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From: Eudy, Michael

Sent: Friday, June 13, 2014 2:45 PM

To: ArevaEPRDCDocsPEm Resource
Subject: FW: Ch 10 - Part 2

Attachments: Chapter 10 Changes for Rev 7 Part 2.pdf

From: HOTTLE Nathan (AREVA) [mailto:Nathan.Hottle@areva.com]
Sent: Friday, June 13, 2014 2:27 PM

To: Eudy, Michael

Cc: Wunder, George

Subject: Ch 10 - Part 2

Mike — We made a few editorial fixes summarized below. If the technical staff is reviewing the package we provided last
night, that should be fine. We can discuss what was changed on Monday. | broke it up again to avoid any email
restrictions.

- Added boxes to Figure 10.3-1, Sheet 2 of 2, to enclose area of change. No actual change to figure.
(PDF Part 1 page 18 of 32)

- Removed page 10.4-18 (incorrect page). Replaced with page 10.4-19, showing change to Section
10.4.4.2.3. (PDF Part 1 page 32 of 32)

- Added new page 10.4-87 to package, showing change to Section 10.4.9.3. (PDF Part 2 page 24 of 34)

- Added boxes to Figure 10.4.9-1, Sheet 1 of 3, to enclose area of change. No actual change to figure.
(PDF Part 2 page 27 of 34)
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AREVA Inc.
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EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

Table 10.4.7-1—Main Feedwater Safety-Related Piping and Valves

Sheet 1 of 3

Main Feedwater Piping (Safety-Related Portion)

Design (VWO) flow rate 21,479,950 Ib/hr
21:492:9601b/hr
Number of lines 4
Main line nominal size 20 in.
Piping MFWCKY Outlet to SG
Schedule 120
Design pressure 1435 psig
Design temperature 6002E
Design code ASME Section'II, Class 2
Seismic design Category I
Piping MFWIV to MFWCKV

Schedule 160
Design pressure 2050 psig
Design temperature 600°F
Design code ASME Section III, Class 2
Seismic design Category I

Piping Main 20 Inch Line Fixed Point Restraint to MFWIV

Schedule 140

Design pressure 2050 psig

Design temperature 600°F

Design code ASME Section III, Class 3

Seismic design Category I
Piping 10 Inch Line Low Load

Schedule 140

Design pressure 2050 psig

Design temperature 600°F

Design code ASME Section III, Class 3

Seismic design Category I

Tier 2

Revision 7—Interim
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EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

Table 10.4.7-2—Condensate and Feedwater System Single Active Failure

Analysis
Component Failure Comments
Main feedwater full load Loss of power from one Loss of one power supply has no effect

isolation valves (MFWFLIV)

power supply

on ability of valve to close. Valve
actuator has 2 redundant closure
systems. Valve closure is controlled
by 2 cross-division power supplies
provided to the actuator closing
systems.

Valve fails to close upon
receipt of automatic signal

Redundant isolation valves
MFWFLCV and MFWIYV provided in
each main feedwater line.

Main feedwater low load
isolation valves (MFWLLIV)

Loss of power from one
power supply

Redundant, cross-division power
supply provided.

Valve fails to close upon
receipt of automatic signal

Redundantisolation valve MFWLLCV
and MFWIV provided.

Main feedwater full load
control valves MFWFLCV)

Loss of power from one
power supply

Redundant, cross-division power
supply provided.

Valve fails to close upen
receipt of automaticsignal

Redundant isolation valves
MFWFLIV and MFWIV provided in
each main feedwater line.

Main feedwater low load
control valves MFWLLCV)

Loss of powet from one
power supply

Redundant, cross-division power
supply provided.

Valve-fails to close upon
recéipt-of automatic signal

Redundant isolation valves
MFWLLIV and MFWIV are provided.

Main feedwater very low
load control valves
(MFWVLLCV)

Loss of power from one
power supply

Redundant, cross-division power
supply provided.

Valve fails to close upon
receipt of automatic signal

Redundant isolation valves
MFWELIV and MFWLLIV are
provided.

Main feedwater isolation
valves (MFWIV)

Loss of power from one
power supply

Redundant, cross-division power
supply provided.

Valve fails to close upon
receipt of automatic signal

Redundant isolation valves
MFWFLIV and MFWLLIV are
provided.

Next File
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U.S. EPR FINAL SAFETY ANALYSIS REPORT

Sheet 1 of 2
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Figure 10.4.7-1—Condensate and Feedwater System

3 s
e

0

neve

FEEDWATER STORAGE TANK/DEAERATOR

<

wose
S5E

r

ErR

Page 10.4-54

Revision 7—Interim

Tier 2



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

10.4.7.3

ATWS — Loss of Normal Feedwater

The secondary side response is the same as for ATWS — Loss of Offsite Power.

Refer to Chapter 15 for a description of accident analyses.

Safety Evaluation

The design of the safety-related portions of the CFS satisfies GDC 2 regarding the
effects of natural phenomena.

Safety-related portions of the CFS are located inside containment and valve rooms,
which are part of the SBs. Safeguard Buildings 1 and 4 each contain two valve
rooms. These buildings are designed to withstand the effects of natural
phenomena, such as earthquakes, tornadoes, hurricanes, floeds, tsunami and
seiches. Section 3.3, Section 3.4, Section 3.5, Section 3.7 and Section 3.8 provide
the bases for the adequacy of the structural design of these buildings.

Safety-related portions of the CFS are designed to-fémain functional during and
after a safe shutdown earthquake (SSE). Section.3.7 provides the design loading
conditions that are considered.

Consistent with the guidance in RG 1:295the condensate system piping
penetrating the containment and-the associated CIVs are designed to Seismic
Category I requirements. The cofidensate system piping inside containment or
valve rooms that is not Seismie,Category I, is designed to Seismic Category II
requirements. Also consistent with the guidance in RG 1.29, feedwater system
piping that is part of the primary and secondary reactor containment, is designed
to Seismic Category Lrequirements; these design requirements extend to the first
seismic restraint beyond the defined boundary.

Portions of th€ ¢condensate system penetrating the containment and the associated
CIVs are designated Quality Group B and designed as ASME Boiler and Pressure
VesselrCode, Section III, Class 2 (Reference 2) components. The cooling water

supply and return piping inside containment is designated Quality Group BB and
Seismic Category HI.

Feedwater system CIVs and adjacent piping up to the SGs are designated Quality
Group B and designed as ASME Code, Section III, Class 2 components subject to
the requirements of Subsection NC. Feedwater system piping upstream of the
CIVs up to the fixed restraint, is designated Quality Group C and designed as
ASME Boiler and Pressure Vessel Code, Section III, Class 3 (Reference 4)
components subject to the requirements of Subsection ND.

Inside the four valve rooms, the feedwater piping is routed in four individual and
separate trains so that internal flooding does not prevent the main feedwater
system (MFWS) from performing its safety-related functions. Refer to

Section 3.4.3.4 for a discussion of flooding in the valve compartments. Critical
components in the MFWS are located inside the feedwater valve rooms.
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10.4.9.2.3.3

resulting high-temperature condition and provides an alarm in the MCR to alert the
operators to close the EFWS isolation valve and to promptly perform any other
required actions to return the affected pump train to service.

Accident Conditions
Small Break Loss of Coolant Accident (SBLOCA)

A small break loss of coolant accident (SBLOCA) results in a loss of reactor coolant
inventory which cannot be compensated for by the chemical and volume control
system (CVCS). The loss of primary coolant results in a decrease in reactor coolant
pressure and pressurizer level. The EFWS is automatically started if SG low level is
reached. On safety injection signal, partial cool down is initiated to enable medium

head safety injection (MHSI) flow. $

A minimum of two EFWS trains are available to restore @aintain SG water
inventory during RCS cooldown to RHR system entr@) tions.

Steam Generator Tube Rupture (SGTR) 66

An SGTR results in a leak of primary coola@) the affected SG. The EFWS is
utilized to assist in RCS cooldown, as neegssaty. In addition, EFWS flow to the
affected SG can be isolated manual@? 30 minutes or by the automatic closure of
the SG isolation valve and the leyel cOntrol valve upon SG high level. The associated
EFWS pump is shut down ma y. A minimum of two EFWS trains are normally
available to restore and mai SG water inventory during RCS cool down to RHR
system entry conditio s@

In the unlikely e lc.bf an SGTR in one SG coincident with a single failure of another
EFWS train ird EFWS pump out|for maintenance, only one intact SG is fed

dischar, ader isolation MOVs to align the EFWS pump feeding the affected SG to

feeQ fitact SG.

initially b; t FWSY. Within-After 30 minutes, the operator opens the required

The EFWS maintains SG water inventory during RCS cooldown to RHR system entry
conditions.

Main Steam Line Break (MSLB)

A MSLB results in a significant reduction of RCS pressure and temperature and
associated positive reactivity. At break initiation the secondary side pressure falls, a
reactor trip occurs and the main steam isolation valves (MSIV) close. The EFWS pump
aligned to the affected SG automatically starts upon SG low level. The EFWS pump
flow to the depressurized SG is limited by the flow control valve to protect the pump
against run-out flow and to prevent RCS overcooling. The flow to the affected SG is

Tier 2
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isolated manually from the YICR wwithin-after 30 %inutes. A minimum of two EFWS
trains are normally available to restore and maintain SG water inventory.

In the unlikely event of an MSLB on one loop coincident with a single failure of

another EFWS train and a-third EFW pump out for maintenance, only one intact SG is
fed initially by the EFWS Within-After 30 minutes, the operator will open the
required discharge header isolation MOVs to align the EFWS pump feeding the
affected SG to feed an intact SG.

The EFWS maintains SG water inventory during RCS cooldown to RHR system entry
conditions.

Main Feedwater Line Break (MFWLB)

A main feedwater line break (MFWLB) results in a significa sof SG water mass
leading to a RCS heat-up. The MFWLB accident is the iting accident for
EFWS flow. The break results in a reactor trip and clpsure of the MSIVs. The main
steam relief train opens and low level in all the SG%%ached. The EFWS is

V% e depressurized SG is limited by
runout flow. The flow to the
within-after 3() minutes. A minimum
mtain SG water

automatically actuated and the EFWS pump flo

the flow control valve to protect the pump
affected SG is isolated manually from th
of two EFWS trains are normally a@to

inventory.

In the unlikely event of an ?\k@% on one loop coincident with a single failure of
another EFWS train and p out for maintenance, only one intact SG
is fed initially by the
discharge header is@ n

) minutes, the operator opens the required
e EFWS pump feeding the affected SG to

feed an intacf:j :
The EFW$ maintains SG water inventory during RCS cooldown to RHR system entry

con?éi@.

10.4.9.3 Safety Evaluation
The design of the EFWS satisfies GDC 2 regarding protection from the effects of
natural phenomena such as earthquakes, tornadoes, hurricanes, floods, and external
missiles.
e The Reactor Building and Safeguard Buildings that house the EFWS are Seismic
Category I designed structures that are also located and designed to provide
protection from flood, hurricane/tornado winds and missiles. Section 3.4,
Section 3.5, Section 3.7, and Section 3.8 provide the bases for the adequacy of the
structural design of these buildings with respect to natural phenomena.
Tier 2 Revision 7—Interim Page 10.4-82
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— The EFWS normal and makeup water supplies are clean water stored in tanks
or pools that are not susceptible to common-mode failures caused by blockage.

— Detailed equipment specifications, vendor quality assurance (QA) of
equipment manufacturing, owner oversight of manufacturing activities, shop
testing, and pre-service and in-service inspection will reduce the risk of
hardware-related common-cause factors. QA and testing programs will be
established for the EFWS-related hardware.

e In the unlikely event that the emergency feedwater capability is lost due to a
common cause failure, the effects are reduced by the plant’s large primary and
secondary water inventories. Analysis of a postulated loss of the EFWS without
taking mitigating actions shows that the time to steam generator dry-out is greater
than 1.5 hours, and that the core remains covered with sub-cooled water for
greater than 2 hours. The analysis of this beyond design b@vent assumed:

— A LOOP with the plant running at full-load stea@ power.

— Normal operating steam generator and pressu%er levels.

)

— Best estimate decay heat curve. 6

— Primary and secondary temperatu pressure conditions, and latent heat as
calculated by S-RELAPS. 0

This extended coping time provides thme for compensatory actions to initiate decay
heat removal. For example, f 1hg a loss of normal and emergency AC power, two
*

EFW pumps can be energized from the alternate source of AC power and the pumps

. * e e L
Depending &matmg event, other compensatory measures that may be used for

decay heat al include:

0 minutes of the initiating event. The SBO

timeline is further des

@moving core decay heat using the plant’s safety-related feed and bleed
capability.

— Removing core decay heat using the plant’s non-safety-related Startup
Feedwater system or the plant’s non-safety-related Main Feedwater system.

The design of the EFWS satisfies GDC 45 as is relates to provisions for periodic
inservice inspection of system components and equipment as described in
Section 10.4.9.4.

The design of the EFWS satisfies GDC 46 regarding provisions made to permit
appropriate functional testing of the system and components, as described in
Section 10.4.9.4.

Tier 2
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EPR

The design satisfies 10 CFR 50.62 regarding provisions for automatic initiation in an
ATWS. A diverse low SG level EFWS actuation signal is provided for ATWS
mitigation.

The design of the EFWS satisfies 10 CFR 50.63 regarding the capability for responding
to a SBO. Station blackout is addressed in Section 8.4.

e Trains 1 and 4 of the EFWS are powered from the SBODGs, including the air
recirculation fans of the room coolers for these EFWS pumps. The cooling
medium for these coolers is supplied by the safety chilled water system (SCWS),
which is also powered by the SBODGs.

e The EFWS water inventory required to meet SBO requirements *s—lréém,OOO |
gallons. This is based on the EFWS providing the necessary flow for decay heat
removal while remaining in the hot standby conditions foreight hours.

10.4.9.4 Inspection and Testing Requirements

During fabrication of the EFWS components, tests and.inspections are performed and
documented in accordance with code requirements, to verify quality construction. As
necessary, performance tests of components are performed in the vendor facility. The
EFWS is designed and installed to permit.inservice inspections and tests in
accordance with ASME operation and, maintenance (OM) code requirements
(Reference 5).

The EFWS components are<inspected and tested as part of the initial plant startup.
Refer to Section 14.2 (test @bstract #020, #021, #153, #154 and #195) for initial plant
startup test program. Gonsistent with the recommendations of Reference 2, a 48-hour
endurance test is petformed on the EFWS pumps to demonstrate the pumps have the
capability for contiuous operation over an extended time period without failure. The
layout of thesystem pumps, valves, and piping facilitate periodic inspection. Adequate
room anddaccessibility is provided to conduct the required examinations.

The EFWS is a standby system that is not routinely operated, except for testing. After
the plant is brought into operation, tests to verify proper operation of the EFWS
components are conducted. These tests supplement the system level tests by verifying
acceptable performance of each active component in the EFWS. Pumps and valves are
tested in accordance with Reference 5. The capability to perform quarterly full-flow
testing is provided. The inservice testing program is described in Section 3.9.6 and the
surveillance requirements for the EFWS are detailed in Chapter 16.

Tier 2 Revision 7—Interim Page 10.4-87
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Table 10.4.9-4—Emergency Feedwater System Indicating, Alarm, and
Actuation Control Devices

Indication | Indication Alarm
Device (CR) (Local) (CR) Actuation
EFW pool level wide range X X X
EFW pool level narrow range X X (H) Isolate DI
Water
EFW pool temperature X X
EFW pump suction temperature X
EFW pump discharge pipe X X
temperature
EFW pump suction pressure X \ (L) Pump trip!
EFW pump head X ’\\\\
EFW pump discharge pressure X X n\‘ (L) Pump trip!
EFW LCV pressure drop X -
EFW pump flow X Q o FCV Control
EFW flow to SG X %)
EFW FCV valve position X \J FCV Control
EFW LCV valve position X (Q SG Level Control
EFW pump discharge manual valve X Qé
position switches .
EFW supply header valve position ~
switches ’:\
EFW discharge header valve position 6‘9 X
switches .\‘>
EFW pump bearing temperature X X (H) Pump trip!
EFW pump motor windin .\v X X (H) Pump trip!
temperature Q
EFW pump motor curgeq X
EFW pump Vibrati<{ ~ X
Note:

1. Pump will not trip following a safety actuation signal.

Tier 2
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Table 10.4.9-5—EFWS Unreliability Results

Probability that the Credited
Secondary Cooling Systems Systems Fail to Provide
Initiating Event Credited Adequate Steam Generator Flow
General Transient MFW, SSS, and EFWS 5.40E-07
3-55E-07
Loss of Main Feedwater |EFWS 3.41E-05
3-89E-05
| Loss-of MainFeedwater |EFWS-andSSS +H4E-05
Loss of Offsite Power EFWS (switheutno power recovery) 1.38E-04
+01+E-04
Loss of Offsite Power EFWS (offsite power recovery 8.83E-05
considered) A
Loss of Offsite Power EFWS and SSS (offsite power O\).GlE—OS
recovery considered) 5:68E-05
=

B
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