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September 2 , 2017 Docket No. 52-048

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
One White Flint North
11555 Rockville Pike
Rockville, MD 20852-2738

SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
112 (eRAI No. 8983) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
112 (eRAI No. 8983)," dated July 30, 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 Enclosure to this letter contains NuScale's response to the following RAI Questions from
NRC eRAI No. 8983:

03.05.03-1
03.05.03-2
03.05.03-3

This letter and the enclosed response make no new regulatory commitments and no revisions to
any existing regulatory commitments.

If you have any questions on this response, please contact Marty Bryan at 541-452-7172 or at
mbryan@nuscalepower.com.

Sincerely,

Zackary W. Rad
Director, Regulatory Affairs
NuScale Power, LLC

Distribution: Gregory Cranston, NRC, OWFN-8G9A
Samuel Lee, NRC, OWFN-8G9A
Marieliz Vera, NRC, OWFN-8G9A

ZaZ ckary W. Rad
Director Regulatory Affairs
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eRAI No.: 8983
Date of RAI Issue: 07/30/2017

NRC Question No.: 03.05.03-1

10 CFR Part 50, Appendix A, GDC 2 requires, in part, that SSCs important to safety shall be
designed to withstand the effects of natural phenomena such as tornadoes and hurricanes
without loss of capability to perform their safety functions. Also, 10 CFR Part 50, Appendix A,
GDC 4 requires, in part, that SSCs important to safety shall be appropriately protected against
dynamic effects, including the effects of missiles, pipe whipping, and discharging fluids that may
result from equipment failures and from events and conditions outside the nuclear power unit.

In DCD Section 3.5.3.1.1 “Concrete Barrier,” DCD Table 3.5-1 lists the concrete thickness to
preclude perforation or scabbing from the design basis hurricane and tornado pipe and sphere
missiles, but this table does not include the massive high-kinetic-energy missile, such as an
automobile, which is one of the missile threats to the barrier design. Therefore, the staff
requests the applicant to include the design basis hurricane and tornado automobile missile in
DCD Table 3.5-1.

NuScale Response:

The design basis hurricane and tornado automobile missile is incapable of producing significant
local damage, such as penetration and spalling, perforation and scabbing. The empirical
formulae used to determine the local damage results are not applicable to deformable “soft”
missiles, which would crush upon impact and not cause any significant local damage.
Therefore, FSAR Tier 2, Section 3.5.3.1.1 is revised to state the automobile missile is not
considered to be a governing case for local damage evaluation and FSAR Tier 2, Table 3.5-1
will not include the automobile missile.

References:

1. Kennedy, R. P., "A Review of Procedures for the Analysis and Design of Concrete
Structures to Resist Missile Impact Effects," Nuclear Engineering and Designs
(Amsterdam), V. 37, No. 2, 1976, pp. 183-203.
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Impact on DCA:

FSAR Tier 2, Section 3.5.3.1.1 has been revised as described in the response above and as
shown in the markup provided in this response.
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effects of missile impact loadings. The barrier design procedures discussed below may be 
used for both internal and external missiles.

3.5.3.1 Local Damage Prediction

The prediction of local damage in the impact area depends on the basic material of 
construction of the structure or barrier (i.e., concrete, steel, or composite). The analysis 
approach for each basic type of material is presented separately. It is assumed that the 
missile impacts normal to the plane of the wall on a minimum impact area. 

3.5.3.1.1 Concrete Barriers

Concrete missile barriers are evaluated for the effects of missile impact resulting in 
penetration, perforation, and scabbing of the concrete using the Modified National 
Defense Research Committee formulas discussed in "A Review of Procedures for 
the Analysis and Design of Concrete Structures to Resist Missile Impact Effects," 
(Reference 3.5-3) as described in the following paragraphs. Concrete barrier 
thicknesses calculated using the equations in this section for perforation and 
scabbing are increased by 20%.

RAI 03.05.03-1

Concrete thicknesses to preclude perforation or scabbing from the design basis 
hurricane and tornado pipe and sphere missiles have been calculated for the 5000 
psi and 7000 psi concrete used for the RXB, CRB and RWB external walls and roof 
using the below equations. The design basis hurricane and tornado automobile 
missile is incapable of producing significant local damage, therefore, it is not 
considered. The results are tabulated in Table 3.5-1. The RXB has five foot thick 
outer walls and a four foot thick roof. The missile protected portions of the CRB 
have three foot thick exterior walls and roof, consisting of a concrete slab with a 
steel cover, and the RWB has exterior walls that are two feet thick above grade and 
has a one foot thick roof.

3.5.3.1.1.1 Penetration and Spalling Equations

The depth of missile penetration, x, is calculated using the following formulas:

Eq. 3.5-1 

Eq. 3.5-2 

where,

x = penetration depth, in,

W = missile weight, lb,
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eRAI No.: 8983
Date of RAI Issue: 07/30/2017

NRC Question No.: 03.05.03-2

10 CFR Part 50, Appendix A, GDC 2 requires, in part, that SSCs important to safety shall be
designed to withstand the effects of natural phenomena such as tornadoes and hurricanes
without loss of capability to perform their safety functions. Also, 10 CFR Part 50, Appendix A,
GDC 4 requires, in part, that SSCs important to safety shall be appropriately protected against
dynamic effects, including the effects of missiles, pipe whipping, and discharging fluids that may
result from equipment failures and from events and conditions outside the nuclear power unit.

In DCD Section 3.5.3.1.2 “Steel Barriers,” the applicant used the Stanford Formula anda.
Ballistic Research Laboratory Formula to determine steel thickness for a steel barrier to
prevent perforation of the missile through the barrier. Because ‘penetration’ and
‘perforation’ are both discussed in Section 3.5.3.1.2, the staff requests the applicant clarify
the use of these terms throughout the section. For example, the sentence below the
heading “Stanford Formula for Penetration” refers to the perforation of a steel plate.
Similarly, under the heading “Ballistic Research laboratory Formula for Penetration,” tp
is defined for perforation.
In DCD Section 3.5.3.1.2, the applicant showed the relationship between the critical kineticb.
energy required for perforation E and target plate thickness T in the Stanford Formulas, the
staff requests the applicant to explain whether T is perforation thickness or designed plate
thickness?
In DCD Section 3.5.3.1.1, the applicant described that concrete barrier thicknessc.
calculated using the equations in this section for perforation and scabbing are increased by
20%. The staff requests the applicant to provide how much calculated steel barrier
thickness will be increased using the equations in DCD Section 3.5.3.1.2 for perforation.
In DCD Section 3.5.3.1.2, the staff identified apparent errors in the ranges provided for thed.
Stanford Formula (e.g., “W/T” in the range “0.2 <W/T<1.0” should be “W/L”; “70<V<400”
shall be changed into “70<Vc<400”, and Vc is not defined.) The staff requests the applicant
to verify all the parameters in the formulas and ensure that all the parameters are defined.

NuScale Response:

Responses pertaining to FSAR Tier 2, Section 3.5.3.1.1, Concrete Barriers and FSAR Tier 2,
Section 3.5.3.1.2, Steel Barriers are provided as follows:
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Section 3.5.3.1.2 uses the Stanford Formula and Ballistic Research Laboratory (BRL)a.
formula to determine steel thickness for a steel barrier to prevent perforation of the
missile through the barrier. Penetration is defined as the displacement of a missile into
an impacted structural member. It is a measure of the depth of the crater formed at the
zone of impact. Perforation is the passing of a missile completely through the impacted
structural member with or without exit velocity, i.e., full penetration. “Penetration” is
replaced with “perforation” throughout Section 3.5.3.1.2, as appropriate.
Section 3.5.3.1.2 shows the relationship between the critical kinetic energy required forb.
perforation, E and target plate thickness, T. The variable T represents the minimum
target thickness which will be perforated by a missile with energy E. Section 3.5.3.1.2 is
revised for clarity.
Section 3.5.3.1.1 describes that the concrete barrier thicknesses calculated arec.
increased by 20%. The concrete barrier thickness is increased by 20% per ACI 349-06,
Section F.7.2.1 requirements. Equation 2-8 of Bechtel Topical Report, "Design of
Structures for Missile Impact" recommends increasing steel barrier thickness by 25%.
Therefore, Section 3.5.3.1.2 is revised to state steel barrier thickness, determined by the
BRL formula, shall be increased by 25%.
Section 3.5.3.1.2 provides a range of parameters for which the Stanford equationd.
(Moore, 1965) is applicable. This section is revised to provide the correct formulas and
parameters.

References:

American Concrete Institute, ACI 349, "Code Requirements for Nuclear Safety-Related1.
Concrete Structures and Commentary," 2006.
Bechtel Topical Report, BC-TOP-9A, Rev. 2, "Design of Structures for Missile Impact," by2.
R.B. Linderman, J.V. Rotz, G.C.K. Yeh, September 1974.
Moore, C. V., "The Design of Barricades for Hazardous Pressure Systems,"3.
Schenectady, NY, February 5, 1965.

Impact on DCA:

FSAR Tier 2, Section 3.5.3.1.2 has been revised as described in the response above and as
shown in the markup provided in this response.
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missile through the barrier. The Ballistic Research Laboratory Formula 
(Reference 3.5-5) equations may also be used if the results are comparable to the 
Stanford Formula results or if they are validated by penetration testing.

RAI 03.05.03-2

Stanford Formula for PenetrationPerforation

The Stanford Formula calculates the energy, E, needed to perforate a steel plate of 
thickness, T.

where,

E = critical kinetic energy required for perforation, (ft-lb),

D = effective missile diameter, in.,

S = ultimate tensile strength of the target (steel), (psi),

RAI 03.05.03-2

T = Target plate thicknesstarget thickness perforated by a missile with energy E, in.,

W = length of square side between rigid supports, in., shall be no greater than 8D, 
and

Ws = length of standard window, 4 in.

The ultimate tensile strength (S) is directly reduced by the amount of bilateral 
tension stress already in the target. The Stanford equation is applicable within the 
following range of parameters:

0.1 < T/D < 0.8

0.002 < T/L < 0.05

10 < L/D < 50

5 < W/D < 8

8 < W/T < 100

RAI 03.05.03-2

0.2 < W/LT < 1.0

RAI 03.05.03-2

E
D
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70 < Vc < 400

where,

L = Missile length, in., and

RAI 03.05.03-2

Vc = impact velocity, ft/sec.

RAI 03.05.03-2

Ballistic Research Laboratory Formula for PenetrationPerforation

RAI 03.05.03-2

The Ballistic Research Laboratory (BRL) formula is used to calculate the thickness of 
steel plate that would be penetratedperforated by a missile of known mass, 
velocity, and equivalent diameter. Steel barrier thickness, determined by the BRL 
formula, shall be increased by 25%.

where,

tp = steel plate thickness for threshold of perforation, in.,

D = equivalent missile diameter, in.,

Ek = missile kinetic energy, foot-pounds

Ek = M V2 /2, 

where,

M = mass of the missile, lb-sec2 /ft, and

V = impact velocity, ft/sec.

3.5.3.1.3 Composite Barriers

The design does not use composite barriers.

3.5.3.2 Overall Damage Prediction

For predicting overall damage, a dynamic impulse load concentrated at the impact 
area is determined and applied as a forcing function to determine the structural 
response. 

tp
Ek 2 3

672D
------------------=
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eRAI No.: 8983
Date of RAI Issue: 07/30/2017

NRC Question No.: 03.05.03-3

10 CFR Part 50, Appendix A, GDC 2 requires, in part, that SSCs important to safety shall be
designed to withstand the effects of natural phenomena such as tornadoes and hurricanes
without loss of capability to perform their safety functions. Also, 10 CFR Part 50, Appendix A,
GDC 4 requires, in part, that SSCs important to safety shall be appropriately protected against
dynamic effects, including the effects of missiles, pipe whipping, and discharging fluids that may
result from equipment failures and from events and conditions outside the nuclear power unit.

In DCD Section 3.5.3.2 “Overall Damage Prediction,” the applicant used an alternativea.
approach to that specified in SRP Acceptance Criterion 3.5.3.II.2. Therefore, the staff
requests the applicant to identify differences between proposed alternative approach and
acceptable procedure  specified in SRP Acceptance Criterion 3.5.3.II.2, and to provide
justification how the proposed alternative provides an acceptable method of complying with
the relevant NRC requirements.
In DCD Section 3.5.3.2, the staff did not find the analysis procedure to address the designb.
basis sphere missile. The staff requests the applicant to address the design basis sphere
missile in DCD Section 3.5.3.2.
In DCD Section 3.5.3.2, the applicant used AISC N690 2006 code in DCD Section 3.5.4c.
references. However, the applicant lists AISC N690 2012 as a referenced code in the DCD
Section 3.8.4. The staff requests the applicant to clarify which code shall be used in the
DCD.

NuScale Response:

Responses pertaining to FSAR Tier 2, Section 3.5.3.2, "Overall Damage Prediction" are
provided as follows:

a. Section 3.5.3.2 states, "the forcing function to determine the structural responses are
derived from EPRI, "Full Scale Tornado Missile Impact Test," for the triangular impulse
formulation of the design basis steel pipe missile. BC-TOP-9A, Rev. 2, "Design of
Structures for Missile Impact," is used for the design basis automobile missile." These
procedures use a dynamic analysis method, whereas, SRP Acceptance Criterion
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3.5.3.II.2 procedures prescribe a static analysis method. The procedure for overall
damage prediction in SRP acceptance criterion 3.5.3.II.2 is to demonstrate the effects
of the missile impact on the global response of the structure. To do this, an equivalent
static load concentrated at the impact area should be determined, from which the
structural response, in conjunction with other design loads, can be evaluated using
conventional design methods.

For the NuScale Power Plant design, detailed missile impact transient analyses were
performed for the reactor building (RXB) and control building (CRB). The cracked and
uncracked RXB SAP2000 models were used with different missile impact force time
histories applied at critical locations. As cited in Section 3.5.3.2, NuScale employed
methodology from EPRI NP440 and BC-TOP-9A, both widely used and accepted
missile impact references.

The result of the analyses demonstrated that missile impact has virtually no effect on
the overall response of the RXB and CRB, thereby satisfying relevant NRC
requirements.

b. The design basis sphere missile is too small to affect the structural response of the
RXB and CRB and was not evaluated for its contribution to overall structural response.
The sphere missile is only considered for testing the configuration of openings in the
protective barrier. FSAR, Tier 2, Section 3.5.3.2 is revised accordingly.

c. American Institute of Steel Construction, AISC N690-12, "Specification for Safety-
Related Steel Structures for Nuclear Facilities," dated 2012 is used. The reference in
FSAR Tier 2, Section 3.5.4 is corrected.

References:

1. Stephenson, A.E., "Full Scale Tornado Missile Impact Tests," EPRI NP440, Sandia
Laboratories, Tonopa, NV, prepared for Electric Power Inst., Palo Alto, CA July 1977.

2. Bechtel Topical Report, BC-TOP-9A, Rev. 2, "Design of Structures for Missile Impact," by
R.B. Linderman, J.V. Rotz, G.C.K. Yeh, September 1974.

Impact on DCA:

FSAR Tier 2, Sections 3.5.3.2 and 3.5.4 have been revised as described in the response above
and as shown in the markup provided in this response.
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RAI 03.05.03-3

The forcing functions to determine the structural responses are derived using EPRI 
NP440, "Full Scale Tornado Missile Impact Tests," (Reference 3.5-9) for the triangular 
impulse formulation of the design basis steel pipe missile. BC-TOP-9A, Rev. 2, "Design 
of Structures for Missile Impact," (Reference 3.5-8) is used for the design basis 
automobile missile. The solid sphere missile is too small to affect the structural 
response of the RXB and CRB and was not evaluated for its contribution to overall 
structural response.

The missile forcing functions are applied to the building models in selected locations 
using the horizontal impact loads since they are higher than the vertical loads. The 
results are addressed in Section 3.8.4.

Design for impulsive and impactive loads is in accordance with ACI 349 "Code 
Requirements for Nuclear Safety-Related Concrete Structures and Commentary," 
(Reference 3.5-6) for concrete structures and AISC N690 "Specification for Safety-
Related Steel Structures for Nuclear Facilities," (Reference 3.5-7) for steel structures 
except for the modifications listed below.

Stress and strain limits for the missile impact equivalent static load comply with 
applicable codes and RG 1.142, Rev. 2 "Safety-Related Concrete Structures for Nuclear 
Power Plants (Other than Reactor Vessels and Containments)," and the limits on 
ductility of steel structures are given as noted below. 

Concrete

Structural concrete members designed to resist missile impact are designed for 
flexural, shear, spalling, scabbing, and perforation effects using the equivalent static 
load obtained for the evaluation of structural response.

The permissible ductility for beams, walls, and slabs subjected to impulsive or 
impactive loads, if flexure controls the design, is in accordance with Section F.3.3 of 
ACI-349.

In Section F.3.5 of ACI-349, the permissible ductility ratio (μ), when a concrete structure 
is subjected to a pressure pulse due to compartment pressurization, is as follows, based 
on RG 1.142:

1) for the structure as a whole, μ ≤ 1.0

2) for localized area in the structure (ductility in flexure), μ ≤ 3.0

In Section F.3.7 of ACI-349 where shear controls the design, the permissible ductility 
ratio is as follows, based on RG 1.142:

1) when shear is carried by concrete alone, μ ≤ 1.0

2) when shear is carried by combination of concrete and stirrups or bent bar, μ ≤ 1.3

3) when shear is carried completely by stirrups, μ ≤ 3.0
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In determining an appropriate equivalent static load for (Yr), (Yj) and (Ym), elasto-plastic 
behavior may be assumed with permissible ductility ratios as long as deflections do not 
result in loss of function of any safety-related system.

Section 3.8 provides additional information on loading combinations and analysis 
methods for the RXB and CRB.

3.5.4 References

3.5-1 American Society of Mechanical Engineers, Boiler and Pressure Vessel Code, 
Section III, "Rules for Construction of Nuclear Facility Components," 2013 
Edition with no Addenda (subject to the conditions specified in paragraph 
(b)(1) of section 50.55a).

3.5-2 American Society of Mechanical Engineers, Boiler and Pressure Vessel Code, 
Section XI, "Rules for Inservice Inspection of Nuclear Power Plant Components," 
2013 Edition with no Addenda (subject to the conditions specified in 
paragraph (b)(2) of section 50.55a). 

3.5-3 Kennedy, R. P., "A Review of Procedures for the Analysis and Design of Concrete 
Structures to Resist Missile Impact Effects," Nuclear Engineering and Designs 
(Amsterdam), V. 37, No. 2, 1976, pp. 183-203.

3.5-4 Cottrell, W.B., and Savolainen, A. W., "U.S. Reactor Containment Technology," 
ORNL NSIC-5, Ridge National Laboratory, Oak Ridge, TN: Volume 1, Chapter 6, 
1965.

3.5-5 Russel, C. R., "Reactor Safeguards," New York: MacMillian, 1962.

3.5-6 American Concrete Institute, ACI 349, "Code Requirements for Nuclear Safety-
Related Concrete Structures and Commentary," 2006.

RAI 03.05.03-3
3.5-7 American Institute of Steel Construction, AISC N690, "Specification for Safety-

Related Steel Structures for Nuclear Facilities," 20062012.

3.5-8 Bechtel Topical Report, BC-TOP-9A, Rev. 2, "Design of Structures for Missile 
Impact", by R.B. Linderman, J.V. Rotz, G.C.K. Yeh, September 1974.

3.5-9 Stephenson, A.E., "Full Scale Tornado Missile Impact Tests", EPRI NP440, Sandia 
Laboratories, Tonopa, NV, prepared for Electric Power Inst., Palo Alto, CA July 
1977.




