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EXECUTIVE SUMMARY
I - S.1. INTRODUCTION

S.1.1. Background

Under the direction of the U.S. Army Office of the Program Exaecu-
tive Officer-Program Manager for Chemical Demilitarization (PEO-PM Cml

Demil), GA Technologies Inmc. (GA) and its subcontractors performed a
comprehensive assessment of the frequency and magnitude of accidental

agent releases associated with various alternstives under consideration

Y .umLT A e

for the Chemicsl Stockpile Disposal Program (CSDP). Thir assessment was
carried out in support of the environmental impact statement (EIS) for
this program and addresses only the stockpile of chemical munitions that

s - is currently stored at eight sites in the continental United States

ANEe Y ¥ 5 »
-
4o

e (CONUS). The assessment of potential health consequences to the public
resulting from sccidentsl relesses calculated in ~his study will be
performed in a separste study. These consequences and the GA-evaluated
fr« quencies of the releases leading to thess consequences will form the

basis of estimates of the potential public "risks” associated with the

CSDP altetrnatives.

The aiternatives {nvestigated 4in this study 2re se follown:
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1. Disposal of the sgents and munitions st zhe eight existing y

storage sites, j

W

’

2. Collocation (transportation) and disposal of the munitions at 7

i

twn zegional sites. by

&

4

‘.‘

l"

r~

L -

.--'-- ':‘

. o

s-1 g

“

.ﬁ

.

o ’I
p "
D ) . e, e ‘e T % - = o te T e v . .-

O N R e e e L e e e e e 2,




SV
3. Collocation and disposal of the munitions at a single national 2;;gf
site.

4, Partial collocsation of the selected stockpiles from Aberdeen
Proving Ground (APG) to Johnston lIsland by water or to Tooele
Army Depot (TEAD) by air snd from the Lexingtou-Blue Grass
Army Depot (LBAD) to TEAD by air.

5. Continued storage of the munitions at the existing storage

sites.

This report addresses only the continued storage altsrnative listed

sbove (i.e., item 5). The other alternatives are discussed in separate
reports.

$.1.2. Study Oblectives and Daeliverables

The primary objiectives of the srudy repcrted in this document we:re a%i?;
to: e
1. Identify events that could initiate the release of agent to
the environment (i.e., initiating events).
2. Develop the various sequences of events resulting from these
initiators and leading to accidental agent release.
3. Perform a quantitative analysis of the frequency of occurrence
of each relevant sccidant sequence. ,E
“
4. Characterize the physical state, quanctity, and duration of . i_
agent released from each accident sequence. o)
)
These objectives were accomplished by developing a list of poten- -
tial accident sequences for each major activity, estimating the frequen- iL
cies of these sequences, and calculating ths magnitudes of released d:g*? ?
{._—'.’ r-':
$-2 ‘:'E
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agent associsted with these sequences. It snould be noted that only

ri !
e

accident sequences that survived a conservative screening process, con-
sidering both frequency and magnitude of agent relssse, are included in
the deliverables of this project.

S.1.3. Scope of Study

The scope of effort reported in this document, as noted earlier,
did not include the evaluation of agent dispersion to the environment
and the consequences to the éublic resulting from such releases. As
such, the title of this ropoft is more appropriately that of s probabi-
listic “"relesse” enalysis as opposed to a probabilistic "risk" analysis,
since risk is usually defined as the product of frequency and conse-
quence. Therafore, the term "risk,” as used in this study, refers to
the frequency of accidental sgent relesse and not to the frequency of

the agent relsesse consequence to public health.

F AN $.1.4, Site Descriptions

rEE

I

TN

There are eight sites in the CONUS where chemical munitions are

currently being stored. These sites are: Tooele Army Depot (TEAD),

SN

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 Umatillas

S!!(...

P AT L IS B |

-

Depot Activity (UMDA). y

%

TEAD {s located in north central Utah. A prototype demilitariza- ;3

tion plant, the Chemical Agent Munitions Disposal System (CAMDS) facil- ﬁJ

ity, is located at this site. The site currently stores s wide variety -

of chemical munitions and bulk agent containers of mustard and the nerve }ﬁ

agents, GB and VX. 5]
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ANAD 1is located in northeast Alabama. The chemical munitions AR

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 hesd of the Chesapeake Bay.
APG is comprised of two general aress, the Aberdeen area and the
Edgewood area whare 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. projectilas, 155-mm projectilae. and

M55 rockets.
NAAP is located west of Indianapoliz, Indiana. The chemical muni-
tions stockpile is stored there in a single warehouse and consista of

containers of VX.

PBA is located southeast of Little Rock, Arkansas. The stockpile

r_(.'f

at PBA consists of M55 rockets, land mines, ton containers, and some

4.2-/n. mortar projectiles.

UMDA 1is located in northeastern Oregon. The stockpile at UMDA
consists of 155-um and 8-in. projectiles, M55 rockets, M23 land miaes,

bombs, spray tanks, and ton containers.

S.2. STUDY APPROACH

The risk analysis presented in this report combines the atructured
safety analysis detailed in MIL-STD-882B (Ref. S-1) and the probabilis-
tic spprosch outlined in NUREG/CR-2300 (Ref. §-2). The first reference
requires that hazerde analyses be parformed to sscess the risk involved
during the planned life expectency of a system. It also provides guid-
ance on the categorization of hazard severity and of probability as a

means of identifying which hazards shouid be eli{iminated or reduced to an
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-, scceptable level. The second reference serves as a guidebook for the
‘v

AL risk assessment of nuclear power plants.

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

become mcdeis for other industriesl risk assessments.

§.2.1. Risk Assessment Methodology

ira ’ Probabilistic risk assessment (PRA) is a eystematic, discivliined

il spproach to quantifying the frequency and consequences of events which

can occur a: random points in time. In its spplication to the various

®
LOCUERENE oY
2248

Y aE
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chemical munition dispossl alternatives currently undar consideration,
PRA provides a comprehensive framework for estimating and understanding

the risks associeted with the storage, handling, trensportation, and

T E s

demilitarization activities associsted with thcse alternatives. By \J
l‘ ‘1
applying this methodology to each alternative in a consistent and uni- N
form manner, a statement of the relative risk of these alternatives can ;:j
be made. Because of the significant uncertainties in the data used to &
quantify the frequency of occurrence of variocus accident sequences and ;5
the magnitudes of the associated agent releases, extreme caution must be ::
o
used when addressing the absolute risk associated with sach disposal :;
option. |
o
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In simplistic terms, the PRA process focuses on answering the fol-

lowing three basic queszions:

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

3. What would be the associeted conmequences?

The remainder of this summary describes how these questions are
sddressed 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 releasa for each sequence.

$.2.1.1. Identificarion of Initiating Events. The first step in a pro-

babilistic risk assessment i3 the identificetion of initiating events

which, by themselves or in combinstion with additional failures, can

lead to the release of sgent to the environmant. Initiating events are

identified for each of the demilitariszation activities. Such events

generally fall into two broad categories known as "internal® events and ’.n
“‘external® events. Internal events originate within the activity and et
are csused 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

sarthquakes and storms. In the context of a riek essessmsnt, svents

such as intarnal flooding and fires are alsoc considered to be external

events. External events are ususlly pervasive {n nature in that they

are assumed to feil redundant equipment thet is provided for safe shut-

down of the operation and containment of the agent.

5.2.1.2. Accident Sequence Development. Once initiating eventa are

identified, logic models (much as event trees and sequence level fault
trees) are developed to display the varioua paths that the sccident can

take. TFor exsmple, an {nitfiating event esuch as mspurivus shutdown of an
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incinerator will not result in a significant release of sgent to the

‘,"f
s
AL

environment unless numerous ventilation and automatic shutdown systems
fail. In most cases, the probabilicy of failure of miltiple systems is
2o low that the frequenciss 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 relesse.

YN TR S S L WA AT SRR

As suggested asbove, 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 emsrgency personnel
also have & significant influence on the potential for snd amount of

accidentsl agent release.

$.2.1.2, Human Interactions. Human interactions, or interventiona, of

interest to the chemical munitions disposal risk sssessment fall into

one of the following six general categories:

1. Initiation of an accident by coomitting an errcr (e.g., a

OAME  CAFENOERL LA NRF Py

munitions handler punctures or accidentally drops a munition).

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

nance act).

DAL L ARSANA g

3. Termination of an accident by correctly implementing estab- .
lished emergency procedures (e.g., an operator terminates

agent feed to the liquid incinerator wher automatic tarmina- '
¢ tion has failed). o
» :

. 4, Aggravation of an sccident by taking incorrect action (e.g.,
: a plant operator misdiagnoses the nature of the eccident and a
. N
> N
) N
o )

"Hicigntion' as usaed in this report is the act of preventing or
limiting the conseyquence of an accident that has occurred.
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performs an act which causes the accident to have greater

consaquencas).

5. Terumination 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 en act which
is not covered by procedures and terminates or mitigates the

&ccident).

6. Intentional scts to initiate accidents or render equipment in

s failed state (sabotage).

Human interactiona 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 1{s used to model and quantify
the avent in the event tree. Human interactions defined by categories 4
and 5 above are difficult to quantify and as such are not given much

attention in a risx assessment.

Acto of sabotage (category 6) are outside the scope of thia analy-
sis and will be addressed elsewhere.

S.2.1.4. Agent Relesse Characterization. The consequences of ar agent-

telease event are dependent on the type of agent, the magnitude of the
release, the mode and durecion of the relesse, the disparzion of the
agent to the environment, the demographic characteristics of the region
impacted by the release, and the toxicity of the dispersed egent 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 dispersicn to the environment and

subsequent effects on humans are addressed elsevhere in s separate

report.

5-8

|7

4

AR 4V
<~

TLWY N %Y
TR

PN

Tl S

T

-,

TR RN

SN
et

[AADA

[
a

s

LN
'y

ST LI REPLRR

gy

Al ey

ll/

‘.
o,
.
<,
W
)



* 2

~
{
.:;
) Bt \'
' :35;: The characterization of agent ralease required a systematic review g
of the potential modes of agent release from its normal confinement.
! The agent release mechanism is dependent on the particulsr mechanicsl,
thermal, end explosive behavior of the munition, assuming the ogcurrence
of an initiating event such as dropping during handling or sircraft
crash, as well as the confinement which {s provided, if any.
After determining that agent could be relesased in a particular
sccident sequence and that the frequency of that sequence exceeded the
threshold screening frequency, an analysis was performed to identify the
possible paths by which the agent could be raleased to the environment
and to estimate the quantity of agent releassed.
$.2.1.5. Sequence Screening. The implementation of PRA methodology in
terms of event trees can produce a large number of potential accident
sequences. In order to reduce this to & managesble number to focus on
the critical scenarios for anslysis, the accident sequences are screened
"l
‘. for frequency or consejuence. By using conservetive values for the
A conditional probabilities of event treea branches, it is possible to show
that many of the possible sequences are of eufficiently low frequency
(e.g., less than 10-10 per year) that they need not be addressed
further. In addition, if an accident seguence has a frequency gresater
than the threshold screening frequency but results 4in an insignificant
release of agent® to the environment, it can also be eliminated from
further conaideration. The accident sequences contained in this report
have been subjected t~ both types of screening.
S
>
I~
*Less than 14 lbm of mustard; less than 0.4 1bm of agent VX; and it
less than 0.3 lbm of agent GB. Thsse quantities represent the minimum ;i
quantities of agent release that would result in a laethal dose of agent s
e at 500 m for the most limiting relesse modes (Ref. S-3). Lq
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§.3. RESULTS PRy

The analysis of the potential for agent release to the atmosphere

from accident scenerios related to the continued storage alternative

included storage and handling activities. This esection discusses some
of the accident probability and agent relaise results associsted with

these activities.

The results of the analysis of the various sctivities encompassing

the continued storage alternative cannot be presented in the same units,
i.e., annual frequencies, because of the posaible divulgence of clas-

sified information. This is only possible for some storage accident

KPP

scenarios. For accident scenarios related to the handling activities,

| the unclassified portion of the probabilistic analysis is given in terms

STy

of frequency of accidents per pallet of munitions (or as a container of

munitions).

S P
e

IR
PACA)

The evaluation of the actual risk to the public and environment .- 3 i%
requires agent dispersion calculations which are not in the scope of the Rt ;E
study reported here. Despite this limitation, the results discussed f%
herein still provide useful insights on the contributions of the various k%
disposal activities to the risk of an agent release. These insights are [;
discussed btelow. 1;
$.2.1., Accident Scenarios During Storage i%

3

The continued storage alternative requires some storage of muni- ‘;}
tions 4in their existing location. 'jg
$.3.1.1. Internal Events. There ware no significant internal event ‘f
initiators of accidents during storage. Per unit operation, forklift ?5
drop sccidents occur more frequently than forklift tine punctures. 5§
Also, the use of a lifting beam instead of a tine leads to an order of E?
magnitude decresse in drop frequency. ;J

,\".
§-10 _:;
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S§.3.1.2. External Events. These events involve accidents caused oy

natural phenomena or human activity affecting munitions in storage
iglocs, open storage areas, holding aress, or warehouses. If these are
assumed to be full of munitions, the agent inventories range up te 100,
200, 1000, and 2000 tons, respectivaly, for atorage igloos, bolding
areas, ofen sreas, and warehouses. The most frequent sxternal accideants
having significant release involve mild intensity earthquakes or small
sirplane crushes (order depsnding on site). Amounts of availeble agent
inventories relesased 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 wmeteorite
strike, or & severe earthquake, especially when a warehouse (at NAAP,
TEAD, or UMDA) is involved. These can result i{n up to 10 percent ot
the agent inventory released for scenarios involving a fire which has
the potential (duration) for destroying che entire inventory of an igloo
or warehouse. The munitions atored in warehouses contain only VX or
mistard which have muck slower evaporstion rates than GB and hence are
not aeasily dispersed into the atmosphere. Thus, warehouse scenarios
involving only spills are not significant <isk contributora. The ware-
house at UMDA has the potential for the largest release. Metecorite
strike-initisted sequence median frequencies are one to two orders of
magnitude lower than the aircrafr crash-induced sequence frequencies.

As expected, munitions stored outdoors are generally wore susceptible to
large aircrefr crashes than those stored in warehouses cr igloos, but
releases are lower. Both APG and TZA have ton coutainers stored out-
doors, and the aircraft crash probabilitias at these sites are somawhat
higher than at the other sites. Igloos appear to provide only minimal
protection from dicect crashes of large planes, but releases are an
order of magnitude lower. The releases are wore severe if burstered

munitions are involvaed.
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$.3.2. Accident Scenarios During Handling i;i?:
Included in the handling analysis are single munition or pallet
movements by hand, forklift, or other equipment.
The results indicate that dropped muritions, whether in palletized
form or not, occur more frequently than either forklift tine puncture or
forklift collision aceidents. In fact, the frequency of forklift colli- y
sion eccidents which lead to the munitions faliing off the forklift is ;_
an order of magnitude lower than the drop sccideants. Furthermore, the ix
type of clothing an operator is wearing while haudling these munitions :3
influence the drop frequency value. An operator wearing Level A cloth- EZ
ing is more likely to comm't an error that would csuse the munition to Q.
be d-opped than when he is ‘wearing more .omfcrtable c<lothing. E,
o
For bare munitions, the rockets seem to te the most prone to punc- ;’
tures from drops or forhiift tine sccidents. ‘
T
Bulk “tems that are punctured lead to larger releases than other R ;i
munitions such as projectiles or rockets. Bombs are of concern because ::
they contain GB which evaporates more readily than the other agent E;
types. The agent vapor relesses range up to 170 1lb (thermal failure of i‘
all munitions in e pallet). ﬂ:
é Handling accidents which lead to significant agent releases (in Z;
: particular, agent GB) sre dominant risk contributors because cf tne ;\
' relstively higher annual frequency values. Of course depending on the k%
actual munition inventory, the value of annual frequency may either !
i increase or decrease when converted to the more meaningful per stockpile ?Ej
! basis. !"
.
2
S.4., UNCERTAINTIES IN THE ANALYSIS Cii
In assessing the risks associated with the CSDP slternatives, every g 1
effurt was made to perform besc-estimate analyses, i.e., “realistic” E;HE: ::;
G
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;:::& evaluation and quantification of the accident sequence frequencies and
~& associated agent releeses. The use of pessimistic or consarvative
wodeling techniques or data for quantification violates the intent of
the probabilistic nature of the study. Realistic modaeling ead quar=i-
fication permits a balanced evaluation of risk contributors and compari-
son of alternatives. However, for realistic or beat-estimate calcula-
tions, the obvious concern is the accuracy of the results. Uncertainty
analysis addresses this concern.
§.4.1. Sources of Uncertainty ;
~
Since the event sequences discussed in Secticn S.3 have not :
actually occurred, it is difficult to establish the frequency of the N
sequence and assoclated consequences tvith great precision. For this g
reason, many parameters in & risk assessmant are trested as probabilis- F-
ticelly dist:ibuted parameters, so tha: the computation of sequence fre- :%
quencies and resulting consequences can invelve the probabiliatfic combi- E
R nation of distributions. E:
. i
There are three general types of uncertainty aseociated with the i}
evaluations reported in this document: (1) modeling, (2) data, and :;
(3) completeness. ;T
A
There exist basic uncertainties regarding the ability of the var!- ;:
ous models to represent the sctusl conditions associated with the »
cseguance of events for the accident scenarios that cen occur in the :."
storage and disposal activitiea. The ability to represeant actual phe- L‘
nomtna with analytical modeis 1is always a potential concern. The use of Qq
fundamental wodels such as fault trees and event trees is gsometimes sim- ;:
plistic because most eventy depicted in these wodels are treated as 51
leading to one of two binary states: success or failure ({i.e., partial %;
successes or failures sre ignored). Model uncertainties are difficult E?
to quantify and are addressed in this strdy by legitimatec efforts of the I}
N
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analysts to make the models as realistic as possible. Where such real- ﬁ:gS?
{sm could not be achieved, conservative approaches were taken. q
3
; No uncertainty from oversights, errors, or omission from the models j
: used (e.g., event trees and fault trees) is included in the uncertainty -E
a analysis results. Including these uncertainties is beyond the state-of- "
. the-art of present day uncertainty anelysis. 5
N »
z The uncertainties in the assignment of event probabilities (e.g., 3
l component fsilure rates and initiating event frequencies} are of two ;
b types: intrinsic variability end lack of knowledge. An example of N
. intrinsic varliability is that where the available sxperience data is for g
E a population of similar components in similar e¢rvironments, but not all g
E the components exhibit the same reliability. Intrinsic varistions can y
- be caused, for example, by different manufecturers, maincenance prac- K
; tices, or operating conditions. A second example of intrinsic variabil- 5
; iry is that related to the effecta of long-term storege on the condition s
i of the munitions as compared to their original configuration. Lack of é;;i; :
K knowledge uncertainty is sssocisted with cases where the model parameter e ;
N is not a rendoa or fluctuating variable, but the analyst simply does not ;
. know what the value of the parameter should be. Both of these data ;
i uncertainty types are encountered in this study. i
y 3
2 $.4.2. Uncertainties ;
; The sequence frequency results discussed in this report are pre- f
sented in terms of a median value and & range factor of a probability .
n distribution representing the frequency of interest. The range factor ’ ;
? rapresents the ratic of the 95th percentile value of frequency to the e
; 50th percentile (i.e., median) value of frequency. The uncertainty in ;
F the sequence frequency is determined usi{ng the STADIC-2 program ;
E (Ref. 5-4) to propagate the uncertainties associated with each of the ;
’ events in the fault trees or event traes through to the end result. "
v’ Some scenarios, such as those sssociated with tornado missiles and low- f
! o 3
: RS
A hEid Q
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impact detonations have rather iarge uncertainties. The difficulty with
tornado-genersted missiles lles with the difficuity in accurately model-
ing the probability that the wissile will be in the proper orientstion
to penetrate the munition ard in predicting the number of missiles per
square foot of wind., The Jifficulty witl the low-impact detonations
iies with the sparse amcunt of dats available and its applicabilicy to
the scenarios of interest. In general, uncertainties tend to be large

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

1.1. PACKGROUND -

The U.S. Department of Defense is required by Congress (Public Law
9%-145) to destroy the stockpile of lethal chemical agents and munitions
stored at eight U.S. Army installations in the continentsal United States -
(CONUS) and at the Johnston Atoll Army aite in the Pacific Ocean bdy the
end of Septamber 1994. Tha locations of the CONUS sites &re shown in

N

Fig. 1-1. The total Army stockpile at these aites is made up of more

. e

then 3,000,000 items consisting of rockets, mines, mortars, projectiles,
cartridges, bombs, spray tenks, and bulk containers. These munitions
contain the nerve sgents GB and VX and the blistering mustard agents H,
HD, and HT

B P . 'S
L s -
‘;5& The Army has developed a plan for destruction of the chemical muni- i

tion stockpile. This plan is set forth in the Chemical Stockpile Dis-

posal Concept FPlan submicted to Congress in March 1986 and supplemented

LA

in March 1987. 1In this plan, thres disposasl alternatives are described:

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

existing storage sites.

[ &)

Collocation and disposal of the munitions at two rezional

sites.

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

sice.

These thrae disposal alternatives ware also described in a Draft

Progammatic Environmental Impact Statement published by the Army in
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July 1986. Additionally, it wes required that the status quo, i.s., g
continued storage, be also evaluated as the fourth alternative. As part

of the public commentsry on this document, requests were made of the

¢« £

Army to consider also the transport of the inventory from Aberdeen

Proving Ground t¢ Johnston Island by water or to Tooele Army Depot by

SR

air and from the Lexington-Blue Grass Army Depot to Tooele by air.

A

Under direction from the U.S. Army Office of the Program Executive
Officer-Program Manager for Chemical Demilitazization (PEO-PM Cml
Demil), GA Technologies Inc. (GA) and other contrxactors have performed a

comprehensive probabilistic assessment of the fraquency and magnitude of

LI T

agent relesse sssociated with activities involving the three disposal

slternatives 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 environmsutal impact state- %

ment (EIS) for this program and it addresses only the stockpile of chem- -
{ical munitions which are currently stored at the eight sites located in i
the continental United States (CONUS).

When combined with an sssessment of the conssquences (injuries
and/or deaths) to the public resulting from the accident sequences and
associated agent relesses identified and evalusted in this study, the
results form a basis for an assessment of public riek. The dispersion L,
of the agent to the environment and the assessment of cansequences
related to these relesses are cutside the scope of this study. A conse- g
quence assessment has been performed by MITRE Corporation and Osk Ridge f.'
National Laboratory for the EIS, bLased on the relesses identified in
this document.

This report addresses only the slternative of contjinued storage.

The remsuining alternatives are discuseed in eeparate reports.

(TR

Frevious studies have been utilized by GA as reference bases for

this assessment. Quantitative hazards analyses were performed by

1-3
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Arthur D. Little, Inc. on the disposal of MS5 rockets (Refs. 1-1 to C::“'
1-5), and qualitative hazards snaiyses were performsd by the Ralph M.
Parsons Company on the Johnston Atoll Chemical Agent Disposal System
(JACADS) design (Refs. 1-6 and 1-7). In addition, s probabilistic anal-
yais of chemical agent release during transport of M55 rockets has been
performed by HLR Technical Associates (Ref. 1-8), and & probabilistic
analysis of selected hazards during the disposal of M55 rockets has been
performed by Science Applications International Corporsation (Ref. 1-9).
These studies provided the set of accident scenarios that was compiled
in a systematic order by MITRE Corporstion (Refs. 1-10 and 1-11). GA,
in turn, used these sccident ascenarios as a starting point in this

study.

The analyses performed by Arthur D. Little, Inc. used a technique
known as hazerd and operability anslysis (BAZOP). HAZOP invclves a
detailed review of plant design to trace all parts and functions of the
demilitarization process. For each piece of equipmnt or pipe run,
deviations from norzal operating conditious were exanined and possible (’" ;
consequences wire discussed. Through this approach, potential failure AR
oodes leading to sgent release outside of the facility were identified.
The expected frequencies of occurrence of all agent rcleass mequences

identified in the HAZOP were then evaluated using fzult tree analysis.

The qualitative hazards analyais performed for JACADS used an
approach known ae failure modes and affacts anslysis (FMEA). The sever-
ity and probability levels of identifiad hezards were ranked according
to the guidelines 4in Ref. 1-12.

The transportation studies performed by HLR Technical Associates
(Ref. 1-8) used a combined fault tres and event tres approach to assess

tl s frequency of agent release from trensportation accidents.

d, .
.'(v" J' .

"
»
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tion (Ref. 1-9)

“"?ﬁ The work performed by Science Applications International Corpora-

on the disposal of M55 rockets utilized both event tree

and fault tree methodology as used in the PRA of nuclear power plants.
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1.2. STUDY OBJECTIVES AND SCOPE

The primary objectives of the study reported in this document were

tos

Identify events (for each major sctivity) that could initiate

the roleass of sgent to the environment.

2. Develop the varicus sequences of events resulting from these

initiators and leading to agent release.

3. Perform & quantitative anslysis of the frequercy of occur:icnce

of each relevant accident sequence.

LT S W R SRR . W B e W W GRS WS W W TP W W TR T . —— e we—— - - - -
-t
.

4. Characterize the form, queutity, and duration of agent relcase

from each accident sequence.

- o w e

S. Identify accident sequences which make the most siguificant

contributions to risk.

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 relsased agent asgsociated with

*® P P EmmEm " % % % B &

these sequances. It should be noted that only accident sequances 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-

T e W e, o .

‘ sents the analysis of this study. The risk analysis includes an evalu-
ation of potential accidents and natural occurring pheaomena such as

E earthquakes and tornadoes. Acts of war, sabotage, and terrorism, which
iavolve intentionally-initiated events, were not included in the scope
of this effort.
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.; t; The term "chemical munitions®” s used here to describe both bursc-
Ay,
kv ered chemical munitions and chamical bulk items. The 4.2-in. mortars

refar to the actual 4.2-in. projectile which is fired from mortar can-
nons or tubes. The 105-mmn cartridge and 4.2-in. mortar projectile can
either be configured with propellant (i.e., & cartridge) or without
proepellant (i.e., & projectile); in this study, it was sssumed that the

propellant and fuze were removed prior to the onset of the disposal
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1.3. DEMILITARIZATION ACTIVITIES AND SAFETY CONCERNS -‘,;:4-:.»:
NN
Figure 1-2 shows a comparison of the various logistics phases asso-
ciated with the various munition disposal and storage elternatives eval-
uated for the EIS. As indicated in this figure, the demilitarization
process associated with the continued storage option involves only those
events related to long-term storage.
The hazards of interest are those involving the evaporative release
of sgent to the environment resulting from epills, leaks, and mechanical
failures, and the release of agent to the environment resulting from 5
fires and explosions. The generation of these potential hazards orig- {
»
inates with a number of “internal” and "externsl® initiating events.
L)
The number of hazard-initiating event combinations is rather extensive. {
However, because of the screening process which was used to remvve from i
further consideration the accident sequences whose frequency was low f
and/or the associated magnitude of agent releass was low, the number of "
. . [0
individual sequences which are i{mportsnt to risk is relatively small. P i
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1.4, STUDY ASSUMPTIONS

»
S

The risk analysis presented in this report uses an spproach )
that combines the structured ssafety analysis detailed in MIL-STD-882B
(Ref. 1-12) and the probabilistic approach used in the safaty analyses
of nuclesar 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 means of
identifying which hazards should be eliminated or zeduced to s level

acceptable to the managing activity.

The risk snalysis was performed under the following set of general

assumptions:
1. Munitions will be siored in their current storage locations.
2. Munitions are in good condition.

3. Sabotage or terrorism is not considered. é'

A detailed listing and discussion of assumptions is presented in

Appendix E.

RS
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1.5. REPORT FORMAT

*'

[4
o]
o

»
?,

This report is structured as ocutlined schematically in Fig. 1-3.

The structure follows that typically vaed in comprehensive probabilistic

risk assesament (PRA) studies.

following the introduction in Section 1 of this report, Section 2

provides a summary of the methodology used in this assessment, including

D T ————

the procedure for accident scenario identificetion 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
invoived in the continued ototugé of chemical munitions. This discus-
sion is provided to assist readers in the understanding of the initi-
ating events and accideat scensriocs that have been identified and are

Ciscussed in Section 5. Section 3 also discusses site-specific infor-

mation that is important to a particular site. Appendix D contains

R
A AN

additional site information.

o7 Y VENWA L LAAANTT™ VW e P s s coammwe

The 1ist 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 internsl causes, such as

inadvertant impact during handling, and accidents csused by external

*TTa T ERED Y, A

events, such as esrthquakes cor aircraft crashes.

Section 5 presents the detailed development and analysis of the key

accident scenarios resulting from the initiating events.

X

k Section 6 provides the basis for quantificatiocn of accident

)

& sequance frequencies including munition faei{lure probabilities, the data

- base used for estimating the probabilities of event-tree top events and

. fault-tree basic events, and the data used for assesaing human error.
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;::f The characterization of agent released {n the varj ‘us accid:nt
et
sequences is discussed in Section 7.
Section 8 presents the overall results of the analysis.
- Supporting data and calculations for the study are contained in the
appendices. References to appropriate sppendices are made throughout
the body of the report.
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2. RISK ASSESSMENT METHODOLOGY
2.1. OVERVIEW

The probabilistic risk aosessment (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 chemical munition accidents dictate some different emphasis and
treatments from those described in Ref. 2-1. The risk assessment staeps

corresponding to the prccedures in Fig. %-1 sre as fnllows:

1. Identify accident initiators (initieting events) through
information collection, hezards analyses, or the use of
L-.- messter logic diagrams. The initiating avents are classified
- as external i{f they originate from outside the munition stor-
age and maintenance process (such as sircraft crash) and as

internal otherwise.

2. Define accident scenarios, i.e., combinations 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 aceident sce-
nario, which is usurlly modele«d using event trees. An "event
tzee” 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 mcdels) to
determine tha root causes of individual system feilures. The
fault tree is reduced to minimal cut sets using Boolean alge-
bra. A "minimal cut set" represents s unique combination of

é&ﬁ%& events leading to system failure.
s
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AN 4. Assign failure rates or probabilities to events (components or
subsystem) modeled in the event trees and feult trees. Quan-
tify tha frequencies of occurrence of accident sejuences from
either the event tres or fault tree by computing the product
of the initiating event frequency and the probabilities of the

subsequent conditional events in a given accident scenerio.

5. Determine the consequences of the accident sequences. In this
analysis, the consequence of concern {s the amount of agent
teleased to the local free anvirooment. The impact of sgent
releass on the population will be used by others in their CSDP

snalysis.

6. Evaluate the uncertainties in the data base, and predict the

uncertainty in each relevant accident sequence frequency oy b

propagating the top event uncertainties through the event t

trees- E
. 3
R 7. Present the results (i.e., accident scenario frequency and -

consequence) in & form that will best show those sequences

—

that are {mportant to riek and will reflect the uncertainties

T‘_‘

sssocisted with the accident sequence frequency.
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2.2. INITIATING EVENTS

Yy
<
b

An initiating event (IE) {s a single occurrence or malfuncrion thet
has the potential to release one or more agents or to start a sequence
of events that could lead to & relesre. The list of IEs is developed
based on previous demiliterization 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 IE list 4is developsd in top-down fashion by structuriag s mss-
ter logic diasgram to define a functionsl set of initiating categories.
These categories form a complete sez in the sense that any event which
leads to agent release must cause at least one cf these categories to

occur.,

Some “common cr 1se initiating events® (..g., an earthquake) can
activate more than one initiating event category and disable controls
for release. While there is no wey to guarentee that all such events A
are idantified, two aress yield the most significant events. The firzst
includes severe environmental events (such as fire, flood, earthquake,
and wind) as well as hazardous activicies in the vicinity (such as air-
craft patterne). The second area includes malfunctions that can affect
maltiple controles or barriers for the prevention of relesse to the

atmosphers.

Coincident with the development of the list of initiating evernts is
the assessment of the initiating event frequenciaes. This is required,
first, for subsequent quantification of event trees, since tha event
initistor {e the first even of the tree. 8econd, it enables screening
of the list of initisting events, i.e., evente having extremsly low fre-
quencies can be eliminated. Whexe possible the IEs are grouped into
categories when the subsequent event tree and release anslysis develop-
want i{s the ssame for all IEs in the category. This grouping is per-

formed by Boolean summation of the occurrence frequencies, accounting

for dependencies, 1f any. o
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2.3. SCENARIO DEVELOPMENT AND LOGIC MODELS

Given the occurrence of an initiating event, accident scenarios are
developed, in many cases using logic models of either event trees, fault
trees, or dboth, to arrive at the verious outcomes of the scensario pro-
gression. Each of these outcomes, termed a sequence, is associated with
(or even characterized by) a certain level of agent relesse. The basic
premise of the risk summation process is that relesse frequencies (ini-
tiating event frequency multiplicatively combined with probadbilities of
subsequent failures nacessary to get the relesse) of entirely different
sequences can be additively combined to get the overall frequency of
relesse. The additive and multiplicetive combination is performed using

Boolean algebra and accounts for dependencies.

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

fractions represent conditional probabilities.

The frequency of an sccident sequence is calculated based on the

following equation:

n
Fy =1 1 Py ’ (2-1)
g1y I Py
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where FJ = frequency of accident sequence j,
IJ = initiating event frequency,

Py,y = conditional probability of sequence event i following sn
initiating event, IJ.

Accident frequency 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 branch-
ing probabilities which sre 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 event
tree by & dashed line for system 2 in the system 1 success branch, indi-
cating 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 s guaranteed failure of system 2, given nonoper-

ation 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. Pigure 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 dependencias in the event trees
i{s to identify specific intercomponent and intersystem causes of multi-
ple failures, if any, directly in the fault tree and to make an allow-
ance for those not explicitly identified. A Beta factor method (e.g.,
Ref. 2-3) 13 e convenient tool for determining & suitasble allowance and
was ussd where appropriats. In this method, multiple failures of redun-

dant compounents are assumed to occur in a dependent fashion; the
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OUTPUT (A) EXISTS ONLY WHEN
ALL INPUTS (E) EXIST. THE
NUMBER OF IN?UTS MUST BE AT
LEAST TWO. INDICATES
REODUNDANCY.

P(A) * P(E1) x P(E2) x P(E3) x ETC.

uonn

QUTPUT (A} EXISTS WHEN ONE
OR MORE INPUTS (E) EXIST,
THE NUMBER OF INPUTS MUST
8E AT LEAST TWO.

P{A) » (E1) + P(E2) + H{EJ) + ETC.

1A

“RESULTANT
FAULT
EVENT"

le

THE FAULT CONDITION THAT
EXISTS WHEN INPUT (E) EXISTS.

“BASIC
INPUT
EVENT™

A SPECIFIC FAILURE TO WHICH
A FAILURE RATE OR RELATIVE
PROBABILITY CAN BE ASSIGNED.
QUTPUT (A) EXISTS WHEN THE
FAILURE EXISTS.

SUBSTITUTE FOR A BASIC INPUT
EVENT WHEN THE FAILURE ISNOT
TRACED TQ A SPECIFIC SOURCE.
THIS SYMBOL CAN REPRESENY
ANOTHER FAULT TREE AT A LOWER

LEVEL WHICH HAS NOT BEEN ORAWN,

“HOUSE"

THE HOUSE REPRESENTS AN EVENT
WHICH IS NORMALLY EXPECTED TO
OCCUR ORNEVERTO OCCUR.IT IS
TREATED AS A SWITCH ON THE TREE
AND IS SET ON OR OFF.

“TRANSFER”

CA)
A
"UNDEVELOPED
EVENT"
Q
A

INDICATES TIE-IN TO A SEPARATE
FAULT TREE.

Fig. 2-4. Definitinn of feult tree symbols
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parameter f is defined as the fraction of failures experierced in

compo.ients that are common cause failures.

Just as there are uncertainties in estimating component failure
retes, there are also uncertainties in the f factor. These uncer-
tainties were quantified sssuming a lognormal dintribution for the f
factor. The uncertainty distribution sccounts for uncertaintiss due to
sparsity of data, as well as those due to clessification and the sc-
called *potentisl common csuse failures.® These are events in which one
failure actually occurs and additional failures could have occurred
under different circumstacces, as well as incipient failures and

degraded operability states.

In the case vhere the fasult sequence i, given an initiatirg event,
involves a subsystem or equipment failure, the failure probability cal-
culstions may involve not only the calculacion of the unavailanility
value (probability of feilure per demand) but also the unreliability
valiue (probability of failure while component/equipment is running). In
this case, the overall failure probability value for a given equipment

or subsystem is calculated using the following equation (Ref. 2-3).
Py = Py qa+ (1 -Pgq) Py, (2-7,

where Py 4 = fajlure upon demand (unavailability),

Pg,r ¢ failure while running (unreliebility).

The calculation of component unavailsbility (Pg,d4) 1is ‘ofivenced
by several factors: (1) the frequency of periodic mainterance (PM);
(2) the use of different faillure dertection systems; and (3) the wvarlous

wethods used to monitor equipment operation.

For the «nelysis presented “n this report, two options were consid-
ered in the calculation of compone=t unavailability. The firs: option

is to cunsider the periodic maintenuncea of a ccmpcqent. Thus, vhen &
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component is periodically removed from service for preventative maince-
nance, the fajilure probability is dominsted by the maintenance interval
in eddition to the failure rate according to the following equationt

1 A6
Piroyg (1-eMywm— (2-3)

where A = failure rate,

6 = maintenance interval,

The second option was to consider continuocus component surveillance
which decreases the failure probability by announcing component failure
to the operators concurrent with failure {nitiation. The repair time
required to restore the component becomes an i{mportant factor &s shown

in the fellowing equation:

Py = e (1 - e Owiel (2-4)

where V = 1/T mean repair rate (per h),
T = repair time (h),

t = time interval of interest (h).

In Eq. 2-4 the failure probabllity approaches AT as the time interval
increases and AT is small (1i.e., AT {C 1).

In most of the component failures identified in the fault tree
models, the first cption is used end s monthly maintenance interval is
assumed (i.e., intervel of 528 h) for the equipment. This is a conser-
vative approach in deriving the faflure probability. If s wore frequent
maintenance policy is sdopted or 4f experience shows that the component
restoration time is much less than the msintenance interval, the failure
probebility will decrease. However, in view of the nature of the fault

tree models, this approach seems justified because the failure contribu-

tion of a particuler component is not negated by assuming an unnecesaar-

ily low failure probability,
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2.4. HUMAN FACTORS

The treatme-t of {iptersystem aand intercomponent equipment depen-
dencies is discussed sbove, including how the dependencies are taken

into account by the logic models. This section describes another kind

'((1141-

of dependence--that involving human interaction.

‘l

To the axtent 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 msthods

described above pertain directly or indirectly to human interactions.

The dfiscussior iz restrictod here to human interactions i{in the operation

IS ol o AW Y

and meintenance processes.

AEVEN

The procedure for analysis of intersystem and intercomponent depen-

« -
- N

dencies csuasd by humsn interactions was to include human errors of

omisaion and cocmmission explicitly in the event tree/fault tres models

and to use the human reliability methods of Swain (Ref. 2-4) to imple- Tl
ment quantification. A starting point for the jfdentification of epe-

cific errors is the anslysis of operation and maintenance procedures if

A T S T Rl DO

they have been defined for the event sequence being investigated. This

is especislly i{importent if operator ection is required to effect actua-

I |
PO

tion of a system or & collection of syetems. Consideration needs to be

given to possible incorrect judgments as to the plant state and suhse-

q.‘u P .'.

quent implementation of tha wrong proceduzes. Once these acts arm iden-

I i 2 Wi Wk

tified and modeled, the problam of determining contribution to risk by

operstor sctions is reduced to asaigning the correct human erzror rate

gy T

values. oA
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2.5. RELEASE CRARACTERIZATION :

<
L4
:. .Y
s

The risk associsted with each accident ecenario requires not only 3
the quantificaticn of the frequency of that scenario but a charecterisa-
tion of the agent relesse as well. This characterisation involves the
type and amount of agent relessed, plue the mode and duration of the

release.

At any given time, there ie at lesst one containment barrier seps- |
tating the agent from the surrounding environment. Thus failute or loos
of integrity of thie barrier wmust occur for agent to be relessed to the Y\

environoent.

In genaral, the accident scenarios of intetest ars those scenerios ,

in which the agent 1o initially inside the munition. There are eaeen-

PR

tially three types of sgent relesse tov the environment:

‘”7' 1. Evaporation from a 14iquid epill.
IS 2. Relesnes resulting from detonations.

3.  Relasses resulting from f{res.

RN L E
i

Various combinstions of these relesses appesr in many of the scenasice.
In addiction, depending on the location of these events (e.g., {ndoors
versus outdoor epille), the avaporation ratee governing these relesses

mAy vaty somevhst. .

The approach taken fo1 aseeseing the smount, (ype, and durstio:n of ;
agent relesse 1o based on dete.miniotic mndeles which etem f1om previous
derdliturisation safety studies descrihed {n Bection 1.1, Thess mndels
are based largely on data but aleo enginesring judgment. They ase
dencgibed {n Section 10.1.

Elsments of the mudel fr1.-lude norreletions for evaporation releses,

based on the D2PC computer progtam. In many cnses, the D2PC cumpute:n

,
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program was used directly to calculate evaporative relesses. Other ele-

G TS TR

P

]
vy

sente include the fraction of burning agert which is relesased as vapor

and the fraction of a detonating munition inventory which is released as
vapor. The wodel relies heavily on data and analysis of munitions fail-
ure thresholds, summarized in Appendix P, to determine the extent of

TR

sunition failures, including the potential for failure propagstion of

minitions. It is this area whe:s engineering judgment was needed to

supplement the data and snalyeie. Where judgmental factors entered in,

A N

they were routine)y made in & conservative manner to cover possible

N

uncertainties.

W
il 4

“(\f..l‘..{"fl-f.: o

EXA XA NS
. *-}5-/‘. '-"\ \‘.

2 Y

.

P90 NIRRT T

<,
1
~ .\|
2

4
-
Rl

~
L]
—
=~
)
-2 - -
IS
’\‘ 5{55

VASE
-

Pl

hY

Sy

R R R g RN SRR P IS AR g VAN AN N SRR AL AT ST g SIS AR L S0 O, SN SO, T S g (s




}.
<

2.6. UNCERTAINTY ANALYSIS

'-"C'J?
Estimates of failure probabilities derived from various data
sources are subjecz to uncertainties. Data scurces do aot always spe-
cify what failure modes are represented, what operating environment {is X j-
spplicable, or what is the total statistical population. In eome cases, Pty
failure dats may not be available for a spescific eveatj therefore, dats :H;‘
for events that occur under conditions that are similar to the cvents 9bf
under consideration are selected as representative. These consider- ?f;
ations result in uncertainties that are reflected in the range of pos- :;f}
sible numericel values for an event. i‘.
s
For events involving equipment failures, & lognormal distribution hﬁ~j
was assumed to define the uncertainty in the failure probability. The ?:j
lognormal distribution was explicitly used im Ref. 6-18 and other PRA =
studies of nuclear power plants because of its mathemstical behavior. fi?
For the analysis covered in this report, equipment failures and accident i%f
Y initiators that are either men-made or arise from natural causes are SS
ﬁ"‘ assumed to be lognormally distributed. ,.!7
N
In the snalysis of accident scenario probabilities, the STADIC-2 e
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 similation technique to genersate a pseudo- :~
random sample statistical distribution for s user-defined output func- :§§
tion. Each input varisble exhibits random, statisticsl varistions that E:F
are represented by a particular probability distribution (lognormal, A‘
normal, etc.). The statistical distribution for the output function E’
(and accident scenario probability in this case) is generated by com- hj
bining the distributions in accordance with the mathematical operations ';:;'-
’g[
N
B
e L]
pAY 7
2-15 Lot




specified by that function. This combining of distributions ie accom-
plished as follows:

1, Each Monte Carlo sample consists of selecting one pseudo-
rendom semple value for eech input variable from its corre-

sponding statistical diatribution.

2. The set of sample variable values are mathematically combined

to find the corresponding value of the function.

3. Sampling 4s continued in this manner until the desired samplsr

size is attained.

4. The results consist of the pseudo-randomly generated valuaes of

the output function.

Prcbabilistic date base uncertainties are the on'y uncn;tniu:ies
explicitly quantified in this analysis. Although data base uncertsin-
ties are impoztant, the accident frequency calculations are also senei-
tive to assumptions incorporated into the probsabilistic assessment.
Since the uncertainties in these assumptions sre extremsly difficult to
quuntify, conservative assumptions are consistently used in this risk

anslysis.

Figure 2-5 depicts the impact of this muthodology (identified as
Method 1 in the figure) on the accident frequency assessment results.
Essentially, this msthodology produces a conservetive, nominal frequency
estimate, and underestimates the size of the confidence bands. However,
the error associated with the confidence band estimate primarily results
in predicting a much higher velus for the lower confidence band than
actually exists (compare the results of Methods 1 and 3 in Pig. 2-5).
Bence, the uncertainty assessment methodology eamployed in this analysis
overestimates nominal accident frequencies and the confidence in the

predicted frequency.
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No quantitative uncertainty analysis is performed for the agent ;;ji;

Yol Y,

relesse calculationa, dus to the complexity involved in such an assess- ‘als
!

ment. Instead, conservetive releasss are calculated.
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3. CONTINUED STORAGE DESCRIPTION OVERVIEW

Chemical munitions are currently stored at eaight CONUS sites
(Fig. 1-1). A description of the CONUS sites, including local maps, is
given in Appendix D. Section 3.2 providea a summary description of the

minitions.

A detailed discussion of the long-term storage and hendling oper-
ations associated with the continued storage opticn is presented in
Appendix G. Section 3.1 provides a summary of these activities as they

relate to the risk study.

3.1. CONTINUED STORAGE ACTIVITIES AND RISKS

The major activities for the continued storsge option involve long-
term storage as well as handling activities associated with surveillance

and maintenance. They ars discussed in the following paragraphs.

3.1.1. Storage

During storage, the only planned activities are monitoring for
leakage, surveillisnce maintenance and repair ¢ — nitions in the stock-
pile. Internal avents 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, auch as
fire, tornado, aircraft or meteorite crash, e«arthquake flood, and

lightning.
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Basically, the risks associated with handling operstions stem from
accidants caused by equipment failures or human error. The types of
sccidents are: vehicle collisions, forklift tine punctures, and drops
of munitions. The m:nitions effected may be single, in bare pallets, or
in a container. The locations of the agent release may be indoors, or
in the open (outdoors). Externally csused handling accidents were not
considered in this analysis because of the short time spans for actual

outdoor hendling operations.
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
Fig. 1-1. As indicated the inventory of munitions end bulk sgent in
storage differs greatly from site to sita. Datailed 1n£ormagion on the
precise numbers of chemical agent munitions at esch site ie classified :J!:
except for the information on M55 rockets. All of the chemical muni- o
tions in storage are at least 18 yr old (production of new chemical
munitions was stopped {n 1968), and some are more than 40 yr old.
_ The munitions stockpile consists of 11 different munition types.
A detailed description of esch munition type, including a discussion of
their thresholds, is presented {n 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
equipped with fuzes and bursters which contain explosives. Propellant
is also built into the motor of the rocket. The rocket casing i» made

of aluminum. Some of the rockets have & leskage problem.
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The rockets are individvally packaged in fiberglass shipping tubes

SN

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

wooded pallet.
3.2.2. Lsnd Mines Y

Mines contain VX and explosive charges. The mines are packaged
thrce to a steel drum. Mine activators and fuzes are packaged sepa-
rately in the same drum. Twelve drums of mines are contained on &
wooden pallet.

3.2.3. Projectiles and Mortars o3

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

[

tard, 155-mm projectilas with GB, VX, or mustard, 8-in. projectiles with
GB or VX, and 4.2-in. mortar projectiles with mustard. Some 103-mm pro-
jectiles are stored as complete rounds containing fuze, burster with

explosive, cartridge case end propellant, while others ars stored with-

R TR Fora i

out bursters, fuzea and propellant. Mortars are stored with fuzes, bur-

SN

sters, and propellants. Projectiles (155-mm and 8-i{n.) ere aleso stored
with ané without bursters. For this study, it was assumed that fuzes

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

AR
.

cartridges.

The 105-mm projectilee sre packed 24-projectilss to a paller, and

the 4.2-1in. mortar projectiles are packed 48-projectiles to a pallet. y

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

on a wooden pallet, respectively.
3.2.4., Bombs

There are three typss of bombs, all containing GB agent. These
are the MC-i, & 756-1b bomb, the MK-94, a 500-1b bomb, and the MI-116
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("weteye”), a 525-1b bomb. The 525-1b bomb is designed to release an cﬁvf

N,
serocsol spray of agent on detonation. The bombs ere atored without N
explosives. The MC-1 bombs are packaged two to a wwoden pallet and the
others in individual metsl shipping contsiners.
3.2.5. Sprey Tanks
Spray tanks contain VX agent. They are designed for releasing
chemical agent from slow-traveling, low-flying airzcreft. The spray
tanks are stored in a metal overpack container.
3.2.6. Bulk Agent
All three types of agent are stored in bulk as liquid in standard
oue-ton steel containers (called ton containers). 7Ton containers are %ﬂ
not palletized. f:
“
23
Ton containers are the only items stored at the Aberdeen Proving ‘e "
Ground (APG) and Newport Army Ammunition Plant (NAAP). The ton con- T ii

tainers at APG contsin mustard (HD), while NAAP has VX-filled ton con-
tainers. The Anniston Army Depot (ANAD) has filled ton containers.
Pine Bluff Arsensl (PBA) has mustard-filled ton containers. Tooele Army

S %

N L et
CRFCRKCILN

[V oI

oels

Depot (TEAD) hes all types of bulk agent in storage. Umatilla Depot
Activity (UMDA) has mustard-filled ton containers.
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4. INITIATING EVENTS

This section describes the approaches used to identify snd sele::
iri{tiating events and to assess or present their occurren~e frequencies
As described in Section 2, Initlating evenis are single occurrences or
indiv{dual malfunctions that either directly cause the release of chem’-
csl agents or start & oequence of avents taat could lead to a release.
They are classified as externsl events when caured by natural plienovmens
(e.g., earthquakes) or man-made interferences (e.g., afrcraft crashes)
from outside the demilitarization cycle. They are clacsified es inter-
nal even%s when caused by human error or eqiipment failure within the
demilitarizarion process. Section 4.1 describes the lcgic used for
selection of the initiating events. Section 4.2 discusses the geueric
considerstions {in specifying the initlsating svent frequency units (4.:=.,
per unit time or per operation). The spplication of the generic fre-
quency sstimates to specific accident scenarios and locations is dis-
cussed 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 ldentifying potential
initiating events, screening out those which (based on conservitive
scoping) should not affect the overall zisk and selecting those events

warranting further anelysis. The approach consisted of:

1. Developing a master logic diagram (MLD), a logic tool described
in the PRA Procedures Guide (Ref. 4-1) for systematically
examining potentia) modes of release, pathways for releise.
barriers egainst relesse, and mitigating safety functions

together with roo. cava:- (initiators) of release.
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2. Cross-referencing results from item 1 with a list of accident \i\ )
scenarios from safety-related studiec on the chemical weapons
disposal program, compiled by MITRE Corporation in Refs. 4-2
and 4-3.

3. Applying previous munitions risk study experience in Refs. 4-4
through 4-12 (the results of these atudies are described
in Section 1.1).

4. 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 (telow 10-10 per year) were eliminated from
further analysis, and (2) those with low consequences (amount of agent
release below 0.3 1b for GB, 14 1b for H or 0.4 1b for VX) were also
screenad. Events with frequencies below the cutoff have little meaning
from & practical standpoint since the expected times détwean events 1s i ' ff“
measured on & cosmic scale :zather than on & scale of human history. The
consequence criteria pertains to the minimum release levels that would
produce acute human fatalities 0.5 km from the incident, based on envi-

ronmental impact calculations performed by MITRE (Refs. 4-2 and 4-3).

For bookkeeping purposes, a coding system is used in this report
to identify, organizc and refer to accident sequences. Not all accident
seqiences 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 snalysis retain their
coding but may not be in the final lists of results. However,

Appendix A contains a record of all encoded sequences.

Table 4-1 shows the coding scheme followed for identification

of accident sequences. The coding system is based on that used ir

4-2 ¢

"..' "J'

NN AT R A e T S A A .'-("J"'.'\.{".’.(\ WAL A S T S A el
A A oyt h O il b o0 & Yy W R L L A Al J Ve WY b W 2ag A

3




TABLE 4-1
ACCIDENT SEQUENCE CODING SCHEME

The Accident Scenario Identification is an 8-Character Code

for the FPorm:

IXYZWnnn as Defined Below.

N, S - P e e g

Activicy (XX) Munition Type (T} Agen: " ~n (2)
SL: Storage, long temm R: Rockets V: WX
SH: Storage, handling D: Mortars
for surveillence C: Cartridges G: GB
and maintenance P: Projectiles H: HD/BT/H
M: Mines A: All to which a
B: Bombs munition cate-
K: Ton containers gory applies
S: Spray tanks
A: All

Release Mode (W)

Sequence No. (nnn)

S: Spill or leak

001, 002, 003, ...... 999

C: Complex (e.g., detonation with fire)

F: Fire only

(28)For air transport, AA is for C-5 and AB is for C-141 aircraft.
For ship transport, BI covers barge events; LI, LC, and LS are for

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

respectively.
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‘ Preine
Refs. 4-2 and 4-3. The first two letters identify the demilitarization
phase (SL for storage, long term, SH for apogiul h&ndlihu activities).
The first two letters together with the so(uonco number at the end
uniqucly identify an accident 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 4-3. FYollowing the PRA Procedures Guide
(Ref. 4-1), the top level logic (Fig. 4-1, level 1) pertains to the
‘public impact, in this case, fatalities due to exposure to chemical
‘releases throughout the long-term storage.

Figure 4-2 shows MLD level 2 (release mode o} pathway) and subse-
quent levels (barriers to release, safety functions mitijationlfailuga
and, finally, event initiators) for 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.

Subsequent levels are developed considering the types of disruptive
events that can occur, taking into account information on the potential
failure modes of the munitions (puncture, detonation, fire, etc.), given
that the avent occurs. For 1llustra;10n, 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 modes of release: 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

4-4
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, TABLE 4-2
INITIATING EVENT FAMILIES FOR STORAGE
INTERNAL EVENTS
E 1. Muniticn drop
a. During leaker isclation
I L. Due to pallet degradation
X 2. Forklift tine puncture during leaker {solation
3. Leak bLetwean inspections
EXTERNAL EVENTS(®)
1. Fires due to!
.. Spuntaneous ignition of & rocket
b. Flemnsble materisls in an 1gloo or warehouss a"'
c. L¥G ingrese into sn 1gloo or warehouse g
d. Flammable liquids near a warehouse at NAAP v R
v
2. Meteorite strikes an igloo or warehouse -
3. Tornado collapses a building or gensrates & wissile i
4. Alrcraft crash due to: .
¢
a. Small aircraft (direct) Y
b. Large aircreaft (direct) v
c. Large aitcraft (indirect) g‘
S. Earthquake o
s
6. Lightning etrikes outdoor sto:age ﬁ'
(8)Noter Extarnal ini{tiators, floods, and fi{ras are shuwn in !ﬂ
Section 5 to be low risk contributors. '
2
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o regardlesy of vhether hancling operations are in progress. The sud-

' sequert level {nf{tiating events consider the location where the event
occure, eince different barvriers for release are involved (eo.g., if the X
avent occurs fndoory or 4n an open ares). Fssentially, there are 18
(3 x 3 n 2 mstrixn) hendling a.cident comhinations. These sre related :
to the number of munir.funs involved (e ningle wunition, pallet, or con-

tairer)j the ralasse machaniss (droy, forklift collision, or forklifc

tine punciutre;| ané whether tha releass occurs inaide or ovutdoors. 3

Tabls 4-) autmusrizes the fawilles ot handling inftieting avants selected

fur anslyatis,




TABLE 4-3
INITIATING EVENT FAMILIES FOR HANDLING

l. Number of munitions involved

a. Bare munition
b. Pallet
¢. Container

2. Agent release mechanism
a. Drop

b. Forklift tine puncture

3. Releane location

a. Inside a storage area or maintenance facility
b. Outdoors
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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 4-4 summarizes the
results for occurrences at each of the eight CONUS gsites. The bases for

these results are discussed in the following subsections.

4.2.1.1. Earthquakes. The frequency at which a msjor earthquake occurs
at a specific site varies significantly throughout the United States.

In an attempt to quantify the seismic risk sssociated with a particular
site, the Seismology Committee of the Structural Engineers Association
of California (SEAOC) has divided the United States into five seismic
zones. Maps of these seismic zones are presented in the Uniform Build-
ing Code (Ref. 4-13) and in Army TM 5-809-10 (Ref. 4-14). Figure 4-4
presents the seismic zone map from TH 5-809-10, and Table 4-5 presents
the seismic zones indicated for esch of the storage sites. The proba-

bilicy of seismic damage in each of the zones is defined in Ref. 4-13 as

follows:
Zone O - None Zone 3 - Major
Zonie 1 - Minor Zone 4 - Great

Zone 2 - Moderate

The determinstion of a seismic zone on 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
cf each of the storage gites. The magnitudes of the earthquakes are
expressed as Modified Mercalli Intensities (MMI). Table 4-5 presents a
summary of the maximum earthquake occurring in the vicinity of each of
the storage sites. The maximum earthquake recorded at any of the eight

storage sites is en MMI VIII.
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TABLE 4-5
MAXIMUM MODIFIED MERCALLI INTENSITIES (MMI) IN THE VICINITY OF EACH SITE

Seismic MM No. of
Site , Zone Intensity 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 VII 1
Anniston Army Depot (ANAD) 2 Vil 1
Newport Army Ammunition Plant (NAAP) 2 VIiI 1
Lexington-Blue Grass Army Depot (LBAD) 2 VI 1
Tooele Army Depot (TEAD) K] vIII 2
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Currently the Applied Technology Council, which is associated
with the SEAOC, is developing new seismic regulations for buildings
(Ref. 4-15). When this work is completed, it is expected to be the
basis for future federal, state, and local building codes. Part of this
vork was the development of a seismic risk map that divides the United
States into seven seismic map sreas similar to the five seismic zones
used in Refs. 4-13 and 4-14. The seismic risk is epproximately constant

throughout & seilsmic map area.

Figure 4-5 (from Ref. 4-15) presents a set of curves that can be
used to estimate the probabilities 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 4-6 identifies the seismic map areas for each of the CONUS
sites and tabulates the annual frequencies of earthquakes of verious
g-levels being exceeded at the storage sites. The data in Table 4-6
were obtained from Fig. 4-5. Straight-line, logarithmic extrapolation
was used to extrapolate to accelerations beyond the curves gshovn in
Fig. 4-5. This method of extrapolation is believed to produce conserva-

tive 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. 4-16).

Tne discussion which follows is largely based on the referenced national

standard.

4.2.1.2.1. Tornadoes. A tornado is a violently rotating column of

ajr whose circulation reaches the ground. The velocity of tornadic
winds car exceed 300 mph. The path of a tornado can be more than 2 mile
in width, bu: generally ranges from 0.125 to 0.75-mile wide. The path
widrh s defined as the tornado diameter corresponding to a 75 mph wind

volocity. The path of a tornado is seldom more than 10 miles long,
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ANNUAL FREQUENCY

ESTIMATED PEAK ACCELERATION (gs)

0.1
\
\\ \
o b \\\ \ _
MAP AREA —= 2 -
0.001 - \\\ =
\ s \ \ il
\\ \ -
\
0.0001 |~ \ (N
\ \
\ \
* 0.00001 1 l l L L
001 002 005 0.0 0.20 0.59  1.00

0.7

61.0

90.0
95.0

9.2
99.5

PROBABILITY THAT THE ACCELERATION
ISNOT EXCEEDED IN 50 YEARS (%)

Fig. 4-5. Annual frequency of exceeding various effective peak

accelerations for selected map areas defined by the

Applied Technology Council (Ref. 4-15)



although extreme cases are on record where the storm path axtended 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 4-16 presents three regionalized maps of tor-
nadic wind speeds corresponding to return frequencies of 1 x 107, 1 x
106y gnd 1 x 10~5 per year. These maps (Figs. 4-6 through 4-8) are oo
expected to bound the tornado intensity probabilities at the various
sites (Rcf. 4-16). A tabulation of maximum tornado wind speed and
occurrence frequency for each of the storage sites based on these
figuth is presented in Table 4-7.

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 ares and from nearby structural debris. The selection of

iorncdo-gnnorutcd missiles is dependent on the intensity of the tornado,
the number of potential missiles present, their position relative to the

tornado path, and the physical properties of the missiles. Reference
4-17 presents a spectrum of actusl wind-generated missiles. Character-
istics of these missiles are listed in Table 4-8, and expected windborne
missile velocities are listed in Table 4-9.

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

tion of extreme wind speed (other than tornado) including hurricane

winds is the method suggested by Science Applications International

Corporation (SAIC) (Ref. 4-12) using a basic wind speed as defined in

Ref. 4-16. A frequency of occurrence of 0.02 per year is associated

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. Lack- -
ing site-specific meteorological dats, it is assumed that the basic wind

speed is applicable to the other sites as well.

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

4-18
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2R,
TABLE 4-7
TORNADO WIND SPEEDS AND PROBABILITY OF RECURRENCE
FOR CHEMICAL BTORAGE SITES
Probability of Occurrence Per Year
(Wind Speed (mph))
Size 1x 1073 1x10°¢ 1 x10°7
ANAD (Annfiston, Ala.) 200 260 320
LBAD (Lexington, Ky.) 200 260 30
UMDA (Umatilla, Oreg.) 100 140 180
PBA (Pine Bluff, Ark.) 200 260 320
TEAD (Tocals, Utah) 100 140 180
PUDA (Puedblo, Colo.) 150 200 230
NAAP (Newport, Ind.) 200 260 320
APG (Abacdeen, Md.) 150 200 250 ,:
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TAMLE 4-B

WIND-GENLVATED MIBOILE PARAMETERS(2)

Projected Crven-Bectiona:
Welght Ares Araes
Hiveiie (1v) (1L (1L7)
Timber plank 19 11,50 0.29
A v, 12 i »
N 4
Join, -dlan 75.0 2.29 0.0158(V)
standerd otesi
pipe 5 10 f1o
ULil ity pole 1490 3.4 0.9
13-"‘“-"[.& L]
35 A
Autuvmubile €090 100.0 30.0

L R Y e e

(8)bourcer Beal., 4-1/,

(V)value given Le metal ares, In penetsation celculstions

the g1uep cruta-sectliunal atas miay Lo used,

« 1)

¥ R,

-

-

T s Ty



ARl  BEERI AN AL RLRAD o Ny RN AR & e W

At m A w

-~

‘e W™

hJ

..
NN

N\ -
- -

i KSR

aleta n a

W

=~ " -
. -

TABLE 4-9
WINDBOFWNYE NISSILE VELOCITIES(®)

Hocdzentel Missile Valocity(®) (mph) Y.aximum
- == Height

Dauign Wind Speed 100 150 209 280 300 350 (fe)
Timbar plenk 60 72 90 100 125 175 200
dedn o -diam 40 50 €65 63 110 140 100
eianiderd pipe

Utility pole (c) {c) {c) 8¢ 100 130 39
hutomobi{le (¢) (c) {¢) 25 45 70 30

Py s ——  — — -

(8)Sourcar Ref. 4-17.

(B)Vartical velocit{ies are taken as two-thirds the horizontal
miseile velocity, Horizontal and verzicel velocities should not be
combined vactorially.

(c¢)eitnatle will not be picked up or misteined Ly the wind; howsever,
for thie analysis, any initial miesile veloucity of 80 mph or less was
avei ned o wind velocity ¢f 250 wph.
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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 scele of log probability versus wind strength. The results are
shown in Figs. 4-9 through 4-11 for the three tornado regions of the
United Stutes us given in Ref. 4-16. A conservative approach to inter-
polating between the available date points is the dilinear approximation
shovn by the polid lines in the figures. With these figures, the proba-
bilicy of & given wind velocity occurring at any of the chemical storage

sites can be estimated.

4.2.1.3, Mdrcraf:r Operations. Much of the data in this section were

teken from the SAIC report (Ref. 4-12) and NUREG-0800 (Ref. 4-18).

There are three major concerns in assessing potential hazards due

to mircraft operations:

ximity cf eglrcraft operations 2o munitiony arees.
2. The frequency of aircraft flights.

3. The characte:’stics of the aircrafr traffic.

The proximity of aircraft operations to munitions activities is an
important consideration in that approximately 50 of aircratt accidents
that result in fatalitie. or destroy aircraft occur within 5 miles of
airports (Ref. 4-12), Also, the close proximity of flight paths to
munitions sctivities in reases tle likelihood of these areas receiving
falling debris f:~m eirzreaft accidents. The frequency of flight activ-
ity increases “he poss‘bility of damage tc mmnitions by increasing the

overall '(kelihvcd of an aircraft sccident.
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ﬁ;}? Per the recommendations of NUREG-0800 (Ref. 4-18), the probability
of an aircraft crash can be considered small if the distance to the site
meets the following requirements:
1., The site-to-airport distence (D) is between 5 and 10 statute
miles, and the projected annual number of flight operations is
less than 500 D2, or the site-to-ajirport distance is greater
' than 10 statute miles, and the projected annual number of
E operations is less than 1000 D2,
: 2. The site is at least 5 statute miles from the edge of military
; training routes, including low-level training routes, except
g those associsted with a usage greater thean 1000 flights per
[} year, or where activities may create an unusual stress
situation.
) 3. The site is st least 2 statute miles beyond the nearest edge of
E ‘r’ & federal airway, holding pattern, or approach pattern. -i
: 0 N
0 The chearacteristics of an saircraft, such as its weight, number of H
- ~
- engines, etc., are important in determining the energy of potential mis- H
o ‘ a
I siles generated in an aircrafr accident, and depending on the structure :
j they hit, the magnitude of the damage they may cause. ::
- E
-~ ”
Z The frequency of an aircraft crashing while in an airway can be :
e o
! computed as follows (Ref. 4-18): ‘
-
é' where C = inflight crash rate per mile for aircraft using airway, :
b ?
;J W = width of airway (plus twice the distance from the airway edge Rl
. to the site when the site i{s outside the airway) in miles, 2
;[ A = effective area of facility in square miles, .
. [
Py N = number of flights per year along the airway. M
LYy S
ny? -
. \
\
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For commercial aircraft, a value for C of 1 x 10-10 has been used
(Ref. 4-12). For military aircraft, C {as estimated to be five times
the value for commercial flights (Ref. 4-12). For general avietion,

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

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

or heliport can be computed as follows (Ref. 4-18):

L M
Pa= D, D Cydyy Ay (4-2)

t=1 §=1

where L = num“er ct £flight trajectories affecting che target,
M = number of different flights using the airpore,

Cj = probability per square mile of & crash per aircraft movement

for jtP aircrafe,

Njj = number per year of movements by the 4th gircrafe, “;’* =

Ay = effective target area in squcre miles for the jtl aircraft. :i:

The values for Cj which were used in the analysis are listed in ;r.
Table 4-10. The total crash probability is the sum of Ppp and P,. -
The Federel Aviation Administration (FAA) does not monitor the ESS
number of certein types of eircreft thet fly the high and low eltitude ;SH
airways. Consequently, the air traffic was estimated. Since air traf- f!}j
fic 18 not the same on all eirways, the airways are divided intoc five ;;hd
categories with regard to air traffic: very low, low, medium, high, and ?{iw
very high. Table 4-1]1 presents esctimates of the air traffic on each of if:i
these airways. Each airway was assigned to one of these categeries :?Ej
based on the traffic expected between the cities that the airway con- :iiﬁ
nects. If there are no low altitude sirways near a site, it is assumed %;;2
that the air traffic over the aite 1s at least equal to that for a very :’2
low air traffic airuvay. e Dy
OOy
4-30 :2:2
P
- ,,;

% 'J_‘-'_'J:f".(:."_:-'_:I.'.' G




7--:{-
’:-:::f'
TABLE 4-10
AIRCRAFT CRASH PROBABILITIES NEAR AIRPORTS
Probability (x 108) of a Fatal Crash per Square
Distance From Mile per Alrcraft Movement
End of Runway Commercisl General Aviation Military Helicopters
0-1 16.7 84 7.0 168
2-3 0.96 6.2 0.72 12
3“4 0-68 308 0037 7-6
4-5 0.27 1.2 0.39 2.4
5-6 0.14 0.70 0.14 1.4
6’7 001‘0 0070 0'14 1.‘0
‘ ~ 7-8 0.14 _ 0.7¢0 0.14 1.4
e 8-9 0.14 0.70 0.14 1.4
b ’-‘~
; ’ 9-10 0.12 0.60 0.12 1.2
)
/
3
|
]
;
'
»
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TABLE 4-11
ASSUMED DISTRIBUTION OF AIR TRAFFIC(s)

Very Very
Alrcraft 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 5,000 10,000

E Large general aviation 500 - 1,000 2,500 5,000 10,000 )
] o
; Total 2,000 4,000 10,000 20,000 40,000 o
’ -
X Low Altitude Airways -
| :
: Large comuercial 400 800 2,000 4,000 8,000 . R
| Large military 240 480 1,200 2,400 4,800 . . r
i \"‘"u ...\
' Large genersl aviation 400 800 2,000 4,000 8,000

PRI I

' Small general aviation 6,960 13,920 34,800 69,600 139,200

b“

Total 8,000 16,000 40,000 80,000 160,000

Y

(8)Flights per year.

(®)The number of small commercial and small military flights is
assumed to be small compared to other types of flights.
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f::g? Appendix C presents tables which summarize the input data that were
used to calculate the annual frequencies of both small and large air-
craft crashes at each of the eight sites. The fruequencies were computed
using the equations given above. The annual frequencies for all the
sites and for large and small sircraft and helicopters are summarized in
) Table 4-12.
A major source of air crashes is the proximity of airports and
heliports. This is of particular concern at APG, PBA, and PUDA. The f
air traffic for the APG analysis was supplied by PEO-PM Cml Demil il
(Ref. 4-19), The belicopter air traffic at PBA was estimated by SAIC Eg
(Ref. 4-12), The eir traffic at PUDA was based on data collected at o\
Pueblo Memorial Airport and communicated to GA by telephone. The heli- ?3
copter traffic at TEAD is light and was s2esumed to be 15 flights per :*
month. jﬂ
R
. The annual frequency of a crash intc a specific facility is com- ;ﬁ
[ “;{, puted by muleiplying the sppropriste frequency taken from Table 4-12 by it
E , the effective target area of the facility (see Appendix C). E?
E 3
. 4.2.1.4, Meteorites. The frequency of meteorite strikes for meteorites ib
! 1.0 1b or greater is 4.3 x 10-13/£t2 (Ref. 4-20). For small ‘:2teorites
: (a ton or less), stone meteorites are approximately ten times nmore i:
E common than iron meteorites (Ref. 4-21). However, iron meteorites are :3
X more dense and tend to have higher impact velocities, and consequently, :j
! represent a significant portion of the total meteorites that can rupture ;.
munitions. Table 4-13 shows the size distribution of striking meteor- %:
E ites for both iron and stone meteorites. The table vuo-compilad from 2:
! the data presented in Refs. 4-20 and 4-21. _i
P 1
7
: ;
S0 2
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v
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TABLE 4-12
SUMMARY CF AIRCRAFT CRASH PROBABILITIES
(Crashes/Square-Mile/Year)

':’fl‘:lfn“;'-‘ .:- &'

SRR
A _&

s 7

Site

Large
Aircraft

Small
Alrcraft

Helicopters

LBAD

PBA
PUDA

UMDA

5.3
7.9
4.5
4.6
1.5
5.9
3.6
1.5

MM X M X M M M

10-7
10-6
10-6
10-6
10-6
10-3
10-7
103

1.1 x 10-3

1.2
1.8
2.3
1.8
1.0
3.5
1.2

x

L IO TS TR N B

10-3
10-7
10-3
1¢c-7
10-4
10-6
10-3

6.7 x 10-3
N/A
N/A
N/A

1.1 x 10-4
N/A

1.1 x 10-5
N/A
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TABLE 4-13
SIZE DISTRIBUTION OF METEORITES WHICH ARE ONE POUND OR LARGER(®)

Weight
Greater
Than Stone Iron All
(;b) Meteorites(bP) Meteorites(b) Meteorites(b)
0.9 0.1 1.0
2 0.3 3 x 10-2 0.3
20 0.1 1 x 10°2 0.1
200 3 x 10-2 3 x 10-3 3 x 10-2
2,000 2 x 10-3 2 x 10°4 2 x 10-3
20,000 3 x 10-4 3 x 10°° 3 x 104

(8)Data compiled from Refs. 4-9 and 4-10.

QE’7 (b)Fraction of total number of meteorites 1.0 1b or greater.
N
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4.2.2. Internal FEvents Yo

Table 4-14 summarizes the internal initiating events for the con-
tinued storage option. Also summarized in the table are the event
occurrence frequencies. The bases for these frequencies are discussed

in Secticon 5 and are not repeated here.
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.
Qﬁﬁg TABLE 4-16
Ay LIST OF INTERNAL INITIATING EVENTS AND FREQUENCIES

»

Frequency
Clothing Level
. Event A C F
STORAGE/HANDLING EVENTS (per operation)
1. Munition drop from CHE (bulk 3 x 10°3 1.5 x 10-6 3 x 10-6
containers)
2. Munition drop from forklife 3 x 10-4 1.5 x 107> 3 x 10°3
(pallets or ST in overpacks)
3. Munition drop from hand 6 x 104 3 x 10°%4 6 x 10-3
(single units)
4, Forklift tine uccident 1 x 10-4 5 x 105 1 x 10°3
5. Forklift or CHE collision 4.3 x 106 4.3 x 10-6 4.3 x 10°€
6. Leak between inspections Munition dependent
“.‘. (stored pallets)
L
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5. SCENARIO LOGIC MODELS FOR STORAGE
5.1. SEQUENCE LIST AND EVENT TREES

The accident scenarios involving the interim stcrage of chemical

minitions were categorized as follows:

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

craft crashes, etc.).
2. Releases due to leakage of munitions while in storage.

3. Releeses from accidents that could occur during the isolation

of leaking munitions while in storage.

e 4, Releases from accidents related to the handling of munitions

during maintenance and surveillance.

'Fot the first category (i.e., external events), the selection pro-
cess described in Section 4.! identified six initiating event families.
These are discussed in Section 5.2. For the other categories (i.e.,
internal initiating events), there is one initiating event family for
each category. A total of nine initiating event families resulted, as
l{sted in Table 4-2. For each family, there were one or more specific
sequences which were analyzed. Table 5-1 presents the list of sccident
sequences identified ad evaluated for the continued storage option.
Table 5-2 lists the scquences screened and gives the basis for the

screening.

The event tree models are shown in Figs. 5-1 through 5-5. They
will be discussed in the following sections by initiating event




TABLE 5-1
MASTER LIST OF STORAG: ACCIDENTS

Event ID

Deacription

SL1

SL14

SL15

Munition develops a lesk between inspections.

Munition punctured by forklift tinse during lesker-handling
activities.

Spontsneous ignition of rocket during storage.(a)

Large aircraft direct crash onto storage ares; fire not con-
tained in 30 min. (Note: Assume detonstion occurs if burst-
ered munitions hit; fire involving burstered munitions not
contained at all.)

Large sircraft indirect crash onto etorage area; fire not con-
teained in 30 min. (See note in SL4.)

Tornsdo-generated missiles strike the storage magazine, ware-
house, or open storage ares; munitions breached (no detona-
tion).

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

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

Munition dropped during leaker isolation operation; munition
punctured.

Storage igloo or warehouse fire from internal sources.(8)
Munitions are dropped due to pallet degraderion.(s)
Liquefied propane gas (LPG) infiltrates igloo/building.(‘)

Flaomsble liquids stored in neardby feciliities explode; fire
propagates to munition warehouse (applies to NAAP).(8)

Tornado-induced building collapse leads to breaching/
detonation of munitions,(®)

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

(8)Screened out for the reasons stated in Table 5-2.
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QEFQ: TAZLE 5-1 (Continued)
Wb
Event ID Description
SL16 Large aircraft direct crash; no fire; detonation (if durst-
ered).
) SL17 Large aircraft direct crash; fire contained within 30 min
(applies to nonburstered munitions only).
SL18 Small aircraft direct crask onto warehouss or open storage
yerd; nc fire.
SL19 Small aircraft direct crash onto warehouse or open storage
yard; fire contained in 30 min.
SL20 Large sircraft indirect crash onto storage ares; no fire.
SL21 Large aircraft indirect crash onto storage srea; fire con-
tained in 30 min.
SL22 Severe earthquake leads to munition detonation.
SL23 Tornado-generated missiles strike the storage igloc and leads
- to munition detonation.
9
- SL24 Lightning etrikes ton containers stored cutdoors.
SL25 Munition dropped during leaker isolation; munition detonates.
SL261 Earthquake occurs; NAAP warehouse 1is intact; no ton containers
damaged; fire occurs.
SL262 Earthquake occurs; NAAP warehouse is Intact; ton container
damaged; no fire.
SL263 Earthquake occurs; NAAP warehouse is intact; ton containe:
damaged; fire occurs.
€L264 Earthquake occurs; NAA? warehouse is damuged; ton containers
damaged; no fire.
SL265 Earthquake occurs; NAAP warehouse is damaged; ton contsiners
damaged; fire occurs.
SL271 Earthquake occurs; TEAD warehouses intact; munitions ints-t;
fire occurs at one warehousa.
SL272 Earthquake occurs; TEAD warehouses intact; munitions intact;
fire occurs at two warehouses.
oy
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LAC A
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TABLE 5-1 (Continued) s
Event ID Description
SL273 Earthquake occurs; one TEAD warehouse is damaged; munitions
intact; fire occurs at one warahouss.
SL274 Earthquaka occursi one TEAD warehouse is damaged; munitions
intact; fire occurs at two warehouses.
SL275 Earthquake occurs; two TEAD warehouses damsged; munitions
intact; fire occurs at one warahouss.
SL276 Earthquake occurs; twe TEAD warehouses damaged; munitions
intact; fire occurs at two warehouses.
SL281 Earthquake occurs; UMDA warehouses intact; munitions intact;
fire occurs at one warehouse. '
SL282 Earthquake occurs; UMDA warehouses intact; munitions intact;
firea occurs at two warehouses.
§L283 Earthquake occurs; UMDA warehouses intact; munitions in one
warehouse damaged; no fire occurs. "
. ’-’-5_'
SL284 Earthquake occurs; UMDA warehouses intact; munitions in one ‘_'f,Q-;.;-
warehouse demaged; fire occurs at warehouse with damaged N
munitions.
sL285 Earthquake occurs; UMDA warehouses intact; munitions in one
warehouse damaged; fire occurs at warehouse with undamaged
munitions. .
SL286 Earthquake occurs; UMDA warehouses intact; minitions in one KR
warehouse dsmaged; fire occurs at two warehouses. ;\'
’ou
SL287 Earthquake occurs; UMDA warehouses intact; munitions in two .
warehouses damaged; no fire occurs. :.'-_1
\.':-
sL288 Earthquake occurs; UMDA warehouses jintact; munitions in two ,‘_:-"-‘
warehouses demaged; fire occurs at warehouse with damaged ',1
munitions. .’.-:i
sL289 Earthquake occurs; UMDA warehouses inta:r' munitions in two \’.,-3
warehouses damaged; fire occurs at two ' arehouses. i
'-‘F'J
SL2810 Earthquake occurs; one UMDA warehouse !‘wumaged; munjitions in ::'_"
one warehouse damaged; no fire occurs. ::.-;'
A, ET.
A !
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hof
5-4
L3
7‘|
::rt’_..
r\v'_{’._f:-;__ -‘-l\v“— \4_.- -‘\-,\".--' “-- . 15-\- \- ~u\-\ SN o \u\ PRSI RN AL N NI IR - \' R _:I::.




AN,
5 N,
ooy
Event ID
sL2811
SL2812
SL2813
SL2814
SL2815
SL2816
. SL2817
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TABLE 5-1 (Continued)

Dascription

Earthquake occurs; one UMDA warehouse damaged; munitions 4in
one warehouse damaged; fire occurs at warehouse with damaged

municions.

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

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

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

5-5

L |

"
w
.
LY
“~
%
by
(
4

<

LS

_:;

VNN NI T A ™

5SS

NT AT

AN




2]  -KIF[yov3 uogaonpoad XA I3wioy Y Yyiim
UOFIDUN[UOT U PIBN IIIM SUPI 6IY]L “JdVVN
39 w¥l® UOTSNTOXP Y3 IPIEINO EIJUFPIUOD
uo3 31ssIvau oYyl WC1J 33 06f L[{?vwixoidde
pP219007 9iv sTessea #3w1038 L31dwa [wivaeg

*(1-§ *39y) 3urpring

30 00137 Y3l PPFSUF UCTITIIUIDOUOD I[qEUEINYJ
ayeodap jouuewd (T8 000°CE) L101uaaur 21qw
-~-ATOOU0D 180839 Jo ®SER[Rl 03 ¥NPp PNOYD 947

*(1-¢ °3oy) sBujprinq #3wiols 10 soody
99930310 ey3 UJ @IFJ JO ®IIN0E OU S} sy}

*poowydaz 3aTTwd papwiBep ay3
puU¥ ‘pP3IDIII0D PUV PIFJFFIUIPF P3IV EIBNUD YY)
‘paAI9B8qO ST UOFIVIOTIISP FF pue ‘paaidedsuy
AT1vo¥poraed oiw suoajunm eyl °s1vak 310w

fuvm 303 of ujsmes o3 psidedxs viw puw UOFITP
-u0d pood Aiea uy ®iv sferole uy 3II[Tvd eyl

*uoF3IvZITIqPIsap ue[Tadoid jo 9suO
ay3 jo Sujuiea paousape Ipfacid o3 pamrojiad
Suyeq 91831 PIIVIITHIION OS[W 21w aiay] ‘olv

-1038 uj jusyiadoad sydwes 031 wei3oad Bugioly
-uow pedUNYUI uw BF 1YL ‘(BI-§ "II¥Y) *uwW}I

2WOs 30J 08 ®q O SNUFIUCD [[fA puv 2[quvie
s} auevpledoad sy3z 1wyl s3wdppuf Lpnie uIdIY

n Yy v r ¥y x P4

+(ATuo gyyN o1 sa11dde)
?snoyalvm uofIfunw o1 s33v3edoad aa73 topoydxe
#9FAF[FOv] Aqiwdou up pa101s epinby| eyquuame(y

*3ugpiIng
JooT3F 893wiI[FIUF (9d7) wed suwdoad pynbyq

*£201IN0S
{eu123u} woij 2173 Juppryng 30 00137 I¥ov103g

‘uojavpwidap syvd
03 enp pa3vwep pue paddolp 21v BUOFITUNK

29910318 Sujanp 193201 JO UO)IFusf snoauviuodg

LY N I e b AN TEHENSNY
v| AI\\vlrl\a.. ..5.!4?.'>DA-F\.’-J'J)’-\M¢- LY .(-f-? if-f !f\"\rh'b- 2L "S-

uojisujwE(3 103 8jsUg

uojadjiasaq

£El1s 'S
els v
o118 °¢
s e
t1s 1
aouanbag
JuapyoOyY

SISATVNV Q3TIV13C HOYd QILVNIWIIZ SIONINDIS INIAIIIY

-6 379Vl

54
ey

5-6

LR AL AL
—r*lfbf.‘




T AT T L T AT T A T TR AT TR AT T T AT T

WAL AL AR 0L 64 AR AL AR 0L LA LERSLALELLOANRE QL2

L4

N

R

LS

YR AL

LS

A.Mm- ill{

. . PPl AN 4 .
T T AL RAEREES AR

A

4

' AR/

a

%

)

K

3

()

p

*38F] 5,VH UT PAFITFIUIPF J0U I13quUnu 25UINDIS (y) mm

L

*(1-§ °3oy) suoFayunm ay3 o3 2Fswwp Isn¥D . 5
03 yaduaiae UIFOIIING JO JWI JO €I2IN0S uogIvuOoIIPp . ok
ou »13A 919yl PEPNIIUCY Lpnis Enofadild sened £303339 (dW3) asnd o}30uBeswo11d9[l (o) (1} &

;l, .

1

*(1-§ *Joy) ATTwIuapiooe “M

3030w 393201 v Bupajudy jo eyquded Yivds jo *2113 pU® UOFIPUOIIP 0 . .w
#2IN08 OU evA 819y} POIVIFPUT Lpnie SNOFAdA] spea] l030W 3I9)d01 jJO uojajusy dF3e3601329[(I (¥) 6 i
3

*(1-¢ *39y) pepeeox? 9q 20U [[IA ploysaiyl rm
(L

PINTFPF [VWISYI UOTIFUNW Y3 ‘usdo ewa 100p
oo[3F sy3 puv o018} syl epysano asn( sea 33§]
oyl JF usae 3wyl PIIEIFPU SFsATrUv enofaldld

5-7

suojijunu jjo 8198 puv ooldy
AL EL 98vi1018 3yl 03 gpuaids 91ITJ IPIYIA ¥V (e) -8

-s21n3dn1 1aujwiucd tpunoid ayi o2

‘g wa3} ew Jwes Wyl doip puv SI3UFEIUCD uo 33F7 spuim opwuiol {v) °{

*UOFIVU0IIP PU¥ UOFIFul}

(z-¢ *33¥) suofajunm IJTT 30U [Tia ydm 0%
(s -3ou) ; uojijunm 03 EPEI| doip uojpijunu peonpul-opeulo] () -9

19 SBpUTA OPFUIOT 1PYI PISIFPU SUOTIPINI[®)

W RO A e Ll Ao

-asnoyaien JyyN 243 3w paioas Fuyaq

219 guojajunm TFYA Aa1dwa upswal [TyA YUVl %
283Yy1 39yl 2InSUI 032 uotafsod s, Amzy Iyl s§ _d
uoyidyaosaq aduanbag ~
UoFIvuUFWE(3 10F sjeeq Toarrane M
_L
3
(panufiuo)) z-§ ITAVL ”
¥

S O




BARTRR Fe SY Y g N g KMy " e "2 200 2 v W . of oV LuT By VeWa "a " "ol A0 A AR - e S W o NW VP uRuFa " 80" X7 RAATS -0 W VL w0 »

12,70,

s

o)
P4
& SV I ETEE

2
4.
I" ’
™
ToRNADD | MUNITION DETONATION AGENT RELEASE
GENERATES i LOCATION : -
awsne | INTACT AVOIDED SEQUENCE -
| Y
YES 4
@ o @ e o @ wNO RELEASE (NR) -
18100 ves .
sLe . -
NO )
Eso sL23 b

Fig. S-1. Agent relesse indicaced by tornado-generated missiles

T

COTAYS -

1]
Lie
.‘H
o ¢ o 28 .
sssx\5j-:s

ANy

.
")

L 4

__-.,,
R 4 T Lol
’

-',.

e I N,
'-\"“

5-8

Lt LIRS B e 45 S S S e "".\' [ ,- aFn e AT WAl e -.r\' LIS P 'r,r.
() DA AL BPUA ANANWAY LAY VRV I R R R P AR Lo DAl A N o Tl Rl R MR S




TRl

(S

MPAETE S8 TSN, ™ o "8 TR N E™Lr o wvw o™ =, mw oo

'd
LS9 e
PN
ot
METEORITE LOCATION CONTAINMENT FIRE DETONATION AGENT RELEASE
STALKE INTACT - AVOIDED AVOIOED SEQUENCE
YES
16LOG/WAREHOUSE/ ves AL, F (SCREENED OUT)
OPEN YARD R N
NO F {SCREENED QUT)
YES
NO - SL8 (HONBURSTERED)
—~{no
SLO (BURSTERED}
L.
L.
Fig. 5-2. Meteorite-induced agent release
"
s,
AN
A
L4 ,‘I.
Z 5-9
IS
. “-
~
N Y e N e L N N L L T, 0 T SR R S S R VL)
AAAA..A_.A..L...L_



" YWENIGENSE RN - .

o A
A SeN
557 ey

suojyljunu
pa191s1nq Sujujeluod soo(3f 28vi03E 0jUO YsvId 1jwidafe dBavy °g-¢ ‘ITY

N e Tu el ) ~u
bl (V0 @

Ly,

1%
NOILYND13G $S371 40 MIWOL NI JWId NIVINDD
] 04 ALIVBY SY 0INI430 5533008,
uN
YN = e e e —
WINLO
ON
) & e men e o
#OILYNDA2G
$3A
{ = e e e 00 £IIYICNI 319uv)
' ViH1O0
i e SEe eoEr cEE G GPUNS GHIILD CHues GEIS TR R
$3A
1 .
"ns o:T
4 - MOILYNO130
$3A
onN
) = e evn e '. .
¥3Nl0 .
L]
11§ ® o o= oun eme >
" WOILYND130
$3A
LRLIT)
YN © mme oo Cou GlmNS GREND CIIID CEIND GEILD GPUSES CENE  mm——"
SIA
19vém 01 30 Qs
3IN3IN0 IS +0INIVING) ALIBDILNI 03010AY 13VANG NOILYI0) 133610 $4N330
$VINIV INFOV b1 1F ) NOHINOW ELIE) IYRLINYLS ¥0 133910 HSYY)
LIvHINIY

5-10




A TABECEITEZT ., FEST 2500k KPP 7 ma™ Tl b v WAL, P P rr v e r 8 18 86 ( afae vowsemo— - -

suofifunw (gN)
p233151Inquoy Y3IFm SIFIFTFO¥J 28910318 O0Ijuo ysevid 3IJeId1jy  *4y-¢ 'If3

5
,
l.
53190 NIV OE NI J613 NIVIND)
(s ong o 0L ALIVIOV SV 03N1J30 332IN8. N
{enro1s on .
) 830 o g
) 111 o e e e = g — | ouvamo v
1 e o = BIA [ /3snoKIuve 133910 vns @
K
I.'ll'l .a» wmn eswe owe SIn /..A
(1 .
(onhsis T :..M
\
(on) 128 o B i
‘- r X N N 4 J 1-. Iqi,
$3A [¥aY c.M
B 1S = oo o oo on OUVA N3O ;.VA
) o —— e - $3A JISNOHIBYM 13340M 178v1 'Y
$3A 10015 Re
N s eov b GUr EES WP CEEND GEND GEED GUED TN CENED D e— .-qh
' 1IA r.._
ton) 018 S
*q
LR N
N
w S
$3A o o
{eN) B4V = le L QUVA N0 .“.
) o oo - , 334 1ISNON3UVM 123410 I96V1 .
$3A 10019 .
‘Illll G GEay Gt I ShaS GIRT TR SEnD D S TIA nu
.yL
39830038 . $YN370 S
Isv313¢ ~0INIVIND) [&170]) 01010AY 131N NOILY20) 133Y10N HSYE)
1n39V t V1Y) NOILINNN ) HA1INULS HO 173W10 Laveduy e
X
[
B
2.
..;..A,
L : L5 oy
R . L 9L 9LY ;
3% , A
¢S4 . Fﬁ..ﬁ. ~
o . _ ol . e X
) . "
i
- - ke - - e & . ‘unn|.\\-..|.II-IDF.IH-‘-.\\“



o .
MUNITION EQ IMPACT AGENT
5“2‘;’;33:"5 FALLS ON MUNITION RELEASE
(IN1GLOOS) INTEGRITY SEQUENCE
NO

ars e ssp ese @ =

PUNCTURED
f N
YES DETONATED

= SL22 Sl

.

INTACT

NR
Fig. 5-5. Earthquake-induced agent reieases involving munitions in
storage igloos b
;!
';w.:‘
B
3
ol
. &
i‘:--.::. ‘;\_‘;
b Cur.t Sov
X ¢
Mo
5-12 .':
-




AL R P TN LT AN e e B ST .me~s € 8 A A v . e s e

TARL SR

Al al ey

Ty s yiw

-
‘0

A LA W

)

AL

o
‘i@E;Q cetegory. In these even: trees, NR refers to no release of egent, and F
! and C mean that the sequence was screened on the basis of low frequency
or low consequence, respectively.
e,
°.
2
o
‘I
-l
h‘
% .
’:'fu' \‘
- o)
5-13 ,
A
'l



AT

bR I AV

¢ T " " "2 Tx P R .

AT S

ral Al

Al - s D> a ST

-". .‘ .' ‘s ..'. *

LA

FEL LA

N

s

AP L b AV AT A

e

i N ]

.

PN

3
5.2. EXTERNAL EVENTS N ;E;‘:
The extarcil events that were evaluated include:
. Tornadoes and high winds.
. Meteorite strikes. )
o Adrcraft crashes.
i Earthquakaes.
. Lightniags.
< Floods.
In genersal, the awount ¢f sgent 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.
Section 3 discusses the types of storage structures present at each
CONUS site, as well as the kinds of munitions stored.
",-_V_‘-.r
5.2.1. Tornadoes and High Winds o
The accident scenarios identified involve the breaching of the
omunitions in the storage facilities (i.e., igloos, warehouses, or open
va:ds) by tornado- or high-wind-generated missiles. This failure mode
was determined tc be more credible than that identified in seguence
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 85 & warehouse, the wind loasds will £ail 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
igloo doors (Ref, 5-1). For the above reasons, segieance SL14 has been
screened out from further analysis.
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2 The event tree developed to define relevant accident sequences is
shown in Fig. 5-1. Neither of the accident saquences (SL& and SL23)
could be screened ocut initially as more detailed quantitative analysis
is required to determine the necessary wind velocity to gonecate miy-
siles which could penetrste the mmuniticas. Hence, both accident

saquences shown in the event trecs were quantified.

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

(2) the missile actually hits the target munition.

The probability of s missile hitting and rupturing & munitcicn 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 thar the missile is oriented properly to pcnetrate the tar-

I ‘. get; (3) the numnber of missiles per square foot of wind; and (4} the
. Foe
' target area. More details on the derivation of these variables are

: provided in Appendix C and Ref. 5-2.
I If the missile hits & burstered munition, two failure modes are
Ay
s possible: (1) the munition is opened up due to puncture or crush, or
. (2) the missile impsct causes munition detonation due to the spplication
; of & force greater than the "undue force.” The undue force is defined
t
. as "a force greater than that generslly required to a-semble the muni- ‘
y tion" or as “any force which could cause deformation to the munition f
: (other than minor surface deformation) or damage to the explosive train® ;
5 (Ref. 5-3). a
: 1
v
- 5.2.1.1., Storage Mag.zines. The analysis of the vulnerubility of the i
S igloo door to the tornado-generated missfle considered the two types of .
: igloo doors present at the CONUS sites, i.e., steel and concrete. PBA y
&
y and TEAD have igloos with either steel or concrete doors, while the j
xS
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ey
igloos at ANAD, LBAD, PUDA, and UMDA have steel doors only. For con- -E:“f)

servatism, all igloos at PBA and TEAD were assumed to have concrete

AESN TREes

IR I

igloo doors. ﬁ
™

w

gl

The steel duors require a missile velocity of 94 wmph for penetra- :.«-:
tion by a 3-{n. steel pipe or 66 wph for penetration by a utility pole. i‘c‘
For the concrete doors, the penetration velocity for & 3-in. steel pipe :?g
{s 66 mph and for the utility pole, 54 mph. After penetrating the aoor, _::
-

)

the remaining missile velocity must be larze enough to rupture the muni-

2

tion. The formula for the required initial nissile velocity is as

oo &

fcllows:

Pt P

vp = Vievwvi o, | (5-1)

v e
L
)

Bl 4

where Vi = required initiel velocity,

Vg = requirad velocity to pene:rate the door,

.
0.4

®

IR

Vo = required velocity to rupture the runition.

£ "l :

| 4
In order for a missile to reach the velocity required to penetrate RS ﬂ
the igloo door and the munitions inside, a wind with a significantly :{
~I
higher velocity {s require¢d. Table 5-3 presents the relationship Rc
between wind velocity and missile velocity. t'
-,
e
The frequency of s wind-generated missile penetrating an igloo and iyt
a munition inside the igloo, is the product of the following: ::
7
)

1. The frequency of a tornado or wind which has sufficient

velocity to generate a missile that can penetrate the igloo : :‘-j
and munition. -
!
bt
i
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-." A “~
A ~
° ~
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TABLE 5-3
WINDBORNE MISSILE VELOCITIES(8)
Hoyvizontal Missile Vclocity(b)
(zph) Maximum Haight
Design Wind Speed 100 150 200 250 300 350 (fr)
Timber plank 60 12 0 109 125 175 200
Three-inch-diameter 40 50 65 85 110 140 100
standard pipe
Utility pole (¢) (c) (¢c) 80 100 130 30
Actomobile (¢) (¢) (¢) 25 45 70 30

(8)Source: Ref. 5-4.

(P)Vertical velocities are taken as 2/3 the horizontsl missile veloc-
ity. Horizontal and vertical velocities should not be combined
vectozdally.

i (;ﬂ (¢)Missile will not be picked up or sustained by the wind; however,
! P 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 & missile penetrating the igloo and hitting VA
the munition in such a way as to cause damage and is celcu-

lated as follows:
Pp= Py x FoxDgx A , (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-
trste the target ({.e., missile not tumbling or

going sideways),

De = density of number of missiles per square foot of
wind,

Ay = terget area.

r
Details on the calculation of these variables are given in a
Ref. 5-2.
The site-specific tornado frequency versus velocity curves has
been presented in Section 4. Two types of missiles were initially con-
sidered: (1) & 3-in. pipe and (2) a utility pole. For all munition
types, it was found that the utility pole had & higher probaebility of
penetrating munitions.
Tables 5-4 and 5-5 present the wind velocities required to generate
missiles which have sufficient velocity to penstrate the igloo door and ;&
the various munitions stored inside. Table 5-6 presents the annual fre- ]
quencles of these winds occurring at each of the sites that have igloos. ::4
The frequencies were read from the curves presented in Pige. 4-9 through E;E
4-11. The conditional probability of a missile hitting the igloo door j%j
and the munitions stored inside is 3.2 x 10-6 (see Appendix C). ‘m
om 4
A
e
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" TABLE 5-6
FREQUENCY OF A WIND HAZARD SUFFICIENT TO BREACH
MUNITIONS IN STORAGE MAGAZINES(®)
(Per Year)
;' ANAD  LBAD PBA(P)  PupA TEAD(D)  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
ROCths 1-52"6 1055'6 6015"6 - 1-5E'8 1085’8
Ton containers 3.8E-7 - -- - 7.5E-10 2.4E-10
Bombs - -~ -- -- 1.1E-9  3.6E-10
Spray tanks -- .- -- -- -~ 1.1E-9
(8)Frequencies obtained from the curves presented in Figs. 4-9
AR through 4-11. -
: (b)
= Concrete doors.
.:,-:-':.E::
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$.2.1.2. Warehouses. The warehouses at TEAD are designed for 100-mph :C;i:' :jk
wind loads (Ref. S5-1). Assuming that the warehouses at NAAP and UMDA ,
are designed to the UBC requirements, they should be designed for at f
least 70 mph winds. An analysis of the UBC requirements shows that :‘,
winds will fail the walls of UBC designed structures before the frame of {j
the structure will feail. Based on the margins of safety required by the '
UBC, the concrete walls of the warshouses at TEAD are not expected to be f‘
breached by winds less than 160 mph. Bresching of the concrete walls is ?C ;
A
expected to involve cracking and spalling of the concrete and the possi- N
bility of the wall partially separating from the frame. The sheet metal 33
O
walls of the warehouses at NAAP and UMDA are expected to be blown awvay -$-
by 115-mph winds. Neither of these failures are expected to damage the ;:
bulk containers. ﬂ
P
In order for a wind blown missile to penetrate a spray tank in a N
~ 3
warehouse st TEAD, it must pass through the 6-in. concrete wall, the &
_ spray tank overpack, and finally the spray tank itself. This would . f'
require a 283-mph wind. & . E '
Vs A
-
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 eway the o
walls of the warehouses at NAAP and UMDA, the walls will cffer no pro- B
tection. Therefore, a 250-mph wind has the potential to generate mis- Si,
W
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 L
in an orientation which could breach the container 1s 2.2 x 10-% at NAAP ji;
and 2.7 x 10-% at UMDA (see Appendix C). -
5.2.1.3. Open Storage. Ton containers are stored in open storage at !:
APG, PBA, and TEAD. A wind velocity of 250 mph is required to generate ::.
-_J-
a missile that can penetrate these ton containers. The frequencies of {T
generating the 250-mph wind are presented in Table 5-7. The conditicnal 5:'
OO
. :..' c.;'l
SUL .*‘\
(’N
5-22 4
L
%
&
P
A N T A S A o A S A A R S S A AR AN SRV vy L L T L O T e




TABLE 5-7

FREQUENCIES FOR WIND-GENERATED MISSILE PEMETRATION
OF TON CONTAINERS AND SPRAY TANKS STORED IN
WAREHOUSES AND OPEN STORAGE

Probability

Required Frequency of Hitting and
Site 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(2) 250 1.8E-9 2.7E-4
TEAD Warehouse(b) 283 2.7E-10 4.4E-4

(8)Metal walls.

(b)Concrete walls.
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pzobability of & missile bitting & ton container in an orientation which Q:’:ﬂ
N
could breach the contsiner is 6.6 x 10-% (see Appendix C).

&

5.2.1.4. Tornado-Generated Missiles Cause Munition Detonation. The
anslysis of scenario SL23 included the sstimation 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 wmph. Because the conditions of the

tests described in Ref. 5-5 do not fully apply to the conditions being
considered here (i.s., the shell casing provides protection for the
bursters), it is sssumed that there is a 50% chance that a munition will
detoriate at 123 mph. TFurthermore, Army data indicate that dropping of
thousands of burstezred munitions from 40 ft did not lead to any detona-
tions (Ref. 5-6). However, these are newer munitions and may not fully
represent the chemicsl munitions in the steckpile. Therefore, based on

a consensus of risk experts (Ref. 5-19), an estimated failure proba- ‘

ST Y Y Y T AR S . T VI S R P P F RS S R E W R A .y A
XLS|

bility oZ 10-6 per munition drop was sssigned to all drops of 6 ft or
lower (equivalent to a free fall drop of 13.5 mph).

To determine the probability of detonating 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

RN RO aniEh Te Sleba bl aa P00 0.2 10X ¥ e SIS ¢

Necessary parameters (e.g., standard deviation and standard normal devi-

e

ate) from these two dats points. The calculation 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 cen penetrate the igloo and ;

munition. %
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ﬂgg? 2. The probability of a missile penetrating the igloo and hicting

the munition in such a way as to cause damage.
3. The probability of bvriter detonation from {mpact.

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 burstared munitions stored inside the igloos with steel doors is 0.07

and for concrete doors, 0.055. See Ref. 5-2 for calculatiorns.
5.2.2. Meteorite Strikes

Like tornado-generated miss{les, meteorites scriking the igloos,
warehouses, and the outdoor yards can lead tc a significant amount of
agent release. The consequence of such an accident is more severe than
that from a tornado-generated missile because mateorite strikes gen-
erally involve fires. Hence, 1if burstered munitimrns are involved,

o explosive detonations could occur from the fire or from direct impact,

leading to iratantaneous agent releases.

The event tree developed for meteorite-initiated accidents is shown
in Fig. 5-2. The scenarios could not be subjected to any preliminary
screening without doing a more detailed analysis of the what type (stone
or iron) and size of meteorite is capable of penetrating munitions
sctored igloos, warehouses, or outdoors. The only identified accident

sequence is SL8.

Storage Magezines

.
Y

In this scenario the meteorite penetrates the storage magazine and

S T ST

o RAPANAN
‘alaa a Ly

ruptures some of the munitions stored inside. The meteorite is expected

to be sufficiently hot to cause ignition of the exposed burster,

WL,

propellant, and/or agent. The fire is erxpected to spread, resulting in

-

the destruction of the entire inventory of the storage magazine.

[
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RO
Warehouses ROV
]
This scenario is similer to the storage magsazines. The meteorite :-
penetrates the warehouse and ruptures some of the bulk munitions stored o
inside. The meteorite casuses the ignition of the exposed sgent. Fire i
spreads and results in the destruction of the entire warehouse 4
inventory. \
Open Storage 4
In this scenario, the meteorite directly impacts and ruptures some =__
ton containers. The heat from the meteorite is expected to ignite the ‘,
e
exposed agent, but is not expected to cause the rupture of additional .
munitions, )
I
S
-
5.2.2.1. Meteorite Strike Accident Analysis. About 3500 meteorites, Y
each weighing over 1 lb, strike the earth each year; the majority of R I
@
them are of small sizes (Ref. 5-8). Given the earth’s surface area of e )
5.48 x 1015 ft2, the frequency of meteorite strikes for meteorites ‘.
weighing 1.0 1b or grester is 6.4 x 10-13/¢e2 (Ref. 5-8). For meteor- ~u
ites one ton or less, stone meteorites are approximately 10 times more
common than iron. However, iron meteorites are more dense and tend to 3
have higher i{mpact velocities and therefore represent a significant v
portion of the total meteorites that can rupture the munitions. Sec- o
tion 4.2 presents the size distribution of both iron and stone meteor- t'
ites, coupiled from data presentad in Refs. 5-8 and 5-9. 4.-;_
F.'
2
For agent to be relecased, the meteorite has to penetrate the stor- o~
age structure and the munition wall. In the case of an igloo, this :
would require initial penetration of a é-in. concrete roof. The minimunm ‘ ’:
meteorite impact velocity that would penetrate the earth cover and :
collapse the 6-in. concrete roof is 1500 fps for stone meteorite and E,
4
i ;5
RN
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N
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-3

ég;?i 3800 fps for iron metsorite. The ovarall frequency of a meteorite R
' capable of penetrating and rupturing the munitions in the igloo is:

P=F (Fg +F4) AxS (5~4)

&k T e

- where F = the frequency of a meteorite weighing 1 1lb or more
strziking the earth, 6.4 x 10-13/¢c2,

Fg = fraction of stone meteorites which can penetrate the target,

YN S g A Y

Fy = fraction of iron meteorites which can penetrate the target,

A = target area (igloo, warshouse, or open storage yard,

S = spacing factor.

—p A m_m .

Table 5-8 presents the frequencies for meteorite penetration of

munitions stored in the various storage configurations slong with the

R
size of the meteorites required to penetrate the munitions and the data N
) required to evaluate Eq. 5-4. Supporting calculations are presented in iy
Q:!J Ref. 5-2, and the methodology is discussed in Appendix C.
Cy o
e i
5.2.3. Adrcraft Crashes K
The sequences describing the effects of an aircraft crash on muni- :
tions in storage are SL4, SLS5, SL1S, SL16, SL17, SL18, SL19, SL20, and
sL21. N
G
‘
The effects of large (12,500 1lb) end small (12,500 1b or less, s
including helicopters) aircraft crashes on the munitions in storage .
i{igloos, warehouses, and open yards were evaluated. Because of the ;.
potential for large quantities of fuel to be carried by large aircraft K
and the potentisl for large, high-velocity missiles (e.g., engines), ;
the large aircraft crash scenarios were further divided into direct and B
indirect crashes. For direct and indirect large ajrcraft crashes onto by,
the stcrage area that do not result in fire, it is assumed that the ,;
o -
I R
"J\‘) [t
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{mpact of the crash is strong enough to cause the detcnaticn of

burstered munitions.

For & swall aircraft crash adjacent to the storage site to vroduce
a credible avent, the crash would have to be 80 close that it would vir-
tually be a direct hit. Therefore, the small aircraft crash scenarios

address only direct hits intc the storage areas including hnlding areas.

The event trees developed to identify the agent ralesase requences

from aircraft crashes are shown in Figs. 5-3 and S-4.

5.2.3.1. Aircraft Crash Accident Analyein. In svmmary, the following

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

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

direct hits, and, 1if & £ire occurs, it is uncontained,

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

ciently domage the igloc to cause agent releases.

Direct Crash of Large Afrcraft (Sequences SL4, SL16, SL17)

For a direct aircraft crash, the target area is the surface area of

the building or open yard,

Storage Magazines. The direct crash of the main body of a heavy

military or commercial aircrsft into the shell or front face of & stor-
age magazine {igloo) can breach the igloo and allow crash-generated
missiles and/or aviation fuel to enter into the igloo. There is e high
probability that one or more munitions will be crushed or punctured by
the missiles. Burstered munitions could also detonate from impact. If
tl.e crash produces a fire, the fire is expected to spread through the

igloo, resulting in the destruction of the ent‘re igloo inventory.
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Warehouses. A warehouse is not expected to offer any substantial
tesistance to crash of a large esircraft. The direct impact of any part
of a large sircraft will breach the warehouse and subject the stored
munitions to crash-generated missiies. Bulk conteiners will be crushed
or punctured. If the crash produces a fire that iz not contained, the

destruction of the entire inventory {s expected.

Open Storage. The crash of a large sircraft into an open area is
axpected to breach s large number of ton containers. If the crash pro-
duces a fire, and it is not contained, it {s expected to breach

additionel containers in the immediate vicinity of the initiael container

that is on fire.

'6 ;
;

Indirect Crash of & Large Afircraft (Sequences SLS, SL20, SL21)

;',}‘

.
A ¥t

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

(e Pu T 50 e NS

all perimeters for the direct crash by 200 ft.

v’

Storage Magazines. Should a large sircraft crzash adjacent to an

13 .'
’l
Crre
gl
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AR N
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igioco, the area that is most vulnerable is the igloo door. The crash-

generated missiles can breach the igloo door which essentially provides

& pathway to the breaching cf munitions in the line of site of the mis- E;
sile. Alternatively, the igloo door may already be open at the time of :ﬁ
the crash and the missile could directly penetrate the munitions. If ;:
fire is involved, the miasile could already be on fire or the fire could ;i
propegate into the {gloo opening. Thus, if fire is not contsined, the fﬁ
amount of agent release is the same as for the direct crash of a large ;&
aircraft into an igloo. fq

r2

Harehouses. The designs of the warehouses are such that the crash

L%

of & large alzcraft into an area adjacent to a warehouse may also breach :i
the warehouse if the aircraft is flying towards the warehouse at the ?}
\\
time of the crash. The amount of minitions thet are initially impacted :ﬁ
"y

-,
b

would be less thaen the direct crash scenario. However, if fire is

0
22509
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v involved and uncontained, the amount of agent relesse is the same as

for the direct crash of large aircraft into s warehouse.

Open Storage. The accident scensrio for the crash of & 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 contsined, addi-

tional containers would rupture due to excessive heating.

Direct Crasii of a Small Aircraft (Sequences SL15, SL18, SL19)

Storage Magazines. Due to the high strength of the storage maga-
zine, the crash of & gmall aircraft 4is not ;xpcctcd to breach an igloo

or affect the structural integrity of an igloo.

Warehouses. The crash of a small aircraft into a warehouse would
very likely breach the warehouse. The resulting crash-generated mis-
‘_: siles are expected to crush or puncture some munitions. If the crash
o produces a fire and it is not contained, the fire would involve the

entire inventory.

Open Storage. The crash of a small aircraft into an open storage
area is similar to the large aircraft crash into an open storsze area

except a sméller number of ton containers is breached.

5.2.3.2. Alrcraft Crash Frequency. The frequency of an eircraft crush-

.ng while in an airway or in the vicinity orf an airport can be computed

AR E

as shown in Section 4.2.1.3.

The annual frequency of a crash into e specific facility was com- F;
puted by mltiplying the asppropriate frequency taken from Table 4-13 by 4
the effective targer aiea of the facility (see Appendix C). Table 5-9 o
summarizes these annual frequencies. The calculations of the effective :3

28] Tk
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TABLZ 5-9
DATA BASE FOR AIRCRAFT CRASH-INITIATED SCENARIOS FOR STORAGE
24-Jul-97
PATA 34SE FOR AIRCRAFT CAASH-{NITIATED SCENARICS FOR STBRASE -
EVERT VARIABLE FREQUEXCY IR 1 104 ERROR FACTCR REFERENCE
10 FROBADILITY
Large wireraft direct crash storage wrea:
NAD - 40 FT IR0 LOAX160 4.SE-10 per facility 10 fei 3-2
ANAD - B0ft igloo LOANIBe A.0E-10 yeur %)
APE - open LOVeP 2.46-09 10
LIRD - @7t {gleo D69 3TE-10 10
NP - wh LDONANH 3.0 10
PIA - DOFt igloo Loreiey L.1E-10 10
- opemn Lrr 1.TE-08 10
PURA - 80 ft igloo LopPu1go 4,580 10 .
TEAD - 90 ft igloo LDTEIB0 LTE-1L 10 o
- 8% £t igloo LOTEIR? 3.06-11 10 N
- LoTEwH 8. 7E-10 10 S
- ager LOTER 7969 10 Y
mos - 80 ¢t 19lc0 ounige 1.1€-99 16 e e
< Loum 2.5e-08 ® p
‘I‘ " : / ‘.
A (P
Large arreraft indirect crash : :
ARG - &0 ft igloa LASNTAO0 3.5E-98 per facality 10 Ref, $-2 A
KA - §OFt 1qloo LARNIAO 3. 7698 year 10 o
A5 - coen Laspgp 9,46-09 10 o
280 - 894t 1gl00 LALB1? i - 10 g
NARP ~ wn iAdH :.3€-78 10
P& - 50t igloc LAPSI30 e i o
- Joen LAP20P 3.3£-8 10 W
PUCA - 36 +t 19i00 LAPII30 4.7 10
TEA0 - 80 ¢t 1qlo0 LATEIg0 t.ee=d ) %
< 39 ft igloo ATELZS 1.7E99 10 ﬂ
- v LATEMH R S 10 ®
- 80 LATEQP 1.3%-36 10 =
UMDA - 30 Ft 1glz0 LA B0 LB 10 g
. LAUmiA 1.3E~7 1c ,
S
iglce Yreicnen Jiven diewct crash (3 3.6 none L ¥ ,,j
s
&l
19000 Ireacnen 11780 AZ.ract Zrasn 1A .36+ nane : ey, &2 A
'-I':'
/NS0 QUIISIr CGRLUNM Yrines 'IIr. Tavh) o) 1, k00 aore ngae s f'f-:
S
’-
ATASE 3RO JIvAN INGLPECT SFISE SHA P S} 10ne N . o- ._-,
Sugocr 1Intar 3rchd (ingir. Irashy A ¢ 8-l Tone e Reo. 2-1 ““
CPSh ICee rOT L Avoiee ‘ire ¥ 5.8 Aere none LI TR ﬁ ;_;
e N L o®
AL o
- .‘.'J
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TABLE 5-9 (Continued)

DATA BASE FUQ AIRCRAFT CRASH-INITIATED SCEMARICS AR STORASE

5-33

133 11 VARIABLE FRETUENCY OR wIr ERROR FACTOR REFERENCE
1] PROBASILITY
Crash resuits iu-ﬂn ¥ L0 nene | uu Re. 211
Fire act contnd in 1/2 hr Dberstrd) 3 LOEHO  sane soe  af. 3= and Mepondiz §
Fire contad in 1/2 he (nomburstrd) RN LEM some 3 hei. 32 aad ppendiz J
fire sat contnd in 1/2 W (menburstrd} 7 =1 1.0€+00 aone aone faf. 3= e -;”mi: b
firs coatained (wh or op) ssall L7 {.96-92 aone 3 - Ref, 3-2
Seall aireraft crash warehouse NARP SAIMAP 1.8~ por yeur 10 Ref. 3-2
Seall aircraft crash warehouse UMOA SAUNOA 2088 18 Ref, 3-2
Seall aircraft crash warthouse TEAD $ATEND 3.5 10 fei. 3
Saall dircraft erash open PG SWAPE 3488 10 Ref, S-2
" Saall sireraft crash ooen POA SAOPEA L.3E=H 10 fef, 52
Seall arrerast crash asen TEXG SAOTERY 3397 1 Sef, 3-0



areas are contained in Ref. 5-2 and take into account such factors as A

aircraft wing span, facility height, and facility wvulnerability.

$.2.3.3. Probability of Fire Resulting From an Aircraft Crash. The

probability of e fire resulting from the crash has been estimated to

be 0.45 (Ref. 5-12). The successful containment of the fire is defined
here to be 0.5 h for unpackagaed nonburstered munitions. This time was
selected based on the thermal failure threshold data presented in Appen-
dix F, which indicate that direct hesting of ton containers for 36 min
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
heating of burstered munitions, the probability of the “failure to

contain fire" event is essentially 1.0.

Thus, the amcunt of agent released from bulk containers subjected
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 g

rupture.

The ability of the fire-fighting team to extinguish an aircraft
crash fire depends on many varisbles 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 sasier to extinguish
since it is not likely to have spresd very far. Because the fire will
involve chemical agent, additional precautions will Lave be taken before
the fire~-fighzing team can start extinguishing the fire. Their arrival
at the perimeter of the MDB or MHI is assumed to occur about 5 min after
the crash. The crew will have to put on agent protactive clothing in
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, if 1t is assumed that the crew was partially
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dressed; {.e., in a standby readiness moda. Because of 2l] the detec-
tion, observation, commnication, 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.

Once at the scene, the time it takes to actually extinguish the
fire is difficult to estimate. GA interviewsd local fire fighting per-
sonnel to get their opinion on how long it takes to extinguish a fire
from a small aircraft crash versus large aircraft crash. No definite
time can be given because of the many variables involved. But based on
local experience, it would take 1 to 3 h to extinguish a fire from s
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
containing the fire in 0.5 b or lass and took no credit for the firsc
15 min of the fire. More details are provided in the calculation sheets
(Ref. 5-2).

5.2.4. Earthquakes

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

ing the storage igloos assumes that the esrthquake 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 & buratered munition to detonate
(Sequence SL7). This scenaric is modeled using the event tree illus-

trated in Fig. 5-5.

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. S5-11). 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
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as an earthquake of equal acceleration, the similarities sre sufficient Q?Q:& pe.
8%,
to conclude that & very large earthquake, in ths range of 1.0 g, is not t B
likely to damage an igloo. -
Sequence SL7 postulates that the earthquake causes the stacked ™
munitions to fall and masy be punctured upon impact. Baesed on the coef- .
.
ficient of friction between pallets of munitions, a 0.3-g earthquake ~3
will likely cause some stacked munitions to fall and a 0.5-g earthquake ff_
will cause & large number to fall. The highest stacked munitions in an o3
igloo can potentially fall 6 ft. The munition failure threshold data f
indicate that ali palletized munitions and bulk containers can survive é
4
the impact of a drop from this height but could be punctured if they é? :
were to lend on & probe which was sufficiently sharp and rigid. For g&
this analysis a 0.3-g earthquake was assumad to causa 252 of the stacked g
pallets to fall while a 0.5-g earthquake will cause 100X of the stacked .
pallets to fsll. The aunber of pallets which have the potential of :;
impacting a probe was estimated for each munition type based on (1) how by
the pallets are stacked and (2) the floor ares available for the pallets fi_‘_ L
to fall. The calculation details are provided in Ref. 5-2. N X
;1
The snalysis of the presence of a probe in the igloo has indicated o
that it {s unlikely that there is a probe inside the igloo that is suf- i
ficiently rigid and sharp to damage a munition. Table 5-10 provides the E:
earthquake frequency data for each of the eight sites and the puncture -
probabilicty of a munition type given a 6-ft drop. -
Wy
,
Sequence SL22 involves the detonation of burstered munitions -
resulting from an earthquake-induced fall. The probability of & muni- t
tion detonating from a 6-ft drop is estimated using the same approach ?
Pl
discussed for detonations due to impact by wind-generated missiles. -
3
"3
5.2.4.2. Marehouses. The event tree describing release scenarios ;:
I
resulting from earthquake-induced accidents in warehouses is shown in ’\.
1
Fig. 5-6. The event tree applies to the long-term storage warehouses at f
YRS
g
Y-
)
5-36 4

)

N
» "
a

~
LSRN Y S S, S8 S "R AR \ =g <P A aNa AN M e W Wy o LU N A Y A 1)




ALY
W
TABLE 5-10 o,
: DATA BASE FOR ANALYS1S OF EARTHQUAKE-INDUCED
I . AGENT RELEASE IN THE STORAGE IGLOOS 21
E Map Arsa 2 -
X Map Area S5 Sitet ANAD, LBAD, PBA, N
' Site: TEAD UMDA, and PUDA :5
i Earthquake frequency ‘(Iyr) at Fi
. 0.3 to 0.5 g (F;) 6.0E-4 1.9E-5 3
g 50.5 g (Fj) 1.0E-4 6.0E-6 fj
'0 ‘#
; Probability stacked pallets will Q{
: fall at L'
[ {
. 0.3 to 0.5 g (P;) 0.25 0.25 X
0.5 g (P3) 1.0 1.0
(13
) Number of Munitions ,:
. Palling Ac i<
r (N1) (N2) .
Munition Type 0.3 to 0.5 g 2.5 g E‘u
Bomb 3 11 -
R
; 105-mm cartridge 5 20 -
;; 4,2-4in. mortar 5 18 ;:
o
E Ton container 6 22 "”
Mine 4 14 N
- Projectile 11 46 _~.
Rocket s 20 -
Spray tank N/A N/A ;
SL7 (accident frequency) = (F; * Py * Nj) ::
+ (Fp * Py * Ny) z
v
'J
w
= b
o \s’ ;:
4 .-),.. ’l
' o
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P, A
ﬂabf TEAD, NAAP, and UMDA. Spray tanks are stored at the two warehouses at X
TEAD. Ton containers are stored at NAAP {n one warehouse and at UMDA in I
two adjacent warehouses. 5
N
Accident sequences describing releases from long-term storage ware-
houses are given in Table 5-11. Sequence designations are SLxxx26x for :
the NAAP warehouse, SLxxx27x for the TEAD warehouses, and SLxxx28x for 2
the warehouses st UMDA. The accident sequence designations are also E;
shown on the event tree in Fig. 5-6. For those accident sequences where -
no agent release occurs, the release sequance is labeled “None." Those
release sequences whose frequency is below 1.0 x 1010 for all sites ' ’;
have been labeled with an “F" in the event tree. The events modeled in iy
Fig. 5-6 are discussed below: ;T;
1. Earthquake Occurs. The iniciating event (Event 1) in Fig. 5-6 -
is earthquake occurrence. To simplify the event tree evalua- 4
) tion, Event 1 further restricts the earthquake intensity to tf
‘f.:_ an acceleration range from g; (0.15 to 0.2 g) to g, (7.7 g). ‘ -
B Seven ranges are considered: o
!
a. 0.15 to 0.2 g. l‘!._:
b. 0.2 to 0.3 g.
c. ¢.3 to 0.4 g. ~
d. 0.4 to 0.5 g. 3
e. 0.5 to 0.6 g. WY
£. 0.6 to 0.7 g. :
g- Greater than 0.7 g. iy
R
Earthquakes below 0.15 g ere not considered in the analysis E
because the damage probabilities associated with such tremors .
are negligibly small. Detsiled examination of seismic ranges ::
above 0.7 g {s unnecessary because earthquakes above 0.7 g -
have a probability of almost 1.0 of causing demage. f-
p
r
R A
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, TABLE 5-11 5
EARTHQUAKE-INDUCED ACCIDENTS IN WAREHOUSES h
Median Frequency l;
Agent Release Sequence (per Year) . ;:_',-"
! SLSVF 271 2.7E-04 3
SLSVF 272 8.3E-06 i
, SLSVF 273 3.1E-05 o
; SLSVF 274 1.9E-06 ::3
SLSVF 275 7.0E-07 N
SLSVF 276 4.8E-08 ;:
. .7\"
SLRVF 261 1.1E-05 i“
_ SLKVS 262 9.5E-07 ~
4 SLKVF 263 1.1E-09 -
N SLRVS 264 3.3E-04 e
{ SLKVF 265 1.4E-064 %
}
| SLRHF 281 4.8E-07 ° ?
SLKHF 282 6.3E-05 ARSI
SLKHS 283 1.9E-07 B
SLKHF 284 3.12-10 -
SLKHF 285 3.1E-10 j\
SLKHF 286 F ",
SLKHS 287 8.5E-10
SLKHF 288 F o
SLKHF 289 F o
SLKHS 2810 1.4E-05 ",
SLKHF 2811 2.9E-05 N
SLKHF 2812 1.2E-07 <
SLKHS 2813 7.6E-08 '
SLKHF 2814 6.9E-08 5
SLXHF 2815 3.65-10 o
SLKHS 2816 $.6E-05 .
SLKHF 2817 1.1E-05 -
I,‘
NOTE: F denotes extremely low frequency. '
A g
¥oY
X
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ooty The initiating event frequency at each site is the site- 3
specific frequency at which esarthquakes in the range gl to

gu occur. A

2. K" Warehouses Damsged by Earthquake. Warshouse demage is .
defined as structural collapse. This is the only failure

wode of interest because it will crush stored ton containers. :
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.

VAR Y

-

Three damage combinations are considered in Event 2:
8. No warehcuses are damaged (K = 0).
b. Only one warehouse is damaged (K = 1).

C. Beth warehouses are damaged (K = 2).

Tracking these three probabilities is necessary in order to

‘e,
R

“

estimate the agent release source term. Note that since there Ny
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 Ccde,

3. Munitions Damaged in "L" Warehouses. Event 3 addresses -

whether the esrthquake causes an agent release from the stored
omunitions. Two failure modes are sanalyzed: puncture and 3

crushing.

PR R

Only ton containers are subject to these failures. Spray >
tanks are in overpacks which protect them from crush forces.

Furthermore, they are not stacked while in storage, hence they

cannot be punctured.
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Thres damage combinations are considered in Event 3:
a. No agent relesses result from the earthquake (L = 0).

b. The aarthquake casuses an agent release in one warehouse
(L Ll 1).

. The earthquake csuses an sgent release in both warehouses
(L = 2).

The puncture probability is the probability that st lesast one
ton container falls and strikes & probe of sufficient size and
density to penetrate it. The probability that ton containers
are crushed is correlated to warehouse damage. If K is O, 1,
or 2 in Event 2, then ton containers in none, 1, or 2 ware-
houses are crushed, respectively. Since the NAAP site has on-
ly one warehouse, the probability that L = 2 is zero for that
site. 1In addition, uL;cc only spray tanks are stored in the ' g

TEAD warehouses, L can only be zero at that site.

Ignirion at "M” Warehouses. Seismically initiated fires are
an important consideration because they influence agent dis-
persion and can thermally fail agent containers. This second
sspect is particularly important st TEAD because fire damage

is the only spray tank container failure wode.

Electrical fires are the only concern in warehouses. The

three conditions necessary for an electrical fire are:

8. An electrical fault capable of causing arcing.

b. A supply of electric power to sustain the azc.

c. Contact with an ignition source.
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Including this second zondition in the fire ignition proba-
bility calculation is {mportant because available data indi-
cate that offsite power can be lost at a relsatively low

seismic intensitcy.

Condition three considers both the agent and wood dunnage
assemblies es possible ignition sources in the warehovses. If
ton containers have been damaged by either crush or puncture,
the probability of igniting spilled agent given an electrical
arc has occurred is essentially unity. If no munition damage
has occurred, the probability of ignition 4is represented as
the ratio of exposed wood surface ares to che total area of

the warehouse.

Similar to previous events, Event 4 addresses how many ware-

houses experience ignition.

Ignition at Warehouse With Damaged Munitions. If the earth-

quake only damagee 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 is in the ssame 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 incressed.

Suppresaion of fires has a negligiblc probability since the
warshousea have no fire alsrms nor automatic fire suppression
systems. For this reason it 48 not considered in the

warehouse enalysis.
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5.2.5. Lighening

Munitions stored in igloos and warehouses are protected from light-
ning. Hence, only ton containers stored outdocrs at APG, PBA, and TEAD
may be susceptible to lightning strikes. No event tree model his been
devaeloped for this scanario. Basically, if sufficiently energe:ic
lightning strikes a ton container, the container will be breached and
agent will spill to the ground.

A lightning etrike density for the contiguous United Statss was ;
previously determined (Ref. 5-12) based on the correlation developed ;
from the duration of thunderstorms. 3ased on this empirical correla- :
tion, the frequency (.vcntslyr-kmz) for the different storage locations :
haz been determined, as show: in Table 4-7. g,

Using conservative assumptions, a threshold lightning energy
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). Negiecting corrosion thinning of the
container wall, the maximum value of failure frequency for each cluster

of 15 ton contsiners at PBA is 5.1 x 10-10, a&s shown in Table S5-12.

The results indicate that the threshold lightning energy required
to burn through the contairer wall is a strong function of wall thick-
ness. In order to sssess the sensitivity of the failure frequency to
corrosion, & probability density function for wall thickness was derived
by conservatively assuming that one ton container stored cutdoors has a
leak through its wall. This is a conservative assumption since no wali
leak has been reported. This probetility density function for wall
thickness is used in conjunction with the lightning energy requirements

to calculate the fajilure frequency of a clucter of 21 containers at the

. -.'_:"o\'- A.'--.rl:'\.'; \. '_‘- (Y s

different sices. As expected for the PBA site, the failure probadbility o3

is increased by upprcximately 55 from the previous value of 5.1 « 10-10
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If all other agent release scenarios have frequencies that are
below this bounding value, then the axteant of container corrosion must
be investigated. However, if other scenariocs involving comparable or
larger amounts of agent reiease also have much higher frequencies than
the bounding value for the lightning initiated relesse, then lightning
rtelesase scerarics can be ignored. This {s true for aircrafr crash acci-
dents which lead to much larger relesses and alsco higher frequencies for

scme sites.

5.2.6. Tloods

During s flood, materials such as lumber, crates, storage tanks,
and other lightweight containers may be carried sway by flood flows and
causs demage tc downstream structures. Water velocities during floods
depend largely on the aize and shape of the cross sections, conditiens
of the stceam, and the slope hed, all of which vary on different stresms
and at different locations. 1In the upper reaches of a flood basin, main
channel £lows could be as high as 14 ft/s, but typical overbsnk flow is
less than 2 ft/sa (Ref. 5-13).

Munirions stored in igloos and warehouses are considered protected
agsairst flood-generated projectiies. The only munition stored outdoors

are mustard-filled ton containers (APG, PBEA, and TEAD).

The puncture aquaticn ie as follows:

vZ - (64 (672 D)2} W, (5-5)

where D = probe diameter (in.),
T = wall thickness to be punctured (in.),

=
[ ]

weight of projectile (i.e., moving object) (1lb),

<
n

m = velocity of projectile (7t/s).
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The wall thickness of the ton container is 0.4]1 4in. Assuming the

smallest probe size is 0.8-in. in diameter,
v2 (W = (64)(672 DT)3/2 = 217,335 . (5-6)

For puncture, the following conditions must ba met:

Vg W
(fr/s) i&zl
1 217,335
2 53,334
6 6,027
10 2,173
14 1,108

A credible flood-generated projectile is assumed to be a light,
steel tank with a rigidly atteached 0.8-in. diameter probe. This could
be a water storage tank or a gasoline tank, using a tank height to dism-
eter ratio of 1.2 and a wall thickness of 0.25 in. Table 5-13 presents
the data developed for steel tanks. Tanks larger than 10 ft in diametor
would not be credible except in main channel flows. Thus, typical over-

bank flows, i.e., 2 ft{s, would not produce puncture.

Puncture could be initiated by using an extreme overbank velocity
of 6.13 fr/s combined with & 10-ft diameter floating tank with a rigidly
attached 0.8-4in. probe. The probability of a 6.13 ft/s overbank veloc-
ity is estimated to be lass than 102. This condition will be designated

as the reference flood-gensrated projectile.

The probability of puuncture of a single ton container from the

reference single floating tank condition is as follows:

PpelpxTpx P (5-7)
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TABLE 5-13
PROBABLE SIZE DISTRIBUTION FOR STEEL TANKS

D 1.2D 57.67D2 5.3407D2
Diameter Height Weight Surface Area

. (fr) (ft) (1b) (££2)
| 2 2.4 231 21.36
' 4 4.8 923 84.45

6 7.2 2076 192.0
X 8 9.6 3690 342.0
' 10 12.0 5767 534.0
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where LP = location probability, i.e., the probabi{lity that the probe
atteched to the floating tsenk is pointing towards the ton

contajner well at the moment of collision,

Tp = target probability, 1.e¢., the probebiliry that the tank
collides with the ton container,

Pp = probability of probe being present.
Lp can be approximated by the ratio of total surfece area to the
effective surface position. Assuming that the probe must be within a
1 fe2 location, then:

L= 1/(7.06)2 (5.3407) = 0.0038 . (5-8)

'1'P can be approximated by assuming s flood channel width at the
point of collision and comparing that to the length of a ton container

(3?“ (82 in.): Using a three-mile wide channel, which is consarvative for a
N typical flood, then:
Tp = 82/{(5280) (12) (3))} = 0.00043 or 0.0043 (5-9)

for the total width of 10 containers.

Pp is estimated to be 1 x 10°3. Thus the probability of & refer-

ence tank hitting and rupturing a ton container is
Pp = (0.0038) (0.0043) (0.001) = 1.6 x 10-8 . (5-10)

It would seem reasonable from the flood basin size to assume no
more than one raference floating projectile per flood snd the flood
reoccurrence to be greater than 100 years. In addition, the probebility
of a 6 ft/s overbank velocity is estimated as 10%1. Thus, th: probabil-
ity of rupture is approximately 1.63 x 10-1l/yr,

B
""."\'
v".(\
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Thus, bssed on the above calculations this scenario can be screened
out on the basis of the frequency criterion of less than 1.0 x 10-10/yr.
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SN 5.3. SPEGIAL HANCLING ACTIVITIES '

$.3.1. Leaking Munitions

Saveral scenarics were identified that specificselly sddress the
- leskage of stored munitions and the accidents that could occur in the -
process of iselating leaking munitions which could aggravate the ciioc-
ing situation. The avsnt treea are shown in Pigs. 5-7 and 5-8.

Sequence SL1 addresses the possibility that a munition could leak o
from the time the periodic inspecticon has bean performed until the next
periodic inspection. It is sssumed that the leaking munition will be 3
detected at the time the next inspection {s made. For all sites, except N
at APG, the inspections sre assumed to be performed quarterly (9C days).
At APG, the ton containers are inspected daily. No event tree was
developed for this scenario since it is represented by a single event
failure. 3
‘:na
DG 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 tc be largely due to human ;
error. The quantification of these events required & decailed human
reliability studv (Ref. 5-14), Essentielly a task analysis was per- .
formed to identify those errors that could potentially impact agent a2
release probabilities. Available data was used to quantify the proba- :
bilities of some of these errors and extrapoclations were made from these T

fixed data to gquantify the remainder.

Isclation of leaking rockats require special tasks. The leaking
rockets are isolated in the storage {gloo at the original location,
where the pallet containing the leaking rocket is unpacked. Only those
truck that will carry it to an 1igloo reserved for leaking munitions f 

(Ref. 5-1). The analysis assumes thet the same procedure is followed ‘A
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Fig. 5-7 ., Municion punctured by forklift tine during leaker -
handling activities
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N for isolsating other leaking munitions, except that overpacks (other then ;t}::
» 9 )

i PIGs) are used. =

o™

N

h Three types of operator errors related to lesker izclation were

[

ﬁ identified {u the task analysis: (1) puncturing s munition with a

forklift tinea, (2) dropping a munitlon or pailet from a forklift, end
S (3) dropping s singie munition while hand-carrying it. TLese errors are
S discussed in more detsil below. N

1. Puncturing s munition with a forklift tire might occur eay
time a munition or pallet is spproached with a forklift tine.
Puncture probsbility is s function ¢f the human error that
tesults in impect of the tine with the munition and of the

vulnersbility of the muniticn to such an impac:.

CVRATHASNSN D

2. Dropping & munition or a pallet from a forkli{ft could occur

1
s a4

any time & forklift 4is carrying & load. This action could be
caused by operating the forklift in a way that causes the load N

to fall or by loading the forkiift such that the lcad is mis-

SRR,
R
1 5\1

wZe

aligned or the weight distribution within the pallet or muni-

=

tion is unbalanced. It could also result from the pallet's |
getting caught on and pulled off by something it runs into.

Sudden acceleration or deceleration, sharp turns, high-speed

i 3n

operation, or operation over uneven ground could all be

NS RRR _ Jally

contributors to munition drops.

A%

X

3. Dropping & munition while hand-carrying it might occur any
time the munition 1is picked up, purt down, or carried without s
forklifr or other lifting device. It could be caused by the
operator's falling as he carries the munition or by the muni-

tion’s slipping from his grasp.

A previously identified scenario involving the improper replacement

of a corroded valve or plug in a ton container (Sequence SL16,

g di I e MAITMTRIA R A S Rt Thg

AR AL ALY A S AR A A CAAAT Ll A Aol oK MR

A
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$§§§} Ref. 5-15), has been deleted in the present evalustion. It is expected
a that ton containers with GB will require that their valves be replaced
before 1991. The human reliability analysis (see Appendix J) concluded

that this event has a low frequency of occurrence. Furthermore, the N

amount of mustard or VX that cculd ba dispersed to the atmosphere from a N,

valve or plug replacement operation is Linsignificant.

Table 5-14 presents the data usad to evaluate the accident fre- R
quencies for the scenarios addressed above. The frequency of scenario S
SL1 was darived by detearmining the leakage rate for each munition type
based on the lesker dats at esch site and the total munition inventory

at each site. Sinue the two parameters are classified information, they

554y

will be presented and discussed further in a classified appendix.

3

r

5.3.2., Human-Error Probability Estimation

The human-error probabilities were quantified. Using the approach
‘f\ﬂ - to human-error estimation described in NUREG/CR-1278 (Ref. 5-19). Prob-
e abjilities of human errors were estimated based on several performance-
shaping factors such as munition configuration, handling operationm,

clothing level, snd crew size. These factors are identified in the

DR ULV LI R S0 ST ST N

discussions that follow on the derivatiocns of each estimaze. Table 5-15 e
lists the error probabilities estimated for puncturing or dropping a )

muni.lon based on sach of these factors.

1. Puncturing a munition. The basis for the error estimates is
taken from Section 4.4.2 of Reference 5-1 (pps. 4.4-26). This
reference gives 4E-5 as a deta-bated estimate of the probsbil-
ity of kandling errors using forklifts for the rocket stock- X
pile. This is an estimate of the likelihood of an error in
forklift opersation that potentially could lead to a warhead
ruvpture while attempting to isolate a leaking rocket inside

the storage igloo. .

g

<.
~, "
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: TABLE 5-14 .:\_-f."j.
DATA BASE FOR ANALYSIS OF SEQUENCES SL1, SL2, AND SL9 e
i
| Frequency
‘ Event of Probabilicy Reference
| Munition develops a leak during
' storage (Scensrio SL1):
; Bomb (TEAD) 7.52-5 per year Ref. 5-16
i {UMDA) 4.5E-4 per year
: 4.2-1in. mortar (ANAD) 2.8E-7 per year
| (PUDA) 1.0E-6 per year
. (TEAD) 7.0E-6 per year
. 105-om cartridge (ANAD) 2.8E-7 per year
g (PUDA) 1.0E-6 per year
' (TEAD) 7.0E-6 per year
Ton container
. Mine (ANAD) 9.0E-6 per year
. (PBA) 1,1E-6 per year
R (TEAD) 2.5E-4 per year
: (UMDA) 3.1E-4 per yeer
e
! Projectile (ANAD) 4.9E-§ per year € .
M (LBAD) 9.3E-6 per year L
4 (PUDA) 5.0E-C per year
p (TEAD) 8.1E-5 per yesr
- (UMDA) 6.2E-5 per year
l Rocket (ANAD) 6.1E-5 per year
’ {LBAD) 4.3E-~-5 per year
by (PBA) 9.1E-7 per year
o (TEAD) 1.3E-3 per year
5 (UMDA) 1.8E-4 per year
. Spray tank 9.BE-S per yesr
- Forklift tine accident (SL2) 1.0E-4 per operstor Ref. 5-15
N Munition puncture given tine
accident:
) Bomb 1.29E-2 Ref. 5-2
; 4.2-in. mortar 3.6BE-2
I 105-om cartridge 8.90E-3
- Mfne 7.07E-2

~
"
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b ! TABLE 5-14 (Continued)
A (
Frequency
Event of Probabilicy Reference

Projectile 5.00E-2

Rocket 2.63E-1

Spray tark 1.53E-2

Munition dropped during leaker
isoclation (SL9):

Pallet and bulk (B, S) 3.0E-~4 Human relisbilicvy
Single (C, D, M, P, Q, R) 6.0E-4 Analysis (Ref. 5-15)
Ton container (K) 3.0E-3

Munition punctured given drop:

Bomb (pallet) Ref. 5-2

(single)

4.2-in. mortar (pallet)
(single)

b
iﬁ' 105-mm cartridge (pallet)
v (single)

*
N~
NN
=™

»
m
[}

(3
=
[}
w
PLrLLS
~&&k&&&hh“2L

w

m
.

w

Ton container

Mine (pallet)
(single)

O OMNM U O~N ON

7E-5
BE-5

2ETALS T

O &0 - O8N O+

Projectile (pallet or single)

Munition detonates given 6 ft 1.6E-8/munition Ref. 5-2
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NS That estimate {2 batad on conditions that do nct entirely

} A

represent those assumed by this study; namely, that a three-
mar crew will perform all forklift operationi. In this study,
it is assumed that e two-man crew will perfurm all foxklift
operations--one drivirg the forklift aand one guiding forklife
and munition position from the ground. This means that the

data-based estimate may not represent the probabilicy of

- e 2 R AF 2 A D> DOI A

forklift-handling errors expected under actual conditiocns.

Therefore, this astimate was revised to 1 x 104 vo account
for a smaller crew. The revised estimete of 1 x 10°4 is the
probedility that »2p2 or both members of a two-msn ~rew will
err such that the forklift tine is in a position to puncture a
munition. (This puncture probability applies to those cases
in which forklift tines are used to lift munitions; it
includes palletized minitions and spray tanks in overpacks.)

L e e o ¥ S g e R P

Another difference {s that the original ¢stimate from Refer-

‘1; : ence 5-1 (4 x 10-5) was based on operations with leaking rock-
R ets. This meant that it assumes thet the crew is wearing
Level A protective clothing. If the same forklift operations
are periormed in less strenuous circumstances (i.e., if a
lower level of protective clothing is worn), the error proba-
bility estimate can be lowered. Here, it has been lowered to
5 x 105 for the case of the operators’ wearing pactial pro-
tection (masks, gloves, and boots) and to 1 x 10-3 for the
case of their wearing minimal protection (street clothes, with

masks slung).

2. Dropping a munition. For palletized munitions and spray tanks
in their overpacks, humcn-caused drops from forklifts are
judged to be three tipes as likely as punctures caused by
operating the same kind of forklift. The errcr-probability
esticates are 3 x 10°%, 1.5 x 105, and 3 x 10-3 for dropping

5-59
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e wmunition from s forklift tine when wearing Leval A, Level C,

or Level I protective clothing, respectively.

Because of unwieldy pallet and overpacked epray tank loads and
because iz is assumed thet forklift-tine loads are likely to
be carried at higher speeds than sre forklift-beam loads, the
1likelihood of & TC's or other beam-carried load’s bdaing
dropped because of buman error is judged to be an order of
magnitude lower than that of a tine-carrxied load’s being
dropped. These aru estimated to be 3 x 103, 1.5 110’6,

and 3 x 10-% for protective clothing Levels A, C, and F,

toupcc:;vcly.

For hand-carrying munitions, munition drops are astimated to
be twice as likely as drops of tine-cerried loads from fork-
lifts. The estimated probabilities of dropping s hand-carried
munition when wearing Levels A, C, and F protective clothing '
are 6 x 1074, 3 x 104, and 6 x 1073, respectively. (Loads

cerried by forklift beams are never hand-carried.)

These probability estimates are the likelihood of an error per
handling operation. A single forklift operation may involve a
single munition such as a spray tank or as many os 4B weapons
on s pallet, %aile a single hand-carry operation will alwsys

involve only & single munition,

$.3.3. Surveillance and Maintenance Activities

For the coentinued storege option, sdditionai handling accident
scenarios were identified which relate to the plennad suirveillance snd
maintenance of munitinrs over the 25-yr continued storage period.
According to informaticn provided to GA by the U.S. Army, all currently
stored munitions will be taken out of their present storsge lccatioms

and brcught to a maintenance facility for imspection. The risk analysie -
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addresses on. the accidents that could occur during the movement of
these munitious Irom storage to the maintenance facility and back to
storage. Table 5-~16 shows the number of times each munition type will
be moved to the maintenance facility for surveillance. Note that not
all munition types are shown in this list. It is therefore assumsd that
the handling and transportation sccident scenarics will not apply to
those munitions not listed in Table 5-16. Table 5-17 lists the
handling-related sequences that were identified. Sequences SH1 through
SH7 involve surveillance and scenarios SHB through SH12 involve pallet
inspection. For pallet inspection, the procedure is to move the pallet
to the igloo apron and inspect the pallec for any degradaticn visually.
It is assumed that only electric forkiifts will be used o move the

pallets.

The analysis of these activities does not include the sctual main-
tenance performed on the individusl munitions. It is not clear what
type of maintenance will be performed during this period. Furtheruore,
it may also be possible that the maintenance will be parformed in-situ.
Although the number of handling activities considered the movemert of
the munitions from their storege locations to &« maintenance facility by
rtruck, the accidents involving actual onsite transportation were not
specifically analyzed. The results of the onsite transportation analy-

sis for the Onsite Dispoaal Option (Ref. 5-19) are considered to apply

here.

It is not yet clear if the Army will move the munitions in over-
packs should it decide to choose the continued storage slternative. If

the Army decides to put them in overpacke then the transportation risk

anslysis results for the onsite cption directly apply. However, the
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MAINTENANCE AND SURVEILLANCE SCHEDULE
Xumber of Times Haintenance is Roquired
Maunition For Next 25 yr

Cart,, 105 mx, GB, M360 2 times

Proj., 155 mm, GB, M121/Al 2 tines

Proj., 155 mm, H/HD, Mii0 Every 30 months

Proj., 155 mm, VX, M121Al Every 8 yr (102 of inventory)

Proj., 155 mm, VX, M121Al 2 times (907 of inventory)

Proj., b in., VX, M426 Every 8 yr (142 of inventory)

Proj., 8 4in., VX, M426 2 times (362 of invantory)

Proj., 8 in., GB, M426 Every 8 yr (157 of {nvertory)

Proj., 8 in,, GB, M426 2 timme (857 of inventory)

Bomb, GB, MK116MOD O 2 timen

Bomb, MK94 Every 8 yr

Bomb, GB, MC1 Every 8 yr (30% of inventory) N

Bomb, GB, MCL 2 times (702 of inventory) 2.
Aoe

Tcn containers, all agents Once

Notes: No overpacks, except for the items currently stored in

overpacks, will be used for onsite movement to the maintenance

facility. This is equivalent to ths current yprocedures. The

distance for the truck moves betimen the atorage arca and the

meintenance facility is site apecifici and the approximate distance,

if greater than one mila or one mile, should be used.

Surveillance: OQver the next 25 yr, surveillance will handle

approximately 2500 mmnitions per year fcir the next 25 yr. Operations

consist of a forklif: move of a palle: to 4{gloo apror, inspecticns,

and forklift move back into igloo. Both bombs and leakers may be

moved inside the igloc, but quantitative estimatas cannot be

pzovided.
RO
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R TABLE S-17 .
L SN L
Y HANDLING ACCIDENTS INVOLVING MUNITION SURVEILLANCE AND MAINTENANCE 3

DURING CONTINUED STORAGE

SH1 Drop of pallet or container in storage ares or maintenance

facility during handling-related maintenance cperations;

munition punctured.

SH2 Forklift collision with short duration f£ire during movement
in storage ares or maintenance facility during hendling- .

related maintenance operations.

SH3 Forklift tine accident during movement in storage area or B
>
maintenance facility during hsndling-related msintenance

operations.

SHa4 Forklift collision accident without fire in stotrsge srxea or
maintenance fecility during handling-related maintensnce -

‘cu, operations. y

SHS Drop of munition during handling either in storage area or
maintenance facility (during handling-related maintenance g

operations) leads to detonation.

SH6 Collision accident during handling either in storage area
or maintenance facility (during handling-related

maintenance operations) lesds to detonation.

SH? Collision acczldent during handling either in storage area
or maintenance facility (during handling-relcted
maintenance operations) with prolongad fire leads to

thermal detonation or hydraulic explosion.

.

- %

SH8 Muniticn pallet dropped during handling-related movement in X

4 N

and out of the igloo for pallaet inspection munition

punctured.

A P S )
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SH9

SH10

SH11

SH12

TABLE 5-17 (Continued)

Uorklift tine accident during handling-related movement in

and out of the igloo for pallet inspection o detonation.

Porklift collision accident during handling-related
movement in and out of the igloo for pallet inspection (no

fire since electric forklifts are used); no detonation.

Munition pallet dropped during handling-ralsted movement in
and out of the iglco for pallet inspection; munition

detonated.

Forklift collision accident during bhandling-related
movemant in and out of the igloo for pallet inspection (no
fire since electric forklifts are used); munition

detonated.
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§s§§§ transportation risk for movemsnt of munitions even without overpacks
should not differ significantly for the following reasons:

1, The protection from impact provided by most munition casings
are at leact as strong as the currently designed onsite

packsge.

2. Most munition casings provide ai much protection from crush as

the package.

3. The possibility of s fire longer than 10 min has been elimi-
nated by an administrative requirement of limiting the amount
fuel carried by a truck to less than 65 gallons. Therefore,
sven if the package provides a 15-min protection from an all
engulfing fire, there will be no difference in the risk
results for packaged or unpackaged munitions.

% N
‘j’ 4. Thin-walled munitions such as the 4.2-in mortar projectiles,

mines and rockets spparently will not be taken to s main-

FTPTY WY CTCC CATIl YT XS SIS €T 3 LA E B A~ S ¢ 8 2 w———— o - -

tenance facilicty for inspections since they are not listed in

Table 5-16. The package designed for onsite transportation of
munitions provides additional protection for these munitions.
For thick-walled munitions such as the projectiles, the dif-

ference in risk of whether they are in or out of s package is

N w, "1, . ..’.

negligible, {a

N

L.

Table 5-18 presents the dats used to evaluats the accident frequen- o

cles for the scenarios addressed above. The fraquency of scenario SL1 :;
was derived by determining the leakage rate for each munition type based :ﬁ
on the leaker data at each site and the total munition inventory &t each :J
site. Since the two parameters are classified information, they will be ;
Cal

presanted and discussed further in a clesssified appendix to this report =
Appendix H). R

(Appendix H) “
-

e

-
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TABLE 5-18 Rods h
DATA BASE FOR LEAKERS IN STORAGE t
v
Fraqueney or "-"- .
Evaent Probability Reference I
o
Munition develops a leak during -
storage (Scensrio SL1): o
b
Bomb (TEAD) 7.SE-5 per yr Ref. 5-16 &
(UMDA} &.5E-4 per yr -
4.2-in. mortar {(ANAD) 2.BE-7 per yr
(PUDA) 1.0E-6 per yr w3
(TEAD) 7.0E-6 per yr g
Ls"
iy
105-om cartridge (ANAD) 2.8B-7 per yr Relt
(PUDA) 1.0E-6 par yr &
(TEAD) 7.0E-6 per yr y
Ton containes S.9E-6 per yr *
Mine (ANAD) 9.0E-6 per yr ?f
{PBA) 1.1E-6 per yr . £
- (TEAD) 2.8E-4 per yr 3 4.
(UMDA) 2.1E-4 per yr RN Dy
o
Projectile (ANAD) &4.9E-6 per yr N
(LBAD) 9.3E-6 per yr :} .
(PUDA) S.0E-6 per yr .
(TEAD) @8.1E-5 per yr 8
(UMDA) 6.2E-5 per yr 0‘
/‘. q.
Rocket (ANADY 6.1£-5 per yr
(LBAD) 4.3E-5 per yr i
(PBA) $.1E-7 per yr
(TEAD) 1.3E-3 per yr )
(UMDA) 1.8E-4 per yr s
o
Spray tank 9.8E-5 per yr '_f
R
Forklift tine accident (SL2) 1.0E-4 per oper. Ref. 5-15 _-: .
’
Munirion punctured given tine B |
nccident: :" .
Bomb 1.29E-2 Ref. 5-2 3
4.2-in. mortar 3.68E-2 g
105-mm cartridge 8.90E-3 %
Miae T7.07E-2 RN
Projectile 5.00E-2 POAY N
N
~ g
N ¢
>
5-(’: .\ |,':
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R TABLE 5-18 (Continued)
hbe s
Frequency or
Event Probabilicy Reference
: Rocket 2.63E-1
P Sprey Tank 1.53E-2
Munition dropped during leaker
isolation (SL9):
Pallet and bulk (B, §) 3.0E-4 Human
Ton container (K) 3.0E-5 Analysis
(Ref. 5-15)
Munition punctured given drop:
Bomb (pallet) 4.72E-4 Ref. 5-2
(single) 1.62E-~4
4.2~in. morter (pallet) 1,24E-4
(single) 0.0
105-mu cartridge (pallaerx) 2.71E-5
(single) 0.0
. Ton container 1.55E-3
i!_ Mine (pallat) 9.27E-5
S (single) 4.08E-5
Projactile (pallet or single) 0.0
Munition detonates given drep: 1.6E-8/munition Ref. 5-2
Forklift collision leads 4.3E-6/oper. Ref. 5-12
to drop of munitions ané
R!f- 5'2
Collision results in fire 0.6725 Ref. 5-12
Fire contained:
Burstered (4 nmin) 0.5 Engineering
Judgement
Neonburstered (30 min) 1.00 Fuel will be
limited a0 as
limic fire
to less then
10 min
NN
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% R
5.4. SCENARIO QUANTIFICATION ) &_-
. .

?h

Tables 5-19 and 5-20 present the results of the accident sequence )

0

frequency enalysis for all the storage scenarios discussed previously e

except those which were initislly screened (i.e., SL10, SL11, SL12,
SL13, and SL14). From the results ir is evident that the following
seguences could be screened out (from all eight sites) further basad on
the 1.0 x 10°10/yr criterion:

AN o 2

SL17 - Large aircraft direct crash; fire contained in -
30 uno N'
Al
sL21 - Large aircraft indirect crash; fire contained in Q_
30 min. B
w7
N
SL23 - Tornado-generated missiles cause munition detona- o
~
tion upon impact. :|
ST !
e EJ’ 3
Since handling-related accidents are given in terms of events per - \:
n
munition operation, no screening can be performed without divulging N
classified information. *:{
Table 5-2]1 presents the results of the accident scensrics related N
h ]
to the planned surveillance and maintenance of munitions over the 25-yr ﬁ’f
continued storage period. :,:
e
)
o
.{'_ .
P
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j jzyﬁ: The trends indicated by the frequency results are as fcllows:

‘ s

! Externally-Induced Events

:

N 1. Tornado and high wind

. a, Munitions stored outdoors or in warehouses are generally
3 more susceptible to tornado strikes. APG, PBA, NAAP,

N TEAD and UMDA have warehouses. PBA and NAAP are in

i Tornado 2Zone 1 while APG is in Ternado Zone II (Zone I

> has the highest tornado frequency). TEAD and UMDA are in
5 Tornado Zone III.

'5

: 2. Meteorite strike

; a, Munitions stored in warehouses are more susceptible to

: meteorite strikes. Since fire is generally present, a

E "" meteorite strike may involve the entire warehouse

. inventory.

”,

5:

i 3. Aircraft crashes

i

Y e, Munitions stored outdoors are generally more susceptible
; to these events. APG, TEAD and PBA have ton containers
i stored outdoors, However, the aircraft crash probabili-
; ties at APG an< PBA are relatively higher than the other
s sites.

v

E b. Igloos provide minimal protection from direct crashes of
; large aircraft. The accident becomes more serious when
i burstered munitjons are involved.

3

5

o3

! <X

o
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c. Large aircraft crash frequencies at APG, LBAD, and TEAD RV
greatly increase for the air option because of the addi- g.

tional landings and takeoffs at these sites. N

4. Earthquakes

\o

.. Earthquakes, pecticularly in high seismic locations such ‘f_

as TEAD, could cause stacked munitions to be punctured. :.;

However, the probability of having a probe present inside ]y

an igloo is quite low. !

%

b. Detonations due to earthquake-induced drops are at least S

=

two orders of magnitude less likely than punctures. E

c. There is a significantly high frequency earthquake- ::§
induced agent releases to munitions stored in warehouses :::'

at NAAP, TEAD, and UMDA. .,
o b
Leaker-Related Events . }'
i. Forklift drop accidents can occur more frequently than fork- ;—::-i!
lift tine punctures. E...
0
vl
2. Use of a 1ifting beam instead of a tine leads to an order of ~.~:
magnitude decrease in drop frequency. :‘2
'
2
o
.
1
:'.j:
P

’
R

A
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N 5.5. UNCERTAINTY ANALYSIS
SN
5.5.1. Overview a
The frequency results presented in Tables 5-16, 5-17, and 5-~18 are -

median values. The values shown in the range factor column represent
the ratios of the 95th percentile values to the median values. The range

factors vary from 10 to almost 100. The tornado frequency results bhave

I TR SR

the highest uncertainties largely because of the difficulty to sccu-

s LN

rately model the probability that the missile will be in the proper ori-
entation to penetrate the munition and actually how many missiles per 4
square foot of wind will be present. The ability to model low-impact

detonations also lead to large uncertainties in the final results. The
data available are scarce and sometimes not directly applicable to the

scenario being analyzed.
5.5.2. Error Factors

In those cases ‘/here sufficient informatiocn exists to determine the
upper- and lower-bound values, the error factor was derived by assuming
that the upper-bound value is equivalent to the 95th percentile. The -
engineer’'s best estimate is taken as the median value based on the prop- ‘<

erties of the lognormal distribution. This choice is rather congerva-

T v

tive since the mean value of the resulting distribution becomes larger

than the best estimate or recommended value.

P AR

In many cases, however, the data sources were limited. Therefore,

the assignment of error facrtors was entirely based on engineering judg-
ment, taking into consideration the important parameters which may 3
influence a particular variable. The generic guidelines for the uncer-

tainty assessment is shown in Table 5-19.

5.5.2.1. Tornado Sequence Uncer-ainties. The frequency of the init.iat-

ing event itself (i.e., tornado wind of sufficient intensity to generate

5-95
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e
! missiles occurs) is assigned an error factor of 10 per Table 5-19. The ‘"EE;‘ ;
conditional probability of a missile hitting the structure and penetrat- g
. ing the munition is assigned an error factor of 50. As explained iIn "
Section 5.2.1.1 (Eq. 5-2), this event is the proauct of four variables.
The uncertainty is largely due o the variable D, which is the number of
missiles per square foot of wind. The conditional probability of a -
burstered munition detonating when hit by a missile is essigned an error EE
factor of 2. ::
v
5.5.2.2. Meteorite Strike Sequence Uncertainties. The frequency of a ?
meteorite strike is assigned an error factor of 10. The conditional i~
probability of a meteorite penetrating and rupturing the munition is the :S
product of (1) fraction of stone and iron meteorites capable of pene- t:
trating the target; (2) target area; and (3) spacing factor. This event {
is assigned an error factor of 10. The uncertainty is largely due to :4
the fraction of stone and iron meteorites capable of penetrating the EE
structure. .o ::.'
o«
5.5.2.3. Alrcraft Crash Sequence Uncertainties. The aircrzaft crash -
frequency {&¢ asszigned an error factor of 10. Adrcraft crash accident ,i
sequences with or without fires (from {mpact) have been considered. For :]J
this reason no uncertainties were assigned to either the probability of E‘%
having a fire (0.45) or no fire (0.55). The uncertainties associated {;
with the structural damage (i.e., igloo or warehouse) given an aircraft Eﬁ
crash sre given in Table 5-8. For events with probabilities greater »aﬂ
than 0.1 the uncertainties sssigned followed the guidelines given in !\A
Table 5-19. '
5.5.2.4. Earthquake Sequence Uncertasinties. | E
! 1
Storage Igiocos tii
L
The initiating event, earthquake occurs, is assigned an error fac- ,,"J.
tor of 10. The conditional event, munition punctured given drop, is s g_,‘
FREN N
eQ{?{ E;E
I
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:-E-EE-;’ assigned an error factor of 5. The puncture probabflity is a function
T of drop height, weight and presence of a probe of sufficient length and
density. The uncertainty is largely due to the last variable. Note
also that no uncertainty from errors with the models has been considered
since this i{s beyond the state-of-the art of present day uncertainty
. analysis. |
;ﬂ: 5.5.2.4. Earthquake Sequence Uncertainties. 3
” <
Warehouse Storage 3:.
Event 1: Earthquake Occurs ‘::q
%
The initiscting event frequency is assigned an error factor of 10. ‘_",
:
Event 2: "K" Warehouses Damaged by Earthquake ;j
by
“-'-'\ ' Uncertainty factors for values above 0.1 are taken from Table 5-2Z. .?:
A For probabilities between 0.0l and 0.1 an uncertainty factor of 3 is i-_.‘
recommended. Probabilities below 10-2 is assigned an uncertainty factor j
of 3. The uncertainty distribution in each case is lognormal. \:
v
5.5.2.5. Handling Accident Sequence Uncertainties. All iniciating r:-'
events associated with munitions handling ({.e., drops, collisions, E
forklift tine punctures) were assigned an error factor of 10. The con- "
ditional probability of puncturing the munitions given any one of the ;:.
initisting events {s assigned an error factor of 3. The probability of ~
causing a low-impact detonation (i.e., drop from 6 ft or lower) {is }:.
assigned an error factor of 10. .\t
R
7
:
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6. QUANTIFICATION BASES .
6.1. HANDLING ACCIDENT DATA
All initiating evant frequency accidents, except for forklift N
<
collisions, were derived from the human reliability analysis and are N
discussed in Section 6.2. .
2,
The forklift collision sccident frequency was derived from N
Ref. 6-1. In Ref. 6-1, accidents were defined to include incidants ]
that result in fatalities, injuries, or property damage. The basic J
tzuck accident rate is 2.5 x 10-® accidents/mile. From Table II of f
Ref. 6-1, the percent of accidents leading to collisions with trucks, -
sutos, and stationary objscts and overturns is 89.35%. Table III of
1
" Ref. 6-1 also show that 501 of all uccidents occur at speeds of 30 to A
C‘a 40 mph. ‘
-
To convert the basic rate to accidents per operation, the opera- -
,
tor’s exposure time in the highway (s determined. 1If the operator was {
traveling at 35 mph, the exposure time is 1.7 min. F
-
In order to apply this information to forklift cullision ~ccidents, .
the following were assumed: "
1. The total opersator exposure time during the forklift operation .
is 10 min. This includes the lifting of munitions from the :
stack, moving them to another ares, and unloading them. i
} d
2. The time to travel from one point to another is assumed to be é
one-third of the total time, or 3.3 min. i
7
R L
o 3
6-1 N
N
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3. Forklift collisions will occur at spseds no greater than

40 mph (i.s., two forklifts traveliog at 20 mph).

Therefore, forklift collision accident rate is:

3.3
2.5 x 10-6 x 0.893 x i7" 4.3 x 10~6/operation .

This median value {s assigned an error factor of 10 on the basis that
the data is only for 6 yr and therq may be other unreported incidents

more directly related to forklift operations.

Reference 6-1 also indicates that 252 of fires result from
collision-type accidents. It is not evident from the data 4if fire
from collision is directly proportional to truck speed. Our analysis
sssumes that it is. Therefore, the data was modified as follows:

Probability of fire = 0.25 x v 29 = 0.072S§ ’

where the factor 0.29 represents the percent of collisions occurring at

less than 20 oph.
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6.2. HUMAN FACTORS DATA

Human-error probabilities were quantified for use in the handling
scenarios uaing the approach to human-error estimation described in
NUREG/CR-1278 (Ref. 6-2), probabilities of human errors were estimated
based on several psrformance-shaping factors such as munition config-
uration, handling operation, clothing level, and crew siszse. These fac-
tors are identified in the discussions that follow on the derivations of
each estimatea. Table 6-1 lista the erzor probebilities estimated for
puncturing or dropping & munition basad on esach of these factors. These
error probabilities will be incorporated into the handling scenarios as
shown i{n the data tables in Table 6-2.

1. Puncturing a sunition. The basis for the error estimates
is taken from Section 4.4.2 of Ref. 6-3 (pages 4.4 through
4.26). This reference gives 4 x 105 as a data-based estimate
of the probability of handling errors using forklifts for the
rocket stockpiie. This is an estimate of the likelihood of an
error in forklift operation that potentially could lead to a
wvarhead rupture while attempting to isclate a leaking rocket

insids the storage igloo.

That estimate is based on conditions that do not entirely rep-
resent those sssumed by this study; namely, that a three-man
crew will perform all forklift operations. In this study, {t
is sssumed that a two-man crew will perform all forklifc
operations--one driving the forklift and one guiding forklift
and munition position from the ground. This means that the
data-based estimste may not represent the probability of
forklift-handling errors expected under actual conditions.
Therefore, this estimate was revised to 1 x 10-4 to account
for a smaller crew. The revisad estimate of 1 x 10-% is the
probability that one or both members of a two-man crew will

erzr such that the forklift tine is in s position to puncture a

6-3
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TABLE 6-2

DATA BASE FOR LEAKERS IN STORAGE

Frequency or

Event Probability Reference
Munition develops a leak during
storage (Scenario SL1):
Bomb (TEAD) 7.5E-5 per yr Ref. 5-20
(UMDA) 4&4.5E-4 per yr
4.2-in. morcar (ANAD) 2.8E-7 per yr
(PUDA) 1.0E-6 per yr
(TEAD) 7.0E-6 per yr
105-mm carcridge (ANAD) 2.8E-7 per yr
(PUDA) 1.0E-6 per yr
(TEAD) 7.0E-6 per yr
Ton container 5.9E-6 per yr
Mine (ANAD) 9.0E-6 per yr
(PBA) 1.1E-6 per yr
(TEAD) 2.5E-4 per yr
(UMDA) 3.1E-4 per yr
Projectile (ANAD) &4.9E-6 per yr
(LBAD) 9.3E-6 per yr
(PUDA) 5.0E-6 per yr
(TEAD) 8.1E-5 per yr
(UMDA) 6.2E-5 per yr
Rocket (ANAD) 6.1E-5 per yr
(LBAD) &4.3E-5 per yr
(PBA) 9.1E-7 per yr
(TEAD) 1.3E-3 per yr
(UMDA) 1.BE-4 per yr
Spray tank 9.8E-5 per yr
Forklift tine accident (SL2) 1.0E-4 per oper. Ref. 5-17
Munition punctured given tine
accident:
Bomb 1,29E-2 Ref. 5-2
4,2-in. mortar 3.68E-2
105-mm cartridge 3.90E-3
Mine 7.07E-2
Projectile 5.00E-2
6-5
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TABLE 6-2 (Continued) T
Prequency or
Event Probabilicy Reference
Rocket 2.63E-1
Spray tank 1.53E-2 -
Munition droppad during lsaker
isolation (SL9)!
Pallet and bulk (B, S) 3.0E-4 Human
Single (C,D,M,P,Q,R) .0E-4 Reliabilicy
Ton contsiner (K) 3.0E-5 Anslysis
Munition punctured given drop:
Bomb (pallet) 4.72E-4 Ref. 5-2
(single) 1.62E-4
4,2-in. mortar (pallet) 1.24F-4
(single) 0.0
105-um cartcsidge (pallet) 2.71E-5
(single) 0.0
Ton container 1.55E-3 i,
Mine (pallet) 9.278-5 *
(single) 4.08E-5 T
Projectile (pallet or single) 0.0
Munition detonates given drop: 1.6E-8/munition Ref, 5-2
Forklife collision leads 4.3E-6/oper. Ref. 5-12
to drop of munitions and
Rgfo 5"2
Collision results in fire 0.0725 Ref. 5-12
Fire contained:
Burstered (4 min) 0.5 Engineering
judgement
Nonburstered (30 min) 1.00 Fuel will be
limited ao as
limit fire
to less than
10 min
'J‘{:.
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WIN munition. (This puncture probebility applies to those cases

}'..
in which forklift tines are used to lift smunitions; it
includes palletized munitions and spray tanks in overpacks.)

Another difference is that the original estimate from Ref. 6-4
(4 x 10'5) was based on oporgtionn with lesking rockets. This
meant that it assumes that the crew is wearing Level A protec-
tive clothing. If the seme forklift opersticns are performed
in less strenuous circumstances (i.e., 4{f a lower level of
protective clothing is worn), the error probability estimatce
cen be lowered. Here, it has been lowered to S x 107 for the
case of the operators’ wearing partial protection (masks,
gloves, and boots) and to 1 x 103 for the case ¢i rheir wear-

ing minimal protection (street clothes, with masks slung).

2. Dropping a municion. For palletized munitions and spray tanks

in their overpacks, human-caused drops from forklifts are

:r judged to be three times as likely as punctures caused by

operating the same kind of forklift. The error-probability

estimates are 3 x 10-%, 1.5 x 10°3, and 3 x 10-3 for dropping

s munition from a forklift tine when wearing Level A, Level C,

or Level F protective clothing, respectively.

Because of unwieldy pallet and overpacked spray tank loads,

and because it is assumed that forklift-tine loads sre likely

to be carried at higher speeds than are forklift-beam loads,

the likelihood of a ton container or other beam-carried loads ij

being dropped becsuse of human error is judged toc be an order >

of magnitude lower than that of a tine-carried load being :

dropped. These are estimated to be 3 x 10-3, 1.5 x 10-5, fl
' and 3 x 106 for protective clothing Levels A, C, and F, ZE
. respectively. :ﬁ
f o
, o
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For hand-carried municions, munition drops are estimated to be
twice as likely as drops of tine-carried load from forklifts.
The sstimared probabilities of dropping s hand-carried muni-
tion when wearing Levels A, C, and F protective clothing are
6 x 1074, 3 x 10-%, and 6 x 10-7, respectively. (Loads car-
ried by forklift beams are never hand carried.)

These probability estimates are the likelihood of an error per
hand.ing operation. A single forklift operation may involve a
single munition such as & epray tank or as many as 48 weapons
on a pallet, while & single hand-carry operation will always

involve only a single munition.
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7. AGENT RELEASE CHARACTERIZATION

Section 7.1 deacribes the approach used in this study for anslyzing
the agent relesse for the various accident conditions. Application cf
the approach to the accident sequences analyzed in the continued storage

option is discussed in Section 7.2.

The conssquences of an sgent rslesse event are strongly dependent
on agent type, amount of agent relesse, and the mode and duration of the
release. Agent dispersion and subsequent effects will be calculated in
s separate study using s computer program called D2PC (Ref. 7-1) that
embodies an analyticsl model for calculsting agent dispersion under dif-
ferent meteorological conditions. Feedback from these consequence cal-

culations helped to guide ths relesse characterization.

7.1. RELEASE ANALYS1S APPROACH AND BASES

7.1.1. Approach

The approach formulaton was aided by a systemstic review of the
mechanisms involved in expelling agent from its normal confinement. The
analyses performed by Arthur D. Little for the M55 rockets (Refs. 7-2
through 7-6) were puartially spplicable, and similar assumptions es
appropriate were made for this analysis. Additionsl calculations were
performed in this stu’y to determine the quantity of sgent released to
the environment for plant operation accidents involving ounitions other

than the M55 rockets.
For the accident scenarios that involve agent still confined in the

munition, the agent release is dependent on the munition’s mechanical

and thermal failure thresholds, and the behavior of the explosives and
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propellants during the accident scenarios. These are discussed in the ::E:: e

following soctions. Once it was determined that the sgent could be BN s"i

released from its ccrmal confinement, calculations were performed to j}:’

determine the amount of agent released and the possible paths by which N

the agent could snter the stmosphers. ;E"

Y

7.1.2. Mechanical Failure Release %:i

¥

Munition failures result when sufficient forces are generated dur- ::

ing accidents. A discussion of the munition failure thresholds is given 'i-{

in Appendix F. The fsilure thresholds of interest are:

1. Mechanical failure of the agent conteinment due to impact,

crush or puncture. ;

2. Detonaticns initiated by impact or fire. ::-:'.d

3. Thermally induced hydraulic rupture of the agent containment. ;"':\:

TS

7.1.2.1. Jmpact Failure. The thzeshold for impact failura is given in :-9;-. ',;;

terms of velocity of impact against s nonylelding object, or the equiva- " i:_

lent drop height. When the impact failure threshold is zeached, it is :::',;:

assumed that the onset of failure begins. In the case of an accident :,:E

involving more than one munition, e.g., s pallet drop or a forklift col- I

lision, every munition does not experience the effect of impacting s :-?E

nonyielding surface. At the threshold point, it i{s assumed that at :.‘_f\'

least one munition has sxperienced failure. It was further assumed that E:?

the number of munitions that experience failure is a function of the ”“

kinetic energy involved in the accident. \'_'{‘

A

The impact velocity required to initiate failure varies from 35 mph :.G

for rockets (drop height of 40 ft) to 50 mph for projectiles (drop 8.

e
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. ,::.::.: height of 120 ftr). The expected impact velocity (or drup height) for
l e some accidents is:
' Impact Velocity of
X Accident Type Drop Height
l Pallet drop during handling 6 ft
. Forklift collision 5 mph
:
: In view of the above, failure due to impact is not considered to be a
i significant contribution for handling accidents, i.s., other failure
‘ mechanisms dominats.
. 7.1.2.2, Crush Failure. Crush forces ars static forces completely
; independent of velocity. Crush forces wmay arise from a building
. collapse due to an sarthquake.
; Crush thresholds are defined for a single munition and for a pallet
! ‘EE? of munitions. When the crush threshuld for pallets is exceeded, it vwar
MY conservatively sssumed that all munitions in the pallet will fail,
4
¢
t A linsar relationship for the aumber of units that would fail due
\
' to crush was assumed as follows:
v )
’ F by
v ne= (7-13 -
[4 [+] :.-
‘J'
e
vhere F = crush force available in the accident, R
- Fo, = crush force threshold for the palletized mnitiom. i
" N
. N
Pl
At n = ], all the munitions in one pallet bhave failed. The avail- w
"8
able force in an sccident can be the weight of & vehicle, the weiga: of ‘o
e building collapse, or the weight of any large object that can fall on <
the municions. -
3
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The accident scenarios that are capable of generaiing forces suffi- ¢:§:R :
ciently high to produce crush involve external events whers many pallets R
may be involved in the accident. Thus, it is possible that more than ;;
one pallet can fail. Por example, the crush threshold for a rocket pal- ;ﬂ
let containing 15 rockets is 43,400 1b. If the weight of an object is k.
100,000 1lb, Eq. 7-1 pradicts s failure quantity of 2.3. Tkhis corre- -
sponds to 2.3 pallats, or about 34 rockets being crushed. If the aveil- jb
able crush force is less than the failure threshold for s single muni- ¥y
tion, then naturally, no munitions fail. ‘.:

Equation 7-1 is conservative becasuse it sssumes that the total hf
svailatle load arising from an accident is concentrated in the most ’t_
eificient way to crush the munitions. If the load was uniformly dis- e .
tributed over wany palle:s, fewer or => fa{lures would occur. H;;
7.1.2.3. Puncturc Failure. Tle puncture threshold 1s defined in terms i:
of the ratic of velocity to radius of curvature ass' uing the munition : 
(or pullet) impacts an unylelding sliender object or probs. Generally, o ;'
the fajilure threshold for puncture is¢ the lowest of the three wmechanical S &;
failure thresholde. The number of failures that cen occur in an acci- ;
dent is dependent ¢n the number of probes present. If the puncture :f
failure threshold is exceeded, it is assumed that one probe will fail :’_
one munition. Ej
7.1.2.4, Lliquid Spills and Evaporation. Once mechsnical failure i-'
occurs, the muinitiopn agent inventory may be able to spill out on the r‘
ground or water. For forktine punctures, tha puncture is assumed to T:
consist of a 3-in. diamezer hole just below the munition centerline. :3‘
The amount #nd time of spill 4is caiculated to be that which can drain by E:
gravity out of the hole. Impact, crush and probe punctures are assumed -
to result in the epill of the entire munitions inventory. . 5:;

If the spill occurs outdoors during leaker handling, the releare ??
analysis ends with the determination of the type and mass of liquid i:

SRR
7-4 N
3
.
N
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agent spilled and type of surface where the spill occurs. This informa-
tion is sufficient input for calculation of atmospheric dispersion by
the D2PC computer program (Ref. 7-1). All liquid spills during handling
or ground transport are assumed to occur on a bhard, flat ispervious
surface such as level concrete or asphalt. The evaporation of the spill
is calculated by the D2PC program by calculating the maximum puddle srea

and the corresponding evaporate rats.

I1f the spill occurs indoors, the release analysis in this report
extends to the time dependent rates of evaporation. In general, the
D2PC program was applied to calculats the oveporation rate basad on the
type and mass of agent spill and considering any confinemsnt of the
liquid puddle or pool. The D2PC general equation for evaporation of a
spill over a floor ares corresponding to & liquid pool depth of 1/32 in.
relates the time t to evaporate the entire spill inventory M (pouads)
in terms of a power function of M and two coefficients s and b. The

equation is
t e aM® (7-2)

where t = time in thousands of minutes,
a, b = constant for agent GB (a = 0.79, b = 0.253),

&, b = functions of M for agents B and VX.

The area (ft2) corresponding to the epill M (1b) and pool thickness
1/32 4n. 18 5.91 times M, For restricted pool areas, the equation must
be modifiad. This equatinn and coefficients a and b ars based on data

from the Army derived from the computer program DZPC output.

For a given accident sequence the spill will generally not aevepo-
rate to completion beceuse human intervention will mitigate the epill by
covearing it with foam or soma other msans. In such & case, an evapora-
tion rate is calculated and applied until the time estimated for mitige-

tiorn or clesnup of the apill.

7-5
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From Eq. 7-2, the hourly evaporation rate is

1 .., 60 min
Tev " g M 103 min

(7-3)

vhere mg, has units of 1b/h. This equation spplies whenever the
1/32-4in. deep spill pool ares, which from the agent density is about
6 £t2 for each 1b of spill, is smaller than the actual confined pool

area (floor or sump).

Where a sump is present, the following procedure is used to calcu-
late evaporstion. Initislly, the spill is essumed to wet the entire
sloped floor area. Thus, Eq. 7-3 issued for & 10 min time period with-
out modification for pool area, unless the 1/32-4in. deep pool area is
larger than the actusl floor area. Modification consists of limiting
M in Eq. 7-3 to the mass of & 1/32-4in. leyer of agent over the sctual
floor area. After 10 min, the evaporation rate is assuned to be lim-
ited by the sump horizontal cross sectional ares until the assumed mit{-
getion/cleanup time when it drops to sero. Such limitation emounts to
modifying M in Eq. 7-3 to the mass of a 1/32-in. layer in the sump.

7.1.3. Detonations

The burstered munitions incorporate proven design features to pre-
clude accidental detonation during routine handling. The impact thresh-
old for initisting detonation, approximately 160 sph (see discussion in
Appendix F), is well above the potential impact velocity for all scci-
dents. When a munition is eubjected to an impact velocity greater than
the detonation threshold velocity, there is still & low probability of
detonation, but it is possible. Data does not exist to develop a mean-
ingful relationship for predicting the number of detonations that could
occur given an aircraft crash into a munitions storage area. This
rationale is thet, given a stack of munitions pallets in storage the
munitions in the first row would absorb most of the impact energy.

These munitions could detonate. The others would then be subjected to
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the energy of the detonations, as well as part of the energy of the air-
craft crash. It is known thai. the detonations do not propagate, but {it
is assumed thet many of ther would rupture. This logic was applied to
all the sircraft crash scenarios and a general result was reacied. The

consarvative estimate {u that:

1. TFifteen percent of the munitions involved in the crash

detonate.

2. Seventy percent of the rupture and relesse their agent

content.

3. Fifteza percent are scattersd but remsin intact.

For impacts of burstered muniticns 4in pallets, if & single munition
detonation occurs it is assumed to rupture each surrounding munition in
the pallet. A centrslly located munition, which has the largest number
of surrounding units, is conservatively assumed to be the one which det-
onates, even though it is less likely to detonate at this location
thanat the end. PFor projectiles, cartridges, and mortars, the number of

adjacent munitions ruptured is five.

For rockets and mines only, the detonation of more than one muni-
tion was calculated to bs credible for certain pallet impacts. In such
cases, two rockets detonste, rupturing 13 adjscent rockets. Or, three

mines detonste rupturing 15 sdjacent munitions.

7.1.4. re Release

Munitions subject to fire can £ail due to thermally iniviated deto-
nations or due to hydraulic rupture. It is assumed thst fires in direct
contact with burstered munitions will be left unattended and allowed to
burn until all combustible materials ars consumed. Thus, bursters will
detonate. Soma neighboring munitions will fail due to the detonation.
The failed munitions will spill combustible agent which will further

7-7
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fuel the fire. The fire will epread, lesding to more detonations, and R
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P
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Tests at GA on 4.2-in. mortar projectiles and 8-in. projectiles
showed that & detonation of a munition in a close packed array will
csuse the munitions adjscent to the detonsted munition to break and
epill their agent (Ref. 7-7). Other munitions not in direct view of the
detonated munition were disheveled, but remained intact. Thus, one
detonation is not sufficient to break all the munitions involvaed in the
accident. A chain resction sust take place. The bursters in the neigh-

%R
RN

AT i

boring munitions broken by a detonstion will be subjected to more rapid

heating than those of sn intact munition. These bursters will detonate

at a critical tempersture, but it is assumed that detonation of a

drained munition will not ccntribute to the sgent releass.

X

Based on the test results described above, it is inferred that all &Q
munitions in direct view of a munition detonation would be broken. In a ;‘:
rectangular arrey, typicel for the munition storage configurations, this ": E
results in an sgent release fraction of 1/9 due to detonation and 8/9 as VAT .-:.
s liquid spill. An irregular array, such as would exist after the first E}‘
detonation, could result in s larger release fraction due to detona- ,‘J":
tions. Therefore, it is assumed that 251 of the agent release is due i
tc detonations for scenarios involving fire and detonations. s';
i

It is assumed that fires involving nonburstered munitions will 2

'
<

always be fought. Howaver, when an sccident involves & large fire, the

o U
a 10' ‘_‘

first priority may be to contain the firs and prevent its spreading into

unaffected areas. For conservatism, s large fire involving nonburstered l{“
munitions was trested as in the case for burstered munitions, L{.e¢., all :":
combus*ible materials involved in the accident are consumed. Whether :I
burstesed or nonburstered munitions are involved, large fires ware M
assumed to be confined to one building, one railcar, or one truck, as $
appropriate. {
S E
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Agent that is burned is basfically destroyed, but the destruction
is usually incomplete. A previous snalysis (Ref. 7-8) indicated
that the recovery of undecomposed agent from fires is 2.5% for GB and
0.22 for VX. Tha snalysis wan based on tests at Dugway Proving Ground
(Refs. 7-9 and 7-10) in which & mock-up igloo with 11 pallets of rockats
containing GB was sliowed to burn to sompleticn. The unburned GB vapor
was measured by a grid of detectors surrounding the fire at 30 m
distance and extending 30 m high. Actual test measuremants ware made
for GB, and the results for VX ware derived by extrapolation based on
the boiling temperature, thermul decomposition temperature and
volatility of VX relative to GB.

Although the references cited above provide a quantitative data
point on the behavior of agent in a large fire involving an igloo or a
transport vehicle, there are several reasons to increase the predicted

agent relesase fraction for fires. These are:

1. The analytical procedure for detecting ng;nt during the
test yielded small quantities of agent distributed over a
large number of datectors. The samples were analyzed by the
dianisidine-paroxide method. The sensitivity of these mea-
suremsnts is expected to be marginal considering the short
time available for sampling the gas cloud as it passed through
the detection grid. Therefore, it is possible that a signifi-

cant samount of agent vapor wes not detected during the test.

2. The rockets contain & large amount of propellent, which in
turn conteins its own oxidizer. The propellant burns very
quickly and tends to produce @ hot fire, even when the fire
is limited by the amount of oxygen present. Fires involving
other munitions may burn slower and at a lower temperature,

vhich would promote a higher fraction of undestroyed agent.
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3. In one simulated test of an igloo fire (Ref. 7-10) four rock- s,
ets were launched out of the 1glooc. One of them traveled
1300 ft away from the igloo. None of them detonated upon
impact, but they all brcke open and spilled agent onto the
gtound. When one adda the liquid spill of the four rnckets
thet escaped from the igloo to the 2-1/21 agent vapor recov-

ered, the total agent release from the event is 4.9Z.

4. The snslytical extrapclation to determine the recovery frac-

i tion for VX is not documented. Further, the uncertainty of an

s

o] ML b s T

extrapelation in a complex thermal-chemical rate process is

P
' r
ML P

: considered to be large. Although the chemical properties of
VX and GB suggest that the recovery fraction for VX should be

Yohg 220
rl

-

much lesa than GB, the conclusion thet the recovery of VX

“

would be 61 times the recovery of GB as stated in Ref. 7-10 is

.
£ <
a x>

<

viewad with skepticism. Therefore, & more conservative value

-

of 25X was assumed for the recovery factor of VX versus GB. o

Similarly, the chemical properties of HD suggest that an ana- g

®

s
-
e

’
3
»

“

lytical extrapolation for the recovery of HD would slso be

NENEN

AP

less than G5, but greater than VXI. Therefors, a value of 502

wse assumed for the recovery factor of HD versus GB.

ANP g

In view of the above discussion, the release fraction for unburned

agent GB vapor in all fire scensrios was assumed to be 101. This pro- :é
vides a factor of two over the 4.9% combined liquid plus vapor measured 32
in the test to allow for uncertaintiss in the test measurements and 8
uncertainties in the liquid agent that escapes the fire. The corres- :;
"ponding release fractions for HD and VX are assumed to be 5% and 2-1/2%, %;
respectively. These release fractions sare not considered as over con- ;-
servatism. The main conservatism arises from the assumption that all

the agent inventory is involved in the fire, and n> credit {a taken for ;:
the possibility that the fire might be extinguished before all combusti- ;S
ble materials are coasumed. QS
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ﬂi‘ 7.1.5. Release Duration 3
LS 3
The accident durations sssumed for this risk anslysis were chosen b

to conservatively define a time for terminating moat accidents identi- g -
fied in this analysia. 1In the scenarios involving liquid epills, the ]
accident is terminated when the decontamination team has successfully

terminated evaporation of agent vapor into the atmosphere. Army experi- 3
ence in handling and mwoving chemical munitions indicstes that may of the ﬁ
agent epills could be cleaned up much quicker than the timss assumed N
herein. However, since many sccidents are rate events and have not ‘i
occurred in the Army experience to date, conservative times for the 3
accident durations have been applied. e
L
The agent release for an evaporative spill is directly proportional !
to the release duration. Therefore, to be conservative, the release E_
durations were estimated on th~ high side. The relezse durations ;'
sssumed are: %
O~. -
® .
-7 1. For agent spills occurring during handling caused by human or Lﬁ
squipment malfunction, the release duzation was assumed to be f
1 h. '
4
2. PFor agent spills erising from an eircraft crash with ne fire, 2
the release duration was assumed to be 4 h. i"
-
3. For severe axternal events, e.g., earthquske, tornado, air- &
plane crash, the evaporation time was assumed to be 6 h. }
5
Table 7-1 lists the times assumed for agent release for the scci- E;
dent scenarios {involving fire and/or detonations. ‘
.
The approach to deriving the assumed rsleess durations was to group :
the accident scenarios with fire or detonations into sets with similar a
characteristics, then estimate a release time ranging from 10 min to 4
|v\

I'g
P
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TABLE 7-1
AGENT RELEASE DURATION FOR ACCIDENTS INVOLVING FIRE AND DETONATION

£

Agent Release N
Duration o
Event (min) Type of Event ~ %

Fire only - no detonations 10 Handling vehicle collision

60 Alrcraft creash, meteorite :
strike, earthquake S

Fire with detonation 20 Adircraft crash, earthquake :;
60 Meteorite strike Al

Detonations only Instantaneous Aircraft crash
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i;g? 1 h. For sccidents involving a large fire, it was assumed that all of
. the agent present ultimately becomss consumad or released as vapor. The
conservative spproach for these cases is to assume & shorter duration
than expected decause a given release to the atmosphere is more lathal
vhen distributed over a shorter time interval. Factors which influence h

the choice of time periods are discussed below.

There are three possible combinations of scenarics involving fire i

and/or detonaticns:

1. Detonations oaly.
2. Fire and detonations.

3. Fire only.

7.1.5.1. Detonations Only. The scenarios that fall into this cacegory
involve a high velocity impact, such as an esircraft crash, or spurious
detonation arising from undue forces that are part of the accident sce-
® nario, e.g., dropping a pallet. It is known that ths detonations do not
propsgate. Therefore, the release from detonations is assumed to occur

instantaneously.

7.1.5.2, Fire and Detonations. These avents are associated with exter-

nal storage accidents. For soms events, there is a source of external

fuel, e¢.g., an alrplane crash. In these scenarios, the detonations are
propagated by the fire, and concurrently the detonations allow \
additional munition failures that further fuel the fire. The overall * N
result is & violent conflsgratioa. The total duration of the accident
may be an hour or more; however, for conservatism, the duration of the :
sgent release is assumed to be 20 min. The scenarios not included in =3
the 20-min assumption involve a metsorite strike into a storsge igloo or

into a temporary atorage ares. In this case, thers is no source of

external fuel, slthough the scenerio does assume that fire 1is initiated,

and detonations are propagated by the fire until all combustible 9

materials are consumed. Bacause the meteorite Iire etarts out
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relatively localized and without external fual, the release duration for -tg';;i
tha metecrite strike is assumed to be 1 h.
7.1.5.3. Tire Only. Events involving fire only occur in some storage
accidents. For events associated with handling the amount of agent
involved in the fire is relatively small. The exposed sgent is allowed
to burn to completion, and the relesses dursation is assumed to be 10 min.
Accidents involving external events involve large quantities of agent.
Therefcre, these accidents present s less difficult aituation to con-
trol. The agent release duration for these events was assumed to be
1 h.
.
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%{' 7.2. APPLICATION TO ACCIDENT SEQUENCES

This section illustrates the application of the release methodology
to detearmine agent releases for the specific accident sequences. It is
not intended to encempass all sequences. Appendix I presents the agent
releases for all sequences. Table 7-2 gives the muniticn and pallet
inventories. Datails of all agent relesse calculations are contained in

the supporting celculations for this risk assessment, Ref. 7-11.

7.2.1. Marehouse Storage Release During Earthquakes

There are three sites with stored, nonburitltcd munitions in ware-

houses. These are:
1. UMDA - ton containers with agent HD stored in two wareshouses.

2. NAAP - ton contsiners with agent VX stored in one warehouse.
o -

A 3. TEAD - spray tanks with agent VI stored {n two warshouses.

Only spray tanks and ton containers are stored in warehouses, none
of which contain agent GB. Based on their impact characteristics, the
ton containers are predicted to be able to be crushed or breaached by the
kinetic energy of a falling l-beam if the warehouse structure is dam-
aged. Each I-beam has sufficient energy to crush one ton contsiner but
not two., Thus, the maximum number of ton containers crushed per ware-
house is five, since there are that many I-beams in the warehouse roof,
For similar reascns, the maximum number punctured is taken to be five

per warehouse.

Spray tanks are stored in overpacks and, based on structural

calculations, are not expected to be breached by the falling I-beams.
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TABLE 7-2
INVENTORY DATA FOR MUNITIONS AND rALLETS
Munition/Agent Munition Iaventory No. Munitions
Type (1b) Per Pallet
Bomb
GB 220.0 2
Mortar
H 6.0 48
105 cartridge
GB 1.6 24
H 3.2 24
Ten container
GB 1500.0 1
H 1700.0 1 s
vX 1600.0 i . o=
_‘\-.) ~
Mine N
vX 10.5 36 N
“
155 projectile 7
GB 6.5 8 t ]
H 11.7 8 -
VX 6.0 8 N
8-4in. projectile :&.
GB 16.5 6 N
VX 14.5 . 6 3
Rocket :i
GB 10.7 ' 15 2
X 10.0 15 2
Spray tank v
VX 1356.0 1

LS I

1 8

£ a
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&QS;' Consequently, the mecherical breaching of spray tanks due to an eurth-
quake is not considered & credible event. If a fire lasts beyond
30 min, spray tanks may fail due to the unsuppressed fire. Thus, for
spray tanks, only one type of release is considered, namely burning of
one or two warehouse inventories due to fire beyond 30 min. The release
’ fraction due to unburnt VX agent in this case {s 2.5%, as in other acci-
dent scenarios.
For ton containers, three releaase types were considered:
1. Eveporaticn of agent spilled due to mecharical breach of one
to five containers per warshouse.
2. Burning of agent spilled from breached contsiners.
3. Burning of the entire inventory in the werehouse, starting at
30 min.
e .
o
G The evaporative release rate is not limited by the floor area,
which i{s tens of thousanda of square feet per warehouse. Thus, the
evaporative release rate, myy,, is given by Eq. 7-2. PFor 10-ton con-
tainers with agent ED, M = 17,000 1b and a ® 451 and b ®0.1l. Thus,
mey = 0.85 1b/h for 10 containers. This rate of HD release is negligi-
ble. Therefore, evaporative relesse of spilled HD from breached muni-
tions i{s negligible. For agent VX, the maximum number of breached ton )
>
containers is five. 1In this limiting case, M = 8000 1b and a W 49,000, ;ﬂ
b N 0.12. Thus, myy = 0.003 1b/h for five bresched containers. This o
rate of release is negligible. f
l-
The second and third types of relesses involve burning of epilled ;4
agent from breached containers or burning of all ton containers due to a ol
li
lack of fire suppression. For these cases, the release consists of the :?
product of the appropriste inventory and the fire release frection, F. Ej
Here, F = 0.025 for agent VX and P = 0.05 for agent HD, consistent with fﬁ
-;Tr-"v' .—;q
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data described above. No credit is taken for agent vapor retention by iﬂéii
the warehouse building, even if it is not structurally damaged by the

earthqueke, bacausa it is not designed with a contsinment function.

As described in Section 5, an event tzea was analyzed for the stor-
age of ton containers st the UMDA and NAAP site warehouses. For the
UMDA site, there were 17 release sequences with frequencies above
10‘1°/yr. Table 7-3 lists these sequences along with the information
pertinent to the relaase calculations. For sequences in which the burn-
ing or agent spilled from breached sunitions is the only releass mode, &
range of release is given corresponding to the range of containers
breached (1 to 5 or 2 te 10). For sequences in which the ronsuppressed
fire ignites the entire warebtouse inventory, the number cf breached

containers is unimportant.

Table 7-4 presents the corresponding releasc results for ton 3
containers stored at the NAAP site. Only five sequences are important
since there is only one warehousa at the site. The maximum masses of
agent VX relessed from this site are seven times lower than maximum maass

relesses of agent HD from UMDA.

In the event tree for spray tanks stored at the TEAD site, there
were six significant sequences as given in Table 7-5. Since no spray ﬁ
tanks are mechanically breached, the only consequence variable is
wvhether the unsuppressed fire is not suppresaed in one or both ware-
houses. The releases upon burning of the entire inventory at one or
both warehcuses are given in Table 7-5. They are B to 16 times lower iy

than the maxipum relesse of the same agent (VX) from the NAAP site.

/
”
7.2.2. Uncertainties
No uncertainty analysis was performed for the sgent relesse snal-
ysis. The relesses reported are trested as conservative estimates, ;_

rather than central estimstes, since they are based oun assumptions which
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TABLE 7-3 3
AGENT HD RELEASES FROM TON CONTAINERS STORED IN
UMDA WAREHOUSES DURING EARTHQUAKES(e)
No. of No. Warehouses Release
Sequence Munitions Spilled Munition Ia Which Entire To Atmopshere b
1D Damaged Agent Burns laventory Burns (1b) S,
SLKHF281 0 - 1 2.7 x 100 .
SLKHF282 0 -- 2 5.4 x 105 e,
SLKHC283 1-5 No 0 €(d) ]
SLKHF284 1-5 Yes 1 2.7 x 10° \
SLKHF285 1-5 N> 1 2.7 x 105
SLKHF286 1-5 Yes 2 5.4 x 105 )
SLKHC287 2-10 No 0 € R
SLKHF288 2-10 Yes 1 2.7 x 103 .
SLKHF289 2-10 Yes 2 5.4 x 100 L
SLKHC2810  1-5 No 0 ¢ 3
SLKHF2811 = 1-5 Yes 1 2.7 x 100 N
SLKHF2812  1-5 ‘tas 2 5.4 x 105 N
SLKHC2813 2-10 No 0 € f '
SLKHF2814 2-10 Yas 1 2.7 x 10 I
SLKHF2815  2-10 Tes 2 5.4 x 105
SLKHC2816  2-10 No (i € *
SLKHF2817 2-10 Yes 2 $.4 x 10 -

(8) Agent inventezy = S.4 x 106 1b per warehouse, sssuming warehouse -]
is full. )

(b)e « negligible (below 14 1b).
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TABLE 7-4
AGENT VX RELEASES FROM NAAP WAREHOUSE TON
CONTAINERS DURING ZARTHQUAKES(8)

DR ol SEBAS AL g YN

s

No. of Release
Sequence Munitions Spillad Murition Eontire Warehouse To Atmosphere
1D Damaged Agent Buras Invsntory Buras {1b)

SR

e i hdN

(s

5

SLKVF261 0 - Yes 7.5 x 104
SLKVC262 1-$ No No e(b)
SLKVF263 1-5 Yes Yes 7.5 x 104
SLKVC264 1-5 No No €
SLKVF265 1-5 Yes Yes 7.5 x 10%

(8)Warehouse inventory = 3 x 106 1b of VX, assuming warehouse {e¢
full.

(P)e = negligibla (below 0.3 1b).
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TABLE 7-5
AGENT VX RELEASE FROM SPRAY TANKS STORED AT
TEAD WAREHOUSES DURING EARTHQUAKES(s)

No. Warehouses Release
Sequence In Which Entire To Atmosphere
ID Iaventory Burans (1b)
SLSVF271 1 4.5 x 103
SLSVF272 2 9.0 x 103
SLSVF273 1 4.5 x 103
SLSVF274 2 9.0 x 103
SLSVF27S i 4.5 x 103
SLSVF276 2 9.0 x 103

(8)Agent inventery = 1.79 x 105 1b of VX,
assumning warehouse is full.
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are often conservative. Examples are: (1) use of early thresholds of );:-":;"'
munition failure relative to the data (Appendix F), (2) worst-case num-
ber of adjacent munition ruptures for a munition detonation in a pallet,
(3) use of maximum rather than average inventories, and (4) upper bound
fire realease factors, relative to the datas.
N
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8. RESULTS

The analysis of the potential for agent relesse to the atmosphere
from accident scenarios related to the continued storsge alternative
included storage and handling activities. This section discusses some
of the accident probability and agent release results sssociated with

these activities.

The results of the analysis of the variocus activities encompassing
the continued storage alternative cannot be presented in the same units,
i.e., annual frequencies, because of the possible divulgence of clas-
sified informstion. This is only possii le for some storage accident
scenarios. For accident scenarios related to the handling activities,
the unclassified portion of the probabilistic snalysis is given in terms
of frequency of accidents per pallet of munitions (or ss a conteilner of

munitions).

The evaluation of the actual risk to the public and environment
requires agent dispersion calculations which sre not in the scope of the
study reported here. Despite this limitation, the results discussed
herein still provide useful insights on the contributions of the variocus
disposal activities to the risk of an agent relesse. These insights are

discussed below.
8.1. ACCIDENT SCENARIOS DURING STORAGE

The continued storsge alternstive requires some storage of muni-

tions in their existing location.

8-1
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8.1.1. Internal Events .

There were no significent internal event initiators of accidents
during storage. Per unit operation, forklift drop accidents occur more
frequently than forklift tine punctures. Also, the use of a lifting
beam instesd of a tine leads to an order of magnitude decrease in drop

frequency.

8.1.2. External Events

These events involve sccidents caused by natural phenomensa 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, respectivelv, for stozrage igloos, holding areas, open aress, end
wvarehouses. The most frequent external accidents having significant
telecase involve mild intersity earthqueskes or swall sirplane crushes fwy\
(order depending on site). Amounts of available agent inventories LA
telesased 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 s severs esrthquake, especially when a warehouse (at NAAP,
TEAD, or UMDA) is involved. These can result in up to 10 percent of
the agent inventory released for scenarios involving a fire which has
the potentisal (duration) for destroying the entire inventory of an igloo
or warehouse. The munitions stored in warshousss contain only VX or
wustard which have much slower eveporation rates than GB and hence are
not easily dispersed into the atmosphers. Thus, warehouse scenarios
involving only spills sre not significant risk contributors. The ware-
house st UMDA hes the potential for the lergest relesse. Meteorite
strike-initiated sequence nmedian frequencies sre one to two orders of
magnitude lowes then the aircraft cresh-induced sequence frequencies,

A3 expected, munitions stored outdoors are generelly more susceptible to .
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large aircraft crashes than those atorsd in warehouses or igleoos, but
releases are lower. Both APG and PBA have ton containers stored out-
doors, and the aircraft crash probabilities at these sites are somewhat
higher than at the othe: sites. Igloos sppear to provide only winimal
protection 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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8.2. ACCIDENT SCENAPRYIS DURING HANDLING W

Included in the hsndling analysis are single munition or pallet
movements by hend, forklift, or other equipment.

The results indicate that diopped munitions, whether in palletized
form or not, occur more frequently than either forklift tine puncture or
forklift collision sccidents. In fact, the frequency of forklift colli-
sion accidents which lead to the munitions falling off the forklift is
an order of magnitude lower than the drop accidents. Furthermore, the
type of clothing an operstor is wearing while handling these munitions
infiuenze the drop frequency value. An cperator wearing Level A cloth-
ing 4is more likely .c coumi{t an error that would csuse the munition to

be dropped than when he is wearing more comfortable clothing.

Por bare munitions, the rockets seem to be the most prons to punce-
tures from drops or forklift tine accidents. 1;4.
T,
Bulk items that are puncturad lead to larger releases than other
munitions such as projectiles or rockets. Beombs are of concern because
they contain GB which evaporates more readily than the other agent
types. The agent vapor releases range up to 170 1b (thermal failure of

all munitions in a pallet).

Handling accidents which lead to sigrnificant agent releases (in
particular, sgent GB) are dominant risk contributors becasuse of the
ralatively higher annual frequency values. Of course depanding on the
actusl mupition inventory, the value of annual frequency may either
increase or decrease when converted to the more mesningful per stockpile

basis.
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8.3. UNZERTAINTIES IN THE ANALYSIS

In assessing the risks sssociated with the CSDP slternstives, every
effort was made to perform best-estimate analyses, i.e., “realistic”
evaluation and quantification of the accident sequance frequencies and
associated agent relcases. The use of peasimistic or conservative
modeling techniques or data for quantification vioclates the intert of
the probabilistic nature of the study. Realistic modeling and quanti-
fication permits a balanced evalustion of risk contributors and compari-
snn of alternatives. However, for resxlistic or best-~estimate calcula-
tions, the obvious concern is the accurscy of the results. Uncertainty

analysis addresses this concern.

8.3.1. Sources of Uncertainty

Since the avant sequences discussed {n Section S$.3 have not
actually occurred, it is difficuit to esteblish the frequency of the
sequence and associated consequences with great precision. PFor this
reascn, many parameters in a risk ascessment are treated ses probabilis-
tically distributed parameters, so that the computation of sequence fre-
quencies and resulting consaquences can involve the probabilistic combi-

nation of distributions.

Thare are three genaral typas of uncertainty associ{sted with the
evaluations reported in this document: (1) modeling, (2) data, and

(3) completensss.

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

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

ism could not be acaieved, conservative approaches were taken,

No uncertainty from oversights, arrors, or omission from the models
used (e.g., event trees and fault trees) is includsd ip the uncertainty
analysis results. Including these uncertainties is 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: 4intrinsic variability and lack of knowledge. An example of
intrinsic variability is that wvhere the available experience data is for
& population of similar components in similar enviromments, but not all
the components exhibit the same relisbility. Intrinsic variations can 1!
be causad, for example, by different manufacturers, maintenance prac- -

ticas, or operating conditions. A second example of intrinsic variabii-

VW BTSN VTSR A A ATy VTV EVEERR P W U SRSV U A A G ST EEEENY T 8 8 A .Y WS e € W G P S v w4

ity is that relsted 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

q know whzt the value of the parameter should be. Both of these data

2 D B

L 2P

uncertainty types are encountered in this study.

d 4
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8.3.2. Uncertainties

PP

The sequence frequency results discussed in this report are pre-

P
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sented in terms of a median value and a range factor of a probabilitcy

distribution representing the frequency of intersst. The range factor

)
N

represents the ratio of the 95th percentile value of frequency to the

$0th percentile ({.e., medisn) value of frequency. The uncertainty in

<,
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the sequence frequency is determined using the STADIC-2 program ‘i?w;
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'€§b“ (Ref. 8-1) 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 detonstions have rathar large uncertainties. The difficulty wi-.
tornado-genercted missiles lies with the difficulty in sccurately model- ]
ing the probability that the missile will be in the proper orientation -
to penetrate the munition and iu predicting the number of migsiles per
square foot of wind. The difficulty with the low-impact detonations
lies with the sparse amount of data avsilable and its applicability to

R L]

the scenarios of interest. In general, uncertainties tand to be large

when the amount of applicable data is small and vice versa.
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Koch, P., and H. E. St. John, "STADIC-2, A Computer Program for
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A.i. REFERENCE LIST OF ACCIDENT SEQUENCES

A reference list of accident sequences is presented here. Accident
sequences related to storsge are presented first followed by handling
activitiec related to surviellance and maintensnce. The sequences can
be identified by the coding scheme presented in Section 4 of this docu-
ment. Following the sequence ID, a brief description of the sccident is

given along with an indication as to whether or not the sequence was

X DT AL CCCCS WL 1Y P S ST AN WV P K SRR A U A A 4, A,
- 1]

cor sidered for further aaalysis. The bases for scenario screening are

provided in the logic model section, Section 4, of the main body of this

report.
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ACCIDENT SEQUENCES FOR LONG-TERM STORAGE

Sequence
ID

Sequence Description

SL1
SL2
SL3

SL4

SL5

SLé

SL?

SL8

SL9
SL10

SL11l

SL12

SL13

Munition develops s lesk during the in-betwsen
inspection period.

Munition punctured by forklift tine during
leaker-handling activities.

Spontaneous igniticn of rocket during storage (not
analyzed for leck of quantitative data).

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

Large aircraft indirect crash onto storage ares;
fire not contained in 30 min. (See note in SL&,)

Tornado-generated missiles strike the storage
magazine, warehouse, or open storage area; mun-
tions breached (no detonstion).

Severe earthquake breaches the munitions in stor-
age igloos; no detonations,

Metecrite strikes the storage area; firs occurs;
munitions bresched (if burstered, detonation also
occurs).

Munition dropped during leaker isolation oper-
ation; munition punctured.

Storage igloo or werehouse fire from internal
sources.

Munitiors are dropped due to pallet degradation.

Liquid petroleum gas (LPG) infiltrates igloo/
building.

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

Considered
for Further
Analysis

Yes
Yes
No
Yes
Yes

Yes -:: ;:
Yes

Yes

Yes

No

No

No

No
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ACCIDENT SEQUENCES FOR LONG-TERM STORAGE (Continued)
_ Considered
Sequence for Further
ID Sequence Description Analysis
SL14 Tornado-induced building collapse leads to No
breaching/detonation of munitions.
SL15 Small sircraft direct crash onto warehouse or Yes
open storage yard; fire occurs; not contained
in 30 min.
SL16 Large air=zaft dizect crash; no fire; detornation Yes
(1if burstered).
SL17 Large aircruaft direct crash; fire contained Yes
within 30 min {applies to nonburstered munitions
enly).
SsL18 Small aircraft direct crash onto warehouse or Yes
open storage yatrd; no fire.
‘:ér‘ SL19 Small aircraft direct crash onto warehousse or Yes
s open storage yard; fire contained in 30 min.
SL20 Large aircraft indirect crash onto storage areas; Yes
no fire.
SL21 Large aircraft indirect crash onto storage asrea; Yes
fire contained in 30 min.
SL22 Severe qarthquake leads to munition detonation. Yes
SL23 Tornado-generated miseiles strike the storage Tes
igloo and lesads to munition detonation.
SL24 Lightning strikes ton containers stored outdoors. Yes
SL25 Munition dropped during leaker isolation; muni- Yes
tion detonataes.
SL261 Earthquake occurs; NAAP warehouse is intact; no Yes
ton containers damaged; fire occurs.
SL2€2 Earthquake occurs; PA'P warehouse is intact; ton Yes
contaliner damaged; o~ tire.
oy $1263 Earthquake occurs; nnAP warehouse is intact; ton Yes
,V:{. container damaged; fire occurs.
A
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ACCIDENT SEQUENCES FOR LONG-TERM STORAGE (Continuaed) =
{
Considered y
Sequence for Further
ID Sequence Dascription Anslysis
SL264 Earthquake occurs; NAAP warehouse ie damaged; ton Yes
containers damsged; no fire.
SL265 Earthquake occurs; NAAP warebhouse is damaged; ton Yes
containers damaged; firs occurs.
§1271 Earthquake occurs; TEAD warehouses intact; muni- Yes
tions intact; fire occurs at one warehouse.
SL272 Earthquake occurs; TEAD warehouses intact; muni- Yes
tions intact; fire occurs at two warehousas.
SL273 Earthquake occurs; one TEAD warehouse is damaged; Yes
munitions intact; fire occurs at one wareshouse.
SL274 Earthquake occurs; one TEAD warehouse is dsmaged; Yes
munitions intact; fire occurs at two warehouses. s
P ‘
SL275 Earthquake occurs; two TEAD warehcuses damaged; Yes T !,71
munitions intact; fire occurs at one warshouss. “-”{
.:Q
SL276 Earthquake occurs; two TEAD warehouses demaged; Yes _',(
munitions intact; fire occurs at two warehouses. n
SL281 Earthquake occurs; UMDA warehouses intact; muni- Tes ?:‘
tions intact; fire occurs at one warehouse. ~::ﬁ
v
SL282 Earthquake occurs; UMDA warehouses intect; muni- Yes \jn:
tions intact; fire occurs at two warehouses. :"Q
SL283 Esrthquske occurs; UMDA warehouses intact; muni- Yes ot
tions in one warehouse damaged; no fire occurs. o
L
SL284 Earthquake occurs; UMDA warehouses intact} muni- Yes -i‘.
tions in one warehouse damaged; fire occurs at -
warehouse with damaged munitions. '."
SL285 Earthquake occuro; UMDA warehouses intact; muni- Yes e
tions in one warahouse damaged; fiis occurs at ':'
warehouse with undamsged munitions. w
o~
Y
SL286 Esrthquake occura; UMDA warehouses intact; muni- Yes “
tions in one warehouse damaged; fire occurs at A =
two warehouses. A S
‘ -‘-'-“ \f\
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ACCIDENT SEQUENCES FOR LONG-TERM STORAGE (Continued)

Considered
Sequence for Further

10 Sequence Description Analysis

1287 Earthquake occurs; UMDA warehousaes intact; muni- Yes
tions in two warehouses damaged; no fire occure.

SL288 Earthquake occurs; UMDA warehouses intact; wuni- Yes
tions in two warehouses damaged; fire occurs at
warehouse with damaged munitions.

SL289 Earthquake occurs; UMDA warehouses intactj muni- Yes
tions in two warehouses damaged; fire oczurs at
twe warehouses.

SL2810 Earthquake occurs; one UMDA warehouse damaged; Tes
munitions in one warehouse damsged; no fire
occurs.

SL2811 Earthquake occurs; one UMDA warehouse damsged; Yes
munitions in one warehouse damaged; fire occurs
at warshouse with demeged munitions.

SsL2812 Earthquake occurs; one UMDA warehouse damaged; Yes
munitions in one warehouse damaged; fire occurs
at two warehouses.

SL2813 Earthquake occurs; one UMDA warehouse damaged; Yes
punitions in two warehouses damaged; no fire
occurs.

SL281l4 Earthquske occurs; one UMDA warshouse damsged; Yes
sunitions in two warehouses demaged; fire occurs
warehouse with damaged munitions.

SL2815 Earthquake occurs; one UMDA warehouse damaged; Yes
munitions in two warehouses damaged; fire occurs
at two warehouses.

S§L2816 Earthquake occursj two UMDA warehousas damsged; Yes
sunitions in two warehouses damaged; no fire
occurs.

SL2817 Earthquake occurs; two UMDA warehouses damaged; Yes

munitions in two warebouses damaged; fire occurs
at both warehouses.
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ACCIDENT SEQUENCES FOR SURVEILLANCE AND MAINTENANCE e ‘
HANDLING ACTIVITIES
3
Considered h
Sequence for Further
ID Sequence Description Analysis
SH1 Drop of pallet or container in storage area or Yes .
masintenance facility; munition punctured. 3
SH2 Forklift collision with short duration fire. Yes f
SH3 Forklift tine puncture Yes .
LY
SH4 Forklift collision without fire. Yes N
V-
SHS Drop of munition leads o detonation. Yes :.
SHé6 Collision accident leads to detonation. Yes .
e
SH? Collision accident with prolonged fire. Yes E
SH8 Munition pellet dropped during pallat imspection. Yes :
A“! — o
SHYS Forklift tine puncture during pallet inspection. Tes Q:. v F
SH10 Forklift collision during pallet inspection. Yes ;L
SH11 Munition pallet dropped during pallet inspection; Yes i.
detonation occurs. N -
SH12 Forklift collision; detonation occurs. Yes 3
%
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C.1. STRUCTURAL ANALYSIS
This appendix sunmarizes the structural anslysis methodology used
to determine failure thresholds and probabilities for munitions and
structures. Supporting calculation for the results used in this study

can be found in Ref. C-1.

C.1.1. PUNCTURE

This section addresses two types of munition puncture: (1) punc-

ture due to dropping a munition; and (2) forklift puncture.

C.1.1.2. Puncture Due to Drop

The probability Py of & munition puncturing on impact with a probe

depends on the type of munition, the number of probss to which a dropped
munition 4is expooed, and the geometry of the probe. This probadbility is

computed from the following:

Pp = Pp x PLL x PD x A,

where Pp = probe density (number of probes pe: square foot of surface

ates),

PLL = an admissible probability value for probs length to diameter

ratio,

PD @ an admiesible probability value for probe diameter,

v v g &
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.;:i:;
Ag = the ares of the munition in square feet which is subject to tehe
penetration by the probe.
The number of probes per square foot of surface area (Pg) is based
on enginecring judgment. It is assumed that the igloo is clean and that
objects that could be potential probes are not likely to be left in the
igloo. Therefore, one probe per igloo (i.e., one probe per 2160 £c2)
was assumed for igloo storage. For all other storage sreas, a probe
density of one per 1000 ftZ was sssumed. In the general working areas,
loading docks, etc., it is sassumed that the potential for probes will be
mich more likely than in an igloo. Probes such as posts, tools, rocks, o
or chunks of steel are possible; therefore, one probe per 100 ft2 is ff
assumed for the general working area. In the UGPA during an earthquake, 2
it is assumed that the sarthquake could generate additional probes by ?.
causing objects to fall onto the floor; therefore, one probe per 50 ft2 N
is assumed for the UPA during an earthquake. '
The PLL term in the ;bovo expression represents the probabilicy %L?] h
that the probe has & length-to-diameter ratio (L/D) which is less than ::
that which would cause buckling failure of the probe without penetration :“
of the dropped munition but greater than that corresponding to a probe :'
length vhich 4s insufficient to penetrate the munition. Probe dimen- -4
sions (dismeter and L/D) were treated statistically and the minipum :f
probe length for penetration was calculatsd for each munition. Ei
n"
The PD term in the above expression represents the probability i‘
that the dismeter of the probs is less then or equal to the maximum that R.
could penetrate the munition but greater than a minimum diameter corres- ;‘
ponding to the compressive strength of the probe. The maximum diameter Q
of the probes which could penetrate through the munition wall is deter- ',
mined from ;'
X
(W x H)0.667 '.b
Pu = T2 T ’ i
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wvhere D, = maximum probe diameter (in.),
weight of munition/paliet (1b),
H = drop height (ft),

t = munition thickness (in.).

o
[

These expressions are taken from Ref. C-2.

The munition ares vulnerable to probe penetration (A;) was deter-
mined assuming a maximum probe length of 2 in. This term was calculated
for each munition/pallet configuration of interest and reflects the num-
ber of munitions involved in each handling operation. Thus, if more
than one munition were being handled, the vulnerable ares of each muni-
tion wes multiplied by the actual number of munitions involved in the

handling event.

C.1.1.2. Forklift Tine Puncture

For forkliit tine puuncture, the munitions are at rest and the probe
(the forklift tine) is the moving object. This makes calculating the
munition vulnerability simpler since the mass of the moving object (the
forklift) and the shape of the probe (the tine) are the same for all
munitions. The only variable is the munition thickness. Since the
puncture energy is proportional to the thickness of the munition, the
relative puncture resistance of the munitions is simply the retio of the

thicknesses.

The probability P of a forklift tine puncture of the munitions was

assumec to be governed by
P=pPy*P,*N ,

where P; = the probability that & minition 4is struck by a forklift tine
per pallet operation,

c-3
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N
a8
P, = the probability that the munition is puactured given that the et
forklift tine strikes the munition,
N = number of handling operations.
The critical puncture velocity V. (in ft/s) was determined froum
64
Ve = g (672Dr)3/2
where W = weight of the forklifc (1b),
D = equivalent diameter of the forklift tine (in.),
t = munition wall thickness (in.).
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ot €.1.2. WIND-GENERATED MISSILES
The probability of a wind-generated missile rupturing a munition is
the product of two probabfiliciesa: (1) the probability of having a wind
. of sufficient velocity to jenetete a missile that can rupture & mucition
and (2) the prcbubility that the uissils hits the munitions 4in an orien-
taticn that will zupture the munition.
C.1.2.1. Regquired Wind Velocity
The wind velocity required to generste a missile that can penetrate
a munition 18 computed as follows:
1. The missile velocity required to penetrate the munitior is
computed using the equation (Ref. C-2):
64
i; Vg = 0.682 i (672 Dr)3/2
pf
wvhere Vpy = the penetration velozity (mph),
W = the weight of the misszile (1lb),
D s the equivalent missile diameter (in.),
t = the wall thickness of the manition (in.).
Each munition was evaluated for two critical missilea: a
10-ft section of 3-in. pipe and & 13.5-in. diameter utility
pole. In sddition to penetration, the utility pole was
* evaluated to determine the velocity required to crush the
ounition.
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Pad
2. The missils velocity required to psnetrate the storage &:ﬁ
structure was alro computed using the following aguation
(Ref. C-2).
For concrete structures: .
£, T pl.8 0.75
V, = 1000 T‘l_ N
whire T = thickness of concrete element to be just
perforated (in.),
W = weight of missile (1ib), N
D = diameter of missile (in.), ?\1“
I’h
Vo = striking velocity of missile (fps), \::
S\
f. = compressive strength of concrete (pai)}. ":’,j
A b |
S A
For steel structures: ot e
e
e
64 et
Vg = 0.682 o (672 DT)3/2 S
E
3. The missile velocity required to penetrate both the munition w
¥
and structure is computed using the following equation which :_{;
is based on summing the energies requirad to penetra-e the ':""‘:
2
wanition and structure separately: o
O
'J_'_.a
Ve v/\v'z1 + VE , ,.‘
LI
e
where Vp = velocity required teo penetrate the munition, :‘.F,"
Vs = velocity required to penetrate the structure. ::".'_
AN
%
4. The probability of the requirud wind occurring was based on é
functional dats for each site. oo RO
R
:"4'.
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C.1.2.2. Probability of Hitting and Rupturing the Munition

Given a sufficient wind, the probability that a missile hits and

Tuptures a munition wes computed f£rom:
PaPyP, DA ,

where P4y = probability that the direction °* missile travel is nearly
perpendicular to the target,

P, = protability that the missile iz criented to penetrate (i.e.,
not tumbling or going sideways),

D = number of missiles per unit ares,
A = ares of target.

Values for P4, Py, and D sare difficulr to evalusate and are not available
from the literature. Consequently, the values used for the snalysis
were computed based on engineering judgment. These values were selected
to give a "best estimate” of the overall probability. The following is
a discussion of these assumptions.

The missile velocity must be nearly perpendicular to the wall of a
structure or munition in order for the missile to penetrste. The fur-
ther the missile strikes from an angle which i{s perpandiculer, the less
likely that the missile will penatrate. As the sngle deviutea from the
perpendicular, the effective thickness of minitioa increascs propor-
tionally to the reciprocal of the cosine of the angle {where the angle
is measured frow the perpendicular); thus, & bhigher misaile velocity
(which hes & lower probability of occurzing) is required for penetru-
tion. 1In addition, the miesila is more likely to ricochet at higher
angles. Based on angineering judgment, it is estimated tchat 1if the

C-7




n'geile velocity {is more than 30 deg off from perpendicular, the missile
will not panetrate. This yields & value of 0.17 for P4.

The missile velocity must be aligned along the missile axis in
order for the mipsile to parstrate. In other words, the missile must
move like an arrow rathir than tuwbling or going sidewsys. Of the two
missiles analyzed, it wms fo:::d that it 1is more important that the pipe
be aligned properi’ than th. .- tlity pole because of the larger impact
area of the uviilicy prie. #F7r tizie reason, it was assumed that the
velocity must bx aligrz2 virhin 5 deg of the axis of the pipe and within
10 deg of be axis 2¢ vhe utility pole. These assunptions zesulted in

values for P, of 0.004 ror the pipe and 0.015 for the utility pole.

Tha path ¢f tha toruado is generally from 1/8 to 3/4 of & mile
wide (Raf. £-1). For this snalysis, it was assumed that the tornado
is 1/2 =il wide and that it carries one utility polc and 10 iron pipes.
It was further assumed that the pipes are evenly distributed to a height
of 50 ft and the utility pole at a hciﬁht of 20 ft (Ref. C-4 indicates
the maximum heights for pipes is 100 ft and for utilicy poles in 50 ft
which indicates that our assumption is conservative). Therefore, the
number of missiles per square foot of wind (D) is 7.6 x 10~ for pipes
and 1.9 x 10°3 for utility poles.

The target area is different for sach =censrio end dspends en

the number of munitions involved and the storage configuration (see
Ref. C-1).

The product of Py, P,, and D is epproximately 5.0 x 10-8 for both
the pipes and utility pole.
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C.1.3. EARTHQUAKE AND WIND FAILURE OF UBC DESIGNED STRUCTURES

C.1.3.1. Strength Factor of Safety

The Uniform Building Code (UBC) ensures that structures are
designed with a factor of safety. This factor of safety varies depend-
ing on the type ¢f structure, materials used and components selected.
For earthqueke and wind loads, this factor of safety ranges from 1.3
to 1.6 for concrete structures designed to ultimate design strength
principals and from 2.6 to 3.0 for concrets and steel structures
designed to working stress methods. For the risk analysas in this
report, it is sssumed that the factor of safety will be 1.3 for concrete
structures (since the CONUS structurss sre being designed to ultimate

strength) and 2.6 for the steel structures.

C.1.3,2. Wind Loads

For UBC-designed concrete structures such as the MDB, wind does not
govern the design of the main structural components. The MDB is & rigid
concrete moment resisting framed and shear wall structure and will fail
under seismic conditions only. For the steel structures such &s the
bulk agent <warehouses, the wind governs the design in most cases. Wind
loads will fail the walls of the structure before the structure will
collapse. Since the stresses in a structure due to winds are propor-
tional to the square of the wind velocity, a wind velocity which is 1.6
(square root of the 2.6 factor of safety on strength) times greater than
the design wind load can be expected to fail the walls of the steel

structure.

C.1.3.3. Earthquake Loads

The Applied Technology Council {ATC), which ie associated with tte
SEACC, presents a set of curves that can be ussd to estimate the pzoba-

bility of an earthquake, which exceeds a epucific g-level, occurring




S
anywhere in the U.S. (Ref. C-5). These curves are shown in Sectiocn 4.2. ég;;f
Each curve represents a seismic map area vhich is similar to the seismic
zones used by the UBC. The ATC divided the country into sevaen seismic
map aress (1-7). The UBC uses five seismic zones (0-4). Reference C-5
contains maps showing the seismic map areas. Thess maps color code the
seismic map sreas, and, consequently, have not been reproduced for this
report since a black snd white reproduction would not be helpful. The
maps show that APG, ANAD, LBAD, PBA, UMDA, and PUDA aze in seismic map
azesa 2§ NAAP {s in seismic map ares 3; and TEAD is in seismic map

area 5.

Section 4.2 presents the sefismic risk curves for seismic map

areas 2, 3, 5, and 7.

The earthquake g-level that will fail a structure depends on four
principsl factors: (1) the design g-level; (2) the strength factor of
safety, (3) the dynamic amplification in the srructure, and (4) the duc-
tility of the structure. The dynamic amplification factor reduces the )
factor of safety, and the ductility increases the factor of safety. The
dynamic smplification factor has been conservatively estimated at 2.3
based on a referenzed analysis (Ref. C-6). Ductility factors are esti-
mated to be in the range of 2.5 to 3.5 for concrete structures with
shear walls and from 3.5 to 5.0 for steel structures. For this snal-
ysis, 2.5 was used for concrete walle and 3.5 was used for steel-walled
structures. Besed on these factors, a UBC structure with concrete walls
was assumed to fail at an earthquake g-level that is epproximately 1.4
times the design g-level, and & UBC structure with steel walls was
sssumed to fail at a g-level that is approximately 4.0 timeu greater
than the design g-level.

For UBC dssigned structures with concrete walls in Seismic Zone 3
(design g-level of 0.14), the expected failure g-level 1is 0.4 g. Due
to the uncertainty of the analysis, there ic s probability that the

strucrure wiil survive larger aarthquakes or will fail during smaller
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sarthquakes.

been asssumed:

1.
2.
3.
4.

The failure g-levels for Seismic Zone 2 are half of the g-levels for
Seismic Zone 3 since the design g-level for Seismic Zone 2 (0.07 g) is
half the design g-level for Seismic Zone 3 (0.14 g).

For UBC designed structures with steel walle in Seismic Zone 2 (the
warehouses at NAAP and UMDA), the following probabilities of failure

A 0.3-g esrthquake
A 0.4-g earthquake
A 0,5-g earthquake
A 0.6-g earthquake

have been assumed:

i,
2.

A 0.2-g earthquake
A 0.3-g earthgquake
A 0.4-g earthquake
A 0.5-g earthquake

Consequently, the following probabilities of failure have

has a 0.1 probability ef producing failure.
has a 0.5 probebility of producing failure.
hes a 0.9 probability of producing failure.
has a 1.0 probability of producing failure.

has & 0.1 probability of producing failure.
has & 0.5 probability of producing failure.
bas & 0.9 probability of producing failure.
hes a 1.0 probability of producing failure.

c-11 g




C.1.4. EARTHQUAKE FAILURE OF NRC-DESIGNED STRUCTURES N

The TOX cubicle, tank, and piping system will be designed to
Nuclesr Regulatory Commission (NRC) standards for nuclear power plants.
In summary, this will {nvolve the following:

1. Seismic experts will determine the “maximum credible earth-
quake” that can occur at TEAD based on the seismic history of
the area and the proximicty of earthquake faults. This "maxi-
mum credible earthquake” will be selected as the safe shutdown
sarthquake (SSE) 2o be used as the design earthquake for the
TOX at ali eight sites.

2. The TOX will be analyzed for the SSE using finite-element

time-history computer programs.

3. The TOX will be constructed to NRC standards.

.
SO
Since the design g-level has not yet been determined, an SSE g-level had
to be sasumed with the intent to ensure that the TOX will withstand rel-
atively high g-forces. For this riek anslysis, it was conservatively
assumed that the TOX will be designed for a 1-g SSE.
5ince the 70X will be designed for no failures in the event of a :4;
SSE, an earthquake larger than the SSE will be required to produce a 3?
failure. Since the NRC seismic design requiremsnts are quite different !}'
from the UBC seismic reyuirements, the methodology used to determine X ;;
failure g-levels for the UBC structures doss not apply to NRC-deaigned é;
structures. Based on GA's experience in seismic design of nuclear power ba
plants, it was estimated that an esrthquake which is twics the SSE will 2‘]
have a 0.5 probability of either rupturing the TOX tank/pipin~ system ;E
or breaching the TOX wall. There is a possibility that the TOX will ;:f
@urvive lsarger earthquakes or that a smaller earthquaks will cause -
e oY
P
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failure. Consequently, thLe following probabilities are selacted for the
! rupture of the TOX storage tark and for the breaching of the TOX walls:
’
)
$ 1. A 1.8-g earthquake has a 0.1 probabilicy of producing feilurs.
p)
! b 2. A 2.0-g earthquake hes a 0.5 probability of producing failure.
N 3. A 3.0-g earthquake hus & 0.9 probability of producing fsilure.
‘_C 4, A 4.0-g earthquake hses an ~1.0 probability of preducing
g failure.
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C.1.5. METEORITES T
The probability of s meteorite pensetrating s munition can be esti-
mated from:
PeTF (fy « £,) AS ’
whete F o fraquetcy of mmteorite strikes per square foot of ares,
f4 = fraction of the striking meteorites which are iron metecritaes
and can psastrate the tsrget, c}
:.F
ty = fraction of the striking meteorites which are stone mateor- i:
ites and can penetrate the target, .
<
o
A = araa of carget, .x
e
.'-
S = fraction of the target atea which must be impacted to rupture :3;, ;.
s muaition or bulk agent container (specing factor). E&
X
The frequency of meteogite atrikes for smteorites 1.0 1V or greater .
18 0.4 x 10-13/£c2 (Ref, C<7), FPFor smal) meteorites (a ton or lesa),
stone meteoriteus are spproximately 10 times wmore comwn than iron mete-
orites (Ref. C-8). Howwver, irun metecrites are more dense and tend t¢
have higher impact velocities, and consequently, represent a significant
portion of the total meteorites that can rupture munitions. The size
discribution of both iron and stone meteorites striking the esrch sur-
face was estimated from the data presented in Refa. C-7 end C-8.
The size of the metecrite raquired to penetrate A munition or
munition and structure was computed using the equatiocre presanted (n
Ref. C-2. The i{impact velocity was computed based on the data presanted
/:' ..I\ ." B :.'5
Ce - 1
N
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in Ref. C-8, which gives impact valocities for a series of largec metecr-
ites. These data werc plotted and extrapolsted to estimate the veloci-
ties for the smaller mateorites. For the smallest stone mateorites, the
extrapolation yields i{mpact velccities which were less than their ter-
minal velocities. In thesa cases the terminal velocities are used.
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C.1.6. AIRCRAFT CRASH

é{??:
27

The probsbilities used in the analysis of crashes involving air-
craft takeoffs and landings wers obtained by modifying Table C-1, which

was taken from Ref. C-9. The following modifications were made to this
table:

1. U.S. air carrier (commercial) crash probsbilities between 5
and 8 miles from the end of the runway ware increased from 0.0
to 0.14 x 10-8 which is equal to the probability for crashes

between 8 and 9 miles from the end of the runway. 5
2, The probabilities for USN/USMC wure sveraged with the proba-
bilicties for USAF to obtain probabilities for military air-

craft in general,

3. The probabilities for crashes of wmilitary aircrafc ac dis- A

L
tances which are 5 to 10 miles from the runway were assumed to Q:,f;
be the same as for U.S. commercial air carriers.
4, The general aviation probabilities for crashes which are 5 to
10 miles from the end of the runway are assumed to be five
times greater than U.S. air carrier probabilities.
5. Helicopter crash probabilitiea were assumed to be twice the
probabilities for general aviation. »
Tablea C-2 through C-17 sumnarize the input data that weze used to j"
calculate the annual probabilities of both small and large eircraft
crashes at each of the eight sites. The effactive areas of the crash
sites are summarized in Table C-18.
RSV
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TABLE C-1
. AIRCRAFT CRASH PROBABILITIES NEAR AIRPORTS(@)

r
1..
s

".(

Probability (x 108 of a Yatal Crash go: Square
a

Distance F:zom Mile per Aircarft Movement (

End of Runway
(miles) U.S. Air Carrier General Aviation USN/USMC TUSAF

)

XYy v, e
]
ranl

0-1 16.7 84.0 8.3 5.7

1.2 4.0 15.0 1.1 2.3

2-3 0.96 6.2 0.33 1.1

3-4 0.68 3.8 0.31 0.42

4-5 0.27 1.2 0.20 0.40

5-6 0 A NA NA

6-7 0 NA NA NA

R 7-8 0 NA NA NA
‘-’ 9-9 0.14 NA NA NA
9-10 0.12 NA NA NA
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TABLE C-18
EFFECTIVE AREAS OF CRASH SITES(sa)

Large Adircraft Large Adlrcraft Small Aircraft

Storage Facility Direct Crash Adjacen” Crash Pirect Crash
p0-ft igloo 7.6E-5 4.8E-5 0.0E+0
oC -fr igloo 5.7E-5 3.7E-5 0.0E+0
40-ft igloo 3.8DE-5 2.4E-5 0.0E+0
89-f. magazine 8.2E-5 4.6E-5 V.0E~0
Warehouse st TEAD 2.4E-3 2.4E-3 3.0E-3 '
Warehouse at UMDA 1.6E-3 1.8E-3 2.1E-3 E-
Warehouse at NAAP 7.9E-4 1.7E-3 1.3E-3 ;
s
Open storage at APG 4.6E-3 4.2E-3 5.7E-3 :(
Open storage at PBA 1.1E-2 6.6E-3 1.3E-2 L
Open storage at TEAD 2.2E-2 1.2E-2 2.5E-2 4:%,- \
Train (50 cars) 1.1E-2 1.6E-2 5.4E-3 o
ECR 5.4E-5 -- -- :
UPA 2.4E-6 -- 1.6E-4 ?'
TOX 4,1E-S -- -- * 4
Truck 3.6E-4 -- 9.0E-5 0
Qutside agent piping 1.8E-3 -- 5.9E-4 -
at TEAD -
o4
(8)Units of ares is squars miles. %
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: D.1. SITE INFORMATION
“
i This appendix discusses the location and charscteristics cf the
t eight CONUS sites where chemical munitions are stored and provides a
5 brief description of the storage aress. Figure D-1 shows the general
- location of the eight sites. The site characteristics discussed
l included recorded earthquake activity and aircraft patterns in the
: vicinity.
3 |
< D.1.1. ABERDEEN PROVING GROUND
»
: As shown in Figs. D-2 and D-3, the Aberdeun Proving Ground (APG) is
f located in Harford County, Maryland near the head of the Chesapeake Bay.

T

!L* APG is a Test and Evaluation Command (TECOM) instaliation within

U.S. Army Materiel Command (AMC). The main activities/mission of APG
include testing and evaluating vehicles, munitions, and c¢ther combat
hardware. A major tenant activity, the Chemical Research, Development,

and Engineering Center (CRDEC), is located at APG.

APG is comprised of two general areas, the Aberdeen Area and
Edgewood Area. The Edgewood Ares is situeted sadjacent to the town of
Edgewood in the southwestern part of Harford County. There have
occurred in the vicinity of the APG site 4B recorded earthquakes of
Modified Mercalli Intensity (MMI) levela from 1 to VII, as summarized in
Table D-1.

,E
S
.\
-
&
C.
<
&
:

The chemical storage srea at APG is located in the northeast corner
of the Edgewood Area The Chemical Agent Stior 2 Yard (CASY) .s an open

area ancompassing approximately 5 acres and is situated along the PRush
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»
! TABLE D-1
) EARTHQUAKES IN THE VICINITY OF THE APG SITE
: (Ordered By Distance From Site) N
R N
N A N
T Distance N
from Site
; Year Month Day Location MMI (km)
g 1883 3 11 39.5N, 76.4W V 14
1883 3 12 39.5N, 76.4W V 14
i . 1883 3 12 39.5N, 76.4W III 14
1883 3 12 39.5N, 76.4W V 14
: 1939 6 22 39.5N, 76.6W 1III 28
N 1939 11 18  39.5N, 76.6W IV 28
N 1939 11 26  39.5N, 76.6W V 28
: 1930 11 01 39.1N, 76.5W 1V kY]
‘ 1930 11 01 39.1N, 76.5W 1III a8
l 1906 10 13 39.2N, 76.7W III 41
v 1910 04 264 39.2N, 76.7W I1I 41
d 1758 04 25  38.9N, 76.5W V 58
Yy 1876 01 30 38.9N, 76.5W 58
. 1978 07 16 39.9N, 76.2W V 58
) 1984 04 19 39.9N, 76.3W V s8
" 1984 04 23 39.9N, 76.3W V 58 5
' 1910 01 26 39.6N, 77.0W II 64 S
1828 02 24 38.9N, 76.7% 85 .
1978 10 06 39.9N, 76.SW VI 66 3
1885 03 09 40.0N, 76.3W 1V 67 3
MO 1939 04 02 40.ON, 76.3W 1II 67 . :
R Qe 1971 07 16 39.7N, 75.6W IV 69 *
< ”" 1971 12 29  39.7N, 75.6W 1V 69 .
i 1972 01 02 39.7N, 75.6W 1V 69 <
d 1972 01 03  3917N, 75.6W 1V 69 a
" 1972 01 07 39.7N, 75.6W 1V 69 .
v 1972 ol 22 39.7N, 75.6W 1V 69 ]
! 1972 01 23 39.7N, 75.6W IV 69 3
- 1972 o1 23 39.7N, 75.6W 1V €9 E
" 1972 02 11 39.7N, 75.6W V 69 4
- 1972 02 11 29.7N, 75.6W 69 N
v 1972 08 14  39.7N, 75.6W IV 69 A,
t- 1972 08 14  39.7N, 75.6W 69 "
» 1974 04 28 39.7N, 75.6W IV 69 i
2 1889 03 08 4O0.ON, 76.0W V 71 -
oo 1889 03 09 40.0N, 76.0W 71 ’,
; 1871 10 10  39.6N, 75.5W 1V 72 -
r. 1879 03 26 39.2N, 75.5W V 72 <
\ 1902 03 10 39.6N, 77.1W III 72 p
1902 03 11 39.6N, 77.1W III 72 h
1903 o1 01 39.6N, 77.1W 1 72 c
1983 11 17  39.8W, 75.6W V 73 N
1983 12 12 39.8N, 75.6W 73 -
1871 10 09 39.7N, 75.5W VII 76 N
1902 03 10 39.6N, 77.2wW 1II 80 ~
1902 03 11 39.6N, 77.2W III 80 3
s 1903 01 01  39.6N, 77.2W III 86
Ay 1903 01 01 39.6N, 77.2W II 80

PhE o B I B RS |

Data provided by the National Geophysical Data
Canter, NOAA.
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River. The storage yard consists of a central aislewsy of finished con-
crete and the ton containers are secured over a gravel surface. There
are two buildings in the CASY that are used to store equipment. Only
mustard-filled ton containers are atored at APG and they are stored

outdoors in accordsance with AMC regulations.

The airspace above the Edgewood area of APG is continuously
testricted (Restriction No. R-4001A). Permission to fly at altitudes
above 10,000 ft from midnight to 7:00 AM may be requested 24 hr in
advance. The Weide Army Air Field (AAF) is located within a mile of the
storage area. It has a 4600-ft runway which is used by a general avia-
tion flying club and an Alr National Guard helicopter unit located at
Weide AAF. The Army estimates that there are approximately 2600 general
aviation operations (takeoffs/landings), 7200 helicopter operations, and
800 small fixed-wing military operetiuns per year at Weide. There are

no large aircraft operaticns.

Phillips AAF 41s located approximately 8 miles to the northeasr. It
has three runways. The longest is B000 ft. The Army indicates that the
edges of the approach and holding petterns for Phillips are more than
2 miles north of the storage area. Therefore, they are not considered a

threat to the storage area per the guideline of Ref. D-3.

There are three other airports located in the ares. Baltimore Afir-
park is approximately 8 miles to the west and has one 2200-ft runway.
Martin State Airport is located 8 miles to the southeast. It has three
runways. The longest is 7000 ft. The largest airport in the area is
Baltimore Washingteon Intarnational Airport which is 26 miles southwest
of Aberdeen. Its longest runway is 9500 ft. There are two low altitude
federal airways (V378 and V499) that pass spproximately 8 miles from the
storage area. The clesest high altitude jet routes (J42-8 and J40) are
approximately 14 miles from the storage area. These airports and air-

ways are not expected to present a significant threat to the storage
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N area because of the distances {nvolved and because the storage area is

protected by the restricted airspace.
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i D.1.2. ANNISTON ARMY DEPOT R R
S As shown in Figs. D-4 and D-5, the Anniston Army Depot (ANAD) is
ﬁ located within Calhoun County in northeast Alabams adjacent to Fort
i McClellan, ancther active U.S. Army installation. ANAD is & msjor sup-
3 ply, stock distribution, and storage depot for general and strategic E
E material, equipment, and supplies, including ammnition. Its functions ﬁ
; also include maintenance and disposal activities associated with smmuni- é
\ tion supply and storage, such as ammunition preservation, demilitariza- 9
E tion, surveillance and training. N
) -
ﬂ The chemical storsge area at ANAD is located along the north- ;
- sastern edge of the installation. The chemical storage area is divided g
E into two adjacent areas, G-block and C-block. The ANAD chemical muni- E
g tion stockpile consists of all munition types except bombs and spray E
N tanks. Munitions are stored in 40-ft, 60-fr, and 80-ft igloos. All -
E 40-ft and 60-ft igloos are equipped with s single door, while all BO-ft i;11~ ?
$ igloos are squipped with a double door. The igloes are well maintained R4 ;;
@ with no evidence of chronic structural problems. All igloos were 3
t re-waterproofed in 1984. The re-waterproofing involved removing the ﬁ
v earthea covering over the igloo and sealing the concrete surface with #
tar. The earthen cover was then replaced to specifications. ?
:
The stockpile of chemical munitions stored at ANAD includes 105-mm 2
cartridges, 4.2-in. morrars, 155.m=z acd 8-in. projectiles, 1l15-mm rock- -
ets, land mines, and ton containers. Documentation indicates that all :
of the 105-mm projectiles are stored in the cartridge configuracion, g
p§:kAgcd ‘wo cartridges per box. All munitions are stored in their 2
standard configurations in accordance with AMC regulations. g
g
As shown in Table D-2, five earthquakes of MMI levels V to VII have ;
occurred in the vicirnity of the ANAD site in this century. i
;
A
WSR3
:
D-8 #
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. TABLE D-2 3
EARTHQUAKES IN THE VICINITY OF THE ANAD SITE(s) !
v (Chronological Listing) £
’ 2
3 Epicentral Intensity a
- Year Moath Day Location (MMI) a
d :
1916 10 18 Irondale, Al VII r
33.5N, 86.2VW
; §
‘ 1927 6 16 Scottsboro, AL v by
: 34.7N, 86.0W A
[*'4

i 1931 5 S Cullman, AL Y to VI g
8 33.7N, 86.6W Y
/ !
¢ 1939 s o Anniston, AL v p
o 33.7N, 85.8W ¢
3 :
- “ 1975 8 28 Northern, AL VI :
! e 33.3N, 86.6W {
'3 K
v (‘)Eu:thquakco within & 50- to 60-mile radius of the Anniston sice, :
X abstracted from Table 2.5-2, Clinch River Breeder Reactor Plant ﬁ
Preliminary Safety Anslysis Report. Source: Ref. D-1. :
{
]
y .
Y .
]
;

X
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The airspace above the chemical munition storage arsa at the ANAD ) 8
is unrestrictad. The airspace just north and northeast of the chemical N
storage area is restricted continuously to 24,000 ft (Restriction number &:
R-2102). The area just west of the chemical munition storage area is N
restricted up to & 5000-ft laval from 7:00 AM to 6:00 PM Monday through 8)
Friday (Restriction number R-2101). E
The closest major airfields are Anniston and Talladega, both of N
which are approximately 8 miles from the chemical munition storage area.
Anniston has a 7000-ft runway and can accept aircraft as large as o :ﬂ
Lockheed C-141. Adr traffic flying in and out of Anniston must stay to ;;
the south of the depot (Ref. D-1). Talladega has a 6000-ft runway. It ie'
has handled Lockheed C-130s but cannot accept C-1l4ls. Alr traffic com-
ing out of Talladega must stay west of the depot (Ref. D-1). Conse- f?
quently, the edge of the flight path in and out of Anniston and out of :iiz
Talladegs is at least 2 wmiles from the storage ares. N
1
To the east and north of the city of Anniston, there are two small T }i
airports and a heliport, the clnsest of which is 8 miles from the stor- ;:‘
age area. Alr traffic from these airports is not a significant threat &T'
to the storage area since there i{s 3 miles of restricted airspace "
betweern these airports and the storage area. ?}
i_’\
-"'
There is one low altitude federal airway (V18) which passes § miles K:,
south of the storage area and one high altitude jet route (J14-52) which ;
passes directly above the storage irea. The high altitude jet route :
{s the prefarred jet route for air traffic betwsen Atlanta end Denver
(Ref. D~2). Military training route IR69 passes over the storage area
and chen returns three miles south of the storage srea.
3
-
7 '3
A A
R
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D.1.3. LEXINGTON-BLUE GRASS ARMI DEPOT

As shown in Figs. D-6 and D-7, the Lexington-Blue Grass Army Depot

(LBAD) is located in Msdison County, south of Richmond, Kentucky. The

. primary mission of the depot i{s to operste a general supply and ammuni-
tion depot activity providing for the receipt, storage, isasue, maince-

nance, demilitarization, and disposal of assigned commodities.

The chemical munition storage area at LBAD {s located in the north
central half of the Blue Grass facility. The chemical munition stock-
pile at LBAD consists of 8-in. projectiles, 155-um projectiles, and
M55 rockezs. These munitions sre stored in 89-ft oval-arch {gloos.
Seventy-five percent of the igloos were waterproofed in 1982. The pro-
cedure involved removing the earth covering the igloo to apply a layer

of tar, and then replacing the earthen cover.

. Teble D-3 summarizes earthquake activity in the vicinity of the
e LBAD site.

LBAD airspace is not restricted. There are three small airfields
in the vicinity of the depor: Madison County Airport, Berea Richmond
Alrfield, and Gallas Airfield. Madison County Airport is epproximately
9 miles from the storage area. At the Madison County Airport, there is
& civilian flight school which operstes light aircraft, ranging from
single engine light planes up to twin engine aircraft. The flight
school usas two training aress ncar the depot, one to the north and the

. other to the east. The Madison County airport has a 4000-ft runway.
The Berea Richmond Airfield is spproximately 6 miles from the storage
ares and can support only light aircraft on its 2400-ft grass strip run-
wvay. Galla is a small, private airfield 12 mi{les east of the storage
srea. The air traffic from these airports over the storage area is not

expected to be a sigrnificant hazard.
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TABLE D-3
EARTHQUARES IN THE VICINITY OF THE LBAD SITE(s) p
{Chronological Listing) $
Epicentral Intensity
Year Month Day Location (M) .
1779 1 1 Kentucky Unknown
38.0N, B4.OW ]
1834 11 20 Northern KY v g
37.0N, 86.0W 3
1933 5 28 Maysville, KY v 5
38.7N, 83.7W :
4
1954 1 1 Middlesboro, KY VI 8
36.6N, 83.7W ,
1968 12 11 Louisville, KY v .
38.0N, 85.5W :
1974 6 4 Kentucky V (est) . .
38.6N, 84.77W é_"‘" g
v
1876 1 19 Kentucky VI e ;
36.88N, 83.82W :
!
1879 11 9 NE Kentucky V lest) ¢
38.42N, 82.88W ¢
1980 6 27 Kentucky Vil .
38.17N, 83.91VW .
1980 8 2 Rentucky 111 (
37.99N, 84.92W :
1980 8 22 Kentucky 111 :
37.99N, 84.92W ¢
(‘)Eutthqulkcn within & 50- to 60-mile radius of the Lexington-Blue ‘
Grass Site, abstracted from Table 2.5-2, Clinch River Breeder Reactor :
Plant Preliminary Safety Analysis Report. Source: Ref. D-1. :
N
4
b}
.
;
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2
ﬁéﬁg} There is a U.S. Air Force radar bombing/scoring detachment sta-
tioned at the LBAD with frequent £flights (10 to 11 sircraft per day)
of Alr Force B-52, F-4, and F-111 aircraft at low altitudes (750 and
3000 ft). The flights are active from 11:30 AM to 3:30 PM and from

i
[
* 6:00 PM until midanight every day. They £fly at 750 ft under visual
! flight rules and at 2000 to 3000 ft under instrument rules with a visual
: observer. Generally, they make thres simulated bombing runs per flight
4
) ' at distances at least 2 miles away from the chemical exclusion area.
. Per the guidelines of Ref. D-3, this is not expected to be a significant
! problem.
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D.1.4. NEWPORT ARMY AMMUNITION PLANT

The Newport Army Ammunition Plant (NAAP) is located in west central
Indisna, west of Indianapolis, as shown in Figs. D-8 and D-9. NAAP is
cparated by Mason & Hangar. The mission of NAAP ia to (1) manufacture
explosive and chemical materials, (2) £i11 chemical munitions, and
(3) to store chemical munitions. Items 1 and 2 are currently inactive,
vhile item 3 involves the activities associated with storage of VX

chemi{cal sgent ton containers.

The chemical storage area at NAAP includes a single storage ware-
house (Building 144) that is used to house VX ton containers. The stor-
age building 1is spproximately 79 ft wide and 279 ft long. The walls and
roof of the building are of heavy gauge corrugated sheet metal, sup-

ported by steel beams.

The warehouse is in an exclusion area adjacent to the former VX
production facility. fﬁc grounds within the exclusion ares are all con-
crete or macadam covered surfaces. There are several large storage
tanks that wers used to store agent which are located along the south-
east side of the warehouse. These storage tanks are currently empty.

A 409-ft tall flash tower is located 450 ft to the east of Building 1l4s.
The flash tower was utilized during production of VX to burn several
flammeble gas by-products. Just cutside the exclusion arca; approxi-
mately 560 ft to the esst of Building 144, is the site of a natural gas
metering station. Natural gas wes distributed to the production plant
and to the area boiler from this point. Several smpty storage vessels
sre located approximately 350 ft from the nesrest ton containers outside
the axclusion area. These tanks were used in conjunction with the
former VX production facility. These tanks are to remain empty during
the demilitarization campaign.

Table D-4 summsrizes ecrthquake activity in the vicinity of the
NAAP site.
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The airspace at NAAP 1s not restricted. The only airport within a
10-mile radius of the plant is a private airstrip (Rowe) with a 2600-ft
runway located 8 miles west of the plaant. The nearest public airport is

.;,;.: -y ¢ 9

S HAO

Clinton which is approximately 12 miles south of the plant. Low slti-

tude federal airway V171 passes 2 miles sast of the storage ares and

sirwvay V434 passes 5 miles north of the storage area. High altitude

by

jet routes J80 and J73 cross over the storage ares.
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TABLE D-4
EARTHQUAKES IN THE VICINITY OF THE NAAP SITE
(Ordered By Distance From Site)
Distance
from Site
Year Month Day Lozation M1 (km)
1909 9 27 39.5N, 87.4W VII 41
1921 3 14 39.5N, 87.5W v 41
1903 12 3 40.0N, 87.9W 42 i
1974 11 25 40.3N, 87.4W 11 48 4
L)
1906 7 13 39.7N, 86.8W o %
Ay
1906 8 13 39.7N, 86.8W v 57 5
1984 8 29 39.3N, 87.2W v 58 E:
1978 2 16 39.8N, 88.23W 68 e
1984 7 28 39.2N, &7.1W v 78 Y
Data provided by the National Geoph,sicsl Data Center, NOAA.
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D.1.5. PINE BLUFF ARSENAL

As shown in Figs. D-10 and D-11, the Pine Bluff Arsenal /PBA) is
located southeast of Little Rock, Arkansas and northwest of the 2ity of
Pine Bluff, Ackarizas. The primary missions include storage of conven-
tional and chemical sunitions, destruction of nontoxic chemicals, and
production of smoke smunicions, vhite phosphorus projectiles and other
incendiary devices. Future reasponsibilicies include demilitarizaetion
of the BZ atockpile and producticn of binary chemical munitionc.

The chemical stocage ares at PBA is lccated in the northwesre:cn
section of the installation. The following muuitions are stored at PBA:
4.2-in. wortar projectiles, M55 roclets, land miner, and ton containers.
All munitions except ton containers arv stored in 80-ft {gloos. Ton
containers containing tustard agent are stored outdoors in a fanced area
within the chemicsl storage area. The ton containers are strapped to

reil-oad rails and stacked one high per AMC regularions.

Table D-5 summarizes sarthjuake activity in the vicinity of the PBA

site,

PBA airspace {s not restricted. The closest important airfiels,
Grider Field, is about 16 miles southeast of the chemical munition stor-

age area. There are three smaller airfields which are closer (10 to

.

i l4 miles). Because of the relatively significent distances from aizr-

» fields, PBA is not considered to have & significant hazard due to

lﬁ airfield operations. q
; ;
j; Grider handles approximately 115 aircraft movements per day, seven j
E_ days a week. About 95% of this traffic 1is corporate/civilian, and the ﬂ
: remainder is military. The runway at Grider Field is 6,000 ft and can A
;: occasionally accommodate commercial 727 and military C-141 aircrafc. ﬁ
E: Low altitude federal airways V74, V305, and V16 pass within 7, 10, end ;
» 11 miles, respeccively. High altitude sirway 242 passes over the sits. X
. Sode 3
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There is a helipad onsite about 2 miles away from the chemical

The £flight freguency was estimated to

sunition scorage area boundary.
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be 30 or less flights & month (Ref. D-1),
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TABLE D-S
EARTHQUAKES IN THE VICINITY OF THE PBA SITE(®)
(Chronological Listing)
Epicentzal Intensitcy
Year Month Day Location (M1I)
1911 3 31 33.8N, 92.2W Vi
1918 10 4 34.7N, 92.3W v 2
1930 11 16 34.3N, 92,8W v j
1939 6 19 34.1N, 93.1VW v 4
¥
1967 6 4 33.5N, 90.8W VI ..
1967 6 29 33.5N, 90.8W \' 5
1969 1 1 34.3N, 92.6W VI iy
.g
1974 2 15 33,.9N, 93.0W v :
- A
f;‘-‘ 1974 12 13 34.5N, 91.8W ' 2
Yot 1978 9 23 33.6N, 91.85W v N
1982 1 21 35.1N, 92.2W v .
1962 1 24 35.2N, 92.2W v :
1982 2 24 35.1N, 92.2W v
1982 3 1 35.1N, 92.2W v :
1983 1 19 35.1N, 92.2W v N
.
\
(8)Earthquakes within & 100 mile (160 km) radius of the Pine Bluff .
site as provided by the National Geophysical Data Center, NOAA. .
Records believed to be duplicates are reported only once. Source: .
Ref. D-1. .
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D.1.6. PUEBLO DEPOT ACTIVITY

The Pueblo Depot Activity (PUDA) is under the command of the Toocele
Army Depot. As shown in Figs. D-12 and D-13, the installation lies east
of the city of Pueblo, Colorado and north of the Arkansas River. The
mission of PUDA facilities is to operate a reserve storsage and mainte-
nance function providing for (1) limited receipt, storage, and issue of
assigned commodities; (2) depot maintenance of assigned commodities;

(3) limited maintenance of facilities to prevant deteriorstion of the
ammunition astockpile; (4) operstion of a calibration service for an
assigned geographical area; (5) demilitarization and disposal of deteri-
orated explosives and munitions; (6) ammunition surveillance; (7) small
arms clipping send linking; (8) operstion of the Function/Trace Test

Range; and (9) missile maintensance/production.

The chemical storage area at PUDA i{s locateil in the northeast cor-
ner of the depot ia the G-block storage area. The following munitions
are stored at PUDA: 155-mm projectiles, 105-mm cartridges and projec-
tiles, and 4.2-in. dortar projectiles. All munitions are stored in
80-ft 4igloos.

Table D-6 summsrizes earthquake activity in the vicinity of the
PUDA site.

The airspace at the PUDA is not restricted. There is a private
airport (Youtsey) a few miles south of the depot. The nearest public
sirport 1is Pueblo Memoriael which is located 6 miles west of the bound-
ery of the depot. This airport has four runways, the longest being
10,500 ft. Pueblo Memorial 53 used as a training airport for both com-
mercisl and militery sircraft. Low eltitude federal airways V10, V19,
V81, V83, V244, and V389 all pass within a few miles of the depot, as do
high altitude jet routas J17 &nd J28.
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TABLE D-6
EARTHQUAKES IN THE VICINITY OF THE PUDA SITE
(Ordered By Distance From Site)

Distance

from Site
Year Month Day Location 108 (km)
1963 11 13 38.3N, 104.6W Iv 22
1870 12 4 38.5N, 104.0W VI 7
1955 11 28 38.2N, 103.7W v 58
1925 2 18 38.2N, 10S.1w v 67
1888 10 23 38.1N, 105.2W v 78

Data provided by the National Geophysical Data Center, NOAA,
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D.7. TOOELE ARMY DEPOT

The Tocsle Army Depot (TEAD) is located in north central Utah
southwast of Salt Lake City as shu'n in Figs. D-14 end D-15. The Army
Depot consists of two separate areas, North and South. The chemical
sgent storage and demilitarization operations are located in the South
Area. The mission of TEAD is to operate a supply depot providing for
receipt, sto-age issue, maintenance and disposal of essigned commodi-
ties; and to operste other facilities such as the Chemical Agent

Munitions Disposal System (CAMDS).

The chemical storage ares at TEAD is located in the center of the
south area. There are storsge magezines, warehouse buildings, and sev-

eral storage yards within the chemical agent exclusion ares. The stor-

age magazines include both 89-ft oval-azrch magazines and 80-ft igloo

magazines. M55 rockets, 155-mm and 8-in. projectiles, 105-mm csrtridge

PP IR PP
Cof NS NEARREX

projectiles, 4.2-in. mortar projectiles, GB and VX ton contairners, M23

o -

land mines, and weteye bombs are stored in the 80-ft igloos. MC-l ‘u,;

bombs, 155-mm and 105-mm projectiles are stored in the 89-ft oval-aurch

Sy
l'l

magazines. Ton containers containing mustard are stored outdoors. The

)
M
Y

two warehouse buildings currently are used to store VX spray tanks

packaged inside TMU-28/B storage and shipping containers.

The warehouse buildings are flaz-roofed, single-story structures
approximetely 188 fr long, 179 ft wide, and 16 ft high. Details of con-
struction are shown in Army Corps of Engineers Drawing 20)-25-65. The !"
side walia of the buildings are single piece precast concrets panels .
6 in. thick, 16 ftr high, with widths varying around 30 ft. The roof is <

of corrugated sheet metal, supported by a steel beam support structure o

K A

[
1]
-t P

and steel box beam vertical support columns. The main beems are W24 x

68 steel I-beams with unsupported spans of abour 30 ft. Open trusses

are used to span betwsen the main beams.
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Utah state map showing the location of TEAD
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AT
fi%gf Table D-7 summarizes earthquake activity in the vicinity of the
TEAD site.
The airspace over the TEAD South Area is not restricted but piloes
f are requested (for reasons of national security) to svoid £lying below
| 6400 ft over this area for s radius of 3 nautical miles (3.5 statute
; miles).
|
N Tocele Municipal Airport {s the nesrest airport to the site. It
I is located 14 miles north of the site and is not expected to present a
i significant hazard.
!
E There are two low altitude federal airways in the vicinity of the
i TEAD South Area: V257, three miles to the west, and V253, 17 miles to
E the northeast. High altitude airways are not considered a hazerd for
E this site.
i An-
".T There is a helipad located nesr the administrative building epprox-
F " imately 3 miles from the chemical munition storage area. The helipad
5 is used infrequently. The number of flights per month 1is estimated to
E be 15.
-
.
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TABLE D-7 s
EARTHQUAKES IN THE VICINITY OF THE TEAD SITE(s)
(Chronological Listing)

Epicentral Intansity

Yesr Month Day Location (MMI)
1853 12 1 39.78, 111.8W \'
1876 3 22 39.5N, 111.5W VI
1880 9 17 40.8N, 112.0W v
1884 11 10 40.8N, 111.9W VIl
1894 1 8 39.7N, 113.4W v
1894 6 8 39.9N, 113.4W v
1894 7 18 41.2N, 112.0W VII
1899 12 13 41.0N, 112.0W v
. 1900 8 1 39.8N, 112.2W VII
: 1906 5 24 41.2N, 112.0W v
' 1909 11 17 41.7N, 112.2W \'
| 1910 s 22 40.8N, 111.9V VI
' 1914 4 8 41.2N, 111.6W \'
1915 7 15 40.3N, 111.7W vl
1915 7 30 41.7N, 112.1V v
1915 8 11 40.5N, 112.7W \'
1915 10 5 40.1N, 114.0W ' A
1916 2 5 40.0N, 111.7W ' ‘o
1920 9 18 41.5N, 112.0W VI DA
1920 9 19 41.5N, 112.0W Vi
1920 11 20 41.5N, 112.0W VI
1934 3 12 41.5N, 112.5W Vil
1934 4 14 41.5N, 112.5W
1934 5 6 41.7N, 113.0W
1938 7 9 40.5N, 111.6W v .
1938 6 30 40.5N, 111.6W VI N
1943 2 22 40.4N, 111.8W VI :
1947 3 7 40.5N, 111.6W v :
1949 3 7 40.5N, 111.6W v y
1950 5 8 40.0N, 111.5W v ¥
1951 8 12 40.2N, 111.4W v ¥
1952 9 28 40.3N, 111.5W v T
1953 s 24 40.58, 111.5W ¢ o
1955 2 4 40.SN, 111.6W v A
1955 s 12 40.4N, 111.6W v -
1958 2 13 40.5N, 111.5W VI ®
1958 11 28 35.4N, 111.5W v N
1958 12 1 40.5N, 112.5W v o~
1958 12 2 40.5N, 112.5W v o~
1961 4 16 39.1N, 111.5W Vi RS
1962 9 5 40.7N, 112.0W VI f:j
1963 7 7 39.6N, 111.9W vI b
1963 7 9 40.0N, 111.2W DS oK
1963 7 10 39.9N, 111.4W v S
1965 S 11 41.0N, 111.5W ) ot
o
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TABLE D-7 (Continued)

Epicentral Intensity

Yaar Month Day Location (MMI)
1966 5 23 39.2N, 111.4W

1967 2 16 41.3N, 113.3W v
1967 9 24 40.7N, 112.1W v
1967 12 7 41.3N, 111.7W v
1968 1 16 39.3N, 112.2W v
1968 3l 17 39.5N, 110.9W v
1969 5 23 39.0N, 111.8W v
1970 4 14 39.6N, 110.7W v
1970 10 25 39.1N, 111.3W v
1972 10 1 40.5N, 111.3W Vi
1972 10 16 40.4N, 111.0W v
1973 7 16 39.1N, 111.5W v
1977 11 28 61.3N, 111.6W v
1978 2 28 40.7N, 112.2W v
1978 3 9 40.7N, 112.0W vI
1978 3 13 40.7N, 112.0W v
1980 5 24 39.9N, 111.9W v
1981 2 20 40.3N, 111.7W v
1981 S 14 39.4N, 111.0W v
1983 10 8 40.7N, 111.9W vi

(‘)Enrthquukcs within ¢ 100-mile radius of TEAD as provided by the
National Data Center, NOAA. Records believed to be duplicated are
reported only once. Source: Ref. D-1.

D-37

&
4
«
)

[35 3o o g 30 > 3% D S AL

et

.’l




NPT ARSS PEE.CLN TR

MM SSRGS PP PSS g P

1
LA

SR’

i‘.\\

h

LLLLOEERANS

Py
>

-

) NRNRSAVIN Y RN

oo

WIS LN LSS

3>3

X,
r

D.1.8. TMATILLA DEPOT ACTIVITY

The Umnatilla Depot Activity (UMDA) i{s under the command of TEAD.
As shown in Pigs. D-16 and D-17, the instellation is located in Umatilla
and Marrow Counties in northesastern Oregon, near the south ghore of the
Columbia River, weat of Hermiston, Oregon. UMDA’s mission is to cperate
a reserve stor ge depot activity under the command of TEAD providing

care and preservation for and minor maintenance of assigned commodities.

The storage area is located at the northern edge of the instal-
lation. Eighty-foot igloo magazines and warehouses are used to atore
the chemical munition stockpile of 155-rn and 8-in. projectiles, M55
tockets, M23 land mines, bombs, opriy tanks, and ton containers. Ware-
houses are used to store ton containers containing mustard sgent. The

magazines are spaced 400 ft apart.

The warehouses are butler type buildings connected by & roof with a
steel structure and aluminum siding (single sheet). The two buildi.gzs
are defined as transitory structures, spproximately 154 ft wide (total
for both buildings) and 300 ft long.

Table D-8 summarizes earthyuake activicy in the vicinity of the
UMDA aite.

The UMDA airspace is not restricted. The nearest active air-
field to the Umatills site is Hermiston Municipal Airport approximately
12 miles from the depot. With one 4000-ft runway, its capabilities are
limited to aircraft up to the size of corporate jets. The Tri-Citiles
Airport 4in Pasco, Washington, with & maximum runway length of 7700 fc,
is spproximstely 30 miles from the depot. In general, it dces not han-
dle military aircraft. Thers is alsoc & paved runway on the UMDA site
capable of handling small aircraft up to the size of & Beech U-21 light
utility aircraft. The nearest military airfields are in Spokane,
Washington; Moses lLake, Washington; and Mt. Home, Idaho.
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™
e TABLE D-8
EARTHQUARES IN THE VICINITY OF THE UMDA SITE(e)
(Chronclogical Listing)

Epicentral Intensity

Year Month Day Location (M) .

1893 3 5 Umatilla, OR VI

1918 11 46.7N, 119.5W Vto VI -

1921 9 14 Dixie, WA V to VI -

1924 1 6 Walle Walla, WA Iv -_

1924 1 Milton Weston, OR v

1924 5 26 Walla Walla, WA v )

1926 4 23 Walla Walla, WA v '

1936 7 15 46.0N, 118.5W Vil

1936 7 18 46.0N, 118.3W v 1

1936 7 20 Freewater, OR v -

1936 8 4 45.8N, 118.6W v '
(‘5"&- 1936 11 17 Walla VWalls, WA 111 i
T 1937 2 9 Walla Walls, WA _ v

1937 6 4 Valla Walls, WA v

1938 8 11 Milton, OR Iv

1938 10 27 Milton, OR v ,

1944 9 b Walle Wallas, OR 1v f

1945 9 22 Walls, Walla, OR v

1951 1 7 McNary, OR v

1959 1 20 Milton-Freewater, OR v

1959 11 9 Heppner, OR v 7

1971 10 25 46.7N, 119.5W v 3

Earthquakes within a 50- to 60-mile radius of the Umatills site,
abstracted from Table 2.5-2, UNI-M-90, "N Resctor Updated Safety

Anslysis Report,” United Nuclear Industries, Inc., February 28,
1978. Source: Ref. D-1.
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The Medium Attack Tactical Electronic Warfare Wing bombing range is

located 10 miles to the scuthwest of UMDA chemical munitions exclusion

area. This ares is a restricted airspace (Restriction numbaers R-5701,

R=5704; R-5706) in which the Navy holds bombing axercisaes. Grumman A-6 N

sirczaft, in groups of four, £fly about 14 sorties during the day and

-

g = B

ten sorties at night, five days a week, dropping fnert 25-1b bombs and,

occasionally, 500- to 1000-1b inert bombs. Per the guidelines of R
Ref, D-8, this {s not considered a significant threat. There are zwo f
low altitude federal sirways in the general ares of the depot: V-4 and f
V-112. Three high altitude sirways (J-16, J-20, and J-54) cross within
6 miles of the depot toward Pendleton, Oregon. (i
£
The installation provides limited maincenance to precluda
deterioration of facilities and retains limited shipping end receiving
capabilitiaes.
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MUNITION PAILURE THRESHOLDS
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F.1. MUNITION FAILURE THRESHOLDS
The munition stockpile is comprised of 11 different munition types.

This appendix contains a description of the physical chsracteristics of

’ each munition type, & description of their existing storage configura-
tions, and a description of the munition failure thresholds that aere
{mportant for quantifying the sgent relssse associated with each
accidant scenario. The failure thresholds discussed herein are the
thresholds for sccidental burster detonation, the thermsl threshold for
hydraulic rupture of the agent compartment, and the mschanical failure
thresholds which lesd to failure of the agent cocpartment.
F.1.1. DESCRIPTION OF CHEMICAL MUNITIONS

;;7 The chemical stockpile is presently made up of the following

minitions:

1. 8-in. artillery projectiles. The 8-in. projectiles are filled
with the nerve, agent either GB or VX. They are stored
without fuzes, but they may be stored with or without
bursters. The 8-in. projectiles are stored on wooden pallets

with six rounds per pallet.

2. 155-um artillery projectiles. The 155-mm projaectiles may
contain GB, VX, or maatard. They are stored without fuzes, ?
but they may be with or without bursters. The 155-mm projec- 3
' tiles sre stored on wooden pallets with eight rounds per E
pallet. i
4
3. 105-om artillery rounds. The rounds are filled with either a
- mustard or GB. The rounds may be stored as bare projectiles -
‘4
F-1 5
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on wooden pallets, with 24 rounds per pallet, and with 2 pal-
lets butted together and secured with steel banding, or as

cartridges in fiber tubes, with two tubes in a wooden field
box, and with either 12 or 15 boxes unitizad on a skid based

LR

wooden pallet. The cartridges include burster, fuze, car-

tridge case and propsllant.

ol o o

-~

4. 4.2-in. mortar projectilas. All are filled with mustard : !
agent. The mortars may be stored with burster, fuze, and pro-
pellant in fiber tubes, with two tubes in a wooden field box,

with either 36 boxes on & wooden pallet, or 24 boxes on a

L4

wooden skid base. The mortars may also be stored without

burater and fuze in wooden pallets.

CeT "y L L

5. M23 land mines. All land mines are filled with VX. The mines

are burstered, and are packaged three to a steel drum. Mine

'«

activators and fuzes are packaged separately in the same drum.

Twelve drums are contsined on & wooden pallet.

LA

LAY

6. MS5 rockets. The M55 rockets are filled with either GB or VX.

The rockets are equipped with fuzes snd bursters which contain

S

explosives. Propellant is also built into the motor of the
rocket. The rocket casing is made of aluminum which may

RICION A

slowly react with nerve agent to form hydrogen gas. Pressure

buildup in some of the rockets has caused a lesekage problem.

The rockets are individually packaged in fiberglass shipping
tubes with mstal end caps. PFifteen containers with rockets k:~

are packed on a wooden pallet.

7. MC-1 750-1b bombs filled with GB. The MC-1 bombs are stored
without explosive components on wooden pallets with two bombs

.. \.~.,._
A el T

per pallet.
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* 8. MK-94 500-1b bombs filled with GB. The ME-94 bombs are stored
without explosive components in individual MK-410 storage and
shipping containers.
9. MR-116 (Weteye) 600-1b Navy bombs filled with GB. These bombs
are stored without explosive components in individual MK-358
storage and shipping containers.
10. TMU-28/B sirborne spray tanks filled with VX. They were
designed for rclcniing chemical agent from slow-traveling, r{
low-£flying aircraft. The spray tanks are stored in individuel Sg
CNU-77/E23 storage and shipping conteiners. k&
. -,
A
11. Ton containers. A large fraction of the chemical stockpile is :
stored in bulk form in cylindrical steel containers referred 3:
to as ton containers. The ton containers may contain GB, VX, fﬁ
C";‘ or mustard. The ton containers are not palletized, but are :;:
o banded together in clusters. l,
Drawings snd photographs of each of the above munitions are shown :S
in Figs. F-1 through F-35. - ;§
L
During transportation of the munitions, either to an orsite dis- <
posal facility or an offsite disposal facility, the munitions are placed :;
in & protective shipping container or package. The shipping package has %
not yet been designed, but criteria for the structural and thermal 3-
protection to be provided during munition transport are defined in ~2
Ref. P-1. o
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Fig. P-1. Projectile, 8-in., GB, M426 -
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