ENCLOSURE 1
Response Tracking Number: 00593-00-00

RAI: 3.2.2.1.3.2-3-005

RAI Volume 3, Chapter 2.2.1.3.2, Third Set, Number 5:
Clarify the apparent inconsistency between SNL (2007ap, Section 6.4.4.2) and
SAR Section 2.3.4.5.3.3.3 with respect to the inclusion of horizontal accelerations
in the drip shield dynamic analyses. If horizontal accelerations from seismic time
histories were not used in the dynamic analysis, explain how the analytical
approach in SAR Section 2.3.4.5.3.3.3 does not underestimate drip shield capacity
significantly.
Basis: DOE indicates in SNL (2007ap, Section 6.4.4.2) that the vertical and one
horizontal component (H1) of the ground motion acting normal to the drift axis
are used in the drip shield two-dimensional analyses. Conversely, the applicant
states in SAR Section 2.3.4.5.3.3.3 that “the vertically propagating ground motion
time histories are applied at the base of the entire period of the strong ground
motion (SNL 2007ap; Section 6.4.4.4). These analyses automatically generate the
lateral rubble loads applied to the drip shield legs generated by rubble-drip shield
interaction under the vertical seismic loading.” Staff needs to clarify whether
horizontal ground motions were included in the drip shield dynamic analyses, or
if exclusion of these ground motions affects drip-shield performance significantly.
1. RESPONSE
Mechanical Assessment of Degraded Waste Packages and Drip Shields Subject to Vibratory
Ground Motion (SNL 2007, Section 6.4.4.2) documents two-dimensional dynamic analyses
for the seismic response of a drip shield surrounded by rubble. These dynamic analyses use
the first horizontal component and the vertical component of each ground motion time
history, as stated in Section 6.4.4.2:
The analysis is carried out for the vertical and one horizontal component (H1) of
ground motion acting normal to the drift axis.
The NRC basis statement, “the vertically propagating ground motion time histories are applied at
the base of the entire period of the strong ground motion” does not include a needed line of text
from SAR Section 2.3.4.5.3.3.3, which reads,
Once the drip shield-rubble system equilibrates under the rubble load, the vertically
propagating ground motion time histories are applied at the base of the model and the
emplacement drift, rubble and drip shield allowed to interact dynamically for the entire
period of the strong ground motion (SNL 2007b [DIRS 178851], Section 6.4.4.4).
While the balance of the quoted text is correct, the full text indicates that the two components of
ground motion are considered to be propagating vertically upward from beneath the repository.
The statement in SAR Section 2.3.4.5.3.3.3, “These analyses automatically generate the lateral
rubble loads applied to the drip shield legs generated by rubble-drip shield interaction under the
vertical seismic loading,” does not imply that the horizontal component of the input seismic
motion was omitted. To the contrary; the horizontal ground motion acceleration perpendicular to
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the sidewalls of the drip shield is used in the dynamic analyses, and therefore, the drip shield
load capacity is not underestimated.
2. COMMITMENTS TO NRC
None.
3. DESCRIPTION OF PROPOSED LA CHANGE
None.
4. REFERENCES
SNL 2007a. Mechanical Assessment of Degraded Waste Packages and Drip Shields Subject to
Vibratory Ground Motion. MDL-WIS-AC-000001 REV 00. Las Vegas, Nevada: Sandia
National Laboratories. ACC: DOC.20070917.0006; DOC.20080623.0002;
DOC.20081021.0001; DOC.20090917.0002.
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RAI Volume 3, Chapter 2.2.1.3.2, Third Set, Number 6:
For the computation of the drip shield cross section properties used in the twodimensional dynamic analysis, demonstrate that Titanium Grade 7 plate stiffness
contribution does not decrease across its transverse width, and therefore, an
effective width of 1.071 m does not overestimate drip shield capacity.
Basis: The cross section properties of the two dimensional drip shield elements
include the contribution of the Titanium Grade 29 framework components and the
Titanium Grade 7 shell plates. Although the plate stiffness contribution is fully
effective in the vicinity of the drip shield frameworks, it could decrease across the
transverse width. Such decreases in plate stiffness often are represented by
reducing the effective width of the plate to values less than the framework span.
DOE analyses, however, assume that the plate stiffness remains constant between
the framework spans and use an effective width of 1.071 m (SNL, 2007ap;
Table B-1). Information in SNL (2007ap) does not explain the rationale for using
an effective width that is equal to the framework span, which maximizes the plate
stiffness and drip shield capacity.
1. RESPONSE
1.1

INTRODUCTION

In the dynamic analysis of the drip shield described in Mechanical Assessment of Degraded
Waste Packages and Drip Shields Subject to Vibratory Ground Motion (SNL 2007,
Section 6.4.4), the geometrical and mechanical characteristics of the two-dimensional
representation match or underestimate the stiffness and strength of the three-dimensional
representation of the drip shield. As discussed in detail in the analysis (SNL 2007, Appendix B),
for three characteristic cross sections (one in the middle of the crown, one at the top of the
support beam and one at the bottom of the support beam), the two-dimensional representation
matches or underestimates the bending moment capacity of the cross section as a function of the
curvature in the range of the curvatures of interest. The two-dimensional representations were
developed for three drip shield configurations: the initial configuration and two configurations
for thinning of the drip shield components by 5 and 10 mm due to uniform corrosion. The
equivalent properties, cross-sectional area and moment of inertia, were calculated for a drip
shield segment, which includes the typical framework (i.e., the structure formed by the drip
shield support beams and the bulkhead) with an associated length of the plates. The horizontal
spacing of the framework structures of 1.071 m is used as the associated width of the plates in
calculating the structurally equivalent geometrical cross sections (SNL 2007, Table B-1).
When the plates are connected to the metal framework, only a limited width of plate effectively
contributes its stiffness and strength by deforming simultaneously with the framework structure.
Using the entire 1.071 m as the effective plate width does not overestimate the stiffness and
strength of the two-dimensional representation of the drip shield.
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This response examines two analyses to corroborate the appropriateness of effective width used
in the two-dimensional calculations. First, it is demonstrated that the deformation over the entire
width of the drip shield segment is predominantly uniform, indicating that the effective width is
1.071 m, or equal to the framework spacing. Second, it is explained, using the results of the
validation of the two-dimensional representation from Mechanical Assessment of Degraded
Waste Packages and Drip Shields Subject to Vibratory Ground Motion (SNL 2007, Section B4),
that the two-dimensional approximation with the 1.071-m effective plate width underestimates
the load bearing capacity of the three-dimensional representation of the drip shield.
1.2

EFFECTIVE PLATE WIDTH, BASED ON MODES OF DEFORMATION OF THE
DRIP SHIELD

Different recommendations for the effective plate width to be used in design of structures can be
found in structural design manuals. The recommended plate widths are based on semi-empirical
relations, which also include safety factors. Examples are found in USS Steel Design Manual
(Brockabrough and Johnston 1974) and Steel Designers’ Manual (Davison and Owens 2003,
Section 20.5.2, p. 582), where effective plate widths are calculated as a function of the plate
thickness and the material yield strength.
Although such references provide good general guidelines for safe (conservative) design, they do
not provide accurate evaluations of effective plate width for the drip shield (shown in SAR
Figure 1.3.4-14) because:
•

Three longitudinal stiffeners in the drip shield crown, which shorten the plate span and
limit independent deformation of the plate, are not accounted for.

•

The arched shape of the drip shield crown is not accounted for (the formulas for effective
plate width are developed for flat plates).

•

The presence of the internal and external support plates in the shoulder area (and
extending approximately 0.75 m below the shoulder) are not accounted for in the
empirical relations or in the calculation of the structurally equivalent properties for the
two-dimensional representation.

•

Thinning of the support beams could not be accurately represented close to the support
beam base, where the dimension perpendicular to the plate is comparable with the plate
thickness. In the limiting case, when there is no support beam, the entire plate width
must be effective. As the support beams become thinner, the stiffness contrast between
the beam and the plate becomes smaller, resulting in more simultaneous deformation of
the beam and the plate.

To accommodate the unique structural characteristics of drip shields, the effective plate width
has been evaluated using the distance from the center of the support beam to the location on the
plate at which the plate deformation starts to significantly deviate from the beam deformation.
Contours of displacement obtained from three-dimensional simulations of drip shield
deformation subject to increasing rubble load (described in Section 1.3 and in SNL 2007,
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Section 6.4.3.2.2.2) are shown in Figures 1 and 2 for the configurations with the initial thickness
of the components and 10-mm-thinned components, respectively. The figures indicate that the
plate displacements are uniform edge-to-edge across the drip shield segment and that the entire
actual span of the plates between the framework structures acts as the effective width of the
plates. The uniform displacement is an indication that the extremities of the plate are deforming
essentially simultaneously with the support beam, and hence are fully effective even at the
periphery of the analyzed structure.

Figure 1.

Displacement Contours (m) in the State Close to Failure for the Initial Thickness of the Drip
Shield Components
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1.3

RAI: 3.2.2.1.3.2-3-006

Displacement Contours (m) in the State Close to Failure for the Drip Shield Components
Thinned by 10 mm

VALIDATION OF THE TWO-DIMENSIONAL REPRESENTATION OF THE
DRIP SHIELD

The drip shield failure loads, obtained using the two- and three-dimensional drip shield
representations, are compared in Figure 3. The structurally equivalent cross sections of the twodimensional approximations were developed (SNL 2007, Section B3) using the effective plate
width of 1.071 m. The comparison for drip shield failure loads is conducted for three drip shield
configurations: (1) the configuration with initial thickness of the drip shield components
(represented in the plot by the initial plate thickness of 15 mm), (2) the configuration with 5-mmthinned components (represented in the plot by the equivalent plate thickness of 10 mm), and
(3) the configuration with 10-mm-thinned components (represented in the plot by the equivalent
plate thickness of 5 mm). The analyses and the comparison were carried out for two initial
distributions of rubble load (SNL 2007, Table 6-136): (1) load realization 3, which is the most
severe of six possible load realizations, and (2) the average load from six rockfall realizations. In
both loading cases, the vertical load is proportionally increased until the drip shield fails.
(Failure is typically preceded by structural instability in the form of buckling of the legs or the
bulkhead in the crown.)
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SNL 2007, Figure B-11.

Figure 3

Comparison of Drip Shield Framework Limit Loads Obtained Using Two- and ThreeDimensional Representations under Quasi-static Loading

Comparison of the failure loads shows that, for the same quasi-static loading, the
two-dimensional representations based on the 1.071-m effective plate width underestimate the
drip shield load bearing capacity relative to the three-dimensional representations for all three
configurations and for both load distributions. The main reasons for the underestimate, as
observed in Section 1.2, are that the two-dimensional representation:
•

Does not account for interior and exterior support plates in the drip shield shoulder area

•

Does not account for increase in height of the bulkhead near the drip shield shoulder area

•

Underestimates the height of the support beam between the bottom and the top assuming
its linear variation.

Figure 3 verifies that the quasi-static failure loads for the two-dimensional representation of the
drip shield framework are consistently less than the corresponding loads for the threedimensional representation. However, this observation changes for two-dimensional calculations
with dynamic loading rather than quasi-static loading. In particular, the three-dimensional
representation with quasi-static loading typically has an equal or weaker response, in terms of
assessing sidewall failure, than the two-dimensional dynamic calculations for the equivalent
level of peak vertical acceleration (SNL 2007, Table 6-146).
In other words, the
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three-dimensional quasi-static calculations generally underestimate the dynamic collapse loads
for the two-dimensional representation of the drip shield (SAR Section 2.3.4.5.3.3.3). This
observation is important for the drip shield framework fragility curves, which are based on the
three-dimensional quasi-static calculations.
1.4

CONCLUSION

The effective width of the drip shield plates of 1.071 m, used in computation of the properties of
the two-dimensional representation of the drip shield, does not result in overestimation of the
drip shield load-bearing capacity.
The validation analyses for the two-dimensional
representation of the drip shield (Figure 3) clearly show that it under-predicts the quasi-static
failure loads estimated from the three-dimensional representation.
2. COMMITMENTS TO NRC
None.
3. DESCRIPTION OF PROPOSED LA CHANGE
None.
4. REFERENCES
Brockabrough, R.L. and Johnston, B.G. 1974. USS Steel Design Manual. Pittsburgh,
Pennsylvania: US Steel Corp.
Davison, B. and Owens, G.W., eds. 2003. Steel Designers’ Manual. 6th Edition. Oxford, UK:
Blackwell Science Ltd.
SNL 2007. Mechanical Assessment of Degraded Waste Packages and Drip Shields Subject to
Vibratory Ground Motion. MDL-WIS-AC-000001 REV 00. Las Vegas, Nevada: Sandia
National Laboratories. ACC: DOC.20070917.0006; DOC.20080623.0002;
DOC.20081021.0001; DOC.20090917.0002.
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RAI Volume 3, Chapter 2.2.1.3.2, Third Set, Number 8:
Clarify whether rockfall during the early stages of a seismic event is considered in
the implementation of the drip shield abstractions presented in SAR Tables 2.3.443 and 2.3.4-44.
Basis: To assess the likelihood of drip shield damage, DOE appears to evaluate a
static rockfall load on the drip shield at the end of a seismic event (see SAR
Tables 2.3.4-43 and 2.3.4-44). DOE indicated (SNL, 2008, Section 6.6.1.2) that
only the rockfall load accumulated prior to the evaluated seismic event is
accelerated due to vibratory ground motions. Analyses in BSC (2005) conclude
that rockfall forms close to the onset of strong ground motions. In SAR 2.3.4.5 or
SNL (2008, Section 6.6.1.2), DOE has not discussed the potential significance of
accelerations applied to the rockfall that potentially forms and accumulates during
the early stages of the seismic event. Thus, strong seismic events that occur in a
relatively intact drift might underestimate drip shield damage because of the
lesser rockfall load that can lead to amplification of permanent loading. Compare,
for instance, the drip shield abstractions in SAR Tables 2.3.4-43 and 2.3.4-44 for
cases with 0-10 percent rockfall load and those with 50-100 percent rockfall load.
1.

RESPONSE

The static load on the drip shield that is used to determine drip shield damage from a seismic
event is the load resulting from rockfall accumulated from all prior seismic events, plus the total
rockfall resulting from the seismic event being considered (i.e., current seismic event). The
computational algorithm for determining the effects (i.e., rockfall, drip shield damage, etc.) of
the current seismic event is outlined in Seismic Consequence Abstraction (SNL 2007,
Section 6.12.2). Total rockfall for the current seismic event is calculated (SNL 2007, p. 6-224)
and added to accumulated rockfall for prior seismic events before drip shield plate failure
(SNL 2007, p. 6-228) or framework failure (SNL 2007, p. 6-230) are determined. Because the
accumulated total rockfall is applied to the drip shield and is subject to seismic accelerations at
the start of a seismic event, loads on the drip shield are overestimated, as is damage potential to
the drip shield.
SAR Section 2.3.4.5 is consistent with Section 6.6.1.2 of Total System Performance Assessment
Model/Analysis for the License Application (SNL 2008) as explained below. The first paragraph
of Total System Performance Assessment Model/Analysis for the License Application
(SNL 2008) describes the mechanical response of the Engineered Barrier System (EBS)
components to seismic events, and the dependence of the response on the in-drift configuration
of EBS components and their structural integrity. The text states, “The transition between these
configurations is determined by fragility curves for DS [drip shield] framework and plates, based
on the intensity of the seismic event and on the thickness of DS components and accumulated
rockfall load at the time of the seismic event.” The phrase “accumulated rockfall load at the time
of the seismic event” refers to the cumulative rockfall produced by all prior seismic events and
the current seismic event. As noted in the RAI Basis, rockfall may begin at the onset of a
seismic event and continue throughout the event’s duration. However, the timesteps used in the
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TSPA model are not sufficiently refined to support modeling of rockfall through the progression
of a seismic event. Rather, the TSPA model regards seismic events as instantaneous (i.e., the
events themselves have no duration), and applies the effects of a seismic event as described by
the algorithm outlined in Seismic Consequence Abstraction (SNL 2007, Section 6.12.2).
2. COMMITMENTS TO NRC
None.
3. DESCRIPTION OF PROPOSED LA CHANGE
None.
4. REFERENCES
SNL (Sandia National Laboratories) 2007. Seismic Consequence Abstraction. MDL-WIS-PA000003 REV 03. Las Vegas, Nevada: Sandia National Laboratories.
ACC: DOC.20070928.0011; LLR.20080414.0012
SNL 2008. Total System Performance Assessment Model/Analysis for the License Application.
MDL-WIS-PA-000005 REV 00 AD 01. Las Vegas, Nevada: Sandia National Laboratories.
ACC: DOC.20080312.001; LLR.20080414.0037; LLR.20080507.0002; DOC.20080724.0005

Page 2 of 2

ENCLOSURE 4
Response Tracking Number: 00597-00-00

RAI: 3.2.2.1.3.2-3-009

RAI Volume 3, Chapter 2.2.1.3.2, Third Set, Number 9:
Provide weld design information to demonstrate that the assumption of full
composite action used in the finite element models is adequate; particularly for
the internal and external Titanium Grade 7 plates. In addition, provide an
evaluation of residual stresses in the titanium components, resulting from weld
processes and heat treatment.
Basis: DOE concludes (SNL, 2007ap; Section 6.4.3.2.2.1) that drip shield
structural components will be welded together in such a way that relative motion
between the components will be prevented (i.e., the welds will not fail before any
of the welded components). However, DOE needs to provide information on the
weld design to demonstrate that full composite action should be expected for all
welded plates; particularly for the internal and external Titanium Grade 7 plates.
In addition, DOE needs to provide information to demonstrate that residual
stresses from welding have been evaluated in the design.
1. RESPONSE
Information on the drip shield fabrication welds, including both the location of welds and type of
welds, has been included in drawings provided in the response to RAI 2.2.1.1.2-001, which
provided additional design details of the drip shield. AWS A2.4:2007, Standard Symbols for
Welding, Brazing, and Nondestructive Examination standard symbols are used to denote the
welds. Details of the drip shield welds, including design of welded connections, qualification of
welding procedure specifications, fabrication requirements, and acceptance criteria, as well as
demonstration of full composite action of the welded plate, will be developed during the
prototyping of the drip shield.
The prototyping program will be conducted to ensure that both weld adequacy for structural
loads and the realized residual stress distribution, after stress relief, will be obtained to satisfy the
requirements in Section 6.4.3.2.2.1 of Mechanical Assessment of Degraded Waste Packages and
Drip Shields Subject to Vibratory Ground Motion (SNL 2007). Similarly, the prototyping
program will include details of the weld design and the verification of drip shield design
adequacy regarding the drip shield dissimilar welds including those of the internal and external
Titanium Grade 7 plates. The successful use of dissimilar weld filler material, which leads to the
expectation of successful prototyping of such welds, was described in Section 1.4 of the response
to RAI 2.2.1.1.2-004.
The prototyping program will be developed using the basic tenets of prototyping as discussed in
Section 1.1 of the response to RAI 2.2.1.1.2-010, with Yucca Mountain Project Engineering
Specification Prototype Drip Shield (BSC 2007) detailing the requirements for fabrication of the
drip shield in that program.
2. COMMITMENTS TO NRC
None.
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3. DESCRIPTION OF PROPOSED LA CHANGE
None.
4. REFERENCES
AWS A2.4:2007. 2007. Standard Symbols for Welding, Brazing, and Nondestructive
Examination. 6th Edition. Miami, Florida: American Welding Society. TIC: 259774.
BSC (Bechtel SAIC Company) 2007. Yucca Mountain Project Engineering Specification
Prototype Drip Shield. 000-3SS-SSE0-00100-000-000. Las Vegas, Nevada: Bechtel SAIC
Company. ACC: ENG.20071206.0013a.
SNL (Sandia National Laboratories) 2007. Mechanical Assessment of Degraded Waste Packages
and Drip Shields Subject to Vibratory Ground Motion. MDL-WIS-AC-000001 REV 00. Las
Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070917.0006.
NOTE:

a

Provided as an enclosure to letter from Williams to Sulima dtd 03/03/2009. “Yucca
Mountain – Request for Additional Information Re: License Application, Safety
Evaluation Report Volume 3, Chapters 2.2.1.2.1, Second Set - Submittal of U.S.
Department of Energy Reference Citations.”
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