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NRC RAI 6.2-184:

ESBWR DCD Revision 5 Figure 6.2-13dl shows the peak noncondensable gas
pressures in drywell levels 22, 23, and 26 are at around 58 hr. Please explain the
cause for these peaks.

GEH Response:

The partial pressure peaks for the non-condensable (NC) gases are explained by small
changes in the liquid phase of the NC mass (Figures 6.2-184-3 and 6.2-184-3a), void
fraction (Figure 6.2-184-2), and how TRACG. code calculates,,the pressure of the NC
gases. The NC gas partial pressure is calculated based on the temperature and the
gas mass in the cell through the perfect gas law. Therefore, the code calculates the NC
gas partial pressure based on vapor temperature, gas density and the gas constant. In
TRACG, the NC gas has the same temperature and velocity as the steam in agiven cell
and is transported solely by bulk convection. It is inferred that the vapor velocity (VV)
pattern is linked to the pattern that the NC gas may follow. The VV pattern for the time
interval of interest is found to be one of recirculation, providing a recirculation pattern for
the NC gases to relocate even though their masses are small.. Considering that small
masses and void fraction of entrained. NC gases and vapor are transported out of the
cells by a convective pattern, and that this convective pattern is taking place from cells
where the liquid and vapor separates down to Level 22 in Ring 6 and returning through
Rings 5 and 4 due to the very slow recirculation pattern established for this lower
drywell (DW) annulus where thevapor velocities are in the ranges between 0.00 and
0.10 m/s, the code proceeds to calculate the NC gas partial pressure of the cells, even
though it is a small change in the liquid phase. The maximum NC gas partial pressure
peak value reported for the cell in Level 26, Ring 6, corroborates with the manually
calculated value. This manually calculated NC gas partial pressure peak value based
on the NC gases density and the temperature reported in TRACG, assuming the
nitrogen gas constant results in similar value to the one reported in DCD Tier 2,
Figure 6.2-13dl.

The main intent of the NC gas pressure plots for drywell Levels 22, 23, and 26 is to
evaluate the hideout of NC gas in the lower DW regions. For the bounding Feedwater
Line Break event (DCD Tier 2, Figure 6.2-1'3dl), the lower DW is flooded with water and
there is practically no NC gas mass in Ring 6, Levels 22, 23 and 26.

These NC gas peaks shown in DCD Tier 2, Figure 6.2-13dl for Ring 6 Levels 22, 23
and 26 at around 58 hours areof no physical significance. During that time period, the
DW annulus is flooded with water to an elevation above Level 27 and there is practically
no NC gas inside these axial levels.

Figures 6.2-184-1 and 6.2-184-4 show the. DW annulus collapsed water level. The DW
annulus in the time of interest is flooded with water to an elevation above 9.5 m (from
the reactor pressure vessel bottom), which is above axial Level 27.

The calculated void fraction for Ring 6, Levels 22, 23 and 26 are practically zero (on the
order of about 10-8), as shown in Figure 6.2-184-2.

The NC gas mass in a fluid cell is the product of the corresponding cell volume, NC gas"
density, and void fraction. As a result of zero void fraction in these cells the
corresponding NC gas masses are practically zero, as shown in Figure 6.2-184-3.
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Therefore, based on the considerations established above, the NC gas peak pressures
shown in DCD Tier 2, Figure 6.2-13dl for Ring 6, Levels 22, 23 and 26 at about 58
hours are of no significance based on their mass value and migration scenario.

DCD Impact:

No DCD changes will be made in response to this RAI.
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NRC RAI 6.2-188:

In RAI 6.2-175, Supplement I the staff requested additional information (in letter 180)
on proposed ESBWR DCD Appendix 6E and the staff is awaiting response from GEH.
In addition, the staff noted the following inconsistencies and discrepancies in ESBWR
DCD Revision 5 Appendix 6E that should be addressed.

A. Section 6E. 1 states that "[t]he DWpressure increase is terminated at around 70
seconds (Figure 6.2-13a2), when most of the noncondensable gases in the DW
annulus have been purged into the WW (Figure 6.2-13d3)." However, Figure
6.2-13al shows that the drywell pressure begins to increase later and continues for
72 hours.

B. Section 6E. I states that "[a]s shown in Figure 6.2-13a2, the peak DW pressure is
approximately 318 kPa (46.1 psia) at 347 seconds prior to the GDCS flow initiation.
. . The peak appears to occur at 387 seconds but not at 347 seconds.

C. Section 6E. I states the design pressure as 413.7 kPa (60 psia). However, Table
6.2-1 gives the design pressure as 310 kPaG [45 psig] which converts to 411.7 kPa
-(59.7 psia) and is different from the value given in Appendix 6E.

D. Section 6E. I states that "[aft approximately 800 seconds, the DWpressure drops
below the WWpressure, causing the opening of the vacuum breakers and allowing
some noncondensable gases to flow back into the DW" However, Figure 6.2-13a3
shows that the DWpressure drops below the WWpressure after 900 seconds.

E. Section 6E. I states that "[siubsequently, decay heat overcomes the subcooling in
the GDCS water and steaming resumes (at -1800 seconds, Figure 6.2-13a3). The
resumption of RPV steaming causes the DWpressure to increase again starting
from 1800 seconds." However, the same figure shows that DWpressure began to
increase earlier at 1200 and 1600 seconds, although such pressure increase did not
sustain.

F. In Section 6E. 1, "While the WW gas temperature remains below the WW
temperature design limit of 121.1 °C (250 OF) in 72 hours" is not a complete sentence.

G. Section 6E. 2 states that "[a]t around 550 seconds, vacuum breaker openings occur
as the steam production drops off, returning some of noncondensable gases back to
the DW" However, Figure 6.2-14a3 shows that the DW pressure around this time is
higher than the WW pressure making it not feasible for the vacuum breakers to
open.

H. Section 6E.2 states that "[i]t takes approximately 18 hours for the noncondensable
gases to be cleared from the GDCS gas space and 23 hours from the DW as shown
in Figure 6.2-14dl." However, Figure 6.2-14dl shows that those times are much
longer

I. Section 6E. 2 states that "[t]he peak DW pressure reaches 384 kPa (55.8 psia) at the
end of 72 hours, but remains below the design pressure of 414 kPa (60 psia). "
However, as listed in Table 6.2-5 and shown on Figure 6.2-14a1, the maximum DW
pressure for main steam line break LOCA (bounding case) is 396.25 kPa (57.47
psia), which is higher that the value cited in Appendix 6E. Also, please note item C
above on the design pressure.
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J. Section 6E. 2 states that ."d]ue to the presence noncondensable gases, the
effectiveness of condensation heat transfer in the PCCS is impaired for the first 28
hours, as shown by the PCCS heat removal versus decay heat in Figure 6.2-14cl.
The spike in the heat removal for the time between 17 and 28 hours indicate the
period where the PCCS heat removal temporarily exceeds the decay heat, resulting
in a drop in the DWpressure below the WWpressure. " Such behavior is not shown
on Figure 6.2-14c1.

K. Section 6E. 2 states that "[t]he hot PCCS condensate mixes with the cold GDCS pool
water.. It takes approximately 60 hours to bring the mixture temperature to.
approximately 950C." Please provide any figure showing this behavior.

GEH Response:

Discussions provided in Revision 5 of DCD Tier 2, Appendix,6E are based on the
analysis results documented in DCD Tier 2, Revision 3. These discussions are updated
in response to this RAI with the results from the analyses for DCD Tier 2, Revision 5.
The figures in Appendix 6E are renumbered as continuation of figures for DCD Tier 2,
Section 6.2. In addition to the bounding analysis with the failure of one depressurization
valve (DPV) documented in DCD Tier 2, Revision 5, results for the bounding analysis
with the failure of one safety relief valve (SRV) are also included in DCD Tier 2,
Revision 5. Discussions on the chronology of progression for the loss-of-coolant
accident (LOCA) bounding cases (Feedwater Line Break and Main Steam Line Break)
with the assumption of failure of one SRV will be added in the Appendix 6E following the
discussions for the cases with the assumption of one DPV failure, resulting in the
following four sections within Appendix 6E.

* 6E.1 Feedwater Line Break LOCA, 1 DPV Failure (Bounding Case).

* 6E.2 Main Steam Line Break LOCA, 1 DPV Failure (Bounding Case)

* 6E.3 Feedwater Line Break LOCA, 1 SRV Failure (Bounding Case)

• 6E.4 Main Steam Line Break LOCA, 1 SRV Failure (Bounding Case)

Also, descriptions presented in DCD Tier 2, Subsection 6.2.1.1.3.4 will be modified to
reflect the results from the bounding analysis with the failure of one SRV. Additional
specific changes to address the items in this RAI are as follows:

A. Added a sentence (the last sentence of the first paragraph under Section 6E.1) to
describe the drywell (DW) pressure increases gradually following the early drop.

B. Updated the value and timing of the short-term peak DW pressure (the first sentence
of second paragraph under Section 6E.1). The short-termDW peak pressure of
314 kPa occurs at 391 seconds.

C. Revised the'design pressure to 310 kPaG (45 psig) (the second'sentence of second
paragraph under Section 6E.1) consistent with the values listed in DCD Tier 2,
Table 6.2-1.

D. Updated the timing of the crossover of DW pressure and wetwell (WW) pressure,
changed from 800 seconds to 946 seconds (the fifth sentence of second paragraph
under Section: 6E. 1).
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E. Added a sentence (at the beginning of the fourth paragraph under Section 6E.1) to
indicate the DW pressure increase during the time period between 1200 and
1600 seconds.

F. Revised this incomplete sentence (the last sentence of the seventh paragraph under
Section 6E.1) by combining with the previous sentence.

G. The sentences regarding the opening of vacuum breaker (the seventh and eighth
sentences of the first paragraph under Section 6E.2) is removed, since the
crossover of DW pressure and WW pressure is not observed in DCD Tier 2,
Figure 6.2-14a3.

H. This sentence (the tenth sentence of the first paragraph under Section 6E.2) is
removed, since the phenomena are not observed in DCD Tier 2, Figure 6.2-14d1.

I. Updated the value of the maximum DW pressure, changed the pressure from
384 kPa (55.8 psia) to 396 kPa (57.5 psia) (the thirteenth sentence of the first
paragraph under Section 6E.2). Also, revised the design pressure to 310 kPaG
(45 psig) (the thirteenth sentence of the first paragraph under Section 6E.2)
consistent with the values listed in DCD Tier 2, Table 6.2-1.

J. Sentences (the second through fourth sentences of the second paragraph under
Section 6E.2) are removed, since the behavior is not shown on DCD Tier 2,
Figure 6.2-14c1.

K. DCD Tier 2, Figure 6.2-14d6 for the Gravity-Driven Cooling System (GDCS) pool
temperature for the 72 hours period is added.

DCD Impact:

DCD Tier 2, Subsection 6.2.1.1.3.4'and Appendix 6E will be revised as noted in the
attached markup.
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NRC RAI 6.2-189:

ESBWR DCD Revision 5 Table 6.2-5 lists results of a main steam line break case "with
Containment Pressure adjustment, and noncondensable gas from SLCS, and
safety/non-safety related pneumatic containment valves during MSLB event."

A. Describe the conditions "... Containment Pressure adjustment, and noncondensable
gas from SLCS, and safety/non-safety related pneumatic containment valves...
because this information is not available in the DCD.

B. Explain why you chose a less limiting case of main steam line break as the limiting
design basis loss-of-coolant accident and describe results in DCD
Section 6.2.1.1.3.5.

GEH Response:

A. The following paragraphs explain the conditions stated within quotation marks in
Part A of this RAI, and explain the process that is used to conservatively estimate
the peak containment pressure at 72 hours from the TRACG calculated results. This
process accounts for all non-condensable (NC) gases remaining in various drywell
(DW) regions at 72 hours. Also, this process includes the additional amount of
nitrogen that could be released into the containment due to actuations of valves
powered by the High Pressure Nitrogen Supply System (HPNSS), and the amount of
nitrogen that could be dissolved in the Standby Liquid Control (SLC) liquid and could
be released to the containment during the loss-of-coolant accident (LOCA) transient.

This adjustment process consists of four parts. Table 6.2-189-1 summarizes the
details and results in these four-part calculations for four break cases with bounding
conditions (the Main Steam Line Break (MSLB) and Feedwater Line Break (FWLB)
with single failure of one depressurization valve (DPV) and one safety relief valve
(SRV)).

1. TRACG calculated pressures and margins: Part 1 in Table 6.2-189-1
summarizes-the TRACG calculated pressures and margins for these cases. The
margins at 72 hours are about 5% for the MSLB and 14% for the FWLB case.
This table also summarizes the NC gas mass in different regions at 72 hours.
The total NC gas mass remaining in the DW regions at 72 hours is about 1% of
the total amount in the containment for the MSLB and 5% for the FWLB cases.

2. Impact of the residual NC gas on the DW pressure margin: Part 2 in
Table 6.2-189-1 estimates the impact of the residual NC gas on the DW pressure
margin. Assuming the total amount of DW residual NC gas to be purged into the
wetwell (WW) at 72 hours, the adjusted DW pressure can be calculated by the
perfect gas law. The adjusted DW pressure margins at 72 hours are about 3.5%
for the MSLB and 7.5% for the FWLB cases.

3. The bounding estimate of the amount of nitrogen that could be released into the
containment during the LOCA transient: The HPNSS uses nitrogen to power
valves inside the containment, and may add additional nitrogen into the
containment. The bounding estimate of the amount of nitrogen that could be
released into the containment during the LOCA transient is 142.9 kg at 72 hours.
This amount includes nitrogen in the HPNSS piping, nitrogen released due to
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valve actuations, and the leak rate from the actuator pneumatic systems. The
other additional source of nitrogen is the amount of nitrogen that may be
dissolved in the Standby Liquid Control System (SLCS) liquid, and could be
released into the containment during the LOCA transient. The bounding estimate
of this amount is 41.6 kg.

It should be noted that both the SLCS and Control Rod Drive System (CRDS)
have mechanisms to prevent nitrogen injection. Nitrogen contribution to the
containment from these systems is considered as non-credible sources.

Impact of additional sources of nitrogen on the DW pressure margin: Part 3 in
Table 6.2-189-1 estimates the impact of these additional sources of nitrogen on
the DW pressure margin. Assuming the nitrogen from these sources and the
residual NC gas in the DW to be purged into the WW at 72 hours, the adjusted
DW pressure can be calculated by the perfect gas law. The adjusted.DW
pressure margins at 72 hours are about 2% for the MSLB and 6% for the FWLB
cases. These results show that the MSLB is more limiting than the FWLB.

4. Part 3 results show that the limiting break is the MSLB. The adjusted DW
pressure margins are 2.06% for the MSLB with failure of one DPV and 1.76% for
the MSLB with failure of one SRV. The difference between these two cases is
0.3%, which is acceptably small considering that the margins for both cases are
greater than 1.5%. DCD Tier 2, Revision 5, Tables 6.2-7e and 6.2-7g show the
operational sequence of the Emergency Core Cooling Systems (ECCS) for the
MSLB-1 DPV and MSLB-1 SRV cases, respectively. A closer review and
comparison of these tables shows that the transient responses of these two
cases.are nearly identical. Therefore, the discussions of system action and
containment response for one case are the same for the other case.

For bounding and simplification, the values calculated in Part 3 for the limiting
break (MSLB) are compared with those corresponding to the 1% DW pressure
margin. If the pressures for the specific case are lower than those for the 1%
margin, the values correspond to those for the 1% DW pressure margin are
reported as those for the specific case and presented in the bottom row in DCD
Tier 2, Revision 5, Table 6.2-5. This approach of reporting the values for the
limiting case is bounding and less susceptible to the small perturbations in the
TRACG calculated values.

Part 4 in Table 6.2-189-1 calculates the DW pressures corresponding to the 1%
margin. The adjusted DW pressures and margins of the limiting break (MSLB
with failure of one DPV and MSLB with failure of one SRV) in Part 3 are
compared to the targeted pressure and margin in Part 4. The comparison shows
that the adjusted DW pressures for both cases are lower than the target
pressure. The values calculated in Part 4 are selected as the final adjusted
values for the MSLB-1 DPV and MSLB-1 SRV cases. The pressures and margin
for the MSLB-1 DPV case are summarized in the bottom row in DCD Tier 2,
Revision 5, Table 6.2-5.

B. As discussed in Paragraph A.4, the transient responses for the MSLB-1 DPV and
MSLB-1 SRV cases are nearly identical. The difference in DW pressure margins
between these two cases is acceptably small, considering that the margins for both
cases are greater than 1.5%. Both cases can be considered as the limiting event.
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However, the MSLB-1 DPV was selected as the limiting event and discussed in DCD
Tier 2, Revision 5, Subsection 6.2.1.1.3.5.

For consistency with the results presented in DCD Tier 2, Table 6.2-5, the limiting
event is revised as the MSLB with failure of one SRV in DCD Tier 2.

DCD Impact:

DCD Tier 2, Subsection 6.2.1.1.3.5, Subsection 6.2.1.1.3.5.1, and Table 6.2-5 will be
revised as noted in the attached markup.



MFN 08-781
Enclosure 1 Page 12 of 12

Table 6.2-189-1. Bounding Estimate of the ESBWR Containment Pressures

(1) TRACG Calculated Pressure and Margin
N, DW Head NC DW NC Gas WW NC Gas TRACG Cal'd DW :Pressure

Peak DW Pressure (kPa) GDCS NC Gas Mass at Gas Mass at 72 Mass at 72 hrs Mass at 72 hrs DW Pressure Margin at 72 hr [based on
72 hrs (kg) hrs (kg) (kg) (kg) (psig) 310.3 kPaG (45 psig)], %

Case # Break Location Single Failure

1 Steam Line Inside Containment 1 DPV. 396.25 27.01 121.05 3.85 14875.00 42.77, 4.95

2 Feedwater Line 1 DPV" 367.88 712.66 50.20 22.13 14247.76 38.66 14.10

3 Steam Line Inside Containment I SRV 397.45 13.61 124.21 3.22 14884.95 42.95 4.57

4 Feedwater Line 1 SRV 369.63 702.43 13.88 3.29 14313.51 38.91 13.53

(2) Pressure Margin Purge all residual NC gas from DW to WW)

Tota NC GasVMa(w Total NC Gas Mass in Adjusted WW Adjusted DW Adjusted DW Adjusted OW Adjusted DW Pressure
remaining in DW regions at WW (with All NC Gas NC Gas Mass Pressure at 72 Pressure at 72 Pressure at 72 Margin at 72 hr [based on

72 hrs (kg) purged into WW at 72 Ratio hr (kPa) hr (psia) hr (psig) 310.3 kPaG (45 psig)], %
hrs) (kg)

Case # Break Location Single Failure

1 Steam Line Inside Containment 1 DPV 151.92 15026.92 1.010 400.30 58.06 43.36 3.65

2 Feedwater Line 1 DPV 784.99 15032.75 1.055 388.15 56.30 41.60 7.56

3 Steam Line Inside Containment 1 SRV 141.04 15025.99 1.009 .401.22 58.19 43.49 3.35

4 Feedwater Line 1 SRV 719.60 15033.11 1.050 388.22 56.31 41.61 7.54

(3) Pressure Margin-with additional NC gas from pneumaticvalves and Nitrogen dissolved in the SLCS liq uid

- Additional NC gas mass Total NC Gas Mass in .Adjusted W Adjusted DW Adjusted -W Adjusted OW Pressure
from Containment Valve WW (with All AC Gas New WW NC Pressure at 72 Pressure at 72 Pressure at 72 Margin at 72 hr [based on

Systems and SLCS liquid** purged into WW at 72 Gas Mass Ratio hr (kPa) hr (psia) hr (psig) 310.3 kPaG (45 psig)], %-

(kg) hrs) (kg)

Case # Break Location • Single Failure

1 Steam Line Inside Containment 1 DPV 184.50 15211.42 w1.023 405.22 _. 58.77, 44.07 2.06

2 Feedwater Line 1 DPV 184.50 15217.25 1.068 392.91 56.99 42.29 6.03

3 Steam Line Inside Containment, 1 SRV 184.50 15210.49 1.022 406.14 58.91 44.21 1.76

4 Feedwater Line 1 SRV 184.50 15217.61 1.063 392.98 57.00 42.30 6.01

(4) Targeted Pressure Margin at 1%

DW Pressure DW Pressure DW Pressure DW Pressure Margin [basedI (kPa) (psia) (psig) on 310.3 kPaG (45 psig)], %

Pressures at.1% Margin 408.51. 59.25 44.55 1.00

Additional NC gas from Pneumatic Valves (142.9 kg) and nitrogen dissolved in the SLCS liquid (41.6 kg) = 184.5 kg
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61.LI13A F*edwater Lie Broeak- Bounding Anadysi

This analysis initializes the RPV and containment at the base conditions shown in the Bounding
Value column of Table 62-6. Table 61-7d shows the seuience ofevents for the Feedwat Line
Break with failure of one DPV, and Table 6-2-7f shows the sequence of events for the Feedwater
Line Break with filure of one SRV. TaU.i. 64 4d, m fr ,Ow ...... of waa ._ few the
ansiyow In addition, this bounding analysis sets the other TRACG model parameters in the
conservative direction as described in Ref.rence 6.2-1. Table 61-3 summarizes the specific
bounding values for thse model parameten. Thu analysis follows the application methodology
outlined in Reference 6.2-1.

Figure 6.2-13a1 through 6.2-13d3 and Figures 6.2-13e1 though 6-2-13h3 show the pleasre,
temperature, DW nd GDCS airspace presure responses and PCCS heat removal for this
analysis. Table 6.2-5 sumnnarizes the results of this calculation. The calculated inaxinua DW
pressure during the 72 hours following a LOCA for the bounding case is below the contaimnt
design pressure. The detailed discussion on the chronology of progressions of the Feedwater
Line Break Bounding cases io.egiven in Appedic 6E.1 and 6E3.

6.2-10
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26AEJJ2AT Rev. SE
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6.2.1.13. Ma" Ste• Line Break- Beubding Aadysix

This analysis initiaizes the RPV and contasi•nme at the base conditions dhw in the Bounding
Value column of Table 6.2-6. -LU: 6.2 We 3h.wi t_ ze..c _ _tE .- fr tL- l±.
addition, this bounding anlysis set the othbe TRACG model prameters in the cons•vative
direction as descnled in Reference 6.2-1. Table 6.24 -summarims the specific bounding values
for these model paramtets. This ays follows the application methodology outlined in
Re-erence 62-1. Table 6.2-7e shows the sequence of events for the Mmin Steam Line Break with
failure of one DPV, and Table 6.2-7g shows the sequence of events for the Main Steam Line
Break with failure of one SRV. A compaiison of these two tables and the corresponding figures
shows that these two cases ame nearly the same m tranient responses and m the calculated DW
pessure. Both cases can be considered as the limitn event These cases are discussed in the
folowing pragra
Figures 6.2-14al through 6-2-14d3 and Figures 6-2-14fl through 6.2-14i3 show the pressure,
temperature, DW and GDC airspace pressure responses and PCCS heat removal for the-ie
msmysimanlyses. Table 6.2-5 sumnmaizes the results of this calculation. The calculated
m -axini DW pressures dining the 72 hours following a LOCA for these bounding cases areas
below the contanment design pressure. The detailed discussmn on the chronology of
progressions of the Main Steam Line Break Bounding cases -aris. given in Appendinces 6E.2
and 6R_4.
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6U2.lLUAI Post-LOCA Containmnt Cooling and Raewer Analysix

For post-LOCA cantainment cooling and recovery, the Main Steam Line Break with failre of
one DPV is selected The analysis results are not sensitive to the event selection (failMre of one
DPV versus one SRV) due to the fact that these two cases are nearly the same in transient
responses up to 72 hour and the containment pressure and temoperature are rapidly reduced upon
the activation of the nonsafbty-idated SSCs

After the first 72 hours of the accident, the following nnsathty-related SSCs are utilized to keep
the reactor at saf stable shutdown conditions to rapidly reduce containment pre= e and
temperature to a leve where there is acceptable margin and the to maintain these conditions
indlefinubely:

(1) SSCs to refill the IC/PCC pools;

(2) PCCS Vent Fans;
(3) Passive Autocatalytic Recombiner System (PARS); and

(4) Power supplies to the PCCS Vent Fans and the ICIPCC pool refill pumps.

Once a state of safe, stable reactor shutdown is reached, and contanment pressre and
temperature are at acceptably low values with no increasing trend, other nonsafety-related SSCs
ae relied upon to bring the reactor to cold shutdown conditions and to further re&dce the
containment pressue and temperatur These SSCs inclde the FAPCS as the prefmred method,
and the RWCU/Shutdown Cooling (SDC) system in the unlikely event there is fuel damage
(Subsections 9.1.3 and 5.4-., respectively). In the unlikely event of fuel damage, where the
RWCU/SDC system is used, the RB HVAC system is a required support system for limting
owite and offsite dose. The contaimment pressmre and temperature response due to these
nonsafety-related SSCs is shown in Figures 6.2-14el dtough 6.2-14e10.

Containment pressir and temperature responses which represent a postulated accident reovery
evolution, with RWCU/SDC (fuel damage assumed) providing the cold shutdown function are
shown in Figures 6.2-14ell and 6.2-14e12. These response cuaves are based oan the
RWCU/SDC operating in suppression pool cooling mode for 24 hours, beginning seven days
after a LOCA, followed by vessel ijection via the normal RWCU/SDC midvesel suction line,
with suction from the suression pool. The heat removal for this MDe of RWCU/SDC
operation is provided by the non-regenerative heat exchanger (NRHX) A conservative heat
exchanger capacity was assumed which is well within the capability of the RWCUISDC NRBX.
Table 694S lists the RWCU/SDC NRHX data used in the analysis. There is no requirement to
start the recovery actions at seven days, since the reactor is already in a safe stable shutdown
condition, and containment pressure and teperature ae in a non-upward trending state, with
sufficient margin to containmnnt design imits.

The accident recovery analysis shows that after being in supressiou pool cooling for 24 bours
and then injecting into the reactor vessel far approximately 10 hours, the suppression pool has
equilibrated with the reactor bulk water temperature at cold shutdown condions.



MFN 08-781
Enclosure 2 Page 4 of 20

I M W 6 A 6 6 T ]q Ck. 2
MM SWJL Dtd CIrmb D•'lMWrw-2

Tabe 6.2-5

Summary d Cmbbuw*-LOCA Perfomauce Aaa]yxs

Iu I M m DW 1 M mDW M J im--" D]• ip a w "- DW L - &mDw a dDW " L. - W r Lft.4i

BFML. Brk •e+ Pýmsm Prm. we P TinnOw.wa TrWir Tamp-* Te We SupIrm"*dm? 00) FXrM Wh.Os) Nh-.r. WW kftr-wmpw(%) -Cme -Cm "Cm(e -Cmem

Erased m sgmdsw MAC eneb med@

Um ]l 2 36M575 26439 1 I291 I40.4" 12273 75-.
(1m0 I 3r) (53.05) (3M.3) 15% _(3624) (23415) (31O0) (06.0)

ea m ma + 0.07420 1 D r 33 r7 237.$2 1 4 ,18 L3933 113.45 72-00
(0_79M) (49.15) (34.45) (337.7'M (C.2 0) MC245-21) (16110)

GOCS kommm 0.004561 iv 314.46 21311 141.16 137.39 114-55 6310

(D-04910) ____ (4541) (30.91) .30 (72491 (27930) (231.16) (41.16

BaOM Hmd 0.004032 324.19 223.2O 164.73 131120 115.0 64.75

Lim p031 9 (71)(2.43) 26 32.3)(176) (24026 (141.57)

qIn Lim u 0.0"132 1V 3062 20490 1735 143.35 121.94 74.1A
C.ms (1105) (5747) (42.77) (344.44) (290.03) C2LA.M)) (066•6.)

P mf 1 - 0.07420 W AS9. 26 $ .4 7 14213 12115 7 1.RMm' 07N') I D, V (5336) (34-.6) 14% C337.05) (M'7.3) C"• -51) (INS,.")

Sem- ie h 0.09632 397.43 290.10 173-57 143.46 120.53 74.-9
Co itu O58)" 1 SRV (37.65) (4295) (%044.43) (N20 M9-.79) (M6216)

0.07420 .3063 20921 167-4 14224 12316 69.61Idsm Lr 3K•V 14%
(0.791U) (3.61) (31.91) (334-0) (21103) (2.534) (15730)

0.0Lm913k ý2 1 D 449A*& 1 <307163 1% 173( 143-33 125" 74.11

A4euma (030) (5-2•3M1 (44550) 04444) C-013) (20) (0MAO

0.00032 10 LRI <307.1M6 17357 143.46 1265-5

A4 SRM M-925) (44.55) A%3".43) (M-0222) (259.79) (166.26)

The baUbra 01f7 0 tbea( 7904 0o x I

S-.-Mm Ský L-1 Pm w&q (NC) Cm=m appap , UWW am 71 bm i NC pm .u.• lW ý. = p. WC W .4aohd a 6. SLC
h.p.d. ad MS. fi-iluyA.-yanOia.s, 6aghEmB* Mgm -aDN •frm akd¢t.u3.72k..Mhu91am•mamm LISCA. It•B
M aazim e smp.in3ak:hmi6.a1.g6. 72 hu, 60..raj aLD



MFN 08-781
Enclosure 2 Page 5 of 20

2WUMU2IAT Rep. S

1S

10

!

Desip CmthdDwRMMtMu 2

0 6 iz Is 24 30 36 42 41 S4 60 6s 72
Tim a (i2

Figre 6.2-1314. Feedwater Liwe Break. 1 DPV Fafloe Boumdaim)
Drvwtl Awnnum, god Sunmremoa Pool Lev&l MT krs)

20a

18

24 SO s5 42 41 54 as 40 72
Time a i)r

Fiqmmre 6.2-13d5. Feedwater Line Brea. 1 DPV Failmue (Bo-,dinh)
GDCS Peel Levels (72 h.s)

6.2-259



MFN 08-781
Enclosure 2 Page 6 of 20

2&lM42AT Rew. "E
ESBWR

140

120

100.

180

60.

DelAp CombAe Dwujmtfflm 2

0 6 12 18 24 30 36 42 48 54 60 66 72

Time 1hl)

Fi-mye 6.2-13d6. Feedwater Lime Breakl 1 DFV Failure (BoundiW )
GDCS Pool Temperatre (72 Irs)

6.2-259



MFN 08-781
Enclosure 2 Page 7 of 20

26AUJ2AT Rev. It
ESEWR Desin Coml DGCummtflla 2

15 ,m

10,

DW Ar nsWIar Le4* lI W.n IUSII7 t
- &upI. P!!! ýk~

I
.1

RPV *tt- (DI M)
a

-1 . * . I .* I . I - I - I - - - - - I __

0 5 12 15 24 30 36 42 43 54 80 66 72

Time p")

F'gure 6.Z-134. Feedwater Line Break. I SRV Falure (Bounding)
Drvwel Annulus sad Su om Pool Lera (72 krs)

24

iI 2o

I

Is

TWmo Ib~r)

Flgume 6.7-13h& Feedwater I.ne Br•ek 1 SRV Faure
GDCS Pod Level (72 hrs

6.2-272



MFN 08-781
Enclosure 2 Page 8 of 20

26AU.I2AT R,. K
I*IiB1W, Dmign Cbmr.I Dommtmfl 2

tE
1213_ _

- --4 = 1
100 -

-- ing 7
60

20

0 6 12 lB 24 30 36 42 48 54 60 66 r
2

Time 1Iw)

F'ware 6.2-13h6 Feedwater Line Bre. I SRV Failure (BouudinEA
GDCS Pool Temperature (72 "s)

6.2-273



MFN 08-781
Enclosure 2 Page 9 of 20

2&AE42AT Rev. "
ESBWR Design Cmerk DlC•umemt 2

I4 I EI I
K S

I-
-PmIOM aLEWI

-&4*. fo0 1e 1
PV"B"bm iOmrn)

I 4U " .

-10

0 6 12 1i 24 30 36 42 48 54 60 66 72

71M 0"

Fiiure 6.2-144d4. Main Steam Line BreaL I DMV Fimhure 0Boundine)
Drywell Annulus and Suiwressiom Pool Levels (72 brs)

I

22 -

-- -------------
20 - - - - - - - - - -

E-,..:-

-RhID

Is -. . . .. . . .. . . . - .. . . .. . . .. . . .. . . . . .. . . .. . . .. . . ..

a * 12 1i 24 30 36 42 48 S4 60 66 72

TIM* 1O,'

Fieure 6.2-146. Main Steam Line Break 1DPV Failure 0ouadine)
GDCS Pool Uvs (72 hrO)

6.2-296



MFN 08-781
Enclosure 2 Page 10 of 20

2MA2AT RIw. "
ESBWK

140

120

100

180
jo0

Desigr Cdabro DftummWtw 2

a 6 12 16 24 o0 3 42 4a 54 60 66 72

Thme (Mil

Finure 6.2-14d6. Main Steam Line BreaL I DPV Failure (Boundin)
GDCS Pool Temopmature (72 brM)

6-2-27



MFN 08-781
Enclosure 2 Page 11 of 20

26I4MAT Rm,. IN
ESM' Design Coatr]i Dwcuhmtr'fiw 2

is

in

-14

Oul Press 10 Ppeat I Lt

RV -- w4.0 ulusLev.l
-- Swp. PI-mI Levell

RlPV l efem 4 .0 m)

f Al~ U Wwo~

a 6 12 II 24 30 36 42 41 54 so 66 72
Time jhr)

Fiure 6..14i4. Main :Stm Lie Brremk 1M e (BoluMibinDrvwe An,,lu, and suprem~ol Pool Level (72 hrii

I

22

20

0 a 12 Is 24 30 30 42 48 54 00 as 722

umw P"
Fifure U2-14i5. Main Steam Line Break. 1 SRV Falure (BOundint)

GDCS Pool Lvels (72 hrs)

6.2-306



MFN 08-781
Enclosure 2 Page 12 of 20

2MAM4AT Rev- "4

140

120

100.

60

Deign CQNUWr DecnMKmtffl 2

a 6 12 1a 24 3D 36 42 4a 54 60 66 72
Turn. jhfj

Figure 6.2-14. Main Stem Lime Break. 1 SRV Failure (Boundiuf)
GDCS Pool Temperature (72 brs)

6.2-307



MFN 08-781
Enclosure 2 Page 13 of 20

2EA642T Rms 06
ESBBR Design Control Documentflhur 2

6E. TRACG LOCA CONTAINMENT RESPONSE ANALYSIS
The chronology of progressions of FWLB LOCA (Bounding Case) and Main Steam Line Break
(MSLB) LOCA (Bounding Case) containment responses are discussed in detail in this appendix.
6E.1 Feedwater Line Break LOCA, I DPV Failure (Bounding Case)
Following the postulated FWLB 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 40-6.0seconds (Figure 6.2-13a2), when most of the
noncondensable gases in the DW annulus have been purged into the WW (Figure 6.2-13d3).
The DW pressure drops to 255 kPa following the initial. spike then increases gradually and
continues to 72 hours (Figure 6-2-13alI)
As shown in Figure 61-13a2, the peak DW pressure is approximately Ulg-314 kPa
(464-41.5 psia) at 44-7-391 seconds prior to the GDCS flow initiation, shortly after the opening of
the depressurization valves (DPVs) (Tabli6.2-7d). This peak pressure is below the design
pressure of 43. 310 PaG (45 (iig) with a large margin The GDCS flow
initiates at approximately 543-510 seconds. The subcooled GDCS water contimnes flowing into
the vessel, reduces the steaming from the reactor pressure vessel (RPV) and the DW pressure.
At approximately £00-946 seconds, the DW pressure drops below the WW pressure, causing the
opening of the vacuum breakers and allowing some noncondensable gases to flow back into the
DW. Consequently, the system pressures drop to a value of approximately 640-276 kPa
(3740 psia) (Figure 6.2-13a3).
Figures 6.2-13dl through 62-13d3 show the noncondensable gas pressures in the DW annulus,
the DW head gas space, and the GDCS pool gas spacqe Figure 61-1363 shows that most of the
noncondensable gases in the DW annulus are purged into the WW within 100 seconds. At
around NO-1060 seconds, some noncondensable gases flows back to the DW annulus
(Figure 6-2-13d3) after the opening of the vacuum breakers.
The increase of DW pressure due to the onening of the vacuum breakers occurs between 1200
and 1600 seconds- Subsequently, decay heat overcomes the subcooling in the GDCS water and
steaming resumes (at -180 seconds, Figure 6-2-13a3). The resumption of RPV steaming causes
the DW pressure to increase again starting from 4-00-1826 seconds. The DW pressure reaches
the long-term peak ofU3L-368 kPa (49-1jpsia) at 72 hours (Figure 6.2-13al).
After 4200-1826 seconds, the DWV pressure is higher than the WW pressure. The PCCS moves
the steam and noncondensable gas mixture from the DW and purges the noncondensable gases
into the WW. Most of the noncondensable gases that returned to the DW annulus because of
vacuum breaker openings are purged back into the WW in apprximately -3-4hous
(Figure 62-13dl).
Figure 6-2-13c1 compares the total heat removal by the PCC5 with the decay heat After the
first 6 horns, 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)/Passive Containment Cooling (PCC) pools, which are located outside of the containment.

Figures 6.2-13bl through 6.2-13b3 show the DW gas temperature, WV gas temperature, and
suppression pool surface temperature- As shown in'Figure 6.2-13b2, the bulk DW temperature

6E-1
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reaches a maximum of 4464169-50C (4441337F) at approximately 4-§0391.5 seconds. By the
end of 72 hours, the DW temperature is maintained at 4.84142.1OC (48442LM"F), well below
the DW design temperature of 171 C (340WF)-.LQWh e-while the WW gas temperature remains
below the WW temperature design limit of4-2"1210 C (25V0F) in 72 hours.

Figure 69416-2-13d4 compares the water levels in the DW annulus and suppression pool- The
DW amnnlus water level rises due to the break flow discharges from the RPV and the broken
feedwater piping. In approximately 40-65 hours the DW annulus water level reaches the
quasi-equilibrium elevation of 94.96 meters (40-a9fl). At this elevation, the DW annulus water
level is approximately 3 meters (10 fB) below the spillover holes. The hot water in the DW
annulus remains in the DW and does not enter into the bottom of the suppression pool via the
spillover holes.

Figure 6-26.2-13d5 shows the GDCS pool levels. The water level drops below 133
(Figure 6.2-7) in approximately 4-1.3 hours, after the initiation of GDCS flow. This creates a
bottom layer of noncondensable gas space, which is approximately 6 meters (20 ft) below the
connection pipes. The noncondensable gas masses stored in the top two levels (134 and L35)
are purged to minimal values in a few hours, through the connection pipes.

6E.2 Main Steam Line Break LOCA 1 DPr' Failure (Bounding Case)

Following the postulated LOCA, the DW pressure increased rapidly leading to clearing of the
PCCS and main vents. The containment pressure responses of the DW, WW, and RPV are
shown in Figures 62-14a1 through 6.2-14a3. During the initial blowdown phase, the
noncondensable gases in the upper regions of the DW are cleared rapidly to the WW through the
main vents, as shown by the DW and GDCS gas pressures in Figures 6.2-14d2 and 6.2-14&3.
The DW pressure starts to turn around and decrease at approximately 93M488 seconds after the
GDCS flow initiates, as shown in Figure 6.2-14a3. The GDCS flow fills the reactor vessel to the
elevation of the break, and then spills into the DW. The heat transfer process dining the GDCS
cooling period is characterized by condensation of steam in the vessel and DW.' -.
MG 8080c11, %%@WAR twlcrnpnsn :z an dxc atg n ri ncia irO&S60 aWOP rctur6IMiNg Aam

f G._ atc a..................... t...:-V. The DW pressure rises until flow is established
through the PCCS, where condensate from the PCCS is recycled back into the vessel through the
GDCS pool in the DW. It tksab::pproimatrlW 111 Inuf for.& ta nzr.Aannbl gata to ba
skariffrain fla PGDS gall spaa anid N3hz-an frm the DW an akan in Fixrz 62 l4di.The
long-term (72 hours) response of the containment pressure is shown in Figure 61-14aI. The
DW pressure levels off at around 4-2 hours and increases in a gradual pace. The peak DW
pressure reaches 34-396 kPa (4457.5 psin) at the end of 72 hours, but remi below the
design pressure of 414hs(6p is).310 kPaG (45 psig).

Due to the presence of noncondensable gases, the effectiveness of condensation heat transfer in
the PCCS is impaired for the first Q&48 hours, as shown by the PCCS heat removal versus decay
heat in Figure 6.2-1*1. ak c
inaea t p@ 6-iag zlacrt, thP - ,et rz t.MPar.. ily , mzcin fi,9- ,., ; bat, Rw_
int a tap in the DIX pHRzR below tAP Fwaffff prcnua. Tind ain t a tazzpafy awmtian oa
attamn filaw tz the PCCS. Subnrquantl thea ttnuu bnntcr apan, some Henran axxl gwis
ae mimernd to tda OW, BAn the PCCS brai- mr-M-al ut inaco A4 t- tnfo frokm f
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e.•-'•. For the first •2-48 hours. the decay heat exceeds the PCCS heat removal capacity.
Then after the noncondensable gases are purged from the G)CS and DW gas spaces, the PCCS
heat removal capacity matches the decay heat. However, it still cannot remove radiation heating
generated in the core. Hence, both the DW and WW pressures continue to increase continually
over the 72 hour period.

The TRACG containment model predicts some noncondensable gases remain in the DW at
72 hours. As a conservatie approach to determine the maximum DW pressure, an ideal gas
calculation is performed to calculate the effect of purging these remaining gases to the WW. The
calculation accounts for the total noncondensable gas in the containment the noncondensable
gas dissolved in the sodium pentaborate solution, and the safety/nonsafety-related pneumatic
containment valves during the MSLB event The increase in WW and DIW pressure from
additional noncondensable gas is based on the ideal gas equation The result of this
noncondensable addition is shown in Table 6.2-5.

Figures 6.2-14bl through 62-14b3 show the DW, WW and suppression pool gas space
temperature responses at various elevations. Initially, all elevations heat up due to the main vent
and break discharge. After the main vents dose, only the upper levels are impacted by the PCCS
vent discharge. The bulk DW gas temperature peaks at 4-544173-60C (944344.5F) immediately
following the blowdown, which is slightly 41Mw-above the DW design temperature of 17lPC
(3400 F), due to adiabatic compression by the steam discharging from the break. In the long-termn
(72 hours), the temperature remains below 1710C (34 0 0F),.. -AWhi-while the WW gas
temperature remains below the WW temperature design limit of 4-44121-C (250-F) in
72 hours.

Figure fi-6.2-14d4 compares the water levels in the DW annuhus and suppression pool. The
DW annulus water level rises due to the-break flow discharges from the main steam line broken
piping. The DW annulus water level remains in the lower DW and does not enter into the
bottom of the suppression pool via the spillover holes.

For MSLB, the GDCS pool level (Figure 4&-46.2-14d5) drops to the elevation of the DPVs and
stays above 133 (Figure 62-7). As no gas mass is stored below 133, gas masses stored in the
top two levels (134 and L35) are purged to minimal values in a few hours through the
connection pipes. Approximately 60W (or 1200 rn3 (42380 fit) of the initial GDCS cold water
46.1C (115 0F) remains inside the GDCS pools. The hot PCCS condensate mixes with the cold
GDCS pool water. The temperature of the GDCS water injected into the RPV is lower than that
of the FWIB. A portion of the decay heat is used to heat up the incoming colder GDCS water,
which is shown in Figure 6.2-146 as the difference between the decay beat and the total PCCS
condensation power. It takes approximately 60 hours to bring the mixture temperature to
approximately 950C (Finure 6.2-14d6).

Both the initial blowdown and the ensuing suppression pool heat up are larger in the MSLB than
the FWLB, which leads to higher pool water temperature and higher suppression pool water
level and smaller WW gas space volume. All these effects result in higher DW pressure in the
MSLB than FWLB.
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6F Feedwater Line Break LOCAK 1 SRV Failure (Boandinr Case)

Following the postulated FWLB LOCAK 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 65 seconds (Fimire 6-2-13e2), when most of the noncondensable
gases m the DW annuins have been purged into the WW (Figure 6-2-13h3). The DW pressure
do to 250 kPa following the initial spie the increases gradually and continues to 72 hours'
(Fimue 6-2-13e1).

As shown in Figure 62-13e2, tei peak DW pressur is approximately 314 kPa (45-5 psia) at
416 seconds prior to the GDCS flow initiation, ortly after the opening of the deLressnization
valves (DPVs) (Gable 62-7f). This peak pressure is below the desimn pressure of 310 kPaG (45
psiRg) with a large margin. The GDCS flow initiates at appoximately ill seconds. The
subcooled GDCS water continues flowing into the vessel, reduces the steaming from the reactor
pressure vessel (RPV) and the DW pressure. At aproximately 855 seconds. the DW pressmre
drops below the WW pressure. causing the opening of the vacmm breakers and allowing some
noncondensable gases to flow back into the DW. Conequety the system pre res drop to a
value of approxinately 277 kPa (40 usia) (Figure 6J2-13e3).

Figures 6.2-13hl through 6-2-13h3 show the noncoudensable gas pressures in the DW annulus,
the DW head gas space. and the GDCS pool gas space. Figure 6.2-13h3 shows that most of the
noncondensable gases in the DW annulus a pureged into the WW within 100 seconds. At
aromd 1181 seconds. some noncondensable gases flOws back to the DW annulus
(Figuire 62-13h3) after the opening of the vacuum breakers.

The increase of DW Pressure due to the opemun of th vacuum breakers occurs between 1100
and 1500 seconds, Subsequently, decay heat overcomes the subcooling m the GDCS water and
steaming resumes (at l800 seconds. Figure 6-2-13e3). The resumption of RFV steaming causes
the DW pressure to increase again starting from 1845 seconds. The DW pressure reaches the
long-term peak of 370 kWa (54 psia) at 72 hours (Figure 61-13el).

After 1845 seconds, the DW pressue is higher than the WW pressur The PCCS moves the
steam and noncondensable gas mixture from the DW and purees the noncondensable gases into
the WW. Most of the noncondensable gases that returned to the DW annulus because of vacmn
breaker openings are purged back into the WW in approximately 4 hours (Figure 612-13hl). .

Figure 6.2-13g1 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
(ICAPassive Conutanent Cooling (MCC) pools which are located outside of the containment_

Figures 6.2-13fl through 6.2-13B show the DW gas tewnperture WW gas teperature, and
suppression pool surface temperature. As shown, in Figure 6-2-13f2. the bulk DW temperature
reaches a maximum of 1681C (334T) at approxmte@y 415 seconds. Byfthe end of 72 hours, the
DW temperat is maintained at 142-20C (288"F well below the DW deign teareratme ot
1710C (3400F), while the WW gas temperature remains below the WW temperature desmn limit
of 1210C (250F) in 72 hours.

Figure 6--13h4 compares the water levels in the DW anmlus and suppLesion pool. The DW
annulus water level rises due to the break flow discharges from the RPV and the broken
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feedwater pipmi, In approximately 6 houis the DW anmnmin water level reaches the
quasi-eilibrium elevation of 9 meters (29 f0. At this elevation, the DW annulus water level is
approximately 3 meters (1 0ft) below the spillover holes. The hot water in the DW annulus
remains in the DW and does not enter into the bottom of the suppression pool via the spillover
hols.

Figue 6-2-13h5 shows the GDCS pool levels, The water level drops below 133 (Figure 6.27)
in approximately 3 hours, after the initiation of GDCS flow. This creates a bottom layer of
noncondensable gas space, which is apprxmately 6 meters (20 ft) below the connection pipes.
The noncondensable gas masses stored in the top two levels (134 and L35) are purged to
minimal vahles in a few hours, through the connection pipes.

6ER4 Main Steam Line Break LOCA. 1 SRV Failure (Bounding Case)

Following the postulated LOCA. the DW pressure increased rapidly leading to clearing of the
PCCS and main vents. The containment pressure responses of the DW WW. and RFV are
shown in Figares 62-14fl through 62-14f3. During the initial blowdown phase, the
noncondensable gases in the upper regions of the DW are cleared rapidly to the WW through the
main vents, as shown by the DW and GDCS gas pressures in Figures 6-2-14i2 and 6.2-14i3. The
DW pressure starts to tum around and decrease at approximately 900 seconds after the GDCS
flow initiates, as shown in Figure 6.2-14f3- The GDCS flow fills the reactor vessel to the
elevation of the break, and then spills into the DW. The heat transfer process during the GDCS
cooling period is characterized by condensation of steam in the vessel and DW The DW
pressure rises until flow is established through the PCCS, where condensate from the PCC is
recycled back into the vessel through the GDCS pool in the DW. The long-term (72 horns)
respons of the containment pressure is shown in Figure 6.2-14fl. The DW pressure levels off at
around 2 hours and increases in a gradnal pace The peak DW pressure reaches 397 kPa
(58 psia) at the end of 72 hours, but remains below the design pressure of 310 kPaG (45 psia).
Due to the presence of noucondensable gases the effectiveness of condensation heat tansfer in
the PCCS is impaired for the first 48 hours, as shown by the PCCS heat removal versus decay
heat in Figure 6_2-14h11. For the first 48 hours, the decay heat exceeds the PCCS heat removal
capacity. Then after the noncondensable gases are purged from the GDCS and DW gas spacem
the PCCS heat removal capacity matches the decay heat However, it stil cannot remove
radiation heating generated in the coreL Hence, both the DW and WW preses continue to
increase continually over the 72 hour pemod.

The TRACG contanment model predicts some noncondenable gases remain in the DW at
72 hours, As a conservative approach to deternine the maximum DW pressure. an ideal
calculation is performed to calculate the effect of pmrging these remaining gases to the WW. The
calculation accounts for the total noncondensable gas in the containment the noncondensable
gas dissolved in the sodi pentaborate solution, and the safetylnonsafety-related pneumatic
containment valves during the MSLB event The increase in WW and DW pressure from
additional noncondensable gas is based on the ideal gas equation. The result of this
noncondensable addition is shown in Table 6.2-5.

Figmes 62-14gl through 62-1463 show the DW, WW and suppression pool gas space
temperature responses at various elevatons Initially, all elevations heat up due to the main vent
and break discharge. After the main vents close, only the upper levels are impacted by the PCCS
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vent discharue. The bulk DW gas Lemperqature peaks at 173.6 0C (34.5F) immeditely
following the blowdown. which is sligh•ly above the DW design temperatume of 171C (3400F).
due to adiabatic compression by the steam discharging from the break. In the long-term
(72 hours), the temperatme remains below 1710C (3400F), while the WW gas temperature
remains below the WW temperature design limit of 1210C (2500F) in 72 hours.

Figure 6-2-14.4 compares the water levels m the DW amuhus and suppression pooL The DW
annuhl water level uses due to the break flow discharas from the main steam line broken
piping, The DW annulus water level remains m the lower DW and does not enter into the
bottom of the suppression pool via the spillover holes.

For MSLB. the GDCS pool level (Figure 6-2-14i5) drops to the elevation of the DPVs and stays
above L33 (Figure 62-7). As no gas mass is stored below L33. gas masses staoed in the tqp two
levels (134 and L35) are purged to minimal values in a few hours thrlogh the connection pipes.
Approximately 60% (or 1200m 3 (42380 ft1)) of the initial GDCS cold water 46.1°C (1150F)
remains inside the GDCS pools. 'The hot PCCS condensate mixes with the cold GDCS pool
water The temperature of the GDCS water injected into the RPV is lower than that of the
FWLB. A portion of the decay heat is used to heat up the incoming colder GDCS water, which
is shown in Figure 6.2-14h3 as the difference between the decay heat and the total PCCS
condensation power. It takes approximately 60 hours to bring the mixture temperatue to
approximately 95TC (Figure 6.2-14i6).

Both the initial blowdown and the ensuing suppression pool heat up axe lamer in the MSLB than
the FWILR- which leads to higher pol water temperature and hiher smpression pool water
level and smaller WW gas space volume. All these effects result in hieher DW presmure in the
MSLB than FWLB.

GEJ-6E.5 References

None.
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