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AB!TrRAcr 
Many tanks are stored underground on the Oak Ridge 

Reservation in the state of Tennessee. The construction of 
some of these tanks dates back to the 1940s. A major 
Department of Energy (DOE) initiative is to assess the integrity 
of these existing tanks. These tanks must be analyzed and 
evaluated to ensure the safety of workers, the public, and the 
environment. 

This paper presents the results of a buckling analysis for 
two horizontal tanks in an underground vault. The tanks are 
3.7 m (12.0 ft) in diam, 18.7 m (61.4 ft) long, and supported on 
two saddles. The analysls addresses different loading scenarios 
to complement the safety evaluation of these tanks. The loading 
conditions consider empty and half-full tanks in the vault flooded 
with either waste material or flood water to different heights. 
The results indicate that the tank will neither yield nor buckle 
for flood water of 5.5 m (18.0 ft) above the tank top. 

INTRODUCTION 
This paper presents the analysis and evaluation of an elastic 

buckling analysis for two horizontal tanks in an underground 
vault on the Oak Ridge Reservation. The analysis was carried 
out to address some of the safety issues on these tanks. The 
two tanks are in a vault and are bolted to the vault liner. The 
tanks are laid horizontally, and each is supported with two 
saddles near the ends. These tanks are used to store low-level 
radioactive waste generated on site. 

To complement the ongoing safety evaluation of these 
tanks, the following load scenarios were addressed. It was 
postulated that one tank could be either empty or half full and 

*Managed by Martin Marietta Energy Systems, Inc., under 
contract DE-AC05-8421400 with the U.S. Department of 
Energy. 

the other tank could leak, resulting in the flooding of the vault 
to a certain level. Furthermore, it was postulated that flood 
water from a dam failure nearby could flood the vault and the 
ducts. The objective was to show the liquid height that the 
tank can tolerate before it buckles. 

The American Society of Mechanical Engineers (ASME) 
Pressure Vessel and Piping (PVP) Code (ASME 1992) does 
not address the tanks (vessels) under partial hydrodynamic 
external pressure. Therefore, finiteelement methodology was 
used for the analysii and evaluation. The analysis considered 
only half of the tank and took advantage of symmetry to reduce 
the computation time. 

The evaluation showed that the tank will not buckle up to 
a flood-water level of 5.5 m (18.0 ft) above the tank top. The 
55-m (18.0-ft) level was high enough so that (1) no expensive 
liquid-level detectors and monitoring systems needed to be 
installed in the vault to detect the liquid waste, and (2) the 
vault was not required to be leak-tight on top to prevent rain 
water seepage into the vault. This activity resulted in a 
considerable cost savings. 

The other concern, not addressed here, was the uplift force 
exerted on the empty tank as a result of flooding. It had to be 
shown that the bolts would not fail or tear the vault liner. The 
results indicated that the bolts could take the uplift force and 
the liner will stay intact. 

GEOMETRYANDMATERIAL 
The subject tanks are 3.7 m (12.0 A) in diam and 18.6 m 

(61.0 ft) long. The original designed and fabricated thickness 
is 127 mm (0.5 in.). The tanks are laid horizontally in the vault 
and supported with two saddles. Thesaddlesare3.4 m 
(11.2 ft) from the end of tank heads and are bolted to the vault 
liner (see Fig. 1). The saddles are extended all around the 
perimeter of the tank and act as compression rings as well. 



The tanks and the saddles are made of 304 L stainless steel 
with an allowable yield stress of 207,000 W a  (30,000 
Ibfh?), and a Poisson's ratio of 0.3 (INCO 1%3). The 
operating temperature of the tanks varies in different seasons 
and climate conditions. However, the room temperature 
material properties of 304 L stainless steel were used for the 

The liquid waste was assumed to have the same 
temperature range as the holding tank. A conservative specific 
gravity value of 1.5 was assigned to the liquid waste. The actual 
specific value for the current liquid waste stored is 1.2. 
Naturally, specific value of the flood water was set to 1.0. 

analysis. 

1 

2 

WADING CONDITION 
Two separate loading conditions were considered. First, the 

assumption was made that one tank would be empty and the 
other tank in the vault would leak to flood the vault. The 
maximum height of the leaked waste (with speaiic gravity of 
1.5) would be to the centerline of the empty tank. It was 
assessed to see if the empty tank would buckle as a result of the 
external pressure of the waste liquid on the empty tank. 

Next, it was assumed that one tank would be empty and 
either the process water pipe would leak or the vault would be 
flooded by the failure of a local dam. For this case, it was 
postulated that water would be up to the tank top and also up 
to 6.4 rn (21.0 ft) above the tank top. As a parametric study, 
the 6.4 m (21.0 ft) was analyzed in 91.4- (3.04) increments. 
This analysis would result in a total of nine load cases, as 
summarized in Table 1. 

Liquid waste with a specific 
gravity of 1.5 up to the 
tank centerline. 

Water with specific gravity 
of 1.0 up to the top of the 
tank. 

Table 1. Load cases 

Load Case I DescriDtion 

Water up to 6.4 m (21.0 ft) 
above the tank top with 
91.4 cm (3.0 ft) increments. 

The subject tanks would be exposed to linear varying 
external pressure as a function of fluid height. The ASME code 
(ASME 1992) does not address the nonuniform hydrostatic 
pressure. No closed-form solution procedure was readily 
identified to give the buckling loads, as well as the resulting 
forces, on the connections of the saddles to the liner of the 
vault. Therefore, finiteelement methodology was used for the 
analysis. In particular, PATRAN (PDA 1993) was used for the 
pre- and post-processing and ABAQUS (HKS 1993) was used 
for the analysis. 

Since the tank and the loading conditions (linearly 
increasing with depth) are symmetrical, only half of the tank was 
modeled. Appropriate symmetrical boundary conditions were 

applied to simulate a full tank. Alternatively, only onequarter 
of the tank could have been modeled, but this would have 
required four subset runs to capture all responses. With half- 
symmetry conditions to encompass all possible solutions, 
separate cases were run with symmetrical and asymmetrical 
boundary conditions on the plane of symmetry. 

Because the analysis carried out was elastic buckling by 
eigenvalue extraction, in each case a simple static run was ais0 
performed to ensure that the tank had not yielded and the 
responsewaselastic. Otherwise, the nonlinear buckling solution 
of ABAQUS would have been used. 

The finiteelement model (Fig. 2) consisted of 5078 nodes 
and 5412 shell elements, Of the 5412 shell elements, 634 were 
triangle (STRI35), and 4778 were quadrilateral (S4R5) 
elements. The anchor bolts were constrained in all three 
translational degrees of freedom to reflect the bolt connection 
to the vault liner. The pressure was applied as uniform element 
pressure on the elements. The tank was assumed to be empty, 
a conservative assumption, and no other operational loads were 
applied. 

ResuLls 
The elastic buckling solution of the ABAQUS finite- 

element code determines the buckling load of a structure by 
calculating the eigenvalue of the structure under load. The 
resulting eigenvalue could be interpreted as the ratio of the 
subject loads to the minimum load that would buckle, and thus, 
failure of the tank. Note that the finiteelement model does 
not take any damage or geometrical imperfections of the 
structure into consideration. Therefore, a safety factor, 
depending on the condition and extension of the inspection, 
must be considered. For this analysis a safety factor of 2 was 
acceptable. 

For each of the nine load cases, a minimum eigenvalue 
was calculated and is tabulated in Table 2 

Table 2 Load case eigenvalue 

I1 5 I 2.97 

ll 9 I 1.82 II 
According to the results in Table 2 and a desired safety 

factor of 20, the tank could withstand up to 5.5 m (18.0 ft) of 
water above its top. It was judged that the flooding would be 
detected with existing indicators when the vault is flooded to a 



height below 5.5 m (18.0 ft). Therefore, in reality the safety 
factor would be more than the assumed value of 2.0. 

Furthermore, the maximum Von Mises stress in the tank 
and the saddle were calculated. The maximum anchor bolt pull 
out was also calculated for bolt evaluation. For the bolt force 
reaction, no credit was taken for the weight of the tank. The 
stresses and the bolt pull out forces are tabulated in Table 3. 

Figures 3 and 4 show the deformed shape and Von Mises 
stresses for load case 1, respectively. Figures 5 and 6 show the 
deformed shape and Von Mises stresses for load case 2, 
respectively. 

As an alternative approach, the tank was analyzed for a 
maximum external uniform pressure. This approach used the 
guideline of the Astronautic Structures Manual (ASM 1970) to 
calculate the critical pressure, P, The algorithm used, as shown 
below, considers the factor of safety for imperfections. 

Load Case 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Po = @ z2DlrL2, 

Maximum Von Mises Stress 
MPa (Klb4in.z) 

Tank Saddle 

Maximum Anchor Bolt Pull 
Out Reaction 

KN Wbf)  

24.00 (3.48) 72.47 (10.5 1) 88.67 (19.95) 

27.24 (3.95) 92.95 (13.48) 111.69 (25.13) 

27.5 1 (3.99) 93.15 (13.51) 111.91 (25.18) 

27.79 (4.03) 93.36 (13.54) 112.09 (25.22) 

28.06 (4.07) 93.57 (13.57) 112.31 (25.27) 

28.34 (4.11) 93.77 (13.60) 11253 (25-32) 

28.68 (4.16) 93.98 (13.63) 112.76 (Z-37) 

31.10 (4.51) 94.23 (13.67) 11293 (25.41) 

34.68 (5.03) H.46 (13.70) 113.16 (25.46) 

calculated value. Therefore, a factor of safety of 20 is 
acceptable. The water level above load case 7 should be 
considered critical. This lead case would lead to a safety factor 
of 2.26. 

CUNCLUSLONS 
Two low-level-waste storage tanks inside an underground 

vault were analyzed and evaluated for safety. The load 
S C ~ M ~ ~ O S  were the possibility of one empty tank flooded within 
the vault from the leakage of liquid waste from another tank or 
water. The results show that for the liquid waste imposing a 
hydmtatic pressure on the exterior of the empty tank up to the 
centerline, the tank will not buckle. A safety factor of 8.14 was 
calculated for this case. 

The second scenario, flooding of the vault and thus imposing 
external pressure on the outside of the empty tank, ais0 was 
analyzed. The result showed that for a safety factor of 20 the 

Table 3. Maximum tank, saddle stresses, and 
anchor bolt pull out reaction 

where 

D = ~ t 3 4 1 2 j i  - .*)), 
E = Young’s modulus, 
r = radius, 
L = length, 
t = thickness, 
v = Poisson’s ratio, 
ZQ = constant (from Fig. 3.1-4 of ASM manual). 

The calculated P, for the tank is 80.69 KPa (11.7 1bUm.z) 
The maximum pressure at the bottom of the tank for load case 
7 is 80.69 KPa (11.7 Ibf/in?), which correlates with the above 

tank wiIl not buckle with up to 5.5 m (18.0 ft) of water above 
the tank top. 
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