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ABSTRACT

.
.

This report documents the new methods that can be used in analyzing the sequential

CEA Group Withdrawal (CEAtl) event for C-E's analog protected systems. The

CEAW event is currently classified as requiring the Thermal fiargin/ Low

Pressure (TM/LP) and the Axial Shape Index (ASI) trips to ensure that-

DflB and Centerline Temperature fielt (CTit) Specified Acceptable Fuel

Design Limits (SAFDL's) are not exceeded. This document supports the

reclassification of this event to a category where sufficient initial

steady state thermal margin is build into DlB end Linear Heat Rate (LHR)

Limiting Conditions for Operations (LC0's) to ensure that OflB and CTil

SAFDL's are not exceeded.

The reclassification of this event is accomplished by relying on the High

Power Trip (HPT) or the Variable High Power Trip (VHPT) and not the Tit /LP

and ASI trips to mitigate the consequences of this event. A detailed

analysis has been performed to determine the initial conditions which

cause the largest OilB and CTM margin degradation during the transient

when only the HPT or the VHPT are credited.
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l. INTRODUCTION

*
.

- The purpose of this report is to document the new methods which

can be used in analyzing the Control Element Assembly Group With-

drawal (CEAW) event. The methods reported herein are applicable.

to Baltimore Gas and Electric's Calvert Cliffs Units I ar.d II.
*

.

For Anticipated Operational Occurrences (A00's) the DNB and Centerline

Iemperature Mel't (CTM) Specified Acceptable Fuel Design Limits (SAFDL's)

will not be violated provided:

;

1. The actuation of a Reactor Protective System ,(RPS) trip

intervenes to ensure that SAFDL's are not exceeded, or

.

- 2. Sufficient initial margin is built in to ride through the

transient without requiring a trip, or there is an RPS

trip in combination with sufficient initial steady state-

margin to the DNB and CTM SAFDL's. This initial margin
,

is provided by limiting Conditions for Operations (LCO's)

specified in the plant Technical Specifications.

As stated in CENPD-199-P (Reference 1), the CEAW event has been
6

classified as an A00 requiring the actuation of an RPS trip.
.

Specifically, the Thermal Margin / Low Pressure Trip prevents

; exceeding the DNB SAFDL and the Axial Shape Index (ASI) trip

prevents exceeding the CTM SAFDL. Thus, in the past this event

was analyzed to calculate the pressure bias input to the Tit /LP-

trip to ensure that DNB SAFDL was not exceeded and to confirm that

power input to both the Tit /LP and axial shape index tripswas conservative.

1-1
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The pressure bias term accounted for the margin degradation from the

time a TM/LP trip signal is actuated to the time of transient '

minimum Dti,BR. The bias term accounts for temperature and pressure ;.

differences between the actual system temperatures and pressures at the
.

time a trip setpoint is encountered and those at the time of minimum

DitBR. The pressure bias factor along with conservative power, temperature.

and pressure input to the TM/LP trip ensured that Dt4B SAFDL would not
*

be exceeded. The CTM SAFDL would not be exceeded due to the actuation

of the ASI trip utilizing conservatively high power input signals.

The new method and its consequences, which are described in detail in

this document, justify reclassification of this event from the category

requiring the action of TM/LP and ASI trips to the category where sufficient

initial steady state thermal margin is built into the DtlB and LHR LC0's

to ensure that SAFDL's are not exceeded. Credit is taken only for the

High Power Trip (HPT) and the Variable High Power Trip (VHPT). The new

method is based on calculating the Required Overpower Margin (R0Pll)

' that must be provided by adherence to the LC0's. Actuation of the HPT

or the VHPT is then sufficient to prevent violation of SAFDL's in lieu

of including a pressure bias component in the TM/LP trip algorithm.

It should be noted that the bias term for the TM/LP is still determined

for other transients as described in Reference 1.

In sumary, this document describes and justifies the following:

1. The new methods and procedures used to calculate the DtlB
*

and LHR R0Pft's.

'

2. The results of the detailed analysis, including sensitivity

studies for key parameters, which establish conservative

estimates of Drib and CTil margin degradation.

1-2 -
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2. DESCRIPTIOJ OF TRANSIENT

To understand what the key parameters are, a brief description of

the transient follows:
.

A CEA withdrawal event is assumed to occur as a result of a failure

in either the Control Element Drive fiechanism Control System (CEDt1CS)
.

or the -Reactor Regulating System (RRS).

.

The withdrawal of CEA's inserts positive reactivity which increases

the core power and heat flux. The increases in the core power and

heat flux in turn increase the Reactor Coolant System (RCS)'

The withdrawal of CEA's can also shifttemperatures and pressure.

the axial power distribution toward the top of the core. Also, as the

CEA's are withdrawn, the integrated radial peaks (F )-p

decrease.
.

The withdrawal of CEA's generally decalibrates the flux power signal
;

measured by the excore detectors. These detectors provide power
_

However, the magnitude of the decalibration dueinput to the RPS.

'to CEA motion is offset by the decreased neutron flux attentuation

(temperature shadowing) due to increases in the inlet coolant

temparature. A discussion of the excore detector responses during

a CEAll event is given in the Appendix.

The calculation of margin degradation during this event accounts for

the following:
F

1. increases in core power ,

,

2. increases in core heat flux'

!

3. increases in RCS temperatures

4. increases in RCS pressure

5. decreases in core mass flow rate (due to density changes) |

| 6. changes in axial power distribution and integrated radial p aks. |
.

. )t

2-1
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Since the overall margin degradation during this event depends on
'

, - -

) the combined effects of changes in all of the above mentioned - i'

parame'ters, a detailed sensitivity study on key parameters was ,

performed to establish a combination of parameters which produces {
*

1

; maximum margin degradation.
,

!
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3. CRITERIA 0F ANALYSIS

*
.

The CEAW event is classified as an A00; hence the following criteria

are applicable.

1) Minimum Transient DNBR > DNBR SAFDL based on CE-1 correlation (I}
.

*

ii) Maximum Fuel Centerline
Temperature at Melt (2) < 5080 F - 280 X Burnup (MWD /MT)

50,000 (MWD /MT)

NOTES: 1. CE-1 DNBR shall have a minimum allowable limit corresponding

to a 95% probability at a 95% confidence level that DNB

will not occur. In this study a DNBR of 1.19 was used.

2. The fuel centerline melt SAFDL is not exceeded if the Peak

Linear Heat Generation Rate (PLHGR) does not exceed a

steady state limit. In this study a limit of 21 KW/ft was used.
~ For some CEAU cases, the reactor power rises rapidly for a

very short period of time before the power transient is

terminated. Hence, for these CEAW cases where the steady

state limit of 21 KW/ft is exceeded, the total energy

generated and the corresponding temperature rise at the

hot spot are calculated for the duration of transient to

demonstrate that fuel centerline temperatures do not exceed

UO melt temperatures. That is, for rapid power spikes of
2

short duration a time at power is more significant than

the peak linear heat generation rate achieved.
.

-

3-1
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4. Ilip0T PARA!4ETERS AND IllITIAL CONDITIONS
-

.

Table 4-1 presents the range of initial conditions considered in this
.

;

' ~ - analysis. The reactor state parameters of primary importance in

calculating the margin degradation are: 1) CEA withdrawal rate * (i.e.,

reactivity insertion rate), 2) gap thermal conductivity (Hgap)',

3) initial power level, 4) flux power level determined from excore >

'

detector response during the transient, 5) the Moderator Temperature

Coefficient (MTC) of reactivity, and 6) axial power distribution

and planar and integrated radial peaking factor changes during the transient.

A parametric analysis in Hgap, CEA withdrawal (or reactivity insertion)

rate and the MTC was performed to determind the combi * nation of these

parameters which produces the largest margin degradation during

.the event. The analysis was performed at various power levels to

obtain the margin degradation during the transient as a function of

, initial power level. The excore detector responses for each

initial power level analyzed were based on the CEA insertions allowed

by the Power Dependent Insertion Limit (PDIL) (See Fiqure 4-1) at
.

the selected power level, the changes in CEA position prior to trip, *

iand the corresponding rod shadowing and temperature attentuation !

(shadowing) factors. The methods used to determine the excore l
i

detector responses during the transient are presented in the Appendix.
q
:

Other input parameters of importance are the Fuel TeInperature Coefficient
;

'

(FTC) of reactivity and the initial and final axial power distributions.

A FTC corresponding to beginaing of life conditions was used in | !,

!

the analysis, since this FTC causes the least amount of negative '[

* Note: The term CEA withdrawal rate and CEA reactivity insertion rate j

are used interchangeably in this report.
*

4
'
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~

reactivity feedback to offset the transient increases in core power

and heat flux. TheuncertaintyontheFTCusedintheanaiysesis
~

shown in Table 4.1 and is the same as quoted in previous reload

licensing submittals. -

,

'

For the CEAU cases where the combinations of parameters result in a
,

reactor trip, the scram reactivity versus insertion characteristics

assumed were those associated with a core average axial power*

distribution peaked at the bottom of the core. The bottom peaked

shape assumed is characterized by a shape index of [ ]. The scram

reactivity versus insertion characteristics associated with this

bottom peaked shape minimize the amount of negative reactivity

inserted during the initial portion of the scram following a reactor

trip. This, in turn, maximizes the time required to turn around the

transient power, heat flux and coolant temperature increases.

However, it should be noted that a bottom peaked shape is used only

to determine the NSSS response during the event. These responses
.

were then combined with the axial power distributions shifted toward

the top of the core. Initial axial power distributions allowed

within the positive and negative shape index extremes of the DNB LC0
.

band were evaluated to obtain the margin degradation as a function of
.

shape index.

All control systems except the Pressurizer Pressure Control System

(PPCS) and Pressurizer Level Control System (PLCS) were assumed to

'- be in manual mode. These are the most adverse oper'ating modes for this

event. The PPCS and PLCS were assumed to be in the automatic mode j

since the actuation of these systems minimizes the rise in the coolant

. system pressure. The net effect is to delay a reactor trip until a ,

High Power trip is initiated. This allows the transient increases in

i power, heat flux and coolant temperature to proceed for a longer
!

( period of time. |
~

.,
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In addition, minimizing the pressure increase is conservative

in the margin degradation calculations since increases in pressure

would offset some of the DNB margin degradation caused by the increases

in the core heat flux and the coolant temperatures.
.
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TABLE 4 _-1_

VEY INPUT PARA?tETERS CONSIDERED Iti TiiE CEAU EVEtlT AI!ALYSIS

Range ofParameters Units Values
.

Initial Power Level % of 2710 MWt 0 to 102
Initial Coolant Temperature F 532 to 550"

-

Initial Ccolant System Pressure psia 2200+
6 2Initial Core Mass Velocity x10 lbm/hr-ft 2.53+

Moderator Teoperature Coefficient X10'4 ap/ F +.5 to -2.5

Fuel Temperature Coefficient Uncertainty i; -15.0+
2Gap The". l Conductivity BTU /hr-ft ,cp [. . 3

Axial Shape Index for Scram asiu [+ . 54 3*Characteristics
-4 - *

CEA Dif ferential Worth X10 Lp/ inch [' . . . ]
CEA Withdrawal Speed inches / minute 30.0

CEA Worth at Trip:

100% % op > -4.6+
All other power levels % op -3.4+

High Power Trip Analysis Setpoint % o. 2710 int 112.0
Variable High Power Trip Analysis % above initialSetpoint power level 10.0

Integrated Radial Peaking Factor 1.65 to 2. 6**

2.6+!!axir.un 2D-Peak, F ***xy
+

liaxinun Axial Peak, F **~ 2'0
Z

+'

Augmentation Factor, F *"
,A

*

Uncertainty, F 1.10***
UtiC

,

Tilt (HZP), F *** 1'10T
Tenperature Shadowing Factor % Power / F [. . ,]

.

Initial T. values used are maximum for a given power level based on the*

in
Tave Program.

.

The integrated radial peakino factors uwd are the rayirm Gr ' Mv~' ***
.er

level based en the CEA insertions allowd b" on!L at that pn.er level.
Valuas used in cciculating .~.ximum f uel ctaterline temperatures***

and ninimum D:iBR for CEAU event initiated at HZP.
The initial v >1uc s of these parnratgrs were selecte ! to be those ..iiich+
produce :.tc r.uiiu i :nrr;in h3redation.
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5. HETiiOD OF ANALYSIS l'
*

,

The Nuclear Steam Supply System (NSSS) response to a CEA group with-

drawal event was sinulated using the digital computer code CESEC,

described in CENPD-107 (Reference 2 ). The thermal hydraulic '.

design code TORC described in CENPD-162-P (Reference 3 ) was used i-
.

to calculate the thermal margin degradation during the transient.
!-

The LHR margin degradation was calculated using the procedures and

methods discussed in Section 5.2.,

i

5.1 REQUIRED OVERPOWER MARGIN ON DNBR1

The calculation procedures used in the analysis to determine

DNB R0PM are presented in Figure 5.1-1. This procedure consists

of:

l. Simulation of the CEAW transient usina CESEC to determine the
,

- - heat flux, coolant system temperatures and the coolant system

pressures during the event. The key input parameters

are discussed in Section 4.
|-
i-

2. A set of TORC cases are run to determine the time of miniraum

DNBR. Input to TORC are the time dependent values of heat ,

i

flux, Tin, pressure and core mass flow rate predicted by
I

CESEC. Other input parameters are integrated radial peak p

and axial power distribution. !*

i

*
.

,

3. A TORC case is run to determine the rod average power at |

which the fuel desi,n limit on DNBR'is reached for the
,

!

!

!

.

5-1 ',
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initial steady state t.ystem parameters. This value of

power is designated B).

4. The heat flux, inlet temperature,-pressure and core mass
4

'

flow at the time of min'imum DilBR determined in step 2 are..

.

used in conjunction with initial value of integrated radial peak-

i
.

and axial power distribution to obtain a power at which the
.

fuel design limit on DilBR is reached for the transient

conditions. This power is designated B '
2

5. The Required Overpower Margin (R0Pil)) (i.e., margin degradation)'

B)
is computed as; R0PM) = 7 x 100%.:

2
.

6. The QUIX code (Reference 4) is used to s-imulate a CEAW event

i to determine the axial power distribution (AXPD) changes and .

the decrease in the integrated radial peak. The input to

; QUIX are, 1) the transient variations in power and coolant
~

temperatures predicted by CESEC, 2) the CEA bank worth,,

3) CEA bank configuration-dependent rod shadowing factors,,

4) CEA bank configuration-dependent radial peakinn factors, 5)I

allowed CEA ' configuration at the initial power level based

{ on the PDIL, and 6) shape annealing functions. The code
1

calculates the initial and time dependent axial power distributions,

radiai peaking factors, ex-core indicated power, and shape index

accounting for the transient variations in the xenon distributions"

and feed back effects.
.

'

7. Determine the margin loss'at the time of minimum DNBR determined
, ir. Step 2 due to the axial power shape change and the margin gain

due to the decrease in the radial peak for the range of ASI allowed
by the DNS LC0 band. The sum of these. two components provides a

net penalty factor, 8 , on the R0PM at each axial shape index
3

allowed by the DtlB LCO band. The penalty factor, B , is calculated
3

from the following relationship:
.

5-2.
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-|
This section describes C-E proprietary methods used ;

iin the analysis of the net penalty factor, 8 , on3
'

' the Required Overpower Margin. .

!

.

!
:

~

,

i

t

;

9

.

i

t

...
,

.

-

_

8. Calculate the' total DNB margin degradation as a function of ;

initial shape index from the relation: [ ]
.

;

9. For CEAW event initiated from Hot Zero Power (HZP) calculate ,

i

the transient minimum DNBR, using the maximum value of j

l
integrated radial peak, a conservative AXPD and the maximum .

I

heat flux predicted by CESEC,to demonstrate that DNB SAFDL
;

is not exceeded.-

.

.
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5.2. ' FUEL CEllTERLINE TEf1PERATURE 11ELT SAFDL

The procedures used to ensure that the fuel centerline-

melt SAFDL is not exceeded are uisplayed schematically in
*

.

Figure 5.2-1. These procedures ar,e as follows:

-

1. Simulate the CEAW transient with CESEC to obtain the,

fractional power cise during the event. ~

'

.

2. The fractional power rise obtained in the previous step

-is used along with equation 5.2-1 to calculate the Peak

KW/ft during the event.
.

i

PLHGR PLHGR + APLHGR = PLHGR x (1 +FP) x (1+AF ) - Equation=
y

5.2-1where:
e

,

*

PLHGR = Peak Linear Hear Generation Rate during the event
i

PLHGR = . Initial Peak Linear Heat Generation Rate allowedI

by the KW/ft.LCO, including all uncertainties.

APLHGR = Change in PLHGR due to. power increases and power

distribution changes,
;

FP = Fractional Power rise during the event.e

Af" - Fractional increase in 3-D peak durinn the event.
9

3. The maximum centerline temperatures (T ) are calculated for
~ '

the CEAW cases which exceed the steady state limit of 21 KW/ft
<

to demonstrate that the U0 m lt temperatures are not exceeded.

2

for high LHR's.of short duration. The procedure to calculate
'

the fuel centerline temperatures (Tq ) consists of the following
steps:

t

Calculate the average integrated energy rise (AE) duringa.
,

the transient based on the power excursion predicted by CESEC.

i 5-4
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.

b. Calculate the energy rise at t'he hot spot using equation

4.2-1.-

.

AE AE xF xF x F x F x F=
H.S xy Z A 7 UNC - Equation 4.2-1

*

.

where:

AE average energy rise- =

AEH.S- Energy rise at hot spot -=

F Maximum 2-D Peak during transient=
xy

Z Maximum = Axial Peak during transientF =

..

F
A Augmentation Factor (taken to be maximum at top of core;=

Azimuthal Tilt Allowance.
F =
T

F
UNC Uncertainty (onlocal peaking and power)=

,

Since no credit is taken for heat transfer out of the
,

fuel, the energy rise at the hot spot is equal to the

centerline energy rise (AEq). Hence AE AE=
H.S

c. Obtain the centerline temperature rise (AT ) corresponding

to the centerline energy rise by integrating as a function'

of temperature the specific properties of UO described
2

in Reference 5, assuming no heat transfer out of the fuel.

.

d. Calculate maximuni centerline temperature from:

max I
T =T +4 4 M(
where:-

.

T(ax
m '

Maximum centerline temperature= -

Initial centerline temperatureT =

ATq Centerline temperature rise obtained in step c.=
,

.

5-5
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6. RESULTS
*

The parpose of this section is to discuss the results of the parametric

analysis performed to establish limiting combinations of parameters and

to display values of the maximum DNBR and peak linear heat generation
'

rate R0PM's obtained.
6.1 REQUIRED OVER POWER MARGIN ON DNBR

.

The results of the parametric analysis in CEA reactivity insertion

rate and H with a constant MTC of [ ] Ap/ F are presentedgap

in Figures 6.1-1 to 6.1-4. These f.iqures present the result's for the CEAW

cases which initiated a reactor trip and the cases which did not
>

initiate a reactor trip. The highest R0PM is obtained for
-

. .

-

.

3 The R0PM is highest for this case because

the inlet temperature is [ ] and the RCS pressure [ ] at

the time of minimum DNBR than for cases which [

] .' The core power and heat flux also achieve a new [ ]
P

steady state value, but
,

]Thisoccursbecauseofthe[ ]
coolant temperatures and leads to the

.

This causes the
.

1

4

'

Figere 6.1- 5 presents the R0PM for the
,

*

!

'

The results are also tabulated in Table 6.1-1

for the CEAU rates that produced the maximua R0PM for each of the
! ,

! 6-1
.
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H values analyzed. As seen from the Table [
gap

.

' l
. J

A similar study in CEAW rate and H was performed with an MTC
gap

of [ ] Ap/ F. Figure 6.1-6 presents the results of this.

parametric analysis. The results indicate that the maximum R0P!4
' '

for cases with an fiTC of [ ] Ap/ F is lower than the R0Pf4's
,

obtained from cases with an MTC of [ ] Ap/ F. This occurs

because with an MTC of [ ] Ap/ F, [

.

.

The larger positive reactivity insertion

further accelerates the core power and cool' ant temperature rise.

The faster increase in coolant temperatures in combination with
>

h

- -

_

'

This occurs even for CEAW.

~

reactivity insertion rates as low as [ '] Ap/ inch.

An analysis was also performed with an MTC of [ ] Ap/ F.

The results presented in Figure 6.1-7 indicate that the transient
'

is self limiting because the increase in coolant temperature in
~

combination with the [ ]retardsthepower,heatfluxand

temperature increases. Hence, with the power rise,'

|, coolant temperature rise and heat flux increase are much smaller i

than with Thus, the margin degradation is also
'

lower for more The net result of the

i

l

6-2 -
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para:.etric study is that ,

*
.

,

Ilowever, there is
.

.

]Insteadthereisa[
] which, produce the limiting case results.

The ROPM quoted previously'(see Table 6.1-1) for the limiting.

CEAW event initiated at 102% of rated thermal power does not
'

account for any axial power distribution shift (AXPD)

and the associated decrease in the integrated radial peak (F ). A
R

detailed. analysis was performed to determine the net-ROP!1

change due to the axial shape shift and the decrease in FR as a

function of initial axial power distribution. Figure 6.1-8

presents the axial shape shift as a function of initial AXPD.

Figure 6.1-9 displays the corresponding decreases in integrated

radial peak. Both the axial shape shift and the initial AXPD
.

are characterized by axial shape indices. The net penalty

factor, B , as a function of initial Axial Shape Index is given
3

'

in Figure 6.1- 10.

Theresultsoftheanalysisindicatethat[ axial shapes cause
_

the maximum axial peak shift and thus result in the largest

penalty factor. The results also indicate that for a CEAW event

' nitiated at 102% of rated power with an axial shace index morei

[

.

.

and the penalty factors shown in Figure 6.1-10

are combined with R0PM quoted previously in Table 6.1-1 to obtain the

; total D::B margin degradation as a function of initial ASI. Table

; 6.1-2 and Figure 6.1-11 presents the final R0Pl1 as a function of
1

initial ASI at 102% of rated power.
.

6-3 .
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.The results of the pa'rametric analysis in CEA reactivity insertion

rate, MFC and H and initial axial power distribution at 102%gap
' pf rated power indicates the following:

1. [ This section describes C-E. proprietary nethods used in
the analysis of R0PM.

.

.

3.

.

2. For the CEAW event initiated at 102% of rated power, the

above occurs for a f .-
*

.

3
,

3. MTC's result in self limiting CEAW events,
'

. .

This means ,

, ,

'
.

4

4. Ap/ F produce a reactor trip
.

>^ ).,

!.

5. A net penalty factor of ] power at an ASI of [ ]hastobe
,

applied to the R0PM to account for the margin change due to

axial shape shift and the decrease in the integrated radial peak.

However,
. .

3

An analysis was also performed at lower power levels to obtain
.

R0PM as a function of initial power level. The values of CEAW

rate, H and MTC were chosen based on the parametric analysisgap ,

performed at 102% power. Hence the [ ] and <i

I I
,

6-4 -
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,

an 14TC of [ ] Ap/ F was used to determine the CEAW

rate which allowed

,

,

The results of the CEAU event initiated at 70% and 50% of rated.

power are given in Figures 6.1-12 and 6.1-13. The maximum R0PM
.

is obtained at 70% and 50% of rated power for reactivity '

insertion rates of [ ] Ap/ inch and [ ] Ap/ inch,

respectively. These CEAW rates in combination with the [

] and an f4TC of [ '] Ap/ F allow [-

by the excore detectors to rise and achieve a new steady state

]. .

The R0PM for the limiting cases initiated at 70% and 50% of
!

rated power are presented in Table 6.1-3. '
.

The R0Pl4 quoted in Table 6.1-3 for the 70% and 50% power cases

- do not account for any axial shape shift or the decrease in the

integrated radial. For the CEAW event initiated at 70% of rated.

power, the axial shape shift and the decrease in the integrated
:

radial are presented in Figures 6.1-14 and 6.1-15 respectively.

The penalty factor that is applied to the R0Pf1 quoted in Table
,

6.1-3 is given in Figure 6.1-16.,

1

The results indicate that for a CEAU event initiated at axial
4

!
tshape indices ], the margin loss due to,

axial shape is more than offset by the margin gain due to the.

,

*
,

!decrease in the integrated radial peak. Hence, there is a net '

margin gain for CEAW event initiated at ASI
'

-

].
I

t
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The penalty factor for an ASI ] is
,

.

combined with the R0PM quoted in Table 6.1-3 to obtain the

final DNB margin-degradation at 70% power rated power. Table

*

6.1-4 and Figure 6.1 -17 oresents the final R0PM as a function of

ASI for the CEAW event initiated at 70% of rated power.
.

.

Figures 6.1-18 and 6.1-19 present axial shape shift and the
.

decrease in the F as a function of-initial AXPD for the
R

-

CEAW event initiated at 50% power. The penalty factors are

presented in Figure 6.1-20. The results show that

.

)

The CEAW event initiated at HZP produces a " spike" in the core

heat flux and power. The limiting HZP case is obtained for ~

the combination of L . Jwhichoroducesthe

maximum rise in core heat flux. This occurs for [
,

]. The minimum transient DNBR for the limiting HZP case $

is 1.4.

The R0PM at the negative extreme of the DNB LC0 band allowed at each

power level are presented in Figure 6.1-21. The

sequence of events for these cases are presented in Tables 6.1-5

to 6.1-8. The responses of key NSSS parameters during a OEAW

event are presented in Figure 6.1-23 to 6.1-37 The excore' '

detector responses for the limiting cases at 102%, 70% and
.

50% of rated power are presented in Figures 6.1-38 to 6.1-40.

.

!

.

'
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The limiting safety analysis cases at all power levels

(ex, cept il2P) are those where [ -

. .

*

, ,

Hence,
s .

.

I

d

. .

6.2 FUEL CENTERLINE TEMPERATURE MELT SAFDL

A parametric analysis in CEAW rate and H was performed
gap

initiating the transient at 102% of rated power to determine

the combination of these parameters which produce the
.

closest approach to fuel centerline melt SAFDL. The
.:

results, which are presented in Figure 6.2-1, indicate that
,

| the maximum PLHGR is obtained with the [

. ]. Based on the results at 102% of

ratedpower,[ ]
was used to determine the PLHGR at lower power levels.

.

The PLHGR as a function of initial power level is presented

in Table 6.2-1 and Figure 6.2-2. The transient core power.

:

variation at each power analyzed is presented in Figures
!

'

6.2-3 to 6.2-6.

.
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As seen from Figure 6.2-2 [

.

]. Hence, for these power levels, the fuel centerline
*

temperatures (Tq_ ) are calculated to ensure that U0 melt
.

2

temperatures are not exceeded.
.

The Tq calculations are performed for only the HZP case,

since the transient initiated at this power results in the

longest power spike.

The procedures used to calculate the maximum T
q_ are illustrated

below for the HZP case. The peak power obtained for the HZP

case is 144% of rated thernal power (See Figure 6.2-6) ar.d the
.

power " spike" lasts for 5 seconds. The average energy rise

during this time period is equal to [ ]. (The values of
Fxy,F ,F ' IUNC used to calculate hot spot energy rise areZ A
given in Table 4-1). The T rise corresponding to this average
energy rise is [ '] . The initial Tq at HZP is 532 F.
Thus, the maximum T is equal to [ ]. This T

temperature is below the UO melt temperature of 4800 F at a2

burnup of 5000011HD/f1T. Hence the fuel centerline nelt SAFDL.

. .
is not exceeded even though the [

].

.

.

+
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TABLE 6.1-1

.

REQUIRED OVERPOWER MARGIN AT 102% OF RATED PO!/ER

._
N

e

I

l

_

I

e

4

9

%

6

6-10 ,

.

,_m 8 Y %



- - _ . .. - - - - _ . _ _ . .

,

..

, .

.

1

-;
'

TABLE 6.1-2_,

FIllAL R0P!4 AS A FUtiCTI0tl 0F ASI AT 102% OF RATED THERfiAL P0llER-

.

I

Initial ASI R0PM)
Penalty Factor Final R0P!1

-0.14 [ ] [ ] [- ]
. .

1 -0.075 [ ] [ ] [ ]
',

.

0.0 [ ] [ '] [ ].

| +0.15 [ '] [ '] [' ]
i r

| +0.3 [~ ] [ ] [ ]
i

1 -

|

|
.

-

.
1 *

I

! .

I
I

I
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, TABLE 6.1-3

.

REQUIRED OVERPOWER MARGIN AT 70% AND 50% OF RATED THERMAL POWER
-

.

. .

L

I

Initial Power Level CEAW Rate MTC H

(%of2700MWt) (x10-4 Ap/ inch) (x10-4 Ap/0F) BTV/hNht_oF R0PM
2

70 [ -] [ ] [ ] [ ]
,

50 [ ] [ ] [ ] [ ]
i
,

e

.

|

i
i
;

.

\ .

*
4

-i

i

e

i

t

|
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TABLE 6.1-4 '

1

FINAL R0 Pit AS A FUtlCTION OF ASI AT 70% OF RATED THERMAL POWER
1

Initial ASI
R0PM)

Penalty Factor Final R0PM .

.4 [~ 3 [~] [ ]
'

:

I
'

.15 [ ] [] [ ]

0 [ ] [ ] [ , ]

; +.15 [ ] [ ] [ ]
1

i +.3, [ ]. [] [ ]
J

!
1

!

i

.

4

1

* 4

'

i

.
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t
1TABLE 6.1-5
[

.
,

.
.

,
- ?

Sequence of Events for }

CEA Withdrawal Event Initiated at .

102% of Rated Power j
.

*

<

Time (Sec) Event Value .*

t,

1*
'

h
!O.0 CEAs begin to Withdraw ,

! !
.

68.5 -CEAs Completely Withdrawn
.

,

220 . [ .]
'

-

i
* '

| * .

' '

2.20 [ ]<

. .

1

300 [ ']-

. .

ae

'

300 [ ]
6n .

[ '] |' '
482 -

,

1 > .

t

'

-
.

4-

# |,

|,i

, ,
I*

i !'

1
. ,,

||. ,,

I I

f'

|
*
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TABLE 6.1-6 ,.-

!
.

''

t

Sequence of Events for
j

CEA Withdrawal Event Initiated at 170% of Rated Power i|
~

,
.

:
t

Time (Sec) Event Value ,

.

-

4

| 0.0 CEAs begin to Withdraw
.

:

'l
.

164.4 CEAs Completely Withdrawn

[ ]'

250.0
-

.

ee ,

[ ]'

| 250.0
-

, b

g

[ -]p

330.
-

.

| [ ]
310 .
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TABLE 6.~. 7

.

Sequence of Events for'

i
CEA Withdrawal Event Initiated at.

.

50% of Rated Power
-

'
.

, .

Time (Sec) Event Value
. .

| 0.0 CEAs begin to Withdraw
_

-

,

342.5 CEAs Completely Withdrawn
-

'

400 [ ]'

.
.

'

400 [- ]'

:-

-

' 429'0 [ 3
.

.

4 .
,

E 3
'

429:0
-

. .

e

~ '

600.0 [ ]
. .,

i

1
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TABLE 6.1-8 ,.

. -

' 1
- Sequence of Events for ;

CEA Withdrawal Event Initiated at HZP4

t,

- ! I'
|
'

Value
Time (Sec)_ Event

t:
,

2

0.0 CEAs begin to Withdraw- .

>

40
| 34.1 Reactor Trip on High Power, % of -

2710 l1Wt
4

--

34.5 Trip Breakers Open

34.9 Shutdown CEA's begin to Drop into Core --

,

144
35.2 Maximum Core Power, % of 27:3 (1Wt ,

36.5 Maximum Core Heat Flux, % of 2710 tiWt 68.4

+

23661 ' 38.6 Maximum RCS Pressure, psia
i

1

e

,e

.t

! .

.

.

i

&

4

1
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TABLE 6.2-1

PLHGR AS A FUNCTION OF POWER LEVEL

t

Initial Power Level CEAW Rate H Initial PLHG^

(% of 271011Wt) X10-4 tap / inch Bhbfbr-ft-F LHGR (KW/FT) APLHGR (KU/F2

[~ ]102 [ ] [ ] [ ] [ ]_,

70 [. ] [' ] [ ] , [ ] [ ]

{ 50 [ ] [ ] [ ] ~[ ] [ -

;

HZP [ ] [ ] [ -] [ ] [. ]'

.

e

a

9

.
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7. C_0!15ERVATISi1S Ill AtlALYTICAL METHODS

4

I
.

The purpose of this section is to identify the conservatisas that j
*

are included in the methods used to calculate the R0PM on DilBR and.

.

peak lineer heat generation rate. (These conservatisms are

qualitatively identified below). Example cases are presented and
' '

I
compared with the safety analysis results of previous sections to j

|!

quantify the conservatisms. j

1. The power input to the high power trip (HPT) and the variable !
!

high power trip (VHPT) is the auctioneered higher of the neutron {

flux power (measured by excore detector.s) and the, thermal power j

(measured by the AT-Power calculator). [.
*
.

]. The analysis assumed a reactor trip is

; initiated on the HPT or the VHPT [
r

~]..''

2. The CEAW event initiated at 102% of rated power assumed a HPT
i

setpoint of 112% of initial power. This includes a transient;

decalibration uncertainty of 3%. The transient decalibration of

the excore detectors which is explicitly accounted for in the

safety analysis is less than 3%.
,

i

i i

3. The MTC is not expected to 'ue positive except for the first few~

hundred.itlD/11T. This occurs only at zero power.
.

4. The li value is higher than expected on a core average basis
gap

at the end of a given reload cycle.

.

k.. g



5. The' calculation of PLHGR used the maximum value for CEA
~

'

reactivity insertion rate. This maximum value is higher

than expected for any reload cycle.
*

.

. .

,

6. Incomputingmarginrequirements,[
;

'
.

h
'].'

.

- ;

7.1 CONSERVATISMS IN DNB R0PM CALCULATIONS 1,

.

To quantify the conservatisms outlined above, two "best
,

estimate" cases were run. The first, initiated at 100% of

rated power and the second initiated at 50% of rated power.

A comparison of the input data used in the safety analysis

cases descr' bed in Sections 5 and 6 wit,h that used in the

best estimate cases are presented in Table 7.1-1 and 7.1-2.

The sequence of events for the best estimate cases are

presented in Tables 7.1-3 and 7.1-4. A comparison of the

R0 Pit's for the best estimate case and the safety analysis

cases are presented below. .

Initial Power Level (% of 2710 MWt) R0PM(%ofInitialPowe_rl

Best Estimate Safety Analysis

102 [ ] [' ]

50 [' 3 E 3
*

,

The above comparison shows that the safety analysis R0Pil's are
.

atleast[ ] conservative with respect to the best estimate

results. The results of best estimate analysis at 102%

of rated power shows that the power and heat flux rise but
'

the increasing coolant temperatures in combination with the
i

7-2 -
<

.
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_ . _

negative !!TC adds negat.tve reactivity which reduces the power and

heat flux to thei.r initial values and achieve a steady state
;

condition. The response of the f!SSS for the best estimate cases
,

are ' presented in Figure 7.1-1 to 7.1-8.
,

*
.

7.2 CONSERVATIStiS IN PEAK LINEAR HEAT GENERATION RATE _
-

'

The conservatisms in the PLHGR calculations were quantified by'

performing best estimate cases. The first, performed at
'

'

102% of rated power and second performed at HZP.

The transient core power rises for the best estimate cases are presented

in Figures 7.2-1 and 7.2.2. A comparison of best estimate and safety

analysis results are presented below.

.

Initial Power SAFETY ANALYSIS BEST ESTIf1 ATE ANAL.YSIS
PLHGR% of 2710 11Wt APLHGR PLHGR APLHGR

.

102 [- 2 [' ] [' 3 [ ].

HZP [ 3 E I [' 3 [ 9

The results shnu that at full power the PLHGR is conservative by
'

.

[ ] This due to the conservative value of CEAW rate assumed in
the safety analysis to bound all future reload cycles. The results

,
.

also show that the steady state limit of 21KW/ft is exceeded for

the best estimate case. This is to be expected since at HZP, the

transient produces a power spike. A calculation was performed to

determine the T and results are given below.

7-3 ".
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>-

.

;

initial max
Average AE Hot Spot AE AT rise T Tq

ofri,se (BTV/lbm) rise (BTU /lbm) F op
!

Safety.

Analysi [ ] [ ] [. ] 532 [ ]
'

.

,

1 .

Best
Estimatc
Analysis [ ] [ ] [ ] 532 [_ ]

.

I

!

b The results show that the T calculated is conservative by at leastq
[ l. Hence based on this comparison we can conclude that the results

presented in Section 5.2 are sufficiently canservative.
;

.

4

I

i

9

'

: .

.

J

e
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TABLE 7.1-1

KEYIflPUTPdRAfiETERSUSEDIflCEAWEVEllTAtlALYSISIflITIATEDFROM102" POWER
.

Safety Analysis Values
Safety Analysis with Identified

' Parameters Units Values Conservatisms Eliminatej

Initial Power Level % of 2710 t1Wt 102 < 102 ***

;

Initial Inlet *F 550 < 550**
~

Temperature
"

6
'

Initial RCS Pressure psia 2200 >2200**.
6 2Initial Core Flow X10 1bn/hr-ft 2.53 >2.53**

, _

Moderator Temperature X10-4 Ap/ F [ ] [ ]
Coefficient .

2Gap Thernal BTU /hr-ft _cp [. 3 g 3
Conductivity
CEA Differential Morth 10-4 Ap/ inch [ ] [ ']

,

CEA Withdrawal Speed inch / minute 30 30

CEA Worth at Trip % Ap -4.6 p,5.8**
High Power Trip % of 2710 MWt 112.0 109.0
Setpoint

' Integrated Radial, F 1.65 1.65
R

.

.

Temperature ; pgggpfog [ ]Shadowing Factor
i
I (2,5, ,1 ).*AT-Power Setpoint

'

,

Coefficients (a, T)
Axial Shape Index [ ] [ ]

,

.

* tl0T TAKEll CREDIT FOR Ill SAFETY AriAll' SIS

** Results insensitive to initial values for these paraneters.

*

7-5 .
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TABLE 7.1-2

"

. KEY IrlPUT PARAf1ETERS USED Irl CEAN EVErlT AtlALYSIS IfllTIATED FR0!1 50% POWER

Safety Analysis Values
.

Safety Analysis With Identified
Parameters Units Values Conservatisms Eliminated

i
l'

Initial Power Level % of 2710 MWt 50 50. ,

|i

Initial Inlet *F 540 < E40**
~

*

Temperature
,

|

i,

Initial RCS Pressure psia 2200 > 2200**
~

0 2Initial Core Flow X10 lbm/hr-ft 2.53 > 2.53**
,

~4Moderator Temperature X10 Ap/ F [ ] [ ]
Coefficient

.

Gap Thermal BTU /hr-ft -?F [' ] [ ]
Conductivity

CEA Differential Worth 10~4 Ap/ inch [ ] [ ~]

i

.

CEA Withdrawal Speed inch / minute 30 30
I
'

CEA Worth at Trip % Ap -3.4 >-4.3
I .

% of 2710 MWt 60 60High Power Trip
Setpoint

2.0 ' 2. 0 **Integrated Radial, FR <
-

.,

Temperature Shadowing % power / F [ ] [ ]
Factor

'

I

(2.5, .1)*AT-Power Setpoint4

Coefficients (a, T)
,

i
Axial Shape Index [ ] [ -]

.

.

4

? *Not taken credit for in safety analysis.
** Results insensitive to initial values for these parameters.

i
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i



_

.

.

.

' *
. TABLE 7.1-3

SEQUENCE OF EVENTS FOR,

.

CEA WITHDRAWAL EVENT INITIATED AT 102% OF

RATED POWER,

(Best es' . mate)
,

.

.
.

TIME EVENT VALUE

,

0.0 CEA's Begin to Withdraw -

68.5 CEA's Completely Withdrawn .

69.5 Maximum Power, % of 2710 MWt 103.5

73.0 Maximum Heat Flux, % of 2710 MWt 103.4

125.0 Maximum Inlet Temperature, F 552.7

128.0 Maximum RCS Pressure, psia 2274
.

158.0 Core Power Returns to it's Initial Value, % of
2710 MWt 102.

.

166.0 Core Heat Flux Returns to it's Initial Value, % of
2710 MWt 102

.

.

e

9

e

&

t
'

.

^
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. .

'

.. .

TABLE 7.1 - 4

-
.

,

SEQUEilCE OF EVEf!TS FOR

CEA WITilDRA!!AL 'EVEilT It!ITI ATED AT 50% OF.
,

.
*

RATED POUER
,

i (Best estimate)
.

TIME EVEllT VALUE

0.0 CEA's Begin to Withdraw *

55.0. Reactor Trip on liigh Power .60%
, ,

55.4 Trip Breakers Open

55.9 Shutdown CEA's Begin to Drop into Core

56.2 Itaximum Power, % of 2710 liWt 62.0 '

56.7 liaximum fleat Flux, % of 2710 t1Wt 61.3

57.4 !!aximum RCS Pressure, psia 2353

70.5 11aximum Inlet Temperature, *F 548.2

.

.

I

i

.

9

.

e
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8. CONCLUSIONS

i -

.

~t
-

The High Power and Variable Hiah Power Trins and the incornoration-

of the DNB and LHR R0PM's in generating the DNB and LHR limiting
,

conditions for operation ensures that DNB and CTH SAFDL's will not be

exceeded during a CEAW event. The peak linear heat generation rate'1

does not exceed the steady state LHR limit for CEAW transients -

initiated above 50% of rated power. The steady state LHR limit

! is exceeded for power levels below 50% of rated power, however
'

i fuel centerline temperature melt will not occur. Hence, the results support

| reclassification of the CEA withdrawal event from the category

i requiring the TM/LP and ASI trips to t'ne category where sufficient initial

thermal margin is built into the LC0's to ensure that DNB and LHR

SAFDL's are not exceeded when only the high power or variable high

power trips are credited as possible trips to mitigate the event.

-
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APPENDIX
-

1

METil0DS USED TO DETERMIllE EXCORE DETECTOR RESPO!!SE DURIllG A_.

CEA WITilDRAllAL EVEf1T__

.

CEA :The neutron flux power measured by the excote detectors during a

withdrawal event can be calculated by the following expression:. , ,

j fflMESil f
| Excore Detector I AXPD. * RSF4 (t)i=i 1 + TSF * AT(t) (* P (t)I

.| Response (t) =f
_

* Equation
fi!!ESit I-l

f
l E AXPD * RSFj(t=0)J Jji

| j
. ( i=i
i

where:
,

1

' number of axial nodes the core is divided into, which is ,

NMESl1 =

equal to 20.
th

rod shadowing factor appropriate for the i node
) RSF =

4 th
normalized average power in the i node at t = 0

AXPD =j
temperature shadowing factor (*F)"

: TSF =

Tin.(t=0)Tin (t)AT (t) = -

|
-

actual core average power at time t.P (t) =
;

.

4

The rod shadowing factor for a given CEA bank is defined as the ratio

of the excore detector response for full insertion of that bank to the
$

I excore detector response when all rods are out. The RSF's are determined

using detailed two-dimensional power distributions representing the cumul-*
-

ative presence of the various rod banks and the shielding code SliADRACq .

3

(Reference 6 ). In this application S!!ADPAC calculates fast neutron spectra
j_ -

a
and fluence for the excore detectors in a three-dimensional system

a
il ' utilizing a moments method solution of the transport equation. The

n
;j

' core, vessel internals, vessel and excore detector locations are treated

i explicitly in the calculation.
|h-\
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The Temperature Shadowing Factor accounts for two temperature dependent
.

effects on the excore detector responses. These are:
*

:

1. The effect on detector responses due to varying water densityJ

..
from moderator temperature changes. These are calculated by ,-

using computer code ANISN (Reference 7). From ANISN the~

percent change in detector response per degree change in
-

i

;

! . roderator temperature is calculated.
:

2. Detector respoase sensitivity to power shifting due to'

moderator temperature changes. This is calculated by applying
_

the assembly weighting factors calculated from SHADRAC analyses
,

to the PDQ power maps representative of two moderator temperatures.

Again the percent change in detector re'sponse per degree change t

in moderator temperature is calculated.

Tne total Temperature Shadowing Factor (TSF) is the sum of the above;
f

mentioned effects.j _
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