
May 3, 2006

Mr. David Hinds, Manager, ESBWR
General Electric Company
P.O. Box 780, M/C L60
Wilmington, NC 28402-0780

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION LETTER NO. 23 RELATED TO
ESBWR DESIGN CERTIFICATION APPLICATION  

Dear Mr. Hinds:

By letter dated August 24, 2005, General Electric Company (GE) submitted an application for
final design approval and standard design certification of the economic simplified boiling water
reactor (ESBWR) standard plant design pursuant to 10 CFR Part 52.  The Nuclear Regulatory
Commission (NRC) staff is performing a detailed review of this application to enable the staff to
reach a conclusion on the safety of the proposed design.  

The NRC staff has identified that additional information is needed to continue portions of the
review.  The staff’s request for additional information (RAI) is contained in the enclosure to this
letter.  This RAI concerns the Steam and Power Conversion System, Chapter 10 of Tier 2 of the
ESBWR design control document.  The RAIs for Section 10.2 were sent to you via electronic
mail on February 17, March 2 and March 30, 2006, and resent on March 26, 2006.  The RAIs
for Section 10.4 were sent to you via electronic email on March 30, 2006, and resent on 
April 3, 2006.  The RAIs were discussed with you during telecons on March 13, 2006, and 
April 21, 2006.  You agreed to respond to these RAIs by May 26, 2006.

If you have any questions or comments concerning this matter, you may contact me at 
(301) 415-2007 or lnq@nrc.gov, Amy Cubbage at (301) 415-42875 or aec@nrc.gov,
Lawrence Rossbach at (301) 415-2863 or lwr@nrc.gov, or Martha Barillas at (301) 415-4115 or
mcb@nrc.gov.
.

Sincerely,

/RA/

Lauren Quinones, Project Manager
ESBWR/ABWR Projects Branch
Division of New Reactor Licensing
Office of Nuclear Reactor Regulation

Docket No. 52-0010

Enclosure: As stated

cc:  See next page
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Request for Additional Information - ESBWR DCD Chapter 10

RAI
Number

Reviewer Summary Full Text

10.2-1 Tsao J Provide description
and drawings of the
turbine design.

(A) Provide a general description of the overall turbine rotor (disk) design,
including number of stages, bucket (blade) design, how the buckets are
attached to the rotor, and whether the turbine rotor is forged.  Provide diagrams
and figures of the design.  

(B) Discuss whether DCD Section 10.2.3 is also applicable to the structural
integrity and inspection of the high-pressure turbine rotor. 

10.2-2 Tsao J Provide percentages
of sulfur and
phosphorus in the
turbine rotor
material.

DCD Section 10.2.3.1 states that tramp elements in turbine rotors are
controlled during fabrication to the lowest practical concentrations to ensure
adequate fracture toughness.  SRP Section 10.2.3.II.1.a recommends that
sulfur and phosphorus be controlled to low levels because they have a
deleterious effect on toughness of the turbine rotor.  Provide the percentage of
sulfur and phosphorus in the turbine rotor and discuss whether their chemical
contents are considered low level.

10.2-3 Tsao J Explain the
discrepancy on the
fracture toughness of
the turbine rotor
material between
ESBWR and SRP.

DCD Section 10.2.3.1 states that the processing of the turbine materials is
controlled to maintain the fracture appearance transition temperature (FATT)
below -1EC (30EF), which is inconsistent with SRP Section 10.2.3.II.1.b.  SRP
Section 10.2.3.II.1.b recommends that the 50% FATT, as obtained from Charpy
tests performed in accordance with specification ASTM A-370, be no higher
than 0EF for low-pressure turbine disks.   

(A) Discuss the discrepancy.  

(B) Discuss which industry codes were used to obtain the FATT and Charpy
energy of the low-pressure turbine rotor.



-2-

10.2-4 Tsao J Explain the
discrepancy on
Charpy V notch
energy between
ESBWR and SRP.

DCD Section 10.2.3.1 states that the room temperature Charpy energy above
45 ft-lbs in all areas of the rotor is maintained, which is not consistent with the
minimum 60 ft-lb recommended in SRP Section 10.2.3.II.1.c.  SRP Section
10.2.3.II.1.c recommends that the Charpy V-notch energy at the minimum
operating temperature of each low-pressure disk in the tangential direction be
at least 60 ft-lbs.  Discuss the discrepancy. 

10.2-5 Tsao J Clarify the fracture
toughness ratio.

DCD Section 10.2.3.2 states that the ratio of material fracture toughness, KIC,
to the maximum tangential stress at speeds from normal to 115% of rated
speed is at least 10 mm1/2.  

(A) Clarify whether this ratio is obtained at the minimum operating temperature
as recommended in SRP Section 10.2.3.II.2.

(B) Discuss how the fracture toughness properties were obtained and by which
methods (Reference: SRP Section 10.2.3.II.2).  

10.2-6 Tsao J Describe stress
calculations of the
turbine components.

DCD Section 10.2.3.2 states that stress calculations include components due
to centrifugal loads, interference fit, and thermal gradients where applicable. 
Describe briefly the stress calculations, including analyzed components,
applied loadings, the acceptance criteria, and the safety margins of the
components. 

If the stress calculations are unavailable at present, DCD Section 10.2.5.1 must
include the following commitment to: “The COL applicant will provide turbine
material property data and assure sufficient turbine warmup time as required by
Subsection 10.2.3.2.  The COL applicant will provide stress calculations of
turbine components as discussed in Section 10.2.3.2 of DCD Tier 2.”
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10.2-7 Tsao J Identify the turbine
operating
temperature.

DCD Section 10.2.3.3 states that operating temperatures of the high-pressure
rotors are below the stress rupture range; therefore, creep-rupture is not a
significant failure mechanism. 

(A) Identify the operating temperatures and the maximum possible temperature
(temperature at anticipated transients or accident conditions) of the high
pressure rotors.

(B) Identify the temperature at the stress rupture range and discuss how this
temperature was obtained. 

10.2-8 Tsao J Define various
overspeed
terminology.

DCD Section 10.2.3.3 states that the multitude of natural critical frequencies of
the turbine shaft assemblies existing between zero speed and 20% overspeed
are controlled in the design and operation so as to cause no distress to the unit
during operation.  DCD Section 10.2.3 also mentions various speed such as
“115% of the rated speed” and “8% higher than normal overspeed.”    

(A) Elaborate on the various turbine speeds and define the associated
terminology, such as “rated speed”, “normal overspeed”, and “overspeed”. 
Provide the actual revolutions per minute for each speed.  

(B) Identify the design overspeed (the speed for which the turbine rotor is
designed), the minimum speed that would cause the turbine components to fail,
the normal operating speed, and the speed at which turbine is set to trip.  

(C) Revise the expression, “normal overspeed”, because an overspeed event
cannot be normal.
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10.2-9 Tsao J Show that the turbine
has a sufficient
safety margin.

In 1991, a turbine overspeed event occurred at Salem Unit 2 which resulted in
a failure of some turbine blades.  The fragments of blades punctured the
turbine casing and traveled some distance from the turbine.  The event was
caused by the failure of the turbine overspeed protection system (Reference:
NRC Letter dated January 7, 1992, from Charles W. Hehl of NRC to Steven E.
Miltenberger of Public Service Electric and Gas Company, Subject: NRC
Region I Augmented Inspection Team (AIT) Review of the November 9, 1991
Salem Unit 2 Turbine-Generator Overspeed and Fire Event).  

(A) Describe how turbine speed is monitored such that a turbine overspeed
event is minimized.  

(B) Identify the margin between the turbine trip setpoint speed and design
overspeed to demonstrate that the turbine can be tripped either manually or
automatically before it reaches the design overspeed to assure turbine
components’ integrity.  

10.2-10 Tsao J Discuss how to
control torsional
vibration of the
turbine. 

In NRC Information Notice 94-01, “Turbine Blade Failures Caused By Torsional
Excitation From Electrical System Disturbance,” the staff discussed turbine
blade failures of low-pressure turbines which were attributed to torsional
excitation of the turbine generator shaft as a result of an electrical system
disturbance.  Discuss whether this phenomena was considered in the turbine
design and whether the design includes mechanisms to preclude such event. 
As part of your response, discuss how the natural critical frequencies of the
turbine shaft are controlled in the design and operation so as not to cause
distress to the unit, including how the harmonic excitation of the turbine unit is
managed at various shaft speed. 

10.2-11 Tsao J Clarify Section
10.2.3.3 regarding
accident loadings

SRP Section 10.2.3.II.4 recommends that the turbine assembly be designed to
withstand normal conditions, anticipated transients, and accidents resulting in a
turbine trip.  In DCD Section 10.2.3.3, “accidents” was not explicitly mentioned. 
Clarify whether loading from accident/faulted conditions have been considered
in the turbine design calculations.
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10.2-12 Tsao J Clarify information
regarding turbine
preservice 
inspections.

DCD Section 10.2.3.4(2) states that, for pre-service inspection, the established
acceptance criteria for volumetric (ultrasonic) and surface visual examinations
of the finished machined rotor are more restrictive than those specified for
ASME Class I components in ASME Code, Sections III and V.  DCD Section
10.2.3.4(2) also states that the acceptance criteria include the requirement that
subsurface sonic indications are either removed or evaluated to ensure that
they do not grow to a size which would compromise the turbine integrity.  

(A) Discuss how the established acceptance criteria are more restrictive than
the ASME Code, Sections III and V.  

(B) Discuss why radiography testing is not part of the volumetric examination.  

(C) Clarify whether ‘surface visual examination’ is meant as two separate
examinations, i.e., ‘surface examination’ and ‘visual examination’.  

(D) Discuss how the rotor is repaired after surface or subsurface indications are
removed from a rotor.  

(E) Provide acceptance criteria for surface and subsurface indications in the
rotor that require repair/removal.  
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10.2-13 Tsao J Clarify information
regarding turbine
inservice inspections.

DCD Section 10.2.3.5 discusses visual and/or surface examination of turbine
rotors, buckets, and couplings.  It is stated that turbine inservice inspections, as
required by the ASME Code, Section XI, are performed in sections during the
refueling outages so that a total inspection is completed at least once within the
time period recommended by the manufacturer.  DCD Section 10.2.3.5(1)
states that all accessible surfaces of rotors are examined visually.   

(A) Discuss whether visual examinations are equivalent to VT-1, VT-2, or VT-3
as defined in ASME Section XI, IWA-2210. 

(B) Discuss why the inservice inspection of rotors, buckets, couplings, and
coupling bolts does not include volumetric examinations, which can detect
subsurface flaws whereas the visual or surface examination is incapable of
detecting subsurface flaws. 

(C) Discuss whether the buckets are removed from the rotor when performing
visual examinations of the rotor and buckets.  If the buckets are not removed
from the rotor, describe how the potential flaw(s) would be detected in the
areas/regions where the buckets are attached to the rotor, i.e., the areas which
are inaccessible to visual examinations. 

(D) Identify the inservice inspection frequency and inspection techniques for
each turbine component that requires inspection.  

(E) Provide acceptance criteria for indications detected in rotor, buckets, and
couplings during inservice inspection that require repair/removal.  

If the information is unavailable at present, DCD Section 10.2.5.3 should
include the following commitment:  “The COL applicant will provide the
inservice test and inspection requirements for turbine overspeed protection as
noted in Subsections 10.2.3.5(2) & (4).  The COL applicant will provide the
inservice inspection program for turbine assembly components as noted in
Subsection 10.2.3.5.”
.
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10.2-14 Tsao J Clarify turbine valve
inservice inspections.

DCD Section 10.2.3.5(4) states that inspection of all valves of one type will be
conducted if any unusual condition is discovered.  

(A) Discuss the type of examination (e.g., volumetric, surface, or visual) that
will be conducted and identify the valve components that will be examined.   

(B) Clarify what is meant by “all valves of one type” because DCD Section
10.2.3.5(4) specifically states that all main stop valves, main control valves,
and combined intermediate valves (CIVs) will be inspected during the first three
refueling outage or extended maintenance shutdowns.  

(C) Include ‘valve leakage’ and ‘cracks’ as part of the inspection listed in DCD
Section 10.2.3.5(4).  

(D) Clarify whether the subject valves will be disassembled when performing
the inspection.  

(E) It is stated that the subsequent inspections will be scheduled by the COL
licensee in accordance with the BWROG turbine surveillance test program. 
Discuss whether this program is consistent with the inspection and testing of
valves in the Operation and Maintenance Code of the ASME Code. 

10.2-15 Tsao J Correct the
numbering system in
Section 10.2.5.3.

DCD Section 10.2.5.3 states that the COL applicant will provide the turbine
inservice test and inspection requirements as noted in Subsections 10.2.3.5(2)
and (4).  There are two Subsections 10.2.3.5(2).  One is related to visual and
surface examination of all low-pressure buckets as shown on page 10.2-11 and
one is related to the inspection of turbine overspeed valves as shown on page
10.2-12.   Please clarify the numbering of these subsections. 



-8-

10.2-16 Tsao J Discuss the
management of
degradation
mechanisms. 

Rotors and buckets may encounter the following degradation mechanisms:
pitting, stress corrosion cracking, corrosion fatigue, low-cycle fatigue, erosion,
and erosion-corrosion.  Discuss how the environmental conditions, the
operational parameters, design features, fabrication, material properties, and
maintenance are managed and considered to mitigate degradation in the
turbine rotor and buckets. 

10.2-17 Hernandez J Provide detailed
description to
demonstrate
minimization of
excessive turbine
overspeed in the
event of a TG trip
signal with a single
valve closure failure.

DCD Section 10.2.1.3 states that the valve arrangements and valve closure
times are such that a failure of any single valve to operate does not result in
excessive turbine overspeed in the event of a TG trip signal.

Provide a more detailed description of closure time requirements to ensure
turbine stability following a TG trip with a single valve failure to close. 
Demonstrate how the ESBWR design minimizes the occurrence of such event. 
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10.2-18 Hernandez J Discuss overspeed
system design
reliability.

DCD Section 10.2.2.4 describes the functionality and protection provided by the
primary and emergency trip systems, including provisions for redundancy and
reliability.  

(A) Describe how the overspeed protection system design provides diversity
(e.g. mechanical trip device) as recommended in SRP section 10.2.

(B) Provide a detailed description of the emergency trip fluid system and
discuss its reliability, to ensure adequate performance, when either the primary
or the emergency trip system actuates, thus closing all stop, control and
combined intermediate valves.

(C) Discuss design provisions for single failure and common cause failure that
could prevent the emergency trip fluid from performing its intended function.

(D) Provide approximate percentage of rated speeds for systems actuation as
described in SRP 10.2, Rev 2 (July 1981), Subsection III, Paragraphs 2(b), 2(c)
and 2(d).

10.2-19 Hernandez J Provide justification
for discrepancy with
SRP 10.2 regarding
stop and control
valve testing.

DCD Section 10.2.2.7 states that main steam stop valves and turbine control
valves are exercised at least once a month by closing each valve and
observing the remote valve position indicator for fully OPEN and fully CLOSED
position status.

Explain the discrepancy with SRP 10.2, Rev 2 (July 1981), Subsection II,
Paragraph 5, which recommends such valves should be exercised at least
once a week by observing the position indicator and once a month by direct
observation.  Also, provide justification for not including reheat stop and
intercept valves. 



-10-

Section 10.4.1 - Main Condenser
RAI
Number

Reviewer Question Summary Full Text

10.4-2 Hernandez J Describe how the ESBWR 
provides measures to
prevent loss of vacuum.

Section 10.4.1 of the SRP, Revision 2, July 1981, states that
measures should be provided to prevent loss of vacuum, corrosion
and/or erosion of MC tubes and components.  
 
Provide detailed description of measures to prevent loss of condenser
vacuum.

10.4-3 Hernandez J Provide detailed description
for controlling and correcting
condenser cooling water
leakage into the condensate.

DCD Tier 2, Section 10.4.1.5.4 states that leakage of circulating water
into the condenser shell is monitored by the online instrumentation
and the process sampling system described in Section 9.3.2. 
Conductivity of the condensate is continuously monitored at selected
locations in the condenser.  Conductivity and sodium are continuously
monitored at the discharge of the condensate pumps.  High
condensate conductivity and sodium content, which indicate a
condenser tube leak, are individually alarmed in the main control
room.

Provide a detailed description of controlling and correcting methods
including alarm setpoints, operator intervention and plant response as
described in Section 10.4.1 of the SRP, Revision 2, July 1981.

10.4-4 Hernandez J Describe how  the ESBWR
design precludes component
or tube failures due to steam
blowdown from the turbine
bypass system.

DCD Tier 2, Section 10.4.4.2.3 states that the turbine bypass control
system can malfunction in either the open or closed mode, but
requires multiple failures to do so.

Describe the ESBWR design provisions to preclude component or
tube failures due to steam blowdown from the turbine bypass system
when the system fails in the open position, as described in Section
10.4.1 of the SRP, Revision 2, July 1981.



-11-

Section 10.4.2 - Condenser Air Removal System
RAI
Number

Reviewer Question Summary Full Text

10.4-5 Hernandez J Provide clarification on
potential for hydrogen
explosive mixture.

DCD Tier 2, Section 10.4.2.3 states that steam supply to the
second-stage ejector is maintained at a minimum specified flow to
ensure adequate dilution of hydrogen and prevent the off-gas from
reaching the flammability limit of hydrogen.  In addition, maximum
power limits are placed on operation of the mechanical vacuum
pumps to ensure the flammability limit of hydrogen is not reached.

Provide minimum steam flow, maximum power limit on the operation
of the vacuum pump and design steam content volume percentage, in
accordance with Section 10.4.2 of the SRP, Revision 2, July 1981, to
ensure hydrogen flammability levels are not reached.

Section 10.4.3 - Turbine Gland Sealing System
RAI
Number

Reviewer Question Summary Full Text

10.4-6 Hernandez J Provide ITAAC for the TGSS. Provide ITAAC in DCD Tier 1 for the TGSS or the rationale for not
providing.
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Section - 10.4.4 Turbine Bypass System (TBS)
RAI
Number

Reviewer Question Summary Full Text

10.4-7 Hernandez J Clarification of actual
percentage of turbine
generator load shedding
capability.

DCD Tier 2, Section 10.4.4.2 states that the TBS, in combination with
the other reactor systems, provides the capability to shed 100% of the
TG rated load without reactor trip and without the operation of SRVs.

Section 2.12.5 of the ITAAC (DCD Tier 1) states that TBS capability is
110% of the TG rated load.

Provide clarification of the actual percentage of turbine load shedding
capability.

Section 10.4.7 - Condensate and Feedwater System (CFS)

RAI
Number

Reviewer Question Summary Full Text

10.4-8 Hernandez J Describe how the ESBWR
design provides capability to
detect and control leakage
from the CFS.

SRP Section 10.4.7, Revision 3, April 1984, stipulates that the
condensate and feedwater system or other plant systems provide the
capability to detect and control leakage from the system.

Describe systems and components that provide capability to detect
and control leakage as stated in Section 10.4.7 of the SRP.
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Section 10.4.5 Circulating Water System (CIRC)
RAI
Number

Reviewer Question Summary Full Text

10.4-9 Hernandez J Provide elevation drawings to
support flooding assumptions

Rev 01 of DCD Tier 2, Section 10.4.5.6 states that the flooding of the
Turbine Building due to CIRC failures would not affect the limited
safety-related equipment in that building, because such equipment
located inside the Turbine Building and all plant safety-related facilities
are protected against site surface water intrusion and plant
safety-related facility flooding through Turbine Building interconnecting
tunnels is avoided.

Provide detailed elevation drawings to support these statements. 
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