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ABSTRACT

This report presents evaluations of the prompt notification siren systems
at the following fotar U.S. nuclear power facilities: Trojan, Three Mile
Island, Indian Point, and ' Zion. The objective of these evaluations was to
provide examples of an analytical procedure for predicting siren-system
effectiveness under specific conditions in the 10-mile emergency planning zone
(EPZ) surrounding nuclear power plants. This analytical procedure is
discussed in report number PNL-4227.
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SUMMARY

}
The purpose of this study was to provide examples of the analytical

procedure developed in PNL-4227 for the evaluation of the effectiveness of
siren systems for alerting the public in the vicinity of a nuclear power
plant.

.

'

Evaluations of. the prompt alerting siren systems at four U.S. nuclear
'

power facilities are presented in this report. These facilities are Trojan,
' Three Mile Island, Indian Point, and Zion. Site-specific information was used

for each system evaluation. The analytical procedure is summarized and
,

details of computations for each evaluation are given.
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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 (11.

Because the analysis procedure evolved over the course of

the four above evaluations, some of the calculations dif fer

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 of outdoor noise

environments was not warranted, and therefore subsequent analyses
used a more generalized estimation procedure for outdoor detecta-

bility.

1-1
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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.
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2. EVALUATION OF THE PROMPT ALERTING SYSTEM FOR THE
TROJAN NUCLEAR POWER 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 .nalysis 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. Furthe rmore , 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)

2-1
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TABLE 2.1. SUUUGARY OF TROJAN SIREN SYSTEN EVALUATION RESULTS.

Chance ~ of Alert
Population-Scenario Urban P"ral Weighted Averagea

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}
f
L 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,

l
|

|

2-2

i



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-A -Aair - Aatm's

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

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

is the distance attenuation (dB), Athe siren at 100 ft (dB), Ad s
is the air absorption (d B) ,is shielding attenuation (d B ) , Aair

and A is the atmospheric attenuation caused by wind andatm
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 0 100 ft=

Stationary Model STA10 or STL10 sirens 115 dBC @ 100 ft=

Stationary Model 5 sirens 107 dBC 0 100 ft=

Stationary Model 2 sirens 102 dBC @ 100 ft=

Stationary Model LCS-1 sirens 86 dBC 0 100 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

2-3



calculated by assuming sound propagation from an acoustic point
source with a reduction of 6 dB per distance doubled. It is

calculated as follows:

d
A = 20 log 10I I 'd l00

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

Shielding attenuation (A) is estimated based on the degrees
of break in the line-of-sight froa 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 ef fects

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 J 000 ft was assumed for all cases.
Thus,

0.8d
Aair = 1000 '

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).

2-4
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TABLE 2.2. METEOROLOGICAL CONDITIONS FOR THE FOUR SANPLE
SCENARIOS USED '10 EVALUATE THE TROJAN SIREN SYSTEM.

Relative
Scenario Tempera ture Humidity Temperature

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

1 10 mph from the north through- -2 C/100 m; 50 75
out the region, except upslope Class A i

in the canyons
,

2 5 mph from the south in the +1 5 C/100 m; 90 55
river valley, downslope in t.he Class E
canyons

3 3 mph from the south, calm in +1 C/100 m; 80 55
the canyons Class E

h 15 mph from the south, 5 mph +1 C/100 m; 90 35
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.

2-5
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The adjustment for atmospheric gradient ef fects (Aa tm) 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 A f0Eatm
each scenario at the Trojan site. A more detailed description of

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

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

2-6
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TABLE 2.3. ATNOSPHERIC ATTENUATION (A,g) CAUSED BY WIND
AND TEMPERATURE GRADIENTS

Sample Listener Site Siren-to-
Scenario Postion with Respect Listener Aatm

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

Upwind 0 - 1000 0
1000 - 2000 10

>2000 20

Crosswind 0 - 4000 0
>4000 10

Downwind (all) 0

Upwind 0 - 1000 0
1000 - 2000 10

2 >2000 20

Crosswind (all) 0

Downwind (all) 0

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

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 4 = 45 - 135
Upwind for & = 135 - 180 .

2-7
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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 (oucside 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 and/or urban sample listener sites.

Note that all estimates assume siren signal duration of 4 j
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

2-8
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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 S/N 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-awaken.ing model |
developed by the U.S. Environmental Protection Agency ( 51 The

graph used for estimating the chance of alert during sleep is

shown in Fig. 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 1-minute

ste+1stical 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 1-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 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

2-10
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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 34 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 distributicn 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 "natura.1" 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 pieduce their estimated sound level during about one
,

2-12
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i TABLE 2.4. SIREN ALERTING ABILITY FOR GENERALI2ED CATEGORIES OF
'

OUTDOOR ENVIRONNENTS.
.

'
(

Median Alerting Level (dB) Applicable Distribution'
Rota ting Sta tionary Ro ta ting Sta tionary

Genera 11 red Background Stren 51ren Siren Siren
I Noise Environa.ent (4 min) (4 min) (4 min) (4 min)

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

I B. Pemote from Major Traffic Artery kB k6 No. 5 No. k j

II. RURAL
A. Within Vlev of Major Noise Sources

1. Highway I-5: 63 61 No. 6 No. k
2. Highway US-30' k8 h8 No. 6 No.k
3. Port of Longview $3 $2 No. 3 No. 2'

B. Remote fran Major Noise Sources .

'

1. No Wind or Water Flow Noise k1' bl No. 3 . No.1
2. Subject to Wind Noise D kk No. 5 No. 3
3. Subject to Vater Flov Noise' $7 $7 No. 1 No. 1

II?.. INDUSTP1AL' 55 Sk No. k . No. 2

NOTES:
- 1. See Fig. 2-3.

2. Alerting levels ayply for sites within $30 ft, with view angle (0) of 190' to highways
beyond $00 ft levels should be reduced by 101cata (D/500). where D = dist. fran highway

< in fta for view angles less than 180', levels should be further reduced by 101o610 (100/0)=
3. Alerting levels apply for sites within 1600 ft. with view angle (6) of 180' to highways

- beyond 1600 ft, levels should be reduced by 10 logne (D/1600). where D = dist. from highway '
,

in fts for view angles less than 180', levels should be further reduced by 10 logne (180/0).
k. Alerting levels apply at 300 ft from stream; for other distances a!just levels by 10 legte

( 300/distanc e) . t

#

$. Alerting levels apply at 1000 ft frca sourwe; for other distances adjust l'evels by 20 lostej

(1000/ distance).

,

,

k

.

4

|
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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 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

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. ASSUNED ACTIVITIES AND BACKGROUND NOISE ENVIRONMENTS
FOR PEOPLE INDOORS.

--

Percentages of People Engaged in Various Activilles Indoors (1)
Indoor Noise Environnent

Atflate Listening to Obviously Busy and Obvinusly
Scena rio of Business TV/ Radio Sleeping Noisy Active' Isolated' Quiet *8

15 to PS50 -- --1. Wars Disoner Weekend --

Day (clear to partly
clowty)

2. 6tsweer Weekov Night 5 -- 95 -- - -- --

(clear to partly
cloudy)

5 50 70 53. Winter Weekday During 20-- --

f:vening Cwuting
llours (cool, damp,
overcas t)

b. Winter Nirjat During 5 -- 95 -- -- -- -.

Ilmins tnrin

f

N0f t31
1. Vacusse cleaning, dichwasher, shower, verit fan run, etc ,

P. Dinner conversation, kitchen work, playing muule, children at play, etc.

3. Noise-producing activity in adjotent ronm sof t background music, etc.
%. Heading, study, eating alone.
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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 casas, essentially all nighttime work was assumed to occur

in industrial environments and none of these people is likely to

be alerted because of~buildino attenuation and high background

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

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

possible that these people woulu 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:

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

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

2-19
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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 4,785

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
Whicle vehicle legl. Signal Petx. Alert Travel Avg. Siren Chance

!@eed Window for Alert Dist., R dist. , d Spacing, L of Alert
Area (nph) (bndition (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

2-20



- _ _ _ _ _ - _ _ _ _ _ _ . _ _ _ _ _ _ .______ ___________________ _ . _ __ _ __ . _ _ -

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 particolar 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

3-1
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TABLE 3.1. SUlulARY OF '198I SIREN SYSTEN EVALUATION RESULTS.

!

4

I
i

Chance of Alert

Scenario Population-4

Urban Rural Weighted Average *
No. Description (%) ,(%) (%)

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

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

f.

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

!

4 Winter Night

; (during snowfall) 66 42 49

:

1

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

1

!
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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 til 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-A -Aair - Aa tm 's

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

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

the siren at 100 ft (dB), A is the distance attenuation (dB), Ad s
is shielding attenuation (dB ) , Aair is the air absorption (dB ) ,
and A is the atmospheric attenuation caused by wind andatm
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

3-3
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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:

d
d= 20 log 10 I IA 'l00

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 [ 21 :

/2nN
20 log + 5 dB for N > -0.2A =

s
tanh /2nN

0 dB for N < -0.2=

N is the Fresnel number (d imensionless) :

N=if(A+B-d)
Where 1 = 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 receiver, ft

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

line-of-sight)

3-4
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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 A is evaluateds
by replacing N with |N|, 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 neight of 5 f t above

terrain level, and barrier heights are obtained from ground

contour information on USGS maps.

The adjustments for air absorption and atmospheric ef fects

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 Aair (dB per 1000 ft)

1 n.88

2 0.79

3 0.55

4 0.64

The adjustment for atmospheric gradient ef fects (Aati) 18i

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

*Three Mile Island Nuclear Station Unit 2 Enviror. mental Impact
Re por t , Chapter 2.

3-5
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TABLE 3.2. METEOROLOGICAL CONDITIONS FOR '11tE FOUR SAMPLE
SCENARIOS USED 1D EVALUATE THE TMI SIREN SYSTEM.

Relative
Scenario ' Temperature Humidity Temperature

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

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

2 5 mph from the northwest +0.5 F/100 ft 80 - 65
Class E

3 3 mph from the southeast -0.5 F/100 ft 70 40
Class D

4 15 mph from the west -0.5 F/100 ft 90 25
Class D

*At 100 ft above ground level.

-
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and on wind and temperature gradient' characteristics. Table 3.3

summarizes the calculation procedure . for determining Aatm ff

each scenario at the-TMI site. A more detailed description of

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

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 vindows 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 ATNOSPHERIC ATTENUATION, A g,
CAUSED BY WIND AND TEMPERATURE GRADIENTS
(SEE APPENDIX D FOR DETAILS).

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

D 1 1.2 X o 0

1.2'Xo < D 1 1.7 X 5o
1.7 X < D 1 2.4 X 10o o
2.4 X < D 1 3.4 X 15o o
3.4 X <D 20o

Computation of Xo

X~ .f 1057/[eScost-ao

Scenario 1 2 3 4

Wind Direction, O 90 315 135 270w

AT F (150'-50') -1 +0.5 -0.5 -0.5

a = ae = AT/(In 150'-1n 50') -0.91 +0.46 -0.46 -0.46

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

e8 - V /(In 100' - in 2') 1.87 1.87 1.12 5.6
2 ' % 2

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

f(R/S) 0.45
r _A _,

X, (min) @ $ = 0 634' 890' 840' 429'

$c = Cos-1() 119 76 114 95
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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

3-9
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(S/N) difference in the 630-Hz 1/3-octave frequency band. The

chosen criterion for alerting is that the given signal level must

be 9 dB or more above the minimum background noise level at any
time during a 4-minute period for people who are not sleeping
(i.e., a S/N 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. 3-2, for the Three Mile Island analysis, the curve

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

3.4 Alerting People Out of Doors

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

of doors, background 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 1-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 general categories. In each category,

the siren sound level necessary to alert is 9 dB greater than the

minimum background noise level that could exist in any 4-minute I

period (1 minute for rotating sirens), adjusted for the probabil-

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

3-11
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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 traf fic artery. Table 3. 4 indicates that the

median alerting level at such locations is 54 dB and that the ap-

plicable distribution on Fig. 3-3 is No. 5. The siren level minus

the median alerting level is 53 - 54 = -1 dB. From distribution

No. 5 on Fig. 3-3, we read 24% probability of alerting at -1 dB.

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

treated as 100%, and those less than 1% are treated as 0%.

Outdoor background noise in urban areas and along rural

roadways is caused predominantly by motor vehicle traf fic. 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

3-13
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TABLE 3.4. SIREN ALERTING ABILITY POR GENERALIZED CATEGORIES OF
OUTDOOR ENVIRONNENTS.

IMedian Alerting Level (dB) Applicable Distribution

Rotating $tationary Rotating Stationary
Genera 1(red Background Siren $1ren Siren Siren

Noise Environment (4 min) (4 min) (4 min) (4 min)

1. l'RBAN

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

11. RURAL

A. Roadway

1. Limited Access Highway 63 61 No. 6 No. 4
3 51 50 No. 6 No. 42. Other Highway

B. Non-Roadway

1. No-Wind Noise 28 27 No. 3 No. 1
Subject to Wind Noise $ (See Note) (See Note) No. 5 No. 32.

111. INDUSTRIA1 55 54 No. 4 No. 2

NOTES:
1. See Fig. 3-3.

2. Alerting levels .pply for sites within 500 f t, with view angle (0) of 180* to highway; beyond 500 f t,
levels should be reduced by 10 log 10 (D/500), where D=dist. f rom highway in it; for view angles less
than 1800, levels should be further reduced by 10 logio (180/0).

3. Alerting levels apply for sites within 1600 f t. with view angle (0) of 180 to highway; beyond 1600

ft, levels should be reduced by 10 loggo (D/1600), where D=dist. from highway in it; for view angles
less than 180", levels should be further reduced by 10 log 10 (180/0).

a. Wind Speed < 1 mh.

5. Median Alcrting Level (with wind) = Median Alerting Level (no wind) + 1*e log 0 *
'

1where S = average wind speed in sph.
6.

Alerting levels apply at 1000 ft from source; for other distsaces adjust levels by 20 log 10 (1000/ distance).

3-14
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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, estilaated siren

sound level, background noise category at the listener site, and

test-case ' conditions are used in conjunction with Table 3.4 and

Fig. 3-3 to estimate the chance of siren detection outdoors.

3.5 Alerting People Indoors

For the analysis of alerting people indoors at home, three

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

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

3-16
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TABLE 3.5. ASSUMED ACTIVITIES AND BACKGROUND NOISE ENVIRONMENTS
FOR PEOPLE INDOORS.

Percentages of People Engaged in Various Activities Indoors (%)

Indoor Noise Environment

At Place Listening to Obviously Busy and )bviously
Scenario of Business TV/ Radio Sleeping Noisy' Active Isolated' Quiet'8

1. 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 Durini -- 20 -- 5 50 20 5
Evening Commuting
Hours (cold and
overcast)

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

Snow f all

NOTES:

1. Vacuum cleaning, dishwasher, shower, vent f an on, etc.

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

3. Noise-producing activity in adjacent room, sof t 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 baa 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:

C = 2R d 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

3-18
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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

minute > (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.

TPBLE 3.6. SIREN ALERfDC POR M710RISTS.

4-tain
Vehicle vehicle 143g3. Signal Max. Alert 'Iravel Avg. Siren Ganoe

Speed Window for Alert Dist., R dist. , d Spacing, L of Alert
Area (nph) Wndition (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 lu,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 dif ferent " 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 ef fects

(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. Furthe rmore , sirens should be chosen

4-1
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TABLE 4.1. SUMMARY OF INDIAN POINT 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) 98 93 95

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

3 Winter Weekday Evening
(cold e.nd overcast) 91 78 83

4 Winter Night
(during snowfall) 63 53 57

* Based on a total urban population ofl10,928 and a total rural population
of 146,454.

4-2
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such that they are distributed north, south, east, an6 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(listener) = L(siren) -Ad-As -bair - Aatm'

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

the listener site (d B ) , L(siren) is the rated sound pressure
'

level of the siren at 100 ft (dB), A is the distance attenuationd
(dB), A is the shielding attenuation (d B ) , Aair is the airs
absorption (dB), and A is the atmospheric attenuation causedatm
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:

Ad = 20 log 10 (100' '

;

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

4-3
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Shielding attenuation (A) is estimated using the followings
formula 'for. the attenuation of a rigid straight barrier for . sound

incident from a point source [2):

f2iR
As= 20 log + 5 dB for N > -0.2

tanh /77H
0 dB for N < -0.2=

(

N is the Presnel number (dimensionless):

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

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

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

barrier between 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 A is evaluated-s
by replacing N with |N|, 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 narticular scena- i

rio. The assumed conditions for the Indian Point site are

4-4



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 [31

Scenario Aair (dB per 1000 f t)

1 0.85

2 0.81

3 0.49

4 0.46

The adjustment for atmospheric gradient effects (Aa tm) 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 A fratm
each scenario at the Indian Point site. A more detailed descrip-

tion of the estimation procedure for A can be found in Appen-atm
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

site 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 'IO EVALUATE THE INDIAN POINT
SIREN SYSTEM.

Relative
Scenario Temperature Humidity Temperature

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

1 10 mph from the SSE; from -1.00F/100 ft 65 80
the south in the river Class A
valley

2 6 mph from the NNE; from +0.5 F/100 ft 80 70
the north in the river Class E
valley

-0.5 F/100 ft 70 300
3 10 mph from the northwest

Class D

-0.5 F/100 ft 90 300
4 15 mph from the southeast

Class D

*At 100 ft above ground level.
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TABLE 4.3. CALCULATION OF ATMOSPHERIC ATTENUATION, A, g ,

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

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

D 1 1.2 X o 0

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

oo<D 203.4 Xn
,

Computation of Xo

I= .f 1057/[eSCos$-ao

Scenario 1 2_ 3_ 4

Wind Direction, O

General 157.5 22.5 315 135

Valley 0 180 - -

AT F (95'-7') -0.9 +0.44 -0.44 -0.44

a = os = AT/in 95'-in 7') -0.35 +0.17 -0.17 -0.17

Wind Speed, V ft/sec@l00ft 14.7 8.8 14.7 22
2

z B = V / (In 100 ' - In 2 ' ) 3.75 2.25 3.75 5.62 )2 y v
R/S 0.1

5
f(R/S) _

I522' 633' 534' 439
X, (min) @ $ = 0

0

&c = Cos" (f) 950 85 93 92
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levels are then obtained by subtracting typical valuet 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

4-8
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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

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

chosen criterion for alerting is that the-given signal level must

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

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

(i.e., a S/N 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 concisted of statistical summaries of background noise at

various types of locations. The summaries provide the L (sound90
level exceeded 90% of the time) for 1-minute samples of data in

the 1/3-octave frequency band centered at 630 Hz.*

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

4-10
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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 ef fect 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 1-minute statistics

rather than on 4-minute statistics.
,

j
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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

l1-Minute Period ,2 (dB)

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

II. RURAL-DAY
(Except Rural
locations within 17-48 i

1000 ft. of major
roadways)

NOTES:

1. Refers to the range of the minimum (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).

4-13
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4.5 Alerting People Indoors

For the analysis of alerting people indoors at home, three

types of4Ehtivities 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.

4-15
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TABLE 4.5. ASSUNED ACTIVITIES AND BACKGROUND NOISE ENVIRONNENTS
FOR PEOPLE INDOORS.

Percentages of People Engaged in Various Activities Indoors (%)

Indoor Noise Environrnent

At Place Listening to Obviously Busy and 3bviously
Scenario of Business TV/ Radio Sleeping Noisy . Active !solated' Quiet'8 s

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

, artly cloudy)p

2. Sumr Weekday Night 4 -- 96 -- -- -- --

(clear to partly
cloudy)

3. Winter Weekday During -- 20 -- 5 50 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 music, children at play, etc.
3. Noise-producing activity in adjacent room, soft background music, etc.
4. Reading, study, eating alone.

i
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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 fo'. lows:

C = 2R+d 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 ir. 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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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 N and

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

0. 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 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 ef fects

(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

5-1



TABLE 5.1. SUMMARY OF ZION SIREN SYSTEM EVALUATION RESULTS.

Chance of Alert

Scenario Popul ation-
Urban Rural Weighted Average *

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

1 Wam Summer Weekday Af ter-
noon (clear to partly cloudy) 97 96 97

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

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

precipitation)

4 Winter Night
(windy) 59 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 - Aa tm '

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

the listener site (d B ) , L(siren) is the rated sound - pressure

level of the siren at 100 ft (dB), A is the distance attenuationd
(dB), A is the shielding attenuation (d B ) , Aair is the airs
absorption (dB), and A is the atmospheric attenuation causedatm
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.

115 dBC @ 100 ftACA Stationary Sirens =.

The rated sound pressure levels for existing sirens to be

employed in the Zion system were taken to be 125 dBC for rotating

5-3
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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:

Ad= 20 log 10 '

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 /77R
0 dB for N < -0.2=

N is the Fresnel number (dimens ionless ) :

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

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

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

barrier between 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)

5-4
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When N is negative, the above equation Ior A is evaluateds
by replacing N with |N|, 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 f t above

terrain-level, and barrier heights are obtained from ground

contour information on USGS maps.

The adjustments for air absorption and , atmospheric ef fects

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 Aair (dB per 1000 ft)

1 0.85,

2 0.85

3 1.0

:! 4 2. 0

The adjustment for atmospheric gradient ef fects ( Aa tm) is
based on siren-to-listener azimuth with respect to wind direction

and on wind and temperature gradient characteristics. Table 5.3

sumnarizes the calculation procedure for determining Aa tm fr

e-J. acenario at the Zion site. A more detailed description of

the estimation procedure for A can be_found in~ Appendix D.atm
i
:

|

:

* Commonwealth Edison, Zion Nuclear Power Station Weather Data
Records.

,
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TABL3 5.2. METEROLOGICAL CONDITIONS FOR THE FOUR SAMPLE
SCENARIOS USED 'ID EVALUATE THE ZION SIREN SYSTEM.

Relative
Scenario Temperature Humidity Temperature

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

I

1 ilmph from the southeast -1.30F/90 ft 60 71

2 12 mph from th3 WNW +1.10F/90 ft 60 70

3 11 mph from the NNW -0.70F/90 fe 95 17

0-0.8 F/90 ft 76 134 33 mph from the WSW

*At 125 f t above ground level.

,
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TABLE 5.3. CALCULATION OF ATNOSPHERIC ATTENUATION, A, g ,
CAUSED BY WIND AND TENPERATURE GRADIENTS (SEE
APPENDIX D FOR DETAILS).

Siren-to-Listener
Distance, 0 (Ft)
Relative to Xn (Ft) Aatm (dB)

D 1 1.2 X o 0

1.2'X, < D 1 1.7 X 5o
1.7 X, < D 1 2.4 X, 10

2.4 X, < D 1 3.4 X 15

3.4 X <D 20
o

Computation of Xo

I= f 1057/[sBCose-a.o

|

Scenario 1 2 3 4

Wind Direction, 0, 130 290 3280 25100

AT F (125'-35') -1.3 +1.1 -0.7 -0.8

a = az = AT/(In 125'-In 35') -1.02 +0.86 -0.55 -0.63

Wind Speed, V ft/s @ 125ft 16.3 17.2 15.8 48.4
2

V ft/sec @ 35ft 10.1 8.9 11.6 32.3
3

Z8 = (V ~Y )/(in 125' - In 35') 4.87 6.52 1.27 12.652 l t -y a

R/S 0.1

f(R/S) 0.45
e e-

Xo (min) @ $ = 0 436' 444' 784' 290'

()& = Cos 1020 820 1160 930c

5-7
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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 er.ception 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.

5-8



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) dif ference in the 630 Hz 1/3-octave frequency band. The

chosen criterion for alertin_ is that the given signal level must

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

5-9
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time durir.g 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

(sound leveltypes of locations. The summaries provide the L90
exceeded 90% of the time) for 1-minute samples of data in the

1/3-octave frequency band cantered 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 L was used as a conservative estimate of the minimum sound90
level
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TABLE 5.4. MINIMUM BACKGRGUND NOISE LEVELS FOR GENERALIZED
CATEGORIES OF OUTDOOR ENVIRONMENTS (SEE FIGS. 5-3
AND 5-4 POR DISTRIBUTIONS).

Generalized Background RangeofMinimumgackground
Noise Environment Noise Levels (dB)

1-Minute Period 4-Minute Period

4
I. URBAN-DAY

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

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

NOTES:

1. Refers to the range of the minimum (L90) 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. 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 Pigs. 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 ef fect 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 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

s i t.e , 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 locstions, it has been

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

means of communication other than sirens.

5-17
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TABLE 5.5. ASSUNED ACTIVITIES AND BACKGROUND NOISE ENVIRONNENTS
FOR PEOPLE INDOORS.

Percentages of People Engaged in Various Activities Indoors (1)

Indoor Noise Environment

At Place Listening to Obviously Busy and )bviously
Scena rio of Business TV/ Radio Sleepini Noisy' Active' Isolated' Quftt'

!. 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 Durina -- 20 S 50 20 $-

Evening Commuting-
Hours (cold and
overcast)

4. Winter Night During S -- 95 -- -- -- --

Snoufall

NOTES:

1. Vacuum cleaning, dishuseher, shouer, went fan on, etc.
2. Dinner conversation, kitchen work, playing music, children at play, etc.

3. Notee-prodve tna activity in a djacent room, soft background muste, etc.

4. Reading, study, eating alone.

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

Generalized Range of Minimum Backgroynd
Activity / Environment Noise Levels in dB

l-Min. Period 2 4-Min. Period 3
4At home, obviously noisy

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

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

At home, isolated 4
(i.e., noice-producing
activity in adjacent 23-49 23-38
room, soft background
music)

4At home, obviously quiet
(i.e., reading, study, 11-39 11-28
eating alone)

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

NOTES:

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

2. Applicable for analysis of rotating sirens operated fo.r 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 pnss within

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

estimated as follows:

C = 2R d 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 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 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.

.

f

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

Area (mph) Condition (d8) (ft) (ft) (ft) (5)

URBAN 30 Closed 89 1,000 10, % 0 5,045 100
Open 86 1,200 10,560 5.045 100

RURAL SS Closed 96 700 19,360 19.240 goo

Open 90 1,000 19,360 19,240 100

!

,

.

:
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APPENDIX A: POPULATED-WEIGHTED RANDON 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 lluclear 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 est,blished based on site-specific information.

The various steps used in the site selection procedure _are
describec 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.i

<

2. A population distribution drawing (see Fig. A-1)
consisting of a 10-m11e-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 pcpulation-weight the
random selection process for rural sites as de-'

scribed in Step 3 below.
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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 Instruments

Model TI-59 hand calculator) was then used to select
20 numbers at random between 1 and 8,293 (repre-

senting sectors witnin 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

i by first overlaying a rectangular coordinate grid

on each sector of interest on the USGS map. The

grid was composed of boxes with dimensions of

A-3
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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 i

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 menner, 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-1.

f
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APPENDIX B: TEST CASES (SAMPLE SCENARIOS) FOR THE TROJAN SITE

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

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

Buildings: Windows open

Vind: 10 mph - from the north throughout the
region

upslope in the canyon

Temperature Gradient: -2*C/100 m; Class A
Relative Humidity: 50%

2. Summer weekday night, weather clear to partly cloudy

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

.

Buildings: 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/100 m; Class E
Relative Humidity: 90%

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

Peop~l e : 70% indoors4.

25% in =^tm' vehicles (windows closed)
5% out of doors

Buildings: Windows closed

B-1
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vind: 3 mph - from the south

calm in the canyons

Temperature Gradient: +1*C/101, m; Class E
Relative Humidity: 80%

4. Winter night during rainstorm
~

People: 95% indoors, sleeping
'

4% indoors, at work
1% in motor vehicles (windows closed)

Build:*ngs: Windows closed

Wind: 15 mph - from the south

5 mph - downslope in the canyons

Temperature Gradient: +1*C/100 m; Class:E
Relative Humidity: 90%

Sources: NIR, 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 IOCATIONS FOR THE TROJAN EPE

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 C.1 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 C.l. TROJAN SIREN INFORMATION.

Location Rated SPL
Siren No. (Map No.) (dB 9 100 f t) Type *

0-1 1 125 R
0-2 2 125 R
0-3 4 102 S

O-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

i

* Rotating (R) or Stationary (S)

C-ll

. _. . . . ..

_ _ _



TABLE C.l. TROJAN SIREN INFORMATION (Cont.).

Incation Rated SPL .
Siren No. (Map No.) (dB 9 300 f t) Type *

0-43 5 125 R
0-44 5 102 S

0-45 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
W1 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

i W10 6 86 S

Wil 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)

c-12
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TABLE C.l. TROJAN SIREN INFORMATION (Cont).

Location Rated SPL
Siren No. (Map No.) (dB 9 100 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
102 S

W32 6
W33 6 102 S
W34 6 115 S
W35 6 86 S
W36 6 86 S
W37 6 102 S
W36 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)
,

C-13

- . _- . ._



TABLE Col. TROJAN SIREN INFORMATION (Cont.)

Location Rated SPL
Siren No. (Map No.) (dB 9 100 f t) 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 3
W90 2 125 R
W91 2 102 S
W92 2 102 S
W93 3 107 S
W94 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)

C-14
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TABLE C.1. TROJAN SIREN INFORMATION (Cont.)

Incation Rated SPL
Siren No. (Map No.) (dB e 100 f t) 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
Wil2 2a 125 R
Wil3 2a 125 R
Wil4 2a 125 R
Wil5 2a 125 R
Wil6 2a 125 R
Wll7 2a 125 R

5 R
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TABLE C.l. TROJAN SIREN INFORMATION (Cont.)
|

|

Incation Rated SPL
Siren No. (Map No.) (dB 9 100 f t) 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

Wlll 2a 125 R

Wil2 2a 125 R

Wil3 2a 125 R

Wil4 2a 125 R

Wil5 2a 125 R

W116 2a 125 R

Wil7 2a 125 R

Wil8 2a 125 R

W119 2a 125 R

W120 2b 107 S

W121 2a 102 S'

W122 2a 102 S

W123 2a 102 S

W124 6 107 S

|
I

|

|

* Rotating (R) or Stationary (S)

f c-16
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APPENDIX D: ESTIMATION OF AATM

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

the absolute temperature. When the a' .nosphere 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 ef fects 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

D-1
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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.

6-2. 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 ef fect of any temperature lapse. Along a radius at

an angle o fr m the wind vector, the shadow boundary (theore-
c

tically) approaches an infinite distance from the source.

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

generally concave upwards, as on the right side of Fig. D-lc. In

the " downwind" sector, they are generally concave downwards, as

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

T -T ( ~I'
2 1 AT

" Inh - Inh " Inh - Inh
2 y 2 y

and
3T -I

= az-az

*This approximation is generally valid close to the ground except
during strong surface-based temperature inversions [1,2].
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The speed of sound, c, varies directly with the square root

of the absolute temperature

,-

o+a (Inz-Inzfbc=c =c 1 'a ( nz - nz )og oT 2T JL o ,
, g

where c is the speed of sound at some reference temperature, T6,o
observec at a reference height of z Thus, the verticalo.
gradient of the speed of sound due to temperature, a, is:

a=h$o
az cr 1.086az~3 -1-1 sec in English units ( D- 2 )E

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

Likewise, we assume that the vertical profile of wind
'

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

- -

V -V
03

_

inh - Inh
~

3_

where V is the speed of height h2 and V1 is the speed of height2

at h . Note tha t s is always assumed to be positive.y

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.

D-5
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.

i C = z(B cos 4 - a) ( D- 4 )

where 4 is the angle between the direction from which the' wind is

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

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

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

following steps.

a. If a is positive and greater than 6(a > 8; so that C

would be negative for all values of 4), 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 6-

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

4), 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 |al < 8, then the " critical angle", 4, (where tem-c
; perature, and wind effects cancel) is calculated by setting C = 0

in Eq. D-4

C = z(B cos &c - a) =0

a&c =.cos 1 (D-5)
B

where 014c 1 180
|<

! It is now necessary to do some coordinate transformations of

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

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

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

D-6
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4= 0 -0 or if 0 -0 > 180 :,p W
I p w

$ = 360 ,
O - 0,

-

p

Examine the difference &c - **

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

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 laad 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, X (See Fig. D-2), from a sound source to the boundaryg

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

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

gradient which varies with the logarithm of height. Their work

has been adapted for this procedure in the following form:

X =S f feet.

R) ( D- 7 )

f (S }i
~ 47S in English units,

OT
where S is the ef fective source height in feet above local

thefunctionf(f) is obtained from Table D.l. Theground, and

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

D-7
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,

f(f) vs f for computing _X in Eq. (E-7).TABLE D.1. o
(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
o

Interpolationispermitted,andfog/manualcomputationsagraph
f(R/S) vs. R/S is most useful.-of

D-8
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TABLE D.2. ATTENUATION WITHIN THE SHADOW ZONE, A gg,
VS SIREN 'IO-LISTENER DISTANCE, D, FT.

D 1 1.2 X 0 dB

1.2 X < D 5 1.7 X, 5

1.7 X, < D 5 2.4 X, 10

2.4 X < D 1 3.4 X 15

D > 3.4 X 20
o

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 [8] . 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.1 Overview

Table E.1 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 i

listener's environment.**

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

** Precision within Table E.1 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 suf fers 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 CHANCE-OF-ALERT TABLE FOR A PARTICUIAR
BACKGROUND-NOISE ENVIRONMENT.

*!F Ett 3IF Ltf
LEVEL DUPATIDff Gilff'JTES)

1 2 4 5 6 7 9 9 10 11 12 13 14 15 16
.___. . ......._'3__.....____..................___....__....____.......

74 100 100 100 100 100 100 100 100 100 100 100 100 t on 100 100 !00
73 ?? 100 100 100 100 100 100 100 100 100 100'100 100 100 100 100
72 ?? 99 100 100 100 100 100 10n 100 100 100 100 100 100 100 100
71 ?S 99 100 100 100 100 100 100 100 100 100 100 100 100 160 100
70 93 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100
69 99 ?? 100 100 100 100 100 100 100 100 100 100 100 100 100 100
69 97 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100
67 97 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100
ss 95 ?? 100 100 100 100 100 100 100 100 100 100 100 100 100 100
65 ?2 96 ?? 99 99 100 100 100 100 100 100 100 100 100 100 100
64 92 95 ?? 99 99 100 100 100 100 100 100 100 100 100 100 100
63 9? 92 95 97 96 100 100 100 100 100 100 100 100 100 100 100
62 97 91 94 95 ?6 99 100 100 100 100 100 100 100 100 100 100
61 ss 90 94 95 96 ?? 100 100 100 100 100 100 100 100 100 100
60 95 90 93 95 ?6 ?? 100 100 100 100 100 100 100 100 100 100
59 33 97 90 92 94 95 100 97 100 100 100 100 100 100 100 100
59 31 ?s 90 ?2 94 ?5 100 ?? 100 100 100 100 100 100 100 100
57 79 ?3 9? 99 90 93 94 94 96 ?s ?S 95 100 94 100 93
56 79 32 97 is 99 90 94 94 ?s ?s 96 95 100 94 100 ?3
55 74 74 92 ?? 94 ?6 99 ?? ?? 92 91 90 95 99 94 37
54 70 79 31 93 S4 ?s 99 37 ?? ?2 ?! 90 35 39 94 S7
53 is 76 90 ?! 94 ?s 99 97 39 92 91 90 95 99 94 $7
52 65 75 77 79 ?2 93 96 94 99 39 ?? ?0 ?S ?? 94 37
51 60 70 74 75 73 91 33 ?! 96 94 33 96 99 93 99 00
50 55 is 70 71 74 79 91 ?! 92 90 S3 ?6 94- 93 31 30
49 51 61 67 69 70 7s 79 ?! 79 90 93 96 94 33 31 30
49 49 57 63 65 66 ?! 75 7- 4 75 76 79 91 79 33 75 90
47- 42 54 60 63 64 71 75 71 75 76 74 31 79 33 75 30
45 37 47 54 57 59 67 69 69 71 72 70 76 74 79 69 73
45 33 44 50 56 56 64 67 65 71 is 70 76 69 73 69 73
84 33 43 50 55 50 64 67 65 71 69 70 76 i9 79 69 73
43 30 40 45 54 52 57 64 65 is 6? 70 71 65 79 69 73
42 26 33 37 41 42 49 50 55 57 56 57 52 58 61 56 60
41 El 23 35 33 40 45 50 55 57 56 57 62 5? 61 56 60
40 13 24 30 33 34 38 42 40 46 44 59 57 53 50 50 A0
39 14 20 24 29 40 36 30 42 43 40, 48 52 47 44 50 60
33 12 17 20 25 23 33 33 39 43 40 40 48 47 44 50 53
37 to 15 19 22 24 31 31 35 39 36 43 43 47 44 50 53
36 3 12 14 16 13 21 22 26 29 24 30 29 32 33 31 33
35 7 ? 10 11 12 14 14 16 !? 16 17 19 21 22 !? *0

34 6 8 8 to 10 12 11 13 14 16 17 19 16 1. 13 13
33 6 9 ? 10 10 12 Il 13 14 16 17 19 16 17 13 19
32 s 9 9 10 to 12 11 13 14 16 17 19 16 17 13 13
31 6 9 9 10 10 12 11 13 14 16 17 !? 15 17 13 13
30 6 - 7 3 3 10 8 to 11 12 13 14 11 11 13 13
29 6 7 7 3 3 10 3 to 11 12 13 14 11 11 13 13
2S 5 6 6 6 6 7 6 6 7 8 9 10 5 6 6 7
27 4 6 5 6 6 7 6 6 7 ? ? 10 5 6 6 7 m

26 4 6 5 6 6 7 6 6 7 3 9 to 5 6 s 7
25 3 5 5 6 6 7 6 s 7 8 9 10 5 6 6 7
24 2 4 5 6 6 7 6 6 7 8 9 10 5 s 6 7
23 1 2 4 5 0 7 6 0 7 0 9 10 0 s 0 0
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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 w:11 definitely alert the listener even for siren

durations as short as one minute.

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

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

E.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
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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.2.1 Preparation

Figure E-1 shows typical background noise as it fluctuates
over a one-minute period. The fluctuations are generally large,

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

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

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

a steady 49 dd 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 1/3-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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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

I - 9dBbackground minimum I bsirenIb

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
time; 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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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

thoue 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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Chance of Probability

Success of Success of Failure

100% 1.0 0

80% 0.8 0.2

60% 0.6 0.4

40% 0.4 0.6

20% 0.2 0.8

0% 0 1.0
__-

Note that

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 any one-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 any one-minute period -- that is, the probability that

E-10
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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, thic 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 foor

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

Therefore, the probability of failure after four minutes is {

P(4) = (P )(P2)(P3)(P4)1

(P1)4=

In this equation, P(4) means the probability of failure

after a total of four minutes have gone by, while P4 means the
probability of failure during the fourth minute only.*

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

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.

E-12
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two, given that f ailure 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.

for this conditional probability.Mathematically, we write P2:1
Then

P(4) = (P1)(P3:1:2)(P :1,2,3)4

conditional probabilities

P :1 is greater than the independent P 'Note that 2 2

P2:1 > P1
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

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

(0.65)4 = 0.18P(4) =

and therefore the probability of success is 0.82. For some

correlation, we have

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

P(4) 0.40=

E-14



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,

1)(P :1)(P 1,2)...(Pn:1,2,3,...,n-1)P(n) (P=
2 3

(P )n for no correlation (E-1)=
1

for full correlation.P=
1

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

f ail to alert thereaf ter, because the first minute is nearly

identical to all subsequent minutes.

-This underlying mathematics resides in Eq. E-1 above. In

Eq. E-1, the notation P :n 1,2,3,...,n-1 reminds us that P is an
conditional probability, which assumes the siren failed during

E-15
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all previous minutes. We next simplify, so that this P assumesn
failure only during the immediately preceding minute. Mathemati-

cally,

Pn:1,2,3,...,n-1 = P :n-1n

Let

Pn:n-1 = CP1

where C contains all the conditional aspects of the probability.

is the unconditional probability for the firstThe term P i

minute.- Then

P(n) (P1)(CP1)(CP1) ...(CP1)=

n Cn-1 (E-2)P(n) =Pi

Note that for no correlation,

C=1 (E-3)

and therefore

P(n) =Pni

as before. For full correlation,
IC= (E-4)P y

to make

P"y ( )"~P(n) =

P=
y

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.

P(n) = P n Cn-1i

log P(n) = nlogP1+ (n-1) log C
_ ,

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

If log P(n) is then plotted against n, the resulting

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

slope of log CP . After_some curve-smoothing on linear paper, on1

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

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

labelled @ through @ .

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 logCP1, and solve for C and Pi -- separately for each
straight line.

I
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Line
Emmber C P1

h 1.073 'O.925

h 1.426 0.678

h 1.816 0.520

@ 3.062 0.293

@ 4.064 0.199

From Eq. E-4 above, we suspect that C may be a power func-
tion of P1, and so we plot logC against logP 1 in Figure E-8. On

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

C= (P1)-0.87

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

C= (Py )'

where p (rho) denotes a correlation coefficient. Zero

correlation would then make

C= (Py) 1=

and full correlation would make

C= (Py) p
=

1

These agree with Eqs. E-3 and E-4 above.
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In summary then, the time-pattern within Table E.1 can be

written as

P(n) = (P )n-0.87(n-1) (p )0.87 + 0.13n (E-6)=
1

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

upon correlation within the background noise, from minute to

minute. Moreover, Eq. E-6 depends upon the siren level through

P1, which varies with siren level.

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

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

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

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

general form is

y)" C"~P(n) (P=

~P("~1)(p }" (p }=

+n (1 - p)(p )p (E-7)=

In logarithmic form,'

= p + n(1-p) log Plog P(n ) y

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

.

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

line with vertical intercept p log P and slope (1 p ) log P .y y

E-22
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A normal regression fit would solve for the two variables o

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

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

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

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

E-8 as follows:

= p + n(1-p) log Plog P(n) y

log P(n) (y, ),

log P
1 = 1 + (n-1)(1-p) (E-9)

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

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

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

normalized to its value of P and all curves have been col-,y
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=1) 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 Py = P(n=1) (t = 4 minutes)
*

E-23
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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-1 = t-1, as shown on the first hori-

zontal axis. Plotted horizontally is the range

0it-113

1<t< 4

The small plotted points represent the tabulated values for these

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

!

|
r

I

* 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 logP , however, which is also negative, and which1
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-1 = t/4 - 1, as shown. Plotted

horizontally is the range

- If-1f3

hShSA

1 5 t i 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. s

Using these equations and normalizations, the curve-fitting
procedure was applied to six background-noise tables -- tables
similar to Table E.1 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

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

p were plotted against the corresponding values R of the autoxx

correlation function, to obtain

R = -0.034 + 1.051p
x

= p

This regression equation has a correlation coefficient (between
values of p and rxx) of 0.85, which is satisfactorily high.

E-26
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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-10 contains the results of the analysis above. This

figure is used as follows:

Convert the four-minute " chance of alert" to a.

probability of failure-to-alert":

P = 1 - (Chance of alert)/100

Raise this value to the exponent determined from Figure E-+

10, for the particular siren duration of interest.

(P -min)Exp nent (E-10)P= 4

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

" chance of alert":

Chance of alert = 100 (1-P)

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

_ . . - - . . . . . . -

Listener Subclass Resulting Slopes (1-0)
Location Stationary Rotating

Sirens Sirens
.. _

Indoors Scenario 1 0.217 0.142

Scenario 3 0.274 0.254,

Outdoors Rural, day 0.164 0.177 !

Urban, day 0.065 0.103
4

i Rural, eve / night 0.150 0.075 .
,

t Urban, eve / night 0.046 0.039 I
I , -ai
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APPENDIX F. RANDOM SELECTION OF POPULATION-WEIGHTED LISTENING
POINTS AT THE 'IEREE MILE 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-1), con-

sisting of a 10-mile-radius circle divided into

annular sectors defined by interior circles and

radii, was superimposed on the U.S.G.S. maps.

Population distribution information consisted of

the number of people within each annular sector.

These data were used in order to population-weight

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-

F-1
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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 selecte,. represented one

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

taining thrt 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 e

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. ~n random <num- .

,

ber generator was then used to select random pairs

of numbers within the X and Y ranges covering the,

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

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/anoth'er ,1
~'

pair was chosen at random. This process was con- [f [
tinued until a square area including one or more

,

residential structures was found in the sector of
.

N
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l'

ef.

interest. The listener site was then chosen to be,

'

any residence within the randomly selected square

area.
i

For urban. sites in the ' pink " building-extension"
,

area of the! topographic map a residential building
!

was alwaysgassumed to exist, and was selected at
'

~

the center of the pink area in the 1000 feet square

,
/ box.

The <above procedure 'resu ted in a random sample of 50
'

; listener locations, distributed throughout the EPZ as shown

roughly on Fig. F-1.
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APPENDIX G: TEST CASES (SAMPLE SCENARIOS) FOR THE
THREE MILE ISLAND SITE

1. Warm Summer Weekday Afternoon: Weather clear to partly cl,oudy.

People: 307. indoors, at work
40% indoors, at home
20% outdoors
6% in motor vehicles (windows open)
4% asleep

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

Wind: (100 ft) 5 mph from East

Temperature Gradient: -1.0 F/100 ft.,

Pasquill stability Class A

Relative ilumidity: 65%

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

People: 95% indoors, sleeping
4% indoors, at work

17. in motor vehicles (windows closed)

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

Wind (100 ft ): Northwest, 5 mph

Temperature Gradient: 40.5 F/100 ft.
Stability Class E

Relative llumidity: 80%

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

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

Buildings: Windows closed, storm windows closed

G-1
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3. Continued

Wind (100 ft): Southeast at 3 mph

Temperature Gradient: -0.5 F/100 ft.
Stability Class D

'Relat ive ilumidity: 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: -0.5 F/100 ft
Stability Class D

Relative ilumidity: 90%
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APPENDIX H: SIREN IOCATIONS FOR THE 'IMI EPZ

This appendix provides siren information for the TMI EPZ.

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

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

TABLE H.1. 'IMI SIREN INFORMATION.

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

Cumberland Cl R 124

Cumberland C2 S 122

Cumberland C3 S 122

Dauphin D1 S 122

Dauphin D2 S 122

Dauphin D3 R 124

Dauphin D4 S 122

Dauphin D5 S 122

Dauphin D6 S 122

Dauphin D7 S 122

Dauphin D8 R 124

Dauphin D9 S 122

Dauphin D10 S 122

Dauphin D11 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)

H-1
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TABLE H.l. TMI SIREN INFORMATION (Cont.)

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

Dauphin D22 E 124

Dauphin D23 S 122

Dauphin D24 R 124

Dauphin D25 R 124

Dauphin D26 R 124

Dauphin D27 R 124

Dauphin D28 S 122

Dauphin D29 R 124

Dauphin D30 S 122

Lancaster LAl R 124

Lancastet i,A2 R 124

Lancaster LA3 R 124

Lancaster LA4 R 124

Lancaster LAS R 124

Lancaster LA6 R 124

Lancaster LA7 S 122

Lancaster LAB S 122

Lancaster LA9 R 124

Lancaster LA10 S 122

Lancaster LAll R 124

Lancaster LAl2 S 122
;
' Lancaster LA13 R 124

l Lancaster LA14 S 122

Lebanon LEl S 122

{ Lebanon LE2 S 122

York Y1 S 122

York Y2 R 124

*

* Rotating (T lonary (S)

*
!
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TABLE H.l. TMI SIREN INFORMATION (Cont.)

Rated SPL
County / Siren Designation Type * (dB 6 100 f t)

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 Yll 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 Yl8 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

i 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)

H-3
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TABLE H.1. TMI SIREN.INFORMATION (Cont.)

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

York Y31 R 124

York Y32 S 122

York Y33 S 122

* Rotating (R) or Stationary IS)

H-4
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APPENDIX I: ANALYSIS INPUT / OUTPUT DATA FOR THREE MILE ISLAND

Th l. t 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.

TABLE I.1. TMI-SIRENS

This file contains input data for each of the TMI sirens as

follows:

Siren No. number assigned to each siren for use by*

computer program

Siren Name first letter indicates whether the siren is+

rotating or stationary type (R or S); the

remainder consists of the actual TMI siren

designation, beginning with county letter

abbreviation and ending with a number.

x, y, z 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 gr id shown on the Feb. 1981 NRC Emer-

gency Plant.i ng Map for TMI (tne plant center

is located approximately at x = 353, y=

4446). The z coordinates are in units of

feet.

SPL@l00FT these numbers indicate the rated sound pres-*

sure level for each siren at a distance of 100

ft, in dB.

I-l
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TABLE I.2. TMI-LISTENERE

This file contains input data for each of the randomly

selected listener locations as follows:

Site No. number assigned to each site for use by*

computer program

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

indicates whether site is urban or rural (U or I
l

R) . .

x, y, z 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.

ODLR the outdoor median alerting level for a 4-min.-

rotating siren (see Table 3.4 and Fig. 3-3 of

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

scenarios.

OVCR the outdoor alert distribution for a 4-min.-

rotating siren (see Table 3.4 and Fig. 3-3 of

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

scenarios.

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

t

stationary siren (see Table 3.4 and Fig. 3-3
j

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

four scenarios.

|
|
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OVCS 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.

TABLE I.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/1000 ft.

WIND wind direction in degrees (0* = wind from.

north, etc.)

NRES residential building outdoor-to-indoor noise.

reduction, in dB

NCRM commercial building outdoor-to-indoor noise-

reduction, in dB

F1 - F10 activity fractions-

F1 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 com-

mercial establishments

F6 fraction of people indoors, at work, in

industrial locations

I-3
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F7 fraction of people in vehicles in rural areas

at 55 mph

F8 fraction of people ~in vehicles in rural areas

at 30 mph;

F9 fraction of people -in vehicles in urban areas

at 55 mph

F10 fraction of people in vehicles in. urban areas

at 30 mph

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

and 3-5 of text)

PU55 probability of alert for motorists in urban.

areas at-55 mph

PU30 probability of alert for motorists in urban.

areas at 30 mph'

PR55 probability of alert for motorists in rural.

areas at 55 mph

PR30 probability of alert for motorists in rural.

areas at 30 mph

MUL vertical profile of wind speed, sz, in.

ft/sec/ln ft.

ADD vertical. profile of air temperature, a, in.

*F/ln ft.

TABLE I.4. LISTENEROUTPUT

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

I-4 x ~.
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TABLE I.S. PROBS

This listing provides the final results for the analysis.

Information is listed in numerical order for scenarios one

through four for each listener site. This information consists

of alert probabilities P1 through P10 corresponding to activity

f ractions F1 through F10, as well as the total probability of

alert (PT) for each sample scenario at each sample listener site.

A summary is provided at the end of the listing showing the

rural and urban populations follcwed by the total rural probabil-

ity of. alert (PTRUR), the total urban probability of alert for

the EPZ (PTALL). The total probability values are listed in

numerical order for sample scenarios one through four.

I-5
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TABLE I.l.

TMI-SIRENS
SIREN SIREN NRME X Y Z SPLS100 FT

1 R C1 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 D1 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 S D7 358.700 4454.400 640.000 122
11 R D8 362.550 4457.700 480.000 124
12 S D9 351.000 4451.650 390.000 122
13 S D10 347.700 4452.250 360.000 122
14 S D11 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
17 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 S D28 358.750 4459.600 450.000 122
31 R D29 358.600 4457.250 750.000 124
32 S D30 349.200 4458.450 530 '00 122
33 R LA1 355.500 4443.950 570.000 124
34 R LA2 358.650 4446.000 570.000 124
35 R LA3 362.300 4446.950 590.000 124
36 R LA4 363.650 4449.250 490.000 124
37 R LAS 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 LR9 367.400 4446.800 590.000 124
42 S LA10 357.900 4439.050 350.000 122
43 R LAll 361.100 4438.000 450.000 124
44 S LA12 365.250 4441.150 450.000 122
45 R LA13 369.400 4442.850 450.000 124
46 S LA14 365.700 4437.200 450.000 122
47 S LE1 366.700 4455.100 560.000 122
48 S LE2 363.150 4462.050 500.000 122
49 S Y1 362.250 4434.150 730.000 122
50 R Y2 358.800 4434.550 370.000 124

I-6
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TABLE I.l. (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 Y10 350.150 4431.850 490.000 122
59 R Y11 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 0 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
79 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

I-7
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TABLE I.2.

TM1-LISTENLHS
ditt d d1TL HAnn X a A UULH UNCM UULS UICS

1 R 1 351.7J0 4443.422 2v0.000 51.0 6.0 50.0 4.8
51 0 6.2 50.0 4.8
s1.0 c.2 =0.0 4.0
31.0 e.2 50.0 4.8

2 0 2 J32.oJ1 445J.7df J23.f?d 54 0 5.g 52.0 3.2
4J.0 J.0 43.0 2.9

49 0 4.C 4d.0 3.8
44.0 3.2 43.0 2.8

J 0 J Jad.PHP 4451.432 315.203 50.P 5.0 4d.2 4.8
42.0 3.2 41.0 2.8
90.0 4.0 47.0 3.8
12.0 J.0 41.0 2.8

4 U 4 333.20* 44dJ.33? J13.033 50.0 5.0 4d.0 4.9
42 0 3.2 41.0 2.0
,d.0 9.0 47.0 3.8
42.0 3.0 41.0 2.8

5 0 3 303 9J4 493J.7e2 JJo.22e 50 0 52 46.0 4.8
12.0 J.0 41.2 4.8
4d.D 4.0 47.0 3.8
92 0 3.0 41.0 2.8

0 00 J3J.13E 14 3 2.1 J .? Jod.f20 03.0 C.C 01.0 4.9
03.3 c.0 c1.0 4.8
03.0 c.e 01.0 4.0
6J.0 6.2 cl.0 4.9

7 u 7 aas.oie 4 4a l . 2 0 t' 30J.223 54.9 d.2 d2.0 3.0
43.e 3.0 43.0 2.8
49 0 4.2 4d.0 3.8

! gJ.0 J.0 43.0 2.5
!
I o R o 335.73e 4451.7e2 425.e0J 03.0 6.0 c1.0 4.0
| 63.0 6.2 c1.0 4.0

03.0 c.0 el.0 4.0
03.0 6.2 c1.0 4.8

9 H 9 Joe.JJe 4449.729 525 220 51 0 6.2 50.0 4.8
al.0 6.0 20.9 4.0
51.0 6.0 50.0 4.5
51 0 6.0 50.0 4.8

le R le Jod.JJO 44s7.100 Jda.00J 51.0 6.0 30.0 4.0
el.s 6.0 50.0 4.s
51 0 e.e 59.0 4.5
51.0 6.2 b8.9 4.8

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

11 x 11 4a7.73P 4442.5JC Jd5.200 39.0 5.E 38.8 3.8
49.J 5.0 38.9 3.9
36.0 5.2 35.9 3.0
47.2 3.0 46.0 J.S

i

12 R 12 335.o32 4441.doa 305.0dd 51.0 0.0 50.0 4.9
51.0 c.2 52.0 4.0
31.0 c.0 32.0 4.5
51.0 6.0 50.0 4.8

13 x 13 J43.o50 4442.4e2 4e5.222 J 9. 0 52 36.2 3.0
av.c b.0 Jd.0 3.8
30.2 5.0 35.0 3.9
47.0 3.2 46.3 3.8

14 x 14 J a J . 4 3.2 14a4.300 J 3 0. C 3.* 30.3 c.E 24.2 4.8
do.J c.0 54.0 4.9

50 0 e. 2 54.9 4.0
36.0 c.B 24.0 4.8

id P. 15 332.13a 44cJ.ead d00.0/d 39.0 d.0 36.0 3.d
J9.0 5.2 36.0 3.8
J0.0 o.2 Ja.e 3.8
47.J b.C 40.0 3.9

lo H lo Ja2.dae 44a9.7d> 405.222 39 0 5.e 36.e 3.s
av.D 3.0 Jo.O J.8
Jo.3 5.0 35.0 J.9
47 3 5.0 40.0 3.8

17 H 17 J24.023 4403.lat 12a. CUB Jv.D 3.0 Jd.2 3.9
39.0 5.0 Jd.0 3.8
36 0 5.0 35.0 3.2
47.0 d.2 46.0 3.8

lo o 10 J33 950 44od.220 440.2P? 50.2 5.0 46.0 4.9
42 0 3.0 41.0 2.8
4d.0 4.2 47.0 3.0
12.0 J.E 41.0 2.0

19 0 19 304.353 4444.7ae 465.000 53.3 5.0 4d.0 4.9
42.0 3.2 41.9 2.8
4d.C 4.0 47.0 3.9
42.0 3.0 41.0 2.0

20 x 2o doo.Jde 4444.vec 490 222 39 0 5.E 36.8 3.9
49.0 3.2 Jd.0 J.8
30.0 5.9 35.9 3.5
47.0 5.8 46.0 3.8

1-9
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TABLE I.2. (Cont.)

21 x 21 Jad.730 4443.200 4v0.EGJ c1.0 6.0 30.0 4.8
51.0 6.2 50.0 4.8
61.0 6.0 $0.0 4.9
51 0 c.2 $2.0 4.9

22 d 24 Ja7.d51 4932.4Pc J53.227 39.0 5.2 3d.0 3.9
39 0 50 38.0 3.9
30.0 5.2 35.0 3.0
57.0 a.2 90.0 J.9

2J R 2J 334.333 4437.tal 4d0.40J bl.J c.0 53.0 4.8
51 0 c.2 50.0 4.E
al.a c.0 30.0 4.0
51.2 6.D 5d.0 4.9

24 0 21 Jaq.100 4433.c39 410.222 $ J. d b.2 4o.0 4.8
12.0 J.2 41.0 e.9
4d.2 4.3 47.0 3.9
42 3 3.0 41.0 2.9

2d x 25 Ja2.oJ3 14J3.2s2 goa.22J 31.3 c.? 30.f 1.0
51.0 t.0 50.0 4.8
bl.3 c.e 50.0 4.d
31.2 t.2 td.e 4.9

20 x 20 J13.JJG 4,J2.c3> 200.2J3 bl.J c.P be.P 4.0
bl.a e.? $0.0 4.8

al.a c.2 c0.0 4.8
51.0 6.0 $3.P 4.8

27 N 27 Jai.dJJ 44J4.cdC dbd. E le bl. d t.2 50.0 4.d
31.3 c.2 =0.0 4.0
$1.3 c.2 bd.P 4.0
31 0 0.0 $J.0 4.0

l

2d H Jo J31.J42 1941.3J3 JJ3.22d go.J C.C 47.0 4.0
40.P 6.0 47.0 4.0
4d.J c.0 47.2 4.0 '

t

4d.J t.C 47.0 4.0

2s a 25 a15.1J0 44J3.J32 675.224 39.0 5.E 30.0 3.8
J9 0 5.e 36.0 39
36.0 5.2 35.2 3.8
17.0 3.0 40.0 J.0

39 R 3b 34d.1a3 4434.332 470.07e 39.d 5.0 36.0 3.0
39.0 5.2 36.0 3.0
46.0 3.0 J3.0 J.8
47.0 5.2 46.9 3.8
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TABLE I.2. (Cont.)

31 H 31 J44.700 4442.252 403.EEd 51 0 6. E 59.9 4.8
31.0 6.2 30.0 4.8
bl.0 0.0 50.9 4.8
31 0 60 50.9 4.9

32 R Je J3d.333 1450.002 22s.ed? 49.0 0.2 Jd.9 3.9
39.0 5.0 38.0 3.8
30.J 5.2 35.8 3.0
47.0 5.2 40.0 3,8

JJ M JJ- 44J.b50 4449.322 000.223 o1.0 6.0 5920 4.8
01 2 c.0 59.0 4.8
01 2 c.2 59.9 4.8
o1.2 6.2 cv.0 4.8

34 R J9 3 44.o'50 4432.230 025.E03 39.6 5.0 3d.9 3.8
J9.0 5.2 Jd.0 3.0
Jb.0 3.2 Jd.0 J.8
47.0 5.0 40.0 J.8

35 H J5 J39.Jos 4499.c22 03d.22J 51 0 c.2 23.0 4.0
al.2 o.C t0.9 4.8
51.0 e.2 50.0 4.9
31 0 c.2 23.0 6.9

Jo H Jo J 4.' . 7 33 9ea2.132 400.22a av.J o.C s7.0 4.8
59.3 c.2 57.0 4.8
59 0 0.0 57.0 4.8
59.1 c.2 b7.0 4.8

J7 o S1 J41.sJD 4433.yo'J J25.021 54.J 5.0 52.0 3.9
43.0 J.F 43.0 2.8
49.0 4.2 40.0 3.0
SJ.J J.2 43.3 2.9

Jo u ao J 4 2.14 ? 4499.23C 315.004 54.3 5.2 52.0 J.d
4J.0 J.E 43.0 2.9

49.0 4.8 4d.0 J.8
43.0 J.e 43.0 2.0

39 U JS J 0.du9 4 lag.sai J70.2f2 30.0 d.0 4d.0 9.9
42.0 3.0 41.0 2.8
46.J 4.d 47.0 3.9
42.0 3.2 41.0 2.8

49 u 4e J47.d40 4452.3J? JJP.220 50.0 5.0 40.0 4.8
42.0 3.e 41.0 2.8
48.0 4.2 47.9 3.8
12.0 J.2 11.0 2.0

I-ll
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TABLE I.2. (Cont.)

41 0 41 34o.10e 4432.537 Jod.004 54.0 5.9 52.W 39
43.8 3.8 43.2 2.8
49.0 1.0 9d.0 J.9
43.3 3.0 43.0 2.0

42 H 42 J40.bdZ 4434 140 465.22d 51 0 c.B $0.0 4.9
31.0 b.C t0.0 4.0
51.0 c.C 50.0 4.9
51 0 c.0 bd.0 4.0

4J d 44 Jia.J03 14aa.o00 aoa.273 30.2 0.0 40.0 4.0
42.0 3.2 41.0 2.0
40 0 42 47.0 3.0
42.0 J.0 41.0 2.2

11 0 $$ J42."JP 4*30.7de Jo5.220 50.0 5.0 49.0 4.0
42 0 3.2 41.0 20
4o.0 4.2 47.2 3.0
42.0 J.2 11.0 2.0

45 0 4d 343.2J2 49is.c3" soa. 2' J $0.0 5.0 4o.0 4.9d
42.0 J.2 41.0 2.9
%d.J 9.0 $7.0 J.9
42.0 J.0 41.0 2.0

40 x 40 J 4 0. d o et %434 930 4J3.2dd OJ.d 6.2 C1.0 4.8
b3.3 c.0 bl.0 4.0
03.3 c.0 cl.0 4.0
03.J c.0 c1.0 4.0

47 d il aso. zag Sta4.,s0 5da.203 31.0 0.2 00.2 4.9
51.0 6.2 LO.E 4.0
51 0 c.0 50.0 49
bl.0 e.E $0.0 4.2

40 n to 34>.33? 4453.ed? ddd.000 31.? c.0 50.0 4.0
51 0 e.c $0.0 4.8
51 2 e.2 be.0 4.9
31.0 c.2 t0.0 4.9

,

49 0 49 345.J54 4437.9PC J00.2dd 50.0 5.0 40.0 4.9
42.0 J.E 41.0 2.0
so.3 9.c 17.2 J.9
42.0 J.0 41.0 2.9

30 V $J J4d.90v 440J.432 323.f2e 50.0 50 46.E 4.9
92.0 J.0 41.0 2.8

4d.0 4.8 47.8 3.8
42.s 3.s 41.0 2.8

I-12
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TABLE I.3.

tns-SCEnunto

S c t.h e A no s. lau n .< r. a acan r1 e2 rJ- r, ea eo t7 e ti t> rif
~

1 e.co 90 lo. al. . 2 2 4 . 2 J ti .043 .230 .2J0 .270 .02J .000 . Wits .pte

2 0.79 315 lo. 41. . 12 1 .ddd .932 .dJd .0J2 .019 .223 .f0E .9EP .287
J J.so 1Ja al. J1. .daJ .14A .ce; .aod .004 .000 .g7e .ger .020 .lof
4 0.04 27J 31. 31. .d2C 303 . 3 5 ': .v00 .e4J .010 .030 .90E .020 .Bdk.

the roaa t' o J :' rdoa enJ3 n o i. A v a,

1 1. Up i 1. .t l e 1.J3J 1.?ad 1.o7d 0.914
1 1. d;i d 1.d42 1 0 d ri 1 2J0 1.d7e -J.402
J 1. e16'? 1.M 1.334 1.00a 1.12 r. 2. e00
1 1.JHJ 1 . 120 1. H J 1. 2 F1 a . o .' ' O . 4 0 ;i

i
4
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TABLE I.4. LISTENExuuTFuT

lis v listener nome siren , siren name AOut

1 91 3J R LA1 79.9
4 S 01 71 0

72 S v22 69.7
7? S r2e 69.3

.

2 u2 e S u6 104 2
o a ua 104.1
e S 05 104.3
o S Ud 104 2

J d J d S Un 01 2
o S OS 90.J
o S OD db.7
c S ud 96.6

4 J 4 e a ub 72.7
: S La 92 9
o S ud 63.5
d a ua WJ.J

3 U 3 3 S v2 73.n

o S vo 90.P
5 S ul 76.b

c S va 90 4

b bo a S ut 73.o
y S oc 76.0
o S od 63 6
c S bo 64 1

7 o7 3 a u2 72.5
o S US o41
2 J v2 73.2
0 a us o1.d

o H o a S v2 o3.3
e S uS 71 9
a a ul 00.3
o S ou 73.6

9 M 9 b S di 79.9
u a u2 9b.1
6 S 02 65.5
5 S U2 vb.4

10 x 10 34 M uA4 79 1
34 d LA2 69.4
34 M LA2 90 3
34 R LA2 79.2

I-14
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TABLE I.4. (Cont.)

11 a 11 Jo a uAo 05.7
JJ H LAl 09 0
Jo H lao 08 3
JJ n LAl 79.J

12 R 12 oo S mio do.o
oo S vid 77.3
os n azi di.y
oo S rio 78.0

13 n 13 72 S v22 02.0
li a a22 od.J
7 .? 8 t22 64.3
7/ S v22 03 9

14 8 1, s 3 00 34 4
9 3 uo 64.5
y S 00 95.3
9 S U6 74.o

lo a 13 27 a u23 70.9,

! 20 n 024 60 3
27 a u2o 74.1
to a u24 ol.1

lo e le 23 8 s23 77.9
27 n ulo 79.o
da a u2J of.4
2c w v24 74.b

17 x 11 23 S dia 79.o

27 a u23 75.9
20 S v23 ol.7
do K uln 71.U

lo o lo 29 a u27 o7.o
de S 02o 30.J
33 S uzo d2.7
3' a ola 30.1

19 u ly 4d S lad 76.9
42 6 lao 90 2
42 a uAd 70.0
42 6 lad 90.7

23 R 21 41 M LA9 bd.2
4/ a lao os.o
44 S LA12 01.4
43 S lao 00.7

,

I-15
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TABLE I.4. (Cont.)

21 H 21 bf a r2 os.o
32 R 22 d5.7
a 'e n'r2 90 2
o'J d r2 o6.e

22 n 24~ 6? n' t 2 61.1
or a r2 oo.d
30 d r2 46 0
al a ad an.3

JJ r. 2J 33 3 r7 72.5
67 S r19 60 3
oo a a2J 77.o
07 3 riv d7.1

24 0 24 c: S v7 be.2
07 a 21s dd.d
53 3 Y7 70.1
o7 5 fly dl.d

zu e la oo S n2? 71.1
on 3 k20 d7.1
37 3 rv 01 9
37 3 9 dl.3

2b n to 60 n rd 70.4
30 M ro do.3
al S rJ 77.0
ao a zo oo.7

27 R 27 al S v3 do.o
37 8 rv 77.9
31 a fJ d7.4
37 s us 79.1

28 n 2o 07 S riv dl. 3
03 a x17 o d. i.
o7 s vis o J .' J
03 S r17 od.y

z9 8 29 as d all 67.2 ^

39 R r11 c7 o
by H fil Ud.7
av n all od.J

JD F J .! 3v R ril do.2.

by d r11 71.o
31 n x11 o7.2
59 R til bo.9

I-16
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TABLE I.4. (Cont.)

31 m J1 71 S 323 30.o
41 J JJ c1.3
71 S Y2J 55.4
di S idd o2.o

J2 n J4 to d JJ d2.7
70 A YJC dd.J
79 H v31 77.4
7e n 242 04.2

JJ n JJ 74 a f26 c5.9
70 S r2a d2 1
74 S v20 7J.2
70 a 32J dJ.E

J4 * Jn 7b' ?. s27 04.7
7d x iz7 e5.1
/ ca a a 2'l ca.y

73 P. r27 d5.o

Jb x Jo 70 S x2e b12
'' a a2z bd.7

$ Y2a d4.1
il S r2s oo.d

Jb d Jo J S CJ 70.0
J S CJ 91.2
J S CJ 7o.9
J S c4 91.o

J7 o 37 1 a c1 90.7
1 H C1 101.o
1 d c1 97 1

''

. I a el 192.0
&

Jo u 35 1 P. C 1 ud.o
1 M G1 9d.9
1 n el ow.J
1 R C1 99.2

39 U J9 1 e C1 69 1
2 a c2 7J.2
1 R C1 90.4
2- S C2 79 1

!40 0W IJ - S t,10 100.o
i la S Dic - 100.7

1J S 01# 101.d
la S uld 90.s
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TABLE I.4. (Cont.) ,

;
,

11 o 91 13 a u12 ul.3
,

1J S die 90.4
1J a 512 .v1.4
la S 012 90.7

42 e 42 2e S Div 77.o
24 a ulv 45.6 ,

,

~

2 .' S 019 .7d.4'

22 S div '93 2 4.

ed u sa 2- S ulv 20.J
1a 8 vie 67.7.
22 S 013 v1 3
13 S u12 do.J

ss u 43 1c a u1J 30.9
lo s u13 76.2
le S u1J 91. d

e a c2 74.7

so u 43 17 a 014 e4.o
le S ulo 90.4
17 a uls oo.1
lo S alb 9J.5

40 e 40 24 a ola o l.1
zJ o u22 ol.o
12 3 09 70.d.

13 S u 1'. o22

47 n ,/ Zs S v22 a3.>*

14 S ull 72.J
24 8 u 2 .' d3 3
iJ d uld 70.J

so n 4o 24 a u22 90.1
2J S 924 75 4
2J S u22 91.1
IJ a u l P, 74.J

49 0 sv 21 a did dS.9
17 8 .9 1 4 do.9
21 a ulo a7.J

,

17 8 014 67.s

50 0 d1 2e x 017 90.o
13 n ulo ov.1

_

20 R 917 91.7
15 H ulo 89.7

;
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TABLE I.S. PRoss
p1 92 p3 94 PS po 97 po pv pie pt

listener 1
1.000 1.00J 3 323 c.931 J.Jun 1.002 1.222 1.020 1.000 1.200 2.d413
1.000 1.0d3 J.blo 0.957 d.S72 1.202 1.222 1.02P 1.000 1.000 2.6221
1 000 1.0Jil A.Js1 9 272 J.403 1.JP2 1 222 1.af2 1.220 1 022 0.5922
1.J00 1.000 J.a43 0.00t 3.J74 1.000 1.02d 1.022 1.000 1.000 0.Jsi?
listener 2

( 1.000 1. d3 J 3.9J1 1.Jd0 1.003 1.dd3 1.PCP 1 00d 1.00d 1 200 2.9372
1.300 1. 3 13 ti.931 1.Jed 1.J2e 1.000 1 22d 1.Jed 1.000 1 000 2.934b
1.000 1.0PJ 0. dis 1.3e0 1. ace 1.J02 1.220 1.023 1.3H0 1.000 1.0f2C
1.000 1.000 it.dly 1.J8J 1. Joe 1.J6'2 1 2K0 1.J24 1.200 1 200 0.d27b

11stener a
1.000 1.daJ ?.7ao 1.30J 1.00J 1.40c 1.d?J 1.oed 1.000 1.20e c.ve3,
1.000 1.001 0.ood 1. ' J 1 1.JPJ 1.032 1.203 1.302 1.Jcd 1.000 0.dobb
1 00J 1. at'e J. olo 3 674 1.J2E 1.0J2 1 22e 1.Jee 1.0ee 1 202 e.949c'

1.000 1.00.1 J.7,/ 1.J2J 1.304 1.03P 1.J00 1.09J 1.203 1.J00 2.7s3s
listener 4

1.000 1.JHo J.o32 1.905 3. o7 3 1. 0 P c 1. d e e 1. 0 0 a 1. f P s 1. c0 0 0.9 2 3 0
1.004 1.JJJ J. doz 1 30J 1.402 1.JJ2 1.222 1.0ff 1.000 1.300 0.d099
1.P00 1. cD o ?. a7 3 ~i.121 1.J9/ 1.J02 1.JPd 1.J20 1.202 1.232 c.dc32
1.000 1. 0 3 a v . 7 ' 2 a.>so 1.JP3 1. 13 2 1.223 1.J0J 1.000 1. dad J.71e3

listener 3
1.000 1. J i' .1 J.o/2 :'. so d J.o/a 1.JaC 1.222 1.bce 1.030 1.200 c.vd33
1.000 1. U:10 d.ozo 1.?dJ 1.40< 1.0aC 1.2J2 1.020 1.20d 1.ddd 2.834e
1 000 1.00a a.Su1 J.oe3 d.973 1.Ja/ 1 222 1.Jee 1.20d 1 202 2 7te7
1.a00 1.o31 '.007 .t.sid 1.:1 ? .' 1.J3J 1. !N 2 1. v 2 2 1.22J 1.203 2.co:7

listener o
1.J00 1.aad a.o'o d.vd2 ' 333 1.adt 1 272 1.J2d 1.000 1.e00 2.dc23.

1.000 1. J a a a. 7 < o J. s 99 3.171 1.Ja2 1.tre 1.ded 1.203 1.J02 0.7151
1 000 1.03H 3.ald .t.795 1. :! J i 1.JCC 1.JP3 1.J22 1.200 1.400 /.8ob4
1.d00 1.3Jd s'.507 d.127 1. i ? J 1. 9 3 e 1. u d 1.jdh 1.dOO 1 000 d. Sob >t

listener 7
1.00J 1.do3 ).odo J. sol 3.o34 1.JJ2 1.020 1.022 1.200 1.000 C.d>70
1.000 1.JJJ 3.700 1.'si 1.000 1.Jae 1.220 1.c2e 1.003 1.00e 0.7734
1 0bd 1.JA: 1.w92 d.979 3.d44 1.Jd2 1.d22 1.J22 1.220 1 2E2 2.7tc7
1.000 1. 0.$ 1 J.o>J J.s44 1.OCs 1.3J2 1.JC2 1.000 1.000 1.002 2.o12;
listener o
O.ddl 1.404 '.493 l. col 4.3Je 1.a90 1 2JJ 1.ded 1.000 1.dd2 2 0961'

1.dWd 1. J J 1 A.ox1 1. s o f J.oC4 1.202 1 022 1.420 1.000 1 002 2.oz70
1.000 1.00 3 J.as4 J.oJJ 1.JE0 1.J/E 1.2?0 1.JCJ 1.200 1.000 2.9963
1 000 1.ada J.919 i.7ei 1.742 1. CJ C 1 022 1.JC2 1.02d 1 00d 0.4377

listener v
1.000 1.Jaa J.7e1 1.Jn1 0.v>v 1.J30 1.e?; 1.000 1.000 1.2e2 c.9eo?
1.dOJ 1.40,1 J.67A 1.JPJ 1.J2J 1.037 1.000 1.?ed 1.000 1.802 0.87c1
1. e d o 1. 41 J t. o t 2 1.34o 1.J22 1.dd2 1 2Et 1 322 1.000 1 202 2 9146
1.000 1.daa 0.14o 1.JPJ 1.J0J 1.J30 1.220 1.f22 1.000 1.00J 0.7991

listener IP

1 000 1.ded it.oJo d.375 d.do3 1.det 1 2Ed 1.322 1.280 1.bE2 e.94c>
1.000 1.000 0.*vl a.d7d J.d,o 1.0a9 1 000 1.000 1.000 1.000 2.49J:
1.000 1.Jod o. dos d.d4o 1.0Pd 1.000 1.000 1.000 1.000 1.00e e.914C
1 000 1. dad J.247 3.ddl J.22J 1.032 1 22e 1.dee 1.eee 1 20e e.2343

I-19



TABLE I.S. (Cont.)

11stener 11
1.800 1.300 0.437 0.d05 J.JE2 1.002 1.000 1.080 1.000 1.000 0.7eed
1 000 1.00" J.4va 0.d71 J.323 1.Jd2 1 220 1.Jee 1.000 1 002 2.4eSo
1'. 0 W 0 1. 2 51 J .l. 214 3. lod 0.302 1.000 1 200 1.022 1.200 1.202 0.da3a
1.000 1.J0d /.252 J.5do 0.J3v 1.JP2 1.220 1.302 1.000 1.200 0.2627
listener 12
1 000 1.01) 3.Jou 4 710 J.322 1.63C 1 222 1.J22 1.000 1.202 2.bebb
1.000 1.0A9 J.byl 3.sda J.va 3 1.302 1.220 1.di? 1.000 1.000 0.7991
1.000 1.J04 9.437 0.odi it. 911 1.3e2 1.WJJ 1.J22 1.000 1.JWe 0.77ee
1.J00 1. d :t d 61 499 J. doi 0.97c 1.JJe 1 2k2 1.102 1.200 1.J0d 2.5e29

11=tenec IJ
1. 0 0J 1. 61 A A.731 1.323 1.J? 1. .l a 2 1.002 1. ace 1.JPJ 1.002 0.992c
1 000 1. T1 J 3 491 M.dd7 J.d2J 1.JHP 1 02J 1.JJ3 1.000 1 222 2 4664
1.0dd 1.dal 1.cou 1.olo 1.0?e 1.200 1.c00 1.J2? 1.000 1.200 0.dyc9
1.000 1.Jaa 1.249 A. 991 J.J0J 1.Ja2 1.230 1.222 1.000 1.000 2.2417

listener 11
1.d00 1. ci d .f. co 4 1. dad 1.022 1.JJi 1 222 1.0E2 1.220 1.222 2.9545
1.000 1. dad J.772 1.;20 1.300 1.03E 1.00C 1.J2d 1.J00 1.000 0.7e35
1.000 1.dOJ 'd.722 J.v77 1. ? J f 1.JP? 1.Jzd 1.d20 1.020 1.002 e.9671
1.udd 1. J f d d.431 4.793 A.dil 1.dje 1 222 1.Je2 1.200 1.202 E.4d97

11steuer la
1.000 1.oDJ J.d23 9.v?1 4.asc 1.0J2 1.J?0 1.020 1.320 1.003 P.8221
1.00d 1. %44 si. o n z .i.493 J.9"1 1.032 1 2c2 1.Sca 1.000 1.i22 2.oce2
1.000 1.J11 .t. J 2 2 U. 52 s J . o i a 1. J 3 J 1 000 1.J20 1.00J 1 000 2.oe41
1.J00 1.JJJ J.14J *t. d13 J.v2e 1.0"2 1.J00 1. Jet 1.000 1.300 J.4c7o
11stener lo
1 000 1. o14 .t. b y s 4. 356 4.14: 1.3d2 1 222 1.Jr2 1.eEO 1.E22 0.9c7E
1.000 1.0JJ 3. o :J d.v77 3.ooJ 1.JJ3 1.000 1.020 1.00J 1.3d3 2.os7e
1.000 1.e/P J.627 3.ody 1. ' .2 d 1.JA2 1.0c? 1.3e/ 1.d00 1.dOD 2.82o1
1 00J 1.dda .1.JJJ J.o3d 3.042 1.322 1.E22 1.a22 1. fed 1.e22 2.34o7

11=tenac 17
1.00J 1.?al J.71o 1. M J J.vv7 1.JJ2 1.000 1.32e 1.000 1.000 0.9oo0
1.ddd 1. J3 J J.ov3 a.333 J.714 1 00d 1 000 1.ae2 1.22J 1 202 0.of4e
1.d00 1./.13 1.5,7 1.1J3 1.J?4 1.J/J 1 000 1.00? 1.290 1 300 0.d:la
1.00J 1.d4J J.zol ... s o J J.454 1. 132 1.220 1.J2J 1.JPJ 1.000 0.2949

11stedet lo
1 00d 1.2ta i.nea 1.ded 1.Jek 1.23i 1.2E2 1.d22 1.220 1 2e2 e.9941
1.000 1.ede 3.d/b 1.JJ0 1.J00 1.3J 1.220 1.J20 1.000 1.030 0.daqo
1.000 1.J03 p.532 1.701 1.440 1.032 1 002 1.J0J 1.200 1.200 0.d325
1 000 1. 4 10 l.007 f.97d 1.J2e 1.00e 1.ee2 1.022 1.220 1 200 0.o637

listener 19
1.000 1.caJ e. col ?.97o 0.ddl 1.032 1.20? 1.02d 1.20J 1.000 0.9429
1 000 1. 63 d 1.o2o 1.J03 1.32e 1 000 1.udd 1.dee 1.000 1 22d 0.d309
1. e W it 1.000 J.*ad J.ala 3.ool 1.3a2 1 22J 1.300 1.000 1 000 2.72d1
1.300 1.d.ia J.o7a 0.97v 1.dCJ 1.Ja2 1.22C 1.J00 1.P00 1.000 0.bbed
listener 24
1 003 1. t i d .l. 477 9.dbo J.dE2 1.342 1 202 1.320 1.200 1 220 2.7224
1.000 1.0H0 d.alo 0.dd2 d.3dJ 1.J00 1.22d 1.02d 1.200 1.000 0.5299
1.000 1. 00 0 0.195 A. 3do 4.02d 1.002 1.200 1.000 1.000 1.00e 9.4eo34

1 000 1 0H0 J.279 0.546 0.d22 1 002 1 22d 1.d29 1.290 1 202 0.2746
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TABLE I.5. (Cont.)
11atelser el
1.000 1.0d0 0.71o 1.J3J 1.02d 1.ede 1.200 1.J00 1.000 1.00d 0.9bde
1 000 1. ado J.719 1.Je3 1.402 1.032 1 0P0 1.020 1.JP0 1.dde E.7327
1.00d 1.J90 1.o04 0.93) 1.000 1.JP2 1.220 1.dEJ 1.000 1.202 0.9c01
1.008 1./VJ 4.921 .s.903 1.922 1.0/2 1.003 1.000 1.000 1.200 0.5454

11stener 22

1.000 1. 0H J d.171 4.4dd 0.000 1 000 1.200 1.000 1.003 1.007 a.DJ20
1.000 1.u30 1.455 J.d29 J.sce 1.avo 1.fea 1.000 1.0PJ 1.000 0.4522
1.deo 1.Jaa .21o J.1 .1 1.d4J 1.J02 1.et0 1.0ed 1.000 1 000 e.440t
1.J0J 1.e.13 J.149 1 322 2.004 1.dd2 1 020 1.000 1.090 1./20 0.0:co

listener z3
1.003 1.uua 1.o29 i.vos '.od7 1.aac 1 220 1.ded 1.0e0 1 000 0 6969
1.d00 1.dal 1.792 1 303 1.490 1.002 1.222 1.022 1.220 1 002 0.dElo

1:||| 1:i; J::: 1 ':::| f::|| 1:"|| 1:::: i:';" 1:||| 1: " ::':';
listaner 29
1.000 1.JJA u.auv C.12d 4.300 1.uP2 1.200 1.020 1.200 1.dDJ 0.7ad4
1.00H 1.0Du J.7a2 1.JP0 1. M J 1.J0P 1.JP0 1.300 1.000 1.dOH d.74d4
1 000 1.dod 3 35v 1 2d7 d.94c 1.402 1 222 1.Jte 1.200 1 20e 2.6f12
1.000 1.JJn e.o,a 0.v12 1.02J 1.30P 1.002 1.J20 1. ppd 1.002 2.37Eo

listener to
1.ded 1. d d t J.olo . so9 J.3cv 1.J92 1.J20 1.Jde 1.dO0 1.Bdv P.8cle'

1.000 1.ete J.796 1.'20 1.JP2 1.302 1 2e2 1.0f0 1.2ed 1.002 0.dfdo
1.000 1.J?M J.a,v J./40 1.3rJ 1. ' d e 1.ded 1.J20 1.J20 1.000 a.dd40
1.000 1. 60 s a. 3 9 't 4.wa5 1. a S e 1. d a v 1. J e 0 1. d e d 1. 0 0 0 1 00'J e.do32

listener 20
1.00J 1.J09 0.030 A. say 1.74J 1.002 1.22/ 1.020 1.200 1.J02 2.91oc

1.000 1.Jdv '.729 1.10 J 1.JE4 1.Jd2 1.209 1.020 1.ced 1.200 0.7422
1 000 1.and 3 899 A. 762 J.v 9 2 1.de? 1 2E2 1.022 1.200 1 200 e.7c59
1.000 1.0?J J.sJe '. si t 1.J'J 1.J00 1.020 1.292 1.000 1.000 0.3007

listener 27
1 00J 1.JJo J.7o3 1. add 1.000 1.JJC 1.de0 1.aed 1.e00 1.eoa c.9,13
1.000 1. eld J.ov7 4.93) 4.94o 1.0a2 1.222 1.023 1.220 1.d02 0.7112
1.d00 1.JPJ J.022 .i.1o J 1.J/3 1.0A2 1.000 1.000 1.000 1.000 0.9327
1.J00 1.03) J. 3 '7 a. 37 4 d.992 1.dd? 1 320 1.000 1.000 1.d00 0.5313

listener lo
1.000 1.Jos 0.7ad 1. lF J 1. 50 0 1.000 1.200 1.000 1.000 1.000 0.9avs
1.000 1.JJJ d.3od J.920 J.02J 1.042 1.000 1.000 1.000 1.000 0.5571
1 000 1.e94 0 500 a.777 1.3Pe 1.ade 1.e20 1.022 1.000 1 000 0 6753
1.000 1.JHJ J.J37 J.oni J. lo i 1.002 1.000 1.J20 1.000 1.000 0.3J07

listener 29
1. dea 1. dad /.73o 1.ddd 1.Jed 1.a00 1.ded 1.000 1.0PO 1 000 0.9o94
1.0Wd 1.dd3 d.4oo !.d45 d.120 1.000 1.000 1.320 1.000 1 000 0.9047
1.000 1.07d 4.301 1.d?d 1.000 1.030 1.000 1.JP0 1.000 1.000 0.d920
1.000 1.ded a.213 J,319 d . '3 2 0 1.d9e 1 200 1.J2J 1.000 1.000 0 2120

listener 34
1.000 1.J00 a.72a .J03 1.000 1.020 1.000 1.000 1.200 1.000 0.9d90

*

1.000 1.00d 0.529 0.909 2.4J4 1.JJP 1.200 1.000 1.000 1.000 0.53d2
1 000 1.00d 0 539 0.770 1.922 1.ddf 1 220 1.0f8 1.999 1 289 0.d711
1.900 1.000 0.lo? 0.493 0.000 1.000 1.000 1.020 1.000 1.000 8.le73
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TABLE I.5. (Cont.)

Listener 41
1. des 1.dHe 0.3dv 4.721 0.00d 1.00E 1 2ed 1. des 1.098 1 089 9 689d
1.000 1.0J0 d.400 0.o27 d.J22 1.000 1 222 1.02d 1 999 1 980 9.4c21
1.000 1.300 2.3/J J . .'s d D.30c 1.Jde 1.00J 1.020 1.000 1.000 0.4c81
1. 0 0 0 1. o'' A J.223 a.4de J.000 1.002 1 228 1.000 1.000 1 20e 0 222d
listener J2
1.000 1.432 3.oaa J.wod 3.9aa 1.u32 1.022 1.0c2 1.000 1.002 f.9741
1.000 1.JJJ ' 093 3.3d9 J.ve4 1.JJi 1.000 1.de? 1.000 1.000 c.7c4e.

1 400 1.03P a.3d2 .t. 4 4 4 3.793 1.J42 1 2c2 1 02e 1.000 1 002 B.ceeb
1.000 1.00J d.1J2 J.440 a . J 't J 1. J 3 2 1. 2 2 0 1. 0 2 2 1.200 1.000 0.14:e

listener JJ
1.J04 1.and a.633 a.v/1 d.J20 1.ttee 1 222 1.Jad 1.000 1.J00 0.731b
1.deo 1.das 1.740 1.?ed 1.022 1.402 1.E22 1.Jff 1.0ee 1 000 C.7:51
1.000 1.MO 2.413 J.,/4 J.71a 1.JJ2 1.?0J 1.nP? 1.33P 1.03J 2. ooc 2
1.ddb 1.c33 .s.doo a.v2o 1.Jed 1.332 1.ecc 1 000 1.JP0 1 09d J.do75

11stener 34

1.000 1.oHJ J.121 a./o3 3.dce 1.002 1.2e2 1.00d 1.000 1.P00 0.7043
1.400 1.00/ J.711 1.Jed 1.90e 1.d/2 1 200 1.322 1.JC0 1.dB0 9.725c
1.Jad 1. 0 :1? J. lo ? J.119 d.Jue 1.ddl 1.ted 1.32P 1.200 1.W22 2.stee
1.000 1.DA* 3.ala 3.357 1.002 1.302 1.022 1.JPJ 1.000 1. dad 0.5392

11stener sa
J.6be 1 010 a.2co 4 201 J.J2J 1.4JR 1.kkE 1.dk2 1.000 1 202 2.369c
1.000 1.002 0. sal .3>$ d.J3J 1.000 1.290 1.3CJ 1.300 1.J00 0.5240
0.192 1.J?> *.e47 1. % 4 1.ov3 1.JJ2 1.JJJ 1.02J 1.20d 1.dda e.4o44
1.dbd 1.2)J 1 499 ?.379 J.Jed 1.4.!z 3 222 1.922 1.222 1.22d 2.2937

11steuer jo

..o14 .960 J.do2 1.J32 1.020 1.020 1.000 1.200 E.9dSo1.deo 1.2P3 ;

1 00w 1.e"a a.uj7 1 34d 1.Jee 1.dde 1. Jeu 1.00g 1.220 1 200 0.8463
1.Wde 1.040 J.97e .'.aa2 0.51/ 1.232 1.022 1.322 1.JP0 1 008 0.74sE
1. duo 1.cas 1.0o2 9.vo3 1.02J 1.2dd 1.e/2 1.00P 1.0P0 1.000 0.0977

listener 37
1.dHd 1.caJ - 1. d 3 2 1 1d0 1.'12 4 1.dd2 1 022 1.000 1.220 1 200 0.9933
1.000 1.00J P.o/a 1.37J 1.Jf0 1.0J2 1.00? 1.023 1.00J 1.200 0.8014
1.000 1. a ,9 J.073 7.14d 1. 14 2 1.dag 1.200 1.32e 1.000 1.200 0.971k
1 000 1.daa J.7aa 1 303 1.022 1.202 1.22e 1.a22 1.200 1 000 e.74e7

11steaar Jo
1.000 1. eda 5.o90 9.399 J.995 1.029 1.22d 1.Je3 1.0cJ 1.00P 0.9055
1 0po 1.JJo J.on2 1.Jad 1.dde 1.400 1 2/3 1.922 1.d22 1 202 2.8393
1 000 1.JJ3 it.u?J 0.123 1.J?J 1.d?3 1.020 1.J00 1.000 1.000 E.921C
1.000 1.JDA d.7?1 A.197 1.JCJ 1.002 1.02P 1.023 1.000 1.000 0.7165

listener Jy |

1 000 1. 0 '3 d d.737 1 403 1.d2d 1. J 3 0 1 222 1.J22 1.020 1.222 e.99f3
1.000 1.000 9.711 3.voa J.va4 1.dat 1.000 1.0C0 1.000 1.003 0.7143
1.00W 1.000 A.dnd 1.947 1.004 1.300 1 200 1.ded 1.000 1.000 0.9142

| 1 000 1 00o .1.ded 3.o74 a.994 1.Jd2 1.EEC 1.020 1.000 1.202 0.b339
ilatener 12
1.00H 1.J/3 J.vid 1.tPJ 1.J27 1.J02 1.020 1.000 1.000 1.000 0.99c4
1 000 1.d?d 0 911 1.d00 1.d00 1.ddd 1. des 1.302 1.000 1.g22 E.915e
1.0WW 1. 00 0 3. 7o7 1. J 0 0 1. 0 0 0 1.300 1.000 1.000 1.000 1.988 1.9222
1.000 1.403 3.o7J 0.963 1.0Pt 1.002 1.000 1.002 1.890 1.000 9.6690,

I-22
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TABLE I.S. (C:nt.)
listener 41
1 000 1.ddJ f.7J7 1 203 1.322 1.00e 1 2ee 1.022 1.200 1 20e 0.9e95
1.000 1.000 0.do3 1.30J 1.Jfd 1.002 1.2J2 1.0E0 1.002 1.000 0.ob59
1.000 1.00J P.oo4 0.152 1.J2e 1.da2 1. dea 1.0e0 1.BP0 1.000 0.9732
1 000 1. 01 d d. 7 41 1. a c J 1.J24 1.002 1 22e 1.3e2 1.200 1.222 2.754k

11stener se
1.J00 1. ado 3.094 3.dv4 J.941 1.JP2 1.JP0 1.02P 1.000 1.000 0.933e
1 00J 1.03J J. col 1 50'1 1.Jed 1.Jd2 1.2ec 1.022 1.000 1.e02 c.dde?
1.dJO 1. dad a.437 J.o14 d.vss 1.0'2 1 202 1.322 1.000 1 200 0.7ese
1.00J 1.odJ 0. 7 < 1 a. *o l 1.320 1.J02 1.002 1.0c2 1.000 1.803 0.7169

115t9n9r 14
1 000 1. 0 a .! a. des 1. J d J 1.J22 1.412 1.E2e 1.d22 1.220 1 222 E.9934
1. d e o 1. Jd :- u . o 's i . .' U J 1.d2J 1.300 1.J2d 1.09.2 1.000 1.000 0.d143
1.000 1.Jad J.olo l.147 1.4>4 1.dde 1.E00 1.JC3 1.00d 1.200 0.97e1
1 000 1.doa 1.oav .s. s o o 1.12 2 1. del 1 22d 1.092 1.220 1 200 0.65to

11acenec 1:
1.00d 1. d ;5.5 J.dzo 1,1 ? J 1.JrJ 1.ed2 1.222 1.d2e 1.000 1.000 2.9932

1 000 1. 4 a 3 9 003 '.977 :J. d i o 1.e?C 1.Jde 1.J2d 1.000 1 222 2.67tt
1 000 1.JJ! .t. 07 3 ). v s a 1. J C ? 1.ePe 1.Ced 1.200 1.022 1 00e 0.vce2
1.000 1.Ju c J.sao 3. lov J. ole 1.JJ'J 1.020 1.d2J 1.000 1.000 0.4b72
11staner so
1 400 1. J a * 1.773 1. ? J J 1. .t J / 1.ded 1.e22 1.ded 1.0P0 1.eee 0.99E9
1.000 1.J?) ;. 320 . 333 1.3?J 1.J32 1.229 1.020 1.000 1.d00 0.d351*

1.0CJ 1.Ja0 3. ol ' '.503 1.Je1 1.3d? 1. J J. J 1.Jee 1.e00 1.000 2.v21c
1.J00 1.0tJ a. cod 3 17o 1.dti 1.dat 1. die 1.d27 1.220 1.eee 2.be41

11ateaer 40
1.J39 1.JJJ 0.' lao 1.403 1. 10 2 1.ede 1. dea 1.eed 1.000 1.d00 0.9e>4
1.ddo 1 4!> a.7,1 1.Jed 1.Jee 1.492 1 222 1.d00 1.d20 1.J02 0.7337
1.000 1.JPJ s.411 ' . a s .1 a.vis 1.Jd2 1.dCJ 1.000 1.000 1.002 0.7 slo
1.0J0 1.J03 J.no4 3.117 1. h' J 1.JJP 1.dca 1.020 1.000 1.ddC 0.S703

listen +r 97
1.000 1.cGa 1.7J3 1. 3 0 J 1. 10 3 1.J32 1.J20 1.022 1.000 1.200 2.9c54
1.00d 1.us/ J.o22 '.101 2.olo 1.300 1.JP2 1.022 1.000 1.000 0.629a
1 000 1. dad 1. cob A.773 1. d 2 1.c02 1 42d 1.022 1.200 1.d22 e.b74a
1.03J 1.o3; J.404 1. ado J.dyo 1.J02 1.2dJ 1.02d 1.000 1.202 0.4cto

itstener %o
1.Jud 1. v '' J J.627 1.fca 1.Jea 1.ti39 1 020 1 00e 1.00J 1 200 0 9931,

1.000 1.dte 1.000 J.v7d 4.doa 1.JJg 1 22d 1.J2P 1.200 1.200 0.o7c4
1.000 1.W'J f.o'lo .i. s 4 4 1.J/J 1.Ja2 1.000 1.J2J 1.0P0 1.002 0.90cc
1 0HJ 1.0MJ 0.4J1 ti.7o2 d.7vd 1.JJe 1.e?0 1.0J0 1.000 1.d02 0.4be7

listener 99
1.000 1.c20 4. 'l o o 1.J01 1.J0J 1. a.12 1.000 1.000 1.000 1.000 0.991s
1.00d 1.Ja' a.797 1. J tf 3 1. .t C J 1.302 1.2PJ 1.000 1.00P 1.00d 2.oe71

.. dos 1.122 1.Jde 1 222 1.0E0 1.200 1 002 0 93501 000 1.030 d.old '

1.000 1.003 J.021 1.104 1.Jad 1.Ja2 1.c20 1.022 1.020 1.202 2.0s70
listener 30
1.d00 1.042 J.77J 1.JP1 1.Jce 1.000 1 000 1.003 1.e00 1 000 2.9999
1.000 1. A 14 1.737 1.JP2 1.022 1.d02 1.222 1. deb 1.920 1 002 0.7092
1.000 1.300 9.o'4 4.J73 1.J20 1.372 1.222 1.000 1.000 1.003 0.929E
1.000 1.J/1 ".o7o 1.996 1.dee 1.00e 1.J20 1.d00 1. Dea 1 000 0.59eo

rurolf u co sa o,ulaLAvaa ? 113722,40313
ptrur pturo ptall

W.o77 9.937 J.o19
2.654 e.620 2.732
0.701 0.odo e.7 vb
a.419 0.00J e.467 I-23
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APPENDIX J: RANDON SELECTION OF POPULATION-4f EIGHTED
LISTENING POINTS AT 'IHE INDIAN POINT SITE

The objective of the listener-r.ite-selection process was to

identify 50 randomly selected bui' ding locations within the EPZ

surrounding the Indian Point Nucl6 : 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 ma- (see Fig. J-1) 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-1 and R-10 (see Fig. J-1).

A range of numbers was then assigned to each sector
,

according to the population in that sector. For

example, Sector A-1, juct north of the site, and

sectors B-1 and C-1 (moving clockwise) have zero

population and thus were not assigned any numbers.

Sector D-1 has a population of 35 and was assigned

numbers 1 to 35. Sector E-1 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

.

J-l
.

. _ . . . _ . _ _ _ . . . . _ . . .



i ,

4

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. Itaving 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 i

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. ,

1
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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 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 af fected the balance between urban

and rural listener sites. Since the subsequent

analysfa 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 proce6ure resulted

in a pseudo-random sample of 50 specific listener

locations, distributed throughout the EPZ as shown

roughly on Fig. J-1.

J-3'
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APPENDIX K: SANPLE SCENARIOS FOR THE EVALUATION OF SIREN
ALERTING AT INDIAN POINT,

Scenario @ @ @ @
Season Summer Summer Winter Winter

Time of Day Weekday Late Weekday Evening Late
Mternoon Night (Rush Hour) Nicht

General Warm, Clear to Warm, Clear to Cold, Stormy
'

Weather Partly Cloudy Partly Cloudy Overcast

Home/ Vehicle open open Closed Closed
Windows (& Storms) (& Storms)
Temperature, F 80 70 30 30

Relative ilumidity, % 65% 80% 70% 90%

Temperature Gradient,
OF/100 feet -1 +0 5 -0.5 -0.5
(meas. heights =95' & 7')
Wind Direction:

General SSE NNE NW SE

Valleys Up-Valley Down-Valley - -

Wind Speed, mph 10 mph 6 mph 10 mph 15 mph
| (meas. height =100')

:
Percent of People Located

Outdoors 20% - 5% -
'

{ In Motor Vehicles 6 1% 25 -

,

| Indoors at Work:
.

Commercial 23 3 4%-

Industrial 7 1 - 1,

In Home Sleeping. L 95 - 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-1
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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 (413-#36), 43

are in Westchester County (#37-#79) and 9 are in Putnam County

(#80-#88). Table L.1 provides a guide for locating the sirens on

the topographical maps.

L-1
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TABLE L.1. SIREN IDCATION BY MAP.

Siren 9 Map 8 Siren 9 Map 4 Siren 4 Map #

1- L-3 31 L-ll 61 L-8 i
'

2 L-2 32 L-ll 62 L-8

3 L-6 33 L-ll 63 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 1

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-10 45 L-12 75 L-8

16 L-10 46 L-12 76 L-8

17 L-10 47 L-12 77 L-8

18 L-10 48 L-ll 78 L-8

19 L-10 49 L-11 79 L-8

20 L-10 50 L-11 80 L-8

21 L-10 51 L-ll 81 L-3
22 L-10 52 L-ll 82 L-7

23 L-10 53 L-11 83 L-7
24 L-ll 54 L-11 84 L-7

25 L-ll- 55 L-11 85 L-3
26 L-11 56 L-12 86 L-3
27 L-11 57 L-12 87 L-7
28 L-11 58 L-8 88 L-4

29 L-ll 59 L-8
30 L-11 60 L-8

I
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Figure L-2 Figure L-3 Figure L-4
Corn Wall West Point Oscwana Lake

IO,-

D
Figure L-5 F qure L-6 Figure L-7 Figt e L-8

M nroe Poplopen skill Mohegan ake
Lake

d'
IN DI A N \'fpPOINT
+ e

L J

[FigureL-12Figure L-9 Figure L-10 Figure L-11
Sloatsburg Thiell Haverstraw Ossinin t

%

FIG. L-1. SIREN LAYOUT MAP IOCATOR.
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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.1. INDIAN-SIRENS

This file contains input data for each of the Indian Point

sirens as follows:

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

computer program.

Siren Name first letter indicates whether the siren is.

rotating or stationary type (R or S); the

remainder consists of the siren designation,

which for this plant is identical to the Siren

No.
<

x,y,z 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.

SPL@l00FT these numbers indicate the rated sound pres-.

sure level for each siren at a distance of 100

feet, in dB

M-1

.
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Table M.2 INDIANEARS

This file contains input data for each of the randouly

selected listener locations as follows:

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

computer program

Site Name designator for listener site; the first letter.

indicates whether the site is urban or rural

(U or R)

x,y,z 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

Rural Road 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/1000 feet..

M-2
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*

'

;, , .a

. ~ .

'

, .- 4, _

t-
WIND" wind dicection f in' degrees (0* = wind from.

- north, etc.)

NRES residantial building outdoor-to-indoor noise*

reduction, in dB.
.-

NCHM r commercial: ' building' outdoor-to-indoor noise.

' reduction , in dB.

F1 - F8 activity fractions..

F1 = 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.

FS = 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.

F8 = fraction of people in vehicles in rural areas

at 55 mph.

INP indoor alert probability curve (see Fig. 4-4.

of text).

PU30 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/in ft.

M-3
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.

' ADD vertical profile of air _ temperature, a, in.

F/in ft.

"*ABLE ' 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.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 P1 through P8 corresponding to activity
f ractions F1 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.

M-4
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TABLE M.1

INDIAN-SIRENS
SIREN: SIREN NAME X Y Z SPL&100 FT

1 R1 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 R10 573.050 4569.000 880.000 125
11 R11 586.500 4580.000 200.000 125
12 R12 584.800 4576.000 210.000 125
13 R13 583.750 4571.950 370.000 125
14 R14 584.500 4568.120 630.000 125
15 R15 580.120 4554.200 560.000 1254

16 R16 574.100 4564.380 890.000 1254

17 R17 576.180 4562.150 1150.000 125
18 R18 579.830 4564.750 650.000 125
19 R19 581.680 4563.500 435.000 125
20 R20 582.000 4560.100 520.000 125
21 R21 578.880 4560.680 550.000 125
22 R22 578.220 4557.660 620.000 125
23 R23 581.050 4557.150 615.000 125
24 R24 585.050 4565.050 160.000 125
25 R25 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
To R30 587.080 4558.450 270.000 .125
31 R31 585.000 4556.480 180.000 125
32 R32 586.620 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 R45 600.580 4562.950 530.000 125
46 R46 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 R49 593.850 4562.000 180.000 125
50 R50 592.380 4559.600 60.000 125

M-5



TABLE M.l. (Cont.)

51 R51 592.350 4562.920 230.000 125
52 RS2 591.000 4565.100 180.000 i?5
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
57 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
60 R60 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 R64 593.100 4568.750 380.000 125
65 R65 590.900 4567.700 270.000 125
66 P66 588,200 4568.600 150.000 125
67 R67 589.700 4569.500 170.000 125
68 R68 589.950 4570.700 200.000 125
69 R69 591.350 4571.450 310.000 125
70 R70 590.100 4572.450 280.000 125
71 R71 588.000 4572.120 130.000 125
72 R72 591.600 4574.550 150.000 125
73 R73 593.000 4571.970 450.000 125
74 R74 594.220 4573.500 370.000 125
75 R75 596.620 4574.880 750.000 125
76 R76 599.180 4574.550 540.000 125
77 R77 601.800 4574.620 675.000 125
78 R78 600.500 4576.900 650.000 125
79 R79 596.800 4576.300 450.000 125
80 R80 59E.600 4578.220 750.000 125
81 R81 595.920 4579.870 510.000 125
82 R82 593.820 4577.450 330.000 125
83 R83 590.400 4578.620 570.000 125

| 84 R84 587.170 4576.070 250.000 125
! 85 R85 588.370 4581.350 200.000 125
l 86 R86 590.700 4584.650 450.000 125

87 R87 592.500 4580.030 570.000 125
i

88 R88 595.050 4581.650 720.000 125
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TABLE M.2.
INDIANEARS

SITE e SITE NAME X Y Z RURRL ROAD
1 R1 587.600 4567.820 60.000 FRR
2 U2 590.000 4569.950 150.000 -

3 R3 592.250 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 R11 594.350 4564.450 490.000 FAR
12 U12 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 NEAR
16 R16 589.320 4580.100 380.000 NEAR
17 R17 595.850 4576.150 500.000 FAR
18 R18 596.300 4574.900 500.000 FAR
19 R19 595.800 4562.800 350.000 F6R
20 U20 594.100 4562.050 150.000 -

21 R21 586.750 4558.850 220.300 FAR
22 R22 581.070 4560.400 540.000 NEAR
23 R23 586.350 4580.650 200.000 NEAR
24 U24 589.950 4571.600 200.000 -

25 R25 598.850 4572.650 490.000 NEAR
26 R26 599.850 4568.520 535.000 NEAR
27 R27 599.150 4567.700 360.000 FAR
28 U28 595.370 4559.200 380.000 -

29 R29 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
32 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 NEAR
40 R40 603.290 4569.220 460.000 FAR
41 R41 589.150 4553.570 205.000 NERR
42 U42 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 FRR
48 R48 582.150 4555.600 475.000 NERR
49 R49 580.150 4555.750 460.000 FRR
50 R50 578.550 45.57.620 510.000 FAR
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TABLE M.3.

I

VAL-HUDSON |
l

SCEM:: AMOL WIND NRES 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 23 16. 31. .000 .000 .950 .000 .030 .010 .004 .006
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

IriP PU30 PR55 MUL ADD
1 1.000 1.000 3.750 -0.350
3 1.000 1.000 2.250 0.170
3 1.000 1.000 3.750 -0.170
1 1.000 1.000 5.620 -0.170
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TABLE M.4.

LISTENEROUTPUT_

LIS G LISTENUM NMME SIMEN G SIREN NMME LDUT

1 R1 54 R54 B3.3
66 R66 92'.2
66 R66 93'.2
54 R54 B5'. B

2 U2 67 R67 98 ~. 5
6B R68 95.2
6B R68 95'.9
67 R67 99'.2

3 R3 64 R64 74'.3
73 R73 BB'. 5
73 R73 89'.9
64 R64 77'.2

4 U4 25 R25 B7'. 9
14 R14 77.1
14 R14 80'.3
25 R25 89'.7

i

5 R5 52 R52 00'.9
52 RS2 96'.D
52 RS2 81'.7
52 RS2 96 ~. 8

6 R6 25 R25 92~.2
25 R25 77'.3
25 R25 73'.3
25 R25 93'.4

7 R7 25 R25 91'.4
14 R14 72~.3
14 R14 76'.4
25 R25 92~.0

B UB 2B R2B 91'.4
26 R26 87.4
26 R26 BB'. 9
2B R2B 92'.7

9 U9 2B R2B B5.6
26 R26 93~.0
26 R26 94'.7
2B R2B B7.7

ID RID 27 R27 92'.6
25 R25 85'.7
25 R25 07'.4
27 R27 93'.B
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TABLE M.4.-(Cont.)

11 R11 35 R55 79'.7
56 R56 80'.8
51 R51 ET '. 3
56 R56 93.6

12 U12 28 R28 93'.8
26 R26 85'.5
26 R26 87'.3
28 R28 . 94'.8

13 R13 2D R2D 74'.1
27 R27 73'.6
25 R25 65'.7
20 R2D 76'.4

14 R14 27 R27 70'. D
27 R27 70'.3
19 R19 76'.7
27 R27 81'. D

15 R15 84 R84 76'.1
11 R11 93'.2

11 R11 94'.1
84 RB4 80'.1

16 R16 85 RB5 66'.4

80 RB5 86'.6
85 RB5 88'.2

85 RB5 68.4 i

17 R17 75 R75 87'.1
82 RB2 80.6
82 RB2 83'.2
75 R75 89'. D

18 RIB 75 R75 I D3'. 4
75 R75 103'.4

! 75 R75 93'.B i

! 75 R75 ID3~.8

19 R19 46 R46 60'. B
56 RS6 77'.7
55 R55 85'.9

| 46 R46 71".2
i

2D U2D 49 R49 1 05'.8'

49 R49 ID5'.9;
' 49 R49 I P%".1

49 R49 1 '). 2

|
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TABLE M.4. (Cont.)

ic1 R21 3D R3D 9B'. 9
3D R3D 94'. D
3D R3D B4'. 5
30 R3D 99~.6

22 R22 2D R2D 92'.2
20 R2D 92.3
19 R19 79'.6
2D R2D 93'.4

23 R23 11 R11 96'.3
85 RB5 82'.4
11 R11 77'.1
11 R11 97'.2

24 U24 6B R68 93'.1
70 R70 93'.7
7D R7D *r 6
EB R68 94.d

25 R25 62 R62 89'.7
76 R76 83.9
76 R76 85'.9
62 R62 91'.3

26 R26 58 R58 92'.9
58 R58 73'.1
58 R58 79'.D
58 R58 94~.1

27 R27 58 R58 104'.2
58 R58 1D4'.2
58 R58 99'.6
58 R58 In4~.6

2B U2B 41 R41 92'.2
42 R42 96'.3
42 R42 97'.D
41 R41 93'.5

29 R29 32 R32 87'.9
3D R3D 89'.1
29 R29 B2'. B
3D R3D 90'.5

3D R3D 33 R33 79'. B
29 R29 7B'. 7
29 R29 B1 '. 6
33 R33 B3'. D
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TABLE M.4. (Cont.)

|
'

31' R31 21- R21 83'. E'
21 R21 90'.7
21 R21 99'.3
22- R22 81'.9

| 32 R32 83 . RB3 71".1 -

88 R88 . 58'. 6*

85 RBE 62'.7 -

-83 R83 75'. 3 -

i 33 R33 79 R79 64'.6

81 RBI 62'.2
81 RBI 64'.1'

;- 79 R79 67'.1

34 R34 77- R77 BD'. 9
78 R78 94'.4

'

7B R78 95'.2
77 R77 83.9'

.J

35 R35 % R46 73.D
46 R46 93^.1

i 46 R46 94~.1
44 R44 74~.6

36 R36 36 R36 104'.2
'

36 R36 99'.2
36 R36- '99'.5

i 36 R36 104'.5

i
3 37 R37 31 R31 79'.4

31 R31 79'.7-
29 R29 78'. D

i 31 R31 B2'. 7
r.

38- R38 BD R8U 87'.4

BD RBD 67".~ 5

-BD RBD -69'.1 ~
BD RBD 89'. 2 ~s

39 R39 59 R59 91'.9
61 R61 86'.6
61 R61 88*. E,

: 59 R59 93'.2
'

,

4D R4-D 59 R59 71".6
i 59 R59 81 '.' 7 -

59 R59 92'.9
3 '
'

59 R59 72'.9
,
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TABLE M.4. (Cont.)

41 R41 36 R36 ' 55'.3
36 R36 77. 6..
36 R36 77'.4
36 R36 57.6

'42 U42 68 R68 85.2
68 R68 90'.4
68 R68 91*.6
68 R68 71'.7

43 043 35 R35 92'.8
34 R34 99'.1
34 R34 99~.6
35 R35 94'. D

44 U44 35- R35 71'.1 'h
35 R35 91 ~. 2
34 R34 B3'. 5
35 R35 92'.5,

45 045 34 R34 85~. 5
34 R34 95'.6
33 R33 87'.2
34 R34 96'.4

46 046 34 R34 92'.2
33 R33 95'.6

) 33. R33 86'.4
33 R33 96'.4

47 R47 33 R33 89'.7
33 R33 89'.8
33 R33 71'.1
33 R33 91~.2

48 R4B 33 R33 79'.D
33 R33 79'.3
23 R23 7D'. 8
33 R33' B2 ~. 3

49 R49 15 R15 86'.5
23 R23 .75.7
23 R23 77.5
15 R15 88'.5

5D R50 22 RE2 98'.3
22 R22 ID3^.3
22 R22 1D3'.7
22 R22 93'.7
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TABLE M.5.
PROBS

P1 PE P3 4 P5 P6 F7 PW PT
LYsTEnem I

r.UDD r.DDD W.691 W.999 F.906 U.DDD r.DDD r.DDD W.9022
U.DDD r.DDD W.790 r.DDD r.DDD r.DDD r.DDD r.DDD D.BDDI
1".000 r.DDD W.625 D.900 T.DDD r.DDD r.DDD r.DDD D.9441
r.DDD r.DDD U. 519 W.9DD r.DDD r.DDD r.DDD r.DDD W.5429

LYr'Tuwen 2
r.DDD r.DDD W.848 T.DDD r.DDD r.UDD r.UDD r.DDD W.9939
r.DDD r.UDD W. BIB r.DDD r.DDD r.DDD r.DDD r.DDD W.8274
T.DDD r.DDD W.661 W.937 T.DDD r.DDD r.UDU r.DDD W.9645
1.DDD r.UDU D'. 7DI W.998 T.DDD r.DDD r.DDD r.DDD W.716D

LisYmNam 3
U.DDD r.DDD W.569 F.941 W.614 T.DDD r.UDD r.DDD D.8823
U.DDD r.DDD D.751 W.999 F.DDD r.DDD r.UDU r.DDD W.763D
r.DDD r.DDD W.579 D'.837 T.UDD r.DDD r.UDD r.DDD W.9DB9
T.DDD r.DDD D.377 W.716 F.7BD r.DDD r.DDD r.DDD D.3993

Lx'tawEm 4' s
r.DDD r.DDD D'.744 1*.DDD r. BUD r.UDD r.DDD r.DDD W.9898
1.DDD r.UDD D.61D W.BB2 D'. 7BD r.DDD r.DDD r.DDD W.6230
U.DDD r.DDD U.43D W.547 D'.902 T.UDD r.DDD r.DDD W.7461
T.UDU r.DDD U.576 W.945 U.UDD r.DDD r.DDD r.DDD W.5971

LisTENEm 5
r.DDD r.DDD D'.659 D'.982 W.917 T.DDD r.DDD r.DDD D.9638
U.DDD r.DDD W.826 T.DDD r.DDD r.DDD r.DDD r.DDD D.8344
U.DDD r.VDD W.453 F.595 D~.936 T.UDD r.UDD r.DDD U.7735
T.DDD r.DDD D'. 671 D.985 U.DDD r.DDD r.DDD r.UDD W.6873

LiETENER 6
T.DDD r.DDD W.789 U.DDD r.DDD r.DDD r.DDD r.DDD W.9916
T.DDD r.DDD W.612 0.884 W.787 T.DDD r.DDD r.DDD W.6252
T.DDD r.DDD W.3D9 U.3D4 W.554 r.DDD r.DDD r.DDD U.6105
T.DDD r.DDD D'.627 W.971 U.DDW r.DDD r. BUD r.DDD W.646D

LYsyswww 7 |

T.DDD r.DDD D.782 r.DDD r.DDD r.DDD r.DDD r.DDD W.9913
U.DDD r.DDD D.54D U.772 W.485 T.DDD r.DDD r.DDD D'.54BD
r.DDD r.DDD W.364 U.4DB D.743 r.DDD r.DDD r.DDD W.6686
r.DDD r.DDD W.619 F.968 U.DDD r.DDD r.DDD r.DDD W.6377

LYstaman B
r.DDD r.DDD W.781 T.DDD r.DDD r.DDD r.DDD r.DDD W.9912
r.DDD r.DDD W.738 F.994 T.DDD r.DDD r.DDD r.DDD W.7511
F.DDD r.PDD W.565 F.B14 T.DDD r.DDD r.DDD r.DDD D.8960
r.DDD r.DDD W.618 W.967 U.UDD r.DDD r.DDD r.DDD W.6368

,
LYstENEM 9

! T.DDD r.DDD W. 717 T.DDD r.DDD r.DVD r.DDD r.DDD W.9BB7
I r.DDD r.DDD W.806 T.DDD r.DDD r.DDD r.DDD r.DDD W.8153

r.DDD r.DDD W.645 W.922 r.UDD r.DDD r.DDD r.DDD W.9561
U.DDD r.DDD W.547 W.924 U.DDD r.DDD r.DDD r.DDD W.5693

Lrstansa 1D
r.DDD r.DDD D.794 U.DDD r.DDD r.DDD r.DDD r.DDD W.9917
IkDDD r.DDD W.718 W.974 T.DDD r.DDD r.DDD r.DDD W.7324
U.9DD F.DDD W.543 W.776 T.DDD r.DDD r.DDD r.DDD W.8746
Y.DDD Y.DDD W.633 W.973 U.DDD r.DDD r.DDD r.DDD D.6509
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TABLE M.S. (Cont.)
Lxsrswam 11

U.DDD r.900 9'.645 D'.978 9'.895 T.DDD 1*.900 1;900 D'.9549
l'.DDD l'.DGD D'.659 D.935 B;917 r.DDD 1*.000 r.DDD D.6739
U.DDD r.DDD B".195 D'.146 D.000 r.DDJ F.DDD r.DDD D'.5220
l'. DDD r.UDD D;484 D;B64 D.992 U.DDD r.DDD r.DDD D'.5091

Lasrzwan 12
U.DDD r.DDD D'.805 1;DDD r.DDD r.DDD r.DDD r.DDD D'.9922
T.DDD r.DDD D'. 716 U.973 f.DDD r.DDD l'. DDD r. ODD D.7302
-1~.000 1;DDD D'.54D 0.771 11000 r.DDD r.DDD r.DDD D.872D
r.DDD r.DDD D'. 646 U.978 U.UDD r.DDD r.DDD r.DDD D.6639

Lx'Tawam 13s
r.DDD r.DDD D.567 D.939 D'.605 T.DDD r.DDD r.DDD D'.8798
T.DDD r.DDD U.561 U.BDB D.576 r.DDD r.DDD r.DDD D'.5698
r.DDD r.DDD D.162 0.116 D'.DDD r.DDD r.DDD l'. DDD D'.5047
U.UDD r.DDD D'.364 U.694 0.741 r.DDD r.DDD r.UDD U.3853

L x svrwan 14-
U.DDD r.UDD D'. 621 D'.969 D.018 l'. DDD r.DDD r.DDD 0;9369

T.DDD r.DDD D.626 U. 90E D'. B32 1*.000 r.DDD l'. DDD D.6393
U.DDD r.DDD D'.369 U.418 D'. 757 T.DDD r.DDD r.DDD D.6739
T.DDD r.UDD D'.442 U.812 D.921 F.DDD r.UDD r.ODU D'.4666

LxsTawen 15
1*. 00D r.UDU D.596 D'.957 D'.726 r.DDD r.DDD l'.UDD D;9123

F.DDD r.DDD D.799 T.DDD r.DDD r.DDD r.DDD r.DDD D'.BD94
l'.DDD r.UDD D'.637 D.914 U.DDD r.DDD r.DDD r.DDD D'.9516
T.UDD r.DDD D'.427 U.792 D'.897 T.DDD r.DDD r.UDD D'.4518

L'Isrzwan 16
1,.000 r.DDD D'. 448 D'.82D D.DDD r.DDD r.DDD r.DDD D'.7120
r.DDD r.DDD D'. 729 U.981 T.DDD r.DDD r.DDD r.DDD D'.7425
T.DDD T.UDU D.555 D'. 797 T.UDD r.UDD r.UDD r.DDD D'.BB64
T.DDD r.DDD D'.215 D'. 521 U.DDI r.UDD r.DDD r.UDD D'.2147

LxsTrwen 17
f.DDD r.UDU U.735 U.UDD r.DDD r.UDD r.DDDe T.DDD D.9894
r.DDD r.DDD D'.657 D;933 0.911 T.DDD r.UDD r.DDD D'. 671 D
r.UDD r.DDD D.477 D'.646 U.979 T.DDD r.DDD r.DDD U.BDIB
1.D00 r.UDD D'.566 0.938 r.DDD r.DDD r.DDD r.DDD D'. 5873

LxsTawan IB
r.DDD r.DDD D'.BB7 T.DDD r.DDD r.DDD r.DDD r.UDD D.9955
1*.000 r.DDD D'. BBB l'.DD'O r.UDD r.CDD r.DDD r.DDD D'.9933
T.DDD r.DDD D'.632 D'. 909 T.DDD r.DDD r.UDO r.DDD U.94B9
T.DDD r.DDD D'. 754 T.DDD r.DDD r.DDD l'. DDD r.DDD U.7664

LasTawan 19
r.DDD r.DDU. D'.487 D'. B67 U.DD4 U.DDD r.DDD r.DDD D.7239
1*.DDD r.DDD D'. 617 D.991 U.BD4 l'.DDD r.DDD r.DDD D'. 6304
T.DDD 1.DDD D'.52D D'.733 T.DDD r.DDD r.DDD r.DDD D'. 9504
T.DDD r.DDD D.269 0.572 D;413 U.DDD r.UUU r.900 9;2B2D

L'ssTsuse 20
T.DDD r.DDD D'.905 r.BDU r.DDD 1*.000 r.DDD r.DDD U.9962
T.DDD r.DDD D.905 T.DDD -1.000 r.DDD 1.000 U.DDD O'.9D96
T.DDD r.DDR 9.779 1*.D00 r.DDD r.DDD r.DDD r.DDD r.DDDD
r.990 1.900 9'.724 T.900 F.900 F.DDD 1.000 1.000 D'.7379
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TABLE M.S. (Cont.)

LIsTmNan El
1;DDD 1;DVD D.B52 1;DDD l'.DDD 1;DDD 1;DDD l'. 9BD D.994;
1;DDD 1;DDD D.BD7 1.DDD 1;DDD 1.DDD l'. DDD l'.DDD D'. 817D |

1;DDD 1;DVD U.499 U.691 D.999 l'. DD D l'.DDD l'.DDD D.8272
l'. D DD 1;DDD D.7D6 U.999 1'. DDD liDDD 1;DDD 1;DDD D'.7205

Lx'TENEM 22S
l'. DDD 1;DDD U.789 l'.DDD 1;DDD 1;DDD l'. UDD l'. DDD D'.9916
l'. uDD l'.DDD D.790 l '. D D D 1;DDD l'. DDD l'. DDD l'.UDD D'.8DDB |

l'. DDD l'. D D D D.419 U;522 D'. BB1 l'. DDD 1;DVD l'.DDD D'.7322
1;DDD 1;DDD U.627 D'.971 l'. DDD 1;DDD 1;DDD l'. DDD D'.6459

*1sTENen 23
1;DDD l'. D DD D'. 829 1;DDD l'. DDD 1;DDD l'. DDD l'. DDD D.9932
1;DDD 1.000 D'.679 D'. 951 D.95D l'. DDD 1*.000 l'.DDD D'.6935 I

l'.DDD l'.DDD D.376 U.433 D.779 l'.DDD l'. DDD 1;DDD D'.6024
1;DDD 1;DDD D.676 D'. 907 1;DDD l'.DDD l'.DDD l'.DDD D'.6925 )

L'IsTENsn 24
1;DDD l'. DDD D.790 1.DDD l'. DDD 1;DDD l'. UDD 1".DDD D'.9919
1'.000 1.DDD D'.8D4 liDDD 1;DDD l'. DDD 1;DDD 1;DDD D.8138
1;DDD l'.DDD D'.643 D'.92D 1;DDD 1;DDD 1;DDD l'. D D D D'.9550
1'.000 1;DDD D'.638 D'. 976 l'. DDD 1.DDD 1;DDD 1 ~. DD D D.6564

LISTENEM 25
1;DDD 1;DDD D.764 1;DDD 1.DDD l '. DDD l'. DDD l'.DDD D'.99D6
1.000 1.000 D.697 U.963 D'.996 1;DDD 1;DDD l'. DD D D'.7110
1*.DDD IkDDD D.519 D'. 732 l'. DDD 1;DDD l'. DDD l'. DDD D'. 85DD
1.DDD 1.DDD D~.598 D.958 1.DDD 1;DDD 1;DDD 1;DDD D.6181

LISTENEn 26
l'. DDD 1.DDD D.797 l'.UDD 1;DDD l'. UDD l '. DD D 1.0D0 D'.9919
1.DDD 1'.000 D'.552 D'.793 0.536 1;DDD l'. DDD 1;DDD D'.56D4
1.DDD 1.000 D'.4D9 U.5DD D.B6D 1;DDD l'. DDD 1.DDD D.72D2
1.DDD 1;DDD D.637 D'.975 1;DDD 1;DDD 1.DDD 1;DDD D.6547

Lx5TENen 27
1.DDD 1;DDD D.893 1.DDD l'.DDD l'.DDD l'. UDD l'.DDD D'.9957
1'.000 l'. DDD D'.894 1;DDD 1;DDD l'. DDD l'. DDD 1;DDD D.8989
1;DDD l'. D D D D.7D5 D'.968 1~.DDD l'. DD D l'. DDD 1;DDD D.9921
1.DDD l'. D D D D'.762 l'.DDD l'.DDD 1;DDD 1;DDD 1;DDD D'.7743

LISTENEM 26
1.D00 1;3DD D.79D 1.DDD l'.UDD l'.DDD 1 ~. 000 l'. DDD D.9916
1;DDD l'. DD u D.828 1;DDD 1;DDD l'. DDD 1;DDD 1;DDD U.837D
l'.DDD l'. DDD D.674 D'. 947 l'.DDD 1;DDD l'. DD D 1;DDD D'.9704
l'.DDD 1.DDD D'.628 D'.972 l'.DDD 1.DDD 1;DDD 1;DDD D.6469

LxsTrNaN 29
1;DDD l'.DDD D'.744 liDDD 1;DVD 1.000 l'. DD D 1;DDD D.9898
1".DDD l'.DDD D.757 1;DDD l'.DDD 1.DDD 1;DVD 1;DDD D.76BB
IkDDD 1".DDD D;471 U.634 U.960 l'.DDD 1.DDD l'. DDD D.7952
1;DDD 1;DDD D;5BB D'.952 l'.DDD 1.000 l'.DDD 1;D00 D.6D83

LzsTzHun 3D
1~. 000 1;DDD D.646 0;97B D'.889 l'. DDD l'.UDD 1;DVD D'.956D
1;DDD l'. DDD D;631 D'.907 D'.849 l'.DDD l'.DDD l'. DDD 0;6453

1;DDD 1;DDD D.451 D'.592 U.934 1;DDD l'. DDD 1;DDD D.7714
1;wDD 1;DDD D'. 475 D.C53 D.973 1 ~. 900 1;DDD 1;DDD D'.5DDD
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TABLE M.5. (Cont.)

L2sTEMan 31
1;DDD l'.DDD D.694 D;992 D.993 1.DDD 1;DDD l'.DDD D.9846
l'.DDD 1;DDD D.850 1;DDD l'. DDD 1.DDD l'.DDD 1;DDD D.8577
1;D00 l'. DDD D.7D2 D;966 1;DDD 1~.DDD l'.DDD r.DDD D.981D
l'.DDD l '. D D D D'.456 D.831 D.94D 1;DDD 1;DDD l'.DDD D.4809

LIsTENEM 32
1;DDD 1.DDD D.523 D'.9D4 D.4D9 1;DDD l'.DDD l'.DDD D'.8258
l'. DDD 1.DDD D.313 D'. 312 U.DDD l'.DDD 1~.DDD 1.000 0.3174
l'.DDD l'.VDD D.1DD D. U71 D'.DDD l'.DDD l'.DDD 1.DDD D'.4796
1.DDD l'.DDD D*.344 U.662 D.679 1;DDD l'.DDD l'.DDD D.3642

LxrTEMEn 33
1.DDD l'.UDD D.419 U.779 D.DDD l'.DDD l'.UDD l'.DDD D'.7D26
1.DDD l'.D00 D.378 D.435 D.DDD 1;DDD 1;DDD l'. D DD D;3788

1.DDD 1.000 D'.129 U.D9D D.DDD 1.D00 l'. DDD l'.DDD D.49DI
1;DDD 1;DDD D'.19D D.498 D'.DDD 1.VDD 1;DDD l'.DDD D.1908

LxsTrucn 34
1;DDD 1;DDD D'. G6D D'.982 D'. 918 1.000 l'.DDD l'.DDD U.964D
11000 1.DDD D.Bil 1.DDD 1;DDD 1;DDD l'.UDD 1.DDD D'.82D4
1;DDD 1;DDD D'.651 D;928 l'. DDD 1;DDD 1;DDD l'. D D D D;9597

1.000 l'. DDD D.488 D'.069 D'.996 1;DDD 1.DDD 1;DDD D.5134
LISTENER 35

l'.DDD 1;DDD D.551 D'.928 D'.533 1;DDD 1.DDD l'. D D D D'.8602
11DDD l'. DDD D'.799 1.000 l'.DDD l'. DDD 1;DDD l'. D DD D'.BDBB
1*.000 1;DDD U.636 D'.913 1.DDD l'. DDD 1;D00 l'. D D D D'.9511
l '. D DD 1;DDD D.332 D'.64D D~.635 l'.DDD 1;DDD l'.DDD D'.3504

tzsTenen 36
1.000 1.DDD D.893 1;DDD 1.DDD 1;DDD l '. D D D l'.DDD U.9957
l'.DDD l'. D D D D.854 1.DDD 1;DDD l'.DDD 1;DDD 1;DDD D.8615
l'.DDD 1;DDD D.7D5 D'.968 1;DDD l'.DDD l'.DDD 1;DDD D'.9019
1~. 0 0 0 1;DDD D.762 l'.DDD 1;DDD l'.DDD l'.DDD 1;DDD D'.7738

tzsrswan 37
l'.DDD 1;DVD U;641 U.976 D.975 l'. DD D 1;DDD IkUDD D.9520
l'.DDD 1;DDD D.645 D.922 D.BB6 1;DDD l'.DDD 1;DDD D'.6594
l'.DDD l'.DDD D.391 D.463 D'.818 IkDDD l'.DDD l'.DDD D'.6991
1'.000 l'.DDD D'.469 D'. 947 D'.955 1;DDD 1;DDD 1;DDD D.4940

tzsTrwsw 3B
l'.DDD 1.DDD D'.738 l'.DDD 1;DDD 1~. DDD l'.UDD l'. DDD D.9895
l'.DDD l'.DDD D'.468 D~.627 D'.DDD l'.DDD l'.DDD l'.DDD D'.4643
1;DDD IkDDD D'.229 D'.186 U.D15 l'.DDD l'.DDD 1;DDD D'.5444
l'.DDD 1;DDD D.569 U.941 liUDD 1;DDD ILDDD 1.DDD D.59D9

LisTmMan 39
l'.DDD l'.UDD D.786 l'.DDD IkUDD l'.DDD 1;DDD liDDD D.9915
l'.DDD 1;DDD D.729 D'. 961 l'.DDD 1;DDD l'.DDD ILUDD D'.7425
1.DDD 1~.000 D'.554 U.797 ILDDD l'..DDD ILUDU l'.DDD D'.BB63
liDDD IkDDD D'.624 D;97V 1;DDD 1;DDD IkDDD ILDDD D.6429

trsTunaw 4D
l'.DDD l'.DDD D;530 D'. 91 D D;439 1;DDD IkDDD l'.DDD D'. 8341
IkDDD l'.DDD B;67D D.945 F.937 1;DDD 1;DDD l'.DDD D.6849
1.DDD %'.DDD W.619 W.893 l'.DDD l'.DDD 1.DDD 1~.000 D.94DD
1;DDD T'. DDD D.3D1 9.602 9.526 1.500 l' DDD 1.DDD D.3167.

M-17
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TABLE M.5. (Cont.) |

LacTcuse C1
0.751 U.DDD W.253 W.557 D.DDD 1*.000 r.DDD r.DDD W.6D18
T.DDD r.DDD D.588 F.BS2 9.695 U.DDD l'.DDD r.DDD U.5998
r.DDD r.DDD W.382 D;443 W.793 1*. DDD r.DDD r.DDD W.6BB2
W.836 U.DDD W.DDD W.236 W.DDD r.DDD r.DDD r.DDD W.01DD

LISTENER 42
T.DDD r.UDU W. 713 1;DDD l'.BBD 1.DDD 1*.900. 1*,DDD 0,9085

'

-T.'DD D r.DDD V.771 T.~UDD r.DVD r.DDD r.DDD 1.DDD D.7824
.r.DDD r.UDD W.6D3 D.872 r.DDD r.DDD l'.DDD l'.DDD W.9283
r.DDD r.DDD D.279 W.581 W.448 ILDDD r.DDD 1*. DD D W.293U

LISTENEm 43
1;DDD r.DDD W.796 T.DDD r.DDD ILDDD r.DDD l'.DDD 0;9918

T.DDD r.DDD D.853 T.DDD r.DDD r.DDD r.DDD r.DBU D.8606
r.DDD r.DDD U.7D6 U.968 U.DDD r.DDD r.DDD r.DDD W.9823
U.DDD r.UDD D.635 D.974 r.UDD r.DDD r.DDD r.DDD D.6534

tzsTENER 44
1.DDD r.DDD W.523 W.904 W.4DB r.DDD r.DDD l'.UDD W.8256
T.DDD r.DDD W.7BD r.UDD r.UUD r.DDD r.DDD 1;DDD D.7908
F.DDD r.UDD D.483 U.659 W.991 U.DDD r.DDD r.DDD W.BBBB
1.000 r.DDD W.615 D.966 T.UDD ILDDD r.DDD r.DDD D.6339

LzsTamEm 45
T.DDD r.DDD W.717 T.DDD r.UDD r.DDD r.DDD r.DDD W.9BB6
T.DDD r.DDD D'.822 r.DDD r.DDD r.DDD r.DDD r.DDD W.8314
T.DDD r.DDD W.539 F.769 T.DDD r.DDD r.DDD 1LDDD W.87DS

i

1.090 T.DDD W.667 W.984 T.DDD r.DDD r.DDD r.DDD W.6835
LISTENEm 46

T.DDD r.DDD D*.79D r.DDD T.DDD r.DDD r.UDD r.DDD W.9916
r.DDD 1.UDD D.822 T.DDD r.UDD 1;DDD r.DDD r.DDD D.8314
r.DDD r.UDD W.527 U.746 r.DDD r.DDD r.DDD r.DDD D'.85BD
r.UDO r.DDD D.667 W.984 r.UDD r.DDD r.DDD r.DDD W.6835

LISTEMER 47
T.DDD r.DDD 0;763 T.UDD r.DDD r.DDD r.DDD r.DDD D.99D5
r.DDD r.DDD D.765 r.UDD r.DDD r.DDD r.DDD r.DDD D.7765
r.DDD r.DDD D.267 F.238 U.407 U.DDD r.DDD r.DDD W.5731
T.DDD r.DDD D.597 D'.957 T.DDD r.DDD r.DDD r.DDD W.5172

L2sTENEp 48

r.DDD r.DDD W.635 U.974 W.859 1.DDD r.UDD r.DDD W.9478
Y.DDD r.DDD W.639 W.916 D'. 871 T.DDD r.DDD r.DDD W.6537

: T.DDD r.UDD W.262 W.23D W.39D r.DDD r.DDD r.DDD W.569D
Y.DDD r.DDD D.464 W.84D W.949 r.DDD r.DDD r.DDD D.4885

LxsTomse 49
i 1.DDD r.DDD D.729 r.DDD r.UDD r.DDD 1;DDD r.DDD D.9891 I

'

r.DDD r.DDD D.591 D'.855 W.7D4 U.900 U.DDD r.DDD D.6D22
r.UDD r.DDD D.383 D'.446 W.796 r.DDD r.DDD r.DDD W.6896
T.DDD r.UDD D.559 F.934 r.DDD r.BDO r.DDD r.DDD W.581D l

LISTEman 5D )
F.DDD r.DDD D.846 T.DDD r.DDD r.DDD r.DDD l'. DDD W.9939
T.DD0 r.DDD D.BB7 T.DDD r.DDD 1.D00 r.DDD r.DDD U.8924
r.DDD 1.DDD W.752 r.DDD r.DDD r.DDD r.DDD r.DDD D.9997
T.DDD 1.DDD D'.631 W.973 r.DDD 'r.DDD r.DDD r.DDD W.64964

mummt, unamw PoputaTxcms *? 14645'4',11D929

PTmum Prums PTmLL
W.931 U.979 F.951
W.7DI W.BDD W.744
W.776 F.908 W.533
F.SE7 9'. 6E9 W.571 M-18
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APPENDIX N: RANDOM SELECTION OF POPULATION-46EIGHTED 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 assured
-

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-1)

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 ra..Jom selection process

' described below.

2. Each annular sector was first assigned a desig--

nator, ranging between A-1 and R-6 (see Fig. N-1).

A range of numbers was then assigned to each sector

according to the population in that sector. For

example, Sector A-1, just north of the site, has a

population of 99 and was assigned numbers 1 through

99. Sectors B-1 through L-1 (moving clockwise over

Lake Michigan) have zero population and thus were

not assigned any numbers. Sector M-1 has a popula-

tion of 204 and was assigned numbers 100 to 303.

Sector N-1 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-

N-1
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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 randon

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 fee t 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-1.

N-3
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APPENDIX 0: SAMPLE SCENARIOS FOR THE EVALUATION OF SIREN
ALERTING AT ZION.

h h @ hScenario

Season Summer Summer Winter Winter

Time of Day Weekday Late Night Weekday Late Night

Afternoon (7/17/30 Evening (Rush (1/7/80
(7/11/80 @ 0200) 1/30/80 hr) @ 0200)
@ 1500) @ 1800)

General Weather Ware, Clear Warm, Clear Cold, Over- Windy
to Partly to Partly cast, Light

Cloudy Cloudy Precipita-
tion

Home/ Vehicle Windows Open Open Closed Closed
(& Storms) (6 Storms)

Temperature, F @35' 71 F 70 17 13

Dew Point F @35' 62 61 16 7.4

Temperature Difference
F (meas. heights - -1.3 +1.1 -0.7 -0.8

125' & 35')
Wind Direction:

General 130 290 328 251

Wind Speed, mph
(meas. height 125') 11.1 11.7 10.8 33

(meas. height = 35') 6.9 6.1 7.9 22

Percent of People Located

outdoors 20% - 5% -

In Motor Vehicles 6 1% 25 -

Incoors at Work:

Commercial 23 3 - 4%

Industrial 7 1 - 1

In Home-Sleeping 4 95 - 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 -

O-1
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APPENDIX P: SIREN IDCATIONS FOR THE EION EPZ

This appendix p'rovides existing and proposed siren

locations - for the -Zion EPZ asHof 15 October 1981. Siren

locations are provided on a set of - topographial maps (Figs.

P-2 through P-6) . Figure P-1 shows the relationship of the

individual maps to the Zion- EPZ.

A total of 66 sirens are employed, 39 of1which 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.1

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.

P-1
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TABLE P.l. ZION SIREN INFORMATION

Apptxar. Incation
Siren Itted SPL m unting (Map Pigure
It). Type (dBC 9 100 ft. ) Ikight (ft) Status m. )

CE-1 Stationary 115 55 Proposed B-6

CE-2 Stationary 115 55 Proposed B-5

CE-3 Ibtating 123 55 Proposed B-5

CE-4 Stationary 115 55 Proposed B-5

CE-5 lbtating 126 55 Proposed B-5

CE-6 lbtating 123 55 Proposed B-3

CD-7A Ibtating 126 55 Proposed B-4

CE-8B Ibtating ?26 55 Proposed B-4

CE-9 Ibtating 126 55 ProInsed &4

CE-10 Ibtating 126 55 Proposed B-4

CE-ll Ibtating 124 55 Proposed B-4

CE-12 Ibtating 124 55 Proposed B-4

CE-1.1 Ibtating 123 55 ProInsed B-4

CE-14 Ibtating 126 55 Proposed B-4

CE-15 lbtating 124 55 Proposed B-4

CE-16A Ibtating 126 55 Proposed B-4

CE-17 Ibtating 126 55 Proposed B-4

CE-18 Ibtating 126 55 Proposed B-4

CE-19 Ibtating 123 55 Proposed B-4

CE-20 Stationary 115 55 Proposed B-4

| CE-21 Stationary 115 55 Proposed B-4
l

;

i
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TRBLE P.l. ZION SIREN INKMMNFIQ4 (Cbnt.)

Approx. tocation
Siren Dated SPL hunting (h p Figure

No. Type (dBC 9 100 f t. ) Height (ft) Status te.)

WE-1 lbtatinj 126 55 Proposed B-2
|

WE-2 Stationary 115 55 Proposed B-2

WE-3 Stationary 115 55 Proposed B-2

WE-4 Ibtating 124 55 Proiosed B-2 j

WE-6 Ibtating 124 55 Proposed B-4~ |
WE-7 Ibtating 126 55 Proposed B-4

I-1 Ibtating 125 40 Existing B-6

I-2 Ibtating 125 40 Existing B-6 )
I-3 Ibtating 125 40 Existing B-6

I-4 Ibtating 125 40 Existir.g B-6

I-5 Ibtating 125 40 Existing B-6

I-6 Ictating 125 40 Existing B-6

I-7 lbtating 125 40 Existing B-6

I-8 Ibtating 125 40 Existing B-6

I-9 Stationary 115 35 Existing B-6

I-10 lbtating 125 50 Existing B-6

I-11 Stationary 115 40 Exjating B-6

I-12 Stationary 115 30 Existing B-6

I-13 lbtatinj 125 30 Existing B-6

I-14 Stationary 115 40 Existing B-6

I-15 Ibtating 125 40 Existing B-6

I-16 Stationary 115 35 Existing B-6

P-3
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1 NILE P.l. ZIW SIREN IMORMATICN (Cbnt. )

Approx. Iocation
Siren Itted SPL Mounting (Map Figure
m. Type (dBC e 100 ft. ) Heigit (f t) Status m. )

.I-17 Ibtating 125 40 Existing B-6

I-18 Stationary 115 40 Existir7 .B-6

I-19 Stationary 115 40 Existing B-6

I-20 lbtating 125 25 Existing .B-4

I-21 Stationary 115 40 Existsing B-4

I-22 Stationary 115 40 Existing B-4

I-23 Stationary 115 25 Existing B-4

W-1 Ibtating 125 40 Existing B-2

W-2 Ibtating 125 50 Existing B-2

W-3 lbtating 125 25 Existing B-2

W-4 Ibtating 125 50 Exiting B-2

W-5 Ibtating 125 40 Existing B-2

W-6 Ibtating 125 60 Existing B-2

W-7 Stationary 100 40 Existing B-2

W-8 Ibtating 125 40 Existing- B-2

W-9 lbtating 125 60 Existing B-2

W-10 Stationary 100 40 Existing B-2

W-11 Ibtating 125 60 Existing B-2

W-12 Ibtating 125 40 Existing B-2

W-13 Ibtating 125 50 Existing B-2

~W-14 Ibtatire 125 50 Existing B-2

W-15 lbtating 125 40 Existing B-2

W-16 Stationary 100 50 Existing B-2

P-4

. _ _ _ _ _ _ _ _ _ . _ , _ _ _



. .

. .

- - -_ _ _ - _ _ - _ _ _ _ _ _ - - _ _ - .

FIG. p_2
!?

pit s-

N , ..-

ig@

, , , .
., .z ,

FIG.P-3 fib.P-4
'

7
%

'
/

FIG. -5 F P-6.

F

FIG. P-1. ZION SIREN MrW IOCMOR.

P-5

1



_ ,- -

-

W--M
'

K' '

T ric. e-2 _ ,
s -4

. ,

e
' 1 -y-, i,

hf! % - '

W" $ { & -

.1 !! '
,C *k-d N \"f

- - s.. .

'
'!{ .

EN

2 /' d sA7''h!!!#ea
''

~wmqv'% w-e; J
y?

,y1/ D3 s O Q ,

.: ,r u. =M < '

4 , .% q'4~.- ,ax

J~ \1 'N s- '4MN Tfi u g-g- s<2
'g %w*-s c

sw_.
- i k.iikww,

> o ~ :-
. u .

'f Apod M4%2M ,, g
'

'

R % '' ', 1 . %ER Q$ 4 x.dMA 'A
_.

yj% < L. 43 pq ' j g;
' %

-N
' N

=

e' - Ih ME4 k'

51s
'' '

' '

IN!iiiiikNMbN*1A-sg
.

b h&*A 9wumav s
N:m ._ m q n m ws

ysn 'qms:8
sAv _

, ,,

so.
.

pA_ _a_77(mm-'x'x'4p'-
_g g'

. N ; --,

,.

)!~,D!#4!
$yNgkxAt x-o . .;

W.%;,__p.v:_eN_g& g
'

'

g g .17
n .

t. %, .

86' ,; g!
x . ,,' . I[

''

.'
~ ' '|

.

.,,
- x- ;' ::.

.

;, w f w
h!T_._ ' d _ kN _ _ i $ . W - ! E N s _ _ O : :i'41

'

| s 'n _ :._ g q_ __ = ;.= y-
_ - . - -

;
_

- = :. = = =... g -

P-6

__ .___. _. . _ _ _ _ ___ _



.

, . .. .

..

L

F

| y,r- / 1.%,* ..J FIG. P-3 1. e''' A \'

Le(h~ W ;fv k\-Af
b, bN1. . .

'

{ '- -

'

y3g [$'y, [r < :' -yw. M e w w .c-.+;-c; ,;,a ::
-' c. .r 4 . r ,A ~a

2 L. A gw p eTt/unr F M~._.,. -

h yw m&-, ; cSA.w, w,. . ~ <=-< v .,
w. w ;pvnr m :; /--

: m.a w : .. ,_._:
f. w,.

. p . x. 4c ,.> A ,>, ~n-a e we
1 1 3, a. ; @, e p . . g r . $.&.. s - . " &. p $- 4 . g . P y...

C $3#

.

k, W. ' G' a;p:~:m
.

'~.:^ W. 'g';. Qt FlRZA
yp;;.y?+g&:p'*pgi.g . -

CY''-

s, | 4
/ 3 m a f & ?; n g= c

a w. =W,i? - pazi;
-- ,? . y,# ET%,%k ~g.,d :, -

.n + i. ..

.,~
., nk ,$ '

'
*'1

. ' ;%Q Q.Q Q'. fj;]>f~t * , J~~ (p Q..$.
g

, /u /s . g @ G -, 4p '.D a_

' &T sm L A?mm H1.
- a .. W m,7 a

N0

R%%*22%%8D/nfQh7js#~ ibgt(@ g @Rhdi -

k
. .

khs" f $' N- Yu 4n... k k iY $ &~,h h,5W w ..,. , m% v ~6. nw-
.j~ ,. 24a

.

.s s .n, .

<
'w L.

-f sf%-y w rc ,

) 2.k+.dr% sIf[,m
wi o- .

*'Ec \ MsD'\_ b _ v'

d @, #,c,=&

' s m ' S W . V |y -
%o , %crunwdf

-

- J > n G ,e' n @ , K 2 29 k--

% % n{y"*G j e s;r'. i q%W ~,y.s

N,. h,- y $. o s ny-''w.- , pns &.ex, r -,
b

f
-sQi + .c

g yd.Y a.A._g % i . U d, -

DV.

% s( #< $, q
; r

A':r- p./ k c? .i1 4 '>'d oL --' '

o
' ! /e* 1

,s

o
_

~M":? mh,, v:t # % s*.
, .x

( . A ph, a - c i .'.00 ..

; ue:d .,A.* ..r s%me o m a -

yupg c gcyo5y $x>n ~M> e
5

7 w q &v w r y% Q Q RiffN4 fkQaM
.

: >> f
h@ f M s t-? y.''M ih

i

2.,2M 4bh # $.dy.-@jrM~% Y' rt+ %- V.fc4'$,PR-.., nt ' :--- t
-

%2;g O C 5 '.#,
~~ 3 Mb Nkk N_kb 'i

~~ bbd YU h $

Ar'' u[ .| $ u ~_ Nh5 . if.$,5 &- '|ff
< s m s -m- s

. =f'p % W 'h UBri@.B& y W. Gig% , p & ; m e ,_, A trer m #'

_

-



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

v hg* pas
.

D " r10. Q ,(!;
'

.. r-4; .

/y -
- - - . _:. . . . . . . . ,;ps i. a qt-

-
. .-.

/ . .,

> . 1 dP e-i . i f; Q-m /q y-
i- d'| $h6 ) V

;,
.- .

..

or > 9~
i- u ) a v.

m A< ~mm y e < g.. -1 ,

;p/gg.a s..a q ,j_I'g. A m(.g.,._ w,s-s
zc .,c, .

y _ ,.,
-

.

o n a.j
- o, . c 1

g,, ; c, 33

-r e ,g,3 ,-Qp? g3;= g
. q,_
,2 - !, -..m ., .

L ,,L - ;, evg y .
'

t_,, .
.:"' |

*
.e

?) ~ 4n c q _ - ' ( k'\
n :,

n. , , - .

.|
'W , .

\f Y ^

'- ~ "a~".} ~ s V,

-
.<

M' N'eD'' i ,. . 7
'

f. ,A__ -
q, . -

e

c s A{trf--

u' ._- , e.
!

- ' c*

g y , y-is-- - -. 7 - 3.m-- - &e; iv .. ,. ,p s c- c-,e :-.y. j
h . _ ..'lp-:- s $. j

.

i

e$ -
.s w v . n
h/ ..1

''

-y

,; e + . : ,. m. n-

7.'A'' Y,

,.

* , 43 v ,

-
' , .) |' w- .;,, n...... . . _ . - . . . -

.

_ r t
- _,

, ,, ,

hh. ,fN es* "* $ ~ , b k - *-.'''|~' 1q

s. ,;. "\o'- { , f 'j ,_ .' I c. ,. u''" --

j <g , )y _~']'' - ,.r {~ g.1"..L
m-

n; -
-_gg- 3, .._g 3. .

i
.

,
_

.

,Wo- -;----- %,e3;-
-..t n c-.d?g .m .- m.,

-' ., ~ ' .i 3 _R ' Tq1. J c '
W,,,

i., .% ,- .]2) -4' s.. ~
' n . cv -y'w .

.f ' t w: s

;Y f .. 7 || |_ --I
.,

6-(. '

A (,; ' Q<' . s i

-l 1 -

h; ; g m w 3
,q' a sua $s E hT u''~ L

C E-16 B O 7j
-

1,

_ mm z---- .

- -~

(i | k ikN fhs( e e,(q~[FN
'

va
N s.4.. ., ,:

.. c . y .,, . - m - , .

3y.

4,,,f
.

7 #.fv % , , :t. y N''

, ,

, .I . ;- *)'r.?
~~' ; *

'

y*\- . , , _e t u mm., s

$ '* '

' l'[ '

f t ,_ . 4 Ly (.) [| h
'? , . r +T

I. . ... MmwwwM, \.y'N
'.%s ,

'

/- 1 . .

.ct-sag eg_ea;. m-
lW'tWp

-

,

N;m. m- + - - - me .

c 37%a A..
. a

y Q.2) # y y x' \1 x,J>

a y e ._ - s
- pg, e,

.

.,w4 N~ 'g 4.

,
..

- .e , Np s - J i

f 1." G o x'_ yMhr

- g g:,rff( 1- '
*

'

~_% *) ^(
% /-~ . , ;; "'/ - - d.. 7M m m . , , . ->r .

~5 <~~~ i,- ?-'W LT,._ _ , " ,. ,_
4 #. . _ _ _ _

V. 'u Alt,)Y?Qu~D ~I ~~'~~.?"~'~~ #.,
f*-

,
- ---- :,,s,- ,. -,-

, .

:-,.

s g' ,$. 4 f'h kk 2..C u : - Q~ [T
C M") p-Il~k

'

.ct-N.;._n. ';g+

*
- ~ ' . Je

~~ --

];. _ .

n ,f ''

yf'.~Q. %e &N.a w,
gM

. m t,,,;,, .-
.

: ~. . q' -+< y, 4 .x\' |t. .
q3L - )

%> q (j>
~ tr' I ^ \ "

- ? t a- > - s i

- A.; ;t . =
s

% .- .% 's, u- _ ;s

'

'*--d,D - -- -i s $w - T
'--{-------,(

$nm- A 'er+A.
-

>x ,".

1 , .

;q -'
_,_ s.5-- .N_.-w g,m.

- - x.2 ,-

1 I-21 H
. . ,,

, .. a ; cr,-' 4i , !
3.''

s{ Ne w I-20 pu .- FFP Fs s,

g~.y

[ -\ k d ~d N' |I .



_D \r &~lt u 'm m. ,-s h.-, p:r'c, j) -
_^

., g

<
.V ) ' <~ .'

. %* ;

.!,yN 1st a:'% ' 3 c~i Q k1"r~ ,

f 'M O, -( ' j 1. -

N fW h $2 W(c'ksWWh 4

* ^

mh f .
-

--
_

-f \ [
~ *~

, :

3 - ''f - 9. , 'e mste w ,ig ( l
, o

s'9b'
, .

f i,
,

-(Q
^ '

s.\ '" q k \$'h $
~

mg.

.( g, . -., 4T.E . :
7 % . k ?h'i n h 88 * h'' V i ' '

2.. ,.

wi <0 - - + |t
-

-

- r. ,, ,

f, ,:=- ~ %
**

.
vf *

R*
,

''*6 s % /. .I' b.,.

;-A - , . 5%r"eL% (-e a = ,.9,
.

a.e. sap _. w s. ...,N -

;

O N .b%Q.
-

&N9 r%M fu @dRE'Uf
.

%}% ;; - fg ;.g &'gg? , @ ,$y f.h,fd
f- - 'r-~ ~

'''s) - - '

> , , .

'

;

#*,,, >%'D'
' Q 3",',-f p sQQs . -

, , ,,,N (.

'\ y h h W W'E%,Q'(~$(:{'

[
'?..<.&:.~kw&y

?

1,.L-|
%+ %g r Y f % d & . O M 6 18% Mw& (Mk

& w3
-

m 4 y< ?" v;{w \ w' 'mi - #j Q \: g *\' > + 49
i) ey

'
l;.' ; '

' C~_ . .h
- - - - m s-

,! )) ' 6 +_--- Q
*1 f ~~,| . yf

*> ..; ,i, .
,' 0 M~.".?-h'y;?'.$~' *f t f .. ~ c.

|, t t }- , f ) A3 $
t," 7=

7 317 p ?)1g. % y.
7'-h

#( ,. 33
'~/ ,d 3 _ 3 - v > '; 3.' ( ,.a

Lpg (QM .wm. :
~

& CI Y gw w c'$ } -
,; e np n;.

.
; Y' .h.'f ,;|'

% . f :. .r' N
~

f-'

* " =,

9

i*~ h. j- - f $;p'lky',(ff j. .' }~(~% 'Rm; ~
~

g'

.
' T ~~'

7 T L ._,'| < , eF{} Y mf ; ;

% ''- ' 8 U,% !"'[ ' it '. 'l # -' '''

. , % 5* 8 't iT ,

3. R S - *
^ ,

c

"

'j ) $ ~/ s q. .,

, ,,,/ ' I i 3 AL .a r ' 8 - / g L .. - p *s s ( 4, I ys
~

' ,I 3..[ - l' I,. d' |. .w). ' . .

( ^ S 9' ) g $ .. d c o w " % g.

-.

gJ.;W: J M P "6,i.', 4;
=

. , -+ . ;- ,-

~ } ig 9N :
^

. ys & 2-

y&pg
O't.

,; .. ..v ,;

b x:M % : s'. C*.~'.

w ('r~ . '}- 7"t" @ N i # 'u , j }' g & yyg.ya s
*

~' :

K y ^
.

, . . - _.....- ; ~ ..

[g . u 1..
.

, . i- .*y s
' ,|.''h - U N_ @ b ~---.e'_' ..

A;A .w- :-|MbN%%$R,7Mi e' t 'T

P-9

9



FIG. P-6- - - -

,
.N L I - --

#
113N I-#i i SI-17 gk I 3F . ,x%3C:m et '

- !.
-

< .

| msmxr-w: 3 cmx m;
_ z_,3/a . . s ugniWhi b by ,

,,.;c \ zqi w s iz =

Q 55yiii@B .s $n M$qE
, ,

''

i "" 1
"5MNOM399i!$dniiB@id5I$iNI N'

;

P i 9!!MB#ay!B %'
e%%2$fg 2-10k?I-7y

( 'qMisW@N tr

*d ''x @s!
' a

'NW %T4 @MfM58!$d14M
'

%D. j hh \
'

.

.

' $ wwus
g (4 9 y_g M G d sMI-5,

MoA:Swo so:.,

.h_ m rez-4
-

-
=- s

w
N 'NNCCW.' .

<
- g %b:it C A

.

'

' LNQN3 s ~~-'

I' %# ..N< .-

Q. ~
,

gMLSg
. ,%g

m@ -

w;
- z_2,

y . 1-2_3 :

7-- .s 1:%'
..

,~ fs0 |
' '

~ ~ -
,

b. _ Le_ N- .d.

-.
, wm

1% .a
_ .: ., ,-

,, ' '

- ?pmey == -

p! x. ''

3 (.' 3y kI-i d.

. gr.

+~ - --

P-10

-



, .
- - _ _ _ _ _ _ ___ _ _ _ _ . - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

APPENDIX Q: 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 0.1. ZIONSPEAKS

This file contains input data for each of the Zion sirens as

follows:

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

by computer program.

Siren Name - first letter indicates whether the.

siren is rotating or stationary type

(R or S); the remainder consists of

the siren designation, beginning with

a letter and ending with a number.

For Droposed sirens, the Commonwealth
l

Edison designation is used. Existing

sirens are arbitrarily designated,
'

beginning with the letter I (for

Illinois) or W ( for Wisconsin) .

x,y,z - 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
.

0-1
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Table 0 1 (Continued)
.

Feb. 1981 NRC Emergency Planning Map
for Zion (the plant center is located

approximately at x=434.1, y=4699.4).

The z coordinates are in units of feet

these numbers indicate the rated soundSPL@l00FT -
.

pressure level for each siren at a

distance of 100 feet, in dB.

Table Q.2 ZIONLISTENS

This file contains input data for each of the randomly

selected listener locations as follows:

number assigned to each site for useSite No. -
.

by computer program.

designator for listener site; theSite Name -
.

first letter indicates whether the

site is urban or rural (U or R) .

these are the physical coordinates forx,y,z -
.

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

0-2
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Table 0 2 (Continued)
,

.

Feb. 1981 NRC Emergency Planning Map
for Zion (the plant center-is located

approximately at x=434.1, y=4699.4).

The z coordinates are in units of

feet.

this column indicates whether ruralRural Road -.

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.

Table 0 3 ZIONSKY

This file contains input data for each of the four sample

scenarios as follows:

Scenario No. number assigned to each scenario (see-.-

Appendix N).

AMOL molecular absorption, in dB/1000 feet.-.

0WIND wind direction in degrees (0 wind=-.

from north, etc.)

residential building outdoor-to-indoorNRES -.

noise reduction, in dB.

O-3
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,

Table 0 3 (Continued)
.

NCRM - commercial building outdoor-to-indoor
.

noise reduction, in dB.

activity fractions.F1 - F8 -
.

F1 = fraction of people outdoors.

F2 = fraction of people indoors, at home, listening to

radio oi 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.

fraction of people indoors, at work, in industrialF6 =

locations.

fraction of people in vehicles in urban areasF7 =

at 30 mph.

fraction of people in vehicles in rural areasF8 =

at 55 mph.

Q-4
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Table Q.3 (Continued)

INP - indoor alert probability curve (see.

Fig. 5-4 of text).

PU30 - 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, S z,.

in ft/sec/1n ft.

ADD - vertical profile of air temperature,.

a, in OF/ln ft.

Table 0.4 LISTENEROUTPUT

This listing provides the number, name and outdoor sound

pressure level (LOUT, in dB) for the "domi na n t" 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.

0-5
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Table 0 5 PROBE

This listing provides the final results for the analysis.

Information is listed in numerical order for scenarios one
through four for each listener site. This information consists
of alert probabilities P1 through P8 corresponding to activity
f ractions F1 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.

O-6
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TABLE Q.1

ZI Otill s T Elis

I I TE :: 01 TE tint"E X Y Z RURAL PDAL
1 U1 43".e.40 4719,860 640.000 -

2 02 432.t.UU 4 71 P. ?c'O 610.000 -

3 U3 430.000 4716.600 630.U00 -

4 U4 432.100 471t. 720 620.000 -

5 US 43d.U50 4714.950 620.000 -

6 U E. 440.300 4714.340 e.3 8 . 0 0 0 -

7 U 7 429.3 0 4713.720 665.000 -

8 U 8 430.100 4713.400 t.3 < . U U U -

9 U 9 430.84U 471d.t60 6et.U00 -

10 U 10 430.Uou 471c.t00 b9b.U00 -

11 E 11 432.2tO 4710.100 c15.000 tiEMP
12 P 12 430.320 4 / Uc:. Ye U 675.000 tiEAF
13 k 13 431.360 4706.It0 e40.000 FAF
14 V 14 4 0 3. c. U U 470d.c.80 50b.000 FAP
15 P 15 432.340 4 ? U4. 4t.V 625.000 t1E AF
16 F l t. 429.860 4702.300 700.000 FAP
17 k 17 43d.14U 47Ud.UUU 610.UUU tiEAk
le U I c' 432.240 4701.?40 64c.000 -

19 U 19 432.140 4t.9y.540 64U 000 -

d0 U dU 430.b?U 4t.ys esu ec5.UUU -

21 k 21 4d8.100 4tPS. BOO 725.000 tiEAF
22 U d2 4J1.d40 4 t.9 / . d 4 0 e.5b. U U U -

24 P 24 430.2dU 4ePe.ecU t.5 b . U U U FAP
24 k 24 428.72U 4ed.'. 94 0 715.000 FAP
25 P 25 424.4U0 4e.9t. 400 e.90.UOU FAP
2 t. F at. 4dd.260 4 erb.000 705.000 (1E AF
27 P 27 4 4 t.. e d o 4t.94.140 700.UUU FAP
20 P 20 425.bt.O 4 t.? e.. e U U 690.U00 FAF
29 k c'9 4c7.480 46Y1. 5e O 725.000 tiEAF
40 P 40 4 2 t. . e t. O 4 t.9 0. t.c' O 705.U00 (1EAP
31 0 31 428.740 4t.94.240 705.000 -

32 F 3d 43d.eUU 4c.db.UOU 61b.000 t1EAF
43 U 44 431.640 4 t Y J . d t. U 6 e.b . U U U -

34 0 34 441.100 4t.ye. Ud u t t. U . 0 0 0 -

3d u 35 4JU.4cU 4 t.Yc' . e.c: 0 6 7 t.. U U U -

36 U S t. 431. Ue U 4e91.400 c.b b . U 0 0 -

3/ U JI 4 c'9 . 5 0 0 4 t. ? 1. 3t 0 665.UUU -

30 0 48 4d9.420 4 t 9 0. .'4 0 c.70.000 -

39 U 39 428.900 4tvu.760 c.90.UOO -

40 U 40 428.seu a t.9 0. st. e 725.000 -

41 U 41 430.500 4 t.v u . 3 o 0 655.000 -

42 U 42 430.90U 4t.8v.420 e.65.000 -

44 U 43 430. BOO 4 t.c:t . 3E U 655.000 -

%4 U 44 430.It.0 4 t.0 / . s e u 6b5.000 -

46 P 45 42':.920 4 t.0'( . 2 0 0 6v5.000 (16AFc
4 t. P 4 t. 4d8. Ut U 460/.iUO 720.UUU tik AP'

47 0 4 .' 4 c 9. st. U 4t8o.JtU 6 t. U . U Q U -

48 U 46 400.18U 4 t.c.b. 78 0 655.UUU -

49 U 49 429.UUU 4t.6b , c 0 0 715.000 -

50 U 60 4do. Pc'O de05.140 72b.U00 -

Q-7
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TABLE Q.2

l

} JIOrd Pieb :
Z I PElm IIFEN HMME X ( 2 2FL&100 F1

1 : CE-1 42t.YoO 4681.780 755.000 lib'

2 5. C E c' 4c1.120 4 eel.b20 790.UUU 115
3 P CE-3 4d3.060 4691.860 775.000 123
4 s LE-4 42d.700 4e69.100 7 3 t.. U U U 115
5 P CE-b 42b.340 4 t. :* 1. Oo D T25.U00 12 e.

t. F L E - e. 4d4.460 4 t. W . e c' O 785.000 Ic3
7 v LE-7H 42t. 849 4e 87. e.c u 775.UUU 1 a t.

8 P CE-0B 429.420 4eVO.diO 76U.000 l e t.
9 P CE-9 432.200 4c.94.950 665.000 126

10 F CE-10 431.140 4e9e. et 0 697.000 126
11 F LE-11 4 8 3. 4 c- 0 4 e 9t. . E e 0 625.000 id4

12 P CE-12 433.690 4c.95. 0t.0 641.000 124
13 P CE-13 434.370 4 7 01. 4 t.0 e.4 U . 0 0 0 123
14 F CE-14 43c.2du 4701.500 690.000 12'6
15 P LE-15 433. c:2 0 4704.540 635.000 124
16 P C L-I t.6 4iv.vbu 4 / U U. 7c:0 74b.000 126
17 P CL-17 427.400 4700.420 775.000 1 c't.

18 P LE-la 428.150 4703. leu 79b.000 1 c t.

19 F LE-19 400.c10 4703.140 735.000 1 c'3

20 0 CE-du 431.800 4704.540 .-05.000 115
21 . CE-21 427. c'6 0 4 e.9 b . 5 2 U 745.000 115
e c' s' WE-1 427.c.UU 470P.640 755.000 1d6
23 L WE-d 433.140 4710.300 650.000 115
24 2: WE-3 442.700 4709.420 665.U00 115
25 P WE-4 43d.400 4707.280 e80.000 124
2 t. k WE -c. 429.?40 4705.440 755.000 126
27 P WE-7 428.000 470t. 4UO 775.U00 126
28 E l-1 420.840 4 t.64. c:4 0 7 t. 0 . 0 0 0 125
29 P I-d 4d7.840 4cer.040 750.000 1 c'b

30 V I-3 430.200 4 c 0 t. . ' U O 69b.000 lebc
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TABLE Q.2 (Continued)

4 te :b .10 0 T40.000 12531 F 1-4 a g e. 9 4 0 c

42 P l-5 429.1 t 0 4 t.E d . c. 2 0 7 0t . U U U 1d5
c; e. F 1 - c. 431.140 4c.d c . 74 0 710.000 125
34 k 1-7 428.140 4t80.1UO I t.b . U U U 1e5
35 F 1-e 430.370 4 t.9 0. tJ6 0 E.9 0 . U U 0 125
S t. I I-9 431.t.UU 4 t.6 9. 76 t- d.70.000 115
3 ;' F I-lu 43c.500 4 t. 9 0.14 0 t40.000 lib
03 1-11 429.040 4 t.91. It. 0 700.UUU 115-

4 91. ?E U t.30.UUU 11539 I-Id 431.780 t.

av F 1-14 4 c. 10 0 4 t. y 3. .' U U 74U.000 lid
41 1-14 4 28. 0 c: V 4 e P t . c.0 0 T45.U00 lib.

ad F 1-15 did.d40 4 t. sd . t.E U 725.000 Idb
40 i 1 - I t. 429.700 4t.94.180 c. h u . U U U 115
44 F I-17 430.700 4tJB2. /c 0 700.0n0 125c

4b 1 - I c' 40s.440 4t.92.c.80 t.20.UUU 115.

4 t. 1-19 44c.4dv 4 t ve. 04 U E.20.UUU 115.

4 .~ r 1-cu 4 d s . U t. 0 4t.95.520 715.000 125
46 1 ci 4 2 9. t/c. O 4 t. bb . e 4 0 715.000 115.-

4? 1-2c asc. Ut 0 4tY8.160 e.7 4 . 0 0 0 115.

50 ; I-Je 4 3 d . e. U U 4 7 0 c. . i t. 0 e i.0. 0 0 n 115
51 F W-1 4 2 8. v t. O 4.' U0. 5 0 0 T25.OUU 125
52 F W-d 4 3 0. S c. U 4; 10. Pt.0 c.75. U U U Ic5
50 F W-3 4 d t. . t. c' U 4 .~1 4 . 0 0 0 7cd.UUU 125
54 F W-4 4cF.JOU 4.' 11. P4 0 70b.UUU Id5-

! 55 k W-b 4d?.300 4 . I d . .' U U t 9b . L' U O 1 c t.
S t. F W - e. d e. V . e t. 0 4 713. e.4 0 E.? O . 0 0 0 125
57 :. W ,' 4 3d . 3 t- U 4.'I d .12 0 E.5 0. U U U 100

'

58 k W-d 4 3 c . t.c. O 471d.5e6 655.000 125
59 F W-y 4 L c: . 84 0 4?14.5&O 750.000 125
t. O ; W-10 431.400 4714.140 t.t.3. U U U 100
e.1 F W-11 42d.500 4.14.SEV t.6/d . 0 0 0 12b
t. c F W-Id 4 4 0. L t.0 4 ;'I t. 04 0 t.90.000 125
t. J k W-le. 431..UU 4 Tit.260 e.IO.UUO lab
t. 4 F W-14 4 d s , t.c. U d i I d . U t. U T00.UUU 12b
65 F W - I t. 441.t4U 4 .'1 0 . 0 0 0 t.t.V . U 0 0 1c5
t. t. W - I t. 432. UU 4.'16. F4 0 t.t U . U U U 100.
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TABLE Q.3

C Etta fitdDL WItiD tiF E. IiC F t1 F1 Fe F2 F4 Fb F t. ET Fe
1 1.UU 140 I t. . 41. .dOU . c. U O .040 .dVO .deu . U ;- 0 .Ube .00?
2 1.UU d '8 0 I t. . bl. .000 .000 .?bb .UUU ..USU .010 .9U8 . 001
4 1.00 428 s1. 41. .Ubu .140 .000 . b e. V .000 .000 .223 .028
4 d.UU db1 31. 31. .UUU .000 .950 .000 .040 .U10 .000 .000

It4r PUSU FPbb (1UL HDD
1 1.000 1.000 4 . 'b. 7 U -1,020

1 1.UUO 1.000 t. . b2 0 U.otU
4 1.U00 1.000 1.27 0 -0.bb0
I 1.000 1.000 I d . t.b u - 0 . t. 4 0g

Q-10
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TABLE Q.4

PROBOUT

IS * LISTENEP NAME SIPEN : FIPEN NRME LOUT

1 U1 65 R W'15 86'.6-

64 F W-14 81'.7
65 R W'-15 66'.6
64 R W' 14 75'.0-

2 U 2' 66 S W-16 66'.6
65 R W-15 86.5
65 R W'15 66'.5-

65 P W-15 81'.6

3 U3 62 R W'12 99.9-

62 R M'-12 94.9
62 R W-12 89'.9

I 62 R W-12 98'.4

4 U4 63 R W-13 87.2
63 R W-13 97'.2
63 R W-13 87'.2
63 R W-13 95'.3

5 U5 61 R W-11 100'.0
63 R W-13 87.4
61 R W-11 95'.0:

61 P W-11 78'.5
'

;

6 U6 56 R W~ 6 91'.4-

59 R W-9 86~.4
59 R W-9. 86.4
56 R W-6 88'.1

7 UT 55 R W-5 91'.2
59 R W-9 92.1
59 R W-9 92'.1
59 R W-9 89'.0

8 U8 56 R I.1-6 108.5
56 R M'-6 103'.5'

56 R W' 6 108.5-

56 R W-6 97'.8

9 U9 52 P W-2 84.4
56 R W' 6 93~.7-

56 R W-6 93'.7-

56 R W-6 91 ~. 0

10 U 10 58 R W' 8 91'.5-

58 R W-8 101 ~. 5
58 R W-8 101'.5
58 R W' 8 100'.2-

<

d

0-11 i
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TABLE Q.4 (Continued)

11 R 11 24 L WE-3 82'.7
52 R W-2 85~.9
52 R W'2 85'.9

52 R W-2 80'.8

12 R 12 51 R W-1 92.4
51 R W-1 97'.4
51 P M' 1 87.4-

51 R IW-1 95'.5

13 R 13 20 S CE-20 67~.8
26 R WE-6 86'.2
25 R WE'4 75'.0

26 R WE-6 81'.0

14 R 14 15 R CE'15 88'.4-

25 R WE-4 80'.8
25 R WE'4 80.8

i 15 R CE'15 84.6-

15 P 15 15 R CE-15 84 ~. 9

20 I CE-20 88~. 0
CE'20 88'.02D : -

20 S CE-ED 86'. E

16 P 16 16 R CE'16R 87'.0

18 R CE-18 83.7
18 R CE-18 83.7
16 R CE'16R 82'.0-

17 R 17 14 R CE-14 99.9
14 R CE'14 89.9-

14 R CE'14 89.9-

14 R CE-14 98'.3

18 U 18 14 R CE-14 107'.2
14 P CE'14 107'.2-

14 R CE-14 107~. 2
14 R CE-14 106 ~. 4

19 U 19 49 2 1-22 92'.1
49 5 I'22 92'.1
49 0 I' 22 87'.1-

49 5 I'22 9D.9

20 U 20 49 ; I-22 7D'. 5
16 R CE-16R 91.3
16 R CE-16R 91.3
16 R CE-16R 87.7

Q-12
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TABLE Q.4 (Continued)

21 R 21 8 R CE'8B 85'.0-

17 R CE-17 91~.3
17 R CE 17 91'.3-

17 R CE-17 87.7

22 U 22 10 R CE-10 88'.7
ID R CE'1D 88~.7
49 S I'22 77'.7
1D R CE--10 84.3

23 R 23 10 R CE'10 92~.9
8 R CE-8B 85~. 8
8 R CE-8B 858
8 R CE'8B 80'.3

24 R 24 8 R CE-8B 96.3
'

7 R CE'7R 84'.6-

8 R CE-8B 91'.3
7 R CE-7R 78'.7

25 P 25 40 P I-13 74'.2
6 R CE-6 81'.7

6 R CE-6 81~.7
6 R CE'6 57'.6-

26 R 26 40 R I-13 67'.5
6 R CE'6 54'.1-

6 R CE'6 54~.1-

3 R CE'3 49'.2-

27 R 27 40 R I-13 SD'. 8
40 R I-13 95'.8
40 R I-13 85'.8
40 R I'-13 93~.5

28 R 28 40 R I'13 98'.1-

4D R I-13 78~.1
40 R I'13 88'.1-

40 R I-13 76'.3

29 R 29 34 R I-7 85'.3
1 S CE-1 87'.8
1 S CE-1 87~. 8
1 S CE-1 85'.9

30 R 30 34 R I' 7 85'.6-

5 R CE-5 88'.2
5 R CE'5 88'.2-

5 R CE-5 8 3'. 7

Q-13
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TABLE Q.4 (Continued)

31 U 31 41 S I' 14 81'.0-

41 S I'-14 86'.0
47 R I'20 82.9
41 S I-14 83~. 8

32 R 32 9 R CE'9 112'.9-

9 R CE'9 112'.9
9 R CE'9 112'.9-

9 R CE9 112'.4

33 U 33 46 S I'19 86.8
44 R I'17 89.1

9 R CE'9 85'.3-

44 R I'17 85~.2

34 U 34 44 R I-17 90'.2
44 R I-17 100'.2
44 R I-17 100'.2
44 R I'17 98.7

35 U 35 44 R I-17 102.8
44 R I-17 92'.3
44 R I-17 102'.8
44 R I'17 81'.7-

36 U 36 39 3 1-12 84~.5
35 R I'8 90'.6
44 R I-17 86.7
35 R I'8 87~.1

37 U 37 35 R I-8 90'.2
38 S I'll 87'.0
38 S I'll 87'.0
38 S I' 11 85'.0-

38 U 38 35 R I-8 90.8
38 S I-11 80.7
38 S I'll 80'.7
34 R I'7 77'.3

39 U 39 35 R I'8 86.5
34 R I-7 88'.5
38 S I-11 81'.3
34 R I-7 85'.2

40 U 40 34 R I'? 102 ~. 9
34 R I' 7 102'.9-

34 R I'7 102 ~. 9
34 R I' 7 101 ~. 8-

Q-14
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TABLE Q.4 (Continued)

41 U 41 35 R I' 8 87'.3-

35 R I-8 102'.8
35 R I-8 102'.8
35 R I-8 101'.6

42 U 42 33 R I-6 95'.2
35 R I-8 87'.5
35 R I-8 87'.5
35 R I-8 83.0

43 U 43 33 R I'6 96'.0
32 R I' 5 86'.8-

33 P I-6 91'.0
32 R I-5 82.1

44 U 44 30 R I-3 97'.8
30 P I-3 87'.8
30 R I'3 87'.8
30 R I' 3 96'.0-

45 R 45 30 R I' 3 88'.3-

29 R I-2 90'.8
29 R I-2 90'.8
29 R I' 2 87'.3-

46 R 46 29 R I-2 95~.9
29 R I' 2 95'.9-

31 R I-4 89'.3
29 R I-2 93.7

47 U 47 30 R I-3 89'.0
30 P I-3 99'.0
30 R I'3 99'.0
30 R I-3 77'.4

48 U 48 30 R I-3 71'.2
30 R I-3 91'.2
30 R I-3 91.2
28 R I'1 79'.7

49 U 49 28 P I' 1 101'.5-

28 R I-1 101.5
28 R I-1 96'.5
28 R I-1 100'.2

50 U 50 28 P I-1 1 03'.4
28 R I-1 93'.4
28 R I '- 1 98~.4
28 R I' 1 102'.4-
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TABLE Q.5

PROBS
P1 P2 P3 P4 P5 P6 P7 PB PT

LISTENEP 1
l'. 0 0 0 l'.000 0'.730 l'.000 l'.DD0 1 ~. 000 1 ~. 00r> l'.000 D'.9892
1'.000 l'.000 0'. 67D O'.985 D'.937 l'.000 1 '. 0 0D 1. 0Dr; 0.6851

1^.0D0 l'.000 0'.181 D'.133 D'.DDD l'. 0DD 1 ~. 000 l'.000 D'. 5152
l'.000 l'.000 0'.339 D'.653 D'.661 l'.000 1.000 1 ~. 07D O'.3585

kISTENEP 2
l'.000 1'. 0 0 0 0~.545 D'. 909 ~0 '. 0 0 0 1'.000 1'. D 0 0 1.D00 0'.7337
1'. 0 0 0 1~.000 D'.728 l'.000 1.000 1~.000 1.000 l'. 00D 0.7413
l'.D00 1~.000 0'.178 D'.129 D'. 0 0 0 l'.000 1~. 0 0 0 1 ~. 0 00 D'. 5134
l'.000 1'.'000 D.452 D'.825 'O.935 l'. D'00 l'. 0 0 0 1~.000 0'.4770

LISTENEP 3
1 ~. 0 0 0 1 ~. 00D 0'.860 1'. 0 D 0 1~.000 l'.000 1'. 0D 0 1'.D00 D.9944
l'.000 l'.000 0'.816 l'. D D D 1.000 l'.000 l'.000 1'.000 0.8248
1 '. 0 0 D l'.000 0~.578 0'.836 1'. D 0 0 1.000 l'.D00 1 ~. 0 00 '0.9093
l'.000 l'.000 0.691 D'.989 l'. 0 0 0 1'. 0 0 0 l'. 000 l'.000 D.7062

LIETENEP 4
l'.000 1.D00 0~. 736 1'.000 1.000 1.000 l'.000 l'.DDD D'.9895
1.000 l'.000 D'.837 1'.000 l'. 0 0 0 l'.000 l'.000 l'.000 D'.8455
1'.000 l'.000 0'.540 0'.771 l'.000 l'.000 l'.000 1 '. D 00 0.8728
l'.000 l'.000 0'.652 D'.98D l'.000 1'.000 l'.000 l'.000 0'.6695

LISTENEP 5
l'.000 1'.D00 U.861 l'.000 1 '. ~0 0 0 1'. 0D0 1'. D00 1 ~. 00 0 0'.9944
1.00D l'. 0 0 0 0'.738 1'.000 l'.000 1 ~. '0D 0 1'.000 l'.000 D'. 7514
1.000 1.000 0.649 0'. 9 2 5 1 '. 0D 0 l'.000 l'.000 1~. 0 0 0 0~.9592
1'.000 1 ~. 0 0 0 D.400 0'.752 D'.841 1 ^. 0 0 0 l'.000 l '. ~0 0 D D'.4241

LISTENEP 6
l'.000 1.000 0.781 l'.000 1.000 l'.000 1.000 l'.000 D'. 9912
1.000 l'.000 0.727 1'.000 1'.000 1 '. 0 0D l '. D00 l'.000 0'.7403
l'.D00 l'.000 0.527 D'. 7 4 7 1'.000 1.000 l'.000 1'.000 0~8592
1.000 l '. ~0 0 0 O'.552 0.929 1.000 1.000 1.000 1'. 0 0 D O'.5748

LISTENEP 7
1'.000 l'.000 0'.779 1 '. 0 0 0 1'.000 l'.000 1'.000 l'.DDD 0~.9912
1'.000 l'.000 '0.789 1 ~. 0 0 0 l'. 0 0 0 1 ~. 0 00 l'.000 l'. D D D O'.7993
l'.000 l'.D00 0.61 0 D~.881 1'000 1.0D0 l'.000 l '. 0 0 0 D'.9346
1.000 l'.000 0'.566 0'.939 1'.000 1.000 1.000 1.000 0~.5880

LISTENEP 8
l'.000 1.D00 D'.922 1.0D0 1.000 1. DM, 1.DD0 1.000 D.9969

.000 l'.000 l'.000 D.89351'.000 1'.000 0'.888 1 ~. 0 00 l'.000 '

l'.000 l'. 0 0 0 0'.802 l'.000 1'. 00r 1'.000 l'.000 1 ~. 0 0 0 l'.0010

l'. 0 0 0 1'.000 0.684 0'.988 1'.000 l'.000 1.000 l'.D00 0'.7002
LISTENEP 9

l'.DDD l'.000 0.704 0'.998 0.999 1'.000 l'.000 1'.000 D.9876
l'.000 l'. 0D0 0'.804 1 ~. 0 00 1 '. D0 0 l'.000 l'. 0 0 0 l'.D00 0'.8141
1'.000 l'.000 0'.631 0'.907 l'. 00D l'.000 1 '. 0D 0 l '. 0 0 0 0'.9491
1'.000 1~.D00 D.594 D'.956 1'.000 l'. '0 0D l'.000 1'.000 D'.6146

LIsTENEP 10
l'.000 l'.000 0'.782 l'.000 l'.000 l'.000 l'.000 1'.DDD O'.9913
l'. 0 0 0 1 ~. 0 0 0 0.873 1'.000 1~. 0 0 0 1'.000 l'.000 l'.000 0.8792
l'. 0 0 0 1'.000 D'. 728 0'.979 1'.000 l'.000 1'.D00 l'.000 D'.9890
l'. 0 0 0 l'. 0 0 0 0'.713 1'.0D0 l'.000 1'.000 1'.000 1'.D00 0'.7273
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TABLE Q.5 (Continued)

LISTENEM 11
1'.000 1'.000 0.753 l'.000 1 '. D 00 l'.000 1~.000 l'.D00 D'. 9901
l'. Don l'.000 '0'.721 1'.000 l'.000 1.000 l'.000 1*.000 0'.7346
l'.000 l'.000 0'.519 D.732 1'.000 1.000 l'.000 l'.000 0'.85D7
1'.000 1'.D00 D'.439 0~. 8 07 D'. 916 l'.000 l'.000 l'.000 D'.4634

LISTENEP 12
1'.0D0 1'.000 D'. 792 l'.000 l'.000 l'.000 1'. 0D0 l'.000 0'.9917
1'. 0 0 0 l'.000 0'.839 1'.000 l'.000 l'.000 1 ~. 000 l'.000 0'.8470
1'.D00 1 ~. 0 00 0'.543 0'.776 1'.000 1'.000 l'.000 1'.000 0.8757
l'.000 l'.000 0'.655 0.981 l'.000 l'.000 1'.000 l'.000 ~0'.6723

LISTENEP 13
l'.000 l'.000 0.563 0'.924 0'.000 l'.000 l'.000 1.000 0'.7374
l'. 0 0 0 l'.000 0'.724 l'.000 1'.000 1*.000 l'.000 1 ~. 0 00 D'.7382
1'.000 l'.D00 0'.339 0'.359 0'.660 1 ~. 000 l'.000 l'.000 0.6418
1 ~. 00 0 1~.000 0'.441 O~.811 D'.920 1 ~. 0 00 l'.000 1.000 D'.4661

LISTENEP 14
1'.D00 l'. 0 0 0 0'750 l'.'000 l '. 0 0 0 1'.000 1'.000 l'.000 0'.9900
1'.D00 l'.000 0'.658 0'.982 0'.915 l'.000 1'.000 1'. D 00 0'.6730
l'.000 1'.000 0'.438 0'.564 0'. 915 l'.000 1'.D00 l'.000 0'.7567
1'.000 l'. 0 0 0 0'.499 0'.881 0'.999 1'.000 l'.000 l'.000 0'.5244

LISTENER 15
1.000 l'.000 'O'.709 0'. 9 9 9 1'.000 1'.000 l'.000 l'. 00D O'.9882
1'.D00 1.000 0.807 1'.000 l'.000 1'.000 1'.0D0 l'.000 0~.8169
1.000 1'.000 0.635 0.899 1'.000 l'.000 l'.000 1.000 0.9444
l'.000 l'.000 0.611 D'.955 l'.000 l'.000 l'.000 l'.000 0'.6301

LISTENEP 16
1 ~. 000 l'. 0 0 0 0'.734 l'. 0 0 0 1~.D00 l'. D 00 l'.000 l'.000 0'.9894
1.000 l'.000 0'.695 0'.993 0'.993 1.000 l'.D00 l'. D00 C'7099
1'.000 1'.000 0'.485 0.664 D'.993 1'.D00 1'.000 l'.000 0'.0126
1'.000 1.000 0'.459 0'.834 0~.943 1 ^. 0D 0 l'.000 1*.000 D'.4827

LISTENER 17
1'.000 1'.000 0.860 l'.000 l'.000 l'.D00 1.000 1'.000 0'.9944
1'.000 1'.000 0.766 1'.000 l'.000 l'.000 1'. 0 0 0 l'.D00 0.7776
1'.000 1'.000 0.579 0'.837 1'. 000 l'.000 1'.000 1 ~. 0DD O'.9099
1^.000 l'.000 0'.690 0~.989 1'.000 l'.000 1'.000 l'.000 0.7051

LIsTENEN 18
1 ~. 0 00 1'.D00 0'.914 l'.000 1'.000 1.D00 l'.000 1~.000 0.9966~
l'.000 1'.000 0'.914 1'.000 l'.000 l'.000 1.000 1*.000 0'.9183
1'.000 1.000 0'.790 1'.000 l'.DD0 l'.000 1.000 l'.000 1'.0010
1.000 l'.000 0'.782 1'.000 1'.000 l'.000 1'.000 1~. 0 0 0 0~.7928

LISTENER 19
1'.000 l '. 0 0 0 0.845 1'.D00 1'.000 l'.000 l'.000 1'.D00 D'.9938
l'.000 l'.000 0'.845 1'.D0D l'.000 l'.000 l'. 0DD l'.000 0'.8529
l'.000 1'.000 0~.624 0~.882 1'.000 l'.D00 l'.000 1*.000 0'.9351
1'.000 1'.000 0'.673 0'.980 l'.000 1.000 1'.000 1 ~. 000 0'.6893

LISTENEP 20
~

l'.000 l'.000 0'.602 D'.950 0'.480 l'.000 l'.000 1'.000 0~.8543
1'.000 1'.000 U.781 l'.000 l'.000 1'.000 l'.D00 l' 000 0~.7915
l'.000 1.000 0'.599 0'.866 1'.D00 1.000 1'.000 1'.000 0'.9262
l'.000 1~.000 0'.547 0'.925 1'.000 1'.D00 1~.000 l'. OnD O'.5698
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TABLE Q.5 (Continued)

LISTENER 21
r.DDD r.000 0.711 F. 0 0'> r.000 F.000 r.0D0 r.000 D.9883
1.000 T.D00 0'.781 1.000 T.0D0 r.000 U.DD0 r.DDD W.7915
r.000 1.000 0.599 F.866 1.D00 r. '000 r.00D r.DDD W.9262
r.000 r.D00 D.547 W.925 T.DDD r.000 1.000 T.000 0'.5697

LISTENER 22
F.000 r.000 0'.753 r.000 T.000 1.000 T.000 F.D00 0.9901 '

1.000 r.0D0 D.753 r.000 1.D00 F.000 T.000 r.DDD O'.7654
1.000 r.000 0'.485 F.585 F.942 r.V00 r.000 1.0D0 0'.7688
1|.000 r.000 0'.495 0.877 D.999 1.D00 1.0D0 1.0D0 0'.5206 ,

LISTENER 23
1.000 r.DD0 D.797 T.000 T.DDD 1.000 F. Di.. F.000 0.9919
1.000 1.000 W.720 1.000 T.0DD r.000 F.DD0 1.00D 0'.7339
1'. D 00 r.DDD W.518 F.730 T.000 F.000 1.000 T.DDD W.8496
r.000 r.0D0 F.431 F.797 0~.903 r.000 T.000 U.D00 0.4555

LISTENEP 24
1.000 1.000 F.829 1.0D0 1.000 1.000 1'.000 1.000 0'.9932
1.000 1.000 0~. 706 D.999 0.999 T.000 r.000 1'.000 0'.7205
T.000 T.00D D.599 0'.866 T.000 1.000 1.000 r.00D W.9262
1.000 1*.000 F.4D3 E.756 D.847 T.000 1.000 1.000 0.4267

LIETENEP 25
1.000 1.000 0.569 D.941 D.613 1.000 T.000 1.000 D.882D
1.000 r.D00 0'.671 W.985 F.937 1.000 1.000 1'.00D F.6851
1.000 r.000 0'.454 F.597 F.937 T.000 T.D00 F.000 0.7754
1.000 1.D00 0'.000 0.240 0.000 r.000 1.000 1.00D 0'.0100

LIsTENEP 26
r.000 1.000 0'.466 F.843 0'.000 T.DDD r.D00 r.D00 F.7173
0'.718 1.000 0'.229 F.534 W.000 1.0D0 r.000 r.000 0'.2379
0.718 1.000 0'.000 D.D12 D.000 T.000 1.000 1.D00 D.4339
F.571 1'.D00 0.000 0'.D00 0.000 r.000 1.0D0 F.DDD W. 0100

LISTENEP 27
1*.000 1.000 F.658 0.982 0'.915 1.000 1.0D0 1.000 0.9633
l'.000 r.000 0.824 U.D00 F.D00 F.000 T.DDD l'.D0D D.8329
1.000 1.000 D.518 F.729 r.000 1.000 1.000 r.D00 0'.8494
r.0D0 1.000 0'.629 0'.972 1.DDD 1.000 T.D00 1'. 0D0 0~.6477

LISTENEP 28
1.000 1.000 0'.845 r.000 1.000 1.000 r.D00 r.000 0'.9938
1'.000 1'.D00 0.623 0.970 0.823 1.000 F.DDD r.000 D.6364
1.000 l '. U'0 0 F.552 0.793 1.0D0 T.DDD 1.000 1.D00 0~.8853

,

1'.0D0 F.000 0.362 0'.691 0.735 1.O'00 r.000 1'.00D 0.3830
LISTENEP 29

1.000 1.000 0.714 1.000 1.000 1.000 1.000 1.000 0.9885
1.00D 1.000 0.805 T.000 r.DDD 1.000 F.000 T.000 D.8150
1.000 l'.000 W.632 0'.895 T.000 1.000 1.00D 1.000 0.9423
1.000 T.000 W.607 0'.953 1.000 1.000 1.000 T. ~00 0 0'.6269

LISTENER 30
1.000 1.000 0.718 1.000 r.DDD 1.000 T.000 1.000 F.9887
1.000 1.000 D.748 T.000 1.000 F.000 F.000 r.00D D.7603
1'.000 1.000 0~. 555 0'.798 T.000 1.000 T.000 T.DDD O'.8876
1'.000 1.000 0.485 0'.865 0.993 1.000 r.000 1.000 0'.5107
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TABLE Q.5 (Continued)
LIsTENEP 31

1'.000 1~.00D O'.734 l'.000 1 ^. 000 1; 000 l'.000 1'.000 D'.9894
l'.DDD l '. r.00 D'. 788 l'.000 1.D00 1~.000 1.D0D 1;DDD 0.7984
1'.000 l' 000 0'.474 D.639 0.969 l'. 0 0D 1'.000 l'.000 0.7988
1'.000 l'.000 0'.578 O'.935 1 *. 0D0 l'. 00'O l'.DDD l'. 0D0 0.5990

LISTENEP 32
1*.000 1.000 0'. 946 1.000 l'.D00 1*.000 l'.000 1'.D00 0'.9979
1'.000 l'.000 0'.946 1*.D00 l'.000 1'. 0D0 1'.000 1.000 0.9491
1'.000 1*.000 0'.843 1 ~. 000 l'.000 l'.000 l'.000 l'.000 l'.0010
l'.000 l'.000 D'.839 1'.000 1'.000 1'.000 l'.'000 l'.000 0'.8470

LISTENEP 33
1 ~. 0 00 l'.000 0~.795 1.000 l'.000 1;0D0 l'.000 l'.000 0.9918
1'. 00D l'.000 0'.758 1'.000 l'.000 l'.000 l'.000 l'.000 0.7696
l'.000 1.000 0.510 0'.714 l'.000 1.000 l'.000 l'.000 0'.8406
l'.000 l'.000 0~. 509 D'.891 1;000 1.000 1;000 l'.000 0.5334

LISTENEP 34
l'.000 1'.0'00 D'.769 1'.'000 l'.000 l'.000 l'.000 1.000 D'.9903
1.000 1'.000 0'.863 1;000 l'.000 1'.000 l'.000 1.000 0'.8694
1'.000 1*.000 0'.713 D'.972 l'.000 1 ~. 0'00 1'.D00 1'.000 0'.9853
1.000 1'.000 0'.695 D'.994 l'.DDD l'.000 l'.000 1'. 0D0 D'. 7106

LIETENEP 35
l'.000 l'.000 0'.883 1*.000 l'.000 l'.000 r.000 l'.000 0'.9953
l'.000 1~.000 0'.796 1.000 l'.000 l'.000 l'.000 1.000 0'.8059
1.000 l'.000 0'.743 0'.997 l'. 0 0'O 1. ~00 0 1'.000 l'.000 D.9996
l'.000 l'.000 0'.453 D.827 D'.936 l'.000 l'.000 l'.000 '0'.4780

LIETENEP 36
1.000 l'.000 0'.773 1~.000 l'.000 1~.000 l'.000 l'.000 0'.9909
1'.000 7'.000 0'.773 1'.000 1~.000 1 ~. 000 1;D00 1'.000 0.7843
1 '. 0#.' O 1 ~. 000 0'.532 0'.756 1.000 1'. 000 1.000 l'.000 0~.8642
1~.000 1'.000 0'.537 0'.917 1 '. D 00 l'.000 l'.000 1~.000 0'.56D5

LISTENEP 37
l'.000 l'.000 0'.769 1'.D00 l'.000 l'.000 l'.D00 l'.000 0'.9908
1'.000 l'.000 D'.797 1;D00 l'.000 l'.000 l'.000 l'.000 0'.8D74
1.000 1'.000 0'.621 D'.879 1 ~. 000 1.000 l'.000 1'.D00 0'.9333
1'. 0U 0 l'.000 0.594 0.945 1'.000 l'.000 1.000 l'.000 0'.6142

LIETENEP 38
1'.000 l'.000 0'.775 l'.000 1~.000 1~.000 l'.000 l'.000 0'.9910

1.000 l'.000 0.731 1;000 1'.D00 l'.000 l'.000 1 ~. 0 00 0'.7441
1.000 l'.000 D'. 532 0'.7D1 l'.000 l'.000 1.000 1'. 0 0D 0'.8335'

1.000 1.000 0.380 0'.720 0'.787 1.000 l'.000 1^.000 0'.4021
| LIETENEP 39

1'.000 l'.000 0'.728 1.000 1 ~. 0 00 1.000 1~.000 l'.000 D.9891
l'.000 l'.000 0'.751 1.000 l'.000 1.000 1 ~. 00 0 l'.000 0.7632
1.000 l'.000 0'.540 0.721 l'.000 1~.000 1'. 00D l'.000 0~.8445
1 ^. 0 00 l'.000 0'.509 0'.891 l'.000 l'.000 l'.000 l'.000 0'.5337

LISTENEP 40
l'.000 l'.000 D.884 1^.D00 1'.000 l'. 0 0 0 1'. 0D 0 l'.DDD O'.9954
l'.D00 1.~000 0.884 1'.000 l'.000 l'.000 1'.000 l'.DD0 0~.8896
l'.000 1'.000 0'.744 0'.998 1'.000 1.000 1'.000 1~.D00 0.9998
1'.000 1.000 O'.731 1;0D0 1~.000 l '. 0~0 0 1.000 1 ~. 0D 0 D'.7448
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| TABLE Q.5 (Continued)
!

000 v.,*3 1.000 1.D00 F.000 1.00v O'.9897...

. 000 0.883 1.000 1.000 1.000 l'. 0 0 0 F.D00 0.8886
:.000 D'.743 0.997 1.0D0 r.000 1.000 l'.000 0'.9995...

l'.000 r.000 0'.730 r.000 T.000 1.000 1'.000 T.000 0'.7432
LrsTENEP 42

U.000 1.000 0.818 1.000 T.000 1.000 F.000 1.000 D'.9927
1'.000 1.000 0.739 T.000 1.000 1.000 F.000 1.000 0'.7522
1.000 1.000 0.543 0'.778 T.000 1'.D00 1.000 1.000 0.8764
1.000 l'.000 0'.474 D'.853 D'.972 F.000 1.000 1.000 0'.4995

LIsTENEP 43
1'.000 1.000 0'.826 T.000 1.000 1.000 1.000 1.000 0'.9931
1.000 1.000 D'. 731 1.000 1.000 1.000 1.000 1.000 0.7448
1.000 1.000 0.595 D'. 861 1.000 1.000 1'.000 1.000 0'.9230
l'. 0 0 0 1.000 0.459 0'.835 0.944 1.000 1'.000 1.000 0.4841

L'IsTENER 44
1.000 F.000 0'.843 1.D00 1.000 1.000 1.000 1.000 0.9937
1'. 0 0 0 F.000 0.743 1.000 l'. 0 0 0 1'.000 1.000 l'.000 0'.7562
1.000 1.000 0'.549 0'.787 T.D00 T.000 1.000 1.000 D'.8819
1.000 1.000 0'.661 0~.983 1.0D0 1.000 1.000 1.000 D'.6783

LrsTENEP 45
1.000 1'.000 0'.748 T.000 1.000 1.00'O 1.000 1.000 0.9899
1'.000 l'.000 0.775 1'. 00D r.000 l'. 0 0 0 1.000 1.000 0~.7862
1.000 1.000 0.591 0.856 T.000 1.000 1.000 1.000 0'.9202
l'.000 l'. 00D O'.541 0.920 1.0D0 1.000 r.000 1.000 0.5'41

LIsTENEP 46
T.000 1'.000 D'.826 1.000 F.000 1.000 1.000 1.D00 0.9930
1.000 1 ^. 0 0 0 0'.826 1'.000 1.000 1.000 r.000 F.000 0'.8343
1'.000 F.000 D'.570 0'.822 1.000 l'.000 1.000 1.000 0'.9016
l'.000 l'.000 0'.632 0'.973 1.000 l'. 0 0 0 F.000 1.000 0'.6502

LrsTEnce 47
1.000 1'.000 0'.756 1.000 1.0D0 1.000 1.000 r.000 D'.9903
l'.000 1'. 0 0 0 0'.853 l'.000 1.000 1.000 1.000 1.000 0'.8602
1.000 1.000 0'.699 0'.964 1.000 1.000 1.000 1.000 0'.9811
1.000 1.000 0'.381 0'.722 D'.792 1.000 T.000 1.000 0'.4037

LIsTENEP 48
1.000 1.000 D.524 0.905 D'. 412 1'.000 l'.000 l'.000 0'.8266
1.000 l'.000 D.779 1.000 1.000 1.000 1.000 1.000 0.7899

t 1.000 l'.000 0~. 596 0.863 l'.000 1.000 l'.000 l'.000 0'.9245
1.000 1.000 0'.420 0'.781 0'.883 1.000 1.000 F.000 0'.4440

LrsTENEp 49

1.000 1^.000 0'.873 1.000 1.000 r.000 1.000 1.000 0'.9949
1'. 0 0 ) 1.000 0.873 1.000 r.000 1 ~. 0 00 1.000 r.000 0.8791
1.000 F.000 0'.667 0'.942 F.000 1.000 1.000 1.000 0.9687
1.000 1.000 D.713 T.000 T.000 1.000 1.000 1.000 0'.7271

LISTENER 50
1.000 T.000 0.888 T.000 1.000 1.000 1.000 1.000 D'.9955
1.000 1.000 0'.802 l'.000 l'.000 1.000 1.D00 T.000 0'.8117
T.000 T.000 0.692 0'.960 l'. 0 0 0 1.000 T.000 1.000 0.9786
1~.000 1.000 0'.738 1.000 1.000 1.000 1'.000 1.000 0'.751D

PURML9 URBAN POPULRTIONs ? 3320F,268629

PTRUP PTURB PTRLL
0.956 0'.974 0 ~. 972
0.741 0'.807 0~.800
0.847 0.896 0'.890
^ 508 0 ~. 591 0'.582.
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