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EXECUTIVE SUMMARY 

 

LPI, Inc. (LPI) performed structural evaluations of below-grade facilities located within the 
Central Plateau of the Hanford site that were determined to have the highest combined 
risk of failure [1 and 28].  The structural evaluations in [28] were performed to determine 
if margin from collapse still exists in the structural members.  LPI was requested to 
perform additional analyses on select buried structures, including a progressive failure 
analysis of Tank 241-Z-361, and surcharge standoff calculations for the PUREX and 
REDOX filters (see Table ES-1).  Results of these additional analyses are documented 
herein.  The structural stability in the present analyses was assessed using requirements 
and guidance provided in the American Concrete Institute (ACI) [4], the American Society 
of Civil Engineers (ASCE) 7 [24], and Braja M. Das’ 6th edition book “Principles of 
Foundation Engineering” [27].  

ANSYS ® software was used to perform the progressive failure analysis for Tank 241-Z-
361.  This software is a general-purpose finite element based-computer code [7] that is 
widely used in the nuclear industry for thermal and structural analyses of structural and 
mechanical components and includes wide range of capabilities for simulation and 
analysis of various material models and loading conditions.  This software was validated 
and verified for the specific computers used in the analysis using a set of verification 
problems provided by ANSYS.  In addition, Mathcad was used to perform the surcharge 
standoff calculations for the PUREX and REDOX filters and to calculate the reinforced 
concrete structural capacities. 

Information collection and review efforts were conducted to identify the different types of 
material properties and applied loads to be considered in the progressive failure analysis 
and surcharge standoff calculations.  Most material properties were obtained from publicly 
available reports, many of which involved previous assessments of Hanford degraded 
structures including, but not limited to, the PUREX Tunnel 1 Engineering Evaluation [14 
and 21], Hanford Double-Shell Tanks [17], and Hanford Single-Shell Tanks [16, and 22].   

Consistent with the material properties and applied loads employed in the structural 
evaluations documented in [28], applied loads in the present progressive failure analysis 
of Tank 241-Z-361 consist of dead weight, waste pressure, lateral soil pressure, and 
snow.  Seismic load combination was shown not to be limiting in [28].  Live loads were 
not considered in the progressive failure analysis (also consistent with methods in [28]) 
given that barricades, such as light-duty post and chain fence, and “Caution Underground 
Radioactive Material” signage are currently employed at the ground surface of Tank 241-
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Z-361 [18].  The progressive failure analysis for Tank 241-Z-361 presented herein 
addresses the overall structural stability, and should not be used to justify worker safety.    

Similar loads were used in the standoff analysis of the PUREX and REDOX filters with 
the addition of the live load representing surcharge load due to equipment total weight.  
Furthermore, the present evaluations for Tank 241-Z-361, and the PUREX and REDOX 
filters also simulated degradation (see Table ES-2) in the structural members by 
employing reduced concrete thickness and/or reduced rebar surface area based on the 
documented evidence of subsidence, corrosion, or water intrusion [18].  

Standoff calculations show that the PUREX filter walls are within ACI 318 Code [4] design 
limits for 60,000 lb surcharge (at maximum intensity of 250 lb/ft2) at 10 ft (lower bound 
standoff distance) from the east, south and west walls, and an upper bound standoff 
distance of 24 ft for all plug locations, as shown in Figure ES1-1.  Likewise, standoff 
calculations show that the REDOX filter walls are within the ACI 318 Code [4] design 
limits for all equipment weights at 24 ft as shown in Figure ES1-2. 

The progressive failure analysis (nonlinear analysis) of Tank 241-Z-361 presented is 
based on current code requirements for load factors, load combinations, and strength 
reductions for concrete and steel materials.  Results of the progressive failure analysis 
indicate that concrete cracking will occur and progress along the bottom of the long wall.  
However, multiple redundancies in the tank shape will provide adequate load paths and 
strength to resist the applied loads without excessive damage.   
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Table ES-1: Scope of Aging Legacy Buried Structures [28] 

Group Structure Description Waste 
Level1 

Acceptable 
(Y/N) 

Discussion 

T2 241-Z-361 Rectangular 
concrete tank 
constructed in 
1948;  
28 x 15 x 19 ft tall;  
2 ft overburden 

8 ft N Moment and shear limits 
are exceeded at bottom 
of long walls.  This will 
likely cause limited local 
failure.  Failure will not 
progress due to the 
redundancy available in 
the box structure. 

O1 PUREX 
deep bed 
filters 

Rectangular 
concrete vault 
constructed in 
1954; 
82 x 52 x 13 ft;  4 ft 
overburden and 4 
in. shotcrete 

N/A Y - 

O2 REDOX 
sand filter 

Rectangular 
concrete vault 
constructed in 
1950; 
85 x 85 x 20 ft;  No 
overburden 

N/A Y - 

  
 
 
 
 
 
 
 
 
 
 
 

                                            
1 Waste level is based on the documents retrieved and summarized in the Risk Assessment Report (Rev. 
2) [18]. 
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Table ES-2: Simulated Damage/Degradation [28] 

Group Structure Simulated Degradation 

T2 241-Z-361 Roof and wall thickness were reduced by 1 in., rebar area 
reduced 10% because steel liner corrosion has been 
observed [18] 

O1 PUREX deep 
bed filters 

Rebar area was reduced by 10% and roof slab and external 
wall thickness was reduced by 1 in. because water intrusion 
has been observed [18] 

O2 REDOX 
sand filter 

Similar to the water intrusion concerns for the PUREX deep 
bed filters, concrete cover rebar area was reduced by 10% 
and roof slab and external wall thickness was reduced by 1 in.  
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Figure ES1-1: Standoff Distance Map – PUREX Filters (Group O1) 
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Figure ES1-2: Standoff Distance Map – REDOX Filter (Group O2) 
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1. INTRODUCTION 

LPI, Inc. (LPI) was requested to provide engineering services for the assessment of below-
grade facilities located within the Central Plateau of the Hanford site that were determined 
to have the highest combined risk of failure [1 and 28].  The LPI report “Structural 
Assessment of Aging Legacy Buried Cribs and Tanks at the Hanford Central Plateau” [28] 
documents the structural evaluations of selected legacy aging buried cribs and tanks in 
accordance with the Master Service Agreement with TerraGraphics Environmental 
Engineering, Inc. [1].   

The “RL-40 Aging Structures Risk Assessment” report [18] was conducted to identify aging 
buried structures most prone to structural degradation or collapse; structural evaluations 
were then performed and documented in the LPI report [28].  Based on the results of report 
[28], additional evaluations were performed for select structures and include progressive 
failure analysis for Tank 241-Z-361, and standoff calculations for the PUREX and REDOX 
filters.  The objective of the progressive failure analysis is to simulate the progression of 
concrete failure and to investigate the overall structural stability of Tank 241-Z-361 walls 
using appropriate nonlinear concrete material damage model.  The purpose of the standoff 
calculations was to determine the minimum distance required between heavy equipment 
(greater than ten tons gross vehicle weight rating) and the perimeter of the PUREX and 
REDOX filters to ensure ACI 318 [4] design limits are met.       

2. SCOPE 

Table 2-1 lists the structures included in this study and provides a summary description for 
each structure; the level of waste stored (as applicable) is also indicated.  As shown in Table 
2-1, all structures are buried in or surrounded by soil.   

 

Table 2-1: Scope of Aging Legacy Buried Structures 

Group Structure Description Waste Level2 

T2 241-Z-361 
Rectangular concrete tank constructed in 1948;  
28 x 15 x 19 ft tall; 2 ft overburden 8 ft 

O1 PUREX 
deep bed 
filters 

Rectangular concrete vault constructed in 1954; 
82 x 52 x 13 ft; 4 ft overburden and 4 in shotcrete N/A 

O2 REDOX 
sand filter 

Rectangular concrete vault constructed in 1950; 
85 x 85 x 20 ft;  No overburden N/A 

                                            
2 Waste level is based on the documents retrieved and summarized in the Risk Assessment Report (Rev. 2) 
[18]. 
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3. PROGRESSIVE FAILURE ANALYSIS FOR TANK 241-Z-361 

ANSYS ® software was used to perform the structural evaluation (progressive failure 
analysis) of Tank 241-Z-361, a below-grade structure located within the Central Plateau of 
the Hanford site.  ANSYS is a general-purpose finite element based-computer code [7] that 
is widely used in the nuclear industry for thermal and structural analyses of structural and 
mechanical components, and includes a wide range of capabilities for simulation and 
analysis of various material models and loading conditions.  This software was validated 
and verified as documented in [10]. 

The overall dimensions of the 241-Z-361 settling tank are 28 x 15 x 19 ft, with 2 ft of soil 
overburden.  This settling tank contains 8 ft of waste.  The walls and roof for this tank are 
12 in. thick [18].  Material properties and loading were applied as described in Appendix A 
of LPI report “Structural Assessment of Aging Legacy Buried Cribs and Tanks at the Hanford 
Central Plateau” [28].  Based on available information of historical events, and the current 
condition of the concrete indicating some level of deterioration and steel liner corrosion [18], 
all concrete walls and the roof for the Tank 241-Z-361 structure were reduced in thickness 
by 1 in., and rebar area was reduced by 10% to simulate observed degradation.  The degree 
of degradation was assumed in the absence of any information that may allow the 
determination of the actual degradation present in Tank 241-Z-361 [28].   

Tank 241-Z-361 was analyzed in LPI report “Structural Assessment of Aging Legacy Buried 
Cribs and Tanks at the Hanford Central Plateau” [28] as a linear elastic structure for current 
code bounding design basis load combinations (provided in Appendix A [28]).  The analysis 
results in [28, Section 4.7] indicate bending failure at the bottom of the long concrete walls.  
This failure mode is associated with tensile cracking on the outside face of the wall, increase 
in tension in the outer vertical rebar, and increase in concrete compression on the inside 
face.   

Based on the computed stress distribution of the linear analysis [28, Figure 4.7-2], high 
stresses were localized at the bottom at mid-length of the long walls.  As the concrete tensile 
stresses exceeds the rupture limit and cracks develop, concrete tensile stresses are 
redistributed in adjacent sections causing progression of cracking and potentially yielding of 
rebar and crushing of concrete on the compression side of the wall.  Depending on geometry 
and loading, progression of cracking will lead to one of two scenarios.  In the first scenario, 
the progression of cracking slows and stops with the tank maintaining its structural integrity.  
In the second scenario, the bending failure mechanism (described above) propagates to 
adjacent wall sections until all possible load paths are structurally degraded and a state of 
catastrophic collapse of the long walls is reached.  The purpose of the analysis described 
herein is to simulate the progression of concrete failure and to investigate the overall 
structural stability of the tank walls using appropriate nonlinear concrete material damage 
model. 

The nonlinear analysis was performed with a reduced model of the tank shown in Figure 
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3-1.  The model is 1/4 of the tank assuming double symmetry about the two vertical planes 
along the center of the tank.  The height of the model is the average height of the tank.  The 
change in height is small and the approximation in simulating the height is not critical.  The 
foundation slab was not included in the model (for simplification) and the vertical walls were 
fully restrained along the bottom.  This is conservative because the flexibility of the 
foundation slab is simulated with a rigid boundary resulting in increase of bending stresses. 

Concrete members were meshed with ANSYS SOLID185 8-node elements, as shown in 
Figure 3-2.  The rebar in the long wall were modeled with ANSYS LINK180 line elements 
(Figure 3-3).  The modeled rebar includes the vertical and horizontal rebar along the inside 
and outside faces of the long wall.  Since, the roof and short wall were modeled with linear 
concrete material, modeling of the reinforcement was not required.  The concrete roof and 
wall thicknesses were reduced by 1 in. and the rebar cross section areas were reduced by 
10% to simulate degradation due to environmental conditions. 

Concrete material behavior was based on an ANSYS Microplane material model and 
accounts for tensile cracking and compression crushing.  This model is based on research 
by Baźant and Gambarova [29] in which behavior is simulated by uniaxial stress-strain 
relation on multiple planes, with damage modeled through uniaxial damage laws.  The 
following parameters were specified for the concrete material damage model: 

1. Concrete compressive strength = 3.000 psi (Table A2 in Appendix A of [28]) 

2. Concrete tensile strength = 6.7 √f’c = 367 psi (ACI 318 [4], Section 8.6.1) 
conservatively use 300 psi 

3. Concrete Poisson’s ratio = 0.15 (Table A2 in Appendix A of [28]) 

4. Concrete elastic modulus = 57,000 √f’c = 3.1 x 106 psi (ACI 318 [4], Section 8.5.1) 

5. Residual strength in tension cracking and compression crushing is 10% of the 
corresponding specified strength (i.e. post cracking tensile strength is 0.1 x 300 = 30 
psi and post crushing compression strength is 0.1 x 3,000 = 300 psi).  This small 
residual strength is intended to preserve numerical stability of the analysis without 
significantly affecting strength of the structure.  

Rebar material was modeled using properties for linear elastic steel; elastic modulus = 
29x106 psi (ACI 318 [4], Section 8.5.2) and Poisson’s ratio = 0.3 (typical for steel material).  
Stresses in the rebar were verified to be below yield (40 ksi) and, therefore, were bounded 
by elastic behavior. 

Loads applied in the present analysis are consistent with those employed in the linear 
analysis documented in Section 4.7 of [28] and include the following: 

1. Self-weight of concrete based on 150 lb/ft3 density 
2. 2 ft overburden pressure on the roof (Figure 3-4) 
3. Roof snow load of 15 lb/ft2 
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4. Lateral earth pressure on the outside vertical faces of the tank (Figure 3-4) 
5. Waste pressure on the inside faces of the tank based on 8 ft waste depth (Figure 

3-4). Since the waste pressure opposes the lateral earth pressure, the waste 
pressure was conservatively reduced by replacing the specific gravity of the waste of 
1.7 with a value of 1.0. 

The present analysis of Tank 241-Z-361 was performed based on load combination 1 
provided below because it is the most limiting of the two load combinations shown in 
Appendix A of LPI report “Structural Assessment of Aging Legacy Buried Cribs and Tanks 
at the Hanford Central Plateau” [28].  The total combined loads were applied incrementally 
using refined load step (2,000 load steps were used) so that time history of cracking can be 
calculated accurately.  

U = 1.4 DW + 1.4 F + 1.7 LE + 1.4 S  Load Combination 1 

where: 

U is the required strength (axial, bending moment or shear) of the concrete or steel 
structural component, DW is deadweight, F is waste load, LE is lateral earth load, 
and S is snow load. 

The analysis showed that convergence was attained at every load step, including the final 
load step.  This indicates that global failure of the tank should not occur.  Contours of vertical 
concrete stresses are shown in Figure 3-53.  Time history of vertical concrete stresses and 
strains through thickness at the bottom mid-length of the long wall are shown in Figure 3-6 
and Figure 3-7, respectively.  Results revealed tensile cracking of concrete through the wall 
thickness, except at the two nodes on the compression side where the concrete remained 
in compression below its compression strength.  Similar plots are shown in Figure 3-8 and 
Figure 3-9 for the outside face along the length of the tank, which show the extent of tensile 
cracking and tensile strain along the length of the tank.  A stress-strain plot for the concrete 
bottom outside face at mid-length of the tank is shown in Figure 3-10, which shows post 
cracking concrete reduction in strength and stiffness.  Figure 3-113 shows contour plots of 
the vertical stress and strain at the bottom of the long wall indicating the extent of cracking 
and post cracking strains.   

Figure 3-12 shows the time history tensile stresses in the outside face vertical rebar along 
the bottom of the tank where tension in the rebar is maximum.  It is shown that the rebar 
stresses increase due to concrete cracking but remain below the yield stress of 40 ksi. Total 
out-of-plane deflection of the long wall is 0.22 in. as indicated by the DMX value shown in 
the legend (located in the upper left corner) of Figure 3-53.  This deflection is small compared 
to the thickness of the wall and is indicative of structural stability with adequate margin.   

In summary, the nonlinear analysis indicates that concrete cracking will occur and progress 
                                            
3 Parameters DMX, SMN, and SMX in the legend of this figure (located in the upper left corner) represent the maximum 
deflection (in.), minimum stress (psi), and maximum stress (psi), respectively. 
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along the bottom of the long wall.  However, multiple redundancies in the tank box shape 
will provide adequate load paths and strength to resist the applied loads without excessive 
damage. 

Note, units in subsequent figures are psi for pressure, in. for deflection, and in./in. for 
strain. 
  

CP-64174, REV. 0



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Report No. LA181779-R-002 Page 18 of 42 
Revision 0  
 

 

 
 

Figure 3-1: General Views of the ANSYS Solid Model of 241-Z-361 
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Figure 3-2: General Views of the ANSYS Finite Element Mesh of Concrete Elements 
Showing Mesh Refinement in the Long Wall 
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Figure 3-3: General Views of the ANSYS Finite Element Mesh of Rebar in the Long 
Wall 
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Figure 3-4: Pressure Loads (psi) Applied in ANSYS Analysis 
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Figure 3-5: Contours of Vertical Concrete Stresses (psi) 
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Figure 3-6: Time History of Concrete Vertical Stresses (psi) Through Wall at Section 
of Maximum Tension 
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Figure 3-7: Time History of Concrete Vertical Strains (in./in.) Through Wall at Section 
of Maximum Tension 
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Figure 3-8: Time History of Concrete Vertical Stresses (psi) on the Outside Face 
Along Wall Length 
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Figure 3-9: Time History of Concrete Vertical Strains (in./in.) on the Outside Face 
Along Wall Length 
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Figure 3-10: Concrete Stress-Strain (psi – in./in.) Graph at Section of Maximum 

Tensile Cracking (bottom outside face at mid-length) 
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Figure 3-11: Contour Plots of Concrete Vertical Stress (Top, psi) and Strain (Bottom, 
in./in.) of Section Along Bottom of the Long Wall 
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Figure 3-12: Time History of Stresses (psi) in Vertical Outside Face Rebar (over 12 ft 
length starting from wall mid length) 
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3.1 Sensitivity to Load Step Size 

The total load in the nonlinear analysis is applied incrementally in load steps.  Results of 
non-linear analyses should be independent of the selected load step size.  Therefore, the 
load step size should be sufficiently small and verification of solution independence should 
be demonstrated.  This is done by performing the above analysis with 3,000 load steps 
instead of the 2,000 steps used for the base analysis.  Table 3-1 compares the results for 
the two load step sizes.  It is evident that there is no change in the results.  Therefore, the 
base solution results above are independent of the load step and the selected load step is 
adequately small. 

Table 3-1: Load Step Size Sensitivity 

 Base Solution 
2,000 load 
steps 

3,000 load 
steps 

% 
difference 

Max Rebar Tension (psi) 36,279 36,279 0.0 
Max Concrete Tensile Strain* 0.002798 0.002798 0.0 
Max Total Deflection (in.) 0.217988 0.217988 0.0 

 Obtained 6 in. from base of wall at mid-length in between vertical rebar. 

 

3.2 Sensitivity to Mesh Size 

Results of the analysis were also determined to be independent of mesh size.  This was 
assessed by reducing the concrete element sizes through the thickness in the long wall by 
50%.  Results of the refined mesh are compared to the base results, as shown in Table 3-2.  
A 50% reduction in element size produces 6.5 % change in the results.  Since the 
acceptance criteria of the analysis is to demonstrate that the reinforced concrete structure 
of the tank is stable, this change in results is considered within acceptable limits.  Therefore, 
the base solution discussed above is considered acceptable (i.e. the mesh size in the base 
solution is adequate). 

Table 3-2: Mesh Size Sensitivity 

 Base solution Refined Mesh % 
difference** 

Max Rebar Tension (psi) 36,279 34,216 6.0 
Max Concrete Tensile Strain* 0.002798 0.002993 6.5 
Max Total Deflection (in.) 0.217988 0.220668 1.2 

* Obtained 6 in. from base of wall at mid-length in between vertical rebar. 

** With respect to refined mesh solution 
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4. STANDOFF CALCULATIONS FOR PUREX AND REDOX FILTERS 

Calculations were performed to determine the closest distance heavy equipment that can 
be placed near the PUREX and REDOX filter structures.   

The standoff distance evaluation was performed for a conservatively bounding equipment 
total weight of 60,000 lb.  This weight conservatively bounds heavy equipment such as the 
10 ton M123/125 trucks.  Equipment layout dimensions used to distribute the weight on the 
ground surface were taken as 24 ft x 10 ft, which bound the length x width dimensions of 
the M123/M125 trucks.  The equipment load is considered as live load and is added to Load 
Combination 1 which is shown in [28] to be the limiting load combination.  A live load factor 
of 1.7 is applied based on the load combination definition in Section 9.2.1 of [5]. 

The standoff distance lower bound values are such that the equipment load will not be 
impacting the roof structure.  Only exterior walls may be loaded.  Calculations were 
performed to obtain the lateral earth pressure due to existing earth fill and ground level 
equivalent surcharge.  Principals of statics were used to obtain the resulting bending 
moment and shear forces in the wall, which were compared to reinforced concrete section 
strength computed per the ACI 318 Code [4]. 

Lateral earth pressure on walls was calculated assuming no movement of the walls and 
thus, the at-rest earth pressure coefficients are used (as opposed to the lower value active 
earth pressure coefficients that are commonly used in retaining wall analysis).  This is 
conservative because any small wall deflection will tend to reduce the lateral earth pressure 
below the at-rest values.  All soil media were assumed to be sand with internal angle of 
friction, , of 30 deg.  Likewise, earth fill was assumed to be sand with no cohesion, and a 
coefficient of friction of at least 30 deg.  Thus, the at-rest earth pressure coefficient is 
obtained as follows: 

 
Ko = 1 – sin (       [27, eq. 7.3] 

= 1 - 0.5 = 0.5 
 
The lateral earth pressure due to surcharge on a limited area of ground surface is obtained 
using the following equations: 
 
Lateral surcharge pressure = M {2 qequip (  – sin () cos (2) ) /  } [27, eq. 8.28] 
 
where: 

qequip = surcharge (load intensity at ground surface)  
= 60,000 lb / ( 24 ft x 10 ft ) 
= 250 lb / ft2 
 = ( 2 + 1 ) / 2  (see Figure 4-1) 
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 = 2 – 1   (see Figure 4-1) 
M = 1.4 – 0.4 b’ / 0.14 H   ≥  1.0      [27, eq. 8.29] 
H = depth at bottom of wall (Hb in Figure 4-1)  

 

The surcharge in the above equations is assumed to be a strip load, that is, continuous 
along the wall length.  Any internal pressure on the walls opposes the external lateral earth 
pressure.  Such loads are conservatively not included in the analysis herein. 

 
 

Figure 4-1: Lateral Earth Pressure Due to Surcharge 
(note that “b” in the angle labels refers to location at bottom of wall) 

 
An upper bound standoff distance was also calculated on the basis that the surcharge load 
does not impact the walls.  For this calculation the surcharge load distribution through the 
soil is conservatively taken to follow the failure line for passive earth pressure, which makes 
an angle of 45o – /2 with the horizontal, as shown in Figure 4-2.  Using the geometry in this 
figure, the upper bound standoff distance is as follows: 

 
Upper Bound Standoff Distance = depth of the foundation slab x tan (45o + /2).   
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Beyond this distance there is not limitation on equipment weight. 
 

 
 

Figure 4-2: Illustration of Upper Bound Stand-off Distance 
 
 

4.1 Structure PUREX Filters, Group O1 

An 8 ft wide x 8 ft high reinforced-concrete exhaust air duct connects the 202-A Building to 
deep-bed filter 1 (bypassed) and deep-bed filter 2 (active) located in the south yard area 
and is composed of below-grade concrete exhaust air treatment and discharge equipment.  
The overall dimensions of deep-bed filter 2 area are 82 x 52 x 13 ft deep.  There is 4 ft of 
overburden on the roof structure and 4 in. of shotcrete to mitigate water intrusion [18].  
Degradation caused by water intrusion has been observed and, thus, accounted for by 
reducing roof slab and walls thicknesses by 1 in. and rebar cross sectional area by 10% [18, 
28].  
 
Review of the PUREX filter layout drawings, the equipment access is evaluated on the east, 
south, and west sides of the PUREX filter #2.  The north side of PUREX Filter #2 is against 
Filter #1 structure and therefore equipment access is not postulated.  The design drawings 
are used to obtain the concrete wall thickness and reinforcement information.   
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Detailed calculations of the lateral earth loading, demand, and concrete capacities are 
provided in Appendix A of this document.  It is shown that the walls are within the ACI 318 
Code [4] design limits for 60,000 lb surcharge at 10 ft (lower bound standoff distance) from 
the east, south and west walls.  The upper bound standoff distance is as follows: 

Depth of foundation slab x tan (45o + /2) = (13 ft + 7.5 in.) tan (60o) = 23.6 ft use 24 ft 

The duct in the north-east corner of the structure is at a shallower depth (709 ft – (696 ft + 
7.125 in.) = 12 ft + 4.875 in.) than the filter structure.  However, the difference in depth is 
small and the same upper bound standoff distance is maintained. 

The plug located in the south-west corner of the building and the plug in the north-east duct 
are not considered adequate to resist equipment loads and are not, therefore, bounded by 
the lower bound standoff distance calculated above.  Accordingly, the calculated upper 
bound standoff distance of 24 ft is specified for all plug locations.  Figure 4-3 summarizes 
the standoff distance results.  
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Figure 4-3: Standoff Distance Map – PUREX Filters (Group O1) 
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4.2 Structure REDOX Filter, Group O2 

The REDOX sand filter is a below-grade structure approximately 85 x 85 x 20 ft deep, 
consisting of approximately 12 ft of sand and 8 ft of air space in a concrete shell.  The filter 
medium decreases in particle size from coarse gravel at the bottom to 30-mesh sand at the 
top.  The roof over the sand filter has been repaired and is in good condition [18].  
Degradation caused by water intrusion has been observed, which is accounted for by 
reducing roof slab and walls thicknesses by 1 in. and rebar cross sectional area by 10% [18, 
and 28]. 

Evaluation of the REDOX filter was performed for equipment access near all four sides of 
the structure due to lack of information of the surroundings.  The walls along the four sides 
are 1 ft thick.  Wall reinforcement information for the REDOX concrete was not available; 
therefore, ACI 318 Code [4] strength calculations were performed using reinforcement 
details of the PUREX filter 1 ft thick external walls.  Air ducts with approximate 1.5 ft wall 
thickness runs below the foundation slab along three sides of the structure.  Reinforcement 
of the 1 ft thick walls was assumed similar to that in the 1 ft thick walls of the PUREX filters. 

Based on the detailed evaluation in Appendix A of this document, the calculated standoff 
distance for the equipment weight of 250 lb/ft2 is approximately 24 ft.  This is within the range 
for the upper bound standoff distance calculated as: 

Hb x tan (45o + /2) = (12 ft + 5 in.) tan (60o) = 21.5 ft, use 24 ft 

Therefore, the standoff distance is considered to be 24 ft at all locations and there is no 
limitation on equipment weights located 24 ft or more away from the external walls, as shown 
in Figure 4-4. 

This evaluation did not account for the perimeter ducts nor the plugs.  The perimeter ducts 
are approximately 6 ft in height and their walls are approximately 1.5 ft thick.  Based on the 
calculations performed herein, the surcharge effect on the ducts/plugs is expected to be less 
than 5% of the existing lateral earth pressure for the given standoff distance.  Therefore, the 
standoff distance of 24 ft is applicable everywhere around the REDOX filters structure. 
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Figure 4-4: Standoff Distance Map – REDOX Filter (Group O2) 
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5. SUMMARY 

LPI performed structural analyses of the facilities, which have the highest combined risk and 
consequence of failure as reported in the “RL-40 Aging Structures Risk Assessment” report 
[18, and 28].  LPI was requested to perform additional analyses on select buried structures, 
including a progressive failure analysis of Tank 241-Z-361, and standoff calculations for the 
PUREX and REDOX filters.  The objective of the progressive failure analysis is to determine 
if Tank 241-Z-361 maintains structural integrity subject to concrete cracking.  The purpose 
of the standoff calculations was to determine the minimum distance required between heavy 
equipment (greater than ten tons gross vehicle weight rating) and the perimeter of the 
PUREX and REDOX filters to ensure ACI 318 [4] design limits are met. 

Using a verified and validated version of ANSYS ® software, a progressive failure analysis 
of Tank 241-Z-361 was performed.  The stability analysis employed factored load 
combination 1 (see Section 3 of this document) and strength limits based on minimum 
specified material strength limits to investigate the nonlinear behavior of the reinforced 
concrete and structural stability of the tank.  The acceptance strength limits calculated in 
[28] in accordance with ACI 318, do not represent actual failure limits but, rather, provide 
some indication of the potential for failure.  In addition, Mathcad was used to perform the 
standoff calculations for the PUREX and REDOX filters. 

Results are based on the available information (drawings [2], and “RL-40 Aging Structures 
Risk Assessment” report [18]) and assumptions reported herein (see Section 3, 4, and 
Appendix A of [28]).  The progressive failure analysis and standoff calculations presented 
address the overall structural stability of the underground structures in the scope of work 
and should not be used to justify worker safety.  Accordingly, the results presented in this 
report should be assessed within the context of the available information and applied 
assumptions. 

Standoff calculations show that the PUREX filter walls are within the ACI 318 Code [4] 
design limits for 60,000 lb surcharge at 10 ft (lower bound standoff distance) from the east, 
south and west walls, and an upper bound standoff distance of 24 ft for all plug locations.  
Standoff calculations for the REDOX filter walls show that the minimum standoff distance is 
24 ft and that there is no load limitations beyond that distance. 

The progressive failure analysis of Tank 241-Z-361 (nonlinear analysis) indicates that 
concrete cracking will occur and progresses along the bottom of the long wall.  However, 
multiple redundancies in the tank box will provide adequate load paths and strength to resist 
the applied loads without excessive damage.  It was also shown that rebar tensile stresses 
remain below yield strength of the reinforcement material. 
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The progressive failure analysis of Tank 241-Z-361 presented herein is based on current 
code requirements for load factors, load combinations, and strength reductions for concrete 
and steel materials.  The assessment of the original design requirements was not in the 
scope of work; therefore, the results of this report should not be used to characterize the 
adequacy of the original design.    
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APPENDIX A 
  

STANDOFF CALCULATIONS: 
 

PUREX AND REDOX FILTERS 
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REDOX FILTERS 
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