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CONFIRMATORY ANALYSIS:
ANO-2 Design Basis Accident Containment Response

1. INTRODUCTION

Entergy Operations, Inc., the licensee for Arkansas Nuclear One, Unit 2 (ANO-2), has requested US
Nuclear Regulatory Commission (NRC) approval of a license amendment associated with the ANO-2
Replacement Steam Generator Project (Entergy 1993). The amendment addresses the containment’s
post-accident response resulting from the new steam generators that will be installed beginning with
operating Cycle 15. The pivotal element of the license amendment request is an increase in the con-
tainment design pressure from 54 to 59 psig. The licensee has determined the increased containment
design pressure to be an unreviewed safety question (USQ) in compliance with 10 CFR 50.59, which
requires NRC review and approval before implementation.

The licensee submitted structural response analyses that support the higher containment design pres-
sure. The licensee also updated the calculations of peak containment pressure during established
design-basis events that demonstrate the peak pressures to be lower than the revised design pressure of
the containment. These calculations were performed with computer programs that have been approved
by the NRC. However, because of the importance to safety of an intact containment following an acci-
dent and because the results of a computer calculation depend to a large extent on the detailed modeling
and assumptions used in the it, independent confirmatory calculations were performed to verify the
licensee’s conclusions. The confirmatory calculations are described here.

After the calculations described in the main body of this report were completed, the licensee submitted a
supplement to their amendment request (Entergy 2000). The supplement described corrections to two
assumptions in computer model input. Other changes in plant input and modeling assumptions also were
made to “offset the effects of these corrections.” Additional confirmatory calculations were performed to
examine these changes, which are described in Appendix B.

1.1. Background

Corrosion-related phenomena have degraded the ANO-2 heat-transfer capability and therefore the net
thermal power generated by plant to the extent that the licensee has decided to replace the original steam
generators with new ones. The replacement steam generators have larger primary and secondary inven-
tories than the original steam generators. From a safety analysis perspective, the larger coolant inven-
tories represent an increase in the stored energy available for release to the containment during a design-
basis loss of coolant accident (LOCA). In addition, the licensee plans to increase the power level of ANO-
2 from 2815 MWt to 3026 MWH.

These changes in plant characteristics result in an increase in the containment pressure associated with
the postulated accidents that are part of the ANO-2 licensing basis, with peak pressures exceeding the
current design pressure for several scenarios. In particular, peak pressure for the design-basis events
that determine the bounding structural loads on the containment were identified in the amendment
request to be 57.7 psig. The licensee rounded this value to 58 psig for defining the peak containment
accident pressure (1 psi below the new design pressure of 59 psig).

1.2. Obijective and Scope of Confirmatory Analysis

The objective of the analysis described here is to provide independent calculations of the peak pressure
and temperature inside the ANO-2 containment associated with design-basis LOCA and main steam line
break (MSLB) accident scenarios. Differences in results from those submitted by the licensee, if any, are
identified and explained.



2. APPROACH

Calculations of containment response to design-basis accident (DBA) scenarios were performed using
the MELCOR 1.8.4 computer code. MELCOR provides a robust framework for calculating nonequilibrium
thermodynamic behavior in the containment and heat transfer to bounding structures, including the
effects of engineered safeguard systems. Further, MELCOR provides the requisite flexibility to examine
the effects of alternative assumptions and modeling uncertainties on calculated results. The convenience
afforded by MELCOR for this purpose is the primary reason for using it in lieu of the CONTAIN computer
code (Murata 1997). Recent comparative analysis performed by Sandia National Laboratories has shown
that the two codes generate sufficiently similar results for the current objectives (Gauntt 1999). Potentiai
deficiencies in containment wall condensation modeling identified by the MELCOR peer review are miti-
gated by the fact that wall heat-transfer coefficients were specified through user input in the current
analysis (Boyack 1992). A listing of the ANO-2 MELCOR model is given in Appendix A.

2.1. Containment Geometry and Structures

The free volume within the ANO-2 containment is represented by a single thermodynamic control volume.
Treatment of the entire containment free volume as a single (iso-thermal, uniformly mixed) control volume
is consistent with the vendor analysis. More detailed subcompartment analysis was not practical because
geometric information needed to subdivide the containment volume was absent. The containment sump
is not represented as a distinct thermodynamic control volume. Water that falls to the containment floor
from operation of containment sprays or drains from films on structure surfaces collects in the sump.
Alternatively, in the LOCA simulations, water is sourced directly to the sump during the reflood/post-
reflood periods, which accounts for discharge from the reactor coolant system (RCS). In all cases, a
nonequilibrium thermodynamic solution to the control volume conservation equations allows the sump
water to have a different temperature from the atmosphere. Mass transfer between the sump water and
the containment atmosphere (i.e., evaporation or condensation) is modeled. For the LOCA simulations,
the volume of the reactor vessel and other RCS internals is not represented in the model, which is con-
sistent with the conservative assumptions applied in the licensee analysis.

A total of 20 one-dimensional heat structures was defined to model the effects of heat transfer between
the containment atmosphere and surfaces such as the containment walls, floors, and equipment. These
structures directly mimic those described in Table 6.2-8D of the licensee submittal. Heat transfer
between these surfaces and the atmosphere or sump water was modeled using specified values for
surface coefficients. Values for surface coefficients were derived from guidance provided in NUREG-
0800. Surface coefficients were treated as an uncertain parameter in the current analysis, and the effects
of alternative, credible values are examined in the results described in Sec. 3.

2.2. Engineered Safety Features

Containment heat removal by the operation of containment air coolers and containment sprays was
modeled based on information provided in the licensee submittal. Air cooler performance was modeled
by a simple tabular function of heat removal rate as a function of inlet (containment atmosphere) tempera-
ture. Performance data were taken from Table 6.2-8I in the licensee submittal. Heat removal rate is also
a weak function of service water (SW) temperature. This effect was not modeled explicitly in the current
analysis, and the effects of changing SW temperature were examined through sensitivity analysis (see
Sec. 3). One of two trains of containment air coolers was assumed to operate in the LOCA and MSLB
analyses.

Containment spray operation was modeled using the Spray Package in MELCOR. Spray flow rates in the
injection mode and recirculation modes were modeled as defined in Tables 6.2-8F and 6.2-9A of the
licensee submittal (i.e., 1875 gal./min and 2000 gal./min, respectively). In the LOCA simulations, switch-
over of suction from the refueling water tank (RWT) to the containment sump was specified to occur at the
time derived from the licensee analysis (2707.62 s). An independent calculation of time to switchover



was not possible because of the absence of information regarding the depletion of the RWT inventory by
emergency coolant system (ECS) operation. The change in spray droplet size accompanying the
increase in flow rate from injection to recirculation spray was modeled as specified in the submittal. One
of two trains of containment spray was assumed to operate in the LOCA and MSLB analyses.

Actuation of either system was modeled explicitly, including the appropriate containment pressure signals
and delay times.

2.3. Mass/Energy Sources

Mass and energy sources to the containment were developed from data provided in the licensee
submittal. In the current analysis, mass and energy sources associated with the discharge of steam
and/or water to the containment were defined in terms of integral quantities (i.e., cumulative mass or
energy as a function of time). These quantities were taken directly from Tables 6.2-8B and 6.2-9B in the
licensee submittal for the LOCA and MSLB scenarios, respectively.

Two additional sources of energy to the containment atmosphere are represented in the LOCA analysis.
One is the release of sensible heat from RCS structures. Three elements of the energy source were
defined.

¢ Residual energy associated with the pressurizer
o Residual stored energy associated with the RCS loop and the steam generator
e Residual energy associated with the reactor vessel upper head and its miscellaneous hardware

The total quantities of energy involved are given in Table 6.2-8B of the licensee submittal, but neither the
rates nor the time periods over which these energies are released are described. In the baseline analysis
described in Sec. 3, it is assumed that these quantities of energy are added to the containment atmos-
phere at an even rate over a period of 1 h." A sensitivity calculation was performed to examine the extent
to which the results might change if more rapid energy release rates are assumed.

The second additional source of energy to the containment atmosphere in the LOCA simulations is decay
heat. The energy source associated with decay heat was specified as the product of the rated core
power and a normalized decay heat curve developed from Branch Technical Position ASB 9-2 (shown in
Fig. 6.2-11 of the licensee submittal). Two values of rated core power were examined here, the current
power level of 2815 MWt and the proposed up-rate level of 3026 MW1. In either case, long-term con-
tainment response was calculated assuming that the decay heat corresponding to 102% of rated power is
added directly to the containment atmosphere.

Sources of mass and energy to the containment from each of these sources (with the single exception of
decay heat) are shown in Fig. 2.1 in the form of cumulative quantities. The sources are more diverse in
the LOCA scenario than in the MSLB scenario, but the total amount of mass/energy imparted to the
atmosphere is very similar in both cases.

'The time at which energy release begins differs among the three sources as described in Sec. 6.2.1.1.3.1.1.1 of the
licensee submittal.
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Fig. 2.1. Cumulative Mass/Energy Source to Containment (LOCA on the Left, MSLB on the Right).

2.4 Other Boundary Conditions

The current ANO-2 technical specifications allow containment leakage up to 0.1% of the containment
volume per day. However, the containment was assumed to be leak tight in the current analysis. A
sensitivity calculation was performed to examine the effect of leakage on containment peak pressure.



3. RESULTS OF CONFIRMATORY ANALYSIS

The results of the confirmatory analysis of the LOCA are described in Sec. 3.1. The results of

calculations for the DBA MSLB are described in Sec. 3.2.

3.1. Large-Break Loss-of-Coolant Accident

The limiting conditions for the large-break LOCA in terms of emergency safety feature (ESF) availability

and operating conditions were evaluated and defined in the licensee submittal (e.g., the number of

available trains of ESF systems). These conditions were adopted for our analyses without change. For

the limited DBA, a baseline calculation was established that applies the general modeling guidelines
outlined in the Standard Review Plan (SRP). These guidelines also were followed in the licensee

analysis. Several additional calculations were performed to evaluate the extent to which peak contain-
ment pressure is sensitive to model input concerning key boundary conditions and modeling

assumptions.

A description of the modeling assumptions used in the baseline calculations and subsequent sensitivity
calculations is given in Sec. 3.1.1. Key results from the baseline calculation are described in Sec. 3.1.2,
and the results of the sensitivity calculations are described in Sec. 3.1.3. A summary of all the calculated
results is given in Sec. 3.1.4.

3.1.1. Modeling Variables
The parameters that were varied in these calculations are summarized in Table 3.1 and discussed below.

Rated Power. The licensee plans to submit a separate amendment request addressing a power up-rate

from the current value of 2815 MW, to 3026 MW,. Nevertheless, the analyses supporting the current

amendment request were based on an assumption that the up-rate will occur. The decay heat level used
in the confirmatory calculations also was based on a rated power of 3026 MW,. A sensitivity calculation
was performed with the rated power reduced to the currently approved level to approximate the effect of

this change on containment pressurea.

Table 3.1. Variables in the LOCA Calculations.
. SRP

Variable Baseline Senst Sens2 Sens3 Sens4 Sens5 Sensé6 Sens7 Sens8
Rated Power
(MW) 3026 3026 2815 3026 3026 3026 3026 3026 3026
Service Water
Temp (°F) 110 120 110 110 110 110 120 120 120
RCS Sensible
Heat Addition 60 60 60 10 60 60 60 60 60
Time (min)
Heat Structure
Film Yes Yes Yes Yes No Yes No No No
Structure Tagami | Tagami | Tagami | Tagami | Tagami | Tagami | Tagami | Tagami | Tagami
Surface & & & & & decays | decays | decays | decays
Coefficient Uchida Uchida Uchida Uchida Uchida to 5.0* to 5.0 t0 5.0 t0 5.0
Steel/Concrete
Gap 100. 100. 100. 100. 100. 100. 100,000 100. 100.
Conductance* .
Containment
Leakage 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
(vol-%/day)

*This approach does not account for differences in energy stored in reactor fuel.




* Btu/h-ft>-°F

Service Water Temperature. In the licensee analysis, containment heat removal through the air coolers
was calculated using a model that accounts for time-dependent changes in SW temperature and there-
fore cooler performance. The results of their analysis indicate that SW temperature increases linearly
from an initial value of ~100°F to ~120°F over a period of 1 day (refer to Fig. 6.2-8B in the submittal).
This time period is very long in comparison to the period of interest to the present analysis. Conse-
quently, a simpler, conservative approach was taken. In the confirmatory calculations; the SW tem-
perature was assumed to remain constant. In the baseline calculation, SW temperature was assumed to
be 110°F (i.e., the average value calculated in the licensee’s analysis). Sensitivity calculations also were
performed assuming a constant SW temperature of 120°F.

RCS Sensible Heat Addition. As described above, the time period over which stored energy in the RCS
and steam generator structures is released to the containment atmosphere is not specified in the
submittal. A 1-h release period was assumed in the baseline calculation. A sensitivity calculation was
performed assuming a 10-min release period.

Heat Structure Films. In the COPATTA analysis performed by the licensee, condensate on containment
structures is transferred to the sump immediately upon formation. The effects of film development and
drainage were not taken into account. In the baseline confirmatory calculation, condensate films were
allowed to develop and gradually drain to the sump as allowed in the default MELCOR models. However,
the effects of film conductance on structure heat transfer were examined in sensitivity calculations in
which the maximum film thickness was set to 10° mm (i.e., no film).

Heat Structure Surface Coefficient. Specific guidelines are not provided in the SRP for modeling
condensing heat transfer on containment structures to calculate peak (maximum) containment pressure.
However, a correlation by Tagami for the blowdown period of a LOCA and data by Uchida for the reflood
and post-reflood periods are recognized standards for this purpose. These coefficients were used in the
baseline confirmatory analysis as follows.

+ Blowdown period (0-14.9 s): A linear ramp from an initial value of 8 Btu/h-f>-°F to a maximum
value defined by the Tagami correlation.

hragam = 72.5 (Q/V t,)°% (1)
where
hmax= maximum blowdown coefficient
Q = primary coolant energy (Btu) (3.00E8 Btu including residual energy stored in the
pressurizer)

V= net free containment volume (ft%) (1.778€6 ")
to= time interval to end of blowdown (s) (14.9s)

e Reflood and post-reflood (14.9 s onward): An exponential transition to the Uchida correlation as
follows.

hlongterm = Nuchiga + (hTagami - hUchida)exp{'o-ozs(t'tp)} 2

where hyghiga = @ function of the air-to-steam mass ratio in the containment atmosphere.®

3Data for the Uchida coefficients are taken directly from Branch Technical Position CSB 6-1 (Rev. 2).



Time-dependent values for the atmosphere air-steam mass ratio and the Uchida surface coefficient are
calculated as part of the MELCOR model for the baseline LOCA calculation as shown in Fig. 3.1. A peak
value of approx. 325 Btu/h-ft*-°F (~1850 W/m?-K) resuits from this approach.

The blended Tagami/Uchida coefficients are used in several of the calculations listed in Table 3.1.
However, an alternate conservative approach also was taken; namely, the time-dependent values from
the Uchida correlation in Eq. (2) were replaced by a single, long-term asymptotic value of 5 Btu/h-ft>-°F
(~28 W/m?K). The resulting alternative transition from the Tagami peak value also is shown in Fig. 3.1.
These values are used in several of the sensitivity calculations.

Steel/Concrete Gap Conductance. An argument is posed in the licensee submittal and is examined in
one sensitivity calculation. The DBA calculation results presented in the submittal assume that an air gap
of 0.01 ft (0.12 in.) separates the steel containment liner from the outer concrete shell. This gap is
assumed to have an average conductance of 100 Btu/h-ft®-°F. This value also was used in most of the
confirmatory calculations. However, a value of 100,000 Btu/h-ft>-°F was used in a sensitivity calculation
to represent near-perfect contact between the steel liner and concrete wall. This calculation was per-
formed to confirm the statement made in the submittal that “by introducing an interface conductance of
100 Btu/hr-ft2-°F on the lined concrete heat sinks instead of assuming perfect contact, the peak con-
tainment pressure increases less than one per cent.”

Containment Leakage. The final parameter examined in the sensitivity calculations was containment
leak rate. All calculations except one assumed that the containment pressure boundary is leak tight. The
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effects of the maximum allowable leak rate® on the calculated peak pressure were examined in a sen-
sitivity calculation.

3.1.2. Baseline Results

The times of key events obtained from the baseline LOCA calculation are compared with the licensee
results in Table 3.2. The prompt increase in containment pressure associated with RCS blowdown
results in containment air cooler and containment spray actuation signals within 1 s of the pipe break.
ESF operation begins 52 s after the containment pressure high (CPH) actuation signal for the air coolers,
and 53.6 s after the containment pressure high-high (CPHH) signal for containment sprays®.

As indicated in Fig. 3.2, differences in calculated containment pressure signature following RCS blow-
down lead to differences in the predicted peak pressure and the time at which it occurs. The qualitative
trends in baseline confirmatory calculation and the licensee result are similar, but several quantitative
details differ. The peak pressure immediately following RCS blowdown is approximately 5 psi higher in
the MELCOR baseline calculation than the COPATTA result. More importantly, the subsequent rise in
containment pressure resulting from mass/energy addition during reactor vessel reflood and from the
residual energy released from RCS structures (refer to Fig. 2.1) is much smaller in the baseline calcu-
lation than in the licensee calculation. The peak pressures predicted in the two calculations are 57.7 psig
(COPATTA) and 53.3 psig (MELCOR baseline). Potential causes for this difference are examined in the
sensitivity calculations described in Sec. 3.1.2.

The containment temperature responses in the two calculations are compared in Fig. 3.3. Temperature
signatures are shown for the containment atmosphere as well as for water in the sump. Again, the quali-
tative trends are very similar. Differences in the quantitative results, particularly peak temperature, are
not as noteworthy as those for containment pressure. The peak temperature calculated in the MELCOR
baseline analysis is 278.6 °F compared with 291°F in the licensee analysis.

Table 3.2. Calculated Time of Key Events (Baseline LOCA).

Time (s) Time (s)
Licensee Baseline
Event Calculations | Confirmatory
Calculation
Pipe rupture, mass/energy release to 0.0 0.0
containment begins
CPH signal received—containment air 0.5 0.46
cooler actuation set point
CPHH signal received— containment 1.0 0.90
spray set point
End of blowdown period 14.9 14.9
Containment air coolers begin operation 52.5 52.5
Containment sprays begin operation 54.6 54.5
Containment reaches peak temperature 54.6 3616.
Containment reaches peak pressure 149.0 13.0
Switchover to spray recirculation 2707.62 2707.62
End of analysis 2.60x10° 1.0x10°

*The hole allowing 0.1% volume/day leakage is sized assuming that the containment is pressurized with air to the
proposed new design pressure (59 psig).
he delay times are specified in the submittal.
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Fig. 3.2. Containment Pressure (LOCA Baseline Calculation).

3.1.3. Sensitivity to Key Modeling Parameters

The modeling variables examined in the sensitivity calculations were described in Sec. 3.1.1. The results
of the sensitivity calculations are described below.

Sensitivity cases 3, 4, and 5 (see Table 2.1) examined the modeling parameters that influence peak
containment pressure following reactor vessel reflood, in particular, the following.

1. A faster rate at which residual stored energy in the RCS is assumed to be released
2. Neglecting the development and drainage of condensate films on heat structures
3. Reduced post-reflood structure heat-transfer coefficients

The containment pressure signatures generated in these three sensitivity calculations are compared with
the MELCOR baseline and licensee results in Fig. 3.4.

The pressure signature for the case in which liquid films on the containment structures are neglected (i.e.,
condensate is transported to the sump immediately as it forms) is nearly identical to that for the baseline
calculation. Changes in the other two parameters result in a noticeable change in the pressure history.
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Accelerating the release of residual RCS energy is not shown to increase the peak pressure, but it slows
the subsequent rate at which the containment depressurizes. Reducing the post-reflood containment
structure surface coefficients generates a noticeable increase in peak pressure. The peak pressure for
sensitivity case 5 is 58.4 psig, approximately 0.7 psi higher than the licensee result.

Sensitivity cases 3 and 5 also change the calculated peak containment temperature. As shown in

Fig. 3.5, a sharp increase in temperature occurs in the two sensitivity calculations; this is caused by an
imbalance between energy addition rates to the containment atmosphere and heat removal rates by ESF
operation and structure surface heat transfer.

Sensitivity cases 1 and 2 examined modeling parameters that influence containment response in the
intermediate period following switchover to spray recirculation, in particular, the following.

1. Degrading containment air cooler performance by assuming higher service water temperature
2. Reducing decay heat by assuming a reduced (i.e., the current) core rated power

The results from these cases are shown in Fig. 3.6. Neither case significantly alters the calculated con-
tainment pressure signature before switchover to spray recirculation, but the secondary peak in pressure
that occurs roughly 5 h (18,000 s) into the accident is reduced slightly at lower decay heat levels and is
increased slightly with degraded air cooler performance.
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Fig. 3.6. Containment Pressure (Sensitivity Cases 1 and 2).

From these sensitivity calculations (and the results of sensitivity case 7), bounding modeling assump-
tions were identified within the general SRP guidance. In particular, using the “alternate transition” to the
Uchida correlation generated a bounding value for peak containment pressure and temperature. As-
sumptions regarding the other parameters were found to be of secondary importance. The range of
containment pressure and temperature signatures generated by the alternative modeling assumptions
examined here is summarized in Figs. 3.7 and 3.8, respectively.

As discussed in Sec. 3.1.1, two final sensitivity calculations were performed to measure the effect of
containment leakage and perfect contact between the containment liner and concrete wall. The resuits of
these calculations are shown in comparison with the bounding case in Fig. 3.9. Accounting for contain-
ment leakage (at a maximum rate corresponding to the Technical Specification limit of 0.1%/day is shown
to have no effect on the containment pressure signature. On the other hand, perfect contact between the
liner and the concrete wall reduces the peak pressure by approximately 4%, a larger margin than that

mentioned in the submittal.

3.1.4. Summary of Loss-of-Coolant Accident Results

The results of the containment response analysis for the ANO-2 LOCA are summarized in Table 3.3.
Peak pressures are shown to span a range of +4% and peak temperatures span a range of 7% of the

mean values on this table.

"The calculated peak pressure from sensitivity case 7 is 58.2 psig; the peak temperature is 324°F.
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Fig. 3.7. Range of Containment Pressure Signatures in the Confirmatory Analysis.
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Fig. 3.8. Range of Containment Temperature Signatures in the Confirmatory Analysis.
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Fig. 3.9. Reduction in Containment Pressure from Bounding Case Resulting from Design
Basis l.eakage and Perfect Contact Between Steel Liner and Concrete Wall.

Table 3.3. Summary of Key Results: LOCA.

Variable B assg;n e Sens1 | Sens2 | Sens3 | Sens4 | Sens5 | Sens6 | Sens7 | Sens8
Ef:sksl?;”;gis?gnim 53.3 533 | 533 | 533 | 533 | 584 | 552 | 582 | 582
g;igté’;mh Peak 13.0 130 | 130 | 130 | 130 | 1485 | 1334 | 1485 | 1485
?g;';g&?;?;";"ﬁ;“ 2786 | 2805 | 2786 | 3006 | 2788 | 323.1 | 311.0 | 8242 | 3242
gg:;rast (‘g’)hiCh Peak 3616. | 3616. | 130 | 6155 | 3616. | 4805 | 4455 | 468.5 | 4685

Alternatively, the peak pressure and temperature resulting from the confirmatory analysis can be charac-

terized as follows.

Confirmatory Licensee

Analysis Analysis
Peak Pressure (psig) 55.9+25 57.7
Peak Temperature (°F) 301.4+22.8 291
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3.2 Main Steam Line Break

The confirmatory MSLB analysis is simpler than the LOCA analysis in several ways. The sources of
mass and energy to the containment were limited to the discharge of secondary coolant from the faulted
steam generator. Energy transferred from the RCS across the faulted steam generator tubes was
assumed to be accounted for properly in the licensee’s SGNIIl and RELAP5 analyses.? Heat transfer to
the containment heat structure was addressed directly through data correlated by Uchida; transitions from
one family of surface coefficients to another were not needed. Finally, the RCS inventory is not depleted
during an MSLB. Consequently, ECS operation is not required and sufficient RWT inventory is available
to operate the containment sprays in injection mode throughout the time period of interest to this analysis.

One effect of these simplifications from the LOCA analysis is fewer parameters to examine through sen-
sitivity calculations. Lessons learned from the LOCA calculations described in Sec. 3.1 also narrowed the
list of candidate parameters to examine for the MSLB analysis.

3.2.1. Modeling Variables

The baseline modeling approach for the MSLB analysis was the same as that described in Sec. 3.1.1 for
the baseline LOCA calculation with one exception. Heat transfer to containment structures is modeling
data by Uchida as tabulated in Branch Technical Position CSB 6-1 (Rev. 2). Sensitivity calculations were
performed to examine the effects of two variables, thickness of condensate film on structure surfaces and
structure surface coefficients. The baseline calculation is described in Sec. 3.2.2; the sensitivity results
are described in Sec. 3.2.3.

3.2.2. Baseline Results

The calculated times of key events in the MSLB sequence are compared with licensee results in
Table 3.4. The times at which containment air cooler and spray actuation is initiated are in good
agreement. However, the times at which peak pressure and temperatures occur differ for reasons
described below.

The calculated containment pressure response for the baseline MSLB analysis is shown in comparison
with the licensee result in Fig. 3.10. As in the baseline LOCA calculation, the qualitative pressure

Table 3.4. Calculated Time of Key events (Baseline MSLB).

Time (s) Time (s)
Licensee Baseline
Event Calculations | Confirmatory
Calculation
MSLB at 0% power, mass/energy release 0.0 0.0
to containment begins
CPH signal received—containment air 3.2 3.2
cooler actuation set point
CPHH signal received—containment 7.0 7.3
spray set point
Containment air coolers begin operation 33.2 33.2
Containment spray begins operation 45.6 45.9
Containment reaches peak temperature 45.6 20.3
Containment reaches peak pressure 196.6 178.1
End of analysis 400.0 400.0

8A described in Sec. 6.2.1.1.3.2.1 of the submittal.
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signatures are similar, but important quantitative differences are evident. First, the peak pressure in the
MELCOR baseline calculation is significantly lower than the licensee result (50.0 vs 57.7 psig). The knee
in the ascending pressure history is less evident in the MELCOR result than in the COPATTA result and
occurs at a different time. The reasons for the difference in peak pressure are examined in the next
section. The knee in the ascending pressure history occurs when superheat in the containment atmos-
phere is eliminated through operation of ESF systems. However, as indicated in Fig. 3.11, the amount of
atmosphere superheat reflected in the MELCOR baseline calculation is ~120°F less than that in the
COPATTA calculation. Consequently, the atmosphere returns to saturation conditions sooner in the
MELCOR calculation; the knee is smaller and occurs earlier.

Altering the modeling assumptions associated with structure heat transfer as described below can
eliminate these differences in results.

20 CONTAINMENT PRESSURE

Pressure (pslg)

—&— MELCOR
5 F — 8 — Entergy Anclysis

0 1 1 1 1 1 1 1 1 1

=50 S0 150 250 350 450

Time (sec)

Fig. 3.10. Containment Pressure (MSLB Baseline Calculation).
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Fig. 3.11 Containment Temperatures (MSLB Baseline Calculation).
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3.2.3. Sensitivity to Key Modeling Parameters

Two sensitivity calculations were performed to identify possible explanations for the differences in results
described above. In the first sensitivity case, the thickness of liquid films on containment structures was
set to 10° mm, effectively forcing condensate to be transported to the sump immediately upon formation.
As described in Sec. 3.1.1, this nonstandard approach to containment modeling in MELCOR was taken to
mimic a similar assumption made in the licensee’s COPATTA analysis. The second case examined the
effect of reduced structure surface heat-transfer coefficients. The basic formulation of the Uchida
correlation was not changed in this sensitivity case. However, the magnitude of the resulting surface
coefficients was decreased arbitrarily by a factor of 10.

The resulting containment pressure signatures are shown in comparison with the baseline result and the
licensee’s result in Fig. 3.12. Ignoring the presence of condensate films on containment structures is
shown to have no effect on the baseline results. However, the results of the second sensitivity case show
excellent agreement with the licensee analysis. A similar improvement in the calculated atmosphere
temperature response is shown in Fig. 3.13.

3.2.4. Summary of Main Steam Line Break Results

The calculated results for the MSLB analysis are summarized in Table 3.5. The baseline results that
result from the application of the SRP modeling assumptions (particularly values for surface heat-transfer
coefficients) are shown to be approximately 16% lower than those presented in the ANO-2 license
amendment request. A peak pressure consistent with the licensee analysis can be obtained by electing
the conservative modeling approach of reducing the Uchida heat-transfer coefficients by a factor of 10.
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Fig. 3.12 Containment Pressure (MSLB Sensitivity Calculations).
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Fig. 3.13 Containment Temperatures (MSLB Sensitivity Calculations).
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Table 3.5. Summary of Key Results: MSLB.

Variable BassglFi’ne Sens1 Sens2 Lli“;es’:;tese
E?:s"sﬁ,‘;"{;"s’;;“i"‘ 51.4 51.3 57.8 57.7
g&igt(‘gg?)h Peak 178.1 178.1 186.1 196.6
-';g;‘;,g:;?ﬁ;"ﬂl‘fm 286.4 283.8 360.0 398.
Time at which Peak 20.3 194 370 .

Qcceurs (sec)
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4. DISCUSSION OF RESULTS

Confirmatory calculations of containment response to two DBA events in ANO-2 were performed using
modeling assumptions consistent with guidance outlined in the SRP. In both cases, the confirmatory
analysis generated peak containment pressures and temperatures lower than those presented by the
licensee in their license amendment request. The difference in peak pressures is roughly 5% for the
large LOCA scenario and is considerably larger for the MSLB scenario (~16%). Several sensitivity calcu-
lations were performed to identify plausible reasons for these differences. Among the parameters that
were varied in these calculations, containment structure heat-transfer coefficients clearly stand out as
having the single largest influence on results. In the analysis of both DBA events, calculations of peak
pressures consistent with those presented by the licensee could be replicated by applying surface
coefficients significantly lower than those suggested in the SRP.

Although differences in results can be eliminated through more conservative modeling of surface heat
transfer, this does not necessarily identify the root cause of the differences in the results. Alternative
explanations may be possible but can only be investigated effectively through a cooperative effort with the
licensee.

5. CONCLUSIONS

The licensee analysis of DBAs in the ANO-2 containment was performed in two sequential steps: (1)
generate mass/energy sources to the containment resulting from a postulated DBA and (2) calculate the
resulting containment thermodynamic response. The confirmatory analysis described here focused
exclusively on the second step.

The confirmatory analysis of containment response clearly indicates that the peak containment pressure
and temperature during a design-basis LOCA or MSLB event are no greater than the proposed contain-
ment design pressure of 59 psig.
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B L e e T
** ANO-2 DBA CONTAINMENT ANALYSIS

*¥

**  MELCOR CALCULATION CONTROL INPUT

xx
** Reference: Entergy Letter 2CAN119903, dated Nov. 3, 1999

R R R R R A T A KT K E TR TR AR RN AR AR R IR R AT RRKEHE R AR AR A K Rk h kb ko
*

*eor* MELGEN
*

TITLE 'ANO-2 1-CELL CONTAINMENT'
.

OUTPUTFILE  ANO-2.GOU

DIAGFILE ANO-2.GDI
RESTARTFILE ANO-2.RST

*

NCG001 02 4
NCG002 N2 5

*
TSTART -10.

*
CRTOUT

*

AREKKXXXXXEXEXAY GEOMETRIC DATA ****rdsrrtarrxssnnss
r*i*f geom.dat

*

AXKKKKXKKKEXER** MATERTAL DRODS *** Xk xxddtkx axx s sk xx
r*i*f MP.dat

*

wkwkkHHhAHRARA MAGS/ENERGY SOURCE ****#%ssswnnkuhsss
** Sources as integral guantities (via TF)

r*i*f DEDLSint.dat

**rxi*f MSLBint.dat

r*i*f decay-ht.dat

«

KAk KRKAKXKRNNA* SDRAY OPERATION AX* R *AXXAXKARKAXXXRE
r*i*f SPRAY.dat
*

*hkkhRAAERRRAR* FAN COOLER OPERATION **A*x#*axsthhkx
r*i*f FAN.dat

*

**x* LICENSEE HEAT TRANSFER COEFFICIENTS ***¥xxxkx¥x
r*i*f HTC.dat

** ALSO: need to activate sensitivity coefficients in
*x MELCOR input below to zero out pool surface
wx heat transfer

P R T )

*x#xx%x TRACK PEAK VALUES

*

** peak Pressure

c£50100 new-gt-old L-GT 2 1.0 oO.
c£50101 .TRUE.

cf£50110 1.4504E-4 -14.7 CVH-P.100

o
*

TRUE if p .gt. old max

*

current pressure (psig)

cf50111 1.0 0.0 cfvalu.502 * previous peak

*

c£50200 Peak-P L-A-IFTE 3 1.0 0.0 * Peak containment pressure
c£50210 1.0 0.0 cfvalu.501 * if new .gt. old

c£50211 1.4504E-4 ~-14.7 CVH-P.100 * then peak is current value (psig)
c£50212 1.0 0.0 cfvalu.502 * else peak is old value

*

c£50300 Time-at-Peak L-A-IFTE 3 1.0 0.0 * Time peak pressure OCCuxs
cf50310 1.0 0.0 cfvalu.501 * if new .gt. old

c£50311 1.0 0.0 TIME * record time of peak
cf50312 1.0 0.0 cfvalu.503 * else time unchanged

*

** pPeak Temperature
c£50400 new-gt-old L-GT 2 1.0 0.0
cf50401 .TRUE.

*

TRUE if p .gt. old max

cf50410 1.8 -460. CVH-TVAP. 100 * current temperature (F)
cf50411 1.0 0.0 cfvalu.505 * previous peak

*

cf£50500 Peak-T L-A-IFTE 3 1.0 0.0 * Peak containment atm temperature
c£50510 1.0 0.0 cfvalu.504 * if new .gt. old

cf50511 1.8 -460. CVH-TVAP.100 * then peak is current value (F)
c£50512 1.0 0.0 cfvalu.505 * glse peak is old value

*

¢£50600 Time-at-Peak L-A-IFTE 3 1.0 0.0 * Time peak temp occurs

cf£50610 1.0 0.0 cfvalu.504 * if new .gt. old

cf50611 1.0 0.0 TIME * record time of peak

cf50612 1.0 0.0 cfvalu.506 * else time unchanged

*

D R R R R R e T L L

* TIME ADVANCEMENT *

L L e R g R R s

*eor* MELCOR
*

TITLE 'ANC-2 1-CELL CONTAINMENT'

CRTOUT
OQUTPUTFILE ANO-2.0UT
DIAGFILE ANO-2.DIA

RESTARTFILE ANO-2.RST
MESSAGEFILE ANO-2.MES

PLOTFILE ANO-2 . PTF

.

CPULEFT 20.0

CPULIM 1.00E+06

RESTART -1

TEND 100000. * LOCA

*TEND 400. * MSLB

»

* DIME DIMAX DIMIN  DTEDT 3 DTRST
TIMEL -10.0 0.1  1.00E-08 10.0 0.1  3600.0
TIME2 -1.0  0.001 1.00E-08 5.0 0.1 3600.0
TIME3 1.0 0.001 1.00E-08 15.0 0.5 3600.0
TIME4  15.0 0.01 1.00E-08 600.0 1.0 3600.0
TIMES 150.0 0.1 1.00E-08 600.0 2.0 3600.0
TIME6 200.0 1.0 1.00E-08 3600.0 5.0 3600.0
TIME7 2000.0 2.0 1.00E-08 36000.0 10.0 36000.0
TIME8 10000.0 5.0 1.00E-08 36000.0 60.0 36000.0

%

** gensitivity coefficients to zero out pool (sump) surface heat transfer
** (for cases where NUREG-0800 HTC values are being used)

% .

SC00001 4407
$C00002 4407

0.0 reset 4407(2) to
0.0
5C00003 4407 0.0
0.0
0.0

0

reset 4407(3) to 0

reset 4407(5) to 0.

§C00004 4407 0
§C0000S 4407 0

*

PR Y

reset 4407(6) to
reset 4407(9) to

~NU e Wl

** Heat Structure maximum liquid film thickness
*SC00007 4251 1.B-9 2 * change default value of 0.0005 m



R L R R R R R R R L L)
** ANO-2 DBA CONTAINMENT ANALYSIS

*x

** Geometric configuration data
*x

** Reference: Entergy Letter 2CAN119903, dated Nov. 3, 1999
HR R AR KRR R KRR KRR KRR A AR AR AR AR AR R AR AR AR AR AR Ak Rk bk ek e A d e ndh
*

Tk kkkkRX XXX AR XE® CONTROL VOLUMES * XXX A AKX KK A KRR A Ak *

CVTYPEOl ‘contain'

CVTYPEO8 'RWT'

CVTYPEOS 'environ'

*

CVv10000 ‘containment’ 2 1 1 * Non-Equilibrium thermo
Cv10001 0 0

CV100Aa0 3

CV100B1 0.0 0.0

cv10082 52.2732 43848.6 * cylinder free vol
CV100B3 63.5508 50347.3 * total free volume (1.778E6 ft~3 [Table 6.2-
7))

Cv100al1 VPOL 0.0

CV100A2 PVOL 110315.2 * 16.0 psia [Table 6.2-8F]
*CV100A2 PVOL 508139.4 * new design pressure: 59 psig
CV100A3 TATM 333.3 * 140 F

Ccv1i00a4 RHUM 0. * {Table 6.2-8F)

CV1i00AS5 MLFR.4 0.21

CV100A6 MLFR.S 0.79

*

Cv99900 ‘environment ' 2 1 9

cve9so1 0 -1

CV999a0 3

CV999B1 0.0 0.0

CvV999B2 100. 10.0

Ccv999al VPOL 0.0

CV999Aa2 PVOL  101352.1 * 14.7 psia

CV999A3 TATM 305.5 * 90 F [Table 6.2-8F]
Cvo99ad RHUM 0.0 * [Table 6.2-8F)
CV999aS5 MLFR.4 0.21

CV999Aa6 MLFR.S 0.79

»

KRKER KKK KRR REXXE PLOW DATHS AFXRANNKKKKKXRXKRRRR
*

FL99900 'leakage’ 100 999 1. 1.

*FL99901 0.881E-5 1.0 1.0 * 0.1% vol/day @ design pres.

FL99901 0.881E-5 1.0 0.0 * Open fraction = 0.0 DBA leakage [Table 6.2-
8F]

FL99902 3 0 0 0

FL99903 0.0 0.0 1.0 1.0

FL99904 0. 0.

FL999sS0 0.881E-5 1.0 0.00164

*

KEXKAKKKRAK KRN N*% HPAT STRUCTURES ****XX*xasnhsx
b [Table 6.2-8D]

*

HS10001000 12 1 0

*

12 nodes / rectangular geom

HS10001001 'Type B wall-dome’

HS10001002 0.0 1.0 * base at basemat / vertical
HS10001100 -1 1 0.0 * specify node locations (ref=0.0)
HS10001101 0.0001524 4 * 0.0005 ft

HS10001102 0.0065024 7 * +0.0208333 ft
