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1.0 INTRODUCTION

This report provides information to support the operation of the
Vermont Yankee Nuclear Power Station through the forthcoming Cycle 15. In
this report, Cycle 15 will frequently be referred to as the Reload Cycle. The
preceding Cycle 14 will frequently be referred to as the Current Cycle, The
refueling between the two will involve the discharge of 128 irradiated fuel
bundles and the insertion of 128 new fuel bundles. The resultant core will
consist of 128 new fuel bundles and 240 irradiated fuel bundies. The General
Electric Company (GE) manufactured all the tundles, except four qualification
fuel bundles manufactured by Advanced Nucl_.ar Fuels, Some of the irradiated
fuel was also present in the reactor in Cycle 13, This cycle will frequently

be referred to as the Fast Cycle.

Thie report contains descriptions and analyses results pertaining to
the mechanical, thermal-hydraulic, physice, and safety aspects of the Reload
Cycle. The analyses assumed the reload core contained all GE bundles.

Section 9.0 describes the Reload Cycle Core Component Qualification Program
and its impazt on the analyses. The MAPLHGR and MCPR operating limits
calculated for the Reload Cycle are given in Appendix A, These limits will be
included in the Cove Operating Limits Report.

WPPLO/10



2.0 RECENT REACTOR QPERATING HISTORY

2.1 Qperating History of the Current Cycle

The current operating cycle is Cycle 14, To date, the Current Cycle
has been operated smocothly at, or near, full power with the exception of
sequence exchanges, one short repair outage, two scrams, and a coastdown to
the end of cycle. The operating history highlights and control rod sequence

exchange schedule of the Current Cycle are found in Table 2.1.1.

2.2 Qperating History of Past Appliceble Cycle

The irradiated fuel in the Reload Cycle includes some fuel bundles
initially inserted in Cycle 13. This Past Cycle operated smoothly at, or
near, full power with the exception of sequence exchanges, two short repair
outages, and a coastdown to the end of cycle. The operating history
highlights of the Past Cycle are found in Table 2.2.1. The Past Cycle is

degcribed in detail in Reference 1.

WPP4O/10
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3.0 RELOAD CORE DESIGN DESCRIPTION

3.1 Core Fuel loading

The Reload Cycle core will consist of both new and irradiated
assemblies. All the assemblies have bypass flow holes drilled in the lower
tie plate. Table 3.1.1 characterizes the core by fuel type, betch size, and
first cycle loaded. A description of the fuel is found in Reference 2.

1.2 Design Reference Core Loading Pattern

The Reload Cycle assembly locations are indicated on the map in
Figure 3.2.1, For the sake of legibility only the lower right quadrant is
shown. The other gquadrants are mirror images with bundlee of the same type
having nearly identical exposuree. The bundles are identified by the reload
number in which they were first introduced into the core. If any changes are
made to the losding pattern at the time of refueling, they will be evaluated
under 10CFR50.59. The final loading pattern with specific bundle serial
numbers will be supplied in the Startup Test Report.

3.3 Assembly Exposure Distribution

The assumed nominal exposure on the fuel bundles in the Reload Cycle
design reference loading pattern is given in Figure 3.2.1. To obtain this
exposure distribution, the Past Cycle was depleted with the SIMULATE-3 model
[3=4) using actual plant operating history. For the Current Cycle, plant
operating history was used through January 10, 1990, Beyond this date, the
exposure wae accumulated using a best-estimate rodded depletion analysis to
End of Full Power Life (EOFPL) followed by a projected coastdown to End of
Cycle (EOC).

Table 3.3.1 gives the assumed nominal exposure on the Current Cycle and
the Beginning of Cycle (BOC) core average exposure that results from the
shuffle into the Reload Cycle loading pattern. The Reload Cycle EOFPL core

average exposure and cycle capability are provided.

WPPLD/10



TARLE 3.1.1
ASSUMED VY CYCLE 15 FUEL BUNDLE TYPES AND NUMBERS

Fuel Reload Cycle

Pesignation Designation Loaded Number

Irradiated BPEDRE2GO R12 13 104
BD326B R13A 14 88

BD3I24B R13B 14 48

New BPEDWB311-106G2 R14A 15 bb
BPEDWB311-11G2 R14D 15 6h

IABLE 3.3.1

DESIGN BASIE VY CYCLE 14 AND CYCLE 15 EXPOSUKES

Assumed End of Current Cycle Core Average Exposure 19.59 GWD/ST

Assumed Beginning of Reload Cycle Core Average
Exposure 10.71 GWD/ST

Haling Calculated End of Full Fower Life Reload
Cycle Core Average Exposure 19.76 GWD/ST

| Reload Cycle Full Power Exposure Capability 9.05 GWD/ST

WPP40/10




e P

A S R R B RBa=

I

!
!
!
!

13A

4

|
l
y

— -

al

| 18
‘

B e

|
|

)

S —

|
|
|

|
|
|
|
VR SE—

g e o e

s
A
at

SRBISDRDRSSEE SO,

;
¢
(« %]

|

RORES S S,

Q¢

’

|

a4k

’

L

s
l
1




4.0 FUEL MECHANICAL AND "HERMAL DESIGN

4.1 HMechanical Design

Most of the fuel to be inserted into the Reload Cycle was fabricated by
CE. The major mechanical design parameters are given in Table 4,1.1 and
Reference 2. Seversl design changes have been incorporated in the Reload
Cycle fuel design., The new fuel bundles differ from the irradiated bundles in
the following ways: 1) the average bundle enrichment has been changed to 3,11
w/0 U«235; 2) the ferrule spacer is used; and 3) the number of water rods has
been changed to one large central rod., Detailed descriptions of the fuel rod
mechanical design and mechanical design analyses are provided in Reference 2.
These design analyses remain velid with respect to the Reload Cycle
operation. Mechanical and chemical compatibility of the fuel bundles with the
in-pervice reactor environment is also addressed in Reference 2.

4,2 Thermal Design

The fuel thermal effects calculations were performed using the
FROSSTEY~2 computer code [5]. The FROSSTEY-2 code calculates
pellet-to-cladding gap conductance and fuel temperatures from a combination of
theoretical and empirical models which include fuel and cladding thermal
expansion, fission gas release, pellet swelling, pelle’ densification, pellet
cracking, and fuel and cladding thermal conductivity.

The thermal effects analysis included the calculation of fuel
temperatures and fuel cladding gap conductance under nominal core steady state
&1 peak linear heat generation rate conditions., Figure 4.2.1 provides the
core average response of gap conductance. These calculations integrate the
respuases of individual fuel batch everage operating histories over the core
average exposure range of the Reload Cycle. The gap conductance values are
wveip.ted axially by power distributions and radially by volume. The core-wide
gap conductance values for the RETRAN system gimulations, described in
Sections 7.1 through 7.3, are from this data set at the corresponding exposure

statepoints.

WPPLO/10
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TABLE 4.1.1

NOMINAL FUEL MECHANICAL DESIGN PARAMETERS

Fuel Bundle*

Bundle Types

Vendor Designation
(Table 3.1.1)
Initial Enrichment,
w/o U235

Rod Array

Fuel Rods per Bundle

Outer Fuel Channel
Material

Wall Thickness,
inches

] Fuel Types
lrradiated New
Iwice-burned nce-Burned

BPRXKR BEPEXBER GEBXhiD

BPBDRE2OY BD324B and BPE™iB311-10G2
BD324B and BPEDWE311-11CL

2.99 3.24 and 3.26 3.11

BX8 8X8 BXE

62 60 60

Zr=b Zi=4 Lr=2

0.080 0.080 0.080

*Complete bundle, rod, and pellet descriptions are fcund in Reference 2.

WPPLO/10
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IABIE 5.2.1

VY _CYCLE 15 CAP CONDUCTANCE VALUES USED IN TRANSIENT ANALYSES

_Irradiated Fuel Bundles , A ___New Fyel Bundles

Cycle Exposure Core Average Hot Channel Hot Chammel ‘!’ Bot Channel Bot Chanmel ()

Statepoint Gap Conductance Bundle Exposure Gap Cowductance Bundle Exposure Gap Conductance

2

_ (WWD/ST) (BTU/Bz-Ft°- °F) _ (MWD/ST) (eTu/Ec-Ft° - °F) ___(MD/ST) (BTU/Bz-Ft° -° F)
BOC15 2750 107463 £750 7788 4RR0
EOFPL15-2000 MWD/ST 4000 17269 5490 857% 5010
EOFPL15-1000 MWD/ST 5090 18608 4370 10005 ) SORO
EOFPLIS 4320 19756 4290 10005 (3) SORO

(1) Hot chammel gap conductance vaiunes are derived for the BD324R fuel type because it is comservative
compared to the other fuel types.

{2) Bot channel gap conductance values are derived for the 2PRDWB311-10GZ.

(3) Taken as the highest point in the exposure range.

-31-
WPPLD/10



FEAK LINEAK HEAT

TABLE 4.2.2

G 10

GENERATION BATES CORRESPONDIN
INCIPLENT FUEL CENTERLINE MELTING AND 13 CLADDING FLASTIC STRAIN'!’

Exposure
(MWR/MI)
Evel Type BPExSR
BPBDEB299 0
25,000
50,000
Exposure
(MWDR/MI)
Fuel Iype GEEXSER
BD326B 0
end 25,000
BD324B 50,000
Exposure
(MWD/MI}
Fuel Type GEBXEND
BPBDWB311-11G2 0
BPRDWB111-10G2 25,000
50,000
NOTE

(1) Peak linear heat generation rates shown are minimum bounding

0.0 v/o 04,0,

Melt 1% ¢
ey Omab)

eh .0 24.0
24.0 24,0
23.5 15.5
0.0 w/o 04,0,
Melt 1% ¢
(kKZE1) (wsth)
24,0 24.0
2‘..() 2‘. o()
24.0 16.0

0.0 w/o Gd,0

I e S0y
Melt 1% ¢
oty oeeb)
eh .0 W0
24,0 0
20.5 . 9

occurrence of the given condition,

WPFLO/10
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4.0 w/o Gd, 0

Melt 1% ¢
awzgn)  Omub)
21.% 24,0
20,5 20.5%
19.0 12.0

3.0 vlo G40y

Melt
(kw/fL)

21.0
20.0
19.0

4.0 w/o G

1% ¢
awzah)

d

L0 wie Gaghy

Melt
(hW/EL)
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R12 R14B | R12 R148 | R12 Ri4A | R12 Ri14B  |R138  |R14A | R12
07688 |10807 |26.488 111005 |28s12 |114a1 [20182 [11208 [22608 |8320 |24.367 e
R14B  |R13B |R14B |R13A |R14A |R13A |R14B |R13A 'R14A  |R13A | R12
11041 |za238 | 11,445 |20800 [11.626 [24706 |11.897 24189 [10.471 20941 | 26,086 20
R12 R14B | R12 Ri4A |R12 Ri4A |R138 |R14e |R13B  |Ri13A |Ri2
o6 680 |11654 |28432 11683 |29.188 [12082 |24.471 |11.044 |10.738 | 20760 |24.279 18
Ri4B  |R13A |Ri4A |[R138 |[R14A |R13A |R14B |R13A |R13A [Ri2
11818 |21082 |11.880 |24814 |11.988 |24818 |11619 |21.608 |21.608 |27.282 R
R12 Ri4A | R12 R14A | R12 R14B | R13B  |R13A |R12
08775 | 11881 |28.375 |12028 |20710 |11866 |21.878 |21.617 |26.661 14
RieA |R13A |R14A |R13A |R14B  |[R13A |R14A [R13A |R12
11727 |28132 |12216 |2s.010 |11.874 |24401 |10.389 |21.286 |27.381 12
R12 Ri4B |R138 |Rm14B |[R138 |R14A |R13A |R13B |R12
20211 |11.870 |24848 |11668 |21.914 |10395 |22207 |[19733 |26.819 10
R148 R13A R148 R13A R13A R13A R13B6 R12
11324 |24888 |11.180 |21674 |21896 |21.213 |19.794 |24.857 0é
R138 R14A R13B R13A R12 R12 R12 l
20733 | 10247 | 19839 |21930 |25784 |27.278 | 26.208 | 08
|
RHAA - IWTBA - HIBA - fiRie l | BUNDLE ID FUEL DESIGNATION
—04
8317 |21389 |20513 |27.260 ‘ ‘ 13 SPRBAREHY
| R13A BD326B
R12 R12 R12 | weew BUNDLE ID R13B BD324B
26193 |259088 |26493 | EOFPL EXPOSURE R14A BPBDWB311-10G2  _02
R14B BPEDWB2311-11GZ
l |
23 25 27 29 31 33 38 a7 a9 41 43
FIGURE 5.2.2
VY Cycle 15 Rodded Depletion, EOFPL Bundle Average EXposures
WPP4LO/10 25-



rf",

@
i
l
|

|

|

+

|

|
R S e

|

|
D et S

!

|
|
|

'
L]
L)
'
|
*t
i
'

b ——. a——

C

v

+
A

—

P UOHED OGS [ED

wiliepy UMODINGS Wiriu

HYW NMOCQLNH

NID

©

(¢

B e e

B e

--

e = 1

R sl

S S —— e e e e S

e




BMAACE

analyses for the Reload Cycle were

FIBWR code incorporates a

low paths in a BWR core,
A8E reglor nd water rod
ndle type were benchmarked

information,

IBWR code were then

transient analyvsis model.

ipated transient events
film boiling
Integrity Safety Limit
PE
some
the operating
he minimum value
the most
transient 3 ) and normal operating

derived with the GEXL-Plus correlation

‘ation Rate (LHGR

BPBXBR, 14.4 ki or Bundle Types GESXREB and

Maximun MLHGR B can be found in




Linear Heat GCemne
Maximum APLHGR (MAPLHG! ues
mechanical analysis MAPLHC

design analysis, us

nstrate that all fuel rods in a latti operating

meet the fuel design limits specified in
tion 7.0 were analyzed tc
design analysis wmethods was 1

WCA analysis




lyses

wer

rmed with mode |l

the RE

rrelation

lational j

rmed with the FIBWR, RETRAN
one-channel model
rod flow also modeled

rmed at several power leve

ig

certain

the




were then used as input to steady-state RETRAN/TCPYAOl hot channel

B - . SN ..

tions (i.e., re pressure drop, system pressure, and core inlet

The FIBWR conditions for channel power, channel flow, and bypass flow

lculations. Other assumptions are consistent with those in the FIBWR

alysis The Initia ritical Power Ratio (ICPR) is the key result for each

eady-state RETRAN/TCPYAOl analysis. These results allow for the development
functional relationships, describing AP as a function of ICPR, and AF and

type. These relationships are used in

e iterative process used during the transient calculations as described

W oa shown in Figure 7 ]

The second part iterates on the hot channel initial power level. This

necessary because the OCPR for a given transient varies with Initial

tical Power Ratic (ICPR) HHowever, only the ACPR corresponding to a
ansient MCPR equal to the FCISL limit (i.e., 1.07 + ACPR = ICPR) is
propriate The approximate nstancy of the ACPR/ICPR ratio is useful in
ese iteratious Each iteration requires a RETRAN hot channel run t

\lculate the transient enthalpies, flows, pressure and saturation properties

I t ‘
each time step. These are required for input to the TCPYAOl code. TCYPAOI
then used to calculate a CPR at each time step during the tiansient, from
ich a transient OCPR is derived. The hot channel model assumes a chopped

Al

sine axial power shape with a peak/average ratio of 1.4,

1, analyses for the Reload Cycle included

enchmarking the FIBWR model against vendor-supplied thermal-hydrauli
formation. Therefore, the FIBWR results of AF and BPF for a given AP and

re pressure drop are passed directly to RETRAN. As shown in Figure 7

1
ul f o dady

he current iterative process involves a single loop.
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L, Safety/relief valve and safety valve setpoints are modeled as being
at the Technical Specification upper limit., Valve responses are

based on elowest specified response values.

5. Control rod drive scram speed is based on the Technical
Specification limite. The analysis addresses a dual set of scram
speeds, referred to as the "Measured' and the "67B" scram times.
"Measured" refers to the faster scram times given in
Section 3.3.C.1.1 of the Technical Specifications. '"67B" refers to
the slower scram times given in Section 3.3.C.1.2 of the Technical

Specifications.

7.1.3 QOne-Dimensional Cross Sections and Kinetics Parameters

The methods used to generate the one~dimensional (1-D) cross sections
and kinetics parameters as a function of fuel temperature, moderator density,
moderator temperature, and scram ere described in detail in Reference 19. The

method is outlined below.

A complete set cf 1-D cross sections, 1-D kinetics parameters, the
axial power distribution, and the kinetics parameters are generated from base
states established for EOFPL, EOFPL-~1000 MWD/ST, EOFPL-2000 MWD/ST, and BOC
exposure statepoints., These statepoints are characterized by exposure a&nd
void history distributions, control rod patterns, and core thermal-hydraulic
conditions. The latter ere consistent with the assumed system transiant

conditions provided in Table 7.1.1.

The BOC base state is established by shuffling from the previously
defined Current Cycle endpoint into the Reload Cycle loading pattern. A
criticality search provides an estimate of the BOC critical rod pattern. The
EOFPL and intermediate core exposure and void history distributions are
calculated with a Haling depletion as described in Section 5.2, The EOFPL
state is unrodded. As such, it is defined sufficiently. However, the
EOFPL~1000 MWD/ST and EOFPL-2000 MWD/ST exposure stat.points require base
control rod patterns. These are developed to be as 'black and white" as

wils
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rodded depletion configuration, al
inserted are fully inserted, and all
ingerted are fully withdraw

are within operating limits, then this
If the limite are exceeded, a minimun

minimum number of notches until the

this method, the control rod patterns

imize the scram reactivity and maximize
coeffic + For the events

ransient power response.

SIMULATE~3 initial control state

of perturbation cases are run w

ith SIMULATE-3
temperature, moderator temperature, and core
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he reference state, To obtain the effe
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state, data set of kinetics parameters and
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regions to represent Lhe
op reflectors.

nse of scram reactivity in

of the turbine bypass system,




I'he leedwater ntroller failur (maximum demand) transient is not a
Limiting transient for Vermont Yankee, because of the plant's 110% steam flow
bypase eystem, Past analyses have shown this transient to be considerably

less limiting than any of the above for all exposure points. The events
B !

and the results [ the transients analyzed are provided in the following

6 selected for consideration were analyzed at exposure

points of EOFPL, EOFPL-1000 MWD/ST, and EOFPL-2000 MW the loss

ieedwater heating transient was also evaluated at BOC conditions. The

transient results reported in Table 7.2.1 correspond to the limiting bundle

limits in Table 7.2.1 are calculated by adding the

iransient

The transient is initiated by a rapid ciosure (0.1 second « losing time)

assumed the steam bypass valves, which

remain closed. A reactor protection system

sure swilches.

seconds after the start

of turbine stop valve motion. The ATWS recirculation pump trip is assumed to

ur at a setpoint of 1150 psig dome pressure. A pump trip time delay of

logic delay and W

set generator field

.ransient, the bypass piping volume up to the

valve chest is lumpe nto the control volume upst.eam of the turbine stop

seystem parameters at the three exposure

through 7.2.3 f

AN AL ¢ &

or the '""Measured' scram time




7.2.2 Generator Load Rejection Without Bypass ITransient (GLRWOBP)

The transient is initiated by a rapid closure (0.3 seconds closing
time) of the turbine control valves., As in the case of the turbine trip
transient, the bypass valves are assumed to fail. A reactor protection system
signal is generated by the hydraulic fluid pressure ewitches in the
acceleration relay of the turbine control system. Control rod drive motion is
conservatively assumed to occur 0.28 seconds after the start of turbine
control valve motion., The same mcdeling regarding the ATWS pump trip and
bypass piping is used as in the turbine trip simulation. The influence of the
accelerating main turbine generator on the recirculation system is simulated
by specifying the main turbine generator electrical frequency as a function of
time for the M-G get drive motors. The main turbine generator frequency curve
is based on a 100% power plant startup test and is considered representative
for the simulation. The system model predictions for the three exposure

points are shown in Figures 7.2.4 through 7.2.6 for the '"Measured" scram time

analysis.

7.2.3 Loss of Feedwater Heating ITransient (LOFWH)

A feedwater heater can be lost in such a way that the steam extraction
line to the heater is shut off or the feedwater flow bypasses one of the
heaters. In either case, the reactor will receive cooler feedwater, which
will produce an increase in the core inlet subcooling, resulting in a reactor

power increase.

The response of the system due to the loss of 100°F of the feedwater
heating capability was analyzed. This represents the maximum expected
feedwater temperature reduction for a single heater or group of heaters that

can be tripped or bypassed by a single event.
Vermont Yankee has a scram setpoint of 120% of rated power as part of

the Reactor Protection System (RPS) on high neutron flux. In this analysis,

no credit was taken for scram on high neutron flux, thereby allowing the

-35=
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7.4 Leoal Rod Withdrawa) Exxor Transient Resulis

The rod withdrawa. <:cor (RWE) is a local core transient caused by an
operator erroneously withdrawing a control rod in the continuous withdrawal
mode. If the core is operating at its operating limits for MCPR and LHGR at
the time of the error, then withdrawal of a control rod could increase both

local and core power levels with the potential for overheating the fuel,

There is a broad spectrum of core conditions and control rod patterns
which could be present at the time of such an error, For most normal
situations it would be possible to fully withdraw a control rod without

exceeding 1% clad plastic strain or violating the FCISL.

To bound the most severe of postulated rod withdrawal erro. events, a
portion of the core MCPR operating limit envelope is specifically defined such
that the cladding limits are not viclated. The consequences of the error
depend on the local power increase, the initial MUP: oi the neighboring
locations and the ability of the Rod Block Monitor (RBM) System to stop the
withdrawing rod before MCPR reaches the FCISL.

The most severe transient postulated begins with the core operating
according to normal procedures and within normal operating limits. The
operatcor makes & procedural error and attempts to fully withdraw the maximum
worth control rod at maximum withdrawal speed. The core limiting locations
are close to the error rod. They experience the spatial power shape transient

as well as the overall core power increase.

The core conditions and control rod paitern are conservatively modeled
for the bounding case by specifying the following set of concurrent worst case

assumptions:

l. The rod should have high reactivit worth. This is provided for by
analysisc of the core at several exposure points around the core
peak reactivity., The test patterns are developed with xenon-free
conditions. The xenon-free condition and the additional control

“37%
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rod inventory needed to maintain criticality exaggerates the worth
of the withdrawn control rod when compared to normal operation with

normal xenon levels.
The core is initielly at 104,.5% power and 100% flow.

The core power distribution is adjusted with the available control
rods to place the locations within the four by four array of
bundles around the error rod as close to the operating limits as

possible.

0f the many patterns tested, the pattern with the highest ACPR

results is selected as the bounding case.

The RBM System's ability to terminate the bounding case is eveluated on

the following bases!

1'

WPP4LO/10
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Technical Specifications allow each of the separate RBM channels to
remain operable if at least half of the Local Power Range Monitor
(LPRM) inputs at every level are operable. For the interior RBM
channels tested in this analysis, there are a maximum of four LPRM
inputs per level. One RBM channel averages the inputs from the *
and C levels; the other channel averages the inputs from the B and
D levels. Considering the inputs for a single channel, there are
eleven failure combinations of none, one and two failad LPRM
strings. The RBM channel responses are evaluated separately at
these eleven input failure conditions. Then, for each channel
taken separately, the lowest response as a function of error rod

position is chosen for comparison to the RBM setpoint.

The event is analyzed separately in each of the four quadrants of
the core due to the differing LPRM string physical locations

relative to the error rod.
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Technical Specifications require that both RBM channels be operable
during normal operation. Thus, the first channel calculated to intercept the
KRBM setpoint is assumed to stop the rod. To allow for control system delay
times, the rod is assumed to move two inches after the intercept and stop at

the following notch,

The analysis is performed using SIMULATE-3 [3-4]. Two separate cases
are preseni2d from numerous explicit SIMULATE analyses. The reactor
conditions and case descriptions are shown in Figures 7.4.1 and 7.4.2. Case 1
snalyzes the bounding event with zero xenon at the most reactive point in the
cycle for the worst case abnormal rod pattern configuration. Case 2 is the
worst of the 104.f% power conditions modeled with more normal control rod
patterns and equilibrium xenon. The transient results, the ACPR and maximum
linear heat generation rate (MLHGR) values, are also shown in Figures 7.4.1
and 7.4.2. The ACPR values are evaluated such that the implied MCPR operating
limit equals FCISL + ACPR. This is done by conserving the figure of merit
(ACPR/ICPR) shown by the SIMULATE calculations. The use of this method
provides valid ACPR values in the analysis of normal operating states where
locations near the assumed error rod are not initially near the MCPR operating
limit,

Case 2 is the worst of all the rod withdrawal transients analyzed from
104.5% power, full flow and normal rod pattern conditions. Case 2 is bounded
by Case 1 with subetantial MCPR margin. The Case 1 RBM channel responses are
shown in Figures 7.4.3 and 7.4.4. They also show the control rod position at
the point where the weakest RBM channel response first intercepts the RBM
setpoint. For this same bounding case, the operating limit ACPR envelope
component versus RBM setpoint is taken from Figure 7.4.1. The same figure
shows the resultant LHGR assuming the limiting bundle is placed on the
operating limit of 14.4 kW/ft prior to the withdrawal. The calculation
includes the 2.2% power spiking penalty. The limiting bundle MLHGR
demonstrates margin to the 1% plastic strain limit given the low exposure of
the limiting bundle. High exposure bundles which have low 1% plastic strain

limits are never limiting.

30
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7.5 Misloaded Bundle Error Analysis Results

7.5.1 Rotated Bundle Error

The primary result of a bundle rotation is & large increase in local
pin peaking and R-factor as higher enrichment pins are placed adjacent to the
surrounding wide water gaps. In addition, there may be a small increase in
reactivity, depending on the exposure and void fraction states. The R-factor
increase results in a CPR reduction, while the local pin peaking factor
increase resulte in a higher pin LHGR. The objective of the analysis is to
ensure that, in the worst possible rotation, the LHGR and CPR gafety limits
are not violated with the most limiting monitored bundles on their operating

limits.

To analyze the CPR response, rotated bundle R-factors as a function of
exposure are developed by adding the largest possible AR-factor resulting from
a rotation to the exposure dependent R-factors of the properly oriented
bundles [12]., Using these rotated bundle R-factors, the MCPR values resulting
from a bundle rotation are determined using SIMULATE. This is done for each
control rod sequence throughout the cycle. The process is repeated with the
K-infinity of the limiting bundle modified slightly to account for the
increase in reactivity resulting from the rotation. For each sequence, the
MCPR for the properly oriented bundles is adjusted by a ratio necessary to
place the corresponding rotated CPR on its FCISL. The maximum of these
adjusted MCPRs is the rotated bundle operating limit.

To determine the MLHGR resulting from a rotation, the ratios of the
maximum rotated bundle local peaking factor to the maximum properly oriented
bundle local peaking are determined for the expected range of exposure and
void conditions. The maximum of this ratio is applied to the LHGR operating
limite of 13.4 kW/ft and 14.4 kW/ft., This maximum rotated bundle LHGR is, in
addition, modified to account for the possible reactivity increase resulting
from the rotation. It is also increased by the 2.2% power spiking penalty.

~40-
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The results of the rotated bundle analysis are given in Table 7.5.1.
Comparing Table 7.5.1 to Table 4.2.2, there is sufficient margin to the 1%
plastic strain limit.

7.5.2 Mislocated Bundle Erxror

Misloading a high reactivity assembly into a region of high neutron
importance results in & location of high relative assembly average power.
Since the assembly is assumed to be properly oriented (not rotated), R-factors

used for the misloaded bundle are the standard values for the fuel type.

The analysis uses multiple SIMULATE-3 cases to examine the effects of
explicitly mislocating every older interior assembly in a quarter core with a
fresh or once~burned assembly. Because of symmetry, the results apply to the
whole core., Edge bundles are not examined because they are never limiting,

due to neutron leakage.

The eflfect of the successive mislocations is examined for every control
rod sequence throughout the cycle. For each gsequence, the MCPFR for the
properly loaded core is compared to the MCPR of the misloaded core at the
misloaded location., The MCPR for the properly loaded core is adjusted by a
ratio necessary to place the mislocated assembly on the FCISL. The maximum of

these adjusted MCPRs is the mislocated bundle operating limit.

The results of the mislocated bundle analysis are given in
Table 7.5.2. Comparing Table 7.5.2 to Table 4.2.2, there is sufficient margin
to the 1% plastic strain limit.

7.6 Control Rod Drop Accident Results

The control rod sequences are a series of rod withdrawal and banked
withirawal instructions specifically designed to minimize the worths of
individual control rods. The sequences are examined so that, in the event of
the uncoupling and subsequent free fall of the rod, the incremental rod worth
is acceptable. Incremental rod worth refers to the fact that rods beyond

bl
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Group 2 are banked out of the core and can only fall the increment from
full-in to the rod drive withdrawal position. Acceptable worth is one which

produces a maximum fuel enthalpy less than 280 calories/gram,

Some out-of-sequence control rods could accrue potentially high
worths. However, the Rod Worth Minimizer (RWM) will prevent withdrawing an
out-of ~-sequence rod, if accidentally selected. The RWM is functionally tested

before each startup.

The sequence in the RWM will take the plant from All Rods In (ARI) to
well above 20% core thermal power, Above 20% power even multiple operator
errors will not create a potential rod drop situation above 280 calories per
gram [20-22)., Below 20% power, however, the sequences must be examined for
incremental rod worth, This is done throughout the cycle using the full core,

xenon~free SIMULATE~3 model.

Both the A and B sequences were examined at various exposures
throughout the cycle. For startup, the rods are grouped, as shown in Figures
7.6.1 and 7.6.2, and are pulled in numerical order. All the rods in one group
are pulled out before the pulling of the next group begins. The rods in the
firet two groups are individually pulled from full-in to full-out. Beyond
Group 2, the rods are banked out using procedures [23-24) which reduce the rod

incremental worths,

The potentially high worths that occur in the pulling of the Group 1
rods are ignored because the reactor is subcritical in Group 1. Therefore, if
a rod drops from any configuration in the first group, its excess reactivity
contribution to the Rod Drop Accident (RDA) is zero. Successive reloads of
axially zoned fuel have extended this subcriticality situation to the second

group as well,

The second group of rods was examined using the analysis procedure
described in Reference 25. Relatively few control rod configurations were

found to be critical. For conservatism, "critical" was defined as the

b2
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LATE~3 average ld critical K ¢¢ minus 12 AK (reactivity anomaly

iteria). I'he few potentially riticel configurations in Group 2 contributed
€86 excess reactivity to the RDA than subsequent configurations in Group 3.

10 pre-drop cases in Group 3 are critical. Therefore, the entire

iropped rod wortl mtributes toward the RDA excess reactivity insertion, The
method used to evaluate Group 3 involved pulling Groups 1 and 2 out and
banking Group 3 to varying positione. The types of cases examined included:

| Banke positions O4, OB, 12, and 48 (full-out)

X ¢ fre ndit £, both old moderator and '"standby'
€., . psia)
roup 3 rods dropping from 00 (full-in) to the appropriate banked
\ 1 5
PVeas
St K rods from previously led Group 1 or 2 dropping from O
" 8
\
he highest worth results, presented in Table 7.6.2, fit under the
A
bounding analysis in References 20 through 22.
’
Refueling Accldent Results
'
If any assembly is damaged during refueling, then a fraction of the

8

[1ss8l10n product inventory could be released to the environment. Ihe source

\g accident is the maximum gap activity within any

bundle The source term includes contributions from both noble gases and
iodines The \ lation of maximum gap activity is based on the MAPLHGRs,
' B
the maximum operating fuel centerline temperatures, and maximum bundle burnuj
The fuel rod gap activity for the Reload Cycle is bounded by the values

-y




TABLE 7.1.1

VY CYCLE 15 SUMMARY CF SYSTEM TRANSIENT MODEL
INITIAL CONDITIONS FOR _TRANSIENT ANALYSES

Core Thermal Power (MWth) 1664.0
Turbine Steam Flow (% NBR) 105
Total Core Flow (10%1bm/hr) 48.0
Core Bypass Flow (10%1bm/hr )* 5.8
Core Inlet Enthalpy (BTU/1lbm) 521.6
Steam Dome Pressure (psia) 1034.,7
Turbine Inlet Pressure (psia) 986.0
Total Recirculation Flow (10%1bm/hr) 23.4
Core Plate Differential Pressure (psi) 19.7
Narrow Range Water Level (in.) 162
Average Fuel Gap Conductance (See Section 4.2)

* Includes water rod flow.
WPPLO/1C
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{ransient Exposure

Turbine Trip
Without Bypass,

"Measured"
Scram Time

Turbine Trip
Without Bypass,

l|6 7BN
Scram Time

Generator Load

Rejection

Without Bypass,

"Measured"
Scram Time

Generator Load

Rejection

Without Bypass,

ll6 7BN
Scram Time

Loss of 100°F

Feedwater
Heating

WPP4LO/10

EOFPL
EOFPL-1000

EOFPL-2000

EOFPL
EOFPL-1000

EOFPL-2000

EOFFL
EOFPL-1000

EOFPL~-2000

EQOFPL
EOFPL-1000

EOFPL~-2000

EOFPL
EOFPL-1000
EOFPL~2000

BOC

TABLE 7.2.1
VY CYCLE 15 TRANSIENT ANALYSIS RESULIS

Peak Peak Avg.
Prompt Power Heat Flux Operating
(Fraction of (Fraction of MCPR
Initial Value) Initial Value) ACPR _Limits

3.347 1,244 .18 1.25
2.453 1.155 11 1.18
1.712 1.060 04 1.11
3.847 1.285 22 1,29
2.834 1,206 18 1.22
2.114 1.121 .08 1.15
3.240 1.228 .16 1.23
2.428 1.143 .10 1.17
1.677 1.040 02 1.09
3.704 1.284 «20 1.27
2.990 1.208 15 1.22
2.297 1.117 07 1.14
1.147 1.148 11 1.18
1.256 1.163 .13 1.20
1.262 1.151 12 1.19
1,152 1.152 W12 1.19



VY CYCLE 10 OVERPRESSURIZATION ANALYSIS RESULTS

Maximum Pressure at Rea
Conditions Vessel Bottom (psia)

"Measured'" Scram Time 1262

"67B" § Tim 293

TABLE 7.5.1
VY CYCLE 15 ROTATED BUNDLE ANALYSIS RESULTS
Maximum Attainable
Qperatisg MCPR Limit LHGR (kW/ft)

19.95

SABLE 7.5.2
VX _CXCLE 15 MISLOCATED BUNDLE ANALYSIS RESULTS
Maximum Attainable
Cperating MCPR Limit LHGR (kW/ft)

19.85

to
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TABLE 7.6.2

15 CONTROL ROD DROP ANALYS

£18
MoA N

Maximum Incremental Rod Worth

g

alculated Cold, Xenon-Free

Bounding Analysis Worth for
Less than 28

Enthalpy
Calories per Gram [20
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vessel reassembly, fuel assembly
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Vermont Yankee Startup Program will include process

computer data

wn margin demonstration, in-gequence critical measurement,

scram tests, power distribution comparisons, TIP reproducibility, and TI

6 yIume content of the Startup Test Report will be simila:
that se f Inspection and Enforcement in the past [3!
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APEENDIX A
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-E L:J" aily

the Reload Cycle are calculated by adding

his is done for each of the analyses in

ure statepoints. For an exposure interval

MCPR limit at either end is assumed t¢

MCPR imi or the Re

various scram speeds a

ovide the maximum

the Reload Cy




Value of "N" in RBM Average Control Rod ycle MCPR Operating

Equation (1) Scram Time Limit (2, 3)

52% Eqna r better BOC t« .34

than L.( EOFP1 wWD/T 1.34

331 EOFPL 1.34

Equal or better BOC t 1.34

than 1.C.0. EOFPI 1 CWD/T 1.34

3.3 C. 1.2 EQFPL-1 1.34

412 Equal or better BOC t« 1.28

than L.C.O. EOFP] 1 GWD/T 1.28

3.3 €.3.13 EQFPL / 1.28

Equal or better BOC to EOFPL-2 GWD/T 1.28

!Eau L. EOFPL-2 GWD/T to EOFPL-1 CWD/T 1.28

33 Cikad EOFPL-1 CWD/T to EQFPL 1.29

< 50% Equal or better BOC to EOFPL-2 GWD/T 25

than L.C.0O. EOFPL-2 GWD/T to EOFPL-1 GWD/T B .

2.2 .23 EQOFPL-1 GWD/T to EQFPL P

Equal or better BOC to EDC-2 GWD/T 1.25

’ than L.C.0. EOC-2 GWD/T to EOC-1 GWD/T 1.25

E
2 EOC-1 GWD/T to EOC 1.29

* 1
e3s Coled

NOTES:

(1) The Rod Block Monitor (RBM) trip setpoints are determined by the equation shown in Table

3.2.5 of the Technical Specifications.

does not include the 7X7, BXB, BXBR, or

fuel types are to be reinserted, they

, (2) The current analysis for the MCPR operating
PSX8R fuel types. On this basis, if any of ti
will be evaluated in accordance with 10CFR50.59 to ensure that the above limits are

bounding for these fuel types.

loop operation.

e

e ffective 10/90

MCPR Operating Limits are increased by 0.01 for sing



JABLE A.2

MAFLHGR Versus Average FPlanar Exposure
Plant: Vermont Yankee Fuel Type: BPS8DREZ29Y

Average Plauar MAPLHGR (kW/ft)
Exposure Two-Loop Single~Loop
(MWd/St) Qperation Qperation*

10.7 8.8

* MAPLHGR for single-loop operation is obtained by multiplying MAPLHGR for
two-loop operation by 0.83.




IABLE A.3

MAPLECR Versus Average Planar Exposure

Plant: VYermont Yankee Fuel Type: BD324B

cerage Planar MAPLHGR (kW/ft)
Exposure Iwo Loop Single~Loop
(MWd/S5t) Qperation Qperation*

o 21
Y.31

* MAPLHGR for

single~loop operation is obtained by multiplying MAPLHGR
two-loop operation by 0.83.




- O R S R O N R A O B B S O T S E

TABLE A.4
MAPLHGR Versus Average Planax Exposure

Plant: Vermont Yankee Fuel Type: BD3ZCP

Average Planar Ko . v MAPLHGR (kW/ft)

Exposure Two-Loop Single~Loop

—AMWd/SL) Qperation ~Qperation*
200.0 11.26 9.34
3,000.0 11.72 9.72
8,000.0 12.76 10.59
10,000.0 12.90 10.70
15,000.0 12.82 10,64
20,000.0 12,12 10.05
25,000.0 11,44 9,49
35,000.0 10.15 8.42
45,000.0 8.63 7.16
50,000.0 6.17 S5.12

* MAPLHGR for single-loop cperation is obtained by multiplying MAPLHGR for
two-loop operation by (.83.

WPP40/10



WEE 5 - R S T O N B O e

TABLE A.35
MAPLHCR Versus Average Planar Exposure

Plant: Vermont Yankee Fuel Type: PBPBDWE311-10G2

Average Planar o MARLHGR (KW/EL)

Exposure Two-Loop Single-Lloop

e AMWd/SL) Qperation Qperetion®
200.0 11.00 9.13
6,000.0 11.92 9.89
7,000.0 2. M 10.05
8,000.0 12.34 10.24
10,000.0 12.83 10.64
12,500.,0 13.00 10.79
20,000.0 12.24 10,15
25,000.0 11.55 9.58
45,000.0 8T?6 7.27
50,740.0 5.91 4,90

*  MAPLHGR for single-loop operation is obtained by multiplying MAPLHGR for
two-loop operation by 0.87.

A-6
WPPLO/10



TABLE A.6
MARLHGR Versus Average Flanar Exposure

Flant: Verment Yankee Fuel Type: BPBDWB3ILL-11GZ

Average Planar o MAPLHGR (KW/fL)

Exposure Two-Loop Single-Loop

e AMWd/8L) Operation Qperation*
200.0 11.00 9.13
6,000.0 11.92 9.89
7,000.0 12.11 10,05
8,000,0 12.34 10,24
10,000.0 12,83 10.64
12,500.0 12,90 10.70
15,000.0 12.81 10.63
35,000.0 10.24 B.49
45,000.0 8.76 7.27
50,740.0 5.91 4,90

*  MAPLHGR for single~loop operation is obtained by multiplying MAPLHGR for
two~loop operation by 0.83.

WPP4LO/10



