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QUESTIONS

06.02.01-12
RAI 6.2.1.1-1

a. Steam Line Break Calculations (FSAR Section 6.2.1.1.3)

1. Only one power level (50 percent) was investigated in the large span
between 20 percent initial power level and 80 percent initial power level.
This analysis at 50 percent initial power level produced the limiting
temperature and pressure for the design of the U.S. EPR containment.
Perhaps the peak containment pressure and temperature lie at an
intermediate power level. Provide additional analysis for double ended
main steam line breaks at intermediate power levels so that the power
level producing the most severe containment results may be identified.

2. Section 6.2.1.4.1.3 states that emergency feedwater flow to the affected
steam generator is assumed to be terminated 30 minutes
(1800 seconds) after the break by the plant operators.
Figures 6.2.1-34 and 6.2.1-35 provide containment pressure and
temperature analyses for only 500 seconds. Since there are no
active safety systems to provide containment atmospheric cooling
at EPR, extend the containment analysis until steam flow from the
postulated main steam line break is terminated.

3. For the spectrum of main steam line breaks analyzed, the calculated
containment vapor temperature for some cases exceeded the specified
containment design temperature of 338°F. Explain why exceeding the
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design temperature is acceptable. Provide

appropriate COL interface requirements (COL Information Item)

for instrumentation within the containment so that adequately qualified
equipment may be installed.

b. Negative Containment Pressure Analysis (FSAR Section 6.2.1.1.1)

1.

Section 6.2.1.1.1 lists five potential events which cause negative pressure
across the containment wall. So that the staff may perform a review,
provide a complete description of the calculation which was performed

in each case including the assumptions and justification that the
assumptions and methodology are conservative for containment analysis.
For example, for the post accident cooldown scenario, the leakage of air
from the containment before isolation should be evaluated and the details
of the evaluation should be described in the response.

A sudden containment temperature reduction is said to produce the
largest negative pressure of 2.92 psi which is said to be within the
external design of the building. Provide the maximum negative
differential pressure that would be within the structural design of the
reactor building and provide reference to the FSAR section where the
structural design is described.

c. Containment Atmospheric Mixing and Heat Transfer Modeling (FSAR
Section 6.2.1.1.3)

1.

Describe and justify the heat transfer correlations that are used with the
GOTHIC containment building model to describe heat transfer to the
containment heat structures following a LOCA. For both LOCA and
MSLB calculations describe and justify the differences in assumptions for
heat transfer coefficients between vertical and horizontal surfaces within
containment.

Provide an analysis of IRWST pool stratification following a large break
LOCA and include the following information.

i. Justify that the assumptions made for pool surface temperature in
calculations of atmospheric heat transfer to the pool are conservative.

ii. FSAR Figures 3.8.2 and 6.3-5 appear to show a vertical partition
bisecting the IRWST. The IRWST drawings in ANP-10293 do not
appear to show such a partition. Describe the function of the partition
and its effect on IRWST mixing.

iii. FSAR Figures 3.8-11, 3.8.12 and 3.8.13 seem to show that the section
of ceiling over the IRWST which is under the pressurizer is about
three feet lower than the rest of the IRWST ceiling. Discuss the effect
of the lowered ceiling area on heat transfer to the IRWST surface in
particular for raised post-accident IRWST water levels.
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3. The Containment Building is separated into a central portion containing

the reactor system and a peripheral lower temperature portion containing
equipment. Separation is accomplished by compartment walls, foils,
doors, and dampers. The foils are located above the steam generator
compartments and are designed to open at a fraction of a psi. The doors
and dampers located at lower elevations and must also open to avoid
stratification so that steam flowing to the containment dome can circulate
down the containment walls to reach the heat structures an the
containment lower elevations. The doors and dampers are designed to
open at various pressures from a few psi to greater than 13 psi. The staff
is concerned that the foils above the reactor system will open and cause
pressure to be equalized throughout the containment building. With the
pressure equalized the doors and dampers needed to promote circulation
and prevent stratification may not open. Provide justification that
sufficient compartment dampers and doors will open and to discuss
impact on containment circulation if only a portion of the dampers and
doors are open following a LOCA or a main steam line break accident.

1) Describe the testing program by which the opening characteristics of
the foils, doors and dampers assumed in the analyses will be verified.

2.)In the absence of containment atmospheric sprays and fan coolers,
the containment internal heat structures (heat sinks) play a vital role in
removing steam from the containment atmosphere following a high
energy line break within containment. The expected heat sink
inventory is given in FSAR Table 6.2.1.5. Describe the pre-operational
inspections which will be performed to ensure that the heat sinks given
in Table 6.2.1.5 are present in the as built plant.

3.)Section 6.2.2 of the FSAR contends that long-term hydrogen mixing
experiments at the Battelle Model Containment (BMC) facility show that
adequate containment mixing will occur under post-LOCA conditions
at EPR. At BMC flashing of superheated liquid in the containment
sump was reported to be the agent for containment mixing. FSAR
Section 6.2.1.1.3 describes how following a LOCA subcooled water
spills out of the postulated break on to the heavy floor and into the
IRWST promoting steam condensation. The staff does not understand
how the same water source can provide both heating and cooling.
Describe this process in greater detail and provide justification that the
processes which occurred at the test facility will occur at EPR. Provide
a scaling analysis of the BMC and EPR containments to demonstrate
that it is appropriate to apply BMC test results to the EPR.

d. Containment Compartments and Flow Paths (FSAR Section 6.2.1.1.2)

1.

Additional Flow Paths

From examining FSAR Figures 3.8-1 through 3.8-13, the NRC staff is
concerned that significant flow paths might have been omitted form
Table 6.2.1-07-3. For example: The vertical grating openings from UJA
rooms 15-003 to 18-003 (elevation +30.77 ft) and from 23-003 to 29-003
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(elev +64.8 ft) are included in Table 6.2.1-07. There should also be
openings from room 11-003 to 15-003 (elev +17 ft) and from 18-003 to
23-003 (elev +45 ft) because the steam generator rooms form a vertical
stack. We believe that the flow paths described in the attached Tables 1
and 2 may exist. Provide data for elevation, opening type and area for
these flow paths or provide justification that the flow paths do not exist or
are insignificant. For initially closed doors, flaps and dampers provide the
differential pressure required to open.

Room volumes:

The Reactor Building rooms of US-EPR are identified in FSAR

Figures 3.8-1 through 3.8-13. Table 6.2.1-07-02 of RAI 6.2.1 lists the
elevation and free volumes of these rooms. The staff could not find UJA
rooms 15-026, 15-027, 18-026, 18-027, 23-026, 23-027, 29-025 and
29-026 from the Chapter 3.8 figures on the table. Does AREVA believe
that these rooms will not affect the results from multi-noded containment
analyses of design basis accidents? If not, provide information for these
rooms similar to that of Table 6.2.1-07-02 including the associated
containment heat structures. Otherwise, the staff will leave them out of
the multi-noded containment model which we are building.

Opening direction of doors:

The pressure differentials required to open the doors between the

UJA rooms in FSAR figures 3.8-1 through 3.8-13 are identified in

Table 6.2.1-07-03 of RAI 6.2.1. Should the staff assume that the doors
are able to open only to positive direction (one-way opening), or should
we model the doors as opening to both directions? If the doors are
capable of opening in the reverse opening direction provide the reverse
opening pressures.

Table 1. Continuously open connections.

From room To room
07017 04002
04003 07016
04004 07019
04005 07022
04006 07023
04012 07012
07012 11012
07013 11020
07017 11022
07018 07014
07020 07023
07020 07028
07021 07027
07022 07021
07023 11024
07024 07020



07024 07022
07024 07027
07026 07023
07026 11024
07028 07027
07028 07027
07028 11023
07029 07026
07029 07028
07029 11024
11002 11003
11002 15002
11003 15003
11004 11005
11004 15004
11005 15005
11006 11007
11006 15006
11007 15007
11008 11009
11008 15008
11009 15009
11010 15010
11012 15012
11013 15013
11014 11013
11014 15014
11015 11016
11015 15015
11016 15016
11019 15019
11019 15018
11021 15025
11021 11002
11021 11023
11021 07021
11022 11023
11023 07028
11024 11009
11024 11023
11031 11025
11031 11026
11032 11027
11032 11028
15001 15017
15010 18010
15011 18011
15012 18012
15013 15014
15013 18013
15014 18014



15015 15016
15015 18015
15016 18016
15018 15019
15018 18018
15019 18019
15020 15021
15023 29013
15026 18026
15027 18027
18002 18003
18002 23002
18003 23003
18004 18005
18004 23004
18005 23005
18006 23006
18007 18006
18007 23007
18008 23008
18009 18008
18009 23009
18010 23010
18011 23011
18012 23012
18013 18014
18013 23013
18014 23014
18015 18016
18015 23015
18016 23016
18018 18019
23002 23003
23004 23005
23006 23007
23009 23008
23010 29023
23011 29011
23012 29012
23013 23014
23014 29023
23015 23016
23017 11003
23018 11008
23019 29019
23042 23014
29003 29004
29003 34003
29004 29005
29004 34004
29005 34005



29006 34006
29007 29006
29007 34007
29008 29007
29008 34008
29011 34011
29012 34012
29013 40001
29016 40001
29013 29016
29014 29018
29014 34014
29015 34015
29019 34019
34003 34004
34003 23017
34004 34005
34007 34006
34008 34007
18025 18013
15014 15026
15015 15027
34020 29020
34021 29021
34018 23018

Table 2. Doors.

From room To room
07019 07018
07026 07023
07027 07022
07028 07024
11019 11018
11021 11013
11031 11014
11032 11015
15014 15026
15015 15027
15020 15013
15024 15001
15025 15013
15026 15014
15027 15015
18002 18025
18014 18026
18015 18027
18025 18013
23002 23020
23009 23031
23014 23026



23015 23027
23017 23026
23042 23014
29022 29015
34014 34018
34020 34014
34021 34015

06.02.01.02-1

a. Conservativeness of Differential Pressure Calculations (Relates to SRP
Section 6.2.1.2)

Provide the following information concerning the subcompartment differential
pressure calculations:

1.

Provide additional justification that the use of the homogeneous
equilibrium model (HEM) is conservative for the prediction of break flow
for subcompartment analysis. The response to RAI 6.2.1-08 states that
the results of an EPRI study concludes that for L/D>1.5, HEM shows
good agreement with test data. Provide a comparison of the L/D for the
assumed breaks in the EPR subcompartment analyses with those of the
test series to show that the postulated break locations for EPR fall with
the range of data from which the EPRI observations were made and show
that use of HEM is conservative.

The operating temperature used for the SIS/RHR line is 77°F, a rather
low value. See FSAR tables 6.2.1.10 and 6.2.1.15. Provide justification
that this low assumed operating temperature is conservative for the
calculation of break mass and energy to be used in the pressurization
analyses of the associated subcompartments.

Not all subcompartments with high energy lines were considered in the
for pressure evaluation. Only those that were calculated to undergo the
highest concentrated loading conditions in FSAR Chapter 3 were
evaluated. Justify the omission of other subcompartments with high
energy lines. What would be the consequences if the design pressure
were exceeded in these subcompartments?

The initial conditions (e.g., containment pressure, temperature, relative
humidity) at the receiving node and surrounding nodes were said to be
imposed to maximize the resultant differential pressure across the
affected node. All initial conditions for each subcompartment were not
presented. Table 6.2.1-4 in FSAR Tier 2 lists the overall containment
initial conditions. Section 6.2.1.1 (page 6.2-3), states that the initial
pressure for subcompartment transient differential pressure analysis

is 14.7 psia, which is consistent with the pressure at time zero in
Figures 6.2.1-5 through 6.2.1-9. The selection of initial conditions should
maximize the calculated differential pressure. Justify that this was done
and provide the initial conditions for all subcompartments analyzed.
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The evaluation of subcompartment pressure is dependant on the input
coefficients of inertia and the flow loss coefficient. Provide and justify the
method by which the flow and inertia coefficients were chosen. Values
of 1.5 were used for the flow loss coefficients. Page 225 of the 1994
Handbook of Hydraulic Resistance by ldelchik indicates that the
coefficient varies with the length to diameter ratio of the hole and is
between 2.85 and 1.55. Provide sensitivity studies showing the effect

on subcompartment pressure to uncertainty in flow loss coefficients and
provide justification that the approach taken is conservative.

A Nodalization sensitivity study was performed by dividing each critical
room circumferentially in four nodes. According to the sensitivity analysis,
the circumferential nodalization affects the local peak pressure by several
psi. NUREG-0609 Chapter 3.2.2 recommends that the subcompartments
be analyzed by subdividing them into a number of control volumes or
nodes. Provide additional noding sensitivity studies including the effects
of axial and radial noding. Discuss how the compartment pressure
variations within will be included in the Chapter 3 loading evaluations and
justify that this representation is conservative. Provide the sub-node
volumes and flow path inputs used in the noding sensitivity studies.

Provide and justify to be conservative the heat transfer assumptions that
are used in the GOTHIC models for subcompartment analysis.

The last paragraph of FSAR (Rev. 0) Section 6.2.1.2.2 (page 6.2-10),
describes that the vent paths considered in the subcompartment analysis
include open doors as well as grates and through wall openings. It is also
stated that the effects of vent areas that become available after the
occurrence of a pipe break are specifically noted and conservatively
treated. Provide more details about how this is done. Tables 6.2.1-11
through 6.2.1-14 show all doors to remain closed in the analyses of
critical subcompartments. Are any foils or dampers considered in the
subcompartment analyses? If so their theatment should be described.
Descibe the treatment of initially closed vent paths for the remander of the
subcompartments that were analyzed as shown in Table 6.2.1-10.

FSAR Tables 6.2.1-11 through 6.2.1-14 indicate that the large lumped
volumes are connected by doors to the break volume and that these
doors remain closed. With only the smaller volumes considered in the
analysis, one would expect pressures in the remaining volumes to trend
upward as the blowdown continues. Figures 6.2.1-5 through 6.2.1-9
indicate that once the initial inertial spike is passed that the pressure in
the break volume approaches a constant value. Describe the processes
within the GOTHIC code which mitigate the pressure increase and justify
that the analysis is conservative for determining subcompartment
differential pressures.

Maximum calculated accident pressures are strongly affected by the area
of the connecting vent paths. Describe the preoptional measures,
inspections, ITAAC etc., that will be taken to ensure that the as-built
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subcompartments are consistent with the assumptions made in FSAR
Section 6.2.1.2.

b. Subcompartment Pressure Loads (Relates to SRP Section 6.2.1.2)

1.

06.02.01.03-1

FSAR Tier 2, Table 6.2.1-10 shows “accident pressures” for critical
subcompartments but not for all listed rooms. The values shown differ
from calculated pressures in FSAR Tier 2, Figures 6.2.1-5 through
6.2.1-9. What is the relation between “accident pressure” and calculated
pressure? Provide the pressures calculated for all subcompartments and
the pressures that are utilized in the compartment loading analyses of
Chapter 3.

For each subcompartment for which the pressure response to a high
energy pipe break was calculated, provide a comparison of the calculated
subcompartment pressure with the maximum pressure allowed by the
subcompartment design and justify that sufficient margin is available.

The subcompartment pressure analyses shown in FSAR Figures 6.2.1.5
through 6.2.1.7 show considerable variation in the peak pressure around
the compartment circumference. Discuss how the pressure variations in
both time and location are considered in the Chapter 3 loading
evaluations and justify that this treatment is conservative.

FSAR Page 3E-11, states that “the upper portion of the of the SG/RCP
wing wall and SG separation wall are subject to a sub-compartment
pressurization load of 20 psi.” However, the calculated accident
pressures in FSAR Tier 2, Table 6.2.1-10 in room UJA29-004 is

31.07 psia, which results in 16.4 psi pressure load assuming atmospheric
pressure on the other side of the wall. Page 6.2-12 (FSAR Tier 2), states
that a factor of 1.4 is used in peak pressure predictions which results in
23 psi pressure load in this particular subcompartment. The calculated
pressure is somewhat higher than that used in the design of the
structures. The design pressures of the subcompartment and how they
are applied to the compartment load analyses should be clarified.

RAI - 6.2.1.3-1 (Relates to FSAR Section 6.2.1.3, Mass and Energy Release
Analyses for Postulated LOCASs)

a.

The initial reactor power level for the LOCA mass and energy release
calculations is 4612 MWH1, which is the rated thermal power level plus a
calorimetric uncertainty. The uncertainty is given in FSAR Tier 2,
Section 6.2.1.1.3 as 0.5 percent. Describe how the 0.5 percent
calorimetric uncertainty was established and justify that it is conservative
for containment analysis. What uncertainties were considered in the
uncertainty analysis? What values were used for the uncertainties?
How were the uncertainties combined? Describe the interface
requirements (COL Information Item) which will be transmitted to COL
applicants to ensure that the assumed power uncertainty is maintained
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for the as-built plant.

Describe how reactor shutdown was calculated in the RELAP5 code.
Was control rod entry assumed? If so provide or reference the evaluation
that the control rods would insert against the forces generated by a large
break LOCA. Was a stuck control rod assembly assumed in the
calculations? What was the worth of the assembly?

Provide an evaluation of the effect of chugging in the reactor core on the
mass and energy release rate. Provide the change in the steam release
rate to the containment in case of a DEG hot leg break and a DEG pump
suction break if chugging is eliminated from the calculations (core flow is
assumed to be smooth).

Page vii of BAW -10252 states that the models and methods described
therein follow the guidance of NUREG-0800 (SRP Section 6) where
appropriate. Provide a comparison of the assumptions used in the LOCA
mass and energy release calculations with the acceptance criteria listed
in SRP Section 6.2.1.3. If the acceptance criteria were not followed
include a description of assumptions used to replace the SRP criteria and
provide justification that they are conservative for containment analysis.

Table 6.2.1-1 provides a summary of the assumptions for the various loss
of coolant accidents evaluated for the containment. Table 6.2.1-20
identifies the mass and energy results from a cold leg pump discharge
break as long-term Case B. The staff could not find long-term Case B on
table 6.2.1-1. Provide the assumptions used in this analysis.

Table 6.2.1-23 gives the end of core reflood as 3957 seconds for a
double-ended hot leg break and 4000 seconds for double-ended breaks
in a cold leg pump suction or discharge. These reflood times are longer
than the staff is familiar with for operating plants. Generally short reflood
times are conservative for containment analysis since energy is
transferred to the containment at a faster rate. Provide the criteria that
are used to determine the end of reflood for the US-EPR. Discuss the
relationship of the reflood calculation to core quench as discussed in
SRP 6.2.1.3 and justify that the results are conservative.

For the limiting hot and cold leg breaks provide the temperature history of
the reactor system and secondary system components to indicate that the
sensible heat from the reactor system and steam generators is being
accounted for and is conservatively removed by the calculation. Provide
initial values, those at the end of blowdown, those at the end of reflood,
those at the time of peak pressure, those at the time of the switch
between the RELAP5 and GOTHIC analysis and those at the end of

24 hours. Provide the assumptions made for heat transfer between the
primary medal surfaces and the fluid within the reactor system that are
used in the RELAPS5 analysis. The staff requests similar heat transfer
information for the GOTHIC reactor system model under item “m” of this
RAL.
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Section 6.2.1.3.3.2-d of the FSAR for Midland indicates that complete
steam condensation as a result of the mixing of steam and water flowing
together in a pipe should not be assumed below a threshold velocity as
determined by test data. Describe and justify the threshold velocity model
that is used in the RELAP5 and GOTHIC mass and energy models to
determine steam and water mixing within the reactor system of US-EPR
following a LOCA.

The EPR is equipped with four trains of safety injection. These are
cross-connected so that trains 1 and 2 interconnect and trains 3 and 4
interconnect. If the break is in the loop fed by train 1, train 2 undergoes a
single failure and train 3 is out for maintenance trains 1 and 4 would be
available to deliver ECCS water to the core. The water injected into

loop one might be lost from the break but by the cross-connects all

loops would be fed. If the failure were in train 4, train 3 was out for
maintenance and train 2 were operable then only loops 1 and 2 would

be fed with ECCS. For double ended breaks of the hot leg and at the
reactor coolant pump suction and discharge evaluate various single
failure possibilities for the safety injection trains to identify the worst case.

One factor which might affect the steam release from the reactor system
is the filling of low points in the cold leg piping at the pump suction (loop
seals) in the intact cold legs following a large cold leg break. With the
intact loop cold legs plugged with water all steam from the core might exit
from the break without mixing and being condensed with the ECCS water.
The loop seals might be filled during the course of the accident by back
flow of ECCS water at the pump discharge or by entrainment of liquid
from the core through the steam generators. Provide an evaluation of the
potential for and the effect of loop seal filling on the steam release to the
containment following a postulated break at the reactor system pump
suction.

Provide the noding diagrams for the RELAP5 simulation of the reactor
system used to predict mass and energy release from large hot and cold
leg breaks. Justify the noding selected is adequate.

At a time between 5000 seconds and 11000 seconds, depending on the
break, location the mass and energy release calculation is switched from
RELAPS to a one node GOTHIC model. Describe the switching criteria
used to determine the time of solution transfer between the RELAP5 and
GOTHIC models. Describe the precautions taken to ensure that energy
is conserved between the two models at the time of the switch.

. Provide a complete description of the GOTHIC models used to predict the
long-term mass and energy releases for a large hot leg, cold leg pump
discharge and cold leg pump suction models. Describe the location of
reactor system heat structures for each break location as to whether they
are wetted or not. Justify the heat transfer options used with the wetted
and unwetted structures. Describe and justify the reactor core two-phase
level swell model that is used.
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For all break locations the steam flow from the break is eventually
predicted to reach or approach zero in the GOTHIC simulation. The staff
does not understand how the steam release could ever be zero for a
break at the reactor coolant pump suction. Provide justification that the
GOTHIC model is accurately evaluating the steam and water flow and
condensation phenomena within the reactor system.

As cooler water is injected into the cold legs during the long term
post-reflood phase, the flow of vapor from the break may reverse so that
the containment atmosphere is drawn into the reactor system. Consider
the case of a double ended pump suction break. Demonstrate that
reverse flow at the reactor vessel side of the break will not cause
non-condensables to be drawn in from the containment so that the steam
condensation effectiveness at the SIS injection locations is reduced.
Under these conditions a greater than expected fraction of steam might
flow directly to the containment through the steam generator side of the
break than predicted if the effect of non-condensables were not modeled.

Provide justification for decreasing the core decay heat multiplier from
1.2 to 1.1 in the mass and energy release calculations for the long term
post reflood phase.

RAI - 6.2.1.4, Conservativeness of the Secondary System Break Mass and
Energy Release Calculations (Relates to FSAR Section 6.2.1.4 and SRP
Section 6.2.1.4)

a.

Describe how energy stored in secondary system metal (steam generator
vessel, tubing, tubesheets, steam line, feedwater line) was treated in the
mass and energy release calculations. Describe the heat transfer models
that were used and justify that they are conservative. Was nucleate
boiling heat transfer used below the two phase level in the affected steam
generator? If a different heat transfer model was used, justify that use of
the model is conservative.

Identify the break discharge model (HEM, Moody, others) and discharge
coefficient that was used for the main steam line break analysis and
justify that the assumptions are conservative for containment analysis.

What decay heat model was used? BAW-10252 states that for main
steam line break analysis that the 1971 ANS model is used with a decay
heat multiplier of 1.0. Provide justification that the model is conservative
for containment analysis.

From BAW-10169 which is referenced, it is understand that a stuck
control rod assembly was assumed in the calculations. Verify that that
was the case. The effect of a stuck control rod may be a return to power
within the reactor core which may increase the energy available to be
released to the containment. Show the effect of the stuck control rod on
reactor power by providing a plot of reactor power for the limiting case
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and justify that the reactor power calculated by RELAPS5 is conservative
for MSLB mass and energy release calculations.

So that the NRC staff may perform additional confirmatory containment
analyses provide mass and energy release data for the double ended
steam line break cases with 20 percent and 80 percent power.

FSAR Section 6.2.1.4.1.2 states that during periods when liquid
entrainment out of the break is predicted by RELAPS5, that the energy

of the fluid is set to saturated steam. Provide more detail of how this is
done. Were code modifications made? If so, the modifications should be
described and justified.

For the postulated double ended break of a steam line at 50 percent
power provide the energy and mass content of the primary system metal
and fluid and the secondary system metal and fluid at the beginning of the
accident and at the end of the blowdown.

FSAR Section 6.2.1.4.3.3 states that the volume of water in the
unisolated section of main feedwater piping is considered small and

is not significant for containment analysis and therefore not considered.
Provide additional justification such as comparing the unisolated
feedwater mass to the total mass of the affected steam generator.

FSAR Table 6.2.1-22 which provides the mass and energy flow from the
limiting main steam line break shows an initial flow of 7956 Ibm/sec of
steam which increases to 13691 Ibm/sec at 5 seconds. Since steam
pressure will be greatest at the beginning of the event, describe the
mechanisms by which the calculated steam flow is lower at the beginning
of the event and justify that this treatment is conservative.

FSAR Section 6.2.1.4.2 states that the RELAP5 code was used to
determine the mass and energy released during the blowdown. If other
methodology was used to determine the mass and energy release after
the blowdown period, describe this methodology and justify that it is
conservative for containment analysis.

Postulated feedwater Line Break Accidents were not addressed in FSAR
Section 6.2.1.4. Provide evaluations of the containment consequences of
postulated feedwater line break accidents.

FSAR Section 6.2.1.4.2 states that the RELAP5 code was used to
determine the mass and energy released during the blowdown. Provide
a diagram of the RELAP5 noding diagram and justify that it is appropriate
for EPR MSLB analyses.

a. Instead of the conservative heat transfer coefficients recommended by BTP 6-2 the
minimum containment pressure analysis for the US-EPR realistic LOCA used heat
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transfer coefficients that were 1.7 times the Uchida correlation which were
benchmarked against 1.0 times the Tagami correlation and then 1.2 times the
Uchida correlation. These were described as best estimate. Provide: 1.)
Justification that the heat transfer correlations selected for the EPR minimum
containment pressure analysis are indeed best estimate and 2.) Provide the basis for
the uncertainty in these coefficients so that these uncertainties may be applied in the
realistic LOCA calculations.

FSAR Section 6.2.1.5.2 states that inside the containment, the IRWST water
temperature is expected to be at the containment temperature of approximately
60°F, but could range as high as 120°F, which is the Technical Specification
maximum value. The realistic large break LOCA methodology uses the value of
120°F for the minimum containment pressure calculation. Provide justification for the
apparently non-conservative value selected for IRWST temperature.

According to FSAR Tier 2, Section 6.2.1.5.3, the passive heat sinks and thermo-
physical properties were derived in accordance with Branch Technical Position 6-2,
“Minimum Containment Pressure Model for PWR ECCS Performance Evaluation.”
The BTP states that the data on passive heat sinks was compiled from previous
reviews and used as a basis for the simplified model which it contains. This
simplified model is stated to be acceptable for minimum containment pressure
analyses for construction permit applications until a complete identification of
available heat sinks can be made. Table 6.2.1.5 of FSAR Tier 2 (Containment heat
sink inventory), shows the heat sink components, including their material, thickness
and areas for EPR in detail. The staff further understands that the heat sink
inventory for EPR is greater than that of operating plants. To demonstrate that the
BTP containment heat sink inventory is conservative for EPR minimum containment
pressure analysis, provide the results of a sensitivity study of the minimum
containment pressure for which the heat sinks of Table 6.2.1.5 are used in place of
those in the BTP.

Provide an evaluation of the effect of containment atmosphere leakage though
containment openings before isolation including equipment and personnel hatches.
What would be the effect of such leakage on the minimum calculated containment
pressure calculation?

The staff understands that a realistic model as discussed in 10 CFR 50.46(a)(1)(i) is
used to evaluate ECCS performance for EPR and that this model is used to provide
the mass and energy release for the minimum containment pressure analysis.
Section 6.2.1.5.1 of the FSAR states that the mathematical model that calculate the
mass and energy releases to the containment for the minimum containment pressure
analysis conforms the requirements for deterministic ECCS evaluation models in

10 CFR Part 50, Appendix K. Clarify if the model to calculate the mass and energy
release is realistic as discussed in 10 CFR 50.46(a)(1)(i) or if the model is an follows
Appendix K to 10CFR50 as prescribed in 10 CFR 50.46(a)(1)(ii).

Regulatory Guide 1.206 C.1.6.2.1.5(1) requests that for the minimum containment
pressure analysis that applicants provide for the most severe break, the mass and
energy release data used for the minimum containment pressure analysis. The
mass and energy of safety injection fluid that is assumed to spill from the break
directly to the containment floor should be included. The purpose this request is so



-16 -

that the staff may make independent containment pressure assessments. This
information was provided in response to RAI 6.2.1-09a. The staff cannot use the
mass and energy release data in a containment analysis computer code since the
nitrogen accumulator gas release is lumped with the steam and water. Provide
separate tables one containing the steam and water and the other containing the
nitrogen release. Provide justification that input to the ICECON model in S-RELAP5
is properly accounting for the separate entry of steam and water as well as nitrogen.

g. The given initial pressure for the minimum containment pressure analysis is the
normal atmospheric pressure. The initial temperatures inside and outside of the
containment are lower than normally expected temperatures; thus, the initial
condition appears to be conservative. However, it is not clear how the cold outside
temperature was taken into account in the analyses. For instance, what initial
temperature distribution through the containment wall was used? In addition, it is not
clear
whether the initial values have been varied and what range of variation was assumed
for realistic LOCA. Provide this information.

h. Minimum containment pressure is calculated by the ICECON module embedded in
S-RELAPS. Provide a noding diagram of the ICECON containment model and justify
that the noding is conservative for calculating minimum containment pressure. In a
presentation to the NRC staff January 29, 2008, AREVA presented a sensitivity
study showing that a multi-node GOTHIC model of the EPR produced containment
pressure several psi lower than the single node model. Perform a similar noding
sensitivity study using ICECON to show that noding detail is being conservatively
accounted for.

06.02.02-1
Containment Heat Removal Systems (FSAR Section 6.2.2)

a. Justification for fouling factors used in the LHSI heat exchangers
Meeting SRP Section 6.2.2 requires that heat exchanger surface fouling should be
taken into account in containment heat removal capability. The application should
discuss the results of the fouling effect analysis. FSAR Tier 2, Section 6.3.2.2.2
states that conservative fouling factors in the LHSI heat exchangers have been used
in the analyses. The application states in FSAR Tier 2, Section 6.2.1.1.3 that the
“‘GOTHIC heat exchanger model was benchmarked against heat exchanger
performance data to provide conservative representation.” The FSAR does not
provide sufficient information for confirmation of the conservatism of the applied
fouling resistance factors or provide sufficient information for verification that the heat
exchanger model in GOTHIC gives conservative estimates with respect to measured
heat exchanger performance data. Describe how was it established that the applied
fouling factors are conservative? Describe how is it known that the applied GOTHIC
heat exchanger model gives conservative estimates in comparison to measured heat
exchanger data?

b. Post accident operation of the Severe Accident Heat Removal System (SAHRS)
for containment mixing and cooling.
Following the accident at Three Mile Island Unit 2, the staff required that licensees
develop symptom oriented emergency procedures for the mitigation of accidents
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involving multiple failures, operator error or unforeseen phenomena (NUGEG-0737
Action Item I.C.1). The staff understands that actuation of the SAHRS in the
containment spray mode on high containment pressure will be included in the
emergency procedures. Provide these procedures including the high containment
pressure actuation criterion. Provide an evaluation of the time required to bring the
SAHRS containment spray function into operation. Provide any requirements
concerning SAHRS operability that will be in place during EPR operation.

c. Post Accident IRWST Cooling:
FSAR Figures 6.3-1 and 6.3-2 indicate paths where the IRWST can be cooled by
the SIS through the LPSI heat exchangers without injecting into the reactor system.
Describe conditions under which this capability might be utilized including
instrumentation to be monitored by the operating staff in affecting this mode of
operation and the emergency procedure which would be followed.

06.02.04-8

10 CFR 50.34(f)(xiv)(D) states that containment isolation systems shall be provided that
utilize a containment set point pressure for initiating containment isolation as low as is
compatible with normal operation.

DCA Tier 2, Sections 6.2.4.2.4 and 7.3.1.2.9, state that containment isolation signals
occur at Max 1p (stage 1) from containment pressure and activity, and Max 2p (stage 2)
from containment pressure.

What are the specific values of Max 1p and Max 2p?
06.02.06-3

Provide correct reference to the ANSI standard endorsed by RG 1.163, or justify why the
referenced standard is an acceptable alternative.

FSAR sections 6.2.6, and 6.2.8, reference 10, refer to ANSI/ANS 56.8, 1987 and 2002.
The forward to ANSI/ANS 56.8-2002 states that it was issued as an update to the 1994
version of the ANS standard and that its intended purpose is to consolidate the guidance
from RG 1.163, NEI 94-01, 1995, and ANS 56.8-1994 into one document that could be
referenced in the Tech Specs. The NRC has not yet reviewed nor accepted the 2002
version.

Modify the FSAR section 6.2.8, reference 10 to refer to ANS 56.8-1994, or submit
ANSI/ANS 56.8-2002 for formal NRC review and approval and provide an explanation of
how it comports with RG 1.163, NEI 94-01, 1995, and ANS 56.8-1994.
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