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NRC RAI 3.9-30

DCD Tier 2, Section 3. 7.2.3, states that the reactor pressure vessel (RP V), including its major
internal components, is analyzed together with the primary structure using a coupled RPV and
supporting structural model, as shown in Figure 3A. 7-4 of DCD Tier 2. Provide the following
information concerning the adequacy of the modeling for RP V and its internal components.,

(1) a detailed modeling consideration for each floor and/or nodal point of RPV and its major
components, and sample calculations of lumped masses and stiffness properties;

(2) considering that projected Safe Shutdown Earthquake (SSE) ground motion estimates in
several future sites in the United States will likely possess high-frequency accelerations, as
depicted in the ESBWR ground spectra, justify that the models are detailed enough (i.e., having
sufficient dynamic degrees offreedom) to amplify high frequency inputs at 33 Hz to as high as
100 Hz;

(3) address the concern in item (2) above considering the effects of suppression pool
hydrodynamic loads,'

(4) the natural frequencies and mode shapes for the RP V and its major internal components
generated from the seismic analysis including the graphic representation of the mode shapes;

(5) discuss the natural frequencies and mode shapes generated, and, based on that, justify the
adequacy of the modeling,' and

(6) discuss any differences in dynamic modeling for the RPV and its internal components,
between the ESBWR application and the Advanced Boiling Water Reactor (ABWR) design.

GE Response

Item (1)

For the purpose of analyzing RPV, its internals and supporting structures under seismic
excitation, a beam model (in which all components are modeled as three dimensional beams with
six degrees-of-freedom at each of the two beam defining nodes) along with some spring elements
(providing translational and rotational stiff nesses only) is deemed adequate.

The beam model is completely characterized by nodes with due consideration to their spacing;
material properties such as the temperature dependent values of Young's Modulus, Poisson's
ratio and mass density; and section properties such as the cross-sectional area of the beam and
the second moments of the section area.

Nodal spacing is determined by the highest natural frequency that needs to be predicted
accurately for obtaining reliable analysis results. This is addressed in Item 2 below.

The mass and stiffness matrices of the structural system are computed internally by the computer
program used for the analysis. The inputs required for this computation are the geometric and
material properties described above. As an example, the RPV is modeled as a series of
connected vertical beams whose horizontal cross section properties, together with the material
properties, completely define the associated mass and stiffness matrix.
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The distributed masses of a beam element are computed and lumped at each of the three
translational degrees-of-freedom of the end nodes. Rotational inertias are neglected.
Hydrodynamic masses are included along with the off-diagonal mass terms that define the fluid
coupling between the RPV and internals as well as between the various internals components
such as shroud and fuel.

Item (2)

For time domain solutions obtained by either time history or response spectrum analytical
methodologies, the nodal refinement of the primary structure analytical models must be
sufficiently small in order for the finite element analysis to accurately capture all significant
response amplification implicit to the frequency content of the seismic/dynamic in put motion.
Inadequate nodal refinement in the analytical models can lead to significant distortion of the
calculated responses in the form of either, or both, period elongation or amplitude decay. This is
also true for the numerical integration time step if not selected sufficiently small as discussed in
DCD, Tier 2 Subsection 3.7.2.1.1.

The discussion in Subsection 3.7.2.1.1 points out that limiting the integration time step, to be no
more than one-tenth of the shortest period of interest, minimizes the distortion in the calculated
response. Consistent with that concept, the distortions in the Finite Element Model (FEM)
responses are also minimized if we limit the primary structure model beam element maximum
length to be less than one-tenth of the wave length of the highest significant characteristic
frequency in the seismic/dynamic input motion. This means that model highest frequency
response wavelength will contain at least ten beam elements and at least eleven model node
points. This is more than sufficient to minimize period elongation and amplitude decay
distortions in the calculated responses.

If the One-Tenth-Wavelength Criterion is satisfied in the generation of the primary structure
seismic/dynamic models, it follows that the high frequency capability of the models is at the very
least equal to the highest significant characteristic frequency in the seismic/dynamic input
motion.

The beam element maximum length is calculated as follows:

2 hf = V x Thf (1)

Lmin = 2 hf/]O ... (2)

= Vs/(lOxfh) (3)

= ]/(0O xfhf)} x [G //]/ 2  ...... (4)

= {1/(1x 100)} x [L.38E7/7.496E-4]" (5)

- 135.7 in (6)

= 11.31ft (7)

Where



MFN 06-489 Page 3 of 28
Enclosure 1

,Lhf = Wavelength of input motion highest significantfrequency

Thf = Period of input motion highest significant frequency

fhf = Input motion highest significant characteristic frequency

Vs= Shear stress wave velocity in steel

Lmin Beam element maximum length

G = Steel Shear Modulus

p = Steel Specific Gravity

From Equation (7), based on the One-Tenth-Wavelength-Criterion, it follows that if the RPV
model beam element maximum length is equal to 11.31 ft, or less, the high frequency capability
of the model will be at least 100 Hz. Note that the seismic/dynamic input motion highest
significant characteristic frequency was assumed to be 100 Hz in Equation (5). However,
because the beam element maximum length in the actual ESBWR RPV and internals
mathematical, beam element, centerline model is only 7.35 ft ( = 2.26 meters) the actual high
frequency capability is at least 149 Hz.

Item (3)

The highest significant characteristic frequency associated with the suppression pool
hydrodynamic loads is less than 100 Hz. From the response to Item (2) above, the high
frequency capability of the ESBWR RPV and Internals mathematical, centerline, beam element
model is at least 149 Hz. It then follows that the ESBWR RPV model is adequate for analyzing
for the suppression pool hydrodynamic loads.

Item (4)

The first four natural frequencies of the RPV and Internals model along with the associated mode
shapes are shown below. Only the components showing predominant vibration levels in these
modes are shown. These represent the horizontal displacements of various components. The
vertical vibration frequencies are higher.
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Item (5)

The frequencies and the associated mode shapes are presented under item 4 above. Judging from
the cross-sectional areas and lengths, the separator/standpipes component is the most flexible
component. The lowest frequency is thus associated with this component. The nodal
discretization (discussed under item 2 above) is sufficiently detailed to allow accuracy of the
model beyond 100 Hz. The lower modes are predicted with higher accuracy.

The adequacy of the model is justified by the refinement of discretization and expected behavior
under seismic excitation. On earlier BWR models the adequacy of models based on these
consideration is confirmed by agreement of analytically predicted frequencies with those
obtained from test results. As an example, in the ABWR model the HPCF Coupling and Sparger
first frequency was predicted at 62.1 Hz. and the test results showed the frequency to be 60 Hz.

Item (6)

The dynamic modeling procedures adopted in the ESBWR are identical to those adopted for the
ABWR. The differences in the design of the two have no impact on the modeling procedures.

DCD Impact

No DCD changes will be made in response to this RAI.



MFN 06-489 Page 7 of 28
Enclosure 1

NRC RAI 3.9-42

DCD Tier 2, Section 3.9.2.2.1, "Tests and Analysis Criteria and Methods," does not discuss the
codes and standards used for the seismic and dynamic qualification of mechanical equipment.
Identify all relevant codes and standards, including their editions, and discuss their applicability
for the seismic and dynamic qualification of all major mechanical equipment covered under
Section 3.9.2.2.2. Also, identify the equipment that will be seismically qualified by GE and
available for staff audit.

GE Response

The codes and standards that are applicable to equipment identified in Subsection 3.9.2.2.2 are
specified in Table 3.2-1, and the applicable ASME Code edition and addenda are shown in Table
1.9-22. Also, the testing and/or analysis records for all ASME mechanical equipment that is
required to meet seismic category I equipment qualification requirements will be available for
staff review. Such reports will not be available until equipment is ready for delivery.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-82

It is stated in DCD Tier 2, Section 3.9.2.5 that the response of the RPV internals and core
support structures to applied loads is determined from a comprehensive dynamic model of the
RP V and internals. Besides the real masses of the RP V and core support structures, account is
made for the water inside the RP V Provide a discussion to explain how the presence of water is
accounted for in the modeling of the reactor pressure vessel and internals.

GE Response

This information was provided in response to RAI 3.7-28. Specifically see responses to items b,
c and d of that RAI.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-83

It is stated in DCD Tier 2, Section 3.9.2.5 that except for the nature and locations of the forcing
functions, the dynamic model and the dynamic analysis method are identical to those for seismic
analysis. The resulting loads on the reactor internals are shown in DCD Tier 2, Table 3.9-1.
However, there is no discussion of the basis for the assumptions employed in the development of
the dynamic reactor internals model. Provide a discussion to explain how the fluid-structure
interaction effects are accounted for in the modeling of the reactor internals and dynamically
related piping, pipe supports, components. In addition, describe with typical diagrams the basis
for the assumptions employed in the development of the model.

GE Response

Discussion pertaining to how the fluid-structure interaction effects are accounted for in the
dynamic modeling of the RPV and intemals is provided in the GE response to NRC RAI 3.9-82.
The technical details of the hydrodynamic mass derivation are given in DCD Reference 3.7-6.
Fluid-structure interaction effects between the reactor internals and dynamically related piping,
pipe support components external to the reactor vessel are small and can be neglected. This is
true because of two conditions. First, the reactor vessel wall is so thick and stiff that the piping
penetration through the vessel wall are assumed to be fixed anchor points for all "dynamically
related" internal and external piping. Second, the decoupling criteria described in the ESBWR
DCD Subsection 3.7.2.3 are satisfied. Therefore, the vessel internal and external "dynamically
related" piping can be decoupled when analyzed. Consequently, any dynamic interaction effects
between the two are small and can be neglected.

Also, all horizontal, cross-coupling effects in the reactor and internals are assumed to be small
and can therefore be neglected. This follows from the fact that the physical geometry of the
ESBWR RPV and internals is very approximately axisymmetrical. Consequently, any vertical
plane, which contains the RPV vertical centerline axis, is a plane of symmetry. It then follows
that there can be no cross coupling between any two orthogonal, spatial, horizontal directions.

Finally, because the RPV and internals model is essentially axisymmetrical and because it is also
a mathematical centerline model, there is no dynamic interaction or cross coupling between the
model horizontal and vertical spatial directions.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-84

It is stated in DCD Tier 2, Section 3.9.2.5 that the dynamic model and the dynamic analysis
methods are identical to those for seismic analysis. Dynamic analysis is performed by coupling
the lumped-mass model of the reactor vessel and internals with the building seismic model to
determine the system natural frequencies and mode shapes. The loads on the reactor internals
due to faulted event SSE are obtained from this analysis. However, there is no discussion
relating to the reactor internals system characteristics such as mass inertia effect and damping.
Provide a discussion to justify that the dynamic reactor internals model is representative of
system structural characteristics, such as the flexibility, mass inertia effect, geometric
configuration, and damping (including possible coexistence of viscous and Coulomb damping).

GE Response

The requested discussion that corroborates the adequacy of the ESBWR RPV and internals
mathematical, centerline, beam element model for purposes of seismic/dynamic analysis is based
on both qualitative and quantitative technical considerations, as well as a combination of the two.

From a quantitative perspective with regard to the mass matrix of the analytical model,
essentially all equipment concentrated masses associated with the reactor internals subassemblies
were weighted by load cells in the lifting equipment used to assemble the subassemblies.
Furthermore, the physical geometry corresponding to the subassemblies for which the weights
are calculated, are simple and uniform (e.g., core shroud, CRGTs, chimney, etc.). The result is
the actual distributed and concentrated mass characteristics of the RPV and internals are very
accurately reflected in the assembled mass matrix of the corresponding analytical models.

Next, because the actual physical geometries of most of the RPV and the vessel sub assemblies
are representative of prismatic beams; it follows that the beam element representation of the local
geometry is both representative and accurate. Consequently, the analytical model assembled
stiffness matrix is also quite representative of the overall stiffness characteristics of the actual
RPV and internals physical geometry. These latter considerations are mostly qualitative in
nature.

Finally, the model assembled mass and stiffness matrices are combined into the governing,
coupled, second order, ordinary differential equations of motion with constant coefficients. The
eigen analyses performed on the coupled equations of motion yield natural frequencies of the
reactor subassembly components that very nearly match the corresponding values obtained from
in-situ instrumentation and testing of the same reactor internals subassemblies.

The excellent correlation between the reactor and internals eigen characteristics, measured by
instrumentation and testing and the corresponding values calculated by dynamic modeling and
analysis, provides very strong qualitative and quantitative evidence that the ESBWR RPV and
internal analytical model is both representative and adequate for ESBWR seismic/dynamic
analysis.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-85

It is stated in DCD Tier 2, Section 3.9.2.5 that the dynamic model and the dynamic analysis
methods for the reactor internals are similar to those described in DCD Tier 2, Sections 3.9.1.2
and 3.7. Dynamic analysis is performed by coupling the lumped-mass model of the reactor vessel
and internals with the building seismic model to determine the system natural frequencies and
mode shapes. However, there is no discussion regarding structural partitioning and directional
decoupling that may have been employed. Discuss and provide justification for any system
structural partitioning and directional decoupling employed in the dynamic system modeling of
the reactor internals.

GE Response

Directional decoupling employed in the generation of the reactor and internal dynamic system
analytical models is discussed in the GE Response to NRC RAI 3.9-83.

No significant system structural partitioning was employed in the generation of the ESBWR
mathematical, centerline, beam, concentrated mass model of the RPV and internals.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-86

It is stated in DCD Tier 2, Section 3.9.2.5 that the dynamic model and the dynamic analysis
methods for the reactor internals are similar to those described in DCD Tier 2, Sections 3.9.1.2
and 3. 7. Dynamic analysis is performed by coupling the lumped-mass model of the reactor vessel
and internals with the building seismic model to determine the system natural frequencies and
mode shapes. However, there is no discussion regarding any effects offlow upon the mass and
flexibility properties of the system as described in SRP Section 3.9.2,Draft Revision 3, April
1996, Section 115. Provide a discussion to explain how effects of flow upon the mass and
flexibility properties of the system are incorporated in the lumped-mass model of the reactor
vessel and internals.

GE Response

The fluid flow effects of the flow of the reactor coolant through the ESBWR NSSS piping and
reactor internals and nuclear core has no effect on the RPV and internal model mass and stiffness
characteristics. The system overall mass characteristics are unaffected because there is no fluid
inventory buildup in the overall NSSS reactor and piping systems during normal plant operation.
Even during NSSS pipe rupture LOCA faulted conditions, the change in the reactor coolant
inventory in the NSSS systems would be negligible.

Next, the reactor coolant fluid flow through the reactor core does not contribute to any structural,
inertia load path in the reactor and internal assembly. Consequently, the reactor coolant flow
also has no affect on the stiffness characteristics of the RPV and internals analytical models.

However, the reactor coolant flow through the reactor internals does engender Flow Induced
Vibration (FIV) loads in the form of distributed pressure transients which act on the surfaces of
the reactor internals subassemblies which channel the flow, or are in the flow path, of the reactor
coolant as it passes through the RPV internals.

In summary, the reactor coolant fluid flow through the reactor internals does not affect the mass
and stiffness characteristics of RPV and internals. However, the fluid flow does engender the
FIV load cases.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-88

It is stated in DCD Tier 2, Section 3.9.2.5 that the relative displacement, acceleration, and load
response is determined by either the time-history method or the response-spectrum method The
loads on the reactor internals due to faulted event SSE are considered in combination with
various LOCA loads. However the methods and procedures used in the dynamic system analysis
have not been described in sufficient detail. Therefore, the applicant is requested to describe the
methods and procedures used for dynamic system analyses including the governing equations of
motion and the computational scheme used to derive results.

GE Response

The reactor and internals dynamic system analyses, for the faulted load cases, are performed by
both the time history and response spectrum analytical methodologies. The seismic and non-
seismic loads, as well as the faulted load combination cases for ESBWR, are defined in DCD
Tier 2, Table 3.9-2. The seismic/dynamic analysis methodology is presented in DCD Tier 2,
Subsection 3.7.2.1. In particular, the details of the time history and response spectrum
methodologies, including governing equations, are provided in DCD Tier 2, Subsections
3.7.2.1.1 and 3.7.2.1.2, respectively. The methodology for combining the peak collinear
contributions due to the three, orthogonal spatial components of seismic excitation is presented
in detail, including governing equations, in Subsection 3.7.2.6 and the corresponding
methodology for combining collinear peak modal response contributions in Subsection 3.7.2.7.

Independent analyses are performed for each seismic and non-seismic dynamic load case and the
resulting peak dynamic responses are combined for each faulted load case as defined in Table
3.9-2.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-90

In DCD Tier 2, Section 3.9.2.5 there is no discussion regarding the stability of elements in
compression under faulted condition loads. Therefore, the applicant is requested to describe how
the stability of the elements in compression such as the core barrel and control rod guide tubes,
under pipe rupture loadings was investigated.

GE Response

The input loads for the seismic/dynamic evaluation of reactor internals subassemblies such, as
the Control Rod Guide Tubes (CRGTs) and the core shroud (i.e., core barrel), under faulted
conditions are generated from the horizontal and vertical ESBWR primary structure models. The
CRGTs and the core shroud are represented as separate beam element sub assemblages in the
primary structure analytical models.

The faulted load case member end loads (axial, shear, torsion and moments) are taken directly
from the primary structure model faulted response for the critical beam element in each reactor
internals subassembly. Simple hand calculations, based on the member end loads and classical
beam theory, are then performed to demonstrate that the maximum stresses in each critical beam
element are within the corresponding Euler buckling stress allowable.

Historically, the GE BWR design for reactor internals subassembly compression members (e.g.,
CRGTs and the core shroud), which are part of the fuel core inertia load path, has a very
conservative buckling margin.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-95

It is stated in DCD Tier 2, Section 3.9.2.6 that the knowledge gained from previous vibration
tests has been used in the generation of the dynamic models for the ESBWR plant to predict
vibration amplitudes, natural frequencies and mode shapes. Therefore, the applicant is requested
to provide a comparison of the mathematical model used for dynamic system analysis under
operational flow transients and under the combined LOCA and SSE loadings, for the similar
plant to note similarities.

GE Response

Finite element models (FEM) are generated for reactor internal subassemblies that have been
instrumented and tested. The generated FEMs are used to compute the reactor internals
subassembly eigendata set, which includes natural frequencies and corresponding mode shapes.
Computer programs are utilized to perform the FEM eigenanalyses. Calculated results are
compared to corresponding values recorded in the reactor during testing. Once the test vibration
natural frequency of a reactor internal is identified by the analytical model, the corresponding
mode shape predicted by the analytical model is used to establish response characteristics of that
internals component in that vibration mode. The relative magnitudes and phase relationships
among the sensors on a particular component are used to help identify the correspondence
between the analytical and test modes. Where deemed appropriate, the finite element models are
refined so that the calculated values are closer to the measured values.

The ESBWR primary structure, analytical model, which is subjected to the LOCA and seismic
loadings, is a mathematical, centerline, beam element model comprised of beam and spring
elements. Each beam element has six degree-of-freedom (DOFs), three translational and three
rotational, at each end node. The mass less beam elements connect the model nodes. The model
mass is appropriately distributed to the model nodes as concentrated masses. The reactor vessel
shell and the reactor internal subassemblies are represented by separate beam element
assemblages in the primary structure model.

This same primary structure, mathematical centerline analytical model, used for the SSE and
LOCA loadings, is also used for dynamic system analyses associated with operational flow
transients; i.e., associated with Flow Induced Vibrations (FIV) loads. The interface loads
generated at the reactor internals subassembly attachments locations in the primary structure FIV
analyses are then applied to more detailed, subsystem three dimensional FEMs of the
subassemblies for dynamic qualification and stress analysis purposes.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-120

In DCD Tier 2, Section 3.9.3.7.1(3)e, there is no reference to the codes and standards used, and
there is no regulatory basis provided Confirm that the snubber pre-service examination
requirements meet the intent of the design Code of record incorporated by reference in IOCFR
50.55a. Also, clarify that during initial system heat-up and cool-down, snubber thermal
movements will be verified according to an acceptable Code requirement.

GE Response

Subsection 3.9.3.7.1 (3)e will be revised to make a specific reference to the ASME OM Code for
both preservice and inservice testing of snubbers. The OM Code provides the requirements for
preservice examination during initial system heat-up and cool down in ISTD-4000.

DCD Impact

DCD Tier 2, Subsection 3.9.3.7.1 (3)e will be revised as noted in the attached markup.
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NRC RAI 3.9-121

In DCD Tier 2, Section 3.9.3. 7.1, sufficient information is not providedfor snubber pre-service
testing. Provide a detailed discussion of snubber pre-service testing requirements, including the
codes and standards used and the specific test parameters considered

GE Response

Subsection 3.9.3.7.1 (3)e will be revised to make a specific reference to the ASME OM Code for
both preservice and inservice testing of snubbers. The ASME OM Code, Subsection ISTD,
provides the requirements for the preservice testing in ISTD-5000. The specification for
preservice and inservice examination and testing of snubbers in accordance with the OM Code is
prepared after the detailed design, including piping system stress analysis, is performed so that
the number and type of snubbers to be tested are known. For preservice testing, the pipe support
installation instruction manual prepared by the snubber supplier and referred to in Section
3.9.3.7.1 (3)b provides additional detailed information.

DCD Impact

DCD Tier 2, Subsection 3.9.3.7.1 (3)e will be revised as noted in the attached markup.
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NRC RAI 3.9-122

In conformance with DCD Tier 2, Section 3.9.3.7.1, COL holders should provide the following
snubber surveillance information:

(1) the scope of the snubber in-service examination program, including the codes and standards
used and the specific examination parameters considered;

(2) the scope of the snubber in-service testing program, including the codes and standards used
and the specific test parameters considered, and (3) a detailed discussion on the accessibility
provisions for maintenance, in-service examination and testing, and possible repair or
replacement of snubbers consistent with the requirements of SRP Section 3.9.3, Draft Revision 2,
April 1996.

The above information is currently not included in Section 3.9.9 of DCD Tier 2. Provide the
rationale for the exclusion of the information from the listing of COL action items.

GE Response

Subsection 3.9.3.7.1 (3)e will be revised to make a specific reference to the ASME OM Code for
inservice examination and testing of snubbers. The ASME OM Code, Subsection ISTD,
provides the requirements for the inservice testing in ISTD-5000. The specification for
preservice and inservice examination and testing of snubbers in accordance with the OM Code is
prepared after the detailed design, including piping system stress analysis, is performed so that
the number and type of snubbers to be tested are known.

DCD Impact

DCD Tier 2, Subsection 3.9.3.7.1 (3)e and Subsection 3.9.9 will be revised as noted in the
attached markup.
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NRC RAI 3.9-152

Identify the systems and associated pumps and valves that are required to perform a specific
function in shutting down a reactor to the safe shutdown condition, in maintaining the safe
shutdown condition, or in mitigating the consequences of an accident (including long term
residual heat removal following an accident), and revise DCD Tier 2, Table 3.9-8 on In-Service
Testing (1ST) for pumps and valves accordingly.

GE Response

The safety-related systems, identified in DCD Tier 2, Tables 3.6-1 and 3.6-2, to achieve a reactor
safe shutdown condition do not have any pumps. Valves for these systems are already identified
in DCD Tier 2, Table 3.9-8.

Post-accident long term decay heat removal is performed by non-safety related systems which is
acceptable as per SECY 94-084 for passive plants such as ESBWR. Non-safety related
equipment is not required to be subjected to the IST.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-154

The applicant stated in response to RAI 3.9-2 that during normal reactor operations the Gravity-
Driven Cooling System (GDCS) bias-open check valve (CV) will be actuated remotely through
the use of a non-intrusive magnetically coupled torque-motor. Describe the acceptance criteria
and basis for the acceptance criteria to assess degradation and the performance characteristics
of the CV. Discuss how the operation and accuracy of the diagnostic equipment and techniques
will be verified during preoperational testing.

GE Response

The GDCS check valve is capable of position indication. During preoperational testing
verification of position will be verified by providing flow to fully close and open the valve
through the use of test line connections. The valve shall be capable of being fully closed and
opened. Test line connections will remain available for the COL applicant to perform routine
testing as part of the IST program.

Acceptance criteria will be based on functional characteristics of the valve procured for the
actual plant construction.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-155

Due to the thermal expansion of the water, pressure between the GDCS squib valve and bias-
open CV will increase and, potentially cause the CV to close. Following the closure, the pressure
will continue to increase to a higher value. Therefore, the DCD should provide the aP (both
design and maximum expected) information for design and qualification of the CV

GE Response

The GDCS check valve will be placed in a vertical orientation, thereby allowing the valve to
remain fully open and provide a path for thermal expansion of water.

DCD Impact

No DCD changes will be made in response to this RAI.



MFN 06-489 Page 22 of 28
Enclosure 1

NRC RAI 3.9-156

The staff requested information (RAI 3.9-2) for the design flow for lifting the GDCS CV disc to
the full open position and the minimum flow expected or available for holding the disc in a stable
open position during the period when the valve is called upon to perform its safety function. This
information is necessary during qualification and preservice tests for assuring that the valve and
piping are adequately designed and installed to attain the minimum flow that will be required for
maintaining the disc in a stable full open position.

GE Response

The GDCS check valve will be placed in a vertical orientation, thereby allowing the valve to
remain fully open and provide stable position where any flow will not be impeded and will be
allowed to fully develop.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-158

A. Describe how the test results will identify the flow required to open the valve and maintain the
disc in a stable full open position.

B. Describe the nonintrusive techniques and acceptance criteria (if different from that used for
biased-open CV) used to periodically assess degradation and the performance of CVs.

GE Response

A. The GDCS check valve will be placed in a vertical orientation, thereby allowing the valve to
remain fully open and provide a stable position where any flow will not be impeded and will be
allowed to develop fully. Full-open indicated position confirms this.

B. General Design Criteria and NUREG guidelines as given by DCD Tier 2, Revision 2,
Subsection 3.9.6 will be implemented by COL holder.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-159

In DCD Tier 2, Table 3.9-8for 1ST, refueling outage (RO) test frequency is proposed for certain
valves. The vendors for new reactors, for which the final designs are not complete, have
sufficient time to include provisions in their valve and piping system designs to allow the Code-
required quarterly testing. Therefore, the applicant should provide justifications for each valve
as to why ESBWR can not be designed to accommodate the quarterly test.

GE Response

Where the ASME OM Code ISTC-35 10 nominal exercise frequency of 3 months is not specified
in Table 3.9-8, the referenced notes provide the basis for the alternate frequency. The bases
notes are related to location (gl), e.g., inaccessible in containment or for ALARA reasons), or
are related to operation (g3 and g4), where valve damage could result or system shutdowns
would be necessary. ISTC-3510 references ISTC-3520 which allows testing at shutdowns and
refueling outages where exercising during operation at power is not practicable. The quarterly
test frequency is only required by ISTC-3510 where such a test frequency is practicable.
Redesign of a system to solely for the purpose of increasing the valve test frequency, even where
possible, would require adding additional valves (which would require additional testing) and
bypass loop piping (which would require inservice inspection). The provisions of the ASME
OM Code ISTC-3510 and ISTC-3520 are met by the ESBWR design.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-160

Describe the method for functional design and qualification including acceptance criteria for
demonstrating that the squib valves will perform their function for a range of system pressure,
pressure differential, temperature and ambient conditions from normal operating up to design-
basis conditions.

GE Response

Manufacturer before delivery to site will conduct mechanical testing of GDCS squib valves.
Testing will include a full range of pressures and temperatures from ambient conditions to
design-basis conditions. The GDCS squib valves will have a piston of sufficient length to drive
the valve open. Opening stroke will be guided by guide ribs or other feature to provide an
unobstructed flow path. See DCD Tier 2 Revision 2, Subsection 6.3.4.1.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 3.9-174

ISTA-1000 of the OM Code provides preservice and 1ST requirements to be applied to dynamic
restraints (snubbers) used in systems that perform a specific function in shutting down a reactor
to the safe shutdown condition, in maintaining the safe shutdown condition, or in mitigating the
consequence of an accident. Subsection ISTD of OM Code specifies IST requirements for
snubbers. Provide detailed information or a program for implementing the IST requirements of
snubbers.

GE Response

Subsection 3.9.3.7.1 (3)e will be revised to make a specific reference to the ASME OM Code for
both preservice and inservice testing of snubbers. The ASME OM Code, Subsection ISTD,
provides the requirements for the preservice examination and testing in ISTD-4000 and ISTD-
5000. The specification for preservice and inservice examination and testing of snubbers in
accordance with the OM Code is prepared after the detailed design, including piping system
stress analysis, is performed so that the number and type of snubbers to be tested are known.

DCD Impact

DCD Tier 2, Subsection 3.9.3.7.1 (3)e will be revised as noted in the attached markup.
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3.9.9 COL Information

3.9.9.1 Reactor Internals Vibration Analysis, Measurement and Inspection Program

The first COL holder shall provide, at the time of application, the results of the vibration
assessment program for the ESBWR prototype internals. These results shall include the
following information specified in Regulatory Guide 1.20.

USNRC Reg Guide
1.20 Criterion Subject

C.2.1 Vibration Analysis Program

C.2.2 Vibration Measurement Program

C.2.3 Inspection Program

C.2.4 Documentation of Results

NRC review and approval of the above information on the first COL holder's docket shall
complete the vibration assessment program requirements for prototype reactor internals.

In addition to the information tabulated above, the first COL holder shall provide the
information on the schedules in accordance with the applicable portions of position C.3 of
Regulatory Guide 1.20 for non-prototype internals.

Subsequent COL holders need only provide the information on the schedules in accordance
with the applicable portions of position C.3 of Regulatory Guide 1.20 for non-prototype
internals (Subsection 3.9.2.4).

3.9.9.2 ASME Class 2 or 3 or Quality Group D Components with 60 Year Design Life

COL holders shall identify ASME Class 2 or 3 Quality Group D components that are
subjected to loadings, which could result in thermal or dynamic fatigue and provide the
analyses required by the Code, Subsection NB.

3.9.9.3 P p-. and -•e•-JIn-Service Testing Programs

COL holders shall provide a plan for the detailed pump and valve in-service testing and
inspection program. This plan:

(1) Includes baseline pre-service testing to support the periodic in-service testing of the
components required by technical specifications. Provisions are included to test the
pumps, valves, and MOVs in accordance with the O&M Code (Reference 3.9-4.8)
and safety-related classification as necessary, depending on test results.
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(2) Provides a study to determine the optimal frequency for valve stroking during in-
service testing.

(3) Address the concerns and issues identified in Generic Letter 89-10; specifically, the
method of assessment of the loads, the method of sizing the actuators, and the setting
of the torque and limit switches.

COL holder shall provide a plan for the detailed snubber inservice testing and inspection
program in accordance with the ASME OM Code (Reference 3.9.3.7.1(3)e.). This plan
includes baseline preservice testing to support the periodic inservice testing of all snubbers
covered by the plant-specific technical specifications.

3.9.9.4 Audit of Design Specification and Design Reports

COL holders shall make available to the NRC staff design specification and design reports
required by the Code for vessels, pumps, valves and piping systems for the purpose of audit
(Subsection 3.9.3).
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3.9.3.7.1 Piping Supports

Supports and their attachments for essential Code Class 1, 2, and 3 piping are designed in
accordance with Subsection NF 1 up to the interface of the building structure, with
jurisdictional boundaries as defined by Subsection NF. The building structure component
supports designed in accordance with ANSI/AISC N690, Nuclear Facilities-Steel Safety-
Related Structures for Design, Fabrication and Erection, or the AISC specification for the
Design, Fabrication, and Erection of Structural Steel for buildings, correspond to those
used for design of the supported pipe. The component loading combinations are discussed
in Subsection 3.9.3.1. The applicable loading combinations and allowables used for design
of supports are shown on Tables 3.9-10, -11, and -12. The stress limits are per ASME III,
Subsection NF and Appendix F. Supports are generally designed either by load rating
method per paragraph NF-3280 or by the stress limits for linear supports per paragraph NF-
3143. The critical buckling loads for the Class I piping supports subjected to faulted loads
that are more severe than normal, upset and emergency loads, are determined by using the
methods discussed in Appendices F and XVII of the Code. To avoid buckling in the piping
supports, the allowable loads are limited to two thirds of the determined critical buckling
loads.

Maximum calculated static and dynamic deflections of the piping at support locations do
not exceed the allowable limits specified in the suspension piping design specification.
The purpose of the allowable limits is to preclude failure of the pipe supports due to piping
deflections.

The design of supports for the non-nuclear piping satisfies the requirements of
ASME/ANSI B3 1.1 Power Piping Code, Paragraphs 120 and 121.

For the major active valves identified in Subsection 3.9.3.5, the valve operators are not
used as attachment points for piping supports.

The friction loads caused by unrestricted motion of the piping due to thermal displacements
are considered to act on the support with a friction coefficient of 0.3, in the case of steel-to-
steel friction. For stainless steel, Teflon, and other materials, the friction coefficient could
be less. The friction loads are not considered during seismic or dynamic loading evaluation
of pipe support structures.

For the design of piping supports, a deflection limit of 1.6 mm for erection and operation
loadings is used, based on WRC-353 paragraph 2.3.2. For the consideration of loads due to
SSE and in the cases involving springs, the deflection limit is increased to 3.2 mm.

For frame type supports for directions that are loaded, the total gap is limited to 1/8 inch.
In general, this gap is adequate to avoid thermal binding due to radial thermal expansion of
the pipe. For large pipes with higher temperatures, this gap will be evaluated to assure that
no thermal bending occurs.
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The small bore lines (e.g. small branch and instrumentation lines) are supported taking into
account the flexibility, and thermal and dynamic motion requirements of the pipe to which
they connect. Subsection 3.7.3.16 provides details for the support design and criteria for
instrumentation lines 50 mm and less where it is acceptable practice by the regulatory
agency to use piping handbook methodology.

The design criteria and dynamic testing requirements for the ASME III piping supports are
as follows:

(1) Piping Supports-All piping supports are designed, fabricated, and assembled so that
they cannot become disengaged by the movement of the supported pipe or equipment
after they have been installed. All piping supports are designed in accordance with
the rules of Subsection NF of the Code up to the building structure interface as
defined by the jurisdictional boundaries in Subsection NF.

(2) Spring Hangers-The operating load on spring hangers is the load caused by dead
weight. The hangers are calibrated to ensure that they support the operating load at
both their hot and cold load settings. Spring hangers provide a specified down travel
and up travel in excess of the specified thermal movement.

(3) Snubbers-The operating loads on snubbers are the loads caused by dynamic events
(e.g., seismic, RBV due to LOCA, SRV and DPV discharge, discharge through a
relief valve line or valve closure) during various operating conditions. Snubbers
restrain piping against response to the dynamic excitation and to the associated
differential movement of the piping system support anchor points. The criteria for
locating snubbers and ensuring adequate load capacity, the structural and mechanical
performance parameters used for snubbers and the installation and inspection
considerations for the snubbers are as follows:

a. Required Load Capacity and Snubber Location

The loads calculated in the piping dynamic analysis, described in
Subsection 3.7.3.8, cannot exceed the snubber load capacity for design, normal,
upset, emergency and faulted conditions.

Snubbers are generally used in situations where dynamic support is required
because thermal growth of the piping prohibits the use of rigid supports. The
snubber locations and support directions are first decided by estimation so that the
stresses in the piping system have acceptable values. The snubber locations and
support directions are refined by performing the dynamic analysis of the piping
and support system as described above in order that the piping stresses and
support loads meet the Code requirements.

The pipe support design specification requires that snubbers be provided with
position indicators to identify the rod position. This indicator facilitates the
checking of hot and cold settings of the snubber, as specified in the installation
manual, during plant preoperational and startup testing.

b. Inspection, Testing, Repair and/or Replacement of Snubbers

The pipe support design specification requires that the snubber supplier prepare
an installation instruction manual. This manual is required to contain complete
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instructions for the testing, maintenance, and repair of the snubber. It also
contains inspection points and the period of inspection.

The pipe support design specification requires that hydraulic snubbers be
equipped with a fluid level indicator so that the level of fluid in the snubber can
be ascertained easily.

The spring constant achieved by the snubber supplier for a given load capacity
snubber is compared against the spring constant used in the piping system model.
If the spring constants are the same, then the snubber location and support
direction become confirmed. If the spring constants are not in agreement, they
are brought in agreement, and the system analysis is redone to confirm the
snubber loads. This iteration is continued until all snubber load capacities and
spring constants are reconciled.

c. Snubber Design and Testing

To assure that the required structural and mechanical performance characteristics
and product quality are achieved, the following requirements for design and
testing are imposed by the design specification:

(i) The snubbers are required by the pipe support design specification to be
designed in accordance with the rules and regulations of the Code,
Subsection NF. This design requirement includes analysis for the normal,
upset, emergency, and faulted loads. These calculated loads are then
compared against the allowable loads to make sure that the stresses are below
the code allowable limit.

(ii) The snubbers are tested to ensure that they can perform as required during
the seismic and other RBV events, and under anticipated operational
transient loads or other mechanical loads associated with the design
requirements for the plant. The following test requirements are included:

- Snubbers are subjected to force or displacement versus time loading at
frequencies within the range of significant modes of the piping system.

- Dynamic cyclic load tests are conducted for hydraulic snubbers to
determine the operational characteristics of the snubber control valve.

- Displacements are measured to determine the performance characteristics
specified.

- Tests are conducted at various temperatures to ensure operability over the
specified range.

- Peak test loads in both tension and compression are required to be equal
to or higher than the rated load requirements.

- The snubbers are tested for various abnormal environmental conditions.
Upon completion of the abnormal environmental transient test, the
snubber is tested dynamically at a frequency within a specified frequency
range. The snubber must operate normally during the dynamic test.
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d. Snubber Installation Requirements

An installation instruction manual is required by the pipe support design
specification. This manual is required to contain instructions for storage,
handling, erection, and adjustments (if necessary) of snubbers. Each snubber has
an installation location drawing that contains the installation location of the
snubber on the pipe and structure, the hot and cold settings, and additional
information needed to install the particular snubber.

e. Snubber Pre ser'iee Preservice and Inservice Examination and Testing

The pre-service examination plan of all snubbers covered by the plant-specific
Technical Specifications is prepared in accordance with the requirements of the
ASME Code for Operation and Maintenance of Nuclear Power Plants (OM
Code), Subsection ISTD, and the additional requirements of this Section. This
examination is made after snubber installation but not more than 6 months prior to
initial system pre-operational testing. The pre-service examination verifies the
following:

(i) There are no visible signs of damage or impaired operability as a result of
storage, handling, or installation.

(ii) The snubber location, orientation, position setting, and configuration
(attachments, extensions, etc.) are according to design drawings and
specifications.

(iii) Snubbers are not seized, frozen or jammed.

(iv) Adequate swing clearance is provided to allow snubber movements.

(v) If applicable, fluid is to the recommended level and is not to be leaking from
the snubber system.

(vi) Structural connections such as pins, fasteners and other connecting hardware
such as lock nuts, tabs, wire, cotter pins are installed correctly.

If the period between the initial pre-service examination and initial system pre-
operational tests exceeds 6 months, reexamination of Items i, iv, and v is
performed. Snubbers, which are installed incorrectly or otherwise fail to meet the
above requirements, are repaired or replaced and re-examined in accordance with
the above criteria.

The inservice examination and testing plan of all snubbers covered by the plant-
specific Technical Specifications is prepared in accordance with the requirements
of the ASME OM Code, Subsection ISTD. Snubber maintenance, repairs,
replacements, and modifications are performed in accordance with the
requirements of the ASME OM Code, Subsection ISTD. Details of the inservice
examiniation and testing program, including test schedules and frequencies, are
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reported in the inservice inspection and testing plan, which shall be provided by
the COL holder referencing the ESBWR design.

(4) Struts - Struts are defined as ASME Section III, Subsection NF, Component
Standard Supports. They consist of rigid rods pinned to a pipe clamp or lug at the
pipe and pinned to a clevis attached to the building structure or supplemental steel at
the other end. Struts, including the rod, clamps, clevises, and pins, are designed in
accordance with the Code, Subsection NF-3000.

Struts are passive supports, requiring little maintenance and in-service inspection, and
are normally used instead of snubbers where dynamic supports are required and the
movement of the pipe due to thermal expansion and/or anchor motions is small.
Struts are not used at locations where restraint of pipe movement to thermal
expansion significantly increases the secondary piping stress ranges or equipment
nozzle loads.

Because of the pinned connections at the pipe and structure, struts carry axial loads
only. The design loads on struts may include those loads caused by thermal
expansion, dead weight, and the inertia and anchor motion effects of all dynamic
loads. As in the case of other supports, the forces on struts are obtained from an
analysis, and are confirmed not to exceed the design loads for various operating
conditions.

(5) Frame Type (Linear) Pipe Supports - Frame type pipe supports are linear supports
as defined as ASME Section III, Subsection NF, Component Standard Supports.
They consist of frames constructed of structural steel elements that are not attached to
the pipe. They act as guides to allow axial and rotational movement of the pipe but
act as rigid restraints to lateral movement in either one or two directions. Frame type
pipe supports are designed in accordance with the Code, Subsection NF-3000.

Frame type pipe supports are passive supports, requiring little maintenance and in-
service inspection, and are normally used instead of struts when they are more
economical or where environmental conditions are not suitable for the ball bushings
at the pinned connections of struts. Similar to struts, frame type supports are not used
at locations where restraint of pipe movement to thermal expansion significantly
increases the secondary piping stress ranges or equipment nozzle loads.

The design loads on frame type pipe supports include those loads caused by thermal
expansion, dead weight, and the inertia and anchor motion effects of all dynamic
loads. As in the case of other supports, the forces on frame type supports are obtained
from an analysis, which are assured not to exceed the design loads for various
operating conditions.

For insulated pipes, special pipe guides with one or two way restraint (two or four
trunnions welded to a pipe clamp) may be used in order to minimize the heat loss of
piping systems. For small bore pipe guides, it could be acceptable to cut the
insulation around the support frame, although this must be indicated in the support
specification.
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(6) Special Engineered Pipe Supports - In an effort to minimize the use and application
of snubbers there may be instances where special engineered pipe supports are used
where either struts or frame-type supports cannot be applied. Examples of special
engineered supports are Energy Absorbers, and Limit Stops.

Energy Absorbers - These are linear energy absorbing support parts designed to
dissipate energy associated with dynamic pipe movements by yielding. When energy
absorbers are used, they are designed to meet the requirements of ASME Section III
Code Case N-420, Linear Energy Absorbing Supports for Subsection NF, Classes 1,
2, and 3 Construction, Section 111, Division 1. The restrictions on location and
application of struts and frame-type supports, discussed in (4) and (5) above, are also
applicable to energy absorbers because energy absorbers allow thermal movement of
the pipe only in its design directions.

Limit Stops - are passive seismic pipe support devices consisting of limit stops with
gaps sized to allow for thermal expansion while preventing large seismic
displacements. Limit stops are linear supports as defined as ASME Section III,
Subsection NF, and are designed in accordance with the Code, Subsection NF-3000.
They consist of box frames constructed of structural steel elements that are not
attached to the pipe. The box frames allow free movement in the axial direction but
limit large displacements in the lateral direction.

Subsection 3.7.3.3.3 provides the analytical requirements for special engineered pipe
supports.The information required by Regulatory Guide 1.84 shall be provided to the
regulatory agency, when Code Case N-420 is used to design linear energy absorbing
supports.
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