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Containment Analysis Input Parameters for ABWR

1 - Reactor Initial & Analytical Conditions

No. |Parameter [ Units | Value
a . Initial Power (100% rated) MWt 3926
b  Analysis Power for DBA MWt 4005
c 100% Rated Core Flow Mibm/hr 115.1
d Initial Dome Pressure at analysis power psia 1055.0
e  Turbine steam flow rate at analysis power Mibm/hr 17.2
f Feedwater flow rate at analysis power Mibm/hr 17.5
g  Vessel inlet feedwater temperature at analysis power °F 4224
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Containment Analysis Input Parameters for ABWR

2 - Decay Heat
No. |Parameter | Units | Value

a Short-term Response

1 Fuel/ Decay Heat Model! ANS 5 - 1971
20%/10%

b Long-term Response

1 Fuel/ Decay Heat Model Ansi/ANS-5.1-
1994 + 2
sigma
2 Type of fuel GE14
3 Fuel Bundle Average Enrichment % 3.39
4 End-of-Cycle Core Average Exposure (Select one)
a. By short ton GWd/STU 27.70
b. By metric ton GWd/MTU 24.73
5 Core Average Time at Power (lrradiation Time) years 3.36
6 Cycle Duration months 18
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Containment Analysis Input Parameters for ABWR

3 - Vessel Weights and Volumes
No. {Parameter | Units | Value

a Total vessel free volume w/ attached piping ft2 25,083

b  Vessel liquid volume w/ attached piping
1 Subcooled ft® 0
2 Saturated ft® 15,754

c Steam mass in main steam line to the first MSIV

1 One outer steam line . Ibm 678
2 One inner steam line lbm 478

d Liquid mass in one recirculation loop Ibm 0

e Liquid mass in connected piping to the first normally closed valve

1 LPCI piping ' Ibm 0

2 RWCU piping Ibm 400

3 RCIC piping _ Ibm 1,628

4 LPCS/CS piping Ibm 1,454

5 HPCI/HPCS piping Ibm 321
f Metal mass of RPV internals structure (excluding fuel and fuel

assembly) Ibm 857,100

g Metal mass of RPV, including top head but excluding vessel skirt. Ibm 1,841,000

h Metal mass of RPV connected piping

1 Recirculation piping for all loops Ibm 0
2 LPFL/RHR piping Ibm 15,5622
3 LPCI piping Ibm 0
4 Main Steam Lines to second isolation valve . Ibm 95,539
5 RWCU lines to first normally closed valve Ibm Not included
6 HPCI/HPCEF lines to first normally closed valve Ibm 3,516
7 RCIC lines to first normally closed valve Ibm Not Included
i Number of fuel bundles 872
j Mass of fuel (UO2) Ibm 396,000
k Mass of fuel assembly Ibm 176,900
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Containment Analysis Input Parameters for ABWR

4-LOCA

No. |Parameter | Units | Value

a LOCA Break eIevation (from bottom of vessel)

1 Feedwater Line ft 38.1000

2 Steam Line ft 51.0000
b Time at which MSIVs start to close for DBA-LOCA

1 Feedwater Line Break sec 0.5000

2 Main Steam Line Break sec 0.5000

¢ Time at which MSiVs are completely closed for DBA-LOCA
1 Feedwater Line break sec 3.5000
2 Main Steam Line Break

sec 5.0/3.5 (ST/LT)

d Inside vessel height (from vessel zero to top of steam dome) ft 69.0800

e Long-term LOCA break area
1 Feedwater Line Break ' ft? 0.9120
2 Main Steam Line Break ft? 1.0600

g Main steam line data for short-term containment analysis vessel model

1 Steam line pipe inside diameter in 25.5430
2 Nozzle safe end inside diameter or vessel nozzle inside diameter

whichever is smaller in 13.9200
3 Steam Line Flow Limiter diameter in 25.5430
4 Length of nozzle extending from vessel in 85.7100
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Containment Analysis Input Parameters for ABWR

5 - Containment Operating Conditions

No. [Parameter | Units | Value
a Atmospheric pressure psia 14.7
b Drywell-to-Wetwell operating pressure psid 2
c Drywell pressure

1 Maximum psig 1.3

2 Minimum psig 0

3 Nominal psig 0.75

4 Scram setpoint - psig 2
d Drywell temperature

1 Maximum °F 135

2 Minimum °F 50
e Drywell relative humidity

1 Nominal % 20
f Wetwell pressure

1 Maximum : psig 1.3

2 Minimum psig 0

3 Nominal psig 0.75
g Wetwell temperature

1 Maximum °F 95

2 Minimum °F 50

h Wetwell relative humidity

1 Nominal % 100
i Suppression pool temperature
1 Maximum °F 95
2 Minimum _ °F _ 50
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Containment Analysis Input Parameters for ABWR

6 - Drywell
No. |Parameter [  Units | Value
a  Total drywell free volume (including vent system) ft® 259,600.0
b Drywell holdup volume ft® 0.5
c Drywell pool surface area (in contact with drywell airspace) ft? 121.7
d Design Pressure (analytical limit) psig 45.0
e Design Temperature °F 340.0
f Pressure difference between wetwell and drywell for vacuum breakers
to start to open psid 0.1
g  Pressure difference between wetwell and drywell for vacuum breakers
to be fully open psid 0.5
h Number of WW-DW vacuum breaker systems in use
1 Single Valve 7
2 Multiple Valve N/A
i Total loss coefficient of each WW-DW vacuum breaker line (per
system) including entrance and exit coefficients
1 Single Valve 3
2 Multiple Valve N/A
i Total flow area of one WW-DW vacuum breaker line (per system)
1 Single Valve ft? 2.185
2 Multiple Valve ft? N/A
k Acceptable effective DW-to-WW bypass leakage area (A/VK) ft? 0.1
| Drywell inside diameter ft 95.167
m  Trash Rack loss coefficient 0.16
o} DCV loss coefficient 0.92"
p DCVArea ft? 12.173
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Containment Analysis Input Parameters for ABWR

_ 7 - Vent System

No. |Parameter [ Units | Value
j Number of downcomer / horiz. vents per row 10
k Flow area of each downcomer ft? 12.2

| Drywell weir annulus pool volume including horizontal vents

1 High water level ft3 N/A

2 Low water level ft® N/A
m  Inside weir wall diameter ft 34.75
n  Outside weir wall diameter ft 38
o  Weir annulus surface area ft? 121.73
p Height of weir wall from suppression pool bottom ft 384
q Length of each horizontal vent ft 2.95
r Centerline elevation of top-row vents from pool bottom ft 11.483
s Centerline elevation of mid-row vents from pool bottom ft 6.988
t Centerline elevation of bottom-row vents from pool bottom ft 2.493
u Total loss coefficient for vent system 1.7

\ Horizontal vent diameter ft 2.3
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Containment Analysis Input Parameters for ABWR

8 - Wetwell / Suppression Pool

No. [Parameter Units | Value
a Total suppression pool volume
1 High water fevel ft® 128,000
2 Low water level ft® 122,000
b Wetwell free airspace volume
1 High water leve! ft® 210,000
2 Low water level ft® 216,000
c Suppression pool depth
1 High water level ft 23.333
2 Low water level ft 22.64
d  Suppression pool surface area (in contact with wetwell airspace)
1 Below Tunnels ft2 5,460
2 At Low Water level (6.9m) ft? 4,846
e Design Pressure (analytical limit) psig 45
f Design Temperature
wWw °F 255
SP °F 207
Containment Leakage
cc  Appendix J maximum allowable containment leakage for NPSH %l/day 0.5
dd  Appendix J test pressure psig 39
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Containment Analysis Input Parameters for ABWR

9 - SRV
No. |Parameter | Units | Value
a Minimum number of SRV openings in normal set before SRVs switch
to low-low set ’ 100000000
b  Average throat area of SRVs 72 1
. C Suppression pool temperature above which vesse! controlled
cooldown is initiated (Tech Spec value) °F 1000
d Number of ADS valves 8
e Maximum vessel controlled cooldown rate using SRVs °F/hr 100
f Average vertical elevation drop from SRV entrance at main steam line
to SRV quenchers ft 10000
g SRV quenchers initial submergence at LWL ft 15.6
h SRV rated flow at pressure
1. Rated flow Ibm/hr 6.98E+06
2. Pressure psig 1148.56
i Number of SRVs available for manual pressure and temperature
control 4
j Normal (relief) set mode (nominal)
1 a. Number of valves Group 1 - 2
1 b. Opening setpoint Group 1 psig 1160
2 a. Number of valves Group 2 4
2 b. Opening setpoint Group 2 psig 1170
3 a. Number of valves Group 3 ’ 4
3 b. Opening setpoint Group 3 ' psig 1180
4 a. Number of valves Group 4 4
4 b. Opening setpoint Group 4 psig 1190
5 a. Number of valves Group 5 4
5 b. Opening setpoint Group 5 psig 1200
6 Difference between opening setpoint and reset pressure psi 80
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Containment Analysis Input Parameters for ABWR

10 - High Pressure ECCS

No. |Parameter |  Units Value
a  Vessel water level (above vessel zero, AVZ) below which HPCF is
automatically actuated in 395
b Vessel water level (AVZ) above which HPCF is automatically shut off
' in 561
c Maximum suppression pool liquid volume above which suppression
pool replaces CST (if available) as water source for HPCF
ft’ 10
d Drywell pressure for actuation of HPCF (LOCA signal) : psig 2
e Maximum HPCF delay time sec 47
f Elevation of top of suction strainer from S/P bottom ft 5
g If high drywell pressure and high vessel water level coexist, HPCF will
cycle between high and low levels (Yes or No) YES
m  HPCF pump heat hp 2000
n Runout flow apm 3200
o  Shut-off head psid 1195.13
RCIC parameters
p  Vessel water level (AVZ) below which RCIC is automatically actuated
' in 452.1
q  Vessel water level (AVZ) above which RCIC is automatically shut off in 561.06
r Rated flow gpm 800
] Maximum time delay sec 30
t Maximum vessel pressure for RCIC operation psig 1220
u Minimum vessel pressure for RCIC operation psig 150
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Containment Analysis Input Parameters for ABWR

10 - High Pressure ECCS

No. |Parameter Units Value
v RCIC turbine steam flow rates
1 a. RPV Pressure psig 150
1 b. RCIC steam flow rate Ibm/hr 16,200
2 a. RPV Pressure psig 1220
2 b. RCIC steam flow rate Ibm/hr 37,800
w  Maximum S/P temperature for RCIC operation °F 170
CST parameters
X Available CST volume for vessel makeup gal 1556333
y  CST water temperature °F 100.2

Sept. 2007
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Containment Analysis Input Parameters for ABWR

11 - Low Pressure ECCS

No. |Parameter [ Units | Value

LPFL parameters

i LPFL pump heat (per pump) hp 800
j LPFL shutoff head psid 225
k Total LPFL time delay sec 37
I Drywell pressure above which LPFL will automatically be actuated
(LOCA signal}) psig 2
m  Vessel water level (AVZ) below which LPFL will automatically be
actuated : in 362.3
n Vessel water level (AVZ) above which LPFL will be shut off in 561.06
o LPFL performance
1 Number of pumps per LPFL loop 1
2 LPFL runout flow for one pump in one loop. gpm 4200
3 LPFL runout flow for two pumps in one loop. gpm N/A
p Elevation of top of suction strainer from S/P bottom ft 6.054
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Containment Analysis Input Parameters for ABWR

12 - RHR ,
No. |Parameter | Units | Value
a Pool cooling mode
1 RHR flowrate per loop : gpm 4,200
2 Service water flowrate per loop gpm 5,615
3 RHR heat exchanger K-value per loop Btu/sec-°F 225
4 Number of RHR pumps per loop 1
b  Containment spray mode
1 RHR flowrate per loop
a. Drywell gpm 3,698
b. Wetwell gpm 502
c. Total ' gpm 4,200
2 Service water flowrate per loop apm 5,300
3 RHR heat exchanger K-value per loop Btu/sec-°F 225
4 Number of RHR pump(s) per loop 1
c LPCI cooling mode
1 RHR flowrate per loop gpm 4,200
2 Service water flowrate per loop gpm 5,300
3 RHR heat exchanger K-value per loop Btu/sec-°F 225
4 Number of RHR pump(s) per loop 1
5 Pressure permissive for cooling psig 225
d Normal shutdown cooling mode
1 RHR flowrate per loop gpm 4,200
2 Service water flowrate per loop gpm 5,300
3 RHR heat exchanger K-value per loop : Btu/sec-°F 225
4 Number of RHR pump(s) per loop ‘ 1
5 Shutdown pressure permissive psig 225
e  Service water temperature °F 95

f Average vertical distance between drywell spray nozzles and bottom of

drywell ft 81.9
g Average drywell spray droplet diameter ft 0.0052
h Average vertical distance between wetwell spray nozzles and

suppression pool surface at LWL ft_ 39
i Average wetwell spray droplet diameter ft 0.0052
j RHR pump heat (per pump) hp 800
k Maximum vessel cooldown rate with RHR _ °F/hr 100
| Drywell pressure above which drywell sprays can operate psig 0

m  Wetwell pressure above which automatic wetwell spray can operate
psig N/A
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Containment Analysis Input Parameters for ABWR

12 - RHR

No. |Parameter

Units

l

Value

n . Wetwell pressure below which wetwell spray will be turned off

Sept. 2007
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Containment Analysis Input Parameters for ABWR

13 - Feedwater System Mass and Energ

o~

No. |Parameter Units |  Value
a Reference power (at 102% power) MWt 4,005
b Node 1 - Vessel to closest FW heater
1 Fluid temperature °F 421.3
2 Fluid mass Ibm 87,828.0
3 Metal mass Ibm 423,853.0
c Node 2
1 Fluid temperature °F 395.8
2 Fluid mass Ibm 43,989.0
3 Metal mass Ibm 169,093.0
d Node 3
1 Fluid temperature °F 370.3
2 Fluid mass Ibm 13,106.0
3 Metal mass Ibm 64,356.0
e Node 4
1 Fluid temperature °F 338.1
2 Fluid mass Ibm 51,072.0
3 Metal mass Ibm 192,797.0
f Node 5
1 Fluid temperature °F 305.9
2 Fluid mass Ibm 116,055.0
3 Metal mass Ibm 525,124.0
g Node 6 .
1 Fluid temperature °F 304.2
2 Fluid mass Ibm 734.0
3 Metal mass Ibm 24,156.0
h Node 7
1 Fluid temperature . °F 304.1
2 Fluid mass Ibm 292,484.0
3 Metal mass Ibm 387,773.0
i Node 8
1 Fluid temperature °F 288.1
2 Fluid mass Ibm 59,900.0
3 Metal mass Ibm 83,568.0
i Node 9
1 Fluid temperature ‘ °F 272.0
2 Fluid mass Ibm 25,703.0
3 Metal mass Ibm 40,750.0
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Containment Analysis Input Parameters for ABWR

13 - Feedwater System Mass and Energ

No. |[Parameter Units |  Value
k Node 10
1 Fluid temperature °F 2442
2 Fluid mass Ibm 73,750.0
3 Metal mass Ibm 117,271.0
| Node 11
1 Fluid temperature °F 216.4
2 Fluid mass Ibm 26,396.0
3 Metal mass Ibm 40,758.0
m Node 12
1 Fluid temperature °F 194.9
2 Fluid mass Ibm 77,555.0
3 Metal mass Ibm 116,927.0

Sept. 2007

Page 17 of 18



Containment Analysis Input Parameters for ABWR

14 - Others
No. |Parameter - [ Units | Value
a  Control Rod Drive
1 CRD Flow Rate fbm/sec 9.79
2 CRD Flow Enthapy Btu/lbm 77.02
b Elevation from S/P bottom to top of RCIC suction strainer ft 4.773
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INFORMATION NOTICE

This document, NEDO-33372, Revision 0, contains no proprietary information.

IMPORTANT NOTICE REGARDING CONTENTS OF THIS REPORT

Please read carefully

The information contained in this document is furnished for the purpose of supporting the
Combined License Applications for, and licensing activities related to, GE ABWR
projects in proceedings before the U.S. Nuclear Regulatory Commission. The only
undertakings of General Electric Company with respect to information in this document
are contained in the contracts between General Electric Company and South Texas
Project, and nothing contained in this document will be construed as changing that
contract. The use of this information by anyone for any purpose other than that for which
it is intended is not authorized; and with respect to any unauthorized use, General
Electric Company makes no representation or warranty, and assumes no liability as to the
completeness, accuracy, or usefulness of the information contained in this document.
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1.0 Introduction

This Licensing Topical Report (LTR) requests US Nuclear Regulatory Commission (NRC)
approval of a generic change to the design certification for the US Advanced Boiling Water
Reactor (ABWR) design. The proposed changes are based on a completely revised ABWR
containment analysis. An exemption to the generic Technical Specifications (TS) is necessary
to implement the proposed changes, and associated Tier 2 changes are also proposed. This
LTR describes the revised ABWR containment analysis and identifies the proposed changes.

This containment analysis is performed using GE 14 fuel, which provides conservative results
when compared to the DCD (Design Control Document) referenced GE 7 fuel bundles (P&x8R)
as shown in LTR “GE14 Compliance with Amendment 22 of NEDE-24011-P-A (GESTAR 11)”
(Reference 10.1). GE 7 fuel was used for the ABWR certification.

The nuclear safety evaluation in this LTR identifies the required TS and associated Tier 2
changes and explains the bases for them. There are no Tier 1 changes associated with this
analysis.

The ABWR containment analysis described in this LTR is based on information subsequently
discovered after certification.  The analysis performed for other ABWRs identified
improvements in the analysis assumptions regarding feedwater flow, decay heat and
containment vent modeling that needed to be reflected in the certified ABWR containment
analysis. In addition, a design change is proposed to the ABWR protection system to
accommodate the feedwater flow modeling changes. The amendment to the ABWR DCD is
required to assure compliance with NRC regulations that were applicable at the time the
certification was issued and promotes standardization of ABWR certified design material.

As the regulatory processes for generic amendment of approved and certified reactor designs
such as the ABWR (10CFR52 Appendix A) are currently in the state of flux, GE understands
that a generic change may not be feasible for the NRC to grant until the planned revision to
I0CFR52.63 becomes effective. If the NRC does not make the planned revisions to
10CFR52.63, future Combined Operating License Applications (COLA) applicant(s) would
then intend to seek specific departures from the DCD based on the content of this LTR. NRC
review of the technical content of this LTR is requested with the understanding that this LTR
and subsequent discussions between GE and NRC staff may form the basis for site-specific
departures requested in one or more future COLAs.

1.1  Acronyms

ACS — Atmospheric Control System

ANSI/ANS — American National Standards Institute /American Nuclear Society
ABWR - Advanced Boiling Water Reactor

BWR - Boiling Water Reactor

COLA - Combined Operating License Application

DBA - Design Basis Accident

DCD - Design Control Document

DCV — Drywell Connecting Vent
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DW-WW — Drywell-Wetwell

EOC - End of Cycle

EOC-RPT — End of Cycle Recirculation Pump Trip
FWLB — Feedwater Line Break

LOCA - Loss of Coolant Accident

LTR - Licensing Topical Report

LWR — Light Water Reactor

MSLB — Main Steam Line Break

NBR — Nuclear Boiler Rated

NRC — Nuclear Regulatory Commission
R/B — Reactor Building

RPV — Reactor Pressure Vessel

SSE - Safe Shutdown Earthquake

TS — Technical Specifications

2.0 Description of the Design

This chapter describes the ABWR containment functional requirements and lists the major
changes in the analysis (Section 2.1). In Section 2.2, the certified ABWR design is described
for the three areas of interest. The required changes for the revised ABWR containment
analysis are described in Section 2.3. There were additional changes included in the revised
ABWR analysis, mainly based on BWR operational experience, that are described in Section
2.4.

2.1 Containment Analysis Background

The ABWR primary and secondary containments are shown in Figure 1. The ABWR primary
containment is the main focus of this LTR and its functional capabilities are listed below. The
analysis summarized in this LTR is associated with the first of the nine items. The functional
capability for the other eight items are described in the certified DCD. These items are not
included in this LTR because they are not impacted by the revised containment analysis.

The ABWR pressure suppression primary containment system, which is comprised of the
drywell and wetwell and supporting systems, is designed to have the following functional
capabilities:

1. The containment structure has the capability to maintain its functional integrity during
and following the peak transient pressures and temperatures, which would occur
following any postulated loss-of-coolant accident (LOCA), including the worst LOCA
pipe break (which leads to maximum containment and drywell pressure and/or
temperature) simultaneously with loss of offsite power and a safe shutdown earthquake
(SSE).

The containment structure is designed for the full range of loading conditions consistent
with normal plant operation and accident conditions, including the LOCA-related
design loads in and above the suppression pool.

o
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The containment structure is designed to accommodate the negative pressure difference
between the drywell and wetwell and relative to the Reactor Building (R/B)
surrounding.

o

The containment structure and isolation system, with concurrent operation of other
accident mitigation systems, is designed to limit fission product leakage, during and
following the postulated DBA, to values less than leakage rates which would result in
offsite doses greater than those set forth in 10 CFR 100.

3. Capability for rapid closure or isolation of all pipes or ducts, which penetrate the
containment boundary, is provided to maintain leakage within acceptable limits.

4. The containment structure can withstand coincident fluid jet forces associated with the
flow from the postulated rupture of any pipe within the containment.

5. The containment structure is designed to accommodate flooding to a sufficient depth
above the active fuel to permit safe removal of the fuel assemblies from the reactor core
after the postulated Design Basis Accidents (DBA).

6. The containment structure is protected from or designed to withstand hypothetical
missiles from internal sources and uncontrolled motion of broken pipes, which could
endanger the integrity of the containment.

7. The containment structure provides a means to channel the flow from postulated pipe
ruptures in the drywell to the pressure suppression pool.

8. The containment system is designed to allow for periodic tests at the calculated peak or
reduced test pressure to measure the leakage from individual penetrations, isolation
valves and the integrated leakage rate from the structure to confirm the leaktight
integrity of the containment.

9. The Atmospheric Control System (ACS) establishes and maintains the containment
atmosphere to less than 3.5% by volume oxygen during normal operating conditions to
maintain an inert atmosphere.

There was containment analysis performed subsequent to the ABWR certification, which
identified necessary modeling changes for the certified ABWR containment to ensure the
analysis is bounding. There are three major types of modeling changes that need to be included
in the revised ABWR containment analysis:

e Feedwater line break (FWLB) flow changes

e Decay heat using 2 sigma uncertainty

o (Containment vent model

An evaluation of these items was performed under the GE correction action program to
determine the cause, extent of condition, and corrective actions to prevent reoccurrence.



NEDO-33372
Rev. 0

2.2 Containment Analysis in the Certified Design

The following subsections describe the certified ABWR design for the three changes that are
the subject to the LTR.

2.2.1 Feedwater Line Break

BWR plants prior to the ABWR did not evaluate for containment the FWLB shown in Figure 2
as part of the analysis of DBAs. This is because, for those plants it was determined, the
recirculation piping double guillotine break was the most limiting line break (Loss of Coolant
Accident — DBA). For the ABWR, there is no recirculation piping and therefore, the FWLB
must be evaluated for the containment analysis.

The feedwater system side of the FWLB was modeled (Figure 3) by use of a time variant
feedwater mass flow rate and enthalpy directly to the drywell airspace. The time histories of
the mass flow and enthalpy were determined from the operating characteristics of anticipated
feedwater system performance.

The maximum possible feedwater flow rate was calculated to be 164% of nuclear boiler rated
(NBR) flow, based on the response of the feedwater pumps to an instantaneous loss of
discharge pressure. Since the Feedwater Control System would respond to the decreasing
reactor pressure vessel (RPV) water level by demanding increased feedwater flow, and there
was no FWLB logic/mitigation in the certified ABWR design, this maximum feedwater flow
was assumed to continue for 120 seconds. This was based on the following assumptions:

1. All feedwater system flow is assumed to go directly to the drywell.
2. Flashing in the broken feedwater line was ignored.
3. Initial feedwater flow was assumed to be 105% NBR.

4. The feedwater pump discharge flow will coast down as the feedwater system pumps trip
due to low suction pressure. During the inventory depletion period, the flow rate is less
than 164% because of the highly subcooled blowdown. A feedwater line length of 100
meters was assumed on the feedwater system side.

Further analysis for other ABWRs after certification revealed that the sequence of events,
operation of systems and maximum flow time interval assumed in the certified ABWR DCD
containment analysis were non-conservative.

2.2.2 Decay Heat

The certified ABWR DCD long-term containment analysis was performed with decay heat
curves based on GE 7 fuel and ANSI/ANS-5.1 (1979) (Reference 10.2). Additional
uncertainty was not applied to the decay heat curves used in the containment analysis based on
NRC approval of this methodology (Reference 10.3). For certain safety analyses, (e.g.
Emergency Core Cooling Systems LOCA), there was a 2 sigma uncertainty adder that was
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applied to the decay heat curves to ensure conservatism, but this was not done or required for
the long-term containment analysis.

Background and Description of ANS 5.1 Decay Heat Model

The ANSI/ANS-5.1 (1979) standard at the time of the containment analysis for the certified
ABWR DCD had significant technical advantages over previous standards in that it dealt in
great detail with the physics involved and was based on a significant body of empirical data.
Based on this standard, GE developed generic decay heat curves to provide a more accurate
assessment of decay heat during DBA. This methodology was described in Reference 10.4,
which was reviewed and approved by the NRC. This decay power curve not only includes
fission product decay heat but also includes other major contributors to post-LOCA heat
generation. The other contributors include decay of actinides and fission heat due to delayed
neutrons.

Decay Heat from Fission Products

The fission product values provided in ANSI/ANS-5.1 are based on the fissioning of the major
fissionable nuclides present in Light Water Reactors (LWRs), i.e., U**, Pu™” thermal and U**®
fast. A method is also prescribed for evaluating the total fission product decay heat power from
the data given for these specific nuclides. There are fissions produced from other nuclides,
however, ANSI/ANS-5.1 (1979) assumed that the nuclides other than Pu®* and U**® have the
same characteristics as U

Decay of Actinides

Actinides are the heavy elements produced from neutron capture by uranium and plutonium
isotopes. The actinide concentration following shutdown is calculated assuming that at
shutdown the concentration of each actinide is at its equilibrium value. This equilibrium value
is determined assuming no neutron captures by the radioactive nuclide. These assumptions
conservatively result in a higher actinide concentration.

Decay of Activated Structures

The principal structural material in the reactor core is zirconium and it is therefore the principal
source of decay heat from activated structures. Other materials in and around the reactor core
are the steel in the control blades, shroud, and bottom support plate. However, the contribution
to the total decay heat from activation of materials outside the fuel is negligible and is therefore
not included.

Fission Heat Induced by Delayed Neutrons

When a reactor shuts down, the power does not drop to zero immediately. Instead it decays
away with time due to fissions caused by delayed neutrons. The contribution from delayed
neutrons is conservatively determined by assuming a slow blowdown rate, which results in a
smaller void negative reactivity feedback, and hence a slower decrease in the neutron flux
following a LOCA.

Summary

The ANSI/ANS-5.1 (1979) model of decay heat was believed to provide a more accurate
representation than previous models. In developing the decay heat power curve for GE 7 fuel
the ANSI/ANS-5.1 (1979) standard was conservatively applied. Therefore, at the time of the
certification of the ABWR it was believed that the GE 7 fuel based decay heat curve used in the



NEDO-33372
Rev. 0

long-term containment analysis was conservative, so the uncertainty (2-sigma adder) was not
included. This is commonly referred to as the best estimate decay heat curves.

Further analysis done based on ANSI/ANS-5.1 (1994), including the uncertainty, has
determined that the decay heat curves using best estimate ANSI/ANS-5.1 (1979) were non-
conservative for long-term analysis due to additional actinides and activation products that
were not included.

2.2.3 Containment Vents

The ABWR drywell is divided into upper and lower drywells, connected by rectangular drywell
connecting vents. Large break LOCAs [e.g., Main Steam Line Break (MSLB), FWLB] occur
in the upper drywell. In order to model the drywell as a single volume, it is necessary to
include the drywell connecting vent (DCV) loss coefficients to determine the total vent flow
loss coefficients. See NUREG-1503, Section 6.2.1.2, for additional details. In the containment
analysis for the certified ABWR DCD, the main vent system model did not capture some of the
key features that impact the short-term containment response and thus the pool swell loads.

The ABWR vent system is similar to the Mark III design. The Mark 111 has a weir annulus in
the drywell and 3 rows of horizontal vents to connect the drywell to the suppression pool.
Instead of a weir annulus, ABWR has 10 vertical vents and 30 (3 each) horizontal vents. The
certified DCD model did not properly simulate the horizontal vent portion of the vent system
and incorrectly modeled the vent clearing time. These deficiencies are the major contributor to
the difference between the certified ABWR and the ABWR revised containment analysis
results.

2.3 Revised Containment Analysis Assumptions

231 FWLB

The feedwater system side of the FWLB was again modeled (Figure 4) by using a revised time
variant feedwater mass flow rate and enthalpy directly to the drywell airspace. As shown in
this figure, however, flow is assumed to continue until the condensate discharge and feedwater
portions of the systems are drained. This eliminates the certifitd ABWR DCD baseline
assumption of feedwater flow step changing to zero at 120 seconds. The time histories of the
mass flow and enthalpy (Figure 5) were determined from the predicted characteristics of a
typical feedwater system performance. The conservatism of the assumed mass flow and
enthalpies will be confirmed after the detailed condensate and feedwater system designs and
procurement of major equipment are completed (e.g., piping lengths and pump characteristics).

In addition, to provide added assurance of acceptable results, FWLB mitigation is added to the
ABWR design. A break of the feedwater line is detected by instrumentation that measures the
differential pressure between the two-feedwater lines and then confirmation of high drywell
pressure will enable the logic to trip the condensate pumps (Figure 6). The logic and breakers
will be safety-related to add assurance that only safety-related equipment is credited in the
analysis.



NEDO-33372
Rev. 0

With this logic, the trip of the condensate pumps will prevent the addition of the condenser
water volume to the drywell. The mass that is assumed to flow from the FWLB will be limited
to the volume in the condensate discharge and feedwater system piping.

In terms of plant safety the consequences of spurious operation of this additional logic is
bounded by the existing DCD analysis. A spurious trip that initiates a trip of all condensate
pumps would be equivalent to the DCD analysis in subsection 15.2.7 “Loss of Feedwater
Flow”. A failure of a single breaker would result in a trip of a single condensate pump, which
is a normal operational transient and results in the control systems initiating corrective actions.
During a FWLB a failure of a breaker to trip (i.e., the single failure) can be mitigated by
operator actions at 30 minutes without exceeding the containment design values.

2.3.2 Decay Heat

Subsequent analysis performed by GE after certification determined that additional actinides
and activation products that were not included in the ANSI/ANS-5.1 (1979) standard affect the
decay heat curves. The products, while individually negligible, when summed together are
non-negligible. These summation calculations determined that the inclusion of the actinides
other than U*** and Pu™* and activation products does not significantly affect short-term decay
heat calculations. However, for time after shutdown greater than 10* seconds (~ 3 hours), the
effect on total decay heat can be significant. It was determined for best estimate analyses (e.g.
ABWR DCD containment analysis) that do not include the 2-sigma uncertainty adder; the
following guidance should be applied:

T < 10* seconds - no evaluation is required
10" < T < 10° seconds — evaluation recommended — decay heat can increase by 3% to 6%
T > 10° seconds — evaluation required

Table 1 shows the long-term decay heat inputs for both the certified ABWR DCD and revised
ABWR containment analysis. The certified DCD decay heat was based on the GE 7 fuel best
estimate analyses. In the revised analysis the decay heat is based on a GE 14 core using the
ANSI/ANS-5.1 (1994), which includes contributions from additional actinides and activation
products, with a 2-sigma uncertainty applied.

As shown in Table 1, the revised ABWR decay heat values are more conservative than the
certified ABWR DCD values at all time intervals. A summary of the GE 7 and GE 14 fuel
parameters used for determining the decay heat tables is provided in Table 2.

The decay heat inputs for the short-term analysis are based on ANSI/ANS 5 (1971) with
20%/10% margin. This input is the same for both the certified and revised ABWR analysis and
is not impacted by the required changes for the long-term decay heat inputs.
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2.3.3 Containment Vents

The revised ABWR containment analysis was performed using the DCV loss coefficients and
considering the horizontal vents. The total DCV loss coefficient is based on a summation of
losses. The entrance loss coefficient takes into account for ABWR the biological shield wall is
next to the entrance. The flow loss coefficient accounts for trash racks at the entrance to the
vents to block insulation from entering the vents and flowing into the suppression pool. The
friction loss through the DCV is the maximum pressure loss coefficient due to piping, cabling
and supports routed in the DCV. The exit loss coefficient can be neglected since each DCV is
directly above a Drywell-Wetwell (DW-WW) vertical vent. These flow losses are then
summed and included in the containment analysis model for the DCV.

The dimensions of the horizontal vents were included in the revised analysis and confirmation
of the vent clearing was performed to ensure the revised model was correct.

These modifications were the major contributors to the revised analysis results for the wetwell
pressure and drywell-to-wetwell differential pressures, as shown in Table 3.

2.3.4 Additional Changes

The following additional changes are included in the revised ABWR containment analysis.
These changes were made to incorporate additional lessons learned from operating plant
experience.

Suppression Pool Volume

The water volume in the suppression pool including the vents is required to be equal to or
greater than 3,580 cubic meters, as stated in the Tier 1 Section 2.14.1. The ABWR revised
containment analyses of scenarios with low initial suppression pool water level were performed
with a smaller water volume (3,455 cubic meters) to ensure analysis/operational margin. This
smaller volume is based on a suppression pool water level of 6.9 meters. The 7-meter water
level is equivalent to the volume of 3,580 cubic meters. The technical specification for
suppression pool water level (LCO 3.6.2.2) is greater than or equal to 7 meters and less than or
equal to 7.1 meters. This is a very tight band to control the suppression pool water level; so
additional margin (0.1 meters) has been built-in to the safety analysis. It is conservative to base
the safety analysis for scenarios with low initial suppression pool water level on a smaller water
volume since this results in higher pool temperatures.

RHR Heat Exchanger

The RHR heat exchanger heat transfer coefficient was increased from 3.7x10° W/°C to
4.27x10° W/°C (approximately 15% increase). The increase was to accommodate the RHR
shutdown cooling requirements needed to support the shorter refueling outages that operating
plants are achieving. The containment analysis used the larger heat transfer coefficient since
this size will be standard for ABWR.

Wetwell Design Temperature

The certified ABWR wetwell gas space design temperature was 104 °C. The containment
structural analysis design value is 124 °C; therefore the Tier 2 DCD is proposed to be revised to
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reflect the higher value. As shown in Table 3, the analysis results are still below the 104°C and
designing the wetwell to a higher temperature is conservative.

3.0 Justification for Changes

The proposed changes to the containment analysis correct some of the assumptions and ensure
that the calculated pressures and temperatures for LOCA will be conservative. This
containment analysis has confirmed that the containment functional capability/integrity, as
described in Section 2.1 item 1, will be maintained.

As shown in Table 3 the results for the Lungmen FSAR, that also implemented these changes,
are very similar to the revised ABWR results. A contributor to the differences between the
Lungmen and revised ABWR results is the higher initial reactor dome pressure for Lungmen.

The addition of the FWLB mitigation to the ABWR design will provide added assurance that
the revised containment analysis results will remain conservative when detailed feedwater and
condensate system design and procurement work is completed.

4.0 Equipment Qualification

There 1s no impact on environmental qualification of equipment due to the higher predicted
drywell temperatures and pressures. The qualification of equipment is based on the
containment design pressures and temperatures. The predicted airspace temperature, based on
bounding MSLB flows, exceeds the design temperature for 1.2 seconds and then quickly
decreases to below the design temperature. This is shown in Figure 7. Since it would take
much longer than 1.2 seconds for the temperature of the structure and equipment in the drywell
(e.g. valves) to increase significantly, the drywell equipment and structure remain below the
design temperature. Consequently, qualification for equipment in the drywell to containment
design temperatures and pressures is bounding.

The equipment that is being added for the FWLB mitigation (instruments and circuit breakers)
will be environmentally qualified for the predicted environment associated with the FWLB.

5.0 Operating Experience

The addition of the FWLB mitigation logic is the only plant system hardware change resulting
from the revised ABWR containment analysis that could potentially impact plant operations.
The other changes are associated with the analytical model and will not impact plant
operations. To minimize the operational impact of the FWLB mitigation logic, confirmatory
high drywell pressure signal is required to prevent spurious trips of the condensate pumps. In
the unlikely event of a false trip, the DCD transient analysis of a loss of the feedwater flow
(Tier 2 DCD subsection 15.2.7) reflects the ABWR response to the trip. The circuit breakers
that will be used will be similar to the End-of-Cycle Recirculation Pump Trip (EOC RPT)
breakers that have been used on BWRs for more than 30 years.
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6.0 Nuclear Safety Review

As discussed in Section 2.3, the containment analysis in the DCD has three major areas that
must be revised:

FWLB flow changes,
Decay heat using 2 sigma uncertainty, and
Containment vents model.

The revised ABWR containment analysis described in this LTR addresses each of these
concerns.

The proposed changes are consistent with GDC requirements and recommendations based on
operating experience. The proposed changes are based on more detailed analyses and the
current licensing methodology for decay heat. The containment analysis decay heat
methodology changes have been reviewed and approved by the NRC for operating plants. As
described above, the analyses that justified adoption of these changes for operating plants are
also applicable to the ABWR. The FWLB mitigation (safety related logic and breakers) is very
similar to the EOC-RPT that has been approved by the NRC for all BWR 4/5 & 6 plants.

The proposed changes do not involve a departure from Tier 1 or Tier 2* information. Generic
changes to the ABWR Generic TS are necessary to implement the revised containment
analysis. NRC approval is required to implement the TS changes. The containment analysis
conforms to all SRP requirements (March 2007 Sections 6.2.1, 6.2.1.1.C and 6.2.1.3) except for
the deviations described in DCD section 6.2.1.1.5.6.

Appendix A provides the justification for changes to the DCD.

7.0 Consistency with ABWR Design Control Document (DCD)

There is no design departure from the Tier 1 DCD. The design changes described in this LTR
are generic changes to the ABWR Generic TS and Tier 2 certified design information. The
proposed changes incorporate the revised containment analysis into the ABWR design
certification. The DCD Tier 2 and the Generic Technical Specifications markups are shown in
Appendix B.

8.0 Descriptions of DCD Markups

The DCD markups provided in Appendix B identify the specific changes proposed by this
LTR. The proposed changes are at the same level of detail as the original DCD.

The bracketed information [ ] in the Technical Specifications is preliminary, pending design

detailing. These brackets are similar to the brackets that are contained in the generic Technical
Specifications in the current DCD.

10
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8.1 Tier 2 DCD Markups

Tier 2 Appendix 3B and associated table and figures

Tier 2 Subsection 6.2.1 and associated tables and figures

8.2 Generic TS DCD Markups

TS 16.3.6

TS Bases 16.3.6

9.0 Conclusions

The proposed design changes are consistent with the recommendations for containment
analysis performed on operating plants (i.e., 2 sigma adder) and confirm the acceptability of the
containment design, and system performance requirements, and improve nuclear safety.

As discussed more fully in Appendix A to this LTR, the proposed changes will promote
increased standardization. Therefore, GE requests that the NRC amend the ABWR DCD to
incorporate the changes. NRC approval is required for these generic changes to the Generic
Technical Specifications.
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Table 1 Long-Term Decay Heat

Certified ABWR  Revised ABWR
Shutdown Power Shutdown Power
Shutdown Time (fraction of rated (fraction of rated

(secs) power) power)
0 1 1
0.1 0.983 0.9893
0.2 0.924 0.9598
0.4 0.739 0.9304
0.6 0.583 0.7453
0.8 0.487 0.4928
1 0.332 0.3382
2 0.149 0.1546
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