of these shapes, In many cases the axial pover |
distribltion in the hot channel changes throughout the course of the
accident to rod mation, reactor coolant temperuyrt" and powver |
level changes. -
" |
The initial conditiohs for the accidents for miich DNB protection is
required are assumed to those permis ¢ within the constant®
axial offset control stra for load maneuvers described by
Morita (et al 1974). 1In the ca he loss of flow accident, the
hot channel heat flux profile-{s wery similar to the power density
profile in normal operation preceding accident. It is therefore
possible to i1llustrate e calculated imum DNBR for conditions
representative of the 10ss of flow accident a%.3 function of the flux
difference 1initiady in the core. All power es were evaluated
with a full p radial peaking factor (FN ) of 1. %&. The radial
ceatributi to the hot roJd power shape i1¥ conservativ oth for the
initial eondition and for the condition at the time of mifdmum DNBR
dur the loss of flow transient, Based on the analysis, a
pPe is chosen which results in a calculated minimum DNER

h/ate

§.4.4.4 Core Thermal Response

A general summary of the steady state thermal-hydraulic design
parameters including thermal output, flow rates, etc, is provided 1in
Table 4.4-1 for all reactor coolant loops in operation.

As stated in Section 4.4.1, the design bases of the application are
to prevent DNB and to prevent fuel melting for ANS Conditien I and II
events. The protective systems described in Chapter 7, are designed
to meet these bases. The response of the core to ;Efgr Condition II

t t 5. |
ransients is given in Chapter 1 (L.,t»mm-éné"'ﬂ el (._tN/)
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The momentum and encrgy exchange between elements in the array are described by the equations
for the conservation of energy and mass, the axial momentum equation and two lateral momentum
equations which couple cach element with its neighbors. The monentum equations used in
THINC-1V are similar to the Euler equations (Valentine 1959) excepting that frictional loss terms
have been incorporated which represent the combined effects of frictional and form drag due to the
presence of grids and fuel assembly nozzles in the core. The crossflow resistance model used in the
later momentum equations was developed from experimental data for flow normal to tube banks
(Idel" chik 1960 and Kay. London 1955). The energy equation for each element also contains
additional terms which represent the energy gain or loss due to the crossflow between elements,

The unique feature in THINC-IV is that lateral momentum equations, which include both inertial
and crossflow resistance terms, have been incorporated into the calculational scheme. This
differentiates THINC-IV from other thermal-hydraulic programs in which only the lateral resistance
term is modeled. Another important consideration in THINC-1V is that the eatire velocity field is
solved, er. masse, by a field equation while in other codes such as THINC-1 (Chelemer, Weisman and
Tong 1969) and COBRA (Rowe 1971) the solutions are obtained by stepwise integration throughout
the array.

The resulting formulation of the conservation equations are more rigorous for THINC-IV therefore,
the solution 1s more accurate. In addition, the solution method is complex and some simplifying
techniques must be employed. Since the reactor flow is chiefly in the axial direction, the core flow
field is primarily one-dimensional and it is reasonable to assume that the lateral velocities and the
narameter gradients are larger in the axial direction than the lateral direction. Therefore, a
perturbation technique can be used to represent the axial and lateral parameters in the conservation
equations. The lateral velocity components are regarded as perturbed quantities which are smaller
than the unperturbed and perturbed component with the unperturbed component equaling the core
average value at a given elevation and the perturbed value is the difference between the local value
and the unperturbed component. Since the magnitudes of the unperturbed and perturhed parameters
are significantly different, they can be solved separately. The unperturbed equations are one-
dimensional and can be solved with the resulting solutions becoming the coefficients of the perturhed
equations. An iterative method is then used to solve the system of perturbed equations which
couples all the elements in the array.

Three THINC-TV compute: runs constitute one design run; a corewide analysis, a hot assembly
analysis, and a hot subchannel analysis. While the calculational method is identical for cach run, the
elements which are modeled by THINC-IV change from run-to-run. In the corewide analysis, the
computational elements represent a quarter of the hot assembly. For the last computation. a quarter
of the hot assembly is analyzed and each individual subchanne! is represented as a computational

clement,

The first computation is a corewide, assembly-by-assembly analysis which used an inlet velocity
distribution modeled from experimental reactor models (Hetsroni 1964, 1965) (Carter 1972) (see
Section 4.44.2.2). In the corewide analysis the core is considered to be made up of a number of
contiguous fuei assembly divided axially into increments of equal length. The system of perturbed
and unperturbed equations are temperature and void fraction in each assembly. The system of
equations is solved using the specified inlet velocity distribution and a knc »u exit pressure condition
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An experimental verification (Hochreiter, Chelemer and Chu 1973) of the THINC-IV analysis for
corewide, assembly-to-assembly enthalpy rises as well as enthalpy ris2 in a non-uniformly heated rod
bundie has been obtained. In these experimental tests, the system pressure, inlet lemperature, mass
flow rate and heat fluxes were typical of the Beaver Valley core design.

During the operation of a reactor, various incore monitoring syt 7. as obtain measured data indicating
the core performance. Assembly power distributions and assembly mixed mean temperature are
measured and can be converted into the proper three-dimensional power input needed for the
THINC programs. This data can then be used to verify the Westinghouse Thermal-Hydraulic design
codes.

One standard startup test is the natural circulation test in which the core is held at a very low power
(2%) and the pumps are turned off. 7 ne core will then be cooled by the natural circulation currents
created by the power differences in the core. During natural circulations, a thermal siphoning elfect
occurs resulting in the hotter assemblies gaining flow, thereby, creating significant interassembly
crossflow.  As described in the preceding section the most important feature of THINC-IV is the
method by which cross flow is evaluated. Thus, tests with significant cross flow are of more value in
the code verification,

Interassembly crossflow is caused by radial variations in pressure. Radial pressurs gradients are in
turn caused by variations in the axial pressure drops in different assemblies. Under normal operating
conditions (subcooled forced convection) the waal pressure drop is due mainly to friction losses.
Since all assemblies have the same geometry, all assemblies have nearly the same axial pressure drops
and crossflow velocities are small. However, under nature! circulation conditions (low flow) the axial
pressure drop is due primatily to the difference in elevation head (or coolant density) between
assemblies (axial velocity is low and therefore axial friction losses are small). This phenomenon can
result in relatively large radial pressure gradients and therefore higher crossflow velocities than at
normal reactor operating conditions,

The incore instrumentation was us=d 1o obtain the assembly-by-assembly core power distribution
during natural circulation test. Assembly exit temperatures during the natural circulation tests on a
157 assembly, three-loop plant were predicted using THINC-IV. The predicted data points were
plotted as assembly temperature rise versus assembly power and a least square fitting program was
used to generate an equation which best fit the data. The result is the straight line presented in
Figure 4.4-13. The measured assembly exit temperatures are reasonably uniform, as indicated in this
figure, and are predicted closely by the THINC-IV code. This agreement verifies the lateral
momentum equations and the crossflow resistance model used in THINC-IV. The larger crossflow
resistance used in THINC-I reduces the flow redistribution so the THINC-IV gives better agreemen,
with the experimental data.

Data has also teen obtained for Westinghouse plants operating from 67 percent to 101 percent of
full power. A representative cross section of the data obtain from a two-loop and a three-loop reactor
were analyzed to verify the THINC-IV calculational method. The THINC-IV predictions were
compared with the experimental data as shown in Figured 4.4-14 and 4.4-15. The predicted assembly
exit temperatures were compared with the measured exit temperatures for ea~h data run. The
standard deviation of the measured and predicted assembly exit temperatures were calculated and
compaced for both THINC-IV and THINC-1 and are given in Table 4.4-3. As the standard deviations
indicate, THINC-IV generally fits the data somewhat more accurately than THINC-1. For the core



inlet temperatures and power of the data examined, the coolant flow is essentially single phase. Thus
one would expect little interassembly crossflow and small differences between THINC-IV and
THINC-I predictions as seen in the tables. Both codes ate conservative and predic' exit temperatures
higher than measured values for the high powered assemblies.

An experimental verification of the THINC-IV subchannel calculation method has been obtained
from exit temperature measurements in a non-uniformly heated rod bundle (Weisman, Wenzel, Tang,
Fitzsimmons, Thorne, Batch 1968). The inner nine heater rods were operated at approximately 20
percent more power than the outer rods to create a typical PWR intra-assembly power distribution.
The rod bundle was divided into 36 subchannels and the lemperatures rise was calculated by THINC-
IV using the measured flow and power for each experimental test,

Figure 4.4-16 shows, the typical run, a comparison of the measured and predicted lemperature rises
as a function of the power density in the channel. The measurements represent an average of two
to four measurements taken in various Quadrants of the bundle. It is seen that the THINC-TV results
predict the temperature gradient across the bundle very well. In Figure 4.4-17, the measured and
predicted temperature rise are compared for a series of runs at different pressures, flow, and power
levels.

Again, the measured points represent the average of the measurements taken in the varnous
Quadrants. It is seen that the THINC.IV predictions provide a good representation of the data.
Insert S p. 4.4-28

44455 Fuel Temperatures

As discussed in 4.4.2.2, the fuel rod behavior is evaluated utilizing a semi-empirical thermal model
which considers in addition to the thermal aspects such items as clad creep, fuel swelling, fission gas
release, release of absorbed gases, cladding corrosion and elastic deflection, and helium solubility.
A detailed description of the thermal model can be found in supplemental information from Salvatori
(1972, 1973) to the AEC with the modifications for time dependent densification given in Hellman
1973.

44456 Hydrodynamic Instability

The analytical methods used to sccess hydraulic instability are discussed in Section 4.4.3.5.
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«44.6 Hydrodynamic and Flow Power Coupled Instability

In steady state, two-phase, heated flov, a potential for flow instability in parallel closed channe's
exists.  Although such a potential may not exist in the Westinghouse open lattice array core, it has
been evaluated on a conservative basis. The instability may be a flow excursion from one state 10
another, or it may be a scll-sustained oscillation about one state (Boure, Bergles, and Tong 1971).
Either type is undesirable in a nuclear reactor.  First, sustained fNlow oscillations may cause
undesirable forced mechanical vibration of components. Second, flow oscillation may cause system
control problems by varving the moderator coefficient.  Third, it has been found (Ruddick
1953 )(Lowdermilk, Lanso and Siegel 1958) that during flow oscilletions the critical heat flux necessary
for DNB may be considerably lower than in steady {low.

Wher the flow channels of a reactor core having common inlet and outlet plenums operate
hydraulically in paraliel, all have the sane pressure drop. An instability in one or more of these
channels where boiling occurs does not significantly change the overall pressure drop because the
flow is redistributed to a large number of other stable channels, and the condition of constant
imposed pressure drop is satisfied. This type of oscillation is thermohydrodynamic and can best be
understood by realizing that a boiling channel constitutes & time-varying, spatial distributed parameter
system. In a two-phase flow the hydrodynamic coupling with a potential for positive feedback may
lead to sustained oscillations having sizable amplitudes. Thus, a temporary reduction in the inlet flow
rate 1o a boiling channel will increase the rate of evaporation, thereby raising the average void
fraction. This disturbance affects the elevation, acceleration, and frictiona’ pressure drop as well as
the heat transfer behavior, For certain conditions of channel geometry, thermal properties of the
heated wall, flow rate, inlet enthalpy, heat flux, ete,, resonance may occur snd sustained oscillations
then result,

The flow instability of a group of parallel flow chanr2ls having commen plenums at the inlet and exit
has been investigated analytically. Westinghouse has developed the HYDNA (Tong, et al. 1961)
digital computer program for predicting the hydrodynamic stability of parallel closed channels. To
verify the capability of HYDNA (o predict flow instability, the program was used to analyze the
experimental results reported in Quandt 1961. The results of this comparison are presented in Table
4.4-4 and a typical result is plotted in Figure 4.4-18.

Using the HYDNA program, a generic closed channel analysis was done utilizing core coolant
conditions typical of a Westinghouse four-loop reacter rated at 3250 MWt The results, presented
in Figure 4.4-19, predict inception or thermohydrodynamic instability at a power level in excess of 185
percent of rated power. Additional analyses made with the program indicates that:

1 17x17 fuel assembly cores show no significant differences from the 15x15 cores with respect
to thermoinstabilities.

The power and flow conditions corresponding to operation with one main reactor coolant
loop out of service show the margin of inception of thermohydrodynamic instability for this
mode of operation is greater than the margin for operation with ail reactor coolant loops in
service.

r

A distinguishing feature of Westinghouse PWRs such as Beaver Valley is that the many parallel,
heated flow channels in the reactor core are of the open type. That is, there is very little resistance






in the core. A number of thermal effects must be considered when analyzing the fuel rod
performance.

The clad can be in contact with the fuel pellet at some time in the fuel lifetime. Clad-pellet
interaction occurs if the fuel peilet temperature is increased after the clad is in contact with the
pellet. Clad-pellet interaction is discussed in Section 4.2.1.3.1.

Increasing the fuel temperature results in an increased fuel rod internal pressure. One of the fugl
rod design bases is that the fuel rod internal pressures do not exceed the nominal coolant pressure
even at the overpower condiuon (Section 4.2.1.1.1.).

The potential effects of operation with waterlogged fuel are discussed in Section 4447 which
concluded that waterlogging is not a concern during operational transients.

Clad flastening, as noted in Section 4.2.1.3.1, has been observed in some operating power reactors.
Thermal expansion (axial) of the fuel rod stack against a flattened section of clad could cause failLre
of the clad. This is no longer a concerr: because clad flattening is precluded during the fuel residence
in the core (see section 4.2.1.3.1).

There -.. ov a differential thermal expansion between the fuel rods and the guide thimbles during
a tran.ient.  Excessive bowing of the fuel rods could oceur if the grid assemblies did not allow axial
movement of the fuel rods relative 1o the grids. Thermal expansion of the fuel rods is considered ia
the grid design so that axial loads imposed on the fuel rods during a thermal transient will not result
in excessively bowed fuel rods (see Section 4.2.1.2.2).

4449 Energy Release During Fuel Element Burnout

As discussed, the core is protected from going through DNB over the full range of possible operating
conditions. In the extremely unlikely event that DNB should occur, the clad temperature will rise
due to the steam blanketing at the rod surface and the consequent degradation in hewt trarsfer.
During this time there is : potential for a chemical reaction between the cladding and the coolant
However, because of the relatively good film boiling heat transfer following DNB, the energy release
resulting from this reaction is insignificant compared to the power produced by the fuel.

DNB With Physical B

Westinghouse (Weisman, Wenzel, and Tong 1968) has conducted DNB tests in 25-rod bundie where
physical burnout occuned with one rod.  After this occurr. nce, the 25 rod test section was used for
several days to obtain more DNB data from the other rods in the bundle. The burnout and
deformatior of the rod did not affect the performance of neighboring rods in the test section during
the burnout or the valicity of the subsequent DNB data points as predicted by the W-3 correlation.
No occurrences of flow instability or other abnormal operation was observed.

DNB With R Nucleate Boili

Additional DNB tests have heen conducted by Westinghouse (Tong, et al. 1967) in 19 and 21 rod
bundies. In these tests, DNB without physical burnout was experienced more that once on single
rods in the bundles for short periods of time. Each time, a reduction in power of approximately 10
percent was sufficient 1o reestablish nucleate boiling on the surface of the rod. During these and
subsequent tests, no adverse effects were observed o this rod or any other rod in the bundle as a
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4.4.4.X Fuel Rod Behavior Effects from Coclant Flow Blockage

Reactor coclant flov blockages can occur within the reactor coolant
chennels of a fuel assembly or external to the reactoer core. The
effects of the blockage within the assembly on fuel rod behavior is
more pronounced than external blockages of the same magnitude., In
both cases the flov blockages cause local reductions in reactor
ceolant flow. The amount of local flow reduction, where it occurs,
and how far along the flov stream the reduction persists are
considerations which will influence the fuel rod behavier. The
effects of reactor coolant flow blockages in terms of maintairing
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rated core performance are determined both By anaiytical st
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exverimental methods. The experimental data are WBLALLY used 1@
8. Ment analyticel toels such as CEmMPuler programs samilar s the
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seciion §.4.5.2 and discussed by Tong (196 ENOWS THAt the predicted
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CHBR .5 dependent upen the locel values of QUALLLY and mavus velesity,

the TMINC-IV Code is capable of predicting the efrects of local flow
biockeges on DNBR within ihe fuel Assembly on & subchannel basis

regardiess of where the flow blockege occurs. Mochreiter (et ¢l
i973) dascuss thet for & fuel ASSeMDlY Similar to the Westinghouse
design. THINC-IV sccurately predicts the flow dastribution withan the
fuel assembly when the inlet nozzle i3 completely blocked. Full
recovery of the flov was found to occur about 30 inches dovnstream of
the Blockage. With the reactor opersting et the nominal full powver
Eoncitions specified in Table 4.4+1. the effects of an increase in
enthalpy and decrease in mass velocity in the lower pertion of the
fuel assenmbly wgzld nzﬁ‘rclqltlan N8 reactor reaching a4 minimum DNBR
oftedl, belew Mo sebely L0 i,

From a review of the open Jliterature, it is concluded that flow
blockage in "open lattice cores’ simiiar to the Westinghouse cores
cause flow perturbations which are local to the blockage, [or
instance, Ohtsubo and Uruwashi (1972) show that the mean bundle
velocity is approached asymptotically about 4 inches downstream from
¢ flov blockage in & single flow cell. Similar results were also
found for 2 and 3 cells completely “locked. Basmer (et a) 1972)
tested an open lattice fu~l assembly in which 41 percent of the
subchannels were completely blocked in the center of the test bundle
between spacer grids. Their results shov the stagnant :one behind
the flcw blockage essentially dissppears after 1.65 L De or About
§ inches for their test bundle. They also found that leakage flow
through the blockage tended to sherten the stagnant zone or, in
essence, the complete recovery lenjth. Thus, iocal flow blockages
within a fuel assembly have little effect on subchannel enthalpy
rise. The reduction in local mass velocity 1s then the main
parameter which affects the DNBR. If the standard plants wvere
oper.ting at full pover and nominal steady state conditions as
specified in Table 4.4-1, & reduction in local mass velocity greater
e ‘aad"t percent would be required to reduce the DNBR fSerom——ivdi to
jwif® brd6  The above mass velocity effect un the DNB correlation was
based on the assumption of a fully developed flow along the full
channel length. in reality & local flow blockage is expected to
promote turbulence and thus would likely not effect DNBR at all.

Reactor coolant flov blockages induce local crossflovs as vell as
promote turbulence., Fuel rod vibration could oceur, caused by this
cressflov componeny, through vortex shedding or turbulent mechanisms.
If the crossflow velocity exceeds the limit established for fluid
elastic stab y, large amplitude whirling results. The limits for
4 control vibration mechanism are established from studies of
vertex~shedding and turbulent pressure fluctuations. The crossflow
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velocity required to exceed fluid elastic stability limitz is
dependent on the axial location of the blockage and the
characterization of the crossflow jet flow or not) These
iimits a1 greater than those for vibratory fuel Jod wear
Crossflow velocity above the established limits can lead to
mechanical wedr of the fuel rods at the grid suppert locations
Fuel rod wear due to flow induced vibration is considered in the
fuel rod fretting evaluation (Sectien &4.2)

« . &.5 Testing and Verification
€ &.5.1 Tests Prior to Initial Criticality

A reactor coolant flow test is pcrformed following fuel loading,
but prior to initiel criticality. Reactor coolant loop pressure

drop data are obtained in this test This data allows
determination of the reactor coolant flow rates at reactor
operating conditions This test verifies that proper reactor

cooleant flow rates have been used in the core thermal and
hydraulic analysis. Chepter 14 describes the initial test
programs .

“.4.5.2 Initial Power and Plant Operation

Core power distribution measutements are made &t several core
power levels (Chapter 14). These tests are used to ensure that
conservative peaking factors are used in the core thermal and
hydraulic analysis.

Additional Jemonstration of the overall conservatism of the THINC
analysis was obtained by comparing THINC predictions te incore
thermocouple measurements (Burke et al 1976). These weasurements
were performeac on the Zion reactor No further in-reactor
testing is planned.

4.4.5.3 Component and Fuel Inspections

Inspections performed on the marufactured fuel are described in
Section 4.2 4. Tabrication measurements criticel to theirmal and
hydraulic analysis are obtained to verify that the engineering
hot channel factors in the design analyses (Section 4.4.2.2.4)
are met.

4. «.6 Instrumentation Requirements

“.6.6.1 Incore Instrumentation

Instrumentation is located in the core so that movesble neutron
detectors and fixed thermocouples provide radisl, axial, and
azimuthal core characteristics for all core quadrants.

The incore instrumentation system is comprised of thermocouples,

positioned to  weasure fuel assembly coolant outlet
temperatures at

& 422
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The difference in neutron (fux between the upper and lower sections of the power range detectors
are used to limit the Overtemperature AT and Overpower AT (nip setpoints and 10 provide the
operator with an indication of the core power axial offset. In addition,
Insert V p 4434

4. Protect the core against adverse power distributions resulting from dropped rods.
Details of the neutron detectors and nuclear instrumentation design and the control and trip logic
are given in Chapter 7. The limitations on neutron detector operaiion and trip setpoints are given
in the Technical Specifications.
Insert W p 4434
44641 Reactor Vessel Level Instrumentation
The Reactor Vessel Level Instrumentation System (RVLIS) uses differential pressure measuring
devices 10 measure the vessel fuid level or relative void content of the primary coolant. The fluid
level or void information is displayed in the main control room for use by the operator to:

- Assist in detecting the presence of a gas bubble or void in the reactor veasel,

- Assist in detecting the approach of insdequate core cooling, and

« Indicate the formation of a void in the RCS.

The RVLIS is described in more detai! in Section 7.8.3,
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&4 6.6 FosteAccident Neutron Flux Monitering System

The post-sccident neurreon flux monitoring is an oxcore design
containing two fiss.on chanbers housed within the neutron shield
Lank This system is envitonmentally qualified for post-accident
use and provides redundant neutron indicstion over the range of

10° to 10* sounts per sccond ard 10 * teo 200 petrient rnower
The post-accident flux monitoring system supplies oSutputs to the
followiig

1. Plant safety monitoring systam (PSMS) (Section 7.7 2. 1(
per Regulatory Cuide 1.97

L

A ternate shutdown panel (ASP) (Section 7.4.1.3) per BTP
CMED 9.5-1

3. Recording device
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TABLE &.4-)

THERMAL AND HYDRAULIC COMPARISON

Design Paramerers BVPS-2 V. L. Summer
Reactor core heat output (Mwe) 2,652 2,77
Reacior core heat output (10% Btu/hr) 9,051 9,471
Heat generated in fuel (%) 97.4 97 .4
System pressure, nominal (psia) 2,250 2,250

System pressure, minimum steady
state (psia) <220 o 5

L™

Minimum DNBR at nominal design

conditions
Typical flow channel ar2® 2.43 1.98
Thimble (cold wall) flow channel 8T 2. 30 1 68
3
Minimum DNBR for design transients »1.3¢0 >1.30
DNB correlation wRE- | URlted-wteh R" O (Wed with
wodifred modified
spacer spacer
facrors factor)
Coolant Flow
Total thermal flow rate (10* lbm/hr) 100.8 109.6
Effective flow rate for heat transfer .25
(10* 1be/hr) o3 102.6
Effective flow area for heat transfer «/ % (&P)
(f£?) 1.8 (vsw) 41.6
Average velocity along fuel rods |5 »
(ft/sec) Wl 15.6
2. (orp)
Average mass velocity (10* lbm/hr-ft?) 2. (veW) 2.47
Conlant Temperatures
Nominal inlet (°F) 542.5 $56.0
Average rise in vessel (°F) 67 “‘ 62.8
Average rise in core (°F) "% Tb 66.6
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BVPS-2 FSAR
. TABLE & .é+1 (Cont)

Design Parameters BVPS-2 V. . Summer
Average in core (°F) e o1 591.2
Average iu veisel (°F) §76.2 589.0
Heat Tiansfer
Active heat transfer, surface area

(fe!) 48,600 (8,600
Average heat flux (Btu/hr-ft?) xai,aoir 189,800
Maximum heat flux for norss! operation vas, voo

(Btu/hreft?) 30, 800" @40, 400
Average linear power (kW/ft) 5.20 5. 4k
Peak linear power for normal operation

(kW/ft) 12.\¢ 12.0

"

Peak linear pover resulting from over-

powar transients/operator arrors,

. assuning 4 maximum cverpower of 118%

(k¥ "fr)we 18.0 18.0
Feak linear powe: which would result
in centerline melt (kiW/ft)was »>18.0 >18.0
Power density (kW per liter of core)wws= 3§ / 38.4
Specific power (kW per kg. uranium)®sws 35 4 8.4
fuel Central Temperature
Feak at linear power for preveqtion

of centerline melt (°F) 4,700 4,700
Pressure dropwewa 0.7 £ .l

Across core (psi) Hodt2 23.2 2 3.3

Across vessel, including nozzle wo.! & 6.0

(psi) ¥ rtvrr 0.7 £ 4.1
NOTES :

0
*This limit i{s associated with the value of FQ = 2.;&.
**See Section 4.3.2.2.6.

ww#See Section 4.4.2.11.6.
. www*B.sed on cold dimensions and 95 percent of theoretical density
fuel .
wenw*Based on best estimate reactor coolant flow rate as discussed in
Section 5.1.
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.TAQLE AND FIGURE INSERTION INSTRUCTIONS
INSERT TABLES 4.4-2 AND 4,4~4 (SEE ATTACHED) .
REPLACE FIGURE 4.4-1 WITH NEW FIGURE 4.4-~1,

CHANGE OLD FIGURE 4.4-2 TO NEW FIGURE 4.4-23,
AND 4.4~-2 (SEE ATTACHED).

INSERT NEW FIGURES 4.4-1A

REPLACE OLD TIGURES 4.4+3, 4.4+4, AND 4.4-5 WITH NEW FIGURES (INCREASED
F(ail)) AND RENUMBER TAE FIGURES 4.4-4, «4.4~5 AND 4.4+6,

CHANGE OLD FIGURE 4,.4+-6 TO NEW FIGURE 4.4-8,

CHANGE OLD FIGURE 4.4+7 TO NEW FICURE 4.4+11,
AND 4.4-10 (SEE ATTACHED).

CHANGE OLD FIGURE 4.4~9 TO NEW ¥l . RE 4.4-22,

DELETZ OLD FIGURE 4.4+8.

IMSERT NEW FIGURES 4.4-0

INSERT NEW FIGURES 4.4~12

.4.¢~1J, 4.4-14, 4.4-15, 4.4=16, 4 4=17, 4.4=18, 4.4=19, 4.4=20 AND

4.4-21.



BVPS-2-UPDATED FSAR

TABLE 4.4-3
COMPARISON OF THINC-IV AND THINC-I PREDICTIONS WITH DATA
1 THREE LOOP REACTORS
Improvement (F)

Powesr % Full Measured Inlet orms (F) o (F) for THINC-IV

Reactor (e} Power Temp (°F) THINC-I THINC-IV over THINC-I
Ginna 847 65.1 543.7 1.97 1.83 0.14
854 65.7 544.5 1.56 1.46 g.10
8337 65.9 5431.5 1.97 1.82 8.15
sS4 72.9 543.8 i."2 1.74 0.18
S61 74.0 543.7 1.97 1.79 0.18
1,091 813.9 542.5 1.73 1.54 0.19
1,268 97.5 542.C 2.33 2.12 0.24
1,284 8.8 540.2 2.68% 2.47 0.22
1,284 98.9% 541.0 2.42 2.17 0.25
1,287 §%.2 544.4 Z.26 .97 0.29
1,254 $9.5 540.8 2.20 1.91 G.29
1,295 995.6 542.0 2.10 1.83 0.27
Robinsoa 1,427.0 65.1 548.0 1.85 1.88 0.93
1,422.6 54.9 549.4 1.39 1.39 0.00
1.59.90 88.0 550.0 2.35 2.34 e.¢61
2,207.3 100.7 534.0 2.41 .41 0.00
2,213.9 1el1.¢0 533.8 2.52 .44 0.08

1 of 1
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Radial Power Density Distribution
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BVPS-2 UFSAR

corresponding to Permissive 8, low flow in any two loops will actuate
& Teactor trip. Above Permissive 7, two or more RCP circuit breakers
cpening will actuate & reactor trip which serves as a backup %o the
low flow *rir.

15.3.1.2 Analysis of Effects and Consequences

Metnod of Analvsis

The Joss oz‘?uc r c.ue;-nf' Puimp -'U‘ t‘m /oo/n ‘- o,vc.f.“a‘on has been t-'-n-_’:)ff’"J'
4~———%ooomo£—pu-p~u+&h—&h¢oo-4009&—6a~a¢0¢0&+aa.

'ibr—~—&ono—oi—’unp—u*&h—&oo—%oopo—+a—opo¢0&+aa—-—

This transient is analyzed by three digital computer codes 1) the
LOFTRAN (Burnett et al 1972) Code is used to calculate the loop and
core flow during the transient, the time of reacter trip based on the
calculated flows, the nuclear power transient, and the primary system
pressure and temperature transients; 2) the FACTRAN (Hunin 1972) Code
is then used to calculate the heat flux transient based on the
nuclear power and flow from LOFTRAN; and 3) the THINC Code (Section
4.4) is used to calculate th. departure from nucleate boiling ratio
(DNBR) during the transient based on the heat flux determined by the
FACTRAN and flow from LOFTRAN. The DNBR transients presented
represent the minimum of the typical or thimble cell.

Initial Conditions

Initis]l operating conditions assumed are the most adverse with
respect to the margin to DNB (that is, maximum steady-state power
level, minimum steady-state pressure, and maximum steady-state
coolant average temperature). Section 15.0.3 provides an explanation
of initial conditions. D F LR A SOPE PO Tl iy be
! bline\ad L ¢ l I "
m‘m gu—

Reactivity Coefficients

The most negative Doppler-only power coefficient is used
(Figure 15.0-2). This is equivalent to a total integrated Doppler
reactivity from 0 to 100 percent power of 0.0164p.

The least negative moderator tamperature coefficient (Figure 15.0-3)
is assumed since tiis results in the maximum core power during the
initial part of the transient when the minimum DNBR is reached.

Flow Coastdown

The flow coastdown analysis is based on . momentum balance around
each reactor coolant loop and across the reactor core. This momentum
balance is combined with the continuity equation, a pump momentum

-
wn
w
*
r

B —



BVPS+<2 UFSAR

baiance, and the pump characteristics and is based on high estimates
of system pressure losses,

Plant systems and equipment which ure necessary to mitigate the
effects of the accident are discussed in Section 13.0.8 and listed in

Table.15,.0+6., No single active failure in any of these systems or
equipment will adversely affect the consequences of the accident

Results

Figures 15.3-1 through 15.3<4 show the transient response for the
loss-of-reactor coolant pump with three loops initially in operation.
Figure 15.3-4 shows the DNBR to be always greater than the limit
value.

4 ONB R I ol : . 3 . i D
Y aot WJ

B o L T S PR Y Since DNB dost—nos occur, the ability of the
reactor coolant to reamove neat from the fuel is not significantly
reduced. Thus, the average fuel and clad temperatures do not
increase significantly above their respective initial valuos; '.J 'fL

appoc sl W

The calculated sequence of events for the wwe-case\ ghalyzed is shown

in Table 15.3-1 The affected RCP will continue to doast down, and
‘ the core flow will reach a new equilibrium value the
twoCaumbor-eé pumps still in operation. Following reactor trip, the
plant will come to & stabilized condition at hot standby with one or
more RCPs in operation. Normal operating procedures may then be
followed. The operacing procedures would call for operator action to
contrel RCS boron concentration and pressurizer level using the
chemical and volume control system (CVCS), and to maintain steam
generator level through control of the main or auxiliary feedwater
system (AFWS). Any action required of the operator to maintain the
plant in a stabilized condition will be in & time frame in excess of

ten minvtes following reactor trip.

15.3.1.3 Radiological Consequences

A partial loss of reactor coolant flow from full load would esult in
a reactor and turbine trip. Assuming, in addition, that the
condenser is not available, atmospheric steam dump may be required.

There are only minimal radiclogical consequences associated with this
event. Fuel damage as a result of chis transient is not postulated.
The radiologicdal consequences resulting from atmospheric steam dump
are less severe than those of the loss of nonemergency ac power to
station auxiliaries described in Section 15.2.6.

&
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15.3.2 Complete Loss of Forced Reactor Coolant Flow
Insert for Zirc Grids

. Insert A

Normal power for the reactor coolant pumps is supplied through busses from
a transformer cornected to the generator. Each pump is on a separate bus.
when the generator trip occurs, the busses are automatically transferred to
a transformer supplied from external power lines, and the pumps will
continue to supply coolant flow to the core. Following any turbine trip,
where there are no electrical faults which require tripping the generator
from the network, the generator remains conpected to the network for
approximately 30 seconds. The reactor coolant pumps remain connected to
the generator thus ensuring full flow for 30 seconds after the reactor trip
before any transfer is made.
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BVPS+2 UFSAR

combined with reduced heat transfer in the steam generators cguses an
‘ insurge into the pressurizer 4and a pressure increase throughout the
RCS The insurge into the pressurizer compresses the steam volume,
dctuates the automatic spray system, opens the power-cpersted relief
valves (PORVs), and opens the pressurizer safery vaives in that
sequence. The FORVs are designed for reliable operaiion and wou.d be

expected to function properly during the accident. However, {or
conservatism, their pressure reducing effect as well as the pressure
reducing effect of the spray is not included in the anaiysis.

This event is classified as an ANS Condition IV incident (a limiting
fault) as defined in Section 15.0.1.

15.3.3.2 Analysis of Effects and Consequences

Method of Analysis

Two digital computer codes are used to analyze this transient. The
LOFTRAN Code (Burnett 1984) is used to calculate the resulting loop
and core flow transients f{ollowing the pump seizure, the time ¢f
reactor trip based on the loop flow <trans ents, the nuclear power
following reactor trip, and to dJetermine the peak pressure. The
thermal behavior of the fuel located at the core hot spot is
‘nvestrigated using the FACTRAN Code, (Hunin 1972) which uses the cove
flow and nuclear power calculated by LOFTRAN. The FACTRAN Code
includes a film boiling heat transfer coeffiziant.

Iwe
. Fhree cases ave analyzed:

1. Thrae loops operasting, une locked rotor
B L T T am—r—

r J Thrae loops operating, wvne locked rotor, loss of power to
the other reictor coolant pumps

At the beginning of the postulated locked rotor accident (that is, at
the time the shaft in one of the RCPs is assumed to aeize), the plant
is assumed to be in operarion under the most adverse steady-srate
operating conditions (that 19, maxiwun steady-state power level,
MAXimum steady-state pressure, and maxioum steady-state coolant
aversge temperature). Plaat characteristics and initial conditions
are further discussed {n Section 15.0.3. A s - b by —
R A N~ A b A Tl e A e B e AN e
TR O ki b

For the peak pressure evaluation, the initial pressure is
conservatively estimated as 30 psi above nominal pressure
(2,250 psie) to allow for errory in the pressurizer pressure
measurament and contrel channels. This is done to obtsin the highest
poseibie rise in the coolant pressura during the transisnt. To
ohrain the maximum prossure in the primary side, conservatively high

. 15,.3+7
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loop pressure drops 2re added to the calculated pressurizer pressure
The pressure responses shown on Figurel 15 3«18 end—ddrdedd ate the
responses at the point in the RCS having the maximum pressure

Evalustion of the Pressure Transient

After 'pump seizure, the neutron flux {s rapidly reduced by control

rod insertion. Rod motion is assumed to begin one secund uafter &_'x_g,_.
NO

flow in the affected loop reaches 87 percent of nominal flow
credit is taken for the pressure reducing effect of the pressurizer
relief valves, pressurizer spray, steam dump, ov controlled feedwater
flow after plann trip.

Although these operativns are expected to occur &nd would result in 4
low paak pressure, an additional degree of conservatism is provided
by ignoring their effact. The pressurizer safety valves are full
opati 4t 2,575 psia and their capscity for steam velief is as
described (n Section 5.4.

Evaluation of DNB in the Core During the Accident

For this accident, DNB is assumed to occur in the c¢ore, snd
therefore, an evaluation of the consequences with respect to fuel rod
thermal transients is pertormed. Results obtained from analysis of
this “"hot spot" condition represent the upper limit with respect to
cladding temperature and zirconium water reaction.

In the eavaluation, the rod power at the hot spot is assumad to be 2.544

times the average rod power level (that is, F at the initial cors

Q
power = 7.3). !..u& B.
=

Falm Roiling Coefficient

The film boiling coefficient is calculated in the FACTRAN Code using
the Bishop-Sandberg-Toug film boiling correlaticn. The fluid
properties are evalvited at film temperature (average between wall
and bulk tewperatures). The program calculates the film czoefficient
at avery time step based upon the actual heat transfer conditions at
the time. The neutron flux, system pressure, bulk density, and mass
flow rate as a function of time are used as program input,

Far this enalysis, the initial values of the pressure and the bulk
density are usad throughout tha transient since chey are the most
conssrvative with respect tu cladding temperature response. For
conservatism, DNB was assumed to start at the beginning of the
accident,

Fuel Clad Gap Coefficisnt
The wagnitude and time dependence of the heat transfer coefficient

between fuel and clad (gap coefficient) has a4 pronounced influence on
the thermal results. The larger the value of the gap coefficient,

15.3+8

lu..’t A
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fuel temperatyre to 10% Btu/hr ftd<°F at the initistien of the
transient. Thus, the large amount of energy stored i the fuel
beceuse of the sma.l initial value is relessed to the cladding at the
snitistion of the transient.

The zirconium«steam resction can become significant above | 800 F
(¢cladding temperatyre). The Boker-Just parabolic rate egquatien shown
as  follows 13 used to define the ra’ of the 2irconiumestieam
reactiion,

[t (=6%,500
-5'1-:1-3-'4 e 3.3 x 108 exp [—-—2‘—')-] (18, 3+
t

1,986 7

where

v ® amount rescted (mg/em?)

Lt ® time /uec)
b,
T = temperature (°f)

The reaction heat is 1 510 val/gm.

The effect of girconium-steam reaction is included in the calculation
of the "hot spot" cladding t*aperature transient,

iant  systems and equipment which are available to mitigate the
effects of the sccidet are discussed in Section 15.0.8 and listed in
Table 15.0<6. No single active failure in sy of these systems or
tquipment will advernely affect the consequences of the accident.

Fesults
"+ Locked Rotor with Three Loops Operating

The \cansient results for this case are shown on Figures 15.3-17
through 15.3-20,  The results of these calculetions are
summarited in Table 15.3-2a. The poak RCS pressure reached
during *'  transient is less than that which woul! cause stresses
to exceed the faulted condition stress limits. Alse, the peak
cledding surface temperature is considerably less than 2,700°F,
It should ba noted that the cladding temperature wvas
conservativaly caleulated assuming that DNB occurs at  the
initi .ien of the transient.

15.3-9
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l‘lA Locked Rotor with Three Loops Operating, Loss of Power to the
Reraining Pumps

The transient results for this case are shown on Figures 15 3<17
through 15.3+20. The results =f these calculations are
sumrarined in Table 15.3+0b. «+& peak RCS pressure reached
during the transient is less thar that which would tause stresses
to exceed the faulted condition stress limits. Also, .he peak
cladding surface tamperature is considerably less than 2,700%F
Both the pesak RCS pressure and the pear cladding surface
temperature for this case are similar to the 3-loop transient
with power available as discu.sed on the previous page.

#
The calculated sequence of events for the 4m;=L.c...- analyzed is
shown in Table 15 .3-1. Figurey 15.3+17 end—ibedads show that the
core flow reaches a new equilibrium value by 10 seconds. With the
reactor tripped, a stabi. plant coadition will eventially be
. attained. Normal plant shutdown may then proceed.

Following resctor trip, Beaver Valley Power Station « Unit 2 (BVPS+2)
will approach a stabilized condition at hot standiy; normal plant
operating procedures may theu be followed te maintaian a hot condition
or to ool the plant to cold shutdown. The operating prucedures
would call for operator action to control RCS boron concentration and
pressurizer level using the CVCS, and to maintain steam generator
level through control of the main feedwater system or AFWS. Any
action required of the operator to maintain BVPS+2 in a stabil.zed
conaition will be in a time frame in excess of ten minutes following
reacior trip.

15.3.3.3 Radiclogical Consequences

The radiological consequences of a postulated locked rover accident
are analyzed with the primary and secondary coclant concentrations
assumed to be at Technical Specification limits. The primary teo
secondary system leakage rate {s at the Technical Specification value
of 1 gpw. No gap activity is assumed to be released inte the primary
coolant since there {8 no {uel failure postulated, Tie primary
conlant and secondary side iodine and roble gas concentrations a:e
presented in Table 15.0-8.

. 15,3+10
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TABLE 15.3+)
TINE SEQUENCE OF EVENTS FOR INCIDENTS WHICH RESULY
IN A DECREASE IN REACTOR COOLANT SYSTEM FLOW
NITH OFFSITE POWER
Accident Event Lot

Partial Loss of Forced
Reactor Coolant Vlow

Three locps operating,
one pump coasting down

Complete lLoss of
Forced Reactor
Coolant Flow

Reactor coolant

pump shaft seizure
(locked rotor) (with
offsite power)

Coastdown begins

Low flow rearter trip 140
Rods begin to drop A |
Minimam DNER occurs 3 2

Three Loop
Operation
All operating pumps 0
lose power and begin
coasting down
0

Resctor coolant pump &
undevoliage trip
point reached
Rods begin to drop 1.5
Minimum DNBR occurs i\

i
Rotor on one pump 0
locks

3
Low flow trip 0.0}
point reached

¢
Rods begin tc drop .
Maxinum RCS pressu: s .8
GeCurs
Maximum c¢ladding x‘t

temperature accurs

1 of 2
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Figure (. 3+3
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Figure 1. %+ !

Average and Hot Channel Meat Flux Transient
for Partial Loss of Flow
Three Loops In Operation,
One Pump Ceasting Down
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Figure /5.3
DNBR versus Tl e for Partial Loss of Flow

Three Loops in Operation,
One Pump Coasting Down
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Figure /5. 3-9

Core Flow Coastdown versus Time for Three Loops In Operation,

Three "umps Coasting Down,
Complete Loss of Flow
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Figure 1L 310

hvucionr Power Transient and Pressurizer Pressure Translent

For Three Loops In Operstion,
Three Loops Coasting Down,
Complete Loss of Flow
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Figuie £, 2=

Average and Hot Channel Heat Flux Translients

for Three Loops in Opeiation,
Three Pumps Coasting Down,
Complete Loss of Flow
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Figure (1. 1-13

DNBR va Time for Three Loops In Operation,
Three Pumps Coasting Down,
Complete Loss of Flow
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Flow Transienis for Three Loops In Operation,
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Figuie (5.7

Reactor Coolant System Pressure Translent
for Three Lonps in Operation
One Locked Rotor
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Figure (£ .0~ 7

Nuclear Power Transient, Average and Hot
Channel Hea' Flux Trensients for Thres
Loops in Cpeiation,
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Figure 15.5+a0

Maximum Clad and Fus! Canteriine Yemperatures

at Hot Spot for Thiree Loops In Operation
One Locked Rotor
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15.4.8.1,2 Limiting Criteria

This event is classified as an ANS Condition IV incident
(Section 15.0..). Due to the extremely low probability of an RCCA
sjection accident, some fuel damage could be considered an acceptable
consequence.

Comprehensive studies of the threshold of fuel failure, and of the
threshold of significant conversion of the fuel thermal energy to
mechanical energy, have been carried out as part of the SPERT project
by the Idaho Nuclear Corporation (Taxelius 1970). Extensive tests of
U0, zirconium-clad fuel rods representative of pressurized water
reactor type cores have demonstrated failure thresholds in the range
of 240 to 257 cal/gm. However, other rods of a slightly different
design have exhibited failures as low as 225 cal/gm. These results
differ significantly from the TRIAT (Liimataninen and Testa 1966)
results, which indicated a failure threshold of 280 cal/gm. Limitved
results have indicated that this threshold decreases by about
10 percent with fuel burnup. The clad failure sechanism sppesrs to
be welting for zero burnup rods and brittle fracture for irradiated
rods . Also important is the conversion ratio of thermal to
mechanica! energy. This ratio becomes marginally detectable above
300 cal/gm for unirradiated rods and 200 cal/gu for irradiated rods;
catastrophic failure, (large fuel dispersal, large pressure rise)
even for irradisted rods, did not occur below 300 cal/ge.

In view of the preceeding experimental results, criteria are applied
to ensure that there is little or no possivility of fuel dispersal in
the coolant, gross lattice distortion, or severe shock waves. These
criteria Aare:

Average fue! pellet enthalp  at the hot spot below
#&% cal/gm for pfirradisted fuel.
200

2. Average clad temperature at the hot spot below the
temperature at which cladding embrittlement may be expected

(2,700°F).

b 1 Peak reacto:r coolant pressure less than that which could
cause stresses to exceed the faulted coadition stress
limits, and

4. Puel melting will be limited to less than 10 percent of the
fuel volume at the hot spot even if the average fuel pellet
enthalpy is below the limits of criterion 1 l.sted
previously.
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Delayed Neutron Fraction, Beff

Calculations of the effective delayed neutron fraction (Beff)
typically yield values no less ithan 0.70 percent at beginning-of-life
and 0.50 percent at end-of-life for the first cycle. The accident is
sensit'e to 5,;( if the ejected rod worth is equal to or greater
than eeff as in zero power transients. In order to allow for future
cycles, pessimistic estimates of bgft of 0.55 percent at beginning of

cycle and 0.44 percent at end of cycle were used in the analysis

Trip Reactivity Insertion

The trip reactivity insertion assumed is given in Table 15.4-2 and
includes the effect of one stuck RCCA adjacent to the ejected rod
These values are reduced by Lhe ejected rod reactivity. The shutdown
reactivity was simulated by dropping & rod of the required worth into
the core. The ctart of rod motion occurred 0.5 second after the high
neutron flux trip point was reached. his delay is assumed to
consist of 0.2 second for the instrument channel to produce a signal,
0.15 second for the trip breaker to cpen, wnd 0.15 second :or the
coil *to rulease the rods. A curve of trip rod insertion versus time
was used which assumed that insertion to the dashpot does not oucur
until™ w3 seconds after the start of fall. The choice of such a
conservative inseition rate means that there is over one¢ second after
the trip peint is reached before significant shutdown reactivity (s
inserted into the core. This conservatism is important for hot full
power accidents.

The wminimum design shutdown margin available for this plant at hot
zero power (HIP) may be reached only at end-of-life in rhe
equilibrium cycle. This wvalue includes an allowance for the worst
stuck rod, an adverse xenon distribution, conservative Doppler and
moderator defects, and an allowance for calculational uncertainties.
Physics calculations for this plant have shown that the effect of two
stuck RCCAs (one of which is the worst ejected rod) is to reduce the
shutdown margin by about an uddiuonnl“’“&-purco.xt Ak/k.
Therefore, following & reactor trip resulting from an RCCA ejection

accident, the reactor will be subcritical when the core returns to
RIP.

Depressurization calculatious have been performed for & typical four-
loop plant assuming the maximum possible size break (2.75-inch
diameter) located in the reactor pressure vessel head. The results
show & rapid pressure drop and & decrease in system water mass due o
the break. The emergency core cooling system (ECCS) is actuated on
low pressurizer pressure or level within one minute after the break.
The RCS pressuie continues to drop and veaches saturation
(approximately 1,200 psi{ depending on the system temperature) in
about eight minutes. Due to “he large thermal inertia of primary and
secondary system, there has been no significant decrease in the RCS
temperature below no-load by this time, and the depressurization
itself has caused an increase in shutdown margin by about
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