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Core steady-state thermal-hydraulic analyses for the Relcad Cycle
were performed using the FIBWR([16],([17], (18] computer code. The FIBWR
code incorporates a detailed geometrical representation of Lhe complex
flow paths in a BWR core, and explicitly models the leakage flow to
the bypass region and water rod flow. The FIBWR geometric models for
each GE bundle type were benchmarked against vendor-supplied and plant
thermal~hydraulic information.

Using the fuel bundle geometric models, a power distribution
calculated by SIMULATE-3 and core inlet enthalpy, the FIBWR code
calculates the core pressure drop and total bypass flow for several
power and flcow combinations. The core pressure drop and total bypass
flow predicted by the FIBWR code were then used in setting the initial
conditions for the system transient analysis model.

6.2 Reactor Limits Determination

Vermont Yankee Technical Specifications [12] has Limiting
Conditions for Operation associated with the fuel rods. These limits
are Minimum Critical Power Ratio (MCPR), Maximum Linear Heat
Generation Rate (MLHGR) and Maximum Average Linear Heat Generation
Rate (MAPLHGR) .

The objective for normal operation and anticipated transient
events is to maintain nucleate boiling Avoiding a transition to film
boiling protects the fuel cladding integrity. The Fuel Cladding
Integrity Safety Limit (FCISL) for Vermont Yankee is a Critical Power
Ratio (CPR) of 1.07 [2]. CPR is defined as the ratioc of the critical
power (bundle power at which some point within the assembly
experiunces onset of boiling transition) to the operating bundle
power. Thermal margin is stated in terms of the minimum value of the
MCPR which corresponds to the most limiting fuel assembly in the core.
Both the transient (safety) and normal MCPR operating thermal limits

.1
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are derived with the GEXL-Plus correlation[19], with appropriate
coefficients representative of the Relocad Cycle’s hot assembly fuel
type. The MCPR limits for the Relcad Cycle are found in Appendix A.

The MLHGR limit for the Relcad Cycle is 14.4 kW/ft for all bundle
types. The basis for the MLHGR limit can be found in the fuel
mechanical analysis in Reference 2.

The MAPLHGR limits for the Reload Cycle are shown in Appendix A.
They are the most limiting of the fuel mechanical analysis
MAPLHGRs [20] and the LOCA analysis MAPLHGRs (Section 8.2). The fuel
mechanical design analysis, using the methods in Reference 2,
demonstrate that all fuel rods in a lattice, operating at the bounding
power history, meet the fuel design limits specified in Reference 2.
The transients, described in Section 7.0, were analyzed to verify that
the thermal and mechanical overpower design criteria[2l1] in the
mechanical design analysis methods are not exceeded. The LOCA
analysis is described in Section 8.0,

=
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Transient simulations are performed to assess the impact of
certain transients on the heat transfer characteristics of the fuel,
The purpose of this analysis is: 1) to determine the MCPR operating
limit so that the FCISL is not violated for the transients considered,
2) to assure that the fuel mechanical design criteria are not exceeded
during the transient, and 3) to demonstrate compliance with the ASME
1 vessel code limits.

Past licensing analysis has shown that the transients which
; result in the maximum MCPR are:

i. Pressurization transients, including the generator load
rejection with complete failure of the turbine bypass system

and the turbine trip with complete failure of the turbine
bypass system;

l 2e Loss of feedwater heating;
; . Local rod withdrawal error; and
4. Mislcvaded bundle error, including the rotated bundle erxror

and the mislocated bundle exror.

The "feedwater controller failure" (maximum demand) transient is
\ not a limiting transient for Vermont Yankee, because of the plant’s
110% steam flow bypass capacity. Fast analyses have shown this
transient to be considerably less limiting than any of the above for

| all exposure points. The events reported herein are limiting; no

| other transients wovld produce more restrictive MCPR operating limits !
| for the Reload Cycle. 1

To demonstrate the fuel mechanical design criteria is met the
maximam powers resulting from the pressurization, loss of feedwater

D Y
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heating and rod withdrawal error transients were compared to the

i criteria. To demonstrate compliance with ASME vessel code limits the
_ main steam isolation valves (MSIV) closing with failure of the MSIV

; position switch is also analyzed. Brief descriptions and the results
of the transients analyzed are provided in the following sections,

7.2 Pressurdzation Transients Analysis
| 7.2.1 Methodology

; The analysis involves two types of simulations. A system level
simulation is performed to determine the overall plant response.
Transient core inlet and exit conditions and normalized power from the
system level calculation are then used to perform detailed
thermal-hydravlic simulations of the fuel, referred to as "hot channel
calculations.” The hot channel simulations provide the bundle
transient ACPR (the initial bundle CPR minus the MCPR experienced
during the transient).

The system level simulations are performed with the one
dimensional (1-D) kinetics RETRAN model [22], (23], 124]. The hot
channel calculations are performed with the RETRAN[25], [26] and
TCPYA01(27), (18], [23] computer codes. The GEXL-Plus correlation [13],
corcained in TCPYADl, evaluates the transient critical power ratio.

The hot channel transient ACPR calculations employ a two-part
process, as illustrated by the flow chart in Figure 7.2.1. The first
part involves a series of steady-state analyses performed with the
FIBWR, RETRAN, and TCPYACl computer codes. The FIBWR analyses utilize
a one-channel model for each fuel type being analyzed, with bypass and
water rod flow also modeled. The steady-state FIBWR analyses were
performed at several power levels with other conditions (i.e., core
pressure drop, system pressure, and core inlet enthalpy) held
constant. The FIBWR code results provide a steady-state CPR, active
channel flow (AF) and bypass flow (BPF) for each active channel power
(AP) .

w2l
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The FIBWR conditions for channel power, channel flow, and bypass
flow were then used as input to steady-state RETRAN/TCPYACl hot
channel calculations. Other assumptions are consistent with those in
the FIBWR analysis. The Initial Critical Power Ratio (ICPR) is the
result of the steady-state RETRAN/TCPYAQO]l analysis. These results
allow for the development of functional relationships, describing AP
as a function of ICPR, and AF and BPF as functions of AP for each fuel
type. These relationships are used in the iterative process for
determining the transient CPR, as shown in Figure 7.2.1.

The second part of the hot channel calculations determines the
transient CPR performance. Because the ACPR for a given transient
varies with Initial Critical Power Ratio (ICPR), the hct channel
analysis is an iterative process. The objective of the hot channel
iteration for each transient is to determine the hot channel initial
conditions which result in reaching the FCISL. Each iteration
reguires a RETRAN hct channel run to calculate the transient
enthalpies, flows, pressure and saturation properties at each time
step. These are required for input to the TCPYADl code. TCPYAQLl is
then used to calculate a CPR at each time step during the transient,
from which a transient ACPR is derived.

The NRC Safety Evaluation for FROSSTEY-Z [11] required that the
analysis assume the worst axial power shape prior to the transient for
core wide and hot channel analyses. 1In addition, the hot channel
met hodology has considered the assumption of both fixed and time-
varying power shapes. The fixed power shape assumes a 1,4 chopped
cosine axial distribution which remains constant throughout the
transient. The initial power shape assumed in the time~varying power
shape analysis is the Haling axial distribution used in the core wide
analysis. The time-varying hot channel power distribution is assumed
to be the same as that in the core wide analysis calculated from the
1-D kinetics representation. The transient MCPR limits are defined as
the more conservative results from the fixed and varying shape
analyses.

WPP4C/10
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The initial conditions for the Reload Cycle are based on a
reactor power level of 1664 MW, which includes a 4.5% margin on the
current licensed reactor power level of 1593 MW,,. This margin
conservatively bounds the expected 2% calorimetric uncertainty. The
reactor core flow is assumed to be 100% of rated. The core axial
power distribution for each of the exposure points is based on the
3-dimensional SIMULATE~3 predictions associated with the generation of
the reactivity data (Section 7.2.3). The core inlet enthalpy is set
s0 that the amount of carryunder from the steam separators and the
guality in the liguid region outside the separators is as close to
zero as possible. For fast pressurization transients, thig maximizes
the initial pressurization rate and results in a more severe neutron
power spike. A summary of the initial operating state used for the
system simulations is provided in Table 7.2.1.

During the cycle, Vermont fankee can adjust the core fiow to
account for reactivity changes rather than using the control rods.
During this type of operation, core flow may be as low as B7% while at
100% power. To ensure the safety analysis bocunds these conditions,
transients are also analyzed at the limiting exposure statepoint at
1664 MW, power and 87% flow. Limiting exposure is defined as the
exposure which had the highest increase in ACPR.

Assumptions specific to a particular transient are discussed in
the section describing the transient. In general, the following
agsumptions are made for all transients:

13 Scram setpoints are at Technical Specification [12] limits.

e Protective system logic delays are at equipment
specification limits.

3. Safety/relief valve and safety valve capacities are based on

Technical Specification rated values.

3D~
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4. Safety/relief valve and safety valve setpoints are modeled
as being at the Technical Specification upper limit. Valve
responses are based on slowest specified response values.

Dis Control rod drive scram speed is based on the Technical
Specificat: limits. The analysis addresses a dual set of
scram speeds, referred to as the "Meisured”™ and the "67B"
scram times. "Measurzd" refers to thy faster scram times
given in Section 3.3.C.1.1 of the Techuical Specifications.
"67B" refers to the slower scram times given in Section
3.3.C.1.2 of the Technical Specifications.

1.2.3

The one-dimensional (1-D) cross sections and kinetics parameters
are generated as functions of fuel temperature, moderator density,
and scram, The method[Z28] is outlined below.

A complete set of 1-D cross sections, kinetics parameters, and
axial power distributions are generated from base states using the
Hzling depletion established for EOFPL, ECFPL-1000 MWd/S5t, EOFPL-2000
MWd/St, and BOC exposure statepoints. These statepoints are
characterized by exposure and void history distributions, control rod
patterns, and core thermal-hydraulic conditions. The latter are
ceneistent with the assumed system transient conditions provided in
Table 7.2.1.

The BOC base state is established oy shuffling from the
previocusly defined Current Cycle endpoint into the Relocad 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. The
EQFPL-1000 MW4/St and EOFPL~-2000 MWd/St exposure statepoints require
base control rod patterns. These are developed to be as “"black and
white"™ as possible to minimize the scram reactivity, maximize the core
average moderator density reactivity coefficient and, therefore,

-31~
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maximize the transient power response. Beginning with the rodded
depletion configuration, all control rods which are more than half
inserted are fully inserted, and all control rods which are less than
half inserted are fully withdrawn. If the SIMULATE-3 calculated
parameters are within operating limits, then this configuration
becomes the base case. If the limits are exceeded, a minimum number
of control rods are adjusted a minimum number of notches until the
parameters fall within limits.

At each exposure statepoint, a SIMULATE-~3 initial control state
reference case is run. A series of perturbation cases are run with
SIMULATE-3 to independently vary the fuel temperature, moderator
temperature, and ccore pressure. All other variables normally
associated with the SIMULATE-3 cross sections are held constant at the
reference state. To cbtain the effect of the control rod scram,
another SIMULATE-3 reference case is runm with all-rods-in. The
perturbation cases described above are run again from this reference
case, For each control state, a data set of kinetics parameters and
¢ross sections is generated as a function of the perturbed variable.
There is a table set for each of the 27 neutronic regions, 25 regions
to represent the active core and one region each for the bottom and
top reflectors.

7.2.4 ‘ Trip W H T W

The transient is initiated by a rapid closure (0.1 second closing
time) of the turbine stop valves. It is assumed that the steam bypass
valves, which normally copen to relieve pressure, remain closed, A
reactor protection system signal is generated by the turbine stop
valve closure switches. Contrel rod drive motion is conservatively
assumed to occur 0.27 seconds after the start of turbine stop valve
motion. The ATWS recirculation pump trip is assumed to occur at a
setpoint of 1150 psig dome pressure. A pump trip time delay of 1.0
second is assumed to account for logic delay and M-G set generator
field collapse. In simulating the transient, the bypass piping wvolume
up to the valve chest is lumped intoc the contrel volume upstream of
the turbine stop valves. Predictions of the salient system parameters

wi2=
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at the three exposure points are shown in Figures 7.2.2 through 7.2.4
for the "Measured" scram time analysis.

V.2.5

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 switches 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 modeling 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 freguency as a
function of time for the M-G set drive motors. The main turbine
generator freguency 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 peints are shown in Figures 7.2.5
through 7.2.7 for the "Measured" scram time analysis.

T.2.6 'ressuy tion Transiont Ana . s

The transients selected for consideration were analyzed at
exposure points of EOFPL, EOFPL-1000 MWd/St, and ECFPL-2000 MWd/St.
The transient results, reported in Table 7.2.2, correspond to the
limiting bundle type in the core. The MCPR limits, in Table 7.2.2,
are calculated by adding the calculated ACPR to the FCISL. The worst
ACPR for the pressurization transients include an adjustment to allow
for the exposure window of 2600 MWA/St on Current Cycle and the
exposure uncertainty on the Relcocad Cycle[7].

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
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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 cor bypassed by a single event.
The system model used is the same as that used for the pressurization
transient analysis (Section 7.2.1), The initial conditions and
modeling assumptions discussed in Section 7.2.2 are applicable to this
simulation,

Vermont “ankee 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 reactor power to reach its peak without scram,
This approach was selected to provide a bounding and conservative
analysis for events initiated from any power level.

The transient response of the system was evaluated at several
exposures during the cycle: EOFPL, EOFPL-1000 MWd/St, EOFPL-2000
MWd/St, and BOC. The transient results, corresponding to the limiting
bundle type in the core, are listed in Table 7.3.1. The MCPR limits
in Table 7.3.1 are calculated by adding the calculated ACPR to the
FCISL. The transient evaluation at BOC was found to be the limiting
case between BOC to EOFPL. The results of the system response to a
loss of 100'F feedwater heating capability evaluated at BOC as
predicted by the RETRAN code are presented in Figure 7.3.1.

7.4 Querpressurization Analysis Results

Compliance with ASME vessel code limits is demonstrated by an
analysis of the Main Steam Isoclation Valves (MSIV) closing with
failure of the MSIV position switch scram. EOFPL conditions were
analyzed. The system model used is the same as that used for the
transient analysis (Section 7.2.1). The initial conditions and

T o
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modeling assumptions discussed in Section 7.2,2 are applicable to this
simulation.

The transient is initiated by a simultaneous closure of all
MSIVs., A 3.0 second closing time, which is the minimum time in
Technical Specificaticn Table 4.7.2, is assumed. A reactor scram
signal is generated on APRM high flux. Control red drive motion is
conservatively assumed to initiate 0.28 seconds after reaching the
high flux setpoint. The system response is shown in Figure 7.4.1 for
the "Measured" scram time analysis.

The maximum pressures at the bottom of the reactor vessel
calculated for the “"Measured" scram time analysis and for the "67B"
scram time analysis are given in Table 7.4.1. These results are
within the ASME code overpressure design limit which is 110% of the
vessel design pressure. Vermont Yankee’'s design pressure is 1270 psig
50 the maximum pressure limit is 1375 psig.

7.5 Local Rod Withdrawal Error Transient Results

The rod withdrawal error (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 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 cof 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 wviolating the FCISL.

The MCPR operating limit for the RWE is defined at each Rod Block
Monitor (RBM) System setpoint so that the FCISL is not viclated. The
consequences of the error depend on the local power increase, the
initial MCPR of the neighboring locations and the ability of the REM
to stop the withdrawing rod before MCPR reaches the FCISL.

~ 35
WPP40/10




B T o A e e e B

The most severe transient postulated begins with the core
cperating according to normal procedures and within normal operating
limits. The operator makes a 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 pattern are conservatively
modeled for the licensing bounding case by specifying the following
set of concurrent worst case assumptions:

The rod should have high reactivity worth. The worst rod is
identified by running the full RWE analysis for the control
rods as found in the normal control rod patterns of the
rodded depletion. Every control rod seguence is checked.
From this examination, the control rods that result in the
highest worth and highest ACPR are identified. Licensing
test case rod patterns are then developed to further
exaggerate the worth and ACPR impact of the rod to be
withdrawn.

(=)

The test patterns are develcped with xenon-free conditions.
The xenon-free condition and the additional control rod
inventory needed to maintain criticality exaggerates the
worth of the withdrawn control rod when compared to normal
operation with normal xenon levels,.

24 The core is modeled 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 'imits as possible.

4. Of the many patterns tested, the pattern with the most
limiting ACPR results is selected as the bounding case.

~3f=
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The RBM System’s ability to terminate the bounding case is
evaluated on the following bases:

1. Technical Specifications allew each of the separate REM
channels to remain operable if at least half of the Local
Power Range Monitor (LPRM) inputs on each level are
operable. For the interior locations tested in this
analysis, there are a maximum of four LPRM inputs per level.
Cne RBM channel averages the inputs from the A ard C levels:
the other channel averages the inputs from the B and D
levels. Considering tne inputs for a single channel, there
are eleven failure combinations of none, one and two failed
LPRM strings. The RBEM 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 compariscn to
the RBM setpoint.

2. The event is analyzed separately in each of the four
gquadrants of the core due to the differing LPRM string
physical locations relative to the error rod.

Technical Specifications require that both Ra8M channels be
operable during normal operation., Thus, the first channel calculated
to intercept the RBM setpoint is assumed to stop the red. To allow
for contrcl 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. The two separate
cases presented here are selected from numerous explicit SIMULATR-3
analyses. The reactor conditions and case descriptions are shown in
Figures 7.5.1 and 7.5.2, Case 1 analyzes the bounding event with zero
xencn, initiated from 104.5% power, for the worst case abnormal rod
pattern configuration., Case 2 is the worst of the normal control rod
patterns found in the rodded depletion, initiated from 100% power
conditions and equilibrium xenon. The transient ACPR results are also
ghown in Figures 7.5.1 and 7.5.2. The ACPR values are evaluated such

=37
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that the implied MCPR operating limit equals FCISL + ACPR, This is
done by conserving the figure of merit (ACPR/ICPR) shown by the
SIMULATE-2 calculations. The use of this method provides valid ACPR
values in the analysis of normal operating states where lccations 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 100% power, full flow and nori:al rod pattern conditions. Case 2
is bounded by Case 1 by at least 0.02 ACPR margin to assure that the
exposure uncertainties on the Current Cycle and the Relcad Cycle are
accounted for.

The Case 1 (bounding event) RBM channel responses are shown in
Figures 7.5.3 and 7.5.4. They also show the control rod position at
the point where the weakest RBM channel response first intercepts the
RBM setpoint. For this same beunding case, the operating limit ACPR
envelope component versus RBM setpoint is taken from Figure 7.5.1.

i B T e T I s

7.6 Mi d n roy lysi ul

7.6.1 Rotated Bundle Frror

| The primary result of a bundle rotation is a large increase in

| local pin peaking and the associated 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. The objective of the analysis is to ensure tnat,
in the worst possible rotation, the FCISL is not violated with the
most limiting 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. Using these rotated
| bundle R-factors, the MCPR values resulting from a bundle rotation are
; determined using SIMULATE-3, This is done for each contrel rod

«38«
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seguence throughout the cycle. The process is repeated with the 1
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 adiusted by a |
ratio necessary tc place the corresponding rotated pundle’s CPR on its |
FCISL. The adjusted MCPRs at each exposure is the rotated bundle

? operating limit for the rotated bundle erxror.

:
&
I
i
;

i

Because the BPBDWB335 fuel designs exhibit a significant increase
in R-factor with rotation early in exposure, the impact upon the
rotated bundle ACPR is high at BOC. This effect soon drops off with
exposure. Therefore, the operating MCPR limit resulting from a
rotation is presented in Table 7.6.1 versus cycle exposure.

7.6.2 Misloca ndle Exrror

R e e e R

Misloading a high reactivity assembly intn a region of high
neutron importance results in a 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 given fuel type.

The analysis uses multiple SIMULATE~-3 cases to examine the
effects of explicitly mislocating every older interior assembly in a
guarter core with a fresh or once~-burned assembly. Because of

examined because they are never limiting, due to neutron leakage.

The effect of the successive mislocations is examined for every
| control rod sequence throughout the cycle. For each sequence, the
‘ MCPR 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 adijusted by a ratioc necessary to place the mislocated
f 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,.6.2.
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symmetry, the results apply to the whole core. Edge bundles are not ]
|
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Core Thermal Power (MW,,)

Turbine Steam Flow (10%lb,/hr)

Total Core Flow (10°lb,/hr)

Core Bypass Flow (10°lb,/hr)"’

Core Inlet Enthalpy (BTU/1lb,)

Sileam Dome Pressure (psia)

Turbine Inlet Pressure (psia)

Total Recirculation Drive Flow (10*l1b,/hr)
Core Plate Differential Pressure (psi)
Narrow Range Water Level (in.)

Average Fuel Gap Conductance

Includes water rod flow.

=0
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1664.0

6.75

48.0

6.29

523.2

1034.7

985.7

23.8

20.49

162.0

(See Section 4.2)
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Exposure
Turbine Trip ECFPL
Without Bypass, EOFPL-1000
"Measured” Scram
- ECFPL-2000
Tuzbine Trip el

Without Bypass, goppL-1000
"67B" Scram Time

EOFPL~2000
Generator Load EOFPL
Rejection ECFPL-1000

Without Bypass,
"Measured" Scram pooo. _sang
Time

Generator Load EOFPL

Rejection EOFPL-1000
Without Bypass,

*"67B" Scram Time EOFPL-Z2000

Peak Prompt
Power
{Fraction of

2.724
&.179
T Ea3

3:313%
2,820

1.52¢6

2.632
2.254

1397

3.088
2.679

1.548

Peak Average
Heat Flux
(Fraction of

1.194
1,139
1.000

1.229
1.183

1.040

1.181
1,129

1.000

1.232
1.187

1.028

0.24
0.20
0.05%

0.286
0.22

0.07

0.25
£.18

0.03

Transient

MCPR Limits
1.31

1.27
=1

1,33
1.29

1.14

1.32
1.26

1.10

1.34
1.30

1.13

' The worst ACPR for TTWOBP and GLRWOBP includes a 0.01 ACPR
adjustment to allow for the exposure window of 2600 MWd/St on
Current Cycle and the expcsure uncertainty on the Reload Cycle.

wWPP40,10

~-41~




ZABLE 7.3.1

v 7 _LO %) EDWATER ING TRANSIENT ANAL L
Peak Prompt Peak Average
FPowar Heat Flux
Expeosure (Fracticn of (Fraction of Transient

Trangient Statepoirt Initial Value) Initial Value) ACPR MCPR Limits

Loss of 100°F EOFPL 1,180 1.182 0.16 1.23
Feedwater EOFPL=1000 1.256 1.183 0.16 1.23
ey
s EOFPL-2000 1.254 1.162 0.14 1.21
BOC 1.182 1.183 0.16 1.23
-8
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l.
il Maximum Pressure at Reactor
; Conditions Vessel Bottom (psig)
h "Measured" Scram Time 1235.2
2 "E7B" Scram Time 1260.7
i TABLE 7.6.1
: vy CYCLE 17 ROTATED BUNDLE ANALYSIS RESULTS
Expos W Iransient MCPR Llimit
i
C - 4.0 1.42

4.0 - 5.5 1,34
| 8.5 - §.5 1.28
; €.5 - EOFPL 1.21
|
i
: IABLE 7.6.2

Transi P

1.19
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FIGURE 7.2.2

TURBINE TRIP WITHOUT BYPASS, EQFPL17
TRANSIENT RESPONSE VERSUS TIME, "MEASURED" SCRAM TIME
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FIGURE 7.2.2
(Continued)

TURBINE TRIP WITHOUT BYPASS, EQFPL17
TRANSIENT RESPONSE VERSUS TIME, "MEASURED"™ SCRAM TIME
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TURBINE TRIP WITHOUT BYPASS, EOFPL17-1000 MWD/ST
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FIGURE 7.2.5

GENERATOR I1.0AD REJECTION WITHOUT BYPASS, EQFPL17
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GLRWOBP, EOFPL-1, MST
608
10F5

6 15

5-
w
4 < =
4 <
>
i aal
! <
:
3-

FRACTION ¢

0S5

GLRWOBP,

EOFPL-1, MST

608

20F5

s CORE INLET FLOW
==== AVE. HEAT FLUX

Tt

00 05 10

15 20 25 30

Tl ToryYry Y

TIME (SEC)

22 o 6

FIGURE 7

GENERATOR LOAD REJECTION WITHOUT BYPASS, EOFPL17-1000 MWD/ST

TRANSIENT RESPONSE VERSUS TIME, "MEASURED™ SCRAM TIME

57~




e e .

TGl e AR e

S v £ é i

(psnutiuc))
§°¢7L THOOIS

1NO WIS HSSAA <o
HAIVM 0334 = e =n
O3 WA WS —

L
il
s 5
§ =
: 3
i 3
§
:
:
P
H
:
M ¥ 3
b :
o : 2
." -
- g
< 3
s .
b : : f
4] y . -
g ) 3
e - . -
: s
b3 -
s s
% ¢ [ &
- - . H L
L % ® s . .
5] % s % :
v | “ : b
s .
¥ W 3
:
:
:
H
3
o -

-
.
-~
-
lllllllllllllll

(03S/WB7) S31VH MO

1SP* 114403 'd80MH 1D

(038) Iwil

$ v £ 4 i 0

aoa a0 0 g PRTPTN T OY U S TR (TR T Y 0001

[[$3a w00 wviis —— !

S40¢€
809
L1SA "1 1d403 'dBOMHTD

(VISd) 34NSS3kd IWCA WY3LS



GLRWOBP, EOFPL-1, MST

608
50F5
20
18 -
16 -
1.4 3
1.2 4

REACTIVITY (DOLLARS)

TIME (SEC)

FIGURE 7.2.6
(Continued)

GENERATOR LOAD ECTION WiTHOUT BYPAS EQFPL17-1000
BANSIENT RESPONS RS TIME, "MEASURED"™ S

-50-

D/ST
IME



GLRWOBP, EOFPL 2, MST
609
10F5

-
2t 2

o

|

N

NORM. NEUTRON POWER
w
1

-
sk o b o

§ [—— worm powen |
1 J iy e
0.0 05 1.0 15 20 25 an
TIME (SEC)
GENERATOR

CTION WI

FRACTICN OF INITIAL VALUE

GLRWOBP, EOFPL-2, MST
609
20F5
15
1.25 4
*
p
P
'0 - S
s -
4 . L4 .
. » .
4 ‘I-\.' ‘\
.
.
“
4 .\'.
0.75
*
E *s
“
) .
~
== CORE INLET FLOW
===~ AVE HEAT FLUX
05 bR IS S e i R LA e e

00 05 10 15 20 25
TIME (SEC)

FIGURE 7.2.7

UT_BYP PL17-200

TRANSIENT RESPONSE VERSUS TIME, "MEASURED"™ SCRAM TIME

~60~

3.0



STEAM DOME PRESSURE (PSIA)

GLRWOBP, EOFPL-2, MST GLRWOBP, EOFPL-2, MST :
609 609 |
30F5 40F5S
1500 2000
1500 §
- : L. :"&
1400 4 s ‘
1000 -~
3 g‘ R TN
500 - i 1]
7] i 5
1300 - ; ¥
R @ 4
=
§ 4 :
} = 0 < |
1 J
1 8 :
a \
1200 X
J 3 500
| 4
J w
: :
. -1000 ~
4
1100 ~ 4
1500 4 I an v e
{|---- recowaren
——— STEAM DOME PRES | j | VESSEL STM OUT
1000 T Y[ L S S ——
0 1 2 3 4 5 6 0 1 2 3 4 5 8

TIME (SECT) TIME (SEC)

FIGURE 7.2.7
{(Continued)

ENERATOR LOAD REJECTI WITHOUT BYPASS, EOFPL17-2 MWD/ST
TRANSIENT RESPONSE VERSUS TI "MEA D" SCRAM T

~61-

TWEEESE ST TS Ty TTRSRee e e (TR e — R .



I

REACTIVITY (DOLLARS)
o
o

20

TOR
S

GLRWOBP, EOFPL-2, MST

609
50F5

-
-
K
-
-
-
-
- saes®
-

=== SCRAM

===~ DOPPLER

G e s JEER D SR SR ARt SRR NG Al oA L R

00 05

10 15 20 25 30
TIME (SEC)

FIGURE 7.2.7

{Continued)

AD 5 TION WITHOUT BYP FPL17-20

I ‘ D"

Ty .

e

r o
s o - BR L Ve B S REhl. [



LOFWH, BOC
616
10F 4

15
4
1.25 4
w P
=
por
<
>
e |
<
z
- 1.0
O h
z
() ]
[
g ]
re
0.75 4
4 | = NORM POWER
«=== CORE INLET FLOW
11 AVE. HEAT FLUX
05 sy T T
0 25 50 75 100 125 150
TIME (SEC)

s
N
L

o
&
1

il
n

REACTIVITY (DOLLARS)
: o
=]
Y P

-~
o o™
P

-t
b
1 POWDY TTUTY PeTey M

-
4

-~ -
-
TR rrsvssmssnsancssamssmans

486 4 |— oA
{|---- popPrER

1.8 4 | MODERATOR
] SCRAM

B S T
0 25 50 75

TIME (SEC)
FIGURE 7.3.1

T

100

10SS OF 100°F FEEDWATER HEATING, BOC17 (LIMITING CASE)

TRANSIENT RESPONSE VERSUS TIME

=

rerYyryrey

125

150



CORE INLET SUBCOOLING (BTU/LBM)

LOFWH, BOC LOFWH, BOC
616 €16
30F4 40F 4
100 . 2500
: 4
90-1 1
y 4
80
4 2250
70 4
4 —
; O
: w
60" g o
] @ 4
< =
50 & 2000 - \
3 b 1 Lssnevscsscnnicissansn
. € 4 levssenctiisiilecssssarsnenensasess p
] o
aon g
o | R
: W
30 7
3 1750
20 -
] )
4
10 4 :
] e FEED WATER FLOW
{ [ cone r. uBcir. o) ~ - -~ VESSEL §TM OUTLET
I e B e
4] 25 50 75 100 125 150 0 25 50 75 100 125 150
TIME (SEC) TIME (SEC)
FIGURE 7.3.1
(Continued)
LOSS OF 1000oF FEEDWATER HEATING, BOC17 (LIMITING CASE)
T IENT PON RSUS TIME
~§4-

e i e DL D e



Baaa o _

NORM. NEUTRON POWER

MSIVC, EOFPL, MST MSIVC, EOFPL, MST
617 617
10FS 20FS
6 15
1 :
5 <
j 1.25 =
< w
4 - =
4 S
>
1 - 4
« 1
. = ;
3 -~ : 10—..—.—-—‘"’
: ) J
z
4 o
=
' 2
g S
) 0.75
1- E
]
4 ——— CORE INLET FLOW
{ [ nonwm rowen | 11---- ave uear rux
Y e ——————— 0.5 et
0 1 2 3 4 5 6 0 1 2 3 4 5
TIME (SEC) TIME (SEC)

FIGURE 7.4.1

MSIV_CLOSURE, FLUX SCRAM, EOFPL17
TRANSIENT RESPONSE VERSUS TIME, "MEASURED" SCRAM TIME

~65-




MSIVC, EOFPL, MST MSIVC, EOFPL, MST
617 617
30F5 40F5

R R S i T

STEAM DOME PRESSURE (PSIA)

e RS-
. gl L 7 v
-
e
-
-

1500 ~

1000 -

o
3
b b ol

vy .y

FLOW RATES (LBM/SEC)
3 .
L

Al

: -1000 -
- ——— S/F VALVE (NEG)
1 |~~~ FEED WATER
—— STEAM DOME PRES | | VEBOE: STM. OUT
T T e s -2000 T A B
0 1 2 3 4 5 & 0 1 2 3 4 5
TIME (SEC) TIME (SEC)

FIGURE 7.4.1

{Continued)
IV _CLOSU FLUX S EQOFPL17
TRANSIENT RESPONSE VERSUS TIME, "MEASURED" SCRAM TIME
B G-



TRANSIENT RESPONSE VERSUS TIME, "MEASURED" SCRAM TIME

REACTIVITY (DOLLARS)

MSIVC, EOFPL, MST
617
50F5

04 4

08 3
1.0 3
124
1.4 3
1.6 4
1.8 4

2.0 3

o A m o ok BB B i 2

4 S 6

TIME (SEC)

FIGURE 7.4.1
(Cont inued)

MSIV CLOSURE, FLUX SCRAM, EOFPL17

il



02 ok

Core Thermal
Initial MCPR
Core Flow

RWE Control Rod
Core Exit Pressure

Zero Xenon

1]

1C 14 18 22

Power

1664 MW,
1.302
48 Mlb/hr
30-15
1042 psia

TRANSIENT SUMMARY

Rod Position

RBM Setpoint
104 12
105 14
106 14
107 16
108 18

at RBM Setpoint

FIGURE 7.5.1

REACTOR INITIAL CONDITIONS AND
THE VY CYCLE 17 ROD WITHDRAWAL ERROR CASE 1

WPP40/10

6B~

ACPR

.14
.48
.18
03
.27

o000 o O

Transient

MCPR Limit

3!
.25
v
.30
.34

L S e e

Y FOR



ey s L S ——————— e S R PO R — - ) — R— _.._.,.‘
F:- ” o
G

-
WPF40/10

|
b |
: |
7o |
' |
.' |
I
| « |
| l
n :
| o 1
31 i
e 3 < 34 1
2 l
16— 34 4 34 l
15 }
1 ‘
07. |
4 03 ]
11 i
02 06 10 14 18 22 30 34 38 42 l
Core Thermal Power = 1593 MW,,
Initial MCPR = 1.528
Core Flow = 46 Mib/hr
RWE Control Rod = 22-18
Core Exit Pressure - 1032 psia
Equilibrium Xenon
TRANSIENT SUMMARY |
Rod Fosition !
| RBM Setpoint at RBM Setpoint ACPR |
| 104 12 0.10 |
105 14 0.11 |
106 16 0.14 |
107 22 0.19 |
108 26 D.22
FIGURE 7.5.2
i
REACTO! T c O ~ LY 1
THE VY CYCLE 17 ROD WITHDRAWAL ERROR CASE 2 i
%
I
|

e Tt IR 2 el [ NPT, TSR A LTI ST S RN Bl e U e ]



ABM RESPONSE

FINAL LICENSING CASE fI71, 4X4 MODE=2,2
RESPONSE OF RBM CHANNEL A (A+C)
ERROR ROD 30-15

W — i i A a i i " " i a N A i A " A 1 a A

1.45

1 No Instrument Failures

-

r

he
: B
!
: 3
2
/ :
/—- e L
’ ey :
/_\‘ B -
/ :
: .
/ 4 -
/ NOTE: 1
& 1. All Intercepts are determined 3
by the B&D Channel. P
1 - - - T - — - T - v v T T T T T T T
8 16 24 32 0 -
ERROR ROD POSITION
FIG 1.3.3

VY CYCLE 17 BRWE CASE 1 - SETPOINT INTERCEPTS DETERMINED
BY THE A AND C CHANNELS

= [



RBM RESPONSE

NA LENOHN AD : e

RESPONSE OF RBM CHANNEL B (B+D)
ERROR ROD 30-15

1.45

115 «
¥

1.05 4

01 No instrument Failures

Y

10

o o e

o

T

PTpp—

’

1. RBM Setpoint Intercept is marked
with ().

2. Rod is stopped at notch following
twe inches of Free Rod Motion,

Bl v i R Wi

T s e . 1 T T T T . s sa 1

24 3z 40
ERROR ROD POSITION

FIGURE 7.5.4

&

VY CYCLE 17 RWE CASE 1 - SETPOINT INTERCEPTS DETERMINED
BY THE B AND D CHANNELS

e 5O



i e e e s

. m M AR B e T R T R N R N N = e

€.1 Control Rod Drop Accident Results

The control rod sequences are a series of rod withdrawal and
banked withdrawal instructions specifically designed to minimize the
worths of individuoal ~ontrol rods. The segquences are examined 8o
that, in the event of the uncoupling and subrequent free fall of the
rod, the incremental rod worth is acceptable. Incremental rod worth
refers to the fact that rods beyond 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 per gram.

Some out-of-sequence control rods could accrue potentially high
worths. However, the Rod Worth Minimizer (RWM) will prevent
withdrawing an out-of-seguence 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 cperator errors will not create a potential rod drop
situation above 280 calories per gram[28],[30],[31)., Below 20% power,
however, the segusnces must be examined for incremental rod worth.
Thig is done throughout the cycle using the full core, xenon-free
SIMULATE~3 model.

Both the A and B seguences were examined at various exposures
throughout the cycle, For startup, the rods are grouped, as shown in
Figures 8.1.1 and 8.1.2, and are pulled in numerical order. All the
rods in one group are pulled out befeore the pulling of the next group
begins. The rods in the first two groups are individually pulled from
full-ir to full-out. Beyond Group 2, the rods are banked out using
procedures[32], (33] which reduce the rod incremental worths.

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

| The seccnd group of rods was examined using the following

{e analysis method[34]. Both the A and B sequences were examined. It

f was found that the highest worth rod was the first rod in the second
n group. Any of the first four rod arrays, shown in Figures 8.1.1 and
£.1.2, may be designated as the first group pulled. However, a
specific second group must follow as Table £.1.1 illustrates. For
added conservatism, each of the high worth rods in the second group
were checked; i.e., one at a time, they were assigned to be the first
rod pulled. This assures that in any sequence the actual worths will
always be less than those calculated here.

Only that portion of the control rod worth above the SIMULATE-3
] cold critical eigenvalue contributes to the rod drop accident. For
conservatism, “critical® was defined as the SIMULATE-3 average cold
i eritical K., minus 1% AK (reactivity anomaly criteria). The results of
' the Group 2 calculations, as presented in Table 8.1.2, fit under the
bourding analysis of References 29 through 31.

Beyond Group 2, the rods are banked out of the core. This
generally limits the incremental worth of a single rod drop; however,
virtually all of the pre-drop cases in Group 3 are critical.
Therefore, the entire dropped rod worth contributes 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
positions. The types of cases examined included:

: 1 Banked positions 04, 08, 12, and 48 (full-out).

2. Group 3 rods pulled out of seguence, creating high flux
regions,

3., Xenon-free conditions, both cold moderator and “standby"
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(i.e., 1020 psia).

4. Group 3 rods dropping from 00 (full-in) to the appropriate
banked position.

5. Stuck rods from previously pulled Group 1 or 2 dropping from
00 to 48.

The highest worth results from the Group 3 analysis fit under the
Group 2 results, presented in Table 8.1.2.

8.2 =0 f = n 1

The results of the complete evaluation of the loss-of-coolant
accident (LOCA) for Vermont Yankee|[35] provides the required support
for the operation of the Reload Cycle. The LOCA analysis, performed
in accordance with 10CFR50 Appendix K and the Safety Evaluation
Reports(36) [37], demonstrates that Vermont Yankee, operating within
the assumed conditions, complies with the LOCA limits specified in
10CFRSO0.

The assumed initial conditions are listed in Table 8.2.1.
Reference 35 provides a more detailed listing of the input
assumptions. FROSSTEY~2, using the USKRC approved methodology(ll],
provided the fuel related initial conditions for the RELAPSYA
calculations. The initial conditions were provided for the three core
power regions and the peak high power rod at several exposures and
axial power shapes. The initial conditions were fuel volume average
temperature, internal rod pressure, gap inventory, and fuel and
cladding geometries. The fuel volume average temperature was
calculated at the upper 95/95 limit. The impact of the Gd,0, on
initial volume average temperature and material properties was
included.

The LOCA analysis using RELAPSYA assured the licensing
requirements were met by analyzing a combination of break size, break
location, and single failure conditions. The break sizes range from
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0.05 ft? to 7.28 ft?. Five break locations were analyzed: main steam
line, core spray line, feedwater line, recirculation loop suction and
recirculation loop discharge. Five possible single failures were
evaluated: low pressure cooiant injection valve, high pressure coolant
injection, DC power supply, diesel generator and cne automatic
depressurization system valve.

The analysis results showed that the limiting location was at the
recirculation pump discharge. Figure 8.2.1 shows the peak cladding
temperature as a function of break size for this location. The
limiting case is the 0.6 ft? break size with one LPCI and one LPCS
available. This corresponds to a single failure of one DC power
supply. The analysis also assumed loss of offsite power concurrent
with accident initiation. Overall, the calculated peak clad
temperatures are below the 2200°F limit of 10CFR 50.46. The analysis
alsc shows compliance with the other 10CFR 50.46 limits: total
cladding oxidation at the peak locaticn is less than 17%; hydrogen
generated in the core is less than 1%; and the core retains a coolable
geometry with no clad rupture.

During the cycle, Vermont Yankee can adjust the core flow to
account for reactivity changes rather than using the control rods.
During this type of operation, core flow may be as low as 87% while at
100% power. To ensure the safety analysis bounds these conditions,
tlie LOCA analysis is analyzed at 1698 MW, power and B7% flow. The
results showed that the 100% flow case bounded the low flow case.

The analysis shows that the MAPLEGR limits are not limited by a
LOCA. Therefore, the MAPLHGR limits are set based on the mechanical
analysis of the bundle from Reference 18 and are provided in Appendix
A for all the fuel types in the Reload Cycle, as a function of average
planar exposure. Only the limiting MAPLHGR limits for the zoned fuel
are provided in Appendix A. However, MAPLHGR limits exist for each
lattice type and are specified in the process computer.
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8.3 BRefueling Accideni Results

I1f any assembly is damaged during refueling, then a fraction of
the fission product inventory could be released to the environment.
The source term for the refueling accident is the maximum gap activity
within any bundle. The source term includes contributions from both
noble gases and iodines. The calculation of maximum gap activity is
based on the MAPLHGRs, the maximum operating fuel centerline
temperatures, and maximum bundle burnup.

The fuel rod gap activity, dinternal pressure and centerline
temperature for the Relcad Cycle are bounded by the values used in
Section 14.9 of the FSAR(38).
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