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ABSTRACT

This report documents the new methods that can be used in analyzing the sequential
CEA Group Withdrawal (CEAW) event for C-E's analog protected systems, The

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

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

DNB and Centerline Temperature Melt (CTM) Specified Acceptab]é 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 DNB =nd Linear Heat Rate (LHR)

Limiting Conditions for Operations (LCQ's) to ensure that DNB and CTN

SAFDL's are not exceeded.

The reclassification of this event is accomplished by relying on the High
Power Trip (MPT) or the Variable High Power Trip (VHPT) and not the THM/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 CNB and CTM margin degradation during the transient

when only the HPT or the VHPT are credited.
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1. 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 ard II,

For Anticipated Operational Occurrences (A0O's) the DNB and Centerline
Temperature Melt (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 (LCG's)
specified in the plant Technical Specifications.

As stated in CENPD-199-P (Reference 1), the CEAW event has been
classified as an AOO 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 TM/LP
trip to ensure that DNB SAFDL was not exceeded and to confirm that

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

DHBR. The pressure bias factor along with conservative power, temperature
and pressure input to the TM/LP trip ensured that DNB 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 DNB and LHR LCO'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 (ROPM)
that must be provided by adherence to the LCO'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 summary, this document describes and justifies the following:

1. The new methods and procedures used to calculate the DNB

and LHR ROPM's.

2. The results of the detailed analysis, including sensitivity
studies for key parameters, which establish conservative

estimates of DNB and CTM margin degradation.
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2. DESCRIPTIO. OF TRANSIENT

To undersiand 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 Mechanism Control Systen (CEDMCS)
or the Reactor Requlating 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 Ccolant System (RCS)
temperatures and pressure. The withdrawal of CEA's can also shift

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

CEA's are withdrawn, the intearated radial peaks (Fp)-
decrease.

The withdrawal of CEA's generally decalibrates the flux power signal
measured by the excore detectors. These detectors provide power
input to the RPS. However, the magnitude of the decalibration due
to CEA motion is offset by the decreased neutron flux attentuation
(temperature shadowing) &ue to increases in the inlet coolant
temparature. A discussion of the excore detector responses during

a CEAW event is given in the Appendix.

The calculation of margin degradation during this event accounts for

the following:

1. increases in core power

2. increases in core heat flux

3. 1increases 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 . aks.
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Since the overall margin degradation during this event depends on
the combined effocts of changes in all of the above mentioned
paramelers. a detailed sensitivity study on key parameters was
performed to establish a combination of parameters which produces

maximum margin degradation.
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3. CRITERIA OF ANALYSIS

The CEAW event is classified as an AOG hence the following criteria

are applicable.
i) Minimum Transient DNBR > DNBR SAFDL based on CE-1 correlation(])
ii) Maximum Fuel Centerline

Temperature at Melt (2) < s080°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 CEAY 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 1imit 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
U02 melt temperatures., That is, for rapid power spikes of
short duration a time at power is more significant than

the peak linear heat generation rate achieved.




4. INPUT PARAMETERS AND INITIAL CONDITIONS

Table 4-1 presents the range of initial conditions considercd 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 H___, CEA withdrawal (or reactivity insertion)

gap
rate and the MTC was performed to determiné the combination of these
paameters which produces the largest margin dggradation 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,
and the corresponding rod shadowing and temperature at*entuation

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

detector responses during the transient are presented in the Appendix.

Other input parameters of importance are the Fuel Temperature Coefficient

(FTC) of reactivity and the initial and final axia] power distributions.
A FTC corresponding to beginuing of 1ife 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

are used interchangeably in this report.
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reactivity feedback to offset the transient increases in core nower
and heat flux. The uncertainty on the FTC used in the anaiyses is

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

licensing submittals.

For the CEAW 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 LCO
band were evaluated to obtain the margin degradation as a function of

shape index.

A1l 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 operating modes for this
event. The PPCS and PLCS were assumed to be in the automatic mode
since the actuation of these systems minimizes the rise in ihe 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
power, heat flux and coolant temperature to procced for a longer

period of time.
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In addition, minimizing the pressure increase is conservatfve
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.

4-3



e o an e e e T ——

TABLE

KEY IHPUT PARAMETERS CONSIDERED IN THE CEAW EVENT

Azl

ALYSTS

Paranaters

[nitial Power Level

Initial Coolant Temperature
Initial Coclant System Pressure
Initial Core Mass Velocity
Moderator Tewperature Coefficiant

Fuel Temperatura Coefficient Uncertainty

Units

% of 2710 Mt
°F

psia

x10% 1bm/hr-ft
x10°% a0/°F

Range of
Values

C to 102

532 to 550*
220c*

2,53*

+.5 to -2.5
-15,0%*

Gap Ther .1 Conductivity Bru/hr-ftz_fp [: ]
Axial Shape Index for Scram asiu [+.54]*
Characteristics
CEA Differential Horth X10™% 257 inch [* s 5]
CEA Withdrawal Speed inches/minute 30.0
CEA Yorth et Trip:
100% % tp > -4.6"

A1l other power levels % ap > -3.4%
High Power Trip Analysis Setpoint % 0 2770 Mt 112.0
Variable digh Power Trip Analysis » above initial
Setpeint power level 10.0
Integrated Padial Pesking Factor 1.65 to 2,6%*
Moxirun 20-Peak, Fy +** 2.ci
faximun Axial Peaxk, Fyt™ 2.0‘+
Augrentation Factor, FA*** 1.07
Uncertainty, FUNC'** | - 1.10
Tilt (Hzp), Fo**+ 1.10
Temperature Shadowing Factor %Power/°F [.. ]

»

L

*r ¥

Initial Tiﬁ values used are maximum for a given power level based on the
i

Tave Program.

The integrated radial pecking factors used are the pavims for = nivae
leval based on the CEA insertions allawsd hu BATL 3¢ that =over leval.
Valuos used in calculating wanimum fuel ceaterline temperatures

and mininum DNBR for CEAU event initiated at HZP,

: —=r a Y 2 P & Ny i~
The initial valurs of thess nararoters were seloctad to be those which
aradyce the rawinun margin dzgradation.
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5. METHOD OF ANALYSIS

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

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.

5.1 REQUIRED OVERPOWER MARGIN QN DNDR

The calculation procedures used in the analysis to determine
DNB ROPM are presented in Figure 5.1-1, This procedure consists

of:

1. 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.

2. A set of TORC cases are run to determine the time of minimum
DHBR. Input to TORC are the time dependent values of heat
flux, Tin’ pressure and core mass flow rate predicted by

CESEC. Other input parameters are integrated radial peak

and axial power distribution.

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 .ystem parameters. This value of

power 15 designated B].

The heat flux, inlet temperature, pressure and core mass

flow at the time of minimun DNOR determined in step 2 are

used in conjunciion with initial value ol integrated radial peak
and axial power distribution.to obtain a power at which the
fuel design limit on DNBR is reached for the transient

conditions. This power is designated 82.

The Required Overpower Margin (ROPM]) (i.e., margin degradation)

B
is computed as; ROPM] = gl x 100%.
2

The QUIX code (Reference 4) is used to simulate a CEAW event

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 peakina factors, 5)
allowed CEA configuration at the initial power level based

on the PDIL, and 6) shape annealing functions., The rode
calculates the initial and time dependent axial power distributions,
radial peaking factors, ex-core indicated power, and shape index

accounting for the transient variations in the xenon distributions
and feed back effects,

Determine the margin loss at the time of minimum DNBR determined

in 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 DNB LCO band. The sum of these. two components provilcs a
net penalty factor, B3. on the ROPM at each axial shape index
allowed by the DNB LCO band. The penalty factor, 83, is calculated
from the following relationship:
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This section describes C-E proprietary methods used
in the analysis of the net penalty factor, B3, on
the Required Overpower Margin.

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
the transient minimum DNBR, using the maximum value of

integrated radial peak, a conservative AXPD and the maximum
heat flux predicted by CESEC,to demonstrate that DNB SAFDL

is not exceeded.
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5.2 FUEL CENTERLINE TEMPERATURE MELT SAFDL

The procedures used to ensure that the fuel centerline

melt SAFDL is not exceeded are uisplayed schematically in

Figure 5.2-1. Thuse procedures are as follows:

| I

Simulate the CEAW transient with CESEC to obtain the

fractional nower rise during the event,

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.

PLHGR = PLHGR; + PLHGR = PLHGR x (1 +FP) x (1+4FN) - Equation

q
where: o
PLHGR = Peak Linear Hear Generation Rate during the event
PLAGR; = Initial Peak Linear Heat Generation Rate allowed
2y the KW/ft LCO, including all uncertainties.
APLHGR = Change in PiLHGR due to power increases and power
distribution changes,
Fp = Fractional Power rise during the event.
Afg - = Fractional lncrease in 3-D peak durina the evont,

3. The maximum centerline temperatures (TQ ) are calculated for

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

to demonstrate that the UO2 melt temperatures are not exceeded
for high LHR's of short duration. The procedure to calculate
the fuel centerline temperatures (TQ.) consists of the following
steps:

a. Calculate the average integrated energy rise (4E) during

the transient based on the power excursion predicted oy CESEC.
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b. Calculate the energy rise at the hot spot using equation

4.2-1.

s = G xFyxFp x Fp x Fr x Fyne . gquation 4.2-1
where:

AE = average energy rise

AEH.S = Energy rise at hot spot

ny = Maximum 2-D Peak during transient

FZ = Maximun Axial Peak during transient

FA = Augmentation Factor (taken to be maximum at top of cor:
FT = Azimuthal Tilt Allowance

FUNC = 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 (AE, ). Hence AE

By s

¢ ¢

¢. Obtain the centerline temperature rise (ATQ.) corresponding
to the centerline energy rise by integrating as a function
of temnerature the specific preperties of UO2 described

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

d. Calculate maximum centerline temperature from:

% "% ¢ 8T
where:
q.x = Maximum centerline temperature
Té. = Initial centerline temperature
ATQ. e Centerline temperature rise obtained in step c.
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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 parareters and

to display values of the maximum DNBR and peak linear hecat generation
rate ROPM's obtained.

6.1 REQUIRED OVER POWER MARGIN ON DNBR

The results of the parametric analysis in CEA reactivity insertion

rate and Hgap

in Figures 6.1-1 to 6.1-4. These figures present the results for the CEAW

with a constant MTC of [ ] 4p/°F are presented

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

initiate a reactor trip. The highest ROPM is obtained for[

] The ROPM is highest for this case because
the inlet te-perature is [ ] and the RCS pressure [ ] at
the time of minimum DNBR than for cases which [

]J. The core power and neat flux also achieve a new [ ]
steady state value, but [

}- This occurs because of the [ ]

coolant temperatures and leads to the[ ].

)

Figure 6.1-5 presents the ROPM for the[

This causes the(

' ] The results are also tabulated in Table 6.1-1

for the CEAN rates that produced the maximum ROPM for each of the
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"gap values analyzed. As seen from the Table [

1
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 ROPM

for cases with an MTC of [ ] 8p/°F is lower than the ROPM's
obtained from cases with an MTC of [ ] Ap/°F. This occurs
because with an MTC of [ 1 80/°F, [

] The larger positive reactivity insertion
further accelerates the core power and coolant temperature rise.

The faster increase in coolant temperatures in combination with

[

] This occurs even for CEAW

reactivity insertion rates as low as [ ] ao/inch.

An analysis w's 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 [ ]retards the power, heat flux and
temperature increases. Hence, with[ |the power rise,
coolant temperature rise and heat flux increase are much smaller
than with[ ] Thus, the margin degradation is also

lower for more[ ] The net result of the
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paranctric study is that[
] However, there is[

} Instead there is a [

] 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 (FR). A
detailed analysis was performed to determine the net ROPH
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 fupction of jnitial 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, 83. as a function of initial Axial Shape Index is given

in Figure 6.1~ 10,

The results of the analysis indicate that[ ]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

initiated at 102% of rated power with an axial shaoe index more

[

]and the penalty factors shown in Figure 6.1-10
are combined with ROPM quoted previously in Table 6,1-1 to obtain the
total 08 margin degradation as a function of initial ASI. Table
6.1-2 and Figure 6.1-11 presents the final ROPM as a function of
fnitial ASI at 1027 of rated power.
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The results of the parametric analysis in CEA reactivity insertion
rate, MIC a d Hgap and initial axial power dis‘ribution at 102%
pf rated power indicates the following:

1. [ This section describes C-F proprietary methods uced in
the analysis of ROPM,

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

above occurs for a [

1.

% [ ]mc's result in self limiting CEAW events,[

] This means[
~}
4, [ ) &p/°F produce a reactor trip

)

5. A net penalty factor of[ }power at an ASI of [ ] has to be
applied to the ROPM 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
ROPM as a function of initial power level. The values of CEAW
rate, Hgap and MTC were chosen based on the parametric analysis
performed at 102% power. Hence the [ ] and
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an MTC of [ ] 8p/°F was used to determine the CLAW

rate which allowed[

)

The results of the CEAW event initiated at 70% and 50% of rated
bower are given in Figures 6.1-12 and 6.1-13. The maximum ROPM
is obtained at 70% and 50% of rated power for reactivity
insertion rates of [ ] ép/inch and [ 1 Ao/inch,
respectively. These CEAW rates in combination with the [

] and an MTC of [ ] ap/°F allow [

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

]

The ROPM for the Timiting cases initiated at 70% and 50% of

rated power are presented in Table 6.1-3.

The ROPM 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% ot 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 ROPM quoted in Table
6.1-3 is given in Figure 6,1-15,

The results indicate that for a CEAY event initiated at axial
shape indices[ 1, 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 aain for CEAW event initiated at ASI[

1.
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The penalty factor for an ASI[ . ] is
combined with the ROPM 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 presents the final ROPM as a functinn nf

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

Fiqures 6.1-18 and 6.1-19 present axial shape shift and the

decrease in the FR as a function of initial AXPD for the
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 | ] which produces the

maximum rise in core heat flux. This occurs for [

). The minimum transient DNBR for the limiting HZP case

is 1.4,

The ROPM at the negative extreme of the DNB LCO 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 ZEAW

* 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

(except HZP) are those where [

] Hence.[

6.2 FUEL CENTERLINE TEMPERATURE MELT SAFDL

A parametric analysis in CEAW rate and Hgap was performed

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
rated power, [ ]
was used to détermine 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.



As seen from Figure 6,2-2 [

1. Hence, for these power levels, the fuel centerline
temperatures (Tq-) are calculated to ensure that UO2 nelt

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 TQ. are illustrated

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

case is 144% of rated thermal power (See Figure 6.2-6) ard the
pover "spike" lasts for 5 seconds. The average energy rise

during this time period is equal to [ ]. (The values of
ny'rZ’FA’ FUNC used to calculate hot spot energy rise are

given in Table 4-1). The TQ rise corresponding to this average
energy rise is | 1. The initial TQ at HZP is 532°F,

Thus, the mayimum Tq_ is equal to | J. This Tq
temperature is below the UO2 melt temperature of 4800°F at a
burnup of 50000 IWD/MT.  Hence the fuel centerline melt SAFDL

is not exceeded even though the [

1.






TABLE 6.1-1

REQUIRED OVERPOWER MARGIN AT 102% OF RATED POWER




TABLE 6.1-2

FINAL ROPM AS A FUNCTION OF ASI AT 102% OF RATED THERMAL POVER

Initial ASI ROPM, Penalty Factor Final ROPM
-0.14 ( ] [ 1 ]
-0.075 [ ] [ ] ]

0.0 [ ] [ ) ]
+0.15 [ ] [ ] ]
+0.3 ] . ]




TABLE 6.1-3

REQUIRED OVERPOWER MARGIN AT 70% AND 50% OF RATED THERMAL POUER

Initial Power Level CEAW Rate | MTC Hgap ’

(% of 2700 MwWt) (xlO'4 Ap/inch) (x10-4 Ap/OF) | BTU/hr-ft“-OF | ROPM
70 B -3 [ 1 [ 1]
50 [ 1] L 1 [ ]
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TABLE 6.1-4

FINAL ROPHM AS A FUNCTION OF ASI AT 707 OF RATED THERMAL POMER

Initial ASI ROPM, Penalty Factor Final ROPM
= ] (] ]
-5 ] (] ]
0 ] [ ] ]
+.15 ] [ ] ]
+3 I (] ]
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TABLE 6.1-5

Sequence of Events for
CEA Withdrawal Event Initiated at
102% of Rated Power

Time (Sec) Event Value

0.0 CEAs begin to Withdraw |

68.5 CEAs Completely Withdrawn

220 ] ] [ ]

220 f ] [ ]
:

300 ' ] C
s

300 j ] [

482 g ] t 1
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Time (Sec)

0.0
164.4

250.0

250.0

310.

310

550.0

TABLE 6.1-6

Sequence of Events for
CEA Withdrawal Event Initiated at
70% of Rated Power

Event Value
CEAs begin to Withdraw

CEAs Completely Withdrawn
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Time (Sec)

0.0

342.5

400

400

429.0

429:0

600.0

TABLE 6. 7

Sequence of Events for
CEA Withdrawal Event Initiated at
50% of Rated Power

Event value
CEAs begin to Withdraw -
CEAs Completely Withdrawn -
| ] [ ]
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Time (Sec)

0.0

34.1

34.5
34.9
35.2

36.5

TABLE 6.1-8

Sequence of Events fer
CEA Withdrawal Event [nitiated at HZIP

Event
CEAs begin to Withdraw

Reactor Trip on High Power, % of
2710 MWt

Trip Breakers Open

Shutdown CEA's begin to Drop into Core
Maximum Core Power, % of 27.J Mt
Maximum Core Heat Flux, % of 2710 Mdt

Maximum RCS Pressure, psia

40

144

68.4

2366



TABLE 6.2-1

PLHGR AS A FUNCTION OF POWER LEVEL

Initial Power Level
of 2710 Mit)

CEAW §ate HMp Initial
4p/inch BTU/hr-ft2-°F LHGR (KW/FT)

102 [ ] [ ] L' [ [
70 ol [ ] [ ] At [
50 [ ] s [ ] [ [
HZP L [ ] iy ( L
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CEA WITHDRAWAL £ VENT FROM 1027 POWER
REQUIRED OVERPOWER MARGIN vs CEA
WITHDRAWAL RATL

‘fz(_;ure
6.1-5
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CEA WITHDRAWAL EVENT FROM 1027 POWER | Figure
REQUIRED OVERPOWFR MARGIN vs CEA
WITHDRAWAL RATE 6.1-6
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CEA WITHEIRAVAL EVENT FROM 1027 POWER
REQUIRED OVERPOV/ER MARGIN (DNBR) vs CEA
REACTIVITY INSERTION RATE

Figure
6.1-7




CEA WITHORAWAL EVENT FROM 1022 POVIER Hgure
AXIAL SHAPE INDEX SHIFT vs INITIAL AXIAL
SHAPE INDEX 6,1-8




CEA WITHDRAV/AL EVENT FROM 1027 POVER
INTEGRATED RADIAL DECREASE vs INITIAL
AXIAL SHAPE INDEX

Figure

6:1-9
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CER WITF DRATAL EVENT FROM 1027 POVER [ Figure |
PENALTY FACTOR ON DB ROPM vs INITIAL
AXIAL SHAPE TNDEX 6.1-10
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R

| CEA WITHORAWAL EVENT FROM 1027 POWER | Figure
ROP (DNB) vs INITIAL AXIAL SHAPE INDEX |¢.1-11
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CEA WITHDRAWAL EVENT FROM 70% POWER | FIgv¥e
REQUIRED OVERPOUER MARCIN vs CEA
WITHDRAWAL RATE 6.1-12

u-JU
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CEA WITHDRAWAL EVENT FROM 50% POWER Figure
REQUIRED OVERPOWER MARGIN vs CEA
WITHDRAWAL RATE 6.1-13
6-31
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t CEA WITHDRAWAL EVEIT FROM 707 POWER
AXIAL SHAPE TNDEX SHIFT vs INITIAL AXIAL
SHAPE INDEX
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CEA WITHDRAWAL EVENT FROM 767 POWER
PENALTY FACTOR ON DNB ROPM vs INITIAL
AXIAL SHAPE INDEX

Figure

6.1-1C
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CEA WITHDRAWAL EVENT FROM 70% POWER
ROPM (DNBER) vs INITIAL AXIAL SHAPE INDEX

Figure
6.1-17
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CEA V/ITHDREAWAL EVENT FROM 507 "QWER Figure
AXIAL SHAPE SHIFT vs INITIAL . "IAL
| SHAPE INDEX £.1-18
' 6-3b
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CEA WITHDRAWAL FVENT FROM 507 POWER | Figure

INTEGRATED RADIAL DLCREASE vs INITIAL AXIAL,
SHAPE INDEX 5.1-19
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CEA WITHDRAWAL EVENT FROM 50% POWER
PENALTY FACTCR ON ENE ROPM vs INITIAL
AXIAL SHAPE INDEX

Fioure

6.1-20
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| CEA WITHDRAWAL EVENT Fiqure
REQUIRED OVi:POWER MARGIN
vs INITIAL POVER €.1-21
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CEA WITHDRAWAL EVENT FROM 102% POWER
CORE POWER vs TIME

FIGURE

6.1'22




CEA WITHDRAWAL EVENT FROM 1027 POWER
CORE AVERAGE HEAT FLUX vs TIME

FIGURE

6,1-25
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CEA WITHDRAWAL EVENT FROM 102% POWER
RCS TEMPERATURES vs TIME

FIGURE

6.1-24
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CEA WITHDRAWAL EVLNT FROM 102% POWER
RCS PRESSURE vs TIME

Higure
6.1‘25
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CEA WITHDRAWAL EVENT AT 70% POV/ER FIGURE
CORE POWER vs TIMiE 5.1-25
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CEA WITHDRAWAL EVENT FROM 707 POVJER FIGURE
CORE AVERAGE HEAT FLUX vs TIME 6.1-27

6-4%5




CEA WITHDRAWAL EVENT FROM 70% POV/ER
RCS TEMPERATURE vs TIME

FIGURE

€£.1-28
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CEA WITHDRAWAL EVENT FROM 70% POWER
RCS PRESSURE vs TIME

FigUre
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CEA WITHDRAWAL EVENT FROM 507 POWER
CORE AVERAGE HEAT FLUX vs TIME

FIGURE

6.1-3)




CEA WITHDRAWAL EVENT FROM 507% POWER
RCS TEMPERATURE vs TIMC

FIGURE

E‘o 1-32
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CEA WITHDRAWAL EVENT FROM 50% POWER Figure
RCS PRESSURE vs TIME 0.1-33
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CEA WITHDRAWAL EVENT FROM 1927 POWER
EXCORE DETECTOR POWER MCASUREMENT vs TIME

FIGURE
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CEA WITHDRAWAL EVENT FROM 0% POWER FIGURE
EXCORE DETECTOR POWER MEASUREMENT vs TIME 6,1-39




CEA WITHDRAWAL EVENT FROM 50% POWER FIGURE
EXCORE DETECTOR POWER MEASUREMENT vs TIME 6,1-40
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CEA GROUP WITHDRAWAL EVENT
PEAK LINCAR HEAT GENCRATION RATL vs Hgap

FIGURE

6.2-1
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CEA GROUP WITHDRAWAL EVENT FIGURE
PF,\K LINEAR HEAT GENERATION RATE vs INITIAL POWER £,2-2
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7.

CONSERVATISMS IN ANALYTICAL METHODS

The purpose of this section is to identify the conservatisms that
are included in the methods used to calculate the ROPM on DNBK and
peak linezr heat generation rate. (These conservatisms are .
qualitatively identified below). Example cases are presented and

compared with the safety analysis results cf previous sections to

‘quantify the conservatisms.

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 deteccors) and the, thermal power

(measured by the AT-Power Calculator). [

J. The analysis assumed a reactor trip is

initiated on the HPT or the VHPT [

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

3. The MTC is not expected to Le positive except for the first few

hundred MUD/MT. This occurs only at zero power.

4, The Hgap value is higher than expected on a core average basis

at the ond of a given reload cycle.




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. In computing margin requirements.[

7.1 CONSERVATISMS IN DNB ROPM CALCULATIONS

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 described in Sections 5 and 6 with 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
ROPM's for the best estimate case and the safety analysis

cases are presented below.

Initial Power Level (% of 2710 Mit) ROPM (% of Initial Power)

Best Estimate Safety Analysis
102 [ ] [ ]
50 -} [ 2

-

The above comparison shows that the safety analysis ROPM's are
at least [ ] 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
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negative MTC adds ncgative reactivity which reduces the power and
heat flux to their initial values and achieve a steady state
condition. The response of the NSSS for the best estimate cases

are ‘presented in Figure 7.1-1 to 7.1-8,

.

CONSERVATISMS 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 AMNALYSIS BFST ESTIMATE AHQIVSIS

% of 2710 MWt APLHGR PLHGR APLHGR PLHGR
102 - [ 1 [ 1] [ 3
HZP L 1 r 1 [ ] i 1

The results shou that at full power the PLHGR is conservative by
[ ] This due to the conservative value of CEAN 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 HIP, the
transient produces a power Spiké. A calculation was performed to

determine the TQ_ and results are given below,
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» initial ma
}'\verage AE Hot Spot AE AT rise § . Tq .
rise (B7U/1bm) rise (BTU/1bm) o of of
Safety
Analysis L ] [ ] ] 532 ]
Best )
Estimat
Analysis LR [ 1] ] 532 ]

The results show that the T

¢ calculated is conservative by at least

[ ]. Hence based cn this comparison we can conclude that the results

presented in Section 5.2 are sufficiently cinservative.
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TABLE 7.1-]

KEY INPUT PARAMETERS USED IN CEAW FVENT ANALYSIS INITIATED FROM 1027 POWIR

Safety Analysis Value

Safety Analysis with Identified
Parameters Units Values Conservatisms Eliminat:
Initial Power Level % of 2710 Mt 102 < 102 #»
Initial Inlet °F 550 < 530**
Temperature .
Initial RCS Pressure psia 2200 >2200**
Initial Core Flow  X10°1bm/hr-ft? 2.53 >2.53%*
Moderator Temperature X10-4 Ap/°F [ ] ( ]
Coefficient .
Gap Thermal BTU/hr-ft2-°F [ ] [ ]
Conductivity
CEA Differential Uorth 10°% Ap/inch [ ] [ ]
CEA Withdrawal Speed inch/minute 30 30
CEA Yorth at Trip % Ap -4.6 E?S.Bff
High Powar Trip % of 2710 Mut 112.0 109.0
Setpoint
Integrated Radial, Fp 1.65 1.65
Temperature °
Shadowing Factor % power/°F ( ] [ 1]
AT-Power Setpoint * (2,5, 1)
Coefficients (a, 1) '
Axial Shape Index [ ] [ 3

* NOT TAKEN CREDIT FOR IN SAFETY ANALYSIS _
** Rosults insensitive to initial values for these parameters.
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TABLE 7.1-2

KEY INPUT PARAMETERS USED IN CEAW EVENT ANALYSIS INITIATED FROM 507 POWER

— e e

Safety Analysis Values

Safety Analysis With Identified
Parameters _ Units Values Conservatisms Eliminated
Initial Power Level % of 2710 MWt 50 : 50
Initial Inlet *F 540 < £40**
Temperature -
Initial RCS Pressure psia 2200 3.2200'*
Initial Core Flow X108 1bm/he-£t2 2.53 > 2,53
Moderator Temperature X10'4 Ap/°F [ ] [ ]
Coefficient
Gap Thermal BTU/hr-ft2-°F [ ] [ ]
Conductivity
CEA Differential Worth  10°% Ap/inch [ ] [ 3
CEA Withdrawal Speed inch/minute 30 30
CEA Worth at Trip % Ap -3.4 >-4.3
High Power Trip % of 2710 Mdt 60 60
Setpoint :
Integrated Radial, Fp ' 2.0 <2.0 #*
Temperature Shadowing % power/°F { ] [ 1
Factor
AT-Power Setpoint * (2.5, .1)
Coefficients (a, 1)
Axial Shape Index [ 1] [ ]

*Not taken credit for in safety analysis.
** Results insensitive to initial values for these parameters,
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TABLE 7.1-3

SEQUENCE OF EVENTS FOR
CEA WITHDRAKAL EVENT INITIATED AT 102% OF
RATED POUER
(Best es’ imate)

EVENT

CEA's Begin to Withdraw

CEA's Completely Withdrawn
Maximum Power, % of 2710 Mut
Maximum Heat Flux, % of 2710 Mut
Maximum Inlet Temperature, °F

Maximum RCS Pressure, psia

Core Power Returns to it's Initial Value, % of
2710 Mut

Core Heat Flux Returns to it's Initial Value, % of
2710 Mut




' 55.4
55.9
| 56.2
56.7
57.4

- 70.5

TABLE _7.1-2

SEQUENCE OF EVENTS FOR
CEA WITHDPAWAL [VENT INITIATED AT 507 OF )
RATED POVER

(Best estimate)

EVENT
CEA's Begin to Withdraw
Reactor Trip on High Power

Trip Breakers Open

Maximum Power, % of 2710 Mit 62.0
Maximum Heat Flux, & of 2710 Mt 61.3
Maximum RCS Pressure, psia 2353

Shutdown CEA's Begin to Drop into Core
Maximum Inlet Temperature, °F 548.2
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RCS TEMPERATURE vs TIME
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REACTOR COOLANT SYSTEM PRESSURE
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8. CONCLUSIONS

.

The High Power and Variable Hiah Power Trins and the incornoration
of the DNB and LHR ROPM's in generating the DNB and LHR limiting

conditions for operation ensures that DNB and CTHM SAFDL's will not be
excéeded during a CEAW event. The peak linear heat generation rate

does not .xceed the steady state LHR limit for CEAW transients

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

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

fuel centerline temperature melt will not occur. Hence, the results support
reclassification of the CEA withdrawal event from the category

requiring the TM/LP and ASI trips to tne category where sufficient initial
thermal margin is built into the LCO's to ensure that DNB and LHR

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

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

METHODS USED TO DETERMINE EXCORE DETECTOR RESPONSE DURING A

CEA WITHDRAUAL EVENT

The neutron flux power measured by the excore detectors during a CEA

withdrawal event can be calculated by the following expression:

NMESH
Excore Detector L AXPDi * RSFi (t)
= iz el #TSF & aT(t) |4 P (t)
Response (t) HHESH Eg%atlon
§ AXPD, * RSF, (t=0)
i=i !
where:
NMESH = number of axial nodes the core js divided into, which is
equal to 20.
RSFi = pod shadowing factor appropriate for the ith node
AXPDi = normalized average power in the ith node at t = 0

TSF = temperature shadowing factor (°F )"
aT (t) = T, (t) - T
p (t)

in (t=0)

"

actual core average power at time t.

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
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 SHADRAC
(Reference 6). In this application SHADPAC calculates fast neutron specira
and fluence for the excore detectors in a three-dimensional system
utilizing a moments method solution of the transport equation, The

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

explicitly in the calculation.
A\



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 density

from moderator temperature chanqes. These are calculated by

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

percent change in detector response per degree change in

moderator temperature is calculated,

Detector respoise sensitivity to power shifting due to

moderator temperature changes. This is calculated by appiying
the assembly weighting factors calculated from SHADRAC analyses
to the PDQ power maps representative of two moderator temperatures.
Again the percent change in detector response per degree change

in moderator temperature is calculated.

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

mentioned effects.



