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This report develops information and ine.e6hnP";ollogics that bear on two 
major decisions for such a program - - ~~~~~~~~~~~~~~ emergency ~~~~~~~~~g zones 
and selecting protective action strategies. These decisiaais are based on the 
hazards po:;ed by the NAAP stockpile and ils djsp~sal.  
arc based largely on the ~ ~ s ~ r ~ ~ ~ ~ ~ ~ ~  of potential accidental relcases associated 
with interim storage and disposal activities and associated external events 
( e .g . ,  earthquakes and airplane crashes) the ~~~~~~~~~~~~ of natural features 
that can affect an agent release { ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~  featuses and meteorological 
characteristics), and the ~~~~~~~~~~~~ of peopBe and TCSOUI~CES (e.g., homes, 
schools, and hospitals) potentially affected b y  an accidental release. 

These hazards, in turn, 

A conceptually simple ~ ~ ~ ~ ~ ~ ~ ~ l ~ ~ ?  for  &term ining emergency 
planning zone (EPZ> h ~ ~ n d a r i e s  is developed and applied to the MAAP 
stockpile, and a recommended ElpZ and set of basundaries are identified. The EPZ 
consists of two zones, an immediate respcinse x . o m  <XZ> with a radius of 
approximately 10 km from the storage arcs and proposed disposal site and a 
protective action zone (PAZ) with a radius of ~~~~~~~~1~~~~~~ 25 km from Ehosc 
locations. Actual boundaries arc based on political ~o~~~~~~~~ or landmarks 
with which the local population is familiar. 

The report identifies the advantages and disadvankagcs of six categorics 
of protective actions (Le., evacuation, in-pliacc ~~~~~~~~~~~, respiratory 
protection, protective clothing, ~~~~~~~~~~~~ drugs, arid antidotes) and various 
options among these categories. ~ o t ~ n ~ i ~ ~ ~ ~  suitable options for the HRZ and 
PAZ general publics and i ~ s t ~ ~ ~ ~ ~ ~ ~ ~ ~  ~ o ~ ~ ~ ~ t ~ ~ ~ ~  a r c  idcmtified, and 
preliminary recommendations are made, For E e p x a l  ~ Q ~ ~ ~ ~ t ~ ~ n  in the 
TRZ, the recommended option i s  expedient sheltering, although other 
combinations of options (e .g , ,  using respiratory prcare~tissa while sheltering or 
evacuating) may also be suitable. For ~ n ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~  or impaired persons in 
the IRZ (e.gsp school childrcn and hospitalized patients), positive 
pressurization of a "safe" room in a hotise or building i s  T ~ ~ ~ ~ ~ ~ ~ e ~ ~ e ~ ,  For the 
PAZ, evacuation is reconmended for all persons. 



The viability of tbc reeommcnded EPZ and the effectiveness of the 
recommended protective actions depend oo the adoption a113 implementation 
of appiopriatz standards for comrnam9 and control decisions and for aleit and 
notification systems Given the possibility of rapid O ~ S C I  of accideats at NAA? 
and the proximity of civilian populations in  the BRZ, an ovcrall. command and 
coiii.ro1 struciure must be able to provide a decision on warning find protective 
actions in lcss than five minutes from accident detection. Somewhat mort time 
is available for the PAZ. 

x i v  



1.0 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). 
chief purpose of this document is to act as a preliminary aid to decisisn- 
making regarding the implementation of enhanced emergency planning and 
Preparedness. The Army recognizes that there is no 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. 
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. 

The 

It is the 

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 outcomes will not be automatically dismissed or 
i g n o r e d .  

The two major decisions that are addressed in this concept plan are 

m v e  act ion strategleh * - to protect human health and safety. The definition 
of planning zones follows the basic concept set forth in the E m e r g e n c y  
Response Concept Plan (ERCP) [Report SAPEQ-CDE-IS-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 proltective action zone; 
there is also an outcr zone, termed the precautionary zone in the E R C P  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 i s  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. 

and 

1 2  BACKGROUND AND OVERVIEW OF THE EMERGENCY PLANNING 
AND PREPAREDNESS PROGRAM 

This program is outlined in the CSDP Final Programmatic 
Environrncntal Impact Statement (FPEIS, U S .  Army 2988). As defined in the 
PBEIS, major activities to be undertaken include: 

1 



developmzsat of a new comrnarrd/control, communication and 
decision - rn aki ng 
dc%elopmewt of an improved technical planning basis, 
dt..relopmefit of improved emergency operating procedures I 

dcvcloprnent of improved exercise design and evaluaticn 
c o 11 d u c c i n Q ex e rc i ses , 
establishment of an oversight review board, 
coordination with appropriate statc and federal agencies, and 
development of a program to implement other emergency 

structure 

em erg e nc y 

preparedncss improvements. 

This program is to be implemented at thc eight storage/disposal sites to 

The ERCP 
reduce adverse health and environmental effects in the event of an accidental 
release of chemical agent. 
identified options for improving preparedness for accidents under all 
programmatic disposal alternatives. The programmatic accord of decision, 
issued by Under Secretary of the A m y  James R. Arnbrose on 23 Februavy 1988, 
specified that sn-site disposal was the alternative to be pursued at each site. 
This site-spei-jfir; coxicept plan addresses the framework for improving 
emergency preparedness for storage and disposal activities at NAAP in a much 
more specific and focused n ~ a n ~ i e r  than was possible in the ERCP. 

The program will be based on the E K C P .  

After the programmatic record of decision was rendered, the 
Department of the A m ~ y  (DA) and the Federal Emergency Management Agency 
(FEMA) initiated discussions regarding the development of a Memorandum of 
Understarndirig (MOU) whose purpose was to establish a framework of 
cooperation to idcntify their agencies' respective roles and responsibilities for 
emergency response preparedness involving the storage and ultimate disposal 
of chemical warfare materials and PO establish joint program. efforts in 
emcrgeslcy response planning, training, and information exchange, This 
MOU also ideiistified roles and responsibilities for the Department of Health and 
Human Services (DHHS) and the Environmental Protection Agency (EPA) and 
set up a FEMADA 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 signed i ta  August 1988. 

With the assistance of FEMA, other federal agencies and contractor 
organizations, thc A m y  is in thc process of upgrading the off-site or civilian 
emergency plans and procedures at each of the sites, analyzing training 
needs, evaluating communicarion system needs, and investigating warning 
systcm needs. Thcse activities, however, are fragments of a larger picture. 
The overall emergcincy planning and preparedness program €or the stockpile 
and its disposal is comprehensive and multi-faceted. As shown in Table. 1.1, 
the overall program involves the efforts of many parties (e .g . ,  various parts of 
the Army, including the installations and contractors, other federal agencics 
such as the Federal Emergency Management Agency, and the affected state 
and local jurisdictions). 

Although m n e  of the activities can be and are being pursued 
simultancously, there are interdependencies among many of the activities thai 
dictate a ternporsl flow to the program, as depicted in Fig, 1.1. 
program (scheduled eo occur between January 1987 and June 1990) is to 

Phase I of thc 
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ORNL-DWG 89-1621 1 

I PHASE Ill PHASE IV I PHASE I I  PHASE I I 
I Acquisition Plan 1 

Conceot Studv b 

Specilk Concept 
t 

Alerting Concept 
Study 

Specific Protective 
Action Stramales 

Dsvelop Standard 
arid Criterta 

b 
Provide Techmcal 

__ll)l Aspistam and 

Oft-Pos1) Plannmg Suppon 

Develop Interim 
Plans (On- and 

i 

R e v i s e  CAlRA 

I I 
Programs 

Manual 

Develop and I 
Conduct Medical 

Training 

Fig. 1.1. CSDP Emergency Planning and Preparedness Program Activities. 



reduction, as rrrcz.;mir;r! ~ I ; I I I ~  y by avoidance of fatalities given 
1 rdcasc 01 chemical agezt, nhviou4y thr niust irrilpor idilt 

the concept plan and iiiiplcaiznidiioli piocess. rhus,  whencvci 
zps shodd bc, 4~ivt-n by concern for public safzty. A secoild 
iii a preparediress strategy a d  capability that is publicly 
thus,  wcrkabiz. Thus, tiic goal of coniriiunity parfiripatioii 
thc c;iizc,;is affected by th: c;nz;g prcpaiedness 
to become part of thc. plailn1iic pi s. Fiiially sincc the-re 

are t t o ~ a l  of 8 storagc/&syosal sile.:, thc ellocatioil of resmIIccs carrnot be 
biaccd towaid m y  given sitc. t a c h  site, h ~ c v c ; ,  different needs and may 
opi for differczt appr0arh.x. It is therefore imp0 that zach sitc icCeives 
enhancenenxs that  3:: mort or less equivalent from a functional peispcctive, 
or arc ,lot dcc:ir3 :bat are Eunctionally cqnivalcat. Tlic cqiiitahle 
distiibttiiari of ieaoi uld also co,itriLritz to public arcepiai-tce of the 
ei-rttj gciicy preparcdncss pioprani. 
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Table 1.2 Technical Support Studies 

Stuclv Status Results ExDected 

Accident Assessment 

Protective Action Effectiveness 

Public Education/Risk Communication 
Strategy Plan 

Decision Making System 

Atmospheric Dispersion Model Review 

Reentry Planning 

Review of Protective Equipvent for 
Civilian Workers 

Public Education Program Technical Support 

Develop Warning System Evaluation 
Methodology 

Protocols for Biological Monitoring for 

Evacuation Studies 

Evaluation of Site-Specific Protective 
~ c t i o n  Strategies1 

Development of a Computer-Rased 
Emergency Information System 

Agent Contamination of Porous Media 

Agent Contamination of Agricultural 
Resources 

In progress 

In progress 

In progress 

In progress 

In progress 

In progress 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

FY 1989 

FY 1990 

FY 1990 

F'Y 1990 

FY 1990 

FY 1990 

FY 1990 

FY 1990 

FY 1990 

FY 1990 

FY 1990-91 

FY 1990-91 

FY 1990-9 1 

FY 1991 

FY 1991 

1 This is shown as a separate activity in a draft management plan for the CSDP Emergency 
Planning and Preparedness Program. 
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1.4 ALTERNATIVE LEVELS OF ENHANCED PREPAREDNESS 

The current preparedness plans for chemical weapons accidents at 
NAAP are described in the Parke Conrnty, Indiana, Emergency Operarims Plan 
(draft), the Vermillion Coun?y, Indiana, Emergency Operation P b m  (draft), the 
Verrniblion County, Indiana, Implementing Procedures (draft) and the N A  A P 
Public A 1ertlNotification Concept (draft). Enhanced planning can be defined 
in a great number of ways. One means of viewing enhancement is to define 3 
different preparedness levcls: 

min i inurn ,  
current state-of-the-art practice, and 
m ax i in urn p ro tee t i o IZ , 

Whilc no functional criteria for defining these three levels have been 
specified, they can be qualitatively defined as follows. The minimum effort 
would be to upgrade preparedness by making the most of available resources 
within each community and installation. Limited impvovemcnts in equipment 
would be feasible where it is deemcd 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 country. The basis for this level of preparedness is defined in 
NUREG 0654PEMA 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, accident scenarios. This W Q U ~ ~  likely have a very high price tag (and 
may, in fact, assume unlimited resources) and may be very intrusive on a 
community's everyday functioning. 

1.5 OVERVIEW OF THE PLAN 

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

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

Section 4 addresses the delineation of emergency planning zoncs, 
including thc iriirnediate response, protective action, and precautionary zoncs. 
A base case is devcloped for each zone along with a rationale for the 
boundaries. Alternative boundaries are also presented along with argumcnts 
for the deviation from the base case. The final determination of emergency 
planning zone boundaries wi€€ be made collectively by affected local 
governments, state government, the Department of the Army, and the Federal 
Emergency Management Agency. 

10 



Section 5 identifies protective action options for the population 
surrounding the proposed disposal site. The analysis defines what are 
considered to be legitimate options for varying distances from the facility or 
potential accident site. Protective actions for the general population are 
differentiated from 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 9V noted above), until decisions are 
actually made, the actual schedule is unknown. 

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

It 
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The features o f  the munitions that arc typically ~Ignificaaat for 
emergency planning are the quantity of agea~t in them wnd whctkcr they 
include energetic material (i-e-, fuze, burster and/or propellant). 'The former 
characteristic helps dctemine the size 01 a porera~ial x ~ e a s e ,  arid tlxc latter 
could significantly affect the niode of agent rclcasc (G .s . ,  wherlilcs UP not  there 
is a detonation). Since there arc no 1ergetic nauinitisus at 
accidental releases have been identifi that resiilt fmn detunaaian. 

2 . 2  ACCIDENT 

It i s  inipossible to know in advance all accidenis that could potentially 
occur. It is reasonable, however, to use ~ ~ ~ 1 o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  developed in rhe CSbP risk 
analysis (MITRE Corporation 1987) to help ound a range of feasilnle accidental 
releases. In particular, certain clnaracteristjcs s f  ~~~~~~~~~~~e~ nccidcnes assist 
in emergency planning by helping define p anraing ha:& accidcnas. These 
characteristics include their lethal  in diStdnCCs UlldcK Y'aT'rdb%C 

meteorological conditions, the duration of the selzease, and the mode of relca:.~ 
(i.e., complex, fire, or spill), Appendix A provides a listing of tfat potential 
accidental releases that were identified in the CSDP risk analyscs for the NAAP 
stockpi le .  

Since the number of containers at NAAP i s  classified, the probahilitics 
o f  these accidents, which arc dependerat a n  Iesventsry size, csnmt Be divulged, 
What is presented below is the range of  ~~~~~~~~~~~~~ fur all accidents 
identified in the CSDP risk analysis that c:ould p3ccur at NAAP. 

2 . 3  RANGE OF P 

As can be seen in Appendix A, the range nf potential rc:i~,ascs is fairly 
limited. Table 2.2 depicts all I ~ O I P - C ~ P Z ~ ~ Y I U ; I U ~  valucs f ~ r  rhe vah-idbles of 
interest (values rounded from infomation cr~niair~cd in A 
Death (ND) downwind distance (Fhe distaasce bcyisnd wl 
expected, based on application of the Army's D2PC az;nnspheric dwpwic i x  codc 
[Whitacre et al, 19861) under very stable rneteiclrologrcal etanAitB~ns (wind spced 
of 1 rn/s and E atmospheric stability) ranges from 0.7 b o  greater lhan 100 h a .  

An alternative way of portraying i~~~~~~~~~~~~~~ about accidental r c l e a ~ s  
is to identify what quantity of chemical agent woiild rcsaalt in what letlid 
downwind distance under different raeecorologicml cociditions and relcasc 
modes. Although this approach is urirelaled to the CTSDP risk andyslis, it has 
the advantage of relating source size t o  downwind distance for any  accidental 



Table 2.2, Values fo r  relevant accideirl rariaisles 

Variable - Values .. - 11--__- 

P r o b a b i l i t y  
13 u r a t i o II 
Mode of rcleasc Spill (comtinmous), fire (semi-conijnriocis), 

10-5, 10-6, 10-7, 10-8, 10-9 
( III i n . ) 10, 12, 30, 3?, 60, 360 

arid coirrplcx (cornlitlatioil of continuous, 
s ~ ~ i - c o i ~ ~ i i i u ~ u s ,  sild irrstantaiieous) 

NI) Downwind Distance 0.7 to >lo0 kin (1 i d s ,  E stability) 

releases that might not have been identified in thc risk analysiq. Table 2.3 
shows that for semi-continuous releases of VX (e e., as with an u n ~ n t r ~ l l e d  
fire), the lethal downwind distance increases by approximately an order of 
thrce to four for each ten-fold increase in sourcc size. For evaporative 
releases (c.g., as from a spill), on the other lrand, the downwind distance for VX 
agent is so low, due to the extremely low volatility of the agent, that no 
conceivable amount would result in an off-post relcaw due to atxiospheric 
dispersion. For instantaneous reieases (c.g., as from a detonatioil), values arc 
not p r e w m d  for VX agmi because no cxplssive releases havc bcez identified 
in the risk analysis for the NAAP stockpile ad because the D2PC atmospheric 
dispersion code does not sufficiently incorporate the evaporation of a VX 
cxplosion and providcs better estimates using the semi-continunus release 
mode. 

Table 2.3 Approximate ND Distances (km)  for alternative s o i a r t ~  
ternis and ~ v i n d  speeds (and Stability CoiiJitioiis) 

k g  1 m/s (E stability) 3 m/s (0 stability) 6 m/s (19 stability) 
(2.2 rnphjr (6.7 riiph) (13.5 mph) 

1 
10 
100 
1000 

A gent V X ,  Semi- Co nii rr ii o us Re 1 ens e 

1.0 krn 0.3 km 0.2 km 
3.9 km 1.0 kni 0.9 k m  

13.9 km 3.0 km 2.3 km 
44.4 km 9.6 km 7.1 krn 

................. ._ ... I_--.I. 

2 . 4  PLANNING BASIS ACCIDENT C;ATEGORIES 

From the range of accidental releases identified in 'Table 2 2 a d  
Appendix A, it i s  possible to identify five ( 5 )  types of rclcases that may usefully 
bound emergency planning and be considered in developing emergency 
planning zones (see Sect. 4). These types of releases ur cateRsries were 
selected principally on the basis of variance in downwind lethal distance and 
duration of release. The catcgorics are as follows: 

Catepory 1 .  A small release with no off-site fatalities. 



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

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

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

Categorv 5. An earthquake-based continuous release with fatalities 
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) .  
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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 (23 
miles) south-southwest of Danville, Illinois. The clileinicall storage area arid the 
proposed CSDP facility site are located in the eastern part of NAAP 
approximately equidistant from the installation's northern and southern 
boundaries. The site is approximately 4 km from the nearest residential 
community and within 1 krn 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 o f  natural 
features that may affect an accidental agent release (Le.* topographic features 
and meteorology). Furthermore, the location of people and resources 
potentially at risk (i.e., population at risk and potentially affelcte 
and institutions) must also be considered in determining emergency planning 
zones.  

3 . 1  SITE TOPOGRAPHY 

NAAP is located in a relatively fiat, 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 would pool a 
release occurring under light winds and stable atmospheric conditions, 
allowing the agent to move up or down the valley. 
enough, hawever, to act as a barrier to the further eastward movemcnt of 
agent released in higher winds and unstable atmospheric conditions. 

The valley is not deep 

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 on the 
basis of distance from the storage/disposal site and the time required for the 
agent to move a given distance under alternative wind speeds. Topographic 
features C ~ K I  be useful, however, in defining emergency planning zones that 
are readily identifiable to the public and emergency response teams. 

3.2 ATMOSPHERIC DISPERSION OF AG-Em AND SITE 

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 meteorological conditions in 
dispersing agent and identifies the historical distribution of those 
met eo ro 1 o g i c a 1 c Q xid i t i 011 s . 
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Absotutc  Elevation 
Direction 19 e s c r i pt i on Distance el evat i n n  retdtiive t o  

{km) ( IS1 i NAAP (m) 

m 

SE 
SSE 

S 

SSW 
sw 

NAhB 
Little Vermillion Rivera 
Wabash Rivera 
Little Vermillion River 
Wabash River 
Little Vermillion River 

abash River 
Wabash River 
Wlabash River 
Turkey Run State Park 
Wabash River 
Town of Rockville 
Wabash River 
Town of Mosilezuma 
Wabash Rives 
l i lsmn Creek 

Norton Creek 
Town of Dana 
City of Paris (Illinois) 
No sig. topo. featwe 
No sig. tops. €eatwe 
Littie Vermillion River 
Little Biermillinin River 
Little Vermillion River 

city of Clinton 

8 
4 
7 
4 
6 
4 
6 
6 
6 

2 4  
5 

18 
6 
9 

1 1  
1 1  
5 9  

3 
8 

3 4  
NA 
NA 

5 
4 
3 

0 
- 7 0  
- 4 0  
- 7 0  
- 7  0 
- 4  8 
- 7 6 )  
- 7 0  
- 7 0  
-5  0 
- 7 6  
- 1 0  
- 7 0  
- 5 5  
- 7 8  
- 5 5  
- 5 5  
- 5 5  
- 5  5 
- 4 0  
N A 
N A  
- 7 0  
- 7 8  
- 7 9  

The "bluffs" of the Little Vermillion River and Wabash River vary in Itcighe fwm 
approximately 15 EO 45 rxn. 

The most important meteorological fcatures are wind direction, wind 
speed, and atmospheric stability. Wind diaec;tioxa determines which ;~reras are 
downwind of the release and can be expected to  be csmtaminated, 'Wind spcced 
is critically important because: it determines the time far a given rc:ease to 
reach a specified downwind distance and also affects the diskanczsidosages 
resulting from a particular release. Atmospheric stabiliby provides an 
estimate of thc ~ ~ ~ u n ~  of mixing that affects downwind distance: a n  
addition, air temperature is a kc tor  in determining glusne rise and for 
evaporative releases, the rate of volatilization, 

The D2PC computer program, dcveloped by elne U.S ~ Army's CIiernicak 
Research" Developniexit, and Engineering Center (Whitacre, et al. 1988h), was 
selected to estimate downwind doses of ncrve: and mustard agc~nts resulting 
from accideutal releases (set: Sect 2,). The D2PC computer program {or code) i s  
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an air dispersiorp model that assumes a Gaiissiau distribution o f  agent in the 
vertical and cross-wind directions as the agent dispeises downwind. The code 
predicts dosage of ageini expected at  loca ss downwind of  a rekasz. The 
greatest advantagc of the code is that detailed information on the type of 
accident to be modeled is incoyorated in the code. Input parameters inclndc 
type of agent (GB, VX, or mustard); mode s f  release (explosion, fire, or spill); 
and duration of thc re!ease. This detailed characteriLation of the source term 
is one of the strengths of the model. 
included in the code to estiliiatc thc removal of agent vapor from thc 
atrnospherc due to surface deposition during transit from thc point of release. 
Although moie complex dispcrsiorr codes are available, the assumption in thc 
D2PC x e d e l  of straight-line transport with nsn-varying meteorological 
conditiolis results in conservative estimates of the effects of releases (i.e., 
actual marlts should be less). 

A vapor depletion technique is also 

As is the case with all air dispcisioii riiiodelc, the D2PC model contains 
inaccuracies which must be acknow!edged. Specifically, the DZPC model does 
not account for topography, changes in wind direction over time, 01 ally 
spatial changes in atmospheric conditions. l h e  iiiodel makes a numbci of 
adjustments to compensait: for these liinitations, but the basic slrcrrtcsmirigs of 
the model reniairi and have bcea conside~ed in the analysis. 

- 

Use of the D2PC model, while : m f d  as an ariaiytical tool for estimating 
downwind distances for planning puIposcs, may be inappropriate for use in 
real-time coiiditions of an agent reledse. If it is used for such purposes, the 
available options of considering cha’iigcs in w i l d  speed, mixing height, and 
atmospheric stability over time should be incorporated. As noted in Sect. 1, a 
study is iinder way evaluating arn assorimst  of dispersion models that would 
be useful undcr  real-time accident conditions. 

The NAAP ares has a humid and quite variable climate because it is 
located in a transition area betweer; the warn? southern and coo1 northern 
climates. ‘The climate in thc arcs can bo. characterized as contiiiental, with 
corresponding wide ranges in tempcramrc. Extreme temperatures above 37OC 
(100OF) and hclow -1’7OC: (0OF) occur occasionally but do not last for extended 
periods. In the winter, cold waves from Canada pass through frequently, but 
are usually modified slightly by the tiuie they reach the area In the summer, 
periods of warm and humid weather occur when insist air fnsm the Gulf of 
Mexico moves into the arca Spring aild fall are noted for dramatic changes in 
the wcabher, often caused by a rapid succession of fronts. Precipitation 
anlnun2s, averaging about 102 cin (49 in) per year, are greater in the late 
spring and early surnmci and are less during rtnrirrg the winter than other 
periods of ihe year. Large-scale s y ~ t  s cause mricb of the precipitation 
during thc fall through spring. w h i k  tfiiuldetsEolms produce most of the 
precipitation in the srmimer. The annual probability of a tornado striking 
NAAP 1s about 0.0014, or an ocmrre-r;cc of oncc c-xry 780 years (Tho111 i963). 

The prevailing winds are from the south in rhc NAAP area. This i s  a 
consequence of the local topography, which modifies wind direction from the 
prevailing southwest direction g z n e d l y  found in thc central United States. 
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Anaiual frecjeaencics of wind direction and speed at Terre Haute, are depicted in 
the anrind rose (Fig. 3.2),1 This figure depicts the annual joint frequency 

from each direction are plott as individual bars that extend from the center 
sf the circuPar diagram. Wind speeds are denoted by bar widths; the frequency 
of wind speed within each wind direction is depicted according to the length of 

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. 

wind direction. In this figure, winds blowing 

e bar. Mote that the points on the wind rose represent the directions f r o m  

Figurt: 3.3 provides an alternative means of portraying similar 
information for all atmospheric stability conditions. Appendix 13 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 
cond i t ion .  

~~~~~~~~~~~c~~ conditions and the type of release determine nhe effect 
that topography has on the flow of an accidentally release agent. The 
dispersion of a ground-ievel 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 estimated 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  meteorological conditions would also be less. 

The ultimate 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 release 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, i t  is important to know where people 
are, whether thcy 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 distribution of the population in the vicinity of NAAP can be 
described in terms of four fundamental categories: (1)  nighttime population, 

I 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(1ocated between NAAF 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 MAAP. 
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characterized in terms of residential population; (2) daytime population, 
characterized in terms of place of employirienr (for working adults) and 
schools (for children); (3) institutional popiilations, characterized iii terms of 
schools, hospitals, nursing homes, and day-care centers, and other such 
facilities; and (4) other special populations, including transient populations 
and people located in the vicinity for recrcational purposes. 

The chemical agcnt storage area and proposed CSDP plant site at NAAP 
are located approximately 0.7 km from the eastern boundary of the 
installation. 'I'he area surrounding NAhP is  predominantly rural in character. 
The nighttime population within 5 krn of thc proposed plant site is estimated at 
approximately 935,  with approximately another 3,500 within 10 km at the time 
of the 1980 Census of Population (see Table 3.2)- Another 16,511 live within 20 
kin of thc proposed site, for a total of approxi1n;akly 21,000 within 20 km of the 
proposed location. 
The residential coiicenkratians nearest the sitc include the small conmiunities 
of Newport to the northeast, Dana to the southwest, and Moiitezuma to the 
southeas t .  

About 80,900 live between 'EO and 35 k m  of the plant site. 

Table 3.2 1980 population distcibution around the NAAY proposed 
p l s ~ t  site" 

Iricremencal population data at specified distances (krn) 
Direction -. ................. I____ ....... 

0 - 1  1 - 2  2 - 5  5-10  10-20 20-35 35-50 50-100 

N 
NWE 
NE 
Ern 
E 

ESE 
SB 
SSE 
S 
SSW 
sw 
wsw 
w 
WNW 
NW 
N N W  

TOTAL 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 

7 4 5  
8 so 
8 a 9  
7 3 9  
7 2 4  
8 3 3  
8 5 8  
9 7 3 
9 7 9  
9 8 3  
7 5 8  
6 4 6  
6 3 7  
6 3 1  
6 3 2  
7 3 1  

24 hi 
199 
1 9 7 
5 8  
1 2  
8 5  

9 0 6  
27 0 
25 8 
4 9 7  
24 1 
163 
1 2 s  
102 
9 5  

110 

4 3  118 7 7 4  3,564 

1,053 
6 6  1 
900  
5 25 
884 

2,176 
1,466 
1,080 
2,494 

926 
633  
4 24 
55 1 
645 
896 

1,197 

16,511 

4,352 
3,684 
1,946 
1,022 
1,413 
1,624 
1,883 
4,852 

14,394 
1,321 
6,022 
1,816 
1,283 
1,821 

15,736 
17,676 

3,438 
4,242 
3,416 

15,306 
2,597 
3,435 

12,719 
12,083 
82,026 

2,882 
6 J 7  1 
1,463 
2,64 1 
2,792 
7,45 1 

33,125 

80,867, 196,387 

11,664 
49,266 
95,220 
5 2 , a  59 

15 2,744 
69,358 
32,072 
29,612 
30,626 
22,045 
22,426 
5 1,426 
23,215 

137,661 
36,135 
19,725 

836,955 

Source: U.S. kpar t rnent  o f  Commerce, Bnreau of the Census 1983. C O U P ~ ~ ~  and City 
Data Book, U.S. Govelinment Printing Office, Washington, U.C. 

26 



Although the 1980 p ~ ~ ~ l a t ~ o ~  estimates presented in Table 3.2 may be 
reasonably accurate regarding current c ~ ~ ~ ~ ~ i ~ ~ ~ ~  they may eitlacr over- or 
under-estimate the population at specific points. Updated estimates will be 
assembled for site-specific environmental ~ ~ c ~ ~ ~ e n ~ ~ ~ ~ ~ ~ n  for  he CSDP at 
NAAP. Even these estimates, however, should be reevaluated during site- 
specific emergency planning, particularly far  critical locations close to the 
storage area and the proposed GSDP plant site. 
of population can be obtained hy several meahods, including review sf 
residential building permits and utility conneetian records, windshield 
surveys, and use of up-to-date aerial ~~~~~~~r~~~~~ 

More accurate localized counts 

As of February, 1989, ap soxirnatc3y 320 persons, including 3 12 
operating contractor personnel, one military official arid seven civilians, 
were employed at NAAF. Personnel ixlvolwd in sure~y sgerations at the 
installation are trained and eqtlippcd to work in toxic environments. With the 
possible exception of some security ~ e ~ ~ ~ ~ ~ ~ ~ ~ ,  othcr employees may not be 
trained and equipped to p r ~ t t ~ t  themselves from an a ~ c ~ ~ ~ ~ ~ ~ ~ ~  release of 
chemical agent. 

Complete data concerning the daytime ~ ~ s ~ r ~ ~ u ~ ~ ~ ~ ~ ~  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 em Ecyniemt, institutional populations 
such as schools and day-care centers, and other ~ ~ ~ ~ ~ ~ ~ ~ i o ~ ~ l  populations in 
the potentially affected area. Three schools are located within 12 km of the 
proposed disposal plant site: Newgore EBenaentnry ( 125 students), Cayuga 
Elementary (235 students), and Montezmma ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ y  (250 students). Table 
3.3 identifies school systems within 25 kana 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 ~ c ~ ~ e ~ ~ ~ ~ t i # ~  of Hospitals (the 
Vermillion Convalescent Center located in Clinton), other health-care 
facilities within 35 km of the sites are listed in Table 3.4. 
health-care facilities farther away that might be needed in emergency 
r e s p o n s e .  

Appendix G identifies 

Table 3.3 School systenrs w~~~~~~ 25 m of NAAP 

School system NUmbCr Nurnbcr Number 
of schools of students of staff 

I n d i a n a  
North Vermillion 
South Vermillion 
Parke 

I l l i n o i s  
Edgar County-Chrisman 
Vermiliion County- Westville 
Vermillion County-Georgetown 

4 1,050 135 
5 2,130 24 5 
3 1,825 100 

2 
4 
6 

4 7 4  5 8  
1,277 1 3 9  
1,643 1 7 4  
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Table 3.4 Health-care facilities within 35 km 
of the proposed CSDP site 

Hospital Community County Beds Percent Distance from 
average proposed site 

.--. OCCUDa ncv (km) 

Vermillion County Hospital 
Paris Community Hospital 
Hamilton Center 
Tene Haute Regional Hospital 
Union Hospital 
United Samaritan Med. Center 
VA Medical Center 
Clay County 
Community 
AMI Culver Union 

Clinton 
Paris 
'Terre Haute 
T a r e  Haute 
Terre Haute 
I) any i 1 le 
Danville 
Erazil 
Williamsport 
Crawfoordsville 

Vermillion 
Edgar 
Vigo 
vigo 
Vigo 
Vermillion 

Vermillion 
Clay 
Warren 
Montgomery 

5 6  51.8 
9 8  27.6 
3 6  61.1 

236 51.7 
28 8 76.0 
415 NA 
860 NA 

7 8  30.8 
35 NA 
8 4  52.4 

1 4  
2 2  
2 8  
2 8  
2 8  
3 0  
3 0  
3 0  
3 2  
3 4  

Source: American Hospital Association 1988. Guide lo the Heallie-Care Field (Chicago: 
American Hospital Association) 

3.4 CBMMIJNITPES AFFECTED 

In the event of an accidental release, emergency response will likely be 
coordinated by the installation through local governmental jurisdictions, 
including cities, towns, and counties, Table 3.5 provides a listing of  potentially 
affected communities within 25 krn of the proposed plant site. This table also 
identifies each community's distance and direction from the proposed plant 
site. 
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Table 3.5 Communities within 25 km of proposed 
CSDP plant site by distance and direction 

Distance (km) 1986 population Direction 

I n d i a n a  
NeWp0l-l 
Si lverwood 
Coal Creck 
Perrysville 
Lodl 
Cates 
Tangier 
S yl v ania 
€1 ar v e y b u r g 
King man; 
Yeddo 
B loorningdale 
Annapol i s 
Marshall  
Coloma 
Rockville 
Montezuma 
Catlin 
Highland 
Alta 
Mecca 

Numa 
Fairview Park 
CliPltOD 
Universal 
St. Bernice 
B lanford 
Dana 
Cayuga 

EyfOI'd 

I l l i n o i s  
I,ogan 
Scotland 
Chrisman 
Ridge Farm 
Georgetown 

770 
90 
20 

5 4 0  
9 0  

200 
6 0  
7 5  
4 0  

5 9 Q  
100 
390 

85  
400 

4 0  
2,740 
1,130 

9 0  
5 0  
5 0  

4 8 0  
360 

6 0  
1,600 
4,780 

400 
9QO 
700 
700 

1,310 

N A  
108 

1,280 
1,050 
4,020 

N 
N 
N 
M 

NNE 
NNE 

NE 
NE 
NE 
NE 
NE 
E 
B 
E 

ESE 
ESE 
SE 
SE 

SSE 
SSE 
SSE 
SSE 
SSE 

s 
s 
s 

ssw 
ssw 

SW 
NNW 

SW 
wsw 
wsw 
W 

WNW 

4 
13 
2 1  
23  
1 1  
1 8  
1 2  
1 4  
18 
18 
2 2  
15 
16  
2 1  
13 
18  

8 
2 3  

7 
9 

16 
2 2  
2 4  
18 
2 1  
25 
17 
2 2  

8 
1 2  

2 2  
18 
2'4 
22 
2 5  
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'H'la'j2 section presenlb ze sys tma t i c  nsth~sdO'8ogy that can 'ne applied to 
identify emergency planning zones at sites storing arrnitary chcnaical weapons 
and agerat in the coiatiraental United States:. This ~~~~~~~~~~~~~~~ Ioiacuses 
planning on site-specific s~oc;kpile storage and disposal risks and other site- 
specific cor~ccrns such as population distribution, meteorology, arid 
topography .  

Tihe next sectiwsl presents a t l w x y  of C ~ ~ Q I - ~ E ~ B C Y  planning zones. That 
is followed by a discussion of the spaiial diszributioa~ of risk and hazar 
Eourth section outlines how geographical bouridamies can be established, 
Finally, application criteria are specified to operationalize the procedure. 

The use of zones is riot a nr-~vel apprmch in cmergewcy planning. 
Floodplains and Floodways are defined in thc nation flood insurance 
program. California has spccial planning mnes ina cas of high earthquake 
risk. For hurricanes Maximum EnvzXopes o f  Water ( EOWS) dtive evacuation 
planning. Zones have also been established for nuclear power plant 
emergcncy planning. Tn this sectio~n t ie  present a thcory r f  how to structure 
planing zone concepts. 

A variety o f  accicients associaeed with oti-sike stockpile disposal can 
occur. Logically, they can o c c ~ n  at a chemical weapons storage 
buildingligloo, at the incinaerahur plant sire, ~h in transit. '8'hc distribution 01 
hazard from thcsc accidents i s  based on a iienmber oC Factors including how 
much agent is released, haw j t  is released, the duration o f  elie release, the 
metcorological conditions during the release, and tbe effects of topography on 
agent dispersion. Source tenns (or the amount u f  agent sclcased) can range 
from m a l l  amounts with little potenrial. for Zlcaith risks 40 very large amounts. 
The hazard frorii any singlc accident s t ~ n a t i o  (i.e , eliminarixag the source 
term variability) cannot be easily p~edictzd ~ C C R I L F C  o f  t h e  remaining 
variables that affect distribution. idn avcrage, the ri Inam any single 



accidcn: decrease as the dislancc away from the point of release increases. 
Thus, the potcntial for being exposed from agent in any given accident are 
grseter as oiie gets closcr to the zccident site. The potential consequences of 
cxposiirc also decrease with distance, The risk that an exposure would cause 
fatalities are greater P S  OIIC gets closer to the accident site. 

4.1.1.3 Level of effort 

A q  the risk ant! kaisrd from an accident decreasr and distance from the 
source tern; increases, the levcl arid type of planning required also ehange. 
Lower risk nie<kns that response is less likcly to be nccded. Lower hazard 
means h i t  i?,\posurc is less likely to occur. Greater distance rncans that more 
tiinc is available for iesponse. The major plaxsiiing and response elements that 
are af f tx tcd iricliidc rnobilitation of emergency personnzl, communication 
systems. alert and notification systems: protective action options, 
decontamination and medical resources, public education and information, 
trainirig IJCCX~S, exercises, and mass caie/relocation facilities. Fer example, for 
resowces inear an accident site a very rapid warning is needed: as distancc 
increases the amount of available response time increases, relaxing the need 
fox rapid warning. 

4.1.1.4 N u m b e r  o f  zones 

S i x c  it is perhaps impossible and at least unrealistic to  implerneni 
emergency iespoiise plarrc that vary continuously with distance, it is 
ncccssary to establish eoiies to differmtiatc activities. This may be 
characterixcd as a class interval problem This problem rsiscs a number of 
thisrny issues. IIow many zonzs are appropriate? How should the boundaries 
of the ~oi les  be oszabl;shed? At what distances should zones change? Mow can 
zones be differentiatd so that people living near boundaries understand thc 
i II h e re ii t d i f f e re n c e q i n p 1 an 11 i ri g req 1.1 i re d ? 

The 3:aliiological Emergency Planning (REI') PrOgraiJl for fixed site 
nuclear power facilities uscs a 2 zone concept (ref) The PEixme Exposure 
Pathway Zonc has a radius of about 10 miles while the Plxne: Ingestion 
Pathway Zone has R 50 mile radius. The 10 mile criterion was established based 
on probabilistic risk assessment of reactor accidents. Critics have suggested 
that such a zoiie should be changcd to anywhere from a. 1 to a 25 mile radius. 

The ERC? for thz ('bcmical Stockpile Disposal Program d e ~ r i $ t ; d  an  
altcmativc set of 3 piariiiirrg ioiics based on a conccpt dcv~loped at ORNL. 
Emergmcy plairnin9 7011~s ( IPZ)  concepts were developed in that docurillcnt to 
suppo:L the devdopiiznr @I' fixed-sitc and transportation alternative 
emcrgcnacy response concepts for the Final Programmatic Environmental 
Impact Statement (IoPEIS) and the Army's deliberation concerning a 
plogranl ilia1 ic deciqion EP'L~, developed i t 1  consideration of  thc  risk analysis, 
available respornsc time, distance, and protzctive action options, establish the 
arcas wherc the einergeilLy izsgonse conccpts were applied. The EPZ coiicept 
and its threc mnes reflect the differing emergency reqponse requirements 
associated ->>iih the poicntiai rapid onset of an accidental release of agent and 
thc amount o f  time that may be available for warning and response. They 
wenc: developed iii recognition of the importance of comprehensive 
emergency response piarrning anti support systems for rapidly occurring 

32 



events and the critical nature of such programs in areas nearest the release 
p a i n t .  

The EPZs were intended to guide the development of emergency 
response concepts, and were not intended to be applied mechanisticaiIy or 
inflexibly to specific sites or alternatives or to 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 consistent1 y 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 zane is the precautionary zune 
(IT). The subzones discussed in the FF'EIS 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 areas nearest to the stockpile locations 
stiouid be given special consideration, because of the potentially very limited 
warning and response times available within those areas. An IRZ is defined 
for the development of emergency response concepts that are appropriate for 
immediate response in areas nearest to the site. 

The IRZ is defined as an area inside the P A 2  where prompt and effective 
response is most critical. 3ecause 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 Iess 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 installalion boundaries. 
These impacts 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 
given the constraints of h e .  

The full range of available protective action options and response 
mechanisms shauldl 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 
nnixst 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 areas within the XRZ 
nearest to the release point, 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 
soncentration(s) of agent(s1, expedient OT pre-emergency measures taken to 
enhance the various capacities of buildings to inhibit agent infiltration, the 
~~~~~3~~~~~~ of individual protective devices for the general. public, the 
accuracy with which the particular area, time, and duration of impact can be 
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hypothetical release 

Fig. 4.1, Three-zone concept for the emer encg plarnnjng z+Ile, 
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activities could be based principally on broad-area dissemination of 
eniergency pu1)13r, inlimnation at thc time of an accidental re!case of agent. 
Because of thc. substantial warning and response time available for 
implemenratioo of response actions in the P Z ,  detailed local ennergerncy 
respome planning is not required, but coordination of local emergency 
rnariagers may prove usefui. 

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 Technologies 1887a, b9 c, and MI’IXE 1987) identifies a range of accidents 
with potent;al off-site consequences (see Sect, E for a disciassion of thc 
distriblltioii of accidents identified for NAAP). It does not identify accidents 
with small conseqwnces (less than 0.5 kna lethal downwind distance undcr 
1 m/s witids and very stable atmospheric conditions), cxtrcmely low 
probabilities (less than lO-g) ,  or accidents resulting from deliberate acts of 
sabotage or terrorism. Giver1 the caveats that risk analyses do not identify all 
possible accidents, and that historic accidents of significant size (TMI, 
C l b ~ m ~ b y l ,  Bhopal) have not becai predicted by risk analyscs, the PRA does a 
crcdiblc job in identifying a range of events that can serve to forinulate 
planning basis accidentc. 

The events include storage accidents, transportation accidents, 
handling accidents, and plant operations accidents. These are caused by 
external everrrs sircli as carthquakes or plane crashes, human errors such as 
feeding miinitions into the wrong incinerator or puncturing a munition with 
a fork lift, arld rnecbainical failures such as a fire or a truck crash. 

Chemical ageiit is released from accidents in several different ways, 
The type of rdeasc detcmincs how much agene is available in forms that can 
be transported downwind. Modes of release include explosions or detotzations 
which cauw agene to aerosolize virtually instantaneously into small particles, 
fires which vaporizi: agent on a semi-continuous basis, spills which cause 
agents to cvaperate, OP some combination resulting in a complex release. 
Fuehcmm~re, releases can be of short duration, which results in a discrete 
puff or cloud which m o w s  dowgwind, or of long duration, which results in a 
plume extending dow7~wiird over a longer time frame. 

The height of a release and whether or not fire i s  present is  also 
important. The height may be influenced by agent corning out of a %tack 
versus a gi-oiind-level release, or a release may be elevated due to an explosion 
which propels it into the atmosphere. Fires cause thermal buoyancy which 
lifts the agent to greaicr heighis. At greater heights the agent is likely to 
trave! downwind more quickly but lower ground-level concentrations of agent 
would occur dlie to increased mixing. 

4 .1 .2 ,2  M e t e o r o l o g y  

Meteorological conditions, along with topography and the naturc of the 
re!eara, deterrc.;n:: in what diiecrion and how a release of agent disperses in 
the cavironmeni. Wind direction docs not detcmminc dispersion but does 
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Whcu a rclcase occiirs the wind di recticm obviously determines the 
general direc;ion the plume will move. Shifts. in wind direction will cause the 
plume to xneaxadzr 0 8 ,  ii viewed frol;~: above, to snake back and forth, Plurnes 
are TnOre likcly 90 oaeamde:s under low widad speeds than at high wind sprcds 

Mcchanical mixing and BIC:~! in& and cooling are shc main dctemiinancs 

When a kiglf BevcJ. of' mixing occurs the  plume travels less disiancc 
o f  stability or the a~'im~t12 :,f mixirig that Q C C U ~ S  as a cloisd 51- pInme move 
dowsrwiod. 
downwind bus covcr a wider area. 'When con itions are more stable, little 
mixing occurs and 80ngcr an '(1illrOwt"r plumes result. 

Topography aIkc?s t l i ~  dispersiw of agent in two significant ways. 
First, the roughness o f  the heirdiir helps de~crniirse ihe amount of turbulence. 
The larger ihe obstacles that wind flows c m x  the more turbulent the 
atmosphere. Thus, pBunies travel furlher over s m x ~ t h  terrain than rough 
lie-srain. Second, lanidscapc features such as muuntairias and valleys block tine 
flow or channel the flow o f  a ~ I I I K I ~ C .  
dike, the concentration increases 011 thc windward side o f  the nbstack as the 
agent po(3h and 231s: pJ1mine bmlges o u t  against t1x obstacle. Cooversely, the 

enough, particularly under si~hblc coaaclitiotac;, the pitime will be trapped. If it 
is a niinss feature, pooling QIHI still ~ c e u r  but the plume will spill over the 
topographic barrier a i  a rcduced G C J I I C ~ ~ E ~ ~ ~ ~ ~ U I ~ . .  

A s  a plunae collides with a mc~imtain or a 

csace1s.tratinn ofB the lee side roc the ob:<taLk is Iedllced. I f  the feature 3s high 

4,B,2.4 Pop 

Planning zones c m  bc estnhlislid as cmccniric c i r ~ l e s  with fixed radii. 
Alternatively, 3 fixed radii cars. provide guidance with the boundaries bcing 
determined by political, Imrnan, and topographical features C P ~  thc 
environment. The ?niter approach Y S  strongly preferred bacausc people can 
nmre easily identify features of tlnc local environmei~t than they can a line on 
a map. 

Emergency planning and  response capacities arc iisually organized by 
political units caunries. parishes, citics, townships, and SO forth. Thus i t  i s  
desirable to  have pl anrring zones coi wide with political boundaries, 
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ii alc considcrcd in thc criteria. The f i r s t  
i t w  is available beFore a threat exists. The 

line the recomnznded distances for 
p p r  \ e  what is (are) the geographical area(s) at 

- 
g c ~ c r i ~  I K /  niir i  t a site. liic boundaries of the PZ 

d although local governments may wish 
to set tlicrit hasf%(!  ofi C , I I : ~ \ ,  iq)hir :rcridc,it potciitial at a si tc (sec below). 
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dt=arh dose distanc:r,s 'JJCX calculate:! for each accident scenar io using the U2YC 
code. We have expt I i i t l y  cxcludzd rekarcs resiiltiiig from exieinai events 
(n .~ . ,  cart!iqnakc<, iiieteolite strikes, pfdne crashcs) for thc rationale described 
in Sect. 4.1.5.3. 

-1 i lie lRZ siiould conLiiIi lethal plunics from credible. accident scernai ios 
uircicr all except stable iiietcnrological conditions [when sufficierit time exists 
10 respimd because of the associated low wind speck).  l h u s ,  the IRA distance 
should bc expdnded irorn 10 km as r c p ~ ~ e n : c d  in the E R L ' P  to contah the 
downwind no dczths diqtances of ciedible  ion-external event accidents under 
3 m/s and D staliliiy iiieteorological conditions (plus aii imxrtainiy band of 
approximately SO prrcent). 

Thr-: PAL should contain plumes from crcdible accidcni sccrnnrios wider 
more stabk weather csondiiions. Thus, the PL4Z distance be adjusted from 35 kril 

as ideittified in the ERCP to contain the downwind lii) deaths distances of 
crediblc non-cxtcmal evcnt accidents under 1 m i s  ami E stability conditions 
(plas an uncertainty band of approximatcljl SO pzrccnt). 

4.1.4.2 Setting the actual bouildwaies 

1 he generic conccntiic-radii boundaries based 011 the above criteria 
should he Zdjusted based on d number of criteria as follows: 

l'hz b o ~ n d a r i e s  of tkc gcireric IRZ aiid PAZ should be adjusted to accoiii7i 
for local topugrapliical features which may i1iiemc:t with meteorology 
to affect dispczion. 
Thc boundarks of time BRZ arid PAZ shvultl not bisect a populated urban 
arca bur  should be adjusted to include those arcas. 
Wiincx boundaries of thc generic zones coincide approximately with 
palitical bsuiidarics, the political boundary shoiild bz uqed as t h e  
bGr t i idafy  of the 7X)lle. 

Wheie no political b o u d a i i e s  coincide, it is desirable to use a featurs of 
Inndscapc: such R Q  a road. highway, or rail line or a ilatiiral 

11 aq a river or creek as thc boundary of an IRZ (BT ?AZ. 
When no natural, pt-JliiiCa17 01 hum boundary exists, a concentlie 
circle with i i~c  appropriate radiarc 111 bs used as a boundary. 

based on hazard and accidcnt 
rl i s 1 rib 11 t ; o ns , W P  Irlded external event acridcnfs. This was doirc for thi 
reasom. F m t ,  s cvelits arc iftcil low pIobdbiliry evects that coiimdict a 

stl.ik,s or p l m t ~  tallirig out of the air 39 initiatinp evcnts. Second. the event 
that C ~ I ~ S ~ S  the  :is.rideni iiiay a1w reducc OP dimina te  ~~spo inse  capabilities as 
in the L ~ S C  of Lhe earthquake. Third,  such events include largc consrquencc 
evefibs thaf strctrlt atiitospnt:tic dispersion modeling capacities beysnd its 
limits, resultiiig in downwind ha7ard cstirnaies that are fairly unrcliablc. In 
any case. wc Selicvc t detailed planning is not iiccdcd when time allows a 
rcsponse to bc Implemeiiic9 as an expansion of acrivities beyond the PAZ. 

sc approarlr to plmniirg. Thus, on2 docs 1 - d  plan for riiereoi;te 

'' 

If energcncy plailners arc coiicerned with large catastIoplLic events, a 
formal dcsignation of the pitxriiitionwy Lone can be made. In no cases can w e  
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envision it extending more than 100 krn. 
accident scenario and transport conditions that would lead to a Iethal dose of 
agent to exceed that distance. It is also possible to increase preparedness in 
this zone beyond what is suggested by the ERCP. 

It is almost impossible to develop an 

4 .1 .5  Conciusioits regarding the EPZ boundary determination 
m e t h o d o l o g y  

In this section we have attempted to lay out a rationale and a systematic 
methodology for establishing emergency planning zones around the facilities 
that wilf 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. In 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. 
map do not adequately differentiate levels of risk. 

Lines on a 

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 to 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 cancentric circle boundaries are estab 
based on the distribution of credible non-external event accidents and their 
associated downwind lethal distances; the IRZ concentric circle boundary is 
based on the accidents occurring under 3 m/s winds and neutral (D) stability, 
while the YAZ boundary i s  based on their occurrence under 1 mls 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 container 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 mesal parts furnace due to failure to stop fuel flow 
after a shutdown). As calculated from the D2PC atmospheric dispersion code, 
the Iethal downwind distances for these accidents under 3 m/s winds and 

41 



neutral. stability is approximately 1.65 km, while its lethal downwind distance 
under 1 m/s, stable conditions is approxirn- a 1  km. Adding 50% to each of 
these values for uncertainty, they equal i r a t e l y  2.5 and 10 km 
respectively, Therefore, for NAAP the t - itric circle boundary for the IRZ 
is 2.5 kni and that of the PAZ is 10 km.  

As noted in Sect. 3,  the terrain irnniediately adjacent the NA4AP storage 
area and proposed plant site would not significantly affect the dispcrsion of 
agent in the evcm of a release. The Wabash River Valley would affect the 
dispersion of an accidental release of chemical agent under some 
meteorological conditions. The vallcy would pool a releasc occurring under 
light winds and stable atmosphcric conditions, allowing the agent to move up 
or down the valley. The valley is not deep enough, howcver, to act as a barrier 
to the further eastward movement of agent rcleascd in higher winds and 
unstable atmospheric conditions. A comparable release during unstable 
conditions, however, would be expected to more closely approximate the 
downwind distance estimated by the DZPC 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 
plant site and let it move unencumbered. TJnder higliei winds and lcss stable 
atmospheric conditions, agent would be diluted considerably and result in 
shorter downwind lethal distances in any case. 

4.3. PL4NNlNG ZONES AND DISTANCES 

Two types of planning zones are recommended for the NAAP stockpile. 
The first is the IRA. Most accident scenarios will be confined in this zone, 
particularly iinder the more likely meteorological conditions. The second is a 
PAX to handle scenarios in which agefit is released farther out, such as might 
be due bo very stable atmospheric conditions aild low wind spceds. 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 call be planned and 
implemented at a state or regional level. 

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

Recommendcd boundaries for the IRZ and PA"% are shown in Figure 4.3, 
along with possible cxtensions or constrictions of the zones. Since there are 
no topographic features within the radially-defined IRZ (see Sect, 4.2) that 
would significantly constrain an accidental. rclease, the recommended radial 
boundary for the IRZ i s  2,5 krn distance; Iiowevcr, that distance has been 
expanded to 10 krn in light of the time-distance relationship (e.g., a toxic plume 
could travel approximately 10 krii under 3 m/s wind speeds) and to ensure that 
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concept for NAAP. 
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nearby population concentrations (e.g.? Newporr, Dana, and Montczuma) are 
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 boinndaq for the PAZ of 10 km, as idcntified 
above, is expanded to 25 km. 
Rockville, Kingman, and Georgetown (Illinois), as well as the predominantly 
rural areas lying between 10 and 25 krn from the storage area/proposed plant 
site at NAAP. Possible additions to the PAZ would extend io 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 l/lSO in 
I1 l inois .  

The FAZ wodd include the cities of Clinton, 

The final determination of emergency planning zone boundaries will 
be made collectively by affected local govewmcnts, state government, the 
Department of the A m y ,  and the Federal Emcrgcncy Management Agency. 
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precautionary measure. As a responsive measure (i.e., after a rclease has 
occurred), it is  most likely to be effective 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. 

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. Evacuees would follow predetermined evacuation 
routcs. Individuals and groups relying on mass transportation (e.g., buses) 
would assemble at a prearranged location, enter the bus or other vehicle, and 
be driven to a prearranged mass shelter. 

Advantages  

1) Evacuation eliminates the possibility of agent exposure. 
2) Except for mobility-impaired individuals and institutions, evx::zciotn 
requires a minimum of public resources. 
3) Evacuation reqaii res minimum training and is not intrusive. 

DisadvantaTes  

1 )  Effective evacuation requires extensive evacuation planning. 
2) Evacuation can require significant lead time (30 minutes to one hour) and, 
depeiidiiig on the accident, may not be effective for individuals living near an 
accident .  

5 . 1 . 2  In-Place  S h e l t e r i n g  

In-place sheltering involves taking refuge in a structure of various 
kinds. Five types of sheltering have been identified as of interest for 
protection from chemical agents. Each is discussed in turn. 

5.1 .2.1 No rrn al s h_el t e r i ng 

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 duratioiis of time. 
Normal sheltering is most likely to be effective for chemicals whose effect is 
proportional to peak concentrations rather than cumulative dose (e.g., 
ammonia, hydrogen chloride, and hydrogen sulfide). 

De s c ri D ~ U  

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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environment. While no protective d ~ t i o n  
under all conditions, normal shehcrirsg :s i i B  
adequate protection under conditlous z hitr,3r 

in relatively low c~ncen t  
plume are fast moving a 

Nornial shcttering iilvolves inking 
windows and doors, and shutting O B  vuet 
with outdoor air. Once in tfne sheltered 
remain calm to prnrrnote loweied lincaa m d  

the protected environment people wil I hdv 
structure to minimize exgosurc. h&.~cc,, 9a;: wi$i n;ii I;; 
able to tell people whcii to go te &clte:h  mi ~ l t i s  k ~ w ~  
of telling people when to ventitale. 

the concentration o f  agent i s  lowc; L i l t  

A d v a n t w  

1)  Normal sheltering requires 
2) Normal sheltering sequirce; 
which minimizes the intrusi011 o 
e n  v i r o  n m en t 
3) Bccatnse houses cannot incrcaw Sh? 
increase protection. Purthermor 
having ~ p p r o x ~ ~ i a t e l ~  0,7 air cl 
protection factors associated w 
around 1 2  to just over ten dcyesmdiei 
Hence, normal sheltering pxovides 
situations whcrb: einesgcaicy D C ~ I O I I F  

4) Normal shellcring can be i 
that it can be accomplished I I I .  %e54 $ l a  
5 )  Normal sheltering can also 
evacuations by assembling rhc Pmn8ly ritart r "  

D i s ad v a n t  a.pes 

This form of sheltering invaalvcs b 
stnictures which are designed explicitig 
environments. This protective ;act068 is L" 



chcmical releases resulting in large concentrations over extended durations 
(e.g., t h rw  to twelve hours). 

Spccial shelteriing facilities potentially block the exposure to cheniical 
agents by reducing the anmint of infiltration of airbollie agcni into the 
"protected" environment. While no protective: action provides complete 
(100%) piotcction under all conditions. spccislieed slne?;crs arc Likely to 
provide adequate prutection undcr conditions characterized by releases 
resulting in nioderatc to large c0ncenn:rations of dgerit with exposure times 
between threc to twelve hours (i.e., a slowly traeclling pliimc and the plume of 
any size). 

Special shcltces involves takiing refuge in facilities crcaied expressly 
for protection from chemical contamination. To the exteiii that thcsc shelters 
may not havc tdevisions, radios or oilicr communication devices, one will 
have to be obtained for the s h c i ~ c ~ z d  arm piiut  to occxpiioza Om;: in thc 
shcltercd environment people s h ~ ~ l d  remain calm to prijinotp, lswiercd heart 
and respiratory ratcs. 

1) Uccause in-place protection calilacii ificrease :he exposure pressurized 
shcltcring caii only increasc protection. F i ~ ~ i h ~ ~ ~ ~ i ~ ,  protcction factors 
associated with spccialiacd shc:tsrs r d u c t :  air iiiiiiltratioln iates, pcrhaps even 
to the paint of establishing small exhafiqt i which drastically reduces the 
risks associated with the protective action. s mcaiis that the protection 
factois associated with specialized shyltsrs are likely lo bc grefiter than those 
associated with expedient or enhance Shcltciing. If air infiltration can bc 
reduccd to as few as one change in sixteen hoiirs, the protection factor would 
rangc fiom appioximatcly five to absu: 120 (Chestcr 1858). I I~Mx,  specialized 
sheltering provides maximum protection from cxposure in nearly all 
s i tua t ions .  
2) Specialized sheltering can be iniplcltisritd fairly quickly once :he facilities 
theniselvcs are available. Soreneen (1988) posits if we assume prc-erection or 
prepositioining of portable shelters of this variety, that movemeill to a 
prepared shelter without much piepafatioIi t i n e  
3 )  Spcciai b c d  sheltering provides niaximui;; proiecrion, m d s r  almost all 
conditions. I-Icezce, pressurized yhelters arc capable of yiev/cm.Eng fatalitics 
when lcrtg or contiimous releases of agcnt are anticipatcd. 
4) Specialized sheltering provides sheltei for lofig periods of time and thereby 
avoid thc problems associated with misjudging arcidrnt durations and 
c o 11 c e 11 t ra t i o ii s . 

r) i s ad v a n t  a g~ 

1)  Pcople in specialized shelters may havc family members not ii! thc shelter 
crcating distress, conflict and eveil of brcach coneainmenr created by people 
enteriiig or leaving aftcr sealing arid prcssurieaeion. 
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2 )  Specialized sheltering requires that special stnictures be ~~~~~~~~~~~~ to 
provide adequate protection. 
3) For most people, specialized shelters require IimnBned a t t ~ ~ ~ ~ ~ ~ ,  h~wever  
~ r e p ~ s ~ t ~ o ~ i ~ $  or pre-erection would involve a certain ~~~~~~t 04‘ intrusion 
from the emergency action into the routine e ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ .  

5.1.2.3 &jgea ‘ient sheltering 

Expedient sheltering involves taking refuge in existing structures that 
are tightened against infiltration using common resources and materials, such 
as plastic bubbles, tape and wet towels. 
exposure for the prevention or mitigation ~f the ~~~~~t of expcrsure This 
protective action Is expected to protect people from toxic cihemicaF celeases 
resulting in moderate concentrations over modest durations (e.g. I one to three 
h0urs) .  

These actims are taken prior to 

Expedient sheltering can partially block the exposure to  c ~ ~ ~ ~ ~ ~ ~ a ~  
agents by reducing the m o u n t  of infiltration s f  airborne agent into the 
“proiected“ ermvirtmnent. While no protective action prsvidcs comptete 
(100%) protectim under all1 conditions, expedient sheleering i s  likely tn 
provide: adequate protection under conditions ~ h a ~ a c t e ~ ~ ~ e ~  by releases 
resulting in moderate concentrations of agene with exposure times between 
one to three hours (Le., the plume is traveliing moderately f3st and the plume 
is of medium size). 

Expedient sheltering involves taking refuge in existing buil 
closing wiiidnws and doors, shutting of ventilation systems t at replace indoor 
air with outdoor air, taping windows, doors, light sockets and ~ ~ ~ ~ i ~ ~ ~ ~ ~ n  
outlets, and laying a wet towei across the bottom of the door to reduce 
infiltration. In addition, to the extent that these shelters may noi have 
televisions, radios or other communication devices, one wiLl have to be 
obtained fer he  sheltered area prior to occupation. Once in the sknelhere 
environment people should remain calm to promote Iowereed heart and 
respiratory rates. In addition, once the concentration of agend is lower in thc 
unprotected environment than in the protected ertvironnaent people will have 
to ventilate (Le-, open up) the simcture to minimize exposure. Hence, the 
warning system must not only be able to tell people when to go to shelters 5f 
this kind, they must also be capable of telling people when to ventilate, 

A d  va  II t a yes 

‘E 1 Expedient sheltering requires only existing resources, but bE mOrc 
effective if kits for enhancement, including tape, towels and aps a 
portable radio, are readily available t5 the people that wodd  have to 
~ ~ p ~ ~ ~ e ~ ~  the protective action. 
2) Expedient sheltering requires limited training and Iiarrited resources, 
which yields a low ievel of intrusion of protective e uiprr?ent in rhe routine 
env i ronmen t .  
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3 )  Rccnusc expediently sealed strucuries i-;liiiloi incrcas; the exposure 
expedierrt sheltcring can only increase protectiorl. Ftirthcrniorc, protection 
factors associated with expcdicnt shcl:cr arz iiicicdscd with the ieducbion of 
air infiltration rates. This i ;E that  tk; potection factors associated are 
likely to 'or greater than those awxia t ed  with normal shc:;cring. If air 
infiltration can be reduced i o  orif air chaii.gc in foul iicurs, the I J ro tx t io i i  
factor would nange fiom approxiiridiely twc lo ahnut 60 (C'hrster 1388). Hence, 
cxpedien: shelteiing piovides iliiaimiJn1 protxtion from exyoavrt in 
situatiolis where conccrdratioas are expected to be low t~ moderate. and cloud 
passage time is limited in thc o m  to thrcc hot?r range. 
4) Expcdiclit steltcring can be impiztnciiicd fairly guickly. Sorensen (1388) 
estimates that taping and scaling an averagc rooiii can hc accomplished in ten 
to fiftecn minutes. 

1) Expedient sheltering providcs rnoderatc proteclion, t ~ i i d ~ r  conditions where 
piume? arc of limited size. IIcn CAPCG;CX shelter wi!! r ic i t  pieur,iii fatalitics 
whcn loog or continuous releases of agcrit arc ;iliiclpa:cd. 
2) If accidents anticipated 10 bc ~f limited dtlialion develop into nloic extended 
exposureb, evaruzting the  expcdiefit sheiicrs iri a coiiiaminated cnv ironnieni 
will have to be acccmplished 
3) The "all-clear" req;:irexent is placed on xv 

Pressurized sheltering involvcs takin2 i i luge il i  cxisting structures 
that are capable of being picxc;liircd to rctlwe infiltratioll f,,tf toxic vapors. 
This proicctive action is expected to protect ycnple from toxic chemical 
releases resulting in largc zoncen;ratioiis ovei eaicnded dura l i rm (c.g., three 
to twelve hours). 

Prcssurizsd shcltei;ng porentially blcickh the P A ~ O S I P I  to chemical 
agents by reducing the amount of iiilrltidiioli of airhorns agelit into thc 
"prorectcd" cnvironncnt. While no protective actio11 Qiovidcs coiiiplete 
(100%) protection mder  all. conditioiis. picssurized diel tcring is likcly to 
provide adequate prutectioil under ror,dirions char,c;erized by releaqes 
rr;\ulting in rnoderatc to large wiieeiliratioi1s of a t with e x ~ o s u r e  times 
between three to twelve ~ O I L L S  (i.e., a slowly travelliiig piIi\ne and thc plume af 
any size) 

Pressurizcd shelteririg ixivolve, taking rcf,,gc in existing buildings, 
closing wicdoavs and doors, shutting of vciiiiintiQ,l systcas ihiai replace indoor 
air with unfiircicd outdoor air, and starting a pressurizaiioim system that uses 
filtered air to create pressure in thc P G \  strumire. 11, ndditioii, to the cxtcnt 
that these shclters may riot hnve televisioiis, radios (pi other commiar 
devices, onc will have to be obtained for the sheltcrcd area prior to occupation. 
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Once in the sheltered ernvironanent people should remain calm to pscs~note 
lowered heant and respiratory rates. 

A d  v a 11 t ages 

I )  Pressurized sheltering requires only that existing structures be angnaeuted 
by pressurization systems. 
2) For most people, pressurized shelters require limited attentian which yields 
a low level of intrusion of protective equipment in the routinc enviionmcnt. 
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 r a t a ,  perhaps even 
to the point of establishing small exhaust rates, which drastically reduces the 
risks associated with the protective action. This means that the prcstcction 
factors associated with pressurized shelters are likely to be greater h x i  thczse 
associated with expedient or enhance sheltering. If air infiitration can be 
reduced to as few as one change in sixteen hours, the protection €actor would 
range from approximately five to about 120 (Chester 1988). Wcnce, pressurized 
sheltering provides maximum protection from exposurr: in nearly all 
si tuat ions,  
4) Pressurized sheltering can be implemented fairly quickly. Sorensen (1988) 
estimates that activating an existing pressure system will take about five 
m i n u t e s .  
5) Pressurized sheltering provides maximum protection, m d e r  almost all 
conditions. Hence, pressurized shelters are capablc of psevcnting fatalitics 
when long or continuous releases of agent are anticipated. 
6 )  Pressurized sheleering provides shelter for long periods of time and 
thereby avoid the problems associated with misjudging accident durations and 
c o n c e n t r a t i o n s .  

Di s advanta nu 

1) People in pressurized shelters may have family n~enibers nut in the shelter 
creating distress, conflict and even of breach coritainnrnerat created by people 
entering or leaving after pressurization. 

5.1.2.5 En tiaticed sh el t e r i n P 

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

De s c ri D ti o n  

Enhanced sheltering can partially block the exposure IO chemical 
agents by reducing the amount of infiltration of airborne agent info the 
"protected" environment. While no protective action provides complete: 
(100%) protection under all conditions, enhanced slneltering is likely to 
provide adequate protection under conditions characterized by releases 
resulting in moderate concentrations of agent with maximum exposaarc times 
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between one to three hours (i.e., the plume is travelling moderately fast and 
the plume is of medium size). 

Enhanced sheltering involves taking refuge in existing weatherized 
buildings, which have reduced infiltration rates for energy efficiency, 
closing windows and doors, shutting of vcntilation systems that replace indoor 
air with outdoor air. In addition, to the extent that these shelters may not 
have televisions, radios or other communication devices, one will have to be 
obtained for the sheltered area 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.e,, open up) the structure to minimize exposure. Hence, the 
warning system niust 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. 

1) Enhanced sheltering requires cxisting resources be enhanced much the 
same way that they would be for energy conservation. 
2) Enhanced sheltering 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 
ac t  ion .  
3) Because in-place shcltcring cannot increase the cxposurc enhanced 
sheltering can only increase protection. Furthermore, protection factors 
associated with enhanced sheltering are increased with the reduction of air 
infiltration rates. This ineans 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 IS moderate, and cloud passage time is 
limited in the one to three hour range. 
4) Enhanced shcltcring can be implemented very quickly. Sorenscn(l988) 
estimates that the required action could be accomplished in less than ten 
m i n u t e s .  

D i s a d v a n t w  

1) Enhanced sheltering provides moderate protection, under conditions 
where plumes arc of limited size. Mencc, expedient shelter will not prevent 
fatalities when long or  continuous releases of agent are anticipated. 
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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esp ira tasy  Protect ion 

Respiratory protection provides non-contaminated air d e x  ~ ~ ~ i a ~ ~ ~ ~ ~ ~ ~ ~  in 
potentially contaminated environments. This involves cithcx using picieckive 
dcvices that remove airborne chemicals, aerosols, and vapors frn:n I ~ G  a ~ r  
prior i o  inhalation, or the direct introduction o f  non-contaminated air far 
inhalation. S i x  types of respiratory protection liave been idrntificd as u i  
interest in providing protection from chemical agents. 

5.1.3.1 Cas 7 masks 

Cas masks with filters or filtering niaterials remove airborne doxics 
prior to inhalation. A wide variety of masks are available cnmmercially. with 
most being targeted at industrial users. 

The full face mask is comprised of a face covering shield eonmemd to a 
filter or filter cartridge. Full face mask are typically segulatcd to nnais?~;am 
~ ~ ~ ~ ~ ~ ~ e ~ l i ~ ~ i ~ ~  air f low through the filters. By covering $he whde face 1h8 
full face masks are designed to kecp the eyes, nose and month clear of 
contamination. Chester (1988) estimates that full face rnasks are capable UT 
providing a respiratwy protection factor of about 2000. ~ ~ O W G Y G ~ ,  !he limiting 
factor with full face masks, as with other masks, is the inaegriiy o f  the seal 
between the mask and the face. 

Using the full face mask involves retrieving ehe device from it.s str~i '3gc 
location, extracting it from its storage container, placing 016 the fax, arid 
strapping in place. While a full face mask may take as much ;is tcu niinaies to 
implement, Ssrensen (¶988) estimates that with training i t  e m  be 
iinplernentcd i.n as little as one minute once it is located. 
very likely to provide respiratory protcctinn from low tcs maodcr~te 
concentrations, but may also be used for larger doses whilc pcople pursm 
other protection (e.ga while evacuating, or on the way to shelter). 

The faill face mask i s  

I )  
i t  is probably more obtrusive than many other rcspiratcq d~viccs .  
2) 
located, this iniglcrncntation time will require moderate *,raining a n d  
c on si de r ab f e 
3) The full face mask provides a high dcgree of r~spimtmy protc~tion. 
4) The full face mask requires little physical effort or mcntipl ~~~~~~~~~~~~~~~ ECI 
maintain seal between face and inask once it is in use. 

While the full face mask is storable, it is not easily sForcd ~ I i i c h  ~neasgs that 

The ful l  face mask can be impleniented in as 9ittk as a minuts OWG it i b  

p r ac t i G e .  

v a n  E apes 

1 )  Thc full facc mask requires coosiderable training and pracrice to assure 
proper use in emergencies. 
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2) The full. face mask would require that thc individual have thc device, be 
able to retrieve it, and know how to use i t  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 one of the most obtrusive devices among thc 
respiratory protection devices. its distllbwiion to the public is likely to raise 
awareness of the program, and could significantly contribute to public 
c o n c e r n .  

5.1.3.2 Hoods 

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

Descr iot ion 

Hoods are comprised of a protective covering ventilated through faa- 
driven filters, which are placed over the licad and sealed at the waist and 
wrists. They are typically used for respiratory piotcction for children or when 
the size or shape of the face makes maintaining the integrity of the seal 
between face and mask nearly impossible. Hood like full face masks are 
typically regulated to maintain unidircctioTal air: flow thiough the filters. By 
covering the whole Fcad and uppcr body hoods arc designed to keep the eyes, 
nose and mouth clear of contamination, as well as affording protection of the 
uppcr body from disposition. It is anticipated that hoods, like masks, are, 
capable of providing a respiratory protectioii fact01 of about 2000. 'The 
limiting factor with hoods i s  the integrity of the seal between thc hoed and the 
waist and wrists. 

Using hoods involves retricving the device from its storage location, 
extracting it from its smrage conlainer, placing it over the head, securing the 
waist and wrist< and starting the fan-driven filtered ventilation. While a hood 
may take as much as ten minutes to implement, it seem reasonable to estimate 
that with training inplemen:ation time call be redueed to as little as a three to 
five minutes once i t  is located The limiting factor for time to innplement seem 
to be thil: ability to "dress" childieir in the hoods, 
provide rcspiratory protection from low to modcrate cmcevtrations, but may 
also bc used for larger doscs while people pursue othes proteciion (e.g., while 
evacuating, or on the way to shelter). 

Msods are very likely to 

Advantayes  

1) While hoods are storabie, it is not easily stored which means that it is 
probably more obtrusive than many other respiratory devices. 
2) Hoods can be impierrrented in as little as a few minutes once they are 
located, this implementation time will require moderate training and practice. 
3) Hoods provide a high degree of respiratory protection. 
4) Hoods require almost 110 physical. effort or mental concentration to 
maintain scal between waist and wrists and the hood once they are in use. 
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I )  W ~ o d s  require some training srncf practice to assure proper use in 
enle rgen c i e s . 
2) 1Toods would require that the ~ n d i v ~ d u a ~  have the device, be able to retrieve 
it, a d  kniiw laow to use it in the event of an accident. 
3) Hoods wolnld not protect guests an visitors that would 1101 have similar 
respiratory protection. 
4) Hoods are one of the most obtrusive devices among the respiratory 
protection devices, their ~ i s t ~ i b u ~ ~ ~ ~ ~  10 the public i s  likely to raise awareness 
of the program, and could significantly contribute to public concern. 

5.11.3.3 B I: bb I e 

Bubblcs are sealable containers with a fan-driven filter that place the 
entire person in the protected e n ~ ~ r ~ ~ n ~ e ~ ~ .  They are typically used for 
protection of infants and toddlers. 

D esc r i  o t i  on 

Bags axe proteciive enclosures that are usually used to protect infants 
and toddlers, These protective enclosures are comprised of a protective 
covering ventilated through either battery operated fan-driven filters or by 
being connecte to an adult's pr ection which draws air through the filter 
into the infant protection area. y covering the child's whole body protection 
bubbles are designed to keep the eyes, nose and mouth clear of contamination, 
as we19 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. 

Using the fan-drivcn protcsticm bubbles involves retrieving the device 
from its storage b c a t i o ~ i ,  extracting i t  from its storage container, placing the 
infant or toddler in the enclosed e ~ ~ i ~ o ~ ~ e ~ ~ ~  and starting the fan-driven 
filtered ventilation, While using the adult-ventilated protection bubble 
involves a11 of those steps plus the steps require for the adult eo don their 
protection. While a protection bubble may take as much 8s fifteen minutes to 
implement, it seem reasonable to estimate that with training implementation 
time can be reduced to as little as five to ten minutes once i t  is located. 
Protection bubbles are very likely to provide respiratory protection from low 
to moderate concentrations, but may also be used for larger doses while people 
pursue other protection (e.g., while evacuating, or ion the way to shelter). 

-. Advan tages  

1) Protection bubbles can be irnpleinented in as little as a five to ten minutes 
once they are located, this irnplenrentation 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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1) While protection bubbles arc storable, it is not easily storit? which means 
that it is probably nrirre obtrusive than many other respiratory devices. 
2) Protectinti bubbles require some training and practice to assure p r ~ p ~ r  1 1 1 ; ~  

in emergencies. 
3) Protection brubbles would require that the individual have the deviec, be 
able :o retrieve it ,  aiid know how to use it in the event of an accident. 
4) Protection bubbles would not pioeect guests and visitors that would nut  
have similar respiratory protection. 
5 )  Protectioil bubbles are one of thc most obtrusive devices among the 
respliatoiy piotection devices, their distribution to the public is likely to raise 
awareness of the program, atid could significantly contribute to public 
c o n c  e Y I P .  

Mouthpiece respirators are small tubes with filter inaacrial inserted into 
the mouth to remove contamination prior to inhalation through the mciutb.. 

The rnoiiehpicce respirator is simply comprised of a mointhpiecc 
connectcd to a filter cartridge by a tube. Respiration is limited to the mouth by 
a nose clip. ‘1’s gain maximum protection offered by this device the user could 
don a transparent hood (e.g., a plastic bubble) and exhale through the nose, 
which would Plush the hood with ~nncontatniiiated air, This would help keep 
the eyes clear of contamination. 
few minutes, while the wearer is  pursues other protective actions (e.g., 
evacuation, or shelecring). However, the limiting factor with the mouthpiece 
respirator is  the integrity of the seal between thc lips and the nruuthpiece. 

‘Ihis device 3s intended to be used only for a 

Using thc mouthpiece respirator involves rctrieving the device from its 
storage location, iriscit the respirator in the mouth and clip the nose or cover 
thz head with a transparent. hood. The simplicity o f  the device makes it 
possible to use this device without training. Chester (1488) estimates that it 
can be impietnented by the untrained user very rapidly, piobably in umder a 
minute once it is located. The mouthpiece respirator requires considerable 
physical cffoit and a fair arnourie of mental concentration to maintain the seal 
between the lips and rnoutkpiece. ’The mouthpiece respirator is most likely to 
provide reasonable respiratory protection from low to modcrate 
concentrations while people are pursuing other protection (e.g., while 
evacuating. or on the way to shelter). 

-. Advantages  . . . ........ . . . . . . .... 

1)  The mouthpiem respirator is storable, which means that it is probably less 
obtrusive than many other respiratory devices. 
2) Thc rnout’ipicce respirator can be implemented in only a few seconds, oncc 
it is located. 



3) The mouthpiece respirator provides moderate respiratory protection. 
4) The mouthpiece respirator requires no training for adequate use. 

D i s a d v a n t a p a  

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 least 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 
c o n c e r n .  

5.1.3.5 Face1 et 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. 

Descr io t ion  

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. 

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). 

Advan tages  

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 irnpienicnted quite quickly, probably in less than a 
few minutes. 
3) The facelct mask provides noderate respiiatory protection from agents GI3 
and mustard. 

Bisadvaniaggs 

1) 
damp, stale air, which makes it lcss cnmforrable to use and to the extent that 
the mask would beconca saturated with moisture, the absorption capacity 
would be redueed, 
2) The facelet mask would require that the individual have the mask, be 
trained in its use, and be ablc to retricvc it in the cvent of an accident. 
3)The facelet masks would inot ptotect guests and visitors that would not have 
similar respiratory protection. 
4) While the facelet mask is onc i;f the least obtrusive devices among the 
respiratory protee”con devices, it distribution to the public is likely to raise 
awareness of the program, and could significantly contribute to public 
c o n c e r n  I 

Using the facelet -8sk tends to give a sensation of recycling a lot of warm, 

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

1) e s c r i D t i o n 

Expedient respiratory protection involves the use of available resources 
for limited gains in protection against airborne claemicals, A wet thick cloth 
(e.g. ,  a wash cloth) is held oil  the face covering the mouth and nose with a 
hand. Expedient measurc such as this are limited both by their ability to 
remove contamination from the area and the ability to maintain the integrity 
of the cover over the nose and mouth. 

Using expedient mcasure of this variezy involves gathering the 
resources required to inipiemerit the action, wetting the cloth arid placing it 
over the nose and month No training is required for these kinds of measures 
to be implemcnted veiy quickly. Sorensen(1988) estimates that expedient 
measure can be iriiplerneric in a fepJ seconds. Expedient respiratory protection 
measures are only likely to provide any respiratory protection from relatively 
small concentrations while peoplt- are pursuing other protection (e.g. ,  while 
evacuating, or on the way to shelter). 

Advantages  

1) Expedient respirarory piotcction is completely unobtrusive. 
2) Expedient respiratory protection can be implcrneneed very rapidly 
probably in as little as  a few seconds. 
3) Expedient measures would protect guests and visitors. 
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4) Expedient respiratory protection provides limited protection from low 
concentrations for very short durations, ~ ~ ~ b a ~ ~ ~  under fifteen minutes. 

1) Expedient respiratory protection provides no protection for either 
moderate or high concentrations, or durations longer than a few minutes. 
2) Expedient respiratory measures may be difficult to maintain while 
pursuing other protective actions (e.g. evacuatioan riving a vehicle). 

5.1.3.7 Self eo ntaitied breat hi  n?g- 

Self contained breathing apparatus ~~~~A~ es non-contaminated 
air for inhalation. 

Descrintiom 

SCRA supply bottled air directly to the ~~~~i~~~~~~ using it for respiratory 
protection. They are comprised of a tank OT bottle of non-contaminated air, 
attached through a regulator to either a mouthpiece or a full face mask. SCBA 
equipment that covers the whole face are designed to kec the eyes, nose and 
mouth clear of contamination. SCBA are capable o f  providing respiratory 
protection for duration directly dependent on the asa~omeit 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 axe limited by the seal. betwecn the mouthpiece and 
the lips. 

Using SCBA involves retrieving the evice from its storage ]location, 
extracting it from its storage container, placing the mask ora eke face or the 
mouthpiece in the mouth, and turning it on. 
as much as ten minutes to implement, like full face masks, training can reduce 
implementation times to as little as 1 minute QIKX the SCRA equipment is 
located. SCBA equipment i s  very likely to provide respiratory protection from 
moderate to high concentrations, but because of i t  limitcd duration of 
protection it is most likely to be useful for people pursuing arhm protection 
(e.g. ,  while evacuating, or on the way to shelter). 

While a full face SCBA may take 

Advan tages  

1) 
probably more obtrusive than many other respiratory devices. 
2) 
implementation time will require moderate training arid pras;tice. 
3) SCBA provides a high degree of respiratory protection. 
4) Face covering SCBA requires little physical effort o x  arneneal concentration 
to maintain seal between face and mask once it is in use. 
5) Some peoplc may have SCBA equipment specifically designed far 
underwater use, which could be used for respiratory protection from chemical 
agen t s .  

While SCBA is storable, it i s  not easily storcd which means that it is 

SCBA can be implemented in as little as a minute oncc it is located, this 
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Disadvantayes 

1)  SCHA requires some training and practice to assure proper use in 
e m e r g e n c i e s .  
2) SCBA would require that the individual have the device, be able to retrieve 
it, and know how to me it in the event of an accident. 
3) 
respiratory protection. 
4) SCBA is very a obtrusive device for respiratory protection, its d i s t r ibu t ion  
to the public is likely to raise 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, 

SCBA would not protect guests and visitors that would not have similar 

5.1.4 Protect ive 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 
a g e n t .  

5.1.4.1 SDeC ial p rotect ive c lothing 

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

Pesc r iP t ion  

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 
(Le., the plume is travelling moderately fast and the plume is of medium size). 

Special protective clothing involves donning specialized suits to protect 
against exposing skin to agent. While specialized clothing can be used to 
protect against dermal exposures, 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 



between five and ten minutes depending on its ~~~~~~x~~~~ Using sp;:eialised 
protective clothing involves retrieving then1 from their storage iocxiier!. 
extracting frsm its storage cnntaifier, putting i t  on, an check all scams 
between ~ ~ C C C S  for potential exposures. \White a p r i r t ~ t i ~ e  clothing x ~ ~ a y  ti&e 
as much as ten minutes to implement, i t  s e e m  reasonable to estimate that with 
training implementation time can be reduced to xi little as a three 10 five 
xrninutes once they are located. Protective clothing is very likely IQ prrcwde 
dermal protection from low 'IO moderate concentrations, and may evca prirvide 
limited protec~ion for larger doses while people pursue other pr ~ t e c t i m  (e.g.+ 
while evacuating, or on the way to shelter). 

1) While proreceiv-, clothing easily stored, i t  is Fiirrly obtrusive, 
2) Protective clothing can be implemented in as M e .  as three tc five minutes 
oficc they are located, this implementation time will require some training and 

3) Protective clothing provides a ]high degree of dermal protection. 
prac t ice .  

rotective clothing requires S Q P ~ C  training and practice to assure proper 

2) Ps~tective clothing would require that the individual have the device, be 
able to aetricvc it, and know how to use it in the event of an accident. 
3 )  Specialracd paotcctive clothing wouId not protect guests and visitors that 
would not have similar respiratory protection, 
4) Specialized protective clothing is very obtrusive, its ~~~~~~~~~~~~ to the 
public is likely to raise awareness of the program, and codd ~~~~~~~~~n~~~ 
contribute ta public concern. 

u5e in emergencies. 

5.1 A.2 

~ ~ ~ ~ ~ l ~ ~ t  protective clothing which involves using available clothing 
to protect peoglle from skin deposition. Expedient protective clothing can 
partially block exposure to chemical agents by preventing the {deposition a E  
agent QHX the skin. 

Expedient protective clothing is comprise of regular clothing, put on to 
protect the wearer lorm deposits of agent on the skin. Expcdient prvtective 
cloiliipag covers the whole head, upper body, axins, legs, feet and hands with 
layers of fabric and can include using rain gear to prevent droplets of agcnr 
from depositing on the skin. Expedient protective clothing is limited lwth by 
i t s  ability to prevent penetration and keep a11 skin covered 10 prevent skin 
contact. Expedient protective clothing is likely to provide skin deposition 
protection under conditions characterized by releases resulting nn low 
concentrations of agent with exposure times under an hour &e.+ a fast moving 
plume m d  of small to medium size). 
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Expedient protective clothtiig involves dressing in layers of winter 
clothing with long sleeves and long p a t s ,  and protecting the head, and nieck 
with a hood or draped towel, and protecting hands with gloves, to prevcnt 
exposing skin to agent. To the extem possible the outermost layer of expedient 
clothing should be moisture resistant to help prevent penetration, While 
expedient clothing can provide limited protection against dermal exposures, 
protective clothing does not pmtcct people from inhalation and ingestion 
exposures. It is reasorlabk to estilriaEe that donning expcdient protective 
clothing will require slightly more time than getting dressed. Sorensen (1988) 
estimates that protective clothing will take betwcen fivc and ien minutes 
depending on its complexity, expedient protective clothing is not anticipated to 
be very complex and thereby implerncntation times are expected to be as little 
as five minutes. 

1) Expedient protective clothing is completely unobtrusive. 
2) 
minutes once they are located, this implementation time requires little or no 
training and practice. 
3)  Expedient protective clothing provides a moderate degree of derrrial 
protection for low concentrations for relatively short durations. 
4) Expedient protective clothing would use available resources to protect 
guests and visitors just as it would residents. 

Expedient protective clothing can be implemontcd in as little as five to ten 

Disadvantages 

1) Expedient protective clothing wcsald require that the individual gather 
readily available resources, decide how to use them mast effectively and use 
them to protect themselves and their family in the event of an accident. 
2) Expedient protective clothing can only protect against dcrmal. exposure. 
3)  Expcdiene protective clothing provides limited protection against low to  
moderate concentrations arid probably does not protect against dcrmal 
exposures for higher conczntrations over extended periods., 

5.1.5 Prophylactic  Urargs 

Prophylactic drugs are used prior to agent exposure foi the prevention 
or mitigation of agent cffccts. ‘This protective action has been. seriously 
considered only for potential nerve agene exposure. The Center for 
Environmcntal Health and Injury Control o f  the Centers €or Disease Control of 
the Department of Health and Fluman Services has recommended that this 
protective action be eliminated from use except by trained or ernergeacy and 
medical personnel ( e . g . ,  emergency medical technicians, medical doctors, and 
registered nurses). We concur with this recommendation. 

Descr i  pt i o n  

Pretreatment by drugs that can paariially block the effects of these 
agents on the nervoi~s system offer some degree of protection from 
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incapacitatian or death; none p r o v ~ ~ e  100% prvtectian far an unlimited period 
of time. These findings are largely based on ~ a ~ ~ r a ~ ~ r ~  studies with guinea 
pigs .  

Drugs tested for their pretreatment efficacy include ~ ~ ~ ~ ~ ~ a t ~ ~ n $  of 
praiidoxime mesylate, atropine, Valium pyridostigm ioc, ~ ~ ~ $ ~ § t ~ ~ ~ ~ ~ ~ e  and 
aprophen. R combination of pa l idoxime mesylate zj;.3 ~trapiiae is available as 
an autoinjector unit in the United Kingdom (U.K.) ai;$ IS approve 
pretreatment use by Commonwealth military personnel. 'The U.K. protocol 
calls for oral $ e ~ ~ - a ~ m ~ ~ ~ s t r ~ ~ ~ ~ ~ ~  of Va8i at the time of ~~~~~~~~~~~~a~ 
injection. This combined ~ ~ ~ r o a c ~ ~  has en ~ ~ ~ c ~ ~ ~ ~ ~ ~ ~ y  tested in guinea pigs 
exposed to lethal concentrations of eithcr Agent GB or Agent VX, but IS m o t  
currently approved for use in the U.S. To OUT ~ ~ ~ w ~ ~ d ~ ~ ,  ~~~~~~~~~~~~~~~e has 
not been approved for human pretreatment in either the U.S. or U.K. 

~ ~ ~ ~ ~ o ~ ~ d s  considered for ~ ~ e t r ~ ~ ~ ~ e ~ ~  use are 
have toxic properties of their own. P r ~ t t ~ t i v t :  doses ne 
trained individuals on the basis of bo y weight and condition oE health. In 
unskilled hands, d aging doses coul easily be administered (children ar 

additional concern of substance abuse if uncontrolled access to these drugs 
were Demitted. 

individuals weaken by age OS ilhes are vlal~ierable here). There is an 

Advanta,nn.s 

1) Pretreatment by prophylactic drugs has been shown t s  be an effective 
protection against incapacitation or death in by exposure to the lethal 
nerve agents CB and VX. 
2) The additional protection offered by prophylactic drugs (in addition to the 
presumed use of protective equipment) would be an advantage ta emergency 
personnel responsible for transporting victims out of a contaminated area, 
providing medical support to c o ~ t a ~ ~ ~ ~ t ~ ~  victirns, or providing medical 
support in a contaminated area. 
3) Individuals whose jobs required frequent trips into contaminated ar  
potentially contaminated areas(such as police officers, fire fighters, repair 
crews, et@.), woulld also benefit. 

B i s a d v a n t a g a  

I> Drug storage can be a problem. Some ~~~~~~~~~~~~ ~ o ~ ~ ~ o u n ~ s  require 
controlled storage con itions and may deteriorate if  these conditions are not 
upheld. Rotation of stocks is necessary to rnaintdin drug potency. 
2) Potential for substance abuse and accidcntal poisoning. 'Valium is a 
controlled substance and atropine is a hallucinogen. 
3) Recommended drugs are powerful and can cause serious injury if 
mishand led .  
4) Need for trained personnel to provide treatment. 
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5,11.6 A n t i d o t e s  

Antidotes are uscd to relicve, pievent, or otherwise countcracr adverse 
cffccts rcw!;iii.q from agent exposure. Antidotes are ssmcwhat agent-specific 
i n  that iiervc, a g m f s  (as a gioup) require different antidotes tinan th:: 
vesicants ’The C?cnter for Enviroiinienlal I ~ c a ~ e h  and Injury Control of the 
Cmtvrs for r) iceasc Control of the Department of Health and Human Services 
has recwnmendcd that this protective action be eliminared from use except by 
trairicd or r m ~ i ~ e n s y  aiI:l ini-dicai personriel (e.g., erncrgciicy rncdkal 
tcchniciaris, i r d i c a l  doctois.  PO^ registzred nurses). Wc coilcur with this 
r c c c-1 n-i ni 2n (i a t  i o 11 . 

Nci v;c agerit aritidoi f:s (atrapinc, praliduxine, other oximes) block the 
effects of agcnt-induced skeletal atid smooth inuscXe contmction (re!ieve 
convulsinin:, an3 loss of breathing control) and reduce glandulai paralysis 
(diies up thc copious respira?ory secretiofis that make nnrnal breathing 
difficult). These samc aiit’adotcs are effective in treating cases of 
orgznsphnsphatr iiisecticide poisoning (c.g., Parathion, Malathion) al-ad the 
treairpnclit protocols arc based on sound clinical data for humans. 

Cormbineci thcr-apy w i n g  intramuscular or intraveticius treatment with 
sticryinc plus pralidnxime is more effective for treating AWVC agent exposure 
that1 either antidote used in isolation. Both drugs are available as autoinjector 
tinits to IJ S. military peisonnci. Effective dose is primarily bascd on victim 
body w i g h t .  p e t : ,  and scverity o f  ohserved agent effect(s). Ca reh l  monitoring 
is necessary to l l l d i f i l a h  adequarc Gosc rate while simultancsusly inanaging 
signs nf antidotc overdose (e!evated body temperature and blood pressure, 
ies’!t:ssiicss, hallucinationq. ctc.). In severe cases, extcnded treatment OVCT 

day ,  or weeks may be necessary- to countzrxt the effccts of caritinuai 
organophosphate mobili/atiou from body storage, Other oximes, alonc or in 
rsmbinatioii with Valium, atropine and benactyzinc are part of the antidote 
treatmen: regimes in use by inilitaiy serviccs in thc U.K. and Europe. 

1) Appro?riate use of antidotes may save lives and reduce the severity of 
cffccrs from sublethal doses. 
7 )  Aatidotc ovcrdnse is rarely fatal and does not usually gerierate disabling 
side effects. 
3) Effective treatment c m  be performed undcr ficld conditions. 

1 )  Soine zntidote drugs require controlled storage conditions and may 
deteriorate if thcse conditinrrs arc not upheld. Rotation of stocks i s  necessary 
to riidiirtairi drug potency 
2) Potcntial for substance abuse and accidental poisoning (Valium is a 
eontroiled substance and atropine is a hallwcinogcn). 
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3) Recommended drugs are powerful and can cause serious injury if 
mishand led .  
4) Need for trained personnel to provide treatment. 
5) Potential adverse effects of antidote treatment by individuals unlicensed to 
administer drugs is governed 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 I 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 effectiveness 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. 

5.2.1 Evacuate with Respiratory Protection 

It is possible that the effectiveness of evacuation might be enhanced by 
providing respiratory protection during its implementation. If one can 
reduce or eliminate 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 evacuatian should be 
i m p r o v e d .  

5,2.2 SheIter 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 expedient 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 (one to three hours; see Sect. 5.1) may be 
i nadequa te .  

5.3 PRELIMINARY EVALUATION OF PROTECTIVE ACTIONS 

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

These individuals included Amnon Birenzvige of the U.S. Army Chemical 
Research, Development arid 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 protectivc 
actions. including evacuation, sheltering, and respiratory protection. The 
panel's coniposition was based on the the notion of obtaining 
cornprekcnsivcncs5 with rcspect tu the physical characteristics of each 
protective action option, the option's effectiveness with respect to mitigating 
adverse health effects, and thc personal and organizational aspects of thc 
option's implemcntatisn. Although it is beyond the scope of this document to 
repori on the results of that encrcise in detail, the following discussion 
identifies the critcria and the pbariel's evaluation of those actions. 

5 . 3 . 1  Evaluative Criteria 

The panel identified a variety of criteria for evaluating protective 
action 0p:ions. Thesc criteria were subsequcntly grouped according to 
whether the criterion related to 1) the lcvel of safety provided by the option, 
2) the requiremenis for imyleriienting the option effectively, and 3) the 
option's level of intrusiveness in the family and commuriity or other relevant 
level of social organization. Since different factors were deemed important 
among thcse three categories for the three dilferent kinds of protective 
actions (evacuation, sheltering, and respiratory protection), the specific 
criteria for the categorically different protective action options werc 
different (see Figs~ 5.1 anti 5.7!)* 

5 . 3 . 2  Protez-bSve Actioin Option Evaluation 

The summary results of the evaluation are presented in Fig. 5.1 and 5.2. 
For cach evaluatiafi criterion, each panel member ranked each protcctive 
action option on a scale from least desirable to most desirable. These scores 
were averaged for each protective action option. Thcsc averaged scores are 
prescilied in Figs. 5.1 and 5.2. 

5 . 4  PROTECTIVE ACTION OPTIONS FOR NAAF 

Assuming implcrncntation of appropriate warning and command and 
control systems, the potential protective action options at NAAP for various 
subgroups of the gcwi-al population are sunimarized in Tables 5,2 and 5.2. 
Rcsults of the protective action effectiveness support study may alter thesc 
recommendations in the future or provide tnore detailed information that 
bettcr distingLrishes among the relative effectiveness of each option. 
Furthermole. the differedation of actions for the PAZ and IRZ are not 
magical (e.g,, yeisons near the outcr part of the IRZ may implenient PA2 
actions, oi- persons near the inner part of the PAZ may implement IRZ 
actions). Iil addition. it should be stressed that a combination of protective 
action options may be i-rcedcd to pmtect the public from a range of accident 
s cena r ios .  

~- 

Bast Lansing, MI; Dennis Mileti, Director, Hazards ,4ssessnent Laboratory, 
Colorado State IJniversity, Fort Collins, CO; and Frederick Sidell, MD, U.S. A m y  
Medical Reseaazt Institute of Chemical Defense, Aberdeen Proving Ground, 
MD. Their fields of expertise arc physical means of protection from chemical 
agent exposure, individual response to disasters, organizational response to 
disasters, and the health effects of chemical agent exposure, respectively. 
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Evae uat e 
Normal shelter 
Specialized shelter 

Pressurized room 
Pressurized 
En h an c e d she 1 t e r 
Gas mask 
Moods 
Bubbles  
Mouthpiece respirator 
Facelct mask 
Expedient respirator 
SCBA 
Special protective 

Expedient p rofed  vc 

Prophylactic drug 
Antido tes 
Evacuatdrespir .  prot. 
Respir. prot./shelter 

Expedient shelter 

bui P d in g 

c l o t h i n g  

c lo th ing1  

N 0 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
NA 
NA 
No 
No 
N 0 
No 
Yes 

No 

No 
NQ 
Ye 8 
Yes 

No 
Ne, 
Yes 
Y C S  
Ye€ 
YCS 

Yes 
No 
Yes 
No 
NO 
No 
No 
No 
Yes 

No 

No 
No 
Yes 
Ye5 

N 0 
No 
Yes 
Yes 
Yes 
Yes  
Yes 
No 
No  
Yes 
NO 
No 
N o  
No 
Ye S 

No 

No 
NO 
Y e s  
Yes 

No 
NQ 
No 
NO 
Yes 
Ye s 
Yes 
No 
NA 
NA 
NQ 
N O  

NO 

Yes 
No 

NQ 

N O  
Yes 
No 
N o  

No 
No 
No 
No 
Yes 
Y C S  
Yes 
No 
NA 
NA 
NO 
NO 
K O  

No 
No 

No 

No 
Ms 
No 
NO 

NA = Not applicable 
If the potential for exposure to VX agent exists, the use of expedient protective 

clothing should be considered. 

5 . 4 . 1  IRZ Options 

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

The only viable respiratory ~ p t i o n  for adults is a face mask, Masks are 
not rcconimended for children or inpints Que to difficulties in achieving a 
tight fit. Expedient respiratory protection is not recommended for anyone 
because i t  offers little protection against toxic vapors. Facelet masks do not 
offer protection for a sufficient time nor a vcry high level of protection. SCBA 
and mouthpiece respirators offer protection for an insufficient time. For 
infants, bubbles are n potential option, as are hoods for children. These arc 
not designed far use by adults. Furthermore, bubbles are not recommendcd for 



children bccause of the likely difficulties in use. Hoods are not rccomrncnded 
for infants for the same reason. 

For institutions and impaired populations, pressurization of a room or 
building is recommended, The exact choice dcpends on the nature of the 
institution or impairment. Expedient sheltering is not recommended due to 
implementation difficulties. For certain imritutions such as health care 
facilities, some form of SCBA may be feasible. 
protection would bc vcry difficult to implement. 

All other foiins of respiratory 

Evacuation, alonc, is not recomrnel;ded for any population subgroup in the 
IRZ. 
rcspiratory protection such as a face mask, facelet mask, or a mouthpiece 
respirator (or appropriate hood or bubblc for children OT infant) and then 
evacuate. This is not feasible for institutions or for the impaired to implement. 

A feasible option for some slow-moving accidents at NAAP is to don 

The combioatiorl 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 ccrvc agcnt exposure are not 
recommended for distribution to the general population because their 
administration requires tiained medical workers. 'This could be an option at 
institutions with staff who can he trained to use such drugs. 

5 . 4 . 2  PAZ Options 

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 arc expected to be much lower becausc 
significant dilution and dispersion will have occurred. 

Normal evacuation is an option fm all populations in the PAZ, as is 
pressuriLation of a room or a mass shelter. Pressurization of a building is not 
needed bccause sufficient time would exist to movc peoplc to a part of a 
building, or to a mass shelter, although this option should be setairled for 
institutions. Other forms of sheltering are options as well. Respiratory 
protection and normal sheltering are not recommended because cvacuation 
a i d  expedient sheltering are always preferrcd options. The use of respiratory 
protection during evacuation is a possible option. The use of drugs are not 
recommended for any group hecausc the time and means exist to avoid 
exposure entirely. 

5.4.3 PZ Options 

In areas beyond the P.4.Z the two options are evacuation or normal 
sheltering. The latter w o d d  be iised solely as a precautionary mechanism 
because all areas avirh a potential for exposure would be evacuated. 
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Table 5.2 Potential protective actions in the P A 2  for NAAP 

QDtion Adults Children Infants  Insti tutions rm-aai red 
Evacua te  
Normal shelter 
Specialized shelter 
Expedient shelter 
Pressurized room 
Pressurized building 
Enhanced shelter 
Gas mask 
Hoods 
Bubb les  
Mouthpiece res pi rato r 
Facelet mask 
Expedient respir. prot. 
SCBA 
Special protective 

Expedient protective 

Prophylactic drug 
Antidotes 
Ev acu a te/res pi r. pro t 
Respir. protJshelter 

c l o t h i n g  

c l o t h i n g  

Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 
NA 
NA 
N O  

No 
NO 
No 
No 

No 

No 
No 
Yes 
No 

Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 
NO 
No 
No 
No 
No 
No 
No 

No 

No 
No 
Yes 
N O  

Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 
No 
No 
No 
No 
No 
N O  

No 

No 

No 
No 
Yes 
No 

Yes 
NO 
Yes 
No 
Yes 
Yes 
Yes 
NO 
NA 
NA 
NO 

NO 
NO 
N O  

No 

No, 

N O  

No 
No 
NO 

Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
MA 
NA 
No 
No 
NO 
N 0 
NO 

No 

NO 
No 

N 0 
0 

NA 5= Not applicable 

5.4.4 C o n c l u s i o n s  

In this section preliminary conclusions are presented rcgardirig 
protective action options at NAAP based on the information presented on 
accident distribution (see Sect. 2 and Appendix A), topography, meteorology, 
and population (see Sect. 3). It must be stressed that these conclusions are 
preliminary. They are ofEered 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 sheltcring (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 bcen 
developed. 

Other options that are potentially feasible for protecting the general 
population in the IRZ include sealing 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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Evacuation with respiratory piotcction cannot gcrnerally be 
recommended. For accidental releases that are sufficiently small and slow- 
moving, however, such a stratcgy may be uscfuX, particularly for those 
person9 farther away from the point of release At this point the recommended 
form of iespiratory protcztion for the adult unimpaired population is a 
mouthpiccc respirator with a snoikcl-type mouthpiece and strap for hanging 
it around the neck lhis equipment w a s  designed for WC in industrial 
accidents for workers evacuating out of a toxic enivironnnent. Recommended 
respiratory protection for infants and childrerz arc baby bubbles and hoods, 
r e spec t ive ly .  

r-- 

For m y  persons that are impaircd such that evacuation is not feasible, 
positivc pressurization of a ”safe” room in ihe house or the cntiie building 
dcgCi1d;ng on  the exact CiiCumStbnCeS is rccomnended. Impairments that 
would prevelrt evacuation would also prcclude expcdicnt sheltering 

For the BAZ, evacuation is reconinnelided for all population grozaps 
Sufficicnt time cxists that with pre-planning all pcoyle can be evacuated. This 
requires thc identification o f  evacuation resources to move people without 
t ran sport at i o 11 p o I; 11 I at i on s . arid institution a 1 

‘4s riotcd earlier, the ~ccommewdcd actions for persons living i n  thc PZ 
arc normal slneltering and evacnatiori. Persons in the PZ should have ample 
t i n c  to e l h i n a r c  the possibility of agent exposure. 
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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 inlormation 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 
d imin i shed .  

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 alerthotification system in the IRZ. Although a quick decision to 
implement protective actions in the PA2 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 PA2 (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 either tone alert radio or 
telephone switching systems are recommended. 

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

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 Act iv i t ies .  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 boundaries. Rccomnienciations have been made 
about potential IRZ and PAZ boundaries in this report. The methodology used 
to arrive at these recoinrinendaiioris has also been specified (see Sect. 4). It is 
important that community decision makcrs work through the options and 
come to agreement about the geographic delinition of the IRZ and PAZ as the 
first step of the planning process. As notcd prcviously, the final 
determination of EPZ boundaries will be made collectively by affected local 
governments, state government, the Department of the Army, and the Federal 
Em z rg e n cy M an a g em e n t Age nc y . 

( 2 )  Decide on interim (based on current capabilities) and final 
protective action strategies for each population group in the IRZ and PAX. 
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, communications systems, and 
command and control system designs. Such systems arc critical to an effective 
emergency response capability. They also represent a niajor capital 
investment in equipment. The systcms will likely be installed in a phased 
manner with critical and basic equipment that will not be obsolete to thc 
entiii: system being installed on a rapid track. It is important that 
communities help design and ultimately approvc the new systems. 

(4)  Begin public education/awarcness activities. People need to 
know what to do in an accidmt 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 Eo implement protective 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, 
work c I- I-e q u i rem en t s , 

mass shelter a i d  decontamination needs, 
transportation and traffic control, 
emergency operations center (EOC), and 
monitoring equipment. 

em e rge n c y 

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

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

( 8 )  Develop final plans and iiiiylementation procedures. The 
installation of new systems will require modification of the Phase I planning 
upgrades (see Sect. I). The details associated with these stcps are specified in 
the Program Guidance document. 
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6 . 3  CONCLUSIONS 

This report has identified the basic features of ihe 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 diffcrent meteorological conditions, and the 
actual distribution of meteorological, topographic, and population resources in 
the NAAP area. It has further provided methodologies and approaches for 
dctcrrnining the emergency planning zone and sub-zones and evaluating 
po tenti a1 protective actions. 

The next phase of the planning process must involve local dccision 
makers. Thcy need to digest this and other information (e.g., M a n a g e m e n t  
Plan for Emergency Rpsponse Activities and the Program Guidance d o c u m e n t )  
and make decisions such as those enumerated above. They need to consider 
additional information ( c g . ,  technical support studies) as it becomes available 
and determine whether and how that information affects their earlier 
decisions. Jn short, as noted in Sect. 1 ,  they need to create their own plan. Thc 
Army and other participating organizations are ready and available to provide 
assistance 40 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 each accident scenario listed in Table A.1. 
present corresponding information for accidents that could occur during 
storage and associated handling activities. 

Tables A.3 and A.4 

In 'Tables A . l  and A.3, the potential releases associated with disposal and 
storage/handling accidents, respectively, are arranged to display the range o f  
values for  those variables that are particularly iniportant for emergency 
planning. The first column identifies the activity during which the particular 
accidciit 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 A.4). 

The second and third columns present the maximum downwind 
distances ah which fatalities to healthy adults might occur under most likely 
and very skable meteorological Conditions, respectively. These values were 
calculated using the Army's D2PC atmospheric dispersion csde (Whitacre, EE rzl 
1986). The most likely meteorological conditions are defined as neutral 
atmospheric stability (11 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). 

Coliunnns 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 illrough seven break 
this total down into the amounts that would be detonated, emitted (immediately 
vaporized), and evaporated, respectively. Column eight lists the amount sf 
agent that would he 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 
~ ~ ~ ~ ~ ~ e s ~  during which thc release could occur. When the value in this 
coluinn i s  zero, all the agent would be released instantaneously, as with a 
detonation with no resultant lire. Longer values (e .g . ,  20 inin through 360 
min) represent the estimated length o f  time that the release would continue 
before the available agent was depleted or the accident was contained. 
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ZoluniiiS 10 and 11  picsci-it thc type of munition and agent, respectively, 
invoivcd in the accidental release. The type of munition influeiiccs the nature 
of thc ~c!case (e.g., through de:onatioll) as we!l as the actions the on-site 
pcrs01111c1 shoiild take to coiii,iin The accident. ‘The type of agcilt, because of 
diffcrent agent characteristics (e.g., volatility and toxicity), is important in 
cstiniating the fatal plume distances arid betemining appropriate protective 
ac t  ions.  

The f i n d  columi. Xiclcase Mode. designatec, whethei the agcnt is 
released as a s h p l e  vapor (spill), is propelled by a iire> or is released in a 
ccjii~plcx iriaiiiicr iiivolviiis a cornbinatioil of spill, fire, and detonation. These 
releasz modes rnrresportd to a diffcrcat noinerlclaturc used in the atmospheric 
dispelaion modeling: a spill is equivalent to an evaporative release; a firs is 
cqiiivalcnt to a semi-coniiiluo~s release; a n d  a dctnnation, -+v!tich occurs in the 
risk analysis dataiiasc only as a component of a conipiex Ieiease, is qirivalent 
to an iiistaiitaricous relcasc. lJnder Laih iiomznclatures, a coimp~cx releas? Is 
considered EO consist of soilit; comhiisatioll of tiiesc simple release mad 



Table AI Accident scenarios €or on-site d k p d  activities at NAAP 
(sorted by munition type, agent w i t h  munition type, and activity within munition type) 

Activity M L ~  vs3 Amount 
ID' and plume plume Amount: of Agent Released 
scenario distance distance Total Detonated Emitted Evaporated unreleased duration type4 type5 mode 

of agent Event Munition Agent Release 
6 

(b) (b) (lb? ( 1 9  (Ib) (It9 t lb) (min) 

HO G 
HF 3 
PO 12 
PO 13 
PO 19 
PO 25 
PO 26 
PO 29 

> PO 42 
w PO 51 

1.64 
1.64 
0.19 
3.24 
3.23 
1 .oo 
2.50 
2.50 
1.64 
0.62 

6.06 
6.06 
0.70 

15.48 
15.46 
4.16 

12.91 
12.91 
6.06 
1.99 

39.994 
39.994 

1.706 
240.436 
239.883 
39.994 

239.883 
239.883 
39.994 
5.794 

0.OOO 
0.0oO 
O.Oo0 
0.OOO 
0.OOO 
O.OO0 
O.OO0 
O.OO0 
O.Oo0 
0.o00 

39.994 
39.994 
o.oO0 

240.436 
239.883 
39.994 

239.883 
239.883 
39.994 
5.794 

0.000 
0,000 
1.706 
0.000 
0.OOO 
0.OOO 
O.Oo0 
O.Oo0 
0.OOO 
0.ooo 

0.OOo 
0.OOo 

80 16.780 
0.OOO 
0.OOo 
0.OOO 
0.OOo 
O.OO0 
0.OOO 
0.OOO 

10 
10 

360 
60 
60 

360 
360 
360 

12 
34 

K 
K 
K 
K 
K 
K 
K 
K 
K 
K 

V F 
V F 
V S 
V F 
V F 
V C 
V c 
V c 
V C 
V C 

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

cr 
i; has = most likely metmrolagical condition of 3 m/s wind speed and D stability. 

VS = very stable meteorological condition of 1 xn/s wind speed and E stability. 

Munition Type 
K = Bulk (!!ton"> containers 
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Activity 
code & 
scersario 

ID Scenario description 

Forklift collision accident with short duration fire during haridling bctween munitions 
handling igloo (MI-[ I )  and munitions demilitarization building ( 

FsiM-liEt collision with short duration h e  during handling of on-sitc transport containcr. 

Direct large aircraft crash damages the MDB; no fire. 

Direct large aircraft crash damagcs tlic MDB; fire not contairaed in 0.5 lar:uis. 

Indirecl. large aircraft crash damages the MDB; fire not ccmtaincd in 0.5 h w r s .  

Earthquakc dainagcs the MDB structure, ~ ~ ~ ~ i i ~ ~ o ~ s  fall and are pncturccl. h e  
supprmed. 

Earthcpaake damages the MDB structure, munilions fall and arc pnctuecd, carthquakc 
idso initiates firc, fire suppression system €ails. 

Earthquake damages the MDB; munitions are intact; fire accuis; L;ire suppression 
system fails. 

Metal parts furnace (MPF) explosion duc to fiiilue to stop Cue1 flow i i k r  ii shutdown. 

Ton containcr spill in the munitions processing bay (MPB) results in Pire anti structural 
failure. 
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Scenario description 

SL 005 Large airctalt indirect crash onto storage area; fire not contained in 30 min. (Nolc: 
Assumc dctonation occurs if burstered munitions hit, fire involving burstcrcd munitions 
not contained at all.) 

SL 015 Small aircraft. dircct crash onto warehouse or  open storage yard, firc occurs, not 
contained in 30 anin. 

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

SL D26 Earlhyuake occurs, NAAP warehouse is damaged, ton containcrs damagcd, fire occurs. 
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APPENDIX B 

DISTRIBUTION OF METEOROLOGY AT TERRE HAUTE, INDIANA 

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

1. less than 2.1 m/s (4.7 mph) 
2. between 2.1 and 3.6 m/s (4.7 - 8.1 mph) 
3. between 3.6 and 5.7 m/s (8.1 - 12.8 mph) 
4. between 5.7 and 8.7 m/s (12.8 - 19.5 mph) 
5 .  between 8.7 and 10.8 m/s (19.5 - 24.2 mph) 
6. greater than 10.8 m/s (24.2 mph) 

A s  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. 

B-1 



B
-2

 





T
 

&
 

m
 

u 3
 

4 -1 
z
 

a
 

0
 

c
 

f
 

a ta" - 0
 D

 

I 
I 

I 

+ 
h 

z 
i 

s 
PA> 

0 

B
-4

 



I
 

t
 

B
-§ 



-
7
-
 

----- 
-._.__I 

a
 c 

.- 3 
cu 
0

 



n
 

0
3
 

r- 

3s 

u
-4

 
0

 

a
 bi., 

Ft 
.
I

 
N 

B
-7

 





APPENDIX C 

HEALTH-CARE FACILITIES BETWEEN 35 AND 75 KM FROIM THE 
PROPOSED CSDP SITE AT MEWPORT ARMY AMMUNITION PLANT 
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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 

occu Dancv (km) 
I l l i n o i s  

Carle Foundation Hospital 
Mercy Hospital 
Hoopeston Regional Hospital 
Douglas Co. Jarman 

Mem. Hospital 
U.S. Air Force Hospital 
Burnam Hospital 
Cole Hospital 
Sarah Bush Lincoln 

Healrh Cenrer 
John and Mary Kirby Hospital 
Crawford Mern. Hospital 
Gibson Comm. Hospital 
Iroquois Mern. Hospital 

Urbana 
Urbana 
Hoopeston 
Tuscola 

Chmute AFB 
Champaign 
Champaign 
Maeoon 

Monticeilo 
Robin s on 
Cibson City 
Watseka 

C hanp ai gn 
Champaign 
Vermillion 

Douglas 

Champaign 
Champaign 
Champaign 

Coles 

Piatr 
Crawford 

Ford 
Iroquois 

28 3 
222 

9 4  
4 3  

35 
170 
6 5  

172  

1 8  
6 1  
4 0  
6 8  

NA 
55.4 

NA 
27.9 

62.9 
50.3  

NA 
59.9 

42.9 
NA 
NA 
NA 

4 6  
4 5  
4 8  
5 1  

5 1  
5 3  
5 3  
6 1  

6 4  
6 4  
7 0  
7 0  
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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 (Le., 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. 
specific topography, vegetation, or meteorology (e.g., prevailing wind 
direction, speed, or atmospheric stability) on resultant downwind lethal 
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 each agent typehelease 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: 

They do not account for the effects of any site- 

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. 

D- 1 



- 
0
 

v-- 
c
 

8
 

c
 

T
-
 

8 
0
 

0
 

0
 

0
 

Q
 

c
 

Q 
F

 
- 

M
 

D
-2 



APPENDIX E 
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GRAM DECISIONS 

Emergencv Planninrr Zones 

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

hat distances should they extend to? 

Ac c i dent  Assessment 

hat mechanism will be used to detect releases? 
Wow will accidents be classified? 
How will source tcrms be estimated? 
What met data is needed? 
What dispersion code will bc used? 
What resources and equipment is needed to support the code? 
Who will niake the assessment? 
How will asscssmeaat results be communicated? 

,Command and Control 

ho is in charge initially? 
Who assumes conmtra8? 
Do Army regulations allow a different decision process than the current one? 
Wha t  command/cnntrol system will be used? 
Will the conmiunities give the Army authority to warn the public? 

kat EOC will be used? 
hat is the backup EOC? 

1s E 0 C  equipment adequate? 

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 infrarmation/training is needed? 
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Emtective A . c ~ o n  Decision Making 

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

Cla rn mu n i.~..ati on s 

Who will be included in the communications network? 
Who will be backups? 
What equipment is needed to implement network? 
Will a standardized information protocol be used? 

Pu bl i c W a mi= 

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 areas 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 Populations 

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 Se rvices 

What level of service is needed? 
What resources are needed to support that level'? 
How will search and rescue be conducted? 
How will decontamination of injured be managed? 
How will body handling be performed? 

T r a n s p o r t a t i o n  

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

Tn form a t i  on Man anem en1 

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

Mass Ca re 

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? 

R e e n t r v  

How will the accident area be monitored? 
How will food and water be tested? 
What criteria will be used to determine safety of area? 
Who makes the reentry decision? 

P r e p a r e d n e s s  

What types of public information are 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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