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1,0 INTilODUCTION AND SUMMAltY

1.1 Introcluction

The Beaver Valley Power Station Unit 2 plans to refuel and operate with upgraded Westinghouse

fuel features. 'lhis report summariics the safety evaluations that were performed to confirm the

acceptable use of these features for three loop operation. Sections 2.0 through 5.0 of the Plant

Safety Evaluation (PSE) provide the results of the Mechanical, Nuclear, Thermal and Ilydraulic, and

Accident Evaluations, respectively. Appendix a gives a summary of the Technical SpeciGcation

changes required and the corresponding cl.ange pages. Recommended changes to the 11 caver Valley

Unit 2 UFSARC1) are included in Appendix B.

'he heavei Valley Unit 2 Plant Safety Evaluation is to serve as a reference safety evaluation / analysis

report for the region by-region reload tt ansition from the present Beaver Valley Unit 2 core (Cycle 3)

to a core containing the upgraded features described below. Thus, the PSE will be used as a basic

reference document in support of future Beaver Valley Unit 2 Reload Safety Evaluations (RSEs) for

upgraded fuel relcads.

Parameters are chosen to maximize the applicability of tbc PSE evaluations for future cycles which

will utiF-: tiie Westinghouse standard reload methodology (2), The objective of subsequent cycle

r.pecific ><~ vill be to verify that appliccble safety limits are not exceeded based on the referenc,

ana yses curr-ntly in the UFSARG) or established in the safety evaluation.

1.2 Upgraded Fuel Features (VANTAGE 5 Ilybrid)

Beaver Valley Un't 2 Cycle 4 and subsequent core loadings will have fuel assemblies that incorporate

a low pressure drop Zircaloy grid. This upgraded fuel feature is known as VANTAGE 5 Ilybrid

(VANTAGE 511) and has been submitted to the NRC as an Addendum (3) to the " VANTAGE 5
ldReference Core Report," WCAP.10444-P-A ). VANTAGE SH has received generic NRC

approval (s) ,

Dev W16.sl 4 00pm 1.)
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In addition to the VANTAGE 511 design feature, Beaver Valley Unit 2 reloads will elso contain

several VANTAGE 5 design features") aad other upgraded fuel design features. Beaver Valley

Unit 2 Cycle 3 has aheady incorporated the Reconstitutable Top Nonle (RTN)HK4, Debris Filter

Bottom Nonles (DFBNs), snag resistant grids, standardit.ed fuel pellets, Integral Fuel Burnable

Absorbers (IFBAs)HKD and Axial Blanket design features of VANTAGE 5. A brief summary of the

upgraded fuel features is presented in Section 7 of this report.

1.3 Thimble Plug Assembly Removal

Thimble Plug auemblies have been used to limit the core bypa. Ilow in guide thimble tubes that are

not in RCCA positions or containing other core components. Evaluations have been performed by

Westinghouw assuming the complete removal of thimble plug assemblics hom the Beaver Valley

Pour Station Unit 2 core. Removal of thimble piug assemblics will result in an increased core

bypass flow and a reduction to the fuel assembly hydraulic loss coefficient. There is also a reduction

in the hydraulic lift force on the Iucl assembly due to a reduced fuel assembly loss coefficient. Thus,

the thimble plug assembly removalis acceptable from a fuel assembly lif t force standpoint. The effect

of the thimble plug assembly removal on the d:stribution of outlet loss coefficients has been

evaluated, and it was demonstrated that the variations in outlet laa cocmcient are within the bounds

of the sensitivity studies that have been performed by Westinghouse. Safe:y evaluations for thimble

plug assembly removal have been performed to show that the licensing analyses referenced here will
-

bound plant operations whether or not thimble plugs are removed from the core.

1.4 Conclusions

The results of evaluation / analysis described herein lead to the following conclusions:

1. The Westinghousn fuel assemblies containing VANTAGE 511 and the additional >

upgraded fuel features for Beaver Valley Unit 2 are mechanically compatible with the

current fuel assemblics, conttol rods, and reactor inte*nals interfaces. The current

design bases for Beaver Valley Unit 2 have been changed as described in this report

to accommodate the VANTAGE 511 design.

Rev 0&W>l 4 00pm ].2
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/ )' J 2. Changes in the nuclear characteristics due to the transition to upgraded fuel will be's

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

3. De reload upgraded fuel assemblics are hydraulically compatible with the fuel

assemblies from previous reload cores.

4. The core design and safety results documented in this report show the core's

capability for operating safely at the rated Beaver Valley Unit 2 design thermal power.

5. This repoit establishes a reference upon which to base Westinghouse reload safety

evaluations for future relce.ds with the upgraded fuel features and thimble plug

removal.

r~s

V

,

V
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n
2.0 DESIGN FEATUltES

2.1 Introtluction

'lhe mvchanical design of the upgraded fuel assemblies for Beaver Valley Unit 2 is the same as

previous reload fuel assernblics except that the upgraded fuel assemblics will incorporate a few fuel

l design improvements. An improvemcot is the VANTAGE 511 Zircaloy grid. Previous VANTAGU

5 features that were incorporated are Reconstitutable Top Nonles (RTNs), Debris Filter Bottom

,

Nonles (DFilNs), Snag Resistant Grids, Standardized Fuel Pellets, Enriched Integral Fuel Burnable
'

Absorbers (IFBAs) and Axial Blankets. The previous and new design changes are described in more
l
; detail in the following sections.
I

2.2 VANTAGE 511 Fuel Assembly

The VANTAGE SII fuel assembly design evolved from the current VANTAGE 5, Optimized Fuel13
V 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 511 fuel assembly design. The VANTAGE 511 design is characterized by the use of

,

Zircaloy grids with 0.374 inch OD standard fuel rods. To accommodate the 7ircaloy grids, the
1

| VANTAGE Sil thimble tube diameter was modified to be the same as the 17x17 OFA or

VANTAGE 5 fuel. A comparison of the STD and VANTAGE 511 fuel assembly design parameters

is given in Table 2.1. Figure 2.1 demonstrates the similarity of the two designs and shows a

comparison of overall dimensions.

Comparati.e fuel assembly fknv testing results indicate that the VANTAGE Sil and the STD 17x17

fuel assembly are hydraulically equivalent. Full assembly testing has confirmed that the VANTAGE

Sil fuel assembly has hydraulic stability sad that the fuel rod contact went with the spacer grids is
'

within the allowable design limits.

The major components that determine the siructural integrity of the fuel assembly are the grids.
| Q Mechanical testing and analysis of the VANTAGE Sil Zircaloy grid and fuel assembly have

r i
U demonstrated that the VANTAGE Sil structural integrity under seismic /LOCA loads will provide

Rev 08/16r14Npm 2-1
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t c
V margins comparable to'the STD 17x17 fuel assembly design and will meet all design bases.

a

TheLVANTAGE.'511 Zircaloy grid !s bcsed on the OFA Zircaloy grid design and t,perating

experience. The grid strap thickr,:ss, type of strap welding, basic mixing vane design and pattern,

method of thimble tube attachment, type of fuel rod support (6 point), n aterias and envelope are

identical to the OFA Zircaloy grid. His evaluation of the VANTAGE SII grid performance is based
- on the extensive design and irradiation experience with previous grid designs and full grid testing

completed with the VANTAGE Sil grid design.

In order to demonstrate early performance of the Zecaloy grid design, fuel assembly demonstration

programs were conducted inserting OFA fuel assemblies containing Zircaloy grids inta 14x14,15x15

~and 17x17 cores, Subsequent to the satisfactory performances observed in these programs, the OFA

with Zircaloy grids were loaded'and have operated successfully since the early 1980's in many

-Westinghouse coresW.

;ff% 2.3 Fuel Features and Other Upgrades
k0
n
* Beaver Valley Unit 2 Cycle 4 and subsequent reloads will contain fuel assemblics that incorporate

' Reconstitutable' Top Noules, Debris Fil:er Bottom Nozzle, Snag Resistant Grids, Standardized Fuel
,

Pellets, Integral Fuel Burnable Absorbers and Axial Blankets as well as the VANTAGE SH Zircaloy

grids described in the previous secticri. Dese design features and other changes, described below,

are currently part of the licensing basis in other plants anil meet all fuel assembly and fuel rod design

criteria.

Debris Filter Bottom Nozzle (DFBN)-He bottom nozzle is designed to inhibit debris from entering ,

the active fuel region of the core and thereby improves fuel perfortnance by minimizing debris related

: fuel failures. He DFBN is a low profile bottom nozzle design made of stainless steel, with reduced

end plate thickness and leg height. ne DFBN is structurally and hydraulically equivalent to the
~

eusting bottom nozzle.
.

Reconstitutable Ton Nozzle (RTN1 - %c RTN differs from the current design in two ways: a groove,

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

Rev 06/16N1400pm 22
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'

the nonle ploe thickness was reduced to provide additional space for fuel rod growth. In'-

conjunction with the RTN, a long tapered fuel rod bottom end plug is used to facilitate removal and

reinsertion of the fuel rods.

Standardized Fuel Pellets The standardized pellet is a refinement to the current pellet design with

the objective of improving rianufacturability while maintaining or imprcving performance. His

design incorporates a reduced pellet length, modiGeation to the previous dish size and the addition

of a chamfer.

Snag-Resistant Grids - The snag-resistant grids contain outer grid straps which are modificc' to help

prevent assembly hangup from grid strap interference during fuel assembly remeval. This was

accomplished by changing the grid strap corner geometry and the addition of guide rabs on the outer

grid strap.

Integral Fuel Burnable Absorbers - The IFBA coated fuel peilets are identical to the enricwd

r3 uranium dioxide pellets except for the addition of a thin zirconium diboride or enriched zirconium
! 4

V diboride coating (less thaa one mil) on the pellet cylindrical surface along .he central portion of the

fuel stack lec.gth. The enriched IFBA properties are the same mechanically and chcraically (escept

for the small reduction in density) as the natural boron material. A safety evaluation for the

application of enriched boron in the current IFBA design was performed by Westinghouse and .

concluded that the enriched boron did not adversely affect core safety considerationsR IFBAs

provide power peaking and moderator temperature coefficient control.W

/ Axial Blankets - The axial blanket consists of natural uranium dioxide pellets at each end of the fuel

stack to reduce neutron leakage and to improve uranium utilization. The axial blanket pellets are

of the same design as the enriched and IFBA pellet designs except for an increase in length. He

length difference in the axial blenket pellets will help prevent accidental mixing with the enriched andi

IFBA pellets.

n
)i

Y|

Rev 08,%914 (Mpm 23
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2.4 Fuel Rod Performance |

The 0374 inch OD fuel rod used in the VANTAGE 511 fuel assembly is the same as that used in the

Beaver Vallev t'ait 217x17 STD fuel assemblies. The design bases, methodology, and models are

the same as f.ose described previously('). No changes in fuel rod design criteria, methods, or models j

are necessary because of the transition to VANTAGE 511 fuel. The STD and VANTAGE 511 fuel

are designed according to the Westinghouse fuel performance models("X9 All fuel rod design

criteria are satisfied for the planned irradiation life. !

l
i

O

o
G
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od FIGURE 2.1

COMPARISON OF TILE 17x17 YANTAGE 511 FUEL ASSEMilLY

AND Tile 17x17 STD FUEL ASSEMilLY

17x17 VANTAGE 511 Fuel Assembly.
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COMPARISON OF 17X17 STANDARD, OPTIMI7ED, VANTAGE 5
AND VANTAGE 5 IlYBRID FUEL ASSEMBLY MECllANICAL DESIGN PARAMETERS

Standard OFA VANTAGE 5 VANTAGESII

Fuel Assembly Overall Lengt , inch 159.8 159.8 160.0 160.0h

Fuel Rod Overall Length, inch 151.6 15L6 1523 152.2

Assembly Envelope, inches v 4?6 R426 8.426 8.426

Fuel Rod Pitch, inch 0.496 0.496 0.496 0.4%

Number of Fuel Rods / Assembly 264 264 264 264

Number of Guide Thimbles / Assembly 24 24 24 24

Assembly

Number of Instrumentation 1 1 1 1

Tube / Assembly

Fuel Tube Material Zirc 4 Zirc-4 Zirc-4 Zirc-4

Fuel Tube Clad OD, inch 0374 0360 0360 0374

Fuel Rod Clad 'Ihickness, inch 0.0225 0.0225 0.0225 0.0225

Fuel Clad Gap, mil 6.5 6.2 6.2 6.5

(uncoated pelicts) (uncoated pcIIets)

Fuel Pellet diameter, inch 03225 03088 03083 03225
(uncoated pe!! cts) (uncoatedpellets)
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n O*Ibne 2.1 cont.
|

' COMPARISON OF 17X17 STANDARD, OPTIMIZED, VANTAGE 54

i AND VANTAGE 5 IlYBRID FUEL ASSEMBLY MECIIANICAL DESIGN PARAMETERS ' !
!

Standard OFA' ' VANTAGE 5 VANTAGE SII -- I

"

,

~

Fuel Rod End Plugs Standard Standard Tapered and Tapered and
t

J Radiused Radiused |
:

Relative Clad Thickness / 1.0 1.04 1.04 1.0
D;ameter Ratio

'

Relative Moderator / Fuel 1.0 1.2 1.2 1.0
Ratio for Assembly

;'
'

Relative UOgRod 1.0 0.92 0.92 1.0 t

| Guide Thimble Material Zirc-4 Zirc- 4 Zirc-4 Zirc-4
|
?

. Guide Himble OD. inch 0.482 0.474 0.474 0.474
^

,

i ;
'

Guide Dimble Wall 0.016 0.016 0.016 0.016 I
Thickness, inch

|

Grid Material Inner Inconel Zirc-4 Zirc-4 Zirc-4 .,[

Mid Grid (.6) |
Edges Modified No No No Yes

!

Grid Materiat, End Inconel Inconel Inconel Inconel !

Grids (2) :

i

i
''k

!

l
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o2.1 cont. O
r

COMPARISON OF 17X17 STANDARD, OPTIMIZED, VANTAGE 5
AND VANTAGE 5 IIYBRID FUEL ASSEMBI Y MECIIANICAL DESIGN PARAMETERS -

1

Standard OFA VANTAGE 5- VANTAGESII

Wclded stain! css Wclded Stainless Reconstitutable . ReconstitutableTop Nonle >

steel Standard steel Standard stainless steel stainless steel
reduced height - reduced height
removable design removabledesign

Compatible with Fuel Yes Yes Yes Yes

IIandling Equipment

i

,

,

Rev OM6S14(MTm 2-9 4
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OV 3.0 NUCLEAR DESIGN

3.1 Introduction and Summary

The effects of using upgraded Westinghouse fuel features on the nuclear design bases and

methodologies for Beaver Valley Power Station Unit 2 are evaluated in this section,

ne grid material and grid volume of the VANTAGE SH fuel are different than that of 17x17

standard fuel assemblies. The effects of thel changes on core physics charact* ristics are small and

are explicitly modeled in the neutronics code system. The specific values of core safety parameters,

e.g., power distributions, peaking factors, rod worths, are primarily loading pattern dependent. He

variations in the loading pattern dependent safety parameters ue expected to be typical of the normal

cycle to cycle variations fer the standard fuel reloads, in addition, the present Beaver Valley spent

fuel pool criticality analysis is applicable to the upgraded We.stinghouse fuel features, including the

use of VANTAGE SH fuel.

O
himble Plugs have been removed from the Beaver Valley Power Static Unit 2 core. He removal

of thimble plugs is analyzed by changing the flow input to the nuclear design code system. There is

significant experience in modeling fuel with thimble plugs removed.

In summary, the changes from the current standard fuel core to a core containing the upgraded fuel
Uproduct willnot cause changes to the current Beaver Valley Unit 2 UFSAR ) nuclear design bases.

Nuclear design methodology is not affected by the use of upgraded fuel features.

3.2 Methodology
.

No changes to the nuclear des gn philosophy or methods are necessary because of the upgraded fueli

product. The reload design philosophy includes the evaluation of the reload core key safety
Uparameters which comprise the nuclear design dependent input to the UFSAR ) safety evaluation

for each reload cycle * These key safety parameters willbe evaluatal for each Deaver Valley Unit

2 re!oad cycle. If one or more of the parameters fall outside the bounds assumed in the safety

( analysis,the affected transients willbe re-evaluated and the results documented in the RSE for that

( cycle.

Rev 08/16/914.00pm 3-1
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1

The 0374 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. Dese 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 $11 fuel.

1

O
Rev (&%')] 4 Ikipm 32
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o
V 4.0 TIIERMAL AND IIYDRAULIC DESIGN

4.1 Introduction and Summary

His section describes the calculational methods used for the thermal-hydraulic analysis, the DNB

performance, and the hydraulic compatibility during the transition from a Standard through mixed-fuel

cores to an all VANTAGE 5H 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 Beaser Valley Unit 2 that were used in this analysis. The thermal-hydraulic derign

criteria and methods remain the same as those presented in the Beaver Valley Unit 2 UFSAR(O with

the exceptions noted in the following sections. Allof the current UFSARfD thermal-hydraulic design

criteria are satisfied.

4.2 Methodology

PQ The existing thermal-hydraulic analysis of the 17xl7 STD fuel used in the Beaver Valley Unit 2 plant

is based on the standard thermal snd hydraulic methods and the W-3 (R-Grid) DNB correlation as

described in the Beaver Valley Unit 2 UFSAR. De DNB analysis of the core containing both 17xl7

STD and VANTAGE 5H fuel assemblies has been modified to incorporate the WRB-1 DNB

correlation 00) and a conservative application of the Revised Herma! Design Procedure (RTDP)UD

which is es]!ed MINI-RTDPa2) ,

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 95/95 limit DNBR of 1.17 is appropriate for the 17x17 STD fuel

assemblies has been documented 93) .

The WRB-1 DNB correlation is applicable to VANTAGE 5H fuel since, from a DNB perspective,

the Zircaloy mixing vane grids of the VANTAGE 5H assembly are virtually identical in performance

to se 17x17Inconel R-Grid design. For regions outside the mixing vane grids,the W-3 correlation

is used. As documented in the VANTAGE 5H Fuel Assembly Report 0D, the use of the WRB-1

DNB correlation with a 95/951imit DNBR of 1.17is applicable to the VANTAGE SH fuel assembly.

Rev 08/16/914Rym 4-1
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With MINI-RTDP methodology, peaking factor uncertainties are combined statistically with the DNB '

correlation uncertainties to obtain the overall DNBR uncertainty factor which is used to define the

design limit DNBR that satisfies the DNB design criterion. This criterion is that the probability that

DNB will not occur on the most limiting fuel rod is at least 95% (at 95fc con 6dence level) for any

Condition I or Il event.

The uncertainties included in the combined peaking factor uncertainty are the nuclear enthaipy rise
Nhot channel factor, (F g); the enthalpy rise engineering hot channel factor, (F%); and

_

uncertainties in the THINC.IV and transient codes. The increase in DNB margin is realized when

nominal values of the peaking and hot channel factors are used in the DNB safety anahses.

With MINI-RTDP, uncertainties in the plant prima y system parameters (reactor power, flow,
,

temperature and pressure) are excluded from the statistical combination process and, therefore, no

additional surveillance of these parameters is required. Initial condition assumptions for the DNB

safety analyses will use the same conservative values for these plant system parameters that are used

in the standard thermal design methods.

O
For this application, the design limit DNBR for typical and thimble cells is 1.21 which applies for both

17x17 STD and VANTAGE SH fuel assemblies. For use in the DNB safety analyses, the limit

DNBR is conservatively increased to provide DNB margin to ofTset the effect of nxi bow and any -

other DNB penalties that may occur, and to provide flexibility in design and operation of the plant.

The safety analysis limit DNBR providing for 9Fc margin is calculated as follows:

Safety Analysis Limit DNBR = Desien Limit DNBR 1.21 _ = 1.33=

1.0 - Margin 1.0 0.09,

Table 4-2 sumrurizes the available iMBR margin for Beaver Valley Power Station Unit 2.

4.3 Hydraulic Compatibility

-

The STD fuel assembly and VANTAGE SH designs have been shown to be hydraulically compatible

in the VANTAGE SH Fuel Assembly Reportl3l

O
Rev 0%%914 00pm 42
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P)V 4.4 EITects of Fuel Rod flow on DNIIR

The phenomenon of fuel rod bowing must be accounted for in the DNBR safety analysis of

Condition I and Condition 11 events. Currently, the maximum rod bow penalty is 1.3% DNBR at an

assembly average burnup of 24,tXX) htWDSITU. For burnups greater than 24,000 htWD/hfTU,

credit is taken for the effect of F% burndown, due to the decrease in fissionable isotopes and the

buildup of fission product inventory. Herefore, no additional rod bow penalty is required at burnups

greater than 24,000 h1%TXhfTU. Based on the simihrities between 17x17 STD and VANTAGE SII

fuel assemblies, (i.e. fuel rod diameter, fuel rod pitch and grid spacing), this penalty is also applicable

to VANTAGE 511 fuel assemblics.

For this application, the nx! bow penalty will be offset with DNB margin retained between the safety

analysis and design DNDR limits (Table 4-2).

4.5 Fuel Temperature Analysis

[s
here is no difference in the fuel temperatures used in the safety analysis calculations between the

VANTAGE SII fuel and the STD fuct The fuel temperatures for the standardized pellets are the

same as those for unchamfered pellets and slightly less than those for the current chamfered pellet

design.

4.6 Transition Core EITect

ne VANTAGE 511 hydraulic test program showed identical results for the VANTAGE 511 grid and

the STD fuel Inconel mixing vane grid, therefore, no transition core DNBR penalty is necessaryM

4.7 Conclusion

The thermal hydraulic evaluation of the fuel upgrade for Beaver Valley Unit 2 has shown that 17x17

STD and VANTAGE SII fuel assemblics are hydraulically compatible and that the DNB margin

]/
gained through use of the hilNI-RTDP rnethodology and the WRB.1 DNB correlation is sufficient

N._
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b\ for future changes. The core limit curves (Technical Specifications Figure 2.1 1 for three loops in

operation) remain valid for both STD and VANTAGE SH fuel assemblies with or without thimble

plug assemblics. More than sufficient DNBR margin in the safety limit DNBR exists to cover any

rod bow penalties. The upgraded fuel features described in Section 2 do not affect the core Dow

rate, core Dow distribution, or any other safcty related parameters. All current thermal-hydraulic

design criteria are satisGed.

O

;

O
.
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IlEAVER VALLEY UNIT 2 THERMAL AND HYDRAULIC DESIGN
PAlbu1ETERS

Thermal and ihdraulic Desien Parameters Desien Parameters

Reactor Core Heat Output, MWt 2,652
6Reactor Core Heat Output,10, BTU /Hr 9,051

Heat Generated in Fuel, % 97.4
Core Pressure, Nominal, psia 2250
Radial Power Distribution' 1.62[1+03(1 P)]
Limit DNBR for Design Transients" 133

DNB Correlation" WRB-1

HFP Nominal Coolant Conditions

Vessel Hermal Design Flow
6Rate (including Bypass),10 lb /hr 100.8p GPM 265,500

G
Core Flow Rate"*

(excluding Bypass, based on TDF)
610 lb,/hr 94.25

GPM 248,242

Core Flow Area, ft: (STD) 41.5

(V5H) 41.7

Core Inlet Mass Velocity,
10 lb /hr ft2 (Based < n TDF) (STD) 2.27

6

(V5H) 2.26

*

Includes 4% measurement encertainty - Analysis .ssumed value bounds licensed value of 1.55
peak

p " Applies to STD and VANTAGE SH fuel.

*"Iksed on design bypass flow of 6.5% without thimble plugs.

hev 08/16S14 00pm 4-5
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O TABLE 41
BEAVER VALLEY UNIT 2 THERMAL AND HYDRAULIC DESIGN

PARAMETERS
(continued)

iermal and Hydraulic Desien Parameters Desien Parameters

Nominal VesseUCore Inlet Temperature, 'F 542.5
Vessel Average Temperature, 'F 576.2
Core Average Temperature,'F 580.2
Vessel Outlet Temperature, 'F 609.9
Average Temperature Rise in Vessel, *F 67.4
Average Temperature Rise in Core,'F 71.6

Heat Transfer

Active Heat Transfer Surface . Area, ft: (STD) 48,600 )
'~

(V5H) 48,600

2Aversge Heat Flux, BTU /hr-ft (STD) 181,405

(V5H) 181,405

Average Linear Power, kw/ft 5.20

Peak Linear Power for Normal Operation,' kw/ft 12.48
-

_ Temperature at Peak Linear Power for
Prevention of Centerline Melt, 'F 4700

,

.-

Based on maximum F of 2.40 - Analysis assumed value bounds licensed value of 2.32 peak.o

Rev 08/16S1 (00pm 46
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TABLE 4 2
DNI1R MARGIN SUMMARY

17x17 STD and

VANTAGE Sil rud

DNB Correlation WRB-1

Correlation Limit 1.17

Design Limit 1.21

Safet) Limit 1.33

DNBR Margin * 9%

Rod Bow DNBR Penalty 1.3%

(3 Available DNBR Margin 'i.7%
Q,)

i
i

O |.

DNBR margin between the safety limit and the desig - limit DNBRs. I

Rev O&%914:00pm 4-7

- - _ _ - - __.



O

5.0 Accident Analysis

,

O

't

-

I.



. . _ _ _ _ _ . . _

%'b BEAVER VALLEY UNIT 2 PSE
ts AUGUST 1991 9)Q

5.0 ACCIDENT ANALYSIS

The primary effect of the proposed modifications on the LOCA and non-LOCA design basis

calculations is due to the introduction of the VANTAGE Sif Zircaloy grid and the thimble plug

removal. The safety analpis justiGeation for these design modiGeations is summarized for the non-

LOCA and LOCA design basis calculations in Sections 5.1 and 5.2, respectively. The balance of the

fuel upgrade features described in Section 1.2 of this rer. art have been introduced and acceptably

evaluated for praious reload designs.

5.1 Non-LOCA Accidents

This section summarizes the non.LOCA reanalyses and evaluations performed for the Beaver Valley

Unit 2 upgrade to 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

to support steam generator tube plugging, up to a level of 20Fc, provided that the per loop licensed

Thermal Design Flow is maintained.

The major effect of changing from STD 17x17 fuel to VANTAGE SII fuel on the non LOCA

transients is the increased design Rod Control Cluster Assembly (RCCA) drop time. The

VANTAGE SH fuel assembly has a thimble tube I.D. of 0.442 inches. STD fuel has a thimble tube

I.D. of 0.450 inches. The smaller VANTAGE 5H thimble tube will increase the design RCCA drop

time from a current maximum of 2.2 seconds to 2.7 sceands. This slower drop tirre 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 Suberitical and Rod Ejection. The balance of the non.

LOCA accidents are evaluated for this fuel upgrade.

Non-LOCA events 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.

2) Reactor trip was not assumed or explicitly modeled in the analysis.
|

3) Reactor trip has no effect on the minimum or maximam value of the critical

parameter of interest.
,
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Oa
The main impact of removing the thimble plugs on non-l.OCA transients is an increase in the core

bypass now from 4.5% to 6.5% This increase in bypass now results in an equivalent decrease in the

Dow through the core active fuel region.

The DNB limited events have either been re-analyzed incorporating the core active Dow decrease,

or have been evaluated 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 DND is not the only safety criterion.

the effects of decreased core Dow have been craluated with respect to the tpplicable acceptance

criteria. Reduced core active region Dow results in an increase in the nominal core coolant exit

temperature. Ilowever, the total RCS flow is not decreased. Also, for the small increase in core

bypass Dow, the additional bypass now is mixed with the core coolant at the core exit such that the

vessel average and the vessel outlet coolant temperatures remain unchanged. Thm the overall

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 potentially affected.s

A summary of the non LOCA design basis calculations thr.t were performed or evaluated for these

modifications follows.

5.1.1 Overtemperature and Overpower AT Protection (UFSAR 15.0)

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. A3 discussed in the following paragraphs, the system transient iesp<mses

for the UFSAR events that rely on Overtemperature and Overpower AT (OTDT/OPDT) for

protection are not affected by the increased rod drop time, Therefore, the revisedO') N-kep

Technical Specification OTDT/OPDT setpoint equation constants continue to protect the core safety

limits as shown in the revised Figure 15.0-1 in Reference 11

|O
| Rev Wum 4 m m 5-2e
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0
5.1.2 Increase in Heat Removal by the Secondary System

GEstL'aut.SMgm Malfunctions Causing.a Reduction in Feedwitter Temperature (UFSAR ) ILL1)

UThe decrease in feedwater temperature transient, as discussed in the UFSAR ), is bounded by the

Increase in Secondary Steam Flow event.

E.tedwater System Malfunctions Causine an increasg in Fredwater Fiow (UFS AR* 1 M

This ANS Condition 11 event is analyzed to show that the DNB design basis is met. Cases are

analyzed for toth full power and zero power conditions. The zero power case, as discussed in the

UFSARM, isbounded bythe Uncontrolled RCCA Bank Withdrawal from Suberitical 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 hisertion time was performed by extrapolating the transient DNUR results assuming

that reactor trip was delayed by0.5second. He extrapolation showed that ample margin to the DNB
J Ulimit still exists with a 0.5 second delay. Herefore, the UFSAR ) cenclusions remain valid.

UEactnive increase in Seentniary Steam Flow (UFSAR ) 15.1.3)

This ANS Condition 11 event is analyzed to show that the DNB design basis is met foilowing a step

load increase from rated power. Cases are analyzed at BOL and EOL conditions with and without

automatic rod control. In all cases analyzed, the reactor stabilized without a reactor trip. Therefore,

the increased control rod insertion time willhave no effect on this event, Herefore, the conclusions

U
| of the UFSAR ) remain valid.
|

|=

| Lnadyertent Openinc of a Steam Generator Relief or Safety Valve Causine a Depressurization of ths

U UMitin Steam System fUFSAR ) 15.l AlaoLSteam Sysg.m Pininc Failure (UfSAR ) 15.1.5)

| ne loadvertent opening of a steam generator relief or safety valve is an ANS Condition II event

which is analyzed to show that -he DNB design basis is met. The steam system piping failure is an

ANS Condition IV transient analyzed to show that the core remains intact and in place and that the

| Rav OU16SI 4mpm 5-3
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O
radiation doses do not exceed the guidelines of 10CFR100. This is demonstrated by sheving that the

DNB design basis is met, even though DNB and possible clad perforation are not nee.ssarily

unacceptable for a Condition IV event.

The analyses are perforrned assuming zero power initial conditions and peak.ing factors consistent with

the most reactive RCCA stuck out of the core. He transient is started assuming the reactor is

tripped and the core is at the minimum design shutdown margin. nerefore, the 0.5 second increase

in rod insertion time wi'lhave no effect on the results of this analysis. The safety analysis DNBR

limits are met. The coxlusions of the UFSAR(D remain valid.

5.1.3 Decrease in Heat Removal by the Secondary System

Steam Pressure Reculator Malfunction or Failure That Results in Decreased Steam Flow (UFSAR(D

lilD

f Any steam flow decrease causal by a malfunction or failure of any steam pressure regulator is
'

conservatively bounded by the turbine trip event.

lass of External Load (UFSAR(D 15.2.2)

He Loss of External Load Transient, as discussed in the UFSAR(0, is bounded by the Turbine Trip

event.

Turbine Trin (UFSAR(D 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

r EOC without pressurizer pressure control.
t
'\
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The increased rod insenion time to the dashpot willnot result in system pressures exceeding 110%

of design values. Pressure transients from the current analysis of record were evaluated by

extrapolation assuming the reactor tri; es delayed 0.5 seconds, 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 Dow 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. Derefore, the increased insertion time willhave no effect on the minimum DNBR

for these cases. DNBR during the BOC with pressure control case initially rises and then decreased

to a minimum value well above the safety analysis limit at the time of reactor trip. De margin to

the design DNB limit is verylarge at the time of reactor trip for this case and the increased rod drop

time willnot result in a DNBR below the design basis. Therefore, the UFSAR ) conclusions remainU

valid for the introduction of VANTAGE 511 fuel.

Loss of Nonemercency AC Power to the Station Auxiliaries (l.oss of Offsite Poud_0)fSAR )U

15.2.6)

His ANS Condition !! 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 crbes the pressurizer to become filled with water.

The calculated RCS volumetric expansion is not arfected 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 Dow and vessel outlet temperature remain the same. This transient is an slow long-

term heatup event and is not sensitive to the rate 4 which the rods are inserted during a reactor trip.

With respect to 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

Uanalysis of record and the conclusions of the UFSAR ) remain valid.

bd
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Loss of Normal Feedmirr Flow (UFSAR(D 1521)

Dis ANS Condition 11 event is analyzed to show that adequate heat removal capability exists via the

Auxiliary Feedwater System to remove core decay heat, stored energy and RCS pump heat following,

reactor trip. This is demonstrated by ensuring that the RCS heatup is turned aroat.d prior to the

time when coolant expansion causes the pressurizer to become filled with water. As previously noted,

the RCS pressure and temperature transients are not affected byte elimination of the thimble plugs,

since the total RCS flow and vessel outlet temperature remain the same. The Loss of Feedwater

transient is a slow long-term heatup event and is not sensitive to the rate at which control rods are

inserted following a reacter trip. He results of the current analysis of record and conclusions of the

UFSAR(O remain valid.

Feedwater System Pipe Break (UFS AR(O 15.2.8)

This ANS Condition IV event is analyzed to show that adeq ate heat removal capability exists using

,
the Auxiliary Feedwater System to remove core decay he ., stored energy and RCS pump heat

I
\ following reactor trip. This is demonstrated by ensuring that the RCS heatup is turned around prior

to the time at which the hotlegs would become saturated.

He Feedline Break accident is a long-term heatup event and is not sensitive to the rate at which the
,

control rods are inserted following a reactor trip. He heat up transient continues for many minutes

following the reactor trip. The 0.5 second increase in control rod insertion time will result in an

insignificant increase in the integrated heat produced by the core during the transient. No significant

increase in hotleg temperature or system pressures would occur due to the increase in control rod

insertion time. As an ANS Condition IV event, the minimum DNDR limit acceptance criterion !:

not applied. As previously noted, the overall transient system response is not affected by the core,

flow redistribution caused by the elimination of the thimble plugs. The results of the current analysis

of record and the conclusions of the UFSAR(O therefore remain valid.

(Vl
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5.1.4 Decreme in RCS Flow Rate

Partial and Comnlete Loss of f *ctd Reactor Cegjpnt Flow (UFSAR(O 15.3 1 & 15.3.2)3

De Partial Loss of Flow accident is an ANS Condition 11 event. The Complete Loss of Flow

accident is an ANS Condition Ill 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

3 RCPs. 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 DNDR.

De results of these two transients are shown in Figures 5.1 1 through 5.1-4 and 5.1-5 through 5.18,

respectively. The coastdown transients are shown in Figure 5.1-1 ar.d 5.15. 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
UOp 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 LOFTRANA.

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 analysislimit 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(D remain

valid.

Forced reactor coolant pump frequency decay in all three RCPs was also reanalyzed for the

VANTAGE SH fuel. He transient assumptions for this case are identical to the Complete Loss 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 SH and STD fuel assemblies. Derefore, the

safety analysis acceptance criteria are met for this loss of flow event. It is determined that tha

underfrequency event is the limiting loss of flow case for these analyzed conditions.

He recomraended UFSAR!D markups for the Partial and Complete Loss of Forced Reactor Coolant

y/ Flow accidents are included in Appendix B.
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UReactor Coolant Pumn Shatt selrure (UFSAR ) 1531)

Reactor Coolant Pump Locked Rotor is an ANS Condition IV event analyzed for deter.nination of

peak RCS pressure and peak fuel clad temperature assuming DNB to occur in the core. He

accident is postulated as an instantaneous seizure of one reactor coolant pump rotor at full power

wnditions with N loops in operation. Flow through the faulted reactor coolant pump is rapidly

reduced leading to an initiation of a reactor trip on a low flow signal, if the reactor is not tripped

promptly, clad temperature may exceed the !imit value of 2700*F and RCS pressure may increase

above that which would cause stresses to exceed the faulted condition stress limits. Herefore, the

Lockeo Rotor tramient can be sensitive to an ineree in RCCA drop time.

The Locked Rotor transient was reanalyzed to incorporate a 2.7 second RCCA drop time and

assuming thimble plug deletion. The FACTRAN codeUM is used to calculate the core hot spot heat

Bux transient based upon nuclear power and flow from LOFTRANU7). De results of the analysis

are shown in Figures 5.1-9 through 5.1 12 and Table 5.1-1. Cases with and without offsite power

were examined, ne case without offsite power assumes coastdown cf the unaffected RCPs to be

p initiated at the beginning of the transient. For both ases analyzed, the peak RCS pressure reached

V during the transient isless than that which would cause stresses to exceed the faulted condition stress

limits. Additionally, the peak clad temperature calculated for the hot spot remains less ti sn 2700*F

and the amount of zirconium-water reaction is small. Derefore, it is concluded that the integrity

of the primary coolant system is not endangered and the core willremain intact with no consequential

loss of core cooling capability.

An analysis was performed to determine the percent of fuel rods in DNB fer the Locked Rotor

accident. The coolant conditions were calculated with the THINC-IV computer code as specified in
Uthe Beaver Valley Unit 2 UFSAR ). The MINI-RTDP DNB methodology described in Section 4.2

was used to evaluate the DNB criterion.

It was found that 18% of the fuel rods would be predicted to have minimum DNBRs less than the

safety analysis DNBR limk. His calculation is based on a fuel rod power census which is

conservative for Cycle 4 operation and is expected to bound all future cycles.

The recommended UFSAR ) markups for the Single Reactor Coolant Pump Locked Rotor accidentU

- are included in Appendix B.

b
Rev 08/16/914Mpm 5-8

- _ _ - _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _



_ _ _ _ _ _ _ _ _ _ _ _ .

MD- BEAVER VALLEY UNIT 2 PSE AUGUST 1991 Oy)*A t5 \~

Ot

5.1.5 Reactivity and Power Distribution Anomalies

UncontroRed_ReLCJuler Control Aufm!iy IRCCA) BattLh'igntranLhenta_Sthtitial.er Low
0I'enir Start Un Condition (UFSAR 8 15 A.1)

dne UFSAR ' RCCA Withdrawal from Suberitical accident was reanalyzed for the Cycle 2 reload

to allow a Beginnlag-of Life ! east Negative Doppler Por er Defect of -0.9% or. De analysis

performed conservatively assumed a rod drop time of 2.7 seconds, consistent with the design rod drop

time for VAN" RAGE 511 fuel, it was determined that 1;ie safety analysis DNBR limits are met. He
UUFSAR ) has already been updated to refleet that analysis.

OUngentrolled RCCA_Jhnk Witadutwal at Parr f UFSAR ' 15 4 21

This ANS Condition 11 event is analyzed to show that the DNB < , basis is met. Varions power

levels and reactivity insertion rates for both minimum and maximum , activity feedback are analyzed.

He transients are terminated by an Overtemperature oT or liigh Neutron Flux reactor trip. As

previously noted, the Cvertemperature AT setpoints are not changed for the transition toO VANTAGE SH, so that the t!me the reactor trip setpoint is reached would remain the same. The

core thermal limits terr.ain unchanad; therefore, only the increase in rod drop time remains to be

evaluated. A conservative evaluation of the effects of the 0.5 second increase in control rod drop

time was performed by extrapolating the transient DNDR results assuming that the reactor trip was

delayed by 0.5 second. ne extrapolations showed that ample margin to the DNDR limp. still exlits
Uwith a 0.5 second delay. He conclusions of the UFSAR ) rema'a valid,.

e, Control Rod Misahrnment (Dreppri.fulLLencth Augmbly or Slatkady MisaligatilulLLength
UAssembiv) (UFS AR ) 15.4.3)

RCCA Misoperation is categorized into four types of events. Dree of these are class'.fied as ANE

: Condition !! events: dropped RCCA, dropped RCCA bank, and statically misaligned RCCA. The

fourth, single RCCA withdrawal,is classified as an ANS Condition 111 event. The current calculation

of the thermal-hydraulic condiions at the time of minimum DNBR for the Con 6 tion 11 events ist

based on an RCCA insertion time which is greater than the VANTAGE 511 design insertion time

of 2.7 seconds. We calculation of percent rods in DNB for the Condition 111 event conservativelyo

does not credit rod insertion due to reactor trip. In all cases, the condusion', in the UFSAR* are

Rev Os/lMi 4 ffyrn $.9
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verined for each reload. Specifically,the DNL1 acceptance criteria is met for the Condition || events

and the ca'culated number of fuel rats esperiencing DNil is confirmed to be within the currer.t safety

analysis limit of 5% for the Condition 111 event.

USlattun of an inadin.ltatteLC@ttLLeeplUFSAR ) ]MS

ne Startup of an inactive loop transient is an ANS Condition 11 event analyred to demonstrate that

the DNil design basis is met. The transient was previously canalyzed incorporating the VANTAGli

511 increasal rod drop time of 2.7 seconds. It was determined that the safety analysis DN!!R limi's
Uare met. De UFSAR ) has already been updated to reDeet that analysis.

Chemical _ Ar d. Volume _Lentrol SuttnLEntfuh LihaLletu11LJR.JL uts! tait in the Botona

UCemirntration iruheJrattor Coolant.(Uf SAR ) 15.4.6)

This ANS Condition 11 event is analyzed to show that adequate time exists for operator action to

terminate an inadvertent dilution prior to the loss of shutdown rnargin. %e transient is analyzed for

Mode 1 in automatic and manual rod control and in Modes 2 and 3. De Mode I case for manual

( rod control assumes reactor trip on Overtemperature AT. De irnpact of a 0.5 second locrease in rod

drop time on an operator action time of appreximately 15 minutes is imperceptible. The Mode I

automatic rat control case does not a'.sume reactor trip. De Mode 2 calculation of available

operator action tirne rrts at the time of reactor trip. De core Dow and the mechanics of the trip

are not explicitly model J in the analysis. In mode 3,all rods are inserted. Dus the analysis results
Ufor all twee modes are unaffected by the thLnble plug elimination and all he UFSAR ) cases are

Uunaffectej by the increase in rod d'op time. The UFSAR ' lloron Dilution accident reactivity

insertion transients are bounded by those examined for the Rod Withdrawal at Power accident.

Theiefore, the Boron Dilution transient calculation does not include an explicit evaluation for the
UCondition 11 DNH acceptanca criterion. Therefore, the UFSAR ) conclusions remain valid for these

modifications.

GInadvertent imitdiDEJirhLornation of a FutLA11tmbly in an impioprLCend!! ion fUFSAR ) 15.4.7)

This ANS Condition ill 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 pracribn! amount of

burnable poisons. The UI SARm concludes that any significant perturbation from the intended core

inventory would be detectable due to the resulting effects on power distribution. VANTAGE Sil

Rev 0016914 (itm $.]Q
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fuel does not affect the ability of core imtrumentation to detect unespected power shapes.

GTherefore, the UFSAR ) conclusions remain valid.

Spstam of Fod Cluiter Control Assembly _ljectign_ Accidents 1yfSARH3 15.4.8)

The RCCA ejection accident is an ANS Condition IV event that is characterl2ed by a rapid power

burst. Due to the speed at which the lower inerenes this transient can be semitive to the RCCA

drop time. He limiting criteria for this event are:

1) Average fuel pellet enthalpy at the hot spot below 225 cal!gra for unirradiated fuel

and 200 callgm for irradiated fuel.

2) Average claJ temperature 2700'F.

3) Fuel melting limited to less than the innermost 10 percent of the pellet at the hot

spot. (Melting is assumed to occur at 4900*F for llOL conditiom and 4800*F for

EOL conditiom).

0He UFSAR 3 RCCA ejection tramient beginning and end-of life cues at hot full power and hot

zero power were reanalyred for the Cycle 2 reload to allow a beginning-oflife least negative doppler

power defect of -0.9% Ap. The analysis perfortned comervatively assumed a rod drop time of 2.7

seconds, consistent with the design rod drop time for VANTAGE 511 fuel. He effects of the thimble

plug deletion have been evaluated for these cases. It was determined that in all cases the applicable
Usafety analysis acceptance criteria are met. De UFSAR ) has already been updated to reflect that

analysis.

5.1.6 Increase in lleactor Coolant Inventory

inadvertent Operation oilmttgGey C_ ore Cooling SystenLIluIing J'.enILDDIntlle!L 1UESAR".L

15.5.1)

ne Spurious Operation of the Safety injection System is an ANS Condition 11 event. De tramient

produces a negatis reactivity transient causing a reduction in core power. The power reduction

causes a decrease in reactor coolant average temperature and consequent coolant shrinkage.

Pressuriier pressure and level decrease until the reactor is tripped on the low pressuriier pressure

O, signal. During the transieat the DNil ratio never decreases below the initial value, therefore the 0.5
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second increase in control rod insertion time willhave no effect on the mininium DNilR. Therefore,

the conclusions of the UFSAk") remain valid.
'

5.1.7 Decrease in lleactor Coolant Inventory

inithntrnt Openinc of a PrunniTILiklkLhlre-(UFSAR"' 116.1)

This ANS Condition 11 event is analyzed to show that the DNil design basis is met. This transient

is terminated by a reactor trip on Overtemperature AT, hiinimum DNilR occurs immediately

following reactor trip. A conservative evaluatian of the effect of the 0.5 second increase in control

rod drop time was performed by extrapolating the transient DNilR results assurning that the reactor

trip was delayed by 0.5 second. The extrapolations showed that abundant margin to the DNil limit

still exists with a 0.5 second increase in rod insertion time. 'Iterefore, the conclusions of the
OUFSAR ' remain valid.

5.1.8 Steamline lireak Mass and Energy Releases for Postulated Ruptures
Inside Containment and Equipment F1vironniental Qualification
Outside Containment

U'the limiting Steamline Dreak transient for core resp (mse is found in UFSAR ) Section 15.1.5. The

Steamline Break transients analyred for containment response and equipment qualification,

alternatively, are designed to maximize break mass and energy releases. The calculation results are

insensitive to the rate at which control rods are inserted. The calculations are not af fected by the

small decreate in core active flow caused by the deletion of the thimble plugs. Therefore, the mass

and energy releases used in containment response calculations and the mass and energy release

calculated for equipment qualification outside containment ') remain vahd.0

|

(
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TAllt,E 5.1 1 1

Single 1(cactor Coaltml l' ump 1.ocketl Itoter Accident itesults

3 loops Operating 3 loops Operating

DMth OlhRtl'esd hithout OJhke Pown)

Masimum itcactor 2597 2(>42

Coolant Sptem Pressure (psia)

Masimum Clad Temperature (* F) 1795 1870

Core llot Spot

Amount of Zr II;0 at Core 0.269 0.415

liot Spot (c by Weight)c
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Figure 5.1 1

Flow Transients for Partial Loss of Flow

Three Loops in Operation,

One Pump Coasting Down
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b' Figure 5.12

Nuclear Power and RCS Pressure for Partial Loss of Flow

Three Loops of Goeration.

One Pump Coasting Down
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171gure 5.13

Arcrage and llot Cliannel llent Illux Transient for l'artial Loss of lilow

Tliree Loops of Operation,

One l'unip Coasting Down
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Figure 5.1-4

DN1111 versus Time for Partial Loss of Flow

Tlirce Loops in Operation.

One l' ump Coasting Down
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Figure 5.15

Core Flow Coastdown versus Time for Three Loops in Operation,

Three Purnps Consting Down,

Coinplete Loss of Flow
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O Figure 5.16

Nuclear Power Transient and l'ressurizer Pressure Transient

For Three Loops in Operation,

Three Loops Coasting Down, Coniplete Loss of Flow
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i" Figure 5.17

Average and llot Cliannel IIcal Flux Transients

For Tlirce Loops in Operation,

Tlirce Loops Coasting Down, Complete Loss of Flow
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O Figure 5.18

DNIllt vs Tline for Tliree Loops in Operation,
'

Three Loops Coasting Down,

Coinplete Loss of F!ow
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\Figure 5.19

Flow Transients for Three Loops in Operation,

One Locked Rotor
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Figure 5.1-10

Iteactor Coolant System I'ressure Transient

for Three Loops in Operation

One Locked Itotor
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O Figure 5.1-11

Nuclear Power Transient, Average and llot

Channel llent Flux Transients for Three

Loops in Operation, One Locked Rotor
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Figure 5.112
'

Maximum Clad and Fuel Centerline Temperatures

at llot Spot for Three Loops in Operation i

One Locked Rotor i
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5.2 LOCA Accidents

This section summarires the evaluations performed to auess the effects of the thimble plug removal

and the VANTAGE 511 low pressure drop Zircaloy grid fuel feature on the !!eaver Valley Unit 2

LOCA analyses.

UIJuge Ilreak LOCA fillLOCAKUFSAR ) S stion _15.6JJt

UThe Beaver Valley Unit 2 LilLOCA analysis of record, which is presented in the UFSAR ), isa

BART Evaluation hiodel (Eht) analyLs with a PCT of 2120*F. PCT penalties to the analysis have

been assigned as most recently documented in Reference 19, which indicated a cumulative PCT of

2116*F.

0As noted in the VANTAGE 511 Fuel Assembly Report ), the low pressure drop Zircaloy grids have

no adver;r effect on the LOCA analyses due to the rnechanical and hydraulle similarityto 17x17 STD

fuel. R Zucaley grids provide a Peak Clad Temperature (PCT) benefit due to increased rewetting

when compared with the 17417 STD grid. Additional differences introduced by the VANTAGE Sil

assembly, such as slight flow area changes attributed to thirnble tube diameter, have been evaluated

1. naving negligible impact on the LDLOCA analysis.

An evaluation has been performed, based upon the BART dhi, to consider any ether effect3 on the

analysis due to the VANTAGE 511 fuel. The LDLOCA evaluation model does not fakt calit for

the negative reac:lvity intrcduced by the control rods. Instead, the reactor is brought to a sutwritical

cond' tion by the presence of voids in t!.e core caused by the rapid depressurization of the RCS. .

Since credit is not taken for the negative reactivity introduced by the controi rmis, the increase in

design roJ drop time willhave no effect on the results.

As noted in the VANTAGE 511 Fuel Assembly Report *, LOCA nanalysis is not needed in

transitioning from 17x 7 STD to 17x17 VANTAGE 511 without Intermediate Flow hiiters (IFhts)

if there is available margin to the 10CFR50,46 limits to accommodate any LOCA transition core

penalty. The transition from 17xl7 STD fuel to 17x17 VANTAGE SII fuel without IFhts results in

( no transition core peak cladding temperature penalty '*0
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Thimble plug removal results in a decrease in the core pressure drep. Core pressure drop is modeled

primarily in the S ATAN blowdown portion of the LilLOCA transient. Sensitivity studies have shown

that a lower core pressure drop results in a more benign transient. Therefore, for LDLOCA, thimble

plug remaval is an unquantified benefit.

A temporary allocation of 16*F of PCT margin has been assessed for an issue under investigation

associated with Beginningef-Life (BOL) Rod Internal Pressure Uncertainty.

Based on the discussion given above, the use of VANTAGE 511 rircaloy grids and thimble plug

removal will not result in an increme in the peak clad temperature for Beaver Valley Unit 2

Therefore, these changes are ip,' 2ble and the resulting cumulative LilLOCA PCT
J

LBLOCA. -

(2176' F + 16* F = 2192* F) remains withir 'he aguhttery limit.
s -

Sm;tlllhaLLOfAJALOfAXUESAR'" balen_lih2

p The Beaver Valley Unit 2 SBLOCA analysis of record, which is presenteJ in the UFSARth, is a

V NOTRUhtP EN1 analysis with a PCT of 1399'F. PCT penalties to the analysis have been assigned

at most recently documented in Reference 19, which indicated a cumulative PCT of 2121* F.

The only VANTAGE 511 Zircaloy grid feature which significantly affects the SBLOC A analysis is the
,

inc< case in design rod drop time. The Westinghouse Small Breat model assumes the reactor core

is brought to a suheritical conJition by the negative reactivity of the control rods. The increase ini

i the design roJ drop time to a masimum value of 2.7 seconds exceeds the 2.4 second value in ,he,

existing SBLOCA analysis.

An evaluation was performed which determined thct a 3*F PCT pena ty applied for the increase ini

rod drop time of 0.3 seunds. The decrease in core pressure drop associated with thimble plug

removal has an inconsequential effect on the SBLOCA analysis. liowever, the SBl.OCA analysh did

not model the effect of the guiJe thimble interior area and volume on the transient response. Studies

have shown that the fluid in this volume willintera.t with the remaining core fluid, An assessment

of this interaction based on previous semitivities indicated that a 17'E PCT penalty applies.

pi
,

U
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O
A temporary allocation of 20*F of PCT margin has beet assessed for an issue under investigation

assoelated with Beginning-of Life (BOL) Rod Internal Pressure Uncertainty.

He revised cumulative SHLOCA PCT after considering the VANTAGE 511 Zircaloy grid, and

thimble plug removal, is 2161'F (2121*F t 3'F + 17' F + 20* F). Therefore, these changes are

acceptable and the resulting cumulative PCT remains within the regulatory limit,

Steam Generator Tube Failure (UFSAR* Section 15.6.3)

For the Steam Generator Tube Rupture (SGTR) event, the Beaver Valley Unit 2 UFSARm SGTR

analysis was performed using the LOITRAN computer code. Refer ence 15 documents the

evaluation of steam generator tube plugging levels up to 20% (with thermal design How maintained

on a per loop basis) to determine the impact on the UFSAR ) SGTR analysis. The referencedO

evaluation also integrated the effects of the incorporation of VANTAGE 511 fuel and thimble plug

deletion. The results of this evaluation indicated that the offsite doses reported in the Beaver Valley
UUnit 2 UFSAR 8 for an SGTR reraain bounding, therefore, no changes are recommendtd for the

% trknsition to VANTAGE SH fuel.

Presently a change in the steam generator tube rupture methodology for Beaver Valley Unit 2 is

being reviewed by the Nuclear Regulatory Commission. His change incorporates the LOITrR2
.

analysis for steam generator overfill and offsite radiation doses as documented in Reference 20. This

'upcied" SGTR analysis was expressly performed to be applicable for Deaver Valley Unit 2

operation with either Standard or VANTAGE 511 fuel, and incorporated the thimble plug deletion,

hwdown ReactoLVessel anJ loop Ihrgs (UFS arm Section 3.9N)

An evaluation has been prepared that considered the effects of VANTAGE 5 liybrid fuel

implementation and Thimble Plug deletion on the LOCA hydraulle forces and structural analyses.

He LOCA hydraulic forces are unaffected by the proposed changes because the significant input

parameters to the codes used to calculate the LOCA hydraulic forces, MULTIFLEX, LATFORC,

and FORCE 2", were essentially unchanged, Additionally, differences in fuel type have traditionally
,m had a small effect on the magnitude of the hydraulic forces. He evaluation of the structural integrity

#
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showed that, $1nce the magnitude of the LOCA hydraulic forces do not change appreciably, the

conclusions of WCAP 8784 P-A Addendum I remain unchanged by the proposed modifications.

Thus, the conclusions of WCAP-il523-NP-AA remain unchanged as well.

Iht LOCA Lonc-Term Cm11DL.Suhdiliglity Evaluation (related to UFSARW Segilen 15.LS

The Westinghouse licensing position for satisfying the requirements of 10CFR Part 50 Section 46

Paragraph (b) Item (5) bng Term Cooling * is defined in WCAP-8339 NP AA,

WCAP-8472 NP-A", and Technical Bulletin NSID TB-86-08%. The Westinghouse commitment

is that the reactor will remain shutdown by borated ECCS water alone after a LOCA. Since credit

for the control rods is not taken for a LULOCA, 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 sut' titical assuming all

control rods out,

p Since the use of VANTAGE 511 Zircaloy grids (including the associated increase in design rod drop
V 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 be 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.

Hot Lee Switchover to Prevent Potential Boron Predpitation/ Lone TerELSI.YH10GliDD

(UFSARM 6.3.2.5 frable 6.M)

Past LOCA hot leg recirculation time isdetermined for inclusion in emergency procedures to ensure

no boron preciphation in the reactor vessel following b(dling in the core. This recirculation time is

dependent on power level, and the RCS, RWST, and accurnulator water volumes and Imron

conceotrations. The VANTAGE SH Zircaloy grids (including the associated 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,

key 08/16'914 Ohrm $-29
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Westinghouse recently performed the Long Term ECCS Safety injection (SI) Veritication (Cold Leg

and flot Leg Recirculation) for Unit 2 as pan of the Reelte Spray Modification Safety Eva!uation*. I

Since the llLSO time was not aficeteJ, anJ the VANTAGE STI and thimble plug removat upgrades |

do not effect SI performance, the Cold Leg and Hot Leg RNirculation Long Term Cooling S1 !
,

Verifications contained therein terr.aln appropriate.
'

LOCA Containment IntegdlyRffiAB3.fl4J

There is no impact on the short term mass and energy and subcompartment pressure analysh since

fuel design changes and upgrades, including the in';rcase in design rod drop time and peaking factor

increases, have a negligible affect on the transient. I ot the short term subcompartment analyses,

approximately only the first 3 seconds of the blowdown are negligibly affected.

The long term mass and energy and containment peak pressure analysis is not adversely affected by

the fuel upgrade, including the anociated inere.te in design rod dtop time, or increased peaking

p factors since the plant T,y remains the sarne. Additionally, the VANTAGE 511 fuel rod is the same
s
A as that used in the STD 17xl7 fuel assembly. Since the fuel rod desiljas are the same, there is no

difference in initia' cere stored energy, and henco na adJitional energy would be available for release

to containment.

]r
In summary, there is no impact on the UPSAF ) LOCA containment integrity analyses due to the

increase in pcaling factors and the use of upgraded Westinghouse fuel features, including the

VANTAGE Sli fuei design, for Beaver Valley Unit 2.

5.3 Accident Analysis Conclusion

Sections 5.0,5.1 and 5.2 have summarized the impact en the LOCA and non LOCA design basis

ca!culations of the introduction of the VANTAGE Sfl low pressure Zircaloy grids and thimble plug

removal that willbe in Cycle 4 of Beaver Valley, Unit 2.

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

(o) li::ensing basis safety analyses. In these cases it was concluded that specific safety analyr,es are
V
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(c)v imemitive to the fuel and thimtle plug remova. . ,igrades or have otherwise incorporated bounding.

analyses assumptions, such as the LilLOCA analysis. A total of 20'P of perrnanent Sill.OCA PCT

margin,20'F of temporary SilLOCA PCT margin and 16*F of temporary LilLOCA PCT margin

were assessed. Explicit reanalyses were required for non LOCA tramients semitive to the increased

derJgn RCCA drop time associard with the VANTAGE S ilybrid fuel. The WRil 1 correlation and

the MIN!-RTDP methodology have been introduced to evaluate tramient DNilRs for both the

Standard and VANTAGE 5 liybrid fuel.

All transient reanalyses and evaluations demostrate that all applicable safety analysis acceptance

criteria coatinue to be met for the intended fuel and design upgrade * that will be introduced in

Cycle 4 of Beaver Valley Unit 2.

O

.

O
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SUMMARY OF TECl!NICAL SPECIFICATION CilANGES
( FOR FUEL UPGRADE FOR

BEAVER VALLEY POWER STATION UNIT 2

Eagg Section Descrintion Justification
,

B21 2.1,1 Changed W 3 (R Grid) This change reflects the LNB

B 2-3 2.2.1 Basis correlation to WRB-1 correlation used for Standard

B 3/4 2-1 3/4.2 Basis correlation and added and VANTAGE SH fuel. -

B 3/4 2-4 3/4.2.2 Basis design DNBR liniits.

B 3/4 2-5 3/4.2.3 Basis

B 3/4 4-1 3/4.4.1 Basis

3/4 1-23 3.1.34 Revised rod drop time to his change is a result of

less than or equst to 2.7 changes in the fuel due to the

seconds. VANTAGE Sil fuel design,

p ne effect of this increase on

safety analysis has been

considered.

B 3/4 2-4 3/1.2.3 Revised DNBR margin for his change reflects change in

meeting rod bow penalty. DNB correlation and methods.

,

_



7

2.1 SAFEh US:~5

("] Ea5ES

V
211 REACD P CORE

The restrictions of this safety limit prevent overheating of the fuel and
possiele claccing perforation which would result in the release of fission pro-
ducts to the reactor coolant. Overneating of the fuel cladding is prevented
by restricting f uel c eration to within the nucleate boiling regime where tne
heat transfer coefficient is large and the cladding surface temperature is
slightly above the coolant saturation temperature.

Operation above the upper boundary of the nucleate boiling regime could re-
sult ir, excessive cladding temperatures because of the onset of departure from
nucleate boiling (DNB) and the resultant sharp reduction in heat transfer coef-
ficient. DNB is not a directly measurable parameter during operation and there-
fore THERMAL POWER and Reactor Coolant Temperature and Pressure have been relatec

Vff-/ to ONB through thejyq7prJrPM correlation. TheiF 7 F E B DNB correlation has
been cevelopec to'precict the DNB flux and the location of4NB for axially uni-
form and non unif orm heat flux distributions. The local OllB heat flux ratio,
DNBR, defined as the ratio of the heat flux that would caus e DNB at a particular
core location to the local heat flux, is indicative of the margin to DNB.

_ WRB_I '

_

_f h N_ d i a _ s t>pe t_ n, orsal p a-IJ56/f/n I. m fii am al o
_

t e s, nd nt ip ed r s' s ed o .3. i v u
{ o e n a rc t ob i y t 9 p con c i n i e th

I n o ur nd s os a a ro i e g f

/,op n or it ns

The curve of Figure 2.1-1 shows the loci of points of THERMAL POWER, Reactor
Coolant System pressure and average temperature for which the minimum DNBR is

no less than #M,y u. rage enthalpy at the vessel exit is equal to the
or the ave

enthalpy of saturat liquid
- pq uh ausse ,. e

.

w... w.y ,

&.. .~L,,e',.'s,,m,v. *.:.. i.e... m_{!:gh,:.=?. bhal yl *t channel f acpor, F*,H, Tn go", ance - W-n:
The curves ar base o #n ent ho of i:S$ r43. J,, * -,

..~ . : &.,, W. ,_ s.si.t' . . _ . , .
. w-

. _ _ . _ __ .,

N at reduced power based ntheexpressionV
is included for an increase in F " QMG3 khWf(Z'OLpnn dd & .70.L {Ck'd [kOD ,

p 1.:: u ; c.1 w m -
AH

-whe, c ; irr tM 'r:ct4en-of4tATED-THEAMAL-NR

These limiting heat flux conditions are higher than those calculated for
the range of all control rods fully withdrawn to the maximum allowable control
rod insertion assuming the axial power imbalance is within the limits of the
f(al) function of the Overteeperature AT trip. When the axial power ist>alance
is not within the tolerance, the axial power imbalance effect on the Overtee-
perature AT trip will reduce the setpoint to provide protection consistent with
core safety limits.

JrfsEAT 2
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1 BASES 2.1.1 REACTOR CORE

I 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 during
Condition I and II events.is greater than or equal to the DNBR limit

;

;
of the DNB correlation being used (the WRB-1 correlation in this

j application). The correlation 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 the
j minimum DNBR is at the DNBR limit (1,17 for the WRB-1 correlation).

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

: met in plant safety analyses using nominal values of the input
i parameters that were included in the DNBR uncertainty evaluation.

In addition, margin has been maintained in the design by meeting a; safety analysis DNBR limit of 1.33'in performing safety analyses.

INSERT 2

* The Thermal-Hydraulic and non-LOCA analyset chat were conducted for
Unit 1 bounds the Unit 2 analyses (i.e., F(N bd) of 1.62). The LOCA

- (~'
and Core Design licensing basis is 2.55.

N
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L1HITING $ArETY SYSTEM SETTINGS

()-

V E
_

specified in Table 2.2-1, in percent span, from the analysis assumptions. Use
of Equation 2.2-1 allows for a sensor drift factor, an increased rack drift
factor, and provides a threshold .alue for REPORTABLE EVENTS.

The methodology to derive the trip setpoints is based upon combining all
of the uncertainties in the channels. Inherent to the determination of the
trip setpoints are the magnitudes of these channel uncertainties. Sensors and
other instrumentation utilized in these channels are expected to be capable of
operating within the allowances of these uncertainty magnitudes. Rack drift
in excess of the Allowable Value exhibits the behavior that the rack has not
met its allowance. Being that there is a small statistical chance that this
will happen, an infrequent excessive drift is expected. Rack or sensor drif t,
in excess of the allowance that is more than occasional, may be indicative of
more serious problems anu should warrant further investigation.

Manual Reactor Trip

The Manual Reactor Trip is a redundant channel to the automatic protective
instrumentation channels and provides manual reactor trip capability.

Power Range, Neutron Flux

The Power Range, Neutron Flux channel high setpoint provides reactor core
A protection against reactivity excursions which are too rapid to be protected byo

Q temperature and pressure protective circuitry. The low setpoint provides redund-
ant protection in the power range for a power excursion beginning f rom low power.
The trip associated with the low setpoint may be menually bypassed when P-10 is
active (two of the four power range channels indicate a power level of above
approximately 10 percent of RATED THERMAL POWER) and is automatically reinstated
when P-10 becomes inactive (three of the four channels indicate a power level
below approximately 10 percent of RATED THERMAL POWER).

Power Range, Neutron Flux, High Rates

The Power Range Positive Rate trip provides protection against rapid flux
increases which are characteristic of rod ejection events from any power level.
Specifically, this trip complements the Power Range Neutron Flux High and Low
trips to ensure that the criteria are niet for , rod ejectiorg from partial power.

c4t. DUB 2 ZLmiL
The Power Range Negative Rate trip provid s protection to ensure that the

minimum DNBR is maintained above for control rod drop accidents. At high
power a multiple rc,d drop accident could cause local flux peaking which, when
in conjunction with nuclear power being maintained equivalent to turbine power
by action of the automatic rod control systes, could cause an unconservative
local DNBR to exist. The Power Range Negative Rate trip will prevent this from
occurring by tripping the reactor. No credit is taken for operation of the
Power Range Negative Rate tri for those control rod drop accidents for which
DNBR5 will be greater than-

.

BEAVER VALLEY - UNIT 2 B 2-3
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REACTIVITY CONTROL SYSTEMS

ROD DROP TIME

[ 2. 7 .D
LIMITING CONDITION FOR OPERATION

3.1.3.4 The individual full length (shutdow and control) rod drop time from
the fully withdrawn position shall be < Bseconds from beginning of decay
of stationary gripper coil voltage to Bashpot entry with:

,

T,yg > 541*F, anda.

b. All reactor coolant pua.ps operating.

APPLICABILITY: MODE 3.

ACTION:

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

SURVEILLANCE REOUIREMENTS

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

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

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

c. At least once per 18 months.
.

d

.

.

O
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3/4,2 POWER DISTRIBUTION _ U MITS g/6 d' ' *
~

DNM '

BASES [

The specifications of this section provide assurance . fuel integrity
during Condition I (Normal Operation) and-II (Incidents of oderate Frequency) '

events by:' (a) maintaining the minimum DNBR in the core ) Mduring normal
,

operation and in short term transients, and (b)_ limiting the fission gas release,
fuel pellet temperature and cladding mechanical properties to within assumed d(-
sign criteria. In addition, limiting the peak linear power density during Con-
dition I events provides assurance that the initial conditions assumed for the
LOCA analyses are met and the ECCE acceptance criteria limit of 2200'F is not
exceeded.

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

F (Z) Heat Flux Hot Channel Factor, is defined as the maximum local heat
9 flux on the surface of a fuel rod at core elevation Z divided by the

average fuel rod heat flux, allowing for manufacturing tolerances on
fuel pellets and rods.

Fh Nuclear Enthalpy Rise Het Channel Factor, is defined as the ratio of
the integral of lineer power along the rod with the highest integrated
power to the average rod power. '

- 3/4.2.1 AXIAL FLUX DIFFERENCE (AFD)

The limits on AXIAL FLUX DIFFERENCE assure that the F (2) upper bound
9

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 is determinvd at equilibrium xenon conditions. The
*

full length rods may be positioned within the core in accordance with their
respective insertion limits and should be inserted near their nonnal position
for steady state operation at high posar levels.- The value of the target flux
difference obtained under these conditions divided by the fraction of RATED
THERMAL POWER is the target flux difference -at RATED THERMAL POWER .for the
associated core burnup conditions. Target flux differences for other THERMAL
POWER levels are obtained by multiplying the RATED THERMAL POWER value by the
appropriate fractional THERMAL POWER level. The periodic _ updating of the target
flux difference value is 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
i AFD to deviate outside of the target band at reduced _ THERMAL POWER levels.
| This deviation will 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 *ineO
DEAVER VALLEY - UNIT 2 B 3/4 2-1 Amendment No. 31

'
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POWER DISTRIBUTION LIMITS

BASES
__

-

3/4.2.2 and 3/4 2.3 HEAT FLUX AND NUCLEAR ENTHALPY HOT CHANNEL FACTORS F (Z)n

AND F g (Eontinued)
c. The control rod insertion limits of Specifications 3.1.3.5 and 3.1.3.6

are maintained.

d. The axial power distribution, expressed in teres of AXIAL FLUX
DIFFERENCE is maintained within the limits.

The relaxation in F as a function of THERMAL POWER allows changes in
~

the radial power shape for all permissible rod insertion limits. F will be
maintained within its limits provided conditions a thru d above, are maintained.

When an F measurement is taken, both experimental error and manufacturingq
tolerance must be allowed for. 5% is the appropriate experimental error allow-
ance for a full core map taken with the incere detector flux mapping system anda
3% is the appropriate allowance for manufacturing tolerance,

ThespecifiedlimitofFhcontainsan8%allowanceforuncertaintieswhich

9 means that normal, full power, threa loop operation will result in Fh less
than or equal to the design limit specified in the CORE OPERATING LIMITS REPORT.

/ 1 od ow r uce the lu/ eft 'DN rati [ C 'dit sa la c'
(o s du on th ge ric gi Th en c igp a s,

a ng NB , an com te ff s y to ow ena tes h 1. f th.

w t se i oc sa ab up 24 00 /MT . -

# ipfs rg in des e low g:
f

^ig idi NB f1 vs .2

/2.
.

Gri pac g (~ , of .046 s. 59

e Dif sio oef ci of .03 s. 59.

4 DN Mul li - of 65 0 j
D duC on

. , /.
,

The radial peaking factor Fxy (Z) is measured periodically to provide
assurance that the hot channel factor, F

P)q (2), remains within its limit. TheF licit for Rated Thersal Power (F provided in the CORE OPERATINGxy
LIMITS REPORT was determined from expected power control maneuvers over the
full range of burnup conditions in the core.

3/4.2.4 QUADRANT POWER TILT RATIO

The Quadrant Power Tilt Ratio limit assures that the radial power distri-
bution satisfies the design values used in the power capability analysis.

BEAVER VALLEY - UNIT 2 B 3/4 2-4 Amendment No. % , 31
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BA9ES 3/4.2.1 AXTAL FLUX DIFFERENCE

l'
Insert 2.

Puel rod boving reduces the value of DNB ratio. Margin has been-

maintained between the DNBR value used in the safety analyses .pr3'J)
and the design limit fl.217 to offset the rod bow penalty and other
penalties which may apply.

[d

O
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3

POWER DISTRIBUTION L1 HITS

BASES

3/4.2.4 QUADRANT POWER TILT RATIO (Continued)

Radial power distribution measurements are made during startup testing and
periodically during power operation.

The limit of 1.02 at which corrective action is required provides DNB and
linear heat generation rate protection with x y plane power tilts.

The two-hour time allowance for operation with a tilt condition greater
than 1.02 but less than 1.09 is provided to allow identificction and correction
of a dropped or misaligned rod. in the event such action does not correct the
tilt, the margin for uncertainly on F is reinstated by reducing the maximumq
allowed power by 3 percent for each percent of tilt in excess of 1.0.

3/4.2.5 DNB PARAMETERS

The limits on the DNB related parameters assure that each of the rarameters
are maintained within the normal steady state envelope of operation assumed in
the transient and accident analyses. The limits are consistent with the initial

G FSAR assumptions end have been analytically demonstrated adequate to maintain a

fh 'hY DAJA/2 M
The 12 hour periodic surveillance of these parameters through instrument

readout is sufficient to ensure that the parameters are restored within their
limits following load changes and other expected transient operation. The 18
month periodic measurement of the RCS total flow rate is adequate to detret
flow degrudation and ensure correlation of the flow indication channels with
measured flow such that the indicated percent flow will provide sufficient
verification of flow rate on a 12 hour basis.

.

4

4
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3/4.4 REACTOR COOLANT SYSTEM

[
V BASES

__ .

3/4.4.1 REACTOR COOLANT LOOPS AND COOLANT CIRCULATION

The plant is designed to operate with all reactor coolant loops in opera-
tion and maintain DNBR above during all normal operations and anticipated
transients. In H0 DES 1 and 2, ith one reactor coolant loop not in operation,
this specification requires that the plant be in at least HOT STANDBY within

( g.j j g gg gg6 hours. r

In MODE 3, a single reactor coolant loop provides sufficient heat removal
capability *,r removing decay heat; however, due to the initial conditions
assumed in the analysis for the control rod bank withdrawal from a subcritical
condition, two operating coolant loops are required to meet the DNB design basis
for this Condition 11 event when the rod control system is capable of control
bank rod withdrawal.

In H0 DES 4 and 5, a single reactor coolant loop or RHR subsystem provides
sufficient heat removal capability for removing decay heat; but single failure
considerations require that at least two loops be OPERABLE. Thus, if the
reactor coolant loops are not OPERABLE, this specification requires two RHR
loops to be OPERABLE.

The operation of one Reactor Coolant Pump or one RHR pump provides adequate
O flow to ensure mixing, prevent stratification and produce gradual reactivityd changes during boron concentration reductions in the Reactor Cuolant System.

The reactivity change rate associated with boron reduction will, therefore, be
within the capability of operator recognition and control.

The restrictions on starting a Reactor Coolant Pump with one or core RCS
cold legs less than or equal to 350*F are provided to prevent RCS pressure tran-
sients, caused by energy additions from the secondary systes, which could exceed
the limits of Appendix G to 10 CFR Part 50. The RCS will be protected against
overpressure transients and will not exceed the limits of Appendix G by restrict-
ing starting of tne RCPs to when the secondary water temperature of each steam
generator is less than 50'F above each of the RCS cold leg temperatures.

BEAVER VALLEY - UNIT 2 B 3/4 4-1
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BVPS-2 UTSAR

CHAPTER 4

4.1 SUMMARY DESCRIPTION

4.1.1 General
.

This chapter describes: 1) the mechanical components of the reactor
core including the fuel rods, fuel assemblies, and control rods; 2)
the nuclear design; and 3) the thermal-hydraulic design. /,c

37 a7 9 TANOARD (i.rO) **N/gVMIAbbIN(YGH)
n e reactor core is composed of al array of fuel assemblies.rhi h n :4

9 M A identiee M n :::h ai;;l d::ign, het different M fuel ens h- *
''!:hi: :r h fr i r r rily, 211 :: E r : -f *' e - r!: bent. S-:

-eef e r en t: dr i;;n d r er4 bed 'r- E r;1e;;: "::: ;richeense in :
-4hree-eegi: ::::, th::::: ::: :;riehment: ::y b; : pl y:d f r :
pntiv:1- refr !' reher:

The core is cooled and moderated by light water at a normal operating
pressure of 2,250 psia in the reactor coolant system (RCS). The
reactor coolant contains boron as a neutron absorber. The
concentration of boron in the reactor coolant is varied as required
to control relatively slow reactivity changes including the effects
of fuel burnup. Additional boron, in the form of burnable absorber
rods, is employed in th: first cr+ to establish the desired initial
reactivity.

'No hundred and sixty-four fuel rods are mechanically joined in a
\, square 17 by 17 array to form a fuel assembly. The fuel rods are

supported in intervals along their langth by grid assemblies which
maintain the lateral spacing between the rods throughout the design
life of the assembly. The grid assembly consists of an " egg-crate"
arrangement of interlocked straps. The straps contain spring fingers
and dimples for fuel rod support as well as reactor coolant mixing

.

vanes. The fuel rods consist of slightly enriched uranium dioxide
ceramic cylindrical pellets contained in -: lightly ::Id r: Aed
Zircaloy-4 tubing which is plugged and seal welded at the ends to
encapsulate the fuel. All fuel rods are pressurized with helium
during fabrication to reduce stresses and strains in order to
increase fatigue life.

The conter array position in each assembly is reserved for the incore
instrumentation, 24 additional positions in the array are equipped
with guide thimbles joined to the grids and the top and bottom
nozzles. Depending upon the position of the assembly in the core,
the guide thimbles are used as core locations for rod cluster control
assemblies (RCCAs), neutron source assemblies, and burnable absorber
rods. -Oth: .;ic:,, th: guid: thirti:: ::: fitted eith plugging d: vices-
t: lirit hy; rr fi n

f
\

;

4.1-1
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. INSERT A

The significant few mechanical design fer.tures of the VANTAGE SH
fuel assembly design are described in References 1 and 2. These

-features include the following:

- Integral F el Burnable Absorbers (IFBAs)

- Axial Bianket> (six inches of natural uranium dioxide at bo'.h
ends of the fuel stack)

- Replacement of six intermediate inconel grids with Zircaloy
grids

- Slightly longer fuel rods and thinner top and bottom nozzle cnd
plates to accommodate extended burnup

- Reconstitutable Top Nozzles (RTNs)

- Redesigned fuel rod bottom end plug to facilitate reconstitution
capability

- Reduction in guide thimble and instrumentation tube diameter

v

,

in
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BVPS-2 UFSAR

4.1.2 Reference for Section 4.1

-( F-~~*lle l lm an ,J. M. (Ed.) 1975. Fuel Densification Experimental Results
and Model and Reactor Application. VCAP-8218-P-1 (Proprietary) and
WCAP-8219-A (Non Proprietary).

.
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IUPS-2 UFSAR

TABLE 4.1-1

J'\s
REACTOR DESION COMPARISON TABLE

Therms 1 and Hydraulic Virgil C. Summer
Design Parameters

BVPS _2 Nuclear Station

Reactor core heat output (Mut) 2,652 2.775

Reactor core heat output
(105 Btu /hr) 9,051 9,471

Heat generated in fuel
(percent) 97.4 97.4

System pressure, nominal
(psia) 2,250 2.250

System pressure, minimum
steady-state (psia) 2,220 2.220

Minimum departure from
nucleate boiling ratio
fer design transients >1.30 >1.30

Coolant Flow

Total thermal flow rate
(105 lb /hr) 100.8 109.6

*

m

Effective flow rate for
heat transfer (los lb/hr) 96.3 102.6

Effective flow area for
heat transfs'r (ft ) 41.6 (370) 41.62

VI. 7 Iv5H)
Average velocity along
fuel rods (ft/sec) 14.4 15.6

Average mass velo.:ity
(108 lbghrft) 2.32 2.472

Coolant Temperature ('F)

Nominal inlet 542.5 556.0

Average rise in vessel 67.5 62.8

Average rise in core 70.3 66.6

k}J
f

1 of 4
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SVPS-2 UFSAR

TABLE 4.1-1 (Cont)O Thermal and Hydraulic Virgil C. Summer
Design Parameters LVPS-2 Nuclear Station

, Average in core 579. 591.2

Average in vessel 576.2 589.0

Heat Transfer

Active heat transfer,

surface area (ft8) 48,600 48,600

Average heat flux

(Btu /hr-ft*? 181,400 189,800

Maximum heat flux for normal
operat'on (Btu /hr-ft8) 420,900 440,400

Average thermal output (kV/ft) 5.20 5 . 41

Maximum thermal output for
normal operation (kV/ft) 12.1 12.6

Peak linear power resulting
from overpower transients,O cperator errors, assuming a
maximum overpower of
118 percent kV/ft 18.0* 18.0*

Heat flux hot channel
factor (F ) 2.32** 2.32**q

Peak fuel central temperature
at 100 percent power (*F) 2,960 3,250

Peak fuel central temperature
at maximum thermal output
for maximum overpower
trip point ('F) <4,700 <4,700

Core Mechanical Design Parameters

Fuel Assemblies

Design RCC canless RCC canless

Number of fuel assemblies 157 157

UO' rods per assembly 264 264

2 of 4

.

nis-- - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - . _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ . - . _ _ _ _ _ _ _ _ - . _ _ - a



BVPS-2 UFSAR

rS TABLE 4.1-1 (Cont)y
-y

Core Mechanical Virgil C. Summer
Design Parameters BVPS-2 Nuclear Station

.

Number of absorber rods
per cluster 24 24

Core Structure

Core barrel, I.D./0.D. (in) 133.85/137.875 133.85/137.875

Core barrel design Neutron pad Neutron pad
design design <

Structure Characteristics

Core equivalent diameter

(ia) 119.7 119.7

Core active fuel height

(in) 144 144

Reflector Thickness and
Composition

i
Ns,/ Top - water plus steel (in) ~10 10

Bottom - water plus steel (in) ~10 10

Side - water plus steel (in) ~15 15

H 0/U molecular ratio
core, lattice (cold) 2.42 2.42

r.rst Cort Fuel enrichment, weight percent

Region 1 2.10 2.10

Region 2 2.60 2.60

Region 3 3.10 3.10

NOTES:

* Refer to Section 4.3.2.2.6.
**This is the value of F for normal operation.q

O
4 of 4
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T ABLC as. I~2

ANALYISC Th ,1QUE S IN CORF DESIGN -*

.

SectsonAna1ysIs Techniaug Computer Code He fe reelge

fuel rod design

1. fuel oerformance ch.tacteristics Seel-empirical thermal WestinglMrsse fuel rod 4.2.1.3.1
(temperature, In te rna l p re ssu re model of fuel rod con- design model 1,3.3.14
clad stess, etc) sideration of fuel density 4.4.2.2

changes, heat t ra n s fe r,
fisslos. gas release, etc.

Nuclear design

1. Cross sections and group Microscopic data; Hudireed (NOF/0 l ibra ry a.3.3.2s

constants Macroscopic constants LforARD/ CINDER type 4.3.3.2
for homogenized core cyf ryorgfje f'
regions

Group constants for hap 94[R-AIM 4.3.3.2
control rods with self-
shielding

2. X-Y Power distributions, 2-D 2-group dif fusion IUR T LE -vl A N C- 1.3.3.33
,

fuel depletion, critical theory
boron concentra tions, X-Y
xenon distributions,

,_
reactivity coefficient s

a/3. Axlat power distributions, 1-D, 2-group dif fusion PAMDA 4.3.3.3
control rod worths, and theory
axial xenon distribution ,

!
gh, fuel rod power integral transport theory LAS[R 1,3,3,t L3

[ffective resonance Monte Carlo velghtleg RtPAD
tempe ra ture fasnction

D.hmany -Y-z f'uver O *'s '"''r 2. Gre. pgt,t;,., t :b.ul w w,LW, .5 0ria,,,y
3g AN(_ y J. 3.'.3y
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flow so that the heat transfer performance requirements can be met

[sV] for all modes et operation.

The following section provides the fuel sytem design bases and
design limits. This information, augmented by the clarifying
information submitted to the USNRC during their review of

93 erb A. Westinghouse Topical Report,#UCAP 0520, " Referent- Carc cper: !
.

-4 7 - !? Optimiced Fuel Actembly" ('' "& n a: _ti.gh = ^ t=--
"

.

J.R Hiler (NEC), Lener . "F -T"a - N6 d a t =d - J a n aery-.1h-lu4--.
i

T" Andersen -(Ucehghc= c )-t c J , ' " i '. l c r--4 P C ) , 5tt; "-
i

T". A - L M , det+4-Ap441-M r. 44&4,4 provide information . stent i
*

with the acceptance criteria of the Standard Review P;an (SRP)
4.2.

4.2.1 Design Bases

The fuel rod and fuel assembly design bases are established to satisfy the
general performance and safety criteria presented in Section 4.2.'

TheJuel-rods--araignwi-Jos a p9 p-11et-burnup-of-appronimatelpsh400- !

-mag au a t t day per e t;ic tr ef ur.an4um--44WMT4 -.4n -4h.---fu.4-ph-
--equi 44bs-Aum-sondi&4en,-

|

The detailed fuel rod design established such parameters as pellet size and
density, clad / pellet diametral gap, gas plenum size, and helium pre-
pressurization level. The design also considers sffects such as fuel

g-~3 density changes, fission gas release, clad creep, and other physical

( ) properties which vary with burnup. The integrity of the fuel rods is
ensured by designing to prevent excessive fuel temperatures, excessive
internal rod gas pressures due to fission gas r21 eases, and excessive
cladding stresses and strains. This is achieved by designing the fuel rods
so that the conservative design bases in the following subsections are
satisfied during ANS Condition I and ANS Condition II events over the fuel

lifetime. For each design basis, the performance of the limiting fuel rod
must not exceed the limits specified by the design basis.

Integrity of the fuel assembly structure is ensured by setting limits on
stresses and deformations due to various loads and by preventing the
assembly structure from interfering with the function of other components.
Three types of loads are considered.

1. Nonoperational loads such as those due to shipping and ha..dling.

2. Normal and abnormal loads which are defined for ANS Conditions I
and II.

m
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3. Abnormal loads which are defined for ANS Conditions III and IV.

The design bases for the incore control components are described-in Section
'4,2.1.6,

4.2.1.1 Cladding-
,

1. Zirealoy-4 combines neutron economy (low absorption cross-
section); high corrosion resistance to reactor oolant, fuel, and
fission products; .and high strength and ductility at operating
temperature (Skaritka 198Q . . , , (e.,[,Lo,c/ .,,,,x6 p.ge)

5

.

O

.

4
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.... documents the operating experience with Zircaloy-4 as a clad7ss
g ) material. Information on the materials, chemical, and mechanical'/'- properties of the cladding is given by Beaumont (et al 1978).

2. Stress Limits
~

Clad stress - The clad stresses under ANS Conditions I and IIa.
are less than the Zircaloy 0.2 percent offset yield stress,
with due consideration of temperature and irradiation
effects. While the clad has some 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
elestic tensile strain during a transient is less than one
percent from the pretransient value. This limit is

consistent with proven practice (Beaumont et al 1978).

3. Vibration and Fatigue

a. Strain fatigua 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 1965).

./'') - limited, ensuring that the stress limits are not exceeded

b. Vibration Potential fretting wear due to vibration is-

(,,f

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 fretting forces vary
during the fuel life due to clad diameter creepdown combined
with grid spring relaxation.

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

4.2.1.2 Fuel Material

1. Thermal physical properties - fuel pellet temperature. The center
temperature of the hottest pellet is to be below the melting
temperature of the unirradiated UO: melting point of 5,080*F
(Christensen, Allio, and Biancheria 1965) and decreasing by 58'F
per 10,000 MWD /NTU). While a limited amount of center melting can
be tolerated, the design conservatively precludes center melting.
A calculated fuel centerline temperature of 4,700*F has been
selected as an overpower limit to assure no fuel melting. This
provides

O
4.2-3
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sufficient cargin for uncer uincies as described in Section
/7
t i 4.4,2.9.

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

2. Fuel densification and fission product swelling - The design bases
and models used for fuel densification and swe'. ling 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 fuei rod models and the ability to-

predict operating characteristics are given by3 Miller (1976),A(Section 4.2.3). g,7,;,,, ( g gg)> . ) wwe M BB,

2. Mech .. cal design limits - Cladding collapse shall be precluded
during the fuel rod design lifetime. The models described by
George (et al 1974)3are used for this evaluation.

snel Welner litBB)
The rod internal gas pressure remains below the value which causes the

o fuel / clad diametral gap to increase due to outward cladding creep during
I(V steady state operation. Rod pressure is also limited such that extensive

departure from nucleate boiling (DNB) propagation shall not occur during
normal operation and any accident event. Risher (et al 1977) show that the
DNB propagation criteria is satisfied.

4.2.1.4 Spacer Grids

1. Mechanical limits and materials properties "'he grid component
strength criteria are based on experiuental tests. The grid
strength was based on the 95 percent confidence level on the true
mean as taken from the distribeian of measurements. This limit
is sufficient to assure that under worst-case combined seismic and
blowiun loads from an ANS Condition IV, loss-of-coolant accident
(LOCA), the core will maintain a geometry amenable to cooling. As
an integs 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 matarial 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
~

g
stresses and deformations due to various nonoperational, operational, and(

'%
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to the required fuel neight. The spring is then inserted into the top end
O of the fuel tube and the end plugs pressed into the ends of tha tube and
\ wolded. All fuel rods are internally pressurized with helium during the

welding process Ln order to mininize compressive clad stresses and prevent
clad flattening due te reactor coolant operating pressures.

The fuel rods are prepressurized and designed so that: 1) the internal gu
pressure mechanical design limit discussed in Section 4.2.1.3 is not
exceeded. 2) the cladding stress-strain limits (Section 4.2.1.1) are not
exceeded for ANS Condition 1 and II events, and 3) clad flattening vill not
occur during the fuel core life.

I 4.2.2.2 Fuel Assembly Structure

The fuel assembly structure consists of a bottom nozzle, top nozzle, guide
thimbles, and grids , as shown ce Figure 4.2 2.

4.2.2.2.1 Sottom Nozzle

The bottom nozzle serves as bottom structural element of the fuel assembly I

and directs the reactor coolant flow distribution to the assembly. The

.quete nozzle is g)B fy4 angle legs with bearing pistes as shown on Figure
ticated from Type 304 stainless steel and consists ef a

'

perforated plate * an
4.2-2. The le ss ','"ko rn a plenus for the inlet coolant flow to theffuel
assembly. The plate also prevents accidental downward ejection of the fuel
rods from the fuel assembly. The bottoen nozzle is fastened to the fuel
ass wbly guide tubes by screws which penetrate through the nozzle and mate

[ ,} with a threaded plug in each guide tube. The screw is prevented from
V loosening by a stainless steel 4eek-pin-which-le-welded-to-the bottoo- |

,, , , g tkt bre su o w w:lk .' l,y n I Ie,k a.3 e ap.
lesert A |4

Reactor coolant flows from the plenum in the bottom nozzle upward through
the penetrction fn the plate to the channels between the fuel rods. The
penetrations in the plate are posittor.sd between the rows of fuel rods.

Axial loads (holddown) imposed on the fuel assembly and the weight of the
fuel assembly are transmitted through the bottoe nozzle to the lower core
plate. Indezie,g and positioning of the fuel assembly are provided by
alignment holes in two diagonally opposite bearing plates which mate with
locating pins in the lower core plate. Laterol loads on the fuel assembly
are transmitted to the lower core plate through the locating pins.

4.2.2.2.7 To Nozzleru. sfdhke.p
The, top nozzle assembly functions as the upper structural element of the |
fuel assembly in addition to providing a partial protective housing for the
RCCA or other components, which are installed in the guide thimble tubes.

I6 TM. - top nesele-*seeabit consists of an adapter plate, enclosure, top plate,
and pads.jHelddown-oprings-ase certed es th- "a==hly as shown on Figure

f,...et e " 4.2-2. The springs and 1to- are made of Inconel-718, whereas other
components are made of a 304 stainless steel

aN ~ % rs *f*'Ufye.y screa
d

4.2 11
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'the design willinclude use of the Denris I:llter llottom Nonle (Dl:llN) to reduce the possibility of
fuel rod damage due to debris-induced tretting. 'ik: relatisely large tiow holes in a conventional
nonle are replaew! with a new pattern of smaller flow hoks. The holes are sired to im iimire
pauage of debils particles large enough to cause damage while providing sutticient flow area,
comparable prest.ure drop, and continued structural integrity of the nonte.

Insert 11 p. 4.211

The top nonle asserably comprises holddown springs, screws and clamps mounted on the top plate.

O

O
|

__ _
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| 1eeeel A .

The -equa re-- adapter plate is provided with round p rations and |g

v semicircular ended slots to permit the flow of coolant upwptd through the
top nozzle. Other round holes are provided to accept 44 aves-which-are.

--ve44ed-te4he-adapter-p4es " "w 4Mp-ar.tuhed to ths4hish14-tubes,c
The ligaments in the plate cover the tops of the fuel rods and prevent
their upward ejection from the funi assembly. The enciesate is a box like i

structure which sets the distance between the adapter C tte and the top
'

plate. The top plate has a large square hole in the ce der to peroit
access for the control rods and the control rod spiders. Mc1ddova springs
are mounted on the top plate and are -destaned-in-plue by belte and clamps |

" On the other two corners,located at two diagonally opposite co rne rs .
integral pads are positioned which contain aligryent holes for locating the
upper end of the fue' assembly. \,g,j ,

hWe rubes
4.2.2.2.3 Guide and InstrumentAThieb4++ |g

laeneb 6
The guide thimbles are structural memb6 ,rs which also provide channels for
the neutron absorber rods, burnabl/ absorber rods, neutron source, or
thimble plug assemblies. Each th/db.e is fabricated fros Zircaloy-4 tubing
having two dif ferent diameters. PThe tube disseter at the top section |
provides the annular area necessary to permit rdpid control rod insertion
during a reactor trip. The lower portion of the guide thimble is swaged to
a smaller diameter to reduce diametral clearances and produce a dasihpot
action near the end of the control rod travel during normal trip operacion.
Holes are provided in the thimble tube above the dashpot to reduce the rod
drop time. The dashpot is closed at the bottom by means of an end plug
which is provided with a small flow port to avoid fluid stagnation in the

.a taserb
dashpot volume during normal operation. The top and of the guide thimbley,,[
is f astened co 4-tubular-+4++ve. by thru expansion #9 ages. The e4*wCfits

/.ek,);Jo rinto and is %elded-** the top nozzle adapter plat & The lower end of the
guide thimble is fitted with an end plus which is then fastened into the
bottom nozzle by a integral locking cup thimble se row. -A-stetalus-steel.
-4esk-pla-to-welded te the bottom-noss14 -pr ovent-the-us ew-4 ros-
-4eouning- u * tas 6 loc k buh e-

volag de mad zieceley"
Fuel rod support grids are fastened tor.the guide thimble a semblies to
create an integrated structu . -G'-- "-1d % - ef The Inconal ' grids .ead.

are A c h Sc.Zircaloy thimble b ::t pee M , e mechanica' fastening technique 7 depicted
on Figures 4.2-4 and 4.2-5 4e-wef for ell-but the -top-end bottom grid / -in-# **f I...d c/-e-fuel-meeably,

tk e. 9 e |c|-
An e< spending tool is inserted into the aner diameter of the Zircaloy

thimble tube at the elevatiou of.etetalw a test. sleeves which have been
previoud.M.h-bee =Jy ' - te. the -Incomel- grid assembly. The four lobed tool forces the

b* thimble and sleeve outward to a predetermined diameter, thus joining the

leserNQ. |
two components.

--The-top-seid-to-thimble-etseehment-le-shown-oe-F43ure 44 6 ---no-stataloss.
--e t ee l-e l uvu-e r e-b r esed-in te-t he-I ncene l-g r id -u s eab l y . The-Ziraa loy-
--gu i d e-t h imb l e s-a r e-f e e t e n ed -t o-t h e-long -s l e eve e - by-e xp end in g-t h e-t wo-

e t e b e r s-es -s hown-on-F i gu r e s-412 -4-4nd 4 ra -S r-F in a l l y r- t h e-top-e ndo-o f-t h e-
-.*leevu.-are-wolded-to-the-top-nocelendapter-plate-ee-shown-on-F4 ur+4,4--

O - 4 ,-
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inserts which are locked into internal grooves in the aJapter plate at their upper ends using a lock
tube and mechanically attached to the thimble tubes at the lower end.

Insert 11 p. 4.2-17

With the exception of a reduction in the guide thimb!e diameter ahe the dashpot, the VANI AGli
5.1 (V511) guide thimbles are identical to those in the LOPAR design. A 0 0% inch reduction te

[
the guide thimble OD and ID is required due to the thicker rircaloy grid straps. The Y$11 guide
thimble tube ID provides an adequate nominal diametral clearance of 0Milneh for the control rods.|

The reduced V511 thimble tube ID also provides sul0clent diametral clearance for burnable absorber
rods, source rods, and any dually compatible thimble plugs.

Insert C p. 4.2-12

whleh is retained by clamping between the thimble end plug and the bottom nonte.

Insert D p. 4.212

The top inconel grid sleeve, top nonle insert, and thimble tube are joined together using three joint
erhanical attachments as shown in Figure 4.2-6. This bulge joint connection was mechanically
tested and found to meet all applicable design criteria.

-

The mixing vane zircaloy grids employ a single bulge connection to the sleeve and thimble as
compared to a three bulge connection used in the top inconel grid (Figure 4.2 5). Mechanical testing
of this bulge joint connection was also found to be acceptable.

. ..
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Tbe bottom grid assembly is joined to the assembly as shown on Figure 4.2-

O 7. The stainless steel insert is spot welded to the bottom grid and later
captured between the guide thimble and plug and the bottom nozzle by means
of a stainless steel 1.ntegral locking cup thieble screw.

These rethods of grid fastening are standard and have, with the exceptien
of :.he tategral locking cup thimble screw, been used successfully since the
introduction et Zircaloy guide thieble in 1909.

t a e. the 1,s hes, ntr|e b |N |cwer enc |ank
he central instrumentation +hddrie- e_ach fuel assembly is constrained bv
seating in$counterbore/ in each-aos le. jThis tube is of constant diazet %

land guides the incore neutron detectors.l-Thh th M M-is expande fat sne'
top and mid grido in the same manner as the previously dinussed expansion

, of the guide thimbles tt: the grids. 4 -

/a e ee C p . _p g

4.2.2.2.4 Grid Assemblies I

The fuel rods. as shown on Figure 4.2 2, are supported at intervals along.

raeir length by grid assemblies which maintain the lateral spacing between
the rods. Each fuel rod is supported within each grid by the combination
of support dimples and springs..gpie grid assembly consists of individual

<, ,ma he) . slotted straps 11nterlocked anddr4aed-in an "agg-crate" arrangement W+n v,h
J ,,, , ) the straps permanently,at their points of intersection. -The-et r aps-cont 4 &n..,

-spcAng 14 agers,-supp~t- di ples , and eixing-vanes,.
/., s e r b 8 ->

The g r id-mater tal is -- Jaconal=21&y-chosen becatae ef !ts - cerreslen -

-resistance-and-.high-strength - The magnitude of the grid restraining force

O en the fuel rod is set high enough to minimize possible fretting, without
overstressing the cladding at the points of contact between the grids and
fuel rods. De grid assee.blies also allow axial thermal expansion of the
fuel rods without imposing restraint sufficient .t o develop buckling or
distortion of the fuel rods.

-Two-t ypes-o f- g r id-a s s emb l i es -a r s -us ed-la-sach-f ue L as s emb l y . Six grids,
-w i t h-m im in g-v anes-pr o}+ctin g-f r om4 he-4d get-o f-th ea t r a ps -in to4h e-ROS ,-4: e
-us ed-in -tho 41 gh4 e a t-flux-s e g ion-o f-the-fue l-4s e eab l i oo 40-p romo te-s i x i n g
-of-4h a-s4 actor-cool an t,-Two-g e 4 da y-on e-a t-ea ch-e nd-o f-t h e-as sembifr-d e-n*+-
-contain-al4 Lag-vanee en the internal-strape,--The-outside-steepe-en-+14--
~4sids-contata-aistag-vanes-whichr.-in-additie:- t: the te-mining--funes4ca , cid=
-in---guiding-th*-gs ids-And-f uob4s s emb l 4 *s--pas t-p rojecting-sur f aces-dur4n g-
-h and l ing -o r-d u r in g-l oad e.gand-un load in g-o f-t h*-core,--

4.2.2.1 Core Components

Reactivity control is provided by neutron absorbing rods and a soluble
chemical neutron absorber (boric acid). The boric acid concentration is
varied to control long term reactivity changes such as:

1. Tuol depletion and fission product buildup.

2. Cold to hot, zero power reactivity change.

O
4.2 13
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De V511 instrumentation tube also has an 0.0081nch diametral decrease compared to the LOpAR
assembly instrumentation tube. This decrease still ahows sufficient diametral clearance for the incore
neutron detector to traverse the tube without binding.

Insert 11 p. 4.2+13
i

ne top and bottom Incenel (non mixing vane) grids of the LOpAR and V511 assemblies are nearly
identical in design, ne only differences are: 1) V511 interactions during core loading /unloa: ling, 2)
V511 top and bottom grids have dimp!cs which are rotated 90 degrees to rninimlre fuel rod fretting
and dimple cocking,3) V511 top and bottom grid heights have been increased to 1.522 inches,4) the
V511 top grid spring force has been reduced to minimize rod bow,and 5) the V511 top grid uses 304L
stainless steel sleeves.'

The sin intermediate (miting vane) grids are made of ritcaloy material rather than ineonel which is
currently used in the LOPAR design. Rese V511 grids (known as the VANTAGli 511 rircaloy grid),

are designed to give the same pressure drop as the inconel grid. Relative to the inconel grid,the
V511 zircaloy grid strap thickness and strap height are increased for structural performance, in
addition to the snag resistant design noted above, the upstream strap edges of the V511 rirealoy grid
are chamfered rd a diagonal grid spring is employed to reduce pressure drop. He V511 ritcaloy
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 brated.

The V511 zircaloy grid has superior dynamic structural performance relative to the inconel grid. i

Structural testing was performed and analyr.es have shown the V51{ zircaloy grid seismic /LOCA load
margin is superior to that of the inconel grid.'

i

|

|-
,

O



- _ _ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

BVP$a 2 (T5AR

3. Reactivity ch an ge preduced by intermediate term fins ten pt:dact s
i such as menon and samartws.

Burnable absorter. depletten..

che. e.I . aJ hl e G.h./ 5,s/*

Sof;VCS)is discust.ed in Sect ton 9.3.4. ,

n e RCCAs provide reactivity centrol for:

1 Shutdcen,

2. Reactivity char ge s due to reactor coolant temperature changes tn
the power range.

3. Reactivity changes associated with the power coefficient of
reactivity, and

4. Reactivity changes resulting f rom void formation.

It is desirable to have a negative moderator temperature coefficient
throughout the entire cycle in order to reduce possible deleterious effects
caused by a positive coef ficient during thCA, loss of flow, or steam J tne
break ($1.5) occidents. A combination of burnable absorber assemblies ytth
soluble boron is used ta ensure a negative moderator temperd ure
coef ficient during all portions of the fuel operating cycle,

ne RCCAs and their CR;. .s are the only moving parts in the reactor. Tigure*

6.2-8 illustrates the rod cluster control (RCC) and CRDMs assembly, in
s

addition to the arrangement of these coeponents in the reactor, relative to'

the interf acing fuel assembly and guide tubes. In the following

patagraphs, each reactivity control component is described in detail. De
CRDM assembly is described in Section 3.9H.4.

durs bi
ne f neutch source assemblies provide a neutron source for monitoring the
coralperiods of low neutron I level, ne thimble plug assesblies limit

bypass flow thrcush those fuel saneably, thimblea which do not cout un
control roda, burnable absorber toda, or neutron sourt.e rods.

4.2.2.3.1 Rod Cluster Control Assembly

no ACCAs are divided into two categories' control and shutdcun, no
control groups compensate for reactivity changes associated with variations
in opesating conditions of the reactor, that is, power ead temperatrre
varistfoss. Wo r.uclear design criteria have been employed for selection
of the control group. First, the total reactivity worth must be adequate
to meet the nuclear requirements of the tractor. Second, in view of the
fact the these rods may be partially inserted at power operation, the total
power peaking factor should be low enough to ensure that the power
capability is met, he control and shutdown groupe provide adequate
shutdown margin,

no RCCA is comprised of 24 neutron absorber rods f astaned at the top end
to common spider assembly, as illustrated on Tigure 4.2 9.

O 4.2-14
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i of 'sutrons. The primary source assemblies are normally removed af ter the
first cycle of operation.

Tour 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 assembly
contains a symmetrical grouping of four secondary sourre rods and thimble
plugs in the remaining locations. The source assemblies are shown on i

Tigure 4.2 11.

Neutron source assemblies are employed at opposite sides of the cered

(Tigure 4.3 5). The assemblies are inserted in the guide thimbles of fuel |

assamblies at selected 'mrodded locations.

As shown on Figure 4.2 11, the source assemblies contain a holddown ,

'
assembly identical to that of the barnable absorber assembly.

he primary and secondary source rods both utilize the same cladding f
material as the absorber rods. Thg setondary source rods contain Sb+Be

,

pellets stacked to a height of approximately 68 inches. The primary source i

rods contain capsules of Californium source smterial and an alumina spacer
to position the sor.rce material within the cladding.. The rods in each ;

assenbly are pernanently fastened at the top and to a holddown assembly +. '

IThe other structural members are constructed of Type 304 stainless steel
except for the springs. The springs exposed to the reactor coolant are

,

Inconel 716.

4.2.2.3.4 Thimble plus Assembly

Thimble plus assembliss limit bypass flow through the guide thimbles in |
fuel assemblies which do not contain either control rods, source rods, or !

burnable absorber rods,
f-

s ce:mped
The thimble plus assemblies consist of a hold down a sembly with short rods *

| suspended from the base plate and a sprias pack asembly, as shown on
i Tigure 4.2 11. The 24 thimble pluss, project it o the upper ends of the

guide thimbles to reduce the bypnas flow. Each thbrble plus is permanontly!

attached to the base plate by a nut which is 4e b welded-to the threaded
and o6 the plug. Similar thimble plugs are also used on the source
assenhaies and burnable absorber assamblies to plus the ends of all. vacant

'

,

fuel jpsembly ~ guide thimbles. When in the core, the thimble plug
assan8 Lies interface with both the upper core plate and with the-fuel
assembly' top nossles by resting on the adapter pista. The spring pack is
compressed by the tpper core plate when the upper internals essembly is ;

lowered into place. 1

t

All components in the thimble plug assembly, except for the springs, are
constructed-from Type 304 stainless steel. The springs are Inconel 718. ,

O
4.2 17
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fuel assembly based on out of pile flow tests (DeMario, 1974),

O performance of similarly designed fuel in operating reactor.
(Skaritka 1985), and design analyses. MA,g ,.

cladding stresse[ M Oarnup2. Tuel rod internal pressure and
dependent fission gas release model (Miller 19764 Y ustd in
determining the internal gas pressures as a function of,

arradiation time. The plenum height of the fuel rod has been
designed to ensure that the maximum internal pressure or the fuel
rod will not exceed the value which would cause, 1) the fuel / clad
diamet ral gap to increase during steady state operstion and, :)
extensive DNB propagat ion to occur.

The clad stresses at a constant local fuel rod power are low
Compressive stresses are created by the pressure differenttal
between the reactor coolant pressure and the rod internal gas
pressure. Because of the prepressurization with helium, the
volume average effective stresses are always less than

83, W approximateI7%4rGOOpsiat the pressurization level used in this
fuel rod design. Stresses due to the temperature gradinnt are not
included in this average effective stress because thermal stresses

are, in general, negative at the clad inside diameter and posttave
at the clad outside diarreter and their contributions to the clad
volume average stress is small. purthermore, the thern.al stren
decreases with time during steady state operation due to stress
relaxation. The stress due to pressure differential is highest in
the minimum power rod at the beginning of life due ti> Jcw internal

/' gas pressure and the thermal stress is highest in the maximum
\ power rod due to the steep temperature gradient.

17,200 /A, f Do pagte b
pressure at teeinnithof life.er approximstelyg

The internal gas
t oo ta l, oco -e tp,Oe psia for / typical lead \ power fuel rod. The total

tangential stress at the clad insideNdiame. n at beginnang-of infe' q> p _ 1s approx 2mately % d OO psi cortpressiVn-( G rOOO psi due to Ap Jnd
I.,2M +4r ee due to AT) foranaveragepowerhdoperatingat 5)( W/ f te

2-V M - ~ and approximatelP12,000 psi compressive %rMG psi due to Ap
and_O.3, sed ++,400 ps t due to AT) for a high power rod operating at M w'ft.

However, the volume average effective stress at beginning of life
is between , approximately 8,000 psi (high power rod) and

~

13,, f.M approximatelj^ 0,000 psi (low powtr red). These stresses are
substantially below even the unirradiated clad strength (55,500
psi) at a typical clad mean operating terrperature of 70)'F,

Tensile stresses could be created ence the clad has come in
contact with the pellet. These stresses would be irdned by the
fuel pellet swelling during irradiation. Fuel swelling can result
in small clad strains (<1 percent) for expected discharge burnups,
but the associated clad stresses are very low because ci clad
creep (thermal and irradiation induced). "Re ene percent strain
criterion is extremely conservative for fue!-swelling driven clad
strain because the strain rate associated with solid fission
products swelling is very slow. A detailed discussion on fuel rod

'

performance is given in Section 4.2.3.3.

| O
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than the manufactured values. Tuel densification and subsequent bettling
of the fuel pellets can reault in local and distributed gaps in the fuelrods. Tuel densification has been einimized by improvements in the fuel
manufacturing process and by specifying a no:.iinal 93 percent initial fueldensity.

g ., y)
The -evaluation of fuel densification ef fects ar.d their consideratio s infuel design are described by Hellman (1973) and !1111er (1776),* The f

treatment of fuel swelling and fission gas release is described by' Miller
(1976)/ed We.|ne r ( 1988).

The effects of veterlogging on fuel behavior are discussed in h et:en4.2.3.3.
,

!. 2.3.3 Tuol Rod Performance

In t h s. calculation of the steady state performance of a nuclear fuel rod,
the following interacting factors must be considered:

1. Clad creep and elastic deflection.

2. Pellet density changes, thermal expansion, gas release, and
thermal pr,perties as a function of temperature and fuel burnup.

,

3. Internal pressure as a function of fission gas release, rod
geometry, and temperature distribution.

These effects are evaluated using / fuel rod design modelS tW44m4G4,
F--> h redel redM&utions,-for-64 -dymdent-fuel-4ans#4w&4w-awg4ve-.-by.#'

def.e M4 men-W S } nd444+M W O . M S- p ..^"'

(14:ller I9 74 s,d Weinse 1988) A 'b * "NG *ff'*f''I" ' '"*Y* '' "'

t me - defe<> den t S"c | dc&bcN" '"IY' b|'' '' "- **''

-

>

e

4.2 20b

, . . . . . . - , . - - - . - - . - _ - - , . - . - - . - - , - . - _ - - . - ,..- - - - _ ,



BVPS-2 LTSAR

interacting factors considered, the model determines the fuel rod
performance characteristics fo a given rod geometry, power history, and

. axial power shape. In particular, internal gas pressure, fuel and clad
temperatures, and clad deflections are calculated. The fuel rod is divided

-

into several axial sections and cadially into a number of annular zones.
Pt.el density changes are calculated separately for each segment. The
effects are integrated to ebtain the internal rod pressure.

The initial rod internal pressure is selected to delay fuel / clad
rechanical interaction and to avoid the potential for flattened rod,

formation. It i s, ilmited, however, by the design criteria for the rod
internal pressure (Section 4.2.1.3).

The gap conductance between the pellet surf ace and the clad inner diameter
is calculated as a function of the composition, temperature, and pressure
of the gas 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 empirical model

derived from experimental data (Miller 1976)l release within each axial and
. The total amount c: gas

released is based on the average fractio a
radial zone and the gas generation rate wh ch in turn is a function of
burnup. Finally, the gas released is summed over all zones and the
pressure is calculated. g g., g9gg

r., ode]
The .e.edte" shows good agreement in fit for a variety of published and
proprietary data of fission gas release, fuel temperatures, and clad
deflections (Miller 197Q. These data include variations in power, time,;q fuel density, and, geometr r.N .,d W n.% e i I u s
Fuel / cladding mechanical interaction - One factor in fuel element duty is
potential mechanical 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 interaction is
therefore a gul 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 bard
contact between the two. However, during power operation, a gradual
compressive creep of the clad onto the fuel pellet occurs due to the
external pressure exerted on the rod by the reactor coolant. Clad
,mpressive creep eventually results in the fuel / clad contact. Once
mel/ clad contact occurs, changes in power level result in changes in clad
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 interaction and
contact occurs, and significantly reduces the number and extent of cyclic
stresses and strains experienced by the clad both before and after
fuel / clad contact. These factors result in an increase in the fatigue life
margin of the clad and lead to greater clad reliability. If gas should
form in the fuel stacks,

,

O
4.2-21

_ _



|

B'/PS-2 UFS AR

2. A biaxial fatigue experiment in gas autoclave onO unirradiated Zircaloy 4 cladding both hydrided andnenhydrided.

3. A fatigue test program _ on irradiated cladding from the
Carolina Virginia Tube Reactor and W *ee Core V conducted*

at Battelle Memorial Institute.

The results of these test prog.ans provided information on different
cladding conditions including the effect of irradtt. tion, hydrogenlevel, and temperature.

The design _ equations followed the concept for the fatigue design
criterion according to the A5ME Code, Section !!I. Namely,

1. The calculated pseudo-stress amplitude (Sa) has to - be
multiplied by a factor of 2 in order to obtain the allowable
number of_ cycles (Ng).

2. The. allowable cycles for a given sa is 5 percent of Ng. or a
safety-factor of 20 on cycles.

The lesser of the two allowable number of cycles is selected._ The
cumulative fatigue life fraction is then computed as:-

$1
Nfk (4.2-2)

wherei

k number of daily cycles of mode k,n =

H *fk ""*D'' 'I "11'""D1' 'Y'I*''

It is recognized that a possible limitation to the satisfactory
behavior of the fuel rods in a reactor which is subjected to _ dailylead follow is_the failure of the clad by low-cycle strain fatigue.
During their normal residence time in the reactor, the fuel _ rod maybe subjected to ;;. ' - : t 1,000 cycles vith_ typical changes in
power level from 50 to 100 percent of their s ;eady-state values,

u

o r- more'
.The assessreent of the fatigue life of the fuel rod clad is subject to
a considerable uncertainty due to the difficulty of evaluating. the
strain range .which results from the cyclic interaction-of the fuel
pellets and clad. This difficulty arises, for example, from such
highly unpredictable phenoment as pellet cracking, fragmentation, and
relocation. Nevertheless, since early 1968, this particular

,

O phenomenon - has been investigated analytically and experimentally
(O'Donnell et al 1964). Strain fatigue tests on irradiated and
nonitradiated hydrided Zircaloy-4 claddings were performed which

4.2-24
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7. Provisiotis for detection of fuel rod failure include high and I

O low range off line Itqaid monitors in tN reactor coolant letdown ;

line as discussed in Sectan 115.L3.1%
|

4.2.3.4 Spacer Grids

D.e reactor coolant flew channels ne estoblished and maintained by the
structure cooposed of grids and guide thie le;. The Ir.t e ra l spacing
bstwan fuel rods is provided and controlled by the support dioples of i

adjacent grid cells. Contset of the fuel rods on the dimplos is saintained
through the clamping force of the grid springs. Lateral motion of the fuel
rods is opposed by the spring force and the internal moinents generated
betwwan the spring and the support diaples.

Time history numerical fattgraties techniques .are used to analyze the fust
assembly responses resulting frena the latetal safe shutdown earthquake, !

SSE, and the most limiting mein coolant pipe break accident, LOCA. The
reactor vnssel motions resulting from the transieht loading are asymmetric
with respect to the geometrical center of the reactor core. The complete
fuel assembly core finite elerant model is employed to determine the fuel
assembly deflections and grid imr4ct forces,

i

A comparison of the seismic (SSE) response spectrum at the reactor vessel
supports versus the response spectrum of the time history indicates that
the time his torf spectrum conservatively bounds the design acceleration
spectrus curvas for BVPS 2. The seismic analyses performed for a number of
plants indicate that the maximum impact response is, in general, influenced

O
<

by the acceleration level of the - input forcing function at the fuel
assembly fundamental mode. Thus, the data in seismic time histories
corresponding to the design envelope are conservatively used for the fuel
evaluation.

The reactor cere finito element mot.1 consisting of the maximum number of
fuel assemblies & cross the core diameter was used. The BVPS-2 plant has
fifteen 17x17 8 grid-Unconelt fuel assemblies arranged in a planar array. |
Gapped elemenes' simulate the clearances between the peripheral fuel
assemblies and the baffla plates.

The - fuel assembly finite element model preserves essential dynamic
properties, such as the fuel assembly vibration frequencies, mode shapes,
and maas dis trit .ition. The time history motions for the upper and lower
core plates and the motions for the core barrel at the upper core plate
elevatime are simultaneously introduced into the simulated core model. The
analytical procedures, the fuel assembly and core modeling, and the
methodology are detailed in Gensinski and Chiang (1973) and Davidson (et al
1981). The time history inputs representing the SSE motions and the
coolant pipe rupture trsasients ware obtained from the time history
analyses of the reactor vessel inte.rnals.

GRID ANALYSIS

-Vith-respen to-the-guidolinoo-of-Appsadix-4-of-SRP Seccion L_2,

O -We s t in ghou s e-haowhoons t ra t e44 h a t,-+s imu l cansous-SS r ." -LOCA-even t-is--
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,

A f gh i y un l i k alyda far.igua_cyc l a n ; ernek initiatinn and reark -growth-due

O 4e-normal-operating-and-saias14-eventa-will not r ealiscically--l-ead-t o---o - I

-pipe-supture-(Witt-et-41-la2&b- The f actor applied to the LOCA grid impact
load due to flashing has been demonstrated by Westinghouse to be
unrealistic for Vestinghouse fuel in Westinghouse plants. Therefore, this !

f actor was not applied to the BVPS-2 analysis results.

The maximum grid impact forces for both the seisr= and asymmetric LOCA
accidents occur at the peripheral fuel assembly locations adjacent to the
baffle wall. A*-sastaum-grid impact-force-for-the-onveloped-SSE-analysis- !

-.uoe-91-porceat-o(-tbe-allowable-ar14-strsagth The4erreopendin3-value-for-
-t he-nos s l e- in l es--b r eak--wee--32-per c e t . In-esdes To comply with the
requirements % SRP Section 4.2 the maximum grid impact responses obtained
from the two transient analyses are combined. The square root of sum of-
squares (SRSS) method is used to calculate the results. The maximum

impact force for the BVPS 2 fuel assemblies was 99 p:::=t-:(-the.4 | 'combined
allowable grid strength. D e grid strength was established experimentally.
It was based on .;he 95 percent confidence level on the true mean'as taken
from the distribution of measurements,

i

NON GRIL COMP 0STNT ANALYSES

The stresses induced in the various fuel assembly non grid components are~

calculated. no calculations are based on the maximum responses obtained
from the most limiting seismic and LOCA accident conditions. D e fuel
assembly axial forces resulting from the I4CA accident are the primary
sources of stresses in the thimble guide tube and the fuel assembly

O nozzles. The induced stresses in the fuel-roda result from the relative
deflections during the hypothetical seismic and IhCA accidents. The
stresses are generally small. he combined seismic and LOCA induced

of the various fuel assembly components -peeented-4m-Teble--44-4-b* b ^ stressesare .4 rested-ee a pt: rte;;: c' the allowable limit. Consequently, the-

fuel assembly components are structurally acceptable und(r tb, postulated
accident design conditions for.SVPS 2.

'4.2.3.5 Fuel Assembly N

4.2.3.5.1 Stresses and Deflections

The fuel assembly component stresa levels are limited by the design. For
example, stresses in the fvel rod due to thermal expansion and Zircaloy
irradiation groerth are limited by the relative motion of the rod as it
slips over the grid spring and dimple surfaces. Clearances between the
fuel rod ends and nozzlee are provided so that Zircaloy irradiation growth
does not result in the rod and interferences. Stresses in the fuel
assembly caused by tripping of the RCCA have little influence on fatigue
because of the small number of events during the life of an assembly.
Assembly cowponents and pro *. stype feel assemblies made from production
parts have been subjected to structural tests to verify that the design
bases requirements are set.

The fue.1 assembly design loads for shipping have been established at 63
lateral and 4g axial. Accelerometers are peruaaently placed into the

4.2-28
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results of the surveillance and operating experience with Westingbouse fuelO and incore control components.

4.2.4.6 Onsite inspection

Detailed written procedures are used for receipt inspection of new fuel
assemblics and associated components, such as control rods, plugs, and
inserts. Loaded fuel containers, are visually inspected upon reculpt for
possible evidence of damsgo or improper handling. Shock indicators
attached to the - int erior of the container are inspected to verify that iexcessive forces caused by movsmant have not been applied to the fuel
assemblies. The fuel assamblies and associated corponents are subjected to

,

'

inspections which verify suf ficient attributes to as sure that damage or
deterioration during shipping was avoided.

Post irradiation fuel inspections are routinely anducted during refueling.
These inspection 1 include a qualitative visual examination of some
discharged fuel assamblies from each re fueling. Gross problems of
structural integrity, fuel rod f ailure, rod bowing and crud deposition are
idantified. Additional surveillance is provided if the visual examination
identifies unusual behavior or !( the plant instrumentation indicates gross
fuel failures.

.

.

4.2.4.7 On-line Fuel Systaa Monitoring

Reactor coolant letdown radiation monitors which can detect conditious
which indicate fuel rod failure are discussed in Section 11.5.2.2.
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TABLE 4.2 1 ,

("(j FUEL ASSEMBLY COMPCNENT STRESSES
'

.-'

(PERCENT OT ALLOWABLE) f'
,

/
Uniform Stresses Combined Stresses

Cotrponent (Direct / Membrane) (Membrane + Bending}
/

Thimble 78.6 64.2

Fuel Rod * 32.8 26.6

/ 6.0lop Nozzle Plate **

Bottom Nozzle Plate ** 47.5-

Bottom Nozzle Leg 7.7 6.9

; *)

t
NOTES:

\ C/* Including primary operatiq/ atresses7

**A negligible value
f/'

.

/

/

|
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f-~s against. ANS Condition IV faults shall not cause a release of
! I radioactive material that results in an undue risk to public health''# and safety.

The core design power distribution limits related to fuel integrity
are met for ANS Condition I occurrences through conservative design
and maintained by the action of the control system. The requirements
for ANS Condition II 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.

4.3.1.1 Fuel Burnup

Basis

The fuel rod design basis is described in Section 4.2. The nuclear
design basir is to install sufficientj reactivity in the fuel to
attain a region discharge burnup of 37,000 MVD/MTU. The above, along I
with the design basis in Section 4.3.1.3, satisfies GDC-10.

Discussion

Fuel burnup is a measure of fuel depletion which represents the
integrated energy output of the fuel (MVD/MTU) and is a convenient
means for qucatifying fuel exposure criteria.

() The core design lifetime or design discharge burnup is ach'ieved 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 installed 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 si the " bite" position). In terms of chemical shim boron
conctatration, this represents approximately 10 ppm with no control
rod ..nsertion.

A_ liriitation on initial installed excess reactivity is not required
orner than as is quantified in terms of othwr design bases, such as
cox. negative reactivity feedback and shutdown margin, discussed
below.

.

V
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Discussion('s\
i's /

ANSI Standard N18.2 specifies a k,gg not to exceed 0.95 in spent fuel
storage racks and transfer equipment flooded with pure water and a
k,gf not to exceed 0.98 in normally dry new fuel storage racks,
assuming optimum moderation. No criterion is given for the refueling 4operation. However, a 5-percent margin, which is consistent with
spent fuel storage and transfer and the new fuel storage, is adequate
for the controlled and continuously monitored operations involved.

The boron concentration required to meet the refueling shutdown
criteria is specified in the Technical Specifications. Verification
that this shutdown criteria is met, including uncertainties , is
achieved using standard V tinghouse design methods, such as the

rwN/ mmc fifef%ftD codes (B1Y $ " a ), ad-Aheave r*-4MG4 r-e--dHfusion-theory e ed , d PAf9dXW-fessden e t--e l--1C S ) , c -nodo&-
analy*i; ccdc. The subcriticality of the core is continuously
monitored as described in the Technical Specifications.

4.3.1.6 Stability

Basis

The core will be inherently stable to power oscillations at the
fundamental mode. This satisfies GDC-12.

(G'j Spatial power oscillations within the core with a constant core power
output, should they occur, can be reliably and readily detected and--

suppressed.

Discussion

Oscillations of the total power output of the core, from whatever
cause, are readily detected by the reactor coolant loop temperature
sensors and by the nuclear instrumentation. Ths core is protected by
these systems, and a reactor trip would occur if power increased
unacceptably, preserving the design margins to fuel design limits.
The stability of the turbine / steam generator / core systems and the
reautor control system is such that total core power oscillaticas are
not normally possible. The redundancy of the protection circuits
ensures an extremely low probability of exceeding design power
levels.

The core is designed so that diametral and azimuthal oscillations due
to spatial xanon effects are self-damping, and no operator action or
control action is required to suppress them. The stability to
diametral oscillations is so great that this excitation is highly
improbable. Convergent azimuthal oscillations can be excited by
prohibited motion of individual control rods. Such oscillations are
readily observable and alarmed, using the excore power range ion .

chambers. Indications are also continuously available from incore
(''} thermocouples and loop temperature measurementr. Movable incore
V

4.3-6

.

.m-_-____.__.-___ . - _ - - _ _ - - _ - _ _ - _ ~ _ _ _ _ - _ - - - - _ _ . _ - - - _ _ _ _ _ _ . - . _ _ - . - . _ _ - - _ _ _ _ _ _ - - - _ _ _ _ _ _ - _ - - . - _ _ _ . _ _ - _ _ _



_ . _ . _ . _ .m ___m_. _.. _ -. -- _ ___ _ _ _ . _ _ _ _ _ _ __ - . .

BVPS-2 UFSAR

detectors can be activated to provide more detailed information. In
all proposed cores, these horizontal plane oscillations are self-
damping by virture 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 control and
monitoring of axial power distributions. Assurance that fuel design'

limits are not exceeded is provided by reactor overpower AT and
overtemperature AT trip functions which use the measured axial power
imbalance as an input.

4.3.1.7 Anticipated Transients Without Trip

The _ effects of anticipated transients with failure to trip are not
' considered in the design basps of the plant. Analysis has shown that
the likelihood of such a hypothetical event is negligibly small.
Furthermore, analysis of the consequences of a hypothetical failure
to trip following anticipated transients has shown that no
significant core damage would result, system peak pressures would be
limited to acceptable values, and no failure of the reactor coolant
system would result (Westinghouse 1974),

4.3.2 Description

4.3.2.1 Nuclear Design Description .

The reactor core consists of a specified number of fuel ro'ds 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 a 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 a cross-sectional view of a 17 x 17 fuel
assembly and the related rod cluster control locations. Further
details of the fuel assembly are given in Section Ia.2.

g,,,[ 4 _ _The fuel , rods within a given ass embly have the same uranium-
enrichment *fr b:th the :=diel 1:d 2:121 p!::::. Fuel assemblies of

* = * k -Aw different enrichments are used in the ' '-' ' core loading to
establish a favorable radial power distribution. Figur; 4.2-1 ':hrr:
th: ft:1 1::di ; p tt::: : 5: ::;4 in th: fir:: ::::. Tr: ::;i:::-
;; :i: ting :f the tre 1:;:: : rich::::: :: inter:per :d :: 2: t:
4ers : :h::h::h:::d p tt: in th; ::: seal p:: ties-of-th: ::::. 50-
third ;;ic: i: r-- :d :::" ' the p :1ph::7 ef th: ::: nd
eentein: the hi;h::t en:Ach::t. S: ---19 ::te f:: the f4:4t ::e---

::: :h:gr. in Tchl: 4.2-1.

The reference reloading pattern is typically similar to Figure 4.3-1 -

with depleted fuel interspersed checkerboard style in the center and

4.3-7
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in the radial plane, liowever, the uranium enrichment may change with fuel height (e.g., the fuel
assemblics may use unenriched uranium fuel in the top and bottom six inches of the fuel rods. The
middle 120 inches of each assembly would then contain the enriched uranium fuel.).
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) eylden ds~

approximately:ny:[nbetweenrefueling,occumulatingde fuel on the periphery. The core vill normally operate !
^

approximatply. !

4 ti,000 , WD/MTU per yeasa cycle. The exact toloadi.ng pattern,_ initial j
.and final positions of-assembi'.es, and the nwsber of fresh assemblies

and 'their placement are dependent on the enstgy requirement for the
next cycle-and burnup and power histories of the previous cycles.

The core average enrichment is determired by the amount of
fissionable material required to provide the desired core lifetime
and energy requirements, namely a region average dist.harga burnup of
3Y000 WD/MTU. The physics of the barneut process la such_ that 1-
operation of the reactor cepletes the amount of fuel available due to

the absorption of_ neutrons by ths U 235 atook And their subsequent
fission. The rate of U-235 depletion is diesetly prbportional to the
power level-at which che reactor is cperated. In addition, the-

fission process results in the formation of fisstoc p-oducts, some of
which readily absorb neutrons. These- effetts, depletion, and the
buildup of fission products, are partially offset by the buildup of

'

olui. onium, as shown on Figure 4.3-2: for e. typicel 17 x 17 _ fuel
assembly, which occurs due to the nonfission shisorption of neutrons
in U-238. Therefore, at the begituting 'of any cycle, a , reactivity
reserve equal to the depletion of the fissionable fuel and the
buildup of fission product poisons over the specified cycle life must
be " built" into the reactor. This excess reactivity is controlled by-
removable neutron absorbing material -in che form of boron- dissolved-

-in the primary coolant and burnt.ble pi r.b..rT~r;; d; . . ].

O The- concentration of boric acid in the reactor coolant is varied to
provide control and to compensate _ for long-term reactivity
requirements. The concentration of the soluble neutron absorber is
varied to 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 makeup path, the_ chemical and volume
control system (CVCS)-is capabla of inserting negative reactivity at
a rate of approximately 30 pes / min when the reactor coolant boron
concentration is 4,000 ppe and approximately 35 pcm/ min when reactor
coolant boron concentration is 100 ppe. .If the emergency boration

- path is used, the CVCS is capable of faserting negative- reactivity at
a ~ rate of apprcximately 65 -pea / min when the reactor coolant
concentration is-1,000 ppe and approximately 75 pca/ min when the
resctor coolant boron -concentration is 100 ppe. The peak burnout
rate for xenon is 25 pcm/ min'(section 9.3.4-discusses-the capability

y of the CVOS-to counteract xsnon decay). Rapid transient reactivity
' requirements-and safety shutdown requirements are met with control

rods.

-As the boron concentration is increased, the moderator temperature
coefficient becomes less negative. The use of a soluble absorber
alone would result in a positive moderator coefficient at beginning-
of-life, M t h fir;t cycle. Therefore, burnchle absorbers sede are .

| used 4m-9 first cere to sufficivatly reduce the soluble baron
concentration to

4.3-8
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ensure that the moderator temperature coefficient is negative for
; power operating conditions. The use of control rods may be rea nred-
\ early .in the cycle at low power to ensure a negative moderator.

temperature coefficient is achieved. During operation, the poison
content in the burnable absorber red; is depleted, thus adding i
positive' reactivity to' offset'some of the negative reactivity from
fuel depletion and fission product buildup. The depletion rate of
the burnable absorber-code-is not critical since chemical shim is I

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,
rede, M::: th t even et W = life :: ditien , pre::n : ef th -
turn:bl+- :b:::5:: red re:elt in - c ::t, decrease-in - the f4ct cycle-
' Mfet-iiew Upr, ce yl+t4en-e-f th: f&e t cycle, 211 the burneble
abew bw =-red: : ner=al47-r4eoved her rure the red rater terperatw4- ,

,,./.hh"L(tb=:"il
coef ficicat-4n--::1::d ::::: i: := f f i cien$4y--negat4ves ,

-. J 4.3 4 . h 9kA *

**4"' Wreactivity] control,theburnableabsorberrodsgareIn addition to
strategically loc.ated to / provide a favorable radial power
distribution. Figures 4.3-4fshows the burnable absorber distributions I

within a fuel assembly for the. several burnable absorber patterns
used' in a 17 x 17 array. A typical core burnable absorber i

3loading pattern is shown in Figure 4.3-5."l* gg|
Table 4.3-1 through 4.3-3 contain summaries of the reactor core
design parameters for ' the first fuel cycle, including reactivity
coefficients, delayed neutron fraction, and neutron lifetimes.

; Sufficient information_ is included to permit an independent
calculation of the nuclear performance characteristics of the core.

I

4.3.2.2 Power Distributionse

The accuracy of power distribution calculations has been confirmed
through approximately 1,000 flux maps during some 20 years of
operation under conditions very similar to those expecced. Details
of this confirmation are' given in Langford and Nath (1971) and in

|
Section 4.3.3. 7. 7.

-4.3.2.2.1 Definitions

Power distributions are quantified in terms of hot channel factors.
These factors are a measure of the peak pellet power within' the
reactor core and the totetl ' energy produced in a coolant channel,
relative to the total reactor power output, and are expressed in
terms of quantition related to the nuclear or thermal design, namely:

II Power _ density - the thermal power produced per unit volume
of the core (kV/ liter). 1

2. Linear power density - the thermal power produced per unit
length of' active fuel (kW/ft). Becauss fuel assembly ,

geometry is standardized, this is the unit of power density

4.3-9
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Including densificatien allowancei

F = max [F (:) x p (:) X S (Z)) x T* xF4

.

4.1.0.0.2 Radial Power Distributions

The power shape in hori: ental sections of the core at full power is a
functionofthefuelandpurnableabsorberloadingpatterns,and the
presence or absence-l.o/-a single bank of control rods. Thus, at any I
time in the cycle, a horizoatal section of the core can be
characterized as unrodded or uith group D control rods. These two
situations, cembined with burnup effects determine the radial power
shapes which can exist in the core at full power. The effect on
radial power shapes of power level, xenon, samar''m, and moderator
density effects are also considered but these a.e quite small. The
effect of nonuniform flow distribution is negligible. While radial
power distributions in various planes of the core are often
illustrated, the core radial enthalpy rise distribution, as
determined by the integral of power up each channel, is of greater
interest. Figures 4.3-6 through 4.3-10 show typical radial power
distributions for 1/8th of the core for representative operating
conditions. These conditions are: 1) hot full power (HFP) at
beginning-of-life (BOL), no xenon, 2) HFP at BOL, .unrodded,

p equilibriu:a xenon 3) HFP near BOL, bank D in, equilibrium xenon, 1

( 4) HFP near middle-of-life (HOL), unrodde , equilibrium xenon, and
'

5) HFP near end-of-life (EOL), unrodded, equi ibrium xenon.
&,' ||y

Because the position of the hot channel varies from time to time, a
single reference radial design power distribution is selected for DNB
calculations. This reference power distribution is conservatively
chosen to concentrate power in one area of the core, minimizing the
benefits of flow redistribution. Assembly powers are normalized to
core average power. The radial power distribution within a fuel rod
and its variation with burnup as utilized in thermal calculations and
fuel rod design is discussed in Section 4.4.

4.3.2.2.3 Assembly Power Distributions

For the purpose of illustration, typical assembly power distributions
for the BOL and EOL conditions, corresponding to Figures 4.3-7 and
4.3-10, respectively, are given for the same assembly in
Figures 4.3-11 and 4.3-12, respectively.

Because the detailed power distribution surrounding the hot channel
varies from time to time, a conservatively flat assembly power
distribution is assumed in the DNB analysis, described in
Section 4.4, with the rod of maximum integrated power art.ificiallyN
raised to the design value of F Care is taken in the nuclear6H. ,

design of all fuel cycles and all operating ;onditions to ensure that

bG
Amendment 12 4.3-12 June 1986

)
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1. Control rods in a single bank move together vith no
O individual rod insertion differing by more than 13 steps(indicated) from the bank demand position.

2.. Control banks are sequenced with overlapping banks.
.

). The control rod bank insertion limits are not violated.

Axial power distribution control procedures, which are given4.

in terms of flux difference control and control bankposition, are observed.
typicNa

The axial power distribution procedures /r ferred to above are pa;*t of
the required operating procedures w ich are followed in normal
operation. Briefly, tney require e ntrol of the axial offset (flux
difference divided by fractional pow r) at 411 power icvels within a
permissible operating band of a .arget value corresponding to theequilibrium full rower value. In ' " ~ cycle, the target value,.4,u/,p changes)i=1y from about -ir: 10 y -G percent through the life of-

i

the cycle. This minimizes xenon trant Rnt effects on the axial powerdistribution, because the procedures h tially keep the xenon
distribution in phase with the power distrib

,

pi n 6 tc. .,. u s .3

Calculations are performed for normal _ operation of the reactor,
including load following maneuvert. Beginning, middle, - and end-of-

,

cycle conditions are included in the calculations. Different
hirtories of operation are assumed prior to calculating the effect of

O load follow transients on the axial power distribution. These
different histories assume base loaded operation and extensive loadfollowing. 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 furation of core elevation.

These cases reprat.ent many possible 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 23 or 30 different, but typical, plant and -fuel cyclecombinations. The cases are described in detail in Morita e*. al

'

(1974), and ' hey are considered to be necessary and sufficient- to_

local power density limit which, when increased by. generate .

5 percent for conservatism, will not be exceeded with a 95-percentconfidence level. Many of the points do not approach the limiting
envelope. However, they are part of the time histories which lead to
the hundreds of shapes which 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 a myriad of shapes is essential

i to the philosophy that leads to the required level of confidence. *

A
i-
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maneuver which provides a limiting case for one reactor fuel cycle
(defined as approaching the line of Figure 4.3-20) is not necessarily

G a. limiting case of another reactor or fuel cycle with different
control bank werths, enrichtnents, burnup. coefficient, etc. Each
shape depends on the detailed history of operation up to that time
and on the manner in which the operator conditioned xenon in the days
imme dia tely prior to the tue at which the power distribution is
calculated.

The calculated potnts are synthesized from axial calculations
combined with radial factors appropriate for rodded and unrodded
planes, m th: fir +t cycle. In these calculations, tne effects on the I
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 distribution was preconditioned by the presence of
ccatrol rods and 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
i 05 for conservatism and a factor of 1.03 for the engineering factorg
F .

The envelope drawn over the calculated points (max Fq x power) in
Figure 4.3-20 represents an upper 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 valuesO- of local power density. Expected values are considerably smaller.O 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 or radial power distribution flattening with burnup,
i.e., both BOL and ECL coints. 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. The9e procedures are detailed in the Technical

| Specifications- and are followed by relying only upon excore
surveillance supplemented by the normal monthly full cire map
requirement and by computer-based alarms on deviation and time of

I deviation from-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 , ofq

|' 2.32 under normal operation, including load following maneuvers.
| This value is derived from the conditions necessary to satisfy the

liatting conditions specified in the LOCA analyses of Section 15.6.5.--

As noted previously in this section, an upper bound envelope of
*

O
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.

. - _ , , * " ' '



-. -.

BVPS-2 UFS AR

Chapter 15. -The reactivity coefficients are calculated on a corewise
O basis by radial and axial diffusion theory methods and with tiodal''

analysis methods. The effect of radial and axial power distribution
on core average reactivity coefficients is implicit in thosecalculations and is not significant under normal operatingconditions. For example, a skewed xenon distribution which results
in changing axial offset by 5 percent, changes the moderator andDoppler temperature coefficients by less than 0.01 pcm/'F. and
0.03 pcm/*F. respectively. Anartificialgyskewedxenondistributionwhich results in changing the radial Fu by 3 peteent, changes the
moderator and Doppler temperature coefficients by less than
0.03 p'em/'T and 0.001 pcm/*F, respectively. The spatial effects are
accentuated in some transient conditionst for example, in the
postulated rupture of the main steam line and rupture of a rodcluster control assembly mechanism housing. de scribed in
Sections 15.1.5 and 15.4.8, and are included in chese analyses.

The. analytical methods and calculational models used in calculating
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 arediscussed in Section 4.3.3.

Quantitative informa tion for calculated reactivity coefficients,
including fuel-Doppler coefficient, moderator coefficients (density.
temperature, pressure, nd void), and power coefficient is given in

. the following sections.
(

4.3.2.3.1 Fuel Temperature (Doppler) Coefficient

The fusi temperature (Doppler) coefficient is defined as the change
in reactivity per degree change in effective fuel temperature and is
primarily a meacure of the Doppler broadening of U-238 and Pu-240
resonance absorption peaks. Doppler broadening of other isotopes,
such as U-236 and Np-237, is also considered but their contribution
to the Doppler effect is small. An increase in fuel temperature
increases the effective resonancs absorption cross-section of the
fuel and produces a corresponding redue: tion in reactivity.

Imd A- Th; fuel t a =atur :::ffici:.t is-eeleuleted by perferming we--
gr:q "-? ::lerlatir, u:i g : . gd ted-v:=ien of th; T"RT1: C d;
s ..., __ -____...4 Moderator temperature is held constant, ?

and the power level is varied. Spatial variation of fuel temperature
is taken into account by calculating the effective fuel temperature
as a 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.a function of the effective fuel temperature (at -BOL-' and EOL
conditions). The effective fuel temperature is lower than the volume
averaged fuel temperature. 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

.

Ov
| 4.3-23
l
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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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Vith burnup, the moderator coefficient becomes more negative,
primarily as a result of boric acid dilution, but also to a

L significant extent from the effects of the buildup of plutonium and
fission products. f

pm>|us I
The moderator coefficiant is cal ulated for the various plant
condit' ions by performing two-group .* V- calculations, varying the l
moderator temperature (and density) by about 15'F about each of the
mean comparatures. The moderator coefficient is shown as a function
of core temperature and boron concentration for a typical unrodded
and rodded core in Figures 4.3-29 through 4.3-31. The temperature
range covered is from cold (68'F) to about 600'F. The contribution
due to Doppler coefficient (because of change in moderator
temperature) has been subtracted from these results. Figure 4.3-32
shows the hot, full power moderator temperature coefficient for a
typical core plotted as a function of fm.. cycle lifetime for the I

just critical boron concentration. condition based on the design boron
concentration reduction as a function of burnup (Figure 4.3-3.).

,

ne moderator coefficients presented here are calculated on a
corewide basis, since they are used to describe the core behavior in
normal and accident situations when the moderator temperature changes
can be considared to affect the entire core.

Moderster Pussure Coef_ficient

p The modarator pressure coefficient relates the change in modetator
d density, resultias from a reactor coolant pressure change, to the

correspondi.tg effect on neutron production. Utis coefficient is of
such less significance in comparison with the moderator temperature
coefficient.

A change of 50 poi in pressure has approximately the same effect on
reactivity as a 1/2 degree change in moderator temperature. This
coefficient can be determined from the moderator temperature
coefficient by relating change in pressure to the corresponding
change in density. The moderator pressure coefficient may be
negative over a portion of the moderator temperature range at BOL (-
0.004 pcm/pai, BOL) but is always positive at operating conditions
and becomes more positive during life (+0.3 pcm/ psi, ECL).

Moderator Void Coefficiutt

The mailerator void coefficent relates the change in neutron
sultiplication to the presenca of voida in the moderator. In a
pressurized water reactor, this coefficient is not very significant
because of the low void content in the coolant. The core void
content is less than 1/2 of 1 percent and is due to local or
statistical boiling. The void coefficient varies from 50 pea / percent
void at BOL and at low temperatures to -250 pca/ percent void at EOL

,

and at operating temperatures. The negative void coefficient at

{J operating temperature becomes more negative with fuel burnup.

4.3-25
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transient analysis even though the extreme coefficients assumed may/] simultaneously occur at the conditions of lifetime, power level,not

(/ temperature and boron concentration assumed in the analysis. The
need for a reevaluation of any accident in a subsequent cycle is
contingent upon whether or not the coefficients for that cycle fall
within the identified range used in the analysis presented in Chapter
15 with due allowance for the calculational uncertainties given in
Section 4.3.3.3. Control rod requirements are given in Table 4.3-3
for he-eor *-4*s414 bed-and-fer a hypo t h e tical equilibr4us-cyc1* r-- f-s4n he se-ass--44 ks41y-444fer+ntv---Those-letter-ausbers-are-

-provi --iniorsatiee en1y a:wi--tho4r-val 4414y--in-4-pa recu 14 r-
-cy41.-woulA "

pected-setacidenee. b,S , (;,4 c7c/e ..) o (Yf ,q,[ ,, /m.c)
-

,. "
4.3.2.4 Control Requirements

Tc ensure the shutdown margin stated in the Technical Specifications
under conditions where a cooldown to ambient temperature is required,
concent:ated solub1w toron is added to the reactor coolant. Boron
concentrations for several core conditions are listed in Table 4.3-2.
For all core conditio ss including refueling, the baron concentra/ ton I
is well below the solubility limit. The rod cluster control
assemblies are employed to bring the reactor to the hot standby
condition. The minimum required shutdown margin is given in the
Technical Specifications.

The ability to accomplish the shutdown for hot ; conditions is
demonstrated in Table 4.3-3 by comparing the difference between the( ,) rod cluster control assembly reactivity available with an allowance

\_/ for the worst struck rod with that required for control and
protection purposes. The shutdown margin includes an allowance of 10
percent for analytical uncertainties (see Section 4.3.2.4.9). The
largest reactivity control requirement appears at the EOL when the
moderator temperature coefficient reaches its peak negstive value as
reflected 6 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 temperaturn, flux redistribution,
and reduction in void content, as discussed below.

4.3.2.4.1 Doppler

The Doppler effect arises from th= broadaning of U-238 and Pu-240
resonance cross-section peaks with an increase in effectiva pellet
tamperature. This effect is most noticeable over the range of zero
power to full power due to the large pellet temperature increase with
power generation.

.

'
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, 4.3.2.4.11 Chemical Poison'O
Boron in solution as boric acid is used to control relatively slow'-

reactivity changes associated with:

1. The moderator temperature defect in going from cold shutdown
at ambient temperature to a constant moderator temperature'

at equilibrium no load value.
,

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

3. The excess reactivity required to compensate for the effects
of fissile inventory depletion and buildup of long-life
fission products,

a kwel.e e
4. The turnekte poison depletion. |

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

4.3.2.4.12 Rod Cluster Control Assemblies

The number of rod clustur control assemblies is shown in Table 4.3-1.
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 zero power, stuck
rods condition.

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

3. Unprogrammed fluctuations in boron concentration, reactor
coolant temperature, or xanon concentration (with rods not
exceeding the allowable rod insertion limits).

| 4. Reactivity ramp rates resulting from load changes.

The allowed control bank reactivity insertion is limited at full
power to maintain shutdown capabliity. As ths power level is:

I 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 alarm if the limit is
approached. The determination of the insertion limit uscs
convervative xenon distributions and axial 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 maximum worth of an

.

inserted rod cluster control assembly ejection accident. For further
('~%
5

4.3-30
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discussion.-refer to the Technical Specifications on rod insertion

O limits <
L

Power distribution, rod ejection,'and rod misalignment analyses are
based on the' arrangement of the shutdown and control groups' of the
rod cluster control assemblies shown in-Figure 4.3 35. A11: shutdown t

rod cluster control assemblies-are withdrawn before withdrawal of the
control banks 1s 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.

.t Sc b.9.% % *f g c/,/, |4.3.2.4.13 Burnable Abscrbersheds- -

%e - Surnable absorbets vede- provide [partialcontroloftheexcess-
reactivity available dwek.g th: fi: t fuel cycle. In doing so, th::: fl.i> * "~

dee e- prevent- the moderator temperature coefficient from being
positive at normal operating conditions, perform this function
by reducing the requirement for soluble poison in the moderator at
the beginning of _ the dir:t fuel cycle, as previously described. _ For
purposes of -illustration, a typical burnable absorber -eed pattern in
the core, ::;;ther vith ths 2 9 :: ef tre per er " ly,$ae+ shown in
Figure 4.3-5, while the arrangement within an assembly 45. displayed
in Figure 4.3-4 The reactivit w rth of

isdeph'hr:
ret is shown- in

Table 4.3-1. The-boron in the ted with burnup, but at a
sufficiently slow rate so that the resultir s critical. concentration
of soluble boron is such that the moderat or temperathre coefficient

O remains negative at all times for power op rating conditions.-

4.3.2.4.14 Peak Xenon Startup

Compensation for the peak xenon 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 boren dilution may be made at any- time, including during 'the
shutdown period, provided the shutdown margin in 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 oz boration by the chemical shim
control system as required. Control rod motion is limited by the
control rod insertion limits on the control rods, as provided in the

i ; Technical Specifications- and discussed ~1n Section 4.3.2.4.12. The
; power distribution is maintained: within acceptable ' limits through

~

j
I- location of- the- control rod bank. Reactivity changes due to the
g changing xenon concentration can be controlled by rod motion and/or

changes-in the. soluble boron 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 *

4.3-31
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1

It was observed in the second X-Y xenon test that the
O:_

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.

4.3.2.7.5 Comparisc,n of Caiculations with Measurements

The analysis af the axial xenon transient tests was performed in an
axial-~ slab geometry, using a flux synthesis technique. The direct i
simulation of the axit.1 offset data was carried out using the PANDA
Code (Barry et al 1975). The analysis of the X-Y xenon transient
tests. was, perforced in an X-Y geometry, using a modified TURTLE Code
(Barry and Altomare 1975). Both the PANDA and TURTLE Codes solve the
two-group time-dependent neutron diffusion equation with time-
dependent xenon and iodine concentrations. The fuel temperature and
moderator density feedback is limited to a steady-state model. All
the X-Y calculations were performed in an average enthalpy plane + le.cl A.

%e basic nuclear cross-sections used in this study were generated
from a unit cell deplation program which has evolved from the codes
LEOPARD (Barr7- 1963) and CINDER (England 1962). The detailed
experimental neta during the tests,- including the reactor power
level,- enthalpy rise, and the impulse motion of the control rod
assembly, as well as the plant. follov burnup data, were closely
simulated in the study. " - to.c b d

The results of the stability calculation for the axial tests areg
compared with the experimental data in Tabis 4.3-5. The calculations
show conservative results for both of the axial ten : with a margin
of approximately -0.01 hr'8 in the stability index.

An. analytical simulation of the first X-Y xenon oscillation test
shows a calculated stability index of -0.081 hr~1, in good agreement
with the measured value of -0.076 hr'8 As indicated earlier, the
second-X-Y xenon test showed that the core had become more stable
compared to the first-test, and no evaluation of the stability index
was attempted, his increase:in the core stability in the X-Y plane
due to increased fuel burnup is due mainly to the increased magnitude-
of the negative moderator temperature coefficient.

Previous _ studies- of the physics of xenon oscillations, including
three-dimensional analysis, are reported in 'the series of topical
reports: Poncelet and Christie (1968); Skogen and McFarlsne
(196Sa); and Skogen and McFarlane (1969b). A- more detailed
description of the experimental results and analysis of the axial and
X-Y xenon transient tests is presented in Lee et al (1971)- and'-

Section 1 of Eggleston (1977).

4.3.2.7.6 Stability Control and Protection

4

The excore detector system is utilixed to provide indications 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 from prior methods. '

~

insert B p. 4.3 39

Current designs use PHOENILP. 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
f] power (see Section 4.3.2.7). It can be seen that Doppler defect data
Q is typically within 0.2 percent Ap of prediction.

4.3.3.2 Macroscopic Group Constants
IaeetA W * O'Y~*
Macroscopic few group constants and c sistent microscopic cross-
sections (needed for feedback and microse pic depletion calculations)

ce he eee- generated for fuel cells by a ln.a.t version of the LEOPARD
(Barry 1963) and CINDER (England 1962) codes, which are internally
linked and provide burnup-oependent cross-sections. Normally, a
simplified approximation of the main fuel chains is used. However,
where neeh d, a complete solution for all the significant isotopes in
the fuel chains, from Th-232 to Cm-244, is available (Nodvik et al
1969). Fast and themai cross-section library tapes contain
microscopic cross-sections taker for the most part from the ENDF/B
(Drake 1970) library, with s few exceptions where other data prov.ded
better agreement with critical experiments, isotopic measurements,
and plant critical boron values. The effect on the unit fuel cell of

nonlattice components in the fuel assembly is obtained by supplying
an appropriate volume fraction of these materials in an extra region
which is homogenized with the unit cell in the east (MUFT) and
thennal (SOFOCATE) flux calculations. In the thermal calculation,
the fuel rod, clad, and moderator are homogenized by erergy-dependent
disadvantage factors dsrived from an analytical fit to integral
transport theory results.

. ,

(O Grcup constants for guide thimbles, instrument thimbles, andV interassembly gaps are generated in a manner analogous to the fuel
cell calculations. Reflector group constants are taken from infinite
medium LEOPARD calculations. Baffle group constants are calculated
from an average of core and radial reflector microscopic group
constants for stainless steel.

Group constants for control rods and burnable absorbers are
calculated in a linked version of the HAMMER (Suich and Honeck 1967)
and AIM (Flatt and Buller 1960) codes. The Doppler broadened cross,

i sections of the control rod and burnable absorber materials are
represented as smooth cross sections in the 54 group LEOPARD fast
group structure and in 30 therinal groups. The four-group constants-
in the rod cell and appropriate axtra region are generated in the
coupled space-energy transport HAMMER calculation. A corresponding

| AIM calculation of the homogenized rod cell with extra region H used
to adjust the absorption cross-sections of the rod cell to matt.: the

i reaction rates in HAMMER. These transport-equivalent group constants
are reduced to two group constanta for use in space-dependent

! 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
standard mesh unit assembly to a fine mesh unit assembly calculation.

>

|
-

O
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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 1%2) and the second code is PilOENIX P (Nguyen, et. al.,19R9). A description
of each code follows.
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' q Nodal group constants are obtained by a flux volume homogenization of
the fuel cells, _

interassembly gaps, and control rod cells
burnable absorber cells, guide thimbles,

instrumentation thimbles,

from one mesh interval per cell X-Y unit fuel assembly diffusion
calculations.

Validation of the cross-section method is based on analysis of
critical experiments, as shown in Table ~ 4.3-4, isotopic data, as
shown in Table 4.*-8, plant critical boron (C ) values at HZP, BOL,

3
as shown in Table 4.3-9, and at HTP as a function of burnup, as shown
in Figuras 4.3-42 through 4.3 44. Control rod worth measurements are
shown in Table 4.3-10.

Confirmatory critical experiments on burnable absorbers are desc. .vt.1
in Moore (1971a).

Ines,-b A ~.>
|4.3.3.3 Spatial Few-Group Diffusion Calculations

(Spatial few-group diffusion calculations primarily consist of two-
group X-Y calculations using an updated version of the WRTLE Code
two group X-Y nodal calulations using PM.ADON(Camden et al 1978), and
two-group axial calculations osing an updated ve';sion of the PANDA
Code.

Discrete X-Y calculations (1 mesh por cell) are; carried out to
p determine critical boron concentrations and pcwer distributions in

the X-Y plane. An axial average in the X-Y plane is obtained by
synthesis from unrodded and rodded planes, tkxial effects in unrodded

pdepletioncalculationsareaccelontedforbytheaxialbuckling,which
,, c varies with burnup t.nd is datornined by rac.ial depletion calculations

0 p h which are ntched in reactivity to the analogoas R-Z depletion
caluulation. The moderator coefficient is evaluated by varying the#;

$ inlet temperature in the same X-Y calruiatfor.s used 4yv power
, q'pe. rUg distribution and reactivity predictions.'

M-
Validation of TURTLE reactivity calculations is associated with the
validation of the group constants themselves, as discuased in Section
4.3.3.2. Validation of the Doppler eniculations is associated with
the fuel temperature validation discussed in Section 4.:.3.1.
Validation of the swderator coefficient calculations is obtain id by
comparison with plant measuramants at hot zero power conditions, as

.shown in Table 4.3-11.

PALADON is used in two-dimensional and three-dimensional
calculations. PALADON c sy be used in safety analysis calculations in
the calculation of critical boron concentrations, control rod worths,
reactivity coefficients, C t.

),,, arf C 4 }
Axial calculations are used to determine differential control rod
worth curves (reactivity versus rod insertion) and axial power shapes ,

during steady-state and transient. xenon conditions (flyspeck curve).
Group constants and the radial buckling used in the exial calculation

4.3-44
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The PHOENIX P computer code is a two-dimensional, multigroup, transport
based lattice code- and capable of providing all necessary data for PWR.
analysis. Being a dimensional lattice code, PHOENIX P does not rely on
pre-determined spatial / spectral interaction assumptions for a heterogeneous
fuel latticc, henc', .11 provide a more accurate multi group flux solution
than versions of LL' xRD/ CINDER. The PHOENIX-P computer code is approved
by the USNRC as the lattice code for generating macroscopic and microscopic

.

-

few group r,ross sections for PWR analysis (M gspm I???
The solution for the detailed spatial flux and ener dutHW is
divided into two major steps in PHOENIX P $ n the first ste ,

two-dimensics.a1 fine energy group nodal solution is obtained which couplih
individual subcell regions (pellet. clad and mooerator) as well as -

surrounding' pins. PHOENIX-P usu a mathod based on the Carivik's collision
probability approach and heterogeneous response fluxes which preserves the
heterogeneity of the pin cells and their surroundings. The nodal solution J
provides accurate and detailed 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 angular flux /distribution using a standard S4 discrete ordinates calculation. This' step

. is based on the group-collapsed and hoesogenized cross sections obtaVied

.from the first step of the solution. The 54 fluxes are then used to
nomalize the detailed spatial and energy nodal fluxes. The nomalized
nodal fluxes are used to compute reaction rates, power distribution and to'

-deplete the fuel and burnable absortwes. A standard 81 calculation isO employed to evaluate the fundamental mode critical spectrum esd to provide
animprovedfastdiffusioncoefficientforthecorespatial/ codes.
The PHOENIX-P code employs a 42 energy group library whipn has~ been derived
mainly from ENDF/B V files. The PHOENIX D cross sections -Ilbrary was
ossigned to properly capture integral prcperties of tYe multi group data

during group collapse, and enabling proper modeling'a necessary for modeling
Af important resonance

parameters. The library contains all neutronic dat
fuel, fission products, cladding and structural, 'colant, and
control / burnable absortwr materials present in ght Water Reactor cores.

Group constants for burnable absorber cells,/ utde thimbles instrument
thimbles, control rod calls and other non fue cells can be obtained
directly from PHOENIX-P without any adjusiments such as those required in
the cell.or 10 lattice codes. /

(fVy p /9?? d dr% i9 P f ')
O

J
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Spatial few-group diffusion calculations have primarily consisted of
two-group.X-f calculations-using an updated version of the IURTt.E code, and
two group axial calculations using an updated version of the PANGA 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- nodal codes such as 3D ANC (Advanced
Nodal Code) (^.C. ..... W The three dimensional nature of the nodal
codes provides both the jrad 1 and axial power distributions.

3

Nodal three dimensional c lations are carried out to detemine the
critical boron concentrations ar>d powcr distributions. The moderator
coefficient is evaluated by varying the inlet temperature in the same
calculations used for p,ower distribution-and reactivity predictions,

/
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C ANC is used in two-dimensional and three-dimensional calculations. ANC can
be used for safety analyses and to calculate critical boron concentrations,
control rod worths, reactivity coefficients, etc.

.
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ANC
s.re obtained from the 4hree dimensional 4'tmTt.e- calculation fross which !

^

constants are homogeniaod by flux-volume weighting.

Validation of the spatial codes fc- ealculating power distributione '

,

involves the use of incore and encore detectors and is discussed in
section 4.3.2.2.7.

,

Based on ccepeti son with measured data, it is estimated that the
accuracy of current analytical methods is:

10.1 percent Ap tor Doppler defect

12 a 10-l ej r for moderator coefficient
,

150 ppe for critical boron concentration with depletion

13 percent fot pow r distributions

10.2 percent as for rod bank worth

+4 pcm/ step for dif ferentici rod worth

10.5 pen /ppe f or boron worth

10.1 percent op for moderator defect

^

4.3.4 Revisione '

s

The design mechods for the criticality of fuel assemblies outside the
reactor now tes the AKFI/ KENO system of codes as described in Section
4.3.2.6.

-T M ' :!r r-We *^r de-austees.A41ysio-of-de-eese-ac ,-use-hth.
WSee.j 1' "It w&476t-and-PALADON-icenden--+t-e1-1974t-fee-.

.au&41 --- ' --Il 1- d ;:::,-_
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Configuration for 10 IFBA Rod Assembly (17x17)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

0 0|O 0'O!O 0 0 0 0 0 0 00 0 0 0 |i

2 0 0 0 0 0 0 0 0 0 0 0 000 0 0;O
0 0 0 0 0 0'0 0 0 0 0 0 0 0 0 0 0=

0 0 0 0iO00 0 0 0 0 0-00 0 0 04

O!O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0s

010 0;O 0 0!O 0 0 0 0 0 0 0 0 0 0.

D?O O O O O O O O O O O O O O O O7

0 0 0 0 0 0 0 0 0 0 0 0 0 00 0Da
.

' o 'o o oO ' '

io 0 010 0 0 0 0 0 0 00 0 0 0 0 00
n O0 0iO 0 0 0 0 0 0 0 0 0 0 0 0D-

.

n 0 0 0100 010 0 0 0 0 00 0 00 0
u 0 0100 0 0 0 0 0 0 0 0 0 0 0 0 0

DO OOO O O O O O O O O O_O O Q.i4

n O000 0 0 0 0 0 0 0 0 0 0 0 00
00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0is

17 010 000000 0 0 00 0 000 0- -
-
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Configuration for 32 IFDA Rod Assembly (17x17)

I 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17
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0
00 0OOs g_ O O O O O
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DD O O O OO O O O OO O O O'O 6 *
,

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0a

O 0 0 0 0 00 0 0|O 0 0 0 000 0e

O i- 0 0 0 0 0 0 00 0 0 0 0lO 0 0 0 0
n 00 0 0 0 0 00 0 0 0 0 0 0 0 00

~

in O0 0 0 0 00 0 0 0'0 010 0 00 0
O0 0 0 0 0 0 0 0 00 0 0 0 0106n

i4 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0
ts O0 0 0 0 00 0 0 0 0 0 0 0 0 0 0

00 0 0 0 0 0 0 0100 0 0 0 0 0 0is

00 0 0 0 0.0 0 010 0 0 00 0 0 0it

.

O ruelnod

O Fuel Rod with IFBA

O Guide Tube / Inst. Tube
:
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Configuration for 48 IFBA Rod Assembly (17x17)

i3 3 4 5 6 7 8 9 10 11 12 13 14 18 le 17
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,
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0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 04

0 0 0 0 00 0 0 0 0 0 0 0 0 0 00i -
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.

-00 0 0 0 0 0.0 0 060 0 00 0 07
.

O!O O O O O O O O O O O O O O OQe
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ss OO O O O O O O O O Q_O O O O O O
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D~O OOOO O O O O O O O OO O~On

0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0i<

00 0 0 0 0 0 0 0 0 0 0G 0 0_0 0is
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00 00 00 00 0 00 0 0 0 0 0 017
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-
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Configuration for 64 IFBA Rod Assembly (17x17)

.

I 2 3 4 5 6 7 8 9 to il 12 13 14 16 16 17

i 0 0 0 0 0 000 00 0lO00000
0 0 0 0 0 0 0 0 0 0 0jO 0 0 0 00
0 0 0 0 0 6 0 00 0 0)C00 0 05=

,

0 0 0 0 0 0 0 0 00 0 0 0 0 00 0 14

5 0 0 0 0 0 0 0 0 00 0 00 0 0 0 0
300 0 0 00 0 0 0i00 0 0 0 0 0 0a
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.
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a 00 0 0 00 0 0 00 0 0 0 0 0 0 0
DO OO O O O O O OO O O O Odbm
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Configuration for 80 IFBA Rod Assembly (17x17)
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Configuration for 104 IFDA Rod Assembly (17x17)
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Configuration for 128 IFBA Rod Asseinbly (17x17) >

1 2 3 4 6 8 7 8 9 to il 12 13 14 15 to 17

0;OOO O OD O O OO!O O OIO O Oi

010 00 0 00 0 0 0 0 0 0 0 00 0=

3 O O OOO CIO O OLO O O O O OO O
'

0 0 0 0|O 0 0 0 0 0 0.0 0 0 0 0 04

0;O!O10!O 0 0 0 00.0 00 0 0 0 0s

O1010!O O O O OO O O O O OO O|Oe

O O'O!O40 0 0 0 O O OO O O O 010r

OIO O!O O 0;O OO!OO O O O'O 010
O 010|O|0 OIO O O OlO OO O O O OTCo

010 OlO 0 0,0 0 0 0 0 0 0 0 0 0Dio

UfDT6 O O.O O060 O O O O O OlQ.
n

OlO!O:O O10 O O OlO O 0;O O O'OlQin

OlO.OlO O'O O O O O O OlO O_OOOis
;

0 010 0 0 0 0 0 0 0 0 0 0 00 0 0i4

O,0 0 0 0 Q:O O OO O O O O O O Ons

OIO 0 0 0 0'0 0 0 0 0 0 0'G 0 0 0io

01000000 000.0 00 0000 !
ir

,

O ruelnod

O Fuel Rod with IFBA

Q Guide Tube / Inst. Tube ,

O
1

. .*
. l

.i_. ""

. - _. --- _ - - . - - - -- . - - - - - -



. _ .- _____.._.__._ .. _-_ _ -. . _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ . _ . _ . . _ _ _ _ _ _ _ . _ _-
_

_

uttcou '

narcT as umai

2 'v Cross SectionV -

!

O
,

% -,
, _ s

Fi pr' M N M ~ ~~'

s
Configuration for 156 IFBA Rod Assembly (17x17)

I 2 3 4 s 6 7 8 0 10 11 12 13 14 15 16 17

O|0 Q_O 010 OOOOOOOD'U~O0I
-

O~O 00 00 0 0 0 00 0 0 0 0 0 02

0 0 0 0 0 0 0 0 0 0 00 0 0 000a
-

0 0'Q 00 0 0 0 0 0 0 0 0 0 0 004

s O0 0 0 0 0 0 0 0 0 0 0 0 0 0 00
00 0 0 0 0 0 0 0 0 0 0 0 0 0,0Qe

000 0 0 0 0 0 0-0 0 0 0,0 0:0 07

e O 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 ,

0 00-0 0 0 0 0 0 0 0 0 0 0 0 0 0p' *

v io 00 00 0 0 0 0 0 0 0 0 0 0 0 0 0
n O0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .

OIO O OOOO GiD O O O O OO O On

OlO O O OO O O O O O O O O O O Gn

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0a
s 0 0- Gd0 0 0 0 00 0 00 0 0 0 0

ia 00 0 0 0 00 0 0 0 0 0 0 0 0 0 0
n 010 0 00 0 0 0 0 000 0 0 0 0i0

) '

. . .

|

O Fuel Rod

O Fuel Rod with IFBA1

t

O Guide Tube / Inst. Tube
'

-

O
s m m - %

330n U Wi w ProptwurftW Aew w 33.nso

_ - - - - . . . - . _ ..



__ .

_.

R P N M L K J H O F E D C B A I

i

180'

1 I

$ #8 I$ 2g

YT M szo 3Y sza le Y[ 3

bo 16' stA $6' S 36' 12A 36 50 a

11 se ate >< % ac ou >e .11 s
^

w ,a w % Ye se iu se s

12 ,a >< % % 'M se ,u N i

es t M M M M w as 6

:: , , , >u 14 % 'It x ,a tt v

w aa w Ye %f >< <a se- ,oO
%ir >< ,a se M >s- <a w ti n

so w sa >< s .w aa >s ao s2

$Y' W ,28 > E' ILA A6 Y 13

h 48 34 14.

_

15

O* traA
PeadSEM INDICATES NUMBER OF SWWescots:AssO4004 RODS
E'IANOKATES SECONDARY SOURCE RODS

[ P*HOCATES PRIMARY RODS
|

I
|

l

I
|

'

FIG URE 4.5-S
| ( inleyal M BURNABLE ABSORBER LOADING PATTERN
| BEAVER VALLEY POWER STATION-UNIT ?

FINAL SAFETY ANALYSIS REPORT

:

, , , _ , , . , _ * ^ ''



- ._

O

Section 4.4

O

|.



- . - - _ - . _ - - - - - - - _ - _ . - _ - . - . _ -

BVPS 2 UTSAR
1-

4.4 THEMiAL AND HYDRAULIC DESIGN

-4.t.1 Design Bases

The overall objective of the thermal and hydraulic design of the
reactor core is to provide adequate heat transfer which is
compatib)e with the heat generation distribution in the core such
that heat removal by the reactor coolant system (RCS) or the
emergency core cooling system (ECCS) (when applicable) assures
that the following performances and safety criteria requirements
are met:

1. Tuel damage (defined as penetration of the fission
product barrier, that is, the fuel rod clad) is not
expected during normal operation and operational
transients (ANS Condition !) or any transient conditions
arising from faults of- moderate frequency (ANS f"ondition 11). It is not possible, however, to preclude 4
a very small number of rod failures resulting in the
release of fission products. The chemical and volume
control system is designed to remove the fission
products from the reactor coolant, keeping the reactor
coolant activity within plant design bases limits.

2. The reactor can be brought to a safe state following a
'.Condition 111 event with only a small fraction. of the

fuel rods damaged, as defined previously ' although
sufficient fuel- damage .might occur to preclude
resumption of operation without considerable outage
time.

3. The reactor can be brought to a safe state and the core
can be kept subcritical with acceptable. heat trans f e r
geometry following transients arising f rom 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.-

4.4.1.1 Departure from Nucleate Boiling Design Basis

Basis

There will be at least a 95 percent probability that departure
from nucleate boiling (DN3) will not occur on the. limiting fuel ,

rods during _ normal operation, operational transients, or during
transient conditions arising f rom f aults of moderate- frequency
(ANS Condition 1 and II events), at a 95 percent confidence

16 0er b A.' level. -Mitterically this hs: been senservatively set by edberia:- 4r-
-te the f+11eeing the: sal deri;n b2: 15: th::: rest be et leert 2
^5 p ::::: p :h:b ility-the-the-oinimee-depanuse-f:^- nuc1-ete ,

-4of44ng---ntle (DNB") :f--the--44m444ag preer ::d due4ag-ANS-.
-Candition :- nd !! :;;nt: in-g:::::: th:n :: : quel te tF: DMBE '

-44*4-6--of-the-DNB-eee-cel444en-being - e::d . '"he - DNBR iimis-4+Mhe -

4.4-1
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I!1 SERT A PAGE 4.4-1 !
1

For this application, thin crit erion is not by limiting the minimun !
departure t~ rom nucloato boiling ratio (CNDH) to a design value of 1.21. I

7 Plant specific margin to accomodate rod bow and other 011D penalt ica and -

allow for iIcxibility in the design, operation and analyuts of the
plant is provided by perforning the catety analyses to a DNDH limit
value of 1.33.

,

|

111 SERT D PAGE 4. 4-2 .

i

llistorically, the D!lDR limit has boon 1.30 for Westinghouse i

applications. In this application, the WRD-1 corrolation Motley 1984) '

is used. With the significant imprevement in the accuracy of the
critical heat flux prediction by using this correlation inntoad of the >

previous corrolation, a Df1BR cort olation limit of 1.17 can be used with
a 95 1 confidence lovol.at least a 95 % probability with

The design method used to moot the DND design Danis is the MI!11-Rovised
3 Thermal Design Proceduro (Ray 19a9) which is a conservativo application

,>of the Revised Thermal Design Proceduro (Friedland, Ray 1987). In tho
M1!11-RTDp method, uncertaintion in the nuclear peaking factors and fuel
fabrication paramotors are co.-cined statistically with the Drib
correlation uncertainties to letino the D!lDR design limit such that
there is at least a 95 porcent probability (with 95 porcent confidence)
that DilDfwill not occur when the calculated minimum Dt4DR 10 equal to or
greator than the donign lintt. The uncertaintion included in the
MINI-RTCP method are for the raclear enthalpy hot-channel factor,
(FNAH)i the enthalpy rise hot-channel factor, F (E, All) 1 and the TilIlic-l','
and transient' codes. Incorperiting tho' peaking factor uncertainties in
the correlation limit results an a DNDR design limit value of 1.21.

In addition to the considerations abOvo, a specific plant allowanco has
boon considered in the procent analysis. In particular, a.D!iBR limit
value of 1.33 has been used in the safety analysos for the plant. The

idifference between the D!lDR value used in the safety analysos and the
design DNDR value (1.33 versus 1.21) providos plant specific DND margin:

to offset the rod bow po alty and other DilD penaltion that mcs occur, t

This DND margin may also be used for flexibility in the desigr.
operation or analysis of the plant.

For conditions outside the range of paramotors for the WRB-1
correlation (rofor to Section 4.4.2.2.1), the W-3 correlation is used
with a DNDR correlation limit of 1.30 for pressure equal to or greator
than 1000 psia. For low pressure applications-(500-1000 psia), the W-3
DNDR correlation-limit is 1.45 (Thadani, USNRC, 1989).

i

.
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-cor r+14 tion--is-45tald u h-4 - - Mad . ~ -- t he-variance of tha
-+er tele 4en-ex.h-that-ther 6-46--4-Epercent-probability- with-
-Wpermt--soM44 arm.-that O!G ui44 net eccus-ubw " ' 44edet +
-WFR-is-et--4 he-MBR-4 4mit,-For444ver V414ey .%uer-SteHen -
UniM 43Vm;4r-4-ainiaanJEotA 30 eas aedc

Discuss _ den

By preventing DNB, adequate heat transfer is assured between the
fuel clad and the reactor coolant, titereby preventing clad damage
as a result of inadequate cooling. Maximum fuel rod surf ace
temperature is not a design basis as it will be within a few
degrees of the coolant temperature during operation in the
nucleate boiling region. Limits provided by the RCS and the
reactor protection system are such that this design basis will be
met for transients associated with ANS Condition II events,
including ove rpower transients. There is an additional large
DNBR margin at rated power operation and during normal operating
transients.

leu e d 6 4
-4.4.1.2 Fuel Temperature Design Basis

Basis

During modes of operation associated with ANS Condition I and ANS
Condition II events, there is at least a 95 percent probability
at the 95 percent confidence level that the peak kW/ft fuel rods,

will not exceed the 00 melting temperature. The melting

temperature of unirradiated UO: is takan as 5,080'F (Christensen
et al 1965), and decreas ing 58'T per 10,000 HVD/Mnh By
precluding UO: melting, the fuel geometry is preserved and

possible adverse effects of molten 00: on the cladding are
eliminated. To preclude center melting and as a basis for
overpower protection system set points, a calculated co'st er line
fuel temperature of 4,700*F has been selected as the everpower
limit. This provides sufficient margin for uncertaintie.s in the
thermal evaluations as described in Section 4.4.2.9.1.

Discussion

Fuel rod thermal evaluations are performed at rated power,
maximum overpower and during transients at various bumups .
These analyses assure that this design basis as well as the fuel
integrity design bases given in Section 4.2 are met. They also
provide input for the evaluation of ANS Condition III and IV
events given in Chapter 15.

4.4.1.3 Core Flow Design Basis
.

O Basis
93 8

A minimum of jW|T percent of the thermal flow rate passes through
the fuel rod region of the core and is effective for fuel rod
cooling. Coolant flow through the thimble tubes as well as the

|

|
4.4-) '
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leakage from the cote barrel-baffle region into the core are not
considered effective for heat removal.

Discussion

Core cooling evaluations are based on the thermal flow rate
(minimura flow) entering the reactor vessel. A maximum of Af 6.5
percent of this value is allotted as bypass flow. This includes

_

rod cluster control (RCC) guide thimble cooling flow, head
cooling flow, baffle leakage, and leakage to the vessel outlet
nozzle.

4.4.1.4 Hydrodynamic Stability Design Basis i

Basis

Modes of operation associated with ANS Condition I and II events
shall not lead to hydrodynamic instability.

4.4 1.5 Other Considerations

The above design bases together with the fuel clad and fuel
assembly design bases given in Section 4.2.1 are sufficiently
comprehensive that no additional limits are required.

Fuel rod diametral gap characteristics, moderator coolant flow
velocity and distribution, and moderator void are not inherently
limiting. Each of these parameters is incorporated into the
thermal and hydraulic models used to ensure that the design
criteria mentioned previously are met. For instance, the fuel
rod diametral gap characteristics change with time
(Section 4.2.3.3) and the fuel rod integrity is evaluated on that
basis. The effect of the moderator flow velocity and
distribution (Section 4.4.2.2) and moderator void distribution
(Section 4.4.2.4) are included in the core thermal (THINC)
evaluation and thus affect the design bases.

Meeting the fuel clad integrity criteria covers possible effects
of clad temperature limitations. As noted in Section 4.2.3.3,
the fuel rod conditions change with time. A single clad
temperature limit for ANS Condition 1 or 11 events is not
appropriate because it would be overly conservative. A clad
temperature limit _is applied to the loss-of-coolant accident
(LOCA), control rod ejection accident, and locked rotor accident.

4.4.2 Description

4.4.2.1 Summary Comparison

The design of BVPS-2 described in this final safety analysis
report has similar thermal-hydraulic parameters ai ilu w theg .Virgil C. Summer Nuclear Power Station. s t6me [or
Values of pertinent parameters, along with critical heat flux
ratios, fuel temperatures, and linear heat generation rates, are

4.4-3
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nyt.f Mt D M 8 d e p p c f e M 'o e d Jetbee W
presented tr Table 4.4 1 fer all reactor coolant Iceps in

service. It .s also noted tha* in tnts pot e r capabtitty
,

evaluati:n. there is no change in the dessgn criteria. The
react or is st ill des igned te =:- er.-- N'i ; ~ as sell as no
fuel centarlane melttng during normal operation, operattenal
transtents, and faults et mcderate f r equ, ency .

u$ln tht W d co h Y/o Ysc*i
performed for th)e BVPS Minave

7 p
All ONB analyses included a OSBh
multiplier of 0.863. The results of 17 by 17 geometry CNB tests,
(Motley et al 197$a) discussed in Se: tion 4.4.2.2.1 and
indicating a DNBR sultiplier of 0.88, is required for the "R"
grid DNB corralstion. Thus, the multiplier used results in
conservative DNB evaluations.

Tuel densification has been considered in the DNB and fuel
temperature evaluations utillains the methods and models
described by Hellman (1975).

and
4.4.2.2 Critical Heat flux Retto ,ef* Departure from Nucleate

Boiling Ratio and Mixing Technology

The minimum DNBRs for the rated power, design overpower, and g ,,( c^
anticipated transient conditions are given in Table 4.4 1. C 57
minimum DNBR in the limiting flow channel is downstream of the
peak heat finx location (hot spot) due to the increased
downstream enthalpy rise.

Departure from nucleate boiling ratios are calculated by using
the correlation and definittons described in Sections 4.4.2.2.1
and 4.4.2.2.2. The THINC IV computer code (Section 4.4.4.5.1) is
used t.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 4.4.4.3.1
(nuclear hot channel factor) and in Section 4.4.2.2.4
(engineering hot channel factors).

4.4.2.2.1 Departure from Nucleate Boiling Technology

%. "-2 ;;;.;!=1;;., :-- f ; re1 ::difi;n i::: :: !t. '-"- b--- g4 g ,, I., ,us in Westinghouse critical heat flux calculations. The
was o inally developed from single tube data (Tong 19 . but -,M leerE 2

,

was subsequ ly modified to apply to the 0.422 outside
'diameter rod rid (Tong 1972) and "L" grid g tley and Cadek

1972), as well as t .374 inch outside di Ter (Motley at al
1975a and Hill et al 19 rod bundle a. These modifications
to the V-3 correlation have d natrated to be adequate for
reactor rod bundle design.

A descriptien of 7 by 17 fuel ass test program and a
summary of the r ts are described by Hotley al 1975c). A
correction tor was developed to adapt the V 3 elation to
17 by 1 ssemblies with top split mixing vane grids re ed to
as grid. This correction factor, termed the " modified s eO . ::t e r ," .::: d:= lep:d 2: =1:1 11:: = the F2 :::::44t i=7

4.4 -4
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Insert C p. 4.4-4

The core average DNPR is not a safety related item as it is not directly related to the minimum
DNBR in the core, which occurs at some elevation in the limiting now channel. Similarly, the DNUR
at the hot spot is not directly safety related.

.

Insert D p. 4.4-4 to 4.4 $

Early experimental studies of DNB were conducted with Ould Dowing inside single heated tubes or
channels and with single annulus con 0gurations with one or both walls heated. ne results of the
experiments were analyred using many different physical models for describing the DNil
phenomenon, but all resultant correlations are highly empirical in nature. The evolution of these
correlations is given by Tong 1%5,1972 including the W 3 correlation which is in wide use in the
pressurized water reactor industry.

As testing methods progressed to the use of rod hundles, instead of single channels, it became
apparent that the bundles average Dow conditions cannot be used in DNH correlations. As outlined
by Tong 1%9, test results showed that correlations based on average conditions were not accurate
predictors of DNB heat flux. His indicated that a knowledge of the local sulshannel conditions "
within the bundle is necessary.

In order to etermine tb .tocal subchannel conditions, the TillNC computer code was developed
(Chelemer, keisnca ed Tong 1%9). In the TillNC code, a rod bundle is considered to be an array
of subehannch eack.of *Mch includes the now area formed by four adjacent rods. The subchannels
are also divided icto av,si st ps such that each may be treated as a control volume. By sohing
simultancotaly the must, energy, and momentum equations, the local Guid conditions in each control
voluur ue cskala?.d. ne W 3 correlation, developed from single channel data, can be applied to
rod banitea by using the subchannel local Guld conditions calculated by the TillNC code.

It wr.t shown by Tong 1%9, that the above approach sicided conservative predictions particularly in
rod bundles with mixing vane grid spacers.

The WRB 1 DND correlation (Motley,11i11, Cadek, and Shefchek 1934) was developed based
exclusively on the large bank of mixing vane grid rod bundle CllF data (over 1100 points) that
Westinghouse has collected, ne WRB 1 correlation, based on local Guid conditions, represents the
rod bundle data with better accuracy over a wide range of variables than the previous correlation used
in design. This correlation accounts directly for both typical and thimble cold wall cell effects,
uniform and non-uniform heat flux pro 0les and variations in rod heated length and grid spacing. The

k WRB-1 correlation is applicable to the 17x17 STD and VANTAGE $11 fuel.

The applicable range of variables is:

Pressure : 1440 s P s 2490 psia
Local Mass Velocity 6 2: 0.9 s Od10 s 3.7 lb/ft .hr
Local Quality : 0.2 s Xu s 0.3
IIcated length, Inlet to CliF Location : 4 s 14 feet
Grid Spacing :

,

13 s y s 32 inches
Equivalent flydraulic Diameter . 0.37 s d, s 0.60 inches;
Equivalent Ileated liydraulic Diameter : 0.46 s d s 0.68 inches3

i

i
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insert D p. 4.4 4 to 4.4 5 (cont.)

Figure 4.41 shows the measured critical heat flus plotted against predicted critical heat Out using the
WRB.1 correlation.

In order to meet the design criterion that DNB will not occur at a 95 percent probability with a 95
percent conGdence level, a limiting value of DNBR is determined by the method of Owen 1963.
Owen has prepared tables which give values of K such that *at least a proportion P of the population
< epter than hiN K s with confidence y,* where ht/P and s are the sample mean and standardy
AMb When this method was carried out using the data on Figure 4.41, the results indicated
C 9 r N u Mr core with tt ese fuel geometries may operate with a minimum DNBR of 1.17 and satisfy
W 4 1 pt riterion.

:;MM, Btr( Densincation on DNBMffect of flent Hut Srsko

As discussed in Section U.2.2.5 and llellman 1973, a gap of combination of gaps results in 4 !aat
Oux spike on the individual or adjacent fuel rods. Recent Westinghouse high preasure DNH Wen
Tests (11111, hiotley, and Cadek 1973) on a 14 foot axially non tmiformly heated 4x4 rod banGe nic
carried out to measure the effect of heat flux spikes. ne rod bundle incorporsted roixini, ma gtsk
on a 26 inch spacing. A 20 % heat flux spike was placed on three a ljacent rods at the air.Na nv
where DNB is most likely to occur. This test series was run at the same conditiora as thoac of two
earlier test series which had unspiked gods so that a comparison of spiked and unspiked data could
be made and the spike effects isolated. Figure 4.41 A shows the relative positions of the three spiked
rods. Figure 4.4 2 shows the heat Hux profile of the spiked rods.

The test facilities consisted of a high pressure loop capable of supplying water at pressures up to 2400
psia with flow rates up to 400 GPhi and inlet temperatures in excess of 600*F. De power supply
was capable of delivering up to 4.5 htW.

Using these test facilities, a 14 foct,16 rod test section can be operated over a wide range of test
parameters. For the present tests, these ranges were:

1, Pressure 1500 2400 psia
2. Inlet Temperature 401 569 'F
3. h1 ass Velocity 1.5 3.5 x 10'' lb/hr-ft2

The results of the spike test series indicated that the spike effect on DNB is so small that it lies
within the repeatability of DNB measurements. %c spike geometry modeled in the above rod
bundle experiment was also more severe than that presently ascribed to fuel densification effects, and
hence, the absence of a spike effect indicated that a special spike factor in DNB need not be
incorporated into the BVPS.2 reactor design.

Effects of Pellet Eccentricity and Clad Ovality on DNB

Indhidual fuel pellets can be eccentrically located in the clad at BOL ne clad may also assume an
oval shape at some later time in life. Both of these cases will produce azimuthal variations of the
pellet clad gap. Ilowever, these local heat aux peaks will have limited axial lengths at any azimuthal
angle. *

For the eccentric case the local heat flux peak at a given azimuthal angle will have a maximum length

_ _
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Insert D p. 4.4-4 to 4.4 5 (cont.)

equal to several pellet lengths. This is due to the randomness of the angle et contact of the pellets
in the rod at DOL *the randomness has been veriGed by observation of radiographs of Bernau Unit
1 fuel rods and is due in part to the variation in pellet diameter.

For the cidovality case, the local heat Oux peak also has a maximum length equal to several pellets
at a given ar.imuthal angle, nis is due to the randomness of the azimuthallocation of the cracked
pellet fragments in the axial direction.

The recent spike DNB tests (liill, Moticy, and Cadek 1973) described previously indicate that for
3W circumferential heat Dux spikes at 20% magnitude and 6' lone, a special spite factor on DNB
need not be incorporated into Westinghouse reactor designs which incorporate the Westinghouse
type rnixing vane grids. Since the 6 inch length is equivalent to 10 pellet lengths, no reduction in
DNBR due to pellet eccentricity or clad ovality is applied it: DNH evaluations. Similarly, the heat
Oux engineering hot channel factor, F(E,Q) of 1.03 which allowed for variations in manufacturing
tole 4ances and was used to determine the local maximum linear heat generation rate at a point, the
'' hot spot",is no longer considered in DNB cvaluations. This subfactor was determined by statistically
combining the tolerances for the fuel pe!!ct diameter, density, enrichment, cecentricity and the fuel
rod diameter. F(1!.,Q) continues to be applied in determining the peak power and in fuel pellet
ternperature evaluations.

The effect of manufs.uuring tolerances which affect the integrated values along a channel, i. e.,
enthalpy rise engineering hot channel subfactor corresponding to pellet diameter, density and
enrichment, and fuel rod diameter, pitch and bowing, are still considered in all DNB evaluations as
described in Section 4.4.2.2.4.1.

4

O
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Q sure tAal--thews the 17-by-17 M * chtAined in thta. test-pregr.aa ,

The)redt ted heat flur. include a D.86 multipiter which t jsNf O' 4the 17 by 4 dified spacer factor. However, asJ.otec previously(section 4.4.2.1), a .- D lier of 0.865 has 4 eenapphed for all CNB analyses. censervatively ';

|
The t e's t results ndir3 ed that a reactor r using this geometry

and (sa tTafQemay opera fte w'h minimum DNBR of 1.28 designcperr. However, as stated in Section 4.4.1.1, a minimu.
H+n +-40n se eva t ive l y--u ared-f o r- SVP G-3,

4.4.2.2.2 Definition of Departure from Nucleate Boiling Ratio
The DNB heat flux ratio (DNBR) as applied to this design when all,,

flow cell walls are heated is:

SbNB|, NDNBR = '

(4.4-1)9 1oc

is N* $8*
whereY,p~..L~.s

''# / '' !
a . c.,,.t.

n
9 DNB, EU

9,,33,3 "0 y (4.4-2)

and q"pg g is

DNB correfdtkon (Tong 1967) when all flow cell walls are heated.the uniform DNB heat flux as predicted by the W 3

T is the flux shape factor to account for non uniform axial heat flux
distributions (Tong 1967) with the "C" term modified by Tong (1972).

-@ing-an-asial grid-apecia; edified epteer-44 ster de:crBed by MetteN4t el 1975e)-
4: the

ut coefficient. " , = 0.045 nd- theemel--.

- dtfftret en ::eiffeient (TDC) -:( 0,03S, M::d :n the--44-4*eh-9r44--- sp=ctng dete Notley =d cedek 19'?) Sface A ec tua@d- 4pasing--is--eper+*amately 20' inch::, the -values-are centervat,1ve-stace-the-.
-GHB-per4+emense-wear-found-to-4mpr+ve end -TDC--to-aner+++: :: ::nal-

Fid - epee 6n9-As-deseeas+d-by-Metley-ae.d-Cadek-41434) and Cadek-(et--41-
- 1^?E).

q'j ,, is the actual local heat flux.

9

O
4.4-$

- - . - - . , - . - _ - . - . . - - . - . - . - . . - - . - . - . - - - . . . . - -



- _ _ - - _ _ _ _ _ _ _ _ _ _ - _ _ - _ - - - _ _ . - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _

r

,

i

SVPS-2 UFS AR

) The ONBR se applied to this design when a cold wall 14 present 1st

'w,,,

ON3R = N' (4,4 3)

' loc
!

where

SbB , tt' , D S * 'Y"
9,,N B . N . C'.! *D r (4.4*4)-

where: e

- is the uniform ONB heat flux as predicted by the W 3
q"khdfb8 correlation (Tong 1972) when not all -flow

,

co cell- walls
are heated-(thimble-cold wall cell).

,

iji: th: er: :: th::: ::d M - w ie:1 :: W j

s..etE. Cwr is the cold wall facter.
-->

4.4.2.2.3 Mixing technology-

The rate of heat exchange by mixing between flow channels is
proportional to the difference in the local mean fluid enthalpy of ;

the respective channels the local fluid density and flow velocity.
The proportionality is expressed by the dimensionless TDC which is
defined as

yQC e
DVa (4.4 5)

r

where

v' = flow exchange rate per unit length
(1bs/f t sec)

o = fluid density (ib./fts)
V = fluid velocity (ft/sec)
a = lateral flow area between enannels per unit length

(fgafft)

~
The application of the TDC in the THINC 6nalysis itr determining the

,

overall mixing effect or heat exchange rate is presanted by Chelemer *

( e t al -t+4) .
/169
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'

CWF (Tong 1972) = 1.0 Ru l13.76 1,37 c * . 4.7.3;Qeesas 0.f61902)o , R3(y;Dh'10'ji

IU 1(KO

(4.4-4a)

and Ru = 1. Dc/Dh

For the WRD 1 conelation,

(l*DNH, N = a' WRB 1
F

where F is the sarne Out shape factor that is un ] with the W 3 conclation.

'

O

|

.

O
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Various mixing tests have been performed at Columbia University
by Cadek (et al 19'$). These series of tests, using the "R"
mixing vane grid design on 13 , 26 , and 32-inch grid spacing,
were conducted in pressurized water loops at Reynolds numbera
similar to that of a pressurized water reactor (PVR) core under
the following single- and two phase (subcooled boiling) flow
conditions:

Pressure 1,500 to 2,400 (psia)
Inlet temperature 332 to 642 (*F)
Mass velocity 1.0 to 3.5 x 10' (1b,/hr ft8)
Reynolds number 1.34 to 7.45 x 10'
Bulk outlet quality -52.1 to 13.5 (percent)

The thermal diffusi n coefficient is determined by comparing the
THINC Code predict.ons with the measured subchannel exit
temperatures. 3 Data for 26 inch axial grid spacing are presented
on Figure 4.4 4 where TDC is plotted versus the Reynolds -number.
Thermal diffusion coefficient is found to be independent of
Reynolds number, mass velocity, pressure, and quality over the
ranges tested. The two phase data (local, subcooled boil.ng)
fell within the scatter of the single phase data. The;effect of
two phase flow on the value of TDC has been demonstrated by Cadek

O. (et al 1975), Rowe and Angle (1967, 1969), and Gonzalez-Santalo
and Griffith (1972). In the subcooled boiling region, the values
of TDC were indistinguishable from the single phase ve.lu es . In
the quality region, Rowe and Angle (1967,1969) show that in the
case with rod spacing similar to that in l'JR core geometry, the
value of TDC increased with quality to a point and then
decreased, but never below the single phase value. Gonzalez-
Santalo and Griffith (1972) showed that the mixing TDC increased
as the void fraction increased.

The data from these tests on the "R" grid showed that a design
TDC value of 0.038 (for 26-inch grid spacing) can be used in
determin'ing the effect of coolant mixing in the THINC analysis.

A mixing test program similar to the one described previously was
conducted at Co ? oh . a University for the current 17 by 17
geometry and mulug vane grids on 26-inch spacing (Motley et al
1975b). The mean ului of TDC obtained from these tests was

0 06I M and all dath a> sre well above the current design value of
0.038,

Since the actual reactor grid spacing is approximately 20 inches,
additional margin is available for this design, as the vslue of
TDC increases as grid spacing decreases (Cadek et al 1975).,

,

4.4.2.2.4 Hot Channel Factors

The total hot channel factors for heat flux and enthalpy rise are
defined as the maximum to-core average ratios of these
quantities.

4.4-7
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The heat flux hot che.nne l factor considers the local 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 composed of a nuclear
hot channel factor (Section 4.4.4.3) uescribing the fission power
distribution 'and an engineering hot channel factor, which allows
for variations in flow conditions and fabrication tolerances.The engineering hot channol factors are made up of subfactors

.

which account for the influence of the variations of fuel pellet '

diameter, density, enrichment, and eccentricity; inlet flow
distribution; flow redistribution and flow mixing.

The heat flux engineering hot channel factor (F g) is used to
evaluate the maximum linear heat generation rate in the core.
This subfactor is determined by statistically combining the

Id"b F fabrication variations for fuel pellet diameter, density, and
enrichment,4 and has a value of 1.03 at the 95 percent probability

.lo.rbG=-*.thatlevel with 95 percent confidence. -H!!! (et el lo") ph ee he
D% penalty rede to be tak.an f^r the- shert relativelyne

-lew-intenehy-he+t-f4um-.4pikee ceuced by variet!rne-- it -the-
=p::::d&n3 p :4eeter:, er e:11--as-fsol-pollet eceents444ty . .nd-
-fu+1-r ~4 di r u r varie*faa .

4.4.2.2.4.1 EnthalpyRiseEngineeringHotchannelFactor,Fg

The effect of variations in flow conditions and fabrication
tolerances on the hot channel enthalpy rise is directly
censidered in the THINC core therm.1 subchannel analysis
(Section 4.4.4.5.1) under any reactor operatins condition. The
items included in the consideration of the enthalpy rise
engineering hot channel factor are discussed as follows:

Pellet Diameter. Density, and Enrichment .J Nel R.J D,*m [eq / ad b'D-

Design values employed in the THINC analysis related to the above
fabrication variations are based on applicable limiting
tolerances such that these design values are met for 95 percent,

t

of the limiting channels at a 95 percent confidence- level.
Measured manufacturing date on Vestinghouse_17 by 17 fuel show
the tolerances used in this evaluation are conservative. Ir
additaon, each fuel assembly is inspected to assure that tt.c
channel spacing design criteria are met. The effect of

,

variations- in pellet diameter, enrichment, and density is
employed _in the THINC' analysis as a direct multiplier on the hot
channel _ enthalpy rise. The fuel rod diameter, pitch, and bowing
variation (including inp11e 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
,

l

the hot channel. This effect (pitch reduction) is used as part
of the margin to offset rod bow penalties-(Section 4.4.2.2.5).

| 4.4-8
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Irsart F p. 4.4 89,

cecentricity and the fuel rod diameter,
i

~ Insert G p. 4.4 8
.

i

Thus,it is expetted that a statistical sampling of the fuel assemblics of the reference plant will yield |
,

a value no larger than 1.03.,

!
a

|

!

,

t

8

i

J. ;

O
,

J

f

4

a

4
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Inlet Flow Maldistribution

The considerttion of inlet flow maldistribution in core thermal
performances is. discussed in Section 4.4.4.2.2. A design basis
of 5 percent rsduction in reactor coolant flow to the hot
assembly is used in the THINC-IV analysis.

Tiow Red.istribution

The flow redistribution accounts for the reduction in flow in the
hot channel resulting from the high flow resistance in the
channel due to the local or bulk boiling. The effect of the non-,

uniform power distribution is inherently considered.in the THINC
analysis for every operating condition which is evaluated.

Flow Mixing

The subchannel mixing model incorporated in the THINC Code and
used nin reactor design is based on experimental data (Cadek 1975)
discussed in Se tions 4.4.2.2.3 and 4.4.4.S.1. The mixing vanes
incorporated in te spacer-grid design induce additional flow
mixing between- :he various flow channels in a fuel assembly as
well as between adjacent assemblies. This mixing reducer the
enthalpy' rise in the hot channel resulting from local power
peaking or unfavorable techanical 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 in the DNBR safety analysis of
Condition I and Condition II events for each plant application.
.ipplicabTe generic credits for margin resulting from retained
conssrvatisu in the evaluation of DNBR and/or mare n obtained * '

from measured plant operating parameters (such as 'F I or core -'

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

The safety analysis for BVPS-2 maintained suf ficient margin +4- o #*ewu'! 'h
9 1 possent (d::i;= limit DM?? cf 1 30 ve- 1 29, grid sperir;- ' seebka #.K I. l;
(K ) cf 0. Td 7: . 0.059, tF.:r;;l dif P :ie :::ffici::.t :f 0.02S3

0_0!9, DMF reitipiler f 0.862=vs.- 0.38, and p!!:h reduct!: )-vr-

| 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 MVD/MTU).

The maximum rod bow penalties- accounted for is the design safety,

| analysis are based on an assembly average Lurnup of 24,000
i MVD/MTU. At burnup greater than 24,000 MVD/HTU, credit-is taken *

| for the effect of-F burndown due to the decrease in fissionable
isotopes and the buildup of fission product inventory, and- no

.

additional rod bow penalty is required (USNRC 1986).
|

,

| 4.4-9
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44 4,inear-Heat Generatie hta

. In .s e r k r. 2. 3
,

-

--Thomre-4varaga-4nd,.Jnaxllnum_1_incar_hant generation _ rates-. ara'

-siven-in-Table-44-4 The-esthod-of determining-the-maximum.
-linear-heat-generat ion-rate-is-givw. 4n-Section 4,.3 A2.-

43.2.4 Void l'raction Dis *ribution
,, . a l, wen. |tv en

The calculated : ore avera the hr bchannel maximum and i
average void f ract ions ar/ presented in Table 4.4-2 for operation
at full power with deets(hot channel f actors. Se void fraction
distribution in the core at various radial and axial locations is
presented by Hochreiter and Chelemer (1973). The void models
used in tue THINC IV Code are described in Section 4.4.2.7.3.
-A realised-cor ufl e ad sathalpy 4 ss distributions-ase-shown-on.

$ -54gures A thenagh_A a-%-L'

Inse 4

4.4.2.5 Core Coolant Flow Distribution

Assembly average coolant mass velocity and enthalpy at .arious.

radial and axial core locations are given. Typical coolant
enthalpy rise and flow distributions for the 4 feet elevation .

(1/3 of core height) are shown on Figure 4.4 *'l for the 8 feet
elevation (2/3 of core height) on Figure 4 '. hk and at the core
exit on Figure 4.4- 8 These distributions u e for the full power
conditions as given in Table 4.4-1. H Ms-the-1444al.-powes-
-dent ity distr-ibuMosen-en-F4gure 1+,44,-

The THINC Code analysis for this casa utilized a uniform core
inlet enthalpy and inlet flow distribution. No orificing is
employed in the reae. tor design.

4.4.2.6 Core Pressure Drops and Hydraulic Loads

4.4,2.6.1 Core Pressure Drops

The analytical model and expe-. mental data used to calculate the
prassure crops shown in Table 4.4-1 are described in
Section 4.4.2.7. W cce.-passuse drep includen -- the eight-ge44--
he4--oseemb4yr-4ewet-eo++-9 ate -and-upper---soy e p 1 a to--p**uus -4 r
-drept. The full power operation pressure drop values shown in
Table 4.4-1 are the unrecoverable pressure drops across the
vessel, including the irJet and outlet nozzles, and across the
core. These pressura drops are based on the best estimate flow
for actual plant operating conditions as described in
Section 5.1.1. Section 5.1.1 also defines and describes the
thermal design flow (minimum flow) which is the basis for reactor

core thermal performance and the mechanical design flow (maximum
flow) which is used in the mechanical design of the rea. tor
vessel internals and fuel assemblies. Since the best estimate
flow is that flow which is most likely to exist in an operating

,

plant, the calculated core pressure drops in Table 4.4-1 -u+-
: bered - h hat -r u t m w;!! H r e d e <- t L * ,. dr p sc..sure
penly guded us % d.. t L *,. . Jesiy fl~

'
4.4-10
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imert 11 p. 4,410
%

Since void formation due to subcooled imiting is an important supporting cause of interassei. bly flow
redistribution, a sensitivity study was performed with TillNC IV using the void model by llochreiter
and Chelemer (1973).i-

The results of this study showed that because of the realistic crossilow model used in TillNC IV, the
minimum DN11R in the hot channel is relatively insensitive to variations in t':is model, The range
of variations considered in this sensitivity study covered the maximum uncertainty range of the data
used to develop each pait of the void fraction correlation.

Insert I j. 4,410
_

4.4.2..s llux Tilt Considerations

Significant quadrant power tilts are not anticipated during normal operation since this phenomenon
is caused by some a*ymmetric perturbation. A dropped or misaligned RCCA could cause changes
in bot channel factors; however, these events are analyzed separately in Chapter 15. This discussion
will be confined to flux tilts caused by X Y xenon transients, inlet temperature mismatches,
enrichment variations within tolerances and so forth,

'The design value of the enthalpy rise hot-channel factor F(N.All) which includes an 8% uncertainty
(as discussed in Section 4.3.2.2,7), is assumed to be sufficiently conservatiw that flux tilts up to and

n including the alarm point (see the Technical Specifications) will, not result in values of F(N,All)

V greate than that assumed. The design value of F(O) docr not include a specific allowance for
quadrant flux tilts.

' Insert J p. 4,4-10a

The pressure drops quoted in Table 4.41 are based on seven grids and conservatively estimated grid
~

pressure loss coefficients, Phase 1 of the D loop tests (Nakazato, DeMario 1974) resulted in a
measured core pressure drop of a magnitude sufficiently lower than the predicted pressure drop that
the pressure drops quoted in Table 4.4-1 will be conscentive even with the addition of an eighth gri;
Further verification of the 17x17 core pressure dror m: '< ling uncertainties have been obtained from
Phase 2 of the D-loop tests.

-

- _ _ - - ______-
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Unce.tainties associated with the core prersure drop values are
[ , Inserts-

t. discussed in Esction 4.4.2.9.2.

4.4.2.6.2 Hydraulic Loads
&

The fuel assembly holddown springs (Figure 4.2-/) are designed to
keep the fuel assemblies-in contact with the lower core plate
under all ANS Condition I and 11 events with the exception of the
turbine overspeed transient associated with a loss of external
load. The holddown springs are designed to tolerate the
possibility of an over deflection associated with fuel assembly
liftoff for this case and provide contact between the fuel
assembly and the lower core plate following this transient. More
adverse flow conditions occur during a LOCA. These conditiens
are presented in Section 15.6.5,

Hydraulic loads at normal operating conditions are calculated
considering the mechanical design flow which is described in
Section 5.1 and accounting for the minimum core bypass Ilow based
on manuf acturing tolerances. Core hydraulic loads at cold plant
start-up conditions are based on the cold mechanical design flow,
but are adjusted to account for the coolant density difference.
Conservative core hydraulic loads for a pump overspeed transient,
which could possibly create flow rate 20 percent greater than the
mechanical design

flow, are evaluated to be app c.xi=E:*^cly twice
-

.9"*ler bthe fuel assembly weight.
,

(' Core hydraulic loads were measured during the prototype assembly
tests described in Section 1.5. Further discussion is presented-

by DeMario (1974).

_

f

a

r

.

(
(

4.4-10a
;

1
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-
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O phase water,
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 thevessel pressure _ drop evaluation because the core average void isnegligible (Table 4.4-2). Two-phase flow considerations in the core
thermal' subchannel analyses are considered and the models are
discussed in Section 4.4.4.2.3. Core and vessel pressure losses arecalculated by equations of the form:

.

2
t ey (4.4-8)AP

= (K+F p) 2 gc (1 Wg
e

where

aP = unrecoverable pressure drop (lb /in8)gfluid density (lb ,/ft )o = 8

L- a length (ft)
D, equivalent diameter (ft)a

V = fluid velocity (ft/sec
ge . = 32.174 (ib -f t/lb g-sec(')
K = form loss coefficient (dimensionless)
F = friction loss coefficient (dimensionless)

Fluid density is assumed to be constart at 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 available. Therefore,experimental values for these coefficients are obtained fromgeometrically similar models.

Values are quoted in Table 4.4-1 for unrecoverable pressure loss
across 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 pressure drop for the vessel was
obtained by combining the core loss with correlation of 1/7th scale
model hydraulic test data on. a number of vessels (Hetsroni 1964,
1965) and form loss relationships (Idel' chin 1960).- Moody's (1944)

' le a *N K
curves were used to obtain the single phase friction factors.

--*-
'

Tests of the reactor -coolant loop flow rates will be made
(section 4.4.5.1) prior to initial-criticality to verify that the
flow rates used ir the_ design, which were determined in part from the
pressure losses calculated by the method described here, areconservative.

.

O
4.4-12
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Insert K p. 4.412
\

Core pressure drops will be confirmed when the results of the Ilydraulic Veri 0 cation Tests become
available. These hydraulic verification tests include hydraulic head losses and effects of velocity
changes as well as unrecoverable pressure losses. De effects of velocity changes are small since the
static pressure taps are k>cated at elevations of approximately equal now areas (and therefore
approximately equal velocities). When wall static pressure taps are used near ambient fluid
conditions, it can be shown analytically that the elevation head losses _do not contribute _to the
measured core pressure drops. Therefore, data from the hydraulic verification tests can be directly
applied to confirm the pressure drop values quoted in Table 4.41 which are based on unrecoverable
pressure losses only.

. Insert L p. 4.413
,

the safety analysis limit DNBR

Insert M p. 4.4-13

for DNBRs greater than or equal to the safety analysis DNDR limit

OV

.

O
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4 A.2.7.3 V0:d Fra:tica Correlation

There ' are three . separate i':id reg;d They are the wall;ns ::nsidered :n flow bell:n; :n a
FR : as 11'.ustra:ed en F qure 4.4- v :d re;;:n
n: tubole detaenrent!. the su:::eled Oct;;ng re;;cn itu::;e '

de:s:neen C 'and One :ul% b::.:n; re;; n.
,

In t e= vail v::d regi:n, the point where ;c:al totling ce;:ns is
determined when the clad te perature reaches the amount of supernest
predi:ted- -from Them's (et al 1955-1966) ::rrelat::n
-(Section=4.4.2.7.1). The void fraction in this region is cal:ulated
using Maurer's (1960) relationship. The bubble detachment point.
where the superheated babeles break away from the wall is deter-tr.ed
by using Grl!!1th's (et al 1956) relationship.

The void fraction 'in the sub: cled-boiling region (that is after ine- '

detachment point) is :al:ulated r:m Ecuring's (1962)- correlation.
This correlation predicts the veld fraction frein the detachment point
to the bulk boiling region.

.

The ' void- fraction in the bulk boiling region is predicted by using
homogeneous flow theory and assuming no slip. The void fraction in
this region is therefore a function only of the thermodynamic
quality.-

4.4.2.5 Thermal' Effects of Operational Transients

Departure from-nucleate. boiling core safety limits are generated as a
% function of reactor ccolant temperature, pressure, core power. and

~

axial power imbalance.
Steady state cperation within these safety +ete''~ g ,,6 L,limits ensures that the minimum DNBR is not less than

Figure 15.0.3-1 shows the r, . v.; .' ; ; . X** TIE 1't -lines and the le*'b K~

resulting overtemperature :.! trip lines (which _ become part of the
Technical specifications). plotted as AT foversusT,yfonrvariouspressures. -This system provides adequate protect against
anticipated operational transients that--are slow with respect to

cfluid transport delays in the RCS, In addition, for: fast transients.
for exampic, uncontrollad rod bank withdrawal'~at: power incident.
-(Section 15.4.2). specific protection functions are provided_ as
- described-in Section 7.2 and the use of[~these.protecpon functi
described in chapter 15.bM 4tf.4f.n8 cespeae* e f;4e -4a s is/r4 tAe * roc
jar ofScusa*of 1.-See

}7
,

4.4.2.9 Uncertainties in Estimates
- -4.4.2.9.1 Uncertainties in' Fuel and' Clad Temperatures

s

As discussed in Section-4.4.2.11. the fuel temperature is a function-
- of crud, exide, clad. gap, and pellet conductances. . Uncertainties in

.

the fuel temperature calculation are essentially of two. types.
1) fabrication uncertainties-such as variations- in the pellet and
clad ~ dimensions and the pellet density and 2) model uncertainties '

such as~ variations in the pellet conductivity and the ': gap

J-

4.4-13
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4.4.2.9.4 Uncertainty in Departure from Nucleate Boiling Correlation

The uncertainty in the DNB correlation (Section 4.4.2.2) can be
written as a statement on the probability of not being in DNB based
on the statistics of the DNB data. This is discussed inSectiert 4.4.2.2.2.

4.4.2.9.5 Uncertainties in Departure from Nucleate Boiling Ratio
Calculatiens

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 conservatively high values of
the nuclear peaking factors and including me a sure.nent errorallowances. In addition, conservative values for the engineering hot
channel factors are used as discussed - in Section 4.4.2.2.4. -;he.
.nsult: Of . ::nnuv4ty :tudy (Mechan +r---andWemer M73) :::h
-T+tM C=I'| .; h; .: :het-the-minimu- D"E? i". the-hot-chann*44s-+akatiw 4y
-+neensit iv: t; cer1*uen+4e4h*-cen.w4ds-radL41 pee r dis t ribution-.
-tfee-the-c:::- v:lue-ef F$3 ).

The ability of the THINC-IV code to accurately predict flow and
enthalpy distributions in red bundles is discussed inSection 4.4.4.5.1 and presented by Hochreiter (et al 1973). Studies
have been performed by Hochreiter and Chelemer (1973), to determine
the sensitivity of the minimum DNBR in the hot channel to the void
fraction cor. relation (Section 4.4.2.7.3): the inlet velocity and exit\ pressure distributions assumed as boundary conditions for the
analysis aand the grid pressure loss- coefficients. The results of
these studies show that the minimum DNBR in the hot channel is
relatively insens'tive to variations in these parameters. The range
of variations considered in these studies covered the range of
possible variat/Lons in these parameters.

th wr e wida r= dial p*we r d O L % (fo'e e.akd F(N,Md)
4.4.2.9.6 Uncertainties in Flow Rates

;s less tLss tLe SeE Eb''''*{* L*Y pf,'

The uncertaintice associated with reactor co ant loop flow rates are lh Yf'"'discussed in Section 5.1.- A thermal-design flo 's defined for use #

in core thermal performance evaluations which :ceunt: fer-b+th-
prei tun .na - .. e- at . - rea atier- In addition, another

6.5* -4,+ percent of the thermal design flow is assumed to be ineffective
for core heat removal capability because it bypasses the core through
the various available vessel flow paths described inSection 4.4.4.2.1.

4.4.2.9.7 Uncertainties in Hydraulic Loads

As discussed in Section 4.4.2.6.2. hydraulic loads on the fuel
-assembly are evaluated for a pump overspee.' transient which creates
flow raten 20 percent greater than the mechanical design flow. As
stated in Section 5.], the mechanical design flow is greater than the

.

O
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r~'s best estimate or mest likely flew rate values for the actual plant

|d eperating conditi:ng (by o p ,, /t/y 4.($).

4.4.2.9,3 ''ncerta:nty in Mixing C:eff:: lent.

The value of the mixing coef fic ent . sed in TH:MC analyses for this
appl; ation :s 0.038. The mean value ci T:: ectained in the "R" grid

mixing tests described in Secti:n 4.4.2.2.1 was 0.042 (for OE-inch
grid spacing). The value 0.033 1s ene standard deviation below the
mean value: and approximately 90 percent of the data gives values of
TDC greater than 0.038 (Cadek et al 1975).

The results of the mixing tests done on 17 by 17 geometry, as
discussed in Section 4.4.2.2.3. had a tean value of TDC of 0.059 and
standard deviation equal to 0.00' Hence the current design value of
TDC is almost three standard deviatt:ns below the mean for 26-inch

grid spacing.

4,4.2.10 Flux Tilt Considerati ns

Significant quadrant power :;lts are not anticipated during normal
operation since this phenc enon is caused by some asymmetric
pertubation. A dropped or misaligned rod cluster control assembly
could cause changes in hot char.nel factors: however, these events are
analyzed separately in Chapter ;5.

Other possible causes for quadrant power tilts include X " xenon
.\ transients, inlet temperst.re mismatches, enrichment variations

within tolerances, and so f:rin.

In addition to the precedtng unanticipated quadrant power tilts,
other readily explainable a s ymme t r ie s may be observed during
calibration of the excore detector quadrant power tilt alarm. During
operation, incere maps are taken at least once per month and,
periodically, additional maps are obtained for calibration purposes.
Each of these maps is reviewed _ for deviations from the expected power
distributiens. Asymmetry in the core, from quadrant to quadrant, is
frequently a consequence of the design when assembly and/or component
shuffling and rotation requirements do not allow exact symmetry
pre s e rva tion. In each case. the acceptability of an obse rved
asymmetry, planned or otherwise depends solely on meeting the
required accident analyses assumptions.

In practice, once acceptability has been established by review of the
incore maps, the quadrant power tilt alarms and related
instrumentation are adjusted to indicate zero quadrant power tilt
ratio as the final step in the calibration process. This action
ensures that the instrumentation is correctly calibrated to alarm in
the event an unexplained or unanticipated change occurs in the
quadrant to quadrant relationships between calibration intervals.
Proper functioning of the quadrant power tilt alarm is impcrtant

/''N because no allowances are made in the design for increased hot

4.4-16
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channel fact:rs due i: unexpected fi;x t.its s t r.: e 3;. 1;<e; 3 se3

O. are prevented :y des;;n :: pr::edures :r Are :re::f;: C y 3ra;;:e:.
d i:nal'y :n ae e v e r. : : m unexp.A ned :l= x t;,:s d: :::.: :;

!ect.u:al spe:::::at::ns pr: ;ce i;r::priate ::rrect;"e 1 t;:n3 ::

ensure ::nt;n.ed safe :perat;:n :: ie tea:: r.

4.4.2..; Fuel and Tladd.:n; Te ;t r 31.: es 'N / 4 /q deo - f o /% )1

Consistent with the t h e rm a l - L ,e d r a u l l: design bases descr: red :n
Section 4.4.1. the following d;scussion pertains mainly to fuel
pellet temperature evaluation. A discussi:n of fuel : lad integrity
is presented in Section 4.2.3.1

The thermal-hydraulle design issures that the maximum fuel
j temperature is below the melt:n; p ;nt :f J0 (Section 4.4.1.2). To2

preclude center mel:Ing and as a basis for overpower prote:::en
system set points, a calculated centerline fuel temperature of
4.7CO'F has been selected as : .e ev-rpower limit. This prcvides
sufficient margin for uncertainties ;n the thermal evaluations as
described in Section 4.4.2.9.1. The temperature distribution within
the fuel pellet is primarily a :unct;on of the local power density
and the UC, thermal conductivit'; H: wever, the computation of radial
fuel rod temperature distribut::ns ::mbines crud. oxide, clad gap,
and pellet conductances. The factors which int uence these
conductances, such as gap si:e or ::ntact pressure), internal gas
pressure, gas composition pellet density, and radial power

(''] distribution within the pelle et:. have been combined into a semi-
(_j empirical thermal model Section 4.2.3.3) with the model

modifications for time depence- fuel densification given by Hellman
(1975). This thermal mode. enables the determination of these
factors and their net effe:ts on temperature profiles. The
temperature predictions have :een :o-cared to inpile fuel temperature
measurements (K]aerheim and E::stad 1557: Kjaerheim 1969: Cohen et al
1960: Clcugh and Sayers 1964: Stora et al 1964 Devold 1968; and
Balfour et al 1966) and melt radius data (Nelson et al 1964 and
Duncan 1962) with good results.

According to Hellman (1975), fuel rod thermal evaluations (fuel
centerline, average and surface temperatures) are determined
throughout the fuel rod lifetime with consideration of time dependent
densification. To determine the maximum fuel temperatures, various
burnup rods, including the highest burnup rod are analyzed over the

.GSEQ~&rodlinearpowerrangeofinterest.
The principal factors which are employed in the determination of the
fuel temperature are discussed below.

4.4.2.11.1 UO Thermal Conductivity2

The thermal conductivity of uranium dioxide was evaluated from data
reported by Howard and Gulvin (1960): Lucks and Deem (1961): Daniel

('') (et al 1962): Felth (1962): Vogt (et al 1964)r Nishi]ima (et al,

%J

4.4-17
i
1

-- __ _ _ - _ _ _ _ - - - _ _



-- --. .. . . . _

Insert N p,4.4-17

Effect of Fuel Densi0 cation on Fuel Rod Temneratures

Fuel densincation results in fuel pellet shiinkage. This affects the fuel temperatures in the following
ways: .

Pellet radial shrinkage increased the pellet diametral gap which results in increased
1.

thermal resistance of the gap, and thus, higher fuel temperatures (see Section 4.2.3.3).

Pellet axial shrinkage may produce pellet to pellet gaps which results in local power2.
spikes, described in Section 4.3.2.2.5 and thus, higher total heat Oux hot channel

~ tor, F(Q), and local fuel temperature.-

Wu shrinkage will result in a fuel stack height reduction and an increased3
'r generation rate (kW/ft) for a constant core power level. Using the

,

. cioed in Section 5.3 of IIellman 1973, the increase in lineat power foro

ifications listed in Table 4.31 is 0.2c' .c"

aan 1973, fuel rod thermal evaluations (fuel centerline, average<

%cs) are determined throughout the fuel rod lifetime witharm . .

a tiependent densification. Maximum fuel average and surfaceconsu ,.mn e

temperatures, show in Figure 4.4-9 as a function of the LHOR, are peak values
attained during the fuel lifetime. Figure 4.4-10 presr.nts the peak value of fuel
centerline temperature versus linear power density which is attained during the fuel
lifetime.

The maximum pellet temperatures at the hot spot during full power steady state and
at the maximum overpower trip point are shawn in Table 4.4-1.

Insert O p.4.4-20

Figure 4.412 shows the axial variations of average clad temperature for the average power rod both
at beginning and end-of-life.

.
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1965): Ains:cugh and Wheeler (1963): Godfrey (et al 1964)- Stera
te:[ l

\# al 1964): Bush (1965)- Asamoto let al 1965): Kruger t1965): and~

Gyllander (19:1).

At higher temperatures, thermal conductivity is best cotained by
uti,11cing the integral conductivity to melt, which can be determined
with me.e certainty. From an examinatten of the data. It has been
concluded tnat the best estimate for the value of / 2,500*C Kdt is
93 W/cm. This conclusion is based on the integral values reperted byDuncan (1962): Gyllander (1971): Lyons (et al 1966) Coplin (1966):Bain (1962); and Stora (1970).

The design curve for the thermal conductivity is shown on Figurey.4.%.It so

The section of the curve at temperatures cetween 0*C and 1.300*C isin excellent agreement with the recommendation of the International
Atemic Energy Agency (1966) panel. The section of the curve above
1,300*C is derived for an integral value of 93 W/cm (Ouncan 1962,
Gyllander 1971, and Stora 1970).

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

K = 11.8 + 0.0238. + S.775 x 10'I T (4'4'9)
4

O's--
wherci

d a W/cm *C
Te 'C

4.4.2.11.2 Radial Power Distribution in UO fuel Rodsg

An accurate description of the fuel rod radial power distribution as
a function of burnup is needed for determining the ,

power level for
incipient- fuel melting and other important performance parameters
such as pellet thermal expansion, fuel swelling, and fission gasrelease rates.

Radial power distributions in UO fuel rods are dem rmined with the2neutron transport theory code, LASER. The LASER Code has been
validated by comparing the code predictions on radial burnup and
isotopic distributions vita measured radial microdrill data (Poncelet
1965 and Nodvick 1970). A radial power depression factor f. is
determined using radial power _ distributions predicted by LASER. Thefactor f enters into the determination of the pellet centerline
temperature, T , relative to the pellet surface temperature, T s-cthrough the expression:

.
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Y
roughness (Dean 1962). This information together with the pellet and: a

'.
'N'''

clad inner surface roughness for Westinghouse fuel leads to the-following correlationi-

*

K (4.4-12)h = 0,6? - 338
O
r

wherei

P = contact pressure (psi)

4.4.2.11.4 Surface Heat Transfer Coefficients

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

4.4.2.11.5 Fuel Clad Temperatures

The outer surface of the fuel rod at the het spot operates at a
temperature of approximately 660'F. for steady state- operation at
rsted power _ throughout core life due to the presence-of nucleate~

O boiling. Initially (beginning-of-life), this temperature is that of
the clad metal outer surface.

During operation over the life cf'the core, the buildup of oxides and
crud on the fuel rod surface causes the clad surface temperature toincrease. Allowance- is made in the. fuel center melt evaluation for
this temperature rise. Since- the the rmal-hydraulic design bas's
limits- DNB, adequate heat transfer is provided between the fuel- clad
and the. reactor coolant so. that the core the rmal output Eis not
limiyedbyconsiderationsofcladtemperature. *-- Inser t 0
4.4.2.11.6 Treatment of Peaking Factors

The -total; heat flux hot channtl factor, Fq, is defined as the ratio
of the maximuin to average core heat flux. ne design value for Fq aspresented in Table 4.3-2 and discussed in Section 4.3.2.2.6 is 2.32
for normal operation. This 'results ~in a peak linear power 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 must
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 a' maximum

,

allowable cale, lated centerline temperature of 4,700'F. The peakO
4.4-20
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4. Flow intreduced between the baffle and the barrel for the
, purpose of cooling these components and which is not( considered available for core cooling.

5. Flow in the gaps between the fuel assemblies on the core
periphery and the adjacent baffle wall.

These flow paths are evaluated to confirm that the design value of
the core bypass flow is met. The design value of core bypass flow
for SVPS-2 is equal to-4r6 percent of the total vessel flow.

*
,e lees lks* G.5

Of the total allowance, 2.0 percent is associated with the core and
f.he inder is associated with the internals (items 2 through 5).-

Calculat4cns have been performed using drawing tolerance in the
worst direction and accounting for uncertainties in pressure losses.
Based en -these calculations, the core bypass is no greater than the
preceding design values quoted.

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 Inlet 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 inlet flow maldistribution criteria to be used in the THINC
analyses Section 4.4.4.5.1). THINC-1 analyses made, using this data
have indicited that a conse rva tive de sign basis is to consider( j
5 percent raduction in the flow to the hot assembly (Shefcheck 1972).
The same design basis of 5 percent reduction to the hot assembly
inlet is 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 1965).

The effect of the total flow rate on the inlet velocity distribution
was studied in the experiments by Hetsroni (1964). As was 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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MuclearInthalpyRiseHotChannelFactor.F{g
4.4,4.3.1

W/en the 10:al linear power density C |W<ft) at a point x y 1 ;n
a : ore with N fuel r:ds and height H.m

H
4N hot rod tewer 0 o' 3'' *

F = *f,g average rod power M'M4'
.,
q ,gg

rods

F'fHisusedintheCNBcalculationisleportant.The way in which
The location of minimum DNBR depenos on the axial profile and the
value of DNBR depends on the enthalpy rise to that point. Basically.
the maximum value of the red integral is used to identify the most
likely rod for minimum CNBR. An axial power profile is obtained
whichwhennormalizedto-thedesignvalueofF$Hrecreatesthe axial
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 combined with worst case radial
distributions for reference ONB calculations.

g It should be noted again that fil is an integral and is used as such
( in DNB calculations. Localheatiluxesare obtained by using hot

channel and adjacent enannel explicit power shapes which take into
account variations in horizontal power shapes throughout the core.
The sensitivity of the THINC-IV analysis to radial power shapes is
discussed by Hochreiter and Chelemer (1973).

For operation at-4
'recuenM- full power, the Aesjgn|t

NF used ,1s
la b .1

~

)g~v::.- by;.ja,f as /4*S
ga puly91 ha s *2 & As!.y* 77.Nfy

-

we S $sy,n e.x/ m' ,4 fecL. e I sfa <<$cc. 4.

g y6.3E(1-P) .p5')

k f ef t h N o h Eu*arYhm hk ||fewk' YUY '* ?g 15 b'*J
The pe rinit ted relaxation of rN is included in the DNB protection
setpoints and allows radial power s ape changes with rod insertion to
the insertion liinits - (McFarlane 1975), thus allowing greater
flexibility in the nuclear 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 chance, or due to a spatial

d[ 4.4-25



, . - . - _ - - -- . . .. - - - . . - - . - . - , - .-

BVPS-2 UFSAR

xenon transient- which may occur in the axial direetten.
,

Censequently, it -is necessary to measure the axial power whalance by.g

means of the excere nuclear detectors (Section 4.3.2.2.7) and protect I''"g 'othe core- from excessive axial power imbalance. +T5: re f- re r- -Ichap: used-4nasublishin; ecre ^"B limits (*h t is. ev- " y r=*ure
-

47--pr-otectics cys ton-astpoints ) is-a chepped conne eith a peak-- te-: ; r : g e-.- w h e of 1.55. T he-r44ctor--tup-4ys tem-pr.ou4 d e automau s-
---r edwo tron-o f-th+-4np44 tpo a nt s- on-+xcesuve-ex a :1 p owe r----a mba44a++,-

T0 det+rakA" th -49n&4udo-4f-4he-setp0&nt44 et10P, t he 4+for+nos--
:h:p:-i: upp lemen t+d-by-othe r-.4x ia14hapes-skewed-to--the-4o t t er and
top of the 00 4,

*h: :::::: f th::: :eelder.t:- a-which ONO i: : cor,eern-i+-enelysed-,

apter 15 assuming that the protection setpoints have been se3xfi{,the asis of these shapes. In many cases the axia p over i
distrib 'on'in the hot channel changes throughout the courj,e of the '

accident to rod m3 tion, reactor coolant temperat re, and power
level changes.

The initial conditio for the accidents for ich DNB protection is
required are assumed to those permiss' e within the constant
axial offset control stra for load maneuvers described by "

Morita (et al 1974). In the ca o he loss of flow accident, the
hot channel heat flux profil s 'ery similar to the power density
profile in normal operation preceding accident. It is therefore
possible to illustrate e calculated nimum DNBR for conditions
representative of the ss of flow accident a function of the flux-difference initi y. in the core. All power s es were evaluated,

with a full po radial peaking factor.(FN of 1 The radialtothehotrodpowershapeikc)onserva.
.

.contributio tiv oth for the
initial ndition and for the condition at the time of min' um DNBR

,

duri the. loss of flow transient. Based on the analysis, a sign
pe is chosen which results in a calculated minimum DNBR t

b:;r.d: 211 th: .:..:1 :;:--tfe. chaper.

-4.4.4.4 Core Thermal Response

~A general summary of the- s,teady state thermal-hydraulic design
parameters including thermal output, flow rates, etc, is provided in
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 Condition I and II
events. The protective systems described in Chapter 7 are designed
to meet these bases. The response of the core to ANS Condition II
transients is given in Chapter 15. g]}

| *

|

4.4-26

i
;

l

... .. . . , .- _ - , - - _ _ . , - - - _ . -- ._ , .- -



_. - _ _ _ - _ _ _ _ _ _ _ _ _ _ _

|

Insert P p. 4.4-26

The Reactor Trip System provides automatic reduction of the trip setpoint in the Overtemperature
AT channels on excessive axial power imbalance; that is, when an extremely large axial offset
corresponds to an axial shape which could lead to a DNBR which is less than that calculated for the
reference DNB design axial shape.

The reference DNB design axial shape used in this amendment is a chopped cosine shape with a peak
average value of 1.55. The use of a 1.55 cosine instead of the 1,48 cosine results in increased
operating flexibility.

There are fewer axial power shapes which give DNDRs less than the DNBR for a 1.55 cosine than
there are shapes which give DNBRs less than the DNDR for a 1,48 cosine. Thus, greater axial power
imbalances can be allowed when the reference DNB design axial shape is a 1.55 cosine.

.
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4.4.4.5 Analytical Techniques
,m

4.4.4.5.1 Core Analysis,

The objective of reactor core thermal design is to determine the
maximum heat removal capability in all flow subchannels and show that
the cors safety limits. as presented in the Technical Specifications,
are not exceeded while compounding engineering and nuclear effects.
The thermal design takes into account local variations in dimensions.
power generation, flow redistribution, and mixing. THINC-IV is a
realistic three dimensional matrix model which has been developed to
account for hydraulic and nuclear effects on the enthalpy rise in the
core (Hochreiter and Chelemer 1973 and Hochreiter et al 1973). The
behavior of the hot assembly is determined by superimposing the power
distribution among the assemblies upon the inlet flow distribution
while allowing for flow mixing and flow distribution between
assemblies. The average flow and enthalpy in the hottest assembly is
obtair.ed f rom the core-wide, assembly-by-assembly analysis. The
local variations in power, fuel rod and pellet fabrication, and
mixing within the hottest assembly are then superimposed on the
average conditions of the hottest assembly in order to determine the
conditions in the hot channel.

4.4.4.5.2 Steady State Analysis

The THINC-IV computer program. as approved by the U.S. Nuclear
Regulatory Commission (USNRC 1978), is used to determine reactor

( coolant density, mass velocity, enthalpy, vapor void, static
\ pressure, and DNBR distributions along parallel flow channels within

a reactor core under all expected operating conditions. The THINC-IV
Code is further described by Hochreiter and Chelemer (1973) and
Hochreiter (et al 1973), including models and correlations used. In
addition, a discussion on experimental verification of THINC-IV is
given by Hochreiter (et al 1973).

t

. lasert Q
Se Etsct of crud er the fico =d en*h= 1py dis t ribut.1on-in the cere,McountedfordirectlyintheTHINC-IVevaluationsbyIs assumin
crud th (kness several times that which would be expected ccur.
This resultb a slightly conservative evaluation o ffe minimum
DNBR. Operatin . experience of Westinghouse dejigned reactors has
indicated that a fl hoAsistance allowance for gssible crud deposits
is not required. There'whas been no etectable long-term flow
reductien reported to any plan . In .ction of the inside surfaces
of steam generator tubes remov operating plants has confirmed'

that there is no significa rface de tion that would affect
system flow. Alth not all of the coo n iping surfaces have
been inspected, t mall piping friction contribu son to the total
system resji t d.ce and the lack of significant depo Ns1on on piping
near stpar.rgenerator nozzles support the conclusion that ahQ ancefop-tiping deposition is not necessary.

Estimates of uncertaintit(4e discuss 44-in-s at4en 4.4.2 A
.

[v''N
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The momentum and energy 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 each element with its neighbors. The mo:nentum equations used in
THINC IV are similar to the Euler equations (Valentine 1959) excepting that frictionalloss terms
have been incorporated which represent the combined effects of frictional and form drag due to the
presence of grids and fuel assembly noules in the core. He cross 0cw resistance model used in the
later momentum equations was developed from experimental data for now normal to tube banks
(Idel' chik 1960 and Kay, London 1955). De energy equation for each element also contains
additional terms which represent the energy gain or loss due to the crossuow between elements.

The unique feature in THINC IV is that lateral momentum equations, which include both inertial
and cross 00w 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 IV is that the eatire velocity field is
solved, en masse, by a Geld equation while in other codes such as TillNC-I (Chelemer, Weisman and
Tong 1%9) 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 is more accurate. In addition, the solution method is complex and some simplifying
techniques must be employed. Since the reactor now is chie0y in the axial direction, the core Dow
field is primarily one-dimensional and it is reasonable to assume that thehteral velocities and the
parameter gradients are larger in the axial direction than the lateral direction. D erefore, a

O~ 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 perturbed 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 perturbed
equations. An iterative method is then used to solve the system of perturbed equations which
couples all the elements in the array.

Three THINC-IV computer runs constitute one design run; a corewide analpis, a hot assembly
analysis, and a hot subchannel analysis. While the calculational method is identical for each 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 subchannel is represented as a computational
element.

De first computation is a corevide, assembly-by-assembly analysis which used an inlet velocity
distribution modeled from experimental reactor models (Hetsroni 1964,1%5) (Carter 1972) (see
Section 4.4.4.2.2). In the corewide analysis the core is considered to be made up of a number of
contiguous fuel 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 knexu exit pressure condition

O

.



_ . . . . . . .. . . .
_ _ _ - - _-_ _

at the top of the core. *lhis computation determines the interassembly energy and How exchange at.- '
-

each elevation for the hot assembly. TillNC.IV stores this information, then uses it for the
subsequent hot assembly analysis.

In the second computation, each computational element repiesents one fourth of the hot assembly.
The inlet flow and the amount of momentum and energy interchange at each elevation is knows from
the previous corewide calculation. The same solution technique is used to solve for the kical
parameters in the hot one quarter assembly.

While the second computation provides an overall analysis of the thermal and hydraulic behavior of
the hot quarter assembly,it does not consider the individual channels in the hot assembly. "Ihe third
computation further divides the hot assembly into channels consisting of individual fuel rods to form
now channels. The local variations in power, fuel rod and pellet fabrication, fuel rod spacing and
mixing (engineering hot channel factors) within the hottest assembly are imposed on the average
conditions of the hottest fuel assembly in order to determine the conditions in the hot channel. The
engineering hot channel factors are described in Section 4.4.2.2.4.

O
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OInser$8.as.4.4.5.3
4 Experimental Verification

Extensive additional e xpe rimental verification is presented by
Hochreiter (et al 1973).

The THINC IV analysis is based on a knowledge and understanding of
the h'est transfer and-hydrodynamic behavior'of the reactor coolant
flow' and the mechanical characteristics of the fuel elements. The
use of the THINC-IV analysis provides a realistic evaluation of the
core performance and is used in thermal analyses as described
previously.

4.4.4.5.4 Transient Analysis

The THINC-IV thermal-hydraulic computer code does not have a
transient capability. Since the third section of the THINC-I program
(Chelemer et al 1979) .does have- this capability, this code
(THINC-III) continues to be used for transient DNB analysis.

-The ' conservative equations needed for the transient analysis are
included in THINC-III by adding the necessary accumulation terms to
the conse rvative equations used in the steady state (THINC-I)
analysis. The input description must now include one or more of the
following time dependent arrays

1. Inlet flow variation,

O 2. Heat flux distribution, and/or
3. Inlet pressure history.

At the beginning of the transient, the calculation procedure is-
carried out as in the steady state analysis. The THINC-III Code is
first run in the steady state mode -to ensure conservatism with
respect to THINC-IV and in order to provide the steady state initial
conditions at the start of the transient. The time is incremented by
an amount determined either by the user or by the program itself. Ateach new time step, the calculations are carried out with the
addition of the accumulation terms which are evaluated using the
information from the previous time step. This procedure is continued
until a preset maximum time is reached.

At preselected intervals, a complete description of the reactor
coolant parameter distributions within the array as well as DNBR are
printed out. In this manner the variation of any parameter with time
can be - readily determined.

At -various times during the transient, steady state THINC-IV is
-applied to show that the application of the transient version of
THINC-I is conservative.

_

Tp? THINC-III Code does not have the capability 'for evaluating fuel
red thermal ~ response. This is treated by the methods described in ,

Section 15.0.11.
O Insert 5 -1>
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V
An experimental verification (Hochreiter, Chelemer and Chu 1973) of the TillNC IV analysis for
corewide, assembly to-assembly enthalpy rises as well as enthalpy ris: in a non-uniformly heated rod

. bundle has been obtained in these experimental tests, the system pressure, inlet temperature, mass
Dow rate and heat Duxes were typical of the Beaver Valley core design.

During the operation of a reactor, various incore monitoring sytuhns obtam 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
TilINC programs. This data can then be used to verify the Westinghouse Thermal-llydraulic 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. Tne core will then be cooled by the natural circulation currents
created by the power differences in the core. During natural circulations, a thermal siphoning effect
occurs resulting in the hotter assemblies gaining flow, thereby, creating significant interassembly
crossflow, As described in the preceding section the most important feature of TillNC 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 cross 0cw is caused by radial variations in pressure. Radial pressun gradients are in
turn caused by variations in the axial pressure drops in different assemblics. Under normal operating
conditions-(subcooled forced convection) the axial pressure drop is due.mainly to friction losses.

.p Since all assemblies have the same geometry, all assemblies have nearly the same s,xial pressure drops

G and crossflow velocities are small. However, under naturzl circulation conditions (Iow Dow) the axial
pressure drop is due primarily to the difference in elevation head (or coolant density) between
assemblics (axial velocity is low and therefore axial friction losses are small). This phenomenon can
result in relatively large radial pressure gradients and therefore higher crossuow velocities than at
normal reactor operating conditions.

He incore instrumentation was used to 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. He 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. He result is the straight line presented in
Figure 4.4-13. He 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 crossuow resistance model used in THINC IV. He larger crossuow
resistance used in THINC-I reduces the flow redistribution so the THINC-IV gives better agreement
with the experimental data.

Data has also been 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 TIIINC-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 carb data run. The
standard deviation of the measured and predicted assembly exit temperatures were calculated and *

, compared for both THINC-IV and THINC-I and are given in Table 4.4 3. As the standard deviations'

| indicate, THINC IV generally fits the data somewhat more accurately than THINC I. For the cores

!

l

l.,.-,
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inlet temperatures and power of the data examined, the coolant Dow is essentially single phase. Thus

O. one would expect little interassembly crossuow and small differences between THINC.IV and
TillNC-1 predictions as seen in the tables. Both codes are conservative and predict 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 ternperature 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 temperatures rise was calculated by THINC-
IV using the measured Dow and power for each experimental test.

Figure 4.416 shows, the typical run, a comparison of the measured and predicted temperature 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-IV results
predict the temperature gradient across the bundle very well. In Figure 4.417, the measured and
predicted temperature rise are compared for a series of runs at different pressures, Dow, and power
levels.

Again, the measured points represent the average of the measurements taken in the sarious
quadrants. It is seen that the THINC IV predictions provide a good representation of the data.

Insert S p. 4.4 28

4.4.4.5.5 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 clastic deficction, and helium solubility.

A detailed description of the thermal model can be found in supplementalinformation from Salvatori
(1972,1973) to the AEC with the modifications for time dependent densification given in Hellman
1973.

4.4.4.5.6 Hydrodynamic Instability

The analytical methods used to access hydraulic instability are discussed in Section 4.4.3.5.

.
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(Soure 1973). These-instabilities are undesirable pi orssince they.may a change in thermchydra jul s. cent!!tions that may
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lead to a reduction in t e eat f rir1Ttive to that.. observed
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a4.4.6 Ilydrodynamic and Flow Power Coupled Instability ''

In steady state, two. phase, heated Dow, a potential for flow instability in parallel closed channels
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 Dow excursion from one state to
another, or it may be a self-sustained oscillation about one state (Boure, Bergies, and Tong 1971).
Either type is undesirable in a nuclear reactor. First, sustained now oscillations may cause
undesirable forced mechanical vibration of components. Second, How oscillation may cause system
control problems by varying the moderator coef0cient. Third, it has been found (Ruddick
1953)(lowdermilk, Lanso and Siegel 1958) that during now oscillations the critical heat Oux necessary
for DNB may be considerably lower than in steady Dow.

When the flow channels of a reactor core having common inlet and outlet plenums operate
hydraulically in parallel, all have the same 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 stab!c 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 a time varying, spatial distributed parameter
system. In a two-phase Dow 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 to a boiling channel will increase the rate of evaporation, thereby raising the average void
fraction. This disturbance affects the elevation, acceleration, and friction 4 pressure drop as well as

A the heat transfer behavior. For certain conditions of channel geometry, thermal properties of the

V heated wall, flow rate, inlet enthalpy, heat Oux, etc., resonance may occur and sustained oscillations
then result.

The flow instability of a group of parallel flow channels having common plenums at the inlet and exit
has been investigated analytically. Westinghouse has developed the HYDNA (Tong, et al.1%I)
digital computer program for predicting the hydrodynamic stability of parallel closed channels. To
verify the capability of HYDNA to predict flow instability, the program was used to analyze the
experimental results reported in Quandt 1%1. He results of this comparison are presented in Table
4,4-4 and a typical result is plotted in Figure 4.418.

- 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.

2. He 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.

,

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 resistances

_ - - - . -
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to lateral now leaving the now channels of high power density. There is also energy transfer from
chantiels of high power density to lower power density channels.

This coupling with cooler channels has led to the opinion that an open channel configuration is more
stable than the above closed channel analysis under the same boundary conditions. Ilecause of the
dif0culty of a concise analysis of instability in open channel Dow, and the absence of experimental
data, Westirighouse conducted an experimental program (Rosenthal 1968.1972) to verify that the
open type Dow channel does yield a stability bene 0t. The test section consisted of three parallel
channels with heat input to two of these channels (Figure 4,4 20). The two heated channels were
coupled by valves at s.ix axial elevations. Upon detection of Dow instability in the hot channel, the
coupling valves were opened and both channels became stable, as illustrated in Figure 4.4 21.
Ilolo;ng all test parnmeters constant, the reclosing of these valves alone caused a Dow in the hot
channel to become unstable again. This behavior was observed on all runs performed and is
presented as esidence:

1. That open channels are more stable than closed channels.

2. Evaluttions of the hydrodynamic stability of Westinghouse pWRs with pWRs with IlYDNA
are conservative.

4.4A.7 Temperature Transient Effects Analysis

Waterlogging damage af a fuel rod could occur as a consequence of a power increase on a rod after
water bas erdace the fuel rod through a clad defect. Water entry will continue until the fuel rod
internal pressure is equal to the reactor coolant pressure. A subsequent power increase raises the

Ov temperature and, hence, could raise the pressure of the water contained within the fue' rod. The
increase in hydrostatic pressure within the fuel rod then drives a portion of the water from the fuel
rod through the water entry defect. Clad distortion and/or rupture can occur if the fuel rod internal
pressure increase is excessive due to insufficient venting of watt.r to the reactor coolant. This occurs
when there is both a rapid increase in the temperature of the water within the fuel rod and a small
defect, Zircaloy clad fuel rods which have failed due to water logging (Stephen 1970) (Western NY
Nuclear Research Center 1971) indicate that very rapid power transients are required for fuel failure.
Normal operational transients are limited to about 40 callgm. min peak tod while the Spert tests
(Stephen 1970) indicate that 120 to 150 cal /gm is required to rupture the clad even with very short
transients (5.5 msec. period). Release of the internal fuel rod pressure h expected to have a minimal
effect on the reactor coolant system (Stephen 1970) and is not expected to result in failure of
additional luel rod (Stephen 1970). Ejection of fuel pellet fragments into the coolant stream is not
expected (Stephen 1979) (Western N.Y. Nuclear Research Center 1971). A clad brees. due to
waterlogging is thus expected to be similar to any fuel rod failure mechanism which exposes fuel
pellets to the reactor coolant stream. Waterlogging has not been identified as the mechanism for clad
distortion or perforation of any Westinghouse Zircaloy-4 clad fuel rods.

An excessively high fuel rod internal gas pressure could cause clad failure. One of the fuel rod design
bases (Section 4.2.1.) is that the fuel iod internal gas pressure does not exceed the nominal etolant
pressure even at the overpower condition. During operational transients, fuel rod clad rujeture due
to high internal gas pressure is precluded by meeting the above design basis.

4.4.4.4.8 Potentially Damaging Temperature Effects During Transients '

The fuel rod experiences many operational transients (intentional maneuvers) during its residence



._. _ _ _. _. __ -

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

ne clad can be in contact with the fuel pellet at some time in the fuel lifetime. Clad. pellet
interaction occurs if the fuel pellet temperature is increased after the clad is in contact with the
pellet. Cladfellet 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 fuel
rod design bases is that the fuel rod internal pressures do not exceed the nominal coolant pressure
even at the overpower condition (Section 4.2.1.1.1.).

De potential effects of operation with waterlogged fuel are discussed in Section 4.4.4.7 which
concluded that waterlogging is not a concern during operational transients.

Clad Daitening, 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 faih.re
of the clad. This is no longer a concern because clad flattening is precluded during the fuel residence
in the core (see section 4.2.1.3.1).

There c:.. ou a differential thermal expansion between the fuel rods and the guide thimbles during
a tran.icnt. Excessive bowing of the fuel rods could occur if the grid assemblies did not allow axial
movement of the fuel rods relative to the grids. Thermal expansion of the fuel rods is considered in
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).

,

4.4.4.9 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 hes.t trarsfer.
During this time there is a potential for a chemical reaction between the cladding and the coolant.
However, because of the relatively good film boiling heat transfer following DNB, the energv relea>c
resulting from this reaction is insignificant compared to the power produced by the fuel.

DNB With Physical Burnout

Westinghouse (Weisman, Wenzel, and Tong 1968) has conducted DNB tests in 25-rod bundle where
physical burnout occuned with one rod. After this occurrence, 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 valiity 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 Return '.o Nucleate Boiling

Additional DNB tests havi. been conducted by Westinghouse (Tong, et al.1%7) in 19 and 21 rod
bundles. In these tests, DNB without physical burnout was experienced more that once on singic
rods in the bundles for short periods of time. Each time, a reduction in power of approximately 10 *

percent was sufficient to reestablish nucleate boiling on the surface of the rod. During these and
subsequent tests, no adverse effects were observed en this rod or any other rod in the bundle as a

.
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consequence of operating in DNIL

4.4.4.10 Energy Release or Rupture of Waterlogged Fuel Elements

A full discussion of waterlogging including enerp release is contained in Section 4.4.4.7 It is noted
that the resulting energy release is not eged to aficct neighboting fuel tods,

6tpet:ltt!
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! w,, .-. P - .yp u ,(, _c w .i m xiiit.4u _ ,a w edu edL k'e stinghouse FWR operatien. These are the Ledinegg, or th /
!%

eX:ursten type of statte instability, and the density wave typedy mic instabihty. t

A Led negg instability involves a sudden ::Mnge in flow rate fr/m one
steady a ate to another. This instability occurs (Cadek et s'I 1975)i

(g'p)when the s
pe of the RC5 pressure drop flow rate cu.ve ly/ interna

/(pump |
:

lbecomes algeb ically smaller tnan the loop suppi head)
(3Apressure drep-f w rate curve 1

.- e criterion for(3tpi )3 jap
'

xternal

stability is thus M internal ~ [(36 The Westinghouseexterna .

RCP head curve has s'\n aative slope
i

5 (gg - rnal < 0 whe. eas the RCSex$

pressuredropficscurvehasapositivesloe 30h >0 over[BG)internal
,

(the ANS Condition I and A condition operational ranges. Thus,

the Ledinegg instability will tot oce
.

f

O soe mechanism of density wave ilhtions in a heated channel hasbeen described by Lahey and Hood (1 77). . Briefly, an inlet flewfluctuation produces an ent 1py rturbation. This perturbt, thelength and the pressure drop the sin le phase region and causes
,

quality or void perturbati ns in the t phase regions which travel ,

up the channel with the il The qualit and ~1ength perturbations ,
.

in the two phase-region c7eate two-phase pr sure drop perturbations. *

However, since the tota pressure drop acros the core is maintained iby the enaracteri Aics f the f'uid system' ext nel to the et,re, thene
the two-phase pre 6eur drcrp perturbation feeds ack to the single iphase region. Thes resulting porturbations can e either attenuated
or self sustained.

A simple metno has been developed by Saha (et al 19 ) for parallel
.

closed channe systems to evaluate whether a given condition is i

stable with pespect to the density wave type of dynamic instability.
, Thismethod/has been used to assess the stability f typical

;̂'

Westinghope reactor designs (Virgil C. Summer fSARs aidwood-1
FSAR: anf South Texas Project-1 FSAR) including Virgil C. Summer,under A>(S Condition I and II operations. The results indicat that a
large/ases on the order of 200 percent of rated reactor

margin to density wave instability exists, for en . le.incre power would be
regdired for the predicted inception of this type of instability.,

/he application of the method by Saha (et al 1976) to Westinghouse,

%t e c t o -. 0;&igc.; is coreecywtiva due te~ the p rellti-- eg r. c her.r.;l

)
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(sistance to latersi flow leaving the flow channels of high powyf.4-

dehsity. There is also energy transfer from channels of high er
dens ~ty to lowtr power density channels. This coupling with ler .

chann {s has led to the opinion that an open channel configur t en is !

mord stk le than the above c.osed channel analysis under te same
beundary enditions. Flew stability tests (Kakac et al. 974) have
been conduc ed where the c1csed channel systems were Lho a to be less
stable than when the same channels were cross conne fed at several ilocations. Th cross connecticns were such that the esistance from
channel to cha iel cross flow and enthalpy per rbations would be !greater than that ich would exist in PWR ore which has a

.relatively low resis' nee to cross flow.
t

Flow instabilities wh h have been obs ved have occurred almost
exclusively in closed cha el systtms o rating at low pressures
relative to the Westingh se PWR op ting pressures. Kao (at al
1973) analyzed _ parallel el ed chf nel stability experiments

1

simulating a reactor core flo Thpte experiments vere conducted at
pressures up to 2.200 psia. The tults showed that for flow and '

power leveis typteal of pe r reactor conditions, no flow
escillations coul0 be induced ako,ve 200 psia.

Additional evidence that Iow instabil ties do not adversely affect
thermal margin is provide y the data fro the rod * bundle DND tests.

O Many Westinghouse rod undles have been sted over wide ranges of
opera ing conditions ith no evidence of ermature DNB cr of
inconsistent data w ch might be indicative of low instabilities in
the rod bundle.

.

In summary, is concluded that thermohydrodynam(c it. stabilities
will not oce under ANS Condition I and !! modes of N eration for
Westinghousr'PWR designs.

e

A larg power margin, greater than doubling rated power, ists to
prsdi ed inception of such instabilities. Analysis has been
perf nned which shows that minor plant to plant differen s in ,

WeA inghouse reactor designs such as fuel assembly arrays, core p er
)6 flow ratios, fuel assembly length, etc will not result in gro
4 4w4wetien ef % pen- rd , .

11

4.4.41 Fuel Rod Behavior Effects from Coolant Flow Blockage

Reactor coolant flow blockages can occur within the reactor coolant
channels of a fuel assembly or external to the reactor 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 flow blockages cause local reductions in reactor
ecolant flow. The amount of local flow reduction, where it occurs..
and how far along the flow stream the reduction persists are *

- considerations which will influence the fuel rod behavior. The
effects of reactor coolant flow blockages in terms of maintaining

.
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t'rated core performance are determined both by analytical and !enerimental methods. The experimental data are usually used to
|O a; ; ent analytical tools such as computer programs similar to the
|TH:NO-IV program. Inspectien of the ONS correlation identified in
t

Secticn 4.4.2.2 and discussed by Tong (1967) shows that the predicted
i;NER As dependent upen the local values of quality and mat,s vele...; .

'

-the THINO IV Code as capable of predicting the efxects of 1ccal flow
blockages en DNSR within the fuel assembly on a succhannel basis,
regardless of Vhere the flow blockage occurs. Hochreiter (et t.1
1973) discuss that for a fuel assembly similar to the Westinghouse ,

design. THINC-!V accurately predicts the flow distribution within the ,

fuel assembly when the inlet nozzle is completely blocked. Full !recovery of the flow was found to occur about 30 inches downstream of ;

the blockage. With the reactor operating at the nominal full power ;conditions specified in Table 4.4-1, the effects of an increase in :
enthalpy and decrease in mass velocity in the lower portion of the
fuel assembly weyld nog esp'itg n tp""e reactor reaching a minimum CNBR te+-hM . kiw M ** -* " *

From a review of the open_ literature. it is concluded that flow
blockage-in "open lattice cores" similar to the Westinghouse cores
cause flow perturbations which are local- to the blockage, for
insthnce. Ohtsubo and Uruwashi (1972) show that the mean bundle
velocity is approached asymptotically about 4 inches downstream from .

!a flow blockage in a single flow cell. Sin 111ar results were also '

found for 2. and 3 cella completely 51ocked. Basmer (et al 1972)O tested an open lattice futi assembly in which 41 percent of the !V subchannels were completely blocked in the center of the test bundle
ibetween spacer grids. Their results show the stagnant zone behind

the ficw blockage essentially disappears after 1.65.L/De or about
5 inches for their test bundle. They also found that leakage flow

.,

through the' clockage tended to shorten the stagnant zone or, in
essence, the complete recovery length. Thus. local flow blockages
within a fuel assembly have little effect on subchannel enthalpy
rise. The reduction in local mass velocity is then the main
. parameter which affects the DNBR. If the standard plants were
operating at full power and nominal steady state conditions as '

specified in Table 4.4-1,La reduction in local mass velocity greater /7cs - than" M. percent would be required to reduce the DNBR != 1.01 to Me *W[Ypb5% The above mass velocity effect on the DNB correlation was ;

based on the assumption of a fully developed flow along the full
channel length. 'In reality a local flow blockage is expected to
promote turbulence and thus would likely not effect DNBR at all.

Reactor coolant flow blockages- induce local crossflows as well as
promote-turbulence. Fuel rod vibration could occur. caused by this
crossflowcomponenfthroughvortexsheddingorturbulentmechanisms.
If the crossflow elocity exceeds the limit established for fluid
elastic 'stabi 'ty, large amplitude whirling results. The limits for

L a control vibration mechanism are established from~ studies of'

vorte shedding and turbulent pressure fluctuations. The crossflow *

Y p,,( |} b,/.n'a h f)A bh *'*' * * *" "
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velocity required to exceed fluid clastic stability limite is

( dependent on the axial location of the blockage and the ,

characterization of the crossflow (jet flow or not). These '

limits ata greater than those for vibratory fuel cod wear.
Crossflow velocity above the established limits can lead to
mechanical wear of the fuel rods at the grid suppert locations.
Fuel ro'd wear due to flow induced vfbration is considered in the
fuel rod fretting evaluation (Section 4.2).

4.4.5 Testing and Verification

4.4.5.1 Tests Ptior to Initial Criticality

A reactor coolant flow test is performed following fuel loading,
but prior to initial 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
coolant-flow rates have been used in the core thermal and
hydraulic analysis. Chapter 14 describes the initial test
programs.

4.4.5.2 Initial Power and Plant Operation

Core power distribution measurements are made at 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 demonstration of the overall conservatism of the THINC
analysis was obtained by comparing THINC predictions to incore
thermocouplo measurements (Burke et al 1976). These measurements
were performed on the Zion reactor. No further in-reactor
testing is planned.

4.4.5.3 Component and Fuel Inspections

Inspections performed on the manufactured fuel are described in
Section 4.2.4. Fabrication measurements critical to thermal and
hydraulic analysis are obtained to verify that the engineering
hot channel f actors in the design analyses (Section 4.4.2.2.4)
are met.

4.4.6 Instrumentation Requirements

4.4.6.1 Incore Instrumentation

Instrumentation is located in the core so that moveable neutron
detectors and_ fixed thermocouples provide radial, axial, andt

j azimuthal core characteristics for all core quadrants.
,

The incore instrumentation system is comprised of thermocouples,
| y positioned to measure fuel assembly coolant outlet

temperatures at

| 4.4-32
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preselected position, and fission chamber detectors positioned in
G), guide thimbles which run the length of selected fuel gasseLbliesg

to measure the neutron flux distribution. Figure 4.4 N shows the
number and location of instrumen+.ed assemblies in the core.

The core exit thermocouples provide a backup to the flux
monitoring instrunentation for monitoring power distribution.
The routine, systematic, collection of thermocouple readings by
the operator provides a data base. From this data base,
abnormally high or abnormally low readings, quadrant temperature
tilts, or systematic departures from a prior reference map can be

use f.,| den Is I< * ~
<. p so ..tarysy e 5*oh.- o

deduced. g. ,a t .,, , t e are e...e

o l. s. . .. U & e .
f tne64e* tL . e A**

The moveable j core neutron detector system would be used for
more detailed ma ing if the thermocouple systen were to indicate
an ebnormalit*;. The incore instrunaentation system is further
discussed in Section 7.7.1.9.

The incore instrumentation is provided to obtain data from which
fission power density distribution in the core, reactor coolant
enthalpy distribution in the core, and fuel burnup distribution
may be determined.

4 4.6.2 Overtemperature and Overpower AT Instrumentation

The overtemperature AT trip protects the core against low DNLR.

(
The overpower 6T trip protects against excessive power (fuel rod
rating protection).s

As discussed in Section 7.2.1.1.2, factors included in
establishing the overtemperature AT and overpower AT trip
setpoints include the reactor coolant temperature in each reactor
coolant loop and the axial distribution of core power through the
use of the two section ex: ore neutron detectors.

4.4.6.3 Instrumentation to Limit Maximum Power Output

The output of the three ranges (source, intermediate, and power)
of detectors, with the electronics of the nuclear instruments,
are used to limit the maximum power output of the reactor within
their respective ranges.

lds| .[ s1,pU
There are eight radial locations containing4ehe neutron flux
detectors installed tround the reactor in the neutron shield
tank, two proportional counters for the source range installed on
opposite " flat" portions of the core containing the primary
start [up sources at an elevation approximately one quarter of the
core height. Two compensated ionization chambers for the
intermediate range, located in the same instrument wells and
detector assemblies as the source range detectors, are positioned
at an elevation corresponding to 1/2 of the core height. Four .

dual section uncompensated ionization chamber assemblies for the
h power range areU,
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installed vartically at the four corr.ers of the core and are
located equidsstant from the reactor vessel at all points and, to

'

minimize neutron flux pattern distortions, within 1 foot of the
reactor ve.ssel. Each power range detector provides two signals
corresponding to the neutrcn flux in the upper and lower sections
of a core quadrant. Three ranges of detectors are used as inputs
to monitor neutron flux from a completely shutdown condition to
120 percent of full power, with the capability of recording
overpower excursions up to 200 percent of full power,

laserb d-* the output of the power range channels is used for:

1. The rod speed con.rol function,

2. Alerting the operatcr to an excessive power unbalance

between the quadrants, an4) eyeelle.n scrJkdbt
.f|,

3. Protecting the corn 4 g a4n +&---c h cc:u e p er m :- f

in s e r b V --> - -rese&444+y-and-powe+-d6*&+4uc44n-anou14+s 414sused--4a4eetica 15 d.

The-r+uin.ng-two-4nstraen4-w+14s-sent4La the - deie teas
for-t' o-posu4ss4 dant.--neutren-- - f != conitw14.g -ycten

.-44 scused-4n4*at4en - 5 . i . 6 . 6,-
a

4.4.6.4 Instrumentation for Detection of Inadequate Core Cooling

Instrumentation for indication of inadequate core cooling
conditions has been provided for BVPS-2. The installed
instrumentation includes core exit thermocouples, core subcooling
margin and reactor vessel level monitoring. BVPS-2 has submitted
a response to TMI Action Item II.F.2 of NUREG-0737
" Instrumentation for Detection of Inadequato Core Cooling." which
describes in detail the characteriscics of the installed
ins t rument at ion.- This system--description can be found in
response to SER Open Issue No. 3 transmitted by DLC via letter
2NRC 6-037.

' geclW +
4.4.6.5 Loose Parts and Monitoring System

The loose parts monitoring system (LPMS) monitors for the
presence of loose metallic parts within the reactor coolant
system (RCS). Th, system consists of ten active instrueentation
channels which monitor at five strategic locations on the
exterior surface of the RCS boundary. Each channul contains a
pier.oelectric acceleremeter (sensor) and a signal preamplifier
located within the reactor

.
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De difference in neutron t!vx between the upper and lower sections of the power range detectors I

are used to limit the Overtemperature AT and Overpower AT trip setpoints and to provide the
operator with an indication of the core power axial offset. In addition,

*
,

insert V p. 4.444 I

j 4. Protect the core against adverse power distributions resulting from dropped rods. !

Details of the neutron detectors and nuclear instrumentatlan design and the control and trip logic
are given in Chapter 7. The limitations on neutron detector operadon and trip setpoints are given
in the Technical Specifications,

'
insert W p. 4.444

4.4.6.4.1 - Reactor Vessel Level Instrumentation

The Reactor Vessel Level Instrumentation System (RVLIS) uses differential pressure tr.casuring |
devices to measure the vessel fluid level or relative void content of the primary coolant. He 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 tcactor vessel,

O '
, Assist in detecting the approach of inadequate core cooling, and

'

Ind:cate the formation of a void in the RCS.

The RVLIS is described in more detail in Section 7.83.

t
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containment buildings. Signal conditioning, diagnostic, and alerm

O equipment is installed in the data 4cquisition cabinet located in the
main control building. The LPMS system is nonsafety related.
Conformance with Regulatory Guide 1.133 is discusano in Section 1.8.

Two sensurs each are fastened mechanically to the RCS boundary at
each of the following potent.a1 loose part collection regions:

1. Reactor pressure vessel upper head region '

2. Reactor pressure vessel lower head region

3. Each steam generator reactor coolant iniet region

The output signal from each sensor is amplified by the preamplifier. 3

The amplified signal is processed through individual detector modules
which provide noise and spurious signal rejection and alarm
initiation. This signal is blocked during rod motion with the aid of
the Control Rod Drive Inhibitor bon- to prevent spurious alarm
signals.

Alarm signal are sent from the detector modules to the master alare
module. The master alarm module provides output signals for audible
and visual alarms at the LPMS data acquisition cabinet, a osin
control panel annunciator alarm, and automatic starting of the four
channel tape recorders. The signal for the alarming channel and the
three channels in proximity to the alarming channel are recorded.
The LPMS also provides audio monitoring for any channel, allcwing
comparision to any previously recorded signals.

The on-line sensitivity of the LPMS is such that the system will
detect a loose part that weighs from 0.25 lb to 30 lb and that
impacts with a kinetic energy of 0.5 ft-lb on the inside surfaen of
the RCS pressure boundary within 3 feet of the sensor. -

The piezoelectric sensors and hardline cables inside the containment
arn designed for LOCA or steamline break temperatures, pressures, and
humidit y. The preamplifier and other cables are designed for a
maximum temperature of 135'T and the same pressure and humidity as
the sensors. All of the equipment inside the containment is
designed to remain opsrational for the radiation exposures
anticipated during their lifetime.

The LPMS will be tested and calibrated prior to plant start up. A

description of the testing is found in Section 14.2.12. In addition,
capabilities exist for periodic on line channel checks and functional
tests for off-line calibration at refueling outages.

After initial plant start-up, the LPMS will be calibrated every 18
months and a spectrum analysis conducted monthly. A- channel test
will be performed at least once per 24 hours to ensure operability.

.

P
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4.4.6.6 Post Accident Neut ron Flux Monitoring System

The post accident neutron flux monitoring is an oxcore design
containing two fission chambera housed within the neutron shield
tank. This system is environmentally qualified for post accident
use and .provides redundant neutron indication over the range of
10' to 10' counts per second and 10'' to 200 per:ent power.

The post accident flux monitoring system supplies outputs to the
following:

| 1. Plant safety monitoring systam (PSMS) (Section 7.7.2.10)
per RegJlatory Calde 1.97

2. A' ternate shutdown panel (ASP) (Section 7.4.1.3) per BTP
CNEB 9.5-1.

3. Recording device.
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BVPS-2 UTSAR

TABLE 4.4-1

O
THERMAL AND HYDRAULIC COMPARISON

Desigri Parameters B \'P S - 2 i\ C. Summer

Reactor core heat output ( .%'t ) 2,652 2.775

Reactor 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) 2,220 2,220

Minimum DNBR at nominal design
conditions

Typical flow channel ar26~ 2.V3 1.98
Thimble (cold wall) flow channel MT r.30 1.68

3
Minimum DNBR for design transients >1.36 >1.30

C DNB correlation wM l "P" (" 4 with "R" (V-3 with
modif M modified
spacer spaeer
'ecter) factor)

Coolant Flow

Total thermal flow rate (10' lbm/hr) 100.8 109.6

Effective flow rate for heat transfer q#. 25
(10' lbm/hr) h1 102.6

Effective flow area for heat transfer #I $ (#*}(ft8) 41.E (VS#) 41.6

Average velocity along fuel rods a p. )
(ft/see) 14 5 15.6

z.zgr (m0
Average mass velocity (10' lbm/hr-ft8) 2.M (v5N) 2.47

s c,r

Coolant Temperatures

Nominal inlet (*F) 542.5 556.0

| Average rise in vessel (*F) 67 1 Y 62.8
'

Average rise in core (*F) h1 71.(* 66.6

1 of 2
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BVPS 2 FSAR

TABLE 4.4-1 (Cont)

Design Parameters BVPS-2 V. C. Summer

Average in core (*P) $fN 580 I $91.2

Average in vasel (*F) 576.2 589.0

Heat Transfer

Active heat transfer, surface area

(ft8) 48,600 48.600

Average heat flux (Btu /hr-ft8) 181,40[ 189,800

Maximum heat flux for normal operation v.ff, fro
(Btu /hr-ft') 64b900* 440,400

Average linear power (kV/ft) 5.20 5.44

Peak linear power for normal operation
(kW/ft) 12.1* 12.0

48
Peak linear power resulting from over-

power transients / operator irrors,

O assuaing a maximum overpower of 118%
(kt' ' f t )** 18.0 18.0

Peak linear power which would result
in centerline melt (kW/ft)*** >18.0 >18.0

Power density (kV per liter of core)**** 38.A 38.4

Specific power (kW per kg. uranium)**** 38.4 38.4

Fuel ('entral Temperature

Peak at linear power for prevcation
of centerline melt (*F) 4,700 4,700

Pressure drop ***** to. r 1 it. I
Across core (psi) H.4 1 2.2 23.2 1 2.3
Across vessel, including nozzle vo. I A G.0
(psi) E^A 3.7~ 40.7 1 4.1

NOTES:

*This limit is associated with the value of F = 2. .q
**See Section 4.3.2.2.6.

-

***See Section 4.4.2.11.6.
****Besed on cold dimensions and 95 percent of theoretical density

fuel.

***** Based on best estimate reactor coolant flow rate as discussed in
Section 5.1.

2 of 2
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BVPS-2 UFS AR

TABLE 4.4-2

VOID TRACTICNS AT NCHINAL REACTCR CCNDITICNS
WITH DESIGN HOT CHANNEL FACTCRS

.

I

Average Maximum
(%) (%)

0 .33
Core A28 -

Hot Subchannel .3 75' 14 4
%0 'l

4

4

O 6

.

-

4

O
1 of 1
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BVPS-2-UPDATED FSAR

TABLE 4. 4 - 3

COMPARISON OF THINC-IV AND THINC-I PREDICTIONS WITH DATA
FRON REPRESENTATIVE WESTINGHOUSE TWO AND THREE LOOP REACW RS

.

Improvement (F)
Po w % Full Measured Inlet orms(F) o(F) for THINC-IV

Reactor (INNL) Power Temp (*F) THINC-I THINC-IV over THINC-I

Ginna 847 65.1 543.7 1.97 1.83 0.14
854: 65.7 544.9 1.56 1.46 0.10
852 65.9 543.9 1.97 .1.82 0.15
947- 72.9 543.8 1.92 1.74 0.18
961 74.0 543.7 1.97 1.79 0.18

1,091' 83.9 542.5 1.73 1.54 0.19
1,268 97.5 542.0 2.35 2.11 0.24
1,284 98.8 540.2 2.69 2. 4 7 0.22
1,284 98.9 541.0' 2.42 2.17 0.25
1,287 99.0 544.4 2.26 1.97 0.29
1,294 99.5 540.8 2.20 1.91 0.29
1,295- 99.6 542.0 2.10 1.83 0.27

Robinson 1,427.0 65.1 548.0 1.85 1.88 0.03
1,422.6 64.9 549.4 1.39 1.39 0.00
1,5h9.0 88.0 550.0 2.35 2.34 0.01
2,207.3 100.7 534.0 2.41 2.41 0.00
2,213.9 101.0 533.8 2.52 2.44 0.08

_

i

e i
; :

.

;

1 of 1
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TABLE 4.4- 4

COMPARISCet OF HYDetA WITH EXPERIMENTAL DATA

HYDNA Poser at. Which
Emit Oscillations Fr eetuenc y o f

I'I Exit Enthalpy Quality Occurred Osc i l la t itm a
Value at Last stable Cbnditioss

inlet Mats Floer Eng ori- Emperi- Emperi-

Pressure SubcooliwJ Rate Heat Flean s' ental HYDMA sental HYDNA sie nta l HYDNA

(peta) ('F) (10' lb/hr') (10' Btu /hr ft') (Stu/lb) (atu/lb) Jt} tt) (t) J ps) (cpos

| 6C0 36 0.658 0.165 680 687 29.4 102 110 2.0 2.5 |

| 600 36 0.853 0.518 701 711 32.8 102 104 2.9 3.0 j

| 800 55 0.495 0.270 693 697 27.2 102 110 1.2 1.6

800 55 0.530 0.307 712 71) 29.5 102 104 1.1 1.6

1,600 145 0.590 0.478 823 817 35.s 102 110 -- 1.1

|
|

''II.e., 100 percent power

|

1 of 1
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corresponding to Permissive 8, low flow in any two loeps will actuate
a reactor trip. Above Permissive 7, two or more RCP circuit breakers

V opening will actuate a reactor trip which serves as a backup to. the
low flow *.rir.

15.3.1,.2 Analysis of Effects and Consequences

Metnod of Analysis

..__,,,_,t.,_ u m ., c m , .s 4

55 ens ~s[|h$ckN?cAfs IhN.np $ree- |oop he op era b'cn has be** "7
i Le:: ef pump uith three Icept in operatic s

2. _Lc:: c f ;cp m t' tue ! cept i. cper4& ion,--

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 reactor 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 ths departure from nucleate boiling ratio
(DNBR) during the transient based on the heat flux determined by the
FACTRAN and flow from LOTTRAN. The DNBR transienta presented
represent the minimum of the typical or thimble cell.

O Initial Conditionsb
Initial operating conditions assumed are the most adverse with
respect to the margin to DNB (that is, maximu 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. With tur er three leeps operating, 9 '

-murieur peuer level (ine W ing er m s) alleur? -for that mad ef
-ope: ien in 2 :=2d-

Reactivity Coefficients

The most negativa 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 0.016Ap.

The least negative moderator temperature coefficient (Figure 15.0-3)
is assumed since this 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 e momentum balance around
each reactor coolant loop and across the reactor core. This momentum
balance is combined with the continuity equation, a pump momentum

.

;

() 15.3-2
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balance, and the pump-characteristics and 'is based on high estimates
of system pressure losses.

Plant systems _and equipment 1which are necessary to mitigste the '

effects of the accident are discussed in Section 15.0.8 and listed in
Table.15.0-6. No single- active failure in any of these systems or

1 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.

rigure: 15.3-5 t reu;h 15.3-8 s h m: the trans ient- :::pente fe: the- |
h

12 :-ef :eenter scelent pu p uit5 tee icep: in : t ! 211' u upt:2tien '

E ;-i-i DF?? :: ; ::te: th:n the licit 21u2, 2 chte: en ?!;2: -

g d exh to
' '

-Eet b:th :et r:1y: d' bince DNB d $ ret occur, the ability of the
|-reactor coolant to remove neat from the- fuel is not significantly'

reduced. Thus, the average fuel _ and clad 'temperaturen do not-
increase significantly above their respective initial values, bw withj #1

'seeoc,a a

The calculated sequence of events for the-+we-ease \ d(siyzed is shown !
in Table 15.3-1 The -affected RCP-will continue to c oast down, and
the core flow will reach a new equilibrium value :::E::pe- M ; te the

two"*nurb : ef pumps still in foperation. Following reactor trip, the
plant will come to a stabilized condition at hot standby with one or
more RCPs in operation. Normal operating procedures may then be
followed. The operating procedures would call for operator action to
control RCS boron -concentration and pressurizer level usint 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 a time frame- in excess of

,

ten minutes 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 turbing trip. Assuming, -in addition, that the
condenser is-not available, atmospheric steam dump may be required.

-There are only minimal radiological consequences associated with this
event. -Fuel damage as a result ofichis transient. is not postulated.
The radiological consequences resulting from. atmospheric steam dump
are less severe than those of the loss of nonemergency- ac power to
station auxiliaries described-in Section 15i2.6.

.

15.3-3

,

-
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grid frequency distrubances and the resulting nuclear steam supplyO system protection requirements which are generally applicable.

|| The reactor trio on low reactor coolant loop flow is provided to
protect against ass of flow conditions which affect only one reactor
coo l ar,t loop. This function is generated by two out of three flow
signals per reactor coolant loop. Above Permissive 8, low flow in
any loop will actuato a reactor trip. Between approxtmately
10 percent power (Permissive 7) and the power level corresponding to
Permissive B, low flow in any two loops will actuate a reactor trip.
If the maximum grid frequency decay rate is low enough, tbts trip
function will protect the core from underfrequency events. This
effect is fully described by Baldwin (et al 1975).

4,arbAmr *
,15.3.2.2 Analysis of Effects and Consequences

m_ ___ t,.... w m n. , a .

7 e $h/sh /EEE .[Nh Mae.hab A*6 * *' '' ! Z '**d / *" " )W Loss of three pumps with three loops in operation.

-2. Less of tec p" pt eith tee leepr in operation

These transients are analyzed by three digital computer codes.
First, the LOFTRAN (Burnett 1972) Code is used to calculate the loop
and core flow during the transient, the time of reactor trip based on
the calculated flows, the nuclear power transient, and. the primary
system pressure and temperature transients. The FACTRAN (Hunin 1972)G Code is then used to calculate the heat flux transient based on the
nuclear power and flow from LOTTRAN. Finally, the THINC Code
(Section 4.4) is used to calculate the DNBR during the transient
based on the heat flux from FACTRAN and flow from LOFTRAN run. The
DNBR transients presented represent the minimum of the typical or
thimble cell.

.

The method of analysis and assumptions made regarding initial
operating conditions and reactivity coefficients are identical to
those discussed in Section 15.3.1, except that following the loss of
power supply to all pumps at power, L reactor trip is actusted by
either RCP power supply undervoltage or underfrequency.

Results

Figures 15.3-9 through 15.3-12 show the transient response for the
loss of power to all RCPn with three loops in operation. The reactor
is assumed to be tripped on an undertoltage signal. Figure 15.3-12
shows the DNBR to be always greater than the limit value.

-Eigues 15_3-13 thmgh 15.3-16 thee the te,an:1:nt re:pente fer the
12 : :. af peuer t: -!! ECP: with tre Icep: n. Opcratie- The rec ter

- 11 2gsin 2rtueed te be tripped en en undervoltag; vgnal The
-min icus DNEP 10- g+ eater than the li=it.-444ee , 2: thern en rigure--

--15 . 3 - 15 .
.

15.3-5

,
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15.3.2 Complete loss of Forced Reactor Coolant Flow
Insert for Zirc GridsO

\~ / Insert A
Normal power for the reactor coolant pumps is supplied through busses from
a transformer connected 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 connected 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.

|

.O
V

.

(~;,
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;,n,bexpec b*

Tcr hat? ;;; : 2nalyzed,$ince DSB de$: not occur, the ability of the !7s
( ) primary coolant to reme"e heat from the fuel rod is not greatly
\> reduced. Thus, the average fuel and cladding temperatures do not

increase significantly above their respective initial values. The
ca.culated sequence of events for the 44** case \ analyzed are shown in |
Table,15.3-1. The RCPs will continue to coast down, and natural
circulation fler will eventually be established, as demonstrated in
Section 15.2.6. With the reactor tripped, a stable plant condition
will be attained. Norma; plant shutdown may then proceed. The
operating procedures 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 AFVS.

15.3.2.3 Radiological Consequences

A complete loss-of-reactor coolant flow from full load results in a
reactor and turbine trip. Assuming, in addition, that the condenser
is not available, atmospheric steam dump would be required. The
quantity of steam released would be less than that of the main steam
line break described in Section 15.1,5.

There are only minimal radiological consequences associated with this
event. Since fuel damage is not postulated, the radiological
consequences resulting from this event are less severe than those of
the MSLB analyzed in - Section 15.1.5.3.

,

15.3.2.4 Conclusions

The analysis performed has demonstrated that for the complete loss of
forced reactor coolant flow, the DNBR docs not decrease below the
limit value at any tim' during the transient. Thus, ths DNB design-
basis as described in Section 4.4 is met. The radiological
consequences are not limiting.

-

15.3.3 Reactor Coolant Pump Shaf t Seizure (Locked Rotor)

15.3.3.1 Identifir.ation of Causes and Accidant Description

The accident postulated is an instantaneous seizure of a RCP roter
(Section 5.4). Flow through the affected reactor coolant loop is
rapidly reduced, leading to ar initiation of a reactor trip on.a low
flow signal.

Fellowing initiation of the reactor trip, heat stored in the fuel
rods continues to be transferred to the coolant causing the coolant
to expand. At the same time, heat transfer to the shell . side of the
stean generators is reduced, first because the reduced flow results

in a decreased tube side tilm coefficient and then because the
reuctor coolint in the tubes cools down while the shell side '

temperature increases (turbine staan flow is raduced to zero upon
plant trip). The rapid expansion of the coolant in the reactor core. .

O
k _/E 13.3-6> s

'
,

t I

|

t
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(~] combined with reduced heat transfer in the steam generators causes an
( f insurge into the pressurizer and a pressure increase throughout the

RCS. The insurge into the pressurizer compresses the steam volume,
actuates the automatic spray system, opens the power-operated relief
valves (PORVs), and opens the pressurizer safety valves in that
sequer.ce. The FORVs are designed for reliable operation and would be
expected to function properly during the accident. However, for
conservatism, their pressure reducing effect as well as the pressure
reducing effect of the spray is not included in the analysis.

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 calculato the resulting loop
and core flow transients following the pump seizure, the tien of
reactor trip based on the loop flow t r ans !.ents , the nuclear power
following teactor trip, and to determine the peak pressure. The
thermal behavior of the fuel loc a t e.,d at the core hot spot is
investigated using the FACTRAN Code, (Hunin 1972) which uses the core
flow and nuclear power calculated by LOFIT<AN . The FACTRAN Coda
includes a film boiling heat transfer coefficient,

p) rwo
s

s T6 << cases are analyzed: Iv
1 Thre loops operating, one locked rotor

2. Tue 12cp ep+<-a w.g, c e Irched retce |

2. /. Three loops operating, one locked rotor, loss of power to
{the other rn etor coolant pumps

At the beginning of the postu'.ated locked rotor accident (that is, at
t.he time the shaft in one of the RCPs is 4ssumed to seize), the plant
is assumed to be in operation under the most adverse steady-state
operating conditions (tnat is, maxtmum steady-state power level,
maximum steady-state pressure, and traximum steady-state coolant
avert,ge temperature). P1wat chsracteristics and initial conditions
are further discussed in Section 15.0.3. Wh we Icep- eperring,
-4w. e irum p:;2r le> 1 (including errers.', a?.lc o - dat rd: ef
=p g5 g .w

For the peak pressure evaluation, the initial pressure is
conservatively estimated as 30 psi above nominal pressure
(2,250 psie) to allow for errors in the pressurizer pressure
measurnment .ind control channels. This is dont to obtain the highest
pos s ible . ris e in the coolant pressure during the transient. To *

obtain the max.imum pressure in the primary side, conservatively high -

l'h

15.3-7
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loop pressure drops-r.re added to the calculated pressurizer pressure.__n
( The pressure responses shown on Figure \ 15,3-18 =d 15.2-22 are the !

responses at the point-in the RCS having the maximum pressure.

Evaluation of the Pressure Transient

After' pump seizure, the neutron flux is rapidly reduced by control ,d A
rod insertion. Rod motion is assumed to begin one second after the
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, or controlled f eedwater
flow af ter plant trip.

Although theso operaticas are expected to occur and would result in a
low peak pressure, an additional degree of conservatism is provided
by ignoring theit effect. The pressuriser satety valves are full
ope _n at 2,575 psia and their capacity for steam reliet is as
described in Section 5.L.

Evaluation of DNB in the Core During the Accident

For this accident, DNB is assumed to occur in the core, snd
therefore, an evaluation of the consequences with respect to fuel rod
thermal transients is pert'ormed. Results obtained from analysis of
thi3 '' hot spot" condition represent the upper limit with respect to-

cladding temperature and zircon um water reaction.
.

. In the evaluation, the rod power at the hot spot is assumed to be 2.5'l'l I
v timas the average rod power level (that is, F at the initial coraq

laserb 6. |power = 2.5)N
.

s

Pilm Bot, ling Coefficient

The film boiling coefficient is calculated in the FACTRAN Code using
the Bishop-Sandberg-Toug film boiling correlat. ton. The fluid
properties are evaluated at film temperature (overage between wall
and bulk temperatures). The program calculates the film coefficient
at every time step based upon the actual heat transf er conditions at
the time. The neutron flux, system pressure, bulk density, and mass
flow rata as.a function of time are used as program input.

For this analysis, the initial values of the pressure and the bulk
density are used throughout the transient since they are the most
conservative with respect to cladding temperature response. For
conservatira, DNB was assumed to start at the beginning of the

'

accident.

Fuel Clad; Gap Coefficigntn

The cagnitude and time dependence of the heat transfer coefficient
between fuel and clad (gap coefficient) has a pronounced influence on
the thermal results. The larger the value of the gap coefficient, -

O
15.3-6

.
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15.3.3 Reactor Coolant Pump Shaft Seizure (Locked Rotor)
;

luert for Zirc Grids

Insert A
The time delay of 1.0 second used in connection with the low flow reactor
trip is,a very conservative allowance for the total time delay between the
time the flow reaches 87 percent of the nominal and the time the rods begin
moving into the core. This total includes individual delays associated
with the following: Flow sensors / transmitters, solid stata protection
system input relays, solid state protection. system, voltage drop on reactor
trip breaker undervoltage and control rod gripper release.

Insert B
The number of rods in DNB was conservatively calculated as 18% of the total
rods in the core,

O

_

.

O ,

|
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i

/'' fuel temperature to 10' Bt9/hr ft *F at the inatiatien of thei

( transient. Thus, the large amount of energy stored in the fuel
,

because of the small initial value is released to the cladding at the '

iniitiation of the transient.

01reentum Steam _Reactien

The rirconium steam reaction can become significant above 1.800"F
(cladding temperature). The Baker Just parsbolic rate equation shown

_

as follows is used to define the rat of the zirconium-steam
reaction.

. -

2 ( 4$,$00) | ld(w [ = 33.3 x 106 exp ~ (t$,3.g)---- i

dt 1.986 T
, ,

wherei

amount reacted (mg/cm3) Iw a

time (sec)L e
k

temperature ('/)
{

T =

,

The reaction heat 16 1.510 eal/gm.

The effect of circonita-steam reaction is included in the celculation
of the " hot spot" cladding taiaperature transient.

Plant systems and equipment which are available to mitigate the
effects of tne accident are discussed in section 15.0.8 and listed in
Table 15.0 6. No single active failure in aily of these systems or
6quipment will adverhely affect the consequences of the accident.

Results

' . . Locked Rotor with Three Loops Operating

The transient results for this case are shown on Figures 15.3-17
through 15.3-20. The results of these calculations are
summari.ted in Table 15.3 2a. The peak RCS pressure reached
during " ' transient is less than that which would cause stresses
to exceed the faulted condition stress limits. Also, the peak
cladding surface temperature is considerably less than 2.700'F.
It should- ba noted that the cladding temperature was
conservatively calculated assuming that DNB occurs at the
initi . ion of the transient.

.

\- 15.3-9
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2. /. Locked Rotor with Three Loops Operating, Loss of Power to the | !

Remaining Pumps
,

The transient results for this case are shown on Figures 15.317
through 15.3+20. The results of these calculations are
summarined in Table 15.3 2b. '. . . e peak RCS pressure reached
during the transient is less than that which would cause stresses

to exceed the faulted condition stress limits. Also, the peak '

cladding surface temperature is censiderably lass than 2,700*T.
Both the peak RCS pressure and the pean cladding surface
temperature for this case are similar to the 3-loop transient
with power available as diset. sed on the previous page.

two
The calculated sequence of events for the 4he++- cases analyzed is
shown in Table 15.3-1. Figure \ 15.3 17 ems 15.2-2* show that the
core flow reaches a new equilibrium value by 10 seconds. With the
reactor tripped, a stabac plant coadition will eventrally be
attained. Normal plant shutdown may then proceed.

Following reactor trip, Beaver Valley Power Station - Unit 2 (BVPS 2)
will approach a stabilized condition at hot standly; normal plant
operating procedures may then be followed to maintain a hot condition '

or to cool the plant to cold shutdown, The operating procedures
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 ATVS. Any
action required of the operator to maintain BVPS-2 in a stabilized
concition will be in a time frame in excess of ten minutes following
reactor trip.

15.3.3.3 Radiological Consequences

The radiolor,1 cal consequences of a postulated locked rotor accident
are analyzed with the primary and secondary coolant concentrations
assumed to be at Technical Specification limits. The primary to
secondary system leakage rate is at the Technical Specification value
of I gpa. No gap activity is assumed to be released into the primary
coolant since there is no iuel failure postulated. Tue primary

; conlant and accondary side iodine and noble gas concentrations are
presented in Table 15.0-8.

.

i ( 15.3 10
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TABLE 15.b l

TIME SEQUENCE OT EVENTS FOR INCIDENTS WHICH RESULT
IN A DECREASE IN REACTOR COOLANT SYSTEM TLOW

l
(WITH CTTSITE PCWER)

.

Tim
Accident Event ivet)

Partial Losa of Forced
Reactor Coolant Flow

,

Three loops operating, Coastdown begins 0,

one pump coasting down Low flow reartor trip 1.4\ i

Rods begin to drop 244\
Minimam DNBR occurs 3.1

6
- T= 12 p: epe rain;;, -Ceaat4ewn-hg4*: 0.
-ene p"~p ce ntLag deel Le? - f low--e***we--W p 2.53

--44ede.hgm-w-d r u p 2.! % ;
--+H nimum-4WPi4-eeeu r- W.

Three Loop w Loopf
O oratton _ gn a t i n t.y

;

'Complete 1.oss of All operating pumps 0 O
Forced Reactor lose power and begin
Coolant flow coasting down

0
Reactor coolant pump +rG- .0
unde;* voltage trip
point reached

Rods begin to drop 1. 5 1.
Minimum DNBR occurs 3.t 3. '

,-q
Reactor coolant Fotor on one pump 0 0
pump shaft seizure locks
(locked rotor) (with '

offsite power)
6

Low flow trip 0.01 1 ,20
point reached

6 ,

Rods begin te drop 1.03 .,00

Maximum RCS pressu: a 2.8 3,3
occurs

6
Maximum cladding 3.1 3.d
temperature occurs

,

1 of-2
'
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TABLE 1$.3 1 (Cont)

i

Time (sec)e

4

Three Loop
j Acci e.t Event Qpe r a t_f on
I
; Reactor coolant Rotor on one pump 0
i pump shaft seizure locks
; (locked rotor)
] (without offsita
{

power) '

I b
Low flow trip 0,0%

,

point reachedi

E 6
Rods begin to drop 1.0%

4
Reactor coolant pumps 1.05 |

:

| 1vne power, coastdown ;'

begins
i !1
| Maximum RCS pressure 35 :

;

; occurs
,

i

Maximum cladding 3.5
; temperature occurs
i ,

| i
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TABLE 15.3+2@ |

SUMMARY OF RESULTS FOR LOC):ED R0 TOR TRANS:LNTS
.

3 i

3 Loops Operating / Loeps Operating,

i hwwi b h.. W
(a,'lk 00Yfs.-tswer) - ( itL ) olh.+c. Awo-)

,

. __ ,. _

,

Maximum reactor coolant
system pressure (psia) +re+9 2,63 '

n ,517 2. *

Maximum cladding temperature
! ('T) core hot spot -b4M- +,4+al- ,

ITW ),9 ;*Cp

Zr )(20 retction at core ,

hot spot (petcont by weight) M +-H-
0. t V1 0.415

'

i
.

i

@ !

,

a

I

e 4

.
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: TABLE 13. 3 +2a. i
t

3-
t

SL'MMARY Of RESULTS FOR LOCKLD ROTOR TRANS!ENTS *

! (WITH OTTSITE POWER)
,

:
.

.,

- 3 Locps 0parating 2 Loops Operating !
.,_ initially _ _ ltt i t i a l ly 'c_

_

j

1 Manf tcuni reactor coolant
!j sys. tem pressurs (psia) 2,608 2. 6.: 7

c ,

| Maximum cladding temperature '

('F) core hot spot 1,897 1,773
>

'

s

Zr+H O reaction at core
2

; hot spot (percent by weight) 0.39 0,33 i
i, ,

!

!

L oc16 d.1 % e. |
. .

'

| +

i-

9 .

:

, ,

!
! !

' :
?

!
Ia

+
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1
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@ TABLE 1$.3 2b
,

'.,

EUMMARY OF RESULTS TON LOCKED FOTOR TRANSIENTS >,

(k'ITHOLT OFFFITE PO'4ER) :

'

!:
-

; 3 Loops Operat4,ng
3 - |Initia!!v

,

'tMuimt a reactor coolant system '

; pressure (psia) 2.638 :

Maximum clauding terrperature 5..

{ ('T) core hot spot 1,87' -

;

Ir H,0 reaction at core hot spot |4 .' ,

(perc$nt by weight) 0.40 '
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Figure 15.3 4

DNBR versus Tinw for Partial Loss of Flow
Three Loops in Operation,
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One Pump Consting Down
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Figure 15. 3 -1,
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Core Flow Coastdown versus Time for Three Loops in Operation,
Three rumps Coasting Down,

'

Complete Loss of Flow

.

14

1.2-

.

1.0-

to C

O SE
m-

.00-

@*
g! .00
v2
W$

-

.40-

.30- >

0.00
0 1 2 3 4 6 6 7 4 6 10

TIWE (Si,CONDS)
,

O
oots u m oeia 5 23

, . -



._

IR ep u c.e foyures w.'bN 0 Sc*'*'9 f *9 e-
O

I . 2 7 --
.

1
, m.---

I |
|

'] i.0 '- '

$.
1 2.

b (.Q O. 8 -

t

i.u
CO C 5 -

$2
0.4 -

0.2- -

-

~ . _ _
O

y 2400 -

- - -

b
-

a--

-

2300 -

. '7\
$3 2200 -

.

Ub
c
@ 2l00

\ U
-

E 2000E I I I IO 2 4 J
6 e ;o

TIME (SECONOS)

FIGURE 15 3-to

NUCLEAR POWER TRANSIENT AND
PRESSURIZER PRESSURE TRANSIENTO FOR THREE LOOPS IN OPERATION,
THREE LOOPS COASTING DOWN,

*

COMPLETE LOSS OF FLOW
BEAVER VALLEY POWER STATION UNIT 2NM isut 14

r NAL SAFETY ANALYSIS REPORT



_ ._ .- . ._. . . _ _ . . - . . - . . -. __ _ _ . _ . . _ . _ _ . _ . . . _ ._. ____ _

Figure 15. 3-10
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Figute 15. 3-11m

Average and Hot Channel Heat Flux Transients

for Three Loops in Operation,
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15.4.8.1,2 Limiting Criteria ~

This event is classified as an ANS Condition IV incident
(Section 15.0,1). Due to the extremely low probability of an RCCA-
ejection accident, sorce 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
UOj zirconium-clad fuel rods representative of pressurized water
reactor type cores have dea.onstrated f ailure 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 /gs. These results
differ significantly from the TREAT (L11mataninen and Testa 1966)
results, which indicated a failure threshold of 280 cal /gm. Limited
.results have indicated that this threshold decreases by about
10 percent with fuel burnup. *Ihe clad failure mechanism appears to
be melting for zero burnap rods and brittle fracture for irradiated
rods. Also important is the conversion ratio of thermal to

mechanical ' 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 irradiated rods, did not occur below 300 cal /smy

In view of the proceeding experimental results, criteria are applied,
to ensure that there is little or no possibility of fuel dispersal in'

the coolant, gross lattice distortion, or severe shock waves. These
criteria are:

Average. fuel pellet- enthalpj at the hot spot below

1. . 4e% cal /sm for M irradiated fuel. |
2.00

2. Average clad temperature at the hot spot below the
temperature at which cladding embrittlement may be expected
(2,700*F)..

3. -Peak reactor coolant pressure less than that which could
cause stresses to exceed the faulted condition stressl

limits, and
;

i 4. Fuel 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 limita of criterion 1 listed
previously.

.

f.
1
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[] Delayed W utron Fraction, Beff
.

%f
Calculations of the e f f ect ive delayed neutron fraction (Beff)
typically yield values no less than 0.70 percent at beginning-of-life
and 0.50 percent at end-of-life for the first cycle. The accident is

sensitt'Je to B,ff if the ejected rod worth is equal to or greater

than O as in zero power transients. In order to allow for future
df

cycles, pessi istic estimates of S,g of 0.55 percent at beginnir.g of a

cycle and 0.4k 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 the ejected rod reactivity. The shutdown
reactietty was simulated by dropping a rod of the required worth into

the core. The start of rod motion occurred 0.5 second after the 1tish
neutron flux trip point was reached. *Ain 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 open, snd 0.15 second for the
coil to release the rods. A curve of trip rod insertion versus time
was used which assumed that insertion to the dashpot does not oc. cur

'

7 7 ~~Tn~tE' h4 seconds after the start of fall. The choice of such a |
conservative insection rate means that there is over on, second after

/' the trip point is reached before significant shutiown reactivity is

Q] inserted into the core. This conservatism is important for hot full
power accidents,

The minimum design shutdown naargin available for this plant at hot
zero power (HIP) may be reached only at end-of-life in the
equilibrium cycle. This value includes an allowance for the worst
stuer, rod, an adverse xenon distribution, conservative Doppler and
moderator defects, and an allowance for calculational uncertainties.
Phyr.ics calculations for this plant have shown that the of fect of two
stuck RCCAs (one of which is the worst ejected rod) is to reduce the
shutdown margin by about an additionallA O M perceat Ak/k.
Therefore, following a reactor trip resulting from an RCCA ejection |accident, the reactor will be subcritical when the core returns te
HZP.

Depressurization calculations have been performed for a typical four-
loop plant assuming the maximum possible size break (2.75-inch
diameter) located in the reactor pressure vessel head. The results
show a rapid pressure drop and a decrease in system water mass due to
the break. The emergency core cooling system (ECCS) is actuated on
low pressurizer pressure or level within one minute after the break.
The RCS pressure continues to drop 'and reaches saturation
(approximately 1,200 pai 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 RCSO temperature below no-load by this time, and the depressurization

.

V itself has caused an increase in shutdown margin by about

15.4-41
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