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The continued storage aand disposal of the Ihited States' unitary 
chemical stockpile. including that portion stored at Puehlrs Depor. Activity 
(PUDA) near Piieblo, Colorado, have the potentiaf for accidental releases that 
could escape ~ ~ ~ s ~ a ~ ~ a t i o ~  b o ~ n ~ ~ r i ~ ~  and pose a t cat to civilian populations. 
The U.S. A m y ,  in conjunction with the Federal n-ns,;g.-,.hlcy ~ ~ ~ ~ ~ ~ ~ r ~ ~ e ~ ~ ~  
Agency and other f ~ d e r a l  agencies, i s  cnmmitecd f,o ini2lcrnmit an emergency 
preparedness program that will s~~~~~~~~~~~~~ rcducc the ~r~~~~~~~~~~ or  
adverse effects from such releases. This concept plan, w h i s  bus a part of a 
c ~ ~ p ~ e h ~ ~ s ~ ~ e  ongoing effort, pao.ride,s a fmmcwxk irlitiaeing such a 
program for the PUDA stockpile. 

This report develops ~~~~~~a~~~~ arid nietbndnl~gics that hear on two 
major decisions for such a m g r m  -- dctcrminin g cmcrgeney planning zones 
and selecting protective action strategies, Thcsz dccisiorns arc based m the 
hkiizxds g ~ s d  by the PUDA stockpile and i t s  disposal, These hazards, In turn, 
x c  based largely on the distribution of potentia% ~ ~ ~ ~ ~ ~ ~ ~ t a ~  releases associated 
with interim storage and disposal activities atid assockax external events 
(e.g., earthquakes and airplane crashes), the disFri krtis~n of natural features 
that can affect an agent releas@ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ c ~ ~  f e a t ~ e s :  and ~ e ~ e o r ~ ~ ~ ~ ~ ~ c a l  
characteristics), and the distribution of pcoplie and remurces (e.g., homes, 
schods, and Itiospitals) ~ ~ ~ e ~ ~ ~ ~ ~ ~ y  affected by an ~~~~~~~~~~~ release. 

A conceptually simple n ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~  for ~~~~~~~~~~~~~~  cy 
planning zone (EPZ) b ~ u ~ d ~ r i e s  is ~~~~~~~~~~ ood a 
stockpile, and a r e c o ~ ~ ~ ~ ~ ~ ~  EPZ mind SCJ- of bou I The EPZ 
consists of two zones, art immediate response zone (KZ)  with alternative radii 
of approximately 10 k m  and 15 km from the storage area and ~ ~ o ~ ~ ~ e ~  disposal 
site and a protective action zone (PAZ) with a radius of ~ ~ ~ r ~ ~ i ~ ~ t ~ ~ ~  35 km 
from those locations. Most boundaries are set easing geopolitical boundaries or 
transportation routes, though parts o f  some of them ~~~~~~~~~~~~~ eo the east, 
north, and south where population i s  quite limited) are simply concentric 
circles o f  varying distances. 

The report identifies the ~~~~~~a~~~ and disadvantages of five 
categories o f  protective actions (i.eas evacuation, in-place sheltering, 
respiratory protection, protective clothing, and ~~~~~~~~~~~~~~Q~ and 
symptomatic therapy) and various options amnnag these categories. Potentially 
suitable options for the BRZ and PAZ general publics and ~ ~ s t ~ t ~ ~ ~ ~ ~ ~ a ~  
populations are identified, and ~~~~~~i~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ S  are made. For 
the general population in the fRZ, the ~e~~~~~~~~~~~~ option i s  expedient 
sheltering, although other c o ~ ~ ~ ~ ~ ~ a t ~ o ~ ~  LIP ogptiox ( e . g ,  using respiratory 
protection while evacuating or sheltering) may alss be suitable for some 
persons. For institutionalized or  pa^^^^ persons in the IRZ ( e . g ,  school 
children and hospitalized patients), positive ~~~~~~~~~~~~~~n o f  a " ~ a f e ' ~  room in 
a house or building is recommended. For t e PAZ, ~~a~~~~~~~ i s  recommended 
for all persons. Decontamination and ~y~~~~~~~~~~~ therapy are recommended 
for all persons suspecting exposirre to mustard agent. 

x i i i  



'The viability of thr, rcitaimiended EPZ and the effectiveness of the 
iecoinrrieiided P I  otective actions depend on the adoption and implcmentation 
of appropriate standards for command and control decisions and for alert and 
notification systcrns Given the possibility of rapid onset of accidents at PUDA 
and thc, proximity of civilian populations in the IF!%, an overall command and 
corn~rol s tmct lm muct be able to provide a decision on warning and protective 
ac!isns in less than ten niiriutes from accident detection. Somewhat more time 
is available for the PAZ. 
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1.0 INTRODUCTION 

1.1 PURPOSE OF THE CONCEPT PLAN 

This concept plan was developed to help initiate enhanced emergency 

The chief purpose 
preparedness for continued storage of the stockpile and the Chemical Stockpile 
Disposal Program (CSDP) at Pueblo Depot Activity (PUDA). 
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 set plan that is applicable to all program 
sites, Variation in population distribution, political boundaries, topographical 
features, risk and accident potential all create a situation in which options and 
alternatives are both needed and available. It is the responsibility of state and 
local governments to shape the emergency preparedness mitigation program. 
The Army can provide resources and expertise, but cannot impose an arbitrary 
program on the local communities. 

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

The two major decisions that are addressed in this concept plan are 
defining the bou n da ri es o f erne rszencv - -1anning D zo nes and Se lec t ing  
protect ive act ion strat & 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 (ERC?) [Report SAPEO-CDE-IS-87007, prepared by Jacobs 
Engineering Group, Inc. and Schneider EC Planning and Managemcnt Services 
for the Program Manager for Chemical Demilitarization (PM Cml Deniil) 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  whlere 
ample time should be available to implement appropriate protective action 
without significant prior planning. The protective action strategies and 
decisions have been discussed in two preliminary technical reports (Chester, 
1988; Sorensen, 1988). Additional work is underway expanding on the analysis 
of protective actions as well as on other matters that will have a bearing on 
the technical basis for planning. As these materials are completed, they will 
be made available to federal, state, and local officials engaged in the 
emergency planning process. 

1.2 BACKGROUND AND OVERVIEW OF THE EMERGENCY PLANNING 
AND PREPAREDNESS PROGRAM 

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

1 



development of a n c b ~  eommand/control, communication and 
C e c i si  o n - rfl a k i n g 
development of an improved technical planning basis, 
development of improved emergency operating procedures, 
development of improved exercise design and evaluation, 
c on d II c t  i n g e x e rc i s es , 
establishment of an oversight review board, 
coordination with appropriate state and federal agencies, and 
developmcrint of a program to implement other emergency 
preparedness improvements. 

structure, 

c m e tg e 41 cy 

This program is to be implemented at the eight stsragc/disposal sites to 

The ERCP 
reduce adversc health and environmental effects in the event of an accidental 
release of cheniical agent. 
identified options for improving preparedness for accidents under all 
programmatic disposal alternatives. The programmatic record of decision, 
issued by Under Sccretary of the Army James R. Ambrose on 23 February 1988, 
specified that onsite disposal was the alternative to be pursued at each site. 
This si t e - w j f i . c -  concept plan addresses the framework for improving 
emergency preparednebs for storage and disposal activities at PUDA in a much 
more specific and focuscd rnanncr than was possible in the E R C P .  

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

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

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

Although some of the activities can he and are being pursued 
simultaneously, there are interdependencies among many of the activities that 
dictate a temporal fiow to the program, as depicted in Fig. 1.1. 
program (schcduled to occur between January 1987 arid June 1990) is to 

Phase I of the 
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Table 1.1 (continued) 

Organiza t ions  

~ ~~~ 

Activ i ty  D.4 =MA PMCml  CEHIC/ AMC WSANCA Instal la t ion Slate Local OWL Schne ide r  Underes -  
Dernil DHHS POV' t  eo Y ' t  mined  

Develop R c 
exe rc i se  
program 

Conduct 
in i t ia l  
exe rc i sc s  

Maintain 
placs (on- 
and off-post 

Maintain 
pub l i c  
a f f a i r s  
program 

Maintain 
equ ipmen t  
and systems 

Mainrain 
training and 
cxe rc i se  

R 

R R R 

R 

x 

R R M 

c c C 

C 

p r o g r a m  

aDA = U.S. Department of :he Army; FEMA = Federal Emergency Management Agency; PM Cml Demll = Program Manage: €31 

Chemicai Demilitarization; CEHIC/DHHS = Center for Efivironmentai Health and Injury Convoi/U.S. Depar~ment of Healih and 
Human Services; AMC = U.S. Army Materiel Command; USAVGA = U.S. Army Nucleas mnd Chemical Agency; O W L  = Oak Ridge 
National Laboratory 

bC = contributing 
'R = responsible 
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Fig. 1.1. GSDP Emergency Planning and Preparedness ~~~~~~~ Activities. 



p o v i d e  PTP irttciirn iipgrnrle of off-post emcrgeiiry plmnirig w i n g  existing 
comm mlty iesources and to develop and ~w-wluct chemical accident iiiedical 
training courws for cmzrgency workers, Phase I also includes studies 
analyzing cquipnci-it needs for coiiimurmicntioiis and public alerting, and an 
initial anlalysis of program training nepds _Ffhase -IJ of thc program 
(schc3aled to oc r i i~  lieiwcelr ,4pril 1983 2nd January 1991) imiudes the 
preparation of various tcchnical stud iec  to support local decision making aiid 
form the basis fo i  program guidance a d  thc dcfiniiion of standards arid 
criieiia to be used to determine thc adeqrv~y  o f  cornpehcnsi%e cme~gency 
plans and prepaicd:;css for the program; ongoing and scheduled technical 
studies and the dates by which restilts arc articipated to be available to 
enieigency pIa"";~"g program paitkipants are showr, ia ?'able 1.2 P_h_a_sse . IIJ 
o f  thc pi0grai.m ( aedrtied for April 1988 through June 1993) conxtitiitcs ;hc 
implemcntatiorr of thr: program It includes the preparation of site-specific 
coiiccpt plan i ,  tile deterrninatian o f  plaiiniiig, eqiiiljment and training needs 
required to satisfy the standards a i d  criieiia established during Phase 11; the 
acquisition, installation and testing of equipmcxi and training of emergericy 
rcsgonec or2,aniLalioris and persoiincl in its asc: and the irnplemrntation of 
coriipielierisive planning, training, anid cxcrcise programs. Phase TV, 
comprised of maintmailce and support of the major prepatedness programs, is 
planned to start ia June 1991 and last unt i l  the Icihal agent sirsckpili: is 
eliiniiiated (schedulcd for April 1997). 

Before prcsenting any concepts, it is important to rcncct upon what  
objectives should be used to guide the  enhi?ncemcilts. Titi,x programs 
objectives are iiiiportmt to thc program. These inciudc 

loss reduction, 
community participation, and 
func: t i onal cq 11 i v a1 c lsc y . 
Loss reduction, as measured prilnarily Ly avoidance. of fatalities given 

an accidcntal sclcase of chemical agcmt, is  obviously the most irriportaiit 
ob jx t ive  of "Lie concept plan and implernzntatiorn pcoccss. Thus, wheaevc: 
fensiblc, dccisioils should be driven by conc for puhlic safety. P, sesoiid 
goal is to obtain a prcparedncss sttategy a capability that is publicly 
acceptable and, thus, workable Thus, the goal of community partic.ipaiion 
maintains that thz citizens affected by the emcigtmi2cy preparedness 
mitigation nced to become part of thc planning p io~ess .  Pinally,  siiice there 
ais a ?otd  of 8 storagefdispssal sites, the allocation of resouices cannot be 
biascd toward an; given sire. Each sitc, howcvcr, has different needs and may 
orpi for different apptoaches. It is thcrcfaic i i~por tan t  that each sitc rrlceives 
ediance~nernis that are morc or less equivalent from a f~inctional perspective, 
01 are Iivi thricd rs.so~trczs that are funrtisnally equivalent. The equitable: 
distribhtion of resources should also contribute to public acceptance of the 
e merge n c y prep are d 3 p 1 o g ram. 
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Table 1.2 Technical Support Studies 

~~ .~~ 

studv Status Results Exue@ 

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 Workecc 

Public Education Program Technical Support 

Develop Warning System Evaluation 
Methodology 

Protocols for Biological Monitoring for 

Evacuation Studies 

Evaluation of Site-Specific Protective 
Action Strategies1 

Development of a Computer-Based 
Emergency Information System 

Agent Contamination of Porous Media 

Agent Contamination of Agricultural 
Resources 

In progress 

In progress 

In progress 

In progress 

In progress 

In progress 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

Scheduled 

FY 1989 

Fy 1990 

FY 1990 

FY 1990 

FY 19910 

FY 1990 

FY 1990 

FY 1990 

FY 1990 

FY 1990 

FY 1990-9 1 

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. 

9 



1.4 hLTERNL4T1VE LEVEX 34 OF ENHANCED PREPAREDNESS 

The current preparedness plans for chemical weapons accidents at 
PUDA are described in the Pueblo Depot Activity Chemical Accidentflneident 
Control Plan (annex to Tooele Army Depot Disaster Control Plan). Enhanced 
planning can be defined in a great number of ways. One means of viewing 
enhancement is to define three different preparedness levels: 

minimum, 
current state-of-the-art practice, and 
in ax i n1 uin protection. 

While no functional criteria for defining these three Icvcls have been 
specified, they can be qualitatively defined as follows. The minimum effort 
would be to upgrade preparedness by making the most of available r- ,,sources 
within each community and installation. Limited improvements in equipment 
would bc feasible where it is  deemed that equipment is obsoletc. 

The current state-of-the-art practice would involve implementing a 
preparedness level similar to that found for commercial nuclear power plants 
around the country. The basis for this level of preparedness is defined in 
NUREG 0654FEMA REP 11 (USNRC, 1980). 

The maximum protcction lcvel would involvc devcloping a system 
which would prevent as much loss as possible under 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 
community's everyday functioning. 

1.5 OVERVIEW OF THE PLAN 

Section 2 of this plan presents information on the distribution of 
credible accidents that could occur at PUDA. Accident arc described with 
respect to ~ 2 1 1 ~ 6 ,  type of release, duration of release, and downwind hazard 
consequences. From the distribution, planning basis accidents are developed. 
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 distribntions, 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 zones. 
A base case is developed for each zone along with a rationale for the 
boundaries. '4lternative boundaries are also presented along with arguments 
for the deviation from the base case. The final determination of erncrgency 
planning zone boundaries will be made collectively by affected local 
governments, state government, the Department of the Army, and the Federal 
Ern e rgen c y Man ag em e n e A gc nc y . 
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Section 5 identifies protective action options for the population 
surrounding the proposed disposal site. The analysis defines what are 
considered to be legitimate options for varying distances from the facility or 
potential accident site. Protcctive actions for the general population are 
differentiated from those applicable to institutional populations. 

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

Finally, it should be pointed o u t  that this concept plan is evolving. 
does not cast information in stone, nor render options monolithic. It is a 
starting point for a set of interactions among officials, concerned citizens, and 
experts to enhance the actual and perceived safety 01 residents surrounding 
the storage and disposal sites. 

It 
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c principal hedrh effcct of vesicamk e~pesu re  i s  blistering of c x p s e d  
tissucs, potentially causing severe skin blisters, injuries to the eyes. and 
damage to the req>iratary trace by ~ ~ i ~ a ~ a ~ ~ ~ ~  s f  vapors. Because of irs 
chemical propertics, mustard agene cdn react with a variety of tissue 
coiistil ueiits i nc ludhg  nucleic acids, the genetic material of the cell, 
Biological evidencc 'uimdicates that mustard exposure can resnl[t in 

Mustard is extremely gersistcwt when isolated from s wind, and rain; it can 
still be found ira European tk-eiich areas sealed during orild War 1. Mustard 
tacirrnallly hydrolyzes in the open over a period of several days; temperature is 
a major fncisi in natural detcrioratiora. 

carcinogenesis. Ira order of ~~~~~~~~~~1~ toxicity, Ii[T is mort toxic than Em. 
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Tahlc 2.1 Characlcrisrics of rnusiard agcat at PUDA 

Agent Common CAS No." Chemical Chemical Vapor pressure Liquid density Frcczing Calor 
nanie name Cormulrl !a: 25"C'i (at 2 5 O . f )  mint  

Mode o f  action 

Vesiccnr 

ED Mustard 505-60.2 his(2-chloruethyl) C,I-I,CI,S 1.27 @c1n3 Amber to dark brown Blistering of exposed tissue 

HT Mustard 40% I-ID and 40% T" 0.104inm Hg 1.27 s/Lri\' 1°C Amber to dark brown Blistering of exposed tissue 
sulfide O . l l r n m  Hg 14°C 

'Chemical Abstracts Service Number. 
bAgcnt T i s  B~s[2(2-chloroethyl-:hio)ethyljester; ii is  CAS No. 53918-89-8. 
'Varies with purity of sample. 

L 
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2.1.2 Chemical Munitions at  PUDA 

Approximately 9.9% (by weight) of the nation's unitary cheniical 
weapon stockpile is stored at PUDA. 
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 that must 
be planned for. 
stored at PUDA. The number of munitions and/or quantity of agent stored at 
PUDA are classified. 

Although the size of the inventory is 

As shown in Table 2.1, only muslard agents €ID and HT are 

Table 2.2 PUDA Stockpile 

Munition or conta iner Agent 
HD HT 

105-mm projectile x 
155-mm projectile X 
4.2-in mortar X X 
Ton container X 

The features of the munitions that are significant for emergency 
planning are 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 the size of a potential release, and the latter 
may significantly affect the mode of agent release (e.g., whether or not l,here 
is a detonation). The 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 accidents that could potentially 
occur. It i s  reasonable, however, to use information developed in the CSDP risk 
analysis (MITRE Corporation 1987) to help bound a range of feasible accidental 
releases. In particular, certain charactePistics of hypothesized accidents assist 
in emergency planning by helping define planning basis accidents. These 
characteristics include their lethal downwind distances under variable 
meteorological conditions, the duration of the release, and the mode of release 
(Le., complex, fire, or spill). Appendix A provides a listing of the potential 
accidental releases that were identified in the CSDP risk analyses for the PUDA 
stoc kp i 1 e. 

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

The logic that users of the accident data base should employ is that the 
variation in the data base (Leas the accidents identified in the risk analysis) 
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should be iricorporalcd in tlic planning basis accidents. Thus. oiie should kc  
concerned with shcrit- arid long-distaiicc accidcirhal rclcases, shcrt- and long- 
tertii duration cvcnis, and the different inodes of release By considcring the 
range of valucs fox thcsc variables in ii'refitifying planning basis accidents, 

res p o II se 0 r g ali i z a t i o li s are prep a TC d for a I 1 p 1 au sib Z ES a c c id ent s . 
can be more cei-iah that affrrctcd people and erncrgc~cy planning and 

As cart be seen in Appendix A, the range uf potential releases is 
e x la---- ~ h i v e .  Table 2 3 depicts all non-c,oniinuous values for the variables of 
iiiterzst (valiws rsurrdc?, from information comniained ia Appendix A). 'The No 
Ileatli (NU) downwind distance (the distaiice beyond which fatalities art: 1101 

expcctcd, based on application of the Army's D?PC atmospheric dispersinil code 
[Whitacre et al. 19861) under vciy stable metcfirological conditions (wind speed 
of 1 m/s a-rid b atmnsphzric stability) ral lges from approAimately 0.7 to 56 km, 

yg.i&lg I_ .̂ _-I_.___ Y.a!L!.Es. _ - ~  _ _ _  
P r o b  a b  i 1 i ty 
Dllration (miil.) 12, 20; 240, 360 
Mode of rekasc complex (cornbiaatiou of continuom, semi- 

continunus, artd instantaneous) 
ND i.jownwitad Distance 0.7 to 55.2 km (1 m l s ,  E stability) 

1 0 - 4 ,  10-5, 10-6, 10-7, io-*, 10-9, 10-10 

An a!tzrnative way of poi ir a y h g  irzfor mar ion about accidental releases 
is to idin;ify what yuaiiiity o f  chcmkal  agent would result in what lethal 
dowiiwiiid distairce i . tzdcr diffcrcfit mctcarological condi;ions and release 
modes. Although this appioach i s  utlreiated to thc CSDP risk analysis, it has 
the aljvaisiagc of rclating soiircc size !a d o ? m w h d  distalice for any accidental 
releases that might not havc been irtczrificd in thc risk aualysis. While: the 
agexir quantity/iethal distai reiationsllips 'Listed in Tablc 2.4 wc;e calculated 
specifically for agcnt h0, they are preseritarive of other mustard agents as 
w d l .  Tile table shows thar art cx:n eEy large quantity of rniastard ageint would 
have to bc relmsed under virtually atiy meteorological conditions or release 
mode to tesult in long lc,thsl dovrr r~kid  distances. For instantaneous releascs 
( e . g . ,  as from a detonation), values arc tioi prescnted fox HD agent hecarasc the 
D2PC atmospheric dispexion code doe:; not suflicienlly incorporate the 
evaporation of a 1ZD cxpjlosion and providcs bcttcr cstiinates using the semi- 
contiisrious release mode for this agenl. 

As notcd in 'rablc 2 3 and Appendix A, except for release made (which is 
always cowplex), the range of idciitificd potential accidcntal releases is large. 
From these icleaPas and the variahiiity in downwind lethal distance due to the 
different lliodcs comprising a comp:cx releasc (see Table 2.4), i t  is possible to 
identify fivc ( 5 )  typcs of releases thai inay usefu.lly boutid emergency 
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planning and be considered in developing emergency planning zones (see 
Sect. 4). These types of releases or categories were selected principally on the 

Table 2.4 Approximate ND Distances (km) for Alternative Source 
Terms and Wind Speeds (and Stability Conditions) 

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

1 
10 
100 
1000 

1 
10 
100 
1000 

Agent  H D ,  Semi-Continuous Release 

0.1 km 0.1 km 
0.7 km 0.2 km 
2.7 km 0.7 km 

10.4 km 2.2 km 

Agent H D ,  Evaporative Release)  

<0.1 km ~ 0 . 1  km 
€0.1 km ~ 0 . 1  km 
0.1 km ~ 0 . 1  km 
0.4 km 0.1 km 

4 . 1  km 
0.1 km 
0.5 km 
1.6 km 

4 . 1  km 
4 . 1  km 
4 . 1  km 
4 . 1  km 

basis of variance in downwind lethal distance and duration of release. The 
categories are as follows: 

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

Categorv 2. A moderate short-term or instantaneous release with 
fatalities confined within approximately 15 km. 

Catemrv 3 A moderate long-term or continuous release with fatal.ities 
confined within approximately 15 km. 

Catenory 4. A large short-term or instantaneous release with fatalities 
confined within approximately 60 km. 

Category 5. A large long-term or continuous release with fatalities 
confined within approximately 60 km. 

These planning basis accident categories are used with site topography, 
meteorology, and population distribution (see Sect. 3) to identify emergency 
planning zones (Sect. 4) and appropriate protective actions for populations 
within those zones (Sect. 5) .  
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PUDA is located in Pueblo County in southeastern Colorado. TFac 
installation is located approximately 23 km (14 miles) east of the City of  Pueblo, 
74 km (46 miles) south-southeast of Colorado Springs, and IC2 krn (100 miles) 
south-southeast of Denver. The chemicai storage area and the pmposcd CSDP 
facility site at PUDA are located in the northeastern part of the instdiation. 
Since nearby communities are located along the southern boundary of ihe 
installation, the chemical storage area and proposed plant sire are locaitcd as 
far from the public as reasonably possible. 

For emergency pIanning purposes (and specifically f ~ l -  determining 
emergency planning zones), the site is characterized in ferrnis o f  natural 
features that may affect an accidental agent release (Le., topographic features 
and meteorology). Furthermore, the location of gcopk and resources 
potentially at risk ( ix . ,  population at risk and potentially affectcd corninunities 
and institutions) must also be considered in determining cmcrgency planning 
zones.  

3.1 SITE TOPOGRAPHY 

The PUDA area is characterized by low t o ~ ~ ~ r ~ ~ ~ ~ ~  relief, with tcsrairn 
sloping generally downward toward the east. Table 3.11 summarizes the 
distance in each direction to major topographical features, slung w;vitfi their 
absolute and relative elevations (see also Fig. 3.1). ecause of aJie absence of  
strong topographical features, terrain would have a aninor llnZluenee on the 
dispersion of an accidental release of chemical agent. The m;l3st pronounced 
topographic influence would be on non-buoyant, grcmnd-lc.vel releases under 
stable meteorological conditions and light winds. In this case, the general 
upslope of the terrain from east to west would tend to cause m upsboe flow of 
wind from the easu'southeast during the day aiid a dowrislope flaw of wind 
from the west at night during atmospheric conditions of wcak synnptic (lasge- 
scale) flow. The flow of agent would tend to channel along the axis of the 
Arkansas River (approximately 10 km south of the proposed CSDP piant silt) 
and, possibly, along the axes of  smaller nearby tributary creeks, 

Because of the relatively minor effect of topographic fcatknres on the 
dispersion of agents from the full range of possible releases and weather 
conditions, emergency planning zones around PUDA should be defined 
prinaarily on the basis of distance from the storage/disposal sitcs and &Pie time 
required for agent to move a given distance urider alternative wind sperds. 
Topographic features can be useful, however, in defifiraing cmergencgr 
planning zones that are readily identifiable to the public aaid ~rxae~gcncy 
response teams. 
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Table 3.1 Topographic fea tures  in the a r e a  su r round ing  PUDA 

_I____ --..___I___ ~ TQQQg ~ rauhic features 
Absolute  Eleva t ion  

Direc t ion  Descr ip t ion  I3 i s t anc e e I e v a t  i on  relative to 
II_ (km) (m) PUDA (m) - 

- - -  
N 
NNE: 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 

W 
WNW 
Nw 
NNW 

PUDA 
Black Squirrel Creek 

No significant feature 
Breckenridge Creek 

Unnamed ridge: 
Krarner Creek 
Kramer Creek 

Arkansas River 
Arkansas River 
Arkansas River 
Arkansas River 

St. Charles River 
Chica Creek and 
Arkansas River 

City of Pucblo 
Andy Creek 

Dry Creek 
Black. Squirrel Creek 

0 
25 

NA 
36 
41 
15 
17 
21 
14 
11 
12 
30 
7 

19 
20 
13 
16 
15 

1,450 
1,600 

NA 
1,500 
1,550 
1,480 
1,410 
1,330 
1,350 
1,370 
1.370 
1,480 
1,410 
1,400 
1,450 
1,480 
1,490 
1,520 

0 
150 
NA 
50 

100 
30 

-40 
-120 
-100 

-80 
-80  
30 

-40 
-50  

0 
30 
40 
70 

3.2 ATMOSPIIERIC DISPERSION OF AGENT AND SITE METEOROLOGY 

Meteorological conditions in the affected area at the time of an 
accidental release are especially important. They, along with the size and type 
of release and topographic features, help determine the extent of 
contamination. This section explains the role of meteorological conditions in 
dispersing agent and identifies the historical distribution of those 
meteorological conditions. 

3 .2 .1  ATMOSPHERBC DISPERSION OF AGENT 

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

The D2BC 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 
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from accidental relcases (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 agcm expecrcd 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 (mustard); mode of rclcase (explosion, fire, or spill); and dualion 
of the releasc. This detailed charactcrization of the source term is one of the 
strengths of the model. A vapor dzpietion technique is also included in the 
code to estimate the removal of agent vapor from the atmosphere due to  
surfacc depositiotr during transit from the point of relcase. 
Although more complex dispersion codes are available, the assumption in the 
D2PC model of straight-line transport with non-varying meteorological 
conditions results in conservative estimates o f  the effects of releases ( ix . ,  
actual results should De Icss). 

As is the case with all air dispersion models, the D2PC model contains 
inaccuracies which must be acknowledged. Specifically, the D2PC model does 
not account for topography, changes in wind direction over time, o r  any 
spatial changes in atniospheric conditions. The model makes a number of 
adjustments to compcnsatc for these limitations, but the basic shortcomings of 
the model rcsnain and have bcen considered in the analysis. 

Use of thc D?PC model, while useful as am analytical tool for estimating 
downwind distances for planning purposes, may be inappropriate for use in 
rcall-time conditions of art agent release. If it i s  used for such purposes, the 
available options of considering changes in wind speed, mixing height, and 
amosphcric stability ovc: time should be incorporated. As noted in Sect. 1, a 
study is undcr way evaluating a11 assortment of dispersion models that would 
be useful undcr redi-time accident coaditions. 

3 . 2 . 2  SITE METEOROLOGlCAL CONDITIONS 

The climate in thc PUDA area can he characterked as dry and 
continental, typified by low humidity, abundant sunshine, low precipitation, 
and large diurnal temperature fluctuations. kxtremc temperatures above 32OC 
(9O0F) are very common, with temperatures above 37OC (1000F) occurring 
occasionally, and temperatures below - 1 7 O C  (O°F) arc quite common. The lack 
of moisture is a result of the great distance from major sources of moisture 
(the Gulf of Mcxico and Pacific Ocean), The average annual precipitation is 
only about 28 cm (11 in). Most of tile precipitation occurs from mid-spring 
through mid-fall. Precipitation froni May through August usually is caused by 
thunderstorms that are sometimes extrcmely heavy. Wcavy snowfall 
occasiorially occurs, typically in spring or fall when adequate arnounts of 
moisture are available. The annual probability of a tornado striking PUDA is 
about 0.0004, or an occurrence of once every 2500 years (Thorn 1963). 

Wind direction and speed generally follow both a seasonal and diurnal 
variation. The wind speed averages zbout 3.1 m/s (7 mph) in the fall and early 
wintcr and about 5.0 m/s (11 mph) in the spring. Strong winds usually blow 
from the north and west-northwest and arc most com~iioii in late winter and 
early spring. Diurnal variatiorn in wind direction occurs throughout the year. 
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There is usually an up-valley prevailing wind from the east-southeast during 
the day and a down-valley wind from the west at night. 

The wind rose in Fig. 3.2 depicts the anncal joint frequency distribution 
of wind speed and wind directions at PUDA, as represented by Pueblo Memorial 
Airport. In this figure, winds blowing from each irection 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 frosmp which the winds ccime; 
normal emissions from the disposal facility or accidental releases from the 
disposal facility or storage area would travel ~ ~ ~ w ~ w ~ ~ ~  in the opposite 
direction. The frequency is given as tht-. pcrcentage of the total number of 
measu remen t s .  

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

Meteorological conditions and the type of release determine the effect 
that topography has on the flow of ax1 accidentally release agent. The 
dispersion of a ground-level release with little initial upward velocity or 
buoyancy during stable atmospheric c~ndi t ions  and light winds would tend to 
be affected by topographic features as described in Sect. 3.1.  A. comparable 
release during unstable conditions, however, would be expected to more 
closely approximate the downwind distance estimated by the D2PC atmospheric 
dispersion code. For releases associated with higher levels s f  initial upward 
velocity (e.g., from a fire or explosian 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 nurnher a%’ 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 knaw where people 
are, whether they require different protective actions because o f  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 FUDA can he 
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 ather such 
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facilities; and (4) other special populations, including transient populations 
and p o p k  located in the vicinity for recreational purposes. 

'The chemical agents/inuiiitions storage area and proposed CSDP plant 
site at YUDA are located i n  thc northeastern section of the installation, 
approximately 1 km and 3 kin, respectively, from the installation's northern 
and eastern boundai Ees. Approximately 575 civilians and 175 military 
personnel arc employed at PUDA. In addition, approximately 200 Army 
Reserve 3er soinrrel have been stationed at the installation during the summer. 
PUDA has bcez identified for base closure bcginning in FY 1990, when the 
rnurnbcr of base personnel is  scheduled to be gradually reduced and the 
mission transferred to  other installations. Of course, those personnel awigned 
storage of the chemical stockpile and its disposal will remain until the disposal 
prngsam is cornplc,ic 

Daytime and nighttime personncl in restricted access areas at PlJDA 
(i.e,, storage) arc specially qu ipped  and trained for opcrations in toxic 
environments. In Eon-restricted areas (e.$., the administrative area 
apyrcixiniatcly 7 krn south-soulhwest of the storagc area), on-site training and 
cquipment may not be ioutinely required, and, thus, additional time may be 
rcquired to irnplcmeiit appropriate protective actions in these areas. In 
addition, approximately 40 persons live in the housing area adjacent to the 
ad mi i i i  s t r at iv e arc a I 

The nighttime population within 5 km of the proposed plant site is 
estimated at approximately 68, with another 330 within 10 km at the time of the 
1988 Censas of Population (see Table 3.2).l Another 5,240 live within 20 km of 
the proposed site, for ;a total of approximately 5,660 within 20 km of the 
proposed location. Abaut 110,600 live between 20 and 35 km of the plant site, 
mostly to thc west in the City of Pueblo and adjacent suburbs. In the imrncdiate 
area of PUDA, the small conmimities of North Avondale, Avondale, Nyburg, 
Dcvine, Vineland, Fort Reynolds, and Boone along the southern boundary of 
the installation are closcst to the proposed plant site. 

Although the 1986 population estiniales presented in Table 3.2 are 
belicved to hc reasonably accurate overall, they may cither over- o r  under- 
estimate the population at specific points. Specifically. the method used to 
"awign" yeisons from cnumeration district counts of the 1980 Census of 
Population (particularly in sparsely populated areas) to specific directional 
sectors at sonic distance from the storage area/proposed plant site (e.g., those 
persons living between two and five kilometers from the site in a wcst- 
norlhwcst direction) has not bcen adjusted to reflect local knowledge of 
whethcr any or how many persons actually live in these areas. These 
estimates wi l l  be so revised in future environmental documentation for the 
CSDP at PUDA.. Morcover, all estimates should be reevaluated during site- 
specific emergzncy planning, particularly for critical locations close to the 
storagc area and the proposed CSDP plant site. More accurate localized counts 
of population can be obtaincd by several methods, including review of 

- --- __I__ - I_- 

Updated and revised values for residential population, including manual 
inclusion and exclusion o f  iesidents from areas known to have population, will 
be published i l l  ongoing site-specific environmental documentation for PUDA. 
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Hncrcmental ~ o ~ ~ ~ a ~ ~ ~ ~ ~  data at specified distances ( h i )  

Direction I_._. -_.-__ 

0-1 1-2 2-5 5-18 10-20 20-35 35-50 50-100 

N 
Nrn 
m 
WE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
WSW 
w 
WNW 
NW 
NNW 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
8 

0 
0 
0 
0 
1 
2 
2 
2 
2 
4 
8 

1 1  
15 
a0 
4 
1 

7 
5 
5 

12 
28 
78 

110 
76 
89 

1,076 
4,183 
2,142 

349 
5 1  
24 

7 

60 
35 
3 4 
21 
4.1 

242 
64 I 
140 
27 

17 
1,77 1 

47,158 
10,147 

33 
1 '7 
37  

432 
5 5  
80 
30 

3 94 
1,672 
1,857 

439 
51 
13 

1,189 
2,017 
1,657 

89 
1,695 

25 1 

2,249 
1,087 

413 
235 
39 1 

2,8,544 
1,933 

159 
99 

4,361 
2,669 
1,844 

24,839 
3,516 

223,994 
77.399 

TOTAL 0 6 62  346 5,246 110,574 11,921 366,382 

residential building permits and u ~ i l i t y  connection rwords, windshield 
surveys, and use of up-to-date aerial photographs. 

Limited data have been collected Kcgarding the daytime ~~~~~~~~~~~ 

distribution and institutional kc ga at^^^^, S C ~ O Q ~ S  wilhin 26 krn of the 
proposed plant site are ide~itifkd in Table 33. Two health-care facilities arc 
located within 10 km of the site. 
installation provides for the day-to-day rncdical needs of the employees, and 
the Community Hcalth Gcnbcs at Avtzndalc provides a similar function lax 
residents in  the area. Neither of thesc facilities arc equipped with beds €or 
inpatient treatment. Appendix C idera;ifies health -care facilities within 100 
km of the storage area/pxoposed plant site. 9'hc dcaminant employers in  hhe 
immediate area include PWDA and the Dcparhment of Transportation's High 
Speed Giouiid Test Center ~a~~~~~~~~~~~~ 25lJ employees and students) located 
immediately north of the installation, In addition, migrant agricultural 
workers are seasonally ennyIoyed in the: arca. Additiond% data regaxding 
daytime and institutiunal ~~~~~~~~~~z~~ can be collected most efficiently, i I 
needed, by local agencics. 

An ~~~~~~~~o~~~ Health Cd:linic on the 
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Table 3.3 Edueatioiial institutions within 25 km of the proposed 
CSDP plant site 

School  Communi ty  S tuden i s  Staff  

Avondale Elementary Avondale  325 39  
Vineland Elementary Vine land  297 18 
Vineland Middle Vine land  319 25 
Pueblo County High Baxter  1,060 82 
Latter Day School (private) Haone 13 N '4 

Source: Schneider Engineers, 1989. Puehfo  C o u q  Emergency Operations 
P l a n ,  Appendix B, "Pueblo County School District #70 Plan for Chemical 
Accidents at the Pueblo Depot Activity" (Draft). 

3.4 COMMUNITIES AFFECTED 

In the event of an accidental release, emergency response will likely be 
coordinated by the installation through local governmental jurisdictions, 
including cities, towns, and counties. Table 3.4 provides a listing of potentially 
affected communities within 35 k m  of the proposed plant site. 
identifies each community's distance and direction from the proposed plant 
si te.  

This table also 

Table 3.4 Communities within 35 km of proposed CSDP plant site 
by distance a n  

- 
1986 population Direc t ion  Distance (km) 

.- -.- 
Fowle r  1,227 SI3 35 
Boone  440 SSE 12 
F o rt Re y 11 c) 1 d s NA SSE 13 
North Avondale 80 S 9 
Avondale  950 SSW 12 
N y b u r g  NA S W  11 
Dev ine  NA SW 14  
Vine land  NA sw 16 
Baxter  NA wsw 17 
Blende  1,330 WSW 24 
Pueblo  10 1,240 WSW 23 
P i n o n  NA WNW 2s 
W i g w a m  NA N w  34 

-I ._.. 
NA = not available 
Sources: U.S. Department of Commerce, Bureau of the Census, Current Population 

Reports--Local Population Estimates: Series P-26, March 1988; Rand McNally Commercial 
Atlas and Marketing Guide, 117th Edition (Chicago: Rand McNally). 
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4.0 EMERGENCY PLANNING ZONE (EPZ) DEFINITION 

The EPZ definition is 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 is based on a conceptually simple methodology, as outlined 
below. Following a discussion of this methodology (Sect. 4.1), it is applied to 
the PUDA 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 
government, the Department of the Army, and the Federal Emergency 
Management Agency. 

4.1 METHODOLOGY FOR SELECTING EPZ BOUNDARIES 

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

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

The 

4.1.1 Emergency Planning Zone Concepts 

4.1.1.1 A zone-based theory of emergency planning 

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

4.1.1.2 Hazard distribution 

A variety of accidents associated with on-site stockpile disposal can 
occur. Logically, they can occur at a chemical weapons storage 
building/igloo, at the incincrator plant site, or in transit. The distribution of 
hazard from these accidents is based on a number of factors including how 
much agent is released, how it is released, the duration of the release, the 
meteorological conditions during the release, and the effects of topography on 
agent dispersion. Source terms (or the amount of agent released) can range 
from small amounts with little potential for health risks to very large amounts. 
The hazard from any single accident scenario (Le., eliminating the source 
term variability) cannot be easily predicted because of the remaining 
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variables that affect distribution. On average, the risks from any single 
accident decrease as the distance away from the paint of release increases, 
Thus, the potential for being exposed from agent in any given accident are 
greater as one gets closer to the accident site. The potential consequences of 
exposure also decrease with distance. The risk that an exposure would cause 
fatalities are greater as one gets closer to the accident site. 

4.1.1.3 Level. of effort 

As the risk and hazard from an accidcnt decrease and distance from the 
source term increases, the level and type of planning required also change. 
Lower risk means that response is less likely to be needed. Lower hazard 
means that exposure is less likely to OCCUT. Greater distance means that more 
time is available for response. The major planning and resporise clemcnts that 
are affected include mobilization of emergency personnel, communication 
systems, alert and notification systems, protective action options, 
decontamination and medical resources, public education and information, 
training needs, exercises, and mass carelrelocation facilities. For example, for 
resources near an accident site a very rapid warning is needed; as distance 
increases the amount of available response time increases, relaxing the need 
for rapid warning. 

4.1.1.4 Number of zones 

Since it is perhaps impossible aiid at least unrealistic to implerncnt 
emergency response plans that vary continuously with distance, it is  
necessary to establish zones to differentiate activities. This may bc 
characterized as a class interval problem. This problem raises a number of 
thorny issues. How many zones are appropriate? How should the boundaries 
of the zones be established? At what distances should zones change? How can 
zones be differentiated so that people living near boundaries understand the 
inherent differences in planning required? 

The Radiological Emergency Planning (REP) Program for fixed site 
nuclear power facilities uses a 2 zone concept (ref). The Plume Exposure 
Pathway Zone has a radius of about 10 miles while the Plume Ingestion 
Pathway Zone bas a 58 mile radius. The 10 mile criterion was established based 
on probabilistic risk assessment of reactor accidents. Critics have suggested 
that such a zone should be changed to anywhere from a 1 to a 25 milc radius. 

The ERCP for the Chemical Stockpile Disposal Program dcscribed an 
alteniative set of 3 planning zones based on a concept developed at OKNL. 
Emergency planning zones (EPZ) concepts were developed in that document to 
support the development of fixed-site arid transportation alternative 
emergency response concepts for the Final Programmatic Environmental 
Impact Statcment (Ft’EIS) and the Army’s deliberation concerning a 
programmatic decision. EPZs, developed in consideration of the risk analysis, 
available response time, distance, and protective action options, establish the 
areas where the emergency response concepts were applied. The EP% concept 
and its three zones reflect the differing emergency response requirements 
associated with the potential rapid onset of an accidental release of agent and 
the amount of time that may be available for warning and response. They 
wcrc developed in recognition of the importance, of comprehensive 
emergency response planning and support systems for rapidly occurring 
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events and the critical nature of such programs in areas nearest the release 
p o i n t .  

The EPZs were intended to guide the development of emergency 
response concepts, and were not intended to be applied mechanistically or 
inflexibly to specific sites or alternatives or 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 thc EPZs are applied consistently across the prog,rani; 
however, specific configurations and associated distances may vary from site 
to site. 

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

Immediate Response Zone, Those areas nearest to the stockpile locations 
should be given special consideration, because of the potentially very limited 
warning and response times available within those areas. An IKZ is defined 
for the development of eniergency response concepts that are appropriate for 
immediate response in areas nearest to the site. 

The IRZ is defined as an area inside the PAZ where prompt and effective 
response is niost critical, Because of the potentially limited warning and 
response time available in the event of an accidental release of chemical 
agent, the IRZ extends to a distance having less than 1 hour response time 
under 3 rnetersjsecond (about 6.8 miles per hour) wind speeds. This area is 
the one most likely to be impacted by an accidental release of chemical agent 
and would be affected by any release that escaped installation boundaries. 
These impacts are within the shortest period of time and are characterized by 
the heaviest concentrations. Emergency response concepts in the IRZ should 
be developed to provide the most appropriate and effective response possible 
given the constraints of 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. Shcltering may be the 
most effective principal protective action for the lKZ, because of the 
potentially short period of time before impacts may be expected by a released 
agent. In-place protection is particularly important in areas within the IRZ 
nearest to the releasc point, since the time may not be available for people 
within downwind areas o f  the IRZ to complete an evacuation. The suitability of 
sheltering depends upon a number of other factors, including the type(s) and 
concentration(s) of agent(s), expedient or pre-emergency measures taken to 
enhance the various capacities of buildings to inhibil agent infiltration, the 
availability of individual protective devices for the general public, the 
accuracy with which the particular area, time, and duration of impact can be 
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Fig. 4.1. Three-zone concept for the emergency 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 TRZ. 
storage/stockpile location should be conducted, and a methodology for 
dctcrmining 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 lcvels 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. 

A thorough analysis of the ERZ at each 

Protective action zone. The PAZ 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. 
effective emergency response in the PAZ if time i s  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 most 
appropriate actions required. Available time for protective action varies with 
agent type, accident, and meteorological conditions at the time. These 
conditions will require careful consideration during site-specific emergency 
p l a n n i n g .  

It is likely to be the most 

Precautionary zone. The PZ is the outermost EYZ and extends conceptually 
to a distance where no adverse impacts to humans would be experienced in the 
case of a maximum potential release under virtually any conditions. The 
actual distance may vary substantially, based upon the circumstances of an 
accident occurrence, and would be determined on an accident-specific 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 reducc the poteatial 
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 be based principaljy on broad-area disscniiiiahion of 
emergency pulsl;c information at thc timc of an accidental release of agent. 
Bccause of the substantial warning and response time available for 
implcmentation of rcspnnse actions in thc, PZ, detailed local emergency 
response planning is not required, but coordiiiatiorn of local emergency 
managers niay prove useful. 

4.1.2 Determining Factors for tile Spatial  Distribution of Risks 

4.1.2.1 Hazard 

The probabilistic risk analysis (F'RA) fool the stockpile disposal program 
(GA Technologies 198Ta. b, c, and MI-JRE 1987) idcntifies a range of accidcnts 
with potential off-site conscquenccs (see Sect 7 for a discussion of the 
distribution of accidents identified for PIJOA). It docs not identify accidents 
with sinall consequences (less t h m  0.5 kin lethal downwind distancc under 
1 m/s winds and very stable atmagphcric conditions), extremely low 
probabilities (less than 1 O - s ) ,  or  accidcnts resulting from deliberate acts of 
sabotage or ielrorisrn. Giver1 the caveats that risk analyses do not identify all 
possible accidcnts. and that historic accidents of significant size (TMI, 
Chemobyl, Bhopal) have not been predicted by risk analyses, the PRA does a 
credible job in identilyiying a range of events that can scrvc to formulate 
planning basis accidznts. 

Th c event s i n c 1 II d e storage ac c i d c ri t s , t ran s p o rt a t i o n ac c i d em t s , 
handling accidents, and plaili operations accident.;. These are caused by 
external events such as earthquakes Or planc crashes, human errors such as 
feeding munitions into the wrong inciiierator or puncturing a munition with 
a folk lift, and mechanical failures such as a fire or a truck crash. 

C:hernical agent is released from accidents in several different ways. 
The type uf release determines how much agent is available in forms that can 
be transported downwind. Modes of ielcasc include explosions or detonations 
which came agcnt to aerosoliLe virtually instantaneously into small particles, 
fires which vaporize agcmt on a semi-coiitinirnus basis, spiils whkk  cause 
agcnts to evaporate, or sofiiz combiriariori resultirig in a complex rclcase. 
Furthermore, relea5es can bc of shsrt duration, which resirlis in a discrete 
puff 0 1  cloiid which moves downwitid. or of long duration, which results in a 
plume extending downwind ovcr a longei time fianre. 

The height of a release and wherher or not firc is present is also 
important. The height may be influenced hy aecrrt comilig out of a stack 
versus a ground-lcve! relcasc, or a relcase indy be elevated due to an explosion 
which propels it into the atmosphere. Pires cauw thermal buoyancy which 
lifts the agelit to grsater heights At grcimr heights thc agent is likely to 
travel downwind J ~ O K  quickly but lower ground-lcvcl concentrations of agent 
would occiir due to increased m i x i n g .  

- 

4.1.2.2 Meteorology 

Meteorological conditions, along with topography and the naturz of the 
release, determine iil what dircctioii and h ~ w  a release of agent dispcrses in  
the environment. Wind direction does iioi dcnerniine dispersion bur does 



establish upwind and downwind directions. The primary factors which 
detennine dispersion are wind speed and atmospheric stability. Secondary 
meteorological consideration which influence and are incorporated in 
atmospheric stability include heatinglcooling and mechanical stirrii1.g 
Under certain conditions, low-level inversions could trap releases close BO thc 
g r o u n d .  

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

Mechanical mixing and heating and cooling are the main determinants 
of stability or the amount of mixing that occurs as a cloud or plume move 
downwind. When a high level of mixing occurs the plume travels less di:;tarnce 
downwind but cover a wider area. When conditions are more stable, little 
mixing occurs and longer and narrower plumes result. 

4.1.2.3 T o  p o gr a p h y 

Topography affects the dispersion of agent in two significant ways. 
First, the roughness of the terrain helps determine the amount of b~rbulcnce, 
The larger the obstacles that wind flows over the more turbulent the 
atmosphere. Thus, plumes travel further over smooth terrain than rough 
terrain. Second, landscape features such as mountains and valleys block the 
flow or channel the flow of a plume. 
dike, the concentration increases on the windward side of the obstacle as the 
agent pools and the plume bulges out against the obstacle. Conversely, the 
concentration on the lee side of the obstacle is reduced. If ilie 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 Population 

An agent is of little immediate human health concern unless pcople arc 
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 thc concentration integrated over time or  the cumulative ~ I T I O U E I ~  

of agent to which one is exposed. 

4.1.3 Boundary Determining Factors 

Planning zones can be established as concentric circles with fixed radii ~ 

Alternatively, a fixed radii can provide guidance with thc boundaries being 
determined by political, human, and topographical features of the 
environment. The latter approach is strongly preferred because people can 
more easily identify features of the local environment than they can a line on 
a map, 

Emergency planning and response capacities are usually oxgmized by 
political units -- counties, parishes, cities, townships, and so fotth. 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 
sc rw  as barriers to agent dispersion. This would include mountains, bluffs, 
canyons, and dikes. Other natural features such as rivers that may not impede 
dispersion can also be useful boundaries as long as they are not mistakenly 
identified as barriers to dispersion. 

4.1.4 '4 Methodology for Delineating Zones 

Based 0x1 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. Thcse are used to determine the recommended distances for 
generic IRZ and PAZ planning zones at a site. 
(prceautionary 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 

'rime. Time-distance relationships are shown in Figure 4.2 for 3 different 
assumed wind speeds. These are used to help estimate the boundaries of the IRZ 
and PAZ. For the IRZ, assuming a rclease of agent with little or no lead time, 
the leading edge of the agent plume noughly corresponds to wind speed. With 
winds at 1 m/s, i t  will take about 17 minutes to reach 1 km and 167 rniniitcs to 
travel 10 km. At 3 m/s it will take almost an hour to reach 10 knn. Unless a 
catastrophic accident occurred, it is unlikely that source terms would he large 
enough, except under stable mncteorslogical conditions, for the plume to time1 
a distance of 10 km. If one assunies that preplanned emergency response in 
the PAZ requires at least 1 hour to mobilize, then at least a 10 km immediate 
rcsponse zone i s  aeedcd. 

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

With 

'!.'h_.!-!--dis_tritPUfi on. Using the D2PC atmospheric dispersion code developed by 
the Army (Whitacre, et al. 1986), threat is represernted by the distance agerat 
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can travel and potentially cause fatalities to healthy adult males. Downwind no 
death dose distances were calculated for each accident scenario using the D2PC 
code. We have explicitly excluded releases resulting from 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 50 percent). 

The PAZ should contain plumes from credible accident scenarios under 
more stable weather conditions. 
as identified in the E R C P  to contain the downwind no deaths distances of 
credible non-external event accidents under 1 mls and E stability conditions 
(plus an uncertainty band of approximately 50 percent). 

Thus, the PAZ distance be adjusted from 35 km 

4.1.4.2 Set t ing  t h e  ac tua l  boundar ies  

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 dispersion. 
The boundaries of the IRZ and PAZ 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. 
Where no political boundaries coincide, it is desirable to use a featurc of 
the human landscape such as a road, highway, or rail line or a natural 
fcature 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. 
When no natural, political, or human boundary exists, a concentric 

4.1.4.3 Dealing wi th  ca t a s t roph ic  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, wc believe that detailed planning is not needed when time allows a 
response to be implemented as an expansion of activities beyond the PAZ. 
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If emergency planners are concerned with large catastrophic events, a 
formal designation of the precautionary zone can be made. In no cases can we 
envision it extending more than 100 km. 
accident scenario and transport conditions that would lead to a lethal dose of 
agent to exceed that distance. It is also possible to increase preparedness in 
this zone beyond what is suggested by the 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 rand a systematic 
methodology for establishing emergency planning zones around the facilities 
that will dispose of chemical weapons. The approach conibines procedures 
that are the result of scientific calculations (but still subjcct to large 
uncertainties) along with ones that hold practical appeal in an attempt to 
develop zones which have both scientific and political reality. In addition, it is 
hoped that the approach makes common sense; if it belabors the obvious, then 
we have succeeded more than we had expected. 

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

Lines on a 

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

~~1~~~~~~~ the ~ ~ t ~ ~ ~ ? ~ ( ~ ~ o ~ ~  outPi~ied above, an considering the PUDA 
stockpile hazard and tlac distribution of topographic m ~ ~ ~ ~ ~ o l ~ g i c ~ l ~  and 
population resources identified in Sect. 3, we have idcntified a plausible EPZ 
for PUDA. 'To recapitulate, initial concentric circle boundaries are established 
based on thc  distribution of credible non-external event accidents and their 

ownwind lethal distances; the 1RZ concentric circle: b 
based the accidents occurrin under 3 mjs winds and neutral 
while the PAX ~ ~ ~ ~ ~ ~ a ~ y  is bas on their occurrence under I rn 
stable (E) conditions. The PZ lies outside the PAZ and accounts for external 
event accidental reledses under very stable atmospheric conditions and Bow 
winds. Thcse concentric circle boundaries are then adjusted based on the 

f topographic, meteoroiogical, and population resources, 

A stockpile, the largest identified credible non-external 
event accident is VODHC 804, a tanitions vehicle accident resulting in a fire 

ausing detonation of PPlUStas illed 4.2-in mortars. s calculated from 
2PC atmospheric dispersion de, the lethal downwi distance under 3 

mjs winds and neutral stability is 0.83 km, while its lethal downwind distance 
under 1 m/s, stable conditions is 6-37 km. Adding 50% to each of these values 
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for uncertainty, they equal approximately 1.25 and 5.1 km respectively. 
Thcrefore, for H J D A  the concentric circle boundary for the IRZ is 1.25 km and 
that of the BAZ is 5.1 km. 

As noted in Sect. 3,  the terrain immediately adjacent the PUDA storage 
area and proposed plant site would not significantly affect the dispersion of 
agent in the event of a release. In the event of a release large enough to rnovc 
beyond the radially-defined PAZ, and under very stable atmospheric 
conditions, agent may move along the contours of the Arkansas River and 
other nearby creeks and creck beds. Similarly, for non-buoyant, ground-level 
releases under stahle meteorological conditions and light winds, the agent 
would tend to flow uyslope (from cast/southeast to west) during the day and 
downslope (from the west to the east) at night during atmospheric conditions 
of weak synoptic (large-scale) flow. 

Releases resulting in vertical lifting (e.g., due to fires or detonations, as 
is the case with VODHC 004) would lift the agent and let it move unencumbered. 
TJnder highcr winds and less stable atmospheric conditions, agent would be 
diluted considerably and result in shorter downwind lethal distances in any 
case .  

4.3. PLANNING ZONES AND DISTANCES 

TWQ types of planning zones are recommended for the PUDA stockpile. 
The first is the IkZ. Most accident scenarios will be confined in this zone, 
parLicularly under the more likely meteorological conditions. The second is a 
PAZ to handle scsnarins in which agent is released farther out, such as might 
be due to releases larger than those identified, external-event releases ( e .g . ,  
plane crash into storage area or plant), or very stable atmospheric conditions 
and low wind speeds for identified releases. 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 geopolitical boundaries or transportation routes, though parts of 'some of 
them (particularly to the east, north, and south where population is quite 
limited) are simply concentric circles of varying distances. 

Alternative boundaries for the IRZ and PAZ are depicted in Figure 4.3. 
Even though the radially-defined boundaries are quite limited for PUDA, 
consideration of time-distance relationships (e.g., a release can travel 
approximately 10 km in 1 hr under 3 m/s wind speeds) cautions more expanded 
IKZ and P h Z  concepts. 
installation and includes lands within approximately 10 krn of the storage area 
and proposed disposal site and includes the communities of North Avondale, 
Boone, and Nyburg. Altcrnative 2 for the IRZ is based on a circle with a radius 
of approximately 15 km about the sire and includes the communities of 
Avondale, Bevine, and lt3axter and the Pueblo Memorial Airport. 

For thc IWZ, Alternative 1 is defined as the PUDA 
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The recommended radial boundary for the PAX of 5.1 kin, as identified 
above, is expanded to approximately 35 km. 
Pueblo to the wert, and its northern and souther, suhwbs. 

The PAZ would include the City of 

The Pueblo Civil Defense Agency and PUDA have adopted an IRZ with an 
approximate 12 km radii.is (Schneider Engineering 1989). 1.ocal roads and map 
grids were used rather than an actual 12 k m  circle. 

As noted previously, the final determination of EP% boundaries will be 
made collectively by affected local governments, state governmeint, the 
Department of the larrnny, and the Federal. Erncrgency Management Agency. 
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5.0 PROTECTIVE ACTIONS 

5 . 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 PUDA concept plan: (a) evacuation, (b) in-glace 
sheltering, (c) respiratory protection, (d) protective clothing, and (e) 
decontamination. To date, most attention has been paid to protecting 
potentially exposed persons from inhaled doses; relatively little attention has 
been paid to skin deposition and ingestion, although skin deposition is 
certainly an important exposure pathway for mustard agent (ingestion of 
potentially contaminated food and water should, of course, be avoided). 

Within each of these categories, the various options and their 
advantages and disadvantages are discussed below. The discussion draws 
heavily on the forementioned ongoing study and includes the judgments of an 
expert panel that 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 foot 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, it is the best response because it precludes any exposure to chemical 
agent. In many circumstances, evacuation can be achieved by personal 
automobile, 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 education/information instructing the population which 
direction to go and the cost of the requisite warning system have not becn 
considered here. 

D e s c r w  
. .  

Evacuation eliminates exposure to chemical agents by removing the 
potentially exposed peison 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 
action. This is most likely to be the case when it is implemented as a 
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precautionary nieasure. As a responsive measure (i.e., 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 effectivc for nearby populations, particularly for 
fast-moving releases and plumes. 

Upon being notified to evacuate, individuals and groups would go to 
their automobiles or trucks, close the windows and turn off ventilation 
systems, and drive away from the anticipated lethal plume and possibly to a 
prearranged assembly paint. 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 d  v a n t a 

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

k d v  anta ge s 

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

5 . 1 . 2  In-Place  Shel ter ing  

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 exposurc. 
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 OCCUF resulting in small 
conccntrations of toxic in the environment over short durations of time. 
Norma? sheltering i s  most likely to be effective for chemicals whose effcct is 
proportional to peak concentrations rather than cumulative dose (e.g., 
ammonia. hydrogen chloride, and hydrogen sulfide). 
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s m a l  ~ ~ e ~ t ~ r ~ ~ ~  can partiaIXy block the exposure to ~~~~~~~~ agents 
ing the amount of ~ n ~ ~ ~ t r a t ~ ~ n  of airborne agent into the "protected" 
nt. While no protective action provides complete (100%) protection 
conditions, ~ ~ r ~ a ~  ~ ~ e ~ ~ e ~ ~ ~ ~  i s  thought to be most likely to  provide 
~ ~ ~ t ~ c ~ ~ ~ ~  under c ~ n d ~ ~ ~ o n ~  characterized by small releases resulting 

in relatively low ~ o ~ c e ~ ~ ~ ~ ~ t ~ ~ n ~  o f  agent with limited exposure rimes (ic, the 
plume are fast moving and small). 

Normal sheltcring involves taking refuge in existing b ~ ~ ~ ~ ~ ~ ~ ~ ,  closing 
~~~~~~~~~ and doors, and shutting of ventilation systems that replacs: indoor air 

calm to promote lowered heart and respiratory rates. In addition, once 
with outdoor air, nce in the sheltered environment people will have. to 

?he ~ o n c ~ ~ ~ r ~ t ~ o n  of agent i s  lower in the unprotected e n v ~ r o ~ ~ ~ ~ t  than irk 
the ~ r o ~ ~ ~ ~ ~ ~  ~ n ~ ~ ~ o ~ ~ e ~ ~  people will have i~ ventilate (i.e.9 opera up> h e  
structure to ~ ~ ~ i ~ ~ ~ e  exposure. Hence, the warning system must not only be 

af telling people when to ventilate. 
people when to go to shelters of this kind, they must also be capable 

1) Normal sheltering requires only existing resources. 
2) Normal sheltering requires 110 training and no protective equipment, 
which rninixniaes the intrusion of protective equipment in the routine 
e n v i r o n m e n t .  

increase protcction. Furthermore, the median house may be characterized as 
having approximately 0.7 air changes per hour, which means that the 
protection factors associated with norma1 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, or concentrations are 
low, and cloud passage time i s  limited. 
4) Normal sheltering can be implemented quickly. Sorensen (1988) cstirnates 
that it can be accomplished in less than ten minutes. 
5) Normal sheltering can also serve as a convenient anticipatory step fur 
evacuations by assembling the family unit in one place. 

ecause houses cannot increase the exposure normal sheltering can only 

Di sadv a n t a m  

1) Normal sheltering provides only limited protection, under restricted 
conditions.  
2) If accidents anticipated to result in low concentrations and be o f  limited 
duration, become more extensive exposures (i.e., higher concentrations) or 
more extended exposures, evacuating the expedient shelters in a contaminated 
environment will have to be accomplished. 
3) The "a l ldea r "  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 
enviroairncnts. This protective action i s  expected to protect people from toxic 
chemical releases resulting in large concentrations over extended durations 
(eg., three to twelve hours). 

Special sheltering facilities potentially block the exposure to chemical 
agcnts by reducing thc amount of infiltration of airborne agent into the 
“protected” environment. While no protective action provides complete 
( 1  00%) protection under all  conditions, specializcd shelters are likely to 
provide adequate protection under conditions charactcrized by releases 
resulting in moderate to large concentrations of agent with cxposure times 
between three to twelve hours (i.e., a slowly travelling plume and thc plume of 
any size). 

Special shelters involves taking refuge in facilities created expressly 
for protection from chemical contamination. 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 p r i ~ r  to occupation. Once in the 
sheltered environment people should remain calm to promote lowered heart 
and respiratory rates. 

Advantage3  

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 ilw protective 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 
redLrced to as few as one change in sixtecn hours, the protection factor would 
range from approximately five to about 120 (Chester 1988). Hence, specialized 
sheltering provides maximum protection from exposure in nearly all 
s i tua t ions .  
2) Spccialized sheltering can be implemented fairly quickly once the facilities 
themsdvcs arc available. Sorcnsen (1988) posits if we assume pre-erection or 
yrepositionirig of portable shelters of this variety, that movement to a 
prep are d shelter without much prep a ra t i on time I 
3 )  Specialized sheltering provides maximum protection, under almost all 
conditions. Hcnee, pressuriLed shelters are capable of preventing fatalities 
when long 01 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 
c o nc c n  t r a t  i o 11 s . 
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laisadvantag= 

1)  People in specialized shelters may have Iamily members not in the shelter 
creating distress, conflict and even of breach containment created by people 
entering or leaving a f k r  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. 
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 ) .  

These actions are taken prior to 

Dcscr iPt ion 

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 sheltering is likely to 
provide adequate protection under conditions characterized by releascs 
resulting in moderate concentrations of agent with exposure times between 
one to three hours (Le., 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 
oullets, and laying a wet towel across the bottom of the door to reduce 
infiltration. 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 . e9  open up) the structure to minimize exposure. Hence, the 
warning system must not only be able to tell people when to go to shelters of 
this kind, they must also be capable of telling people when to ventilate. 

Advan tages  

1 )  Expedient sheltering requires only existing resources, but may be more 
effective -' kits for enhancement, including tape, towels and perhaps a 
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poitable radio, are readily available to the people that would have to 
implemer,t the pro~ective acticn. 

,,:d;e,at she1 teriiig ceqc'iies limited training and limited rcs~)1p~ces, 
elds a ISW level of intrusioa of protective eqaxIpmenf in the routine 

c;;_viTOnmer; t .  
i ise expediently sealed strrrctures cannot increase the exposure 

sheltering can cmly increase protection. Furtherinore, protection 
f:iceors associated wilh expdiei l t  shdter  are increased with the reductian of 

iiifi1trat;rtn rates This inians that the protection factors associated are 

be icdiiccd to one air change in four hours, the protectiorn 
cly to be grezter than those associated with normal sheltering. If air 

rige fiorri approximately two to about 08 (Chcster 1988). Hence, 
. .xp@dkat shcltcring piovides K I ~ U ~ ~ U K I  protection from exposure in 
-iiuations where concentrations are expected to he low to nodcrate, and cloiid 

4 )  Exp&ienlt sliPltering can be implemented fairly quickly. Soreinsen (1988) 
cstilinates that tapins and hea l ing  an average room can be accomplished in ten 
tu iifteera minutzs. 

s'igc tirnc is limited in ihc O ~ C  to three hour range. 

Disadvantages 

E ) Bapedierrt sheltering provides Inoderate protection, under conditions where 
p1txinc5 arc af  limited size. Hence, expedient shelter will not prevent fatalities 
WiiCiI  lojig or contiiiunus releases of agent are anticipated. 
2) I f  accidents anticipated to hc of lirnitcd duration develop into more cxtcnded 
~ X ~ B ~ L L T C S ,  evacuating the expedient shelters in a contaminated environment 
will have to bc accomplished. 
3 )  Thc "a11 clcai" rcqniremcnt is placed on warning systems. 

P Z C S S ~ ~ ~ - ~ ~ C Q !  sheltering involves taking refuge in existing structures 
t l i d  are capable of being pressurized to reduce infiltration of toxic vapors. 
i h i s  protective action is expected to protect people from toxic chemical 
rc1i:a~s iesiilting in laige concentrations over extended durations (e.g., three 
to twslve hours). 

PnxwrixcA sheltering potentially blocks the exposure to chemical 
-ige:m~is by reduciilg tile amourit of infiltration of airborne agent into the 
"nroec-cted" c;lvironrrreiPt, While no protective action providcs complete 
( i O O % )  proteLiion uinder all conditions, pressurized sheltering is likely to 
provide adequate protection under conditions characterized by releases 
resulting irl tirodeiatc to large concentrations of agent with exposure times 
h c ~ - ~ e x  thrcc to twelve hours (Le., a slowly travelling plume and the plume of 
oriy s i x )  

l > - - r -  I l c , t \ ~ i ~ i  i i d  shzlteriarg involves taking refuge in existing buildings, 
~ ios i i ig  W ~ I I C I Q W S  alii doors, 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 extent 
that these shelters may not have televisions, radios or other communicai.ion 
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. 

Advan tapes  

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 
si t u  ati  ons  I 

4 )  Pressurized sheltering can be implemented fairly quickly. Sorensen (1988) 
estimates that activating an existing pressure system will take about five 
m i 11 u t  e s . 
5) Pressurized 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. 
6 )  Pressurized sheltering provides shelter for long periods of time and 
thereby avoid the problems associated with misjudging accident durations and 
c o n c e n t r a t i o n s .  

D i s a d v a n t u  

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

5.1.2.5 Enhanced shelte rin P 

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). 

DescriDtion 

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

En h an ced she 1. te ri n g iiivo lv es t ak i 11 g refuge in ex i s t i n g IN eat he ri ze d 
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 thcse shelters may not 
have televisions, radios or other communication devices, one will have to be 
obtained for the sheltered arca prior to occupation. Once in the sheltered 
environment people should reniain calm to promote lowered heart and 
rcspiratory rates. In addition, once the concentration of agent is lowcr 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 bc able to tell people when eo go to shelters of 
this kind, they must also bc capable of telling people when to ventilate. 

1) Enhanced sheltering requires existing resources be enhanced much the 
samc way that they would be for energy conservation. 
2) Enhanced shcltering 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 roctine environment is  associated with this protectivc 
ac t ion .  
3)  Because in-place sheltcring cannot increase the exposuie enhanced 
sheltering can only increase protection. Furthermore, protection factors 
associated with enhanced sheltering are increased with the rcduction of 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 moderate, and cloud passage tinie is  
limited in the one to three hour range. 
4) Enhanced sheltering can be implemented very quickly. Sorensen( 1988) 
estimates that the required action could be accomplished in less than ten 
In i nu t  e s . 
D i s a d v a n t a m  

1) Enhanced sheltering provides moderate protcction, under conditions 
where plumes are o f  Zimited size. Hence, expedient shelter will not prevent 
fatalities when long or continuous releases of agent are anticipatcd. 
2) If accidents anticipatcd to bc 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. 



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 inhalatian, or the direct introduction of non-contaminated air for 
inhalation. Six types of respiratory protection have been identified as of 

terest in providing protection from chemical agents. 

5 , 1 3 1  

Cas 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, 

&scription 

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 

contamination. Chester (1988) estimates that full face masks are capable olf 
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. 

II face masks are designed to keep the eyes, nose and mouth clear of 

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 i t  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 

Adv an  ta  ~ t ; s  

1) While the full face mask is storable, it is not easily stored which means that 
it is probably more obtrusive than many other respiratory devices. 
2) The full face mask can be implemented in as little as a minute once it is 
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. 

Disadvantages 

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

The full face mask is one of the most obtrusive devices among the 

5.1.3.2 Hoods 

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

DescriDtion 

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 are 
typically regulated to maintain unidirectional air flow through the filters. By 
covering the whole head and upper body hoods are designed to keep the eyes, 
nose and mouth clear of contamination, as well as affording protection of the 
upper body from disposition. It is anticipated 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. The limiting factor for time to implement seems 
to be the ability to "dress" children in the hoods. Hoods are very likely to 
provide respiratory protection from low to moderate concentrations, but may 
also be used for larger doses while people pursue other protection (e.g., while 
evacuating, or  on the way to shelter). 

Advantapes  

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. 
4) Hoods require almost no physical effort or mental concentration to 
maintain seal between waist and wrists and the hood once they are in use. 

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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1) Hoods require some training and practice to assure proper use in 
e m e r g e n c i e s .  
2) 
it, and know how to use it  in the event of an accident. 
3) 
respiratory protection. 
4) Hoods are one of the most obtrusive devices among the respiratory 
protectian devices, their distribution to the public is likely to raise awareness 
of the program, and could significantly contribute to public concern. 

Hoods would require that the individual have the device, be able to retrieve 

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

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. 

Descrintion, 

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 storage location, extracting it from its storage container, placing the 
infant or toddler in the enclosed environment, and starting the fan-driven 
filtered ventilation. While using the adult-ventilated protection bubble 
involves all of those steps plus the steps required for the adula to don their 
protection. While a protection bubble may take as much as fifteen minutes to 
implement, i t  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). 

Advan tages  

1)  Protection bubbles can be implemented in as little as a five to ten minutes 
once they are located, this implementation time will require moderate training 
and practice. 
2) Protection bubbles provide a high degree of respiratory protection. 
3) Protection bubbles require no physical effort or mental concentration to 
maintain seals as they are whole body enclosures. 
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Di sadvan t a 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 usc 
in emergencies. 
3) Protection bubbles would require that the individual have the device, bc. 
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 MouthDiece resDiratorS 

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

Descr ip t 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 intendcd 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 maximum 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 user 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). 

Advantages  

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

D i s a d v a n t w  

1) The mouthpiece respirator requires considerable physical effort and 
mental concentrstioa to maintain seal around mouthpiece. 
2) Augmenting the mouthpiece respirator to achieve eye protection requires 
some dexterity and concentration, which likely to be difficult for people in the 
process of pursuing other protective actions. 
3) The mouth piece respirator would require that the individual have the 
device, and be able to retrieve it in the event of an accident. 
4) The mouthpiece respirator would not protect guests and visitors that would 
not have similar respiratory protection. 
5) The mouthpiece respirator would have to be replaced by a mask if durations 
of potential exposure increased to more than an hour. 
6)  While the mouthpiece respirator is one of the least obtrusive devices among. 
the respiratory protection devices, its distribution to the public is likely to 
raise awaseacss of the program, and could significantly contribute to public 
c on  c e r n  

5.1.3.5 Facclet mask 

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

Descri p t i  0 n 

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

U.S. , 
Using the facclet mask involves retrieving the device from its storage 

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

Advan tanes  

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. 
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2) 'I'he fa-celet mask can be implemented quite quickly, probably in less than a 
few minutes. 
3) The facelet mask provides moderate respiratory protection from agents GI3 
and mustard. 

1)  
damp, stale air, which makes it less comfortable to use and to the extent that 
the mask would becomes saturated with moisture, the absorption capacity 
would be 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 accident. 
3)The facelet masks would not protect guests and visitors that would not have 
similar respiratory protection, 
4) While the facelet mask is one of the least obtrusive devices among the 
respiratory protection devices, it distribution to  the public is likely to raise 
awareness of the program, and could significantly contribute to public 
c o n c e r n ,  

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

5.1.3.6 Expedient respiratory protect ion 

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

Descr in t ion  

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. Expedient measure such as this are limited both by their ability to 
removc 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 thc nose and mouth. No training is required for these kinds of measures 
to be implemented 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 concentrations while people are pursuing other protection (e+, while 
evacuating, or  on the way to shelter). 

1) Expedient respiratory protection is completely unobtrusive. 
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. 
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4) Expedient respiratory protection provides l imi t~ . I  F ri%xtion from Ilow 
concentrations for very short durations, probably mrdes fif:rr::n ~~?:'lid,:Pcq, 

D i s adv ant 

1) Expedient respiratory protection provides no prrokccfion for either 
moderate or high concentrations, or durations Ianger t h m  3 faw Kn:>3r?,s, 
2) Expedient respiratory measures may be difficult t o  I T I L I ~ ~ ! ~ P ~  avhi:e 
pursuing other protective actions (e.g. evacuation driving 8 whipia:k). 

5.1.3.7 Self contained b reathinp amaratus 

Self  contained breathing apparatus (SCBA) prouida s 3an ~-~.-8~.7;-1:~,ated 
air for inhalation. 

Descr ia t inn  

SCBA supply bottled air directly to the indiwi B tlsing i: for 7 to-y 
protection. They are comprised of a tank or bottle maotl-coaxt2;rinarc 
attached through a regulator to either a mouthpiece or ,a M I  fixx nask  SCflA 
equipment that covers the whole face are designed 10 kecp t%c 6:7s"$, a:. 
mouth clear of contamination. SCBA are capable of  ~~~~~~~~~~ ~cspha t  
protection for duration directly dependent on the ~~~~~~~ nf air in thc 
and the rate of respiration. The limiting factor with SC 
as with other masks, is the integrity of the seal between 
while mouthpiece SCBA are limited by the seal between ilie mouthpiece B:X? 

the  lips. 

Using SCBA involves retrieving the device frona its storage 
extracting it from its storage container, placing the mask an tLs" E ~ c e  CT 
ninuthpiece in the mouth, and turning it on. While a full I a ~ c  SCEi 
as much as ten minutes to implement, like fiaiil face ~ u s k s ,  tr;8jiaing c m  PP 

times eo as little as P minute once i l a ~  SCBA equip 
A equipment is very likely to provide respiwarsay p 
igh c ~ ~ ~ ~ ~ t r a ~ ~ ~ ~ ~ ,  but beca~lse of i t  linaited durartoo 

rrotectiorn i t  is inost likely to be useful for people pua-suiirg oiRe 
(e.g-, while evacuating, or on the way 80 shelter). 
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D i s adv ant am 

1)  
e m  e r g e n c i e s . 
2) SCBA would require that the individual have the device, be able to retrieve 
it, and know how to use it in the event of an accident. 
3) SCBA would not protect guests and visitors that would not have similar 
respiratory protection. 
4) SCBA is very a obtrusivc device for respiratory protection, its d i s t r ibu t ion  
to the public is likely to raise awareness of the program, and could 
significantly contribute to  public concern. 
5) Mouthpiece SCBA requires considerable physical effort or mental 
concentration to maintain seal between face and mask once it is in use, 

SCBA requires some training and practice to assure proper use in 

5 .1 .4  Protective Clothing 

Protective clothing involves covering the body to avoid the disposition 
of chemicals 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 -131 protect 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 prcventing the deposition of agent on the 
s k i n .  

Descr int ion 

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

Special protective clothing involves donning specialized suits to protect 
against exposing skin to  agent. While specialized clothing can be used to 
protect against dermal exposures, protective clothing does not protect pcople 
from inhalation and ingestion exposures. It is reasonable to estimate that 
donning protective clothing will  require slightly morc time than getting 
dressed. Sorcnsen (1988) estimates that special protective clothing will take 
between five and ten minutes depending on its complexity. Using specialized 
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protective clothing involves retrieving them from their storage location, 
extracting from its storage container, putting it on, an check a11 seams 
between pieces for potential exposures. While a protective clothing 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 they are located. Protective clothing is very likely to provide 
dermal protection from low to moderate concentrations, and may even provide 
limited protection for larger doses while people pursue sther protection ~(e.g., 
while evacuating, or on the way to shelter). 

I )  While protective clothing easily stored, it is fairly obtrusive. 
2) Protective clothing can be implemented in as little as three to Iive 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. 

D i s ad  v ant a g g s  

1) Protective clothing requires some training and practice to assure 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. 
3) Specialized protective clothing would not protect guests and visitors that 
would not have similar respiratory protection. 
4) Specialized protective clothing is very obtrusive, its distribution to the 
public is likely to raise awareness of the program, and could significantly 
contribute to public concern. 

5.1.4.2 ExDedient Drotective 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 deposition of 
agent on the skin. 

Descri  D t i s n  

Expedient protective clothing is comprise of regular clothing, put 011 to 
protect the wearer form deposits of agent on the skin. Expedient protective 
clothing covers the whole head, upper body, arms, legs, feet and hands with 
layers of fabric and can include using rain gear to prevent droplets of agent 
from depositing on the skin. Expedient protective clothing i s  limited both by 
its ability to prevent penetration and keep all skin covered to prevent skin 
contact. Expedient protective clothing is likely to provide skin depositiori 
protection under conditions characterized by releases resulting in low 
concentrations of agent with exposure times under an hour (Le., a fast moving 
plume and of small to medium size). 
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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 can provide limited protection against dermal exposures, 
protective clothing does not protect people from inhalation and ingestion 
exposures. It is reasonable to estimate that donning expedient protective 
clothing will require slightly more time than getting dressed. Sorensen (1988) 
estimates that protective 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. 

A dv ant  

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

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

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

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

5.1.5 D e c o n  t a ni i n a t i o n 

Since there are no antidotes for mustard exposure, the principal post- 
exposure mechanisms for reducing acute and latent health effects are 
decontamination and sympomatic therapy. 

Descr iu t ion  

Mustard agent's chemical reaction with biological tissue is so rapid as to 
be irreversible for all practical purposes. Attempts at therapy have been 
aimed at rapid decontamination and symptomatic therapy to relieve the effects 
of chemical burns to the skin, eyes and respiratory tract. 
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Instantaneous removal of mustard from body surfaces is the best form 
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 
oil) were effective in removing mustard from guinea pig skin, although their 
effectiveness requires immediate application (e.g., within 4 min). The most 
effective treatment was sprinkling flour on the contaminated skin, followed 
by removal of the flour with wet tissue paper. Wet tissue paper alone simply 
spread the mustard over a larger skin surface, suggesting that washing with 
water needs to be combined with detergent use or some other solubilizer or 
adsorber of mustard. Attempts at therapy of mustard poisoning have generally 
been aimed at rapid decontamination and symptomatic (i.e., treatment of 
mustard-induced symptoms) therapy. 

In the case of battlefield exposure, Army documents (U.S. Army 1974, 
1975) emphasize the immediate decontamination following exposure. Copious 
flushing with water is recommended for eye contamination. Fuller's earth 
powder (which is used to adsorb liquid agent droplets) and chloramine powder 
(which reacts chemically with mustard) are effective skin decontaminants 
and are supplied to military personnel in field kits. A protective ointment, 
known as "M5" and supplied to field personnel, contains chloramide 5-330, 
which can function both as a decontarninant and a protective barrier (Roslow 
1987). 

1) Appropriate use of decontaminants may save lives and reduces the severity 
of effects from sublethal doses. 
2) Decontaminant does not usually generate disabling side effects, 
3)  Effective treatment can be performed under field conditions. 
4) Given the carcinogenicity of mustard agent, prompt decontamination is 
recommended to reduce the dose to avoid latent (Le., carcinogenic) as well as 
acute effects. 

Di sadv a n  t a m  

1) There are no known disadvantages of decontaminating when mustard 
exposure is suspected. 

5.2  COMBINATIONS OF PROTECTIVE ACTIONS 

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

5.2.1 Evacuate with Respiratory Protection 

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

5 . 2 . 2  Shelter with Respiratory Protection 

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

5 . 3  PRELIMINARY EVALUATION OF PROTECTIVE ACTIONS 

In support of the ongoing protective action effectiveness support study 
(Rogers, e t  al., in press), a panel of experts1 was assembled early in CY 1989 to 
identify evaluative criteria and apply those criteria to various protective 
actions, including evacuation, sheltering, and respiratory protection. The 
panel's composition was based on the the notion of obtaining 
comprehensiveness with respect to  the physical clnaracteristics of each 
protective action option, the option's effectiveness with respect to mitigating 
adverse health effects, and the personal and organizational aspects of the 
option's implementation. Although it is beyond the scope of this docurncnt to 
report on the results of that exercise in detail, the following discussion 
identifies the criteria and the panel's evaluation of those actions. 

These individuals included Amnon Uirenzvige of the U.S. Army Chemical 
Research, Development and Engineering Center, Aberdeen Proving Ground, 
MD; Michael Lindell, Department of Psychology, Michigan State University. 
East Lansing, MI; Dennis Mileti, Director, Hazards Assessment Laboratory, 
Colorado State University, Fort Collins, CO; and Frederick Sidell, MU, U.S. Army 
Medical Research Institute of Chemical Defense, Aberdeen Proving Ground, 
MD. Their fields of expertise are physical means of protection from chemical 
agent exposure, individual response to disasters, organizational response to 
disasters, and the health effects of chemical agent cxpssure, respectively. 
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, a t h e  Criteria 

?'lie panel identified a. variety of  criteria for evaluating protective 
aeficsn oprioans. These: criteria were subsequently grouped according to 
whether the criterion related to 1 )  the level of  safety providcd by the option, 
2) ~ h c  requirements for implementing the option effectively, and 3) the 
cptioa's level of intrusiveness in the family and community or other relevant 
level of social organization. Since diffcrcnt factors were deemed important 
among these three categories for the three different kinds of protective 
actions (evacuation, sheltering, and rcspiratory 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. These scores 
were averaged for each protective action option. These averaged scores are 
presented in Figs. 5.1 and 5.2. 

5.4 PROTECTIVE ACTION OPTIONS F 

Assuming implementation of appropriate warning and command and 
control systems, the potential protective action options at PUBA for various 
subgroups of the general population arc 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 dctailed information that 
better distinguishes among the relative effectiveness of each aption. 
Furthermore, the differentiation of actions for the PAZ and ZRZ are not 
magical (e-g., pcrsons near the outer past of the IRZ may implement PAZ 
actions, or persons near the inner part of the PA% may implement 1RZ 
actions). In addition, it should be stressed that a csrnbination of protective 
action options may be needed to protect tRe public from a range of accident 
s c en a r i o s . 

5 . 4 . 1  IRZ Opt ions  

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 rccornmended for anyone because it 
affards less protection than the other sheltering options. 

The only viable respiratory option for adults is a face mask. Masks are 
not recoinmended for children or infants due to difficulties in achieving a 
tight fit. Expedient respiratory protection is not recommended for anyorie 
because it offers little protection against toxic vapors. Facelet masks do not 
offer protection for a sufficicnt time nor a very high level of protection. SCBA 
and mouthpiece respirators offer protection for an insufficient time. FOK 
infants, bubbles are a potenlial option, as are hoods for children. These are 
not designed for use by adults. Furthermore, bubbles are not aeconimended for 
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QRNL-DWG 89-16218 

Evaluation criteria 

Protection during implementation 

Protection 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 

SHELTER I hl Q 

Most Desirable Least Desirable 

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

Evaluation criteria 

Protection 

Length of protection 

lmplementation speed 

Amount of training required 

Use /sk i l l  

Resources required 

Maintenance 

Corn pati ble with evacuation 

Batteries required 

Initial intrusiveness 

Ongoing intrusiveness 

R ESPiRATORY PROTECTION I 

Least Oesirabfe Most Desirable 

Fig. 5.2. Expert panel evaluation of respiratory protection options. 
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Table 5.1 Potential protective actions in the IRZ for PUDA 

Option Adults C hildren Infants  Insti tutions I in D a i r d  

Evacuate  
Normal shelter 
Specialized shelter 
Expedient shelter 
Pressurized room 
Pressurized 
Enhanced shelter 
Gas mask 
Moods 
R 11 b bl e s 
Mouthpiece respirator 
Facelet mask 
Expedient respirator 
SCRA 
Special protective 

Expedient protectivc 

Prophylactic drug 
Antidotes2 
Evacuate/respir. prot. 
Respir. prot./shelter 

b u i 1 ding 

c l o t h i n g  

c l o t h i n g 1  

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 
N o  
No 
Yes 

No 

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 
N O  

NO 

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

If exposure to mustard agent aerosol is suspected, decontamination procedures 
clothirig should be considered. 

should be implemented as described above. 

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 room o r  
building is recommended. The 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. All other forms of respiratory 
protection would be very difficult to implement. 

Evacuation, per  se, is not recommended for any population subgroup in the 
IRZ. A feasible option for some slow-moving accidents at PUDA is to don 
respiratory protection such as a face mask, facelet mask, or a mouthpiece (or 
appropriate hood or bubble for children or infant) and then evacuate. This is 
not feasible for institutions or for the impaired to implement. 
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Table 5.2 Potential protective actions in the PAZ for PUDA 

Option Adults Children In fan ts  Ins t i t u t i on  s I ni I) a i r c$ 
Evacuate  Yes Yes Yes Yes Yes 
Normal shelter No No No No NO 
Specialized shelter Yes Yes Yes  Yes Yes 
Expedient shelter Yes Yes Yes No No 
Pressurized room Yes Yes Yes Yes Yes 
Pressurized building No No No Yes No 
Enhanced shelter Yes Yes Yes Yes Yes 
Gas mask No No No NO No 
Hoods NA No No NA NA 
Bubb les  NA No N O  NA NA 
Mouthpiece respirator No No No No No  
Facelet mask No No No No No 

SCBA No No No No No 
Expedient respir. prot. No No No No N 0 

Special protective No No No No No  
c l o t h i n g  

c l o t h i n g  
Expedient protective No No No No No 

Prophylactic drug No No No No No 
Antidotes1 No No No No No 
Evacuate/respir. prot. Yes Yes Yes No No 
Respir.  prot./shelter No No No No No 

NA = Not applicable 
If exposure to mustard agent aerosol is suspected, decontamination procedures 

should be implemented as described above. 

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

Antidotes and prophylactics for nerve agent exposure are not 
recommended for distribution to the general population because their 
administration requires trained medical workers. This could be an option at 
institutions with staff who can be trained to use such drugs. Although there 
are no antidotes for mustard exposure, prompt decontamination and 
symptomatic therapy after suspicion of exposure to a mustard release are 
advised. Use of household products (e.g., tissue paper, household bleach, soapy 
water, flour, talcum powder, washing abrasive, and salad oil) may be effective 
in removing mustard from the skin. Copious flushing with water is 
recommended for eye contamination. 

5 . 3 . 2  PAZ Options 

The PAZ options differ from the IRZ options at PUDA for two b:tsic 
reasons. First, a much greater amount of time will be available to implcnieetit 
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actions. Second, agent concentrations are expected to be much lower because 
significant dilution and dispersion will have occurred. 

Normal evacuation is an option for all populations in the PL4Z, as is 
pressurization of a room or a mass shelter. Pressurization of a building is not 
needed because sufficient time would exist to move people to a part of a 
building, or to a mass shelter, although this option should be retained for 
institutions. Other forms of sheltering are options as well. Respiratory 
protection and normal sheltering are not recommended because cvacuation 
and expedient sheltering are always preferred options. The use of respiratory 
protection during evacuation i s  a possible option. The use of drugs are not 
recommended for any group because the time and means exist to avoid 
exposure entirely. 

Even though the possibility of exposure is extremely limited for persons 
implementing the above protective actions in the PAZ, it is still advisable to 
implement decontamination procedures in the event of a mustard release. This 
is particularly the case since they require only very limited resources and 
have no adverse side effects. 

51.4~3 FZ Options 

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

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

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

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

Other options that are potentially feasible for protecting the general 
population in the IRZ include sealing a house, pressurizing one room or a 
building, using respirators while sheltering, or mass pressurized shelter. 
Protective clothing and decontamination are both recommended as means of 
minimizing the possibility o f  adverse effects due to skin deposition for mustard 
releases  . 

Evacuation with respiratory protection cannot generally be 
recommended. For accidental releases that are sufficiently small and slow- 
moving, however, such a strategy may be useful, particularly for thosc 
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mouthpiece respirator with a snorkel-type mouthpiece and strap for hanging 
it 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, 
r e spec t ive ly .  

For 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 prevent evacuation would also preclude expedient sheltering. 

For the PAZ, evacuation is recommended 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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In this section some additional information is presented regarding how 
the program guidance can bc implemented for the PUDA chemical stockpile 
based on the information previously presented on accident distribution, 
meteorology, topography, population characteristics, and protective action 
recommendations. Withnut the adoption and implementation of appropriate 
standards for command and control decisions and for imiert and notification 
systems, the effectiveness of the ~ e c o ~ ~ ~ ~ ~ d ~ ~  protective actions is greatly 
d imin i shed .  

6 1 STANDARDS 

Given the accidents that c o d d  occur at the PUDA facility and the 
proximity of the storage area and proposed plant site to civilian populations, 
an over?U c.smmand and control structure must be able to provide a decision 

xarning and protective actions in less than ten (10) minutes. This should 
enable the nearest populations to take a protective action. To meet this 
objective, $he ~ e ~ ~ ~ ~ p ~ ~ ~ ~ ~  of a rapid accident classification and decision 
support system i s  needed. 

Because o f  the short o r  nonexistent lead times and the proximity of the 
PUDA area to civilian populations, it would be important to delegate authority 
to the Army to make a protective action recommendation and activate the 
alertinotification system in the TRZ. Although a quick decision to implement 
protective actions in the PAZ i s  also desirable, it may be possible to work out a 
procedure for a rapid civilian decision process. This capability must exist on a 
24-hour basis. Sufficient flexibility and redundancy in the procedure should 
be provided to allow a fairly rapid decision for protective actions in the PAZ 
(e.g., within 30 minutes at the maximum). 

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

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

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

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

( 3 )  Agree to new warning system, communications systems, and 
command and control system designs. Such systems are critical to an effective 
emergency response capability. They also represent a major capital 
investment in equipment. The systems will likely be installed in a phased 
manner with critical and basic equipment that will not be obsolete to the 
entire system being installed on a rapid track. It is important that 
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 preliminary information effort until the formal public affairs/ 
education program is established. 

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

protective equipment for workers and the public, 
emergency worker requirements, 
mass shelter and decontamination needs, 
transportation and traffic control, 
emergency operations center (EOC), and 
monitoring equipment.  

(4) Install new warning, command/control, and communications 
sy s terns. 

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

( 8 )  Develop final plans and implementation procedures. The 
installation of new systems will require modification of the Phase I planning 
upgrades (see Sect. 1). The details associated with these steps are specified in 
the Program Guidance document. 
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6 . 3  CONCLUSIONS 

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

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

DISTRIBUTION OF ACCIDENTAL RELEASES 
FOR PUDA 

This appendix characterizes all accidental releases that have been 
identified in the CSDP risk analyses that could occur at PUDA (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 A.3 and A.4 

In Tables A . l  and A.3, the potential releases associated with disposal and 
storage/handling accidents, respectively, are arranged to display the range 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 likely 
and very stable meteorological conditions, respectively. These values were 
calculated using the Army's D2PC atmospheric dispersion code (Whitacre, et al. 
1986). The most likely meteorological conditions are defined as neutral 
atmospheric stability (D stability) and moderate wind speeds (3  m/s). The very 
stable meteorological conditions are defined as high atmospheric stability (E 
stability) and low winds (1 m/s). 

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

The event duration (column nine) represents the length of time (in 
minutes) during which the release could occur. When the value in this 
column is zero, all the agent would be released instantaneously, as with a 
detonation with no resultant fire. Longer values (e.g., 20 min through 360 
min) represent the estimated length of time that the release would continue 
before the available agent was depleted or the accident was contained. 
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Columns 10 and 11 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 agent, because of 
different agent characteristics (e.g., volatility and toxicity), is important in 
estimating the fatal plume distances and determining appropriate protective 
act ions.  

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 
release 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 equivalent 
to an instantaneous release. Under both nomenclatures, a complex release is 
considered to consist of some combination of these simple release modes. 
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Table A1 Accident scenarios for on-site disposal activities at PUDA 
(sorted by munition type, agent within munition type, and activity within munition type) 

Activity ML2 vs3 Amount 
ID’ and plume plume Amount of agent released of agent Event Munition Agent Release 
scenario distance distance Total Detonated Emitted Evaporated unreleased duration type‘ type’ mode6 

(b) (b) (lb) (W (lb) (lb) (lb) (min) 

vo 4 
PO 12 
PO 13 
PO 19 
PO 29 
PO 33 

vo 4 
> PO 12 
w PO 13 

PO 19 
PO 29 
PO 33 
PO 42 

vo 4 
PO 12 
PO 13 
PO 19 
PO 29 
PO 33 
PO 42 

0.41 1.53 
0.41 1.49 
0.5 1 1.96 
0.51 1.95 
0.5 1 1.95 
0.51 1.95 

0.83 3.37 
0.80 3.23 
1.03 4.30 
1.03 4.30 
1.03 4.30 
1.03 4.30 
0.19 0.66 

0.66 2.60 
0.45 1.67 
0.57 2.20 
0.59 2.20 
0.57 2.20 
0.57 2.20 
0.22 0.77 

88.308 
85.114 

133.045 
132.434 
132.434 
132.434 

331.131 
310.456 
496.592 
496.592 
4%.592 
496.592 
21.577 

2 13.304 
103.276 
162.181 
1 6 1.436 
161.436 
161.436 
28.1 19 

76.736 
69.183 

115.080 
115.080 
115.080 
115.080 

287.740 
259.418 
43 1.5 19 
43 1.519 
431.519 
43 1.5 19 

O.Oo0 

93.541 
84.333 

140.281 
140.281 
140.281 
140.281 

0.000 

11.508 
O.OO0 

17.989 
17.298 
17,298 
17.298 

43.152 
O.OO0 

65.464 
64.863 
64.863 
64.863 
21.577 

119.950 
O.Oo0 

21.777 
21.038 
21.038 
21.038 
28.119 

O.OO0 
15.931 
0.OOO 
O.OO0 
0.00 
0.OOO 

O.OO0 
5 1.038 
3.000 
0.o00 
O.OO0 
O.OO0 
O.OO0 

O.OO0 
18,943 

O.OO0 
O.OO0 
0.000 
0.000 
0.000 

O.OO0 
335.738 

O.OO0 
O.OO0 
0.OOO 
O.OO0 

0.OOO 
122 1.800 

O.OO0 
O.OO0 
O.Oo0 
0.OOO 
0.o00 

0.OOO 
406.443 

O.Oo0 
O.OO0 
O.OO0 
O.Oo0 
O.Oo0 

20 
360 
20 
20 

360 
360 

20 
360 
20 
20 

360 
360 
12 

20 
360 
20 
20 

360 
360 

12 

C H C 
C H C 
C H C 
C H C 
C H C 
C H C 

D H C 
D H C 
D H C 
D H C 
D H C 
D H C 
D H c 

P H C 
P H C 
P €i C 
P H C 
P H C 
P H C 
P H C 



Table Ab Accident scenarios for on-site disposal activities at BUDA (continued) 

Activity ID (activity during which accident occurs) 
PO = Plant operations 
VO = On-site transportation associated with on-site disposal 

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

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

Munition Type 
C = Cartridges (105mm) 
D = Mortar shells (4.2 in.) 
P = Projectiles (155mm) 

Agent Type 
H = Agents H, HT, HD ("Mustard") 

Release Mode 
C = Complex mode (including combinations of simple modes and indoor releases affected by building systems) 



Table A2 Scenario descriptions for accidents duriug 
on-site disposal activities at PUaA 

Activity 
code & 
scenario 

PI3 Scenario description 

PO 012 

PO 813 

PO 019 

PO 029 

PO 033 

PO 042 

vo 004 

Direct large aircraft crash damages the munitions demilitarization building (MDB); 
no fire. 

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

Indirect large aircraft crash damages the MDR; fire not contained in 0.S hours. 

Earthquakc damages the MDB; munitions are intact; fire occurs; fire suppression 
system fails. 

Earthquake causes munitions to fall but no detonation occurs, the MDB is intact, the 
toxic cubicle (TQX) is intact, earthquake also initiates fire, fire suppression system fails. 

Metal parts furnace (MPF) explosion due to failure to stop fuel now after a shutdown. 

A munitions vehiclc accident with Eire occurs, causing detonation of burstered 
munitions. Ignition of the propellant by a prohe could also detonate the burster of 
a cartridge, and the burster of a rocket could be detonated by impact-induccd ignition 
of the rocket propellant. 
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Activity ML2 vs3 Am0 Lln t 
ID' and plume plume Amount of agene released of agent Event Munition Agent Release 
scenario distance distance T ~ h l  Detonated Emitted Evaporated unreleased duration type4 type5 rnodc' 

(b) (b) (Ib) (W (W (3b) (W (min) 

SL 4 
SL 5 
SL 4 
SL 5 
SL 16 
HS 7 
SL 4 
SL 5 
SL 16 

4.33 
4.33 
6.61 
6.61 
1.75 
0.22 
8.65 
8.65 
2.32 

23.58 
23.58 
39.92 
39.92 
4.95 
0.75 

55.22 
56.22 
11.13 

8394.600 7294.580 
8394.500 7294.580 

19906.Y3O 17298.200 
19906.730 47298.200 
1383.556 1383.570 

26.915 23.388 
34753.620 30199.500 
34753.620 30 199.500 
2421.029 2421.030 

1093.960 
1093.960 
2594.180 
2594.180 

0.200 
3.508 

4539.420 
4539.420 

0.200 

6.059 
6.059 

14.350 
14.350 

0.OOci 
0.000 

14.700 
14.700 
0.000 

0.OOo 
am 
O.m 
0.008 
O.Oo0 
aO00 
0.W 
0.Ooo 
0.080 

20 
20 
20 
20 

240 
20 
20 
20 

240 

C 
C 
D 
D 
D 
P 
P 
P 
P 

M C 
H c 
H C 
H C 
H C 
H C 
H C 
H C 
H C 

Activity ID (activity during which accidcnt occurs) 
HS = Handling during long-term storage 
SL = Long-term storage 

2 MS = most Iikely meteorological condition of 3 m/s wind speed and D slabiiity. 

VS = very stabli: meteorological condition of 1 m/s wind speed and E stab Iity. 3 

Munition Type 4 

C = Cartridges (105rnrn) 
D = Mortar sheik (4.2 in.) 
P = Projectiles (155rnn) 



Table A3 Accident scenarios for storage and handling activities at PUDA 

Agent Type 
H = Agents H, HT, HD ("Mustard") 

Release Mode 
C = Complex mode (including combinations of simple modes and indoor releases affected by building systems) 



Table A 4  k n a r i n  d riptiom for accidents during 
storage and handhg actisitics at PUDA 

Activity 
code & 
scenario 

ID Scenario description 

HS 007 Collision accident with prolonged fire. 

SL 004 Large aircraft direct crash onto storage area; fire not contained in 30 min. (Note: 
Assume detonation occurs if burstcred munitions hit, fire involving burstercd munitions 
not contained at all.) 

SL 005 Large aircraft indirect crash onto storage area; fire not contained in 30 niin. (See note 
for SL 004.) 

SL 016 Large aircraft direct crash, no fire, detonation (if burstered). 
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APPENDIX B 

DISTRIBUTION OF METEOROLOGY NEAR IWDA 





This appendix contains graphs showing the distribution of wind 
dircctiuras and atmospheric stabilities for separate wind speed classes. These 
wind speed CIBSSCS, which correspond ta monitored data near PIJDA, are: 

1. less than 2.1 m;s (4.7 mph) 
2. betweerr 2.1 and 3.6 m/s (4.7 - 8.1 mphj 
3.  between 3.6 and 5.7 m/s (8.1 - 12.8 xnph) 
4. between 5.7 and 8.7 111,’s (12.8 - 1925 mph) 
5.  
6. greater than 10.8 m/s (24.2 mgh) 

betwecn 8.7 ma 10.8 anis (19.5 ~ 24.2 mph) 

A s  noted in Sect. 3.2.2, more recent and geographically valid data are in tfxe 
process of being assembled and will be reported when available. 
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0SP1TA4LS w IN 100 KM OF THE PROPOSED CSDP BEAIV?' 
SITE A T  PIIIEBLO DEPOT ACTIVITY 





Table 6.1 Health care fi~cilities within 100 k m  of the proposed CSDP plant site 

Hospital P l ace  County Ejeds Occupancy Distance (km) 

Colorado State Wospitaia 
Parkview Episcopal Medical 
St. Mary-Corwin Hospital 
U. S. Army Community Hospital 
St. Joseph Hospital 
Cedar Springs Psychiatrica 
Eisenhower Medical Center 
Memorial Hospital 
Penrose Hospital 
St. Francis Hospital 
Union Printer's Home 
St. Thomas More Hospital 
U. S .  Air Force Academy Hospital 
Huerfano Memorial Hospital 

7J w 

Pueb lo  
Pueblo 
Pueblo 
Fort Carson 
F lo rence  
Colorado Springs 
Colorado Springs 
Colorado Springs 
Colorado Springs 
Colorado Springs 
Colorado Springs 
Canon City 
W A F  Academy 
W a1 s e n b u r g  

Pueb lo  
Pueb lo  
Pueb lo  
El Paso 
F reemont  
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
F r e e m o n t  
El Paso 
H u e r f a n o  

716 
25 5 
260 
126 
77 
91 

122 
342 
460 
193 
168 

8 1  
80 
3 8  

93.2 
50.7 

NA 
63.5 
63 -6 

NA 
33.6 
47.1 
59.3 

NA 
NA 
NA 
71.3 
39.5 

24 
24 
24 
60 
68 
70 
70  
70  
70 
70 
70 
80 
85 
a7 

a Psychiatric hospital 

Sources: American Hospital Association 1986, Guide to the Health Care Field; 1986 Edition (Chicago: American 
Hospital Association); and U. S .  Department of the Interior, Geological Survey Map. 
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At the time of a chemical agent release it  is essential to know how far a 
lethal plume might travel so that ~~~~~~~~~~~ warnings can be made and 
appropriate protective actions can be re~ortimended. The ability to do this 
depends on the both release chdrncteristics Ox., agent type, size, and mode of 
release) and prevailing meteorological conditions (Le., wind speed, wind 
direction. and atmospheric stability). To the extent possibk, it i s  desirable to 
know in advance the relalionships among thcse variables so that precious time 
is not spent performing analyses fundammiad, to making public alert and 
protective action recommendations. This appendix is an initial attempt to 
provide some of this analysis. 

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

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

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

Emergencv Pla nning 20 nes 

How many zones are appropriate for the site? 
What is the basis for setting distances? 
What distances should they extend to? 

What mechanism will be used to detect releases? 
How will accidents be classified? 
How will source terms be estimated'? 
What met data is needed? 
What dispersion code will be used? 
What resources and equipment is needed to support the code? 
Who will make the assessment? 
How will assessment results be communicated? 

Command and Co ntral 

Who is in charge initially? 
Who assumes control? 
Do A m y  regulations allow a difrerent decision process than the current one? 
What command/control system will be used? 
Will the communities give the Army authority to warn the public? 
What EOG will be used? 
What is the backup EOG? 
Is EOC equipment adequate? 

Protective Action Outions 

What options will be considered and utilized? 
What hardware and resources are needed to support options? 
What installation is needed? 
What will be distributed to the public? 
What information/training is needed? 
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Who will make the decision? 
Will protective action guides be established? 
Will the process be automated? 

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

Who decides to issue the warning? 
What i s  the warning source? 
What is the content of the warning? 
What warning system will  be used? 
What areas will be covered? 
What equipment will he purchased and installed? 
What is the strategy for rumor control? 

Traff ic  Co n t t d  

What areas will be isolated? 
What traffic control equipment is needed? 
What arc the personnel needs? 
What equipment is  needcd? 

Worker Protection 

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

What special populations exist at a site? 
Now will different groups be warned? 
How will special populations be protected? 
What cquipinexlt is necded? 
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Medical S s r v i m  

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

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

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

Inform ation Management 

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

Mass Care 

What is the need for shelter for evacuees? 
Mow will people be monitored for exposure? 
What decontamination capabilities are needed"? 
What additional resources (food clothing) are needed? 

R e  en t r y  

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

What types of public information are needed? 
What types of worker training are needed? 
What pre-emergency agreements are needed? 
What sops are needed? 
How will preparedness be exercised and tested? 
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