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ABSTRACT 

Because of the reduction in the nation’s stockpile of weapon systems a large 
amount of tritium is being returned to the Savannah River Site (SRS) in &en, 
SC. Due to the increased quantity of tritium returning to SRS, the SRS Tritium 
Facility was tasked to determine the most cost effective means to safely store the 
tritium gas in a short period of time. 

An evaluation of the desired &tium storage location was required to assess the 
consequences from natural phenomena hazards (NPHJ. A seismic and extreme 
wind risk assessment was performed to identify the dominating contriiutors to 
risk from NPH’events, and was used as a risk assessment tool in identifying the 
most cost-effective solutions for NpH mitigation measures. The risk assessment 
identified portions of the Tritium Facilities as potentially wlnerable to NPH 
events. The short term solution, as verified by sensitivity studies conducted with 
the risk model, was to design and install a hardened storage medium to safely 
store the tritium 

The hardened storage medium used to store tritium, the Highly InVulnerable 
Encased Safes (HIVES), was designed to remain &cturally intact ,while 
subjected, to an adjacent reinforced m’ncrete stack impact and/or building 
collapse. , 

This paper presents results of the risk assessment developed to evaluate the safe 
storage of tritium at SRS, and highlights the spuc?mal design of the HIVES used 
as the cost-effective short term NPH mitigation solutioi~. 

INTRODUCTION 

The majority of tritium storage facilities at 
the Savannah River Site (SRS), built from the 
1950s, were not designed for the current design 
basis events @BE) to Performance Category 3 
(PC~) requirements in accordance with DOE- 
STD-1020-94 [I]. Due to the increased quantity 

of tritium returning to SRS, resulting from the 
ending of the Cold War and subskpent 
reduction in the nation’s weapons stockpile, a 
decision tool was necessary to identify the 
dominating contributors to risk from natural 
phenomena hazards (NPH), and,to determine 
the most cost effective solution for mitigation. 
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A risk assessment of one existing Tritium 
building and tritium storage system was 
performed to estimate the consequences from 
NPH [2]. It .identified sequences,' their 
consequences in terms of offsite dose and the 
corresponding frequencies of occurrences. 

In order to reduce the potential NPH 
consequences on the building and resulting 
unacceptable offsite dose, different short term 
mitigation strategies were evaluated and 
considered. 

This -paper presents results that 
demonstrated that the use of HIVES, hardened 
storage 'safes, was the cost effective short term 
NPH mitigation solution. 

RISK ANALYSIS 
. ,  

The analysis required a joint effort between 
various divisions at SRS. Fragility values and 
background on failure modes were based on an 
NPH assessment and walkdowns of the 
pertinent structure, systems, ,and components 
(SSCS). The fragilities were used to perform an 
event tree analysis. Based on a certain 
distribution of a hypothetical inventory of 
10,000 grams of tritium in the building, the 
frequencies of release were quantified for 
sequences leading to the offsite release of 
tritium. 

Results are presented in this paper for a 50 
percent oxidation of elemental tritium in the 
affected areas during or immediately following 
the NPH (seismic or tornado) events, although 
sensitivity studies were performed for other 
oxidation ratios. The oxidation percentage is 
based on a fire which has a probable risk of 
occurring following an earthquake, and a lesser 
probability of occurring during or immediately 
following a tomado event. A dispersion and 
conversion factor of 1.94EL3 rem per gram o f  
tritium' at ground level was used in the offsite 
dose determination. 

The offsite dose, in rem, was plotted versus 
the occurrence frequency of the NPH induced 
damage state of the SSCs, and the plot 
corresponding to various. sequences was 
compared with the (then) allowable dose limits 
of Reference [2]. Figures 1 & 2, respectively, 
show offsite dose versus occurrence frequency 

from a seismic induced failure and tomado 
induced failure for the existing tritium facility. 

Seismic 

A dominant sequence contributing to the 
largest release of tritium for a seismic event was 
the individual sequence 4-14 considering the 
full seismic hazard. This sequence is the non- 
failure of the adjacent stack but failure of the 
concrete and steel k e  portions of the 
building. The sequence r d t s  in an offsite 
dose of 9.7E-1 rem at a fiequency of 3.6B-5 per 
year. 'The sequence causes a release of 10 
percent of the total tritium inventory. This 
sequence is shown in Figure 1 with the 
associated allowable offsite dose limit. 

When the concern of the offsite dose from 
seismic events is truncated at a DBE of 0.20g 
the fiequency drops to 6.97E-6 for the same 
dose consequence. I 

Tornado 

In comparison, the tornado induced events 
result in more severe offsite dose consequences 
than the seismic induced events, but at a lower- 
recurrence frequency. This is due to the stack . 
collapse impacting the reservoir storage vault 
where the majority of tritium material is stored. 
This vault, in the absence of  stack^ impact, is not 
subject to direct damage from either seismic or 
high wind events. The dominant credible 
tornado *event sequence 4-3T results in an 

. 
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offsite dose of 5.6EO rem with a frequency of 
7.3E-6 per year. This failure scenario is the. 
stack collapse onto the vault. Figure 2 shows 
this sequence with the associated allo,wable 
offsite dose limit. 

- 

.released by wind speeds up to 180 mph 
V i i l y  all inaterial outside the vatilts'is 

The more interesting result from the risk 
analysis ig the percentage or quantity of total 
tritium inventory released. Sequence 4-2T 
yields an offsite dose of 6.56 rem at a frequency 
of 1.01E-06, but yields a 67.6 percent loss of 
total inventory. With no durrent production 
facilities available to produce tritium, and a half 
life of 12 years, this result was an important 
concIusion to 2 implementing NPH mitigation 
measures. 

NPH MITIGATION ~LTERNATMCS 

Due to the risk study results, several 
alternative mitigation strategies were 
investigated"to reduce the risk to stored tritium 

' from seismic and tornado events. Alternative 
strategies considered were: 

1. Relocate' the majority of the tiitiUm 
inventory into the vault.. 

2. Locate a portion of the tritium inventory to 
altematic facility locations on site. 

3. Structurally upgrade the tritium building 
and or stack. 

4. Design and install a hardened safe to resist 
the NPK structuielstack collapse hazards. 

I During the intial stages of the'risk study 
strategy number one .was identifed as an 
immediate risk redudon measure. This was 
due to the high NPH capacity of the vault 
compared to the tritium building. The results of 
the risk study are b&ed on the relocation of the 
majority of tritium inventory to the 'storage 
vault. 

The upgrade of the tritium building, a 
single story reinforced concrete frame structure 
with a steel fiame section additiona, was 
determined to be highly complicated especially 
for the concrete section of the building. The 
steel frame section upgrade was conceptually 
straight forward but expensive because of the 
work r&uired in congested, controlled and 
radioactive areas. A risk assessment for this 
alternative was not explicitly performed. 

Upgrade of the 200' tall concrete.chimney 
stack consisted of installing guy cables to . 
prevent it from impacting the building or the 
vaults. The estimated cost for this upgrade was 
over a million dollars; costs for other stack 
upgrades were significantly more. A risk 
assessment for this alternative was performed. 

~n alternative facility location on site was 
chosen to locate the majority of tritium for 
storage. However, the cost for the project was 
,determined to be over a million dollars. 
Additionally, the attendant packaging and 
security requirements required for transporting 
the tritium back and forth to the processing 
facilities was equally as costly and recurring. 

A feasibility study was'perfomed to assess 
whether a hardened enclosure (HIVES) could be 
procurred andor cost-effectively designed and 
constructed to resist the potential building and 
stack collapse consequences [3]. It was a 

- determined that a commercially available steel 
safe could be.modified to resist the expected 
NPH collapse loads. This alternative yielded a 
significant reduction in tritium inventory loss 
and subsequent offsite release. 

RISK ASSESSMENT OF STACK - 
UPGRADE ALTERNATIVE - 

I 
" 



The reduction in the release rate from 
seismic and tornado events, for the stack 
upgrade alternative, was slightly less than and 
more than that for the case with HIVES, 
respectively, This was reasonable as the 
majority of inventory is stored in the vault 
where the NPH risk is from stack collapse. 
However, the estimated cost for the stack 
upgrade alternative was more than 1.6 times 
that for the HIVES alternative. 

RISK ASSESSMENT OF HIVES 
ALTERNATIVE 

Seismic 

The r e l b e  rate from. seismic events 
reduced by a factor of about ten with respect to 
the case without HIVES.  The offsite dose 
comparison for seiS.mic induced damage, when 
HIVES are used for storage, is shown in Figure 
3. 
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Tornado, 

. The release Ate from tomado events 
. reduced by a factor of about five with respect to 

the case without HIVES. The offsite dose 
comparison for tomado induced damage, when 

, HIVES are used for storage, is shown in Figure 
4. 

The amount of material released for 
credible sequences with occurrence frequencies 
above 1E-6 per year decreased from 10, percent 
to 4.5 percent.' when the frequency of 
occurrence is disregarded, the maximum 
amount of material released decreased from 
19.34 percent to 6.9 percent. The sequence that 
most closely approaches the allowable limit of 
Reference [2] occurs for the sequence 4-14 that 
yields a dose of 0.44 rem at the frequency of 
3.6E-5 per year. 

The amount of material released for 
credible sequences with occurrence fiequencies 
above 1E-6 per year decreased from 58 percent 
to 12 percent. When the frequency of 
occurrence is disregarded, the maximum 
amount of matenal released decreased from 68 
percent to 12 percent. The sequence that most' 
closely approaches the allowable l i t  of 
Reference [2] occurs for the sequence 4-7T that 
*causes a dose of 0.66 rem at the fkquency of 
, 3 .E-5  per year- 

H W S  ALTERNATIVE 

The HIVES is a hardened enclosure 
designed around a commercial Class 5 Map & 
Plan steel safe. The primary function of the 
HIVES is to protect tritium inventory from 
extreme impact loads. The loads were 
hypothesized as the loads resulting from ihe 
collapse of a neighboring reinforced concrete 
stack, and of the surrounding reinforced 
concrete andsteel frame building suyctures due 
to seismic and tornado events. 
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The Class 5 Map & Plan steel safe was 
modified with additional steel plates and an 
energy absorbing bonnet attached to the top to 
achieve the necessary capacity to resist the 
extreme impact loads. 

~ 

The HIVES is s&cturally designed to 
survive the impact effects resulting from 
extreme seismic and tornado events. Thus, no 
material in HIVES located in the buiIding is 
considered to be released if the stack or building 
fails due to NPH effects. Whereas, for the 
existing storage cabinets, eighty percent of the 
material stored in cabinets is considered to be 
released if the stack or building fails due to 
NPH effects. 

The estimated cost for the HIVES 
alternative, including installation was 
approximately $600,000. 

A schematic of the HIVES design is given I' 

in Figure 5. All plate material is 100 kips per 
square inch @si) yield abrasion resistant 
material consistent with that for commercial 
Class 5 Map & Plan steel safes. 
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EXPLODED MEW 

Figure 5 

3. L l a  , 

HIVES Design 

The structural design of the HIVES is based 
on two strategies: energy absorption and 
strengtk - 

A part of ihe structure or component 
interacting with the HIVES that comes in direct 
contact with it has to be stopped by the HNES. 
The corresponding minimum kinetic energy, 
imparted to HIVES is given by multiplying the 
kinetic energy density of the falling object by 
the contact volume. For example, for a 
neighboring stack directly falling on the HIVES ' 

the minimum kinetic energy is about 203 kip-ft 
based on a stipulated failure at the base of the 
stack The HIVES bonnet consists of an energy 
absorbing material designed to absorb 280 kip- 
ft. In addition, the impact platform consisting 
of the safe impact plate, safe top plate and the 
safe top reinforcing plate, has an additional 
energy absorbing capacity of about 134 kip-ft. 

The bonnet impact plate and the impact 
platform help distribute the vertical load of 
impact u r ~ o m d y  to the side panels. The bonnet 
side panel plates are designed to buckle outward 
during this process. For unsymmetrical impact 
scenarios the bonnet side panel plates and' the 
attachment of the bonnet to the HIVES are 
designed such that the bonnet remains attached 
to the HIVES. 

For interacting structures or components 
(impact source) interacting with HIVES (impact 
target) having the kinetic energy significantly 
higher than the energy absorbing capacity of the 
bonnet, HIVES has to be strong enough to 
withstand the impact and, more importantly, to 
allow the kinetic energy to be dissipated by the 
source itself. The strength requirement is the 
vertical force in the HIVES resulting from the 
impact. The force is calculated on the b d i  of 
the impulse-momentum equation 

The strength of the HIVES is limited by the 
(elastic) buckling strength of the safe side 
panels, about 2293 kip. Two horizontal side 
phe l  stabiliiing plates help achieve the 
buckling strength of the side panel plates and 
the side panel reinforcing plates (each being 1/2 
inch thick). The maximum estimated vertical 
force for the most conservative impact sceprio 



is about 1020 kip [6].  I The scenario is 
schematically shown in Figure 6. 
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I Planview 
Goveming HIVES Impact Scenario 

Figure6 . ’ , 

The scenario of Figure 6 is a result of the 
secondary collapse of the concrete slab, beam 
and girder framing of the building, due to stack 
collapse. The estimated force in the lpVES due 
to a direct hit of the stack is about half of the 
maximum. The stack impact scenario is 
schematically shown in Figure 7. It is based on 
the most likely stack failure mechanism, that is; 
which requires the least force. Other stack 
failure mechanisms were considered. 

The HIVE was designed for secondary 
missile impact per requirements of DOE 
Standard DOE-STD-1020-94 [l] tomado missile 
criteria and is also evaluated for secondary 
missiles generated by stack‘impact with the 

*facility building roof. Both vertical and 
horizontal impact of secondary missiles were 
considered in the HIVES design. 

The HIVES anchorage is not relied upon to 
resist the NPH loads resulting from a building 
or stack collapse. However, to ensure that the 
safe not pose a II/I interaction hazard to 
other NS components in its proximity, the 
,anchorage is designed for seismic inertia loads 
and secondary missile impacts. 

CONCLUSIONS 
,. 

A risk assessment methodology was used as 
a decision tool in identifying and adopting short 
term NPH. mitigation strategies for the safe 
storage of tritium at SRS. It was concluded that 
the HIVES, hardened storage enclosure, offered 
the most cost effective solution. 

LIMITATIONS 

The risk study results reported in this paper 
are preliminary. The structural fragility values 
of the‘systems, structures and components 
(SSC) of the building have since been re;ised 
and the “allowable” dose limits have changed. 
Thus, the event tree analysis results for the 
building, and hence the offsite dose estimates 
with the associated Erequencies for NPH events, 
have changed. .Nevertheless, the conclusions 
regarding the relative benefits of the HIVES 
smtegy and use of risk methodologies as a 
desision tool remain valid. 
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