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1. INTRODUCTION

This report provides justification for continued operation of the first cycle

of Three Mile Island Unit 2 (TMI-2) at the rated core power of 2772 MWt follow-
ing the removal of orifice rod assexmblies (ORAs) from the core. The ORAs
are used to limit bypass flow through fuel assemblies with empty guide tubes.

A systen flow of 102% of design flow has been used in these analyses which offsets

the increased core byrass flow due to removal of ORAs.

An evaluation of thermal-hidraulic performance has been made based on the
increzse in system flcw =2 removal of ORAs and has been compared to the anmal-
yses presented in the TSI~ FSAR! and Fuel Densification Repor:.2 This evalua-
tion shows that the effects of the removal of forty ORAs and the iancrease in
reactor coolant flow rat: provide improved safety margins relative to those

reported in the TMI-2 FSAR' and Fuel Densification Repor:.2

The use of retainers? to provide positive .olddown of burnable poison rod as-

semblizs (BPRAs) in the remainder of cycle 1 has also been considered.
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2. THERMAL-HYDRAULIC DESIGN

The thermal-hydraulic design evaluation supporting continued cycle 1 operacion
used the methods and models described in reference 2 with the following excep-

tions:

1. An increase in zore bypass flow due to ORA removal.
2. An increase in systea flow.
3. The inclusion of retainers to provide positive holddown of BPRAs.

During the initial por:i:z= of cycle 1 operation, fuel assemblies which did not
contain control rods, 3Tiis, or neutron sources had ORAs installed in the

guide tubes to minimize ::-2 bypass flow. The maximum core bypass flow, with
ORAs installed in forty fuel assembly locations, was 6.047 of system flow.
Thirty-eight ORAs will t2 removed for the remainder of cycle 1. Two fuel as-
sexblies will cootain primary neutron sources and modified ORAs. The thermal-
hydraulic analysis assumed a total of forty vacant fuel assemblies and resulted

o

in a maximym core byrass flow of 7.6%.

As previously noted, a system flow of 102% of design flow was used in the anal-
ysis (see Table 2-1) which offsets the affect of the increased bypass flow.
This system flow rate is conservatively based on a predicted four-pump flow

rate of 105% of design flow as verified during startup testing.

Retainers will be installed on all fuel assemblies containing BPRAs and pri-
mary neutron sources with modified ORAs. This retainer design is described

in reference 2. The additional form loss due to retainer installation has
been included in the calculaticn of core flow distribution. The limiting fuel

assecbly does not contain a BPRA during cycle 1 operation. )

Maximun design conditions and significant parameters are shown in Table 2-1

"

or eycle 1 operation with and without the ORAs.

ihe potential aflect of fuel rod bow on DNBR was considered by incorporating
suitable zmargins into DNB limited core safety limits and RPS setpoints (pres-
sure temperature limits and flux/flow setpoint). The maximum rod bow penalty
was calzulated from the eguation:
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L8 = 0.065 + 0.001443 /BU

o

Waere AC = rod bow magnitude, mils,

C° = initial gap (138 mils),
BU = maximum assexmbly burnup, Mwd/mtU.

The pressure-temperature limit curwcs shown in Figure 2-1 (section 5 of this
report) provide the basis for the variable low-pressure trip setpoint. These
curves have beea changed from those of bases Figure 2-1 of the TMI-2 Technical
Specifications. The revisad pressure-temperature l:imits cover an 11.22 fuel
rod bow penalty, baszd on an assumed maxizmum assembly burnup of 33,000 MWd/mtU,

while incorporating the core flow changes discussed zbove.

The flux/flow trip setzsiz: was determined by amalyzing an assumed one-pump
coastiown starting fro= 2= initial indicated power level cf 102X. The Tech-
nical Specification flux/Ilow setpoint of 1.05 was re-evaluated based on the
initial conditions deter—izned with the ORAs out. The 1.05 setpoint provides
ccverage of a 9.1% rod bow penalty in the analysis. The maximun cycle 1 burn~
up is 19,422 Mid/mtU. Usiag this burnup, a 1od bow penalty of 9.1X is calcu-
lated. A thermal margin credit equivalent to 1% DNBR to offset the rod bow
penalty has been used as a result of the flow area (pitch) reduction factor
included in all thermal hydraulic analysis. Applying the 1% credit againmst
the 9.1%7 calculated penalty results in aan 8.1% penalty to be applied to the
aralysis. Therefore, the preseat flux/flow setpoint provides more than ade-

quate rod bow penalty coverage for cycle 1 operation.
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Table 2-1. Thermal-Hydraulic Design Conditions

Densif'n Revised

TMI-2 FSAR Report Cycle 1

Design power level, Mw: 2772 2772 2772
System pressure, psia 2208 2200 7 2200
RC flow, gpm 369,600 369,600 377,000
Vessel inlet coolant
texmperature, 100% power, F 557 557 $57.2
Reference design radial-local
power peaking factor 1.783 1.783 1.783
Reference design axial flux
shape 1.5 cos 1.5 cos 1.5 cos
Hot channel factors

Eathalpy rise 1.011 1.011 1.011

Heat flux 1.014 1.014 1.014

Flow area 0.98 0.98 0.88
Active fuel length, i=z. 144.0 141.7 141.7
Average heat flux, 1(L7 power,
Btu/h-£t2 | 185,000 188,000®) 138,000
CHF correlation W=3 BAW-2 BAW-2
Minimun DNBR, 1127 power 1.39 1.62 1.65
(2)

Based on the active fuel length aud cold fuel pin diameter.

(b)Based on the densified active fuel length and het fuel pin diameter.
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These analysis results demonstrate that the removal of forty ORAs from TMI-2,
when combined with the increased reactor coclant systen flow rate, result in

izproved core safety margins relative to those defined in references 1 and 2.
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3. TRANSIENT ANALYSIS

The DNER related transients presented in reference 2 have been reviewed for
applicability to operaticn with the ORAs removed. The four pump ~oastdown is
the loss-of-coolant-flow (LOCF) transient analyzed in the Densif.cation Report.
The zminizum DNBR during this transient was 1.65 (3aV-2). The inizial condi-
tions for these transients are at 102% power. Re-analysis at 102% power with
ORAs rezsved shows an increase of 1% in the initial DNBR. The higher inmitial
cini=u= DNBR makes the -zs:1ts of the transients analyzed for the Demsification

Report applicable and cczsarvative for the revised cycle 1.

puzp from four pump operationm, will result in a reactor trip initiated by the
puzp monitors. The mos:t limiting LOCF transient for which the pump monitors
provide DNBR protection is the four pump ccastdown which has been shown to be

acceptable.

H
-

W

one pump coastdown frem four pump operation is the most limiting flow
transieant by virtue of its use in determining the flux/flow trip setpoint. The
flux/flew .rip is based on preverting the minimum DNBR from going below the
design value plus the rod bow penmalty. Therefore, a one pump coastdown with
the resulting flux/flow reactor trip will result in the most limiting DNBER

during normal operation.

The TMI-2 FSAR! has been reviewed for the most limiting DNBR transieuts of
zcderate frequency since the one pump coastdown does not appear directiy as

an accident. The most limiting FSAR transient is the excessive heat removal
accident (feedwater temperature decrease). This transient has been re—analfzed
for ravised cycle 1 operation with the same input as used in the FSAR. he

ults of the re-analysis are shown on Figure 3-1. The minimum DNER is 1.58

4 )
m
n
{

) versus a 1.43 (W-3) reported in the FSAR.
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Figure 4-1.

TMI-2 Initial Core Loading Plan
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4. CORE LOADING PLAN

Figure 4~-1 shows the revised core loading plan for the remainder of cycle 1.
All fuel assemblies are remaining in their original core locations, i.e., no
fuel shuffle will take place. The changes occurring are:

1. Retainers will be installed on all BPRAs.
2. Thirty-eight ORis will be remcved.

3. Two ORAs will be zodified and installed in the primary neutron source
locations (B~12 azd ?-4),

: e 234
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5. PROPOSED MODIFICATIONS TO TECHNICAL SPECIFICATIONS

The Technical Specifications have been revised for the remainder of cycle 1
operation. Changes were the result of the following:

1. The pressure-temperature limits have been revised to incorperate the

affects of ORA rezoval, retainer installation, and rod bow penalty.

LS
.

System flow of 102X of design flow was usecd.

3. The low pressure s2:;oint has been raised to account for the LOCA small

break analysis (>2::u> function only).

4. Instrument drift nu=>:irs have been included for calibration drift in

accordance with itexz 2.C.(3)f. of the operating license.

Figures 2.1-1, 2.1-2, 2.2-1, 2.2-2, and 2.1 (Tech Spec numbering) illustrate

the revisions to previous Technical Specification limits.

-

ey
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Figure 2.1-2. Reactor Core Safety Limits
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Figure 2.2-i. Trip Setpoint for Nuclear Overpower Based un
RCS Flow and Axial Power Imbalance
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Figure 2.2-2.

RCS Flow and Axial Power Imbalance
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Core Outlet Pressure, Psig

Figure 2.1. TMI Unit 2 Pressure/Temperature Limits at
Maximum Allowable Power for Minimum DNBR
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