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ABSTRACT

NUREG-0654, Revision 1, (Criteria for Preparation and Evaluation of
Radiological Emergency Response Plans and Preparedness in Support of Nuclear
Power Plants), Appendix 3, discusses requirements of the licensees to
implement a prompt notification system within the 10-mile emergency planning
zona (EPZ) surrounding a nuclear facility. Sirens are being installed for use
as part of or as the entire notification system by many licensees. This
report describes a procedure for predicting siren system effectiveness under
defined conditions within the EPZ's, The procedure requires a good
topographical map and knowledge of the meteorology, demographics, and human
activity patterns within the EPZ., The procedure is intended to be applied to
systems of sirens and to obtain average results for a large number {30 or
more) Tistener Tocations.
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SUMMARY

The purpose of this study was to develop a procedure for predicting
siren-system effectiveness under defined conditions within emergency planning
zones {EPIZ's) surrounding nuclear power plants,

Collection and application of the necessary data include the selection of
Tistener sites, the selection of evacuation conditions (sample scenarios)
including weather, time of day, and peoples' locations and activities,
estimation of background noise levels, definition of siren properties, and
acoustic attenuation through building and vehicle structures. Aalyses
include the computation of the sound Tevel from the siren most likely to be
the loudest at each listener site, estimation of alerting probabilities at
various locations, and the weighted combination of the results into overall
estimates of alerting effectiveness.

The procedure determined from this study permits the estimation of the
alerting effectiveness of a siren system under defined conditions in the EPZ's
of nuclear power plants, This procedure can be applied to systems of sirens
of a large number (30 or more}; it is likely to be unreliable for a single
siren or single listener,
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The work presented in this report was prepared by Bolt, Beranek and
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funded under a Related Services Agreement with the U.S, Department of Energy
Contract DE-ACO6-76RLO 183D.
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Procedure for Analyzing the Effectiveness

of Siren Systems for Alerting the Public

1.0 INTRODUCTION

l.1 Background

As a result of the accident at the Three Mile Island Nuclear
Power plant, the Nuclear Regulatory Commission (NRC) has issued a
rule requiring their licensees to plan and prepare, much more
extensively than in the past, for emergencies at nuclear
facilities, Under this rule, a "Plume Exposure Pathway Emergency
Planning Zone” (EP2) having a radius of about 10 miles is
established around each nuclear power reactor. Within an EP2
there must be physical means for alerting and providing prompt
instructions to the public in the event of a sufficiently severe

emergency. The rule states:

"The design objective shall be to have the
capability to essentially complete the initial
notification of the public within the plume

exposure pathway EPZ within about 15 minutes.”

The alerting systems are under the control of local public
authorities having jurisdiction within the EPZ, and decisions
regarding their use must be made promptly by State and local
authorities feollowing notification of an emergency by the

licensee,.

NRC and the Federal Emergency Management Agency (FEMA) have
provided a guideline document elaborating upon the requirements

of the emergency-planning rule. This document, "Criteria for



Preparation and Evaluation of Radiological Emergency Response
Plans and Preparedness in Support of Nuclear Power Plants"
(NUREG-0654 and FEMA-REP-1, dated November 1980} contains an
"Appendix 3" that attempts to clarify the public alerting
requirements. On the basis of Appendix 3, some licensees have
installed networks of "air-raid" {(i.e., Civil Defense) sirens
within the EP2's for which they are responsible. The licensees
have then provided local authorities with some means for remotely
controlling these sirens so that they can be operated when
necessary. The people within such EPZ's are to he kept informed
of the fact that if they hear the sirens, they are immediately to
turn on a radio and listen to the Emergency Broadcast Service
{EBS) for information on the nature of the emergency, and on
protective actions to be taken.

1.2 NRC and FEMA Responsibilities

The NRC and FEMA are charged in various ways with
determining each licensee's compliance with the emergency
planning rule, This includes, of course, assessing the
effectiveness of public alerting systems using sirens. To a
considerable extent, such assessments will be based upon "Full-
Cycle Tests" during emergency response exercises at nuclear power
reactors. Following such exercises, during which the sirens will
have actually been operated, the people within each EPZ may be
polled to learn whether or not they heard the sirens, and if so
whether they knew what was meant by the sound, Such tests not
only provide a real-life measure of alerting-~system performance
(including the level of pertinent public education), they also

identify areas where system performance could be improved.

Unfortunately, the performance of a network of outdoor

sirens is strongly dependent upon a number of uncontrolled and



unpredictable factors, such as the weather, peoples’

activities at the time, whether most people are indoors or out-
doors, background noise levels, etc. Hence, it is not readily
possible to determine the effectiveness of a siren system under
all conditions from a few full-cycle tests under particular
conditions. A siren system that is quite effective on a warm
summer afterncon might be less effective at 3:00 a.m. on a stormy

winter night.

NRC has concliuded that an analytical procedure to predict
siren-system performance under a prescribed {and assumed) set of
conditions would be a useful tool to have, in addition to full-
cycle test results, when assessing the performance of alerting
systems utilizing sirens. Such a procedure could "model"
alerting-system performance under a variety of conditions that
would not be easy to test (e.g., conditions during a stormy winter
night}. Perhaps the model could be "calibrated" based upon full-
cycle test results under a known set of conditions, and then used
to extrapolate to other conditions. At the very least, the
analytical procedure provides insight into the variables that
influence siren-system performance, and on the effects of these
variables. Hence Bolt Beranek and Newman Inc. (BBN), under
subcontract to Battelle Northwest Laboratories, has developed an
analytical procedure for estimating the effectiveness of siren
systems in EPZ's around nuclear power plants.

1.3 Purpose and Scope

The purpose of this report is to describe a procedure for
predicting siren-system effectiveness under defined conditions
within EPZ's around nuclear power plants. The procedure is
described in sufficient detail that the reader can deo it himself,

provided he has a general technical background and a few tools



(2 good topographic map, a hand calculater) and some knowledge
of the meteorology, demographics and human activity patterns
within the EPZ. He need not be skilled in the fields of
acoustics or statistics.

The procedure is intended to be applied to arrays (systems)
of sirens in EPZ's, and to obtain average results for a large
number (30 or more) listener locations. It is likely to be
unreliable for a single siren and/or a single listener.
Furthermore it assumes background-noise conditions normally
encountered, on the average, inside and outside residences and
commercial locations in the United States.

1.4 Caveats

The procedure described here must be viewed as highly
preliminary. Its results have never been compared with actual
field experience. 1t is based upon a number of "educated-guess"”
assumptions about people's locations and activities at various
times of the day. It utilizes many simplifications in estimating
background noise levels. 1In particular, it is based upon the
fact that, in most settled areas of the U.S., background noise
outdoors predominantly results from motor vehicle activity.
Indoors, background noise generally comes from machines
{typewriters, ventilation systems, home appliances, radio/TV) and
conversation. In remote locations or places with atypical
lifestyles, the procedure will probably be inadegquate.

Finally, the procedure provides an estimate of the
percentage of the population that will hear the alerting
sounds. It ignores the question of whether or not those hearing
such sounds will recognize them, will know the proper response to
take, and will indeed take that response. Except in the case of

awakening sleepers, the procedure does not consider the natural



tendency of pecple who hear and recognize alerting scounds te warn
cother people who may not have heard them, This "avalanche”
effect would surely increase the effectiveness of public alerting
systems above that estimated from purely technical

considerations.

1.5 Summary

Section 2 of this report provides an overview of the
analysis procedure under twe subsections: The first covers the
collection and application of the necessary data; and the second
covers the mechanics of analysis. The overview is useful to
those planning to follow the procedure sc¢ that they will know how
the various pieces fit together. To other readers who simply
want to find out about the procedure but do not plan to actually
apply it, Section 2 can be treated as a detailed summary of the

procedure.

The various discrete tasks of implementing the procedure are
described in subsequent sections in the same order as in the
overview of Section 2. The input functions include selection of
listener sites (Section 3), selection of evaluation conditions
(called "sample scenarios®™) in Section 4, estimation of
background ncise levels [Section 5), definition of siren
properties in Section &, and acoustic attenuvation through
building and vehicle structures {Section 7). The analysis steps
consist of Section 8, which describes the computation of the
sound level from the siren most likely to be loudest at each
listener site, estimation of alerting probabilities at various
locations {Section 9), and the weighted combination of the
results into overall estimates of alerting effectiveness in
Section 10.



Three Appendices are included: a description of the method
used to estimate attenuation resulting from wind and temperature
gradients, an analysis of siren effectiveness vs. siren sound
duration, and a BASIC computer program that eliminates some of

the tedium of the computations.



2.0 OVERVIEW OF THE ANALYSIS PROCEDURE

2.1 General

The analysis procedure can be thought of as having two
parts: an "input" part and an "analysis" part., The input part

of the procedure involves five steps:

- randomly selecting within an EPZ a number of populated
locations ("listener sites™) for which detailed

analysis will be carried out.

- defining sets of conditions ("sample scenarios") for
which the analyses will be performed. Such conditions
include the weather, the time of day, and peoples'
locations and activities. (For simplicity, the
scenarios have been predefined, except for the

influence of local weather conditions.)

~ estimating background noise levels for each location,
and for each scenario. (Background noise levels have
been predefined to fit the scenarios, based upon
listener site locations.)

- determining siren properties.

- estimating the sound attenuating effects of building
and vehicle structures.

Each of these five steps supplies data that are necessary



for the subsequent analysis stage of the procedure.

The analysis part of the procedure is illustrated
schematically in Fig. 2.1, and details are given below. It
yields the "chance of alert" for a siren-operating period of 4
minutes. (See Appendix B for information on other siren

durations.)

The first analysis step is the computation of the sound
levels that would be produced outdoors at each listener site from
each of the surrounding sirens under each of the scenarios. The
loudest of these levels (after allowance for the difference
between rotating and stationary sirens) is then used for subsequent
computations. This sound level is compared with outdoor
background noise-level distributions to estimate the probability
of alerting people out of doors. The same dominant-siren level
is reduced by the attenuating effect of building structures, and
then compared with typical indoor background noise-level
distributions (or sleep-disturbance criteria) to estimate the

probability of alerting people indoors, both at home and at work.

The probability of alerting people travelling in motor
vehicles is handled somewhat differently. It is estimated based
upon average siren levels and average siren spacing, compared to
the distance travelled by motor vehicles at particular assumed
speeds. Available data on the sound-attenuating properties of
vehicle structures, and on in~vehicle background noise levels are

then used to estimate alerting potential.

The final step in the analysis procedure is to combine the
results of the above computations into a "single-number" measure
of alerting probability for each scenario, based upon the
presumed activities and indoor/outdoor locations of people for

that scenario.



2.2 Input

2.2.1 Selection of Listener Sites

The listener-site selection process 1s intended to select a
number of locations within the EPZ, for each of which detailed
analyses will subsequently be carried out. The selection process
is population-weighted: that is, it is biased towards the
gselection of sites in more densely populated areas, and will not
select sites in unpopulated areas.

The final results of the analysis are obtained as an average
over all sites, so a large number of sites is desirable,.
Normally, 50 are selected, so that any single site has only a
small effect on the final results.

The population-weighted random listener-site selection
process is described in detail in Section 3 below. 1In general,
it utilizes population-distribution data by sector and radius of
the EPZ, such as are called for in Appendix 4 of NUREG-0654., It
requires the use of USGS maps, or equivalent, that show topography
and individual building locations. A random-number generatorx,

such as that contained in some pocket calculators, is also
required. The sites, once selected, are marked on a good-guality

topographic map that also shows all fixed siren locations.

2.2.2 Definition of Sample Scenarios

The effectiveness of an array of sirens is strongly
dependent upon weather conditions, whether people are indeoors,

outdoors, and upon what people are doing at the time. 1In



selecting sets of these conditions as sample scenarios, our
objective has been to cover the full range of conditions that
might exist within an EPZ - from those conditions most conducive
to people hearing the sirens to those conditions where they are
least likely to hear them. Four scenarios have been defined:
two (presumed) extremes and two others in between:

- A Warm Summer Weekday Afternoon

- A Summer Weekday Night

- A Winter Weekday During Evening Commuting Hours
- A Stormy Winter Night

These are intended to cover a range of the critical

parameters:

- people at work wvs. at home

- people indoors, outdoors, or in motor vehicles

- people awake vs. asleep
- building {and motor vehicle) windows open or closed

- people at home engaged in "“quiet™ wvs., "noisy"
activities

- various meteorological conditions characteristic of the
site,

As described in Section 4 below, the user of this
procedure need only select the meteorological conditions
appropriate for the site during each of these scenarios. The
other assumptions regarding the locations of people and their
activities have been preselected to simplify the procedure, and

cannot be easily changed. The meteorological conditions should

10



be chosen from data gathered at the site (such as from an EIR or
Safety Report for the plant) and should be appropriate for the
season and time of day specified in the scenario. It is
desirable, if appropriate for the site, to choose different wind
directions for each of the four scenarios.

2.2.3 Estimation of Background Noise Levels

One's ability to hear a tonal sound, such as a siren sound,
is based upon the extent to which the level of that sound exceeds
the background noise level measured in a relatively narrow
bandwidth centered on the frequency of the tone. For the purpose
of this procedure, we have assumed throughout that all sirens
operate at a frequency in the vicinity of 630 Hz, and that the
background noise level of interest is that in the 630 Hz one-
third octave band.

Both indoors and outdoors, background noise in our
environment is constantly fluctuating in level. If at some
moment it is too loud for a siren to be heard, a moment later it
may have decreased so that the siren can be heard. Because we do
not know what the level of the background noise will be at any
particular time sirens are sounded, we must look at probability
distributions of background noise levels, and concentrate on the
minima of these distributions. We are not concerned with how
loud the background noise may be, or what its average level is;
we are only concerned with how quiet it may get because people
will hear the siren sounds "between the cracks" of louder
interferences.

Outdoor background noise in urban areas and along rural

roadways is caused predominantly by motor vehicle traffic. It is

11



generally insensitive to seasons of the year, but varies markedly
with time of day. Minor traffic variations (i.e., less than a
factor of 2 in traffic volume) have little effect on the minimum

backgrcound noise.

In rural areas remote from reoadways, outdoor background
noise can be seasonal (birds, insects, foliage, etc.,) and can
vary with the weather (wind, rain, waterflow, surf), Few people
live or work in such "natural" acoustic environments. These
background noise levels are more difficult to estimate, but
being lower in level they are less important than traffic-noise-

dominant environments.

Estimated minimum outdoor background noise levels are given
in Section 5. These are based upon noise measurements conducted
by BBN at a number of locations in the United States. The data
typically consist of statistical summaries of background noise at
various types of locations. The summaries provide the Lgg (sound
level exceeded 90% of the time) for l-minute samples of data in
the one-third octave frequency band centered at 630 Hz.* Such
data were used to calculate probable ranges of background noise
levels.

Two generalized background noise environments, urban and
rural, have been established so that all sample listener sites
can be included in one of these categories. In each category,
the siren sound level necessary to alert is 9 dB greater than the
minimum background noise level that could exist during siren

operation,

Indoor background noise is rarely related to outdoor

*The L9 was used as a conservative estimate of the minimum
sound Eevel.

12



background noise. Instead it results from building machinery and
appliances, entertainment, or conversation. These are, of
course, a function of the activities and locations of the
building occupants. Based upon a series of indoor measurements
similar to the outdoor ones described above, a set of distri-
butions of indoor background Lgg's for use in this procedure

has been developed. To simplify the analysis, these distri-
butions have been weighted by the percentage of people presumed

to be engaged in various indoor activities.

Published data are available for background noise levels in
motor vehicles., These data have been summarized for use in this
procedure. Because background noise in motor wvehicles is much
less variable (at constant vehicle speed) than background noise
in communities and indoors, it has been treated here as steady.
The temporal statistics of this background noise have not been
used.

2.2.4 Definition of Siren Properties

The procedure requires that the following be known about the
sirens to be used:

- The location of each siren, on a topographic map

- The rated sound output of each siren, in dB at 100 ft
- The height of each siren above the local terrain
- Whether each siren is rotating or stationary.

A correlary of the observations about background noise
in Section 2.2.3., is the fact that, within limits, siren sounds
are more effective if they last for a longer period of time.

This 1s because the probability of occurrence of a lower level of

13



background noise increases with time. This is discussed in
greater detail in Appendix B.

A second correlary is the fact that, in this procedure,
rotating sirens are deemed to be less effective than sta-
tionary sirens that produce the same maximum sound level at
the listener. This is because rotating sirens produce their
maximum level at any given listener for only a portion of their
operating time. The rest of the time they are pointed else-
where. In this procedure, rotating sirens are treated as
having a sound duration equal to 1/4 of the time they operate.

2.2.5 Building and vehicle Attenuations

In order to estimate siren sound levels indoors or in
vehicles, it is necessary to know how much the sound is
attenuated when propagating through such structures. These
figures are given in Section 7, as a function of climate and
season of the year.

2,3 Analysis

All the necessary data have now been accumulated to perform
the analysis. As summarized on Fig. 2.1, the analysis consists
of computing, separately for each of the four scenarios, the
maximum siren sound level at each randomly selected listener
site. At each site, some fraction of the people are assumed to
be outdoors, some indoors at work, and some indoors at home
engaged in various activities. Peoples' locations (indoors or
out} and activities vary with the scenario, as do the properties
of the buildings they occupy. The background noise also varies
with locatidn.
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Bach of the fractionsl people at each site is assignad s
vrobability of slert based upon the siren sis ) level and upen
the statisitics of the @&@k@xa&nﬁ noiee, or upon slesp distusbance
griteria. The probabilities are sugmed f?f; hg fractions 4%t
sach site, and then over all sites to estisate the systan
etfsctivanses ﬁ@t—% glvern &g&mariﬁq

eatimaied b@a@é,ﬂ
Tﬁﬁxhﬂ?@ﬁﬁ? af

cminapt” siven thak gr@ﬂf e
m t& @ﬁ@ﬁﬁtiﬁs @M ?ﬁw&@m ia a

1 m Becticn 2.

2 L ? % K M@m S

|
s at sach sits, the
the statistice of

. For that frection of pecple out of @T,a
| ﬁiﬁﬁer&m@& betwesn the aimmn “ﬂgnnl i@@@l ﬁ&ﬁ?

This is

ﬁﬁi@@ @f aiamt ﬁﬁr &ﬁﬁﬁ @iﬁ&@.

'anat E@xtiﬁn of Eﬁﬁﬁk@ &t ﬁ@rk 47} %&&@atfial aﬁyiékhﬁéﬂta is
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herein ¥

selantion procead

idenbify Eifvy (50} zs
the EPZ surrounding ihe nucles
assumed o be m&imﬁi&iai o

tions wishin
4 ions ere

. locations and are called
55@@?@r sites.®  The &t@g@ in the listener site-

dure are described below.

Obtain & map (see Fig.3.1l for example) showing the
mmm-xm -@f t&m m 'in. mwmr sack defin

vlar sector is agsigned a designator, such as &
letrsz. A rangs of numbers is then aseigned

ding to the population in that
S e shown in Pig. 3.). Sector A has ¢
ation of 11,223 and thus would be |
rough 11,223, Sector B (moving ol
gs@wga&m @f mzﬁﬁ and would be assigned &
or € has a '%u@atim ﬁf 1,887
TS 13 4’?& tﬁ?&’@uﬁh 15,036,

mg@ %g mﬁgn@ﬁ e a _mmﬂ,@mr &%ﬁﬂé&&f
mumber generator {avallable on a Texas Instoumsnt
calculator, for example} is then used to selsct 50

is







mambers &t r@nﬁ@m,@gtwaaﬂ I and 166,295. Bach number
selected g@ ntes one site (Lo be &Mm Later)
within g@gt@r contalining that numbet,  Thus .
sectors with lszger populations have a @gwamﬁf
@@@Eﬁh*iitﬁ&ﬁf 1@@1@&1%% chosen listensr sites.
'\
Btep 3. Having @m@mim the sector locations of each
Y potential xi&t""ﬁf"" ‘aite, the next step Iln the procedurs

iz the selection of the actual sites within the chosen
&%ﬁﬁl’&a M i.a &@@@m@’iﬁmﬁ oy ﬁx%ﬁ m@rlwm@ &

¥ mﬂges ﬁw&wimg me &e@t@z’ mf mtﬁgieﬁﬁ :
: m seloct & Mmism&.ax Dok on t

t&grmg chosen |

kmilﬁm&ga Mﬁiﬁa oute:

mﬁ gactor of th&m;g +that ¢ rﬁ&mmf mr ig discarded
Lhex hosen st random.







sanple scenarios - the specific @@nﬂ‘imimﬁg under which siren
pﬁz’ Eﬁmﬁﬂag gg mmm \ are ke iencrrante !

hie e 2 featurs, because
fmay invelve sssunpt 3 ' %m@e a mj@f

effect on the result:
Ene ﬁ@e@iﬁ@ weat

besn gﬁrtimlﬁ? & ﬁim m@ are 1&@&@@ in mw &Jﬁlﬁ The
the proced need '-ml@’ aalmt m@ii‘ iﬁ m&kh@wmlaﬁa&
mmim@m reoresentatl
other, defined featy

cover 8 range of cond!

T Wimiﬁlﬁp
tokally diffevent 2
evaluated. Hm&éﬁrg tin;# g
noise &m %@iﬁi ﬂa - o3 il e

The westher porEn %e:m thet pust be chosen m s
: 8 are:

Temperature
Belative Humidity

vertical Temperature Gradient
#ind Direstion

vertical Wind-
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Erom melesrologlcel data gatherad at or
: underetanding of eize climatology.

near the sits, with s

If sufficiently detalled, hovr-by-hour it%wr: &am are
svailable for gzw gikﬁag %pvﬁmmmtiw seﬁs can .%m chosen &
sach scenaric.

iﬁwgrmly with temper Canaou ; _
average temperature mﬁ the awz&agg wlmiw hmiﬁf&y is
unlikely,

Ir the cases where scensric weather condiiione must be
defined from data summaries, the following subsections will
previde some guidsnce.

and Relative Humidity

4.) Temperature

QWiﬁ@ ﬁh@ @%yq Gl
W&&g?ﬁ@fg and Lime @ﬁ dsy ;'Mhl@ &&33 f&&‘ Eaeh

Lemperaturs; w;i..ﬁﬂ.; mmtim hmmity ﬁﬁ? mm o 3 and 9
relative numidity for Scenscic 4. (Other velues may be

approprlate for desert or subtropical areas.]
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sirens. Singe rataling elrens zctually produce their pated sound
level during only about pne-quarter of theldr operating time ak
any particular lis “lesation, the background-noigk analyeis
for rotating siress is based on i-minmute periods.

The estimstion procedure for obtaiping background nolse

levels is based on noise measurements conducted by BBN in the

wiclplity of the Tﬁ@ﬁﬁm Muclear Plant in Ovegon, near the Indisn
Point Nucliear Power Station In New York, and upon the body of
dsts fn BAN £ilas, The date; suwmerized on Table 5.1, Lypically
consisted of statlstical anaiyses of background nolse, cbserved
at various ﬁg@a&-@@ lpeations. The anaiyeses provids tha Lgg for
leminite samples of data in the one-thizd octave fr wency band
centersd at 53@ EBz. %ﬁhﬁé data were used to estimate ihe range
of baekground naiae l&ﬁ@&@ that are Llkely to exist AUring sy 4=
ainute period (1 minute for rotating sivens] for a vari&iy ot
cutdoor environments. The vesults sre summarized in Table 5.4,
which provides ranges of baskground rwiss lesvels m%i@h are
expected to exist during l-wincie ang 4wﬁi@%§ﬁ E&fiﬁdﬁ ﬁ@r
genzralized calegories of ocubdoot envirow 8. The ba :
roise environments are spevified for urban and Tura

 varies mxamy with ﬁ#@ Liste
the hwimiaﬁgw Based upon a serles of mea

L - - . = E A

in Section 2.2.7.

*?ﬁe messurenani meai ¢ s summarized

£l

























Outdoor siren ssund levels compubed for each listencr

uced by the sound attenvation through bullding walls
before estimating slevting poientlal for that fractlon of the

pilation indoows. A similar reduction is necessary for
estinating alertimg of people in motor wehigles.

7.1 Buildings

miyer studles [2,%] have bsen done of the zeducktion

: 1 as it g@a@a@m@aﬁ ﬁrwu-@mtsiﬁg to inside buildings.
Resulis vary Wiﬁ@l&? L Jerkis gtxu@tw@j% ﬁ@tﬁil& @g tha
boildinge, wpon where Wlthin the Wilidings the messurements

aﬁﬁ-mﬁéﬁg-?%ﬂ~%f”%!th§ gharscteristics of the sxtericr sound
QUECES

Th& ﬁ%{;ﬁhg:mf &u+‘ hive Emg%aa@ws ﬁa& ﬁﬂhliﬁ&%ﬁ a sﬁi

band uﬁaﬁ im the analyﬁig

Em-@aﬁl@ 7.1, the term "Cold Climates" refere Lo dsta
athes ; ¥ork 2nd Boston. The "Warm Climate® data sre
from L@g Engalﬁs and Miami. The differences are Ei@%ff{%%ﬁtp
and are sttributable to the fact that homes in warm iyt
typically have larger, lees tightly sealed win
in eold ¢linates.
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(e 'for distance and shielding) are
.-wa m can be @&wim miﬁg ‘tha

s@ﬁﬁ@ﬁ-wikh & B :
ealonlated as followss

; o P @ s R
By = 20 1g%lg %135@ » £8.7%2)

where d g the siren-to-ilstener distance (EL].

Shielding attenuation {A.) is estimated using the folluwing
i) ' he stternation of & rigld straight barzzier for sound
. sourece [4]:

b5 a8 for -0.2 < W< 12.6 (£.3)

for W€ =0.2

where ¥ ia the Fresnel namber (dimsnsionless)s _
¥ = ;‘ a+8-48 (8.4}

sirvenr tone;
= atva&gnasl ine é*a&aﬁgﬁ be

@ in £t 0 ?& £t for a £30 Bz

+ sign =

= glgn =
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1a of toe caloulation of A ., 16 provided

tener located 1500 *ﬁ ﬁaﬁtﬁ af a &ixﬁnu
Lapur data assumed for this e
“"’?i@ﬁl giffarences i@ s

(8.6}

ving and tha-s@umﬁ y&ﬁh& A @&gﬁ@@x €$ﬁa

Note that Bg. 8.6 is walid only for veceiwer 1
upwind secter. If the value undsr the sgusre T
ar mere, then the recmiver is Located in the ¢
and &ﬁﬁm = 0,
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E‘*”éi“ Hﬁh& P 73@&& @f ’&‘.hﬁ& example . Ehat o
ie mountsd at a height of § = 50 *t anﬁ khﬁ ligt ' ie lo i
st A height of R= 5 T, Thersfora, R/8 = 5/50 = §,] apnd the
paramster £{%/B] 18 found tO be 0.45 using Table 8.3.

By substleubicn, Fg. (8.§) then reduces to the followings

{3 @g,g

The aﬁgle 4 is sbtained based on the aireawt@ﬂii&%@mmw
azimath with respect te wind dirsction and £, ' adl
sach :*--L@ soenaric ueing Fg. (8.7) as shown im Table 8. ig
Finslly, 2 ﬁﬁ ﬁaﬁamm&aa@ for each scenaric ba#eﬁ on the
thi@fﬁﬁ ﬁh@ ﬁiﬁ@m*ﬁ@Wliaiﬁﬁ@f distance (D) to x according

to Table #.4, The results in Table #.2 $méi§ﬁﬁﬁ ssphenic
'-ﬁﬁ@@n@&t&a&g.ﬁaﬁﬁi-g-§&@w@en 0 and 20 48, depending on
scensxrio, Zor the given siren-listensr psir,

Application of the abeve caloulations yleids the estimated

- outdvor sound pressure levels for warions sirens st each ss ple
istener aite, for esmch of the four scenarios. For the balance

of the analysis, only the higﬁ&@& siven level for esch scensrio

st each lietenev sile is used., &An excaption ko this rile 1z nade

at Listsn&@ ait@m wﬁaﬁe th& s@umd lav&L @£ & ataﬁi@ﬁary gim&m is

&mﬁﬁw wﬁiﬁh had been @@ﬁéﬁﬁﬁﬁﬁﬁ;@ﬁwhﬁiﬁﬁﬁsﬁﬁtﬁﬁﬁ%
giren. Ir cases, the sistlonary siren is selected for
further &malga&@m e reason for this exception is that the
naximun sound level produced by a rotating siren is not
gonbinuoue, and thus the kobal acoustle energy at the listeney
{ae measured by the singlie event nolse exposure Ilsvel, or BEL] is
approvivately 6 48 less than for a statiopary (L.e, . continupus)
siren with the same maximum sound laevel,
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the chance of alert (reading from the vertlcal &@alg} ig
estinsted to be 0 \'..Z‘.'_._'E‘@@nt- Nots thae tnear nes
below 0 on the vertl |
those lying aboye
percent chanoe.

&&k&m@@g ek s - each 1&3ﬁ$ﬂ@r

gite. Hote ta@% ﬁﬁ@ ﬁuﬁ& wa?gxﬁ ﬁh@@a Jﬁ;%ﬂi¢$ﬁmﬁﬂr& nolse

reguired to af””"“'igh él@rt is slveady bullk inﬁ@ Figs. ﬁ 1 and
not be separately added by the user.

$.2, and thus he

{ Beenario

| Scenario
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setinating the chance of alert as a Function of indooy
lovel and scanscic, These graphs ave provided In Flo. §.4 for 4-
winute stationary sirens and in Plg. 9.5 for 4-minote retabing
#irens. A5 an ale, consider a Listener site &t which the
dominant siren has @ b rmd | e
@mﬁmm@ an \#

wazfiﬁ&iiy s nts 2ot o .
alert {(rsading ﬁrm. the mﬁ”ﬁﬁa}l 3%‘;@1%3 ia e&tiﬁﬁiﬁ@ to be 7O
peEroent,

9. 2.2 At Work

For the analygis esff aiar’*img pesple at work, two eerivity

'-"‘_"__@@iggg m:@ i&@;‘%ﬁx i1 ﬁm@mialfimﬁtitﬂﬂmm and (2]
mg For zmueﬁrml l@@&ti@ﬂﬁ# i hﬁa been

snvivonment (see Sestion 32 7 m&iﬂg wg, 9. 6. _.m.;g_ ﬁgﬁm
provides the change of alert ss 2 Euction of indoor siren level. .

The sesumption is made that on the average, the distribuetien
ot sirvean sound m&s At commercisl lmtim& i@'m same as Lfog
vesidential locziicns. Fw axnanpie, consl fistsndr site at
which the dominant sivan has bean determined to m a rotebing-
t?_." e unit @r@dﬂmimm m&‘i'r SOUNG lasm}; s&& A5 6B for a

%15&%@@%@; Exom t:ém% w%@@i M‘a;&,@g is ag@mﬁfgﬁ} 0 &g 0 persent.































; ion of g m@gm in a pamf@ulm mti:mt»g; f@r amh
Castivity @mtggﬁgy& The owerall chance of alert at each site fo=
a particular scenariec is caleulated as follows:

B 5, W4

3
i=l

where LC" = chance of ml&rt at a sﬁ wven listes

PR a«@mm mmmim in p@mmt -

ﬁ&r&%& : .
£y = a@%&&itgkwaﬂt&mﬁ .
5 = total nunber of sciivity m&t&gﬁﬁi@&n

An exanple of this ealoulation is provided in Table 10.1.

hen Ty has been Aeternined at each listener site for a
given scenario, the tetal urban and wuzal ch s of alsrt for
that seenavis arve caleulated by anithmetically averaging these
(Cy) results separately for all urban and all rural listensr
gites, The overall i es of alert for each scsvaric is then
shtained on 2 populatico-weighted basis as follows:

58






















a PATHS OF

SOURCE

a. ?ewmamﬁ DECREASING WITH HEIGHT
Typica! Dayrime

SOURCE

B %MFESAWE ’E&f’%%&&ﬂ*@ﬁ Wiﬂ% Hﬁ’}ﬁ&”
Typical Nighitime

WIND DIRECTION

wifin - sane raie - T

& WNQ SPEED lN@ﬁ’@&Slh@ wﬂH ﬁEEﬁ”"T
ASOVE THE GROUND

Fig. A=), SKETCHES ILL&@T@MWG ?HE EF?EGI‘E @’F ?ER""E AL














































siren level of S0 4B, for exa "'Iﬁ; the chance of slert fs 71
percant {f Lthe siren i}@i sounded for four mimbtes. 1If this
decation is dou led to gigﬁt mimtgaﬁ the é&&nm of mler:
increases to 81 @&mmw '

ow can this ineresse with duration be understesd
nix@;ﬁmaa fenlly? I understanding resulte in 3 particuler
machenatical mth«em; then this pattern ¢an be uged ke comwert.
four-minute resulks to results for other siven durstione. Tha
search for this mathematical pabtern is the subject of the text

section.

LA GE P ug;&‘&&!@g« - B
b@ amght with thia mathenatics as @ui&ﬁama,
@att&m ig ﬁig 3 e_g ﬁ; m;iﬁt m aml_iﬁéa a@s b& @f a%g mﬁ

th Wilfﬂ, |

® © B ©

B-4



















UKD WOISE LEVELS OBSERVED 1
A U-MINUTE TIME amtm

E-10







NE-MINUTE MINIMA (08}

TIME {rnimubes

FlG. 8-4. PROBABILITY "CLOUDS" FOR OME-MINUTE BACKGROUND-MOISE MINIMA IR

SUCCESSIVE MIMUTES, ASSUMING EACH MIMUTE IS STATISTICALLY
INDEPENDERT OF ALL OTHER MIMUTES.

=12

Lol







ONEMINUTE MINIMA, (dB)

-

: i
| i i

SlREN

=
[ 0
&

THRESHOLD

Lt

i i

B

i 2

Fl&. B-5. PROBREILITY "CLOUDS" FOR ﬁ’ﬁﬁ-ﬁl?&éﬁﬁ BACKEROU
l‘ﬁﬁh«m IN SUCCESSIVE MINUTES, ASSUMING
SUCCESSIVE MINUTES ARE NOT IN@@EN@EHT

HR-NOTSE
mm T

















































ENT

EXPON!

NT

E

{PONI

R

=
12

=)

ROTATING ©

IRER
T

zc—ﬁ =

:a“?gL'-EﬂLE.ﬁ! Lﬂ

| ® SCENARIO 3

I-*’“*THH megfsm

4 6

Fﬁﬁéﬂﬂ

@ Rl ‘Fasﬁtm, H ”w

@Uﬁ‘%@t., R
@ RURAL, wuﬁ%ﬂwma 1

@Lﬁﬁﬁm ﬁﬁsbmmw

WE

.
F
E

o e e

=1} (S1.OPE]

@ SCEMARIO3 1
'@ SZENARIO 1 I
@ BUREAL D&Y i
@ RURAL -.%rEWh‘ THT
@ UHBAN DA i
1@ URBAN, EVEIMGILJ «q

‘4" S | o i

2
= B = ; < f

M-l

. rame
e . S 14_ 16







































&

S8, 1
47,4

‘%gt.s 3 i

01080 TF LIN
01980 IF LT
£1199

-@111@ IF L%

4

R

E igg @-55999fgxm}gg$:$§k§xﬁgﬁﬁﬁu§
0L

a1l 60 Rsa,zmauswnxaa } OF ALERT

42270 SAVE(§)=1.0 Kﬁg&;._*ﬁﬁﬁéﬁﬂ%

0100 REM *

£1200 SAVE(7)=RD30(C) ° @{?3ﬂ5?£&h*9m3®“@§
01210 ¢ .T&§ﬁ§mgﬁi@$ “ DiR)=FRI0) *PRYS (T)
s o BT Log)=

Lzl #% 9&***

3?._p;int vaing 145$gﬁm@§; o
 ptlli.ol=peil clbpli]

ﬁﬁﬁt i%@ximt netng lﬁﬁﬁsw $l e

g %wﬁii%

] gximt%in@u* L rural, urban

kel

) numricr=0C

] g=]. to rescen‘\ptarblel=0.0%pirox {e) =0, 0\pexs o
start rorsl.vrban and overzll pr

d o vales
f@ﬁ =Lt nilen

ﬁi@&@ - 4 lefﬁﬁgﬂiﬁﬁﬁgiggliuﬂﬁ” Ehen go to L460 7K

G13%80 if lefes{. Ly then pring "Sis ﬁﬁ% EuE GE ur

i\go to 1510 :

01450 rem there for crban

01420 rumczhbenuanshel

$i420 For ==l o o }

01430 phurb (o) »plye

1448 nexi « -

d go to 1310

{ Eﬁﬁ h&x@ ﬁ@f xarﬁL

ﬁl&ﬁﬁ fﬁﬁ ﬂ”l [ n&%&n

DLE90 ﬁir@f&cﬁ%@@rﬁxiﬁiwytié,a}

fi500 next o

DIELE next 1

giElE Eﬁ:uw _

02530 print * pleaz g@%rg ptail®

01530 for o=l ko n

£i54¢0 ﬁﬁ@*@(h@’?ﬁﬁ. {e! /ormurh
0155¢ prruric)=plruzric) ur - : _

@15§ﬂ @%&lla@)'iﬁtﬁav_ o+ prtarb{c) *ucbpop) /{(rus

.@@ ;@ print veing preur (o) pruzhie) ,prallic)

B0 i #%% §¢i#% §ohbe

plations®sruey

.§§%§t¥1g$§

§2§ close %3
01@3@ and

=12






















