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SUMMARY

This report presents Acoustic Technology, Inc's (ATI's) alternative
designs for the prompt notification of the public within the plume exposure
Emergency Planning Zone (EPZ) of Palo Verde Nuclear Generating Station.

The report marks the final step of the tasks outlined in the proposal submitted
to Arizona Public Service Company (APS) in March, 1981.

ATI's main objective in designing its public notification systems are to
design systems which meet the regulatory requirements outlined by FEMA an;:i
the NRC, are cost effective, and are acceptable both t'o the people living
within the EPZ and to the state, local and federal government officials
involved in the operation of the nuclear plant. Several warning methods have
been analyzéd in designing these alternatives, including mobile sirens, high
power sirens, telephone notification and tone alert radios. The alternatives
presented reflect the public interests of the people involv_ed in the operation
of PVNGS. ATI is confident that all of the alternatives will mest the guidelines
set forth in FEMA's CPG~17 Outdoor Warning Systems Guide and the NRC NUREG-
0654 criteria. ‘

Alternative 1 proposes notifying the entire population within the EPZ of
an emergency using high power sirens. Through computer analysis, thirty-
six sirens have been located along existing power lines to effectively cover all
populated areas withinw the extended EPZ with a }11inimum sound level of 60 dBC.
In this alternative, the normal 10 mile EPZ has been extended by the Arizona
Division ‘of Emergency Services on .the eastern edge to include some higher
density areas including the town of Palo Verde and the relocated town of
Allenville. The _implementation cost of this alternative would be approximately
$540,000 and the operational co;ts over the life of PVNGS are projected to be

$620,000. Alternative 1B covers all populated areas in the normal 10 mile radius EPZ.
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. Thirty high power sirens are employed to cover populated areas with a

minimum sound Ie;/el of 60 dBC. The implementation costs \‘vould be
approximatély $450,000nand the operational costs are projected to be $516,000.
Despite its relati\./ely high cost, these alternatives have advantages in the
fact that they ar;a easily monitored and tested systems. They are also likely
to meet wide public acceptanée.

Alternative 2 is the most cost effective alternative when considering costs
over the projected lifespan of PVNGS. High power sirens are used to cover
areas where the population is concentrated, while tone alert radios are used to
notify the rest of the population . It is feasible that a 130 dB siren (a siren
which produces a sound level of 130 dB 100 feet from the mouth of the horn)
will be manufactured by the time PVNGS purchases its warning system. Alternative
2 uses the 130 dB figure in its computer analysis of siren sound coverage. In
Alternative 2, 10 high power sirens have been analyzed and located with AT!'s
computer program to cover the more densely populated areas within the EPZ
with a 60 dBC sound level. As in Alternative 1, the EPZ has been extended on
the eastern edge. The sirens would cover 88% of the residences within the EPZ.
Approximately 150 residences/travel trailers/mobile homes would not be covered
by the minimum sound level. These residences would be notified of an emergency

by tone alert radio. The implementation costs of this alternative are approximately

$175, 000. Because of high replacement rate projected for the radios, the

operational costs of over the life of PVNGS would be much higher; approximately
$427,000. Alternative 2B uses sirens with a sound level of 122 dB at 100 feet,

which are now commercially available, in its computer analysis. With the lower

sound level reading, 11 sirens cover 83% of the residences within the EPZ with
a’'minimum sound level of 60 dBC. Apprc;ximately 200 tone alert radios would be used .

to notify the residences/trailer homes not covered by the sirens.

@ AcousTic TECHNOLOGY INC.
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. The implementation costs of Alternative 2B are approximately $175, 000.

The operational costs are projected to be $508,000. The advantage of

\
Alternative 2 and 2B is the lower cost of implementing and operating the system.
The main drawback is in monitoring the system, making sure that all radios
are completely operational at all times.
In Alternative 3, notification of an emergency would be provided comple:‘.ely
| through tone alert radios. There are no more than 1250 residences, mobile
homes and travel trailers within the EPZ of Palo Verde. This figure includes
‘ relocation of the town of Allenville. The initial cost of implementing this system
would be low; approximately $63,000. However, because of the short life
span  of the radio (5 years), the cost over the life of the nuclear plant is

projected to be approximately $2,059.000.

The cost analysis of the three alternatives is presented in Table 3.
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. . INTRODUCTION

The nuclear accident at Three Mile 1sland (TMI!) underscored the need for
better emergency preparedness procedures for commercial nuclear power plant licensees
and for state and local officials involved with a general nuclear emergency. In January
1980, the Nuclear Regulatory Commission (NRC) and the Federal Emergency Management
Administration (FEMA) issued a document for Interim use and comment entitled Criteria for )

Preparation and Evaluation of Radiological Emergency Response Plans and Preparedness in

Support of Nuclear; Power Plants‘ (NUREG-0654, FEMA-REP-1). Among other things, this

document lists the criteria for pirompt notification of the public in the event of a general
nuclear emergency. These criteria are presented in Appendix 3 of the NUREG-0654 report:
"Means for Providing a Prompt Notification to the Population."

The final regulation regarding prompt notification was published in the Federal
Register which defines the requirements as follows: "The nuclear power reactor licensee
shall demonstrate that administrative and physical means ha\(e been established for alerting
and providing prompt instructions to the pixblic ‘within the plume exposure ‘ﬁathway EPZ.
The design objective shall be to have the capability to essentially complete the initial
notification of the public within the plume exposure pathway EPZ within about 15 minutes."

*Acoustic Technology, Inc. . under a contract from Arizona Public Service Company
(APS) has designed and analyzed alternative proposals for the prompt notification of the
public within the Palo Verde Nuclear Geperating Station EPZ. ATI has given full consideration
to the requirements of NUREG-0654. The criteria for minimum acceptance of a notification
system are stated in Appendix 3 as follows:
*The mipirhum acceptable design objectives for coverage by the system are:
a) Capability for providing both an alert signal and an informational
or instructional message to the population on an.area-wide basis throughout
the 10-mile EPZ, within 15 minutes.

b) The initial notification system will assure direct coverage of essentially 1003

Acousnc TECHNOLOGY INC

of the population within 5 miles of the site.
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c) Special arrangements will be made to assure 100% coverage, within 45
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minutes, of the population who may not have received the initial

. notification within the entire plume exposure EPZ."
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1I. DESIGN CONSIDERATIONS

Palo Verde Nuclear Ge.nerating Station is in Southwestern Arizona near
Wintersberg, Arizona and approximately50 miles west o.f downtown Phoenix.

The site of PVNGS and the plume exposure EPZ are entirely within the boundaries
of Maricopa County. The station consists of there separate units, the first of
which is scheduled to begin commercial operation in May, 1982. When all

three units are complete, PVNGS will be able to produce 3,810 mw of electricity,
which will be supplied to four states: Arizona, California, New Mexico,

and Texas. When Unit 3 goes into operation it will be the largest nuclear plant

in the United States.

Factors affecting the design of the prompt notification system have been
analyzed fully by Acoustic Technology. Key factors include Planning Zone
Boundaries, demography, land use, meterological conditions, access to power
lines, and existing warning systems. These issues are discussed below:

Planning Zone Boundaries: In section 1 of NUREG-0654, the Emergency

Planning Zone (EPZ) is defined as "the areas for which planning is needed to assure
that prompt and effective actions can be tak'er-x to protect the public in the event
of an accident.” The short term "plume exposure” EPZ was selected to be
a radius of about 10 miles, depending upon the characteristics of the site.
The Arizona Division of Emergency Services has extended the EPZ of Palo
Verde approximately 1 1/2 miles beyond the 10 mile radius to the east, making
compliance with the requirements outlined in Appendix 3 of NUREG-0654 optional
for the extended area.

Demography: Map 1 shows the population density throughout the EPZ of
PVNGS. The highest density areas occur in Arlington, six miles to the southeast
of PVNGS, in.Wintersb'érg, three miles to the north; in Tonopah, eight miles
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to the northwest; and in Palo Verde and relocated Allenville, t}velve miles east
of the station. Much of the western portion of the EPZ is unihabited. There
is only one residence, one travel trailer and two mobile homes within two
miles of the plant, all of which are located north of PVNGS.

Land Use: Much of the land within the EPZ is-uninhabited and unused.

rThe only significant type of land use throughout the area is agricultural. : There

are fields to the south, the southeast and to the northwest of PVNGS (seé

map 2). Agriculture appears to be the major industry as well. The extent of
the farmland suggests that an outdoor warning system might be more appropriate
than an indoor notification system.

Meterological Conditions: As will be explained in Section IV, climatic

conditions such as temperature, relative humidity and wind speed effect the
sound level of any distance from the sound source. The climatic conditions
surrounding PVNGS are characterized as desert-like; low relative humidities,
infrequent rain, hot summers and mild winters, moderate winds,and large
differences between day and night temperatures

The warment weather in Arizona is generally in the beginning of July,
the coolest is in January. For PVNGS, the normal minimum and maximum
temperatures for January are 37.6°F and 64.8°F respectively., The minimum and
r.naximum are 77.5°F and 104,8°F in July. The annual mean temperature is
70, 3°F,

In general, the highest relativge humidity occurs in the winter and the
lowest in the summer, The highest relative humidity each day occurs just
before sunrise. The lowest occurs in mid-afternoon, corresponding to the

highest daily temperatdre. The mean annual average humidity is 36%.
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The pre\‘/ailir;g winds at PVNGS are from the southwest in the spring
and summer, and from the east and the northeast in the fall and winter. The
average windspeed was found to be 6.4 mph at the 35 foot level.

Power Lines: Map 3 shows the existing power lines tH'roughout the

EPZ. Wi.th exception of one single-phase line 10 miles to the east of PVNGS
adjacent to Luke's Auxiliary Field, all lines are'three-phase lines. They would
be suitable for operating any commercially available high power siren. It~

is cost effecti'\'/e to locate the sirens along existing power lines rather than
extend the lines.

Existing Warning Systems: There are no warning systems within the

EPZ which would comply with‘NUREG—OGSQ requirements. Presently, there
are no public address systems installed in the area which could be
integrated with a prompt notification system.

The National Oceanic and Atmospheric Adminsitration (NOAA) has ’
a transmitter on South Mountain which regularlymbroadcasts weather information.
This system is empléyed in severe weather and during emergencies by emitting
a 1050 Hz tone which activates ‘radios, then proceeds with a warning message.
The NOAA broadcast presently covers all populateg areas surrounding PVNGS
with the exception of the area to the southeast of Arlington (see map 4).
Construction of an additional transmitter in Estrella Mountain Park would provide
complete NOAA co(xerage throughout the EPZ.

The Emergency Broadcasf.- Sys_;ten; (EBS) currently broadcasts
through the entire EPZ on several commercial radio stations. It is used to alert
the public to any real or potential emergencies. It can be used both to
instruct the public in the case of an emergency, and as the actual alerting device.
This EBS would activate special receivers using a two tone signal, then broadcast

the emergency message and instructions.

-
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111. ACOUSTIC CRITERIA OF SIREN SYSTEM

NUREG-0654 (Appendix 3) indicates that an acoust:c signal of 10 dB
above the average daytime ambient level is an acceptable criterion for the
design of a siren system. In addition, this 10 dB differential above average
daytime ambient level is meant to provide a distinguishable signal inside a
home ofiaverage residential construction under average daytime conditions.
NUREG-0654 (Appendix 3) also indicates that the determination of adequate
siren sound levels can be achieved by either of two options. Field surveys
can be conqucted to determine typical daytime ambient sound levels, and
the siren system can be designed to achieve 10 dB above this documented
ambient. As an alternative to field surveys,. in areas with .population density
below 2,000 personslsq'uare mile, a sound level of 50 dBA can be assumed and the

siren system can be designed to ﬁroduc'e a minimum of 60 dBC.

While the population density throughout the EPZ of Palo Verde is less than
2000 people per square mile, Arizona Public Service Company, in its’efforts to
provide the optimum warning system for PVNGS, chose to conduct an ambient noise
survey. Acoustic Technology performed the sound survey from May 6 - May 8,
1981. Fifty-two locations were monitored, and the ambient sound level recorded
for each. The sites were chosen as representative of the acoustic environment within
the EPZ.

The result of the field survey indicate that ambient sound levels are
generally below 50 dBA throughout the EPZ. In ad;iition, measurements taken at the
500 Hz band for the 52 locations show am!.aient noise levels ranging from 24 dB
to 50 dB and measurements taken at the 1000 Hz band show levels from 17 dB to
4% dB. Since all commercially available sirens produce tones between 500 and 1000
octave bands, designing 60 dBC sound coverage throughout the EPZ is in compliance
with NUREG-0654 guidelines. The results of the sound survey are reported .fully in

Appendix 1 of this report.
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IV. SIREN ACOUSTIC COMPUTER MODEL

The siren sound levels within the Palo Verde Nuclear Generating Station
P .plume exposure EPZ were calculated by use of a computer model developed by
. Acoustic Technology, Inc. This model takes into consideration meterological and
topographical conditions which effect sound propagation generated by the sirens.
Topographical data is obtained through direct readings of land elevation from
USGS maps by superimposing a grid system onto the siren propagation area.
The topographical data is used to calculate ihe attenuation due to the barrier
effects caused by the higher elevations which generate acoustic shadow zones
that occur l?ehind ridges and hills. In addition, inputs into the computer model
are gi\./en for siren mounting height, siren sound level at 100 feet, atmospheric
conditions, and type of ground cover (snow, trees, vegetation, water, etc.)
surrounding each of the siren sites.
The computer model calculates the sound attenuation with distance due
to hemispherical wave divergence, atmospheric absorption, absorption due to
vegetation, trees, and ground effects, upwind shadows, and barrier attenuation.
‘ These factors can be summarized as follows:
A, Hemisphérical Wave Di;/ergence:
The sound bressure level due to hemispherical divergence is
uniform in all directions at a rate of 6 dB per doubling of distance.
B. Atmospheric Absorption:
Molecular (atmospheric) absorption further reduces the sound energy.
Absorption is highly dependent on the temperatu.re and relative humidity
of the air and is quite pronounced at large distances and at high frequencies.
To a\'/oid over or under design of the system, average atmospheric conditions
are used as an input for the computer model.
C. Vegetation, Trees, and C;round. Effects:

Ground attenuation, is a function of the structure and covering of the

ground and of the i';eight’of the siren and receiver above the

Acousrlc TECHNOLOGY INC.
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-ground. The ground covering conditions at various directions and

distance from the siren to receivers were directly read from the USGS
maps. Sound tra;/els'from a siren to a receiver location by two paths:
the direct line-of-sight path which is the primary path of outdoor sound
propagation, and the ground _reflectegi path. Both of these propagation -

paths are subject to sound attenuation due to the effect of the ground cover

existing between the siren and the receiver location. The amount of attenua--

tion resulting from the sound propagation along the ground reflected path
will depend on whether the éround cover is absorbative or reflective. Tall
trees intercept the direct sound propagation path and can attenuate the
sound fror;) the siren substantially at the receiver location.

Wind Shadows:

W.ind gradients near the ground are nearly always positive; that is, the
windspeed increases mwith height. As a result, a shadow zone is most
commonly encountered upwind from' a siren because there the wind
gradient bends the sound rays upward. Downwind, the sound rays are
bent downward, and no shadow zone is 'produced. Crosswind, there is

a zone of transition. However, as a conservative measure, the shadow zone
is assumed to be consistent in all directions from the sounfj source. This is
to compensate for fluctuations in the direction of the wind.

Barrier Attenuation:

A”mound of earth, a hill, or a structure, if large enough, is a partial
barrier to sounds, and it can provide a mode}ate amount of sound

reduction within its shadow zone. The attenuation from a barrier is
estimated by the model,

The model will determine the effective barrier height which is the height

‘above the line-of-sight from the siren to the receiver location. The other
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two essential dimensions are the distance from the siren to the
barrier and from the barrier to the receiver. This data is used
to calculate the attenuation of the barrier.

Another factor in the ATI ;coustic computer model is the siren sound level
rating at 100 feet. Vendors of commercial sirens claim that their sirens produce
a sound level of 125 dBC at 100 ft. However, these sirens were tested in the
field and in, an anechoic chamber (free field test) and the actual recorded
sound level was approximately 122 dBC for dual tone rotating sirens. As a result
of actual laboratory and field testing, the siren sound level at 100 feet that is
used in the ATI computer model is 122 dBC rather than 125 dBC as claimed by siren
vendors. The ratings of 122 dBC for commercial sirens should be cqnsidered as
further conservatism in our design.

‘ The sound attenuation is calculated by the computer model for each siren
in each alternative and the 60 dBC c-ontour is determined. The correspondil;g
sound le;/el data for each siren within its propagation range is presented in

tabular form in Appendix 2 and in graphical form in Appendix 3.
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|V, VERIFICATION OF SIREN ACOUSTIC MODEL

In order to verify the accuracy of the Acoustic Technology, Inc.
model, the measured sound levels were compared to thosa predicted as shown in
Table 1. Excellent agreemen-t was obtained from all data points under consideration.
It is noteworthy that the model predicted values are slightly less (1-3 dB) than
those measured values. This indicates a further conservatism in determining the

sound level contours.
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COMPARISON OF MEASURED AND PREDICTED SOUND LEVELé OF SIRENS |

- Distance Between

Distance : Model Measured Predicted and
from the Predicted Background Sound Measured Sound
' Siren Level Noise Level Level Level
Test in ft. Ground Condition dBC dBC d4BC dB
Beaver Valley 5,600 Variable topography - Vegeta.tion 49 45 50 i -1
: -Siren Test
PN 1,100 Housing, trees and vegetation 95 53 97 -2
S 500 Flat - Grass 107 58 109 -2
- 3,600 Slight topography - vegetation 75 - . 78 -3
Three Mile
Island Test 1,500 Flat Grass - Housing 77 -~ 79 -2
'
Zg 'St. Louis .
Q County Test™ 1,000 Flat - Green Grass 100 -~ . 102 -2
o
m
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X
<
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4 VI. SELECTION OF SIREN LOCATIONS -

. In Alternatives 1 and 1B, sirc;n locations were selected to cover all populated
. areas within the EPZ, regardless of-population density or concentration.

Arizona Public Service Company provided ATI with maps which showed the power
di;tr‘ibution throughout the area. In order to avoid the extra cost of extending
power lines to installed sirens,‘sirens were located close to the existing lines
wherever possible. Tentative locations for sirens were chosen and analyzed
with ATIl's computer model. Several computer iterations were made before achieving
the require'd 60 dBC acoustic coverage throughout the populated areas of the EPZ.
In areas where no power is available,= low power battery operated sirens could
be employed. There is one such case in Alternative 1. The siren is used to
cover an area in the northeast corner of the EPZ that is without power lines
(see map 1).

In Alternative 2 and 2B, siren locations were selected primarily on the basis

of high population density. These locations were then analyzed with the computer

‘ model to determine the extent of the 60 dBC acoustic coverage. Sirens were again
located along exis;ing power lines to avoid additionz'al costs. In addition, some
effort was made to place.all sirens at higher elevations than the areas surrounding
them. Initial computer iterations of the model indicated that placing sirens at higher

elevation points will gain larger siren coverage. This is because the effects of

S

vegefation, trees and barriers are minimized.
Table 2 provides a description of the siren locations for each a"lternative.
g The loca.tion of the 36 sirens, and the extent of the 60 dBC acoustic coverage
; for Alternative 1 is presented on Map 5. The same information for Alternative 1B is
presented in Map 6. Map 7 shows the location and the 60 dBC siren acoustic

coverage of the sirens for both Alternative 2 and 2B.
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,. ALTERNATIVE 1

T

TABLE 2

. ARIZONA PUBLIC SERVICE COMPANY

PALO VERDE NUCLEAR GENERATING STATION

Siren Number Location USGS Map Siren Rating
(dBC)
1 Indian School- Road Buckeye 122
2 Johnson Road Buckeye 122
3 Luke Auxiliary Field #5 Buckeye 122
4 Johnson Road at Roosevelt
. Canal Buckeye 122
5 Palo Verde Road Buckeye 122
6 Base Line Road Buckeye 122
7 Buckeye Canal Buckeye 122
8 Hassayampa Buckeye 122
-9 Narramore Road Buckeye 122
‘ : 10 Wickenberg Hassayampa Road Arlington. 122
) 11 Hassayampa Cotton Gin Arlington 122
12 Arlington Road Arlington : 12.2
13 Desert Rose Road Arlington 122
14 Gila Compressor Station Arlington 122
\ 15 Broadway!Road Arlington 122
; 16 Wickenberg Hassayampa Road Arlington 122
'; 17 ‘ Hassayampa Road Arlington 122
; 18 Buckeye Salome Road Arlington 122
i 19 Phillips Wash Arlington 122
n 20 Indian School Road Arlington 122
; 21 Indian School Road ‘Arlington 122
| 22 Hassayampa Road Arlington 122
0 23 Winter:sberg Roéd Arlington 122

Acousnc TECHNOLOGY INC.
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ALTERNATIVE 1 (cont'd)

Location
Winter"sberjg Road
Buckeye Salome Road
Indian School. Road
Winters Wash

Two miles north of
Indian School Road

Tonopah
Delaney Wash

Joleena Farms

Ward Road

Desert Farms

11 miles south of Ward Road

Arlington Station

Luke Wash

A low power battery operated siren is located North
of Indian School Road, on the Buckeye USGS Map.

Siren Rating

USGS Map-: (dBC)
.ﬁrl‘ington 122
Ar'lington 122
Arlington 122
Arlington 122
Belmont 122
Mountains

Arlington 122
Arlington 122
Belmont 122
Mountains

Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
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TABLE 2

ARIZONA PUBLIC SERVICE COMPANY

Siren Number

4B

6B
8B

10.
11
12B
13
14
15
16
17
18
19
20
21

22

23

Location

Luke Wash
Johnson Road
Arlington Station

Johnson Road at
Southern Avenue

13} Mile south of Ward Road
Lower .River Road

Desert Farms

Narramore Road

Ward Road

Hassayampa Wickenberg Rd.
Hassayampa Cotton Gin
Arlington Road

Desert Rose Road

Gila Compressor:-Station

Broadway Road

* Wickenberg Hassayrﬁpa Road

Hgssayamba Road
Bucke).'e Salome Road
Phillips Wash

Indian School Road
Indian Schoo! Road
Hassayampa Road
Wintersberg Road

-

-d;18-

I

PALO VERDE NUCLEAR GENERATING STATION

. ALTERNATIVE 1B

Siren Rating

USGS Maps (dBC)
Arlington 122
Buckeye 122
Arlington 122
Buckeye 122
Arlington 122
Buckeye 122
Arlington 122
Buckeye 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
Arlington 122
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ALTERNATIVE 1B (cont'd)

' . . Siren Rating -
Siren Number Location USGS Map (dBC)
2y Wintersberg Road Arlington 122
25 Buckeye Salome Road Arlington 122
26 . Indian School Road Arlington 122
27 Winters Wash Arlington 122
: 28 Two miles north of Indian Belmont 122
School Road Mountains
298 Delaney Wash Arlington 122
| 30B Tonopah Arlington 122
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TABLE 2
" ARIZONA PUBLIC SERVICE COMPANY

‘ PALO VERDE NUCLEAR GENERATING STATION
ALTERNATIVE 2
- Siren Rating
Siren Number Location USGS Map (dBC)
51 Tonopah Arlington 130
52 Indian School Road Arlington 130
53 ‘ V?Iintersberg Arlington 130
-0 54 ) Wickenberg Hassayampa Road Arlington 130
55 Phillips Wash Arlington 130
56 Gila Compressor Station Arlington 130
57 Arlington Arlington 130
58 Palo Verde Buckeye 130
59 Brunner Road Buckeye 130
| . 60 Palo Verde Road i Bucykeye 130

’
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TABLE 2

- . ARIZONA PUBLIC SERVICE COMPANY
. PALO VERDE NUCLEAR GENERATING STATION

ALTERNATIVE 2B

: Siren Rating
Siren Number Location USGS Map (dBC)

51 Tonopah Arlington 122
52 Indian School Road Arlington 122
53 . Wintersberg Road Arlington 122
. 54 Wickenberg Hassayampa Road Arlington 122
55 Phillips Wash Arlington 122
56 Gila Compressor Station ‘Arlington 122
57 Arlington _ Arlington 122 .
58 Palo Verde Buckeye . 122
. 59> Brunner Road Buckeye 122
' 60B Brunner Road . Buckeye 122
618 Palo Verde Road Buckeye 122
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VIlI. TONE ALERT RADIOS AS A NOTIFICATION SYSTEM

Tone Alert Radios _
i ' Because of the ability of a tone alert radio to turn on upon receiving an
. activation signal, they meet the requirements FEMA outlines forl the main emergency.
notifiéation system. The main advantage a tone alert radio has over a siren system
is the ability to broadcast thé emergency message iteself. Because of the low cost
per unit, they may be desirable for use in low density areas within the EPZ.
There appears to be two major disadvantages in using tone alert radios as
the only notification system. The first disadvantage would be control of the
system. There would be no guarantee that th.e radios would be properly maintained,
or that they would even stay in the individual residences. The second disadvantage
is that the people would have to be in their homes to hear the warning signal.
Because of the climate, and because much of the industry within the EPZ relates to
agriculture, the people living in the area spend much of their time outdoors. It is
possible that the warning message would not be heard by many of the residents.
Through investigating radio warning systems, two systems appear to be
. feasible for use as a warning system. The National Oceanic and Atmospheric
Administration (NOAA) and the Emergency Broadcast System (EBS). It ius expected
that‘one of these two systems will be used to provide instructions to the public regardless
of the system used to notify them of an emergency.
In comparing the two systems, the EBS system appears the most desirable
for a number of reasons. As mentioned previously, there is presently EBS coverage

over the entire EPZ. There would be no need to construct additional transmission

- A v ww 3w

equipment, as there would if complete NOAA coverage was needed. The price of a
receiver is :comparable to the price of a NOAA receiver. Another advantage of the EBS
system is the fact that it br;aadcasts on .commercial radio stations. The receiver could

be used to listen daily to the station which has been selected to broadcast the

warning signal. A third advantage of the EBS system is that it is activated by a dual
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¢ tone signal. The two tone signal allows for less accidental activation of the

system than the single tone signal which NOAA uses.
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Viii. ADDITIONAL WARNING SYSTEMS

Additional warning systems were considered as alternative notification systems.

. These will be discussed below.
. MOBILE ALERTING :

The use of vehicles equipped with mobile sirens and public address systems

was considered as an alternative to notify the public of an emergency, especially
in lower density areas. The advantage of such a system is that the driver of the
vehicle can adjust the notification route as necessary and can provide individualized
instructions to areas which might be faced with a specific problem not encountered
in other areas. The driver can also report observations and potential problems to
the proper authorities so that they can make appropriate decisions. The disadvantages
of such a system lie in the distances between the residences within the EPZ and the
normal location of the vehicles outside of the EPZ and their response time. To
ensure complete notification of the area, vehicles would have to be stationed in
several locations throughout the EPZ. In addition, the condition of many of the
. roads within the EPZ is poor. It is likely that complete notification could not take
place soon enough if heavy vehicles had to manuever through these roads. Adverse
weather conditions, lack of sufficient personnel, and appropriate vehicles are
additional factors which would affect complete notification in the allowable time.
Because of the disadvantages listed above, mobile alerting is not recommended.

TELEPHONE NOTIFICATION

. Using the telephone system for alerting the public has been considered. The
notification procedure would be to automatically dial a computerized list of phone
numbers and transmit the emergency message along with instructions. Any unanswered
or busy phone numbers would be shifted automatically to the bottom of the list to

be dialed again. The eXpense of initiating and maintaining thisprogram, along with

the fact that not all residences have phone lines make this alternative unfeasible.
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. IX, COST ANALYSIS OF ALTERNATIVE WARN-INGISYSTEMS
‘ OVER THE PROJECTED LIFESPAN OF
PALO VERDE NUCLEAR GENERATING STATION

. *The following Table 3 presents a cost analysis/comparison of the three
alternative designs for PVNGS. The analysis is over the lifespan of the

nuclear plant, which is projected to be 43 years from the start of operation

of 'Unit 1' to :‘.he shutdown of 'Unit 3'.In preparing the cost analysis the
following projec'tions were made:
- the cost of a 122 dB siren is projected to be $15,000 in two
years time. This figure includes installation costs and the
necessary radio control. The price of a 130 dB is approxima)tely
123 higher, or $16, 800.
- Maintenance costs for the siren systems are assumed to be 2% of
the initial cost of the system per year of operation.
- Testing costs for the system are assumed to be $100 per year per siren.
. - Tone alert radios presently range in price from $28.00 to over
( ) $100. 00.
A radio with a projected cost of -$50. 00 would be adequate for a
single family residence. The lifespan of the radios is five years,
meaning the radios would need to be replaced eight times
over the lifespan of Palo Verde. We have assumed a $25.00 increase
in price of each radio over every replacement period.

- The average annual cost of electricity to operate each tone alert radio

is projected to be:

2w . e

10 watts x 8760 hr/yr = 88 kw /yr x $.045/kwh = $4,00/ yr.

- . Maintenance costs of the tone alert radios are assumed to be 2% of the -

purchase price of the radio system per year for the first five years,







! .

I then 2% per year of the replacement price of the system for each

five year period thereafter.

At the present time, there are several siren manufacturers producinb and
selling high power sirens. Each of these manufacturers produce more than one
model of siren. Because of the great differences in each of these models and
because a vendor has not yet been chosen, it is very difficult to predict
either the lifespan of the sirens, or to project the cost of rebuilding and over-
hauling the siren.

Because of the difficulty of projecting these costs, they have not been
given a monetary figure in the cost analysis. For many of the same reasons,
the costs of monitoring and controlling the systems involving tone alert radios
have not been given a monetary figure,% either. Instead, a contingency should

be added to all of the alternatives which would cover these additional costs. .
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7177 H purchase Price of Sirens . - - H : .
A:-% 7 H including Installation and . $540,000 : $450,000 $168,000 $165,000 ceemeaan
B N Radio Control (price of slren - . tae
! RO x number of sirens) I
' "B Purchase Price of Tonc Alert « . . .. ’ D
Pl Radios meegmees mmemm—— $8.000 $10,000 * $63,000 -
. $450,000 $176.000 . $175,000 $63,000 ;
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* # Maintenance of Siren System g - . . : .
4 (.02 x purchase price of s $464,000 $387,000 . $144,000 $142,000 ——————— .
system x number of years of H o, .
3 opcration) : 2 : ) o
A . '
;\2 Y Testing of Siren System - . i
B2 {$100.00 x number of sirens 55.000 . ® e )
H x number of years of operation ; $1 00 $129,000 $43.000 : $47,000 - g 1
N z Replacing Tone Alert Radios b . . 3 ®
e * (summation of number of . e . N 3
& }. radlos x price of radiq for : : ’ - $195.000 $260.000 $1.625,000 .
K each replacement perlod) - . :
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- “H Radio Opera:_lng Costs ($4.00 L *
3 *x number of radios x number P eeecaee : v
E,‘: of years of operation) ° ‘ $26.000 . $34,000 $215,000 H
fp K Maintenance of radios (.02 3 .
5 x purchase price of radlos o .
A . for each replacement perlod R . P - C e
3 x number of years of ; $19,000 $25,000 $156.000 :
:SJ operation - .
- §619,000° . $516000° $427,000° ~ $508,000* " $1996000°  F; .
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X. DESCRIPTION OF THE RECOMMENDED ALTERNATIVES

~

As previously stated, AT! has prepared 3 Alternative proposals which will
fulfill the requirements outlined by NUREG-0654. These alternatives will now
be discussed in greater detail:

Alternative 1: Virtually 100% of the populated areas surrounding Palo Verde

Nuclear Ge%rating Station will be notified of an emeréency by a system of high
power sirens. Alternati;/e 1 defines the plume exposure EPZ as the area within a

10 mile radius of the plant, plus a 11 mile extension to the east, to Palo Verde Road.
Alternative 1B defines the EPZ boundary as the standard 10 mile radius surrounding
PVNGS. These systems provide the quickest, most reliable means of notifying the
public within the EPZ.

For areas inside the five mile radius, nine sirens have been positioned to cover
the populated areas to the north of PVNGS and the less densely populated farmlands
to the south. 100% of the population will receive acoustic coverage of a minimum sound
level of 60 dBC. For areas beyond the 5-rr}ile radius, twenty-seven high power sirens ’
are positioned to the north, east and southeast of PVNGS to cover the remaining
population with a minimum sound level of 60 dBC. One area to the northeast which
is 6utside the 10 mile radius, but within the extension to the EPZ is not covered .
by a high power siren because power lines are unavailable. A battery operated,
low power siren is suggested for use in this area.

For Alternative 1B, it is recommended that 21 sirens cover the populated
areas between the five and ten mile radius. Again, virtually 100% of the population
would be covered by sound level of a minimum of 60 dBC.

The siren systems of Alternative 1 are designed for sirens capable of producing

a sound level of 122 dBC 100 feet away from the siren.” Most sirens rated at 125 dBC

by their manufacturers are capable of producing this sound level.

28" - Acousnc TECHNOLOGY INC.







A disadvantage of a siren system is that the momentary starting current required
to activate the system is high. [t is recommended that the electrical power
distribution throughoixtﬂ PVNGS be analyzéd to determine whether the existing lines
are capable of operating the sirens. If not, an alt;arnative power system can be
utilized.
The specifics on when and who activates the siren system will be determined
by the appropriate state and locals government officials. The sirens could be
activated by a radio that could activate all of the sirens, or sirens in any given sector.
The responsibility of activating the sirens would likely belong to Maricopa County.

Alternative 2

Alternati;/e 2 considers placing high power sirens in areas of relatively high
population density, and notif ying the remaining population of an emergency by
the use of tone alert radios. Al.ternative 2 is desiéned for sirens capable of producing
a sound level of 130 dB at 100 feet. Alternative 2B is designed for sirens which
produce a sound level of 122 dB. In both Alternative 2 and 2B, the area defined as
the EPZ is the same as that of Alternative 1. These alternatives provide the most
'cost effective means of providing a warning system for PVNGS over the lifespan of
the plant.

For areas inside the 5 mile radius surrounding PVNGS,-two high powe?r sirens
have been located to the north. In Alternati;/e 2, 31 residences/mobile homes/travel
trailers do not receive 60 dBC coverage. For Alternative 2B, an additional 14
residences do not receive coverage. It is recommended that tone alert radios employing
EBS or NOAA broadcasts be used to notify these residences of an emergency.

For areas outside the five mile radius Alternative 2 recommends the placement of
eight sirens to the north and east of PVNGS. These sirens will provide a minimum
of 60 dBC acoustic coverage to 88% of the population within the EPZ. It is recommended
that tone alert radios be used to achieve complete notification of the remaining population.
In Alternative 2B it is recommended that nine sirens be located to the north and east

of PVNGS.
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The sirens would cover 83% of the population within the EPZ. ,.Tone Alert Radios are
again the recommended -method of notifying the population not covered by a minimum
sound level of 60 dBC.

The activation of the siren system is the same as is outlined for Alternative 1.
All tone alert radios would be activated at the same time by the EBS or NOAA system.
It is expected that the radios would be activated at the request of the Civil Defense
Department of Maricopa County, or by other appropriate state and local officials.

ALTERNATIVE 3

Alternative 3 recommends using tone alert radios throughout the EPZ .as the
primary warning system. The EBS or NOAA system is the recommened radio warning
system. Alternative 3 has the lowest implementation cost of the alternatives. A tone
alert radio would be distributed to each residence/mobile home. At the present time, this
figure would not exceed 1250 radios. Included in the 1250 figure is a 125 unit develop.ment
which is to be constructed in the northeast corner of the plume exposure EPZ.

The tone alert radios would be activated in a manner similar to that described in

Alternative 2. The specifics of maintaining the system will be determined by the appropriate

state and local officials.
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APPENDIX 1

TASK 1 and 2
SITE EVALUATION AND
AMBIENT NOISE SURVEY
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INTRODUCTION

.

Task 1 and 2 of the work was to perform an ambient sound survey, site
evaluation, and preliminary assessment of the site conditions af'fecting the designrof
a prompt notification system of Palo Verde Nuclear Generating Station (PVNGS).

Our evaluation indicated that more than one method of notification may be required for
total coverage of the area. One of the methods will likely be a siren system in
populated areas of the site. It is likely that one or more of the following systems:
Emergency Boradcast System (EBS) , National Oceanic and Atmospheric Agency (NOAA)
weather radiq, and mobile sirens will be used in conjunction with the siren system

to provide notification throughout the 10-mile EPZ.

NUREG-0654 (Appendix 3) indicates that the determination of adequate siren
sound levels can be achieved by either of two options. Field surveys can be
conducted to determine typical daytime ambient sound levels, and the siren system can
be designed to achieve 10 dB above this documented ambient. As an alternative to field
surveys, in areas with population density below 2,000 persons/square mile a sound
level of 50 dBA can be assumed and the siren system can be designed to produce a
minimum of 60 dBC.

Since the population in the EPZ of PVNGS is far belowi".,ooo persons/square mile,
an ambient sound level of 50 dBA can be assumed to generate the minimum 60 dBC
sound coverage for the PVNGS Siren System Design. However, Arizona Public Service
Company (APS) has chosen to conduct a sound survey to determine the actual ambient
sound le;/els rather than assuming 50 dBC. The sound survey results will be
used to adequately design PVNGS siren sound coverage.

Furthermore, NUREG-0654, (Appendix 3) indicates that an acoustic signal of

" 10 dB above the average daytime ambient level is an acceptable criterion for the

design of a siren system. In addition, this 10 dB differential above average daytime
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‘ residential construction under average daytime conditions. . .
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ambient level is meant to provide a distinguishable signal inside a home of average
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AMBIENT SOUND SURVEY

" *Ambient noise lev;ais were monitored at Palo Verde Nuclear Generating Station
(PVNGS) from May 6 to May 8, 1981. The purpose of 