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EXECUTIVE SUMMARY

S.1. INTRODUCTION

S.1.1. Background

Under the direction of the U.S. Army Office of the Program Execu-
tive Officer-Program Manager for Chemical Demilitarization (PEO-PM Cml
Demil), GA Technologies Inc. (GA) and its subcontractors performed a
comprehensive assessment of the frequency and magnitude of accidental
agent releases associated with various alternatives under consideration
for the Chemical Stockpile Disposal Program (CSDP). This assessment was
carried out in support of the environmental impact statement (EIS) for
this program and addresses only the stockpile of chemical munitions that
o is currently stored at eight sites in the continental United States
‘T." (CONUS). The assessment of potential health consequences to the public
resulting from accidental releases calculated in this study will be
performed in a separate study. These consequences and the GA-evaluated
frequencies of the releases leading to these consequences will form the

basis of estimates of the potential public "risks" associated with the
CSDP alternatives.

The alternatives investigated in this study are as follows:

1. Disposal of the agents and munitions at the eight existing

storage sites.

2. Collocation (transportation) and disposal of the munitions at

two regional sites.
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3. Collocation and disposal of the munitions at a single natiomnal A

{;:;f
site.
4. Partial collocation of the selected stockpiles from Aberdeen
Proving Ground (APG) to Johnston Island by water or to Tooele
Army Depot (TEAD) by air and from the Lexington-Blue Grass
Army Depot (LBAD) to TEAD by air.
5. Continued storage of the munitions at the existing storage
sites.
This report addresses the collocation alternatives listed above (i.e.,
items 2, 3, and 4). The other alternatives are discussed in separate
reports.
Anniston Army Depot (ANAD) in northeast Alabama and TEAD in north
central Utah have been identified as the regional disposal sites should ~
this collocation alternative be selected. If the national collocation j;:f
alternative 1s selected, the disposal facility will be constructed at h
TEAD.
Demilitarization of the chemical agent and munition stockpiles
requires the construction of facilities and planned activities to store,
handle, and transport onsite the chemical materiel; to transport the .
agents and munitions between sites if a collocation alternative is :&1
selected; to destroy the munitions; and to decommission the disposal %F
facilities. This report addresses each of these activities, other than :ﬁ
facility construction and closure, which do not pose risk to the health :i
and safety of the general public from agent release. o
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:v ) fik S.1.2. Study Objectives and Deliverables k'
i The primary objectives of the study reported in this document were Li
J to: "
! 4
! 1. Identify events that could initiate the release of agent to
the environment (i.e., initiating events). Y
:
Y 2. Develop the various sequences of events resulting from these ~
I initiators and leading to accidental agent release. pot
R o
| 3. Perform a quantitative analysis of the frequency of occurrence '.;:
: of each relevant accident sequence. .E:
§ 'J
; 4, Characterize the physical state, quantity, and duration of ;
agent released from each accident sequence. ::';

‘-
' & These objectives were accomplished by developing a list of poten- '
> ’ tial accident sequences for each major activity, estimating the frequen- "
) cies of these sequences, and calculating the magnitudes of released A
: agent associated with these sequences. It should be noted that only k
accident sequences that survived a conservative screening process, con- '
sidering both frequency and magnitude of agent release, are included in "

the deliverables of this project. E
" }',f
) "
! S.1.3. Scope of Study :‘
! e
‘ The scope of effort reported in this document, as noted earlier, "
y, did not include the evaluation of agent dispersion to the environment E
and the consequences to the public resulting from such releases. As N

such, the title of this report is more appropriately that of a probabi- -
listic “release" analysis as opposed to a probabilistic "risk" analysis, :}-
since risk is usually defined as the product of frequency and conse- :“::
quence. Therefore, the term "risk,"” as used in this study, refers to Ry
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the frequency of accidental agent release and not to the frequency of

the agent release consequence to public health.

S.1.4. Plant Description

Demilitarization of the chemical munitions stored at U.S. sites
is based on the Johnston Atoll Chemical Agent Disposal System (JACADS)
technology. This facility is currently being constructed on the
Johnston Atoll in the Pacific Ocean. The demilitarization facility
consists of an integrated munitions handling system that can process a
variety of munitions types and agents. After disassembly and draining
of the munitions, the agent, explosive materials, dunnage, and metal
mass are subjected to different combustion trains where the combustibles
are consumed by incineration. All materials are subjected to two-stage
incineration, and combustion products are released to the environment

through a state-of-the-art pollution abatement system.

Two types of demilitarization plants wili be constructed: mixed-
muinit{ion plants and bulk agent plants. Mixed-munition plants are capa-
ble of processing all types of chemical materiel. Bulk plants are
designed to process ton containers, bombs, and spray tanks. For the
national disposal alternative, three mixed-munition plants and two bulk
agent plants will be constructed at TEAD. For the regional disposal
alternative, two mixed-munition plants and one bulk agent plant will be

constructed at TEAD, and one mixed-munition plant and one bulk agent

plant will be constructed at ANAD.

To meet the September 1994 deadline for the destruction of the
chemical agent stockpile, the plants are projected to begin operation
during the period between September 1990 and March 1991. The plants

will operate five days per week and twenty-four hours per day.

:

The analysis of plant operations presented in this assessment was

based on a plant design which was approximately 35 percent complete.
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It is recognized that design evolution could have an impact on the

results reported herein.

S.1.5. Site Descriptions

There are eight sites in the CONUS where chemical munitions are
currently being stored. These sites are: Tooele Army Depot (TEAD),
Anniston Army Depot (ANAD), Aberdeen Proving Ground (APG), Lexington-
Blue Grass Army Depot (LBAD), Newport Army Ammunition Plant (NAAP), Pine
Bluff Arsenal (PBA), Pueblo Depot Activity (PUDA), and the Umatilla
Depot Activity (UMDA).

TEAD is located in north central Utah. A prototype demilitariza-
tion plant, the Chemical Agent Munitions Disposal System (CAMDS) facil-
ity, is located at this site. The site currently stores a wide variety
of chemical munitions and bulk agent containers of mustard and the nerve

agents, GB and VX.

ANAD is located in northeast Alabama. The chemical munitions
stockpile at ANAD consists of all chemical munitions types except for
bombs, spray tanks, and 8-in. projectiles filled with VX.

APG is located in Maryland near the head of the Chesapeake Bay.
APG is comprised of two general areas, the Aberdeen area and the
Edgewood area where the chemical munition storage facilities are

located. Only mustard-filled ton containers are stored at APG.

LBAD is located south of Richmond, Kentucky. The chemical munition
stockpile at LBAD consists of 8-in. projectiles, 155-mm projectiles, and
M55 rockets.

NAAP is located west of Indianapolis, Indiana. The chemical muni-
tions stockpile is stored there in a single warehouse and consists of

containers of VX.
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PBA #s located southeast of Little Rock, Arkansas. The stockpile
at PBA consists of M55 rockets, land mines, ton containers, and some

4.2-in. mortar projectiles.

UMDA is located in northeastern Oregon. The stockpile at UMDA
consists of 155-mm and 8-in. projectiles, M55 rockets, M23 land mines,

bombs, spray tanks, and ton contailners.

S.2. STUDY APPROACH

The risk analysis presented in this report combines the structured
safety analysis detailed in MIL-STD-882B (Ref. S-1) and the probabilis-
tic approach outlined in NUREG/CR-2300 (Ref. S-2). The first reference
requires that hazards analyses be performed to assess the risk involved
during the planned life expectancy of a system. It also provides guid-
ance on the categorization of hazard severity and of probability as a
means of identifying which hazards should be eliminated or reduced to an
acceptable level. The second reference serves as a guidebook for the

risk assessment of nuclear power plants.

Risk assessment can be defined as the quantification cf an undesir-
able effect in probabilistic terms. Relative to the health and safety
of the public, the effects of interest are injuries and deaths. Risk
assessment has been utilized in various industries for some time.
Insurance companies have long used actuarial data for statistical eva-
luations to justify differences in the insurance premium paid by persons
in different “risk" categories. The risk assessments performed for
nuclzar power plants, on the other hand, are examples of major industry
efforts to quantify risks of low-frequency events for which no good
actuarial data exist. The nuclear power plant risk assessments have

become models for other industrial risk assessments.
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S.2.1. Risk Assessment Methodology

Probabilistic risk assessment (PRA) is a systematic, disciplined
approach to quantifying the frequency snd consequences of events which
can occur at random points in time. In its application to the various
chemical munition disposal alternatives currently under consideration,
PRA provides a comprehensive framework for estimating and understanding
the risks associsted with the storage, handling, transportation, and
demilitarization activities associated with these alternatives. By
applying this methodology to each alternative in a consistent and uni-
form manner, a statement of the relative risk of these alternatives can
be made. Because of the significant uncertainties in the data used to
quantify the frequency of occurrence of various accident sequences and
the magnitudes of the associated agent releases, extreme caution must be

used when addressing the absolute risk associated with each disposal
option.

In simplistic terms, the PRA process focuses on answering the fol-

lowing three basic questions:

1. What can go wrong?
2. How frequently is it expected to happen?

3. VWhat would be the associated consequences?

The remainder of this summary describes how these questions are
addressed in the risk assessment of the chemical materiel disposal pro-

gram. In this study, the estimation of consequences is limited to the

magnitudes of agent release for each sequence.

S.2.1.1. Identification of Initiating Events. The first step in a pro-

babilistic risk assessment is the identification of initiating events
which, by themselves or in combination with additional failures, can
lead to the release of agent to the environment. Initiating events are

identified for each of the demilitarization activities. Such events
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generally fall into two broad categories known as “"internal" events and .
“external®” events. Internal events originate within the activity and §§;
are caused by human error or random equipment failure. Examples of such

events are the dropping or puncture of munitions during handling opera-

tions, and the random failure of a normally operating piece of equipment

in the demilitarization process line. The class of events referred to

as external includes aircraft crashes and natural phenomena such as

earthquakes and storms. In the context of a risk assessment, events

such as internal flooding and fires are also considered to be external

¥
;
W
|
%
;

events. External events are usually pervasive in nature in that they
are assumed to fail redundant equipment that is provided for safe shut-

down of the operation and containment of the agent.

$.2.1.2. Accident Sequence Development. Once initiating events are

identified, logic models (such as event trees and sequence level fault

trees) are developed to display the various paths that the accident can

take. For example, an initiating event such as spurious shutdown of an

incinerator will not result in a significant release of agent to the AV
environment unless numerous ventilation and automatic shutdown systems —
fail. In most cases, the probability of failure of multiple systems is

so low that the frequencies of such accident sequences are too low to be

of any concern. Furthermore, because of inherent system inertia and

engineered safety features which are provided, there may be ample time

to recover and repair mitigating* systems prior to any release.

As suggested above, operator intervention can influence the course

of an accident, and therefore his role must be included in the logic
models where appropriate. Of course, operating and emergency personnel
also have a significant influence on the potential for and amount of

accidental agent release.

*“Mitigation“ as used in this report is the act of preventing or
limiting the consequence of an accident that has occurred.
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Human Interactions. Human interactions, or interventions, of

% §.2.1.3.

interest to the chemical munitions disposal risk assessment fall into

! 1.
4
)
D)
2 -
)
2 3.
n
P e 4,
\e
5.
6.

X one of the following six general categories:

Initiation of an accident by committing an error (e.g., a

munitions handler punctures or accidentally drops a munition).

Test and maintenance actions (e.g., a valve is disabled or
left in the wrong configuration following a test or mainte-

nance act).

Termination of an accident by correctly implementing estab-
lished emergency procedures (e.g., an operator terminates
agent feed to the liquid incinerator when automatic termina-
tion has failed).

Aggravation of an accident by taking incorrect action (e.g.,
a plant operator misdiagnoses the nature of the accident and
performs an : :t which causes the accident to have greater

consequences).

Termination of an accident by actions which are outside the
scope of existing procedures (e.g., based on his knowledge of
the plant or process, a plant operator performs an act which
is not covered by procedures and terminates or mitigates the

accident).

Intentional acts to initiate accidents or render equipment in

a failed state (sabotage).

h Human interactions that fall in the first three categories are

modeled either as a separate event heading in the event tree or as an

independent event in the fault tree which is used to model and quantify

\
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the event in the event tree. Human interactions defined by categories 4 ahﬁ%
and 5 above are difficult to quantify and as such are not given much a

attention in a risk assessment.

Acts of sabotage (category 6) are outside the scope of this analy-

sis and will be addressed elsewhere.

S.2.1.4. Agent Release Characterization. The consequences of an agent-

release event are dependent on the type of agent, the magnitude of the
release, the mode and duration of the release, the dispersion of the
agent to the environment, the demographic characteristics of the region
impacted by the release, and the toxicity of the dispersed agent at the
concentration levels to which members of the public are exposed. The
scope of effort reported in this document is limited to the first three
characteristics listed above. Agent dispersion to the environment and

subsequent effects on humans are addressed elsewhere in a separate

report,

The characterization of agent release required a systematic review
of the potential modes of agent release from its normal confinement.
The first result of this review was the separation of the accident sce-
narios into two categories: (1) scenarios that occur while the agent is
contained in the munition; and (2) scenarios that occur after the agent
is separated from the munition. For the munition-dependent accident
scenarios, the agent release mechanism is dependent on the particular
mechanical, thermal, and explosive behavior of the munition, assuming
the occurrence of an initiating event such as dropping during handling
or aircraft crash, as well as the confinement which is provided, if any.
Scenarios included in the second group are limited to those which occur

during the actual demilitarization process (i.e., plant operations).

After determining that agent could be released in a particular
accident sequenc~ and that the frequency of that sequence exceeded the

threshold screening frequency, an analysis was performed to identify the
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&ib;ﬂ possible paths by which the agent could be released to the environment
’ and to estimate the quantity of agent released. :;
]
§.2.1.5. Sequence Screening. The implementation of PRA methodology in J?
terms of event trees can produce a large number of potential accident &,
sequences. In order to reduce this to a manageable number to focus on )
the critical scenarios for analysis, the accident sequences are screened :\:
for frzequency or consequence. By using conservative values for the :E
conditional probabilities of event tree branches, it is possible to show ::i
‘A

that many of the possible sequences are of sufficiently low frequency

(e.g., less than 10-10 per year) that they need not be addressed

-
.

further. In addition, if an accident sequence has a frequency greater

-

than the threshold screening frequency but results in an insignificant

release of agent* to the environment, it can also be eliminated from

-l 22

further consideration. The accident sequences contained in this report p\
LS
have been subjected to both types of screening. A f
e
ﬁ S.3. RESULTS 4
>
The analysis of the potential for agent release to the atmosphere ::
from accident scenarios related to the collocation disposal option gﬁ
. ")
included the following major activities: (1) storage, (2) handling
activities associated with the transport of munitions, (3) onsite trans- P
*
portation, (4) offsite transportation, and (5) plant operations associ- M
ated with the demilitarization of munitions. This section discusses :;
some of the accident probability and agent release results associated ;r
with these activities. Y
]
-
3
::\
._"‘.
- :'.;:
: *Less than 14 1lbm of mustard; less than 0.4 lbm of agent VX; and 5-
: less than 0.3 lbm of agent GB. These quantities represent the minimum \$
quantities of agent release that would result in a lethal dose of agent A
at 500 m for the most limiting release modes (Ref. S-3).
s &y
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‘ The results of the analysis of the various activities encompassing QEE; “:
the collocation options cannot be presented in the same units, i.e., "
b, annual frequencies, because of the possible divulgence of classified ; 
1 information. This is only possible for some storage and plant operation '
E accident scenarios. For accident scenarios related to the handling 'q
activities either at the original site, the regional site, or the 2
! national site, the unclassified portion of the probabilistic analysis is ,?'
i given in terms of frequency of accidents per pallet of munitions (or as if
: a container of munitions). For onsite and offsite transportation acci- _/
dents, the basic results are reported in terms of accident frequency per "
vehicle mile. These probabilities/unit are then mmltiplied by the num- »
) ber of handling operations or vehicle miles traveled during the stock- o
h pile disposal program. :?
\) &
" 3
" The evaluation of the actual risk to the public and environment P
: requires agent dispersion calculations which are not in the scope of th: Cf
; study reported here. Despite this limitation, the results discussed ;;
‘ herein still provide useful insights on the contributions of the various *.Fl B
disposal activities to the risk of an agent release. These insights are T N
: discussed below. ? :
1 ~
: s
$.3.1. Accident Scenarios During Storage &
3

The collocation alternative requires some storage of munitions in

‘f'&

their existing location prior to transportation to the disposal site.

In addition, it requires storage of munitions in offsite transport con- :
tainers at the sending and receiving sites and some storage at the dis- g
posal site before movement to the demilitarization facility. g
: p
' $.3.1.1. Internal Events. There were no significant internal event oy
initiators of accidents during storage at the disposal site before move- 2
ment to the demilitarization facility. Per unit operation, forklift :;
drop accidents occur more frequently than forklift tine punctures. E:
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Also, the use of a lifting beam instead of a tine leads to an order of

>

magnitude decrease in drop frequency.

S$.3.1.2. External Events. These events involve accidents caused by

natural phenomena or human activity affecting munitions in storage
igloos, open storage areas, holding areas, or warehouses, If these are
assumed to be full of munitions, the agent inventories range up to 100,
200, 1000, and 2000 tons, respectively, for storage igloos, holding
areas, open areas, and warehouses. The most frequent external accidents
having significant release involve mild intensity earthquakes or small
airplane crashes (order depending on site). Amounts of available agent
inventories released in these events are on the order of fractions of

one percent or less (munition punctures, drops, etc.).

The largest releases occur for a large aircraft crash, a meteorite
strike, or a severe earthquake, especially when a warehouse (at NAAP,
s TEAD, or UMDA) 1s involved. These can result in up to 10 percent of
ﬁ:& the agent inventory released for scenarios involving a fire which has
) the potential (duration) for destroying the entire inventory of an igloo
or warehouse. The munitions stored in warehouses contain only VX or
mustard which have much slower evaporation rates than GB and hence are
not easily dispersed into the atmosphere. Thus, warehouse scenarios
involving only spills are not significant risk contributors. The ware-
house at UMDA has the potential for the largest release. Meteorite
strike-initiated sequence median frequencies are one to two orders of

magnitude lower than the aircraft crash-induced sequence frequencies.

"ﬁ

As expected, munitions stored outdoors are generally more susceptible to

s
[

large aircraft crashes than those stored in warehouses or igloos, but

LA
.}“, v "y

Sy

releases are lower. Both APG and PBA have ton containers stored out-

"o'a
|

e

N.A.

doors, and the aircraft crash probabilities at these sites are somewhat
higher than at the other sites. Igloos appear to provide only minimal
protectjon from direct crashes of large planes, but releases are an

order of magnitude lower. The releases are more severe if burstered

munitions are involved.
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S.3.2. Accident Scenarios During Handling . .

‘l
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Included in the handling analysis are (1) single munition or pallet

movements by hand, forklift, or other equipment; (2) packing or

o
o

unpacking pallets into transportation containers; (3) loading and
unloading packages from trucks, railcars, aircraft, or barges; or

(4) loading and off-loading barges into the oceanfaring vessel (LASH).

There are twice as many handling operations at the receiving sites
(RDC or NDC) involving collocated munitions that are not in any trans-
portation container. Furthermore, there are more handling operations
involving munitions in onsite transport containers (ONCs) than bare

munitions or those in larger offsite transport containers (OFCs).

S.3.2.1. Handling for the Rail Alternative. The results indicate that

dropped munitions, whether in palletized form or not, occur more fre-

quently than either forklift tine puncture or forklift collision acci-

dents. In fact, the frequency of forklift collision accidents which i;jt'
lead to the munitions falling off the forklift is an order of magnitude
lower than the drop accidents. Furthermore, the type of clothing an Er
operator is wearing while handling these munitions influence the drop El
frequency value. An operator wearing Level A clothing is more likely to Fj
commit an error that would cause the munition to be dropped than when he ;3
is wearing more comfortable clothing. F?
The results also indicate that spray tanks (in overpacks) have L
relatively higher drop frequencies than other munitions. This is ?i
largely due to the assumption that spray tanks will be lifted and moved ff
to the truck (for loading or unloading) using forklift with tines. The E:
drop frequency using the tines is an order of magnitude higher than with 3
the use of lifting beams. g
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For bare munitions, the rockets seem to be the most prone to punc-
tures from drops or forklift tine accidents. However, the ONC or OFC
itself also affects the puncture probability. Because of its weight and
larger surface area, the drop of an OFC increases the munition puncture
probability by about a factor of 4 to 5 (depending on the munition type
and packing density) when compared to a similar drop of an ONC. How-
ever, bare munitions have higher puncture probabilities than munitions
in ONCs. This observation is of course not quite evident in the final
results presented because there are more handling operations involving

possible drops of ONCs than bare munitions.

Bulk items that are punctured lead to larger releases than other
munitions such as projectiles or rockets. Bombs are of concern because
they contain GB which evaporates more readily than the other agent

types. The agent vapor releases range up to 400 1b (thermal failure of
all mu:nitions in an OFC).

Within the types of handling accidents, the events designated as
HC, which are related to the packaging of munitions in ONCs or OFCs and
their movement from storage (sending sites) to the munitions handling
igloo (MHI) (receiving sites), predominate over handling accidents
related to the facility (HF). This is largely because (1) there are
more handling operations involved in the HC accidents, (2) HF accidents
generally involve munitions in ONCs, which provides them with some pro-
tection from puncture, and (3) HF accidents involving bare munitions
occur inside the munitions demilitarization building (MDB) which is

designed for vapor containment; hence, including the probability of a

detonation which destroys the vapor containment barrier, both the fre-

quency of a release and the release itself are relatively lower.
The frequency results for the handling accidents could not be com-
pared with the accidents from other activities, such as plant opera-

tions, because of differences in units. To get some perspective on how

d&\&- they compare on a yearly basis, we can estimate the number of pallets
v
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that could be handled based on the plant annual processing rates. For
illustrative purposes we calculate the number of bomb pallets that are

required to meet the annual plant processing rate as:

5.4 bombsfh x 24 h/day x 5 day/week

x 52 week/yr /2 bombs/pallet = 16,848 pallets/yr .

By multiplying the HCl sequence frequency for TEAD (1.2 x 10-7/
pallet) with the number of pallets/yr, the annual frequency is 2.0 x
10‘3Iyr. Thus, handling accidents which lead to significant agent
releases (in particular, agent GB) are dominant risk contributors
because of the relatively higher annual frequency values. Of course
depending on the actual munition inventory, the value of annual fre-
quency may either increase or decrease when converted to the more

meaningful per stockpile basis.

S$.3.2.2, Handling for the Air Option. The accident scenarios discussed -

for the rail option also apply to the air option. Since the air option
involves only the movement of munitions from LBAD and APG to TEAD, agent
releases from 155-mm projectiles, 8-in. projectiles, rockets and ton
containers are of interest. The general observations noted in the dis-
cussion of the accident frequencies for the rail option (Section
S$.3.2.1) also apply here. The accident release is lower for the handl-
ing of these munitions since the amounts of GB agent contained in

rockets and projectiles are quite small compared to bombs.

S.3.2.3. Handling for the Marine Option. For this option, the ton

containers are placed in a transportation container (vault) that is

different from the OFC; hence, the handling steps are somewhat differ-

ent. There are eight sequences related to handling that were identi-

fied. Sequence HW34, which involves the dropping of a lighter by a

crane while loading into or unloading from the lighter aboard ship

(LASH) vessel, has a relatively high frequency of 6.0 x 10~ per ship-

ment. The structural analysis indicates that dropping of the lighter i§§§
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from a height of about 70 ft onto an unyielding surface of the LASH Eﬁ
vessel could cause the crushing of several ton containers inside the
lighter. The agent will be confined in the interior of the ship, and

the amount of agent released to the atmosphere is small.

$.3.3. Accident Scenarios During Plant Operations

Included in the analysis for this phase are all malfunctions dur-
ing agent processing/incineration within the MDB or external events
affecting drained and undrained agent in the MDB, including those in
the unpack area (UPA) (up to 104 1b of agent available) and munitions
awaiting processing in the MHI, up to 3 x 104 1b of agent available.
After unpacking, the munitions are processed by conveyor to the burster
removal area, mine punch-and-drain area, projectile mortars disassembly

area, rocket and burster shearing machines, mine machine for burster

e an o o o ¢

removal, a bulk item drain station, a toxic cubicle (TOX) agent storage

N
e.“ tank, furnaces for explosive deactivation, metal parts decontamination,

and agent and dunnage incinerators, as appropriate.

e S B i o

$.3.3.1. Internal Events. Because of the engineered safety features

provided in the plant design, both the frequency of release and magni-

tude of release associated with accidents initiated by equipment failure

]
]
]
J
]

and human error are relatively small. Among the large number of acci-
dent scenarios analyzed, the highest frequency scenario (P052) is initi-
ated by an inadvertent feed of an unpunched burstered munition to the
dunnage incinerator (10-2/yr for mines; 5 x 10-3/yr for other muni-
tions). As a result of detonation, one burstered munition inventory is

released to the atmosphere as vapor (only up to 15 1b of agent).

The largest amount of agent vapor release occurs for a metal parts
furnace explosion (PO44) with ventilation failure (one bulk item inven-
tory release, up to 1700 1lb). However, this scenario was assessed to
have a very low frequency, around 10’1°lyr. Another event with up to

. several hundred pounds of vapor release is PO48, munition detonation in
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the explosive containment room vestibule with subsequent fire spreading

to unpacked munitions. However, this scenario also has a low frequency,

around 10-9/yr.

$.3.3.2. External Events. Aircraft crashes dominate the external event

frequency, and there is little difference between direct and indirect
crashes. The small difference is attributed to offsetting effects.
Although the indirect crash has smaller conditional probabilities of
failures than the direct crash, the risk model utilizes a larger target
area for the indirect crash. There 1is very little distinction in the

frequency of aircraft crashes with or without fire, since historical

data indicate that there is roughly a 50 percent chance that the crash
of an aircraft will involve a fire. The frequency of a crash onto the
MDB is considerably larger than that for the MHI because the surface
area of the MDB is more than 30 times larger than the MHI.

The frequency of large aircraft crashes is estimated to be higher i%¥&
at ANAD than it is for TEAD. This impacts the regional versus national i
collocation option. The accident scenario involving the crash of an
airplane onto the outdoor agent piping system for the modified CAMDS
facility at TEAD has a frequency of about 10-8/yr with up to 55 1b of
vapor release. This scenario includes both large and small aircraft
crashes. The frequency of small aircraft (including helicopters)

crashes 1s at least two orders of magnitude higher than the frequency of

large aircraft crashes at TEAD.

i

27

The frequencies of earthquake-induced accident scenarios are

generally higher for TEAD than for ANAD since TEAD is located in a

e
)

W2

-

region more prone to earthquakes. Sequence P033, which represents an
earthquake-initiated munition fall and fire but with the MDB and TOX
intact, has the highest frequency (2 x 10‘6/yr for ANAD and 5 x 10‘5IYr
) for TEAD). This sequence involves the detonation of all munitions (1if

J burstered) in the UPA since the fire is not suppressed in this sequence.
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All accident sequences related to tornadoes or meteorites were

estimated to occur at frequencies of less than 10’101yr and thus were

screened out.

S.3.4. Accident Scenarios During Transport

S.3.4.1. Onsite Transportation. There are two truck transportation

phases considered in the analysis. At the sending sites, munitions in
offsite transportation packages are transported by truck to the holding
area prior to loading into the train, airplane, or barge. The accidents
are identified as the VR, VA, or VW (i.e., for rail, air, and water,
respectively) scenarios. At the receiving sites, munitions still in off-
site packages are moved to storage locations where they are removed from
the offsite package and stored until they are ready for demilitariza-
tion. The accidents are also coded VR or VA. Finally, when munitions
at their storage locations are ready for demilitarization, they are
transferred into onsite containers and then moved by truck to the MHI.
The accidents are identified as VO scenarios to distinguish between the
transportation risk of using an onsite package versus an offsite package
(different failure thresholds). The agent available in a truck carrying
an OFC is less than 3400 1b, while up to 7000 1b is available for an ONC

truck transport.

As a result of analysis for both internally initiated events (human
error or equipment failure) and externally initiated events, the follow-

ing conclusions were reached:

1. The offsite transportation package provides munitious with
more protection from crush forces generated from truck acci-
dents than the onsite package. Hence, sequences with OFC
crush have Insignificant accident frequency whereas scenarios

with ONC crush have frequencies up to 10-8/truck-mile.
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2. Both packages provide similar protection from impact forces.

The results show that accident frequencies resulting in impact

-

failure are insignificant. This is largely due to the admin-

istrative control to be imposed during truck travel which
limits truck speed to no more than 20 mph. The impact forces

at this velocity are not sufficient to breach the containment.

2 VA

3. The probability of puncture resulting from truck collision/
overturn is at least an order of magnitude higher for offsite

! containers than onsite containers. This results from the

' higher likelihood of generating a probe sufficient to puncture

p the container and the munition when the accident involves a

large package such as the OFC.

4. Truck accidents which generate fires are more likely to deto-
nate burstered munitions inside onsite packages, since they
provide only a 15-min protection from an all engulfing fire AZAZa
1) (versus 2 h for the OFC). However, all these scenario fre- 453?
quency results are also quite low because of the administra-
tive control for limiting the amount of fuel in the truck so

as not to exceed a 10-min fire.

5. When rockets are involved in the accidents which generate suf-

L0 T 2 o 4

ficient impact forces to cause propellant ignition, there is

very little distinction in the results for the two packages.

6. For tornado-initiated accidents, puncture as a result of truck
overturn is the dominant contributor to the sequence

frequency.

7. Generation of undue forces during truck accidents that could

Y B RS T S

cause burster detonations has a small contribution to the

overall truck transportation risk.
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8. The amount of agent spilled or burned during truck accidents

resulting in the breach in containment by puncture forces
generally involve the agent content of one munition. Up to

10 percent is released as vapor.

9. Both containers can fail when an aircraft crashes into the
truck (VR6, VR7, V06, VO7). The entire truckload is involved,
and up to 10 percent is released as a vapor. Hence, aircraft
crash-initiated truck accidents have the most severe conse-
quences. It should be noted, however, that none of the acci-

dent sequences has a frequency greater than 10‘7/yr.

$.3.4.2. QOffsite Transport - Rail. In this option, munitions in OFCs

are transported by rail either to two regional destruction centers (RDC-
ANAD or RDC-TEAD) or a single national destruction center (NDC-TEAD).
The agent inventory available per railcar ranges up to 7000 1lb. Results
of the accident analysis indicate the following:

1. Rail accident crush and impact forces are very unlikely to
fail an OFC and munition inside.

2. The major risk contribution due to mechanical failure comes

from a probe such as a railcar coupler (generated from train

accidents) capable of puncturing the OFC and the munition.

Munition failure frequency by puncture (RC3) is about an order

of magnitude higher than train accidents which lead to fire

- ¥

and cause the thermal detonation or rupture of munitions (RC4

and RC5). However, the consequence (i.e., agent release) from

o 4 5§ ¥

the latter sequence is more severe.

3. For tornado-initiated accidents (RC14), puncture as a result
of train derailment i{s the dominant contributor to the agent

release frequency.

o T = ¥ W W - & A
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4. Aircraft crash into a train can damage the munitions (RC6 and
RC7). The crash can involve one or two railcars (i.e., up to
four OFCs). The largest amounts of agent released are from
the bulk items (bombs, ton containers, and spray tanks). A
maximum of 10 percent of the inventory is released as vapor

(up to 1400 1b). This is the largest release for rail

scenarios.

S.3.4.3. Offsite Transport - Air Option. The air transport option

applies only to the movement of ton containers from APG to TEAD, and
rockets and projectiles from LBAD to TEAD. Five generic sequences
related to air transport were identified. These scenarios were evaluat-
ed for both the C-141 and C-5 aircrafts. There will be approximately
1500 flights from LBAD and 300 flights from APG for the C-141 aircraft.
The C-5 aircraft would decrease the number of required flights by one
fourth. The analysis also differentiated among accidents which occur

s
during takeoff, while in flight, and during landing. Each flight would S

e
carry up to 3400 1b of agent inside OFCs. T
The aircraft accident frequency during landing is about seven times
higher than during takeoff and about three times higher than inflight
accidents. However, the failure probability of the package due to
impact forces is higher inflight than either takeoff or landing. If an ?:‘
aircraft crash occurs, the OFC and the munitions are subjected primarily :a
to impact forces sufficient to fail the package. The accident frequen- 8 .
cies from sequences which involve impact only are almost of the same :E;
order of magnitude as sequences which involve impact and fire (AAl ver- S;}
sus AA20). The accident frequencies involving the C-5 aircraft are an :E;
order of magnitude higher than those for C-141 aircraft. A compensating @
factor is that there will be 75 percent fewer flights if the C-5 is ESE
used. 3?%
‘%
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%
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Accident scenarios involving fire of sufficient duration to fail
the packages are not credible for the C-141 aircraft because of insuffi-
clent fuel available to sustain a fire of duration to fail the package

containment.

Accidents which lead to severe impact (AAl and AA2; AB1 and AB2)
without fire have the highest frequency and also lead to the largest
amounts of agent released. For severe impact release involving burs-
tered munitions, some of the munitions contained in the aircraft will
detonate, and up to just over 400 1b will be released as vapor. For
accidents involving moderate impact forces, no agent release occurs from
impact alone. The moderate impact accident must be accompanied by fire
to fail the package thermally.

S.3.4.4. Offsite Transport - Marine Option. The marine option was

analyzed only for the movement of ton containers filled with mustard at
APG to the Johnston Atoll. There were five groups of initiating events
identified. Impact and puncture are not the dominant failure forces
experienced in marine accidents. The cargo will be adequately braced to
hold it in place. Furthermore, most of the events are low-velocity,
high-momentum events; hence, the dominant failure mode is crush. Fire,
immersion, and aircraft crash events were also considered because of the

large amount of agent being transported which could be involved in fire

or sinking accidents.

The results indicate that:

1. For the lighters in the Chesapeake Bay, collision accidents
are at least three orders of magnitude more probable than
either rammings or groundings.

2. For the LASH vessel in the Chesapeake Bay, both grounding and

collision accidents are at least one order of magnitude more

probable than rammings.
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3. Grounding of the LASH vessel in the coastal areas is less

likely than in shallower inland waters.

4. For the LASH vessel in high seas, collision is still the pre-
dominant event. However, grounding results in more severe

consequences.

The agent release analysis shows that collisions result in the
largest number of ton containers (TCs) which fail (8) for barges, but
that groundings or heavy weather damage results in the maximum number of
) TCs failed (68) for the LASH (except for aircraft crash, which is below
the frequency screening threshold). The largest amount of agent vapor
release to the atmosphere occurs for these worst events, and the amounts
are not strongly dependent on whether fire occurs or not. Although a
large inventory (up to 4 million 1b on the LASH) is available, no acci-

dent leads to a release of more than 0.1 percent.
S.4. UNCERTAINTIES IN THE ANALYSIS

In assessing the risks associated with the CSDP alternatives, every
effort was made to perform best-estimate analyses, i.e., “realistic"
evaluation and quantification of the accident sequence frequencies and

associated agent releases. The use of pessimistic or conservative

modeling techniques or data for quantification violates the intent of

the probabilistic nature of the study. Realistic modeling and quanti- gl-

fication permits a balanced evaluation of risk contributors and compari- E?i

son of alternatives. However, for realistic or best-estimate calcula- Ejh

| tions, the obvious concern is the accuracy of the results. Uncertainty iﬁﬁ
‘ analysis addresses this concern. 4&3
g

S.4.1. Sources of Uncertainty §Eﬁ

Hoh

Since the event sequences discussed in Section S.3 have not ﬁﬂ

actually occurred, it is difficult to establish the frequency of the éﬁﬁ, ;@
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sequence and associated consequences with great precision. For this
reason, many parameters in a risk assessment are treated as probabilis-
tically distributed parameters, so that the computation of sequence fre-

quencies and resulting consequences can involve the probabilistic combi-

nation of distributions.

There are three general types of uncertainty associated with the
evaluations reported in this document: (1) modeling, (2) data, and

(3) completeness.

There exist basic uncertainties regarding the ability of the vari-
ous models to represent the actual conditions associated with the
sequence of events for the accident scenarios that can occur in the
storage and disposal activities. The ability to represent actual phe-
nomena with analytical models is always a potential concern. The use of
fundamental models such as fault trees and event trees is sometimes sim-

é;‘ plistic because most events depicted in these models are treated as
leading to one of two binary states: success or failure (i.e., partial
successes or failures are ignored). Model uncertainties are difficult
to quantify and are addressed in this study by legitimate efforts of the
analysts to make the models as realistic as possible. Where such real-

ism could not be achieved, conservative approaches were taken.

No uncertainty from oversights, errors, or omission from the models
used (e.g., event trees and fault trees) is included in the uncertainty
analysis results. Including these uncertainties 1is beyond the state-of-

the-art of present day uncertainty analysis.

The uncertainties in the assignment of event probabilities (e.g.,
component failure rates and initiating event frequencies) are of two
types: intrinsic variability and lack of knowledge. An example of

intrinsic variability is that where the available experience data is for

a population of similar components in similar environments, but not all

Sgg; the components exhibit the same reliability. Intrinsiec variations can
~
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be caused, for example, by different manufacturers, maintenance prac-
tices, or operating conditions. A second example of intrinsic variabil-
ity is that related to the effects of long-term storage on the condition
of the munitions as compared to their original configuration. Lack of
knowledge uncertainty is associated with cases where the model parameter
is not a random or fluctuating variable, but the analyst simply does not
know what the value of the parameter should be. Both of these data

uncertainty types are encountered in this study.

S.4.2. Uncertainties

The sequence frequency results discussed in this report are pre-
sented in terms of a median value and a range factor of a probability
distribution representing the frequency of interest. The range factor
represents the ratio of the 95th percentile value of frequency to the
50th percentile (i.e., median) value of frequency. The uncertainty in
the sequence frequency is determined using the STADIC-2 program
(Ref. S-4) to propagate the uncertainties associated with each of the
events in the fault trees or event trees through to the end result.

Some scenarios, such as those associated with tornado missiles and low-
impact detonations have rather large uncertainties. The difficulty with
tornado-generated missiles lies with the difficulty in accurately model-
ing the probability that the missile will be in the proper orientation
to penetrate the munition and in predicting the number of missiles per
square foot of wind. The difficulty with the low-impact detonations
lies with the sparse amount of data available and its applicability to
the scenarios of interest. In general, uncertainties tend to be large

when the amount of applicable data is small and vice versa.
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1. INTRODUCTION

1.1. BACKGROUND

The U.S. Department of Defense is required by Congress (Public Law
99-145) to destroy the stockpile of lethal chemical agents and munitions
stored at eight U.S. Army installations in the continental United States
(CONUS) and at the Johnston Atoll Army site in the Pacific Ocean by the
end of September 1994. The locations of the CONUS sites are shown in
Fig. 1-1. The total Army stockpile at these sites is made up of more
than 3,000,000 items consisting of rockets, mines, mortars, projectiles,
cartridges, bombs, spray tanks, and bulk containers. These munitions

contain the nerve agents GB and VX and the blistering mustard agents H,
HD, and HT.

The Army has developed a plan for destruction of the chemical muni-
tion stockpile. This plan is set forth in the Chemical Stockpile Dis-
posal Concept Plan submitted to Congress in March 1986 and supplemented

in March 1987. In this plan, three disposal alternatives are described:

1. Disposal of the agents and munitions at each of the eight

existing storage sites.

2. Collocation and disposal of the munitions at two regional

sites.

3. Collocation and disposal of the munitions at a single national
site.

These three disposal alternatives were also described in a Draft

Progammatic Environmental Impact Statement published by the Army in

LY
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July 1986. Additionally, it was required that the status quo, i.e.,
continued storage, be also evaluated as the fourth alternative. As part
of the public commentary on this document, requests were made of the
Army to consider also the transport of the inventory from Aberdeen Prov-
ing Ground to Johnston Island by water or to Tooele Army Depot by air
and from the Lexington-Blue Grass Army Depot to Tooele by air. These
alternative options for offsite transport were also investigated during
the study reported here. They represent subset options for the col-

location option.

Under direction from the U.S. Army Office of the Program Execu-
tive Officer Program Manager for Chemical Demilitarization (PEQ-PM Cml
Demil), GA Technologies Inc. (GA) and its subcontractors have performed
a comprehensive probabilistic assessment of the frequercy and magnitude
of agent release associated with activities involving the three disposal
alternatives currently set forth in the Chemical Stockpile Disposal Pro-
gram (CSDP), as well as the continued storage alternative. This assess-
ment has been carried out in support of the environmental impact state-
ment (EIS) for this program and it addresses only the stockpile of
chemical munitions which are currently stored at the eight sites

located in the continental United States (CONUS).

When combined with an assessment of the consequences (injuries
and/or deaths) to the public resulting from the accident sequences and
associated agent releases identified and evaluated in this study, the
results form a basis for an assessment of public risk. The dispersion
of the agent to the environment and the assessment of consequences
related to these releases are outside the scope of this study. A conse-
quence assessment has been performed by MITRE Corporation and Oak Ridge
National Laboratory for the EIS, based on the releases identified in

this document.
This report addresses the collocatloa alteruatives identified

above. The remaining alternatives are discussed in separate reports.
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Anniston Army Depot (ANAD) in northeast Alabama and Tooele Army

Depot (TEAD) in north central Utah have been identified as the regional
sites, assuming this collocation alternative is selected. Should the

single national site collocation alternative be selected, that facility
would be at TEAD.

Previous studies have been utilized by GA as reference bases for
this assessment. Quantitative hazards analyses were performed by
Arthur D. Little, Inc. on the disposal of M55 rockets (Refs. 1-1 to
1-5), and qualitative hazards analyses were performed by the Ralph M.
Parsons Company on the Johnston Atoll Chemical Agent Disposal System
(JACADS) design (Refs. 1-6 and 1-7). 1In addition, a probabilistic anal-
ysis of chemical agent release during transport of M55 rockets has been
performed by H&R Technical Associates (Ref. 1-8), and a probabilistic
analysis of selected hazards during the disposal of M55 rockets has been
performed by Science Applications International Corporation (Ref. 1-9).

These studies provided the set of accident scenarios that was compiled

in a systematic order by MITRE Corporation (Refs. 1-10 and 1-11). GA, 31?‘
in turn, used these accident scenarios as a starting point in this "
study.

The analyses performed by Arthur D. Little, Inc. used a technique

known as hazard and operability analysis (HAZOP). HAZOP involves a

N
detailed review of plant design to trace all parts and functions of the E:
demilitarization process. For each piece of equipment or pipe run, :g
deviations from normal operating conditions were examined and possible 2:‘
consequences were discussed. Through this approach, potential failure :f\
modes leading to agent release outside of the facility were identified. s&.
The expected frequencies of occurrence of all agent release sequences :j
identified in the HAZOP were then evaluated using fault tree analysis. 3
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The qualitative hazards analysis performed for JACADS used an
approach known as failure modes and effects analysis (FMEA). The sever-
ity and probability levels of identified hazards were ranked according
to the guidelines in Ref. 1-12.

The transportation studies performed by H&R Technical Associates
(Ref. 1-8) used a combined fault tree and event tree approach to assess

the frequency of agent release from transportation accidents.

The work performed by Science Applications International Corpora-
tion (Ref. 1-9) on the disposal of M55 rockets utilized both event tree

and fault tree methodology as used in the PRA of nuclear power plants.

Demilitarization of the chemical munitions stockpile requires the
construction of facilities to destroy the contents of the munitions, the
handling, transportation, and storage of munitions at both the “sending"
and the "receiving" site(s), the transport of munitions between sites,
the destruction of the munitions, and the decommissioning of the con-
structed facilities. This report addresses each of these activities,

except for facility construction and decommissioning.
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1.2. STUDY OBJECTIVES AND SCOPE

The primary objectives of the study reported in this document were

~
to: :i
.
1. Identify events (for each major activity) that could initiate §
the release of agent to the environment. %
4
2, Develop the various sequences of events resulting from these
initiators and leading to agent release.
3. Perform a quantitative analysis of the frequency of occurrence
of each relevant accident sequence.
4. Characterize the form, quantity, and duration of agent release
from each accident sequence.
-VMA
5. Identify accident sequences which make the most significant %54&;
contributions to risk. T

The major deliverables of this effort are a list of potential acci-
dent sequences for each major activity, the estimated frequencies of
these sequences, and the magnitudes of released agent associated with
these sequences. It should be noted that only accident sequences that
survived a conservative screening process, involving both frequency and

. magnitude of agent release, are included in these deliverables.

This report addresses each of the objectives listed above and pre-
Ay sents the analysis of this study. The risk analysis includes an evalu-

atlon of potential accidents and natural occurring phenomena such as

7 -,
:3
I('.

">
b

earthquakes and tornadoes. Acts of war, sabotage, and terrorism, which

‘:‘\’5‘.
PR
an

involve intentionally-initiated events, were not included in the scope
of this effort.
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5?2?5 The term “"chemical munitions” is used here to describe both burst-
Nﬁﬁy ered chemical munitions and chemical bulk items. The 4.2-in. mortars

refer to the actual 4.2-in. projectile which is fired from mortar can-
nons or tubes. The 105-mm cartridge and 4.2-in. mortar projectile can
either be configured with propellant (i.e., a cartridge) or without
propellant (i.e., a projectile); in this study, it was assumed that the
propellant and fuze were removed prior to the onset of the disposal

program.
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; 1.3. DEMILITARIZATION ACTIVITIES AND SAFETY CONCERNS $:$:$
Figure 1-2 shows a comparison of the various logistics phases asso-
\ ciated with the various munition disposal and storage alternatives eval-
§ uated for the EIS. As indicated in this figure, the demilitarization
W process associated with the two collocation alternatives can be divided
l into five general areas of activity: storage, plant operations, han-
3 dling, onsite transport and offsite transport. Except for the offsite
E transport activity, the onsite disposal alternative involves the same
.
> logistic phases. In contrast, only the storage activity is of concern
for the continued storage option.
For each of these activities or phases, the hazards of interest
‘ are those involving the evaporative release of agent to the environment
resulting from spills, leaks, and mechanical fajilures, and the release
of agent to the environment resulting from fires and explosions. The
y generation of these potential hazards originates with a number of
“internal" and "external" initiating events. The number of hazard- “i?&
initiating event combinations is rather extensive. However, because of AT
the screening process which was used to remove from further consider-
ation the accident sequences whose frequency was low and/or the asso- )
ciated magnitude of agent release was low, the number of individual F
sequences which are important to risk 1s relatively small. ::
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i 1.4. STUDY ASSUMPTIONS '&*;ﬁ"
The risk analysis presented in this report uses an approach
that combines the structured safety analysis detailed in MIL-STD-882B
(Ref. 1-12) and the probabilistic approach used in the safety analyses
of nuclear power plants (Ref. 1-13). Reference 1-12 requires that haz-
ards analyses be performed in order to assess the risk involved during

the planned life expectancy of a system. It also provides some guidance
on the categorization of hazard severity and probability as a mesans of
identifying which hazards should be eliminated or reduced to a level
acceptable to the managing activity.

The risk analysis was performed under the following set of general
assumptions:

1. Onsite transportation of munitions will be by truck. The

baseline offsite transportation mode analyzed was rail. Sev-

eral specific offsite transport options by air or marine craft 1iﬂé
—wv
for selected stockpiles were also analyzed. “’

2. Munitions will be stored in their current storage locations

and will be transferred to the demf{litari{zation site as

needed.

3. The baseline process design will be used (i.e., JACADS type

facility). At TEAD, some existing process equipment will be

b

|
-
[}
[l

used. Both of the collocation alternatives include a bulk-

only facility, as well as a mixed munition plant design simi-
lar to the JACADS design. The design of the CONUS demilitari-
zation facilities is now approximately 357 complete.
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4. Munitions are in good condition during the handling, trans-

portation, and disposal activities.

5. Sabotage or terrorism is not considered.

A detailed listing and discussion of assumptions is presented in
Appendix E.
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1.5. REPORT FORMAT ol

This report is structured as outlined schematically in Fig. 1-3.
The structure follows that typically used in comprehensive probabilistic

risk assessment (PRA) studies.

Following the introduction in Section 1 of this report, Section 2
provides a summary of the methodology used in this assessment, including
the procedure for accident scenario identification and screening, the
approach used for quantifying accident frequencies and characterizing

agent release, and the treatment of uncertainties.

Section 3 provides a brief discussion of the various activities
involved in the disposal of chemical munitions. This discussion is pro-
vided to assist readers in the understanding of the initiating events
and accident scenarios that have been identified and are discussed in

Sections 4 through 8. This section also discusses site-specific infor-

(AWX
mation that is important to a particular site. Appendix D contains R
additional site information. Tt
The list of accident initiating events which have been analyzed is
along with the analysis of their occurrence frequencies are presented in
Section 4. These events include accidents from internal causes, such as
inadvertent impact during handling, and accidents caused by external
events, such as earthquakes or aircraft crashes.
Sections 5 through 8 present the detailed development and analysis
of the key accident scenarios resulting from the initiating events.
Section 9 provides the basis for quantification of accident
sequence frequencies including munition failure probabilities, the data
base used for estimating the probabilities of event-tree top events and
fault-tree basic events, and the data used for assessing human error.
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The characterization of agent released in the various accident dg?h
P

sequences is discussed in Section 10.

Section 11 presents the overall results of the analysis. The
results presented in Sections 4 through 8 are summarized for both col-
location alternatives to highlight the accident sequences which are

predicted to have the highest frequencies of occurrence or large agent

releases.

Supporting data and calculations for the study are contained in the

appendices. References to appropriate appendices are made throughout

the body of the report.
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2. RISK ASSESSMENT METHODOLOGY

2.1. OVERVIEW

The probabilistic risk assessment (PRA) methodology used in this
study is generally consistent with the PRA Procedures Guide (Ref. 2-1)
for nuclear power plants. Figure 2-1, adapted from that guide, outlines
the risk assessment procedure for this study. Certain specific features

of the demilitarization process dictate some different emphasis and

WX NI «C% WA N TR e T T DR e w R o e

treatments from those described in Ref. 2-1. The risk assessment steps

corresponding to the procedures in Fig. 2-1 are as follows:

1. Identify accident initiators (initiating events) through
information collection, hazards analyses, or the use of master
& logic diagrams. The initiating events are classified as
external if they originate from outside the demilitarization

process (such as aircraft crash) and as internal otherwise.

2. Define accident scenarios, i.e., combination of initiating
events and the successes or failures of systems that respond
to the initiating event. An "accident sequence" is referred
to in this report as a specific end point of an accident sce-
nario, which is usually modeled using event trees. An “event
tree" is an inductive logic model which traces the sequence of

events that can occur following an initiating event.

3. Construct "fault trees" (deductive system logic models) to
determine the root causes of individual system failures. The
fault tree is reduced to minimal cut sets using Boolean alge-

bra. A "minimal cut set" represents a unique combination of

- W _F W v,

events leading to system failure.
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7.

Assign failure rates or probabilities to events (components or
subsystem) modeled in the event trees and fault trees.
Quantify the frequencies of occurrence of accident sequences
from either the event tree or fault tree by computing the
product of the initiating event frequency and the
probabilities of the subsequent conditional events in a given

accident scenario.

Determine the consequences of the accident sequences. In this
analysis, the consequence of concern is the amount of agent
released to the local free environment. The impact of agent
release on the population will be used by others in their CSDP

analysis.

Evaluate the uncertainties in the data base, and predict the
uncertainty in each relevant accident sequence frequency by
propagating the top event uncertainties through the event

trees.

Present the results (i.e., accident scenario frequency and
consequence) in a form that will best show those scenarios

that are important to risk and will reflect the uncertainties

associated with the accident sequence frequency.
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2.2. INITIATING EVENTS

An initiating event is a single occurrence or malfunction that has
the potential to release one or more agents or to start a sequence of
events that could lead to a release. The list of initiating events is
developed based on previous demilitarization studies (Section 1.2) and
related PRAs such as Waste Repository studies (e.g., Ref. 2-2), in

addition to the use of master logic diagrams.

The initiating event list is developed in top-down fashion by
structuring a master logic diagram to define a functional set of initi-
ating categories. These categories form a complete set in the sense
that any event which leads to agent release must cause at least one of

these categories to occur.

Some "common cause'initiating events" (e.g., an earthquake) can

activate more than one initiating event category and disable controls

{*F

for release. While there is no way to guarantee that all such events
are identified, two areas yield the most significant events. The first
includes severe environmental events (such as fire, flood, earthquake,
and wind) as well as hazardous activities in the vicinity (such as air-
craft patterns). The second area includes malfunctions that can affect
multiple controls or barriers for the prevention of release to the

atmosphere.

Coincident with the development of the list of initiating events is
the assessment of the initiating event frequencies. This is required,
first, for subsequent quantification of event trees, since the event
initiator is the first event of the tree. Second, it enables screening
of the list of initiating events, i.e., events having extremely low
frequencies can be eliminated. Where possible, the initiating events
are grouped into categories when the subsequent event tree and release
analysis development is the same for all initiating events in the
category. This grouping is performed by Boolean summation of the

occurrence frequenciles, accounting for dependencies, if any.
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2.3. SCENARIO DEVELOPMENT AND LOGIC MODELS

Given the occurrence of an initiating event (IE), accident sce-
narios are developed, in many cases using logic models of either event
trees, fault trees, or both, to arrive at the various outcomes of the
scenario progression. Each of these outcomes, termed a sequence, is
associated with (or even characterized by) a certain level of agent
release. The basic premise of the risk summation process is that
release frequencies (initiating event frequency multiplicatively
combined with probabilities of subsequent failures necessary to get the
release) of entirely different sequences can be additively combined to
get the overall frequency of release. The additive and multiplicative
combination 1is performed using Boolean algebra and accounts for

dependencies.

Figure 2-2 shows a sample event tree. In this example, the IE is a
vehicle collision, having an estimated occurrence frgquency which can be
a point estimate or be probabilistically distributed. The IE is the
first "top event," and potential subsequent failures represent the other
top events or branch points. These top events are in the form of ques-
tions, and by convention the upper branch represents the positive answer
sequence and the lower branch is the negative answer sequence. Branch
split fractions or probabilities are assigned at each of these branch
points. These split fractions may be point estimates or probabilistic
distributions, and may not be the same for all branch points under a
specific top event, depending on prior events. That is, the split

fractions represent conditional probabilities.

The frequency of an accident sequence is calculated based on the

following equation:

>
“b

,..-_
Hedy 2t

n
Fy =I; I Py , (2-1)
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where Fj = frequency of accident sequence j, i
Iy = initiating event frequency, :
Pi,j = conditional probability of event sequence i following an
initiating event, Ij.
Accident frequer.cy and equipment/component failure rate data were
derived from various sources, as described in Section 9.
In this study, the event trees are relatively simple in form
compared to those developed for nuclear plant PRAs. Most dependencies
are modeled explicitly in the event trees by use of conditional
branching probabilities which are dependent upon the branch taken for
prior events. For example, in an event tree where two consecutive top
events represent the availabilities of systems 1 and 2, system 2 might
not be called upon unless system 1 fails. This would be shown in the
{!:4 event tree by a dashed line for system 2 in the system 1 success branch,
? indicating not applicable. Conversely, if system 2 is capable of
operating only in conjunction with successful operation of system 1, the
dashed line is shown on the system 1 failure (no) branch for system 2
top event. This indicates a guaranteed failure of system 2, given
nonoperation of system 1.
For many scenarios, it was found convenient to use fault tree logic
for development of the accident progression and quantification of the
sequence frequencies. Figure 2-3 depicts a sample fault tree. Logic
symbols used in constructing fault trees are defined in Fig. 2-4. The
approach taken for treatment of dependencies in the event trees is to
identify specific intercomponent and intersystem causes of multiple
failures, if any, directly in the fault tree and to make an allowance
for those not explicitly identified. A Beta factor method (e.g.,
Ref. 2-3) is a convenient tool for determining a suitable allownnce and
was used where appropriate. In this wmethod, multiple failures ot
S, redundant components are assumed to occur in a dependent fasnhion; the
| _,.f(',
W
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A OUTPUT (A) EXISTS ONLY WHEN
ALL INPUTS (E) EXIST. THE
NUMBER OF INPUTS MUST BE AT

) “AND" LEAST TWO. INDICATES
X REDUNDANCY.
d allle
€2 P(A) = P(E1) x P(E2) x P(E3) x ETC.
\ A OUTPUT {A) EXISTS WHEN ONE
OR MORE INPUTS (E) EXIST.
“oR" THE NUMBER OF INPUTS MUST
BE AT LEAST TWO.
3
l g PLA) = P(E1) + PIE2) + PIE3) + ETC.
. [ A
; “RESULTANT THE FAULT CONDITION THAT
FAULT EXISTS WHEN INPUT (E) EXISTS.
EVENT"
i le
,
, 1A
]

A SPECIFIC FAILURE TO WHICH
“BASIC A FAILURE RATE OR RELATIVE
INPUT PROBABILITY CAN BE ASSIENED.
EVENT” OUTPUT (A) EXISTS WHEN THE
FAILURE EXISTS.

A
SUBSTITUTE FOR A BASIC INPUT
. EVENT WHEN THE FAILURE IS NOT
UNDEVELOPED TRACED TO A SPECIFIC SOURCE.
EVENT THIS SYMBOL CAN REPRESENT

ANOTHER FAULT TREE AT A LOWER
LEVEL WHICH HAS NOT BEEN DRAWN.

A
THE HOUSE REPRESENTS AN EVENT
WHICH IS NORMALLY EXPECTED TO
“HOUSE" OCCUR OR NEVER TO OCCUR. IT IS
TREATED AS A SWITCH ON THE TREE
ANO ISSET ON OR OFF.
A INDICATES TIE-IN TO A SEPARATE
» " - AR
"TRANSFER FAULT TREE.
i
':"'&ﬁ Fig. 2-4. Definition of fault tree symbols
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parameter [ is defined as the fraction of failures experienced in

components that are common cause failures.

Just as there are uncertainties in estimating component failure
rates, there are also uncertainties in the f factor. These uncertain-
ties were quantified assuming lognormal distribution for the f factor.
The uncertainty distribution accounts for uncertainties due to sparsity
of data, as well as those due to classification and the so-called
“potential common cause failures." These are events in which one
failure actually occurs and additional failures could have occurred
under different circumstances, as well as incipient failures and

degraded operability states.

In the case where the fault sequence i, given an initiating event,
involves a subsystem or equipment failure, the failure probability cal-
culations may involve not only the calculation of the unavailability
value (probability of failure per demand) but also the unreliability
value (probability of failure while component/equipment is running). In B
this case, the overall failure probability value for a given equipment

or subsystem is calculated using the following equation (Ref. 2-3):
Py =Pgqa+ (1 -Pgq4) Pyr (2-2)

where Pi,d = failure upon demand (unavailability),
Pj,r = failure while running (unreliability).

The calculation of component unreliability (Pi,r) is influenced
by several factors: (1) the frequency of periodic maintenance (PM);
(2) the use of different failure detection systems; and (3) the various

methods used to monitor equipment operation.

For the analysis presented in this report, two options were consid-
ered in the calculation of component unreliability. The first option

was to consider the periodic maintenance of a component. Thus, when a o

hﬁ%&‘%&%ﬂ*&’!}?}}?}bﬁ}m}}.-Z'.-?.ri’.-Z’JQ'}.Xc:
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component is periodically removed from service for preventative mainte-
nance, the failure probability is dominated by the maintenance interval

in addition to the failure rate according to the following equation:

Pir =35 (1 -eM)ymo— (2-3)
where A = failure rate,
8 = maintenance interval.

The second option was to consider continuous component surveillance
which decreases the failure probability by announcing component failure
to the operators concurrent with failure initiation. The repair time
required to restore the component becomes an important factor as shown

in the following equation:

P =3 i = (1 - emne] (2-4)

where ¥ = 1/T mean repair rate (per h),
T = repair time (h),
t = time interval of interest.

In Eq. 2-5 the failure probability approaches AT as the time interval
increases and AT 1is small (i.e., AT ¢ 1).

In most of the component failures identified in the fault tree
models, the first option is used (i.e., calculating reliability as a
function of maintenance interval) and a monthly PM interval is assumed
(i.e., maintenance interval of 528 h) for the equipment. This is a
conservative approach in deriving the failure probability. If a more
frequent maintenance policy 1is adopted or if experience shows that the
component restoration time is much less than the maintenance interval,
the failure probability will decrease. However, in view of the nature

of the fault tree models, this approach seems justified because the

2-11
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failure contribution of a particular component is not negated by

assuming an unnecessarily low failure probabilicy.,
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2.4. HUMAN FACTORS

The treatment of intersystem and intercomponent equipment depen-
dencies is discussed above, including how dependencies are taken into
account by the logic models. This section describes another kind of

dependence--that involving human interaction.

To the extent that human beings design, construct, operate, and
maintain the plant, it is impossible to fully isolate the role of human
interactions from any of the dependencies discussed above in terms of
hardware interactions. Hence, all of the common cause analysis methods
described above pertain directly or indirectly to human interactions.
The discussion 1is restricted here to human intervention in the operation

and maintenance processes.

The procedure used for analysis of intersystem and intercomponent

dependencies caused by human interactions was to include human errors of

omission and commission explicitly in the event tree/fault tree models
and to use the human reliability methods of Swain (Ref. 2-4) to
implement quantification. A starting point for the identification of
specific errors is the analysis of operation and maintenance procedures
if they have been defined for the event sequence being investigated.
This is especially important if operator action is required to effect
actuation of a system or a collection of systems. Consideration needs
to be given to possible incorrect judgments as to the plant state and
subsequent implementation of the wrong procedures. Once these acts are
identified and modeled, the problem of determining contribution to risk
by operator actions is reduced to assigning the correct human error rate

values.
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2.5. RELEASE CHARACTERIZATION

The risk associated with each accident scenario requires not only
the quantification of the frequency of that scenario but a characteriza-
tion of the agent release as well. This characterization involves the

type and amount of agent released, and the mode duration of the release.

At any given time, there is at least one containment barrier sepa-
rating the agent from the surrounding environment. Thus failure or loss
of integrity of this barrier must occur for agent to be released to the

environment.

In general, the accident scenarios interest can be divided into two
groups: (1) those scenarios in which the agent is inside the munition
(e.g., scenarios involving transportation accidents), and (2) those in
which the agent has been removed from the munition (plant operations
accident scenarios). For both of these groups there are essentially

three types of agent release to the environment:

1. Evaporation from a liquid spill.
2. Releases resulting from detonations.

3. Releases resulting from fires.

Various combinations of these releases appear in many of the scenarios.
In addition, depending on the location of these events (e.g., indoor
versus outdoor spills), the evaporation rates governing these releases

may vary somewhat.

The approach taken for assessing the amount, type, and duration of
agent release 1s based on deterministic models which stem from previous
demilitarization safety studies described in Section 1.1. These models
are based largely on data but also engineering judgment. They are

described in Section 10.1.
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Elements of the model include correlations for evaporation release,
based on the D2PC computer program. In many cases, the D2PC computer
program was used directly to calculate evaporative releases. Other ele-
ments include the fraction of burning agent which is released as vapor
and the fraction of a detonating munition inventory which is released as
vapor. The model relies heavily on data and analysis of munitions fail-
ure thresholds, summarized in Appendix F, to determine the extent of
munition failures, including the potential for failure propagation of
munitions. It is this area where engineering judgment was needed to
supplement the data and analysis. Where judgmental factors entered in,
they were routinely made in a conservative manner to cover possible

uncertainties.
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2.6. UNCERTAINTY ANALYSIS

Estimates of failure probabilities derived from various data
sources are subject to uncertainties. Data sources do not always spe-
cify what failure modes are represented, what environment {is applicable,
or what is the total statistical population. In some cases, failure
data may not be available for a specific event; therefore, data for
events that occur under conditions that are similar to the events under
consideration are selected as representative. These considerations

result in uncertainties that are reflected in the range of possible

numerical values for an event.

For events involving equipment failures, a lognormal distribution
was assured to define the uncertainty in the failure probability. The
lognormal distribution was explicitly used in Ref. 6-18 and other PRA
studies of nuclear power plants because of its mathematical behavior.
For the analysis covered in this report, equipment failures and accident 99&3

initiators that are either man-made or arise from natural causes are <

assumed to be lognormally distributed.

In the analysis of accident scenario probabilities, the STADIC-2
computer program (Ref. 2-5) was used to combine probability distribu-
tions of a series of event sequences which make up an accident scenario.
STADIC-2 uses a Monte Carlo simulation technique to generate a pseudo-
random sample statistical distribution for a user-defined output func-
tion. Each input variable exhibits random, statistical variations that
are represented by a particular probability distribution (lognormal,
normal, etc.). The statistical distribution for the output function
(and accident scenario probability in this case) 1is generated by com-

bining the distributions in accordance with the mathematical operations
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i Aspecified by that function. This combining of distributions is accom-
plished as follows:

1. Each Monte Carlo sample consists of selecting one pseudo-
random sample value for each input variable from {its corre-
sponding statistical distribution.

2. The set of sample variable values are mathematically combined
to find the corresponding value of the function.

3. Sampling is continued in this manner until the desired sample
size is attained.

4 4, The results consist of the pseudo-randomly generated values of

»

1 the output function.

d. Probabilistic data base uncertainties are the only uncertainties

1 ) explicitly quantified in this analysis. Although data base uncertain-
ties are important, the accident frequency calculations are also sensi-

: tive to assumptions incorporated into the probabilistic assessment.
Since the uncertainties in these assumptions are extremely difficult teo
quantify, conservative assumptions are consistently used in this risk

analysis,

Figure 2-5 depicts the impact of this methodology (identified as
Method 1 in the figure) on the accident frequency ascessment results.
Essentially, this methodology produces a conservative nominal frequency
estimate, and underestimatzs the size of the confidence bands. However,
the error associated with the confidence band estimate primarily results
in predicting a much higher value for the lower confidence band than
actually exists. (Compare the results of Methods 1 and 3 in Fig. 2-5.)

Hence, the uncertainty assessment methodology employed in this analysis

overestimates nominal accident frequencies and the confidence in the

{% predicted frequency.
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QUANTIFIED
Fig. 2-5. Impact of assumptions on the accident frequency uncertainty

assessment
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) @ No quantitative uncertainty analysis is performed for the agent

release calculations, due to the complexity involved in such an assess-

ment. Instead, conservative releases are calculated. Because of the
complex phenomenology that governs agent release, sensitivity studies
were conducted to assure that the agent release estimates are, indeed,

bounding. These sensitivity analyses are presented in Appendix B,
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i 3. DEMILITARIZATION DESCRIPTION OVERVIEW

Chemical munitions are currently stored at eight CONUS sites
(Fig. 1-1). A description of the CONUS sites, including local maps, is

given in Appendix D. Section 3.2 provides a summary description of the

munitions.

The two alternatives for the disposal of the chemical munition
stockpile which are discussed in this report are: (1) collocating muni-
tions for disposal at two regional destruction centers (RDCs) located at
the Tooele Army Depot (TEAD) in Utah and Anniston Army Depot (ANAD) in
Alabama; and (2) collocating munitions for disposal at a single national
destruction center (NDC) located at TEAD. A detailed discussion of the
storage, handling, operations, transport, and decommissioning activities

2T, related to the alternatives is presented in Appendix G. Section 3.1
i»!' provides a summary of these activities as they relate to the risk study.

Data for the munition transport containers are presented in Section 3.3.

3.1. COLLOCATION DISPOSAL ACTIVITIES AND RISKS

The major activities for the two collocation alternatives are out-
lined in Fig. 3-1. The activities begin with the munitions at each
CONUS site in their existing storage locations in magazine igloos, ware-
houses or open areas. Long-term risks associated with continued stor-

age, such as earthquakes and munition maintenance, are reduced by ship-

Y Y EX

ment to NDC or RDC disposal sites. This risk reduction must be weighed

against risks associated with the transfer and disposal of the muni-

tions. Elements of the added risks are: added storage risks created by i;i
5 establishing holding areas and interim storage, handling, plant opera- {&
tions, onsite transport, and offsite transport risks. These are dis- éﬁ
cussed in the following paragraphs.
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: % 3.1.1. Storage :::
; (X}

During storage, the only planned activities are monitoring for
leakage, surveillance, maintenance and repair of munitions in the stock- A
pile. Internal events for storage thus address leakage between inspec- "
tions and munition drop or forklift tine puncture during munition han-
dling. The stored munitions are susceptible to external events, such
as fire, tornado, aircraft or meteorite crash, earthquake, flood,

and lightning. Storage time is a critical parameter for both the inter-

W -

»
<

nal and external events. Until the sending site agent inventory is

depleted, the holding areas established at both the sending and receiv-

ing sites create additional locations where munitions will be present

with added interface area with potential external events.

b T I LA

In this study, the munitions are assumed to spend two weeks at each
holding area. The munitions are moved from the holding areas to interim
: storage facilities. They stay considerably longer in interim storage;

! ﬂl for purposes of analysis it is conservatively assumed that the interim
2 , storage facilities are full.

3.1.2. Handling

The munitions transfer from existing CONUS sites to one or two dis-

- -

o posal sites creates a multitude of logistic handling operations. These

8 operations are identified in Fig. 3-1 for handling at the sending and
receiving sites and for offsite transport by rail or air. A detailed
diagram of the loading/unloading of munitions intofout of the transport
packages and loading/unloading the packages off the trucks and onto the
trains, etc., is presented in Section 6. The handling operations for
the specific option of marine transport from APG to Johnston Atoll
differ in that a different offsite package is used, ship crane and dock

; crane loading/unloading is involved.
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Basically, the risks associated with these handling operations stem

from internal handling accidents, caused by equipment failures or human
error. Types of accidents are: vehicle collisions, forklift tine punc-
tures, and drops of munitions. The munitions affected may be single, in
pallets or overpacks (bombs and spray tanks), in an onsite container
(ONC) or in an offsite container (OFC) or vault. Locations of the agent
release may be indoors, or in the open (outdoors). External events
causing handling accidents were not considered in this analysis because
of the short time involved in actual outdoor handling operations. Also,
the analyses for plant operations and storage considers the effect of
external events on all munitions within buildings or igloos, regardless

of whether or not handling is in progress.

The handling risk depends on the number of handling operations,
such as packing, loading, and separating, moving or stacking with a
forklift, which in turn depends upon the sites involved, the mode of
offsite transport, and the type of munition moved. Section 6 describes

how these variables were factored into the analysis.

Packing and unpacking handling operations occur first at the send-
ing site storage area, where the munitions are packed inside an OFC.
They remain inside that package until arrival at the interim storage
area (igloo or warehouse) of the NDC or RDC. There, they are unpacked
and stored in their original palietized configuration until ready for
disposal. For disposal processing, they are packed in an ONC for ship-
ment from interim storage until reaching the unpack area of the MDB.
This procedure results in the munition always being in an ONC or OFC
while outdoors onsite, and in the OFC when enroute offsite. Note: for
marine transport, vaults will be used instead of OFCs; for the discus-

sion in this section, the package will be referred to as an OFC.

The procedure assumed here of temporarily storing the munitions
arriving at the NDC or RDC in a storage igloo or warehouse and subse-

quently moving them again (by truck) from storage to the munitions
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holding igloo (MHI) has more handling operations than direct delivery to

the MHI. Logistics may permit simple direct delivery; nonetheless, the
complex logistics scheme is adopted for this risk analysis as a conser-
vative approach. The MHI is a part of the demilitarization facility.
The munitions are moved from the MHI to the package unloading area of

the facility by forklift.

Loading and unloading handling operations occur at multiple times

as follows:

1. At the sending site storage area, the OFCs are loaded into
trucks for onsite transport to the holding area (e.g., rail-

head, for rail transport).

2. At the sending site holding area, the OFCs are unloaded from
the truck and held until reloaded on the railcar for offsite
transport by rail. For the air transport option, the OFCs are

loaded onto a truck bound for the airport. At the airport the

{ 3o

OFCs are off-loaded onto a conveyor which loads them into the
aircraft. For marine transport, the vaults are trucked to the

loading dock where they are loaded by crane into the barge.

3. At the receiving site, the rail shipments arrive directly at
the NDC or RDC holding area, where the packages are off-
loaded. Air shipments are transferred by conveyor from the
aircraft to trucks for arrival and off-loading at the NDC or
RDC holding area. Marine shipments are off-loaded by crane

onto the dock.

4. At the holding area, the OFCs are loaded onto a truck for on-

site transport to an interim storage area.

5. At the interim storage area, the palletized munitions are

unloaded from the OFCs and placed in storage. The munitions
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are then placed in ONCs and loaded onto trucks for onsite Sasgg
transport to the MHI.

6. At the MHI, the ONCs are unloaded from the trucks and placed
in the MHI. For disposal, they are removed from the MHI by
electric forklift and loaded onto diesel forklifts for trans-
port to the MDB.

7. At the MDB, the forklifts deposit the ONCs in the Package
Unloading Area for final processing.

In this risk study forklift transport operations are assumed to

belong to the handling phase while truck transport is not.

3.1.3. Onsite Transport

Onsite transport encompasses all truck transfer operations outlined
above at the sending and receiving sites. Associated risks consist of .%r;
truck collision and/or overturn accidents with the munitions configured
in ONC or OFC packages (or spray tanks and Weteye bombs in overpacks
during transfer from the storage facilities to the demilitarization

facility). These risks depend upon the expected distance of truck
travel.

At all sending sites, the truck transfer distance from storage to

the holding area is assumed to be one mile. For air transport, the i?
departure and the arrival air strips were assumed to be located one mile g
each from the respective holding areas. £
-

At the disposal site, one mile distances are assumed between the i
receiving holding area and interim storage and between interim storage ﬁ
and the MHI. E
i

£5
o

5
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3.1.4. Offsite Transport - Rail

Special munitions trains will be used for rail transportation.
Each munition train will be preceded by a pilot train. The munitions
train is so configured that cars are divided into groups with buffer
cars containing inert material between the groups. Special administra-
tive procedures and controls are used to assure track and equipment
reliability, as described in Appendix G. This study assesses the risks
due to internally caused train accidents, due to human error or equip-
ment (switching, etc.) failure, as well as externally caused events,
such as aircraft crash, earthquake, and tornado, while the train is
enroute to the receiving stations. The enroute risks consider the

number of rail miles involved for specific site transfers.
Loading or unloading a munitions train 1s estimated to take approx-
imately one day. During this time, the munitions on the train are sus-

ceptible to externally caused accidents.

3.1.5. Offsite Transport - Ailr

An option of using air transport to move munitions from either APG
or LBAD sending sites to the Tooele depot receiving site was evaluated.
Actual air flight distances were factored into the risk analysis. These
are 1540 and 2066 miles, respectively, from LBAD and APG, pertaining to
specific routes which avoid major population centers. The type of mili-
tary aircraft (affecting the number of flights needed) assumed for this
analysis was either C-141 or C-5. The availability of these aircraft

during the demilitarization campaign is unknown at this time.

3.1.6. (ffsite Transport - Ship

This study examines a specific option of moving mustard-filled ton
containers from APG, Maryland, to JACADS. The analysis was based on
using the LASH shipping system (lighter aboard ship). In this system,
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the ton containers are loaded into vaults and trucked to an onsite dock. N

At the dock, the vaults will be loaded on barges (called lighters) at a

' loading facility to be constructed on installation property on the Bush

I River. The barges are towed to the ocean-going LASH vessel anchored
nearby in the deeper water of the Chesapeake Bay. The barges with the E'
cargo onboard are lifted onto the LASH vessel, which is designed to

\ carry preloaded barges in the hold. The LASH ship will then sail south-

ward in the Chesapeake Bay, south along the east coast of the United

States and Central and South America, around Cape Horn, then across the

Pacific Ocean to Johnston Atoll. The ship 1is then off-loaded in the

t reverse order at the Johnston Atoll dock.

Risks associated with this ship transport involve internally

-

(mostly human error) caused accidents, such as vessel collisions, bridge
or shore rammings or groundings. Also considered are externally caused

events, namely on-board fires, heavy weather damage, or aircraft crash.,

3.1.7. Plant Operations Pl

The demilitarization activity involves all processes present in a

JACADS-type demilitarization facility including removal and deactivation

- o W PN G W

of explosives, draining and incineration of agent, and treatment of all

b process effluents and ventilation air. For this study, the demilitari- ~
. N
zation facility is defined to be the MHI, where munitions await process- }ﬂ
ing, and the MDB, where the incineration occurs. :ﬁb
Ly}
EN

)

In the MDB the munitions are first unpacked in the UPA. They are E\

D then processed by conveyor to the burster removal area, mine punch-and- f'
drain area, projectile mortars disassembly area, rocket and burster Q
shearing machines, mine machine for booster removal, a bulk drain sta- N
) tion to punch and drain bulk items, a TOX agent storage tank, furnaces !J
] for explosive deactivation, metal parts decontamination, and agent and *

! dunnage incinerators, as appropriate.
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@ Risks associated with the plant operations (disposal) phase

| include internally (human error or equipment) caused accidents resulting
in munition drops, spills, and fires or explosions in furnace rooms.
Externally caused risks involve tornado, meteorite, aircraft crash, or
earthquake events. The potential for such events to fail packaged muni-
tions in the MHI or UPA, bare or punched munitions in the MDB, or TOX

piping systems was analyzed.

3.1.8. Decommissioning

After the existing stockpile of lethal chemical agent and munitions
at each site has been destroyed, the demilitarization facility will be
decommissioned. The activities for cleanup and closure of the destruc-
tion facilities, as discussed in Chemical Stockpile Disposal Plan
(Ref. 3-1), are as follows:

1. Decontamination of the MDB and laboratory.

ef 2. Disposal of all solid wastes and residues.
® 3. Certification of the plant and site as nontoxic.

&
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3.2. MUNITIONS DESCRIPTION @

This section describes the munitions that comprise the CONUS muni-
tions stockpile. The munitions stored at each site are summarized in
Table 3-1. As indicated the inventory of munitions and bulk agent in
storage differs greatly from site to site. Detailed information on the
precise numbers of chemical agent munitions at each site is classified
except for the information on M55 rockets. All of the chemical muni-
tions in storage are at least 18 yr old (production of new chemical

munitions was stopped in 1968), and some are more than 40 yr old.

The munitions stockpile consists of 11 different munition types. A
detailed description of each munition type, including a discussion of

their thresholds, is presented in Appendix F. A brief description of

the munitions follows.
3.2.1. Rockets

The M55 rockets are filled with either GB or VX. The rockets are bl
equipped with fuzes and bursters which contain explosives. Propellant
is also built into the motor of the rocket. The rocket casing is made

of aluminum. Some of the rockets have a leakage problem.

The rockets are individually packaged in fiberglass shipping tubes

with metal end caps. Fifteen containers with rockets are packed on a

wooded pallet.

3.2.2. Land Mines

Mines contain VX and explosive charges. The mines are packaged
three to a steel drum. Mine activators and fuzes are packaged separate-

ly in the same drum. Twelve drums of mines are contained on a wooden

pallet.
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DATA FOR ONSITE TRANSPORT CONTAINERS (ONC), VAULTS,
AND OFFSITE TRANSPORT CONTAINERS (OFC)

ONC: 6-ft diameter x 8-ft long cylinder
OFC: 20 ft x 8 ft x 8 ft

Vault: 8.8

Failure Criteria:

Exposure to
ONC:

OFC:

Vault:

% Exposure to

ONC:
OFC:
Vault:

Impact failure:

ONC:
OFC:
Vault:

Puncture:
ONC:
OFC:
Vault:

Crush:
ONC:
OFC:
Vault:

P O X YA O S e e

TABLE 3-1

ft x 3.7 ft x 4.5 £t

engulfing 1850°F fire detonates bursterd munitions
15 min
30 min

not used for burstered munitions

engulfing 1850°F fire thermally fails munitions
15 min

2 h

2 h

40-ft drop (35 mph)
40-ft drop (35 mph)
40-ft drop (35 mph)

velocity/radius = 100/s
velocity/radius = 200/s
velocity/radius = 200/s

50,000-1b static load
<520,000-1b static load
<520,000-1b static load

3-11
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3.2.3. Projectiles and Mortars

The munitions stockpile contains 105-mm projectiles with GB or mus-

tard, 155-mm projectiles with GB, VX, or mustard, 8-in. projectiles with

e e

GB or VX, and 4.2-in. mortar projectiles with mustard. Some 105-mm pro-

PR Ay~ Y,

-

jectiles are stored as complete rounds containing fuze, burster with
explosive, cartridge case and propellant, while others are stored with-

out bursters, fuzes and propellant. Mortars are stored with fuzes,

"""““

bursters, and propellants. 155-mm and 8-in. projectiles are also stored

L=

with and without bursters. For this study, it was assumed that fuzes

pry

and propellants have been removed from the 4.2-in. mortars and 105-mm

cartridges.

The 105-mm projectiles are packed 24 projectiles to a pallet; the
4.2-in. mortar projectiles are packed 48 projectiles to a pallet.

e Sl TR TN e

155-mm and 8-in. projectiles are packaged efight and six projectiles

on a wooden pallet, respectively.

3.2.4. Bombs

There are three types of bombs, all containing GB agent. These
are the MC-1, a 750-1b bomb, the MK-94, a 500-1b bomb, and the MK-116
(“weteye”), a 525-1b bomb. The 525-1b bomb is designed to release an
aerosol spray of agent on detonation. The bombs are stored without
explosives. The MC-1 bombs are packaged two to a wooden pallet and the

others in individual metal shipping containers.
3.2.5. Spray Tanks
Spray tanks contain VX agent. They are designed for releasing

chemical agent from slow-traveling, low-flying aircraft. The spray

tanks are stored in a metal overpack container.
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3.2.6. Bulk Agent

All three types of agent are stored in bulk as liquid in standard
one-ton steel containers (called ton containers). Ton containers are

not palletized.

Ton containers are the only items stored at the Aberdeen Prov-
ing Ground (APG) and Newport Army Ammunition Plant (NAAP). The ton con-
tainers at APG contain mustard (HD), while NAAP has VX-filled ton con-
tainers. The Anniston Army Depot (ANAD) has filled ton containers.
Pine Bluff Arsenal (PBA) has mustard-filled ton containers. Toocele Army
Depot (TEAD) has all types of bulk agent in storage. Umatilla Depot
Activity (UMDA) has mustard-filled ton containers.

3-13
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3.3. MUNITION PACKAGING AND TRANSPORT

For offsite transport by air or rail, the munitions will be pack-
aged in offsite transport containers (OFCs) at the storage facility of
the sending site. They will remain in OFCs until arrival at the dis-
posal site storage. Transport from the disposal site storage to the
demil facility is done with munitions in onsite transport containers
(OFCs). Offsite transport of ton containers by marine shipment is done
with the TCs in vaults. Table 3-3 presents the failure criteria for
these munitions packages (Ref. 3-1).

Leakers may be caused by the corrosive nature of the chemical agent
on the materials in the munitions agent compartment wall., When leakers
are detected in storage, the munitions are packaged in a special leak-
proof package. No munitions known to be leaking are ever transported
unless they are packaged in a special 1eak-p£§of package. Realisti-
cally, the major impact of corrosion is to degrade the original materi-
als such that, while a leak has not occurred, the material parameters
upon which the calculated failure thresholds are based generally do not
reflect the actual condition of the munitions. The extent of degrada-
tion is unknown and cannot be considered in a meaningful way in the
analyses presented in this report. Therefore, a general assumption is
that the effect of corrosion or other material degradation is neglected,

and a leak is assumed not to be initiated in transport,

If the accident forces are sufficiently severe to cause the OFC
to fail, then those munitions with a lower failure threshold are also
assumed to fail so that agent release occurs. If the failure threshold
of the individual munition is higher than the OFC package, the munition
fallure threshold is used. In other words, the failure threshold of the

package and contained munitions combined is equal to the maximum of

either the package threshold or the munition threshold.
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It is also assumed that when large fires occur, they engulf the

entire transport vehicle. The assumption that the "representative”

large fire always engulfs the transport vehicle is very conservative.

The structural calculaticns are based on the assumption that the
munitions impact an unyielding surface, but because such surfaces are
seldom encountered in real accidents, the structural failure thresholds

are conservative.

The Sandia National Laboratory (SNL) transportation data base (see
Sections 8 and 9) is assumed to be applicable to military transport.
Where appropriate, modifications are clearly indicated to account for
administrative controls. The major benefit of using the SNL transporta-
tion data base is that, in addition to providing accident rates for
{mpact, fire, etc., the SNL researchers used sophisticated modeling to
produce the accident environments that appear in the figures showing the
percentage of accidents that do not exceed a certain force. These
curves, or accident force spectra, are based on the best data available
to SNL and a number of assumptions. The effect of administrative con-
trols is to change either the data or the assumptions used to generate
not only the accident rate but also the accident force spectra. Thus,

a major assumption in this report is that when the accident rates are
modified to account for factors unique to munitions aircraft, the acci-
dent force spectra are essentially unchanged. Use of the SNL curves is

conservative, however.

No generally accepted method to quantify the probability of poten-
tial sabotage events in a risk analysis has been developed. Thus, any
change in sabotage risk which occurs when extra packaging is used is not

included in a quantitative way.

The shipping will be accomplished using the LASH (lighter aboard
ship) shipping system. In this system, the ton containers will be

loaded into vaults at their current storage location, and then trucked

3-15 .
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to an onsite dock. At the dock, the packages will be loaded on barges
(called lighters) at a loading facility to be constructed on installa-
tion property on the Bush River. The lighters will be towed to the
ocean-going LASH vessel anchored nearby in the deeper water of the Ches-
apeake Bay. The lighters with the munitions on board are lifted onto
the LASH vessel, which is designed to carry preloaded lighters in the
cargo holds. The LASH ship will then sail southward in the Chesapeake
Bay, south along the east coast of the United States and Central and
South America, around Cape Horn, then across the Pacific Ocean to Johns-
ton Island. The ship will then be off-loaded in the reverse order at

Johnston Island.

The mustard-filled ton containers at Aberdeen Proving Ground will
be transported to the dock in the vaults and loaded into the lighters.
It i1s assumed that a towboat will then transport the lighters, 10 at a
time, to a LASH vessel anchored in deeper water within the Chesapeake _
Bay. The lighters will be lifted by crane onto the LASH vessel and (Efi
loaded into the ship’s cargo hold. "

Once the LASH vessel has been loaded, the ton containers will be
transported south through the Chesapeake Bay, around South America, and
across the Pacific Ocean to Johnston Atoll. This distance, approxi-
mately 14,000 nautical miles, is shorter than earlier proposed routes
and was selected in order to eliminate the risk from refueling. Due to
the significantly increased risk of an accident occurring during the
transport if the ship is required to go into port to refuel or is refu-
eled during transit, it is also assumed that the LASH vessel will have

adequate fuel for the entire journey.
As the LASH vessel proceeds down the Chesapeake Bay, tugs will

be used to assist the LASH under bridges and as otherwise needed to

increase the maneuverability. This, in turn, will reduce the risk.
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An escort ship will accompany the munitions ship on the voyage.

-

The escort ship will carry support personnel and equipment sufficient to A
4
respond to an emergency aboard the LASH ship that cannot be handled by

onboard personnel.

-

It was also assumed thart no lighters would be stored above deck for 5

the transit. This was done to decrease the risk of transport. 4
o
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4. INITIATING EVENTS

This section describes the approach used to identify and select
initiating events and to assess or present their occurrence freguencies.
As described in Section 2, initiating events are single occurrences or
individual malfunctions that either directly cause the release of chemi-
cal agents or start a sequence of events that could lead to a release.
They are classified as external events when caused by natural phenomena
(e.g., earthquakes) or man-made interferences (e.g., alrcraft crashes)
from outside the demilitarization cycle. They are classified as inter-
nal events when caused by human error or equipment failure within the
demilitarization process. Section 4.1 describes the logic used for
selection of the initiating events. Section 4.2 discusses the generic
considerations in specifying the initiating event frequency units (i.e.,
per unit time or per operation). The application of the generic fre-
quency estimates to specific accident scenarios, locations and demili-
tarization phases are discussed in the sections dealing with accident

logic model development, Sections 5 through 8.

4.1. INITIATING EVENT IDENTIFICATION AND SELECTION

This study used a multifaceted approach for identifying potential
initiating events, screening out those which (based on conservative
scoping) should not affect the overall risk and selecting those events

warranting further analysis. The approach consisted of:

1. Developing a master logic diesgrom (MLD), a logic tool
described in the PRA Procedures Guide (Ref. 4~1) for systemat-
ically examining potential mocas of release, jathways for

release, barriers against relecase, and mitigating safety func-

tions together with root causes !initiators) of release.
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zones and examining potential sources of release in each zone

to identify internal iritiating events for plant operations.

Y
i
2, Dividing the demilitarization facility (MDB) into spatial
3. Cross-referencing results from items 1 and 2 with a list of
3 accident scenarios from safety related studies on the chemical
F weapons disposal program, compiled by the MITRE Corporation in

& Ref. 4-2.

4. Applying previous munitions risk study experience in Refs. 4-3
through 4-11. (The results of these studies are described
in Section 1.1.)

5. Peer review by the Army and independent consultants during the

early and draft report phases of this study.

Two criteria were used to screen accident scenarios: (1) accidents ¥ )
with extremely low frequency (below 10-10 per year), (2) those with low
consequences (amount of agent release below 0.3 1lb for GB, 14 1b for H
or 0.4 1b for VX) were also screened. Events with frequencies below the
cutoff have little meaning from a practical standpoint since the expect-
ed times between events is measured on a cosmic scale rather than on a
scale of human history. The consequence criteria pertain to the minimum
release levels that would produce acute human fatalities 0.5 km from the
incident, based on environmental impact calculations performed by MITRE
(Ref. 4-2).

For bookkeeping purposes, a coding system is used in this report to
identify, organize, and refer to accident sequences. Not all accident
sequences were encoded; those that could be screened out early because
of simple conservative scoping analysis bear no coding. Conversely,
many sequences that were screened after detailed analysis retain their
coding but may not be in the final lists of results. However,

Appendix A contains a record of all encoded sequences.

.
XX

2
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Table 4-1 shows the coding scheme followed for identification
of accident sequences. The coding system is based on that used in
Ref. 4-2. The first two letters identify the demilitarization phase
(S for storage, H for handling, R for rail transport, V for truck trans-
port, B for barge transport, L for LASH transport, and P for plant oper-
ations) and the offsite transport mode option or division of activities
for that phase, if any. For example, VR, VA, and VW refer to onsite
transport for rail, air, or marine options. The first two letters
together with the sequence number at the end uniquely identify an acci-
dent sequence of events. The middle letters identify the munition/agent
type combinations and the release mode. Throughout this report, either
the entire coding is used or sequences are referred to by the first two

letters and the sequence number.

The MLD developed for the risk study event identification is
shown in Figs. 4-1 through 4-9. Following the PRA Procedures Guide
&' (Ref. 4-1), the top level logic (Fig. 4-1, level 1) pertains to the pub-
lic impact, in this case, exposure to chemical releases throughout the
various phases of the demilitarization process (storage, plant opera-

tions, handling, onsite transport and offsite transport).

Figure 4-2 shows MLD level 2 (release mode or pathway) and subse-
quent levels (barriers to release, safety functions mitigation/failure
and, finally event initiators) for storage, including interim storage.
It shows three modes for release. One is leakage of agent from corroded
munitions, such as leakage of a ton container stored in open areas.
Another is inadvertent rupture of a munition during maintenance. The
third is a disruptive influence due to an external event. Since han-
dling associated with incoming and outgoing munitions are considered in
the handling phase, these three modes logically represent the possible

ways a release can occur in the storage phase.

Subsequent levels are developed considering the types of disruptive

events that can occur, taking into account information on the potential
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B TABLE 4-1
" ACCIDENT SEQUENCE CODING SCHEME
Wte The Accident Scenario Identification is an 8-Character Code
fk for the Form: XXYZWnnn as Defined Below.
l'.
L)
o Activity (XX) Munition/Agent Type
o Rail Air Ship Combinations (YZ)
§
M Plant operations PO PO PO | BG: bomb containing GB
o DH: mortar containing H
Storage, long term SL SL SL | CG: cartridge containing GB
A CH: cartridge containing H
'4 Storage, interim SR SA SW | KG: ton container with GB
A ) : ton container with H
N Handling, at facility HF HF HF : ton container with VX
N ¢ mine containing VX
' Handling, onsite HC HA HW | PG: projectile (155 mm)
q? containing GB
B PH: projectile (155 mm)
0 containing H
! Truck transport, interim Vo Vo VO | PV: projectile (155 mm)
?} containing VX
QG: projectile (8-in.)
oy containing GB
L Truck transport, for offsite VR VA VS | QV: projectile (8-in.)
h containing VX
1, RG: rocket containing GB
o Offsite transport(@) RC AA BI | RV: rocket containing VX
AB LI | SV: spray tank containing VX

W Lc

K LS

]

u
v,

3 Release Mode (W) Sequence No. (nnn)

s

'; S: Spill or leak 001, 002, 003, ...... 999
A C: Complex (e.g., detonation with fire)

& F: Fire only

[}

: (8)For air transport, AA is for C-5 and AB is for C-141 aircraft.

3 For ship transport, Bl covers barge events; LI, LC, and LS are for

’ LASH events in intercoastal, coastal and high-sea waters, respec-

tively.

[N [.-[’
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HANDLING
RELEASE
MPACT FORKTINE
R ACCIDENT PUNCTURE
RELEASE RELEASE
FAILURE To DYNAMIC FORKLIFT
LEAK IN MUNITION MUNITION
DETECT ACCIDENT
ONC OR OFC LEAK OCCURRENCE FAILURE Acg:g:ur PUNCTURE
HUMAN ERROR/ OCCURRENCE
EQUIPMENT FAILURE N STORAGE 16100,
LPF, MDB OR IN PACKAGE
(SEE FIG. 65
FOR SEQUENCES)
EXTERNAL OROP VEHICLE PUNCTURE THERMAL CRUSH IMPACT IMPACT
EVENTS EVENTS COLLISIONS AUPTURE FAILURE RUPTURE DETONATION RUPTURE
NOT iN STORAGE IN STORAGE BURSTERED
ANALYZED 16L00, OUT-~ 1GLOO, OUT- MUNITIONS
DOORS, LPF, DOORS, LPF,
MHI, OR MDB OR MD8
(SEE FIGS. (SEE FIGS. 6.6
63 AND AND 6.7 FOR
64 FOR SEQUENCES) T ]
SEQUENCES) SUFFICTENT
FIRE NO ACTIVE
FLAMMABLE
INITIATION MATERIAL SUPPRESSION
HUMAN ERROR/
EQUIPMENT
FAILURE
Fig. 4-3. Master logic diagram - levels 2 (release pathway) and lower

(barriers, safety functions, and initiators).
handling release

Part B -
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AIRCRAFT MUNITION
ACCIDENT FAILURE

I 1 I i

GROUND ON-BOARD IN-AIR THERMAL CRUSH MPACT
COLLISION FIRE COLLISION FAILURE RUPTURE RUPTURE

AA1, ABT AAJ Low M

AA2, AB2 AB3 PROBABILITY

AA4, ABA

AAS, ABS

| l

FIRE f{’:&ﬂ‘aﬂ NO ACTIVE
INITIATION s SUPPRESSION

Fig. 4-8. Master logic diagram - levels 2 (release pathway) and lower
(barriers, safety functions, and initiators). Part G -
offsite air transport
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Fig. 4-9. Master logic diagram - levels 2 (release pathway) and lower
(barriers, safety functions, and initiators). Part H -
offsite sea transport
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failure modes of the munitions (puncture, detonation, fire, etc.), given ﬁg}&
that the event occurs. For illustration, some sequences analyzed in
Section 5 are noted under the initiating event boxes. Table 4-2 summa-

rizes the initiating event families for storage selected for analysis.

Figure 4-3 shows the MLD levels 2 and lower for handling opera-

tions. There are three modes of release:

release due to unpacking of
undetected leakers, impact rupture due to handling accidents (drops and
forklift collisions), and forklift tine puncture. Note that external
events are not included here; external events for storage and transport
consider the entire munitions inventory available regardless of whether
handling operations are in progress. The subsequent level initiating
events consider the location where the event occurs (e.g., if the event
occurs indoors or in an open area), since different barriers for release
are involved. Table 4-3 summarizes the families or handling initiating

events selected for analysis.

L L

vy C w € B

The MLD for onsite truck transport is developed in Fig. 4-4. A [":jb‘ .3
— .
single generic mode of release applies to this phase, involving a vehi- ) J:‘
cle collision or overturn coupled with potential munitions failure &:
modes. In this phase, the munitions are always in offsite or onsite I
transport containers or overpacks, and failure thresholds may differ "
from those for bare munitions. Table 4-4 summarizes the initiating ..5
event families analyzed for onsite transport. gk
)
:"-" (
Figure 4-5 shows the MLD level 2 and subsequent levels for internal i;'
events during plant operations. This portion of the MLD was constructed -}:
>
by dividing the MDB into spatial zones and examining the sources for 3;
agent release in each zone. The zones are as follows: Z?
o
1 d
1. The explosive containment vestibule (ECV) and munitions '{L
corridor. :‘
-"‘
Y
.:;:Q; An
lq':f?" C"
- "
)
4-14 -
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b
3
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TABLE 4-2
INITIATING EVENT FAMILIES FOR STORAGE
INTERNAL EVENTS

1. Munition drop

a. During leaker isolation
b. Due to pallet degradation

2. Forklift tine puncture during leaker isolation

3. Leak between inspections

EXTERNAL EVENTS(8)

1. Fires due to

a. Spontaneous ignition of a rocket

LY b. Flammable materials in an igloc or warehouse
‘3 c. LPB ingress into an igloo or warehouse

d. Flammable liquids near a warehouse at NAAP

2. Meteorite strikes an igloo, warehouse, or interim storage
holding area

3. Tornado collapses a building or generates a missile

4, Alrcraft crash due to

a. Small aircraft (direct)

b. Large aircraft (direct)

c. Large aircraft (indirect)
5. Earthquake

6. Lightning strikes outdoor storage

I A NN N N e OV o e LoD Sy L Ol

(8)Note: Floods are shown in Section 5 to be unimportant initiators.
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TABLE 4-3
INITIATING EVENT FAMILIES FOR HANDLING(®)

1. Drop during operations at the processing facility of a

a. Pallet or ONC outdoors
b. Pallet or ONC in the MDB
c. Single munition in the MDB

2. Drop during operations outside the facility of a

a. Pallet or ONC in a storage igloo
b. Pallet or ONC outdoors

c. ONC in the MHI

d. Pallet or OFC in the LPF

e. Single munition in the LPF

f. OFC outdoors

3. Forklift tine puncture of a

a. Bare munition in a storage igloo
b. Bare munition in the LPF

c. Bare munition in the MDB

d. ONC or OFC outside the facility
e, ONC or OFC at the facility

4. Forklift collision at the processing facility for a

a. ONC outdoors
b. ONC in the MDB

5. Forklift or CHE collision outside the facility for a

a. Palletized munition outdoors

b. Palletized munition in a storage igloo
c. Bare munition in the LPF

d. ONC outdoors

e. OFC in the LPF

f. ONC in the MHI

g. OFC outdoors

6. Failure to detect a leak in an ONC or OQFC

(8)For the marine transport option, vaults are used instead of OFCs.
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TABLE 4-4
INITIATING EVENT FAMILIES FOR ONSITE TRUCK TRANSPORT

INTERNAL EVENTS

1.

Truck collision or overturn due to human error or equipment
failure

a. With fire
b. Without fire

EXTERNAL EVENTS

1.

Aircraft crash into a truck

a. With fire

b. Without fire

Earthquake causes a truck collision or overturn
a. With fire

b. Without fire

Tornado causes a truck collision or overturn

a. With fire
b. Without fire
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The munitions processing systems within the explosive contain-

ment room (ECR) and the munitions processing bay (MPB).

3. The buffer storage area (BSA), particularly punched and

drained units present there.
4. The TOX tanks and associated piping systems.

5. The furnaces (MPF and DFS) and incinerators (LIC and DUN)

and associated rooms.

For zones 1 and 2, the munitions present are unpunched. Thus,
both a fall or other upset and a failure of the munition casing must
occur for an agent spill, In zone 3, only the event is needed since the
munitions are punched. Zone 4 refers to vessels and piping containing
liquid agent; failure or rupture of safety grade metallic barriers are
required for spills. Should spills occur in 2zones 1 through 4, they
would drain to the appropriate sump. Evaporation from the floor and
sump or a possible burning of the spill could result in a release to the
environment if the MDB ventilation system or building structure fails.
Zone 5 includes furnace and incinerator rooms where the release pathway

is via accidental explosions.

Figure 4-6 shows the corresponding diagram logic diagram for
release due to external events during plant operations. Here, the
conditional failure of the MDB structure may be more likely or certain,
given the catastrophic nature of the external events, such as meteorite
strike or aircraft crash. Table 4-5 summarizes the initiating event

families for plant operations.

Figures 4-7, 4-8, and 4-9 show the logic for agent release during

)
I\'

offsite transport by rail, air or sea, respectively. For the first two

E?

transport options, release is contingent on the accident occurrence and

munition failure. In the sea transport case, & liquid agent release to
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X TABLE 4-5 .
3 INITIATING EVENT FAMILIES FOR PLANT OPERATIONS )
0
INTERNAL EVENTS ) .':
|.\
1. Accident in the ECV fails a munition :::
t
2. Accident in the ECR or MPB fails a munition "
3. Accident in the BSA causes a punched munition spill '
4. Failure of TOX tank or piping causes a spill .:;:{
Ve
5. Accident associated with a furnace or incinerator which o'::~
releases agent vapor '
W
EXTERNAL EVENTS ,:::
i
1. A tornado generated missile fails ot
&
a. MHI munitions ?!
b. UPA munitions .
c. TOX/BDS piping (outdoor for CAMDS) ::::
N
2. A meteorite fails ‘:,‘.
U
50 a. MHI munitions cf_&
° b. UPA munitions }
c. TOX/BDS piping .5::
d. Agent collection tanks in TOX ‘.::
N
3. A direct large aircraft crash falils ':f
a. MHI munitions ‘.‘%
b. UPA munitions A
c. TOX/BDS piping (outdoor for CAMDS) o
d.  Agent collection tanks in TOX o
3
4. An indirect large aircraft crash fails ?:
a. MHI munitions l
b. UPA munitions -J.
¢. Agent collection tanks in TOX " "
5. A direct small aircraft crash fails TOX/BDS piping (outdoor *'__'
for CAMDS) o
6. An earthquake fails .
a. MHI munitions :_",
b. UPA munitions AT
c. Agent collection tanks in TOX -.':,
7. A truck accident fails e,
.‘% a. TOX/BDS piping (outdoor for CAMDS) :::
] [ 0%, ¢
- y
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the surface of the water before sinking is needed in addition, in order %

for an evaporative release to occur. Table 4-6 summarizes the initiat- ' »
ing event families for offsite transport. 0
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TABLE 4-6 '.:';'
INITIATING EVENT FAMILIES FOR OFFSITE RAIL, AIR, OR SEA TRANSPORT )
RAIL TRANSPORT

1. Train accident due to human error or equipment failure !
2. Aircraft crash onto a train ‘
3. Earthquake causes a train derailment X%

4. Tornado winds or missiles cause a train derailment (N

AIR TRANSPORT <

1. Aircraft crash into ground

WA AN _SENN R K B A el YW
o
e e L g s

a. Severe collision fails munitions by impact or fire \)
b. Moderate collision causes fire 3

L& '!
Qg" 2. On-board fire causes thermal failure of munitions B
",

%
SEA TRANSPORT (barge or LASH vessels) ‘-}"'

"

Y
INTERNAL o)
2

1. Vessel collision fails munitions o

o

2. Shore or bridge ramming fails munitions Q-:
3. Grounding fails munitions '::“."

EXTERNAL

W

1. Heavy weather fails munitions ¢
2. On-board fire fails munitions .\’ '

3. Aircraft crash into barge or LASH vessel fails munitions 3

o~
N
3

A

’

... .
‘:':::';‘_) o
Valas 2
A
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4.2. INITIATING EVENT FREQUENCIES
4.2.1. External Events

This section presents the site-specific frequencies of external
initiating events considered in this study. Table 4-7 summarizes the
results for occurrences at each of the eight CONUS sites. Table 4-8
presents the nonsite specific occurrence frequencies. The bases for

these results are discussed in the following subsections.

4.2.1.1. Earthquakes. The f;equency at which a major earthquake
occurs at a specific site varies significantly throughout the U.S.
(Table 4-9). In an attempt to quantify the seismic risk associated
with a particular site, the Seismology Committee of the Structural
Engineers Association of California (SEAOC) has divided the U.S. into
five seismic zones. Maps of these seismic zones are presented in the
Uniform Building Code (Ref. 4-11) and in Army TM 5-809-10 (Ref. 4-12).
Figure 4-10 presents the seismic zone map from TM 5-809-10, and

Table 4-9 presents the seismic zones indicated for each of the storage
sites. The probability of seismic damage in each of the zones is
defined in Ref. 4-11 as follows:

Zone 0 - None
Zone 1 - Minor
Zone 2 - Moderate
Zone 3 - Major
Zone 4 - Great

The determination of a seismic zone of a site is based on the his-
tory of past earthquakes and the proximity of known faults. Appendix D
presents listings of the earthquakes that have occurred in the vicinity
of each of the storage sites. The magnitudes of the earthquakes are
expressed as Modified Mercalli Intensities (MMI). Table 4-9 presents a

summary of the maximum earthquake occurring in the vicinity of each of
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W
TABLE 4-8
EXTERNAL EVENT FREQUENCIES FOR SPECIAL CASES
Event Frequency
1. Fires
a. Spontaneous rocket ignition (a)
b. Flammable material (inside) (b)
c. LNPG ingress (c)
d. Flammable liquids nearby (d)
2. Marine transport events
a., Heavy weather damage to 3 x 10-9/crip
lighters
b. Heavy weather damage to LASH 3 x 10-9/crip
¢. On-board fire (LASH) 3 x 1079%/trip
3. Alrcraft events
a. On-board fire, C-141 7.6 x 10~ accidents/flight-mile V1109
b. On-board fire, C-5 3.2 x 10-8 accidents/flight-mile ‘fgL
(a)Negligibly low probability based on AMSAA report.
(b)Insufficient flammable material in storage areas; analyzed by
plant area for the demil facility.
(C)Negligibly low rate of ingress relative to that needed for
flammability.
(d)Applies only to NAAP; quantity of flammable material determined to
be insufficnet to threaten munitions.
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X TABLE 4-9
MAXIMUM MODIFIED MERCALLI INTENSITIES (MMI)
IN THE VICINITY OF EACH SITE

Y Seismic No. of

! Site Zone MMI Occurrences
Aberdeen Proving Ground (APG) 1 VII 1
Pine Bluff Arsenal (PBA) 1 VI 3
Pueblo Depot Activity (PUDA) 1 Vi 1
Umatilla Depot Activity (UMDA) 1 VI1I 1
Anniston Army Depot (ANAD) 2 VII 1
Newport Army Ammunition Plant (NAAP) 2 VII 1
Lexington-Blue Grass Army Depot (LBAD) 2 VII 1
Tooele Army Depot (TEAD) 3 VIII 2
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Fig. 4-10.
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the storage sites. The maximum earthquake recorded at any of the eight

storage sites is an MMI VIII.

Currently, the Applied Technology Council, which is associated
with the SEAOC, is developing a new seismic regulations for buildings
(Ref. 4-13). When this work is completed, it is expected to be the
basis for future federal, state, and local building codes. Part of this
work was the development of a seismic risk map which divides the U.S.
into seven seismic map areas similar to the five seismic zones used in
Refs. 4-11 and 4-12. The seismic risk is approximately constant

throughout a seismic map area.

Figure 4-11 (from Ref. 4-13) presents a set of curves that can be
used to estimate the probabilicies of earthquakes of various g-levels
occurring within a particular seismic map area. The dashed portions of
the curves indicate possible extrapolations to larger and smaller annual
probabilities. Table 4-10 identifies the seismic map areas for each of
the CONUS sites and tabulates the annual frequencies of earthquakes of
various g-levels being exceeded at the storage sites. The data in
Table 4-10 were obtained from Fig. 4-11. Straight line, logarithmic
extrapolation was used to extrapolate to accelerations beyond the curves
shown in Fig. 4-11. This method of extrapolation is believed to produce

conservative estimates of the probabilities.

4.2.1.2., Wind Hazards. Methods for estimating the frequency and inten-
sity of extreme winds can be found in ANSI/ANS-2.3-1983 (Ref. 4-14).

The discussion which follows is largely based on the referenced national

standard.

4.2.1.2.1. Tornadoes. A tornado is a violently rctating column of air
whose circulation reaches the ground. The velocity of tornadic winds
can exceed 300 miles per hour. The path of a tornado can be more than a
mile in width, but generally ranges from 1/8 to 3/4 mile wide. The path
width is defined as the tornado diameter corresponding to a 75 mph wind
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Technology Council (Ref. 4-13)
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velocity. The path of a tornado is seldom more than 10 miles long, 2

although extreme cases are on record where the storm path extended more

than 200 miles.

Meteorological and topographic conditions, which vary significantly
from site to site, influence the frequency of occurrence and intensity
of tornadoes. Reference 4-14 presents three regionalized maps of tor-
nadic windspeeds corresponding to return frequencies of 1.0 x 10-7,

1.0 x 106, and 1.0 x 10-3 per year. These maps (Figs. 4-12 through
4-14) are expected to bound the intensities and return probabilities at
the various sites (Ref. 4-17). A tabulation of maximum tornado wind-
speed and return frequency for each of the storage sites based on these

figures is presented in Table 4-11.

4.2.1,2.2, Tornado-Generated Missiles. One of the characteristics of

a tornado is its capability to generate missiles from objects lying

within the strike area and from nearby structural debris. The selection A
of tornado-generated missiles is dependent on the intensity of the tor- fEat
nado, the number of potential missiles present, their position relative

to the tornado path, and the physical properties of the missiles. Ref-

erence 4-18 presents a spectrum of actual wind-generated missiles.

Characteristics of these missiles are listed in Table 4-12, and expected

windborne missile velocities are listed in Table 4-13.

4.2.1.2.3. Other Extreme Winds. The approach used for the determina-

tion of extreme windspeed (other than tornado) including hurricane winds
is the method suggested by Science Applications International Corpora-
tion (SAIC). SAIC (Ref. 4-15) suggested the use of a basic wind speed
as defined in Ref. 4-19. A frequency of occurrence of 2.0 x 10-2 per
year is assoclated with a basic wind speed of 70 mph. SAIC concluded
that the basic wind speed was applicable to all of the sites that store
M55 rockets. Lacking site-specific meteorological data, it is assumed
that the basic wind speed is applicable to the other sites as well.
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Tornadic winds corresponding to a probability of 1.0 x 10-7

per year
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Fig. 4-13.

Tornadic winds corresponding to a probability of 1.0 x 10-6
per year
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TABLE 4-11
TORNADO WINDSPEEDS AND PROBABILITY OF RECURRENCE
FOR CHEMICAL STORAGE SITES

Probability of Occurrence Per Year
[Windspeed (mph)]

Size 1.0 x 103 1.0 x 10-6 1.0 x 10-7
ANAD (Anniston, AL) 200 260 320
LBAD (Lexington, KY) 200 260 320
UMDA (Umatilla, OR) 100 140 180
PBA (Pine Bluff, AR) 200 260 320
TEAD (Tooele, UT) 100 140 180
PUDA (Pueblo, CO) 150 200 250
NAAP (Newport, IN) 200 260 320
APG (Aberdeen, MD) 150 200 250
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TABLE 4-12
WIND GENERATED MISSILE PARAMETERS(2)

Projected Cross Sectional
Weight Area Area
Missile (1b) (££2) (££2)
Timber plank 139 11.50 0.29
4 in. x 12 in. x
12 fe
Three-in.-diameter 75.8 2.29 0.0155(P)
standard steel
pipe x 10 ft
Utility pole 1490 39.4 0.99
13.5-in.-diameter x
35 fc
Automobile 4000 100.0 20.0

(a)Source: Ref. 4-18.

(b)value given is metal area.
the gross cross sectional area may be used.
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TABLE 4-13
WINDBORNE MISSILE VELOCITIES(a)
Horizontal Missile Velocity(P) (mph) Maximum
Height
Design Wind Speed 100 150 200 250 300 350 (fr)
Timber plank 60 72 90 100 125 175 200
Three-in.-diameter 40 50 65 85 110 140 100
standard pipe
Utility pole (e) (c) (c) 80 100 130 30
Automobile (¢) (c) (c) 25 45 70 30
(8)Source: Ref. 4-18.
(b)vertical velocities are taken as two-thirds the horizontal mis- Pryc R
sile velocity. Horizontal and vertical velocities should not be &
combined vectorially. Vs
(c)Missile will not be picked up or sustained by the wind; however,
for this analysis, any initial missile velocity of 80 mph or less was
assigned a wind velocity of 250 mph.
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&
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In order to estimate the frequency of recurrence of winds of veloc-
ity greater than the basic wind speed, but less than the tornado wind
speed, the following approach was taken. The tornado strength and fre-
quency data, and the basic wind strength and frequency data were plotted
on a scale of log probability versus wind strength. The results are
shown in Figs. 4-15 through 4-17 for the three tornado regions of the
U.S. as given in Ref. 4-12. A conservative approach to interpolating
between the available data points is the bilinear approximation shown by
the solid lines in the figures. With these figures, the probability of
a given wind velocity occurring at any of the chemical storage sites can

be estimated.

4,2.1.3. Aircraft Operations. Much of the data in this section were
taken from the SAIC report (Ref. 1-9).

There are three major concerns in assessing potential hazards due

to aircraft operations:

1. Proximity of aircraft operations to munitions areas.
2. The frequency of aircraft flights.

3. The characteristics of the aircraft traffic.

The proximity of aircraft operations to munitions activities is an
important consideration in that approximately 50% of aircraft accidents
which result in fatalities or destroy aircraft occur within 5 miles of
airports (Ref. 1-9). Also, the close proximity of flight paths to muni-
tions activities increases the likelihood of these areas receiving fall-
ing debris from aircraft accidents. The frequency of flight activity
increases the possibility of damage to munitions by increasing the over-

all likelihood of an aircraft accident.
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Fig. 4-17.
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Per the recommendations of NUREG-0800 (Ref. 4-16), the probability .

of an aircraft crash can be considered small if the distance to the site

meets the following requirements:

1. The plant-to-airport distance (D) is between 5 and 10 statute
miles, and the projected annual number of operations is less
than 500 D2, or the plant-to-airport distance is greater than
10 statute miles, and the projected annual number of opera-
tions is less than 1000 D2,

2. The plant is at least 5 statute miles from the edge of mili-
tary training routes, including low-level training routes,
except those associated with a usage greater than 1000 flights

per year, or where activities may create an unusual stress

situation.
.'.u!.
® 3. The plant is at least 2 statute miles beyond the nearest edge
- of a federal airway, holding pattern, or approach pattern.
The characteristics of an aircraft, such as its weight, number of
engines, etc., are important in determining the energy of potential mis-
siles generated in an aircraft accident, and depending on the structure
they hit, the magnitude of the damage they may cause.
The frequency of an aircraft crashing while in an airway can be
computed as follows (Ref. 4-16):
Prpa=Cx Nx A/W , (4-1)
: vwhere C = inflight crash rate per mile for aircraft using airway,
W = width of airway (plus twice the distance from the airway edge
to the site when the site is outside the airway) 4in miles,
e
ey
L] \.} »
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A = effective area of facility in square miles,

N = number of flights per year along the airway.

i#%{‘?ﬁ:"f PR

v,
v
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For commercial aircraft, a value for C of 1.0 x 10~10 has been used

(Ref. 4-16). For military aircraft, C is estimated to be five times

the value for commercial flights (Ref. 4-13). For general aviation,

e

C was estimated to be the same as for military aircraft.

The frequency of an aircraft crashing in the vicinity of an airport

or heliport can be computed as follows (Ref. 4-16):
L M
PA’EZCjNijAJ ,
=1 j=1

number of flight trajectories affecting the target,
number of different flights using the airport,

probability per square mile of a crash per aircraft movement

for jth aircrafe,

h*
WY
!
%

N

}
’u

= number per year of movements by the jth aircraft,

effective target area in square miles for the jth aircrafe.

H&'i“ ‘.

The values for Cj which were used in the analysis are listed in

v 5
‘o %

Table 4-14. The total crash probability is the sum of Ppp and Pp. The
methodology for selecting these values is discussed in Appendix C.

P

The Federal Aviation Administration (FAA) does not monitor the num-

AL
ﬁt‘n’v"

-

ber of certain types of aircraft which fly the high and low altitude

airways. Consequently, the air traffic was estimated. Since air traf-

<y)]o s

fic is not the same on all airways, the airways are divided into five

h

categories with regard to air traffic: very low, low, medium, high, and

ves <

very high. Table 4-15 presents estimates of the air traffic on each of
these airways. Each airway was assigned to one of these categories

based on the traffic expected between the cities that the airway
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TABLE 4-14
AIRCRAFT CRASH PROBABILITIES NEAR AIRPORTS

Probability (x 108) of a Fatal Crash per Square

Distance From Mile per Aircraft Movement

End of Runway Commercial General Aviation Military Helicopters
0-1 16.7 84 7.0 168
1-2 4.0 15 1.7 30
2-3 0.96 6.2 0.72 12
3-4 0.68 3.8 0.37 7.6
4-5 0.27 1.2 0.30 2.4
5-6 0.14 0.70 0.14 1.4
6-7 0.14 0.70 0.14 1.4
&“ 7-8 0.14 0.70 0.14 1.4
o 8-9 0.14 0.70 0.14 1.4
9-10 0.12 0.60 0.12 1.2
SRR
Y
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TABLE 4-15
ASSUMED DISTRIBUTION OF AIR TRAFFIC(8)

b NN URVY L 8'g 4% e A v Da 8 Pa B Bl P QO Lt B I R Bt e A0 AS fad QN et g YISO R

Very Very
Aircraft Low Low Medium High High
High Altitude Jet Routes
Large commercial 1,000 2,000 5,000 10,000 20,000
Large military 500 1,000 2,500 5,700 10,000
Large general aviation 500 1,000 2,500 5,000 10,000
Total 2,000 4,000 10,000 20,000 40,000
Low Altitude Airways

Large commercial 400 800 2,000 4,000 8,000
Large military 240 480 1,200 2,400 4,800
Large general aviation 400 800 2,000 4,000 8,000
Small general aviation 6,960 13,920 34,800 69,600 139,200
Total 8,000 16,000 40,000 80,000 160,000

(8)Flights per year.

assumed to be small compared to other types of flights.

Ll R AR N

(b)The number of small commercial and small military flights is
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connects. If there are no low altitude airways near a site, it is
assumed that the air traffic over the site is at least equal to that for

a very low air traffic airway.

Appendix C presents tables which summarize the input data that
were used to calculate the annual frequencies of both small and large
aircraft crashes at each of the eight sites. The frequencies were com-
puted using the equations given above. The annual frequencies for all
the sites and for large and small aircraft and helicopters are summa-
rized in Table 4-16. Note that for the air collocation option the
annual frequencies for large aircraft crashes at APG, LBAD, and TEAD
have to be adjusted by the additional flights expected into and out of
these locations when munitions are moved by air from LBAD and APG to
TEAD. It is expected that there will be an additiona. 1500 flights/yr
at LBAD, 300 flights/yr at APG, and 1800 flights (1500 from LBAD and 300
from APG) at TEAD.

A major source of air crashes is the proximity of airports and
heliports. This is of particular ccncern at APG, PBA, and PUDA. The
air traffic for the APG analysis was supplied by POE-PM Cml Demil
(Ref. 4-15). The helicopter air traffic at PBA was estimated by SAI
(Ref. 4-15). The air traffic at PUDA was based on data collected at
Pueblo Memorial Airport and communicated to GA by telephone. The heli-
copter traffic at TEAD is light and was assumed to be 15 flights per

month.

The annual frequency of a crash into a specific facility is com-
puted by multiplying the appropriate frequency taken from Table 4-16 by
the effective target area of the facility (see Appendix C).

4.2.1.4. Meteorites. The frequency of meteorite strikes for meteorites
1.0 1b or greater is 4.3 x 10-13/ft2 (Ref. 4-20). For small meteorites
(a ton or less), stone meteorites are approximately ten times more com-

mon than iron meteorites (Ref. 4-21). However, iron meteo-ites are more
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. TABLE 4-16 \
} SUMMARY OF AIRCRAFT CRASH PROBABILITIES .
' (Crashes/Square-Mile/Year) |
A Rt
!“ )
) "o
K Large Small N
:: Site Aircraft Alrcraft Helicopters )
'.i ..

Rail and Marine Opticns 1
o APG 5.3 x 10-7 1.1 x 10-3 6.7 x 10-3 *
L] '.'
9 ANAD 7.9 x 10-6 1.2 x 10-3 N/A(8) "
: "
) LBAD 4.5 x 10-6 1.8 x 10-7 N/A N
$ ]

NAAP 4.6 x 10-6 2.3 x 10-3 N/A 3
) PBA 1.5 x 10-6 1.8 x 10-7 1.1 x 10-4 i
¥ U
W PUDA 5.9 x 10-5 1.0 x 10-4 N/A i
! \)
& TEAD 3.6 x 107 3.5 x 10-6 1.1 x 10-3 :
Dt o o,

UMDA 1.5 x 10-3 1.2 x 103 N/A W 3
% L v

o
o~ Alr Option A
' Al
. APG 5.6 x 10-6 1.1 x 10-3 6.7 x 10-3 -

LBAD 3.0 x 10-3 1.8 x 10-7 N/A 3
K TEAD 3.1 x 10-5 3.5 x 10-6 1.1 x 10-5 N

,
" (8)N/A = not applicable. :\‘
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dense and tend to have higher impact velocities, and consequently, rep-
resent a significant portion of the total meteorites that can rupture
munitions. Table 4-17 shows the size distribution of striking meteor-
ites for both iron and stone meteorites. The table was compiled from

the data presented in Refs. 4-20 and 4-21.

4.,2.2. Electromagnetic Radiation

Electromagnetic (E-M) radiation, either as a continuous source of
energy or a short duration but higher energy pulse (EMP), has been con-
sidered as a potential hazard for control systems, sensitive explosive
materials, and various munition components. The EMP field is a short
pulse which might contain higher energies due to some uncontrollable
phenomenon. Solid-state electrical circuits associated with systems
which are national security sensitive are designed for protection from
EMP produced electrical energies which could result from atmospheric
nuclear blasts. These protection systems generally are designed as a
Faraday’s cage or have been designed to include "sacrificial" (i.e.,

expendable) electrical components. However, since nuclear warfare is

out of this study’s scope, the potential for these levels of energies to

exist have been qualitatively screened out as not being credible as
potential hazards to control systems. All munitions with the exception
of M55 rockets are inherently enclosed in metal that acts as a Faraday’s
cage for protecting the munition’s internals for normal and stray E-M
fields. A Faraday’s cage would provide a conducting shield for induced
electrical energy which results from E-M fields passing through it.

This E-M phenomenon is the basic physics principle, represented by the
well-known Maxwell’s equations, which enables an electrical generator to
change mechanical energy to electrical energy by rotating a conducting
system through a magnetic field. Therefore, with the exception of fur-
ther examination of the possible effects of E-M on M55 rockets, normal
or stray E-M fields have been eliminated as a potential initiating event
in this hazard analysis.
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TABLE 4-17
SIZE DISTRIBUTION OF METEORI.ES WHICH ARE 1-1b OR LARGER(8)

Weight

Than
(1b)

Greater

Stone

Meteorites(P)

Iron

Meteorites(P)

Meteorites(b)

2

20

200
2,000
20,000

0.9
0.3
0.1
3 x 10-2
2 x 10-3
3 x 104

W N W = W O

X ® X X X

10-2
10-2
10-3
10-4
10-5

1.0
0.3
0.1
3 x 10-2
2 x 10-3
3 x 104

N AN NN TA SO

AL

" _'..\, .

SRS

(8)Data compiled from Refs. 4-20 and 4-21.

(b)Fraction of total number of meteorites 1.0 1b or greater.



@ M55 rockets, and in particular the rocket motors and ignition

¥ systems, have been evaluated for their susceptibility to E-M energies
or short duration pulses (EMPs in an earlier study (Ref. 4-22). M55
rockets warranted special investigation because they contain their
own motors and firing systems (igniters), and because of propellant
instability which could be increasing as the rockets age. The SAI M55
study (Ref. 4-22) further investigated the rocket’s internals and
concluded that all the critical components were contained within
metallic Faraday’s cage type of shields. This study screened out the
“rare" event of a simultaneous failure of the igniter’s shunt, which
prevents electrical energies from reaching the motor, and the existence
of an incident delivering sufficient electrical energy to this M55
rocket. However, if any M55 rockets have a nonworking igniter shunt,
then it is not really a case of two simultaneous occurring events.
There are guidelines for naval vessels (Ref. 4-23) for maximum radar
and communication energies for ensuring that E-M hazards are controlled.
Figures 4-18 and 4-19 are from NAVSEA HERO document (Ref. 4-23) and rep-

" i::i resent the safe field strength and power densities for fully assembled

- ordnance. These curves are based on experimental results of HERO tests.

) The boundaries were established by the most susceptible ordnance items.

We recommend that further effort be expended in determining whether or

not the most sensitive ordnance onboard the naval vessels include items

g similar to the M55 rockets and in determining what the field strength

pi and power density boundaries mean terms of radio or radar transmission

3 energies which can be more easily understood and enforced.

In summary, E-M and EMP have been screened out as potential sources
for plant operations’ initiating events; however, further analysis and
. study are recommended to administratively control the safe demilitariza-

' tion of munitions well within the safe E-M boundaries.
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4.2.3. Internal Events p}E&f

Table 4-18 summarizes the internal initiating events for all demil-
itarization phases of the collocation disposal option. Also summarized
in the table are the event occurrence frequencies. The bases for these
frequencies are discussed in the individual phase sections dealing with
the event tree analysis, Sections 5 through 8, and are not repeated

here.
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TABLE 4-18

LIST OF INTERNAL INITIATING EVENTS AND FREQUENCIES

T

Event

Frequency

ol

Clothing Level

A C

TR As

1.

2-

Munition drop from CHE (bulk
containers)

Munition drop from forklift
(pallets or ST in overpacks)

Munition drop from hand (single
units)

Forklift tine accident
Forklift or CHE collision

Leak between inspections
(stored pallets)

Leak in ONC or OFC; failure to
detect

STORAGE /HANDLING EVENTS (per operation)

3 x 10-5 1.5 x 10-6

3 x 104 1.5 x 10-5

6 x 10-% 3 x 104

1 x 10-4 5 x 10-3
4,3 x 106 4.3 x 10-6

Munition dependent

Munition dependent

3 x 10-6 ."
3 x 10°5
6 x 10-3 m

1 x 10-5 |

4.3 x 10-6

>y

Events

Frequency

3 P

TRANSPORT EVENTS

Truck collision or overturn in
convoy

Truck fire in convoy

Train derailment (human error
or equipment failure)

Adlrcraft crash at APG
Aircraft crash at LBAD

Adircraft crash at TEAD

4-53

1.4 x 10-7/road mile

2.8 x 10-8/road mile

5.5 x 10-6/road mile

4.2 x 107 /yr
1.6 x 10-9/yr

9.1 x 10-10/yr
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TABLE 4-18 (Continued) »
»
Events Frequency & %
SO
7. Barge collision 5.0 x 10-3/shipment "
4
8. Barge ramming 4.1 x 10-3/shipment
9. Barge grounding 8.6 x 10~ /shipment .';.l
10. LASH collision, inland 1.8 x 10""Ishipment ‘:«
LASH collision, coastal 8.1 x 10- Ishipment ‘(l:
LASH collision, sea 1.8 x 103 /shipment i;!'~
11. LASH ramming, inland 2.5 x 10‘5Ishipmem: N
LASH ramming, coastal 1.7 x 10- Ishipmem: ,o':
LASH ramming, sea 1.3 x 10-3/shipment '\.::
4
12. LASH grounding, inland 2.3 x 10"'Ishipment o
LASH grounding, coastal 6.6 x 10- Ishipment j
LASH grounding, sea 5.5 x 10-6/shipment
1
]
PLANT OPERATIONS EVENTS Q:
.-‘.‘Sgk- g \
1. Munition spill in ECV K: & x 10-5/yr I B
R: 3 x 10-7/yr R
M: 4 x 10-7/yr ~.";
Q: 3 x 10- 7Iyr /s
C: 1 x 10-8/yr N
P: 6 x 10~7/yr ety
o
2. Munition(s) spill in ECR 1M: 10-1/yr ;.
2M: 10‘2Iyr A
1Q: 10-1 Iyr -
2Q: 10-2 Iyr :
i1R: 10- /yr |
2R: 10-3/yr [
o
3. Munition detonates in ECR M: 4 x 10-4/yr e
R: 1 x 10-2/yr Q"'
others: 2 x 10-3/yr a9
l\:
4. Munition(s) spill in MPB K: 4 x 10~ 5Iyr |
Q: 3 x 10-3 lyr -,
2Q: 3 x 10-%/yr .f}.
"
AR
5. Ton container spill in BSA 4 x 10-3/yr o~
'
6. Small TOX spill 1 x 10-3/yr
-"‘--" hY
ARG
o,
4-54 ~
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m TABLE 4-18 (Continued)

Events Frequency

7. Large TOX spill 1 x 10-3/yr

8. Unpunched bulk item fed to MPF KH: 1 x 10-9/yr
KV: 6 x 10'1/{:'
KG: 9.2 x 10-10/yr
B: 6.4 x 10-9/yr
S: 7.2 x 10-10/yr

4-55
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5. SCENARIO LOGIC MODELS FOR STORAGE

5.1. SEQUENCE LIST AND EVENT TREES

The accident scenarios involving the interim storage of chemical

munitions were categorized as follows:

1. External event-induced agent releases (e.g., earthquakes,

aircraft crashes, etc.).

2. Releases due to leakage of munitions while in storage.

3. Releases from accidents that could occur during the isolation

of leaking munitions while in storage.

For the collocation option, interim storage encompasses several
phases: (1) storage of munitions at their original location (in igloos,
warehouses, or open yards) before transfer to a destruction center;

(2) storage of munitions in offsite transportation containers at the
holding area of a sending site while awaiting loading onto a train car,
aircraft, or barge; (3) storage of munitions in offsite transportation
containers in the holding area of a receiving site upon arrival and
while awaiting movement to a storage location; and (4) storage of the
unpackaged munitions at this storage location before movement to a demil

facility.

As discussed in Section 3, there are three transport modes dis-
cussed in this report. The rail transport mode applies to all sending
sites; the air option applies only to movement of munitions from APG

and LBAD to TEAD; and the marine option applies only to movement of
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munitions from APG to Johnston Atoll. The storage analysis considers TR

not only the existing storage locations but also interim storage at the

ﬁ.
g B2 i

disposal site and storage at the holding areas of the sending and dis-

:1
posal sites. :'-
There are three types of transportation packages addressed here.

For the rail and air options, the offsite transportation container con- o
sists of 90-in. diameter by 18-ft long inner container, and 8 x 8 x g;'
20 ft steel outer container. For the marine option, the offsite con- 'Af
tainer 1s a 106 x 44 x 54 in. steel vault designed to provide protection n
from impact, crush, puncture, and fire. To distinguish between the two 'ﬂ
containers, the offsite transport container for rail and air is referred s%
to as an OFC, and the one for marine as the vault. Details on the OFC o,
and vault are provided in Section 3.3 and Appendix F. For onsite trans- ;]'
port from interim storage to the demil facility at the disposal site, an :E
onsite transport container (ONC) is used. Table 3-3 gives dimensions ii&
and failure criteria for all three packages. RN )

3 &

Fs

‘s
o>

«

h Y

Table 5-1 presents the list of accident sequences identified and

evaluated for the continued storage option. Accident sequences involv- i‘
ing munitions in offsite transportation containers are designated SR, :;.
SA, SW for rail, air, and marine options, respectively. The event tree 7
models are shown in Figs. 5-1 through 5-10. They will be discussed in ﬁ:.
the following sections by initiating event category. In these event Ez

~

trees, the following notaticns are used:

AL geh?

NR = no release of agent "y
-
= sequence screened based on low frequency criterion ;:
= sequence screened based on low release criterion. .
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TABLE 5-1
MASTER LIST OF STORAGE ACCIDENTS

Event 1D

Description

SL1

SL2

SL3

SL4

SL5

SLé

SL?

SL8

SL9

SL10
SL11
SL12

SL13

SL14

SL15

Munition develops a leak between inspections.

Munition punctured by forklift tine during leaker-handling
activities.

Spontaneous ignition of rocket during storage(a)

Large aircraft direct crash onto storage area; fire not
contained in 30 min. (Note: Assume detonation occurs if
burstered munitions hit; fire involving burstered munitions

not contained at all.)

Large aircraft indirect crash onto storage area; fire not
contained in 30 min. (See note in SL4.)

Tornado-generated missiles strike the storage magazine,
warehouse, or open storage area; munitions breached (no

detonation).

Severe earthquake breaches the munitions in storage igloos; no
detonations.

Meteorite strikes the storage area; fire occurs; munitions
breached (if burstered, detonatinn also occurs).

Munition dropped during leaker isclation operation; munition
punctured.

Storage igloo or warehouse fire from internal sources. (28)
Munitions are dropped due to pallet degradation.(a)
Liquid propane gas (LPG) infiltrates igloo/building.(a)

Flammable liquids stored in nearby facilities explode; fire
propagates to munition warehouse (applies to NAAP). (a)

Tornado-induced building collapse leads to breaching/
detonation of munitions. (&)

Smell aircraft direct crash onto warehouse or open storage
yard; fire occurs; not contained in 30 min.

(a)Screened out for the reasons stated in Table 5-2.
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TABLE 5-1 (Continued)

Event ID

Description

SL16

SL17

SL18

SL19

SL20

SL21

SL22

SL23

SL24

SL25

SL261

SL262

5§1263

SL264

SL265

SL271

SL272

Large aircraft direct crash; no fire; detonation (if
burstered).

Large aircraft direct crash; fire contained within 30 min
(applies to nonburstered munitions only).

Small
yard;

Small
yard;

Large

Large

aircraft direct crash onto warehouse
no fire.

ajircraft direct crash onto warehouse
fire contained in 30 min.

aircraft indirect crash onto storage

aircraft indirect crash onto storage

tained in 30 min.

or open storage

or open storage

area; no fire.

area; fire con-

Severe earthquake leads to munition detonation.

Tornado-generated missiles strike the storage igloo and leads
to munition detonation.

Lightning strikes ton containers stored outdoors.

Munition dropped during leaker isolation; munition detonates.

Earthquake occurs; NAAP warehouse is

damaged; fire occurs.

intact; no ton containers

Earthquake occurs; NAAP warehouse is intact; ton container
damaged; no fire.

Earthquake occurs; NAAP warehouse is intact; ton container
damaged; fire occurs.

Earthquake occurs; NAAP warehouse is damaged; ton containers
damaged; no fire.

Earthquake occurs; NAAP warehouse is damaged; ton contailners
damaged; fire occurs.

Earthquake occurs; TEAD warehouses intact; munitions intact;
fire occurs at one warehouse.

Earthquake occurs; TEAD warehouses intact; munitions intact;
fire occurs at two warehouses.
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@ TABLE 5-1 (Continued)

Event ID Description

Iy

SL273 Earthquake occurs; one TEAD warehouse is damaged; munitions
intact; fire occurs at one warehouse.

P

-

SL274 Earthquake occurs; one TEAD warehouse is damaged; munitions
intact; fire occurs at two warehouses.

s e o

SL275 Earthquake occurs; two TEAD warehouses damaged; munitions
intact; fire occurs at one warehouse.

SL276 Earthquake occurs; two TEAD warehouses damaged; munitions
intact; fire occurs at two warehouses.

‘e

)
- - -

SL281 Earthquake occurs; UMDA warehouses intact; munitions intact;
fire occurs at one warehouse.

- - -

- SL282 Earthquake occurs; UMDA warchouses intact; munitions intact;
i~ fire occurs at two warehouses.
; SL283 Earthquake occurs; UMDA warehouses intact; munitions in one
a i“;i, warehouse damaged; no fire occurs.

([ ]
: SL284 Earthquake occurs; UMDA warehouses intact; munitions in one
K warehouse damaged; fire occurs at warehouse with damaged
A munitions.
» SL285 Earthquake occurs; UMDA warehouses intact; munitions in one

warehouse damaged; fire occurs at warehouse with undamaged

K munitions.
L SL286 Earthquake occurs; UMDA warehouses intact; munitions in one

) warehouse damaged; fire occurs at two warehouses.

SL287 Earthquake occurs; UMDA warehouses intact; munitions in two
warehouses damaged; no fire occurs.

: sL288 Earthquake occurs; UMDA warehouses intact; munitions in two
Y warehouses damaged; fire occurs at warehouse with damaged

! munitions.

! SL289 Earthquake occurs; UMDA warehouses intact; munitions in two

warehouses damaged; fire occurs at two warehouses.

SL2810 Earthquake occurs; one UMDA warehouse damaged; munitions in
one warehouse damaged; no fire occurs.
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TABLE 5-1 (Continued)
Event 1D Description
SL2811 Earthquake occurs; one UMDA warehouse damaged; munitions in

SL2812

SL2813

SL2814

SL2815

SL2816

SL2817

one warehouse damaged; fire occurs at warehouse with damaged
munitions.

Earthquake occurs; one UMDA warehouse damaged; munitions in
one warehouse damaged; fire occurs at two warehouses.

Earthquake occurs; one UMDA warehouse damaged; munitions in
two warehouses damaged; no fire occurs.

Earthquake occurs; one UMDA warehouse damaged; munitions in
two warehouses damaged; fire occurs warehouse with damaged
munitions.

Earthquake occurs; one UMDA warehouse damaged; munitions in
two warehouses damaged; fire occurs at two warehouses.

Earthquake occurs; two UMDA warehouses damaged; munitions in
two warehouses damaged; no fire occurs.

Earthquake occurs; two UMDA warehouses damaged; munitions in ,_!k
two warehouses damaged; fire occurs at both warehouses. -~

Rail Option

SR1

SR2

SR3

SR4

SR5

SR6

SR7

OV A Y
N) M N .

Large aircraft direct crash onto transportation containers in
holding area; no fire.

Large aircraft direct crash onto transportation containers in
holding area; fire occurs but not contained.

Large aircraft direct crash onto transportation containers in
holding area; fire contained but agent spill is burned.

Small aircraft direct crash onto transportation containers in
holding area; no fire.

Small aircraft direct crash onto transportation containers in
holding area; fire not contained.

Small aircraft direct crash onto transportation containers in
holding area; fire contained.

Tornado-generated missiles strike munitions in transportation
containers in holding area; no detonation.
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TABLE 5-1 (Continued) oyt
)
Event ID Description 'E
[
SR8 Tornado-generated missiles strike munitions in holding area; bty
detonation occurs. L
SR9 Meteorite strikes munitions in transportation containers in :;:
holding area; fire occurs; detonation (if burstered). J}
|'|
]
Air Option *2
SAl Large aircraft direct crash onto transportation containers in ‘]i
holding area; no fire. ‘”
SA2 Large aircraft direct crash onto transportation containers in ég
holding area; fire not contained. \
SA3 Large aircraft direct crash onto transportation containers in B
holding area; fire contained. ;;
WA
h(
SA4 Small aircraft direct crash onto transportation containers in !
holding area; no fire. ug
. faty.
SAS Small aircraft direct crash onto transportation containers in
holding area; fire not contained.
&
N
SA6 Small aircraft direct crash onto transpertation containers in A
holding area; fire contained. }
SA7 Tornado-generated missiles strike munitions in transportation 2
containers in holding area; no detonation. N
SA8 Tornado-generated missiles strike munitions in holding area; :,"
detonation occurs. N
SA9 Meteorite strikes munitions in transportation containers in
holding area; fire occurs; detonation (if burstered). jc
Marine Option E:
(J.:-
Sw1 Large aircraft direct crash onto transportation containers in t'
holding area; no fire. »
]
Sw2 Large aircraft direct crash onto transportation containers in J’
holding area; fire not contained.
SW3 Large aircraft direct crash onto transportation containers in )
holding area; fire contained.
-
o
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TABLE 5-1 (Continued) e

Event ID Description
SW4 Small aircraft direct crash onto transportation containers in
holding area; no fire.
SW5 Small aircraft direct crash onto transportation containers in
holding area; fire not contained.
SWé Small aircraft direct crash onto transportation containers in
holding area; fire contained.
SW7 Tornado-generated missiles strike munitions in transportation a
containers in holding area; no detonation. }
",
SW9 Meteorite strikes munitions in transportation containers in $
holding area; fire occurs. "
<
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TORNADO |
MUNITION DETONATION AGENT RELEASE
GENERATES | LOCATION
L E I INTACT AVOIDED SEQUENCE
BN
YES o o an e on os «sNO RELEASE (NR)
16L00

YES

YE
a SL6

SL23

HOLOING AREA

(RAIL OPTION) L) SR?
NO
i : NO
SR8
YES
o es o anen e w» R
HOLDING AREA
YES
(AIR OPTION) SA?
NO
L——"0 sAe
YES

C X X ¥ ¥ ¥ ¥ 3’

YES

WAREHOUSE/
OPEN YARD NO
o e a» on e «» @ SL6 (NONBURSTERED)

HOLDING AREA
(MARINE OPTION) § NO

- o oy oo e o e SW7

Figl 5"1.

Agent release indicated

by tornado-generated missiles
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Fig. 5-10.

Earthquake-induced agent releases involving munitions in
storage igloos
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5.2. EXTERNAL EVENTS

The external events that were evaluated include:

o Tornadoes and high winds.
. Meteorite strikes.

A Aircraft crashes.

b Earthquakes.

A Lightnings.
. Floods.

In general, the amount of agent released to the atmosphere from
accidents induced by such events depends on the extent of damage
incurred to the building structure and the munition itself. The muni-
tions are currently stored in igloos, warehouses, or open storage yards.
Appendix D discusses the types of storage structures present at each
CONUS site, as well as the kinds of munitions stored. Munitions in OFCs
and barge packages temporarily stored in open holding areas are also

vulnerable t¢ these natural and man-caused events.

5.2.1. Tornadoes and High Winds

The accident scenarios identified involve the breaching of the
munitions in the storage facilities (i.e., igloos, warehouses, or open
yards) by tornado~ or high-wind-generated missiles. This failure mode
was determined to be more credible than that identified in sequence
SL14, which is a tornado/high-wind-induced building collapse that could
lead to the crushing of munitions by the falling structure. For UBC
designed structures such as a warehouse, the wind loads will fail the
walls of the structure before the structure will collapse. Storage
igloos have been designed to resist the direct effects of tornadoes with

winds up to 320 mph except for the possibility of missiles breaching the

5-21

2] iy . - » ’
a LRSS AN A S AN i A WF N N RN A LB Rl

L NS e R P AR AT gt « o
> .I" - - - - v(\_ N ""v‘ r n 'f (f-f { "‘" o ~'.'!~.'_ .

WO W TR T

RS

T EL
> -

o)

A

i ¢
-

D

T NNy



- e

i o,
A% P kY

Y]
&
igloo doors (Ref. 5-1). For the above reasons, sequence SL14 has been Aﬁ}

screened out from further analysis.

The event tree developed to define relevant accident sequences is
shown in Fig. 5-1. None of the accident sequences could be screened out
initially as more detailed quantitative analysis is required to deter-
mine the necessary wind velocity to generate missiles which could pene-
trate the munitions. Hence, all the accident sequences shown in the

event trees were quantified. They are SL6, SL23, SR7, SR8, SA7, SAS8,
and SW7.

Essentially, the missile penetration of the munition occurs if
(1) a tornado or extremely high wind occurs with a velocity sufficient
to generate a missile that could penetrate the igloo door, warehouse
wall, or transportation container wall, and the munition itself; and
(2) the missile actually hits the target munition.

Ay

The probability of a missile hitting and rupturing a munition is
the product of four variables: (1) the probability that the velocity
vector of the missile is nearly perpendicular to the target; (2) the
probability that the missile is oriented properly to penetrate the tar-
get; (3) the number of missiles per square foot of wind; and (4) the
target area. More detalls on the derivation of these variables are

provided in Appendix C and Ref. 5-2.

If the missile hits a burstered munition, two failure modes are
possible: (1) the munition is opened up due to puncture or crush, or
(2) the missile impact causes munition detonation due to the application
of a force greater than the "undue force." The undue force is defined
as "a force greater than that generally required to assemble the muni-
tion” or as "any force which could cause deformation to the munition

(other than minor surface deformation) or damage to the explosive train®
(Ref. 5-3).
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m 5.2.1.1. Storage Magazines. The analysis of the vulnerability of the .::é
igloo door to the tornado-generated missile considered the two types of -".
igloo doors present at the CONUS sites, i.e., steel and concrete. PBA 'f'.‘.":‘;’:
and TEAD have igloos with either steel or concrete doors, while the ";;::‘
igloos at ANAD, LBAD, PUDA, and UMDA have steel doors only. For con- o;:’f:
servatism, all igloos at PBA and TEAD were assumed to have concrete s
igloo doors. R
A
A
The steel doors require a missile velocity of 94 mph for penetra- ‘,"
tion by a 3-in. steel pipe or 66 mph for penetration by a utility pole. 'n'\‘;l'
For the concrete doors, the penetration velocity for a 3-in. steel pipe :.‘:::':::
is 66 mph and for the utility pole, 54 mph. After penetrating the door, ::uz'.':"
the remaining missile velocity must be large enough to rupture the muni- ::::'.g:
tion. The formula for the required initial missile velocity is as el
follows: ‘.: & ]
2 . 2 5‘
\/VI = Vi+Vo (5-1) ey
& e 1
where Vi = required initial velocity, :' ::‘_
V4 = required velocity to penetrate the door, :v
Vi = required velocity to rupture the munition. F
T
In order for a missile to reach the velocity required to penetrate .:::::,
the igloo door and the munitions inside, a wind with a significantly ..":::":
higher velocity 1s required. Table 5-3 presents the relationship "“l:":"
between wind velocity and missile velocity. . 2

The frequency of a wind-generated missile penetrating an igloo and

a munition inside the igloo, is the product of the following: {;Sﬁ
..

1. The frequency of a tornado or wind which has sufficient E::‘l::-
velocity to generate a missile that can penetrate the igloo :E‘::.R‘

AN
and munition. S
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TABLE 5-3
WINDBORNE MISSILE VELOCITIES(@)

Horizontal Missile Velocity(P)

(mph) Maximum Height
Design Wind Speed 100 150 200 250 300 350 (ft)
Timber plank 60 72 90 100 125 175 200
Three-inch-diameter 40 50 65 85 110 140 100
standard pipe
Utility pole (c) (c) (c) 80 100 130 30
Automobile (¢c) (¢) (¢c) 25 45 70 30

(8)source: Ref. 5-4.

(b)Vertical velocities are taken as 2/3 the horizontal missile
velocity. Horizontal and vertical velocities should not be combined

vectorially. égiﬁ
(c)Missile will not be picked up or sustained by the wind, however, e

for this analysis any initial missile velocity of 80 mph or less was
assigned a wind velocity of 250 mph.
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2. The probability of a missile penetrating the igloo and hitting
the munition in such a way as to cause damage and is calcu-

lated as follows:
Pp = Py x Py x Dg x Ap s (5-2)

where Py = probability that the velocity of the missile is

nearly perpendicular to the target plane,

P, = probability that the missile is oriented to pene-
trate the target (i.e., missile not tumbling or

going sideways),

De = density of number of missiles per square foot of

wind,
Ay = target area.

Details on the calculation of these variables are given in

Refo 5‘2.

The site-specific tornado frequency versus velocity curves has
been presented in Section 4. Two types of missiles were initialily con-
sidered: (1) a 3-in. pipe and (2) a utility pole. For all munition
types, it was found that the utility pole had a higher probability of

penetrating munitions.

Tables 5-4 and 5-5 present the wind velocities required to generate
missiles which have sufficient velocity to penetrate the igloo door and
the various munitions stored inside. Table 5-6 presents the annual fre-
quencies of these winds occurring at each of the sites that have igloos.
The frequenciles were read from the curves presented in Figs. 4-9 through
4-11. The conditional probability of a missile hitting the igloo door
and the munitions stored inside is 3.2 x 10-6 (see Appendix C).
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TABLE 5-6
FREQUENCY OF A WIND HAZARD SUFFICIENT TO BREACH
MUNITIONS IN STORAGE MAGAZINES(8) (PER YEAR)

), -‘.» T - "o« - . ’ - N N
e N AN r RN 'Y Dl RN R a7 D o e bttty

b A 1T
-Wal,wwy

aNap  LBAD PBA(P)  puDA TEAD(P) UMDA
Cartridges and mortars 1.5E-6 - -- 1.0E-7 1.8E-9 --
Projectiles 1.5E-6 1.5E-6 -- 1.0E-7 1.8E-9 1.8E-9
Mines 1.5E-6 -- 2.6E-6 -- 4,2E-9 1.8E-9
Rockets 1.5E-6 1.5E-6 6.1E-6 -- 1.5E-8 1.8E-8
Ton containers 3.8E-7 -- - -- 7.5E-10 2.4E-10
Bombs -- -- ~- -~ 1.1E-9 3.6E-10
Spray tanks -- -- - -~ -- 1.1E-9

Y
)

’

LS
J‘J
L]

¢

(3)Frequencies obtained from the curves presented

through 4-11.

(b)Concrete doors.
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kﬁ;ﬁ 5.2.1.2. Warehouses. The warehouses at TEAD are designed for 100-mph
. wind loads (Ref. 5-1). Assuming that the warehouses at NAAP and UMDA
are designed to the UBC requirements, they should be designed for at
least 70 mph winds. An analysis of the UBC requirements shows that
winds will fail the walls of UBC designed structures before the frame
of the structure will fail. Based on the margins of safety required by
N the UBC, the concrete walls of the warehouses at TEAD are not expected
to be breached by winds less than 160 mph. Breaching of the concrete

p walls 1is expected to involve cracking and spalling of the concrete and
the possibility of the wall partially separating from the frame. The
sheet metal walls of the warehouses at NAAP and UMDA are expected to be
blown away by 115-mph winds. Neither of these failures are expected to

damage the bulk containers.

In order for a wind blown missile to penetrate a spray tank in a
warehouse at TEAD, it must pass through the 6-in. concrete wall, the
R spray tank overpack, and finally the spray tank itself. This would
require a 283-mph wind.

A 250-mph wind can generate a missile that will penetrate an unpro-
tected ton container. Since a 115-mph wind is expected to blow away the
walls of the warehouses at NAAP and UMDA, the walls will offer no pro-
tection. Therefore, a 250-mph wind has the potential to generate mis-
siles that will penetrate the ton containers stored in these warehouses.

Table 5-6 presents the frequency of occurrence of such winds at these

sites. The conditional probability of a missile hitting a ton container

in an orientation which could breach the container is 2.2 x 10-% at NAA?

and 2.7 x 10-% at UMDA (see Appendix C). El‘
=
5.2.1.3. Open Storage. Ton containers are stored in open storage a: 'f
APG, PBA, and TEAD. A wind velocity of 250 mph is required tc ysvierar. ?
a missile that can penetrate these ton containers. The freg.s:. !
generating the 250-mph wind are presented in Table 5-7. Tir
. probability of a missile hitting a ton container in an or.«
é&f{ could breach the container is 6.6 x 10~% (see Appendix <
o 2t
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TABLE 5-7
FREQUENCIES FOR WIND-GENERATED MISSILE PENETRATION
OF TON CONTAINERS AND SPRAY TANKS STORED IN
WAREHOUSES AND OPEN STORAGE

Probability
Required Frequency of Hitting and
Storage Wind of Wind Rupturing TC

APG Open 250 1.0E-7 6.6E-4
PBA Open 250 1.5E-6 6.6E-4
NAAP Warehouse(8) 250 1.5E-6 2.2E-4
UMDA Warehouse(8) 250 1.8E-9 2.7E-4
TEAD Warehouse(P) 283 2.7E-10 4.4E-4

(8)Metal walls.

(P)Concrete walls.
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5.2.1.4. Tornado-Generated Missiles Cause Munition Detonation. The

analysis of scenario SL23 included the estimation of the probability
that a missile impacting a munition would cause it to detonate or in
the case of rockets, cause the rocket motor to ignite and subsequently
detonate the burster. The data presented in Ref. 5-5 indicated that

a projectile with Comp B explosive could ignite when subjected to a
minimum impact velocity of 123 mph. Because the conditions of the
tests described in Ref. 5-5 do not fully apply to the conditions being
considered here (i.e., the shell casing provides protection for the
bursters), it is assumed that there is a 502 chance that a munition will
detonate at 123 mph. Furthermore, Army data indicate that dropping of
thousands of burstered munitions from 40 ft did not lead to any detona-
tions (Ref. 5-6). However, these are newer munitions and do not fully
represent the chemical munitions in the stockpile. Therefore, based on
the consensus of risk experts (Ref. 5-19), an estimated probability of
10-6/munition was assigned to all drops of 6 ft or lower (equivalent to
a free fall drop of 13.5 mph). To determine the probability of detonat-
ing a munition at an impact velocity equivalent to that of a missile
required to penetrate the igloo and the munition, we assumed a lognormal
distribution and derived the necessary parameters (e.g., standard devia-
tion and standard normal deviate) from these two data points. The cal-

culation details are given in the calculation sheets (Ref. 5-2).

The overall frequency for this scenario is the product of the

following:

1. The frequency of a tornado or wind which has sufficient veloc-
ity to generate a missile that can penetrate the igloo and

munition.

2. The probability of a missile penetrating the igloo and hitting

the munition in such a way as to cause damage.

3. The probability of burster detonation from impact.
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The values for the first two variables have already been presented
in Section 5.2.1.1. The probability of a detonation given penetration
of burstered munitions stored inside the igloos with steel doors is 0.07

and for concrete doors, 0.055. See Ref. 5-2 for calculations.

5.2.1.5. Holding Areas. The holding area 18 a concrete pad constructed
to support equipment for loading containers onto a train, aircraft, or

barge. The analysis was based on the following assumptions:

1. The maximum number of containers stored at the holding area at
any given time 1is 140 for the rail and barge options and 15
for the air option.

2. Since no design information or data is given regarding the
holding area nor the arrangement of the containers in the
holding area, the largest possible target area for potential
missile penetration is used. The target area is munition
specific and is a function of the arrangement of the munitions

inside the containers and the packing density.

3. The puncture resistance for the OFC and the barge package is
assumed to be equivalent to 0.75-in thick steel. This is in
accordance with the package design criteria provided by MITRE.

Table 5-8 gives the windborne missile velocities for munitions in
OFC. The critical missile is the utility pole. Table 5-9 gives the
wind frequency sufficient to breach the munitions at the various sites.
These frequencies were read from the curves presented in Figs. 4-9
through 4-11. The conditional probability of a missile hitting the
munition as calculated using Eq. 5-2 is given in Table 5-10. The target
area is munition specific and is calculated as follows based on the

package configuration given in Ref. 5-7:

A=NxHxL/144 ’ (5-3)
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TABLE 5-8
WINDBORNE MISSILE VELOCITY (HOLDING/LOADING AREA - RAIL/AIR OPTION)

Container Munition
Penetration Rupture Required Initial
Velocity, Velocity, Missile Velocity, Required Wind

Ve Va \') Velocity
Munition (mph) (mph) (mph) (mph)

Ton container 106 67 125 342
4.2-in. mortar 106 8 106 310
750-1b bomb 106 63 123 338
8-in. projectile 106 25 109 315
M23 land mine 106 6 106 310
105-mm pro- 106 17 107 312
Jectile

M55 rocket 106 8 106 310
Spray tank with 106 51 118 330
overpack

Notes: 1. Critical missile is the utility pole.
2. See Ref. 5-2 for details.
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TABLE 5-9
PROBABILITY OF A WIND SUFFICIENT TO GENERATE MISSILES TO BEACH
MUNITION (HOLDING/LOADING AREA - RAIL/AIR OPTION)

Probability of Occurrence/Year

(Py)

L Rered R Toading Area |
Velocity(a) (Sending or Receiving Site)

Munition (mph) Zone I(P) Zone II(¢) Zone III(d)
Ton container 342 8.9E-12 1.4E-9 4.3E-8
4.2-1in. mortar 310 5.6E-11 6.3E-9 1.5E-7
750-1b bomb 338 1.1E-11 1.7E-9 5.0E-8
8-in. projectile 315 4.2E-11 5.0E-9 1.2E-7
M23 land mine 310 5.6E-11 6.3E-9 1.5E-7
105-mm projectile 312 5.0E-11 5.8E-9 1.4E-7
M55 rocket 310 5.6E-11 6.3E-9 1.5E-7
Spray tank with 330 1.8E-11 2.5E-9 6.8E-8

overpack

(8)From Table 5-8.

(b)Zone I - TEAD and UMDA sites (probability values obtained from
Fig. 4-9).

(¢)Zone II - PUDA and APG sites (probability values obtained from
Fig. 4-10).

(d)Zone IIT - ANAD, PBA, LBAD, and NAAP sites (probability values
obtained from Fig. 4-11).
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where N = number of munition pallets that a missile could hit,
H = effective height of the pallet (in.),

L = effective length or width of the pallet, whichever gives the

most critical target area.

Table 5-11 gives the windborne missile velocity for the vault, the
wind frequency sufficient to generate missiles, and the probability of
the missile hitting and rupturing the munitions, based on Eqs. 5-1
through 5-3. Calculations are provided in Ref. 5-2.

For the marine option, the tornado scenario addressed only the
packages temporarily stored in the holding area. A tornado-generated
missile strike of the lighter or ship at rest was not considered
credible.

5.2.2. Meteorite Strikes

<

l‘v

g0

%

Like tornado-generated missiles, meteorites striking the igloos,
warehouses, and the outdoor yards can lead to a significant amount of

agent release. The consequence of such an accident is more severe than

that from a tornado-generated missile because meteorite strikes gen-

erally involve fires. Hence, if burstered munitions are involved,

L e g 8

wASS

explosive detonations could occur from the fire or from direct impact, -
leading to instantaneous agent releases. }
s
The event tree developed for meteorite-initiated accidents is shown iﬁ
in Fig. 5-2. The scenarios could not be subjected to any preliminary Sj
screening without doing a more detailed analysis of the what type (stone RS
or iron) and size of meteorite is capable of penetrating munitions %q
stored igloos, warehouses, or outdoors. The accident sequences iden- §{
tified are: SL8, SR9, SA9, and SW9. 7
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Probability

of Munition

Penetration
4.6E-4

Tornado
1.4E-9

ion Initial Velocity Wind Velocity Frequency/yr
342
I

Required

Required
125

‘
'.’E
TABLE 5-11

Velocity
(mph)
Munition
67

106

Windborne Missile

Package
Penetration Penetrat

TORNADO-GENERATION MISSILE ANALYSIS OF THE VAULT (MARINE OPTION)(8)

(a)see Ref. 5-2 for details.

(Tornado Zone II)

Ton container at APG
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¢ Storage Magazines
.
:v In this scenario (SL8), the meteorite penetrates the storage maga-
h zine and ruptures some of the munitions stored inside. The meteorite
g is expected to be sufficiently hot to cause ignition of the exposed
s burster, propellant, and/or agent. The fire is expected to spread,
5 resulting in the destruction of the entire inventory of the storage
% magazine.
)
Warehouses
N This scenario is similar to the storage magazines. The meteorite
4 penetrates the warehouse and ruptures some of the bulk munitions stored
Y inside. The meteorite causes the ignition of the exposed agent. Fire
i spreads and results in the destruction of the entire warehouse
Z inventory.
.
Open Storage
M
N In this scenario, the meteorite directly impacts and ruptures some
2 ton containers. The heat from the meteorite is expected to ignite the
' exposed agent, but 1s not expected to cause the rupture of additional
munitions.
3
& Holding Area
- This scenario (sequences SR9, SA9, SW9) applies to munitions in
i OFCs and barge packages temporarily stored in the holding area. As with
: the tornado-generated missile scenario, the OFC or barge package provide
} the first structural barrier for missile penetration. The same assump-
: tions used in the tornado analysis apply here. For the marine option, X
* the meteorite strike scenario addressed only the packages temporarily éa
stored in the holding areas. A meteorite strike while munitions are in fﬂ
the lighter or ship at rest was not considered credible. )
: R .;-1
:: r\':ﬁ :q
J :&
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5.2.2.1. Meteorite Strike Accident Analysis. About 3500 meteorites, '/
each weighing over 1 1b, strike the earth each year; the majority of iﬁ
them are of small sizes (Ref. 5-8). Given the earth’s surface area of g%
5.48 x 10-15 f£e2, the frequency of meteorite strikes for meteorites 33
weighing 1.0 1b or greater is 6.4 x 10-13/£t2 (Ref. 5-8). For meteor- 3*
ites one ton or less, stone meteorites are approximately 10 times more

common than iron. However, iron meteorites are more dense and tend to :E

have higher impact velocities and therefore represent a significant
portion of the total meteorites that can rupture the munitions.
Table 4-18 shows the size distribution of both iron and stone

meteorites. The table was compiled from data presented in Refs. 5-8

‘nd 5-9 .

For agent to be released, the meteorite has to penetrate the stor-
age structure and the munition wall. 1In the case of an igloo, this
would require initial penetration of a 6-in. concrete roof. The minimum
meteorite impact velocity that would collapse the earth cover and the
6-in. concrete roof is 1500 fps for stone meteorite and 3800 fps for
iron meteorite. The overall frequency of a meteorite capable of pene-

trating and rupturing the munitions in the igloo is:
P=F (Fg + F{) Ax S ’ (5-4)

where F = the frequency of a meteorite weighing one pound or more

striking the earth, 6.4 x 10-13/ft2,

fraction of stone meteorites which can penetrate the target,

)
(]
]

Fy = fraction of iron meteorites which can penetrate the target,
A = target area (igloo, warehouse, or open storage yard,
S = spacing factor.

Table 5-12 presents the frequencies for meteorite penetration of

munitions stored in the various storage configurations along with the

size of the meteorites required to penetrate the munitions and the data

Sy
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required to evaluate Eq. 5-4. Supporting calculations are presented in
s Ref. 5-2, and the methodology is discussed in Appendix C.
3 5.2.3. Adircraft Crashes
g The sequences describing the effects of an aircraft crash on muni-
ﬁ tions in storage are SL4, SL5, SL15, SL16, SLi17, SL18, SL19, SL20, SL21,
SR1 through SR6, SAl through SA6, SW1 through SW6, and SW10 through
SW21.
‘ The effects of large (»12,500 1b) and small (12,500 1b or less,
B including helicopters) aircraft crashes on the munitions in storage
i igloos, warehouses, and open yards were evaluated. Because of the
S potential for large quantities of fuel to be carried by large aircraft S
S and the potential for large, high-velocity missiles (e.g., engines), i
) the large ailrcraft crash scenarios were further divided into direct and :
‘:r indirect crashes. For direct and indirect large aircraft crashes onto t
. i the storage area that do not result in fire, it is assumed that the g_
; impact of the crash is strong enough to cause the detonation of burst- E;
: ered munitions. For munitions in OFCs or vaults, only direct aircraft :F
crashes were considered, since the target area considered was large o~
! enough to include indirect hits and the effects on the munitions will gi
g be the same. -
. S
. '
i For a small aircraft crash adjacent to the storage site to produce S'
. a credible event, the crash would have to be so close that it would vir-
A tually be a direct hit. Therefore, the small aircraft crash scenarios
5 address only direct hits into the storage areas including holding areas.
i
. The event trees developed to identify the agent release scenarios
: from aircraft crashes are shown in Figs. 5-3 through 5-9.
i
.’
: > v
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5.2.3.1. Aircraft Crash Accident Analysis. In summary, the following

general assumptions were made in deriving the large/small aircraft acci-

22

-
]
-

dent scenarios:

PEEES

£

1. For large aircraft crashes onto burstered munitions, it is
assumed that detonations will occur for both indirect and

direct hits, and, if a fire occurs, it is uncontained.

T W W EE— AR S =TT T T -7

2. No small aircraft crashes were assumed to be able to suffi-

ciently damage the igloo to cause agent releases.
]
4
Direct Crash of Large Aircraft (Sequences SL4, SL16, SL17, SR1
Y Through SR3, SA1 Through SA3, SW1 Through SW3, SW10 Through SW12,
and SW16 Through SW18)
b For a direct aircraft crash, the target area is the surface area of
[ the building or open yard. .
» K
oY
[ Storage Magazines. The direct crash of the main body of a heavy
e military or commercial aircraft into the shell or front face of a stor-
J
: age magazine (igloo) can breach the igloo and allow crash-generated
missiles andfor aviation fuel to enter into the igloo. There is a high
b probability that one or more munitions will be crushed or punctured by
b
g the missiles. Burstered munitions could also detonate from impact. If
E the crash produces a fire, the fire is expected to spread through the
igloo, resulting in the destruction of the entire igloo inventory. , .
"
b
[ Warehouses. Since a warehouse 1s not expected to offer any sub-
J
stantial resistance to the crash of a large aicraft, the direct impact o
of any part of a large alracraft is expected to breach the warehouse and !‘1
-
d subject the stored munitions to crash-generated missiles. Bulk con- xg
v
: tainers will be crushed or punctured. If the crash produces a fire, the ;ﬁ
fire is expected to spread, resulting in the destruction of the entire -:\
inventory. 'ﬁ
. -
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Open Storage. The crash of a large aircraft into an open area is

expected to breach a large number of ton containers. If the crash pro- N

duces a fire, and it is not contained, it is expected to breach addi- :a

tional containers in the immediate vicinity of the initial container éE

that 1is on fire.

: s
: Holding Area. The crash of a large aircraft onto the OFCs tem- )
L porarily stored in the holding area is expected to breach a large number Eﬁ
of munitions. For the rail and marine options analysis, the 140 OFCs i'

are assumed to be arranged in a 14 by 10 array in the holding area. ;ﬁ{

This configuration was used to determine the target area for a plane ﬁﬁ

crash. Since there will only be 15 OFCs in the holding area for the ;&%
air option, the target area was adjusted proportionately. i

Lighter/LASH at Rest. For the marine option, the direct crash of 5¢:

o a large aircraft onto (1) a flotilla of lighters while awaiting loading ;E

v-

35

"l.* onto a LASH and (2) LASH vessel were also considered. Ten lighters are

assumed to be in the area at any given time. The size of a lighter is

“~

Ny
6.88 x 10-3 mi2. The size of a LASH is 2.94 x 10-3 mi2. The entire ot
time for operations of loading the lighters and the LASH is expected to Si*

o

be 14 days. Hence, the lighters and the LASH will be exposed for only a
fraction of the year (i.e., 14 days/365 days).

2%

Indirect Crash of a Large Aircraft (Sequences SL5, SL20, SL21)

22

'3

For an indirect crash, the target area is determined by increasing .

all perimeters for the direct crash by 200 ft. E}

| Y
| o
Storage Magazines. Should a large aircraft crash adjacent to an jy

igloo, the area that is most vulnerable is the igloo door. The crash- g

o
generated missiles can breach the igloo door which essentially provides EG&
o~

a pathway to the breaching of munitions in the line of site of the mis- ﬁF

sile. Alternatively, the igloo door may already be open at the time of f;

AT the crash and the missile could directly penetrate the munitions. If .
77, e
‘.{" "ot Y
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fire is involved, the missile could already be on fire or the fire could
propagate into the igloo opening. Thus, if fire is not contained, the

amount of agent release is the same as for the direct crash of a large

aircraft into an igloo.

Warehouses. The designs of the warehouses are such that the crash
of a large aircraft into an area adjacent to a warehouse may also breach
the warehouse 1f the aircraft is flying towards the warehouse at the
time of the crash. The amount of munitions that are initially impacted
would be less than the direct crash scenario. However, 1f fire is
involved and uncontained, the amount of agent release is the same as

for the diect crash of large aircraft into a warehouse.

Open Storage. The accident scenario for the crash of a large air-

craft into an area adjacent to the open storage area considers that

there is a 502 chance that some ton containers would be breached by the

crash-generated missile. If fire is involved and not contained, addi-

tional containers would rupture due to excessive heating.

Holding Area. This scenario was not considered for the munitions
in OFCs or barge package temporarily stored in the holding area since

the effects on the munitions will be the same as the direct crash.

Lighter /LASH at Rest. This scenario was not considered for the
marine option since the target area considered for the direct crash was
sufficient to include indirect hits, and the effects on the munitions

will be the same as the direct crash.

Direct Crash of a Small Aircraft ( Sequences SL15, SL18, SL19, SR4
Through SR6, SA4 Through SA6, SW4 Through SW6, SW13 Through SW15,
and SW19 Through SW21)

Storage Magazines. Due to the high strength of the storage maga-

zine, the crash of a small aircraft is not expected to breach an igloo

or affect the structural integrity of an igloo.
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4 Warehouses. The crash of a small aircraft into a warehouse would et
very likely breach the warehouse. The resulting crash-generated mis- 7
siles are expected to crush or puncture some munitions. If the crash &k
produces a fire and it is not contained, the fire would involve the b

entire inventory. i

e

Open Storage. The crash of a small aircraft into an open storage ﬁ:

L

area is similar to the large aircraft crash into an open storage area

except a smaller number of ton containers is breached.

2 QS

-
3

Lighter /LASH at Rest. The crash of a small aircraft onto a

flotilla of lighters or onto the LASH vessel is similar to the large >
aircraft crash except that the extent of damage could be less severe. J&é

\
5.2.3.2. Adircraft Crash Frequency. The frequency of an aircraft crash- b,
ing while in an airway or the vicinity of an airport can be computed as R
" shown in Section 4.2.1.3. e

1) _
) The annual frequency of a crash into a specific facility was com- i??
puted by multiplying the appropriate frequency taken from Table 4-16 by ?ﬁ?
the effective target area of the facility (see Appendix C). Table 5-13 ;Gf
summarizes these annual frequencies. The calculations of the effective j'

areas are contained in Ref. 5-2 and take into account such factors as éE.
aircraft wing span, facility height, and facility vulnerability. EEK
;&\

5.2.3.3. Probability of Fire Resulting From An Aircraft Crash. The !@
probability of a fire resulting from the crash has been estimated to ;i?
be 0.45 (Ref. 5-12). The successful containment of the fire is defined ii:

here to be 0.5 h for unpackaged nonburstered munitions. This time was :g

selected based on the thermal fajilure threshold data presented in Appen- 9
dix F, which indicate that direct heating of ton containers for 36 min EE'
leads to hydraulic rupture. For unpackaged burstered munitions, the ;::
thermal failure threshold range from 4 min for rockets to 23 min for ;"

mines. Since the Army policy is not to fight a fire involving direct §
AR, g
'¢hd} ]
P
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w5 B
heating of burstered munitions, the probability of the "failure to »
contain fire" event is essentially 1.0. '

2

Thus, the amount of agent released from bulk containers subjected :::.,

F t

to aircraft crash fires depends on the ability to contain the fire. If ~

fire is allowed to progress for more than 30 min, more containers will -._"

rupture. pl Y

':

The ability of the fire-fighting team to extinguish an aircraft “!"

crash fire depends on many variables such as the precise crash site, the :‘.«;

burn time of the resulting fire, the availability of resources necessary !

to contain the fire, etc. If fire fighters arrive at the crash site in )
a relatively short period of time, the fire will be easier to extinguish

since it is not likely to have spread very far. Because the fire will :

involve chemical agent, additional precautions will have be taken before E_!,

the fire-fighting team can start extinguishing the fire. Their arrival ﬂ:-

at the perimeter of the MDB or MHI is assumed to occur about 5 min after ""’;&"“ "'i

the crash. The crew will have to put on agent protective clothing in 5 l

addition to their normal, fire-fighting suits of thermal protective .'.'?
clothing. Donning these clothes and checking for proper mask fit would

take several more minutes, 1f it is assumed that the crew was partially *"

dressed; i.e., in a standby readiness mode. Because of all the detec- :4-

4 tion, observation, communication, preparation, and travel tasks ::.’:

involved, it is estimated that it would take the fire-fighting team :?-_.

15 min to get to the scene of the fire. .-:"‘.

NN

Once at the scene, the time it takes to actually extinguish the ":

fire is difficult to estimate. GA Iinterviewed local fire fighting per- 'Ss

sonnel to get their opinion on how long it takes to extinguish a fire P

from a small aircraft crash versus large aircraft crash. No definite N

time can be given because of the many variables involved. But based on :E

local experience, it would take 1 to 3 h to extinguish a fire from a -::_\

small aircraft; while it would take 3 to 10 h for a large aircraft fire. :-.

Using the lognormal distribution, GA then derived the probability of ’3'::“'. \i

ey

b
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containing the fire in 0.5 h or less and took no credit for the first
15 min of the fire. More detalls are provided in the calculation sheets

(Refc 5-2)0

For munitions in OFCs or barge packages, it is assumed that the
intact containers can withstand a 2-h all engulfing fire. Therefore,
the successful fire containment for the SR, SA, and SW aircraft fire
scenarios is defined as the ability to put out the fire in 2.5 h since

thermal rupture of munitions take additional minutes.

5.2.4. Earthquakes

5.2.4.1, Storage Magazines. The earthquake-initiated accident affect-

ing the storage igloos assumes that the earthquake causes the munitions
in the igloo to fall and be punctured given the presence of a probe on
the igloo floor or the fall could cause a burstered munition to detonate
(Sequence SL7). This sequence 1is modeled using the event tree illus-

trated in Fig. 5-10.

The storage magazines are expected to survive the largest credible
earthquake with little or no damage. Some cracking or spalling of the
concrete is possible, but this should not produce a threat to the muni-
tions or significantly change the containment capability of the maga-
zine. Igloos have been tested by very large external explosions and
have survived without damage (Ref. 5-11). The data from these tests
indicate that the igloo experienced accelerations which were in excess
of 20 g. Though an explosion is not as potentially damaging to an igloo
as an earthquake of equal acceleration, the similarities are sufficient
to conclude that a very large earthquake, in the range of 1.0 g, is not

likely to damage an igloo.

Sequence SL7 postulates that the earthquake causes the stacked
munitions to fall and may be punctured upon impact. Based on the coef-

ficient of friction between pallets of munitions, a 0.3-g earthquake
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will likely cause some stacked munitions to fall and a 0.5-g earthquake q&;&
will cause a large number to fall. The highest stacked munitions in an
igloo can potentially fall 6 ft. The munition failure threshold data
indicate that all palletized munitions and bulk containers can survive
the impact of a drop from this height but could be punctured if they
were to land on a probe which was sufficiently sharp and rigid. For
this analysis a 0.3-g earthquake was assumed to cause 25% of the stacked
pallets to fall while a 0.5-g earthquake will cause 1002 of the stacked
pallets to fall. The number of pallets which have the potential of
impacting a probe was estimated for each munition type based on (1) how
the pallets are stacked and (2) the floor area available for the pallets
to fall. The calculation details are provided in Ref. 5-2.

The analysis of the presence of a probe in the igloo has indicated
that it is unlikely that there is a probe inside the igloo that is suf-
ficiently rigid and sharp to damage a munition. Table 5-14 provides the

earthquake frequency data for each of the eight sites and the puncture

N “r.\.
probability of a munition type given a 6-ft drop. hw!%
“, n’
Sequence SL22 involves the detonation of burstered munitions
resulting from an earthquake~induced fall. The probability of a muni-
tion detonating from a 6-ft drop is estimated using the same approach '
discussed for detonations due to impact by wind-generated missiles. nf;
5.2.4.2. Warehouses. The event tree describing release scenarios 12 7
resulting from earthquake-induced accidents in warehouses is shown in _,‘.ﬂ
Fig. 5-11. The event tree applies to the long-term storage warehouses tﬁ:
g
at TEAD, NAAP, and UMDA. Spray tanks are stored at the two warehouses :;::
at TEAD. Ton containers are stored at NAAP in one warehouse and at UMDA :hﬂk
in two adjacent warehouses. 9
A
- Tete
Accident sequences describing releases from long-term storage ware- :iii
houses are given in Table 5-15. Sequence designations are SLxxx26x for t}{ﬁ
the NAAP warehouse, SLxxx27x for the TEAD warehouses, and SLxxx28x 3
« o
RS A
R '\3
N \-\
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TABLE 5-14
DATA BASE FOR ANALYSIS OF EARTHQUAKE-INDUCED
AGENT RELEASE IN THE STORAGE IGLOOS

Map Area 2
Map Area 5 Site: ANAD, LBAD, PBA,

Ay
R
e’

Site: TEAD UMDA, and PUDA

Earthquake frequency (/yr) at

0.3 to 0.5 g (Fp) 6.0E-4 1.9E-5

0.5 g (F3) 1.0E-4 6.0E-6
Probability stacked pallets will
fall at

0.3 to 0.5 g (Py) 0.25 0.25

20.5 g (P2) 1.0 1.0

Number of Munitions

Falling At

(Ny) (N2)
Munition Type 0.3 to 0.5 g 0.5 g
Bomb 3 11
105-mm cartridge 5 20
4.2-in. mortar 5 18
Ton container 6 22
Mine 4 14
Projectile 11 46
Rocket 5 20
Spray tank N/A N/A

SL7 (accident frequency) = (F; * P; * Nj)
+ (F2 * By * N3)
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Fig. 5-11. Earthquake-induced releases from the warehouses ".‘:y-‘
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>
for the warehouses at UMDA. The accident sequence designations are also 'Snﬁé

B

shown on the Fig. 5-11 event tree. For those accident sequences where
no agent release occurs, the release scenario is labeled "NR." Those
release scenarios whose frequency is below 1.0 x 10-10 for all sites
have been screened using the frequency criterion labeled with an "F" in

the event tree. The events modeled in Fig. 5-11 are discussed below:

1. Earthquake Occurs. The initiating event (Event 1) in Fig.

!
;
3
»

5-11 is earthquake occurrence. To simplify the event tree
evaluation, Event 1 further restricts the earthquake inten-
sity to an acceleration range from gl (0.15 to 0.2 g) to gu

(>0.7 g). Seven ranges are considered:

a. 0.15 to 0.2 g.
b. 0.2 to 0.3 g.
c. 0.3 to 0.4 g.
d. 0.4 to 0.5 g.
e. 0.5 to 0.6 g.
3 0.6 to 0.7 g.
g. Greater than 0.7 g.

Earthquakes below 0.15 g are not conslidered in the analysis
because the damage probabilities associated with such tremors
are negligibly small. Detailed examination of seismic ranges
above 0.7 g 1s unnecessary because earthquakes above 0.7 g

have a probability of almost 1.0 of causing damage.
The initiating event frequency at each site is the site-
specific frequency at which earthquakes in the range gl to

gu occur.

2. "K" Warehouses Damaged by Earthquake. Warehouse damage is

defined as structural collapse. This 1s the only failure

mode of interest because it will crush stored ton containers.
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@ Although less severe damage can result from an earthquake, it ¢
~ was screened in quantifying the Event 2 probability because it

does not induce ton container failure.

Three damage combinations are considered in Event 2:

a. No warehouses are damaged (K = 0). ;i’
N
b. Only one warehouse is damaged (K = 1). gfi
C. Both warehouses are damaged (K = 2). ::'
e
Tracking these three probabilities is necessary in order to v
estimate the agent release source term. Note that since there a$¥
3

is only one warehouse at NAAP, the probability that K = 2 is

zero for that site.

Event 2 damage probabilities are based upon a generic study of

damage to structures designed to the Uniform Building Code.

Munitions Damaged in "L" Warehouses. Event 3 addresses

whether the earthquake causes an agent release from the stored -
munitions. Two failure modes are analyzed: puncture and e

crushing. e

'
]

Only ton containers are subject to these failures. Spray

s
v v s
»

L o L %

tanks are in overpacks which protect them from crush forces.

f 4o
NS

Furthermore, they are not stacked while in storage, hence

“y
»

can’t be punctured.

."‘» ". .' .
o %%y

Three damage combinations are considered in Event 3:

f« ® 32
.l
- %

a. No agent releases result from the earthquake (L = ().

PR,
5 ‘.".,\;-4

b. The earthquake causes an agent release in one warehouse

(L =1).

';.
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c. The earthquake causes an agent release in both warehouses QZ}?
"
(L = 2).

The puncture probability is the probability that at least one
ton container falls and strikes a probe of sufficient size and
density to penetrate it. The probability that ton containers
are crushed is correlated to warehouse damage. If K is 0, 1,
or 2 in Event 2, then ton containers in none, 1, or 2 ware-
houses are crushed, respectively. Since the NAAP site has
only one warehouse, the probability that L = 2 is zerov for
that site. In addition, since only spray tanks are stored

in the TEAD warehouses, L can only be zero at that site.

4, Ignition at "M" Warehouses. Seismically initiated fires are

an important consideration because they influence agent dis-
persion and can thermally fail agent containers. This second

aspect is particularly important at TEAD because fire damage

saWu
is the only spray tank container failure mode. ‘e
ATy
Electrical fires are the only concern in warehouses. The
three conditions necessary for an electrical fire are:
a. An electrical fault capable of causing arcing. e
b. A supply of electric power to sustain the arc. :g;
c. Contact with an ignition source. ﬁ%ﬁ
(AW
2 .
Including this second condition in the fire ignition proba- {j
.‘l!
bility calculation is important because available data indi- N
cate that offsite power can be lost at a relatively low ;}
seismic intensity. ';‘
A
)
Condition three considers both the agent and wood dunnage ?A:
DR
assemblies as possible ignition sources in the warehouses. If 2::
NN
ton containers have been damaged by either crush or puncture, :
roe
.r:.'\' '}-
A 1)
WO
ow
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the probability of igniting spilled agent given an electrical
arc has occured is essentially unity. If no munition damage
has occurred, the probability of ignition is represented as
the ratio of exposed wood surface area to the total area of

the warehouse.

Similar to previous events, Event 4 addresses how many ware-

houses experience ignition.

5. Ignition at Warehouse With Damaged Munitions. If the earth-

quake only damages the containers stored in one warehouse and
ignition occurs at only one warehouse, it is necessary to dis-
cern whether the fire is in the warehouse with the damaged
containers. If the fire 1s in the same warehouse as the dam-
aged containers, thermal failure and the subsequent release of
agent from the second warehouse is averted. However, if the
damaged containers and fire are in different warehouses, then

the agent release source term will be increased.

Suppression of fires has a negligible probability since the
warehouses have no fire alarms nor automatic fire suppression
systems. For this reason it 1s not considered in the

warehouse analysis.

5.2.5. Lightning

Munitions stored in igloos and warehouses are protected from light-
ning. Hence, only ton containers stored outdoors at APG, PBA, and TEAD
may be suscertible to lightning strikes. No event tree model has been
developed for this scenario. Basically, if a lightning strikes a ton
container, the container will be breached and agent will spill to the

ground.

A lightning strike density for the contiguous United States was

previously determined (Ref. 5-12) based on the correlation developed
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from the duration of thunderstorms. Based on this empirical correla- ’;EE,

<
%
LA
b
x
)

tion, the frequency (events/yr-km2) for the different storage locations w-t

ol

has been determined, as shown in Table 4-7.

)
" a xS

LR R ]
L v
‘ll,l" L4

P

»

Using conservative assumptions, a threshcld lightning energy

[
NS
-

'

o

required to burn through the ton container wall was found to be propor-
tional to the fourth power of the wall thickness as described in the
calculation sheets (Ref. 5-2). Neglecting corrosion thinning of the
container wall, the maximum value of failure frequency for each cluster

of 15 ton containers at PBA is 5.1 x 10-10, as shown in Table 5-16.

The results indicate that the threshold lightning energy required
to burn through the container wall is a strong function of wall thick-
ness. In order to assess the sensitivity of the failure frequency to
corrosion, a probability density function for wall thickness was derived
by conservatively assuming that one ton container stored outdoors has a
leak through its wall. This is a conservative assumpticn since no wall
leak has been reported. This probability density function for wall
thickness is used in conjunction with the lightning energy requirements
to calculate the failure frequency of a cluster of 21 containers at the
different sites. As expected for the PBA site, the failure probability
is increased by approximately 55 from the previous value of 5.1 x 10-10,

If all other agent release scenarios have frequencies that are
below this bounding value, then the extent of container corrosion must
be investigated. However, if other scenarios involving comparable or
larger amounts of agent release also have frequencies much higher than
the bounding value for the lightning initiated release, then lightning
release scenarios can be ignored. This is true for aircraft crash acci-
dents which lead to much larger releases and also higher frequencies for

some sites.
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5.2.6. Floods .
During a flood, materials such as lumber, crates, storage tanks,
and other lightweight containers may be carried away by flood flows and
cause damage to downstream structures. Water velocities during floods
depend largely on the size and shape of the cross sections, conditions
of the stream, and the slope bed, all of which vary on different streams
and at different locations. In the upper reaches of a flood basin, main
channel flows could be as high as 14 ft/s, but typical overbank flow is
less than 2 ft/s (Ref. 5-13).
Munitions stored in igloos and warehouses are considered protected
against flood-generated projectiles. The only munition stored outdoors
are mustard-filled ton containers (APG, PBA, and TEAD).
The puncture equation is as follows:
2 3/2 ..'"5\,'.
Vg = {64 (672 DT)3/2}/w (5-5) e
o
where D = probe diameter (in.),
T = wall thickness to be punctured (in.),
W = weight of projectile (i.e., moving object) (1b),
Vm = velocity of projectile (ft/s).
The wall thickness of the ton container is 0.41 in. Assuming the
smallest probe size is 0.8-in. in diameter,
Vi (W) = (64)(672 DT)3/2 = 217,335 .
A
o
W
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Phai
!&&? For puncture, the following conditions must be met:
Vi W
(ft/s) (1b)
1 217,335
2 53,334
6 6,037
10 2,173
14 1,108

A credible flood-generated projectile is assumed to be a light,
steel tank with a rigidly attached 0.8-in. diameter probe. This could

be a water storage tank or a gasoline tank, using a tank height to diam-

eter ratio of 1.2 and a wall thickness of 0.25 in. Table 5-17 presents

I..‘

the data developed for steel tanks. Tanks larger than 10 ft in diameter

T P
PXs

would not be credible except in main channel flows. Thus, typical over-

I.\

Ta

“alt. bank flows, i.e., 2 ft/s, would not produce pu. .cture. a‘
‘i‘l

A
[ A W

Puncture could be initliated by using an extreme overbank velocity

of 6.13 ft/s combined with a 10-ft diameter floating tank with a rigidly

.
- ..I

L A

attached 0.8-4in. probe. The probability of a 6.13 ft/s overbank veloc-

ity is estimated to be less than 10%Z. This condition will be designated

T 7
[R A

as the reference flood-generated projectile.

[y
X

7

The probability of puncture of a single ton container from the

"l;- : .

&

refernce single floating tank condition is as follows:

PF = Lp X Tp X Pp ’ (5"6)

YNy
L J KA N

where Lp = location probability, i.e., the probability that the probe

- o -
Ve
» v

attached to the floating tank {s pointing towards the ton

container wall at the moment of collision,

B\

2
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TABLE 5-17
PROBABLE SIZE DISTRIBUTION FOR STEEL TANKS
D 1.2D 57.67D2 5.3407D2
Diameter Height Weight Surface Area
(fr) (ftr) (1b) (££2)
2 2.4 231 21.36
4 4.8 923 84.45
6 7.2 2076 192.0
8 9.6 3690 342.0
10 12.0 5767 534.0
AT
\..;Ji"

L% 2
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Tp = target probability, i.e., the probability that the tank
collides with the ton container,

Pp = probability of probe being present.
Lp can be approximated by the ratio of total surface area to the

effective surface position. Assuming that the probe must be within a
1 fe2 location, then:

Lp = 1/(7.06)2 (5.3407) = 0.0038 .
Tp can be approximated by assuming a flood channel width at the

point of collision and comparing that to the length of a ton container

(82 in.). Using a three-mile wide channel, which is conservative for a

typical flood, then:

Tp = 82/{(5280) (12) (3)} = 0.00043 or 0.0043

for the total width of 10 containers.

Pp is estimated to be 1 x 10-3. Thus the probability of a refer-

ence tank hitting and rupturing a ton container is
Pp = (0.0038) (0.0043) (0.001) = 1.6 x 10-8 .
It would seem reasonable from the flood basin size to assume no

more than one reference floating projectile per flood and the flood

reoccurrence to be greater than 100 years. In addition, the probability

of a 6 ft/s overbank velocity is estimated as 10Z. Thus, the probabil-
ity of rupture is approximately 1.63 x 10‘11/yr.

A
»

» .I '{-'.’- .
5 %¢ v

Thus, based on the above calculations this scenario can be screened

By i Jit

1
oy

out on the basis that its frequency is below the criterion.
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5.3. SPECIAL HANDLING ACTIVITIES S !
3
5.3.1. Leaking Munitions 3
!
.!
Several scenarios were identified that specifically address the )
leakage of stored munitions and the accidents that could occur in the ;
process of 1isolating leaking munitions which could aggravate the exist-
ing situation. The event trees are shown in Figs. 5-12 and 5-13. "
I
Sequence SL1 addresses the possibility that a munition could leak ;
from the time the periodic inspection has been performed until the next
periodic inspection. It is assumed that the leaking munition will be g
detected at the time the next inspection is made. For all sites, except
at APG, the inspections are assumed to be performed quarterly (90 days). Q
At APG, the ton containers are inspected daily. No event tree was i'
developed for this scenario since it 1s represented by a single event :'
failure. . ;
s |
v
Sequences SL2 and SL9 address accidents related to the movements
of munitions for inspection or isolation of leakers. The forklift tine
puncture or drop of munition was determined to be largely due to human h
error. The quantification of these events required a detailed human "
reliability study (Ref. 5-14). Essentially a task analysis was per- ?}
formed to identify those errors that could potentially impact agent X
release probabilities. Available data was used to quantify the proba- f,
bilities of some of these errors and extrapolations were made from these e
fixed data to quantify the remainder. X
N
g
Isolation of leaking rockets require special tasks. The leaking -
rockets are isolated in the storage igloo at the original location, ’
L]
where the pallet containing the leaking rocket is unpacked. Only those :’
rockets blocking access to the leaking rocket are removed and are placed e
in a holding fixture. This rocket is hand-carried by a two-man team :

wearing Level A protective clothing to the PIG (which has been placed

.
vy E
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