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Summary of In-Office Review at Cherry Hill, New Jersey 
Design of the Cascade Halls 1 and 2 Module of the National Enrichment Facility 

Louisiana Energy Services, Eunice, New Mexico 
December 10–13, 2007 

 
PURPOSE 
 
On December 10–13, 2007, the U.S. Nuclear Regulatory Commission (NRC) and the Center for 
Nuclear Waste Regulatory Analyses (CNWRA) staff performed an in-office review with the 
Louisiana Energy Services (LES) and Nuclear Technology Solutions, LLC (NTS) staff of the 
Cascade Hall Module of the National Enrichment Facility (NEF).  This in-office review was 
conducted in the NTS office at Cherry Hill, New Jersey.  The LES NEF is located in Eunice, 
New Mexico.  The purpose of this onsite review was to determine whether the NEF design is 
consistent with the commitments made in the LES Safety Analysis Report, Revision 13. 
 
This in-office review focused on civil structural design of the Separation Building Module 
(SBM) 1001 (Cascade Halls 1 and 2) and adopted a vertical slice approach to conduct the 
review.  The review included the following six areas. 
 
 (1) Settlement and allowable soil-bearing capacity determination 
 

(2) Verification of the assumption that the soil amplification factors for Soil Class C 
are appropriate for the NEF site 

 
 (3) Foundation design analysis  
 
 (4)  Structural analysis  
 
 (5)  Structural design  
 

(6) Analysis demonstrating seismic design meets the target annual performance goal 
of 1.0 × 10−5 probability of exceedance  

 
At the request of NRC, LES provided the analysis and design documents related to the design 
of the SBM 1001 (Cascade Halls 1 and 2) to facilitate the staff review. 
 
This revised report also includes the evaluation findings for two of the three open items 
identified during the in-office structural design review. 
 
DISCUSSION 
 
Scope of Review 
 
During the in-office review, staff examined several documents related to the six review areas 
listed in the PURPOSE section.  The reports reviewed are listed next. 
 
 (1) Settlement and allowable soil-bearing capacity determination  

 — Settlement Analyses of Buildings and Structures of the NEF,  
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  Report No. 114489-G-02-01, Nuclear Technology Solutions, LLC, 
July 31, 2006 

 — Assess Impacts of Various Loadings on Estimated Settlements of 
Cascade Halls, Report No. 114489-G-0009-00, Nuclear Technology 
Solutions, LLC, May 10, 2006 

 — Develop Report-Quality Boring Logs & Subsurface Profiles,  
  Report No. 114489-G-01-01, Nuclear Technology Solutions, LLC, 

June 28, 2006 
— Geotechnical Report for the National Enrichment Facility in Lea County, 

New Mexico, Report No. 114489-G-01-00, Nuclear Technology Solutions, 
LLC, November 10, 2005 

— Stability Analyses: Bearing Capacity, Sliding, and Overturning, 
Report No. 114489-G-03-00, Nuclear Technology Solutions, LLC, 
October 31, 2005 

 
(2) Verification of the assumption that the soil amplification factors for Soil Class C 

are appropriate for the NEF site 
— Geophysical Testing to Support Development of Seismic Criteria for the 

Louisiana Energy Services National Enrichment Facility, Lea County, 
New Mexico, Weston Geophysical Engineers, Inc., November 30, 2005  

— Earthquake Soil Response Analyses to Determine Site-Specific Soil 
Amplification Factors to Support Development of Seismic Design Criteria 
of the NEF, Report No. 114489-G-07-00, Nuclear Technology Solutions, 
LLC, November 3, 2005 

— One-Dimensional Free-Field Site Response Analysis of the NEF,  
Report No. 114489-G-06-00, Nuclear Technology Solutions, LLC,  
November 16, 2005 

 
 (3) Foundation design analysis  
  — SBM (Separation Building Modules) 1001 & 1003 – Analysis & Design of 

the Wall & Column Foundations, Report No. 114489-C-1010-02, Nuclear 
Technology Solutions, LLC, December 6, 2007 

 
 (4)  Structural analysis  
  — Finite Element Analysis of the Separation Building Modules (SBM)—

Buildings 1001 & 1003, Report No. 114489-C-1006-00, Nuclear 
Technology Solutions, LLC, March 5, 2007 

  — SBM (Separation Building Modules) 1001 & 1003 – Analysis & Design of 
the Wall & Column Foundations, 114489-C-1010-00, January 12, 2007 

  —  Evaluation of Thermal Loads in Concrete Walls and Roofs of Safety 
Significant Buildings, Report No. 114489-C-9911-00, Nuclear Technology 
Solutions, LLC, June 19, 2006 

  — Equivalent Static Loads for Design of Safety Significant Structures, 
Report No. 114489-C-9902-01, Nuclear Technology Solutions, LLC, 
May 10, 2006 

  — Minimum Thicknesses for Concrete Walls and Roofs, Report 
No. 114489-C-9905-01, Nuclear Technology Solutions, LLC, 
March 8, 2006 
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  — Seismic Ground Design Response Spectra (DBE) for Structures, 
Systems, and Components (SSC), Report No. 114489-C-9901-01, 
Nuclear Technology Solutions, LLC, December 6, 2005 

 
 (5)  Structural design  
  — Structural Design Criteria, Report No. 114489-SDC-001-01, Nuclear 

Technology Solutions, LLC, May 10, 2006 
  — Design of the Cascade Hall Slabs-On-Grade (Buildings 1001 and 1003), 

Report No. 114489-C-1011-00, Nuclear Technology Solutions, LLC, 
February 28, 2007 

  — Design of Roof Slab and Steel Framing for the SBM 1001, 1003, and 
1005, Report No. 114489-C-1009-00, Nuclear Technology Solutions, 
LLC, January 27, 2007 

   — Design of Steel Framing for the SBM 1001 & 1003 Roof and Columns in 
PSC Area, Report No. 114489-C-1015-00, Nuclear Technology 
Solutions, LLC, January 29, 2007 

 
(6) Analysis demonstrating seismic design meets the target annual performance goal 

of 1.0 × 10−5 probability of exceedance  
   — Seismic Ground Design Response Spectra (DBE) for Structures, 

Systems, and Components (SSC), Report No. 114489-C-9901-01, 
Nuclear Technology Solutions, LLC, December 6, 2005 

— Geophysical Testing to Support Development of Seismic Criteria for the 
Louisiana Energy Services National Enrichment Facility, Lea County, 
New Mexico, Weston Geophysical Engineers, Inc., November 30, 2005  

 
Brief Description of Review Activities 
 
(1) SETTLEMENT AND ALLOWABLE SOIL-BEARING CAPACITY DETERMINATION 
 
(i) Site Geotechnical Investigations  
 
In addition to the geotechnical information presented in the Safety Analysis Report, LES 
performed additional geotechnical investigations at the NEF site to (i) confirm the liquefaction 
potential is not a safety concern, (ii) estimate settlement, and (iii) determine allowable 
soil-bearing capacity.  The geotechnical investigation activities include (i) borehole logging, 
(ii) laboratory tests of soil samples, (iii) geophysical testing, and (iv) soil profile development. 
 
Spectrum Exploration, Inc. drilled 57 borings at the NEF site during June, July, and 
August 2005.  Five boreholes were drilled to approximately 30.5 m [100 ft], 41 were 
approximately 10.7 m [35 ft] deep, and the rest were drilled to a depth of 4.6 m [15 ft] or less.  
Samples were collected using hollow-stem augers.  Standard penetration tests were performed 
in accordance with the requirements of ASTM D 1586 (ASTM International, 1999) at each 
boring at various depth intervals using a 63.6-kg [140-lb] automatic hammer.  A generalized soil 
profile is prepared for site seismic response analyses.  The thickness of each soil stratum in the 
generalized soil profile was determined by averaging thicknesses of the stratum identified in 
all borings.  The top soil stratum (Stratum 1) would be replaced with the onsite fill material 
for structural support, and the onsite fill material would be compacted to a dry density at  
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least 95 percent of the maximum dry density in accordance with ASTM D1557 
(ASTM International, 2007). 
 
A total of 68 sieve analyses on selected soil samples were performed in the laboratory.  The 
results indicate the granular soil nature for the upper 12.2 m [40 ft] of subsoil at the site, and the 
soils change to fine-grained soils below 12.2 m [40 ft].  Based on Atterberg limits test results, 
highly plastic clay dominates the fine-grained soils below 12.2 m [40 ft]. 
Weston Geophysical Engineers, Inc. performed crosshole, B-42 downhole, and seismic 
refraction tests to make in-situ measurements of seismic P- and S-wave velocities.  The S-wave 
velocities were determined through the seismic velocity crosshole tests performed in three 
boreholes separated by approximately 3.1 m [10 ft] and 9.3 m [30.5 ft] at ground surface.  The 
P-wave velocities were estimated using the crosshole and downhole test data for the top 30.5 m 
[100 ft], and the P-wave velocities below 30.5 m [100 ft] were from the refraction test results.   
 
The staff concludes that LES fulfilled its commitment in the Safety Analysis report of conducting 
additional site geotechnical investigations to support design activities. 
 

Specific Items Discussed 
 

None 
 
(ii)  Liquefaction Potential 
 
The results from the boring data indicate that the subsurface soils to a depth of at least 30.5 m 
[100 ft] are above the groundwater table and not saturated.  Consequently, liquefaction is not a 
safety concern.  Based on U.S. Nuclear Regulatory Commission (Regulatory Guide 1.198, 
2003), the staff finds the groundwater information supports the conclusion made in the LES 
Safety Analysis Report that liquefaction potential at the site is remote.  The staff also concludes 
that LES fulfills its commitment in the Safety Analysis Report related to liquefaction hazard. 
 

Specific Items Discussed 
 

None 
 
(iii) Settlements of Buildings and Structures of the NEF 
 
A generic elastic solution scheme and the empirical Schmertmann’s method in Naval Facilities 
Engineering Command, Department of Navy (Design Manual 7.01, 1986) were used to estimate 
the settlements of strip and square footings of each structure.  The settlements using the 
generic elastic solution were more conservative than those calculated from the empirical 
Schmertmann’s method.  LES uses former to define the potential settlements at the site. 
 
Using the empirical Schmertmann’s method as one method to estimate structural settlements 
fulfills the LES commitment in its Safety Analysis Report that the building settlement analyses 
would be performed in accordance with Naval Facilities Engineering Command, Department of 
Navy (Design Manual 7.01, 1986).  The staff finds using the more conservative settlements 
estimated from the generic elastic solution for structure design purposes is prudent 
and acceptable. 
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Analyses were also performed to determine the potential effects of different phases of NEF 
construction and operations on settlements of the cascade halls including the differential 
settlements that may occur in the flomel area.  Based on design, flomels are installed on the 
mat and centrifuges are, in turn, placed on the flomels.  The loading considerations in the 
settlement analyses included: 
 

• Potential delay in construction of Structure 1005 adjacent to Cascade Hall 4 until after 
the centrifuges are placed in Cascade Hall 4 

 
• Loaded cranes operating in Cylinder Receipt and Dispatch Building adjacent to Cascade 

Halls 2 and 3 
 

• Placement and removal of cylinders in Cylinder Receipt and Dispatch Building  
 

• Potential extension of Structures 1001 (Cascade Halls 1 and 2) and 1003 (Cascade 
Halls 3 and 4) to the north to accommodate Cascade Halls 9 to 12 

 
Differential settlements and rotations of the structural foundations were calculated using the 
computer code FLAC.  The soil model was assumed to behave in an elastic isotropic manner.  
The applied loads were based on the load per footprint area of the various items considered.  
The soil property input was estimated from the standard penetration and geophysical 
testing results. 
 
The staff finds the settlement analyses considering the various phases of construction and 
operations acceptable because these analyses used industrially acceptable computer code and 
appropriate site-specific soil properties. 
 

Specific Items Discussed 
 

None 
 
(iv) Bearing Capacity Determination 
 
LES used a modified Terzaghi’s bearing capacity equation developed for strip footings in 
accordance with Naval Facilities Engineering Command, Department of Navy (Design Manual 
7.02, 1982) to determine the bearing capacity of shallow foundations.  The bearing capacity 
factors for the modified equation including consideration of shape, depth, and load inclination 
factors were from the recommendation by Winterkorn and Fang (1975).  LES used the soil 
properties applicable for Stratum 2 to conduct analyses to provide a lower-bound estimate of the 
bearing capacity of the soils supporting the NEF structures.  The Stratum 1 soil is typically 
weaker than the Stratum 2 soil; however, it would be replaced with engineering fills stronger 
than Soil Stratum 2. 
 
The staff finds that the LES allowable soil-bearing capacity determination used the Naval 
Facilities Engineering Command, Department of Navy (Design Manual 7.02, 1982) consistent 
with LES’ Safety Analysis Report commitment.  The staff also determines that using the lower 
bound soil properties to estimate soil-bearing capacity at the NEF site is prudent 
and acceptable. 
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Specific Items Discussed 
 
 None 
 
(v) One-Dimensional Free-Field Site Response Analysis of the NEF 
 
LES performed additional site response analyses to develop seismic input to soil-structure 
analysis.  These site response analyses used a generalized soil profile at the NEF site and the 
computer code ProShake.  As discussed in Section (1)(i) of the Brief Description of Review 
Activities, this generalized soil profile is developed by averaging the thicknesses of the same 
soil stratum type measured in all boreholes.  In addition, the upper- and lower-bound values of 
dynamic soil properties were developed in accordance with recommendations from American 
Society of Civil Engineers (ASCE 4–98, 1999).   
 
The staff finds the site response analyses acceptable because the soil-property input data were 
developed based on acceptable standards and acceptable software was used to conduct 
the analyses.  Consequently, the staff concludes that the site-response analysis results are 
acceptable input for soil-structure interaction analysis. 
 

Specific Items Discussed 
 

None 
 

(2) VERIFICATION OF THE ASSUMPTION THAT THE SOIL AMPLIFICATION FACTORS 
FOR SOIL CLASS C ARE APPROPRIATE FOR THE NEF SITE 

 
LES conducted site response analyses to verify the assumption LES made in the Safety 
Analysis Report that the soil seismic amplifications for the site are equivalent to those for Soil 
Class C using the computer code ProShake.  The analyses used the soil profile from Borehole 
B-42.  Two soil profile cases were assumed: rock formation at 12.5 m [41 ft] and 30.5 m [100ft] 
below ground, respectively.  Two earthquake time histories were used as ground motion input:  
one developed by spectrally matching the time history to the horizontal uniform hazard response 
spectrum and the other the Whittier Narrows earthquake recorded at the Brea Dam downstream 
accelerometer with a local magnitude of 5.9 ML and a peak ground acceleration of 0.15 g.  The 
site response analyses results at ground surface show that the largest amplifications with the 
factors ranging from 1.22 to 1.33 were observed in a narrow short period band centered at 
0.04 seconds (i.e., near 25 Hz).  For other spectral periods, the spectrum either deamplified 
or was equivalent to the input motion.  Overall, the amplification factors for Soil Class C 
(Dobry, et al., 2000) envelope the site response analyses results.  LES concluded that using the 
amplification factors for Soil Class C for structural design is conservative. 
 

Specific Items Discussed 
 
Verification to support the Soil Class C assumption 
 
The CNWRA staff pointed out that using the P- and S-wave velocities from just one 
borehole array for site response analyses may not be sufficient to account for potential 
site variability.  Consequently, the site response analyses results may not be sufficient to 
verify the Soil Class C assumption. 
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In the responses to potential open items dated January 22, 2008 (Correspondence from 
T. Harney of LES to J.I. Tapia of U.S. Nuclear Regulatory Commission, December 19, 
2007), LES indicated that the site soil classification was not based solely on the results 
of crosshole testing that was performed in a single array of borings.  Instead, the 
average standard penetration resistance obtained from the 57 additional boreholes 
drilled at the site during the summer of 2005 for the top 30.5 m [100 ft] of soil was 
approximately 56.  This average standard penetration resistance number meets one of 
the three Soil Class C criteria in Table 9.4.1.2 of American Society of Civil 
Engineers (ASCE 7–98, 1998).  According to American Society of Civil 
Engineers (ASCE 7–98, 1998), if any of the three criteria is satisfied, a soil can be 
classified as Class C.  Consequently, the soil at the NEF site is a Class C soil. 

 
The staff reviewed the LES response and finds the response provides a sufficient basis 
to verify that the NEF site soil is Class C because the classification uses the 
industry-accepted code and standard. 
 

(3) FOUNDATION DESIGN ANALYSIS 
 
LES analyzed the settlement, sliding, and overturning potential for Structures 1001 (Cascade 
Halls 1 and 2) and 1003 (Cascade Halls 3 and 4). 
 
Soil properties used in the analysis are consistent with those characterized for the site.  The 
analysis provided the allowable soil pressures for square and strip footings with dimensions 
varying from 1.2 m [4 ft] to 3.0 m [10 ft].  Various design load combinations were evaluated in 
the analysis.  The results indicate that the design loads will not exceed the allowable soil 
pressures for the site and Structures 1001 and 1003 will be stable subject to dynamic sliding 
and overturning conditions with a safety factor greater than 1.1.  The staff finds the analyses 
results for the structural sliding and overturning stability acceptable because site-specific soil 
and pertinent design information were used and load combinations consistent with those in 
U.S. Nuclear Regulatory Commission (NUREG–0800, 1987) were included in the analyses. 
 
For the load combinations relevant to soil foundation design, the staff independently estimated 
the footing settlements using the settlement results presented in a figure provided in the 
“Settlement Analyses of Buildings and Structures of the NEF” (Report No. 114489-G-02-01, 
July 31, 2006) and “Structural Design Criteria” (Report No. 114489-SDC-001-01, May 10, 2006) 
documents.  The staff determined that the estimated footing settlements for most relevant load 
combinations would be greater than 2.5 cm [1 in]—the maximum allowable settlement specified 
in the “Structural Design Criteria” document. 
 

Specific Items Discussed 
 
 Footing settlements for Structures 1001 and 1003 exceeding the allowable settlement 
 

The CNWRA staff pointed out that the estimated footing settlements for Structures 1001 
and 1003 are greater than the maximum allowable specified in the “Structural Design 
Criteria” report.  Consequently, the design consideration for settlement does not meet 
the specification. 
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The NTS staff indicated that settlement of the structures may not be an important 
consideration for design.  Differential settlements of the flomels are more important 
because they may affect normal centrifuge operation.  In the responses to potential open 
items dated January 22, 2008 (Correspondence from T. Harney of LES to J.I. Tapia of 
U.S. Nuclear Regulatory Commission, December 19, 2007), LES indicated that the 
2.5-cm [1-in] settlement limit was established based on good engineering practice and is 
intended for permanent loads only.  For the load combinations relevant to soil foundation 
design, LES argued that only the settlements for the designated 2.1-m [7-ft] footings 
under load combination No. 30 (including dead load, equipment load, and full live load) 
would be greater than the settlement limit.  LES further pointed out in the response that, 
at any given time, only a small portion of the live load will be present and, therefore, 
suggested that settlements induced by load combination 30 should be excluded from 
design consideration.  In addition, LES will change Section 6.4 of the Structural Design 
Criteria to read:  “Based on good engineering practice, the square and strip footings will 
be sized to limit the estimated settlements under permanent loads (i.e., the dead weight 
of the structure and permanent equipment) to 1 inch.” 
 
It is not clear to the staff why live loads are excluded from settlement calculation.  LES 
should develop an acceptable technical basis to appropriately justify excluding live loads 
from the settlement calculation.  In addition, the staff will need to review the calculation 
reports again to verify the LES statement that only settlements exceeding the 2.5-cm 
[1-in] settlement limit would be for the 2.1-m [7-ft] footings considering appropriate loads 
combinations (e.g., under load combination No. 30). 

 
(4) STRUCTURAL ANALYSIS  
 
(i) Minimum Thicknesses for Concrete Walls and Roofs 
 
The effect of tornado missile impact on external concrete members was considered in the 
calculation of the thickness of the walls and roof.  Impact of a steel pipe missile was evaluated 
at all elevations of the structure because there will be piping on the roof of some buildings which 
could become a missile. 
 
The minimum wall and roof thicknesses were calculated based upon a pipe missile striking a 
concrete wall.  The horizontal speed of the pipe striking the wall was approximately 1.7 times 
the pipe speed used when striking the roof.  The NTS staff performed hand calculations using 
Equation 3.3-5 of the Integrated Safety Analysis Summary (Louisiana Energy Services, 2004) to 
determine the required wall and roof thicknesses.  The initial estimates for wall and roof 
thicknesses were determined to be sufficient to resist the pipe missile.  These thickness 
calculations are in conformance with the American Concrete Institute (ACI 349-90, 1990).  Staff 
concurs with the report’s determination of the wall and roof thickness. 
 

Specific Items Discussed 
 

None 
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(ii) Evaluation of Thermal Loads in Concrete Walls and Roofs of Safety Significant Buildings 
 
Temperature effects were not included in the present GT-STRUDL (Georgia Tech Research 
Corporation, 2003) finite element analysis.  Alternatively, thermal effects on the structure were 
performed analytically in which bending moment capacities of the various wall and roof sections 
were determined by hand calculations using standard design formulas.  All members/elements 
that have a differential temperature across their thickness are subject to thermal gradient loads.  
The calculations accounted for the uniform thermal expansion due to the difference between the 
current equilibrium state and zero thermal stress state. 
 
Simple hand calculations were made for the heaviest {#11 bars @ 30.5 cm [12 in] each way in 
each face (EWEF)} and lightest {#4 @ 30.5 cm [12 in] EWEF} reinforced 30.5-cm [12-in] wall 
section and 15.3-cm [6-in] reinforced roof slab and steel decking, respectively.  The calculations 
showed the maximum thermal moment of the wall will be within 2.1 percent of the wall bending 
capacity.  The maximum thermal moment of the roof required no more than 0.7 percent of the 
roof bending capacity.  The staff concludes that thermal effects are minimal and their exclusion 
from load combination consideration is acceptable. 
 

Specific Items Discussed 
 

None 
 
(iii) Finite Element Analysis of the Separation Building Modules (SBM) 

Buildings 1001 & 1003 
 
A GT-STRUDL finite element analysis was performed for the reinforced concrete and steel 
components of the SBM structure.  Each SBM has two cascade halls separated from each other 
by a three-story Process Service Corridor (PSC).  The SBM is a cast-in-place concrete building 
with shear walls and steel roof trusses that support the roof slab and a steel frame to support 
the intermediate floor slabs of the PSC. 
 
The concrete walls, floor, and roof slabs were defined by plate finite elements, and the steel 
girders, beams, and roof trusses are modeled as three-dimensional member/truss finite 
elements.  The finite element mesh density was determined to accurately represent the 
structural density configuration of the SBM.  
 
Regular door openings or cutout areas (HVAC, piping electrical, cable trays, etc.) in walls were 
not modeled in this analysis.  To account for large cutout areas, the element properties (i.e., the 
elastic modulus that “cover” the cutout area) were assigned a very low elastic modulus value of 
68.9 MPa [10 ksi], as compared to the actual concrete elastic modulus of 24,862 MPa 
[3,606 ksi].  Grade 60 reinforcement steel with yield strength of 414 MPa [60 ksi] and Grade 50 
structural steel with yield strength of 345 MPa [50 ksi] were used in the analysis. 
 
A finite element model of a typical SBM structure was constructed using GT-STRUDL.  The 
GT-STRUDL model was based on architectural, concrete, and steel drawings as input to model 
the geometry of the SBM.  The concrete roof, slabs, and walls are modeled using rectangular 
(SBHQ6) and triangular (SBHT6) plate elements.  The GT-STRUDL model of the SBM building 
consisted of 10,257 joints; 6,590 beam members; and 9,912 plate elements. 
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The mass of the walls, slabs, beams, and columns is distributed over the plate and beam 
elements.  The element dimensions varied from 1.5 to 2.1-m [5 to 7-ft] square elements to 
match the different regions of wall and slab areas; therefore, staff considered the aspect ratio to 
be acceptable.  The analysts were cognizant of the importance of an appropriate aspect ratio.  
Examination of plots of the finite element mesh allowed staff to verify the uniformity of the mesh, 
and its staff judged density to be adequate. 
 
Three analyses were performed:  two for designing the concrete and steel components and one 
for the design of the concrete foundation.  The input data of each finite element model included 
the same element types, material properties, and individual loads (e.g., dead, live, etc.) for each 
analysis.  In the finite element model, a lower value of the concrete modulus of elasticity was 
used for the roof slab to reduce the contribution of the concrete strength such that the effect of 
the loads from the slab would be directly transferred to the top chord of the steel-roof truss.  The 
SBM structure was analyzed for static, live, normal wind, and tornado wind loads. 
 
The structure was designed for the forces and moments generated by the worst case loading, 
which enveloped the results for all other loading combinations.  The design approach produced 
the maximum governing stress states in the structure from which maximum cross-sectional 
force and moment resultants were obtained for design. 
 
The NTS staff performed a series of design checks of the concrete walls.  The largest resultant 
wall forces, moments, transverse shear, and in-plane shear in different reinforced concrete walls 
and steel columns were extracted from finite elements analysis and NTS staff than used 
Mathcad (MathSoft Engineering and Education, 2005) to perform design check calculations.  
Staff agrees with the design check approach and that Mathcad was appropriately used.   
 

Specific Items Discussed 
 

The CNWRA staff discussed the approach to representing openings in the model.  The 
NTS staff explained that by using elements with a low modulus, the elements do not 
contribute to the wall stiffness, yet allow the wall surface to be appropriately represented 
in the model to calculate the wind load on the structure.  NTS staff was asked about any 
difficulties encountered in the analysis due to the low stiffness of some elements.  The 
NTS staff indicated that the GT-STRUDL output was monitored for any problems due to 
ill-conditioning of the stiffness matrix and no numerical difficulties were reported.  The 
NTS staff also mentioned that GT-STRUDL would not generate a solution if this type of 
problem was encountered. 

 
The NTS staff indicated that 10 to 15 iterations of the design and GT-STRUDL analysis 
were required to determine the final design of the concrete and steel structural 
components.  The staff agrees with the iteration steps used. 

 
The NTS staff stated that apparent limitations of the finite element grid required 
misalignment of some of the steel structural members to match with nearest nodal points 
in the mesh.  This misalignment required performing a number of separate hand 
calculations of the member forces for some of the structural components.  The CNWRA 
staff concludes that this approach is acceptable. 
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(iv) SBM (Separation Building Modules) 1001 & 1003 – Analysis & Design of the Wall & 
Column Foundations 

 
The base of the external perimeter walls and internal walls of the SBM intersects the strip 
footing.  The strip footing is modeled using the SBHQ6 and SBHT6 plate elements with the 
typical dimensions of 0.5 × 1.5 m [1.5 × 5 ft] to match the spacing of the finite elements 
considered in modeling the walls of the superstructure.  The footing model consisted of 
1,820 plate elements and 2,178 node points.  The CNWRA staff judged graphical plots of the 
foundation finite element mesh to be reasonable, and the element aspect ratio showed a rather 
uniform mesh. 
 
Soil springs are used for boundary supports.  GT-STRUDL calculates the nodal soil spring 
constants using the tributary area method.  Soil pressures were calculated from the results of 
the nodal displacements.  GT-STRUDL outputs the soil spring values for accuracy verification. 
 
The applied loads are the same as those given in the analysis of the superstructure.  Because 
the strip footing is concrete, the load factor combinations specified by concrete design code 
requirements are used in this analysis.  The seismic loads are based on all dead loads and 
50 percent of the roof and floor live loads.  The graphical presentation of the SBM footing design 
and analysis consisted of plots of force resultants moment, axial force, flexural shear, and 
in-plane shear.  The finite element analysis was performed for the complete structure; however, 
only the footing results were presented. 
 
The CNWRA staff did note in the report that the analysis assumed that the member sizes and 
thickness used to analyze the superstructure to obtain soil pressures for the design of the wall 
and column footings were preliminary.  The sizes and thickness of the structural components 
affect the dead load, seismic load, and the building stiffness.  If the detailed design calculations 
of the superstructure required changing the sizes or thickness of any structural component, then 
the results of the finite element analysis of the foundation should be revaluated. 
 
Specific Items Discussed 
 

None 
 
(5) STRUCTURAL DESIGN 
 
The design reports and the design and construction drawings reviewed for the Separation 
Building Module 1001 provided structural design details of the reinforced concrete foundations, 
slabs-on-grade, shear walls, steel frames, intermediate floors, and roof slabs.  The designs are 
based on the member forces calculated by the finite element computer code GT-STRUDL and 
related computer codes assuming fixed-base structure.  The seismic forces used for design are 
based on equivalent static loads.  The ongoing soil-structure interaction analysis is anticipated 
to demonstrate that the design based on the GT-STRUDL analysis with associated assumptions 
is conservative.  The design uses appropriate American Concrete Institute, American Institute of 
Steel Construction, and American Society of Civil Engineers codes and standards for reinforced 
concrete and steel safety-related structures. 
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Specific Items Discussed 
 

(a) Interaction of SBM 1001 With UF6 Building and Cylinder Receipt and 
Dispatch Building 

 
  The NTS staff pointed out that each building is structurally independent of the 

others.  The UF6 Building is structurally separated from the SBM 1001 by the 
use of expansion and contraction joints.  The SBM 1001 is structurally 
independent of the Cylinder Receipt and Dispatch Building because no common 
load-bearing members are used. 

 
(b) Influence of Soil-Structure Interaction on Structural and Foundation Design 

 
  The CNWRA staff pointed out that the design reviewed used member forces 

based on fixed-base structures with static equivalent seismic loads.  The 
soil-structure interaction analysis report will be reviewed when it becomes 
available to determine whether the current calculated member forces envelope 
the soil-structure interaction analysis member forces. 

 
(6) ANALYSIS DEMONSTRATING SEISMIC DESIGN MEETS THE TARGET ANNUAL 

PERFORMANCE GOAL OF 1.0 × 10−5 PROBABILITY OF EXCEEDANCE 
 
The design basis earthquake (DBE) for the NEF corresponds to a 10,000-year return period 
earthquake.  To demonstrate that the seismic design meets the target annual performance goal 
of 1.0 × 10−5 probability of exceedance, LES used both the 10,000-year and 100,000-year 
earthquake in defining the site DBE.  Based on the American Society of Civil Engineers 
(ASCE 43–05, 2005) method, the NTS staff determined a design basis horizontal earthquake of 
0.161g (peak ground horizontal acceleration) and a peak ground vertical acceleration of 0.107g 
for the NEF site. Spectral accelerations for these horizontal and vertical DBEs were calculated 
for design purpose. 
 
The staff finds use of the American Society of Civil Engineers (ASCE 43–05, 2005) standard to 
demonstrate the seismic design meets the target annual performance goal of 1.0 × 10−5 
probability of exceedance is acceptable and the calculation has followed the guidelines provided 
in American Society of Civil Engineers (ASCE 43–05, 2005).  Consequently, the calculated 
0.161g peak ground horizontal acceleration is acceptable to the staff.  The acceptance of the 
calculated 0.107g peak ground vertical acceleration will be addressed during the review of the 
LES License Amendment Request (LAR 07-01) for revising the vertical seismic design load for 
sole IROFS27c. 
 
OPEN ITEMS AND ADDITIONAL INFORMATION NEED IDENTIFIED ON ITEMS REVIEWED 
DURING IN-OFFICE REVIEW 
 
(1) Settlement and allowable soil-bearing capacity determination 
 

None 
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(2) Verification of the assumption that the soil amplification factors for Soil Class C are 
appropriate for the NEF site 

 
None 

 
(3) Foundation design analysis 
 

LES needs to appropriately justify excluding live loads from the load combinations used 
to estimate potential footing settlements. 

 
(4)  Structural analysis 
 

The soil-structure interaction analysis for the cascade hall structures was not available 
during the onsite review.  The staff will review this analysis when it becomes available. 

(5)  Structural design  
 
 None 
 
(6) Analysis demonstrating seismic design meets the target annual performance goal of 

1.0 × 10−5 probability of exceedance 
 
 None 
 
OVERALL STATUS OF THE DESIGN REVIEW 
 
(1) Settlement and allowable soil-bearing capacity determination 
 

Review of determination of settlement and allowable soil-bearing capacity is complete. 
 
(2) Verification of the assumption that the soil amplification factors for Soil Class C are 

appropriate for the NEF site. 
 
 Review of this item is complete. 
 
(3)  Foundation design analysis 
 
 Review of foundation analysis is 90 percent complete.  The staff needs to review the 

documents on settlement calculations to verify that the estimated settlements for footings 
meet the 2.5-cm [1-in] settlement limit. 

 
(4) Structural analysis 
 

Review of structural analysis is 95 percent complete pending completion of reviewing the 
LES soil-structure interaction analysis. 

 
(5) Structural design  
 
 Review of this item is 95 percent complete. 
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(6) Analysis demonstrating seismic design meets the target annual performance goal of 
1.0 × 10−5 probability of exceedance 

 
 Review of this item is complete. 
 
CONCLUSION 
 
In the geotechnical area, LES has fulfilled several commitments in its Safety Analysis Report. 
The fulfillments include (i) an adequate geotechnical investigation that further characterizes the 
site, (ii) settlement calculations that follow acceptable standards, (iii) foundation allowable 
soil-bearing capacity calculations for strip and square footings that follow acceptable standards 
and use site-specific soil information, (iv) confirmation that liquefaction hazard is not a safety 
concern at the site, and (v) verification that the soil seismic amplification factors specified for 
Soil Class C can be used for seismic design of the structures at the NEF site. 
LES calculations have adequately demonstrated that Structures 1001 and 1003 will be stable 
under sliding and overturning loading conditions.  However, LES needs to provide appropriate 
justification for excluding live loads from the load combinations for footing settlement 
calculations. 
 
With respect to the structural analysis, the staff reviewed the GT-STRUDL finite element model 
and analysis of a Separation Building Module.  Standard engineering practice was used in 
developing the finite element model based on architectural, concrete, and steel drawings.  The 
corresponding mesh density, measured in terms of element aspect ratios, was adequate.  
Apparent limitations of the finite element grid required misalignment of some steel structural 
members to match with the nearest nodal points in the mesh.  LES assessed the effects of this 
limitation through separate hand calculations for some structural components.  In addition, the 
approach of using elements of small elastic stiffness to represent openings in the structure, 
based upon discussion with LES, should not adversely affect the quality of the 
numerical analysis.  
 
Use of member forces obtained from the numerical modeling results to design the NEF 
safety-related structures is the industry-accepted approach.  The staff will review the 
soil-structure interaction analysis to determine whether the current calculated member forces 
envelope those from the soil-structure interaction analysis.  The design uses appropriate codes 
and standards for reinforced concrete and steel safety-related structures. 
 
Using the American Society of Civil Engineers (ASCE 43–05, 2005) standard to demonstrate 
the seismic design meets the target annual performance goal of 1.0 × 10−5 probability of 
exceedance is acceptable to staff.  In addition, the calculated peak ground horizontal 
acceleration for seismic design is also acceptable. 
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