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NRC RAI 6.2-98:

RAI 6.2-53 should be revisited using the bounding feedwater line break (FWLB) (one safety
relief valve (SRV) failure), which should include consideration of the following:

(4) Explain what conservative assumptions regarding trapping and delayed release of
noncondensible gases in drywell/gravity driven cooling system (GDCS) tank dead-ended
volumes are made in the TRACG calculations to maximize drywell pressure during the
post-GDCS draindown period.

(B) Inthe TRACG calculation (of the bounding FWLB sequence) there are times when liquid
water is being injected into the drywell from the FWLB (reactor pressure vessel (RPV) and
balance of plant (BOP)). Explain TRACG models for how liquid water sources interact
with the drywell atmosphere (i.e., flashing and partitioning of liquid water between
atmosphere and pools, and direct contact heat and mass transfer, etc.). What assumptions
are made regarding suspension and dropout of liquid water for the drywell atmosphere?

(C) Provide transient nitrogen (air) mass profiles in the GDCS tank volumes.

(D) Provide the transient RPV downcomer, two-phase water level profile. Indicate periods
when liquid water is being injected into the drywell, and provide injected water and
drywell atmospheric temperatures for those periods.

(E) Provide plots of total PCC inlet vapor, noncondensible gas flows, entrained water
droplets/aerosols (kg/s).

(F) Discuss any performance implications of wet as opposed to dry steam in the PCCS feed,
and whether there has been testing of the PCC heat exchanger operation in a wet-steam
environment.

(G) Provide head area, head dome and GDCS pool free space (added in telephone
conversation with NRC on 01/25/06).

GHNEA Response:

The containment responses to a postulated feedwater line break (FWLB) are discussed in the .
following paragraphs and figures. The bounding case (DCD Tier 2, Revision 3, Figures 6.2-13al
through 6.2-13d3) is used for these discussions.

General Discussions

Figure 6.2-98-1 shows the reactor pressure vessel (RPV), drywell (DW), and wetwell (WW)
pressures, and Figures 6.2-98-2 and 6.2-98-3 show the DW and WW pressures using different
time scales.

Following the postulated loss-of-coolant accident (LOCA), the DW pressure increases rapidly
leading to the clearing of the Passive Containment Cooling System (PCCS) and main vents. The
DW pressure increase is terminated at around 70 seconds (Figure 6.2-98-2), when most of the
non-condensable gases in the DW annulus have been purged into the WW (Figure 6.2-98-7).
The peak DW pressure prior to the Gravity Driven Cooling System (GDCS) flow initiation

(513 seconds, DCD Tier 2, Revision 3, Table 6.2-7d) for this case is about 318 kPa (46.1 psia)
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(Figure 6.2-98-2), and occurs at 347 seconds shortly after the opening of the depressurization
valves (DPVs). This peak pressure is below the design pressure of 60 psia with large margin.

The GDCS flow initiates at about 513 seconds. The subcooled GDCS water continues flowing
into the vessel, reduces the steaming from the RPV and the DW pressure. At around

800 seconds, the DW pressure drops below the WW pressure, causing the opening of the vacuum
breakers and allowing some non-condensable gases to flow back into the DW. Consequently,
the system pressures drop to a value of about 260 kPa (Figure 6.2-98-3).

Figures 6.2-98-5 through 6.2-98-7 show the non-condensable (NC) gas pressures in the DW
annulus, the DW head airspace, and the GDCS pool airspace. Figure 6.2-98-7 shows that most
of the non-condensable gases in the DW annulus are purged into the WW within 100 seconds.

At around 900 seconds, some NC gases flows back to the DW annulus (Figure 6.2-98-7) after the
opening of the vacuum breakers.

Subsequently, decay heat overcomes the subcooling in the GDCS water and steaming resumes
(at ~ 1800 seconds, Figure 6.2-98-3). The resumption of RPV steaming causes the DW pressure
to increase again starting from 1800 seconds. The DW pressure reaches the long-term peak of
339 kPa (49 psia) at 72 hours (Figure 6.2-98-1).

After 1800 seconds, the DW pressure is higher than the WW pressure. The PCCS takes
steam/NC gas mixture from the DW and purges the NC gases into the WW. Most of the NC

gases that returned to the DW because of vacuum breaker openings are purged back into the WW
in about 3 hours (Figure 6.2-98-5).

Figure 6.2-98-4 compares the total heat removal by the PCCS with the decay heat. After the first
6 hours, the PCCS is able to remove all the decay heat with some margin to spare. From this
point on, all the decay heat generated by the core is transferred to the Isolation Condenser
(IC)/PCC pools, which are located outside of the containment.

Figure 6.2-98-8 compares the water levels in the DW annulus and suppression pool. The DW
annulus water level rises due to the break flow discharges from the RPV and from the broken
feedwater piping (from the feedwater heaters). In about 10 hours, the drywell annulus water
level reaches the quasi-equilibrium elevation of 9 meters. At this elevation, the DW annulus
water level is about 3 meters below the spillover holes. The hot water in the DW annulus will
remain in the DW and not enter into the bottom of the suppression pool via the spillover holes.

Figures 6.2-98-9 through 6.2-98-11 show the DW gas temperature, WW gas temperature, and
suppression pool surface temperature.

(A) For conservative calculations to maximize the DW pressure during the post-GDCS
draindown period, two pipes are used in the TRACG nodalization to simulate the
connection between the GDCS airspace and the DW, to purge the residual NC gases in this
airspace. These two pipes are connected at the top two axial levels in the GDCS airspace
(DCD Tier 2, Revision 3, Figure 6.2-7, L35 and L.34), one pipe per level.

For a main steamline break (MSLB), in which case the GDCS pool level stays above L33
(i.e., no air mass is stored in L33), the two-pipe model is very effective to purge the NC gas
masses stored in the top two levels to minimal values in a few hours. For breaks other than
MSLB, the GDCS pool level may drop into L33 during the draindown period and a small
amount of NC gas mass remains in this bottom level. Since the pressure margins for the
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(B)

©

(D)

non-MSLB events are more than 10% higher than that for the MSLB (DCD Tier 2,
Revision 3, Table 6.2-5), this small amount of NC gas remaining in the GDCS airspace for
non-MSLB events would not change the conclusion that MSLB is the limiting break.

TRACG is based on a multi-dimensional two-fluid model for thermal hydraulics. The
two-fluid model solves the conservation equations for mass, momentum, and energy for the
gas and the liquid phases. TRACG does not include any assumptions about thermal or
mechanical equilibrium between the phases. The gas phase may consist of a mixture of
steam and non-condensable gases. The conservation equations for mass, momentum, and
energy are closed through an extensive set of basic models consisting of constitutive
correlations for shear and heat transfer at the gas/liquid interface as well as at the wall. The
constitutive correlations are flow regime dependent, and are determined based on a single
flow regime map, which is used consistently throughout the code. Section 5 of
NEDE-32176P, "TRACG Model Description," April 2006, describes the basis for flow
regime map in TRACG. NEDE-32176P Sections 6.1 and 6.5 describe the models and
correlations for interfacial shear and heat transfer.

The resulting state of the liquid water entering into the DW annulus is determined by
solving the conservation equations for mass, momentum, and energy. TRACG does not
include any assumptions regarding the suspension and dropout of liquid water for the DW
atmosphere.

Figure 6.2-98-12 shows the air mass profiles in the GDCS airspace. Initially, the GDCS
water level is located at .34 (DCD Tier 2, Revision 3, Figure 6.2-7, 1.34), and the air space
includes .34 and L35 with initial air masses stored in these levels. For the feedwater line
break (FWLB), the water level drops after the initiation of GDCS flow and drops to the
pool bottom (L.33) in about 4 hours. This creates a bottom layer of air space, which is
about 6 meters below the connection pipes, to store air mass. Air masses stored in the top
two levels (L34 and L35) are purged to minimal values in a few hours, by the connection
pipes. About 600 to 700 kg of air is stored in the bottom level (L33). This is about 5% of
the total air mass inside the containment (DW and WW).

It should be noted that for the MSLB, the GDCS pool level stays above L33 (i.e., no air
mass is stored in L33). And, air masses stored in the top two levels (L34 and L35) are
purged to minimal values in a few hours, through the connection pipes.

Figure 6.2-98-13 shows the two-phase level in the RPV downcomer, and Figure 6.2-98-13a
shows the two-phase level with enlarged time scale. The FWLB elevation is located at
18.915 meters (from the RPV bottom). Figure 6.2-98-13a shows that the two-phase level
swells above the break elevation from 0.5 to 2.0 hours. During this time period, the
downcomer two-phase mixture over-spills from the RPV into the DW annulus.

Figure 6.2-98-14 shows the FWLB flow from the RPV. Figure 6.2-98-15 compares the
RPV downcomer liquid temperature (at .16, TL991604) with the DW annulus vapor
temperature (TV993406). The FWLB elevation is located at L16 (DCD Tier 2, Revision 3,
Figure 6.2-6) and the GDCS injection is located at L10 (8.4 meters below the break
elevation). The injected GDCS water mixes with the downcomer fluid. The subcooling of
this mixture reduces as it moves upward towards the break elevation.
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Figure 6.2-98-16 shows the total mixture and air mass flows at the PCCS inlet, and

Figure 6.2-98-16a shows the mass flows with enlarged time scale. Figure 6.2-98-17 shows
the moisture content at the PCCS inlet. This is calculated as (1 — void fraction) at the top
of the DW next to the PCCS inlet. The calculated results show that there are no water
droplets at the PCCS inlet location during this transient. :

The key parameters for the PCCS performance are the inlet flow rate, mass fraction of
non-condensable gases, and inlet pressure. The inlet flow depends on the steam state
(saturated with or without entrained water droplets). The PANTHERS/PCC and
PANDA/PCC component tests cover a wide range of flow rates that encompass the range
of conditions expected during a post-LOCA transient. In the PANDA integral system test,
the PCCS inlet conditions are typical of the Simplified Boiling Water Reactor (SBWR)
design and the flow rates varied over the course of testing from 40% to 100% of the SBWR
rated design capacity.

The PCCS flow rate depends on the steam state (dry or wet). However, the PCCS
performance tests cover a wide range of flow rates and proto-typical design conditions that
encompass ESBWR post-accident conditions. Also, the calculated results show that there
are no water droplets at the PCCS inlet location during this transient (Part E of this
response).

Total DW head dome airspace volume = 394 m’, total flow area between head dome and
DW annulus = 0.26 m%, and total GDCS airspace volume = 257 m’.
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Figure 6.2-98-1. Containment Pressure Response (72 hrs)
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Figure 6.2-98-2. Containment Pressure Response (500 s)
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Figure 6.2-98-5. Drywell and GDCS Air Pressure (72 hrs)
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Figure 6.2-98-10. Containment Temperatures (500 s)
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Figure 6.2-98-12. Air Mass Profiles in the GDCS Airspace (72 hrs)
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Figure 6.2-98-16. Total Mixture and Air Mass Flows at the PCCS Inlet (72 hrs)

50

——Total PCC Inlet Flow

-==Total NC Gas Flow

40

1N
. \"v flad o nl\vl\j\l\f\ﬁ/\m
i\ 3 LG AT

0.0 02 04 086 08 1.0 12 1.4 16 1.8 20 22 24 28 28 3.0
Time (hr)
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Figure 6.2-98-17. Moisture Content at the PCCS Inlet (72 hrs)

The containment responses to a postulated FWLB are already addressed in DCD Tier 2,
Revision 3. No other DCD changes will be made in response to this RAI.
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NRC RAT 6.3-45:

Provide in tabular format a side by side comparison of the differences between the TRACG input
decks used for ESBWR containment and reactor vessel water level response (chimney level)
analyses.

GHNEA Response:

The TRACG input decks for containment and reactor vessel water level responses model the
ESBWR design and include all the conservative approaches, at the time when the analyses were
performed. As such, some of the input changes that were included into the containment analyses
are not included into the reactor pressure vessel (RPV) level calculations. These input changes
are judged to have minimum or no impact to the level responses.

The input deck differences are compared from two points of view:

1. Differences between Chapter 6.2 and Chapter 6.3 of DCD Tier 2, Revision 2, and
2. Differences between Chapter 6.2 of DCD Tier 2 Revision 2 and Revision 3.

The table below lists the difference between the TRACG input decks used for the analyses
presented in Chapter 6.2 and Chapter 6.3 of DCD Tier 2, Revision 2.

RPV Level Analyses Containment Analyses
DCD Tier 2, Revision 2, DCD Tier 2, Revision 2,
Item # Input Description Chapter 6.3 Chapter 6.2

Nominal Conditions

1

TEE0002 modification

Reverse loss = 500,
3-cells TEE

Reverse loss =1,

18-cells TEE,

Turn off level tracking,
Minimum interfacial heat
transfer

2 PCC vent line exit cell No refinement Total # of cells increased
from 13 to 22

3 IC heat transfer Yes No

4 Problem end time 2000 seconds 72 hours

5 MSL break steam source | At MSL elevation Below RPV

location
Bounding Conditions

6 RPV level NWL NWL +0.3m

7 Suppression pool depth NWL @ 545 m HWL @ 5.5 m

8 PIRT parameters See Section 2.7.2.1 of See Table 3.7.1 of

NEDC 33083PA NEDC 33083PA
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The table below lists the difference between the TRACG input decks used for the analyses
presented in Chapter 6.2 of DCD Tier 2 Revision 2 and Revision 3. These items are judged to
have no impact on the minimum water levels, since they take effect at later stage of a
loss-of-coolant accident (LOCA) event.

Containment Analyses Containment Analyses
DCD Tier 2, Revision 2, DCD Tier 2, Revision 3,
Item # Input Description Chapter 6.2 Chapter 6.2
Modification due to design changes
9 Spillover Pipes VLVE0339 Deleted
10 Spillover Holes Not implemented at 12.37 m
11 Intake Elevation of the 18.191 m 18.292 m
GDCS Drain Pipes
Modification to maximize containment pressure
12 MSL break steam source | Below RPV At MSL elevation
location
13 Vent paths between One path at 27 m (per One path at 27 m and one
GDCS Air Space and GDCS airspace model in | path at 24.23 m (per GDCS
Drywell TRACG) airspace model in TRACG)
DCD Impact:

No DCD changes will be made in response to this RAI.
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NRC RAI 6.3-51:

Provide additional information regarding the loss of power assumptions used during the LOCA
analysis. Provide information regarding the timing of loss of off-site power and how it was
assumed to occur at the most conservative time. In submitting the response to this RAI consider
that in Rev. 3 of the DCD, the feedwater isolation is credited and that loss-of-offsite power
coincident with the break for feedwater line break may be non-conservative because feedwater
will be isolated anyway.

GHNEA Response:

In the Emergency Core Cooling System (ECCS) loss-of-coolant accident (LOCA) analysis for
DCD Tier 2, Revision 3, loss of auxiliary power is assumed to occur at the beginning of the
event (DCD Tier 2, Revision 3, Tables 6.3-7 through 6.3-10). Feedwater pump coastdown starts
at event initiation (0 seconds). If off-site power is assumed to be available at the beginning of
the event, then power to the feedwater pumps would be tripped when differential pressure in the
feedwater lines in conjunction with high drywell pressure indicates a feedwater line break inside
containment. For the limiting feedwater line break (nominal calculation), this condition is
reached at approximately 1 second into the event (DCD Tier 2, Revision 3, Table 6.3-7). The
availability of feedwater pumps for the first second of the transient would result in a slight
increase in coolant inventory in the vessel. Thus, it is conservative to assume loss of off-site
power coincident with a feedwater line break.

DCD Impact:
No DCD changes will be made in response to this RAI.



