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1.0 Introduction

By applications dated August 10, 1979 and May 9, August 29 and September 30,
1980 and supplemental information as listed in the reference sections, Norttz2ast
Nuclear Energy Company (NNECO or the licensee) requested an amendment to
Facility Operating License No. DPR-65 for the Millstone Nuclear Power Station,
Unit No. 2 (Millstone-2 or the facility). The amendment request consists

of::

° Appendix A (Safety) Technical Specifications (TS) changes resulting
from the analyses of the Cycle 4 reload fuel;

° Continued approval to operate with modified (sleeved, reduced flow
and insert) Control Element Assembly (CEA) guide tubes;

° Approval of Engineering Safety Features, (ESF) component leakage
outside containment TS;

° Continued approval of low temperature operation for special tests;
and

Preventing containment purging in Modes 1, 2, 3 and 4.

The associated specific TS changes are described in Section 3.0 of the following
Safety Evaluation (SE).

In adaition, this SE addresses our evaluation of:
° Mode 5 boron dilution event review,
° Containment electrical penetrations replacement;
° Steam generator tube and suppori plate inspection;

° Reactor coolant pump (RCP) speed sensing proximity probe and transmitter
qualification;

° Reactor cavity neutron shield dose reduction;
° Steam generator feeawater piping inspections;

° Replacement of stem mounted limit switches; and

° Reactor cooling system (RCS) vent installation.
In early 1977, NNECO indicated to the NRC staff their intention to change fuel
assembly vendors from Combustion Engineering, Inc. (CE) to Westinghouse Electric
Corporation (W). Meetings were held at least once per year to keep the staff aware
of progress on this project (References 2, 1&, 26 and 40). The proposed reload

licensing schedule and official application were submitted in February and May
1980, respectively (References 22 and 33). In March 1980, NNECO submitted the
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Basic Safety Report (BSR), (Reference 20) authorized by W for Millstone-2. On
June 3, 1980, the Reload Safety Analysis (RSA), which gave the specific analysis
results for Cycle 4 operation, was submitted (Reference 39). Other infor-
mation is as listed in the letter references (Section 7.0 of this SE).

The basic anproar* taken by NNECO and W was to determine where the Cycle 3
analysis by CE is bounding the Cycle 4 analysis. This is logical since two-
thirds of the Cycle 4 core remains CE fuel. In the majority of cases, such
bounding is achieved according to the licensee. The staff review consists
of confirming that the Cycle 4 analysis is indeed bounded by the Cycle 3
analysis of recora and, where such condition does not exist, perform a com-
plete review of the licensee analysis.

In our Reference 11 letter transmitting the Cycle 3 authorization for operation
a number of open issues were addressed. NNECO has proviaded the information
necessary to evaluate these items, and we will evaluate each in Sections

2.9 through 2.14 of this SE. In aadition, modifications performed tc add

a RCS vent system will need to be partially evaluated in Section 2.17.



2.0 Discussion and Evaluation

In this evaluation of the Cycle 4 reload using, for the first time, fuel
acsemblies designed and manufactured by Westinghouse in the Millstone-Z
core, use is made of our generic review of the Reference 10 BSR and various
other topical reports. Some of the topical reports have received formal
\RC staff approval. 1In all cases where a topical report has not received
such an approval, the report has been examined, its methods judged to be
reasonable, and an appraisal has been made that a complete review will

not reveal the methodology to be significantly in error. On this basis,
all topicals referenced are judged to be acceptable for this reload of
Millstone-2 and for operation at the licensed power level of 2700 MWt.

2.1 Physical Core Design

During the Cycle 4 refueling outage of Millstone-2, 4 Batch B and 68 Batch

C fuel assemblies of the CE design will be discharged and replaced with

72 new Batch F fuel assemblies of the W design. The pertinent characteristics
of the Cycle 4 core are:

Initial B80C £E0C

Assembly Number of Enrichment Burnup Average Burnup Average
Designation Vendor Assemblies _w/0 U235 (MWD/MTU) (MWD/MTU)

B+ CE ] 2.336 17566 286106

D1 CE 24 2.7349 21363 32413

D2 CE 48 3.0207 19380 30430

£ Ct 24 2.730 12759 23809

£2 CE 48 3839 8829 19879

Fl W 24 2.70 0 11050

F2 " 48 3.30 V] 11050

2.1.1 Fuel Desian

The objectives of the fuel system safety review are to provide assurance

that: (a) the fuel system is not damaged as a result of normal operation and
anticipated operational occurrencs; (b) fuel system damage is never SO severe
as to prevent control rod insertion when it is requirea; (c) the number of

fuel rod failures is not underestimatea for postulated accicents; anc (d)
coolability is always maintained. We have reviewed the information proviced by
the licensee in support of Millstone-Z Cycie 4 operation to insure these ob-
jectives are met.

The Millstone-2 Cycle 4 core will be comprised of: (a) 145 fuel assemblies that
were manufactured by CE, the original NSSS venador; and (bY 72 fuel acscmdlies
supplied by W, the Cycle 4 reload fuel vendor.
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The fuel maragement pattern was developed to accommodate a Cycle 3 endpoint
exposure range of 9850 MWD/MTU to 10850 MWD/MTU. The actual core exposure
achieved during Cycle 3 was 10391 MWD/MTU bringing the core average End

of Cycle (EOC) exposure to 20833 MWD/MTU. After the core reload, the Beginning
of Cycle (BOC) 4 core exposure will be 10381 MWD/MTU making the predicted

EOC 4 average core exposure about 21431 MWD/MTU.

The W reload fuel was designed to be geometrically similar and compatible
with the CE fuel presently in Millstone-2 (Ct Reference). The following
table provides a comparison of the fuel mechanical designs.

Design Parameters CE Reference W Reload
Fuel Assembly
Fuel Rod Array 14x14 14x14
Number of Fuel Roas 176 176
Number of Spacer Grias 9 9
Number of Control Rod Guide Tubes 4 4
Number of Instrument Tubes ] 1
kssembly Pitch (inches) 8.180 8.180
Fuel Rod Pitch (inch) 0.580 0.580
Fuel Pellets
Length (inch) 0.450 0.600
Column Height, cold (inches) 136.7 136.7
Theoretical Density (percent) 94.75 - 95.L 45.v
Diameter (inch) 0.5765 U. 3805

Fuel Claading

Quter Diameter (inch) 0.440 0.440

Thickness (inzch) 0.026 - 0.UZb 0.026
Control Rod Guide Tube

Quter Diameter (inches) 1.035 1.035

Thickness (inch) 0.038 0.038
Instrunent Tube

Outer Diameter (inches) 1.U35 1.035

Thickness (inch) U.040 0.038

CE will not be supplying any of the fresh fuel assemblies for the Cycle 4
reload core. Therefore the safety evaluation of Cycle & operation with
residual CE supplied fuel assemblies is mostly unchanged relative to that

of the previous Cycle 3 reload safety evaluation report (Reference 11).
However, our review has identified several issues related to the CE fuel that



require judicious consideration. These issues arise and will be addressed
mainly because of the higher exposures that residual CE fuel assemblies
will achieve during Cycle 4 operation.

To ensure that the design bases of the Millstone-2 Cycle 4 reload fuel

are met, W used their standard evaluation techniques including their fuel
performance model. These are described in the Basic Safety Report (Reference
25). With exception of the fuel rod interna) gas pressure design basis,

the specific design bases are given in RESAR-414 (Reference a). The K

reload fuel rods are designed such that the internal gas pressure will

not exceed the nominal primary system coolant pressure duriag the design

life of the fuel. This is an acceptable criterion according to the Standard
Review Plan (Section 4.2) and it is more conservative than the criterion
used in RESAR-414.

To establish the Reactor Protection System (RPS) setpoints, which determine
Limiting Safety System Settings (LSSS) and the Limiting Conditions for Operation
(LCOs), the W fuel is designed to conform to the following Specified kcceptable
Fuel Design Uimits (SAFDLs).

1. The peak linear heat rate must be below that which would cause incipient
fuel centerline melting (4700°F).

2. The departure from nucleate boiling thermal limits must not be exceeaed

These two SAFDLS are equivalent to the original SAFOLs usea by CE, ana they
have been traditionally accepted by NRC.

2.1.2 Design Error

In accordance with the requirements of 10 CFR Part 21 ("Reporting of Defects
and Noncompliance"), NNECO notified the NRC Of fice of lnspection ana tnforce-
ment of a fuel design error in the 72 W reloaa fuel assemhlies to be used in
Millstone-2 Cycle 4 operation (Reference 46).

Tne design error was discovered by W after shipment of fuel to the site.
Specifically the design error was the result of 2 miscalculation in sizing
the vertical dimension between the top of the guice thimble tube end plugs
ana the seating surface of the control element assenply (CEA). The revised
calculations indicated that there would be inégequate clearance for CtA
penetration during a scram at system operating terperature. K estimated
‘Peference 54) that the fuel assemblies would have peen capable of sustaining

such loading, but there was a potential for CEA damage due tO impacting loads
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and frequency of collapse (Reference ¢). The COLLAP computer code is used
to perform these calculations. The revised model was accepted for use

in safety analysis related to licensing subject to provisions specified

in our safety evaluation report (Reference e), which required that no alter-
ations to the specified curves used as input to the model be made. We

find the model has been applied in the approved manner and, therefore,

the cladding collapse calculations have been performed acceptably.

A1l W reload fuel rods are internally prepressurized with helium during
final welding to reduce cladding compressive stresses during service.

The combination of the level of prepressurization, g5% theoretical density
fuel pellets, and cla’'ding wall load-carrying capacity have been designed
to preclude cladding collapse during the projected Cycle 4 lifet: # in
Millstone-2.

We conclude that the fuel rod cladding in Millstone-2 Cycle 4 core will
not collapse and is, therefore, acceptable.

2.1.4 Fue) Rod Bowing

NNECO evaluated the fuel rod bowing effects on DNER margin for Millstone-2
Cycle 4 CE fuel (Reference 60'. Within the range of Cycle 3 termination
points and predicted Cycle 4 .ifetimes, no more than 73 assemblies will
exceed the DNB reduction or penalty threshold burnup of 24,000 MWD/MTU.

At EOC 4, the maximum burnup attained by any of these assemblies will be
35,800 MWD/MTU. 1he corresponding DNB penalty for 35,800 MWD/MTU is less
than 4.4 percent.

ine licensee has performed an exariination of the power Jistributions that
shows the maximum radial peak at HFP in any of the assemblies that eventually
exceed 24,000 MWD/MTU is at least 15 percent less than the maximum radial
peak in the entire core (Reference 60). Since the percent increase in

DNBR shoula not be less than the percent gecrease in radial peak, there
exists at least 15 percent DNB margin for assemblies exceeding 24,000 MWD /MTU
relative to the DNB limits established by other assemblies in the core.

we, therefore, conclude that there is no need for a Cycle 4 rod bowing
penalty on the CE fuel.

In the BSR (Reference 25), W has used a formula from the unapproved topical
report WCAP-8691 that projects anticipated rod bow magnituaes aue solely

to geometrical changes in the fuel rod thickness and ciameter and spacer
grid span length (Reference f). This formula has been somewhat controversial
and has in the past peen rejected by NRC. Therefore, we have required

that the degree of rod bowing in the W reload fuel be calculated with the
existing approved method, which is reTatively more conservative.



W has subsequently recalculated the degree of rod bowing with the approved
method (Reference 44). This recalculation shows that the average burnup

at which time a gap closure of 50% is attained is 32,000 MWD/MTU. (The
value of 50% corresponds to the gap -iosure at which a possible DNBR penalty

is requirea on W fuel designs.) Consequently, W has concluded that there |
is no need for a DNBR penalty on the W designed fuel assemblies.

We, therefore, conclude that there is no need for a Cycle 4 rod bowing

penalty on the W fuel.

2.1.5 Thermal Performance

The engineering methods used by W to analyze the densification effects

on fuel thermal performance have been previously submitted to the staff

ana approved for use in licensing (Reference g). The methods include testing,
mechanical analyses, thermal and hydraulic analyses, and accident analyses.
The results of our review are reported in a technical report on the densifi-
cation of W PWR fuel (Reference h), and additional information on densifi-
cation methods can be found in “The Analysis of Fuel Densification,” NUREG-
0085 (Reference 1).

The improved W fuel thermal performance code as described in WCAP-8720 was
used for the Millstone-Z safety analysis (Reference j). This code contains
a revision of an earlier fission gas release mogel and revised models for
helium solubility, fuel swelling, and fuel gensification.

The new W code was approved with four restrictions as describea in our safety
evaluation of February 9, 1979 (Reference k). Three of those restrictions
deal with numerical 1imits and have been complied with by the licensee. Ihe
fourth restriction relates to the use of the PAD-3.3 coge for the analysis of
fission gas release from uranium dioxide (UDz) tor power increasing conditions
during normal operation. This restriction applies to the safety analysis of
Millstone-2. However, W has stated that *.is restriction does not adversely
affect the results of the safety anmalyses perfor.ed for Millstone-2. Although
we believe that this is essentially correct fur the planned operation of
Millstone-Z, W has prepared and submitted a detailed evaluation of this
restriction (Reference 1).

At this time, we have not completed our review of the W evaluation of this
restriction. However, our review has progressed to tne peint where tne
following conclusions can be made:
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° The W evaluation of our restriction on the use of the PAD-3.3
code supports their earlier statement that the restriction does not
adversely affect the results of the safety analyses performed
for Millstone-2.

° We continue to believe that this result is essentially correct
and anticipate some additional information from W to confirm

this conclusion.

° Because the restriction pertains to the release of fission gases
from the fuel, any change in our conclusions would not have signi-
ficant impact at low burnup, when the fission gas inventory in the

fuel is low.

At this time, we can therefore state that for Cycle 4 operaticn at full power,
the restriction for PAD-3.3 is not signif> "ant and the analyses as presently

docketed are acceptable.

2.1.6 Fuel Rod and Spacer Grid Fratting Wear

The ¥ reload fuel for Millstone-2 employs a spacer arid/fuel rod support
(1.e., springs and dimples) design similar to that in standard W fuel
assemblies. Therefore, W has not seen a need to conduct long-duration flow
tests to investigate the grid/cladaing fretting wear potential of the new

W supplied fuzl for Millstone-2 Cycle 4 reload. For their standard fuel,

w has found acceptable experience in: (a) 1000-hour dquration flow tests
FTor several spacer arid/fuel roa configurations and; (b) post-irradiation
exaninations of spent fuel assemplies, whicn have not shown eviaence of
apprecizble wear. We agree that the » design and experience are sufficient
to conclude that the W reload fuel wiTl have an acceptable resistance to

fretting wear,

2.1.7 Swelling and Rupture During LOCA

The NRC staff has been generically evaluating three materials models that
are used in ECCS evaluation mogels. Those mogels are cladgding rupture
temserature, cladding burst strain, ano fuel assembly flow blockage. we
have: (a) met and discussed our review with ingustry representatives
(Reference m); (b) publishec NUPEG-U630, "Cladding Swelling and Rupture
Moogels for LOCA Analysis, (Reference n) anag; (c) required fuel vendors and
LWR licensees using Zircaloy cladding to confirm that their plants would
continue to be in conformance with the ECCS criteria of 10 CFR 50.4¢6 if
the materials models of NUREG-0630 were substituted for those models of
their ECCS evaluation models (Reference 16).
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NNECO has responded to our request for information concerning the new fuel
cladding materials models described in NUREG-0630 (References 20 and 21).
NNECO has reviewed all of the subject information supplied by CE and is

ia agreement with the results. Those results are that the calculated peak
.uel cladding temperature will be lowered with the use of e NUREG-0630
ramp-rate-dependent strain and flow blockage models, pr-vided that offsetting
margins are allowed for the use of the new CE revised theri2l-hydraulic
analyses, which has been previously submittea to NRC for review (Reference
4). The information provided did not address what impact the use of the
NUREG-0630 rupture temperature model would b .ve on the Millstone-2 LOCA
analysis. In the stress region of applicat on to the Millistone-2 analysis,
the NUREG-0630 rupture temperature model vaderpredicts (i.e., is more con-
servative) than the CE rupture temperature model. However, we believe

that the impact of this omission is adequately bounded by CE's conservative
use of only peak strain and flow blockage values that are given in NUREG-
0630, irrespective of the specific Millstone-2 claading failure stress

and temperature conditions. We therefore conclude that NNECO has provided
an acceptable justification that the original CE fuel in Millstone-Z will
remain in compliance with 10 CFR 50.46 criteria.

The W materials models for large-break LOCA analysis are described in WCAP-
0528 (Reference 12). These models are virtually the same as those used

in prior ECCS evaluation models by W and they were evaluated in NUREG-Ub30.
Small differences are attributable to modifications that were made to reflect
the geometrical differences in fuel designs for the Millstone-2 plant.

We have also required plant analyses performed with the ECCS evaluation

nodel as described in WCAP-9528 to be accorpanied by supplemental analyses

to be performea with the materiais models of NUREG-UB30.

Those supplemental calculations for the large-oreak LOCA analysis have peen
provided by NNECO (Referencc 53). Also addressed was a recently identified
non-conservatism of the W 1978 ECCS evaluation model. The new concern was

aiscovered by W who formally notified the staff in November 1979 (Reference
7Y

Specifically, W had discovered that the February 1978 _(CS evaluation model
was, in part, based on cladding burst tests which were conducted at relatively
fast temperature-ramp rates, whereas the LGCA analyses of actual plant heat-
up rates were at relatively slow temperature-ramp rates.

The NNECO Reference 53 submittal assessed the impact of this calculational
error and the NUREG-0630 models to be worth 855°F peak claading temperature
over that presently analyzed. Subsequently W calculated a required reduction
in total peakiny factor (Fy)of 0.0269 which woula offset the 855°F increnment
in peak cladding temperature.
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However, W had identified a margin in Fn available through the use of Millstone-
2 Cycle 4 specific fuel input parameters rather than using the previous con-
servative input parameters. This margin was identified as being worth 0.0271

in Fq. Thus no FQ reduction is required.

paced on the above, we find that the concerns related to LOCA-induced cladding
swelling and rupture are satisfied for Cycle 4.

2.1.8 Seismic and LOCA Mechanical Response

One of the NRC's generic unresolved safety issues deals with asymmetric
blowdown loads in a LOCA (References 3, 5 and o). For the fuel assemblies,
the asymmetric blowdown loads and the loads from the design-basis earthquake
are used to determine if fuel assembly components meet certain acceptance
criteria.

These analyses have been submitted Dy NNECO (References 23, 43 and 47). The
asymmetric blowdown loads for a whole core of CE fuel have shown that grid
seformation occurs in fuel assemblies adjacent to the core barrel, although
these deformations were shown not to have an effect on the limiting LOCA
analysis. However, the analysis was not done for the mixed (CE and W)

core, and the different mechanical properties (lnconel grid vs. Zircaloy
grid) and design differences could have an adverse effect (Reference §7).
The comparative statement that the W grid is stronger than the CE griag

is not adequate, and a complete analysis (seismic plus LOCA) for the mixed
core in Cycle 4 and future Cycles is, therefore, required.

The Lction Plan (Reference o) for dealing with asymmetric blowdown loaas
provides a perioa of time to achieve resolution of this issue and gives

a basic for continued plant operation within this period. Since the review
of this issue for Millstone-2Z is still active and will not be completed

for about a year, resolution is not required at this time. In oraer for

the fuel-related issue to reach resolution on the same schedule as the
generic issue, the fuel assembly analysis for a mixed core will need to

be submitted in about 6 months. NNECO has agreed to provide such an analysis
by April 1, 1981. On the busis of NNECO's commitment to perform this analysis
and the grace period alluwed 1n the unresolved safety issue Task Action

Flan, this issue 1s adequately resolved for the initiation of Cycle & oper-
ation.

z.2 Nuclear Analyses

The nuclear design model used for the analysis of the Millstone-2 Cycle
4 core using W reload fuel consists of design procedures, computer codes,
and nuclear data libraries previously used by W for the analysis of W cores.
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Because of some differences between the Millstone-2 (CE type core) and

W reactor cores, some slight changes to the geometry descriptions in the
computer codes were required. In addition to verifying these W standard
nuclear design methods by application to critical experiments and W oper-
ating reactor data, the methods have been further verified by analysis

of measured data from previous Millstone-Z cycles.

For Cycle 4, the following W computer codes were used: (1) fuel and non-fuel
neutron cross sections were obtained with LEOPARD ana CINDER, while cross
sections for CEAs were calculated by HAMMER ana AIM; (2) the TURTLE code

was used for two- and three-dimensional diffusion depletion calculations;

and (3) PANDA was used for axial diffusion depletion calculations. The
PALADON noda) analysis code was used for core design and safety analysis
calculations which require full core descriptions.

Since these codes have all either been reviewed and approved by the staff or
are industry-wide accepted codes, we find their use acceptable for this reload.

¢.2.1 MNuclear Parameters

Comparisons between measured and predicted startup physics data from Cycles
], 2 and 3 are presented i the pSR for CEA worth, critical boron concentra-
tion, isothermal tempera® coefficient, and radial power distribution.

The agreement, in general, -5 good and is consistent with that obtainea

by other vendors with currently approved design methods and is, therefore,
acceptable. A summary of core physics characteristics for Cycle 3 and
those predicted for Cycle 4 is as follows:

Units Cycle 3 Cycle 4

Dissolved Boron

(ritical Boron Concentration

(CEAs witharawn)

Hot, Full Power, Equilibrium pPPM 830 1000

Xxenon, BOC

Boron Worth

Full Power, BOC PPM/%A0 94 9

Full Power, EOC PPM/ %4 74 ue
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Units Cycle 3 Cycle 4
Reactivity Coefficients
(CERs i!tharawnl
Moderator Temperature
Coefficients
-4
Hot, Full Power, Equilibrium 10 Ap/F - W2 - .47
Xxenon, BOC
-4
Hot, Full Power, EOC 10 ap/F -1.8 -2.36
Doppler Coefficient
-5
Hot, BOC, Zero Power 10 &0 /F -1.44 -1.80
-5
Hot, BOC, Full Power 10 &p/F -1.13 -1.20
-5
Hot, EOC, Full Power 10 &e/F -1.2¢ -1.31
Total Delayed Neutron Fraction,
seff
BOC 00624 U584
EOC Oub2s L0508
Neutron Generation Time, %
-6
BOC 10 sec 27.2 18.1
-6
EOC 10 sec 31.8 19,7

At EOC 4, the reactivity worth with all CEAs inserted assuming the highest
worth CEA is stuck out of the core is 6.32% 4p assuming 10% uncertainty
reduction. The reactivity worth required for shutdown, including the con-
tribution required to control the steam line rupture incident at EOC &,

is 6.18%ap. Therefore, sufficient CEA worth is available to accormmodate

the reactivity effects of the steam line break at the worst time in core

life allowing for the most reactive CEA stuck in the fully withdrawn position
and also allowing for calculational uncertainties. We have reviewea the
calculated CEA worths and the uncertainties in these worths based upon
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appropriate comparison of calculations with experiments. On the basis

of our review, we have con:luded that the NNE” 's assessment of reactivity
control is suitably conservative, and that aze\ 'dte negative reactivity
worth has been provided by the control system to assure shullown canability
assuming the most reactive CEA is stuck in the fully withdrawn position.

The augmentation factor (used to account for the power density spikes due to
axial gans caused by fuel densification) was includea in the determination

of Fp for all accigent analyses performed for Cycle 4. The TS limits on local
power density, LOCA peak liner heat rate, and LOC?» allowable power level also
account for the augmentation factor. The Cycle 4 maaimui auamentation factor
of 1.056 is approximately the same as the Cycle 3 value oo ' 54,

At a meeting held on June 4, 1980 between the NRC staff and representatives
of NNECO and W (Reference 40), W provided analyses which showed that Cycle 4
peaking factors are within 0.5% of the Cycle ? values. Since these peaking
factors are reflected in the safely analyses ana are Jess thar the TS values,
we find them acceptable.

Since the fuel rod support grid for the W supplied fuel assemblies will be
Inconel-71& whereas the CE supplied fuel assemblies will have Zircaloy-4
arigs, the effects of the nuclear and thermal expansion properties of both
materials were considered in the evaluation of the physics parameters for
Cyc:e 4. Calculations of Fn(Z) include a multiplicative factor, applied
to the axial peaking facturs, to account for axial inhomogeneities intro-
auced by assembly 5-1ds. The inclusion of the grid multiplicacive factor
bounds the inhciogeneities due to either Zircaloy or Inconel grias and is,
therefore, acceptable to the staff.

Comparisons of power peaking in fuel pins adjacent to CEA water holes using
TURTLE (diffusion theory) and KENO (Monte Carlo) have shown an underprediction
by diffusion theory, as expected. The maximum underprediction by TURTLE
occurs diagonally next to a water hole. Due to the unavailability of experi-
mental results on water hole peaking factors, the maximum bias was confirmed
by comparisons of TURTLE and INCA results for Cycles 1, 2 and 3 (Reference
45), We find tnis water hole peaking correction to be acceptable.

The power distridution control philoscohy to be used in Cycle 4 is Relaxea
Axial Offset Control (RAOC) which ‘s similar to the procedure used for
Cycle 3 in most respects. One di”ference is that the new method relies

on diffusion theory exclusively, whereas nodal methods were used previously
in several areas.
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Also, the method utilized in the xenon shapes library is different. However,
the entire range of xenon and rod insertion limits are covered. Based
on the information presented in the BSR and additional discussions with
NNECO and W, we find the RAOC procedure acceptable for providing power
distribution control limits for Cycle 4 operation.

2.3 Thermal Hydraulic Design

The thermal hydraulic design for Millstone-2 Cycle 4 is presented in the
Basic Safety Report (Reference 25).

2.3.1 Hydraulic Compatibility

The W Cycle 4 reload fuel assembly for Millstone-2 is designed to be
gimensionally and hydraulically compatible with the CE Cycle 3 reference
fuel assembly. As shown in the followin table, the fuel rcd diameter
(0.440 inch), fuel rod pitch (0.58U inch?, ana fuel assembly pitch (8.18
inch) are the same for both types of assemblies. Therefore, the rod bunale
axial and lateral flow areas, the axial frictiona)l pressure drop, and the
lat.-al flow (crossflow) resistance will be the same for both designs.

The hydraulic effects of the different configurations used by ¥ Cycle 4
and the Millstone-2 reference Cycle 3 in the upper nozzle, lower nozzle
and the grids have been minimized since the W components have, as closely
as possible, the same blockage as the Millstone-2 reference cycle design.
The pressure drop through these components consists primarily of form (ex-
pansions and contractions) rather than frictional losses. Therefore,
matching the blocked area results in matching pressure arop.

Cycle & Millstone-2
Westinghouse Reference Cycle

Assembly Envelope, inch 8.19 8.19
Assembly Pitch, inch 8.18 8.18
Lower Nozzle Blocked Area, % 64 64

Rod Array 14x14 14x14
Thimble 0.0., inch 1.1 1.115
Rod 0.D., inch 46U .440
Rod Pitch, inch 58U .580
Assembly: f1/De 3.90 3.90
Number of grids Y Yy

Grid Blocked Area, % 20 22

Upper Nozzle Blocked Area, % 56 57
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The W fuel assembly was tested ir the Fuel Assembly Test System (FATS)
hydraulic loop to confirm that the resistance was the same where physical
differences exist. The two areas of physical dissimilarity are:

® The Grid--The W and Millstcne-2 referenc cycles have different
hold-down spring and dimple arrangemercs.

° Location of fuel rods off bottom--Tre rods for W design are
from 0.17 to 0.20 inches above the top of the bottom nozzle.
The Millstone-2 reference cycle furl rods touch the bottom
nozzle.

The results of the FATS test analysis show that the grids can be treated as
having identical resistance and that the effects on pressure drop of the
differences between the fuel rods on and off the bottom nozzle are negligible.

The similarities in dimensions and biockage area and the test results, showing
insignificant differences in resistances, indicate that the W and Millstone-2
reference cycle fuel assemblies can be treate¢ as being hydraulically identical.
This hydraulic compatibility is assumed Dy tre W BSR, and we find this assumption
acceptable.

2.3.2 DNBR Review

A comparison of the thermal-hydraulic des gn conditions for Millstone-2,
Cycles 2, 3 and 4 is as follows:

Cycle ¢ Cycle 3 Cycle 4

Parameter Units values (CE) values (CE) Values (W)
Power Level MWT 2611 2754 2754
maximum Steady State Core Inlet . 554 551 551
Temperature
Minimum Steady State RCS Pressure psia 2200 2200 2200
Minimum Reactor Coolant Core Flow E6 1b/hr 134.6 133.7 133.7
(2200 psia, 551°F)
Maximum Allowed Initial Peak kw/ft 16.0 16.0 15.0
Linear Heat Rate (DBEs Otner
Than LOCA)
Steady State Linear Heat Rate kw/ft 21.0 21.0 21.0

to Fuel Centerline Melt
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Cycle 2 Cycle 3 Cycle 4
Parameter Units values (CE) Values (CE) Values (W)

Total Planar Radial Peaking Factors

For DaB Margi~ Analyses (Fr)

Unrodded Region 1.440 1.598 1.59
Bank 7 Inserted 1.550 1.806 1.74
For kw/ft Limit Anaiyses (Fxy)

Unrodded Region 1.540 1.584 1.60
Bank 7 Inserted 1.660 1.822 1.74
CHF Correlation W-3 CE-1 W-3
Minimum Acceptable DNBR 1.30 1.19 1.30

The design power level for Millstone-2 Cycle 4 remains Z700 MWt (the same
as for Cycle 3). The safety analysis uses a power level of 2754 MWt (102%
power) to allow for measurement uncertainties. A summary of our evaluation
follows.

2.3.2.1 Critical Heat Flux

The steady state DNB analysis for Cycle 4 was performed ucing the THINC-1
code in conjunction with the Ww-3 correlation (References r, s and t).

For the W-3 correlation, the 95/95 confidence ‘orobability limit for not
suffering departure from nucleate boiling is a DNBR greater than 1.30.

In the analysis, uncertainties in various measured parameters were factored
in as biases for LCO and LSSS setpoints. This biasing of the measurement
uncertainties in the analysis is equivalent to adding the absolute power
uncertainties in the various measured parameters and applyin¢ the total
power uncertainty to the best estimate calculation. The specific uncertainties
along with their equivalent power uncertainties for Cycle 4, as determined
with the THINC-1 code in conjunction with the W-3 correlation (grid spacer
correction = 1.0), and for Cycle 3, as determined with the TORC thermal
hyaraulic code in conjunction with the CE-1 correlation, are shwn below.

Percent Uncertainties

Measured Measured Parameter Equivalent Power Uncertainty - %
Parameter Uncertainty Cycle 3 Cycle &

Axial Shape

Ingex (ASI) 0.06 ASIU 2.2% 3.0%
Pressure 22 psi 0.8 V.5
Temperature 2 F U.Y 1.0
Flow 4% 5.V z.0
Power (LCO) 2% 1.4 .V
Power (LSSS) 5% 3.5 5.0
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Cycle 3 determined w
Cycle 4 determined w
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ith TORC code in conjunction with CE-1 correlation.
ith THINC-1 code in conjunction with W-3 correlation.

LCO = Limiting Conditions for Operation
LSSS = Limiting Safety Systems Settings

The uncertainties in measured parimeters were additively and s
combined, as shown below to arrive at values for the Limitin
for Operation (LCO) and Limiting Safety Systems S

LCO
" TCycle

-

Cycle
LSSS

Cycle

Cycle

NOTE:

For Lycle 4, the equi

and 11.
indep

cosbination resulted in RSS uncertainties of 4.3%

.SSS,

uncertainties using the RSS method, NN:ICO has ta
only 3%

in net

same partial credit of 3%
ret uncertainties of 7.3%

endent and combined using the Root Sum Square (RSS) methoa.

tatistically
g Conaitions
ettings (LSS3).

Combined Uncertainties

(1) (2) (3) (4)
Equivalent Root Sum Difference % Credit Net Un-ertainty
Sum of Squares (1) - (2) Taken (1) - (4)
3 10.3% 5.8% 4.5% 3.0% 7.3%
- 8.5 4.3 4.2 3.0 5.5
3 12.4 6.6 5.8 3.0 9.4
4 11.5 6.3 5.2 3.0 8.5

Cycle 3 determined with TORC code in conjunction witr _E-1 correlation.
Cycle 4 determined with THINC-1 code in conjunction with W-3 correlation.

LCO = Limiting Conditions for Operation
LSSS = Limiting Safety Systems Settings

valent sum of these uncertainties is 8.5% for LCO
These uncertainties were also treated as statistically
This

for LCO and 6.3% for
tistical combination of the
ken partial credit for
uncertainty for both the LCO and LSSS. For Cycle 4 this results
uncertainties of 5.5% for LCO and 8.5% for LSSS. For Cycle 3, the
unce’ tainty was also applied and resulted in

for | CO and 9.4% for LSSS. The following para-

5% for LSSS.

Instead of taking full credit for sta

metiers related to LCO and LSSS are the same for Cycles 3 and 4 as shown

pefore:
(551°F), minimum reactor coolant

linear

maxirum steady state core inlet temperature
flow (133.7 x 10° 1o/nr), and steady state
melt (16.0 kw/ft).

power level (2754 MWt),

heat rate to fuel centerline
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NNECO has agreed to provide justification for the measurement uncertainty
vaiues [Axia) Shape Index (AS1), Pressure, Temperature, riow, Power (LCO)
anc Power (LSSS)]) for further review of the Cycle 4 power uncertainties.
while our review of measurement uncertainties continues, LCO and LSSS limits
will be maintained at the values used for Cycle 3 based on the more conser-
vative Cycle 3 analysis results. This will have the effect of limiting

the partial credit for statistical combination of uncertaiities to 1.2%

on LCO and 2.1% on LSSS compared to the 3% shown. We find this acceptable.

2.3.2.2 Reactor Coolant Flow

The design flow for the Cycle 4 analysis is 370,000 gpm (133.7 x IOb 1b/hr
at 2200 psi ana 551°F) and is the same as the low flow limit included in
the Technical Specifications and analysis for Cycle 3. The actual flow
rate from measurements at Millstone-Z is 392,644 gpm, a value about 6%
above that used in the analysis. We find the RCS flow input acceptable.

2.3.2.3 Rod Bowing

As aiscussed in Section 2.1.4, NNECO states that the e/fect of rod bowing

for Cycle 4 CE €uel assemblies has been evaluated and at the end of Cycle

4 the naximum bur~:= will pe 35,800 MWD/MTU for which the corresponding
penalty is less t .« 4.4 percent. However, the aduction in DNBR due to rci
bowing is offset by a credit for low radial peaking in the critical assemblies
and no power penalty for rod bowing is required for “ycle & CE fuel assembl‘es.
The Millstone-2 Cycle 4 exposure to W supplieu Batch F fuel assemblies is pre-
dicted to be 11,50 MWD/MTU for which the corresponding gap closure will be
less than that at wnich the CE DNER correlation would require a reduction in
ONE. Therefore, no rod bow penalty is required tor Cycle ¢ W fuel assemblies.

2.3.2.4 Peaking Factor

The total planar peaking factors for DNB margin analyses (Fr) and for kw/ft
limit analyses (Fxy) are shown for Cycle 4 as well as for Cycles 2 ang 3 and
are relatively close in value for Cycles 3 and 4. Also, the table on pages
16 and 17 for Cycles 3 and 4, the maximum allowed initial peak linear heat

rates (for D8Es other than LOCA) are identical {16.0 kw/ft) and, therefore,
acceptable.

¢.3.3 Peaking Factor Uncertainties

NNECO has submittea an Addendum to the 0SR (Reference 35) which describes
the power peaking factor uncertainty analysis used in the nuclear design of
the reload fuel for Millstore-¢ beginning with Cycle 4 cperation. The
analysis uses measured data from the first 3 cycles. Measured rhodium
detector signals were combined with INCA coefficients, recalculated by W.
The analysis, therefore, relied exclusively on W nuclear input data ano
measured signals. The uncertainty analysis accounts for the error in the
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Fourier fit for the axial power shape used by INCA as well as a correction
for three-dimensional effects on the power distribution. For Cycle 4 oper-
ation, NNECO has shown that the measurement uncertainties of 6% for Fr

and 7% for FQ usea for Cycle 3 are adequate.

2.4 Accident and Transient Review

The licensee's analysis of accidents was provided in the Reference 25 BSR
and the Reference 39 RSA. The proposed Cycle &4 TS were submi tted by
Reference 55. The RSA reanalyzed the boron gilution transient and the
ejected CEA accident since, subsequent to the issuance of the BSR, some
key input parameters for these events have been found to be nonconservative
relative to those assumed in the BSR.

Since the BSR has not been fully reviewed and accepted by the NRC as a
refer.nceable document, a parametric review for all the acciagents and
transients was conducted. This parametric review involvea the assessment
of the therme)l-hydraulic and physics parameters calculated for Cycle 4

in light of the Cycle 3 methodologies.

In the parametric review, the input parameters and system and component
behavior assumptions throughout the transient are compared for both cycles.
whe Cycle 4 parameters are equal to or bouncea by their counterparts of
Cycie 3, the Cycle 4 event was considered bounced by the Cycle » analysis.
When an input parameter is not bounded by Cycle 3 values, the effect of
such change on Cycle 4 operation is delineated as appropriate. The dis-
~ussion below is separated into two categories, the anticipated operational
occurrences (A0Os) and the postulated accigents.

2.4.1 #Anticipated Operational Occurrences

Five of the AOOs have not been analyzed in the 8SR for the following
reasons:

° Startup of an Inactive RCP--Operation with less than 4 RCP
running is precluaed by the TS 3.4:.1,

° gxcess Loag/Excess Heat Removal due tC Feedwater Malfunctinn--
The limiting cooldown transient is tne Steam Line Break (SLB)
whose analysis bounas these two AQOs. It is recognized that
Excess Load and Excess Heat Removal are AQOs with moagerate
frequency of occurrence while the SLB is a postulatea accigent
that is not expected to occur. However, the S.B analysis shows
that no fuel experiences DNB, i.e., no fuel failure occurs as
a result of this scvere cooldown accigent. Therefore, no fuel
is expected to fail as a result of the less severe cooldown
AOOs.

° part Length CEA Drop/Part Length CEA ralpositioning--The part
length CEAs have been removed from the Millstone-2 core. Therefore,
no analysis is reauired.
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The remainder of the AQOs are d'scussec below.

2.4.1.1 Boron Dilution

The boron dilution event has been analyzed for all operating modes using

the following assumptions: (a) the RCS has the minimum initial boron con-
centration; (b) the RCS has the maximum critical concentration based o

all the CEA out; (c) al) the three charging pumps are delivering a maximum
total of 132 gpm of unbrrated demineralizeo water into the reactor coolant
system; (d) the RCS vo'ume is at its minimum; and (e) the boron concentration
is homogeneous. The time to criticality is calculated using the equation:

Vv Ci
T q In (Cc)
where V = active RCS volume to be diluted (£¢%)
0 = maximum charging flow (ft°/sec)
Ci = initial boron concentration (ppm)
Cc = critical boron concentration (ppm)

‘he NRC criteria requires a minimum time allowance of 30 minutes for operator
intervention to terminate the transient during the refueling mode and of

1% minutes during any other moae of operation. The 1imiting ailution event
for the Cycie 4 operation is for the refueling mode with a calculated time

to criticality of 34 minutes which is more than the required 30 minutes.
Therefore, we find this analysis and its results acceptaple for all cases
when the re»~tor is subcritical.

while t..e NRC criteria require that it pe gemonstrated that sufficient

time is available for operator intervention dquring a Boron Dilution Event
when the reactor is critical, no credit is given for operator intervention,
ana the analysis demonstrates that the consequences of a Boron Dilution
fvent without operator intervention are acceptable. Without operator inter-
vention a Boron Dilution Event from power operation is terminated by the
variable high power trip, the local power gensity trip, or the TM/LP trip.
NNECO states that the most severe Boron Dilution Event would be less severe
than the CEA Witharawal Event because of the significantly slower reactivity
insertion rate in the Boron Dilution Event analysis and a separate analysis
is not required for the Boron Lilution Event. We concur with this statement.

2.4.1.2 Loss of Load/Loss of Feedwater

1. 'se two ADDs are both ungercooling transiests. The NRC requirements for
tte-e transients are that the DNBR and the overpressure criteria are not
vinlted.
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A comparison between the ..put parameters for Cycle 3 and those for Cycle
4 in the BSR revealed that there have been no changes to the reactor core
or the reactor systems that would necessitate a non-conservative change
in Cycle 4 analyses. Therefore, Cycle 3 analyses for the above AOOs are
bounding to Cycle 4 operation, and the DNBR and the overpressure criteria
are met.

2.4.1.3 Loss of Forced RCS Flow

This AOO is an undercooling transient. Similar to the Loss of Load/Loss of
Feedwater transients above, there will be a probability of 95% with a con-
fidence level of 95% that DNB will not occur, and the pressure will not
exceed 110% of the code design value.

A comparison between the input parameters for Cycles 3 and 4 reveals no
significant differences. We conclude that Cycle 3 analysis of this AOO is
bounding te Cycle 4 operation and, therefore, is acceptable.

2.4.1.4 Malfunction of One Steam Generator

Out of a variation of malfunctions that could occur to one of the two steam
generators, the licensee has determined that the loss of load to one steam
generator is the most limiting asymmetric transient. The NRC re_ uirements for
this transient are that the DNBR and the overpressure criteria should be met.

Since the comparison between Cy:les 3 and 4 parameters reveals nec differences,
we concluce that Cycle 3 analys)s .< bounding and the NRC acceptance criteria
for this ADO are satisfied.

2.4.1.5 CEA Withdrawal

-

The CEA Withdrawal Event was reanalyzed from both the hot zero power condition
and the full power initial condition. For the zero power case, two computer
programs were used. WIT-6 was used to calculate the nuclear power (reactivity)
transient and FACTRAN was then used to obtain the thermal heat flux transient
and the fuel and clad temperatures. The reactor trips on the Variable High
Power Trip at 25% power and the nuclear power does not gvershoot tr= full power
norminal value. The core and the RCS are not adversely affected si.ne the
combination of thermal power ana the coolant temperature result in a ONBR
greater than the limiting value at 1.3U. For the full power case, the LOFTRAN
computer program is used. The thermal margin/low pressure trip provides
protection for this case and terminates the transient before the DNBR falls
below 1.30. We have reviewed the initial conditions, the reactivity coefficients,
and the CEA trip insertion characteristics and find the CCA withdrawal analyses
and consequences acceptable.



2.4.1.6 CEtA Drop

The CEA drop event was reanalyzed using standard W nuclear design methods

to compute steady state power distributions. The peaking factors were

then used in the THINC code to calculate the DNBR. LOFTRAN was used

for the transient analysis. The results indicate that following the drop

of the warst CEA, the reactor may return to full power without exceeding

the core thermal limits. We have reviewed the assumptions used for initial
system conditions as well as the reactivity feedback coefficients ana dropped
CEA worths used and fina them to be acceptable.

2.4.2 Postulated Accidents

2.4.2.1 Main Steam Line Break (MSLB)

The MSLB is an overcooling transient. The NRC requirements for this accident
are that the DNB criterion be met anc that the radiological consequences be
acceptable per 10 CFR 100. A comparison of the Cycle 3 key input parameters
and the calculated values of those parameters for Cycie & indicates that the
only significant difference is a geCrease of the Moderatxr Temperature
Coefficient (MTC) from -2.2 x 107 AK/K/°F to -2.4 x 10°% &K/K/°F. The MTC
decrease causes faster power rise if the accident occurs while the reactor

is at full power. The faster power increase would cause an earlier reactor
t-ip.

W conclude that the change in the Cycle & MTC would result in insignificant
deviation from the conclusions reached in the Cycle 3 evaluation. Therefore,
we “ind the NRC acceptance criteria for the MSLB accident to be met for Cycle
4.

2.6.2.2 Steam Generator Tube Rupture (SGTR)

The SGTR ac-ident during Cycle 4 operation is bounded by the Cycle 3 analysis
because the .eactor power level, the inlet temperature, and the RCS pressure
are the same ) r both cycles. Since the power level is the same, the radio=
activity presen. in the reactor coolant and available for transfer to the
secondary system is the same for both cycles. And since the initial pressure
and temperature before the transient have not changea, the depressurization of
the RCS is expected to be similar for both cycles.

The NRC acceptance criteria will be met for Cycle 4 operation.

2.4.2.5 RCP Seizezd Rotor

For the seized *otor accident, a comparison between the calculated Cycle 4
parameters and those parameters assurmed in Cycle 3 analysis reveals no
differences. Therefore, the NRC acceptance criteria will be met for Cycle 4
operation.
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2.4.2.4 CEA Ejection

The CEA ejection accident was reanalyzed for both full power and zero power
initial conditions at BOC and EOC using the TWINKLE code in cne-dimension
(axial) for the average core channel ~alculation and the FACTRAN code for
the hot fuel rod transient heat transfe - calculation. The analysis performed
for the more limiting HFP case predicted a maximum fuel stored energy of

172 cal/gm which is well within the Regulatory Guide 1.77 limiting criterion
of 280 cal/gm. We have reviewed the analysis assumptions including the
Doppler and moderator temperature coefficients, delayed neutron fractions,
initial fuel temperatures, ejected rod worths, hot channel factors and

trip reactivity insertion and find the analysis to be conservative and

the predicted consequences acceptable.

2.5 Loss of Coolant Accident Review

2.5.1 Large Break

The large break loss-of-coolant accicrnt (LOCA) was analyzed by the licensee
using a new model developed by h for reloads of CE NSSS (References 41

and 1). This model, which is applicable to CE 4 x 2 plants, uses as & basis
Appendix K models previously approvea for original models. First, there
were changes needed to reflect the actual loop arrangement and core design
ot the CE NSSS. This includes the fact that fuel fabricated for Millstone
-2 1s dimensionally different from that used in W reactors using W fuel.

The secoi.. type of change was to incorporate some improved analytical tech-
niques approved for reactors equipped with upper heaa injection (UHI).

The techniques adopted for CE NSSS reloads were the use of a split cowncomer
noagalization ana improved drift flux slip flow modeling. We believe that
these modifications meet the intent of Appendix K and this model is accept-
able for the ECCS analysis of this reload. i
Sensitivity studies documented in Reference 12 showed the limiting large
break to be the double ended cold leg guillotine (DECLG). The analysis for
CE fuel submitted for Cycle 3 confirms this finding (Reference 9). There-
fore, the licensee needed only to submit DECLG analyses with appropriate dis-
charge coefficients for the large break for this reload (Reference 41).

The following table presents the important results of three calculations:

¥

Fuel Type Analyzed EQC & CE BOC 3 CE EOC 2

Total Power (MW) 2754 2754 2754
MLHGR (kw ft) 15.8 15.6 15.6
Burnup MWD/MTU vH0Y 6600 50000
Ereak 6 JECLG .6 DECLG .8 DECLG
PCT (°F) 2110 1948 2081

Kot rod burst time (sec) 31.6 32.17 9,64

Hot rod¢ burst location (ft) 7.6 E.44 ~6.00
fnd-of -bypass (sec) 21.65 220 19.5
Beginning of reflood (sec) 34.6 36.1 33.9
¢.l. start (sec) 15,7 18.9 16.8

€.1. tank empty (sec) 60.5 63.5 61.3
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The first calculation is for the limiting break with W fuel. The calculation
was performed at early burnup with maximum densification and stored energy.
This has traditionally been the worst case for W fuel in W NSSS. The second
case was a CE calculation for the same discharge coefficient for the limiting
CE fuel in Cycle 3. This calculation was also performed at the burnup which
maximizes stored energy and peak cladding temperature (PCT). 1t was not,
however, the worst case analyzed by CE. The third case (the limiting case
for CE) used a slightly larger break size. CE also determined by direct
unalysis that high burnup (50,000 MWD /MTU) was the most limiting time in

core life. Since high burnups were considered, the CE analyses would be
applicable to CE fuel remaining in the reactor. For the W fuel, no infor-
matior has been presented to determine the highest degree of burnup for

.neir fuel in a CE NS55. NNECO has agreea to provide this information

with their Cycle 5 reload analysis. We pelieve that fission gas release
effects which could cause high burnup fuel to be limiting would not be

a factor in this first cycle (Cycle 4) with fresh W fuel. Therefore, the
justification is not required until the next cycle.

The above table and References 12 and 41 show that the requirements of 10

CFR 50.46 are met for the cases analyzed. That is the peak cladding tempera-
tures are all less than zZ00°F, the local oxications are all less than 17%,
and the core wide oxidations are less than 1%.

72.5.2 (ladding Swellino and Rupture

The NRC staff has been generically evaluating three materials models that are
used in ECCS evaluations. Those models predict cladding rupture temperature,
clagaing bu st strain, and fuel assendly flow blockage. We have: (a)
discussed our evaluation with vendors and other industry representatives
(Reference a); (b) published NUREG-0630, “Cladaing Swelling and Rupture

Mocels for LOCA Analysis" (Reference b); and (¢) required licensees to con-
firm that their operating reactors would continue to be in conformance with 10
CFR 50.46 if the NUREG-0630 models were substituted for the present materials
moaels in their ECCS evaluations and certain other compensatory model changes
were allowed (Refeiences ¢ cnd d).

Until we have completed our generic review ana implemented new acceptance
criteria for cladding models, we have requirea that the ECCS analyses be
accompanied by supplementai calculations to be performed with the materials
noaels of NUREG-0630. For these supplemental calculations only, we have
accepted other compensatory je] changes allowed for the confirnatory operating
reactor calculations mentioneu - bove.

Those supplemental calculations have been provided by the licensee (Reference
53), Reference 51 also adaressed & recently identifiea non-conservatism of
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the W 1978 £CCS evaluation model. The new concern was discovered by W who
formally notified the staff in November 1979 (Reference 43).

Specifically, W had discovered that the February 1978 ECCS evaluation mode
was, in part, based on cladding burst tests which were conducted at relatively
fast temperature-ramp rates; whereas the LOCA analyses of actual plant

heatup rates (including those of Millstone-2) were at relatively slow
temperature-ramp rates.

The Reference 53 submittal assessed the impact of this calculational error

and the NUREG-0630 models to be offset by a corresponding reduction in

F. of .0269. However, the licensee identified a margin in F availaple through
tRe use of a reduction in pellet temperature uncertainty (.eé Reference y for
approval). This margin was worth 0.0271 in FO' Thus no FQ reduction was required.

We find that this is a satisfactory accounting of this issue for large
breaks for Cycle 4 and therefore, conclude that the licensee has satisfied
our concerns reiatea to the swelling and rupture issue.

2.5.3 Small Breaks

At our request, the licensee provided justification that the Cycle 3 small

break LOCA analysis woula remain valid for Cycie 4 operatior (Reference 38).

As noted in the reference, the phenomena affecting small bre.k performance are
primarily related to system variables. The fuel pa,umeters affecting small
hreak performance are power density, cladding thickness, and cladding diameter.
These variables are identical or nearly identical for the W fuel and the
limiting Cycle 3 fuel as shown by 2 preceding table in Section .10 0
gemonstrate the comparapility of the W and CE analyses, the licensee provided a
W calculation for the most limiting small break (Reference 38). Comparison

of this analysis with the CE calculation for Cycle 3 (Reference g) shows reason-
able agreement of most of the important results as shown in the following table:

¢mall Break (0.1 ft2) Results

Parameter Cycle 3 (CE) Cycle 4 (W)
peak Claading Temp (°F) 1971 1978
pPCt Elevation (ft) 9.7 11.2
Uncovery time (sec) 700 500
Recovery time (sec) 2200 1320
PCT time (sec) 1400 1312
Uncovery aepth (ft) 6 b-1/2

Accumulator actuation (sec) none 1313
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The pressure transient, peak cladding temperature, and depth of uncovery

are in very good agreement. There are some questions related to accumulator
injection for this size break which need to be resolved before the W analysis
would be acceptable. Also W proposed a model change (Reference 12) which
results in an increase in core steam flow which requires further justification
before approval. However, the licensee submi ttal (Reference 38) provides
sufficient assurance that the requirements of 50.46 would be met for small
breaks with all fuel present during Cycle 4.

2.5.4 LOCA Conclusiors

The W large break model used for Cycle 4 is acceptable and meets the regquirements
of Appendix K. Large ureak spectrum requirements have been met and the large
breaks analyzed comply with 10 CFR 50.46. An appropriate burnup sensitivity

is required prior to Cycle 5 operation. Supplemental calculations supplied

for swelling and rupture assessment are acceptable for Cycle 4. Cycle 3
small-break analyses are valid for Cycle 4 operation. W small-dbreak mode)

jssues need resolution prior to Cycle 5 operation.

2.6 Radiological Consequences of Postulated Accidents

We have reviewed the BSR, RSA and the other subrittals supporting Cycle

4 operation and find the potential radiological consequencs of design basis
accidents to be appropriately bounded by the original May 10, 1574 Safety
fvaluation or by the Cycle 3 Reloaa Safety Evaluation. Since the guideiines
of 10 CFR Part 100 continue to be met, we find the potential conseguences
acceptable.

2.7 Low Temperature Operation

By application dated September 30, 1980 (Reference 59), NNECO requestecd

that low temperature operation for short periods of time, as authorized

for Cycle 3 by Amendment No. 55 (Reference 31), be allowed durir~g Cycle

4. This previous authorization was for the performance of turuine generator
efficiency testing; however, such testing was not completea auring Cycle

3 pecause of an unexpected plant shutdown shortly after our approvel.

In aadition, the subject application identifies a concern with operating
when the minimum RCS inlet temperature is below 54¢°F (value used i safety-
analysis) to perform the moderator temperature coefficient determination
test as required by the NRC. Proposed TS Taple 3.2-1 specifies that the
inlet temperature is to be greater than or equal to 537°F to validate the
UNB margin an2lysis. The allowed peak linear heat rate should again be
“imited to 14.2 kw/ft instead of the normal 15.6 kw/ft value. e find

that extension of the low temperature operation, for Cycle 4 1is acceptedle,
as authorized by Reference 55 for Cycle 3.

7.6 Mode % Boron Dilution Event

By LER 80-05, dated March 21, 1980, NNECO notified us of a problem with the
safety analysis for the Mode 5 (cola shutgown) boron ailution event. Their
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corrective action was to increase the shutdown margin from 1% to 2% when
it was planned to drain down the RCS for any reason.

In Reference.55, NNECO shows that the analysis of record for this event
uses 9500 ft3 for the RCS volume. However, the RCS volume with the system
drained to the centerline of the hot legs is only 4828 ft° . They conclude
that the larger volume should be used when the RCS is full or all CEAs

are inserted to yield a 1% shutdown margin.

Irn giscussion with3NNEC0, we pointea out that it is never conservative

to use the 9500 ft” volume for calculating the boron ailution event.

The reason is that the borated coolant contained in the s'eam generators
and pressurizer plus related piping is not really helpful in lengthening
the time to the critical condition in the event unless good mixing 1s
occurring (i.e., a RCP per loop operating). Confronted with this position,
NNECO has agreed to a 2% shutdown margin reguirement under all Mode 5 con-
ditions.

We find that requiring a 2% shutdown margin in Mode 5 meets the acceptance
criteria of SRP 15.4.6 and is, therefore, acceptable.

2.9 ESF Component Leakage Outside Containment

In response to Agrecment No. 1 of our letter dated May 12, 1979 (Reference 11)
NNECO proposed to incluge TS surveillance requirements to assure that leakage
from emergency core cooling system (ECCS) and containment spray system (CSS)
components outside containment are acceptable (Reference 13).

our Reference 11 Safety Evaluation (SE) contained an analysis of the potential
radiological consequences of leakage from engineerea safety feature components
outside containment following & postulated loss-of-coolant accident (LOCA).

Tnhe SE concluded that the increment2] doses when addea to the LOCA doses are
within the guidelines of 10 CFR Part 100 ana are acceptable. We further

stated that if the licensee proposed specifications limiting the amcunt of
leakage to values equal to or less than those assumed in the SE, no further
action will be required to assure acceptability of the radiological consequences
of post-accident leakage from ESFs.

In Reference 13, NNECO proposed to linit the total maximum operational leakage
rate from both ECCS and CSS to 1¢ galions per hour. Standard Review Plan 15.0.5,
Appendix B, states that the evaluation shoula be based upon twice the ma X1 mum
operational leakage rate. The Reference 11 SE reviewed the radiological con-
sequences due to leakage assuming a total leakage of 24 gallons per hour from
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the ECCS and CSS systems. Since the SE has evaluated the consequences

at twice the maximum operational leakage rate proposed by the licensee,

the consequences calculated in the SE are not changed and the conclusion
reached in the SE remains valid. Therefore, we find the proposed additions
to surveillance requirements, TS 4.5.2.C.5 and 4.6.2.1.c, acceptable.

2.10 Containment Electrical Penetrations

Agreement No. 2a of Reference 11 was for NNECO to propose a permanent type
repair of the containment electrical penetrations. In response 10 this
cormitment, NNECO proposed to replace most of the 32 penetration moaules
which have experienced insulation resistance degradation with new modules
qualified to 1EEE 317-1976 requirements (Reference 34). In more recent
correspondence (Reference 60), NNECO states that all 18 electrical pene-
tration modules which had experienced serious degradation will be replaced.
Approximately another 8 will be replaced 2< outage time permits. This
woulo leave about 6 modules to be replaced next refueling outage. These
remzining original electrical penetrations have not indicated insulation
resistance degradation and NNECO finds that they are capable of performing
the:r intended function.

We find that the licensee's containment electricel penetration replacement
procram is prudent and should be continued until all questionable penetr.-
tions have been replaced. Reference 60 indicates that the remaining penetra-
tions have insulation resistance values greater than 100 megohms. This

i< the same acceptance criteria used for safety related circuits in past
evaluations (see Section 2.6 of Reference 11). Therefore, we find that
leaving about 6 electrical penetration modules with insulation resistance
velues greater than 100 megohms until future outages is acceptable.

2.1 CEA Guide Tube Integrity

A fretting wear has been observed (References u, v, w and ) in irradiated
fuel assemblies taken from operating reactors with NSSS designed by CE.
Tnese observations revealed an unexpected decradation of guide tubes that are
unaer control element assemblies (CEAs). It was subsequently concluded that
=20 3nt turbulence was responsible for inducing vibratory motions in the
nor=ally fully withdrawn control rods and, when these vibrating rods were in
conzact with the inner surface of the guide tubes, a wearing of the guide
tune wall has taken place. Significant wear has been found to be 1imited to
tne relatively soft Zircaloy-4 guide tub: because the Inconel-625 claading
0n the control rcds proviades a relatively hard wear surface. The extent of
t-¢ opserved wear has appeared to be plant dependent and has in some cases
extended completely through the tube wall.
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The following table lists the Millstone-2 Cycle 4 fuel assemblies designated
according to the supplying vendor and the design methods employed for mitiga-
ting guide tube wear.

Millstone-2 "ycle 4 Fuel Assemblies

Number Total
Batch Yendor Design Under CEAs Number
B CE sleeved 1 ]
D CE sleeved 32 56
D CE unsleevea 0 16
£ CE sleeved ¢0 68
£ CE reduced-f)ow 4 4
F W sleeved 12 68
F W inset 4 -

2.11.1 Combustion Engineering Supplied Fue)

Following a scheduled fuel assembly examination of the Millstone-2 core after
Cycle 1 operation, NNECO and CE reported severe guide tube wear in some fuel
assemblies (Reference u). As an interim fix, NNECO haa CE installed stainless
ctee]l sleeves in nearly all fuel assembiy guide tubes previously damaged or

to be used in CEA positions.

Our review of the sleeving programs has been documented in previous safety
evaluations (for example see the Milistone-2 Cycle 3 reload safety evaluation
in Reference 11). Our prior safety evaluations concluued that guide tube
sleeves will perform their function of reducirg guiae tube stresses 1o
acceptably low values in worn assemblies and that sleeves are satisfactory
for mitigating further fretting wear in irradiated or fresnh fuel assemblies.
Cycle 3 approval also permitted operation with four reduced-flow fuel assem-
blies. These fuel assemblies were placed in CEA positions ana were the

only Cycle 3 roaded assemblies which were unsleeved. The modifications

that had been made to these four fuel assemblies consisted of decreasing

the nunmber and size of guide tube flow holes. CE out-of-pile flow tests

(see Reference 11 for previous approval) have indicated tnat tne resuiting
decrease in guide tube flow is accomanied by less CEA flow-induced vibration
and, therefore, less guide tube wear. These reducea-flow fuel assemblies

will remain in rodaed positions during Cycle 4 operation.
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In response to Agreement No. 2b of Reference 11, NNECO performed eddy current
tests and visual inspections on previously roaded assemblies which were
either sleeved or of the modified design during the Cycle 4 outage. The
Cycle 4 outage surveillance revealed two anomalies. The first anomlaly
was observed when a twice-burned CE fuel assembly, which had previously
been in an instrument location but unsleeved, was sleeved during the Cycie
4 outage. Subsequent eddy current testing (ECT) on the center guide tube
of this assembly revealed an axial crack about 3" long in the auide tube
wall across the crimp area. For an unknown reason this crack .ccurred

at a hoop strain far less than that which an early CE test in a hot cell
had demonstrated was possible. Consequently this guide tube was recrimped.
The second crimp was performed at 2 higher location which was supported

py the top nozzle guide post rather than near the bottom of the guige tube.

The second anomaly was observed in a CE fuel assembly that had obeen rodded
during Cycle 3. After removal of the CEA from this assembly, in preparation
for fuel movement, it was observed that a guide tube sleeve was protruding
about & to & inches above the guide tube nozzle. During Cycle 3, CE had
informed NNECO that the ECT reading cn this guide tube indicated a possibly
poor crimp. Consequently, this guide tube sleeve was alsc recrimped and
tested.

Except for these two anomalous assemblies, which we fina h - been adequately
handled, the report on these examinations supports previou =xamination
results and analyses that sleeves anc reduced guide tube f .w are acceptable
methods of mitigating the consequences of guide tube wear (Reference 58).
We, therefore, conclude that: (a) tre guide tubes in the CE sieevead fuel
assemblies will continue to meet their design functions; and (p) the quige
tubes in the CE reduced-flow fuel assemblies should be acceptably resistant
to wear. However, if future inspections after Cycle 4 operation reveals

any failure to perform as extrapolated from Cycle 3 performance, the overall
gegradation to the core is restrictec to a total of four fuel assemblies.
Therefore, the use of the CE suppliec fuel assemblies has peen appropriately
justified for continued operation.

2.11.2 Westinghouse Supplied Fuel

Sleeves are also used in the W suppliiead fuel assemblies to alleviate guide
tube wear. The W sleeve design is similar to that of the CE design inasmuch
as both designs are similarly dimensioned ctainless-steel sleeves that are
partially chrome plated and have ser-es of slots and holes. (The chrome
plate provides a bearing surface for CEA vibration and the slots and noles
preclude coolant entrapment between The guide tube and the sleeve.) Major
differences, however, do exist in the gesign of the upper endg of the sieeves
and the methoa of sleeve attachments.
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On the CE sleeve design, the upper ends of the sleeves are conically shaped
to fit the contour of the upper end fitting posts. Because the conical
section 1s not connected to the pcst, free movement under heatup, cooldown,
and differential irradiation growth exists between the guide tube and sleeve.
The sleeves extend from the top of the upper end fitting posts to several
inches below the area where the ends of the control rods reside when in

the fully withdrawn position. The sleeves are securely fastened in place

by mechanically “bulging” both the sleeve and the guide tube near the lower
end of the sleeve.

The W sleeve design is completely cylindrical with no conically shaped

end. And the mechanical attachment of the sleeve is accomplished by outwardly
geforming the sleeve into two swage grooves, which are located in the top
nozzle extension. or this W method of attachment, free movement of the
sleeves is accommodated inversely to that of the CE method.

0f the 72 W supplied fuel assemblies to be used during Cycle 4, 68 assemblies
will be sleeved and the remaining 4 will pe demonstration assemblies.

The demonstration assemblies are part of a longer-range effort to provide
information on an alternate method of mitigating guide tube wear through

the use of guide tube insets. specifically, each guide tube in a demon-
ctration assembly has two insets (i.e., rectangular aeformations that Tocally
recuce the original guide tube diameter) at two axial elevations in the

upper ond of each guide tube. Based on W out-of-pile vibration tests
(Reference 56), it is expected that the Tnsets will aid in centering the
rfLs and reduce the amplitude of vibration, thus lessening the resulting
wear to the guide tube wall.

It is our conclusion that: (a) the guide tubes in the W sleeved fuel
assemblies will meet their intendea design functions; and (b) the guide
tudbes in the W demonstration assemblies should be acceptably resistant

%0 guice tube wear throughout Cycle 4. However, .f future inspection after
Cycle 4 operation reveals any failure to perform as predicted, the overall
gegradation to the core is restricted to a total of four fuel assemblies.
Therefore, the use of the W suppliea fuel assemblies has been appropriately
justified for Cycle 4 operation.

z.11.3 Inspection Program

Fecause of the auide tube wear problem in Millstone-2 and other CE reactors,
roulside inspectiuns are being performed at each refueling outage. The
surveillance program at the end of Cycie 4 should thus determine the adequacy
of the W sleeve and insert design for use beyond Lycle 4 operation. As
aiscussea in Reference 14, this surveillance program may incluage boroscopic
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examinations, also other inspection methods such as eddy current tests and
mechanical pull testing may be required. NNECO has agreed to supply the
specific details of the surveillance program for staff review at least 90
aays prior to the Millstone-2 chutdown for the Cycle 5 reload outage.

2.12 Steam Generai.r Tube and Support Plate Inspections

peferences 28 and 32 provide steam generator tube test data and the inspection
program to be completed during the Cycle 4 refueling outage in response

to Agreement No. 2c of our Reference 11. More recently, NNECO has provided
the preliminary results of this inspection program (Reference 60). They

are:

(1) No tube defects or degrauation exceeding 2U% of tube-wall thickness
were detecteu.

(2) One tube (line 85/row 91) was blocked to the 0.540 inch diameter probe
at the tenth tube support plate on the hot-1eg side of Steam Generator
No. 2.

The fraction of "egg-crate" tubes exhibiting a dent signal by eddy-current
testing is increased from the previous inspection.

The average dent size remainec essentially unchanged for “egg-crate”

tubes, approximately 1 mil, and exhibited slight increases for tube
sheets and tube-support-plate regions, up to 1.5 mils., However, equipment
accuracy is *2 mils.

ks a result of the eddy-current inspection results described above, the tube
blocked to the 0.540 inch probe was plugged. No other corrective actions were
required. .

In addition to the eddy-current inspection, NNECO performed a profilometer
inspection of approximately 300 tubes and a visual examination of the secondary
side were conducted. A preliminary evaluation of the profilometer results
showed variable "denting" effects associated with the egg-crate supports,

a¢ indicated by a tube ovalization. This effect was smallest in the upper
ego-crate evaluation. We conclude that datz evaluated to ocate confirm

the integrity of steam generator tubes and essential supports, and assure

the continued applicability of current design basis ~nalyses.

The visual inspections performed by NNECO confirmed to their satisfaction
that the general condition remainec essentially unchanged, as compared to the
conaition observed during the March 1979 Cycle 3 refueling outage.
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Based upon the information provided, we find that the m111stone-2 steam
generators are acceptable for Cycle 4 operation.

2.13 RCP Speed Sensing Proximity Probe and Transmitter

Agreement No. 3 of our Reference 11 letter was for performance of a multiple-
frequency and multiaxis test in accordance with 1EEE 344-1675 on the proximity
prebe and transmitter used in the RCS speead sensing system prior to the
startup from the Cycle 4 refueling outage. NNECO has informed us that

this testing was performed with satisfactory results (Reference 60). We,
therefore, consider this issue resolved.

2.14 Reactor Cavity Neutron Shiela Dose Reduction

NNECO agreed to provide an assessment of the neutron dose rate reduction
and actua) man-rem exposure savings experienced during Cycle 3 operation
with the neutron shield installed in the area of the reactor cavity. The
NNECO letter of November 9, 1979 provides this assessment in response to
hgreement No. 4 of our Reference 11.

The results are reported in dose rate reduction factors such as:

Type of Radiation Location Dose Rate Reduction
neutron 38'6" level 25-150
14'6" level 50-90
-3'e" level 7-30
gamma 38'6" Tevel 5-30
14'6" level 2-15
-3'6" level 1-8

The operating floor (38'6" level) measured reduction factors are slightly
in excess of the factor of 40 which was the designed reduction factor.
The total dose rate for areas of the containment which are occupied as
required by operating personnel are now in general less than 10U mrem per
hour, according to NNECO.

we find the Millstone-Z neutron shield installea during the Cycle 3 refueling
outage has assisted NNECO in reducing their employees' raciation exposure
in accordance with our as-\ow-as-reasonab1y-achieveab1e requirements.

2.1%5 Steam Generator Feedwater Pinpinc

As a result of steam generator piping insgactions required Dy 1&4E Bulletin No.
74-13, NNECO made pipe wela repairs *. 'omove crack indications in the nozzle-
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to-pipe welds and the piping-to-first-elbow welds of both steam generators
in November 1979. 1In Reference 30, NNECO committed to reinspect these

same welds (AL-G-1, AC-G-2, BC-G-1 and BC-G-2) during the Cycle 4 refueling
outage. NNECO has reported that radiographic inspection of these four welds
has shown no cracking nor any other unacceptabie code discontinuities.

We find the steam generator feedwater piping from the nozzle to the first
support to be free from crack indications and, therefore, acceptable.

2.16 Rerlacement of Stem Mounted Limit Switches

Cur Reference 11 Safety Evaluation, Section 2.15, documented NNECO's agreement
to replace the stem mounted limit switches (SMLS) on valves S1-614, 624,

634 and 644 during the first unscheaulea cold shutdown after September 15,

1979 (when replacement SMLS are estimated to be available). This action item
resulted from 14E Bulletin 79-01. NNECQ's letter of November 9, 1979 documents
NNECO's replacement of these four SMLS with environmentally qualified switches.

2.17 RCS Vent Installation

One of the modifications to be mage at all PWRs as a result of the Three Mile
Island (THl) accident is the installation of RCS vents. Guidance was provided
on this Lessons Learned Item No. 2.1.9 in our letters of September 13 and
October 30, 1979. Additional preliminary guidance has recently been

given in our September 5, 1980 letter under Action Plan Item No. 1.8,

NNECO provided their conceptual design in their letter of December 31, 1979.
Since the RCS vents could only be installed during an outage, the licensee
elacted to install two vent manifolas to vent the domes of the reactor vessel
and the pressurize- during the Cycle 4 reload. Because the operational pro-
cedures have not been developed by NNECO and the staff review is not completed,
we find it necessary to review only the portions of the vent design aealing
with inadvertent operation for the interim period until the entire vent

review is completed.

WNECO states that the haraware mocdiiications inciude the installation of two
U.612 1D (0.002 f+¢) vent manifolas, one located on the reactor vessel head
ana the other at the top of the pressurizer. Both manifolds are installed

to existing penetrations of the reactor vessel anc the pressurizer heads.

Tne manifolas will discharge to a common sparger 1n the containment outer
annulus adjacen’ to the Containment Air Recirctation units. Each manifola
arrangement will consist of parallel redundant pioing trains comprised of

two solenoid operated globe valves per train (4 total) to provide RCS pressure
boundary integrity. The first series valve in each train will provige the
block valve function while the second valve will function as the vent valve.

fach valve will have remote-manual control capability from the control room
with open and closed position indication. Power will be removed, remotely
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at the motor control center, from the valves during normal plant operation
to preclude inadvertent operation of these valves.

In the case of a rupture of the reactor 0.002 ft3 vessel head vent, NNECO
finds that thas hot leg break would result in peak clad temperature less
thsn the 1971°F value calculated from the limiting cold leg break of 0.1
ft™. There wou}d be no core uncovery. NNECO also states that the rupture
of the 0.002 f2 pressurizer vent is bounded by the analysis for the opening
of a 0.0075 ft° power operating relief valve (PORY).

We find that since: (1) previously existing penetrations of the reactor
vessel and pressurizer heads are utilized in this modification; (2) each
manifold contains four valves in a parallel-series pair arrangement to
insure operability and isolation ability; (3) all valves will be remotely
disabled by removing tne operating power during plant normal operation;
and (4) since rupture of either manifold is bounded by a more serious
accident scenario with acceptable consequences, this modification is
acceptable for return to reactor operation until the entire vent system
review is completed.

The review of the operating criteria and our other requirements for this
system will be completad at a later time. We helieve, however, that since
this modification is compietely installed at Millstone-2, the licensee should
expedite the development and submittal for NRC review of operating procedures
and TS. NNECO has agreed to do this.

2.18 Containment Purge Valve Operability

3y application dated April 27, 1979, NRECO proposed to keep the containment
purge valves locked closed in Modes 1 through 4. This is in response to

our generic request of November 29, 1978. In our December 11, 1979 letter,
we reiterated our concern regarding the design of the containment purge
circuits, we requested NNECO to: (1) electrically disconnect and/or remove
any bypass/override circuitry that does not satisfy our provided criteria;
and (2) modify the basis for proposed Technical Specification (Section 3/4
£.1.7) to make explicitly clear that the purge isolation valves are required
to be closed for two reasons - mechanical operability and electrical override
considerations.

NNECO has notified us that the containment purge valves were locked closed
and elec*rically disconnected during the Cycle 4 refueling outage anu

that the proposed TS change is necessary before restart. The necessary
changes are: (1) to remove the containment purge valves from TS Table 3.6-3;
(2) insert a new LCO 3.6.3.2 to require the containment purge valves be
locked closed and electrically disconnected; (3) add a surveillance require-
ment to insure this status; and (4) clarify the basis as specified in our
position.

Since these changes are in response to our requirements and insure containment
in Modes 1 through 4, we find the modified proposed TS changes acceptable.
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3.0 Technical Specification Changes

NNECO provided the proposed TS changes by Reference 55. As stated in earlier
portions of this SE, the majority of the Cycle 4 anulysis using W fuel

is bounded by the Cycle 3 analysis where CE fuel was reloaded. This is

as expected since 2/3 of the core remains CE fuel. The TS changes necessary
are as follows.

3.1 tdown Margin

The shutdown margin was evaluated for a boron dilution event during the
cold shutdown. It was concluded that a 2% AK/K shutdown margin is required
so that at least 15 minutes would be available to the operator in order

to terminate the deboration transient. We find this TS change to be accept-
able. The pages affected are 1-7, 3/4 1-3, B 3/4 1-1, and B 3/4 1-3.

3.2 Axial Power Distribution

In the CE analysis for Cycle 3, a curve of axial power distripution values
was used for the thermal margin safety limits. However, for the W Cy.le

4 analysis, the axial power distribution methodology is utilized girectly

to produce the local power density-high trip setpoint. Therefore, 15 Figure
82.1-1 is no longer required. We find th‘s methodology acceptable.

The TS pages affected are 2-2 and BZ2-2.

3.3 RPS Trip Setpoint Limits

The reactor protection system (RPS) setpoints listed in TS Table 2.2-1 will

pe updated with the allowable values to include the maximum expected drift
assumed to occur (between surveilllance intervals) for each trip used in the
safety analysis. The Cycle 4 power level-high setpoints are reducea siightly
from the Cycle 3 values to meet the bounding criteria. The RCP speed sensing
allowable value is reduced from 829 to 823 as a result of the Cycle 2 speed
versus RCS flow data. NNECO states that the actual RCP speed sensing setpoint
will remain at 845 rpm. We find these changes acceptable. The pages affected
are ¢-4, 2-5, B2-4, B3/4 7-1 and B3/4 7-2.

3.4 Thermal-Hydraulic

The staff has reviewed the Safety Limit Bases on pages 82-1 and BZ-3 and

the Limiting Safety System Settings Bases on pages Bz-5, BZ2-6,and B2-8.
These have been revisec to change from the Cycle 3 method of analysis using
the TORC thermal-hydraulic code and the CE-1 DNBR correlation to the accept-
able Cycle 4 method of analysis using the THINC code and W-3 correlation.
This results in an increase in the DNBR from 1.19 to 1.30. We conclude

that these changes are acceptable.



3.5 Credit for Charging Pump Flow

In Reference 24, NNECO corrected the value of charging pump flow to be

used in the small break LOCA analysis. We had approved one-half of one

pump in Reference 11, however, the TS values were 44 gpm per pump. Since
then inservice testing criteria have indicated that 41.4 gpm is the accept-
able flow rate. The Cycle 4 analysis has used the value of 40 gpm (actually
only 20 gpm is used as one-half is assumed to be lost). We find that this
slight reduction is acceptable. The TS pages affected are 3/4 1-1, 3/4

1-3, 3/4 9-1, and 3/4 10-1,

3.6 Moderator Temperature Coefficient

The Cycle 4 MTC will be slightly more negative at -2.4 x 10:2 LK/K/°F at
rated thermal power level. The Cycle 3 value was -2.2 x 10" aK/K/°F.

We find this change supported by the safety analysis and, therefore, accept-
able. The only TS page affected is 3/4 1-5,

3.7 Low Temperature Operation

15 Page 3/4 2-3 would be changed to allow low temperature operation during
Cycle 4, with conditions 3s specified, for determining the MTC or for per-
forming turbine generator efficiency testing. We find this change consistent
with the approval given in Reference 3) and, therefore, acceptable.

3.8 Augmentatior Factor

TS Figure 4.2-1 (page 3/4 2-5) will need revision to reflect the augmentation
factor which applies to the W Batch F fuel. The proposed augmentation
factors bound the CE fuel remaining in Cycle 4. we fina this new curve
acceptable.

3.9 ESF Component Leakage Outside Containment

As documented by Section 2.9 of this SE, the TS will need to specify the
total ESF leakage value of 12 aph. Based on this SE, we find the proposed

'S change acceptable. The TS pages to be changed are 3/4 5-5a, 3/4 6-13,
B3/4 5-1 and B3/4 6-3.

3.10 Containment Purge Valves

In accordance with Section 3.18 of tnis SE, the TS will need to be modified to
keep the containment purge valves locked closed and elect~ically aisconnected

in Modes 1 through 4. We find this modified proposed change acceptable. The
TS pages to be changed are 3/4 6-18, /4 6-19, B3/4 6-2.
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&,0 Physics Testing

The physics startup test program for Millstone-2 Cycle 3 was described in
Feference 6. This entire program, including the tests, the acceptance
criteria and the actions have been reviewed and approved by the NRC staff.
The Cycle 4 startup test program will be identical to the program conducted
for Cycle 3 with the exception of the power coefficient measurement. A
revised test procedure for the power coefficient measurement may or may not
ce used auring Cycle 4 startup testing. Since the power coefficient test
{5 not mandatory, this is acceptable to the staff.
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5.0 Environmenta' .onsideration

we have determined that this amendment does not authorize a change in
effluent types or total amour is nor an increase in power level and will
not result in any significant environmental impact. Having made this
determination, we have further concluded that the amendment involves an
action which is insignificant from the standpoint of environmental impact
and pursuant to 10 CFR 51.5(a)(4) that an environmental impact statement,
or negative declaration and environmental impact appraisal need not be
prepared in conrcction with the issuance of this amendment.
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6.0 Conclusion

We have concluded, based on the considerations discussed above, that: (1)
because the amendment does not involve a significant increase in the prob-
ab*1lity or consequences of accidents previously considered and does not
involve a significant decrease in a safety margin, the amenament does not
involve a significant hazards consideration, (2) there is reasonable
assurance that the health and safety of the public will not be endangered
by operation in the proposed manner, and (3) such activities will be con-
ducted in compliance with the Commission's regulations and the issuance

of this amendment will not be inimical to the common defense and security
or to the health and safety of the public.

Date: OQOctober 6, 1980
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W submittal of proprietary addendum to ECCS evaluation mocel for reloads
T. Anderson to J.

of CE NSSS (addendum to WCAP-9528),
16979,

1979.

Stolz, October 15,

12,



16.

18.

19.

20.

21.

2.
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26.

27.

8.

29.

3U.
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NRC questions on cladding swelling and rupture models for LOCA analysis,
D. Eisenhut to all operating LWRs, November 9, 1979.

W provides information on non-conservatism discovered in 1976 ECCS
evaluation model, T. Anderson to D. Eisenhut, November 16, 1977.

NRC memorandum on meeting on cladding rupture tempera. re, claading
strain and assembly flow blockage, R. Denise to R. Mattson, November 20,
1979.

NRC memorandum on potential deficiencies in ECCS evaluation models,
H. Denton to Comm ssioners, November 26, 1979.

NNECO provides information on fuel cladaing LOCA models, W. Counsil to
D. Eisenhut, December 27, 1979.

NNECO provides information on fuel cladging LOCA models, W. Counsil to
D. Eisenhut, February 8, 198(.

NNECO provides prcrosed Cycle 4 reload licensing schedule, W. Counsil to
R. Reid, February 14, 1980.

CE Owner's Group provides information on asymmetric LOCA loads, A. Lundvall
to H. Denton, February 15, 1980.

NNECO corrects the charging pump flow usec in the small break LOCA
analysis, W. Counsil to R. Reid, February 29, 1980.

NNECO submittal of proprietary Cycle & refueling basic safety report
(BSR), W. Counsil to R. Reid, March 6, 1980.

NRC March 18, 1980 meeting summary On Millstone-2, Cycle 4 reload with
W fuel, E. Conner to Docket 50-336, June 18, 198U.

NNECO provides extra copies of proprietary ancd non-proprietary versions
of the BSR, W. Counsil to R. Reid, March 26, 198U,

NNECO provides preliminary steam generator tube eddy-curent test aqata
and proposes inspection program, W. Counsil to R. Reid, March 31, 198uL.

NNECO proviaes proposed CEA guide tube wear inspection program, k. Counsil
to R. Reid, April 15, 1980.

NNECO provides proposed feeawater system piping inspection program,
W. Counsil to R. Reid, April 24, 1980.

NRC issues Amendment 55 for low temperature testing, M. Fairtile to
W. Counsil, April 29, 1980.
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39,
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41.
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NNECO modifies the steam generator tube eddy-current inspection program,
W. Counsil to R. Clark, May 7, 1980.

NNECO applies for Cycle 4 operation and requests increased maximum
enrichment of fuel assemblies tu be stored in the spent fuel pool,
W. Counsil to R. Clark, May 9,1980.

NNECO provides proposed containment electrical penetraticn replacement
program. W. Counsil to R. Clark, May 13, 1980.

NNECO submittal of a proprietary addendum to the BSR on nuclear uncertainties,
W. Counsil to R. Clark, May 28, 1980.

NRC issues Amendment 58 authorizing an increase in the maximum enrichment
of fuel to be stored in the spent fuel pool, R. Clark to W. Counsil,
May 29, 1980.

NNECO submittal of the non-proprietary version of the addendum to the BSK
on nuclear uncertainties, W. Counsil to R. Clark, May 30, 1980.

NNECO submittal of small break LOCA/ECCS performance results, W. Counsil
to R. Clark, June 2, 1980.

NNECO submittal of the Cycle 4 refueling reload safety analysis (RSA),
W. Counsil to R. Clark, June 3, 1980.

NRC June 4, 1980 meeting summary on Cycle 4 reload with W fuel, E. Conner
to Docket 50-336, June 16, 1980.

MNECO submittal of large break LOCA/ECCS performance results, W. Counsil
to R. Clark, June 11, 1980.

«PC questions on BSR fuel design anc physics calculaetions. R. Clark to
. Counsil, June 20, 1980.

CE Owner's Group provices information on asymmetric LOCA loads, A. Lundvall
to D. Eisenhut, June 30, 1980.

NNECO answers questions on fuel design and physics calculations, W. Counsil
to R. Clark, July 7, 1980.

MNECO answers question 10 on power pe2aking in fuel pins, W. Counsil to
R, Clark, July 22, 1980,

NNECO submittal on calculational error of guide tube length, W. Counsil
to R. Ciark, July 23, 1480.
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47. CE Owner's Group provides information on asymmetrtic LOCA loads, A.
Lundvall to D. Eisenhut, July 31, 1980.

48. NRC questions on BSR thermal-hydraulics ana transient and accident
analysis, and RSA reactor fuels and physics aspects, T. Novak to W.
Counsil, Augus* 6, 1980.

49. MNNECO answers questions regarding the reference cycle tvansient and
accident analyses, W. Counsil to R. Clark, August 7, 1980.

50. NNECO answers questions on the BSR thermal-hydraulics and transients
and accident analysis, W. Countil to R. Clark, August 7, 1980C.

51. NNECO modifies the CEA guide tube wear inspection program, W. Counsil
to R. Clark, August 14, 1980.

52. NNECO submittal of non-proprietary versions of their July 7 ana 22,
1980 answers on the BSR, W. Counsil to R. Clark, August 14, 1980.

53, NMECO answers questions on BSR, RSA ana LOCA performance results,
W. Ccunsil to R. Clark, August 25, 1980.

54, NNECO response to verbal requests on design modifications to tne fuel
assemblies, W. Counsil to R. Clark, August 27, 1980.

5+, NMECO submittal of proposed Technical Specifications tor Cycle 4,
Ww. Counsil to R. Clark, August 29, 1980.

56, NNECO provides information on mitigating guige tube wear, W. Counsil
to K. Clark, September 18, 198U.

57. EG&G provides information on seismic and LOCA loading analysis of
Millstone-2, J. Dearien to R. Tiller, September 19, 1980.

58. NNECO provides Cycle 4 outage guide cube wear surveillance, W. Fee
to R. Clark, September 26, 1980.

o
w
-

NNECO applies for low temperature test during Cycle 5, W. Counsil
to R. Clark, September 30, 1980.

6U. NNECO provides information on ¢lectrical penetrations, guide tube
wear, steam generator and feeawater line inspections, RCP speed sensing
probe test, LOCA burst gata and rod bowing analysis, w. Counsil tu
R. Clark, September 20, 1980.
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8.0 Topical Reports

d.

b.

Docket Number 50-572, "RESAR-414, Reference Safetv Analvsis Report
for the Westinghouse 3820 MWt NS55," October 8, 1976.

CEND-167 -#, "CEPAN Method of Analyzing Creep Collapse of Oval Cladding,”
March 1976.

WCAP-8377, "Revised Clad Flattening Mode), " July 1974.
WCAP-7982, “Fuel Densification penalty." October 1972.

NRC issues safety evaluation of WCAP-8377, V. Stello to R. DeYoung,
January 14, 1975.

WCAP-8691 Revision 1, "Fuel Rod Bow Evaluation," July 1979.

WCAP-5218, "Fuel Densification Experimental Results and Model for Reactor
Application,” October 1973.

USAEC Regulatory Staff Report, "Technical Report on Densification of
westinghouse PWR Fuel," May 14, 1976.

NUREG-00U85, "The Analysis of Fuel Densification,” July 1976.

WCAP-8720, “"Improved Analytical Methods Used in Westinghouse Fuel Rod
Design Computations,” October 1976.

NRC issues safety evaluation on WCAP-8720, J. Stolz to T. Andgerson,
February 9, 1979.

WCAP-8720, Addendum 1, "Improved Analytical Models Used in Westinghouse
fuyel Rod Design Computations - Application for Transient Analysis,”
September 1979.

NRC November 1, 1979 meeting summary OnN ~ladding rupture temperature,
cladging strain, and assemply flow dlockage, R, Denise to R. Mattson,
November 20, 1979,

NUREG-U630, “Clacding Swelling and Rupture Models for LOCA Analysis,”
April 1980.

NUREG-U371, "Task Action Plans for Generic Activities, Category A,"
Hovember 1978,
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NRC Federal Register Notice on Proposed Appendix to Section 4.2 of
the Standard Review Plan (NUREG-75/087), J. Felton to C. Stephens,
February 20, 1980.

WCAP-9272, "Westinghouse Reload Safety Evaluation Methodology,"
March 1978.

WCAP-7015, Revision 1, “Subchannel Trermal Analysis of Rod Bundle
Cores," January 1969.

WCAP-7838, “"Application of the THINC Program to PWR Design,"”
January 1972.

USAEC Report, “Boiling Crisis and Critical Heat Flux," 1972.

PNO-77-221, preliminary notification of event of unusual occurrence
of guide tube wear, December 14, 1977.

CE provides information on guide tube wear, A. Scherer to V. Stello,
December 23, 1977.

WYAPC provides information on guide tube wear, W. Johnson to V. Stello
Fepruary 14, 1976.

BGLE provides information on guide tube wear, A. Lundvall to V. Stello,
Feburary 17, 1978.

Letter from J. F. Stolz, NRC, to T. M. Anderson, westinghouse Electric
Corporation, Review of WCAP-8720, "Improved Analytical Models Used in
Westinghouse Fuel Rod Design Computations,” dated March 27, 1980.

0. A. Powers anc R. O. Meyer, "Cladding Swelling and Rupture Moaels
for LOCA Analysis,” NRC Report NUREG-0630, April 1980. Available from
the NRC Division of Technical Information and Document Control.



