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- SUMMARY

The purpose of this study was to provide examples of the analytical
procedure developed in PNL-4227 for the evaluation of the' effectiveness of
siren systems for alerting the public in the vicinity of a nuclear power
plant.

Evaluations of the prompt alerting siren systems at four U.S. nuclear
power facilities are presented in this report. These facilities are Trojan,

.

Three Mile Island, Indian Point, and Zion. Site-specific information was used
for each system evaluation. The analytical procedure is summarized and
details of computations for each evaluation are given.
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ABSTRACT

1

This report presents evaluations of the prompt notification siren systems
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 number PNL-4227.
.
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3. EVALUATION OF THE PROMPT ALERTING SYSTEM FOR THE
TTIREE MILE ISLAND NUCLEAR PCT 4ER STATION

This section summarizes the evaluation of r.he siren alerting .

system for the Three Mile Island Nuclear Power Station (TMI).

The procedure that was used consists of a detailed analysis of
! s'iren alerting capability at each of 50 randomly chosen listener

locations, under four different " sample scenario" conditions.

The random selection process for listener sites is describe'd in

Appendix F and' the four test cases (sample scenarios) are;

j included in Appendix G. The analysis is based on existing and
; proposed siren locations as of 30 June 1981. Maps that shown the
i 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.
.

'

i

} 3.1 Estimating Siren Sound Levels out of Doors at Listener Sites

The first step in the procedure is to determine the siren in

j the vicinity of each selected listener site that is expected to

l produce the highest sound level at that site for each sample

scenario. 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 output of the siren and its dis-

J
;

l 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 ton at each site. Furthermore, sirens are"

,.
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TABLE 3.1. SUMMARY OF TMI SIREN SYSTEM EVALUATION RESULTS.

i
;

Chance of Alert .

'

Scenario Popula tion-
Urban Rural Weighted Average *

No. Description (%) (%) (%) --

1 Warm Sumner Weekday After-
. ,

noon (clear to partly cloudy) 96 88 90.

7. 2 Sumner Weekday Night -.
,

! (clear to partly cloudy) 82 66 70 -

:

o

! 3 Winter Weekday Evening
' (cold and overcast) 89 76 80

.

!

i 4 Winter Night
I (during snowf all) 66 42 49
i

'

!

; * Based on a total urban population of 46,573 and a total rural population
I of 119,722.

.

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

west of the site (or in any other four mutually perpendicular

directi'ns) where possible to account for different wind direc-o

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 obviously

not warranted.

The next step in the procedure is to establish the outdoor

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::=
s

L(listener) 'L(siren) -Ad-A'-Aair'- Aatm'= s
, _ _

,

where L(listener) is the outdoor siren sound pressure level at~.

i
the listener site (dB ) , L(siren) is rated sound pressure level ofe

| Ehe siren at 100 ft (dB), A is the distance attenuation (dB), A
.__

j d s
j is shielding attenuation (dB ) , Aair is the ai'r absorption (dB ) ,

and A is the atmospheric attenuation caused by wind andatm
j temperature gradients (dB).
I

The rated sound pressure levels for the TMI 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 and 145 dBC for

stationary and rotating' sirens respectively, measured at a dis-

j tance of 2 meters. These levels were reduced 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 ft 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 ft is
calculated by assuming sound propagation from an acoustic point
source with a reduction of 6 dB pe.r distance doubled. It is

calculated as follows:

d
Ad = 20 log 10 I I 'l00

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

Shielding attenuation'(A ) is estimated using the followings
Ecemula for the attenuation of a rigid straight barrier for sound )
1.ncident from a point source (21:

-
.

/2sN20 log + 5 dB for N > -0.2A =
s

[ tanh /2sN

0 dB for N < -0.2=

N is the Fresnel number (dimensionless) :

N=*f(A+B-d)
Where A = wavelength of sound, ft (1.79 ft for 630-Hz siren tone)

d = straight-line distance between source and receiver, ft

A+B = shortest path length of wave travel over the

barrier between ;ource and receiver, ft

+ sign = receiver in the shadow :one (i.e., barrier obstructs
Tline -o f-s igh t ) '
..

__ 1_A
_ _ _.
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- sign = receiver in the bright zone (i.e., barrier doesn't

obstruct line -o f-s igh t )
.

When N is negative, the above equation for A is evaluateds
by replacing N with |N|, and by replacing tanh with tan.

Shielding attenuation is limited to a maximum ofL 24 dB 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 f t above

terrain level, and barrier heights are' obtained from ground

contour information on USGS maps.
.

The adjustments for air absorption and atmospheric effects

depend on the meteorological conditions for the pa'rticular '

s ce na r,io . The assumed conditions for the TMI site are provided,

in Table 3.2 for the four test cases, based on local weather**
,

5 information.* In terms of air absorption, these conditions
,I

- indicate the following attenuation rates based upon temperature
,

and relative humidity ( 31 : -

.

Scenario Aair (dB per 1000 ft)

1 0.88
1

|' 2 0.79

3 0.55

4 0.64

|
I

The ad justment for atmospheric gradient ef fects ( Aa tm) is'

based on siren-to-listener azimuth with respect to wind direction

|
|| ...

!! 'Three Mile Islanc Nuclear Station Unit 2 Environmental Impact
*'

z.
\s, Re po r t , Chapter 2.'

l.
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TABLE 3.2. METEOROLOGICAL CONDITIONS FOR THE FOUR SAMPLE
SCENARIOS USED TO EVALUATE THE TMI SIREN SYSTEM.
.

.

Relative-

Scenario Temperature Humidity Temperature
No. Wind Conditions * ' Gradient ( ". ) (OF).

.

t

1 5 mph from the east -1.00F/100 ft 65 85
,

Class A

2 5 mph from the northwest +0.50F/100 ft 80 65
Class E

3 3 mph from the southeast -0.50F/100 ft 70 40 .!
'

)
'

. , - Class D

!- - 4 15 mph from the vest
'0-0.5 F/100 ft 90 25 -

! Class D
i

!
..

1 *At 100 ft above ground level.
,

.
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and on wind and temperature gradient characteristics. Table 3.3

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

the estimation procedure for A can be found in Appendix D.a tm

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 tha t the

max imum sound level produced by a rotating siren is not continu-'

~

ous, and thus the total acoustic energy at the listener (as$

,

|
~

measured by the single event noise exposure level., or SEL) 'is

f
^

siren with the same maximum sound level.
approximately 6 dB less than for a stationa'ry (i.e. , continuous)

{

I
3.2 Estimating Indoor Sound Levels of Sirens

! The result of the above calculations is a single outdoor
I

i siren sound pressure level at each of the 50 sample listener
i

locations for each of the four test cases. Corresponding indoor

levels are then obtained. by subtracting typical values for resi-;

j dential building sound attenuation. For test cases 1 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 H: octave band, the sound attenuation into buildings is esti-
,

j, 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-to-indoor

| 3-7
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TABLE 3.3. CALCULATION OF ATMOSPHERIC AT"rENUATION, A a t:n '
CAUSED BY WIND AND TEMPERATURE GRADIENTS
(SEE APPENDIX D FOR DETAILS).

Siren-to-Listener
Distance, D (Ft)
Relative to Xn (Ft) Aatm (dB)

D 1 1.2 X o
'

O

1. 2' Xn < D 1 1.7 X 5o
1.7 X < D 1 2.4 X 10o o
2.4 X, < D 1 3.4 X 15 .

3.4 X, < D 20

.

*
.

. ..2 Computation of Xo

'

X= .f 1057/6Scosc-ao -

7.

#Scenario 1 2 3 4

; Wind Direction, S 90 315 135 270w

AT F (150'-508) -1 +0.5 -0.5 -0.5

a = ce = AT/ (la 150'-in 50') -0.91 +0.46 -0.46 -0.46

! Wind Speed, V2 ft/sec @ 100ft 7.3 7.3 4.4 22

e6 = v / (In 100 ' - in 2 ') 1.87 1.87 1.12 5.62 _, s
,

; R/S = 5'/50' O.1
-

' f(R/S) 0.45
^r -

,

X, (min) @ $ = 0 -A' 390' 840' 429'

(f): o - Cos 119 76 114 95c

1

i
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noise reduction is estimated to be 31 dB, assuming closed and

sealed windows for all four scenarios.

3.3 Assumptions about Chance of Alert

The outdoor and indoor siren levels ' calculated by the above

procedure provide some of the information required for the ana-

lysis of the chance of alert. In 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 (outs i~de or inside ) ,

(2) at work, or (3) in motor vehicles. The chance of alert is,

; estimated for each activity component and is then multiplied by

the fraction of people likely to- be engaged in that activity,

(activity fraction). The results are summed to obtain the overall

f
-

chance of alert for each listener location and for each test case.
I

overall chances of alert for the various scenario (test case) con-
ditions are then obtained 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
l 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

l

t i
.

9

\. _
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(S/N) difference in the 630-Hz 1/3-octave frequency band. The

chosen criterion for alerting is that the given signal level must

be 9 dB or more above the minimum background noise level at any

time during a 4-minute period for people who are not sleeping

(i.e., a S/N dif ference of 9 dB) . 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 (51 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.

,

i 3.4 Alerting People Out of Doors

For the analysis of the ability of sirens to alert people out

of doors, background noise levels are based on noise measurements

conducted by BBN in the vicinity of .the Trojan Nuclear Plant in

Oregon, near the Susquehanna Steam Electric Station in Pennsyl-

l vania, and upon the body of data in BBN files. The . data typic ~ ally
l consisted of statistical summaries of background noise at various
1
j types of locations. The summaries provide the L90 (sound level'

| exceeded 90% of the time) for 1-minute samples of data in the 1/3-
I octave frequency 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

j variability. Generalized types of background noise environments
'

were then established so that all sample listener sites would be
.

| included with one of these general categories. In each category,

the siren sound 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-

|

||
1

i . .-
! (,'' *The L90 was used as a conservative estimate of the minimum sound
i level

|-
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I 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 tha t a rotating
siren produces 53 dB at a given urban location during the daytime.
adjacent to' a major traf fic artery. Table 3. 4 indicates that the

-

| median alerting level at such locations is 54 dB and that the ap-
plicable distribution on Fig. 3-3 is No. 5. '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 dB.

Note that probabilities of greater than 99% on Fig. ~3-3 are
treated as 100%, and those less than 1% are treated as 0%.

.-

/ Outdoor background noise in urban areas and along rural
-. \ - roadways is caused predominantly by motor vehicle traffic. It isi

~-

1[ generally insensitive to seasons of the year, but varies markedly
|I with time of day. Minor traffic variations (i.e., less than a

~~~

\t

|} factor of 2 in traffic volume) have little effect on the-

I background noise.
1
!

In rural areas remote from roadways, 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,

'j rural, non-coadway background noise is selected to be dependent on
! windspeed.

Note that results are given separately for stationary sirens
i; and rotating sirens. This is because rotating sirens would actu-

! ally produce their estimated sound level during about one quarter
of the presumed 4-md ute operating time at any particular listener,

,

\..
'
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TABLE 3.4. SIREN ALERTING ABILITY FOR GENERALIZED CATEGORIES OP -

OUTDOOR ENVIRONMENTS.

Median Alerting level (cB) | Applica0'e DistributioM

.
Rotating Stationary Rotating Stationary

Generalized Background Stren 51ren Siren Siren
Noise Environment ' (4 min) (4 min) (4 min) (4 min)

1. UR.3AN

A. Roadway

1. Daytime 54 52 No. 5 No. 3
2. Evening 49 48 No. 4 No. 3
3. Nighttime 43 43 No. 3 No. 2

5. Nen-Roadway

1. Daytime 50 48 No. 5 No. 4
~

. .-

2. Eveains 48 47 No. 4 No. 3
3. Nighttime 42 41 No. 3 No. 2. .

11. Rt*RAL

A. Roadway *
. . ,

. 1. Limited Accese Highway' 63 61 No. 6 No. 4
2. Other Highway 3 31 50 No. 6 No. 4, ,,,

5. Non-Roedway
, /

3 1. No-Vind Noise 28 27 No. 3 No. 1 *
-

3
-

2. Subject to Wind Noise (See Note) (see Note) No. 5 No. 3- --

21I. INOUSTRIAL SS 54 No. 4 No. 2

NOTESr
1. See Fig. 3-3.

2. Alerting levels apply for %1tes within 500 f t. with view angle (0) of 180* to highway; beyond 500 f t.
! levels should be reduced by 10 lollo (D/500). where D=dist. from highway in it; for view angles less
i th.an 1808, levels should be further reduced by 10 log 10 (180/0).

3. Alerting levels apply for sites within 1600 f t. with view angle (0) of 180* to highway; beyond 1600
it. levels should be reduced by 10 log 10 (D/1600), where N ist. from highway is it; for view angles

8
less than 180 , levela should be further reduced by 10 log 10 (180/P).

'; 4 Wind inced < 1 m%.
! 5. Median' Alcrting Level (with wind) * Nedian Alerting Level (no wind) + 1*e Clos 0 * ''
! where 3 * average wind speed in sph. 1

6.
Alerting levels apply at 1000 ft from source: for other distances adjust levele by 20 loggg (1000/ distance).

i

|
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location. Thus, the results for rotating sirens are based on 1-

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
t '

; types of activities are considered. These are ( 1) listening to
.

radio or TV, (2) sleeping, or (3) other activities that range from .

' '

Table 3.5 provides the percentagesquie t to noisy situations.

assumed for various activities for each scenario.
,

-
.

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

"l'00%. For people s'leeping , the chance of alert is calculated from )
| the indoor siren SEL using the relationship shown in Fig. 3-2 for --

i

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 for 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.
!I,\

ji For the analysis of alerting at work, two activity categories

,j are considered: (1) come_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 '|g

' .)
--

i* 3-16
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TABLE 3.5. ASSUMED ACTIVITIES AND BACKGROUND NOISE ENVIRONMENTS

FOR PEOPLE INDOORS.

Percentages of People Engaged in Various Activities Indoors ( )

Indoor Noise Environment,

At Place Listening to Obviously Busy and 3bviouslyScenario of Business TV/ Radio Sleeping Noisy Actives8 !solated8 Quiet *
.

1. Vern Summer Weekday 41 27 5 4 5 14-

Af ternees (clear to d,

partly clowdy)
2. Summer Weekday Night 4 96- - - - -

(clear to partly
cloudy)

3. Winter Veekday Durina 20 3 30 - 20 5
- -

Evealog Commuting
Wours (cold and,

evercast)
, |

. 4. Vinter night ouring S ss- - - - -

{
- Snowfall

'.
8 NOTts:
'

1. Vacuum cleaning, dishwasher, shower. vent fan on. etc.,

; 2. Dinner conversation, kitchen work playtes sueic, children et play, etc.
3. Metee-producing activity in adjacent rose, esf t background music, etc.,

{ 7 4 Readies. etudy eating alone.
i -

|| :- .

l.

'4
8

$
=

'
1 '
|

4

!
!

I

i
|:

i

t -

(.
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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 operation is
pstimated as follows:

-
~

C = 2R+A" x 100 (not to exceed 100%)g
i
' '9here C is the chance of alert (%), R is the maximum alert '}-){ distance (ft), d is distance traveled in 4 minutes ( f t) ,' and L is

; the average siren spacing (ft). Separate analyses were carried
I 'ut for urban and rural areas of the TMI EPZ.d

The average urban siren produces a sound level of 125 dB at

! 100 ft, 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) (61

Siren alerting levels for speeds of 55 mph and 30 mph with windows

f shut or open were first determined from the SAE study results.
i The average siren source levels for rural and urban areas were

.
,

't

!

t

! I

T'
,)'

_
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then reduced to alerting levels in accordance with the propagation -

*|

models from current NRC guidelines (i.e., 10 dB/ 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 ft for urban
areas and 11,850 ft~for rural areas.

.

I 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 to the
TMI analysis.

.

. TABLE 3.6. SIR 5N ALERfDG FOR PDIORISTS.

'

4-min'

vehicle whicle Rxp. Signal Max. Alert Travel Avg. Siren Qiance )i - Speed Windcw for Alert Dist., R dist. , d Spacing, L of Alert /
.

Area (mph) (bnditicn (dB) (ft)
~

(ft) (ft) (t) _.

i e "

55 closed 96 610 19,360 5560 100
; open 90 920 19,360 5560. 100

GBAN
30 closed 89 980 10,560 5560 100

; cpen
~

86 1210 10,560 5560 100
'

i 55 closed 96 650 19,360 11,850 100
!j open 90 980 19,360 11,850 100
1 amAL -
'

30 closed 89 1060 10,560 11,850 100i
'1

. open 86 1300 10,560 11,850. 100
. ,I

.I
,

..

.

i

,

,

|
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APPENDIX D: ESTIMATION OF AATM

The speed of sound in air increases with the scuare root of

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 a tmosphere~ near
the ground are almost never uniform. Hence, atmospheric nonuni-

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 or.
'

sound propagated through the atmosphere.
t

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 height

|(
_ _

(lapse), so that sound waves frem a source near the ground are
refracted upwards. In the absence of wind, an " acoustic 1 shadow"
forms around the source (Fig. D-la) into which no direct sounds

~
'

waves can penetrate. Marked attenuations are observed at
) :n -r receiving points well into the shadow :one - it is just as if a
! solid barrier had been built around the source. At night a
r

temperature increase with height is common near the ground
(inversion) and our " barrier" disappears as in Fig. D-lb.

ii

|| 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-lc).

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

i *.
\
1
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FIG. D-1. SKETCHES ILLUSTRATING TSE EFFECTS OF VERTICAL TEMPERA-
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surrounding a source. It is less rare, but still uncommon for

surface inversion to be suf ficiently strong to entirely overcomo
an upwind shadow.

The general situation is illustrated in plan view on Fig.
5-2. A shadow boundary, symmetrical about the wind vector, can
exist in the upwind direction from a sound source when the ver-
tical wind gradient effect predominates over any effect caused b;
a temperature inve rs ion. It is likely that no shadow will exist

downwind from the source, for the wind gradient will usually
overcome the effect of any temperature lapse. Along a radius at
an angle o from the wind vector, the shadow boundary (theore-, c
tically) approaches an infinite distance from the source.

In the " upwind" sector of Fig. D-2, the sound wave paths are

generally concave upwards, as on the right side of Fig. D-lc. In
; the " downwind" sector, they are generally concave downwards, as
'

on the left side of Fig. D-lc. In the "crosswind" direction, the1

sound wave paths are approximately straight lines .from the source. ..
,

'. to the receiver,-

t

For the purposes of this propagation model, we have assumed
that temperature in the atmosphere, T, is horizontally uniform

'

and varies with the logarithm of height above the ground, z.*
i T = a inz
t

T -T (D.2 1 AT
" Inh - Inn " Inn'

nn --

2 y 2 y
and

ff=az~1
;

I

,

*This approximation is generally valid close to the ground except,

q during strong surface-based. temperature inversions [1,2] .
,

D-3
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The speed of sound, c, varies directly with the square root
of the absolute temperature

.

. . ~

To + a (in: - inz l.b ,a (in: - In ,)c=c eo ,c 3
o *

o O 1*, -

.

.

where c is the speed of sound at some reference temperature,o T,oobserved at a reference height of z . Thus, the. verticalo
gradient of the speed of sound due to temperature, a, is:

ff E a = {g az-1 cr 1.086az~1 sec in English units ( D- 2 ;
'

1 ~1
o

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

Likewise, we assume tha t the vertical profile of wind.

I speed, s, varies only with the logarithm of heigh t, z, so tha t: *

- -

V -V
; 03 2 _

*inh - Inh ( ~} '

2 3
. ~

where V is the speed of height h2 and vi is the speed of height2

at h . Note that 8 is always assumed to be positive.t

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

L
,

1.'

? *This is a shakler simplification than tha t for the tempera ture
profile [1], and normally holds only for near-neutral condi-
tions (31 The actual shape of the wind profile is a function

I of surface roughne.r, and of vertical momentum transfer due to
| the rmal instability.

p.
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C = :(3 ces o - c)
( D- 4 )

where 6 is the angle between the direction frem which the wind is

coming and the sound path (Fig. D- 2 ) . .

v -

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 4), then no shadow zone can

oxist and all paths are classified as " downwind". This is the -

'

strong-inversion, low-wind condition.
.

b. If e is negative and numerically larger than S

| (i.e., |-a| > S, so that C would be positive for all values of

'. e), then the shadow zone completely surrounds the source .and all
! paths are classified as " upwind"., This is the strong-lapse, low- ''

wind condition., -

6

c. If | a l < 8, then the "cr itical angle", $c, (where tem-
_

parature, and wind effects canec1) is calculated by setting C = 0
in Eq. D-4

;

|. C = z (S ces o a) =0-
g

1 4 = cos-t a. ( D-5 )*
; B

where 014e 1 180
!

1
1 It is now necessary to do some coordinate transformations of
! '

the azimuthal data, entered relative to true North, to bearings

relative to the direction from which the wind blows. Refer to

Fig. D-2. The wind-sound angle , $, is:
'

,

D-6
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o= 6 -9 , or if 8 -9 > 180 :
P W

I p w
~

o = 360 - S -Gp y,

Examine the difference o ~ **c,

If 4 < e then the path is a " upwind" path.c

If e > 4, 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;, o
of its shadow zone at the height of the receiver, R,ft above i..

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 f feet.

T ( D- 7 )* f in English units.

where S is the effective source height in feet above local

thefunctionf(h)ground, and is obtained from Table D.1. The
j distance X is in feet and is assumed to be frequency-o
I independent.

,

D-7
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f(h) vs h for computing X in Eq. (E-7).TABLE D.l. o
(after Nyborg and Mintzer [4] ) .

.

3
.

R/S f(R/S)

< 0.05 0.4
0.1 0.45
0.2 0.55

0.3 0.6
0.4 0.7

~ ~

0.5 0.75
0.7 0.85

0.9 1.0

1 1.05 ,
'

1.5 1.25 '
-

2 1.5-

3 1.9
4 2.3

5 2.65

6 3.0
7 3.3
8 3.65

9 3.95

10 4.2
> 10 See I >D

o

Interpolation is permitte ' and fe manual computations a graph
of f(R/S) vs. R/S is mos..aseful

i
.

,e*

9
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TABLE D.2. ATI'ENUATION WITHIN TJE SHADOW ZONE, A
atm'

VS SIREN-TO-LISTENER DISTANCE, D, FT.

.

D 1 1.2 X, O dB

1.2 X, < D 1 1.7 X 5
9

1.7 X, < D 1 2.4 X, 10
,

2.4 X, < D 1 3.4 X, 15

D > 3.4 X, 20

.

Attenuation within the Shadow Zone, Au

,( Theoretically, the attenuation within a shadow :one can be
arbitrarily large for large distances beyond the shadow boundary.
In practice, more than 25-30 da 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 Keast (8]. The recommended values (Table 2 of the,

'

main text) have an upper limit of 20 dB. Attenuation because of
!i a shadow zone has occasionally been observed to decrease somewhat
i at extreme distances relative to closer-in distances. The con-
'

servative values in Table D. 2 allow for this possibility.

.

k
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APPENDIX E: DEPENDEMF JF ALERT UPON SIREN DURATION

In the main body of this report, the chances of alert are

predicted for a four-minute period 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 relatienship
between siren level and siren dura ~ ion, and how this relationsb>vc

affects the chances of alert. It continues with development of

the mathematics of this relationship, and then summarizes results,

for the reader's use.
.

.

'

E.1 overview.

,

Table E.1 is a typical " chance-of-alert" table for a parti-j
cular background-noise environment. Siren durations are listed*

,

' across the top, and siren levels down the lef t side. ' Within the

I, 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-
,

I minute columns of tables such as this one.* Variations within
,

the table are related to fluctuating background noise in the
,

listener's environment.**

.

i
i

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

\; .

| ** Precision with'in Table E.1 degrades for longer siren durations
j ( to the right) and for lower siren levels (to the bottom) . Foi
t longer siren durations, precision suffers from the limited

amount of total data that underlie the table. These data in
'

clude 250 minutes of background noise, 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 thei

|; amount'of data is large compared to the siren durations, the
background noise is rarely low enough to contribute to the,

statistics at these icw siren levels. For longer siren
durations and lower siren levels combined, the precision is
particularly bad.

!

. _ . T_i. . _ , , 'Y7 _ - , . ".,
_ _ b

~
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TABLE E.1. 'ITPICAL CHANCE-OF-ALERT TABLE FOR A PARTICULAR
BACKGROUND-NOISE ENVIRONMENT.

;!P Ef t !!Mft.

I t.E'iEL O'#ATIDt (tttfrJTE5)
1 2 3 4 5 i 7 1 ? 10 11 12 13 15 15 14

74 100 100 100 109 100 100 100 100 100 100 100100 ton 100 100 100
; 77 ?? 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

72 ?? ?9 100 100 100 100 100 ton 100 100 100 100 100 100 100 100
71 ?? .?? 100 100 100 100 100 100 800 100 100 100 100 100 100 100' 70 ?1 ?? 100 100 100 100 100 100 too 100 100 100 100 100 100 t on
i? ?1 ?? 100 100 100 100 100 100 100 100 100 100 100 100 100 100
s? ?7 ?? 100 100 100 100 100 100 100 100 100 100 100 100 100 100
s7 ?T 99 100 100 800 100 100 100 100 100 100 104 100 800 100 100,

si ?S ?? 100 100 100 100 100 100 100 100 100 100 100 100 100 100
$5 ?2 ?4 ?? 91 ?1 100 100 100 100 100 100 100 10n 100 100 100i

sa ?2 ?5 ?? ?? ?? 100 100 100 100 100 100 100 100 100 100 100.

$3 ?? ?2 ?S ?? ?S 100 100 100 100 100 100 100 100 100 100 100
52 ?? 91 94 PS M ?? ton 100 100 100 100 100 100 100 100 190
31 Ti 50 74 ?S M 13 10n 100 100 100 100 100 100 100 100 100
to it ?O ?! .S5 ?4 ?? 100 100 100 ton 100 100 100 100 100 t on
!? 3: 37 99 .S 2 ?4 ?* 100 ?? 100 100 100 100 100 100 100 190
53 !! ?i in at 94 ?T 100 27 100 100 100 100 100 109 100 190

; Y7 ?? ? '8 t! ?? ?O ?? ?4 ?4 M ?i 36 ?! 100 ?4 100 ?)'

!i 77 32 ?T 14 T3 ?0 ?* ?4 M M ?6 ?* 100 ?4 100 ??,

55 74 ?* 12 17 T4 T5 ?? 17 3? 72 ?! ?O 95 ?? 94 37
54 70 ?? ?1, ?2 24 Ti ?? 27 ?? ?2 $1 ?O ): ?? ?4 37- ' -

-
57 i3 Ti 10 ?! 14 ?$ ?? ?? 3? ?2 ?! ?1 ?5 19 24 $7,-

a 52 45 5 7" 7? T2 3'1 ?$ ?* ?? 13 ?? ?O ?5 19 ?4 37
1 51 40 70 74 75 ~3 ?! 30 ?! ?$ 34 33 Ts ?? ?3 20 30

50 55 45 70 71 74 7* ?! 31 12 TO 23 ?S 34 31 ?! 30,

4? 51 il 67 !3 70 75 ?? 21 T? ?O 33 ?$ ?s 33 31 30
! 43 4? 57 i3 45 56 71 75 T4 75 74 M ?! 7S 33 75 ?O
i 47 42 54 40 43 14 71 75 71 75 75 74 11 ** 23 75 to

46 37 47 54 57 TS 47 1? il 71 72 70 75 74 TT i? 'O
45 37 44 50 54 Si i4 s7 is 71 iS 70 75 i9 73 i? '3'

. 44 33 43 50 *$ Si 44 67 45 71 43 70 75 it 73 (? "1' 4'i 70 aa 45 54 52 57 54 45 i3 f? 70 71 43 72 i? 7
82 * 25 3: 37 41 s2 41 50 55 57 55 57 42 59 41 54 sa

i di 21 2? 25 03 40 45 50 55 57 54 !? 42 53 41 54 de
~ 40 !? 24 70 30 24 38 42 43 44 44 52 57 51 50 50 40

2*? 14 20 24 2? 40 54 04 42 43 a n, 43 52 47 44 50 .r 0
33 12 17 20 25 23 37 O! ? 43 40 42 43 47 4. 50 50*

37 to 85 I? 22 24 31 31 7,5 OS I4 di 43 47 44 50 5;
24 3 12 to 14 10 21 22 24 29 24 30 J? 22 23 01 71
;* 7 ? 10 ti 12 14 14 14 13 14 87 19 21 22 t? 00
J4 4 ? $ 10 to 12 11 13 14 14 17 . !? 14 1. I* 13
11 4 3 3 to to 12 !! t'2 14 16 17 !? 14 17 13 10-

22 s ? 9 to 10 12 11 10 to 15 17 !? ti !? 13 13
| 31 4 3 1 10 to 12 11 13 14 15 17 t? 15 17 13 10
j 30 4 7 7 3 3 to 3 to 11 12 13 14 11 11 13 13

29 4 7 7 1 _3 10 3 to 11 12 13 14 11 11 80 12
23 5 4 4 4 4 ? 4 4 7 9 ? 10 5 4 4 7
27 4 4 5 44 7 4 4 7 ? ? 10 5 4 4 7
24 4 4 5 4 4 7 4 6 7 3 ? 10 5 , s ?,

! 25 3 5 5 4 ? e i 7 1 ? to 4 4 7*-

24 2 4 5 , . 7 4 4 7 3 9 to 5 i 4 7,

23 1 2 4 5 6 7 6 0 7 0 ? 11 0 s 0 0.

.

J
'
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In this table, the chance of alert is 100 percent when tha.
siren level is much higher than the background noise could ever
be at the listener. When the siren level is 74 dB, for example,
the . siren 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 ic
4

low, say 20 dB or less, no matter hcw long the siren sounds. Tha
background noise is always suf ficient to mask (acoustically cover

'
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-

i shown. These intermediate details follow from the. fluctuations -

| of the background noise, from minute to minute.

!

For these intermediate siren levels, the chance of alert
'

|- increases with siren duration as indicated in the table. For a
,

j 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 01
,

! percent. '

!

How can this increase with duration be understood mathemat! -
cally? If such understanding results in a particular mathemati-

cal pattern, then this pattern can be used to convert four-minu t e
I results to results for other siren durations. The search for
|

| this mathematical pattern is the subject of the next section,
l'

; E.2 Development of the Mathematics
|

The search for 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
j with this mathemat.cs as guidance. Cnce a preliminary pattern is
t

:

E-3'

.

|

|| _ _. _. _ _ _
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discovered, it must be si=plified to be of use, and then must be
generalized for other similar tables. Ideally, the pattern will

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

.

.

The ateps 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 ',.

t _' over a one-minute period. The fluctuations are generally large,
as shown here. In this background no'ise, a' listener will be

cierted by a siren whenever it is 9 decibels or more above the
background :.oise level. * The figure shows a siren that produces

I a steady 49 dB at the listener. A dashed line 9 dB below the1

| siren level denotes the alerting threshold. During the shaded

! time intervals below this threshold, the siren will alert the
i
6 listener.
, .

I
!

:
.

| *Throughout this appendix , background noise includes the noise in
a 1/3-octave frequency band centered at 630 Hz, a typical sireni

{ operating frequency. Dictated by the physiology of the ear,
only this 1/3-octave band is available to mask, or cover up, the;

1
j pure-tone signal of typical sirens. Siren levels are usually

measured as overall sound levels, though the same values would;

be measured using only a 1/3-octave frequency band filter.'

.

_ - - - .- _. _ -,
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lThis siren level has succeeded in alerting the listene- I
i

during its one-minute duration. However, a siren level some 7

decibels lower would not alert becau'se the background noise would
always be above .its lowered threshold line of 33 dB.

,

-
!

|

This figure suggests another way to phrase the alerting,,

question. Instead of asking if the siren is loud enough to cause
alert, one could ask: For a given siren level, is the background
noise ever low enough 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 question is: Yes, alert will occur
'

i .,during this one-minute period if.,

Ib Ibackground minimum I bsiren - 9dB --

otherwise, tke siren will fail to alert the listener. The only,

statistic of interest, therefore, is the minimum background noise
|

level during this one-minute period. *

Figure E-2 shows a series of one-minute minima for forty
successive one-minute time periods. Every' minute 's minimum is

i 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, 35

l,

*our analysis for this st.dy actually utilized the 90-percentile~

background noise level, rather than the minimum level. The 90-
percentile noise level is the level exceeded 90 percent of the

{ time; the remaining 10 percent of the noise falls below this
level. Use of the 90-percentile noire level adds a measure of -

! conserva tism to the results, since it requires slightly higher
| siren levels before alert is predicted.
1
- - - - - --
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percent of the minima (14 out of 40) fall belcw the threshold

line. Therefore, 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 background-noise minima are one-minute minima. Stated,

j another way, when a siren is sounded for one minute, it has an
! equal chance of encountering any of these forty one-minute time

pariods, which represent all one-minute periods. During 35
-

parcent 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
I

minima, 60 percent (6 out of 10) fall below the. threshold line.t

.

Therefore, this siren level in this background noise has a 60
parcent chance of alert when sounded for a duration cf four

minutes. Note that the chance of alert has increased with the,

1
siren duration.

i

| Needed is mathematics that relates the one-minute chance of
1 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 0.35. Moreover, this
L mathematics is based upon the probability of f ailure to alert,
l, rather than success in alerting.

il s|

E-8
I
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| Chance of Probability l
success of Success | of Failure I

100% l.0 0,
,

'
80% 0.8 0.2
60% 0.6 0.4

>

; 40% 0.4 0.6 g
i 20% 0.2 0.8 |'

0% 0 1.0 !
'

i i

Note that
.

.

E ailure " l ~ #f success
'

.

i
: and tha t failure occurs when minima points are above the

threshold line. - --
i

!
I

j E.2.2 Underlying Mathematics and its Simplification
.

} Figure E-2 above contains one-minute minima for a total time
pariod 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
sporser for higher and lower levels. This is a probability

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

For any one-minute period, the probability cf failure is
proportional to the " cloud" area above the threshold line. This

,

; upper are'a, divided by the otal cloud area, is the probability
I that the background noise w111 exceed the threshold level
j throughout any one-minute period -- that is, the probability that

.

:

.)
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. _ , ~ . . . . . . . . . - . - . - . - - - c



_ _ _

. .

, . . .
,

|
1

!

.

60
; , , , ,

! .

i

~

$-
.

'; g 50. -' , *.

-- SIREN, ' ,t , ,.j
.

/ ^

k b j/g I) '/ l
a
*g y 9dB

4

,,

z **
- ...

[ 40
***** '

( -- \ i| -- .- - ,|
,. ._------ ; - - - - --- THREmi- ----,

y . .L [f \/ \t y1

l / }
;,

1 :1 \
, -

! * : -

i m
I 2 .
-

I
o .

30

! 4 V w' W i
'

.

, . .

.

|
! 20 ' ' ' '
j 1 2 3 4
1

; TIME (minutes)

I

i
!

.

; FIG. E-4. PROBABILIT.' " CLOUDS * POR ONE-MINUTE BACKGROUND NOISE
IN SUCCESSIVE MINUTES, ASSUMING EACH MINUTE IS,

f STATISTICALLY INDEPENDENT OP ALL OTHER. MINUTES.
!
:

E-ll

1
- - 7=- ,. _ ;,

_
_ , = - _ - - . - - -

,



_.. _ _ _ __ _ . - _ - _ - _ _ _ _ _ _ - - - _ _ _ _ - _

-
. .

\

\

the siren will fail to alert the listener. This one-minute

probability of failure is (1-0.35) = 0.65 for the example shown.

To the right in the figure, this cloud is duplicated at each
I of "four successive minutes. If we assume these four minutes to

ba independent of one another, this probability cloud would apply
I oqually to all of them, as shown. Let us assume this to be the
ecsa for a moment. Then, for the siren to f ail af ter four

minutes, it must fail for each of the one-minute periods.
j,

The re f o r,,e , the probability of failure after four minutes is1

P(4) (P1)(P2)(P3)IP4) I
=

(P1)4=

,

In this equation, P(4) means the probability of failure
af tor a total of four minutes have gone by, while P4 means the

'

probability of failure during the fourth minute only. *
{

~

)

This equation, however, is valid only if the one-minute,

| pariods 'are independent of one another. A glance at Figure E-2

above indicates that they are not independent. For example, for,

i a one-minute period with a very low minimum, the following minute
j probably also has a low minimum. There is a regularity in the

| cuccessive minima; they are not independent. For this reason,

the cloud picture must be modified to that of Figure E-5.
.

In Figure E-5, the first minute's cloud is unchanged from
that of Figure E-4. However, the second minute's cloud repre-
conts the conditional probability of: " failure during minute

*If we had worked with probabilities of success, combining four
minutes into one equation would be f ar more complicated. Thatic why we choose to work with failure instead. As the very last
stop, we shall convert from failure back to success. '

.
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two, given that failure occurred during minute one." In other

words, the cloud at minu te two represents the probability that
! the second minute's minimum will be above tne threshold, given
'

that the first minute's was also above the threshold.
| Mathematically, we write P:21 for this conditional probability.
t Then

P(4) (P )(P :3 1 2)(P :4 1,2,3)=,

1

conditional probabilities

Note tha t P :21 is greater than the independent P.2

P2:1 ) P1,.

This increase is due to the regularity between successive minutes
-- technically to the correlation between the successive m~inute's

'

minima. The higher the correlation between successive minima,
j the more this probability cloud will condense above the threshold

line. The rema~ining clouds condense even more above the line,
since they are failure probabilities, given that several failures
have preceded. _

.

A short numerical example will be useful here. For no
correlation, we have

I

i

P(4) = (0.65)(0.65)(0.65)(0.65) |
P(4) = (0.65)4 = 0.18

and therefore the probability of success is 0.82. For some
correlation, we have.

:

P(4) (0.65)(0.8)(0.85)(0.9)=

P(4) = 0.40
.

4

i
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, . - ,

. for a probability of success of 0.60. And for full correlation
s

we have
,

P(4) = ( 0. 6 5 ) ( 1. 0 ) ( 1. 0 ) ( 1. 0 )
P(4) = 0.65

-
.

for a probability of success of 0.35.

In general,,

I
I
|

P(n) = (P1)(P2 1)(P :3 1,2)...(P :n 1,2,3,...,n-1)
. !
t:

!j (P )n for no correlation= y
I

(E-1)

1 for full correlation.P=

i ~

The upper half of Figure E-6 illustrates graphically how the
-

f

) probability of failure thus decreases 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 i

a general result. )
.

* Note for large correlation cetween successive minima, there- ;

, 1 is not as much benefit in sounding the siren longer. If the.
siren fails to alert during the first minute, it will most likely
f ail to alert thereafter, because the first minute is nearly
identical to all subsequent minutes.

r

This underlying mathematics resides in Eq. E-1 above. In
Eq. E-1, the notation P :n 1,2,3, . . . ,n-1 reminds us that P is a

L} -

conditional probability, which assumes the siren failed during
n

_

I
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all previous minutes. We next simplify, so that this P assu=rn
f ailure only during the immediately preceding minute. Ma th ema t. :-
cally,

2:n 1,2,3,...,n-1 * E :n-1n,

.

' Let

E :n-1 = CP1! n3

|
'

where C contains all the conditional aspects of the probability
The term Pi is the unconditional probability for the first

I minute. Then
f

P(n) = (P li (CP1)(CP1) ...(CP1)
'

| P(n) = P " C"~1
.

1 ( E- 2~)

.. s

Note tha t for no correlation,,

C=1 (E-3)

j and therefore
l

P(n) =P"1

as before. For full correlation,
1C=
# (E-4)

1
*

m

to make

P(n) = P"1 ( )"~
|j = P.
} .

A
] r-17
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as before.

Eq. E-2 is the desired simplification. In the following

| section, we graph measured background data, to explore the nature

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

!
l E.2.3 . Exploratory Graphs, Guided by the Mathematics .

.; To explore for C graphically, we first take the logarithm of
i

Eq. E-2.'

:

P(n) = P n Cn-1i
.

log P(n) nlogP + (n-1) log C=
3
. - -,

| log P(n) = -logC + n log CP1_ (E-5).

, _

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 . Af ter some curve-smoothing on linear paper, ont

Fig. E-7 we logarithmically plot part of the data in Table E.1

above. Each line is for a different representative siren level,

labelled ([) through ([) .4

Of course, the linear curve-smoothing nelped line up the |
points shown here. Even so, the regression fit to straight lines

for each siren level is very good. Note however, tha t the

I vertical intercepts and the slopes vary from curve to curve. I

!
; Therefore, C must vary with siren level. )

}

We then set each intercept equal to -logC and each slope
'equal to logCP1, and solve for C and P1 -- separately for each

straight line.
.

4

1
.

i

t
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Line
Number C P

i

h 1.073 0.925
! h 1.426 0.678,

h 1.816 0.520

[ @ 3.062 0.293
'

@ 4.064 0.199

From Eq. E-4 above, we suspect that C may be a power func-
tion of P1, and so we plot logC against logP1 in Figure E-8. On

this plot, the straight-line fit is also very good. It yields:
_

;

C= (P1)-0.87
.

i

{ It seems to make sense, based upon this limited analysis, to
'

generalize to
-

W
'

s
~#C= (Py) ' ' .'

.

where o (rho) denote,s a correlation coefficient. Zero

correlation would then make l' ,' '

1)OC = (P 1= '

_ |and full correlation would make '

: .

,l, 1
,

C= (Py) p=

1
l

Thase agree with Eqs. E-3 and E-4 above. |-

s . l

. , ,

' 'N s

'x i. - T1
.

_

j
,
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In summary then, the time-pattern within Table 'E.1 can be
written as

(p1)0.87 + 0.13n (E-6)P(n) = (Py)n-0.87(n-1) ,

The two constants in the exponent sum to 1.00, and depend

upon correlation within the background noise, from minute to

minute. Moreover, Eq. 'E-6 depends upon the siren level through
P1, which varies with siren level.

Next, we simplify Eq. E-6 so it may be generalized to a wide

variety of noise-level tables, -not just Table E.1 above.

Eq. E-6 is valid for all siren levels, in the presence'of
~

the particular, background noise used to develop Table E.1. Its

general' form is

y)" C"~(PP(n) =
_

.

co(n-1)y)n (Py)(P- =

gp )o + n (1 - o) gg 7),

In logarithmic form,

I .

o + n(1-o) log Plog P( n ) = y|

I

; =o log Py+n (1-o) log P (E-8)y

With logP(n) plotted afainst n, this is the equation of a straight

line with vertical intercep; a log P and slope (1-o) log Py y.;

!

}
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A normal regression fit would solve for the two variables o

and P1, separately for each of the siren levels (as shown in
Figure E-7, for instance) . However, there is a relation hip

above that implies o to be a constant, independent of the siren

level. Therefore, we wish to collapse all curves, for all siren.

levels, to a single curve. For this purpose, we manipulate Eq.

! E-8 as follows:

t -

= o + n(1-o) log Plog P(n)

' log P(n)
= o + n(1-o)

-.

19# 1 + (n-1)(1-o) (E-9)1 =
,

Hence, plotting (logP(n)/logPy) against (n-1) yields a
,

i
~

straight line of intercept 1 and slope (1-o), independent of

fi
~

siren level. In other words, each curve in Figure E-7 has been

f normalized to its value of P and all curves have been cel-1,
p.

lapsed into one. .

We will have need below for a similar equation,' but norma-
lized to the probability at four minutes, rather than at one

minute. We develop this next.

ij In the graphs above, letter n was interpreted as progressing

li in one-minute steps (n=1,2,3 equals t=1,2,3) . However, nothing

in the mathematics requires this interpretation. Any time inter-

val could be taken as the basic interval n above. In particular,

the basic time interval could be taken as four minutes. Then

L four-minute minima (n=1) would combine into eight-minute minima

(n=2), and so forth. The result would be Eq. E-9 above, but with

j n = 4t (in minutes) .

""d #1 = P(n=1) (t = 4 minutes)
*

e
:\
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Figure E-9 schematically compares these one-minute and four- ,

minute normali=ations.* For the one-minute normalization on

top: n=t, and therefore n-1 = t-1, as shown on the first hori-

ontal axis. Plotted horizontally is the range

0 i t.- 1 1 3,,

.

1<t< 4
1

:

The small plotted points represent the tabulated values for these

four minutes, collapsed into one line by the P1 normalization.
The line is fit by linear regression and has slope (1-o).

; .

This upper portion of Figure E-9 is for rotating sirens. As

explained in the main text, rotating sirens are less effective in-

l 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-noise statistics. In the figure, the third

f horizontal scale shows the corresponding siren durations for

rotating sirens. The normalization is therefore to a four-minute

ciren duration, and the graph extends up to a maximum of 16

minutes.

*

..

:i
!

,i
j * 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

,;. cetual logarithms on the vertical axis are ntgative, since the
P(n)'s are less than unity. The re fo re , this vertical axis actu-"

elly decreases, from zero at the top to minus-two at the bottom.
For increasing n, then, the curves take on increasingly large

i negative values .(for example: -1, -1.5, -2). Figure E-9 is
however, which is also negative, and whichnormalized by logP1,

turns the se increasingly negative values into increasingly posi-
'

tive values. The re fo re , the lines rise in Figure E-9.
.-

E-24
,

|i
- - . - - - ._ _ . _ _ _ _ _

_ ,



. _ . . . . . . ~ . . . . . . . . -- . . . ....--.........~....a-..- =- - - -w

. .

. . .

. log P(n)/ log P,
~

h
ONE MINUTE

NORMAllZATION
?. n=t

: J.4
: ..

h b,
J %.-

.-:
*

:- * .
'

;f !
1

0 | | > n - 1 (= t -1)'

0 1 2 3
| | | | 5t
1 2 3 4
| | | ROTATING SIREN'

4 8 12 16 DURATION (min)

.

log P(nl/ log P,f

'\ d i. ,

t e, i FOUR MINUTE |a

.
, ,. 5 NORMALIZATION3-

s . ..
. : n = t/4- a

** J . .%
$E. *

:,e*

; e'.4 ; I'
-

Lib k' k i 3 1
L r I :

* *

:- .,' e 1 : :
*

.

| * ,

.

i., . ,1 1
- -

,
:. .

*
i

-
.
.

1 .:
.

:
'

1 O
| r n - 1 (= t/4-1)'

- . . . . . . . .

0 1 2 3
*

. . . : . . : . : : : : : . rt
1 2 3 4 5 6 7 8 910111213141516

y STATIONARY SIREN. . . . . . . . ,,,,,,
,

1 2 3 4 5 6 7 8 910111213141516 DURATION (min)

.
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For the four-minute normali:ation at the bottom of tha
1, as shown. Plotted.f ig ure : n = t/4, and therefore n-1 = t/4 -

horizontally is the range

-fif-133
'

I 1 t
-

T ii <4

1<t< 16

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 min 6te's.

Using these equations and normali:stions , the curve-fitting

procedure was applied to six background-noise tables -- tables .

t

similar to Table E.1 above -- developed from data measured at 74 ,
_

i dif'ferent indoor and outdoor locations. In this curve-fitting, no

; lin'dar smoothing 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 o, assuming that they equal
:

j (1-o), as labelled in the table. The resulting twelve values of

a were plotted against the corresponding values R of the autoxx
correlation function, to obtain

,

'

R = -0.034 + 1.051ox
' s p

i This regression equation has a correlation coefficient (be tween
!

values of o and exx) of 0.85, which is satisf actorily high.

I
~

t

N

I h
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In the next section, we collect these results into a fo rm o f

use to the reader.

E.3 Summary of Results

Figure E-10 contains the 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
i

Ra i.e 3 this value to the exponent determined from Figure- E-. .

| 10, for the particular siren duration of interest.

(P -min)Exp etP= 4 (E-10)
.

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

- " chance of alert":
I

j Chance c'f alert 100 (1-P)=

i -
.

i
'

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

_ _ _ . . _ _ . . . .

Listener Subclass Resulting Slopes (1-o)
Location Stationary Rota ting

Sirens Sirens,

__ . . . .. .

Indoors Scenario 1 0.217 0.142

Scenario 3 0.274 0.254;
;

4

1. _ _ . . _ . . _ - . ._ _ _ --

I
,

Outdoors Rural, day 0.164 0.177
'

.

Urban, day 0.065 0.103
! -

Rural, eve / night ; 0.150 0.075'
.

j Urban, eve /nigh t 0.046 0.039 !
i . _ _a,

I E-27
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2 -
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-
-"

@ RURAL, EVE / NIGHT-

@ URBAN, DAY~
.

~

@ URBAN, EVE / NIGHT ;-

j ' ' ' ' ' '
' ' ' ' ' ' '

! O
'

' O 2 4 6 8 10 12 14 16

DURATION OF STATIONARY SIREN. d (min)|

,

f

i FIGo E-10. GRAPH OF EXPONENT FOR USE IN EQ. E-10.
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/ APPENDIX F. RANDCM SELECTION OF POPULATION-WEIGHTED LISTENING
~

POINTS AT THE THREE MILE ISLAND SITE

The objective of the listener-site-selection process was t t-

- identify 50 randomly selected residential locations within the

10- mile EPZ surrounding the TMI Nuclear Plant. No arbitrary

decision was made as to how many of the points would lie in urban

or rural areas or within certain distances of the plant.
.

The various steps used in the site selection procedure are

described below:.

!

1. A population-distribution map (see Fig. F-1), con-

sisting of a 10-mile-radius circle divided into

|- annular sectors defined by interior circles and
! radii, was superimposed on the U.S.G.S. maps.

Population distribution information consisted of,

the number of people within each annular sector.

; These data were used in order to population-weight
t. the random selection process described below.
1
4

1 2. Each annular sector was first assigned a designa-
1 -

t tor, such as a letter. A range of numbers was then
I

*

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
assigned numbers 1 through 19. Sector B (moving

clockwise) has a population of 55 and was assigned
i numbers frcm 20 to 74. Sector C has a population

of 42 and was assigned numbers 75 through 116.'

i This process was continued until each number'

1

j between 1 and 166,295 (the total estimated popula-

| tion) was assigned to a particular sector. A ran--

.

i
l
i

-

1

I' y_1

,

i '

i
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l
'

dom number generator ( vailable on a Texas Instru-
I

ments Model TI-59 hand calculator, for example) was |

then used to select 50 numbers at randem between 1 f

and 166,295. Each number selected represented one

site (to be chosen later) within the sector con- |

taining that number. Thus, sectors with larger

populations had a greater possibility of including
chosen listener sites.

3. 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- .

1

plished by first overlaying a rectangular coordi- |

nate grid on each sector of interest en the topo-
graphic map. The grid was composed of boxes with

,-

f
dimensions of approximately 1000 feet square, and |

! each box was assigned an X and a Y coordina'te )|
according 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 orient.ed*

1 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 random num-

ber generator was then used to select random pairs
of numbers within the X and Y ranges covering thei

.-

sector of interest. Each X,Y pair was used to lo-

cate a particular 1000 feet squa're box on the map.
If there were no residences inside the square or if
the square fell outside of the sector of interest,

!
that coordinate pair was disregarded and another
pair was chosen ; t random. This process was con-

tinued until a square area including one or more
|
.I residential structures was found in the sector of
i 1

1.

9
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interest. The listener site was then chosen to be
.

any residence within the random 1y selected square
_

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
i

.
the center of the pink area in the 1000 feet square

i
j box.

The above procedure resulted .in a random sample of 50

listener locations, distributed throughout the EPZ as shown
.

| roughly on Fig. F-1.

f
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- APPENDIX G: TEST CASES (SAMPLE SCENARIOS) FOR THE

THREE MILE ISLAND SITE

1. Warm Su=mer Weekday Afternoon: Weather clear to partly cl.oudy.
i

People: 30% indoors, at work'

40% indoors, at home

; 20% outdoors
: 6% in motor vehicles (windows open)j 4% asleep

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

Wind: (100 ft) 5 mph from Eastq
t

Temperature Cradient: -1.0 F/100 f t. ,

Pasquill stability Class A

Relative Humidiev: 65% -

.

2. Summer Weekday Night: Weather clear to partly cloudy.
y .

- 5 Pecole: 95% indoors, sleeping
.

43 indoors, at work d

1% in motor vehicles (windows closed)
,

*
i

Buildings: Windows open (homes) i

Windows closed (workplace),

Wind (100 ft ): Northwest, 5 mph

Temperature Gradient: +0.5 F/100 ft.
Stability Class E

Relative ilumidity: 80%

s

3. Winter Weekday During Evening Community Hours: Cold, overcast

People: 70% indoors
25% in motor vehicles (windows closed)
5% outdoors

Building s: Windows closed, storm windows closed

.

I -

] G-1

i
4

A

.!
- --- - ---_. ,-
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|

3. Continued
.

Wind (100 ft): Southeast at 3 mph
,

Temocrature Cradient: -0.5 F/100 ft.
. ' ' Stability Class D

Relative ilumidiev: 70%

; 4 Winter Night During Snowfall.

f Peoole: 95% indcors, sleeping
| 5% indoors, at work

| Building: Windows closed, storm windows closed
4

Wind (100 ft.): West at 15 mph

Temeerature Cradient: -0.5 F/100 f t
Stability Class D

j Relative Humidity: 90%
' ~

|.1

|]

i

!

'

l .

,.

* *

]
..;
|: 1
:.1

i

,.

|?
*

i

i

6

h

6

)
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i
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APPENDIX H: SIREN LOCATICNS FOR NE 'IMI EPZ

This appendix provides siren informarion for the.TMI EPZ.

Siren locations are indicated on Fig. H-1 (see fcidou t) . Table

H.1 provides information on the type and rating for each siren.

TABLE H.1. TMI SIREN INFORMATION.

Rated SPL
County / Siren Designation Type * (dB 6 100 ft),

i Cumberland Cl R 124

! Cumberland C2 S 122
' Cumberland C3 S 122

, ,

Dauphin D1 S 122!

'| Dauphin D2 S 122

Dauphin D3 R 124*

,

Dauphin D4 S 122:

l ,

Dauphin DS S 122:

Dauphin D6 S 122'

Dauphin D7 S 122

Dauphin D8 R
'

124

o S 122- Dauphin D9
,

Dauphin D10 iS 122

Dauphin D11 S 122
~

Dauphin D12 S 122

| Dauphin D13 S 122

Dauphin D14 S 122

| Dauphin D15 S 122

L Dauphin D16 R 124

U Dauphin D17 R 124

j Dauphin D18 5 122
.i
|| Dauphin D19 S 122
e
i Dauphin D20 S 122
1

l' * Rotating (R) or Stationary (S)

N
:

~

H-1
.

t

*
- . . - - - ._. . .

. . - _ - .- _ _ . . - - - . - -
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;

.

TABLE H.l. 'IMI SIREN INFORMATION (Cont.)

Rated SPL
County / Siren Designation Type * (dB e 100 ft),

i

Dauphin D22 E 124

Dauphin D23 S 122
.

'd- Dauphin D24 R 124

Dauphin D25 R 124
*

Dauphin D26 R 124

Dauphin D27 R 124,

~

Cnuphin D28 S 122
' Dauphin D29 R 124

Dauphin D30 S 122

Lancaster LAl R 124

Lancaster LA2 R 124* -

Lancaster LA3 R 124_'

j Lancaster LA4 R 124

Lancaster LA5 R 124 j_.

Lancaster LA6 R 124
a

Lancaster LA7 S 122
l Lancaster LA8 S 122
i

j Lancaster LA9 R 124-

j Lancaster LA10 S 122

l Lancaster LAll R 124

i Lancaster LA12 S 122

f Lancaster LA13 R 124

Lancaster LA14 5 122

Lebanon LE1 S 122

Lebanon LE2 S 122

York Y1 - S 122

] York Y2 ' R 124

i
i
1

.J
'

j * Rotating (R) or Stationary (S)

. . .
,

e

i
.. - m ..__, _ _. . __
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TABLE H.1. TMI SIREN INFORF.ATION (Cont.)

Rated SPL
County / Siren Designation Type * (dB 8 100 ft)

York Y3 S 122
*

York Y4 S 122
'

York Y5 S 122
York Y6 R 124

| York Y7 S 122

f York Y8 R 124

| York Y9 S 122
: York Y10 S 122

York Yll R 124

{ York Y12 R 124

York Y13 S 122,

York Y14 S 122

f York Y15 a 124

!( York Y16 S 122

York Y17 S 122
York Yl8 S 122

York Y19 S 122
York Y20 S 122
York Y21 R 124j,

( York Y22 S 122
f

! York Y23 S 122
York Y24 R 124

_ York Y25 S 122
L York Y26 S 122
..

[- York Y27 R 124
.

York Y28 S 122
;! York Y29 S 122
la

|| York Y30 R 124
|I

,| * Rotating ( R) or Stationary (S)

|li\.i

'' H-3

i
'
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' TABLE H.1. TMI SIREN INFORI4ATION (Cont.)

Rated SPL,

County / Siren Designation Type * (dB e 100 ft)
',

; York Y31 R 124
;

". York Y32 S 122
1

Tork Y33 S 122
.

E

I

.,

I
'!

l

.

.

.
-

-

.

.
.~

.

< t.

.k
1

-

41

! :
i i
!1
;. .

4' * Rotating (R) or Stationary IS)
,,

. .

o

, H-4
r2 ~ .,

-- - -
- . - , - - -:-.__.
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FIG. E-1. TMI SIREN LOCATION MAP. See foldout.
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/~ APPENDIX I: ANAL' ISIS INPUT / OUTPUT CATA FOR 'IEREE MILE ISLAND

This appendix provides listings of computer file input and
output data for the TMI analysis. Explanation of the terminolcgy

used for each listing is provided below.

,

TABLE I.1. 'IMI-SIRENS
,

j This file contains input data for each of the TMI sirens as
t
'

follows:,

;

! Siren No. number assigned to each siren for use by-

6

i computer program
i

! Siren Name. .first letter indicates whether the siren is=

I'

rotating or stationary type (R or S); the

remainder consists of the actual TMI siren;

designation, beginning with coun'ty letter

abbreviation and ending with a number.,

( x, y, : these are the physical coordinates for the-

siren location; the x-axis is oriented east-

1
_ . west, the y-axis is oriented north-south, and,

i the z-axis is oriented vertically. The x and
'I

3 y coordinates are in units of km, referenced

f to the grid shown on the Feb. 1981 NRC Eme r-
!

j gency Planning Map for TMI (the plant center

is located approximately at x = 353, y =

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

SPL6100FT these numbers indicate the rated sound pres-*

sure level for each siren at a distance of 100,

1
*

ft, in dB.

|
.i.;
i

1
-

4

'

I-l

.

-

i

_ _ _ _ _ _ . _ _ . . _ - - _ __ _. --. -

z
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TABLE I.2. TMI-LISTENERS .

This file contains input data for each of the randomly
I- selected listener locations as follows:

1

-Site No, number assigned to each site for use by.

computer program

Site Name designator for listener site; the first letter..

; indicates whether site is urban or rural (U or
! R).

x, y, z these are the physical coordinates for the.,

! siren location; the x-axis is oriented east-
I

west, the y-axis is oriented north-south, and
.

I the z-axis is oriented vertically. The x and,

i -

y coordinates are in units of km, referenced
1
'

to the grid shown on the Feb. 19 81 NRC Cme r .

gency Planning Map for TMI (the plant cen te r s

is located approximately at x = 353, y = '-

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

ODLR the outdoor 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.

OVCR the outdoor 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.

OVLS the outdoor median alerting level for a 4-min.- -
'

t

! stationary siren (see Table 3. 4 and Fig. 3-3 )e
i of tex . An entry is given for each of the

i four scenarios.
l

|i )i. -

t I-2
1

I.
___ , _ - , , - , , . . _ _ _ . . _ _ . , _ . _ _ _ _ - _ _ _ _ _ . . - - _ _ _ . - _ _ _ -. ~ . . . . .
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OVCS The outdoor alert. distribution for a 4-min..

stationary s_iren (see Table 3.4 and Fig. 3-3

of tex:). An entry is given for each of :ne

four scenarios.

TABLE I.3. TMI-SCENARIO

This file contains input.for each of the four sample
'

scenarios as follows:
a

f Scenario No. number assigned to each scenario (see App. G.).

AMCL molecular absorption, in dB/1000 ft.
,

l
'i WIND wind direction in degrees (0* = wind from.

i

! north, etc.)
!

NRES residential building outdoor-to-indoor noise ~.

reduction, in dB
,

NCRM commercial building outdoor-to-indoor noise.

j reduction, in dB

I
F1 - F10 activity fractions-

-
.

.
F1 fraction of people outdoors

1

I| F2 fraction of people indoors, at home, listening
' to radio or TV-

F3 fraction of people indoors, at home, sleepinn

F4 fraction of people indoors, at home, neither
1

sleeping nor listening to radio or TV

FS fraction of people indoors, at work, in com-

mercial establishments.

F6 fraction of people indoors, at work, in

j industrial locations
;

i

,\ -

; I-3

i
.-. - . _.~~~.~w__ _ _ (____
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F7 fractica of people in vehicles in rural areas

at 55 mph

FB fraction of people in vehicles in rural areas

at 30 mph

F9 fraction of people in vehicles in urban areas

at 55 mph,

F10 fraction of people in vehicles in urban areas

j at 30 mph

! INP indoor alert probability curve (see Figs. 3 .4.

i

! and 3-5 of text)
;

.' PUS 5 probability of alert for motorists in urban .
-

areas at 55 mph

PU30 probability of alert for motorists in urban-

~

areas at 30 mph-

e PR55 probability of alert for motorists in rural
4 areas at 55 mph '

!
PR30 probability of alert for motorists in ruralt -

areas at 30 mph ~|
i

MUL victical profile of wind speed, sz, in I' -

ft/sec/in ft.

ADD vertical profile of air temperature, a, in-

*F/in ft.

TABLE I.4. LISTZNEROUTPUT

This listing provides the number, name, and outdoor sound

i pressure level (LOUT, in dB) for the " dominant" siren at each
I sample listener location, for each of the four samplei

j scenarios. The results are listed in numerical order for

scenarios one through four for each listener site.

.)
I-4

..
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TABLE I.S. PROBS

This listing provides the final results for the analysis.
Information is listed in numerical order for scenarios one
through four for each listener site. This information consists

of alert probabilities P1 through P10 corresponding to activity
f ractions F1 through F10, 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.

.

4

|

l

.

I-5
i

;
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TABLE I.l. %

TMI-S1 PENS
SIREN = SIREN NAME X Y 'Z SPL9100 FT1 R C1 341.650 4454.200 360.000 1242 S C2 % 338.950 4455.600 450.000 1223 S C3 340.550 4452.950 450.000 1224 S D1 353.200 4446.600 350.000 1225 S D2 355.950 4450.150 590.000 1226 R D3 360.300 4451.300 510.000 1247 S D4 363.300 4453.250 520.000 1228 S D5 352.500 4450.500 370.000 1229 S D6 354.000 4454.250 470.000 12210 S D7 358.700 4454.400 640.000 12211 R D8 362.550 4457.700 480.000 12412 S D9 351.000 4451.650 390.000 12213 S D10 347.700 4452.250 360.000 12214 S D11' 346.150 4452.900 390.000 12215 S D12 344.200 4455.550 550.000 12216 S D13 342.750 4456.200 430.000 12217' S D14 344.150 4457.000 425.000 12218 S D15 342.400 4459.300 600.000 12219 R D16 344.750 4460.050 550.000 12420 R D17 346.900 4460.550 540.000 12421 S D18 346.600 4458.150 470.000 122 )'22 S D19 346.100 4455.450 570.000 122 .

-23 S D20 350.100 4454.300 490.000 12224 R D22 352.350 4456.650 350.000 12425 S D23 354.600 4458.350 450.000 122 126 R D24 351.150 4461.300 530.000 #
n 12427 R D25 354.900 4461.000 510.000 12428 R D26 357.700 4464.650 450.000 12429 S D27 360.100 4461.100 430.000 12230 S D28 358.750 4459.600 450.000 12231 R D29 358.600 4457.250 750.000 12432 S D30 ' 349.200 4458.450 530.000 12233 R LA1 355.500 4443.950 570.000 12434 R LA2 358.650 4446.000 570.000 12435 R LA3 362.300 4446.950 590.000. 12436 R LA4 363.650 4449.250 490.000 12437 R LA5 367.550 4450.750 530.000 12438 R LA6 360.000 4441.800 510.000 12439 S LA7 362.700 4444.350 460.000 12240 3 LA8 364.300 4445.650 530.000 12241 R LA9 367.400 4446.000 590.000 12442 S LA10 357.900 4439.050 350.000 12243 R LAll 361.10' 4438.000 450.000 12444 S LAla 365.25'. 4441.150 450.000 122

'

45 R LA13 369.400 4442.850 450.000 12446 O LA14 365.700 4437.200 450.000 12247 S LE1 366.700 4455.100 560.000 122
s

48 S LE2 363.150 4462.050 500.000 122 '

,).

49 S Y1 22 4434.150 730.000 122W $[ f 362.250 -

50 R Y2 .: 358.800 4434.550 370.000 124
._ __ -_ -
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f'~ . TABLE I.1. (Cont.)
'

..
;

I
l

1

51 3 Y3 355.900 4410.100 550.000 122
'

52 S Y4 * 352.050 4430.100 470.000 12253 S Y5 348.100 4430.250 530.000 12254 R Y6 346.000 4429.600 490.000 12455 3 Y7 355.800 4436.250 520.000 12256 R Y8 354.950 4433.000 690.000 12457 S Y9 352.450 4431.250 460.000 12258 S Y10 350.150 4431.850 490.000 12259 R Y11 346.000 4434.300 530.000 12460 R Y12 341.950 4433.050 670.000 12461 S Y13 337.850 4434.700 570.000 12262 S Y14 341.850 4436.700 600.000 12263 R Y15 345.600 4439.200 630.000 12464 S Y16 349.450 4435,500 390.000 12265 0 Y17 3.49.750 4438.600 470.000 122 -

66 3 Y18 353.450 4440.700 510.000 12267 3 Y19 352.800 4437.100 500.000 12268 5 Y20 353.100 4434.400 530.000 12269 R Y21 355.350 4439.500 330.000 124
'

i 70 5 Y22 351.300 4442.250 520.000 12271 5 Y23 347.750 4443.500 670.000 12272 R Y24 349.900 4447.200 490.000 12473 S Y25 347.000 4449.350 770.000 12274 S Y26 344.600 4445.850 510.000 12275 R Y27 344.100 4451.150 370.010 12476 3 Y28 342.000 4450.350 920.000 122
; 77 S Y29' 338.750 4451.950 570.000 122! 78 R Y30 340.100 4447.000 620.000 124| 79 R Y31 338,650 4444.750 540.000 12480 S Y32 339.500 4439.550 675.000 12281 3 Y33 342.050 4442.700 530.000 122.. . . .. . . ._. ... . ..

L

f

G

h
a

i
=.

'
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TABLE I. 2.

.

1 - L I S U '# P. w $

I t' d aLTL nAnu A 1 X uubM ueCa uuch UVLs
1 R 1 3 5 1 .7 141 94*J.44e 4v3.2d3 31.0 c.2 td.2 4.0

b l. 2 t.C 55.0 42
s1.0 c.2 :2.0 4.9
31.0 c.2 50.0 4.8

2 0 2 Jo2.od1 4434.7d2 JJs.204 54.0 3. d 32.0 3.2
1J.0 'J.2 13.0 4.9

49 0 4.2 (o.0 3.8
4J.9 3.2 43.0 2.2

J u J J3J.0d? 4 4 D al . 4 3 ' J13.2J' 50.P 5.0 ao.2 4.8
42.0 J.0 41.0 2.8
wo.0 s.R 47.9 3.8
12.0 J.C gf.? 2.8

4 .u9 33J.23* 143J.3D? j l s . d +J 3 4. il 5.0 4d.0 4.8,

42.0 J.2 41.d 2.8
50.0 s.2 97.3 3.3
42.0 J.2 41.0 2.8

's-

3 0o J J.*J4 457J.7e2 ass.dde 5 0. d 5.2 4d.2 4.8 ,/
~ 1. 2 4.852.0 J. 4

4d.0 4.2 47.0 3.9
", *2 0 3.c 41.0 29

.o uo J o J .1.1C 14a 2. la.? JoD.220 oJ.0 a.C c1.0 4.8
o3.3 a.C cl.9 4.8
o3.d o.0 01.9 48-

64 0 c.2 cl.B 4.8

'l u 7 Jos.oin 44s1.2s9 J00.2?J 54.J 3.8 32.9 3.8
4J.e 3.0 43.8 2.8
49.0 4.0 48.9 3.8

i

MJ.0 J.9 4J.9 2.8

o W n J15.730 4 4b l . 7'* 0 425.udd oJ.0 0.0 cl.9 4.8
bJ.2 6.2 01.0 4.8
oJ.0 o.3 c1.9 4.8 -

os.d 6.d ol.d 4.8

Joe.[JR 4449.70P 525.220 b l. d 4. 2 50.0 4.89 H y

al.0 e.2 29.9 4.8
51.0 6.2 58.9 4.8
51.R c.0 5d.9 4.0

12 R 12 Joo.JJO 41,7.100 Jos. 0 0'J 31 0 6.0 0.0 4.8
31.0 0.0 20.9 4.8

31. J o.0 59.3 4.8
51 0 e.2 38.8 4.8

I-8
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TABLE I.2. (Cont.),-

11 a 11 457.73.* 4442.5JC Je5.290 3v.0 5.2 3d.0 3.
Jy.J 5.3 3d.8 3.
Je.2 5.2 35.'3 3.
s7.2 :.6 ~40.0 J.<

12 R 12 333.o3J 4441.d30 Jat.udJ 31 0 c.0 .50.0 4.

51 2 t.2 52.2 1.
s1.3 c.0 :2.0 4.

; 51.0 6.9 53.0 1.

13 a 13 ~Jww.o$e 4442.Je2 4'do. e t 2 Jv. c 5.2 3d.2 J.
,
i J5.0 3.3 Jo.0 3.

|
3o.2 '5. 0 J5.8 3.
47 0 6.c 46.3 1.

,

14 x 19 JJJ.sJe 51s1.Jc0 J c0. C 3'* - so.a o.2 s1.t 4..

i so.J e.2 54.9 4.

1 .

i 50 0 ' c.t 54.9 ,;
30.0 c.8 34.0 4..

-

is .P. 13 Js2.lso 4 4o J . 0.u $G3.JJa 49.a 5.3 3o.9 3.,

( 49 0 5.2 33.9 3..

Jo.C s.2 Js.f 3.!
4 7. 'J 3.c 40.3 3.1

lo H lo Js2.d.le 54sv.73> 4os.d22 SY.d 5.9 3u.0 3.,

av.3 s.9 Jo.9 J.10
3 Jo.3 5.2 35.9 M .1

47 3 5.8 40.2 3.1

17 H 17 J3J.04.1 14oJ.lJJ 12s.200 Jy.D 3.9 Jd.2 'j . i
3v.3 5.0 Ja.9 3.1

'l 36.d b.0 35.9 .i.I
| 47.0 3.9 de.9 1..

lo o lo Jss.150 44od.420 440.223 5 4. *e 5.c 4a.9 c ol
*20 3.f 41.9 3.1
9e.9 4 2. 47.9 3.1
54.9 J .' t 41.6 e .1

Lv U 19 3o4.JSu 4444.730 4ub.00u 53.3 5.9 4d.9 4.I
42.9 , 3. d 41.s ' l'.
id.C. ' 4. 9 47.3 3.1
42.9 3.6 41.0 2.!

20 x 29 Joe.40 4444.vec %94.222 . 39.2 5.1 Jd.9 3.'
*

Jv.3 3.9 Jd.c J .1
s ?o.a 5.0; 3t.9 3.s

47.'d 5.9 40.8 3.i .

..

2-1
i
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TABLE I.2. (Cont.) '
-

f1 e 41 Jud.Ind 14Ja.402 4,0.EsJ s1.0 c.3 sd.D 4.2)- 51.0 c.2 53.0 4.3,

s1.0 e.2 bd.0 4.0
31 0 c.e td.e 4.0

94 x JJ. J s 7. o s e? 44JJ.400 J53.923 J9.3 5.2 3d.0 J.9
J9 3 b.2 3d.9 3.8
Jo.0 5.2 35.0 3.W
$7.0 s.C 5o.0 J.9.

3J P Ja Js 4. '?si 4 4 J 7. e s .' 4od.edJ 31. .! e.0 bJ.H 4.9
31 4 c.0 t d . nl 4.8
31..I o.3 t il . P 1.6
51.J e.D 34.W 4.9

js u 4* as4 140 44Js.o19 419 222 S J. J t. 2 4a.9 4.s
12.0 J.2 41.C 4.3
48.3 '4 . 3 47.9 J.8
12.3 J.9 41.2 29

13 d 23 J34 433 14JJ.Jsi 103.C2J s1.3 c.? s0.f 1.9
51.0 c.0 30.0 4.3
31. J c.W 52.W 4.d
31. J 4.2 Od.e 4.W -

,

,0 N 20 J73.J Jt 41J J .11 8 3 o d. 2 Jil bl.J 0.E DW.P 4.3
bl.d o. t/.W 4.s
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31.0 6.9 bJ.e 4.3

k7 e 47 414.d40 44J4.c40 Jed.ide 31. d c.t $9.9 4.d
31.0 c.e s0.0 4.3
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31 0 08 kJ.8 4.8

)s ** Jo J s 1. J .10 51J/.sJ3 J J.7 . t J ? 1o.J c.C 41.2 1.0
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4d.J e.2 47.2 4.8
4d.3 c.e 47.9 4.8

h a 47 J45.1Je 44J5.J27 675 234 39.a 5.2 38.8 3.8 -

3v.9 5.9 3d.9 3.9
30.d 5.2 33.9 3.8,

$7.6 3.3 40.0 4.3

19 R 3h 343.1s3 44J .sst 170.294 49.d 5.3 38.9 30
_ 39.8 5.9 36.3 3.9-

J0.0 3.9 Js.3 J.8
47.8 5.8 46.8 3.8 ,
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.
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1 *
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g o. J 4.d 47.9 3.2;
42.9 3.8 11.3 2.d
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4
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+2.0 J.C 11.8 J.i04 u 42 J4J.JJJ ssis.es* so0.0eJ bd.d s.9 4a.9 4.9
92.0 J.2 41.0 2.8 l
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31.2 02 59.8 - 48
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P1 p2 93 94 PS po p7 po 99 p17 pt'

listener 1
1.300 1.000 3 . s a .1 0.v21 J.J o 1.J02 1.022 1.J2d 1.000 1.232 2. d e.1 =1.J00 1.da] J.olo 0.v57 J.57 4 ;.JP2 1.2d2 1.02P 1.300 1.J00 2.6221
1 000 1. JJ 9 A . J s 1 .' . J 7 2 J . 4 0 s 1.dP2 1 222 1.0f2 1.222 1 222 2.652.
1.J23 1.000 0.asu 0.ons 3.J 7,1 00 0 1 2 2 J 1. J 2 2 1.200 1.092 0. a s i'-
listener 2

| 1 890 1.JsJ 0.941 1.Je9 1.e00 1.Jd3 1 000 1.80d 1.20a 1 223 2.vv7?
1.asd 1.343 0.9a1 1.J00 1.J2t 1.002 1 22d 1.JEd 1.2P6 1.000 2.9:4t
1.000 1. Doe 0.d13 1.J00 1.30d 1.Ja2 1.220 1.02J 1.J00 1.000 1.3E20! 1 300 1.00.i U.olv 1.J03 1.J3e 1.JP2 1.2e2 1.Jg4 1. des 1 200 2.d27*

i listener J
' 1.000 1.03J ?.7ao 1.JDJ 1.202 1,JCC 1.d?J 1.afd 1.000 1.20e 0.vos-
i 1.000 1 . 0 0 4 i.4. c o d 1. ' J 1 1.JPJ 1.032 1.Je? 1.3CJ 1.J04 1.000 0.de!j 1.dWJ 1.J9e J.olo 3.d74 1.J2E 1. d 0 2 1 222 1.422 1.000 1 292 e.9,4:
; 1 . 0 0 0 1 . 0 0 .1 J.7,0 1.JCJ 1.1Ce 1.032 1.JCJ 1.GPJ 1.23J 1.J30 0.703

listener 4
'I 1.00d 1.JHJ J.oJ2 J. son J.o?3 1.0PC 1.dda 1.0dJ 1.00i1 1 200 0 9fJC1 9Ba 1.JJJ J.co2 1 30J 1. .i t -4 1.JJ2 1 222 1.022 1.J0J 1.382 0.dsvg

1.00J 1.0H0 ?.s73 7. 7 31 1. J 9 / 1.J02 1.290 1.000 1.003 1.202 C.deJ/,

; 1.039 1.3.14 0. 7 '2 d.9so 1.J00 1.UU't 1 223 1.J2d 1.dpJ 1.d3J 2.71o1
1 listener s

1.00D 1.di'J J.o/2 e. r o d J .o 7 s 1. J a C 1. 2 2 0 1. 0 2 0 1.330 1.200 c.vsi>1.00J 1.U.fs J. ego 1./03 1.492 1.06C 1.002 1.020 1.20J 1.dJJ 2.d34a.

1 000 1.90 5 a.5ei .t. o 2 s d.v7s 1. J a t 1 222 1.022 1. dad 1.202 2.7te?|' 1.d00 1. u d i .001 .: . , in 1.30J 1.J30 1. 'J 2 0 1.d22 1.223 1.2R3 0.oe:1
j listener o
i 1.Jee 1.das .i.o"s d.ve2 .!.s3J 1. dad 1.Je2 1.32J 1.d83 1.e26 ?.def31.009 1. J i .i J.7<o J. s' o 3.971 1.JJ2 1. tid 1.320 1.~203 1.000 2.7134v

'

1.800 1.sSH '.s73 a.7v5 1.:r d 1. J.12 1.J23 1.JC2 1.200 1.J00 2.8a54
1.dWW 1. ;i> 0 i'.bo7 d.v27 1.3104 1. d n e 1. s e d 1. J 0 0 1.dB0 1 399 J.5ab>

-"

listener 7
1.000 1.o6:3 J.ogo 3.,oj a.ose 1.JJ2 1.000 1.922 1.000'1.20e C.d>7e
1 W20 1.JJJ .1 . 7 e o 1. .? J J 1.300 1.J3t 1.J20 1.022 1.003 1.ede 0.77341 06J 1.Jd: L ,* 2 d.47e J.dai 1.JJ2 1. der 1.J22 1.230 1 222 2.7tc7
1.JRU 1.00a d.swa .I.,44 1.002 1.3J0 1.202 1.J20 1.000 1.02J 2.012-.; listener a
s . d e l 1. 2 o 4 i.*va .i. col d.30J 1.dae 1 040 1.ded 1.099 1.Jd2 2.ovei
1.9W9 1. J ef 4 d.e41 J. so l J.oC4 1.JWE 1.222 1.420 1.300 1 002 0.o47t.
1.000 1.09J J.sv4 J. cad 1.0f0 1.40f 1.220 1.J23 1.200 1.000 0.9Pb

a 1.300 1.Jdd J.419 it.706 d.742 1. DOC 1 022 1.0C0 1.02J 1.W9J B.437S
listener v.

. . , 1.900 1.J02 0.721 1.J03 0.syv 1.J32 1.000 1.0C0 1.000 1.222 0.9ea?
1.dOJ 1.JHJ d . d 7 .1 1.303 1.JCJ 1.00e 1.000 1.200 1.000 1.W00 9 87c1,,

'

1.edo 1. dad .1. o ; 4 J.14o 1.Jt2 1.JJE 1 222 1.J22 1.293 1 282 2 914f
1.900 1.d0J 9.74o 1.JPJ 1.JcJ 1.299 1.220 1.723 1.999 1.39J B,7sel

listener 10

1.WWW 1.dOJ J.odo 4.v75 a.do3 1. Jet 1 2ed 1.4f2 1.299 1 392 e.94ev1.999 1.000 0.437 a.d7d J.a,o 1.00e 1 000 1.002 1.20s 1.093 2.433:
1.000 1.Jdd o.nas J.ogo 1.ded 1.00f 1.329 1.999 1.209 1.099 8.914C

\ . 1 900 1.a0J J.247 2.5s1 0.2a3 1 904 1 22e 1.Jee 1.298 1 292 0 2343
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1.000 1.dOJ V.722 i.y?7 1.003 1.Je? 1.d0d 1.c20 1.000 1.000 E.9471 .

1.udJ 1. J l J l.4Jy 4.7VJ 3.o41 1.ddi 1 222 1.JE2 1.200 1.202 2.4397
11atener is

1 000 1.60J J.523 5.321 a.ase 1.J0? I'.J20 1.022 1.220 1.030 0.d221
1 00d 1. .u a J.o72 1.voa J.941 1. 0 3 2 1 2 2 2 1. 'J 2 a 1. 0 0 0 1 222 2.occ1 s

1.0W0 1.ull a.J24 li. 3 2 s 1. ora 1.73J 1.C0J 1.J20 1.00J 1.20J 2.c441 )
1.J0J 1.4JJ J.444 d.o13 J.744 1.J"2 1.200 ,

114tener lo ' 1.Jf? 1.200 1.300 d.4c7o
4

1 800 1.414 a.evs 2.s56 d.74: 1.3d2 1 222 1.Js2 1.400 1.222 2.9c7k
1.000 1.ddJ 0.osJ o.v77 J.ood 1.JJO 1.'000 1.020 1.ced 1.JdJ J.os72
1.000 1. e .10 J.5J7 .'. coy 1.?>d 1.Ja2 1.ce? 1.047 1.d00 1.d00 2.82o1
1 00J 1. d 0 4 .t. J a .t J.o3d 3.oad 1.322 1 022 1.d22 1.200 1.J22 2.34o7

11aten= c 17
"1.00J 1.?UJ .t.71o .i03 J.yy7 1.JJ2 1.2C0 1.320 1.J00 1.9h0 0.9ao2

*

1.dde 1.J00 J.oya 3.y33 J. 714 1.000 1.dCJ 1.042 1.2EJ 1 28J 0.ot4e
1.000 1.J10 9 5,7 L.14s 1.J?g 1.Jd2 1 000 1.00? 1.0f0 1 300 0.d:la
1.00J 1.JaJ d.2e1 ...soJ J.4b4 1.d42 1.222 1.J2J 1.JCJ 1.000 E.2949

11stenar le
1 00J 1. J .t e ~t. 5 9 J 1.ded 1.Jik 1.JJi 1 222 1.J-22 1.999 1.292 f.9922
1.000 1. odd 3.ozo 1.J00 1.J0J 1.33 1.220 1.J20 1.000 1.000 9.dage
1.000 1.003 H.oJ2 3.701 1.aec 1.003 1.002 1.000 1.290 1.WJ0 9.d325
1 3WJ 1.dJd .l. c o 7 137d 1.J22 1.000 1 228 1.0t2 1.229 1 299 0.0437

listener ly -

1.ded 1.00J o. col 1.970 3.dJ1 1.032 1.2C2 1.020 1.29J 1.000 9.9429
1.W90 1.000 f.o2e 1.J03 1.324 1.000 1 900 1.000 1.200 1 22d 2.d3ey
1.dvd 1.000 J.ssd a. sis 3.s o l 1.3A2 1.J2J 1.3C0 1.000 1 093 0.74d1
1.dW9 1. d e1 J J.o72 0 97v 1. 60 0 1.J32 1.22C 1.J20 1.000 1.999 0.eben
listener 24

1.W92 1. 0 t e J. 477 3.dto J.dE2 1.3di 1 222 1.320 1.099 1 220 2.7224
1.399 1.090 0.sto 0.co2 J.30J 1.J00 1.32J 1.JEJ 1.200 1.280 0.5299
1.999 1.000 0.195 a.Ueo 4.000 1.09e.1.200 1.099 1.999 1.aee 9.4ae3 -

,

1.ded 1.000 J. 27 9 9 34o 3.022 1.902 1 222 1.0f9 1.ffs 1 809 9.274e
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' TABLE I.5. (Cont.)
e

11atcher 41
1.000 1. J d J - d . 71o 1.JJJ 1.024 1.dd2 1.220 1.J2d 1.020 1.0?J 2.voce
1.D00 1.Ja? J.719 1.J00 1.JV? 1.J32 1 292 1.029 1. 0 2 0 1. d d e 2. 7 4 2 7
1.Jdd 1. J't d 1.004 0.1JY 1.02J 1.JP2 1.220 1.423 1.220 1 202 0.vce;
1.ded 1.du? 4.s21 J.vdJ 1.024 1.002 1.22J 1.J2J 1.20d 1.JJJ 2.545

11stener 22
!

1.deu 1.000 J.171 4.4dd 0.022 1.JJ2 1.22C 1.322 1.220 1.037 3.oaje
1.000 1.030 1. 43 5. J. d 2 9 J.dC2 1.d02 1.2f2 1.J00 1.2PJ 1.000 2.4524j

! 1. Jeu 1.Jud .21o J . .f d 3 1.JJa 1.002 1.st3 1.0eJ 1.Jed 1 22e e.94ee
! 1.JWJ 1.CaJ J.349 1 222 2.0d? 1.JJ2 1 222 1.029 1.090 1.220 2.0:ce
| Listener 44

1.JWu 1.090 1.o29 i.vos '.os7 1 322 1 2JO 1. dud 1.0t0 1 000 2.dvev'

1.d00 1. 011 I.794 1 3t 3 1.Jf2 1.Jdt 1 222 1.422 1.2r3 1.002 2.dfic
1.000 1. J o 1 ?.4o, ,1. sol J.142 1.022 1.222 1.df2 1.000 1.3J2 0.7ct>

1.030 1. 19 ) .e.o23 J.wol 1.4?d 1.012 1 200 1.J2s 1. dad 1.Ju0 0.os23
Listaner 29 -

1.000 1.JJG e. sos c.32d 4.300 1.ce2 1.202 1.J20 1.J00 1.00J 0.7as*
1.000 1.0po .l. 7a 2 1.JP0 1. 19 2 1.J00 1.0f0 1.3e0 1.000 1.aad d.74s4
1 000 1.Jod /.331 t. Jo7 d.94o 1.d92 1 222 1.J20 1.220 1 200 2.oE12
1.00J 1.JJo a.sss 't.312 1.020 1.J0P 1.00J 1.Jcd 1.900 1.002 2.s7Ce,

i listenor 43 .

I 1.400 i. JJ i J.sle J. ss 9 y.sev 1. .M 2 1 20 1.Jdd 1.J00 1.adV P.deJe
1.d00 1. et e .I.?ve 1. ' C 0 1.192 1. 3 A 2 1 2r2 1.022 1.22d 1.200 2.erde
1 000 1.u?> .s,s ' /,3 1. J r / 1. 'J c .1. d ? J 1.J22 1.J0J 1.J?0 J.ds4c'

.

1 000 1.m's a.7Cl 8.vas $ . . M .' i.J2/ 1.Je2 1.Jed 1 200 1.JuJ v.sc32
listener le
1.JCJ 1.J01 2.oJI J.ssv 1.744 1.402 1.22/ 1.022 1.220 1.J02 2.91oa

- 1.300 1.Ji> 7.749 1.10 J 1.J74 1.JJ.2 1.200 1.32J 1. C'J d 1.304 0.7424
1 000 1. Ju J ?.se* J.sel J.142 1.4d2 1 2E2 1 022 1.200 1 2dC 2.7c59
1.000 1.Jc0 J.saa a.,14 1.J'J 1.J20 1.020 l''.223 1.000 1.00C C.sss7

listener 27 .'
1.00J i. JJu J.7e j 1. add 1.Jcu 1.JOC 1 200 l'.42J 1.000 1.vuJ J.9313

.{ 1.dee 1.eJJ J.ov7 4.931 A.94e 1.0a2 1 222 1.022 1.220 1 292 e.7112; 1.000 1.di'J J.old i.1oJ 1.J23 1.032 1.200 1.020 1.JG0 1.302 0.9427
1.JWO 1.40J J . s '7 .' .17 4 J.vv2 1.dJ2 1 0e9 1.dte 1.0C0 1 480 9.5313
listener Jo
1.000 1.Jo s 0.7ao 1. 10 0 L.Jfd 1.000 1.290 1.200 1.300 1.dCd 9.veso
1.000 1.adJ d. sos J.sto J.02J 1.022 1.CPa 1.0e0 1.900 1.dus 2.5571
1.dOW 1. ,f" 4 Lt. io o M.777 1.3fg 1.002 i.222 1 022 1.200 1 299 0. a 7 5.s
1.080 1.JHJ J.JJ7 0. o,1 J. ls i 1.062 1.2c8 1.Jcd 1.020 1.00C B.Jaa?

listener 21
1.d00 1. dad J.7Jo 1 42J 1.J04 1.and 1. Jew 1.020 1.W00 1.d00 3 9ew4
1.990 1.d33 d.4os t.d45 4.422 1.09e 1 2d9 1.420 1.990 1 20d 0.9o47
1.9f9 1. 0/ d J. sol 1.dsd 1.0ed 1. a ;12 1.dfW 1.Jf0 1.000 1.300 B.892e
1.000 1.doJ J.213 J.s19 d . i.4 2 0 1.dHW 1.akd 1.J0J 1.990 1.d83 9 212o

listener .a
1.303 1.000 d.72a .J03 1.000 1.J20 1.000 1.?fa 1.008 1.090 0.vc3C
1.999 1.dn.' O.523 s79 0.4J4 1.JJe 1.270 1.020 1.009 1.000 9.53s2
1 99W 1.ded d.b3v .* 77 0 1. wet 1.dd2 1 229 1.029 1.dG8 1.E99 8.u?]]
1.300 1.000 0.1s7 0.49s 0.000 1.000 1.900 1.029 1.900 1.J96 9.le7s

.
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TABLE I.5. (Cont.) '-

Listener J1
1.d2d 1.due J.3ov 4.721 9.J3J 1.232 1 22J 1.J22 1.020 1 20V 2.oodo
1. dad 1.2d3 J.noo 0.oe7 4.022 1.dai 1 222 1.df2 1.290 1 022 2.scii
1.J00 1. 24 t: J.clJ .! . ? s d J.J2e 1.JJC 1.0?J 1.J24 1.d20 1.320 2.4cd1
1 000 1. W' A J.22J A. ,s o 4.J24 1.402 1 242 1.000 1.000 1 22e O'.222d
listener JJ
1.00J 1.c?? 7.oaa J.vod 3.9sa 1.0J2 1.022 1.dCJ 1.200 1.233 2.9741
1 920 1.JJJ ' ovJ ..vo1 J.934 1.JJi 1.29-J 1.J02 1.d00 1.000 C.7C4e'

.

1. rd e 1.alf 0 3d2 J.,44 1.794 1.Ja2 1 242 1 029 1.ded 1 400 2.oce$
1.J00 1.<0J J.1Jz a.34o 0. J 'N 1. J 3 J 1. 2 2 2 1. 0 2 2 1. 'e f 0 1.J32 0.1Js4

itstaaer JJ
1.JdJ 1. ott i .t. d d s . 7 /1 A. .t ? .' 1. tt u 2 1 242 1.J3J 1.J00 1 49J J.731t'

1.avo 1.J.te 1.750 1.!ta 1.42< 1. 402 1.tge 1.Jf2 1.2eA 1 33C C.7ssi
1.000 1.W'? 2.51J J.,J4 J.71J 1.J22 1.90J 1.3F? 1.320 1.W3J 0.oCC4
1.JJO 1.cJ' ,.sco J.720 1.JcJ 1.J02 1. dst 1.J23 1.d?V 1.J'Jo J.sc7s

115tener J4

1.J00 1. De J.,21 a./o3 a.dce 1.202 1.222 1.0cd 1.022 1.00d 0.70Js
1.dwJ 1.0u' J.711 1.Je.l 1.uae 1.dJJ 1.ded 1.aed 1.000 1.d20'P.72se
1.Jdd 1. J :l > J. lo 7 J.119 d.J0e 1.ddd 1.tk2 1.3tf 1.dfa 1.W42 2.stee
1. d 0 s 1. c d * :. sis 3.197 . r? 2 1..k82 1.022 1.JfJ 1.0CJ 1.JJo c.Savi*

11atener ss
J. cod 1. s 14 8 4em 4 20! J.J02 1.4Je 1.i'2 1.dt2 1.220 1 29e 2.seSec -

1.09u 1 . 06'? c . s a l * . s v 2 J.;1J 1.Jac *.d2J 1.Jc0 1.300 l'.JJJ 0.544a
d.vv2 1. J * .' *.%7 '. %4 1. o .? * 1.JJ2 1.J44 1. i' d J 1.204 1.JJJ e.4o49 )

,

1.-JbJ 1 421 '. 4 s v ?.379 d.dze 1.e e 1 222 1.922 1.Ef2 1.22d 2. 2 9 'J 7 -

11aceaur so t

1.Jee 1. J .' * .*' . o l s . v o 3 J. d e l 1. J 3 ? 1. J 2 0 1.320 1.JJ2 1.230 0.9dte
1. Jew 1.r a t.oJ7 1 3dJ i.Jee 1.Jde 1. Jeu 1.9dd 1.222 1 202 9.5353 '

1 09u 1.c.'10 U.,74
'

c.ss2 0.711 1.232 1 420 1.JC3 1.JPG 1 00. 0.7432
1.Juo 1.e33 1.coJ t.voJ 1.02e 1.JJd 1. e ,' 2 1.027 1.JP0 1.000 d.ov77

11stener J7
1.dWJ 1.64J 1.cJJ 1. 149 1.004 1.dJ2 1 222 1.002 1.220 1 299 G.9533
1. 3 0 *J .00J P.o/a 1.J/J 1.J74 1.003 1.JJJ 1.023 1.00J 1.200 2.8e14

*

1.J00 1. a.' o J . o fs 7.vnd 1.444 1.dag 1 220 1.32e 1.000 1.ade e.v71t
1.J0J 1.dua J.74J 1 322 1.d22 1.002 1 222 1.JEJ 1.20d 1.dG2 0.74c7

114twaar Jo
1.900 1.cdo '.ovo ' 7 9, 4.995 1.02f 1.22d 1.323 1.3CJ 1.09P 9.9c6b.

1 0 w e 1. J.N 3.os2 1.J34 1.JJe 1.400 1.J2W 1. P ' 2 1.d22 1 092 2.dsyJd

1 00d 1.JJJ J.374 c.oJJ 1.JJO 1.J?J 1.000 1.J20 1.099 1.226 2.vCIC
1.ddu 1.J08 J.7?1 A.sv7 1.JCJ 1.032.1.02P 1.323 1.JCG 1.29d 2.7135

11stener Jv
1.WWW 1 013 61.737 1 423 1.Jtd 1. J u d 1 222 1.Jff 1.W29 1.392 f.9923
1.300 1.000 :i.731 3.vo1 J.vs a 1.Jat 1.J00 1.3s2 1.099 1.003 9.7143
1.aev 1.900 a.nos 1.a47 1.Jed 1. Joe 1.ge9 1.Jed 1.999 1.900 9.9142
1 990 1.20o a.seo 3.o74 2.v9J 1.JJ2 1.ft2 1.0E2 1.929 1 292 2.3J39

11a ceste r 10
1.300 1.Je) J.vid 1. 10) 1.I:d 1.JJ2 1.022 1.023 1.999 1.000 0.99c4
1.WWd 1.ddd J.vil 1.duW 1.ddd 1.JJO 1.dg9 1.da2 1.909 1 232 2 9154
1.Wed 1.303 4.7a7 1.J00 1.d99 1.393 1.239 1.929 1.J99 1 893 1.32f2
1.399 1. 39 4 3.o74 a.vd4 1.aff 1.202 1.322 1.929 1.999 1.999 9.besa /

_
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TABLE I.5.-(Cont.)
/ 11stener ,1

1. d u a 1. e d 1. 7 a 7 1.e03 1.J22 1.2d2 1 222 1.922 1.220 1.202 e.9e95- 1.200 1. des ?. coo 1.30J 1.Jf2 1.000 1.2J2 1.000 1.202 1.JPe 0.acd>1.000 1. d .! J ?.oo4 .f. s5 2 1.32d 1.JAJ 1.eea 1.Jec 1. epa 1.e22 c.973;.

1.ddJ 1.4aJ d.741 1.JeJ 1.J2J 1.de2 1 222 1.J22 1.200 1 222 2.7b4k11 a t o n e r 14

1.dO3 1.Ud d 3.ov, J.sv4 J.v41 1.Je2 1.J?O 1.022 1.000 1.30J 6.9sae
1 30J 1.J'I J.osi 1. i d 1 1.JJa 1.Jd2 1 22d 1.042 1.0Cd 1.gG2 0.e:c7
1. d.J O 1.JJJ 1 477 .I.o14 4.v o 1.012 1.202 1.322 1.000 1.200 0.7aac

'

1.dOJ 1.oi'J 0.7c1 a. sol 1.J20 1.J.'2 1.002 1.000 1.200 1. eda 3.7133,

115tenac ,a
'

1.J00 1.91 1. d 4 s 1. J d 'J 1.J24 1.412 1.22e 1.d22 1.220 1 222 2.99241.J0c ..Jo; ''.o', ' . '; J 1.422 1'.3J0 1.J2J l'.JR; 1.000 1.20J 0.d142. .

: 1.000 1.ais J.olo i. s,7 1.4>d 1.JJe 1.ee? 1.J''d 1.20d 1.2Ja 3.9721J
', leddJ 1.dJJ 1.oJ1 1. s c o 1. 12 4 1.Je2 1 22d 1. .' f 2 1.00d 1.222 c.6 bee'

Ala C dll4 C it

1.00J 1.43/ J.ceo 1.12 J 1. Jct 1.Jd2 1.202 1.J22 1.000 1.d00 c.yvj2
1.ade 1. ia a $.oo, '.v77 1.dso 1. e ? c 1. J e e 1. J 2 4 1.Wed 1 222 2.e7ec,

'

1 00u 1.JJ? 1.o73 1. 5,a 1. J e 2 1.u0e 1.C2d 1.220 1.0C2 1.20e 0.scet
u 1.ded 1.J94 J.wao ) . 'l e v 0. ole 1.JJ: 1.22a 1.d2J 1.000 1.d00 c.437c:i listaner ,s

14 su 1.caa t.77J 1. .' 0 ) 1.dJJ 1.J0i 1 022 1.JeC 1.220-1 222 2.99f9
.

'
1.J00 1.J?' :..sau 1.JJi 1.30) 1.J?J 1.000 1.020 1.22J 1.400 0.eSil
1.3CJ 1.Jac 3 . o '. i '. col 1. J .' 1 1. J .J O 1.24J 1.Jd2 1.e00 1.000 2.921c1 000 1. J ' t J d. coo 3. s7 o 1. ,s t 4 l'. d e r 1.d20 1.d22 1.200 1.det 9.oc41

114 Le le r to

1.J3? 1.400 0. la s 1 404 1.JJe 1.4J2 1.dd2 1.ded 1.623 1.e20 0.9av41.Ada 1. e t > .t. 7 ,1 1. led 1.Jc4 1.ed? 1 222 1.d20 1.J9d 1.402 0.7s27'
1.J00 1.J?; s.3/1 '.as4 a. w i s 1. J.12 1.dCJ 1.400 1.000 1.04J 0.7 slo1.3JJ 1. J" J '.33, 1.117 1. h' J 1. J d '> 1.dCJ 1.020 1.e00 1.de2 0.57o3i listener 57

1 1.000 1. eda 1.7aj 1. !O J 1.iiOJ 1.JJC 1.J2W 1.022 1.000 1.200 c.wcSJ
1.00J 1.e9 J.o22 ' vol J.olo 1.Je? 1.JPC 1.J22 1.dHO 1.d00 6.bl9a.

! 1.J0d 1. d.' d 1. sos a 173 1.dii 1.002 1 42d 1.022 1.223 1.d22 8.b744'
1.30J 1.e?J J.,os J.JJs J.dvo 1.002 1.240 1.J2d 1.000 1.202 U.4ces

itstener so -

1.Jud 1. i' a j d.e27 1. J c ) 1.JJJ 1. a :12 1.dec 1.00s 1.000 1. WOO 0 9431,

j 1.ded 1. d 14 1. coo J.97d J oca 1.ude 1.22i 1.Jkr 1.200 1.2Cd J.07c4'

i 1.000 1. U? J f . o'/ 5 f.s44 1.J2J 1.J02 1.200 1.J22 1.000 1.002 d.9eco: 1.dBJ 1.0*J 0.4J1 4.7o2 J.7sd 1.JAd 1 000 1.JJP 1.000 1.dd2 9.4327
{ listener *v
i 1.00d 1.b?a 0.7ao 1.JC1 1.J2J 1.2J2 1.000 1.020 1.000 1.003 6.yvls
I

1.000 1.000 J.737 1.000 1.dCJ 1.392 1. 3 f J 1. 0 0 0 1. 0 0 0 1. 0 0 0 2.ne711.Jdd 1.0da d.oJ5 J. des 1.422 1.JJW 1 222 1.0E0 1.220 1 292 9 9350i

1.000 1.00; i.ogs 1.1o4 1.J30 1.J02 1.cea 1.022 1.200 1.39a 2.o,70i
listener 304

! 1.ded 1.UdD J.77J 1.JP3 1.ded 1.dd2 1 000 1.d2W 1.200 1 292 2 95e9i

!1 1.30u 1. d t a 1.737 1.JeJ 1.022 1.J0d 1 2d2 1.Jeg 1.ses 1.0C2 0.7094' ', 1.000 1. 3a 0 0. o :' 4 1 473 1.JCr 1.372 1.222 1.JCJ 1.d00 1.893 0.9292
i 1.J00 1.001 a.s7o 1.993 1.ddd 1.J02 1.J'JO 1.J00 1.900 1 00J 0.b9eo,

i

| .
cucal, o ca ,o ,o,ulattuna 7 115722,4os7J

\. ptrur ptura ptait
{ e.o77 ?.vs7 J.ovv:

t 2. obi 8.d20 2.7 Ja
* 4.7o1 a.coe 0.7so
'

3.419 0. co J 2.4o7
2-23
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SUMMARY

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

Collection and application of the necessary data include the selection of
listener sites, the selection of evacuation conditions (sample scenarios)'

including weather, time of day, and peoples' locations and activities,
estimation of background noise levels, definition of siren properties, and
acoustic attenuation through building and vehicle structures. Analyses
include the computation of the sound level from the siren most likely to be
the loudest at each listener site, estimation of alerting probabilities at

i various locations, and the weighted combination of the results into overall
! estimates of alerting effectiveness.

The procedure determined from this study permits the estimation of the
alerting effectiveness of a siren system under defined conditicas in the EPZ's,

; of nuclear power plants. This procedure can be applied to systems of sirens
of a large number (30 or more); it is likely to be unreliable for a singlesiren or single listener.'
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ABSTRACT

NUREG-0654, Revision 1, (Criteria for Preparation and Evaluation of
Radiological Emergency Response Plans and Preparedness in Support of tiuclear
Power Plants), Appendix 3, discusses requirements of the licensees to
implement a prompt notification system within the 10-mile emergency planning
zone (EPZ) surrounding a nuclear facility. St rens are being installed for use
as part of or as the entire notification system by many 11:ensees. This
report describes a procedure for predicting stren system effectiveness under
defined conditions within the EPZ's. The procedure requires a good
topographical map and knowledge of the meteorology, demograpnics, and human
activity patterns within the EPZ. The procedure is intended to be applied to
systems of strens and to obtain average results for a large number (30 or
more)listenerlocations.
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Procedure for Analy:ing the Effectiveness
.

of Siren Systems for Alerting the Public

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 s
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 E=ergency
Planning Zone" (EPZ) having a radius of about 10 miles is

established around each nuclear pcwer reactor. . ithin an EPZW

there must be physical means for alerting and providing prompt
instructions to the.public in the event of a sufficiently severe

.
'

emergency. The rule states:
;

"The design objective shall be to have the

capability to essentially complete the initial

notification of the public within the plume

exposure pathway EPZ within about 15 minutes'."

The alerting systems are under the control of local public
authorities having jurisdiction within the EPZ, and decisions

I regarding their use must be made prcmptly by State and local
! authorities following notification of an emergency by the

licensee.

; NRC and the Federal E=ergency Management Agency ( FEMA) have
! provided a guideline document elaborating upcn the requirements

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

i s
!'''
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Preparatien anf Evaluation of Radiological E=ergency Response,

Plans and Preparedness in Support of NucleIar Pcwer Plants"
(NUREG-0654 and FEMA-RIP-1, dated November 1980) contains an

" Appendix 3" that attempts to clarify the public alerting
requirements. On the basis of Appendix 3, sc=e licensees have

'
installed networks of " air-raid" (i.e., Civil Defense) sirens

! within the EP 's for which they are responsible. The licensees
: have then provided local authorities with sc=e means for remotely
| controlling these sirens so that they can be operated when

necessary. The people within such EP 's are to be kept informed,

of the fact that if they hear the sirens, they are i= mediately to,

; turn on a radio and listen to the Emergency 3rcadcast' Service

(ESS) for information on the nature of the emergency, and on
| protective actions to be. taken.
<

t 1.2 NRC and FEMA Fesponsibilities ['
4 ,2

| The NRC and FEMA are charged in various ways with
,

| determining each licensee's compliance with the emergency
j planning rule. This includes, of course, assessing the
i effectiveness of public alerting systems using sirens. To a

considerable extent, such assessments will be based upon " Full-y

Cycle Tests" during emergency response exercises at nuclear power
reactors. Folicwing such exercises, during which the sirens will.

; have actually been operated, the people within each EP: may be-
,i

! polled to learn whether or not they heard 'tte sirens, and if so

j whether they knew what was meant by the sound. Such tests not

'l
, only provide a real-life =easure of alerting-system performance:

| (including the level of pertinent public education), they also
j identify areas where system performance could be improved .
i

Unfortunately, the performance of a network of cutdecr

sirens is strongly dependenc upon a number of uncontr:lled and
|

s
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unpredictable factors, such as the weather, pecples'
activities at the time, whether most people are indoors er out-
doors, background noise levels, etc. Hence, it is not readily
possible to determine the effectiveness of a siren system under

i
all conditions frcm a few full-cycle tests under particular
conditions. A siren system that is quite effective on a warm
summer afternoon might be less effective at 3:00 a.m. on a stormy
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 to full-
cycle test results, when assessing the performance of alerting
systems utiliting sirens. Such a procedure ecOld "model"

alerting-system performance under a variety of conditions that
would not be easy to test (e.g., conditions during a stormy wintert

n,ight) . Perhaps the model could be " calibrated" based upon full-
cycle test results under a known set of conditions, and then used,

to extrapolate to other c,onditions. At the very least, the
: analytical procedure provides insight into the variables that

influence siren'-system performance, and on the effects of these
!

variables. Hence Bolt Beranek and Newman Inc. (BBN), under
subcontract to Battelle Northwest Laboratories, has developed an
analytical procedure for estimating the effectiveness of siren
systems in EP 's around nuclear power plants,

t

1.3 Purpose and Scope
,

The purpose of this report is to describe a precedure for
predicting siren-system effectiveness under defined conditions
within EPC 's around nuclear power plants. The procedure is

described in sufficient detail that the reader can do it himself,
'

provided he has a general technical background and a few t=ols
(

i

3
i

!
i
_ , , _ __ .. . . ~ . . - -- ~ - v ~m '=~~~ ~ ~ ' ~' ~~ ~ ~ ~ " ~ ~ ~ ' ' ~



.. . . - - - '

s t

.

-
.

.

(a gcod topcgraphic =ap, a hand calculat:r) and sc=e kn wledge
of the =eteorology, demographics and human activity patterns

i

within the I?:. He need not be skilled in the fields of
accustics or statistics.i

4

I

The procedure is intended to be applied to arrays (systems)
h of sirens in EP:'s, and to obtain averagu results for a large!

! number (30 or more) listener locations. It is likely to be
{ unreliable for a single siren and/or a single listener.
4

'

Furthermore it assumes background-noise conditions normally
j encountered, on the average, inside and outside residences and,

! commercial locations in the United States.I

i
i
'

l.4 Caveats1

!

:

The procedure described-here must be viewed as highly
, .

preliminary. Its results have never been ecmpared with actual (2 '
; field experience. It is based upon a number of " educated-guess"
t

: assumptions about people's locations and activities at various.

i times of the day. It utilizes many simplifications in estimatingi
; background noise levels. In particular, it is based upon the

fact tha t , in most settled areas of the U.S. , background noise
{ outdoors predominantly results frcm motor vehicle activity.
l Indoors, background noise generally c==es fr m machines,

i
I (typewriters, ventilatien systems,.hcme appliances, radio /TV) andi

; conversation. In remote locations or places with atypical
{ lifestyles, the peccedure will probably be inadequate.
I
1

i Finally, the procedure provides an estimate of the
'

percentage of the populatien that will hear the alerting
sounds. It ignores the question of whether er not those hearing
such sounds will recognize them, will knew the pr=per response to1

take, and will indeed take tha t respense. Except in the case of
,

awakening sleepers, the procedure does not c:nsider the natural i,

.', m
O

w

4

,

_
,__m . . . . . . - - - . ~ = ~ - - '+e ""':**"*"""' '7

_ __ -, n



- . - - .

. .

. .

%

d

tendency of people who hear and recogni:e alerting sounds to warn I

other people who may not have heard them. This " avalanche"
effect would surely increase the effectiveness of public alerting
systems above that estimated frem purely technical
considerations.

1.5 Summary

Section 2 of this report provides an overview of the
analysis peacedure under two subsections: The first covers the
collection and application of the necessary data; and the I?cond
covers the mechanics of analysis. The overview is useful to
those planning to follow the procedure so that they will know how
the various pieces fit toge the r. To other readers who simply
want to find out about the procedure but do not plan to actually

3 : apply it, Secticn 2 can be treated as a detailed summary of the
" procedure.

,

The various discrete tasks of implementing the procedure are
j described in subsequent sections in the same order as in the

overview of Section 2. The input functions include selection of
listener sites (Section 3), selection of evaluation conditions
(called " sample scenarios") in Section 4, estimation of

; background 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
j listener site, estimation of alerting probabilities at various
. locations ( Secticn 9), and the weighted ccmbinatien of the
1

| results into overall estimates of alerting effectiveness in
Secticn 10.

< s

! 5
4,

1

!
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Three Appendices are included : a description."cf the method

used to estimate attenuatien resulting fremhindLandtschehature
gradients, an analysis of siren effectiveness vs. siren sound~

'' *

duration, and a BASIC computer pecgram that= eliminates some of
' the tedium of the computations. '
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2.0 OVERVIEW CF THE ANALYSIS PP.CCEEURE

2.1 General

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

of the procedure involves five steps:

randomly selecting within an EPZ a number of populated-

locations (" listener sites") for which detailed
analysis will be carried out.

defining sets of conditions (" sample scenarios") for-

which the analyses kill be performed. Such conditions

include the weather, the time of day, and peoples'
locations and activities. ( For simplicity, the

scenarios have been predefined, except for the
influence of local weather conditions.)

,

,

estimating background noise levels for each location,-

and for each scenario. (Background noise levels have

been predefined to fit the scenarios, b'ased upon
listener site locations. )

..

determining siren properties.-

estimating the sound attenuating effects of building-

and vehicle structures,
t

!

Each of these five steps supplies data tha t are necessary
i

7
.

i

i
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for the subsequent analysis stage of the precedure.

The analysis part of the precedure is illustrated

schematically in Fig. 2.1, and details are given belcw. It
,

yields the " chance of aler:" for a siren-operating period of 4
minutes. (See Appendix 3 for information en other siren
durations.)

The first analysis step is the computation of the sound-

levels .that would be produced outdcors at each' listener site from
each of. the surrounding sirens under each of the scenarios. The

loudest of these levels (af ter allowance for the difference
i between rotating and stationary sirens) is then used for subsequent

c:mputations. This sound level is compared with outdoor
~

background noise-level distributions to estimate the probability
of alerting people out of doors. The same dominant-siren level

-

{ is reduced by the attenuating effect of building structures, and (] ,
e

j then ecmpared with typical indoor background noise-level
I distributions (or sleep-disturbance criteria) to estimate theI

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

| The probability of alerting people travelling in motor
vehicles is handled scmewhat differently. It is estimated based

j upon average siren levels and average siren spacing, compared to
| the distance travelled by motor vehicles at particular assumed .

I s=eeds. Available data on the sound-attenuating properties of
i

_; vehicle structures, and en in-vehicle background noise levels are
I * hen used to estimate alerting potential.
4

~

The final step in the analysis peccedure is to ce=bine tht!
*

results of the above computations into a " single-number" measure
of alerting pr bability fer each scenario, based upon the

{ presumed activities and indcor/oundece loca:icas of people for
j that scennric.

, i
/

? \
0
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2.2 Input

2.2.1 Selection of Listener Sites

The listener-site selection process is intended to select a
number of locations within the EPZ, for each of which detailed
analyses will subsequently be carried out. The selection procee
is population-weighted: that is, it is biased towards the

selection of sites in more densely populated areas, and will not
,

select sites in unpopulated areas.

The final results of the analysis are obtained' as an average
over all sites, so a large number of sites is desirable.

Normally, 50 are selected, so that any single site has only a
small effect en the final results.

The population-weighted random listener-site selection
process is described in detail in Section 3 below. In general,

'

it utilizes population-distribution data by sector and radius of
the EPZ, such as are called for in Appendix 4 of NUREG-0654. Itf

| requires the use of USGS maps, or equivalent, that show topography
I

| and individual building locations. A randem-nu=her generator,

such as that contained in some pocket calculators, is also
required. The sites, once selected, aie marked en a good-quality
topographic map that also shows all fixed siren locations.

2.2.2 Definition of Sample Scenarios

The effectiveness of an array of sirens is strongly
dependent upon weather conditions, whether people are indoors,
ourdoors, and upon what pecple are doing at the time. In

;

. 9
i

5

!
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selecting sets cf these condi:icns as sample scenaries, cur
objective has been to cover the full range of conditiens that
might exist within an E?: frem these conditions =cs: conducive-

to people hearing the sirens to these conditiens where they are
least likely to hear them. Four scenaries have been defined:
two (prest =ed) extremes and two others in between:

,

:

,

A Warm Sc=mer Weekday Af ternoon-

A Summer Weekday Night-

,
A Winter Weekday During Evening Ccemuting * oursd

A Stormy Winter Night-

These are intended to cover a range of the cr'itical
parameters:

4

'

ceople at work vs. at home CS
-

, -

~:O
{ people indocrs, cutdecrs , er in =cter vehicles-

,

people awake vs. asleep-

1
1 buildine (and motor vehicle) windows open er closed-

1

pecple at home engaged in " quiet" vs. " noisy"-

- activities
!
j varicus meteorclegical conditions characteristic of the-

I site.
i
l

!

| As described in Section 4 below, the user cf thi.
'

precedure need only select the metecrological conditions
i . _

appropriate :cr the site during each of these scenaries. The
t other assumptions regarding the locatiens of people and theiri
'

activities have be'en preselected := simplify the precedure, and
cannot be easily changed. The metecrological conditiens shculd

,

k
B

*

i-*.
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be chosen frem data gathered at the site (suen as frcm an EIR cr

Safety Report for the plant) an3 shculd be appropriate for the
season and time of day specified in the scenario. It is

desirable, if appropriate for the site, to chcose different wind

directions for each of the four scenarios.

2.2.3 Estimation of Background Noise Levels

One's ability to hear a tonal sound, such as a siren sound,
is based upon the extent to which the level of that sound exceeds

the background noise level measured in a relatively narrow
bandwidth centered on the frequency of the tone. For the purpose

of this procedure, we have assumed throughout that 'all sirens
operate at a frequency in the vicinity o,f 630 Hz, and that the
background noise level of interest is that in the 63 0 'Hz one-

third octave band.,

i

Both indoors and outdoors, background noise in our
i

environment is constantly fluctuating in level. If at some,

moment it is too loud for a siren to be heard, a moment later it

may have decreased so that the siren can be heard,. Because we do
not know what the level of the background noise will be at any
particular time sirens are sounded, we must look at probability
distributions of background noise levels, and concentrate on the4

; minima of these distributions. We are not concerned with how
loud the background noise may be, or what its average level is;

j we are only concerned with hew quiet it may get because people
,

will hear the siren sounds "between the cracks" of louder
interferences.

Cutdoor background noise in urban areas and along rural
roadways is caused predcminantly by motor vehicle traffic. It is

% 11

i,

i,

;
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generally insensitive to seasons of the year, but varies markedly
with time of day. Mince traffic variations (i.e., less than a

factor of 2 in traffic volume) have little effect en the minimu=
background noise.;

In rural areas remote from roadways, outdcor background
noise can be seasonal (birds, insects, foliage, etc.) and can;

; vary with the weather (wind, rain, waterficw, surf). Few people

live er work in such " natural" acoustic environments. These
background noise levels are more difficult to estimate, but'

' being icwer in level they are less important than traffic-noise-
deminant environments..

'

Estimated minimum outdoor background noise levels are given
in Section 5. These are based upon noise measurements conducted
by BBN at a number of locations in the United States. The data,

1"j typically consist of statistical su=maries of background noise at sj,
j various types of locations. The summaries provide the L90 (sound
] level exceeded 90% of the time) for 1-minute samples of data in
! the one-third cctave frequency band centered at 630 H:.* Suchi
j data were used to calculate probable ranges of background noise
| levels.
I

i

; Two generali:ed background noise environments, urban and
j rural, have been established so that all sample listener sites

can be included in one of these categories. In each category,

'. the siren sound level necessary to alert is 9 dB greater than the
| minimum background noise level that could exist during siren
.

.

operation.
,

i

Indece background noise is rarely related to outdoor

*The L was used as a conservative estimate of the minimum3
so und' 9;evel,

n.
| \12 V

,
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background noise. Instead it results frca building machinery and |
appliances, entertainment, or conversation. These are, of '

course, a function of the activities and locations of the

building occupants. Based upcn a series of indoor measurements

similar to the outdoor ones described above, 'a set of distri-

butions of indoor background L90's for use in this procedure
has been developed. To simplify the analysis, these distri-

butions have been weighted by the percentage of people presumed
to be engaged in various indcor activities.

Published data are available for background noise levels in
motor vehicles. These data have been su==arized 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 indoors, it has been treated here as steady.
The temporal statistics of this background noise have not been

i- used.

2.2.4 Cefinition of Siren Properties
0
0

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

The location of each siren, on a topographic map-

The rated sound output of each siren, in dB at 100 ft-

The height of each siren above the local terrain. -

Whether each siren is rotating or stationary.-

A correlary of the observations about background noise
in Section 2. 2. 3. is the fact that, within limits, siren sounds

are more ef fective if they last for a longer period of time.
i This is because the pecbability of occurrence of a lower level of

s
- 13
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background acise increases with time. This is discussed in
greater detail in Appendix B.

* A second correlary is the fact that, in this precedure,
'

rotating sirens are deemed to be less efdective than sea-
tienary sirens that prcduce the same =axi=um scund level at

j the listener. This is because rotating sirens prcduce their
,i =aximum level at any given listener for only a pertion of their
| cperating time. The rest of the time they are pointed else-

where. In this precedure, rotating sirens are treated as

j having a sound duration equal to 1/4 of the time they operate,
i

2.2.5 Building and Vehicle Attenuations
:
,

i In order to estimate siren sound levels indcors er int

vehicles, it is necessary to knew hcw much the sound is-

.| -s
.! attenuated when propagating through such structures. These 1,..

| figures are 'given in Section 7, as a function of cli. mate and
season of the year.

|

i.
2.3 Analysis

I

j All the necessary data have new been accumulated to perform
-

) the analysis. As su=marited en Fig. 2.1, the analysis consists

] cf ecmputing, separately for each of the four scenarios, the
'

maximum siren sound level at each randomly selected listenert
i

i site. At each site, some fraction of the people are assumed to
'
; he outdoors, some indoors at work, and sem: indcces at home
; engaged in various activities. Peoples' locations (indcors er
| out) and activities vary with the scenario, as do the properties;

i of the buildings they cccupy. The background ncise also varies;
| |

| **ith location.:
i,

i

| .

: i

'A
,

-
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Each of the fractional people at each site is assigned a
probability of alert based upon the siren signal level and upon
the statistics of the background noise, or upon sleep disturcance
criteria. The probabilities are su=med over the fractions at

each site, and then over all sites to estimate the system,

effectiveness for a given scenario.,

i

s

2.3.1 Calculation of the Level of the Dominant Siren
4

r

For each scenario, the cuedcor levels produced at each,

listener site by the varicus sirens around that site are
,

esti=ated, based upon =eteorological and terrain conditions.,

The highest of these levels (adjusted for the difference
,

between rotating and stationary sirens described in 2.2.4)
is then used for subsequent analysis. Note that this level,

and the "dc=inant" siren that produces it, =ay vary frcm
r33j scenario to scenario. The procedure is detailed in Section 8. "#>

1

2.0.2 Alertinc People

;i

! Fo r tha t fraction of people out of dcors at pach site, the
; dif ference between the siren signal level and the statistics of~

the outdoor background noise (increased by 9 d3) is used to
.i determine a probability of alert for that site. This is |~
' described in Section 9. ,

4,

The siren signal level is reduced by the pertinent building
attenuatien and a probability of alert is determined fer that

i

: fraction of oecole indoors. This is done separatelv for. . .
.

I fractions at work in ec==ercial establish =ents, for fractions
! awake at heme, and for fractions of people sleeping at heme.
i

, | That pcrtien of people at work in industrial envircaments is
t
i

e

fa %
_

i. wY
3,
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assumed to be 1 bot alerted by other means, as is the fraction
listening to radio /TV.

A separate analysis is performed for that portion of the

people travelling in automobiles. This is based upon a

comparison of average siren spacing with the distance travelled
by vehicles at 30 mph in urban areas, and at 55 mph in rural
areas. Whether or not the windows of the automobiles are open i.
based upon 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 percentages of the population alerted, one for
each scenario. The alert probabilities for all listener sites

are averaged separately for those fractions of people assumed to
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.
4

Normally this process is done separately for listener sites
in rural areas (i.e., < 2000 people /sq mi) and 'in urban

areas. The urban and rural percentages are then combined on a

population-weighted basis.

,

.

%
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3.O RANDCM SELECT:C:I or LISTE:IER SITES
1
,

The objective of the listener-site-selection process is to
identify fif ty (50) randomly selected building locations within
the EPZ surrounding the nuclear plant. These locations are
assumed to be residential or ccm=ercial locations and are called
herein " listener sites." The steps in the listener site-
selection procedure are described below.

Step 1. Obtain a map (see Fig.3.1 for example) shcwing the
population of the EP: in annular sectors defined by
interior circles and radii. This information must then
be superimposed en topographical maps of the EPZ.

|, Population-distribution infer =ation is generally*

:

available in Environ = ental and Safety Reports, and
.

may be provided in ccmpliance with Appendix 4 of ),

.

.,
NUREG-0654.

i e
1

Step 2. Each annular s'tetor is assigned a designator, such as a
letter. A range of numbers is then assigned to each
sector according to the population in that sector. For

' the example shewn in Fig. 3.1, Sector A has a
>

population of 11,223 and thus would be assigned numbers
'

1 through 11,223. Sector 3 (moving clockwise) has a

population of 2,246 and would be assigned numbers frem
. 11,224 to 13,4 6 9. Sector C has a population of 1,5671

and would be assigned numbers 13,470 through 15,036.
This peccess is centinued until each number between 1
and 166,295 (the total estimated population in this
case) is assigned to a particular sector. A randem
number generator (available en a Texas Instruments hand-

; calculater, for example) is then used ec selec: 50
i

.%-

IS V

J

,_,. ,_. . * * ' '~" ~~ ~

.



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ - -_ ,
. .

. .

..m
o'

.

N

* * ' " ' SECTOR A
/

SECTOR 8,,,

'
% i g

'

%.,

[ SECTOR Cs ui'Es
,

s. .m\
-

t \ E / ,,p
ists,

'% % #s un.as

\\i # 49' g*'* 5 2 ins p
's> s\n n +

I
% ,,'+j.L. e a's,.

- o-riss ,,, 23 se 3, ,

'' 60W '' 22 7 ss2,,, s /, ,mt Ers "-

,.

\ # # o3+ '<e
v' 4' o,r-

N# $|g' s
%~'' , ,

5\* % %#
,

4 e\.-
. -

,
,

/ x.

%

\
.

I 1c *
i

!

t

S

!
i

i FIG. 3.1. POPULATION-0ISTRIBUTION MAP FOR AN EPZ AT A NUCLEAR POWER PLANT.
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numbers at random between 1 and 166,295. Each at=ber

selected represents one site (to be chosen later)

within the sector containing that number. Thus,

sectors with larger populations have a greater

possibility of including chosen listener sites.

Step 3. Having determined the sector locations of each

potential listener site, the next step in the procedure

is the selection of the actual sites within the chosen
sectors. This is accomplished by first overlaying a.

rectangular-coordinate grid on each sector of interest

on the topographic map. The grid should be composed of

boxes with dimensions of approximately 1000 f: per side
and each box should be assigned an X and a Y

coordinate according to its location on the grid. The
.e-grid is positioned such that the X-axis is oriented in 2,.,>]

the east-west direction and the Y-axis is oriented in,

the north-south direction, and such that all parts of- '

the sector of interest are covered by a positive (X,Y),

coordinate pair box. A random number generator is then
f

used to select randem pairs of numbers wi. thin the X and

; Y ranges covering the sector of interest. Each X,Y
I pair is used to select a particular box on the map. If
t

there are buildings within the box, one of them is arbi-
'

trarily chosen as a listener site. If there are no.

buildings inside the box or if the box falls outside of,

4

. the sector of interest, that coordinate pair is discarded,

and another pair is chosen at random.

.

I
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For urban sites in the pink " building-exclusion" area
of the topographic map, a building is always assumed to
exist, and is selected at the center of the pink area
in the coordinate pair box.

i

; Step 4. The above process is repeated until at least 50
I

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 majot
urban 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
J
,-. 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 pseudo-randem sample of 50
specific listener locations, scattered throughout the EPZ in
accordance with population distribution. In subsequent steps of

this procedure, siren audibility is estimated for people indoors
and outdoors at each site. Based on these estimates, statistica

conclusions are drawn regarding overall siren coverage.,

'
.
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4.0 SELECTION OF SAMPLE SCENARIOS

Sample scenarios - the specific conditions under which sirer
performance is evaluated - are an importanc feature of the
analysis procedure. They are also the weakest feature, because
they involve assumptions about parame te rs that have a major

*

ef fect on the results of the analysis. These parameters include

the specific weather conditions, peoples' locations, and thei

acoustic properties of buildings as they are presumed to exist at
the time of siren operation.

.

For the purposes of this procedure, sample scenarios have
been partially defined and are listed in Table 4.1. The user of
the procedure need only select specific weather-related
conditions representative of the site for each scenario. The
other, defined features of the sample scenarios are intended to

;-cover a range of conditions, frc= those most favorable for siren
. e.weffectiveness to those least favorable. ~

.

.

In principle, there is no reason why other scenarios ,
totally different frem those in Table 4.1, could not be
evaluated. Ecwever, this would require the development of new
estimates of alerting probability as a function cf background3

'

noise (see Section 9).

The weather parameters that must be chosen to complete tha
scenario descriptions are:

e Temperature

Relative Humidity; e

vertical Temperature Gradiente

e Wind Cirecticn
t Vertical Wind-Speed Gradiente

i
'

(22 \)%
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TABLE 4.1 SAMPLE SCENARIOS FOR THE EVALUATION
OF SIREN ALERTING CAPABILITY.

Scenario 1 2 3 4

Season Su==er Su==er Winter Winter
Ti=e of Weekday Late Weekday Late '

day Afternoon Night Evening Night(rush hour)
General Warm, Clear to Warm, Clear to Cold, Stormy
Weather Partly Cloudy Partly Cloudy Overcast |
Home/ Vehicle Open, Closed or Closed (including Storm Windows) :
Windows ** Defined on the basis of Site Climatology.

Percent of People Engaged in Specific Activities

Outdoors 20% 5%- -

In Motor
vehicles * 6 1% 25 -

Indoors at Work:

Commercial 23 3 4%-

Industrial 7 1 1-

Indoors at Home:

Sleeping 4 95 95-

Radio /TV 20 14- -

Noisy *** 3- - -

Active *** 6 35- -

Isolated *** 4 14, - -

Quiet *** 10 4- -

* Urban / rural (speed) breakdown varies with site, proportional
to urban / rural population distribution.

** Window condition varies with climate at plant location.

***See Table 5.2 for exa=ples of these activities.

s
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These should be chosen from meteorological data gathered 'at or
near the site, with some understanding of site climatology.

If sufficiently detailed, hour-by-hour weather data are

available for the site, representative sets can be chosen for

each scenario. In the more general case, scenario weather has to

be deduced frcm summaries of meteorological data. It is

important that the values chosen for the parameters be typical
sets. Do not use averaces, because averages frequently obscure
actual conditions that could occur. For example, it is not

uncommo'n at temperate sites to find that relative humidity varies
inversely with temperature. Si=ultaneous occurrence .of the
average temperature and the average relative humidity is'

unlikely. .

In the cases where scenario weather conditions must be
.

defined frcm data summaries, the following subsections will $53

'G/provide some guidance.
I

i

4.1 Temperature and Relative Eumidity
,

7

U.S. Weather Bureau reporting stations frequently provide
; temperature and humidity on an hourly basis, or eve'ry 6 hours
!

during the day. Use a pair of these data for the season, general
i weather, and time of day (Table 4.1) for each scenario.

If cnly average data are available, use the average maximum
i temperature for July and the average minimum relative humidity

for July for Scenario 1. For Scenario 2, use the average minimum

temperature and the average maximum relative humidity for July,
,

For Scenarios 3 and 4, use the average minimum January
temperature; with 70% relative humidity for Scenario 3 and 90%

relative humidity for Scenario 4. (other values .ay be

appropriate for desert or suctropical areas.)
,

J..m
$. 3

'J
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4.2 Vertical Temcerature Gradient I

i

Every nuclear power plant has a meteorological tewer at

which the vertical temperature gradient is measured. The prooler

is, when these data are summarized, information about diurnal

variations is destroyed, and it is necessary to f all back on

generalizations.

Scenario 1 is typically characterized by daytime, faire

weather instability: a marked temperature decrease wi:'N

height.

Scenario 2 is typically characterized by a nocturnale

inversion: a marked temperature increase with height.

.

e Scenarios 3 and 4 are typically characterized by near-
,

neutral conditions: a small decrease in temperature

with height.

Environmental Reports usually contain summaries of weather
conditions by "(Pasquill) Stabilit1 Class," generally in one of
the forms listed in Table 4. 2. Based upon the frequencies of

occurrence of these stability classes at the site, choose:

Class A (-1. 0 F/100 f t) for Scenario 1.e

e Class E ( +0. 5 F/100 f t) for Scenario 2.
t

0Class D or E (-0.5 F/100 f t or +0.5 F/100 ft) for bothe

] Scenarios 3 and 4, whichever occurs more frequently
during January at the site.

1
25
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TAllt.E 4.2

PASQUILL STAlif f.ITY Cf. ASSES

Tem pe ra t u re Gradient *

P/1000 ft U . Standard IbviationCATl; GORY uP/100 ft O
C/100 m of Wind-1)irection

F1uctations

A A T < -1 A T< -10.4 A T < -1.9 250

II -1 <A T< -0.9 -10.4 <A T < -9.3 -1.9 < a T < -1.7 200
C - 0. 9 < A T< -0. 0 -9. 3 < A T < -0.2 -1. 7 f A T < -1.5 15

ge n -0.0 <A T < -0.3 -0. 2 < A T < -2.7 - 1. 5 < A T < -0.5 100 '

10 -0.3 < A T< 0. 0 -2. 7 < A T< 0.2 - 0. 5 < A T< 1.5 5
P 0.0 < A T< 2. 2 0.2 <A T< 22 1.5 f A T< 4 2.5
G 2.2 < A T

- 2 2 _< A T_ 4 .< A T -

---

' Upper-level temperature minus lower-level temperature,divided by the difference in levels.

i
'

'
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Note that the analysis (see Section 3 and Appendix A)
also requires a knowledge of the two heights between which
the temperature difference is measured. Use the known values
fer these heights, if available, an'd convert from temperature
gradient to the actual temperature difference between these
heights. If the measurement heights are not known, use 330
ft and 100 ft.* Keep all quantities in English units.

4.3 Wind Direction and Vertical Wind-Sceed Gradient

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

Environmental Reports frequently contain wind-roses which
e

are useful for defining wind conditions, although they obscure,

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 occurring
wind speed and direction conditions to fit each of the
scenarios. It is desirable for the four scenarios to have widely
different wind directions, if site climatology permits.

Although wind speed is frequently measured at two different
heights at nuclear plants, the data are rarely reported in
st= mary documents in the form of gradients. In general, use the

*These heights (equivalent to 100m and 30m) are ec==only used
g for determining temperature gradient.

27
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5.0 ESTIMATICN OF SACKGRCUND NOISE LEVELS

.

5.1 outdoor Backcround Noise

The ability of sirens to alert people outdoors is a function
of the magnitude as well as the variability of outdoor background
noise levels. The outdoor background noise environment at any
given listen'er site is of ten caused by motor-vehicle activity,
and hence is related to population density (i.e. , urban or rural
area). Specific nearby noise sources (e.g., airports, industrial

plants) can also be controlling. In rural areas, natural sounds

such as surf, wind in trees, insects, etc. can predominate. The
sound from many of these sources varies with time of day.

.

Although background noise information 'for each of the 50
sample listener sites could be obtained by direct measurement
over a long period of time, such an approach is usually not -

practical. The remainder of this section describes a simplified
method for estimating background noise levels at the sample
listener sites, based on generalized categories of outdoor
environments.

; r-

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 period when the siren
is operating. For the purpose of the present analysis, the sound

j level exceeded 90 percent of the time (L90) during a sounding
period is used as a conservative estimate of the minimum sound

. level. Furthermore, only the background sound energy contained
f in the one-third octave frequency band centered at 630 H: (i.e.,

he frequency band which includes the typical siren tche) is,

i considered. Therefore, the background noise level is defined

here as the L for the one-third octave band centered at 630 H:,'

90
evaluated over 4-minute perieds in the case of stationary

A
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sirens. Since rotating sirens actually pecduce their rated sound
level during only about one-quarter of their operating time at
any particular listener location, the background-noise analysis
for rotating sirens is based en 1-=inute periods.

The estimation procedure for obtaining background noise
levels is based on noise measurements conducted by SEN in the
vicinity of the Trojan Nuclear Plant in Oregen, near the Indian
Point Nuclear Power Station in New York, and upon the body of
data in EEN files. The data, summarized en Table 5.1, typically,

consisted of statistical analyses of background noise, observed
at various types of locations. The analyses provide the L f090
1-minute samples of data in the one-third octave frequency band
centered at 630 He. These data were used to estimate the range
of background noise levels that are likely to exist during any 4-
minute period (1 minute for rotating sirens) for a variety of

3
outdcor environments. The results are summari:ed in Table 5.2, 45
which provides ranges of background noise levels which are
expected to exist during 1-minute and 4-minute periods for
generalized categories of cutdoor environments. The background,

noise environments are specified for urban and rural areas. Only
daytime noise levels are presented since the nighttime scenarios
(see Section 4) assume that essentially no people are outdoors at
night. Data for the outdoc: background noise categcries have-

been ec=bined to cbtain the probability distributions shown in,

Figs. 9.1 and 9.2 (after adding 9 d3).
i

| 5.2 3ackcround Noise Indoors

Indec: background noise comes predc=inantly f cm indccr
scurces, and varies =arkedly with the listener's location within

4

the building. Based upon a series of =easurements' =ade in hemes

?

I ./.-%
'u) \* The measurement methcdology is summari:ed in Section 2.2.3 I

.

1
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TABLE 5.1 SUMf1ARY OP OUTDOOR BACKGROUt3D tlOISE'

DATA USED TO DEVELOP TilIS PROCEDURE.

CATEGOHY llUMDER OP NUMDER OF TYPICAL NOISE SOURCES
MEASUREMEllT MINUTES
II)CATIOtlS MEASURED

,
--

UHilAtl DAY 17 1060 Stop-and-go road traffic, occasional
a i rcra f t , children's voices, dogs
barking, lawn mower, loud hi-f1, trains5

and train whistles, industrial plants,
; supermarket Muzak, automobile horns

UHDAtl EVE /NIGitT* 5 299 Stop-and-go road tra f fic, occasiona1,

aircraft, dogs barking, trains and
; train whistles, crickets, industrial

w
plants, utility mech. equipment

ItuttAL DAY 22 1314 Rushing stream, chain saw, road traf fic,j* aircraft, trains, bell, industry, motor
,

; boats, utili ty mech. equipment, birds '

;g and farm animals, wind in trees, dogs ?

.j barking, chiIdren 's voices

HUHAL EVE /flIGitT* 3 179 Dogs barking, crickets, road traffic,
, train whistles, windmill, sirens,

industry, wind in trees, dogs barking,
aircraft

1
|i -'

* tio t used in this procedure. ~

r

t

s

|
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TA3LE 5.2 MINDiUM 3ACRGROU:iD NO"? 'rT:.LS FOR GE:iERALICED
CAS GOFCES OF OUTOCOR EiV!RONMENTS.
(See Figures 9.1 and 9.2 for Distributions)

Generalized Backg cund Range of Minimum I~ckgroundma
Noise Environment Noise Levels (d3)

' 31-Minute Period' 4 * ~"~a 2eriod
4

4
| I. URBAN-DAY

(Includes Rural
'

locations within 21-57 21-57
1000 ft of major
roadways)

II. RURAL-DAY
(Except Rural

,

locations within 17-48 17-47
1000 f t of majer *

=cadways)
|

-

h
ti;

! NOTES: w
i o

1. Refers to the range of the minimum (L90) sound pressure levels
in the 630 H: one-third Octave band during: the specified time
period.

2. Applicable for analysis c f rotating sirens operated for
4 minutes.

3. Applicable for analysis of stationary sirens operated for'

4 minutes.

4. Urban locations are defined as the pink " building exclusien"
areas of topographic maps, or as those cc=munities with a
population density exceeding 2000 people per square mile.
Major roadways are defined as roadways with more than enei

'
lane in each direction.

'
5. Rural locations are taken to be all sites not classified as

i urban (above).
i
i

l

l

i

I

l
i

1
,
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and offices su=mari:ed in Table 5.3), generali:ed categories of
indoors background-noise mini =a have been established. These
are listed in Table 5.4.

For simplicity, data for various indoor, at-home

categories (i.e., "obviously noisy," " busy and active,"

"isclated," and "obviously quiet") have been combined in
proportion to the activity fractions .in Table 4.1 to 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 da added, are shown on Fig. 9.6.

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

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

,

s

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-conditioner fans and car radios can also 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 motorists 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 ' conditioned cars are common)
and closed during the winter. Background noise levels for these

conditions are obtained frem a recent study performed by the U.S.
Cepartment of Transportationz(COT)(1] and are summarized in Table
5.5.

.

-\
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TAlli.E 5. 3
SUMMARY OP INDOOH !!ACKGHOUllD NOISE DATA
USED TO DEVEI.OP TilIS PROCEDURE.

.

CATEGORY NtJHI!ER OF HUMBER OF TYPICAI. NOISE SOURCES
MEASUREMENT HINUTES

'

LOCATIONS MEASURED .

t OHVIOUSLY NOISY 6 108
-

Music and talking during party, bathroom
vent fan, shower, vacutmi cleaner,'

i hair dryer

} IlllSY AND ACTIVE 11 400 Several people talking, children playing,i

dinner while talking, live music practice,
bathroom activities with vent fan of f,-

'

concentrated music-listening, vacuuni.,

cle9ner in next roomA
_

ISOf.ATED
_

,
_

.,5 126 Dishwasher /dryor/ washer in next room,,

background scusic.. ,
'

;i OltV10tJSI,Y QUIET 3 92 - i

Dinner / paperwork-alone, reading alone -,

OFFICE /COMMEHCINL 2 501 Td1 king,
-

t.ypewriter in next room, I.aperwon k, | [-,

ventilation noise; anneral retait-egore,

activiti.es ..

.-

/

.

I

\ s

. .t . _

.:
-

.
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TABLE 5.4
MINIML?! SACKGRCUND NOISE LEVELS FOR

GENERALIIED CATEGORIES CF INCCCR

ACTIVITIES /ENVIRCNMENTS

Generalized Range of Minimum BackgreyndActivity / Environment Noise Levels in dB*
l-Min Period 2 4-Min Peried2

4At home, obviously noisy
(i.e., vacuum cleaning, 41-76 41- 73
dishwasher, shower,
vent fan en

4 '

At home, busy and active
(i.e., dinner conver-
sation, kitchen work, 21-64 21-54
playing music, children
at play)

At home, isolated 4
- (i.e., noise-prcducing

activity in adjacent 23-49 23-38'

room, soft background
music).

4At home, obviously quiet
(i.e., reading, study, 11-39 11-28
eating alone)

At work, office and
commercial 28-49 29-45

NOTES:

1. . Refers to the range of the minimum (L
levels in the 630 Hz one-third octave 90) sound pressureoand.

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

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

4. To simplify the procedure, these are combined into a single
indoor range en the basis of the activity fractions in Table,

4.1. -

,

35
1

.

,

, , +w3 **e=rm emeesa PN**v-4 "'"'# VMN E T ' '

*
'

. _



-

.__.___.._.;_i
_. _

. .

. .

r

TABLE 5.5

3ACKGRCC:ID NOISE : ! SIDE MCTOR VEHICLES [1]

Vehicle Vehicle Background Noise:
Speed Window 1/3-Octave Band Sound
(mph) Condition Pressure Level at 630 H: (dB)

55 Closed 66

55 Open 68
30' Cicsed 59
30 Open 64

i

,.

M

.

I

I

:
1

4

4

9

%,

'
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6.0 SIRE:(-PERFCMA ICE DATA

In addition to their locations, three things must be known
about each siren installed for the warning system:

nominal (rated) sound level output at 100 ft, in d3(c)-

approximate mounting height above the terrain-

whether or not it is a rotating or stationary siren.-

1 This information is normally available from the licensee or from

manufacturer's literature.

This entire analysis assumes a siren operating frequency in
'

the vicinity of 630 Hz. Some sirens operate at frequencies as.

low as 450 Hz, and some at frequencies as high as 350 Hz. In

general, low-frequency sirens will be slightly mort effective,,

and high frequency sirens slightly less effective than a siren

operating at 630 Hz. However, the differences are not believed

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

.

:
.

|

.
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7. O ACEMCAT:CN OF SCUND BY SUILDING AND VIH CLE STRUC""JRES

Cutdoor siren sound levels computed for each listener site
must be reduced by the sound attenuation through building walls
before estimating alerting potential for that fraction of the
population indoors. A similar reduction is necessary for
estimating alerting of people in motor vehicles.

7.1 suildines

A number of studies (2,3] have been done of the reduction
of sound as it propagates from outside to inside buildings.
Results vary widely depending upon struc cral details'of the
buildings, upon where within the buildings the =easurements
are made, and upon the characteristics of the exterior sound
sources.

p5-
The Scciety of Autc=otive Engineers has published a su= mary

1

''

of such =easurements (3] that is widely used for general-;

purpose applications such as the analysis procedure addressed
herein. Table 7.1, from the SAI su= mary, is recommended for
use. The sound reduction values in this table are fer the
500 H: octave band, which includes the 630 H: one-third octave
band used in the analysis.

In Table 7.1, the term " Cold Climates" refers to data
gathered in New York and Scsten. The " Warm Climate" data are

"

from Los Angeles and Miami. The differences are significant,

and are attributable to -"= '=ct that homes in war =er climates
typically have larger, less tightly sealed windows than hc=es
in cold cid -tes.'

.

V,
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In northeastern and north-central parts of the country, the
cold climate figures dhould be used for residences. Windows
should be open for Scenarios 1 and 2, and closed with storm
windows for Scenarios 3 and 4. On the west coast and in the
south, the warm-cid m= te data should be used, and the decision as
to whether the windows are open or closed should be based upon
knowledge of local practice, and on the prevalence of residential
air conditioning.

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

Table 7.1

.
Sound Reduction Through
Residential Structures

(500 H: Octave Band) [3]

Cold Climates . Warm Climates

Windows open 16 dB 12 dB
,

Windows Closed 27 dB 22 da
Windows & Storm

Windows Closed 31 dB -

.

s

. .b
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7.2 Meter Vehicles

The results of measure =ents of the scund-reductica
properties of a nu=ber cf various types of =ctor vehicles h, ave
been su==arized in a CCT repc : [1]. This material has been
abstracted in Table 7.2.

In northeastern locations, we recc==end the use of the
figure for open windows during the su==er (Scenarios 1 and 2)
and the closed window figure during the winter. In scuchern
location's where air-conditioned cars are cc==en, the closed-
window figure would be applicable all year round.

.

Table 7.2

Sound Reduction of
,

'ed! Motor Vehicle Structures [L.
(630 H: 1/3 Octave Sand) (1)

Windows open 13 dB
Windows Closed 21 dB

.

9

1

e

'RV;
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8. O CCMPUTATICN CF THE SOUND LEVEL FOR THE CCMINA iT SIREN

This secticn outlines the procedure, for determining that,

siren in the vicinity of each listener site that is expected to
produce the highest sound level at that site for each sample
scenario. 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 frem the listener, but also en shielding and atmospheric
effects (particularly wind direction). There fore , for each

scenario 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 eachJ

site. Furthermore, sirens should be chosen such that they are
distributed north, south, east, and west of the site (or in any%

other four mutually perpendic,ular directions) where possible tos
'

account for different wind directions.

The first step in the procedure is to establish the outdoor
sound level produced by the selected sirens at each listener
location, on a per-scenario basis. This is accomplished by

'

applying adjustments to the rated sound level of each siren for
each scenario as follows:

L(listener) = L(siren) -Ad-As~Aair - Aats' (8'll4

where L(listener) is the outdoor siren sound pressure level at
the listener site (dB), L(siren) is the rated sound pressure
level of the siren at 100 ft (dB), A is the distance attenuationd
(dB), A, is the shielding attenuation (dB), Aair is the air'

absorptien (dB), and A is the atmospheric attenuation causeda ts

by wind and temperature gradients (dB).
.

1

.\

! 41
t

|

_.- - . . _ . . -. .- ----- -- , -

, _ _ _ , . _ _ _ _ _ . ._ ___ = - ~ , . + ,
- -

__



:. . . . . . . . -

. .

,

r
* p

The first two adjustments (for distance and shielding) are
the same for all scenarios and can be obtained using the
topographical maps. Distance attenuation beyond 100 ft is

'

calculated by assuming sound propagatien frem an accustic point
source with a reduction of 6 da per distance doubled. It is

calculated as follows:

d
Ad = 20 log 10 (100) (8.2),

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

Shielding attenuation ( A ) is estimated using the . followings
formula for the attenuation of a rigid straight barrier for sound
incident from a point source [4):

A = 24 for N > 12.6s -

/ 2su T %'"
20 log F 5 da for -0.2 < N < 12.6 (8.3) <dA =

s
tanh /TTUj

=0 for N _< -0.2
where N is the Fresnel number (dimensionless):

2N= - (A + 3 - d) (8.4)A

A = wavelength of tound in ft (1.79 ft for a 630 H:

siren tone)
d = straight-line distance between source and receiver, f:
A+3 shortest path length of wave travel over the barrier=

between source and receiver, ft

+ sign = receiver in the shadow :ene (i.e., barrier

obstructs line of sight)

sign = receiver in the bright :ene (i.e., barrier doesn't- *

ebs.ruct line-ef-sigh:)
,

_ _ - _ , .. . _ . - ,
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When N is negative, the above equation for A is evaluated bys
replacing N with |N| and by replacing tanh with tan.,

Shielding attenuation is limited to a =aximum of 24 dB based upcn,

a large bcdy of experimental data. Figure 8.1 provides a

graphical means for esiculating A as a function of the3'

Fresnel n"-"er N.

Sirens should be assumed to be at a height of 50 ft above
terrain level and listener sites may be assumed to be at a
height of 5 ft above terrain level, unless more specific
information is available. Barrier heights may be obtained frcm

ground contour information on topographical maps.

The adjustments for air absorption and atmospheric effects
depend on the meteorological conditions for each particular

, scenario. Air absorption (A,g,) is a function of distance,
frequency, air camperature and relative humidity. Table 8.1

I

provides estimates of the air absorption coefficient, a, for>

siren tones in the frequency region near 500 H: (containing
the 630 H one-third octave band) , based on air temperatures,

and relative humidity (S] (use interpolatien if necessary).
The air absorption is then calculated as follows:2

Aair = (a)(d)/1000 (8.5)
i

| where Aair = air molecular absorption, in dB
I a = air absorption coefficient, in dB/1000 f t.
I

d = siren-to-listener site distance, in ft.,

i

|
'

'

1

The adjus tment for atmospheric gradient ef fects (Aa tm) is
; based on siren-to-listener a:imuth with respect to wind direction
i and on wind and temperature gradient characteristics. A'
1

description of the estimation procedure for A can be found ina tm
Appendix A.

(

43

i
__ _ . _ . . _ _ , , _ - - - - - . . . -m,-,---------- - --

'k



'

. .

. .

.

.-

?-
~

!

* * * e e e e ee... . . . eeee

i
!
'

25
I |

| PCINT SOURCI | PRACTICAL LIMIT
l

=0

% | -

4 '" 15
I

.

I.

'10

I | ~
l ) .'5 c. ,

0 0 f ? ' e e e e e e e e e. e . . e,ee.
? -0.3 | -0.0110.01 n 0.30.51 2 34 8 810 20 M 40 60 100

i. = 0.1 0 0.1
: : ~ Naregret Tree s Shessow
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FIG. 8.1. SHIELDING ATTENUATICN OF THE SOUND FRCM A POINT SCURCE SY A

RIGID EARRIER AS A FUNCTION OF FRESNEL NUtiSER N [4] (see Tex:).
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TASI.Z 8.1 AIR ASSOPSTIO:: C0ZFFIC I iTS AT 5 00 H . [ 5 ] .

1Temperature Relative Hu:nidity Air Abscrption C0 efficient '

(Percent) (d3/1000 ft)
,

i

10 1.07 |86 ? 20 1.13 i0(30 C) 30 1.16 |
50 1.01 i

70 0.82 {'

90 O.73 .

I
10 1.16

68 F 20 0.82
(20*C) 30 0.82

50 0.85
70 0.82
90 0.79

10 1.86
. 50 F 20 0.88

(10 C) 30 0.67
. 50 0.61

70 0.61
90 0.64

10 2.71
32 F 20 1.52
(O C) 30 0.94

50 0.58 ,

70 0.49
90 0.46

i
i

*

l

i

I
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Anexap$ eof:hecalcula:icacfA==iscrevidedina -

Table S.2 for a listener located 1500 f north cf a siren.
'

The me ecrological input data assu=ed f== this exa=ple includes

wind direction and vertical differences in te=perature and wind
speed measured at two heights (125 f t and 35 f t) fer each of
four sa=ple scenarios. As shown, che vertical profile of

air temperature (c:) is calculated based en the temperature
difference at the two measurement heights and the vertical
profile of wind speed (30) is calculated based on the difference
in wind velocity at the two measurement heights. The distance

'

f c= the' siren to the accustic shadow one (X ) is then calcu-a
lated using the folicwing equation:

475 f(R/S)-

X = .

o (8.6)*

/S: caso-c

. . ~

where: X = distance to the accustic shadow, in ft Ig .

S = scurce (i.e., siren) height, in ft
,

R = receiver (i.e., listener) height, in ft

S: = vertical profile of wind speed, in ft/sec/in ft

c: = vertical profile of air temperature, in *F/in ft

9 = angle between the direction fr== which the wind

is c==ing and the scund path, in degrees (fee.

Fig. A-2 of Appendix A).

Note that Eq. 8.6 is valid only for receiver locaticas in the
upwind sector. If the value under the square root is negative
or :ero, then the receiver is located in the dcwnwind sector
and A = 0.

at=

,

I

l
:
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TABLE 8.2. SAMPLE CALCULATICN CF ATMCSPEERIC ATTENCAT:CN,
Aa c , CAUSED SY WIND AND TEMPERAT"RE GRADIENTS.
(See Text and Appendix A for details).

Scenario 1 2 3 4

Wind direction, e 0*(N) 45'(NE) 67.5*(ENE) 90 * (E)y

Ter.perature Differential

AT*F (125 '-3 5 ' ) -1.3 +1.1 -0.7 -0.8

ia: = AT/ (in 125 '-in 3 5 ' ) -1.02 +0.86 -0.55 -0.63 '

Wind Speed, V ft/sec @ 125 ft 16.3 17.2 15.8 48.42
v ft/sec 9 35 ft 10.1 8.9 11.6 32.3t

SZ = (V ~Y ) / (in 125 '-in 35 ') 4.87 6.52 1.27 12.652 1

Siren-to-Listener Direction, O O' 0* O' 0*p g

@ = 0, - O 0* 45' 67.5* 90*p

cose +1 +0.707 +0.383 0i

X, (ft) 436 546 1,039 1,333
i

D/X, = 1500/X, 3.44 2.75 1.44 1.13

Ag (dB) 20 15 5 0

;

i
!

I

i
!

I
\
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For the purpose of this example, assume that the siren

is =cunted at a height of S = 50 ft and the listener is located

at a height of a = 5 ft. Therefore , R/S = 5/50 = 0.1 and the

parameter f (R/S) is found t= be 0.45 using Table 8.3.

By substitution, Eq. (8.6) then reduces to the following:
'*058X =

o (8.7)/SZ cos9-c

- The angle o is obtained based on the siren-to-listener

a:i=uth with res=ect to wind direction and X is calculated for- o
each sample scenario using Eq. (8.7) as shown in Table 8.2.
Finally, A .m is determined for each scenario based on thea.

ratio of the siren-to-listener distance (D) to X accordineo '

to Table 8. 4. The results in Table 8.2 indicate at=ospheric
attenuations ranging between 0 and 20 d3, depending on

,.

r%scenario, for the given siren-listener pair, ss

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, for the balance
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 stationary siren is
estimated to be between 0 and 6 d3 lower than the sound level of
a rotating-type siren, which had been deter =ined to be the loudest
siren. In such cases, the stationary siren is selected for
further analysis. The reason for this exceptien is that the

'

naximum sound level produced by a rotating siren is not
continuous, and thus the total acoustic energy at the listener
(as neasured by the single event noise exposure level, or SEL) is
approximately 6 d3 less than for a stationary (i.e., continuous)
siren with the same naximum sound level.

t
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TABLE 3.3

vs.fforCcmputingX in Eq. 8.6.f

(See Appendix A.)

R/S f(R/S)

0.05 0.4<

0.1 0.45

0.2 0.55
.

0.3 0.6

0.4 0.7

0.5 0.75

0.7 0.85

0.9 1.0
1 1.05,

'
1.5 1.25

2 1.5

3 1.9

4 2.3

5 2.65

6 3.0 -

| 7 3.3

8 3.65
'

9 3.95
t

10 4.2

| > 10 Set X, > D
,

|
Interpolation is permitted, and for manual ecmputations
a graph of f (R/S) vs. R/S is most useful.
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9.0 ALERTIMG PEOPLE

Siren detectability is a function of the siren signal level
and of the backgreund noise level in a " critical frequency band"
centered at the signal frequency. For this analysis ,

detectability is estimated based on the signal-to-noise (S/N)
difference in the 630 Hz one-third octave frequency band. The
chosen criterion for alerting is that the given signal level must
be 9 dB or more above the minimum background noise level at any
time during the selected siren operating time period of 4
minutes. For siren operating pericds other than 4 minutes, an
adjustment can be applied as described in Appendix B. The chance
of alert while sleeping is based on a sleep-awakening model. The
procedure for estimating probability of alert is outlined below.

.

., 9.1 Cutdoor Alert

The chance of alert for people outdoors is determined for
each scenario at each listener site using Figs. 9.1 and 9.2,
developed based on outdoor background noise data (see Section!

5.1) . In order to use these figures, two items of information
i are required: (1) the outdoor siren level, and (2) the

generalized category of outdoor background noise ' environment
of the site. The first item is obtained as described in Sec-
tion 8, while the second item is obtained as described in
Section 5.1.-

As an example, consider a rural listener site (during the
day) located within 1000 ft of a major highway. Assume also,

I that the dominant siren was found to be a rotating-type unit
t

i. producing an estimated sound level of 57 dB at this listener site
j for a particular daytime scenario. Entering Fig. 9.2 (for
; rotating sirens) at 57 dB on the hori ental scale, and moving

vertically to intersect the curve corresponding to Urban-Day
(which includes rural sites within 1000 ft of a major highway) ,

!

51
i

!,

!

. . _. ._. _ , -. ._ ww --+-e - m '-F ~ ' ~ ~ ' " ' ' ~ ' " " ~ " ' ' ' ' * ~ " ' '
-

'

~3
'



^ ^ - ua. ..

. . .
,

.

e
_

sw

%
99.9

' ' ' ! I ! I99.8

I l | | | | |9..s
I I I I I I ; i,,

l l I I I l/I,,

/
/- Il

/90

RURAL. DAY.

8 I I V /I I

E ,,0 | I I A Vs I l

0

t

I | | [| [| \ URBAN-OAYg

g. I I I /l/ I I i

1 30 I I I/Y I I I g
I I I/ / I I | 3,

Il |10,

5

/. .
2

'

I I I/ i l | I3.0
| I l '

I I I I
''

O.s

I I I I | I |0.2
I I I l I l |0.1
I I I | | | || gg

0

0 10 , 30 40 50 60 70 80

CUTDOCR SIREN L2 VEL (dB)

FIG. 9.1. CHANCE OF ALERT FOR FECFLE CUTC00RS ( A-MINUTE STATICNARY SIREN).

l. s

*

!

t -2
'

1

- -

. . . . - . - - - - - - . _ _ . . . .. . . - .

,m- - . . . . ..-- - - - - ,r,,;. ,.
- - _ - _ .., .



. r. _. . . _ _ . . . _ -_

.

. .

. .

0

100,
)

::

I l l l | | |M.8

| | | | | |"'
I I I I I I"

| I I I I I/ IN

$ [RURAL-DAY
! /( ;

? !.'
,

-

/ /"
2 I I / /
s"" | I I V / | |
5 l I I / / I I

B ."0 1 I i /l /h I i..
' .

s i I / l/ '\ l I

$ | |/[ bur 8AN-DAY
20'

||
|

10

?I
"

, ,

5"

| I2

ili I I'
/ i i |

:
+

as
c

|

1 I /I I I I[,' I I I i i i I

: ;f /
, 0 to 20 30 0 50 60 70 80
,

QUTDCCR SIREN LEVEL (dB)
I

t

i FIG. 3.2. CHANCE OF ALERT FOR PEOPLE OUT000RS (4-MINUTE ROTATING SIRE?l).
:

i f
|a
. 53t

i
.

,
, .gw. erme '- * ' . " ?"*' " " ~ ' ' ' " ' '

'



_ _ _ _ _ _ , _ _ _ _ _

. .
.

.

!

!),
-

-
.e

-

the chance of alert (reading from the vertical scale) is
estimated to be 80 percent. Note that intersect points lying,

belcw 0 en 'the vertical scale are assigned 0-percent chance while
| those lying above .100 en the vertical scale are assigned 100-

,j percent chance.

t

i In summary, information regarding siren type, estimated
j siren sound level, background noise environment category and
! scenario are used in conjunction with Figs. 9.1 or 3.2 to,

estimate the chance of siren alert outdoors at each listener
site. " Note that the 9-dB margin above the background noise
required to accomplish alert is already built into Figs. 9.1 and
9.2, and thus need not be separately added by the user.

i

9.2 Indoor Alert
:
i

ga| In order to estimate the chance of alert indoors, the sound gL
level of the dominant siren outdoors must first be reduced to a

j corresponding indoor sound level. This must be done separatelyI
for each scenario, as follows:

Outdoor Sound Level Bailding Soun,d,

of Dominant Siren minus aeduction
Equation 8.1 Table 7.1

Scenario Scenario

'
,

'}'
-

Indoor Sound
;

I
Equals Levels for Homes

or Commercial
Structures'

Scenario

f
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9.2.1 At Home

For the analysis of alerting people indoors at home, three

types of activities are considered: (1) listenening to radio

or TV, (2) sleeping, or (3) other activities that range from

quiet to noisy situations.

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

assumed to be 100 percent. For people sleeping, the chance of

alert is based on the Single Event Level (SEL) of the siren

sound indoors - a measure of total accustic energy - and upon

the sleep-awakening model developed by the U.S. Environmental
Protection Agency (6 }. The graph used for esti=ating the chance of
alert during sleep is shown in Fig. 9.3. For this analysis, the

curve for the chance of awakening one out of two sleepers should
be used. For example, consider a listener site at which the

dominant siren has been determined to be a stationary-type unit,

,

''

producing an estimated indoor sound level of 36 dB for a

particular scenario. Figure 9.3 indicates that the indoor SIL for

this case would be 36+24=60.dB. Entering ,the figure at 60 dB on
the horizontal scale, and moving verticall; to intersect the

curve for 1 out of 2 sleepers, the chance of alert (i.e.,

awakening) is estimated to be 30 percent (reading frem the
vertical scale).

i

; For all other indoor activities at hcme, the chance of aler-

is based en classifications of actual indoor background noise,

4 measurements under a wide variety of conditions (see Section

5.2). Table 9.1 provides the percentages of people assumed to
j be engaged in indoor activities for the two daytime scenarios.

( For the nighttime scenarios, all people at home are assumed to
: be sleeping.) Based on these percentages and on the measured

indoor background noise data, graphs have been developed for,

4

i
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TAlli.E 9.1 ASSUMED ACTIVITIES AND BACKGROUND NOISE ENVIRONMENTS,

FOR PEOPLE INDOORS.,

-|
:

j Percentages of People Engaged in Various
- Activities Indoors (%) ij '

Indoor Noise Environment
'

l - 1 2 3! Scenario Listening to Obviously Noisy Busy & Active Isolated Obviougly|

} TV/ Radio Quiet
f

1. Warm Summer 50 -- 15 10 25.

Weekday
Afternoon-

1

2. Winter Weekday 20 5 50 20 5
! During Evening
! Commuting
l flours '

un
u,

NOTES:

}
1. Vacuum cleaning, dishwasher, shower, vent fan on, etc.

j 2. Dinner conversation, kitchen work, playing music, children at play, etc.

3. Hoise-producing activity in adjacent room, sof t. background music, etc.
4. Iteading, study, eating alone.

i .

u

l
!
<

a -

f'

.

\ J e

*
.

r



. . .

. .

.

e
m

'
-

estimating the chance of alert as a function of indcor siren

level and scenario. These graphs are provided in Fig. 9.4 fer 4-

minute sta:icnary sirens and in Fig. 9.5 fer 4-minute rotating
sirens. As an example, consider a listener site at which the

dominant siren has been determined to be a stationary unit
producing an indoor sound level of 50 da for Scenario 3.

Entering Fig. 9. 4 at 50 d3 en the hori: ental scale, and moving
vertically to intersect the curve for Scenario 3, the chance of

alert (reading from the vertical scale) is estimated to be 70

percent.

9.2.2 At Work
.

For the analysis of alerting pecple at work, two activity*

categories are considered: ( 1) ccmmercial/ institutional and (2)
csindustrial enviren=ents. For industrial locations , it has been v"it

ass umed that 100 percent of the people will be alerted by some
means of cc=munication other than si~rens. For ccm=ercial/

(* O
institutional locations, the chance cf alert is based on the

~

statistics of background noise measured in a typical office
environment (see Secticn 5.2 ), using Fig. 9.6. This figure

provides the chance of alert as a function of indcor siren level.

The assumption is made that en the average, the distribution
of siren sound levels at ccm=ercial locations is the same as for
residential 1ccations. For example, censider a listener site at

which the dcminant siren has been determined ec be a rotating-
type unit producing an indcor sound level of 45 da for a,

particular scenario, using the cuedcor-to-indeer scund reduction

for ecmmercial buildings (Secticn 7.1). Entering Fig. 9.6 at 45

d3 en the hori: ental scale, and moving vertically to intersect
the curve for a 4-minute ::: sting siren, the chance of alert

(reading frcm the vertical scale) is estimated :c be 70 percent. / ..
,\
D
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9. 3 Alert in Meter vehicles

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

assumptien of an " average" siren signal strength and spacing
throughout the EPO . Separate analyses are carried out f=r urban

and rural areas. The results for ur:an areas are then applied to

all urban listener sites and the results for rural areas are
applied to all rural listener sites.

The " average" siren signal strength is calculated as

followsi /
'

-

TL(siren)t ,

.

n I

L( avg . ) = 10 log 10 1[ 10 \ 10 j g9,1)
i=1 j,

-

where L(avg.) = energy-average siren signal strength
at 100 f t, in da ..mL(siren) t = individual siren rated sound pressure (;;-
level at 100 ft, in d3

'

n = total number of sirens (urban or rural)

The above computation should be performed separately for
sirens in urban and rural locations..

The average siren spacing is computed as follows:

4A
- D=

n. (9.2)..
.

where D = average siren spacing- T p

A = total urban or rural ;'n &n the IPO , in sq ft

n = number of sirens (urban er rural) within the EPO.

?%
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Again, the above ecmputation should be performed separately
for ur:an and rural areas.

The chance tha t a motorist will pass within the alert range
of a siren during its 4-minute operation is estimated as follows:

C =,2R + d)I(
) 100 (not to exceed 100%) (9.3)D

\

where C = chance of alert, in percent

R = maximum alert distance, in feet

d = distance travelled in 4 minutes, in feet

- D = average siren spacing, in feet
,

The maximum alert distance (R) is a function of the average
siren signal strength (urban or rural), computed f rem Eq. 9 .1,
and the . sound level required for alert. Sound levels required

) for alert are obtained for the various speed and window.
,

conditions by combining the background noise data from Section

, 5.4 with the vehicle sound attenuation frem Section 6.2, and then
- t
' ,' adding 9 dB. The maximum alert distance can then be derived for

I
; each driving condition by reducing the average siren source

: levels for urban and rural areas to the required alerting levels
,

in accordance with the sound propagation models frem current NRC
! guidelines (i.e., 10 dB/ distance doubling) (7]. The distance

travelled in 4 minutes (d) can be calculated based on vehicle
t

.

speed, and the average siren spacing can be obtained using Eq.,

9.2. The results calculated for the required signal for alert

j and the 4-minute travel distance are su==ari:ed in Table 9.2
'

; for various vehicle speed and windcw conditions.

.
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Area Vehicle Scenarie vehicle Recuired Sienal 4-Minute
Speed season Window for Aler: * ravel Distance
(=ph) Condition (ds) d (f ) i

!

CRSAN 30 Winter Cicsed 89 10,560 |

30 Su==er Open 86 10,560
.

RURAL 55 Winter Cicsed 96 19,360

55 Su==er open 90 19,360
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The information required to perform the analysis for aler
in motor vehicles iJ,provided in Table 9.2 and Fig. 9. 7. For

example, consider an alerting system with sirens in ural areas
having an average signal strength of 115 dB at 100 ft and an
average spacing of 4 a !1es (21,120 ft) . Suppose it is required

to calculate the chanca cf alert for motorists in rural areas (55
mph assumed speed) for a wintertime scenario (vehicle win' dows
closed). Table 9.2 indicates that for these conditions, the

required signal for alert is 96 dB. Subtracting this value from

115 dB (the average siren signal strength) one obtains a
difference of 19 dB. Entering Fig. 9.7 at 19 dB on the

horizontal scale, and moving vertically to intersect the curve ,
the maximum alert distance ( R) is determined to be.' about 375
ft. The distance traveled in.4 minutes (d) is found to be
19,360 ft.(fron Table 9.2) and the average siren spacing (D) is
21,120 ft. The chance of alert is then calculated as follows: .

.

-4

$
2R + d ) 100 = 10 0 = 954

( 2 ) ( 3 75 ) + 19,360C'

D / 21,120 J__

a

')
Now consider an alerting system with urban area sirens

| having an average signal strength of 125 dB at 100 f t and an

average spacing of 1 mile ( 5,280 f t) . Suppose it is required

to calculate. the chance of alert for motorists in urban areas (30i

i sph assumed speed) for a summertime scenario (vehicle windows

open). Table 9.2 indicates thac for these conditions, the,

'

required signal for alert is 86 dB. Subtracting this value from

125 dB (the average siren signal strength) one obtains at

,

$
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differance of 39 dB. Entering Fig. 9.7 at 39 dB cn the

hori: ental scale, and moving vertically to intersect the curve,
the maximum aler.: distance (R) is determined to be about 1,500
ft. The distance traveled in 4 minutes (d) is found to be
10,560 ft (from Table 9.2) and the average siren spacing (D) is
5,280 ft. The chance of alert is then calculated as follows :

,

# %

C=(2R+d
(2)(1500) + 10,560

100 = , 100 = 25 7
0 2,280

_

Since the result exceeds 100 percent, the chance of alert is

taken to be 100 percent for this example.

,
,

The above examples imply that unless a siren system is
'' grossly underdesigned, the chance of alert for motorists should

be close to 100 percent in all cases.
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10.O COMPUTATICN OF OVERALL ANAL' ISIS RESULTS

*: this point in the analysis, the following information.

should be available for each scenario at each sa=ple listener
site: the chance of alert and the activity fraction (i.e., the

fraction of people engaged in a particular activity) for each
activity category. The overall chance of alert at each site for
a particular scenario is calculated as follows:

n

C .= i=12[[
c xf (10.1)s t t

where C, = chance of alert at a given listener site for a
particular scenario, in percent

1 = chance of alert for a given activity category, inc

percent

f = activitv fraction 'Oi '(3
-

total number of activity categories.n =

An example of this calculation is provided in Table 10.1.

When C has been determined at each listener site for as
given scenario, the total urban and rural chances of alert for

that scenario are calculated by arithmetically averaging these
(C ) results separately for all urban and all rural listeners
sites. The overall chances of alert for each scenario is then
obtained on a population-weighted basis as follows:

(Cu * "u) * IC * "-)rC, = (10.2)(nu ' "r).

. R)
t'd'63

. a



.. . .. - .. . . .-. .. A
e e

. .

I

_

%

t

TA3LZ 10.1 SAMPLE CALCULATIC T OF THE CHA:iCZ OF ALERT AT A
SINGLE LIS"'INER SITE FOR A PARTICULAR SCENARIO.

.

Activity Cescription Chance AC*i7iUY = Res""'*'X
of Alert (%) Fraction

1. People Outdoors 90 0.20 18
i

; 2. People Indoors, at Home, 100 0.10 10
Listening to Radio or TV

3. People Indoors, at Home, 40 0.05 2
Sleeping

'

~

4. People Indoors, at Home, 80 0.15 12
; neither Sleeping nor

Listening to Radio or TV

5. People Indoors, at Work, 60 0.30 18in Commercial / Institutional
Establishments ~

6. People Indoors, at Work, in 100 0.10 10Industrial Environments
, . 7. People in Motor Vehicles 100 0.10 10, - A'

TOTAL (Sum) 1.00 80--

t Total Chance of Alert = 80% o
;
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where C; = overall chance of alert for a given scenario,

percent

Cu = total chance of alert at urban sites for a
given scenario, percent

C; = total chance of alert at rural sites for a

given scenario, percent

n = t tal urban populationu

n; = rural rural population
.

The end result of the analysis consasts of estimate of the
overall chance of alert for each sample scenario, for'a 4-
minute siren operating period. .cor other operating periods, see
Appendix 3-

'
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ZSti=ation of A
._ts

The speed >f s und in ai increases wit; One quare root of

the absolute tetper.ture. Uh n the atmosphe.'e is :: =otion, tae

speed of sound .s t:e vector um of its spee l in s- til air and the

wind speed. Th t tetperature nd wind in the at=os;;ere near the

ground are al=c:t ntver unife s. Hence, at= )s pher: : nonunifo rr.ity
; produces gradieits >f the spe d of sound, ani thus refraction
*

(bending) of so;nd rave paths Near the gro:nd, tl is refraction

can have a majo * ef 'ect .on th apparent atte.iuatior of sound

propagated thretgh :he atmosp ere.,
.

.

For the pu'pos? of this rocedure we have asst ned a
I horizontally st ati 'ied atmos here in which ;e= pert :ure and wind

speed vary only wit the loga ith= of height above :he ground.
~~

During the dayt.=e, te=pe ratu e normally dec ~ eases <ith height
; (lapse), so tha. so;nd waves co= a source n.rar the ground are
i
; refracted upwar!s. In the ab ence of wind, in "accistic shadow"

a

1 for=s around th e so;rce (Fig. A-la) into whiah no c' rect sound waves-1 .

can penetrate. Mar:ed attenu.tions are observed at receiving

points well inti thi shadow : ne - it is jus as if a solid wall

had been built '.cou:.d the sou ce. At night 1 tempe cature increase,

i with height is o== n near th ground (inversion) Eid our

] " barrier" disap : ear as in F1 . A-lb.
<1

Near the g oun :, wind sp ed almost alwa: s iner 3ases with
! height. Because th. speed of sound is the vector : m of its speed
I
i in still air an th wind vec or, a shadow tsne car fer= upwinc of

the source, but is uppressed downwind (Fig. A-ic).,
$
s

1
1
i

i

:

l
i .A
t
.
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PATHS OF
SOUND WAVES

4
SOURCE

[ SH ADOW

Ax ANN ' ""'
,

a. TEMPERATURE DECREASING WITH HEIGHT
Ty.pical Daytime

.

SOURCE

/
'

& ,% / &4 n
i !L

b. TEMPERATURE INCREASING WITH HEIGHT
| iypical Nighttime
:

,

1

; WIND DIRECTION
SOURCE

,

#r,A/ g !"#e *
c. WIND SPEED INCREASING WITH HEIGHT

ABOVE THE GROUND
i

FIG. A-l. SKETCHES ILLUSTRATING THE EFFECTS OF VERTICAL
TEMFERATURE AND WIND GRADIENTS IN FORNING.

ACCUSTIC SHACCW ZCNES.
i
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The : =bined effect3 of wind ant temperature are usually such

as to creEte accustic s' tdows upwind af a source, but not:
dcunwind. Cnly under c: e circunscar :es will a temperature lapse
be sufficient to overpov er wind effec :s and create a shadow
surrcundir.; a source. : , is less ra: 3, but still un:c==cn fer a
surface irversion to be :ufficiently :trong to entirely overec=e
an upwind shadow.

The gsneral situati :n is illustr .ted in plan view en Fig. A-2.
A shadow bJundary, sy==e rical about he wind vecter, can

; exist in tae upwind dire tion fre= a ound source when the
vertical wind gradient e feet predomi ates over any effect caused
by a tempecature inversi n. It is 11 ely that no shadow will
exist downfind from the ource, for t e wind gradien: will usually
overec=e t.1e effect of a y temperatur lapse. Along a radius at
an angle 4 rec = the win vector, the shadow boundary

i (theoretic 111y) approach s an infini distance fec= the source.
'

In the " upwind" sec or of Fig. A 2, the sound wave paths are
generally :oncave upward. , as on the ight side of F:g. A-le . In
the "downw'.nd" sector, tley are gener 117 concave downwards, as on

i the lef t s *.de of Fig. A-: : . In the "ccosswind" direction, the sound
{ wave paths are approxima sly straight lines fec= the source to the,

t rec eive r.
I
>

l

For the pu$rposes of :his propaga Lon model, we ha0e assumeda

that temperature in the 2:=osphere, T. is horicentally unifo r= and

varies witr' the logarithr of height at >ve the ground, z.*
T = a inc

'$ T -T
: a= 1 : aT

{ inh, - Inl inh., - 1r i
= (A-1)--

1.

and ST -t
- = a:

Je
,

a

i
f

*This appec ci=ation is se erally valid clcse te the g cund exceptduring streig surface-~cas d temperatur inversiens 1 2
,

.
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FIG. A-2. PLAN VIEW OF SOUND PROPAGATION SECTORS, WITH
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Examine the differen'ce : -0 :

If : <$ then the path is an " upwind" path.

.

If o > t then the path is a "dewnwind" path,
c

,

It is clear that this simplified =odel does not take into

consideration some cc==en 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 Boundary, X
:
'

Nyborg and Mintzer[4]have derived an expression for the
distance, Xo (See Fig. A-2), frc= a sound source to the boundary of<

j its shadow cone 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
I adapted fo r this procedure in the following form:

f feetX = S 2 fg
,

| ! 47S f in English units (A-7)R
.

Ti G S
'4

i .

| t

| | where S is the effect* ve scurce height in feet above local ground,*

Rand the function f is obtained feca Table A-1. The distance X is
> -,

| S 0'

in feet and is assumed to be frequency-independent.

i
J

|

'i,l

i \

l .4

i ;
'

,' A-7'
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Attenuation within the Shadow Zone. A. ,

Theoretically, the attenuation within a shadow ene can be
1,

arbitrarily large for large distances beyond the shadow beundary.
In practice, = ore than 25-30 d3 is rarely observed because the loss*

of sound energy from the direct waves is partially replaced by the
energy of indirect waves scattered frca turbulence, ground surface

+

roughness, etc.

.

:n this precedure, we have used representative values>

derived fron the experimental work of Parkin and Schcles (6,7]
i and Weiner and Keast (S]. The recc== ended values (Table A-2)

have an upper 11=i: of 20 d3. Attenuation because of a shadow
:ene has cccasionally been c'eserved to decrease senewhat a
extreme distances relative to closer-in distances. The con-

.m
s e . v e . .* v e va ' u e s .* .. *- * *- ' a- n-2 si'ow ."a* ..".'a- o ss * k d ' * .s . -us.
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TASt.E A-1

h for c mputing Xf vs. in Eq. (A-7)g

(after Nyberg and Mint::er !)

R/S f(R/S)

< 0.05 0.4
0.1 0.45
0.2 0.55
0.3 0.6
0.4 0.7
0.5 0.75

.

0.7 0.85
,

0.9 1.0
'

1 1.05
*

; 1.5 1.25
! 2 1.5
! 3 1.9

N
i 4 2.3,,
1 0
i 5 2.65 0

'. 6 3.0 '#
1

7 3.3
8 3.55

j 9 3.95

| 10 4.2

;; > 10 Set X >0g

Interpolation is permitted, and for manual c:mputations a graph
of f (R/S) vs. R/S is most useful.5_/

.|

.j
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\

!
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APPCIDIX 3. DEPENDCiCE CF ALERT UPCN SIREN CORATICN

In the main body of this report, the chances of alert are

predicted for a four-minute period of siren operation (here

called siren duration). In this appendix, predictions are

generalized for longer and shorter siren durations. This

appendix will allcw readers to convert four-minute results to

results for other siren durations.

! This appendix begins with an overview of the relationship
between siren level and siren duration, and hcw this relationsn.?
affects the chances of alert. It continues with development of

the mathematics of this relationship, and then summarizes result.e,

for the reader's use.
;

Cverview
t .

.s

Table a-1 is a typical " chance-of-alert" table for a
,

particular background-noise environment. Siren durations are

j listed across the top, and siren levels down the lef t side.

; Within the table are the chances of alert, from 100 down to

!. ero percent. In the main body of this report, results are based

.
upon the four-minuta columns of tables such as this one. *

i

variations within the table are related to fluctuating backgrours
i -

! -

)
,

!

i

i *And upon the one-minute coln=ns for rotating sirens.
;
.

!

.'

.

0

.

: 3-1

!
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TABLE 3-1. TYPICAL C'-iANCE-OF-ALERT TABLE FOR A PARTIC'JL",R BACK3RCUNC-

NOISE E:hIRCNMENT.

::REn ::EEN
!.I W L O'.' PAT:7N (MIffJTC)

1 2 3 4 i 7 3 ? 10 11 12 13 '14 15 15--

74 100 100 100 100 100 100 100 100 109 100 100 100 100 100 100 !0071 ?? 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
2 ?? ?? 100 100 100 100 100 100 100 100 100 100 100 100 100 100

71 ?? ?? 100 100 100 100 100 100 100 100 t oo 100 100 100 100 1G370 71 ??.100 100 100 100 100 100 100 100 100 100 100 100 100 100
s? ?S ?? 100 100 100 100 100 100 100 100 100 100 100 100 100 100
(? ?? ?* 100 100 100 100 100 100 100 100 100 100 100 100 100 100s7 97 ?? 100 100 100 100 100 100 100 100 100 100 100 100 100 100
is ?: ?3 100 100 100 100 100 100 100 100 100 100 100 100 100 100
i: 92 ?$ 99 ?? ?! 100 100 100 100 100 100 100 100 100 100 100

. i4 ?2 ?5 ?9 ?? ?$ 100 100 100 100 100 100 100 100 100 LOG 100
63 ?? ?2 ?! ?? ?S 100 100 100 100 100 100 100 100 100 100 10012 17 ?! ?4 ?! ?$ ?9 100 100 100 100 100 100 100 100 100 100
it ?S 70 4 25 ?i ?? 100 100 100 100 100 100 100 100 100 10050 35 ?O ?3 ?! ?S ?? 100 100 100 100 100 100 100 100 100 100
!? 10 37 ?0 ?2 ?4 ?! 100 97 100 100 100 100 100 100 100 100
!! 11 36 ?o ?2 ?4 ?S 100 ?7 100 100 100 100 100 100 100 100
!7 ?? ?3 t2 ?? ?0 ?? ?4 ?4 ?L ?i 76 ?! 100 94 100 ?2 *

56 ?? 12 17 ?i 33 ?0 ?4 ?4 ?s ?i ?i ?5 100 ?4 100 ?2
:: 74 ?? 12 33 34 55 $? 37 S? ?? ?! 90 ?" 3? ?4 ST
54 70 73 31 , 23 34 35 !? 37 3? 12 ?! ?0 7 !? ?4 37
53 i2 75 20 31 14 !s 29 37 3? ?2 ?t ?1 ?S 39 ?4 27
52 i: 75 77 7'! 32 30 35 '24 ?? 31 37 ?0 ? 39 ?4 37
St so 70 74 75 73 ?! 30 31 15 74 30 36 3? 33 33 30 ,^50 53 i' 70 71 74 79 91 31 32 90 33 ?S 34 33 31 30 ' . ' -49 :: 61 67 43 70 Ts 73 31 7? 30 30 ?S 24 20 31 30 **
41 4? 57 s3 s5 $6 71 73 74 ?! 74 73 ft 7? 23 75 1047 42 !4 $0 43 64 71 75 71 75 75 74 31 ?? 23 75 30
si 37 47 34 *7 SS 47 $? i3 71 72 70 74 ?* 73 67 ~?.

,

4* 33 44 50 55 Si 44 67 i 71 53 70 75 iS 73 $7 '3
44 '3 43 50 *s :$ 64 57 i: 71 63 70 75 i? 73 49 72,

43 30 40 45 34 52 *7 54 55 53 43 70 71 63 73 i? TO
42 25 13 37 41 42 43 50 55 57 Ti 57 42 !4 41 "4 40
41 21 23 :: 03 40 4* 50 5 57 54 57 42 '6 41 56 4040 13 24 30 30 34 ;3 42 44 44 44 T2 57 53 50 50 40

. 29 14 20 24 2? 30 06 34 42 43 4n 44 !2 47 44 30 40'
13 12 17 20 25 23 33 20 3? 43 40' 44 44 47 44 !0' !?' 27 to 15 19 22 24 31 31 ~ , * 0? 04 47 41 47 44 *O *O,

24 3 12 14 14 13 2! 22 24 2? 24 10 27 72 13 01 03
,

'

:: 7 ? 10 11 12 14 14 14 13 14 17 19 21 22 !? 20
} '44 4 1 1 to 10 12 11 13 14 I4 17 t? 16 17 13 13

23 4 4 3 to to 12 11 10 14 14 17 !? 16 17 13 13
22 s 3 1 to to 12 11 10 14 16 17 !? 16 17 13 13
31 4 3 3 to 10 12 11 13 14 16 17 !? 16 17 10 ;3
30 4 ? ? 3 3 10 3 to 11 12 13 14 11 11 13 13
29 4 7 7 3 :3 to 1 to 11 12 13 14 11 11 10 1

.
'

23 5 4 4 4 4 7 6 4 7 3 ? 10 4 4 7
27 4 4 5 4 4 7 4 4 7 ? ? 10 5 4 4 7
24 4 4 1 4 4 ? 4 4 7 3 ? 10 4 4 7

i 2 3 5 5 4 4 7 6 i 7 3 ? 10 5 4 4 7
24 2 4 ** 4 4 ? 4 4 7 3 ? 10 i i 7
23 1 2 4 5 0 ? $ 0 7 0 ? 10 0 i 0 0

4

.

-
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noise in the listener's environ =eno.**

In this table , the chance of alert is 100 percent when the

siren level is much higher than the background noise could ever
be at the listener. When the siren level is 74 dB , for example
the siren 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 )> |

1cw, say 20 dB or less, no matter hcw long the siren sounds. rue
background noise is always sufficient to mask (acoustically covee
up) such low siren levels.

For siren signals of intermediate levels, the chance of

alert falls between 100 and 0 bercent, in the detailed manner
shown. These intermediate details follow from the fluctuations
of the background noise, frem minute to minute.

.
For these intermediate siren levels, the chance of alert

, ,' increases with siren duration as indicated in the table. For a
|*

1

!

, ** Precision within Table B-1 degrades for longer siren durations
! (to the right) and for lower siren levels ( to the bottem) . For! longer siren durations, precision suf fers frem the limited amou.n,{ of total data that underlie the table. These data include 250'

; minutes of background noise, which is only about eight times t r. ,
i longest siren duration. For lower siren levels, precision'

suffers frem the very small percentage of time that these low
siren levels will alert the lis tener. 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 icw siren levels. For longer siren durations and lower
siren levels ccmbined, the precision is particularly bad.

o
!

t

5-3
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siren letel of 50 d3, for example, the chance of alert is 71

percent if the siren is sounded for four minutes. If this

duration is doubled to eight minutes, the chance of alert

increases to 81 percent.

Scw can this increase with duration be understood
mathematically? If. such understanding results in a particular

mathematical pattern, then this pattern can be used to convert

four-minute results to results for other siren durations. The'

search for this mathematical pattern is the subject of the next

section.

Development of the Mathematics

/m
The search for patterns within tables of numbers is ''

'

necessarily an exploratory =atter. First, some underlying,,

,' mathematics must be postulated, and then a numerical pattern must
be sought with this mathematics as guidance. Once a preliminary

pa tte rn is discovered, it must be simplified to be of use, and

then must be generalized for other similar tables. Ideally, the
o
! pattern will emerge as a simple equation, with a small number of

adjustable constants.

The steps involved in developing such a pattern are:
|,

e preparation .

I

underlying mathematics and its simplificatione

exploratory graphs, guided by the mathematicse

I simplification and generali:arion to all ether tablese

! +

.- %

'%
|

3-4
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These steps are discussed next.

Precaration
.

Figure B-1 shows typical background noise as it fluctuateu
; 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 noise level.* The figure shows a siren that prod uce.s,

a steady 49 dB at the listener. A dashed line 9 dB below the
siren level denotes the alerting threshold . During the shaded

k time intervals below this threshold, the siren will alert the
; listener.
I

{ This siren level has succeeded in alerting the listener
j during its one-minute duration. However, a siren level some

7 dB lower would not alert because the background noise would
'

~
always be above its lowered threshold line of 33 dB.

.

-i
.

I
j *Throughout this appendix, background noise includes the noise in
! a 1/3-octave f requency band centered at 630 Hz, a typical sirer:
i operating frequency. Dictated by the physiology of the ear, on :

3this 1/3-octave band is available to mask, or cover up, the pure -*

tone signal of typical sirens. Siren levels are usually measureda

as overall sound levels, though the same values would be measured
using only a 1/3-octave frequency band filter.

i

'
'

!
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This figure suggests ancther way to phrase the alerting
question. Instead of asking.if the siren is loud enough to cause
alert, one could ask: For a given siren level, is the backgrourtd,
noise ever icw enough to allcw alert? Since the background noira

is continually fluctuating, this question is inherently a*

:

statistical question. Its answer depends upon the statistics

the background noise fluctuations.,

The answer to the above question is: Yes, alert will cccur

during this one-minute period if
,

(b Ibackground minimum I bsiren 7 9dB;

+

Othe rwis e , the siren will fail to alert the listener. The only,.

[ statistic of interest, therefore, is the minimum background noise
'

level during this one-minute period. *

|
n

Figure B-2 shcws a series of one-minute minima for .'orty
} successive one-minute time periods. Every minute's miniiaum is

'l different, as the figure shows. These 40 minima were measured
over a 40-minute time pericd, and are part of a.much larger set
(approximately 250) of total data. For the siren level shown, 5

percent of the minima (14 out of 40) fall below the threshold

line. Therefore, this siren level in this background noise has a

35 percent chance of alert -- when sounded for a duration of om

minute.
i

i .

! *our analysis for this study actually utilized the 90-percentileI background noise level, rather than the minimum level. The 90-
| percentile noise level is the level exceeded 90 percent of the
; time; the remaining 10 cercent of the noise falls belcw this
j level. Use of the 90-percentil'e noise level adds a measure of

conservatism to the re s ul ts , since it requires slightly higher
.\ siren levels before alert is predicted.-

.
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This plot applies enly to sirens sounded for ene =inute,
since the backgetund-noise minima are one-minute minima. State...

another way, when a siren is sounded for ene minute, it has an
equal chance of encountering any of these forty one-minute time

; periods, which represent all one-minute perieds. During 35

percent of these minutes it will alert the listener, since the

noise falls helcw the alerting threshold at least cnce during,,

those minutes.
i

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

Figure B-3 shows the four-minute mini =a of interest - as circled
dots. Each of these is just the lowest of four one-minute minimn
in each four-minute grouping. Of these four-minute minima, 60,

percent (6 out of 10) fall b'elow the threshold line. Therefore,

this siren level in this background noise has a 60 percent chance
of alert when sounded for a duration of four minutes. Note tha t,

| the chance of alert has increased with the siren duration.
<1

:

Needed is mathematics that relates the one-minute chance of
f alert to the four-minute chance, and to the chances for all other,

{ 1 siren durations as well. This mathematics is based upon,

t

| probabilities P, rather than upon " chances. " A 35 percent chance

of alert is equivalent to a probability P of 0.35. Moreover,

this mathematics is based upon the probability of f ailure to
| alert, rather than success in alerting.

'4
.i
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1
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Chance of Probability

j Success of Success I of Failure

f,

100% 1.0 0

80% 0.8 0.2

60% 0.6 0.4
A

i 40% 0.4 0.6

20% 0.2 0.8

0% 0 1.0
i

Note that,

I

Pfailure = l - P< success

and that failure occurs when minima points are above the
'

threshold line.
.

Underlyine Mathematics and its Simplification
j

|

|
Figure 3-2 above contains ene-minute minima for a total ti n-

eriod of forty minutes. All the points in this figure arec

collapsed onto the vertical axis in Fig. B-4, at the left. They

form a " cloud" of points denser at intermediate noise levels an.4
g

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 ene-minute period, the probability of failure is
| proportional to the " cloud" area above the threshold line. This

1, upper area, divided by the total cloud area, is the probability
I .

i

i
i B-11
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that the background noise will exceed the threshold level
' -

throughout any one-minute period -- that is, the probability that
the siren will fail to alert the listener. This one-minute
probability of f ailure is (1-0.35) 0.65 for the example showr.=

3

3 To the right in the figure , this cloud is duplicated at ea. .t
i
, of four successive minutes. If we assume these four minutes4

j be independent of one another, this probability cloud would aup iy
equally to all of them, as shown. Let us assume this to be the
case for a moment. Then, for the siren to fail af ter four

j minutes, it must fail for each of the one-minute periods.
Therefore, the probability of failure af ter four minutes is

P(4) (P1)(P2)(23)(P )=
4

(P1)4=

In this equation, P( 4) means the probability of failure
after a total of four minutes have gone by, while P4 means the
probability of failure during the fourth minute only.*

This equation, however, is valid only if the one-minute
I periods are independent of cne another. A glance at Fig. B-2
|. above indicates that they are not independent. For example, for
1

a one-minute period with a very low minimum, the following minut.e
probably also has a 1cw minimum. There is a regularity in the

! successive minima; they are not independent. For this reason,

f the cloud picture must be modified to that of Fig. B-5.
l

*If we had worked with probabilities of success, combining four
| minutes into one equation would be far more complicated. That is

why we choose to work with failure instead. As the very last
-

step, we shall convert from failure back to success.

;t \
'

-

9
|
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In Fig. 3-5, the first =inute's cloud is unchanged frc=
Fig. 3-4. However, the second minute's cloud represents the

i
conditional probability of: " failure during minute two, given
that failure occurred during minute one." In other words, the

! cloud at minute two represents the probability that the second
! minute's minimum will be above the threshold, given that the,

i first minute's was also above the threshold. Mathematically, wa

[ write P for this conditional probability. Then2:1
:
,

| P(4) (Py)(P :1)(23:1,2)(P4:1,2,3)=
2

; V .

| conditional probabilities
.

!

| Note tha t P2:1 is greater than the independent P*2
. | .

'

P :1 > P1
-

2

1

This increase is due to the regularity between successive minuter:
-- technically to the correlation between successive minute's
minima. The higher the correlation between successive minima,
the more this probability cloud will condense above the threshole.

I line. The remaining clouds condense even more above the line, |

since they are failure probabilities, given that several failutus
have preceded.

A short numerical example will be useful here. For rio_
$ correlation, we have

P(4) = (0.65)(0.65)(0.65)(0.65)
(0.65)4 - 0.13P(4) =

and therefore the probability of success is 0.32. For some
4

i, s .

l a-15.i'
,

+

1

'
,
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correlation, we have

P(4) ( 0. 6 5 ) ( 0. 8 ) ( 0. 8 5 ) ( 0. 9)=

P(4) 0.40=

for a probability of success of 0.60. And for full correlatica
i we have
:

i
$ P(4) = ( 0. 65 ) (1. 0) ( 1. 0) (1. 0)f

|

.P( 4) = 0.65
i
j . .

; for a probability of success of 0.35.
4

i .

<

' In eeneral,f *

,

9

| P(n) = (P1)(P2 1)(F3 1,2)***(?n:1,2,3,...,n-1)
1
*

4?
(Pt)n for no correlation (3-1)

=

1 for full correlation= P

The upper half of Fig. 3-6 illustrates graphically how the

probability of failure thus decreases with increasing tL e --
that is, with increasing siren duration. The probability of

success therefore increases with siren duration, as shown in the

bottem half of 'the figure. (This figure is an example caly, not,

a general result.)
,

Note for large correlation between successive minima, the re

is not as much benefit in sounding the siren longer. If the

siren fails to alert during the first minute, it will =os: likely
fail to alert thereafter, because the first minute is nearly
identical to all subsecuent minutes.,

.
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This underlying =athematics resides in Eq. 3-1 above. In i

Eq. 3-1, the notation P rer.inds us that P is an .,, ,2 ,3 ,. .. ,.,,. ,1 n
conditional probability, which assu=es the siren failed during,

all previous minutes. We next simplify, so that this P assumesn
f ailure only during the i= mediately proceeding minute.
Mathematically, |

i

i
I

'

| Pn:1,2,3,...,n-1 " P :n-1 ,

n.

Let<
.

!

f

Pn:n-1 = Ce-l,
,

.

where C contains all the conditional aspects of 'the
.

! probability. The term p3 is the unconditional probability for'
the first minute. Then ij

w
.

.

(Pt)(CPt)( CP ) . . . ( CP"3 ) |P(n) =
t

e }

P(n) = Pyn Cn-1 (3-2)
.

Note that for no correlation,
'

\

C=1
(3-3) ;

| and therefore
!'

'I P(n) =Pn
t

as before. For full correlation,
_

i
1

-

' C=
P .i (3-4)

1
.~.

t
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to make

P"1 (1 )n-1P(n)' =
P1 1

P=,

i

i
as before.

!

Eq. 3-2 is the desired simplification. In the following,

; section, we graph measured background data, to explore the natu:n
(

of C, for correlations typically present in measured background,

} noise data,
i
!

Exploratory Graphs, Guided by the Mathematics
i

To explore for C graphically, we first take the logarithm or .
Eq. B-2.

!
^

P " C ~1
'

UP(n) =
1, ,

. log P(n) = nlogP1 + (n-1) log C -

log P(n) = -logC + n (log CP ) (B-5)1

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 1 After some curve-smoothing on linear paper, on>

Fig. B-7 we logarithmically plot part of the data in Table B-1.
above. Each line is for a dif ferent representative siren level,
labelled ( ) through (

'

;.
.

Of course, the linear curve-smoothing helped line up the
points shown here. Even so, the regression fit to straight lines
for each siren level is very good. Note however, that the

j vertical intercepts and the slopes vary frem curve to curve.
.| Therefore, C must vary with siren level.

|

!!
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We then set each intercept equal to -loc c and each slope
equal to logCPt, and solve for C and Pt -- se,.rately for each
straight line.'

t

1

1

| Line C Pi
i Number ~

1

,

I

j 1.073 0.925
'

1.426 0.678
| 1.816 0.520

'

#

3.062 0.293
4.064 0.199

.
.

.

From Eq. B-4 above, we suspect that C may be a power function
of P1,.and so we plot logC against logP1 in Fig. 3-8. On this
plot, the straight-line fit is also very good. It yields:

C= P )-0.87 o
t

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

generali::e to

~8C= (Py)

where o (rho) denotes a correlation coefficient. Zero

|h correlation would then make
,

.'%' y) 0 ,n C= (P y

and full correlation would make
, . .

1 1 P
1l 's'- These agree with Eqs. E-3 and 3-4 aheve.

-
,

.j

-l
| B-21

; 4

!
4

,

A

w-- e g -; - - "
-*.



'- 's- - - . - . - .- . .. . - . - . . - - - . - . . .. .- - _ . . . ~ . -
;-

i
. . .

i
*

|

.

f

f ("
s

|
|

,

i
4

i
1 10-

. . g . . . 4
,

,

- -

*
-

. .

-
.

i

S ~
~ -

; - . -

U
on

.2 - *
-

'

.

i

; -
.

.!
.

I -
i
e

3

1.0 - ' ' ' ' ' ' ' '*'i

O.1 0.5 1.0
i

tog P,
i
:
1

i

.

j FIG. B-8.
PLOT OF VALUES OF CUMULATIVE CONDITI0t4AL FROBABILITIES (LOG C)
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In summary then, the time-pattern within Table B-1 can be

written as

(P1) n-0. 8 7( n-1) , (p ) 0. 8 7 + 0.13n (B-6)P(n) =

The two constants in the exponent sum to 1.00, and depend
upon correlation within the background noise, from minute to
minute. Moreover, Eq. B-6 depends upon the siren level throut- 't,

,

which varies with siren level.,

:|
,

, ;!.. Next, we simplify Eq. B-6 so it may be generalized to a .c ce
variety of noise-level tables, not just Table B-1 above.3

:|
i
j Eq. B-6 is valid for all siren levels, in the presence of the

.

.{ particular background noise used to develop Table B-1. Its..

a general form is
-t

,.l

'I. e -1(Py)n nP(n) =
'

; = (p )n (p 3-o(n-1)

, (p )o + n (1 - o) (B-7)

.

l

In logarithmic form, '

logP(n) = a + n(1-o) los P
1 (g_3)'

= o icg P + n (1-o) log P, '

1 .

: With logP(n) plotted against n, this is the equation of aI
straight line with vertical intercept o log Pt and slope

(1-o )1og P y.<

h

|| A normal regression fit would solve for the two variables
o and P1, separately for each of tne siren levels (as shown in

~

Fig. B-7, f or instance) . However, the re is a relationship above
i

1

\ *
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that implies a to be a constant, independent of the siren,

level. Therefore, we wish to collapse all curves, for all siren

levels, to a single curve. Por this purpcse, we manipulate
Iq. 3-3 as follows:

Icg P(n) = a + n(1-c) leg P
1

i loc P(n)
=0 + n(1-0)log P

1
,

j -
= 1 + (n-1)(1-o)

t (3_g)
,

Hence, plotting (logP(n)/logP3) against (n-1) yields a
. ~

straight line of intercept 1 and slope (1-c), independent of
} siren level. In other words, each curve in Fig. 3-7 has been

normalized to its value of P1 , and all curves have been ,

collapsed into one.
ii'
'

|We will have need below for a similar equation, but j

-

nor=ali:ed to the probability at four minutes,' rather than at one
minute. We develop this next. *

i

5 In the graphs above, letter n was interpreted as progressingi

in one-minute steps ( n=1,2,3 equals :=1,2,3 ) . Hcwever, nothing
in the =athematics requires this interpretation. Any time

interval could be taken as the basic interval n above. In

particular, the basic time interval could be taken as four
minutes. Then four-minute mini =a ( n =1) would combine into eight-

y minute minima (n=2), and so forth. The result would be Eq. 3-9
above, but with

1

' n = 4: (in minutes)
i and P; 1 = P(n=1) P( t = 4 minutes)

=

1

+

of .
f I
v
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Figure B-9 schematically ccmpares these one-=inute and four-
minute normali:ations. * For the one-minute normali:stien en
top: n=t, and therefore n-1 = t-1, as shown en the first
hori: ental axis. Plotted horizontally is the range

;
,

.

O _< t - 1 _< 3,

,

L

I

i 1 _< t _< 4;

The small plotted points represent the tabulated values for thesee
i

! four minutes, collapsed into one line by the Pt normalization.
The line is fit by linear regressicn and has slope

j -
(1-o).

.

.

I

; This upper portion of Fig. B-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 frem the one-
. minute background-noise statistics. In the figure, the third

! horizontal scale shows the corresponding siren durations foraj rotating sirens. The normali:ation is therefore to a four-minute
! siren duration, and the graph extends up to a maximum of 16

minutes.

' Note that the lines in Fig. B-9 rise rather than fall to the
right, as does Fig. B-7, for this reason: In Fig. B-7, theactual logarithms on the vertical axis are negative, since the
P(n)'s are less than unity. Therefore, this vertical axis
actually decreases, frem :ero at the top to minus-two at the

. bo t tem . For increasing n, then, the curves take en increasinglylarge negative values (for example: -1, -1.5, -2). Fig. B-9 is
normalized by logPt, however, which is also negative, and which
turns enese increasingly negative values into increasingly

.{ ( positive values. Therefore, the lines rise in Fic. 3-9.
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log P(n)/ leg P,
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NORMALIZATION
7 n=t,
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; / !

1,

1

0 : : : > n - 1 (= t -1)
0 1 2 3,
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:
e
i

log P(n)/ log P pl
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A >
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, *
- - NORMALIZATION5.

: i 'hV n = t/4
,7 * N* * d
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. . .
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.
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i

!

! FIG. E-9. SKETCH OF CNE-MINUTE AND FOUR-MINUTE NCR''ALIIATIONS 70
i

SHOW RELATICNSHI? EETWEE.'l VARIAELE :I AND SIRE.'l CURATIONS.i
' *
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For the four-minute normali:ation at the bottem of the
figure: n = t/4, and therefore n-1 = t/4 - 1, as shown. Plo tt eri

horizontally is the range
,

3 t

~i1T-113i

1 t

T1T14
!
,

j 1<t< 16

The second horizontal scale shows time t and is identical o
, the third scale, which shows duration of stationary sirens. The
I
' normalization is therefore to a four-minute siren duration, and

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

t

Using these equations and nor=ali:ations, the curve-fittinc,
, ; -

j procedure was applied to six background-noise tables -- tables'

similar to Table B-1 - developed from data =easured at 74
. different indoor and outdoor locations. In this curve-fitting,,

{ no linear smoothing was used, and data from all siren levels were
i used without omission. Table B-2 contains the resulting slope: .t

These slopes were next converted to o , assuming that they
I equal (1-0), as labelled in the table. The resulting twelve

'

,

' values of a were plotted against the corresponding values R,x
of the auto correlation function, to obtain

'

R = -0.034 , 1.051oxx
=o

This regression equation has a correlation coefficient (between
values of a and Rg3) of 0.85, which is satisfactorily high.

A -
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Listener Subclass Resulting Sieges (1-s) i
0 cation IS ta tionarv. RO:a ing

Sirens Sirens
,

f
Indcors Scenario 1 0.217 0.142 |

Scenario 3 0. 2 74 0.254 '

4

.

Cutdoors Rural, day 0.164 0.177
, Urban, day 0.065 0.103i

Rural, eve / night 0.150 0.075
f Urban, eve / night O.046 0.039

,. 'h,..,.
,
i

9

.

t

.

4

k
.

}
I
:

.

i

|
4
i
i
e

1

4
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In the next section, we ecliect these results into a for= cf

use to the reader.

Summary of Results
i

Figure B-10 contains the results of the analysis above. This
'

figure is used as follcws:

i
; e Convert the four-minute " chance of alert" to a
i

" probability of f ailure-to-alert":

. P = 1 - (Chance of alert)/100i

e Raise this value to the exponent de termined from

| Fig. B-10, for the particular siren duration of interest.
4

, , Exponent (3-10).; p, (p
4-min

e Convert this " probability of f ailure-to-alert" back to a

'| " chance of alert":
-

t

Chance of alert = 100 (1-P)

n

( .
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ROTATING S!REN
2

. . EXPONENT* * * * * * * *

'
: = 1 + (d/4 -1) (SLOPE)-

"

@' -
.

a- SLOPES:-

I : J: 0.2S4
D -

0.177' -
# -

C, : _X -

_ _.; - @_. 0.142m
, _

0.1030 y7 @ SCENARIO 3 -
i -

1 x @ RURAL, DAY
'

0.075-*

! @ SCENARIO 1 O.039 ,

! @ URBAN, DAY --

: @ RUR AL, EVE / NIGHT I'
-

@ URSAN. EVE / NIGHT
--

. .

, . . . ,
, , , , , ,

0
0 2 4 6 8 10 12 14 16

DURATION OF ROTATING SIREN, d (min) -

'

4

i ;
,

| ;

1 ,m
....
USTATIONARY SIREN

2 '*
i i + i *

. . EXPONENT. . . . ' ' '-
* .

3, = 1 + (d/4 -1) (SLOPE) ;-

,

. ,- 4

SLOPES:
~

-- -

0'
| O.274

$ @- 0.217i -

f y; ~.
'

- @l 0.1'E4m-
-

' O _~~ #
i e . @ SCENARIO 3 - 0.150
1 x @ SCENARIO 1

-

0.C35
-

* I ~ @ RURAL, DAY I 0.C43
'

.

7 @ RURAL, EVE / NIGHT --

@ URBAN, DAY --

! @ UR3AN. EVE / NIGHT --

l 0
~ '

' ' ' ' ' ' ' '' '

' O 2 4 6 8 10 12 14 16
j DURATION OF STATIONARY SIREN, d (min)
i

!
j FIG. B-10. GPAPH OF EXPONEN7 FOR USE IN EO. 5-10. (Develoced frc:
! data measured at 72 differen loca icns for the six

scenaries - see tax .)
..,

g,# |
!
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APPENDIX C
,

4

SET OF BASIC CCMPUTER PROGRAMS'

s

?

TO FACILITATE THE ANALYSISi

,

i
i

!

.
f

,

E

f

i
1

i

,

i
t
4
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y
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; (CROSSGEN>S1RENINP07.o20.2J Fr1 id-se,-ci 444 spa Pase 1

00100 ONERh0R GOTO 310
00110 PR1HT "It AT AN f TIME YOU = ANT TO EAIT Tod PROGRAM NIT CONTROL-C"
03127 1hrut "NAns Of FILE CJaTAINIhG dInshuATA"JoFIuss
30130 INPUT " TOTAL NUMBER OF SIRENS PLE ASE";hSIRENS
0J140 DIM 51, SI REN a ( 2 J e), AS( 2 3 0 ), YS (2 0 0 ),2S (2 0 0 ),S PL( 2 0 0)
00100 uusde 430
00100 IhPUT "adICH SIREN 00 YOU mANT 70 START sITd";I
20170 PRINT
00150 PRIN! "FOR E ACn SIREN P LE ASi TYPE IN A DESCRIPT0R A,1,AND 2 C00ROIf

**aATES,Aad"
00190 PRINT " A SOUND PRESSURE LEVEL AT 100 FEET"
00200 PRINT \ PRINT
002LfPaint stILea%FRINT
00220 OPEN SFILEi AS FILE ;1/ IRTUALV

002J0 OhExH0k GOTO 450i

004i0 ran hal Tu asInsas
00250 PRINT " SIREN";N;
00200 INPUT SIREN 5(N),XS(N),YS(N),ZS(N),SPL(N)
00270 IF LEFTi(SIRENi(N)f 1> 4"S" AhD LEFT 5(S1RiN a tN)f1);"R" TaEN GOSum 470

**\Gd TO 250
00200 NEAT N
OJ290 CLOSi al
EJJ00 uuTu 540 *

00310 RESUME
/ 00330 INPUT "00 YOU WANT A dARDCOPi 0F THE FILE f\N";f5

: ' 00340 IF Ya "N" inEN RETURN
| 00450 PHiaT\ PRINT \ PRINT
i 00300 PRINT SFILE 5

00370 PH1HT " SIREN 3 SIREN NAME A Y Z SPLe190,

**iT">

{ 003d0 : des 'LLLLLLLLL s;gst.ssF spigs.7fs s7473 75; ffsf
00390 OPEN SFILE5 AS FILE fli VIRTUAL1

00400 FOR Nel TO NSIRdNS=

00s10 PMINT USInu 3o0,nedIxEni(H),XS(s)frS(N),ZS(h),dPn(n)
00n23 NEAT N
00430 CLOSE si

! 00440 RsTURN
j DJsou udoua $70
i 00400 RESUME 25 0
} 00973 PRINT \ PRINT " THE DESCRIPT0f! SdOULD START =ITH S 0x R (FOR STATIO:
j **ARY OR ROTATING)".

i 004d3 PRIhT " AnD SaduLD BE $NCLOSs0 IN wuGTES"
i 00490 PR1HT " THERE SHOULD BE COMMAS BETnEEN EACH ENTRi"
l 20000 Px1NT " OECANAL POINTS ARE OPTIONAL"
l 00310 P H1 hi * run sXAnPLL : "H 11",1024,1100.4,25,114'

00520 PRINT \ RETURN *

00540 ENu
I

:
,

;
-

x

i -

j c-1

1

!
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; <0ROISGEh>000RDIh.m20.15 Fri 1::-S e p-81 3: 5 3?M Page a
, ,

.

...

00100 ua:.xxd2 GOTO 33 0
0 0110 clm F1,mulx (3 )< suly (3 ), mu12 (3 ),s uox(3 ), s uoy(3 ), sucz (3)
OJ120 in,u " nous of coorcinate trans:c:2 Ille";sflies
00130 open stile $ as r11e;1, virtual

. 00143 INPUT "00 t0U H ANT A MadDCDPr GF THE FILE";Yi
*

20150 It' ria"Y"GOTO 2 tB
'

00100 edI NT
00170 tor i = 1 to 3'

00130 IF I:1 IHEh PRINT "FOR SIkENS"
001:r 0 if 1:2 inEN PRIN: "FOR LISTENExS" -

30200 I t' I:3 Tnt.ts rxI nt " fux car.xI:.ds"
: 20210 INP UT "MULX, MULY, HULZ, S USX, SUSY, S USZ";ltuLX(I),MUL Y(I), MUL Z(I), SUex

**(I),SUBY(I),SUBZ(I)
00220 nea: 1, s;

002s0 PRin:' '

00240 PRIN: " MULX MULY NULZ ADDX ADDY AD" *wygu, ,
,

i 002o0 ran i=1 Tu 3
! 00200 IF I:1 THEN PRINT "FOR SIRENS"

.'

00270 IF 1:2 THEN PRINT " FOX t.ISTENERS"
300 2 t5 0 I t' I:3 TitEN PRIN "FOR BARRIERS"

02290 Fain; usinu 300,nduX(I f f nuu r (I)e n du2(I), suoX(I), SuoYlI;, sus 2 tI J
0d300 :;;;;.;;s ;;;;.;;; p g gg. pss ;;;;.;;; s;;;.gs; sssp.sgs
00310 HEAT I

! 00320 PMintsPx1NT\S70t)
00330 RESUME p"i
00340 eno

.

d

'

a
f

'i

t
,

e

.

4

1
.

i

i

i
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; (CROES6En>LISTENERInPUT.o20 49 Fr1 la-Sep-61 4:36PH Page O,

00100 unexnda GOTO 740
00119 PRih! "T0 EXIT THE PROGaAM AT ant TIME dIT CONTROL-C"
00120 INPUT "NAME OF FILE CONTAINING LISTENER DATA";SrILEi
0213 0 input "TuTAL NudoLM uf LISTENLM SITES"JNuldNS
00140 cis si,11sn5(300),x1(300),jl(300),z1(300),rools(300), siren (300,10)

**, Io u t t 3 0 2,10;
001s0 uusua n40

i 00160 QPEN SFILE5 AS FILE;1, VIRTUAL
00170 PRINT
0J180 INPUT "naICd LISTENER SITE DO YOU aANT TO STAh! aITa"JI001y0 enIat

002Ja PRINT "FOR EACH LISTENER SITE ENTER DESCRIPTOR AND A,r,Z C00RDIaAT
**iS"

00419 PHINT " uEsCnIPTdd SaduLu mE In =UUTLS And STAnT eITa u UR a (run
** URBAN / RURAL)"

00220 PRINT \ PRINT
002JJPRINT SFILE4\ PRINT
00410 run n=1 IU hbIsus
03250 PRINT>

00200 PRINT " LISTENER SITE";NJ
00270 ONERHOR GOTO 700
00200 Inr0T Lishala),XL(n),fw(n),ZL(n)
00290 IF LEFT5(LISN8(N),1)="U" OR LEFTS (LISN5(N),1)="R" THEN GOTO 320

*

00J00 GOSUu o20
| 00J10 ou Tu 200

00320 R0015(N) =0
i 00330 if lefti(IIsn5(n),1)="U" tnen goto 3d8
| 00440 ONERROH GOTO 720
; 00350 PRIN1% IhPUT "IS THIS RUR AL SITE sITdIN 1900 FEET OF A ROA0nAY";YE

**Sh05,
.

. 00300 PRINT \IFCYESN0as"Y" AND YESNO Ja"N" inEN PRINT "Y OR N ONLY PLEASE"
! ' ** sGuTJ 35 0
! 00J70 IF YESNO[ = "Y" THEN RODIS(N) =1

.

} 00J00 HEAT N
00490 GLOSt ;L

'
00400 STOP
00440 lhPUT "00 YOU DANT A HARDCOPY OF THE FILE Y\n">Yi00450 if Ya ="N" TnEN RETURN
00400 PxIhTsPRIhT\PnInT
00470 PRINT SFILES
004dB PRINT,

! 00490 Px1NT " SITE d SITE N AMd X Y Z RURALi
** sdAu"-

| 00500 :ss; "LLLLLLLLLL sgggg.gs; g;ygg.s;F g7#7s.;Gs' 00510 OPEN SFILEa AS FILE gl, VINTUAu
00520 FOR N=1 TO NLISNS
00s30 reint udInu s00,n,uIdNa(n),Xhin),Yh(n),Ebla1)J
00540 IF LEFT5(LISN,(N),1)="U" TdEN PRINT " "\GO TO 5o0

! 00s50 IF RODIS(n) 1 THEN PRINT " HEAR"\GO T0 boai 00so0 if x0 DIS (N)=0 TadM Pain t " TAR"\ud TJ sc0
i 00$70 PRINT " URBAN ROAD NEITHER NEAR OR FAR - LINO 535 "\STOP'
; c .

i
l
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!305d3 ken'

BJ310 hE%7 h
i BJoJB CLOSE pl

00:10 kE! URN
. 20020 PRIN!
'

00cJ3 Pr.Ih? "DiScxIP!ux daddud STAx; mITa LI dax d On a tius ur.mAh On xu
** R AL )"

00040 PRIh? "TdE ENTIME DESCRIPTOR SHOULO mE ENCLOSED IN DOUBLE wuCTIS"00c50 PRINT " AN D FOLL0aED B Y *st A, Yi AND Z C30RDIN A!tS"
23cos rRInt ";stnI SaduLu oE C0MaAs Aiida In:~uiscaIPTux And 3staisu :::

** COOR0INATES"
00o70 PHIN7 "?OR EXAMPLE : "U X11"f1313.4,2134.o,56.4*
20080 PRINT \ PRINT
00o30 at:Una
03700 bOSUS 620'

00710 hESUME 200
'

00720 PRINT "Y'OR N OtiLY PLEASE "I *

00730 nEsunE 3s0
I 00743 RESUME
{ 03750 EnD .

t

.

e

i *., w

. ,_b,,

*0
3

' !
.I

i

h

I

- b,:

|
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-
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20120 ONERROR 6070 Sol
0J110 PnINT "T0 EXIT inE PROGRAM AT ant TIME aIT CONTROL-C"
30120 Inrut "ha ns ui (ILt CJnTAIalaG SJEnAnIJ LATA"isFI sa -

20130 INPUT " NUMBER OF SCENARIOS PLEASE";nSCEN
00140 DIM si, An0L (1J), WIND (10 ), NdES (10), a RCM( 12), F 1( 10),F 2( 12), F 3 ( 10), f 4

**(10),Ent10),eot10),r7t10),eStic),I
**NP(10),PU55(10),PR30(10),MUL(10),A
**00(10).

0015 0 GCS UB 4 00

00100 Ineur "noIcn SCEaARId ud ruo manT TO STAnI mITn">I
20170 PRINT \ PRINT
03160Px1NT SFILE5\PRIni
03190 FOR N=I TO NSCEN
00200 UPsn SrILLa AS FILE 01, VIRTUAL
00210 PRINT \ PRINT
DJ220 PRINT "THIS IS DATA F0x SCENARIO NUMuEn">N
00iJO in,uc " AIR ASSORPTION "> A.10L(N)
00240 INPUT " WIND DIRECTION"; sinu (N)
0J250 INPUT " RESIDENTIAL NOISE xEDUCTION";NRES (N)

'

00260 it4PUT " COMMERCIAL NOISE RtuuCTION";MRCM(N)
00210 IneuT "tIGnT ACTIVIT2 e nACTIJ h";r'1( N),i 2(d),r 3( N),r 4(a ),r 5 t n), r e t h

* *:), F 7 (N ), F 8 ( n )
002d0 AA=F1(h)vF2(H),F3(N)vF4(N)vF5(N)vFo(H)vF7(N)*Fd(N)
00290 1r XX(.vy OR XX>1.01 Tasa PnINT "ACTIvIT z r3ACTIUna SsuuLD Abu Tu

**1"\GO TO 27 0
093 00 INPUT "Ih000R PROB AoILITi DISTRIBUTION";'INP(N)

j 00JLO it INP(N):1 uk IaPla):4 I nE N bu TO 320 EuSi exINT "Iauuox P.iueAelu 3

**ITY DISTRISUTION SdOULO HE EITHER
**:1 OR 3"\G0 TO 300

i 00320 INPUT "PR08ABIL17Y OF 4LERT OF URSAN URIVERS">PUdO(N)j 00JJO ineur "PadoAmIulTY di Au Rr Of nodAu uni V:ns">Pn55(n>
00333 INPUT "ATnOSPHERIC HUL,A00";MUL(N), ADD (N)

i 00340 CLOSt #1
00Js0 acAT a'
003o0 uGTO 670
00400 INPUT "00 YOU w ANT A H ARDCOPY OF THE FILE Y\N"J Yi
00419 it Ya "N" inEN RETURNs

03120 Pal NT \eRI NT
t 20*JO PRINT SFILE5
| 00435 PRINT '

i 00440 PRINT "SCEN; AM0L alND NRES NCRM F1 F2 F4 F4 Fo F**o F7 F8"
j 00450 : gg ;;.;; pgg gg. pg. .s;; .ssy . ;;g .ss; .Gss . ;;s -s

**ua 459
00900 dPLN drILEa AS FILI Gle WInTUAu
0J470 FOR N=1 TO NSCEN
00490 Palhi USING 450,a, AHOL(h),JInD( n),nRES(5 ),nRCM(a),F1(n),i2t h), F4( h

004v0 nsx: N
. **),entn), corn),totalsr7tN),ectN2

3 DJ496 Pn1NT\ PRINT \ PRINT
j 09300 Pu1NT "INP PUJD Pros HUL ADD"
i \
t

!
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22510 F CR ti 1 T O N SCE N
93529 ?.w.in! USI hu 5 42,IN? (N), ?U3 0( 3 ),PR55 (.1), n UL( a ), AOD (ti)-
22:33 tie A T ti
22540 ;&i2 s.Esi 5 555 59 552 25 555
33545 ? r.i n! \? RI h 7 \? RI NT,

3d553 CLOSE s1
03ss2 nElur.N
03551 RESUME
E2570 END
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20100 b1M si, SIREN,(2 30), AS( 2 00), YS (2 0 J),4S(2 3 0),S PL( 2 02)
00110 cla 4 2,11 sn 3 ( 3 0 0 ),x 1( 3 0 0 ),y 1 ( 3 0 0 ),21 (3 0 0 ),r o cis t 3 0 0 ), s ir en ( J 0 0,10 )

* *-f lout (300,103
0012 0 D ia 5 3, A30L (10), .IN U(12), NRES (10), NRCM( 12), F1( 13), F2(12),F3 (10),i-

**(10),Fot10),ro(10),f7(10),ce(10),I
** N P (10 ), PU 3 0 (10), PR5 5( 10), M' L (10 ), Au

* * 00 ( 10)
00130 cla ssi mu14(3 ), muly ( 3), m u12s J), suc2( 3), muo y ( 4), auc 4( 3)
00135 ONERROR uCTO 1370
00140 IhPUT "NUHbER OF SCENARIOS PLEASE";nSCEN
OJ15 0 INPUT "PLEASE TYPE IN TdE F1LS NAME FOR TnE SIREN D AT A"jSTILEa |20100 uP N SFILEa AS FILL si,VIxTuAL
00170 INPUT "PLEASE TYPE IN THE FILI NAHE FOR THE LISTE3Eh DATA";LFILE5
00180 OP:N LFILE4 AS FILE 52, VIRTUAL
00130 Invut "PuiASt TYPE IN To: find hAME FOR T=E SC hAaI0 DATA";Scf1L 4

00200 OPEN SCFILES AS FILE;3, VIRTUAL
Dd210 INPUT "PLEASE TrPE IN T nE FILE N AnE FOR Tai C00Ru1N ATE TR ANSFORM">

**Cf1L 6
00220 OPEN CFILE5 AS FILE 34, VIP.TUAL'

0022d nEa *? *? ': START LISTENER LOOP *.****
00230 INPUT "PLEASt TYPE IN Tnd NUMB R OF A LISTdNER SITE";LISN
00440 run n=1 70 ndC:n
00235 IF SIREN (LISN,N)=0 THEn GOTO 2o0
03236 Pd1NT " SCENARIO";N;"TnIS LISidntd EVALUATiu ALREAur - LOUT "jLOUT(

**LIsa, N J J" SI x:n="; SI NEn (LI Sn, a )
* 00257 INPUT "D0 YOU aANT TO CONTINUE";fESN08\IF fEShais"Y"GOTO 2303

I 00200 SIREN (LISh,N):0
'

002co LeuTtLISain)=0'
00270 NEAT N

t 00260 1x=(x1(11sn )-suox (2 ))*m ulx( 2 )
00290 ty=(3 1( 11 sa)- suos t2 ))*:a uly( 2)
00J00 12 tz1(11s,n)-suozl 2 ))*mult( 2)

' 00309 HEM *?? *? ST ART SIREN LOOP *?***:

| 00310 INPUT "PLEASE TYPd IN Tnd Tdi uuMBdR OF A SIRE:t"> SIREN
j 00J20 =x= tx st siren > suox(1))*mulx(1)

0033 0 sy=(y s(siren)-suoy(1))*muly(1)
00340 sz:(zs(siren)-suoz(1))*mu12(1)
00Jo0 olo 3'

0 0 3 o 0 L3= FN 0( S A, S Y, SZ,L X, LY, L 4)
003o9 R En " *? *?- S T ART B ARRIER LOOP ***?*

j 0047 0 ONERROR GOTO 1240
! 00Jo0 PxINT \Ine dT "nARnIda n Iudi ANu ulSTANCE fnun sIhEn"J Ec,uS
l 00390 oz:(zo -s un z ( 3))* muiz ( 3 )
} 03400 udis=ds *oulxt3)
4 00,L2 Ana.16x = FnAan(SIMEafalSa)
! 00420 PRINT USING 430,ANSnER
| 00n33 :THE SHIELDING V ALUE FOR TdAT BARRIER IS sys.J ch
* 03*40 I? ANS n:R >b 1C IniN MIGANS a- d
! 30,29 ud Tu 3o0
l 00470 REN START SCENARIO DEPEMU AMT stuff
| 004o0 HOT:0\IF LIFTi(SIREdi(SixEn),1)="R" THEh ROT o\Palai "c cs PEaALTi

% *? iOR HOTATI;u".

!
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334s? ONERROR uCTO 513
32523 ?x1hi
00510 LNPu! "ANY SPECIAL wINu CONDITI0tfS";fESN04
03c20 e dI NT

t 235J2 IF YESN05 s "Y" AND YESN05 g "N" TdIn PRINT "Y OR N ONLY PLE ASE"\G
| 2*O TO 513'

30s40 IF YESNO) = "N" T DEN F0 x N =1 70 aSCEn\ mI3th)=alauth>\aiXT hsGo 10
=* 640

23552 CHERROR 6070 610
Od500 FOR N=1 TO NSCEN-
22o72 PRI aT "nIhu uInt CTIca f un dCiMARIO";n;
30583 ItiPUT nIN ( 1) - -

03592 tiEXT N
'

00c00 GO TO 640
00o19 asa nand It NIT RETunN fdd SPECIAL aInu C030TIONS

j 20o20 nIN(N)= WIND (N)\ PRINT "USINw STANDARD aIND DIRECTION FOR SCENARIO";
j ** N ;"0F "; n I N( ti) ;" DEGREES"
1 30o23 PR1h?
! 03o30 R SUMS 590
'

00040 PRINT \ PRINT "SCEN s LEYEL ATOT AD ATM ASd ANGL"
2005 0 fdR N =1 TO HSCdN

I 2000C Au=EnAu(blaEueuISn)
20o70 ATn=iHA n(SIREN,LISN)
00ede AHOL=Fhaa0L(SIxEN,LISN) --

d009 0 AT0T= AD+ ATH+ ASav AMOL ).,
0 37 0 9 EV du=SPL( SIxEn)- AtdI-nut **
90710 print using 720in,Ieveis ato te aci ats, asni amol ;
00720 :sssss= sys. s s= s. s sss.s sss.; ss s. s sss.
00740 1: levelsiouttilsnin; cnen Iou c( Alanin> = s al( siren)-a to t \ sir en(11:n

**,n)= siren
00750 next n
237sc GNEHROR GOTO 1370
02760 PRINT \ INPUT "MORE SIRE:lS FOR THIS LISTENER";Y5\ PRINT
00770 IF Y 5 =" Y" TdE:1 GOTO 313i

| 007d0 PRINT
03710 EXIST "Fud LISTEnEx SI T S";LIS t:J"(";LISa 5 (LISa );"J"
90o30 PR1!!T " SCEN = LOUT SIREN ; "

03dID FOR tl=1 TO NSCEtt
j 00d2 0 PRINT USING d30,N, LOUT ( LISN, N), SIRElitLIS N,N)
{

09U30 ;&&ssssss ei-s ssss
1 00040 NEAT N

00c50 PRINT \ INPUT " At 0THER LISTENER SITE";Y 5\PkIt!!
00o00 If Yo="Y"TmEN GOTO 230
00c70 enINTiPRit:T "uuuu-3 7 " sPRI::T sSTOP
02679 HEM ""F**; FUNCTION FOR SHIELDING ' ' ' ' *
20sd0 USP FNASs(SIRIN,LISN)j
20sr0 La:FnD(SX,8Y,34,LX,Lz,L4),

| 00900 F C0=? hD( S A, S t,2,L A,LY,0 )
i 00710 IF c0!S>FOO THEn PkINT \ PRINT " DISTANCE TO BARRIER 700 SIG"\A=C\GO
! ** 70 1912 .
' 02920 L2:54RT((?00-BDIS)**2 - (L4-sZ)*r'2) f

a
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, j ( G a u sa 6s N> PI C:.1. o 2 0.110 Inu 17-sep-ol 10:23Aa va ge a

0093 0 L1=SwRT C ( SD IS)2*2 (S4-BZ)**2)+

00 30 nh=(ul,L2-u3)ti.12
00350 Il 34 < ( St + BDIS* (LZ-S;)/F00) THEN NN=-1.0*NN
009o 0 If Na< .2 THEN A=0\GO TO 1910
00:10 le hn>12.os IncN A=24\uu TO 1210
00980 IF NN==0 THEd A=5 \ 6070 1010
00999 IF hd>=0 IMEN A =2 0* LOG 10(S4 RT (2* P I* NN)/ F N T3 ( S WRI( 2*PI* nN))) +t
OL300 li NN<0 TniN A =2 0* LOG 10 t s.HT (-2*.PI* nn) / T An t s nT (-2* eI* hn) ) ) ,s
OLOLD FNASH:A
01020 FNEhD
0103 0 0 f F:!D( A1, A2, A3, Y1, Y2, Y3 ) =S4 R( (x1- Y1) 2 * 2+( A2-2 2) ** 2 + t X3-14; ** 2).

91.010 ut: t hTa(X)=(EXP(X)- Arl-XJ )/ (c XP t X)+EXP (-A > >
0105 0 DEF F NA0(SIREN,LISN)
0106 0 f d A D= 20* LOG 1D(L3/100)
OL27 0 e nshu
DLaoD DEF FNAMOL(SIREN,LISN)
01090 FNAM0L=A80L(N)"L3/1000
01100 FNENU,

O L10 9 den **?*?. runCTION iux ATddSPetxIC AoSORcTIda *****
01110 UEi FNA!M(SIREN,LISN)
01120 TnETA = M0u( INS,360)/3o0*2*PI
01230 s2n=ATn2tlux-8X),(uY-Si>>
OL14 0 ANb=n00( S2R-THE T A+2*PI,2* PI)

'' 01150 F00=MUL(N)*COS(ANG)+AOD(h)
'

0116 0 IF F00<=u inEN FNATH=0\GO TO 12J0,

'

01270 Xau!=1057/(SWAT (icu)>
| 91180 IF L3 < = 1. 2 *: XNOT THEN PhATM=0\GOTO 1230

01190 1F L3 <= 1.7 * ANOT TdiN FNATM=5\GOTO 1230i

0120 0 If L3 s: 2.4 *. XadT Tasa FnAta=10\udId 1230i

| 01210 IF L3 <= 3.4 *: ANOT THEN FNATM:15\GO TO 1230
; 01220 FNATN=20

OL230 thcnD'
-

1 31239 REM ***** THIS AREA IS FOR CHCOSING THE SHIELDING VALUE **.***
01290 HESUME 1250
01230 ONanROR uGTO 1370
31200 PRINT USINu 1270,aIG;,

| 01270 :ShALL M" USE :s.3 AS THE S:11ELDING VaLUE
! 01290 INPUT YESN05 -

| 012>0 It :Snua 3 "f" Anu zidadi ; "u" Tnia PRINT "Y 0x n Uhut PuiASd"su
i **0 TO 12o0
! 01400 IF rESN0a="Y" THEN AS H= BI G\ BI G= 0 \ G070 470

OLJLO uncanux uGTO 1370,

: 01320 INPUT "00 YOU n ANT TO CONTINUE LOOAInG AT B ARRIERS HERE";YESh0 5
- v1339 IF YESn05 e "Y" AND YESN05 s "n" inEN PRINT " t 03 N ONLY PLEASE"iG

| OL340 IF YE Snu >="Y" THEN GOTO 370
|} 0135D IaPUT ".idAT SHALL WE USE AS THE SHIELDING VALUE";ASd
|| 014e 9 b10 3 \ GOTO 470'j 01J70 n:Sund

i OLadC ENu
i

! C-9
i
t

,
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-

3 010 0 U Ia = 1, SI REN a ( 2 3 2), AS( 2 2 0), YS ( 2 0 0 ), ZS (2 3 0 ), S PL( 2 0 0)
03110 cla 52,11:nat33D),xi(J02),y1(J22),41(JU3),rodis(322),stren(322,1J)

**, lout (322,13),PT(300,12)
2012 2 D ix E3, AMOL (19), aIN D( 12), NMIS ( 10), N ACM( 12), Fit 13), F 2t 12), F3 (10),14

** ( 13 ),i3 ( 12),e o ll2 ), t 7 ( 10),: s t: 01, I
**NP(10),PU3J(10),PR55(10),MbL(10),A
** 0 D C 10)

03130 INFu! " PLEAS: If?E Is Tat rInt NAME ida Int sInda uA*A">sFIL: 3
E3149 GPEN SFILE5 AS FILE =1, VIRTUAL
C0150 INPUT "PLEASE 7tPE In THE FILE NAME FOR TdI LISTEaER DATA";LFILE3
0016 0 OP:N LFILEa AS FILE v2, 'lIRT UA L,

C0170 IaruT " PLEAS- TYPE la TH: FILE NAME FOR THE SCIHARIO D ATA";SCFILIs
03139 GPEa SCFILE3 AS FILE;3, '!IRTU AL -

,

00199 REN
03230 I n r uT"h u n si,8 d LI S Tin d.ds"; NL IS N
20219 INPUT "NU MBER OF SCE3 AR IOS";NSCEN

: 90216 Paini

| 20220 PRINT " P1 P2 PJ P4 P5 P6 P7 Pd P3 PLD
*2 pro

00230 FOR L:1 TO HLISH'' " IOd240 print listener";l

| 03230 rux c=1 10 as C:rs .

03200 REn >,
, .i63170 A= LOUT (L,C) l'

*

;
90250 If LEFT5(SIREN 5(SIRIN(L,C)),1)="S" TsEN GO TO 320 ')';

| 00210 I t' L-iT3(SIat35(dInEa(u,cjj,1)="n" TdiN 00 TO 442 74
DD300 Phin! " SIREN NuaSER"; SIREN (L,C);"NOT ROT OR STATIONARY"\STOP -

30319 RLM '#22=* STAT 10hARY S IREN 222* I
02J20 Ii L FTj(Lisuj(u),1)=a n Any gugIs(gj=g radh buT0 309 $

n

i 03J39 IF A <= 32.0 THEN H=35.15 \ SId=1 355 \ GO TO 570 i
! 00343 IF A <= 39.0 TcEn 4:41.20 \ SIG: 3.871 \ GO TO 57J l
| 00400 Ir X <= so.e != a n=es.yo s SIg= 13.oo g ca Tg 37g
i 303c0 IF A <= e4.7 TdE3 M=52. 25 \ SIu: 5.o13 \ G0 TO 573
} 0047 3 H=o2 45 \ SIG= 1.J11 \ GO TO 576

2 3 a d ? sa n '?' *? sTATIONAxt sInih A,u HuxAL/fAs Fadd x0AD,

G3J90 IF A < . = 27.1 THEN H=27.93 \ SIG=0.4731 \ GO TO 572
27403 IF A <= 36.9 THEN a=3o.50 s SIG=5.e34 i G0 70 572
00,12 1: X (= ,d. 2 Taia n=3o . Js i 3Iu=7.291 g ,,a To 373
0D920 IF A <= 54.d THEN H=-16.7 \ SI6:4J.Sc \ GO TO 570
02432 n=53 95 s SIG=0 4946 \ GO 70 570
23440 MEM ****? R O T ATIN G S I Ri NS **.*
60450 IF L FT3(LISN5(L),1)="R" AND R00IS(L)=3 THE3 GO TO 520 ~

! 00400 RE:! ****?' ROTATInu SIREN AND URSAN OR RUR AL/CLOSE ROAD
00470 ir A <= 34.0 TnEh H=40 13 s SIG=2 0237 \ GO TO 570
00ec0 Ir X s: 41.1 nsa n=42 v5 s s I v= 3.949 s GO TG 570
20M9J IF A <= So.4 TdEa u=47.JO \ SIu=12.3g s oc To 57p
03300 IF A (= e5.3 TnEN n =5 2. 2 9 i S IG=5.5 55 \ GO TO 57D

| 02310 n=o3. C5 s sIv=0.83s7 % dd to 570
| 03520 REM "t RCTATING SIRIn A::D R Ur. AL / F 1.1 F30a ?.0AD

0C5J0 12 A <= 27.3 Tn N n=2o.55 \ SIG=9.7527 % GO TO 570
03cn? IF X (= 30.2 nza .a=33.d s S Iu= 5 . 5 2 7 s ud TJ 570 -

.,
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) <CdOESG13;PROSS.832.od c :1 id-Seg-ci n. 03 F :t ease 114

00552 17 X <= 54 3 TdEN M=3s.53 \ Slu=19.97 \ GO TO 572
Danoo M=32.95 \ SIG=1.143 \ GO 70 072
00370 r=r nV?e(Xs as b1G)
20o60 SAVE(1):P \ P(1):P2F1(C) \ GO TO 723
Odsv0 REM
00o00 ute thPPP(XXX,ndMisSIG)
OJc10 Z=(XAX-MMM)/SSIG
00o20 IF AoS(Z)>9.2 TdEN YYY=0\GO 70 cc0
03o40 S 44 =( 1,0. 2416 41 v' 4c s( 4 ) ;* *.-1
03o49 A=0.3193o153 s B=0.35o5o3762 \ CCC=1.7d1477937

; 00o5 0 D =1.3 2125 5978 \ E=1.330274429 .

9006J FC0=(1/S. ART (2*PI*EXP(2222)))! '

00o70 r r s =c ou2( A* gad - 32GAH*w2 v CCC2 GAM 2*3 - 02uAM*24 +E* G A:r22 5 )
>

.

' 30060 IF 4)=0 THEh YYY=1-iYi
20o90 PNPPP=YYY '

03720 easuu
03710 REM
03720 SAVE(2)=1.0 \ P(2)=F2(C)

'

00733 REN
00740 stuin=L0uT(LeCJ-NRdS(Cle24

103750 If LEFT5(SIREN 5(SIREN (L,C)),1)="R" TdEN SELIN=SELIa-o-
03760 P=F NSLEEP(SELIN)
GD770 sAvE(4):P \ P(JJ:P*F3(G)
037d? uGTO 630 2

00790 DEF FNSLEEP(SEL)-

'

00000 F NSL1EP=-1.235 + ( 3.28 9*1922.-2)*S EL - t i. 21212**-4)*( SEL** 2)00cLO ebsnu
i DJd20 NEM
! 03o39 LIN= LOUT (L C)-NR4S CC)f
; 00o40 Ir LFTaldIxtNp(5Insh(ufG)),1)="x"TdcN da TJ 940 ,

1 00o50 ON INP(C) GOTO 860,860,900
i 00 dea IF LI5(=19.5 TnEN M=21.0 \ SIG=0.So \ GO TO 193 3
} 03o70 It clas=.<2.6 Tash n=20.4 \ S I G= 3 . 70 s Gd To 1930
1

00dd0 IF LIN(=61.5 THEN M=33.2 \ SIG=13.0 \ GO 70 1930
00e90 N=60.d \ SIG=0 07 \ GO TO 1930
ODv00 If LI Ns=2 2.s Tnda t!=24. 2 i SIG=0.34 s GG TO 10JD

I 00910 IF LIN<=31.5 THEN M:59.4 \ SIv=21.3 \ GO TO 1930
0)>2D 1F Lins =64.5 TdEh H=44. e \ SIG=9 72 \ GO TO 1930
00333 n=o2.o \ div=0.do \ ua To 1333
03940 ON INP(C) GOTO 95 3,950,1090
00950 IF Lins =20.5 TdEN M=22.d \ SIG=0 92 i GO TO 1939

j 00VoD IF LIN(=27.3 TdEN N=30.0 \ SIG=4.74 \ bd Tu 1049
1 00970 I t' LINS =42.5 THEN M:36.2 \ SIG=22.0 i GO 70 1933

90sb0 IF LIN\=o7.5 THEN ti=39 2 \ SIG=12 2 \ GO TO 1030
DU9v0 M =o s .1 \ SIG=1.so \ GO TO 1 D3 0

| OL900 Ir Lins =22.5 THda n=24.o % SIG=0.oS s GO TO 1230
j 01910 IF L1h(=7 3. 5 Td1N t!=9d . 9 \ SIG=11 1 i GO TO 1233

012 2 0 .. ,.. . _ n=c7. 1 \ S I G=1 so i GO TO 1233
ULO3? v=rne?.q uIaenfsIu)

{ 01043 SA7E(4)=? \ P( :):P'F4( C )
0100J R:a
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SL5 5 3 p;all(c)=(pt rur(c)2:ur pcp p uro (c )0u :p;p )/( 2 pe p_.u n' o o)
01372 print using 1:33,ptrur(c),pturo(c),pt:11(c)
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)
G1333 : G.053 0 305 ;.303
O Lb 93 nex t c
31333 close ;l )

31613 clo ca 22
21223 closa s3,
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/ ; (C a0 ES GE N) ? P.O d S . e 2 0. 6 4 Fri id-Seg-d1 4: 00PM Paga 12
'

JLaoD uI a =uuu T ( L, C )-n aC:1(C)
J1J70 IF LEFT 5( SIRE:15 (SIREN (L,C )),1) "R" THEN GOTO 1110
0123d IF L1N < 3d.1 Tad 3 M:3d.15 \SIG40 2J7 \GO TO 11,C l
OL310 If LI n s 47.4 Into .3 39.75sSIu=4.409sud TO 1140,

01139 M:45 7\SIG=0.vd9%GO 20 1140
01110 IF LIN < 39.3 TdEN M39.odsSIG20.oe7\GO TO 1140
OL120 II LI .1 < 31.7 T a- N a= 41.5 s dI G= 6. 0 2 2 \ue 7 0 1140
01139 M:49.7 \SIG=1 294
0114 0 P:!NPPF(L IN, M S IG) \S Ald (5 ):P \P(5):P*F5tC). f

O Ll o D nd.s
i OLiba REM INDUSTRIAL PRO 3 OF ALERT IS 1.0 (a0R.tERS UNITE),.

3117 0 S AV E( 6) =1. 3 \P ( 6):1. 01:Fo(C),

; GLids REn
; DL190 SAVE(7)=?uS5(C) \ P(7):F7(C)* pus 5(C),
i 21200 SAVE(d):PU3G(C) \ P(d):Fd(C)*Pd30(C)-

! OL210 SAVE(1) pro 6(C) \ P(v) iv(C)*P.45c(c) -
'

31220 SAVEC10)=Po30(C) \ P(10):F10(C)*PR30(C),
' J12J 3 p t ( 1, c) =0. 0

j 01240 ror 1:1 to la
| 01250 s 0 696,

'

J12ee print using 1250,savs(1);
01270 pttlic> pt(1,c)+j(1),

'
012o0 next 1\ print using 13 0 0sp t lle c), ,

J1210 adxT C
01300 : 3.s045
31310 e. EXT L
01320 print \ input " rural uroan populations ;rurpoppuropopa

f
0133 0 nusuro=tl
GL343 nuurur:0,

' O L35 0 f or c=1 t o nscansp turo t c):3. 0 sp trur (c)= 0.0\naxt c
.

313o0 rem start rurai,uroan and overall proo cales
] ( 01 70 Ior 1:1 to n11sn
i 21330 11 left3(11sn5(1),1)="R" Onen 90 to 1460
1 01390 II le r t 3( 11sn 5 ( L),1) "U" n.:n print "lis not rur or uroan -lic r";

E DL900 ram n3re for utocn
j 01410 :ua uroa n ta uro +1

01420 for c=1 to nscen
\ JL13 0 g Curd (c): p turd 8. c) cet(1s c)

GL440 next c
01459 go to 151 J

' OLeoD rea nara for rural
OL470 numruranuorurel
019d0 Ior c=1 to nscon
0149 0 p tr ur (c) =p trur ( c)-p t t1/ c)
DLoda naxt c
D L5 '. : n2xt 1
01515 P x 1 :.T

. 01.) ? 0 rin; " s t:ur jiuto a ela"c
! J133 0 tor cel to n can

01o42 pCuto(c)=ptura(c)/ns.curo ~4 x

C-13
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20123 IN?UT "'i A"E OF rI' I "]NT AINI'i3 S~ENA?IU U A 7A"J 3?II. EI
e s . ., 4 t e. : n . n e.t os : r. . . ,:-a.

.. a 3.. r e. , .:a . z- . r . 3 r. n ,. r. .e .e. r... w . - . . .

. J ,, 3 . 2 n . u. a. . , ,a. u.c ( a ra ) , r. .i - ( 5 , ) , h a t o ) , v . ( A s ) , e . ( 1 - ) , 2 ( A u, ) , ,: r, ., ., ) , ,
, 3- u +5 3 . - -st. : . mr n is u .: i. .c

)'
,, , e- ,G e s. .e e 3, :: , , ,,

b fe 5 D f. &

,f. r.-G
- f. . |6-

r ns mn, , e : k A U / / F w w:h(,t l p : :. . : . r . &, j pr ,, . , , yV (.,4)ye.
-.

.e - . w g .

**33(12).

+

2 0 , = s, w , a ,. - r t ,.a- .,
.. .

vi.s c, I v. .e r.: . n a :.. r .- =. s e r. a ,i .e. 3 0 3 ./ 3 g g o o ... .
o ir

. . i 3 eima.
--c o si..n-. .t.

001*72 ?: INT \?:I"!.

' I
v' '6 1.' L' .o . . '. "e .- 4 - .'. r \ 3 0. '1 o" ~.

*

C4 .0
'

. .

U't 31 a ,, 7 .9 .;. h=r .9 a g .r ."1
et.Yv . a w .

a, rr * 1 n 12 : n. .: T r. .*. . J ^J 7 7. ?. .:.
- ee -4

.

*s . t
. . - . g . / # r. : A J A 4.". e L2LL w 1

-

u se .n. 3 P :. . .: h. . \ c e. I r .so-. .
., - , . . . . .- . , . . . .s, 0 4 ., i.,.. ,, Gib AJ Ua .a c D c. *. e , - . ,- ,t d, , . q , L A ,, f. b.

-4 6 6

. , . 'J r.n . v .n .e n . A J
. r..
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32262 IN?"; "COPuE3~IAL NOISE RETJ'!I1'l";N.~M(N)-

*
00270 IN??? "rI'ET ACTIVITY ??ACTIG'";F1(r),F2('Of F3(N),F4(N)rF5(N)<F6(N

2"),F~(N),F3(*O
03232 .C=r1(N)+F2(') 23(N)+F4(N)*F5(N)* 6(N)+ 7(N)>F3(N): .

. 2 ,,, 2 r .,. .t r 4..<. n 0._- 4 D ,..,:. . . . . . .
,. . s, . . - .,
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0 0 31 G' IF IN:(';):1 C. IN?('O=3 THE': 93 IO 322 ELSI ??. INT "IN30CR ::.33ASIL
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m ia- e|* A . .iE . :- u s f...
. m3=., s. e u- : - a3u t a -z .

! 0 ;' 3 5 c N r.\ V

U 6 J a. 6
,n- ,

t em... = t .,. uw .
- . ., 3e, .

j t) 2 't b t A o e ,. . ,a S . . . . , . . . - , . . , , - , . - 7.= =y. - ,, \ g. y, 7 .!. .,. Is . e..s . R w J r & J7 . r. !. ? A i .*. 4 .a f. ,
. ,J t v -

1
| b .9 .* 1 i., T .T V. . = H ". H ."..r..". .e .r. . ". . .v

*
.. . :

i ,1 9, .5-
L *, '1 - . - rAyp=g g-...s.?1...j% .*a

.

0 ., s. -ac . , , . . . s t, ;
,- .. .

A .

O C, . - - t N 1.,. .. .

tJ3j; w a t s, ? . r .e. .
, . . n ,. ,.

c. o. g-, n I S .,./.n.: .u
.

. . :. S o. . - . . . , --. c,. e- a . ,. .a
- ;.- .x., i .

.

i e, .r 1 F n. "i .

j 00'5J : 99 #".97 e;2 2p. 5:. 2d 2-d . Sin .h#5 5#3 .#71 3
; }-- e , . c.,

=* 5 225
.

i g~.. e.-,.
.a. r. . , . . = , , u. 7 n-

. . . .-

s 0 : . - tv. ,, : tw - .v
- ---
d i, , l ,. t U. . o.1 .y

,. -n v. J . ; v.---

0L4.,c,

-.1.i. v3i . .2f.ef.,-.... ev.)f.i1..s.
. . . - .,--r- .- ,. . . - . . , , . .

. .)/.e... .;( r,3 p !. ." w f. (. r, .J p i ; i .. .),.> -. .. -. -. , . .
- $ r. .e. s / r a r :-. s . 0%.* .)

P. .i*

, ,, J ; .: ,. . . s : r .e. )s : : r .. s,

s . . ] , .:. ~ r - ,;r r-s
. \' 4 y. .% j.s I%. s a/,

| , -.=, . . cf . pCt ' as .sl. ,, .s.- ..-...\-....\.-..,,-r.4 . r ;. 1...: .

I- - 3I-i s .:. .: ,. :: . -
, . - n,..- : ,J s t., ~~::--- J ns.' /.. a..

. . - , . . . . ,m-,.
,

' i

w'
.

}.

C '.4
|

I

m

,, n.-. -, . . . . -- - . ~ ~ ~ - - - * ~ *~~ ~ ~
Q

1_



r- - _ . _ . ..._ - . . _ . . . _ . . _ , . . . . . ~. _ , . _ . .. ,. ,s_ ,. . 43

. e

e #

; z--r---...y.-..,.-.-,....., . . 4 c . .; ; . .:9 .4 25p-:
... ., , n . .. .;..9 3g .: t

,.
e s . 2 4 .. 2.r . ras. ... ; -

,

9

w s . ?. s* ; *"t ; _* =a1Tc t' a a r e.-, .. e- n. . .._
5 1** * * * * *1
U= .t .*;*' * ?. t * * . ,, 4 / .7 .e * 0. r "* %/ p . p f .9. b g. )p. . t .s ) p

3 -pns ;;; p s s .jaer pg-). f ,e = = A .g. =.)J (.. jug. ,w .' s . . .

y3--. . - . , . ..
v 6 ~. d L ,9 0 .'. .
,1 8 9

. -eu6.16 . = . . . . .-e.- -e-
. .4 -4 4. .. . r- r er--.. r. - e :. .y.=

e,,.=.,-,. - .. . . . , . . \ . . . . . \ . . { . ,...[ .

-

,,a.s . .

6 L . e. L b w w J .: .

,,c .- nr - ..7
|
. , ,, - - - . . . .b a, . 6 ?* ..r.'

u6.f*. ...." "?19 **
I

3 fy ; . . -

as 6 . #E * * ' ..

5
1

I.

|

I

!

i

f

f

4,

1
a

! -

..

I

s

a

D

i
4

),>
;

.
s

1

!

I i
i
i

i
I

.

.

t

t

!
;
i

\
.
I

| G,'sA "

-
.

1, -

h

t.

i

_ _._ . _ , _ , . _ _ .- _._ ._,._.._. ___._ _ _ . _ . . _ __. . - _ , - _ . _ _ _ ~ , ,.
_ ,

. . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



. _ . _ . . . . - - - . .. _ _ _ _. __ . . - -.~.4*

. .

.

- - , . . ; ;-4 7 . . a..-..:. a : . 3 = ,3 9
,.a- ..r.- ;")-..g*. e *

f sw. ... u. ... .. .. .. . . . - z. .
.,

- .

3 ,, . . . .n, 3 -.-- , .,., ,,s. / J . ." L . . . f. 4 . - g//r.J( 6
.,-f-] / ' J \ 4. 3 . \/ / . J ( 4 b .m 3

- - . r-.= , ,

J 7 . ( ; .r ., s/' .Jt -. s. s .w / / L

L, i t--.i 44 = . *
b * . / .1 4. .,.. .? t. * W . //s * ,-4 , 1 r O. & .t tJ/J.1r ,L / / 4. -g .t 4

a ,s
,1(01'i/ / .- s 2 (g .i * - %A4-

2..
. rt-- ? tsf. . g

.,

- , . 3 ,. \ . fe t / . u jg =e L 6 &//. .

1f . - . . . ( .% =*f *!wr.1 )
*vv

. ..
, , . - = = . . . . - . p,,s .

..t.66 a.6 . . ' . - / ,,..k, ) p . . . . . %, 's 16J/ sa ; J ( .3 ,Jr.g.=d.6s. ,s ... - . p g g g \ l a., s//.* . \ 1. J / . 4 ( q.wlp*2(a6 )p: -.f.-
-. p. ,, s ;,p ., s --. . ,s -.

.

w e r 1. o* ') ; : . \ s t J r .; a \ ' w' s!* M\ *f ? '*9 s 1 ' '\ - L- } / .; 2. / 1. s '} / .1 T\ I/. \-

,,..p. \1u)p.JJe,(16 )f. ;..g1,su)fs -ee-,a. as - ;p. .j y r p 9 .s, s)fa...
. .g.

" r(12)
.u. . . ,. , .. . . i s ( . ) , ., ,., t ., ( .- ) , .,. . . i , e, . ) , 2 .. ., r, ) < . . - .f ( - ) i . , , .. m ( ,. )u,,, ,. , ,

.. .
-.

. .-- ... . ... . - ,

a ,. , .us. t L**.. . , - ,. . , . . . . , . . . .
'? v .. 76

.

, , , . . , . . . . . , = , , g . , f i.e . . - - . . .a. -

J ..e,a.Y..% '.3-.....,,.s.--.itw
-. J.w6 .sw .. .

. . - - . , . =. .s .. . T.

. ...,,/.*J...e, . . . . . m.
3,. , ..

1.
% , f - , , . . .. . . . .. .. . . . - . . .,.J. J

. g. .

,...of. ..f 1. J
, .b6 .a .a. s. .. . . .ea..... . . . . . . . . .a ..

, , . , , . - - . - - . . . .- - - r.* -*1/*Ar.e..rJab..P--
-?;.e '* ..;J s2 * .4t, 6 . . .

7 rs .a 2.s 7..-*- so-. .e -- . .f. .t .; . ;;. ; ; . ! ;. .e n .j ; p .7. . = .J. .;. e. . .- . ; .. ; -..

-,,a,,f 77; r.3i .r .Lw s .a. .. .. . 64: . . .en... . . .. . .e .a .

de A ? .1 s1
g. - m..s ,:..-. SJ * 1*. ., 9.-.p..

'

,. ...
=.1; 1?.;Wa.

. f .o
.

, 3 , , , , , - , . - , , * . * ,.0* * **. . - .g.
1." 1.e . . . - , . - - . . - .- . . , -

7 ,. . , y - ,.1. i., a. j 1 - ?. a..~ J . L ,e a ?. L J qe- ve.J.!A.Lg--- r=.g/ = 4 6 a

J:
.'. 1 C1 s .. .m.= p,,-. , . , . , -

.. . - . i.1 2 -J 1._g--. , .- *,
bw.16 .' . ? 1 .Aa.*.

. /. . . .t,,.g,. ,g.... , , ,
. .; i. 1 . . . . ..- . ... . . _ - T. e .7 . . .s .7- . . . ..

.. ..e . . .J- -n.. . . , , - .
.

e . e . . . g..*e.. -
.

= i...-
. - h . m. 3. if . , .vw.. .. . . .. - # *.

w e .- O l * ; 3-. ..
.,,S. - . . . . . , . .- -.,
vsJ.t J-L : L.*J aJ : L."- .p ..y- ....

sea..Js
1.,74i ; ,,,,, .6,.;- .1 J . .; t.e r ,. . ,9 ".13 ewtTv- . . .. .. ...: *--
. - 96

.

.a. . , . . . . . - ,n......
. .. ..

. -. .i . . .. 3 .. .. ... .e4
..,

.J... .- . v.-..... . .
,.--1.,,..< * 1 O at.-.

. . .. .. a . * . .
, ,-. .. - . . . , ,w s 4 . ,., - . . .., ,

.. . . .e..
t

s, .9 ., , 17 e..- .f.. \ 1 .,. . ..e f .e ) s .T... ..e.,..
, . .. ., .p,. -

s. . . .
q 3.-.,. w

3,5, -.1' .

. . . - e e , .- . . . - , ) , , . . . . e i - o . - e.1 0 i :. . - -il5
,--- - .r . e

L .r*,---
a b ?. a, a W Y " . ;. . ,d *. - ,s . - r, * r
.* --..gww.is *

. .* P. : f of .71J . v-e*J r '. J s . 4 c ''.
.

,,. y-. J .3of e) f..s ,ete.=.. ,

f ,J .? a L *1 \ . A J .e.
.- - r**- os .a4?* .- . e p .e l /

d .g 4 9 %s.' . . . . . . - g.*, o ,3 . , . . . . . -

.- , . . a . e J ; ,, r. . , - - o S . \ . ; y" J.i.%.. . . . . -
ss ! L Jee .J

- i.,.j,,**.** - .7 - * .. L.? . .' ! * e. : s . . J s.J~ & u .s . J 4. O v. .. .. .
1,*q , ., y ?.. = c f. ,.: .. y; .e. .. s . ]u.J. v e}.

,...,
,. u ,. ,.: -. L ,....(.- -... . u . , ., ) a. .

. ..
, ,,-- ,
, .Ja . . .y -, .

j 2022*' lx = ( x ' ( l u..)-s ub x ( 2 ) ) ' ~ulx ( 2 )
20340 ly=(y!(11.e.)-rBy(2))'.uly(2).

bL..k. 3t, - \ . .i r i. 4.r, -. 3; ."I e :. . , - - r . s s . . . ! .3 r , )-.. \ 6..\ J/ .. 4(
i *,;- O r. j .,,,, .e . , . ..; ? ---J . .;. .r, 12 r,6 ...6 .; e ...

e. u s
.,. , ..,.-e,. . . gg-. ,.. - . . . .. . . . u.. . . . .

q9-
. .. . . . .

.. . . . . . .
. . . , .4 . e n. ..

g
. . m .

g ...
a g, ,y . , . gt.

i.z.... , . . .,,::- .. ' . . . r. . i . . . ) .e ,2 's .x ( - ) ) . t 1.x(.)-
s . .. - .

*. . ..

.m. q. = r ;. e ,s .. 4 . , ) .e , . m. ( . ) ) , , u i. .e ( * ):
.

,
,

, .. . . .

. . - _ , ..,, .

.-( ....). ..,,(.)),_.. 3 ( )i . n -e . v ...

A. : . .e - . .
,

>

, . . . .,.,,
.. . . . - ...

,, - .. -- .u . - . - ( .e .,. , Jv, .

..
L.)., ,,..

.. r : . i . . i. ., r, :. ... ,
.v ...

, , . , . , . - . .,,.
J.e--

- .. , .- . , , , ..:,,,,,,us . ? .s . .-
: o. L. ,, :......, , _ *1 . . . ,..u . .. . . . ..
* . , , . - . 7.,._\....... ,,.-.I.,- . . .

7. v- . . . ..: . J . a . - - c e. . . . . ,. , , . . , , -. . . . .. . ., -,. ; . . -
. .. :... . . , . :. . u,.J. . .

A. . . . . . o=s., - s u ...'. . ),''..".1.- .-.. . -
.- .

,

... ,.: .: . , 4, . . .: , ...1A,.J)t . -.: - . .

; ,,. , . . . . . . . . . . .
. . . . . . . .- . . . . . . . , , . . - , .

. s... . .,.i..
, ., P... - . . . . . . . . . . - - . , , , . . . . . . . ..

.J.- ..
...

,,r.,. . -;r ..;........ . ~ . , - , . - -; , . ....:... . . . .. . _ a_ ._. . . . . .
. .s . . . . . s.. . . .

, .. . .,. .. .

. - . =,.s.....:.... . :. . .. . . . . .. .,<:.: .- . : -
. . .

,..
.. .. s.

,, .: .s.
- ,- . ., . . , . .,. .....- . ..

. . . . -.i.... - . . . . . .u.. .
. . . . ..

> -. ..-... .- -. ,. . s.; . - . . . , , . ,

- ....- . - .. .. ....... .s,,=,-s _ , , .; , , . . . ...r.
. -... .. _ . .;. . . ,,2.

..
.7... ., .-

. . . .. ... .. ~ ..
., .: ; .-,......,;,

- .... . . . ...

.

w.-.

_,.m,,.m..e . m. w. ' ' * ' * ^ ~ ~ * * ' '' ''

T6"~~. " ;



.- w._ ~.a .n s m.m - - . . - = ' - - m::-- - . .-- ---- :2. - : - . . - - - : __ . -.w_. aba
.

. o
i . .
4

.

I
i

.

g e - ; ) = ; o ) ? ? e. ?. .==*..*.7- *.: ?.4 - 3 , = . . . ,; *L a) . * : ==i,... 33 2 11;.

_/ '/ w. w . ^. ^ * = = = = a .*e* --= * -*L-- =s- .-,

w . .e r. e. c. ; . . a ; ==n.=.
g - -a.a

. . - s..J a

6s.fy .:-=,=2ni
. .

I
~ d g - .,O.6. ,,.a... n... ..fy . . . . . . . = b..=,.mo.,,.o-.....

.. .* J7* asu .*. ..L .* :. A . & .' .s O p1LJeJJ

4.3 C.9 3 0 F ". *.
,

,

w . 4,

4 inea .~ . . . ...%-
w. .. t' r ; . pe..,e . . . .

. . . o. ..J J - e s g. ., ...g. ..p. as.. 3- g.. .; .,e,,., ? la3*n\.-. .-
8

. LJ ... ' . f". * . i .?L.e. : ? .- J% * ' . 61 J
1, m -9*i w.J .q ,It.

y, .. .- . .
..O..<* $" *;'...sJ .- nen . . . . . a3* p1 .J

~ - . ,. m e . a - .. \ eies. . I n t .. J 4 1.e s t .= J \ .e 1.f. =. g. \ e. - eqS - . . .. .g i o s
.

8 uJ. ?. O * a 2 b ;;i, e .

71*we
d.

u C 4 . ., G.....,.. q - ., *.,,
- .Off. i. .w s.*was

6 .s -
v ra- *1 C.6 .. . = * . * *) *. - ? t.- . . . . -

J,e. g . - I . . . ,, . . I g. a5 = I r. .f I . ,. a 3 r=- J .- . , %
. : . . e g g . . . ,.o : . .

- s J t J. :; u , . . ..
,, . ,, r...,.. .4 -.(.),. u c -. , . . : .. 1

i .a.6ca N v-, e

i. . .. . , - . . .
M e. .c sJ .a 'l . ,

..
4

..
< a, ,. n, -y ,- . . , . - - . . . ., -, -- ,, , . . . .. .,1 ,., .o ,. . .. D T I x. .. .r. : r. - . : r. . .

. . . . . ( . 3 _ . . . .. . ( . ) \ 3 3 I . . . . .
u .- 2:..a s,. -u.. .J.

J . $ 3 . ,~., . . . . 3 I R : . i ., ,A. :. , -.va

. . . .
.

.J ,,. 4 2. , ,,U J I ,:, a-. .. .

J .... r,n,.. . . 1. J.. . .. :. .. ., .. . :. . . s .s . ...
:

. n g e n . V I .4 ( N ) p* "l ..y/ D . J :. : :- c ".--

/.

.' } .,T.O*Q9 .",).3..*.a.."
',

s. .

W ., 7 s* .* . . ? .f" T . s - 4:..Sa - 1
s

wwt16 ; a ? e. . g , ; T. o = go :4=?.. -

19 . -, f. ? ,. - f a**= a a. e*y a c ** e.e. a.a. e.i J e= . . = w .1 j q{ st. . . . . . . .

.J.;*
'

a
.! -a 'g..

] a* ] 9. % .r ];.. 4.. .
t * =7 g

g 6

,i ...g . . . .I .' s. *L..J
*y..p..s

.\ -)ss .
: :) 3 7 . , s3 * ... r **efLIJ*) -)

. - e.AJ. .

i-. .

t
t7t. . . ....;....a. t ( J . ? A .e p 6 . 3.. J
gn -oi,--.. .,.es! * .

i 1 -s *i w ,1 . .j , , - r. = tA * 9
* f*T.... e u. 6 % J . .". : "e p w '* J ". e 'j

' ?r a, 5 n .e.-
3m . . , , . . . * n. . .z * s. . . . -n.w - .; J .- * n * g r .\

. . .us I 4 .,

1; .a a .

T t.= ? t6. ;;?.(<.=.t*.=..ys * q=.. *i..1 * *
# .s w . . . / $ . . . .

u o 7 *:r L. . , . . . .h-,,,
1 -

.? .s. s*, f ,1 . V T 1 c. E , C 3. r .3 . *!/,2en 2. 01.
. f . . / w. r ... .Tes6 . .

1 ,,, , .j 4 s J i. .-.._. ..a.- y-,. . .__. ,. _ . . , . _ , . r-. . .,_. - --

.....(JT
. . .: .r . .

. .. , -... .-
. , , .

i . ., 3 l, . . .
- . .4 . ? - \.-

. . .,. . ( J i . . . ( , I q , .. s ) ,1 ) _ s s n ...- - .

- . . _ . ..,.e, .3.3_c-: ,,:.s ..- : - .. . . -
i J .' 6 2.' l' ler='>1:et(lisn,.)-k3?? : nan lout (lisn,n)= p1(stren)-at::\ siren
| "(li s n, n) = s ir e.. -
,i .n. . . , , m. ,. .

p w:,s
. . ,s

. .

u.... . - . , , . . . . ,. , .; Js :. . .. J.. .

.i. 6,:., o. .r.4...A...:.., . e n. . 3- : c. , -:: - , ,
. . . i3 ....O i. A .e. :. . . : - n . . . . \ .3 . . . ...w ., . . . . . /1. .% 1 s e. . .. . .

04
- t.t 9 s . .s .; y ;. t g o ,e - .a .r e JwaJ ~ ~.om *

e6 . e .

.I g . c ..O6 ? *4. &

,. . . . .

JV.%3*6 I.y... n..- . c.

* .J * L.'**...v 1.", ,. .
J .p . g , . ..

&*
y. ,.o.p, ,.es . gg g rgf 6 . J . . o g f ,, , ,p L J .i ; 5 . .) .s J / s. . . , ./. \e

gag. yg.- ,, .a.
ubwYt P*A .& J.- o

C e 3 r.. O & * L .c -
,,I; * 6.u6

, , c. , C 3 .. .. ., e..-e
:

*

ws7 o. .. J b ;. .

3s-.s f .* iw . . o. - ,; yp. . . .) .. . ...r.y
. eJ. J 7. p .4 p k Jb \ * . 4 1.ce/ eJ/ J&M*gre..g6.qee .e f .e /.

es - y.= y . s.
W T. Y & L

J .9 7.'. .:. : .:. r : - g = : .c.e ;:-:
--. . ..d ., Y .* . . . .'A.

,a... .
ne . ?6. ;- .1...g.v3..- gg.,.q.... g ...s

. .. . . . 6 . : ;. * . ; . .. . e -.
.g.- . . . .f J . 1 . ,, f 4 ; \ . . . .. -r-t.s

isa ;. m ..y; * k
g e . . e , = -* '

.t JJ.. .S.
.. . . . -%. -.2 3! - :ei *

3 s* *. J . e.ive g -.u- es- a q= _ *...-tess ; .;. l a = \ J a s .:*e ~~a-
e t . . . . .. . .

I
i , a, P . . .: 7 ..., ,
u .

; . . e = = . q ey 7.. e. = ? r . 7 . . - , . ,
. .*..s. . . - w ./ .*

,1;;i arrE. s . . . ; . - g (a - - .:. .. 7..
g

* . ..
..f ..r o. J.

s
.

,,.. . . . . o f... . . . , .gu . * ** . , . ' = . \ p .' * | J ; .a .,. ?g .pw )
4 *,. ;.n,. ..; e-, .. . . *t.I ).. p .~. . .*p.f.' .). 49 .

,, s. ..
*

.? .,1s.

6 1v.e & .* . . . . g .n - -..o . . . . . . ... .. ,,,..
u.w.. * n ? ? . ;. -

, . ,. .- ..
. , . . , \ . g \ s. .?- 3.* .J .- 7* .i a s T .* . sa;.*. 1 .;

' .% ; .v ~u .,. ...

29 ** 1T*1
.; .. . . .

1 %. 6.AI
t

I
i
e

t
-

.

. _ ._ . --w. - , ** - ---*%
, ,g e r

. .
.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



.n. ~ . . . . - . ~ , . --.- - *-~- - '- ~ ~ - * * * * - ' * * ' * ~~

e *

* -* . - ... .". ..-.o..r - 2 .s. a. ..* ~ . -/ .a . . . . . .e ..e
o

.
f s . . . . .= c. a . " . - ~ ~ . . . ,

*

. . - .4*

.6..
* * * ,e

, . .. . . .. ..

..J

9g. g

.9 ....p =. .. . ..,..,..,.3.TT . .p , a,, .
w. b ...,,f . ...,.5 4 %

,.9 . p . ..
e,.6

3 . _. . =. = ps. . .. 9,. ..g 9 y *,..e .
.. . . .

la * ** ura a * - =s - **
w i L 4. .1 * ( .*r. **.*),se .4
w A s, . a . . .y. 3 , , , . . m.., . m ==.. .. ...., . s a. - . * _ . . . .a

.g... *: ,
e.ae. .

.
. 6. s e *..

. . . ., . . .

, .;. *L.606 * . " . - . . , .. .. .,.f .6 .,\eJ . .' a..vi > *-.

g; maf v, .;
o. c. s

,a : . "1.7 , e7.\us .J A& v
. am == **i.,. * ..,.6 . . ... t .s at

ti S- L; . __S = ;. ; .; \. a==m
4 . . .J . 1 .* a.

= g.

u.s . s. . s s- . . . . . . .n .

~~ e * *s1
u . L ., s, 7. ; . %. -.s ~ ; ; v. . *w r. .a n * s t . ~4 . . .:=A&r ' s .: . . s . .- s/ / ; ".i . .u.f m a... ~* \ _ , A= , s .s.**/ys, ) ,:.

es o = r9 r
.6 % . s.-. . . . . s ..

** e
s. 114 .? .; ". f4 = *; 7 7 - . .a, 1,=

* s t. s r T. .e .O * (* . * r *2 T v "s. / / . a* .e r .0.,*s.7 *. r . 4* r . 1 , .v .e * i s . ;.ei
**

. 6 6 6 . m .. . J - % eJs/ .s% ( e. - . .
to pena;. sw.19-t ,

e - ..%
,

9 9 * *) t1 T v. .i v aI ....u . . \
a,1 .i . -e .;; e r .. *. . f . . .i.

v ./ y* 7;p .|.1. f . . p . . p . . )' = J e . . / r v 1. */ i. J
* * *. s ? r

t Y. . O. './ 7 ' r * t .Y. .*: . 7. .i ') r e .7 s)
.

.\ ( .)\\A4 .. (. .

, ~ , . , e:: e v . u. i .y < \ e. .r. ;r
-r s . : v.. .: r .r. / / / e v :s~r # y. ' . = .r. e

/. / J
,ss

u .1 ? L s. \ ./- ( //. / \ \ A. . .

J ., .3 , e+ T,,''"*
.

"
. -***".*(.**.*"*P* /

Y ** * * \f? *n : 7 a J .' /

u . i. g. .T o
7t e -_79,* s e, .t.1 s tI s, .t )s

-a i
'n s. . 2.6 -

4 3 t 3u.$J ; e. .. .ea
. t, .

. 35.-, --

i 6 .A"w J ". " " e . .j .3 ,s f . . - - g,\ 0 . l . . p ,. a .) .e s*/
S

..
.s .

$3 .

.r r. . a. u n., ' . . . . . r. r. r i sA a ) , t ..# I :.5,,
, n

L -. . . . 6 wvw..,w
' ,sa aw146_sy ; p r e. a,. . .

1 1 .*)
*

(*. ;. . .s - w..,, ;ae.a * r a e r 9.e3 m t.s a*:s J . .J. .: .; & .e= * f- a " ; a ; ; = '& r' .9a.J.... .
*zvvet*

6 . .A. ..o.s. s
3 .. , . . - .. ...., .... . , ...ssi 14 . -) i.s . " * *. ; '. J *. r - .f.O*J

-

< ~ -

2 3. J s o u. : =. . - : s - =ens,;*v=.s k . 1.sJ / .,. . % f= C, e: .
A \ r. - O . . ) p g g,.

/ , , ..
- ,a . . . _ . ..s) .9 4*t JJr % .e

,f. ., y . , y . -oJ!JJ
s.

.
4, , , , . . - __ _-.

.
.

,
J .....,. .. ,. , , .w.., 6 , .u... _. . s.... ..

J . c. ', T., . ...
t.f...) ,,. . . ( .. ,) . - (.i ) /

i
.. .v .- ..w. .-

,
j 1 ; 7 7 a) 1.r ; s 'a ( . . -;;o ; e . e. . a .a \ a = ag -1e1

- a a
- - - *

. 6 . . -v 4 .. . i4 - -. 7 .4 .. &. v
s..2-a1e " e e

.1 .s t.- e' /
> r .a - r.. . . =. % ; .yi s//sAe...i \ . ,

7} 1. 7. C .,' I? (- . .
** * * Yy]'. ?. 'J. ?. *.' T .*s* a* * V s? g "J ,"j ". w 1.1 *1 "

** *
. -

*
. a 6 1

t. =1 1
3 y; i i. - , -

e.6 . . . . iss .

= * **- g. - . 8 v .a a - = .J r s e .t * * u. . ; \ a a = *Ji.V 1 .* ;.rp
a *u ..

w' i 31s' *: ' ' . (- 7. . t. .. . ~* "e * *a& .a. .r. ". e r.* a* 1 *> - 1. .'e \ ~ ".' . '.e ' . ' .i
**'

- u . ... .

3

w 1 "t 7. 6 1; e. , (se 1 - a - ,
.. - . *: .\a o - = a .J. .;. o. O .v e = j - 1. .=,\ r=,aJJ =, t ;.4

.s s 6 .. . is. .- . . ..-t

i a,1. 7 aJ6 .r .P' s ?. + s. - 0 t
1 5

e. . s;
, s. - e,

* . . . . . *

6 1dM .; ..

T i. J sos p r. ,,v.,, ;, -
a..r-. .a ; r a; a ;. 9 * e p .u - ?. "1' .; J .J 1.? .*. r. e .a e a . ".e ;- - * * . we,-wt. A ,, ... .. s.. eu . .s *. ..

.i . . ..
s.,6

. . . , , - . . ,
. . .

3 = a ....%. . . . . , , ..,1 J ! ., ts . ;, - * 4 .*. . a.'.. ; '- ? .6
e ,, . , = . . . e. . . . , , . . = . . . . ,..1 6 . . 6 . . . . .a .. ./ ..sf

i* * .a* e *- * f$j
e.. C3 : .. ; r.,t . _; -....a S0 ~ 2. .r. .T?*a> A . e' *s "v .s *.".?.6 . .$ . . .. .. .

,

,. . 3 , c..... .1J
. . - . . . . .t.,1 "T v e. A * . . .

T
4.1. *7 *; .j ;_.e e. *.* J 89./. t9 .e e. .a ; .9J - f f p eta a a. J. 7. .p + 0 0 7. .e m 1 '.9-.. .e -f f **

e * r. V. ; * ?. a .* .7. ti g ae *, w * . = e !. e$ . .. . . .e .4 . e- t . .. mu

, J aq 11 5 'e , .",

- =.
.. .6

; 6. .A =e . 6
,- . . . ... . . _ ,,.. , . . . . . . . . .

.:r.. ..\:...2 ,,\...... ;;. g
1 : .c . .;- : . - . . . J.-; 2 A 20.J

,. - -

j
. '. 2 . , . . . - - . -. , . - - . , .. ,*

w ..* J . s6 .'".f.. . . . . .. . . .%.
. .- ; * . . i s ., J . . - . . . . '

. .- . . . . .
a.... 4;.-

.

J . .g. . . . ... . .
...-1 n...-...i.- --.-.

.; .s n . ; . . . L r. O.* "; 1. i: L a .i - J. ..

f, 1 + J. r. .' O , _. ?" ;
. . . -. it j es ,. i .* .-) t_J., e., . a g r. .e. .; ; - e. - s e er?-o * f t e st a- ,.

e .r. V. O * ,* r .r. f t g .*. . . .. . e. . . ,. .

' . e., . .,.,J .. .'*T,
.*;; - .,

6 . . . ; 5.. ;. ...re..ss = *

7.
= %

..

= . , - e
,

sa. . 'i n .. _ . . ' -q

.1'- +
s, es. . - . . * * .= .,7 , =;7.

i ;g.,..7.. =,t- - o

.r.is. .r ;e1 - . . ., =. . .. . . . .* . . p .

+

. . - , . * . .s . . ; *. 1?
. * * **=-.

. - .

, , .
b e '

. . . -
( ..

. . . - , . . .
, 6 . . L /

a .' 2.

I

_ , . _ , .,, ,, . . _ - - - - -- ~~ ' '' '



r __ . , . . . . ~ . _. - - - . . _ _ _ . _ _. - - - - . . _ . . _ - -_ . - - . . - - . . . - - - ff
~

. .

. O

t

(e- . y ;. . r. , . ) . . . 7 .. ? .- *. . v . s . -..L*1... 1 ; ; A. ~.J...*i .,"One
.T .s . 3

e a. *,
, .. . . . ... . . * - v.. sf . . . .. .6 .. w .

A

* ., .= * ...e 99,,,:L . . . . . w . ?' 9 % vr %% . f * ' ., / / y f. f 2. .% 9 J/.r(**'\#/.=**T(* / / .2 .T : ' f * w . p .1% o , ' 19s.. . g ' . ... .s..s.wt ..i s.msw . . . .. / .s/

/u.n=ra-J . \ J s s,. t . *. 4J r .* . r * , .e . a *, == ,,gy,
\ .wLJ.GJ

. ., .

.io.: .>( ,,) ira (.,,)i1 (,e,. )i (1. i:.,-rou.)2 , ., . . . . - . . . . . .
. . . i..

. . .. ,, . --
.. .

r ,,

,,u..., . ,. . . . . . . ., .4...a. , 4. r . n ,. . e. 4 r a-
, .

. .o . ...... .. . ... . v. . . . .

M *. 1. .
n,* . . * . . c .s 4 f ;

1 =. .d i f. 2 .*6*. / ,W,Ak..P...f
.

W . . e.. . . b ...
* * , . . , . . . . , . to.,.t .e.s 3 s . ' c. it ei 2 ., . A . 21.a.

. . w. .- .4.
. #4

66 ... 4. f.. a

us.47 0... e 4 e .t l . .
s,*.

.c.1=. ,a . 71 ...,1
...

1 4:. . . => ca
'
........f

...
.35, . . . . . , . . ,.....g...

3.*
.

31;;O. . . . n J ,. ,. A g
. ..

k '. 14 e .**.. V . 7 . ~ .* * P.***

3,. --

u6 A. ..g. .. n . .J . , 3.s
- en....s.a. , . .

. .. 4 3. 3 .2 , c a6 A i....

U . 1. ,* .*-
*,

) . 4...g
....4...

.
y. . . . . . .

,,, ,....
, . . . 1. -- 1 1 . =. a. . . U ., N ,.-

4 2 4 .4
3.U U .. .t . . . . nus..D 3. 2...a .

.
. . .. aA .. .w.

66 1. 7 .....is-
e... .

J .1 4- . eor .r_.. . e. .e. r i .es . . . .

.: ..l....
. ,,. .

L...,, ...,,c . - 4 . .

.s. ... t. f l a. . . ( .o. r. ) f a . . . ( .o. .rf . ) f a i . :. .a. r. a. i 3.
r *tf 6 , ) f . .o . . ..

. .
s r <; .6 . . > :..- co . . . . .

j ''nLil)
u l c. w.,, .a.u.- ..

.- - u L e. r * *. . u . c aa. . .r .e L eu l u. * r. r : ... r
r i nu .*

. r . ..
. a:

2?l35 f00 .".*:7 *0 .3C93.
*

J p 1 ;. 6. *5=,.s.,.(.. f ,),2. = er.,.l,..,ru a. 4 c,.
n....

A . 24... . . . .. 4 . ..s
-

. . . s n i , . , ) . , : . u . ( .o. r , . )
-

c..... . ... >. . .. . .:'
J u's g 3 . a aa . L L.L w r . L.t r .a.....a..s . . . - . . .

J ,4 7 s.
. . . .

6 : A. a2.
u..*2 ..l..L
2

. . r.'
2 , T ", s* ng<. .r

6 . .. . ..

.2 .,1 . ~8
.q

e .r . . ...T -1
.<

W .

3 ,' *1 2. ,
J6 ."4 1' .3 . a. .7w . .

. . 3. . . . a.;

!

,

4

,

i
e

-1
a

f

i

L

I

,

1
.

I
t
i

1

1
:
I

|
! <

.

. C- ). C
4

i

!

l
i

i

.
L _ _ .._ - __---.. - -. - -. - - -.,--- - ,-- - - . . - - - - -- --- - ---

- - - -- .,c-



...- ~~ ~ . . u - -- .- -- - w-- - . - - . '.T
'~ ~' ' '

i*

j' - .
.

t

t, . i
3

1 8
s >

8. .

E4 1
s

1
. .

r.w.......,.$..... - , ..,a. .. .
...

. w. . ...J. .. . . .. ..". ,, .-, S.. .. . . , . ,, - 23 . 2f ;.. . . . . 7 A ... . .

. J

t

0.PL..f%- sJ/ Os4 6J/;Js 8
. ,3. ,. 3 . .. ". . . - - . vr.,ss o=f n-* s --r ses

L//.Os46ws#0 gm.sgs1
--.s 4 . f : iat e. s* 6'

,
11* ** * * *

p a .d .e . J s . 5" 6# *'J/X*/*"w'i//:"4%.l / * * 6' ' / 6
.. -1#

'(11"'// 6 0 =- d= J" f i .' *. e / 2
* i 4:

- -../*11 1'*6 ... .: .. \.W 6 ) .b' s-.
1 \~66r-=/

1-; s . L. . r q a .s,,
r.sJr.s.L.9 p.ta)sss 9

..-o,\eU g / .i ; - r * 3 s - - .s . s
. u;

; m .7 . .3 ... .. /*j.w\../7.. re -, r* Jr.9)#et(**T''#/rifis)/etre- s - s / / *; 7# ss .ad- # . **~6 #/*'**--. . . . r. ==
% *6 # -' -4-*1

y , f t T )' p .: =. / t i s/ p .v 4. / t e s/ p :~/ \ .t / p .: O. f .t i t)fagb t.6 g-6 .
f 9% *,

6 \ 9 .
a

j' ' , , e. p r i. a s9 ) / of.1. w \ . a s9e*
. J r .3 - : : \ a s / / v i * / * s sg46Jp4f. . . r a es e.J. . g w

''00(12),g. - ,s....- , , . . . .- . . , ... . , . .". - . . - o,e y =...W6.3 . ..
e ,- q =a

.w%. . ..
,.
.

..p ,-in.%. -A.- . . . . . .. s f.... .-)-. -.
... .m.a, .

3 ., m-..
b .5

-- * .- = , . - 2 py- ....?*y.-. 3 * ..L ./*a?.Ja.. .74 L.p. n ."....-
1...
'i 3g.. -. d,.- . ...e .- . , . .. . . - o, .-. -.. ..a y- -.3 . o, A.g. q. .. f Jg p..... . . .-- *3..,,9...

f6.... . ... . .... . . .. . .t
.

! ..-.a.e . , .34 .. - . . ,. .-..?... - I r. :. .. . . , - ..-4fvAr......>4.i w i. A 0 6 a: :. . :. : aa .
.3g , . .-

e . . . % .3.-. , . . . = . = . .p
- . .6.w. j. a. 9 ,

.
,. - p.,,. . = % a.- ,--

O . ,. ., = q. ,.,,f.....p... . . . . . . ..g. .. .. .ea.. .
,g. 3 . . e. .-.,& ,s.=a- .t o . . * J .n.a f ....).- .. 4..

.
f

".**.*./ 'D' T. .". * * ' a *
.

. 3 tW. ..,7 ..w
11 a .

.=. =: *.-
wCA:L *

,1 3a . . . . . . --4 . e r . . p . - . y .. - - J~ . . - . 1 . ; r. J ,, p. ., .-o--- y..
. 6 0 . .e66 ew. .e J .: L. .40 .,,.'e.a.,3 3

s s 3. s .e....- ,,pp.,... , . .
.-.s. . .o. n 7. . . g;L. . - J. . I n = = .'t

11* * e-* *u s . .j 3 " a .* . -

t) -i ,4 7.t3 ?
. . .....L". n ** O, "" **.

.J .

D. 3 %". . .- 2 * ' *wt e "
- . . . . . .

.,

,
i

e w * ts ~

&.

i ..i t. :. .*** =m e. r 7 - o. ,u -. . . J... .

7
u .e , 2. .-2 . ..

, . . . . z.4...-...t,.-
,_

i. .. ..

u . 2. .,,,-
.r . .- : - a- . t o.

,
- . ., ..

e.
. .

,

u s . c .-
, ,- - .n

u. 7.,is- - ,

z ,. f - ( .r.: r.)
- .

..n~ue 4:., I .:n,-
e. v r e. ( s .r. : a- r, r , C ) ) ,1 ) o n -,. - = . . = . , )'c .

.-,
.. oJ 3 ,,- s.. - . - 2..,

. ...
< 3, : s,.

.

-...>>(..::-.,.-(a.r::..r. . . .. s . r .- ) ) , : ) - n . n - e. r. .e.: . -.
z -

. .. .s w a n. ,. ,~ a
. . ,aa3?2 3: : C ".n :E. ': . ':L"'5 E R"; ~ I: 7.''( L ',) ; "N OT ECT U E 3 7 A TI 3.'G ..Y"\ 3 73 " ji,,- -b b J , s,, ?m 2.. . -

J.m.-r3...:v. 31- m .e ; e, ,
6 tm..

4
' J u a- e ,s, i:

s .- .. . . . ( . . . . . ( . ) , t ) .. . , p. ) e gJ t a c. ) , ee. -. , t a .. > - a -- g ::.e s.- - su*. -6 6- a e

J?3?2 17 x <= 32.2 ? " r ." ?.=25.15 \ 3!":1.355 \ ~0 T~ 57; .jDJ220 I 5* <= 3 ~ . ' TM E'; M:41. 2 J \ 3!": 3.371 \ 'O 70 573
, n. a- . ., . . <- . . . . . ..

- : .. .
. . . ... . . . .- , . .. . ,. .- \ J. .- a.co se 5 ...

...- . - ... ,- . ,,,

4 d ..n. . s, 1 :. < - . -- .

- u. r o ., e...: \ .er - e. . e. .t - \ V6 &J ?#9
-- -n - ,. *. * .. .e . . . .w- .

i, 11 7.. s 4. .,.- \ .f .ts .t . s i t \ sJ .se
2. -e p 9. 4 a .. ..

6 .99 *
0. 5 * s*. ,,,,- -- . = ----. .c = . . .=nJ . n . ?. . . . . o

Ja?,L. m :. 3 7. J r. s. e. { .* n =
--g. - gmuL *.s s . . r C .vJ F. . e J

, . m .q e : ( f.
. . . .. . .: ..:s \

. . m-
v. : s -

. . . . , ..-o
:g. ,.2-o.no: L \ -9 asm

. - - . -- -=
, , r. *ut ,, * . - ,e y e. -- :: c :: r. o. . . . :.. . t.- \6 ,. 4 . - .r -:4w ..O.- \ n. .v a7. .,

- - --
|

. . .
.

s, . . . . , .- . .

wt Mai t* 7. . .*.4 .N*
. . . - , . .< .- ..

u. J 'O . * 3 \ J. J
- --
/.0:.1 \ .m L t u,.- --

. sw ..c.i.m, y. ns . f. . e. ,. a
. ~ , . . -: ;3.s \ 214: ..:s \ wO .q os'

.- ... 4 - . - --
. : 5. 1a.~. ,

. si, - .
u . %* w ,,_:'.n3- \ 7- , .-,. -- ,.. 3.a % .7*43 \

-,

-
as .6 :76L A.a g a s ...: . ,,,,,: - - ,* - - o.

. Ote . p r .o. J.
er,j v . 6 . .i.

r , ,. ,

'

u- 7.. .r - . . , ..

-_ .
\..', .f.. ) f 6 ) ... , , . , ,. .. .

: e.3 .

,. .., . (r ) , - . . r e. v .g e. g a.. --
sAa t is . .o w ..

6 . 7 :.,, . .. . . . , , . . . - . . . . .. .e . . . . ,,,..pe 7 ? . . r .l.e, ;AfL. a .s .3 .... r/ LJJL r. b r. 3
- . - - --..."n.E.

J r. 7. 's ?. . ***.= . - . , f. ; . .w' s * . L . .. ..g;. .j..*- 7 s . 3. 6 *\ J.J .;. 4s#;- g* . -

. is .Q : =t w
- . . - g.

.-is ..
* ,.

6 s 7 6.
.- . .. . ... , , . . . -..
. - 1.... . " * . . -se./- \ Jas_ -. 07- \*

m . -, ,, - m *.uL .) : 4
. c* .. . . , . 3 ( _- 3:.- .-* i

. . . . . . . -,...,e, \ Lis aa... \ U. .J
--- . -a6 7 -m .- -,. .-i ' - .* . 6~** . s .

t * : (- a. . :' .J. r . e . :. .' **-
-- * - . :.

\ ... ...-:. \ :-- - -
.

( s:,. . , - .- s. .-. ....e;- -\ .. ..

. s. .s ./s..;
,

, :s . -
.

.a
- -,

:4-,.

.m 1 = = . . . ,. , . . . . . . . . . . , , . . -. . . .
.

y.,..s - '..s . ; a 0.*- e .s . r. 4
.

., . , ?.
' . . , . . , .

.i - ..
L' | :. . , . :

* 9 -- *s. .- . . . . n. : .. : . : .: \. : = . -;
:. . .= I \

* em .- : =I * ,..eu. :s .J t

G C. :6 . ,' : r- ;*.. = :.- ..-...%.
-

s ** .: :--
u. .a .: ~3 ,-- -

. s .s ....s \
.. . . . e .

6. /

t
MN %
- .-

,
i

_ _ _ ._ _ ~ _ - -
-

- -- %- _ _ _ _ _ _ _ _



. _ . _ _ _ - - _ - - - _ . - - - - ~ - ~ - . . - - - - - .-J_. . a ;.
--

. _ .u .a L._,_- - '..._m ac
t

. w
., e
.
!

)

.
t

i,
j so.-- /r.4;.;.. 3. 7 . 'J :.

, . - - ... - .. -, . - w,..--. 3 _. . . . . q- -39 ..A. J *: -
- .

: 44 A, , .... .

6

i

.s."-- .- r p : *
. .

.,. . = ". :. - '? .: .' ' :. .- \:,
; :r.J .3.7.9 g J. 86

- -- -- :-e - ... . .. .,
.

s. -4.c.: \ J & a - ,6 . 9 ,.1 \ as .s
, , -r- e- --

:tc-
i ...0. . . w .

,4.- . -r - rs 3.u)r . . . . - , S p .". f. . . .6 . 0 . .,
.a:: 4 o:r*._: \ : ( * *J = 2 7 * t . / g fJ ?. 9.- 7*s- s - 1. s./- . .. . .gp...t 4
s-?

1 2 7. .r.
.

w6,. .

7 .: .J " 0 3 ( Y. . .*#. .Y. ; V. '. J. .J. p .: .: *. J )1-A1, *
; u s . s ., .

d ,t . . ss 4 . .s - (' y , y . j y , ) / 2 :. '1 ;- * -.

9 - .....
I w.s- s *; .C:s 1 :(.))7.S - J. r. .- '&!y 3\-J 7 2. :. *4

i a

3 .. . . - J .- -

>

i
3 , ; .; . ,.. r3.i..u..,. c.7... t )),,_,.
.. .. ,. . . sa . .

i J ., o , , -s . .::. :...:. . .: g : .. . - : 4. 3 2 : s . 3 g . . . - ,. 7. :.1, e 7. . 7a.
-- ---. . ,

. .

! 6 o . ...-... .-=. \m c.s, -. :: _-1..te.s.a, ,. s.: n
...

'

,'e-,J s ef; . 3C =(1/ 2 27 !( 2 * ?!'iX ?('''2 ) ) )......_..(,..,....
. .= , , in , - ., -- , .,,,,

_ .
- . ... . . .. . _ ,,.,..r.s , 3 s o. ; , ., e )s.:.s. .. .o. s .

2 c 2. 1.; s_, v. . . .. v. l . . . .. . .. i y, .
.w. - . . .

Jf590 F'.:F:=7"Y
'
; s O 7,' 6' . = " . = . .

"*
.

.t . i .,7 3. . . . .
: : ..

.,,e.,., .e . . - ( , ) . ... - -i. <. \ o. ( , ) -: 4 ( v )- -
-.,

J 2. 7 '. .- : '.

, , a 7 e. m, 3...- .. .-...(,. ,.-).....r_- ,c.) a. .o :. .... . as' -

. 7 : e. ,- , .,, . . . ( .r :- " a- r a- *t n .. a' r. o r .- ) ) i e ) -" n' ' ' . r* * r a*
---

.: i .
' 2 . I "a .e ? '_ o I a*' 4 ~r*. - .

.,n ;s- p .:.... ::e.a- Ta)v
; . . -

.

! 3077c 3 ' V?(1):? \ 0( 3 ) :?' ? 3 ( ~):
1 3 4 i g. , 1 ., s , :..wt J. .

6. , - - . s-.- --, . . . .

6 #*t ,. 3,L L r l. 3 .; . )* .

U t' :. ,5 *-1 * A..yv .' . .. R.., y . - . #7..3' wt *tro .i s/ v - ?. r. #* *\ 1. .' .1, A C' s z _ .!. % w e ?':72.*)/,t \ .s . .6 s 53 6/

ssa,, g3 I ;- -. . . . . . . . .j . n. .\ A A A _- tA. . f. ,, . . . . . ,
6..a..

isen- p.t..a . . ; o. _ .y y y y66 3. C . . - . .

V L " 3. s. f9' ..
... -e-..-

{ 3 ,., .: * .a -

!
- . . .

: ..

u.3,, *13 y..*. . - W 'm s - r .\ u t . ) , . . . : .'-. p. r-s.s W
,- .,-e .g.,3Ir.\.).

5 a .s 9;
* .;(74 ; .a t .- ,e. f eLp.s))pA)- r .7;a wJ q= . . .

* . .st-to-..=u -
w . C 1s A.

A ., 7, * -s
k, . . ; r. . J, o * ' 9 r ,. )s e..U c. a .g----

/ . 4. s3 S 0,*Lo \ ss. p.s.
3

4.6 1; . ? " /. . ? , . 7 ~. ~;. ;. 4..9...* \ 31..1 . r. 3 \ e9 *.
4 0

* --- e .L6 .. . . . . . w .w 1.1. .s-

v. - . . . . , ,.....-
t 64 d. 1* %-s .*- . . . . , . . . ., .

.s- \ als ,*...o \
* ,....

'J . ,. 1.~ 4 .s
. --''. ..

i 1*- . .
-

1' ?. . ' " /. 4 1. . C ". .J. 7 " / .*. * , *r*..*- 9 * -* **
\ J. r 5. ew \ 's , .u 19?.8j en . .. - . ea s

a . . r. . ..: .n . : s. .) 6 s - s . '3 7 \ *J l . .s .n.1 , -9a - - . *m
. . s ; 5

n ,. s.. Im g ** v '. - : .s.,u* No . . .. ,. \
, a.~s- .?N \ v. ..

. g _, -. -- -- , --
. 'I .' n. .. .- .

L. 3 -7 .9 .- . x f, = : ...-
. . .e . . - . . . . -:: v.. \ 21 =21.J \

g. . -- - - -, -r 1a-,. t .: .4.s o2 .u
. , ., c. ,. ., .e r. .-r,_e. : . n. :. .. . . - , . , . : \ aIJ-r.7., \ 3 i .s 1,.,

. _-,_s-a .

1, e2 .,9 . s .,.4,.. 4 \
. . .

. .. . .

.- r. , ,. 9 . \ v3 .u- .3..,
-

s -
.

-a -y u, ws ,. ' G .. ..-(-) - - , - ,- -, ,7":ss..y-
. .

> . . . . .

s , a. . , . . - . . . . < . . . . - . .u. r. .. ......_-- : \ -,,-.,.:..- s. .a-
-- , ,,,6. .. s . .. $ . so . . . .-u, , : . 7- ,_.r._,..--. . . . . .7 \

._ ., - . , _ .at ,. ,. \ . .,; .v i . 2 ,,-, . ,-r. . :s . . .- s
1 , - .-

'j t *, ;, ..
, .o(_:, . . - ,;... . e. . ,. \

. - ,
. - .. . . . . . .... 6..v \ -, -. 4- ,. J. .w .6 '

. %g --* r? .. .;..r ;-.. ,.a)q - g ; .j . 99.., \ -9 a + 27ut 7 . 6 c. J 16 .-- . . . a - .. . s... i~ . v.-

i n t. e* , ;. , . . , .;. . -.,.i \ ./ ..". \ 's .9 A s ., .- .. = =6-
*

*
..,s.-

* 66 -
r- .

1 ...(..= ; gy. . ..,~.g \
. ... . - --

. ~. .. - . . . A r... \ - . , , ,, ,
. , ' . ...J

| Jt.
.

* * - * *
.T =.; . .*t .6 ..* . - . .

., .- , .- * g + ..
. . .t.3 .. . ***-

, . . ., . .,.j . . . t* -

. . . .. ... % .? .:.. . f, -
, . -- 4 .

.. .t .i -
i* e .

.
g

. ...-s
. s a .u'i s . . i. g.p. --e. . . - .. p.

- * ..n so s.'g,

\

l
1

I
-

C . .,.'

..
1
2

h

)

!
t

^4
__ _ . _ _ . - . , ._ .- - , . , . - ~ e, _ g ,.

_ ___ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - -- - ' - - - - - - " -- - -- -

'-' d;
_



_ _ . - _ . _ . . - - -- -- .- . - - - - ' - - " -* ' *M..
i

. .

. .

5

t

{..........,s .. .. . ..., j ...1 .,... =..., ....w .... -- . . .
. . . .. . . . .. . ... . . , . . .,a. .. ,. -*

.
:

.i
- %e

f

s..., . .. . f *. 3 7.
1 .f .g .. . .r..

7 \ / - 7 , .* i s * . )*
./- %6.6*h .* e

1* *: , T.
.& . .

es . * . t. =. s. . * *n=(* *% s*:='efe.s). J ../ .)u.u.s .

,. .. ,.
.6 . . . . - . .i \ .s ...eg-pw. f.,.,

. . . . . . . .... . . . ,.... . . . . . . . , ......f. .
A. - . .....e a... 6w.6 . .

S. m: ; e; . . . . e ::
.? - O. .r t.- .j *3...\JLa .S...7\am* . - =*.. =q i . ,. .iMt *w.6 w .. .. s s. .. . . sw 6 .

6.6 6 4 * ,
. , . . , .. . .- . ... .. er... m- ..._..1 . . ( "f. 7 . "1 L ' '-Jf /7\3i>=1 46.,,,\.. .. .. .,

* su .a aA7w-

L..lu . ;s. a\@... 9.g 1\..
s..., ._ . . .m . . . .,

ad .J L6 9. aa" ..

.114. a .*.-
. . .,...g

... .* 7 . .;.a ..... - ... . ..-. g . ,e..L -37.;<7\31s_..wCd\.. .4 .ancg aJ 3..,.c
.

.. .. . y.. -. . - . . .
- . . . ..,.3.S.,..;s 1.- s, 7..i .- v . ,. ...:- \ .., o. . s 4 : \ ., .;,.. .. . .

.. . .
s. .

- 7u.a.6 v_. .f \ J A v 3. . ., 6 =.... s.

.
, . -

.

a .......f, .. . . . .,. .. ,...f. . . ... ... ,
.

%. .
. . .. . .f .f o . g6 . . s . .

.. .
..u..

.
..o.. t

. , . , g, - . . g........... ,.m. ..
,e r - . . 10 ..s ( * . T. .s t r. O s .i A ". )

.. . , o . . . nr . . . e.,..--.
P* . . O f.a. * P. J : v * -1...h. . 6

.
.Y* *a i . ,. "s . (" 4 *) . ?..- \ 3 / c. )' . i . 6, e r .* / = )=

* ? .- e . \ . .w../u \b
,. . .w . . . ,1 .. . .. .

n g *, , . 6*.*(. =s r..= r.~s)
.ee sins ~*~f('.s..,==* s.s

.
.

.') ,.- ,.
L)w

..'.\.w)}- ) Tv G. * % r T\Is..s e
. ... .. .

,

u ..,,. .s....,*w.( . .. .. v .s ... . gw . g ...,.. g. .

11 *
. v 6 4 ;. ~.a .,(1 .- , *. ',

r.. p.}s . g

i 1. - .a
w.47w y ,3.* -. . . .m

j . .. 6
2 *i -s . . . u ..

v.u.6 -. - . .

1 1. .". /. .a ...l.. * 9a..;..., a . s . p s : ./ . r i ) ,.
,

. a. ,
..

s6 e . . .
' s 99 ..e, s , *

u.a
a

J .
,s . f4 s

s.)...(L t.}'~Q\r)
y

L y .\:
i,: , . . . 4g.. .. ..a.<,.,, . .,. ,.

fr. p ,.| v.. t . . . . . w ... ..... s
. ,, ,-, . -

.

| 6 4 .* w .c - .*A. -

.* g
*

g
u . .i , *.it

.u .
L.. g a a. .'

.- . ~.
,, , . . - . , . r.. v.-.... . . . . .

2 .1 .' ' 6' v . l . . \. '. .- . . ' ' '. .u .2'-- "
. r . b .' . . ' o - u' l .= . .i o ". .e " ' . u .- * ^. e r '.' .r 3 3. 0 e*

* * -
. e e . i -

- ;i- . S. .i .,l ... . . s . ,6 . . . . .

. g
u.3 ,... u....... .

. .s. -
.

i1 .,e -
. -; ..

, 4. _ _. ., ... , 2. a \ ,, . . . . w ( . ) . .-6."\...,.(w.) a.. \ ...
.

.. . u .w. s . r.. . . .:. w

6 . 3 . s- ..e. .=..-s c,J =.i r ,. . 3 . ,, . ;
*,

-. 2. 6 . 1 .1
..

~. 1w.. >
. .. .

, 2 ,--,
as y.ws. . . . . a

.r .* : a - e
6 .. s. ... )... .w . 4.n..

.. .. .. a
| - * 1 0 .- 1. . : . . . t. 4 ,. c. ( ;. ) f . s, -

,* r * - :..e e .ve r: .. . ..
.

t . n >,0 4 7 :. ., 6 .. .a... e ..2 . v s
j = 1 . 0. .$ .e 5-* e..r1 - -. . . . ) \ . l ., . r 1. ) f . ) r e . . .. s.s3 ,,.4.. se t. i ,... .. . . . . O. ..-3 5.i -u rt .

. .7A - .4,
. * A. . .. . . . . . . s ..w. . . . . -.s. .

!

| , ,1 g . , t. .: . t-.,
gw ws

sm 3,
.

. ' ' 4. '. .i - .. ,. ..- q . 3 ., .3,
, . .

t 6'
*;*1 ; . . . . . w ; . . , , .3 3 :.. ... .. .,

== - i (, .* ., .....
. . .

s :.s .e . sv . . a . ;: .

1. w* . - p.t, .( ) .... s(.) .(1,w.)
,

. . ... sw.- . . .
,, . .. . . . .v e n- w ..

.

t

}
6 . ;. .; *** .t e .t .,,, .. .a 3 . ..

'

y . 2. :. 3 .

..3 < 3 r. .d . .,
*

... . . ....

1*
w..

, ... ...
.L.....

,,

- |
. .. .. - . . .

- . : ...,. .,j . . 6 . . . .. ... 7.e.-
, . . . . i

. . .
.. .. , _ ......(.).f.s .. 3, ,..

.. . .. .. . ..;
: : . . - . .

--

! . . . . .

.. . ; . ..- . < -

- .

, . . - . .

?- ., .....
,

. - - - ..... se ..
6.

. . . , , . . . . . . , ,
.. 6 . . . . . . . . . ; ..

4 .' ." * . .. *. . . . . .- .. .a.:
i-

. .....

b. .. . .
.

. * . ..*.# .k*... . . h. [. ,$,,.,

. . ge%.. . .. = . . .
.

...e.. .

.

(

l
.. . _ ~ . . . . , . . - . .- . - . - --- - y _.

._



.-- - - . . - . ~ , . . -. . . . _ - - n. . .. -. . . . . _ . . _ . _ . _ _ . -u.enn
_ _ _ _ _ _ _ _ _ . _ _ _ .

. -

* O
e

! I

,r. ,. , .

-- . . . .,,,-. - ........_.. .. , .,, . g s.
- . . , . . . . . ., g .,3 ..,.

,*,_ . . . . . sm.. .. j . .. s
.. .

L.

..:: ....,_f.3__,...... e. . s l . . . , . . . .,
- . . . . . .

s
. . . e.... .

.n. 5 :. .s c._.iii.)-c......<_). ...,3 3. . . . . - ( ) . . , . 3 , 3 ., ) f c . . 3 . . . . . . . . . .. . . .s . , )
... ... .. . . . . . . ..e , .. . -. ... ..

.u. .- s __1.. 23 .., e . , . . . . . . ( . ) , . . . . - ( _. ) , ,, . , , , ( . ).

,. . . .. ,.. . . .. . . _ . . .
,, : , .

- .. .-b . e. . . &. e _ _ , . .a_ 2. . 2._ . . .. .

. S. .r a . e. .s . . ., , .
. . s.

T8 k,9 mlg
. - .w e . .e g _*

3 & 6w.k

.m l. v . ' *,
13 E. .T

T e
: t e_.64 e

2 T. E * * C _l a. e. - e. li = *.
* * - 9 a. . Jb.pw . b .6 e

r

1
6

4

1
I
a

i

i

i

<

.

.

.

.
I
4

,

)

|
,

.

b

J

e

9

>

1

!

'
\,

e

J

4 .m%.

! **

r

i

5

I
. - - - - .-~ . . . _ . . _ ,_ . . , . . . _. ... _ . . _ _ _ _ _ . . _ _ .

,
. . , , ,, _ _

.

.. _ _ _ _ _ _ _ _ _ _ _ - ____-_-____ e_ .



. _ . . , - . . ~ . c.- .- -=-. . = . . - .. -- .- - . . - - .--._.---,u.

...
t r

, _ . ::UREG/C.;-235 *
; P'il-4227'

1J1

D r. e. ..:. n n 1 1,..' L 7. .< T- .,
.

;o. of

Cecies

GF.: SITE 0:iSITE

A. A. Chur1 A'l Robinson
002 Patent Divisica PD Rcbinson

! 9800 S. Cass Avenue JM Selby
Argonne, IL 60439 GA Stcet:el,

j XL Swinth
U.S. ::aclear Regul-tory Csmmissica 'l'.! Thomas
Division of Technical Information

and Document Centrol Futlishing Cocedinacicn (2)
7920 !!orfol'< Avenue
Bethesda, MD 20014 Technical Information (5)

2 OCE Technical Information Center

Office of Inspecticn and Enforcement
Division of Emergency Preparedness
Emergency Preparedness Cavelopment

Branch
Air Rights Cuilding
a450 Montgomery
Bethesda, t'.0 20014

|-

C:lSITE

EH Carbaugh
CJ Card
CD Corbit
PL Cu:maings
AE Desrosiers
Til Essig
RL Gilchrist
SC ltaulay
'.;1 liercington III
EE Hickey
CD Hooker
JL Kcnoyer
GJ Laughlin
JC tann
GA Martin
'A icle.'n

:'? ':211er
L H :'* n cn
EL * rphy

. :D Fic' :C
..I Netan.

,

I

i
t

+

!. _ _._ -.-. - --. . . - -. - - ---- - c- -

-: --.-- 3 --

__ ____ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - = - - - - - - - - - - - - - - - - -


