
May 3, 2006

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

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION LETTER NO. 26 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 isolation condenser as discussed primarily in Section 5.4 and
technical specifications discussed in Chapter 16, of the ESBWR design control document.  The
questions regarding the isolation condenser were sent to you via electronic mail on March 21,
2006, and were discussed with your staff during a telecon on April 24, 2006.  The question
regarding technical specifications was sent to you via electronic mail on April 18, 2006, and was
discussed with your staff during a telecon on April 25, 2006.  You agreed to respond to this RAI
on the following schedule:

June 21, 2006: 5.4-21 thru 52, and
May 11, 2006: 5.3-13.

If you have any questions or comments concerning this matter, you may contact me at 
(301) 415-4115 or mcb@nrc.gov or you may contact Lawrence Rossbach at (301) 415-2863 or
lwr@nrc.gov.

Sincerely,

/RA/

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

Docket No.  52-010

Enclosure:  As stated

cc:  See next page
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REQUESTS FOR ADDITIONAL INFORMATION (RAIs)
ESBWR DESIGN CONTROL DOCUMENT (DCD) SECTION 5.4.6

RAI 
Number

Reviewer Question Summary Full Text

5.4-21 Thomas G Submit a P&ID of the
isolation condenser

Submit the Piping and Instrumentation Diagram (P & ID) for the isolation
condenser system (ICS). 

5.4-22 Thomas G Submit an Isolation
Condenser Process
Diagram

The staff finds the system operation parameters given in 
Table 5.4-1 is not complete.  Provide a diagram showing the ICS design and
operating parameters: pressures, temperatures and flow rates.  The diagram
should be similar to a GE standard Process Flow Diagram (PFD) for the ICS. 

5.4-23 Thomas G Clarify the applicable
sections of the
standard review plan
to the DCD.

Since the ICS is part of emergency core cooling system (ECCS), the main
applicable section of the standard review plan (SRP) is Section 6.3.  Add a
reference to the DCD Section (i.e. 6.3.3) that addresses SRP Section 6.3 in 
DCD Tier 2, Section 5.4.6.

5.4-24 Thomas G Clarify the applicable
General Design
Criteria (GDC) and 
10 CFR 50.46 to the
individual ECCS
systems.

Since the ICS is part of ECCS, GDC 2 ( seismic design), 17 (electric power ),
35 (Emergency core cooling), 36 (Inspection of ECCS) and 37 (Testing of
ECCS) apply. Include application of these GDC in the DCD Tier 2, Section
5.4.6.  Also, add 10 CFR 50.46, in regard to the ECCS being designed so that
its cooling performance is in accordance with an acceptable evaluation model. 
We understand that the above GDC are included in DCD Tier 2, Section 6.3
for ECCS, but for clarity, please refer to them for the individual ECCS systems.

5.4-25 Thomas G Justify how the ICS
meets GDC 29.

Explain in detail how the ICS meets GDC 29, as it relates to the system design
having an extremely high probability of performing its safety function in the
event of anticipated operational occurrences.
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5.4-26 Thomas G Justify how the ICS
meets GDC 4 and
describe the effects
of a water hammer
on the piping.

Explain in detail how the ICS meets GDC 4, as related to dynamic effects
associated with flow instabilities and loads (e. g., water hammer). Describe the
design features and procedures incorporated into the ICS design to reduce
voids and water hammer effects.  In operating reactor core isolation cooling
(RCIC) systems, steam lines are sloped downward and steam traps are
provided to reduce the potential for water hammer.  Describe the steam piping
layout in the ESBWR ICS, and discuss the potential for water hammer.

5.4-27 Thomas G How long can the
ICS operate without
any makeup from the
fuel and auxiliary
pools cooling system
makeup line?

In DCD Tier 2, Section 5.4.6 it is stated: “[t]he ESBWR passive decay heat
removal systems (Isolation Condensers) are capable of achieving and
maintaining safe stable conditions for at least 72 hours without operator action
following non-LOCA events.”  After 72 hours, DCD Tier 2 states that the
operator is credited for filling the ICS pools.  Can the ICS operate longer than
72 hours without any make up from the fuel and auxiliary pools cooling system
(FAPCS) make up line?  How long can the FAPCS supply make up to the ICS
pools?

5.4-28 Thomas G Include the ICS Flow
Limiter in 
Figure 2.4.1-1 of the
DCD.

In DCD Tier 1, Table 2.4.1-1 for Inspection, Testing, Analysis and Acceptance
Criteria (ITAAC) Items, item # 2 states that the flow limiter is shown on 
ITAAC Figure 2.4.1-1 in DCD Tier 1. But the flow limiter is not shown on this
figure, this is noted in note 1 of the P&ID.  Update DCD Tier 1, Figure 2.4.1-1
to include the flow limiter.

5.4-29 Thomas G Provide information
on the heat
exchanger used in
the Isolation
Condenser.

The isolation condenser (IC) for the ESBWR is a vertical heat exchanger
significantly different from operating plants’ ICs. Provide the following: a
detailed description of the heat exchanger, the heat transfer coefficient
required for this heat exchanger, and a drawing of the ESBWR IC in DCD 
Tier 2. 
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5.4-30 Thomas G Provide a discussion
for why bypass
valves are not
required for the
upper head.

DCD Tier 2, Section 5.4.6.2.2 states that two normally closed or fail closed,
motor-operated lower header bypass vent valves allow the operator to vent
non-condensible gases in case of failure of the automatic lower head vent
valves.  Bypass valves are not included on the upper header.  Provide a
discussion as to why bypass valves are not required for the upper header.

5.4-31 Thomas G Confirm ICS
Operation is
independent of AC
power.

Confirm that the ICS operation is independent of AC power.  How long can the
ICS be operated without AC power?  What is the capacity of the ICS if the only
source of power is the on-site DC power supply?  Discuss ICS operation
following a station blackout.

5.4-32 Thomas G Explain how the
NMO and NO valves
function.

Explain how the nitrogen rotary motor operated (NMO) and the Nitrogen piston
operated (NO) valves perform their function.

5.4-33 Thomas G State the design
changes
implemented on the
ESBWR ICS to
address operational
performance issues.

The ICS is an ECCS system and the ESBWR ICS design principle is similar to
the ICS in operating plants (Dresden  2 & 3, Millstone 1, Nine Mile Point 1 and
Oyster Creek).  A search of the Institute for Nuclear Power Operations (INPO)
Nuclear Plant Reliability Data System (NPRDS) for operational events related
to ICS indicated numerous operational problems with ICS in those plants.  The
NPRDS search indicated more than 150 operational events related to the ICS
reported by licensee event reports (LERs) for the above plants between1980
and 1992.  Confirm that GE conducted a systematic study of the operational
events associated with operating reactor ICS.

What design changes were implemented in the ESBWR ICS design to address
operational performance issues?  Describe in detail differences between the
ESBWR ICS design and those in the above plants.  Discuss how these
differences in the design will impact the frequency of operational events. 



RAI 
Number

Reviewer Question Summary Full Text

-4-

5.4-34 Thomas G Is there steam line
warming during plant
startup?

In operating reactor RCICs, the steam supply line to the turbine has a warm up
line (i.e. a throttling valve in the bypass) to slowly warm up the steam line. 
While during full power operation the ICS upper header is filled with steam,
this is not the case for the startup of the reactor plant.  Are there any
provisions for warm up of the ICS upper header during the startup of the
reactor plant?

5.4-35 Thomas G
Razzaque M

Provide the basis for
the ICS heat transfer
capacity given.

Four IC heat exchangers with total heat transfer capacity of 135 mega-watts of
thermal power (MWt) (4 x 33.7 MWt) corresponding to 3% of rated power are
provided for the ESBWR.  Following a SCRAM, how long does it take for ICS
to be activated?  What is the technical basis for designing the ICS to 135 MWt
of heat transfer capacity?
  

5.4-36 Thomas G
Razzaque M

Can the IC pool still
remove heat below
its saturation
temperature?

If the IC pool is below the saturation temperature (i.e. 110 BF) and does not
boil, can heat removal still be adequately maintained? 

5.4-37 Thomas G Discuss the
ramifications of the
common-tie between
the ICS and DPVs on
the stub line from the
reactor vessel.

The ICS and depressurization vales (DPVs) are connected to common stub
lines from the reactor vessel.  In the early stages of reactor coolant system
(RCS) depressurization, if the ICS is in operation, blowdown through the DPVs
may draw fluid back from the cold side of the IC, as well as from the upper part
of the reactor vessel.  Depressurization loads will also have an effect on the
ICS, which serves as the primary boundary between the RCS and the
environment, since the IC pools are outside of the containment.  Since ICS is
part of the ECCS, ICS is supposed to be physically separate from DPV which
is also part of the ECCS.  Discuss the ramifications of the common-tie
between the ICS and DPVs on the stub line from the reactor vessel.  Explain
why the physical separation criterion for ECCS systems is not met.  Describe
in detail the potential system interactions, and explain why there is no negative
impact due to the cross-tie between IC steam line and DPVs.
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5.4-38 Thomas G Confirm independent
operation of the ICS
during plant
shutdown.

Confirm that the ICS will not be operated during normal plant shutdown in
conjunction with the main condenser or reactor water cleanup and shut down
cooling system.

5.4-39 Thomas G Discuss the design
features that limit
system interaction
between the ICS and
PCCS pools during a
LOCA.

Since the ICS pools communicate with the passive containment cooling
system (PCCS) pools, any pool heatup caused by ICS operation will affect the
PCCS pool temperature, and hence the operation of the PCCS.  Provide a
discussion of the pool design features that limit system interactions involving
the IC that may degrade the plant response during a LOCA.

5.4-40 Thomas G Explain how the
valves in the ICS are
capable of closing
three times. 

According to DCD Tier 1, Table 2.4.1-1, the accumulator for the pneumatic
motor (PM) isolation valves in the ICS steam supply and condensate return
valves have the capacity to close the valves three times with the drywell at the
drywell design pressure.  What is the basis for the three actuations?

5.4-41 Thomas G Show how
independence is
preserved between
the electrical and
mechanical parts of
the ICS.

Include a requirement for mechanical and electrical separation of the ICS in
the ITAAC.

5.4-42 Thomas G Specify the time
delay for Level 2 ICS
automatic startup.

Specify the time delay for Level 2 automatic start up of the ICS.

5.4-43 Thomas G Address TMI-2
Action Item II.K.3.15
in the DCD.

The ICS uses differential pressure transmitters to detect a possible pipe break
and hence TMI-2 action item II.K.3.15 is applicable.  Since there is a potential
for inadvertent system isolation, the issue is applicable for ESBWR.  Please
address TMI-2 action item II.K.3.15 in the DCD. 
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5.4-44 Thomas G Clarify if there are
any catalytic
converters in the
ESBWR design.

In the simplified boiling water reactor (SBWR) design, a catalytic converter
was provided on the steam distributor at the end of the steam supply line to
the IC.  Are there any catalytic converters in the ESBWR design? 

5.4-45 Thomas G Discuss the IC pool
level monitoring
system in the DCD.

Include a discussion about the IC pool level monitoring or add a reference in
DCD Tier 2 to the specific DCD Section where the IC pool level monitoring is
discussed (i.e. Section 9.1.3.5).

5.4-46 Thomas G Describe the ICS
function and
operation during an
Anticipated
transients without
SCRAM.

Include a reference in the DCD Tier 2 to the section of the DCD that describes
the ICS operation during ATWS events.

5.4-47 Thomas G Describe IC tube
maintenance and
how personnel
exposure is
controlled.

Describe the provisions for repairing, replacing, or plugging the leaking tubes
in the IC. Are any design features incorporated to reduce radiation exposure to
personnel during IC tube plugging?

5.4-48 Thomas G Discuss the IC tube
materials used.

Specify the type of material used for the IC tubes and describe in 
detail the suitability of the material.  Specify material specifications and/or
criteria used in the final selection.

5.4-49 Thomas G How are the specific
tubes leaking in the
ICS identified?

Once a radiation detector indicates ICS leakage, how are the specific leaking
tube(s) identified?
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5.4-50 Thomas G What is the IC tube
plugging capacity?

What is the maximum percentage of the IC tubes for a single IC that can be
plugged, or otherwise obstructed, and allow continued safe plant operation? 

5.4-51 Thomas G How is the plant
maintained in a safe
shutdown condition
for 72 hours using
passive plant
designs during
normal plant
shutdown and in post
accident conditions.

Because of the functional limitations of the passive plant designs, the
Commission, in an SRM issued June 30, 1994, approved the position in
SECY-94-084, “ Policy and Technical Issues Associated with the Regulatory
Treatment of Non-safety systems in Passive Plant Designs.” This position
accepts 420 EF or below, rather than the cold shutdown specified in RG 1.139,
as the safe stable condition that the passive systems must be capable of
achieving and maintaining following non-LOCA events.  Describe in detail the
use of ICS in combination with other systems to keep the plant in Safe
Shutdown Condition (less than 420 EF) for 72 hours in both normal shutdown
mode as well as post accident conditions.  Describe the use of ICS in
combination with other systems during and post LOCA conditions.

5.4-52 Thomas G Describe the
surveillance testing
of the IC for heat
removal capacity.

Describe in detail the periodic heat removal capability testing of the IC in the
DCD Tier 2.
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Request for Additional Information (RAI)
ESBWR Design Control Document (DCD) Chapter 16 Technical Specification 3.4.4

RAI 
Number

Reviewer Summary Full Text

5.3-13 N Ray Clarify when the 
Pressure-Temperature
Limits Report will be
submitted for the staff’s
review.

In DCD Tier 2, Chapter 16,Technical Specification 3.4.4, the applicant stated
that "[reactor coolant system (RCS)] pressure, RCS temperature, and RCS
heatup and cooldown rates shall be maintained with the limits specified in
[the PTLR]."  However, the applicant did not submit any pressure-
temperature (P-T) limits methodology for staff's review.  The DCD also
stated that P-T limits will be provided by the COL applicant.  The staff
requests that the applicant clearly state in the DCD that:

(1) the COL applicant will provide a pressure-temperature methodology for
the staff's review and approval along with a request that the plant specific 
P-T limits will be located in the Pressure and Temperature Limits Report
(PTLR).

or (2) the COL applicant will provide the P-T limits as a part of their
Technical Specification submittal.
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Mr. David H. Hinds, Manager
ESBWR
P.O. Box 780, M/C L60
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Mr. George B. Stramback
Manager, Regulatory Services
GE Nuclear Energy 
1989 Little Orchard Street, M/C 747
San Jose, CA 95125

Mr. David Lochbaum, Nuclear Safety
Engineer
Union of Concerned Scientists
1707 H Street, NW., Suite 600
Washington, DC  20006-3919

Mr. Paul Gunter
Nuclear Information & Resource Service
1424 16th Street, NW, Suite 404
Washington, DC  20036

Mr. James Riccio
Greenpeace
702 H Street, Suite 300
Washington, DC  20001

Mr. Adrian Heymer
Nuclear Energy Institute
Suite 400
1776 I Street, NW
Washington, DC  20006-3708

Mr. Paul Leventhal
Nuclear Control Institute
1000 Connecticut Avenue, NW
Suite 410
Washington, DC  20036

Dr. Jack W. Roe
Nuclear Energy Institute
1776 I Street, NW
Washington, DC  20006-3708

Mr. Ron Simard
6170 Masters Club Drive
Suwanne, GA 30024

Mr. Brendan Hoffman
Research Associate on Nuclear Energy
 and Environmental Program
215 Pennsylvania Avenue, SE
Washington, DC  20003

Mr. Tom Clements
6703 Gude Avenue
Takoma Park, MD  20912

Ms. Patricia Campbell
Morgan, Lewis & Bockius, LLP
1111 Pennsylvania Avenue, NW
Washington, DC  20004

Mr. Glenn H. Archinoff
AECL Technologies
481 North Frederick Avenue
Suite 405
Gaithersburg, MD.  20877

Mr. Gary Wright, Director
Division of Nuclear Facility Safety
Illinois Emergency Management Agency
1035 Outer Park Drive
Springfield, IL 62704

Mr. Charles Brinkman
Westinghouse Electric Co.
Washington Operations
12300 Twinbrook Pkwy., Suite 330
Rockville, MD 20852

Mr. Ronald P. Vijuk
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AP1000 Project
Westinghouse Electric Company
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Mr. Ed Wallace, General Manager
Projects
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Ms. Kathryn Sutton, Esq.
Morgan, Lewis & Bockius, LLP
1111 Pennsylvania Avenue, NW
Washington, DC 20004

Mr. Robert E. Sweeney
IBEX ESI
4641 Montgomery Avenue
Suite 350
Bethesda, MD  20814

Mr. Eugene S. Grecheck
Vice President, Nuclear Support Services
Dominion Energy, Inc.
5000 Dominion Blvd.
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Manager, Project Management
Nuclear Business Development
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