UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20855

SAFETY EVALUATION BY THE CFFICE OF NUCLEAR REACTOR REGULATICN

RELATED TC AMENDMENT MO, 130 TO FACILITY OPFRATTMG LICENSE NO., DPR-53

BALTIMORE GAS ANC ELECTPTC COMPANY

CALVERT CLIFFS NUCLEAR POWER PLANT, UMIT 1

POCKET NO, §0-317

1.0 INTRODUCTION

Rv letter dated Februarv 17, 1S6€, as supplemented on March 1, March 258 (2
letters' arc April 14, 1988, the Baltimore Gas ond Electric Company (RGAE or
the Ticensee) submitted a request for an amendment to its creratiro license for
Calvert C1iffs Init No, ! to olluw vperation for a tenth cycle at a 100% rated
core power of 2700 MWt (Ref, 1), The licensee alsc submitted proposed modifi-
caticrns tc the Technical Specificetions (TS) for Cycle 10, Cycle 10 will have
a 24 nonth cycle length as compared to '® months for the previocus crcle.

The licersee submitted a final camera-reacdy copy of the previously requestec
TS on April 14, 1988,

The supplererts to the February 17, 1928 submittal dia not affect the propusec

TE change nouticed in the Federal Register on April 15, 1988, with correcticn

cr April 29, 1988, and did not afect the staff's proposed no signi€icant hazards
determination,

The NRC staff has reviewed the applicaticr ard the supporting documents 'Pefs,
¢ & 3) ancd hes prepared the followine eveluation of the fuel design, nuclear
design, thermal-hydraulic desier, and TS chances.

2.0 EVALUATION OF FUEL DESIGN

2.1 Fuyel Assemblv Description

The Cycle 10 core consists of 217 fuel assemblies. Ninety-six fresh (urirradiated)
Ratch M assemblies wil) replace previously irradiated assemblies, 0Of these 9f
fresh assemblies, 92 will be manufactured by Comhustion Engineering (CE) and four
by Acvanced Nuclear Fuels (ANF) Corporaticn, and are placed in the Cycle 1C core

as an aid in qualifying ANF €ue! €cr 74 month cvcle operation., The 92 fresh CE
assemblies will consist of 16 unshimmed Ratch M assemblies and 76 Batch M+
assemblies each contairire 12 R,C rods for neutronic shimming ana having an

initial assembly averace enrichment of 4,08 weight percent (w/o) U-235, The
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four ANF Batch MX demonstration assemblies contain 12 fuel bearing Gd,0, rods
for shimming and have an initial assembly average enrichment of 3.85 5/3 U235,

2.2 Mechanical Design

The mechanical design of the CE Batch M reload fuel is identical to the Batch
K fuel previously inserted in Calvert Cliffs Unit 1, A1)l CE fuel to be locaded
for the Cycle 10 core was reviewed to ascertain that adequate shoulder gap
clearance exists, Analyses were performed with approved models and the
licensee concluded that all shoulder gap and fuel assemhly length clearances
are adequate for Cycle 10, The replacement control element assembly (CEA) to
be used in the center location of the core will have the same reconstituted
features as the replacement CEA installed in the reference cycle,

The mechanical design features of the ANF lead fuel assemblies are described
in Reference 3. Most of the assembly and core interface dimensions are
identical to the Cf. fuel assemblies. Diffe ences in the upper and lower end
fitting height and overall assembly height should not affect the performance
of either fuel assembly, Experience with similar ANF fuel designs co-residing
adjacent to CE reload fuel in the Maine Yankee, Fort Calhoun, and St. Lucie
Unit 1 cores have caused no unexpected problems or operational difficulties.
Therefore, the staff finds the ANF lead assemblies to be mechanically
compatible with the co-resident CE fuel during Cycle 10,

2.3 Thermal Design

The thermal performance of the CE fuel in Cycle 10 was evaluated using the
FATES3B fuel evaluation model (Ref, 4), The staff issued an SER (Ref, &)
approving the use of FATES3B for BGAE licensing submittals., The licensee
analyzed a composite, standard fuel pin that enveloped the various CE fue!
batches in Cycle 10, The analysis modeled the power and burnup levels
representative of the peak pin at each burnup interval, Although the burnup
range analyze- for the peak pin was greater than that expected at the end of
Cycle 10, approximately 0.3% of the fuel pins will achieve burnups greater
than the 52,000 MWD/T value approved for CE fue! (Ref. 6) if Cycles 9 and 10
are operated to their maximum burnups. In response to the staff's request,
the ‘icensee confirmed that these few high burnup pins will be in low power
regions of the Cycle 10 core and the maximum pressure within these pins will
not reach the nominal reactor coolant system pressure of 2250 psia (Ref. 7).

Evaluations have been performed to show that the four ANF lead assemblies are
thermally compatible with the existing CE fuel assemblies and meet the
appropriate fuel thermal desian criteria required by the staff (Ref. 3).

Based on its review of the information discussed above, the staff concludes
that the evaluation of the thermal design of the CE and ANF fuel for Cycle 10
is acceptable,




3.0 EVALUATION OF NUCLEAR DESIGN

3.1 Fuel Management

The Cvcle 10 core consists of 217 fuel assemblies, each having a 14 by 14 fuel
rod array, A general description of the core loading is given in Section 2.1
of this SER, The highest U-225 enrichment occurs in the CE Batch M fue
assemblies which contain an assembly average enrichment of 4,08 w/0 U-235,

The Calvert C1iffs fuel storage facilities have been approved for storage of
fuel of maximum enrichment of 4,10 w/o U-235 and, therefore, the fresh Batch M
assemblies are acceptable from a fuel storag? aspect,

The Cycle 10 core will use a low-leakage fuel manacement scheme. With the
proposed loading, the Cycle 10 reactivity 1ifetime for full power operation is
expected to be 21,400 MWD/T based on a Cycle 9 length of 11,8C0 MWD/T. The
analyses presented by the licensee will accommodate a Cycle 10 length between
20,600 MWD/T and 21,800 MWD/T based on Cycle 9 lengths between 9,800 MWD/T and
11,800 MWD/T.

3.2 Power Distribution

Mot full power (HFP) fuel assemblv relative power densities are given in the
reload analysis report for beginning-of-cycle (BOC), middle-of-cycle (MOC),
and end-of-cycle (EOC) unrodded configurations. Radial power distributions at
BOC and ECC are also given for control element assembly (CEA) Bank 5, the lead
requlating bank, fully inserted. These distributions are characteristic of
the high burnup end of the Cycle 2 shutdown window and tend to increase the
radial power peakina in the Cycle 10 core., The four ANF lead test assemblies
were calculated to have maximum pin power peaking at least 10% lower than the
maximum pin peaking in the core under all expected Cycle 10 operating
conditions, The distributions were calculated with approved methods and
include the increased power peakinag which is characteristic of fuel rods
adjacent to water holes. In addition, the safety and setpoint analyses
conservatively include uncertainties and other allowances so that the power
peaking values actually used are higher than those expected tc occur at any
time in Cycle 10, Therefore, the predicted Cvcle 10 power distributions are
acceptable,

3.3 Reactivity Coefficients

In order to accommodate 24 month cycles, the moderasor temperature coefficient
(MTC) 1imit above 70% power is raisgd from +0,2x107" delta rho/° F to a value
which vagpies linearly from +0,3x10 " delta rho/° F at 100% power to

+0.7x10 " delta rho/? F at 70% power. The staff has previously expressed
concern about the r.sitive MTC effect on the generic anticipated transients
without scram (ATWS) assumptions and BGLE has stated that they will address
the generic ATWS implications, if any, in the future. In the interim, the
staff has approved operation for core designs with allowable positive MTF
values provided that the MTC becomes negative at 100% power and equilibr um
xenon conditions. The licensee has predicted a,negative MTC at hot full
power, equilibrium xenon conditions of -0.2x10"" delta rho/° F for Cycle 10
and has committed to a full power neqgative value at equilibrium xenon
conditions (Ref, 7).,



The Doppler coefficient for Cycle 1C is a best estimate value exrected ty be
accurate to within 15%, These reactivity coetticient values are hounded hv
the values used in the safety analyses for the reference cycle Calvert Cliffs
IInit 2 Cvcle 8), The staff, therefore, finds the values of the MT(s and
Doppler cuetficients to be acceptable.

3.4 Control Requirements

The CEA worths and shutdown margin requiremente at the most limiting time for
the Cycle 10 nyclear desion. that i<, for the ECC, are presented in Refererce
7. These values are based on an T0C, kot 7ero power (HZP), steamline break
accident, At FOC 10, the reactivity werth with all CEAs inserted is §.0%
Celta rho, An allowance of 1.1% delta rho is made for the stuck CEA which
vields the worst results for the EOC MIP steamline break accident. An
ailuwance of 2,0% delta rho is made “cr CFA insertion in accordance with the
cower cependent insertion limit (PRIL'. The calculated scram worth is the
total CEA wurth less the werth cf tne stuck CEA and less the worth of CEA
insertion to the PDIL and '3 5.9% delta rhe. Deducting 0.8% delta rho for
physics uncertainty and bias vields a2 ret available scram worth of £,1% delta
rho. Since the TS E0C shutdown marain at zero pcwer is 5.0% delta rho, a margin
of 0.1% delta rho exists ir excess of the TS shutdown margin, Therefore,
sufficient CEA worth is availahle to accommodate the reectivity effects of the
steam line hre2v event at the wo~st time in core 1ife allowing for the most
reactive CFLA stuck 1n the Tull v thdrawn position, The staff ccrcludes that
the licen:ee's assessment of reactivity cuntrol is suitably conservative and
that acecizte regative reactivity worth hes been provided by the control svster
to assure shutdown capabiiity assuming a stuck CEA that resu'te ir the worst
reactivity cercition for an EOC, HZIP steamline trec® cccident. Thus, the
control reauirements are acceptable,

2,5 Safetv Related Data

(ther satety related data such as 1imiting parameters of dropped CEA
reectivity worth and the mayimum reactivity worth and planar pouwer pecks
ésscCrated with an ejected CEA for Cycle 'M are identical to the values usec
in the reference cvcle and are, therefore, acceptable.

4.0 EVALUATIOM OF THERMAL-HYDRAULIC DESIGN

4,1 DNBR Analysis

Steadv state thermal-hydraulic analysis of CE fuel for Cycle 10 is performed
usina the approved core thermal-hydraulic code TCRC and the CE-1 critical heat
flux correlation (Pef. €). The core and hot channe! are mcdeled with the
approved method described in CENPD-206-P-A (Ref., 9). The design thermal marain
aralvsis 1s pertormed using the fast running veriation of the TORC code, CETOP.D
Rer. 10}, which has been approved fer Celvert CTi¥fs with the appropriate hot
assembly 1nlet flow starvatier factors to assure its conservatism with respect
to TORC. The ergineering hot channel factors for heat flux, hest input, rod
pitch and cladding cdiameter are comhined statisticaily with other uncertainty
“ectors using the approved extenced statistical combination of urcertaintius
[ESCU) method described in CEN-24E(k)-P (Ref, 11) to arrive at an ecuivalent
decarture from nucleate boiling ratic ([MBP' limit of 1,15 at a 95/9%
probability/confidence level,



CNBE analyses were also performed to assess the ocerfourmance of the ANF leag
assemblies (Ref. 2) using the YCOFRA.II! code (Ref, 17) and the ANF approved
thermal-hydraulic methodoloay for mixed fuel cores /Ref. 12), The XNB departure
from nucleate hoiling correlation (Ref, ld; has been shown to be applicable to
co-resident CE and ANF fuel (Refs, 14 & 15) and the staff conc'udes that it ‘¢
ecceptable to apply it to the mixed Cycle 10 core containing the fuur ANF lead

fuel assemblies, The results indicate that the ANF Tead cssemhlies exhibit hicher
MDNBRs than the hgt Ct assembly due to the 5% lower assemblv power at which the

8NF lead assemblies were simylated., Since the insertion of the AMF leac assemhlies
dces not significantly affect the minimum DNRR (MDNBR) of the hot CE assembly, which
establishes the core MCVER, the staff concludes that the ccre MCERP 15 essentially
uncharcec kv ircertion of the four ANF lead assemblies and thus the design
critericn on CNBR is satisfied by the mixed core containina ANF lead 2ccerbies.
Thus. the results of *the DNBR analysic are acceptable.

4.2 Fuel Rod Rowing

The fuel rod bow peralty accounts for the adverse impact on MONBR of random
variations in spacino betveen fue! rods. The methodology tor cetermining rod
bow penalties for Calvert Cliffs was besecd cr the NRC approved methods
presented in the CE topical repcrt on fuel and poison rod bowing (Fe<. 16°.
The peralty at 45,000 MWD/T burnup is 0.006 in MONRR, This penaltv ‘s
included in the ESCU urcertainty allowance discussed above. Fer those
assemblies with average burnup in excess of 45.000 MWD/T, sufficient margin
exists to offset rod bow penalties, The staff, therefore, concluces thet

the analvsis of fuel rod Low penalty is acceptable.

8.0 FVALUATICK 0F SAFETY ANALYSES

5.1 Son-LOCA Fvents

For the non-LNCA safetv analvses, the licensee has determined that the key
input parameters for the transient and accident analvses 'ie witkin the bounds
of these of the reference cycle Unit 2 Cvcle &', As noted in Section 6.0,

the shutdown margin 7S is being changed from a singular value to z variable
ranging from 3,5% delta rho at ROC to £.0% delta rho at E0C., The EOC shutdown
maroin recuirement is determined by the stesm line rupture event and a reevaluation
of this event at EOC 10 with the revised shutdown margin has indicated that it
is less 1imitina than the reference analysis. The staff, therefare, concludes
that the non-LCCA transient and accident events for Cvcle 10 are hounded by the
refeience analyses and, therefore. the results of the non-LOCA safety aralysis
are acceptable,

5.2 LOCA Events

The large break loss of coolant accident (LOCA) has buen reznalvred for Cycle
10 to demonstrate that 2 peak linear heat generation rate (PLHGR) of 15.5
kw/ft comp)ies with the acceptance criteria o 10 CFP 0,46 for emergency core
cooling systems (ECCS) for liaht water reactors. The Cycle 1C analvsis, as
the reference cycle analysis, was performed with the 1985 CF evaluation mcce)
which was approved in Reference 17. The Cycle 10 analysis showed that the
double ended guillotine pipe break at the pump discharge with a discharge
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coefficient of 0.6 (0,6 DEG/PD) gave the highest peak clad temperature. Table
8.1-1 of the reload report provides the input parameters for the fuel for
Cycle 10 and the reference cycle. Table 8,1-2 presents the results of the
analysis for the limiting break for Cycle 10 and the reference cycle. The
results for the limiting Cycle 10 break show that (1) the peak clad
temperature is 1983° F which is well below the acceptance criterion of 2200° F
and (2) the maximum local and core wide oxidation values are 4,14% and less
than 0,.51%, respectively, and these are well below the acceptance criteria of
17% and 1%, respectively. The analysis considered up to 500 plugged tubes per
steam generator and a 40 second safety injection pump response time. Since the
Cycle 10 large break LOCA ECCS analysis has shown that both the peak clad
temperature and clad oxidation meet the acceptance criteria of 10 CFR 50.46,
the operation of Cycle 10 at an allowable PLHGR of 15.5 kw/ft is acceptable.

The licensee reports that analyses have confirmed that small break loss of
coolant accident (SBLOCA) results for Calvert Cliffs Unit 1 Cycle 8, which is
the reference cycle for SBLOCA, bound the Calvert Cl1iffs Unit 1 Cycle 10
results, Unlike the large break LOCA analysis, the SBLOCA considered only 100
plugged tubes per steam generator. The increased safety injection pump
response time considered in the large break analysis also was not evaluated
for the SBLOCA analysis. Since the acceptance criteria for the SBLOCA are
met, the operation of Cycle 10 at an allowable PLHGR of 15.5 kw/f%, with up to
100 plugged tubes per steam generator, is acceptable.

6.0 TECHNICAL SPECIFICATIONS

As indicated in tne staff's evaluation of the nuclear design, provided in
Section 3, the operating characteristics of Cycle 10 were calculated with
approved methods, The proposed TS are the results of the cycle specific
analyses for, among other thinas, power peaking and control rod worths., The
analyses performed include the implementation of a low-leakage fuel shuffle
pattern with fue! enrichments and burnable poison loadings and distributions
chosen to provide a cycle length of 24 months., Some of the requested TS
changes involve changes to both Unit 1 and Unit 2 TS, Each proposed change is
discussed below.

6.1 Figure 2.2-2 Thermal Marain/Low Pressure Trip Setpoint-Part 1

Fiqure 2.2-2 is modified due to a revision in the curve fit for the TM/LP trip
setpoint to accommodate the implementation of the extended statistical
combination of uncertainties methodology. The setpoint analysis uses this
methodology and the licensee has determined that acceptable results are obtairad
for Cycle 10, The changes to Figure 2,2-2 are, therefore, acceptable,.

6.0 Figure 2.2-3 Thermal Marcin/Low Pressure Trip Setpoint-Part 2

Figure 2.2-2 is modified for the same reason as Figure 2.2-2 and the change is
acceptable for the same reason,
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6.3 Bases 2.1.1 and 2.2.1

The text is modified to replace a specific MONBR value with the phrase DNB
SAFDL., The use of a phrase in place of a specific MONBR value was recommended
in the extended SCU methodology (Ref. 11) and approved by the staff (Ref, 18).
The change is, therefore, acceptable.

6.4 Technical Specification 3.1.1.1 Shutdown Margin

Two modifications are proposed for this TS. First, the shutdown margin is
changed from a constant value to text which refers to a new Figure 3.1-1b which
presents shutdown margin as a functisn of time in cycle., Since the required
shutdown margin varies throughout the cycle due to fuel deplation, boron
concentration and moderator temperature and this variation with cycle time

has been incorporated in all the appropriate safety analyses for Cycle 10, this
change is acceptable,

The shutdown margin at EOC is increased from 3.5% delta k/k to 5.0% delta k/k.
The analysis of the Cycle 10 steam line rupture analysis, which is 1imiting at hot
zero power EOC conaitions, supports this change and it is, therefore, acceptable,

6.5 Technical Specification 3.1.1.4 Moderator Temperature Coefficient

The MTC 1imit above 70% power is being raisqd from +0.2x10'4 delta rho/® F to
a va1ue_xh1ch varies linearly from +0,3x10 ~ delta rho/° F at 100% power to
+0.7x10 ~ delta rho/® F at 70% power. This change is being implemented to
accommcdate 24 month cycles and to facilitate initial reactor startup at the
beginning of the cycle, The licensee has committed to a negative MTC at hot
full power, equilibrium xenon cond1tioga. As mentioned in Sectior 3.3, this
value has been predicted to be -0.2x10 " delta rho/° F, The feedline break
analysis which supports this change is applicable to Cycle 10 and, therefore,
the proposed change is acceptable,

6.6 Figure 3,1-2 CEA Group Insertion Limits

The transient insertion limit between %0% and 100% power is being increased
from an allowed insertion limit which varies linearly from 35% for Bank 5 at
S0% power to 25% at 100% power, to a constant value of 35%. This change, which
{s being made to enhance the ability to contro! axial oscillations near EOC,
has been incorporated into all of the Cycle 10 physics, safety and setpoint
analyses and is, therefore, acceptable,

6.7 Figure 2,2-1 Axial Power Distribution Trip LSSS

Figure 2.2-1 is modified to increase the positive and negative axial shape
index (ASI) regions below 70% power. The setpoint analysis uses the modified
results given by Figure 2,2-1 and the licensee has determined that acceptable
results are obtained for Unit 1 Cycle 10 and Unit 2 Cycle 8. The changes to
Figure 2,.2-1 are, therefore, acceptable for both units.
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6.8 Fiqure 2.2-2 Linear Heat Rate Axial Flux (Mffset Control Limits
And Fiqure J.2-4 DNB Axia' F'uy (ffset Control Limits

These Fiqures are modified tc increase the negative ASI limits btelow 50% power.
The Ticensee has evaluated the effect ¢€ the preposed new limits on the Unit 1
Cycle 10 and Unit 2 Cvcle 8 transient aralvses, margin to fuel centerline melt
limits, margin to ONB limits, marain to LOCA PLHGR 1imit, core pcver versus planar
radial peaking facter LCO, TM/LP LSSS, and core power versus inteqrated radial
peaking €acter LCC and has determined that acceptable results are obtained, The
changes are, therefore, acceptable for !'nit 1 Cvcle 10 and Unit 2 Cycle £,

TN SI'MMARY

The staff has reviewed the fuel system design, nuclear desicn, thermal-
hydraulic desicr, ard *he transient and accident analysis information

presented in the Calvert Cliffs Unit 1 Cycle 1C relcacd submittals, BRased on
this review, which is describec cbove, the staff conciudes that the preoposed
Cvcle 1C reload and associated modified TS ere acceptable. This conclusicn is
further tased cn the followina: (1) previcuslyv reviewed and approved methods
were used in the analyses; 7' the results of the safety analyses show that al)
safety criteria are met; and '2) the proposed TS are consistent with the reload
safety analvees,

£.0 ENVIRONMENTAL CONSIDERATION

These amendments involve a change in the .nstallation or use of the ‘acilities’
compererts 'ocated within the restricted arees as definec in 10 CFR 20 and
chances in surveillance recuirements., The staff has deturmired that these
amendments invclve re cignificant increase in the amourts, and no sianificant
chanae in the types, of any effluents that mav be releaced offsite and that
there is no sianificant increase in individual or cumulative cccupaticna!l
rediation exposure., The Commission has crevicusly issued a proposed finding
that these anercdments involve no sianificaert Pararas consideration and there has
been no public comment cn such finding, Accordinaly, these smenaments meet the
cligibility criteria for categorica! exclusion set forth in 10 CFP Sec 51.22(c¢)(9).
Pursuant to 10 CFR 51,22/b) no environwental impact statement or envirormental
assessment neec e prepared in connection with the 1ssuance of these amendments.

9.0 CONCLUSICN

we have concluded, based cr the considerations discussed e¢bove, that: (1) there
ts reasonable assurance that the health and safety of the public will not be
erdargered bv operation in the proposed ranner, and (Z) such activities will

ke ccncucted in compliance with the Conmission's requlations and the issuznce

of these amendments will not be inimical to the common defense and securityv or
to the heaith and safetv of the public,

Dated: ‘tay 15, 1988

PRINCIPAL CONTRIRI'TCR:

L. ¥Xopp
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