Department of Energy
National Nuclear Security Administration
Washington, DC 20585

September 22, 2008
OFFICE OF THE ADMINISTRATOR

The Honorable A.J. Eggenberger
Chairman

Defense Nuclear Facilities Safety Board
625 Indiana Avenue, NW Suite 700
Washington, DC 20004-2901

Dear Mr. Chairman:

This letter is in response to your correspondence dated June 25, 2008, concerning the Defense
Nuclear Facilities Safety Board’s (DNFSB) structural and geotechnical review of the Waste
Solidification Building (WSB) at the Savannah River Site (SRS). I anticipate that this response
and the attached documents, as well as the ongoing working relationship between DNFSB and
the SRS-DOE staff, will result in a mutually agreeable path forward on WSB.

In response to your request regarding the development of the structural design package,
documents addressing design and supporting calculations for the WSB that more clearly convey
the approach used in the design and analysis of the facility have been revised and transmitted to
your staff for review. To address your concern about the use of an improper roof design, the
project team has modified the design of the facility and revised drawings have also been
provided to your staff for review. On a more complicated topic, your letter asserted an
inadequacy in the differential settlement profile used for the design of the facility and requested a
report documenting: (1) the justification for the design differential settlement profile for the
WSB, addressing recognized uncertainties in the methodology and analytical approach used to
derive the profile, and (2) the sensitivity of the current design to differential settlement, including
an estimate of the maximum differential settlement that the structure can accommodate and still
remain with design acceptance limits. The attachment to this letter provides detailed analysis on
these issues.

In summary, NNSA considers that given the results from the WSB geotechnical and structural
analysis report, the WSB has employed a justifiable and sufficiently conservative total
differential settlement on which to base the facility design. In order to provide an enhanced
margin of safety, NNSA will take steps to add reinforcement throughout the facility basemat to
the degree described in the report.

While NNSA views reinforcement to be a suitable alternative for this particular project, it is
concerned with the inconsistent expectations for conservatism in new facility designs.
Geotechnical analysis and the estimation of settlement have heen topics of discussion with the
DNFSB in recent years on a number of projects at SRS. SRS is leading the effort for the
resolution of this issue. As you are aware, a meeting was held on June 12-13, 2008, with SRS
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and its consultants, your staff, and a research team from the Georgia Institute of Technology to
discuss the SRS Soft Zone Investigation Program. During this meeting, the participants agreed
to refocus first-year program activities to specifically determine if the soft zones pose a static on
cyclic issue and thus, to provide a potential new framework from which to consistently
characterize and analyze the effects of soft zones on structural design. SRS is currently working
with the Georgia Institute of Technology to finalize the scope of this multi-year program. The
Soft Zone Investigation Program should result in a consistent approach to calculating the effect
of soft zones on the design of future facilities.

I believe the agreement of the WSB project team to analyze the facility at a higher differential
settlement and to incorporate design changes accommodating the results should not be viewed as
a precedent for future facility designs. NNSA observes that no finding against national
consensus codes or standards, or misapplication of DOE Orders or Standards was identified
during this structural review. Furthermore, NNSA is committed to designing and constructing
nuclear facilities in accordance with national standards and Departmental requirements.

I look forward to your continued collaboration with NNSA’s capital projects. If you have any
questions, please contact Ken Bromberg, Assistant Deputy Administrator for Fissile Materials
Disposition, at (202)586-2695.

Sincerely,

R 2ok

Thomas P. D’ Agostino
Enclosure Administrator

cc: Mark Whitaker, DOE Representative to the DNFSB
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WSB Geotechnical and Structural Analysis

Introduction

A letter sent by the Defense Nuclear Facilities Safety Board (DNFSB) on June 25, 2008
regarding the geotechnical and structural review of the Waste Solidification Building
(WSB) Project at the Savannah River Site (SRS) listed three primary concerns. Provided
below is a response describing actions being taken to remedy those concerns and the
implementation status of these actions, which were discussed with the DNFSB staff in a
conference call on July 16, 2008. Although not specifically addressed in the letter, the
staff report also discussed the Finite Element Analysis conducted for the WSB.
Additional information is provided on the methodology used.

Discussion
The three primary issues are discussed below.

1. Roof Truss Continuity with Roof Slab

The design has been modified to provide a positive connection between the concrete roof
slab and the support trusses/beams. Concrete studs have been added to the top flange of
the steel members to provide for composite action of the roof structural system. The
analyses, design calculations, and drawings have been aligned to reflect this change, and
the updated drawings have been provided to the DNFSB staff.

2. Unity of Structural Calculations

The structural design calculations have been revised extensively to address the final as-
designed configuration of the facility. Concurrent with this, the analyses have been
consolidated and the linkage of the calculations clarified. The structural analyses have
been reduced from eleven to six calculations (see Table 1) and transmitted to the staff for
review (WSRC letter NNP-WSB-2008-00026, dated July 2. 2008).

3. Dynamic Settlement Profile

Geotechnical analysis at the Savannah River Site (SRS) has relied on an extensive soil
exploration and testing program to determine the thickness of soft zones under a facility
to be constructed. This program has resulted in the F-Area being one of the most highly
characterized areas on the SRS, with approximately 400 penetration tests being drilled
and/or pushed in the general vicinity of the WSB and its related projects, the Pit
Disassembly and Conversion Facility (PDCF) and the Mixed Oxide Fuel Fabrication
Facility, among others. These tests have provided a high degree of confidence that the
subsurface conditions in the affected portion of F-Area are well understood. Seven
penetrations specifically under the WSB footprint support this conclusion, with the
thickest soft zone under the WSB found to be about 4.7 feet. Nevertheless, the WSB
project team elected to use a thickness of 7.6 feet for conservatism, which matches the
thickest soft zone found under the PDCF Plutonium Processing Building (PPB) and
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resulted in a computed soft zone dynamic settlement of 2.8 inches, even though the
geotechnical exploration and testing for the WSB indicates that the soil strata generally
improve in the area of the WSB. Uncertainties in the settlement resulting from the soft-
zone are addressed by assuming a larger settlement than would be calculated using the
actual soft zone thickness under the facility. However, we acknowledge that differences
exist between the DNFSB staff and SRS in the determination of settlement resulting from
soft settlement in the Santee Formation.

The letter from the DNFSB lists four geotechnical issues conceming dynamic settlement.
Three issues concem uncertainty (number of penetrations; soft zone thickness; and the
angle of settlement propagation, soft zone shape, and soft zone compressibility). SRS
recognizes and agrees that a degree of uncertainty will exist regarding these issues, given
that no national code or consensus is available to address this topic; however, the
methodology used by the WSB project resulted in an estimate of settlement that
correlates well with subsequent analyses that have been conducted since the staff’s on-
site review. SRS also agrees with the Board that there is uncertainty in calculational
methodologies used to determine the amount of soft zone settlement that is propagated to
the surface as the result of a seismic event. In order to address these uncertainties, SRS
committed to conduct a probabilistic dynamic settlement assessment, similar to the recent
analysis performed for the Salt Waste Processing Facility. The assessment, documented
in calculation K-CLC-F-00079, incorporated site-specific data to determine distributions
for soft zone geometry (i.e., circular or linear), soft zone thickness, depth, width, angle of
settlement propagation, and strain. The resulting g4™ percentile soft zone settlement for
WSB was calculated to be about 3 2 inches and is assumed to be differential settlement.
Additionally, a re-evaluation of the static settlement was performed based on the final
design footprint and known structural load which revised the static differential settlement
prediction to approximately ¥z inch. Adding the probabilistic seismic differential
settlement prediction (3 2 inches) to the revised static differential settlement (% inch)
results in a total differential settlement of about 4.0 inches. This combination of static
and dynamic differential settlements is inherently conservative in that it assumes the
same profile for both settlement components and assumes that the maximum settlements
occur in the same location.

The fourth geotechnical issue addressed by the DNFSB staff deals with the use of cyclic
resistance ratio (CRR) curves for liquefaction analysis that have recently been revised.
The WSB liquefaction safety factors never drop below 1 (even for a magnitude 7.5 event)
resulting in little settlement due to liquefaction. Based on this analysis, the fact that the
water table depth at the WSB site is about 70 feet, and the fact that the analysis was
performed for the PC-3+ rock spectrum (a 1.25 increase above the PC-3 values at all
frequencies at rock depth), revising the liquefaction settlement calculations is not
warranted. Additional analyses could be performed, however the results are not expected
to change much, if at all, and any computed settlement would be expected to be uniform
and not contribute to the differential settlement for the facility.
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WSB Differential Settlement Analysis: Calculation (T-CLC-F-00411) uses a detailed
finite element analysis to evaluate various settlement profiles using a 3.8 inch deep
trough. This trough was placed at five different locations under the structure and was
used as the original design basis to determine reinforcing requirements for the structure.
In order to address potential speculation about the proper location of the trough from an
infinite number of possibilities, where the five evaluations indicated a need for
reinforcement, similar reinforcement was added to all comparabie locations throughout
the facility.

Following the 3.8 inch differential settlement analysis, where the primary criterion is to
keep demand/capacity ratios less than unity, the specified settlement was doubled to 7.6
inches as an evaluation case and comparable demand/capacity ratios for the most critical
elements calculated. For the increased settlement, these D/C ratios are evaluated against
the ductility limits, Fu, provided in ASCE 43-05, as discussed with the staff in February.
For 7.6 inches of differential settlement, in all but a few isolated instances for shear in the
foundation slab, the D/C ratios (using the reinforcement required for the 3.8 inch
settlement) for the base slab, walls and roof are within the ductility limits of ASCE 43-
05. However, out-of-plane shear for the 7.6 inch case is shown to exceed slab capacity in
localized areas near some of the interior walls. In actuality, shear cracking deformations
would be limited by the shallow soil profile of the settlement trough. Out-of plane shear
that exceeds the slab capacity beyond the areas of reinforcement provided for the 3.8 inch
differential settlement could be accommodated by increasing the area containing stirrups.

The analysis for the 7.6 inch differential settlement case was then reviewed to determine
rotation demands on the base slab, which were evaluated against ASCE 43-05 criteria.
For WSB, the span-to-depth ratio (I/h) for the base slab is about 50, giving a Limit State
A allowable rotation of 0.010 radians. For the bounding settlement case the maximum
rotation is 0.0081 radians (combined elastic and plastic rotation), which is in the
allowable plastic hinge range for this Limit State. Roughly 75% of the slab is less than
the Limit State B (0.0075) criterion, and about 50% of the slab is less than the Limit State
C (0.005) criterion. The rotations do not exceed the ASCE 43-05 criteria, thus the
structure is judged to be safe from collapse from bending failure for the 7.6 inch
differential settlement.

The 7.6 inch differential settlement causes the highest demand on large open floor areas
and areas with walls with re-entrant comers. The High Activity and Cementation Areas
are free of these details and are typically more robust than the remainder of the structure.
Except for out of plane shear in the mat, most of the D/C ratios in the High Activity and
Cementation Areas are estimated to be less than 1 for 7.6 inches of settlement case.
Because the 7.6 inch differential settlement case results in limited cases where the
demand/capacity ratio are close to the appropriate ductility factor, the maximum
settlement the structure could withstand is judged to be greater than 7.6 inches.
However, reinforcing for out of plane shear in the mat required for the 7.6 inch settlement
case will be added and the settlement analysis (T-CLC-K-00411) will be revised to
determine the D/Cs for the High Activity and Cementation Areas to demonstrate the
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robust design of these areas. Thus, this evaluation provides confidence thatea substantial
design margin exists between thealesign demands and theactual capacity of thedacility
structure and that the High Activity andeCementation Areas will be demonstrablyerobust
at 7.6 inchdifferential settlement.

Inelastic Finite Element Analysis

During the on-siteaeview, and as discussed indheestaff report attached to the subjecte
letter,ea questionevaseraised concerning the model used for the settlement analysis. In
order to verify that the SHELL181 element is suitable for the settlement analysis, two
studies were performed. The first study involved manually modifying a linear elastic
model when principal stress in individual elements exceeds theecracking value and
comparing theaesults to the nonlinear analysis. The settlement model was run with
uncracked linear elastic properties with compression only springs. Contour plots of
element principal stressewere produced with a contour specified at 59.2 ksf, the cracking
stress for the concrete. Theelastic modulus wasehen manually set até/2 the original
(cracked concrete) for the cracked elements and theemodel was rerun.e The process was
repeated until a stable configuration was reached. The resulting stresses were compared
toghe non-linear property model. There was extremely good correlation between thee
non-linear analysis and the “selectivelyecracked” linear analysis. To bound the problem,
the settlementanodel waserun as a lineareelastic model with all elements uncracked, then
again with all elements cracked. The second study was a validation of the SHELL181
element against simple problems using closed form solutions. These studies are
contained within calculation (T-CLC-F-00411).e Based on the close correlation of thee
various methods, the SHELL181 elements in non-linear Finite ElementeAnalyses
provndes an accurate andesophisticated methodology for conducting settlement analyses

Date: 7/ 3 ILU 8
William N. Kennedy, M
Structural Mechanics Lead Engm

/A / /*//Wy, Date: 7 w/jog

Mlchael Lewis
Manager Geotechnical Engineering

&M Date: —LML—
Dennis Niehoff

Design Services Project Engineer
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Table 1; WSB Project Process Building Geotechnical/Structural Calculations
Dl::;::n?)::t Title Summary
T-CLC-F- | Generation of PC-3+ | Uses ASCE 43-05 criteria in SRS program “FIT”
00392 Acceleration Time | to develop acceleration time-histories that match
Histories for WSB | Reg. Guide 1.60 response spectrum. This is input
Project for Reg. to calculation T-CLC-F-00393
Guide 1.60 Spectra
T-CLC-F- | Free-Field Shake Uses program “SHAKE” to develop high strain
00393 Analysis - High shear modulus and damping for input to SSI
Strain Soil Properties | analysis (calculation T-CLC-F-00402).
for WSB Project
T-CLC-F- Soil-Structure Uses “SASSI” program to perform SSI.
00402 Interaction Analysis | Concludes that SSI is inconsequential to
of the Waste structural demands. Develops all vertical and
Solidification horizontal in-structure response spectra. Uses
Building roof stiffness developed in calculation T-CLC-F-
00404.
T-CLC-F- | Structural Evaluation | Designs and analyzes the roof trusses and roof
00404 for WSB Roof beams. Evaluates adequacy of the roof
Support Steel diaphragm. Develops truss stiffness for SSI
model (calculation T-CLC-F-00402).
T-CLC-F- { Response Spectra | Uses same ANSYS model as in settlement
00405 | Analysis and Gravity | analysis (calculation T-CLC-F-00411) with
Design of the Waste | linear properties. Seismic analysis done by
Solidification response spectrum modal analysis. Analysis
Building - Concrete | includes all loads and load combinations except
‘ settlement, develops reinforcing requirements
and capacities and D/C ratios for foundation mat,
walls, and roof.
T-CLC-F- WSB Building Uses ANSYS non-linear finite element model on
00411 Differential soil springs to perform differential settlement
Settlement Analysis | analysis at design basis settlement (3.8" total
static + dynamic). Reinforcing in mat, walls,
opening and roof is developed for the 3.8" case
and D/C calculated. A second case of 7.6"
differential settlement is analyzed using
reinforcing from 3.8" to evaluate the facility
response to settlements in excess of the original
design case.
K-CLC-F- Geotechnical Static settlement reevaluated to account for the
00060 Calculations for revised building footprint and weight.
Waste Solidification
Building
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Dﬁ‘c";‘“l:i:t Title Summary
K-CLC-F- | Waste Solidification | Probabilistic tree evaluation of seismic
00079 Building (WSB) | settlement to account for the soil data ranges and
Probabilistic Soft | uncertainties.
Zone Settlement
Analysis J
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