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1.0 INTRODUCTION AND SUMMARY 

1.1 INTRODUCTION 

The Indian Point Nuclear Power Plant, Unit Number 3 is in its third 

.cycle of operation. The unit is expected to be refueled and ready for 

Cycle 4 startup in April 1982.  

This report presents an evaluation for Unit 3 Cycle 4, which demon-.  

-strates that the core: reload.will not adversely affect the safety of the.  

plant. This evaluation was accomplished utilizing the methodology 

described in WCAP-9273, "Westinghouse Reload Safety Evaluation 

Methodology" 

Based upon the above referenced methodology, only those incidents analy

zed and-reported in the FSAR(2 ) which could potentially be affected by 

the fuel reload have been reviewed for the Cycle 4 design described 

herein. No new analyses were required for the Cycle 4 design. -The 

justification for the applicability of previous results is provided.  

Previous results include safety analyses
(3 )(4 ) and proposed technical 

specification changesk 5) submitted during Cycle 3 to allow a reduction 

in Thermal Design Flow (TDF) and to account for up to a maximum 24% 

steam generator tube plugging.  

This report represents a revision to the original February 1982 Cycle 4 

RSE which evaluated 100% rated power at 12% steam generator tube plug

ging. Changes from the February 1982 RSE are noted by bars in the mar

gins.  

1.2 GENERAL DESCRIPTION 

The Indian Point 3 Cycle 4 reactor core is comprised of 193 fuel assem

blies arranged in the core loading pattern configuration shown in 

Figure 1. During the Cycle 3/4 refueling,.76 fuel assemblies will be 

replaced with Regions 6-1 and 6-2 fresh fuel. A summary of the Cycle 4 

fuel inventory is given in Table 1.  
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Nominal core design parameters utilized for Cycle 4 are as follows:

Core Power (Mwt) 

System Pressure (psia) 

Core Inlet Temperature (OF) 

Thermal Design Flow (gpm) 

Average Linear Power Density (kw/ft) 

(based on best estimate hot, densified 

core average stackheight of 143.9 inches)

3025 (100% rated) 

2250 

542.9* 

323,600* 

6.24

1.3 CONCLUSIONS 

From the evaluation presented in this report, it is concluded that the 

Cycle 4 design does not result in the previously acceptable safety 

limits for any incident to be exceeded. This conclusion is based on the 

following: 

1. Cycle 3 burnup between 11,700 and 13,000 MWD/MTU.

2. Cycle 4 burnup will not exceed 14,500 MWD/MTU, which 

power/temperature coastdown.  

3. There is adherance to plant operating limitations as 

Technical Specifications and.the proposed Technical 

Specifications(5) for a reduced TDF.

includes a 

given in the

*Accounts for up to 24%.steam generator tube plugging and TDF represents 

90.2% BOL Cycle 3 TDF.
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2.0 REACTOR DESIGN 

2.1 MECHANICAL DESIGN 

The mechanical design of the Region 6-1 and 6-2 fuel assemblies is the 

same as the Region 5 assemblies. Table 1 compares pertinent design 
parameters of the various fuel regions. The Regions 6-1 and 6-2 fuel 
has been designed according to the fuel performance model in 
Reference-6. The fuel is designed and operated so that clad flattening, 

wil-l not occur,-.as predicted by the-Westinghouse mod~l .  

Westinghouse has had considerable experience with Zircaloy cl-ad fuel.  

This experience is extensively described in WCAP-8183, "Operational 
(8) Experience with Westinghouse Cores' " This report is updated an 

nually.  

2.2 NUCLEAR DESIGN 

The Cycle 4 core loading satisfies the FT x P ECCS limit of 
Q 

< 2.2 x K(z), given in Figure 2, which is necessary to meet the cur
rent PCT required by the NRC. The control rod insertion limits are 

unchanged from Cycle 3 limits. In addition, the flux difference (Al) 
bandwidth during normal operation is unchanged from Cycle 3 ±5% Al.  

Table 2 provides a comparison of the cycle 4 kinetics characteristics 

with the current analysis value based on previously submitted accident 

analysis. It can be seen from the table that except for the Doppler 
Temperature Coefficient, the Cycle 4 values fall within the range of the 
previous analysis value. These parameters are evaluated in Section 
3.0. Table 3 provides the control rod worths and requirements at the 

most limiting condition during the cycle. The available shutdown margin 
exceeds the minimum required. Note that the rod insertion allowance at 

BOL is the as-calculated value.  

-3
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Thirty-two Region 6-1 and twenty-four Region 6-2 fuel assemblies contain 

fresh or depleted burnable absorber rods. Two sets of eight Region 5 

fuel assemblies also contain fresh or depleted burnable absorber rods.  

Two other Region 5 fuel assemblies contain secondary source rod assem

bl-ies. See Figure 1 for the location of burnable absorber and source 

rods.  

Provisions have been made to accommodate depleted burnable absorber 

clusters either with or without the wet annular AI20:3 -B4 C burnable 

absorber demonstration ro6dlets.: This enables the further irradiation of 

depleted burnable absorber clusters which Contain some wet annular burn

able absorber rodlets. The replacement of the standard depleted burn

able absorber clusters with the demonstration clusters will have negli

gible nuclear effects on the power distribution and operation of the 

plant. As shown in Addendum 1 to the Cycle 3 RSE (9 ), no safety limits 

will be exceeded in the unlikely event of the burnable absorber demon

stration rodlets failing and the B4C absorber material being lost from 

the rodlets. '.  

2.3 THERMAL AND HYDRAULIC DESIGN 

No significant variations in thermal margins will result from the 

Cycle 4 reload. The DNB core limits, which are given in the proposed 

technical specification (5 ), are based on the conditions given in 

Section 1.2.  
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3.0 POWER CAPABILITY AND ACCIDENT EVALUATION 

3.1 POWER CAPABILITY 

The plant power capability is evaluated considering the consequences of 

those incidents examined in the FSAR using the previously accepted 

design basis. It is concluded. that the core reload will not adversely 

affect the ability to safely operate at 100% of rated power and coast

down during Cycle 4. For the overpower transient, the fuel centerline 

.temperature limit :of 47000F can be accommodated with margin during 

Cycle 4. The time dependent densificationmode
l(lO ) was used for fuel 

temperature evaluations. The LOCA limit is met by maintaining FQ xP 

at or below 2.2 x K(Z) given in Figure 2. This limit is satisfied for 

the power control maneuvers all6wed by the technical specifications, 

which assures that the final acceptance criteria (FAC) limits are met 

for a spectrum of small and largeLOCAs.  

3.2 ACCIDENT EVALUATION 

The effects of the reload on the design basis and postulated incidents 
report(11) 

analyzed in the FSAR (1), fuel densification rl), and 

Cycle 3(3)(4)(9) were examined. In all cases it was found that the 

effects can be accommodated within the conservatism of the initial 

assumptions used in the previous applicable safety analysis. Therefore, 

the conclusions presented in the FSAR and subsequent analyses are still 

valid.  

A core reload can typically affect accident analysis input parameters in 

the following areas: core kinetics characteristics, control rod worths, 

and core peaking factors. Cycle 4 parameters in each of these three 

areas were examined as discussed below to ascertain whether new accident 

.analyses were required.  

-5-.  
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"3.2.1 KINETICS PARAMETERS

A comparison of Cycle 4 core physical parameters with the previous cycle 

parameters is presented in Table 2. All parameters in Table 2, except 

the Doppler temperature coefficient, were found to be within the range 

of values used in previous safety analyses. The most negative Doppler 

temperature coefficient is -1.9 pcm/0 F compared to the previous value 

of -1.60 pcm°/F. This coefficient is used in conjunction with the 

Doppler power coefficient to provide a correction to the power coef

ficient for fuel temperature changes in transientt where the core water 

temperature drops. For the most severe reactivity addition accident 

(startup of an inactive loop), this amounts to less than a 2% increase 

in total positive reactivity insertion. This would yield a negligible 

increase in peak power which can be accommodated in all of the FSAR 

cooldown accidents. 'In addition, the Doppler power coefficient actually 

calculated for this reload is larger than that assumed in the FSAR, and 

this would more than compensate for the Doppler temperature coefficient 

changes. Thus, no reanalysis is required. An evaluation of moderator 

feedback effects for the credible steamline break transient shows that 

the reactor remains subcritical.  

3.2.2 CONTROL ROD WORTHS 

Changes in control rod worths may affect shutdown margin, differential 

rod worths, ejected rod worths, and trip reactivity. Table 3 shows that 

the Cycle 4 shutdown margin requirements are satisfied. As shown in 

Table 2, the maximum differential rod worth of two RCCA control banks 

moving together in their highest worth region for Cycle 4 does not 

exceed the current limit. Cycle 4 ejected rod worths are within the 

bounds of the current limits.  

3.2.3 CORE PEAKING FACTORS 

Evaluation of peaking factors for the rod out of position and dropped 

bank incidents show that the minimum DNBR criteria is satisfied.
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The steamline break transients (FSAR Section 14.2.5) were evaluated for 

Cycle 4 using the same methods as the Cycle 3 reanalysis. The evalua

tions showed that the Cycle 4 transients are within the bounds of the 

Cycle 3 analysis.
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TABLE 1 

FUEL ASSEMBLY DESIGN PARAMETERS 

INDIAN POINT UNIT NUMBER 3 - CYCLE 4

Region 

Enrichment (w/o of U 235)* 

Density (percent theoretical)* 

Number of Assemblies 

Approximate Burnup at Beginning of 
Cycle 4 (MWD/MTU)+

4 

3.10 

94.7 

41 

22, 100

5 

3.30 

94.7 

76 

12,100

6-1 

3.20 

94.5 

36 

0

6-2 

3.40 

94.5 

40 

0

*All fuel region enrichments except regions 6-1 and 6-2 are as-built values.  

An average density of 94.5% theoretical was used for Region 6-1 and 6-2 design 

evaluations.  

+Based on a Cycle 3 core average burnup of 12,000 MWD/MTU.
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TABLE 2 

KINETICS CHARACTERISTICS 

INDIAN POINT UNIT NUMBER 3 - CYCLE 4

Previous Analysis 
Values (2), (3), (9), (11)

Moderator Temperature Coefficient, 
(PCM/OF)* 

Least Negative Doppler - Only 
Power Coefficient, Zero to 
Full Power (pcm/% power)* 

Most Negative Doppler - Only 
Power Coefficient Zero to 
Full Power (pcm/% power)* 

Delayed Neutron Fraction 

Oeff (percent 

Maximum Prompt Neutron Lifetime 
(P sec) 

Maximum Reactivity Insertion Rate 
for Two Banks Moving Together 
at HZP (PCM/SEC)* 

Doppler Temperature Coefficient 
(PCM/OF)

-35 to 0.0 

-7.0 (constant) 

-27.7 to -27.1 

.44 to .70

Cycle 4j 

-35 to- .O** 

-7.0 (constant) 

-27.7. to -27.1 

0.44 to 0.70

<19 

<80

-1.6 to -1.1 -1.9 to -1.1

* PCM = lO-5 AP 
**The moderator temperature coefficient is predicted to be negative at all normal 
operating conditions. In the physics test condition of HZP-ARO, the moderator 
coefficient is predicted to be positive at beginning of life. The coefficient 
is predicted to be negative, however, with the expected use of control rods 
during the physics tests.
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TABLE 3 

SHUTDOWN REQUIREMENTS AND MARGINS 

INDIAN POINT UNIT NUMBER 3 - CYCLES 3 AND 4 

Cycle 3 

BOC EOC

Control Rod Worth (percent Ap) 

All Rods Inserted Less Worst 

Stuck Rod 

(A) Less 10% 

Control Rod Requirements (percent ap) 

Reactivity Defects (Doppler, 

Tavg, Void, Redistribution) 

Rod Insertion Allowance 

(B) Total Requirements 

Shutdown Margin [(A)-(B)] 

(percent AP) 

Required Shutdown Margin 

(percent Ap)(1)

5.09 5.99

4.58 

1.80 

0.26 

2.06 

2.52 

1.0

5.39 

2.90 

0.55 

3.45 

1.94 

1.72

*The Total Requirements (B) value have been changed to accommodate 24% steam 
generator tube plugging with a core Tavg = 577.60 F.
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Cycle 4* 

BOC EOC

5.96

5.36 

1.81 

.50 

2.31 

3.05 

1.0

6.66 

5.99 

2.84 

.60 

3.44 

2.55 

1.72
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FIGURE 1 

CORE LOADING PATTERN 
INDIANI POINT UNIT 3 - CYCLE 4 
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* FIG~ 2 

HEAT FLUX H1OT CHANNEL FACTOR 

NORMALIZED OPERATING ENVELOPE 

FOUR-LOOP OPERATION 
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