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ABSTRACT

This report presents evaluations of the prompt notificaticn siren systams
at the following four U.S. nuclear power facilities: Trojan, Three Mile
Island, Indian Point, and Zion. The objective of these evaluations was to
provide examples of an analytical procedure for predicting siren-system
effectiveness under specific conditions in the 10-mile emergency planning zone

(EPZ) surrounding nuclear power plants. This analytical procedure is
discussed in report rumber PNL-4227.




FOREWORD

The work presantad in this report was preparea by 80l1%, Zeranek and
Newman [ncorporatad under subcontract No. 8-A2740-A-Y wnich, in turn, was
funded under 2 Related larvices Agreement with the U.S. Department of Energy
Contract DE-ACO6-76RLO 1822.




3. EVALUATION OF THE PROMPT ALERTING SYSTEM POR THE

THREE MILE ISLAND NUCLEAR POWER STATION

This sectior summarizes the evaluation of the siren alerting
system for the Three Mile Island Nuclear Power Station (TMI).
The procedure that was used consists of a detailed analysis of
siren alerting capability at each of 50 randomly chosen listener
locations, under four different "sample scenario” conditions.
The random selection process for listener sites is described in
Appendix F and the four test cases (sample scenarios) are
included in Appendix G. The analysis is based on existing and
proposed siren locations as of 30 June 1981. Maps that shown the
siren locations are provided in Appendix H.

The results of the evaluation for TMI are summarized in
Table 3.1 and indicate that the chance of alert is estimated to
vary between 49% and 90% depending on the sample scenario under
consideration. The remainder of this report describes the
procedure used to arrive at this conclusion. Input and output
data for the analysis are included in Appendix I.

3.1 Bstimating Siren Sound Levels Out of Doors at Listener Sites

The first step in the procedure is to determine the siren in
the vicinity of each selected listener site that is expected to
produce the highest sound level at that site for each sample
scenario. This choice is not always ocbvious, because the sound
level caused by a particular siren at a given listener site
depends not only on the sound output of the siren and its dis-
tance from the listener, but also on shielding and atmospheric
effects (particularly wind direction). Therefore, it is
generally necessary to evaluate several sirens in the vicinity of
each listener site in order to determine the dominant one. As a
general rule, the closest, highest-rated, nonshielded sirens are
selected for evalua-:on at each site. Furthermore, sirens are
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TABLE 3.1. SUMMARY OF TMI SIREN SYSTEM EVALUATION RESULTS.

Chance of Alert

’ Scenario Population-

. Urban | Rural | Weighted Average*

i No. Description (%) (%) (%)

|

T 3 Warm Summer Weekday After-

: noon (clear to partly cloudy) 26 88 SJ

‘ .

| )
1 -4 2 Summer Weekday Night .

(clear to partly cloudy) 82 66 70 -

3 Winter Weekday Evening
(cold and overcast) 39 76 80

& Winter Night
(during snowfall) 66 42 49

*Based on a total urban population of 46,573 and a total rural population
of 119.722.




chosen such that they are distributed north, south, east, and

west of the site (or in any other four mutually perpendicular
directions) where possible to account for different wind direc-
tions. For the TMI analysis, four or six sirens were evaluated
at 46 of the 50 listener sites. Only two or three sirens were
considered at the remaining four sites. These sites were either
located at the fringes of the EPZ such that sirens could not be
chosen in all directions, or they were located so close to one or
two sirens that the selection of additional sirens was cobviously
not warranted.

The next step in the procedure is to establish the outdcor
sound level produced by the selected sirens at each listener
location. This is accomplished by applying adjustments to the
rated sound level of the siren as follows:

L(listener) = L{siren) = A3 = Ag = Asir = Azene
where L(listener) is the outdoor siren sound pressure level at
the listener site (dB), L(siren) is rated sound pressure level of
the siren at 100 ft (dB), Ay is the distance attenuation (dB), A
is shielding attenuation (dB), Aui, is the air absorption (dB),
and Aatm
temperature gradients (dB).

is the atmospheric attenuation caused by wind and

The rated sound pressure levels for the T™I sirens were
estimated based on anechoic chamber performance data, obtained
with the cooperation of the Metropolitan Edison Company. These
data indicate sound pressure levels of 142.9 dBC ard 145 dBC for
stationary and rotating sirens respectively, measured at a dis-
tance of 2 meters. These levels were raeduced by 23.7 dB to
extrapolate to the level at a distance of 100 feet (see distance
adjustment discussion below) and then increased by 3 dB to
account for the presence of a ground plane for sirens in the
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field. The resulting rated sound pressure levels at 100 £t are
therefore 122 dB for TMI stationary sirens and 124 dB for TMI
rotating sirens.

The first two adjustments (for distance and shielding) are
the same for all four test cases and are based on information
obtained from USGS maps. Distance attenuation beyond 100 £t is
calculated by assuming sound pPropagation from an acoustic point
source with a reduction of 6 dB per distance doubled. It is
calculated as follows:

d
Ad = 20 laglo (Tﬁﬁ) ’

where d is the siren-to-listener distance (ft).

incident from a point source [2]:

A; = |20 log —t28 . s gorwm> -0.2
tanh /27N
= [0 a8 for N < -0.2

N is the Fresnel number (dimensionless):

N = (A + B - 4d)

r.rN

d = straight-line distance between source and receiver, f
A +B = shortest path length of wave travel over the
barrier between ,ource and receiver, ft

+
(7]
-

el
3
"

receiver in the shadow zone (i.e., barrier obstructs
line-of-sight)

Shieiding at:enuation'(A ) is estimated using the following
formula for the attenuation ot a rigid straight barrier for sound

Where 1 = wavelength of sound, ft (1.79 ft for 630-Hz siren tone)

t
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- sign = receiver in the bright zone (i.e., barrier doesn't
obstruct line-of-sight)

When N is negative, the above equation for As is evaluated
by replacing N with |[N|, and by replacing tanh with tan.

Shielding attenuation is limited to a maximum of 24 4B based
upon a large body of experimental data. For the TMI analysis,
sirens are assumed to be at a height of 52 ft above terrain
level, listener sites are assumed to be at a height of 5 ft above
terrain level, and barrier heights are obtained from ground
contour informaticn on USGS maps.

The adjustments for air absorption and atmospheric effects
depend on the meteorological conditions for the pétticular
scenaric. The assumed conditions for the TMI site are provided
in Table 3.2 for the four test cases, based on local weather
information.* In terms of air absorption, these conditions
indicate the following attenuaticon rates based upon temperature
and relative humidity (3):

Scenario A,jr (dB per 1000 £ft)
1 0.88
2 0.79
3 0.55
K} 0.64

The ad justment for atmospheric gradient effects (Agem) is
based on siren-to-listener azimuth with respect to wind direction

*Three Mile Islanc Nuclear Station CUnit 2 Environmental Impact
Report, Chapter 2.
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TABLE 3.2. METECROLOGICAL CONDITIONS FOR THE POUR SAMPLE
SCENARIOS USED TO EVALUATE THE TMI SIREN SYSTEM.

Relative
Scenario Temperature Humidity | Temperature
No. Wind Conditions* Gradient (%) (OF)

S mph from the east -1.0°F/100 £t
Class A
2 S mph from the northwest ! +0.5°F/100 £t 80 65
i Class E
3 3 mph from the southeast -0.5°F/100 ft 70 40
Class D )
4 15 mph from the west -0.5°F/100 £t 30 25 -
Class D

*At 100 ft above ground level.




and on wind and temperature gradient characteristics. Table 3.3
&
s

summarizes the calculation procedure for determining Agem for
each scenario at c.: TMI site. A more detailed description of

the estimation procedure for Ajem Can be found in Appendix D.

Application of the above calculations yields the estimated
outdoor sound pressure level for various sirens at each sample
listener site, for each of the four scenarios. For the balance
of the analysis, only the highest siren level at each listener
site is generally used. An exception to this rule is made at
listener sites where the sound level of a stationary siren is
estimated to be between 0 and 6 dB lower than the sound level of
a rotating-type siren, which had been determined to be the
loudest siren. In such cases, the stationary siren was selected
for further analysis. The reason for this exception is that the
maximum sound level produced by a rotating siren is net continu-
ous, and thus the total acoustic energy at the listener (as
measured by the single event noise exposure level, or SEL) is
approximately 6 dB less than for a stationary (i.e., continuous)
siren with the same maximum sound level.

3.2 Estimating Indoor Sound Levels of Sirens

The result of the above calculations is a single outdoor
siren sound pressure level at each of the 50 sample listener
locations for each of the four test cases. Correspending indoor
levels are then obtained by subtracting typical values for resi-
dential building sound attenuation. 7or test cases 1l and 2
(summer), residential windows were assumed to be partly open; for
test cases 3 and 4 (winter) residential windows and storm windows
were assumed to be closed. For the frequency region within the
500 Hz octave band, the sound attenuation into buildings is esti-
mated to be 16 dB for test cases 1 and 2 and 31 dB for test cases
3 and 4 [4]. For commercial buildings, the outdoor-tc-indoor

3=7
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TABLE 3.3. CALCULATION OF ATMOSPHERIC ATTENUATION, A, ...

CAUSED BY WIND AND TEMPERATURE GRADIENTS
(SEE APPENDIX D FOR DETAILS).

Siren-to-Listener
Distance, D (Ft)

Relative to X, (Ft) Aatm (dB)
D<1l1l.2Xo 0

1.27% <D< 1.7 Xy 5

1.7 X, <D S 2.4 X, 10

2.4 Xy o ¢ . W Xo 15

3.4x°<D 20

<omputation of X,

X, = 3-(7:-5' . f(%)- 1057/ {eBCose - a

Scenaric 1 4 3 4
Wind Direction, G, 90° 31s° 135° 270°
AT°F (150'-507) -1 +0.5 -0.5 -0.5
a =ae = AT/(1n 150'-1a SO') =0.91  +0.%46 -0.46 -0.46
Wind Speed, V, ft/sec @ 100fc 7.3 7.3 4.4 22
ol = vz/(ln 100' = 1a 2") 1.87 1.82“L— 1.12 5.6
R/S = 5'/50" 0.1
£(R/S) 0.45

/— A —
X, (min) @ & = 0 L 390’ 840" 429"
5, = Cos™t (%) 119° 76° 114° 95°

S - = =R




noise reduction is estimated to be 31 43, assuming clcsed and

sealed windows for all four scenarios.

3.3 Assumptions about Chance of Alert

The outdcor and indoor siren levels calculated by the above
procedure provide some of the information required for the ana-
lysis of the chance of alert. 1In addition, it is necessary to
know the level of interfering background noise at the listener
locations.

Figure 3-1 is a flow chart of the analysis computations.
The analysis is divided into components (rows) that correspond to
the possible activities of people for the various scenarios. The
major components relate to people (1) at home (outside or inside),
(2) ot work, or (3) in motor vehicles. The chance of alert is
estima.2d for each activity component and is then multiplied by
the fracticn of people likely toc be engaged in cthat activity
(activity fraction). The results are summed to obtain the overall
chance of alert for each listener location and for each test case.
Overall chances of alert for the various scenario (test case) con-
ditions are then cbtained by averaging the chances for all rural
and/or urban sample listener sites. Note that all estimates
assume siren signal duration of 4 minutes: an average of the "3
to 5 minutes” called for in Appendix 3 of NUREG-0654. The effects
of different siren signal durations are discussed in Appendix E.

Siren detectability is a function of the siren signal level
and of the background noise level in a "critical frequency band”
centered at the signal frequency. For this analysis, outdoor and
indoor detectability is estimated based on the signal-to-noise







(S/N) difference

1]

n the 630-Hz l1/3-octave freguency band, Th
1

erting is that the given signal leve

mus.

[

chosen criterion for a

be 9 éB or mcore above the minimum background noise level at any
time during a 4-minute pericd for people who are not sleeping
(i.e., a S/N difference of 9 d8). The chance of alert while
sleeping is based on the indoor siren Single Event Level (SEL) =~ a
measure of total acoustic energy - and the sleep awakening model
developed by the U.S. Environmental Protection Agency (5]. The
graph used for estimating the chance of alert during sleep is
shown in Fig. 3-2; for the Three Mile Island analysis, the curve
for the chance of awakening one out of two sleepers was used.

3.4 Alerting People Out of Doors

For the analysis of the ability of sirens to alert people out
of doors, background ncise levels are based on noise measurements
conducted by BBN in the vicinity of the Trojan Nuclear Plant in
Oregon, near the Susjuehanna Steam Electric Station in Pennsyl-
vania, and upon the body of data in BBN files. The data typically
consisted 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 1/3-
octave fraquency band centered at 630 Hz.*. The data were used to
calculate the ‘chance of detection for various siren levels and
signal durations based on the background noise levels and their
variability. Generalized types of background ncise environments
were then established so that all sample listener sites would be
included with one of these general categories. In each category,
the siren sourd level necessary to alert is 9 dB greater than the
minimum background noise level that could exist in any 4-minute
period (1 minute for rotating sirens), adjusted for the probabil-

*The 390 was used as a conservative estimate of the minimum sound
level,
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ity distribution of such minima. This is handled by assigning a
“median alerting level" for each background .noise category and
adjusting these levels in accordance with probability distribu-
tions generalized from the data.

The median alerting levels for each background noise category
are listed in Table 3.4. These are keyed to corresponding distri-
butions shown in Fig. 3-3. For example, assume that a rotating
siren produces 53 dB at a given urban location during the daytime
adjacent to a major traffic artery. Table 3.4 indicates that the
median alerting level at such locations is 54 4B and that the ap-
plicable distribution on Fig. 3-3 is No. S. The siren level minus
the median alerting level is 53 - 54 = -1 dB. From distribution
No. 5 on Fig. 3-3, we read 24% probability of alerting at -1 d4B.
Note that probabilities of greater than 99% on Fig, 3-3 are
treated as 100%, and those less than 1% are treated as 0%.

Cutdoor background ncise in urban areas and along rural
roadways is caused predominantly by motor vehicle traffic. It is
generally insensitive tc seasons of the vear, 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
background noise.

In rural areas remote from rocadways, outdoor background noise
can be seasonal (birds, insects, etc.) and can vary with the
weather (wind, rain, waterflow, surf). Few people live or work in
such "natural® acoustic environments. As shown in Table 3.4,
rural, non-goadway background noise is selected to be dependent on
windspeed.

Note that results are given separately for stationary sirens
and rotating sirens. This is because roctating sirens would actu-
ally produce their eatimated sound level during about one quarter
of the presumed 4-mi-ute operating time at any particular listener

3-13
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TABLE 3.4.

OUTDOOR ENVIRONMENTS.

SIREN ALERTING ABILITY POR GENERALIZED CATEGORIES OF

Median Alerting Level (¢8) | Applican'e Distribution’
Rotating Staticnary Rotating Staticnary
Generalized Background Siren Siren Siren Siren
Noise Environment (4 min) (4 min) (4 min) (4 min)
8 URBAN
A. Rosdvay
1. Daytime 54 2 No. § Ne. 3
2. Evening 49 8 No. & No. 3
3. Nighttise 43 43 No. 3 No. 2
3. Nen-Roadway
L 1. Daytime 50 8 ¥o. § No. &
) 2. Eveaicg “8 &7 No. & No. 1
. J. Nijhttise a2 el No. 1 No. 2
{31, RURAL
A. Roadway
1. Limited Access luhnyz 63 61 No. 6§ No. &
B 2. Octher Highway” 51 50 No. & No. &
5. Nen-Rosdvay .
1. Ne-Visd Noise : 28 27 ¥o. 3 No. 1
- 2. Subject to Wind Noise (See Note) (See Note) No. § No. 3
111, tvousTRaL® 88 56 No. & No. 2
NOTES:
1. See Fig. 3-13.
2. Alerting levels apply for Sites withia 500 ft, vith viev angle (8) of 180° to highway; beyond 500 fc,
levels should de reduced by 10 logyg (D/300), where Dedist. from highway io ft; for view angles less
than 180°, levels should be further reduced by 10 logyg (180/8).
J. Alerting levels apply for sites within 1600 ft, vith viev angle (8) of 180° to highway; beyond 1600
it, levels should de reduced dy 10 logyg (D/1600), vhere D=dist. from highway ia fz; for view angles
less thao 180°, levels should be further reduced dy 10 log,, (180/8).
4. Vind Snoed € L rmh,
5. Median Alcrting level (vith wind) « Median Alerting Lovel (30 wisd) « Lo x.;m(:) + 148,
vhere S = average vind speed in Wph.
8.

Alerting levels apply at 1000 ft from source; for other distances adjusc levels by 20 log)g ¢1000/discance).
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location. Thus, the results for rotating sirens are bas=d on l-
minute statistics rather than on 4-minute statistics.

In summary, information regarding siren type, estimated siren
sound level, background noise category at the listener site, and
test-case conditions are used in conjunction with Table 3.4 and
Fig. 3-3 to estimate the chance of siren detection outdoors.

3.5 Alerting People Indoors

For the analysis of alerting people indoors at home, three
types of activities are considered. These are (1) listening to
radic or TV, (2) sleeping, or (3) other activities that range from
guiet to noisy situations. Table 3.5 provides the percentages
assumed for various activities for each scenario.

For people listening to radio or TV, the chance of alert is

100%. For people sieepinq. the chance of alert is calculated from

the indoor siren SEL using the relationship shown in Fig; 3-2 for
the chance of awakening one out of two sleepers. For all other
indoor activities, the chance of alert is based on classifications
of actual indoor background noise measurements under a wide
variety of conditions.

Results for test cases 1 and 3 are provided in Fig. 3-4 for
4-minute stationary sirens and in Fig. 3-5 £f5r 4-minute rotating
sirens. Thus, given the siren type, indoor siren level, and test
case condition, these figures are used to estimate the chance of
alerting for indoor activities other than sleeping or listening to
radio or TV.

For the analysis of alerting at work, two activity categories
are considered: (1) comr.rcial/institutional, and (2) industrial
environments. For the TMI analysis, it was assumed that 75% of
the working population are in commercial establishments while the

3-16
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TABLE 3.5.

FOR PEOPLE INDOORS.

ASSUMED ACTIVITIES AND BACXGROUND NOISE ENVIRONMENTS

Percentages of People Engaged in Yarious Activities [ndoors (2)
. [ndcor Noise tnvircnment
At Place Listening to Qbviously | Busy and bbviously
Scenario of Business| TV/Radio | Sleeping | Noisy! Active’|Isolated’] Quiet®
1. Varas Suseer Weekday 41 b4 S - 3 S 14
Aftarncon (clear to
partly cloudy) {
2. Summer Weekday Night 4 — 96 - —_ - -
(clear to parcly
cloudy)
3. Winter Veekday During —_ 20 — b ) 30 20 3
Evening Commuting
Hours (cold and
evercast)
4. WVinter Right During 3 — 95 -- -_ -— -—
Snowlall
NOTES:
1. Vacuus cleaning, dlanwvasher, shover, vent fan on, aetc.
1. Dinocer conversatiom, kitchen work, playing music, children ac play, ace.
3. Molse-producing sctivity in sdjacent room, scft background wusic, etc,
4. Reading, study, eating alone.

3-17




remaining 25% are in industrial locations. For commercial loca-
tions, the chance of alert is based on the statistics of
background noise measured in a typical office environment, using
fig. 3-6. For industrial locations, it has been assumed that 100%
of the people are likely to be alerted by some means of communi-
cation other than sirens.

3.6 Alerting People in Motor Vehicles

\

|
The analysis for the alerting of motorists is based on the

assumption of an average siren'signal strength and spacing

throughout the EPZ. The probability that a motorist will pass

within the alert range of a siren during its 4-minute cperation is

estimated as follows:

- 2
C = ‘de x 100 (not to exceed 100%)

Phere C is the chance of alert (%), R is the maximum alert

distance (ft), d is distance traveled in 4 minutes (ft), and L is /
the average siren spacing (ft). Separate analyses were carried

out for urban and rural areas of the TMI EPZ.

The average urban siren produces a sound level of 125 4B at
100 £t, and the average rural siren produces a sound level of 123
dB at 100 ft. Alerting ability was evaluated by using the results
of a study for the Society of Automotive Engineers (SAE) [(6].
Siren alerting levels for speeds of 55 mph and 30 mph with windows
shut or open were first determined from the SAE study results.
The average siren source levels for rural and urban areas were
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educed to alerting levels in accordance with the propagaticon
cdels from current NRC guidelines (i.e., 10 d8/double distance)
(7}« In this manner, the maximum alert distance (R) was calcu-
lated for each driving condition. The distance traveled in 4
minutes (d) was calculated based on speed for each case, and the
average siren spacing (L) was estimated to be 5,560 £t for urban

areas and 11,850 ft for rural areas.

E

The calculations of alerting ability for motorists are sum-
marized in Table 3.6. The results indicate that the chance of

alert is expected to be 100% for all conditions applicable tc the
TMI analysis.

TABLE 3.6. SIREN ALERTING FOR MOTORISTS.

4-min
E Vehicle| Wehicle | Reqd. Signal | Max. Alert| Travel Avg. Siren | Chance )
i Soeed Window for Alert Dist., R dist., @ | Spacing, L |of Alert
, Area | (mph) Qondition (aB) (ft) (£t) (£t) (%) -
4' : 55 closed 96 610 19,360 5560 100
cpen 90 920 19,360 5560 100
| URBAN
30 closed 89 980 10,560 5560 100
cpen 8€ 1210 10,560 5560 100
55 closed 36 650 19,360 11,850 100
open 90 980 19,360 11,850 100
RURAL -
30 closed 29 1060 10,560 11,850 100
open 13 1300 10,560 11,850 100




APPENDIX D: ESTIMATION OF Ayrm

The speed of sound in air increases with the sguare rcot o

n

the absoluce temperature. When the atmosphere is in motion, the
speed of sound is the vector sum of its speed in still air and
the wind speed. The temperature and wind in the atmosphere near
the ground are almost never uniform. Hence, atmospheric nenuni-
formity produces gradients of the speed of sound, and thus
refraction (bending) of sound wave paths. Near the ground, this
refraction can have a major effect on the apparent attenuation of
sound propagated through the atmosphere.

For the purpose of this procedure we have assumed a
horizontally stratified atmosphere in which temperature and wind
speed vary only with the logarithm of height above the ground.
During the daytime, temperature normally decreases with heisght
(lapse), so that sound waves from a source near the ground are
refracted upwards. In the absence of wind, an "acoustic shadow"”
forms around the source (Fig. D-la) into which no direct sound
waves can penetrate., Marked attenuations are cbserved at
receiving points well into the shadow zone - it is just as if a
solid barrier had been built around the source. At night a
temperature increase with height is common near the ground
(inversion) and our "barrier"” disappears as in Fig. D=1b.

Near the ground, wind speed almost always increases with
height. Because the speed of sound is the vector sum of its
speed in still air and the wind ector, a shadow zone can form
upwind of the source, but is suppressed downwind (Fig. D=le¢).

The combined effects of wind and temperature are usually
such as to create acoustic shadows upwind of a source, but not
downwind. Only under rare circumstances will a temperature lapse
be sufficient to ove ‘power wind effects and create a shadow
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The speed of sound, ¢, varies directly with the square root

of the absclute temperature

4% i To + a (lnz - lnz:ﬂ5 . a 1 o 3 (lnz - lnzcﬂ
u T ] *r 3T

Q o J
where c, is the speed of sound at some reference temperature, T,,

observed at a reference height of Z,+ Thus, the vertical

gradient of the speed cof sound due to temperature, a, is:
3% fas= ;% az™! =2¢ 1.086az" ! sec”! in English units (D=2,

<)

Note that a can be positive (inversion) or negative (lapse).

Likewise, we assume that the vertical profile of wind
speed, 8, varies only with the logarithm of height, 2z, so that:*

Vs o V, -1
8 iE'nhl - lnh,] 2 (D=13)

where V, is the speed of height hy and V; is the speed of height
at hy. Note that 3 is always assumed to be positive.

The combined gradient of the speed of sound, C, resulting
from both the temperature and wind gradients is thus

*This is a shakier simplification than that for the temperature
profile [l], and normally holds only for near-neutral condi-
tions [3]. The actual shape of the wind profile is a function
of surface roughne..', and of vertical momentum transfer due to
thermal instability.




C= 2(8 cos 9 - a) ( D=

where 4 is the angle between the direction from which the wind is
coming and the sound path (Fig. D=2),

Each sound path can be classified as "upwind®, or "downwind"
for a given sample of meteorological data, on the basis of the
following steps.

a. If a is positive and greater than 8(a > 8; so that C
would be negative for all values of §), then no shadow zone can
exist and all paths are classified as “"downwind®". This is the
strong-inversicn, low-wind condition.

B. If e is negative and numerically larger than 2
(i.e., |=a| > 8, so that C would be positive for all values of
¢), then the shadow zone completely surrounds the socurce and all
paths are classified as 'upwind'., This is the strong-lapse, low=-
wind condition.

¢. If |al < 8, then the "critical angle®, S (where tem-
perature, and wind effects cancel) is calculated by setting C = 0
in Eq. D-4

C= 2(8 cos ¢, = a) =0
. = cos™! % (D=5)

where 0 < ¢, < 180°
It is now necessary to do some coordinate transformations of

the azimuthal data, entered relative to true Nerth, to bearings
relative to the direction from which the wind blows. Refer to

Fig. D=2. The wind-sound angle, 4, is:




(D=6)

Examine the difference ac - ¢
If ¢ < % then the path is a “"upwind" path.

If ¢ > 4o then the path is a "downwind" path.

It is clear that this simplified model does not take into
consideration some common effects, such as changes of wind
direction with height and location and upper level inversions,
which can lead to significant sound propagation to distances
quite remote from a source.

Computing the Distance to the Shadow-Zone Boandary, X

Nyborg and Mintzer (4] have derived an expression for the
distance, X, (See Fig. D-2), from a sound source to the boundary
of its shadow zone at the height of the receiver, R,ft above
local ground, and in the presence of a vertical sound velocity
gradient which varies with the logarithm of height. Their work
has been adapted for this procedure in the following form:

x° = s/zgz- . t(g) feet

: %i . £ (g) in English units
where S is the effective source height in feet above local
ground, and the function £(§) is obtained from Table D.l. The

distance X, is in feet and is assumed to be frequency-
independent,

(D=7}

SRR — - g P
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TABLE D.1. f£(F) vs 5 for computing X, in 2q. (E-7).
(after Nyborg and Mintzer [4]).

f(R/S)

< 0.05
0.1
0.2
0.3
0.4
0.5
¢.?
0.9

1.’

O @ N oW

10
> 10

0.4
0.45
0.55
0.6
0.7
0.75
0.85
1.0
1.05
1.23
1.5
1.9
2.3
2.65
3.0
3.3
3.65
3.95
4.2
Set xo >D

Interpolacion is permitte’
of £(R/S) vs. R/S is mos..

and fog sanual cocmputactions a graph
-seful .—/




TABLE D.2. ATTENUATION WITHIN THE SHADOW ZONE, A
VS SIREN-TO-LISTEZNER DISTANCE, D, PT.

atm’

D<£1.2 xo 0 d38
1.2 X <« D<1.7% 5

0 - Q
1.7 xo <D< 2.4 x° 10
2.X <D< 3.4X% 15

o - Q

D> 3.4X 20

Q

Attenuation within the Shadow Zone, A,

( Theoretically, the attenuation within a shadow Zone can be
arbitrarily large for large distances beyond the shadow boundary.
In practice, more than 25-30 4B is rarely observed because the
loss of sound energy from the direct waves is partially replaced

by the energy of indirect waves scattered from turbulence, ground
surface roughness, etc.

In this procedure, we have used representative values de-
rived from the experimental work of Parkin and Scholes [6,7) and
Weiner and Reast (8]. The recommended values (Table 2 of the
main text) have an upper limit of 20 d4B. Attenuation because of
a shadow zone has occasionally been observed to decrease somewhat
at extreme distances relative to closer-in distances. The con-
servative values in Table D.2 allow for this possibility,
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APPENDIX E: DEPENDENC DJF ALERT UPON SIREN DURATION

In the main bedy of this report, the chances of alert are
predicted for a four-minute periocd of siren operation (here
called siren duration). In this appendix, predictions are
generalized for longer and shorter siren durations. This appen-
dix will allow readers to convert four-minute results to results
for other siren durations.

This appendix begins with an overview of the relaticnship
between siren level and siren duracion, and how this relationsh .
affects the chances of alert. It continues with development ot
the mathematics of this relationship, and then summarizes results
for the reader's use.

E.1l Overview

Table E.l is a typical "chance-cof-alert” table for a parti-
cular background-noise environment., Siren durations are listed
across the top, and siren levels down the left side. Within the
table are the chances of alert -- from 100 down to zero percent.
In the main body of this report, results are based upon the four-
minute columns of tables such as this one.* Variations within
the table are related to fluctuating background noise in the
listener's o&vironment."

*And upon the one-minute columns for rotating sirens. .

**Precision within Table E.l degrades for longer siren durations
(to the right) and for lower siren levels (to the bottom)., Fu:
longer siren durations, precision suffers from the limited
amount of total data that underlie the table. These data in
clude 250 minutes of background ncise, which is only about
eight times the longest siren duration. For lower siren levels,
precision suffers from the very small percentage of time that
these low siren levels will alert the listener. Although the
amount of data is large compared to the siren durations, the
background noise is rarely low enough to contribute to the
statistics at these lcw siren levels, For longer siren
durations and lower siren levels combined, the precision is
particularly bad.




TABLE E.l. TYPICAL CEANC!-OP-ALBR;I‘ TABLE FOR A PARTICULAR
BACKXCROUND-NOISE ENVIRONMENT.
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In this table, the chance of alert is 100 percent when th«
siren level is much higher than the background noise could ever
De at the listener. When the siren level is 74 48, for example,
the .iren will definitely alert the listener even for siren
durations as short as one minute.

The chance of alert is zero percent when the siren level is
low, say 20 dB or less, no matter how long the siren sounds. Th.
background noise is always sufficient to mask (acoustically covi«
up) such low siren levels,

For siren signals of intermediate levels, the chance of
alert falls between 100 and zero percent, in the detailed manner
shown. These intermediate details follow from the fluctuations
of the background noise, from minute to minute.

For these intermediate siren levels, the chance of aler:
increases with siren duration as indicated in the table. For a
siren level of 50 dB, for example, the chance of alert is 71 per-

cent if the siren is sounded for four minutes. If this duration
is doubled to eight minutes, the chance of alert increases to gl
percent.

How can this increase with duration be understood mathemat ' -
cally? If such understanding results in a Farticular mathemati-
cal pattern, then this pattern can be used to convert four-minu.:
results to results for other siren durations. The search for
this mathematical pattern is the subject of the nex:t section.

E.2 Development of the Mathematics

The search fnr patterns within tables of numbers is neces-
sarily an exploratory matter, First, scme underlying mathematics
must be postulated and then a numerical pattern must be sought
with this mathemat.cs as guidance. Once a preliminary pattern is

g-3
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discovered, it must be simplifi to be of use, and then nmust ba
generalized for other similar tables. 1Ideally, the pattern will

emerge as a simple equation, with a small number of adjustable
constants.

The steps involved in developing such a pattern are:

. preparation
. underlying mathematics and its simplification
. exploratory graphs, guided by the mathematics

. simplification and generalization to all other tables.

These steps are discussed next.

E.2.1 Preparation

Figure E-]1 shows typical background noise as it fluctuates
over a one-minute period. The fluctuations are generally large,
as shown here. In this background noise, a listener will be
alerted by a siren whenever it is 9 decibels or more above the
background roise level.* The figure shows a siren that produces
a steady 49 dB at the listener. A dashed line 9 4B below the
siren level denctes the alerting threshold. During the shaded

time intervals below this thresheld, the siren will alert the
listener.

*Throughout this appendix, background noise includes the noise in
a l/3-octave frequency band centered at 630 Hz, a typical siren
operating frequeancy. Dictated by the physiology of the ear,
enly this 1l/3-octave band is available %o mask, or cover up, the
pure-tone signal of typical sirens. Siren levels are usually
measured as overall sound leve.s, though the same values would
Se measured u<ing only a l/3-octave frequency band filter.
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This figure suggests ancther way to phrase the alerting
uestion. Instead of asking if the siren is loud enouah tO cause
q B

alert, one could ask: For a given siren level, is the background

noise ever low enocugh to allow alert? Since the background noise
is continually fluctuating, this question is inherently a statis-
tical question. Its answer depends upon the statistics of the
background noise fluctuations.

The answer to the above guesticn is:

during this one-minute period i

(Lbackgtound)minimum = 948
Otherwise, the siren will fail the listener. The only

statistic of interest, the ore, is mininmum background noise

r
level during this one-minute period.

Figure E-2 shows a series of one-minute minima for forty
successive cne-minute time periods. Every minute's minimum is
different, as the figure shows., These 40 minima were measured
over a 40-minute time period, and are part of a much larger set
(approximately 250) of total data. For the siren level shown, 3%
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percent of the minima (14 out of 40) fall below the threshold
line. Therefcre, this siren level in this background noise has a
35 percent chance of alert -- when sounded for a duration of one
minuce.

This plot applies only to sirens sounded for one minute,
since the buckground-noise minima are one-minute minima. Stated
another way, when a siren is sounded for one minute, it has an
equal chance of encountering any of these forty one-minute time
periods, which represent all one-minute periods. During 35
percent of these minutes it will alert the listener, since the
noise falls below the alerting threshold at least once during
those minutes.

Next, say that the siren is sounded for four minutes.

Figure E-3 shows the four-minute minima of interest -- as
circled dots. Each of these is just the lowest of four one-
minute minima in each four-minute grouping. Of these four-minute
minima, 60 percent (6 out of 10) fall below the threshold line.
Therefore, this siren level in this background noise has a 60
percent chance of alert when scunded for a duration cf four

inutes. Note that the chance of alert has increased with the
siren duration.

Needed is mathematics that relates the one-minute chanca of
alert to the four-minute chance, and to the chances for all other
siren durations as well. This mathematics is based upon proba-
bilities P, rather than upon "chances.” A 35 percent chance of
alert is equivalent to a probability P of 0.315. Moreover, this
mathematics is based upon the probability of failure to alert,
rather than success in alerting.

-om - ————



I | I ]
® FOUR-MINUTE
MINIMA 3

)

S sop : -
=2 -~ . SIREN

-
ga - v f
Z-J 4 . . . 9d8
i 9 . . e ® @ : _J

“es . . . *

S g 40 l—--.-:g—— B J— —.— T —— — —— —— — — THRESHOLD
20 *
s2 e ® ®
z2 ® ;
So .
¥ ;
ug °

g% @ 7

- -

® CJ
4 4 4 4 4 4 4 4 4 g4
20 | | il 1
0 10 20 30 40

TIME (minutes)

PIG. E-3. MINIMUM NOISE LEVELS OBSERVED IN POUR-MINUTE INTERVALS
POR A 40-MINUTE TIME PERIOD (frem Fig. E=2).




3 e — et St A

Chance of Probabilicy

Success of Success | of Failure
| |
! 100% 1.0 0 ;
| 803 0.8 | 0.2 |
E 60% 0.6 0.4 '
i 40% 0.4 0.6 ;
| 20% 0.2 0.8 {
| 0% 0 1.0 :

Note that

pfailute o Psuccess

and that failure occurs when minima points 2re above the
threshold line.

E.2.2 OUnderlying Mathematics and its Simplification

Figure E-2 above contains one-minute minima for a total time
period of forty minutes. All the points in this figure are col-
lapsed onto the vertical axis in Figure E-4, at the left. They
form a "cloud® of points denser at intermediate noise levels and
sparser for higher and lower levels. This is a probability

"cloud,® in which area is proportional to the probability
(density) of one-minute minima.

For any one-minute period, the prebability c¢ failure is
proportional to the "cloud” area above the threshold line. This
upper area, divided Oy the -otal cloud area, is the probability
that the background noise w.ll exceed the threshold level
throughout any cne-minute period -- that is, the probability that
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equation, P(4)
&

of four minutes have

failure during th

This equation, however, is valid Lf the one-minute
periods are independent of one another. glance at Figure E=2
n

-
-
.

-
b, ‘e -~ -

above indicates that they are independe cr example, for

a one-minute period with a very low minimum, the fo lowing minute
probably alsec has a low minimum. There is a regularity in the
successive minima; they are not independent. For this reascn,

the cloud picture must be modified to that of Figure E-S,

In Figure E-5, the first minute's cloud is unchanged from
that of Figure E-4, However, the second minute's cloud repre-

sents the conditional probability of: “failure during minute
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numerical

we have

P(4) = (0.65)(0.65)(0.65)(0.65)
P(4) = (0.65)% = 0.18

and therefore the probability of success is 0.82. For scme

correlation, we have

P(4) = (0.65)(0.8)(0.85)(0.9)
P(4) = 0.40
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for a probability of success of 0.60., And for ¢

we have

P(4) = (0.65)(1.0)(1.0)(1.0)
P(4) = 0.65

for a probability of success of 0.135.

In general,

P(n) = (Py)(P,y,4)(P,, )eeo(P,, -1)
1 201 3.1'2 n.l'2'3'...'n 1

g

s (Pl)“ for no correlation (E=1)

= Pl for full correlation.

The upper half of Figure E-§ illustrates graphically hew the
probability of failure thus decreises with increasing time --
that is, with increasing siren duration. The probability of suc-
cess therefore increases with siren duration, as shown in the

bottom half of the figure. (This figure is an example only, not
a general result.)

Note for large correlation cetween Successive minima, there
is not as much benefit in sounding the siren longer. If the
siren fails to alert during the first minute, it will most likely
fail to alert thereafter, because the first minute is nearly
identical to all subsequent minutes.

This underlying mathematics resides in Egq. E-1 above., In

£g. E-1, the notation Pn:l,z.J.....n-l reminds us that P, is a

condicional probability, which assumes the siren failed during

E-15
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all previous minutes. We next simplify, so that this P, assume

re only during the immediately preceding minute., Mathemai..-

pn310203000.'n-1 > Pn:n-l

Let
Phnin-1 = CP)

where C contains all the conditional aspects of the probability

The term P; is the unconditional probability for the first
minute. Then

P(n) = (P1)(CP1)(CPy) ...(CPy)
P(n) = p,M cn=l (E=-2)

Note that for no correlation,

C=1] (E=3)

and therefore
P(n) = Pln

as before. For full correlation,
1

to make

p(n) = 9] (1)1

= P 1

E-17




as before.

EQ. E-2 is the desired simplification. 1In the following
section, we graph measured background data, to explore the nature

of C, for correlations typically present in measured background
noise data.

E.2.3 Exploratory Graphs, Guided by the Mathematics

To explore for C graphically, we first take the logarithm of
qu E’Z.

P(n) = p," cn=1
log P(n) = nloq?l + (n=l)log C
log P(n) = «logC + n [:lcq C?lj (E=S)

If log P(n) is then plotted against n, the resulting
straight line should have a vertical intercept of -logC and a

.slope of log CP;. After socme curve-smoothing on linear paper, on

Fig. E-7 we logarithmically plot part of the data in Table E.1l
above. Each line is for a different representative siren level,

labelled @ through @ .

Qf course, the linear curve-smcothing nelped line up the
points shown here. Even so, the regression fit to straight lines
for each siren level is very good. MNote however, that the
vertical intercepts and the slopes vary from curve to curve,
Therefore, C must vary with siren level.

We then set each intercept equal to =-logC and each slope
equal to loqCPl, and solve for C and Fy o= separately for each
straight line.

E-18
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Line |
Number | C 3% !
[! | |
Q 1.073 0.925 |
©) 1.426 9.678 !
©) 1.816 0.526
@ 3.062 0.293 l
® 4.064 0.199 |

From EqQ. E-4 above, we suspect that C may be a power furic-
tion of Py, and so we plot logC against logP) in Figure E-8. On
this pleot, the straight-line fit is also very good. It yields:

C = (Pl)-0.87

It seems to make sense, based upon this limited analysis, to
generalize to

C = (p)"° ;
where » (rho) denotes a correlation coefficient. Zero
correlation would then make

C = (Pl)o = 1
and full correlation would make

1

- 1
C'(Pl) '-p_

1

These agree with Egs. E-3 and E-4 above.

o




PLOT OF VALUBS OF CUMULATIVE CONDITIONAL PROBABILITIES
(LOG C) VS. PROBABILITY OF PAILURE IN THE PIRST
MINUT® (L:3 Py}, DERIVED PROM PIG. E-7.
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In summary then, the time-pattern within Table E.l can be

written as
P(n) = (pl,n-0.87(n-l) = (pl)°.87 + 0.13n (E=5)

The two constants in the exponent sum to 1.00, and depend
upon correlation within the background noise, from minut: %o
minute. Moreover, Eq. E-6 depends upon the siren level through
Py, which varies with siren level.

4

Next, we simplify Eg. E-6 so it may be generalized to a wide
variety of noise-level tables, not just Table E.l above.

Eq. E-6 is valid for all siren levels, in the presence of
the particular background noise used to develop Table E.l. Its
general form is

p(n) = (p))" ch-l

& (Pl)n (Pl)ao(n-l)
. (pl)o +n (1 = o) (E=7)
In logarithmic form,
logP(n) = |[p + n(l-o)] log Pl
=5 log P, + n[ (1-s) log P, (E-8)

Wwith logP(n) plotted 2rainst n, this is the equation of a straight

line with vertical intercep. » log Pl and slcocpe (l-p)log Py




A normal regression £it would solve for the two variables o
and P,, separately for each of the siren levels (as shown in
Figure E-7, for instance). Hcwvever, there is a relationchip
above that implies p to be a constant, independent of the siren
level, Therefore, we wish to collapse all curves, for all siren
levels, to a single curve, Ffor this purpose, we manipulate Eg.

E-8 as follows:

log P(n) = |p + n(l=p)| log Pl

log 2(n) _ 5 + n(lep) .
109 ) .1+ (n=1)(1l-3) | (E~9)

Hence, plotting (log?(n)/lcgpl) against (n-l) yields a
straight line of intercept 1 and slope (l=-p), independent of
siren level. In other words, each curve in Figure E-7 has been

normalized to its value of Pl , and all curves have Dbeen ccl-
lapsed into one,

We will have need below for a similar equaticn, but norma-
lized to the probability at four minutes, rather than at one
minute., We develop this next.

In the graphs above, letter n was interpreted as progressing
in one-minute steps (n=1,2,3 equals t=1,2,3). However, nothing
in the mathematics requires tnis interpretation. Any time inter-
val could be taken as the basic interval n abcve, In particular,
the basic time interval could be taken as four minutes. Then
four-minute minima (n=1) would combine into eight-minute minima
(n=2), and so forth. The result would be Eg. E-9 above, but with

n = 4t (in minutes)

and P = P

1 ® Plael) (¢t = 4 minutes)

E-23




-9 schematically compares these cone-minute and four=-

igure
minute ncrmalizations.* For the cne-minute normalization on
top: n=t, and therefore n-l = t-l, as shown on the first bhori-
zontal axis. Plotted horizontally is the range

The small plotted points represent the tabulated values for these
four minutes, collapsed into cne line by the P, normalization.
The line is fit by linear regression and has sliope (l=-p).

This upper portion of Figure E-9 is for rotating sirens. As
explained in the main text, rotating sirens are less effective in
alerting the public, since they produce their maximum siren level
for only a portion of their duration. For this reason, four-
minute results for rotating sirens are derived from the one-~
minute background-ncise statistics. 1In the figure, the third
horizontal scale shows the correspond.ng siren durations for
rotating sirens. The normalization is therefore to a four-minute

siren duration, and the graph extends up to a maximum of 16
minutes.

*Note that the lines in Figure E-9 rise rather than fall to the
right, as does Figure E-7, for this reason: In Figure E-7, the
actual logarithms on the vertical axis are negative, since the
P(n)'s are less than unity. Therefore, this vertical axis actu-
ally decreases, from zerc at the top to minus-twc at the bottom.
For increasing n, then, the curves take on increasingly large
negative values (for example: -1, -1.5, =-2). Figure E-9 is
normalized by logP,, however, which is alsc negative, and which
turns these increasingly necative values into increasingly posi-
tive values. Therefore, the lines rise in Figure E-9,

E-24
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The second horizontal scale shows time t and is identical to
the third scale, which shows duration of stationary sirens. The
normalization is therefore to a four-minute siren duration, and the
graph extends up to a maximum duration of 16 minutes.

Using these equations and ncrmalizaticns, the curve-fitting
procedure was applied to six background-noise tables -- tables
similar to Table E.l above -- developred from data measured at 73
different indoor and outdoor locations. In this curve-fitting, no
linéar smocothing was used, and data from all siren levels were used
without omission. Table E.2 contains the resulting slopes.

These slopes were next converted to p, assuming that they equal
(l=g), as labelled in the table. The resulting twelve values of
s were plotted against the corresponding values R,, of the auto
correlation function, to obtain

Rxx = -0.034 + 1.051p

L

This regression equation has a correlation cocefficient (between
values of » and r,,) of 0.85, which is satisfactorily high.
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t secticn, we collect thes

1Y

results into a form of

E.3 Summary of Results

Figure E-10 contains tiie results of the analysis above. This
figure is used as follows:

. Convert the four-minute “"chance of alert” to a
probability of failure-to-alert":
P =1 - (Chance of alert)/100

. Raisz this value to the exponent determined from Figure E-
10, for the particular siren duration of interest.

P = (Pypin) SXPONENt (E-10)

. Convert this "probability of failure-to-alert” back to a
"chance of alert":

Chance of alert = 100 (l=-P)

TABLE E.2. SLOPES RESULTING FROM SIREN LEVEL DATA.

l Listener Subclass Resulting Slopes (l-o)
Location tationary Rotating
Sirens Sirens
; . Indoors Scenario 1 % 0.217 0.142
H | Scenario 3 | 0.274 0.254
1 L s sttt |
‘ | Qutdoors Rural, day 0.164 0.177
é : 1 Urhan, day : 0.065 0.103
? , ' Rural, eve/night ") 0.150 0.075 :
3 ; . Urban, eve/night 0.046 0.039 .
L} ' 2 o —




ROTATING SIREN
2 ¥ ! Y 1 1 1 ' 1 T ! ; 1 ' T

E T ] EXPONENT
p 2 1 =1+(d/4-1)1 JPE)
- - SLOPES:
i ]l 0254
' = . 0.177
S.L i 0.142
S'f== @ SCENARIO 3 - 0.103
x @ RURAL, DAY . 0.075
e @ SCENARIO 1 . 0.03%
— @ URBAN, DAY o
N ® RURAL, EVE/NIGHT| -
i ® URBAN, EVE/NIGHT|
0 o 4 1 1 | N 1 3 1 3 1 2 " {nellB L " 1
0 2 4 B 8 10 12 14 16
DURATION OF ROTATING SIREN, d (min)
STATIONARY SIREN
2 R B SN T T ) 4 EXPONENT
I 1 =1+ (d/4-1) (SLOPE)
— - SLOPES:
" 1 ] 0.274
" P 0.217
g Ok 0.164
1 - e
" ® SCENARIO 3 ] 0.150
x [ @ SCENARIO 1 - 0.065
“ I @ RURAL, DAY : 0.046
— @ RURAL, EVE/NIGHT | =]
E @ URBAN, DAY .
E @® URBAN, EVENIGHT | 1
0 o I ! e - 4 1 - 1 2 { . 1 " 1 o ! )
0 2 4 - 8 0 12 14 16

DURATION OF STATIONARY SIREN, d (min)

PIG. 2-10. GRAPH OF EXPONENT POR USE IN EQ. E-10.
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APPENDIX

The
identify
10- mile
decision
or rural

The

P. RANDCM SELECTICN OF POPULATICN-WEIGHTED LISTENING
POINTS AT THE THREE MILE ISLAND SITE

cbjective of the listener-site-selection process was t:
S0 randomly selected residential locaticons within the
EPZ surrounding the TMI Nuclear Plant. No arbitrary

was made as to how many of the points would lie in urban
areas or within certain distances of the plant.

various steps used in the site selection procedure are

described below:

1.

A population-distribution map (see Fig. F-1), con-
sisting of a lO-mile-radius circle divided into
annular sectors defined by intericr circles and
radii, was superimpcsed on the U.S.G.S. maps.
Population distribution informaticon consisted of
the number of people within each annular sector.
These data were used in order to population-weight
the random selection process described below.

Each annular sector was first assigned a designa-

tor, such as a letter. A range of numbefs was then
assigned to each sector according to the population
in that sector. For example, Sector A, just north

“of the site, has a population of 19 and thus was

S S U e S~ SPEI B T G R P - @ W . . - -

assigned numbers 1 through 19. Sector B (moving
clockwise) has a population of 55 and was assigned
numbers frem 20 to 74. Sector C has a population
of 42 and was assigned numbers 75 through 1ll6.
This process was continued until each number
between 1 and 166,295 (the total estimated popula-
tion) was assigned to a particular sector. A ran-




dom numter generator (zvailable on a Texas Instru-
ments Model TI-59 hand calculator, £or example) was
shen used to select 50 numbers at randcm between 1
and 166,295. Each number selected represented one
site (to te chosen later; within the sector con-
taining that number. Thus, sectors with larger
populations had a greater possibility of including
chcsen listener sites.

Having determined the sector locations for each
listener site, the next step in the procedure in-
volved selecting the actual location of each site
within the respective sector. This was accom-
plished by first overlaying a rectangular coordi-
nate grid on each sector of interest cn the topo-
graphic map. The grid was composed of boxes with
dimensions of approximately 1000 feet sdua:e. and
each box was assigned an X and a Y cocrdinate
accor2ing to its location on the grid. The grid
was positioned such that the X-axis was oriented in
the east-west direction and the Y-axis was oriented
in the north-south direction, and such that all
parts of the sector of interest were covered by a
positive (X,Y) coordinate pair box. A randcm num-
ber generator was then used to select random pairs
of numbers within the X and Y ranges covering the
sector of interest. £Etach X,Y pair was used to lo-
cate a particular 1000 feet square box on the map.
If trere were no residences inside the square or if
the square fell outside of the sector of interest,
that conrdinate pair was disregarded and another
pair was chosen .t random. This process was con-

tinued until a sguare area including one or more
residential structures was found in the sector cf

F=2
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interest, The listener site was then chosen to be

any residence within the randomly selected sguare
area.

For urban sites in the pink "building-extension®
area of the topographic map a residential building
was always assumed to exist, and was selected at
the center cf the pink area in the 1000 feet sgquare
box.

The above procedure resulted in a random sample of 50

listener locaticns, distributed throughout the EPZ as shown

roughly on Fig. F=-l.
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APPENDIX G: TEST CASES (SAMPLE SCINARICS) FOR THE
THREE MILE ISLAND SITE

-

Warm Summer Weekday Afterncon: Weather clear to partly cloudy.

People: JO7 indoors, at work
40% indoors, at home
204 outdoors
64 in motor vehicles (windows open)
4% asleep
Buildings: Windows open (homes)
] Windows closed (workplace)

Wind: (100 fc) 5 mph from East

Temperature Gradient: =-1.0° F/100  J N
Pasquill stability Class A

Relative Humidity: 65%

2. Summer Weekday Night: Weather clear to parcly cloudy.

P s S

People: 952 indoors, sleeping
4% indoors, at work
12 in motor vehicles (windows closed)

Buildings: Windows open (homes)
Windows closed (workplace)

. ——————— e S ettt

Wind (100 ft ): Northwest, 5 mph

Temperature Gradient: +0.S°F/100 fe.
Scabilicy Class E

Relative llumidity: 802

\

People: 707 indoors
25% in motor vehicles (windows closed)
SZ outdoors

Buildings:Windows closed, storm windows closed

'
{
!
} J. Winter Weekday During Evening Community Hours: Cold, overcast
|
|
|
|
!
1
|
1

- e e— ...-.-——sv———vsﬂ



Temperature Cradie

Relacive lumidity: 70%

Nuring Snowfall.

indcors, sleeping
indoors, at work

Windows closed, sto

v
.




APPENDIX

This append

Siren locations are

Be

LOCATICNS

-~
~

"

(o N

d.1 provides information on the type

TABLE H.

County/Siren Designation

Cumberland Cl
Cumberland C2
Cumberland C3

Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin
Dauphin

*Rotating

1.

Dl
D2
D3
D4
DS
Cé
D7
c8
D9
Dlo
D1l
Dl2
Ll3
Di4
D1S
olé
D17
Dls
D19
020

(R) or Stationary

T™I SIREN INFORMATION.

R
S
S
S
S
R
S
S
S
S
R
S
S
S
S
S
S
R
R
S
S
S

H=-1

i

or each siren.

Rated SPL
(dB @ 100 ft)

124
122
122
122
122
124
122
122
122
122
124
122
122
122
122
122
122
122
124
124
122
122
122




TABLE H.1l.

County/Siren Designation

TMI SIREN INPORMATION (Cont.)

Dauphin D22
Pauphin D23
Dauphin D24
Dauphin D25
Dauphin D26
Dauphin D27
Cauphin D28
Dauphin D29
Dauphin D30

Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster

LAl
LA2
LAJ
LA4
LAS
LAG
LAY
LAS8
LA9
LAlO
LAll
LAl2
LAl3
LAl4

Lebanon LE1l
Lebanon LE2

York Y1
York Y2

*Rotating

!

W ML ;v O nm KD EW P WO DO WX OO

(R) or Stationary (S)

Rated SPL
(dB @ 10C f£t)

124
122
124
124
124
124
122
124
122
124
124
124
124

124

124
122
122
124
122
124
122
124
122
122
122
122
124

N




sl = . i

TABLE H.1l.

County/Siren Designation

York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York
York

*Rotating

¥3

74

¥S

Y6

b g

Y8

Y9

Ylo0
Yll
Yl2
Y13
Y14
Y1lS
Yleé
Yl7
Yls
¥Y1l9
Y20
Y21
Y22
Y23
Y24
¥Y2s
Y26
Y27
Y28
Y29
Y30

(R) or Stationary (S)

\

TMI SIREN INFORMATION (Cont.)

Rated SPL
(dB @ 100 ft)

i

122
122
122
124
122
124
122
122 |
124
124
122
122
124
122
122
122
122
122
124
122
122
124
122
122
124
122
122
124

U LB LoD n v n o onw nun o wn nmoE WY WBL o n W

H=-3
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TABLE H.1l. TMI SIREN INFORMATION
County/Siren Designation

York Y3l

York Y¥32

York Y33

*Rotating (R) or Stationary ’S)

—— = e e = o A P ——

(Cont.)
Rated SPL
TYpe® (dB @ 100 £¢)
R 124
S 122
S 122

—— . T S P -~ ——————————— T - =~ <P G
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See foldout.

T™I SIREN LOCATION MAP.

B-la

PIG.

~




ANALYSIS

This file contains input data for each of the TMI s

abs

follows:

Siren No. number assigned to each siren for use by

computer program

Siren Name first letter indicates whether the siren is
rotating or stationary type (R or S); the
remainder consists of the actual TMI siren
designation, beginning with county letter

abbreviation and ending with a number.

these are the physical ccordinates for the
siren location; the x-axis is orieated east-
west, the y-axis is oriented north-scuth, and
the z-axis is oriented vertically. The x and
Y cocrdinates are in units of km, referenced
to the grid shown on the Feb. 1981 NRC Emer-
gency Planning Map for TMI (the plant center
is lccated approximately at x = 353, y =

4446). The z coordinates are in units of
feet.

SPL@LOOFT these numbers indicate the rated sound pres-
sure level for each siren at a distance of
£t, in dB.




TABLE I.2.

s L

designator for listener site; the first lette
n

r
indicates whether site is urban or rural (U or

R).

these are the physical coordinates for the
siren location; the x-axis is oriented east-
west, the y-axis is oriented north-south, and
the 2z-axis is oriented vertically. The x and
Yy coordinates are in units of km, referenced
to the grid shown con the Feb. 1981 NRC Cner-
gency Planning Map for TMI (the plant center
is located approximately at x = 353, y =
4446). The 2z cocordinates are in units of
feet,

the cutdoor median alerting level for a 4-min.
rotating siren (see Table 3.4 and Fig. 3-3 of

text). An entry is given for each of the four
scenarios.

the ocutdoor alert distribution for a 4-min.
rotating siren (see Table 3.4 and Fig. 3-3 of
text). An entry is given for each of the four
scenarios.

the outdoor median alerting level for a 4-min.
staticnary siren (see Table 3.4 and Fig. 3=3
of texs. . An entry is given for each of the

four scenarics.




TABLE I.3.

-~
)
- Y-

\

\

The outdoor alert distribution for a 4-min.

stationary siren (see Table 3.4 and Fig. 3=3
g o)

of text). An entry is given fcr each of tne

four scenaricus.

TMI-SCENARIO

This file contains input for each of the four sample
scenarics as follows:

Scenario No.

AMCL

WIND

NRES

NCRM

Fl -

FleC

Fl

F2

F3
Fq

FS

Fé

number assigned to each scenario (see App. G.)
molecular absorption, in d4B/'000 £t

wind direction in degrees (0° = wind from
north, etc.)

residential building outdoor-to-indoor noise
reduction, in dB

commercial building ocutdoor-

o

9-indoor ncise
reduction, in @B

activity fractions

fraction of people outdoeors

fraction of people indoors, at home, listening
to radio or TV

fraction of people indoors, at home, sleepirno

fraction of people indoors, at home, neithe:
sleeping nor listening to radic or TV

fraction of people indocrs, at work, in com-
mercial establishments

fraction of pecple indoors, at work, in
industrial locations




£7 fracticn of pecple in vehicles in rural areas
at 55 mph
F8 fraction of pecple in vehicles in rural areas
at 30 mph
F9 fraction of people in vehicles in urban areas
at 55 mph
Fl0 fraction of people in vehicles in urban areas
at 30 mph
« INP indoor alert probability curve (see Figs. 3-4

and 3-5 of text)

« PUSS probability of alert for motorists in urban
areas at 55 mph

+ PU30 probability of alert for motorists in urban
areas at 30 mph '

- PRSS probability of alert for motorists in rural
areas at 55 mph

« PR30 probability of alert for motorists in rural
areas at 30 mph

« MUL vertical profile of wind speed, 82, in
ft/sec/1ln ft.

« ADD vertical profile of air ftemperature, a, in
°F/ln £t.

TABLE I.4. LISTENEROUTPUT

This listing provides the number, name, and outdoor sound
pressure level (LOUT, in dB) for the “"dominant® siren at each
sample listener location, for each of the four sample
scenariocs, The results are listed in numerical corder for
scensrios one through four for each listener site.




TABLE I.5. PROBS

-

This listing provides the final results fcr the analysis.

3

Informaticn is listed in numerical crder for scenarios cne
through four for each listener site. This information consists
of alert probabilities Pl through Pl0 corresgonding to activity
fractions Fl through Fl0, as well as the total probability of
alert (PT) for each sample scenario at each sample listener site.

A summary is provided at the end of the listing showing the
rural and urban populations followed by the total rural probabil-

ity of alert (PTRUR), the total urban probability of alert for
the EPZ (PTALL). The total probability values are listed in

numerical order for sample scenarios one through four.

I=9
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TABLE I.l.

IMI-SIRENS
<IFEN=  JIREN NAME

1 RCy .

= S C2 -«

3 S C3

4 S Dt

- S D2

[ ® D3

7 S D4

8 S DS

2 S Dé

10 S D?

11 R D8

12 < D3

i3 S Din
14 S D1t
15 < D12
1s S D13
17 S Di4
18 s Di1S
12 P Di1s
cU R DI7
21 S Dis
2 s D19

b= S Dan
c4 R Da2
a9 S Da3
= R D2se
e’ R D2s
28 * Das
a9 S par
20 < Des
31 R Das
32 S D3n &
33 P LAL
34 R LA2
35 R LA2
36 R LA4

7 R LAS
33 R LRé
39 S LA?
40 S LAs
-1 R LAS
4“2 S LAL10
43 R LALL
44 S LA12
45 R LA13
45 S LAle
47 S LE}
a4 S LE2 T
43 * Tt - ¥ =
So R Y2 E»zgé”

*
341.650
338.950
340.5%0
353.200
3535.9%0)
360.300
363.300
352.500
354,000
3%98.700
262.5%0
351.000
347,700
345,150
244,200
342.750
344,1%0
342.400
344,750
346.%00
345.600
346.100
350.100
3%52.3%0
354,600
351.1%50
354,900
337.700
360.100
358.7%0
388.800
349,200
355.%00
398.850
362.300
363.650
367.550
360.000
362.700
364,300
367.400
3S7.90°
3e1.1¢C"
36S5.2%.
369.400
36S.700
366.700
363.1%0
362.2%0
358.800

Y
44%4,.200
4455.800
4452,.95)
4446,.600
4450.150
4451.,.300
4453.25n
4450.500
4454,.250
4454,.400
4457.700
4451.5650
4452.2%0
4452.900
4455.9550
4456,.200
4457.800
4459,.300
3450,050
440,550
4458, 1%)
4455,4%50
4454,.300
4455.850
4458.350
4401.300
44451,.000
4454.650
4461.100
4455.600
4457.25%0
4458.450
4443,9%0
4445, 000
4446, 950
4449,.2%0
4450,.7%0
4441.800
4444,3%0
4445, 650
4446.3800
44395, 050
4438, 000
4441,.1%0
4442, 3%0
4437 .200
44S5,100
4462, 0%0
4434,1%0
4434 ==

»
~

60,000
450,000
450,000
250.000
S590.000
Si10.000
S29. 003
370.000
470.000
640,000
430. 000
293.000
360. 000
390. 000
SS0.000
430,000
42S. 001
600,000
SSN. 000
540,000
470.000
ST0. 000
490,000
350.000
450,000

S30.000 -

S10.000
450.0¢Cn
430.000
450.000
7350.000
S30.000
S70.000
S70.000
S90.000
430, 000
S30.000
S10.000
460. 000
S30.000
S$90. 000
350. 000
450. 000
450.000
450.000
450.000
S60.000
Son. 000
730.000
379.000

SPL3100 FT

124
122
122
122
122
124
122
122
122
122
124
je2
122
122
122
122
122
122
124
124
122
122
122
124
1g2
124
124
14
122
122
124
122
124
124
124
124
124

——



TABLE I.1l.

S1 S Y3

Se S va

°3 S YS

T4 * Ye

SS S Y?

S8 R Y&

ST S ¥9

58 S Y10
S9 R Y11
=0 R Yia
ol S Y13
o S Yie
n3 R Y1S
o4 S Y16
63 S Y17
CL) s Yig
sy * Y19
=3 S Yao
5 R Y2l
70 S Ya2
71 S va3
7 R Y24
73 S Y&S
T4 S Yzé
it R Y27
76 S vas
7 S v«
’8 R Y20
7 R Y31
80 S Y32
81 S Y33

(Cont.)

3ST.900
352.050
343,100
346,000
35S.800
354.950
352.450
350.150
348,000
341.950
337.850
341.850
345,600
349,450
349,750
353.4%0)
3S2.8010
3S83.100
3355. 350
3951.200
347.7%0)
349,900
347,000
344,600
344,100
342.000
338.750
340.100
328.650
339.500
342,050

4<30,100
440,100
4430.250
4429.600
4436.250
4433.000
4431.250
4431.850
4424 ,300
4433.050
4434, 700
4435 ,7100
2439,.200
4435.500
4433.600
4440, 700
4437.100
4434, 400
4433,500
4442 ,.250
4443,.500
4447, 200
4449, 350
4445,3%50
44%51.150
4450.350
4451,.350
4447, 000
4444 ,7%0
4439, 550
4442,.700

- - ce

-

SS0. 000
470,000
S20.000
430,000
S&0. 000
690.000
460. 000
430,000
S30.000
570.000
S70.000
©00.000
©30.000
390,000
470. 000
S10.000
SO0, 000
530. 000
230.000
sen. 000
&7U0.000
490,000
770.000
S10.000
370.07%0
S20.00un
S7N.000
520.000
S40.000
673.000

S30.000

122
122
122
ic4
1a22
124
122
122
124
124
122
122
124
122
12z
122
122
122
124

1z2
124
122
122
124

122
12«
124
122
122
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TABLE [.2.

&

49

in

én

én

&7

40

iy

3w

(Cont.)

d3ag. /3¢

337,33

334 O

Jd24.129

334401317

3793430

ER TN I

33l.342

J4%.13¢

34%.122

*+4323, 43¢

4432, 9¢0

4437, ¢3¢

443%. 037

*1433. 43¢

93870

4434.04¢

*+3/.333

4433.297

d44%,33¢

199, 2u0

350.820

9. vl

1lv. 222

403.02¢

200240

Ind. (i de

3%k

67%.223

478.229

I-10

9l.0
51.4
al.¥
21l.49

JY9.9
dved
d0.0
5700

’x.l’
91.1
9led
sl.!

Sde d
12.0
44d.2
42.9

3l.2
51.9
91.4d
91l.¢

5led
9len

t.v
0.
0.2
6.9

S.8
Je
4.2
de.?

c.?
t.d
Ce ¥
t.2

t.C
0.0
0.2
t.8

S.¢
S.9
S.2
3.2

.3
S.2
3.9
S.¢

Sd.?
%2.¢
Sd. 2
Sde¥

3.9
jd.@
e3. 8
vo,.¢

Sde
=‘.”
. P
SJ.¢

40,9
4l1.7
47.¢
41.2

:0.¢
22.%
sé.¥
sd. @

S¢,.¢
sh.d

30.8
$d.¢

se.?
0.9
2.2
td.2

«/.2
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6.8
Jo.9
3%.19
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Ju.d
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& b s>
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wm o W

3.2
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J.8

4.9
4.2
1.0
4.9

4.2

.9



AP anar er
. .

Ao e

L . Kl
Sl e .
o uva o

(LR AR A
N Y v 4
L
LS S

-

LB W
.
LS S O

(L ERY BT
-

v o
~ -
= %

2
2

»
. 0
farc N m

[ 98
.

“ v
.
~ o

“
LR
o




'
.

e R
L O
. L L
L SR SR

e
L S P
. »
LT SR S

g
.‘
P
2

&b b s
L

3%93.222

e K
. LA ]
e e m e

L
LI
- w




TABLE I.3.
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TABLE I.4. (Cont.)

11 s« 11 ja 8 LAD 03.7
3 - uil QY0

LY.} % LAC DG J

33 8 WAL 73.3
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Q0 3 tle 77.3

¥ x 14l dley
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ABSTRACT

NUREG-0654, Revision 1, [Critaria for Preparation and tvaluation of
Radfological Emergency Response Plans and Preparedness in Support of ‘wclear
Power Plants), Appendix 3, discussas requirements of the licensaes to
implement a prompt notification system within the l0-nile emergency planning
zore (EPZ) surrounding a nuclear facility. Sirens are being installed for yse
as part of or as the entire notification system Dy many 1f:ansees. This
repert describes a procedure for predicting siren system effectiveness under
defined conditions within the EPZ's. The procedure requires a good
topographical map and knowladge of the meteorclogy, demogragnics, 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) listener locations,



FOREWORD

The work presantaed in this report was orepared by 301%, 3erinex and
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Contract DE-ACO6-76RLD 1820.
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Procedure for Analyzing the Effectiveness

of Siren Systems for Alerzing t=he Publie

1.0 INTRODUCTICN

1.1 Background

As a result of the accident at the Three Mile Island Nuclear
Power plant, the Nuclear Regulatory Commission (NRC) has issued
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 Energency
F..ning Zone" (EPZ) having a radius of about 10 miles is
established around each nuclear power reactor. Within an EPZ
there must be physical means for alerting and providing prompt

instructicns to the public in the event of a sufficiently severe
emergency. The rule states:

"The design cbjective 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 following notificaticon of an emergency by :he
licensee.

NRC and the Federal Emergency Management Agency (FEMA) have
provided & guideline document elaborating upon the requirements
of the emergency-planning rule. This document, "Criteria for

[




Preparation and Svaluaticn of Radioclogical Imergency Respeonse
?lans andéd Prepa
(NUREG=-0634 and TEMA-REP-l, cated November 1980) contains an
"Appendix 3" that attempts to clarify the public alersing
requirements. 0On tle basis of Appendix 3, scme licensees have
installed netwerks of "aireraid” (

within the EZPI's for which they are responsible. The licensees
have then provided local authorities with scme means for remotelv

redness in Support of Nuclear Power 2Plancs”

i.e,, Civil Defense) sirens

controlling these sirens so that they can be cperazed when
necessary. The people within such EPZ's are to be kept informed
of the fact that if they hear the sirens, they are inmediately to
turn on a radic and listen to the Emergency 3rcadcast Service
(£28S) for informaticn on the nature of the emergency, and on
protective actions to be takan.

)

1.2 NRC and FEMA Responsibilities

The NRC and FEMA are charged in variocus 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 cower
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 te2s%s not
only provide a real=-life measure of alersin stem seriormance

S=sY
(including the level ¢ ertinent public education), they alsc

"
'O

identiiy arsas where system rerformance could he impraved.

.
e

. 1 -
Unforsunately, the perfsrmance ¢f a netwerk of cusdcer

sirens i1s strongly dependenct upen a numzser oFf unconsralled and

()



Jnpredictacle factors, such as the weather, recples'

activities at the time, whether most people are indocrs or cut-
docrs, 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 stormv
winter night.

NRC has concluded 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 %o full-
cycle test results, when assessing the performance of alerting
systems utilizing sirens. Such a procedure could "model®
'alerting-sys:em performance under a variety of conditions that
would not be easy to test (e.g., conditicons during a stormy winter
night). Perhaps the model could be “"calibrated" based upeon full-
cycle test results under a known set of conditions, and then used
£O extrapolate to other conditions. At the very least, the
analytical procedure prov.des insight intc the variables that
influence sircd-sys:em performance, and on the effects of these
variables. Hence B3clt BSeranek and Newman Inc. (BBN) , under
subcontract to Battelle Northwest Laboratories, has developed an
analytical procedure for es:uimating 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 prccedure for
predicting siren-system effectiveness under defined conditions
within EPI's arcund nuclear power plants. The procedure is
described in sufficient detail that the reader can o it hinself,

provided he has a general technical Sackground and a few tcools
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gY, Cemographics and human activity pattezn
Witiain the EZPI. He need not be skilled in she fields of
ACCUSSicS Cr stasistics.

The procedure is intended =5 be agrlied to arrays (systems)
of sirens in EPZ's, and to obtain averag: results for a large
number (30 or more) listener locations. It is likely to be
cnreliable for a single siren and/or a single listen
Ffurthermore it assumes backgrsund-ncise conditions normally
encountered, on the average, inside and cutside residences and
commercial locations in the United States.

l.4 Caveats

The procedure described here must be viewed as highly
preliminary. SS results have never been compared wish actual
field experience. It is based upon a number of "educa:zed-guess”
assumptions about pecple's locations and activities at varicus
times of the day. It utilizes many simplifications in estimating
cackground noise levels. In particular, it is cased upon the
fact that, in most settled areas of the U.S., background ncise
outdoors predominantly results from motor vehicle activity.
Indoors, background ncise generally comes Zrom machines
(typewriters, ventilaticn systems, home appliances, radio/TV) and
conversation. In remote locations or places with atypical
lifestyles, the procedure will probadly Se inadegquate.

G

Finally, the procedure provides an estimase of the
percentage of the peopulaticn that will hear =he alerting
sdunds. It ignores the guestion of whesher =r nes thcse hearing
Such scunds will recognize them, will xnow =he Sroper respgensa o
take, and will indeed take :=ha: respense.  Ixcept in the case of

awakening sleepers, the zrocedure 3dsces no: consider the natural

e



tendency of pecple wnho hear and recognize alerting sounds to warn
Jther pecple who may not have heard them. This “avalanche"
effect would surely increase the effectiveness of public alerting
systems accve that estimated from purely technical
consideraticns.

1.5 Summary

Section 2 of this report provides an overview of the
analysis procedure under two subsections: The first covers the
collection and application of the necessary data; and the ->*~nnd
covers the mechanics of analysis. The overview is useful to
those planning to folleow the proceduve so that they will know how
the various pieces fit together. To other readers who simply
want to find out about the procedurs but do not plan to actually
apply it, Secticn 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 2), selection of evaluation conditicns
(called "sample scenarics") in Section 4, estimation of
Background noise levels (Section 5), definition of siren
properties in Section 6, and acoustic attenuation 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 weignted combinaticn of the
results into coverall estimates of alerting effectiveness in
Secticn 10.

v—-vv:'—v".







2.0 OQVERVIEW CF THE ANALYSIS PROCEDURE

2.1 General

The analysis procedure can te thought of as hav.ng two
parts: an "input® part and an "analysis" part. The input par:
of the procedure involves five steps:

- randomly selecting within an EPZ a number of populatec
locations ("listener sites") for which detailed
analysis will be carried ocut.

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

- estimating background noise levels for each locatien,
and for each scenario. (Background noise levels have
been predefined to fit the scenariocs, 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
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the sudsequent analysis stage of the procedurs.

The analysis part of the procedure is illustrate

().

schematically in Fig. 2.1, and details are given beleow. It
7ields the "chance of alerz"” for a siren-operasin g periocd of ¢
minutes. (See Appendix 3 for informasion on other siren
durations.)

The first analysis step is the computation of the scund
levels that wculd be produced outdcors at eacH listener site from
each of. the surrounding sirens under each of the scenarics. The
loudest of these levels (after allowance for the diffsrence
between rotating and ssasi nary sirens) is then used for subseguent

ccmputaticons. This scund level is compared wish ousdoor
packground noise-level distrisutions %o estimate =he probability
of alerting people ocut of doors. The same dominant-siren level
1s reduced by the attenuating effect of building structures, and
then compared with typical indoor background noise-level
distributicons (or sleep-disturbance criteria) to estimate the
procability of alerting pecple indoors, noth at home and at work.

.

The probability of alerting people travelling in moter
venicles is handled scmewhat differentlv., It is estimated based
upen average siren levels and average siren spacing, compared to
the distance travelled by motor vehicles at particular assumed
speeds. Available cata on the scund-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
s a"s

ingle-number” measure

B P R—
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g sets as sample scenariocs, ocur
Sojective nas been %o cover the full range of ssnditisns shas
might exist witiain an E22 - Zrom these condisions mess conducive
S0 pecple nearing the sirens =0 those conditicns where they are
least likely =2 hear them. Ffour scenarics have seen defined:
twe (presumed) extremes and two cthers in hetween:

- A Warm Summer Weekday Aftsrncon
- A Summer Weekday Night
- A Winter Weekday During Evening Commuting Hours

- A Stoermy Winter Night

intended to cover a range of
parameters:

These are

- pecple at work vs. at hcme

- pecple indocrs, cutdeers, or in motsr vehicles

- pecple awake vs. asleep

- duilding (and motor vehicle) windows cpen or closed

- secple at hcme engaged in "guiet" vs. "acisy”
activities
- varicus meteorclogical conditions characteristic of the
site.
As described in Secticon 4 below, the user of =ai.
srocedu need only select the me:ec:olcgical conditions
appropriate Ior the site during each of these scenariss. The
Stler assumpticns regarding the locaticns of cecple ané their
dCtivities nhave Deen preselected o simplify the procedurs, and
cannot e easily chanced., The meteoralogizal condisisns shculs

¢
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Safety Report for the plant) ani should se appropria
seascn and time of day specified in the scenario. It i

desirable, if appropriate for the site, to chocose different winc
directions for each of the four scenariocs.

2.2.3 Estimation of Background Noise Levels

Cne'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.

Beoth indoors and cutdoors, background noise in our
environment is constantly fluctuating in level. 1If at scme
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 lock 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 scunds "between the cracks" of louder
interferences.,

Cutdecor background noise in ursan areas and aleng rural

m

roadways is caused predcminantly Sy motor vehicle traffic. It is

11l
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factor of

background

In rural areas remcte from rocadways, cutdoor Sackgreound
noise can te seascnal (birds, insects, £oliage, etc.) and can
vary with the weather (wind, rain, waterflow, surf). Few recple
live or work in such "natural" acoustic eavironments. These
background noise levels are more difficuls ta estimate, but
being lower in level they are less important than traffic-ncise=-
deminant envircnments.

Zstimated minimum cutdoor background ncise levels are given
in Section 5. These are based upon noise measurements conducted
by 83BN 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 Lgp (sound
level exceeded 30% of the time) for l-minuce samples cf data in
the cne-tiird octave frequency band centsred at 630 H2.* Such
data were used t2 calculate Frobable rances of background ncise
levels.

TWo generalized background nocise envirsnments, ursan and
rural, have been established so that all sample listener sites
can be included in one of these categories. In each category,
the siren socund level necessary to aler:t is § &8 greater than the
minimum background ncise level that cuuld exist during siren
operation.

Indeocr background ncise is rarely relased =2 cutsdcer

*The 233 was usec as 2 conservative estimate o tie ainimum
scund level.

e |



dackground noise. Instead it results from bsuil

(88

ing machinery and
appliances, entertainment, or conversation., These are, of
course, a function of the activities and locations of the
building cccupants. Based upen a series of indcor measurements
similar to the ocutdcor ones described above, a set of distri-
butions of indoor background Lgo's for use in tais procedure
has been developed. To simplify the analysis, these distri-
butlions have been weighted by the percentage of people presumed

to be engaged in variocus 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 vehicles is much
less variable (at constant vehicle speed) than background noise
in communities and indcors, 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
4]

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

- The locaticon of each siren, on a topographic map

- The rated sound ocutput of each siren, in 4B at 100 £t
- The height of each siren above the local terrain

- Whether each siren is rctating or stationacy.

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

This 1is because the prcoability of occurrence of a lower level of




Sackground ncise increases with stime. This is discussed in
a

w
ater detail in Appendix 3.

A second correlary is the fact thas, ia this procedure
Totating sirens are cdeemed %o be less effactive than ssa-
ticnary sirens that produce the same maximum sound level at
the listener. This is because rotating sirens produce theirs
maximum level at any given listener for cnly a portion ¢of their
cperating time. The rest of the tim they are pcinted else~-
whnere. In this procedure, rotating sirens ars sraatad as
having 2 scund duraticn egual %2 1/4 of the time tley operate.

2.2.5 Building and Vehicle Attesnuations

In crder tc estimate siren sound levels indecors aor in
venicles, 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
seascn of the year.

23 nalvsis
———

All the necessary data have now been accumulated to perform
the analysis. As summarized en Fig. 2.1, the analysis consists
cf computing, separately for each of the four scenarios, the
maximum siren scund level at each randemly selected listener
site. At each site, some fraction of the pecple are assumed to
ce outdcers, some indoors at werk, and som: indoers as home
engaged in various activities. Pecples' locaticns (iadeors er
Qut) and activities vary with the scenarios, as dg t=e Proserties

Buildings they occcupy. The bac Xground noise alsc varies

-~
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Zach of the fracticnal seople at each sisze is assign a
Procanilicy of alert based upon the siren signal level and gpen
the stactistics of the tackground noise, or upen sleep distursance

eria. The probapilities ars summed over szhe ‘rac=ions a-
each site, and then cver all sites to estimate the system
fectiveness for a given scenario.

2.3.1 Calculation cf the Level of the Dominant Siren

for each scenario, the cutdoor levels produced as each
listener site by the various sirens arcund that si<e are
estimated, based upen metecrological and terrain condisions.
The highest of these levels (adjusted for the diffsrence
Setween rotating and stationary sirens described in 2.2.4)
is then used for subsequent analvsis. Note shat =his level,

ané the "dominant" siren chat produces is, may vary fzem PN
scenaric to scenaric. The procedure is detailed in Secticn 8. e
2.2.2 Alerting Pecpole
fFor that fraction of pecple cut of doors at gach site, the
difference between the siren signal level and the statistics of
the ocutdoer background ncise (increasaed by 9 42) is used =2
determine a probability of alert for that site. This is
described in Section 9.
The siren signal level is reduced by the gertinent building
attenuation and a procability of alert is detarmined far that
fraction of pecple indocrs. This is done sezarately for
fracticns at work in commercial estatblishments, for fracticns
awaxe at home, ané for ac ns of people sleeging at home.
That porticn of peorle at werk in indusstrial envirsnments is
N/

=
o
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assumed to ce 100% alerted oy other means, as is the Zraction
listening to radic/TV.

A separate analysis is performed for that gortzion of =he
pecple travelling in automebiles. This is based upon a
comparison of average siren spacing with the distance travelled
Sy vehicles at 30 mph in urban areas, and at S5 meh in rural
areas. Whether or not the windows of the automcbiles are open
based upen the weather conditions of the scenario.

2.3.3 Results of Analysis

The final results of the analysis are four single-number
estimates of the rercentages of the population alerted, cne for
e€ach scenario. The alert probabilities for all listener sites

are averaged separately for those fractions of people assumed o

be outdoors, indoors, asleeo, etc. These results are then
averaged along with the probabilities for occupants of motor
vehicles, weighted by activity fractions, to cbtain a single-
number probability of alert for a scenario.

Normally this process is done separately for listener sites
in rural areas (i.e., < 2000 people/sg mi) and in urban
areas. The urban and rural percentages are then combined on a
population-weighted basis.

)
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numders at random tetween 1 and 165,2%%5. Sach numser
selected represents cne site (%2 te cacsen latar
within the sector containing that number. Thus,
sectors with larger populaticns have a greatesr

& N

possibility of including chosen listene

Sten 3. Having determined the sector locations of each
potential listener site, the next step in the procedurs
is the selection of the actual sites within the chosen
sectors. This is accomplished by £first cverlayiag a
rectangular-coordinate grid on each sector of interes:
on the topographic map. The grid should se composed of
boxes with dimensicns of approximately 1000 f£< per siie

nd each box should be assigned an X anéd a ¢
coordinate according to its location on the grid. The
grid is positioned such that the X-axis is oriented in )
the east-west direction and the Y-axis is oriented in
the north-scuth direction, and such that all parts of
the sector of interest are covered by a positive (X,¥)
cocrdinate pair box. A random number generator is then
used to select randem pairs of numbers within the X and
Y ranges covering the sactor of interest. Each X,Y
pair is used to select a particular bex on the map. 1I2
there are bulldings within the box, one of =hem is arhi-
trarily chosen as a listener site. If there are ne
buildings inside the box or if the box falls ocusside o<
e sector of i

and ancther p




For urban sites in the
of the topographic map,
exist, and is selected at

in the ccordinate pair box.

The abcve process is repeated until at least S0
listener sites have been randomly chosen. If, by
chance, the chosen sites do not properly reflect the
population distribution, then the process may be
continued. For example, if it is found that some majc
urdan communities do not include any sample sites, then
the selection process can be continued until sufficient
urban sites are selected.

These new urban sites can replace the most

recently chosen rural sites if desired. This
replacement only affects the balance between urban and
rural listener sites. Since the subsequent analysis
treats urban and rural areas separately, replacement
does not bias the results. It merely ensures that no
major population concentrations are ignored.

The above procedure results in a pseudoc-randem sample of SO
specific listener locations, scattered throughout the EPZ in
accordance with population distribution. In subseguent steps cf
this procedure, siren audibility is estimated for pecple indocors
and cutdcors at each site. Based on these estimates, statistice.
conclusions are drawn regarding overall siren coverage.
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TABLE 4.1

SAMPLE SCENARIQS TH
OF SIREN ALERTING CAPAB

Z9R T

-

-

-
r
-

Scenaric
Seascon

Time of
Day

General
Weather

Home/Vehicle
Windows**

l

Summer

Weekday
Afterncon

Warm, Clear to
Partly Cloudy

Open, Closed or

2
Summer

Late
Night

Warm, Clear to
Partly Cloudy

Winter

Weekday
Evening
(rush hour)
Cold,
Cvercast

K
Winter
Late
Night
Stormy

Closed (including Storm Windows):
Defined on the basis of Site Climatology.

Percent of People Engaged in Specific Activities

Qutdoors

In Motor
Vehicles*

Commercial
Industrial

Indcors at Home:
Sleeping
Radio/TV

Noisy***

Indoors at Work:

20%

13

5%

25

14

AcCtiver*»» 6 - 39 -
Isclated*** - 14 -
Quiet*** 10 - 4 -
*Crban/rural (speed) breakdown varies with site, proporticsnal

to urban/rural population distribution.

**Window conditi

***See Table 5.2 for examples of these act

on varies with climate at plan* location.
vities.




These should be chosen frcom metacr

S a
near the site, with some understandin: inatology.

If sufiiciently cdetailed, hour-by-hour weatzer data are
i

é

available fcor the site, representative sets can be chosen for
each scenaric. In the more cgeneral case, scenario weather has =o
e deduced Irom summaries cf metecrological data. It is
important that the values chesen for the parameters se typical

sets. Do not use averaces, because averages f‘reguently obscurs

actual conditions that could occur. For example, it is not
uncommon at temperate sites to find that relative humidity varies
inversely with temperature. Simultanecus cccourrance of the
average temperaturs and the average relative humidisy is
unlikely.

In the cases where scenario weather conditicns must: be
defined frcm data summaries, the following subsections will

it
provide some guidance.

4.1 Temperature and Relative Humidity

U.S. Weather Bureau reporting stations £reguently provide
temperature and humidity on an hourly basis, or every § hours
during the day. Use a pair of these data for the seascn, general
weather, and time ¢f day (Table 4.l1) for each scenario.

If only average data are available, use the average maximum

for July for Scenaric 1. For Scenario 2, use the average minimum
temperature and the average maximum relative humidicty for July.
Tor Scenarics 3 and 4, use the average ninimum January

- § o Sepiatr P v . & 8 -
temperature; with 70% relative humidity £for Scenaric 3 and 90%

- e . . ™
¥ LOT Scenario <. (CGther values May oe




4.2 Vertical Temperature Gradient

Zvery nuclear power plant has a meteorclogical tower at
which the vertical temperature gradient is measured. The probler
is, when these data are summarized, information about diurnal
variations is destroyed, and it is necessary to fall back on
generalizations.

B Scenario 1 is typically characterized by daytime, fair
weather instability: a marked temperature decrease wi
height.

- Scenario 2 is typically characterized by a nocturnal

inversion: a marked temperature increase with height.

- Scenariocs 3 and 4 are typically characterized by near-
neutral conditions: a small decrcase in temperature
with height.

Environmental Reports usually contain summaries of weather
conditions by ®(Pasquill) Stability Class," generally in cne of
the forms listed in Table 4.2. Based upoen the frequencies of
occurrence of these stability classes at the site, chocse:

. Class A (-1.0°F/100 £t) for Scenario 1.
. Class E (+0.5°F/100 £t) for Scenarioc 2.
. Class D or E (=0.5°F/100 £t or +0.5°F/100 £t) for both

Scenarics 3 and 4, whichever occurs more frequently
during January at the site.
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TABLE 4.2
PASQUILL STABILITY CLASSES

e

Temperature Gradient*

JStandard Ieviation

*Upper-level temperature minus lower-lev
divided by the difference in levels,

CATEGORY YF/100 ft OF/1000 ft ©C/100 m of Wind-pirection

Fluctations

A A T < -} 4 T < ~-10.4 A T < -1.9 259

u -1 <A T< -0.9 “10.4 <8 T < -9.3| -1.9<a T < -1.7 200

c 0.9 <A T < -0.8 -9.3 <4 T < -8.2 -1.7 <A T < -1.5 15¢

D ~0.8 <A T < -0.3 8.2 <A T < =2.7 -1.5 <4 T < -0.5 109

£ 0.3 <4 T < 0.8 2.7 <A T < 8.2 0.5 <& T ¢ 1.5 ™

¥ 0.8 <& < 2.2 8.2 <A T < 22 1.5 < a T < 4 2.5°

G 2.2 ¢<a T 22 <a T 4<arT -

el temperature,




Ncte that the analysis (see Secticn 8 and Appendix A)
alsc regquires a knowledge of the =wo heights betwesn whizh
the temperature difference is measured. Use the known values
fcr these heights, if available, and conver: frem temperature
gradient to the actual temperature difference Cetween these
heignhts. If the measurement heights are not known, use 330

£t and 100 ft.* Keep all gquantities in English units.

4.3 Winc Direction and Vertical Win -Speed Gradient

Scenarios 1 and 2 should utilize the prevailing, fair-
weather, summer (July) wind conditions at the site: for daytime
and nighttire respectively. In hilly terrain, this frequently
means up-stream, up-slcpe winds in the daytime and gentle down-
stream, down-slope winds at night. Coastal locations would
probably have daytime sea breezes and nighttime land breezes.
Scenario 3 should utilize prevailing, light winter (January)
winds, whereas Scenario 4 should use winter storm winds.

Envircnmental Reports frequertly contain wind-roses which
are useful for defining wind conditions, althougn they cbscure
diurnal wind variations. More useful are joint-£frequency
distributions of wind speed and direction for various stability
classes. Using the stability classes selected as described in
4.2 above, these tables can be searched for commonly occurriag
wind speed and direction conditicns to fit each of the
scenarics. It is desirable for the four scenarics to have wicdely
different wind directions, if site climatolcgy permits.

Although wind speed is frequently measured at two different
feights at nuclear plants, the data are rarely reported in
summary decuments in the form of gradienss. In general, use th

*These heights (equivalent to 100m and 30m) are commonly used
for re

2
determining temperature gradient.

"
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At many EZPI's e wind speed and directicn may vary frc
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5.1 OQutdoor Backcround Noise

The ability of sirens to alers people cutdoors is a function
of the magnitude as well as the variability of cutdoor background
noise levels. The outdoor background noise environment at any
given listener site is often caused Sy motor-vehicle activity,
and hence is related to population density (i.e., urban or rural
area). Specific nearby noise scurces (e.g., airports, industrial
plants) can also be controlling. In rural areas, natural scunds
such as surf, wind in trees, insects, etc. can predominate. The

sound from many of these sources varies with time of day.

Although background ncise information for each of the 50
sample listener sites could be obtained oy direct measurement
over a long period of time, such an approach is usually not
practical. The remainder cf this section describes a simplified
method for estimating background noise levels at the sample
listener sites, based on generalized categories cof outdoor
environments.

As explained in Appendix 3, the alerting ability of a siren
sound is keyed to the minimum background noise level that occurs
at a listener site during the time pericd when the siren
ils operating. For the purpcse of the present analysis, the sound
level exceeded 90 percent of the time (Lgg) during a sounding
pericd is used as a conservative estimate of the minimum scound
level. Furthermore, only the background sound energy contained
in the cne-third octave frequency band centered at 630 Hz (i.e.,
the frequency band which includes the typical siren tone) is
considered. Therefore, the background noise level is defined
here as the La0 for the cne-third octave band centered at 630 Hz,
evaluated over 4-minute periods in the case of stationary



sirens. Since rcotating sirens ctually produce their rated sound

0
»

ne-guarter of their cperating time a:s

O

level during only about

any particular listener location, the Sackground-ncise analysis
for rotating sirens is based on l-ninute periods.

The estimation procedure for cetaining backgreound noise
levels is based on ncise measurements conducted by 38BN in the
vicinity of the Trojan Nuclear Plant in Cregen, near the Indian
Point Nuclear Power Staticon in New York, and upcn the beody of
data in EBN files. The data, summarized on Table 5.1, typically
consisted of statistical analyses of Dackground noise, cbserved
at various types of locations. The analyses provide the Lgg for
l-minute samples of data in the cne-third cctave fregquency-band
centered at 630 Hz. These data were used to estimate the range
of background noise levels that are likely to exist during any 4-
minute pericd (1l minute for rotating sirens) Ior a variety of
outdeeor environments. The vesults are summarized in Table 5.2,
which provides ranges of background noise levels which are
expected to exist during l-minute and 4-minute periods for
generalized categories of cutdcor environments. The background
noise envircnments are specified for urban and rural areas. Only
daytime noise levels are presented since the nighttime scenarics
\See Section 4) assume that essentially no pecple are ocutiocrs at
nigat. Data for the outdocr background noise categcries have
Seen combined to cbtain the probability distributicns shown in
Figs. 9.1 and 9.2 (after adding 9 dsm).

5.2 3ackcround Noise Indcor
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TABLE 5.1 SUMMARY OF OUTDOOR BACKGROUND NOISE
DATA USED TO DEVELOP THIS PROCEDURE.
CATEGORY NUMBER OF NUMBER OF TYPICAL NOISE SOURCES
MEASUREMENT | MINUTES
LOCATIONS MEASURED
URBAN DAY 17 1060 Stop-and-go road traffic, occasional
aircraft, children's voices, dogs
barking, lawn mower, loud hi-fi, trains
and train whistles, industrial plants,
supermarket Muzak, automobile horns
URBAN EVE/NIGHT* 5 299 Stop-and-go road traffic, occasional
aircraft, dogs barking, trains and
train whistles, crickets, industrial
plants, utility mech. equipment
RURAL DAY 22 1314 Rushing stream, chain saw, road tratfic,
aircraft, trains, bell, industry, motor
boats, utility mech. equipment, birds
and farm animals, wind in trees, dogs
barking, children's voices
RURAL EVE/NIGHT* 3 179 Dogs barking, crickets, road traffic,

train whistles, windmill, sirens,
industry, wind in trees, dogs barking,
aircraft

*Not used in this procedure.
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Generalized Background Range of Minimum 3ackground |
Noise Envizonment Necise lLevels* (&3) J
-Ms 1y .- Do - '2 - - Ta . 3 ’

l=-Minute Pericdé 4-Minute Period |

* o i
I. URBAN=-DAY !

Includes Rural

locaticns withir 21-57 21=57
1000 £t of major
roacéways)

** Bty s aad

IZ. RURAL-DAY
(Excest Rural .
locations within 17-48 17=47
1000 £t of majer g
roadways) l

NOTE

¢y

S

sHund pressure levels

Refers to the range ¢of the minimum ( )
ing the specified time

in the 630 Hz cne=-third osctave band édu
period.

Applicable for analysis < £ rotating sicens operated for
4 minutes.

Applicable Jor analysis of stationary sirens coperated for
4 minutes.

Urban locations are defined as the pink "building exclusien”
areas of topographic maps, or as those cocmmunities with a
scpulaticn density exceedling 2000 secple per sguare nmile.
Major roadways are defined as roadways with mcre than cne
lane in each direction.

Rural locations are taken =2 be all sites not classified as
urban (above).



and cfiices summarized in Table 5.3), generalized categeri
indocrs background-ncise minima have been established. These
are listed in Tab.e 5.4.

For simplicity, data for various indcor, at-home
categories (i.e., "obviously noisy," "busy and active,"
"isclated," and "cbvicusly gquiet") have been combined in
proportion to the activity fractions in Table 4.1 =2 cbtain
the probability distributions shown in Figs. 9.4 and 9.5
(after adding 9 dB). The distributions for the commercial
working environment, with 9 dB added, ars shown on Fig. 9.6.

The analysis pertaining to the awakening of pecple at sleep
dces not depend upon background noise. It is assumed that the

indocr background noise during sleeping hours is always less than
the siren level.

5.3 Background Noise in Motor Vehicles

Background noise in motor vehicles depends on the vehicle
speed and on window condition (i.e., open or closed). Operation
of heater/air-cocnditicner fans and car radios can alse influence
the background, but are ignored here. For the purpose of this
analysis, it is assumed that motorists in urban areas travel at a
speed of 30 mph while mctorists in rural areas travel at a speed
of 55 mph. Vehicle windows are assumed to be open during the
summer (except in climates where air-conditicned cars are commen.
and closed during the winter. Background noise levels for these
conditions are obtained from a2 recent study performed by the U.S.

Cepartment of Transportation (DOT) 1] and are summarized in Table
5'5.

wa
(*8]



TABLE 5.3 SUMMARY OF INDOOR BACKGROUND NOISE DATA
USED TO DEVELOP THIS PROCEDURE .

CATEGORY NUMBER OF NUMBER OF | TYPICAL NOISE SOURCES
MEASUREMENT | MINUTES
LOCATIONS MEASURED

OBVIOUSLY NOISY 6 108 Music and talking during party, bathroom
vent fan, shower, vacuum cleaner,
hair dryer

BUSY AND ACTIVE 11 400 Several people talking, children playing,

dinner while talking, live music practice,
bathroom activities with veat fan oft,
concentrated music-listening, vacuus
cleaner in next room

1S50LATED S 126 Dlshwasher/dryﬂr/uashcl in next rocm,

backqround wasic
ORVIOUSLY QuUIET 3 92 Dinner/paperwork alone, reading alone
OFFICE/COMMERC AT, 2 501 Talking, typewriter in next room, aperwork , | P

ventilation noise. aeneral retail-srare
activities

e S re——————————



TABLE 5.4

MINIMUM BACKGROUND NOISE LEVELS F0O

GENERALIZIED CATEGORIES OF INDCCR
ACTIVITIES/ENVIRCONMENTS

Generalized Range of Minimum Backgroynd
Activity/Environment Noise lLevels in 4B~

l-Min Pericd< 4=Min Periocd? |

At home, coviously noisy‘
(i.e., vacuum cleaning, 41-76 41-73 :
dishwasher, shower,
vent fan on

At home, busy and active?
(i.e., dinner conver-

sation, kitchen work, 21-64 21-54
playing music, children
at play)

At home, isclated?
(i.e., noise-producing

activity in adjacent 23-49 23-38
room, soft background
music)
At home, ocbviously quict‘
(i.e., reading, study, 11-39 1l-28

eating alone)

At work, office and

commerzial 28=-49 28-45

NOTES:

1. Refers to the range of the minimum (Lgg) scund pressure
levels in the 630 Hz cne-third octave=dand.

2. Applicable for analysis of rotating sirens cperated for 4
minutes.

3. Applicable for analysis of stationary sirens operated for 4
minutes.

4. To simplify the procedure, these are combined into a singla

indocr range on the basis of the activity fracticns in Table
4.1. -

L)
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SACRXGROUND NOISE INSIDE MOTOR VEHICLES (1)

Vehicle Vehicle ‘ S8ackgrsund Noise:
Speed Window 1/3=-Cctave 3and Sound
(meh) Condition Pressure Level at 630 Hz (d4B)
5S Closed 66
sS Cpen 63
30 Closed 39
30 QOren 64

(B



6.0 SIREN-PERFORMANCE CATA

In addition ®c their locaticns, three things must Se known
about each siren installed for the warning system:

- nominal (rated) socund level output at 100 ft, in 4&3(C)
- approximate mcunting height above the terrain
- whether or not it is a rotating or stationary siren.

This information is normally available from the licensee or from
manufacturer's literature.

This entire analysis assumes a siren operatirg frequency in
the vicinity of 630 Hz. Some sirens operate at fraguencies as
low as 450 Hz, and scme at frequencies as high as 350 Hz. In
general, low-frequency sirens will be slightly mor: effective,
and high frequency sirens slightly less effective :han a siren
operating at 630 Hz. However, the differences are not believed

to be significant when compared to the approximaticn embodied in
this procedure.



7.0 ATTENUATION OF SCUND 3Y BUILDING AND VEE

Qutdcor siren scund levels computed for eaca li tener site
must be reduced by the sound attenuation through suilding walls
cefore estimating alerting potential for that fraction of the
population indoors. A similar reduction is necessary for
estimating alerting of pecple in motsr vehicles.

-
/

ol Buildings

A number of studies [2,3] have been done of the reducsion
ef scund as it prcpagates from ocutside to inside buildings.
Results vary widely depending upen strucsural desails of the
Bulldings, upen where within the buildings the measurements
are made, and upon the characsteristics of the exterisr sound
sources.

The Scciety of Autcmotive Engineers has published 2 summary g
of such measurements (3] that is widely used for general-
Furpcse applicaticns such as the analvsis procedure addressed
nerein. Tadle 7.1, from the SAZ su—mary, is recommended for
use. The sound reduction values in this table are for the
500 Hz octave band, which includes the 630 Hz one-third octave
Sand used in the analysis.

In Table 7.1, the term "Cold Climates" refers to data
gacthered in New York and BScston. The "Warm Climate” dasa are
from Los Angeles and Miami. The differences are significane,

nd are attributable to the fact that hcmes in warmer climates
typically have larger, less tightly sealed windows =han homes

"
ia cold climates.

)

38



P -l

In northeastern and ncerth-censral parts <¢f the country, the
cold climate figures shoculd be used for residences. Windows
should be cpen for Scenarics 1 and 2, and closed wis=h storm
windcws for Scenarics J and 4. On the west coast and in the
scuth, the warm-climate data should be used, and the decision as
t0 wnether the windows are cpen or closed should be cased spon
knowledge of local practice, and on the prevalence of residential
air cenditicning.

For commercial buildings, use the "31 43" figure for all
locales, both cold and warm, since such buildings generally
have well-sealed windows.

Table 7.1
Sound Reduction Through
Residential Structures
(S00 Hz Octave Band) (3!

Cold Climates ) Warm Climates
Windews Open l6 &8 12 4B
Windows Closed 27 4B 22 4B
Windows § Storm
Windows Closed 31 &B -




7.2 Mctor Vehicles

The results ¢f measuremenss of she scund-reducsisn
properties of a number ¢f varicus types of motor vehicles have
Seen summarized in a OCT report [l]. This maserial has heen
abstoacted in Table 7.2.

In northeastern locaticns, we recommend =he use of the
figure for cpen windows during the summer (Scenariss 1 and 2)
and the closed window figure during the winter. In scuthern
locations where air-conditicned cars are common, the closed-
window figure would be applicable all year rouné.

Takle 7.2
Sound Reduction of -
Motcr Venhicle Strucstures S
(630 Hz 1/3 Octave Band) (1]
Windows Cpen 13 a8
Windews Closed 2l &8
-

s
«©



8.0 CCMPUTATION CF THE SOUND LZIVEL FOR THE COMINANT SIREN

This secticn cutlines the procedure far cetermining that
Siren in the vicinity of each listener site that is expected =2
produce the highest sound level at that site for each sample
scenarioc. This choice is not always obvious, because the sound
level caused by a particular siren at a given listener site
depends not only on the sound cutput of the siren and its dis-
tance from the listener, but also on shielding and atmospheric
effects (particularly wind direction). Therefore, for each
scenaric it is generally necessary to evaluate several sirens in
the vicinity of each listener site in order to determine the
dominant one. As a general rule, the closest, highest-rated,
nonshielded sirens should be selected for evaluation at each
site. Furthermcore, sirens should be chosen such that they are
distributed north, south, east, and west of the site (or in any
other four mutually perpendicular directions) where possible to
account for different wind directions.

The first step in the procedure is to establish the outdcor
sound level produced by the selected sirens at each listener
location, on a per-scenarioc basis. This is accemplished by
applying adjustments to the rated scund level of each siren for
each scenario as follows:

L(listener) = L(siren) = Ay - Ag = Aair = Agem (8.1)

where L(listener) is the outdcor siren sound pressure level at
the listener site (d8), L(siren) is the rated sound pressure
level of the siren at 100 £t (4B), Aj is the distance attenuation
(dB), Ag is the shielding attenuaticn (48), Ajjp i8 the air
absorption (4B), and Ajem 13 the atmospheric attenuation caused
by wind and temperature gradients (4B).



The first two adjustments (for distance and shielding) are
the same Ior all scenarics and can e cbtained using the

-

topographical maps. ODCistance attenuation beyend 100 2« :is

|

calculated oy assuming scund propagation from an acoustic goine
source with a reduction of 6§ 48 per distance doubled. I is

calculated as follows:
A, = 20 160G, . (v5x) (8.2)
d 10 'T00’ '
where d is the siren-to-listener distance (f:z).
Shielding attenuaticon (A;) is estimated using the following

formula for the attenuation of a rigid straight sarrier for sound
incident from a peint socurce [4]:

Ay = 24 for N > 12.6
f\
/27N 5
Ag = 20 logf ——==—— L 5d8 for -0.2 < N < 12.6  (8.3) ~

tanh 'I:'j
= 0 for N < =0.2
where N is the Fresnel numter (dimensionless):
Nez2(Aen-aq (8.4)
A = wavelength of ~ound in £t (1.79 £t for a 630 Hz
siren tone)
d = straight-line distance cetween source and receiver, £

A + B = shortest path length of wave :ravel over the barrier
Detween scurce and receiver, £:

+ sign = receiver in the shadow z2cne (i.e., barrier
cbstructs line ¢f sighe)

= sign = receiver in the brighs 2cne (i.e., barrzier doesn's

.. g
cbstzuct line-cf-sighs)

-~



Ahen N 1s negative, the abcve equation for As is evaluated by
replacing N with |[N| , and by replacing tanh with tan.
Shielding attenuaticon is limited to a maximum of 24 dB basaed ugen
a large bodf of experimental data. Figure 8.1 provides a
grapnical means for calculating Ag as a functicn of th

fresnel number N.

Sirens should be assumed %o be at a height of 50 £t above
terrain level and listener sites may be assumed to be at a
height of 5 £t above terrain level, unless more specific
information is available. Barrier heights may be obtained from
ground contour information on topographical maps.

The adjustments for air abscorpticn and atmospheric effects
depend cn the metecrological conditions for each particular
scenario. Alr absorpticn (Aai:) is a function of distance,

Tequency, air temperature and relative humidity. Table 8.1
provides estimates of the air absorption coefficient, a, for
Siren tones in the frequency region near 500 Hz (containing
the 630 Hz one-third octave band), based on air temperatures
and relative humidity (5] (use interpolaticn if necessary) .
The air absorption is then calculated as follows:

Aair = (a)(d)/1000 (8.5)
where Ajir ® air molecular absorption, in 48

a4 = air absorption coefficient, in 48/1000 £=.

d = siren-to-listener site distance, in f£t.

The adjustment for atmospheric gradient effects (Agem) 1is
Sased on siren-to-listener azimuth with respect to wind direction
and on wind and temperature gradient characteristics. A
description of the estimation procedure for Ageq C2n ce found in
Appendix A.

43
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TABLE 8.1 AIR ASSORPTION COEFFICIZNTS AT 500 ¥z (5
| Temperature Relative Humidicy ALr Abscrption Coefficient
. (Percent) ' (8B/1000 £¢)
| 10 1.07
| 36°F 20 1.13

(30°¢) 30 1.16
50 1.01

70 0.82

30 0.73

10 1.16

§8°F 20 0.82
(20%¢) 30 0.82
50 0.8%

70 0.82

30 0.79

10 1.86

50°¢ 20 0.88
(10°¢) 10 0.67
50 0.51

70 0.61

30 0.64

2 10 2.71
320F 20 1.52
(0°¢) 30 0.94
50 0.58

70 0.49

| 90 0.46

b
wn




le of

profile of wind speed (32) is calculas

in wind velocity at the two measurement heights.

Al exaxmn the calculazion cf Aa:: is provided in
Table 8.2 for a listener located 1300 #= nosseh of a siren.
The metecrological input daza assumed for- zhis exanple includes
wind directicn and versical diffasrsncas in temperature and wind
speed measured at two heights (125 £+ and 335 f:) for each of
four sample scenarzics. As shown, she ver=igcal profile of
ir temperature (al) is calculated based con the temperature
difference at the %wo measurement heights and the versical

the difference
The distance

ed based on

from the siren %o the acoustic shadow zone (xo) is then calcu-
lated using the following eguaticn:
. 478 +« £(R/S) .
Xy = = (8.6)
732 CCsa=al
\.-lh

where: xo = distance to the acoustic shadow, in £+

S = scurce (i.e., siren) height, in f£¢

= receiver (i.e., listener) heighs, in f:
= vertical profile of wind speed, in ft/sec/ln 2=
a2 = vertical profile of air temperature, in °F/la *=
¢ = angle between the direction from which =he win
is ccocming and the scund path, in degrees (cee
Fig. A=-2 of Appendix A).
Note that Zg. 8.6 is valid only Zor receiver locatisns ia =h
upwind sector. If the value under the sguare rcocot is negative
Or zero, then the receiver is located in the downwind sec=or
=
and Aa:m Qs
N
310



SAMPLE CALCULATICN OF ATMCSPEERIC ATTINUATI

-mmatleN. -

A » CAUSED BY WIND AND TEMPERATURE GRADIZ

actm

(See Text and Appendix A for details).

-~

ety

eSS,

| Scenaric

1 2 3

Wind direction, ew

Temperature Differential
AT°F (125'-35"')

0°(N) 4S°(NE) 67.5°(ENE) 90°(E)

«1l.3 +1.1 -0.°7 -0.8
aZ = AT/(1ln 125'~ln 35°') -1.02 +0.86 -0.8S -0.63
Wind Speed, V, ft/sec @ 125 ft | 16.3 17.2 15.8 48.4 |
vy ft/sec @ 35 £t 10.1 8.9 11.6 32.3 1
82 = (Vo=v,)/(1la 125'=1ln 35') 4.87 6.52 1.27 12.653
Siren-to-Listener Direction, ep ; 0° Q° g° 0°
Q |
®> =8 - 99 0 45° §7.5° 90°
cost +l +0.707 +0.383 0
X, (£2) 436 546 1,039 1,333
o/X, = lSOO/X° 3.44 2.75 1.44 1.13
A en(€8) 20 15 5 0
47




@ ¢f this example, assume =22z =he siren

Nt of S = 30 £¢ and the listener is located
. Therefcra, R/S = 3/30 = 0.1 anéd =he
is found to be 0.45 using Table 8.3.

3y susstituction, Zg. (8.8) then reduces = the fallowing:

X = 1058 (8.7)

° /BT cose-az

The angle ¢ is cbtained based on the siren-to-listener
azimuth with respect to wind direction and xo is calculated for
each sample scenaric using Eg. (8.7) as shown ia Table 38.2.

inally, Aa:m is determined for each scenarioc based on the
ratic of the siren~-toc-listener distance (D) =2 xo according
o Table 8.4. The resulss in Table 3.2 indicas=e ataospheric
attenuacions ranging between 0 and 20 43, depending on
scenario, for the given siren-listener pair,

Application of the above calculations yields the estimated
outdoor sound pressure levels for various sirens at each sample
listener site, for each of the four scenarios. Ffor the Salance
of the analysis, only the highest siren level for each scenario
at each listener site is used. an exception to this rule is made
at listener sites where the sound level of a staticnary siren is
estimated to be between 0 and 6 43 lower than the sound level of
a rotating-type siren, which had been determinesd to be the loudest
siren. In such cases, the staticnary siren is selected for
further analvsis. The reascon for this excepticon is that the
maximum sound level produced By a rotating siren is not
continucus, and thus the total acoustic energy at the listener
(as measured by the

ingle event noise exposure level, or S2I) is

continucus)

.
-

approximately 6 348 less than for a staticna<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>