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Attachment 1
REQUEST FOR ADDITIONAL INFORMATION
PEBBLE BED MODULAR REACTOR
DIVISION OF ENGINEERING
TOPIC I:Material Properties of Metallic Materials of Construction at High Temperatures
1.1

Exelon plans to use ASME Code Cases N-499 and N-201 for the design of reactor
pressure vessel (RPV) and the core support component of the core barrel, respectively for
limited service at elevated temperature. NRC has not endorsed the use of these two code
cases for any design applications. For the NRC to perform a proper review of these two
code cases for design applications In the PBMR, Exelon should provide the basis and
justification to demonstrate that it is conservative to design and fabricate the referenced
components based on the requirements provided In the subject code cases. In particular,
Exelon should address the effects of the bounding environmental condition, including
Irradiation, In addition to the effects of temperature and time on the mechanical and
physical property values of the materials that are provided In the subject code cases. Test
data should also be provided to support the discussion and conclusion. If relevant test
data are not available, Exelon may propose a test program to verify or validate the
assumed property values that are used for component design. (EMEB/EMCB)

1.2

List all materials used for the reactor pressure vessel and its appurtenances, core support
structures, primary pressure boundary, connecting piping, and other components
important to safety and provide the applicable material specifications, design time at
temperature and other environmental conditions. Identify the grade or type and condition
of the materials to be placed In service. If the code approved material specifications for
the intended applications are not available, relevant material specifications should be
developed following the format of American Society for Testing and Materials (ASTM)
specifications. The subject specifications should be supported by the data and
Information as Identified In ASME Code, Section III, Appendix IV,for approval of the new
materials, Additional information unique to the application In the PBMR environment and
condition should also be provided. (EMCB)

1.3

Exelon plans to use ASME Code Case N-499-1 for the design of reactor pressure vessel
so that the selected vessel material will be allowed to operate for a limited period at
elevated temperature. Code Case N-499-1 allows the selected vessel material to operate
for limited periods in the temperature range of 3710C to 538 0C. Exelon also identified that
during the off-normal operating condition, the temperature of the reactor pressure vessel
could be as high as 4760C. Since this temperature is only about 11% below the maximum
temperature allowed by Code Case N-499, Exelon should provide detailed discussion
regarding how the maximum temperature during off normal operating condition was
calculated and the magnitude of uncertainties associated with the calculated results. Also
discuss the results of sensitivity studies, if performed. The staff understands that the
reported maximum temperatures are based on the thermo-hydraulic simulations of a
"=ReactorC" configuration and the PBMR design Is still under development. Is there a plan
to verify or validate the calculated results through experiments or demonstration plants
when the design Is finalized? (EMCB/EMEB)

TOPIC 2:Material Properties of Graphite Components
2.1

In a letter dated October 23, 2001, (Reference 2) Exelon stated that the top reflector is
suspended from the core barrel top plate by means of carbon-carbon composite tie rods.
Exelon should provide detailed information regarding the mechanical and physical
properties of the carbon-carbon composite materials, method of fabrication and
installation, and the geometry of mechanical joints that connects the graphite top reflector
to the core barrel top plate. The details of design criteria including materials property
requirements and nondestructive evaluation procedures should be Identified and
discussed. If a threaded configuration is designed for the mechanical joint, other details
such a lubricants or surface treatments and preload provisions should be provided.
Exelon should also discuss the bases for selecting this material for tie rods and provide
the service experience of the carbon-carbon composite in an environment similar to
PBMR. (EMCB)

2.2

The staff understands that the irradiation database for the graphite materials Is very
limited and will not cover the Irradiation requirements of the PBMR for a design plant life of
35 fpy. Furthermore, most of the test data are derived from graphite materials exposed to
conditions of relatively low fluence and temperature. Exelon indicated that several semi
empirical relationships are developed based on such data. Exelon plans to use those
empirical relationships to assess the graphite performance at PBMR conditions. The staff
has concerns regarding the use of these semi-empirical relationship to extrapolate the
material properties for conditions of high fluence and temperature, because the
extrapolated material properties may not be conservative when the relationships are
based only on the low fluence/low temperature test data. To ensure there is adequate
safety margin in component designs, the graphite matedal properties used in design need
to be verified or validated by testing of the specific graphite materials selected for
manufacturing the reactor components. (EMCB)

2.3

In Attachment 1 to the letter dated October 23, 2001 (Reference 2), a table presenting the
data of temperature and fluence level at various locations inside the PBMR reactor is
provided. Please provide details regarding how these data are derived. Ifthese data are
analytically calculated, please identify the procedures, assumptions and models/computer
codes that are used for the calculations. If you plan to use those data for design of PBMR
reactor components, provide the following information (i) the scatter bands and/or
uncertainties that are associated with the calculated results, (ii)your plan to verify/validate
the calculated results by testing In PBMR configuration and operating conditions. (EMCB)

2.4

With reference to the discussion of failure criteria for PBMR graphite presented in the
component performance assessment section in Reference 2, Exelon assessed past UK,
Japanese and German practices, as well as the fact that there Is a lack of adequate data
with respect to the failure criterion of graphite. Exelon proposed adoption of the maximum
principal stress criterion, use of safety factors ranging from 1.5 to 2.5, and a power law to
modify the strength of irradiated graphite with n=0.5 or 1 depending on the change in
modulus of elasticity. Considering that there are little data at very high Irradiation doses
and temperatures of Interest to the PBMR, Exelon Is requested to provide further

justification relating to both the adequacy and reasonableness of the proposed failure
criteria. (EMEB)
TOPIC 3:Desiqn of Reactor Vessel, Metallic Core Barrel and Support Structures
3.1

Section 3 of the RPV and Connecting Piping-White Paper (Reference 6) indicates that the
PBMR primary pressure boundary consists of the Reactor Pressure Vessel (RPV) and the
Power Conversion Unit (PCU) pressure boundary. The PCU pressure boundary consists
of a manifold vessel which is connected to a number of component vessels. The White
Paper (Reference 6) indicates that the RPV will be designed to ASME Section III, Class 1
requirements. Indicate the design codes that will be used for the remaining component
vessels that are part of the PBMR primary pressure boundary and discuss the basis for
the selection for these design codes. (EMEB)

3.2

Section 5.3 of the White Paper (Reference 6) indicates that the connecting piping will be
designed to ASME Code Class 2 requirements. The White Paper further Indicates that
the material selected (SA 508 Grade 3, Class 2 and SA 533 Type B, Class 2) has a higher
strength level than the Class 1 specification and therefore results in lower component
masses due to reduced section thicknesses. Provide a comparison of the Class 1 and
Class 2 ASME Code cdteda for the above materials which illustrates how the use of
ASME Class 2 criteria will result in components with reduced section thicknesses. (EMEB)

3.3

Attachment 1 to the Exelon letter dated October 30, 2001 (Reference 5) contains a
summary of the PBMR Design Codes and Standards presentation of July 18, 2001. The
first paragraph at the top of page 3 of the summary states, "The RPV Internal Core Barrel
will be designed and fabricated in accordance with the ASME Code, Section III, Division 1,
Subsection NG, Core Support Structures, 1998. ASME approved Code Case N-201
(1994), which permits temperatures up to 816 °C, (limited to pressures and durations) is
used to address the higher temperatures experienced during a PLOFC event and a
DLOFC event (720 °C)."
The 1998 Edition of the ASME Code, Section III, Division 1, Subsection NG, Core Support
Structures,establishes the rules for materials, design, fabrication, and preparation of
reports required In the manufacture and Installation of core support structures.
Subsection NG defines core support structures as those structures or parts of structures
which are designed to provide direct support or restrain of the core within the reactor
pressure vessel. Internal structures are defined as all structures within the reactor
pressure vessel other than core support structures, fuel, blanket assemblies, control
assemblies and instrumentation. The rules of Subsection NG apply to internal structures,
when stipulated by the Certificate Holder manufacturing core supports. Subsection NG
defines the loadings that shall be taken Into account in the design of the core support
structures, Including seismic and the rupture of the main coolant pipe.
Based on the Subsection NG rules, the PBMR bottom and side graphite reflector
structures are also core support structures, because they directly support or restrain the
core. The Exelon letter only identified the core barrel as being designed and fabricated in
accordance with Subsection NG.

Exelon also proposes to Use Code Case N-201 as an alternative to the rules of
Subsection NG for the design of the core barrel to accommodate service at elevated
temperature during PLOFC and DLOFC events. Code Case N-201 covers the rules for
construction of Section III, Subsection NG, Core Support Structures, for elevated
temperature service. Part A of the Code Case extends the rules for restricted service at
elevated temperature without explicit consideration of creep and stress-rupture. Part B of
the Code Case altered the rules for service at elevated temperature to account for creep
and stress rupture effects. (EMEB)
A.

Provide clarification regarding the extent to which the rules of Subsection NG will
be applied to the PBMR reactor vessel internals.

B.

Identify core support structures and internal structures consistent with Subsection
NG definitions, and describe how these rules will or will not be applied to each
category.

C.

Subsection NG does not specifically address or prohibit the design and fabrication
of graphite core support structures, nor does it provide the allowable physical
properties for use in the design of structures with this material. If Exelon intends to
use Subsection NG rules for the design of all the defined core support structures,
provide any alternative design rules or criteria for the graphite core support
structures.
Exelon proposes to use Subsection NG In conjunction with Code Case N-201 to

D.

accommodate service at elevated temperature during PLOFC and DLOFC events.
1.

Identify the specific portions of the code case that will be used,

2.

Provide Information with regard to: 1) the level, extent and duration of
the elevated temperature and stress, 2) the structure location of the
application, and 3) justification for the acceptability of the alternative.

TOPIC 4:Design of High-temperature Reactor Internals
4.1

Provide detailed drawings showing typical dimensions and materials of the components of
the core barrel and supports, the metallic core lateral restraints, the core graphite
components of the top, side and bottom reflectors, and the graphite core supports.
(EMEB)

4.2

Provide a list of the mechanical and thermal transient conditions that the graphite
structures will experience over the life of the plant. (EMEB)

4.3

Enumerate the design assumptions of loads, load combinations and material behavior
(creep, fracture, loss of material), including material properties, constitutive relationships,
acceptance criteria for allowable limits on stresses and strains and modeling assumptions
for the structural design of reactor Internals. (EMEB)

4.4

In the proposed design of the core internal structure, the ceramic reflector structure
consists of high quality graphite blocks that have holes in them for control rods and it is
necessary to retain alignment through vertically arranged blocks. These blocks are
supported vertically via a dowel system, and azimuthally via a radial keying system. Given
that the graphite blocks will be subjected to high radiation and high temperature, the
blocks may experience creep and loss of fracture toughness due to possible cracking. As
a consequence, the seismic adequacy of these structures needs to be demonstrated
through a feasibility study to establish stress and deformation limits. Furthermore, these
structures are considerably taller than any existing design; consequently, the nonlinear
response during an earthquake (in both the horizontal and the vertical directions), the
effects of forced, or lack of, helium flow, and any flow induced vibratory loads can all
combine. The evaluation of structural integrity under these conditions requires that
graphite material properties be established with substantial margins to assure
functionality. Provide a plan of action to ensure that a future design will be acceptable for
the considerations addressed above. (EMEB)

4.5

The cylindrical carbon reflector structure is proposed to be radially supported by
"brackets" from the metal core barrel. Creep and fracturing of the carbon could lead to
load distribution away from the brackets. Has there been any consideration given to such
a phenomenon? (EMEB)

4.6

Fuel pebbles are surrounded by graphite and are spherical in shape. These spherical fuel
pebbles are expected to be in piles that can extend anywhere from 30 to 50 feet. Under
no helium flow condition and high temperatures, these pebbles can come together in point
contact, subject to high contact point stresses due to dead load from the pile above. The
contact areas of the spheres can deform plastically from dead weight stresses,. How is
this effect taken into account? Since the effect of scaling up the reactor size will affect
this behavior non-linearly, Is there any study being planned to address this Issue? (EMEB)

4.7

The graphite spheres and fuel spheres are continuously moving through the core cavity
and the transfer channels. The repeated motion of the spheres under load could cause
material loss at the surface of the spheres and the supporting graphite components.
Therefore, the staff recommends that the wear/abrasion property of the graphite materials
used for manufacturing components of reflectors, graphite spheres and fuel spheres be
evaluated and specified In the materials or components specifications to ensure structural
integrity of the components as well as to minimize the graphite dust in the reactor
environment. If Exelon believes that this Is not necessary, provide the basis and
justification, including supporting test data. (EMCB)

4.8

Sections 4.2, 4.3 and 4.4 of the White Paper (Reference 6) provide maximum
temperature and duration parameters for both normal and off-normal operating conditions;
however, no data related to pressure range parameters are Included in these sections.
Explain why pertinent pressure range parameters are not provided or needed In defining
the applicable PBMR environments. (EMEB)

4.9

The White Paper (Reference 6) indicates that in the proposed design of the core internal
structure, the ceramic reflector structure consists of high quality graphite blocks. It is the
staff's understanding that the characteristics of graphite blocks are highly non-linear (both

in material and geometry). Exelon is requested to provide a description of how these
blocks are to be modeled and how the graphite block model will be combined with the
regular structural model for the seismic analyses. (EMEB)
TOPIC 5:Civilg Structural and Seismic Analysis of the Containment Building
5.1

5.2

5.3

Slides 5 through 7 of Reference 1 provide a list of civil, structural and seismic related
codes and standards to be used for PBMR design. The list as presented appears to be
or
incomplete. For reinforced or prestressed PBMR concrete elements which provide one
"Code
2,
Div.
III,
Section
Code,
ASME
the
more intended PBMR containment functions,
for Concrete Reactor Vessels and Containments" should apply. Explain the reason for the
apparent exclusion of the noted ASME standard. (EMEB)
The discussion of performance assessment criteria provided in Reference 2 appears to be
too general and does not give enough details to explain the basis for formulating the
criteria. For example, the section listed a set of loads to be considered without further
elaborating key considerations which would form the basis for defining these loads. The
section also refers to the use of a probability of failure of 10E-4 figure without clear
definition of the term and discussion of a rationale for the selection of the probability
number which is relevant to PBMR specific design considerations. In this regard, Exelon
should provide an overview discussion of its risk-based or risk-informed aspect of
structural design considerations applicable to the PBMR In its future application. (EMEB)
a
References 1, 2 and 6 did not provide an overview of Exelon's approach for carrying out
seismic
deterministic analysis of an integrated PBMR model in order to.ensure its
integrity. Because of the highly non-linear configurations of the PBMR components
including its graphite core, reflectors and supports as well as the non-ductile nature of the
graphite, future application documents should provide a comprehensive descriptions of
the PBMR seismic/structural analysis model, the basis for defining parameters used for
the model, verification of the parameter used and applicable load combinations. The
assumptions and limitations of finite element analysis codes to be used should also be
elaborated to demonstrate their applicability to the PBMR design. Additionally, because of
the first-of-a-kind nature of the PBMR design configuration, the need for a test based
verification of the PBMR's seismic response to pertinent loads in order to demonstrate the
seismic design adequacy should be evaluated by Exelon. (EMEB)

5.4

Page 3 of Reference 1, titled "PBMR Integrated Design Process" should consider
inclusion of potentially needed test based design verification tasks In the process chart.
(EMEB)

5.5

As a result of defining the design basis accidents (Exelon Presentation, "Process for
Selection of Licensing Basis Events for the PBMR," Fred Silady, July 17,2001), if the
structural envelop surrounding the reactor pressure vessel and connecting piping
(Attachment I of Reference 5, and Reference 6) has to withstand pressures resulting
from low probability design events In order to contain the radioactive material, the
applicable code for designing and constructing the envelope would be either ASME
Section III, Division 1, Subsection NE, "Rules for Class MC Containment Vessels," or
ASME Section. III, Division 2, Subsection CC, "Code for Concrete Reactor Vessels and

w

Containments." The relevant NRC's regulatory documents are SRP Sections 3.8.1, 3.8.2,
and Regulatory Guides 1.136 and 1.57. Ifthe envelope need not be designed as a
pressure retaining envelope, the concrete envelop can be designed using ACI 349, "Code
Requirements for Nuclear Safety Related Concrete Structures," as augmented by
Revision 2 of Regulatory Guide 1.142. In both cases, the envelope need to be designedto
code
for the postulated external missiles (including aircraft impact). State the applicable
which the structural envelope will be designed. (EMEB)
5.6

5.7

5.8

5.9

5.10

the
For the design of safety related steel structures inside and outside the envelope,
SRP
of
F
applicable standard would be ANSVAISC N690-84 as endorsed in Appendix
2002).
in
3.8.4 (1996 Draft), or ANSI/AISC N690-94 with Supplement 1 (to be published
Appendix
Note: Supplement 1 to ANSI/AISC N690-1994 incorporates the staff position In
that the
State
changes.
relevant
safety
F of SRP 3.8.4 (1996 Draft), in addition to other
designed
be
will
envelope
the
design of safety related steel structures inside and outside
to these standards. (EMEB)
7-98, US
Provide a short description of the provisions in the referenced standards ASCE
and
DOE Std.1 020-94, and SABS 0160-1989, you plan to use for Civil-Structural design
construction. (EMEB)
RG 1.122,
In Reference 1, Exelon stated that US NRC guidance (NUREG-0800, RG 1.60,
to
RG 1.165, etc.), US DOE guidance (DOE-STD-1020-94, etc.), and IAEA guidance are
DOE
the
be used for the seismic analyses of PBMR. It is the staff's understanding that
If
guidance and IAEA guidance are much less stringent than those of the NRC guidance.
(1)
these two guidance are to be used for licensing the PBMR in the US, Exelon should
between
difference
Identify
(2)
compare these two sets of criteria with NRC guidelines,
these two sets of criteria and NRC guidelines, (3) evaluate the significance of the
differences Identified, and (4) justify the applicability of these criteria for the PBMR design.
staff
From the meeting discussions and review of the White Paper (Reference 6), the
auxiliary
finds that the modular concept of the PBMR is such that the plant structures,
sites
most
on
operated
and
constructed
be
systems, and supporting Infrastructure can
i.e.,
world,
the
around
anticipated
and under the majority of environmental conditions
those
standard design concept. Clearly define all the bounding parameters similar to
minimum,
a
As
AP600.
used for other standard plants such as ABWR, System 80+, and
these parameters should Include maximum ground water level, maximum flood level,
bounding precipitation (rain, snow/ice, etc.), air temperatures (summer and winter),
tomado (wind speed, maximum pressure differential, etc.), tornado missile spectra,
wave
average allowable static soil bearing capacity, lateral variability of soil layers, shear
of
majority
the
envelop
to
conditions
site
velocities (a spectrum of shear wave velocities of
ground
earthquake
sites in the US), liquefaction potential of soil foundation, bounding
motions (ground motion response spectra and/or ground motion time histories), fault
displacement potential, etc. (EMEB)
What will be the operating temperature in the containment structure? The staff is
in the
concerned that Ifthe temperature Is substantially higher than the limits specified
the
effects),
local
ACI Code (150°F for long term, 200OF for short term and 300OF for

x7

design should include a consideration for the reduction of concrete strength due to de
watering effect. (EMEB)
5.11

With respect to Industry codes and standards,
800) Section 3.7 through 9 and the associated
discussion of acceptable methods. Standards
can be used only when they are demonstrated
referenced in the Standard Review Plan. This
staff to draw its safety conclusion. (EMEB)

NRC's Standard Review Plan (NUREG
regulatory guides provide a comprehensive
and Codes that are not discussed explicitly,
by the applicant to be equivalent to those
demonstration is necessary for the NRC

TOPIC 6:Design of Piping and Pressure Vessels
6.1

6.2

6.3
6.4

Section 5.3 of the White Paper (Reference 6) indicates that the connecting piping will be
designed as a pressure vessel in accordance with NC 3300. Discuss the following
aspects of the design of the connecting piping: (EMEB)
A.

Indicate whether the connecting piping will contain any elbows, bends, tees or
other standard piping fittings. If the piping will contain these components, discuss
how they will be evaluated using the NC 3300 rules.

B.

Discuss how the restraint of free end expansion of the piping will be evaluated
using the rules of NC 3300.

Section 6.3 of the White Paper (Reference 6) Indicates that a fatigue analysis of the
connecting piping will be done In accordance with the rules of ASME Ill, Subsection NC
as applicable to vessels. Discuss the specific fatigue rules that will be used for this
evaluation. Discuss any thermal or mechanical loads that could result In significant
fatigue damage in the connecting piping. (EMEB)
Discuss the design of the connecting piping as It relates to 10 CFR Part 50, Appendix A,
Criterion4 - Environmentaland dynamic effects design bases. (EMEB)
Provide the basis and justification regarding designing the connecting piping as
pressure vessels and not as pipes. Compare the differences in requirements
pertaining to welding, fabrication, installation, pre-service inspection, in-service
inspections and any others.(EMCB/EMEB)

Topic 7:Stress Analysis Computer Programs
7.1

Attachment 2 of the letter of October 30, 2001 (Reference 5) lists analytical computer
programs that will be used for engineering analysis. (EMEB)
A.

State which of these computer programs will be used for the high-temperature
stress analysis of the graphite components.

B.

For each program Include a detailed description of the capabilities, analytical
methodology, as well as the methods and problems that were used for verification
and compliance with engineering quality assurance requirements.

7.2

7.3

is not found on
The referenced list includes the computer program ADAMS. This program
description of
detailed
a
the MSC Software website. Provide the purpose of this program,
used for
were
that
the analytical methodology, as well as the methods and problems
verification and quality assurance. (EMEB)
that
Page 19 of Attachment 1 of the letter of October 23, 2001 (Reference 2) states
(EMEB)
graphite is stronger in compression than in tension.
A.
B.

7.4

7.5

The same page states that In the UK, it has been the practice to carry out failure
tests on full size components in all the predicted loading modes. Indicate if PBMR
will carry out such tests. If not, provide justification for not performing such tests.

that
Page 22 of Attachment 1 of the letter of October 23, 2001 (Reference 2) states
element
finite
visco-elastic
for
used
computer programs MARC or ABAQUS will be
list these
analysis. Attachment 2 of the letter of October 30, 2001 (Reference 5) does not
programs. (EMEB)
A.

Indicate the reason for the discrepancy.

B.

These programs will be used to perform best estimate calculations and
performance evaluations In accordance with a German approach. Provide a
discussion of this design aspect.

C.

7.4

not be
Provide justification why the proposed factors of safety for tension should
greater than for compression.

The same page states that specially written material models will be written to be
used with these programs, and these will be validated against other codes
developed in the US, UK or Germany. How will these be validated against actual
test data?

model
It Is stated in Attachment 1 to Reference 2 that finite element codes will be used to
basis
the
on
the linear visco-elastic behavior of the graphite material without elaborating
for the visco-elastic material assumption and its related material constitutive laws.
PBMR
Discussion of adequate bench-marking of finite element codes to be used for
not provide
specific analyses should be provided in the application. The Attachment does
enhance
to
efforts
testing
or
experimental
a discussion of the potential need for additional
assessment
performance
the
the material data base and support the formulation of
address
criteria specific for the PBMR. Exelon Is requested to provide a brief discussion to
(EMEB)
this concem and a more elaborate justification in the application.
During the meeting with the staff of August 16, 2001, Exelon indicated that three computer
under
codes (Patran, Nastran and ADAMS) will be used to analyze the PBMR structures
for
that
is
understanding
staff's
various loading conditions Including seismic loads. The
dynamic
the
handle
seismic analyses, computer codes Nastran and ADAMS can only
soil
analysis of lumped-mass structural models with fixed base (hard rock sites) or lumped
of
springs to represent the soil foundations (no embedment). Therefore, the applicability

these codes to the analysis of structures founded on layered soil sites with deep
embedment such as PBMR becomes questionable. If the staff's understanding regarding
the limitation of these codes is correct and if these two codes are to be used to perform
seismic analyses of PBMR structures founded on soil sites, Exelon should: (a)justify that
the lumped soil spring models can properly represent the layered soil site conditions and
deep structural embedments, (b) demonstrate that these codes or the combination of
these codes can reasonably calculate the seismic responses of PBMR structures, with
deep embedment, founded on sites other than hard rock sites, and (c) provide the
validation package of these codes for review. (EMEB)
TOPIC 8.Control of Chemical Attack
8.1

In the white paper provided in the December 17, 2001 letter (Reference 6), Exelon stated
that the impurities In the helium gas could lead to either carburization or intemal oxidation
of the materials, which In tum would affect the creep and fatigue properties of the
materials. Exelon also concluded that based on the test results that the helium impurities
effects are only appreciable at high temperatures(> 5500 C) and, therefore, Exelon
expects no significant effects on the reactor pressure vessel and pressure boundary
piping. However, the staff notes that the design of the hot pipes utilizes an intemal
sleeve, made of Incoloy 800H. The internal sleeve Is exposed to a maximum temperature
of 9000C during normal operating condition. Exelon should provide a detailed discussion
regarding the effects of helium impurities on the creep and fatigue properties of the
intemal sleeve, and Identify any design measures and/or monitoring/inspection programs
that will be Implemented to mitigate the potential degradation of material0properties. The
hot piping at the core Inlet Is exposed to a maximum temperature of 600 C during off
normal operating condition for 100,000 hours (30% of life); the effects of helium impurities
to the material properties should also be discussed. (EMCB)

TOPIC 9:QUALITY GROUP DESIGNATIONS
9.1

The described PBMR has very high temperatures (i.e., > 370 C) throughout much of the
primary system, such that It Is expected that material creep and thermal fatigue could be
significant. This may result In Increased probability of failure of the pressure boundary
components, compared to operational experience related to LWRs. Therefore, in
accordance with General Design Criteria (GDC) 14, 15, 30, and 31 of 10 CRF 50
Appendix A, It would appear that the primary cooling system should be ASME Class 1.
Provide a justification for not classifying all primary system components as ASME Class 1.
(EMEB)

9.2

A part of the described PBMR design would consist of ASME Class 2 piping for conveying
coolant to and from the reactor pressure vessel. This piping would connect directly to the
Class 1 vessel without Isolation valves or other barriers. However, it Is necessary to
provide some type of physical separation between the Class 2 and Class 1 components,
since it is necessary to protect the pressure retaining integrity of the reactor vessel from a
failure in the Class 2 piping. Provide justification for the selection of Class 2 for the
connected primary system piping. (EMEB)

)< ID

9.3

The described PBMR is stated to have no significant accident sequences involving loss of
coolant or single failures of equipment whose function is to provide a heat removal
function. However, a safety analysis of sufficient detail which demonstrates the necessary
safety functions of components and systems is not provided. Without a complete
understanding of these important functions under the most limiting combinations of
conditions, an adequate assessment of the necessary quality group designations for
components and systems cannot be made. In accordance with GDC 1, provide a safety
analysis of sufficient detail to provide a determination of the proper quality group
designations. (EMEB)

9.4

In accordance with GDC 2, provide an analysis of the quality group and seismic category
of proposed PBMR structures, systems, and components to demonstrate their capability
to withstand natural phenomena such as earthquakes, tornadoes, hurricanes, floods,
tsunami, and seiches without loss of capability to perform their safety functions. (EMEB)

TOPIC 10:1Design Code Applicability and Quality Control Assurance
10.1

Briefly discuss the extent to which the design criteria of the plant structures, systems, and
components important to safety meet the NRC "General Design Criteria for Nuclear Power
Plants specified In Appendix A to 10 CFR Part 50 for LWRs. For each criterion, a
summary should be provided to show how the principal design features meet the criterion.
Any exceptions to criteria should be identified and the justification for each exception
should be discussed. From Regulatory Guide 1.70, Revision 3, Section 3.1, Conformance
with NRC General Design Criteria, it is expected that some criteria unique to water cooled
nuclear power plants may not be directly applicable to gas cooled nuclear power plants,
such as the PBMR. (EMCB/EMEB)

10.2

Exelon should establish a quality assurance program for design, procurement,
construction and operation of the proposed nuclear power plant that are consistent
with the design bases specified in the license application. The program will have
to meet the applicable requirements of Appendix B to 10 CFR Part 50 as
determined for the regulatory frame work applied to the PBMR. (IEHB)

TOPIC 11
11.1

Leak Detection and Monitoring Programs

Describe in detail the leak detection systems and/or monitoring program to Identify
leakage from the primary pressure boundary and the internal leakage from the sleeves of
the hot piping and from the water/gas interface of the secondary water cooling systems.
To ensure early detection of leakage, the sensitivity, response time, and monitoring
frequency of the designed leakage detection systems/monitoring program should also be
discussed. If leak before break (LBB) is planned in the design, discuss how the leak
detection requirements are met. If a leak detection system Is not planned in the plant
design, provide justification why it is not needed, and also discuss how the design
philosophy of defense in depth is met to ensure safe plant operation.

REFERENCES:

1.

Slides of the July 18, 2001, presentation by Vijay Nilekani, Exelon, "PBMR Design Codes
and Standards."

2.

Letter from K. F. Borton, Exelon, to the Document Control Desk, "Documents Supporting
the October 25, 2001, Pre-Application Meeting Regarding the Pebble Bed Modular
Reactor (PBMR)," dated October 23, 2001, with the following attachments:
Attachment 1, titled "Graphite Presentation to USNRC in Support of PBMR Pre-application
Activities."
Attachment 2, titled "Control of Chemical Attack in the PBMR Presentation to USNRC in
Support of PBMR Pre-Application Activities."

3.

Slides of the October 25, 2001, presentation by Mark A. Davies, Exelon, "Pebble Bed
Modular Reactor High Temperature Materials Graphite."

4.

Slides of the October 25, 2001, presentation by Mark A. Davies, Exelon, "Pebble Bed
Modular Reactor High Temperature Materials."

5.

Letter from K. F. Borton, Exelon, to the Document Control Desk, "Summary of Pre
application Presentations Regarding the PBMR," dated October 30, 2001, with the
following attachments:
Attachment 1: Summary of the PBMR design codes and standards information presented
to the NRC on July 18, 2001.
Attachment 2: Additional information pertaining to the analytical computer codes used in
the design of the PBMR.

6.

Letter from K. F. Borton, Exelon, to the Document Control Desk, "Information Regarding
Materials and Design Codes to be Used for the RPV and Connecting Piping for the
PBMR," dated December 17, 2001, with an attached PBMR document, "RPV and
Connecting Piping - White Paper," Rev. 1, dated December 5, 2001.

Attachment 2

PMBR Technical Review Contributors
Mechanical and Civil Engineering Branch
Materials and Chemical Engineering Branch
Division of Engineering
No.

Topic

Reviewers

1.

Material Properties of Metallic Materials of Construction at
High Temperature
Evaluation of high temperature properties of metallic materials for

W. Koo/Andrea Lee
M. Hartzman

2.

Material Properties of Graphite Components
Evaluation of high-temperature properties for use in design

W. Koo/M. Khanna
D. Jeng

3.

Design of Reactor Pressure Vessel, Metallic Core Barrel and
Support Structures
Structural and seismic analysis. Safety evaluation based on ASME
Section 1II,NB, NG, NH and Code Cases N-201 and N-499-1, or
other Codes and Standards

J. Fair
F. Grubelich
W. Koo

4.

Design of Non-Metallic High-Temperature Reactor Internals
Structures
Structural evaluation and seismic analysis of internal carbon and
graphite structures (top, side, and bottom reflectors and core
support), and fuel rods

M. Hartzman
D. Jeng
W. Koo
T. Cheng

5.

Civil, Structural and Seismic Analysis of Containment
Building
Structural evaluation and seismic analysis, based on ACI 349-97,
ANSVAISC N690-1994 and Draft Reg. Guide DG-1 098

D. Jeng
H.Ashar
T. Cheng

6.

Design of Piping and Pressure Vessels
Safety evaluation per ASME Section III, NB and NC. Evaluation of
pipe break criteria

J. Fair
W. Koo

7.

Stress Analysis Computer Programs
Evaluation of high-temperature capabilities of computer programs
used for stress analysis of graphite and carbon components

M. Hartzman
D.Jeng
T. Cheng

8.

Control of Chemical Attack
Evaluation of graphite and metal degradation inthe high
temperature reactor environment

W. Koo/C. Lauron

9.

System Safety Classification
Quality group safety classification

G. Hammer

10.

Design Code Applicability and Quality Assurance
Review and evaluation of proposed design Codes, Standards and
design and Quality Assurance requirements for use with graphite
components or metallic components ina high temperature regime

11.

Leak Detection and Monitoring Programs
Review and evaluation of leak-detection systems and/or

use in design

monitoring programs

K.Chang
W. Koo/Andrea Lee
R. McIntyre

W. Koo

