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ABSTRACT 

The continued storage and disposal of the United States' unitary 
chemical stockpile, including that portion stored at Lexington-Blue Grass 
Army Depot (LBAD) near Richmond, Kentucky, have the potential for 
accidental releases that could escape installation boundaries and pose a threat 
to civilian populations. The U.S. Army, in conjunction with the Federal 
Emergency Management Agency and other federal agencies, is committed to 
implement an emergency preparedness program that will significantly 
reduce the probability of adverse effects from such releases. This concept 
plan, which is but a part of a comprehensive ongoing effort, provides a 
framework for initiating such a program for the LBAD stockpile. 

This report develops information and methodologies that bear on two 
major decisions for such a program -- determining emergency planning zones 
and selecting protective action strategies. These decisions are based on the: 
hamrf?s posed by the LBAD stockpile and its disposal. 
ax based largely on the distribution of potential accidental releases associated 
with interim storage and disposal activities and associated external events 
(e.g., earthquakes and airplane crashes), the distribution of natural features 
that can affect an agent release (topographical features and meteorological 
characteristics), and the distribution of people and resources (e.g., homes, 
schools, and hospitals) potentially affected by an accidental release. 

These hazards, in turn, 

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

The report identifies the advantages and disadvantages of six categories 
of protective actions (i.e., evacuation, in-place sheltering, respiratory 
protection, protective clothing, prophylactic drugs, and antidotes) and various 
options among these categories. Potentially suitable options for the IRZ and 
PAZ general publics and institutional populations are identified, and 
preliminary recommendations are made. For the general population in the 
IRZ, the recommended option is expedient sheltering, although other 
combinations of options (e.g., using respiratory protection while sheltering or 
evacuating) may also be suitable for some persons. For institutionalized or 
impaired persons in the IRZ (e.g.* school children and hospitalized patients), 
positive pressurization of a "safe" room in a house or building is recommended. 
For the PAZ, evacuation is recommended for all persons. 
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The viability of the recommended EPZ and the effectiveness of the 
recommended protectivc ackicns depend on the adoption and implementation 
of appropriate standards for command and control de,-isions arid For alert and 
iioiification systems. Given the possibility of rapid onset of accidents at LBAD 
and thc proximity of civilian populations in the IKZ, an overall command and 
control structure must be able to provide a decision on warning and protective 
actions ia lcss than five minutes from accident detection. Somewhat more time 
is available for thc BAZ. 
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1. INTRODUCTION 

1 .1  PURPOSE OF THE CONCEPT PLAN 

This concept plan was developed to help At i a t e  enhanced emergency 
preparedness for continued storage of the stockpile and the Chemical Stockpile 
Disposal Program (CSDP) at Lexington-Blue Grass Army Depot &BAD). 
chief purpose of this document is to act as a preliminary aid to decision[- 
making regarding the implementation of enhanced emergency planning and 
preparedness. The Army recognizes that there is no sct plan that is applicable 
to all program sites. Variation in population distribution, political boundaries, 
topographical features, risk and accident potential all create a situation in 
which options and alternatives are both needed and available. It is the 
responsibility of state and local governments to shape the emergency 
preparedness mitigation program. The Army can provide resources and 
expertise, but cannot impose an arbitrary program on the local communities. 

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 gnored .  

The two major decisions that are addressed in this concept plan are 
definigv t he bou ndaries o f emerggncv D lannin? zones and E l e c t i n g  
Qrotect ive act ion s t ra teTia  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 SAPEO-CDE-IS-87007, prepared by Jacobs 
Engineering Group, Inc. and Schneider EC Planning and Management Services 
for the Program Manager for Chemical Demilitarization (PM CmI Dernil) in 
19871 of an inner immediate response zone and a larger protective action zone; 
there is also an outer zone, termed the precautionary zone in the 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 Rave been discussed in two preliminary technical reports (Chester, 
1988; Sorensen, 1988). Additional work is underway expanding on the analysis 
of protective actions as well as on other matters that will have a bearing on 
the technical basis for planning. As these materials are completed, they will 
be made available to federal, state, and local officials engaged in the 
emergency planning process. 

1.2 BACKGROUND AND OVERVIEW OF THE EMERGENCY PLANNING 
AND PREPAREDNESS PROGRAM 

This program is outlined in the CSDP Final Programmatic 
Environmental Impact Statement (FPEIS, U.S. Army 1988). As defined in the 
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FPETS, major activities to be undertaken i.nclude 

e development of a new command/control, communication and 
decision-making structure, 
development of an improved technical planning basis, 
development of improved emergency operating procedures, 
development of improved exercise design and evaluation 
conducting emergency exercises, 
establishment of an oversight review board, 
coordination with appropriate state and federal agencies, and 
development of a program to implement other emergency 
prep a red 11 e s s i rn p ro v e m en  t s 

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

The K R C P  
reduce adverse health and cnvironmental effects in the event of an accidental 
relcase of chemical agent. 
identified optioris for improving preparedness fop. accidents under all 
programmatic disposal. alternatives. The programmatic record of decision, 
issucd by Under Secretary of the Army James R. Ambrose on 23 February 1988, 
specified that oilsite disposal was the alternative to be pursued at each site. 
This si te-specific concept plan addresses the framework for improving 
emergency preparedness for storage and disposal activities at LBAD in a much 
more specific and focused manner than was possible in the E R C P .  

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

After thc programmatic record of decision was rendered, the 
Dcpartmenr of the Army (DA) and the Federal Emergency Management Agency 
(FEMA) initiated discussions regarding the development of a Memorandum of 
{Jnderstanding (MOIJ) whose purpose was to establish a framework of 
cooperation to identify their agencies' respcctive roles and responsibilities for 
ernergcncy response preparedness involving the storage rand ultimate disposal 
of cheniical warfare materials and to establish joint program efforts in 
emergency response planning, training, and information exchange, This 
MOU also identified roles and responsibilities for thc Department of Health and 
Human Services (DHIIS) and the Environmental Protection Agency (EPA) arid 
set up a FEMADA Joint Steering Committee to review tne status of joint 
program, discuss and resolve issues, consult on major policy issues, and 
provide the necessary direction to meet the Army's overall program goals. Thc 
MOU was signed in August 1988. 

With the assistance of FEMA, other federal agencies and contractor 
organizations, the A m y  is in the process of upgrading the off-site or civilian 
emergency plans and procedures at each of the sites, analyzing training 
needs, evaluating communication system needs, and investigating warning 
system need$. These activities, however, are fragments of a larger picture. 
The overall ernergcncy plaraiiing and preparedness program for the stockpile 
and its disposal. is comprehensive and multi-faceted. As shown in Table. 1.1, 
the overall program involves the efforts of many parties ( e . g . ,  various parts of 
thc Aiany, including the installations and contractors, other federal agencies 
such as the Fcdcral Emergency Managcment Agency, and the affected state 
arid local jurisdictions). 

Although sornc of the activities can be and are being pursued 
simultaneously, there are interdependencies among many of the activities that 
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tlictatc a teiiipord flow to the program, ar dcpirtcd in Fil~ 1 . 1 .  Pilase I of the 
piogram (scheduled to OCCJ bctwecr Janimiy 1987 and Julie 198C) is to 
p r m i d c  ail intcr;.-ii upLraGe of nff-posz emergency planning uring cxisting 
coiiimunity resources and to develop and conduct chcmi ia l  accidc:iit nieliical 
training caiirscs for emergency wsrkcrs; Phase I also includes studies 
a n n l y z i i i ~ ~  equipment needs for communication? and p ib l i c  alcrrimg, aaid an 
initial arialysis of program training noeds. Phase TI of the program 
(schediilrd to occur bet A p i i l  1988 and Jaslwit-y 1991) includes the 
pieparation of v:iriaus ical ctudics to SillipGI’I local decision making and 
form the Sasiq foi p~ograin guidaiiie aud the defifiitioil of standards and 
ciiieria to be used to determine thc adcqu9acy of cnmprehensive eimrgrney 
plans and prqaredzcss  for ;hi> ynogram; ongtjing and scheduled technical 
stiidics a d  the dates by which results arc anticipatcd to be available to 
emergency planniiiy program participants are s h w  11 iii Table 1.2. P.i!a.s-g-m 
of the pi9gr-m (scherl~iled far April 1988 t h o u g h  June 1993) constitutes the 
impieiaentatioa of the program. It incliidcs thc grcpararion of site-specific 
concept plans;: thc dctcrmination of planning. equipmerit and training needs 
icqtaired to satisfy tiie standards arid criteria establishcd during Phase IT; the 
acquisition, insiallation and testing of eqllipirieiit and traiiiiilg of emergency 
response organizations and personnel i n  its uce; and che implemeatation of 
comprehensive planning, training. and ::A ise piugxams. p-gsc: IV, 
comprised of maintenance and  suppori of the majoi preparedries\ prog-ams, is 
planned to Stat!  in Julie 1991 and last until thc l c t h l  agent stockpile is 
elirriinaicd (schcdinled for April 1997). 

loss rcductiori, 
coinrrii~ni~y pariicipation, a n &  
funcfiiinal equivalency. 

IXJSS i-cdxtion, a.; mcasused pr irilarily by avoidance of fatalities given 
a n  acciixeiitdl release of chemical agent, is ohvio~~sly tlir raosi important 
objective of thc conccp! plan arid implementRtic;: ptucess. Thus,  whcnc~cn 
fcacible, decisions should br driven by comern for public safcty. A s r c c  rid 
goal is to obtain a pieparedness stratesy and capability that is publicly 
acceptable and. thuq, workahk Thvc, thc g o d  of community participation 
maintains t t n t  ?hi; ci t izcns afftwfd by  the emerzcncy proparcdncss 
mitigatioii need to bcconie pari of thc p l a i w h ~  pi~x-css. Finally, since t l w c  
are a total nf 8 s torage /d isp~d sitcs, thc allocation of rrrnurces cannot be 
biased toward any givcn sitc. F,ix-h site, however, has different needq and may 
opt for diffcrcrt aiqjroschrs. It is therefore important tha t  each siic rercivcs 
eiili;ilrcroreiiS~ tha t  are I ~ I U I C  or less eq1:ivaIent from a fiirictionai perspectivc, 
or are not denicd resmrccs that arc fuilctioiially equivalent. The equitable 
distribution of I^esourccs shou ld  also contribute to public acceptance of the 
emeigcikLy picl~aredness  piugiarri. 
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Table 1.2 Technical Support Studies 

Studv Status Results Expected 

Accident Assessment 

Protective Action Effectiveness 

Public Education/Risk Communication 
Strategy Plan 

Decision Making System 

Atmospheric Dispersion Model Review 

Reentry Planning 

Review of Protective Equipment for 
Civilian Workers 

Public Education Program Technical Support 

Develop Warning System Evaluation 
Methodology 

Protocols for Biological Monitoring for 

Evacuation Studies 

Evaluation of Si te-Specific Protective 
Action Strategies 

Development of a Computer-Based 
Emergency Information System 

Agent Contamination of Porous Media 

Agent Contamination of Agricultural 
Re sources 

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 

FY 1990 

FY 1990 

FY 1990 

FY 1990 

FY 1990 

FY 1990 

FY 1990 

FY 1990-91 

FY 1990-91 

FY 1990-91 

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 
LBAD are described in the Madison County, Kentucky, Emergency Operations 
Plan, Annex GG (draft, 1988) and Annex R (1985). Enhanced planning can be 
defined in a great number of ways. One means of viewing enhancement is to 
define 3 different preparedness levels: 

m i n i m u m ,  
current state-of-the-art practice, and 
maximum protection. 

While no functional criteria for defining these three levels have been 
specified, they can bc qualitatively defined as follows. The minimum cffort 
would be to upgrade preparedness by making the most of available resources 
within each community and installation. Liriiited improvements in equipment 
would be feasible where it is deemed that equipment is obsolete. 

The current state-of-the-art practice would involve implementing a 
preparedness lcvel similar to that found for commercial nuclear power plants 
around the country. The basis for this level of preparedness is defined in 
NUREG 0654/FEMA REP 1 (USNMC, 198Q). 

The maximurn protection level would involve developing a system 
which would prevent as much loss as possibie uiider all envisionable, but 
credible, accident scenarios. This would likely have a very high price tag (and 
may, in fact, assume unlimited resources) and may be very intrusive on a 
c om m u 11 it y ' s every d a y function in g I 

1.S OVERVIEW OF THE PLAN 

Section 2 of this plan presents information on the distribution of 
credible accidents that could occur at LBAD. Accident are described with 
respect to cause, type of release, duration of release, and downwind hazard 
consequences. From the distribution, planning basis accidents are dcveloped. 
These represent 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 zones, 
including the immediate response, protective action, and precautionary Lories. 
A base case is developed for each zone along with a ratioiiale for the 
boundaries. '4lternative boundaries are also presented along with argumenls 
for thc deviation from the base case. The final determination of erncrgency 
planning zone bouiidaries will be made collcctively by affected local 
governmcnls, state government, the Department of the Army, and the Federal 
Emergency Management tlgency. 
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Section 5 identifies protectivc 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 
diflerentiated 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 lo decision outcomes. 
Although estimates can be made regarding the timing of certain activities 
(e.g., the timing of Phases I through IV noted above), until decisions are 
actually made, the actual schedule is unknown. 

Finally, it should be pointed out that this concept plan is evolving. It 
does not cast information in stone, nor rcnder options monolithic. It is a 
starting point €or a set of interactions among officials, concerned citizens, and 
experts eo enhance the actual and perceived safety of residents surrounding 
the storage and disposal sites. 
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The principal health effect of vesicant exposure is blistering of exposed 
tissues, potentially causing severe skin blisters, injuries to the eyes, and 
damage to the respiratory tract by inhalation of vapors. Because of its 
chemical properties, mustard agent can react with a variety of tissue 
constituents including nucleic acids, the genetic material of the cell. 
Biological evidence indicates that mustard exposure can result in 
carcinogenesis. In order of inhalation toxicity, HD is more toxic than H, 
Mustard is extremely persistent when isolated from sun, wind, and rain; it can 
still be found in European trench areas sealed during World War I. Mustard 
normally hydrolyzes in the open over a period of several days; temperature is 
a major factor in natural deterioration. 

2 . 1 . 2  Chemical Munitions at LBA 

LBAD's inventory is reasonably limited in its diversity and is the 
smallest by agent tonnage of all CONUS installations - approximately 1.6% (by 
weight) of the nation's unitary chemical weapons stockpile. Although the size 
of the inventory is important in the context of the probability of an agent 
release, the stockpile mix also has important implications for emergency 
planning - the more heterogeneous the mix, the larger the variety of potential 
releases to plan for. 
in Table 2.2. 

The specific composition of the LBAD stockpile is shown 

Table 2.2 LBAD Stockpile 

Munition Q r container I_- Agent 
H HD 6 B  VX 

155-mm projectile X X X 
8 -in projectile X 
M55 rocket x X 
Ton container X 

Except for M55 rockets (51,773 GB rockets and 17,739 VX rockets as of December 
31, 1983), the number o f  other munitions and/or quantity of agent stored at 
LBAD are classified for national security reasons. 

The features of thc munitions that are significant for emergency 
planning arc principally the quantity of agent in them and whether they 
include energetic material (i.e., fuze, burster and/or propellant). The former 
characteristic helps determine thc size of a potential release, and the latter 
may significantly affect the mode of agent release (e.g., whether or not there 
is a detonation). The bombs, spray tanks, and ton containers contain the 
largest agent quantities; the other munitions include energetic materials, 

2 . 2  ACCIDENT POTENTIAL 

It is impossible to know in advance all accidenls that could potentially 
occur. It is reasonable, however, to use information developed in the CSDP risk 
analysis (MITRE Corporation 1987) to help bound a range of feasible accidental 
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releaces. I11 pdl i iLLl laT ,  certain charactzristics of hypothesieed accidents asqist 
in ezmrgcncy pldnfiing by helpiiig deline pianaing basis accidents. These 
characteristics includc :heii lcthal dowPawind distances under va.riable 
riictesrological coidiiions, the duration of thr rcL-asr, and the mode of release 
(i.e.. coriiplcx7 firc, r,r spill). Appcndix h provides a listing of the pote~itial 
accidental rcicases that were identilicd in thc G'SP)I" risk analyses for the LBAD 
stockpi le ,  

Since thc number of munition& (except M55 rockc%) an3  containers at 
LEAD is classified, thc pmbabilitieq of these accidents, which are dcpendeat on 
invenmry size, camnot be divulgcd What is presentc:' below is the range of 
probabilities for all accidents identified it) the CSDP lisk analysis that could 
occul at LBAD. 

The logic that iisers of thc accidca; data base should ernpioy is that the 
variation in :tie data base (Le., the accidents idcntified in the risk analysis) 
should be irncorporatcd in the ijlanrrirrg basis accidents. Thus, onc should be 
concerxred with short- as4 loing distancc accidcatal releases, short- and long- 
term duration cvents, and thc differenr mode.; of release, Ry considering the 
range of values for thesc varizbles in identifying ~ l a n n i n g  basis accidcats, 
one can be moii7 ceitain that affccteed people and crncrgency planning and 
iespoiisc srgani7ations are preparrd for all plausible accidents. 

2 (I 3 RANGE OF PLANNING ACClUEN'I'S 

ki can bc seen III Agpetsdia A, the range of potmtial releases is 
cxierisivc 'I'ablc 2 3 depicts all rion-cc::tinuous va!nes fai the Jaria'oles o f  
intcrr;:;t (valilps roundcd frorli infomation cnziaincl? in Appendix A). The No 
I h i t E t  (NLI) dawnwicd distance (the distant. ,: bcymd i;.hirh fatalitic3 are not 

OR applicatifiii of the A m y ' s  E P C  atriitrsplieric dispersion codc 
I 19851) uiider very stable m t  1l;log;cal conditions (wind s p e d  

of 1 m/s arid E atiwsphcrii; stability) ranges fiorll 0.8 to 17.5 hm. 

An alternative way of pollraying informarioa aliuut accidrntal relcases 
is to ir9cntify what qant i ty  of chcrnical agent would result in what lethal 
do w R w i 11 d d i s t an u e 'alii d e r d i f f e rcn t met c o ro 1 o g i e a 1 1 c as e 
modes, Although this approach is unielated to the CSDP risk analysis, i t  has 
the advantage of d a t i n g  so!ircc size to downvind distancz for any accidental 

c n n d E ti oil s a 11 d 

Variable .ll_l_._ >...J!ALU.G.S _ I _ l g _ _ _ . _ ~  

Duration (min.) 0, 20, 60, 120, 360 
Modc of release complex jcoinbiiiatinn of continuous, semi- 

contirluous, atid instantaneous) 
ND Downwind Distance 0.8 to 1'7.5 km (1 m/s, E stabiliiy) 

Probabi l i ty  10-5, 10-6, 10-7, 10-8, 1 ~ - 9 ,  10-10 

.,..__I ...... _--. ___._.______ ........ --.------x.̂ lll.- . ........- 



releases that might not have been identified in the risk analysis. Table 2.4 
shows that for semi-continuous releases (e.g., as with an uncontrolled fire), VX 
agent results in the greatest lethal downwind distances of the three agents for 
all considered meteorological conditions. For evaporative releases (e .g . ,  as 
from a spill), on the other hand, the downwind distance for VX agent is so low 
that no conceivable amount would result in an off-post release due to 
atmospheric dispersion; of the two realistically dangerous agents for this 
release mode (Le., GB and HD), GB presents the far greater risk under all 
considered meteorological conditions. For instantaneous releases (e.g., as from 
a detonation), values are presented only for GB agent because the D2PC 
atmospheric dispersion code does not sufficiently incorporate the evaposation 
of a VX or HD explosion and provides better estimates using the semi- 
continuous release mode for both of these agents. 

2 . 4  PLANNING BASIS ACCIDENT CATEGORIES 

As noted in Table 2.3 and Appendix A, the range of identified potential 
accidental releases is rather large. From these releases, it is possible to 
identify five ( 5 )  types of releases that may usefully bound emergency 
planning and be considered in developing emergency planning zones (see 
Sect. 4). These types of releases or categories were selected principally on the 
basis of variance in downwind lethal distance and duration of release. The 
categories are as follows: 

w o r v  1. A small release with no off-site fatalities. 

w o r v  2. A moderate short-term or instantaneous release with 
fatalities confined within approximately 10 km. 

Catego K v 3 A moderate long-term or continuous release with fatalities 
confined within approximately 10 km. 

Clatemrv 4. A large short-term or instantaneous release with fatalities 
confined within approximately 25 km. 

CatePory 5. A large long-term or continuous release with fatalities 
confined within 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 populatiolns 
within those zones {Sect. 5) .  
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Table 2.4 Approximate ND Distances (km) for Alternative Source 
Terms and Wind Speeds (and Stability Conditions) 

_II 

k g  1 m/s (E stability) 3 mls (D stability) 6 m/s (D stability) 
( 2 2  mph) (6.7 mph) (13.5 nph)  

Age 11 t 1% D, Semi -Con t in pi o LI s Release 

1 
10 
100 
1000 

0.1 krn 
0.7 km 
2.7 km 

10.4 km 

Agent €ID, Evaporative Release) 

1 
10 
100 
1000 

<0.1 krn 
<O. 1 knn 
0.1 krn 
0.4 km 

Agent VX, Semi-Coatinuous Release 

1 
10 
100 
1000 

1.0 km 
3.9 km 

13.9 km 
44.4 knl 

Agent GIB, Semi-continuous Re!ease 

1 
10 
100 
1000 

0.6 km 
2.3 km 
8.5 km 
29.0 km 

Agent G B ,  Instantaneous Release 

1 
10 
100 
1000 

1.3 km 
4.1 km 

13.3 krn 
41.5 km 

Agent GIB, Evaporative Release 

1 
10 
1 DO 
1000 

0.3 krn 
0.9 km 
3.2 km 

10.5 krn 

0.1 km 
0.3, krn 
0.7 km 
2.2 km 

<0.1 km 
<0.1 krn 
<O. 1 kin 
0.1 krn 

0.3 krn 
1 .O kin 
3.0 km 
9.6 km 

0.2. krn 
0.6 krn 
1.3 kin 
6.3 km 

0.4 knn 
1.3 km 
3.7 krn 

10.3 icm 

0.1 km 
0.2 km 
0.7 km 
2 .2  krn 

~ 0 . 1  km 
0.1 km 
0.5 krn 
1.6 km 

~ 0 . 1  krn 
4 . 1  km 
<0.1 km 
~ 0 . 1  km 

0.2 km 
0.7 krn 
2.3 km 
7.1 km 

0.1 km 
0.4 km 
1.4 km 
4.6 km 

0.3 kin 
0.9 km 
2.8 krn 
8.6 km 

co.1 km 
0.1 krn 
0.5 krn 
1.6 km 
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3, SITE CHARACTEKXS'FICS 

Thc Blue Grass Area of LEIAD consists of 14,600 acres of  land southeast of 
the city of Richmond, Kentucky. The installation is a p ~ r ~ x ~ ~ ~ ~ ~ ~ ~ ~  40 krn (25 
miles) south of Lexington, 160 krn (100 miles) southeast of L~lani:;v9122, and 168 
km (BO5 miles) south of Cincinatti, Ohio. The chemical stanrtgz area arid the 
proposed CSDP facility site at LBAD are located in the north rtr.ntriil part s f  khc 
installation, approximately 2 krn from the installation's Imrder. State. 
Highways 52 and 374 run along LBAD's northern and eastern boundaries, 
respectively (see Fig. 3.1). 

For emergency planning purposes (and specifically for determining 
emergency planning zones), the site is characterized nn terms of natural 
features that may affect an accidentai agent release (Le. topographic ~ C . ~ X C S  
and meteorology). Furthermore, the location o f  people and ~TCSOIIPCFS 

potentially at risk (Le., population at risk and potentially affected communities 
and institutions) must also be considered in determining erxacrgerecy plsinning 
zones. 

The immediate vicinity of LBAD is characterized by arroderarely rolling 
terrain. Stronger topographic features located some distairire C m n  the 
installation would significantly affect the dispersion of an acciderm;? relcasc 
of chemical agent. These features include the Kentucky River m d  its hlriffs, 
the Red River and its bluffs, and the mountains in  the Daniel 'd;%oonc National 
Forest. The Kentucky River and associated bluffs, located a b w t  15 to 20 Scni 
north of the proposed CSDP site, would effectively prevent the dispersion of 
agent to any points further north and cause the agent to move up or dows thc 
river valley. To a lesser extent, the Red River and i t s  sn~;al%rsr bluffs, L~eatcd 
about 20 krn to the northeast and east, would tend to prevent, dispersion to 
points further east and northeast and cause the agent io  move tip ni down the 
valley. The mountains of the Daniel Boone National. Forest, located dbnnt 15 eo 
20 km to the south and southeast, would tend to ae! as a barrier to ihc f u ~ h c a .  
dispersion of agent e o  the south and southeast, resulting in the pxillmg of 
agent in the foothills area. Table 3.1 summarizes the dictarace and dircct'nm to 
ni a j o r top o g rap hi c fe a I ur e s , 

Because topographic features could have a signiGcant effect ow the 
dispersion of an accidental. agent release (that was large erwugh io a r m d  that 
distance to begin with), they should strongly influence the definition 01 
boundaries of emergency planning zones around LB AD. 

3.2 ATMOSPHERIC D1SPIF:RSIBN OF AGENT AND SI'F 

Meteorological conditions in the affected area at the time sE an nccidcnial 
release are especially important. They, along with the size and type of rcleasc 
and topographic features, help determine the extent o f  contaminarion. This 

19 



20 



Table 3.1 Topographic features in the area surrounding LBAD 

Absolute Elevat ion 
Direc t ion  Descr ipt ion Distance e l eva t ion  relative to 

(kin) (m LBAD (m) 

- _ -  
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
SW 
wsw 
w 
WNW 
Nw 

NNW 

LBAD 0 

Kentucky River 16  
Kentucky River 15 

Kentucky River 11 
Kentucky River 11 
Kentucky River 18 
Preacher Mountain 19  
Chrisman Mountain 15  
Hickory Flat Mountain 13 
Robe Mountain 16 
Resevoi r  6 
Harts Fork 8 
Old Town Branch 9 
Taylor Fork Lake 11  
R i c h m o n d  8 
Trible/Hicks Branch 9 
Kentucky River 22 
Kentucky River 21 

275 
290 
260 
290 
275 
275 
450 
43 0 
455 
45 0 
305 
305 
305 
305 
285 
275 
290 
295 

0 
15 

-15 
15 
0 
0 

175 
155 
180 
175 
30 
30  
30 
30  
10 
0 

15 
20 

section explains the role of meteorological conditions in dispersing agent and 
identifies the historical distribution of those meteorological conditions. 

3 . 2 . 1  ATMOSPHERIC DISPERSION OF AGENT 

The most important meteorological featurcs are wind direction, wind 
speed, and atmospheric stability. Wind direction dctermines which areas are 
downwind of the release and can be expected to be contaminated. Wind specd 
is critically important because it determines the Lime for a given release to 
reach a specified downwind distance and also affects the distancesldosages 
resulting from a particular release. Atmospheric stability pravides an 
estimate of the amount of mixing that affects downwind distance and doses. In 
addition, air temperature is a factor in determining plume rise and, for 
evaporative releases, the rate of volatilization. 

The D2PC computer program, developed by the U.S. Army's Chemical 
Research, Development, and Engineering Center (Whitacre, et al. 1986), was 
selected to estimate downwind doses of nerve and mustard agents resulting 
from accidental releases (see Sect 2). The D2PC computer program (or code) is 
an air dispersion model that assumes a Gaussian distribution of agent in the 
vertical and cross-wind directions as the agent disperses downwind. The code 
predicts dosage of agent expected at locations downwind of a release. The 
greatest advantage of the code is that detailed information on the type of 
accident to be modeled is incorporated in the code. Input parameters include 
type of agent (GB, VX, or mustard); mode of release (explosion, fire, or spill); 
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and duration of the rclezse. Thiq de:ai!ed characterizatiori of the source term 
is one of the stieilgthq of thz modrl A. vapor depiction tcchnique is also 
included in t h c  code to estim'ite I h t i  removal of agent vapor from the 
atmosphere  UP to surface deposition duriilg transit from the point of release. 
Although more complex dispersion codes are available, the assumption in the 
D2PC niodel of straizht-jiilc t r ancp l i  5:.i:h ~oi i -vaty- ing  meteorological 
conditions results in consa  vdiive m i m a t e s  of ihc effects of releases (i.e., 
actual results should bc 'Icss). 

As is the case wirk all air disp-siorl modcls, the D2PC model contains 
inaccuracirq which must bc ;cknov!iedgd. Spzcifically, the D2PC model does 
not account for topography, changc.; in w i i d  dirrction over time, or any 
spatial chaiigcs in atic~osphcric coritii tioiis. The irrudel makes a number of 
adjustments to compcr;sale for these limitations, biit the basic shortcomings of 
the mode! rernairi alld h a ~ c  bcen conaidered in the analysis. 

TJsz of the D2PC niodcl, whilc usnful a <  an analytical tool for estimating 
downwind distances foi planning pu~poscs ,  may be inappropriate for use in 
real-time conditions of an :qene relzase. If it is used for such purposes, the 
availahlc options of considering cliailgcs in wind speed, mixing height, and 
atmosplieiic stability ovel Lim, should be iilcnrpnrated. As noted in Sect. 1, a 
study is under way cvaluatilig a n  assortmelit of dispersion model? that would 
be useful undcr real-tiiiic accident cni-rditions 

3.2 ~ 2 SITE METEOROLOGICAI, CONDI'I'IOKS 

TRc climate in the LUAE a ica  can be chatactcrized as contincntal, with 
corresponding wide rail in tenlpei atiiie. bxzremc temperatures above 37oC 
(100OF) and bdow -17oC (Ool-' 
periods. In the wintcr, ccl:! Y S  from Canada usually are modified somewhat 
by thc ;imc they rex11 the ar  III the summer, periods of warm and humid 
weather occiir whcn nicjibi nir froin the Gulf of Mexico iiiovm into the area. 
Spring and fall arc noted for draimiic changes ill the weather, often caused by 
a rapid succcscion of v/xni nnd cold fiotiis. Precipitation amounts, averaging 
about 104 cm (41 in) pcr y c a ,  a le  1 during the fall than other seasons of the 
year. 1,arge-scalc sys t em ca much of the precipitation during the fall 
through early sp~icng while t dc#qtorms produce a large amount o f  the 
precipitation in the latc spring a i d  siirnni~r. Siiuw occurs fairly frequently 
during the winier. 1iir aniiiial probability of a tornado striking LBAD is about 
0.0003, or aii occiirrsnce of 01 cvcry 3500 years (Thorn 1963). 

cur occasionally but do not last for extended 

- 

The pimailing winds arc from tlic s w t h  in the LBAD area. This is a 
conscquence of the  local topogi,jphy, which modifies wind direction from the 
prevailing southwest dircction geiieinlly found in the central United States. 
Amual frequencies of wind direction a n d  spccd at Lexington, Kentucky, are 
depicted in the wind rose (Fig. 3.3) ' lhe  wind rose in Fig. 3.2 depicts the 

L41though thc meteorological data coilsidered in this report are for the 
Lexington d i m  thc rcader shcliild note that moie recent data from LBAD are 
currently being assczbled and sho~l l r t  be considered in subsequent planning 
efforts. This iclfoiillaiion will be provided in the site-specific environmental 
docunientation for the CSDP at L%hU. 
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annual joint frequency distribution of wind speed and wind direction. In this 
figure, winds blowing from each direction are plotted as individual bars that 
extend from the center of the circular diagram. Wind speeds are denoted by 
bar widths; the frequency of wind speed within each wind direction is depicted 
according to the length of the bar. Note that the points on the wind rose 
represent the directions f rom which the winds come; normal emissions from 
the disposal facility or accidental releases from the disposal facility or storage 
area would travel downwind in the opposite direction. The frequency is given 
as the percentage of the total number of measurements. 

Figure 3.3 provides an alternative means of portraying similar 
information for all atmospheric stability conditions. Appendix I3 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 
condi t ion.  

Meteorological conditions and thc type of release determine the effect 
that topography has on the flow of an accidentally release agent. The 
dispersion of a ground-level release with little initial upward velocity or 
buoyancy during stable atmospheric conditions and light winds would tend to 
be affected by topographic features as described in Sect. 3.1. '4 comparable 
release during unstable conditions, however, would be cxpccted to morc 
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. 

3.3 POPULATION AT RISK 

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, it is important to know where people 
are, whether they require different protective actions because of where they 
are (e.g., children at school during the day and at home at night), and whether 
any transient populations might be present at the time of a release. 

The distribution of the population in the vicinity of LBAD can be 
described in terms of four fundamental categories: (1) nighttime population, 
characterized in terms of residential population; (2) daytime population, 
characterized in terms of place of employment (for working adults) and 
schools (for children); (3) institutional populations, characterized in terms of 
schools, hospitals, nursing homes, and day-care centers, and other such 
facilities; and (4) other special populations, including transient populations 
and people located in the vicinity for recreational purposes. 

The chemical agents/munitions storage area and proposed CSDP plant 
site at I B A D  are located approximately 2 km from the northern boundary of 
LBAD and approximately 2 km and 3 km, respectively, from the installation's 

24 



a" 3 C
 

.+
 

lu
 

0
 
c 0

 

25 



eaqtcrr and noitliwesterii boundaries. Approximately 1,100 civilians and 40 
r n i l i t a y  personnc: are employed at LASAD. Personnel working in the chemical 
s~nrage area are specially trained and equipped for operations in toxic 
enlviroilmenls. I’he degaee to which persons working in various other 
locations 011 the iiista!lation are trained and equipped to deal with chemical 
emergencies is unrerfain, and additional time might be required to implement 
appropriate protective actions in those areas. 

Thc 1986 nighttinre population within 5 krn of the proposed plant sitc is 
estimatcd at appioxiinately 1,460, with anotber 25,192 within 10 km, primarily 
in the City o f  kichmoiid (sce Table 3.2). 
between 10 and 20 km from the site, for a total of approximately 57,100 wieliin 
20 km of the proposed location. 
of the plaili sitc. ‘The small communities of Reeds Crossing, Moberly, and 
Elliston arc thc residential concentrations closest to the site. 

An additional 30,268 people livc 

About 72,850 people live between 20 and 35 km 

Although the 1986 population estimates presented in Table 3.2 are 
believed to bc reasonably accurate overall, they may either over- or under- 
estimate the population at specific points. These estimates should be 
reevaluated duriiig sitc-specific emergency planning, particularly for critical 
locations close to the storage area and the proposed CSDY plant site. 
accurate localized coimts of population can be obtained by several methods, 
includiilg rcvicw of residential building pcrrnits and utility connection 
record<, windshield survcys, and use of up-to-date aerial photographs. 

More 

Eata which have been collected dcscribing daytirne population 
distribution are presented in Tables 3.3 and 3.4. Table 3.3 lists all educational 
institutions within 25 km of the proposcd plant site, along with the number of 
studciits and staff associated with each institution. ‘Table 3.4 lists health care 
facilities, including hospitals within 25 krn of the sitc and nursing homes 
within 10 kni. I a a l  agencies can expand the inventories of nursing homes 
and other institutional populations (e.g., major employers) to cover a radius of 
25 km about the proposed CSDP plant site. 

3.4 COMMUNP’IIXS AFFECTED 

Iii ihe C W R ~  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 
affcctcd communities within 25 krn of the proposed plant site. This table also 
identifies each community’s distance and direction from the proposed plant 
si tc.  
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Tncrementrnl populniisn data at specified distances (km) 
Direct ion ___-__-_ ~- 

14- 9 1-2 2-5 5-10 10-20 20-35 

N 
NRE 
NE 
Em 
E 
E% 
SI;: 
SSE 
s 
ssw 
sw 
wsw 
w 
NW 
NNW 

TOTAL 
._. ...... 

20 1,637 

46 7 
3 89 
357 
371 
392, 

2513 
234" 
144 
47 

273 
483 
45 1 

18,0689 
2,678 

338 

2s,192 

964 
1,056 
1,087 
1,326 
2,293 
1,256 

703 
1,245 
2,022 
7,860 
1,823 
1.222 

e 84 
3,434 
1,948 
1,340 

17,458 
3 3  8 
3,572 
5,850 
5,089 
2,792 
1,869 
2,264 
3,135 
3,811 
2,434 
4,686 
2,08 I 
5,263 
7,164 
2,146 

30,268 72,852 

* ORNL stal l  updated the 1980 population of each census enumcratiorn district 
(U.S. Department of Commerce, Bur-eau 01 !he Ceiisus 1983) to an estimate of the 
1986 population using published cstianaies fjf rlac 1986 piapu3atian of counties 
and incorporated places (U.S. Departmat  O B  Csinmerce, Bureau of the Cerxsms, 
Current Population Rcposts--locsrl ~~~~~~~$~~~ Estimates, March 1988). The 
updating proccdurc assumed that the ~~~~~~~~o~~ of each enumeration district  
in an incorporated place changed by the same prrccntagc: as the population 
for the place as a whole, Similarly, i t  was assumed that the population (sf CXII 
enumeration district i n  thz ~~~~~~~~~r~~~~~~~~~ portion of a county chmged by 
the same percentage as that of the cntire unincorpordted portion of' tPie 
c o u n t y .  
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Table  3.3 Educational instit timns within 25 krn o f  the proposed 
CSDP plant site 

School Corn rnunity Students  Staff  

Madison Central High 
Madisoii High 
Clark Moores Middle 
Mayficld Middle 
Oanicl Boone Elementary 
BCIICVUC Elementary 
Kit Carson Elementary 
Whitchall Elerneritary 
Model Lahoratoiy School 
li astern K e 11 t uc k y 
Kingston Elementary 
Waco Elementary 
Madison Southern High 
Foley Middle 
Silvcr Creek Elementary 
u e re a 
Serea High1 
B e ~ e a  College 
Kirksvillc El em entary 
T rap p 
H a r g e t t 
Irvinc Elementary 
South Irvine Elementary 
West Irvine Elementary 
Estill Springs Elementary 
Estill County Middle 
Estill County High 
Raveinna Eicmcntary 
Paint Lick Eiementary 

Un i v e rs it y 

E 1 ern en i a ry 1 

E 1 c me n t a ry 
E B em en t a rp 

R ichmond  
R i c h m o 11 d 
R ichmond  
R i c h m o n d 
RichmoP-rd 
R ichmond  
K i c h r n  o ri d 
R i c h m o n d  
Richrn ond  
K i c h m on  d 
K i n g s t o n  
Wac0 
Berea  
Berea  
Bcrea  
Berea  
Berea  
Berea  
Ki rksv i 11 e 
T r a p  P 
I r v i n e  
I r v i n e  
I r v i n e  
I r v i n e  
I r v i n e  
I r v i n e  
I r v i n e  
R a v  e xin a 
Paint Lick 

1,250 
3 10 
668 
123 
584 
3 04 
555 
600 
730 

13,664 
512 
443 
670 
450 
580 
546 
40'9 

1,500 
420 
152 
183 
205 
189 
44 1 
457 
45 2 
786 
170 
300 

__II_ -----..~ 
Conibincd faculty and staff for Herea Elementary and Berea High 

89  
42 
40  
16 
4 4  
25 
45  
45 
5 1  

1,693 
4 1  
37 
50 
30 
4 8  

122 

5 00 
30 

NA 
20 
22 
17 
38  
3 5  
39  
67  
22 
30 

SChOOlS. 

Sources: Personal conrrnunications to B. L. Shutnpert, Energy Division, Oak 
Ridge National Laboratory, from Ms. Crump, Clark County Board of Education 
(February 28, 1989); Ms. Diana Winkle, Estill County Board of Education (March 
1,  1989); Mr. Shannon Johnson, Madison County Superintendent of Schools 
(February 28, 1989); Mr. Dennis Grant, Berea Community Schools (February 25, 
1989); Jackson County Board of Education (March 1, 1989); Garrard County 
Hoard of Education (March 1, 1989); Ms. Barbara Fain, Rock Castle County Board 
of ).xlucaeion (March 1, 1989); Ms. Mary May Mayo, Registrar's Office, Eastern 
Kentucky University (Februaiy 28, 1989); Ms. Sheryl Triplett, Personnel Office, 
Eastern Kentucky University (February 28, 1989); Ms. Jackie Vance, Model 
Laboratory School (March 1, 1989); and Mr. Martin May, Personnel Office, 
Rcrea College (March 1, 1989). 
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Table 3.4 Mealth-care facilities within 25 k m  
of the proposed CSDP plant site 

Facili ty Community County Beds P e r c e n t  
a v e r a g e  
o c c u p a n c y  

Hosuitalsl 

Berea Hospital Be rea  Madison 110 64.5 
Marcum and Wallace Memorial 

Hospital I r v i n e  Estill 26 NA 
Pattie A. Clay Hospital R i c h m o n d  Madison 105 67.6 

Nursing Homes2 

Kenwood Manor 
Madison Manor 
Crestview Center 

R i c h m o n d  Mad 
R i c h m o n d  Mad 
R i c h m o n d  Mad 

son 108 NA 
son 101 NA 
son 50 NA 

ISource: American Hospital Association 1986. Guide to the Health Care Field. 
(Chicago: American Hospital Association). 
2Source: U. S. Army 1988. Final Programmatic Environmental Impact Statement 
for the Chemical Stockpile Disposal Program (Aberdeen Proving Ground: 
Program Manager for Chemical Demilitarization). 
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Table 3.5 Communities within 35 km of proposed CSDP plant site 
by distance and direction 

-I_ -. ~ - . _ 1 - 1  

1986 population Direct ion Distance (km) 

H u n t  NA N 23 
Reeds Crossing 200 N 3 
Union City 100 N 9 
Doylesville NA NNE 15 
Bloomingdale NA NNE 21 
Mober ly  150 NE 3 
College Hill NA Nzi 11 
P a l m e r  NA NE 17 
Cressy NA NE 20 
Log Lick NA NE 23 
TraPP 100 NE 23 
Elliston NA mE 5 
Waco 400 ENE 6 
Bybee  50  E m  8 
FOX NA ENE 14 
II arg  e t t NA mi3 19 
W i n s t o n 130 E 12 
Rice Station NA E 15 
Witt Springs NA E 16 
West Irvine 70 E 20 
South Irvine 500 E 2 1  
North Irvine 100 E 20 
I r v i n e  2,780 E 21 
R a v e n n a  820 E 23 
B l a c k b u r n  NA ESE 14 
Nolan  NA ESE 16 
Witt NA ESE 17 
W isem an to wn 80  FSE 19 
Station Camp NA B E  21 
P a n o l a  NA SE 11 
J i n k s  NA SE 2 1  
Speedwell  NA SSE 6 
Dreyfus  200 SSE 12 
Dulu th  N A SSE 16 
Kerby Knob 100 SSE 23 
Bobtown NA S 12 
B i g h i l l  350 S 19 
M o r r i l l  200 S 21 
Clover Bottom NA S 2 4  
Kings ton  150 ssw 9 
Middletown 150 ssw 17 
B e r e a  8,890 ssw 18 
Slate Lick NA ssw 22 
Boone 115 SSW 23 
're r r  i 11 N '4 SW 6 
Farris town 50 SW 14  
Wallacetown 30 SW 22 
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Table 3.5 Communities within 35 km of proposed CSDP plant site 
by  distance and direction (canb'd) 

- 
1986 population Direction Distance (km) 

Caleast NA 
Pey ton town  NA 
Kirksvi l le  200 
Round Hill 150 
Paint Lick 250 
Lowell NA 
Wina NA 
Cot tonburg  NA 
R i c h m o n d  23,380 
A r l i n g t o n  NA 
Million NA 
Newby  1.00 
Baldwin 50 
Valley View 3 00 
Red House so 
Boonesboro (Madison Co.) NA 
Ford 250 
Boonesboro (Clark Co.) NA 
Lisletown NA 
Hootentown NA 

wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 

W 
WNW 
WNW 
WNW 
WNW 
WNW 

NW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 

12 
13 
20 
20 
22 
23 
25 
23 

7 
9 

18  
20 
22 
25 
14 
18 
20 
22 
23 
25 

NA = not available 
Sources: U S .  Department of Commerce, Bureau of the Census, C u r r e n t  
Pnpuiaation Reporw-Local Population Estimates: Series P-26,  March 1988; R a n d  
McNally Commercial Atlas and Marketing Guide, 117th Edition (Chicago: Rand 
Mc Nal l  y ) . 
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4, ENIERGENCY PLANNING ZONE (EPZ) DEFINITION 

The EPZ definition i s  a crucial part of the planning basis. It should be 
determined by a series of factors including the distribution of potential 
accidents, population, and terrain. The EPZ boundaries should be flexible: and 
changes should be made in response to other program decisions. The selection 
of EPZ boundaries i s  based on a conceptually simple methodology, as outlined 
bclow. Following a discussion of this methodology (Sect. 4.l), it is applied to 
the LBAD stockpile (Sect. 4.2) and a recommended EPZ and set of boundaries are 
identified (Sect. 4.3). The final determination of emergency planning zone 
boundaries will be made collectively by affected local governments, state 
governments, the Dcpartment of the Army, and the  Federal Emergency 
Management Agency. 

'This section presents a systematic methodology that can bc applied to 
identify emergency planning zones at sites storing unitary clicmical wcapons 
and agent in the continental United States. This methodology focuscs 
planning on site-specific stockpilc storage and disposal risks and other site- 
specific concerns such as population distribution, meteorology, and 
t o p o g r a p h y .  

The next section presents a theory of emergency planning mines. That 
is fc~llowcd by a discussion o i  the spatial distribution of risk and haLard. Thc 
fourth scction outlines how geographical boundaries can be eslablished, 
Finally, application criteria are specified to operationalize the procedure, 

4.1.6 Emergency Planning Zone Concepts 

4.1.1.1 A zone-based theory of emergency planning 

The use of zones is not a novel approach in emergency planning. 
Floodplains and Floodways are defined in the national flood insurance 
program. California has special planning iones in  areas of high earthquake 
risk. For hurI7icanes Maximum Envelopes oE Water (MEOWS) drive evacuaiioIi 
planning. Zones have also been established for nuclear power plant 
emergency planning. In this section we prcsent a thcory of haiw LO s~ruckiarc 
planing zone concepts. 

4.1.1.2 11 a z it P d distribution 

A varicty o f  accidents associated with on-site stockpile disposal can 
occur. Logically, they can occur at a chemical weapons srorage 
buildi~ygligloo, at the incinerator plant site, or in  transit. The distributior, of 
hazard from these accidents is based 011 a riumbcr of factors including how 
much agent is released, how it is released, the duiation o f  the rclcase, the 
meteorological conditions during the release, and the effects o f  topography on 
agent dispcrsion. Source terms (or the amount of agent released) can range 
from small amounts with little potential for health risks to  very largc i in~o~~nt? ; .  
The hazard from any single accident scenario (i.e., eliminating the source 
term variability) cannot be easily predicted because of the remaining 
variables that affect distribution. On average, thc risks from any single 
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accidetit decrcase as thc distance away from the point of release increases. 
Thirc, the potcritial for being exposcd from agent in any given accident are 
greater a$ onc gets closer to the accident site. The potential coasequcnces of 
exposure also decrease with distance. The risk that an exposure would cause 
fatalities arc greater as onc gets closer to the accidcmi site. 

4.1.1.3 Level of effort 

As the i isk and har,ard from an arcidcnt dccrcsase and distance from the 
source term increases, the level and type of planning required also change. 
Lower risk mcans that response is less likely to be needcd. Lowcr hazard 
means that exposure is lcss likely to occur. Greater distance means that rnorc 
time is available for Iesponse. The inajor plaiiiiing and rcsporise elements that 
arc affected includc mobiliyation of emei gemicy pexsoancl, connmunication 
systems. alert and notification systerxis, protective action options, 
d e c o n I am i n at i o ii  a ad i n f o rr,i aii on , 
training nccdc. exeiciscs, and mass carc/relocation facilities. For example, for 
resCrurces near an accident site a veny rapid warning is neetlcd: as distance 
increases thc amount of availablc response tiiiic incrcases, relaxing the need 
for rapid warning. 

and m e d i c a 1 re sou re e s . p u b 1 i c etl u c at i o ii 

4.2.1.4 Nuniber of zones 

Since it is pcrhaps impossiblc and dt least unrealistic to iniplciiimt 
emergency rcsponse plans that vary continuously with distance, it is 
ncccssary to establish Tones io differentiate arlivitics. This may bc 
charactcrixd as a class intervai problem. This  p~oblem raiscs a nuiiibcr of 
thorny issues. €low maiiy LOISCF are appioplizre? How shou2rl the boundarics 
of thc zones be established’? At what distances should zones ~ h a n g c ?  How can 
L O ~ C S  be differentiated so that people living near boandaries uiiderstand the 
iilhercnt differeaces in planning ieqlrircd? 

The Radiological Emergi.ncy Planning (RE?) Program for fixed qite 
nuclca: power facilities i.ircs a 2 zone conccpt (ref). Thc Piume Exposure 
Pathway Zonc has a radixs of ahout 10 miles while the Plume Irrgcreion 
Pathway Zone ha5 a SO mile iadiiis T h e  10 mile criterion was established based 
on probabilistic risk assessment of ieactor accide1:ts. Clitics have suggestcd 
that such a zone should be changed to anywhere fr3lrr a 1 to a 7 5  nrile radius. 

The hfZ(7P for the Chemical Stockpile Disposal Program dcscxibed an 
alternative set of 3 planning Lones based on a concept developed at ORNL. 
Eaiiergcncy planning z o n a  (EPZ) coxep t s  were dcvelopcd in that document to 
suppont the dcvclopincnt of fixed-site a i i d  transportatioil alternative 
emergency rcsponsc concepiq for the Fiilal Pro,gramlnatic Environmcntal 
Impact Stat einent (FPkiS) arid the Army’s deliberation coiicciiiirig a 
prsgrammdric dccision. WZs, dcvclopcd in cotmidcrarion of the risk analysis, 
available response time, distancc, and protective action options, establish the 
areas wheie the emergency rcsponsc concepts were applied. The EPZ concept 
and its three Loncs reflect the diffrring zmeigency rcsponse requircments 
associated with the potential rapid onset of a i l  accidental ieleasc of agent aitd 
the amouili of time that may be available for warning and responsr,. l’hcy 
were developed in  rccognilion of thc  Importance of comprehensive 
emergency rcsponse planning and support systeli:s for rapidly occurriiig 
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events and the critical nature of such programs in areas nearest the releasi: 
po in t .  

The EPZs were intended to guide thc developnieat of emergency 
response concepts, and were not intended to be applied mechanistically ox 
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 consistently across the program; 
however, specific configurations and associated distances niay vary from site 
to site. 

The EPZs were partitioned into three specific subzones (see Fig. 4.1): the 
innennost zone is an immediate response zone (IRZ), the middle Z O ~ C  is a 
protective action zone (PAZ), and the outermost zone is the precautionary zone 
(PZ). The subzones discussed in the FPEJS were based on the types of accidents 
identified for all of the sites and the amount of time available LO 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 locatioiis 
should be given special consideration, because of the potentially very limited 
warning and response times available within those areas. An IMZ is defiined 
for the development of emergency response concepts that are appropriate for 
imnicdiate response in areas nearest to the site. 

Thc TRZ is defined as an area inside the PAZ whcre prompt and effective 
response is most critical. Because of the potentially limited warning and 
response time available in the event of an accidental release of chemical 
agent, the IRZ extends to a distance having less than 1 hour response t h e  
under 3 meters/second (about 6.8 miles per hour) wind speeds. This area is 
the one mosl likely to be impacted by an accideritai release of clicrnical agent 
and would be affected by any release that escaped installation boundaries, 
These impacts are within the shortest period 01 time and are clnaracterizcd by 
the hcaviest concentrations. Emergency response concepts in rke IRZ should 
be developed to providc thc most appropriate and effective response possible 
given the constraints of time. 

The full range of available protective action options and response 
mechanisms should be considered for the IRZ (see Sect. 5) .  The principal 
protective actions (sheltering and evacuation) need to be considered carefully, 
along with supplemental protective action options that can significantly 
enhance the protection of public health and safety. Sheltering may be the 
most effective principal protective action for the IKZ, because o T  the 
potentially short period of time before impacts may be expected by a rcieased 
agent. In-place protection is particularly important in areas within the IKZ 
nearest to thec release point, since the time may not be available for people 
within downwind areas of the IRZ to complete an evacuation, 'I'he suitability of 
sheltering depends upon a number of other factors, including the typc(s) and 
concentralion(s) of agent(s), expedient or pre-emcrgency measures taken to 
enhance the various capacities of buildings to iimhibii agent infiltration, the 
availability of individual protective devices fox the general public, the 
accuracy with which the particular area, time, and duration of impact car\ bc 
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4.1. Three-zone concept for the erner ency planning zone. 
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projected, and the ability to alert and communicate instructions to the public 
in a timely and effective fashion. 

The capability to implement the most appropriate protective action(s) 
very rapidly is critical within the IRZ. A thorough analysis of the IRZ at each 
storage/stockpile location should be conducted, and a methodology for 
determining the appropriate protective action(s) under various accident 
scenarios should be established to reduce decision-making at the time of an 
actual chemical agent release to a minimum. This analysis would likely 
identify certain areas within the IRZ which would implement sheltering 
under most accident scenarios, with evacuation only available as a 
precautionary measure prior to a release. Subzone areas may be defined to 
accommodate the selective implementation of different protective actions 
within portions of the IRZ. Given a reasonably effective capability to project 
the area of impact and predict levels of impact at the time of a release, it may 
be appropriate to implement sheltering in areas close to the release point 
within the expected plume and evacuation in areas not immediately impacted. 

Protective action zone. The PA2 defines an area where the available 
emergency response times and the hazard distances associated with them are 
sufficiently large to allow most people to respond to an emergency effectively 
through evacuation. Although the primary emergency response may be 
evacuation, other options should be considered. 

The principal emergency response, evacuation, should be considered 
carefully to ensure effective implementation. It is likely to be the most 
effective emergency response in the PAZ if time is sufficient to permit orderly 
egress. However, evacuation, like other protective actions, requires warning. 
Because time remains limited in the PAZ, effective warning systems are needed 
to both alert people to the potential for harm and inform them of the mosi 
appropriate actions required. Available time for protective actian varies with 
agent type, accident, and meteorological conditions at the time. These 
conditians will require careful consideration during site-specific emergency 
p l a n n i n g .  

Precautionary zone. The PZ is the outermost EPZ and extends conceplually 
to a distance where no adverse impacts to humans would be experienced in the 
case of a maximuin potential release under virtually any conditions. The 
actual distance may vary substantially, based upon the circumstanccs of an 
accident occurrence, and would be determined on an accident-specil'ic basis. 
In this EPZ, the protective action considerations are limited to precautionary 
protective actions and actions to mitigate the potential for food-chain 
contamination as a result of an agent release. 

The time frame for the PZ is likely to be sufficient to implement 
protective actions without prior comprehensive and detailed local planning 
efforts. Given the likelihood of substantial warning and response times for 
areas within the PZ, precautionary measures can be planned and implemented 
at a state or regional level. The development of specific protective actions for 
the PZ should be based on site-specific needs and analyses. Sheltering in the 
PZ would largely be a precautionary protective action to reduce the potential 
for exposure to nonlethal concentrations of chemical agent. Evacuation could 
also be implemented as a precautionary protective action in this zone. The 
means for implementing the agricultural protection and other precautionary 
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activities could he based principally on broad-area dissemination of 
emergency public information at the time of an accidental release of agent. 
Because of the substantial warning and response time available for 
implementation of response actions in the PZ, detailed local emergency 
response planning is not required, but coordination of local emergency 
managers may prove useful. 

4.1.2 Determining Factors for t he  Spatial  Distribution of Risks 

4.1.2.1 Hazard  

The probabilistic risk analysis (PRA) for the stockpile disposal program 
(GA Technologies 1987a, b, c, and MITRE 1987) idenLifies a range of accidents 
with potential off-site consequences (see Sect. 2 for a discussion of the 
distribution of accidents identified for LBAD). It does not identify accidents 
with small consequences (less than 0.5 km lethal downwind distance under 
1 ni/s winds and very stable atrnosphcric conditions), extremely low 
probabilities (less than lO-S) ,  or accidents resulting from deliberatc acts of 
sabotage or terrorism. Given the caveats that risk analyses do not identify all 
possible accidents, and that historic accidents of significant size (TMI, 
Chernobyl, Bhopal) have riot been predicted by risk analyses, the PRA does a 
credible job in identifying a range of events that can serve to formulate 
planning basis accidents. 

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

Chemical agent is released from accidents in several different ways. 
The type of release determines how much agent is available in forms that can 
be transported downwind. Modes of release include explosions or detonations 
which cause agent to aerosolize virtually instantaneously into small particles, 
fires which vaporize agent on a semi-continuous basis, spills which cause 
agents to evaporate, or some combination resulting in a complex release. 
Furthermore, releases can be of short duration, which results in a discrete 
puff or cloud which moves downwind, or of long duration, which results in a 
plumc extending downwind over a longer timc frame. 

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

4.1 .2 .2  Meteoro logy  

Meteorological conditions, along with topography and the nature of the 
release, determine in what direction and how a release of agent disperses in 
the environment. Wind direction does not determine dispersion but does 
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establish laywind and downwind direciions. The primary factors which 
determiiic dispersion are wind speed and atmospheric stability. Secondary 
meteorological consideration which influence and are incorporated in  
atmospheric stability include heatingkooling and mechanical stirring. 
Under certain conditions, low-level inversions could trap releases close tlo the 
g r o u n d .  

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

Mechanical mixing and heating and cooling are the main determinants 
of stability or the amount ~f mixing that occurs as a cloud or plume move 
downwind. When a high level of mixing occurs the p l u m  travels less distance 
downwind but cover a wider area. When conditions are more stable, little 
mixing occurs and longer and narrower plumes result. 

4.1.2.3 Topography 

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

As a plume collides with a mountain or a 

4.1.2 " 4 P o p 11 1 a t i  0 n 

An agene is of little immediate hurnan health concern unless people are 
exposed to agent in the atmosphere. Exposure can be through contact with 
skin or through inhalation. Since response is dose-driven, the critical 
parameter is the concentration integrated over time or the cumulative amount 
of agent to which one i s  exposed. 

4.1.3 Boundary Determining Factors 

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

Emergency planning and rcsponse capacities are usually organized by 
political units -- counties, parishes, cities, townships, and so forth. Thus it is 
desirable to have planning zones coincide with political boundaries, 
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particularly when a boundary differentiates responsibilities for emergency 
p l a n n i n g .  

The process of human development of an area produces artifacts of a 
built environment. Some, such as streets, highways, rail lines, canals, and 
electric transmission lines, provide useful boundaries for planning zones, 

Natural features provide useful boundaries, particularly when they 
serve as barriers to agent dispersion. This would include mountains, bluffs, 
canyons, and dikes. Other natural features such as rivers that may not impcde 
dispersion can also be useful boundaries as long as they are not mistakenly 
identified as barriers to dispersion. 

4.1.4 A Methodology for Delineating Zones 

Based on the previous discussions, this section specifies a systematic 
methodology for establishing emergency planning zones. The method follows 
a sequence for establishing concentric radii for the generic zones, and then 
drawing boundaries based on environmental factors. 

4.1.4.1 Hazard-generated concentric  boundaries 

Two factors concerning hazard are considered in the criteria. The first 
is the time dimension - how much time is available before a threat exists. The 
second concerns the threat per se - what is (are) the geographical area(s) at 
greatest risk. These are used to determine the recommended distances for 
generic IKZ and PAZ planning zones at a site. 
(precautionary zone) are not specified although local governments may wish 
to set them based on catastrophic accident potential at a site (see below). 

The boundaries of the PZ 

Time. Time-distance relationships are shown in Figure 4.2 for three 
different assumed wind speeds. These are used to help estimate the boundaries 
of the IRZ and PAZ. 
lead time, the leading edge of the agent plume roughly corresponds to wind 
speed. With winds at 1 m/s, it will take about 17 minutes to reach 1 km and 167 
minutes to travel 10 km. At 3 m/s it will take almost an hour to reach 10 km. 
Unless a catastrophic accident occurred, it is unlikely that source terms would 
be large enough, except under stable meteorological conditions, for the plume 
to travel a distance of 10 km. If one assumes that preplanned emergency 
response in the PAZ requires at least 1 hour to mobilize, then at least a 10 km 
immediate response zone is needed. 

For the IRZ, assuming a release of agent with little or no 

Under this concept a PAZ would begin at about 10 km. The outer edge of 
the PAZ is more flexible. Assuming that 5 hours are needed to mobilize 
response with little or no advance preparation, and that agent traveled at 
1 m/s, then about 18 km would be needed for a PAZ. More conservatively, 
assuming a 2 m/s wind speed, the PAZ extends to approximately 35 km. 
advanced preparation, less time may be required to mobilize a response within 
B PA%, but, alternatively, winds may travel faster (e.g., at 3 m/s), thus still 
requiring a relatively extended PAZ. 

With 

Threat distribution. Using the DZPC atmospheric dispersion code developcd 
by the Army (Whitacre, et al. 1986), threat is represented by the distance agent 
can travel and potentially cause fatalities to healthy adult males. Downwind no 
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death dose distances were calculated for each accident scenario using the D2PC 
code. We have explicitly excluded releases resulting Irom external events 
(e.g., earthquakes, meteorite strikes, plane crashes) for the rationale described 
in Sect. 4.1.5.3. 

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

The PAZ should contain plumes from credible accident scenarios under 
more stable weather conditions. Thus, the PAZ distance be adjusted from 35 km 
as identified in the E R C P  to contain the downwind no deaths distances of 
credible non-external event accidents under 1 m/s and E stability conditions 
(plus an uncertainty band OF approxirnatcly 50 percent). 

4.1.4.2 Setting the actual boundaries 

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

. The boundaries of the generic IRZ and PAZ should be adjusted to account 
for local topographical features which may interact with meteorology 
to affect d i s  p e rs i on . 
The boundaries of the IRZ and PA2 should not bisect a populated urban 
area but should be adjusted to include those areas. 
Where boundaries of the generic zones coincide approximately with 
political boundaries, the political boundary should be used as the 
boundary of the zone. 

the human landscape such as a road, highway, or rail line or a natural 
feature such as a river or creek as the boundary of an IRZ or PAZ. 

circle with the appropriate radius may be used as a boundary. 

Where no political boundaries coincide, it is desirable to use a feature of 

When no natural, political, or human boundary exists, a concentric 

4.1.4.3 Dealing with catastrophic events 

In recommending generic distances based on hazard and accident 
distributions, we excluded external event accidents. This was done for three 
reasons. First, such events are often low probability events that contradict a 
common sense approach to planning, Thus, one does not plan for meteorite 
strikes or planes falling out of the air as initiating events. Second, the event 
that causes the accident may also reduce or eliminate response capabilities as 
in the case of the earthquake. Third, such events include large consequence 
events that stretch atmospheric dispersion modeling capacities beyond its 
limits, resulting in downwind hazard estimates that are fairly unreliable. In 
any case, we believe that detailed planning is not needed when time allows a 
response to be implemented as an cxpansion of activities beyond the PAZ. 

If emergency planners are concerned with large catastrophic events, a 
formal designation of the precautionary zone can be made. In no cases can we 
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envision it extending more than 100 km. 
accident scenario and transport conditions that would lead to a lethal dose o f  
agent to exceed that distance. It is also possible to increase preparedness in 
this zone beyond what is suggested by the E R C P .  

It is almost impossible to develop an 

4 . 1 . 5  Conclusions 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 
methodofogy for establishing emergency planning zones around the facilities 
that will dispose of chemical weapons. The approach combines procedures 
that are the result of scientific calculations (but still subject to large 
uncertainties) along with ones that hold practical appeal in an attempt to 
develop zones which have both scientific and political reality. In addition, i t  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 pcople, 
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 LBAD STOCKPILE 

Following the methodology outlined above, and considering the LBAD 
stockpile hazard and the distribution of topographic, meteorological, and 
population resources identified in Sect. 3, we have identified a plausible EPZ 
for LBAD. To recapitulate, initial concentric circle boundaries are established 
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 PAZ boundary is based on their occurrence under 1 m/s winds and 
stable (E) conditions. The PZ lies outside the PAZ and accounts for external 
event accidental releases under very stable atmospheric conditions and low 
winds. These concentric circle boundaries are then adjusted based on the 
distribution of topographic, meteorological, and population resources. 

For the LBAD stockpile, the largest identified credible non-external 
event accident is VORVC 004, a munitions vehicle accident resulting in a fire 
and causing detonation of VX-filled M55 rockets. As calculated from the D2PC 
atmospheric dispersion code, the lethal downwind distance under 3 m/s winds 
and neutral stability is 3.7 km, while its lethal downwind distance under 1 m/s, 
stable conditions is 14.1 km. Adding 50% to each of these values for 
uncertainty, they equal approximately 6 and 22 km respectively. Therefore, 
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for LBAD the concentric circle boundary for the IRZ is 6 k m  and that of the 
PAZ is 22. km. 

As noted in Sect. 3,  the terrain immediately adjacent the LBAD storage 
area and proposed plant site would not significantly affect the dispersion of 
agent in the event of a release. Further away, however, the Kentucky River 
and Red River and their bluffs and valleys and the mountains of the Daniel 
Boone National Forest would significantly affect the further dispersion of 
agent. Specifically, the Kentucky River and associated bluffs, located about 15- 
20 km north of the proposed plant site, would effectively prevent the 
dispersion of agent to any points furthcr north and came the agent to move up 
or down the river valley. 
bluffs, located about 20 krn to the east and northeast, would tend to prevent 
agent dispersion to points further east and northeast and cause the agent to 
move up or down the valley. 
Forest, located about 15-20 km to the south and southeast, would tend to act as a 
barrier to the further dispersion of the agent to the south and southeast, 
resulting in pooling of agent in the foothills area. These features help define 
the EPZ for the LBAD stockpile. 

To a lesser extent, the Red River and its smaller 

The mountains in the Daniel Boone National 

Releases resulting in vertical lifting (e.g., due to fires or detonations, as 
is the case with VORVC 004) would lift the agent over the limited vegetation in 
the immediate area of the storage area and proposed plant site and let it movc 
unencumbered. Under higher winds and less stable atmospheric conditions, 
agent would be diluted considerably and result in shorter downwind lcthal 
distances in any case. 

4.3. PLANNING ZONES AND DISTANCES 

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

It does not make sense to draw arbitrary boundaries to establish the 
planning zones. Thus, most of the planning zone boundaries are established 
using natural features of the landscape or other landmarks with which the 
local populace is familiar (e.g., roads and highways). 

A recommended set of boundaries for the IRZ and PAZ i s  provided in 
Figure 4.3. These have been set using topographic features, political 
jurisdictions and transportation corridors. Since there are no topographic 
features within the radially-defined IRZ of 6 km (see Sect. 4.2) that would 
significantly constrain an accidental release, the recommended radial 
boundary for the IRZ is 10 km distance; that distance has been selected to 
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ensure that nearby population concentrations are incorporated in planning 
(e.g., & of Richmond). Possible extensions of the IRZ would add communities 
to the south (Dreyfus and Bobtown) and west (Caleast and Pcytontown). 

The recommended radial boundary for the PAZ of 22 km, as identified 
above, is expanded to 25 km. 
Irvinc, as well as the predominantly rural areas lying between 10 arid 25 krn 
from the storage area/proposed plant site at LRAD. Possible extcnsions to the 
PAL would add parts of Gerrard County (including the city of Lancaster) to the 
southwest, parts of Rockcastle and Jackson counties to the south, aiid parts of 
Clark arid Powell counties to the northeact. 

The PAZ would includc the citic4: of Herea and 

The Madison County portions of the IRZ and PAL are comparable to those 
identified in Annex GG to the Madison County Kentucky Emergency Operations 
Plan (1988). 

The final determination of emergency planning zone boundaries will 
be made collectively by affected local governments, statc government, the 
Dcpartment of the Army, and the Federal Emergency Management Agency. 
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5. PROTECTIVE ACTIONS 

5 .I 1 CATEGORIES OF PROTECTIVE ACTIONS 

Based on an ongoing evaluation of the effectiveness of alternative 
protective actions (Rogers, et al. in press), six categories of protective action 
have been considered for the L AD concept plan: (a) evacuation, (b) in-place 
sheltering, (c) respiratory protection, (d) protective clothing, ( e )  prophy- 
lactic drugs, and (fj antidotes. To date, most attention has been paid to 
protecting potcntially exposed persons from inhaled doses; relatively little 
attention has been paid to skin deposition and ingestion, although skin 
deposition is certainly an important exposure pathway for mustard and less so 
for VX (ingestion of potcntially contaminated food and water should, of course, 
be avoided). 

y r  Irlain +e. each of these categories, the various options and their 

aitvlisntages and disadvantages are discussed below. The discussion draws 
heavily on the forementioncd ongoing study and includes the judgments of an 
expert panel that was asked to evaluate the generic effectiveness of the 
protective action options, Finally, potentially suitable protective action 
options for the IRZ and PAZ general publics and institutional populations are 
identified, and preliminary recommendations are made. 

5 . 1 . 1  E v a c u a t i o n  

Evacuation involves changing location to avoid exposure, which 
includes moving by toot or vehicle to an area outside the areas exposed. There 
are essentially two kinds of evacuations: precautionary, and responsive. 
Precautionary evacuations involve moving prior to the release of chemicals, 
and responsive evacuation involve moving after the release of chemicals to 
avoid exposure. 

Of all options, evacuation is the most familiar. When sufficient time is 
available, i t  is the best response because it precludes any exposure to chemical 
agent. In many circumstances, evacuation can be achieved by personal 
autornobile, although transportation may have to be furnished in some cases 
(e.g., those without cars). The additional capital investment required from all 
units of government is nil for persons having their own automobiles. 
Populations without automobiles must be provided with buses or other 
transportation, or a ride-sharing plan must be implemented and available. 
The cost of public educationlinformation instructing the population which 
direction to go and the cost of the requisite warning system have not been 
considered here, 

Descript ion 

Evacuation eliminates exposure to chemical agents by removing the 
potentially exposed person from the area at risk. Although no in-place 
protective action provides complete (100%) protection under all conditions, 
evacuation can provide complete protection provided sufficient warning time 
is available to allow all potentially exposed populations to implement the 
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action. This is niose likely to be the case when it is implemented as a 
precautionary measure. As a responsive measure (Le., after a release 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 
fastmoving 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 
routes. 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. 

A dv ant ages 

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

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

5 . 1 . 2  In-Place Sheltering 

In-place sheltering involves taking refuge in a 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 Normal sheltering 

This form of sheltering involves taking refuge in existing buildings 
prior to exposure for the prevention or mitigation of the amount of exposure. 
This protective action has been used in the protection of people from 
radioactive exposures, It has also been used to protect people from toxic 
chemical releases where small releases occur resulting in small 
concentrations of toxic in the environment over short durations of time, 
Normal sheltering is most likely to be effective for chemicals whose effect is 
proportional to peak concentrations rather than cumulative dose (e.g., 
ammonia, hydrogen chloride, and hydrogen sulfide). 
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Normal sheltering can partially block the exposure to chemical agents 
by reducing the amount of infiltration of airborne agent into the "protected" 
environment. While no protective action provides complete (100%) protection 
under all conditions, normal sheltering is thought to be most likely to provide 
adequate protection under conditions characterized by small releases resulting 
in relativeIy low concentrations of agent with limited exposure times (i.e., the 
plume are fast moving and small). 

Normal sheltering involves taking refuge in existing buildings, closing 
windows and doors, and shutting of ventilation systems that replace indoor air 
with outdoor air. Once in the sheltered environment people will have to 
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 must not only be 
able to tell people when to go to shelters of this kind, they must also be capable 
o f  telling people when to ventilate. 

Advantages  

1) Normal sheltering requires only existing resources. 
2) Normal sheltering requires no training and no protective equipment, 
which minimizes the intrusion of protective equipment in the routine 
e n v i r o n m e n t .  
3) Because houses cannot increase the exposure normal sheltering can only 
increase protection. Furthermore, the median house may be characterized as 
having approximately 0.7 air changes per hour, which means that the 
protection factors associated with normal sheltering probably range from 
around 1.3 to just over ten depending on the cloud passage time {Chester 1988). 
Hence, normal sheltering provides minimum protection from exposure in 
situations where emergency actions are precautionary, o r  Concentrations are 
low, and cloud passage time is limited. 
4) Normal sheltering can be implemented quickly. Sorensen (1988) estimates 
that it can be accomplished in less than ten minutes. 
5 )  Normal sheltering can also serve as a convenient anticipatory step for 
evacuations by assembling the family unit in one place. 

pi sadv a n taees  

1) Normal sheltering provides only limited protection, under restricted 
condi t ions.  
2) If accidents anticipated to result in low concentrations and be of limited 
duration, become more extensive exposures ( ie . ,  higher concentrations) or 
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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This form of sheltering involves taking refuge in commercial tents and 
structures which are dcsigned explicitly for protection in chemical 
environments. This protective action is expected to protect people from toxic 
chemical releases resulting in large concentrations over extended durations 
(e.g., three. to twelve hours). 

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

Special shelters involves taking refuge in facilities created expressly 
for protection from chemical contaaination. To the extent that these shelters 
may not have televisions, radios or other coinniunication devices, one will 
have to be obtained for the sheltered area prior bo occupation. Once in the 
sheltered environment people should remain calm to promote lowered heart 
and respiratory rates. 

A dv ant  a pa 

1) Because in-place protection cannot increase the exposure pressurized 
sheltering can only increase protection. Furthermore, protection factors 
associated with specialized shelters reduce air infiltration rates, perhaps even 
to the point of establishing small exhaust rates, which drastically reduces the 
risks associated with the protcctive action. This means that the protection 
factors associated with specialized shelters are likely to be greater than those 
associated with expedient or enhance sheltering. If air infiltration can be 
reduced to as few as one change in sixteen hours, the protection factor would 
rangc froin approximately five to about 120 (Chester 1988). Hence, specialized 
sheltering provides maximum protection from exposure in nearly all 
situ a t  i on s. 
2) Specialized sheltering can be implemented fairly quickly once the facilities 
themsclves arc: available. Sorznsen (1988) posits if we assume prc-erection or 
prepositioning of poitable shelters of this variety, that movement to a 
prepared shelter without much preparation time. 
3) Specialized sheltering provides maximum protection, under almost all 
conditions. Hence, pressurized shelters are capable of preventing fatalities 
when long or continuous releases of agent are anticipated, 
4) Specialized sheltering provides shelter for long periods of time and thereby 
avoid the problems associated with misjudging accident durations and 
concener a t ions .  
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Di sadvan t a= 

1) People in specialized shelters may have family members not in the shelter 
creating distress, conflict and even of breach containment created by people 
entering or leaving after sealing and pressurization. 
2) Specialized sheltering requires that special structures be constructed to 
provide adequate protection. 
3 )  For most people, specialized shelters require limited attention, however 
prepositioning or pre-erection would involve a certain amount of intrusion 
from the emergency action into the routine environment. 

5.1.2.3 Expedient sheltering 

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

Descr int inn 

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

Expedient sheltering involves taking refuge in existing buildings, 
closing windows and doors, shutting of ventilation systems that replace indoor 
air with outdoor air, taping windows, doors, light sockets and ventilation 
outlets, and laying a wet towel across the bottom of the door to reduce 
in€iltration. 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, 
enviroriment 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 {Le., opcn up) the structure to minimize exposure. Hence, the 
warning system must not only be able to tell people when to go to shelters, of 
this kind, they must also be capable of telling people when to ventilate. 

Advantages 

1) Exped,ent sheltering requires only existing resources, but may be more 
effective i f  kits for enhancement, including tape, towels and perhaps a 
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portable radio, are readily available to the people that would have to 
implement the protective action. 
2) Expedient sheltering requires limited training and limited resources, 
which yields a low level of intrusion of protective equipment in the routine 
e n  v i roil in e an t . 
3) Because expediently sealed structures cannot increase the exposure 
expedient sheltering can only increase protection. Furtheimorc, protection 
factors associated with expedient shelter are increased with the reduction of 
air infiltration rates, This means that the protection factors associated are 
likely to be greater than those associated with noma1 sheltering. If air 
infiltration can be reduced to one air change in four hours, the protection 
factor woald range from approximately two to about 60 (Chester 1988). Hence, 
expedient sheltering provides minimum protection from exposure in 
situations where concentrations are expected to be low to moderate, and cloud 
passage t ine is limited in the one to three hour range. 
4) Expedient sheltcring can be implemented fairly quickly. Sorensen (1988) 
estimates that taping and sealing an average room can be accomplished in ten 
to fifteen minutes. 

1) Expedient sheltering provides moderate protection, under conditions where 
plumes are of limited size. Hence, 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. 

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

Pressurized sheltering potentially blocks the exposure to chemical 
agents by reducing the amount of infiltration of airborne agent into the 
"protected" environment. While no protective action provides complete 
(100%) protection under all conditions, pressurized sheltering is likely to 
provide adequate protection under conditions characterized by releases 
resulting in mederate to large concentrations of agent with exposure times 
between three to twelve hours (Le., a slowly travelling plume and the plume of 
any size). 

Pressurized sheltering 
closing windows and doois, 

involves taking refuge in existing buildings, 
shutting of ventilation systems that replace indoor 
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air with unfiltered outdoor air, and starting a pressurization system that uses 
filtered air to create pressure in the seal structure. In addition, to the cxrent 
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. 

Advantapes  

1) Pressurized sheltering requires only that existing structures be augmented 
by pressurization systems. 
2) For most people, pressurized shelters require limited attention which yields 
a low level of intrusion of protective equipment in the routine environment. 
3) Because in-place protection cannot increase the exposure pressurized 
sheltering can only increase protection. Furthermore, protection factors 
associated with pressurized shelters reduce air infiltration rates, perhaps even 
to the point of establishing small exhaust rates, which drastically reduces the 
risks associated with the protective action. This means that the protection 
factors associated with pressurized shelters are likely to be greater than those 
associated with expedient or enhance sheltering. If air infiltration can be 
reduced to as few as one change in sixteen hours, the protection factor would 
range from approximately five to about 120 (Chester 1988). Hence, pressurized 
sheltering provides maximum protection from exposure in nearly all 
s i tuat ions.  
4) Pressurized sheltering can be implemented fairly quickly. Sorensen (1988) 
estimates that activating an existing pressure system will take about five 
minu tes .  
5) Pressurized sheltering provides maximum protection, under almost all 
conditions. Hence, pressurized shelters are capable of preventing fataIities 
when long or continuous releases of agent are anticipated. 
6 )  Pressurized sheltering provides shelter for long periods of time and 
thereby avoid the problems associated with misjudging accident durations and 
concen t r a t ions .  

Disadvantages 

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

5.1 e 2.5 En h an ce d sh el t e r i n g  

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

Desc ri u t i  o n  

Enhanced Sheltering can partially block the exposure to chemical 
agents by reducing the amount of infiltration cf airborne agent into the 
"protected" environment. While no protective action provides complete 
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(100%) protection under all conditions, enhanced sheltering is likely IO 
provide adequate protection under conditions characterized by releases 
resulting in moderate concentrations of agent with maximum exposure times 
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 ventilation 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 systcm must not only be able to tell people when to go to shelters of 
this kind, they must also be capable of telling people when to ventilate. 

1 )  Enhanced sheltering requires existing 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 sheltering cannot increase the exposure enhanced 
sheltering can only increase protection, Furthermore, protection factors 
associated with enhanced sheltering are increased with the reduction o f  air 
infiltration rates. This means that the protection factors associated are likely 
to bc greater than those associated with normal sheltering. If air infiltration 
can be reduced to an air change in four hours, the protection factor would 
range from approximately two to about 60 (Chester 1988). Hence, expedient 
sheltering provides limited protection from exposure in situations where 
concentrations are expected to be low to inoderate, and cloud passage time is 
limited in the one to three hour range. 
4) Enhanced sheltering can be implemented very quickly. Soremen( 1988) 
estimates that the required action could be accomplished in less than ten 
m i nut  e s . 
D I s ad v an t a m  

1 )  Enhanced sheltering provides moderate protection, under conditions 
where plumes are of limited size. Hence, 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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5.1.3 Respiratory Protection 

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

5.1.3.1 Gas masks 

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

Bescr i  D ti on 

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

Using the full face mask involves retrieving the device from its storage 

While a full face mask may take as much as ten minutes to 
location, extracting it from its storage container, placing on the face, and 
strapping in place. 
implement, Sorensen (1988) estimates that with training it can be 
implemented in as little as one minute once it is located. 
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 on the way to shelter). 

The full face mask is 

1) 
it is probably more obtrusive than many other respiratory devices. 
2) 
located, this implementation time will require moderate training and 
considerable practice. 
3) The full face mask provides a high degree of respiratory protection. 
4) The full face mask requires little physical effort or mental concentration to 
maintain seal between face and mask once it is in use. 

While the full face mask is storable, it is not easily stored which means that 

The full face mask can be implemented in as little as a minute once it is 



Disadva n tarres 

1) The full face mask requires considerable training and practice to assure 
proper use in emergencies. 
2) The full face mask would require that the individual have the device, be 
able to retrieve it, and know how to use it in the event of an accident. 
3) The full face mask would not protect guests and visitors that would not have 
similar respiratory protection. 
4) The full face mask is one of the most 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  I 

5.1.3.2 Hoods 

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

Descr ipt ion 

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

Using hoods involves retrieving the device from its storage location, 
extracting it from its storage container, placing it over the head, securing the 
waist and wrists and starting the fan-driven filtered ventilation. While a hood 
may take as much as ten minutes to implement, it seems reasonable to estimate 
that with training implementation time can be reduced to as little as a three to 
five minutes once it is located, 
to be the ability to "dress" children in the hoods. 
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 on the way to shelter). 

The limiting factor for time to implement .seems 
Hoods are very likely to 

Advantayes 

1) 
probably more obtrusive than many other respiratory devices. 
2) 
located, this implementation time will require moderate training and practice. 
3) Hoods provide a high degree of respiratory protection. 

While hoods are storable, it is not easily stored which means that it is 

Hoods can be implemented in as little as a few minutes once they are 
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4) 
maintain seal between waist and wrists and the hood once they are in use. 

Hoods require almost no physical effort or mental concentration to 

Bisadvantaggs 

1) Hoods require some training and practice to assure proper use in 
emergenc ie s .  
2) Hoods would require that the individual have the device, be able to retrieve 
it, and know how to use it in the event of an accident. 
3) Hoods would not protect guests and visitors that would not have similar 
respiratory protection. 
4) Hoods are one of the most obtrusive devices among the respiratory 
protection devices, their distribution to the public is likely to raise awareness 
of the program, and could significantly contribute to public concern. 

5.1.3.3 Bubbles 

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

Descrity t ion 

Bags are protective 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 connected to an adult's protection which draws air through the filter 
into the infant protection area. By covering the child's whole body protection 
bubbles are designed to keep the eyes, nose and mouth clear of contamination, 
as well as affording protection of the body from disposition. It is anticipated 
that protection bubbles like hoods are capable of providing a respiratory 
protection factor of about 2000. 

Using the fan-driven protection bubbles involves retrieving the device 
from its starage location, extracting it from its storage container, placing the 
infant or toddler in the enclosed environment, and starting the fan-driven 
filtered ventilation. While using the adult-ventilated protection bubble: 
involves all of those steps plus the steps required for the adult to don their 
protection. While a protection bubble may take as much as fifteen minutes to 
implement, it seems reasonable to estimate that with training implementation 
time can be reduced to as little as five to ten minutes once it 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 on the way to shelter). 

Advantages  

1) 
once they are located, this implementation time will require moderate training 
and practice. 

Protection bubbles can be implemented in as little as a five to ten minutes 

57 



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. 

Disadva n t w  

1) While protection bubbles are storable, it is not easily stored which means 
that it is probably more obtrusive than many other respiratory devices. 
2) Protection bubbles require some training and practice to assure proper use 
in emergencies. 
3) Protection bubbles would require that the individual have the device, be 
able to retrieve it, and know how to use it in the event of an accident. 
4) Protection bubbles would not protect guests and visitors that would not 
have similar respiratory protection. 
5 )  Protection bubbles are one of the most obtrusive devices among the 
respiratory protection devices, their distribution to the public is likely to raise 
awareness of the program, and could significantly contribute to public 
c o n c e r n .  

5.1.3.4 Mout hpiece resp irators 

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

Descr iut ion 

The mouthpiece respirator is simply comprised of a mouthpiece 
connected to a filter cartridge by a tube. Respiration is limited to the mouth by 
a nose clip. 
don a transparent hood (e.g., a plastic bubble) and exhale through the nose, 
which would flush the hood with uncontaminated air. This would help keep 
the eyes clear of contamination. This device is intended to be used only for a 
few minutes, while the wearer is pursues other protective actions (e .g . ,  
evacuation, or sheltering). However, the limiting factor with the mouthpiece 
respirator is the integrity of the seal between the lips and the mouthpiece. 

To gain rnaximum protection offered by this device the user could 

Using the mouthpiece respirator involves retrieving the device from its 
storage location, insert the respirator in the mouth and clip the nose or cover 
the head with a transparent hood. The simplicity of the device makes it 
possible to use this device without training. Chester (1988) estimates that it 
can be implemented by the untrained u5er very rapidly, probably in under a 
minute once it is located. The mouthpiece respirator requires considerable 
physical effort and a fair amount of mental concentration to maintain the seal 
between the lips and mouthpiece. The mouthpiece respirator 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). 
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1) The mouthpiece respirator is storable, which means that it is probably less 
obtrusive than many other respiratory devices. 
2) The mouthpiece respirator can be implemented in only a few seconds, once 
it is located. 
3)  The mouthpiece respirator provides moderate respiratory protection. 
4) The mouthpiece respirator requires no training for adequate use. 

Di sadv ant a UeS 

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 
SQITW 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 Facelet mask 

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

DescriDtion 

Developed by the British, the facelet mask is comprised of a charcoal 
cloth nianufactured by pyrolizing and steam activating rayon material. 12 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, ais 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 i s  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 
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concentrations whilc people are pursuing other protection (e.g., while 
evacuating, or on the way to shelter). 

A dv an t a ge s 

1) ‘The facelet mask is very storable, which means that it is probably the least 
intrusive respiratory device, because i t  can be stored unobtrusively. 
2) The facc1c.t mask can be implemented quite quickly, probably in less than a 
few minutes. 
3)  The facelet mask provides moderate respiratory protection from agents GB 
and mustard. 

D i sad  v a.0 t a ?e .r 

1) 
damp, stale air, which makes it less comfortable to use and to the extent thai 
the mask would becomes saturated with moisture, the absorption capacity 
would bc reduced. 
2) The facelet mask would require that the individual have the mask, be 
trained in its use, and be able to retrieve it in the event of an accidc;nt. 
3)The facelet masks would not protect guests and visitors that would not have 
similar respiratory protection. 
4) While the facelet mask is one of the least obtrusive devices among the 
respiratory protection deviccs, it distribution to the public is likely to raise 
awareness of the program, arid could significantly contribute to public 
c o n  c e rii . 

Using the facelet mask tends to give a sensation of recycling a lot of warm, 

5.1.3.6 Expedient remirator! urotection 

Expedient respiratory protection involves placing a wet cloth over the 
nose arid mouth to remove Contamination prior to inhalation. 

Des c r i p t i ~ r ~  

Expedient respiratory protection involves the use of available resources 
for limited gains in protection against airborne chemicals. A wet thick cloth 
(c.g., a wash cloth) is held on the face covering the mouth and nose with a 
hand. Expcdicnt measure 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 measure of this variety involves gathering the 
resources required to implement the action, wetting the cloth and placing it 
over the nose and mouth. No training is required for these kinds of measures 
to be implemcratcd very quickly. Sorensen( 1988) estimates that expedient 
measure can be implement in a few seconds. Expedient respiratory protection 
measures are only likely to provide any respiratory protection from relatively 
small ConcenFrations while people are pursuing other protection (e.g., while 
evacuating, or on the way to  shelter). 
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A dv a n t a g a  

1) Expedient respiratory protection is completely u n o ~ ~ ~ ~ § ~ v e ~  
2) Expedient respiratory protection can be implemented very rapidly 
probably in as little as a few seconds. 
3) Expedient measures would protect guests and visitors. 
4) Expedient respiratory protection provides limited protection h n i  low 
concentrations for very short durations, probably under fifteen minante:s. 

Di s a d v a n t w  

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. evacuation driving a vehicle), 

5.1.3.7 Self contained b reathin? apu aratus 

Self contained breathing apparatus (SCBA) provides ~ o n - c Q n ~ ~ ~ ~ ~ ~ t e ~  
air for inhalation. 

Il e s c r i p t i on 

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

Using SCBA involves retrieving the device from its ~ t ~ r a ~ ~  locatism, 
extracting it from its storage container, placing the mask on the face OK 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 once the SCBA equipment is 
located. SCBA cquipment is very likely to provide respiratory protection from 
moderate to high concentrations, but because of it limited duration of 
protection it is most likely to be useful for people pursuing other ~ r o t € : c t ~ ~ ~  
(e.g., while evacuating, or on the way to shelter). 

While a full face SCBA may take 

1) 
probably more obtrusive than many other respiratory devices. 
2) 
implementation time will require moderate training an 

While SCBA is storable, it is not easily stored which means that it is 

SCBA can be implemented in as little as a minute once it is located, this 
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3) SCBA provides a high degree of respiratory protection. 
4) Pace covering SCB A requires little physical effort or mental concentration 
to maintain seal between face and mask once it is in use. 
5) Some people may have SCRA equipment specifically designed for 
underwater use, which could be used for respiratory protection from chemical 
agents .  

1) SCBA requires some training and practice to assure proper use in 
emergenc ie s .  
2) 
it, and know how to use it in the event of an accident. 
3) 
respiratory protection. 
4) SCBA is very a ObtNSiVe 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. 

SCB.4 would require that the individual have the device, be able to reetrievc 

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

5 1 .4  Protective Clothing 

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

5.1.4.1 SDec ial DroEct ive clothing 

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

Des c ri D t i  on 

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, ams ,  legs, feet and hands with fabric 
specifically design to prevent pcnetration 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 agcnt with exposure times between 1 to 3 hours 
(Le., the plume is travelling moderately fast and Elre plume is of medium size). 
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Special protective clothing involves donning specialized suits tu plrotcct 
against cxposing skin to agent. While specialized clothing can be used to  
protcct against dermal exposures, protective clothing does riot proeect peciple 
from inhalation and ingestion exposures. 11 is reasonable to estimate that 
donning protective clothing will require slightly more time than getting 
dressed. Sorenseri (1988) estimates that special protective clothing will lake 
bchween five and ten minutes depending on its complexity. Using speciallizied 
protective clothing involves retrieving them from their storage location, 
extracting from its storage container, putting it on, an check all seams 
betwecn pieces for potential exposures. While a protective clothing may take 
as much as ten minutes to implement, it seems reasonable to esiimate that with 
training implementation time can be reduced to as little as a three to fivc 
minutes once they are located. Protective clothing is very likely to provide 
dermal protection from low to moderate concentrations, and may evcn provide 
limitcd protection for larger doses while people pursue other protection (e.g., 
whik evacuating, or an the way to shelter). 

Advan taces  

1) While protective clothing easily stored, i t  is fairly obtrusive. 
2) Protective clothing can be implemented in as little as three to five minutes 
once they are located, this implementation time will require some training and 
prac t ice .  
3) Protective clothing provides a high degree of dermal protection. 

1) Protective clothing requires some training and practice to assurc proper 
use in emergencies. 
2) Protective clothing would require that the individual have the device, be 
able to retrieve it,  and know how to use it in the event of an accident, 
33 Specialized proteciive clothing would not protect guests and visitors khat 
would not have similar respiratory protection. 
4) Specializcd protective clothing i s  very obtrusive, its distribution to the 
public is likely to raise awareness of the program, and could significatitly 
contribute to public concern. 

5.1.4.2 Exnediena nrotective clothing 

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

Des e r i n t i on 

Expedient protective clothing is comprise of regular clothing, put on to 
protect the wearer form' deposits of agent on the skin. Expedient prcatccti~e 
clothing covers l h e  whole head, upper body, arms, legs, feet arid haaids with 
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layers of fabric and can include using rain gear to prevent dioplets of ageat 
from dcpositing on the skin. Expedient protective clothing is limited both by 
its ability to prevent penetration and keep all skin covered to prevent skin 
contact. Expedient protective dothing is likely to provide skin deposition 
protection under conditions characterizcd by releases resulting in low 
concentrations of agent with exposure times under an hour (i.e., a fast moving 
plunac and of small to medium size). 

Expedient protective clothing involves dressing in layers of winter 
clothing with long sleeves and long pants, and protecting the head, and neck 
with a hood or draped towel, and protecting hands with gloves, to prevent 
exposing skin to agent. To the extent possible the outermost layer of expedient 
clothing should be moisture resistant to help prevent penetration. While 
expedient clothing cain provide limited protection against dermal exposures, 
protective clothing does not protect people from inhalation and ingestion 
exposures. It is reasonablc to estimate that donning expedient protective 
clothing will require slightly more time than getting dressed. Sorensen (1988) 
estimates that protectivc clothing will take between five and ten minutes 
depending on its complexity, expedient protective clothing is not anticipated to 
be very complex and thereby implementation times are expected to be as little 
as five minutes. 

1) Expedient protective clothing is completely obtrusive. 
2) 
niinutes once they are located, this implementation time requires little or no 
training arid practice. 
3) Expedicnt protective clothing provides a moderate degree of dermal 
protection for low concentratious 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 implemented in as little as five to ten 

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

1 )  Expedient protective clothing would require that the individual gather 
readily available resources, decide how to use them most effectively and use 
them to protect themselves and their family in the event of an accident. 
2) Expedicnt protective clothing can only protect against dermal exposure. 
3)  Expedient protective clothing providcs limited protection against low to 
moderate concentrations and probably does not protect against dermal 
exposurcs for higher concentrations over extended periods. 

5 .8 .5  Prophylact ic  Drugs 

Prophylactic drugs are used prior to agent exposure for the prevention 
or mitigation of agent effects. This protective action has been seriously 
considered only for potential nerve agent exposare. The Center for 
Environmental Health and Iirjuxy Control of the Centers for Disease Control of 
the Departrneiit of Health and Human Services has recommended that this 
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g-riirective nation be eliminated from use except by trained o r  cmcrgeancy and 
medica! pcrsorinel (c.g., emergency medical technicians, niedical ~ O C ~ O I . S ,  and 
registered nurses). We concur with this recornamrendation. 

1 )  Pretreatment by prophylactic drugs has been shown to be m n  effective 
protection against ~ ~ c a p ~ ~ i ~ a ~ ~ o ~ ~  death induced by exposure to the IctlraB 
t~eave agents GB and VX. 
2) The additional protection offered by p ~ ~ ~ ~ ~ ~ a c ~ i ~  drugs (in addition t o  the 
presumed use of protective equipment) would be an advantage bo emergency 
personnel responsible for transponing victims out sf a ~ ~ n ~ ~ ~ ~ r ~ a t ~ ~  arcn, 
providing medical support to contaminatcd victims, or  ~~~~~~~~~ ancdical 
support in a contaminated area. 
3) Individuals whose jobs required frequent trips into contaminated UT 
potenhially contaminated areadsuch as police officers, i irc dighers, lrrllpair 
crezvs, eec.), would also benefit. 

D i s a CE v a n  e a pe 8 

rug storage can be a problem. Some prophylactic compounds reyeiirc 
controlled storage conditions and may deteriorate if thesc conditions are riot 
upheld. Rotation of stocks is necessary t~ maintain drug potency. 
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2) Potential for substance abuse and accidental poisoning. Valium is a 
controlled substance and atropine is a hallucinogen. 
3) Recommended drugs are powerful and can cause serious injury if 
mishandled .  
4) Need for trained personnel to provide treatment. 

5.1.6 A n t i d o t e s  

Antidotes are used to relieve, prevent, or otherwise counteract adverse 
effects resulting from agent exposure. Antidotes are somewhat agent-specific 
in that nerve agents (as a group) require different antidotes than the 
vesicants. The Center for Environmental Health and Injury Control of the 
Centers for Disease Control of the Department of Health and Human Scrvices 
has recommended that this protective action be eliminated from use except by 
trained or emergency and medical personnel (e.g., emergency medical 
technicians, medical doctors, and registered nurses). We concur with this 
recommendat ion .  

DescriDtion 

Nerve agent antidotes (atropine, pralidoxime, other oximes) block the 
effects of agent-induced skeletal and smooth muscle contraction (relieve 
convulsions and loss of breathing control) and reduce glandular paralysis 
(dries up the copious respiratory secretions that make normal breathing 
difficult). These same antidotes are effective in treating cases of 
organophosphate insecticide poisoning (e.g., Parathion, Malathion) and the 
treatment protocols are based on sound clinical data for humans, 

There are no specific antidotes for mustard agent poisoning; its 
chemical reaction with biological tissue is so rapid as to be irreversible for all 
practical purposes. Attempts at therapy have been ainied at rapid 
decontamination and symptomatic therapy to relieve the effects of chemical 
burns to the skin, eyes and respiratory tract. 

Combined therapy using intramuscular or intravenous treatment with 
atropine plus pralidoxime is more effective for treating nerve agent exposure 
than either antidote used in isolation. Both drugs are available as autoinjector 
units to U.S. military personnel. Effective dose is primarily based on victim 
body weight, age, and severity of observed agent effect(s). Careful monitoring 
is necessary to maintain adequate dose rate while simultaneously matiaging 
signs of antidote overdose (elevated body temperature and blood pr- .ssure, 
restlessness, hallucinations, etc.). In severe cases, extended treatmcnt ovcr 
days or weeks may be necessary to counteract the effects of continual 
organophosphate mobilization from body storage. Other oximes, alone or in 
combination with Valium ,atropine and benactyzine are part of the antidote 
treatment regimes in use by military services in the U.K. and Europe. 

Instantaneous removal of mustard from body surfaces is the best forni 
of protection. One way to accomplish this is by washing with soap and water. 
According to one recent study (van Hooidonk, et al. 1983) various household 
products (e.g., tissue paper, flour, talcum powder, washing abrasive, and salad 
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oil) were effective in  rcinoving mustard from guinea pig skin, although their 
effectiveness requires immediate application (e.gO1 within 4 min). The most 
eff'ectivq: treatment was spri.inkling flour on the contaminated skin, followed 

spread the mustard over a larger skin sface, suggesting that washing with 
water needs to be combined with detergent use or some other solubilizer or  
adsorber o f  mustard. Attempts at therapy of mustard poisoning have generally 
been aimed at rapid decontamination and symptomatic (Le., treatment of 
mustard-induced symptoms) therapy. 

by removal. of the i lour  with wet tissue per. Wet tissue paper alone simply 

In the case of battlefield exposure, A m y  documents (U.S. A m y  1974, 
1975) emphasize the immediate ~ ~ c o ~ ~ a ~ ~ i i n a t ~ o ~  following exposure. Copious 
flushing with water i s  recommcnded for eye contamination, Fuller's earth 
powder (whicln is used to adsorb liquid agent droplets) and chloramine powder 
(which reacts clnemically with mustard) art. cllective skin decontaminants 

ied to military personnel in field kits. A protective ointment, 
and supplied to field personnel, contains chlorarnide S-330, 

which can f ~ ~ ~ c t ~ o ~  both as a decontaminant an a protective barrier Woslow 
1987). 

1) Appropriate use of ~ e c i ~ ~ ~ a ~ ~ ~ n a ~ ~ ~ s  may save lives and reduces the severity 
of effects from sublethal doses, 
2) ~ e c o ~ ~ t a ~ i ~ i ~ a ~ ~  docs not usually generate disabling side effects. 
3)  Effective ereatmenE can be performed under field conditions. 
4) Given the carcinogenicity of mustard agent, prompt ~ ~ c ~ ~ t a m ~ ~ a ~ ~ o ~  is 
recommended to rzduce the dnsc to avoid latent ( ~ . F L ~  carcinogenic) as well as 
acute eflects. 

Di  sadv anta- 

1) Some antidote dmgs require ~ ~ ~ n ~ r o ~ ~ ~ ~  storage conditions and may 
deteriorate i f  these conditions are not upheld. Rotation of stocks is necessary 
to maintain drug potency. 
2) Potential for substance abuse an accidental poisoning (ualium is a 
controlled substance and atropine i a hallucinogen). 
3) Recommended drugs are powerful and can cause serious injury if 
mishandled .  
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. 
6 )  There are no known disadvantages of e c o n t ~ ~ ~ n a t ~ ~ ~  when mustard 
exposure is suspected. 

5 . 2  C 

In addition to the individual protective actions discussed above, it is 
obviously possible and desirable to combine different protective actions into a 
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single sir-atcgp if doing so enhances overall effecilveaess aird sirr vivaGility. 
Such ail approach cnmbincs thc advantages of different options in  an atiernpi 
to obviate the disadvantage(s) of each. The most obvioiis conbinatio 
seme form of respiratory protection (e.g., gas mdsk, nioutiqiece res 
bubfr!e, or hood) wiih eithes evacuation o i  some form o f  shelteiing. a411Loagii 
only two basic options are discussed below, a combination of pnitactive 
clothing with either of these two should alsn bc considered for the LBAD 
stockpile for those releases involving mustard and, possibly, VX agcrit. 

It is possible that the effectivcncss of cvacuatioa might ?IC enlianced by 
providing respiratoiy pi-otcctisn during its implenientntion. If on2 can 
reduce or eliminate deposition and ingestion exposvrc pathways (e g , being iil 
ail evacuating vchiclc) and similarly reduce an irnhalcd dose (by use of 
respiratory piotcziion), thc ovcrail effectiveness of the evacuation should bc 
i rri p ro  v rz d . 

5 . 2  2, Shelter Witll a e s p i r a i n r y  Protection 

Shelaeiirng may also bc nadc mort effective by some form of respiiatoiy 
protection Some protective devices (e .g . ,  mouthpiccc respirators) may be used 
in acquiring safe access to an enhanced or expedient shelter. Oehca 
respiratory devices ( e . g ,  gas mask, bubble, or hood) W Q U I ~  decrease total dosc 
within an crihanced or expedient shelter. Such an approach may be 
particularly appropriate for continuous or longer-term releases where the 
protcction afforded by shelter alone (one to thrcl: l~o~irs;  scc Scct. 5.1) may be 
in a de q ti a t  c 

5 . 3  PWEI,IMINAWY EVALUhTION OF PROTECTIVE: ACTIONS 

In suppori of the origilirrg protecbivc action effectiveness support study 
(Rogers, er a]., in prcss), T, panel of experts1 was assembled early in CY 1983 to 
identify cvdua t ivc  criteria and apply those criteria to various protective 
actions. iiiciuding evacuation, sheltering, and respiratory protection. The 
pand 's  composition was based on the the notion of obtaining 
c om p r el? e n si  PI en t: s s w i t li rc s p ec t to th e p h y s i c a1 c h arac t e ri s t i  i: s of P ac 1 I 

protective action option, the option's effectiveness with respect to mitigating 
advcrsz hcalth effects, and the personal and organizational aqpccts of the 
option's implcrncntation. Although it is beyond the scope of this document to 

__._-___ 

Thesc iriciiviiluals inclirdcd Arnnon Rirenzvigc of the !J.S, Army Chemical 
Resaarch, Uevcloprncnt and Engiiieeriiig Centcr, Abci dzen Proving Ground, 
MD; Michael Lindell, Department of Psychology, Michigan State IJaivcisity, 
Eact Tsiixsiiig, MI; Dcnnis Milcti, Director, Hazards Assessmem Laboiaioiy, 
Colorado State University, FoiT Collins, CO; and Frederick Sidcll, MD, U.S. Aiiny 
Medical Research Tnstitute of Chcmical Defense, Aberdeen Proving (hound.  
MD, Thcir fields of expertise are physical rneans of protection from chemical 
agent exposure, individual responsc to disasters, organizational response to 
disasters, and thc health effects of chemical agent cxposuxe, respectively. 
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report on the results of that exercise in detail, the following discussion 
identifies the criteria and the panel's evaluation of those actions. 

5 . 3 . 1  Evaluative Criteria 

The panel identified a variety of criteria for evaluating protective 
action options. These criteria were subsequently grouped according to 
whether the criterion related to 1) the level of safety provided by the option, 
2) the requirements for implementing the option effectively, and 3) the 
option's level of intrusiveness in the family and community or other relevant 
level of social organization. Since different factors were deemed important 
among these three categories for the three different kinds of protective 
actions (evacuation, sheltering, and respiratory protection), the specific 
criteria for the categorically different protective action options were 
different (see Figs. 5.1 and 5.2). 

5 . 3 . 2  Protective Action Option Evaluation 

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

These scores 

5 .4  PROTECTIVE ACTION OPTIONS FOR LBAD 

Assuming implementation of appropriate warning and command and 
control systems, the potential protective action options at LBAD for various 
subgroups of the general population are summarized in Tables 5.1 and 5.2. 
Results of the protective action effectiveness support study may alter these 
recommendations in the future or provide more detailed information that 
better distinguishes among the relative effectiveness of each option. 
Furthermore, the differentiation of actions for the PA2 and IRZ are not 
magical (e.g., persons near the outer part of the IRZ may implement PAZ 
actions, or persons near the inner part of the PA2 may implement IRZ 
actions). In addition, it should be stressed that a combination of protective 
action options may be needed to protect the public from a range of accident 
scenar ios .  

5 . 4 . 1  IRZ Options 

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

The only viable respiratory option for adults is a face mask, Masks are 
not recommended for children or infants due to difficulties in achieving a 
tight fit. Expedient respiratory protection i s  not recommended for anyone 
because it offers little protcction against toxic vapors. Facelet masks do not 
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ORNL-DWG 89-1 6218 

Evaluation criteria 

Protection during implementation 

Protectian once in place 

Implementation speed 

Secondary contamination 

Amount of training required 

All-clear required 

Resources required 

Electricity required 

Maintenance 

S k i l l / u s e  

Initial intrusiveness 

Ongoing intrusiveness 

SHELTERING I 

Fig. 5.1. Expert panel evaluation of evacuation and sheltering. 
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ORNL-DWG 89-16213 

Evaluation criteria 

Protection 

Length of protection 

Implementation speed 

RES PI R ATQ RY PROTECXlO N 

v) 
WCC 

2 g  
5: 
E a  
xpc 
O W  
1 c c  

n ...... ...... ...... 
v ...... ...... ...... 

...... ...... . . . . . .  ...... ...... ...... 

s 
Amount of training required 

U s e l s k i l l  

Resources required 

Maintenance 

Compatible with evacuation 

Batteries required 

Initial intrusiveness 

Ongoing intrusiveness 

Least Desirable Most Desirable 

Fig. 5.2. Expert panel evaluation of respiratory protection options. 
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Table 5.9 Potential protective actions in the TRZ for LBAD 

Option -I _A.d!J.!ls c hildren 1-nfants In st i t u t i on s Imp a i  r ed  

Evacuate  
Normal shelter 
Specialized shcltcr 
Expedient shelter 
Pressurized room 
Pressurized building 
Enhanced shelter 
Gas mask 
1-10 0 d s 
Bubbles  
Mouthpiece respirator 
Facelet mask 
Expedient respirator 
SCBA 
Special protective 

Expedient protective 

Prophylactic drug 
Antidotes 
Ev acuatehes pi r. prot . 
Respir. prot./shelter 

c l o t h i n g  

c lo th ing1  

No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
NA 
NA 
NO 
No 
No 
No 
Yes 

No 

No 
No  
Yes 
Yes 

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

N O  

No 
No 
Yes 
Yes 

No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
No 
No 
No 
No 
Yes 

No 

No 
No 
Yes 
Yes 

No 
No 
No 
No 
Yes 
Yes 
Yes 
No 
NA 
NA 
No 
No 
No 
Yes 
No 

No 

No 
Yes 
No 
No 

No 
No 
No 
No 
Yes 
Yes 
Yes 
No 
NA 
NA 
No 
No 
No 
No 
No 

NO 

No 
No 
No 
No 

_I 

NA = Not applicable 

protective clothing should be considered. 

should be implemented as described above. 

If the potential for exposure to mustard or VX agent exists, the use of expedient 

I f  exposure to mustard or VX agent aerosol is suspected, decontamination procedures 

offer protection for a sufficiene time nor a very high level of protection. SCRA 
and mouthpiece respirators offer protection for an insufficient time. For 
infants, bubbles are a potential. option, as are hoods for children, These are 
not designed for use by adults. Furthermore, bubbles are not recomrnendcd for 
children because of the likely difficulties in use. Hoods are not recommended 
for infants for the same reason. 

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

All other forms of respiratory 

72 



'Yes 
NQ 
Yes 
-Yes 
Yes 
No 
Yes 
No 
NA 
NA 
NO 
No 
No 
No 
No 

No  

No 
NQ 
Yes 
No 

Yes: 
No 
Yes 
Yc! s 
Yes 
N O  
Y C S  

No, 
N I) 
No 
No 
N 0 
NO 

No 
NQ 

No 

No 
No 
Yes 
No 

Yes 
No 
Yes 
Yes 
Yes 
NO 

Yes 
No 
No 
No 
No 
No 
No 
No 
No 

N 0 

N O  

NQ 
Ye€ 
N 0 

Yes 
N 6) 

Y c s 
KG 
Yes 
Yes 
Yes 
No 
N A  
NA 
No 
N 0 
N 0 
N 0 
No 

No 

No 
No 
No 
Na 

-I_ _I 

NA = Not applicable 
1 u cn-pcasu:~ to mustimi OT vx agent aerosol is suspected. decuntamimatiora procedures 
should be implerricnted as described atbove. 

Etacaation, per  SP, is not recommended for any popularion subgroup in 
the IRZ. 
rmpiramry psinteckisn such as a face mask, facelet mask, or a mouthpiece 
acspzno!or (01 q:ppropiliate hood or bubble for ehildrcn or infant) and t hen  
waeuaie .  This is 11ot feasible for institutions or ~ Q H  the impaired to imglex~aent. 

A feasible option for some slaw-rnrwing accidents at LBhD i s  to doll 

The ~~~~~~~~~~~~~~ of an appropriate ~espiratory prstecaive device (mask, 
hood, air buh'nle) with same form of enhanccd or expedient sheltering i s  an 
option for thc general public hut riot for iristituiioris or for the impaired. 

Antidotes and prophylactics for  nerve agent exposure ;ire not 
h-ec o :E raiended f o  i: d is t r i b u tics 11 to t be general p (9 pu 1 at i o n bet: au s e the i r 
~~~~~~~~~~~~~~~~ rn~cqi182-e~ trained medical workers. This could Ire an option <tt 
institu!isns with staff who can be trained to use such drugs, Although there 
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are no aiiindcies for mustard expostire, prompt dccoiilainination and 
symptomatic therapy after suspicion of exposure to a mustard release are 
advised. Use of houwhold products (e.g., tissue paper, household bleach, soapy 
water, flour, talcum powder, washing abrasivc, and salad oil) may be effective 
in rcmoving mustard from the skin. Copiows flushing with water is 
recommended for eye contamination. 

5 . 4 . 2  PAZ Options 

The PAZ options differ from the IKZ options at LMAZ) for two basic 
reasons. First, a much greater amount of time will be available to implement 
actions. Second, agcnt concentrations are expected to be much lower because 
significant dilution and dispersion will have occurred. 

Normal evacuation is a n  option for all populations in the PA%, as is 
precsurization of a room or a mass shelter. Pressurieation of a building is not 
needed because sufficient time would exist to move people to a part of a 
building, or to a mass shelter, although this option should be retained for 
institutions. Other forms of sheltering are options as well. Respiratory 
protection and normal sheltering arc not rccommended because evacuation 
and expedient sheltering are always pieferred options. The use of respiratory 
protection during evacuation is a possible option. The use of drugs are not 
recommended for any group because the time and means exist to avoid 
exposure entirely. 

5.4.3 Pa, Options 

In areas beyond the PAZ the two options are evacuation or normal 
sheltering. The latter would be used solely as a prccautionary niechanism 
because all areas with a potential for exposure would be evacuated. 

5 . 4 . 4  C o n c l u s i o n s  

In this section preliminary conclwsions arc presented regarding 
protective action options at LHAU based on the information presented on 
accident distribution (see Sect. 2 amd Appendix A),  topography, mcteorology, 
and population (see Sect. 3). It must be stressed that these conclusions are 
preliminary. They are offered mainly to stimulate discussion and debate 011 

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 IKZ, thc rccommended option is 
expedient shcltering (see Sect. 5.1). Given an instantaneous rclcase, expedicnt 
shelter may provide a higher degree of protection than other altcrnatives. 
Precisc criteria establishing when such conditions would exist have not been 
devclopcd. 

Other options that are potentially feasible for protecting the general 
population in the IKZ include scaling a house, p re s su r ihg  one room or a 
building, using respirators while sheltering, or mass pressuriLed shelter. 
Antidotcs for the gencral population arc not rccommcnded. protective 
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clothing and decontamination are both recommended as means of minimizing 
the possibility of adverse effects due to skin deposition for mustard releases. 

Evacuation with respiratory protection cannot generally be 
recommended. For accidental releases that are sufficier 1 ly small and slow- 
moving, however, such a strategy may be useful, particularly for those 
persons farther away from the point of release At this point the recommended 
form of respiratory protection for the adult unimpaired population is a 
mouthpiece respirator with a snorkel-type mouthpiece and strap for hanging 
i s  around the neck. This equipment was designed for use in industrial 
accidents for workers evacuating out of a toxic environment. Recommended 
respiratory protection for infants and children are baby bubbles and hoods, 
respec t ive ly .  

Far any persons that are impaired such that evacuation is not feasible, 
positive pressurization of a "safe" room in the house or the entire building 
depending on the exact circumstances is recommended. Impairments that 
would pscvent evacuation would also preclude expedient sheltering. 

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

As noted earlier, the recommended actions for persons living in the PZ 
are normal sheltering and evacuation. Persons in the PZ should have ample 
time to eliminate the possibility of agent exposure. 
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10 this section some a ~ ~ ~ ~ ~ o ~ ~ ~  infomation is presented rcgarding how 
the program guidance can be implemented for the EBAD cheniical stockpile 
bascd on the information previously presented on accident distribution, 
meteorology, topography, population characteristics, and protective action 
recommendations. Without the adoption and implementation of appropriate 
standards for command and control decisions and for alert and notification 
systems, the effectiveness of the recommended protective actions i s  greatly 
d im i ni s In ed . 

Given the accidents that could occur at the LBAD facility and the 
proxinnity 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 
LBAD area to civilian populations, it would be extremely important to delegate 
authority to the Army to make a protective action recommendation and 
activate the alert/notification system in the IRZ. Although a quick decision to 
implement protective actions in the PAZ is also desirable, it may be possible to 
work out a procedure far 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 fur protective 
actions in the PAZ (e.g., within 15 minutes at the maximum). 

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

With a longer available warning time €or 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 arcas are 
recommended.  

Ultimately the nature of the emergency planning program at LEAD 
maast be established by local decision makers. The general schedule for the 
program has been presented in the ~ u ~ ~ Q ~ e ~ ~ ~ t  Plan f o r  Emergency 
Response Acrivizies ( aidwin, et aB. ~ o ~ ~ ~ ~ o ~ ~ ~ n ~ ) .  Detailed lanning quc:sfiuns 
are provided in Appendix E. In order to establish an enhanced readiness 
capability at the local level, the Iogical steps to follow are as foebllaws: 
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( 1 ) Finalize EE'Z boundaries. Reconitnendations have been niade 
about potential 1K% and PAZ boundaries in this report. The methodology used 
to arrive ae these rccommendations has also been specified (see Scct. 4). It is 
important that comiriunity decision makers work through the options and 
come to agreement about the geographic definition of the IKZ and PAZ as the 
first step of thc planning proccss. As noted previously, the final 
determination of EYZ boundaries will be made collectively by affected local 
governments, state governmciit, the Department of the Army, and the Federal 
Emergency Managemcnt Agency. 

( 2 )  Decide o ~ i  hierim (based on current capabilities) and final 
protective action stratcgics for each population group in the IRZ and PAZ. 
Potcntial and recommciidcd piotcceion actions and their advantages and 
disadvantages havc bcen identified in Sect. 5 of this report. 

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

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

( 5 )  Estimatc resources needed to implement protective action 
strategies. This includes the following major items as well as other resources 
idcntificd in the Program Guidcznee document (Schneider Engineering 1989): 

protective equipnnent for workers and the public, 
emcrgcncy workcr requirements, 
mass sheltei and decontamination needs, 
transportation and traffic control, 
emergency operations center (EOC), and 
monitoring equipment. 

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

( 7 )  Install protcctive action equipment (if needed). Uepending on 
the protcctivc action strategy adoptcd, it may be necessary to install or 
distributc cquipment to the public and provide the appropriate training. 

( 8 )  Dcvelop final plans and implementation procedures. The 
installation of new systcms will require modification of the Phaw I planning 
upgrades (see Sect. 1). The details associated with these steps are specified in 
the Program Guidance document. 
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This report has identified the basic features of the emergency response 
planning process associated with the unitary chemical stockpile and its 
disposal at LBAD. It bas identified information needed to make bask decisions 
(e.g., EPZ determination, protection action selection) and provided some of that 
irahrmation -- the kinds o f  accidenls that could occur with associated lelhal 
downwind distairces assuming dliffcrcnt meteorological conditions, and the 
actual distribution of mcteorologica:, topographic, and population resources in 
the LBAD area. It has h r t h e r  provided methodologies and approaches for 
detcrrnining the criiergency planning zone and sub-zones and evaIuating 
potential protective actions. 

The next phase of the planning process must involve local decision 
makers. They necd to digest this and other inforniation ( e . g . ,  M a n a g e m e n t  
Plan for  Emergency Response Act iv i t ies  and the Paogrum Guidance documen t )  
and make decisions such as those enumerated above. Thcy need to consider 
additional information (e.g., technical support studies) as it becomes available 
and determinc whether and how that information affects their earlier 
dccisions. The 
Army and other participating organizations are ready and available to provide 
assistance to local decision makers in furthcring the objective of emergency 
preparedness, but only they can make i t  work. 

In short, as noted in Sect. I ,  they need to create their own plan. 
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APPENDIX A 

DISTRIBUTION OF ACCIDENTAL RELEASES 
FOR LBAD 

This appendix characterizes all accidental releases that have bcen 
identified in the CSDP risk analyses that could occur at LBAD (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.l. 
present corresponding information for accidents that could occur during 
storage and associated handling activities. 

Tables -4.3 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 of 
values for those variables that are particularly important for emergency 
planning. The first column identifies the activity during which the particular 
accident occurs and the scenario number assigned to that accident (this 
column can be used to find the verbal description of the accident scenario in 
Table A.2 or A.4). 

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

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

Columns five throueh seven break 

The event duration (cokumn nine) represents the length of time (En 
minutes) during which the release could occur. When the value in this 
column is aero, all the agent would be released instantaneously, as with a 
detonation with no resultant fire, l,ongcr values (e.g.l 20 min 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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Columns 10 and 1 1  present the type of munition and agent, respectively, 
involved in the accidental release. The type of munition influences the nature 
of the release (e.g., through detonation) as well as the actions the on-site 
personnel. should take to contain the accident. The type of ageat, because of 
different agent characteristics (e.g., volatility and toxicity), is important in 
estirnating the fatal plume distances and determining appropriate protective 
actions.  

The final column, Release Mode, designates whether the agent is 
released as a simple vapor (spill), is propelled by a fire, or is released in a 
complex manner involving a combination of spill, fire, and detonation. These 
rcleasc modes correspond to a different nomenclature used in the atmospheric 
dispersion modeling: a spill is equivalent to an evaporative release; a fire is 
equivalent to a semi-continuous release; and a detonation, which occurs in the 
risk analysis database only as a component of a complex release, is equivalcnt 
to an instantaneous release. Under both nomenclatures, a complex release is 
considered to consist of some combination of these simple relcase modes. 

A-2. 



Table A I  Accident scenarios for on-site disposal activities at LBAD 
(sortd by mulaitkrn type, agent within munition type, and activity within munition 

Activity ML2 VS? < 4 n l o U I l t  
ID1 and plume plume Amount of Avcnt ReIeased of agent Event Muni t io~~ Agent Release 
scenario distance $is lance Total Detonated Emitted Evaposatcd unreleased duration type4 type' mode' 

(b) F-4 (W (W (Ib) (lb) (W (min) 

YO 4 
PO 33 
HO 11 
vo 4 
HF 11 
PO 29 
PO 33 

P PO 49 

HO 11 
vo 4 
HF 11 
PO 29 
PO 33 
PO 49 

w 

HO 11 
€Io 12 
vo 4 
HF 11 
HF 12 
PO 29 
PO 33 
PO 49 

0.66 
0.57 
0.72 
2.50 
0.72 
2.52 
2.52 
0.72 

1 .oo 
2.63 
1.49 
3.36 
3.36 
0.99 

1.24 
1.24 
3.30 
1.91 
0.85 
4.49 
4.49 
0.85 

2.60 
2.20 
2.14 
8.85 
2.14 
8.92 
8.92 
2.14 

3.22 
9.47 
4.60 

12.50 
12.50 
3.20 

4.07 
4.07 

12.26 
6.04 
2.70 

17.49 
17.49 
2.30 

213.304 
16 1.436 
5.998 

76.384 
5.998 

77.268 
77.268 
5.998 

14.655 
102.802 
32.285 

169.824 
169.824 
14.488 

22.439 
22.439 

164.059 
53.456 
10.691 

313.329 
313.329 

10.691 

93.541 
140,281. 

5.998 
47.973 
5.998 

71.945 
71.945 
5.998 

14.488 
87.096 
14.488 

130.617 
130.617 
14.488 

2 1.380 
2 1.380 

160.325 
21.380 
10.691 

240.991 
240.991 

10.691 

119.950 
31.038 

O.OO0 
28.379 
0.008 
5.395 
5.395 
0.OOO 

0.170 
15.596 
0.OOO 

39.174 
39.174 
0.OOO 

1.040 
1.040 
3.597 
0.000 
0 . m  

72.277 
72.277 
0.000 

0.000 
0.000 
0.000 
O.Oo0 
0.OOO 
0.OOO 
O.Oo0 
0.0oo 

0.OOO 
0.110 

17.797 
0.000 
O.Oo0 
O.OO0 

0.OOO 
0.OOO 
O.OO0 

32.076 
0.OOO 
O.Oo0 
O.OO0 
0.OOO 

O.ooo1 
0.000 
O.Oo0 
0.000 

29.992 
0.OOO 
0.OOo 
0,OOO 

0 . m  
O.OO0 

72.444 
O.Oo0 
0.0oO 
O.OO0 

O.Oo0 
0.OOO 
0.OOO 

138.995 
0.000 
0.OOO 
O.Oo0 
O.OO0 

20 
360 

SO 
20 
60 

360 
360 

0 

60 
20 
60 

360 
360 

0 

60 
60 
20 
60 
0 

360 
360 

0 

P 
P 
P 
P 
P 
P 
P 
P 

Q 
Q 
Q 
Q 
Q 
Q 

R 
R 
R 
R 
R 
R 
R 
R 

H 
H 
V 
v 
V 
v 
V 
V 

G 
s 
G 
G 
G 
G 

G 
G 
G 
G 
G 
G 
G 
G 

C 
c 
c 
G 
G 
c! 
C 
C 

c 
C 
G 
C 
C 
C 

C 
C 
C 
C 
c 
C 
C 
e 



Activity ML2 vs3 Amount 
ID' and plume plume Amount of agent released of agent Event Munition Agent Piclease 
scenario distance distance Total Detonated Emitted Evaporated unreleased duration Qpz" hype' mode6 

( K 4  (Km) ('b) (Ib) (W Ub) (lb) (min) 

PO 50 
PO 52 
HO 11 
vo 4 
HF 11 
HF 12 
PO 29 
PO 33 
PO 49 
PO 50 
TO 52 

0.85 
8.85 
1.32 
3.70 

0.94 
4.28 
4.28 
0.94 
0.94 
0.94 

1 a . 3 L  

2.70 
2.70 
4.18 

14.11 
4.18 
2.84 

16.81 
16.81 
2.84 
2.84 
2.84 

10.691 
10.691 
19.959 

176.198 
19.999 
10.000 

241.546 
241.546 
1 0 . m  
10.000 
1O.WO 

10.691 
10.691 
19.999 

149.968 
19.999 
10.000 

224.905 
224.905 

2o.m 
10.003 
10.000 

O.OO0 
0.m 
0.ooo 

26.122 
0.000 
0.OOo 

14.866 
16.866 
0 . m  
O . m  
0 . m  

0.800 
0.ooO 
O.OO0 
0.000 
O.OO0 
0.000 
0.000 
0 . m  
0 . m  
0.000 
0.000 

0.000 
0.008 
0.000 
O.or30 

130.017 
0.000 
0.000 
0.000 
O . m  
0.000 
0.000 

R 
R 
R 
R 
R 
K 
R 
Hi 
R 
a 
R 

G c 
C c 
v C 
'&' C 
v c 
V G 
v c 
v t 

Y c 
v c 
v c 

c\ 

* Activity ID (activity during which accident occurs) 
HF = Handling at the disposal facility 
HO = On-site handiing away from [he d i ~ p ~ ~ d  facility 
PO = Pianr operations 
VQ = On-site transportation associated with on-site disposal 

' MS = most likely meteorological condition o f  3 m/s wind speed and D stability. 

V-S = very stable meteorological condition of 1 m/s wind speed and E stability. 
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Scenario description 

Urop of munition pallct betweerr the munitions handling igloo (MHI) and munitions 
deiditarization buildirig (MDB) leads to detonation. 

Drop o f  bale single munition inside the MDB leads to detonation. 

Drop o f  baie palleti~cd inunition leads to dctonation. 

Forklift collision accident at storage area leads to detonation cii‘ buistcrcd munition. 

E:ii:licju&c damages thc MDB; munition? are intact; fit e occurs; h e  suppression 
systcm fails. 

5,arthrjunlie C R U S C S  munitions to fall but no detonation occurs, the MDB is intact, the 
toxic cubiclc (TOX) is intact; cnrtkacpakc also initiatcs fire, fire suppression system fails. 

Munition di:toiicitioii in explosive containtiierrt room (ECR) causes structural and 
vcntilatioir systcrn f a i  ‘1 urc. 

Munition dctonation in ECR causes structural failurc, a fire, and vcntilalion failure. 

A burstercd munition is fed io the dunnage incinerator (DUN). 

,A. ::nilailions vchiclc accident with fire occurs, causing detonation of burstered 
miinitions. Ignition of the propellant by a probc could also detonate the burster of 
a cartrictgc, and the burster of a mckct could be detonated by impact-induced ignition 
of the rocket propellant. 
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Table A3 Accident scenarios for storage and handling activities at LBAD 
(sorted by munition type, agent within munition type, and activity within munition type) 

Acti.(rity ML2 VS3 Amount 
ID' and plume plume Amount of agest r-d of agent Event Munition Agent Release 
scenario distance distance Total Detonated Emitted Evaporated unreleased duration type' typ2 mode6 

(h> (b) (W (lb) (1b) (1b) (min) 

HS '7 
HS 5 
HS 7 
HS 11 
SL 22 
SL 25 

0.22 
0.72 
1.06 
0.72 
0.72 
0.72 

0.75 
2.14 
3.27 
2.14 
2.14 
2.14 

26.915 
5.998 

12,882 
5.998, 
5.993 
5.998 

23.385 
5.998 

11.995 
5.998 
5.998 
5.998 

3.508 
0.000 
0 .89  
0.000 
0.000 
Q*000 

O . m  
O.Oo0 
0.00 
0.000 
0.Ooo 
O.OO0 

O.OO0 
0 . m  
0.OOO 
O.### 
0 . m  
O.Oo0 

20 
60 
20 
60 

360 
120 

H C 
V C 
V C 
V C 
V c 
V C 

HS 5 
;P HS 7 

KS 11 
SL 22 

4 

1.09 
1.39 
1.09 
1.09 

3.53 
4.63 
3.53 
3.53 

17.298 
28.249 
17.298 
1'7.298 

14.488 
21.727 
14.488 
14.488 

2.799 
6.53 1 
2.799 
2.799 

O.Oo0 
0.ooo 
0.OOO 
0.000 

0.000 
0 . 0  
0.OOO 
0.OOO 

60 
20 
60 

360 

Q 
Q 
Q 
Q 

6 C 
G C 
G c 
G C 

R 
R 
R 
R 
R 
R 

G C 
G G 
G C 
V G 
Y c 
V C 

US 11 
SL 22 
SL 25 
HS 11 
SL 22 
SL 25 

1.36 
1.36 
1.36 
1.32 
1.32 
1.32 

4.53 
4.53 
4.53 
4.18 
4.18 
4.18 

27.164 
27.164 
27.164 
19.999 
19.999 
19.999 

21.380 
21.380 
21.380 
19.999 
19.999 
19.999 

5.794 
5.794 
5.794 
O.OO0 
o.oO0 
0.000 

O.Oo0 
0 .00  
0.000 
O.Oo0 
o.Oo0 
0.OOo 

60 
360 
120 
60 

360 
120 

* Activity ID [activity during which accident occurs) 
HS = Handling during long-term storage 
SL = Long-term storage 

' MS = most likely stable meteorological condition of 3 m/s wind speed and D stability. 
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Activity 
code & 
scenario 

1 

-___-_.̂ ._I-._-" 

Drop of munition leads to detonation, 

HS 007 Collision accident with prolonged tire. 

PIS 01 1 Munition pallcl dropped during pallet inspection; detonation occurs. 

SL 022 Severe earthquake leads to munition detonation. 

SL 025 Munition dropped during leaker isolation, munition detonates. 
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APPENDIX B 

DISTRIBUTION OF METEOROLOGY 
AT LEXINGTON, KENTUCKY 





This appendix contains graphs showing the distribution of wind 
directions and atmospheric stabilities far separate wind spec classes. Thesc. 
wind s p e d  classes, which correspond to ~ ( ~ n ~ ~ ~ ~ ~ ~ ~ i  data near Lexington, 
Kz:nrueky, 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 III/S (8.1 - 12.8 mplra), 
4. between 5.7 and 8.7 rn/s (12.8 - 19.5 mph), 
5. between 8.7 and 10.8 m/s (19.5 - 24.2 mph), and 
5.  greater than 10.8 m/s (24.2 mph). 

As xiohed in Sect. 3.2.2, m0re recent and geographically valid d;ara are in the 
p r ~ c e s s  nf being assentbled and will be r e p ~ t e d  when available, 
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Table C.l Health care facilities within 60 k m  of the PrQiIQSed CSDP plant site 

Hospital P lace  County Bedk Occupancy Distance (km) 

Berea Hospital 
Marcum and Wallace Memorial Hospital 
Garrard County Memorial Hospital 
Cardinal Hill Hospital 
Central Baptist Hospital 
Charter Ridge Hospital 
Eastern State Hospital" 
Good Samaritan Hospital 
Humana Hospital-Lexington 
Shriners' Hospital for Crippled Children 
St. Joseph Hospital 
University Hospital 
Veteran's Administration Medical Center 

Rockcastle County Hospital 
Pattie H. Clay Hospital 
Fort Logan Hospital 
Clark County Hospital 

Q CL Mary Chiles Hospital 

Berea 
I r v i n e  
Lancas t e r  
Lexington  
Lexington  
Lexington  
Lexington  
Lexington  
Lexington  
Lexington  
Lexington  
Lexington  
Lexington  
Mt. Sterling 
Mt. Vernon 
R ichmond  
Stanford  
Winches t e r  

Madison 110 
Estill 26 
Gar ra rd  83 
Faye tte 79 
Fayette 297 
Fay ette 80 
Fay ett  e 276 
Fayette 315 
Fayette 113 
Fayette 50 
Fayette 468 
Fayette 46 1 
Fayette 1,004 
Montgomery 104 
Rockcastle 5 8  
Madison 105 
Linco ln  73 
Clark 100 

64.5 

- -  
77.9 
71.0 

100.0 
62.9 

56.0 
69.7 
67.5 
83.0 
72.6 
84.5 
67.6 
65.8 
56.0 

- -  

- -  

14 
22 
35 
48 
44 
40 
48 
45 
40 
40 
47 
44 
52 
47 
42 
9 

45 
35 

* Psychiatric hospital 
Sources: American Hospital Association 1986, Guide to the Health Cure Field; Rand McNally Map of Lexington Blue Grass 

Area; and U. S. Department of the Interior, Geological Survey Map. 





APPENDIX ID 

NSHIPS AMONG SOURCE TERMS, 
~ ~ ~ E O ~ O ~ ~ G I ~ A L  CONDITIONS, AND 

LETHAL DOWNWIND DISTANCES 





APPENDIX D 

At the timc s f  a chcmicnl agent release it is essential to know how far a 
Icthal plume might travel. so that appropriate warnings can be madc and 
appropriate protective actions can be arecornmendcd. The ability to do this 
depciids an the both release characteristics (Le., agene type, size, and mode of 
release) and prevailing meteorcglogical conditions (Le., wind speed, wind 
direction, and atmospheric stability). To the extent possible, it is desirable to 
Icriow in advance the relationships among thcse variables so that precious time 
is a i c ~  spcnt performing analyses fundamental to making public alert and 
protcctive action recommendations. This appendix is an initla1 attempt to 
provide scamc of this analysis. 

The following graphs were developed using the Army's D2FC 
atmospheric dispcrsion code. Thcy do not account for the effects of any site- 
speci lk  topography, vegetation, Q X  meteorology (e.g., prevailing wind 
direction, speed, o r  atmospheric stability) on resultant downwind lethal 
distances (see Sect. 3 of this repod). 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 
betwecn source size and lethal downwind distance. From these graphs one can 
deierrmine 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 fdlows:  

1 an/s (2.2 mph) at E atmospheric stability, 
3 m/s (6,7 mph) at D atmospheric stability, and 
6 nm/s (13.4 mphj at D atrnosplieric stability. 

in reading these graphs the rcader should be alert eo the log-log scales and 
interpolate between expressed values very cautiously. 
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APPENDIX E 

MAJOR PROGRAM DECISIONS 





Xow m a n y  zones arc appropriate f ~ ; ~ h  the site? 
What i s  thc basis for setting distances? 
"JJktat dislaa1ces should they extcamd LO? 

What upticrns will he considered and utilized? 
What hardware and ~^esources are nceded EO support options? 
W12at installation is needcd? 

74% at 
FVhat will be distribuecd to the public? 

info rm a I i cpn/t I ai 11 in g i s  nee dc d ? 
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W ~ J O  will  make tilc decision? 
Will protcciive action gliides be established? 
Wil l  the proccss be autoinatcd7 

Who will be included in  the coniniunkations network? 
Who will bc backups? 
What cquiptinent is needed to implement network? 
Wi!! a st:indardixed iuforination protocol be used? 

Who decides to issue thc warning? 
What is thc waming source? 
W!L;:t is the conkni  of the warning? 
What warning system wil l  be uscd? 
??llizt areas will  be covcrcd? 
What equipmciit will  be purchased and installed'? 
?!h,qt is the stratcgy for rumor control? 

..... -1 ' r a t  ........... f i c ~ .I,_.x___ Con t _- 1.0 1 

What a rms  will be iso!ated? 
What traffic contiol equipment is needed? 
What are dit: persoilnel needs? 
W h ~1 t c qu i p m en t i s ii  ee (1 id '2 

W c rk e r -._ Y ro t ec I___._ t i  on 

Which workers will  require protection? 
W h t  equipmezt is ileeded to provide that protection? 

W h a t  special popt~lalions exist at a site? 
!-icvv wiil diiferellt groups be warned? 
IIow will spccial p ~ y ~ d a t i o n s  bc protected? 
W h a t  e q u ipm en t is ii ee d d ' ?  
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Medical Serviccs 

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? 

"ran suor t  a t  ion 

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

Inform ation Man aPenien1 

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? 
W h at de c on t ami n at i o n c ap ab i 1 i t  i e s a re ne e de d ? 
What additional resources (food clothing) are needed? 

R e e n t r y  

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

Preu  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? 

E-3 





1. 
2. 
3. 
4. 
5. 

6-10. 
11. 
12. 
13. 
14. 

15-19. 

21. 
22. 
23. 
24. 

40- 1 1.5. 

116. 

117. 

118. 

119. 

128. 

121. 

122-123. 

S. A. Carnes 
C. V. Chester 
R. L. Miller 
G. 0. Rogers 
B. L. Shumpert 
J. H. Soremen 
A. P. 
G. I,. 
D. J. Bjomstead 
J. B. Cannon 
C. J. Coomer 
J, T. Ensrninger 
D. L. FcBdman 

K S .  @ant 
E, L. Hillsman 

D. alsagan 

25. 
26. 
27. 
28. 
29. 
30. 
3. ) .  
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 

EXIERNAL D N 

J. 0. Kdt,  
J. 13. Recd 
D. E. Reichle 
2,. w. Rickert 
E. T. Rogers 
e. PA. Schoepflc 
R. B. Shclton 
F. Southworth 
D. P. vogt 
T. G. Yow 
G. P. Zimmerlnan 
Central Research Library 
Document Re€e‘ercnccr; Scceitan 
Laboratory Rceords 
l”3sboraton-y Rccords, RC 

Denzel Fisher, Fe rnergency Management Agency, 5 c Street, SW, Room 506, 

Buchanan, Department of Computcr Science, University of ~~~~~~~~~~, 
umni Hall, Pittsburgh, Pennsylvania, 1.5260. 
a, Vice President, End Use Research and Development, Gas Research 
W. Bryn M a w  Avenue, Chicago, Illinois 60631. 

Dr. Denton E. Morrison, Professor of Sociology, Michigan State ‘University, 201 Berkey 
Hall, East Imsing, Michigan 48824-1 11 1. 
Dr. Richard L. Perrine, Professor of Engineering and Applied Science, Engirnecring I, 
Room 2066, 405 Hilgard Avenue, University of California, Los Angeles, California 90034- 
1600. 
Dr. Martin Williams, Professor, Department of Economics, Northcrn 115 inois Univcrsiey, 
DeKalb, Illinois 601 15. 
Office of Assistant Manager for Energy Research and Development, DOE-ORO, Post 
Office Box 2001, Oak Ridge, Tennessee 37831-8600. 
OSTT, U. S. Department of Energy, Post Office Box 62, Oak Kidgc, Tcnnessce 37831. 

aU.S.MVERNMENTPRlMWGOF%ICE:19 8 9  -748 -1  141 o a 10  7 




