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ABSTRACTY

The continued storage and disposal of the United States' unitary
chemical stockpile, inciuding that portion stored at Newport Army
Ammunition Plant (NAAP) pear Newport, Indianz, have the potential for
accidental releases that could escape installation boundaries and pose 3 threat
to civilian populations. The U.S. Army, in conjunction with the Federal
Emergency Management Agency and other federa! ageocics, is committed to
implement an ecmergency preparedness program that will significantly
reduce the probability of adverse effects {rom such releases.  This concept
plan, which is but a part of a comprehensive ongoing effort, provides a
framework for initiating such a program for the NAAF stockpile.

This report develops information and methodologies that bear on two
major decisions for such a program -- determining emergency plaoning zones
and selecting protective action strategies. These decisions are based on the
hazards posed by the NAAP stockpile and its disposal. These hazards, in tum,
are based largely on the distribution of potential accidental releases associated
with interim storage and disposal activities and associated external events
(c.g., carthgueakes and airplane crashes), the distribution of natural features
that can affect an agent release (lopographical features and meteorological
characteristics), and the distribution of people and rescurces (e.g., homes,
schools, and hospitals) potentially affected by an accidental release.

A conceptually simple methodelogy for determining emergency
planning zone (EPZ) boundaries is developed and applied 10 the NAAP
stockpile, and a recommended EPZ and sct of boundaries szre identified. The EPZ
consists of two zones, an immediate response zone (IRZ) with a radius of
approximately 10 km from the storage arca and proposed disposal site and a
protective action zone (PAZ) with a radius of approximately 25 km from those
locations.  Actual boundaries are based on political boundaries or landmarks
with which the local population is familiar.

The report identifies the advantages and disadvantages of six categories
of protective actions (i.e., evacuation, in-place sheliering, respiratory
protection, protective clothing, prophylactic drugs, and antidotes) and various
options among these categories. Potentially suitable options for the IRZ and
PAZ general publics and institutional populations are identified, and
preliminary recommendations are made. For the general population in the
IRZ, the recommended option is expedient sheltering, although other
combinations of options (e.g., using respiratory protection while sheltering or
evacuating) may also be suitable. For institutionalized or impaired persons in
the IRZ (c.g., school children and hospitalized patients), positive
pressurization of a "safe" room in a house or building is recommended. For the
PAZ, evacuation is recommended for all persons.

xiii



The viahility of thc recommended EPZ and the effectiveness of the
reccommended protective actions depend on the adoption and implementation
of appropriate siandards for command and conirol decisions and for aleri and
notification systems. Given the possibility of rapid onsct of accidents at NAAP
and the proximity of civilian populations in the (RZ, an overall command and
conirol struciure must be able to provide a decision on warning and protective
actions in less than five minutes from accident detcction. Somewhat more time
is available for the PAZ.



1.6 INTRODUCTION

1.1 PURPOSE OF THE CONCEPT PLAN

This concept plan was developed to help initiate enhanced emergency
preparedness for continued storage of the stockpile and the Chemical Stockpile
Disposal Program (CSDP) at Newport Army Ammunition Plant (NAAP).  The
chief purpose of this document is to act as a preliminary aid to decision-
making regarding the implementation of enhanced emergency planning and
preparedness. The Army recognizes that there is mo set plan that is applicable
to all program sites. Variation in population distribution, political boundaries,
topographical features, risk and accident potential all create a situation in
which options and alternatives are both needed and available. It is the
responsibility of state and local governments to shape the emergency
preparedness mitigation program. The Army can provide resources and
expertise, but cannot impose an arbitrary program on the local communities.

To achieve that purpose the major thrust of this document is to identify
major decisions that need to be made and to provide preliminary data and
analyses that can help make informed decisions. Where feasible, it identifies
decision options and presents the advantages and disadvantages regarding
each option. Where information is compelling, recommendations are offered,
but in the spirit that other ouicomes will not be automatically dismissed or
ignored.

Thc two major dec1s1ons that are addresscd in this concept plan are

i and gelecting
MMQW to protect human hcalth and safety. The definition
of planning zones follows the basic concept set forth in the Emergency
Response Concept Plan (ERCP) [Report SAPEOQ-CDE-1S-87007, prepared by Jacobs
Engineering Group, Inc. and Schneider EC Planning and Management Services
for the Program Manager for Chemical Demilitarization (PM Cml Demil) in
19871 of an inner immediate response zone and a larger protective action zone;
there is also an outer zone, termed the precautionary zone in the ERCP where
ample time should be available to implement appropriate protective action
without significant prior planning. The protective action strategies and
decisions have been discussed in two preliminary technical reports (Chester,
1988; Sorensen, 1988). Additional work is underway expanding on the analysis
of protective actions as well as on other matters that will have a bearing on
the technical basis for planning. As these materials are completed, they will
be made available to federal, state, and local officials engaged in the
emergency planning process.

1.2 BACKGROUND AND OVERVIEW OF THE EMERGENCY PLANNING
AND PREPAREDNESS PROGRAM

This program is outlined in the CSDP Final Programmatic
Environmental Impact Statement (FPEIS, U.S. Army 1988). As defined in the
FPEIS, major activitics to be undertaken include:



. development of a new command/control, communication and
decision-making  structure,

. development of an improved technical planning basis,

. development of improved emergency operating procedures,
. development of improved exercise design and evaluation

. conducting emergency ¢xercises,

. establishment of an oversight review board,

. coordination with appropriate state and federal agencies, and
. development of a program to implement other emergency

preparedness improvements.

This program is to be implemented at the ecight storage/disposal sites to
reduce adverse health and environmental effects in the event of an accidental
release of chemical agent. The program will be based on the ERCP. The ERCP
identified options for improving prepareduess for accidents under all
programmatic disposal altcrnatives. The programmatic record of decision,
issued by Under Secretary of the Army James R. Ambrose on 23 February 1988,
specificd ihat on-site disposal was the alternative to be pursued at each site.
This site-specific concept plan addresses the framework for improving
emergency preparedness for storage and disposal activities at NAAP in a much
more specific and focused manner than was possible in the ERCP.

After the programmatic record of decision was rendered, the
Department of the Army (DA) and the Federal Emergency Management Agency
(FEMA) initiated discussions regarding the development of a Memorandum of
Understanding {MOU) whose purpose was to establish a framework of
cooperation to identify their agencies' respective roles and responsibilities for
emergency responsc preparedness involving the storage and ultimaic disposal
of chemical warfare materials and to establish joint program efforts in
emergency response planning, training, and information exchange.  This
MOU also identified roles and responsibilities for the Department of Health and
Human Services (DHHS) and the Environmental Protection Agency (EPA) and
set up a FEMA/DA Joint Steering Committee to review the status of joint
programs, discuss and resolve issues, consult on major policy issues, and
provide the necessary direction to meet the Army's overall program goals. The
MOU was signaed in August 1988.

With the assistance of FEMA, other federal agencies and contractor
organizations, thc Army is in the process of upgrading the off-site or civilian
emergency plans and procedures at ecach of the sites, analyzing training
needs, cvaluating communication system needs, and investigating warning
system needs. These activities, however, are fragments of a larger picture.
The overall emergency planning and preparedness program for the stockpile
and its disposal is comprehensive and multi-faceted. As shown in Table. 1.1,
the overall program involves the cfforts of many parties (e.g., various paris of
the Army, including the installations and contractors, other federal agenciecs
such as the Federal Emergency Management Agency, and the affected state
and local jurisdictions).

Although some of the activities can be and arc being pursued
simultancously, there are interdependencies among many of the activities that
dictate a temporal flow to the program, as depicted in Fig. 1.1. Phasc 1 of the
program (scheduled to occur between Janvary 1987 and Junme 1990) is to



Table 1.1 CSDP Emergency Planning and Preparedness Program activities and participating organizations

Organizations?®

Activity DA FEMA PM Cml CEHIC/ AMC USANCA Installation State Local ORNL Schneider Undeter-
Demil DHHS gov't _gov't mined

Develop/ cb R® C C
conduct
medical
training

Training R C
needs
analysis

Prepare R C
commun.

concept

study

Prepare R C
public

alerting

concept

study

Develop R C C C C
interim '

plans (on-

and off-

post)

Technical R R C
support
studies



Table 1.1 (continued)

Organizations

Activity DA FEMA PM Cmid CEHIC/ AMC USANCA  Installation State Local ORNL Schrneider Undeter-
Drmnil DHHS gov't  gov't mined

Develop R C C

standards

and criteria

Revise CAIRA R
manual

Develop site- R R C
specific
concept plans

]

Evaluate site- R R
specific

protective

action

strategies

Provide R C
technical

assistance

and planning

support

Develop/revise R R R C
comprehensive
plans

Develop R C C C
public

affairs

program



Table 1.1 (continued)

Organizations

Activily DA

FEMA

PM Cml
Demid

CEHIC/
DHIES

AMC USANCA Instaliation

Siate  Local ORNL
gov'y_ pov’i

Schueider Undeter-

nined

Implement
public
affairs
program

Prepare
equipment
ascguisition
pian

Determine R
sits  equip-

ment requirg-
ments

Finalize
equipment
requirements

Procure, install,
and test
gquipment

Develop C
training
program

Implement
training
program

C C

M
!
@

C

3



Table 1.1 (continued)

Organizations

Activity DA FEMA PV Cml CEHIC/ AMC  USANCA Trstaliation State  Loca! ORNL Schineider Undeter-
Demil CHHS gov't  aov't minegd

Deveinp R C

excreise

Program

Conducs R C

initial

exercises

Maintain R R R C

plans {on-

and off-post

Maintain R C

public

affairs

program

Maintain R R R C

gquipment

and sysiems

Maintain R C C C C

Iraining and
exercise
program

aDA = .S, Department of the Army; FEMA = Federal Emergency Management Agency; PM Cm! Demil =
Chemical Demilitarization; CEHIC/DHHS =
Human Services; AMC

National Laboratory
bC = conmibutin g
‘R = responsible

Center for En

vironmental Health and In
= U.S. Army Materiel Command; USANCA = U.S. Army N

Program Manager for
jury Controi/U.S. Department of Health and
uclear and Chemical Agency; ORNL = QOak Ridge
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Fig. 1.1. CSDP Emergency Planning and Preparedness Program Activities.



provide an iaterim upgrade of off-post emergency planning using existing
community resowrces and to develop and counduct chiemical accident medical
training courses for emcrgency workers; Phase T also includes stodies
analyzing cquipmeni needs for communications and public alerting, and an
initial analysis of program iraining nveds.  Phase Il of the program
(scheduled o occwr between April 128§ and Ia y 1991} inciudes the
preparation of various fechinical studies to suppoit local decision making and
forim ilic basis for program guidance and the definition of siandards and
criteria 1o be used 1o doicrmine the adeguacy of comprehsnsive cmcrgency
plans and preparcdiness for the program; omngoing and scheduled techaical
studies and the dates by which rcsults are aniicipated to be available to
emergency planning prograw  parficipanis  are showrn in Tabie 1.2 hasc 111
of the prograu (scheduled for April 1988 thiowgh June 1993) constitutes the
implementation of the program. It includes the picparation of site-specific
concepi plans; the determination of planning, equipment and training nceds
required to satisfy the staandards and criteria esisblished during Phase [I; the
acquisitionn, installation and testing of equipmeni and training of emergency
response  organizations and personnel in its use; and the implemeniation of
compreliensive planuing, trainiug, and cxercisc progiamis. Phase 1V,
comprised of maintenance aad suppori of the major preparcdness programs, is
planned to stairt in Junc 199! and last uniii the lcthal agent stockpile is
climinaicd  (scheduicd for April 1997).

1.3 OBJECTIVES OF EMERGENCY PREPAREDNESS

Before preseniing any concepis, it is Impoitani to reficct upon what
objectives should be assd to guide the enhancemenis. Three programs
objcctives arc important io the program.  These include

o loss reduction,
« community participaticn, and
« functional eguivalency.

Luss reduction, as measurcd primarily by avoidance of fatalitics given
an accidenial release ol chemical agent, is obviously the most imporiant
objective of the concept plan and impicmcniaiion process. Thus, whenever
feasible, deccisions sbould be driven by concern for public safety. A second
goal is to obiain a preparedness strategy and capability that is publicly
acceptable and, thus, werkable. Thus, thc goal of community participation
maintains that the ciiizens affected by the emergency picparedness
mitigation need to become part of the planning process,  Finally, since there
are a total of 8 storage/disposal sites, the allocation of resources cannot be
biased toward any given site. Each site, however, has different needs and wmay
opi for differcnt approaches. It is thercfore important that cach sitc receives
enhancemenis that are morc or less equivalent from a functional perspective,
or are aot dewicd tcsources ihat are functionally cquivaleat. Tho ecquitable
distribuiion of resources should also contribute to public accepiance of the
emergency preparedness  prograni.



Table 1.2 Technical Support Studies

Study Status Results Expected
Accident Assessment In progress FY 1989
Protective Action Effectiveness In progress FY 1990
Public Education/Risk Communication In progress FY 1990
Strategy Plan

Decision Making System In progress FY 1990
Atmospheric Dispersion Model Review In progress FY 1990
Reentry Planning In progress FY 1990
Review of Protective Equipnent for Scheduled FY 1990
Civilian Workers

Public Education Program Technical Support Scheduled FY 1990
Develop Warning System Evaluation Scheduled FY 1990
Methodology

Protocols for Biological Monitoring for Scheduled FY 1990
Evacuation Studies Scheduled FY 1990-91
Evaluation of Site-Specific Protective Scheduled FY 1990-91
Action Strategies!

Development of a Computer-Based Scheduled FY 1990-91
Emergency Information System

Agent Contamination of Porous Media Scheduled FY 1991
Agent Contamination of Agricultural Scheduled FY 1991

Resources

1 This is shown as a separate activity in a draft management plan for the CSDP Emergency

Planning and Preparedness Program.



1.4 ALTERNATIVE LEVELS OF ENHANCED PREPAREDNESS

The current preparedness plans for chemical weapons accidents at
NAAP are described in the Parke County, Indiana, Emergency Operations Plan
(draft), the Vermillion County, Indiana, Emergency Operation Plan (draft), the
Vermillion County, Indiana, Implementing Procedures (draft) and the NAAP
Public Alert/Notification Concept (draft). Fuohanced planning can be defined
in a great number of ways. One means of viewing enhancement is to define 3
different preparedness levels:

e minimuim,
» current state-of-the-art practice, and
* maximum protection,

While no funciional criteria for defining these three levels have becn
specified, they can be qualitatively defined as follows. The minimum effort
would be to upgrade preparcdness by making the most of available resources
within each community and installation. Limited improvements in equipment
would be fecasible where it is deemecd that equipment is obsolete.

The current state-of-the-art practice would involve implementing a
preparedness level similar to that found for commercial nuclear power plants
around the couniry. The basis for this level of preparedness is defined in
NUREG 0654/FEMA REP 1 (USNRC, 1980).

The maximum protection level would involve developing a system
which would prevent as much loss as possible under all envisionable, but
credible, accideni scenarios. This would likely have a very high price tag (and
may, in fact, assume unlimited resources) and may be very intrusive omn a
community's everyday functioning.

1.5 OVERVIEW OF THE PLAN

Section 2 of this plan presents information onm the distribution of
credible accidenis that could occur at NAAP. Accident are described with
respect to cause, type of release, duration of rclease, and downwind hazard
consequences. From the distribution, planning basis accidenis are developed.
These represent accident categories thai describe classes of events that are
similar in wnature.

Section 3 of the plan examines characteristics of the site. Reclevant
characteristics include site topegraphy, local meteorological conditions,
population distributions, and special or institutional populations such as
schools and hospitals.

Section 4 addresses the delineation of emergency plaoning zones,
including the immediate response, protective action, and precautionary zones.
A base case is devcloped for cach zone along with a rationale for the
boundaries.  Alternative boundarics are also presented along with argumecnts
for the deviation from the base case. The final determination of emergency
plaoning zone boundaries will be made collectively by affected local
governments, state government, the Department of the Army, and the Federal
Emergency Management Agency.
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Section 5 identifies protective action options for the population
surrounding the proposed disposal site. The analysis defines what are
considercd to be legitimate options for varying distances from the facility or
potential accident site. Protective actions for the general population are
differentiated frem those applicable to institutional populations.

The last section defines the direction for the program. Discussed in turn
are program standards, major uncertainties, program decisions, and program
schedule. The timing of the program ‘is intimately tied to decision outcomes.
Although estimates can be made regarding the timing of certain activities
(e.g., the timing of Phases I through IV noted above), until decisions are
actually made, the actual schedule is unknown.

Finally, it should be pointed out that this concept plan is evolving. It
does not cast information in stone, nor render options monolithic, 1t is a
starting point for a set of interactions among officials, concerned citizens, and
experts to enhance the actual and perceived safety of residents surrounding
the storage and disposal sites.

11






2.0 PLANNIMG-BASIS ACCIDENT CATHEGORIES

The selection of protective actions to be implemesnted in the NAAP area
should be based on the hazards posed the MAAP stockpile and its disposal
These hazards, in ty 31 Iargely oo charagteristics of the stoo iqu
the distribution of al releases agssociated with dnterim siorage
and dispo%‘aﬁ ach Mi*‘d exiornal ove sarthguake
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planning-basis acecident categories for the NAA? area,
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2.3 STOCKPILE PROFILE

2.1.1

at NAAP includes nerve agent VX
only. LT Wl extent of hazard is determised by
the physical and mxv‘fﬂvw cal characteristics of the agent aond the exteut,
route, and duration of the exposu 17e. Table 2.1 lUsts some of the physical aad
chemical characteristics of g The following discussion sumamarizes a
detailed account of humar 1 ffects (i.o., acute and chronic ﬁxpusuw
toxicity) of the chemical agends Tound i Appendiz B of the FPEIS (U, ¥, Ammy
1988).

1
LGa

’*‘ o

VX is an orgacophosphorous ester that dlf@«é,j
5

system.  Usuaily odorless, coloriess, and us‘”isws it is mwﬂy toxic in both

liguid and wvapor forms.  Iis mwechanism of action involves the inhibition of
acetylcholinesterase (AChE), and ensyme ihat pi‘wems the accumulation of
i"¢ neurotransmitier acgetylcholine (ACH). Aliter exposure w0 merve agent,

AChE is inhibited and ACh accumulates; at high doses, the resulie are
convulsions and death duc to paralysis of ihﬁ tespiratory systcm Death from
nerve agents can  ocour quie;kiw, ofter within ten minuies of absorption of the
fatal dose. Sublethal effects of acute exposures include effects on ihe skeletal
muscles (unceordinated moticns followed by paralysis), effects on the poriion
of the nervous svsiom which controls smooth muscles and glandalar
secretions (i.e., pinpeint pupily, copious nasal and respiratory scoretion,
bronchoconstriction, smrriai 154, and diauwa‘ and effects on the central
nervous system (thought rhances and convulsions).  YX is the most
persistent of the nerve ag and is the least volatile.

2.1.2  Configuration of VX at NAAP

The chemical agent stored at NAAP consists entirely of agent VX in ton
containgrs,  While the actual amount of agent stored at any installation is

4

a

clagsificd for national sscur Iy reasons, it can be stated thal approximately
3.9% (by weight) of the snation's wunitary chemical weapon stockpile is stored at
NAAF.
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Table 2.1 Characteristics of VX apent at NAAP

Agent Common CAS No.? Chemical Chemical  Vapor pressure Liquid density Freezing Color Mode of action
name name formula (a1 25°C) (at 25°Cy point
Nerve
VX 50782-69-9  o-ethyl-S-(2- C{HNO,PS  0.0007ram Hg 1.008 giem®  Below -51°C Clear to straw Nervous system poison

diisopropylaminocthyl)
methyl phosphonothiolate

*Chemical Abstracts Service Number,



The features of the munitions that are typically significant for
emergency planning are the quantity of agent in them and whether they
include energetic material (.e., fuze, burster and/or propellant).  The fermer
characteristic helps determine the size of a potential release, and the latter
could significantly affect the mode of agent release {e.g., whether or not there
is a detonation). Since there are no energetic munitions at NAAP, no
accidental releases have been identified that result from detonation.

2.2 ACCIDENT POTENTIAL

It is impossible to know in advance all accidents that could potentially
occur. It is reasonable, however, to use information developed in the CSDP risk
analysis (MITRE Corporation 1987) to help bound a range of feasible accidental
releases.  In particular, certain characteristics of hypothesized accidents assist
in emergency planning by helping define planning basis accidents.  These
characteristics include their lethal downwind distances under wvariable
meteorological conditions, the duration of the release, and the mode of releass
(i.e., complex, fire, or spill). Appendix A provides a listing of the poteniial
accidental releases that were identified in the TSDP risk analyses for the NAAP
stockpile.

Since the number of containers at MAAP is classified, the probabilitics
of these accidents, which are dependent on inventory size, cannot be divulged.
What is presented below is the range of probabilities for all accidents
identified in the CSDP risk analysis that could occur at MNAAP.

The logic that users of the accident data base should employ is that the
variation in the data base (i.e., the accidents identified in the sk analysis)
should be incorporated in the planning basis accidents.  Thus, one should be
concerned with short- and long-distance accidental relecases, short- and long-
term duration events, and the different modes of selease. By considering the
range of values for these wvariables in idemtifying planuving basis accidonis,
one can be more certain that affected people and emergency plapning and
response organizations are prepared for all plausible accidents.

2.3 RANGE OF PLANNING ACCIDENTS

As can be secen in Appendix A, the range of potential releases is fairly
limited. Table 2.2 depicts all non-continusus values for the wvariables of
interest (values rounded from information contained in Appendix A). The No
Death (ND) downwind distance (the distance beyond which fatalitices are not
expected, based on application of the Army's D2PC aimospheric dispersion code
[Whitacre et al. 1986]) under very stable meteorological conditions (wind speed
of 1 m/s and E atmospheric stability) ranges from 0.7 to greater than 100 km.

An alternative way of portraying information about accidental releases
is to identify what quantity of chemical agent would result in what lethal
downwind distance under differenti meteorological conditions and releasc
modes.  Although this approach is unrelated to the CSDP risk analysis, it has
the advantage of relating source size to downwind distance for any accidental

15



Table 2.2, Values for relevant accident variahles

Variable Values

Probability 10-5, 10-6, 10-7, 10-8, 10-9

Duration (min.) 10, 12, 30, 34, 60, 360

Mode of release Spill (continuous), fire {semi-continuous),

and complex (combination of continuous,
semi-continuous, and instantaneous)
ND Downwind Distance 0.7 to >100 km (1 /s, E stability)

releases that might not have been identified in the risk avalysis. Table 2.3
shows that for semi-continuous releases of VX (e.g., as with an uncontrolled
fire), the lethal downwind distance incrcases by approximately an order of
three to four for each ten-fold increase in source size. Ior evaporative
releases (c.g., as from a spill), on the other hand, the downwind distance for VX
agent is so low, due to the extremely low volatility of the agent, that o
conceivable amount would result in an off-post release due to atmospheric
dispersion. For instantancous releases (c.g., as from a detonation), values are
not presented for VX agent because no cxplosive releases have been identified
in the risk analysis for the NAAP stockpile and because the D2PC atmospheric
dispersion code does not sufficiently incorporate the evaporation of a VX
cxplosion and provides better estimates using the semi-continuous release
mode.

Table 2.3 Approximate NI Distances (km) for altermative source
terms and wind speeds (and Stability Couditions)

kg 1 m/s (E stability) 3 m/s (D stability) 6 m/s (D stability)
(2.2 mph) (6.7 mph) (13.5 mph)

Agent VX, Semi-Continuous Release

1 1.0 km 0.3 km 0.2 km
10 3.9 km 1.0 kin 0.7 km
100 13.9 km 3.0 km 23 km
1000 44.4 km 9.6 km 7.1 km

2.4 PLANNING BASIS ACCIDENT CATEGORIES

From the range of accidental releases identified in Table 2.2 aund
Appendix A, it is possible to identify five (5) types of rcleases that may usefully
bound emergency planning and be considered in developing emergency
planning zones (sce Sect. 4). These types of releases or catcgories were
selected principally on the basis of variance in downwind lethal distance and
duration of release. The categorics are as follows:

Category 1. A small release with no off-siie fatalities.

16



Category 2. A moderate short-term release with fatalities confined
within approximately 25 km.

Category 3 A moderate long-term release with fatalities confined within
approximately 25 km.

Category 4 A large, non-carthquake, short-term release with fatalities
possible beyond approximately 25 km.

Category 5. An earthquake-based continuous release with fatalitics
possible beyond approximately 25 km.

These planning basis accident categories are used with site topography,
meteorology, and population distribution (see Sect. 3) to identify emergency
planning zones (Sect. 4) and appropriate protective actions for populations
within those zones (Sect. 5).

17






3.0 SITE CHARACTERISTICS

NAAP is in Vermillion County, in west central Indiana. The installation
is approximately 42 km (26 miles) north of Terre Haute, Indiana, and 38 km (24
miles) south-southwest of Danville, Illinois. The chemical storage area and the
proposed CSDP facility site are located in the eastem part of NAAP
approximately ecquidistant from the installation’s northern and southern
boundaries. The site is approximately 4 km from the nearest residential
community and within 1 km of State Highway 36 (see Fig. 3.1).

For emergency planning purposes (and specifically for determining
emergency planning zones), the site is characterized in terms of natural
features that may affect an accidental agent release (i.e., topographic features
and meteorology). Furthermore, the location of people and resources
potentially at risk (i.e., population at risk and potentially affected communitics
and institutions) must also be considered in determining emergency planning
ZCNES.

3.1 SITE TOPOGRAPHY

NAAP is located in a relatively flat, upland area. Significant
topographic features in the area are listed in Table 3.1 along with their
distance and direction from the proposed CSDP site. The most pronounced
terrain feature in the vicinity is the fairly broad, flat valley of the Wabash
Valley, located about three to five km east, northeast, and southeast of the
installation. This valley would affect the dispersion of an accidental release of
chemical agent under some meteorological conditions. The valley weould pool a
release occurring under light winds and stable atmospheric conditions,
allowing the agent to move up or down the valley. The valley is not deep
enough, however, to act as a barrier to the further eastward movement of
agent released in higher winds and unstable atmospheric conditions.

Because of the moderate effect of topographic features on the dispersion
of agent from the full range of possible releases and weather conditions,
emergency planning zones around NAAP should be defined primarily on the
basis of distance from the storage/disposal site and the time required for the
agent 10 move a given distance under alternative wind speeds. Topographic
features can be useful, however, in defining emergency planning zones that
are readily identifiable to the public and emergency response teams.

3.2 ATMOSPHERIC DISPERSION OF AGENT AND SITE METEOROLOGY

Meteorological conditions in the affected area at the time of an
accidental release are especially important. They, along with the size and type
of release and topographic features, help determine the extent of
contamination.  This section explains the role of meteorclogical conditions in
dispersing agent and identifies the historical distribution of those
meteorological conditions.
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Table 3.1 Topoegraphic features in the area surroundinmg NAAY
Absolute Elevation
Direction Degcription Distance elevation relative 1o
{km? () NAAP (m)
--- MNAAP 0 220 0
N Little Vermillion Riverd 4 150 -70
Wabash Riverd 7 150 -70
NNE Little Vermillion River 4 150 -70
Wabash River 6 150 -70
NE Little Vermillion River 4 150 -70
Wabash River 6 150 -70
ENE Wabash River 6 150 -70
B Wabash River 6 150 -70
Turkey Run State Park 24 179 -50
ESE Wabash River 5 150 -7
Town of Rockville 19 210 -14
SE Wabash River & 150 70
SSE Town of Montzzuma o 165 -55
Wabash River 11 150 -76
S Worton Creck 11 165 -35
City of Clinton 19 163 =35
58w Nerion Creek 3 165 -%5
SW Town of Dana 8 165 -55
City of Paris (Illinois) 34 180 -40
WEW No sig. topo. feature NA NA NA
W Mo sig. topo. feature NA NA NA
WNW Little Vermillion River 5 150 -70
NW Little Vermillion River 4 150 -70
NNW Little Vermillion River 3 150 -T0

2 The "bluffs" of the Little Vermillion River and Wabash River vary in height from
approximately 15 to 45 m.

3.2.1 ATMOSPHERIC DISPERSION OF AGENT

The most important meteorological features are wind direction, wind

speed, and atmospheric stability.
downwind of the release and can be expectied to be contaminated.

Wind direction determines which

arcas  are

Wind speed

is critically important because it determines the time for a given relcase 1o
reach a specified downwind distance and alsc affects the distances/dosages
resulting from a particular release.

Atmospheric stability provides an
estimate of the amount of mixing that affects downwind distance and dosocs.

in

addition, air temperature is a factor in determining plume rise and, for
evaporative releases, the rate of wvolatilization,

The D2PC computer program, developed by the U.S. Army's Chemical
Research, Development, and Engineering Center (Whitacre, et al. 1986), was
selected to estimate downwind doses of nerve and mustard agents resulting

from accidental releases (sce Sect 2).
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an air dispersion model that assumes a Gaussian distribution of agent in the
vertical and cross-wind directions as the agent disperses downwind. The code
predicts dosage of agent expected at locations downwind of a release. The
greatest advaniage of the code is that detailed information on the type of
accident to be modeled is incorporated in the code. Input parameters include
type of agent (GB, VX, or mustard); mode of release (explosion, fire, or spill);
and duration of thc release. This detailed characterization of the source term
is onc of the strengths of the model. A vapor deplction technique is also
included in the code to estimate thec removal of agent vapor from the
atmosphere due to surface deposition during iransit from the point of release.
Although more complex dispersion codes are available, the assumption in the
D2PC model of straight-line traaspori with non-varying meteorological
conditions results in conscrvative estimates of the effecis of releases (i.e.,
actual results should be less).

As is the case with all air dispersion models, the D2PC model contains
inaccuracies which must be acknowledged. Specifically, the D2PC model does
not account for topography, changes in wind direction over time, or any
spaiial changes in atmospheric conditions. The model makes a number of
adjustments to compeusaic for these limitations, but the basic shortcomings of
the model remain and have been considersd in the analysis.

Use of the D2PC model, while useful as an analytical tool for ecstimating
downwind distances for planning purposes, may be inappropriate for use in
real-time condiiions of an agent release. If it is used for such purposes, the
available options of considering changes in wind speed, mixing height, and
atmospheric stability over time should be incorporated. As noted in Sect. 1, a
study is under way evaluating an assoriment of dispersion imodels that would
be wuseful under real-time accident coaditions.

3.2.2 SITE METEOROLOGICAL CONDITIONS

The NAAP area has a humid and quite variable climate because it is
located in a tramsition area between the warm sonthern and cool northern
climates. The climaie in the area can be characterized as continental, with
corresponding wide ranges in temperaiure.  Extreme temperatures above 37°C
(100°F) and below -179C (09F) occur occasionally but do not last for extended
periods. In the winter, cold waves from Canada pass through frequenily, but
arc usually modified slightly by the time they reach the area. In the summer,
periods of warm and humid weather occur when moist air from the Gult of
Mexico moves into the arca, Spring aod fall are noted for dramatic changes in
the weather, often caused by a rapid succession of fromis. Precipitation
amounis, averaging about 102 cm (40 in) per year, are greater in the late
spring and early sununer and are less during during the winter than other
periods of the year. Large-scale sysiermus cause much of the precipitation
during the fall through spring, while thundersiorms produce most of the
precipitation in the summer. The annual probability of a tornado striking
NAAP is about 0.0014, or an occurrence of once every 700 years (Thom 1963).

The prevailing winds are from the south in the NAAP area. This is a
consequence of the local topography, which modifies wind direction from the
prevailing southwest direction generally found in the central United States.



Auvnual frequencies of wind direction and speed at Terre Haute, are depicted in
the wind rose (Fig. 3.2),] This figure depicts the annual joint frequency
distribution of wind speed and wind direction. In this figure, winds blowing
from egach direction are plotted as individual bars that extend from the center
of the circular diagram. Wind speeds are denoted by bar widths; the frequency
of wind speed within each wind direction is depicied according to the length of
the bar. Note that the points on the wind rose represent the directions from
which the winds come; normal emissions from the disposal facility or
accidental releases from the disposal facility or storage area would travel
downwind in the opposite direction. The frequency is given as the percentage
of the total number of measurements.

Figure 3.3 provides an alternative means of portraying similar
information for all atmospheric stability conditions. Appendix B provides
graphs with information similar to that provided in Fig. 3.3, for separate wind
speed classes; each graph in the appendix stratifies wind direction by stability
condition.

Meteorological conditions and the type of release determine the effect
that topography has on the flow of an accidentally release agent. The
dispersion of a ground-level release with little initial upward velocity or
buoyancy during stable atmospheric conditions and light winds would tend to
be affected by topographic features as described in Sect. 3.1. A comparable
release during unstable conditions, however, would be expected to more
closely approximate the downwind distance cstimated by the D2PC atmospheric
dispersion code. For releases associated with higher levels of initial upward
velocity (e.g., from a fire or explosion or up the stack), the influence of
topography on the effect of wmeteorological conditions would also be less.

3.3 POPULATION AT RISK

The uitimate objective of emergency planning and preparedness is to
protect the public and reduce the number of casualties and fatalities in the
event of an accidental relcase of agent.  Although there are likely many ways
to consider population at risk for emergency planning purposes, it is
important is to ensure that all potentially affected persons, during the day or
night, are considered in planning. Thus, it is important to know where people
are, whether they require different protective actions because of where they
are (e.g., children at school during the day and at home at night), and whether
any transient populations might be present at the time of a release.

The distribation of the population in the vicinity of NAAP can be
described in terms of four fundamental categories: (1) nighttime population,

1 Although the meteorological data considered in this report are for the Terre
Haute area, the reader should note that more recent data from the Cayuga
Power Plant(located between NAAP and Cayuga) are currently being
assembled and should be considered in subsequent planning efforts. This
information will be provided in the site-specific environmental
documentation for the CSDP at NAAP.
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characterized in terms of resideniial population; (2) daytime population,
characterized in terms of place of employment (for working adults) and
schools (for children); (3) institutional populations, characterized in terms of
schools, hospitals, nursing homes, and day-care centers, and other such
facilities; and (4) other special populations, including transient populations
and people locaicd in the vicinity for recreational purposes.

The chemical ageant storage arca and proposed CSDP plant site at NAAFP
are located approximately 0.7 km from the easiern boundary of the
installation. The area surrounding NAAP is predominanily rural in character.
The nighttime population within 5 km of the proposed plant site is estimated at
approximately 935, with approximately another 3,560 within 10 km at the time
of the 1980 Census of Population (see Table 3.2). Another 16,511 live within 20
km of the proposed site, for a total of approximately 21,000 within 20 km of the
proposed location. About 80,900 live between 20 and 35 km of the plant site.
The residential concenirations ncarcst the site include the small communities
of Newport to the northeast, Daua to the southwest, and Montezuma to the
southeast.

Table 3.2 19890 population distribution around the NAAFP proposed
plant site*

Incremental population data at specified distances (km)

Direction

0-1 1-2 2-5 5-10 10-20 20-35 35-50 50-100
N 3 7 45 246 1,053 4,352 3,438 11,664
NNE 3 8 50 199 661 3,694 4,242 49,266
NE 3 8 49 197 900 1,946 3,416 95,220
ENE 3 7 3¢9 58 525 1,022 15,306 52,859
E 3 7 24 12 884 1,413 2,597 152,744
ESE 3 8 33 85 2,176 1,624 3,435 69,358
SHE 3 8 58 206 1,466 1,883 12,719 32,072
SSE 3 9 73 270 1,080 4,852 12,083 29,612
S 3 9 79 258 2,404 14,396 82,026 30,626
SSW 3 9 83 497 226 1,321 2,882 22,045
SW 3 7 58 241 633 6,021 6,771 22,426
WSW 2 6 46 163 424 1,816 1,463 51,426
W 2 6 37 125 551 1,283 2,641 23,215
WNW 2 6 31 102 645 1,827 2,792 137,661
NW 2 6 32 95 866 15,736 7,451 36,136
NNW 2 7 37 110 1,197 17,676 33,125 19,725
TOTAL 43 118 774 3,564 16,511 80,862 196,387 836,055

Source: U.S. Department of Commerce, Bureau of the Census 1983. County and City
Data Book, U.S. Government Printing Office, Washingion, D.C.
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Although the 1980 population esiimates presented in Table 3.2 may be
reasonably accurate regarding current conditions, they may either over- or
under-estimate the population at specific points. Updated estimates will be
assembled for site-specific environmental documentation for the CSDP at
NAAP. Even these estimates, however, should be reevaluated during site-
specific emergency planning, particularly for critical lccations close to the
storage areca and the proposed CSDP plant site. More accurate localized counts
of population can be obtained by several methods, including review of
residential building permits and utility connection records, windshield
surveys, and use of up-to-date aecrial photographs.

As of February, 1989, approximately 320 persons, including 312
operating contractor personnel, one military official and seven civilians,
were employed at NAAP. Personnel involved in surety operations at the
installation are trained and equipped to work in toxic environments, With the
possible exception of some security personnel, other cmployees may not be
trained and equipped to protect themselves from an accidental release of
chemical agent.

Complete data concerning the daytime distribution of off-post
populations in these areas have not been collected but can be by local
agencies. Perhaps the most practical approach to estimating such numbers is
to identify and characterize places of employment, institutional populations
such as schools and day-care centers, and other institutional populations in
the potentially affected area. Three schools are located within 12 km of the
proposed disposal plant site: Newport Elementary (125 students), Cayuga
Elementary (235 students), and Montezuma Elementary {250 students).  Table
3.3 identifies school systems within 25 km of the site. No major employers
(other than NAAP), medical facilities, or other institutional populations have
been identified within a 10-km radius. In addition to one nursing home
accredited by the Joint Commission on Accreditation of Hospitals (the
Vermillion Convalescent Center located im Clinton), other health-care
facilities within 35 km of the sites are listed in Table 3.4. Appendix C identifies
health-care facilities farther away that might be needed in emergency
response.

Table 3.3 School systems within 25 km of NAAP

School system Number Numbaer Number
of schools of students of staff

Indiana :

North VYermillion 4 1,050 135

South Vermillion 5 2,130 245

Parke 3 1,028 100

Illinois

Edgar County-Chrisman 2 474 58

Vermillion County-Westville 4 1,277 139

Vermillion County-Georgetown 6 1,643 174
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Table 3.4 Health-care (facilities
of the proposed CSDP site

within 35 km

Hospital Community County Beds Percent Distance from
average  proposed site
occupancy  (km)
Vermillion County Hospital Clinton Vermillion 56 51.8 14
Paris Community Hospital Paris Edgar 98 27.6 22
Hamilton Center Terre Haute Vigo 36 61.1 28
Terre Haute Regional Hospiial Terre Haute Vigo 236 51.7 28
Union Hospital Terre Haute Vigo 288 76.0 28
United Samaritan Med. Center Danville Vermillion 4196 NA 30
VA Medical Center Danville Vermillion 860 NA 30
Clay County Brazil Clay 78 30.8 30
Community Williamsport Warren 35 NA 32
AMI Culver Union Crawfordsville  Montgomery 84 52.4 34

Source: American Hospital Association 1988. Guide to the Health-Care Field (Chicago:

American Hospital

Association)

3.4 COMMUNITIES AFFECTED

In the event of an accidenial release, emergency response will likely be

coordinated by the

including cities, towns, and counties.

affected communities within 25 km of the proposed plant site.
identifies eacb community's distance and direction from the proposed plant

site.
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installation through local governmental jurisdictions,
Table 3.5 provides a listing of potentially

This table also



Table 3.5
CSDP plant site by distance and direction

Communities

within 25 km of proposed

1986 population Direction Distance (km)
Indiana
Newport 170 N 4
Silverwood 90 N 13
Coal Creek 20 N 21
Perrysville 540 N 23
Lodi 90 NNE 11
Cates 200 NNE 18
Tangier 60 NE 12
Sylvania 75 NE 14
Harveyburg 40 NE 18
Kingman 590 NE 18
Yeddo 100 NE 22
Bloomingdale 390 E 15
Annapolis 85 E 16
Marshall 400 E 21
Coloma 40 ESE 13
Rockville 2,740 ESE 18
Montezuma 1,130 SE 8
Catlin 90 SE 23
Highland 50 SSE 7
Alta 50 SSE g
Mecca 430 SSE 16
Lyford 360 SSE 22
Numa 60 SSE 24
Fairview Park 1,600 S 18
Clinton 4,780 S 21
Universal 400 S 25
3t. Bernice 900 SsW 17
Blanford 700 SSwW 22
Dana 700 SwW 8
Cayuga 1,310 NNW 12
Illinois
Logan NA SW 22
Scotland 100 WSW 18
Chrisman 1,280 WSW 24
Ridge Farm 1,050 w 22
Georgetown 4,020 WNW 25
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49 EMERGENCY PLANNING ZOMNE (EPZ) DEFINITION

The EPZ definition is a crucial part of the planning basis. 1t should be
determined by a series of factors including the distribution of potential
accidents, population, and terrain. The EPZ boundaries should be flexible and
changes should be made in response to other program decisions. The selection
of EPZ boundaries is based on a conceptually simple methodelogy, as outlined
below. Following a discussion of this methodology (8cct 4.1), it is applied to
the NAAP stockpile (Sect. 4.2) and a recommended EFY and set of boundaries
are identified (Sect. 4.3). The final determination of emergency planning zone
boundaries will be made collectively by affected local governments, state
government, the Department of the Armmy, and the Federal Emergency
Management Agency.

4.1 METHODOLOGY FOR SELECTING EPZ BOUNDARIES

This section presents a systematic methodology that can be applied to
identifly emergency planning zones at sites storing unitary chemical weapons
and agent in the continental United States. This methodology focuses
planning on site-specific stockpile storage and disposal risks and other site-
specific concerns such as population distribution, meteorology, and
topography.

The next section presents a2 theory of emergency planning zones. That
is followed by a discussion of the spatial distribution of risk and hazard. The
fourth section outlines how geographical boundaries can be established.
Finally, application criteria are specified toc operationalize the procedure.

4.1.1 Emergency Planning Zone Concepts
4.1.1.1 A zone-based theory of emergency planning

The use of zones is not a novel approach in cmergency planning.
Floodplains and Floodways are defined in the national flood insurance
program. California has special planning zones in arcas of high ecarthquake
risk. For hurricanes Maximum Envelopes of Water (MEQWS) drive evacuation
planning. Zones have alsc been established for nuclear power plant
emergency planning. In this section we present a theory of how to structure
planing zone concepts.

4.1.1.2 Hazard distribution

A variety of accidents associated with on-site stockpile disposal can
occur. Logically, they can occur at a chemical weapons storage
building/igloo, at the incinerator plamt site, or in transit. The distribution of
hazard from 1hese accidents i5s based on 2 nuomber of factors including how
much agent is released, how it is relcased, the duration of the release, the
metcorological conditions during the release, and the effects of topography on
agent dispersion. Source terms (or the amount of agent released) can range
from small amounts with little potential for health risks to very large amounts.
The hazard from any single accident scepacio (i.e., eliminating the source
term variability) cannot be easily predicted because of the remaining
variables that affect distribution. On average, the risks from any single
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accident decrease as ihe distance away from the point of reiease increases.
Thus, the potential for being exposed from agent in any given accidenit are
greater as one geis closer to the accident site. The potential consequences of
cxposure also decrease with distance, The risk that an exposure weuld cause
fatalities are greater as onc gets closer to the accident site.

4,1.1.3 Leve! of ceffort

As the risk and hazard from an accident decrease and distance from the
source lerm increases, the level and type of planning required also change.
Lower risk micans that response is less likely to be needed. Lower hazard
means that e<posurc is less likely to occur. Greaier distance means that more
time is available for response. Thc major planning and response elements that
are affected include mobilization of emergency personnel, commniunication
systems, alert and notification systems, protective action optiomns,
decontamination and rmedical resources, public education and information,
training uneeds, exercises, and mass carefrelocation facilities. For example, for
resouices near an accident site a very rapid warning is needed: as distance
increases the amount of available response time increases, relaxing the need
for rapid warmning.

4.1.1.4 Number of zones

Since it is perhaps impossible and at least untealistic to implement
emergency respoise plans that vary continuously with distance, it is
necessaty to establish zones to differentiate activities.  This may be
characterized as a class interval problem. This problem rasises a number of
thorny issues. How many zones are appropriate? How should the boundaries
of the zones be cstablished? At what distances should zones change? How can
zones be differentiatcd so that people living near boundaries understand the
inherent differences in planning required?

The Radiological Emergency Planning (REP) Program for fixed site
nuclear power facilities uses a 2 zone concept (ref). The Plume Exposure
Pathway Zone has a radius of about 10 miles while the Plume Ingestion
Pathway Zone has a 50 mile radius. The 10 mile criterion was cstablished based
on probabilistic risk assessment of reactor accidents, Critics have suggesicd
that such a zone should be changed to anywhere from a 1 to a 25 mile radius.

The ERCP for the Chemical Stockpile Disposal Program described an
alternative set of 3 planning zones based on a concept developed at ORNL,
Emergency planning zones (£EPZ) concepts were developed in that document to
suppori the development of fixed-sitc and transportation alternative
cmiergency response concepis for the Final Programmatic Environmental
Imipact Statement (FPEIS) and the Army's deliberation concerning a
programiatic decision. EPZs, developed in consideration of the risk analysis,
available response time, distance, and protective action options, cstablish the
arcas where the emergency response concepts were applied. The EPZ concept
and its three zones reflect the differing emergency response requirements
associated with the poicaniial rapid onset of an accidental release of ageut and
“thc amount of time that may be available for warning and response. They
weic developed im recognition of the importance of comprehensive
emergency response planning and support systeras for rapidly occurring
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events and the critical nature of such programs in areas nearest the release
point.

The EPZs were intended to guide the development of emergency
response concepts, and were not intended to be applied mechanistically or
inflexibly to specific sites or alternatives or t0 a specific accident scenario.
The development of actual EPZs takes into account unique political, social,
geographical, and stockpile characteristics of each site. Conceptually, the
criteria for establishing the EPZs are applied consistently across the program;
however, specific configurations and associated distances may vary from site
to site.

The EPZs were partitioned into three specific subzones (see Fig. 4.1): the
innermost zone is an immediate response zone (IRZ), the middle zone is a
protective action zone (PAZ), and the outermost zone is the precautionary zone
(PZ). The subzones discussed in the FPEIS were based on the types of accidents
identified for all of the sites and the amount of time available to pursue
appropriate protection actions. The EPZs for site-specific emergency response
concept plans, in contrast, are based on the hazards posed by site-specific
stockpiles and meteorological, topographical and demographic conditions.

Immediate Response Zone. Those arcas nearest to the stockpile locations

should be given special consideration, because of the potentially very limited
wamning and response times available within those areas. An IRZ is defined

for the development of emergency response concepts that are appropriate for
irnmediate response im areas nearest 1o the site.

The IRZ is defined as an area inside the PAZ where prompt and effective
response is most critical. Because of the potentially limited warning and
response time available in the event of an accidental release of chemical
agent, the IRZ extends to a distance having less than 1 hour response time
under 3 meters/second (about 6.8 miles per hour) wind speeds. This area is
the one most likely to be impacted by an accidental release of chemical agent
and would be affected by any release that escaped installation boundaries,
These impacis are within the shortest period of time and are characterized by
the heaviest concentrations. Emergency response concepts in the IRZ should
be developed to provide the most appropriate and effective response possible
giveu the constraints of time.

The full range of available protective action opiions and response
mechanisms should be considered for the IRZ {see Sect. 5). The principal
protective actions (sheltering and evacuation) need to be considered carefully,
along with supplemental protective action options that can significantly
enhance the protection of public health and safety. Sheltering may be the
most effective principal protective action for the IRZ, because of the
potentially short period of time before impacts may be expected by a released
agent.  In-place protection is particularly important in arcas within the IRZ
nearest to the release poini, since the time may not be available for people
within downwind areas of the IRZ to complete an evacuation. The suitability of
sheltering depends upon a number of other factors, including the type(s) and
concentration(s) of agent(s), cxpedient or pre-emergency measures taken to
cnhance the various capacities of buildings to inhibit agent infiltration, the
availability of individual protective devices for the general public, the
accuracy with which the particular arca, time, and duration of impact can be
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Fig. 4.1. Three-zone concept for the emergency planning zone.
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pmjected and the abkility to alest and communicate instructions to the public
in a timely and effoctive fashion.

The capability to implement the most appropriate protective action{s)
very rapidly is critical within the IRZ. A zmmugh analysis of the IRZ at cach
storage/stockpile ‘“c«amn should be conducted, and a methodology for
determining the appropriate profective agtion(s) under various accident
scenarios should he established 1o reduce decision-making at the time of an
actual chemical agent relzase to & minimum.  This analysis would likely
identify ceriain areas within the TRZ which would implement sheltering
under most accideot scenarios, with wmumsmn only availabie as a
precaufionary Imeasurc pf.n}i o 2 : Subzone arcas may be defined to
accommodate the selective imelomeniaiion of different protective actions
within portions of the IRZ. ; ] :cizxmz{iy effective capability to project
the area of impact and predict levels of impact at the time of a release, it may
be appropriate 1o implement ';m} Va&, in areas close to the release point
within the expecited plame and icualion in arsas not immediately impacted.

..\.\ .‘r

Protective action zone. The PAZ defines an arca whese the available
emergency response thmes and the harzard distances associated with them are
sufficiently large to allow most people 1o respond to an emergency effectively
through evacunation.  Although the primary  emergency response may be
evacuation, other options should be considered

The principal emergency respense, cvacuation, should be considered
carcfully to ensure effective boplementation. It is likely to be the most
effective emergency respouse in the PAZ if time is sufficient to permit orderly
egress.  However, evacuation, like other prolective actions, requires warning.
Because time remains limited in the PAY, effective waming systems are needed
to both alert people to the potential for harm and ioform them of the most
appropriate actions reguired. Awvailable time for protective action varies with
agent type, accident, and metcorological conditions at the time. These
conditions will require careful consideration during site-specific emergency
planning.

Precautionary zone. The PZ is the cuicrmost EPZ and extends conceptually
to a distance where no adverse impacis ¢ humans would be experienced in the
case of a maximum potential release under virtually any conditions.  The
actual distance may wvary substantially, based upon the circumstances of an
accident occurrence, and would be determined on an accident-specific basis,
In this EFPZ, the pscif*uivc action counsiderations are lmited to precansionary
protective actions and actions 10 mitigate the poiential for food-chain
contamination as a result of an agent relcase.

The time frame for the P2 is likely to be sufficient to implement
protective actions without prior comprehensive and detailed local planning
efforts.  Given the likelihood of substaptial warning and respoanse times for
reas within the PZ, precavtionsry measures can be planoed and implemented
at & state or regional level. The development of specific proicciive actions for
the PZ should be based on site-specific neceds and analyses. Sheltering in the
PZ would largely be a precauwtiomary proioctive action to reduce the potential
for exposure ic nonlethal concentrations of chemical agent.  Evacuation couid
also be implementsd a2s 2 prs:f"nmimmry protective action in this zone. The
means for implementing the agricul tural protection and other precauvtionary
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activities could be based principally on biroad-area dissemination of
emergency public information at the time of am accidental relgase of agent,
Because of the substantial warniag and response time available for
impiementation of response actions in the PZ, detailed local emergency
response planning is noi required, but coordination of local emergency
managers iay prove useful.

4.1.2 Determining Factors for the Spatial Distribution of Risks
4.1.2.1 Hazard

The probabilistic risk analysis (PRA)} for the stockpile disposal program
(GA Technologics 1987a, b, ¢, and MITRE 1987) identifies a range of accidents
with potential off-sitc consequences (see Sect. 2 for a discussion of the
distribution of accidents identified for NAAP). It does not identify accidents
with small conseguences (less than 0.5 kin lethal downwind distance under
1 m/s winds and very stable atmospheric conditions), extremely low
probabilities (less than 10-8), or accidents resulting from deliberate acts of
sabotage or terrorism. Given the caveais that risk analyses de not identify all
possible accidents, and that historic accidenis of significant size (TMI,
Cbernobyl, Bhopal) have not been predicted by rsk analyses, the PRA docs a
credible job in identifving a range of cveunis that can serve 1o formulate
planning basis accidents.

The events include storage accidents, transportation accidents,
handling accidents, and plani operations accidents. These are caused by
extcrnal c¢venis such as carthquakes or plane crashes, human errors such as
feeding munitions into the wrong incinerator or puncturing a munition with
a fork lift, and mechanica! failures such as a fire or a truck crash.

Chemical agent is released from accidenis in several different ways.
The type of rclease deiermines how much agent is available in forms that can
be transporicd downwind. Modes of release include cxplosions or detonations
which cause agent to acrosolize virtually instantaneously into small particles,
fires which vaporize agent on a semi-continuous basis, spills which cause
agents to cvaporate, or some combipation resulting in a complex releass.
Furthermore, releases can be of short duration, which results in a discrete
puff or cloud which moves dowanwind, or of long duration, which results in a
plume extending downwind over a longer time frame,

The height of a release and whether or not fire is present is also
important. The height may be influenced by agent coming out of a stack
versus a ground-level release, or a rclease may be elevated due to an explosion
which propels it into the atmosphere. Fires cause thermal buoyancy which
lifis the agent to greater heighis. At greater heights the agent is likely to
travel downwind more quickly but lower ground-level concentrations of agent
would occur due to increased mixing.

4.1.2.2 Meteoroiogy
Meteorological conditions, along with topography and the nature of the

release, determming in what direction and how a release of agent dispsrses in
the cavironmeni. Wind direction does not deterimine dispersion but dees
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establish upwind and downwind directions.  The priraary factors which
determine dispersion are wind speed and atmospheric stability.  Secondary
meteorological consideration which influence and are incorporated in
atmospheric stability include heating/cooling and wmechanical stirring.
Under certain conditions, low-level inversions could irap releases close to the
ground,

When a release occurs the wind direction obviously determines the
general direction the plume will move. 5hifts in wind direction will cause the
plume to meander or, if viewed from above, to snake back and forth. Plumes
are more likely to meander under low wind speeds than at high wind speeds.

Mechanical mixing and heating and cooling are the main determinants
of stability or the amount of mixing that occurs as a cloud or plume move
downwind. When a high level of mixing occurs the plume travels less disiance

1

downwind but cover a wider arca. When conditions are more stable, little
mixing occurs and longer and unarrower plumes result.

4.1.2.3 Topography

Topography affects the dispersion of agent in two significant ways.
First, the roughness of the terrain helps determine the amount of turbulence.
The larger the obstacles that wind flows over the more turbulent the
atmosphere. Thus, plumes travel further over smooth terrain than rough
terrain.  Second, landscape features such as mountains and valleys block the
flow or channel the flow of a plume. As a plume collides with a mountain or a
dike, the concentration increases on the windward side of the obstacle as the
agent pools and the plume bulges out against the obstacle. Conversely, the
concentration on the lee side of the obstacle is reduced. If the feature is high
cnough, particularly under stable conditions, the plume will be trapped. If it
is a minor feature, pooling will still occur but the plume will spill over the
topographic barrier ai 2 reduced concentration.

4,1.2.4 Population

An ageut is of little imwmediate humen health concern unless people are
exposed to agent in the atmosphere. Exposure cgn be through contact with
skin or through inhalation. Since response is dose-driven, the critical
parameter is the concentration integrated over time or the cumulative amount
of agent to which onc is exposed.

4.1.3 Boundary Determining Factors

Planning zones can be sstablished as concentric circles with fixed radii.
Alternatively, a fixed radii can provide guidance with the boundaries being
determined by political, human, and topographical features of the
environment.  The latter approach is stroungly preferred because people can
more casily identify features of the local environment than they can a line on
a map.

Emergency planning and respouse capacities are usually organized by
political units -- countigs, parishes, cities, townships, and so forth. Thus it is
desirable to have planuing zones coincide with political boundaries,



pariicularly  whow o boundary  differentiates responsibilities for emergency
planning.

The process of human developmicat of an area produces artifacts of a
built eovironivenl.  Sowe. such as stieels, highways, rail lines, canals, and
electric  trpnsuivsian dines, provide useful boundaries for planning zones.

Natural  feaiwees provide useful boundaries, particularly when they
serve as harricrs oo asca! disporsion, This o would include mountains, bluffs,
canvons, and dikes.  Other watural feaiures such as rivers that may not impede
dispersion can alsn be wvaeful houndaries as long as they are not mistakenly
idesaificd  as bagsiers o oapoogom,

4,1.4 A Methodalepy  for Delineating Zones

Based on the previons discussions, this section specifies a systematic
mciiiodology  for cesbliching emergoncy planning zones.  The method follows
a scaucice for esiablishing concentrie radii for the generic zones, and then

drawiing  bousdaries based on enivitonimcaial  factors.

4,1 4.1 Hazard-veneraied  concentiric  boundaries

Two factors conceining hazard aie considered in the criteria.  The first
is the tiae dimension - how much iiee 1s available before a threat exists. The
second concerns ihe threat per se - what is (are) the geographical area(s) at
greatest risk.  These are used o determine the recominended disiances for
gencric TRYZ and PAY planniug <ones at a site. Thie boundaries of the PZ
(precantionary zoipe) are noi specilied although local governments may wish
to set them bascd on caiastrophic accideat potential at a site (sce below).

Time., Time-distance relationships are shown in Figure 4.2 for 3 diffcrent
assumed wind specds. These are used to help estimate the boundaries of the IRZ
and PAZ. For the iRZ, assuiding a release of ageni with little or no lead time,
the leading edge of the agent plume roughly corresponds to wind speed.  With
winds at 1 /s, it will toke about 17 minutes to reach 1 km and 167 minutes to
travel 10 ko At 3 m/s 0t will take almost an hour to reach 10 km. Unless a
catastrophic accident occurred, it is undikely that source terms would be large
enough, cxcept under stable meicorological conditions, for the plume to travel
a distance of 10 km. 1 ong assemes that preplanned cmergency response in
the PAZ requiuies ot least 3 hour o mobitize, then at least a 10 km immediate
TCSPANSe vone & neg

veud

Under thiis conceopt o PAY would begin at about 10 km. The outer edge of
the PAZ is moie Hexible  Aesuming that S hours are needed to mobilize
response with dittle or no advance preparation, and that agent traveled at
1 m/s, then aboat 18 ks wonld be needed for a PAZ.  More conservatively,
assuming a 2 /s wind speed, the PAYZ extends to approximately 35 km. With
advanced preparation. {ess time may be required to mobilize a response within
a PAZ, buat, alicrnntively, winds wayv travel fasier (e.g., at 3 m/s), thus still
reguiving o colotively oviended PAZL

Threat distribation.  foong the D2PC atmospheric dispersion code developed
by the Arnmy (Whitacre, o al. 1986), threat is represented by the disiance agent
can iravel and potentadly coese fatalities to healthy adult males. Downwind no
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death dose distances were calculated for each accident scenario wsing the D2PC
code. We have explicitly excluded releases resulting from external events
(c.g., carthquakes, meteorite strikes, plane crashes) for the rationale described
in Sect. 4.1.5.3.

IThe IRZ should contain lethal plumes from credible accident scenarios
under all except stable meteorological conditions {when sufficient time exists
to respond because of the associated low wind speeds).  Thus, the IRZ distance
should be expanded from 10 km as represented in the ERCP to contain the
downwind no deaths distances of credible non-external event accidents under
3 m/s and D stability meteorological conditions (plus an uncertainty band of
approximately 50 percent).

The PAZ should contain plumes from credible accident scenarios under
morc stable weather conditions. Thus, the PAZ distance be adjusted from 35 km
as identified in the EXCF to contain the downwind no deaths distances of
credible non-cxternal event accidents under 1 m/s and E stabilily conditions
(plus an uncertainty band of approximately 50 percent).

4.1.4.2 Setting the actual boundavies

The generic concentiic-radii boundaries based on the above criteria
should be adjusted based on a number of criteria as follows:

* The boundaries of the gencric IRZ and PAZ should be adjusted to account
for local topographical features which may imieract with meteorology
to affect dispcrsion.

* The boundarics of ihe IRZ and PAZ should not biscct a populated urban
arca but should be adjusted to include thosc arcas.

* Where boundaries of the generic zones coincide approximately with
political boundarics, the political boundary should be used as the
boundary of the zone.

*  Wheie no political boundaries coincide, it is desirable to use a featurc of
the hwman landscape such as a road. highway, or rail line or a natural
feature such as a river or creck as the boundary of an IRZ or PAZ.

e When no natural, political, orf human boundary exists, & concentric
circle with ili¢ appropriate radius may be used as a boundary.

4.1.4.3  Dexn!
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it catastrophic  gvents

In recommending gencric distances based on hazard and accident
distributions, we excluded external event accidenis. This was done for three
reasons.  First, such cvents are often low probability events that contradict a
common secuse approach to planning. Thus, onc does nor plan for meicorite
stiikes or planes falling out of the air as initiating cvents. Second, the event
that causes the accident may also reduce or climinate response capabilitics as
in the case of the carthquake. Third, such events include large comscquence
events that stretch  atowospheric dispersion modeling capacities beyond its
limits, resulting in downwind hazard cstimates that are fairly unrcliable. In
any case, wc belicve that detailed planning is not nccded when time allows a
response 10 be implemenied as an expansion of activities beyond the PAZ.

If emergency planners arc concerned with large catastrophic events, a
formal designation of the precautionary zone can be made. In no cases can we



envision it extending more than 100 km. It is almost impossible to develop an
accident scenaric and transport conditions that would lead to a lethal dose of
agent to exceed that distance. It is also possible to increase preparedness in

this zone beyond what is suggested by the ERCP.

4.1.5 Conclusions regarding the EPZ boundary determination
methodology

In this section we have attempted to lay out a rationale and a systematic
methodology for establishing emergency planning zomes around the facilities
that will dispose of chemical weapons. The approach combines procedures
that are the result of scientific calculations (but still subject to large
uncertainties) along with ones that hold practical appeal in an attempt to
develop zones which have both scientific and political reality. 1In addition, it is
hoped that the approach makes common sense; if it belabors the obvious, then
we have succeeded more than we had expected.

The approach is not flawless. We cannot be certain that the risk
analysis covers all events. Atmospheric dispersion models can only roughly
predict downwind dispersion. Information about the distribution of people,
resources, and topographic features, and knowledge of relevant meteorology
at the time of a release are all limited and, in some cases, changing. Lines on a
map do not adequately differentiate levels of risk.

Despite such caveats the purpose of establishing zones is not one of
predicting an accident, but rather to allocate resources and to plan the proper
responses (0 a large range of accidents. It attempts to take a complex problem
with many relevant variables and reduce the problem to one that can be more
effectively managed than an unknown or poorly understood one.

4.2 EPZ FOR THE NAAP STOCKPILE

Following the methodology outlined above, and considering the NAAP
stockpile hazard and the distribution of topographic, meteorological, and
population resources’ identified in Sect. 3, we have identified a plausible EPZ
for NAAP. To recapitulate, initial concentric circle boundaries are established
based on the distribution of credible non-external eveat accidents and their
associated downwind lethal distances; the IRZ concentric circle boundary is
based on the accidents occurring under 3 m/s winds and neuiral (D) stability,
while the PAY boundary is based on their occurrence under 1 m/s winds and
stable (E) conditions. The PZ lies outside the PAZ and accounts for external
event accidental releases under very stable atmospheric conditions and low
winds. These concentric circle boundaries are then adjusted based on the
distribution of topographic, meteorological, and population resources.

For the NAAP stockpile, the largest identified credible non-external
event accidents are HOKVF 006 (a forklift collision with short duration fire
during handling of on-site transport coatainer with VX ton container), HFKVF
003 (a forklift collision with short duration fire during handling between the
munitions handling igloo and the munitions handling building), and POKVC
042 (an explosion in the metal parts furmace due to failure to stop fuel flow
after a shutdown). As calculated from the D2PC atmospheric dispersion code,
the lethal downwind distances for these accidents under 3 m/s winds and
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neutral stability is approximately 1.65 km, while its lethal downwind distance
under 1 m/s, stable conditions is approxim~ ~ 0.1 km. Adding 50% to each of
these values for uncertainty, they equal dirately 2.5 and 10 km
respectively.  Therefore, for NAAP the « :-itric circle boundary for the IRZ
is 2.5 km and that of the PAZ is 10 km.

As noted in Scct. 3, the terrain immediately adjacent the NAAP storage
area and proposed plant site would not significantly affect the dispersion of
agent in the event of a release. The Wabash River Valley would affect the
dispersion of an accidental reclease of chemical agent under some
meteorological conditions. The vallecy would pool a release occurring under
light winds and stablc atmospheric conditions, allowing the agent to move up
or down the valley. The valley is not deep enough, howecver, to act as a barrier
to the further eastward movement of agent released in higher winds and
unstable atmospheric conditions. A comparable rclcase during unstable
conditions, however, would be expecicd to more closely approximate the
downwind distance estimated by the D2PC atmospheric dispersion code.

Releases resulting in vertical lifting (e.g., due to fires or explosions, as
is the case with the accidents identified above) would lift the agent over the
limited vegetation in the immediate area of the storage area and proposed
plani site and let it move unencumbered. Under higher winds and less stable
atmospheric conditions, agent would be diluted considerably and result in
shorter downwind lethal distances in any case.

4.3. PLANNING ZONES AND DISTANCES

Two types of planning zones are recommended for the NAAP stockpile.
The first is the IRZ. Most accident scenarios will be confined in this zone,
pariicularly under the more likely meteorological conditions. The second is a
PAZ to handle scenarios in which agent is released farther out, such as might
be duec to very stable atmospheric conditions and low wind speeds. As noted in
Sect. 4.1, the time frame for the precautionary zone (PZ) is sufficient to
implement protective actions without prior comprehensive and detailed local
planning cfforts. Given the likelihood of substantial warning and response
times for areas within the PZ, precautionary measures can be planned and
implemented at a state or regional level.

It does not make sense to draw arbitrary boundaries to establish the
planning zoncs. While the zones are established primarily on the basis of
distance from the storage/proposed disposal site, the recommended zone
boundaries follow political boundaries (e.g.. county lines) or landmarks (e.g.,
rail lines and highways) with which the local population is familiar.

Recommended boundaries for the IRZ and PAZ are shown in Figure 4.3,
along with possible extensions or constrictions of the zones. Since there are
no topographic features within the radially-defined IRZ (see Scct. 4.2) that
would significantly constrain an accidental release, the recommended radial
boundary for the IRZ is 2.5 km distance; however, that distance has been
cxpanded to 10 km in light of the time-distance relationship (e.g., a toxic plume
could travel approximately 10 km under 3 m/s wind speeds) and to ensure that
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nearby population concentrations (e.g., Newport, Dana, and Montczuma) arc
incorporated in planning. Possible extensions of the IRZ would add
communities to the west-northwest (Humrick and Quaker) and north (Eugene
and Silverwood).

The recommended radial boundary for the PAZ of 10 km, as identified
above, is expanded to 25 km. The PAZ would include the cities of Clinton,
Rockville, Kingman, and Georgetown (Illinois), as well as the predominantly
rural areas lying between 10 and 25 km from the siorage area/proposed plant
site at NAAP. Possible additions to the PAZ would cxtend to Interstate 74 to the
north, to State Route 341 to the northeast, Turkey Run State Park to the east, to
the Vigo County line to the south, and to the west of State Routes 1/150 in
Illinois.

The final determination of emcrgency planning zone boundaries will

be made collectively by affected local governments, state government, the
Department of the Army, and the Federal Emergency Management Agency.
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5.0 PROTECTIVE ACTIONMS

5.1 CATEGORIES OF PROTECTIVE ACTIONS

Based on an ongoing evaluation of the effectiveness of aliernative
protective actions {(Rogers, ef al. in press), six categories of protective action
have been considered for the NAAP concept plan: {a) evacuation, (b} in-place
sheltering, {c) respiratory protection, {d) protective clothing, (e} prophy-
lactic drugs, and (f) antidotes. To date, most atiention has been paid to
protecting potentially exposed persons from inhaled doses; relatively little
attention has been paid to skin deposition and ingestion, although skin
deposition can be an important exposure pathway for VX agent (ingestion of
potentially contaminated food and water should, of course, be avoided).

Within each of these categories, the various options and their
advantages and disadvantages are discussed below. The discussion draws
heavily on the forementioned ongoing study and includes the judgments of an
expert panel that wag asked to evaluate the generic effectiveness of the
protective acticn options.  Finally, potentially suitable protective action
options for the IRZ and PAZ general publics and institutional peopulations are
identified, and preliminary recommendations are made.

§.1.1 Evacuation

Evacuation involves changiog location to avoid exposure, which
includes moving by foot or vehicle w an area ouiside the arcas expossd,  There
arc essentially two kinds of cvacuations: precautiopary, and responsive.
Precautionary evacuations involve moving prior to the releass of chemicals,
and responsive gvacuation involve moving after the release of chemicals 1o
avoid exposure.

Of all options, evacuation is the most familiar. When sufficieni time is
available, it is the best respense because it precludes any exposure io chemical
agent. In many circumstances, evacuation can be achieved by personal
automobile, although transporiation may have to be furnished in some cases
{e.g., those without cars). The additional capital investment required from all
units of govermment s nil for persoms having their own automobiles.
Populations without autornobiles roust be provided with buses or other
transportation, or a ride-sharing plar wuost be implemented and evailable.
The cost of public educationfinformation instruciing the population which
direction 0 go and the cost of the requisite waraing sysiern have not been
considered here.

scription

Evacuatipu eliminates exposure o . chemical agents by removing the
potentially exposed person from the area at risk. Although wno in-place
protective action provides complete (100%) protection under all conditions,
gvacuation can provide compleie protection provided sufficient warning time
is available to allow all poicntially exposed populations to implement the
action. This is most likely 0 be the case when it is implemented as a
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precautionary measure. As a responsive measure (i.e., after a wclease has
occurred), it is most likely to be cffective for populations farther away from
the accident site who have more time to implement the action. Responsive
evacuations would not be as effective for nearby populations, particularly for
fast-moving releases and plumes.

Use

Upon being notified to evacuate, individuals and groups would go to
their automobiles or trucks, close the windows and turn off ventilation
systems, and drive away from the anticipated lethal plume and possibly to a
prearranged assembly point.  Evacuces would follow predetermined evacuation
routes.  Individuals and groups relying on mass tiransportation (e.g., buses)
would assemble at a prcarranged location, enter the bus or other vehicle, and
be driven to a prearranged mass shelier.

Advantages

1) Evacuation ecliminaies the possibility of agent exposure.

2) Except for mobility-impaired individuals and institutions, evacration
requires a minimum of public resources.

3) Evacuation requires minimum training and is not intrusive.

Disadvaniages

1)  Effective evacuation requires exiensive evacuation planning.

2) Evacuation can require significant lead time (30 minutes to one hour) and,
depending on the accident, may not be effective for individuals living near an
accident.

5.1.2 In-Place  Sheltering
In-place sheltering involves taking refuge in a struciure of various
kinds. Five types of shecltering have been identified as of interest for

protection from chemical agents. Each is discussed in turn.

5.1.2.1 Normal sheltering

This form of sheltering involves taking refuge in existing buildings
prior to exposure for the prevention or mitigation of the amount of exposure.
This protective action has been used in the protection of people from
radioactive exposures. It has also been used to protect people from toxic
chemical releases where small releases occur resulting in small
concentrations of toxic in the environment over short durations of time.
Normal sheltering is most likely to be effective for chemicals whose effect is
proportional to peak concenirations rather than cumulative dose (e.g.,
ammonia, hydrogen chloride, and hydrogen sulfide).

Description

Normal sheltering can partially block the exposure to chemical agents
by reducing the amount of infiltration of airborne agent into the "protected”
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chemical releases resuliing in large concentrations over extended durations
(e.g., three to twelve hours).

Descripiion

Special sheltering facilities potentially block the exposure to chemical
agents by reducing the amount of infiltration of airborme agcnt into the
"protected” environmeni. While no protective action provides complete
(100%) protection under all conditions. specialized sheliers arc likely to
provide adcquate protection under conditions characterized by releases
resulting in moderate to large concentrations of agent with exposurc times
between three to twelve hours (i.e., a slowly travelling plume and the plume of
any size).

Use

Special shelters involves taking refuge in facilitics created expressly
for protection from chemical contamination. To the exieni that these shelters
may not have tclevisions, radios or other communication devices, one will
have to be obtained for the sheliered area prim‘ to occupation. Once in the
sneltercd environment people should remain calm to promote lowered heart

and respiratory rates.

Advaniages

1) Because in-place protection cannot increase the exposure pressurized
sheltering can omnly increase protection.  Furibermore, proicctien factors
associated with specialized shelters reduce air infiltration rates, perhaps even
to the point of establishing small exhaust rates, which drastically reduces the
risks associated with the protective action. This mecans thai the protection
factors associated with specialized shelters are likely to be greater than those
associated with expedient or ecnhance sheltering. If air infiitration can be
reduced to as few as one change in sixteen hours, the protection factor would
range f{rom approximatcly five to abour 120 (Chester 1988). IHecace, specialized
sheltering provides maximum protection from cxposure in ncarly all
situations.

2)  Specialized sheltering can be implemented fairly quickly once the facilities
themselves are available. Sorenmsen (1988) posits if we assume pre-erection or
prepositioning of poriable shelters of this variety, that movemeni to a
prepared shelter without much preparation time.

3) Specialized sheltering provides maximuw: proteciion, under almost all
conditions.  Heunce, pressurized shelters are capable of preventing fatalities
when long or continuous releases of agenmt are anticipated.

4) Specialized sheltering provides shelter for long periods of time and thereby
avoid ihe problems associated with misjudging accident durations and
concentrations.

Disadvantages

1) People in specialized shelters may have family members not in the shelter
creating distress, conflict and evea of brcach containment created by people
cniering or leaving after sealing and pressurizaiion.



2}  Specialized sheltering requires that special structures be construcied to
provide adequate protection.

3y For most people, specialized shelters require limited attention, however
prepositioning or pre-erection would involve a certain amount of intrusion
from the emergency action into the routine environment.

5.1.2.3 Expedient  sheltering

Expedient sheltering involves taking refuge in existing structures that
are tightened against iafiltration using common resources and materials, such
as plastic bubbles, iape and wet towels. These actions are taken prior to
exposure for the prevention or mitigation of the amount of exposure. This
protective action is expected to protect people from toxic chemical releases
resulting in moderate concentrations over modest durations {(e.g., one o threce
hours).

Expedient sheltering can partially block the exposure to chemical
agents by reducing the amount of infiliration of airborpe agent into the
"protected” environment. While no protective action provides complete
(100%) protection under all conditions, expedient sheltering is likely to
provide adequate protection under conditions characterized by releases
resulting in moderate concentrations of agent with exposure times between
one to three hours (ie., the plume is travelling moderately fast and the plume
is of medinm size).

Use

Expedient sheltering invelves taking refuge in existing buildings,
closing windows and doors, shutting of ventilation systems that replace indoor
air with outdoor air, taping windows, doors, light sockets and ventilation
outlets, and laying a wet towel across the bottom of the door to reduce
infiliration. In addition, o the extent that these shelters may noi have
televisions, radios or other communication devices, one wiill have to be
obtained for the sheltered area prior to occupation. Once in the sheltered
environmeni people should remain calm to promote lowered heart and
respiratory rates. In addition, once the concentration of ageni is lower in the
unprotected environment than in the protected environment people will have
to ventilate (i.e., open up) the structure to minimize exposure. Hence, the
warning systemm must not only be able to tell people when to go to sheiters of
this kind, thev must also be capable of telling people when to wventilate.

Advantages

1)  Expedient sheliering requires only existing resources, but may be more
effective if kits for enhancement, including tape, towels and perhaps a
portable radio, are readily available to the people that would have 1o
impiement the protective action.

2}  Expedient sheltering requires limited training and limited resources,
which vields a low level of intrusion of protective equipment in the routine
environment.
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3) Because expediently sealed structures cannoi increase the exposure
expedieni sheltcring can only increase protection. Furthcrmore, protection
factors associated with expcedieat shelter are increased with the reduction of
air infiltration rates. This mesns that the protection factors associaied are
likely to bc greater than those associated with normal sheltering.  If air
infiltrarion can be reduced io on¢ air change in four hours, the protection
factor would range from approximaicly two to about 60 (Chester 1988). Hence,
expedient sheltering provides minimum protection from exposuie in
situations where conceatrations are expected to be low to moderate, and cloud
passage time is limiied in thc onc to three hour range.

4)  Expedicii sheltering can be implemciiicd faitly quickly. Sorensen (1988)
estimates that taping and scaling an average room can bc accomplished in ten
to fifteen minuies.

Disadvantages

1)  Expedient sheltering provides moderate protection, under conditions where
plumes arc of limited size. Hence, expedicnt shelter will not prevent fatalities
when long or continnous rcleases of agent are anticipaisd.

2) If accidents anticipaicd io be of limited duration develop into more extended
exposures, evacuating the expedient sheliers in a contaminated environmeni
will have to be acccmplished.

3) The "all-clear” requiremeni is placed on warning systems.

5.1.2.4 Pressurized sheltering

Pressurized sheltering involves taking rcfuge inm existing structures
that are capable of being prcssarized to reduce infiltration of toxic vapors.
This proiective action is expected to protect people from toxic chemical
releases resulting in large concentrations over extended durations (e.g., three
to twclve hours).

Deseription

Pressurized sheltering poicntially blocks the exposure to chemical
agents by reducing the amounnt of iafiltratioin of airborne ageni into the
"protected” cuvironment.  While no protective action providecs combplete
(100%) protection under 2all conditions, pressurized sheltering is likely to
provide adequatc protection under conditions characierized by releases
resulting in moderate to large concenirations of agent with exposure tiimes
between three to twelve hours (i.e., a slowly travelling piume and the plume of
any size).

Use

Pressurized sheltering involves iaking scfuge in existing buildings,
closing windows and doors, shutting of wveniiiation systemas ihai replace indoor
air with unfiliered outdoor air, amd starting a pressurizaiion systcm that uses
filtered air to crcate pressure in the seal structure, Isv addition, to the cxicni
thai these shelters may noi have televisions, radios of other communication
devices, onc will have to be obtained for the sheltered arca prior to occupation.
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Once in the sheltered environment people should remain calm to promoie
lowered heart and respiratory rates.

Advantages

1)  Pressurized sheltering requires only that existing structures be augmenied
by pressurization systems.

2) For most people, pressurized shelters require limited attention which yields
a low level of intrusion of protective equipment in the routine environment.
3) Because in-place protection cannot increase the exposure pressurized
sheltering can only increase protection. = Furthermore, protection factors
associated with pressurized shelters reduce air infiltration rates, perhaps even
to the point of establishing small exhaust rates, which drastically reduces the
risks associated with the protective action. This means that the protection
factors associated with pressurized shelters are likely to be greater than those
associated with expedient or enhance sheltering. If air infiltration can be
reduced to as few as one change in sixteen hours, the protection factor would
range from approximately five to about 120 (Chester 1988). Hence, pressurized
sheltering provides maximum protection from exposure in nearly all
situations.

4)  Pressurized sheltering can be implemented fairly quickly. Sorensen (1988)
estimates that activating an existing pressure system will take about five
minutes. ’

5) Pressurized sheliering provides maximum protection, under almost all
conditions.  Hence, pressurized shelters are capable of preventing fatalities
when long or continuous releases of agent are anticipated.

§) Pressurized sheltering provides shelter for long periods of time and
thereby avoid the problems associated with misjudging accident durations and
concentrations.

Disadvan ;

1) People in pressurized shelters may have family members not in the shelter
creating distress, conflict and even of breach containment created by people
entering or leaving after pressurization.

5.1.2.5 Enhanced sheliering

Enhanced sheltering involves taking refuge in structures in which
infiltration has been reduced via weatherization techniques. This protective
action is expected to protect people from toxic chemical releases resulting in
moderate concentrations over modest durations (e.g., one to three hours).

Description

Enhanced sheltering can partially block the exposure to chemical
agents by reducing the amount of infiltration of airborne agent into the
"protected” environment.  While no protective action provides complete
(100%) protection under all conditions, enhanced sheltering is likely to
provide adequate protection under conditions characterized by relsascs
resulting in moderate concentrations of agent with maximum exposure times



between one to three hours (i.e., the plumc is travelling moderately fast and
the plume is of medium size).

Use

Enbanced sheltering involves taking refuge in existing weatherized
buildings, which have reduced infiltration rvates for energy cfficiency,
closing windows and doors, shutting of ventilation systems that replace indoor
air with outdoor air. In addition, to the extent that these sheliers may not
have televisions, radios or other communication devices, one will have to be
obtained for the sheltered arca prior to occupation. Once in the sheltered
environment people should remain calm to promote lowered heart and
respiratory rates., In addition, once the concentration of agent is lower in the
unprotected environment than in the protected environment people will have
to ventilate (i.c., open up) the structure to minimize exposure. Hence, the
warning system must not only be able to tell people when to go to shelters of
this kind, they must also be capable of telling people when to ventilate.

Advantages

1) Enhanced sheltering requires existing resources be cnhanced much the
samec way that they would be for energy conservation.

2) Enhanced sheltcring requires limited training and limited additional
resources, and for most people would not be recognizable as different from a
routine environment. This means that a low level of intrusion of protective
equipment in the routine environment is associated with this protective
action,

3) Because in-place sheltering cannot increase the cxposurc enhanced
sheltering can only increase protection.  Furthermore, protection factors
associated with enhanced sheltering are incrcased with the reduction of air
infiltration rates. This means that the protection factors associated are likely
to be greater than those associated with normal sheltering. If air infiltration
can be reduced to an air change in four hours, the protection factor would
range from approximately two to about 60 (Chester 1988). Hence, expedient
sheltering provides limited protection from exposure in situations where
concentrations are expected to be low to moderate, and cloud passage time is
limited in the ome to three hour range.

4) Enhanced sheltering can be implemented very quickly. Sorensen{1988)
estimates that the required action could be accomplished in less than ten
minutes.

Disadvantages

1)  Enhanced sheltering provides moderate protection, under conditions
where plumes are of limited size. Hence, expedicnt shelter will not prevent
fatalities when long or continuous releases of agent arec aoticipated.

2) If accidents anticipated to be of limited duration develop into more extended
exposures, evacuating the expedient shelters in a contaminated environment
will have to be accomplished.

3) The "all-clear” requirement is placed on warning systems.
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£,1.3 Respiratory Protection

Respiratory protection provides non-contaminated air for inhalation in
potentially contaminated environments.  This involves gither using profective
devices that remove airborne chemicals, aerosols, and vapors from the air
prior to inhalation, or the direct introduction of non-contamipated air for
inhalation.  Six types of respiratory protection bhave been identified as of
interest in providing protection from chemical agents.

5.1.3.1 Gas masks

Gas masks with filters or filtering materials remove airborne toxics
prior to inhalation. A wide variety of masks are available commercially, with
most being targeted at industrial users.

ripti

The full face mask is comprised of a face covering shield connected t¢ a
filter or filter cariridge. Full face mask are typically regulated o maintam
unidirectional air flow through the filters. By covering the whole face the
full face masks are designed to keep the eyes, nose and mouth clear of
contamination. Chester (1988) estimates that full face masks are capable of
providing a respiratory protection factor of about 2000. However, the limiting
factor with full face masks, as with other masks, is the integrity of the seal
between the mask and the face.

Use

Using the full face masgk involves retrieving the device from ils siorage
location, extracting it from its storage coatainer, placing on the face, and
strapping in place. While a full face mask may take as much as ten minutes o
implement, Sorensen (1988) estimates that with training it can be
implemented in as little as one minute once it is located. The full face mask i3
very likely to provide respiratory protection from low ic moderate
concentrations, but may also be used for larger doses while people pursue
other protection (e.g., while evacuating, or on the way to shelter).

Advantages

1) While the full face mask is storable, it is not easily stored which mecans that
it is probably more obtrusive than many other respiratory devices.

2) The full face mask can be implemented in as littie as a minute once it is
located, this implementation time will require moderate training zad
considerable practice.

3) The full face mask provides a high degree of respivatory protection.

4) The full face mask requires little physical effort or mental concentration to
maintain seal between face and mask once it is in use.

Disadvantages

1) The full face mask requires considerable iraining and praclice (o assure
proper use in emergencies.
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2) The full face mask would require that the individual have the device, be
able to retrieve it, and know how to use it in the event of an accident.

3) The full face mask would not protect guests and visitors that would not have
similar respiratory protection.

4) The full face mask is onc of the most obtrusive devices among the
respiratory protection devices, its distribuiion to the public is likely to raise
awareness of the program, and could significantly contribute to public
concern.

5.1.3.2 _Hoods

Hoods with fan-driven filters may be placed over the head and sealed at
the waist and wrisis to remove contaminated air prior to inhalation.

Description

Hoods are comprised of a protective covering ventilated through fan-
driven filters, which are placed over the hcad and sealed at the waist and
wrists. They are typically used for respiratory protection for children or when
the size or shape of the face makes maintaining the integrity of the secal
between face and mask nearly impossible. Hood like full face masks are
typically regulated to maintain unidirectional air flow through the filters. By
covering the whole head and upper body hoods are designed to keep the eyes,
nose and mouth clear of contamination, as well as affording protection of the
upper body from disposition. It is anticipated thai hoods, like masks, are
capable of providing a respiratory protection facior of about 2000. The
limiting factor with hoods is the integrity of the seal between the hood and the
waist and wrists.

Use

Using hoods involves retricving the device from its storage location,
extracting it from its siorage coniainer, placing it over the head, securing the
waisi and wrists and starting the fan-driven filiered ventilation. While a hood
may take as much as ten minutes to implemeni, it seems reasonable to estimate
that with training implementation time can be reduced to as little as a three to
five minutes once it is located. The limiting factor for time to implement secms
to be the ability to "dress” children in the hoods. Hoods are very likely to
provide respiratory protection from low to moderate concentrations, but may
also be used for larger doscs whilec people pursue other protection (e.g., while
¢vacuating, or on the way to shelter).

Advaniages

1) While hoods arc storable, it is noi easily stored which means that it is
probably morc obirnsive than many other respiratory devices.

2) Hoods can be implemenied in as little as a few minutes once they arc
located, this implementation time will require moderate training and practice.
3) Hoods provide a high degree of respiratory protection.

4) Hoods require alimost no physical effort or mental concentration o
maintain scal beiween waist and wrists and the hood once they are in use.
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Disadvantages

1)  Heods require some training and practice to assure proper use in
emergencises.

2) Hoods would require that the individual have the device, be able to retrieve
it, and know how to use it in the event of an accideni.

3) Hoods would not protect guests and visitors that would not have similar
respiratory  protection.

4) Hoods are one of the most obtrusive devices among the respiratory
protection devices, their distribution to the public is likely to raise awareness
of the program, and could significantly contribute to public concern.

5.1.3.3 Bubbles

Bubbles are scalable containers with a fan-driven filter that place the
entire person in the protected environment. They are typically used for
protection of infants and toddlers.

Description

Bags are protective enclosures thai are usually used to protect infants
and toddlers. These protective enclosures are comprised of a protective
covering ventilated through either batiery operated fan-driven filters or by
being connected to an adult's protection which draws air through the filter
into the infant protection arga. By covering the child's whole body protection
bubbles are designed to keep the eyes, nose and mouth clear of contamination,
as well as affording protection of the body from disposition. It is anticipated
that protection bubbles like hoods are capable of providing a respiratory
protection factor of about 2000.

Use

Using the fan-driven proiection bubbles involves retrieving the device
from its storage location, extracting it from its storage container, placing the
infant or toddler in the enclosed environment, and starting the fan-driven
filtered ventilation. While using the adult-ventilated protection bubble
involves all of those steps plus the steps required for the adult to don their
protection. While a protection bubble may take as much as fifteen minutes to
implement, it seems rcasonable to estimate that with training implementation
time can be reduced to as little as {ive to ten minutes once it is located.
Protection bubbles are very likely to provide respiratory protection from low
to moderate concenirations, but may also be used for larger doses while pcople
pursue other protection {e.g., while evacuating, or on the way to shelter).

Advantages

1) Protection bubbles can be implemented in as little as a five to ten minutes
once they are located, this implementation time will require moderate training
and practice.

2) Protection bubbles provide a high degree of respiratory protection.

3)  Protection bubbles require no physical effort or mental concentration to
maintain seals as they are whole body enclosures.
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Disadvantages

1) While protection bubbles are storable, it is mot easily stored which means
that it is probably wiore obtrusive than many other respiratory devices.

2) Protection bubbles require some training and practice to assure proper s
in cimergencies.

3) Protection bubbles would require that the individual have the device, be
able to retrieve it, and know how to use it in the event of an accident.

4}  Protection bubbles would not protect guests and visitors that would not
have similar respiratory protection.

5) Protection bubbles are one of the most obtrusive devices among the
respiratory protection devices, their distribution to the public is likely to raise
awareness of the program, and could significantly contribute to public
concern.

5.1.3.4 Mouthpiece respirators

Mouihpiece respirators are small tubes with filter material inserted into
the mouth to remove coniamination prior to inhalation through the mouth.

Desgription

The mouthpicce respirator is simply comprised of a mouthpiece
connected to a filter cariridge by a tube. Respiration is limited to the mouth by
a nose clip. To gain maximum protection offered by this device the user could
don a transparent heood (c.g., a plastic bubble) and exhale through the nose,
which would flush the hood with uncontaminated air., This would help keep
the eyes clear of contamination. This device is intended to be used only for a
few minutes, while the wearer is pursues other proteciive actions (e.g.,
evacuation, or sheltering). However, the limiting factor with the mouthpiece
respirator is the integrity of the scal between the lips and the wmouthpiece.

Use

Using the mouthpiece respirator involves retrieving the device from its
storage location, inscrt the respirator in the mouth and clip the nose or cover
the head with a transparent heod. The simplicity of the device makes it
possible to use this device without training. Chester (1988) e¢stimates that it
can be implemented by the untrained wuser very rapidly, probably in under a
minute once it is located. The mouthpiece respirator requires considerable
physical cffori and a fair amount of mental concentration to maintain the seal
between the lips and mouthpicce. The mouthpiece respirator is most likely to
provide rcasonable respiratory proiection from low to moderate
concentrations while people are pursuing other protection (c.g., while
cvacuating, or on the way to shelter).

1) The wmouthpiece respirator is storable, which means that it is probably less
obtrusive than many other respiratory devices.

2) The mouthpiece respirator can be implemented in only a few seconds, once
it is located.
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3) The mouthpiece respirator provides moderate respiratory protection.
4) The mouthpiece respirator requires no training for adequate use.

Dj vanta

1) The mouthpiece respirator requires considerable physical effort and
mental concentration to maintain seal around mouthpiece.

2) Augmenting the mouthpiece respirator to achieve eye protection requires
some dexterity and concentration, which likely to be difficult for people in the
process of pursuing other protective actions.

3) The mouth piece respirator would require that the individual have the
device, and be able to retrieve it in the event of an accident.

4) The mouthpiece respirator would not protect guests and visitors that would
not have similar respiratory protection.

5) The mouthpiece respirator would have to be replaced by a mask if durations
of potential exposure increased to more than an hour.

6) While the mouthpiece respirator is one of the lcast obtrusive devices among
the respiratory protection devices, its distribution to the public is likely to
raise awareness of the program, and could significantly contribute to public
concern.

5.1.3.5 Facelet mask

The facelet mask involves covering of the nose and mouth with a
charcoal filter cloth expressly designed for use in respiratory protection from
toxic chemical.

Description

Developed by the British, the facelet mask is comprised of a charcoal
cloth manufactured by pyrolizing and steam activating rayon material. It is
held on the face covering the mouth and nose by elastic straps. Chester (1988)
estimates it would yield a respiratory protection factor of 1200 against GB, and
80 against mustard. However, the limiting factor with the facelet mask, as with
other masks is the integrity of the seal between the mask and the face, which
would probably limit the protection factor to under a 1000.

Use

Using the facelet mask involves retrieving the device from its storage
location, extracting the mask and its straps from their package, determining
how to attach the straps and putting on the mask. While with some limited
training and practice the mask might be put on over the nose and mouth quite
quickly and held in place with a hand, Chester (1988) estimates that it is likely
to take a few minutes to don the facelet mask. The facelet mask is most likely to
provide reasonable respiratory protection from low to moderate
concentrations while people are pursuing other protection (e.g., while
evacuating, or on the way to shelter).

Advantages

1) The facelet mask is very storable, which means that it is probably the least
intrusive respiratory device, because it can be stored unobtrusively.
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2) The facelet mask can be implemented quite quickly, probably in less than a
few minutes.
3) Thbe facelet mask provides moderate respiratory protection from agents GB
and mustard.

Disadvantages

1) Using the facelet mask tends to give a sensation of recycling a lot of warm,
damp, stale air, which makes it lecss comfortable to use and to the extent that
the mask would becomes saturated with moisture, the absorption capacity
would be reduced.

2) The faceclet mask weould require that the individual have the mask, be
trained in its use, and be ablc to retricve it in the event of an accident.

3)The facelet masks would not protect guests and visitors that would not have
similar respiratory protection.

4) While the facelet mask is one of the least obirusive devices among the
respiratory protcction devices, it distribution to the public is likely to raise
awareness of the program, and could significanily contribute to public
concern.

5.1.3.6 Ex

Expedient respiratoty protection involves placing a wet cloth over the
nose and mouth to remove contamination prior io inhalation.

Description

Expedient respiratory protection involves the use of available resources
for limited gains in proiection against airborne chemicals. A wet thick cloth
(e.g., a wash cloth) is held on the face covering the mouth and nose wiih 2
hand. Expedicnt mecasure such as this arc limiied both by their ability to
remove contamination from the area and the ability to maintain thc integrity
of the cover over the nose and mouth.

Use

Using expedient mcasure of this varicty involves gathering the
resources required to implement the action, wetting the cloth and placing it
over the nose and mouth. No training is required for these kinds of measures
to be implemented very quickly. Sorensen(1988) cstimates that expedient
measure can be implement in a few seconds. Expedient respiratory protection
measures are only likely to provide any respiraiory protection from relatively
small concentrations while people are pursuing other protection (e.g., while
evacuating, or on the way to shelter).

Advantages

1)  Expedient respiratory protection is completely unobtrusive.

2) Expedient r1cspiralory proiection can be implemenied very rapidly
probably in as little as a few scconds.

3) Expedient mcasures would protect guests and visitors.
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4) Expedient respiratory protection provides limited protection from low
concentrations for very short durations, probably under fifteen minutes.

Disad

1) Expedient respiratory protection provides no protection for either
moderate or high concenirations, or durations longer than a few minutes.
2) Expedient respiratory measures may be difficult to maintain while
pursuing other protective actions {ec.g. evacuation driving a vehicle).

5.1.3.7 1 ntain hing apparatus

Self contained breathing apparatus (SCBA) provides non-contaminated
air for inhalation.

Description

SCBA supply bottled air directly to the individual using it for respiratory
protection. They are comprised of a tank or boitle of non-coniaminated air,
attached through a regulator to either a mouthpiece or a full face mask. SCBA
equipment that covers the whole face are designed to keep the eyes, nose and
mouth clear of contamination. SCBA are capable of providing respiratory
protection for duration directly dependent on the amount of air in the bottle
and the rate of respiration. The limiting factor with SCBA covering the face,
as with other masks, is the integrity of the seal between the mask and the face,
while mouthpiece SCBA are limited by the seal between the mouthpicce and
the lips.

Use

Using SCBA involves retrieving the device from its storage location,
extracting it from its storage container, placing the mask on the face or the
mouthpiece in the mouth, and turning it on. While a full face SCBA may take
as much as ten minutes to implement, like full face masks, training can reduce
implementation times to as little as 1 minute once the SCBA equipment is
located. SCBA equipment is very likely to provide respiratory protection from
moderate to high concentrations, but because of it limited duration of
protection it is most likely to be useful for people pursuing other protection
(e.g., while evacuating, or on the way to shelter).

Advantages

1) While SCBA is storable, it is not easily stored which means that it is
probably more obtrusive than many other respiratory devices.

2) SCBA can be implemented in as littie as a minute once it is located, this
implementation time will require moderate training and practice.

3) SCBA provides a high degree of respiratory proteciion.

4) Face covering SCBA requires little physical effort or mental concentration
to maintain seal between face and mask once it is in use.

5) Some pecple may have SCBA equipment specifically designed for
underwater use, which could be used for respiratory protection from chemical
agents.



Disadvantages

1) SCBA rcquires some training and practice to assure proper use in
emergencies.

2) SCBA would require that the individual have the device, be able to retricve
it, and know how to use it in the event of an accident.

3) SCBA would not protect guests and visitors that would not have similar
respiratory protection.

4) SCBA is very a obtrusive device for respiratory protection, its distribution
to the public is likely to raisc awareness of the program, and could
significantly contribute to public concern.

5) Mouthpiece SCBA requires considerable physical effort or mental
concentration to maintain seal between face and mask once it is in use.

5.1.4 Protective Clothing

Protective clothing involves covering the body to avoid the disposition
of chemicals on the skin. Since skin deposition can be a potentially
significant pathway for VX exposures, reducing the possibility of such
exposure with protective clothing is especially important. Two types of
protective clothing are of potential interest for protection from chemical
agent.

5.1.4.1 i I i lothin

Special protective clothing is designed expressly for the purpose of
protection from skin deposition. Protective clothing can partially block
exposure to chemical agents by preventing the deposition of agent on the
skin.

D otion

Special protective clothing is comprised of clothing made of special
fabrics to reduce the deposition of chemical agent on the skin. Special
protective clothing prevents agent from becoming deposited on the skin by
covering the whole head, upper body, arms, legs, feet and hands with fabric
specifically design to prevent penetration of droplets of agent. The limiting
factor with special protective clothing is the ability to keep all skin covered to
prevent skin contact. Special protective clothing is likely to provide skin
deposition protection under conditions characterized by releases resulting in
moderate concentrations of agent with exposure times between 1 to 3 hours
(i.e., the plume is travelling moderately fast and the plume is of medium size).

Use

Special protective clothing involves donning specialized suits to protect
against exposing skin to agent. While specialized clothing can be used to
protect against dermal cxposures, protective clothing does not protect people
from inhalation and ingestion exposures. It is reasonable to estimate that
donning protective clothing will require slightly more time than getting
dressed. Sorensen (1988) estimates that special protective clothing will take
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between five and ten minutes depending on its complexity,  Using specialized
protective clothing involves retrieving them from their storage location.
extracting from its storage contaiper, putting it on, an check all scams
between pieces for potential exposures. While a protective clothing may take
as much as ten minotes to implement, it seems reasonable to estimate that with
training implementation time can be reduced to as little as a three o five
minutes once they are located. Protective clothing is very likely 1o provide
dermal protection from low to moderate concentrations, and may even provide
limited protection for larger doses while people pursue other protection {e.g.,
while evacuating, or on the way to shelier).

Advaniages

1) While protective clothing easily stored, it is fairly obtrusive.

2) Protective clothing can be implemented in as little as three to five minutes
once they are located, this implementation time will require some training and
practice. '

3)  Protective clothing provides a high degree of dermal protection.

Disadv: o

1)  Protective clothing requires some training and practice o assure proper
use in emergencies.

2) Protective clothing would require that the individual have the device, be
able to retricve it, and know how to use if in the event of an accident.

3) Specialized protective clothing would not protect guests and visitors that
would not have similar respiratory profection,

4) Specialized protective clothing is very obtrusive, its distribution to the
public is likely to raise awareness of the program, and could significantly
contribute to public concem.

5.1.4.2 Expedient protective clothing

Expedient protective clothing which involves using available clothing
to protect people from skin deposition. Expedient proiective clothing can
partially block exposure to chemical agents by preventing the deposition of
agent on the skin.

riptior

Expedient protective clothing is comprise of regular ciothing, put on to
protect the wearer form deposits of agent on the skin. Expedient protective
clothing covers the whole head, upper body, arms, legs, feet and hands with
layers of fabric and can include using rain gear to prevent droplets of agent
from depositing on the skin. Expedient protective clothing is limited both by
its ability to prevent penetration and keep all skin covered to prevent skin
contact. Expedient protective clothing is likely to provide skin deposition
protection under conditions characterized by releases resulting in low
concentrations of agent with exposure times under an hour {i.e., a fast moving
plume and of small to medium size).
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Use

Expedient protective clothing involves dressing in layers of winter
clothing with long slecves and long panis, and protecting the head, and neck
with a hood or draped towel, and protecting hands with gloves, to prevent
exposing skin to agent. To the extent pessible the outermost layer of expedient
clothing should be moisture resistant to hclp prevent penetration. Wiile
expedient clothing can provide limited protection against dermal cxposures,
protective clothing does not protect people from inhalation and ingestion
cxposures. It is reasonable to estimaic that donning ecxpedient protective
clothing will require slightly more time than getting dressed. Sorensen (1988)
estimaies that protective clothing will take between five and ien minutes
depending on its complexity, expedient protective clothing is not anticipated to
be very complex and thereby implemcatation times are expected to be as little
as five minuies.

Advantages

1) Expedient protective clothing is completely unobtrusive.

2) Expedient protective clothing can be implementcd in as little as five to ten
minutes once they arc located, this implementation time requires little or mo
training and practice.

3) Expedient protective clothing provides a moderate degree of dermal
protection for low concentrations for relatively short durations.

4) Expedient protective clothing would use available resources to proiect
guests and visitors just as it would residents.

Disadvantages

1) Expedient protective clothing weuld require that the individual gather
readily available resources, decide how to use them most effectively and use
them to protect themselves and their family in the cvent of an accident.

2)  Expedient protective clothing can only protect against dermal exposure.
3) Expecdient protective clothing provides limited protection against low to
moderate concentrations and probably does not protect against dermal
exposures for higher concentrations over extended periods,

5.1.5 Prophylactic Drugs

Prophylactic drugs are used prior to agent exposure for the prevention
or mitigation of agemt cffecis. 'This protective actiom has been seriously
considered only for potential nerve agent exposure. The Center for
Environmental Health and Injury Control of the Centers for Discase Control of
the Department of Health and Hurcan Services has recommended that this
protective action be eliminaied from use except by irained or cmergency and
medical personnel (e.g., emergency medical technicians, medical doctors, and
registered nurses). We concur with this recommendation.

Description

Pretreatment by drugs that can pariially block the effects of these
agents on the nervous system offer some degree of protection from
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incapacitation or death; none provide 100% protection for an unlimited period
of time. These findings are largely based on iaboratory studies with guinea

pigs.
Use

Drugs tested for their pretreatment efficacy include combinations of
pralidoxime mesylate, atropine, Valium , pyridostigmine, physostigmine and
aprophen. A combination of pralidoxime mesyvlate and atropine is available as
an autoinjector unit in the United Kingdom (UK.} and is approved for
pretreatment use by Commonwealth military personnel.  The U.K. protocol
calls for oral self-administration of Valiums at the time of intramuscular
injection. This combined approach has been successfully tested in guinea pigs
exposed to lethal concentrations of gither Agent GB or Agent VX, but is not
currently approved for use in the U.S. To our knowledge, physostigmine has
not been approved for human pretreatment in cither the U.S. or UX.

Compounds considered for pretreatment use are powerful drugs that
have toxic propertics of their own. Protective doses need to be determined by
trained individuals on the basis of body weight and condition of health. In
unskilled hands, damaging doses could easily be administered (children or
individuals weakened by age or illmess are vulnerable here). There is an
additional concern of substance abuse if uncontrolled access to these drugs
were  permitied.

Advantages

1) Pretreatment by prophvlactic drugs has been shown to be an effective
protection against incapacitation or death induced by exposure to the lethal
nerve agents GB and VX.

2) The additional protection offered by prophylactic drugs (in addition to the
presumed use of protective equipment) would be an advantage to emergency
personnel responsible for transporting victims out of a contaminated area,
providing medical support to contaminated wvictimas, or providing medical
support in a contaminated area.

3) Individuals whose jobs required frequent trips into coniaminated or
potentially contaminated areas(such as police officers, fire fighters, repair
crews, etc.), would also benefit.

vaniag

1) Drug storage can be a problem. Some prophylactic compounds require
controlled storage conditions and may deteriorate if these conditions are not
upheld. Rotation of stocks is necessary to maintain drug potency.

2) Potential for substance abuse and accidental poisoning. Valium is a
controlled substance and atropine is a hallucinogen. ‘

3) Recommended drugs are powerful and can cause serious injury if
mishandled.

4y Need for trained personnel to provide treatment.
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5.1.6 Antidoties

Antidotes are uscd to relieve, prevent, or otherwise counteract adverse
cffects resuliing from agent exposure,  Antidoies are somewhat agent-specific
in that nerve agenis (as a group) require different aniidotes than the
vesicants. The Center for Environmenial Health and Injury Control of the
Cenicrs for Disease Contiol of the Department of Health and Human Services
has recommended that this protective action be climinated from use except by
trained or cmoirgency and medical personnel (e.g., emergency medical
technicians, medical doctors, and registered nurses).  We concur with this
recommendation.

Deseription

Neive agent aniidoies (atropine, pralidoxime, other oximes) block the
effects of agent-induced skeletal and smooih muscle contraction (relieve
convulsions and loss of breathing control) and reduce glandular paralysis
(dries up the copious respiratory secreiions that make normal breathing
difficult). These samc aniidotes are cffective in treating cases of
organophosphate iusecticide poisoning (e.g., Parathion, Malathion) aad the
freatment protocols arc based on sound clinical data for humans.

Usg

Combined therapy using intramuscular or intravenous treatmeni with
atropine plus pralidoxime is more effective for treating nerve agent cxposure
than either antidote used in isolation. Both drugs are available as autoinjector
units to U.S. military personnel. Effective dose is primarily based on victim
body weighi, age, and scverity of observed agent effect(s). Careful monitoring
is nccessary to maintain adequaie dose rate while simultaneously managing
signs of aniidote overdose (elevated body temperature and blood pressure,
restlessness, hallucinations, ctc.).  In severe cases, ¢xtended treatment over
days or weecks may be necessary to counteract the effects of continual
organophosphate mobilization from body storage. Other oximes, alone or in
combination with Valium, atroping and benactyzinc are part of the antidote
treatment regimes in use by military services in the UK. and Furope.

Advaniages

1) Appropriate vse of aniidoies may save lives and reduce the severity of
¢ifects from sublethal doses.

2y Amniidoic overdose is rarcly fatal and does not usually generate disabling
side effects.

3) Effective trcatment can be performed under ficld conditions.

Disadvantages

1) Somc antidote drugs require conirolled storage conditions and may
deieriorate if these conditions are not upheld. Roiation of stocks is necessary
to maintain drug potency.

2) Potential for substance abuse and accidenial poisoning (valium is a
controlled substance and atropinc is a hallucinogen).
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3) Recommended drugs are powerful and can cause serious injury if
mishandied.

4) Need for trained personnel to provide treatment.

5) Potential adverse effects of antidote treatment by individuals unlicensed to
administer drugs is govemed by "Good Samaritan" laws specific to each state.
Great variability exists in the authority and protection (from lawsuit) offered
to unlicensed individuals such as teachers and first aid volunteers.

5.2 COMBINATIONS OF PROTECTIVE ACTIONS

In addition to the individual protective actions discussed above, it is
obviously possible and desirable to combine different protective actions into a
single strategy if doing so enhances overall effectivencss and survivability.
Such an approach combines the advantages of different options in an. attempt
to obviate the disadvantage(s) of each. The most obvious combinations include
some form of respiratory protection (e.g., gas mask, mouthpiece respirator,
bubble, or hood) with either evacuation or some form of sheltering. Although
only two basic options are discussed below, a combination of protective
clothing with either of these two should also be considered for the NAAP
stockpile for those releases involving VX agent.

5.21 Evacuate with Respiratory Protection

It is possible that the effectiveness of cvacuation might be enhanced by
providing respiratory protection during its implementation. If one can
reduce or climinate deposition and ingestion exposure pathways {e.g., being in
an evacuating vehicle) and similarly reduce an inhaled dose (by use of
respiratory protection), the overall effectiveness of the evacuation should be
improved.

5.2.2 Shelter with Respiratory Protection

Sheltering may also be made more effective by some form of respiratory
protection. Some protective devices (e.g., mouthpiece respirators) may be used
in acquiring safe access to an enhanced or e¢xpedient shelter. Other
respiratory devices (e.g., gas mask, bubble, or hood) would decrease total dose
within an enhanced or expedient shelter. Such an approach may be
particularly appropriate for continuous or longer-term releases where the
protection afforded by shelter alone (ome to three hours; see Sect. 5.1) may be
inadequate.

5.3 PRELIMINARY EVALUATION OF PROTECTIVE ACTIONS

In support of the ongoing protective action effectiveness support study
(Rogers, et al., in press), a. panel of experts1 was assembled early in CY 1989 to

1 These individuals included Amnon Birenzvige of the U.S. Army Chemical
Research, Development and Engineering Center, Aberdeen Proving Ground,
MD; Michael Lindell, Department of Psychology, Michigan State University,
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identify evaluative criteria and apply those criteria to various protective
actions, including evacuation, sheliering, and respiratory protection.  The
panel's composition was based on the the notion of obtaining
comprehensiveness with respect to the physical characteristics of cach
protective action option, the option's effectiveness with respect to mitigating
adverse health effects, and the personal and organizational aspects of the
option's implementation.  Although it is beyond the scope of this document to
report on the results of that cxercise im detail, the following discussion
identifiecs the criteria and the panel's e¢valuation of those actions.

5.3.1 Evaluative Criteria

The pancl identified a variety of criteria for evaluating protective
action opiions. These criteria were subsequently grouped according to
wheiher the criterion related to 1) the level of safety provided by the option,
2) the requiremenis for implemeniing the option effectively, and 3) the
option's level of inirusiveness in the family and community or other relevant
level of social organization. Since different factors were deemed important
among these three categories for the three different kinds of protective
actions (evacuation, sheltering, and  respiratory protection), the specific
criteria for the categorically differcnt protective action options were
different (see Figs. 5.1 and 5.72).

5.3.2 Proiective Action Option Evaluation

The summary resulis of the evaluation are prescnted in Fig. 5.1 aund 5.2.
For ecach c¢valuation criterion, each panel member ranked cach protective
action option on a scale from least desirable to most desirable. These scores
were averaged for each protective action option. These averaged scores are
prescnted in Figs. 5.1 and 5.2,

5.4 PROTECUTIVE ACTION OPTIONS FOR NAAP

Assuming implemeuntation of appropriate warning and command and
conirol systems, the potential protective action options at NAAP for various
subgroups of the geueral population are summarized in Tables 5.1 and 5.2.
Results of ihe protective action effectiveness support study may alter these
recommendations in the future or provide more detailed information that
better distinguishes among the relative effectiveness of each option.
Furthermore, the differentiation of actions for the PAZ and IRZ are not
magical (c.g., persons near the outer part of the IRZ may implement PAZ
actions, or persons necar the inner part of the PAZ may implement IRZ
actions). In addition, it should be stressed that a combination of proiective
action options may be nceded to protect the public from a range of accident
scenarios.

IZast Lansing, MI; Dennis Mileti, Director, Hazards Assessment Laboraiory,
Colorado State University, Fort Collins, CO; and Frederick Sidell, MD, U.S. Amy
Medical Research Institute of Chemical Defense, Aberdeen Proving Ground,
MD. Their fields of expertise are physical means of protection from chemical
ageni exposure, individual response to disasters, organizational response to
disasters, and the health effects of chemical agent exposure, respectively.
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Fig. 5.1. Expert panel evaluation of evacuation and sheliering.
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Table 5.1 Potential protective actions in the IRZ for NAAP

Qption Adulis . Children Infants Institutions Impaired
¥vacuate No Mo No Mo No
Normal shelier No No No No No
Specialized shelter Yes Yes Yes No No
Expedient shelter Yes Yes Yes No No
Pressurized room Yes Yes Yes Yes Yes
Pressurized building Yes Yes Yes Yes Yes
Enhanced shelter Yes Yes Yes Yes Yes
Gas mask Yes No No No No
Hoods NA Yes No NA NA
Bubbles NA No Yes NA NA
Mouthpiece respirator Mo No No No No
Facelet mask Mo No Na No No
Expedient respirator No No No No No
SCBA No No No Yes No
Special protective Yes Yes Yes No No
ciothing
Expedient proiective No No No No No
clothingl
Prophylactic drug No No No No No
Antidotes No No No Yes No
Evacuate/respir. prot. Yes Yes Yes No No
Respir. prot./shelter Yes Yes Yes No No

NA = Not applicable

1 If the potential for exposure to VX agent exists, the use of expedient protective
clothing should be considersd.

5.4.1 IRZ Options

Viable protective action options involving sheltering for the general
population (including adults, children, and infants) in the IRZ include
expedient sheltering, enhanced shelter, pressurizing a room or building, and
mass shelter. Normal sheltering is not recommended for anyone because it
affords less protection than the other sheliering options.

The only viable respiratory option for adults is a face mask. Masks are
not recommended for children or infants due to difficulties in achieving a
tight fit.  Expedient respiratory protection is not recommended for anyone
because it offers little protection against toxic vapors. Facelet masks do not
offer protection for a sufficient time nor a very high level of protection. SCBA
and mouthpiece respirators offer protection for an insufficient time. For
infants, bubbles are a potential option, as are hoods for children. These are
not designed for use by adults. Furthermore, bubbles are pot recommended for
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children because of the likely difficulties in use. Hoods are not rccommended
for infants for the same reason.

For institutions and impaired populations, pressurization of a room or
building is recommended. The cxact choice dcpends on the naiure of the
institution or impairment., Expedient sheliering is not recommended due to
implementation difficulties. For certain institutions such as health care
facilities, some form of SCBA may be feasible. All other forms of respiratory
protection would be very difficult to implement.

Evacuation, alone, is not recommended for any population subgroup in the
IRZ. A feasible option for some slow-moving accidenis at NAAP is to don
respiratory protection such as a face mask, facelet mask, or a mouthpiece
respirator (or appropriate hood or bubble for children or infant) and then
evacuate. This is not feasible for institutions or for the impaired to implement.

The combination of an appropriate respiratory protective device (mask,
hood, or bubble) with some form of enhanced or expedient sheltering is an
option for the general public but not for institutions or for the impaired.

Antidotes and prophylactics for nerve agent exposure are not
recommended for distribution to the general population because their
administration requires trained medical workers. This could be an option at
institutions with staff who can be trained to use such drugs.

5.4.2 PAZ Optious

The PAZ options differ from the IRZ options at NAAP for two basic
reasons. First, a much greater amount of time will be available to implement
actions.  Second, agent concentrations are ¢xpecied to be much lower because
significant dilution and dispersion will have occurred.

Normal evacuation is an option for all populations in the PAZ, as is
pressurization of a room or a mass shelter. Pressurization of a building is not
needed because sufficient time would exist to move people to a part of a
building, or to a mass shelier, although this option should be retained for
institutions.  Other forms of sheltering are options as well. Respiratory
protection and normal sheliering are not recommended because cvacuation
and expedient sheltering are always preferrcd options. The use of respiratory
protection during cvacuation is a possible option. The use of drugs are not
recommended for any group becausc the time and mecans exist to avoid
exposure cntirely.

5.4.3 PZ Options
In areas beyond the PAZ the two options are evacuation or normal

sheltering. The latter would be used solely as a precautionary mechanism
because all areas with a poteniial for exposure would be evacuated.
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Table 5.2 Potential protective actions in the PAZ for NAAP

Option Adults Children Infants Institutions Impaired
Evacuate Yes Yes Yes Yes Yes
Normal shelier No No No No No
Specialized shelter Yes Yes Yes Yes Yes
Expedient shelter Yes Yes Yes No No
Pressurized room Yes Yes Yes Yes Yes
Pressurized building No No No Yes No
Enhanced shelter Yes Yes Yes Yes Yes
Gas mask No No No No No
Hoods NA No No NA NA
Bubbles NA No No NA NA
Mouthpiece respirator No No No No No
Facelet mask No No No No No
Expedient respir. prot. No No No No No
SCBA No No No No No
Special protective No No No No No
clothing
Expedient protective No No No No No
clothing
Prophylactic drug No No No No No
Antidotes No No No No No
Evacuate/respir. prot. Yes Yes Yes No No
Respir. prot./shelter No No No No No

NA = Not applicable
5.4.4 Conclusions

In this section preliminary conclusions are presented regarding
protective action options at NAAP based on the information presented on
accident distribution (see Sect. 2 and Appendix A), topography, metecorology,
and population (see Sect. 3). It must be stressed that these conclusions are
preliminary. They are offered mainly to stimulate discussion and debate on
the protective action issue. They may change based on new information from
the technical support studies or elsewhere.

First, for the general population in the IRZ, the recommended option is
expedient sheltering (see Sect. 5.1). Given an instantaneous release, expedient
shelter may provide a higher degree of protection than other alternatives.
Precise criteria establishing when such conditions would exist have not been
developed.

Other options that arc potentially feasible for protecting the general
population in the IRZ include secaling a house, pressurizing one room or a
building, using respirators while sheltering, or mass pressurized shelter.
Antidotes for the general population are not recommended. Protective
clothing is recommended as a means of minimizing the possibility of adverse
effects due to skin deposition.
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Fvacuation with respiratory proteciion canpot generally be
recommended.  For accidental releases that are sufficiently small and slow-
moving, however, such a strategy may be uscful, pariicularly for those
persons fariher away from the point of rclease At this point the recommended
forma of iespiratory protection for the adult unimpaired population is a
mouthpicce respirator with a snorkel-type mouthpiece and strap for hanging
it around the mneck. This equipment was designed for use in industrial
accidents for workers evacuating out of a toxic environmeni. Recommended
respiratory protection for infanis and children are baby bubbles and hoods,
respectively.

For any persons that are impaired such that evacuation is not feasible,
positive pressurization of a "safe®™ room in ihe house or the entire building
depeading on the exact circumstances is fecommended.  Impairments that
would prevent evacuation would also preclude expedicnt sheltering.

For the PAZ, evacuation is recommended for all population groups.
Sufficicnt time exists that with pre-planning all people can be evacuated. This
requires the identification of evacuation resources to move people without
transportation and institutional populations.

As noted earlicr, the recommended actions for persons living in the PZ
arc pormal sheliering and evacuation. Persons in the PZ should have ample
timc to eliminmate thc possibility of agent exposure.



6.0 PROGRAM CONSIDERATIONS

In this section some additional information is presented regarding how
the program guidance can be implemented for the NAAP chemical stockpile
based on the information previously presented on accident distribution,
meteorology, topography, population characteristics, and protective action
recommendations.  Without the adoption and implementation of appropriate
standards for command and control decisions and for alert and notification
systems, the effectiveness of the recommended protective actions is greatly
diminished. '

6.1 STANDARDS

Given the accidents that could occur at the NAAP facility and the
proximity of the storage area and proposed plant site to civilian populations,
an overall command and control structure must be able to provide a decision
on warning and protective actions in less ‘than five (5) minutes. This should
enable the nearest populations to take a protective action. To meet this
objective, the development of a rapid accident classification and decision
support system is needed.

Because of the short or nonexistent lead times and the proximity of the
NAAP area to civilian populations, it would be extremely important to delegate
authority to the Army to make a protective action recommendation and
activate the alert/notification system in the IRZ. Although a quick decision to
implement protective actions in the PAZ is also desirable, it may be possible to
work out a procedure for a rapid civilian decision process. This capability
must exist on a 24-hour basis. Sufficient flexibility and redundancy in the
procedure should be provided to allow a fairly rapid decision for protective
actions in the PAZ (e.g., within 15 minutes at the maximum).

Rapid notification of the public is needed in the IRZ. Because of the
rural nature of the immediate area, it is necessary to have outdoor and indoor
alert and notification mechanisms. Electronic sirens with loudspeaker
capabilities are recommended for outdoors and cither tone alert radio or
telephone switching systems are recommended.

With a longer available warning time for the PAZ, a combination of a
siren systemn along with emergency broadcast system (EBS) for densely
populated areas and route alert along with EBS for sparsely populated areas are
recommended.

6.2 IMPLEMENTATION

Ultimately the nature of the emergency planning program at NAAP
must be established by local decision makers. The general schedule for the
program has been presented in the Management Plan for Emergency
Response Activities. Detailed planning questions are provided in Appendix E.
In order to establish an enhanced readiness capability at the local level, the
logical steps to follow are as follows:
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(1) Finalize EPZ boundarics. Reccommendations have been made
about potential IRZ and PAY boundaries in this report. The methodology used
to arrive at these recommendations has also been specified (see Sect. 4). It is
important that community decision makers work through the options and
come to agreement about the geographic definition of the IRZ and PAZ as the
first step of the planuning process. As noted previously, the final
determination of EPZ boundaries will be made collectively by affected local
governments, state government, the Department of the Army, and the Fedcral
Emergency Management Agency.

(2) Decide on interim (based on current capabilitics) and final
protective action strategies for each population group in the IRZ and PAZ.
Potential and recommended protection actions and their advantages and
disadvantages have been identified in Sect. 5 of this report.

(3) Agree to new warning system, comununicatious systems, and
command and control system designs. Such systems are critical to an effective
emergency response capability. They also represent a major capital
investment in equipmeni. The systems will likely be installed in a phased
manner with critical and basic equipment that will not be obsolete to the
entire system being installed on a rapid track. It is important that
communitics help design and ultimately approve the new systems.

(4) Begin public education/awareness activitics. Pcople nced to
know what to do in an accident situation. This information cannot be withheld
until a formal public education program is adopted and implemented. There is
a need for a preliminary information effort until the formal public affairs/
education program is established.

(5) Estimate resources needed to implement proiective action
strategies. This includes the following major items as well as other resources
identified in the Program  Guidance document:

» protective equipment for workers and the public,
*+ emergency worker requirements,

« mass shelter and decontamination needs,

* transportation and traffic control,

+ emergency operations center (EQC), and

* monitoring equipment.

(6) Install new warning, command/control, and communications
systems.

(7) Install protective action equipment (if nceded). Depending on
the protective action strategy adopted, it may be necessary to install or
distribute equipment to the public and provide the appropriate training.

(8) Develop final plans and implementation procedures. The
installation of new systcms will require modification of the Phase I planning
upgrades (see Sect. 1). The details associated with these steps are specified in
the Program Guidance document.
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6.3 CONCLUSIONS

This report has identified the basic features of the emergency response
planning process associated with the unitary chemical stockpile and its
disposal at NAAP. It has identified information needed to make basic decisions
(e.g., EPZ determination, protection action selection) and provided some of that
information ~- the kinds of accidents that could occur with associated lethal
downwind distances assuming different meteorological conditions, and the
actual distribution of meteorological, topographic, and population resources in
the NAAP area. 1t has further provided methodologies and approaches for
determining the emergency planning zone and sub-zones and evaluating
potential protective actions.

The next phase of the planning process must involve local decision
makers. They nced to digest this and other information (c.g., Management
Plan for Emergency Response Activities and the Program Guidance document)
and make decisions such as those enumerated above. They nced to consider
additional information (e.g., technical support studies) as it becomes available
and determine whether and how that information affects their earlier
decisions. In short, as noted in Sect. 1, they need to create their own plan. The
Army and other participating organizations are ready and available to provide
assistance to local decision makers in furthering the objective of emergency
preparedncss, but only they can make it work.
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APPENDIX A

DISTRIBUTION OF ACCIDENTAL RELEASES
FOR NAAP

This appendix characterizes all accidental releases that have been
identified in the CSDP risk analyses that could occur at NAAP (MITRE
Corporation 1987). Table A.1 presents information for each accident scenario
that might occur during disposal activities. Table A.2 consists of a brief verbal
description of cach accident scenario listed in Table A.1. Tables A3 and A4
present corresponding information for accidents that could occur during
storage and associated handling activities.

In Tables A.1 and A.3, the potential releases associated with disposal and
storage/handling accidents, respectively, are arranged to display the range of
values for those wvariables that are particularly important for emergency
planning.  The first column identifies the activity during which the particular
accident occurs and the scenario number assigned to that accident (this
column can be used to find the verbal description of the accident scenario in
Table A.2 or A4).

The second and third columns present the maximum downwind
distances at which fatalities to healthy adults might occur under most likely
and very stable metcorological conditions, respectively. These values were
calculated using the Army’s D2PC atmospheric dispersion code (Whitacre, ef al
1986). The most likely meteorological conditions are defined as neutral
atmospheric stability (D stability) and moderate wind speeds (3 m/s). The very
stable meteorological conditions are defined as high atmospheric stability (E
stability) and low winds (1 m/s).

Columns four through eight list the mass of agent (in pounds) that
would be releases by each accident. Column four presents the estimated total
amount of agent that would be released. Columns five through seven break
this total down into the amounts that would be detonated, emitted (immediately
vaporized), and evaporated, respectively. Column eight lists the amount of
agent that would be spilled but, because of accident containment activities,
would not contribute to the atmospheric release.

The event duration (column nine) represents the length of time {in
minutes) during which the release could occur. When the value in this
column is zero, all the agent would be released instantancously, as with a
detonation with no resultant fire. Longer values (e.g.., 20 min through 360
min) represent the estimated length of time that the release would continue
before the available agent was depleted or the accident was contained.



Columns 10 and 11 present the type of munition and agent, respectively,
involved in the accidental rclease. The type of raunition influences the nature
of the rclease (e.g., through dctonation) as well as the actions the on-site
personunel should take to contain the accident. The type of agent, because of
diffcrent agent characteristics (e.g., volatility and toxicity), is important in
cstimating the fatal plumc distances and deiermining appropriate protective
actions.

The final columii, Release Mode. designates whether the agent is
releascd as a siniple vapor (spill), is propelled by a {ire, or is released in a
complex manner involving a combination of spill, fire, and detonation. These
release modes correspond 1o a different nomenclature uvwsed in the atmospheric
dispersion modeling: a spill is eguivaleni to an evaporative iclease; a fire is
cguivalent 1o a scmi-continuous release; and a detonation, which occurs in the
risk analysis databasc only as a component of a complex release, is aquivalent
to an instantancous relcase. Under boih nomcnclatures, a complcx release is
considered to consist of somie comibination of thesc simple release modes.
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Table A.1 Accident scenarios for on-site disposal activities at NAAP
(sorted by munition type, agent within munition type, and activity within munition type)

Activity ML2 vs3 Amount
ID* and plume plume Amount of Agent Released of agent Event  Munition Agent Release
scenario distance  distance Total Detonated Emitted Evaporated unreleased  duration type type” mode
(Km) (Km) (Ib) (Ib) (Ib) (Ib) (Ib) (min)
HO o 1.64 6.06 39.994 0.000 39.994 0.000 0.000 10 K A% F
HF 3 1.64 6.06 39.994 0.000 39.994 0.000 0.000 10 K A% F
PO 12 0.19 0.70 1.706 0.000 0.000 1.706 8016.780 360 K Y S
PO 13 3.24 15.48 240.436 0.600 240.436 0.000 0.000 60 K A% F
PO 19 3.23 15.46 239.883 0.000 239.883 0.000 0.000 60 K A" F
PO 25 1.00 4.16 39,994 0.000 39.994 0.000 0.000 360 K Vv C
PO 26 2.50 1291 239.883 0.000 239.883 0.000 0.600 360 K A" C
PO 29 2.50 12.91 239.883 0.000 239.883 0.000 0.000 360 K A% C
PO 42 1.64 6.06 39.994 0.000 39.994 0.000 0.000 12 K v C
PO 51 0.62 1.99 5.794 0.000 5.794 0.000 0.000 34 K v C

1 Activity ID (activity during which accident occurs)
HF = Handling at the disposal facility
HO = On-site handling away from the disposal facility
PO = Plant operations

2 MS = most likely meteorological condition of 3 m/s wind speed and D stability.
3vs = very stable meteorological condition of 1 m/s wind speed and E stability.

4 Munition Type
K = Bulk ("ton") containers
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Table A.1 Accidents scenarios for on-site disposal for NAAP (continued)

5 Agent Type
V = Agent VX

6 Release Mode
C = Complex mode (including combinations of simple modes and indoor releases affected by building systems)
F = Fire (incomplete combustion})
S = Spill {leading to partial evaporation)



Table A2 Scenario descriptions for accidents during
on-site disposal activities at NAAP

Activity
code &
scenario
D Scenario description
HF 003 Forklift collision accident with short duration fire during handling between munitions
handling igloo (MH1) and munitions demilitarization building (MDB).
HF 006 Forklift collision with short duration fire during handiing of on-site transport container.

PO 012 Direct large aircraft crash damages the MDB; no fire.

PO 013 Direct large aircraft crash damages the MDB; fire not contained in 0.5 hours.

PO 019 Indirect large aircraft crash damages the MDB; fire not contained in 0.5 hours.

PO 025 Earthquake damages the MDB structure, munitions fall and are punctured, fire
suppressed.

PO 026 Earthquake damages the MDB structure, munitions fall and are punctured, earthquake

also initiates fire, fire suppression system fails.

PO 029 Earthquake damages the MDB; munitions are intact; fire occurs; fire suppression
system fails.

PO 042 Metal parts furnace (MPF) explosion due to failure to stop fuel flow after a shutdown.
PO 051 Ton container spill in the munitions processing bay (MPB) results in fire and structural
failure.
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Table A3 Accident scenarios for storage and handling activities at NAAP
{sorted by munition type, agent within munition type, and activity within munition type}

Activity ML? Vs Amount

D' and plime plurne Amount of agent released of agent Bvent  Munition Agent Reiease
scenario distance  distance Total Detonated Emitted Evaporated unreleased  duration type®  type®  mode’

(Km) (Km) {lb) {1b) {Ib) (1) (Ib) (min}

SL 5 56.46 >100  74644.880 0.000  74644.900 0.000 (.0060 69 X v F

SL 15 57.39 >100  74644.880 0.000  74644.900 0.000 0.000 30 K \Y F

SL A26 45.38 >100  74989.420 0.000  74989.400 0.000 0.000 360 K v F

SL D26 45.38 >100  74989.420 0.000  74989.400 0.000 0.000 360 K v F

" Activity ID (activity during which accident occurs)
SL = Long-term storage

* MS = most likely meteorological condition of 3 m/s wind speed and D stability.
* VS = very stable metecrological condition of 1 m/s wind speed and E stability.

* Munition Type
K = Bulk ("ton") containers

* Agent Type
V = Agent VX

¢ Release Mode
F = Fire (incomplete combustion)



Table A4 Scepario descriptions for accidents during
storage and handling activities at NAAP

Activity

code &

scenario

D Scenario description

SL 005 Large aircraft indirect crash onto storage area; fire not contained in 30 min. (Note:
Assume detonation occurs if burstered munitions hit, fire involving burstered munitions
not contained at all.)

SL 015 Small aireraft direct crash onto warehouse or open storage yard, fire occurs, not
contained in 30 min.

SL A26 Earthquake occurs, NAAP warehouse is intact, no ton containers damaged, fire occurs.

SL D26 Earthquake occurs, NAAP warchouse is damaged, ton containers damaged, fire occurs.

A-7






APPENDIX B

DISTRIBUTION OF METEOROLOGY AT TERRE HAUTE, INDIANA






APPENDIX B
DISTRIBUTION OF METEOROLOGY AT TERRE HAUTE, INDIANA

This appendix contains graphs showing the distribution of wind
directions and atmospheric stabilitics for separate wind speced classes. These
wind speed classes, which correspond to monitored data near Terre Haute,
Indiana, are

less than 2.1 m/s (4.7 mph)

between 2.1 and 3.6 m/s (4.7 - 8.1 mph)
between 3.6 and 5.7 m/s (8.1 - 12.8 mph)
between 5.7 and 8.7 m/s (12.8 - 19.5 mph)
between 8.7 and 10.8 m/s (19.5 - 24.2 mph)
greater than 10.8 m/s (24.2 mph)

BN

As noted in Sect. 3.2.2, more recent and geographically valid data are in the
process of being assembled and will be reported when available.
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Table C.1 Health-care facilities between 35 and 75 km from the proposed CSDP site

Facility Community County Beds Percent Distance from
average proposed site
peoupancy {km)

indiana

Putnam County Hospital Greencastle Putnam 85 34.1 37
Witham Memorial Hospital Lebanon Boone 60 48.3 42
Lafayette Home Hospital Lafayette Tippecanoe 327 NA 52
St. Elizabeth Hosp. Med. Ctr.  Lafayette Tippecanoe 248 NA 52
Purdue Univ. Student Hosp. W. Lafayeite Tippecanoe 23 4.3 52
Wabash Valley Hospital W. Lafayette Tippecanoe 71 74.6 52
Hendricks Co. Hospital Danville Hendricks 127 54.3 53
Mary Sherman Hospital Sullivan Sullivan 72 36.1 56
Clinton Co. Hospital Frankfort Clinton 66 33.3 61
Greeng Co. Gen. Hospital Linton Greene 76 34.2 62
Kendrick Mem. Hospital Mooresville Morgan 60 33.3 64
Morgan Co. Mem. Hospital Martinsville Morgan 108 454 66
George Ade Mem. Hospital Brook Newton 40 NA 74
Bloomington Hospital Bloomington Monroe 347 52.7 74
St. Vincent Carmel Hosp. Carmel Hamilton 100 NA 75
Central State Hospital? Indianapolis Marion 520 86.0 75
Comm. Hospitals of Ind. Indianapolis  Marion 519 71.8 75
Fairbanks Haspitalb Indianapolis Marion 96 79.2 75
Humana Womens' Hosp. Indianapolis Marion 87 46.0 75
Indiana Univ. Hospitals Indianapolis Marion 585 77.1 75
L. D, Carter Mem. Hosp. Indianapolis Marion 151 74.2 75
Methodist Hosp. of Ind. Indianapolis Marion 992 75.3 75
Richard Roudbush VA Indianapolis Marion 443 NA 75

Medical Center

5t. Vincent Hospital Indianapolis Marion 820 70.4 75
University Heights Hosp. Indignapolis Marion 119 60.0 75
Westview Hospital Indianapolis Marion 90 55.6 75
W. N. Wishard Mem. Hos. indianapolis Marion 413 68.7 75
Winona Mem. Hospital Indianapolis Marion 265 59.1 75
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Table C.1  Health-care facilities between 35 and 75 km from the proposed CSDP site
Facility Community County Beds Percent Distance from
average proposed site
occupangy. {(km)

Iliinois
Carle Foundation Hospital Urbana Champaign 233 NA 46
Mercy Hospital Urbana Champaign 222 55.4 46
Hoopeston Regional Hospital Hoopeston Vermillion 94 NA 48
Douglas Co. Jarman Tuscola Douglas 43 27.9 51

Mem. Hospital
U.S. Air Force Hospital Chanute AFB Champaign 35 62.9 51
Burnam Hospital Champaign Champaign 170 50.3 53
Cole Hospital Champaign Champaign 65 NA 53
Sarah Bush Lincoln Matoon Coles 172 59.9 61

Health Center
John and Mary Kirby Hospital Monticello Piatt i85 42.9 64
Crawford Mem. Hospital Robinson Crawford 67 NA 64
Gibson Comm. Hospital Cibson City Ford 40 NA 70
Iroquois Mem. Hospital Watseka Iroguois 68 NA 70
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APPENDIX D

RELATIONSHIPS AMONG SOURCE TERMS,
METEOROLOGICAL CONDITIONS, AND
LETHAL DOWNWIND DISTANCES

At the time of a chemical agent release it is essential to know how far a
lethal plume might travel so that appropriate warnings can be made and
appropriate protective actions can be recommended. The ability to do this
depends on the both release characteristics (i.e., agent type, size, and mode of
release) and prevailing meteorological conditions (i.e., wind speed, wind
direction, and atmospheric stability). To the extent possible, it is desirable to
know in advance the relationships among these variables so that precious time
is not spent performing analyses fundamental to making public alert and
protective action recommendations. This appendix is an initial attempt to
provide some of this analysis.

The following graphs were developed using the Army's D2PC
atmospheric dispersion code. They do not account for the effects of any site-
specific topography, vegetation, or meteorology (e.g., prevailing wind
direction, speed, or atmospheric stability) on resultant downwind Ilethal
distances (see Sect. 3 of this report). They show the relationships between
agent type, mode of release, source size, wind speed, and downwind lethal
distance. There is a separate graph for cach agent type/release mode pair.
Within each of these figures, the graph displays the log-log relationship
between source size and lethal downwind distance. From these graphs one can
determine how much agent is required to result in a given lethal downwind
distance under 3 sets of meteorological conditions. These three sets of
conditions are as follows:

1 m/s (2.2 mph) at E atmospheric stability,
3 m/s (6.7 mph) at D atmospheric stability, and
6 m/s (13.4 mph) at D atmospheric stability.

In reading these graphs the reader should be alert to the log-log scales and
interpolate between expressed values very cautiously.
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MAJOR PROGRAM DECISIONS

Emergen Planning _“Zon

How many zones are appropriate for the site?
What is the basis for setting distances?

What distances should they extend to?

Accident Assessment

What mechanism will be used to detect releases?

How will accidents be classified?

How will source terms be estimated?

What met data is needed?

What dispersion code will be used?

What rescurces and equipment is needed to support the code?
Who will make the assessment?

How will assessment results be communicated?

Command and Control

Who is in charge initially?

Who assumes control?

Do Army regulations allow a different decision process than the current
What command/control system will be used?

Will the communities give the Army authority to warn the public?

What EOC will be used?

What is the backup EOC?

Is ECC equipment adequate?

Trotective  Action  Options

What options will be considered and utilized?

What hardware and resources are needed to support options?
What installation is needed?

What will be distributed to the public?

What information/training is needed?

one?



Protective Action Decision  Making

Who will make the decision?
Will protective action guides be established?
Will the process be automated?

Communications

Who will be included in the communications network?
Who will be backups?

What equipment is neceded to implement network?
Will a standardized information protocol be used?

Public  _Warning

Who decides to issue the warning?

What is the warning source?

What is the content of the warning?

What warning system will be used?

What areas will be covered?

What equipment will be purchased and installed?
What is the strategy for rumor control?

Traffic Control

What arcas will be isolated?

What traffic control equipment is needed?
What are the personnel needs?

What equipment is needed?

Worker Protection

Which workers will require protection?
What equipment is needed to provide that protection?

Special  Pgpulations

What special populations exist at a site?
How will different groups be warned?
How will special populations be protected?
What equipment is needed?
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Medical Services

What level of service is needed?

What resources are needed to support that level?
How will scarch and rescue be conducted?

How will decontamination of injured be managed?
How will body handling be performed?

Tran rtation

What needs for transportation exist?
Are resources needed to supplement existing equipment?
How will people be evacuated?

Information Management

What functions require an information management system?
What resources are needed?

Mass Care

What is the need for shelter for evacuees?

How will people be monitored for exposure?

What decontamination capabilities are needed?

What additional resources (food clothing) are needed?

Reentry

How will the accident area be monitored?

How will food and water be tested?

What criteria will be used to determine safety of arca?
Who makes the reentry decision?

Preparedness

What types of public information arc needed?
What types of worker training are needed?
What pre-emergency agreements are needed?
What sops are needed?

How will preparedness be exercised and tested?
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