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NRC RAI 6.2-202

Explain how ESBWR would address possible accumulation of high concentrations of
hydrogen and oxygen in the PCCS. Confirm that a similar condition would not exist for
the IC.

During the blowdown period of a LOCA, most of the nitrogen in the drywell of ESBWR
would relocate into the wetwell air space. Radiolysis in the core generates hydrogen
and oxygen at the stoichiometric ratio, which would be released into the drywell with
steam. A mixture of steam, hydrogen, oxygen, and any nitrogen remained in the drywell
would be drawn into the PCCS where steam gets condensed leaving mainly hydrogen
and oxygen in the PCCS. Although, a part of hydrogen and oxygen that accumulates in
the PCCS would relocate to the wetwell air space through the PCC vent line, it is
possible for the remaining hydrogen and oxygen to reach concentration levels that
would lead to combustion. Hydrogen and oxygen that accumulates in the PCCS will
-likely be in the stochiometric ratio that supports combustion.

A. Under these conditions, explain how ESBWR would address possible accumulation
of high concentrations of hydrogen and oxygen in the PCCS to meet 10 CFR
50.46(b)(5), 10 CFR 100.11(a)(1), 10 CFR 100.11(a)(2), and GDC 19 of 10 CFR 50
Appendix A. Update the ESBWR DCD to reflect the response.

B. Confirm that hydrogen and oxygen would not accumulate to detonable levels in the
isolation condenser following a LOCA and update the ESBWR DCD to reflect the
response.

C. The PCCS condenser was analyzed and designed as containment boundary
according to ASME Section III, Division 1, Class MC component. Hydrogen detonation
inside the PCCS condenser will introduce new loads that were not previously
considered, and therefore, be addressed.

1. Describe the methodology of assessment for hydrogen accumulation in the PCCS
condenser.

2. Describe in DCD Section 3.8.2 the hydrogen detonation load in the PCCS condenser,
and how this load is treated in loading combination for design.

3. Describe in detail how the effect due to hydrogen detonation is determined and used
for analysis and design of the PCCS condenser including its support structure. Include
in the response any reference material that is not readily available.
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4. Update information provided in DCD Appendix 3G, Section 3G. 1.5.4.1.5, and DCD
Table3G.1-60, to reflect consideration of hydrogen detonation effects on PCCS
condenser design.

5. Address in the response the impact, if any, of hydrogen detonation inside the PCCS
condenser on the reinforced concrete containment vessel design, and update DCD as
appropriate.

GEH Response

DISCUSSION

Note: ESBWR DCD is committed to meeting 10 CFR 52.47(a)(2)(iv) in place of 10 CFR
100.11(a)(1) and 10 CFR 100.11(a)(2).

As stated in the RAI, the buildup of combustible gas in the PCCS is a phenomenon that
must be addressed. During the blowdown period of a LOCA, most of the nitrogen in the
drywell of ESBWR would relocate into the wetwell air space. Radiolysis in the core
generates hydrogen and oxygen in a stoichiometric ratio at a rate proportional to the
core decay heat. These combustible gases are released to the drywell along with
steam. Passive Auto-catalytic Recombiners (PARs) are provided in the ESBWR drywell
and wetwell to reduce the levels of combustible gases, but these PAR units are not
effective in preventing the buildup of these gases in the PCCS condenser. Testing,
Reference 10, shows steam condensation occurring in the condenser concentrates non-
condensable gases. For this evaluation, the non-condensable gases are assumed to
consist entirely of hydrogen and oxygen at stoichiometric ratio.

RESPONSE TO PARTS A THROUGH C EXCLUDING B, C.4, and C.5

Parts B, C.4 and C.5 will be addressed in a separate response.

A.

In the event of a combustible gas mixture accumulating in the. PCCS, the PCCS is
designed to withstand overpressures from possible deflagrations or detonations:

Such that PCCS function is maintained, and the long term cooling requirement of
10 CFR 50.46(b)(5) is satisfied. .

Such that containment integrity is met, and the dose limits of 10 CFR
52.47(a)(2)(iv), and GDC 19 of 10 CFR 50 Appendix A are not exceeded.

DCD Tier 2, Section 6.2 is updated to describe combustible gas accumulation in the.
PCCS and PCCS design requirements for withstanding an overpressure due to a
deflagration and a detonation.
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C.1

As previously discussed, the assessment of hydrogen accumulation in the PCCS is
based on test data, which used helium and air as non-condensable gases. For the
purpose of analyzing a detonation pressure in the PCCS, it is assumed a detonable
mixture of hydrogen and oxygen only exists in the PCCS tubes and lower header. This
bounds any mixture that can exist.

A method for evaluating concentrations in the PCCS condenser tubes before refilling
the IC/PCC pools is given below.

The maximum concentration of non-condensable gases is limited by the
minimum steam partial pressure. Because the PCC pool ..side
compartment is boiling to atmospheric pressure, the steam partial
pressure can not be lower than one atmosphere, 101 kPa. Because the
steam/water vapor pressure has a lower bound, the maximum non-
condensable gas concentration will occur at the maximum PCC pressure.
If the total pressure of the PCCS is at containment design pressure of 41.1
kPa, the steam concentration in PCCS condenser is maintained above
101/411=24.5% with the rest of the mixture containing 50.3% hydrogen
and 25.2% oxygen assuming all non-condensable gases are composed of
a stoichiometric hydrogen oxygen mixture.

If the water in the PCC pool compartment is cooled below boiling around
the PCCS condenser, the steam partial pressure inside the tubes will drop
below 101 kPa.producing a lower concentration of steam. This is possible
when the IC/PCC pools are refilled when the pool cross-connect valves
are opened. The IC/PCC pools are connected to the PCC pool
compartments through an inlet at the bottom of each compartment.

C.2

Subsection 3.8.1.3.5 will be revised to include the following load for PCCS as shown in
attached markups.

DET - Detonation Loading specifically on the PCCS Condensers, drain
piping and vent piping. This loading can occur sporadically after a
LOCA during the first 72 hours.

Subsection 3.8.2.4.1.5 will be revised to include the load due to detonation pressure as
shown in attached markups.

Subsection 3.8.2.6 will be revised to clarify application of SA-213 grade TP304L for
general tubing and specify SA-213 grade XM-19 for PCCS condenser tubing as shown
in attached markups. See Part C.3 of response for a discussion on material change
and impact.

Table 3.8.4 provides load combinations for steel containment components. It will be
revised, as shown In attached markups, to include the load due to a detonation in
combination with dead load, live load, and seismic load.
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C.3

To provide assurance that containment integrity remains intact and containment heat
removal will continue uninterrupted following an accident, the PCCS will be designed to
accommodate the overpressure from a postulated detonation within code allowable
stresses.

A series of references are presented at the end of this response that can be used as a
basis for the evaluation of the pressure integrity of the PCCS condenser. Although
these references do not provide a method for predicting loads resulting from a
postulated detonation based solely on first principles, they do provide methods and
experimental results that provide a reasonable basis for determining stresses resulting
from a detonation in the PCCS system.

Reference 5 is a report that contains an evaluation of BWR off-gas systems (which are
also subject to the accumulation and detonation of combustible gases). This reference
provides guidance on how to design such a system to withstand a detonation. It uses a
methodology by which the peak pressure resulting from a detonation is conservatively
estimated as a ratio to the initial pressure. The peak pressure ratios used in this report
varied depending on the geometry and configuration of the system. For piping with a
length-to-diameter ratio (LID) less than 7, a value of 17 was used. For LID greater than
7 and no reflection, a value between 17 and, 68 was used. And for L/D greater than 7
and a potential reflected shock wave, a value between 68 and 170 was used. The
resulting peak pressure is then used in conjunction with a dynamic loading factor and
safety factor to determine an acceptable minimum wall thickness. This approach will
form the basis for determining the peak pressure in the PCCS condenser; however,
because of the difference in geometry between an off-gas system and the PCCS, other
references will be used to determine a suitable peak pressure ratio and whether a
dynamic loading factor is necessary.

Reference 9 is a report prepared by GE for the BWR Owners' Group that discusses how
to mitigate the effects of the accumulation of radiolytically generated combustible gases.
The report discusses various ways to apply the guidance of Ref. 5 under a range of
conditions. This report states the use of a dynamic loading factor of 1 for conditions in
which the pipe runs are less than 9.1 m (30 ft) is acceptable. The tubes of the PCCS
condenser, being less than 2 m (6.6 ft) in length (and considerably smaller in diameter),
fall into this category. Therefore, a dynamic loading factor of 1 will be used for the
PCCS condenser tubes.

The report provided in Reference 6 evaluates a combustible gas mixture and piping
geometry that is more consistent with the PCCS condenser. Results from this study
reported the peak pressures resulting from a detonation of an undiluted stoichiometric
mixture of H2 and 02 in a 5 cm (2 inch) I.D. tube at an initial pressure of 1 atm. The
peak pressures following detonation ranged between 40 and 45 atm with peak pressure
increasing with decreasing initial temperatures (ranging from 300 K to 123 K). The
higher peak pressure was obtained at the lowest temperature 123 K (-150 'C). These
peak pressures were measured "prior to the appearance of retonation wave in the
detonation induction region."
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Strauss and Scott (Reference 7) reported a linearly increasing relationship between
peak pressures and initial pressures for stoichiometric mixtures of hydrogen and oxygen
in a 3.1 cm (1.2 inch) I.D. tube at a constant temperature of 300 K. The measured
slope from the data presented from Strauss and Scott shows a ratio of about 22
atmfinal/atminitial.

Based on the results above, a peak pressure ratio of 40 will be used to conservatively
estimate a maximum internal pressure seen by PCCS condenser tubes, which are, the
main concern since they have the thinnest wall of all of the PCCS components. this
peak pressure ratio is considered conservative and bounding for several reasons,
including the following:

a. The tube geometries used in References 6 and 7 feature length to diameter
(L/D) ratios greater than that of the PCCS tubes. According to the guidance
of Reference 5, lower L/D ratios result in lower peak pressure ratios, so the
peak pressure ratio for the PCCS condenser tubes would be expected to b1
lower than the values in References 6 and 7.

b. The tube I.D. used in Reference 6 is.the same as the ID of the PCCS tubes,
which provides confidence that the results in Reference 6 provide an upper
bound estimate of the peak pressure ratio, given the other conservativisms in
Reference 6 relative to the PCCS condenser tubes, as discussed in items 1, 3
and 6.The results of the Reference 7 report provide a lower peak pressure
ratio, but the experimental tube diameter is considerably smaller.

c. The results in Reference 6 were obtained using a pure mixture of
stoichiometric H2 and 02. This is conservative given the fact that the PCCS
will contain a significant concentration of steam, which has been shown to
suppress the effects of a detonation (see Ref. 2, 3, 8).

d. The results in Reference 6 are based on an initial temperature lower than the
anticipated temperatures inside the PCCS condenser. As discussed above,
Reference 6 indicates that the peak pressure ratio tends to increase for lower
initial temperatures; therefore, the peak pressure ratio for the PCCS
condenser would be expected to be less than the values in Reference 6 (see
Ref. 8).

e. The PCCS tubes do not have closed or obstructed ends. Rather, they vent
into an expanded volume (lower and upper drums), which in turn vents back
into an even larger volume (Drywell). This geometry is beneficial, according
to discussion in Reference 5, and would be expected to result in lower peak
pressure ratios.

f. The peak pressures obtained- from these reports are based on experimental
test data, which is more appropriate and reliable than the peak pressures
based on analytical methods described in Ref. 5. By utilizing test data from
experiments in which the geometry and conditions were similar to the PCCS
condenser tubes, the uncertainty associated with analytical methods
(including estimation of dynamic factors) is avoided. The discussion in Ref. 9
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also justifies a value of 1 for dynamic factors in pipe runs less than 30 ft. in
length.

Peak Pressure

The multiplier of 40 is applied to the PCCS condenser pressure of 407 kPa absolute,
from DCD Table 6.2-5a greatest DW peak pressure, to obtain a peak pressure of 16280
kPa gauge (2361 psia) due to a detonation, (16280 = 407 x 40). The multiplier
corresponds to a peak pressure of 40 atm to 1 atm (based on Ref. 6 results at 300 K,
which is similar to the temperature conditions in the PCCS condenser).

To provide assurance that the PCCS condenser tubes will maintain their form and
function for the above peak pressure, the material strength is approximately doubled by
changing the specified material type from 304L stainless steel to XM-19 stainless steel.

Table 6.1-1 will be revised to change the material for the PCCS condenser tubes from
SA-213 grade TP304L to SA-213 grade XM-19. XM-19 behaves similarly to 304L with
respect to welding and will not require special welding requirements, and its thermal
conductivity properties are similar to 304L.

Wall Sizing for Dynamic Effects

Reference 5 also contains guidance on how to evaluate for dynamic effects. Equation 2
is reproduced below:

HP .- D O, q .FH= PD 0  _

2.31.(0.577)Y S

where,

H = Minimum Wall Thickness

P = Max Design Pressure (absolute)

Do = Pipe Outer Diameter

S = Yield Stress - P

F = Safety Factor =1.15

= Dynamic Load Factor =1

n = Strain Hardening Exponent = 0.224

As described above, use of the dynamic load factor of 1 is justified based on the
guidance of Reference 9. Also, the use of experimentally determined pressure data is
more reliable than analytical estimates. Also, Reference 5 indicates the small
geometries and open ends associated with the PCCS condenser tubes tend to mitigate
any dynamic effects. Per Ref. 5, use of the yield stress as an allowable permitsthe

. NEDE-21653-P, "XM-19 Materials Qualification Report," Class I11, July 1977.
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equipment to withstand multiple events (10+) and retain its integrity. The minimum wall
thickness therefore is determined to be:

16 2 8 0 .10' Pa 0 .0 5 0 8m 1-1..15

2.31.(0.577)o224 2.985.10 8 pa -16280 103'

Again, provided the material of construction is XM-19, the tube thickness for the PCCS
condenser is shown to be adequate for withstanding a peak pressure due to hydrogen
detonation. The yield stress is obtained from ASME Code Section II, Part D, Subpart 1,
Table Y-1 which reports a yield stress of 43.3 ksi (2.985 108 Pa).

The methodology described above is used to size (determine wall thickness) for PCCS I
condenser tubes and will be used for all other "piping" like PCCS components.

Stresses on PCCS From Detonation Loads

The stresses seen by the PCCS and its support structure are given in DCD Table 3G.1-
60. The calculated stresses and stress margins shown in the table do not include the
effects of detonation loading within the PCCS condenser. Detonation loading .is
circumferential (i.e., hoop stress) as compared to the other loads in combination, which
tend to be axial. Components with lower stress margins may be strengthened based on
stress analyses as needed in detailed design, which will account for loads from a
detonation.

Existing Tier 1 Table 2.15.4-2, ITAACs 2al and 2b1 provide an ITAAC and DAC for
these requirements to be met. Load due to hydrogen has been added to both items as
shown in attached markups.



MFN 10-044 Page 8 of'9
Enclosure 1

References

1. NUREG/CR-5525, "Hydrogen-Air-Diluent Detonation Study for Nuclear Reactor
Safety Analyses," Sandia National Laboratories, January 1991.

2. NUREG/CR-4905, "Detonability of H2-Air-Diluent Mixtures," Sandia National
Laboratories, June 1987.

3. NUREG/CR-6213, "High-Temperature Hydrogen-Air- Steam Detonation
Experiments in the BNL Small-Scale Development Apparatus," Brookhaven National
Laboratory, August 1994.

4. BNL-NUREG-62084, "Hydrogen Detonation and Detonation Transition Data From
the High-Temperature Combustion Facility," Brookhaven National Laboratory.

5. NEDE-1 1146,* "Pressure Integrity Design Basis for New Off-Gas Systems," July
1971.

6. R. Edse, L.R. Lawrence Jr, "Detonation Induction Phenomena and Flame
Propagation Rates in Low Temperature Hydrogen-Oxygen Mixtures," Elsevier
Science Inc, October 1969.

7. W.A.. Strauss, J.N. Scott, "Experimental Investigation of the Detonation Properties of
Hydrogen-Oxygen and Hydrogen-Nitric Oxide Mixtures at Initial Pressure up to 40
Atmospheres," Combustion and Flame 19, 141-143 (1972).

8. NUREG/CR-6509, "The Effect of Initial Temperature on Flame Acceleration and
Deflagration-to-Detonation Transition Phenomenon," Brookhaven National
Laboratory, May 1998.

9. GE-NE-0000-0007-4008-01, "BWROG Hydrogen Accumulation Committee: BWR
Piping and Component Susceptibility to Hydrogen Detonation," Class I, November
2002.

10. SIET Document No. 00394RA95, "PANTHERS-PCC Data Analysis Report," Rev.
0., June 20, 1995 (Transmitted to NRC by letter MFN 098-95, July 6, 1995 - Docket
STN 52-004).



MFN 10-044 Page 9 of 9
Enclosure 1

DCD Impact

The following DCD sections, tables and figures in Tier 1 and 2 will be revised as noted
in the attached markups.

Tier 1

Table 2.15.4-2

Tier 2

Section 3.6

Subsection 3.8.1.3.5

Subsection 3.8.2.4.1.5

Subsection 3.8.2.6

Table 3.8-4

Subsection 3G.1.5.4.1.5

Figure 3G.1-71b

Table 6.1-1

Section 6.2.2

Subsection 6.2.2.2.2

Subsection 6.2.5.1

Subsection 6.2.5.4.1
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Table 2.15.4-2

ITAAC For The Passive Containment Cooling System

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

1. The functional arrangement for the Inspections of the as-built system will be The as-built PCCS conforms to the
PCCS is as described in the Design conducted. functional arrangement for the PCCS as
Description in this Subsection 2.15.4, described in the Design Description in this
Table 2.15.4-1 and Figure 2.15.4-1. Subsection 2.15.4, Table 2.15.4-1 and

Figure 2.15.4-1.

2al The components identified in Table
2.15.4-1 as ASME Code Section III
are designed in accordance with
ASME Code Section III
requirements.

Inspection of ASME Code Design
Reports (NCA-3550) and required
documents will be conducted.

ASME Code Design Reports (NCA-3550)
(certified, when required by ASME Code)
exist and conclude that the design of the
components identified in Table 2.15.4-1
as ASME Code Section III complies with
the requirements of ASME Code Section
III including those stresses applicable to
loads related to fatigue (including
envi ronmental effrct•'• thermal1 exnan ~i nn_
eAA roA unAnAA qAA effects) th r a eAAAAA n... ......

seismic, hydrogen combustion, and
combined.

____________________________________________ J .J 4 -~

2a2. The components identified in
Table 2.15.4-1 as ASME Code
Section III shall be reconciled with
the design requirements.

A reconciliation analysis of the
components identified in Table 2.15.4-1
as ASME Code Section III using as-
designed and as-built information and
ASME Code Design Reports (NCA-3550)
will be performed.

ASME Code Design Report(s) (NCA-
3550) (certified, when required by ASME
Code) exist and conclude that design
reconciliation has been completed, in
accordance with ASME Code, for as-built
reconciliation of the components
identified in Table 2.15.4-1 as ASME
Code Section III. The report documents
the results of the reconciliation analysis.

2.15-47
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Table 2.15.4-2

ITAAC For The Passive Containment Cooling System

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

2a3. The components identified in Table Inspection of the components identified in ASME Code Data Report(s) (including N-
2.15.4-1 as ASME Code Section III Table 2.15.4-1 as ASME Code Section III 5 Data Reports, where applicable)
are fabricated, installed, and will be conducted. (certified, when required by ASME Code)
inspected in accordance with ASME and inspection reports exist and conclude
Code Section III requirements. that the components identified in Table

2.15.4-1 as ASME Code Section III are
fabricated, installed, and inspected in
accordance with ASME Code Section III
requirements.

2b 1. The piping identified in Table 2.15.4-
1 as ASME Code Section III is
designed in accordance with ASME
Code Section III requirements.

Inspection of ASME Code Design
Reports (NCA-3550) and required
documents will be conducted.

{ {Design Acceptance Criteria} }

ASME Code Design Report(s) (NCA-
3550) (certified, when required by ASME
Code) exist and conclude that the design
of the piping identified in Table 2.15.4-1
as ASME Code Section III complies with
the requirements of the ASME Code,
Section III, including those stresses
applicable to loads related to fatigue
(including, environmental effects), thermal

expansion, seismic, hydrogen combustion,.
and combined.
{ {Design Acceptance Criteria} }

2.15-48
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3.6 PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE

POSTULATED RUPTURE OF PIPING

This section deals with the structures, systems, components and equipment in the ESBWR
Standard Plant.

Subsections 3.6.1 and 3.6.2 describe the design bases and protective measures which ensure that
(1) the containment, (2) safety-related systems, components and equipment, and (3) other safety-
related structures are adequately protected from the consequences associated with a postulated
rupture of high-energy piping or crack of moderate-energy piping both inside and outside the
containment.

Before delineating the criteria and assumptions used to evaluate the consequences of piping
failures inside and outside of containment, it is necessary to define a pipe break event and a
postulated piping failure:

Pipe Break Event-Any single postulated piping failure occurring during normal plant
operation and any subsequent piping failure and/or equipment failure that occurs as a
direct consequence of the postulated piping failure.

* Postulated Piping Failure-Longitudinal or circumferential break or rupture postulated in
high-energy fluid system piping or through-wall leakage crack postulated in moderate-
energy fluid system piping. The terms used in this definition are explained in
Subsection 3.6.2.

Structures, systems, components and equipment that are required to shut down thie reactor, and
mitigate the consequences of a postulated piping failure, without offsite power, are defined as
safety-related and are designed to Seismic Category I requirements.

The dynamic effects that may result from a postulated rupture of high-energy piping include
(1) missile generation, (2) pipe whipping, (3) pipe break reaction forces, (4) jet impingement
forces, (5) compartment, subcompartment, and cavity pressurizations, (6) decompression waves
within the ruptured pipes, and (7_) seven- ht types of loads identified with a Loss-of-Coolant-
Accident. (See Subsection 3.8.1.3.5.)

3.6.1 Plant Design for Protection Against Postulated Piping Failures in Fluid Systems
Inside and Outside of Containment

In accordance with NUREG-0800, SRP 3.6.1 and SRP 3.6.2, the plant is designed for protection
against piping failures inside and outside containment to assure that such failures do not cause
the loss of needed functions of safety-related systems and to ensure that the plant can be safely
shut down in the event of such failures. The design includes consideration of high energy and
moderate energy fluid system piping located inside and outside of containment. Where such a
system penetrates containment, consideration starts with the first isolation valve outside of
containment.

3.6-1,



26A6642AJ Rev. 07
ESBWR Design Control Document/Tier 2

(5) CO - An oscillatory dynamic loading (condensation oscillation) on the suppression pool
boundary due to steam condensation at the vent exits during the period of high steam mass
flow through the vents following a LOCA.

(6) CHUG - An oscillatory dynamic loading (chugging) in the top vent and on the
suppression pool boundary due to steam condensation inside the top vent or at the top vent
exit during the period of low steam mass flow in the top vent following a LOCA.

(7) PS - Pool swell bubble pressure on the suppression pool boundary due to a LOCA.

(8) DET - Detonation Loading specifically on the PCCS Condensers, drain piping and vent
piping. This loading can occur sporadically after a LOCA during the first 72 hours.

3.8.1.3.6 Load Combinations for the Containment Structure and Liner Plate

[The containment structure is designed using the loads, load combinations, and load factors
listed in Table 3.8-2. Table 3.8-2 complies with Table CC-3230-1 of the ASME Code Section III
Division 2 Subsection CC.

Loads and load combinations listed in Table 3.8-2 are used for the design of the steel liner and
liner anchors, but the load factor for all loads in the load combinations is 1. O.]*
As for seismic loads, the maximum co-directional responses to each of the excitation
components are combined by the SRSS method.
*Text sections that are bracketed and italicized with an asterisk following the brackets are

designated as Tier 2*. Prior NRC approval is required to change.

3.8.1.4 Design and Analysis Procedures

This section describes the analytical and design procedures used in designing the containment.

3.8.1.4.1 Containment Cylindrical Wall, Top Slab, and Foundation Mat

3.8.1.4.1.1 Analytical Methods

The containment structure is analyzed by the use of the linear elastic finite element computer
program NASTRAN described in Appendix 3C. The containment, RB and FB layout utilizes an
integrated structural system. The structure is idealized as a three-dimensional assemblage of
beam elements, and isoparametric membrane-bending plate elements.

The finite element analysis (FEA) model of the containment, RB and FB includes the whole
structure. The details of the global FEA model are described in Appendix 3G
Subsection 3G. 1.4.1.

The foundation soil is simulated by a set of horizontal and vertical springs. The soil spring
constraints are calculated based on the properties of the soil spring used in the soil-structure
interaction (SSI) analysis model, which is described in Appendix 3A. The constraints .by soil
surrounding the RB and FB are neglected in the FEA model.

3.8-6
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boundary. Figure 3.8-7 shows the typical configuration for these passages through the RCCV
Top Slab and Table 3.8-17 lists each of these passages and their function.

The PCCS condenser is anchored to the RCCV Top Slab and is laterally supported by a 3D steel
frame structure that transmits the horizontal dynamic forces to the RCCV Top Slab.
Figures 3G.1-71a and 3G.1-71b show the PCCS condenser and supports.

The PCCS condenser is subjected to various combinations of piping reactions, mechanical,
thermal, detonation pressure, and seismic loads including sloshing. The resulting forces due to
various load combinations are combined with the effects of differential pressures.

A finite-element analysis model supplemented with hand calculation is used to determine the
stresses in the different components of the PCCS condenser and supports. The PCCS condenser
parts conform to the design requirements of Subarticles NE-3200 and NE-3300 of ASME Code,
Section III, Subsection NE (Class MC). The PCCS condenser support is evaluated in accordance
with the ASME Code, Section III, Subsection NF.

3.8.2.5 Structural Acceptance Criteria

[The structural acceptance criteria for the steel components of the RCCV (i.e., the basis for
establishing allowable stress values, the deformation limits, and the factors of safety), are
established by and in accordance with ASME Code Section III, Subsection NE.

In addition to the structural acceptance criteria, the RCCV is designed to meet maximum
leakage rate requirements discussed in Section 6.2. Those leakage requirements also apply -to
the steel components of the RCCV

The combined loadings designated under "Normal", "Construction ", "Severe Environmental",
"Extreme Environmental", "Abnormal ", "Abnormal/Severe Environmental" and
"Abnormal/Extreme Environmental" in Table 3.8-2 are categorized according to Level A, B, C
and D service limits as defined in NE-3113. The resulting primary and local membrane,
bending, and secondary stress intensities, including compressive stresses, are calculated and
their corresponding allowable limit is in accordance with Subarticle NE-3220 of ASME Code
Section III.

In addition, the stress intensity limits for testing, design and Level A, B, C and D conditions are
summarized in Table 3.8-4.

Stability against compression buckling is assured by an adequate factor of safety.

The allowable stress limits used in the design and analysis of non-pressure-resisting components
are in accordance with Subsection 3.8.2.2.1 Item (2). ]*
*Text sections that are bracketed and italicized with an asterisk following the brackets are

designated as Tier 2*. Prior NRC approval is required to change.

3.8.2.6 Materials, Quality Control, and Special Construction Techniques

[The steel pressure retaining components of the RCCV meet the requirements ofArticle NE-2120
of ASME Section IX. The principal materials for the RCCV locks, hatches, penetrations, drywell
head, and PCCS condensers are asfollows:

9 Plate (SA-240 type 304L, SA-516 grade 60 or 70)
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* Pipe (seamless SA-333 grade ] or 6; or SA-106 grade B or SA-3!2 type 304L or Welded
SA-671 Gr CC70)

* Forgings (SA-182F 304L)

* General Tubingens (SA-213 grade TP304L)

* PCCS Condenser Tubing (SA-213grade XM-19)

* Bolting (SA-193-B8 or SA-437 Gr B4B bolts. Nuts shall conform to SA-194 or to the
requirements for nuts in the specification for the bolting material to be used)

* Clad (SA -240 type 304L)]*
*Text sections that are bracketed and italicized with an asterisk following the brackets are
designated as Tier 2*. Prior NRC approval is required to change.

3.8.2.7 Testing and In-service Inspection Requirements

Testing and In-service Inspection Requirements of the containment vessel, including the steel
components, is described in Subsection 3.8.1.7.

3.8.2.7.1 Welding Methods and Acceptance Criteria

Welding activities conform to requirements of Section III of the ASME Code. The required
NDE and acceptance criteria are provided in Table 3.8-5.

3.8.2.7.2 Shop Testing Requirements

The shop tests of the personnel air locks include operational testing and an overpressure test.
After completion of the personnel air locks tests (including all latching mechanisms and
interlocks), each lock is given an operational test consisting of repeated operating of each door
and mechanism to determine whether all parts are operating smoothly without binding or other
defects. All defects encountered are corrected and retested. The process of testing, correcting
defects, and retesting is continued until no defects are detectable.

For the operational test, the personnel air locks• are pressurized with air to the maximum
permissible code test pressure. All welds and seals are observed for visual signs of distress or
noticeable leakage. The lock pressure is then reduced to design pressure and a thick bubble
solution is applied to all welds and seals and observed for bubbles or dry flaking as indications of
leaks. All leaks and questionable areas are clearly marked for identification and subsequent
repair.

During the overpressure testing, the inner door is blocked with holddown devices to prevent
unseating of the seals. The internal pressure of the lock is reduced to atmospheric pressure and
all leaks are repaired. Afterward, the lock is again pressurized to the design pressure with air and
all areas suspected or known to have leaked during the previous test are retested by the bubble
technique. This procedure is repeated until no leaks are discernible.
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[Table 3.8-4

Load Combination, Load Factors and Acceptance Criteria for Steel Containment Components of the RCCV a)' (2), (3)

Service Level No Load Combination (I) Acceptance Criteria

D L P, P. PI T, To T, E' W W' RI y(4) SRV" 12EL! LOCA Pa2), p,, PL PL+Pb,8) PL+Pb+Q

Test Condition 1 1.0 1.0 1.0 1.0 0.75S,y 1.15Sy 1.15Sy(") N/A N 0)

Design 2 1.0 1.0 1.0 1.0 1.0 1.0 SC 1.5 S,_. 1.5 S_,, N/A
Condition

3 1.0 1.0 1.0 1.0 1.0
4 1.0 1.0 1.0 1.0 1.0Level A,B~ -B - - - - - l.OSm,, 1.SS,~, iS.S,,,, 3.0 S,,,
5 1.0 1.0 1.0 1.0 1.0 1.0
6 1.0 1.0 1.0 1.0 1.0 1.0 1.0
7 1.0 1.0 1.0 1.0 1.0 1.0

LevelC '6' 8 1.0 1.0 - . 1.0 1.0 1.0 1.0 1.0 1.2 S,,S 1.8S,,_ 1.8 S,, NIA
9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 or* 1.OS, or* 1.5S, or* 1.5S,

E 9.a 1.0 1.0 1.0 1.0 _

-77 7.- =. - 1.o 170 1 .0 1.U 7. 1. 1.0

Level D'7) 11 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10 1.0 Sf 1.5Sf .5SS N/A
L2 L.0 I1.0 I.._0 I.._00

Notes:.
(1) The loads are described in Subsection 3.8.1.3.
(2) For any load combination, if the effects of any load component (other than D) reduces the combined load, then the load component is deleted from the

load combination.
(3) P , Ta, SR V and LOCA are time-dependent loads. The sequence of occurrence is given in Appendix 3B.
(4) Y includes Yj, Ym and Y,
(5) LOCA loads include CO, CHUG and PS. They are time-dependent loads. The sequence of occurrence is given in Appendix 3B. LOCA loads include

hydrostatic pressure (with a load factor of ]. 0) due to containment flooding.
(6) Limits identified by (*) indicate a choice of the larger of the two.
(7) Sf is 85% of the general primary membrane allowable permitted in Appendix F, ASME B&P V Code, Section III. In the application ofAppendix F, S,, if

applicable, is as specified in Section II, Part D, Subpart 1, Tables 2A and 2B of ASME B&P V Code, which is the same as S,,,.
(8) Values shown are for a rectangular section. See NE-3221.3(d) for other than a solid rectangular section.
(9) The allowable stress intensity Smi is the S listed in Section II, Part D, Subpart 1, Tables 2A and 2B of the ASME B&P V Code. The allowable stress

intensity Smc is 1.1 times the S listed in Section II, Part D, Subpart 1, Tables ]A and 1B of the ASME B&P V Code, except that S,,,, does not exceed 90% of
the material's yield strength at temperature shown in Section II, Part D, Subpart 1, Tables Y-I of the ASME B&P V Code.

(10) N/A = No evaluation required.

(") Bending and General Membrane Prn+Pb.
(12) The peak responses of dynamic loads do not occur at the same instant. SRSS method to combine peak dynamic responses is acceptable for steel

structures.] *
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E1 : Modulus of elasticity given on the design fatigue curve from Figure 1-9.1 of Appendix I
of Sec. III.

E2: Modulus of elasticity at 171 °C (340°F)+ from Table TM-1 of Sec. H, Part D

Sa' = Sa'(EI/E2) = 2131 MPa (309 ksi)

Sa for 10 cycles is 3999 MPa (580 ksi) from Table 1-9.1 (UTS<! 80 ksi) and N for
Sa' = 2131 MPa (309 ksi) is obtained as 38 from Table 1-9.1, General Note (b). So the
requirement of NE-3228. 3 (c) is satisfied

(4) NE-3228.3 (d)

Because an accident temperature Ta is not a cyclic load, the thermal ratcheting can be
neglected

(5) NE-3228.3 (e)

From Table NE-3228.3(b)-1, the maximum temperature Tmax is 370'C (700°F) for carbon
steel. Ta is 171 'C (340°F), so it satisfies this requirement.

(6) NE-3228.3 (fi

Specified minimum yield strength Sy and specified minimum tensile strength Su of SA-516
Gr. 70 are 262 MPa (38 ksi) and 483 MPa (70 ksi) respectively. The ratio of Sy to Su, is
calculated as 0. 543. This value is below 0. 80. So it satisfies this requirement.

Fatigue Evaluation

Fatigue evaluation is performed in accordance with ASME B&PV Code Section III,
Subsection NE-3221.5(d) in which the limits on peak stress intensities as governed by fatigue are
considered and satisfied when the Service Loadings meet the stipulated condition.

3G.1.5.4.1.5 PCCS Condenser

Figures 3G.1-71a and 3G.1-71b show the design details. A finite-element analysis model
supplemented with hand calculation is used to determine the stresses in the different components of
the PCCS condenser and supports. The finite-element analysis is performed using the ANSYS
computer code. The 3D finite-element model presented in Figure 3G. 1-72 is used The 3D steel
frame structure and the vertical tubes are modeled by beam-type elements. The rest of PCCS
condenser components are modeled by shell-type elements. Static and dynamic analyses are
performed to evaluate the different loads. The dynamic load cases are analyzed by the response
spectrum method The stress evaluation is performed for loads and load c ombinations in
accordance with Table 3.8-4 and associated acceptance criteria for pressure retaining components
of the condenser. The condenser supports are designed to the same loads and load combinations in
accordance with the acceptance criteria ofASME B&PV Code, Section IlI, Subsection NF.

The calculated stresses in various elements of the PCCS condenser and supports are shown in
Table 3G. 1-60 ond are within allwable stress. limit•S

3G.1.5.4.2 Containment Internal Structures

Tables 3G. 1-37 through 3G. 1-44 show the summary of stress analysis results for containment
internal structures.
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Table 6.1-1

Containment System Including PCCS, and ECCS Component Materials

1

Containment

Div 2, Plate Carbon Steel See Subsection 3.8.1.6.4
Subsection CC

Containment
Vessel Liner

Div 2, Plate Stainless Steel See Subsection 3.8.1.6.4Subsection CC

Div 1,S io NE Plate Carbon Steel See Subsection 3.8.2.6Subsection NE
Penetrations

Div 1,Subsection NE Pipe Carbon Steel See Subsection 3.8.2.6

GDCS and Div 2, See Subsection 3.8.1.6.4
Suppression Pool Subsection CC Plate Stainless Steel and Subsection 3.8.3.6.5
Liner
(Deleted)

Drywell Head, Div 1, Seeubsectios3c8.2.
PersonnelSubsction See Subsection 3.8.2.6
Equipment Hatch Subsection NE 3.8.2.6 3.8.2.6

Structural Steel Div 1,
Subsection NE Shapes Carbon Steel A 36, A 572 Gr 50

Vent Pipe Div 1, Plate Stainless Steel SA-240 Gr 304L

Subsection NE Pe

PCCS

Condenser and Forging Stainless Steel SA-182 Gr F304L
associated piping
that are part of Div 1, Tube Stainless Steel 19TP304G
the containment Subsection NE
pressure Pipe Stainless Steel SA-312 Gr TP304L

Piping (in Div 1,
drywell) Subsection NC Pipe Stainless Steel SA-312 Gr TP304L

Flanges Div 1,Subsection NC Forging Stainless Steel SA-182 Gr F304L

Div 1, SA-194Gr8,SA-193GrNuts and Bolts Subsection NC Bar Stainless Steel Gr
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DW-to-WW differential pressure is monitored to assure proper functioning of the WW-to-DW
vacuum breaker system.

DW spatial temperatures are input signals to the Leak Detection and Isolation System (LD&IS).
Thermocouples are mounted at appropriate elevations of the DW for monitoring the DW
temperatures. Temperature, pressure and radiation are monitored for environmental conditions
of equipment in the containment during normal, abnormal and accident conditions.

Suppression pool-level sensors are provided in the suppression pool water for Hi-Lo level
alarms. Suppression pool temperature readouts from the immersed temperature sensors are
located and alarmed in the control room. The sensors are used for normal indications, scram
signal, and for post-LOCA pool monitoring.

Oxygen and hydrogen analyzers are provided for the DW and WW. Each analyzer draws a
sample from an appropriate area of the DW or WW. High oxygen and hydrogen concentration
levels are recorded and alarmed in the control room.

Radiation detectors in the DW and WW areas provide inputs to radiation monitors, and radiation
* levels are recorded and alarmed on high level.

Refer to Section 7.2 for a description of DW pressure as an input to the RPS, and Section 7.3 for
a description of containment parameters as input signals to the ESF systems. The display
instrumentation for all containment parameters, including the number of channels, recording of
parameters, instrument range and accuracy and post-accident monitoring equipment is discussed
in Section 7.5.

6.2.2 Passive Containment Cooling System

Relevant to containment heat removal, this subsection addresses (or references to other DCD
locations that address) the applicable requirements of GDC 38, 39, and-40 discussed in
SRP 6.2.2, R4, 10 CFR 50.46(b)(5), 10 CFR 52.47(a)(2)(iv), and GDC 19 of 10 CFR 50
Appendix A. The plant meets the following containment cooling requirements.

* GDC 38 as it relates to:

- The PCCS being capable of reducing the containment pressure and temperature
following a LOCA, and maintaining them at acceptably low levels;

- The PCCS performance being consistent with the function of other systems;

- The PCCS being a safety-related design; that is, having suitable redundancy of
components and features, and interconnections, that ensures that for a loss of offsite
power (LOOP), the system function can be accomplished assuming a single failure;
and

- Leak detection, isolation and containment capabilities being incorporated in the
design of the PCCS.

* GDC 39, as the PCCS is designed to permit periodic inspection of components.

* GDC 40, as the PCCS is designed to permit periodic testing to assure system integrity,
and operability of the system and its active components.
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* 10 CFR 50.46(b)(5), as the PCCS is designed to provide long term cooling following
deflagrations or detonations within PCCS from hydrogen accumulation.

* 10 CFR 52.47(a)(2)(iv), and GDC 19 of 10 CFR 50 Appendix A,. as the PCCS is
designed to maintain containment pressure boundary following deflagrations or
detonations within PCCS from hydrogen accumulation.

6.2.2.1 Design'Basis

Functions

PCCS removes the core decay heat rejected to the containment after a LOCA. It provides
containment cooling for a minimum of 72 hours post-LOCA, with containment pressure never
exceeding its design pressure limit, and without makeup to the IC/PCCS pools, equipment pool,
and reactor well.

The PCCS is an ESF, and therefore a safety-related system.

General System Level Requirements

The PCCS condenser is sized to maintain the containment within its pressure limits for DBAs.
The PCCS is designed as a passive system without power actuated valves or other components
that must actively function in the first 72 hours. Also, it is constructed of stainless steel to design
pressure, temperature and environmental conditions that equal or exceed the upper limits of
containment system reference severe accident capability.

Performance Requirements

The PCCS consists of six PCCS condensers. Each PCCS condenser is made of two identical
modules and each entire PCCS condenser two-module assembly is designed for 11 MWt.
capacity, nominal, at the following conditions:

" Pure saturated steam in the tubes at 308 kPa absolute (45 psia) and 134°C (273°F); and

" Pool water temperature at atmospheric pressure and 102'C (2167F).

Design Pressure and Temperature

The PCCS design pressure and temperature are provided in Table 6.2-10.

The PCCS condenser is an integral part of the containment pressure boundary. Therefore,
ASME Code Section III Class MC, Seismic Category I, and Tubular Exchanger Manufacturers
Association Class R apply. Material is nuclear grade stainless steel or other material, which is
not susceptible to Intergranular Stress Corrosion Cracking (IGSCC).

6.2.2.2 System Description

6.2.2.2.1 Summary Description

The PCCS consists of six independent closed loop extensions of the containment. Each loop
contains a heat exchanger (PCCS condenser) that condenses steam on the tube side and transfers
heat to water in a large pool, which is vented to atmosphere.

The PCCS operates by natural circulation. Its operation is initiated by the difference in pressure
between the DW and the WW, which are parts of the ESBWR pressure suppression type
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containment system. The DW and WW vacuum breaker must fully close after each demand to
support the PCCS operation. If the vacuum breaker does not close, a backup isolation valve
closes.

The PCCS condenser, receives a steam-gas mixture supply directly from the DW. The
condensed steam is drained to a GDCS pool and the gas is vented through the vent line, which is
submerged in the pressure suppression pool.

The PCCS condensers do not have valves, so the system is always available.

6.2.2.2.2 Detailed System Description

The PCCS maintains the containment within its pressure limits for DBAs. The system is
designed as a passive system with no components that must actively function in the first 72 hours
after a DBA, and it is also designed for conditions that equal or exceed the upper limits of
containment reference severe accident capability.

The PCCS consists of six, low pressure, independent sets of two steam condenser modules
(Passive Containment Cooling Condensers), as shown Figure 6.2-16. Each PCCS condenser is
designed for 11 MWt capacity and is made of two identical modules. Together with the pressure
suppression containment (Subsection 6.2.1.1), the PCCS condensers limit containment pressure
to less than its design pressure. The Equipment Storage pool and Reactor Well are designed to
have sufficient water volume to provide makeup water to the IC/PCCS pools for at least the
initial 72 hours after a LOCA without makeup. The Equipment Storage pool and Reactor Well
are connected to Isolation Condenser/Passive Containment Cooling System (IC/PCCS) pools via
pool cross-connect valves (see Figure 6.2-2), which open upon low level in IC/PCCS inner
expansion pool. The PCCS relies on the water in the Equipment Storage pool and Reactor Well
to perform its safety-related function for the first 72 hours of a DBA. The pool cross-connect
valves reside within the ICS described in Subsections 5.4.6, 7.4.4, and 7.5.5. Long-term
effectiveness of the PCCS (beyond 72 hours) credits pool makeup and an active gas recirculation
system, which uses in-line fans to pull DW gas through the PCCS condensers.

The PCCS condensers are located in a large pool (IC/PCCS pool) positioned above the ESBWR
DW. 

I

Each PCCS condenser is configured as follows (Figures 3G. 1-71 a and 3G. 1-71 b).

A central steam supply pipe is provided which is open to the DW airspace at its lower end. The
open end of this pipe is provided with a debris filter with holes no greater than 25 mm (1 inch).
The maximum inlet velocity during a LOCA is estimated to be no greater than 106 m/s (348 ft/s).
The steam supply feeds two horizontal headers through two branch pipes at its upper end. Steam
is condensed inside vertical tubes and the condensate is collected in two lower headers.

The vent and drain lines from each lower header are routed through the DW through a single
passage per condenser module as shown on the figures.

The condensate drains into an annular duct around the vent pipe and then flows in a line that
connects to a large common drain line, which also receives flow from the other header. The vent
line goes to the suppression pool and is submerged below the water level.

When the drywell pressure is higher than the combined wetwell pressure and vent line
submergence, noncondensable gases vent to the suppression pool. When the drywell pressure is
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equal to or lower than the combined wetwell pressure and vent line submergence,
noncondensable gases including hydrogen and oxygen (created by radiolytic decomposition in
the core) accumulate in the lower drum of the PCCS condenser thereby producing a potentially
flammable/detonable mixture. As such, the PCCS condensers are designed to withstand the
overpressure produced by deflagrations or detonations due to these possible mixtures. They are
designed to the service level C and D stress limits of ASME Section III, Subsection NE under
loading imposed by a postulated detonation of a stoichiometric mixture of hydrogen and oxygen
in the presence of steam. All PCCS components and piping in the drain and vent flow paths are
designed to the same service level limits and detonation loading as the PCCS condensers.

A Passive Containment Cooling vent fan is teed off of each PCCS vent line and exhausts to the
GDCS pool. The fan aids in the long-term removal of noncondensable gas from the PCCS for
continued condenser efficiency. The minimum fan performance requirements are shown in
Table 6*2-49. The fans are operated by operator action and are powered by a reliable power
source which has a diesel generator backed up by an ancillary diesel, if necessary, without the
need to enter the primary containment. The discharge of each PCCS vent fan is submerged
below the GDCS pool water level to prevent backflow that could otherwise interfere with the
normal venting of the PCCS. The vent fan discharge line terminates in a drain pan within the
GDCS pool so that the gas seal is maintained after the GDCS pool drains. The vent fan
discharge line is 24 cm (9.4 in) below the top of the drain pan lip with a tolerance of 1.4 cm (0.6)
in-> 0.22 m (9 in) and -, 0.25 m (10 in) below the top of the drain panlip. To further prevent
reverse flow through an idle fan, a check valve is installed downstream of the fan. Since the
PCCS condensers and vent piping have the potential for containing hydrogen and oxygen, the
vent fans are designed and constructed so as to not be ignition sources for combustion in
accordance with NFPA 69 and AMCA 99-03.

The PCCS condensers receive a steam-gas mixture supply directly from the DW. The PCCS
condensers are initially driven by the pressure difference created between the DW and the
suppression pool during a LOCA and then by gravity drainage of steam condensed in the tubes,
so they require no sensing, control, logic or power-actuated devices to function. In order to
ensure the PCCS can maintain the DW to WW differential pressure to a limit-less than the value
that causes pressure relief through the horizontal vents, the vent line discharge point is set at an
elevation submerged below low water level and at least 0.85 m (33.5 in) and no greater than
0.900 m (35.4 in) above the top of the uppermost horizontal vent. The PCCS condensers are an
integral part of the safety-related containment and do not have isolation valves.

The drain line is submerged in the GDCS pool to prevent back-flow of steam and gas mixture
from the DW to the vent line, which would otherwise short circuit the flow through the PCCS
condenser to the vent line. It also provides long-term operational assurance that the PCCS
condenser is fed via the steam supply line. The drain line terminates in the same drain pan as the
vent fan discharge to replace any evaporation loss in the drain pan after the GDCS pool drains.

Each PCCS condenser is located in a subcompartment of the IC/PCCS pool, and all pool
subcompartments communicate at their lower ends to enable full use of the collective water
inventory independent of the operational status of any given IC/PCCS sub-loop.

A valve is provided at the bottom of each PCCS subcompartment that can be closed so.. the
subcompartment can be emptied of water to allow PCCS condenser maintenance.
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There is the potential for combustible gases to accumulate inside the PCCS condensers at
concentrations that are higher than the overall containment. See Subsection 6.2.2.2.2 for further
description and design features for these higher concentrations in the PCCS condensers.

6.2.5.1.1 Containment Purging Under Accident Conditions

In accordance with 10 CFR 50.34(f)(2)(xv), (NUREG-0933 Item I*E.4.4), the capability for
containment purging/venting is designed to minimize the purging time consistent with As Low
As Reasonably Achievable (ALARA) principles for occupational exposure. The piping, valves
and controls in the Containment Inerting System can be used to control containment pressure
(that is, purge the containment), and can reliably be isolated under accident conditions.

The Containment Inerting System (CIS) is used to establish and maintain an inert atmosphere
within the containment during all plant operating modes except during plant shutdown for
refueling or maintenance and during limited periods of time to permit access for inspection and
maintenance during reactor low power operation. The system is designed to permit deinerting
the containment for safe operator access and minimizing personnel exposure.

6.2.5.2 Containment Inerting System

The objective of the CIS is to preclude combustion of hydrogen and prevent damage to essential
equipment and structures by providing an inerted containment environment. This is the method
of combustible gas control for the ESBWR, as required by 10 CFR 50.44.

6.2.5.2.1 Design Bases

Safety Design Bases

The CIS does not perform any safety-related function. Therefore, the CIS has no safety design
bases other than provision for safety-related containment penetrations and isolation valves, as
described in Subsection 6.2.4.

Power Generation Design Bases

" The CIS is designed to establish an inert atmosphere (i.e., less than 4% oxygen by
volume) throughout the containment in less than four hours and less than 2% oxygen by
volume in the next eight hours following an outage.

* The CIS is designed to maintain the containment oxygen concentration below the
maximum permissible limit (4%) during normal power operations to assure an inert
atmosphere.

" The CIS is designed to maintain a positive pressure in the primary containment during
normal, abnormal, and accident conditions to prevent air (oxygen) in-leakage into the
inerted spaces from the Reactor Building. The CIS nitrogen gas makeup supply line is
designed for the normal daily operating capacity to maintain approximately 4.8 kPaG
(0.7 psig) positive pressure within the containment. The system has the capability to
replenish containment atmosphere leakage at a rate of 0.4% per day based on
containment operating pressure.
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through (under) the WW water volume. This is quite a dynamic evolution that thoroughly mixes
the WW atmosphere, albeit an atmosphere much richer in hydrogen and oxygen than that
remaining in the DW.

Subsequent to the reactor depressurization, the PCCS condensers will continue to operate. The
PCCS condensers vent noncondensable gas to the WW (suppression pool), so the concentration
of hydrogen is higher in the WW than in the DW.

Another consideration with respect to the mixing process is the incorporation of PARs into both
the DW and WW. PARs create convective air currents, which further serve to drive both the
recombination process along with mixing both in the DW and WW atmospheres. A description
of PARS is given in Subsection 6.2.5.1.

The containment design features that reduce the likelihood of combustible gas deflagrations
resulting from localized buildup of combustible gases during degraded core accidents are listed
in Subsection 19.3.2.

6.2.5.4 Containment Overpressure Protection

6.2.5.4.1 Design Evaluation

The pressure capability of the ESBWR containment vessel is such that it is not exceeded by any
design basis or special event.

The pressure capability of the containment's limiting component is higher than the pressure that
results from assuming 100% fuel clad-coolant reaction. There is sufficient margin to the
containment pressure capability such that there is no need for an automatic containment
overpressure protection system. In the hypothetical situation where containment
depressurization is required, this depressurization can be performed by manual operator action.

The containment can be manually vented through the Containment Inerting System. The
Containment Inerting System is equipped with containment penetrations, valves and pipes that
may be used for containment depressurization. This system is provided with two normal
de-inerting flow paths, each with tandem-paired containment isolation valves. One de-inerting
flow path receives flow from the suppression pool airspace which forces evacuated atmosphere
through the suppression pool to scrub out fission products. For containment overpressure
protection during severe accident conditions, only this line is used. This line has two
air-operated valves in series outside containment. The valves have the capability to be operated
with bottled air for local operation during accident conditions. The downstream piping is tied
into the RB/FB vent stack. The piping downstream of the valves is designed for the maximum
expected operating pressure following the accident.

Due to the potential for the accumulation of combustible gases inside the PCCS condensers, the
PCCS condensers and associated piping are designed for the highest overpressure associated
with a stoichiometric detonation of hydrogen and oxygen. See Subsection 6.2.2.2.2 for more
discussion.

6.2.5.4.2 Containment Structural Integrity

See Appendix 19B.
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