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1.0 INTRODUCTION AND SUMMARY
1.1 INTRODUCTION

The Indian Point Nuclear Power Plant, Unit Number 3 'has completed its fifth
-cycle of operation. The unit is expected to be refueled and ready for Cycle 6
startup in July 1987. ” '

This report presents an evaluation for Unit 3 Cyc]e;6, which demonstrates that
the core reload will not adversely affect the safety of the plant. This
evaluation was accomplished utilizing the methodology described in
WCAP-9273-A, "Westinghouse Reload Safety Eva]uation:Methodo1ogy"(1).

Indian Point 3 operated in Cycle 5 with 117 Westingkouse 15x15 low parasitic
(LOPAR) fuel assemblies and 76 Westinghouse optimizéd fuel assemblies. For
CycTe 6 and subsequent cycles, it is planned to refuel the Indian Point 3 core
with Westinghouse 15x15 optimized fuel assembly (OFA) regions. The NRC
reviewed the licensing submittal (2) and approved the request for the _
transition from LOPAR fuel to OFA and associated proposed changes to the
Indian Point 3 Technical Specifications. The licensing submittal justifies
the compatability of OFAs with LOPAR fuel assemblies in a mixed-fuel core as
well as operating with a full OFA core. The licensing submittal contains
mechanical, nuclear, thermal—hydrau]ic, and accidenﬁ evaluations which are
applicable to the Cycle 6 safety evaluation. The NRC also approved a
supporting evaluation report (3) which shows that aﬁant operating
limitations can be satisfied with an average steam‘benerator tube plugging
level of 24% with a maximum of 30% in any loop proviiding the following

conditions are met:
1. The reactor vessel flow must be equal to or greater than 323,600 gpm.
2. During steady state operation at full poweﬁ, the hottest cold leg

inlet temperature must not exceed 542.9°F é]us 2°F for control
deadband.
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)
d I .

3. The overtemperature delta-T reactor trip channels must be calibrated
during power operation in terms of both delta-T and Tavg indicated
by each channel at nominal full power. .

A1l of the accidents comprising the FSAR licensing bases which could
potentially be affected by the fuel reload have beed reviewed for the Cycle 6
design described herein. The results of new analyses are included, and the
justification for the appiicabi]ity of previous accfdent'ana1ysis results for
the Cycle 6 accident evaluations is presented.

1.2 GENERAL DESCRIPTION

The Indian Point 3 Cycle 6 reactor ccre is comprised of 193 fuel assemblies
arranged in the core loading pattern configuration $hown‘in Figure 1. During
the Cycle 5/6 refueling, 76 fuel assemblies will be: replaced with Regions 8-A
and 8-B fresh fuel. A summary of the Cycle 6 fuel 5nventory is given in
Table 1.

Nominal core design parameters utilized for Cycle 61are as follows:

" Core Power (Mwt) 3025 (100% rated)
System Pressure (psia) 2250
Core Inlet Temperature (°F) 545.9*
Thermal Design Flow (gpm) 323,600%
Average Linear Power Density (kw/ft) 6.24

(based on best estimate hot, densified
core average stackheight of 143.9 inches)

¥ Accounts for an average of 24% steam generator tube plugging,
maximum of 30% in any steam generator. ‘
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1.3 CONCLUSIONS

From the evaluation presented in this report, it 1s;conc1uded that the
Cycle 6 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 5 actual burnup of 14,263 MWD/MTU.

2. Cycle 6 burnup will not exceed 15,250 MWD/MTU, which includes a
power coastdown. -

3. There is acherence to plant operating 1imitatiohs as given in the

Technical Specifications; changes are not needed as a result of fhe
Cycle 6 design.

3980F:6-870708 _3_



2.0 REACTOR DESIGN

2.1 MECHANICAL DESIGN

. The new Regions 8-A and 8-B fuel assemblies are Westinghouse 15x15 OFAs. The
mechanical design of the Region 8 fuel assemblies is the same as the Region 7
assemblies, except for 4g rod plenum springs, 304L stainless steel top grid
sleeve material and a radiused design fuel rod bottom end plug. Justification
of OFA compatability with the Westinghouse 15x15 LO?Q? fuel assemblies in a

mixed core is presented in the licensing submittal.

Compared to previous fuel, Region 8 fuel has a smaller rod plenum spring which
satisfies a change in the non-operational 6g loading design criterion to "4g
axial and 6g lateral loading with dimensional stability." The reduced spring
force further reduces the already low potential for chamfered pellet chipping
in the fuel rod. '

~ The change in grid sleeve material from 304 stainless steel to 304L stainless
steel further reduces the already Tow potential for stress corrosion cracking
of the grid sleeves.

The fuel rod bottom end plug is changed from a chamfered end to a radiused-end
to improve rod loading and reduce the potential of grid damage during rod
loading. “

- Table 1 presents a comparison of pertinent design parameters of the various
fuel regions. The Region 8-A and 8-B fuel has been designed utilizing the
Westinghouse fuel performance mode1( ) and the West1nghouse clad flattening
mode].(e) The Westinghouse fuel is designed and operated so that clad
flattening will not occur for its planned residence time in the reactor. The
fuel rod internal pressure design basis(7) is satisfied for all fuel regions.

Westinghouse has considerable experience with Zircaloy clad fuel which
includes OFAs. This experience is described in the report, "Operational

u(8)

Experience with Westinghouse Cores.

3980F:6-870708 _4_
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2.2 NUCLEAR DESIGN

The Cyc]é 6 core loading satisfies the Fg x P ECCS yimit of < 2.20 x K(z),
given in Figure 2, which is necessary to meet the current PCT required by the
NRC. Approved control rod insertion limits (Figure.3) have changed from rod
limits used for the Cycle 5 RSE. In addition, the flux difference (AI)
bandwidth during normal operation is unchanged from:the Cycle 5 +5% Al.

Table 2 provides a comparison of the Cycle 6 kinetics characteristics with the
current analysis value based on previously submitted accident analysis. It
can be seen from the table that some Cycle 6 kinetiés parameter values fall
outside the range of the previous analysis values. ' These parameters are
evaluated in Section 3.0. ‘

Table 3 provides the control rod worths and requirehents at the most limiting
condition during the cycle. The available shutdown‘margin exceeds the minimum
required. Note that the rod insertion allowances at BOC and EOC are the
as-calculated value. |

Thirty-six Region 8-A and thirty-two Region 8-B and two Region 7-B fuel
assemblies contain fresh wet annular burnable absoﬁber rods. No depleted
burnable absorber rods are used. Two Region 7-A fuel assemblies contain
secondary source rod assemblies. See Figure 1 for.the location of burnable
absorber and source rods. ‘ ‘

The minimum refueling boron concentration required.to maintain at Teast 10
percent shutdown margin for Cycle 6 is 1941 ppm. This is a lower refueling
boron concentration than that assumed in the FSAR ?na]ysis of the Boron
Dilution During Refueling event. Therefore, this event was reanalyzed as
discussed in Section 3.3.

3980F:6-870708 - 5 -
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2.3 THERMAL AND HYDRAULIC DESIGN

No variation of thermal margins resulted from the Cycle 6 mixed OFA and LOPAR
fueled core. The present core safety limits in the ‘technical specifiations
are conservative for the Cycle 6 reload core. Sufficient margin exists for
all DNB events to meet the design criteria(4’9_) for .the Cycle 6 reload core.

3980F:6-870708 _6_
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3.0 POWER CAPABILITY AND ACCIDENT EVALUATION
3.1 POMWER CAPABILITY

The plant power capability is eva]uated 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 adverse1y‘affect 'the ability to
safe1y‘operate at 100% of rated power during Cycle 6. For the overpower
transient, the fuel éenter]ine temperature limit of§4700°F can be accommodated
with margin during Cycle 6. The time dependent den§ification model(lo)
used for fuel temperature evaluations. The LOCA 1iﬁit is met by maintaining
FQ x P at or below 2.20 x K(Z) given in Figure 2. This limit is satisfied
for the power control maneuvers allowed by the technical specifications, which
"assures that the final acceptance criteria (FAC) 1i@its are met for a spectrum

was

of small and large LOCAs.
3.2 ACCIDENT EVALUATION

The effects of the reload on the design basis and postulated incidents
analyzed in the FSAR(4) were examined. In most cas;s it was found that the
effects can be accommodated within the conservatism of the initial assumptions
used in the previous applicable safety analysis.” For those incidents which
were reéna]yzed, it was determined that the app]icable design basis limits are
not exceeded, and, therefore, the conclusions presénted in the FSAR are still
valid.

An evaluation has demonstrated that the Cycle 6 reactor and borated water
sources ensure core subcriticality following a posﬁu]ated Large Break LOCA,
thus satisfying the post-LOCA long term core cooling requirements.

A core reload can typically affect accident analysis input parameterslin the
following areas: core kinetics characteristics, céntro1 rod worths, and core
peaking factors. Cycle 6 parameters in each of these three areas were
examined as discussed below to ascertain whether new accident analyses were

required.

3980F:6-870708 ..7_



3.2.1 KINETICS PARAMETERS

A comparison of Cycle 6 core physical parameters with the previous analysis
values is presented in Table 2. The most negative moderator temperature
coefficient (rodded) for Cycle 6 is -38 pcm/°F compared to the previous
analysis value of -35 pcm/°F. This parameter is considered in the analysis of
incidents where the maximum reactivity feedback is used to increase the
severity of the event for conservatism. All 3ccideht analysis that consider
the use of the most negative moderator temperature coefficient have used a
value more conservative than the Cycle 6 value with the exception of the
Startup of an Inactive Loop event, the Decreased Enthalpy event, and the
Excessive Load Increase event. The current ana]ysés for all three of these
events are those presented in the original FSAR which used a value of -35
pcm/°F. An evaluation of the impact of the 3 pcm/°F difference in the
negative moderator temperature coefficient was madé and determined to have a
negligible effect on the FSAR results. There is sufficient margin to the DNBR
1imit to accommodate the more negative moderator temperature coefficient for
these FSAR events. Therefore, no reanalysis is reguired.

The most negative Doppler temperature coefficient ﬁs -2.50 pem/°F compared to
the previous value of -1.97 pem®/F. This coefficient is used in conjunction
with the Doppler power coefficient to provide a correction to the power
coefficient for fuel temperature changes in transients where the core water
temperature changes.

Like the most negative moderator temperature coefficient discussed above, the
most negative Doppler temperature coefficient is donservatively used in the
analyses of incidents where maximum reactivity feedback is considered. From a
review. of these incidents, it was found that only‘the maximum reactivity
feedback cases for the Loss of External Electrical Load incident reported in
the FSAR assumed a negative Doppler temperature céefficient greater than the
Cyc]ev6 value of -2.50 pcm/°F. Therefore, this incident was reanalyzed and is
discussed in Section 3.3. |

3980F:6-870708 _8..



The least negative Doppler - Only Power Coefficient as a function of power is
-9.154 pcm/% power (constant) for Cycle 6 compared ﬁo the previous constant
value of -11.84 pcm/% power. In prior cycles, the previous analysis value had
been -7.0 pcm/% power (constant) and'conservative1ywbounded all incidents
considering a least negative value. Subsequent to the Cycle 5 reload
evaluation, but prior to Cycle 5 operation, a safety evaluation for operation
with Weed RTDs(ll) was performed. Part of the basi§ of this evaluation
included an analysis of the Uncontrolled Control Rod Assembly (RCCA)
Withdrawal at Power event. In this analysis of the minimum reactivity feedback
cases, a value of -11.84 pcm/% power was assumed. To bound the Cycle 6 reload
value, the minimum reactivity feedback cases for the uncontrolled RCCA
Withdrawal at Power event was reanalyzed using a constant value of -7.0 pcm/%

power. This reanalysis is discussed in Section 3.}§
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 6 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 6 does not exceed the current 1imit.
Cycle 6 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 pbsition and dropped bank
incidents show that the minimum DNBR criteria is satisfied. However, due to
higher Cycle 6 peaking factors for the dropped bank incident, a reanalysis of
this accident was required to show that the minimuh DNBR criterion was
satisfied, as discussed in Section 3.3. H

The steamline bréak transients (FSAR Section 14.2{5) were evaluated for
Cycle 6. The evaluations showed that the Cycle 6§peaking factors are within
the bounds of the previous analysis, and DNBR 1im%ts (See Section 2.3) are
satisfied. “

3980F:6-870708 N ..9_‘
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3.3 INCIDENTS REANALYZED

As indicated above, several reanalyses were performed due to non-conservative
Cycle 6 values when compared to the current limit values. The transients
reanalyzed are discussed below.

Uncontrolled RCCA Withdrawal at Power

This event 1is described in Section 14.1.2 of the FSAR. The analysis is
performed for a range of reactivity insertion rates from different initial
power levels to verify the adequacy of the reactor érotection system to
prevent DNB and to prevent water relief through the pressurizer safety and
relief valves. The complete range of cases was reanalyzed for mihimum »
reactivity feedback with the assumption of a constant doppler-only power
coefficient of -7.0 pcm/% power. |

The results of the analysis show that the combinatibn of the power range high
neutron flux, overtemperature delta-T and high pressurizer water level reactor
trips provide the necessary protection against a rod withdrawal at power
event, For all cases, the DNB design basis is met and there is no water
relief through the pressurizer relief or safety valves. Thus there is no
adverse impact on the core or reactor coolant systém integrity, and the
~conclusions of the FSAR remain valid.

Loss of External Electrical Load

This event is described in Section 14.1.8 of the FéAR. The analysis is
performed to verify the adequacy of the reactor prétection system and
pressurizer safety valves to prevent DNB and overpressurization of the RCS and
the main steam system. This event was reanalyzed for maximum reactivity
feedback with the assumption of a Doppler temperatﬁre coefficient of

-2.90 pcm/°F.

3980F:6-870708 . - 10_



The results of the analysis show that a loss of external electrical load
presents no hazard to the integrity of the RCS or tHe main steam system.
Pressure relieving devices in the two systems are adequate to limit the
maximum pressures to within 110 percent of the design values. The integrity
of the core is maintained by operation of the reactér protection system, i.e.,
the minimum DNBR is maintained above the 1imit value.

Boron Dilution during Refueling

As noted in Section 2.2, the minimum refueling boroh concentration required to
maintain at least 10 percent shutdown margin for Cycle 6 is 1941 ppm. This
refueling boron concentration is less than the 2100:ppm value assumed in the
analysis of this event as reported in FSAR‘Section‘i4.1.5. With a lower
refueling boron concentration, the time to dilute from the refueling
concentration to the critical boron concéntration of 1190 ppm (assumed in the
FSAR) is shorter than that calculated using the values reported in the FSAR.
Thus, this event was reanalyzed using a lower initial refueling boron
concentration value of 1800 ppm, and the time to dilute to 1190 ppm was
determined. With all other assumptions the same as noted in the FSAR (i.e.,
minimum RCS volume = 4456 ft;3
set at 300 gpm), the resulting dilution time is 45:8 minutes. Since the

» maximum dilution flow rate conservatively

criterion for this event is 30 minutes, there is sﬁfficient time available for
the operator to determine the cause of dilution and isolate the primary water
makeup source by closing valves.

Rod Cluster Control Assembly (RCCA) Dropped Bank

As indicated in Section 3.2.3, the Dropped RCCA Bank incident (e.g., core
power reductions below turbine runback setpoint) was reanalyzed for Cycle 6.
This reanalysis was necessary due to higher Cyc]e_b peaking factors

(FEH) for RCCA bank worths combined with the app]ﬂcation of older,

overly conservative, worst condition statepoint methodology no longer
required. This reanalysis of the Dropped RCCA Baﬁk incident used the latest
Dropped RCCA Rod/Bank methodology for turbine runback plants consistent with

the existing Dropped RCCA Rod analysis.

3980F:6-870708 - 1 1 -
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In this Dropped RCCA Bank analysis, RCCA bank worths from-200 pcm to 1600 pcm
were used to determine the peak core heat flux reached during the transient
(as a function of worth) after the core power falls below the turbine runback

setpoint (74% power including uncertainty). !

These peak heat flux values, along with the peakingﬂféctors associated with
the corresponding bank worths and system conditions:that bound the transient
(e.g., power, flow, pressure, coolant temperature),vwere then used in the DNBR
evaluation of this event. The results of this analysis show that the minimum

DNBR criteria is-met.

3980F.6-870708 - 1 2 -
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TABLE 1

FUEL ASSEMBLY DESIGN PARAME?ERS
INDIAN POINT UNIT NUMBER 3 - CYCLE 6

Region 5 6-A 6-B + 7-A 7-B 8-A

Enrichment 3.301 3.201 3.397 © 3.198 3.402  3.205
(w/o of U 235)*

Density 94.66 94.37 94.41 94,92 94.97 95.04
(percent theoretical)*

Number of Assemblies 4 2 36 - 36 39 44

Burnup at Beginning of 28,135 29,186 27,374 15,891 15,774 0
Cycle 6 (MWD/MTU)Y ‘

- Fuel Type LOPAR LOPAR LOPAR ' OFA  OFA  OFA

*A11 fuel region enrichments and densities are asfbui1t values.

+Based on a actual Cycle 5 burnup of 14,263 MWD/MTU.

3980F:6:-870708 - 1 5..
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TABLE 2
KINETICS CHARACTERISTICS
j
INDIAN POINT UNIT NUMBER 3 - CYCLE 6

Previous Analysis
Values (3), (4), (12)

Moderator Temperature Coefficient; =35 to 6.0
(PCM/°F)*
Least Negative Doppler - Ontly -11.84 (constant)

Power Coefficient, Zero to
Full Power (pcm/% power)*

Most Negative Doppler - Only -14.27 (constant)
Power Coefficient Zero to
Full Power (pcm/% power)*

Delayed Neutron Fraction 0.44 to 0.70
Baff (percent) ‘
Maximum Prompt Neutron Lifetime 19
(u sec) '
Maximum Reactivity Insertion Rate 80

for Two Banks Moving Together
at HZP (pcm/sec)*

Doppler Temperature Coefficient -1.97 to -1.4
(pem/°F)

* pcm = 10_5 Ap

Cycle 6
-38 to 0.0**

-9.154 (constant)
>-14.27 (constant)

0.44 to 0.70

<18

<80

-2.50 to -1.4

**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 5 AND 6

Control Rod Worth (percent Ap)

A1l 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)]
ggercent Ap)

Required Shutdown Margin
(percent Ap)(1)

. 3980F:6-870708
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Cycle 5 Cycle 6
BOC  _EOC  BOC _EOC
6.91 7.13  6.29  7.10
6.22 [6.42  5.66  6.39
1.89 . 2.76  1.86  2.68
0.50  0.60  0.50  0.50
2.39  3.36 2.3  3.18
3.83  3.06  3.30  3.21
1.0 172 1.0 1.7




FORM PPLAIN

80
15 14 13 12 11 10 9 8 7 & 5 4 3 2 1
R 7-2 |7-1 |8-1 |[7-2 |8-1 [7-1 |7-2
12
P 6-2 |7-1 |8-2 {7-2 |8-2 |7-2 |8-32 |7-2 |8-2 {7-1 |e-2
4 12 12 4
N 5 |7-2 |8-2 |7-1 |8-2 |6-2 |8-1 |e-2 {8-2 |7-1 |8-2 |7-2 | 5
12 12 12 : 12 12
M 7-1 |8-2 |7-2 |e8-1 |6-2 |8-1 |e-2 [8-1 |6-2 |&-1 |7-2 |&-2 |7-1
12 12 12 12 12 12
L |7-2 |8-2 {7-1 |8-1 |6-2 |8-1 [7-1 |7-2 |7-1 |8-1 |&6-2 [8-1 |7-1 [8-2 |7-2
a 12 ' 12 12 - 12 4
K- |7-1 |7-2 |8-2 |e-2 |8-1 |6-2 |8-1 |6-2 |8-1 |e-2 |8-1 |g-2 |8-2 |7-2- [7-1
12 12 12 12 12 12 ss
J |8-1 |8-2 |e-2 |&-1 |7-1 |8-1 |7-1 |7-2 |7-1 |8-1 |7-1 {8-1 |6-2 |8-2 [&-1
12 12 12 12 12 12
H |e-1 |7-2 |8-1 |e-2 |7-2 |e-2 |7-2 |7-2 [7-2 |e-2 |7-2 |e-2 |&8-1 |7-2 |&-1
12 12
¢ [8-1 [8-2 |6-2 [8-1 |7-1 |8-1 |7-1 [7-2 [7-1 |8-1 [7-2 |8-1 |e-2 |8-2 |&-1
12 12 12 ! 12 | - 12 12
F o |7-1 |7-2 |8-2 |e-2 |8-1 |6-2 |8-1 |e6-2 |8-1 |6-2 |8-1 |6-2 |8-2 |7-2 [7-1%
ss 12 12 12 12 12 12
£ |7-2 |8-2 [7-1 |8-1 |6-2 |8-1 [7-1 |7-2 |7-1 |8-1 |6-2 |8-1 |7-1 [8-2 |7-2
4 12 12 12 12 4
b 7-1 |8-2 |7-2 |8-1 |6-2 |8-1 |e-2 |&8-1 |6-2 |8-1 |7-2 |s-2 [7-1
12 12 12 12 12 12
c s |7-2 |8-2 [7-1 |8-2 {e-2 |8-1 |6-2 |8-2 |7-1 |8-2 |[7-2 | s
: 12 12 12 ‘ 12 12
B 6-2 |7-1 |8-2 |7-2 |8-2 |7-2 |&-2 |7-2 |8-2 |7-1 |g-2
4 12 12 4
A 7-2 |7-1 |8-1 |7-2 |8-1 {7-1 |7-2
12
270
KEY :
RN RN = FUEL REGION NUMBER ‘
B/SS| B = NUMBER OF BURNABLE ABSORBERS
SS = SECONDARY SOURCE RODS :
FIGURE 1

INDIAN POINT UNIT 3, CYCLE 6 LOADING PATTERN
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