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DISCLAIMER

The information contained in this report was prepared for the
ppecific reguirements of Texas Utilities Electric Company
(TUEC), and may not be appropriate for use in situations
other than those for which it was specifically prepared.

TUEC PROVIDES NO WARRANTY HEREUNDER, EXPRESSED OR IMPLIED, OR
STATUTORY, ©O; ANY KIND OR NATURE WHATSOEVER, REGARDING THIS
REPORT OR 1T8 USE, INCLUDING BUT NOT LIMITED TO ANY
WARRANTIES ON MERCHANTABILITY OR FITNESS FOR A PARTICULAR

PURPOSE.

By making this report available, TUEC does not authorize ite
use by others, and any such use is forbidden except with the
prior written approval of TUEC, Any such written approval
shall itself be deemed to incorporate the disclaimers of
liability and disclaimers of warranties provided herein. In
ne event shall TUEC have any liability for any incidental or
consegquential damages of any type in connection with the use,
authorized or unauthorized, of this report or the irformation
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CHAPTER 1

INTRODUCTION

In order to suppor% reload design, licensing, and operation
of Comanche Peak Steam Electric Station (CPSES) Units 1

and 2, an Overpower N-16 and Overtemperature N-«16 trip
setpoint methodology, aleng with a power distribution control

analysis methodology, is required.

The Overpower N-16 and Overtemperature N-16 trip setpoints
are designed to protect against fuel centerline melting,
departure from nucleate boiling (DNB;, &nd hot leg saturation
during postulated transients (ANSI N18.2 Condirion II
events)., The design bases and the methodology for the
calculation of the Overpower N~16 and Overtemperature N-16
trip setpoints, including the treatment of the core power
distribution effects and trip channel uncertainties, are
presented in this report. The calculations regquired to
define the power distribution effects are based on the

methodology developed and employed by |
]'

Powver distribution control is utilized to assure that the

axial power distributions and associated peaking factors
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CHAPTER 2

SUMMARY

The power distribution contrel analysis and Overpower and
Overtemperature reactor trip setpoint methodology which will
be utilized in support of design, licensing, start-up, and
operation of CPSES Units 1 and 2 has been defined.

The methodology used for calculating the ¢ fety settings for
the Overpoer N-16 (OP N-16) and Overtemperature N-16

(OT N=16) reactor trip functions is described, including the
determination of compensation terms. The compensation terms
are a function of the axial flux difference and account for

variations in the axial power distributions,

The Overpower N-16 reactor trip setpoint is developed to
limit the maximum linear heat generation rate in the fuel,
thereby preclud: ng fuel centerline melt during postulated
transients. The overpower protection limit is first
established, then the compensation term is determined. PRased
on the analytical results obtained to date, a single
overpower limit will preclude tuel centerline melt for all
anticipated axial power distributions; therefore, it is
anticipated that the compensation term will not be regquired

for CPSES.



The Overtemperature N-16 reactor trip setpoint has been
developed to provide primary protection against departure
from nucleate boiling (DNB) and hot leg saturation during
postulated transients. The safety settings for the
Overtemperature N-16 reactor trip are selected assuming a
fixed reference axial power distribution; then, compensation
terms are determined which account for variations in the

axial power distribution.

The variation in the axial sr distribution with axial flux
difference must be determive” to establish normal operating
1imits as well as to quantify the Overpower N=16é "nd the
Overtemperature N=16 compensation terms. TU Electric has
adopted the principal attributes of |

] for generatiocn of the axial power
distributions required for both applications. Using this
prescriptive methodology, enveloping sets of axial power
distributions are developed using |

e
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CHAPTER 3

CORE THERMAL OVERPOWER AND OVERTEMPERATURE PROTZCTION

The bases of the Overpower Nitrogen-16 (OF N~16) and the
Overtemperature N-16 (OT N~16) protection trips and the
methods used by TU Electric to determine the trip setpoints
are presented in this chapter. These trip functions provide
primary protection against departure from nucleate boiling
(DNB) , hot~leg boiling, and fuel centerline melting
(excessive linear heat generation rate) during postulated

transiente (ANSI N18.2 Condition Il events).

3.1 Functional Description

3.1.1 Nitrogen-16 Meonitoring System

The Nitrogen-16 (N=16) activity in the primary coolant water
is a process parameter used for continuous measurement of the
reactor power level. The N-16 activity is formed by high
energy (>10 Mev) neutron activation of Oxygen-16 contained in
the water. The N~16 activity in the primary coolant is
directly proportional to the integrated fast neutron flux
throughout the core and therefore provides a means to

directly measure the total fission rate and total core power.

3=



The )i=16 activity in the pri ary coolant is monitored by
measuring, outside each of the four hot-leg pipes, the gamma
radiation resulting from the decay of the N~16, This N~-16
activity in each hot-leg is converted to a power signal that

is used by the OP N~16 and OT N~16 protection trip functions.

3.1.2 Qverpower N-16 Trip Descriptien

The thermal overpower protecticn function will trip the
reactor when the measured N-16 power in any two out of four
channels exceeds the setpoint (one channel per reacter
coolant loop). The OP N-16 setpoint is given by the

following eguation:

Qp, = K, = f£(AI) (3=1)

where:!
M = The OP N~16 setpoint which is comparsd to the
measured N-16 power signal, “raction of Rated

Thermal Power (RTP)

K = A prese%t, manually adjust:ble bias, fraction
of RTP

f(AI) = A function of the neutron flux difference

between the average of the upper two and the

J=2
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required one pressurizer pressure paramater per loop (or
channel) is obtained frcm separate sensors connected to
pressure taps at the top of the pressurizer. The neutron
flux difference information for the OT N~16 trip is the same

as that for the OP N-16 trip.

3.2 Qverpower N-16 Trip

The Overpower N=-16 :rip setpoint is determined by first
calculating maximum linear heat generation rate (LHGR) that
doee not result in fuel centerline melt, LiJR ,. Fecvr each of
the axial power distributions calculated, the prak pellet
linear heat generation rate, LHGR,, 1is determined and
compared t.o the LHGR,,. If the LHGR  exceeds the LHGR ,
limit, a flux difference trip reset function, f(4I), is
calzulated which wil) effectively reduce the OP N-1f trip

setpoint to prots:ct the reactor from variations in power

distributions that may poientially violate the LHGR,, limit.

3:8:1 Calculational Bases

The purpose of the thermal overpower protection systemn trip
is to prevent fuel centerline melting during Condition II

avants. The fuel temperature design basis is stated in the
FSAR as follows: during modes of operation associated with

Condition I and Condition II events, there is at least a 95

a»D
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percent probupility that the peak kW, ft fuel rods will not
exceed the U0, melting temperature at the 95 percent
confidence lc/el, By precluding UO, melting, the fuel
geometry is preserved and possible adverse effects of molten

UQ, on the cladding are eliminated.

To preclade fuel centerline melting, an overpower limit
corresponding to a fuel cen*terlire temperature of 4700 °F is
selectad., This linmit is significantly less than the actual
U0, melting temperature for design fuel burnups g 60,000

MWD/MTU and is consistent with the current licensing basis as

presented in the FSAR.

3.2.2 Calculation of the Overpower N-16 Setpoint

Fuel centerline melt is precluded by limiting the LHGR_, to a
design value less than the LHGR . limit. This limit on the
LHGR is used in justifying the core protection limit, Peois
for the Cverpower N-16 reactor trip setpoint., The core
protection limit is set at a fractional power level given by

the following eguation:

LHGR,,,

(3=3)
LHGRy,, * Fy
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solving for [ ] yields:

(3-6)

| CE——

If the analysis shows that |
)], then the

core protection limit, or K, value in the OP N-16 setpoint
equation, is adeguate to protect the reactor, and development
of the f(AIl) trip reset function is not required. It is
anticipated that the f(AI) trip reset function will not be
required to preclude fuel centerline melting for CPSES when a
core protection limit of 1.18 is selected. However, for
completeness, the approach used to determine the f(AI) trip

reset function is described in the following steps:

1. For each | ] calculated, determine the axial

offset (A0Q) and flux difference (AI):

AQ = (Py = By) [ (Py + By) (3=7)
AI = (P, = Pyg) (3-8a)
or alternatively:

AT = [ ] * AD (3=8b)

where:

AQ = axial offset, fraction

3=9



Al = flux difference, fraction

power in the top of the core, fraction of RTP

:U
H

P power in the bottom of the core, fraction of

RTP

The values of A0 and Al are typically multiplied by 100 to

permit discussiui in terms of percent.
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3.3 Qvertemperature N-1¢ Trip

The calculation of the OT N-16 trip setpoint consists of
three steps. In the first step, core safety limit curves are
calculated based on DNB and hot~leg boiling considerations
assuming a reference core axial power distribution. In the
second step, the CT N-16 setpoint equation terms are calcu~
lated based on the Core Safety Limit curves, the OP N-16
setpoint, and physical limitations on temperature due to the
opening of the steam generator safety valves. The third step
determines the compensating term, f(AI), which accounts for
core axial power distributions more severe with respect to

DNB than the reference power distribution.

3.3.1 gCalculational Bases for Core Safety Limits

The OT N~16 trip function is designed to ensure operation
within the DNB design basis and the hot-leg boiling limit
during Condition II events. The DNB design basis is stated
in the FSAR as follows: there will be at least a 95 percent
probability that DNB will not occur on the limiting fuel rods
during Condition II events at the 95 percent confidence level
(95/95). DNB is evaluated in terms of the departure from
nucleate boiliny ratio (DNBR), which is the ratio of the
predicted DNB heat flux calculated by an empirical

correlation to the actual local heat flux. Standard

3=13



TU Electric DNB analysis methodology (1) is used to calculate
the DNBR for this application. The criterion on DNBR is that
the minimum DNBR in the hot channel must not be less than the
design limit value. The DNBR design limit value is higher
than the correlation 95/95 DNBR limit to provide sufficient
margin to offset DNBR penalties resulting from plant and
cycle-specific considerations and generic issues. The
specification of this design DNBR limit value and the
evaluation of the margin penalties is beyond the scope of

this submittal.

The hot~leg boiling limit is not a core protection limit, but
was originaily established to ensure that the temperature
difference across the reactor vessel (AT) remains
proportional to the reactor power, since the Westinghouse
Overtemperature and Overpower protection systems were based
on AT. Although Comanche Peak Units 1 and 2 do not use AT in
the Overtemperature and Overpower protection system, the
hot-leg boiling limit is conservatively maintained to ensure
that there are no voids in the hot-leg which could

potentially affect the N-16 signal.

The DNB and hot~leg boiling limits are dependent upon, for a
given volumetric flow rate, the reactor power, coolant
temperature, and pressure. Reactor Core Safety Limit curves

define a region of permissible operation and are determined

3=13



for a range of reactor operating conditions assuming a
reference core axial power distribution, The effects on the
DNB Jimits due to core axial power distributions which differ
from the reference core axial power distribution are accounted

for with the f(AI) trip reset function (see Section 3.3.3).

The reactor Core Safety Limits are curves of reactor vessel
inlet temperature versus reactor power fraction which satisfy
the DNB and hot=leg boiling limits (Figure 3.4). The reactor
Core Safety Limit curves are calculated for a range of
pressures between the low and high pressurizer pressure

reactor trip setpoints,

The DNB limit line is determined using the standard

TU Electric DNB analysis metnodology as described in

Reference 1. The core DNB limits are generated with the

following assumptions:

S A reference core axial power distribution is used
(typically, a chopped cosine with a peak to average
power ratio of 1.55). The effect of other axial power
distributions is presented in Section 3.3.3.

2 The nuclear enthalpy rise hot channel factor, Fﬁu, is
increased at power levels below RTP by the following
equation:

FN

w = PP (14 PR, % (1 = P)) (3=9)

3-14
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The hot-leg boiling limits are calculated using the Thermal
Design Flow rate and are generated for the same range of
pressure conditions as the DNB limit lines, Typically, at
lower power and pressure, the hot-leg boiling limits are more
restrictive than the DNB limits, as illustrated in

Figure 3.4. At higher power (usually greater than 80
percent) and higher pressure, “he DNB limit is typically the

more restrictive limitation.

3.3.2 Calculation of the Overtemperature N-16 Setpoint
Equation

Consistent with the current licensing basis as descrived in
the FSAR, certain constraints limit the range over which the
OT N-16 trip function must protect. The OP N-16 trip
provides an upper limit on the power range, the high and low
pressurizer pressure trips limit the pressure range, and the
opening of the steam generator safety valves imposes an upper

limit on the temperature range,

The steam generator safety valves place an upper limit on the
secondary side steam temperature which is approximately
constant at the saturation temperature corresponding to the
safety valve pressure setpoint, The primary side temperature
cannot exceed this saturation temperature plus the

temperature drop across the steam generator tubes.

3«16



Therefore, the steam generator safety valves impose an upper

limit on the primary side temperature.

The locus of points for the conditions when the steam
generator safety valves are open is termed the "steanm
generator safety valve (SGSV) opening line." The fundamental
log mean tenperature difference eguation provides the
relationship between the reactor vessel inlet temperature,

core power, and steam generator secondary temperature,

Quore = UA(T,,, = T ) /In((Ty = Ty )/ (T, = T,))

= m (h,, = h,) (3=11)
where:
Neots = Ccore power, BTU/hr
UA = oveyali heat transfer coefficien* from primary
to seccndary side at nominal conditions,
BTU/hr«°F
Tt = reactor vessel outlet temperature, °F
' = reacter vessel inlet temperature, °F
T, = gaturatioa temperature of the secondary side, °F
m = reactor vessel inlet mass flow rate, lbm/hr
h,_, = reactor vessel outlet enthalpy BTU/lbm

= reactor vessel inlet enthalpy BTU/lbm




The SGSV opening line is calculated in terms of reactor

vessel inlet temperature versus core power and intersects

with the Core Safety Limit lines as illustrated in Figure 3.5,

The intersections
Safety Limits are

Core Safety Limit

For the reference

state conditions,

of the SGSV opening line with the Core
determined by evaluating points along the

until eguation (3-11) is satisfied.

core axial power distribution and steady

the egquation for the OT N-~16 setpoint is:

Q, = K, = K, (£, = T°) + Ky (P = P (3=12)

where the terms are defined in equation (3-2). The

calculation of the constants K,, K,, and K;, in the OT N-16

equation is as follows:

The Core Safety Limits are plottéd on a vessel inlet

temperature versus core power coordinate system

(Figure 3.4)

- I8 The OP N-16 trip set .int line, plotted on Figure 3.5,

shows the upper limit on power which must be considered

in calculating the OT N-16 setpoint.

3 The SGSV opening line, plotted on Figure 3.5, provides

the upper limit on temperature which must be considered

in calculating the OT N-16 setpoint.






3.3:3 Core Axial Power Distribution Effects

The OT N-16 setpoint equation is based on the reactor Core
safety Limits which are generated assuming a reference core
axial power distribution (typically a 1.55 chopped cosine).
Core axial power distributions that are more adverse than the
reference shape, with respect to DNB, affect the reactor Core
safety Limit curves and are accounted for with the OT N=16

f(4I) trip reset function.

The criterion used to evaluate the core axial power
distribution effects is that the DNB design basis must be
satisfied. The hot-leg boiling limit is unaffected by

variations in core axial power distributions.

The steady state form of the OT N-16 setpoint is given by the

following equation:

Qe = Ky + K, (T, = T % XK (P = P%) - £(AI) (3=13)

sp

or solving for f(4I):

£(AI) = K, + K, (T, = T.°) + Ky (P = P°) = Q, (3-14)

where the terms are defined in Eqguation 3-2.



Standard TU Electric DNB analysis methodology is used to
determine the effects of core axial power distributions using
the same assumptions as those described in Section 3.3.1,
except that a variety of core axial power distributions are
considered rather than the assumption of a reference core
axial power distribution. The standard TU Electric DNB
analysis methods include the use of the VIPRE-01 computer
code, However for this analysis, the DNB evaluations are
first performed with a "VIPRE~-equivalent" computer code to
screen out the non-limiting axial power shapes. This code
uses a single~channel model and includes correction factors
to account for the multi-dimensional effects such as flow
redistribution and creoss channel mixing. The correction
factors are develcped based on a large number of VIPRE-01
calculations and thus allow the VIPRE-equivalent code to
predict a minimum DNBR with good accuracy when compared to
VIPRE~01. The advantage of this code is that the computer
run time is very fast, and thus analyses for a large number
of axial power distributions can quickly be performed with
high accuracy. The VIPRE-01 code is then used to analyze the

limiting axial power distributions.

The "new" core DNB limit line due to the effects of an
adverse core axial power distribution is illustrated in
Figure 3.7. As can be seen from Figure 3.7, a portion of the

"new" core DNB limit line is viclated (i.e., unprotected by

=21






Limits bounds any calculated core axial power distribution,
and no OT N-16 setpoint reduction is needed (i.e., the DNBR
is greater than the limit value). Beysnd the deadband, an OT
N=16 setpoint reduction is reguired to prevent violating the

DNER limit value.

With the power level conservatively held constant at the
intersection of the Overtemperature and Overpower N-16
setpoint value (typically, 118% of RTP), an iterative
calculation is performed for each core axial power
distribution that is more adverse than the reference core
=xial power distribution, with the reactor vessel inlet
temperature being decreased to give a minimum DNBR which is
equal to the design basis limit valves, The decrease in the
reactor vessel inlet temperature thus reguired (Required
Temperature Reduction, RTR) is recorded with the flux
difference (AI) associated with the core axial power
distribution L.ing analyzed. A bounding envelope of RTR
versus axial flux difference is generated (see Figure 3.10)
and is verified to be conservative over the entire pressure
range. RTR is defined to be a positive gquantity for a

decrease in temperalure.

The RTR versus axial flux difference curve is described by

denoting the deadband range and slopes of the lines beyond
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CHAPTER 4

POWER DISTKIBUTION CONTROL ANALYSIS

4.1 Intreduction

The axial power distribution control procedure emplcoyed at
comanche Peak Steam Electric Station (CPSES) requires the
control of the axial flux difference within a specified
target band. This axial flux difference target band is
established in order to protect safety margins for: the
loss~of~coolant accident (LOCA), departure from nucleate
boiling (DNB) during anticipated transients, and local power

(kW/ft) limits during normal operation.

Currently, CPSES utilizes the Westinghouse Censtant Axial
offset Control (CAOC) (2) method of power distribution

control., |

)]« TU Electric has

ado.cwd the principal attributes of the | ] and

intends to apply them to support future operation of CPSES.

The methodology used by TU Electric to support the constant
axial offset power distribution control relies on the

determination of the maximum possible variation in the total

4-1



power peaking factor, F/(z), at a given height. This
variation is, in turn, combined with the measured FJ(:) to
project the axially dependent maximum total power peaking
factor which could be achieved as a result of varying the

axial flux difference within the specified target band.

4.2 Inplenent~%ion of Power Distribution Contrel Procedure

The factor T(z) is defined ag the maximum anticipated
increase in the total peaking factor, ¥, (2), from the
equilibrium value, when the axial offset is maintained within
the target band (non-equilibrium operation). The application
of the T(z) factor to verify c. jance with the F,' operating

limit is summarized below:

1. Determine the axial offset target band as follows:
Aok'm = Aotq 3 Antw:l PDH / P
where:
AO . = axial offset target band, percent
A0, = equilibrium axial offset, percent
AO,.ui = axial offset band width, percent
Pare = Rated Thermal Power, MWth
P = reactor operating power, MWth,
4=2
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The F,'(z) distribution is determined by a |

] and is discussed in

section 5.3,

The T(z) factor is calculated as the ratio of the maximum
FJ(z) calculated for each of the daily load follow cycles to
the equilibrium base depletion FJ(z) distribution de’ ‘rmined
from operating at the egquilibrium axial offset. The
operating limit on FJ(:) increaves as reactor power is
reduced; therefore, this effect is included in the T(2)
calculation by multiplying FJ(:) by the fractional power

level before calculating T(2):

Fo'(2,3) * P
i8] & w- (4=4)
F.'(z,eaquil)

where:
F'(z,3) = Total peaking factor for daily load
follow cycle case )
F,'(z,equil) = Total peaking factor for eqguilibrium
base depletion
F, = Power level for daily load follow cvcle

case j, fraction of RTP

!} bounding approach is used to develop the T(2) factor such
that the core average axial offset, a measurable parameter,

4~5






4.4 Reactor Load Feollow Simulations

The load follow simulations analyzed in the calculation of
the T(z) factor were develcped to envelop all axial power
distributicns that are anticipated during normal operating
modes (3,7,8). The load tollow simulations consist of a
regular pattern of power reductions ana increases. The
reactor power is reduced from 100% to 50% power ovar a three
hour peried, and maintained at 50% for six hours. The power
is then increased to 100% over a three hour period and
maintained at 100% for 12 hours, which concludes the daily
load cycle. This daily load cycle is continued for five

twenty~four hour periods as depicted in Figure 4.1.












Ccalculations te determine the T-factor are typically
performed at 50%, 70% and 90% power at the cycle exposures
used to determine T(z). At each of these points, the
T-factor and the AAO are calculated. An example is shown in
Figure 4.4. The positive and negative AAU values for the
one~hour limit are detei.ined by locating the AAC vhere the
expected variation will equal the maximum variation (T~factor
equals 1.0). The axial offset limits at each power level are
converted to Al to define tho one~hour limits., Figure 4.5
fllustrates a typical allowable deviation from the target

axial flux difference.



4.6 Methedoloay Applied to CPSES Unit 1 Cygle 1

4.6.1 L(z) Ristribution Calculation

CPSES Unit 1, Cycle 1, has been selected to illustrate
application of the TU Electric power distribution control
methodology. The exposure dependent T(z) distribution was
calculated |

1. In these examples, two axial offset
target band widths have been selected, For the BCOL case, an
asymmetric target band width of +3% and ~5% has been chosen.
Such 4 target band width is representative of the operating
constraints which would be utilized should the cycle design
result in very little margin to the F,/ limit. At EOL an
asymmetric axial offset band width of +3% and ~12% has been
selected. This band width is typical of those utilized for

coreu designed for improved load follow capability.

4=12
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Figure 4.1 Dally Load Lsollow Cycle Used in T(z) Analysis



llllllllllll"l-@i

- i -~a




Figqure 4.3 Maximum Composite and Limiting T(z) Distributions
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Figuve 4.4 T~factor as a Functicon of Delta Axial Offset

(Typical)
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Figure 4.5 Allowable Deviation from .'arget X Difference
for Operation Outside of Turget Flux Bands
(Typical)




Figure 4.6 T(z) Distribution, +3%, ~5% Target Axial Offset
Band, BOL, | ], Comanche Peak Steanm

’
Electric Station Unit 1, Cycle 1, Demonstration




Figure 4.7 Maximum Composite and Limiting T(z) Distri-
butions, +3%, =-5% Target Axial Offset Band, BOL,
Comanche Peak Steam Electric Station Unit
Cycle 1, Demonstration
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) Distribution for Daily Load Fol
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A

nche Peak Steam Electric Station
Cycle 1, Demonstration




Figure 4.9 Maximum Composite and Limiting T(2z) Distri-~
butions, +3%, =12% Target Axial Offset Band, EOL,
comanche Peak Steam Electric Station Unit 1,

Cycle 1, Demonstration



l Fliaure 4.10 T-factor as a Function of Delta Axial Offset,
BOL, 90% power, +3%, -5% Target Band, Comanche

Peak Steam Electric Stat. on Unit 1, Cycle 1,
Demonstration
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$.1.1.2 The CASMO-3 Computer Code

The fuel assenmbly cross sections used in the | ] and
SIMULATE-3 models are generated by the CaASMO-3 (11) computer
code. CASMO-3 is a multi-group, two-dimensional transport
theory code for burnup calculations on BWR and PWR assemblies
or simple pin cells. The code handles a geometry ceonsisting
of cylindrical fuel rods of varying composition in a square
pitch array with allowance for fuel rods loaded with
gadolinium, burnable absorber rods, cluster control rods and

incore instrument channels.

A detailed discussion on the use of CASMO-3 by TU Electric in
support of steauy state reactor physics analyses required for
design, licensing, start-up and cperation of CPSES is

ircluded in Reference 12,

5.1.1.3 Ihe SIMULATE-3 Computer Code

The SIMULATE=-3 (13) r~omputer code is an advanced cwo=-group
nodal code used to perform steady state core physics
calculations. The neutronics model in SIMULATE-3 solves a
two energy group neutron diffusion equation using
second-order polynomials to represent the transverse leakage.
These polynomials represent the intra-nodal flux distribution

for both fast and thermal energy groups. The solution can be

5-4



obtained in one, twn or three dimensions. SIMULATE~3 employs
w.8continuity factors to permit discontinucus flux on the
node boundary. The discontinuity factors are obtained from
the same CASMO-3 cases wh'*h generate two-group assembly

average cross sections.

A detailed discussion on the use of SIMULATE-3 by TU Electric
to perform steady state reactor physics analyses is included

in Reference 12.

5.1.2 Fuel Assembly Mcodel (Cross Section Generation)

The fuel assembly cross sections were generated using the
CASMO-3 fuel assembly model detailed in Reference 12.
Attributes of the cross sections used in the ( ] model
can be summarized:

1. Conventional macroscopic cross sections extracted from

the PNQ block of CASMO-3;

2, Thermal group cutoff at 0.625 eV;

3, Xenon built~-in through I/Xe chain;

4. Average temperature and inlet temperature depletions;
S. Control rod branch cases; and

6, Moderztor temperature branch cases.

CASMO-3 average temperature deplet‘ons, inlet temperature

depletions, and moderator temp:. :..ure branch cases are used

=5












5.2.1 Comanche Peak Unit 1 Cycle 1 Core Description

CPSES Unit 1 is a Westinghouse four-loop 3411 MWth,
pressurized water reactor. The core consists of 193 fuel
assemblies with a 17x17 fuel pin array in each assembly.
Cycle 1 of this unit utilizes Westinghouse fuel of standard
design and includes 944 burnable absorber rods containing
borosilicate glass. The fuel enrichments for Cycle 1 are

1,6 w/o U~235, 2.4 w/o U-235, and 3.1 w/o U=-235, At the time
this analysis was begun, hafnium control rods were scheduled
to be used in this unit. Subsequently, silver-indium-cadmium
¢ ..trol rods were actually utilized. Hafnium control rods
were modeled in all calculations and comparisons presented

herein.

N 4



Figure 5.1 shows the core loading plan for Cycle 1, including
control rod locations., A list of the fuel types for this

cycle and the number of assemblies of each type is given in

Table 5.1.

$.2.2 Boron Letdown [ e d

(

5.2,3 Differential and Integral Rod Worth [ il
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Axial Power and Exposure Distribution







linear power density, is determined from |

]. The method for determining the total

peaking factor is summarized in the following sections.

5,3.1 Petermination of F.'

The total peaking factor can be expressed as a function of

axial position, z:
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Figure 5.1 Quarter-Core Loading Arrungement, Comanche Peak
Steam Electric Station Unit 1, Cycle 1
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Figure 5. SIMULATE-3 ( ] Boron Letdown

( ), ARO, HFP, Comanche Penk Stean
Electric Station Unit 1, Cycle 1
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Figure 5.4

SIMULATE~3 | ] Integral Control Rod
Worth of Control Banks D and C with 113 Step
Overlap, BOL, HFP, Comanche Peak Steam Flectric

Station Unit 1, Cycle 1
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Figure 5.5

SIMULATE~3 |
Worth of Control Banks D and C with 113 Step

Overlap,
Station

EOL,
Unit

HFP,

i,

o

)

Cycle 1

Differential Control Rod

Conanche Pear Steanm Electric




Figure 5.6

SIMULATE~3 | ] Integral Control Rod
Worth of Control Banks D and C with 113 Step
Overlap, EOL, HFP, Comanche Peak Steam Electric
Station Unit 1, Cyecle 1
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Figure 5.7

SIMULATE-3 | ], HFP, 150 MWD/MTU, ARO,
Relative Power Distribution | ], Comanche
Peak Steam Electric Station Unit 1, Cycle 1
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Figure 5.8

SIMULATE~3 [ ), HFP, 6000 MWD/MTU, ARO,
Relative Power Distribution | ), Comanche
Peak Steam Electric Station Unit 1, Cycle 1
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Figure 5,
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SIMULATE=-J | 1, HFP, 12000 MWD/MTU, ARO,

Relative Power Distribution |
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Figure 5,10

SIMULATE=3 |

Powver Distribution |
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Figure 5,
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SIMULATE=D

Exposure Distribution
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Figure 5.12

SIMULATE=3 |

1, Cycle 1

5 -30

Integral Xenon Worth
( ] Fellowing Plant Starte-up,

HFP, Comanche Peak Steam Electric 3tation Unit
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Figure 5.13

SIMULATE~3 [

o=31

Integral Xenon Worth

( ] Fellowing Plant Trip After Steady
State Operaiion at HFP,
Electric Station Unit

Comanche Peak Stean




Figure 5.14 | ] Integral Xenon Worth | )
Following Plant Trip After Steady State
Operation at HFP, EOL, Comanche Peak Stean
Electric Station Unit 1, Cycle 1
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CHAPTER 6

CONCLUSIONS

Duvelopment of the Overpower N-16 and Overtemperature N-16
reactor trip setpoint methodology to be utilized by

TU Electric has been completed. The methodology draws
heavily on standard industry practice for specificat ~n of
such setpoints. Calculation of the axial power distributions
for establishment of the f(Al) trip reset functions relies on

the approach developed and | |

TU Electric has adopted the principal attributes of |

). The analytical bases of the methodology have been
presented and the application of that methodology to CPSES

Uait 1, Cycle 1 has been demonstrated.

It is concluded that the TU Electric Overpower N-16 and
Overtemperature N-1i6 trip setpoint methodology and power
distribution control analysie and is acceptable for use in
support of design, licensing, start-up and operation of

CPSES.
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