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RAI Volume 3, Chapter 2.2.1.3.2, Third Set, Number 1:  

Demonstrate that the drip shield retains adequate seepage barrier functionality after 
deformation (SAR 2.3.4.5.3). 

Basis:  DOE concludes that the drip shield continues to function as a barrier to seepage 
after the drip shield framework collapses (SNL 2007ay; Section 6.12.2).  SAR Section 
2.3.4.5.3.3.2 concludes that the drip shield plates in the crown will remain intact after the 
framework legs buckle because they are structurally more robust than the framework.  The 
SAR, however, does not discuss how an appropriate level of uncertainty for framework 
collapse (including spatial variability) has been considered.  Neither does the SAR 
demonstrate that failures due to high stress concentrations in the collapsed Titanium Grade 
7 plates are unlikely to occur or that seepage water inflow through deformed drip shields 
(e.g., discontinuities) will not affect performance significantly. 

Analyses also show that for an intact drip shield framework (i.e., no uniform corrosion), the 
bulkhead snaps through in the middle of the crown span during failure (SAR, 2.3.4.5.3.3.2).  
The SAR does not explain the apparent inconsistency between the analyses used to 
generate the drip shield abstractions for the first tens of thousands of years, and the 
conclusion that the crown plates are structurally more robust than the framework legs (SAR 
Sections 2.3.4.5, 2.3.4.5.3.3.2, and 2.3.4.4.4.1), particularly in the context of barrier 
functionality. 

1. RESPONSE 

After collapse of its sidewalls, the drip shield still maintains the capability to function as a 
seepage barrier.  Two cases illustrate this point: completely collapsed sidewalls and partly 
collapsed sidewalls.  Because the crown remains intact even after complete collapse of the 
sidewalls, the drip shield maintains its seepage barrier function.  In addition, dynamic analysis of 
the structural response to the ground motion confirms that snap-through of the crown is not an 
appropriate failure mode for the performance assessment. 

The potential impact from partly collapsed sidewalls has been evaluated.  The specific case of a 
drip shield whose sidewalls collapse at one end but remain intact (standing) at the other end has 
been chosen to represent the uncertainty in framework collapse from spatial variability.  The 
results of numerical calculations estimate the strain concentrations in the crown plates if one end 
of the drip shield collapses onto the waste package beneath it but the other end remains standing.  
A total system performance assessment (TSPA) sensitivity calculation provides additional 
insight into the effect on mean annual dose if early plate failures were to occur from partial 
collapse of the sidewalls.  
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Section 1.1 of this response describes the features of the drip shield design that structurally 
reinforce the crown relative to the sidewalls and the different material properties for the Titanium 
Grade 241 framework versus the Grade 7 plates.  Section 1.2 explains why the drip shield with 
collapsed sidewalls retains its ability to deflect seepage, and explains the apparent inconsistency 
in failure mode for the as-installed drip shield.  Section 1.3 documents the numerical calculations 
that evaluate the potential for plate rupture after partial collapse of the drip shield.  Section 1.4 
discusses the uncertainty in plastic load capacity for the crown plates and a sensitivity calculation 
demonstrating that seepage water inflow through earlier failures of the crown plates has 
negligible impact on mean annual dose. 

1.1 KEY FEATURES OF THE DRIP SHIELD DESIGN 

1.1.1 Drip Shield Design Reinforces the Crown 

As shown in Figure 1, the drip shield consists of a framework of bulkheads and beams that 
support the plates, which are welded to the framework.  Five bulkheads and one peripheral 
bulkhead divide the crown of the drip shield into five sections (or segments).  The sidewalls of 
the drip shield are also divided into five sections by the four large support beams, a support beam 
connector, and the drip shield connector plate.  As used in this response, the term “sidewalls” or 
“legs” refers to Plate-2 (see Figure 1), the large support beams on Plate-2, and the external 
support plates welded to Plate-2.  Each of the five sections has similar components and similar 
mechanical stiffness, a fact that has been used to simplify the three-dimensional structural 
response calculations for the drip shield.  

The crown of the drip shield is highly reinforced by the design shown in Figure 1.  For example, 
the five bulkheads supporting the crown plate (Plate-1 in Figure 1) are 902.8 mm high and 
38.1 mm thick.  Each bulkhead also has a bottom flange that is 20 mm thick.  These bulkheads 
and flanges provide a stiff framework under vertical and lateral (i.e., perpendicular to the drift 
axis) loading.   

The crown is also reinforced in the longitudinal direction (i.e., axially along the length of the drip 
shield).  Figure 2 provides an expanded view of the individual components of the drip shield, and 
identifies the components that provide extra reinforcement.  First, the crown of the drip shield is 
reinforced axially by three bulkhead longitudinal stiffeners that are 70 mm by 38 mm in cross 
section.  Second, the sides of the crown are reinforced axially by ten internal support plates, 
which are 12.7 mm thick and welded to Plate-1, the top plate of the drip shield that is 15 mm 
thick.  This provides almost a double thickness of Titanium Grade 7 along the sides of the crown 
where it meets the shoulders.  The presence of the interior support plates has been conservatively 
ignored in the calculations of plate fragility, but is relevant to this response.  Third, the sidewalls 
of the drip shield are axially reinforced by ten external support plates, which are 12.7 mm thick 

                                                 
1 Calculations in Mechanical Assessment of Degraded Waste Packages and Drip Shields Subject to Vibratory 
Ground Motion (SNL 2007a) use Titanium Grade 24 as a proxy for Titanium Grade 29, which is the current design 
material for the drip shield framework.  Section 4.1.5 (SNL 2007a) has a comparison of material properties between 
Titanium Grade 24 and Titanium Grade 29. 
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and welded to the top of Plate-2, the sidewall of the drip shield that is 15 mm thick.  This 
provides almost a double thickness of Titanium Grade 7 at the top of the sidewalls, where they 
meet the shoulder.  

The five bulkheads, bulkhead longitudinal stiffeners, ten internal support plates, and ten external 
support plates stiffen the crown of the drip shield relative to its sidewalls.  In effect, the crown 
and shoulders form a stiff box frame relative to the sidewalls, helping to explain why the crown 
and its plates remain intact even when the sidewalls buckle near the bottom of the drip shield 
(SAR Section 2.3.4.5.3.2.3, bottom of last paragraph). 
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Source: SAR Figure 1.3.4-14. 

Figure 1. Components of the Interlocking Drip Shield 
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Figure 2. Sub-Assembly for the Individual Components of the Interlocking Drip Shield 
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1.1.2 Framework Bears the Load 

The mechanical properties of the drip shield materials are important for the distribution of loads 
and strains within the structure.  The plates are fabricated from Titanium Grade 7 and the 
framework components are fabricated from Titanium Grade 29.  Grade 29 is used for the 
framework components because it is stronger and stiffer than Grade 7.  

Figure 3 presents a comparison of the uniaxial stress-strain response at 60°C of Grade 7 and 
Grade 24, the proxy for Grade 29 in the structural response calculations.  These curves 
demonstrate that, for a given strain, a uniaxial bar of Grade 24 will sustain more than twice the 
stress and bear more than twice the load than a bar of Grade 7, all other factors being equal.  
Alternately, at a stress of 400 MPa, Grade 24 still is elastic but the Grade 7 is essentially at 
ultimate failure.  Figure 3 illustrates that Grade 24 is stronger and stiffer than Grade 7.  This is 
not meant to imply that a component made from Grade 7 will always fail before a component 
made from Grade 24 because the component thicknesses have a major impact on structural 
response. 

 

Figure 3. Comparison of Uniaxial Stress-Strain Curves for Titanium Grades 7 and 24 at 60°C 

These stress-strain curves also demonstrate that a bar of Grade 7 does not reach ultimate failure 
until a significantly greater ultimate strain than a bar of Grade 24.  (The point of ultimate failure 
corresponds to the end point of each curve in Figure 3.)  By design, the framework components 
in the crown of the drip shield will tend to bear more load than the plates.  These statements are 
not precise because the bulkheads, axial stiffeners, and plates all have different thicknesses, cross 
sectional areas, curvature, etc., but it does provide insight into the dynamic response of the 
sidewalls versus the crown assembly and its plates, discussed in the next section. 
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1.2 RESPONSE WITH COMPLETELY COLLAPSED SIDEWALLS 

1.2.1 Crown Assembly Remains Intact under Dynamic Loading 

A series of two-dimensional dynamic simulations of a drip shield surrounded by the rubble were 
performed to evaluate the failure modes of the drip shield surrounded by seismically induced 
rockfall (SAR Section 2.3.4.5.3.3.3 and SNL 2007a, Section 6.4.4.5).  The calculations were 
performed for four ground-motion sets at each of the 2.44 m/s and 4.07 m/s peak ground velocity 
(PGV) levels, using three drip shield configurations representing different levels of general 
corrosion: as-installed (no corrosion), 5-mm thickness reduction for all components, and 10-mm 
thickness reduction for all components.  The four strongest sets of ground-motion time histories, 
numbers 3, 7, 9, and 13, were chosen from the 17 sets available at each PGV level for these 
calculations (SNL 2007a, Section 6.4.4.5).  These choices maximize the rockfall load and 
structural response for the dynamic calculations. 

These simulations provide a more accurate representation of interaction between the rubble and 
the drip shield and the dynamic rubble loads on the drip shield than the quasi-static analyses 
discussed in SAR Section 2.3.4.5.3.3.2.  The dynamic simulations were two-dimensional and 
carried out by applying the vertical component and one horizontal component of each 
ground-motion set to a two-dimensional cross section of the drip shield in a fully collapsed drift.  
These calculations automatically generate the transient vertical and lateral rockfall loads on the 
drip shield, accounting for the complex interactions between the deforming structure and the 
moving mass of rubble.  

The two-dimensional representations of the drip shield, which include the crown plates, 
bulkheads, and large support beams, are an approximation of the three-dimensional structure.  
The two-dimensional representations were designed to match or underestimate the flexural 
stiffness and bending moment versus curvature of the three-dimensional structure in the 
two-dimensional model (SNL 2007a, Section 6.4.4.3 and Appendix B).  In other words, the 
two-dimensional representation is designed to underestimate the load bearing capacity of the 
three-dimensional structure (for the same static loading conditions). 

The dynamic nature of the rubble loading, the selection of the two highest PGV levels and four 
strongest sets of ground motions, and the mechanical properties of the two-dimensional 
representation are designed to maximize the structural response of the drip shield in general and 
its crown in particular.  If the crown and its plates are observed to remain intact under these 
dynamic analyses, then the crown is expected to remain intact and continue to fulfill its function 
as a barrier to seepage.  In other words, the dynamic simulations bound the structural response of 
the drip shield for all relevant seismic events. 

The results from the 24 dynamic calculations are summarized in SAR Section 2.3.4.5.3.3.3.  
Typically, the drip shield is observed to fail by buckling of a sidewall near the bottom, 
approximately 20 to 30 cm from the contact with the invert.  This behavior is not surprising 
because the thickness of the large support beams is smallest at the bottom of the sidewalls and 
because the sidewall plates, Plate-2 in Figure 1, are not reinforced at their bottoms with external 
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support plates, only at their tops.  This behavior is also reasonable because the crown and its 
plates form a stiff “box” relative to the sidewalls.  

These fully dynamic simulations also demonstrate that the drip shield does not fail as a result of 
snap-through in the middle of the crown.  Only for ground motion set number 11 at the 4.07 m/s 
PGV level are there indications of failure in the crown (for example, see SAR Figure 2.3.4-85).  
However, these potential crown failures occur at or near the shoulder, and not in a snap-through 
mode (SAR Figure 2.3.4-85 and SNL 2007a, Section 6.4.4.6, Figures 6-60 and 6-62).  In this 
situation, any seepage through possible crown ruptures would result in flow down the side of the 
drip shield and not cause advective flow through the waste packages.  

The dynamic two-dimensional simulations therefore confirm that the crown remains intact as a 
barrier to seepage with fully collapsed sidewalls, even for the maximum seismic ground motions.  

1.2.2 Apparent Inconsistency in Failure Mode for As-Installed2 Drip Shield 

The three-dimensional quasi-static calculations for the ultimate plastic load capacities of the drip 
shield framework and of the crown plates demonstrate that the crown plates are structurally more 
robust than the framework legs, as stated in SAR Section 2.3.4.5.3.2.3.  Figure 4 provides a 
side-by-side comparison of the plastic load capacities, also called limit loads in the SAR, from 
the information in SAR Figures 2.3.4-81 and 2.3.4-83.  The comparison in Figure 4 demonstrates 
that the plastic load capacities of the crown plates are always greater than the plastic load 
capacities of the framework for the three levels of corrosion thinning, providing the basis for the 
statement that the crown plates are structurally more robust than the framework.  In addition, the 
difference in load capacity is consistently represented in the fragility curves for the framework 
and crown plates because, for a given level of corrosion thinning, the probability of rupture of 
the crown plates is always lower than the probability of the sidewalls buckling at a given ground 
motion level (SAR Tables 2.3.4-43 and 2.3.4-44). 

The three-dimensional quasi-static analyses also show that the failure mode for the as-installed 
drip shield is snap-through of the crown at the middle of its span (SAR Figure 2.3.4-82 and SAR 
Section 2.3.4.5.3.3.2).  This failure mode is different than the failure mode for the 
two-dimensional dynamic calculations discussed in SAR Section 2.3.4.5.3.3.3.  As explained in 
Section 1.2.1 of this response, the two-dimensional dynamic calculations typically fail by 
buckling of a sidewall near the bottom, approximately 20 to 30 cm from the contact with the 
invert, rather than by snap-through of the crown (SNL 2007a, Figure 6-60).  Only one case in the 
dynamic two-dimensional calculations, ground-motion set number 11 at the 4.07 m/s PGV level, 
shows indications of failure in the crown.  However, these potential crown failures occur at or 
near the shoulder, and do not exhibit a snap-through response (SAR Figure 2.3.4-85 and 
SNL 2007a, Section 6.4.4.6, Figures 6-60, 6-61, and 6-62).  In this situation, any seepage 
through these crown failures would flow down the side of the drip shield and not cause advective 
releases from the waste packages.  

                                                 
2 The term “As-Installed” means a drip shield whose thickness has not been reduced by corrosion.  The term should 
not be construed to mean that some Engineered Barrier System (EBS) components have been installed. 
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Figure 4.  Comparison of Ultimate Plastic Load Capacity (limit load) for the Drip Shield Framework and 

Drip Shield Crown Plates 

The quasi-static analysis is designed to represent the main aspects of the drip shield–rubble 
interaction during strong seismic ground motions.  The quasi-static analysis is expected to 
underestimate the load-bearing capacity of the drip shield during strong seismic ground motion 
because the peak value of the ground acceleration during a seismic ground motion occurs during 
a very brief time interval, while the equivalent quasi-static simulation applies a constant vertical 
load that is correlated with the peak (maximum) vertical ground acceleration, as discussed in the 
response to RAI 3.2.2.1.3.2-3-007.  In effect, the quasi-static simulation is using the maximum 
vertical ground acceleration as a constant load on the drip shield and, therefore, underestimates 
load-bearing capacity.  The quasi-static model also approximates the lateral loads on the drip 
shield, based on the displacement of the drip shield and the elastic properties of the surrounding 
rubble. 

The two-dimensional dynamic calculations provide a more accurate representation of the 
transient rubble loads on the drip shield than the quasi-static model.  The dynamic calculations 
determine the transient rockfall loads as a function of the ground motions in the lateral and 
vertical directions and as a function of structural displacements of the drip shield.  The dynamic 
calculations therefore provide a more accurate and direct representation of the structural response 
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to ground motion during a seismic event, and provide a more accurate estimate of drip shield 
failure modes than the quasi-static model. 

In this situation, the two-dimensional dynamic calculations have been used to verify that the 
quasi-static approach provides a reasonable and conservative representation of the ultimate 
plastic load capacity of the drip shield framework and to confirm that snap-through of the crown 
was not the appropriate failure mode for performance assessment.  The results from the dynamic 
calculations described in Section 1.2.1 of this response and in SAR Section 2.3.4.5.3.3.3 are 
consistent with this description.  However, the current text in SAR 2.3.4.5.3.3.3 contains a minor 
error in a description of the results of the quasi-static analysis results, and text has been proposed 
to correct the error (Section 3 of this response). 

1.3 LOCALIZED FAILURE OF A SINGLE DRIP SHIELD 

1.3.1 Drip Shield Separation and Its Impact on the Seepage Barrier 

The potential for axial and vertical separation between adjacent drip shields is discussed in 
feature, event, or process (FEP) 1.2.03.02.0B, Seismic-Induced Rockfall Damages EBS 
Components.  Drip shield separation is defined as an axial or vertical gap or space between two 
adjacent drip shields that allows in-drift seepage to flow directly onto waste packages.  
Separation is important because it negates the functionality of the drip shields as a barrier to 
seepage.  

Axial separation of adjacent drip shields is excluded from the TSPA model because:  (1) ground 
motion amplitudes that are sufficient to cause axial separation are also large enough to partially 
or completely collapse drifts in the repository, (2) rockfall begins within the first second or two 
of the arrival of these large amplitude ground motions, and (3) a kinematic study indicates that 
small static loads from rubble or frictional loads between EBS components are sufficient to 
eliminate axial separation of drip shields (SNL 2007b, Section 6.7.3.1).  In this situation, rockfall 
provides restraints on the motion of the drip shields, preventing differential motion that could 
lead to separation.  Axial separation is thus excluded from the TSPA model based on low 
probability. 

Vertical separation of adjacent drip shields is also excluded from the TSPA model because: 
(1) rockfall provides restraints on the motion of the drip shields, preventing differential motion 
that could lead to separation, as discussed above, and (2) the drip shield connector subassemblies 
provide a 320-mm-long (12.6-inch-long) overlap at the joint between adjacent drip shields 
(SNL 2007b, Section 6.7.3.2).  This overlap will protect the waste packages from direct seepage 
and direct rockfall that might result from a vertical displacement of a few inches between 
adjacent drip shields.  In addition, the curved plates on the crown will continue to shed seepage 
laterally, and the connector guide and drip shield connector assembly provide an additional 
barrier to any seepage that is able to flow longitudinally toward the gap between shields.  
Vertical separation is not included in the TSPA model on the basis of low probability.  
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1.3.2 Numerical Analysis of a Partly Collapsed Drip Shield 

The collapse of one end of the drip shield may impose significant loads that could potentially 
rupture the longitudinal stiffeners and plates in the crown, allowing seepage direct access to the 
waste package.  Conceptually, this could occur if the welds that attach large support beams to the 
sidewalls fail, substantially weakening one end of the drip shield, and/or if the rockfall load is 
significantly greater on one end of the drip shield than the other end.  A numerical analysis has 
been performed for the effective plastic strain in the crown plate for a partly collapsed drift 
shield.  This analysis determines the potential for plate rupture as a function of the displacement 
of one section of the drip shield relative to adjacent sections of the drip shield. 

The potential for differential displacements along the drip shield to cause rupturing or tearing of 
the drip shield crown plate has been investigated numerically. The numerical analysis is 
two-dimensional, along a vertical plane through the crown of the drip shield. The crown plate 
(i.e., Plate-1) is represented as a flat plate resting on the bulkheads. The curvature of Plate-1 in 
the out-of-plane direction is neglected, and the presence of the three longitudinal stiffeners is 
conservatively neglected.  

During the numerical analysis, the bulkhead on one side of the plate is moved vertically 
downwards at relatively small velocity (to ensure quasi-static response in the analysis), 
simulating uneven deformation (i.e., collapse) of the drip shield framework; the other bulkhead is 
kept fixed. The boundary conditions on the bulkheads are fixed for rotation and horizontal 
translation during the simulation. This configuration overpredicts strain in the plate because plate 
stresses will cause rotation and horizontal translation of the bulkhead, thereby reducing stresses 
and strains in the plate. The bulkhead flange is not included in this modelling exercise. 

The contours of the plastic shear strain in a 15-mm-thick plate after 19.8-cm differential 
displacement are shown in Figures 5 and 6 (detail).  This differential displacement corresponds 
to the point of rupture, when the maximum effective strain equals the ultimate strain.  The plastic 
strains are localized at the contact between the plate and the bulkhead.  
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Figure 5. Plastic Shear Strains in 15-mm-Thick Plate after 19.8-cm Differential Displacement 
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Figure 6. Plastic Shear Strains in 15-mm-Thick Plate after 19.8-cm Differential Displacement 

The evolution of the maximum effective plastic strain as a function of differential settlement is 
shown in Figure 7.  The calculations were performed for three plate thicknesses (15 mm, 10 mm, 
and 5 mm), representing different stages of thickness reduction due to uniform corrosion.  (In all 
calculations the dimensions of the bulkhead were the same as those in the initial configuration 
because the effect of thinning of the bulkhead on strains in the plate is negligible.)  The 
maximum plastic strain does not depend on the plate thickness, particularly for strain levels close 
to the rupture strain, because the calculation is driven by a displacement boundary condition.  
The analysis shows catastrophic failure at an effective plastic strain of about 60%.  However, 
rupture of Titanium Grade 7 plate occurs at an ultimate true elongation of 21.7% (SNL 2007a, 
Table A-1).  (The effective plastic strains in Figure 7 are compared with ultimate plastic strain of 
21.7% (SNL 2007, Table 6-134), which corresponds to the ultimate true elongation of 22%.)  
The calculations therefore indicate that tearing of the plates will take place after about 18.9-cm 
differential displacements for a 15-mm-thick crown plate.  The critical differential displacement 
for 10-mm- and 5-mm-thick plates is 18.8 cm and 18.2 cm, respectively. 
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Figure 7. Effective Plastic Strain in Plates of Different Thicknesses as a Function of Differential 
Displacement  

The numerical analysis imposes increasing differential displacement between bulkheads as the 
boundary condition for the analysis.  The main mechanism that can cause differential 
displacement along the drip shield is partial collapse of the drip shield.  Collapse of the drip 
shield framework typically occurs as a result of buckling of its legs (SNL 2007a, 
Sections 6.4.3.2.3 and 6.4.4.6 and Figures 6-55, 6-56, 6-60, 6-61, and 6-62).  The vertical 
displacements of the drip shield before the legs buckle are relatively small.  In addition, the static 
loads that cause drip shield collapse are relatively large (SNL 2007a, Figure 6-57) compared to 
the rubble loads in a completely collapsed drift (SNL 2007a, Table 6-136).  Thus, there are two 
conditions necessary for drip shield collapse: (1) completely collapsed emplacement drift (to 
maximize the static rockfall load), and (2) strong seismic ground motions (to maximize the 
dynamic amplification of the static load).  

Under conditions (1) and (2), the dynamic load on a single drip shield will be relatively uniform.  
First, the height of the rubble above a single drip shield will be relatively uniform when the drip 
shield collapses.  If there is uneven rubble above a single drip shield at the start of a ground 
motion, the strong seismic ground motion that is required to collapse the drip shield will cause 
total collapse of any intact portions of the drift and even out the height of the rubble above the 
drip shield.  Second, seismic amplification of the static rubble load will be almost uniform along 
the length of drip shield because the wave length of the ground motions is generally much 
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greater than the length of the drip shield.  It follows that the dynamic load on a single drip shield 
will be relatively uniform. 

Partial collapse of some segments of a drip shield while others fail is therefore unlikely because 
the dynamic loads in a collapsed drift will be relatively uniform and because the crown of the 
drip shield is a reinforced three-dimensional structure in the axial and lateral directions, as 
discussed in Section 1.1.1.  If one or two segments collapse, additional load is transferred to the 
remaining, stable segments due to action of the longitudinal stiffeners and due to rubble load 
redistribution to stiffer and stronger sections of the drip shield.  The transferred load is then 
likely to fail the remaining segments of the drip shield. 

Even if partial collapse of a few drip shield segments occurs, the ductility of the drip shield 
crown plate is sufficient to allow substantial differential displacement before rupture occurs.  
Figure 8 illustrates a case with total collapse of the segment at one end of the drip shield, 
progressive collapse of the three intermediate segments, and no collapse for the segment on the 
other end of the drip shield.  The numerical analyses show that the plates remain intact until 
3 × 18.2 cm = 55 cm of total displacement over the three segments shown in Figure 8.  (The 
critical displacement of 18.2 cm, obtained for a plate thickness of 5 mm, is used here as the 
smallest between 3 plate thicknesses analyzed.)  For comparison, the clearance between the top 
of a waste package and the bottom of the drip shield varies between 14 inches (35.56 cm) to 
27 inches (68.58 cm) (SNL 2007b, Table 4.1 and Section 6.11.1).  While the displacement of 
55 cm is less than the maximum clearance of 68.58 cm, it is likely that other processes, such as 
settlement of the drip shield into the invert backfill during a strong seismic ground motion, will 
accommodate this 13.5 cm  difference. 

 

Figure 8. Schematic Drawing of a Partially Collapsed Drip Shield 
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1.4 UNCERTAINTY IN CROWN PLATE RESPONSE AND SENSITIVITY OF DOSE 

The uncertainty in the plastic load capacity of the crown plate has also been maximized to 
indirectly encompass the uncertainty in the structural response.  The boundary conditions on the 
crown plate are a major uncertainty in the analysis, as explained in Seismic Consequence 
Abstraction (SNL 2007b, Section 6.8.2.1).  The rockfall loads on the crown plates may be 
nonuniform, producing an asymmetric response between the sides of the crown plate.  The welds 
between the crown plates and the underlying framework may also constrain displacement and 
rotation of the crown plate to varying degrees.  The resulting response of a crown plate may not 
match typical boundary conditions, such as fixed or simply supported, because of these effects.  
The range of potential boundary conditions is represented by considering two options that 
represent the extremes of the response:  (1) a plate that is fixed to maximize the load-bearing 
capacity, and (2) a plate that is free to move laterally, which tends to minimize the load-bearing 
capacity.  The resulting ultimate plastic loads as a function of plate thickness and boundary 
condition are presented in SAR Section 2.3.4.5.3.3.1. 

The results for the plastic load capacity with fixed and laterally free boundary conditions are 
taken to represent the extremes of plate response at the 90th and 10th percentiles of a log-normal 
distribution, respectively (SNL 2007b, Figure 6-73).  This approach bounds the anticipated 
variation in boundary conditions throughout the repository because: (1) the lower percentiles of 
the log-normal distribution represent the laterally free response, wherein all of the welds holding 
Plate-1 to the drip shield bulkheads are assumed to fail, and (2) when the plates fail in the TSPA 
model, they fail for every drip shield in the repository.  These features maximize the impact of 
plate failure (and the associated access of seepage to the waste package) in comparison to the 
more realistic case, with a few welds failing on a limited number of drip shields.  In other words, 
the algorithm for the seismic damage abstraction overemphasizes the extreme case with 
simultaneous plate failure throughout the repository. 

In addition, a sensitivity analysis has demonstrated that the timing of drip shield failure from 
greater uncertainty in titanium corrosion rates has a negligible effect on the mean annual dose 
(see response to RAI 3.2.2.1.3.1-005).  The sensitivity study considered both slower and faster 
general corrosion rates for titanium through the use of an uncertainty factor between 0.5 and 4.  
The multiplier has the effect of shortening or extending the lifetimes of the drip shield 
framework and crown plates well outside the range currently observed in model results (SAR 
Figure 2.4-24).  Thus, if the performance assessment model were sensitive to the timing of drip 
shield failure, the expected annual dose for the alternate case could be higher or lower, 
depending on the value of the uncertainty multiplier. 

Figure 9 demonstrates that applying the uncertainty multiplier to the Titanium Grade 7 corrosion 
rates results in both earlier and later drip shield plate failures, as evident in the bimodal 
appearance of the histogram in the alternate case.  The figure shows that the resulting drip shield 
failure times varied between about 80,000 years and 500,000 years with the uncertainty factor, 
compared to the base case with failure times between about 140,000 years and 300,000 years.  
As used here, drip shield failure means failure of the crown plates as a barrier to flow.  
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The sensitivity calculation also demonstrated that the timing of crown plate failure has a 
negligible impact on repository performance.  The response to RAI 3.2.2.1.3.1-005 showed that 
at 1 million years, the difference in the maximum of the mean annual dose between the base case 
and the alternate case is less than 1%.  If the alternate case results were added to the results of 
other seismic modeling cases, the effect of the alternative case results on total mean annual dose 
would be negligible.  Stated differently, mean annual dose is insensitive to the timing of crown 
plate rupture within the ranges considered for the TSPA sensitivity analysis.  In addition, the 
sensitivity calculation assumes that all crown plates fail simultaneously, providing a more severe 
analysis condition than if some fraction of the crown plates fail from partial collapse. 

 

Source: Figure 1 in the response to RAI: 3.2.2.1.3.1-005. 

Figure 9.  Comparison of Drip Shield Plate Failure Time for the Base and Alternate Cases 

1.5 CONCLUSIONS 

The crown assembly of the drip shield is highly reinforced by the presence of five bulkheads, 
bulkhead longitudinal stiffeners, ten internal support plates, and ten external support plates.  In 
effect, the crown and shoulders form a stiff box frame relative to the sidewalls.  By design, the 
framework components in the crown of the drip shield will tend to bear more load than the 
plates.  
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The plates are welded to a robust framework that enhances their structural integrity.  The 
enhancement is confirmed by dynamic two-dimensional simulations, which show that the crown 
remains intact after sidewall buckling with the maximum seismic ground motions.  With an 
intact crown, the curved plates on the crown continue to shed seepage laterally, and the 
connector guide and drip shield connector assembly provide an additional barrier to any seepage 
that is able to flow longitudinally to the ends of the drip shield.  It follows that the drip shield 
continues to perform as a barrier to seepage after buckling of the sidewalls. 

Compared to the quasi-static model, the two-dimensional dynamic calculations provide a more 
accurate and direct representation of the structural response to the ground motion during a 
seismic event, and a more accurate simulation of drip shield failure modes.  In this situation, the 
two-dimensional dynamic calculations have been used to verify that the quasi-static approach 
provides a reasonable and conservative representation of the ultimate plastic load capacity of the 
drip shield framework, and to confirm that snap-through of the crown was not the appropriate 
failure mode for performance assessment.  The results from the dynamic calculations, as 
discussed in SAR Section 2.3.4.5.3.3.3, have confirmed these statements. 

A numerical analysis was conducted for the potential for differential displacements along the 
drip shield to cause rupturing or tearing of the drip shield crown plate. This analysis 
demonstrates that a differential displacement of up to 18.2 cm per drip shield segment does not 
cause plate rupture.  Also, the partial collapse of some segments of a drip shield while others fail 
is unlikely because the dynamic loads in a collapsed drift will be relatively uniform and because 
the crown of the drip shield is a reinforced three-dimensional structure in the axial and lateral 
directions (Section 1.3.2).  Even if partial collapse of a few drip shield segments occurs, the 
ductility of the drip shield crown plate is sufficient to allow substantial differential displacement 
before rupture occurs.  In particular, these results demonstrate that the crown plates bend but do 
not rupture if as many as three drip shield segments fail, and the total deflection is 54.6 cm 
(21.5 inches).  

The uncertainty in the plastic load capacity of the plates has also been maximized to indirectly 
encompass the uncertainty in the structural response of the framework.  The approach bounds the 
anticipated variation in boundary conditions throughout the repository because: (1) the lower 
percentiles of the log-normal distribution for plastic load capacity represent the laterally free 
response, wherein all of the welds holding Plate-1 to the drip shield bulkheads are assumed to 
fail, and (2) when the plates fail in the TSPA, they fail for every drip shield in the repository.  
These features maximize the impact of plate failure (and the associated access of seepage to the 
waste package) in comparison to the more realistic case, with a few welds failing on a limited 
number of drip shields.  In addition, a sensitivity calculation has demonstrated that mean annual 
dose is insensitive to the timing of plate rupture within a range of values from 80,000 years to 
500,000 years, substantially greater than the range of values from 160,000 years to 300,000 years 
for the base case model. 
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2. COMMITMENTS TO NRC 

DOE will correct a statement in SAR Section 2.3.4.5.3.3.3. 

3. DESCRIPTION OF PROPOSED LA CHANGE 

The text in SAR Section 2.3.4.5.3.3.3 will be revised as follows:   

Based on these results, the limit loads determined from the quasi-static fragility 
analyses of the drip shield structural framework provide a reasonable and 
conservative estimate of both the failure mode and the limit loads for the complex 
case of strong ground motion shaking of the drip shield and rubble. 

The text ‘both the failure mode and’ will be deleted. 
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