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Question 19-159:

It is important to establish the effectiveness of the severe accident mitigation features in the
U.S. EPR. Accordingly, please provide the results of the following MAAP 4.0.7 analyses of
variations in the LOOP SS and LOOP TR relevant severe accident scenarios:

(a) The core melt stabilization system (CMSS) does not function but other severe accident
mitigation systems work as designed.

(b) The severe accident heat removal system (SAHRS) does not function but other severe
accident mitigation systems work as designed.

(c) The passive autocatalytic recombiners (PARs) do not function but other severe accident
mitigation systems work as designed.

Please provide comparisons against the scenarios where all of the severe accident mitigation
systems work as designed. The results should include event summaries, and plots versus time
of containment pressure, mole fractions (hydrogen, oxygen, steam, nitrogen, and carbon
monoxide), and concrete ablation depths (axial and radial) in the cavity and melt spreading
room, for at least 24 hours after core damage.

Response to Question 19-159:
Response to Question 19-159 Part a:

The requested case specified the Core Melt Stabilization System (CMSS) does not function.
The purpose of the CMSS is to retain the corium in the reactor pit until gate penetration, then
transfer the corium to the spreading room where it will achieve a coolable configuration. The
selected failure of the system is for the gate to not be penetrated, retaining the corium in the
reactor pit. Due to the passive design of the CMSS, this is highly unlikely to happen. Analysis
shows that after ablation of the concrete in the downward direction in the reactor pit, the metallic
gate will fail in approximately 20-30 seconds.

It is also of note that the MAAP model of the U.S. EPR includes the zirconium bricks that line
the reactor pit only as heat sinks, not a possible ablative material. Therefore, the results
presented in Table 19-159-1 show an unphysical amount of concrete being ablated in the
sideward direction. Analysis has shown that the zirconium bricks can withstand direct contact
with the corium for an extended period of time without ablation occurring.
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Table 19-159-1—Summary of Events — LOOP_TR_A, CMSS does not function

LOOP_TR

CMSS

Does Not | LOOP_TR

Function | Original
Event Time Time Units
Auxiliary Feedwater forced off 0 0 | sec
Charging Pumps Forced Off 0 0 | sec
LHSI forced Off 0 0 | sec
Main Feedwater off 0 0 | sec
MHSI forced Off 0 0 | sec
MSIV closed 0 0 | sec
Pressurizer Heaters Forced off 0 0 | sec
Pressurizer Spray Forced Off 0 0 | sec
RCP Trip 0 0 | sec
Reactor Coolant Pumps Off 0 0| sec
Reactor SCRAM 0 0 | sec
Reactor SCRAM due to RCP Off 0 0 | sec
SAHRS active flooding forced off 0 0 | sec
SAHRS sprays forced off 0 0 | sec
MSRYV Open Unbroken S/G 9.33 9.33 | sec
MSRYV Open Broken S/G 9.69 9.69 | sec
Start of PZR valves cycling 1.58 1.58 | hr
Broken S/G dry 1.8 1.8 | hr
Feed and bleed signal [bottom HL]
reached 2.34 2.34 | hr
Core uncovery 2.4 24 | hr
TCOROUT max 550 C signal reached 2.65 2.65 | hr
TCOROUT max 600 C signal reached 2.71 2.71 | hr
TCOROUT max 650 C signal reached 2.78 2.78 | hr
Oxidation onset 3.07 3.07 | hr
Start of core melting 3.39 3.39 | hr
Pressurizer empty 4.02 4.02 | hr
SA dedicated PZR valve opening 4.78 4.78 | hr
MHSI shutoff head reached 4.81 4.81 | hr
Accumulator injection onset 4.84 4.84 | hr
Accumulator Depletion 5.24 524 | hr
RV primary failure 5.81 5.81 | hr
RV secondary failure 5.81 5.81 | hr
Gate Open n/a 9.42 | hr
Corium in Spreading Room n/a 9.53 | hr
SAHRS sprays forced On 14.78 14.78 | hr
SAHRS sprays on 14.78 14.78 | hr
SAHRS active flooding forced on 26.78 26.78 | hr
SAHRS active flooding on 26.78 26.78 | hr
Corium pool has top crust n/a 26.91 | hr
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Figure 19-159-1—Containment Pressure — LOOP_TR_A - CMSS does not
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Figure 19-159-2—Containment Temperature — LOOP_TR_A - CMSS does
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Figure 19-159-3—Reactor Pit Gas Temperature — LOOP_TR_A - CMSS does
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Figure 19-159-4—Corium Temperature in Reactor Pit—- LOOP_TR_A - CMSS
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Figure 19-159-5—Reactor Pit Ablation — LOOP_TR_A - CMSS does not
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19-159-6—Average Mole Fraction H; in Containment—- LOOP_TR _A -
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Figure 19-159-7—Average Mole Fraction O, in Containment— LOOP_TR_A -
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Figure 19-159-8—Average Mole Fraction Steam in Containment-—
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Figure 19-159-9—Average Mole Fraction N, in Containment— LOOP_TR_A -
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Figure 19-159-10—Average Mole Fraction CO, in Containment-
LOOP_TR_A - CMSS does not function
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Figure 19-159-11—Average Mole Fraction CO in Containment—- LOOP_TR_A
- CMSS does not function
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The results from the LOOP_SS A case show that MAAP was unable to complete the analysis
because the corium in the spreading room ablated through the concrete to the point where there
is no more concrete to ablate in the downward direction due to the nodalization of the MAAP

model of the U.S. EPR.

Table 19-159-2—Summary of Events — LOOP_SS_A,
CMSS does not function

LOOP_SS

CMSS

does not | LOOP_SS

Function | Original
Event Time Time Units
Auxiliary Feedwater forced off 0 0| sec
Charging Pumps Forced Off 0 0| sec
LHSI forced Off 0 0| sec
Main Feedwater off 0 0 | sec
MHSI forced Off 0 0| sec
MSIV closed 0 0 | sec
Pressurizer Heaters Forced off 0 0 | sec
Pressurizer Spray Forced Off 0 0| sec
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Table 19-159-2—Summary of Events — LOOP_SS_A,
CMSS does not function

LOOP_SS

CMSS

does not | LOOP_SS

Function | Original
Event Time Time Units
RCP Trip 0 0 | sec
Reactor Coolant Pumps Off 0 0| sec
Reactor SCRAM 0 0 | sec
Reactor SCRAM due to RCP Off 0 0 | sec
SAHRS active flooding forced off 0 0 | sec
SAHRS sprays forced off 0 0 | sec
Start of partial cooldown 0 0 | sec
MSRYV Open Unbroken S/G 10.21 10.21 | sec
MSRYV Open Broken S/G 10.55 10.55 | sec
Pressurizer empty 7.6 7.6 | min
Auxiliary Feedwater on 34.45 34.45 | min
MHSI shutoff head reached 48.03 48.03 | min
Accumulator injection onset 49.7 49.7 | min
Accumulator Depletion 52.9 52.9 | min
Feed and bleed signal [bottom HL]
reached 13.22 13.22 | hr
Core uncovery 15.28 15.28 | hr
TCOROUT max 550 C signal reached 17.33 17.33 | hr
TCOROUT max 600 C signal reached 17.45 17.45 | hr
TCOROUT max 650 C signal reached 17.65 17.65 | hr
SA dedicated PZR valve opening 17.65 17.65 | hr
Oxidation onset 17.96 17.96 | hr
Start of core melting 18.03 18.03 | hr
Broken S/G dry 18.15 18.15 | hr
RV primary failure 22.43 22.43 | hr
RV secondary failure 22.43 22.43 | hr
Gate Open n/a 26.03 | hr
Corium in Spreading Room n/a 26.2 | hr
SAHRS sprays forced On 29.65 29.65 | hr
SAHRS sprays on 29.65 29.65 | hr
Corium pool has top crust n/a 33.28 | hr
SAHRS active flooding forced on 41.65 41.65 | hr
SAHRS active flooding on 41.65 41.65 | hr
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Figure 19-159-12—Containment Pressure — LOOP_SS_A - CMSS does not
function
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Figure 19-159-13—Containment Temperature — LOOP_ SS _A - CMSS does
not function
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Figure 19-159-14—Reactor Pit Gas Temperature —- LOOP_ SS _A - CMSS

Temperature (F)

650

does not function

600

550

500

450

400

350

300

250

200

150

100

T T T T T T T

1 1 1 1 1 1 1

15 20 25 30 35 40 45 50
Time (h)

LOOP_SS_A Reactor Pit Gate Does Not Open
LOOP_SS original

Figure 19-159-15—Corium Temperature in Reactor Pit— LOOP_SS _A -
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Figure 19-159-16—Reactor Pit Ablation — LOOP_ SS _A - CMSS does not
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Figure 19-159-17—Average Mole Fraction H, in Containment- LOOP_ SS _A
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Figure 19-159-18—Average Mole Fraction O; in Containment— LOOP_ SS _A
- CMSS does not function
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Figure 19-159-19—Average Mole Fraction Steam in Containment- LOOP_
SS _A - CMSS does not function
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Figure 19-159-20—Average Mole Fraction N, in Containment—- LOOP_ SS _A
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Figure 19-159-21—Average Mole Fraction CO; in Containment- LOOP_ SS
_A - CMSS does not function
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Figure 19-159-22—Average Mole Fraction CO in Containment— LOOP_ SS
_A - CMSS does not function
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Response to Question 19-159 Part b:

The requested case specified that the Severe Accident Heat Removal System (SAHRS) does
not function. In this analysis it is assumed that passive flooding, active flooding and sprays do
not function.

Figure 19-159-27 shows that the temperature of corium in the spreading room is such that the
cooling channels have melted and ablation of the basemat concrete has commenced. The run
does not complete because the unabated ablation goes further than the basemat concrete was
modeled. It should be noted that it is an unlikely event in which the entire SAHRS (including
passive flooding) fails to function.
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Table 19-159-3—Summary of Events — LOOP_TR_B — SAHRS does not

function

LOOP_TR

w/o LOOP_TR

SAHRS Original
Event Time Time Units
Auxiliary Feedwater forced off 0 0| sec
Charging Pumps Forced Off 0 0 | sec
LHSI forced Off 0 0 | sec
Main Feedwater off 0 0 | sec
MHSI forced Off 0 0 | sec
MSIV closed 0 0 | sec
Pressurizer Heaters Forced off 0 0 | sec
Pressurizer Spray Forced Off 0 0 | sec
RCP Trip 0 0 | sec
Reactor Coolant Pumps Off 0 0 | sec
Reactor SCRAM 0 0 | sec
Reactor SCRAM due to RCP Off 0 0 | sec
SAHRS active flooding forced off 0 0 | sec
SAHRS sprays forced off 0 0 | sec
MSRYV Open Unbroken S/G 9.33 9.33 | sec
MSRYV Open Broken S/G 9.69 9.69 | sec
Start of PZR valves cycling 1.58 1.58 | hr
Broken S/G dry 1.8 1.8 | hr
Feed and bleed signal [bottom HL]
reached 2.34 2.34 | hr
Core uncovery 2.4 24 | hr
TCOROUT max 550 C signal reached 2.65 2.65 | hr
TCOROUT max 600 C signal reached 2.71 2.71 | hr
TCOROUT max 650 C signal reached 2.78 2.78 | hr
Oxidation onset 3.07 3.07 | hr
Start of core melting 3.39 3.39 | hr
Pressurizer empty 4.02 4.02 | hr
SA dedicated PZR valve opening 4.78 4.78 | hr
MHSI shutoff head reached 4.81 4.81 | hr
Accumulator injection onset 4.84 4.84 | hr
Accumulator Depletion 5.24 5.24 | hr
RV primary failure 5.81 5.81 | hr
RV secondary failure 5.81 5.81 | hr
Gate Open 9.42 9.42 | hr
Corium in Spreading Room 9.53 9.53 | hr
SAHRS sprays forced On n/a 14.78 | hr
SAHRS sprays on n/a 14.78 | hr
SAHRS active flooding forced on n/a 26.78 | hr
SAHRS active flooding on n/a 26.78 | hr
Corium pool has top crust n/a 26.91 | hr
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Figure 19-159-23—Containment Pressure — LOOP_TR_B - SAHRS does not
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Figure 19-159-24—Containment Temperature — LOOP_TR_B - SAHRS does
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Figure 19-159-25—Reactor Pit Ablation — LOOP_TR_B - SAHRS does not
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Figure 19-159-26—Spreading Room Ablation - LOOP_TR_B - SAHRS does
not function
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Figure 19-159-27—Corium Temperature in Spreading Room- LOOP_TR_B -
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Figure 19-159-28—Average Mole Fraction H; in Containment- LOOP_TR _B
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Figure 19-159-29—Average Mole Fraction O, in Containment—- LOOP_TR_B
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Figure 19-159-30—Average Mole Fraction Steam in Containment-
LOOP_TR_B - SAHRS does not function
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Figure 19-159-31—Average Mole Fraction N in Containment—- LOOP_TR_B -
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Figure 19-159-32—Average Mole Fraction CO, in Containment-
LOOP_TR_B - SAHRS does not function
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Figure 19-159-33—Average Mole Fraction CO in Containment—- LOOP_TR_B
- SAHRS does not function
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It is highly unlikely that passive flooding of the spreading room would not take place. Table 19-
159-4 and Figures 19-159-34 through 19-159-44 present the results from this calculation.
Figure 19-159-38 shows that the corium in the spreading room does not cool within the time
frame of the calculation.
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Table 19-159-4—Summary of Events — LOOP_SS_B, SAHRS does not
function

LOOP_SS | LOOP_SS

w/o SAHRS | Original
Event Time Time Units
Auxiliary Feedwater forced off 0 0| sec
Charging Pumps Forced Off 0 0 | sec
LHSI forced Off 0 0 | sec
Main Feedwater off 0 0 | sec
MHSI forced Off 0 0 | sec
MSIV closed 0 0 | sec
Pressurizer Heaters Forced off 0 0 | sec
Pressurizer Spray Forced Off 0 0| sec
RCP Trip 0 0| sec
Reactor Coolant Pumps Off 0 0| sec
Reactor SCRAM 0 0 | sec
Reactor SCRAM due to RCP Off 0 0 | sec
SAHRS active flooding forced off 0 0| sec
SAHRS sprays forced off 0 0| sec
Start of partial cooldown 0 0| sec
MSRYV Open Unbroken S/G 10.21 10.21 | sec
MSRYV Open Broken S/G 10.55 10.55 | sec
Pressurizer empty 7.6 7.6 | min
Auxiliary Feedwater on 34.45 34.45 | min
MHSI shutoff head reached 48.03 48.03 | min
Accumulator injection onset 49.7 49.7 | min
Accumulator Depletion 52.9 52.9 | min
Feed and bleed signal [bottom HL]
reached 13.22 13.22 | hr
Core uncovery 15.28 15.28 | hr
TCOROUT max 550 C signal reached 17.33 17.33 | hr
TCOROUT max 600 C signal reached 17.45 17.45 | hr
TCOROUT max 650 C signal reached 17.65 17.65 | hr
SA dedicated PZR valve opening 17.65 17.65 | hr
Oxidation onset 17.96 17.96 | hr
Start of core melting 18.03 18.03 | hr
Broken S/G dry 18.15 18.15 | hr
RV primary failure 22.43 22.43 | hr
RV secondary failure 22.43 22.43 | hr
Gate Open 26.03 26.03 | hr
Corium in Spreading Room 26.2 26.2 | hr
SAHRS sprays forced On n/a 29.65 | hr
SAHRS sprays on n/a 29.65 | hr
Corium pool has top crust n/a 33.28 | hr
SAHRS active flooding forced on n/a 41.65 | hr
SAHRS active flooding on n/a 41.65 | hr
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Figure 19-159-34—Containment Pressure — LOOP_SS_B - SAHRS does not
function
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Figure 19-159-35—Containment Temperature — LOOP_ SS_B - SAHRS does
not function
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Figure19-159-36—Reactor Pit Ablation — LOOP_SS_B - SAHRS does not
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Figure 19-159-37—Spreading Room Ablation - LOOP_SS_B - SAHRS does
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Figure 19-159-38—Corium Temperature —- LOOP_SS_B - SAHRS does not
function
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Figure 19-159-39—Average Mole Fraction H; in Containment—- LOOP_SS B -
SAHRS does not function
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Figure19-159-40—Average Mole Fraction O, in Containment—- LOOP_SS B -
SAHRS does not function
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Figure 19-159-41—Average Mole Fraction Steam in Containment—- LOOP_
S_B - SAHRS does not function
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Figure 19-159-42—Average Mole Fraction N, in Containment—- LOOP_SS B -
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Figure 19-159-43—Average Mole Fraction CO, in Containment- LOOP_SS B
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Figure 19-159-44—Average Mole Fraction CO in Containment—- LOOP_SS B
- SAHRS does not function
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Response to Question 19-159 Part c:

The requested case specified that the Passive Autocatalytic Recombiners (PARs) do not
function. All PARs were inactive for this case.

It is highly unlikely that all PARs would not function. Table 19-159-5 and Figures 19-159-45
through 19-159-54 present the results from LOOP TR calculation. Table 19-159-6 and Figures
19-159-55 through 19-159-64 present the results from LOOP SS calculation.
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Table 19-159-5—Summary of Events — LOOP_TR_C - PARSs do not function

LOOP_TR | LOOP_TR

w/o PARs | Original
Event Time Time Units
Auxiliary Feedwater forced off 0 0 | sec
Charging Pumps Forced Off 0 0 | sec
LHSI forced Off 0 0 | sec
Main Feedwater off 0 0 | sec
MHSI forced Off 0 0 | sec
MSIV closed 0 0 | sec
Pressurizer Heaters Forced off 0 0 | sec
Pressurizer Spray Forced Off 0 0 | sec
RCP Trip 0 0 | sec
Reactor Coolant Pumps Off 0 0 | sec
Reactor SCRAM 0 0 | sec
Reactor SCRAM due to RCP Off 0 0 | sec
SAHRS active flooding forced off 0 0 | sec
SAHRS sprays forced off 0 0| sec
MSRYV Open Unbroken S/G 9.3 9.33 | sec
MSRYV Open Broken S/G 9.3 9.69 | sec
Start of PZR valves cycling 1.59 1.58 | hr
Broken S/G dry 1.79 1.8 | hr
Feed and bleed signal [bottom HL]
reached 2.34 2.34 | hr
Core uncovery 2.41 24 | hr
TCOROUT max 550 C signal reached 2.65 2.65 | hr
TCOROUT max 600 C signal reached 2.71 2.71 | hr
TCOROUT max 650 C signal reached 2.77 2.78 | hr
Oxidation onset 3.07 3.07 | hr
Start of core melting 3.33 3.39 | hr
Pressurizer empty 3.97 4.02 | hr
SA dedicated PZR valve opening 4.77 4.78 | hr
MHSI shutoff head reached 4.8 4.81 | hr
Accumulator injection onset 4.84 4.84 | hr
Accumulator Depletion 5.21 5.24 | hr
RV primary failure 5.98 5.81 | hr
RV secondary failure 5.98 5.81 | hr
Gate Open 9.57 9.42 | hr
Corium in Spreading Room 9.67 9.53 | hr
SAHRS sprays forced On 14.77 14.78 | hr
SAHRS sprays on 14.77 14.78 | hr
Corium pool is frozen 15.27 26.78 | hr
SAHRS active flooding forced on 26.77 26.78 | hr
SAHRS active flooding on 26.77 26.91 | hr
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Figure 19-159-45—Containment Pressure — LOOP_TR_C - PARs do not
function
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Figure 19-159-46—Containment Temperature — LOOP_TR_ C — PARs do not
function

Temperature (F)

350

300

250

200

150

100

50

T

T

1

5 10 15

LOOP_TR_C No PARs

20

25
Time (h)

LOOP_TR original



AREVA NP Inc.

Response to Request for Additional Information No. 22, Supplement 2
U.S. EPR Design Certification Application

Page 51 of 188

Figure 19-159-47—Reactor Pit Ablation — LOOP_TR_ C — PARs do not
function
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Figure 19-159-49—Average Mole Fraction H; in Containment- LOOP_TR _C
— PARs do not function
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19-159-50—Average Mole Fraction O, in Containment—- LOOP_TR_C
— PARs do not function
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Figure 19-159-51—Average Mole Fraction Steam in Containment-
LOOP_TR_ C - PARs do not function
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Figure 19-159-52—Average Mole Fraction N in Containment—- LOOP_TR_C
— PARs do not function
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Figure 19-159-53—Average Mole Fraction CO; in Containment—- LOOP_TR_
C - PARs do not function
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Figure 19-159-54—Average Mole Fraction CO in Containment—- LOOP_TR_
C - PARs do not function
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Table 19-159-6—Summary of Events — LOOP_SS__ C, PARs do not function

LOOP_SS | LOOP_SS

w/o PARs | Original
Event Time Time Units
Auxiliary Feedwater forced off 0 0 | sec
Charging Pumps Forced Off 0 0 | sec
LHSI forced Off 0 0 | sec
Main Feedwater off 0 0 | sec
MHSI forced Off 0 0 | sec
MSIV closed 0 0 | sec
Pressurizer Heaters Forced off 0 0 | sec
Pressurizer Spray Forced Off 0 0 | sec
RCP Trip 0 0 | sec
Reactor Coolant Pumps Off 0 0 | sec
Reactor SCRAM 0 0 | sec
Reactor SCRAM due to RCP Off 0 0 | sec
SAHRS active flooding forced off 0 0 | sec
SAHRS sprays forced off 0 0| sec
Start of partial cooldown 0 0| sec
MSRYV Open Unbroken S/G 10.21 10.21 | sec
MSRYV Open Broken S/G 10.55 10.55 | sec
Pressurizer empty 7.6 7.6 | min
Auxiliary Feedwater on 34.45 34.45 | min
MHSI shutoff head reached 48.03 48.03 | min
Accumulator injection onset 49.7 49.7 | min
Accumulator Depletion 52.9 52.9 | min
Feed and bleed signal [bottom HL]
reached 13.22 13.22 | hr
Core uncovery 15.28 15.28 | hr
TCOROUT max 550 C signal reached 17.33 17.33 | hr
TCOROUT max 600 C signal reached 17.45 17.45 | hr
TCOROUT max 650 C signal reached 17.65 17.65 | hr
SA dedicated PZR valve opening 17.65 17.65 | hr
Oxidation onset 17.96 17.96 | hr
Start of core melting 18.03 18.03 | hr
Broken S/G dry 18.15 18.15 | hr
RV primary failure 22.42 2243 | hr
RV secondary failure 22.42 22.43 | hr
Gate Open 26.13 26.03 | hr
Corium in Spreading Room 26.25 26.2 | hr
SAHRS sprays forced On 29.65 29.65 | hr
SAHRS sprays on 29.65 29.65 | hr
Corium pool has top crust 31.10 33.28 | hr
SAHRS active flooding forced on 41.65 41.65 | hr
SAHRS active flooding on 41.65 41.65 | hr
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Figure 19-159-55—Containment Pressure — LOOP_SS_C - PARs do not
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Figure 19-159-56—Containment Temperature — LOOP_ SS_C - PARs do not
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Figure 19-159-57—Reactor Pit Ablation - LOOP_SS_C - PARs do not
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Figure 19-159-58—Spreading Room Ablation —- LOOP_SS_C - PARs do not
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Figure 19-159-59—Average Mole Fraction H, in Containment—- LOOP_SS_C -
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Figure 19-159-60—Average Mole Fraction O; in Containment—- LOOP_SS_C
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Figure 19-159-61—Average Mole Fraction Steam in Containment- LOOP_
S_C - PARs do not function
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Figure 19-159-62—Average Mole Fraction N in Containment—- LOOP_SS_C -
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Figure 19-159-63—Average Mole Fraction CO, in Containment—
LOOP_SS_C - PARs do not function
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Figure 19-159-64—Average Mole Fraction CO in Containment- LOOP_SS_C
- PARs do not function
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FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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