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ABSTRACT 

TITLE I11 of the 1986 Superfund Amendments and Reauthorization Act 
(SARA) requires communities that have industrial or other facilities that 
store or use certain hazardous chemicals to develop emergency response 
plans for chemical accidents. Facilities that have such chemicals are 
required to disclose information to the communities. 
Section 305-b of TITLE 111, the U. S. Environmental Protection Agency 
(EPA) is required to prepare a report to congress reviewing current 
emergency systems for chemical accidents, including prevention, monitor- 
ing, detection and public alert technologies. 

(1) the technology used 
to alert and notify the public in conjunction with chemical release, 
( 2 )  the procedures used to alert and notify the public in conjunction 
with a chemical release, (3) the management practices associated with the 
process used to alert and notify the public in conjunction with a chemi- 
cal release, and ( 4 )  the relationships between facility characteristics, 
emergency system characteristics, and system effectiveness with respect 
to alert and notification o f  the public. 

As directed by 

The purposes of this study were to assess: 

Data for  the study was collected from a non-random sample of com- 
munities with hazardous facilities. €PA had selected 525 chemical facil- 
ities t o  include in the study using a purposive sampling frame. 
sample of communities was selected by matching the facilities to city- 
level emergency management agencies. When more than one facility was 
matched to a community or county, a single facility to use as the refer- 
ence point was chosen. A total sample size of 277 local emergency 
planning organizations was identified. Responses from 60% of the sample 
were received. 
facility included in the study. 
plete data form the basis for this report. 

The 

Twenty-three communities did not or no longer had the 
The first 137 questionnaires with com- 

Five major findings emerged from the study: First, communities do 
not have the knowledge about what types of information about a chemical 
accident is needed to make good decisions in an emergiency. Too much 
reliance is placed on making warning and protective action decisions in a 
crisis setting without prior planning about how that process would occur. 
Second, communications linkages from both a hardware and a human stand- 
point between facilities and communities are largely unreliable and 

vi i 



inadequate. Third, plans and implementation procedures at both the 
facility and in the community are weak or non-existent in many cases and 
require greater attention. Fourth, many existing alert and notification 
systems would work to provide a precautionary alert over a several-hours- 
time period but would fail to provide a timely warning in a sudden acci- 
dent. Fifth, the response of the public t o  a warning, particularly in 
the absence of pre-emergency information i s  uncertain and potentially 
problematic. 

The improvement of public alert systems i s  feasible without the 
development of new technologies. The problem of diffusing existing 
technology and knowledge is greater at present than the problems created 
by the lack o f  appropriate technology. Unless new technologies lead to 
low cost equipment which could rapidly alert and notify the public, and 
could be easily installed and maintained, further technological advances 
would only increase the gap between practices and the state-of-the-art. 

viii 



1. INTRODUCTION 

The purpose of this study i s  to evaluate (1) the technology and 
procedures used to alert the public in the event of a chemical release; 
(2) the management practices associated with these processes; and 
( 3 )  the relationship between the facility, emergency system chairacter- 
istics, and system effectiveness. 

Data from surveys and secondary sources are used t o  compare exist- 
ing public alert and notification systems to the state-of-the-art tech- 
nology, procedures, and management practices. 
problems and constraints that would interfere with a timely and effec- 
tive emergency warning and determines where significant improvements can 
be made in public alert and notification systems or chemical emergen- 
cies. 

The research assesses 

2. A REVIEW OF PUBLIC ALERT AND NOTIFICATION SYSTEMS 

This section develops the theoretical basis for the investigation 
of public alert and notification systems for potential fixed-site chemi- 
cal emergencies. Three areas are addressed: ( 1 )  a systems approach is 
used to develop a definition of a public alert and notification (warn- 
ing) system, (2) a framework for evaluating the effectiveness of organi- 
zational aspects of alert and notification is developed and, ( 3 )  the 
process of public response to warnings i s  discussed. The continuation 
of these three elements provides a state-of-the-art evaluation of the 
public alert and notification process. The warning process and primary 
considerations will be discussed, but a comprehensive literature review 
will not be provided. 

2.1 THE WARNING PROCESS 

A general model of a warning decision system has been developed by 
Sorensen and Mileti (in press, b; Mileti et al., 1985). This model 
defines the general component, common decision points, and links that 
are characteristic of all warning and protective action decisions. The 
key decision points and communication links that define the process are 
illustrated in Fig. 1. The model has three basic components: a detec- 
tion subsystem, an emergency management subsystem, and a public response 
subsystem. The initial stage in the decision-making process i s  the 
detection of a hazard or the recognition that the environment poses a 
hazard. Once a hazard i s  detected, the second key decision i s  whether 
the hazard poses a threat. If the threat is judged to be significant, 
the detector/assessor must decide whether to alert the public or offi- 
cials of the risk and potential damages and who should be notified o f  
the threat. The notification of a public official typically results in 
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the activation of an emergency response system. 
initially notified must decide if others should be involved in a 
decision to warn. Once mobilized, a decision must be made by emergency 
managers whether the risks warrant warning or protective action. 
Finally, a decision is made about the type of protective action needed, 
whether to warn the public, and if so, by what process. 

The organization 

This model illustrates that the organizational component of an 
emergency can range from a simple situation involving a citizen origina- 
ted detection and alert mechanism to a complex situation involving a 
large scientific monitoring program accompanied by a bureaucratic 
government decision structure. The process is often interactive with 
numerous dynamic communication flows regardless of the scale and com- 
plexity. As such, the model implicitly recognizes the need for integra- 
tion between the subcomponents, the need for timely and effective com- 
munication links, and the importance of decision making that includes 
those associated with public response. 

2.2 ORGANIZATIONAL ASPECTS OF WARNING 

A recent report attempts to synthesize the process o f  evacuation 
decision making and to characterize the uncertainties encountered in 
previous emergency warning situations (Mileti et al., 1985). This study 
induces four general categories and nineteen specific uncertainties that 
constrain emergency decisions of public officials within emergency 
organizations. These categories are: 

1 .  Problems of interwetation including difficulties in recog- 
nizing a hazardous event; recognizing the consequences or 
likelihood of an event; definition o f  the magnitude o f  the 
event; and failure to define an evacuation role, recognize 
relevant information, or define appropriate authority. 

2. Problems of communication including who to natify, the 
ability to describe the hazard, the ability to communicate, 
and dealing with conflicting information. 

3 .  Problems of misperceived impacts of a decision including 
panic, looting, or other adverse consequences; loss of j o b  
or other negative personal impacts; and economic costs of 
evacuating and liability. 

Problems of exoqenous influences including time availabil- 
ity, evacuation feasibility, prior experiences, planning, 
and outside pressures or expectations. 

4 .  

These constraints arise for a variety of underlying reasons. 
ment of emergencies and the processes involved in implementing warnings 
have been extensively documented in many case studies. 
serve as a basis for understanding effective organizational responses to 

Manage- 

These studies 
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emergency situations. 
Appendix D. 
effectiveness is provided in Table 1. 

Major relevant findings are briefly summarized in 
A summary of the concepts that relate to organizational 

2.3 PUBLIC RESPONSE TO WARNINGS 

Perry and Mushkatel (1984; 1986) describe an emergency decision- 
making model for natural and technological disasters. The protective 
action process is initiated upon receiving a message regarding a threat. 
A series of questions follows, and a negative response at any stage leads 
to inaction. At the first stage, the question is whether a threat really 
exists. Influencing the internal answer to this question are the presence 
of environmental cues and confirmation and perception of credibility of 
the warning source. If a threat does exist, it must be determined if the 
risk is personal. This evaluation is influenced by the content of the 
message received and previous experience. If the threat is real and 
personal, is protection possible? Phis answer is influenced by past 
experience and knowledge about the threat. The evaluation of protective 
action is followed by asking if protective action can be taken. This is 
shaped by timing, family context, and having a plan of action. The next 
question is whether action will significantly reduce the threat or conse- 
quences. The evaluation o f  effectiveness is thought to be influenced by 
past experience and sociocultural beliefs. 

Finally, a recommended action i s  evaluated. I f  this action is in 
agreement with the assessment o f  the situation, the recommendation will 
likely be followed; if not, other choices are reviewed, while considera- 
tion is given to the actions of friends, kin, and neighbors. People at 
risk then proceed to take the action perceived t o  minimize the negative 
consequences. 

A slightly different model of warning response has been advanced by 
Mileti and Sorensen (1987; in press). The model also suggests a staged 
set of processes over time, but it i s  less  rigid in its structure. The 
wrning response process is initiated when the warning is received. In 
many cases, receiving a warning i s  insufficient by itself for people to 
take action. The next stage is understanding the warning. Understanding 
involves the formation of mental images of the message content consistent 
with the threat situation. After understanding, people must come to 
believe that the warning i s  true and accurate. Next, they must persanal- 
ize the message as being relevant to themselves. Finally, they must 
decide to take action and overcome constraints to taking that course of 
action. Throughout the process a variety of factors influence hearing, 
understanding, believing, personalizing, deciding, and behaving. These 
relate to the nature of the warning effort, the characteristics of the 
receiver, and the process o f  confirming the warning information. The 
relationship between such factors and warning responses has been exten- 
sively cataloged elsewhere and will not be repeated in depth in this 
report. 
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Table 1. A summary of concepts related to organizational effectiveness 

Concept Defi ni t i on 

Role definition 
Authori ty 
Territory 
Priority setting 
Normative 
responsibilities 

Legitimacy 
Communications 
abi 1 i ty 

Knowl edge 

Formal i zat i on 
Adaptability 
Control 

Organizational Re1 ations 

Clearly defined responsibilities 
Clearly defined powers and authority hierarchy 
Clearly limited boundaries of authority 
Understood mechanisms for setting priorities 
Similarity between normal and emergency 

Responsibilities are viewed as significant 
Ease and clarity of access and information 

Level of understanding about responsibilities 

Intra- and Inter-Organizational Flexibility 

Domain 
Dispute resolution 
Legitimacy of roles 
Resource adequacy 
Aut onorny 
Communications 
abi 1 i ty 

Authority 
Interaction cl ari ty 
Knowl edge 

Ability to deviate from written procedures 
Ability to respond to new situations 
Ability to exercise and retain authority 

Interorganizational Network 

Clearly defined division o f  responsibility 
Mechanism for negotiating differences 
Acceptance by other organizations 
Sufficient resources to perform role 
Ability to relinquish for good of system 
High level o f  links between organizations 

Network hierarchies are clearly established 
Organizations know with whom t o  interact 
Functioning of the system i s  understood 
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Consequently, this section only attempts to summarize some of the 
general research findings that can enhance the issuance of emergency 
warnings (Mileti and Sorensen, in press; Sorensen, 1984; 1982). In 
addition to the way in which a warning i s  issued, a variety o f  social and 
psychological factors influence the ways in which warnings are interpreted 
(Sims and Baumann, 1972; Mileti, 1975), Warnings are also supported by 
public education and information programs. 

Ten factors have been documented as being important to the issuance 
of an effective warning. The first factor is the source of the informa- 
tion. Emergency public information or warnings that are credible and 
re1 iable to the people receiving them are more 1 i kely to stimulate evacua- 
tion. People have different views about who is credible and who is not, 
and any one source will not be perceived as credible by an entire popula- 
tion. A warning message that contains endorsements by a mixture of scien- 
tists, organizations, and officials is more likely to be considered 
credible 

Second, a warning message is more effective if it is consistent in 
the information given and the tone used to convey the message. Incon- 
sistency in the tone or information in a message creates confusion and 
uncertainty among recipients (Segaloff, 1961). Also, it is important that 
the message be consistent in the way it conveys information about the 
level of risk. For example, a message stating that something bad is 
happening but there is no cause for concern is less effective than one 
that states how concerned people should be because o f  the severity of the 
situation. 

Third, consistency among multiple warnings i s  also a determinant of 
understanding and belief. 
1956) found that inconsistent information caused confusion, and therefore, 
people were less likely to understand or believe that a flood was going to 
occur. Fritz (1957) reached the same conclusion in a study of warning 
responses in a wide range of disasters. Accuracy of the information also 
affects understanding and belief. For example, Mileti et al. (1975) 
states that past errors in disaster warnings can cause people to be less 
likely to believe subsequent warnings. 

A study of the Ria Grande Flood (Clifford, 

Fourth, clarity of the emergency information is important. An effec- 
tive warning message is worded clearly and issued in simple language that 
can be easily understood; therefore, there is less chance that the public 
will misunderstand the message or ignore it. 

Fifth, a message that conveys a high level of certainty about the 
events taking place and what people should do is more effective than a 
tentative one. 
tion, the messages can vary in their level of certainty (even about the 
ambiguity). Certainty determines the level of belief in a warning and 
affects decision making. 
tion, it was found that warnings became tnore believable as the probabil- 
ities attached to them became greater (Mileti et al., 1981). 
are certain, people are more likely to evacuate. 

Even if there is a low probability or an ambiguous situa- 

In a study of response to an earthquake predic- 

If warnings 
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Sixth, the extent o f  the details included in a message influences 
evacuation decisions. Not knowing, or feeling that one has insufficient 
information, creates confusion, uncertainty, and anxiety. If messages 
contain insufficient information, the public's response is to fill the 
information void. This can promote rumors, uninformed misperceptions, and 
fears. The amount of information provided affects understanding, per- 
sonalization, and decision making. 
cane and flood warnings conducted at the University o f  Minnesota found 
that general and vague warnings caused people not to take protective 
actions (Leik et al., 1981). In a study of response to the Mt. St. 
Helens's eruption, it was found that more detailed information led to 
higher levels of perceived risk, and therefore, more protective action was 
taken (Perry and Green, 1982b). 

A study o f  family response to hurri- 

Seventh, messages containing clear statements of guidance regarding 
what people should do about the event being described and how much time 
they have in which to act are more effective than ones that do not provide 
specific instructions. Guidance i s  often necessary to encourage people to 
take proper action. 
1977) found that people who received warnings during the flood were not 
necessarily advised about what they should do. A s  a consequence, many who 
were warned attempted to drive out of the canyon and were killed. 

A study of the 8ig Thompson Canyon Flood (Gruntfest, 

Eighth, the frequency of public messages influences evacuation 
behavior. 
Frequent information is thought to reduce anxiety created by not knowing 
when one can confirm what i s  happening or where they can learn more 
details. In addition, frequent messages reduce the effect of misinforma- 
tion and misperceptions. Frequency affects hearing, understanding, 
believing, and deciding, and i s ,  thus, important at most stages of 
response. Numerous studies underscore the importance of repeated warnings 
as a condition for response. 

People often do not evacuate after hearing one warning. 

Ninth i s  the specification of location in the message. Emergency 
warning information should state clearly the areas affected or potentially 
affected by the event. 
bility and personalization of a warning. 
found that the greater the proximity to a threatened area, the more likely 
a message will be believed. 
specific messages lead to greater levels of personalized risk (Perry and 
Greene, 1983). 

Identifying a location i s  important t o  the credi- 

Other studies show that more location- 

For example, Diggory (1956) 

Tenth, the channel of information plays an important role in warning 
Effective warnings use a range o f  possible channels instead of 

This helps in reaching as many people as possible in a 

Personal communications are generally more effective in 

response. 
a single channel. 
short period o f  time. 
than others. 
getting people to rapidly evacuate than media or sirens (Mileti et al., 
1975; Gruntfest, 1977). 

Effective public response is the chief goal of a public alert and 
notification system. 

Moreover, some channels appear to be more effective 

The effectiveness of any given system cannot be 
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measured in a simple and easy manner. It is the results of a variety of 
factors including effective decisions, good communication among key 
authorities, effective dissemination of an alert t o  the public, and good 
emergency information. In the next section, the methodology for imple- 
menting these concepts with respect to emergency warnings for fixed-site 
chemical accidents is described. 

3 .  METHODOLOGY 

3 . 1  UNIT OF ANALYSIS 

The unit o f  analysis for the study is the "community." A community 
is a social unit, not necessarily matching with a local political juris- 
diction. Because the topic o f  interest is the community's response to a 
chemical emergency, specifically to alert and notify the public, the 
community is represented by the local political jurisdiction responsible 
for emergency alert, notification, and planning for chemical accidents. 

If facilities are located in a sizeable city, this will likely be a 
municipal government or a combined city-county government. If the facil- 
ity is located outside a major city, in a rural area or an unincorporated 
town, this will likely be the county government. Facilities in small 
towns could be served by either a county or city government with respect 
t o  the warning responsibil i ty. 

Thus, the mapping o f  the facility into the appropriate local juris- 
diction is somewhat problematic, because no written data is maintained on 
the local organizational level responsible for alert and notification of 
the public on a systematic and camprehensive basis. 

3.2 SAMPLING APPROACH 

The U.S. Environmental Protection Agency (EPA) selected facilities 
that store or use 20 hazardous chemicals t o  represent current industry 
emergency planning, mitigation, prevention, and monitoring practices. The 
approach used t o  select communities to include in the study was to match a 
facility to the community with jurisdiction over that facility. 
approach used to identify the appropriate community organization is based 
on the Federal Emergency Management Agency's (FEMA) national data base on 
local emergency response organizations. Their data base contains informa- 
tion on more than 3300 local emergency response organizations at the city, 
county, and combined city-county levels. It represents the best available 
data on local emergency respansibilities. The concept matched facilities 
to organizations in this data base at the city and county level. The city 
was used first, because it is, in most cases, the smaller unit (i.e., a 
single county may contain multiple municipalities, each with their own 
emergency response organizations). 

The 

The match was then made at the county 
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level. When no matches were found for a facility, telephone calls were 
made to ascertain jurisdictional responsibilities. 

3 . 3  SAMPLING FRAME 

The EPA selected 525 chemical facilities to include in the study. 
The sampling was not random, but communities were selected as follows. 
First, the community in which each facility was located was matched to 
city-level emergency management agencies in FEMA’s Hazard Identification 
Capabil i ty Assessment and Mu1 ti -Year Development P1 an (HICAMYDP) data 
base. After all matches were made, counties in which the remaining facil- 
ities were located were matched to a county-level emergency planning 
organization in that same data base. Nhen more than one facility was 
matched to a community or county, a single facility to use as the refer- 
ence point was chosen. The following criteria were used for choosing 
facilities when more than one facility existed in a community. 

1. Facilities known to be suspect, based on the returns o f  
facility questionnaires, were eliminated. 

2. Facilities that matched the name o f  the city identically 
were selected. 

3 .  Facilities with the rarest chemical (out o f  the 14 chemi- 
cals with less than 100 facilities) were chosen. 

4 .  Facilities with chlorine were selected. 
5. Private companies were chosen. 
6. Facility was randomly selected from among the pool of 

remaining facilities. 

At this stage, 248 facility-community matches had been made. 
sixty-eight facilities were eliminated because they were not chosen when 
selecting a facility for a given city. 
because they were not chosen at the county level. 
did not match the data base at the city or county level. 
appropriate local emergency management organizations were identified for 
29 facilities. Ten facilities were never matched to a local planning 
Organization. This resulted in a total sample size of 277 local emergency 
planning organizations that matched with a facility in the €PA survey o f  
facilities. Thus, the final categories of facilities are as follows: 

One hundred 

Seventy facilities were dropped 
Thirty-nine facilities 

Of these, 

277 Sample communi ties 

168 Eliminated because there were multiple facilities in a 
single c i t y  

Eliminated because there were multiple facilities in a 
county 

70 

10 Could not identify a responsible local emergency 
organization 
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Theoretically, some of the 78 facilities eliminated at the county 
level could be included if they were located in a municipality for which 
a local organization for alert/notification existed separate from the 
county. No attempt was made to identify such possibilities because of 
time constraints. 

The screening question on the second page o f  the questionnaire con- 

In all 

tained a response that the facility existed but was located in another 
jurisdiction. 
tionnaire with another jurisdiction listed as being responsible. 
cases, the questionnaires were sent out to the replacement communities. 

In total, eight community organizations returned the ques- 

In several cases, the communities receiving questionnaires called to 
inform that the facility listed for the community did not exist, but they 
had other facilities with hazardous chemicals and wanted to complete the 
questionnaire. In such cases, they were instructed to fill out the ques- 
tionnaire and to make a note o f  the name of the facility used as a refer- 
ence point. 

3 . 4  PROCEDURES USED FOR THE COLLECTION OF INFORMATION 

The questionnaires were mailed to the chief or head of the local 
agency responsible for emergency planning in each local jurisdiction 
defined to be in the community sample. 
fied in FEMA’s Hazard Identification Capability Assessment and Multi-Year 
Development P1 an (HICAMYDP) for local governments’ data base. Instruc- 
tions were included to have the recipient o f  the package give it to the 
person in the jurisdiction or area who was in charge o f  emergency planning 
for the facility. Follow-up letters were sent to all communities that d i d  
not return the questionnaire, 
incorrect addresses and were remailed at later dates. 

The majority of these were identi- 

Four questionnaires were returned with 

3.5 RESPONSE RATES 

It was estimated that with telephone follow-up calls, 60 to 70% of 
the communities receiving the questionnaire would respond. This report is 
based on instruments returned by March 1 ,  1988 and represents responses 
from 59% of the sample, and 49% from completed questionnaires. 
10% were returned with the completion of the screening question indicating 
that the facility did not exist in the community. If the response pattern 
to the facility and community questionnaire i s  independent, an expected 
matched pair response of between 33 and 39% of the communities was pre- 
dicted to be achieved initially. Based on the response rates achieved, 
about 14% of the communities would tnatch a facility assuming random rela- 
tions in the return rates. These data represent a 16% matching between 
the communities (1 = 44)  and the facilities surveys. Communities included 
in the study are listed in Appendix B by size and location. 

The other 
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3.6 QUESTIONNAIRE DESIGN 

The questions are derived from previous empirical studies o f  emer- 
Data concerning the gency warning and alert systems for other hazards. 

community's ability to provide an alert are developed from a systems model 
of the emergency alert process (Sorensen and Mileti, 1987). The model 
specifies the general tasks, decisions, and information flows that define 
an emergency alert system. 
element of the model. 

Questions in this survey measure each major 

Data on alert system effectiveness are derived from a review of 
characteristics associated with an effective emergency organization 
(Mileti and Sorensen, 1987). The survey measures the key organizational 
factors that previous research indicates are important in providing an 
effective alert. 

Based on this approach, the questionnaire collects data in ten topi- 
cal areas. These areas include emergency resources in the community, 
responsibilities to provide an alert, communications technologies, alert 
decision-making procedures, provision o f  public information, character- 
istics of the population at risk from the facility, warning technologies, 
the timing and contents of an alert, and the coordination of emergency 
planning. 

4 .  FINDINGS 

4 . 1  WHAT IS THE MAGNITUDE AND NATURE OF THE PUBLIC ALERT FUNCTION? 

The public alert functions differ with respect to the numbers and 
types of human populations exposed to the risk. 
in an area, the population distribution, and the population density are 
relevant aspects of the warning problem. 

The number of households 

A second relevant characteristic is population fluctuations. These 
can occur on a diurnal cycle; for example, a large number of cammuters may 
be present during the day, but not at night. Conversely, suburban areas 
may have their peak populations at night. Weekly fluctuations may occur 
on certain days; for example, a recreation area that l"s crowded on week- 
ends may not be crowded on week days. Finally, seasonal variation can be 
significant; waterfront areas may have a peak summer population but a much 
smaller winter population. 

A third type o f  population characteristic involves special population 
subgroups. Institutional populations include people in schools, hospi- 
tals, correctional facilities, nursing homes, and other facilities in 
which people cannot fully care for themselves. Special warning considera- 
tions are required because it takes more time to respond to an emergency. 
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4.1.1 Resident i a1 Popul a t i  ons 

The chemical f a c i l i t i e s  a re  l oca ted  i n  f a i r l y  densely populated 
areas. 
t h e  f a c i l i t i e s .  
1 m i le .  
assuming a un i fo rm d i s t r i b u t i o n .  

An average o f  about 4400 people r e s i d e  w i t h i n  a l - m i l e  r a d i u s  o f  
I n  one case, 35,000 people a re  est imated t o  l i v e  w i t h i n  

On average, t h e  popu la t i on  dens i t y  i s  about 1370 people/sq. m i l e  

Wi th in  5 m i l e s  o f  t h e  f a c i l i t i e s ,  t h e  average popu la t i on  i s  42,600, 

In severa l  cases, 
Overa l l ,  t h e  

w i t h  an average d e n s i t y  o f  550 people/sq. m i le .  The maximum popu la t i on  
w i t h i n  5 m i l e s  o f  a f a c i l i t y  i s  est imated a t  600,000. 
however, t h e  popu la t i on  w i t h i n  5 m i les  i s  c lose  t o  zero. 
popu la t i on  d e n s i t y  w i t h i n  1 m i l e  o f  t h e  p l a n t  i s  much g r e a t e r  than t h a t  
w i t h i n  5 mi les .  

4.1.2 F l u c t u a t i n q  Po ix i la t ion  

Three types o f  popu la t ion  f l u c t u a t i o n s  were examined: d i u r n a l ,  
weekly, and seasonal. D iu rna l  popu la t i on  f l u c t u a t i o n s  are  repo r ted  a t  
rough ly  one -ha l f  o f  t h e  s i t e s .  
uncommon, occu r r i ng  i n  29% o f  t h e  communities surveyed. Seasonal popula- 
t i o n  f l u c t u a t i o n s  are  repor ted  i n  o n l y  15% of t h e  communities. 

Weekly popu la t i on  f l u c t u a t i o n s  are  more 

4 .1 .3  I n s t i  t u t i  m a l  Populat ions 

Schbols a re  the 'most  common f a c i l  
f o l l owed  by h o s p i t a l s  and nu rs ing  
Twenty - f i ve  percent  o f  t h e  commun 
A l l  such i n s t i t u t i o n a l  f a c i l i t i e s  
s i d e r a t i o n  t o  g i v e  them t h e  e x t r a  

I n  10% o f  t h e  communities, a 
5 m i l e s  o f  t h e  f a c i l i t i e s .  Of ten 

About 83% o f  t h e  communities have i n s t i t u t i o n a l i z e d  popu la t ions  
w i t h i n  5 m i les  o f  t h e  f a c i l i t i e s .  Several o f  these have f a c i l i t i e s  i n  
numbers s u f f i c i e n t l y  l a r g e  t h a t  respondents would r e p o r t  t h a t  t h e r e  are  
many b u t  n o t  r e p o r t  t h e  ac tua l  number; o thers  may have o n l y  a few. 

t y  (64% o f  t h e  communities) repor ted,  
homes (41  and 45%, r e s p e c t i v e l y ) .  
t i e s  r e p o r t  hav ing pr isons  o r  j a i l s .  
r e q u i r e  spec ia l  and r a p i d  warning con- 
t ime needed t o  respond. 

c o l l e g e  o r  u n i v e r s i t y  i s  l oca ted  w i t h i n  
these co l leges  and u n i v e r s i t i e s  have 

l a r g e  popu la t ions  o f  students;  there fore ,  they  present  d i f f e r e n t  warning 
problems i n  t h a t  t h e i r  popu la t ions  are  o f t e n  d ispersed over a number o f  
b u i l d i n g s  and a re  i n  constant  movement. 

4.1.4 Land Use 

Land use i s  impor tant  i n  eva lua t i ng  warning systems because i t  
r e f l e c t s  t h e  area i n  which d i f f e r e n t  types o f  systems a re  bes t  su i ted .  
W i th in  1 m i l e  o f  t h e  f a c i l i t i e s ,  on average, about 61% o f  t h e  l a n d  i s  
est imated t o  be occupied by people, and 29% o f  t h e  61% i s  i n  r e s i d e n t i a l  
use. 
r e s i d e n t i a l  use inc reas ing  t o  39%. Th is  represents  an area o f  about 

W i th in  5 mi les ,  t h a t  amount increases t o  65%, w i t h  t h e  percentage i n  
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2 sq. m i l e s  t h a t  r e q u i r e s  ser ious warning cons ide ra t i on  and an a d d i t i o n a l  
51  sq. m i l e s  w i t h i n  t h e  1- t o  5 - m i l e  r a d i u s  t h a t  r e q u i r e s  warning con- 
s i d e r a t i o n .  

4 . 2  HOW WILL FACILITIES NOTIFY COMMUN 

The l i n k  between t h e  chemical f a c  
muni ty  u s u a l l y  i s  n o t  d i r e c t .  Warning 
o r  county o f f i c i a l s .  The i n i t i a l  s tep 

TY OFFICIALS? 

l i t y  and t h e  people i n  t h e  com- 
dec i s ions  u s u a l l y  a re  made by c i t y  
o f  a warning i s  t o  n o t i f y  t h e  

approp r ia te  community o f f i c i a l s  o r  p o i n t  o f  con tac t .  
presents  a n a l y s i s  o f  how t h i s  i s  done and whether the process i s  e f f e c -  
t i v e .  

T h i s  s e c t i o n  

4 . 2 . 1  T w e  o f  EauiDment 

Communities expect f a c i l i t i e s  t o  n o t i f y  them i n  a number o f  d i f f e r e n t  
ways. The pr imary channel i s  by commercial telephone. S i x t y - s i x  percent 
o f  t h e  communities c i t e d  te lephone systems as t h e  p r imary  l i n k .  Approxi-  
mate ly  o n e - t h i r d  o f  t h e  communities s t a t e d  t h a t  r a d i o s  would a l s o  be used. 
Th is  i s  not  unexpected; these represent  t h e  most common forms o f  commmuni- 
c a t i o n  i n  general as w e l l  as i n  emergencies. 

Both te lephone and r a d i o  a re  n o t  viewed by exper ts  as h i g h l y  r e l i a b l e  
forms o f  communication. Telephones may f a i l  (sometimes from t h e  same 
event t h a t  caused t h e  chemical acc ident)  o r  may be busy. Radios o f t e n  
operate a t  d i f f e r e n t  f requencies,  are found inoperable,  o r  are d i f f i c u l t  
t o  use because o f  heavy t r a f f i c  on t h e  approp r ia te  frequency. 

Some communication systems are designed t o  overcome such problems. 
These i n c l u d e  dedicated telephone l i n e s  (a separate l i n e  n o t  l i n k e d  w i t h  
commercial t r a f f i c ) ,  911 telephone systems, dedicated rad ios ,  pagers, and 
spec ia l  a larm systems. These a re  n o t  commonly used i n  t h e  communities 
studied, a t  l e a s t  between t h e  f a c i l i t i e s  w i t h i n  those communities se lec ted  
as re fe rence  p o i n t s .  Dedicated telephones were c i t e d  i n  5%; dedicated 
r a d i o s  were found i n  4%, pagers i n  2%, and alarm systems i n  4%. Only 3% 
judged t h a t  they would use t h e  911 emergency system t o  r e c e i v e  an a l e r t  
d e s p i t e  t h e  f a c t  t h a t  one o r  more o f  t h e  communities have 911 systems i n  
t h e i r  Emergency Operat ions Center (EOC). 

I n  a d d i t i o n ,  some l o c a t i o n s  r e l i e d  on l e s s  s o p h i s t i c a t e d  or more 
pass ive means o f  a l e r t i n g .  These inc luded  us ing  a messenger (3%) and 
r e l y i n g  on s i r e n s  (7%) o r  loudspeakers (7%).  Such forms o f  communication 
a re  n o t  ve ry  r e l i a b l e .  

I t  should be noted t h a t  more than one p r imary  l i n k  e x i s t e d  between 
f a c i l i t i e s  and communities. On average, a community s p e c i f i e d  1.5 pr imary 
channels t o  t h e  f a c i l i t y .  
on a s i n g l e  means o f  communication. 

This  means t h a t  a t  best ,  50% o f  t h e  cases r e l y  
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The availability of backup channels was mentioned by fewer commun- 
ities. 
Backup channels were varied; 15% cited two-way radios and only 5% cited 
either a dedicated backup or pager. 

officials was provided in about 85% of the facility questionnaires. 
the fact that it was not asked for in the facility questionnaires, the 
responses are fairly consistent with the community. The major link is 
commerci a1 tel ephone (43%) foll owed by a 91 1 emergency telephone (13%). 
In total, 20% reported that they use dedicated systems including telephone 
( lo%) ,  radio (6%), or a1 arms (4%).  
facility (4%) or messengers (3%).  
was reported. 

About 30% of the sample claimed to have some backup capabilities. 

The channel o f  communications between the facility and community 
Given 

Some re1 ied on sirens sounding at the 
No use o f  pagers or tone-alert radios 

Overall, the findings are clear. The communication link between 
facilities and communities is not highly dependable or reliable. 
links are those that are frequently the cause o f  warning failures. 
equipment is not adequate in many cases. 
is certain, but that state-of-the-art communications equipment exists in 
re1 at i vel y few si tuat i ons e 

The main 
Backup 

This is not t o  say that failure 

4 . 2 . 2  Linkases From the Facility Perspective: 
Do the Facilities Know Whom to Contact? 

From the facility perspective, the major point o f  contact in the 
Sixty percent of the facilities speci- community is with an organization. 

fied an organization or multiple organizations as the point of contact in 
the community. Roughly one-fourth (24%) o f  the facilities did not iden- 
tify a contact point in the community with respect to name, position, and 
organization. Of these, 7% designated a contact point by some other 
means. 
( 5 % ) ;  by position and organization (9%)); or by name, position, and organi- 
zation (2%). In 39% o f  the cases, only a single contact point was 
reported. In another 39%, multiple contact points were indicated. 

The remaining facilities identified the contact by position only 

Most of the facilities had assigned a position or person to be 
responsible for making the decision to notify community officials (93%). 
One-half o f  the facilities had specifically designated a backup position 
(5Q%), although 40% o f  the sample had more than one person assigned with 
this responsibility. Eighty-five percent indicated that someone was 
assigned with the responsibility during nonbusiness hours. In many cases 
(49%), this was the same person or persons with primary or backup respon- 
sibility. In others (36%), a different person had that responsibility. 

4.3 HOW RELIABLE I S  THE COMMUNICATION PROCESS? 

In the previous section, the physical links between the facilities 
and the communities were examined as were the procedures established by 
the facility. In this section, the communications process from a 
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community perspective is examined. 
clarity is examined. 
organization has about the person in other organizations with whom they 
will communicate. 
and week in the communications link is examined. 
which procedures have been established to describe the communication 
process i s  examined. 
make warning decisions is examined. 

First, the aspect of interaction 
Interaction clarity refers to the understanding an 

Second, whether there are vulnerable times of the day 
Third, the degree to 

Finally, the information needed by communities to 

4.3 .1  Clarity of Interactions 

Warning systems are more effective when it is known who will issue 
the alert and who will receive it. In this case, it is more precisely 
defined as who, at the facility, will alert officials and who, at the 
community, wi 11 receive that a1 ert . 
tive if redundancy in this function is designed into the system. 
is also important to know who will contact whom when or i f  the primary 
link breaks down. 

First, consider the community's knowledge (measured by the identi- 
fication of the name and position of people responsible for sending and 
receiving emergency notifications) about the reference facility's alert 
process. 
position o f  the person at the facility who i s  responsible for the alert. 
Another 18% of the community officials identified the position but not the 
name. Twenty-five percent of the sample could not identify either. 
Ideally every community would know at least the position o f  the person at 
the facility responsible for alerting them. 

Warning systems are a1 so more effec- 
Thus, it 

About 50% of the community officials identified the name and 

One would expect a poorer knowledge of backup communicators. 
the case with 38% not knowing the name and/or position of the backup at 
the facility. Twenty-six percent of the community officials identified 
the person by name and position and another 28% by position only. T h i s  
suggests only a moderate level of knowledge about interactions. This i s  a 
conservative stance, because as responders had the opportunity to retrieve 
the information from a plan or to call the facility and ask (as some did). 

Even more important from the community's perspective is knowing who 
will receive the alert. Replication of the same inquiry revealed that 51% 
of the community officials identified the name and position of the person 
who would receive the alert. Another 39% knew the position that would 
receive the alert. 
the name and/or position, and 2% responded with unknown. As expected, 
knowledge of the backup decreased. 
or position o f  a backup. Those not identifying at least the name and 
position rose to 16%. 

Such i s  

Only 10% of the community officials did not identify 

Eighty-two percent identified the name 

This suggests that the clarity o f  interaction i s  much higher within 
the communities than between communities and external organizations. 
Since communities act as the initial "receiver," it i s  important to 
examine the view o f  the sender. 
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In comparison to the community data, facilities expressed a similar 
level of knowledge about whom to contact in the communities as did com- 
munities regarding knowledge about who at the facility would contact them. 
The communities were more specific, however, in providing names or posi- 
tions of the contact person. This may be more attributable to the more 
specific nature of the question posed to the communities than a lack of 
knowledge by the facilities. 

important because emergencies are dynamic events. 
affect the warning decision or change the content of warnings. Hence, it 
is important that organizations maintain communications. 
ness of this is determined by the reliability of communications equipment 
and the use o f  established contact points between organizations. Seventy- 
nine percent of the community officials identified the person in the 
community responsible for ongoing communications with the facility by name 
and/or position; 21% did not do so. 

communications within the community. This will help promote effective 
communications in an emergency. A lower percentage knows who will contact 
them from the facility. 
tions, has a greater potential for not receiving an alert from the facil- 
ity, o r  a greater possibility o f  miseommunicating information whe 
contacted, 

Finally, the ongoing communications process is examined. This i s  
New information may 

The effective- 

Overall, a high percentage of communities has established a point of 

The smaller percent seems unsure of communica- 

4.3,2 Vulnerable Times 

An emergency can occur at any time, Most larger urban areas maintain 
a point of contact on a similar time frame; other communities do not. 
ascertain the extent to which communities could not be contacted, com- 
munity officials identified the times during which it would be difficult 
for the facility to alert them. 
a timely public alert. 

To 

The lack o f  a 24-hour contact could delay 

The vast majority o f  communities maintain a 24-hour communications 
capability. 
the contact point . )  Eighty-eight percent indicated no potential vulner- 
abilities. 
were vulnerable to missed alerts during nights; 4% during weekends; and 1% 
during evenings, nights, and weekends, 

Overall, if the right person is called, most communities can be 
notified on a 24-hour b a s i s .  For a few, however, delays can occur while 
the community officials are being contacted if an emergency occurs at an 
off -hour. 

(This is not to infer that the communications will be made to 

Of those who did indicate problems, 8% expressed that they 
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4 . 3 . 3  How Well Established are Communication Procedures? 

Once a community's point of contact receives an alert, it sets into 
The motion, in many cases, a notification process within the community. 

person receiving the notification seldom has the authority to issue a 
warning to the public. 
warning will be based on the efficiency of the community's response to the 
ini ti a1 notification. 

A major factor that determines the efficiency o f  the process is 
knowledge of what to do following the alert. 
reflected by a well-articulated description of the steps to be taken or by 
having a standard operating procedure to follow. 
even worse, no knowledge of what to do will delay or impede an effective 
warning . 

All of the communities except 4% described the procedure they would 
follow upon receiving an alert. 
whether the procedure was clearly specified or in a Standard Operating 
Procedure {SOP) or whether it was described in vague generalities. 
Examples of a vague procedure would be "we would contact someone at city 
ha1 1 , ' I  or "we would send someone to see what was going on." 
a clear procedure would be "we would call people on our notification list 
or backups in the order specified and activate the EOC where these people 
would gather to assess the situation." 
judged to have clear procedures and one-half had vague procedures. 
Because 65% of the communities indicated they had a written warning plan 
or procedure (although many did not provide evidence of this), we can 
interpret this to mean that some of the communities may not fully under- 
stand the contents of the plan or were unable to communicate the contents 
properly. Both are potential communications problems in an emergency. 

As was done for the communities, the nature of the facility's proce- 
dures for notifying communities about an emergency situation was examined. 
This was done for both the decision to notify the community and the physi- 
cal process o f  communication. 
ities Rave rather vague procedures or no procedures for either o f  these 
tasks. Roughly one-third has clear cr standard procedures for decision 
making and communications. Slightly more than one-half (56 ancl 53%, 
respectively) had vaguely defined procedures. The remaining facilities 
either did not report the procedures o r  reported that they had none. 

The ability to provide an effective and timely 

Such knowledge may be 

Unclear knowledge or, 

The remaining 96% were coded to indicate 

An example of 

O f  the 96%, about one-half were 

The data indicate that most of the facil- 

4 .3 .4  Mhat Information i s  Needed? 

An alert from the facility needs t o  be accompanied by the "contents" 
of a warning notification. 
the fact that an emergency exists to make a timely warning decision. 
addition, the warning t o  the public must contain the "who-what-when-where- 
why" regarding the situation, as well as other relevant information. 
Therefore, we asked the communities to specify the information they needed 
from the facility to make a warning decision. 

Public officials will need to know more than 
In 
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The most common and f r e q u e n t l y  c i t e d  i t e m  o f  i n f o r m a t i o n  needed by 
t h e  community i s  t h e  type(s)  o f  chemical re leased o r  i n v o l v e d  (79%). 
nex t  most f r e q u e n t l y  requested i n f o r m a t i o n  i s  t h e  s i z e  o r  amount o f  
m a t e r i a l  re leased (57%) and t h e  human h e a l t h  r i s k  o r  danger (42%). 
R e l a t i v e l y  f e w  communities i n d i c a t e d  a need f o r  i n f o r m a t i o n  on plume o r  
re lease  l o c a t i o n  (37%), speed o f  d i s p e r s i o n  (24%),  p o t e n t i a l  pathways 
(24%),  o r  p r o t e c t i v e  a c t i o n  recommendations (20%). S t i l l  fewer i n d i c a t e d  
f a c i l i t y  response, what ac t i ons  were being taken by t h e  f a c i l i t y  t o  
c o n t r o l  t h e  event (13%), o r  whether community ass is tance was needed (13%). 
Many, however, expressed concerns i n  a general way (e.g., what happened?). 
On average, communities c i t e d  3.7 i tems o f  i n f o r m a t i o n  needed. 

These r e s u l t s  are revea l i ng ;  nevertheless,  they should be i n t e r p r e t e d  
c a u t i o u s l y  because i t  i s  d i f f i c u l t  t o  ask respondents t o  e n v i s i o n  a hypo- 
t h e t i c a l  chemical acc ident  o f  a general na tu re  and l i s t  t h e i r  needs on a 
quest ionnai re.  Respondents may have assumed t h a t  a general response 
subsumed a l l  o f  t h e  more s p e c i f i c  i tems; however, t h e  f a c t  remains t h a t  
many communities do n o t  know t h e  necessary i n f o r m a t i o n  t o  request  i n  an 
emergency. 
know t h e  r i g h t  quest ions t o  ask e v e n t u a l l y  takes over communication, a 
de lay  w i l l  have occurred i n  g e t t i n g  t h e  e s s e n t i a l  f a c t s .  

The 

Assuming t h a t  t h e  person i n  t h e  response o r g a n i z a t i o n  who does 

I n  several  communities, n o t i f i c a t i o n  sheets have been prepared t o  
he lp  t h e  r e c e i v e r  o f  t he  i n i t i a l  a l e r t  t o  request r e l e v a n t  data.  I n  these 
cases, t h e  communities requested most, i f  n o t  a l l ,  o f  t h e  i n fo rma t ion ,  and 
some o f  them added i n f o r m a t i o n  contained i n  our s p e c i f i c  categor ies.  The 
n o t i f i c a t i o n  sheets he lp  t o  ensure t imely r e c e i p t  o f  r e l e v a n t  i n f o r m a t i o n  
and a w r i t t e n  reco rd  o f  what i s  received.  This,  however, i s  n o t  t h e  case 
i n  most communities, a l though t h e r e  i s  a continuum i n  t h e  amount and type 
o f  i n f o r m a t i o n  requested. 

4 . 4  HOW RELIABLE IS THE COMMUNITY DECISION-MAKING PROCESS? 

The nex t  stage o f  t he  a l e r t  process i s  f o r  t h e  community t o  reach a 
This  may n o t  be a d e c i s i o n  on whether t o  issue a warning t o  t h e  p u b l i c .  

s i n g l e  d e c i s i o n  b u t  a s e r i e s  o f  dec i s ions  rega rd ing  precaut ionary warn- 
ings,  warnings t o  take  p r o t e c t i v e  act ions,  warnings t h a t  t h e  s i t u a t i o n  i s  
n o t  hazardous, o r  an announcement t h a t  t he  emergency has ended. The most 
problemat ic  warning i s  f o r  people t o  evacuate, s h e l t e r ,  o r  take some o the r  
form o f  s e l f -  o r  group-protect ion.  This  sec t i on ,  examines t h e  a u t h o r i t y  
and r o l e  o f  i s s u i n g  warnings, t he  l e n g t h  o f  t ime t o  do so, t h e  types o f  
p r o t e c t i v e  a c t i o n s  t h a t  would be considered, and t h e  procedures f o r  making 
a dec i s ion .  

4 . 4 . 1  A u t h o r i t y  

The s t a t e  ho lds t h e  a u t h o r i t y  t o  issue emergency warnings t o  i t s  
c i t i z e n s  i n  the  event o f  d i s a s t e r s .  
t o  munic ipa l  and county governments. That de lega t ion  means t h a t  t h e  

Most s t a t e s  delegate such a u t h o r i t y  
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authority to issue a warning is typically assigned to an individual or 
group o f  individuals in local government. 

able by either name and position (67%) or by position (30"h). 
communities, the persons in authority was unknown. 

In most communities, the person with authority is also the person 
with the assigned responsibility o f  issuing a warning (79%). In 7% o f  the 
communities, no one has been assigned specific responsibility. In 13%, 
that authority has been assigned to a person other than the one with legal 
authority. 

In most communities, the person(s) with that authority is identifi- 
In 2% of the 

If authority i s  unclear or not assigned, warnings can be delayed 
while such authority is established. 
to be problematic. 

In most cases, this does not appear 

4 . 4 . 2  How Lonq Does It Take to Decide? 

The length o f  time it takes to decide to issue a warning is variable, 
depending on a host o f  factors. 
time it takes to mobilize decision makers, the number o f  people involved 
in the decision, the time it takes to reach a decision, and the urgency o f  
the situation. 
can accelerate the speed of operations when a severe crisis i s  apparent. 
Conversely, when time allows, decisions proceed a t  a slower pace. 

One way to accelerate decision making in an urgent situation i s  to 
involve fewer decision makers. 
communities indicated the need for involvement of an average of two 
decision makers. In a slow-developing emergency, the number expanded t o  
an average of five. 
person to make a decision. 

Critical factors include the amount of 

The last factor seems to be critical; emergency systems 

In a fast-moving release of chemicals, 

In many cases, a fast-moving event required only one 

For a rough estimate o f  the time it takes to mobilize decision 
makers, communities were asked to estimate a minimum and a most likely 
mobilization time to assemble decision makers in both slow-moving and 
fast-moving events. Although the means are within ranges established in 
actual emergencies, the estimates do not provide highly valid time esti- 
mates; they provide an indication o f  the effect o f  urgency on the time o f  
warning dissemination. People could be assembled in roughly one-third 
less time i f  the situation warranted. 
about 50% lower than the most likely. 

Similar relationships are a l so  observed about estimates o f  decision- 
making time; that is, once assembled, the amount of time it took t o  reach 
a decision t o  issue  a warning. 

I n  addition, the minimum times were 

Overall, the average time estimated to arrive at a warning decision 
A most under ideal conditions and a fast-moving event was 18.4 minutes. 



likely estimate, reflecting conditions that would interfere with mobiliz- 
ing and decision making, had a mean of 30 minutes. 
developing events. 
capable of making timely decisions, although timely decisions are not 
guaranteed even when the situation warrants. 

Those expand in slowly 
The estimates reflect that many communities are 

4 . 4 . 3  What Actions Will be Recommended? 

Protective actions are the range of actions that can be taken t o  
reduce exposure to a hazard during an emergency. 
cies, the most often practiced action i s  evacuation. 
is sheltering in a structure, often with enhancements such as taped win- 
dows and doors or ventilation system alterations. 
actions, not usually considered as such, include respiratory protection, 
skin protection, positive pressure shelters, decontamination, antidotes, 
and prophyl act i c drugs. 

For chemical emergen- 
Another major option 

Other protective 

Protective action recommendations are an important part of the noti- 
fication procedure. 
about the danger. When more than one protective action is considered, 
delays may occur in the decision process. On the other hand, when only a 
single action is considered for all situations, that action may not be an 
effective means of protecting the publ ic under all accident scenarios. 

The public expects guidance, not merely to be told 

Communities were asked what protective actions they would consider 
for the general public and institutions in a chemical emergency. For the 
general publ ic, a slight majority of communities recognized both evacua- 
tion and some type of sheltering (54%).  Many communities considered only 
the single action of evacuation (32%) and, to a much lesser extent, shel- 
ter (4%) .  Ten percent o f  the communities have not developed, or are in 
the process of developing, protective action strategies. 

A similar pattern emerges for institutional populations. Sheltering 
is considered the only option for institutions by a larger number of 
communities (11%) than for the general population. Evacuation as a sole 
strategy diminished in appeal but still remains significantly large (26%). 
Evacuation or sheltering is the most popular strategy, although many 
indicated a philosophy o f  shelter first and evacuation in extreme condi- 
tions. 

Overall, the use o f  sheltering as a protective action strategy is not 
as widely perceived as a viable option when compared to evacuation. 
large number of communities are geared to an evacuation-only philosophy; a 
lesser extent to a shelter-only policy, Such policies reduce the problems 
in decision making but may increase the threat to the public in an 
emergency. 

A 
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4.4 .4  How Well Established is the Process? 

The need for a procedure for making public alert and notification 
decisions follows the same logic as for the initial notification response. 
Clearly understood procedures lead to more timely and effective decisions. 
Respondents were asked to describe the procedure. Again, their responses 
were coded as having no procedure, a vague procedure, or a clear proce- 
dure. 
situation.” 
with the fire chief and the plant manager, and if the plant thought that a 
release would get off-site, we would issue a warning.“ 

The results indicated that 32% of the communities have clear or 
standard procedures for making a warning decision. 
describe a procedure. 
This is consistent with another finding that 39% said they had a written 
procedure o r  plan for making a warning decision. 

An example of a vague procedure is “we would evaluate the 
An example of a clear procedure i s  “the mayor would consult 

Only 5% did not 
The remainder specified rather vague procedures. 

The lack of written or at least clearly defined procedures in the 
majority of the communities can be interpreted as another constraint to 
effective and timely public alert. I t  i s  not a showstopper, but it 
increases the probability of a warning-system failure or a delay in 
issuing the alert. 

4 . 5  HOW WILL THE PUBLIC BE NOTIFIED? 

Providing emergency information to and notification of the public of  
a potential danger is the primary objective of public alert systems. 
Disseminating emergency alert and notification to the public in the event 
of warning i s  identified as the leading problem (QI-1) facing emergency 
managers in the communities; 44% mentioned some form of public alerting 
when asked to identify the “weakest link” in getting an alert to the 
pub1 ic.  

Because the emergency response problems differ for various population 
groups, the warning systems, and the warning requirements vary among 
different groups. People close t o  the facility, for example, within 
a mile, require prompt warning of emergencies, while prompt warning is 
less critical for people within 5 miles, even though rapid warning is 
still required. Institutional and transient populations face different 
warning problems, complicated by problematic mobility and susceptible 
populations in the case of the former, and unfamiliar, special, or extra- 
ordinary circumstances in the fatter. Warning systems also have t o  
account for the tremendous variation in the location of people at various 
times of the day and days of the week. 



22 

4.5.1 Warninq Eauiment 

1. 
2. 
3 .  
4 .  
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

Warning technologies include the following types of equipment: 

fixed sirens or other acoustic signals, 
fixed loudspeakers or public address systems, 
portable sirens or loudspeakers, 
vehicles with audio capabilities, 
aircraft with audio capabilities, 
tone - a1 er t radi os or pagers , 
commercial television and radio, 
emergency broadcast stations, 
cable television override systems, 
commercial telephones, 
tel ephone-based automated systems and, 
interpersonal communications. 

Such technologies can be subdivided into several categories 
i ncl udi ng 

1. sirens: including 1 and 2 above 
2, EBS/media: such as 7, 8 ,  9, and 10 above 
3 .  route alert: such as 3, 4 ,  and 5 above 
4 .  door-to-door: including 4 and 12 
5. special notification: such as 6 and 11 above 

4.5.2 Use o f  Warninq Technoloqies 

4.5.2.1 Populations Within 1 Mile 

Communities most frequently indicate that portable sirens and loud- 
speakers (50%) and the emergency broadcast system (49%) are used to dis- 
seminate emergency warnings to people within 1 mile. Frequently, perma- 
nent sirens, television, and radio are used (43%). O f  the remaining 
technologies, no system is used by more than one in four communities and 
only one (cable override) is mentioned by more than one in five. Tech- 
nologies that are characterized by rapid warning and effective dissemina- 
tion of both an alert and warning message, including tone-alert radios 
(13%) and telephone ring-down systems (2%), are used less frequently. 
Predominantly, the systems being used are either characterized by cumber- 
some dissemination of alert signals (such as route or door-to-door alert- 
ing [30%]), or they require a specific action on the part o f  the recipient 
(i.e-, turning on the radio or television to receive the warning message). 
M o s t  people living within 1 mile o f  a chemical facility could be less 
vulnerable to the consequences of a rapid onset chemical accident if the 
emergency and automatic warning systems were improved to provide more 
immediate alerts and messages. 

Secondary warning systems for people within 1 mile include portable 
sirens or loudspeakers on vehicles ( 3 6 % ) ,  television or radio (36%), cable 
override (24%), door-to-door alerts (49%), commercial telephones (24%), 
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and the Emergency Broadcasting System (EBS) (21%). In addition, airplanes 
or helicopters (16%) and two-way radios (13%) are also mentioned as part 
of the backup warning system. 

4 . 5 . 2 . 2  Populations Within 1 to 5 Miles 

The technologies most frequently used by communities to warn people 
within 5 miles of a facility are the EBS (53%) and television and radio 
(49%). Portable loudspeakers and sirens on vehicles are used by 43% of 
the communities. Of the remaining technologies, no other warning system 
i s  used by more than one in four communities. Cable override i s  used by 
about 22%. While immediate public alert i s  somewhat less critical, 
because of the additional time it takes for a plume to travel more than 
1 mile, people in the 1- t o  5-mile area still require rapid alert and 
notification of emergency situations and appropriate protective actions. 
Warning systems characterized by rapid dissemination and relatively effec- 
tive warning message deliveries are again less frequently reported as part 
of the emergency warning systems in use. Tone-alert radio and telephone 
ring-down systems are reported 12 and 4% of the time, respectively. 

Secondary warning technologies for people within 5 miles include 
portable sirens or loudspeakers on vehicles (44%), television or radio 
(34%), cable override (23%), commercial telephones (24%), the EBS (17%), 
and door-to-door alerts (50%). In addition, airplanes or he1ic:opters 
(16%) and two-way radios (12%) are used as part of the backup warning 
system. 

4.5.2.3 Institutional Populations Within 5 Miles 

Institutional populations are most frequently warned by technologies 
primarily designed for general populations; television and radio (35%), 
the EBS (35%), and permanent fixed sirens (28%). Commerci a1 telephones 
are used in 38% of the communities. Emergency warning systems that are 
most effective for institutional populations are reported less frequently. 
Tone-alert radios are used in 29% of t h e  communities, and telephone ring- 
down systems are part of 10% of the existing systems. Direct contact by 
two-way radios and door-to-door alerts are used in the institutional 
warning systems 13 and 18%, respectively. The emergency warning systems 
for institutional populations are primarily the same as warning systems 
for the general population. Because o f  the special response character- 
istics associated with institutions, direct emergency warning systems 
dedicated to institutional problems would be more effective. 

Secondary warning technologies for institutional populations within 
5 miles are door-to-door alerts or personal warnings (42%), portable 
sirens or loudspeakers on vehicles (35%), television or radio (31X), the 
EBS (22%), cable override (20%), and commercial telephones (20%). In 
addition, airplanes or helicopters (13%) and two-way radios (13%) are part 
of the backup warning system for institutional populations within 5 miles 
o f  the facility, 
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4 . 5 . 2 . 4  Trans ien t  PoDulations 

Warning systems f o r  nonresident populat ions are l e a s t  f r e q u e n t l y  
r e p o r t e d  by community emergency management o f f i c i a l s .  
used warning technologies a re  the  same as t h e  general p u b l i c  a l e r t i n g  and 
n o t i f i c a t i o n  systems. T e l e v i s i o n  and r a d i o  are t h e  most f r e q u e n t l y  used 
warning mechanisms (37%), w i t h  p o r t a b l e  s i r e n s  and loudspeakers (36%) and 
t h e  EBS (35%) being repo r ted  f r e q u e n t l y .  No o t h e r  warning technology i s  
used by more than one i n  f i v e  communities, and o n l y  permanent s i r e n s  (23%) 
and cable o v e r r i d e  (10%) a re  repo r ted  by more respondents than one i n  ten.  
Tone-a le r t  rad ios ,  f i x e d  loudspeakers o r  p u b l i c  address systems, commer- 
c i a l  telephones, two-way rad ios ,  and o the r  systems are used by l e s s  than 
5% o f  t h e  communities. 

The most f r e q u e n t l y  

Secondary warning technologies f o r  t r a n s i e n t  popu la t i ons  a re  e i t h e r  
p o r t a b l e  s i r e n s  and loudspeakers on veh ic les  (27%) o r  doo r - to -door  o r  
personal  a l e r t i n g  (27%). T e l e v i s i o n  o r  r a d i o  (2Q%), t he  EBS (12%), cable 
o v e r r i d e  ( l l%),  and commercial telephones (10%) a re  a l s o  used. I n  addi -  
t i o n ,  a i r p l a n e s  o r  h e l i c o p t e r s  (10%) and two-way r a d i o s  (5%) a re  mentioned 
as p a r t  o f  t h e  backup warning system f o r  t r a n s i e n t  populat ions.  

4 . 5 . 3  Warninca Systems 

Warning systems can be f u r t h e r  cha rac te r i zed  as t h r e e  bas i c  types 
w i t h  t h e  f o l  1 owing s u b c l a s s i f i c a t i o n s .  

1. Enhanced systems use s i r e n s  and some form o f  s p e c i a l i z e d  a l e r t i n g  
such as t o n e - a l e r t  r a d i o s .  

2. Siren-based systems r e l y  on s i r e n s  f o r  a l e r t  w i t h  use o f  media-based 
n o t i f i c a t i o n .  

3 .  Ad hoc systems r e l y  on media and t h e  EBS and door- to-door  o r  r o u t e  
a1 e r t  . 
Enhanced systems are capable o f  f a s t  a l e r t  and f a s t  n o t i f i c a t i o n  f o r  

those w i t h  s p e c i a l i z e d  a l e r t i n g .  
f o r  f a s t  a l e r t  (based on coverage) w i t h  n o t i f i c a t i o n  being more prob- 
l e m a t i c .  Ad hoc systems r e q u i r e  more t i m e  t o  implement and reach t h e  
p u b l i c  w i t h  a message. 

Siren-based systems have t h e  p o t e n t i a l  

The predominant method f o r  warning people i n  c l o s e  p r o x i m i t y  t o  the  

Twenty-nine percent  r e l y  on 
chemical f a c i l i t i e s  i s  an ad hoc system (45%).  
r o u t e  a l e r t s  o r  door- to-door  n o t i f i c a t i o n s .  
t h e  EBS o r  media warnings. 
communities. 
and t o n e - a l e r t  rad ios .  

S ix teen percent  r e l y  on 

Siren-based systems are used i n  33% o f  t h e  
Twelve percent use an advanced system i n v o l v i n g  bo th  s i r e n s  

A l l  o f  these systems would be e f f e c t i v e  i n  an emergency w i t h  a 3 -  t o  
4-hour l e a d  t i m e  o r  i n  suppor t ing a precaut ionary response. I n  a r a p i d  
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moving event, however, the majority of systems (including siren-based 
systems) are likely to provide an effective warning. 

systems, and a lesser reliance i s  placed on sirens or tone alerts. 
is more time to alert the more distant populations, but the ability to 
issue quick alerts is similar to that in the 1-mile radius. 

In the 5-mile radius, a slightly greater reliance is placed on ad hoc 
There 

The use of tone-alert based systems and the as telephone increases 
for institutional populations; less reliance is placed on ad hoc or 
sirens. Nevertheless, conventional systems are used in about one-half of 
the communities, and tone alerts are used in 18% o f  the communities. 
Although institutions need special warnings to allow extra time to imple- 
ment protective responses, many do not have that extra margin of safety. 
Twelve percent of the communities have no provisions to warn institutional 
popul at i ons . 

warning. 
warning such groups. 
based systems to warn transients. 

Transients are largely ignored as a group requiring emergency 
Eighteen percent of the communities have no system in place for 

The majority of communities rely on ad hoc or siren- 

4.5,4 Warnins Time 

The average time estimate for warning the general public within 
1 mile of the facility is 30.7 minutes, but communities were unable to 
make such estimates 32% of the time. The basis for these estimates is 
predominantly (45%) comprised of professional judgment, which i s  typically 
comprised of a logical explanation of the process by which the public 
would be warned. The basis of the time estimates i s  not described 37% o f  
the time. About one in five community officials reported basing the time 
estimates on drills, exercises, other "routine" emergency response (e.g., 
house fires), and previous disasters. 

4 . 5 . 5  Source of Emerqencv Warninq 

Several sources of warning add credibility and believability to the 
warning message. Because the credibility of a warning message is crucial 
to public response, the identification of the source of the warning 
information i s  a critical element o f  the warning process. 
warnings are more likely to be effective when multiple sources are indi- 
cated and when local authorities, political as well as technical, are 
associated with the warning message. 

Emergency 

The civil defense or emergency management afficial is the most 
frequently reported source o f  warning information (83%).  Additional 
emergency management and public safety people reported as sources o f  
emergency warnings include: the fire chief (74%), the police chief (60%), 
and the sheriff (46%). The most frequently mentioned manager or political 
official reported as a source of the warning i s  the mayor (53%). This is 



26 

followed closely by the chemical facility manager (47%), county executive 
(40%), the city or county manager (31%), and state officials (28%). 
Sources of warning information that would be considered technical experts 
include public health officials (27%), a scientist or engineer from the 
facility (22%), and government scientists or engineers (7%). An addi- 
tional 3% reports that no one would be identified as the source o f  the 
information, and 10% reports other sources. 

The people in charge o f  the emergency, at least in its initial 
phases, are well represented as sources of warning information. This 
tends to achieve "situation credibility"; that is, there is an element of 
understanding about the current situation. Local government officials are 
also represented, a1 though less predominantly than emergency officials. 
Therefore, "credible authority" is not as developed as it should be. This 
type of local authority establishes who is in charge and determines why 
people should listen t o  an emergency warning. 
most underrepresented source of warning information. These experts estab- 
lish the "technical credibility" or public confidence in the warning 
message. 
sources of warning are firmly established. 

authority as the warning source. 
ing to political or management personnel such as the mayor, facility 
manager, city and county executives, or state officials. 
each type of authority was reported by 36% of the communities in the 
survey. 

Technical experts are the 

Warning messages are likely to be most effective when a11 three 

About 20% of the communities responded that they would use a single 
Forty percent would attribute the warn- 

At least one of 

While 12% of the respondents reported multiple people in each cate- 
gory of warning source credibility, there is a tendency to over-identify 
emergency managers and political or management positions as sources o f  
warning and to underrepresent technical information sources. Emergency 
managers cannot issue emergency warnings under a simple "stimulus- 
response" model of public reaction and achieve effective emergency 
response. These three types of warning credibility (situation credibil- 
ity, credible authority, and technical credibility) are established by 
specifically identifying these types o f  people as sources o f  emergency 
warning. Public response to an emergency warning can be significantly 
improved by (1) establishing warning message protocols that clearly iden- 
tify warning sources and ( 2 )  establishing public confidence by enhancing 
situation and technical credi bi 1 i ty and credible authority. 

4 .5 .6  Warnins Preparedness 

Preparedness is partially represented by having plans and procedures 
and by "priming" the system with tests and public education. 
messages are also a sign of preparedness. 

Warning equipment is tested on a fairly routine basis, with most 
communities reporting such tests on a weekly (32%) or monthly (26%) basis. 
Some communities (13%) report testing of warning equipment and procedures 

Breplanned 
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on a daily basis, but 19% report testing warning equipment and procedures 
less often than monthly. Ten percent of the communities reported no 
testing at all. Written protocols for communications with the general 
public through the EBS or the media have been prepared in 33% of the 
communities in the survey, and protocols for institutional facilities are 
available in less than one community in five (19.7%). Few communities 
have protocols for foreign-language populations. 

Despite the fact that little evidence exists that public education 
makes a difference as to whether a warning system will function effec- 
tively, most agree that it contributes to an effective response. 
majority o f  communities have either no public information program or a 
poorly developed one. 
ties. 
another 21%. Of the 40% who described a specific program, however, only 
15% provided evidence that a program actually existed. 

The 

Only 19% described a program with multiple activi- 
A single activity, the preparation o f  a brochure, was initiated by 

4.6 EMERGENCY PREPAREDNESS AND SARA, T I T L E  I11 

The overall emergency preparedness for chemical hazards i s  just 
beginning. Qualitatively, the single most frequently reported sentiment 
is that SARA, Title 111, is characterized as a program that has just begun 
by taking the initial steps. The SARA, Title 111, process i s  generally 
viewed by the communities as a source of hope for better emergency 
planning and management in the future. 

4 . 6 . 1  Staqe of Title I11 Planning 

Most o f  the communities represented in our survey report that the 
Local Emergency Planning Committee (LEPC) i s  a county or parish entity 
(62%), 10% report that the LEPC i s  designated as a city, and 2% report it 
as a multicity entity. While 88% of the communities in the survey report 
that the membership has been appointed and 79% indicate that their com- 
munity i s  represented, our impression i s  that many of these communities 
have met only a few times, and some have not met at all. Sixty-seven 
percent of the communities reported using information provided by the 
Chemical Manufacturers Association (Community Awareness/Emergency 
Response) (CAER) Program (1987), but 33% have not used this information. 

4 . 6 . 2  Coordination 

Coordination between emergency organizations may be characterized in 
terms of the amount and type of association. 
i s  measured on a ranking system where "no contact at all" i s  the least 
associated and "initial or introductory contact," "development of emer- 
gency response plans together," "on-going coordination o f  emergency 
response effort," and "participating in exercises together" represent 
additional levels of coordination. Therefore, links between communities 
and other organizations reported as initial or introductory contact are 

Conceptually, coordination 
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conceptually more coordinated than links characterized by no contact at 
all. 
more coordinated than the three previous ranks of coordination and less 
coordinated than participating in exercises together, In essence, each 
level of coordination presumes, or depends, on the previous levels o f  
coordination. 

Similarly, relationships characterized as "ongoing coordination" are 

4 . 6 . 2 . 1  The Chemical Facility 

The communities report that their coordination with the reference 
chemical facility includes participating in exercises 5Q% of the time. 
Relationships with the reference facility are characterized as only 
initial or introductory contact by 28% of the communities, and 6% report 
no contact at all. Coordination is characterized as "ongoing" or com- 
prised of the "development o f  plans" together by 17% o f  the community 
emergency officials in the survey. Most of the communities (80%) report 
that the facility has provided information describing the hazardous chemi- 
cals used at the facility. 
Materials Safety Data Sheets have been provided. 

Many of these specifically report that the 

4 . 6 . 2 . 2  Other Local Aqencies 

The communities report that their coordination with other local 
agencies includes participating in exercises 67% of the time, Coordina- 
tion is characterized as "ongoing'i or comprised of the "development of 
plans" together by 18% o f  the community emergency officials in the survey. 
In addition, 65% o f  the communities participate in exercises with hospi- 
tals. Relationships with the hospitals are characterized as only initial 
or introductory contact by 12% of the communities, and 2% report no con- 
tact at all. Coordination with hospitals is characterized as "ongoing" or 
comprised o f  the "development o f  plans'' together by 18% of the community 
emergency officials in the survey. 

4 . 6 . 2 . 3  Other Communities 

Forty-eight percent o f  the communities report that they participate 
in exercises with other communities. 
are characterized as only initial or introductory contact by 20% of the 
communities, and 6% report no contact at all. Coordination is charac- 
terized as "ongoing" or comprised of the "development of plans" by 27% o f  
the communities. 

Relationships with other communities 

4 .6 .2 .4  The Media 

A majority o f  the communities report that their exercises include the 
media (58%). 
initial or introductory contact by 18% o f  the communities, and 7% report 
no contact at all. 

Relationships with the media are characterized as only 

Coordination i s  characterized as "ongoing" or 
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comprised of the "development of plans" by 18% of the community emergency 
offici a1 s . 

4.6.2.5 

The 
defense 
agencies 
than one 
agencies 
and 17%. 

State Aqencies - -  Civil Defense (CD) and State Police 

communities report significant coordination with state civil 
67%) and state police (52%) through exercises. Hence, state 
are involved with local agencies in emergency exercises in more 
half the communities. 
are characterized as only initial or introductory contact by 10 
respectively, and 5 and 8%, respectively, report no contact at 

Relationships with state CD and police 

all. 
"development of plans" by 17 and 20% for state CD and police, respec- 
ti vel y . 

Coordination i s  characterized as "ongoing" or comprised of the 

4.6.2.6 Federal Aqencies - -  Federal Emerqency Flanaqement Agency (FEMA 
and the Environmental Protection Aqencv (EPA) 

The communities report more limited contact with federal authorities. 
Their coordination with FEMA and the EPA includes participating in exer- 
cises 34 and 15% of the time, respectively. Relationships with these two 
federal agencies are characterized as only initial or introductory contact 
by 24 and 38% o f  the communities, and 12 and 27% report no contact at all. 
Coordination i s  characterized as "ongoing" or compri sed of the "develop- 
ment of plans" with FEMA and EPA by 30 and 17.1%, respectively. 

The average number of exercises a community reports participating i n  
i s  two, but 21.4% of the communities report n o t  having participated in any 
emergency exercise in the past 2 years. 

4.6.3 Facility/Communitv Interactions 

From the facility perspective, the three major types of community 
organizations i nvol ved with chemical emergency a7 ert and not i f i cat i on 
procedures are the 1 ocal f i re departments ? I ocal emergency pl ann i ng or 
civil defense offices, and local law enforcement agencies. Facilities 
have varied levels o f  interaction with each o f  these three groups. 
greatest interaction is with fire departments. About 45% of the facili- 
ties have participated in exercises with fire departments as compared to 
34% for emergency planning and 31% for law enforcement departments. 
Another 25% of the facilities work with fire departments on an ongoing 
basis. Fewer do so with emergency planners (22%) or police (21%). 
majority of those who have participated in exercises with such groups 
reported having either one or two such events in the past 2 years. 

coordination with local fire departments, although 7% reported that they 
did not have a fire department. 

The 

The 

All o f  the facilities indicated that they had at least some 

Ten percent of the facilities reported no 
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coordination with local emergency planning agencies, and another 11% 
reported no such agency in their locations. 

4 . 7  HOW DO EXISTING PRACTICES DIFFER FROM STATE-OF-THE-ART PRACTICES? 

It is difficult to define precisely what constitutes state-of-the- 
art public alert and notification systems because state-of-the-art for one 
situation is not for another. For example, a facility storing phosgene 
that i s  located in very close proximity to a school and densely populated 
areas will have a different state-of-the-art system than a facility that 
uses acrylonitrile that is located in a sparsely populated or rural area. 
A second reason is that critical elements of a state-of-the-art warning 
system are difficult to assess in a deterministic manner. 
could possess the latest and best electronic sirens or a computer-driven 
telephone calling system, but unless they receive prompt notification from 
the facility, such equipment may be useless. 
however, can be assessed only in qualitative or relative terms. Neverthe- 
less, we can present additional information that helps to evaluate the 
status and effectiveness of public alert and notification systems for 
chemical hazards in the United States, and to compare them to state-of- 
the-art (when the state-of-the-art is defined as the most advanced tech- 
nologies and management practices currently available). 

A community 

The quality of that link, 

4 . 7 . 1  Weak Links 

4 . 7 . 1 . 1  The Community Persuective 

One way of assessing warning systems is to have communities make 
evaluations of the public alert and notification systems for the reference 
facilities. Community respondents identified the weakest links in issuing 
a timely and effective warning as a means of focusing on areas in the 
systems that are most prone to failure. 
cated there were no weak links in the system. 
number of different problem areas. 
ability to disseminate a timely warning to the public with the existing 
public alert and notification systems, 
munities indicated that they lacked the warning technology to reach the 
public effectively. Many of these communities rely on ad hoc warning 
procedures such as the combination of door-to-door alerts, portable loud- 
speakers and sirens, and activation of media-based warnings. 

Only 2% of the communities indi- 
The other 98% identified a 

The most frequent concern was for the 

Forty-four percent of the com- 

The second most frequently cited weakness in the systems involves 
communications with the facility. 
obtaining timely information from the facility was a major problem in the 
warning system. In contrast, 5% expressed concern for the communication 
link with the facility, and 7% felt the problem was the lack o f  eoopera- 
tion from the facility in establishing plans and procedures. 
weakest link was the communication process within the community (11%). 
These included finding decision makers, getting information from the point 
of contact, or poor communications equipment. 

Qne-fourth of the communities felt that 

The third 

Another 8% felt that the 
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lack of training or poor planning was the chief obstacle to a good warn- 
ing. 

communities said that public apathy or poor public response was a weak 
link. 
programs. 

Warning systems involve the public as well. Ten percent o f  the 

This helps illustrate the need for public education and information 

4 .7 .1 .2  The Facility Persoective 

Facilities agreed with communities that the weakest link in the 
warning system was a lack of the means to disseminate both an alert and a 
notification to the population surrounding the facility. 
as the weak link by 31% of the facilities. 
clarified the problem by citing the population characteristics as a reason 
that warning dissemination was difficult (15%). 
attributed to both a dense population or a sparse population spread out 
over the area surrounding the facility. 
communities that lack o f  public knowledge was another weak l i n k  (13%). 

Facilities differed from communities in their stances regarding 
communication problems. While a few from both facilities and communities 
(facilities = 8%; communities = 5%) agreed that the communication channel 
between facilities and community was a weak link, the stances on internal 
communication problems differed greatly. Although 24% of the communities 
felt that getting timely information from the facilities was a weak link, 
only 4% of the facilities defined internal decision making and communica- 
tion as a major constraint. 
munication within the community. 
expressed problems with their own communication. Only 1% of the facili- 
ties saw community communications as a problem, and a few facilities saw 
community cooperation as a problem (2%). 

On other issues that were examined, the views of communities and 
facilities were quite similar, but less than 10% of the sample responded. 
The subjects included lack of planning, lack of training, warning special 
populations, and the feasibility of protective actions. One major differ- 
ence between communities and facilities is the attitude that no weak links 
exist. 
alert and notification system. This  view was expressed by only 2% of the 
communities. Perhaps this reflects the industry view that a problem does 
not exist, which contrasts with the community view that ways of improving 
emergency preparedness always exist. Overall, the facilities were far 
more optimistic than the communities that an effective alert would be 
given should an emergency occur. 

Overall the self-evaluations reinforce some earlier conclusions. 
Timely and effective warnings are constrained by poor communication links 
between the facilities and communities and within communities. 
the warning system must acknowledge the public needs to play an active 
rather than a passive role in maintaining the system. 

This was cited 
Furthermore, many facilities 

Difficulties were 

Facilities tended to agree with 

The same pattern holds for internal com- 
Eleven percent of the communities 

Twenty percent of the facilities saw no weak links in the public 

Finally, 
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4 . 7 . 2  How do t h e  F a c i l i t i e s  ComDare w i t h  Others? 

Because the  f a c i l i t i e s  se lec ted  f o r  study do n o t  represent  a random 
sample o f  a l l  f a c i l i t i e s  i n  t h e  country,  t h e  a b i l i t y  t o  genera l i ze  i s  
l i m i t e d .  We cannot a s c e r t a i n  whether t h e  communities are r e p r e s e n t a t i v e  
o f  a l l  communities w i t h  hazardous chemical f a c i l i t i e s ,  b u t  we can d e t e r -  
mine t h e  advantages of p lann ing  f o r  t he  reference f a c i l i t i e s  compared t o  
those f o r  o t h e r  f a c i l i t i e s  i n  these communities. 

The vas t  m a j o r i t y  (94%) o f  t h e  communities c o n t a i n  o t h e r  f a c i l i t i e s  
t h a t  s t o r e  o r  use hazardous chemicals. 
mated t h a t  142 o the r  f a c i l i t i e s  e x i s t  t h a t  r e q u i r e  emergency p lanning.  
The median number o f  f a c i l i t i e s  was 20. 
p lann ing  e f f o r t s  o f  t h e  f a c i l i t i e s  being used as t h e  re fe rence  p o i n t  f o r  
comparison t o  others,  most r a t e d  them as b e t t e r  than average. Twenty 
percent  thought they were b e t t e r ,  and an equal number f e l t  they were 
somewhat b e t t e r .  F o r t y  percent o f  t h e  communities evaluated them as 
average and o n l y  7% r a t e d  t h e  f a c i l i t i e s  as poorer than average. 

On average, t h e  communities e s t i -  

When asked about t h e  emergency 

Community respondents a l s o  compared t h e  communities' a b i l i t y  t o  issue 
warnings t o  t h e  p u b l i c  i n  t h e  v i c i n i t y  o f  t h e  re fe rence  f a c i l i t i e s  w i t h  
o t h e r  f a c i l i t i e s  i n  t h e  community. The p a t t e r n  s h i f t e d  somewhat, moving 
f r o m  above average t o  more n e u t r a l .  About 62% responded "about t h e  same 
as f o r  o thers. "  The number above average was 25%, and o n l y  6% f e l l  below 
average. 

These p a t t e r n s  o f  response may be a t t r i b u t e d  t o  two f a c t o r s .  F i r s t ,  
t h e  f a c i l i t i e s  se lec ted  tended t o  be l a r g e  f a c i l i t i e s  t h a t  would be more 
a c t i v e  i n  emergency p lanning than smal ler  companies. Hence, t h e  q u a l i t y  
o f  t h e i r  emergency p lann ing  should be r a t e d  h ighe r  than average. Second, 
t h e  q u a l i t y  o f  emergency p lann ing  a t  t h e  f a c i l i t y  i s  o n l y  one f a c t o r  i n  
t h e  communities' a b i l i t y  t o  issue a warning; t he re fo re ,  t h e  f a c i l i t i e s  
represent  a more t y p i c a l  warning s i t u a t i o n  f o r  t h e  communities. Overa l l ,  
t h e  warning systems f o r  t he  reference f a c i l i t i e s  must be viewed as being 
b e t t e r  than normal f o r  a l l  f a c i l i t i e s  i n  these communities, a l though t h e  
degree t o  which they are b e t t e r  cannot be p r e c i s e l y  q u a n t i f i e d .  

4.7.3 What can be Done t o  Improve the  S t a t e - o f - t h e - A r t ?  

S t a t e - o f - t h e - a r t  p u b l i c  a l e r t  and n o t i f i c a t i o n  systems can be 
improved i n  two fundamental ways, F i r s t ,  t he  d isseminat ion o f  e x i s t i n g  
techno1 ogy and resources t h a t  would enabl e b e t t e r  p l  anning and emergency 
response can be enhanced. Second, t h e  e x i s t i n g  technology and knowledge 
t h a t  def ines t h e  s t a t e - o f - t h e - a r t  can be advanced. To understand what i s  
impor tant  from t h e  v iewpoints  of t he  communities, they were asked t o  rank 
areas t h a t  they f e l t  a d d i t i o n a l  resources o r  equipment and improvements i n  
knowledge and technology would improve t h e i r  chemical emergency p lann ing  
programs 

Consis tent  w i t h  our e a r l i e r  f i n d i n g s ,  a c q u i r i n g  improved p u b l i c  a l e r t  
and warning equipment was, on t h e  average, t h e  pr imary community need. 
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The second- and third-rated needs also related to warning systems. These 
needs were new communications equipment and computer-based emergency 
management systems. Contrary to our expectations, funds for planning and 
training were lower on the lists of needs. 

A similar pattern is found for new knowledge and technology. The two 
top priorities were improved public alert and warning technologies and 
improved communication technologies. 
knowledge on protective action effectiveness and improved training 
programs. The area least in need of improvement was improved planning 
guides. 

These were followed by improved 

4 .7 .4  The Effectiveness of Public Alert and Notification Svstems 

and state-of-the-art and some constraints that will impede timely dissemi- 
nation of alerts. To further understand the magnitude of these problems, 
communities were asked for their overall assessment of capabilities to 
provide a timely warning to the public surrounding the reference facili- 
ties. The measure is, o f  course, relative; it provides no absolute indi- 
cator of the probability of successful warnings. It can, however, help to 
calibrate the interpretations of other measures of effectiveness. 
majority of the communities expressed some level of certainty that an 
effective warning would be made in an emergency. 
it was highly certain, and 49% stated it was somewhat certain. 
five percent, however, cast some doubts that an effective warning would be 
made in their communities. 

The analysis has demonstrated some gaps between existing practices 

The 

Twenty-six percent said 
Twenty- 

Overall, this can be interpreted as being consistent with the pattern 
of results from the rest of the study. 
notification systems ranges from somewhat poor t o  outstanding. The notion 
of variability is reflected in the responses t o  the question of the effec- 
tiveness of public alert and notification systems. 
develops a more systematic method t o  appraise the overall quality of these 
systems. 

The quality o f  the alert and 

The next section 

5 .  PUBLIC RESPONSE TO WARNINGS 

Eliciting effective public response i s  the objective of the warning 
process. 
a fundamental element of the warning process. 
warning process begins when information concerning a potential threat 
reaches the general public, and it ends after the threat dissipates. 
Public officials may view the public warning process more bureaucrati- 
cally; demarking the public component with the decision to warn at one end 
and the public receipt of the " a l l  clear" signal at the other. This 
section discusses the receipt of a warning by the public, the response to 
warnings of chemical hazard, and the overall effectiveness of warning 

Hence, the public, as receiver of the warning message, comprises 
The public component of the 
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systems. 
perspective. 

The warning process is briefly discussed from the public's 

ARNING PROCESS 

Warning the public of the threat of an impending chemical hazard 
encompasses two steps: to make them aware of an abnormal set of cir- 
cumstances characterized by an elevated threat and to provide information 
to elicit actions to minimize the dangers associated with the threat. The 
former is referred to as the alerting function; the latter constitutes the 
notification function, which involves alerting the public that a hazard is 
imminent. Notification involves communicating the warning message so as 
to prompt mitigative response to the hazard. 
ing issues involves the technical ability to make people aware o f  the 
threat, and the primary notification issues focus on the public's inter- 
pretation of the warning message. 

The central focus of alert- 

Warning messages are passed along a series of pathways that can 
change their associated meaning. 
involve cognitive functions as well as social structural considerations. 
The cognitive functions include the belief in the warning message, the 
personalization of the associated threat, the credibility of the source o f  
warning, and the perception of the content. The social structural con- 
siderations involve the social context o f  the hazard, including the inter- 
actions with others in the social network, prior experience, extant social 
and physical environments, and existing conditions that interact with and 
influence the warning message. 
based on the degree of assessed hazard or danger, the threat, and the 
public's experience as placed in the social context. Therefore, the 
declsion to accept, ignore, disseminate, challenge, or confirm the emer- 
gency warning message (Baker, 1979) rests on this social context, 

These pathways of warning communication 

The response to an emergency warning is 

Psychologically, emergency warnings that result in the recognition o f  
threat, create discomfort and uncertainty of the impending event. The 
emergency warning process involves both the message and the character- 
istics of the receiver. Having received the message, it is evaluated in 
terms of certainty and whether the anticipated severity, timing, -and 
location of impact are ambiguous, The message is personalized in terms o f  
relevance; for example, " I s  the threat likely to effect me?" The result- 
ing relevance o f  the warning message is determined in the context of prior 
disaster experience, relative proximity, credibility of the source o f  
warning, interpretation, and discussion with others. Hence the warning 
message is processed in the context o f  the social network. 

Janis (1958) describes effective warning messages as those requiring 
a delicate balance between fear-arousing and fear-reducing statements. By 
describing the impending danger in sufficient detail, a vivid mental image 
o f  the impending crisis is evoked. This fear-arousing part of warning 
messages reduces the possibility of surprise, and invokes response. The 
realistic presentation of the mitigating factors o f  the potentially 
threatening situation provides information regarding both the actions of 
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authorities and those of individuals. This fear-reducing component of the 
warning message provides the foundation for adaptive response. "The fear- 
arousing content of the warning message alerts the public to the potential 
for harm, while the fear-reducing statements consist of notification of 
appropriate mitigation action'' (Rogers and Nehnevajsa, 1987: p. 358). 

5.2 DESCRIPTION OF EVENTS 

A relatively weak set of empirical data exists on human behavior in 
chemical accidents. At the organizational level, about 20 case studies 
document the response of public officials to an emergency (Quarantelli, 
1981; 1983). Some o f  these studies include the warning process. 

At the individual level, five events have been researched in which 
warning responses were documented. These include a nitric acid spill in 
Denver, Colorado (Perry and Mushkatel, 1986), a railcar derailment involv- 
ing propane in Mt. Vernon, Washington (Perry and Mushkatel, 1984; 1986), 
the Mississauga, Ontario, accident involving chlorine (Burton et al., 
1981), and two recent train derailments in Pennsylvania. These events are 
summarized in Table 2. 

5.2.1 Mississauqa Chlorine Gas Release 

On Saturday, November 10, 1979, at 11:54 Pam., a series of tank cars 
including one car filled with 90 tons o f  chlorine, four cars filled with 
caustic soda, a string of cars containing propane, and three cars contain- 
ing styrene derailed in Mississauga, Ontario, Canada. As the result of 
the derailment ' I . . .  the propane cars were either ruptured or damaged, with 
their contents flowing o f f  or exploding" (Burton et al. , 1981:2-11). The 
chlorine car was punctured by the car following it, and the content o f  the 
cars containing styrene and caustic soda poured onto the tracks. 

A number of local - and municipal -level emergency response agencies 
responded, including regional pol ice, fire and ambulance services. Pol ice 
units in the area at the time of the accident were alerted by the light 
from the explosions, and three or four police units converged oft the 
scene. 
dent to the radio dispatch. A constable and a detective sergeant arrived 
on the scene within several minutes. 
the-scene requested additional personnel , but a1 ert ing f i re personnel was 
not necessary because o f  the high visibility and recurring shock waves 
caused by repeated explosions. 
the explosions, with four ambulances being dispatched t o  the scene within 
four minutes of the accident. Ambulance service personnel stationed 
themselves strategically around the area as no initial injuries where 
reported. The repeated explosions also alerted the general public; how- 
ever, many converged on the area until emergency workers cordoned off the 
area within 600 meters. 

The first police units to arrive on the scene reported the acci- 

Within three minutes, the people on- 

Ambulance services were also alerted by 
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Because the 'location of the chlorine tank car  had not been deter-  
mined; a visual check taking 20 minutes was made of each tank car .  
search revealed tha t  the chlorine car probably was engulfed in the jumble 
of cars a t  the center o f  the derailed section of the t ra in .  After 
consulting with railroad o f f i c i a l s ,  f i r e  department representatives, the 
procedural representative, and the advisor from Ashland Chemicals, emer- 
gency o f f i c i a l s  decided to  evacuate the downwind areas ( i . e . ,  areas south 
and west of the s i t e ) .  A t  1:47 a.m., nearly 2 hours  a f t e r  the accident, 
the f i r s t  o f f ic ia l  evacuation was ordered. Police were instructed t o  go 
door-to-door and t e l l  residents t h a t  dangerous gases were on the t r a in  and 
advise them t o  leave the area. Before the emergency was over (including 
the staged evacuation and re-entry) ,  approximately 250,000 people were 
forced to  evacuate the i r  homes. 

The 

On Tuesday afternoon, re-entry began with those fa r thes t  from the 
accident s i t e  when erroneous media messages led to  massive t r a f f i c  jams. 
Final re-entry for  those in close proximity t o  the accident s i t e  began on 
Friday afternoon a f t e r  a lengthy control-group meeting, By 4:OO p.m.,  18 
tons  o f  chlorine had been removed, leaving only 4000 t o  5000 gallons. 
This led t o  a consensus decision by a l l  experts tha t  the remaining 
evacuees could safely return t o  the i r  homes. To avoid concentration of 
potentially hazardous gas in homes people were instructed t o  open doors 
and windaws for  15 minutes. 
upon return from the week-long evacuation. 

Between 40 and 50 break-ins were reported 

The accident did n o t  resul t  in any deaths or major in jur ies ;  however, 
minor and temporary health e f fec ts  were reported; including eye i r r i t a -  
t ions,  respiratory problems, chest pa ins ,  food poisoning, various psycho- 
logical and psychosomatic i l lnesses ,  existing i l lnesses  aggravated by the 
experience, and various bruises, sprains, and broken bones. A11 injur ies  
occurred rarely,  affecting less than 1% o f  the evacuees, except for  
nervousness and anxiety, which was reported by about 1B% of those in te r -  
viewed in August 1980. 

5.2.2 M t .  Vernon ProDane T a n k  Car Derailment 

On Thursday, April 22 ,  1981, a t  approximately 5:45 p.m., a t a n k  car 
carrying 25,000 gallons of propane derailed on a spur near downtown 
Mt. Vernon, Washington. "The tank car remained upright and appeared t o  be 
undamaged" (Perry and Mushkatel, 1986: p. 1 2 ) .  I n i t i a l  e f fo r t s  o f  r a i l -  
road employees t o  get the t a n k  car back on the track were unsuccessful. 
The railroad workers did n o t  define the s i tuat ion as posing any danger and 
decided t o  close of f  the spur for  the night. They planned t o  r ight  the 
tank car  as p a r t  of the following day's work. 
employee o f  an adjacent business noticed a t a n k  car marked "liquefied 
petroleum gas" and reported i t  t o  county authori t ies .  
fa i lure  t o  notify local authorit ies was identified i n  retrospect a s  the 
single biggest mistake associated with the incident. 

A t  about  7:45 a.m. an 

The railroad crew's 

The local f i r e  and police departments, the county emergency services 
agency, and the county police played key roles in handling the incident. 
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On-si te inspections conducted by emergency responders indicated that no 
hazardous materials were being released into the environment. 
failure to report the incident resulted in a strained relationship between 
community emergency responders and railroad responders, it was agreed that 
the unmolested tank car did not present a major threat to the surrounding 
community. Community officials reasoned that lifting the tank car back on 
the track could produce sufficient strain to cause any preexisting weak 
spots t o  fracture, and release propane into the environment or cause an 
explosion that would be complicated by the existence of other liquid 
petroleum products stored nearby. 
operation posed no threat to the community. 
suspect preexisting weak spots, there was also no immediate way to confirm 
that they did not exist. 

While the 

Railroad officials argued that the 
While there was no reason to 

About 16 hours after the derailment, at about 1O:OO a.m.,  emergency 

County police 

The tanker was 

officials started the process of a door-ta-door, notification of surround- 
ing residences and businesses advising people to evacuate the area. 
elementary school and a nursing home also were evacuated. 
blocked off primary streets near the derailment site at 11:OO a.m., and by 
1 2 ~ 3 0  p.m. approximately 2500 people had been evacuated. 
returned to the tracks without further complications, and people were 
allowed to return t o  the area about 1:00 p.m. 
terized as precautionary rather than a response to an extant disaster. 

An 

The evacuation was charac- 

5.2.3 Denver Nitric Acid SDill 

On Sunday, April 3 ,  1983, in a rail yard near the central business 
district of Denver, Colorado, a railcar coupling punctured a tank car 
containing 18,000 gallons of nitric acid. Initially, a small fire was 
ignited, and a cloud o f  nitric acid gas engulfed some nearby electrical 
transformers causing explosions and resulting in power outages in the 
surrounding areas. While the nitric acid spill itself presented little 
threat t o  nearby residents, the gaseous plume that formed over the rail 
yard was subject to rapid spreading by the wind. 
confirmed the existence o f  the toxic plume, plotted the downwind trajec- 
tories and identified the immediate need for evacuating threatened areas. 

of Emergency Preparedness decided to evacuate a 500 square block area 
adjacent to the rail yard. Part of the evacuated area is comprised o f  
factories, warehouses, and industrial areas. In addition, there are a 
number of low-income inner-city residential areas, populated primarily by 
minorities (i.e,> Mexican-Americans, Blacks, and a small number of 
Cambodian immigrants). By 5:30 p.m. the warning process had begun with 
the sounding of emergency sirens. Additional warnings were broadcast over 
television and radio, and emergency personnel engaged in a door-to-door 
alert in some areas and used portable loudspeakers in others. Official 
estimates indicated that more than 4000 people were evacuated, but only 
2300 registered at public shelters. 
the nitric acid had been neutralized with soda ash, and the cloud had 

Emergency managers 

In coordination with the Denver Fire Department, the Denver Office 

By noon of the following day, most of 
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dissipated. 
respiratory difficulties in the course of the emergency, but no serious 
injuries were reported. 

A number of people were treated for minor eye irritations and 

5.2.4 Pittsburqh PhosDhorous Oxychloride Release 

freight train derailed in Pittsburgh, Pennsylvania. In the process o f  
derailing, the westbound train sideswiped an eastbound train causing it 
to derail. Four o f  the derailed tank cars on the eastbound train con- 
tained hazardous materials. 
fire; however, 'I ... contrary to reports circulated at the time of the 
accident, none of the hazardous materials ignited" (Railroad Accident 
Investigation Report, No. A-63-87, Consolidated Rail Corporation, 
Pittsburgh, Pennsyl-vania, April 11, 1987). Because of the involvement 
of hazardous materials, Pittsburgh emergency personnel initiated an 
evacuation when they arrived at the scene, about 20 minutes after the 
accident. Some local residents in the immediate adjacent areas had 
already begun to evacuate. Up to 22,000 people were evacuated as the 
initial evacuation area was expanded to accommodate changing weather 
conditions. 

On Saturday, April 11, 1987, at 12:29 p.m., a westbound Conrail 

Sparks resulting from the accident ignited a 

The fire was extinguished by 3:30 p.m.; however, the primary concern 
centered around a derailed tank car containing phosphorus oxychloride. 
This tank car developed a crack in the dome that permitted between 30 and 
100 gallons of lading to escape. Emergency response teams inserted a 
tennis ball in the vent pipe to prevent further release and neutralized 
the chemicals that had escaped with hot ash and sand. By 5:50 p.m, the 
affected areas had been declared safe and the initial evacuation order was 
rescinded. 

Emergency officials planned a second precautionary evacuation for 
1:OO p.m. the following day to upright the leaking tank car; however, a 
close inspection of the damaged tank car shortly after midnight detected 
continued degradation of the tank car. At 1:3O a.m. an evacuation order 
was issued affecting between 14,000 and 16,000 residents within one-half 
mile of the scene. This second evacuation order was not rescinded until 
4:30 p.m. on Sunday, April 12, 1987. Approximately 25 people were treated 
for eye and throat irritation at area hospitals, and three people were 
hospitalized during the course o f  the accident. 

5.2.5 Confluence Precautionarv Evacuation 

On Wednesday, Hay 6, 1987, at 4:lO a.m., 21 of the 27 "empty" tank 
cars carrying product residues including propane, chlorine, caustic soda, 
carbon disulfide, methyl chloride, chloroform, and isobutane derailed in 
Confluence, Pennsylvania. Because tank cars carrying residue can haul up 
to 3% o f  the load, emergency officials had no way to determine the exact 
amount of products remaining in the cars. Upon examination of the train's 



mani fest ,  emergency management o f f i c i a l s  i n i t i a t e d  a p recau t iona ry  evacua- 
t i o n  o f  t h e  986 r e s i d e n t s .  

A 3-minute nonstop s i r e n  b l a s t  was sounded, which p r i m a r i l y  a l e r t e d  
t h e  vo lun tee r  f iremen; r e s i d e n t s  cou ld  n o t  be expected t o  be aware o f  t he  
s i r e n - b l a s t ’ s  s p e c i f i c  meaning. A t  approximately 4:3O a.m., a d o o r - t o -  
door and p o r t a b l e  loudspeaker a l e r t  and n o t i f i c a t i o n  o f  t h e  emergency 
began us ing vo lun tee r  f i remen and un t ra ined  vo lunteers.  
were s e t  up i n  t h e  area’s h igh  school, and l o c a l  school buses and ambu- 
lances prov ided t r a n s p o r t a t i o n  f o r  those needing it. 
complete w i t h i n  45 minutes. With the  ass is tance o f  area-wide emergency 
personnel, two l e a k i n g  propane tankers were sealed by 9:48 a.m. 
chance o f  explos ion and/or f i r e  d u r i n g  wreckage cleanup prevented t h e  
evacuees from r e t u r n i n g  u n t i l  6:lO p.m. 

P u b l i c  s h e l t e r s  

The evacuat ion was 

The 

5.3 TIMING OF WARNING AND RESPONSE 

I n  two recen t  t r a i n  dera i lments ( i .e . ,  i n  P i t t sbu rgh ,  Pennsylvania 
and Confluence, Pennsylvania), da ta  rega rd ing  t h e  t i m i n g  o f  warning 
r e c e i p t  were c o l l e c t e d  by the  U n i v e r s i t y  Center f o r  Socia l  and Urban 
Research a t  t h e  U n i v e r s i t y  of P i t t sbu rgh .  These da ta  a re  summarized i n  
F i g .  2 as t h e  cumulat ive p r o p o r t i o n  o f  t h e  p o p u l a t i o n  warned by t ime  o f  
r e c e i p t  i n  terms o f  minutes i n t o  t h e  event. 
are c l e a r l y  evidenced by t h e  p r o p o r t i o n  o f  respondents t h a t  r e p o r t e d  
r e c e i v i n g  warning p r i o r  t o  t h e  event ’s accurrence. 
l e a s t  p a r t i a l l y  because o f  t h e  way people t h i n k  about and r e c a l l  t ime.  
For example, t he  noontime P i t t s b u r g h  event a c t u a l l y  occurred a t  
12:25 p . m . ,  b u t  many o f  those r e p o r t i n g  warning r e c e i p t  p r i o r  t o  t h a t  t ime 
s a i d  they were warned a t  noon. 
people would r e c a l l  t h e  t ime i n  terms o f  what they were doing a t  the t ime 
(e.g., e a t i n g  lunch)  and r e p o r t  i t  as noon ( i . e . ,  12:OQ p.m.). 

The measurement d i f f i c u l t i e s  

Th is  seems t o  occur a t  

It 1s n o t  hard t o  c o n s t r u c t  t h a t  many 

Both warning s i t u a t i o n s  are cha rac te r i zed  as c o n s i s t i n g  of  p r i m a r i l y  
r o u t e - a l e r t i n g  and door- to-door  warning systems. Each warning s i t u a t i o n  
i s  cha rac te r i zed  by an S-shaped curve, w i t h  t h e  Confluence event 
r e p o r t e d l y  approaching 98% warned i n  about 2 hours, and t h e  P i t t s b u r g h  
event r e p o r t e d l y  approaching 80% warned i n  about 3 hours. However, 
because o f  methodological  u n c e r t a i n t i e s ,  i t  i s  o n l y  p o s s i b l e  t o  i d e n t i f y  
people t h a t  p o s i t i v e l y  r e p o r t  having rece ived  some k i n d  o f  warning; i t  i s  
n o t  p o s s i b l e  t o  i d e n t i f y  those n o t  r e c e i v i n g  warning. Whi le t h e  warning 
s i t u a t i o n s  i n  conf luence and P i t t s b u r g h  are cha rac te r i zed  by r a p i d  d i s -  
seminat ion w i t h i n  1-1/2 hours o f  t he  event, o n l y  12.5% repo r ted  being 
warned w i t h i n  15 minutes i n  P i t t sbu rgh ,  and 36.8% r e p o r t e d  being warned i n  
t h e  same p e r i o d  i n  Confluence. This  may be a t t r i b u t e d  t o  a number o f  
f a c t o r s  i n c l u d i n g  t h e  type o f  event, t h e  s i z e  o f  t he  area t o  be warned, 
d i s tance  from t h e  source, t i m e  o f  day, o r  a b i a s  associated w i t h  a t t r i b u t -  
ab le experience gained v i c a r i o u s l y  i n  Confluence when t h e  P i t t s b u r g h  event 
occurred (about a month e a r l i e r ) .  I n  Confluence n e a r l y  70% r e p o r t  r e c e i v -  
i n g  a warning w i t h i n  1 hour, w h i l e  o n l y  23% r e p o r t  having rece ived  a 
warning i n  t h e  same p e r i o d  i n  P i t t sbu rgh .  
by complete (100%) warning, and bo th  events i n d i c a t e  t h a t  ve ry  r a p i d  onset 

N e i t h e r  event i s  cha rac te r i zed  
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emergencies can r e s u l t  i n  people be ing engul fed i n  danger p r i o r  t o  
r e c e i v i n g  a warning. 

Response may be cha rac te r i zed  as t h e  passage o f  t ime  between when 
people r e c e i v e  t h e  warning message and when they  take  a c t i o n  t o  avoid 
harm. I n  both t h e  P i t t s b u r g h  and Confluence events, t h e  p r i n c i p a l  
response f o r  i n d i v i d u a l s  was t o  evacuate t h e  a f f e c t e d  area. 
P i t t sbu rgh ,  about 22,000 people were evacuated (Ra i l road  Accident I n v e s t i  - 
g a t i o n  Report No. A-63-67). I n  Confluence, a l l  986 r e s i d e n t s  were 
evacuated (PEMA, Western Area O f f i c e ,  June 3, 1987 r e p o r t  on CSX T r a i n  
Derai lment on May 6, 1987, i n  Confluence Borough). The response f u n c t i o n  
c l o s e l y  f o l l o w s  t h e  curve rep resen t ing  r e c e i p t  o f  warning i n  t h e  
Confluence event, w h i l e  i n  P i t t s b u r g h  response was bo th  s lower and more 
l i m i t e d .  Th is  may r e s u l t  from t h e  simply de f i ned  area a t  r i s k  ( i .e. ,  t h e  
e n t i r e  Borough of Confluence), t h e  s imply d e f i n e d  response op t i ons  ( i .e . ,  
evacuate t o  ...), t h e  v i c a r i o u s  experience o f  hear ing about t h e  evacuat ion 
i n  P i t t sbu rgh ,  t h e  pe rcep t ion  and p e r s o n a l i z a t i o n  o f  r i s k ,  o r  t he  s o c i a l  
con tex t  associated w i t h  community s i ze .  

I n  

The dynamics o f  t h e  two events are a l s o  q u i t e  d i f f e r e n t  i n  terms o f  
t he  t i m e  o f  day. The Confluence event occurred a t  approximately 4:20 a.m. 
on Wednesday, May 5 ,  1987. Most people r e p o r t  be ing a t  home i n  bed when 
they  f i r s t  rece ived  warning. I n  con t ras t ,  t h e  P i t t s b u r g h  event occurred 
a t  approximately 12:25 p.m. on Saturday, A p r i l  11, 1987. Some people were 
a t  home, (e.g., working i n  t h e  yard) ,  b u t  many r e p o r t e d  being away from 
o the r  members o f  t h e i r  f a m i l i e s  (e.g., shopping i n  t h e  area, a t  community 
funct ions,  and a t  work).  I n  shor t ,  t he  s o c i a l  dynamics o f  t h e  t i m e  o f  
l o c a t i o n  by t i m e  of day and day o f  week a re  a c o n t r i b u t i n g  f a c t o r  i n  the  
apparent d i f f e r e n c e  i n  the  warning and associated response f o r  t h e  two 
events . 

5 . 4  SOURCE OF WARNING 

I n  both the  P i t t s b u r g h  and Confluence events, p o r t a b l e  s i r e n s  and 
loudspeakers along w i t h  door- to-door  warnings account f o r  t h e  m a j o r i t y  o f  
t h e  warnings rece ived  (58.5 and 89.0%, r e s p e c t i v e l y )  (Table 3 ) .  Th is  i s  
i n  a d d i t i o n  t o  t h e  66.7 and 27.5% r e p o r t i n g  a v i s i b l e  o r  a u d i b l e  s i g n  o f  
t h e  d i s a s t e r  i n  t h e  two communities. A l l  o f  these r o u t e - a l e r t i n g  methods 
of warning took  1 t o  1-1/2 hours on t h e  average i n  P i t t sbu rgh ;  p o r t a b l e  
s i r e n s  i n  Confluence averaged j u s t  over 30 minutes and loudspeakers and 
door- to-door  a l e r t i n g  took  about 1 hour. The most e f f e c t i v e  warning 
source i n  terms o f  average t ime t o  warn i n  P i t t s b u r g h  was the  contagion o f  
t h e  warning message through the  s o c i a l  network. Un fo r tuna te l y ,  comparable 
da ta  are n o t  a v a i l a b l e  f o r  Confluence. It i s  i n t e r e s t i n g  t h a t  even among 
those t h a t  repo r ted  aud ib le  and v i s i b l e  s igns o f  t h e  events, average 
warning t imes a re  repo r ted  a t  85 and 50 minutes a f t e r  t h e  event, respec- 
t i v e l y .  Therefore, i t  seems ev ident  t h a t  respondents associated spec ia l  
meaning t o  an emergency warning, They probably associated i t  w i t h  being 
t o l d  by o f f i c i a l s  and/or a u t h o r i t i e s .  
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Table 3 .  Average time warned by source of warning 
(in minutes into the event) 

Source of Warning Pittsburgh Confl uence 

N Mean N Mean 

Friends, neighbors, and relatives 
Portable sirens 
Door-to-door 
Portable loudspeakers 
Rad i o 
Television 
Other sources 
Vi si bl e/audi bl e sign 

59 
61 
38 
89 
21 
33 
19 

214 

49 
61 
70 
87 
95 
96 
92 
86 

NA 
33 32 
27 66 
21 68 

NA 
NA 

10 92 
25 58 

One of the primary protective actions used in each of these events 
was evacuation. The average response time among those evacuating was 24.2 
minutes in Confluence and 26 .5  minutes in Pittsburgh. Route alerting, 
characterized by officials either at the door or using loudspeakers, 
generated slightly faster responses than did portable sirens alone in both 
events (Table 4 ) .  In Confluence, these authority-based route alerting 
mechanisms generated response in 20 to 25 minutes on average, while in 
Pittsburgh these same sources achieved a response in about 50 minutes. 
Response to portable sirens alone took about 20 minutes longer in 
Pittsburgh, while portable loudspeakers took longer than other sources of 
warning in Confluence. 
the nature of the event and what should be done about it. 

Presumably, this is the time it takes ta determine 

Figure 3 illustrates the timing of warning and response for both 
events expressed as the cumulative percent hearing and responding to the 
warnings. 

5 .5  WARNING EFFECTIVENESS 

An effective warning system, from a public response viewpoint, is one 
that provides both a timely alert and notification and a message that 
guides people to take the appropriate protective action. A timely alert 
and notification is one that gives the public sufficient time to implement 
the appropriate response. An effective message is one that has the appro- 
priate content and style and is disseminated over multliple channels with 
frequent and up-to-date information. Previous research has identified the 
elements o f  both style and content that are thought, from a normative 
standpoint, to define effective message design. 
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Fig. 3. The timing o f  warning and response for both  the Confluence 

and Pittsburgh events. 
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Table 4 .  Average response time t o  emergency warning 
by source of  warning ( t ime in  minutes) 

Source of Warning 
P i  t t s burg h Confluence 

N Mean N Mean 

Fr iends ,  neighbors ,  and r e l a t i v e s  59 54.4 
Por t ab le  s i r e n s  22 73.4 33 21.5 
Door-to-door 37 50.4 11 25.9 
Por t ab le  1 oudspeakers 86 49.3 21 38.0 
Radio 20 59.3 
Telev is ion  33 57.4 
Other sources  19 30.8 10 13.3 

5.5.1 Timina and Source of Warnincls 

The  speed a t  which an a l e r t  and n o t i f i c a t i o n  can be disseminated t o  
t h e  pub l i c  i s  l a r g e l y  a func t ion  of  the fol lowing f a c t o r s :  

1. Type of  warning system 
2 .  Time of day 
3 .  Area a t  r i s k  
4. Populat ion d i s t r i b u t i o n  
5. Season 
6.  Weather cond i t ions  
7.  

From a s e r i e s  of h i s t o r i c a l  events, the percentage of  t h e  populat ion 
warned before  an event occurred using an ad hoc warning system, which 
t y p i c a l l y  re l ies  on ( a )  the media and EBS, and door- to-door  o r  (b)  rou te  
a l e r t i n g ,  can be es t imated  from behavioral  surveys conducted fol lowing the  
event  (Sorensen and Mileti, i n  p r e s s ;  Sorensen e t  a l . ,  1987).  In these 
c a s e s ,  the percentage warned ranged from 30 t o  nea r ly  100% of  the popula- 
t i o n  t h a t  was def ined  by t h e  r e sea rche r  t o  be a t  r i s k  and included in  the 
sample. The poorest warning e f f o r t  documented by a behavioral  s tudy was 
a t  the Big Thompson, Colorado, f lood  where an es t imated  30% rece ived  a 
warning before  the f lood  waters  came. In o t h e r  d i s a s t e r s  such a s  the 1976 
Buffalo Creek, West Vi rg in i a ,  f lood  and the 1977 Johnstown, Pennsylvania,  
f lood  where behavioral  surveys were not  conducted, i t  i s  l i k e l y  t h a t  lower 
warning r a t e s  would be found a l s o .  These were f a s t  moving events w i t h  
less t h a n  1 hour  lead  t ime. A t  Buffalo Creek, no formal warning was 
i s sued ,  and t h e  cascading water  provided the only form of n o t i f i c a t i o n  
(Erikson,  1976).  In the Johnstown f lood ,  the f a i l u r e  o f  communications 
equipment l e d  t o  a s i t u a t i o n  in  which warnings f a i l e d  t o  reach most of t h e  
pub l i c  (NOM, 1978). 

Re1 i abi 1 i t y  of warning system techno1 ogy 
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In  events where detection provides a lead time of a minimum o f  3 t o  
4 hours, 90 t o  100% of the population can be warned without the use of  a 
highly specialized warning system in most events. 
used for  these events are ad hoc. 
e f fo r t s  including door-to-door notification by law enforcement personnel, 
driving th rough  affected areas using portable loudspeakers and sirens on 
emergency vehicles, and disseminating warning over radio and television 
s ta t ions including the EBS. Permanent sirens or other more sophisticated 
warning technologies were n o t  used t o  warn the public in these events. 

The warning systems 
They involve a combination o f  emergency 

Figure 4 re la tes  the level of warning t o  the available warning time 
for  14 historical  events. The d a t a  i s  used t o  show three curves of warn- 
ing penetration based on short- ,  medium-, and long-lead times. 
were derived by f i t t i n g  a logarithmic regression function t o  different  
s e t s  o f  the observed warning rates .  
because i t  best approximates the nature o f  the data in the Mt. S t .  Helens 
ashfall case. The penetration o f  warnings during the f i r s t  50 minutes of 
a l l  warnings and for  a l l  warnings o f  1 hour or less  i s  believed to  be best 
represented by the curve: 

The curves 

The logarithmic function i s  used 

% warned = 81.83 * available time"3.488 . 
For events with 50 t o  3 hours o f  warning time, the curve i s  charac- 

% warned = 59.58 * available time"0.4753 . 
terized by the equation: 

Finally for events with warning times of 3 hours o r  greater,  the 
curve i s  represented by the equation: 

% warned = 6 6 . 6 3  * available time"0.2089 . 
Because o f  the small number of d a t a  points t h a t  these equations are 
derived from, the reader should note that  the uncertainties associated 
with the curves are quite large. 

People were warned in most events by a combination of three message 
sources: emergency o f f i c i a l s  such as pol ice off icers  or emergency workers 
who go door-to-door o r  th rough  the s t ree ts  with loudspeakers; informal 
sources such as friends,  neighbors, or relat ives  who make personal o r  
telephone contact; and the mass electronic media such as  radio or t e l e -  
vision. The mixture of warning sources varies among events, although the 
reasons for  variations are not well understood. 

One factor t h a t  d i f ferent ia tes  the v a r i o u s  combinations i s  the 
available warning time (Fig. 5 ) .  In  events with only a short amount o f  
warning time, the prime mode o f  warning i s  local o f f i c i a l s  and informal 
contacts. Often these events may occur during the nighttime hours when 
people are not  tuned t o  the media. 
in short-fused events t h a t  occur during the day or in the evenings. I n  
addition, the media plays a significant role in events with l o n g  lead 
times. I n  such s i tuat ions,  o f f i c i a l s  do  n o t  provide the i n i t i a l  warning 

The media plays a more important role 
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b u t  may provide personal notification of people i n  h i g h - r i s k  areas. 
data a lso suggest tha t  informal warning i s  a l ike ly  social process i n  a 
warning s i tuat ion.  In the events tha t  have a very short lead time, i t  
appears that  for  about every household tha t  receives a warning from an 
of f ic ia l  another household is  notified informally before o f f i c i a l s  can 
provide the warning. In more diffuse s i tuat ions,  the role  of informal 
warning diminishes. 
i s  greatly accelerated by social processes tha t  seem to  occur i n  most 
disasters .  
informal basis by many of the people a t  r i sk  even though the f i r s t  no t i f i -  
cation i s  n o t  from an informal source. 

Another way of viewing the t iming  of ad hoc warning i s  t o  examine the 
r a t e  a t  which the members o f  the public a t  risk are warned. 
depicts the ra te  o f  warning, measured as the number of households warned 
per minute by the amount of available warning time and the number of 
households warned for  nine localized and fast-onset hazard events. In 
general, as  the s ize  of  the p o p u l a t i o n  a t  r i sk  increases, the ra te  of 
warning also increases. That i s ,  the capabili ty of the warning system 
expands as the population involved becomes larger .  T h i s  re f lec ts  the fact  
that  resources such as police and other emergency personnel are propor- 
t ionate t o  the population i n  a community. 
amount of time available to  warn increased. I t  appears from the data t h a t  
a warning r a t e  o f  30 t o  35 people per hour i s  a maximum for  these types o f  
si tuat ions.  
would be the ra te  where media i s  used over a longer warning time period. 

The historical  data f a i l  t o  re f lec t  what i s  theoret ical ly  possible t o  
achieve given specialized warn ing  technology. The Lachman and Bonk (1960) 
study o f  the Hi lo  Tsumani indicated that  95% of the population heard the 
warning s i rens  w i t h i n  minutes. Studies around nuclear power p l a n t s  sug- 
gest  tha t  the p o r t i o n  of the population that  hears warnings from the t e s t  
soundings range between 60 and 95% depending on weather, season, and time 
of day (Towers e t  a i . ,  1982). The Federal Emergency Management Agency 
(FEblA) t e s t s  of s i ren systems around nuclear power plants indicate a 
similar range w i t h  a mean of 85% alerted by t e s t  soundings o f  sirens 
(FEMA, 1988). The larger problem i s  response t o  an a l e r t  mechanism. I t  
i s  n o t  known how many people actively seek information when they hear a 
s i ren.  
following the a l e r t  i s  largely unknown, b u t  i t  i s  l ike ly  to  be a log is t ic  
function t h a t  f a l l s  between the function for  the hearing of a siren and 
tha t  fo r  systems based on of f ic ia l  notification. 

The 

Thus ,  the actual timing of the warning dissemination 

In longer events, warning information i s  exchanged on an 

Figure 6 

Warning rates  decreased as the 

The warning ra te  i n  very large locations may be greater as 

The length o f  time t h a t  i t  takes t o  receive a warning message 

Other specialized warning systems capable of r ap id  warning o f  a high 

Both systems 
percentage o f  the population include tone-alert  radios and automatic 
telephone d ia le rs  that  would have steep penetration curves. 
are capable of p r o v i d i n g  an a l e r t  and an instructional message. Recent 
experiences w i t h  tone-alert  radios suggest that  about 7oX o f  the house- 
holds served by such a system had operating systems t h a t  produced a 
warning that  was heard by people a t  home a t  the time (FEMA, 1988). The 
major problem w i t h  tone-aler t  systems i s  having an operable receiver. No 
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F i g .  6. Warning rate by s i z e  of population and by available time. 
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data exist on the actual performance of a telephone-based system in a test 
or in an actual emergency. 

5 . 5 . 2  Notification Effectiveness 

A large number of studies exist on factors that influence public 

Table 5 provides a 

response to warnings (see Sect. 2.3). 
incorporate such information into the system design. 
divided into sender and receiver characteristics. 
categorization of those factors. 

by members o f  the public who will or will not respond to those warnings. 
Sender--or warn ing- -charac ter is t i cs  fall into f o u r  general categories. 
These categories are attributes of the messages, attributes of the chan- 
nels through which messages are conveyed, attributes of the frequency with 
which messages are given, and attributes of the person(s) and/or organiza- 
tion(s) from which the messages emanate (source attributes). Empirical 
findings from research on sender characteristics suggest that message 
attributes important to consider in understanding variation in human 
response to warnings vary in reference to both the content and style o f  
the message. Message content that effects response includes information 
about the location(s) at risk or not at risk, the character of that risk 
(for example, effects of impact and time to impact), and guidance about 
what people should and should not do in response to the warning and before 
impact. Both message style and message content are important considera- 
tions. 
important are specificity (the degree to which the message is specific 

An effective warning system will 
Those factors can be 

Sender characteristics are attributes of the actual warnings received 

Research suggests that the message style attributes that are 

Table 5. Factors affecting warning response 

Sender Characteristics 

Message attributes (style and content) 
Frequency attributes (number and pattern) 
Source attributes (officialness, credibility, and familiarity) 
Channel attributes (type and number) 

Receiver Characteristics 

Environment attributes (cues and location) 
Social attributes (network, resources, culture, and activity) 
Psychological attribute (knowledge, cognition, and experience) 
Physiological attributes (disabilities) 
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about risk, guidance, and location); consistency (the degree to which a 
message is internally consistent, and the degree to which consistency o f  
information exists across separate 
guidance, and location) ; accuracy (the extent to which message content 
about risk, location, and guidance is accurate); certainty (the degree 
to which those giving the warning message seem certain about what they 
are saying about risk, location, and guidance); and clarity (the degree 
to which risk, location, and guidance information in the message are 
given in words that people can understand). 

arning messages regarding risk, 

In addition to message attributes, the characteristics of the 
channel used is significant. These include the type of channel used 
(i.e.? personal versus impersonal) and the number of different channels 
used. Frequency attributes include the number o f  times a particular 
message is conveyed, the number o f  different messages, and the pattern 
between different conveyances (i.e., every 15 minutes, randomly, etc,). 
Source attributes include the level of familiarity o f  those giving the 
message to those receiving it, whether the message giver is an official, 
and the credibility of the message giver to those who receive the mes- 
sage s 

Research also documents a variety of characteristics o f  those who 
receive warning messages and covariants of warning response process fac- 
tors. These receiver characteristics are divided into four major cate- 
gories o f  receiver attributes. The first o f  these i s  attributes of the 
environment o f  the warning recipient when the warning i s  received. ‘The 
environmental attributes worth noting are physical and social cues 
(e.g., if there is smoke coming from the chemical plant when warnings 
are received, or if neighbors are seen evacuating when evacuation 
advisements are received). 

Social attributes o f  the warning receiver that have been 
empirically demonstrated t o  covary with warning response and process 
factors have been grouped into five categories. Aspects o f  the social 
network of which the warning recipient is a member is one category that 
includes factors such as whether the family i s  united, social ties and 
bonds, the existence of close-by friends and relatives. Resource 
characteristics of the warning recipients i s  another category o f  social 
attributes that refers to physical resources such as having or not 
having access to a car in which t o  evacuate, economic resources such as 
having money to pay for a hotel, and social resources such as having or 
not having a local social support system. The role characteristics 
(i.e-, sex and age) o f  the warning recipient are social attributes that 
affect warning response. Role characteristics include, for example, sex 
and age. Cultural characteristics such as ethnieity, language, and 
social class are another dimension of social attributes. The last 
category o f  social attributes of the warning recipient is activity 
characteristics; that is, the social activities in which the warning 
recipient is participating when the warning message is received. 
include activities such as sleeping, working, and recreating. 

These 
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The third set of  attributes of the warning recipient revealed by 
past research as necessary considerations are psychological attributes. 
These include pre-warning knowledge about risk associated with a par- 
t i cul ar hazard, protect i ve act ions , and the exi stence o f  emergency 
plans; pre-warning cognition such as psycho-social stress level and 
locus of control of the warning recipient; and experience with the 
hazard, for example, the type o f  experience and its recency. 

The last set of warning recipient attributes in the typology of 
attributes suggested by past research are physiological attributes. 
Although relatively scant, empirical research has been performed on 
physiological attributes, factors such as physical disabilities--for 
example, deafness and bl indness--are a category o f  warning receiver 
attributes that can effect warning response and process. 

From an emergency management standpoint, another way to look at 
warning system effectiveness is to measure the warning system’s ability 
to provide populations at risk with adequate time to respond appropriat- 
ely to the situation. 
warn the public is relatively unimportant until it is considered in 
conjunction with the onset of the hazard. 
time for effective response that is the single most important measure o f  
warning system effectiveness. For example, a warning system that warns 
a population in 10 minutes, when the population is exposed in 8 minutes 
is less effective than a warning system that provides warning in 1 hour 
when exposure takes 1-1/2 hours. 

Three hypothetical situations are used to characterize the onset o f  
a hazard for comparative purposes. 
from a source at a rate of 1, 3 ,  and 6 meters/second. These could occur 
as the result o f  a toxic vapor cloud emanating from a fixed chemical 
facility or a transportation accident. Historically, the accidents at 
Bhopal, India, and Institute, West Virginia, represent the former, and 
the accidents at Mississauga, Ontario, and Pittsburgh, Pennsylvania, 
provide historical examples o f  the latter. In accidents with airborne 
toxins such as these, the variable rates are attributable to differing 
meteorological conditions and, in particular, wind speed. 

The consideration o f  how much time it takes to 

Hence, it is the available 

Let us posit hazards that emanate 

Rogers and Sorensen (1988) simulate the diffusion of warning for 
s i x  types o f  warning systems, including systems based on fixed sirens 
and alarms, tone-alert radios, auto-dial telephones, media and the EBS, 
as well as combining systems based on sirens and tone-alert radios and 
sirens and auto-dial telephones. 
deciding t o  warn can be improved to take about 10 minutes. Such a time 
i s  about twice as fast as the average time reported for communities to 
make the decision to warn under ideal conditions in a fast moving event 
of just over 18 minutes, which does not include faciljty time for detec- 
tion, assessment of the hazard, and any subsequent decision-making time. 
Longer or shorter decision times change the probabilities o f  being 
alerted prior to hazard onset, but the relative performance of each 
warning system remains unchanged. Organizational decision-making time 
is variable given the nature of the emergency event. 

It is assumed that the process of 

At Bhopal, 
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approximately 20 minutes elapsed before the alarm, and the public alarm 
was apparently shut down completely for nearly 30 minutes after that 
(Msrehouse and Subramaniam, 1986). 
the Cheyenne flash flood, public warnings began to be issued within 
5 minutes o f  detection (Sorensen 1987a). Rogers and Sorensen (1988) 
consider a critical area of 35 km from the source of the hazard. 
that distance, no specialized warning effort would be needed to provide 
sufficient time t o  disseminate the warning using ad hoc warning 
procedures. 

with the hypothetical "downwind" travel speeds, the probability of 
warning people prior to exposure at various distances from the source of 
release is estimated (Table 6). 
o f  time it takes an organization to decide to warn, including the detec- 
tion of the hazard, is a critical component of warning system effective- 
ness. The resulting estimates demonstrate the critical nature of organ- 
izational decision making in all events but place even more emphasis on 
this crucial element of emergency warning where warning time i s  most 
limited. People cannot fully protect themselves from a hazard when they 
do n o t  receive warning prior to exposure. These results also imply that 
the full range o f  potential protective actions be considered. In chemi- 
cal emergencies, eight evacuees in every 100 are injured because of 
inhalation of toxic vapors (Sorensen, 1987b). Alternatives to formal 
evacuation in fast-onset events include escape and she1 tering. Escape 
consists of the moving afoot out of  the endangered area (Prugh, 1986). 
Sheltering involves movement to secure places in a structure and taking 
steps to keep the hazardous agent from entering the structure. In 
chemical incidents, sheltering may be an extremely effective way of 
self-protection. 
because of  the relatively short time required t o  implement these 
actions . 

In other types of disasters, such as 

Beyond 

By combining the diffusion estimates for various warning systems 

These results indicate that the amount 

Both actions are viable alternatives to evacuation 

The combination of either telephone ring-down or tone-alert radio 
warning systems with sirens provides the most effective warning system 
under conditions o f  very rapid onset, close proximity, or both. These 
results indicate that alternative individual systems provide adequate 
warning effectiveness when available warning time ( t o  the public after 
detection and the decision to warn) extends to as much as 1 hour, and 
that tone-alert radios and telephone ring-down systems provide similar 
coverage at approximately 30 minutes of available public warning time. 

The results indicate that a combination warning system is the most 
effective system in the 10-km radius. 
at low onset speeds, most people in the 10-km zone will receive a warn- 
ing. A t  the onset speed of 3 meters/second, the combination systems do 
not lead to adequate warnings within 2 kilometers, but they perform well 
within the 5- to 10-km range. Under very high onset speeds, it will be 
difficult to adequately warn people within 5 km. 

Within 35 km some multiple method warning systems may a l s o  be 
desirable, although 100% overlap i s  not necessary. A combination o f  

Given the instantaneous release 
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Table 6. Available time and distance for warning system alternative 
(assumes a decision to warn in 10 minutes) 

Distance (km)  
Warning system 

1 - 2  2-5 5 -  10 10-20 20-35 

Windspeed o f  1 m/s 
min ( t0 .5)  t 15.5 48.8 

Sirens and alarms ’ 0.563 0.855 
Tone-alert radios 0.811 0.939 
Auto-dial telephones 0.882 0.971 
Medi a/EBS 0.199 0.595 

0.925 0.993 
0.941 0.993 

(A  & 3) 
(A 8l C) 

Windspeed o f  3 m/s 
min (+0.5) = -1.2 10.0 

Sirens and alarms 0 0.296 
Tone-alert radios 0 0.610 
Auto-dial telephones 0 0.713 
Medi a/EBS 0 0.102 
(A & B) 0 0.759 
A & C  0 0.816 

Windspeed o f  6 m/s 
min ( t0.5) = -5.3 0.3 

Sirens and alarms 0 0 
Tone-alert radios 0 0 
Auto-di a1 telephones 0 0 
Medi a/EBS 0 0 
A & B  0 0 
A & C  0 0 

115.5 

1.000 
0,999 
1.000 

1 .ooo 
1 .ooo 
0. a43 

32.2 

0.809 
0.922 
0.955 
0.473 
0.977 
0.977 

11.4 

0.390 
0.697 
0.792 
0.132 
0.842 
0.882 

240.6 

1 .ooo 
0.999 
1 .ooo 
0.927 
1 .ooo 
1 .ooo 

73.9 

0.922 
0.963 
0.996 
0.693 
1 .ooo 
1 .ooo 

32.2 

0. a09 
0.922 
0.955 
0.473 
0.977 
0.977 

448.9 

1.000 
0.999 
1.000 
1,000 
1.000 
1 .ooo 

143.3 

1 .ooo 
0.999 
1 .ooo 
0.893 
1.000 
1.000 

66.9 

0.903 
0.957 

0.668 
1 .ooo 
1.000 

0.989 
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sirens, tone alert, and media/EBS warnings could be used to warn popula- 
tions within 10 to 20 km. The exact mixture needs to he determined on 
the basis on local geography, potential hazard, and population distribu- 
tion. Beyond 20 km, it seems appropriate to rely principally on the 
media/EBS systems, except for institutional populations that require 
prompt notification in the entire emergency planning zone. 

This analysis provides a preliminary basis for planning warning 

Although 
systems for fast moving events such as chemical spills and for assessing 
the effectiveness of warning systems currently being used. 
this analysis has focused on the timing of a warning, it is recognized 
that the organizational structure for issuing the warning and the style 
and content of the warning are also critical factors in the overall 
effectiveness of the systems. As society creates more and more poten- 
tially dangerous hazards such as industrial facilities, chemical 
weapons, biotech facilities, nuclear power plants, and other unforeseen 
technologies, the need for careful planning for emergency warnings 
increases. 

6. CONCLUSIONS 

6.1 WHAT ARE THE TECHNOLOGICAL CAPABILITIES OF PUBLIC-ALERT SYSTEMS IN 
USE AT THE SURVEYED FACILITIES AND COMMUNITIES 

The technology of public-alert systems includes two types of equip- 
ment. The first are communication technologies used to exchange 
information between people in various organizations that are part of the 
system. These organizations include the facility and a variety o f  local 
government agencies such as emergency services, law enforcement, fire, 
and administrative offices. The second technology is for disseminating 
the alert and the notification to the public. The public includes 
residential, business and commercial, institutional, and transient 
popul at i ons 

The current technologies of communication for interorganizational 
alert are primarily commercial telephones and radios. More advanced 
techno1 ogi es such as pagers, dedicated tel ephones, and automated a1 arms 
are found in only a few settings. The technologies in use will likely 
be adequate in many circumstances although the probability for failure 
is greater than with the more advanced technologies. 

The current technologies used for alerting and notifying the gene- 
ral public are more varied. 
which serve as an alerting mechanism coupled with media dissemination of 
emergency information, and a combination of door-to-door and route 
notification techniques (vehicles with sirens and laud speakers) coupled 
with media dissemination o f  warnings. 
advanced technologies of tone-alert radios and automated telephone 
systems are used. 

The two predominant systems are sirens, 

In a few locations, the more 
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The current technologies in use for institutional populations are 
In a few communities, tone-alert radios essentially the same systems. 

or automated ring-down telephone systems have been installed to provide 
a rapid alert and notification. Most communities, however, seem to 
assume that no special efforts are needed to alert these facilities. 

6.2 WHAT MANAGEMENT PRACTICES AND OPERATING PROCEDURES AFFECT THE 
CAPABILITIES OF THESE SYSTEMS? 

Management practices and procedures vary by site, Most lacations 
have some type of emergency plan. Research has shown, however, that 
possessing a plan i s  not a sole indicator o f  effective response. 
Several more important characteristics o f  effective systems include 
having clearly defined procedures, knowing who to communicate with, and 
having a cohesive interorganizational response network. Less than 50% 
of the cornunities studied had clearly defined procedures for receiving 
an alert, making a decision to warn, and making a protective action 
recommendation. 

Many of the communities have initiated links with the facilities 
and know the name and title of the person at the facility who i s  respon- 
sible for notification. Furthermore, communities usually have someone 
assigned as the contact point. Sn communities where such interactions 
have not occurred, the chances for an ineffective or untimely warning 
are increased. 

6.3 WHAT ARE THE TECHNOLOGICAL CAPABILITIES OF STATE-OF-THE-ART PUBLIC 
ALERT SYSTEMS? 

A distinction exists between systems that provide an alert, provide 
a notification, or provide both alert and notification. The alert 
function of a warning is a signal that something out o f  the ordinary i s  
occurring that requires people to seek more information. 
is the process by which people are provided warning messages and infor- 
mation. A combined system serves both purposes. 
technologies includes sirens and alarms. Examples of notification 
technologies include emergency broadcast systems (EBS) ,  radio and telev- 
ision, and cable override. Examples of dual systems -include tone-alert 
radi os, tel ephone di a1 i ng systems, 1 oudspeakers, and pub1 i c address (PA) 
systems. Some systems, depending on how they are used, may not fall 
into precise categories. Helicopters equipped with loudspeakers are 
considered a dual system, but in reality, they typically do not provide 
notification because people cannot hear the broadcast message. 
following discussion, the pros and cons of existing technologies are 
summarized. 

Notification 

An example o f  alert 

In the 
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6.3.3 Personal Notification 

Personal not i f i cat i on i nvol ves emergency personnel maki ng door- to- 
door alerts or delivering personal warning messages to groups of people, 
This type of warning mechanism can be used in sparsely populated areas, 
in areas with a large seasonal or diurnal population such as a recrea- 
tion area, or in areas that are not covered by electronic warning 
capabilities. 

willing to respond to a warning because they are more likely to believe 
that a danger exists. The disadvantage is that it i s  time consuming, 
and it may require the commitment of many people and many vehicles. 

The primary advantage of personal contact is that people are more 

To support implementation of this method, a plan should be 
developed for systematically traversing the threatened area and issuing 
the warning from the highest risk zone to the lower risk zones. 
run helps to establish the warning time needed to notify the population 
at risk and a rate for different types o f  areas at risk. 

A trial 

6.3.2 LoudsDeakers/PA Systems 

It is feasible to use existing PA systems to notify people in areas 
T h i s  may include various institutional that are covered by the systems. 

populations or commercial establishments. Many schools, hospitals, 
prisons, nursing homes, sports arenas, theaters, and shopping centers 
have PA systems. In addition, portable loudspeakers can be used from 
vehicles to warn nearby populations. 
tion with personal notification procedures. 

Often these are used in conjunc- 

Existing PA systems supplement other warning-system communication 
networks because they are useful in reaching small segments of the 
population in confined settings. To be effective, a communications link 
to the operators is needed to ensure quick and accurate message dissemi- 
nation. 

Portable loudspeakers increase the speed of warning populations 
that have no other means for receiving the warning. 
particularly useful during nighttime hours when many people are asleep. 
Their primary disadvantages are that it is often difficult to hear a 
warning broadcast from a moving vehicle, and it i s  difficult to confirm 
the warning, particularly if only a part of it is heard. 

They are 

6.3.3 Radio 

Radio is a major channel for disseminating warning information 
because it can quickly reach a large number of people during 
non-sleeping hours. 
gency broadcast stations as part of the National Warning System (NAWAS). 
These stations usually have arrangements with local civil defense 

Certain radio stations have been designated emer- 
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offices or other government agencies to broadcast emergency warnings for 
most hazardous situations. A l s o ,  other radio stations usually broadcast 
warnings in most hazardous situations. 

The use o f  radio as a warning channel will continue to be a major 
practice in emergencies. 
standardized messages accelerate the speed with which a warning can be 
issued over the radio. 
broad area is covered by the broadcast including areas that are not at 
risk. Second, all information must be conveyed verbally, which excludes 
the use of graphic materials. Third, radio reaches only a small portion 
of the population during nighttime hours. Fourth, because of the 
private operations of stations, problems can arise in priorities regard- 
ing warning broadcasts, although this can be largely eliminated with 
formal agreements and exercises. 

Prearranged plans for notification and use o f  

One disadvantage of the radio i s  that often a 

6.3.4 Tone-Alert Radio/Pasers 

Tone-alert radios are specialized warning devices that can be 
remotely activated. In addition to providing a warning signal, some 
types can subsequently broadcast a verbal warning message. The radio 
operates in a standby condition and upon receipt of a code, the radio 
emits a tone and broadcasts a prerecorded or read message. The code and 
message are broadcast from a radio transmitter that typically has a 
range of 40 miles. Some radio receivers operate on normal electrical 
power, and some have battery backups. 

Atmospheric Administration (NOAA) weather radio. This system covers 
most of the country’s population. Its chief function i s  t o  provide 
continuous weather forecasts. The NUS, however, can activate radio 
receivers to issue warnings regarding severe weather. 
by prearrangement with the NWS, be used to issue warnings for other 
hazards such as nuclear attack or nuclear power accidents. 

The advantages of the tone-alert systems include quick dissemina- 
tion time, the combination of an alerting signal with specialized mes- 
sages, and round-the-clock availability. Disadvantages include main- 
tenance problems, power fai 1 ures, 1 imi ted broadcast ranges, and di f - 
ficulties in outdoor use. The radio receivers are relatively inexpen- 
sive, costing less than $50 for NOAA radio receivers to about $300 for 
special dedicated receivers with a battery backup. 

An example of an existing tone-alert system is National Oceanic and 

This system can, 

6.3.5 Tel ev i si on 

Warnings are a lso  broadcast over commercial television. This can 
be done by interrupting normal programming or by displaying scrolled 
text on the bottom o f  the screen. 
people, particularly in the evening hours. Like radio, it i s  a poor 
channel during sleeping hours. 

Television reaches a large number o f  
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Television is particularly good for warnings of slowly developing 
events. 
stations except where prewritten scrolled messages are used. 
advantage of television is the ability to use graphic information such 
as maps or diagrams in the warning. 

It is likely to take longer t o  issue a warning over television 
One major 

6.3.6 Cab1 e Override 

In many urban areas people watch cable television; therefore, local 
stations play a less significant role in reaching the public. 
result, systems have been developed for a scrolled or broadcast message 
over all cable channels, Thus, a person in Cheyenne, Wyoming, watching 
a Chicago station or a movie channel could receive a tornado warning. 
Usually the override systems are operated by local civil defense offices 
in coordination with a cable television station. 
prearranged conditions and agreements on the use of such system. The 
same advantages and disadvantages of normal television apply. 

As a 

This requires 

6.3.7 Tel eDhone - - Automated D i  a1 ers 

Two types of automated dialers currently exist: 
puterized dialing equipment. These systems have the potential to reach 
a large number of people in a relatively short time. 
switching technology i s  capable of simultaneously calling hundreds to 
thousands of exchanges using automatic switching equipment. Some sys- 
tems will automatically cancel calls on phones in use and block out 
incoming calls during the transmission of the emergency message. 
systems make use of existing private party phone lines and telephones. 
Most all of the modifications and special equipment are installed at the 
phone company. These systems can play prerecorded messages that can be 
updated fairly quickly, or they can broadcast messages that provide 
timely information. It is feasible to have them equipped with a special 
ring that acts as an alerting function or combine them with telephone 
hot-lines t o  provide specialized information. 

switching and com- 

Recently developed 

These 

The primary advantage of telephone warning systems is the ability 
to quickly disseminate a message to people in their homes. Automatic 
dialing systems are expensive; therefore, their use i s  limited by cost 
factors. The fraction of a large local area phone system that can be 
contacted simultaneously is not clear. Another problem to consider is 
that people who are not near a phone will not receive a message. 
Because o f  these issues, the current use of automatic telephone systems 
is primarily to warn within an interorganizational network such as 
emergency response personnel or institutional facilities at risk. 
Recent developments make this an attractive option for small communities 
or for areas of a community where a prompt warning is needed. 
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6.3.8 Si rens/Al arms 

Considerable information and data exist on the technology of siren 
and alarm systems and will not be repeated here. Technology exists to 
provide an audible signal to most populations at risk, although it may 
be expensive to implement. These types of warning devices are designed 
to provide a very rapid alert to the potentially threatened population. 
A few types of sirens have PA capabilities, but most only sound a noise. 

Siren systems are limited in their use by the lack of instructional 

This 

messages. At best they warn the public to seek further information. 
Some areas have an intensive program of public education to instruct 
people in the actions that should be taken when the signal sounds. 
may be possible in situations where the same response i s  desired every 
time a warning i s  issued. Multiple signals, such as a wavering signal 
versus short blasts, are rarely differentiated by the public. The use 
o f  different signals as a warning strategy is not very reliable. 

false alarms caused by technical failures, equipment failures in emer- 
gencies, maintenance problems, coverage problems (particularly in 
adverse weather), difficulties in propagating sounds into buildings, and 
public indifference to sirens. Despite all these problems, siren sys- 
tems are a main component of many warning systems in use today. 

Other problems that constrain the use of sirens and alarms are 

6.3.9 Sians 

Often warnings cannot be directly communicated to the public in 
remote hazardous areas. This has prompted the use o f  permanent warning 
signs to instruct people in recognizing the onset of a hazard and what 
to do i f  one is occurring. Signs can be effective warning devices if 
they are located properly and if they are visible at the time a disaster 
occurs. In addition, signs may serve as a valuable educational device; 
people who see them frequently may learn what to do i n  an emergency 
without needing a specialized warning. Problems with signs include 

ident i fyi ng proper 1 ocat i ons to periodic maintenance and replacement-and 
place the signs. 

6.3.10 Modulated Power Lines 

Existing electrical power distribut on technology enables spec a1 - 
ized warning systems that use power line modulations to activate an 
alert system. When the system frequency (hertz) i s  altered, devices 
linked to electrical circuits can be activated to turn on a radio, a 
warning light, or a buzzer or siren. 
alert systems are the same for this type of warning device. Modulated 
power line technology, however, i s  relatively expensive to install, 
test, and maintain. In addition, it cannot be used if electrical sys- 
tems fail. 

Many of the advantages of tone- 
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6.3.11 Aircraft 

In special cases, airplanes and helicopters can be used as part of 
the warning process. 
aircraft to provide an alert or warning message. In addition, prepared 
leaflets containing a warning message can be dropped. This type o f  
warning channel is useful in reaching remote populations or populations 
that cannot be reached by normal communication channels. Disadvantages 
include access to aircraft, maintenance, and cost. Another problem i s  
obtaining sound systems capable of broadcasting a message that can be 
heard over the noise of the aircraft. 

Sirens or bullhorns can be carried by low-flying 

6.3.12 Current State-of-the-Art 

The current state-of-the-art warning system for a chemical 
emergency must be able to provide both an alert and a notification i n  a 
short time because of t h e  potentially rapid speed at which a chemical 
can be dispersed. 
would involve the use of an automated alarm with a dedicated telephone 
line or a tone-alert radio/pager system. Both would require some form 
of backup such as a 911 emergency system and a two-way radio. 

The state-of-the-art in a facility-to-community alert 

The current state-of-the-art for public warning depends on the 
proximity of the public to the facility. 
to the plant (within 1 to 2 miles), the state-of-the-art system would 
involve tone-alert radios or a telephone dialing system coupled with a 
siren and emergency media message dissemination. 
populations (5 miles), any one of these three technologies may be ade- 
quate. 

For people in close proximity 

For more distant 

6.4 WHAT ARE STATE-OF-THE-ART MANAGEMENT PRACTICES AND PROCEDURES? 

No standards exist for state-of-the-art management practices or  
procedures. 
a set of paper plans but rather by a planning process that creates 
knowledge and communications ability among key responders and decision 
makers. Management requires both control and flexibility; procedures 
are needed to guide, but not limit, response; communications need to be 
established and kept open. Such criteria cannot be operationalized in 
an easy way so as to permit an evaluation of each community studied. 

Research suggests that state-of-the-art is not indicated by 

Despite such caveats, plans and procedures offer a surrogate 
measure of state-of-the-art. 
guarantee of effective response, they are positively associated with 
better responses. As such, the clarity and presence of plans are 
indicators of the quality of management practices. 

While plans are not a prerequisite or 
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6.5 HOW DO THE CAPABILITIES OF PUBLIC-ALERT SYSTEMS COMPARE TO STATE- 
OF-THE-ART SYSTEMS? 

Few communities in the study used state-of-the-art communication 
equipment or warning system technologies. It is clear that some com- 
munities do not need such equipment because the risk most likely does 
not justify the expense. In other communities, the differences are more 
critical because o f  more severe threats and a larger number o f  people 
and institutional facilities at risk. Overall, the ability o f  the 
majority of systems to provide a timely alert and notification is ques- 
tionable, particularly in a rapid-onset event. 

With respect to management practices, few communities had well- 
developed plans and procedures to guide emergency response. Notably 
lacking were the capabilities to make decisions. Both lack of 
procedures and, more basically, knowledge about the information neces- 
sary for making a decision suggest major problems with issuing a timely 
warning. 
information programs. 

Also lacking were preplanned warning messages and public 

6.6 WHERE CAN SIGNIFICANT IMPROVEMENTS BE MADE IN PUBLIC-ALERT 
SYSTEMS TECHNOLOGY? 

The goal o f  a warning system is to provide a reliable alert and 
notification in a short time to as close to 100% of the affected popula- 
tion as possible. Several types of improvements can bring warning tech- 
nology closer to that ideal. 

First, tone-alert radios are theoretically capable of being the 
ideal indoor warning system. Current effectiveness is chiefly hampered 
by human factors and not by the system technology. 
be improved to reduce human factor problems. 
that many radio receivers have multiple channels. 
fixed-frequency radio would ensure that it was always tuned to the 
proper channel. 
another signal. 
was always ready to receive. 
given away. 
help to ensure that they remained where they were needed. 

messages. 
articulated message. 
needed for an effective outdoor alert and notification system that i s  
not dependent on the media for delivery o f  the notification. 

that is most effective in alerting people indoors and at greater dis- 
tance are driven by electricity. 
power lack both the range and ability to penetrate buildings. 
operated siren can be located virtually anywhere and i s  not subject to 

The technology can 
One major constraint i s  

Many radios need to be reset after a test to receive 
An automatic reset would help to ensure that the radio 

In addition, radios are moved around or 
A means of permanent attachment (like a smoke alarm) would 

A single-channel, 

Second, electronic sirens are now capable o f  delivering voice 

Additional development of such technology is 
Problems still exist in configuring a system that produces an 

Third, sirens that produce the tone and volume of an alert signal 

Sirens that are driven by battery 
A battery 
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power system failures. 
the flexibility and reliability o f  siren alert systems. 

that activate the sirens. 
out the radio receiver. 
re1 iable radio control. 

Improved battery driven sirens would increase 

Fourth, the major cause of a siren failure is in the radio controls 
This problem occurs from moisture shorting- 

Improvements could be made t o  produce a more 

Fifth, one of the major mechanisms currently used to alert the 
public i s  route notification. 
ness of alternative strategies of route notification i s  available. 
Additional information is needed to define a state-of-the-art route 
a1 ert ing techno1 ogy and procedure. 
type of loudspeaker or siren, the orientation of the electronics on a 
vehicle, the speed at which the vehicles move and other related factors 
that may influence the effectiveness of the technology. 

Very little information on the effective- 

Such information would i ncl ude the 

Sixth, technologies have been developed to use radios in a way 
The further development o f  that technology similar to tone alerts. 

could provide a widespread capability to alert people in a variety of 
settings. 

Finally, little experience with the automated telephone dialing 
systems exist, particularly as they apply to use in densely populated 
areas. Additional documentation o f  the technology is needed before such 
systems become a proven warning technology. 

6.7 WHAT ARE THE CURRENT ECONOMIC FACTORS ASSOCIATED WITH PUBLIC-ALERT 
SYSTEMS IN CURRENT USE AND WITH STATE-OF-THE-ART SYSTEMS? 

Most o f  the current systems in use rely on existing community 
resources. Therefore they require no additional expenditures to be 
applied to a chemical emergency. 
civil defense alerting systems, emergency broadcast and other media base 
technology, route and mobile alerting, tone-alert radios, and tele- 
phones. In a limited number of cases, special systems for a chemical 
emergency have been installed. These systems include sirens, tone-alert 
radios, and telephone ring-down systems. 

The majority o f  these systems are: 

The economic factors associated with any given system are variable. 
They depend on the area covered, the population density and distribu- 
tion, topography, and the type o f  warning system used. Even given a 
single warning technology, variations in costs can be attributed to the 
choice o f  equipment. Installation, maintenance, and operations in costs 
are variables in computing a total warning system cost. 

Based on the experience in installing these warning technologies in 
the nuclear industry, it i s  possible to estimate some average c o s t s  on a 
unitized basis. A typical state-of-the-art siren system would cost 
$50,000 to $100,800 for a 1-mjle radius; $150,000 t o  $200,000 for a 
2-mile radius; and $600,000 to 51,000,000 for a 5-mile radius. Costs 
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for tone-alert radios are between $300 to $500 per household. 
less experience exists with telephone systems, the cost of installation 
is estimated at $50 to $75 per household plus a yearly use fee of 630 to 
$120. In addition to the capital equipment and installation costs, each 
system requires expenditures for maintenance. 

While 

6.8 ARE PUBLIC-ALERT TECHNOLOGIES AND MANAGEMENT UNIFORMLY APPLIED 
ACROSS SURVEYED FACILITIES? 

Public-alert technologies are not uniformly distributed across the 
communities and facilities studied. 
while, at the opposite end of the spectrum, some have virtually no 
established capabilities in place. 
communities. 

Some approach state-of-the-art 

Management practices also vary among 

6.9 WHAT ARE THE REASONS FOR VARIABILITY IN THE USE OF ALERT SYSTEMS? 

We have yet t o  analyze the variability in the use of systems. 
Based on our initial impressions from the data, we hypothesize that such 
variations are explained by the size of the community, the financial 
resources available to the community, and the extent of the overall 
chemical threat to the community (e-g., the number of facilities, 
geographical location, and facility size). The communities with poor 
alert capabilities appear to be smaller towns or rural counties without 
much money to spend on emergency preparedness or emergency planning 
personnel. Furthermore, they probably do not have an extensive con- 
centration o f  industry or very large facilities run by major companies. 
We suspect that the rural south and midwest are more likely to have a 
greater number of communities with poor alert systems. 

6.10 WHERE ARE THE OPPORTUNITIES FOR WIDER DISSEMINATION OF PUBLIC 
ALERT TECHNOLOGIES, PROCEDURES, AND MANAGEMENT PRACTICES? 

The opportunities, in order of priority within each category, 
initially appear to be as follows. 

6.10.1 Techno1 oqy 

1. Improved communication technologies between facilities and com- 
munities with additional backup capabilities. 

2. Improved public warning technologies in high-risk and densely 
popul ated areas. 

3 .  Better communication links between community EOCs and institu- 
tional ized populations. 
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4 .  Adoption o f  computerized emergency planning and management sys- 
tems and decision aids. 

5 .  Improved communications equipment within community emergency 
response organizations. 

6.10.2 Procedures 

1. Use of a standardized information protocol t o  guide community 
information collection and dissemination during the initial notification 
from the facility. 

2. Adoption of SOPS for initial response t o  alerts, warnings, 

Adoption of state-of-the-art warning message protocols for both 

decisionmaking, and protective-action recommendations. 

English and non-English speaking populations. 
3 .  

6 . 1 0 . 3  Manaclement Practices 

1. Implementation of exercises in communities not conducting exer- 
cises and more frequent exercises in other communities, 

2. Improving the working relationships between personnel at the 
facilities and officials within the community emergency response struc- 
ture. 

3 .  Developing and implementing improved public information 
programs. 

4 .  Improving the organizational interface and coordination between 
federal, state, and local planning agencies. 

The methods of achieving improved practices are varied and require 
careful consideration. Among the possible mechanism are improved 
planning guides, new training courses9 video conferences, seminars, 
workshops, and working through existing programs such as Community 
Awareness/Emergency Response (CAER) to develop improved pl anni ng and 
management practices. 

6.11 WHAT IS THE FEASIBILITY OF IMPROVED PUBLIC-ALERT SYSTEMS? 

The improvement of public-alert systems i s  feasible without the 
development o f  new technologies. 
technology and knowledge i s  greater at present than the problems created 
by the lack o f  appropriate technology. 
low-cost equipment that could rapidly alert and notify the public and is 
easily installed and maintained, further technological advances would 
only increase the gap between practices and the state-of-the-art. 

The problem of diffusing existing 

Unless new technologies lead to 
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At a local level the feasibility of improvement relies on two 
factors. The first is the dissemination of information on low-cost or 
no-cost improvements and improvements in procedures and management prac- 
tices. Major improvements in management practices and procedures can be 
achieved without major expenditures. 

The second is providing funds for improved communication and warn- 
ing system equipment. 
completely install new communication devices or new warning systems. 
Improvements in these areas will require assistance to the communities 
or cost sharing. 

It is unlikely that communities have the funds to 

At this point, it appears that the improvement of management prac- 
tices and the development of better procedures to make decisions and to 
initiate the warning process is more critical than the promotion of 
better technology, a1 though both are important. The most sophisticated 
equipment is relatively useless unless it can be used properly. 
Improvements in decision-making capabilities and communication among 
decision makers is a prerequisite to implementing state-of-the-art 
techno1 ogy . 
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APPENDIX A 

RESPONSES TO COMMUNITY SURVEY 

(N = 137) 





7 3  

COMMUNITIES PARTICIPATING IN THE STUDY AND THEIR DISTRIBUTION 
BY SIZE AND GEOGRAPHICAL LOCATION 

A. Emergency Planning 

Q A-1 

Q A-2 

Q A - 3  

Q A - 4  

Q A-5  

Q A-6 

Q A - 7  

Does your community have an emergency operations center (EOC)? 

45.6 

34.6 

12.5 

(%I 
Yes, a permanent dedicated EOC that is maintained in 
operating condition. 
Yes, a permanent EOC that is also used for other 
purposes. 
Yes, a temporary EOC that is established when the need 
arises. 

2.2 No, an EOC does not exist. 
2.9 Other arrangement 

Is there an alternative or backup EOC? (%) 

78.7 Yes 
22.1 No 

About how many personnel (FTEs or full-time equivalents) work 
on emergency planning in the community? 

Mode = 1 
Median = 2 
15.4% with none 

About what percentage o f  their time is devoted to chemical 
emergencies? 

Mean = 13% 

Does someone in the community have formal responsibility for 
planning for a chemical emergency? (%) 

91.9 Yes 
8.8 No 

Does the community have an emergency plan? (%) 

94.9 Yes 
5.1 No 

Does it have a section on chemical emergencies? (%) 

27.2 No 
73.5 Yes; i f  yes, in what year was it adopted? 
3.6 Before 1978 
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5.1 1978-1982 
15.5 1983-1985 
14.7 1986 
30.1 1987 

4 . 4  1988 

I s  t h e r e  a spec ia l  p l a n  o r  annex f o r  t h i s  chemical f a c i l i t y ?  Q A-8 
(%I 
38.2 Yes 
61-0  No 

About how many emergency personnel would be a v a i l a b l e  t o  
respond t o  an acc ident  a t  a chemical f a c i l i t y ?  

Q A-9 

Mean number o f  persons 

64 F u l l - t i m e  p a i d  emergency personnel (35 hours per  week 
o r  more) 

9 Par t - t ime p a i d  emergency personnel ( l e s s  than 35 hours 
per  week) 

42 Vol unteer  emergency personnel 
47 Personnel f rom non-emergency agencies or  departments 
89 Personnel a v a i l  ab le  f rom mutual a i d  agreements 
28 Other personnel 

B. Communication 

Q B - 1  Who a t  t h e  f a c i l i t y  has pr imary r e s p o n s i b i l i t y  f o r  i n i t i a l l y  
n o t i f y i n g  t h e  l o c a l  community about an emergency a t  t h e  
f a c i  1 i ty?  (%) 

50.7 I d e n t i f i e d  name and p o s i t i o n  

18.4 I d e n t i f i e d  p o s i t i o n  o n l y  

25.0 Unknown o r  b lank  

0.7 I d e n t i f i e d  name and o rgan iza t i on  

1.5 I d e n t i f i e d  name o n l y  
2.2 I d e n t i f i e d  o rgan iza t i on  o n l y  

Q 8-2 Who would n o t i f y  t h e  community i f  those persons were n o t  
avai  1 ab1 e? (%) 

25.8 I d e n t i f i e d  name and p o s i t i o n  

27.9 I d e n t i f i e d  p o s i t i o n  o n l y  

38.2 Unknown o r  b lank  

0.7 I d e n t i f i e d  name and o rgan iza t i on  
0.7 I d e n t i f i e d  p o s i t i o n  and o rgan iza t i on  

3.7 I d e n t i f i e d  o rgan iza t i on  o n l y  
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Q 8-3 Who has the designated official responsibility for receiving 
an alert from the chemical facility? {%) 

51.4 Identified name and position 

38.7 Identified position only 

0.7 Identified name and organization 
8.1 Identified position and organization 

1.5 Unknown or blank 

Q 6-4 Who would they notify if that person were not available? (%) 

32.3 Identified name and position 

10.3 Identified position and organization 
39.0 Identified position only 

0.7 Identified name and organization 

7.4 Identified organization only 
8.1 Unknown or bl ank 

Q B-5 Are there any days o f  the week and times of day that it would 
be difficult for the community to receive an alert (either not 
issued o r  not received)? {%) 

87.5 No 
12.3 Yes (please describe when and why; indicate time 

periods by day and hours and the reasons each period 
presents difficulties.) 

8.0 Nights 
3.6 Weekends 
0.7 Evenings, nights, and weekends 

Q B-6 What communications equipment would the facility use to notify 
the community of a chemical accident (primary and backup)? (%) 

Primary equipment: 

65.7 
35.0 
5.1 
3.6 
2.2 
7.3 
2.9 

13.1 
7.3 
3 . 5  
2.9 

Commerci a1 telephone 
Two-way radio 
Dedicated telephone 
Dedicated radio 
Pager 
Sirens 
In person 
TV o r  emergency broadcast system (EBS) 
Public address (PA)/loudspeakers 
Alarm system 
911 
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Backup equipment: 

5.1 
14.5 
0.7 
2.9 
0.7 
1.5 
2.9 
0.0 
4.4 
0.0 
0.7 

Commerci a1 te lephone 
Two-way r a d i o  
Dedicated te lephone 
Dedicated r a d i o  
Pager 
S i r ens  
In person 
TV o r  EBS 
PA/1 oudspeakers 
Alarm system 
91 1 

Q B - 7  What procedure do you fo l low when the i n i t i a l  warning is  
rece ived?  

3.7 No procedure descr ibed  
50.7 Vague procedure 
46.3 C1 e a r  s tandard  ope ra t  i ng procedure (SOP) 

Q B-8 Please  desc r ibe  the communications equipment wi th in  your  EOC 
( e .g . ,  commercial te lephone,  911 te lephone,  dedica ted  
te lephone,  automatic ring-down system, manual alarm, automatic 
alarm, r a d i o ,  computer l i n k ,  o r  o t h e r )  

85.3 
79.4 
33.1 
28.7 
19.1 
11 .o 
5.1 
19.9 

Commerci a1 te lephones 
Two-way r a d i o  
911 system 
Dedicated te lephones 
Automatic ring-down system 
Manual a1 arms 
Automat i c a1 arms 
Tel etype/computer 1 i n k 

Q B-9 How o f t e n  i s  t h i s  communications equipment r o u t i n e l y  t e s t e d ?  
(%I 
2.2 Yearly 
4 . 4  Semi annual l y  

2 5 . 7  Monthly 
17.6 Weekly 
45.6 Daily 
3.7 Never o r  blank 

Q B- 10 P1 ease  d e s c r i  be any mobi 1 e communi c a t  ions resources  avai 1 ab1 e 
t o  the community. (%) 

11 .O None repor ted  

39.7 Radios i n  vehicles 
4 3 . 3  Mobile communications veh ic l e  

6.6 Por tab le  r ad ios  only 
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Q B-11 What information does the community need from the chemical 
facility in an emergency notification to make a decision to 
warn the public? (%) 

79.4 
56.6 
36.8 
11.0 
24.3 

7.4 
41.9 
22.1 

2 .9  
19.9 
12.5 
13.2 
44.9 

Type o f  chemical 
Size o f  release 
Plume location (actual or projected or wind direction) 
Plume size 
Speed o f  dispersion (or wind speed) 
Duration of release 
Human health effects 
Pathways 
Available protective actions 
Recommended protective actions 
Faci 1 i ty response 
Assistance needed 
Other (mostly general information, e.g., What happened) 

Mean = 3.7 items mentioned 

Q B-12 The emergency warning system to alert and inform the public in 
the event o f  a chemical emergency at the facility is primarily 
made up of (%): 

33.1 
22.1 

9.6 
12.5 
5.1 

67.6 
41.9 
35.3 
71.3 
37.5 
32.4 

5.9 
37.5 

Fixed (permanently installed) mechanical sirens 
Fixed electronic sirens 
Fixed horns, bells, or whistles 
fixed loudspeakers/publ ic address 
Fixed flashing 1 ights/strobes 
Portable 1 oudspeakers/publ ic address 
Portabl e si rens/wh i st 1 es 
WOAA Weather Radio 
Emergency broadcast radio station 
Tone alert radios 
Radio pagers 
Automated telephone dialers 
Other 

Q B-13 1s there a person in the community with the responsibility of 
maintaining communications with the facility during an 
emergency? (%) 

46.3 Identified name and position 
7.4 Identified position and organization 

25.7 Identified position only 
5 . 1  Identified organization only 

13.3 Unknown or blank 
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C. Emergency Dec is ion  Making 

Q C - 1  Who has t h e  l e g a l  a u t h o r i t y  t o  a c t i v a t e  an emergency warning 
o r  p u b l i c  a l e r t  system i n  your  community? (%) 

66.9 I d e n t i f i e d  name and p o s i t i o n  
5.9 I d e n t i f i e d  p o s i t i o n  and o rgan iza t i on  

23.5 I d e n t i f i e d  p o s i t i o n  on ly  
2,2 I d e n t i f i e d  o rgan iza t i on  o n l y  
1.5 Unknown o r  b lank 

Q C - 2  Does anyone i n  t h e  community have the  assigned r e s p o n s i b i l i t y  
t o  make the  dec i s ion  t o  warn the  p u b l i c  i n  t h e  event o f  a 
chemical acc ident? (%) 

7 . 4  No 
79.4 Yes; same as the  person(s) w i t h  l e g a l  a u t h o r i t y  i n  

13 Yes; d i f f e r e n t  than the  person(s) w i t h  l e g a l  a u t h o r i t y  
prev ious quest ion 

i n  prev ious quest ion 

Q C-3 Please descr ibe the  process f o r  making the  dec i s ion  t o  warn 
the  p u b l i c  a f t e r  r e c e i v i n g  an i n i t i a l  a l e r t  f rom t h e  f a c i l i t y ?  
(%I 

63.2 Vague procedure 
31.6 Clear  SOP 

5.9 No procedure descr ibed 

Q C-4 Many d i f f e r e n t  types o f  emergencies can occur a t  a chemical 
f a c i l i t y .  
m a t e r i a l s  posing a c l e a r  t h r e a t  t o  p u b l i c  sa fe ty .  A second 
type i s  a s lowly  developing problem w i t h  a p o t e n t i a l  f o r  a 
re1  ease. 

One type i s  a very f a s t  re lease o f  hazardous 

a. 
invo lved i n  making the  dec i s ion  t o  warn the  p u b l i c ?  

What i s  t he  minimum number o f  people t h a t  would have t o  be 

Mean = 2.2 people i n  a fast-moving emergency 

Mean = 4 .6  people i n  a s lowly  developing emergency 

Q C-5 Once you have received an i n i t i a l  a l e r t  f rom t h e  f a c i l i t y ,  
about how long  would i t  take t o  mob i l i ze  the  necessary Deonle 
t h a t  make the  dec i s ion  once an i n i t i a l  a l e r t  i s  rece ived and 
what i s  the  bas is  f o r  your  est imate? 
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In a fast-moving emergency: 

Minimum: mean = 8.5 rnin Most likely: mean = 15.0 min 

In a slowly developing emergency: 

Minimum: mean = 61.6 rnin Most likely: mean = 71.5 rnin 

Basis for estimate: 

7.3 Not described 
72.3 Professional judgment 
4.4 Exercise and drills 
6.6 Routine experience 
8.8 Previous disaster 

Q C-6 Is there a written procedure for making the decision to issue 
a public warning? (%) 

61.8 No or blank 
39.0 Yes; please attach a copy o f  the procedure 

How long would it take to make a decision to notify the 
public? (Please estimate the range as a minimum and mast 
likely time in hours -H and minutes -M; i f  less than 1 hour 
write a 0 before the H and specify minutes only) 

In a fast-moving emergency: 

Q C-7 

Minimum: mean = 9.9 rnin Most likely: mean = 15.3 min 

In a slowly developing emergency: 

Minimum: mean = 23.3 min Most likely: mean = 31.0 rnin 

Q C-8 There are a number o f  ways to protect the health and safety of 
people from a release of hazardous chemicals (protective 
actions) . 
a. What protective actions would be considered for 
recommendation in a chemical emergency for the general 
popul at i on? (X) 

8.0 None mentioned 
1.5 To be developed 

32.1 Evacuation only 
4.4 She1 ter only 
0.0 Enhanced shelter only 
43 - 8  Evacuation and she1 ter 
10.2 Evacuation and enhanced shelter 
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b. 
recommendation in a chemical emergency for institutional 
facilities (such as hospitals, schools, prisons, or nursing 
homes)? (%) 

What protective actions would be considered for 

10.9 None mentioned 
0.7 To be developed 
26.3 Evacuation only 
9.5 Shelter only 
0.7 Enhanced shelter only 

32.8 Evacuation and shelter 
16.8 Evacuation and enhanced shelter 

Q C-9 Does your community have a written procedure far making a 
decision about what protective actions to recommend or order? 
(%I 
69.8 No or blank 
30.9 Yes; please attach a copy o f  the procedure 

Q C-10 Does your community have a written plan or procedure for 
issuing an alert/warning? (%) 

35.3 No or blank 
65.4 Yes; please attach a copy of the procedure 

Q C-11 Does your community have a written warning/alert plan or 
procedure that is sDecific to the facility? (%) 

86.0 No or blank 
14.7 Yes; please attach a copy of the procedure 

Q C-12  What effort, if any, has your community made to provide the 
general pub1 ic with information about chemical hazards and 
emergency response? (%) 

Efforts 

23.5 None o r  blank 
16,9 None but recognize need 
11.8 Program being developed 
8.1 Vague description o f  program 

21.3 Single activity described 
19.1 Multiple activities described 

Re1 evance 

2.9 General program 
52.2 Specific reference to chemical hazard 
30.9 Cannot determine if it i s  specific to chemical hazard 
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Sample materi a1 

14.7 Provided actual material 

0.  Populations a t  Risk 

Q D - 1  About what percentage o f  the land use within 1 mile o f  the 
facility is in the following categories? 

Mean percent 

31% Open space 
22% Indus t r i a1 (who1 esal e ; manu f act ur i ng ) 
108 Commercial (retail ; offices) 
21% Suburban residential (single family) 
8% Urban residenti a1 (mu1 t i -fami 1 y) 
2% Other 

Q D-2 About what percentage of the land use within 5 miles of  the 
facility is in the following categories? 

Mean percent 

31% Open space 
14% Industrial {wholesale; manufacturing) 
12% Commercial (retail ; offices) 
29% Suburban residential (single family) 
10% Urban residential {multi-family) 
2% Other 

Q D-3 Approximately how many people live within 1 mile o f  the 
facility? 

Mean = 4,368 people 

Q D-4 Approximately how many people live within 5 miles o f  the 
f aci 1 i ty? 

Mean = 42,583 people 

Are  there significant fluctuations in the size o f  the 
population (such as workers, tourists, or visitors) in any of 
the area within 5 miles of the facility? 

Q D-5 

a. During the day or night? (%) 

50.0 No 
50.0 Yes 
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b. Dur ing d i f f e r e n t  seasons? (%) 

03 .0  No 
15.4 Yes 

c. Dur ing weekends? (%) 

69 .9  No 
29.4 Yes 

Q 0 - 6  Are t h e r e  i n s t i t u t i o n a l  populat ions w i t h i n  5 m i l e s  o f  t h e  
f a c i l i t y  (e.g., schools, h o s p i t a l s ,  nu rs ing  homes, 
c o r r e c t i o n a l  f a c i l i t i e s ) ?  

TY Pe 
Mean number i n  

% w i t h  type communities where 
they  a re  repo r ted  

Day care 
School s 
U n i v e r s i t i e s  
H o s p i t a l s  
Nursing homes 
Cor rec t i ona l  

f a c i l i t i e s  

12.4 
64 .2  
10.2 
40 .9  
44 .5  

24 .0  

6 
12 

2 
2 
3 

1 

E. Pub1 i c  Alert and Warning 

Q E - 1  Please i n d i c a t e  t h e  pr imary and secondary methods, i f  any, f o r  
warning the  f o l l o w i n g  populat ions w i t h i n  5 m i l e s  o f  t h e  
f a c i l i t y .  
l i k e l y  t o  be used i n  an emergency. 
backup op t i ons  t h a t  are c u r r e n t l y  a v a i l a b l e  f o r  use i f  pr imary 
methods f a i l .  

Primary methods are those systems t h a t  are most 
Secondary methods are 

1 m i l e  ( X )  

4 .4  
16.1 
29 .2  
10.9 
22.5 

3 . 6  
8.0 
5.8 

None 
Door t o  door/route a l e r t  
EBS/med i a 
Si rens 
Si rens and EBS/medi a 
Si rens and tone a l e r t s  
Sirens, tone a l e r t s ,  and EBS/media 
Other 



83 

Q E-2 

Q E-3 

5 miles ( X )  

4 . 4  None 
16.1 Door t o  door/route a l e r t  
3 2.1 EBS/med i a 
8 .0  Sirens 

20.4 Sirens and EBS/media 
2.9 Sirens and tone a l e r t s  
5.8 Sirens,  tone a l e r t s ,  and EBS/media 
1 .2  Other 

Institutions (%) 

11.6 None 
8.0 Door t o  door/route a 

23.4 EBS/medi a 
9 .5  Sirens 

10.9 Sirens and EBS/media 
2.9 Sirens and tone a l e r  
6.6 Sirens,  tone a l e r t s ,  
8.8 Tone alerts 

18.2 Other 

er t  

S 
and EBS/med i a 

Transients (96) 

18.4 None 
1 2 . 4  Door t o  door/route a l e r t  
35.0 EBS/media 
11.7 Sirens 
10.9 Sirens and EBS/media 

0.7 Sirens and tone a l e r t s  
1.5 Sirens,  tone a l e r t s ,  and EBS/media 
9.5 Other (predominantly route a l e r t  with various other)  

How often are  the warning equipment and procedures routinely 
tes ted? (%> 

10.3 Yearly 

25.7 Monthly 
31.6 Weekly 
13.2 Daily 

8.8 Semiannually 

9.6 Never o r  blank 

Is there  a special warning system(s) in your community for  
another type of hazard (e.g. ,  c i v i l  defense outdoor s i rens ,  
nuclear power plant system, f lash  flood warning system) (%) 

46.3 No o r  blank 
53.7 Yes 
26.5 Civil defense s i r ens  
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8.1 Nuc lear  power p l a n t  
5 . 1  F l a s h  f l o o d  

25.7 Other  (main ly  s i r e n s  w i t h o u t  s p e c i f y i n g  a hazard) 

Please e s t i m a t e  how l o n g  i t  would t a k e  t o  n o t i f y  each 
p o p u l a t i o n  group and b r i e f l y  d e s c r i b e  t h e  b a s i s  f o r  t h a t  
es t imate .  

Q E - 4  

a. Residents  w i t h i n  1 m i l e  o f  f a c i l i t y :  

Mean = 30.7 min  30.7% unknown 

Bas is  f o r  es t imate :  

36 .5  Not descr ibed 
44.5 P r o f e s s i o n a l  judgment 
8.0 Exerc ises and d r i l l s  
3 . 6  Rout ine exper ience 
8.0 Previous d i s a s t e r  

b .  Residents  w i t h i n  1 t o  5 m i l e s  o f  f a c i l i t y :  

Mean = 34.7 min 43.8% unknown 

Bas is  f o r  es t imate :  

48.9 N o t  descr ibed 
42.3 Profess iona l  judgment 

5 .8  Exerc ises  and d r i l l s  
0 . 7  Rout ine exper ience 
2 . 9  Previous d i s a s t e r  

c.  I n s t i t u t i o n a l  p o p u l a t i o n s  l i s t e d  i n  q u e s t i o n  D-6: 

Mean = __ m i  n 22 I 6% unknown 

Basis  f o r  est imate:  

4 0 . 1  Not  descr ibed 
50 .4  P r o f e s s i o n a l  judgment 
6.6 Exerc ises and d r i l l s  
2 . 2  Rout ine exper ience 
1 .5  Previous d i s a s t e r  

d. F l u c t u a t i n g  ( t r a n s i e n t )  p o p u l a t i o n s  l i s t e d  i n  q u e s t i o n  
0-5: 

Mean = __ m i  n 29.9 % unknown 
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Basis for estimate: 

74.5 Not described 
23.4 Professional judgment 

1.5 Exercises and drills 
1.5 Routine experience 
0.0 Previous disaster 

F. Warning Content 

Q F-1  Which of the following authorities (or equivalents) would be 
identified in the warning as the source of the warninq 
information ? ( X )  

52.9 
40.4 
8 3 . 1  
30.9 
26.5  
22.5 

7 . 4  
59.6 
46.3 
73 .5  
4 7 . 1  
27.9 
2.9 
9 . 6  

Mayor 
County executive 
Civil Defense or emergency official 
City or county manager 
Pub1 ic health official 
Engineer/scientist from facility 
Engineer/scientist from government 
Police chief 
Sheriff 
Fire chief 
Chemical facility manager 
State official 
No one would be identified 
Other 

Groupings ( X )  

2.2 None 

2.9 Technical experts and emergency managers or 

18.2 Only emergency managers or administrators, but not both 
4 0 . 1  Both emergency mangers and administrators 

admini strators 
24.8  At least one of each 
11.7 More than one of each 

for communicating with the qeneral Public in an emergency? (%) 
Q F-2  Do you have a written message protocol (e.g., EBS messages) 

66.9 No or blank 
33 .1  Yes 

Q F-3 Do you have a written message protocol (e.g., EBS messages) 
for communicating with the institutional facilities in an 
emergency? (X) 

80.1 No 
19.9 Yes 
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Q F - 4  Do you have warning messages for non-English-speaking 
popul at i ons? (%) 

14.0 Yes 
41.2  No, do not have non-English-speaking population(s). 
44 .9  No, have not developed. 

G. Coordination 

Q G - 1  How has your community’s emergency organization coordinated 
emergency planning for a chemical accident with each of  the 
following agencies/organizations in the past several years? 

Does not No Initial Developed Ongoing Participate 
apply in con- intro- emergency coordinated in emer- 
this tact ductory response emergency gency exer- 
comnunity at all contact plans with effort cises with 

only or 
missing 

Chemical 
facility 

Other local 
agencies 

State civil 
defense 

State police 
Other 

FEMA 
Hospitals 
U . S .  EPA 
Media 

communities 

0 

0 

0 
3 . 2  

0 
0 . 7  
1 . 5  
2 . 2  
0 . 7  

5 . 9  27.7 

2 . 2  1 3 . 1  

5 . 1  9 . 5  
8 . 1  16 .8  

5 . 9  20.4 
11.8 24.1  

3 . 7  12.4 
27 .2  38 .0  

6 . 6  17 .5  

2 . 9  

5 . 1  

6.6 
6 . 6  

5 . 9  
8 . 1  
7 . 4  
6 . 6  
3 . 7  

14 .0  

13.2 

11.8 
14.7  

2 0 . 6  
22 .1  
11 .o 
11.0  
1 4 . 0  

50.0 

6 6 . 9  

67 .9  
52.2 

4 7 . 8  
33 .8  
64 .7  
15.4 
58 .1  

Q 6-21 How many times in the last 2 years have you participated in 
emergency exercises on chemical accidents? 

Median = 2 exercises 
(19.9% had 0) 

Q G-3 Has your community used information from the Chemical 
Manufacturers Association CAER Program (Community 
Awareness/Ernergency Response)? ( X )  

67.6 Yes 
3 3 . 1  No or blank 
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Q 6-4 

Q 6 - 5  

Q 6-6 

What enti 
pl ann i ng 
for chemi 

t y  has the state designated as the local emergency 
district in your area to develop an emergency plan 
cal accidents? (%) 

10.3 City 
1.5 Multi-city 
61.8 County 
9.6 Regional 
4.4 State 
4.4  Other 
7 . 4  Not specified 

Has the membership of this committee been appointed? (74 )  

12.5 No or blank 
88.2 Yes; if yes, how is your community represented on this 

78.7 Represented 

14.7 Representation not specified 

Has the facility provided the community with information 
describing the hazardous chemicals used at the facility? 

18.4 No 
80.1 Yes; if yes, what have they provided? 

committee? 

7.4 Not represented 

H. Computer Use 

Q H-1 Does your community use a computer in emergency planning, that 
i s ,  in preparing for an emergency? (%) 

52.9 No 
47.1 Yes 

Q H-2 Does your community use a computer in emergency management, 
that is, in responding to an emergency? ( X )  

61.8 No 
37.5 Yes 

31.4 Use for both 
15.3 Use for  planning only 

If you use software designed specifically for emergency 
planning functions, please describe the programs and their 
use. (%) 

5.8 Use for management only 

Q H - 5  

41.9 Not appl icable 
35.3 Do not use 
23.5 Use 
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Q H-6 If you use software designed specifically for emergency 
management functions, please describe the programs and their 
use. (%) 

39.7 Not applicable 
40.4 Bo not use 
20.6 Use 

Do you use a model for predicting the dispersion of chemicals? 

89.0 No or blank 
11.8 Yes 

Q W-7 
(XI  

I .  Overall Assessment 

Q 1-1 What do you consider to be the weakest link in the sequence of 
tasks that are involved in getting a timely and effective 
warning to the public around t.he chemical facility? (X) 

43.8 

24.1  
10.9 

10.2 
6.6 
5.1 
4.4 
2.2 
2.2 
1.5 
1.5 
19.0 

Problems in disseminating alert and notification to the 
publ ic 
Timely release of information from the facility 
Communication problems within the community 
organization 
Poor public response to warning 
Cooperation from the facility 
Communication problems with the 
Lack of planning 
Lack of training 
No weak links 
Feasi bi 1 i ty of publ i c protection 
Problems in warning special popu 
Other 

Q 1-2  Overall, what is your assessment o f  the 
a timely warning t o  the public within 5 
in the event of a serious emergency? (%) 

acility 

at i ons 

capability to provide 
miles of the facility 

25.7 

48.5 It is somewhat certain that an effective warning would 

19.9 

5.1 

It is highly certain that an effective warning would be 
made 

be made 
It is somewhat uncertain that an effective warning 
would be made 
It is highly uncertain that an effective warning would 
be made 
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Q 1-3 Are there other facilities in your community that require 
emergency plans because they have hazardous chemicals? ( X )  

94.1 Yes; i f  yes, about how many facilities? 
5.1 No 

Mean = 142 facilities in the community 

Q 1-4 On the whole how do the emergency planning efforts of the 
facility identified in the cover letter compare to the other 
chemical facilities in your community? ( X )  

19.9 Much better than others 
19.9 Somewhat better than others 
40.4 About the same as others 

1.5 Somewhat poorer than others 
5.1 Much poorer than others 

Q 1-5 If an emergency occurred at the facility, how does the 
community’s ability to issue a timely warning to the public 
around the facility compare with the ability to issue a 
warning around other facilities? (%) 

13.2 
11.8 
61.8 About the same as for others 

2.9 
2.2 

Significantly better than for others 
Slightly better than for others 

Slightly poorer than for others 
Significantly poorer than for others 

Q 1-6 The following are areas in which the acquisition o f  new 
resources or improvements o f  existing capabilities could 
enhance preparedness for chemical emergencies in your 
community. 
years, which would you want first, second, third, and so 
forth? 
they are needed by your community. 

If you could obtain these over the next several 

Please rank these areas in the order which you feel 

Mean rank 

3.7 
4.1 
4.7 
5.1 
5.5 
5.4 
5.7 
5.9 
6.2 
6.7 
7.2 

Public alert/warning equipment 
Communications equipment 
Computer with emergency management system 
Protective clothing 
Monitoring equipment 
Funding for sending staff to training 
Funding for a planner 
Respiratory protection equipment 
Funding t o  prepare an emergency plan 
Decontamination equipment 
Medical equipment 
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Q 1-7 Advances in knowledge and technology can improve the basis for 
emergency preparedness. The following are areas in which 
improvements could enhance preparedness for chemical 
emergencies. 
years, which would you want first, second, third, and so 
forth? 
they are needed by your community. 

If you could obtain these over the next several 

Please rank these areas in the order which you feel 

Mean rank 

3.5 
4 . 4  
5.3 
5 . 4  
5 . 5  
5.6 
5.7 
6.0 
6.3 
6.3 
7.0 

Improve pub1 ic alert/warning technologies 
Improve communications technologies 
Improve knowledge on protective action effectiveness 
Improve training programs/courses 
Improve knowledge on the toxicity o f  chemicals 
Improve monitoring technologies 
Improve computerized dispersion models 
Improve protective equipment 
Improve decision support systems 
Improve information hot-1 ines 
Improve technical planning guides 

Q 1-8 Has any emergency occurred in the last 5 years that has 
resulted in a public warning i n  your community? (%) 

39.0 No 
61.0 Yes 

How many people in total assisted in answering this 
questionnaire? 

Mean = 2 .4  people 

About how long did it take to complete? 

Mean = 4.5 hours 



Table A-1. Primary warning technologies (% o f  communities) 

Pub1 i c  w i t h i n  P u b l i c  1 t o  5 I n s t i t u t i o n a l  
1 m i l e  m i l e s  f rom f a c i l i t i e s  Trans ien t  

o f  f a c i l i t y  f a c i  1 i t y  w i t h i n  5 m i l e s  popul a t  i ons 

Permanent s i r e n s  
Tone-a le r t  r a d i o  
Tel ephone ringdown 

system 
Fixed 1 oudspeakers/ 

pub1 i c address 
Emergency broadcast 

system 
Door t o  door 
Por tab le  s i rens /  

1 oudspeakers on 
vehi  c l  es 

Tel  e v i  s i  on/radi o 
Cab1 e o v e r r i d e  
Commerci a1 t e l  ephone 
Two-way r a d i o  
A i  r p l  ane o r  he1 i copter  
Other 

43.4 
12.5 

2 . 2  

10.3 

48.5 
30.1 

50.0 
44.1 
20.6 
14.0 
10.3 
3 .7  
1.5 

39.0 
11.8 

3.7 

10.3 

52.9 
19.9 

43.4 
49.4 
2 2 . 1  
10.3 
10.3 
3.7 
1.5 

27.9 
19.9 

10.3 

10.3 

35.3 
17.6 

22.1 
35.3 
13.2 
38.2 
12.5 

2 . 2  
1.5 

22.8 
4.4 

1.5 

5 .1  

34.6 
7.4 

36.0 
3&.8 
10.3 

4 . 4  
3.7 
2 . 2  
4 . 4  



Table A-2. Secondary warning technologies (% o f  communities) 

Public within Public 1 to 5 Institutional 
1 mile miles from facilities Transient 

o f  facility faci 1 i ty within 5 miles popul at .i ons 

Permanent sirens 
Tone-a1 ert radio 
Telephone ringdown 
system 

Fixed loudspeakers/ 
pub1 i c  address 

Emergency broadcast 
system 

Door t o  door 
Portable sirens/ 

1 oudspeakers OR 
vehicles 

Television/radio 
Cab1 e override 
Commerci a1 tel ephone 
Two-way radio 
A i  rpl ane or he7 i copter 
Other 

2.2 
3.7 

2.2 

7.4 

20.6 
48.5 

36.0 
36.0 
24.3 
24.3 
13.2 
16.2 

1.5 

3.7 
2.2 

2.2 

7.4 

16.9 
49.5 

44.1 
33.8 
22.8 
23.5 
11.8 
16.2 

1.5 

3.7 
3.7 

2.2 

6.6 

22.1 
41.9 

35.3 
30.9 
19.9 
19.9 
12.5 
13.2 
2.2 

6.6 
1.5 

1.5 

5.1 
CD 
N 11.8 

26.5  

26.5 
19.9 
11.0 
10.3 
5.1 
9.6 
0 
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APPENDIX B 

COMMUNITIES PARTICIPATING I N  THE STUDY AND THEIR DISTRIBUTION 
BY SIZE AND GEOGRAPHICAL LOCATION 
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Table B-1. Geographical distribution o f  communities 

Reg: on S t a t e s  Number 

1 Conn., Maine, Mass., N. H . ,  R .  I., V t .  2 

2 N. J . ,  N. Y .  16 

3 Del., Md., Pa., Va., W .  Va. 18 

4 Ala. ,  Fla., Ga., Ky., M i s s . ,  N. C., S. C., Tenn. 20 

5 I l l . ,  Ind., Mich., Minn., Ohio, Wis.  23 

6 Ark., La., N. M. ,  Okla., Tex. 24 

7 Iowa, Kans., No., Nebr. 10 

8 Colo.,  Mont., N. Dak., S. Dak., Utah, Wyo. 2 

9 Ariz., Calif., H a w a i i ,  Nev. 12 

10 Alaska,  Idaho, Oreg., Wash. 9 
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Table 8-2. L i s t  of  communities with completed ques t ionna i r e  

C i ty  S t a t e  U n i t  1980 Popul a t  i on 

Mobi 1 e 
Col umbi a 
J acksonv i l l  e 
Mari copa 
Anaheim 
Baker s f i e ld  
Bri sbane 
E l  Segundo 
Humbol d t  
Oak1 and 
Orange 
Rivers ide  
San Jose 
South Gate 
Yo1 0 
New Castle 
G u l  f 
Santa  Rosa 
Tampa 
Brunswi ck 
Dalton 
F u l  ton  
Richmond 
Smyrna 
Benton 
C1 in ton  
Des Moines 
S tory  
Woodbury 
Bannock 
Madison 
Marshal 1 
North Chicago 
Will 
Del aware 
Po s e y  
Johnson 
S e d g w i  ck 
Wyandotte 
Ball a rd  
Hardi n 
Marshal 1 
McCracken 
Ascension 
Baton Rouge 
Convent 

A1 a .  
Ark. 
Ark. 
Ariz .  
C a l i f .  
ea1 i f .  
C a l i f .  
C a l i f .  
C a l i f .  
C a l i f .  
C a l i f .  
C a l i f .  
C a l i f .  
C a l i f .  
C a l i f .  
Del. 
F l a .  
Fla .  
F l a .  
Ga. 
Ga. 
Ga. 
Ga. 
Ga I 

Iowa 
Iowa 
Iowa 
Iawa 
Iawa 
Idaho 
I l l .  
I l l .  
I l l .  
I l l .  
Ind. 
Ind. 
Kans . 
Kans. 
Kans. 
KY. 
KY. 
KY. 
KY. 
La. 
La a 

La a 

County 
County 
C i ty  
County 
C i  t y  
C i ty  
C i ty  
C i ty  
County 
C i t y  
Caunty 
County 
c i t y  
C i ty  
County 
County 
County 
County 
C i ty  
C i ty  
C i ty  
County 
County 
C i ty  
County 
County 
County 
County 
County 
County 
County 
County 
C i ty  
County 
County 
County 
County 
County 
County 
County 
county 
County 
County 
County 
C i ty  

364,000 
26,644 
27,600 

1,508,000 
221,800 
105,600 

3,000 
13,800 

1,080,000 
339,300 

1,931,500 
663,900 
636 600 

66 , 800 
113,400 
399,000 

10,700 
56,800 

271,500 
17,600 
2Q 700 

590,000 
181,600 
20,300 
23,600 
57,100 
46,200 
72,300 

100,884 
65,400 

247,700 
14,500 
38,800 

324,500 
128,600 
25,400 

270,300 
366,500 
172,300 

8,860 
88,900 
25,600 
61,300 
50,100 

219,500 
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Tab1 e 8-2. Continued 

City S ta te  Uni t  1980 Populat ion 

S t .  Char les Par ish  
Danvers 
Bal t i  more 
Bay 
Benton Harbor 
Grand Haven 
Kal amazoo 
Mani s tee 
Marquette 
Marysvi 11 e 
Oak1 and 
Rosemount 
Duson 
Jackson 
Warren 
Ye1 1 owstone 
P i  tt 
Bea t r i ce  
E l  i zabeth 
G i bbs t own 
L i t t l e  F a l l s  
M t .  H o l l y  
Sal em 
Somerset 
Un i on 
Wayne 
West Cal dwel l  
Henderson 
Chautauqua 
Del aware 
Lewis 
Newburgh 
Renssel aer 
U t i c a  
Water1 oo 
A1 l e n  
Fai r f i e l d  
Hami 1 t o n  
Sol on 
S ta rk  
To1 edo 
Enid 
Mus kogee 
Osage 
Rogers 
Woodward 

La. 
Mass. 
Md . 
Mich. 
Mich. 
Mich. 
Mich. 
M i  ch. 
M i  ch. 
Mich. 
Mich. 
M i  nn. 
Mo . 
M i  s s .  
M i s s .  
Mont . 
N.C. 
Nebr. 
N.J. 
N.J. 
N.J. 
N.J. 
N.J. 
N.J. 
N.J. 
N.J. 
N.J. 
Nev. 
N.Y. 
N.Y. 
N.Y. 
N.Y. 
N.Y. 
N.Y. 
N.Y. 
Ohio 
Ohio 
Ohio 
Ohio 
Ohio 
Ohio 
Okl a. 
Okla. 
Okla. 
Okla. 
Okl a. 

County 
City 
City 
County 
City 
City 
County 
County 
County 
City 
County 
c i t y  
City 
County 
County 
County 
County 
City 
C i ty  
City 
City 
City 
County 
County 
County 
City 
City 
City 
County 
County 
County 
City 
County 
City 
City 
County 
County 
County 
City 
County 
Ci ty  
Ci ty  
City 
County 
County 
County 

37,500 
26,200 

786 700 
119,900 

14,700 
11,800 

212 400 
23,000 
74,100 

7,300 
1 01 1,800 

5,100 

118,000 
51,600 

108,000 
83,700 
12,900 

106,200 
5,700 

11,700 
10,800 
64,700 

203,100 
504,100 
49,100 
11,407 
24,400 

146,900 
46,900 
25,000 
23,400 

152,000 
75 600 

5,300 
112,200 
93,700 

873,100 
14,300 

378,800 
354,600 

50,400 
40,000 
39,300 
46,400 
21,200 



Table B-2. Continued 

City Sta te  U n i t  1980 Populat ion 

Por t1 and 
Berks 
€31 a i  r 
Bucks 
Carbon 
Phi 1 adel ph ia  
Somerset 
Providence 
Kershaw 
York 
Bay t own 
Sharon 
S u l l  i van  
Beaumont 
Bramori a 
Cal houn 
D a l l  as 
D i m m i t t  
Dumas 
Ec tor  
Houston 
Hutchinson 
Orange 
Pasadena 
Por t  A r thu r  
Texas City 
Hopewell1 
Po r t smo u t h 
York 
Camas 
Cowl i t z  
Skagi t 
Snohomi sh 
Spokane 
Wall 1 a Wall a 
Whatcom 
Brown 
Madison 
Oneida 
M a r i  n e t t e  
Kanawha 
Marshal 1 
Putnam 
Larami e 

Oreg . 
Pa. 
Pa. 
Pa. 
Pa. 
Pa. 
Pa. 
R . I .  
S.C. 
S.C. 
Tenn. 
Tenn. 
Tenn. 
Tex. 
Tex. 
Tex. 
l e x .  
Tex. 
Tex. 
Tex. 
Tex. 
Tex. 
Tex. 
Tex . 
Tex. 
Tex. 
Va. 
Va. 
Va. 
Wash. 
Wash. 
Wash. 
Wash. 
Wash e 
Wash. 
Wash. 
Wis. 
W i s .  
Wis. 
Wis. 
W. Va. 
W. Va. 
W .  Va. 
wyo f 

City 
County 
County 
County 
County 
City 
Caunty 
City 
County 
County 
City 
City 
County 
City 
County 
County 
Ci ty  
City 
City 
County 
Ci ty  
County 
County 
City 
Ci ty  
City 
City 
City 
County 
City 
County 
County 
County 
Ci ty  
County 

County 
Ci ty  
County 
Ci ty  
Caunty 
County 
County 
County 

CQUnty 

366,400 
312,500 
136,600 
479,200 

53,285 
1,688,200 

81,200 
156,800 
39,000 

106,700 

1,100 
144,000 
118,100 
169,600 

19,600 
904,000 

11,400 
12,200 

115,400 
1,594,100 

26,300 
83,800 

112,600 
61,200 
41,400 
23,400 

104,600 
35,500 

5,700 
79,600 
64,200 

337,000 

47,500 
186,700 
175,300 
170,600 
31,200 
12,000 

231,400 
41,600 
38,200 
68,600 

341,800 
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APPENDIX C 

DATA fROM THE FACILITY QUESTIONNAIRES ON PUBLIC 
ALERT AND NOTIFICATION 

(N = 134) 
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Table C-1. Primary communications equipment used to notify 
the community of a chemical accident 

Communication method Facility response ( X )  

Commerci a1 telephone 
Two-way radio 
Dedi caated telephone 
Dedicated radio 
Pager 
Sirens 
In person 
PA/1 oudspeakers 
Alarm system 
91 1 

4 3 . 3  
9 . 0  
9 . 7  
6 . 0  
0 .  
3 . 7  
3.0 
0. 
3 . 7  

13.4  

Clarity of  Interaction 

C - 1 .  Identification of  designated official responsibility for receiving 
an alert from the chemical facility. (%) 

1.5 Identified name and position 
9.0 Identified position and organization 
5.2 Identified position only 
60.4 Identified organization only 
23.8 Did not identify 

C - 2 .  Identification of designated official responsibility for sending 
an alert from the chemical facility. (X) 

9 3 . 3  Identified by title 
6.7 Not identified 

C-3. Identification of designated backup official responsible for 
sending an alert from the chemical facility. (%) 

50 Identified by title 
50 Not identified 

C - 4 .  Identification of off-hour alert responsibility. (%) 

48.5 Same 

35.8 Different, specified 
12.0 No response 

3.7 Different, not specified 
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C-5. How has your facility's emergency organization coordinated with 
each o f  the following agencies/organizations in the past several 
years? ( X )  

Circle No Initial/ Developed Ongoing Partici- 
letter o f  coordi n- introduc- emergency coordinated in emer- 
those that ation tory con- response emergency gency 
exist in at all tact plans effort exercises 

your area only with with 

Local fire 

Other internal 
facility org. 

Local /county 
p o l  ice 

Local civil 
defense 

State police 

Industry mutual 

Hospital emer- 
gency rooms 

State emergency 

State EPA 

aid association 

0 

11.2 

5 . 2  

10.4 

3 2 . 8  

2 0 . 9  

11.5 

20.5 

11.7 

14.9 

3 . 0  

23 .1  

16.4 

17.2 

8 . 2  

23.9 

29.9 

26.9 

9.0 

4.5 

11.2 

7 . 5  

3 .0  

6 . 7  

13 .4  

9 .0  

13.4 

25 .4  

20.9 

20.5 

2 2 . 4  

12 .7  

1 6 . 4  

17 .9  

9 . 0  

28 .7  

44 .8  

3 4 , 4  

3 0 . 6  

33.6 

20.9 

27 .6  

2 3 . 1  

11 .2  

8.2 

Number o f  exercises within past 2 years: 

Group Mean number 
of exercises 

Local fire 
Other internal facility organization 
Local/eounty pal  i c e  
Local civil defense 

State police 
Industry mutual aid association 
Hospital emergency rooms 
State emergency 
State EPA 

2.0 
6.2 
1.2 
2 . 3  
0.9 
2.5  
0.8 
0.5 
0 , 4  
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Table C-2. Clarity of emergency procedures 

Status (%) 

None Vague C1 ear/SOP 
Type procedure 

Oeci si on making 
Communication 

8.2 56.0 33.6 
9.7 53.0 33.6 

C-6. Overall assessment o f  the capability to provide a timely warning 
to the public within 5 miles o f  the facility in the event of a 
serious emergency. (%) 

82.1 
12.7 

0.7 

0 

4.5 Missing 

It is highly certain that an effective warning would be made 
It is somewhat certain that an effective warning would be 
made 
It is somewhat uncertain that an effective warning would be 
made 
It is highly uncertain that an effective warning would be 
made 

C-7. Weakest link in the sequence of tasks that are involved in getting a 
timely and effective warning to the public around the chemical 
facility. (%) 

35.1 

20.1 
14.2 
6.7 

3.7 
3.7 
1.5 
3.0 
0.7 
4.5 
0.7 
0.7 
13.4 

Problems in disseminating alert and notification to the 
pub1 ic 
No weak links 
Size of population or area at risk 
Communication problems between the facility and the 
community 
Communication problems within facility 
Lack of pl ann i ng 
Feasibility o f  public protection 
Cooperation from the community 
Lack of training 
Communication problems within the community 
Monitoring detection 
Problems in warning special populations 
Other 
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APPENDIX D 

WARNING SYSTEMS REFERENCES AND BIBLIOGRAPHY 
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