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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C 20555

October 22, 1985

Pocket No. 50-29

=
P
P

LICENSEE: Vankee Atomic Electric Company
FACILITY: Yarkee Nuclear Power Station
SUBJECT: MEETING SUMMARY - MEETING WITH YFFCO ON FCCS CODE REVISION

A meeting was held betweer Verlee Atomic Electric Company (YAECo) and the
NPC statf to discuss proposed revisions to the ECCS codes and code
assumptions for the Vankee plant. The meeting was held in Bethesda,
Maryland on Aucust &, 1985 at the request of YAFCo. A liet of attendees is
provided in Enclosure 1. The meeting agenda and objectives &re provided as
Enclosure 2.

Lfter a brief introduction by the MPC and YAECo project managers, the
licensee provided discussiore regarding the reasons for the current
reevaluation of the Yankee ECCS codes, the Yankee plant characteristics,

+he core flux shapes and assnciated uncertainties, the history of the

Yarkee ECCS code development, and propesals for modifying the ECCS coces and
input assumptions to assure continued compliance with 10 CFR 50.46. A more
detailed discussion of each nf these presentations is providec in the
following paragraphs. The handouts used fer these presentations are
provided in Enclosures 3 anc &,

Tr its introduction, the licensee explained that it was informecd in the
Spring of 1985 that the axial power shapes it had been using for ECCS
arzlvees mav no longer be acreptable to the NRC staff. Specifically, the
cosine shaped axial power shape had been questioned. The licercee

explaired that it had taken action tc limit flux in the upper core region

by operating with a rodded core which ensured a bottom-peaked pcwer
distributier. This provided assurance that Yankee remained in compliance
with 10 CFR 50.46 while the ECCS anelysis methods were beina reviewed. The
decirability of operating the Yankee core in a rodded condition was discusced.
sipce this is not the normal operating mode for Yankee. The licensee and
the staff also discusced the likelihood that the staff's concern fer
corp'éance with 10 CFR 50.46 was not a safety issue due to the conservatisms
that the licensee felt existed in the Yankee ECCS codes. A more deteiled
discuesinn 0 the code conservatisms was provided by Yankee later in the
meeting.

The licensee provided a discussion on the Yankee core power distributions
(Enclosure 3). Follewing & description of the plant characteristics, the
licensee described its calculated flux distributions for Cycle 18
(Enclosure 3, paaes 5-8). The graphs show nominal flux distributions for
various times in core life, and show the effects of xenon on the flux
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distributions. A< shewr eon page € of Enclosure 3, the calculated xenon
transient induces a top-peaked power distribution late ir core life, In
response to a staff ouesticr, the licensee explained that load-following
calculations for xenon transient evaluatirr were performed at full-power
steadv state conditions, with Techrical Specification (TS) Timits that
require the plant to be held at a recuced power following a power trarsient
to limit the effects of the xenor trarcierts i{ the rods are outside the rod
irsertion Timit shown on pacec 2 ard 19 of this enclosure. The licensee then
described the self-camping characteristics of the yeron transient following a
rod-induced power trarsient (Enclosure 3, pages © anc 10,.

The licensee then provided the NRC c<taff with a comparison of actual

measured flux lTevels against celculated levels to show that the current

codes estimate flux levels within approximetely 1%, except at the outermost
regions of the core. The comparison was provided for the current and
previous cores (cores 17 and 16). Graphs of ca'culzted versus actual axial
flux distributions are provided on paaes 17 and 18 of Erclosure 3, which show
é close comparison between calculated end actual axial flux.

The licensee provided a discuscion of the administrative contrcls currently
in place at Yankee to provide assurance that the requirements of 10 CFk

50.46 are met with the currert code for Cycle 17, The licensees has added
edministrative cortrols to 1imit control rod meverent which limits power
levels in the upper core reaion to 1imit any top peaked power distribution.
In addition, current TS have @ restriction on how soon after a power reduction
the core can be returned to full power if the rod heights are outside

the rod inserticr 1imit, and there is a restrictirr on rod reactivity
transient rates. Ecth cof these TS restrictions serve to 1imit the effect

of xenon transients or the exial flux distribution. The Yicensee has stated
that the addi*iecral restriction on rod withdrawe]l limits will remain in
2ffect until reaching 80% power during the power coastdowr. Corpersation for
xencr trepcients will be accomplished using boron, to xeep the rods withir
the administrative restricticr.

Te show the effects of operating with & redded core, graphs were providec
showing the axial flux distributinr with and without the rod restriction,

et two times in core life (page 20, 21, Fnclosure 3). Page 22 (Enclosure 3)
shows the effect on xenon transierts with and without the rod restriction.
The graphs point out that the flux dictribution is bottom-peakecd with the
rodded core, which has the plant within the orieiral analysis assumptions for
cycle 17 operations. The craph on page 23 (Enclosure 2) further shows the
effect of reactivity rates on the axial power distributior, which points to
the reason for meirtaining the TS limits or reactivity rates.

The licensee ther provided information reaardirc the conservatisms in the
LOCA Timits of Linear Feat Gereration Rate (LHGP) vs. core burnup. The
licensee presented information regardina conservetisme that exist in the
Xenon Redistributier Factor (Fxe) and the Rod Insertion Factor (Fi). The
licensee also discussed three other factors (the Measuremert Uncertainty
(Fu), the Power Uncertainty (Fp), and the Encireering Factor (Fe)) in the
TS LHGR 1imit. The licensee proposes to combine these three factors
statistically, 2s oppnsed to the current method of combining them

multiplicatively, ac discussed on page 27 of Enclosure 2. The NRC staff
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stated its belief thaet based on the information presented in the meeting,
statis*ically combining the three €actors (Fu, Fp, and Fe) should be
acceptable. The NEC staff stated that the licensee should provide its
Justificatior for this proposal to allow for FRC staff review.

The next three slices (peces 28-30, Enclosure 2) show irformation regarding
the integraticr cf berer dilution with control rod motion, to support the
Yankee proposal to use nominal flux shapes in its calculatiorc, 25 opposed
to the currert approach of using the xenon-induced flux shapes. The

slide on page 30 (Enclosure 3) shows the difference in axial flux shapes for
the noming) 2rd xenon shapes, and shows a2 botton-peaked power distribution
for the nominal case, and a top-pecked distribution for the xeror cicc.

Fcllevine the presentation, the NRC staff pointed out that the normal
analysis assumptions consider TS &llowable transients (i.e.. if 7€ alvow
rod motior between 80-90 inches, the analysis should use these limits).

"r 2ddition, the NRC staff stated that adninistrative controls may ret te
arpropriate, but that the TS should be modified appropriately. The
Ticensee provided the argument that the nominal approach is more like the
vev the plant operates, and therefore should be used for the calculatierc.
The NRC restated its position of using the limiting analysis for the
Ticensing basis. On the issue of using 2 staetistical combination of the
urcertainties, the NRC staff stated tha* similar proposals from other
Tirercees have been accepted, while others have not, on the merits of the
irdividual cases. The NRC staff would need tn look at the details cf the
Yarkee preposal. The NRC staff ctated that the information to be provided
by the licensee needed to include an apprepriate data base, and to shew
irdeperdence of the factors involved, Based on the information preserted at
the meeting, the NRC staff felt that the Yarkee epproach to statistical
cembination of uncertainties was appropriate, but that the staf€ weuld have
te sec the specifics before making its final determination,

The NPC staff then questionec the licensee regarding plans for remcvire Fi
ent Fxe €rer the LHGR calculations. The licensee felt that a bottom shaped
flux distribution boundec the cosine curve, and Fi would not be reeded in
the celevlation. In the consideration for Fxe, the current TS value for
Fxe would be modified as & part of the cycle 18 reload submittal, arc the
Ticercee ‘¢ considering other restrictions (e.q., rod motion limits)

that may eliminate the neec for Fxe. As part of the reload submittz1. the
licercee irtends to make a case for eliminating the Fxe bottom mutiplier
(page 26 of Enclosure 3).

The licersee presented informatior related to the LOCA analysis methocs
thet ere beinag investigated (Enclrcure 4), The licensee explained the
history behind the previous analyces performed up through cycle 17. The
anelysis for cycle 18 had beer perfermed using the cosine shaped flux
distribution, and the licensee explzired that the calculations would need
to be re-performed based on the currert KRC concerns. To complete the
reanalysis, the models that are currently being used will have to be
mecified in order to remove the rperating rod withdrawal restrictions tc
¢llow operation without a roddec ceve, Ip 1975, the licensee had
idertified the Yankee modelc. explzining the differences between the Yarkee
model and the generic effort based cr the Exxon model bheing used for the h.D.
Robinson plant. Since Yarkee vac ucing the cosine-shaped flux
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distribution, it used Fi and Fxe mutipliers to add additional conservatism.
Since the initial code develepment, a number of changes have besn macde to
the Yarkee model as more knowledoe or 'imitations in codes have been
identified. The latest questiorc recarding the Yankee FCCS ceodes ceal

with conditions during the reflord phece of the accident analyses (after
the blowdown and refill phacce have ended). BRased on the current concerns,
a composite flux distribution was used tc perform the LOCA analyses. The
composite distributior ircluded the most 1imitino of the ccsine anc the
physics-determired flux distributions,

The technical iscue of concern in the reflood phase wes te rot have the flux
peak in the upper rere region because of the time it took to reflood that
region. Ir the previous analyses using the cosine cheped flux distribution,
the flux peak was ir the core midplane, and as long as the peck remeined
below thic core midplane, the analysis using the cccire shape would be
boundina. The current analysis which identified a top-pecked power
distribution led to rod withdrawal restrictions tc provide flux sunpressinn
in the upper core reafor te cbtzin a bottom peaked flux distributior, ard
therefore make the cosine shaped flux distribution again bound the actual
flux distribution. Paoe € cf Frclosure 4 shows the Ticensee's propeced
cperating restrictions for the power cc2stdewn phase of the operating cycle.
This pace shows that rod withdrawal above the currvent restriction of 83 irches
will be necessary. To allow for this, the licensee propcsec & roc withdrawal
rate limit of less *han ar equal to ? inches per day tc ercure the analysis'
peak centerline temperature (PCT) remains less than 22C0 cegrees post-LOCA.

The licensee then provide¢ a discussion of the cycle 18 arelyvees that have
been perferred to date. Page 8 (Enclosure 2) shows the items the licensee is
requesting regarding the model and anelysis parameter changes for itc pecel,
fre of the issues shown deals with an injection delta-P penalty, whick ic 2
concervaticer ircluded in the model to account for pressure loss due to injecticr
parameters of angle and flow rate, The licensee is currently veino a 90
.decree ancle of iriection, which results in a delta-P penalty of 0.8 psid.
With 2 modified model, the licensee proposes a delta-F prralty of 0,15

psid. The ctaff's initial impression is that there should not be anv
problem in grantirc 2 mocification of the delta-P penalty, but the ctaff
needs to evaluate the-licensee's calculations ard essumptions befere making

a final decision.

The NRC staff questioned the appropriateness of using nominal power shepes in
the licencee's calculations. The licersee explained that it intends to
perform a series of power chepe calculations, which are ar extension of burnup
sensitivity stucies, usina calculated flux shapec, rot the 75 Timits. The
licensee ackrrwledoed that this approach needs to be justified. The TS

would then be based cn a calculation to allow cperatirg rargin providing

for errors in célculations compared to measured flux levels. This

extra margin has in past efforts resulted in calculatiors based on TS kW/ft
limits to show peceible problems in meetino Appencix K. The licensee had
then proposed a single TS 1imit which would be limitire, er bounding, and

be shown to be Yimitino based on sensitivity studies. 7Tne staff pointed

out that the licensee's efforts to meet Appendix ¥ wou.d he helped by using

a variable Yimit or the k¥/ft 1imit based or core height.

The licersee explained the differences hetween its analyses and the
kestinghouse methods (which recylt in a variable kW/ft limits). The
licensee explained that to show one kW/ft 1imit, as opposed to a variable one,
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sensitivity studies are needed to show the limit ic bounding. The current
Yankee kW/ft TS 1imite are based on cosine-shaped flux distribution
calculations. The licensee is working on develepirg kh/ft TS limits based
on a top-peaked fluy distribution, and add a krowr amount of conservatism,
for its variable kW/ft limits. Vestinghouse uses heioht-cepencdert flux (F
delta k) limite for departure from nucleate boiling (UNB) and hot channel
calculations. These sane 1imits are used in the Westirchouse LOCA
calculaticre, The Yankee model does not use F delte h in its LOCA

model. The licensee does not feel there are eny radial flux (Fxy)
dependencies in the LOCA calculetiors, and therefore uses kb /ft instead.
It wes alsc noted that Westinghouse showes cormpliance with Appendix K in
pre-cycle calculations, while Yankee verifies compliance throughout the
cycle using actual measurements to compare te its caiculations.

The licensee then explaired that if the delta-P penalty modification is
épprovec, there would be no need to benchmark the modified Yankee model,
due to the nature of the ckerces. The licensee alse peirtec cut thet this
change in its model would be a permanent chance. The Yicensee proposed to
provide the changes tc the model as a separate enclosure to the reioad
package. The sta€f felt it would be more 2pprepriete to provide the LOCA
model changes in a separete letter, while at the same time use the modified
model in the cycle 18 submittal, The staff felt tha* Yankee had provided
sufficient informatier ir the meeting such that the NPC staff feels the
change to the mndel will be acceptable. perdirg confirmation of the
information provided &t the meetina, The licensee stated thaet 11 a problem
with the cycie 1€ analyses or the TS were to nccur, the fallioack position
would be to rely on currert TS with rod restrictions,

The licensee stated that 2« it cevelops its final proposal, it mey ash

for acditional conference calls or meetinge te discuss its approach with
the staff. This appreack ic a-ceptable to the staff. The licensee wes
asked to provide & letter of comitment, “c ‘relude the bases for removing
the current rod restrictions, irciuding any additional restrictiors that
méy be necessary during the power coacstdowr, as discussed earlier in the
meeting.

The licensee asked one acditioral auestion regarding whether the proposed
modifications to the Yankee LOCA model would Fave te be prenoticed as a
Ticense amendment. The ctaff's poasition is that the proposed
mogificetions, other than the TS that recult from the calculations, are cf
such a nature that the licence i¢ rot being modified, and therefore wouid
nct require prenoticing.

The recident inspector noted that with the changes in operating
vestrictions proposed by the licensee, the Licensee Event Report (LFF' vould
need to be modified. The licensee agreec to submit a modified LER.
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The meeting was adjourned. The staff tock special note of the forthric)*
coproach presented by the licensee in this meeting, and also noted the
sound and timely technical efforts that have been expended by the Ticercec
ir its inpvestigations of the LOCA model.
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Jares W. Clifford, Project Mirzcer
Uperating Reactors Branch No, *

Enclosures:

1. List of Attendees

2. Meeting Acerd:

3. Core Power Distribution Handouts
4, LOCA Analycic Methods Handouts

cc w/enclosures:
See next page
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Mr. James E. Tribble, President
Yankee Atomic Electric Company
1671 Worcester Poad

Framingham, Massachusetts 01701

Thomas Dignan, Esquire

Ropes and Cray

275 Franklin Street

Boston, Massachusetts 02110

Mr. N. N, St. Laurent

Plant Superintendent

Yankee Atomic Electric Company
Star Route

Powe, Massachusetts 01367

Chairman

Board of Selectmen

Town of Fowe

Powe, Macsachusetts 01367

Fesident Irnspector

Yankee Nuclear Power Station

c/o U.S. NRC

Post Office Box 28

Monroe Bridge, Massachusetts (01350

Feoional Administrator, Region I
U.S. Nuclear Regulatory Commission
£21 Park Avenue

King of Prussia, Pennsylvania 19406

Robert M, Hallisey, Director

RPadiation Control Program

Mascachusetts Department of Public Health
150 Tremont Street, 7th Floor

Boston, Massachusetts 02111

Mr. Georoe Papanic, Jr.

Senior Project Engineer - Licensing
Yankee Atomic Flectric Company

1671 Wercester Road

Framingham, Massachusetts (01701
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ENCLOSURE £

AGENDA

YANKFE PLANT AXIAL POWER SHAPE MEETING

INTRODUCTION B. C. Slifer

CORE POWER DISTRIBUTIONS R. J. Cacciapouti

-Yankee Core Characteristics

-Typical Axial Power Shapes

-Xe Transients: Durations and Axial Shapes

-Cycle 17 Measured vs. Predicted Power Distributions
~Impact of Rod Program on Cycle 17 Power Shapes
-Core Power Monitoring

-Application of Uncertainty Factors

~Basis for Cycle 18 Power Shapes

LOCA ANALYSIS A. Husain

~Background Information
~Basis for Previous Analyses
-Axial Power Shape Discussions to Date
-Response to NRC Letter of May 22, 1985
-Analysis for Cycle 17
-Analysis for Cycle 18
~Prospective Methods Improvements

~Axial Power Shapes

DISCUSSION

-Cycle 18 Schedules

BCS
8/8/85
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OBJECTIVES

To explain actions taken to assure compliance with 10CFR50.46

for Cycle 17.

To explain actions planned to assure compliance with 10CFR50.46
for Cycle 18.

To obtain NRC feedback on

a) basis for axial power shapes for LOCA analysis
b) statistical comb’nation of urcertainties

c) injection AP penalty reduct.ion

To discuss Cycle 18 schedules.

Time permitting, to discuss future LOCA methods improvements.

BCS
8/8/85




ENCLOSURE 3

YANKEE ROWE CHARACTERISTICS

POWER LEVEL 600 MWT
NUMBER OF ASSEMBLIES 76

RODS PER ASSEMBLY 230/231
ACTIVE HEIGHT 7.5 ft.

CONTROL ROD

TYPE CRUCIFORM
NUMBER o
GROUPS 4

MATERIAL Ag-in-Cd



CONTROL ROD GROUP

IDENTIFICATION
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YANKEE CORE 17
POWER DEPENDENT INSERTION LIMIT
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YANKEE ASSEMBLY TYPE A
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YANKEE ASSEMBLY TYPE B
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RELATIVE AXIAL POWER

CORE 18 TYPICAL AXIAL POWER SHAPES
FRESH FUEL

o= 1000 MWD/MIU
1.4 o = 6000 MWD/MTU
a - 14000 MWD/MTU
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RELATIVE AXIAL POWER

CORE 18 NOMINAL AND XENON POWER PROFILES
FRESH FUEL AT 14000 MWD/MTU

1.4
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RELATIVE NODAL POWER

CORE 18 XENON TRANSIENT AT FULL POWER
CORE AVERAGE FOR NODES 10 AND 3
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RELATIVE NODAL POWER

1.8

CORE 18 XENON TRANSIENT AT FULL POWER
CORE AVERAGE FOR NODE 10
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COMPARISON OF MERSURED VS PREDICTED RERCTION RATES

INCORE RUN YR-17-012 _
1337. MNO/MTU 689.7 MNT. GROUP C AT 83.8 INCHES

(l

B (™ D E F G H J
.880
887
.433
Nl
87
-.608
1.016 1.003
1.011 882
«306 1.101
1.011 1.107
1.008 1.087
220 886
1.148 1.083
1.144 1.083
«266 047
1.142
1.13¢
618
1.116 1.018
1.116 1.004
032 1.673
1.018
1.023
- '0"’
884 984
-850 1.013
-3 .887 -1.002
REASURED
PREDICTED

X DIFF
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COMPRRISON OF MERSURED VS PREDICTED RERCTION RATES
6873. MND/MTU 699.9 MNT. GROUP C RT B2.876 INCHES

INCORE RUN YR-17-018

(2

B C 0 E F G H J
-881
887
-.017
LR
1.000
~1.886
1.020 1.018
1.020 1.011
+780 AL
1.024 1.104
1.014 1.084
1.016 882
1.126 1.082
1.126 log=3
.008 -.0867
1124
1.128
086
1.102 1.028
1.102 1.012
«023 1.672
1.028
1.024
238
883 882
«880 1.008
-2.664 -1.820
=
REASURED
PREDICTED

X OIFF



COMPRRISON OF MERSURED VS PREDICTED RERCTION RATES
INCORE RUN YR-17-023
11840.0 MWO/MTU 699.0 MWT. OROUP C AT B82.126 INCH

B C 0 £ F C H J

%111

«1.167

1808

PREDIC T
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COMPARISON OF MEASURED AND PREDICTED SIGNALS

INCORE RUN YR-16-013
599.9 MWT. GROUP C AT 85.0 INCHES 1172 MWD/MTU
0.608
0.6u
~145%
1.084
107¢
«1.450
1.016 103
1.02¢ 1.081
-1.24 -1688)
oM 1100
1.081 1.088
-1.001 1.385%
1.084 1.0
1.06) 1024
1987 -0 402
1.074
1.083
.04
1110 .08
1.08¢ 1.0
.M -~0.57)
1.04% 1.028
1081 1020
~0.989 -0.038 B
0.882 1.084 MEASURED SIGNAL
[y T 1.07¢ PREDICTED SIGNAL
2442 0 404 PERCENT DIFFERENCE




COMPARISON OF MEASURED AND PREDICTED SIGNALS
INCORE RUN YR-16-025

599.9 MWT. GROUP C AT 84.6 INCHES 6492 MWD/MTU
0.645
0.848
0.03¢
1030
1042
-1.188
1038 1042
1037 1047
0.148 -0.47¢
1.040 1.000
1047 1080
~0.891 0.092
Lo 1.040
1073 1.040
0.31 0.020
1078
1073
. 0.19¢
1.090 108
1089 1.047
0.133 0.393
1042 1033
1047 1.037
~0.407 ~0.203
0.088 1040 MEASURED SIGMAL
0.845 1042 PREDICTED SI1GNAL
3.048 -0.m PERCENT DIFFERENX
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COMPARISON OF MEASURED AND PREDICTED SIGNALS
INCORE RUN YR—-16—035
593.8 MWT. GROUP C AT 85.6 INCHES 12420. MWD/MTU

0.680
0.688
3508
1023
1.022
0.132
1.04% 1 0e8
1.042 w047
0204 -0.097
1.045% 1.088
1.047 1088
-0. %1 0.2u
078 1.044
1.078 1.040
0.3 ~0. 404
1.072
1.078
-0287
1078 1.0458
1.08¢ 1.047
-0 -0.77
1.04% 1.02¢
1.047 1.042
-0 108 -1241
0.882 1.013 MEASURED SIGNAL
0.842 1.022 PREDICTED SIGNAL
210 -0.802 PERCENT DIFFERENCE
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RELATIVE AXIAL POWER
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RELATIVE AXIAL POWER

CORE 17 INCORE RUN 023 AT 11840 MWD/MTU
CORE AVREAGE AXIAL POWER GROUP C AT 82
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PERCENT OF ALLOWABLE THERMAL POWER
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RELATIVE AXIAL POWER

CORE 17 COMPARISON OF AXIAL PROFILES
RESTRICTED AND UNRESTRICTED ROD MOTION
BURNED FUEL AT 10000 MWD/MTU

0 = UNRESTRICTED
o = RESTRICTED
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RELATIVE AXIAL POWER
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RELATIVE AXIAL POWER

CORE 17 COMPARISON OF XENON AXIAL PROFILES
RESTRICTED AND UNRESTRICTED ROD MOTION
CORE AVERAGE AXIAL AT 12500 MWD/MTU
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RELATIVE AXIAL POWER

~ CORE 17 COMPARISON OF AXIAL PROFILES
aREISTRIC'I'ED AND UNRESTRICTED ROD MOTION
CORE AVERAGE AXIAL AT 85 % POWER IN COASTDOWN

o = INSTANTANEOUS
0 =2 IN/12 HOURS
a = 2 IN/24 HOURS
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POWER DISTRIBUTION LIMITS
TECHNICAL SPECIFICATION
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MULTIPLIER
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YANKEE CORE 17
MULTIPLIER FOR XENON REDISTRIBUTION
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STATISTICAL COMBINATION

F MEASUREMENT UNCERTAINTY (1.068)
F POWER UNCERTAINTY (1.03)
F ENGINEERING FACTOR (1.04)

MULTIPLICITIVE (1.144)
STATISTICAL (1.084)



CORE 18
BASIS FOR POWER SHAPE

NOMINAL
XENON INDUCED

23



GROUP C POSITION (INCHES)

CORE 17 TYPICAL ROD MANEUVERS

STEADY STATE FULL POWER OPERATION
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ENCLOSURE 4

ORIGINAL

0 XN-75-41 Vorumes | 1o 11l anp SuppPLEMENTS 1 TO 7
0 Generic SER on H B RoBinson Septemper 11, 1975

0 YR  SampLe ProBLEM  XN-75-41  Appenpix C

CHopreDp Cosine Power SHaAPE USED

0 YR SER Decemser 4, 1975
- AppPLICABILITY OF GENERIC METHOD
- SpecraL Review oF SHORTER Core, THInNNER FueL Rop,
DiFFeReENT AccumuLATOR CONFIGURATION

- (Generic MoperL ConservAaTIVELY COVERED

MopeL CHances AT YAEC

0 Revisep CaLcuLation oF EOBY 3/77

0 Low FLow Fium BorLine HIC  6/77

0 Core FLoop RaTe StaBiLizaTion 7/77

0 Lower PLenum PHase SeparaTion Moper  11/80

0 RELAPSYA MetHop DeveropMent  (in PROGRESS)



AxiaL PowgR SHAPE DISCUSSIONS

MarcH 29, 1985 (CaLL rFroM NRC)
- EXXON CoNCERNS APPLICABLE TO YANKEE PLANT
- YP Uses Cosine POwer SHAPE

- Yankee WiLL Assess PowerR SHAPE ImpaCT

APRIL 1%, 1985 (CALL FrROM YANKEE)

ActuaL Power Sware Frat at EOC
- ActuaL Peaxk 8.2 KW/F1; AnaLYZED Peak 11.2 KW/FT
- AT 807 EvLevaTion; ActuaL KW/FT > ANALYZED KW/FT

- Existing Cosine TOODEE-Z Run REANALYZED WITH

ActuaL Power SHAPES AT HIGHER ELEVATIONS.
- pCT < 2200°F

= NRC TO CALL BACK FOR MORE INFORMATION, IF NEEDED.



LHGR (KW/FT)

15

YANKEE CORE 17 HXIHL' SHAPE COMPARISON
HOT FULL POWER, 8000 MWD/MTU

o - LOCA (INFERRED)
o = PHYSICS DESIGN
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LHGR (KW/FT)

1S

YANKEE CORE 17 AXIAL SHAPE COMPARISON
HOT FULL POWER, 12500 MWO/MTU
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o = LOCA (INFERRED)
o = PHYSICS DESIGN
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FuLL Powgr QPERATION

0 Xe Inpucep Top Skew Power Suares May Leap 10 DErRATE

0 Existing Licensing AnaLyses WitL Cover BoTtrTom

SKEWED Power SHAPES

0 Roppep OperaTiON WiLL Force BoTToM SKEwWED

POWER SHAPES

0  PuLanT Was Orperep 10 InserT Rops (80" ro 83”)

0 Borrtom Peax WitH Tecw.Spec. LimiT ofF 11.2 KW/FT
WAS ANALYZED

0 PCT < 2200°F
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Rop WiTHDRAWAL BeEvyonD 83" REQUIRED

PCT < 2200°F, 1Ff

- Power £ 857

. = Rop WiTHDRAWAL Rate K 2" PER DAY



0 CurrenT MODEL

g0°
75°

459

(Basep on XN-75-41)

AP PENALTY
N WiTh Acc. Wit Pump
1.8 0.8
1.5 0.35
0.4 0.35
0.6 0.30

0 XN-NF-78-30 MopeL

- Basep on 1714 anp 1/3 ScaLe Test

- &P = 0.15 psiD

- Generic ApprovaL SER 3/30/7§S

0 AP =0.15 psip AppPLICABLE 10 YP



WANT

Avoip Power DERATE
Avolip UNWARRANTED OPERATING RESTRICTIONS

SER Berore PLANNED PLANT STARTUP

Near TerRm MopeL CHANGES
= INJECTIONAP PeNALTY

- StatisticaL COMBINATION OF UNCERTAINTIES
Use oF NomINAL PowerR SHAPES

CHANGE 1IN FXE AND Fl Tecuw. Spec.
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The meeting was adjourned. The staff took special! nete cf the forthright |
approach presented by the licensee in this mesting, end also noted the |

sound and timely technical efforts that have heer experced by the Ticensee

in its investigetions of the LOCA model,

Enclosures:
1. List of Attendrecs
Meeting Agenda
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cc w/erclosures:
See rext page
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& 5 UNITED STATES
e i i NUCLEAR REGULATORY COMMISSION
s : ? WASHINGTON, D. C. 20556
% ~
P & October 22, 1985
Taaat
Pocket No, 50-29
LICENSEE: Yankee Atomic Electric Company
FACILITY: Yarkee Nuclear Pewer Station
SUBJECT: MEETING SUMMARY - MEETING WITH YZFCO ON FCCS CODE REVISINK

v

A meeting was held betweer Yarkee Atomic Electric Company (YAECc) ard the
NRC staff to discuss proposed revisions to the FCCS codes and code
assumptions for the Vankee plant. The meeting was helc ir Eethesda,
Maryland on Aucust &, 1985 at the request of YAECe, A lict cof attendees is
provided in Enclosure '. The meeting agenda and objectives are provided as
Enclosure 2.

ifter a brief introductior by the MPC and YAECo projec. managers, the
Ticensee provided discussiere regarding the reasons for the current
reevaluation of the Yankee ECCS codes, the Yankee plant characteristics,

the core flux shapes and assnciated uncertainties, the history of the

Yankee ECCS code development, and propecals for modifying the ECCS coces and
input essumptions to assure continued cemp'fance with 10 CFR 50.46., A more
detailed discussion of each of these presentations is providec in the
following paragraphs, The handouts used for these presentations are
provided in Enclosures 3 ancd &,

Tr its introduction, the licensee explained that it was informed in the
Spring of 1985 that the axial power shapes it had been using for ECCS
arelvees mav no longer be acreptahle to the NRC staff. Specifically, the
cosine -haped arial power shape had been questioned. The licercee
explaired that 1t had taken action te limit flux in the upper core regior
by operating with a rodded core which ensured a bottom-peaked pcwer
distributier. This provided assurance that Yankee remained in compliance
with 10 CFR 50.46 while the ECCS anelysis methods were beina reviewed. The
decirability of operating the Yarkee core in a rodded condition was discucsed,
siprce this is not the normal operating mude for Yankee, The licensee and
the staff also discussed the Tikelihood that the staff's concerr fer
comp’‘ance with 10 CFR 50.46 was not a safety issue due to the conservatisms
that the licensee felt existed in the Yankee ECCS codes. A more det2iled
discuesion o€ the code conservatisms was provided by Yankee later in the
meeting.

The licensee provided a discussion on the Yankee core power distributions
(Enclosure 3). Follewing & description of the piant characteristics, the
licensee described its calculated flux distributions for Cycle 18
(Enclosure 3, paces 5-8). The graphs show nominal flux distributions for
various times in core life, and show the effectc of xenon on the flux



distributions. £c shewr on page & of Enclosure 3, the calculated xenon
transient induces a top-peaked power distributior late ir core life. In
response to a staff ouesticn, the licensee explained that load-followirg
calculations for xenon transient evaluatier were performed at full-power
steadv state conditions, with Techrical Specification (TS) limits that
reguire the plant to be held at a recuced power following a rower trarsient
to 1imit the effects of the xenor trarciertc 14 the rods are outside the rod
irsertion lTimit shown on pageec 2 2rd 19 of this enclosure. Tie Ticersee then
described the sclf-dampina characteristics of the yeron transient following a
rod-induced power trarsient (Enclosure 3, pages 9 anc 10;.

The licersee then provided the NRC ctaff with a comparison of actual

measured flux levels against calculated levels to show that the current

codes estimate flux levels within approxiretely 1%, except at the outermost
regions of the core. The comparicon was provided for the current and
previous cores (cores 17 and 16), Grapks of ca'culated versus actual axial
flux distributions are provided on paaces 17 and 18 of Frclosure 3, which show
@ close comparison between calculated erd actual axial flux.

The licensee provided a discusc<ior of the administrative centrcls currently
in place at Yenkee to provide assurance that the requirements of 10 CFk

5(.46 are met with the currert code for Cycle 17. The licensee has added
administrative controls to 1imit control red meverent which limits power
levels in the upper core reaion to limit any top peaked power distribution.
In addition, current TS have & restriction on how soon af*er a power reduction
the core cen be returned to full power if the rod heights are outside

the rod insertior limit, and there is a restrictierr en rod reactivity
transient ratec. Pcth cof these TS restrictions serve to 1 mit the effect

of xenon transients on the axial flux distribution. The Vicernsee has stated
that the additirra) rectriction on rod withdrawel limits will remain in
affect until reaching E0% power durirg the power coastdowr, Corpersation for
xencr trerefents will be accomplished using boron, to keep the rods within
the administrative restricticr,

Te show the effects of operating with a redded core, qraphs were provided
showine the axia) flux distributinr with and without the rod restriction,

ét two times in core life (page 20, 21, Fnclosure 3), Page 22 (Enclosure 3)
shows the effect on xenon transierte with and without the rod restriction.
The graphs point out that the #luy dictribution is bottom-peabled with the
rodded core, which hac the plant within the ericiral analysis assumptions for
cycle 17 operatiors. The craph on paoce 23 (Enclosure 2) further shows the
effect of reactivity rates on the axial power distribution, which points to
the reason for meirtzining the TS Timits orn reactivity rates.

The licensee ther provided information regardire the conservatisms in the
LOCA Timits of Linear Feat Generation Rate (LMGR) vs. core burnup. The
licensee presented information regardina concervetisrs that exist in the
Xenon Redistributier Factor (Fxe) and the Rod Insertion Factor (Fi). The
licensee also discussec three other factors (the Measuremenrt Uncertainty
(Fu), the Power Uncertainty ("p), and the Encireering Factor (Fe)) in the
TS LHGR 1imit. The licensce proposes to combine these three factors
statisticallv, ac oppnsed to the current method of combining them
multiplicatively, ac discussed on page 27 of Enclecire 2. The KRC staff
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stated its belief thet based on the information presented ir the meeting,
statis*ically combining the three factors (Fu, Fp, and Fe) should be
acceptable. The NRC staff stated that the licensee sheuld provide its
Justificatior for this proposal to allow for MRC staff review.

The next three slices (peoes 28-20, Enclosure 3) show information regarding
the integraticr cf bororn dilution with control rod motion, to support the
Yankee proposal to use nomine] flux shapes in its calculatirre, cs cpposed
to the currert approach of using the xencn-inducec flux shapes. The

slide on page .0 (Enclosure 3) shows the difference in axial flu» chapes for
the nominzY 2rd xenon shapes, and shows a bottor-peaked power distributior
for the nominal case, and a top-peched distribution for the xernr cico,

Fcllewire the presentation, the NRC staff pointed out that the norma)
aralysis assumptions consider TS &llowable transients (i.e.. if 7S a)'ow
rnc¢ metior between B0-9C inches, the analysis should use these limi*s),

'r addition, the NRC staff stated that adninistrative controle mey ret be
arpropriate, but that the TS should be modified appropriately. The
'icensee provided the argument that the nominal approach is more lile *he
vev the plant operates, and therefore should be used for the calculaticre,
The KEC restated its position of using the limiting analysis for the
Ticersing basis., On the issue of using 2 statistical combination of the
urcertainties, the NRC staff stazted that similar proposals from other
Yirercees have been accepted, while others have not, on the merits of the
irdividual cases. The NRC staff would need to look at the details of the
Yerkee prepnsal, The NRC staff ctated that the information to be provided
by the licensee needed to incluce an apprepriate data base, and to shey
‘rdeperdence of the factors involved., Based on the information preserted at
the reeting, the NRC staff felt that the Yarkee approach to statistical
combination of uncertainties was appropriate, but that the stafé vrld have
te cec the specifics before making its final determination.

The NRC staff then questioned the licensee regarding plar: for remcvire Fi
are Fye €rer the LHGR calculations. The licensee felt that a bottom shaped
flux distribution bourdec the cosine curve, and Fi would nct be reeded in
the celevlation, In the consideration for Fxe, the current TS value for
Fxe would be modified as & part of the cycle 18 reload submittal, 2re the
Ticercee 45 considering other restrictions (e.q., rod motion limits)

that may eliminate the neec for Fxe. As part of the reload submit+z), the
licercee irtends to make a case for eliminating the Fxe bottom mutiplier
(page 26 of Enclosure 3).

The Ticersee presented informatior related to the LOCA analysis methocs
thet ere being investigated (Enclrcure 4). The licensee explained the
history behind the previous analyces performed up through cycle 17. The
anélysis for cycle 18 had beer perfermed using the cosine shaped flux
distribution, and the licensee cxpl2ired that the calculations would need
to be re-performed based on the currert KRC concerns. To complete the
reanalysis, the models that are currently being used will have to be
mocified in order to remove the cperatirg rod withdrawal restrictions tc
é¢1low operation without a roddec ceve, 1In 1975, the licensee had
identified the Yankee models, eyplzining the differences between the Yarkee
model and the generic effort bacec er the Exxon model beira used fer the b.E.
Robinson plant. Since Yarkee wee using the cosine-shaped €lux
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distribution, it used Fi and Fxe mutipliers to add additional conservatisn.
Since the initial code development, a number of changes have been made to
the Yankee model as more knowledae or Yimitations in codes have been
identified. The latest questiore recarding the Yankee FCCS codes deal

with conditions during the refloed phase nf the accident analyses (after
the blowdown and refill phacce have ended). BRased on the current concerns,
2 compesite flux distribution was used te perform the LOCA analyses. The
composite distributior ircluded the most 1imitino of the ccsine and the
physics-deterrired flux distributions.

The technical issue of concern in the reflood phase wee te rot have the flux
peak in the upper reve region because of the time it took to reflond that
=~eqion. Ir the previous analyses using the cosine ¢heped flux distribution,
the flux peak was ir the core micdplane, and as long as the peck remeined
below this core midplane, the analysis using the ccecire shape would be
boundina. The current analysis which identified a top-pecked power
distribution led tc rod withdrawal restrictions tc provide flux suppressinn
in the upper core recior te cbtzin 2 bottom peaked flux distributior, ard
therefore make the cosine shaped flux distribution again bound the actual
flux distribution, Pace € of Frclosure 4 shows the licensee's proposed
cpereting restrictions for the power cczstdewn phase of the operatina cycle.
This pace showe that rod withdrawal above the current restriction of 83 inches
will be necessary. 7o &llow for this, the licensee propesed & roc withdrawal
rate 1imit of less *han nr equa! to ? inches per day tc ercure the analysis'
peak centerline *temperature (PCT) remains less than 22C0 degrees post-LOCA.

The licensee then provided a discussion of the cvcle 18 arelvees that have
been perferred to date. Page 8 (Enclosure 4) shows the items the licensee is
requesting regarding the model anc anclysis parameter changes for itc recel,
Cre of the issues shown deals with an injection delta-P penalty, whick ¢ 2
conservatier ircluded in the model to account for pressure loss due to injecticr
parameters of angle and fiow rate. The licensee is currently veipa 2 90
deoree arcle nf iriection, which results in a delta-F penalty of 0.8 psid.
With a mondified model, the licensee proposes a delta-P peralty of 0,15

peid, The staff's initial impression is that there should not be anv

problem in grantirg @ mocification of the delta-P penalty, but the ctaff
needs to evaluate the Ticensee's calculations ard assumptions befere making

a final decision.

The NEC staff questioned the appropriateness of using nominal power shepes in
the licensee's calculations. The licersee explezined that it intends to
perform a series of power chepe calculations, which are ar extensien of burnup
sensitivity stucies, usina calculated flux shapec, rot the 7S Timits. The
licensee ackrewledoed that this approach need: to be justified. The TS

would then be based on a calculation to allow operatirg rargin providing

for errors in calculations compared to measured flux levels. This

extra margin has in past efforts resulted in calculatiors based on TS kW/ft
Timits to show poceihle problems in meetino Appencix K. The licensee had
then proposed a single TS Timit which would be limitine, er bounding, and

be shown to be "imitino based on sensitivity studies. The staff pointed

out that the licensee's efforts to meet Appendix ¥ would he helped by using

a variable Yimit on the k¥/ft 1imit based on core height.

The Ticersee explained the differences hetween its analyses and the
kestinghouse methods (which recult in a varfable kW/ft limits), The
licensee explained that to show one kW/ft 1imit, as opposed to a variable one,
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sensitivity studies are needed to show the 1imit i< bounding. The current
Yankee kW/ft TS 1imits are based on cosine-shaped flux distribution
calculations. The licensee is working on develepirg kk/ft 7S limits based
on a top-peaked fluy distribution, and add a krowr amount of conservatism.
for its variable kW/ft limits. Westinghouse uses heicht-cerencent flux (F
delta H) Yimits for departure from nucleate boiling (DUNB) and hot channel
calculations. These sane limits are used in the Westirchouse LOCA
calculaticre. The Yankee mode) does not use F delte h in its LOCA

model. The licensee does not feel there are any radial flux (Fxy)
dependencies in the LOCA celculetions, and therefore uses kk/ft instead.
It wés @lsc noted that Westinahouse shows comp'iarce with Appendix K in
pre-cycle calculations, while Yankee verifies compliance throughout the
cycle using actua! measurements to compare to its calculations.

The licensee then explaired that if the delta-P penalty modification is
epprovec, there would be no need to benchmark the modified Yankee model,
due to the nature of the cherces. The licensee alsc peirtec out that this
change in its mocel would be a permanent charce. The Ticensee proposed to
provide the changes tc the model as a separate enclosure to the reicad
package. The sta®€ felt it would be more 2pprepriete to provide the LOCA
model changes in a separate letter, while at the same time use the mocified
médel in the cycle 18 submittal., The staff felt the* Yankee had provided
sufficient informztier ir the meeting such that the NPC staff feels the
change to the mndel will be acceptable, perdina confirmation of the
information provided ct the reeting, The licensee stated that if a problem
with the cycle 18 analyses or the TS were to occur, the fallback position
would be to rely on currert TS with rod restrictions,

The 1icensee stated that 2c it cevelops its final proposal, it mey esk

for additional conference calls or meetinge te ¥iscuss its approach with
the staff. This appreach ¢ acceptable to the staff. The licensee was
asked to provide a letter of commitment, %c ‘rrlude the bases for removing
the current rod restrictiens, ircluding any additional restrictions that
méy be necessary during the power coastdewn, as discussed earlier in the
meeting. .

The Ticensee asked one accditioral auestion regarding whether the proposed
modifications to the Yankee LOCA model would Fzve te be prenoticed as a
Ticense amendment. The ctaff's position is that the preposed
mogifications, other than the TS that recult from the calculations, are cf
such a nature that the Ticence i< rot being modified, and therefore would
net require prenoticing.

The recident inspector noted that with the changes in operating
»estrictions proposed by the licencee, the Licensee Event Repert (LFF) vould
reed to be modified. The licensee agreed to submit a modified LER.
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The meeting was adjourned. The staff *ook special note of the forthrict*
copreach presented by the licensre in this meeting, and also noted the
cound and timely technical efforis that have been expended by the licercee
ir its ipvestigations of the LOCA model.
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Jares W. Clifford, Project Merecer
Uperatinag Reactors Branch No. ¢

Enclosures:

1. List of Attendees

2. Meetinc Rnerc:

3. Core Power Distribution Kandouts
4, LOCA Apalveics Methods Handouts
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ENCLOSURE 2
AGENDA

YANKEE PLANT AXIAL POWER SHAPE MEETING

10:00 INTRODUCTION B. C. Slifer

10:15

11:15

12:00

CORE POWER DISTRIBUTIONS R. J. Cacciapouti

-Yankee Core Characteristics

-Typical Axial Power Shapes

-Xe Transients: Durations and Axial Shapes

-Cycle 17 Measured vs. Predicted Power Distributions
-Impact of Rod Program on Cycle 17 Power Shapes
-Core Power Monitoring

-Application of Uncertainty Factors

-Basis for Cycle 18 Power Shapes

LOCA ANALYSIS A. Husain

-Background Information
-Basis for Previous Analyses
~Axial Power Shape Discussions to Date
-Response to NRC Letter of May 22, 1985
-Analysis for Cycle 17
-Analysis for Cycle 18
-Prospective Methods Improvements

-Axial Power Shapes

DISCUSSION

-Cycle 18 Schedules -~
-Basis for Cycle 18 Analysis 8/8/85



1.

5.

OBJECTIVES

To explain actions taken to assure compliance with 10CFR50.46
for Cycle 17.

To explain actions planned to assure compliance with 10CFR50.46
for Cycle 18.

To obtain NRC feedback on

a) basis for axial power shapes for LOCA analysis
b) statistical combination of uncertainties

c) 1injection AP penalty reduction

To discuss Cycle 18 schedules.

Time permitting, to discuss future LOCA methods improvements.

BCS
8/8/85



ENCLOSURE 3

YANKEE ROWE CHARACTERISTICS

POWER LEVEL 600 MWT
NUMBER OF ASSEMBLIES 76

RODS PER ASSEMBLY 230/231
ACTIVE HEIGHT 7.5 ft.

CONTROL ROD

TYPE CRUCIFORM
NUMBER 24
GROUPS 4

MATERIAL Ag-In-Cd



CONTROL ROD GROUP

IDENTIFICATION

™o

e
29
19
49 0 51 52 |53 54 55 6 57 -
B T
59 60 61 2 63 b 65 Jce
C D
67 68 |69 70 7 72
D
73 “ 75 76
ASSEMBLY POSITION




YANKEE CORE 17
POWER DEPENDENT INSERTION LIMIT

T s e e = 3 o

3 2 3 2 3 3 2 3 ] e E
YIMOd WWYIHL 378UMOTY 40 IN3ON3d

ra

GROUP C POSITION (INCHES)



YANKEE ASSEMBLY TYPE A

|

YANKEE ASSEMBLY TYPE B

1

"




RELATIVE AXIAL POWER

1.5
1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.8
0.5
0.4
0.3
0.2
0.1

0.0

CORE 18 TYPICAL AXIAL POWER SHAPES
FRESH FUEL

o0 = 1000 MWD/MTU
o = 6000 MWD/MTU
a = 14000 MWD/MTU

T )\ LG AS Ba s e s e s as B Y

10 20 0 0 50 60 70 80 90
CORE HEIGHT (%)

)
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RELATIVE NODAL POWER

0
CORE 18 XENON TRANSIENT AT FULL POWER
CORE AVERAGE FOR NODES 10 AND 3

0 - NODE 10 (80%)
0 = NODE 3 (20%)

0.9‘:
3
|

0.8

0'7 e — § T A . Iinlat e, S s e T T L N T W o A e T e O
0 S 10 15 20 25 30 35 40 45

(HOURS)
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10

COMPRRISON OF MWERSURED VS PREDICTED RERCTION RATES
INCORE RUN YR-17-012 |
1337. MMO/MTU §9S.7 MNT. GROUP C AT 83.8 INCHES

B C D E F G H J
.890
887
433
.981
987
-.688
1.016 1.008
1.011 .982
.86 1.101
1.011 1.107
1.008 1.087
220 886
1.146 |1 o83
1144 1.083
.26E 047
1.142
1.138
618
1.116 1.018
1.116 1.004
.02 1.673
1.018
1.023
- 483
884 .904
-850 1.013
9.097 1,902
REASURED
PREDICTED

X OIFF



COMPRRISON OF MERSURED v§ PREDICTED RERCTION RARTES
INCORE RUN YR-17-018
6873. MND/MTU 695.9 MWT. GROUP C RT 82.876 INCHES

B C 0 E F G H J

881
887
-.8017
NCLE)
1.000
~1.886
1.028 1.018
1.020 1.011
780 .886
1.024 1.104
1.014 1.084
1.016 882
1.126 1.082
1.126 1.083
.208 -.0867
1.124
1.128
096
1.102 1.028
1.102 1.012
023 1.672
1.026
1.024
238
883 882
880 1.006
-~2.664 -1.920
MEASURED
PREDICTED
X DIFF




10

COMPRRISON OF MERSURED VS PREDICTED RERCTION RATES

11840.0 MWO/MTU 689.0 MWT. OROUP C RT 82.126 INCH

INCORE RUN YR-17-023

(3

B C D £ F G H J
.683
701
-1.167
980
1.008
-1.086
1.036 1.03¢
1.031 .028
684 743
1.034 1.101
1.024 1.08)
1.006 884
1.110 1.080
1.107 .088
02.2 .C’O’
1.100
1.107
.088
1.084 1.03?7
1.004 1.024
046 1.283
1.033 |
1.030
304
854 ~8|2
862 1.004
“ o‘.. -1 o"‘
PERSURED
PREDICTED
X OIFF




COMPARISON OF MEASURED AND PREDICTED SIGNALS

INCORE RUN YR-16—-013

599.9 AWT. GROUP C AT 85.0 INCHES 1172 MWD/MTU
0.608
°Q.“
-1485
1.084
1076
~1.450
1016 1.034
1029 1.081
-1.241 -1.883
1.031 1100
1.0 1.085
-1.001 1385
1.084 1019
1063 1.024
1.087 -0.492
1.074
1.063
1.041
1.110 1.048
1.08% 1.0
2.31 -0.573
1.045 1.028
1.081 1020
-0.980 ~0.088
0.6e2 1.084 MEASURED SIGNAL
088 1079 PREDICTED SIGNAL
2448 0 404 PERCENT DIFFERENCE




COMPARISON OF MEASURED AND PREDICTED SIGNALS

INCORE RUN YR-16-025

595.9 MWT. GROUP C AT 84.6 INCHES  6492. MWD/MTU

0.845
0.848
0.039
w03
1042
-1.188
1038 1042
10y7 1047
0.%42 -0.478
1.040 1.000
1.047 Loee
-0.691 0.092
wn 1.040
1073 1.040
03" 0.020
1078
1073
0.19¢ y
1.090 Lo
10890 1.047
0.133 0.393
1042 033
1.047 1037
-0 487 -0.203
0.888 1.040 MEASURED SIONAL
0.845 1042 PREDICTED SIGNAL
3.048 -0.M PERCENT DIFFERENCE

”

1€)



COMPARISON OF MEASURED AND PREDICTED SIGNALS
INCORE RUN YR—16-035
533.8 MWT. GROUP C AT 85.6 INCHES 12420. MWD/MTU

0.689
0.68¢
3508
1.023
1.022
0.132
1.045 1.048
1.042 1047
0204 -0.097
1.045 1088
1.047 1o8¢
-0.41 02w
1.078 1.044
1.07% 1.049
0.317 ~0.404
1.072
1.073
-0287
1.073 1.045
1.08¢ 1.047
-0.991 -0.77
1.045 1020
1.047 1.042
~0.18% -124
0.882 1.013 MEASURED S1GHAL
0.848 1.022 PREDICTED SIGNAL
210 -0.892 PERCENT DIFFERENCE

%



RELATIVE AXIAL POWER

CORE 17 INCORE RUN 022 AT 10677 MWD/MTU
CORE AVREAGE AXIAL POWER GROUP C AT 82

1.5
1.4}7 o = CALCULATED

103-

1021

1.1+ o
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3 4
0.2-:

0.1

0'0 el G i g e ek, B M e 6 s g b e p . e s e D

0 10 20 30 40 S0 60 70 80 vg)

CORE HEIGHT (%)

100

L]



RELATIVE AXIAL POWER

CORE 17 INCORE RUN 023 AT 11840 MWD/MTU
CORE AVREAGE AXIAL POWER GROUP C AT 82

loS?’
1.4

1.3
1.2+
1.1
1.0
0.9«’

0.5 e

0.7 -

0.6
0.5
0.4
0.3
0.2-

0.1 e

0.0

o = CALCULATED

O«L
-

10

e a ol s e o Bl ed s BB s Badadd o idd i diida i i ——

20 30 40 50 60 70 80
CORE HEIGHT (%)

100

.Y



PERCENT OF ALLOWABLE THERMAL POWER

[

YANKEE CORE 17
POWER DEPENDENT INSERTION LIMIT

110
{

4
4

100 4

4

ana sl P

~
o
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Y PPPPTPPPTE PoTTTTw

3

<]

0 PR apY.  REG iy (i e i e pasal tadddd s Lartatatid bk k.

0 10 0 % 40 S0 60 70 80 90
GROUP C POSITION (INCHES)



RELATIVE AXIAL POWER

CORE 17 COMPARISON OF AXIAL PROFILES
RESTRICTED AND UNRESTRICTED ROD MOTION
BURNED FUEL AT 10000 MWD/MTU

-
-
o
PN PR APPSR (e A

(8

-

@
'

o = UNRESTRICTED
= RESTRICTED

CORE HEIGHT (%)




CORE 17 COMPARISON OF AXIAL PROFILES
RESTRICTED AND UNRESTRICTED ROD MOTION
BURNED FUEL AT 12500 MWD/MTU

g

RELATIVE AXIAL POWER

1.5
1.4
1.34
1.2
1.14
1.9
0.94
0.8
0.7

L
0.6 1

.
B

lv

0.5-

‘o - UNRESTRICTED
o = RESTRICTED

L s B e e

CORE HEIGHT (

Y aa s e s Ba e e Y PR




RELATIVE AXIAL POWER

CORE 17 COMPARISON OF XENON AXIAL PROFILES
RESTRICTED AND UNRESTRICTED ROD MOTION
CORE AVERABE AXIAL AT 12500 MWD/MTU

1.5
T ln = UNRESTRICTED
lo = RESTRICTED

1.4+
‘.3"
‘021

1.1-

1.0

OOS‘L" »  Saetd Y PUTTT—Y o aoa oo oo os aacaosasns pAGa e haas Mg A

0 10 2 30 0 50 80 70 80 %0
CORE HEIGHT (%)



RELATIVE AXIAL POWER

CORE 17 COMPARISON OF AXIAL PROFILES
RESTRICTED AND UNRESTRICTED ROD MOTION
CORE AVERAGE AXIAL AT 85 % POWER IN COASTDOWN

0 = INSTANTANEOUS
o= 2 IN/12 HOURS

a = 2 IN/24 HOURS

10

—— — ———————————

20 30 40 50 60
CORE HEIGHT (%)

100



POWER DISTRIBUTION LIMITS
TECHNICAL SPECIFICATION

=F FFF_FFFF,

MAX

"

m
» c ~ »
w <

o

™

M m n n n n

-
™

~

2 U 8 ¢ ¢

RADIAL POWER

AXIAL PEAK -TO- AVERAGE
MEASUREMENT UNCERTAINTY (1.068)
STACK SHORTENING (1.008)

POWER UNCERTAINTY (1.03)
ENGINEERING FACTOR (1.04)

ROD INSERTION FACTOR

XENON REDISTRIBUTION FACTOR
AVERAGE KW/FT



MULTIPLIER

1.02

YANKEE CORE 17
CONTROL ROD INSERTION MULTIPLIER

1.00

P— N Drp—— s o o N

B4 86
GROUP C POSITION (INCHES)



MULTIPLIER

1.20
1
-
.
1.15 4
1.10 4
K
4
1.0S -
4
1
3
1.00 ~p= T b ey e SR 4 Sl -y v T v
0 2 4 6 8 10 12 14 16

MULTIPLIER FOR XENON REDISTRIBUTION

YANKEE CORE 17

CYCLE BURNUP (GWD/MTU)



STATISTICAL COMBINATION

F MEASUREMENT UNCERTAINTY (1.068)
F POWER UNCERTAINTY (1.03)
F ENGINEERING FACTOR (1.04)

MULTIPLICITIVE (1.144)
STATISTICAL (1.084)



CORE 18
BASIS FOR POWER SHAPE

NOMINAL
XENON INDUCED

R



GROUP C POSITION (INCHES)

CORE 17 TYPICAL ROD MANEUVERS
STEADY STATE FULL POWER OPERATION

4

.

-

(o]
0 -~

0 12 14 18 18
TIME (HOURS)

22

24
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ENCLOSURE 4

ORIGINAL

0  XN-75-41 Vorumes I 1o IIl anp SuppLEMENTS 1 TO 7
0 Generic SER on H B Rosinson Septemper 11, 1975

0 YR SampLe ProBLEM  XN-75-41  Aepenpnix C

CHoprPeDp CosINE Power SHAPE UsEeD

0 YR SER Decemser 4, 1975
- APPLICABILITY OF GENERIC METHOD
- SpeciaL Review oF SHORTER Core., THINNER FugL Rob,
DiFFERENT AcCuMULATOR CONFIGURATION

- (Generic MopeL ConservATIVELY COVERED

MoDEL QHAN§E§ AT !AEC

0 Revisep CaLcuration oF EOBY 3/77

0 Low Frow FiLm BorLine HIC  6/77

0 Core FLoop RaTe StasiLization 7/77

0  Lower PLENUM PHASE SeparaTiON Moper 11780

0 RELAPSYA MetwHop Deveropment  (IN PROGRESS)



MarcH 29, 1985 (CatL fFrOoM NRC)
- EXXON ConcerRNS APPLICABLE TO YANKEE PLANT
- YP Uses Cosine Power SHAPE

- YANKEE WiLL Assess PowerR SKAPE IMPACT

APRIL Ig, 1985 (CALL FROM YANKEE)
- ActuaL Power Swape FLat aT EOC
- AcTuaL Peak 8.2 KW/FT; ANaLYZED PEak 11.2 KW/FT
- At 80% ELevaTion; AcTuaL KW/FT > ANALYZED KW/FT

- Existing Cosine TOODEE-2 Run REANALYZED WITH

AcTuaL Power SHAPES AT HIGHER ELEVATIONS.
- pcT < 2200%

= NRC TO CALL BACK FOR MORE INFORMATION, IF NEEDED.



LHGR (KW/FT)

2 YANKEE CORE 17 AXIAL SHAPE COMPARISON
HOT FULL POWER, 8000 MWD/MTU

15

o - LOCA (INFERRED)
o = PHYSICS DESIGN

e e

T T Pp—— — ——

0 10 20 30 0 50 60 70 80 0 100
PERCENT OF CORE HEIGHT



LHGR (KW/FT)

YANKEE CORE 17 AXIAL SHAPE COMPARISON
HOT FULL POWER, 12500 MWD/MTO

15

o = LOCA (INFERRED)
0 = PHYSICS DESIGN

T ————

40 50 60
PERCENT OF CORE HEIGHT



FurLl PowerR OPERATION

0 Xe Inpucep Top Skew Power SHAPES May Leap 10 DeRATE

0 Exrstince Licensing AnaLyses WirLL Cover BortTom

SkeweD PoOwerR SHAPES

0 Roopep OperaTION WILL Force BoTTOM SKEWED

POWER SHAPES

0  PrLanT Was Orperep 10 INSERT Rops (80" 1o 83“)

0 Bottom Peax WiTH TecH.Spec. LimiT oF 11.2 Kh/FT

Was ANALYZED

0 PCT < 2200°F



0 Rop WiTHDRAwAL Bevonp 83" REQUIRED

0 PCT < 2200°F, 1F
- Power £ 852

- Rop WiTHprAwAL RaTE K 2" PER DAY



0

0

0

INJECTIONOP PENALTY

CuRRENT MODEL (Basep on XN-75-41)
AP PeNeLTY
ANGLE OF INJECTION With Acc. With Pume
90° 1.8 0.8
75° 1.5 0.35
60° 0.4 0.35
450 0.6 0.30

XN-NF-78-30 MobpeL

- Basep on 1714 anp 1/3 ScaLe TesTt
- AP = 0.15 psiD

- Generic AeprovaL SER 3/30/79

AP = 0.15 psip AppLICABLE TO YP



WANT
- Avoip Power DERATE
- Avoip UNWARRANTED OPERATING RESTRICTIONS
- SER Berore PLANNED PLANT STARTUP

NEED

- Near Term MopeL CHANGES
- InJeEcTiONAP PENALTY

- StatisticaL COMBINATION OF UNCERTAINTIES
- Use oF NominNAL POWER SHAPES

- CHANGE IN F__ AND Fl Tecu. Spec.

XE
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Pressure Loss Due to Injection (psid)
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FIGURE 2.3 PRESSURE LOSS DUE TO PUMPED
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