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DISCLAIMER

I
The information contained in this report was prepared for the

specific requirements of Texas Utilitics Electric Company

(TUEC), and may not be appropriato for use in situations

other than those for which it was specifically prepared.

TUEC PROVIDES NO WARRANTY llEREUNDER, EXPRESSED OR IMPLIED, OR

STATUTORY, 0; ANY KIND OR NATURE WilATSOEVER, REGARDING T!!IS

REPORT OR ITS USE, INCLUDING BUT NOT LIMITED TO ANY

WARRANTIES ON MERCilANTABILITY OR FITNESS FOR A PARTICULAR

PURPOSE.

By making this report available, TUEC does not authorizo its

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 warrantios provided heroin. In

no event shall TUCC have any liability for any incidental or

consequential damages of any type in connection with the uso,

authorized or unauthorized, of this report or the information

in it.
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CilAPTER 1

I!1TRODUCTIoli

I
In order to support reload design, licensing, and operation

of Comanche Peak Steam Electric Station (CPSES) Units 1 i

and 2, an overpower 11-16 and overtemperature li-lu trip

setpoint methodology, along with a power distribution controlI
analysis methodology, is required. |

The overpower 11-16 and overtemperature li-16 trip setpoints

are designed to protect against fuel centerline molting, i

departure from nucleate boiling (D!iB), cnd hot leg . saturation !

during postulated transients (AliSI 1418.2 Condition II

events). The design bases and the methodology for the

calculation of the overpower 11-16 and overtemperature 11-16

trip setpoints, including the treatment of the core power

distribution effects and trip channel uncertainties, are

presented in this report. The calculations required to

define the power distribution effects are based on the

methodology developed and employed by (

).

I Power distribution control is utilized to assure that the

axial power distributions and associated peaking factors

1-1
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I
during normal operation are maintained within the limits

assumed within the safety analyses. The basic concept of the

power distribution control procedures is that the variation
in the core axial power distribution during reactor operation

can be controlled by maintaining the axial flux difference

within predefined targot bands. TU Electric has adopted the

principal attributes of the ( ) for

power distribution control analysis.

I
I
I
I
I
I

.

I
I
I

T I
L I
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I
CHAPTER 2,

SUMMARY

The power distribution control analysis and overpower and

overtemperaturo reactor trip sotpoint 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 t.;foty sottings for

g the Overposor 11-16 (OP 11-16) 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.

I
The overpower N-16 reactor trip setpoint is developed to

limit the maximum linear heat generation rato in the fuel,

thereby preclud.'.ng fuel conter11no melt during postulated

'

transients. The overpower protection limit is first

established, then the compensation term is determined. Based!I
; on the analytical results obtained to dato, a single

overpower limit will proclude tual contorline molt for all

anticipated axial power distributions; thereforo, it is

anticipated that the compensation term will not be required

for CPSES.

2-1
i
.
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I
The overtemperature 11-16 reactor trip sotpoint has been

developed to provide primary protection against departuro

from nucleate boiling (D11B) and hot leg saturation during

postulated transients. The safety settings for the
"

Overtemperaturo 11-16 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 a var distribution with axial flux
dif ference must be determinM to establish normal operating

limits as well as to quantif y the overpower 11-16 r nd thee

overtemperature 11-16 compensation terms. TU Electric has

adopted the principal attributes of (

) for generation of the axial power

distributions required for both applications. Using this

prescriptive methodology, enveloping sets of axial power

distributions are developed using (

),

It

|
'

I
2-2
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I
).

I addition, a method is presented to datormino an expanded

axial flux diffnronce rango in which reactor operation is

permitted for periods of short duration. It is demonstrated

that operation outsido the specified axial flux difference
targot band, but within the expanded rango, is permitted for

periods of short duration sinco control of the variation in
the power distribution is maintained.

I
The methodology described in this report allows TU Electric

to establish the Overpower N-16 and Overtemperature H-16 trip

sotpoints including the compensation terms. In addition, the

power distribution control analysis is presented which allows
TU Electric to establish axial flux difference target bands

and define normal operating power distribution shapes for

input to Loss of Coolant Accident (LOCA) and non-LOCA

transient analysos.

I
I
I
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Cl! APTER 3

CORE THERMAL OVERPOWER AND OVERTEMPERATURE PROTECTION

I
The bases of the Overpower Nitrogen-16 (OP 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 provido

primary protection against departure from nucleate boiling

(DNB), hot-leg boiling, and fuel centerline molting

(excessive linear heat generation rate) during postulated

transients (ANSI N18.2 Condition II events).

3.1 Functional Description

3.1.1 Nitrocqn-16 Monitorina Svf&gn

I
The Nitrogen-16 (N-16) activity in the primary coolant water

is a process parameter u:.ed for continuous measurement of the

reactor power level. The N-16 activity is formed by high

energy (>10 Mov) 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.

3-1
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I
The 1/-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 !J-16. This 11-16

activity in each hot-leg is converted to a power signal that

is used by the OP 14-16 and OT 11-16 protection trip functions.

*

3.1.2 Overnower 11-16 Trio Descriptipfj

I
The thermal overpower protection function will trip the

reactor when the measured 11-16 power in any two out of four

channels exceeds the setpoint (one channel por reactce

coolant loop). The OP 11-16 setpoint is given by the

following equation:

I f(AI) (3-1)KQ,, = -

4

I
where:

I
Q,p The OP 11-16 setpoint which is compervd to the=

measured !!-16 power signal, 'raction of Rated

Thermal Power (RTP)

A preset, manually adjust?ble bias, fraction| K,, =

of RTP

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

between the average of the upper two and the

I
3-2
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I
average of the lower two calibrated ox-core ,e

ion chamber readings, fraction of PTP.

The noutron flux information for the ;(AI) function is
'

provided by the four-sw '. ion 1awer ringo nautron flux

detectom. The flux difference, AT, is defined as the

average of the upper two calibreted signals (P,) minus the

average of the lower two calibrated signals (P ) .3

3.1.3 0 v o r t enn.tran1Ic.E-Ji_Tr_Lp_D.cf c r i n t i o D

I
The thermal overtonporature protectirn function will trip the

reactor when the measured N-10 power in any two out of four -

channels exceeds the sutpoint (ono channel por reactor

coolant loop). Tho OT M-16 setpoint is given by the

following equation:

1+ t s
3

K (- T, - T,* ) +K (P - P*) f(6I) (3-2)Q,p = K ~-

33 2
1+t 8

2 I
whore:

Q,p The OT N-16 sotpoint which is compared to=

the measured H-16 power signal, fraction of

RTP

Proset manually adjustable bias, fraction of ,K =
g

RTP

3-3
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I
!

| K, Preset gain wnic.h compt'nsatos for the ef f ecta

of temperature on the design limits,

fraction of RTP/'F
Preset gain which e nensates for the effectK =

3

of pressure on the design linito, fraction

of RTP/ psi

Measured value of cold leg temperature, 'FT, =

Reference cold leg temperature at RTP, 'FT,' =

:casured value of pressurizer pressure, ps9;P =

Reference proosurizer pressure at RTP, psigP' =

'| 1+t s
3 Lead / Lag compensation on measured colda =

1+r sg

leg temperature

A function of the neutron flux differencef(61) =

between the average of the uppor two and the

average of the lower two calibrated ion

chamber readings, fraction of RTP

I The three process parameter inputs to the OT H-16 nquation

ace generated as follows. The fact response in-line T,

measurement is provided by a resistance temperature detector

(RTD) in a thin wall thermowell installed in the reactor
coolant cold leg piping in each loon. The lead / lag function

I compensates for inherent instrument delays and piping lags

between the reactor core and the loop temperature detectors.

The adequacy of the lead / lag compensation in the reactor trip

setpoints is supported by the transient analyses. The

3-4
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I
required one pressurizer pressure paramster per loop (or

channel) is obtained frc.m 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.

I
3.2 Overpower N.-16 T, rip

I
The overpower N-16 trip setpoint is determined by first Icalculating maximum linear heat generation rate (LHGR) that

does not result in fuel centerline melt, Lh @, g, . Fct each of

the axial power distributions calculated, the peak pellet

linear heat generation rate, LHGR ,, is determined and

compared to the LHGR,g,. If the LHGR , exceeds the LHGR,g,

limit, a flux difference trip reset function, f(AI), is

cal::ulated which wi3 ) effectively reduce the OP N-16 trip

setpoint to protact the reactor from variations in power

distributions that may poi.entially violate the LHGR,g, limit.

3.2.1 galculational Bases

I,

l The purpose of the thermal overpower protection system trip
!

is to prevent fuel centerline melting during condition II

events. 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 I
1 3-5
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,

percent probability that the peak kW/ft fuel rods will not

exceed the UO molting temperature at the 95 percentg

confidence luel. By precluding UO molting, the fuel
2

geometry is preserved and possible adverse effects of molton

UO on the cladding are eliminated.
2

-

$r

"

To preclade fuel centerline molting, an overpower limit

corresponding to a fuel centerline temperature of 4700 F is

selected. This limit is significantly less than the actual

UO molting temperature for design fuel burnups s 60,000
2

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

presented in the FSAR.

I
3.2.2 Calculation of the Overnower N-16 Setooint

I
Fuel centerline melt is precluded by limiting the LHGR to ag

design vslue less than the LHGR,g, limit. This limit on the

LHGR is used in justifying the core protection limit, Peg ,g

'

for the Overpower N-16 reactor trip setpoint. The core

protection limit is set at a fractional power level given by

, the following equation:

I LHGR,g,
P,p g $ (3-3)

LHGR *gp F,

I
I

3-6
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I
where:

core protection limit, fraction of RTPP,.g = .

peak pellet LHGR limit which precludesLHGR =g

centerline melt, kW/ft

core average LHGR at RTP, kW/ftLHGR =gp

design total power peaking factor,F, =

including uncertainties

I
Typically a core protection limit of 1.18 is selected as a Ibounding value to preclude fuel centerline melting. Thus,

for the Overpower N-16 setpoint equation (equation 3-1), aK 4

value of 1.18 represents the maximum allowable power fraction

during operation. Allowances for core exial power

distribution effects and trip channel uncertainties are

described in Sections 3.2.3 and 3.2.4, respectively.

I
3.2.3 Core Power Distribution EffecM

I
The OP N-16 setpoint equation contains a compensation term,

f(AI), that accounts for the effects of highly skewed axial

power distributions. The f(AI) trip reset function'

effectively reduces the OP N-16 setpoint to protect the

reactor from variations in the axial power distribution.

A set of axial power distributions is developed (

' I
3-7
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I
I t

). A detailed discussion on the generation of

the axial power distributions is contained in Section 3.4.
,

For each of the axial power distributions, (

>>

I
(3-4)

I
I
I
I
I
I
I
I
I

3:

I -

<>-s>
g .
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,

solving for ( ) yields:

(3-6)

I
If the analysis shows that (

), then the

core protection limit, or K value in the OP N-16 setpoint4

equation, is adequate to protect the reactor, and development

of the f(AI) 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
Ireset function is described in the following steps:

1. For each ( ) calculated, determine the axial

offset (AO) and flux difference (AI):

AO = (P - P,) / (P + P,) (M)y 7

AI = (P _ - P,) (3-8a)r

or alternatively:

|AI = [ ] * Ao (3-8b)

where:

AO = axial offset, fraction

3-9
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I
AI = flux difference, fraction

P, = power in the top of the core, frection of RTP

I P, = power in the bottom of the core, fraction of

| s

| The values of Ao and AI are typically multiplied by 100 to

permit discussiur: in terms of percent.

'I
|

I

I
I
I
I
.I
|

'

.

,.

|I
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I
A sample calculation using the Overpower N-16 setpoint

methodology was performed using design data for CPSES Unit 1,

Cycle 1. For each of the axial power distributions generated

(Sectjon 3.4), the LHGR ,was calculated. Figure 3.3 displays

a plot of the LHGR ,versus axial flux difference. For this

sample calculatiov the calculated LHGR, never exceeded the

LHGR,g, limit; ther af ore , the ( ) calculation was not
performed. The data presented in Figure 3.3 demonstrates

that the overpower N-16 trip setpoint with K 1.18=
4

adequately protects the core from exceeding the.LHGR,g, limit

for all axial power distributions generated; therefore, the

f(AI) trip reset function is zero. Over 4,300 axial power

distributions were analyzed in this overpower N-16 setpoint

calculation.

3.2.4 overogwer N-16 Trio Channel Uncertainties

The OP N-16 setpoint equation calculated in Sections 3.2.2

and 3.2.3 represents the maximum allowable power during Ioperation. However, the final OP N-16 setpoint, for

inclusion into the Technical Specifications, is determined by

adjusting K and f(AI) based on appropriate allowances for
4

uncertainties and equipment and measurement errors. These

allowances are calculated as part of the statistical setpoint

study.

I
3-11
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I
3.3 Overtemperature N-1f Trio

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 OT 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

i 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,

i

3.3.1 Calculational Bases for Core Safety Limit.n

I
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 boiling ratio (DNBR), which is the ratio of the

predicted DNB heat flux calculated by an empirical

| correlation to the actual local heat flux. Standard
|

3-12,
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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.

I
The hot-leg boiling limit is not a core protection limit, but

was originally established to ensure that the temperature

difference across the reactor vessel (AT) remains Iproportional 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
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I
for a range of reactor operating conditions assuming a

ref erence core axial power distribution. The ef fects on the

I DNB Jimits due to core axial power distributions which dif fer

I 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:

1. 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.

N
2. The nuclear enthalpy rise hot channel factor, F is3g,

increased at power levels below RTP by the following

equation:

N RTP , (y _ py) (3_g)F, F,g (1 4 pp,a

3-14
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I
where:

We f de dgn lim h at mF , ,* =
ig

(typically 1.55)

the part power multiplier (typicallyPF , =
3

.2 or .3)

the fraction of RTPP =

For power levels at or above RTP, the F",, is e@al to
F RTP ,

in

3. The primary coolant flow is assumed to be the Thermal

Design Flow.
-.

4. The maximum core bypass flow is assumed,

s

The hot-leg boiling limit lines are loci of points for which
s

the reactor vessel hot-leg temperature is equal to the

saturation temperature. The allowable reactor vessel inlet

temperature which may lead to hot-leg saturation is

calculated using an energy balance on the reactor vessel:

hin = h, + Q,,,,/ th (3-10)

where:

inlet enthalpy which results in hot-legh =
in

boiling, BTU /lbm

enthalpy of saturated liquid, BTU /lbmh, =

Ireactor core power, BTU /hrQ =
core

reactor vessel inlet mass flow rate, lbm/hrIh =

3-15
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I
The hot-leg boiling limits are .:alculated using the Thermal

Design Flow rate and are generated for the same range of

pressure conditions as the DNS 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 Setooint

Ecuation

!

Consistent with the current licensing basis as descriced in j

the FSAR, certain constraints limit the range over which the

OT N-16 trip function must protect. The Op N-16 trip
1

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,

lI
|

| 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

i cannot exceed this saturation temperature plus the

temperature drop across the steam generator tubes.,

3-16I
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Therefore, the steam generator safety valves impose an upper

limit on the primary side temperature, g
m

The locus of points for the conditions when the steam '|
generator safety valves are open is termed the " steam

generator safety valve (SGSV) opening line." The fundamental

log mean tenperature difference equation provides the

relationship between the reactor vessel inlet temperature,

core power, and steam generator secondary temperature.

Q,,,, UA(T,,, - Tin)/In((T , - Tin)/(Tin - T ,) )=

s (h , - hin) (3-11)=
o

where:

core power, BTU /hrQ,,7, =

overall hetat transfer coefficient from primaryUA =

to seccndaily side at nominal conditions,

BTU /hr 'F =

reactor vessel outlet temperature, 'FT =
out

reacter vessel inlet temperature, 'FT a
in

saturatioil temperature of the secondary side, 'FT, a

s reactor vessel inlet mass flow rate, lbm/hr=

h, reactor vessel outlet enthalpy BTU /lbm=
o

reactor vessel inlet enthalpy BTU /lbmh =
in

3-17
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I
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 of the SGSV opening line with the Core

Safety Limits are determined by evaluating points along the

Core Safety Limit until equation (3-11) is satisfied.

For the reference core axial power distribution and steady

state conditions, the equation for the OT N-16 setpoint ist

.

K (T - T,') +K ( P - P') (3-12)Q,p = K -

c 33 2

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

calculation of the constants K , K, and K , in the OT N-16
3 2 3

equation is as follows:

1. The Core Safety Limits are plotted on a vessel inlet

temperature versus core power coordinate system

(Figure 3.4).

2. 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.

I
3-18
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|

4. The values of K , K , and K are then calculated such
3 2 3

that the OT N-16 trip lines lie below the Core Safety

Limits. The value of the constants are determined from
the intersection points of the OP H-16 trip line and the

SGSV opening line with the Core Safety Limits (points

D, on Figure 3.5).A, A,B,
3 2 3

...,
2

For example, the core power, inlet temperature, and pressure

at points A , A , and D , are substituted into the steady
3 2 3

state OT N-16 setpoint equation (3-12) to provide three

equations and three unknowns. The constants K , K , and K
3 2 3

are determined from solving the three simultaneous equations.

In this example, the OT N-16 trip lines are parallel to

points A and A , and intersect with point D.
3 2

g

The OT N-16 setpoint equation solutions for all possible
combinations of intersection points are calculated. Each

equation is tested to ensure the Core Safety Limits are

protected over the entire range. Generally, two or three-

equations are found which provide protection over the entire

range. One equation is selected based on operating margin

considerations. Figure 3.6 shows an acceptable set of

OT N-16 trip setpoint lines.

I
I
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I
3.3.3 Core Axial Power Distribution Effects

I The OT H-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(AI) trip reset function.

I
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:

I
Q,p = Ki+K2 ( T, - T,') +K (P - P ) - f(AI) (3-13)3,

or solving for f(AI):

f(AI) =K + K ( T, - T, ) +K ( P - P') - Q,p (3-14)
3 2 3

i

||m where the terms are defined in Equation 3-2.

3-20,
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Standard TU Electric DNB analysis methodology is used to

determine the effects of core axial power distributions using

the samo 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 cross channel mixing. The correction

factors are developed 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 violated (i.e., unprotected by

3-21
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I
the OT N-16 setpoint). The largest violation of the core DNB

limit lines occurs at the intersection of the OT H-16 tTip

and the OP N-16 trip as illustrated in Figure 3.7. By

keeping the slope of the OT N-16 setpoint constant and

uniformly reducing the setpoint such that the OT N-16

setpoint intersects at the "new" T-in, protection is assured

for the entire Core Safety Limic lines. Figure 3.8

illustrates the new OT N-16 setpoint with the axial flux

difference trip reset compensation.I
In order to calculate the f(AI) trip reset function, a set of

core axial power distributions is developed which consider

various combinations of ;

3-

I Development of the power distributions is discussed in

Section 3.4.

DNBR calculations are performed for each of the core axial

power distributions at-a set et core conditions (power,

pressure, and temperature) which result in the largest

potential violation of the core DNB limit lines. Figure 3.9

shows the DNBR analysis results for a sample of core axial

power distributions using the limiting set of core

conditions. From this figure it is observed that, within a

flux difference range (i.e., deadband), the reference core

axial power distribution used to generate the Core Safety

3-22
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I
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). Beycnd the deadband, an OT

N-16 sotpoint reduction is required to prevent violating thn

DNBR 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

cxial power distribution, with the reactor vessel inlet

tamperature being decreased to give a minimum DNBR which is

equal to the design basis limit value. The decrease in the

reactor vessel inlet temperature thus required (Required

Temperature Reduction, RTR) is recorded with the flux

difference (AI) associated with the core axial power

distribution Lcing 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 quantity for a

decrease in temperature.

The RTR versus axial flux difference curve is described by

denoting the deadband range and slopes of the lines beyond

I
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I
the deadband through the following equations:

RTR = S ( AI - Dg,) for AI > D (3-15a)g, g,

RTR = 0. for D ,, < AI < D (3-15b)n g,

RTR = S ( AI - D,,) for AI < D ,, (3-15c)y n

I
where:

S ,, = Slope of the RTR lines on the positive andSg,, n

negative sides of the deadband

respectively, 'F/% AI

I
Deadband limits or breakpoints at theD ,, D =

g nes

positive and negative sides of the RTR

envelopes respectively, %AI

with RTR being defined by the following equation:

RTR = T - T ,, (3-16)i n

I vht.re :

T = Reference reactor vessel inlet temperaturei

corresponding to the intersection of the.

| Overtemperature and overpower N-16 setpoints, "F

T ,, = Allowed reactor vessel inlet temperature for an

particular axial flux difference to satisfy DNBR

design basis, 'FI
3-24
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I
combining Equations 3-15 (a, b, and c; with equation 3-16 and

solving for T ,, gives: In

T ,, =Ti-S ( AI - D ,) for AI > D (3-17a)
n g, g g,

,

T ,, =T for D ,, < A I < D , ( 3 -17 b)n i n g

T ,, =T - S ,, ( AI - D ,,) for AI < D ,, ( 3-17 c)
n i n n n

The deadband of the f(AI) function corresponds to the maximum

range of AI for which the'RTR is equal to zero; therefore, no

f(AI) trip reset is required. The slope of the f(AI)

! function is obtained by substituting T ,, from Equations 3-17an

and 3-17c for T, in Equation 3-14 and taking the derivative
of f(AI) with respect to AI.

For the positive AI line:

I
d d

g,) -T,*) +K (P-P') -Q,p) g(K +K (T -Sg,(Al-Df(AI) =- 33 2 i
d AI d AI g

=-K S (3-18)
2 ms

For the negative AI line:

I
d d

(K +K (T -S ,,( AI-D ,,) -T, ) +K (P-P ) -Q,p)f(AI) = 3 2 i n n 3

d AI d AI

"-K S (3-19)2 ug

I
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'

Figure 3.11 shows an example of the f(AI) trip reset

function. The f(AI) trip reset function thus ensures that

the OT N-16 setpoint is reduced sufficiently tc prevent DNB

for core axial power distributions more severe than the

reference core axial power distribution.
,

I
3.3.4 Overtemperature N-16 Trio Channel Uncertainties

I
The OT N-16 setpoint equation calculated in Sections 3.3.2

and 3.3.3 represents the maximum allowable power during

operation. However, the final OT N-16 setpoint, for

inclusion into the Technical Specifications, is determined by

adjusting K and f(AI) based on appropriate allowances forg

uncertainties and equipment and measurement errors. These

allowances are calculated as part of the statistical setpoint

study.

3.4 Generation of Axial Power Distributions

I TU Electric has adopted the principal attributes of the (

) for generating the axial power distributions

used in the determination of the f(AI) trip reset function

for the OP N-16 and OT N-16 trips. The ( ) model

discussed in Chapter 5 is used to generate an (

I ).

I
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I
By considering (

) of axial power distributions can be obtained that
will assure that the f(AI) trip reset function 'is determined

based upon the most limiting core configurations. (

I
I
,

,

I
I
I
I
I
I
I
I
I ,

I
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I
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Table 3.1

Equilibrium Axial Offsets as a Function of Cycle Exposure for g
Comanche Peak Steam Elf.::tric Station Unit 1, Cycle 1, g

Demonstrastion Calculation

I. _
_

I
I

--
-

.

I
I

Table 3.2

Control Bank D Insertion Positions [
' I

Reactor Control Rod Position, Steps Withdrawn
Pc.: r 228 s_ tops withdrawn is ARO

Level (%) .

134 81 28 0228 181 162

25 X X X X X X X

50 :'. X X X X X

75 X X X X X

100 X X X X
118 X X X X

I
I
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i

Figure 3.2 Determination of the f(AI) Trip Reset Function
' for the 0.2 N-16 Trip Sotpoint (Typical)
|

*

,

!
!
: - _

$

i

|
.

|

I
.

1

i

.

.,

!

- -

I'

I'

;

,

| 3-33

|

. . _ _ . . . . . _ . .. _ . _ _ . - _ _ _ _ _ _ _ _ _ _ _ . _ . _ . - . . . _ _ _ . _ . . . . _ .. _ __ ._



. . . - _ _ . ~ . - ... .. _ _ _ . -

:

,

Figure 3.3 Calculated Peak Pollut L!iGR Versus Axial Offset,
4

Comancho Peak Steam Electric Station Unit 1,
! Oycle 1
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Figure 3.4 Reactor Core Safety Limits (Typical)
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I
Figure 3.5 Intersection Points Used to Determino OT H-16I Protection
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Figure 3.6 Illustration of OT 11-16 Protection
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I
| Figure 3.7 Illustration of the Effects of an Adverso Axial

Power Distribution
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I
Figure 3.8 Illustration of OT H-16 Setpoint with f(AI)
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Figure 3.9 Minimum DHDR Results for Various Axial Power

Distributions (Typical)
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I
Figure 3.10 Envelopt of Required Temperature Reduction

Versus A, al Flux Difference (Typical)
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Figure 3.11 f(AI) Trip Roset runction (Typical)
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I
Figuro 3.12 Illustration of Axial Offset During Xenon

Oscillations Generated at BOL for ( )
Equilibrium Axial Offset Conditions, Comancho
Peak Steam Electric Station Unit 1, Cycle 1
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CilAPTER 4

POWER DISTRIBUTION CONTROL ANALYSIS

4.1 Introduction

I,

The axial power distribution control proceduro employed at

Comancho Peak Steam Electric Station (CPSES) requires the

control of the axial flux differenco within a specified

target band. This axial flux difference target band is

established in order to protect safety margins fort the

loss-of-coolant accident (LOCA), departure from nuclente

boiling (DNB) during anticipated transients, and local power

(kW/ft) limits during normal operation.

Currently, CPSES utilizes the Westinghouso Constant Axial

Offset control (CAcc) (2) method of power distribution

control. (

). TU Electric has

ado;, cud the principal attributos of tho ( ) and

intends to apply them to support future operation of CPSES.

'I
The methodology used by TU Electric to support the constant

| axial offset power distribution control relios on tho
|

| dotormination of the maximum possible variation in the total

|
|

4-1
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1

poWor peaking factor, P,' ( z ) , at a given hoight. This

variation in, in turn, combined with tho :noasured r,'(z) to
project the axially dependent maximum total power peaking

factor which could be achieved as a renult of varying the

axial flux differenco within the specified targot band.

4.2 laplemiltn+;ipitSf _l'pynt_D_1.n17.Jh11tlan._Crntrs1_.I'IpsedKn

The factor T(z) is defined no the maximum anticipated

increase in tho total peaking factor, F,'(z), f ro.n the
equilibrium value, when the axial offoot la maintained within

the targot band (non-equilibrium operation). The application

of the T(r) factor to verify cc lance with the F,' operating

limit in summarized below:

1. Datormino the axial offset targot band an follows:

A O , => A O ,q i AO *P / Pg gg np

whore:

AO , = axial offset target band, percentg

AO,q = equilibrium axial offsot, porcent

AO = axial offnot band width, percentgg

P = Rated Thormal Power, MWthnp

P = reactor operating poWor, MWth,

4-2
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I
NOTE:

Above a fractional power of 0.9, the measured

| axial offset must be maintained within the
targot band. Bolow a fractional power of 0.9

the measured axial offsot is allowed to deviato
from the targot band for one hour out of each

twenty-four consecutivo hours, provided that tho

measured axial offset romains within a broador,
but specified axial offset band. If this

requirement is violated, the coro relativo power
,

must be reduced below 0.5.

2. Measure the F,'(z) distribution for equilibrium xenon,
full power conditions including all uncertainties.

3. Augment the measured F,1(z) with the T(z) factor to

dotormino the maximum anticipated F,I(z) when operating
within the axial offset targot band.

4. If the product T(z) *F,1(z) excoods the Technical

Specification limit on F,I(z) , a power reduction is
required.

I
4.3 Calculation of T(z), tho Maximum Variation in ptg7)

3

The factor T(z) is developed to determine the maximum

expected increase in the equilibrium F,1(z) distribution which
could occur when the reactor is operated in accordance with

the corresponding power distribution control proceduros. The

4-3
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I
TU Electric T(s) factor is analogous to the (

). T(z) is
datormined by performing calculations within the full rango

of axial offsets permitted by the power distribution control

procedures. A series of daily load follow cycle calculations

are performed while maintaining the axial offset at the

extremos of the axial offset target band. The variations in

I
the F,' ( z ) distributions resulting from those load follow
simulations are bounding with respect to operation within the

axial offset targot band.

I
The core average axial offuot and flux differenco are defined

as:

( P , - P ,) / ( P, + P ) (4-1)Ao =
3

( P , - P ,) (4-2)AI =

or alternatively

Ao * ( P, + P,) (4-3)AI =

whore:

core average axial offset, fractionAo =

axial flux difference, fractionAI =

power in the top of the core, fraction ofP, =

RTP
power in the bottom of the coro, fractionP, =

of RTP

I
The values of AI and Ao are typically multiplied by 100 to

permit discussion in terms of percent. |
I

4-4
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The F/ ( t) distribution is determined by a (

.

) and is discussed in
section 5.3.

4

The T(z) factor is calculated as the ratio of the maximum
F/ (z) calculated for each of the daily load follow cycles to
the equilibrium base depletion F/(z) distribution det 'rmined
from operating at the equilibrium axial offset. The

operating limit on F/(z) incroaces as reactor power is
reduced; thereforo, this offect is included in the T(z)

calculation by multiplying F/(z) by the fractional power
lovel before calculating T(z):

F[(z , j ) * P;
T(z) = (4-4)

F/(z,cquil)

where:

F/ (z , j) = Total peaking factor for daily load

follow cycle caso j

F/ (z , equil) Total peaking factor for equilibrium=

base depletion
.

P; Power level for daily load follow cycle=

case j, fraction of RTP

I A bounding approach is used to develop the T(z) factor such

that the core average axial offset, a measurable parameter,

4-5
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I
can be used to verify tho acceptability of reactor operation

at non-equil,4,brium conditions. (

I
I
I
I
I
I
I
I
I
I
I
I
I

1

I
I
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$

4.4 Reactor Load Follow Simulatig.na '

I The load follow simulations analyzed in the calculation of

the T(z) factor were developed to envelop all axial power
distributions that are anticipated during normal operating

modos (3,7,8). The load follow simulations consist of a

regular pattern of power reductions ano increases. The

reactor power is reduced from 100% to 50% power over a throo

hour period, 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 concludos the daily

load cycle. This daily load cycle is continued for five

twenty-four hour periods as depicted in Figure 4.1.

I
(

I

I
I ).

I
4-7
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I
I (

).

I
The T(z) factor is calculated as a function of exposuro by

utilizing the results from th9so six daily load follow

cycles. Typically the calculations are performed at DOL,

MOL, and EOL. For BOL, a cyclo exposure of 500 MWD /MTU is

| chosen to include the off cts of equilibrium xenon and

samarium. The MOL caso is selected near the middle of cycle,

while EOL is selected at approximately 80% of the total cyclo

exposure such that sufficient soluble boron romains to permit

load follow.

I
'

I
I ). A limiting

T(z) is then calculated by the addition of an arbitrary 1%

conservatism to the maximum composite line. The resultant

curves are shown in Figuro 4.3.

I 4.5 Qooration Outsido the Tarcot Axial Offset Limits

The power distribution control proceduros aro designed to

limit the variation in the power distribution during reactor

operation by limiting the variation in the coro power axial

4-9
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I
offset. However, reactor operation outsido the axial offset

targot band for periods of short duration is permitted whilo
continoing to maintain control of the variation in tha power

,

distribution.
,

In the datormination of the maximum composite T(z)

distribution, it was observed that limiting values for T(z)

were always defined (

). It is

thorofore concluded that the increase in the operating limit

on F,I(z) as the power level decreases is always greater than

the actual increase in Fo(z) as the power level decreases andt

the axial offset is maintained within the target band. As a

result, reactor operation with the axial offset outsido the
target band is permitted provided the relative power level is

below 90 percent. The timo outside the target band is

limited to one hour in any consecutive twenty-four hour

period to preserve the xenon distribution. Proserving tho |
xenon distribution will provent xenon oscillations and

subsequent power distribution oscillations with axial offsets
outside the analyzed target band.

..

I
' I

4-10
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|

1

I c

I
I
I
I
I )8

I
I

calculationin to datormino the T-factor are typically

porformod at 50%, 70% and 90% power at the cyclo exposuron

unod to datormino T(z) . At each of thoso points, the

T-factor and the AAo are calculated. An examplo in shown in

Figure 4.4. The positivo and negativo AA0 values for the

one-hour limit are datoimined by locating the AAC vhore the

expected variation will equal the maximum variation (T-factor

equalo 1.0).- The axial offset limito at cach power levol are

converted to AI to defino tho one-hour limits. Figure 4.5

111untraton a typical allowablo deviation from the targot

axial flux differenco.

I

4-11
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46 [iothodoloav Acolied to CPSES Unit 1 Cynlg_1

4.6.1 T_[gjJjf3tribution Calculation

CPSES Unit 1, Cycle 1, has been selected to illustrats

application of the TU Electric power distribution control

methodology. The exposure dependent T(z) distribution was

calculated (
). In these examples, two axial offset

targot band widths have been selected. For the BOL case, an

asymmetric targot band width of +3% and -5% has boon chosen.

Such a target band width is representative of the operating
constraints which would be utilized should the cycle design |

t limit. At EOL anresult in very little margin to the F a

asymmetric axial offset band width of +3% and -12% has been

selected. This band width is typical of those utilized for

coreo designed for improved load follow capability.

I
t

).

4-12
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I
I t

I
I .

I
I 3

I In Reference 7, (

). Although tho ( ) and the T(z)
distribution dopond upon the physical characteristics of the

I reactor, it is instructive to make a ( ) the

( ) and the TU Electric
calculation for CPSES. The variation in the F/(z) is
principally determined by the width of the axial offset

target bands; therefore, the (

) and the T(z) calculated for CPSES for similar axial
offset targot band widths should be similar in magnitude.

I c

). Thii compares to the maximum

T(z) for a +3% band width in the top of the core of 5.083 at

BOL and 1.089 at EOL. ( )

4-13 1
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>

i

( ). This

compares to a T(z) calculation for a -5% band width in the

bottom of the core of 1.116 at BOL.

I
4.6.2 Operation outside the Tarnet Band

I
Reactor operation outside the axial offset target band can be

permitted for periods of short duration while maintaining
control of the variation in the power distribution. To

illustrate the methodology used to determine the expanded

axial offset band, a calculation has been performed utilizing

CPSES Unit 1, Cycle 1.

I
The demonstration calculation was performed at BOL conditions

for reactor operation at 90% power. Restart calculations

were initiated from the positive and negative axial offeet g
limits, and the axial offset was forced outside the target

bands for up to one hour. The T-factor was determined, and

is displayed in Figure 4.10. I
The one-hour limits are determined by locating the A. ' values

at the positive and negative AAo limits where the expected

variation, T(z), equals the maximum variation. From

Figure 4.10, the negative limit is determined to be -9%AAo,

and the positive limit is determined to be +5%AAo. These

I
4-14 I.
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I
axial offset limits are converted froni units of AA0 to AI at,

90% power, and become -8%AI and +444I for the negativa and

positive one-hour target band widths, respectively.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Figure 4.1 Daily Load kallow Cycle Used in T(z) Analysis r
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I
,

Figure 4.2 T(z) Distribution for Daily Load follow Casos
(Typical)
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I
Figure 4.3 Maximum Composite and Limiting T(z) Distributions

(Typical)
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Figuvo 4.4 T-factor as a Functican of Delta Axial Of fset
(Typical)
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I
Figure 4.5 Allowable Deviation from '.'arget Flux Dif ference

for Operation Outside of Terget Flux Bands
(Typical)
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I
1

| Figure 4.6 T(z) Distribution, +3%, -5% Target Axial Offset
Band, BOL, ( ), Comanche Peak Steam
Electric Station Unit 1, Cycle 1, Demonstration
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I
Figure 4.7 Maximum Composite and Limiting T(z) Distri-,

butions, +3%, -5% Target Axial Offset Band, BOL,
Comanche Peak Steam Electric Station Unit 1,
Cycle 1, Demonstration
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Figure 4.8 T(z) Distribution for Daily Load Follow, +3%,
-12% Target Axial Offset Band, EOL, ( ),
Comanche Peak Steam Electric Station Unit 1,

I Cycle 1, Demonstration
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I
Figure 4.9 Maximum Composite and Limiting T(z) Distri-

butions, +3%, -12% Targot Axial offset Band, EOL,
comancho Peak Steam Electric Station Unit 1,
Cycle 1, Demonstration
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I
Ficiare 4.10 T-f actor as a Punction o f Delta Axial Of f set,

BOL, 90% power, +3%, -5% Target Band, Comancho
Peak Steam Electric Stat,on Unit 1, Cycle 1,
Demonstration
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I
CHAPTER 5

NEUTRONIC MODELS AND METHOD 3

I
5.1 Calculational Anoroach

The neutronics analysis supporting the setpoint methodology

and power distribution control analysis is co aputationally
intensive; therefore, the analysis is performed.in

I'
,.

I
The advanced two-group nodal code, SIMULATE-3, is used to

[

I
I
I3

The total peaking factor, F is derived by a synthesis ofi

o,

I(

3

I
I
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I
5.1.1 Computer Code Descriptiong

5.1.1.1 The f 1 Computer Code
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I
5.1.1.2 The CASMO-3 comnuter Code

The fuel assembly cross sections used in the ( ) and

SIMULATE-3 models are generated by the CASMO-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 consisting

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. |
|
1

.
A detailed discussion on the use of CASMO-3 by TU Electric in

support of steacy state reactor physics analyses required for

I design, licensing, start-up and operation-of CPSES is '

ir.cluded in Reference 12.

5.1.1.3 The SIMULATE-3 Computer Code

The SIMULATE-3 (13) computer 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
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obtained in one, two or three dimensions. SIMULATE-3 employs

u scontinuity factors to permit discontinuous flux on the .

node boundary. The discontinuity factors are obtained from -

the same CASMo-3 cases wh3 h generate two-group assembly
7

average cross sections.

I
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 Model (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 PDQ 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;

5. Control rod branch cases; and

6. Moderator temperature branch cases.

CASMO-3 average temperature depleti ons, inlet temperature

depletions, and moderator tempa aure branch cases are used

5-5
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Ia
,

to correct the macroscopic cross sections for the spectral

effects of variation in moderator density.

I
Control rod branch cases are used to determine the effect of
control rod insertion on the macroscopic cross sections. The

control rod crosa sections are applied as " delta" cross

sections to the fueled regions of the core. These " delta"

cross sections are determinori, explicitly from the CASMO-3

base depletion and CASMo-3 control rod branch cases. A

linear exposure dependence of the delta crens sections is

assumed in the ( ) models.

5.1.3 i 1 Core Model

I
e

I

I
I
I
I
I "
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5.2 f I

B
[

I
g3

5.2.1 Q2mcr.che Peak Unit 1 Cycle 1 Core Descriotion

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 containingi

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

c.:. trol rods were actually utilized. Hafnium control rods

were mode]ed in all calculations and comparisons presented

herein.

5-9
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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.I
5.2.2 horon Letdown f 1

I <

I

I
3

5.2.3 Differential and Intecral Rod Worth f 1

[

'I
.I
:

3!

I
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I
5.2.4 Radial Power Distribution f 1

I
' I

I
I
I
I
I
I

2 I
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I
5.2.5 Axial Power and Exposure Olstribution f 1|
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I
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T5.3 Calculation of Total Peakijlg Factor. F

The-total peaking factor, F,T , defined as the maximum local

fuel rod linear power density divided by the average fuel rod I
5-13
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|

l

!

| linear power density, is datormined from (

). The method for datormining the total

peaking factor is summarized in the following sections.I
5.3.1 Dat;.ntmination of F/,

.
The total peaking factor can be expressed as a function of

.

axial position, z:

1 (5-1)

[-

.

|I

l

|

,1-
3
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||
If< 3:

.

(5-2)

Given the hot rod axial power distribution, and the following

definition for the nuclear enthalpy rise hot channel factor,

NF,;
N P [y 4 pp * ( 1 - P)) (5-3)F "

AHAH AH

where:
3

RTP the F design limit at power 2 RTP (typicallyN
F,g =

33

1.55)

the part power multiplier (typically .2PF , =
3

or .3)

the fraction of RTPP =

I
the total peaking facter F,I cen be determined.

I
i N

max { F,9 , p (3) } *I *F (5-4)F =
h E go I

5.3.2 Determination of Radial Peakina Factor and PoweI

S.p_i}.;g_ Factor

I
The radial peaking factor used in the [

I>

I
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I <

I
I .

I
3-

The calculations are performed at nominal rod worth as well

as with conservative increases in rod worth (typically 10%

cnd 30%). Additional conservatism is included by preventing

t h e R ( z , z ,) factor from decreasing as control rods are

inserted more deeply into the core. An example of the

R(a,z,) factor, a composite of the calculations performed for
CPSES Unit 1, Cycle 1, is shown in Figure 5.15. The R(z , z,)

' f actor for node z=z' increases as the control bank D enters

the axial node z =z', then remains relatively constant as the
o

control bank is inserted deeper. When control bank C enters

the axial node z=z', the R(z,z,) f actor begins to increase
-- again. T h e R ( z , z ,) factor peaks at a maximum value of 1.21.

I
The densification power spike factor, S(z) is dependent upon

the fuel type (vendor dependent), and may vary as a function

of axial position. An example of the S(z) factor is shown in
'

Figure 5.16.

I
S-16
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I
Table 5.1

Core Loading Description, Comanche Peak Steam Electric
Station Unit 1, Cycle 1

Enrichment Number of Number of
U-235 Burnable Assemblies

Absorbers

1.6 0 65
2.4 0 4

2.4 4 8
2.4 8 32
2.4 12 12
2.4 24 8
3.1 0 32 g
3.1 3 4 g
3.1 4 12
3.1 9 8
3.1 24 8

I
Table 5.2

( ) in Assembly Average Relative Powers,
SIMULATE-3 ( ), Comanche Peak Steam

Electric Station Unit 1, Cycle 1

_ _

I
I
I
I
I

_ _

I
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- Table 5.3

Axial offset ( ), SIMULATE-3 ( ),
Comanche Peak Steam Electric Station Unit 1, Cycle 1

_

Exposure Percent Axial Offset

SIMULATE-3 ( ) ( }

I __ __ __ __

0 -6.5
150 -7.9
500 -7.5I 1000 -6.9 1

2000 -5.6
4000 -3.7
6000 -3.2
8000 -3.2
10000 -2.8

I 12000 -2.7
13000 -1.5

__ __ __ __

I
I
I
I
I
I
I
I
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Figure 5.1 Quarter-Core Loading Arrungement, Comanche Peak
Steam Electric Station Unit 1, Cycle 1

I
H G F E D C B A

0 1.6 2.4 1.6 2.4 1.6 2.4 1.6 3.1
12 8 8 4

CB D CB A SDB E CB C

9 2.4 1.6 2.4 1.6 2.4 1.6 3.1 3.1

12 8 8 24
SBD B

_

10 1.6 2.4 1.6 2.4 1.6 2.4 1.6 3.1

8 8 4 4

CB A CB C CB B

11 2.4 1.6 2.4 1.6 2.4 1.6 3.1 3.1

8 8 12 9
SDB C

12 1.6 2.4 1.6 2.4 2.4 2.4 3.1
8 12 24 5

SDB E CB D SDB A E
13 2.4 1.6 2.4 1.6 2.4 3.1 3.1

8 4 24 3

SDB B SDB D

14 1.6 3.1 1.6 3.1 3.1 3.1
24 9

CB C CB B , SDB A

15 3.1 3.1 3,1 3.1 enrichment (w/o U-235) g
4 4 number of bas g

control bank or shutdown bank

I

I
I.
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I
Figure 5.2 SIMULATE-3 ( ) Boron Letdown-

( ), ARO, HFP, Comanche Penk Steam
Electric Station Unit 1, Cycle 1
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1

Figure d.3 SIMUT F 'E-3 ( ) Dift.. Stial Control
l Rod ' -h of Control Banks D 'd C with 113'

St .- 1rlap, BOL, HFP, Comancho Peak Steam
E2 I "tation 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, Comancho Peak Steam Electric
Station Unit 1, Cycle 1
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1

I|
Figure 5.5 SIMULATE-3 ( ) Differential Control Rod'

Worth of Control Banks D and C with 113 Step
Overlap, EOL, liFP, Cottancho Peak Stearn Electric
Station Unit 1, Cycle 1
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Figure 5.6 SIMULATE-3 ( ) Integral Control Rod
Worth of Control Banks D and C with 113 Stop
Overlap, EOL, HFP, Comancho Peak Steam Electric
Station Unit 1, Cycle 1
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'

Figure 5.7 SIMULATE-3 ( ), liFP,150 MWD /HTU, ARO,

Relative Power Distribution ( it 1, Cycle 1
), comancho

Peak Steam Electric Station Un
.
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k

Figure 5.8 SIMULATE-3 ( ) , HFP, 6000 MWD /HTU, ARO,
'

Relativo Power Distribution ( ), Comanche !;

Peak Steam Electric Station Unit 1, Cycle 1
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Figure 5.9 SIMULATE-3 [ ) , HFP,12000 MWD /MTU, ARO,
Relativo Power Distribution ( ), Comanche

: Peak Steam Electric Station Unit 1, Cycle 1
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Figure 5.10 SIMULATE-3 ( ) ARO Coro Average Axial'

Power Distribution ( ) . A) BOL, llFP;
B) MOL, HFP; C) EOL, HFP; Comancho Peak Steam

g Electric stat on Unit 1, Cyclo 1
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Figuro 5.11 SIMULATE-3 ( ) ARO Core Avorago Avial
Exposure Distribution ( ): A) BOL,
liFP; B) MOL, liFP; C) EOL, HFP; comancho Peak !'Steam Electric Station Unit 1, Cyclo 1
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Figure 5.12 SIMULATE-3 ( ) Integral Xenon Worth
( ) Following Plant Start-up, BOL,
HFP, Comancho Peak Steam Electric Station Unit
1, Cycle 1
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Figure 5.13 SIMULATE-3 ( ) Integral Xenon Worth
( 3 Following Plant Trip After Steady
State Opernt:,on at liFP, BOL, Comanche Peak Stean
Electric Station Unit 1, Cycle 1
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|

Figure 5.14 ( Integral Xenon Worth ( )Followin)g Plant Trip After Steady State4

Operation at HFP, EOL, Comanche Peak Steam
.,

Electric Station Unit 1, Cyclo 1
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! Figure 5.16 Densification Power Spike Factor as a Function
of Core !!eight (Typical)'
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CHAPTER 6

CONCLUSIONS

Davolopment of the overpower N-16 and Overtemperaturo N-16

reactor trip sotpoint methodology to be utilized by
TU Electric has been completed. The methodology draws

heavily on standard industry practico for specificat on of |
such setpoints. Calculation of the axial power distributions

for establishment of the f(AI) trip reset functions relies on

the approach developed and ( ).

TU Electric has adopted the principal attributes of ( |
J. The analytical bases of the methodology have been

presented and the application of that methodology to CPSES
,

Unit 1, Cycle 1 has been demonstrated.

I
|

It is concluded that the TU Electric Overpower N-16 and

Overtemperature N-16 trip setpoint methodology and power

distribution control analysic and is acceptable for uso in I
i

support of design, licensing, start-up and operation of

CPSES.
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