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ABSTRACT 

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 lO-mile emergency planning zone 
(EPZ) surrounding nuclear power plants. This analytical procedure is 
discussed in report number PNL-4227. 
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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 ~valuation are given. 
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1. INTRODUCTION 

This report presents evaluations of the prompt alerting 

siren systems at the following four U.S. nuclear power stations: 

• Trojan (Oregon) 

Three Mile Island (Pennsylvania) 

• Indian Point (New York) 

• Zion (Illinois) 

The purpose of these evaluations was to aid in the develop

ment of an analytical procedure for predicting siren-system ef

fectiveness under defined conditions in the vicinity of nuclear 

power plants. The resulting analytical procedure is outlined in 
a separate report [1]. 

Because the analysis procedure evolved over the course of 

the four above evaluations, some of the calculations differ 

somewhat from one site evaluation to another. For example, all 

of the calculations for the Trojan evaluation were done manually. 

As a result, some broad generalizations regarding estimations of 

parameters such as shielding, air absorption, and atmospheric 

attenuation were adopted in order to render the analysis trac

table. Subsequent evaluations employed a computer program, 

resulting in more precise calculations. In addition, the ana

lyses for Trojan and Three Mile Island employed many different 
background noise level categories for the estimation of siren 

detectability outdoors. However, the results of these evalua

tions indicated that such a specific description ~f outdoor noise 
environments was not warranted, and therefore subsequent analyses 
used a more generalized estimation procedure for outdoor detecta
bility. 
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As a result of the evolutionary process described above, the 

results of the four evaluations, although quite similar, are not 

directly comparable. With this qualification, the remaining 

sections of this report summarize the methods and results of the 

four evaluations. 

1-2 



2. EVALUATION OF THE PROMPT ALERTING SYSTEM FOR THE 
TROJAN NUCLEAR POifER STATION 

This section summarizes the evaluation of the siren alerting 

system for the Trojan Nuclear Power Station. The procedure that 

was used consists of a detailed analysis of siren alerting capa

bility at each of 50 randomly chosen listener locations, under 

four different "sample scenario" conditions. The random selec

tion process for listener sites is described in Appendix A and 

the four test cases (sample scenarios) are included in Appendix 

B. The analysis is based on siren location as shown on maps 

provided in Appendix C. 

The results of the evaluation for Trojan are summarized in 

Table 2.1 and indicate that the chance of alert is estimated to 

vary between 65% and 100%, depending on the sample scenario under 

consideration. The remainder of this section describes the 

procedure used to arrive at this conclusion. 

2.1 Estimating Siren Sound Levels Out of Doors at Listener Sites 

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

the vicinity of each selected listener site that is expected to 

produce the highest sound level at that site for each sample 

scenario. This choice is not always obvious, because the sound 

level caused by a particular siren at a given listener site de

pends not only on the sound output of the siren and its distance 

from the listener, but also on shielding and atmospheric effects 

(particularly wind direction). Therefore, it is generally neces

sary 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 

evaluation at each 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 perpendicular directions) 
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TABLE 2.1. SUMMARY OF TROJAN SIREN SYSTEM EVALUATION RESULTS. 

Chance of Alert 

Scenario Population-
Urban Rural Weighted Average* 

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

1 Warm Summer Weekend Day 100 100 100 
(clear to partly cloudy) 

2 Summer Weekday Night 78 72 76 
(clear to partly cloudy) 

3 Winter Weekday Evening 97 89 95 
(cool, damp, and overcast) 

4 Winter Night 67 60 65 
(during rainstorm) 

*Based on a total urban population of 46,000 and a total rural population 
of 18,600. 
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where possible to account for different wind directions. For the 

Trojan analysis, one to four sirens were evaluated at each of the 

50 listener sites. Sites at which only one siren was considered 

were located so close to the chosen siren 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: 

L(listener) = L(siren) - Ad - As - Aair - Aatm' 

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

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

the siren at 100 ft (dB), Ad is the distance attenuation (dB), As 

is shielding attenuation (dB), Aair is the air absorption (dB), 

and Aatm is the atmospheric attenuation caused by wind and 

temperature gradients (dB). 

The rated sound pressure levels for the Trojan sirens were 

obtained from the manufacturer's literature as follows: 

Federal Signal Corporation 

Rotating "Thunderbolt" sirens = 125 dBC @ 100 ft 

Stationary Model STAlO or STLIO sirens = 115 dBC @ 100 ft 

Stationary Model 5 sirens = 107 dBC @ 100 ft 

Stationary Model 2 sirens = 102 dBC @ 100 ft 

Stationary Model LCS-l sirens = 86 dBC @ 100 ft 

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 
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calculated by assuming sound propagation from an acoustic point 

source with a reduction of 6 dB per distance doubled. It is 

calculated as follows: 

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

Shielding attenuation (As) is estimated based on the degree 

of break in the line-of-sight from siren-to-listener. Sirens are 

assumed to be at a height of 50 ft above terrain level and the 

listeners at a height of 5 ft. The break in line-of-sight is 

obtained by using ground contour information from USGS maps. For 

the Trojan analysis, a shielding attenuation of 15 dB was in

cluded if the break in line-of-sight was 50 ft or more. Other

wise, no attenuation was assumed. 

The corrections for air absorption and atmospheric effects 

depend on the meteorological conditions for the particular scena

rio. The assumed conditions for the Trojan site are provided in 

Table 2.2 for the four test cases, based on local weather infor

mation.* In terms of air absorption, these conditions indicate 

attenuations ranging between 0.6 and 0.9 dB per 1000 ft, depend

ing on the scenario [2,3]. For simplicity in the analysis, an 

average value of 0.8 dB per 1000 ft was assumed for all cases. 

Thus, 

A . alr 

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

*Trojan plant Environmental Impact Report - Amendment L, Fig. 
2.3-4, Table 2.3-13 (March 1973). 
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TABLE 2.2. METEOROLOGICAL CONDITIONS ~R THE ~OR SAMPLE 
SCENARIOS USED TO EVALUATE THE TROJAN SIREN SYSTEM. 

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

1 10 mph from the north through- -2°C/IOO m; 50 
out the region, except upslope Class A 
in the canyons 

2 5 mph from the south in the +1. 5°C/IOO m; 90 
river valley, downslope in the Class E 
canyons 

3 3 mph from the south, calm in +l °C/IOO m; 80 
the canyons Class E 

4 15 mph from the south, 5 mph +loC/lOO m; 90 
downslope in the canyons Class E 

*Note: Weather data from the Trojan Plant indicate occasional conditions 
when the wind speed at lower elevations exceeds that at higher 
elevations. This unusual occurrence is assumed to be a measurement 
artifact, and has been ignored in this analysis. 
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The adjustment for atmospheric gradient effects (Aatm ) is 

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

and on wind and temperature gradient characteristics. Table 2.3 

summarizes the calculation procedure for determining Aatm for 

each scenario at the Trojan site. A more detailed description of 

the estimation procedure for Aatm can be found in Appendix D. 

Application of the above calculations yields the estimated 

outdoor sound pressure level for various sirens at each sample 

listener site, for each of the four scenarios. For the balance 

of the analysis, only the highest siren level at each listener 

site is generally used. An exception to this rule is made at 

listener sites where the sound level of a stationary siren is 

estimated to be between 0 and 6 dB lower than the sound level of 

a rotating-type siren, which had been determined to be the 

loudest siren. In such cases, the stationary siren was selected 

for further analysis. The reason for this exception is that the 

maximum sound level produced by a rotating siren is not continu

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

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

approximately 6 dB less than for a stationary (i.e., continuous) 

siren with the same maximum sound level. 

2.2 Estimating Indoor Sound Levels of Sirens 

The result of the above calculations is a single outdoor 

siren sound pressure level at each of the 50 sample listener 

locations for each of the four test cases. Corresponding indoor 

levels are then obtained by subtracting typical values for resi

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 were assumed to 

be closed. For the frequency region within the 500 Hz octave 
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TABLE 2.3. ATMOSPHERIC ATTENUATION (Aatm) CAUSED BY WIND 
AND TEMPERATURE GRADIENTS. 

Sample Listener Site Siren-to-
Scenati 0 Postion with Respect Listener Aar) 

No. to Siren Position* Distance (ft) (dB 
-

Upwind 0-1000 0 
1000 - 2000 10 

1 
>2000 20 

Crosswind 0-4000 0 
>4000 10 

Downwind (all) 0 

Upwind o - 1000 0 

2 
1000 - 2000 10 

>2000 20 

Crosswind (all) 0 

Downwind (all) 0 

3 Same as Scenario No. 2, except A t =0 in canyons am 

4 Same as Scenario No. 2 

*Defined with respect to the smaller angle (~) between the 
source-to-receiver directional vector and the wind directional 
vector as follows: Downwind for ~ = 0 - 45° 

Crosswind for ~ = 45° - 135° 
Upwind for ~ = 135° - 180°. 
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band, the sound attenuation into buildings is estimated to be 16 

dB for test cases 1 and 2 and 27 dB for test cases 3 and 4 [4]. 

2.3 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 2-1 is a flow chart of the analysis computations. 

The analysis is divided into components (rows) that correspond to 

the possible activities of people for the various scenarios. The 

major components relate to people (1) at home (outside or in

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

alert is estimated for each activity component and is then multi

plied by the fraction of people likely to be engaged in that 

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

the overall chance of alert for each listener location and for 

each test case. Overall chances of alert for the various 

scenario (test case) conditions are then obtained by averaging 

the chances for all rural andlor urban sample listener sites. 

Note that all estimates assume siren signal duration of 4 

minutes1 an average of the "3 to 5 minutes" called for in 

Appendix 3 of NUREG-0654. The effects of different siren signal 

durations are discussed in Appendix E. 

Siren detectability is a function of the siren signal level 

and of the background noise level in a "critical frequency band" 

centered at the signal frequency. For this analysis, outdoor and 

indoor detectability is estimated based on the signal-to-noise 

(SIN) difference in the 630-Hz 1/3-octave frequency band. The 
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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 SIN difference of 9 dB). The chance of alert during 

sleep is based on the indoor siren Single Event Level (SEL) - a 

measure of total acoustic energy - and the sleep-awakening model 

developed by the U.S. Environmental Protection Agency [5]. The 

graph used for estimating the chance of alert during sleep is 

shown in Fig. 2-2; for the Trojan analysis, the curve for the 

chance of awakening one out of two sleepers was used. 

2.4 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 measure

ments conducted by BBN in the vicinity of the Trojan Plant in 

March 1981. These measurements consisted of collecting I-minute 

statistical summaries of background noise for a period of 1 hour 

at various types of locations. The summaries provide the L90 

(sound level exceeded 90% of the time) for I-minute samples of 

data in the l/3-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 variability. Generalized types of background 

noise environments were then established so that all sample 

listener sites would be included with one of these general cate

gories. 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 probability distribution of such 

minima. This is handled by assigning a "median alerting level" 

*The L90 was used as a conservative estimate of the minimum sound 
level. 
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for each background noise category and adjusting these levels in 

accordance with probability distributions generalized from the 

data. 

The median alerting levels for each background noise cate

gory are listed in Table 2.4. These are keyed to corresponding 

distributions shown in Fig. 2-3. For example, assume that a 

rotating siren produces 54 dB at a given location adjacent to a 

major traffic artery. Table 2.4 indicates that the median 

alerting level at such locations is 55 dB and that the applicable 
distribution on Fig. 2-3 is No.5. The siren level minus the 

median alerting level is 54 - 55 = -1 dB. From distribution No. 

5 on Fig. 2-3, we read 24% probability of alerting at -1 dB. 

Note that probabilities of greater than 99% on Fig. 2-3 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 is 

generally insensitive to seasons of the year, but varies markedly 

with time of day. Minor traffic variations (i.e., less than a 

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

background noise. 

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. 

During the analysis of the Trojan alerting system there were 

no instances where outdoor noise limited the effectiveness of the 

sirens. 

Note that results are given separately for stationary sirens 

and rotating sirens. This is because rotating sirens would 

actually produce their estimated sound level during about one 
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TABLE 2.4. SIREN ALERTING ABILITY FOR GENERALIZED CATEGORIES OF 
OUTDOOR ENVIRONMENTS. 

Median Alerting Level (dB)1 Appl icable Distribution1 

Rotating Stationary Rotating Stationary 
Generalized Background Siren Siren Siren Siren 

Noise Environment (4 min) (4 mi n) (4 min) (4 min) 

I. URBAN 

A. Adjacent to Major Traffic Artery 55 53 No. 5 No. 3 

B. Remote from Major Traffic Artery 4B 46 No. 5 No. 4 

II. RURAL 

A. Within Viev of Major Noise Sources 
1. Highvay I_5 2 63 61 No. 6 No. 4 
2. Highvay US-30 3 4B 4B No. 6 No. 4 
3. Port of Longviev 53 52 No. 3 No. 2 

B. Remote from Major Noise Sources 
1. No Wind or Water Flow Noise .41 41 No. 3 No. 1 
2. Subject to Wind Noise 45 44 No. 5 No. 3 
3. Subject to Water Flow Noise 4 57 57 No. 1 No. 1 

III. INDUSTRIAL 5 55 54 No. 4 No. 2 

NOTES: 
1. See Fig. 2-3. 

2. Alerting levels apply for sites within 500 ft, vith view angle (6) of lBoo to highvay; 
beyond 500 ft, levels should be reduced by 10 10gLO (D/500), where D = dist. from highvay 
in ft; for view angles less than lBoo, levels should be further reduced by 10 10g10 (lBo/6). 

3. Alerting levels apply for sites within 1600 ft, vith view angle (6) of lBOo to highway; 
beyond 1600 ft, levels should be reduced by 10 10g10 (D/1600), where D = dist. from highvay 
in ft; for view angles less than lBOo, levels should be further reduced by 10 10g10 (lBO/6). 

4. Alerting levels apply at 300 ft from stream; for other distances adjust levels by 10 10g10 
(300/distance) • 

5. Alerting levels apply at 1000 ft from source; for other distances adjust levels by 20 10g10 
(lOOO/distance). 
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quarter of the presumed 4-minute operating time at any particular 

listener location. Thus, the results for rotating sirens are 

based on I-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 

2.4 and Fig. 2-3 to estimate the chance of siren detection 

outdoors. 

2.5 Alerting People Indoors 

For the analysis of alerting people indoors at home, three 

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

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

from quiet to noisy situations. Table 2.5 provides the percen

tages assumed for various activities for each scenario. 

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

100%. For people sleeping, the chance of alert is calculated 

from the indoor siren SEL using the relationship shown in Fig. 
2-2 for the chance of awakening one out of two sleepers. For all 

other indoor activities, the chance of alert is based on classi

fications of actual indoor background noise measurements under a 

wide variety of conditions. 

Results for test cases 1 and 3 are provided in Fig. 2-4 for 

4-minute stationary sirens and in Fig. 2-5 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 

alert for indoor activities other than sleeping or listening to 

radio or TV. 
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TABLE 2.5. ASSUMED ACTIVITIES AND BACKGROUND NOISE ENVIRONMENTS 
~R PEOPLE INDOORS. 

r--" -
Percentages uf People Engaged in Various Activities Indoors (%) -

Indoor Noi se 

At Place Listening to Obviously Busy and 
Scenario of Business TV/Radio Sleeping NOisy! Actlve 2 

- - _____ -ea ____ ,...-----. ----~--~ -----_. 
1. Warm Summer Weekend -- 50 -- --

Day (clear to partly 
cloud,y ) 

2. Summer Weekd~ Night 5 -- 95 --
(cleor t.o portly 
cloud,y) 

3. Winter Weekday During -- 20 -- 5 
F.vening Commut.ing 
Hours (cool, damp, 
overcast. ) 

4. Wint.er Nighl During 5 -- 95 --
n .. jnst-orm 

NO'fEG: 
1. Vocuum cleon ing, d i shWRsher, oho'oler, vellt fan Oil, etc. 

2. [Hnner conversotion, klLchcn 'oIork, playing muaic, children at p]oy, etc. 

3. Noise-producing nclivity in RdJnccnt room, noft background music, elc. 

~ • Heading. study, en ting R lone. 
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For the analysis of alerting at work, two activity cate

gories are considered: (1) commercial/institutional, and (2) 

industrial environments. In the case of Trojan, only the night

time scenarios (test cases 2 and 4) include people at work. For 

these cases, essentially all nighttime work was assumed to occur 

in industrial environments and none of these people is likely to 

be alerted because of building attenuation and high background 

noise levels. Thus, the chance of alert was assumed to be 0% at 

work at night for the Trojan analysis. In actuality, it is 

possible that these people would be alerted by some means (phone, 

radio) other than sirens, and hence our estimates may be low as a 

result. 

2.6 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 estimated as follows: 

2R+d C = --L-- x 100 (not to exceed 100%) 

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

distance (ft), d is distance traveled in 4 minutes (ft), and L is 

the average siren spacing (ft). Separate analyses were carried 

out for urban and rural areas of the Trojan EPZ. 

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

100 ft, and the average rural siren produces a sound level of 119 

dB at 100 ft. Alerting ability was evaluated by using the re

sults of a study for the Society of Automotive Engineers (SAE) 

[6]. Siren alerting levels for speeds of 55 mph and 30 mph with 

windows shut or open were first determined from the SAE study 

results. The average siren source levels for rural and urban 
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areas were then reduced to alerting levels in accordance with the 

propagation models from current NRC guidelines (i.e., 10 dBI 

double distance) [7]. In this manner, the maximum alert distance 

(R) was calculated 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 4,785 

ft for urban areas and 6,895 ft for rural areas. 

The calculations of alerting ability for motorists are sum

marized in Table 2.6. The results indicate that the chance of 

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

TABLE 2.6. SIREN ALERTING FOR MOTORISTS. 

4-min 
~ic1e 'A!hic1e ~. SigruU. Max. Alert 'D:'ave1 Avg. Siren Chance 
~ Windai for Alert Dist. , R klist., d Spacing, L of Alert 

Area (nph) kbmition (dB) (ft) (ft) (ft) (%) 

55 closed 96 750 19,360 4785 100 
open 90 1130 19,360 4785 100 

URBAN 
30 closed 89 1210 10,560 4785 100 

open 86 1500 10,560 4785 100 

55 closed 96 490 19,360 6895 100 
open 90 750 19,360 6895 100 

RURAL 
30 closed 89 800 10,560 6895 100 

open 86 980 10,560 6895 100 
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3. EVALUATION OF THE PROMPT ALERTING SYSTEM FOR THE 
THREE MILE ISLAND NUCLEAR POWER STATION 

This section summarizes the evaluation of the siren alerting 

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

The procedure that was used consists of a detailed analysis of 

siren alerting capability at each of 50 randomly chosen listener 

locations, under four different "sample scenario" conditions. 

The random selection process for listener sites is described in 

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

included in Appendix G. The analysis is based on existing and 

proposed siren locations as of 30 June 1981. Maps that shown the 

siren locations are provided in Appendix H. 

The results of the evaluation for TMI are summarized in 

Table 3.1 and indicate that the chance of alert is estimated to 

vary between 49% and 90% depending on the sample scenario under 

consideration. The remainder of this report describes the 

procedure used to arrive at this conclusion. Input and output 

data for the analysis are included in Appendix I. 

3.1 Estimating Siren Sound Levels OUt of Doors at Listener Sites 

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

the vicinity of each selected listener site that is expected to 

produce the highest sound level at that site for each sample 

scenario. This choice is not always 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

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 evaluation at each site. Furthermore, sirens are 
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TABLE 3.1. SUMMARY OF 'I'MI SIREN SYSTEM EVALUATION RESULTS. 

Chance of Alert 

Scenario Popul ati on-
Urban Rural Weighted Average* 

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

1 Warm Summer Weekday After-
noon (clear to partly cloudy) 96 88 90 

2 Summer Weekday Night 
(clear to partly cloudy) 82 66 70 

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

4 Winter Night 
(during snowfall) 66 42 49 

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

directions) where possible to account for different wind direc
tions. For the TMI analysis, four or six sirens were evaluated 

at 46 of the 50 listener sites. Only two or three sirens were 

considered at the remaining four sites. These sites were either 

located at the fringes of the EPZ such that sirens could not be 

chosen in all directions, or they were located so close to one or 

two sirens that the selection of additional sirens was 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: 

L(listener} = L(siren) - Ad - As - Aair - Aatm' 

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

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

the siren at 100 ft (dB), Ad is the distance attenuation (dB), As 

is shielding attenuation (dB), Aair is the air absorption (dB), 

and Aatm is the atmospheric attenuation caused by wind and 
temperature gradients (dB). 

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

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 per distance doubled. It is 

calculated as follows: 

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

Shielding attenuation (As) is estimated using the following 

formula for the attenuation of a rigid straight barrier for sound 

incident from a point source [2}: 

AS = {20 log 

= 0 dB 

tanh 12nN 
+ 5 dB for N ) -0.2 

for N < -0.2 

N is the Fresnel number (dimensionless): 

N = ~ (A + B - d) 
A 

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 source and· rece iver, ft 

+ sign = receiver in the shadow zone (i.e., barrier obstructs 

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

obstruct line-of-sight) 

When N is negative, the above equation for As is evaluated 

by replacing N with INI, and by replacing tanh with tan. 

Shielding attenuation is limited to a maximum of 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 ft 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 particular 

scenario. The assumed conditions for the TMI site are provided 

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

information. * In terms of air absorption, these conditions 

indicate the following attenuation rates based upon temperature 

and relative humidity [3]: 

Scenario 

1 

2 

3 

4 

Aair (dB per 1000 ft) 

0.88 

0.79 

0.55 

0.64 

The adjustment for atmospheric gradient effects (Aatm) is 

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

*Three Mile Island Nuclear Station Unit 2 Environmental Impact 
Report, Chapter 2. 
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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) 

1 5 mph from the east -l.ooF/IOO ft 65 85 
Class A 

2 5 mph from the northwest +O.SoF/lOO ft 80 65 
Class E 

3 3 mph from the southeast -O.SoF/IOO ft 70 40 
Class D 

4 15 mph from the west -O.SoF/lOO ft 90 25 
Class D 

*At 100 ft above ground level. 

3-6 



and on wind and temperature gradient characteristics. Table 3.3 

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

the estimation procedure for Aatm can be found in Appendix D. 

Application of the above calculations yields the estimated 

outdoor sound pressure level for various sirens at each sample 

listener site, for each of the four scenarios. For the balance 

of the analysis, only the highest siren level at each listener 

site is generally used. An exception to this rule is made at 

listener sites where the sound level of a stationary siren is 

estimated to be between 0 and 6 dB lower than the sound level of 

a rotating-type siren, which had been determined to be the 

loudest siren. In such cases, the stationary siren was selected 

for further analysis. The reason for this exception is that the 

maximum sound level produced by a rotating siren is not continu

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

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

approximately 6 dB less than for a stationary (i.e., continuous) 

siren with the same maximum sound level. 

3.2 Estimating Indoor Sound Levels of Sirens 

The result of the above calculations is a single outdoor 

siren sound pressure level at each of the 50 sample listener 
locations for each of the four test cases. Corresponding indoor 

levels are then obtained by subtracting typical values for resi

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 Hz octave band, the sound attenuation into buildings is esti

mated to be 16 dB for test cases 1 and 2 and 31 dB for test cases 
3 and 4 [4]. For commercial buildings, the outdoor-to-indoor 
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TABLE 3.3. CALCULATION OF ATMOSPHERIC ATTENUATION, Aatm' 
CAUSED BY WIND AND TEMPERATURE GRADIENTS 
(SEE APPENDIX D FOR DETAILS). 

Siren-to-Listener 
Distance, D (Ft) 
Relative to Xo (Ft) 

D~1.2Xo 

1.2-Xo < D ~ 1.7 Xo 
1.7 Xo < D ~ 2.4 Xo 
2.4 X < D ~ 3.4 X o 0 
3.4 Xo < D 

Aatm (dB) 

o 
5 

10 
15 
20 

computation of Xo 

Xo ~ Pc! . f(~)= 1057 /~Bcos¢l - a 

Scenario 

Wind Direction, 0w 

~ToF (150'-50') -1 

a = a~ = ~T/(1n 150'-ln 50') -0.91 

Wind Speed, V2 ft/sec @ 100ft 7.3 

~B = V2/(1n 100' - 1n 2') 

R/S = 5'/50' 

f(R/S) 

1.87 
"---

2 

3150 

+0.5 

+0.46 

7.3 

1.87 

3 

1350 

-0.5 

-0.46 

4.4 

1.12 .... 
0.1 

0.45 

4 

-0.5 

-0.46 

22 

5.6 

~~---------~-'------------, 
X (min) @ ¢I = 0 

o 

¢Ie = Cos -1 (%) 
634' 890' 840' 429' 

760 1140 
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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 (outside 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 

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

Overall chances of alert for the various scenario (test case) con

ditions are then 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 

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 
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(SIN) difference in the 630-Hz l/3-octave frequency band. The 

chosen criterion for alerting is that the given signa~ 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 SIN difference 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 [5]. The 

graph used for estimating the chance of alert during sleep is 

shown in Fig. 3-21 for the Three Mile Island analysis, the curve 

for the chance of awakening one out of two sleepers was used. 

3.4 Alerting People OUt of Doors 

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

of doors, background 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

vania, and upon the body of data in BBN files. The data typically 

consisted of statistical summaries of background noise at various 

types of locations. The summaries provide the L90 (sound level 

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

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 

variability. Generalized types of background noise environments 

were then established so that all sample listener sites would be 

included with one of these generaf 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-

*The L90 was used as a conservative estimate of the minimum sound 
level. 
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ity distribution of such minima. This is handled by assigning a 

"median alerting level" for each background noise category and 

adjusting these levels in accordance with probability distribu

tions generalized from the data. 

The median alerting levels for each background noise category 

are listed in Table 3.4. These are keyed to corresponding distri

butions shown in Fig. 3-3. For example, assume that a rotating 

siren produces 53 dB at a given urban location during the daytime 

adjacent to a major traffic artery. Table 3.4 indicates that the 

median alerting level at such locations is 54 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 is 

generally insensitive to seasons of the year, but varies markedly 

with time of day. Minor traffic variations (i.e., less than a 

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

background noise. 

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, 

rural, non-roadway background noise is selected to be dependent on 

windspeed. 

Note that results are given separately for stationary sirens 

and rotating sirens. This is because rotating sirens would actu

ally produce their estimated sound level during about one quarter 

of the presumed 4-minute operating time at any particular listener 
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TABLE 3.4. SIREN ALERTING ABILITY FOR GENERALIZED CATEGORIES OF 
OUTDOOR ENVIRONMENTS. 

Median Alerting Level (dB) Applicable Distributionl 

Rotating Stationary Rotati ng Stationary 
Generalized Background Siren Siren Si ren Si ren 

Noise Environment (4 min) (4 mi n) (4 min) (4 mi n) 

I. URBAN 

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 

B. Non-Roadway 

1. Daytime 50 48 No. 5 No. 4 
2. Evening 48 47 No. 4 No. 3 
3. Nighttime 42 41 No. 3 No. 2 

II. RURAL 

A. Roadway 

Limi,ted Access Highway 2 
63 61 No. 6 No. 4 1. 

2. Other Highway3 51 50 No. 6 No. 4 

B. Non-Roadway 

No-Wind Noise 4 28 27 No. 3 No. 1 1. 5 
2. Subject to Wind Noise (See Note) (See Note) No. 5 No. 3 

III. INDUSTRIAL6 55 54 No. 4 No. 2 

NOTES: 
1. See Fig. 3-3. 

2. Alerting levels apply for sites within 500 ft, with view angle (9) of 1800 to highway; beyond 500 ft, 
levels should be reduced by 10 10glO (D/SOO), where D=dist. from highway in ft; for view angles less 
than 1800 , levels should be further reduced by 10 10glO (180/e). 

3. Alerting levels apply for sites within 1600 ft, with view angle (e) of 1800 to highway; beyond 1600 
ft, levels should be reduced by 10 10glO (D/1600), where D-dist. from highway in ft; for view angles 
less than 1800 , levels should be further reduced by 10 10g10 (180/e). 

b. Yind ~pepd < 1 "n~. 

5. 

6. 

Median Alerting Level (with wind) - Median Alerting Level (no wind) + 15 10g10(5) + 1 dB, 
where S - average wind speed in mph. 

Alerting levels apply at 1000 ft from source', for other distances adjust lIb / eve s y 20 10glO (1000 distance). 
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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 

types of a~tivities are considered. These are (1) listening to 

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

quiet to noisy situations. Table 3.5 provides the percentages 

assumed for various activities for each scenario. 

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

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

the indoor siren SEL using the relationship shown in Fig. 3-2 for 

the chance of awakening one out of two sleepers. For all other 

indoor activities, the chance of alert is based on classifications 

of actual indoor background noise measurements under a wide 

variety of conditions. 

Results for test cases 1 and 3 are provided in Fig. 3-4 for 

4-minute stationary sirens and in Fig. 3-5 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. 

For the analysis of alerting at work, two activity categories 

are considered: (1) commercial/institutional, and (2) industrial 

environments. For the TMI analysis, it was assumed that 75% of 

the working population are in commercial establishments while the 
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TABLE 3.5. ASSUMED ACTIVITIES AND BACKGROUND NOISE ENVIRONMENTS 
~R PEOPLE INDOORS. 

Percentages of People Engaged in Various Activities Indoors (%) 
-

Indoor Noise Environment 

At Place Listening to Obviously Busy and 
Scenario of Business TV/lQdio Sleeping Noisy! 

1. Warm Summer Weekday 41 27 5 --
Afternoon (clear to 
partly cloudy) 

2. Summer Weekday Night 4 - 96 --
(clear to partly 
cloudy) 

l. Winter Weekday Durin -- 20 -- 5 
Evening Commuting 
Hours (cold and 
overcast) 

4. Winter Night During 5 -- 95 --
Snowfall 

NOTES: 

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

2. Dinner conversation, kitchen work, playing .usic, children at play, etc. 

l. Noise-producing activity in adjacent room, 80ft background music, etc. 

4. Reading, study, eating alone. 
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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 

estimated as follows: 

2R+d C = ---L- x 100 (not to exceed 100%) 

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

distance (ft), d is distance traveled in 4 minutes (ft), and L is 

the average siren spacing (ft). Separate analyses were carried 

out for urban and rural areas of the TMI EPZ. 

The average urban siren produces a sound level of 125 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) [6]. 

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

shut or open were first determined from the SAE study results. 

The average siren source levels for rural and urban areas were 
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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. 

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. SIREN AI..ERTIR; FOR MJ'lORISTS. 

4-min 
~icle vehicle ~. Signal Max. Alert '!ravel Avg. Siren Chance 

Speed Windc:w for Alert Dist., R dist., d Spacing, L of Alert 
Area (mph) Cbndition (dB) (ft) (ft) (ft) (%) 

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

URBAN 
30 closed 89 980 10,560 5560 100 

open 86 1210 10,560 5560 100 

55 closed 96 650 19,360 11,850 100 
open 90 980 19,360 11,850 100 

RURAL 
30 closed 89 1060 10,560 11,850 100 

open 86 1300 10,560 11,850 100 
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4. EVALUATION OF THE PROMPT ALERTING SYSTEM FOR THE 
INDIAN POINT NUCLEAR POWER STATION 

This section summarizes the evaluation of the siren alerting 

system for the Indian Point Nuclear Power Station. The procedure 

that was used consists of a detailed analysis of siren alerting 

capability at each of 50 randomly chosen listener locations, 

under four different "sample scenario" conditions. The random 

selection process for listener sites is described in Appendix J 

and the four test cases (sample scenarios) are included in 

Appendix K. The analysis is based on existing and proposed siren 

locations as of 25 August 1981. Maps which show the siren loca

tions are provided in Appendix L. 

The results of the evaluation for Indian Point are summa

rized in Table 4.1 and indicate that the chance of alert is 

estimated to vary between 57% and 95% 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 M. 

4.1 Estimating Siren Sound Levels OUt of Doors at Listener Sites 

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

the vicinity of each selected listener site that is expected to 

produce the highest sound level at that site for each sample 

scenario. This choice is not always obvious, because the sound 

level caused by a particular siren at a given listener site de

pends not only on the sound output of the siren and its distance 

from the listener, but also on shielding and atmospheric effects 

(particularly wind direction). Therefore, it is generally neces

sary 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, nonshie1ded sirens are selected for 

evaluation at each site. Furthermore, sirens should be chosen 
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TABLE 4.1. SUMMARY OF INDIAN POINT SIREN SYSTEM EVALUATION 
RESULTS. 

Chance of Alert 

Scenario Popul at; on-
Urban Rural Weighted Average* 

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

I Warm Summer Weekday After-
noon (clear to partly cloudy) 98 93 95 

2 Sunnner Weekday Night 
(clear to partly cloudy) 80 70 74 

3 Winter Weekday Evening 
(cold and overcast) 91 78 83 

4 Winter Night 
(during snowfall) 63 I 53 57 

*Based on a total urban population ofllO,928 and a total rural population 
of 146,454. 
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such that they are distributed north, south, east, ana west of 

the site (or in any other four mutually perpendicular directions) 

where possible to account for different wind directions. For the 

Indian Point analysis, four or five sirens were evaluated at each 

of the 50 listener sites. 

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: 

L( 1 istener) = L( siren) - Ad - As - Aair - Aatm , 

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), Ad is the distance attenuation 

(dB), As is the shielding attenuation (dB), Aair is the air 

absorption (dB), and Aatm is the atmospheric attenuation caused 

by wind and temperature gradients (dB). 

The rated sound pressure level for all of the Indian Point 

sirens was taken to be 125 dB at a distance of 100 ft, based upon 

the siren manufacturer's rating; all sirens are rotating type 

units. 

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 per distance doubled. It is 

calculated as follows: 

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

4-3 



Shielding attenuation (As) is estimated using the following 

formula for the attenuation of a rigid straight barrier for sound 

incident from a point source [2]: 

As ={20 log ~ + 5 dB 
tanh 12nN 

= 0 dB 

for N ) -0.2 

for N < -0.2 

N is the Fresnel number (dimensionless): 

N = ~ (A + B - d) 

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

A + B 

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

= shortest path length of wave travel over the 

barrier between source and receiver, ft 

+ sign = receiver in the shadow zone (i.e., barrier obstructs 

line-of-sight) 

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

obstruct line-of-sight) 

When N is negative, the above equation for As is evaluated 

by replacing N with INI, and by replacing tanh with tan. 

Shielding attenuation is limited to a maximum of 24 dB based 

upon a large body of experimental data. For the Indian Point 

analysis, sirens are assumed to be at a height of 52 ft above 

terrain level, listener sites are assumed to be at a height of 5 

ft above terrain level, and barrier heights are obtained from 

ground contour information on USGS maps. 

The adjustments for air absorption and atmospheric effects 

depend on the meteorological conditions for the particular scena

rio. The assumed conditions for the Indian Point site are 
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provided in Table 4.2 for the four test cases, based on local 

weather information.* In terms of air absorption, these con

ditions indicate the following attenuation rates based upon 

temperature and relative humidity [3]. 

Scenario Aair (dB per 1000 ft) 

1 0.85 

2 0.81 

3 0.49 

4 0.46 

The adjustment for atmospheric gradient effects (Aatm) is 

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

and on wind and temperature gradient characteristics. Table 4.3 

summarizes the calculation procedure for determining Aatm for 

each scenario at the Indian Point site. A more detailed descrip

tion of the estimation procedure for Aatm can be found in Appen

dix D. 

Application of the above calculations yields the estimated 

outdoor sound pressure level for various sirens at each sample 

listener site, for each of the four scenarios. For the balance 

of the analysis, only the highest siren level at each listener 

si te is used. 

4.2 Estimating Indoor Sound Levels of Sirens 

The result of the above calculations is a single outdoor 

siren sound pressure level at each of the 50 sample listener 

locations for each of the four test cases. Corresponding indoor 

*Final Facility Description and Safety Analysis Report for Indian 
Point No.3 Nuclear Power Plant, Section 2.6 (1973). 
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TABLE 4.2. METEOROLOGICAL CONDITIONS FOR THE FOUR SAMPLE 
SCENARIOS USED TO EVALUATE THE INDIAN POINT 
SIREN SYSTEM. 

Relative 
Scenario Temperature Humi dity Temperature 

No. Wind Conditions* Gradient (%) (oF) 

1 10 mph from the SSE; from -l.ooF/lOO ft 65 80 
the south in the river Class A 
valley 

2 6 mph from the NNE; from +0.50 F/IOO ft 80 70 
the north in the river Class E valley 

3 10 mph from the northwest -O.SoF/lOO ft 70 30 
Class D 

4 15 mph from the southeast -0.50 F/IOO ft 90 30 
Class D 

*At 100 ft above ground level. 
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TABLE 4.3. CALCULATION OF ATMOSPHERIC ATTENUATION, Aatm' 
CAUSED BY WIND AND TEMPERAIJ.'URE GRADIENTS (SEE 
APPENDIX D FOR DETAILS). 

Siren-to-Listener 
Di stance, 0 (Ft) 
Relative to Xo (Ft) 

D,S,1.2 X 0 

1.2-Xa < D,S, 1.7 Xo 
1.7 Xc < D's' 2.4 Xo 
2.4 Xo < D ,S, 3.4 Xo 
3.4 Xc < D 

Aatm (dB) 

o 
5 

10 
15 
20 

Com~utation of Xo 
Xc - 478 -rc . f(i)- 1057/~acos~ - a 

Scenario 1 2 3 

Wind Direction, e 
22.50 3150 w 157.50 General 

Valley 00 1800 

~ToF (95'-7') -0.9 +0.44 -0.44 

a = aa = ~T/1n 95' -In 7') -0.35 +0.17 -0.17 

Wind Speed, V2 ft/sec@100ft 14.7 8.8 14. 7 

z8 = V2/(ln 100' - In 2') 3.75 2.25 3.75 
'-- ~ 

R/S 0.1 

f(R/S) 
0.45 
·tA 

X (min) @ <P = 0 1'522' 633' 534' 
0 _1 

<P = Cos (£!) 950 850 930 

c 8 
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levels are then obtained by subtracting typical values for com

mercial or residential 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 

were assumed to be closed (with storm windows). For the fre

quency region within the 500 Hz octave band, the sound attenua

tion into buildings is estimated to be 16 dB for test cases 1 and 

2 and 31 dB for test cases 3 and 4 [4]. For commercial build

ings, the outdoor-to-indoor noise reduction is estimated to be 

31 dB, assuming closed and sealed windows for all four scenarios. 

4.3 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 4-1 is a flow chart of the analysis computations. 

The analysis is divided into components (rows) that correspond to 

the possible activities of people for the various scenarios. The 

major components relate to people (1) at home (outside or in

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

alert is estimated for each activity component and is then multi

plied by the fraction of people likely to be engaged in that 

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

the overall chance of alert for each listener location and for 

each test case. Overall chances of alert for the various scena

rio (test case) conditions 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 
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average of the "3 to 5 minutes" called for in Appendix 3 of 

NUREG-0654. The effects of different siren signal durations are 

discussed in Appendix E. 

Siren detectability is a function of the siren signal level 

and of the background noise level in a "critical frequency band" 

centered at the signal frequency. For this analysis, outdoor and 

indoor detectability is estimated based on the signal-to-noise 

(SIN) 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 SIN difference 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 [5]. 

The graph used for estimating the chance of alert during sleep is 

shown in Fig. 4-2; for the Indian Point analysis, the curve for 

the chance of awakening one out of two sleepers was used. 

4.4 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 measure

ments conducted by BBN in the vicinity of the Trojan Nuclear 

Plant in Oregon, near the Indian Point Nuclear Power Station in 

New York, and upon the body of data in BBN files. The data typi

cally consisted of statistical summaries of background noise at 

various types of locations. The summaries provide the L90 (sound 

level exceeded 90% of the time) for I-minute samples of data in 

the l/3-octave frequency band centered at 630 Hz.* 

*The L90 was used as a conservative estimate of the minimum sound 
level. 
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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 outdoor environ

ments. The results are summarized in Table 4.4, which specifies 

the background noise environment for urban and rural areas. Only 

daytime noise levels are presented since the nighttime scenarios 

assume that essentially no people are outdoors at night. 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 probabi

lity distribution of such minima. The chance of alert for people 

outdoors was determined for each scenario at each listener site 

using Figure 4-3. 

Outdoor background noise in urban areas and along rural 

roadways is caused predominantly by motor vehicle traffic. It is 

generally insensitive to seasons of the year, but varies markedly 

with time of day. Minor traffic variations (i.e., less than a 

factor of 2 in traffic volume) have little effect on the back

ground noise. 

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. 

Note that rotating sirens would actually produce their 

estimated sound level during about one quarter of the presumed 4-

minute operating time at any particular listener location. Thus, 

the results for rotating sirens are based on I-minute statistics 

rather than on 4-minute statistics. 
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TABLE 4.4. MINIMUM BACKGROUND NOISE LEVELS FOR GENERALIZED 
CATEGORIES OF OUTDOOR ENVIRONMENTS (SEE FIG. 4-3 
FOR DISTRIBUTIONS). 

Generalized Background Range of Minimum Background 
Noise Environment Noise Levels for a 

I-Minute Periodl ,2 (dB) 

I. URBAN-DAY 3 
(Includes Rural 
locations within 21-57 
1000 ft. of major 
roadways) 

II. RURAL-DAy4 
{Except Rural 
locations within 17-48 
1000 ft. of major 
roadways} 

NOTES: 

1. Refers to the range of the m1n1mum {LgO} sound pressure levels 
in the 630 Hz one-third octave band during the specified time 
period. 

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

3. Urban locations are defined as the pink "building exclusion" 
areas of topographic maps, or as those communities with a 
population density exceeding 2000 people per square mile. 
Major roadways are defined as roadways with more than one 
lane in each direction. 

4. Rural locations are taken to be all sites not classified as 
urban (above). 
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4.5 Alerting People Indoors 

For the analysis of alerting people indoors at home, three 

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

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

from quiet to noisy situations. Table 4.5 provides the 

percentages assumed for various activities for each scenario. 

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

100%. For people sleeping, the chance of alert is calculated 

from the indoor siren SEL using the relationship shown in Fig. 

4-2 for the chance of awakening one out of two sleepers. For all 

other indoor activities, the chance of alert is based on classi

fications of actual indoor background noise measurements under a 

wide variety of conditions. 

Results for test cases 1 and 3 are provided in Fig. 4-4 for 

4-minute rotating sirens. Thus, given the indoor siren level and 

test case condition, this figure was used to estimate the chance 

of alerting for indoor activities other than sleeping or 

listening to radio or TV. 

For the analysis of alerting at work, two activity cate

gories are considered: (1) commercial/institutional, and (2)· 

industrial environments. For the Indian Point analysis, it was 

assumed that 75% of the working population are in commercial es

tablishments while the remaining 25% are in industrial locations. 

For commercial locations, the chance of alert is based on the 

statistics of background noise measured in a typical office envi

ronment, using Fig. 4-5. For industrial locations, it has been 

assumed that 100% of the people are likely to be alerted by some 

means of communication other than sirens. 
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TABLE 4.5. 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 Dbviously 
Scenario of Business TV/Radio Sleeping Noi syl Active 2 Isolated) Quiet" 

l. Warm Summer Weekday 41 27 5 -- 8 5 14 
Afternoon (clear to 
partly cloudy) . 

2. Summer Weekday Night 4 -- 96 -- -- -- --
(clear to partly 
cloudy) 

3. Winter Weekday Durin -- 20 -- 5 50 20 5 
Evening Commuting 
Hours (cold and 
overcast) 

4. Winter Night During 5 -- 95 -- -- -- --
Snowfall 

NOTES: 

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

2. Dinner conversation, kitchen work, playing music, children at play, etc. 

3. Noise-producing activity in adjacent room, soft background music, etc. 

4. Reading, study, eating alone. 
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4.6 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 chance that a motorist will pass within 

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

estimated as follows: 

2R+d 
C = --L-- x 100 (not to exceed 100%) 

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

distance (ft), d is distance traveled in 4 minutes (ft), and L is 

the average siren spacing (ft). Separate analyses were carried 

out for urban and rural areas of the Indian Point EPZ. 

The average urban or rural siren produces a sound level of 

125 dB at 100 ft. Alerting ability was evaluating by using the 

results of a study for the Society of Automotive Engineers (SAE). 

[6]. Siren alerting levels for speeds of 55 mph and 30 mph with 

windows shut or open were first determined from the SAE study 

results. The average siren source levels for rural and urban 

areas were 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 calculated 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 4,890 

ft for urban areas and 12,530 ft for rural areas. 

The calculations of alerting ability for motorists are 

summarized in Table 4.6. The results indicate that the chance of 

alert is expected to be 100% for all conditions applicable to the 

Indian Point analysis. 
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TABLE 4.6. SIREN ALERTING FOR MOTORISTS. 

Vehicle Vehicle Reqd. Signal Max. Alert 4-min Avg. Siren Chance 
Speed Window for Alert Oist. R Travel Oist., d Spacing L of Alert 

Area (mph) Condition (dB) (ft) (ft) (ft) (S) 

URBAN 30 Closed 89 980 10,560 4,890 100 
Open 86 1,210 10,560 4,890 100 

RURAL 55 Closed 96 650 19,360 12,530 100 
Open 90 980 19,360 12,530 100 
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5. EVALUATION OF THE PROMPT ALERTING SYSTEM FOR THE 
ZION NUCLEAR POWER STATION 

This section summarizes the evaluation of the siren alerting 

system for the Zion Nuclear Power Station. The procedure that 

was used consists of a detailed analysis of siren alerting capa

bility at each of 50 randomly chosen listener locations, under 

four different "sample scenario" conditions. The random selec

tion process for listener sites is described in Appendix Nand 

the four test cases (sample scenarios) are included in Appendix 

o. The analysis is based on existing and proposed siren loca

tions as of 15 October 1981. Maps which show the siren locations 

are provided in Appendix P. 

The results of the evaluation for Zion are summarized in 

Table 5.1 and indicate that the chance of alert is estimated to 

vary between 58% and 97% 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 analyses are included in Appendix Q. 

5.1 Estimating Siren Sound Levels Out of Doors at Listener Sites 

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

the vicinity of each selected listener site that is expected to 

produce the highest sound level at t~at 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 de

pends not only on the sound output of the siren and its distance 

from the listener, but also on shielding and atmospheric effects 

(particularly wind direction). Therefore, it is generally neces

sary 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 

evaluation at each site. Furthermore, sirens should be chosen 
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TABLE 5.1. SUMMARY OF ZION SIREN SYSTEM EVALUATION RESULTS. 

Chance of Alert 

Scenario Popul ation-
Urban Rural Weighted Average* 

No. Description (';) (';) (';) 

1 Warm Summer Weekday After-
noon (clear to partly cloudy) 97 96 97 

2 Summer Weekday Night 
(clear to partly cloudy) 81 74 80 

3 Winter Weekday Evening 
(cold, overcast, light 90 85 89 
precipitation) 

4 Winter Night 
(windy) 59 

I 
51 58 

*Based on a total urban population of 268,629 and a total rural population 
of 33,201. 
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such that they are distributed north, south, east, and west of 

the site (or in any other four mutually perpendicular directions) 

where possible to account for different wind directions. For the 

Zion analysis, four or five 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 located at the fringe of 

siren coverage such that sirens were not present in all 

directions. 

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: 

L(listener) = L(siren) - Ad - As - Aair - Aatm' 

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), Ad is the distance attenuation 

(dB), As is the shielding attenuation (dB), Aair is the air 

absorption (dB), and Aatm is the atmospheric attenuation caused 

by wind and temperature gradients (dB). 

The rated sound pressure levels for all the proposed Zion 

sirens were obtained based on information provided by 

Commonwealth Edison, and are as follows: 

• ACA Dual-Tone Rotating Sirens = 123 dBC @ 100 ft 

• ACA Single-Tone Rotating Sirens = 126 dBC @ 100 ft 

• .Whelen Electronic Rotating Sirens = 124 dBC @ 100 ft 

• ACA Stationary Sirens = 115 dBC @ 100 ft 

The rated sound pressure levels for existing sirens to be 

employed in the Zion system were taken to be 125 dBC for rotating 
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units and 115 dBC or 100 dBC for stationary units, all at a 

distance of 100 ft. 

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 per distance doubled. It is 

calculated as follows: 

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

Shielding attenuation (As) is estimated using the following 

formula for the attenuation of a rigid straight barrier for sound 

incident from a point source [2]: 

As ={20 log ~ +5 dB for N ) -0.2 
tanh ~ 

= 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) 

A + B 

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

= shortest path length of wave travel over the 

barrier between source and receiver, ft 

+ sign = receiver in the shadow zone (i.e., barrier obstructs 

line-of-sight) 

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

obstruct line-of-sight) 
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When N is negative, the above equation for As is evaluated 

by replacing N with INI, and by replacing tanh with tan. 

Shielding attenuation is limited to a maximum of 24 dB based 

upon a large body of experimental data. For the Zion analysis, 

sirens are assumed to be at a height of 25-60 ft above terrain 

level, listener sites are assumed to be at a height of 5 ft above 

terrain level, and barrier heights are obtained from ground 

contour information on USGS maps. 

The adjustments for air absorption and atmospheric effects 

depend on the meteorological conditions for the particular 

scenario. The assumed conditions for the Zion site are provided 

in Table 5.2 for the four test cases, based on local weather 

information. * In terms of air absorption, these conditions 

indicate the following attenuation rates based upon temperature 

and relative humidity [2,3]: 

Scenario 

I 

2 

3 

4 

Aair (dB per 1000 ft) 

0.85 

0.85 

1.0 

2.0 

The adjustment for atmospheric gradient effects (Aatm) is 

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

and on wind and temperature gradient characteristics. Table 5.3 

summarizes the calculation procedure for determining Aatm for 

each scenario at the Zion site. A more detailed description of 

the estimation procedure for Aatm can be found in Appendix D. 

*Commonwealth Edison, Zion Nuclear Power Station Weather Data 
Records. 
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TABLE 5.2. METEROLOGICAL CONDITIONS FOR THE FOUR SAMPLE 
SCENARIOS USED TO EVALUATE THE ZION SIREN SYSTEM. 

Relative 
Scenario Temperature Humidity Temperature 

No. Wind Conditions* Gradient (%) (OF) 

1 11 mph from the southeast -l.30 F/90 ft 60 71 

2 12 mph f~om the WNW +1.1oF/90 ft 60 70 

3 11 mph from the NNW -0.7oF/90 ft 95 17 

4 33 mph from the WSW -0.SoF/90 ft 76 13 

*At 125 ft above ground level. 
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'rABLE 5.3. CALCULA'rION OF ATMOSPHERIC ATTENUATION, Aatm' 
CAUSED BY WIND AND TEMPERATURE GRADIENTS (SEE 
APPENDIX D PaR DETAILS). 

Siren-to-Listener 
Distance, D (Ft) 
Relative to Xc (Ft) 

D~1.2Xo 

1.2"10 < D ~ 1.7 Xo 
1.7 Xo < D ~ 2.4 Xo 
2.4 Xc < D ~ 3.4 Xo 
3.4 Xo < D 

Aatm (dB) 

o 
5 

10 
15 
20 

Computation of Xa 

10 = Pc . f(:} 1057/{eSCo.~ - • 

Scenario 1 2 

Wind Direction, 8w 1300 2900 

6ToF (125'-35') -1.3 +1.1 

a = ~z = 6T/(ln 125'-ln 35' ) -1.02 +0.86 

Wind Speed, V2 ft/sec @ 125ft 16.3 17.2 

VI ft/sec @ 35ft 10.1 8.9 

z8 = (V2-V1)/(ln 125' - In 35') 4.87 6.52 
\. Y--

R/S 0.1 

f(R/S) 0.45 

.436' =-"-
X (min) @ 4> = 0 444' 

0 

4> = Cos- I (~) 1020 820 c 8 
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3 4 

3280 2510 

-0.7 -0.8 

-0.55 -0.63 

15.8 48.4 

11.6 32.3 

1.27 12.65 
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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 fur

ther analysis. The reason for this exception is that the maximum 

sound level produced by a rotating siren is not continuous, and 

thus the total acoustic energy at the listener (as measured by 

the single event noise exposure level, or SEL) is approximately 6 

dB less than for a stationary (i.e., continuous) siren with the 

same maximum sound level. 

5.2 Estimating Indoor Sound Levels of Sirens 

The result of the above calculations is a single outdoor 

siren sound pressure level at each of the 50 sample listener 

locations for each of the four test cases. Corresponding indoor 

levels are then obtained by subtracting typical values for com

mercial or residential 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 

were assumed to be closed (with storm windows). For the fre

quency region within the 500 Hz octave band, the sound attenua

tion into buildings is estimated to be 16 dB for test cases 1 and 

2, and 31 dB for test cases 3 and 4 [4]. For commercial build

ings, the outdoor-to-indoor noise reduction is estimated to be 31 

dB, assuming closed and sealed windows for all four scenarios. 
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5.3 Assumptions about Chance of Alert 

The outdoor and indoor siren levels calculated by the above 

procedure provide some of the information required for the analy

sis of the chance of alert. In addition, it is necessary to know 

the level of interfering background noise at the listener 

locations. 

Figure 5-1 is a flow chart of the analysis computations. 

The analysis is divided into components (rows) that correspond to 

the possible activities of people for the various scenarios. The 

major components relate to people (1) at home (outside or 

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

alert is estimated for each activity component and is then multi

plied by the fraction of people likely to be engaged in that 

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

the overall chance of alert for each listener location and for 

each test case. Overall chances of alert for the various scena

rio (test case) conditions 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 

and of the background noise level in a "critical frequency band" 

centered at the signal frequency. For this analysis, outdoor and 

indoor detectability is estimated based on the signal-to-noise 

(S/N) difference 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 
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time during a 4-minute period for people who are not sleeping 

(i.e., a S/N difference 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 [5]. 

The graph used for estimating the chance of alert during sleep is 

shown in Fig. 5-2; for the Zion analysis, the curve for the 

chance of awakening one out of two sleepers was used. 

5.4 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 mea

surements conducted by BBN in the vicinity of the Trojan Nuclear 

Plant in Oregon, near the Zion Nuclear Power Station in New York, 

and upon the body of data in BBN files. The data typically 

consisted of statistical summaries of background noise at various 

types of locations. The summaries provide the L90 (sound level 

exceeded 90% of the time) for I-minute samples of data in the 

1/3-octave frequency band centered at 630 Hz.* These data were 

used to estimate the range of background noise levels that are 

likely to exist during any 4-minute period (1 minute for rotating 

sirens) for a variety of outdoor environments. The results are 

summarized in Table 5.4, which specifies the background noise 

environment for urban and rural areas. Only daytime noise levels 

are presented since the nighttime scenarios assume that essen

tially no people are outdoors at night. 

The siren sound level necessary to alert is 9 dB greater 

than the minimum background noise level that could exist in any 

*The L90 was used as a conservative estimate of the minimum sound 
level. 
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~ABLE 5.4. MINIMUM BACKGROUND NOISE LEVELS POR GENERALIZED 
CATE("~RIES OF OUTDOOR ENVIRONMENTS (SEE FIGS. 5-3 
AND 5-4 POR DISTRIBUTIONS). 

Generalized Background Range of Uinimum ~ackground 
Noise Environment Noise Levels (dB) 

l-Minute Period2 4-Minute Period 3 

I. URBAN-DAy4 
(Includes Rural 
locations within 21-57 21-57 
1000 ft. of major 
roadways) 

II. RURAL-DAYS 
(Except Rural 
locations within 17-48 17-47 
1000 ft. of major 
roadways) 

NOTES: 

1. Refers to the range of the minimum (L90) sound pressure levels 
in the 630 Hz o.ne-third octave band during the specified time 
period. 

2. Applicable for analysis of 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 exclusion" 
areas of topographic maps, or as those communities with a 
population density exceeding 2000 people per square mile. 
Major roadways are defined as roadways with more than one 
lane in each direction. 

5. Rural locations are taken to be all sites not classified as 
urban (above). 
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4-minute period (1 minute for rotating sirens), adjusted for the 

probability distribution of such minima. The chance of alert for 

people outdoors was determined for each scenario at each listener 

site using Figs. 5-3 and 5-4. 

Outdoor background noise in urban areas and along rural 

roadways is caused predominantly by motor vehicle traffic. It is 

generally insensitive to seasons of the year, but varies markedly 

with time of day. Minor traffic variations (i.e., less than a 

factor of 2 in traffic volume) have little effect on the back

ground noise. 

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). However, few people 

live or work in such "natural" acoustic environments. 

Note that results are given separately for stationary sirens 

and rotating sirens. This is because rotating sirens would 

actually produce their estimated sound level during about one 

quarter of the presumed 4-minute operating time at any particular 

listener location. Thus, the results for rotating sirens are 

based on I-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 were used in conjunction with 

Figs. 5-3 and 5-4 to estimate the chance of siren detection 

outdoors at the Zion Site. 
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5.5 Alerting People Indoors 

For the analysis of alerting people indoors at home, three 

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

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

from quiet to noisy situations. Table 5.5 provides the percen

tages assumed for various activities for each scenario. 

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

100%. For people sleeping, the chance of alert is calculated 

from the indoor siren SEL using the relationship shown in Fig. 

5-2 for the chance of awakening one out of two sleepers. For all 

other indoor activities, the chance of alert is based on genera

lized categories of actual indoor background noise measurements 

under a wide variety of conditions. The ranges of minimum back

ground noise levels for these categories are listed in Table 5.6. 

Results for test cases 1 and 3 are provided in Fig. 5-5 for 

4-minute stationary sirens and in Fig. 5-6 for 4-minute rotating 

sirens. Thus, given the siren type, indoor siren level and test 

case condition, these figures were used to estimate the chance of 

alerting for indoor activities other than sleeping or listening 

to radio or TV. 

For the analysis of alerting at work, two activity cate

gories are considered: (1) commercial/institutional, and (2) 

industrial environments. For the Zion analysis, it was assumed 

that 75% of the working population are in commercial establish

ments while the remaining 25% are in industrial locations. For 

commercial locations, the chance of alert is based on the statis

tics of background noise measured in a typical office environ

ment, using Figure 5-7. For industrial locations, it has been 

assumed that 100% of the people are likely to be alerted by some 

means of communication other than sirens. 
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TABLE 5.5. ASSUMED ACTIVITIES AND BACKGROUND NOISE ENVIRONMENTS 
FOR PEOPLE INDOORS. 

Percentages of People Engaged in Various Activities Indoors (Il 

Indoor Noise Environment 

At Place listening to Obviously Busy and Pbviousl y 
Scenario of Business TV/Radio Sleeping Noisyl Active 2 Isolated I Quiet' 

1. Warm Summer Weekday 41 27 5 -- 8 5 14 
Afternoon (clear to 
partly cloudy) . 

2. Summer Weekday Night 4 ,1_- 96 -- -- -- --
(clear to partly 
cloudy) 

3. Winter Weekday Durin -- 20 -- 5 50 20 5 
Evening Commuting 
Hours (cold and 
overcast) 

4. Winter Night During 5 -- 95 -- -- -- --
Snowfall 

NOn:S: 

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

2. Dinner conversation, kitchen work, playing music, children st play, etc. 

3. Noise-producing activity in adjacent room, soft background music, etc. 

4. Readinl, scudy, aatlnl alone. 

5-18 



TABLE 5.6. MINIMUM BACKGROUND NOISE LEVELS FOR GENERALIZED 
CATEGORIES OF INDOOR ACTIVITIES/ENVIRONMENTS. 

Generalized Range of Minimum Backgro~nd 
Activity/Environment Noise Levels in dB 

I-Min. Period 2 4-Min. Period 3 

At home, obviously noisy4 
(i.e., vacuum cleaning, 41-76 41-73 
dishwasher, shower, 
vent fan on 

At home, busy and active 4 
(i.e., dinner conver-
sation, kitchen work, 21-64 21-54 
playing music, children 
at play) 

At home, isolated4 
(i.e., noise-producing 
activity in adjacent 23-49 23-38 
room, soft background 
music) 

At home, obviously quiet4 
(i.e., reading, study, 11-39 11-28 
eating alone) 

At work, office and 
commercial 28-49 28-45 

NOTES: 

1. Refers to the range of the minimum (L90 ) sound pressure 
levels in the 630 Hz one-third octave-oand. 

2. Applicable for analysis of rotating sirens operated fQr 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 on the basis of the activity fractions in Table 
5.5. 
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5.6 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 chance that a motorist will pass within 

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

estimated as follows: 

2R+d 
C = ---L- x 100 (not to exceed 100%) 

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

distance (ft), d is distance traveled in 4 minutes (ft), and L is 

the average siren spacing (ft). Separate analyses were carried 

out for urban and rural areas of the Zion EPZ. 

The average urban siren produces a sound level of 123 dB at 

100 ft and the average rural siren produces a sound level of 124 

dB at 100 ft. Alerting ability was evaluating by using the re

sults of a study for the Society of Automotive Engineers (SAE) 

[6]. Siren alerting levels for speeds of 55 mph and 30 mph with 

windows shut or open were first determined from the SAE study 

results. The average siren source levels for rural and urban 

areas were then reduced to alerting levels in accordance with the 

propagation models from current NRC guidelines (i.e., 10 dBI 

double distance) [7]. In this manner, the maximum alert distance 

(R) was calculated 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 5,045 

ft for urban areas and 19,240 ft for rural areas. 

The calculations of alerting ability for motorists are sum

marized in Table 5.7. The results indicate that the chance of 

alert is expected to be 100% for all conditions applicable to the 

Zion analysis. 
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TABLE 5.7. SIREN ALERTING FOR MOTORISTS. 

Vehicle Vehicle Reqd. Signal Max. Alert 4-min Avg. Si ren Chance 
Speed Window for Alert Dist. R Travel Dist., d Spacing L of Alert 

Area (mph) Condition (dB) ( ft) (ft) (ft) (%) 

URBAN 30 Closed 89 1,000 10,560 5,045 100 
Open 86 1,200 10,560 5,045 100 

RURAL 55 Closed 96 700 19,360 19,240 100 
Open 90 1,000 19,360 19,240 100 
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APPENDIX A: POPULATED-WEIGHTED RANDOM SELECTION OF LISTENING 
POINTS AT THE TROJAN SITE 

The objective of the listener-site-selection process is to 

identify 50 randomly selected residential locations within the 

10-mile EPZ surrounding the Trojan Nuclear Plant. It was arbi

trarily decided that 40 sites were to be in rural areas 

(population density below 2000 persons/sq mi) and 10 sites were 

to be in urban areas (population density above 2000 persons/sq mi). 

Of the rural sites, 20 were to lie within 5 miles of the plant 

and 20 were to lie between 5 to 10 miles from the plant. These 

ground rules were established based on site-specific information. 

The various steps used in the site selection procedure are 

described below: 

1. The boundaries of urban and rural areas were defined 

on a set of USGS topographical maps covering the EPZ. 

Those regions denoted by USGS as "building omission 

areas" on the maps (pink shading) were assumed to be 

urban (with uniform population density), and all other 

areas were assumed rural. The urban areas included 

only the communities of Longview and Kelso. 

2. A population distribution drawing (see Fig. A-I) 

consisting 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 to population-weight the 

random selection process for rural sites as de

scribed in Step 3 below. 

A-I 



POPlilA liON IN 
&.NNUlAR RINGS 

0- I 176 

1 - 2 417 

2 - l 1921 

l - 4 :!396 

4 - 5 3406 

S - 10 56307 

FIG. A-I. 

TROJAN NUCLEAR PLANT 

1 
POPULATION WITHIN 
RADIAL DISTANCE of SITE 

I 176 

N 2 !>9J 

/ 

l 2515 

4 4913 

5 831'3 

10 6462' 

1980 PROJECTED POPULATION DISTRIBUTION WITHIN 10 MILES 
AND RANDOMLY SELECTED LISTENER SITES (APPROXIMATE). 

A-2 



3. Each annular sector was first assigned a number. A 

range of numbers was then assigned to each sector 
according to the population in that sector. For 
example, Sector no. 1, due north of the site, had a 

population of 90 and thus was assigned numbers 
1 through 90. Sectors 2 through 4 (moving clockwise) 

had zero population and were therefore not assigned 

any numbers. Sector 5 had a population of 17 and 

was assigned numbers 91 through 107. This process 
was continued until each number between 1 and 18,600 

(the total estimated rural population) was assigned 
to a particular sector. A random number generator 

(available, for example, on a Texas Inst~uments 
Model TI-59 hand calculator) was then used to select 

20 numbers at random between 1 and 8,293 (repre

senting sectors within 5 miles of the plant) and 
20 numbers at random between 8,294 and 18,600 

(representing sectors between 5 and 10 miles from 
the plant). Each number selected represented one 
site (to be chosen later) within the sector 

assigned to that number. Thus, sectors with larger 

populations would have a greater probability of 
including chosen listener sites. 

4. Having determined the sector location for each 
rural listener site, the next step in the procedure 

involved selecting the actual location of each site 
within its respective sector. This was accomplished 

by fir~t overlaying a rectangular coordinate grid 

on each sector of interest on the USGS map. The 
grid was composed of boxes with dimensions of 
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approximately 1000 ft sq, and each box was assigned 

an X and a Y coordinate according to its location on 
the grid. The grid was positioned so that the X 
axis was oriented in the east-west direction and the 
Y axis was oriented in the north-south direction, 
and so that all parts of the sector of interest were 
covered by a positive (X,Y) coordinate pair box. 
A random number generator was then used to select 
random pairs of numbers within the X and Y ranges 
including the sector of interest. Each X,Y pair was 
used to locate a particular 1000 ft sq box on the USGS 

map. If no residences were inside the square area 

or if the area fell outside of the sector of interest, 
the coordinate pair was disregarded and another pair 
was chosen at random. This process was continued 
until a square area including one or more residential 
structures was found in the sector of interest. 
The listener site was then chosen to be any residence 
within the randomly selected square area. In this 
manner, the sample of 40 rural listener sites was 
selected. 

5. The selection procedure for urban sites was similar 
to that for rural sites, except that each distinct 
urban area was treated as a sector and population 
was assumed to be uniformly distributed throughout 
each urban sector. Thus, random number pairs were 
used to select square areas on the grid, and a listener 

site was chosen anywhere in that area provided that 
the site fell within the urban sector of interest. 
In this manner, the sample of 10 urban listener sites 

was selected. 
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The above procedure resulted in a random sample of 50 

listener locations, distributed throughout the EPZ as shown 

roughly on Fig. A-I. 
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APPENDIX B: TEST CASES (S~LE SCENARIOS) FOR THE TROJAN SITE 

1. Warm summer weekend day, weather clear to partly cloudy 

PeopZe: 70% out of doors 
20% indoors 
10% in motor vehicles (windows open) 

BuiZdings: Windows open 

Wind: 10 mph - from the north throughout the 
region 

upslope in the canyon 

Temperature Gradient: -2°C/I00 m; Class A 
50% ReZative Humidity: 

2. Summer weekday night, weather clear to partly cloudy 

PeopZe: 95% indoors, sleeping 
4% indoors, at work 
1% in motor vehicles (windows closed) 

BuiZdings: Windows open 

Wind: from the north on ridges and plateaus 
east and west of the site 

5 mph - from the south in the river valley 

downslope in the canyons 

Temperature Gradient: +1.5°C/I00 m; Class E 
90% ReZative Humidity: 

3. Winter weekday during evening commuting hours 
Cool, damp, and overcast 

PeopZe: 70% indoors 
25% in motor vehicles (windows closed) 

5% out of doors 

BuiZdings: Windows closed 
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Wind: 3 mph - from the south 

calm in the canyons 

Temperature Gradient: +1°C/I00 m; Class E 
80% Relative Humidity: 

4. Winter night during rainstorm 

People: 95% indoors, sleeping 
4% indoors, at work 
1% in motor vehicles (windows closed) 

Buildings: Windows closed 

Wind: 15 mph - from the south 

5 mph - downslope in the canyons 

Temperature Gradient: 
Relative Humidity: 

+1°C/100 m; Class E 
90% 

Sources: EIR, Amendment 1, March 1973, Fig. 2.3.4, Tables 
2.3.3 and 2.3.13. Site-specific wind velocity 
profile inversion at Trojan has not been considered. 
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APPENDIX C: SIREN LOCATIONS FOR THE TROJAN EPZ 

This appendix provides siren locations for the Trojan EPZ on 

a set of maps (1-6). A siren location map index is provided which 

shows the relationship of individual maps to the Trojan EPZ. 

Table e.l provides information on the type and rating for each 

siren, as well as a guide for locating the sirens on the maps. 
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TABLE e.l. TROJAN SIREN INFORMATION. 

Location Rated SPL 
Siren No. (Map No.) (dB @ 100 ft) Type * 

0-1 1 125 R 
0-2 2 125 R 
0-3 4 102 S 
-0-4 4 86 S 
0-5 4 86 S 
0-6 1 125 R 
0-7 1 125 R 
0-8 4 125 R 
0-9 2 125 R 
0-10 2 107 S 
0-11 2 125 R 
0-12 2 125 R 
0-13 1 125 R 
0-14 1 125 R 
0-15 5 125 R 
0-16 5 102 S 
0-17 5 115 S 
0-18 5 125 R 
0-19 2 125 R 
0-20 2 125 R 
0-21 5 102 S 
0-22 5 125 R 
0-23 5 102 S 
0-24 5 107 S 
0-25 1 102 S 
0-26 2 107 S 
0-27 5 102 S 
0-28 5 125 R 
0-29 5 102 S 
0-30 4 102 S 
0-31 4 125 R 
0-32 4 102 S 
0-33 5 86 S 
0-34 5 115 S 
0-35 2 107 S 
0-36 2 102 S 
0-37 2 102 S 
0-38 2 86 S 
0-39 2 102 S 
0-40 2 102 S 
0-41 5 102 S 
0-42 5 102 S 

*Rotating (R) or Stationary (S) 
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~ABLE e.l. TROJAN SIREN INFORMATION (COn t. ) • 

Location Rated SPL 
Siren No. (Map No.) (dB @ 100 ft) Type * 

0-43 5 125 R 
0-44 5 102 S 
~-45 5 102 S 
0-46 5 125 R 
0-47 5 125 R 
0-48 5 107 S 
0-49 5 102 S 
0-50 5 115 S 
0-51 5 115 S 
0-52 5 125 R 
0-53 5 125 R 
0-54 5 125 R 
0-55 5 102 S 
0-56 5 107 S 
0-57 5 125 R 
0-58 5 102 S 
0-59 6 125 R 
0-60 6 125 R 
0-61 3 102 S 
0-62 5 125 R 
WI 6 125 R 
W2 6 125 R 
W3 6 102 S 
W4 6 86 S 
W5 6 86 S 
W6 6 102 S 
W7 6 102 S 
W8 6 86 S 
W9 6 102 S 
W10 6 86 S 
W11 6 102 S 
W12 2 102 S 
W13 6 86 S 
W14 6 107 S 
W15 6 102 S 
W16 5 125 R 
W17 6 125 R 
W18 6 102 S 
W19 6 102 S 
W20 6 86 S 
W21 6 86 S 

*Rotating (R) or Stationary (S) 
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TABLE e.l. TROJAN SIREN INFORMATION (Cont). 

Location Rated SPL 
Siren No. (Map No.) (dB @ 100 ft) Type * 
W22 6 102 S 
W23 6 102 S 
W24 6 86 S 
W25 6 102 S 
W26 6 102 S 
W27 6 102 S 
W28 6 102 S 
W29 6 125 R 
W30 6 102 S 
W31 6 102 S 
W32 6 102 S 
W33 6 102 S 
W34 6 115 S 
W35 6 86 S 
W36 6 86 S 
W37 6 102 S 
W38 5 115 S 
W39 2 125 R 
W40 6 102 S 
W41 6 86 S 
W42 6 86 S 
W43 3 102 S 
W44 6 86 S 
W45 6 102 S 
W46 6 102 S 
W47 6 102 S 
W48 6 102 S 
W49 6 102 S 
W50 3 102 S 
W51 3 107 S 
W52 3 86 S 
W53 3 86 S 
W54 3 102 S 
W55 3 86 S 
W56 3 107 S 
W57 3 86 S 
W58 3 102 S 
W59 3 107 S 
W60 3 86 S 
W61 3 86 S 
W62 6 86 S 

*Rotating (R) or Stationary (S) 
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'l'ABLE e.1. TROJAN SIREN INFORMATION (Cont.) 

Location Rated SPL 
Siren No. (Map No.) (dB @ 100 ft) Type * 
W63 2 102 S 
W64 2 107 S 
W65 2 102 S 
W66 3 102 S 
W67 3 102 S 
W68 3 102 S 
W69 3 102 S 
W70 3 102 S 
W71 3 102 S 
W72 2 115 S 
W73 2 102 S 
W74 3 102 S 
W75 3 107 S 
W76 2 107 S 
W77 2 125 R 
W78 3 102 S 
W79 3 102 S 
W80 3 102 S 
W81 3 107 S 
W82 3 107 S 
W83 3 102 S 
W84 3 102 S 
W85 3 107 S 
W86 3 86 S 
W87 3 102 S 
W88 3 102 S 
W89 2 102 S 
W90 2 125 R 
W91 2 102 S 
W92 2 102 S 
W93 3 107 S 
l'l94 3 86 S 
W95 2 102 S 
W96 2 102 S 
W97 2b 125 R 
W98 2b 125 R 
W99 2 115 S 
W100 2b 102 S 
W101 2b 102 S 
W102 2b 125 R 
W103 2b 125 R 

*Rotating (R) or Stationary (S) 
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TABLE C.l. TROJAN SIREN IN~RMATION (Cont.) 

Location Rated SPL 
Siren No. (Map No.) (dB @ 100 ft) Type * 

Wl04 2b 125 R 
WlOS 2b 125 R 
W10G 2b 107 5 
W107 2b 125 R 
W10e 2b 125 R 
W109 2 125 R 
W110 2a 125 R 
WIll 2a 125 R 
Wl12 2a 125 R 
Wl13 2a 125 R 
Wl14 2a 125 R 
Wl15 2a 125 R 
Wl16 2a 125 R 
Wl17 2a 125 R 

5 R 
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'.fABLE e.l. TROJAN SIREN INFORMATION (Cont.) 

Location Rated SPL 
Siren No. (Map No.) (dB @ 100 ft) Type * 
W104 2b 125 R 
W105 2b 125 R 
W106 2b 107 S 
W107 2b 125 R 
W108 2b 125 R 
W109 2 125 R 
W110 2a 125 R 
WIll 2a 125 R 
Wl12 2a 125 R 
Wl13 2a 125 R 
Wl14 2a 125 R 
Wl15 2a 125 R 
Wl16 2a 125 R 
Wl17 2a 125 R 
Wl18 2a 125 R 
Wl19 2a 125 R 
W120 2b 107 S 
W121 2a 102 S 
W122 2a 102 S 
W123 2a 102 S 
W124 6 107 S 

*Rotating (R) or Stationary (S) 

C-16 



APPENDIX D: ESTIMATION OF AATM 

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

the absolute temperature. When the atmosphere is in motion, the 

speed of sound is the vector sum of its speed in still air and 

the wind speed. The temperature and wind in the atmosphere near 

the ground are almost never uniform. Hence, atmospheric 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 of 

sound propagated through the atmosphere. 

For the purpose of this procedure we have assumed a 

horizontally stratified atmosphere in which temperature and wind 

speed vary only with the logarithm of height above the ground. 

During the daytime, temperature normally decreases with height 

(lapse), so that sound waves from a source near the ground are 

refracted upwards. In the absence of wind, an "acoustic shadow" 

forms around the source (Fig. D-la) into which no direct sound 

waves can penetrate. Marked attenuations are observed at 

receiving points well into the shadow zone - it is just as if a 

solid barrier had been built around the source. At night a 

temperature increase with height is common near the ground 

(inversion) and our "barrier" disappears as in Fig. D-lb. 

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 vector, 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 overpower wind effects and create a shadow 
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PATHS OF 
SOUND WAVES 

. SHADOW 

a. TEMPERATURE DECREASING WITH HEIGHT 
Typical Daytime 

b. TEMPERATURE INCREASING WITH HEIGHT 
Typical Nighttime 

WIND DIRECT ION 

c. WIND SPEED INCREASING WITH HEIGHT 
ABOVE THE GROUND 

ZONE 

SHADOW 
ZONE 

FIG. D-1. SKETCHES ILLUSTRATING THE EFFECTS OF VERTICAL TEMPERA
TURE AND WIND GRADIENTS IN FORMING ACOUSTIC SHADOW 
ZONES. 
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surrounding a source. It is less rare, but still uncommon for a 

surface inversion to be sufficiently strong to entirely overcome 

an upwind shadow. 

The general situation is illustrated in plan view on Fig. 

0-2. 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 by 

a temperature inversion. 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 ~ from the wind vector, the shadow boundary (theore-
c 

tically) approaches an infinite distance from the source. 

In the "upwind" sector of Fig. 0-2, 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. O-lc. In the "crosswind" direction, the 

sound wave paths are approximately straight lines from the source 

to the receiver. 

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.* 

T '" a lnz 

T2 - Tl (0-1 ) 
AT T = = lnh 2 - lnh l lnh 2 - lnh l 

and 
aT -1 
az = az 

*This approximation is generally valid close to the ground except 
during strong surface-based temperature inversions [1,2]. 

0-3 



OoJ1lt\t 
WIND SECTOR 

FIG. D-2. PLAN VIEW OF SOUND PROPAGATION SECTORS, WITH 
PARAMETERS USED TO DESCRIBE THEM (see text). 
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The speed of sound, c, varies directly with the square root 

of the absolute temperature 

(lnz - lnzo '> ~ [ (lnz - lnz ~ Co 1 + _a __________ ~~ 
To 2To 

where Co is the speed of sound at some reference temperature, To' 

observed at a reference height of zoo Thus, the vertical 

gradient of the speed of sound due to temperature, a, is: 

dC az- a = Co az- 1 ~ l.086az- 1 sec- 1 in English units 
2To 

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

(D-2 ) 

Likewise, we assume that the vertical profile of wind 

speed, B, varies only with the logarithm of height, z, so that:* 

(0-3 ) 

where V2 is the speed of height h2 and VI is the speed of height 

at hI. Note that B is always assumed to be positive. 

The combined gradient of the speed of sound, C, resulting 

from both the temperature and wind gradients is thus 

*This is a shakier simplification than that for the temperature 
profile [1], and normally holds only for near-neutral condi
tions [3]. The actual shape of the wind profile is a function 
of surface roughness, and of vertical momentum transfer due to 
thermal instability. 
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c z(B cos cj> - ex) (0-4 ) 

where ~ is the angle between the direction from which the wind is 

coming and the sound path (Fig. 0-2). 

Each sound path can be classified as "upwind", or "downwind" 

for a given sample of meteorological data, on the basis of the 

following steps. 

a. If a is positive and greater than S(a > S: so that C 

would be negative for all values of ~), then no shadow zone can 

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

strong-inversion, low-wind condition. 

b. If a is negative and numerically larger than S 

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

~), then the shadow zone completely surrounds the source and all 

paths are classified as "upwind". This is the strong-lapse, low

wind condition. 

c. If lal ( S, then the "critical angle", ~ , (where temc 
perature, and wind effects cancel) is calculated by setting C = 0 

in Eq. D-4 

C = z(B cos cj> - ex) = 0 c 
cj> = cos- 1 ~ 

c B 
where 0 < cj>c ~ 1800 

(D-5 ) 

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. 0-2. The wind-sound angle, ~, is: 
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<I> = , a p - awl ' or if lap - aJ > 1800 : 

<I> = 360 - I ap - aw I (D-6 ) 

Examine the difference 4> -~: c 

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

If ~ > 4>c 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 Boundary, X 

Nyborg and Mintzer [4] have derived an expression for the 

distance, Xo (See Fig. D-2), from a sound source to the boundary 

of its shadow zone at the height of the receiver, R,ft above 

local ground, and in the presence of a vertical sound velocity 

gradient which varies with the logarithm of height. Their work 

has been adapted for this procedure in the following form: 

~c X =.g.:.::.Q. 
o C 

· R . f (~) in English units 

where S is the effective source height in feet above local 

ground, and the function f(~) is obtained from Table D.l. 
distance Xo is in feet and is assumed to be frequency

independent. 
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'rABLE D.1. R R 
f(5) vs S for computing XO in Eq. (E-1). 

(after Nyborg and Mintzer [4]). 

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 Set X > D 
0 

Interpolation is permitted, and fo3/manual computations a graph 
of f(R/S) vs. R/S is most useful.-
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'!'ABLE D.2. A'l'TENUATION WITHIN THE SIIADOW ZONE, AatJD , 

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

D ~ 1.2 X o dB 
0 

1.2 X <D~1.7 X 5 
0 0 

1.7 X < D < 2.4 X 10 
0 - 0 

2.4 X < D < 3.4 X 15 
0 0 

D > 3.4 X 20 
0 

Attenuation within the Shadow Zone, Au 

Theoretically, the attenuation within a shadow zone can be 

arbitrarily large for large distances beyond the shadow boundary. 

In practice, more than 25-30 dB 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 [6,71 and 

Weiner and Keast [81. The recommended values (Table 2 of the 

main text) have an upper limit of 20 dB. Attenuation because of 

a shadow zone has occasionally been observed to decrease somewhat 

at extreme distances relative to closer-in distances. The con

servative values in Table D.2 allow for this possibility. 
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APPENDIX E: DEPENDENCE OF 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 relationship 

between siren level and siren duration, and how this relationship 

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.l Overview 

Table E.I is a typical "chance-of-alert" table for a parti

cular background-noise environment. Siren durations are listed 

across the top, and siren levels down the left side. Within the 

table are the chances of alert -- from 100 down to zero percent. 

In the main body of this report, results are based upon the four

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

the table are related to fluctuating background noise in the 

listener's environment.** 

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

**Precision within Table E.l degrades for longer siren durations 
(to the right) and for lower siren levels (to the bottom). For 
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 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 low siren levels. For longer siren 
durations and lower siren levels combined, the precision is 
particularly bad. 
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TABLE E.1. TYPICAL CBANCE-OF-ALERT TABLE FOR A PARTICULAR 
BACKGROUND-NOISE ENVIRONMENT. 

:rPHf .srPHf 
LEVEL D'JPAT 101"1 <11 Itf'JTES) 

7~ 
73 
72 
71 
70 
~9 

59 
~7 

55 
S4 

51 
50 
59 

55 

32 
31 
30 
29 
28 
':7 
2';' 
2'5 
2~ 

23 

1 234 5 

100 100 100 1(1) 100 

?'? 
9·'3 
93 
'33 
97 

?'3 100 100 100 100 
?'3 100 100 100 
'00'00 1 00 1 00 1 00 
'3'00 1 00 I 00 1 00 
9'? I 00 1 00 1 00 
9'? 100 100 100 
'00'00 100 100 100 
'003 100 100 100 

.... .:> 9 10 11 12 13 14 15 15 

100100100 IOU 100 
100100100100100 
100 100 10(1 100 100 
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 
100 100 100 100 100 

97 
'~5 

92 
92 
~3,? 

95 
';'2 
'31 
90 
'30 

';'9 

'?"3 
.~( 

':"5 
':'='5 
'?5 
'?2 

93 100 100 100 100 100 
'33 1 00 1 00 1 00 1 00 1 00 
'?~. 100 100 100 100 100 
95 98 100 100 100 100 

100 100 100 100 100 100 
100 100 100 100 100 100 
100 100 100 100 100 1(1) 
100 101) 100 100 100 100 
100 100 100 100 100 100 
100 100 100 100 100 100 
100 100 100 100 100 100 
100 101) 100 100 100 100 
100 100 100 100 100 100 
100 10~ 100 100 100 100 
100 100 100 100 100 100 
100 100 100 100 100 100 
100 100 100 100 101) 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 '?2 

,-", :>.:: 

'30 
83 

':>3 1 00 1 00 1 00 1 00 
';18 1 00 1 00 1 00 1 00 
95 100 97 100 100 
95 100 97 100 100 
93 9~ 94 95 9S 
90 94 94 96 95 

74 ~9 32 33 84 35 89 37 89 92 
'(0 79 81 83 34 86 39 87 S9 92 

95 95 100 94 100 93 
95 95 100 94 100 ?3 
91 90 95 89 94 37 
91 90 35 99 94 S7 

68 
S5 
~.O 
c-c. .,.,) 
51 
~3 

"2 
37 
""".-, .;,.:,. 
-, ..... 
';'.~ 

30 

21 
18 
14 
12 
10 

8 
7 
6 
.; 
5 

4 
4 
3 
2 
1 

75 
..,.c...... ' 
70 

51 

24 
20 
17 
1'5 
12 

'3 

7 

2 

:::0 
7( 

~ ... 
63 
SO 
5·4 
'50 
50 
''''5 
37 
"35 
30 
24 
20 
19 
14 
10 

9 
'3 

7 
6 
'5 
'5 
c. ., 
'5 
4 

..,.,.., 
I·:J 
-c-,. -' 

63 
57 
55 

33 
2-:-
,-,e:: 
.:, . .J 

c'2 
16 
11 
1 I) 
10 
10 
10 

:3 
8 

.; 
6 
6 
'5 

82 
73 
74 
70 
~.5 

5~ 

53 
5S 
5-:' 
c--. 
J':: 

~2 

40 
34 
30 
28 
24 
13 
12 
10 
10 
10 
10 

3 
:3 

.; 

.; 
6 
.; 
o 

~35 S'3 
83 ~36 

31· 83 

57 
4? 
45 
:38 
36 
33 
31 
21 
14 
12 
12 
12 
12 
10 
10 

? 
7 
7 
7 

... . 

81 

50 
50 
42 
36 

:31 
22 
14 
11 
11 
11 
11 

8 
a 
.; 
.; 
.; 
b 
.; 
£, 

-:·5 
c-c
_'.J 

c-'" -"'" 48 
42 
.3';' 
-.c
.;, ... 1 

26 
ItS 
1;;: 
13 
13 
13 
10 
10 
.; 
.; 
.; 
S 
.; 
o 

E-2 

79 
..,.'" 
," "_I 

... C, .J 

71 
71 
71 

13 
14 
14 
14 
14 
11 
11 

7 
7 
7 
7 ... . 

84 
30 
SO 
76 

72 

44 

91 
..... -.:., 
83 
.-.."'\ 
.:;,.~ 

83 
78 
7~ 
70 
70 
70 
70 
"' ... .J' 
"'~ .J' 

40 48 
4(i 48 
36 4"3 
24 30 
IE. ] '{ 
16 17 
1 E. 17 
IS 17 
1 E. 17 
12 13 
12 13 

8 .? 
8 9 
8 9 
8 9 
3 9 
o '3 

90 
·?O 
S6 
85 
SS 
81 
"31 
76 
7Eo 
7S 
71 

-~ 
~.:: 

C'.-. 
.'C 

48 
4"3 
29 
19 
13 
19 
19 
13 
14 
14 
10 
10 
10 
10 
10 
10 

95 
95 

74 
68 

58 
58 
53 
47 
47 
47 
32 
21 
16 
15 
IS 
15 
11 
11 

5 
5 
5 
5 
5 
o 

:33 

is 
";1 
61 
50 
44 
44 
44 
.-, -. 
.j.;' 

22 
1. 
17 
17 
17 
11 
11 
.; 
6 
6 
6 
.; 
S 

94 
94 
83 
31 
:31 
..,.'" 'oJ 
75 

~.9 

E.9 
69 
5':. 
56 
SO 
50 
50 
50 
31 
I? 
1~; 

13 
13 
13 
13 
13 

6 
6 
S 
6 
S 
I) 

~37 

SO 
so 
so 
SO 
:::0 

73 

c- .... .... 1.;.. 

S3 
33 
20 
13 
13 
13 
13 
13 
13 

7 
7 
o 



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 

gurations as short as one minute. 

The chance of alert is zero percent when the siren level is 

low, say 20 dB or less, no matter how long the siren sounds. The 

background noise is always sufficient 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 

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 

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 81 

percent. 

How can this increase with duration be understood mathemati

cally? If such understanding results in a particular mathemati

cal 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. 

B.2 Development of the Mathematics 

The search for patterns within tables of numbers is neces

sarily an exploratory matter. First, some underlying mathematics 

must be postulated, and then a numerical pattern must be sought 

with this mathematics as guidance. Once a preliminary pattern is 

E-3 



discovered, it must be simplified to be of use, and then must be 

generalized for other similar tables. Ideally, the pattern will 

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

constants. 

The steps involved in developing such a pattern are: 

• preparation 

• underlying mathematics and its simplification 

• exploratory graphs, guided by the mathematics 

• simplification and generalization to all other tables. 

These steps are discussed next. 

E.2.l preparation 

Figure E-l shows typical background noise as it fluctuates 

over a one-minute period. The fluctuations are generally large, 

as shown here. In this background noise, a listener will be 

alerted by a siren whenever it is 9 decibels or more above the 

background noise level.* The figure shows a siren that produces 

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

siren level denotes the alerting threshold. During the shaded 

time intervals below this threshold, the siren will alert the 

listener. 

*Throughout this appendix, background noise includes the noise in 
a l/3-octave frequency band centered at 630 Hz, a typical siren 
operating frequency. Dictated by the physiology of the ear, 
only this 1/3-octave band is available to mask, or cover up, the 
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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FIG. E-l. BACKGROUND NOISE LEVEL AS A FUNCTION OF TIME. 
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This siren level has succeeded in alerting the listener 

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

decibels lower would not alert because 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 

during this one-minute period if 

(Lbackground)minimum < Lsiren - 9dB 

Otherwise, 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.* 

Figure E-2 shows a series of one-minute minima for forty 

successive one-minute time periods. Every minute's minimum is 

different, as the figure shows. These 40 minima were measured 

over a 40-minute time period, and are part of a much larger set 

(approximately 250) of total data. For the siren level shown, 35 

*Our analysis for this study 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 
time1 the remaining 10 percent of the noise falls below this 
level. Use of the 90-percentile noise level adds a measure of 
conservatism to the results, since it requires slightly higher 
siren levels before alert is predicted. 
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FIG. E-2. MINIMUM BACKGROUND NOISE LEVELS OBSERVED IN ONE-MINUTE 
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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 one 

minute. 

This plot applies only to sirens sounded for one minute, 

since the background-noise minima are one-minute minima. Stated 

another way, when a siren is sounded for one minute, it has an 

equal chance of encountering any of these forty one-minute time 

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

percent of these minutes it will alert the listener, since the 

noise falls below the alerting threshold at least once during 

those minutes. 

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

Figure E-3 shows the four-minute minima of interest as 

circled dots. Each of these is just the lowest of four one

minute minima in each four-minute grouping. Of these four-minute 

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

Therefore, this siren level in this background noise has a 60 

percent chance of alert when sounded for a duration of four 

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

siren duration. 

Needed is mathematics that relates the one-minute chance of 

alert to the four-minute chance, and to the chances for all other 

siren durations as well. This mathematics is based upon proba

bilities P, rather than upon "chances." A 35 percent chance of 

alert is equivalent to a probability P of 0.35. Moreover, this 

mathematics is based upon the probability of failure to alert, 

rather than success in alerting. 
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1 ____________ .--1 

Note that 

P = 1 - P failure success 

and that failure occurs when minima points are above the 

threshold line. 

E.2.2 Underlying Mathematics and its Simplification 

Figure E-2 above contains one-minute minima for a total time 

period of forty minutes. All the points in this figure are col

lapsed onto the vertical axis in Figure E-4, at the left. They 

form a "cloud" of points denser at intermediate noise levels and 

sparser for higher and lower levels. This is a probability 

"cloud," in which area is proportional to the probability 

(density) of one-minute minima. 

For anyone-minute period, the probability of failure is 

proportional to the "cloud" area above the threshold line. This 

upper area, divided by the total cloud area, is the probability 

that the background noise will exceed the threshold level 

throughout anyone-minute period -- that is, the probability that 
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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 

of four successive minutes. If we assume these four minutes to 

be independent of one another, this probability cloud would apply 

equally to all of them, as shown. Let us assume this to be the 

case for a moment. Then, for the siren to fail after four 

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

Therefore, the probability of failure after four minutes is 

P(4) = (Pl)(P2)(P3)(P4) 

= (Pl )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 

periods are independent of one another. A glance at Figure E-2 

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

a one-minute period with a very low minimum, the following minute 

probably also has a low minimum. There is a regularity in the 

successive 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

sents the conditional probability of: "failure during minute 

*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. 
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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 first minute's was also above the threshold. 

Mathematically, we write P2 : l for this conditional probability. 

Then 

P(4) = (Pl)(P3:l:2)(P4:l,2,3) 

conditional probabilities 

Note that P2 : l is greater than the independent P2. 

This increase is due to the regularity between successive minutes 

-- technically to the correlation between the successive minute's 

minima. The higher the correlation between successive minima, 

the more this probability cloud will condense above the threshold 

line. The remaining 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 

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

we have 

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

P(4) = 0.65 

for a probability of success of 0.35. 

In general, 

= (Pl)n for no correlation 

= Pl for full correlation. 

(E-l) 

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

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 

a general result.) 

Note for large correlation between successive minima, there 

is not as much benefit in sounding the siren longer. If the 

siren fails to alert during the first minute, it will most likely 

fail to alert thereafter, because the first minute is nearly 

identical to all subsequent minutes. 

This underlying mathematics resides in Eq. E-l above. In 

Eq. E-l, the notation Pn.l 2 3 n-l reminds us that Pn is a . , , ,..., 
conditional probability, which assumes the siren failed during 
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all previous minutes. We next simplify, so that this Pn assumes 

failure only during the immediately preceding minute. Mathemati

cally, 

Pn : I ,2,3, ••• ,n-1 = Pn : n - l 

Let 

where C contains all the conditional aspects of the probability. 

The term PI is the unconditional probability for the first 

minute. Then 

Note that for no correlation, 

C = I 

and therefore 

as before. For full correlation, 
I 

C = 
PI 

to make 

P(n) 

E-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 

of C, for correlations typically present in measured background 

noise data. 

E.2.3 Exploratory Graphs, Guided by the Mathematics 

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

Eq. E-2. 

n Cn-l Pen) = PI 

log pen) = nlogPl + (n-l)log C 

log Pen) = -logC + n [!.Og cpJ (E-S) 

If log pen) is then plotted against n, the resulting 

straight line should have a vertical intercept of -logC and a 

slope of log CPl. After some curve-smoothing on linear paper, on 

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

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

labelled CY 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 

vertical intercepts and the slopes vary from curve to curve. 

Therefore, C must vary with siren level. 

We then set each intercept equal to -logC and each slope 

equal to 10gCP1' and solve for C and PI -- separately for each 

straight line. 
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Line 
Number C PI 

(j) 1. 073 0.925 

@ 1. 426 0.678 

G) 1.816 0.520 

G) 3.062 0.293 

® 4.064 0.199 

From Eq. E-4 above, we suspect that e may be a power func

tion of PI' and so we plot loge against 10gPl in Figure E-8. On 

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

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

generalize to 

where p (rho) denotes a correlation coefficient. Zero 

correlation would then make 

o e = (PI) = 1 

and full correlation would make 

= 

These agree with Eqs. E-3 and E-4 above. 
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In summary then, the time-pattern within Table E.l can be 

written as 

(E-6) 

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 

PI' 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.l above. 

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

the particular background noise used to develop Table E.l. Its 

general form is 

Pen) - (P )n cn - l 
- 1 

= (P )n (P )-p(n-l) 
1 1 

= (P )p + n (1 - p) 
1 

In logarithmic for~, 

10gP(n) = r p + n(l-p)l log PI 

= p log PI + n [ (1- p ) log PI 1 

(E-7) 

(E-8) 

With 10gP(n) plotted against n, this is the equation of a straight 

line with vertical intercept p log PI and slope (l-p)log Pl. 
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A normal regression fit would solve for the two variables p 

and PI' separately for each of the siren levels (as shown in 

Figure E-7, for instance). However, there is a relationship 

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

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

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

E-8 as follows: 

log P(n) = {p + n(l-p) ] log PI 

p + n(l-p) log P(n) = 
log PI = 1 + (n-l)(l-p) (E-9) 

Hence, plotting (logp(n)/logPl ) against (n-l) yields a 

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

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

normalized to its value of PI ' and all curves have been col

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. 

In the graphs above, letter n was interpreted as progressing 

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

in the mathematics requires 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 

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

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

n = 4t (in minutes) 

and PI = P(n=l) = p(t = 4 minutes) 
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Figure E-9 schematically compares these one-minute and four

minute normalizations.* For the one-minute normalization on 

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

zontal axis. Plotted horizontally is the range 

o < t - 1 < 3 

1 < t < 4 

The small plotted points represent the tabulated values for these 

four minutes, collapsed into one line by the PI normalization. 
The line is fit by linear regression and has slope (l-p). 

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

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

alerting the public, since they produce their maximum siren level 
for only a portion of their duration. For this reason, four

minute results for rotating sirens are derived from the one
minute background-noise statistics. In the figure, the third 

horizontal scale shows the corresponding siren durations for 

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

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

minutes. 

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

figure: n = t/4, and therefore n-l = t/4 - 1, as shown. Plotted 

horizontally is the range 

3 < 
t 

1 < 3 - "4 "4 -

1 < 
t < 4 "4 "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 minutes. 

Using these equations and normalizations, the curve-fitting 

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

similar to Table E.l above -- developed from data measured at 74 

different indoor and outdoor locations. In this curve-fitting, no 

linear 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 p, assuming that they equal 

(l-p), as labelled in the table. The resulting twelve values of 

p were plotted against the corresponding values Rxx of the auto 

correlation function, to obtain 

R = -0.034 + 1.051p xx 

This regression equation has a correlation coefficient (between 

values of p and rxx) of 0.85, which is satisfactorily high. 
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In the next section, we collect these results into a form of 

use to the reader. 

E.3 Summary of Results 

Figure E-IO 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)/IOO 

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

P = (P . )Exponent 4-mln (E-lO) 

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

"chance of alert": 

Chance of alert = 100 (l-P) 

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

Listener 
Location 

Indoors 

Subclass 

Scenario 1 

Scenario 3 

Resulting Slopes (l-p) 
Stat10nary Rotat1ng 

Sirens Sirens 

0.217 

0.274 

0.142 

0.254 

~------+--------·-----·t- -_ ........... -_ .. ,,- ... _._. __ . __ ... _ ... . 

Outdoors Rural, day 0.164 0.177 

Urban, day 0.065 0.103 

Rural, eve/night 0.150 0.075 

Urban, eve/night 0.046 0.039 
__ ... --i 
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APPENDIX F. RANDOM SELECTION OF POPULATION-WEIGHTED LISTENING 
POINTS AT THE mREE RILE ISLAND SITE 

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

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-l), 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 
the random selection process described below. 

2. Each annular sector was first assigned a designa

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

assigned to each sector according to the population 

in that sector. For example, Sector A, just north 

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

assigned numbers 1 through 19. Sector B (moving 

clockwise) has a population of 55 and was assigned 

numbers from 20 to 74. Sector C has a population 

of 42 and was assigned numbers 75 through 116. 
This process was continued until each number 
between 1 and 166,295 (the total estimated popula

tion) was assigned to a particular sector. A ran-
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dom number generator (available on a Texas Instru

ments Model TI-59 hand calculator, for example) was 
then used to select 50 numbers at random between 1 

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

plished by first overlaying a rectangular coordi

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

dimensions of approximately 1000 feet square, and 
each box was assigned an X and a Y coordinate 

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 oriented 
in the north-south direction, and such that all 

parts of the sector of interest were covered by a 
positive (X,Y) coordinate pair box. A random num

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

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

cate a particular 1000 feet square 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 at random. This process was con

tinued until a square area including one or more 
residential structures was found in the sector of 

F-2 



interest. The listener site was then chosen to be 

any residence within the randomly 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 

the center of the pink area in the 1000 feet square 

box. 

The above procedure resulted in a random sample of 50 

listener locations, distributed throughout the EPZ as shown 

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

1. Warm Summer \-1eekday Afternoon: Weather clear to partly c ~oudy. 

PeoEle: 30% indoors, at work 
40% indoors, at home 
20% outdoors 

6% in motor vehicles (windows 
4% asleep 

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

Wind: (100 ft) 5 mph from East 

Temperature Gradient: -1~00 F/lOO ft., 

open) 

Pasquill stability Class A 

Relative Humidity: 65% 

2. Summer \-1eekday Night: Weather clear to partly cloudy. 

PeoEle: 95% indoors, sleeping 
4% indoors, at work 
1% in motor vehicles (windows closed) 

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

Wind (100 ft ): Northwest, 5 mph 

Temperature Gradient: +0.50 F/IOO ft. 
Stability Class E 

Relative Humidity: 80% 

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

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

5% outdoors 

Buildings: \Hndows closed, storm \.]indows closed 
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3. Continued 

Wind (100 ft): Southeast at 3 mp'h 

Temperature Gradient: -0.50 F/100 ft. 
Stability Class D 

Relative Humidity: 70% 

4. Winter Night During Snowfall. 

People: 95% indoors, sleeping 
5% indoors, at work 

Building: Windows closed, storm windows closed 

Wind (100 ft.): West at 15 mph 

Temperature Gradient: -O.SoF/lOO ft 
Stability Class D 

Relative Humidity: 90% 
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APPENDIX R: SIREN LOCATIONS FOR mE 'I'MI EPZ 

This appendix provides siren information for the TMI EPZ. 

Siren locations are indicated on Fig. H-l (see foldout). Table 

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

TABLE R.I. "l"MI SIREN INFORMATION. 

Rated SPL 
County/Siren Designation 'l'ype* (dB @ 100 ft) 

Cumberland Cl R 124 

Cumberland C2 S 122 

Cumberland C3 S 122 

Dauphin Dl S 122 

Dauphin D2 S 122 

Dauphin D3 R 124 

Dauphin D4 S 122 

Dauphin D5 S 122 

Dauphin D6 S 122 

Dauphin D7 S 122 

Dauphin D8 R 124 

Dauphin D9 S 122 

Dauphin DI0 S 122 

Dauphin Dll S 122 

Dauphin D12 S 122 

Dauphin D13 S 122 

Dauphin D14 S 122 

Dauphin D15 S 122 

Dauphin D16 R 124 

Dauphin D17 R 124 

Dauphin D18 S 122 

Dauphin D19 S 122 

Dauphin D20 S 122 

*Rotating ( R) or Stationary (S) 
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-.fABLE B.1. 'I'MI SIREN INFORMATION (Cont.) 

County/Siren Designation 

Dauphin D22 

Dauphin D23 

Dauphin D24 

Dauphin D25 

Dauphin D26 

Dauphin D27 

Dauphin D28 

Dauphin D29 

Dauphin D30 

Lancaster LAI 

Lancaster LA2 

Lancaster LA3 

Lancaster LA4 

Lancaster LAS 

Lancaster LA6 

Lancaster LA7 

Lancaster LA8 

Lancaster LA9 

Lancaster LAI0 

Lancaster LA11 

Lancaster LA12 

Lancaster LA13 

Lancaster LA14 

Lebanon LEI 

Lebanon LE2 

York Yl 

York Y2 

*Rotating (R) or Stationary (S) 

H-2 

Type * 
E 

S 

R 

R 

R 

R 

S 

R 

S 

R 

R 

R 

R 

R 

R 

S 

S 

R 

S 

R 

S 

R 

S 

S 

S 

S 

R 

Rated SPL 
(dB @ 100 ft) 

124 

122 

124 

124 

124 

124 

122 

124 

122 

124 

124 

124 

124 

124 

124 

122 

122 

124 

122 

124 

122 

124 

122 

122 

122 

122 

124 



TABLE B.1. THI SIREN INFORMATION (Cont.) 

Rated SPL 
County/Siren Designation '!YPe* (dB @ 100 ft) 

York Y3 S 122 

York Y4 S 122 

York Y5 S 122 

York Y6 R 124 

York Y7 S 122 

York Y8 R 124 

York Y9 S 122 

York Y10 S 122 

York Y11 R 124 

York Y12 R 124 

York Y13 S 122 

York Y14 S 122 

York Y15 R 124 

York Y16 S 122 

York Y17 S 122 

York Y18 S 122 

York Y19 S 122 

York Y20 S 122 

York Y21 R 124 

York Y22 S 122 

York Y23 S 122 

York Y24 R 124 

York Y25 S 122 

York Y26 S 122 

York Y27 R 124 

York Y28 S 122 

York Y29 S 122 

York Y30 R 124 

*Rotating (R) or Stationary (S) 
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TABLE B.1. TMI SIREN INFORMATION (Cont.) 

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

York Y31 R 124 

York Y32 S 122 

York Y33 S 122 

*Rotating (R) or Stationary (S) 
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APPENDIX I: ANALYSIS INPUT/OU'l"POT DATA FOR 'mREE MILE ISLAND 

This appendix provides listings of computer file input and 

output data for the TMI analysis. Explanation of the terminology 

used for each listing is provided below. 

~LE 1.1. TMI-SIRENS 

This file contains input data for each of the TMI sirens as 

follows: 

• Siren No. 

• Siren Name 

• x, y, z 

• SPL@lOOFT 

number assigned to each siren for use by 

computer program 

first letter indicates whether the siren is 

rotating or stationary type (R or S); the 

remainder consists of the actual TMI siren 

designation, beginning with county letter 

abbreviation and ending with a number. 

these are the physical coordinates for the 

siren location; the x-axis is oriented east

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

the z-axis is oriented vertically. The x and 

y coordinates are in units of km, referenced 

to the grid shown on the Feb. 1981 NRC Emer

gency Planning Map for TMI (the plant center 

is located approximately at x = 353, Y = 
4446). The z coordinates are in units of 

feet. 

these numbers indicate the rated sound pres

sure level for each siren at a distance of 100 

ft, in dB. 
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"rABLE 1.2. 'l"MI-LISTENERS 

This file contains input data for each of the randomly 

selected listener locations as follows: 

• Site No. 

• Site Name 

• x, y, z 

• ODLR 

• OVCR 

• OVLS 

number assigned to each site for use by 

computer program 

designator for listener site~ the first letter 

indicates whether site is urban or rural (U or 

R) • 

these are the physical coordinates for the 

siren location; the x-axis is oriented east

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

the z-axis is oriented vertically. The x and 

y coordinates are in units of km, referenced 

to the grid shown on the Feb. 1981 NRC Emer

gency Planning Map for TMI (the plant center 

is located approximately at x = 353, Y = 
4446). The z coordinates are in units of 

feet. 

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. 

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. 

the outdoor median alerting level for a 4-min. 

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

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

four scenarios. 
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• DVCS The outdoor alert distribution for a 4-min. 

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

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

four scenarios. 

~ABLE 1.3. TMI-SCENARIO 

This file contains input for each of the four sample 

scenarios as follows: 

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

• AMCL molecular absorption, in dB/'OOO ft 

• WIND wind direction in degrees (0° = wind from 

north, etc.) 

• NRES 

• NCRM 

• FI - FlO 

FI 

F2 

F3 

F4 

F5 

F6 

residential building outdoor-to-indoor noise 

reduction, in dB 

commercial building outdoor-to-indoor noise 

reduction, in dB 

activity fractions 

fraction of people outdoors 

fraction of people indoors, at home, listening 

to radio or TV 

fraction of people indoors, at home, sleeping 

fraction of people indoors, at home, neither 

sleeping nor listening to radio or TV 

fraction of people indoors, at work, in com

mercial establishments 

fraction of people indoors, at work, in 

industrial locations 
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F7 

F8 

F9 

FlO 

• INP 

• PU55 

PU30 

PR55 

PR30 

MUL 

fraction of people in vehicles in rural areas 

at 55 mph 

fraction of people in vehicles in rural areas 

at 30 mph 

fraction of people in vehicles in urban areas 

at 55 mph 

fraction of people in vehicles in urban areas 

at 30 mph 

indoor alert probability curve (see Figs. 3-4 

and 3-5 of text) 

probability of alert for motorists in urban 

areas at 55 mph 

probability of alert for motorists in urban 

areas at 30 mph 

probability of alert for motorists in rural 

areas at 55 mph 

probability of alert for motorists in rural 

areas at 30 mph 

vertical profile of wind speed, ez, in 

ft/sec/ln ft. 

ADD vertical profile of air temperature, a, in 

of/In ft. 

TABLE 1.4. L1STENEROUTPUT 

This listing provides the number, name, and outdoor sound 

pressure level (LOUT, in dB) for the "dominant" siren at each 

sample listener location, for each of the four sample 

scenarios. The results are listed in numerical order for 

scenarios one through four for each listener site. 
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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 PI through PIO corresponding to activity 

fractions FI through FlO, 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. 
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'rABLE 1.1. 

IMI-SIREHS 
SIREttc SIRE"" HAME X Y Z SPliJI00 FT 

1 R Cl 341.650 4454.200 360.000 124 
2 S C2 338.950 4455.600 450.000 122 
3 S C3 340.550 4452.950 450.000 122 
4 S Dl 353.200 4446.600 350.000 122 
5 S D2 355.950 4450.150 590.000 122 
6 R D3 360.300 4451. 300 510.000 124 
7 S D4 363.300 4453.250 520.000 122 
8 s: .... D5 352.500 4450.500 370.000 122 
9 S D6 354.000 4454.250 470.000 122 

10 -':' .,;:. D7 358.700 4454.400 640.000 122 
11 R D8 362.550 4457.700 480.000 124 
12 ..... .,;:. D9 351.000 4451. 650 390.000 122 
13 S DI0 347.700 4452.250 360.000 122 
14 S Dll 346.150 4452.900 390.000 122 
15 S D12 344.200 4455.550 550.000 122 
16 S D13 342.750 4456.200 430.000 122 
11' s: D14 344.150 4457.800 425.000 122 
18 S D15 342.400 4459.300 600.000 122 
19 R D16 344.750 4460.050 550.000 124 
20 R D17 346.900 4460.550 540.000 124 
21 s: D18 346.600 4458.150 470.000 122 
22 S D19 346.100 4455.450 570.000 122 
23 S D20 350.100 4454.300 490.000 122 
24 R D22 352.350 4456.650 350.000 124 
25 S D23 354.600 4458.350 450.000 122 
26 R D24 351.150 4461. 300 530.000 124 
27 R D25 354.900 4461.000 510.000 124 
28 R D26 357.700 4464.650 450.000 124 
29 S D27 360.100 4461.100 430.000 122 
30 -::-. 

oj D28 358.750 4459.600 450.000 122 
31 R D--'Q c; •. 358.600 4457.250 750.000 124 
32 S: D30 :349.200 4458.450 530.000 122 
.":/ .-. w.:.o R LAl 355.500 4443.950 570.000 124 
34 R LA2 358.650 4446.000 570.000 124 
.-.c-
.=-"-- R LA3 362.300 4446.950 590.000 124 
36 R LA4 3€.3.650 4449.250 490.000 124 
37 R LA5 367.550 4450.750 530.000 124 
38 R LA6 360.000 4441.800 510.000 124 
39 S LA7 362.700 4444.350 460.000 122 
40 S LA8 364.300 4445.650 530.000 122 
-41 R LA9 367.400 4446.800 590.000 124 
42 S LAI0 357.900 4439.050 350.000 12.2 
43 R LA11 361.100 4438.000 450.000 124 
44 s: .... LA12 365.250 4441.150 450.000 122 
45 R LA13 369.400 4442.850 450.000 12. 
46 .-. 

.~ LA14 365.700 4437.200 450.000 122 
47 .-. 

~ LEl 366.700 4455.100 560.000 122 
48 S LE2 363.150 4462.050 500.000 122 
49 S Yl 362.250 4434.150 730.000 122 
50 R Y2 358.800 4434.550 370.000 124 

1-6 



TABLE 1.1. (Cont.) 

51 S Y3 355.900 4430.100 550.000 122 
52 S Y4 352.050 4430.100 470.000 122 
53 S Y5 348 .. 100 4430.250 530.000 122 
54 R Y6 346.000 4429.600 490.000 124 
55 S Y7 355.800 4436.250 520.000 122 
56 R Y8 354.950 4433.000 690.000 124 
57 S Y9 352.450 4431.250 460.000 122 
58 S YI0 350.150 4431.850 490.000 122 
59 R Yll 346.000 4434.300 530.000 124 
60 R Y12 341.950 4433.050 670.000 124 
61 s: Y13 337.850 4434.700 570.000 122 
62 S Y14 341.850 4436.700 600.000 122 
63 R Y15 345.600 4439.200 630.000 124 
64 S Y16 349.450 4435.500 390.000 122 
65 S Y17 349.750 4438.600 470.000 122 
66 S Y18 353.450 4440.700 510.000 122 
67 s: Y19 352.800 4437.100 500.000 122 
68 S Y20 353.100 4434.400 530.000 122 
69 R Y21 355.350 4439.500 330.000 124 
70 s: Y22 351.300 4442.250 520.000 122 
71 S Y23 347.750 4443.500 670.000 122 
72 R Y24 349.900 4447.200 490.000 124 
73 s: Y25 347.000 4449.350 770.000 122 
74 S Y26 344 .. 600 4445.850 510.000 122 
75 R Y27 344.100 4451.150 370.000 124 
76 S 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 
7·9 R Y31 338.650 4444.750 540.000 124 
80 S Y32 339.500 4439.550 675.000 122 
81 S Y33 342.050 4442.700 530.000 122 
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'rABLE 1.2. 

IHI-LISTENJ:;!-tS 
.,Ilt. if ;;1 l'r. NAI"IL X • .x UIH.i< uWCac lith.!> owes 

1 R 1 351.1\~0 <iH3. 'a~ 2~0. 000 51.0 6.2 5".0 4." 
t> 1. e 6.2 50.0 4.8 
:l1.0 0.2 ~".0 4.8 
51.k1 o.e 5~.0 4.8 

2 U 1. j")2.0"''3 44!:.>J.7e>2 .J:'b.eel1 ~4.~ 5. e 52.9 3.8 
.. u. ~ ..i. 0 "j.8 ~." 

4~.0 4.£ 4d.B 3." 
4..i.e 3.0 43." 2.8 

j u j jjj.1} lH~ 44:' ,1.43 i: ,H5.ed[4 50.r 5.e 4d.k'! 4." 
42.~ 3.e 41. ~ 2." 
-.(;.0 'i.0 41. e 3.8 
"t2.'-' .:t.e 41.0 l." 

4 U Ii 3:;>3.2~;A <H~J. ~o~ 315.00'-1 t>~.0 5.0 4d.e 4." 
42.e 3.0 41.0 2.8 
.. d.0 'i.0 41.0 3." 
42. ~ J.0 41.e 2.1 

0 u 0 j:-Jj.~t~~ 4 'n .!. 7 iH~ jh. lZ ~~ 50. e 5.e 4d.e 4.' 
"t2.0 J." i1." i.1 
4d.O 4.e 47.0 3." 
42.0 3.0 41.0 2.1 

b U b .Jo".IJ0 ..... :.J2.:;)0 .Jo~.e~r oj.O (l.e ol.e 4.1 
oJ.a b.0 b1.i' 4.1 
03.11 b.0 01.0 4.' 
oj." b.e cl.0 4.8 

'/ u 'I .J:J j. d 5i\ 4401.20e J0t3.e~\~ 54.g 5.0 ::>2.0 3." 
43.~ 3.0 43.0 2.8 
4'J.~ 4.e 4d.e 3.8 
'tJ.t; .;.0 -.3.0 2.' 

d R ts jj5.7o~ 'i4t>1.7'!Z "i25.k:tr1J 03.0 b.0 01.0 4.1 
bJ.0 6.2 01.0 4.' 
oJ.e 0.0 01.0 4.' 
bJ.0 6.0 01.9 4.1 

~ H ~ j'.)b.jt~ 4H~.1fH? 525.22e 51.0 6.0 51iJ." 4.8 
~1." o.e !:lS.S 4.' 
51. " 6.0 50.121 4.' 
51.A 6.9 50.9 4.' 

Ie R 1£ j::>d.,jJ0 -"'''t1.100 jtb.00" !Jl.0 6.0 :'0.9 4.' 
!)1.~ 6.0 !le.s 4.' 
51. lit b.0 58.8 4.' 
51. " 6.0 !:ll.S 4.8 
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TABLE 1.2. (Cont.) 

11 it 11 j51.1IH~ 444l.sae ::Hi5. es~ 3~.0 5.e 3H.1 3.i 
j~." 5.0 3ti.0 3.i 
:.16.0 5.2 35.0 3.8 
't1.fl !l.e 4b.iI ..l.i 

12 R 12 3:)t>.oj~ 4441.d::>0 3~~.lili:jJ !l1.U b.e !>0.0 4.i 
~ 1.0 6.e 5~.0 4.8 
o1.~ 0.0 !:Ie.0 4.i 
!:>1.e 6.0 50.0 4.1 

13 k U j't'::l.oS\~ 4-i42 • . d~l 4i:!~.eeil :;'':1.0 5.e 3i:!.e 3.8 
.j~.e !:I. 0 .jd.0 3.8 
:;'0.2 5.0 :;'5.kl 3.8 
41. i~ :).~ 46.0 3." 

14 l< H J:Jj.'tJ<l "t -t~ 't. j C ~ J::>0. e211 oo.J o.z :l4.r. -4.8 
::>o.J t.e 54.0 4.8 

!>6.0 6. e 54.0 4.8 
!Jb.t' 0.0 :14.0 1.8 

1:> P 1':> 3")2.1")>) 4"loJ. eYl..\ 5{i0. k:l~(i 3~.e 5.0 3d. Ii! 3.a 
J':I.e 5.e 3d.0 3.1 
jO.~ :>.~ Jo.0 3.i 
41.0 !:i.e 46.S 3.8 

10 R 10 j:)2.dM~ 44:>~.1':J) 4o::>.l2e~ 3':J.'" 5.0 3d.e 3.8 
.j';.;J !J.0 jd.0 3.i 
Jo.0 5.e ~5.0 .J.i 
47.3 5.~ 4b.0 3.1 

17 R n jJj.oi3~ -i -to :3. 1;) 0 'i 2:>. £ l:Hi j":l." !l.e jd.0 3.1 
3-j.0 5.0 ";Ij.~ 3.i 
36.f3 5.0 35.£1 3.8 
41.0 !l.e 46.0 3.8 

10 u III J:>J.<t!)fl 440,.} •• H~2 4413. H'~ 5C::l.e s.c 4d.<i:l 4.i 
42.0 3.e 41.£1 2.8 
4d.0 4.£ 47.0 3.8 
"ti.0 j.e il.0 ~.I 

1':1 u 1~ 304.35'J 4444.7:>~ 4d!). 0li!lj 50." 5.0 4d.0 4.1 
42.0 3. Ii! 41.0 2.8 
'id.e 4.0 4'1. fil 3.1 
42.8 3.0 41." 2.1 

20 k 2f.l JoO. j ftH:l 44'i4. ':I IH 4':10. e ee J':I.0 5.2 Jti.9 3.8 
j,;.13 !l.0 jti.0 J.j 
Jo." 5.8 3~.8 l.' 
47.8 5.8 4b. " 3."" 
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TABLE 1.2. (Cont.) 

21 K 21 ,j::>d.1~" 44';::>.200 i-:;0.e0a ~1.S t.0 !31iJ.S· 4.1iJ 
51.0 b.e 5S." 4.8 
51.0 b.S ~1tJ.et 4.8 
51. '" t:.e Si!.e 4.1 

2J. j{ ii. j::>1.d5" 44J2.40e J5:J. ez~ 3';1.0 5./ll 3d.1iJ ~.S 
39.0 5.0 3d.£1 3.8 
3b.S 5.2 3:>.0 3.11 
.. 7.0 ::>.0 'tb.S J.8 

2J R 2j j~4.::b0 44J1.il::>1'J Oid0.kl00 51.J b.0 sa.0 4.8 
51.0 ti.e !:li.S 4.1 
~1 • ., ti.0 :l0.S 4.8 
~1.~ 6.9 ~".Ii) 4.8 

24 u 2"1 ~::>4.1~~ 44J~.tl'je .. 1~. 222 S~. 0 5.e 4d.0 4.8 
-.2.£3 J.e 41.£ ~." 48.3 4.0 41.0 3.8 
"12.0 3.0 41.0 2.8 

2~ t< J.~ "~2.dJ3 .. -tJ3.J.~;: 'tbo.£00 ~1.~ b.0 :l0.g 1.8 
51.0 t.0 50.0 4.8 
51.0 b.~ 50.0 4.0 
51. ;2 t.e 5e.e 4.8 

2b t< .lo j:):).3jl·; 4'iJ2.d':l.J :;0". l Jf! 51.a o.e' 5k1.l" 4.9 
t.l1.~ 0.0 5tl1.1iJ 4.' 

::>1.2 o.e :le.c 4.8 
51.g 6.0 sa.0 4.0 

i.1 K J.7 j:J'i.dJiJ 44j~. d;3;J j6~. 2le ~ 1.0 t.e 50.0 4.0 
01.0 t.e !30.0 4.111 
51.~ 0.0 5d.0 4.9 
::>1.Y, b.e 5>3.0 4.8 

2d k 20 ·j::>1dtHJ ,,-tJ].:Jr;:; jj~.£2(! -'d.~ t.e .. 1.0 4." 
4ci.r. b.e 41.0 4." 
4d.0 0.0 47. e 4.S 
48.3 t.e 47.0 4.1 

2~ K 1.':I :.:H5.LW ~4j:j.j0e 67s.ee~ 39.0 5.e ~d.0 ~.8 
~~.0 5.0 3d.0 3.8 
36.0 5.e 35.0 3.e 
.. 1.0 !l.e "lb.£! J.e 

30 R 3~ 34::>.1:>3 44J'l.::l:> e 'i10.00~ 39.1iJ s.e 3H.S 3.0 
39.0 5.e 3b.0 3.8 
.:fb.!J !l.g j:)." .i." 
47.0 5.e 46." 3.' 
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'rABLE 1.2. (Cont.) 

31 K 31 .H4.100 4441.2!l2 46:). £0~ 51.8 6.e 58.1 4.1 
~1.0 6.e !lS.8 4.8 
51.0 6.8 50.S 4.1 
51.21 6.8 5".8 4.8 

32 R 3i ,jjd.:;,J~ .. ho. ~J~ :l,b.000 ~~.e !J.1il .3d.1i 3.1 
39.~ 5.0 3d." 3.8 
Jb.iJ 5.e 35.8 3.1 
41.0 5.e 4b.1 3.' 

j,j it ,jj J4~.5se 444':#.~e~ o(l0.2fH ol.~ 6.£1 5'::1.8 4.' 
61.0 b.0 59.8 4.1 
bl.e t.i 59.8 4.1 
ol.e b.2 :l~.8 4.1 

l4 R J'! ::!14.olJe 44':>'; • .!~? 025.£"13 39.e 5.0 3d.8 3.1 
J'J.0 5.e .Jd.8 3.' 
,jb.0 ~.e J:,.fJ ~.I 
41." 5.e 4b.JiJ 3.' 

35 k J5 jjY.3':)ia 44-i'J. d22 b05. eu 51.0 6.2 ~jI.0 4.1 
;)1.a b.~ =8.8 4.8 
51.0 6.0 50.S 4.1 
51.wJ 0.0 50.8 4.8 

jb 1< Jo .) '10 .10<' -H:.J2.1:;,c -to".00J ;):1.3 b.e :J1.0 4.1 
5~.0 tI.~ 51.0 4.8 
59.~ 0.0 51.0 4.8 
5CJ.a t.e 51.0 4.8 

31 u ,j0' .:H1. 'J Jt! 4"l:>J.::I!)~ ';;25.02-1 54.~ s.e 5.2.0 3.1 
43.e 3.0 43.0 2.8 
4~.0 4.£ 4tj.e 3 •• 
'iJ.i:1 J.2I .. 3.0 l.I 

jij u Jo ~"2.1,n 4i':J't. ~;)c 315.C~i:1 54.J 5.0 52.0 J.1iI1 
4J.B ~.e 4j.t 4.e 

4CJ.0 4.i) 4d.S J.e 
43.8 3.0 43.8 2.8 

l~ U Jo,; J t3. !;)~0 .. 4:>-t. :JaiC .)1~.£e~ :la.~ ~.0 4d.S 4.8 
42.0 3.9 41.8 2.8 
'4ts.~ 4.0 41.0 3.11 
4.!.9 3.£ 41.9 2.11 

48 u 4~ j-l1.!:>~0 44t>2.t>2~ JJf'.etf0 50.e 5.0 4tj.9 4.' 
42.0 3.e 41.0 2.8 
4~.B 4." 47. t 3.1 
.. ~.0 J.e 41.0 .i.1 
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'I'ABLE 1.2. (Cont.) 

41 U 41 34d.100 4452.5~0 j65. "ihf 54.9 5.8 52.1d 3.8 
43.8 3.8 43.iI 2.8 
.. !I.g 4.0 "id.B ~.I 
43.~ 3.0 43.0 2.9 

42 1< 4L j40.bJ~ 445-1. ~!J~ 465. e 00 51.0 b. " 50.0 4.i 
:l1." b.£ ::Ie.e 4." 
51." e.0 5".'" 4.9 
51.~ b.0 5~.0 4.i 

4J U 4j j-io • .jkJ~ .. -I:J:).dV.~ ;)00. ee0 :J0.e! !l.Z 'id.e 4.9 
42." J.0 41.0 2.1 
"d.r! "I.e 47.0 3.9 
42.0 ;;i.e 41.0 2.0 

'i" U 't't j42.1li:i;~ 4't':>o.10e jo5.2U 50.0 5.0 41:t.11 4.iIJ 
42.13 3.0 41.0 2.1 
ltd.0 4.e 47.~ 3.9 
.. 2.0 J.W! 41.0 ~.I 

45 u 4':> ::HJ • .t!J.3 445!j.tl;)~ -id0.e~J 5~.~ 5.0 4d.0 4.8 
42.0 ::i.e 41.0 2.1 
'id.0 4.f! "l.e 3.1 
4i.0 j.0 41.0 2.0 

40 K <to j-id. d:H' 't452.~,:>e "J;j.f~e eJ.kl e.e el.0 4.8 
oj.a b." ol.a 4.1 
o3.il tl.0 t1.0 4.0 
OJ.~ b.e bl.9 4.0 

47 x 4.1 .j-td.iJIl 't'i:>-i.'ioC .. do.20a :J1.il b.e :-.0.0 "i.0 
51.0 b.e 50.0 4.0 
51.0 b.0 Sa.0 4.0 
51.0 6.2 50.0 4.0 

'its rt -to J4,.,:>sr 445 oj. e~,~ 5b':>. e 00 51.~ fl.0 50.0 4.1 
51.0 b.e 5.,.0 4.0 
51.e 6.0 S0.0 4.0 
:ll.S b.e !l0.e 4.8 

4~ u tp.:l j-t5.j5~ 4-107.,,"0 jd~. 0~~) 50.0 5.0 4~.liJ 4.8 
42.0 l.e 41.0 2.8 
'iO.~ ... 0 .. 1.e l.I 
4l.0 j.0 41.9 2.8 

:jS U 50 .j.t~. ~ kh~ 4-ioJ. j:>~ :>~;).f2ee 59.0 5.9 4d.e 4.8 
.. 2.a J.0 41.8 2.8 

4ti.8 4.0 47.1 3.8 
42.9 3.8 41.8 2 •• 
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TABLE 1.3. 

tIU-SCEN.tIKIU 

S~t.N* A l'IiJ I.. fIIlrw il;·U.;) IH.rtl't t1 rl. l'J t't to:> tb ~7 tij l'~ tIe 
1 e.ljd ~ k' 10. Jl. .l2':! .1.20 .34J .l~0 • l.:Ha .079 .02~ .000 .0e0 .'42 
~ kl.1':1 315 10. .:l1. • iH~ ~ .1H'hl .iJ~t! .!a0\i • fi!J0 • (US .U3 .ue .9£0 • ee7 
.1 \J.~o IJ !J ,j 1. jl. .i1.ld .l-til .00;:; .:lb0 .09J .000 .27e .20£ .0e" .1be 
4 e.o4 i.1 J 31. :;1. .Jee • II ~ ;~ .';5t! .~00 .IHi3 .010 .000 .sge .020 .1!HtI, 

1Iu' t' u:;' :J tJid ~ t'rt;)~ t'td1 t'I"i. Ali" 
1 1. OWl 1."J'1 1.J~J 1.l'hl 1.d'1e "'. ':#It! 
1 1.!d~J 1.~),e 1. (3thl I.eI';" 1.d7W: -.'J.4ba 
,) 1.kal p 1 • ~'~10 1. :),)0 1.""0 l.l.!;; :J.'toliJ 
1 1. ,Hi ,1 1 •• L)~ 1.JJJ 1. 0 J'l ~.o\~:1 t~. 'lo;j 
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'l"ABLE 1.4. a.ISTENEt<UUl'PUT 

lis II i1stener nam~ siren q siren na.e ~o",t 

1 R 1 3J R LA1 79.9 
-1 S U1 71. b 

1J S 't.21. t>'J.1 
1:>: S 'i2L bCJ.J 

• 
2 u L (j <' .:J uS H14. ~ 

0 .:J I.JJ 104.1 
i:l S (J~ 104.J 
Ij S U3 HH.2 

J u j d S UJ dl.i 
d S u5 ';b.J 
0 S U3 /:jo.1 
c S U3 ':16.0 

U '1 d ,;) u~ 1i.1 
0 S uS '::12.';1 
d S 1)3 tU.5 
,j .:J l./J ~j.j 

!:i u ::> ::> S ui. 1':>.d 

0 S uo 'J0.ji! 
:, s i.J2 1d.b 
d S lb ~e.4 

b u 0 :J S u2 19.d 
~ S Lie 11:i.t> 
0 s tJ,) d3.0 
d S iJ,;) tiJ.1 

'1 \J 7 :> .;) j.,2 12.5 
d S u5 d4.1 
::J ;j lJ2 15.e 
d ,;) l./~ d'i.d 

ti k d ::> S u2 03.3 
d S i.l5 11.'; 
;) ;> 1;1. do.J 
d S tJ3 13.0 

t< 'j ~ S U2 19. 'J 
~ .:J ul. ';!l.1 
S S u2 tiS.oj 
':> S u2 'J5.4 

10 t< 10 J ... K LAi 1~.1 
j4 K LA2 09.4 
3"i t( LA2 ~0.3 

34 K LA2 19.0 
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'rABLE 1.4. (Cont.) 

11 ri 11 3d l< ~Ao 65.7 
33 t< LAl o9.~ 

3b f( LAo oti.J 
j,j It LAl 10.j 

12 R 12 00 S lId ~o.o 

00 S dd 11.3 
0:1 :( toll dl.":; 
00 S tId 18.0 

13 rt 13 72 S ~22 ~.2.0 
1'( ~ liL oJ.J 
7 ~~ S i22 ti4.3 
7 k~ S i22 o3.'i 

14 .K 1"1 :1 .3 lJO ';1".j 

':i S LiO b4.5 
'j S tJo ';1,:).3 

~ S u6 74.8 

1:;, ~ 1:> 27 rt uLO 10.':1 
20 K lJ24 dll.3 
27 rt iJ2~ 14.1 
Lo ~ uL"i 01.1 

10 1". 10 2::1 S J23 71.':1 
.!.7 t< u2j 1'}.b 
L.J OJ u2J 00.~ 

20 R u24 14.~ 

11 K 17 L':l S tJLJ 19.'j 

2.1 t< uL:> 15.~ 
20 S u23 01.1 
20 r< LJ24 71.t; 

Id u 10 2'j ;;;, uL7 tj7.0 
jg S iJ2ti ~0.1:.1 

33 S uLd dtJ.7 
.3 .~ 

" ;;, uL,j !lI0 .... 

1'1 U 1':1 'it S LAd 75.0 
4e .;) LAd 90.2 
.. 2 OJ ~Ad 70.0 
42 ~ LAd 'Je.1 

23 R 2.1 41 K LA9 od.2 
-tl ,) LAd 0 .... 0 

44 S LA12 01.4 
4~ S a..Ad 0:>.7 

I-IS 



TABLE 1.4. (Cont.) 

il t< 21 :>0 K ." C):). 0 

Sl R '1.2 d5.7 
:>e k '1.2 ~b.2 

:>e rt ~2 d6.~ 

ii 0{ iL 5~ 1'< '1.1. Sl.l 
!) t' t<- t2 oo.d 
~::; r< t2 4d.o 
:>1 ~ ~,j :) ... 0$ 

ij t". 23 5:> S -r.7 12.5 
07 S t!:J do.:> 
bd .J .lL0 17.b 
b1 S ~1'J H1.1 

24 t.J L.:.t 0':) S '/.7 bti.2 
01 ,;) ~1:# diJ.d 
t>:> S y.7 70.1 
07 .) v:l~ dl.d 

~S K 1.;) Od S to 2 ~~ 71.1 
otj j ~ 2. £1 d1.1 
:>7 oS '/.'J tn.~ 
'57 s I~ 01.3 

ib r\ iO 50 1< '/.d 70.4 
:>0 to( tl:J do.S 
j1 s fj 17.0 
~o It HI dO. " 

21 ~ 21 :>1 S '/.3 H:>.o 
:>7 ;j t'J 77.~ 
:>1 J 1,j d1. t; 
:,1 ~ t~ 19.1 

2ij K 20 07 S 11':1 tH. j 

b:l .J 111 bti.i 
0'1 S 'l1~ dJ.~ 

00 S r17 od.'J 

i'J t< I.'J :>JI K t11 07.1. 

:J::j R v:ll 01.0 
s~ K .Ill tJd.7 
;)'J rt 1:11 bd.o$ 

J3 P. .3 ~J :>'J R tl1 do.2 
5~ K. vII 71.:, 
:,~ r< 111 a1.L 
5'.:# R '1.11 bo.9 
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~ABLE 1.4. (Cont.) 

31 K .:H 71 ::; ~i3 5b.~ 

dl .) f3j 01.~ 

11 ~ ~2J 55.4 
dl S ~jj 02.b 

j2 K ,j~ ltj K .l,j;c dl.1 
70 :~ ~Je H3.3 
1'.1 r< w31 11.4 
10 r( ~32 04.2 

,jJ K ,j.j 7.:1 ~ 'i 2S 05.';; 
70 S 120J d2.1 
7<i S ~2b 7J.l. 
10 ;, 1l.<.l dj.f 

,j4 >.I j"t 7':J ;~ 127 0"1.7 
75 K 1t.1 d5.l 
"I ;;) n 12'1 O~.'J 

1~ 2 '121 85.0 

j':J :\ j~ 7b S .l2tj Sl.2 
"17 oJ li~ b~.1 
70 S ~ 20 :>4.1 
'11 S r2~ oo.d 

Jo Ii .:H) ,j S ~j 10.0 
j S C,j ~l." 
j s Cj 1o.'J 
j S ~j ~1.0 

j'l \J .:17 1 It ~l '16.1 
1 !{ C' 10l.d , !{ \,;1 'J1.1 ... 
1 " \.1 H~2.r 

jH 1I 3d , R (;1 dJ.d 
1 !{ ~1 ~d.1.:f 

1 rt ~1 d'J.J 
1 R Cl 'J'J.l 

j'J U j'J .. 
K C1 H9.1 .L 

i. oJ \.2 1d.l. 
1 P. Cl 'Je.4 . 
2 S (;2 19.1 

49 tJ -tV1 1.1 s iiI;,: HHJ.o 
1.:1 5 u1e HHJ.7 
103 S .lJl~ HH.i!I 
1., S Li h! 'J9.'J 
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'rABLE 1.4. (Cont.) 

.. 1 y "'i1 IJ .;) ute tH.j 

13 S ole ~Ch4 

IJ .;) 1110 'Jl.d 
IJ :) u12 'Jo.1 

42 K .. 2 li- S U 1 '1 11.0 
I.L :> iJl~ ~l.d 

1.2 S ul~ 1d.4 
22 S 01:1 iJ3.2 

4J u -t.) l.:. S ul~ ::;~.J 

1S :) Uli d7.1 
22 S tHY ~1.3 
1::, s u12 tHi. J 

"t't \J "*'1: 10 .;) u!j ~0. ~~ 
10 S ulJ 75.2 
le S ulj '11.~ 

I!. ;, \.2 1"i.1 

it::» u -t') 11 ~ Lll'i tl4.t> 
l~ S Lll~ ~0.~ 
11 ;:, 111 ... do.1 
1.0 ;:) iJl::, 'JJ.!:> 

'to r: -to Lj ;j u2e dl.1 
LJ ;;) u22 tl1.0 
12 ;;) O'J 1b.d 
13 S U 1~' d2.2 

41 r< "% " l.J S u22 dJ.~ 
14 :) ul1 12.~ 
2J S U2~' d3.0 
iJ ;:) v 1 e 10.3 

.. d l'( 4d J.j ;;) vi0 'Je.l 
2J S 020 15.4 
2j S u2~ 91.1 
IJ ;;) ul~ 14.j 

4j U "t'J 21 ;:, Uld d5.'J 
11 S 1) 14 do.,; 
21 :> ula tl7.J 
17 S iJl-l d1.::> 

5kJ 1I !:>A 2e t( (J 11 90.0 
1'1 l'( u10 0'1.1 
20 R ul1 'J1.7 
l~ tt ule 69.7 
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TABLE 1.5. Pf<08S 

pI iJL iJ3 p4 iJ5 po p7 pd iJIj pIe pt 
listener 1 
1.e0~ 1. {Hi t.1 0. J~;l 0.,;~H 0.j:;:; 1.l3rll 1.0~2 1.ge~ 1.t"H30 1. rHH1 i.d~l~ 

1.000 1. ih":J J.olo ~j. ~5 7 0.51i. 1.~P.k: 1.~~kl l.kHe 1.~~0 1. kHH3 2.6221 
1. iHHJ 1.0Jfi ~ • .:b1 ~~. 212 J.400 1. ~IH 1. i:!£e 1. ;H t 1. ee 0 1. ee fl e.5S22 
l.iJ00 1.000 .~.,J-iJ 0.00,"* !J.J'7 .. 1.02e 1.~etJ 1.~ee 1. tHH3 1.C0fl 13.j::.21 

l1stener 2 
1.t10f' 1 •• :L-i J ;].:lj1 :.J\1f~ l.tHlJ 1. kL13 l.ee~ 1. i:H3d 1.0e~ 1. ,HH3 ~.9':172 

1.0lH' 1. 2:l;:.i ::1. ~.j 1 1 • .1 e 3 1. Je ~ 1. JfH 1.lekl 1 •• H~ 1.2~0 1.~k1(! 2.1j.j4b 

1.kHH~ l.fH~ J 0.d1;; 1. ,.HJ" 1.~e!t I.J(l2 1.0ee 1.lle2 1.~~0 1. kHH? 1.0~ec 

1.~0~ 1. J~h1 \j.cll'j 1. d 0 ~i I.J)1~ I.J~2 l.ev.e 1.~jit-3 1.r1ee 1. e'H~ 0.d27b 
listener .j 

1.000 1. egl"; ~1.7.jo 1.J00 .. {l" -.~ 
J... v.;.,.' ... 1.~}JC l.~("~ 1.f'eg 1.0ee 1.000 0.':1b~"i 

1. 'HHJ 1. 00·) 'c1.oo{4 1.1(J"J 1 ," n ,"1 
.J.. 'IJ."-- L l.;-hH I.Je~ 1.J e J I.JeJ 1.0~0 0.dd:'!J 

l.kJetJ 1 • g~~ ;;~ L1. old ;l,. d7 4 1. J 2 e 1. 0J e 1.eelt 1. "e ~ 1.000 1. e 02 e.9~9t: 

1.00kl 1.):10'3 0.7"t;~ 1.0t]O 1 •. J( c I.C;'\? 1.i'H~J 1.fj~0 1.00;3 1.~30 ~. 7::. 3 ~ 
listener 4 

1.00d 1.tll-i,j :J.032 ,. 10 ':) ,1.013 1. Jf' e 1.(l~0 1.0£ J 1. l0;1 l.eee 0.923 c 
1.a~X1 1. ~.~ g ". d') I. 1. J ~ J 1. ,H it 1.Jk!e 1.lee 1. ~H £ 1.IH3~ 1.;'02 0.a::'~4t 

1.~00 1 • 0 (1., <.'.:;'jj '1.7:11 1 • .H' ? 1.Jkle. 1.2~i:l 1.0e0 1.0~g 1.03~ ~.db3:i 

1.0~0 1.(l~'!j £\.1,'2 ·~.7t>O 1.J;q 1. iHl e 1.;Jl0 1.aZ~ 1.0f;J 1. J:lfh~ ~. 716 ~ 
listener ') 

1.00t; 1.Jl~ D ;:'. oj 2 ,'. ~O ,) .J • 0'7 ;) 1.J'~C 1 ',..J" .r..L-LJ 1.iJee 1.k'tH~ l.etH! r.~~;j~ 

1.000 1.;JJ.J J.tjLO 1. !~J 1. M'l 1. iLH: 1.~J~ 1. ;H0 1.00.3 1.k!~tl 2.d340 
1.00d 1.~jiJ.j ,1. 5 ~;l .l. () t.j !-. ~ 7 j 1. J ~ t 1. e 2 e 1. "He 1. k30d 1. ee 2 ~. 7 b ~ 7 
1.~00 1 • ~; ;11 ::, • Otl '7 /. :11 d l.~lf'j.: 

.. ._. '1 -. 
1. • 1.1 ._" ~ .. 1. £ ~~ r 1. \:1 ~ 0 l.iH3J 1.2P,3 r.oo.::,'1 

listener 0 

1.J0~ 1 • ~J ri ,~ ,1.1)" j d.';!:l2 '.')':'3 1 •.. -;,."l (, 1.~e2 1. <H~ l1 1.~00 1.e0~ e.dte3 
1.00~ 1.J·' .1 ,j. 7 ,~o • J\jo 0.-J7 1 1.J.le 1.1I!r:~ 1. ;H0 i.ee;:, 1.1302 e.71~4 .:..' . 
1.000 1. ;"1::-, ~l :~.::>'1~ ,1.7'i7J ., ,,." ,1 

!.. '.I i;... x.. 1. J': e 1.Je3 1.Jel l.ee0 1. ~HHJ l.8tl54 
1.0~k' .:.. • ;'1.~ ;1 ,'. '::t07 tf. ~i.7 1. ~j 2 ~ 1.'1·J~ 1. t::.;: y) 1 • .J C ;, 1.rH30 1.000 ~.5tib~ 

listener 7 
1.000 1. Vl ~1 } j.O~d ,-•• :1 0 ,j :J.OJ~ 1. J.} 2 1.i:h?0 1.£Hi 1."~~ 1.~00 k::.d~11:S 

1.~~0 1. khi J ,1. 'I () Ij 1 • ,~{, J 1.;12(' 1. ·HH I.J23 1.eel! 1.0C;3 1.00~ 13.77~"i 

1.0b~ 1.J-~,~ J. "t'iL. !;.'i7'l :5. d j 'i 1. JJe 1. ~ltr; 1. ,H l 1.il~" 1. eee e.7£t7 
1.110ij 1. ~1 ;,.) ,,1.:;7.! ,l.~-ii 1. y~ e ;: 1.JJ0 1.JCt 1. ;JeD 1.IH3G 1.eel l.?e>1:t;;. 

l1stener d 

B.I:Hil 1.=.W"'! '. 'i'j:) -I. rj 0 1 >".3l~ 1. rwe l.~~~ 1.~ei'! 1 •• HH~ 1. tHH~ 0.o~t:l 

1. kH:H1 1. J~' -, A.tJl.l ).jO '~ ~.o'~-1 J.. 13kl i 1.£e;: 1 • ., t e 1. ~HHI 1.~ce 0.o,,1b 
1.~~H:1 1.0~1-~ ,). J ':14 .' • ,jjj 1.J~0 1. tHH 1.ee~ 1.0e0 1.l0~ 1.000 fl.90bJ 
1.~00 1.;-'~~\ Li. 41-::1 ~. 70S ;~. 7 -1 2- 1.,:Hl£ 1.~e0 1. Je 2 1.~H~J 1.~k3J1 9.4317 

listen;:r 'j 

1.0kH' 1.t;J_~ J. '1.d I.Jlll ,l.':1'j'j I.JJe .., 'ii fl ,., 
~ • Li .. ~' iLJ 1.e;:~ 1.kH~k1 1.~e2 e.~ool 

1.~0i3 1.t3PJ :'~.1j7,1 1. 3JJ 1.J~~'" 1. ~~ e 1.ee0 1.0e;., 1.C00 1.~00 0.t!7e1 
1.0k1\i 1. v.!., J ,l.o·::L, ;~.·j-lo 1. ,He 1. ~J~ 1. e e 11. 1. J ~ e 1. 0e ~ 1. ~e i 2. 914 ~ 
l.se~ 1.r:iriJ h~. I LO 1. a r-t t:.~ 1. ,l C J 1. 2~ ~ 1.~2~ l.e.eg l.~ee 1.00,3 ~.7~~1 

l1stener 10 

1.lttB0 l.d~~ J.ojo ,,I. ':115 a.do) 1. d0 ~ 1. letl 1. ~ ~ e 1. ~i!kl 1. ~eit e. 94 e ~ 
I.see 1. 0~ j"1 0.4.~7 ~.d7.j J.J,o 1.0Je 1.~e0 1.i3e~ 1.£00 1.00t3 e.4'!:1j~ 

1.00~ 1. i.HHl k).:>d5 ~.d46 l.klea 1.00e 1. ''''30 1.000 1.000 1.000 e.914e 
1.000 1. a0J (1.2 .. t7 ~. SSI J.203 1. 00~ 1. Z e e 1. ~ e e 1. Ul0 1.20£ e.2!)~j 
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"rABLE 1.5. (Cont.) 

!.1.teal8C 11 
1.8"0 1."~0 ~.4J7 e.d05 J. 'H! e 1.ase l.ee0 1. lHH3 1.S"" 1.""" 0.7e8~ 
1.""0 1. ,,~(~ i'. 4~1' J.d71 J.32~ 1.i:JJ2 1. kHl0 1. iHH3 1.0"" 1.0iH~ 0.4~5b 
1.kJe0 1. 0:..t)) .,. 214 ~.lod 0.~rG 1.t3ae 1.f'~0 1.0013 1.20" 1.200 e. !».Bd 
1.kHH~ 1.;.I"'J ~.2S2 ;1. :)::)0 kJ.Jj~ 1.3e2 1.lee 1.~~t! 1.0"0 1.~0~ 0.2021 

listener 12 
1~""0 1.IPJ .-t. J(j:' :d.710 0. J2 ~ 1.ILH 1.iez 1. Jk! e 1.000 1.~e~ 2.btst:~ 

1.00'-' 1. 00 ~~ J.b~l J. :1d::> J. ~ jj 1.3;!i 1.02C 1.';';2 1.r3flC 1.~"" 0.1041 
1."0~ 1. kh1;,' [1.4':) 1 t). b 0 ~ J.~Hl 1. J~H 1.~\U3 1.~Le~ 1.000 1.J0~ e.77tf 
1.J00 1. iH0 H. 4~~ ~,. do:5 ~j.-J1l 1.3;H 1.~~i 1. ;J e e 1.~"0 1.~0~ 2.:',d~ 

11:jtel&~L 1.j 
1.0"" 1. it;l r' ~1.1')1 1.,,;'>'J 1.02;.; 1 •• ; a i 1 'llli~ _.ti ....... 1.~e~ 1.~frJ 1.0k!~ 0.9~~r 

1. iHHJ 1. [1;.-1'.:.1 :1. 4~ :. ;~.d'j1 J.~~J 1. t.HH3 1.0aa 1.J';~ 1.~~9 1.iZe~ 2.4bt'i 
1.9~a 1. ~ Lt 1 ". :>oS :1.016 1.~;J,t1 1.0C2 1.~00 1.J2~ 1.000 1.~0e 0. ~ht~ 
1.tHHl 1. ~;'~~I :J. L4-i A. q~ ;,} J. Je ~ 1. ~HH 1. iHH3 1.lel 1 •• HHJ 1."0il 0.2411 
11~tener 1"* 
1.00~ 1 • .; >1 ,1 :,. dO 4 1. J~ ~ 1. iH ~ 1. ;;HH;' 1. e e i 1. 0i e 1.ie~ 1.eee e.994~ 
1.000 1 • .;; ~l ~~ >~.1'1.!. 1.JlJ 1.JeJ 1.00£ 1.~'2i! 1.Je;; 1.0~~ 1.090 C.7ti3~ 

1.000 1. Jil J ~.1'-1. ~l. ~ 7 7 1. ;~ J :J 1.Jf~~ 1. ;hH~ 1.ie':J 1.000 1.00~ e.9811 
1. '-itH~ 1. J,!0 \',. 4 j:l J.1":J"J :},. d i 1 1. d~~ 1.zee 1. Je" 1. kH?0 1.l0e e.4:>S1 

11:;tdlhH" 1;) 
1.00k1 1.~\J.J ~J. 0 L (; J. ':I ;:~ 1 ,.; • .j oj c 1.J~q 1.J2C 1.0ee- 1. (HH~ 1. kHHJ e.8221 
1.00d 1. ',J~.it ~l • 0:> L J .-J Cj ;J J. ~!~ 1 1.03 i 1.l"-kl 1.~e;J 1.000 1.i2~i i.6oel 
1.~k90 1. i;i:H .!. j 2 ~ ," 

!".! • ji. oj 1 " .. .:.0 \',.j 1.?~~ 1.e~~ 1.J£~ 1.0"~ 1. kHH! e.t>i~l 

1. 'HH~ 1.~)J,J ,5.4'13 ~j. d13 j.~I.i. 1. J'~ e 1.Jr~ 1.0el 1.~00 1.300 i.4c7ts 
llstener 10 
1.00~ l.t;)~ <1. b 'j,j ;~. 10:) :1.~4'j 1. ~HH 1.e.:e 1. tH Yl 1.~e~ 1. ee e e.9tl7~ 
1.iiH!kl 1. ~~ il J 2i.o .. d J.--J7'1 a.tid;! 1.JJ~ 1.~e0 1.~ZC l.ee~ 1.~ki0 ~.b~7~ 

1.kH~0 1.,&';11 J.-i.!.'1 ~~. 0 0 ~ 1.;~ ,) 0 1.~0e 1.{!':k1 l.Oti' 1.d00 1.~0g ~.82b1 
1.1rJ0J 1.ihq ".jjJ ". tdd J. 0 j { 1. el e l.et?e 1. ,~~ e 1.eee 1.cae 2.34tl7 

11 ~ tdHtU' 1'/ 
1.0011 1. ;,;:1 t~ ~!.71o 1.H~ J 'tj.'1'11 1.JJe 1.ee0 1. 3i1: 13 1.0~" 1. LHH! e.9dde 
1.kJ~k1 1. J>';l J ~,. 'J':1J ;!. ::1ti5 J.11'-i 1.00e 1.~C0 1. a~ e 1. ee., 1. is 2 0.6f4tj 

1.00~ 1.~,1.J ").')-,;1 ~!. 1 j::> 1.J~~ 1.J;;; 1.0nil 1.00l l.eea 1.~e0 3.dolJ 
1.003 1. JVl,) 0.Ldl ,;. ~dJ J.4':H 1. ~i.H': 1.le;: 1.J~J 1.i3~J 1.0'H3 e.2'14~ 

11~teBe[ 1d 
1. 300 l.~~'~ : ... ~ ~j 1.lCld 1.JI!~ 1. ,LH 1.£ee 1. rH0 1.00" 1.200 0.9~:.!1 

1.'Hla 1.\100 0.dLt> 1 •• j ~n1 1.J0J 1.3Jt! 1.ZeC 1. tH~ 0 1.000 1. iHH~ 0.dj~d 

1.00k' 1. JCI J Y;.~j2 ~.1~1 1. ';.liH~ 1.)1~0 1.g02 1."Z~ 1.~0" 1.kliH~ ~.d325 

1.00., 1. tJ ~I ;1. b01 h'J1d 1. J~ e 1.a;H 1.ek!2 1. ~e e 1.21Z9 1.20e 0.ob37 
11~tai1er l~ 

1.kJ0~ 1. ~~J 0.bol ,J. '170 ~.d.n 1. ~~H 1.lCl 1.0e~ 1.e0J 1. ~kH~ 0.1i429 
1.9"" 1. "fh1 ~. d2d 1. J0~ 1. ~2 i:: 1. Uu 0 1.{1e~ 1. ~H~ e 1. lase 1.e00 e.d3b~ 
1.~0~ 1. J0~1 i1 • "t:ld C1.:>1;) J.001 1.3Jil l.iZ~J 1.Jee 1.0ee 1.002 C.7~dl 
1.~rcH~ 1.d~·'~ 1J.07't; ;}. ':H 'J 1. ;H;' J 1.t~l 1.2l" 1.Jee l.ee9 1.000 ~.6t:lt:5 

llstener 2~~ 

1.~0a 1. ~ll~ J.417 ~. /:300 J. ~e t 1 • .a~ 12 1.2<!1 1. H!e 1.ee0 I.etta 2.72e'i 
1.090 1.0~iJ it.::>10 ('.ddl iJ.aeJ 1.iHj~ 1.v12~ 1.a2kl 1. (H10 1.e"0 e.5~9'J 
1.000 1.0kJ0 1J.1~5 0. :jdo 0.e0~ 1.0~2 1.aea 1.909 1.0"0 1.a8~ 0.4ba3 
1.0"0 1. 000 J. 1.11.J ~. ~4b 0. iue 1. 00 i 1.eee 1. ~i e 1.e0S 1.290 0.214b 
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TABLE l.s. (Cont.) 

J.l.~tehttr Ll 
1.0B9 1.0~0 0.710 1.J~~ 1.0e~ 1.0Bf 1.20C 1.000 1.000 1.00tJ e.'ibdt 
1.090 1. 0~~ ~.71'J l~Jk"1J 1.\?lee 1. \~0 e 1. eee l.ee0 l.a00 1 ... ,u e.7327 
1.~~~ 1. ~~., e '-i. 004 ~.':JJ~ 1.0i.H 1.JV'2 1.2~Hj 1.ije~ 1.000 1.000 0.~ebl 
1.0t'1kt 1. ~,~ 0 o!f.S21 ;;. ':HH 1.kJeli! 1. ~f4 e 1.~e,;i 1."0~ 1.000 1.00tJ e.545j 

.listener 22 

1.e8~ 1.0A~ rt.17i~ <3.'lBJ J. 'H~ 0 1.00e 1.~e~ 1.0e0 1.000 1.00e 0. b.Lld 
1.000 1.kj~~ ;.J.4S5 0.dL'1 J.~ee 1.fHH 1.eee 1.0e0 1.~ea 1. 'HHI 0.452~ 

1.lIHH1 1. Jihl -.210 ,~l •• H1J J. 0"",'~ 1. Jei 1.£e~ 1.13~0 1.000 1.0013 e.440., 
1. rHh~ 1. e ~1;~ ,I. :H'1 ,J.222 0. 0e ~ 1.0i3k! 1.0et3 1.0£e 1. 'H'" 1.020 0.0!ltld 

llstener i3 
1.f6iH1 1. ItHI~' 'i.o~~ J.'io'i ,~.0~1 1.~0e l.e~0 1.~0~ 1.0~0 1.~0" 0.d~t:l~ 

1.-'00 1. ~~q ~i. 7':i i 1. ~£ e 1 •• HI £ 1.I1Jk3e l.ee~ 1. ~e 0 1.2£iJ 1.00e 0.c:teJ(j 
1.000 I.J,i\;l '7. -io "t ,j. ~d 2. i1.'i4l 1.02l 1.2~0 1.0213 1.00" 1.000 0.7tl5~ 

1.000 1. ',Jf' J ~1. 013 J. '101 1. ~JY J:1 1.0~~ 1. U10 1.u0~ 1.0"" 1 • .,"0 0.b'i21 
listener L'i 
1."0" 1.,3(10 0.:>tJ'i 0.':ILd '~.;1eJ 1.iJ~e l.a~e 1.Je0 l.d"" 1.~0kJ e.7~d~ 
1.000 1. O~~ .1. 7.j l 1. Jt~0 1. ~~ ~ e 1. rHH' 1.er~ 1.~e0 1.0e0 1. 'HH~ ~.7454 
1.9k)" 1. 0"~J " •• .j!J '1 'i • .I.d1 J ... 4 tl 1. tHH 1. e e e 1. Jf 0 1.0ee 1.20k! 0. 0 ~ 1 i 
1.kiJe~ 1.J0~J ~~ • ~ 'i 0 U.'11l 1. (HJ 1.J~e 1.0e~ 1.Je~ 1.e~kJ 1.000 e.S12(j 
llsten~r 2!:> 
1. rHh' I.ilil" J.b11j :1. '1 ':) ''J 'J. ~ Ij '1 1. ;~3 e 1.~~H?- 1.Je~ 1.~00 1.0d~ P..8tS2" 
1.900 .1. e(1 ~~ ,'.1'Jti 1.1I~H~ 1. ;H' l 1. J~ 2 l.iZl!e 1.02 e 1.0e~ 1.00~ 0.tH'dc 
1.fHHI 1.J~",J Vl.:J't'::l :1./"tO 1.J('l 1. ('~ ~ 1.~e~ 1.Je0 1.;:HHJ 1.0~0 a.d!>40 
1.000 1. '1~' '.;. :>"t'i "'.'10:' 1.. ,;1[4 0 l.d~~ 1. iH~0 1.~eC 1.000 1.0.,., P.5032 

listener 20 
1.00d 1. ;.h10 0.o~'~J ;1. ~"::J'J 1.1-ij 1.I.Ji1~ I.eel? 1.~ek3 1.ze0 1.*,0~ 0.910tj 
1.1300 1.~H1,' ;~.71.':J 1. H~iJ 1. J i7. ~~ 1.l~e 1.lee 1.020 1. iHHt 1.200 0.742)' 
1~00kl 1. J~ ~~ ,~. 41j"t ,~. :jtjl J.'i411 1. ~k1V. 1. e e 2 1. ~i ~ 1.tl00 1.It0C 0.7tJ5~ 

1.000 1. ~H' ~l .3 • ~}j c! ,:1. 111- 1. (P J 1.0\':e 1.2l0 1.32k? 1.0ee 1.00~ 0.:l"::J!l7 
l1stener 21 
1. iHh' 1.(l;h'J J. '1 (j j 1. ;lrH 1.~k1v 1.JiH~ 1.'1!eg l.~e., 1.000 1. ItHHf ".~'13 
1.IHtk) 1.IPi?: t'. 0~1 \1.'j!l) ~. 94d 1.0:de 1.~22 1.~ei3 1.003 1.iiJ0~ e.7112 
1.'HH~ 1.0~I.:i f~.o2l ~j. dd J 1.,~eJ 1. iH~ 1.ee~ 1.f1e~ 1.de0 1.00~ 0."J"J21 
1.1600 1. C}~u J. j '1 ,l.174 J. ':I~2 1. ~? e 1. ~e0 1.~e0 1.~C0 1.f00 0.5313 

listener 2ti 
1.00a 1."mJ r.1.Jd 1.IYlJ 1.j,10., 1.fiOe 1.l~~ l.eee 1.000 1.t1".a 0.~1:S~!) 

1.00~ 1. xW i:~ \~ • ::> I)':) .}. ''1 L 0 J.eeJ 1. JiL2 l.ee., 1. 0f e 1.000 1.~"0 0.5571 
1. iH'~ 1.w1\~ tJ.':)OI) . ..,. '177 1. :~ e r: 1.0iH 1. e 2 e 1. ~f 0 1.Sraa l.ee0 0.d75J 
1.000 1. ~'" £' J.j:j'1 3.0 ... 1 J.l::> ~ 1.'Hj~ 1. kHH3 1 • .:lee 1.000 1.00C 0 • .:SJb1 

llstener 2~ 

1.-'00 l.dt1~ ~~.7jo 1.JltJ 1.J0~ 1. ~H' 0 1. ihHJ 1.0e0 1.~0e 1.000 0.9(j~4 
1.0fdld 1. tHO 11.40d ".d4j ~. J2 e 1.00 e l.ettB 1. ~f 0 1.000 1.000 0.lio41 
1.02'0 1.~~ {I ;~. ~b 1 tl.d~d 1.0e~ 1.eae 1.ee~ 1.irJ~0 1.000 1.00C 0.8920 
1.000 1. ~'" i:1 J.21J 11.:'1~ ;:,.tJIH1 1. M"~ l.e~e 1.Jea 1. {!HilS 1.90e 0.212b 

listener J~~ 

1.0~~ 1 • .J00 0.1J.'.J :.JCa 1. ~HH1 1.t3~0 1.0~" 1.~ea 1.~e0 l.ae0 0.9d~0 
1.000 1. ~''':., 1a.5l'1 ".~~'J 0.4j4 1.J3~ 1.~ee 1.0e0 1.0ee 1.000 9.5352 
1.00" 1.khld kt.53':1 e.110 1.IUe 1. dIU 1. ee 8 1. ge e 1.888 1. elt 8. H111 
1.00e 1.00~ 0.10 '1 (J.4~:> e.00~ l.001t! 1.88e 1.0eS 1.8"0 1.880 ".1ts1!) 
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'rABLE 1.5. (Cont., 

listener ;;;1 
1.*'O0 1. 0~~ 0.3d~ ... 121 0.002 1. 'HH l.ee0 1.Se0 1."88 1.rIl'" 8.6ij~d 

1.080 1. 0~0 0.-io6 ~.tsL7 0.0£ e 1. iHle 1.2fZ2 1. liue 1.Se" 1.eee 0.404/1 
1.000 1. ;Hlkj ;'.;:'i/j ~1. JJJ fJ. iHh: 1.~~e l.ee0 1.0~e 1.000 1.0ee 0.4081 
1.kHH' 1.O'!!~ .. ,.223 .' .... 50 J.M~;J 1.~Oe 1.eee 1.000 1.000 1.0ee 0.2221r' 

listener j.l 

1. kHH.~ 1.:J~v. ~.OO.j .).~dd J.::I:d 1.0Jl 1.i3~0 1.IH!l 1.er.0 l.ee¥; f.9141 
1.000 1 •• .h~ ,J ,~. 0':1 J ;~.'jd-J ~.'jI:H 1.";;)12 1.~e~ l.kJe~ l.wH~0 1.e00 e.7e4tl 
1.ki00 1.;'};~~~ ~'i. 3d2 ,l .... 44 ,~. 79 j 1. a., 2 1.2id! 1. {ie 9. 1. 0e iii 1. ~0~ e.Otlt5 
1.00J 1. ~J~1J i'i.l.jL .-1."''''0 ;). ;V1 J ~.Jrle 1.2!':e 1.0£~ 1.~e0 1.00,0 0.1,j~~ 

llstener .:S.:S 
1.tJ0.a 1 •• ~gl0 l'. !>j~ .-l. 'j it' 1 ,.}. ;H~ i~ 1. ~_hH! 1.e~2 1. iHh3 1.~0" 1."0~ 0.731!> 
1.~0U 1. i.H:h~ 'l. 7 '-itJ 1.Hl 1. ~H i. 1.~C2 1.eQ~ 1. J£ 2 1.0~e 1.006 e.7::91 
1.00i1 l.r~~2l .?"tlj ::'. -t ~~ 4 ~~.71j 1.J~h? 1.~eJ 1.~~~ 1.~0e l.d~~ 0.00ti 
1.';'~~ 1"" .\ • l.' -' ..... ,j. ~otJ ;-1. '.:120 1.';':.1 1.'~~~ 1.lh::t 1.iJe0 1. ~HH1 1.~~~ r;.!>d10 

listener J'-l 

1.SSe 1. itHiJ J."tL! J./d3 ~.~e~ 1. ee 2 1.ee~ l.ee~ l.ee" l.~00 0.7C.;t) 
l.""~ 1.0t1~ J.111 1. ,Hi" 1.0~~ 1.l:irJl 1.~1!!0 1. \Hh~ 1.0£0 1.~0e ~.7250 
1.~~~ 1. fH? d. :07 ,1. 119 ~. JC ~ 1. ~ d i 1.~ie 1. ~ e t' 1.iee 1.~~i 2.:>£ttj 
1.1HHi 1.i:<IJ ::. ~1.:; , ..... d~1 1.rH~l 1. J tA ~ 1.ee2 1.Je~ 1. kHHl 1.kJ0d 0.5~'J2 
llsten~r j::l 

0. Mi0 1.~HiJ .1. idtl ·1. ::>b 1 J. J e ~ 1. ~ J e 1. ~ ~ e 1. ~ ~ l 1.£00 1.t0tr! 0.!Jb9t1 
1.00~ 1. ;."'1;: ~.'.~~l :.d'>:i 0.~1J 1.J"~ l.ee~ 1.e~J 1.kHl" l.~"a 0.524t:s 
1if.'1'1L 1. J?! ,,' • . :-i 7 .1. lit -t ".11;.!\~ 1.J Ll2 l.~~rj 1.fq~J I.eed 1.~"'tJ (J.4044 
l.d";' 1 ... : J J i • .t.'?'J ]. ':)1''1 ~.t'X:~ 1. ~ ,12 1.~i!1': :i..;H 2 1.eee 1. ee ~ e.2S::1 

ll~teHtJL' io 
1.~0k) 1. i;:~!,4 [1.o}4 '~'. ':I d~" J. dd.2 1.~~·2 1.C~0 1.~ea 1.00C 1.eS0 0.9!>5d 
1.001tl 1.t~A~-~ ._,. tu1 1.J~ti 1.. J~ ~ 1. ~'-ii 1.J~lj l.'~~~ I.Seg 1. ~0e 0.d4S:; 
1. ~hH' 1.13'·'0 ~~.'-l1L. .:'.:>;J2 (:".~1'1 1.ZJi 1.fl~e 1.l3e~ 1.\J~0 1.~0~ 0.74~£ 

1."~iJ 1. i1 i·ji~ ;:I.od2 '~.:1d3 1. {I l ~ 1.t,J~ 1.et'~ 1.02~ l.~rkj 1.000 0.0'.171 
.Ll~tener J1 

l.litH0 1. aj:' J :~. 0.;2 l.~ ~ 0 1.~J2l 1. Ji}2 1. eu! 1.~Jj2~ 1.220 1. etiHl 0.~933 
1.ae0 1.(WJ ;1. d'l ;) .. -"') -J.. J,. J 1. J?~} 1.0;!~ 1.<'le 1. cz ~ 1.003 1.~0~ 0.8tj14 
1.~{:1J 1. (j (' ~~ J.o·I':.) 1.~"td 1 •• , \.), ~ 1. 0~~ 1.e00 1.Je~ 1.009 1.2\'10 0.97 H: 
1.k30~ 1. da~ .J. '1.j j 1. ~C\J 1. tH~ ~ 1.eee 1.iG2e 1.:JeiZ 1.~00 1.IHH! e.74t7 

.l.~.;jtttil1:sr jo 
1.000 1.i:.1~0 ~'. 0'::10 '.'j~<t (~.'J9S 1.02e 1.eliti 1.323 1.0fJ 1.00P. 0.9t15!> 
1.0tJ0 1. J,h, ~1. d':J 2 1. ,:l(:h~ 1. ~q~ 1. rHHl 1.~~11 1.P.22 1.IU~ 1. B02 0.d~9::! 
1.00~ l.~JJ J.Sr/J O.d2j 1.Jl~ 1.d~e l.e00 1.J~" 1. '''hl 1.1ll00 e.~el~ 
1.0~H' 1.(ln~i .!i. 1:41 A.'J'J7 I.Jro: 1. 0~'iZ 1.Cee 1. ~H!".3 1.000 l.e00 0.1155 

11&tener j~ 

1."0~ 1. ea~ \J.1':.)1 1. 'Je ~ 1. ~~ ~ 1. J\H 1.£i:2 1. Ji 0 1.1400 1. (ua e.9~~J 
1.900 1. ¥l.1 f~ {1.'/01 ;;.~o·J ~J.'J':J-i 1.~~(; 1. kHHJ 1.0~0 1.00e 1.003 0.7143 
1.00~ 1.0~d ti.5tj~ ~. ':Jt:l1 1. \"HH~ 1.Jlle 1.",e0 1. lHl d 1.e"0 1.000 0.9142 
1.000 1. e0~ 11.!)~d ~1. d7 4 tJ.!:ItJ.; 1. JJ £ 1.iee 1. (He 1.000 1. BfH~ 0.!>31CJ 

.l.l~tdner 'tl 
1.1HH' 1. J~.J J.~10 1. t" J 1.i1tq, 1.JM1i 1.0e2 1."e~ 1.0eS 1.B"" 0.99t:'i 
1.IU'" 1.tHhil J.yl1 1 • .11111 1. iiJ., ~ 1."rJe 1. Irh: 13 1 • .,0l 1.000 1.2Se e.~15" 
1. "liht 1.900 r;f.7tl7 1.1300 1.990 I.JItlJ0 1.B09 1.BSe 1.""B 1.888 1.8e22 
1.8e0 1. :del ~ 3.01.:S ~.lJd~ 1.0e~ 1.0Be l.0ee 1."e~ 1.888 1.eSg tJ.6ti~11I 
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TABLE 1.5. (Cont.) 
11:itener ·n 

1.il89 l.j!\:'la A.7J7 1. tHU I.ilee 1.002 1.2ee 1.82 e 1.0"9 1.iiS e.9~95 
1.SSt) 1.00~ ~.dd2 1.Je3 1.~e.J 1.a02 1.i2!;,e 1.tle0 1.0£a 1.00e 0.tHi5'J 
1.90" 1.IiI~J 0.otJ4 fl. '152 1.,-Hl~ 1.~;7Il 1.~e~ 1.l2!~0 1.0~0 1. 'HH~ e.9131 
1. liHhJ 1. 0~H~ ;:1.741 1. ac a 1.r1~~ 1.801r? 1.2k!e 1. (H 2 l.ee0 1.20f e.7~4It 

!l:atenec -ti 
1.1iJ0~ 1.f)y10 ".0'::14 J.d~4 J.'J41 1. kH~ e I.J~~ 1.0tH' 1.eg9 1.90~ fj.41:J.3" 
1.30~ 1. g~~1 ,1.dtl1 1. :h:l t) 1.Jlk1 1. d~ 2 1. ie 0 1.~~i2! 1. tHh~ 1.kli0 e.~5-~7 
1.kJj30 1.tJaJ .,1.4':17 ,'.01-1 'j. 'j::. d 1.e~z 1.2~~ 1.(Je~ 1.000 1. iiHhl B.7b':'b 
1.000 1. i,1';'J fl. 'U 1 .~. 'j~l 1.JHI 1.J0Z 1.0Z~ 1.kJee 1.000 1.003 9.715~ 

J.lstener -i.l 
1.:JOk:l 1. ~;~ J .'.d,:'1 1. j t 2 1.J2,t 1.dJ¢ 1.~ik1 1. ~e ~ l.eea 1.2ee S.9~3~ 
1.a0k) 1. J~>j~: ~1 • d'~ "t "t 1 ·'0' :1 

~.,,';r; 1.a2~ 1.J .. li 1.J3~k3 1.~etl 1."~~ l.e0a 0.~143 
1.000 1. "'h~ ,~. 0"1 d ~ •• '1':;' 7 I.J:q 1. 0~; ~ 1.0e!3 1. Jf! 0 1.ef.4a 1.0~0 0.';I1f1 
1.0~J 1.~)).1 ".Oj~ ;'1. :lOti 1.Jet 1. ,6~ ~ 1.2ee 1. CH e 1.eea l.eee e.65td 

!lo:1 tdllo:! ( 'i't 

1.kJ0a l.d";' il. dLO 1. E'J 1.(jek:~ 1. ~;H 1.2~l 1.dee 1.e~0 1. kHH' 0.9~3e 

1.0~0 1. '~~1 J :'.00"* ,'. '171 J.d40 1.~~C 1.J~~ 1.a2~ 1.0ca 1. li!e e 2.61t:t 
1. ~HH:l 1.,hU .1.07 j J.j-tj 1.Jv,: 1.iiJ~ 1.~CiJ 1.2ee l.d~r'l 1.ee., 0.'1ct32 
1. kHH' l.iH':, J.'tjo J •. , d':J a.ol~ 1.Jei! 1.e20 1.dliJ 1.000 1.0~0 e.457e 

11staner 4:> 
1. iHHI 1. l ;j:~ J. 77 j 1 ~c J 1. ,it? .? 1. rHH 1. ~ ~ 2 1. gf ~ I.B~0 1.lZee 0.~~e~ .:.. 

1.f10~ 1.,)~,) ;1 •. j~O 1..JJt3 1.J~lJ 1.J~i 1.Z;!e, 1.r;li) 1.t3erJ 1.de~ 0.8;:'51 
1.0~~ 1. i! ;"i() J. o~ ,J ,1. dO:') 1.J(~j 1.k'J2 l.~~€~ 1. J til ~ 1.~e0 1.~0e e.921c 
1."0~ 1. fH' J VI.OOd ". j7d 1. ~jll 1. rHH 1. t ~ e 1 •• H e l.eea 1.2111{.: S.t>t41 

11,)t.ea~r "to 
1.ath~ 1 •• }J 0 r. • '/ j ':J 1 •. J ~ ;, 1.JHi 1.i.JJi l.d'~~ 1.0tld 1.w)00 1. iiHHJ 0.9ti~.q 

l.d;ii) 1.i!l-J) \i.7"il 1. JC J 1. J ~ a:: 1. d!oHl 1.IHe I. tHe l.kiS0 1.~02 0.7:137 
1.~0(' 1.;)0J J."t'Jl ,:\. J;').' d.jl:J .i. J,J0 1.e£z 1.P3ee 1.000 1.~0a J.7 .. '/o 
1.300 1.~H1J L~ • ':J,:) '* ,~. j11 1. '~~l J 1. Jr.' e 1.!:le~ 1.~~0 1.000 1.~kI~ e.51oJ 

listen~r i7 
1.~0k1 1. Li{l ,_I ).1,J,j 1. :Hhl l.;':!J 1.J~1Z 1.JZI1 1.~2l 1.0~0 1.~ec 0.~a~J 
1.Wf0a 1.iJ;''? .:'.01.2 ~. :101 ,:.010 1. J(~ e 1 • .H~e 1.k.H~0 1.~"0 1.~00 ~.62Yts 

1.00JJ l..r.;~~ J.:>o') .1. '17'5 1. ~~ i 1. f: 0 ~ 1.iGet3 1. \J 2 e 1.2120 1. ~HH! 0.b74;" 
1."~.3 1.kJ~~;J J. -to-t J • .:i2;) J.d~d 1.lhH 1.l2tJ 1.0~11 1.000 1.l0~ ".4otl~ 

J.lstenl'3r 4tj 

1.JklJ 1.,~~'J ~~.1j1.7 1 • .jL~J 1.00J 1.'Hl~ 1.e~~ 1. ,HHi 1.i:!00 1.0.,0 e.9~31 
1.00d 1. ~H ~ ,".000 ~. 'J7d o.d:)j 1. iHH 1.ee~ 1. dt t.- 1.£e0 1.13tHI 0.07C:4 
1.00~ 1 ~Jr .. :. 

• IJ~. ~I t'. 0 '/5 J • .144 1. ti II 1. "., ~ 1 • .?~O l.iJ2e 1.ee" 1.00~ 0.9btlti 
1.00t' 1.0;-"') 0.431 ti.7d2 ~j.1'J0 1.J~h~ 1."'?k) 1. ~HH~ 1.eoe 1.1HH! 0.4~~1 

listener "i'J 
1.00l> 1.iJilll J.7oo 1.1H~1 1.Jj;~ 1. 0.H~ 1.~~1ij :.0ee 1.NH~ 1.0kH3 0.~!Jl!) 

1.0013 1. kHH ;_'.1'17 1.,~!3~ 1. JC J 1.J~e 1.~".3 1.Q!~e 1.a0P, 1.001i "'.tie11 
1.at1k~ l.(h~ld i'. 0 ~ 5 .i. jd:> 1. ·H2 1. i3J ~ 1. ee e 1. ee e 1.e00 1.090 g.9350 
1.090 1.tll'lJ ~f. () i:t !J. :to '* 1.J~~ 1.Jae 1.Cee I.A~0 1.200 1.00~ ~.bOj1b 

listener SO 
1.00kt l."~~! 0.713 1. L~<H 1.d0d 1. thJe l.ee~ 1.~e0 1.ee9 1.000 0.~~e~ 
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APPENDIX J: RANDOM SELECTION OF POPULATION~EIGHTED 
LISTENING POINTS AT THE INDIAN POINT SITE 

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

identify 50 randomly selected building locations within the EPZ 

surrounding the Indian Point Nuclear Plant. These locations are 

assumed to be residential locations and are called "listener 

sites." 

The various steps used in the site selection procedure are 

described below: 

1. A population-distribution map (see Fig. J-l) con

sisting of a 10-mile-radius circle divided into 

annular sectors defined by interior circles and 

radii, was superimposed on topographical maps of 

the EPZ. Population distribution information 

consisted of the number of people within each 

annular sector. These data were used in order to 

population-weight the random selection process 

described below. 

2. Each annular sector was first assigned a desig

nator, ranging between A-I and R-IO (see Fig. J-l). 

A range of numbers was then assigned to each sector 

according to the population in that sector. For 

example, Sector A-I, just north of the site, and 

sectors 8-1 and C-l (moving clockwise) have zero 

population and thus were not assigned any numbers. 

Sector D-l has a population of 35 and was assigned 

numbers 1 to 35. Sector E-l has a population of 60 

and was assigned numbers 36 through 95. This pro

cess was continued until each number between 1 and 

256,015 (the total estimated population) was 

assigned to a particular sector. A random number 
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generator (available on a Texas Instruments Model 

TI-59 hand calculator, for example) was then used 

to select 50 numbers at random between 1 and 

256,015. Each number selected represented one site 

(to be chosen later) within the sector containing 

that number. Thus, sectors with larger populations 

had a greater possibility of including chosen 

listener sites. 

3. Having determined the sector locations of each 

potential listener site, the next step in the 

procedure involved selecting the actual sites 

within the respective sectors. This was accom

plished by first over-laying a rectangular coordi

nate grid on each sector of interest on the topo

graphic map. The grid was composed of boxes with 

dimensions of approximately 1000 feet square, and 

each box was assigned an X and a Y coordinate 

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 oriented 

in the north-south direction, and such that all 

parts of the sector of interest were covered by a 

positive (X,Y) coordinate pair box. A random 

number generator was then used to select random 

pairs of numbers within the X and Y ranges covering 

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

select a particular 1000 feet square box on the 

map. If there were buildings within the box, one 

of them was arbitrarily chosen as a listener site. 

If there were no buildings inside the box or if the 

box fell outside of the sector of interest, that 

coordinate pair was disregarded and another pair 

was chosen at random. 

J-2 



For urban sites in the pink "building-extension" 

area of the topographic map a residential building 

was always assumed to exist, and was selected at 

the center of the pink area in the 1000 feet square 

box. 

4. The above process was repeated until 50 listener 

sites were randomly chosen. It was found, however, 

that some major urban communities did not include 

any listener sites, and thus the chosen sites did 

not properly reflect the population distribution in 

the EPZ. Therefore, the selection process was con

tinued until this condition was rectified. Four 

new urban sites were randomly chosen to replace the 

four most recently chosen rural sites. This re

placement only affected the balance between urban 

and rural listener sites. Since the subsequent 

analysis treats urban and rural areas separately, 

this replacement will not bias the results. It 

will merely ensure that no major population concen

trations are ignored. The above procedure resulted 

in a pseudo-random sample of 50 specific listener 

locations, distributed throughout the EPZ as shown 

roughly on Fig. J-l. 
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APPENDIX It: SAMPLE SCENARIOS FOR THE EVALUATION OF SIREN 
ALERTING AT INDIAN POINT 

Scenario G) 0 0 
Season Summer Summer Winter 

Time of Day Weekday Late Weekday Evening 
.Ute:rnoon Night (Rush Hour) 

General Warm, Clear to Warm, Clear to Cold, 
Weather Partly Cloudy Partly Cloudy Overcast 

Home/Vehicle Open Open Closed 
Windows (& Storms) 

Temperature, of 800 700 300 

Relative Humidity, % 65% 80% 70% 

Temperature Gradient, 
°F/100 feet -1 +0.5 -0.5 
(meas. heights=95' & 7' ) 

Wi nd Di rec t ion: 
General SSE NNE NW 

Vall eys Up-Valley Down-Valley -
Wind Speed, mph 10 mph 6 mph 10 mph 
(meas. height=lOO') . 

~ 

Percent of People Located 

Outdoors 20% - 5% 

In Motor Vehicles 6 1% 25 

Indoors at Work: 

Commercial 23 3 -
Industrial 7 1 -

In Home Sleeping 4 95 -
In Home Radio/TV 20 - 14 

In Home Noisy - - 3 

In Home Active 6 - 35 

In Home Isolated 4 - 14 

In Home Quiet 10 - 4 

K-l 

0 
Winter 

Late 
Night 

Stormy 

Closed 
(& Storms) 

300 

90% 

-0.5 

SE 

-
15 mph 

-
-

4% 

1 

95 

-. 
-
-
-
-





APPENDIX L: SIREN LOCATIONS FOR THE INDIAN POINT EPZ 

This appendix provides existing and proposed siren locations 

for the Indian Point EPZ as of 25 August 1981. Siren locations 

are provided on a set of topographical maps (Figures L-2 through 

L-12). Figure L-1 shows the relationship of the individual maps 

to the Indian Point EPZ. 

A total of 88 125 dBC sirens are employed of which 12 are in 

Orange County (#1-#12), 24 are in Rockland County (#13-#36), 43 

are in Westchester County (#37-#79) and 9 are in Putnam County 

(#80-#88). Table L.l provides a guide for locating the sirens on 

the topographical maps. 
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TABLE L.I. SIREN LOCATION BY MAP. 

Siren I Map I Siren I Map I Siren I Map I 

1 L-3 31 L-ll 61 L-8 
2 L-2 32 L-ll 62 L-8 
3 L-6 33 L-ll 6'3 L-8 
4 L-6 34 L-ll 64 L-7 
5 L-6 35 L-ll 65 L-7 
6 L-6 36 L-ll 66 L-7 
7 L-6 37 L-12 67 L-7 
8 L-6 38 L-12 68 L-7 
9 L-6 39 L-12 69 L-7 

10 L-5 40 L-12 70 L-7 

11 L-7 41 L-12 71 L-7 
12 L-7 42 L-12 72 L-7 
13 L-7 43 L-12 73 L-7 
14 L-7 44 L-12 74 L-8 
15 L-I0 45 L-12 75 L-8 
16 L-I0 46 L-12 76 L-8 
17 L-I0 47 L-12 77 L-8 
18 L-I0 48 L-ll 78 L-8 
19 L-I0 49 L-ll 79 L-8 
20 L-I0 50 L-ll 80 L-8 

21 L-I0 51 L-ll 81 L-8 
22 L-I0 52 L-ll 82 L-7 
23 L-I0 53 L-ll 83 L-7 
24 L-ll 54 L-ll 84 L-7 
25 L-ll 55 L-ll 85 L-3 
26 L-ll 56 L-12 86 L-3 
27 L-ll 57 L-12 87 L-7 
28 L-ll 58 L-8 88 L-4 
29 L-ll 59 L-8 
30 L-ll 60 L-8 
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Figure L-5 
Monroe 

Figure L-9 
Sloatsburg 

FiCJure L-2 
Corn \iall 

Poplopen 
Lake 

FIG. L-l. SIREN LAYOUT MAP LOCATOR. 
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Figure L-3 Figure L-4 
West Point Oscwana Lake 

Figure L-7 
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APPENDIX M: ANALYSIS INPUT/OUTPUT DATA FOR INDIAN POINT 

This appendix provides listings of computer file input and 

output data for the Zion analysis. Explanation of the termino

logy used for each listing is provided below. 

TABLE M.l. INDIAN-SIRENS 

This file contains input data for each of the Indian Point 

sirens as follows: 

Siren No. 

Siren Name 

x,y,z 

• SPL@lOOFT 

number assigned to each siren for use by 

computer program. 

first letter indicates whether the siren is 

rotating or stationary type (R or S); the 

remainder consists of the siren designation, 

which for this plant is identical to the Siren 

No. 

these are the physical coordinates for the 

siren location; the x-axis is oriented east

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

the z-axis is oriented vertically. The x and 

y coordinates are in units of km, referenced 

to the grid shown on the Feb. 1981 NRC Emer

gency Planning Map for Indian Point (the plant 

center is located approximately at x = 587.7, 

Y = 4569.2). The z coordinates are in units 

of feet. 

these numbers indicate the rated sound pres

sure level for each siren at a distance of 100 

feet, in dB 
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Table M.2 INDIANEARS 

This file contains input data for each of the randomly 

selected listener locations as follows: 

• Site No. 

• Site Name 

• x,y,z 

• Rural Road 

number assigned to each site for use by 

computer program 

designator for listener site; the first letter 

indicates whether the site is urban or rural 

(U or R) 

these are the physical coordinates for the 

listener location; the x-axis is oriented 

east-west, the y-axis is oriented north-south, 

and the z-axis is oriented vertically. The x 

and y coordinates are in units of km, refer

enced to the grid shown on the Feb. 1981 NRC 

Emergency Planning Map for Indian Point (the 

plant center is located approximately at 

x=587.7, y=4569.2). The z coordinates are in 

units of feet 

this column indicates whether rural listener 

sites are within 1000 ft of major highway 

(NEAR) or beyond 1000 ft (FAR). This infor

mation is required for the selection of 

appropriate outdoor background noise levels. 

TABLE M.3 VAL-HUDSON 

This file contains input data for each of the four sample 

scenarios as follows: 

• Scenario No. number assigned to each scenario (see App. J). 

• AMOL molecular absorption, in dB/IOOO feet. 
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• WIND wind direction in degrees (0 0 = wind from 

north, etc.) 

• NRES 

• NCRM 

residential building outdoor-to-indoor noise 

reduction, in dB. 

commercial building outdoor-to-indoor noise 

reduction, in dB. 

• FI - Fa activity fractions. 

• INP 

• PU30 

FI = fraction of people outdoors. 

F2 = fraction of people indoors, at home, listening to 

radio or TV. 

F3 = fraction of people indoors, at home, sleeping. 

F4 = fraction of people indoors, at home, neither 

sleeping nor listening to radio or TV. 

F5 = fraction of people indoors, at work, in commercial 

establishments. 

F6 = fraction of people indoors, at work, in industrial 

locations. 

F7 = fraction of people in vehicles in urban areas 

at 30 mph. 

Fa = fraction of people in vehicles in rural areas 

at 55 mph. 

indoor alert probability curve (see Fig. 4-4 

of text). 

probability of alert for motorists in urban 

areas at 30 mph. 

• PR55· probability of alert for motorists in rural 

areas at 55 mph. 

• MUL vertical profile of wind speed, 8 z, in 

ft/sec/ln ft. 
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• ADD vertical profile of air temperature, a, in 

OF/In ft. 

TABLE M.4 LISTENEROUTPUT 

This listing provides the number, name and outdoor sound 

pressure level (LOUT, in dB) for the "dominant" siren at each 

sample listener location, for each of the four sample scenarios. 

The results are listed in numerical order for scenarios one 

through four for each listener site. 

TABLE M.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 PI through P8 corresponding to activity 

fractions FI through F8, 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 population followed by the total rural probabil

ity of alert (PTRUR), the total urban probability of alert 

(PTURB), and the total (population-weighted) probability of alert 

for the EPZ (PTALL). The total probability values are listed in 

numerical order for sample scenarios one through four. 
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TABLE M.l 

INDIAN-SIRENS 
SIREN# SIREN NAPtE X 'yo Z SPL.l00 FT 

1 Rl 586.150 4583.250 250.000 125 
2 R2 578.750 4584.400 530.000 125 
3 R3 581.400 4579.850 830.000 125 
4 R4 578.750 4577.060 770.000 125 
5 R5 575.200 4578.400 830.000 125 
6 R6 573.400 4574.250 570.000 125 
7 R7 576.850 4573.800 990.000 125 
8 R8 580.570 4573.070 650.000 125 
9 R9 576.820 4567.900 1070.000 125 

10 RIO 573.050 451£.9.000 880.000 125 
11 Rll 586.500 4580.000 200.000 125 
12 R12 584.800 4571£ .• 000 210.000 125 
1 ~ . .:;. R13 583.750 4571.950 370.000 125 
14 R14 584.500 4568.120 E.30.000 125 
15 F.~ 15 580.120 4554.200 560.000 125 
16 R16 574.100 4564.380 890.000 125 
17 R17 576.180 4562.150 1150.000 125 
18 R18 579.830 4564.750 650.000 125 
19 R19 581.680 456:;:. 500 435.000 125 
20 R20 582.000 4560.100 520.000 125 
21 R21 578.8E:O 4560. E.80 550.000 125 
22 R22 57::::.220 4557.660 620.000 1-' 1C" c.._' .-.. -. c...:, R23 581.050 4557.150 615.000 1 ~.I:" 

c..~' 

24 R24 5f:5.050 4565.050 lE.O.OOO 125 
25 ~I'-'C' .c..._' 584.200 4563.750 170.000 125 
26 R26 585.650 4562.350 125.000 125 
27 R27 584.700 4561. 700 280.000 125 
28 R28 587.100 4560.300 90.000 125 
29 R29 584.350 4559.600 180.000 125 
30 R30 587.080 4558.450 270.000 125 
31 R31 585.000 4556.480 180.000 125 
32 R32 586.1£.20 4556.500 130.000 125 
33 R33 584.750 4555.250 215.000 125 
34 R34 584.700 4554.050 270.000 125 
35 R35 586.050 4554.000 200.000 125 
36 R36 589.400 4555.300 195.000 125 
37 R37 595.600 4556.150 230.000 125 
38 R38 597.550 4556.800 430.000 125 
39 R39 595.500 4557.250 220.000 125 
40 R40 597.380 4557.900 415.000 125 
41 R41 596.200 4558.700 260.000 125 
42 R42 594.720 4559.380 150.000 125 
43 R43 597.420 4560.030 530.000 125 
44 R44 599.250 4559.500 580.000 125 
45 R~ 600.580 4562.950 530.000 tes 
46 R4b 597.600 4562.320 390.000 125 
47 R47 595.050 4561.050 360.000 125 
48 R48 594.850 4560.750 110.000 125 
49 ... 593.850 4562.000 180.000 125 
50 R50 592.380 4559.600 60.000 125 
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TABLE M.I. (Cont.) 

51 R51 592.350 4562.920 230.000 125 
52 R52 591.000 4565.100 180.000 125 
53 R53 593.670 4565.800 360.000 125 
54 R54 588.550 4566.100 100.000 125 
55 R55 593.950 4563.330 430.000 125 
56 R56 596.400 4565.650 330.000 125 
~7 ... 1 R57 601. 620 4567.000 460.000 125 
58 R58 599.450 4567.700 498.000 125 
59 R59 602.270 4569.350 490.000 125 
E.O RE.O 597.300 4568.700 290.000 125 
61 R61 601.870 4571.870 470.000 125 
62 R62 598.500 4571. 500 530.000 125 
63 R63 595.900 4571.300 490.000 125 
64 ~~64 59:3.100 4568.750 380.000 125 
65 R65 590.900 4567.700 270.000 125 
66 ~~66 588.200 4568.600 150.000 125 
67 RE.7 589.700 4569.500 170.000 125 
68 R68 589.950 4570.700 200.000 125 
E.9 RE.9 591.350 4571.450 310.000 125 
70 R70 590.100 4572.450 280.000 125 
71 ~?1 588.000 4572.120 130.000 125 
72 R7'-' . I c. 591. E.OO 4574.550 150.000 125 
""'-. I' .:.- R7'-' .f .:,1 59:3.000 4571. 970 450.000 125 
74 R74 594.220 4573.500 :370.000 125 
75 R75 5'36.620 4574.880 750.000 125 
7EI R76 599.180 4574.550 540.000 125 
77 ~'7"? '.1 I 601.800 4574.620 E.75.000 125 
7::: ~~78 600.500 457E .• 900 650.000 125 
7Q 
I o' R79 596.800 457€ .• 300 450.000 125 
80 R80 598.600 457E:.220 750.000 125 
81 R81 595. '320 4579.870 510.000 1 '-Ie: c. ... 1 .-.,-, 
etC ~:82 59:3.820 4577.450 330.000 125 
83 R8:3 5'30.400 4578.620 570.000 125 
84 R84 587.170 4576.070 250.000 125 
85 R85 588.370 4581. 350 200.000 125 
86 R86 590.700 4584.650 450.000 125 
87 R87 592.500 4580.030 570.000 125 
88 R88 595.050 4581.650 720.000 125 
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TABLE M.2. 
I tiD I AHEARS 

SITE == SITE ttAt1E X Y Z RURAL ROAD 
1 Rl 587.600 4567.820 60.000 FAR 
2 U2 590.000 4569.956 150.000 
3 R3 592.25'0 4570.850 380.000 FAR 
4 U4 584.450 4565.120 170.000 
5 R5 590.370 4564.800 150.000 FAR 
6 R6 583.720 4564.600 130.000 FAR 
7 R7 583.350 4564.350 200.000 FAR 
8 U8 586.600 4561.220 30.000 
9 U9 586.050 4561.600 30. 000 

10 R10 583.850 4562.100 180.000 FAR 
11 Rl1 594.350 4564.450 490.000 FAR 
12 Ll12 586.820 4561.100 30.000 
13 R13 582.550 4561.800 300.000 FAR 
14 R14 582.350 4561.850 340.000 FAR 
15 R15 586.450 4579.100 140.000 HEAR 
16 R16 589.320 4580.100 380.000 HEAR 
17 R17 595.850 4576.150 500.000 FAR 
18 R18 596.300 4574.900 500.000 FAR 
19 '"~ 19 595.800 4562.800 350.000 FAR 
20 Ll20 594.100 4562.050 150.000 
21 R21 586.750 4558.850 220.000 FAR 
22 R22 581.070 4560.400 540.000 HEAR 
23 R23 586.350 4580.650 200.000 HEAR 
24 U24 589.950 4571.600 200.000 
25 R25 598.850 4572.650 490.000 HEAR 
26 R26 599.850 4568.520 535.000 HEAR 
"J"? ... , R27 599.150 4567.700 360.000 FAR 
28 Ll28 595.370 4559.200 380.000 
2'3 ,"~29 586.000 4557.750 90.000 FAR 
30 R30 583.150 4557.150 285.000 FAR 
31 R31 579.150 4560.220 515.000 FAR '-.-. ..:oc: R32 591.320 4581.750 700.000 FAR 
:33 R33 596.750 4578.270 240.000 FAR 
34 R34 600.100 4576.200 440.000 NEAR 
35 R35 598.150 4561.600 500.000 NEAR 
36 R36 589.350 4555.600 145.000 NEAR 
37 R37 582.450 4556.600 430.000 FAR 
38 R38 598.850 4579.650 840.000 FAR 
39 R39 602.270 4570.350 440.000 tiEAR 
40 R40 603.290 4569.220 460.000 FAR 
41 R41 589.150 4553.570 205.000 NEAR 
42 Ll42 591. 100 4570.750 310.000 
43 U43 585.150 4553.800 255.000 
44 U44 585.200 4553.350 245.000 
45 U45 584.100 4553.650 280.000 
46 U46 584.150 4554.850 210.000 
47 R47 583.550 4555.100 340.000 FAR 
48 R48 582.150 4555.600 475.000 HEAR 
49 R49 580.150 4555.750 460.000 FftR 
50 R50 578.550 4557 .. 620 510.000 FAR 
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TABLE M.3. 

VAL-HUDSON 

S:CEN~; AMOL ItIIND tiRES NCRM F1 F2 F3 F4 F5 F6 F7 F8 
1 0.85 158 16. 31. .200 .200 .040 .200 .230 .070 .026 .034 
2 0.81 .-• .0:-c_· 16. 31. .000 .000 .950 • 000 .030 .010 .004 .OOE . 
:3 0.49 315 31- 31. .050 .140 .000 .560 .000 .000 .108 .142 
4 0.46 135 31- 31. .000 .000 .950 .000 .040 • 010 .000 .000 

INP PU30 PR55 MUL AriD 
1 1.000 1.000 3.750 -0.350 
.-. .;,. 1.000 1.000 2.250 0.170 
3 1.000 1.000 3.750 -0.170 
1 1.000 1.000 5.620 -0. i 70 
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TABLE M.4. 

LISTENEROUTPUT 

~%S ;; ~XSTENE~ NAt'tE Sl~ ;; S IflllEN ...,.... i...tIU'T 

1 Rl ~ R~ 83".3 
66 R66 92".2 
66 R&6 93".2 
5~ R5~ 85".8 

2 U2 67 R67 98".5 
68 R68 95".2 
68 R68 95".9 
67 R67 99".2 

3 R3 6~ R6~ 7~".3 

73 R73 88".5 
73 R73 89".9 
6~ R6~ 77-.2 

~ U4 25 R25 87".9 
1~ R14 77".1 
14 R1~ 8-0".3 
25 R2S 89".7 

5 R5 52 R52 8-0".9 
52 R52 96". '0 
52 R52 81".7 
52 R52 9£,.8 

£, R6 25 R25 92".2 
25 R25 77.3 
25 R25 73".3 
25 R25 93".~ 

7 R7 25 R25 91".4 
14 R1~ 72".3 
14 R14 7£,.4 
25 R25 92~8 

8 U8 28 R28 91".4 
26 R26 87~4 
26 R26 88".9 
28 R28 92".7 

28 R28 85".6 
26 R26 93",,8 
2t) R26 94",,7 
28 R28 87-'7 

1'0 R1t) 27 R27 92".6 
25 R2S 85".7 
25 R2S 87-.. 
27 R27 93~8 
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TABLE M.4. (Cont.) 

11 .11 " R55 n°. 7 
Sf» R56 81)".8 
51 R51 67°.3 
56 R56 83~6 

1.2 U12 28 R28 93".8 
2& R26 85°.5 
2& R26 87°.3 
28 R28 ~~8 

13 R13 2n R20 74".1 
27 R27 73".6 
25 R25 &5".7 
20 R20 16~44-

1~ R1~ 27 R27 78".n 
27 R27 78".3 
19 R19 16".7 
27 R27 81°. "0 

15 R15 84 R84 7&".1 
11 R11 93".2 
11 R11 94".1 
84 R84 80".1 

1& R16 85 R85 6b"'~ 
85 R85 86".6 
85 R85 88".2 
85 R85 &8".4 

17 R17 75 R75 87.1 
82 R82 8"(r. & 
82 R82 83".2 
75 R75 89". "0 

18 R18 75 R75 1"O3°.~ 
75 R75 1"O3~~ 
75 R75 93".8 
75 R75 1"03°.8 

19 R19 _6 R46 68°.8 
56 RSb 77°.7 
55 RSS 85~9 
~ R44-6 71".2 

20 U2"O ~9 R49 1'05°.8 
_9 R44-9 1 'O~r. 9 
-'9 .49 10&".1 
.9 Rif9 101".2 
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TABLE 11.4. (Cont.) 

R21 30 R30 .°.9 
3'0 R3'O 94°.0 
3'0 R3'O 84-.5 
3'0 R3'O 99°.6 

22 R22 21) R2'O 92-'2 
20 R2'O 92-'3 
19 R19 79°.6 
2'0 R2'O 93°.4 

23 R23 11 Rl1 9£).3 
85 R85 82'.4 
11 Rl1 77-'1 
11 Rl1 97-'2 

24 U24 68 R68 93°.1 
7'0 R7'O 93°.7 
70 R70 94'.6 
68 R68 ~0.2 

25 R2S 52 R52 89°.7 
76 R76 83°.9 
76 R76 8~i". 9 
62 R62 91°.3 

26 R26 58 RS8 92°.9 
58 RS8 73'.1 
58 R58 79°.0 
58 R58 94'.1 

27 R27 58 R58 1 '04°.2 
58 R58 1l)4'.2 
58 R58 99°.6 
58 R58 1 '04°.6 

28 U28 41 R41 92°.2 
i42 Ri42 96°.3 
42 R42 97-'0 
41 R41 93-'5 

29 R29 32 R32 87°.9 
3'0 R3'O 89'.1 
29 R29 82°.8 
3'0 R3'O 9tf.5 

3'0 R3'O 33 R33 79°.8 
29 R29 78°.7 
29 R29 81°.6 
33 R33 83-'1) 
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TABLE M.4. (Cont. ) 

31 101 21 R21 83~6 
21 R21 99".7 
21 R21 99".3 
22 R22 81".9 

32 R32 83 R83 71".1 
88 R88 58".6 
85 R85 62".7 
83 R83 75".3 

33 R33 79 R79 [,4".6 
81 R81 62".2 
81 R81 641-".1 
79 R79 6T.l 

34 R34 77 R77 81)".9 
78 R78 94".4-
78 R78 95".2 
77 R77 83".9 

35 R35 4b fM6 73". tl 
4b R46 93".1 
4b R4b 94".1 
44 R44 74-~6 

36 R36 36 R36 1 tl4-". 2 
36 R36 99".2 
36 R36 99".5 
36 R36 1 tl4". 5 

37 R37 31 R31 79".4 
31 R31 79" .... . .-
29 R29 78". tl 
31 R31 82-'7 

38 R38 8tl R8tl 87-'4-
8tl R8tl 67".6 
8tl R8tl 69".1 
8tl R8tl 89".2 

39 R39 59 R59 91".9 
61 R61 Bb-'e. 
61 R6I 88".2 
59 R59 93".2 

.. 0 R4(J 59 R59 n-'6 
59 R59 81".7 
59 R59 92".8 

'9 R~ 72-'9 
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TABLE 11.4. (Cont.) 

_1 fM.1 36 R36 :55".3 
36 R36 75".f» 
3() R3f» 77.i4 
3f» R3f» 57".6 

~ lM2 68 R68 85".2 
68 R68 9tr.i4 
f»8 R68 91".6 
68 R68 71".7 

Ui43 35 R35 92".8 
34l R'3i4 99".1 
34l R3i4 99".6 
35 R35 ~". '0 

ft'4 ~ 35 R35 n".l 
35 R35 91".2 
344 R3i4 9:r.5 
35 R35 92".5 

i45 Ui45 3i4 R3i4 85".5 
3i4 R3i4 95".6 
33 R33 87".2 
3i4 R3i4 ge). i4 

i46 lHC 344 R3~ 92-'2 
33 R33 95".6 
33 R33 86".i4 
33 R33 96".i4 

i47 Ri47 33 R33 89-'7 
33 R33 89".8 
33 R33 71-'1 
33 R33 91".2 

illS Ri48 33 R33 79-'-0 
33 R33 79".3 
23 R23 TO". 8 
33 R33 82-'3 

i49 Ri49 15 R15 86".5 
23 R23 75".7 
23 R23 n".5 
15 R15 88".5 

SO R5'O 22 R22 98".3 
22 R22 1'03-'3 
22 R22 1 '03".7 
22 R22 93".7 
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APPENDIX N: RANDOM SELECTION OF POPULATION~EIGHTED LISTENING 
POINTS AT THE ZION SITE 

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

identify 50 randomly selected building locations within the EPZ 

surrounding the Zion Nuclear Plant. These locations are assumed 

to be residential locations and are called "listener sites." 

The various steps used in the site selection procedure are 

described below: 

1. A population-distribution map (see Fig. N-I) 

consisting of a 10-mile-radius circle divided into 

annular sectors defined by interior circles and 

radii, was superimposed on topographical maps of 

the EPZ. Population distribution information 

consisted of the number of people within each 

annular sector. These data were used in order to 

population-weight the random selection process 

described below. 

2. Each annular sector was first assigned a desig

nator, ranging between A-I and R-6 (see Fig. N-l). 

A range of numbers was then assigned to each sector 

according to the population in that sector. For 

example, Sector A-I, just north of the site, has a 

population of 99 and was assigned numbers 1 through 

99. Sectors B-1 through L-l (moving clockwise over 

Lake Michigan) have zero population and thus were 

not assigned any numbers. Sector M-l has a popula

tion of 204 and was assigned numbers 100 to 303. 

Sector N-l has a population of 440 and was assigned 

numbers 304 through 743. This process was con

tinued until each number between 1 and 301,830 (the 

total estimated population) was assigned to a par

ticular sector. A random number generator (avail-
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able on a Texas Instruments Model TI-59 hand calcu

lator, for example) was then used to select 50 

numbers at random between 1 and 301,830. Each 

number selected represented one site (to be chosen 

later) within the sector containing that number. 

Thus, sectors with larger populations had a greater 

possibility of including chosen listener sites. 

3. Having determined the sector locations of each 

potential listener site, the next step in the 

procedure involved selecting the actual sites 

within the respective sectors. This was accomp

lished by first over-laying a rectangular coordi

nate grid on each sector of interest on the topo

graphic map. The grid was composed of boxes with 

dimensions of approximately 1000 feet square, and 

each box was assigned an X and a Y coordinate 

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 oriented 

in the north-south direction, and such that all 

parts of the sector of interest were covered by a 

positive (X,Y) coordinate pair box. A random 

number generator was then used to select random 

pairs of numbers within the X and Y ranges covering 

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

select a particular 1000 feet square box on the 

map. If there were buildings within the box, one 

of them was arbitrarily chosen as a listener site. 

If there were no buildings inside the box or if the 

box fell outside of the sector of interest, that 

coordinate pair was disregarded and another pair 

was chosen at random. 
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For urban sites in the pink "building-extension" 

area of the topographic map a residential building 

was always assumed to exist, and was selected at 

the center of the pink area in the 1000 feet square 

box. 

4. The above process was repeated until 50 listener 

sites were randomly chosen. It was found, however, 

that some of the chosen sites did not properly 

reflect the population distribution in the EPZ. 

Therefore, the selection process was continued 

until this condition was rectified. In particular, 

six new urban sites were randomly chosen within the 

city of Kenosha, Wisconsin to replace the six sites 

chosen within the Great Lakes Naval Training 

Center, which has its own warning system. In addi

tion, the EPZ was assumed to extend about 3 miles 

north of the 10 mile circle for the purposes of 

listener site selection, so as to include the 

entire city of Kenosha. As a result, four of the 

sample listener sites are located beyond the 10 

mile circle in Kenosha. (This was done in response 

to a request by representatives of the city of 

Kenosha, since Kenosha has an existing emergency 

siren system throughout the city that will make up 

part of the warning system for Zion.) 

The above procedure resulted in a pseudo-random sample 

of 50 specific listener locations, distributed throughout 

the EPZ as shown roughly on Fig. N-l. 
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APPENDIX 0: SAMPLE SCENARIOS FOR THE EVALUATION OF SIREN 
ALERTING AT ZION. 

Scenario 

Season 

Time of Day 

General Weather 

Home/Vehicle Windows 

Temperature, of @35' 

Dew Point of @35' 

Temperature Difference 
of (meas. heights = 
125' & 35') 

Wind Direction: 

General 

Wind Speed, mph 
(meas. height 125') 

(meas. height = 35') 

Outdoors 

In Motor Vehicles 

Indoors at Work: 

Commercial 

Industrial 

In Home-Sleeping 

In Home-Radio/TV 

In Home-Noisy 

In Home-Active 

In Home-Isolated 

In Home-Quiet 

Summer 

Weekday 
Afternoon 
(7/11/80 
@ 1500) 

Warm, Clear 
to Partly 
Cloudy 

Open 

11.1 

6.9 

Summer 

Late Night 
(7/17/80 
@ 0200) 

Warm, Clear 
to Partly 
Cloudy 

Open 

11.7 

6.1 

Percent of People Located 

20% 

6 

23 

7 

4 

20 

6 

4 

10 

1% 

3 

1 

95 

0-1 

Winter 

Weekday 
Evening (Rush 
1/30/80 hr) 
@ 1800) 

Cold, Over
cast, Light 
Precipita
tion 

Closed 
(& Storms) 

170 

160 

10.8 

7.9 

5% 

25 

14 

3 

35 

14 

4 

Winter 

Late Night 
(1/7/80 
@ 0200) 

Windy 

Cl9sed 
(& Storms) 

130 

7.40 

33 

22 

4% 

1 

95 





APPENDIX P: SIREN LOCATIONS FOR THE ZION EPZ 

This appendix provides existing and proposed siren 

locations for the Zion EPZ as of 15 October 1981. Siren 

locations are provided on a set of topographial maps (Figs. 

P-2 through P-6). Figure P-l shows the relationship of the 

individual maps to the Zion EPZ. 

A total of 66 sirens are employed, 39 of which are 

existing and 27 of which are proposed. The proposed sirens 

are identified using Commonwealth Edison (CE) or Wisconsin 

Electric (WE) prefixes. Existing sirens have been numbered 

arbitrarily, using the prefix "I" for those located in 

Illinois and "W" for those located in Wisconsin. Table P.I 

provides information on the type, rating, mounting height 

and status of each siren, as well as a guide for locating 

the sirens on the topographical maps. 
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'rABLE P.l. ZION SIREN INFORMATION 

~. IDeation 
Siren Rlted SPL M:>untilvj (Map Figure 

11:>. '!YPe (dBC @ 100 ft.) !Eight (ft) status lb. ) 

CE-1 Stationary 115 55 Proposed B-6 

CE-2 Stationary 115 55 Proposed B-5 

CE-3 :EOtating 123 55 Prop:>sed B-5 

CE-4 Stationary 115 55 Proposed B-5 

CE-5 Ibtating 126 55 Prop:>sed B-5 

CE-6 :EOtating 123 55 Proposed B-3 

CE-7A :EOtating 126 55 ProJ:X)sed B-4 

CE-8B :EOtating 126 55 Prop:>sed B-4 

CE-9 Ibtating 126 55 Prop:>sed B-4 

CE-10 :EOtating 126 55 Proposed B-4 

CE-11 Ibtating 124 55 Prop:>sed B-4 

CE-12 :EOtating 124 55 Proposed B-4 

CE-13 Ibtating 123 55 Prop:>sed B-4 

CE-14 :EOtating 126 55 Proposed B-4 

CE-15 :EOtating 124 55 Prop:>sed B-4 

CE-1GA :EOtating 126 55 Proposed B-4 

CE-17 Ibtating 126 55 Prop:>sed B-4 

CE-18 :EOtating 126 55 Proposed B-4 

CE-19 Ibtating 123 55 Prop:>sed B-4 

CE-20 Stationary 115 55 Proposed B-4 

CE-21 Stationary 115 55 Prop:>sed B-4 
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"mBLE P.l. ZIC6 S~ INFORtATIOO (Chnt.) 

Approx. IDeation 
Siren Rated SPL fobunting (Map Figure 

R>. "IYPe (dOC @ 100 ft.) 12ight (ft) Status lb. ) 

WE-I R::>tating 126 55 Prop:>sed B-2 
WE-2 Stationary 115 55 Prop:>sed B-2 

WE-3 Stationary 115 55 Prop:>sed B-2 

WE-4 R::>tating 124 55 PrOIX>sed B-2 

WE-6 R::>tating 124 55 Prop:>sed B-4 

WE-7 Rotating 126 55 Proposed B-4 

I-I R::>tating 125 40 Existing B-6 

1-2 R::>tating 125 40 Existing B-6 

1-3 R::>tating 125 40 Existing B-6 

1-4 R::>tating 125 40 Existing B-6 

1-5 R::>tating 125 40 Existing B-6 

1-6 R::>tating 125 40 Existing B-6 

1-7 R::>tating 125 40 Existing B-6 

1-8 Rotating 125 40 Existing B-6 

1-9 Stationary 115 35 Existing B-6 

1-10 lbtating 125 50 Existing B-6 

I-II Stationary 115 40 Existing B-6 

1-12 Stationary 115 30 Existing B-6 

1-13 R::>tating 125 30 Existing B-6 

1-14 Stationary 115 40 Existing B-6 

I-IS R::>tating 125 40 Existing B-6 

1-16 Stationary 115 35 Existing B-6 
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TABLE P.l. ZIe:. SIRm INf'ORMATICfi (CDnt. ) 

Appt:ox. IDcatioo 
Siren Blted SPL Ibmting (Map Figure 

Ji:). (dOC @ 100 ft.) Bei~t (ft) Status lb. ) 

1-17 lbtatil19' 125 40 Existing B-6 

I-IS Stationat:y 115 40 Existing B-6 

1-19 Stationary 115 40 Existing B-6 
1-20 lbtating 125 25 Existing B-4 

1-21 Stationary ll5 40 Existsing B-4 
1-22 Stationat:y 115 40 Existing B-4 

1-23 Stationary 115 25 Existing B-4 

W-1 lbtating 125 40 Existing B-2 

W-2 lbtating 125 50 Existing B-2 

W-3 lbtating 125 25 Existing B-2 

W-4 lbtating 125 50 Exiting B-2 

W-5 lbtating 125 40 Existing B-2 

W-6 lbtating 125 60 Existing B-2 

W-7 Stationary 100 40 Existing B-2 

W-S lbtating 125 40 Existing B-2 

W-9 lbtating 125 60 Existing B-2 

W-I0 Stationat:y 100 40 Existing B-2 

W-ll lbtating 125 60 Existing B-2 

W-12 lbtating 125 40 Existing B-2 

W-13 lbtating 125 50 Existing B-2 

W-14 lbtating 125 50 Existing B-2 

W-15 lbtating 125 40 Existing B-2 

W-16 Stationat:y 100 50 Existing B-2 
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APPENDIX 0: ANALYSIS INPUT/OUTPUT DATA FOR ZION 

This appendix provides listings of computer file input and 

output data for the Zion analysis. Explanation of the 

terminology used for each listing is provided below. 

Table Q.l. ZIONSPEAKS 

This file contains input data for each of the Zion sirens as 

follows: 

Siren No. 

Siren Name 

x,y,z 

number assigned to each siren for use 

by computer program. 

first letter indicates whether the 

siren is rotating or stationary type 

(R or S): the remainder consists of 

the siren designation, beginning with 

a letter and ending with a number. 

For oroposed sirens, the Commonwealth 

Edison designation is used. Existing 

sirens are arbitrarily designated, 

beginning with the letter I (for 

Illinois) or W (for Wisconsin). 

these are the physical coordinates for 

the siren location: the x-axis is 

oriented east-west, the y-axis is 

oriented north-south, and the z-axis 

is oriented vertically. The x and y 

coordinates are in units of km, 

referenced to the grid shown on the 

~l 



Table Q.l (Continued) 

SPL@lOOFT 

Table Q.2 ZIONLISTENS 

Feb. 1981 NRC Emergency Planning Map 

for Zion (the plant center is located 

approximately at x=434.l, y=4699.4). 

The z coordinates are in units of feet 

these numbers indicate the rated sound 

pressure level for each siren at a 

distance of 100 feet, in dB. 

This file contains input data for each of the randomly 

selected listener locations as follows: 

Site No. 

Site Name 

x,y,z 

number assigned to each site for use 

by computer program. 

designator for listener site; the 

first letter indicates whether the 

site is urban or rural (U or R). 

these are the physical coordinates for 

the listener location; the x-axis is 

oriented east-west, the y-axis is 

oriented north-south, and the z-axis 

is oriented vertically. The x and y 

coordinates are in units of km, 

referenced to the grid shown on the 



Table 0.2 (Continued) 

Rural Road 

Table 0.3 ZIONSKY 

Feb. 1981 NRC Emergency Planning Map 

for Zion (the plant center is located 

approximately at x=434.l, y=4699.4). 

The z coordinates are in units of 

feet. 

this column indicates whether rural 

listener sites are within 1000 ft of 

major highway (NEAR) or beyond 1000 ft 

(FAR). This information is required 

for the selection of appropriate 

outdoor background noise levels. 

This file contains input data for each of the four sample 

scenarios as follows: 

Scenario No. 

AMOL 

WIND 

NRES 

number assigned to each scenario (see 

Appendix N). 

molecular absorption, in dB/1000 feet. 

wind direction in degrees (00 = wind 

from north, etc.) 

residential building outdoor-to-indoor 

noise reduction, in dB. 
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Table Q.3 (Continued) 

NCRM 

FI - F8 

FI = fraction of 

F2 = fraction of 

radio or TV. 

F3 = fraction of 

F4 = fraction of 

sleeping nor 

F5 = fraction of 

commercial building outdoor-to-indoor 

noise reduction, in dB. 

activity fractions. 

people outdoors. 

people indoors, at home, listening to 

people indoors, at home, sleeping. 

people indoors, at home, neither 

listening to radio or TV. 

people indoors, at work, in commercial 

establishments. 

F6 = fraction of people indoors, at work, in industrial 

locations. 

F7 = fraction of people in vehicles in urban areas 

at 30 mph. 

Fa = fraction of people in vehicles in rural areas 

at 55 mph. 
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Table Q.3 (Continued) 

INP 

PU30 

PR55 

MUL 

ADD 

Table Q.4 LISTENEROUTPUT 

indoor alert probability curve (see 

Fig. 5-4 of text). 

probability of alert for motorists in 

urban areas at 30 mph. 

probability of alert for motorists in 

rural areas at 55 mph. 

vertical profile of wind speed, B z, 
in ft/sec/ln ft. 

vertical profile of air temperature, 

a, in of/In ft. 

This listing provides the number, name and outdoor sound 

pressure level (LOUT, in dB) for the "dominant" siren at each 

sample listener location, for each of the four sample 

scenarios. The results are listed in numerical order for 

scenarios one through four for each listener site. 
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Table Q.5 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 PI through P8 corresponding to activity 

fractions FI through F8, 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 population followed by the total rural 

probability of alert (PTRUR), the total urban probability of 

alert (PTURB), and the total (population-weighted) probability of 

alert for the EPZ (PTALL). The total probability values are 

lissted in numerical order for sample scenarios ohe through four. 
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TABLE Q.2 (Continued) 
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6':; (I. Uu U 

74U.UUU 
74~,. U (I (i 
?~~'. UOU 
6';:tu. U U '-I 
700.uuU 
E,.20. UUU 
E,,2 o. u t) 1.1 
71~ •• OUU 
71~'. 0(11.1 
E,?4.UOU 
E,E, (t. 000 
7.2:: •• 0 U (t 
b 7~ •• u U U 
7'.2:,::. (I U U 
70~ •• uuU 
t:,';:'!: •• U IJ 0 
690.000 
E'~IO. UUIJ 
E.~,~,. ouu 
7~' U. (I U (I 
E,t:,:;::. U I) U 
6E,f:. IJ (I (I 
E,';:'O.OUU 
E,70.0UO 
?OU.UIJU 
t,t,U. UOU 
t,t,U. UUU 

l~~ 

1.25 
1.2~. 

1 ~:I 
11 ~, 
l.2~i 

115 
11~. 

l1~i 

1 ~!:. 
115 

11~, 

ll~; 

1.25 
11~. 

11~· 
11~. 

1.2:
l.i::~' 
l~:, 

1~~1 

100 
1.25 

1(1) 
1 .2~. 
1 i2~. 
1 i2~. 
1 c:~ . 
1~~· 
lUU 



TABLE Q.3 

S:('Hi:~ ftf'1Ol 1,0,11 r'il. ~,fl.' E :;:; ~iC"'f" t: 1 "".2 F':' ~, f4 F~, Ft;. f'"' .. H:: 
1 1 · (II) 1:;:: i) 1 t .• ~: 1 · · ~: U IJ · iUO · 04 (! · ;'::UO · .2:.:: U · U?U · U::,,.:: · 1)07 
~ 1 · 01.1 ~';::IU H .. ~; 1 · · I.i I) '-' · OUI.I · ·~:t I~I · UUU . · 1.1":: iJ · 01 I) · (I U·'" · (i U1 
':1 
~. 1 · UU ~:i2S ~:1 . .::1 · · U~IIJ · 14U · ouo · ~,t.1J · uuu · 000 · '::.2~: · O~'t: 4 ~. ou 02~'1 ..=: 1 . ~: 1 · · (11.11.1 · 00(1 · ·~~!O · (1(11.1 · 041.1 · 1.11 U · Ouu · 000 

HiP f'u:;:. U F'~~~'~! f'lllL HIll! 
1 1 . 0(,1.1 1- uuCI 4.t:?u .,..1 • 0.2 0 
1 l. OU(I 1- 00(· t-. :1.2 u u. ;;::t, I) 
,. 

1 • oou 1 uO(l 1.;'::? U .,.. 1.1 • ::'~I '-' -' . ~. 

1 l. ouu l. I) U (! 1;;::. 6~, u .,.. 1.1. t.:.:: (I 
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TABLE Q.4 

PROBOUT 

IS =~ LISTENER NAME SIR£N ::: SI~N Nf'tME LOI_IT 

1 U 1 '.- e 1:>._" R 1.,1:"'15 8;;'.;::. 
tA F 1.,1:"'14 81'.7 
." 0:::: t·,_, ~: 1 ... 1:"'15 E.E,'.6 
;::.4 R l,I:"'14 75'. (I 

'=' U 2 iSiS S: l,I:"'1 is ;:':.6'.6 .... 
iS5 F.: 1.01:"'15 0"-' ~ ,_tt-. ,_I 

.. -~ 
'="-' ~: 1.0.1:"'15 is;:::. 5 
'.- C' 1:>._" F.: 1 .• .1:"'15 c:l'. iE. 

~. . =. U ~. .; . ',- -. I::.c. ~: 1.,1:"'12 99'.9 
EIC: R 1.0.1:"'12 94.9 
62 ~: 1.,1:"'12 89'.9 
.... -. 
J::.c. ~: 1.1.1:"'12 9!:::-.4 

4 U 4 .:.:-,=: F.: "":"'13 r-I~' -. .: .... c. 
E.~3 R lo.l:"'13 97'.2 
6~3 ~: 1.o.I:...r;: f"""1~' -. c· ... c. 
E.~3 F.: l,I:"'13 95'.3 

5 U 5 iS1 R 1 .• .1:"'11 11)"0'. "0 
',- -. 
0·;· R 1.0.1:"'13 ~:7·. 4 
61 R 1.,1:"'11 95'. "0 
iS1 R 1.0.1-11 -'n' c: 

... CI. ,_I 

t. U is c: '.-. .:oJ::. R 1.,1:"'6 91'.4 
59 R 1.1.1:"'9 r=:E,'.4 
59 R 1.,1:"'9 8iS.4 
~ .. " ._1:> R 1 ... 1:"'6 88'.1 

-:0 U -:0 rr R 1.,1:"'5 91'.2 .. .. --1._, 
59 R 1.,1:"'9 92'.1 
~q '- -' R 1.0.1:"'9 92'.1 
59 ~: 1.,1:"'9 89-. '0 

c· 
'j U ::: ~'-._ I:> R 1 .• .1:"'6 1'08'.5 

5;::. R I.,.I:"'E. 1 "O~:'. 5 
5iS R 1.,1:"'6 11)8.5 
5'~ .1:> R 1.,I:"'iS 97".8 

9 U 9 52 ~: "":"'2 84.4 
~ .. " ._ I:> ~: 1 ... 1:"'6 Q~" ""? _, _I. I 

c·'·-._"1:> R lo.l:"'6 9~:·. 7 
56 R l\I:"'6 91'. "0 

1 (I U 1 '0 58 R 1.0./:"'8 91".5 
ro-. -":- R l,I:"'8 1'01'.5 
58 R 1.,1:"'8 1 (11'.5 
58 ~: ",:"'0 . ,_I 1 (1'0'. 2 
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TABLE Q.4 (Continued) 

11 R 11 24 ,-. 
~ •. IE:"':;: 8 .... · ...,. .;.::. c:. f 

5'=· • L- R 1,.1:"'2 85·.9 
~'=, ._L- R 1.,1:"'2 85·.9 
co,=, 
"_I&.- f<: 1 .• J:"'2 8(1·.8 

12 R 12 51 R t,I:"'1 92'.4 
51 f<: 1.,1:"'1 9T.4 
51 R 1.,1:"'1 ~:7·. 4 
51 R 1 .•. 1:"'1 95".5 

1~3 R 13 2·0 S: C E:"'2 (I 6 7'. E: 
26 f<' .. [,IE:"'6 86".2 
25 R ME:'" 4 75". {I 
26 R t,IE:"'6 E:1'. (I 

14 R 14 15 R CE:"'15 BE:'. 4 
25 R I.JE:"'4 8{I'. E: 
25 R 1.,IE:"'4 i::{I'.8 
15 R CE:"'15 84. tEl 

15 ~: 15 15 R C:E:"'15 84'.9 
20 S: CE:"'2"O OCr" 1..),_, • 0 
2"0 S: CE:"'2"O 8:::'. {I 
2"0 0:-. CE:"'2{1 86".2 .,;;. 

16 R 16 16 R CE:"'16A E:7". (I 

18 ~' .. J::E:"'18 r:::::'. 7 
18 R J::E:"'18 :::3'. 7 
16 R C:E:"'16A 82". "CI 

17 R 17 14 R CE:"'14 99·.9 
14 R CE:"'14 89·.9 
14 f<: CE:"'14 89'.9 
14 R C:E:"'14 98'. ~: 

18 U 18 14 R C:E:"'14 1 "oT. 2 
14 R CE:"'14 1 "oT. 2 
14 R J::E:"'14 ll)7'.2 
14 R CE:"'14 1 "06·.4 

19 U 19 49 ~. 1· ........ 92".1 . ..:. -c...::. 

49 S 1=-22 92'.1 
49 S 1:"'22 0-· ,-I", • 1 
49 S: 1:"'22 9 {f. 9 

2(1 U 2"0 49 0:-. .::. I' -..-. -c.c. 7 {f. 5 
liS R CE:"'16R 91·.3 
liS R C:E:"'liSA 91·. :;: 
liS R CE:"'16R 87'.7 
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TABLE Q. 4 (Continued) 

21 R 21 r-. 
c· f': CE:""8E: 85". "0 

17 R CE:""17 91· • ..... 
.~. 

17 R CE:""17 91·. ,:. ._. 
17 R CE:""17 C.I~· ""' ,...} I • ,. 

_.r-, 
c.c. U 22 1"0 R CE:""l"O Or-I" 

I_IC-a 7 
1 "(I F.: CE:""1 (I r"'.r"',' etc_. 7 
49 S: 1:""22 7"7' "7 , , . , 
1)) P C:E:""1 "0 84". ..... 

.;. 

':.I? 
~'_' R -.-. c..:.- 1 {I R CE:""l"O 92". 9 

..... R CE:""8E: C,C" . ro • . =. '_'0_1 • . =. 
~: P CE:""8B E:5E: 
,..., R CE:""8E: E:{I". ,:. .=, ._. 

24 R 24 E: R CE:"":;::B 9E,". ,:. ._. 
"7 R CE:""7A E:4". E. , 
c: R CE:""8E: 91·. ,:. ._. 
"7 R CE:""7A -:-,-," ""' , .. '='. ,. 

..... c:-
C-_1 R ..... c:-

e"._1 4{1 P- 1:""1 ~::: 7~·. '=' L.. 

6 R CE:""6 ~:1·. 7 
.:. R CE:""6 81·. 7 
6 R CE:""6 57". 6 

2E. R 2E. 4{1 P 1:""13 E17" . c:: ._' 
6 P CE:""6 54·. 1 
1::. R CE:""6 54·. 1 
..... P CE:""3 4 Cf ,::. . ;. _ .. L.. 

27 R -,"",-:-c.. 4(1 R 1:""13 E:{'". c: 
4{1 R 1:""13 95. E: 
4"0 p 1:""1 ::: 85". c· 

'-' 
4"0 F.' 1:""1 ::: 9~:·. c:-._' 

2~: R -.r. 4"0 R 1:""13 SlE:". 1 c·=, 

4"0 R 1:""1 ::: 78". 1 
4(1 R 1:""1 ::: rill' 

I~I=I. 1 
40 R 1:""1 ::: 

_ .. - . 
,:. ... c, • . _. 

'=-'=1 L.._. R ':IQ 
L.._. 34 R 1· ""' -,. oc:-· ,_,_I. '":0 ._. 

1 S: CE:""l 87". 0::' 
'-' 

1 0::-. CE:""l 87". 8 . .,;. 

1 S: CE:""l 85·. 9 

3"(1 R TO 34 R 1· ""' -,. 85·. ;; 
c:: ._' R CE:""5 88". 2 
5 R CE:""5 88·. ..... 

Co 

5 P CE:""5 83". 7 
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TABLE Q.4 (Continued) 

31 U 31 ~1 "'" .;;. 1~14 81". "0 
~1 S: 1~14 86". "(I 
47 ~~ 1~2"(1 82°.9 
41 .,.." . .::,. 1~1~ 83".8 

32 R -.-. .;'IC 9 R CE~9 112".9 
9 R CE~9 112".9 
9 R CE~9 112".9 
9 R CE9 112".4 

~::::: U -..... .j.:,. 46 S: 1~19 BE,'. 8 
44 R 1~17 89".1 

9 ~~ CE~9 85".3 
44 ~~ 1~17 :::5'.2 

~;:4 U ~:4 44 R 1~17 9"(1".2 
44 R 1~17 1 "0"0".2 
44 ~~ 1~17 1 "0"(1". 2 
44 ~~ 1~"17 98°.7 

.... .". 
.:'-"_1 U .... c-

.~._I 44 f;;~ 1~"17 1 "02".8 
44 R 1~17 92". ~: 
44 f;;~ 1~17 "1 "02".8 
44 ~~ 1~17 81".7 

3E. U 36 :::9 -=:-. 1~12 84'.5 .~. -.c--="0_1 R 1~8 9(1". 6 
44 F.~ 1~17 8E,'.7 -.c-
':"'-' f;;~ 1~8 87'.1 

~I""":' . ; ... U .... ,""':1 
':. ... -.c-

';"-' f;;: 1~8 9(1".2 
::::8 ~. 1~11 :::7'. (I . .,;. 
3E: S: 1~"1"1 :=:7'. '0 
~:8 s: 1~11 85". "0 

~:~: U ~38 -.c--='.J R 1~8 9"(1".8 
,,:,c· 
'-"-' 

.,.." .:;,. 1~11 8"0.7 
38 .,.." . .::,. 1~11 8"1)".7 
34 f;;' 1~7 7..,' ~ 

"" I I ._, 

39 U ~39 35 R 1~8 86".5 
~:4 R I" ~ -," 88".5 
~38 S: 1~n 81'.3 
34 R I" --{ 85".2 

4"(1 U 40 34 R I" --{ 1 "02".9 
34 R 1" ~ -," 1"02".9 
~:4 R 1~7 1"02".9 
~34 f;;: I" --( 1 (II". 8 

Q-14 



TABLE Q.4 (Continued) 

41 1I 41 35 R F-8 87".8 
35 R 1:"'8 1 (12".8 
35 R 1:"'8 ID2".8 
35 R 1:"'8 ID1".6 

42 1I 42 :::3 R 1:"'6 95".2 
35 R 1:"'8 87".5 
35 R 1:"'8 E:7".5 
-.co 
~"_' ~: 1:"'8 8::;". (I 

4":' U 4~' -.'j ~: 1:"'6 96". "0 "-' ":;. ':"'-' 

32 R 1:"'5 86'. ~: -.-. . :,..;, R 1:"'6 91". "0 
32 ~. 

"" 1:...5 82".1 

44 U 44 :::(1 R 1:"'3 97".8 
:::"(1 ~: I" -. -.~I 87'.8 
30 R 1:""3 87".8 
3l) R 1:....~3 96". "0 

45 R 45 3"0 R 1:"'3 8~:". ~3 
,=.'=1 
.... J R 1:"'2 9(1".8 
~Q L. 0" R 1:""2 9(1".8 
'='Q 
.... 0" f:!: I' -. -.:. 87'.3 

46 R 46 29 R 1:"'2 95".9 
29 ~: r-' -.:. 95".9 
31 R 1:"'4 89".3 
':'Q 
.... J R 1:""2 93".7 

47 U 47 3{1 R l' -. -.~I 89". {I. 
~'::D R I=-3 99". l) 
~:(I R 1:"'3 99". "0 
311 R I" ~. -.~. 77·.~ 

48 U 48 :::{I R I" ~. -.:.. 71".2 
:::{I R 1:"'3 91".2 
~:'O ~: I" ~. -.:J 91".2 
~ ...... 
c.c· ~: 1:"'1 79'.7 

49 U 49 28 R 1:"'1 1 (11". 5 
28 R 1:"'1 1 l)1 ". 5 
28 R 1:"'1 96".5 
28 f:!: 1:"'1 1 {Ill". 2 

5"0 U 5"0 28 R 1:"'1 1"03".4 
28 R 1:"'1 93".4 
28 ~: 1:"'1 98".4 
28 R 1:"'1 1 "02".4 
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TABLE Q.5 

PROBS 
P1 P2 

L...1STENEP. 1 
1". "(11)"0 
1".01)1) 

1". (1"00 
1". (1(1(1 
1".0(1"0 I". "0"0"0 

1". 1)"(1l) I". (1"(1l) 

L:I STENEP. 2 
I". (1(1"0 1". "(1"0"(1 
1 ". 1)"0(1 I". "0"0"0 
1 ". (1"0"0 1 ". "(1"0"(1 
1". 0"00 1". "(1"0"0 

L."I STENE~ ~: 
1". "(1"0"0 I". "Ol)(1 
I". {I "(I {I 1 ". (I "0 0 
1". "0"0)) I". (1l)"O 
1 ". "0"(1"0 1 ". 1) (Il) 

LISTENER 4 
1". "0))"0 1 ". ))0"0 
1. (1l)"0 1 ". "0 (I"O 
1 ". "0)) {I 1 ". {1l)"0 
1". {I"O{I 1". {I"(I(I 

LISTENE~ 5 
I". "On"O 1". "(1"0"0 
1 ". ))"0)) 1 ". (I)){I 
1. (1"1)(1 I". {n){1 
1 ". O"O{I I". "0"0"0 

LISTENE~ 6 
1". (I{I"O 1". "O{I"O 

1 ". "0"0"0 1 ". "O{I"O 
1". "O{n) <)1". (10"0 
1". "O{l"o 1". {nlO 

LISTENEP. 7 
1 ". {I"O"(I 1 ". "(n)"o 

1". 1)0"0 l".llO{1 
1". (1"0"(1 I". no"O 
1. {I "0 It 1 ". "(I "(n) 

LISTENEf"! 8 
1 ". "0"0"0 I". {I"(I"O 
1 ". {I "0 "0 1 ". (I"(I"(I 

1".1)"01) 1"."0"0"0 
I". "o{I(I I". 0(1"0 

LISTENEP. 9 
1". "(1(1"0 I". (Il)l) 
I". (1(1"0 
1 ". "0"0"0 
1". "00"0 

LISTENE~ 

I". "1)"0"(1 
1".1)llO 
1". 0"(10 
1".0(10 

I". (1"0"0 
I". "0"0(1 
I". (1"0"0 

1"0 
1". "0(1"0 
1 ". (1"(1"0 
1". "O{ro 
1". (1"(1"0 

P3 P4 

"0". 73"0 I". "0"0"(1 
"0".67"0 {r.985 
"(I". 181 "(r.133 

"0". 545 (I". 909 
"Il. 728 I". {I(I"O 
{I". 178 ll. 129 
"(I". 452 (I". 825 

"(I". 860 1 ". "(I"Ol) 
"(1".816 1".1}0"(1 

"1)".691 {I". 989 

(I". 736 1 ". l)l)l) 
(I". 8~:::7 1". "0(1(1 
0".54"0 "(1".771 
(r. E.52 "I)". 98"(1 

"(I".8E.l I". (I"I)"O 
"I)". 738 I". (11)"(1 
{r.649 (r.925 
"0". 4"0 {I "(I". 752 

"0". 781 1". (rO"(1 
"I)". 727 1". (n)"O 
(1".527 "C1".7,*"7 
"0". 552 "I)". 929 

"0". 779 1". (l0"(1 
"I)". 789 1 ". "0(1"1) 
0".61 (I "(r.881 
"(I". 5E.6 0". 939 

(1". 922 I". "0))"0 
"0".888 1". "0"0(1 
"(I". 8(12 1 ". (n)"o 
0".684 "0".988 

0". 7))4 "I)". 998 
ll.8"O4 I". (rO(1 
(r. 6~:1 (1".9{17 
{I". 594 )}. 956 

0". 782 1 ". "(1"0"0 
"(I. 873 1". "(1"(1"0 
"I)". 728 0". 979 
"I}. 713 1". "0"0(1 

P5 

1". "000 
"0".937 
"0". m)"O 
(1".661 

"(I". (1"0"0 
I". (I"(Il) 
{I". "0"(1"0 
"0".935 

I". "000 
1. "(1"(10 
1". ))"(1"0 
I". "(1"0"(1 

I". ))(11) 

I". "0"0"0 
1". "(10"(1 
1". "0"(1"(1 

I". {I"O(l 

I". "(nlO 
1 ". "0"(1"(1 
{I". 841 

I". (I"O{I 
1". (1(10 

1 ". "0(1"1) 
1 ". (1"0"(1 

1". "o(!{I 

1". (!{I"o 

1".000 
1". {I"I)"O 

I". {I(I"(I 
I". (1"1:1"0 
1". "(1"0(1 
1".0"0(1 

(1".999 
I". ))(1"1) 
1". "0(1"0 
1". (1(1"0 

1". (1"(1"0 
I". "0(1(1 
1". (1"0"0 
I". (Il}O 
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PE. 

1". Om) 
I". "0(1"0 
I". (I)))) 
1". "0(1"0 

I". ))(1"0 
1". "0"00 
1". (1"0"0 
1". (1"0"0 

1".0(1(1 
1". (1))"0 
I". (I{I"O 
1". (1(1)) 

I". ))"0)) 
1". (100 
1". "(1"1)"0 
1 ". "(0)) 

1". (1"0 {I 
1". "O{I"O 
I". 0(1"(1 
1".00(1 

I". (1(10 
I". (1"0)) 
I". "000 
I". (1(1"0 

1". "0(1(1 
I". "0(1"1) 
I". (11)(1 

1". "0"0"0 

1". "0"0"0 
1". "0"0"0 
1". (1(1(1 
I". (1(1"0 

I". "O"Ol) 
1". (n}o 

I". (1(1"1) 

I". "0(1"0 

1".0(1"0 
1". "1)"1)"0 
I". (n)(I 

1". (1"(1"0 

P7 

I". "0"(1"0 
I". "1)"0(1 
1"."0(1)) 
1". "(1"(1"0 

I". ))"Ol) 
1". (1"0(1 
1". {I"I}O 
1". "(n)"o 

1". (ll)O 
1 ". (I {I "(I 

1 ". {I))"(I 
I". {n}o 

1 ". "(1"0(1 
1 ". "0"(1(1 
1 ". (1(1(1 
I". "0 {I "0 

I". ))"(1"0 
1". ))"O{l 
1". ))0(1 
1 ". "(1(1(1 

I". (I(I{I 
1". (1"0"0 
1".0(1(1 
I". "(ro)) 

1". "0"0)) 
1". (1"01) 
1". {I"I)(I 
1". 0"(1(1 

1". "0"(1"0 
1 ". ))"O{I 
1". "(11)(1 
1". "(I {I {I 

1". (I"O{l 
1 ". (1{1l) 

1". "(1"1)"0 
1". )){IO 

1 ". "Ol))) 
1". "(I {I "(I 

1". "0(1"0 
1". "o(ro 

P8 

1". "0"0"0 
1". "o"o{I 

1". "0"0(1 
1". "(1l:I"0 

1". (I)))) 
1 ". ))"0)) 
I". "O{l)) 

1 ". {rO{1 

1 ". "O{I"O 
1 ". ))))"(1 

1". "0(11) 
1". (ro)) 

1 ". {I"01) 
I". (I"O{I 
I". ))(1)) 
I". (11)(1 

1".O(I{1 

1 ". "0"0"0 
1 ". 0"(1(1 
I". (1(1(1 

1 ". "0"0"0 
I". "I)(ro 
I". ))))0 

I". {I('-O 

I". ))))"(1 

1". l)l)(I 
1". ))(1(1 
1". "0 (I {I 

1". "0))(1 
1 ". (1))(1 
1". 1)"0(1 
1". (I(I{I 

I". i)"(I"O 
1". "(ro)) 

1". "0"(10 
1". "(1'0"(1 

I". "oi)i) 

1 ". "oi))) 
1". "O{I)) 

I". i)))"O 

PT 

"0".9892 
"0".6851 
"0".5152 
"(1". ~3585 

{I'. 7:::::::7 
"1)".7413 
"0".5134 
"('-.4770 

"0".9944 
{I'. c:248 
(1". 9"O9~: 
)r.7"062 

{I". 9895 
"(1".8455 
(I'. E;728 
(1".6695 

"1)".9944 
i)". 7514 
"1)".9592 
i}.4241 

(1".9912 
(I". 74(1~: 

i)".8592 
1)". ~,748 

"1)".9912 
'0'. 799~3 
"0".9346 
"(r.588(1 

"1)".9969 
{I". 89'35 
I". "0 {I 1 "0 
0".7i}02 

))".9876 
(1".8141 
"I}. 9491 
"0".6146 

{I". 9913 
))".8792 
"ll.989"O 
(1'.7273 



TABLE Q.5 (Continued) 

LISTENER 11 
1'. '0(10 1'. (11)(1 {I'. 753 1'. (1(11) 1'. '0'0(1 1'. 'O{I'O 1'. '0'0'0 1'. "(1"(1"0 '0'.991)1 
I". '0'0"(1 1'. "0(1)) 1)".721 1'. "0'0'0 1'. ))1)1) L (IO{I 1'. '0'0'0 1". '0'0'0 1)". 734E. 
1'. '01)(1 1'. 'O'Ol) (1'.519 1)".732 1'. '0'0'0 1. (n:ro 1'. 'O))l) 1". '0(11) "0".85(17 
1'. 'O(Il) I". l)))1) '1)".439 (1'.8"07 '0'.91 & I". "01)(1 I". (Il))) I". "(I(ro "cr. 4&34 
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