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224 (eRAI No. 9011) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
224 (eRAI No. 9011)," dated September 12, 2017
The purpose of this letter is to provide the NuScale Power, LLC (NuScale) response to the
referenced NRC Request for Additional Information (RAI).
The Enclosures to this letter contain NuScale's response to the following RAI Questions from
NRC eRAI No. 9011:
09.01.02-18
09.01.02-19
09.01.02-20
09.01.02-21
09.01.02-22
09.01.02-23
09.01.02-24
09.01.02-25
09.01.02-26
09.01.02-27
Enclosure 1 is the proprietary version of the NuScale Response to NRC RAI No. 224 (eRAI No.
9011). NuScale requests that the proprietary version be withheld from public disclosure in
accordance with the requirements of 10 CFR § 2.390. The enclosed affidavit (Enclosure 3)
supports this request. Enclosure 2 is the nonproprietary version of the NuScale response.
This letter and the enclosed responses make no new regulatory commitments and no revisions
to any existing regulatory commitments.
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Response to Request for Additional Information
Docket No. 52-048
eRAI No.: 9011
Date of RAI Issue: 09/12/2017

NRC Question No.: 09.01.02-18
10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR
52.80(a) provide the regulatory requirements for the design of the new and spent fuel storage
facilities. SRP Sections 9.1.2 and DSRS Sections 3.8.4 Appendix D describe the specific SRP
acceptance criteria for the review of the fuel racks to meet the requirements of the
Commission’s regulations identified above.
On Page 178 of TR-0816-49833-P, the applicant states, “The stress distributions for most time
steps show bending in the corner posts and fuel tubes on the external surface of the rack, with
internal fuel tubes experiencing much lower stress. While some of this stress is caused by rack
contact and seismic movement, a large portion is due to pressure effects from water in the
whole-pool analysis. Fluid elements are not modeled on the interior of the racks. Instead, a
hydrostatic pressure load is applied to the inner surface to offset pressure on the outer surface.
However, this constant value is based on the middle height of the rack, producing a stress
gradient along the outer surface of the wall. This method also does not account for pressure
changes due to sloshing of the pool. Thus, the stresses presented in this section are
conservative.”
The staff notes that the description provided in this section includes several assumptions
related to fluid modeling and requests the applicant provide further clarification on these
assumptions and the description of the model provided on pages 177 and 178 of
TR-0816-49833-P. The applicant should provide justification to demonstrate that the stresses
are conservative using the assumptions described in the above paragraph.
Additionally, with respect to sloshing, on page 131 of the TR the applicant states, “The SFP
bottom slab and top of wall elevations are 25’-0” and 100’-0”, respectively. The overall SFP
lateral dimensions are 53’- 11” x 33’-0”. The SFP water top elevation is 94’-0”. Therefore, the
total height of the water is 69’-0” (= 94- 25 = 69’-0”). To allow for possible sloshing, the SFP
walls are modeled 23’ above the top of the water.” Also, assumption number 4 on page 138 of
TR-0816-49833-P states, “No fluid (ALE) elements are modeled inside the fuel tubes or
between fuel tubes. In addition, the submerged fuel storage racks are modeled as closed
entities and exterior surfaces, resulting in a pressure differential across the boundary.
Therefore, a constant internal pressure … is placed inside the perimeter of the fuel storage rack
models. This represents the hydrostatic water pressure that would equalize the pressure on the
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outside of the racks. This simplification helps reduce computer run times and is appropriate.
Sloshing of the water may slightly alter the height of the water above the fuel storage rack; and,
thus, the hydrostatic pressure.”
To validate assumption 4 on page 138, which indicates that the sloshing of the water may
slightly alter the height of the water above the fuel storage rack and to confirm that the sloshing
height does not exceed the 6 ft of available wall height above the top of the water (Elev. 100’ 94’) discussed on page 131, the applicant should provide the calculated maximum sloshing
height of the water from the whole pool analysis.

NuScale Response:
The height of the water in the spent fuel pool is 69 ft. The outward pressure calculated at mid3
height of the rack is 28.02 psi (= (62.4/12 )*(69*12-103.825/2), where 103.825” is the modeled
top elevation of the rack). Due to the modeling simplification (no fluid inside of the racks), a
pressurization loading of 28.02 psi is artificially added to avoid implosion of the rack as

modeled. The pressure at the top of the rack is 26.15 psi, based on (62.4/123)*(69*12-103.825).
The pressure at the bottom of the rack is 29.90 psi, based on (62.4/123)*(69*12). The difference
between the applied pressure (calculated at mid-height) and the actual pressure at the top or
bottom of rack is +/- 1.87 psi, which is approximately 6.7 percent of the applied pressure, which,
in turn, is only a portion of the loads the rack is subjected to (e.g., hydrodynamic forces, impact
forces to adjacent racks, etc). This results in artificial stresses on the rack that do not exist in
reality because the real rack does not have the void space, and hydrostatic loading would not
result in significant stresses on the rack components.
Lateral convective forces due to sloshing that occur during the course of a seismic event do not
affect the racks at the bottom of the pool. The lateral forces are controlled by impulsive loads at
the bottom of the pool. The momentary changes in fluid height due to sloshing will affect the
hydrostatic pressure. The momentary change in hydrostatic pressure results in artificial stresses
on the rack that do not exist in reality because the real rack does not have the void space, and
hydrostatic loading would not result in significant stresses on the rack components.
To determine the required available freeboard, a separate analysis of sloshing is performed that
includes the complete pool complex, including the spent fuel pool. The calculated sloshing
height is less than three feet, which is less than the 6 feet of available freeboard. The maximum
sloshing height of less than three feet is noted in FSAR Sections 9.1.2.3.3 and Section 9.2.5.4.
Additionally, the first two pages of Section 3.1.5.5.3 of TR-0816-49833-P provide some
discussion of the model used in the whole pool analysis. The response to RAI 9011, Question
09.01.02-21, provides additional clarification of the model used.
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Impact on DCA:
There are no impacts to the DCA as a result of this response.
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Response to Request for Additional Information
Docket No. 52-048
eRAI No.: 9011
Date of RAI Issue: 09/12/2017

NRC Question No.: 09.01.02-19
10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR
52.80(a) provide the regulatory requirements for the design of the new and spent fuel storage
facilities. SRP Sections 9.1.2 and DSRS Sections 3.8.4 Appendix D describe the specific SRP
acceptance criteria for the review of the fuel racks to meet the requirements of the
Commission’s regulations identified above.
The staff reviewed TR-0816-49833-P and identified additional justification that is needed for
some of the modeling assumptions for the detailed model. Three assumptions and the
requested information for each assumption is listed below.
a. On page 14 of TR-0816-49833-P, assumption 3 is “The fuel storage tubes are joined to the
top and bottom inner grids. At elevations between the upper and lower grids, the corner posts
and support bands (lower, mid, upper) are not connected to the fuel tubes. For the purpose of
the modal comparison, no contact is defined. This simplification reduces required elements and
computer run times without affecting results and is therefore appropriate.”
1. The above indicates that there are three bands between the upper and lower grids. However,
various figures in the report show fewer bands (e.g., Figure 1-1 on page 6, Figure 1-4 on Page
9, Figure 3-1 on page 15). The apparent inconsistency in the number of bands should be
explained.
2. The third and fourth sentences should be clarified to explain whether the contact was
eliminated only for the modal analysis or also for the whole pool analysis.
3. Staff requests the applicant provide a technical justification for the portion of the assumption
above that states, “This simplification reduces required elements and computer run times
without affecting results.” The technical justification should address why this simplification
doesn’t affect the results.
b. On Page 14 of TR-0816-49833-P, assumption 5 states that the stiffness of the lead-in parts
have negligible effect on the stiffness of the assembly. The staff requests the applicant provide
a technical justification for this assumption.
c. On Page 14 of TR-0816-49833-P, assumption 6 states that the size of the fuel storage tubes
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is increased to align with the top and bottom grids. Since the change in size may change the
stiffness properties of storage tubes, the staff requests the applicant provide a technical
justification for this assumption.

NuScale Response:
Response to 09.01.02-19.a.1
There are {{
}}2(a),(c). The outside bands are
the outside plates that accept the separation tubes. As an assembly, the outside band/plates
and separation tubes are referred to as separation tube bands or upper, mid, and lower bands.
A cross section of the locations of the bands of separation tubes can be seen along the height
of the rack in TR-0816-49833-P, Figure 1-4. The three bands can also be seen in the detailed
model presented in TR-0816-49833-P, Figure 3-1 (note that the bottom band is partially
obscured by the elements that make up the bottom grid). Figure 1-1c, provided along with the
response to RAI 9025, Question 09.01.02-15(a), more clearly shows the middle band of
separation tubes.

Response to 09.01.02-19.a.2
Contacts between the fuel storage tubes and any of the other rack members or adjacent fuel
storage tubes is not considered in the whole pool analysis or in the modal comparisons between
the simplified and detailed models.

Response to 09.01.02-19.a.3
The fuel storage tubes are non-structural elements. The arrangement of {{
}}2(a),(c) creates a very rigid honeycombtype structure with only out-of-plane flexibility of the tube wall, capable of only small deflections.
The lateral stiffness of the racks is also chiefly provided by the {{
}}2(a),(c). Therefore, the grids are rigid in the lateral directions. The motions of the racks are
characterized by rigid motions (i.e., rocking and sliding). Contact of the relatively flexible fuel
tube walls with the rigid separation tubes, corner posts, or outer bands in the lateral direction will
not be significant, since the tube walls have a very small mass contribution for impact loading
and are capable of only small deflections. Contact between the fuel assemblies and the storage
tube walls, however, is considered in the whole pool analysis. Due to the rigidity of the fuel
assembly, the impact locations of the fuel assembly within the fuel tube will occur at the bottom
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and top locations where the fuel tubes are joined with the baseplate and grids. Therefore, this
simplification does not significantly affect the behavior of the storage racks.

Response to 09.01.02-19.b
The lead-ins are located at the top of the racks, are short and made of thin sheet metal. They do
not add significant stiffness or mass to the rack. The model includes the rest of the fuel storage
tubes, including the connection of the fuel storage tubes to the top and bottom grids. As
described in response a.3 above, the fuel tubes, as well as the top and bottom grids, make for a
very rigid structure. This is further shown in the modal analysis presented in Table 3-1 of
TR-0816-49833-P for the rack models which exclude the lead-in components. Additionally, the
weight of the lead-ins is accounted for by modifying the density of the top grid. Therefore,
omission of the relatively small stiffness contribution by the lead-in parts does not significantly
affect the results of the analyses.

Response to 09.01.02-19.c
The spent fuel storage racks are primarily constructed of {{
}}2(a),(c) to provide lateral stiffness. Therefore, shell elements are the
appropriate modeling technique. The change in the size of the tubes is to accommodate midplane modeling of the shell elements at locations of overlapping components; this is common
practice in finite element modeling. For example, the top grid and fuel tubes have a sandwichtype construction. To model this, a single shell plane of different thicknesses is used at the midplane of the overlapping components. The actual inside dimension of the fuel tube is {{
}}2(a),(c). The thickness of the {{

}}

2(a),(c)

2(a),(c)

tubes, measured from center-to-center is {{
center-to-center width of the tubes is {{

. Therefore, the width of the
}}

. The modeled

}}2(a),(c). The small difference of {{

}}2(a),(c) does not significantly change the results of the analysis. The whole pool model was
developed based on experience with similar rack designs and analysis. {{

}}2(a),(c)
Impact on DCA:
There are no impacts to the DCA as a result of this response.
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Response to Request for Additional Information
Docket No. 52-048
eRAI No.: 9011
Date of RAI Issue: 09/12/2017

NRC Question No.: 09.01.02-20
10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR
52.80(a) provide the regulatory requirements for the design of the new and spent fuel storage
facilities. SRP Sections 9.1.2 and DSRS Sections 3.8.4 Appendix D describe the specific SRP
acceptance criteria for the review of the fuel racks to meet the requirements of the
Commission’s regulations identified above.
The staff reviewed TR-0816-49833-P and noted the following three statements related to the
modeling of water for the racks:
1. On page 131 of the TR-0816-49833-P, in Section 3.1.4.1, the applicant states, “Water is
modeled between the racks, between the racks and walls and between the racks and bottom
surface of the fuel pool with two layers of elements.”
2. On page 162, in Section 3.1.4.10, the applicant states, “During modeling of FAs, water inside
the rack tube is not explicitly considered to reduce the model size and solution run time. Instead,
water mass is included in the FA. Inclusion of water would dampen the impact forces in all
directions. Modeling water mass in the FA increases the impact forces in all directions due to
the increased mass of an FA. Therefore, the impact forces listed in Table 3-21 are
conservative.”
3. On page 144, in Section 3.1.4.8, the applicant states, “The fuel storage rack has openings on
the sides between the tubes and top for FA insertion where water is capable of flowing. These
spaces are filled with a flexible member. This prevents the water of ALE elements from
occupying the small spaces between tubes. These elements are soft and do not affect the
response of the structure due to hydrodynamic or impact forces. This reduces the need to
model very small water elements between tubes and reduces computational time significantly.
Additionally, because the fuel storage rack is shown to be fairly rigid in Table 3-1, rigid body
motion is expected to occur, and this simplification has no impact on the results of the analysis
(See Section 3.3.1).”
With respect to the above statements, the staff noted that no water appears to be modeled
between the tubes or within the tubes. Additionally, Table 3-1 referred to above indicates that
2(a),(c)
.
the lowest natural frequency of the rack in the two horizontal directions is {{
}}
However, it appears that the lowest natural frequency is based on the analysis of the rack
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without the fuel assemblies, water in the tubes, and water between the tubes. Therefore, it is not
clear that the actual in place rack frequency can be considered to be rigid.
Based on the above information, water is not modeled explicitly between the FAs and fuel
tubes. However, it appears that the water inside the tube is included in the FA mass, the
applicant should confirm whether the entire water in the tube less the displaced FA volume of
water is added to the FA mass. If this is not the case, the applicant should justify the approach
taken.
Typically, fluid structure interaction is considered by including fluid elements explicitly or through
the use of hydrodynamic coupling mass elements consisting of added mass (diagonal) terms
and inertial coupling (off-diagonal) terms in the system mass matrix. Since an alternative
method is used in the evaluation of the NuScale racks, the applicant should provide technical
justification for not including any fluid between the tubes and for adding the water within the
tubes to the FAs.

NuScale Response:
TR-0816-49833-P Table 3-1 shows the calculated mode frequencies of the unloaded racks in
the simplified and detailed models without water. This calculation is done to confirm that the
simplified model is appropriate to approximate the response of the fuel storage rack module in
the whole pool analysis. Therefore, the inclusion of water mass and fuel assembly mass is not
required. This frequency determination is not used for any purpose other than validation of the
models. The natural frequency of the racks without damping effects due to water indicates that
the racks are stiff structures. Therefore, rigid body motion is expected, though the response of
the structure will be damped considerably by the surrounding fluid.
The whole pool analysis of the racks does include the mass of the volume of water inside the
fuel storage tubes. The mass of water is calculated by determining the volume of water that
remains inside the fuel storage tubes after water is displaced by the volume of the fuel
assemblies. This mass is added to the mass of the fuel assemblies without considering the
damping effects that the water would provide. This added mass provides for greater impact
loads of the fuel assembly to fuel tube and baseplate.
Water is explicitly modeled in the whole pool analysis in all areas except inside the fuel tubes
and between the fuel tubes, as previously described. The gap between fuel tubes is filled with
poison plates and separation tubes which can be seen in Figure 1-4 of TR-0816-49833-P. There
is very little room for additional water in between the fuel tubes. Therefore, exclusion of water
interaction between fuel tubes will not affect the structural results. Water elements are used to
model the water between racks, between racks and the floor, between racks and the wall, and
for the water covering the racks. Appendix D of DSRS 3.8.4 states: “Because of gaps between
fuel assemblies and the walls of the guide tubes, additional loads will be generated by the
impact of fuel assemblies during a postulated seismic excitation. Additional loads resulting from
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this impact effect may be determined by estimating the kinetic energy of the fuel assembly.”
Rather than estimating the kinetic energy of the fuel assembly for energy transfer to the racks,
the fuel assembly is modeled as described in the response to Question 09.01.02-22. By not
including the damping effects of the water in the narrow gap between the fuel assembly and fuel
storage tube, impact forces between the two are conservative. To ensure all possible loads
were properly accounted for, including repetitive impacts from fuel assemblies considering their
fairly snug fit, the fuel assemblies are modeled with the missing water mass included, as
described above.
Impact on DCA:
There are no impacts to the DCA as a result of this response.
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Response to Request for Additional Information
Docket No. 52-048
eRAI No.: 9011
Date of RAI Issue: 09/12/2017

NRC Question No.: 09.01.02-21
10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR
52.80(a) provide the regulatory requirements for the design of the new and spent fuel storage
facilities. SRP Sections 9.1.2 and DSRS Sections 3.8.4 Appendix D describe the specific SRP
acceptance criteria for the review of the fuel racks to meet the requirements of the
Commission’s regulations identified above.
The staff requests the applicant address the cumulative effect of model changes by providing
information on the following model parameters as described in the items below.
On page 134 of TR-0816-49833, in Section 3.1.4.5, the applicant states, “…this program
automatically calculates the required time steps in each iteration based on the material
properties and smallest element size for each parts with following equation:
dt=Element Length/sqrt(E_material/ρ_material)
Time integration is performed for the time steps “dt”. In this LS-DYNA model, the required
solution time step is on the order of 1.0-E-7 to 10.0E-7 seconds.”
To increase the solution time step and thus reduce computer run times, many local changes
have been made to the whole pool rack model. Pages 134 through 136, Section 3.1.4.5, Item 1
a through h, describe numerous changes to member dimensions, densities, locations of
members, material properties, and water bulk modulus. The staff notes that the cumulative
effect of all of the changes made to the rack model is unknown. Therefore, the staff requests the
applicant provide the following:
a. Describe in greater detail what was done (e.g. any model comparisons or sensitivity studies
performed), and provide justification for why these changes do not affect the dynamic
characteristics of the rack.
b. Explain what measures were taken to ensure the accuracy of the solution using the modified
rack model compared to the initial rack model.
c. Describe whether double precision has been implemented, or explain why it is not
necessary for checking solution accuracy?
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d. Explain whether hourglass energy has been checked to ensure solution accuracy.
e. Identify the required solution time step calculated by LS-DYNA for the initial model and for
2(a),(c)
second
the modified model. Was the dynamic solution for the initial part of the {{
}}
transient checked for consistency, between the initial model and the modified model?
f. Section 3.1.4.1 “Methodology” (p.130) states “This model geometry, material density and
stiffness are modified to optimize the runtime without changing the major frequencies of the
structure.” In support of the above statement, provide the numerical comparison between the
“major” frequencies and mode shapes for the modified whole pool rack model and the “major”
frequencies and mode shapes for the initial whole pool rack model.

NuScale Response:
Response to 09.01.02-21.a
The simplified model components were examined for their smallest element size. For each
component, element sizes were adjusted when possible. For certain components, due to the
connections with other components, element size changes may not have been possible or
sufficient to increase the solution time step. {{

}}2(a),(c)
Frequency Comparison
{{

}}2(a),(c)
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Mass Participation Comparison
{{

}}2(a),(c)
Note that the detailed model mode frequencies vary slightly from Table 3-1 of TR-0816-49833.
The variance is due to the boundary condition selection. In this validation a single node of one
foot was selected. A different node was selected in the modal frequencies shown in Table 3-1 of
TR-0816-49833. The difference is insignificant.
The bulk modulus of the water is reduced in the model by approximately 30 percent. As stated
in Assumption 6 in Section 3.1.4.6, this provides less damping to the fuel racks during seismic
simulations and is, therefore, conservative. The water bulk modulus does not affect changes to
the rack.

Response to 09.01.02-21.b
The whole pool model was developed based on experience with similar rack designs and
analysis. {{

}}2(a),(c)

Response to 09.01.02-21.c
Double precision is implemented for whole pool analysis to ensure accuracy.

Response to 09.01.02-21.d
Hourglass modes are nonphysical, zero-energy modes of deformation, and occur only in underintegrated (single integration point) solid, shell, and thick shell elements. A way to entirely
eliminate hourglass concerns is to switch to element formulations with fully-integrated or
selectively reduced (S/R) integration.
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{{

}}2(a),(c)
LS-DYNA output *DATABASE_MATSUM is used to check the hourglass energy for each part
for all analyses. Hourglass energy was found to be null, as expected, for each LS-DYNA defined
part in the analyses.

Response to 09.01.02-21.e
The solution time step for the simplified model (unmodified) was on the order of 1.0E-7 to
10.0E-7 seconds, as discussed in TR-0816-49833-P. The solution time-step calculated by LSDYNA for the modified rack model is 3.8988E-5 seconds. Internal comparisons to the initial rack
model, described in Section 3.1.1, to the modified rack model were performed during creation
and debugging of the modified rack model by running the simulation through at least the strong
motion at approximately 15 seconds into the time history provided in Section 3.1.2 of
TR-0816-49833-P for TH1.

Response to 09.01.02-21.f
As part of the response to question 09.01.02-21.a of this RAI question, tables of comparison are
provided which show the frequency and mass participation of the models are in agreement.
Impact on DCA:
There are no impacts to the DCA as a result of this response.
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Response to Request for Additional Information
Docket No. 52-048
eRAI No.: 9011
Date of RAI Issue: 09/12/2017

NRC Question No.: 09.01.02-22
10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR
52.80(a) provide the regulatory requirements for the design of the new and spent fuel storage
facilities. SRP Sections 9.1.2 and DSRS Sections 3.8.4 Appendix D describe the specific SRP
acceptance criteria for the review of the fuel racks to meet the requirements of the
Commission’s regulations identified above.
In the Technical Report, TR-0816-49833-P, Section 3.1.4.1, states, “FAs are modeled with
beams and shells. The fuel rod bundles are modeled with two beams while shell elements are
used for the top and bottom nozzles.” The applicant should provide the technical basis to show
that the fuel assembly model adequately represents the dynamic characteristics of the fuel
assembly. Additionally, the applicant should provide a more detailed model in the Technical
Report than that shown in Figure 3-127d for the fuel assembly, showing the different parts (e.g.,
fuel rods, shell elements (used for the top and bottom assembly nozzles), ties to the ends of the
FA beam elements, grid plates). The applicant should also identify the boundary conditions at
the top and bottom and any lateral supports between the top and bottom that may be provided
by grid plates. The applicant should describe the assumed initial location of the FAs based on
the available gap, why this position was chosen, and describe if any sensitivity analysis was
performed or provide the justification for why a sensitivity analysis was not performed.

NuScale Response:
{{

}}2(a),(c)
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{{
}}2(a),(c)
{{

}}2(a),(c)
Fuel Assembly Model

The model is not used to obtain stresses on the fuel assemblies. Rather, it is used to determine
the impact force between the fuel assemblies and rack members (i.e., fuel storage tubes and
baseplate) and, therefore, are not modeled in detail. {{

}}2(a),(c).
The controlling width of the fuel assembly is the width of the bottom nozzle (8.425”). The inside
width of the fuel storage tubes is {{

}}2(a),(c). The fuel assemblies are modeled centered
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2(a),(c)

within each fuel storage tube. This results in a gap of {{
}}
all around the fuel
assemblies. As discussed in Section 3.1.6.2 of TR-0816-49833, different cases were considered
to account for random distributions of fuel assemblies stored in each rack. Additionally, the
maximum contact forces between the fuel assembly and fuel storage tube walls are calculated
for all the analyzed cases. The possible variations of gaps between the fuel assemblies and the
fuel storage tubes are insignificant compared to the different fuel assembly configurations
considered. Furthermore, since the maximum contact force is determined based on the motion
during the entirety of the motion, the starting location of the fuel assembly within the fuel storage
tubes has an insignificant effect on the results. Therefore, a sensitivity analysis for the location
of the fuel assemblies within the fuel storage tubes was not performed.
Impact on DCA:
There are no impacts to the DCA as a result of this response.
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Response to Request for Additional Information
Docket No. 52-048
eRAI No.: 9011
Date of RAI Issue: 09/12/2017

NRC Question No.: 09.01.02-23
10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR
52.80(a) provide the regulatory requirements for the design of the new and spent fuel storage
facilities. SRP Sections 9.1.2 and DSRS Sections 3.8.4 Appendix D describe the specific SRP
acceptance criteria for the review of the fuel racks to meet the requirements of the
Commission’s regulations identified above.
Based on the staff review of technical report, TR-0816-49833-P, “Fuel Storage Rack Analysis,”
the staff requests that the applicant provide the following information in the TR.
a. In Section 3.1.4.8 of the TR, the applicant states, “For the whole-pool analysis, an artificial
initial gap of 0.2 inches is modeled to prevent instability and initial contact penetration in the
analysis.” Since the fuel storage racks are initially butted up against each other at the baseplate
level, the applicant should provide the basis to demonstrate that this modeling deviation from
the actual configuration is acceptable.
b. In Section 3.1.5.5 of the TR, the applicant states, “The fuel storage rack is free-standing and
is allowed to expand under temperature increases without inducing thermal stresses onto the
rack.” Because there are no gaps at the baseplate level, and thermal expansion can impose a
load at the baseplate level, the applicant is requested to consider thermal expansion in the
design of the racks or justify the assumption that thermal stresses are not induced onto the rack.

NuScale Response:
Response to 09.01.02-23.a
The following was added as an additional bullet item to Section 3.1.4.8 in TR-0816-49833-P:
In typical finite element programs, zero initial gap conditions can cause numerical
instabilities and missed contacts. LS-DYNA requires a small initial gap between contact
surfaces to ensure contacts are properly recognized. Since the baseplates of the spent
fuel storage racks are to be placed in the pool completely butted up against one another,
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an artificial gap is required in order to run the model, as there must be a gap present in
order for the points to converge. Small-size gaps will have negligible effects on the
results of the model. Additionally, the gap causes the racks to move toward each other
until they collide, thereby conservatively causing a small additional load on the racks at
the baseplate level.
Response to 09.01.02-23.b
The following text replaced the third sentence in the third paragraph of Section 3.1.5.5 in the
TR-0816-49833-P:
A calculation was performed that assumed that the spent fuel storage racks were
installed in the pool at an air temperature of 40°F. The racks were set with no gap
between the baseplates. It was then assumed that the pool was filled with water that
reached a temperature of 140°F. The bearing stress on the baseplate face due to
thermal displacement was calculated to be 500 psi. The horizontal force on the rack feet
due to thermal displacement of empty racks was calculated to be 8000 lb, which is much
smaller than the maximum foot load of 56 kips, which was calculated and qualified. It
should be noted that subsection NF treats thermal stresses as self-limiting secondary
stresses, per paragraph NF-3121.11, and, as such, they need not be considered for
primary stress qualifications. The thermal displacement of fuel storage racks due to heat
up results in negligible bearing stresses on the face of the base plate and forces on feet
that are bounded by Level A/B conditions analyzed and qualified.
Impact on DCA:
Technical Report TR-0816-49833, Fuel Storage Rack Analysis, has been revised as described
in the response above and as shown in the markup provided in this response.
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,QLWLDO&RQGLWLRQV%RXQGDU\&RQGLWLRQVDQG/LPLWDWLRQV
7KHLQLWLDOFRQGLWLRQVRIWKHDQDO\VLVLQFOXGH
• 7KHIXHOVWRUDJHUDFNKDVRSHQLQJVRQWKHVLGHVEHWZHHQWKHWXEHVDQGWRSIRU)$
LQVHUWLRQ ZKHUH ZDWHU LV FDSDEOH RI IORZLQJ 7KHVH VSDFHV DUH ILOOHG ZLWK D IOH[LEOH
PHPEHU7KLVSUHYHQWVWKHZDWHURI$/(HOHPHQWVIURPRFFXS\LQJWKHVPDOOVSDFHV
EHWZHHQ WXEHV 7KHVH HOHPHQWV DUH VRIW DQG GR QRW DIIHFW WKH UHVSRQVH RI WKH
VWUXFWXUHGXHWRK\GURG\QDPLFRULPSDFWIRUFHV7KLVUHGXFHVWKHQHHGWRPRGHOYHU\
VPDOO ZDWHU HOHPHQWV EHWZHHQ WXEHV DQG UHGXFHV FRPSXWDWLRQDO WLPH VLJQLILFDQWO\
$GGLWLRQDOO\ EHFDXVH WKH IXHO VWRUDJH UDFN LV VKRZQ WR EH IDLUO\ ULJLG LQ 7DEOH
ULJLGERG\PRWLRQLVH[SHFWHGWRRFFXUDQGWKLVVLPSOLILFDWLRQKDVQRLPSDFWRQWKH
UHVXOWVRIWKHDQDO\VLV VHH6HFWLRQ 
• 7KHIXHOVWRUDJHUDFNVDUHLQLWLDOO\EXWWHGXSDJDLQVWHDFKRWKHUZKHQFRQVLGHULQJWKH
EDVHSODWH OHYHO )RU WKH ZKROHSRRO DQDO\VLV DQ DUWLILFLDO LQLWLDO JDS RI  LQFKHV LV
PRGHOHGWRSUHYHQWLQVWDELOLW\DQGLQLWLDOFRQWDFWSHQHWUDWLRQLQWKHDQDO\VLV
• 7KH EXR\DQF\ HIIHFWV RQ WKH UDFN DQDO\VLV DUH FRQVLGHUHG E\ WKH LQWHUDFWLRQ RI WKH
IOXLG $/(  HOHPHQWV ZLWK WKH IXHO UDFN HOHPHQWV )OXLG HOHPHQWV VLPXODWH WKH
LQFUHDVLQJZDWHUSUHVVXUHDORQJWKHGHSWK7KHSUHVVXUHDWWKHERWWRPRIDFROXPQ
RIIOXLGLVJUHDWHUWKDQDWWKHWRSRIWKHFROXPQ6LPLODUO\WKHSUHVVXUHDWWKHERWWRP
RIWKHVXEPHUJHGUDFNLQZDWHULVJUHDWHUWKDQDWWKHWRSRIWKHUDFN7KLVSUHVVXUH
GLIIHUHQFH UHVXOWV LQ D QHW XSZDUGV IRUFH RQ WKH UDFN 7KH PDJQLWXGH RI WKH IRUFH
H[HUWHGRQWKHUDFNLVSURSRUWLRQDOWRWKHSUHVVXUHGLIIHUHQFHDQGLVHTXLYDOHQWWRWKH
ZHLJKW RI WKH IOXLG WKDW ZRXOG RWKHUZLVH RFFXS\ WKH YROXPH RI WKH REMHFW LH WKH
GLVSODFHGIOXLG
• ,Q W\SLFDO ILQLWH HOHPHQW SURJUDPV ]HUR LQLWLDO JDS FRQGLWLRQV FDQ FDXVH QXPHULFDO
LQVWDELOLWLHV DQG PLVVHG FRQWDFWV /6'<1$ UHTXLUHV D VPDOO LQLWLDO JDS EHWZHHQ
FRQWDFWVXUIDFHVWRHQVXUHFRQWDFWVDUHSURSHUO\UHFRJQL]HG6LQFHWKHEDVHSODWHVRI
WKHVSHQWIXHOVWRUDJHUDFNVDUHWREHSODFHGLQWKHSRROFRPSOHWHO\EXWWHGXSDJDLQVW
RQHDQRWKHUDQDUWLILFLDOJDSLVUHTXLUHGLQRUGHUWRUXQWKHPRGHODVWKHUHPXVWEHD
JDSSUHVHQWLQRUGHUIRUWKHSRLQWVWRFRQYHUJH6PDOOVL]HJDSVZLOOKDYHQHJOLJLEOH
HIIHFWV RQ WKH UHVXOWV RI WKH PRGHO $GGLWLRQDOO\ WKH JDS FDXVHV WKH UDFNV WR PRYH
WRZDUGHDFKRWKHUXQWLOWKH\FROOLGHWKHUHE\FRQVHUYDWLYHO\FDXVLQJDVPDOODGGLWLRQDO
ORDGRQWKHUDFNVDWWKHEDVHSODWHOHYHO
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$QDO\VLV(YDOXDWLRQDQG'DWD
7KHIROORZLQJVHFWLRQVGHPRQVWUDWHWKHHYDOXDWLRQUHTXLUHGIRUWKHIXHOVWRUDJHUDFNZLWK
WKH H[FHSWLRQ RI WKH '  /  )G FDVH ZKLFK LV HYDOXDWHG VHSDUDWHO\ LQ WKH ORDG GURS
HYDOXDWLRQGLVFXVVHGLQ6HFWLRQ
7KH IXHO VWRUDJH UDFN LV GHVLJQHG XVLQJ WKH SODWHDQGVKHOO DQDO\VLV SURFHGXUH
UHTXLUHPHQWVSHU6HFWLRQ1)RI5HIHUHQFHIRU&ODVV:HOGVDQGVRPHSDUWV
RI WKH UDFN VXFK DV WKH VXSSRUW OHJ DUH GHVLJQHG XVLQJ WKH OLQHDU DQDO\VLV SURFHGXUH
GHVLJQUHTXLUHPHQWVSHU6HFWLRQ1)RI5HIHUHQFHIRU&ODVV
7KH IXHO VWRUDJH UDFN LV IUHHVWDQGLQJ DQG LV DOORZHG WR H[SDQG XQGHU WHPSHUDWXUH
LQFUHDVHVZLWKRXWLQGXFLQJWKHUPDOVWUHVVHVRQWRWKHUDFN$OOPDWHULDOVXVHGLQWKHUDFN
KDYHWKHVDPHPHDQUDWHRIWKHUPDOH[SDQVLRQDQGDUHDVVXPHGWRFKDQJHWHPSHUDWXUH
DW DSSUR[LPDWHO\ WKH VDPH UDWH 7KXV WKH UDFN H[SHULHQFHV QHJOLJLEOH VWUHVVHV GXH WR
GLIIHUHQWLDO WKHUPDO H[SDQVLRQ $ FDOFXODWLRQ ZDV SHUIRUPHG WKDW DVVXPHG WKDW WKH IXHO
VWRUDJH UDFNV ZHUHLQVWDOOHG LQ WKHSRRO DW DQ DLU WHPSHUDWXUH RI )7KH UDFNVZHUH
VHW ZLWK QR JDS EHWZHHQ WKH EDVHSODWHV ,W ZDV WKHQ DVVXPHG WKDW WKH SRRO ZDV ILOOHG
ZLWK ZDWHU WKDW UHDFKHG D WHPSHUDWXUH RI ) 7KH EHDULQJ VWUHVV RQ WKH EDVHSODWH
IDFHGXHWRWKHUPDOGLVSODFHPHQWZDVFDOFXODWHGWREHSVL7KHKRUL]RQWDOIRUFHRQ
WKHUDFNIHHWGXHWRWKHUPDOGLVSODFHPHQWRIHPSW\UDFNVZDVFDOFXODWHGWREHOE
ZKLFKLVPXFKVPDOOHUWKDQWKHPD[LPXPUDFNIRRWORDGRINLSVZKLFKZDVFDOFXODWHG
DQG TXDOLILHG ,W VKRXOG EH QRWHG WKDW VXEVHFWLRQ 1) WUHDWV WKHUPDO VWUHVVHV DV VHOI
OLPLWLQJVHFRQGDU\VWUHVVHVSHUSDUDJUDSK1)DQGDVVXFKWKH\QHHGQRWEH
FRQVLGHUHG IRU SULPDU\ VWUHVV TXDOLILFDWLRQV 7KH WKHUPDO GLVSODFHPHQW RI IXHO VWRUDJH
UDFNVGXHWRKHDWXSUHVXOWVLQQHJOLJLEOHEHDULQJVWUHVVHVRQWKHIDFHRIWKHEDVHSODWH
DQGIRUFHVRQIHHWWKDWDUHERXQGHGE\/HYHO$%FRQGLWLRQVDQDO\]HGDQGTXDOLILHG
3HU 6HFWLRQ 1) DQG 6HFWLRQ 1) SULPDU\ PHPEUDQH DQG EHQGLQJ VWUHVVHV
DUH GHILQHG DV QRUPDO VWUHVVHV )RU WKH SODWHDQGVKHOO W\SH VXSSRUWVHYDOXDWHG LQ WKLV
FDOFXODWLRQ PD[LPXP VWUHVV LQWHQVLW\ LV FRPSDUHG WR WKH DOORZDEOH VWUHVV YDOXHV 7KH
SODVWLFDQDO\VLVRIOLQHDUW\SHVXSSRUWVIRU6HUYLFH/HYHO'DOVRXVHVVWUHVVLQWHQVLW\WR
HYDOXDWH VWUHVVHV 6HFWLRQ 1) GHILQHV VWUHVV LQWHQVLW\ DV WZLFH WKH PD[LPXP
VKHDUVWUHVVRUWKHGLIIHUHQFHEHWZHHQWKHDOJHEUDLFDOO\ODUJHVWSULQFLSDOVWUHVVDQGWKH
DOJHEUDLFDOO\VPDOOHVWSULQFLSDOVWUHVVDWDJLYHQSRLQW
)RU 6HUYLFH /HYHO $ DQG /HYHO % WKH IXHO VWRUDJH UDFN EDVHSODWH FRUQHU SRVWV
KRUL]RQWDOEDQGVORZHUJULGVDQGXSSHUJULGVDUHHYDOXDWHGXVLQJWKHVWUHVVFULWHULDIRU
SODWHDQGVKHOO W\SH VXSSRUWV VKRZQ LQ 7DEOH :HOGV DQG VXSSRUW OHJV DUH
HYDOXDWHGXVLQJWKHVWUHVVFULWHULDIRUOLQHDUW\SHVXSSRUWVVKRZQLQ7DEOH
7KHIXHOVWRUDJHUDFNLVHYDOXDWHGIRUGHDGZHLJKWORDGVZKHQIXOO\ORDGHGXVLQJ$16<6
6WUHVVHV LQ WKH UDFN PXVW PHHW /HYHO $ DQG /HYHO % VWUHVV OLPLWV DV GHILQHG LQ $60(
&RGH 6HFWLRQ,,, 6XEVHFWLRQ 1) SHU $SSHQGL[ ' RI '656  5HIHUHQFH 
%HFDXVHWHPSHUDWXUHORDGV 7RDQG7D DQGOLYHORDGV / DUHQHJOLJLEOHLQWKHUDFNWKH
ORDGFRPELQDWLRQVLQ/HYHO$DQG/HYHO%DUHUHGXFHGWRRQO\WKH'ORDGWHUP5HIHUWR
7DEOHIRUDVXPPDU\RIWKHUHGXFHGORDGFRPELQDWLRQV
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Response to Request for Additional Information
Docket No. 52-048
eRAI No.: 9011
Date of RAI Issue: 09/12/2017

NRC Question No.: 09.01.02-24
10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR
52.80(a) provide the regulatory requirements for the design of the new and spent fuel storage
facilities. SRP Sections 9.1.2 and DSRS Sections 3.8.4 Appendix D describe the specific SRP
acceptance criteria for the review of the fuel racks to meet the requirements of the
Commission’s regulations identified above.
The staff reviewed FSAR Figure 9.1.2-1, “Spent Fuel Pool General Arrangement of Racks” and
TR-0816- 49833-P, Figures 1-1 through 1-4 and determined that additional details are needed
to complete the review of the fuel storage racks. The applicant should provide a figure or figures
in the FSAR showing a layout/plan view clearly showing baseplate dimensions and no gap
between the adjacent baseplates; the gaps between the baseplates and the spent fuel pool
walls; and the rack-to-rack gaps at the top of the racks. The tolerances for these various gaps
should also be identified.
The TR should also provide the above information in the technical report and describe
sensitivity analyses performed to consider the effects of variation in the gaps (within the
specified tolerances) on the seismic response of the racks.
The applicant should identify whether there may be any equipment in the southeast corner of
the spent fuel pool which does not include a rack. If so, the applicant should provide the
available gap between the two racks adjacent to the equipment in this open area and confirm
that a gap remains throughout the seismic time history analysis. This information should be
included in the Technical Report and the FSAR.

NuScale Response:
To help demonstrate the position of the racks relative to one another and the spent fuel pool
walls, Figure 1-2a and Figure 1-2b have been added to TR-0816-49833-P. The rack details are
not added to the FSAR, since the technical report information is included by reference.
The gaps are laid out to help ensure a dropped fuel assembly cannot become trapped between
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racks and between racks and walls, as well as to maximize the number of fuel assemblies that
can be placed within the spent fuel pool, given the fuel handling crane limits. The spent fuel
storage racks are designed to be installed prior to filling the spent fuel pool, thus making it
possible to accurately place the racks and butt the baseplates against each other. Given the
small gaps present, the method of install, and the results shown using an arbitrary 0.2 inch gap
(see response to eRAI 9011,Question 09.01.02-23), small changes (≤ 0.25”) in the available
gaps will not have any impact on the results of the analysis. Therefore, no sensitivity analyses
were performed for variation in gap size. The analyzed movements are significantly greater than
the tolerances; therefore, slight differences in placement of the fuel racks are insignificant.
The only equipment in the southwest corner of the spent fuel pool is the new fuel elevator. RAI
8818, 9.1.4-1 provided an updated Figure 9.1.4-1, showing the new fuel elevator and the
relative location of the spent fuel racks. There is significant gap (more than 60 inches) from the
edge of the new fuel elevators to the closest racks. During a seismic event, the maximum
distance the racks move toward the new fuel elevator is less than 12 inches. As a result, the
racks will not come in contact with the new fuel elevator.
Impact on DCA:
Technical Report TR-0816-49833, Fuel Storage Rack Analysis, has been revised as described
in the response above and as shown in the markup provided in this response.
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7KH ZHW VWRUDJH UDFNV VWDQG IUHHO\ RQ WKH 6)3 IORRU OLQHU VHSDUDWHG E\ D VPDOO JDS
EHWZHHQ HDFK RWKHU FRQVLGHULQJ WKH PDLQ ERG\ LH IXHO WXEHV DQG XSSHU DQG ORZHU
JULGV DQGDODUJHUJDSEHWZHHQWKHUDFNVDQGWKHSRROZDOOV VHH)LJXUH² ^^
`` D  F 
7KH IXHO WXEHV DUH VXSSRUWHG E\ D EDVH SODWH ZLWK DQ DUHD ODUJHU WKDQ WKH DUHD RI DQ
[ PDWUL[ RI WXEHV ZKLFK LV XVHG WR VHW WKH UDFNV LQ DSSURSULDWH SUR[LPLW\ RI HDFK
RWKHU VHH )LJXUH² DQG )LJXUH²  7KH UDFNV DUH EXWWHG XS DJDLQVW HDFK RWKHU
ZKLFK OHDYHV QR VSDFLQJ EHWZHHQ WKH UDFNV FRQVLGHULQJ WKH EDVHSODWH DQG PLGOHYHO
FURVV VWLIIHQHU EHDP EXW DUH QRW SK\VLFDOO\ MRLQHG VHH )LJXUH² DQG )LJXUH² 
7KH OD\RXW DQG JDSV DUH PDGH WR SUHYHQW DQ DFFLGHQWDO SODFHPHQW RI DQ )$ EHWZHHQ
UDFNV VHH)LJXUH²DDQG)LJXUH²E RUEHWZHHQDUDFNDQGZDOO7KHGHVLJQDQG
VL]H RI WKH UDFNV LV VHW WR SURYLGH D SK\VLFDO PHDQV WR SUHFOXGHWUDYHO OLPLWDWLRQV RI WKH
IXHO KDQGOLQJ PDFKLQH SUHYHQW PLVSODFHPHQW RI DQ )$ EHWZHHQ WKHD ZDOO DQG D UDFNV
DQG EHWZHHQ WKH UDFNV $GPLQLVWUDWLYH FRQWUROV DUH LPSRVHG WR SUHYHQW SODFLQJ )$V LQ
WKH RSHQ VSDFH DW WKH IXHO HOHYDWRU (DFK RI WKH UDFN PRGXOHV LV VXSSRUWHG E\
^^
`` D  F LQGHSHQGHQWO\DGMXVWDEOHIHHWWRHQVXUHOHYHOLQVWDOODWLRQ
6WDQGDUG PDWHULDO VL]HV DUH FKRVHQ WR IDFLOLWDWH IDEULFDWLRQ WR WKH H[WHQW SRVVLEOH 7KH
SURFXUHPHQW DQG TXDOLW\ FRQWURO SURFHGXUHV XVHG LQ WKH IDEULFDWLRQ DUH LQ DFFRUGDQFH
ZLWKWKHUHTXLUHPHQWVRIWKH$60(&RGH6HFWLRQ,,,6XEVHFWLRQ1) 5HIHUHQFH 
7KHLQVWDOODWLRQRIWKHUDFNVLQWKHSRROPD\EHSHUIRUPHGLQDQ\VHTXHQFHZKLFKEHVW
VXLWVWKHHUHFWLRQFRQWUDFWRUEHFDXVHWKHUHLVQRIXHOSUHVHQWWKDWZRXOGUHTXLUHVSHFLDO
FRQWURO RI UDFN SODFHPHQW IRU FULWLFDOLW\ FRQFHUQV $OO IHHW RI WKH UDFN DUH YHUWLFDOO\
DGMXVWDEOHDQGWKHUDFNVDUHOHYHOHGSULRUWRLQVWDOODWLRQRIWKHRWKHUUDFNV7KHIHHWDUH
VHFXUHG DIWHU WKH UDFN LV OHYHO 7KH UDFNV DUH EXWWHG XS DJDLQVW HDFK RWKHU DQG OHDYH
EDVLFDOO\ QR VSDFLQJ EHWZHHQ WKH UDFNV DW WKH EDVHSODWH OHYHO $OO UDFNV DUH LQVWDOOHG
SULRUWRILOOLQJZDWHULQWKH6)3
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Response to Request for Additional Information
Docket No. 52-048
eRAI No.: 9011
Date of RAI Issue: 09/12/2017

NRC Question No.: 09.01.02-25
10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR
52.80(a) provide the regulatory requirements for the design of the new and spent fuel storage
facilities. SRP Sections 9.1.2 and DSRS Sections 3.8.4 Appendix D describe the specific SRP
acceptance criteria for the review of the fuel racks to meet the requirements of the
Commission’s regulations identified above.
The staff reviewed TR-0816-49833-P, Table 3-9, which provides the rigid body displacement of
the racks for coefficients of friction of 0.2 and 0.8 and compares these values to the integrated
displacement. The staff did not identify any differences between the rigid body displacements
tabulated for the two coefficient of friction values of 0.2 and 0.8. The staff requests the applicant
describe how the rigid body displacements and integrated displacements were calculated and
provide additional explanation for how the varying coefficient of friction appears to have no
effect on the rigid body displacement.
Additionally, because the analysis of the fuel storage racks is nonlinear, and the analysis using
coefficients of friction of 0.2 and 0.8 may not bound the results, the staff requests that for the
whole-pool analysis, considering fully loaded racks, the applicant perform the analysis with a
coefficient of friction of 0.5.

NuScale Response:
The rigid and integrated displacements presented in TR-0816-04933-P represent the spent fuel
pool concrete portion of the whole pool model (not the racks). The intent of the data in
TR-0816-04933-P, Table 3-9 is to illustrate that a validation was performed to verify that the
acceleration time history was input properly into the model.
The spent fuel pool concrete was modeled as rigid. The coefficient of friction between the racks
(whose mass is small compared to the spent fuel pool concrete) was not expected to have a
significant impact on the spent fuel pool displacement. This assumption was validated by the
fact that the displacements in the “μ = 0.20” and “μ = 0.80” groups of columns in
TR-0816-04933-P, Table 3-9 are essentially identical. Additionally, since the spent fuel pool
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concrete model is rigid, the motion of the model was expected to match the input motion. This
assumption was validated by the “Integrated Displacement” group of columns in
TR-0816-04933-P, Table 3-9, which showed that the displacements resulting from integrating
the acceleration time history, which was input into the model, matched the rigid body
displacements, which were measured as output values from the model.
A sensitivity study of the whole pool analysis, as described in TR-0816-04933-P, Section 3.1.6,
was performed to investigate rack-leg-to-spent-fuel-pool-floor coefficient of friction values
between 0.20 and 0.80, as well as varying degrees of rack fill (0% to 100%). The methods used
for assigning varying coefficients of friction had values near 0.5. The results of the additional
analysis were compared to the rack design resulting from the whole pool (TH1) analysis and the
whole pool (LF1-4, HF1-2) analysis. The results were found to be bounded by the design
analysis. (See response to eRAI 9011, Question 09.01.02-27, for additional details about the
rack analysis.)
Impact on DCA:
There are no impacts to the DCA as a result of this response.
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Response to Request for Additional Information
Docket No. 52-048
eRAI No.: 9011
Date of RAI Issue: 09/12/2017

NRC Question No.: 09.01.02-26
10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR
52.80(a) provide the regulatory requirements for the design of the new and spent fuel storage
facilities. SRP Sections 9.1.2 and DSRS Sections 3.8.4 Appendix D describe the specific SRP
acceptance criteria for the review of the fuel racks to meet the requirements of the
Commission’s regulations identified above.
The staff reviewed the steel-to-steel friction coefficient and coefficient of restitution (COR) and
requests the information described below.
On page 139 of TR-0816-49833-P, in Section 3.1.4.6, Item 8, the applicant describes the
selection of a constant value for the contact friction coefficient for all impacts of steel to steel
surfaces in the racks. As discussed in the report and related references on the coefficient of
friction of steel on steel in water, the value of the coefficient of friction can vary significantly.
In Item 10, the applicant describes the use of a coefficient of restitution (COR) to capture the
effect of energy loss that occurs when two bodies impact one another. The constant value
selected for the COR appears to have been used in the various impact locations in the model.
Due to the material properties, local deformation, velocity, etc., this parameter may also vary
significantly.
Therefore, for both parameters mentioned above, the applicant should explain whether any
sensitivity analyses were performed to vary these parameters to determine their effect on the
rack and FA responses or justify the use of the selected constant value.

NuScale Response:
{{

}}
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2(a),(c)

{{

}}2(a),(c)
Therefore, while it is acknowledged that both of these parameters can vary significantly, it
should be noted that:
1. lower than anticipated COF values will result in conservative design stresses, and
2. higher than anticipated COR values will also result in conservative design stresses.

{{

}}2(a),(c)
As a result, sensitivity analysis to investigate these two variables were not deemed necessary.
Impact on DCA:
There are no impacts to the DCA as a result of this response.
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Response to Request for Additional Information
Docket No. 52-048
eRAI No.: 9011
Date of RAI Issue: 09/12/2017

NRC Question No.: 09.01.02-27
10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR
52.80(a) provide the regulatory requirements for the design of the new and spent fuel storage
facilities. SRP Sections 9.1.2 and DSRS Sections 3.8.4 Appendix D describe the specific SRP
acceptance criteria for the review of the fuel racks to meet the requirements of the
Commission’s regulations identified above.
A. In Section 3.1.4 of TR-0816-49833-P, the applicant describes the whole pool seismic
analyses. These analyses involve seven different time histories and two coefficient of friction
values between the rack legs and pool liner. Section 3.1.5 of the TR describes the detailed
stress analysis and design of the storage racks. The detailed stress analysis was performed for
simplified and detailed rack models for a small set of racks and time histories. It’s not clear
when the simplified model or the detailed model was used for the stress analysis. Section 3.1.6
describes the sensitivity analyses performed for two different rack fill configurations and two
varying coefficient of friction values. To fully understand the entire set of cases analyzed and
designed, provide the following:

1. A table identifying all of the individual runs made for the whole pool seismic analyses and the
associated parameters that were evaluated (e.g., time history, coefficient of friction, percentage
fill in the racks).
2. A table identifying all of the individual cases that were evaluated for design with their
corresponding parameters (e.g., detailed rack model or simplified rack model, time history,
coefficient of friction, rack number, response parameter used for selection of rack number such
as maximum average acceleration, uplift, impact force(s)).
3. A table identifying all of the sensitivity analyses and associated parameters that were
evaluated.
B. In addition, for the sensitivity analyses described in Section 3.1.6 of the report for variation of
rack fill and coefficient of friction between the bearing plates and floor, the applicant should
address the following items:
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1. For Case 2, which uses a random number generator to determine the coefficient of friction,
explain why no coefficient of friction in the 0.2 to 0.305 and 0.625 to 0.8 ranges were generated.
2. Confirm whether the sensitivity analysis was only performed for the TH1 time history set.
Provide the basis for this selection, particularly because not all of the governing stresses
occurred from the TH1 time histories as described in the detailed stress analysis (Section 3.1.5
of the TR).

NuScale Response:
Response to 09.01.02-27.A
To fully describe the entire set of cases analyzed and designed, the following tables are
provided:
Table 1: Summary of Whole Pool Analysis Performed
Table 2: Summary of Seismic Load Cases Considered for Detailed Design
Table 3: Sensitivity of Fuel Storage Rack Design Configuration to Variations of
Coefficient of Friction and Rack Fill Percentage

NuScale Nonproprietary

Table 1: Summary of Whole Pool Analysis Performed
{{

}}2(a),(c)

NuScale Nonproprietary

{{

}}2(a),(c)

NuScale Nonproprietary

Table 2: Summary of Seismic Load Cases Considered for Detailed Design
{{

}}2(a),(c)

NuScale Nonproprietary

Table 3: Sensitivity of Fuel Storage Rack Design Configuration to Variations of
Coefficient of Friction and Rack Fill Percentage
{{

2(a),(c)

}}

NuScale Nonproprietary

{{

2(a),(c)

}}

Response to 09.01.02-27.B.1
{{

}}2(a),(c)

Response to 09.01.02-27.B.2
{{

}}2(a),(c)

NuScale Nonproprietary

Impact on DCA:
There are no impacts to the DCA as a result of this response.

NuScale Nonproprietary
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Enclosure 3:
Affidavit of 7KRPDV$%HUJPDQ, AF-1117-57396

NuScale Power, LLC
1100 NE Circle Blvd., Suite 200 Corvalis, Oregon 97330, Office: 541.360.0500, Fax: 541.207.3928
www.nuscalepower.com

NuScale Power, LLC
AFFIDAVIT of 7KRPDV$%HUJPDQ
I, 7KRPDV$%HUJPDQ, state as follows:
 I am the 9LFH3UHVLGHQW, Regulatory Affairs of NuScale Power, LLC (NuScale), and as such,
Ihave been specifically delegated the function of reviewing the information described in this
Affidavit that NuScale seeks to have withheld from public disclosure, and am authorized to
apply for its withholding on behalf of NuScale.
 I am knowledgeable of the criteria and procedures used by NuScale in designating
information as a trade secret, privileged, or as confidential commercial or financial
information. This request to withhold information from public disclosure is driven by one or
more of the following:
D The information requested to be withheld reveals distinguishing aspects of a process
(or component, structure, tool, method, etc.) whose use by NuScale competitors,
without a license from NuScale, would constitute a competitive economic
disadvantage to NuScale.
E The information requested to be withheld consists of supporting data, including test
data, relative to a process (or component, structure, tool, method, etc.), and the
application of the data secures a competitive economic advantage, as described more
fully in paragraph 3 of this Affidavit.
F Use by a competitor of the information requested to be withheld would reduce the
competitor's expenditure of resources, or improve its competitive position, in the
design, manufacture, shipment, installation, assurance of quality, or licensing of a
similar product.
G The information requested to be withheld reveals cost or price information, production
capabilities, budget levels, or commercial strategies of NuScale.
H The information requested to be withheld consists of patentable ideas.
 Public disclosure of the information sought to be withheld is likely to cause substantialharm
to NuScale's competitive position and foreclose or reduce the availability of profit-making
opportunities. The accompanying Request for Additional Information responsereveals
distinguishing aspects about the methods for structural design by which NuScaledevelops
its fuel storage racks.
NuScale has performed significant research and evaluation to develop a basis for this
methods for structural design and has invested significant resources, including the
expenditure of a considerable sum of money.
The precise financial value of the information is difficult to quantify, but it is a key elementof
the design basis for a NuScale plant and, therefore, has substantial value to NuScale.If the
information were disclosed to the public, NuScale's competitors would have access tothe
information without purchasing the right to use it or having been required to undertakea
similar expenditure of resources. Such disclosure would constitute a misappropriation of
NuScale's intellectual property, and would deprive NuScale of the opportunity to exerciseits
competitive advantage to seek an adequate return on its investment.

AF-1117-57396

4. The information sought to be withheld is in the enclosed response to NRC Request for
Additional Information No. 200, eRAI No. 9011. The enclosure contains the designation
"Proprietary" at the top of each page containing proprietary information. The information
considered by NuScale to be proprietary is identified within double braces, "{{ }}" in the
document.
5. The basis for proposing that the information be withheld is that NuScale treats the
information as a trade secret, privileged, or as confidential commercial or financial
information. NuScale relies upon the exemption from disclosure set forth in the Freedom of
Information Act ("FOIA"), 5 USC § 552(b)(4), as well as exemptions applicable to the NRC
under 10 CFR §§ 2.390(a)(4) and 9.17(a)(4).
6. Pursuant to the provisions set forth in 10 CFR § 2.390(b)(4), the following is provided for
consideration by the Commission in determining whether the information sought to be
withheld from public disclosure should be withheld:
a. The information sought to be withheld is owned and has been held in confidence by
NuScale.
b. The information is of a sort customarily held in confidence by NuScale and, to the best
of my knowledge and belief, consistently has been held in confidence by NuScale.
The procedure for approval of external release of such information typically requires
review by the staff manager, project manager, chief technology officer or other
equivalent authority, or the manager of the cognizant marketing function (or his
delegate), for technical content, competitive effect, and determination of the accuracy
of the proprietary designation. Disclosures outside NuScale are limited to regulatory
bodies, customers and potential customers and their agents, suppliers, licensees, and
others with a legitimate need for the information, and then only in accordance with
appropriate regulatory provisions or contractual agreements to maintain
confidentiality.
c. The information is being transmitted to and received by the NRC in confidence.
d. No public disclosure of the information has been made, and it is not available in public
sources. All disclosures to third parties, including any required transmittals to NRC,
have been made, or must be made, pursuant to regulatory provisions or contractual
agreements that provide for maintenance of the information in confidence.
e. Public disclosure of the information is likely to cause substantial harm to the
competitive position of NuScale, taking into account the value of the information to
NuScale, the amount of effort and money expended by NuScale in developing the
information, and the difficulty others would have in acquiring or duplicating the
information. The information sought to be withheld is part of NuScale's technology that
provides NuScale with a competitive advantage over other firms in the industry.
NuScale has invested significant human and financial capital in developing this
technology and NuScale believes it would be difficult for others to duplicate the
technology without access to the information sought to be withheld.
I declare under penalty of perjury that the foregoing is true and correct. Executed on11/29/2017.

7KRP
7KRPDV$%HUJPDQ
PDV
DV$%H
HUJPDQ
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