
Georgia Power Company
333 Piedmont Avenue
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Teleptone 404 526-7726 |
I

Maihng Address:
Post Off:ce Box 4545
Attanta, Georg'a 30302 L

Georgia Power
D. O. Foster tre scutt;cin eittlic system

Vice Pres dent and General Manager
Voglie Project

May 25, 1984

>

Director of Nuclear Reactor Regulation File: X7BC35
Attention: Ms. Elinor G. Adensam, Chief Log: GN-360
Licensing Branch #4
Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

NRC DOCKET NUMBERS 50-424 AND 50-425
CONSTRUCTION PERMIT NUMBERS CPPR-108 AND CPPR-109
V0GTLE ELECTRIC GENERATING PLANT - UNITS 1 AND 2

REQUEST FOR ADDITIONAL INFORMATION - SUPPLEMENTAL
INFORMATION TO ER-OL AMENDMENT 3

Dear Mr. Denton:

In Ms. Adensam's letter dated April 17, 1984, requests were made for
supplemental information which is not part of the ER-OL. This material
is being sent as enclosures to this letter. Attached is a listing of
the enclosures being provided.

If you have any questions concerning the enclosed information, do not
i hesitate to contact us.

*
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Yours truly,

N, .

D. O. Fost r

DOF/KWK/sw
Enclosure
xc: M. A. Miller

R. A. Thomas
;

J. A. Bailey
O. Batum
L. T. Gucwa Ng

%,+ p g $G. F. Trowbridge, Esquire
G. Bockhold, Jr.
D. G. Eisenhut g opJLe
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SUPPLEMENTAL MATERIAL: AMENDMENT 3 TO THE ER-OL

NRC QUESTION # MATERIAL # COPIES

E290.13 " Sound level study at the 6
Alvin W. Vogtle Nuclear Plant
Site Prior to Construction"
by C. E. Hickman, Southern Company
Services, Inc. 1974.

" Construction Sound Level Survey, 6
Alvin W. Vogtle Nuclear Plant"
by C. E. Hickman and H. A. Feariug,
Southern Company Services, Inc.
May 1981.

E290.14 " Sound Level Study, Miller Arkadelphia 6
500 KV Transmission Line Study"
Southern Company Services.

E290.15 " Cooling Tower Noise" Southern 6
Company Services.

.
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SOUND LEVEL STUDY AT THE ALVIN W. V0GTLE
NUCLEAR PLANT SITE PRIOR T:0. CONSTRUCTION

INTRODUCTION

- A Sound level study was performed at the Alvin W. Vogtle Nuclear

Plant site on May 14-15, 1974. Results of the survey are presented in the
'

following formats.

1. Nine pages of Noise Survey Forms
2. Chart recordings of sound level as a function of time.

Location of the measurements are noted on the Site Plot Plan, Figure 2.1-3

of the Environmental Report and on sketches on the Noise Survey Forms.
,

- * .

RESULTS
,

a. Ambient Sound Levels

The main purpose of the survey was to ascertain noise levels prior

to the beginning of construction of the nuclear units. A significant number

of measurements, tabulated on pages 1 and 2 of the Noise Survey Forms, were

taken during the evening hcurs of May 14, 1974. Sound levels ranged from 22-39 dBA

with most readings falling in the 25-30 dBA range. Under calm wind conditions

the sound level fell to 22 dBA but increased to 34 dBA when the wind gusted to

7 mph. The large increase was dua primarily to rustling leaves. The 39 dBA.

reading occurred at the South fence line of the combustion turbine p_lant and

-the main contributors were the transformers since no combustion turbines were
*

operating.
.

Other noise sources at the observation points were a number of singing

birds and other night life sounds.

As a matter of interest it'was noted that passing traffic produced

sound levels of 80-88 dBA at positions along the road bounding the western

1
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and southern property lines.

Pages 2 and 3 of the Noise Survey Forms indicate that sound levels

of 28-44 dBA were measured around the site during the following morning. The

highest noise level of 44 dBA occurred during wind gusts of up to 10 mph.

Generally, wooded areas, such as the proposed intake structure area, had higher

sound levels due to the wind in the trees.

A magnetic tape recording was made at the N80+00, E81+00 location and

the resulting sound levels as a function of time are plotted on Figures 1 and

2.

Figure 1 indicates that the dBA sound level, in general, varied from

25-30 dBA at the N80+00, E81+00 position. The sharp peaks on the graph are the

result of bird calls such as whippoorwills. The dB linear sound levels as shown

on Figure 2 range from 35-45 dB. A fuel truck at the combustion turbine plant

increased the sound level to above 50 dB linear.

A comparison of Figures 1 and 2 indicates the following.

(1) The A-weighted sound levels are approximately 10 dB lower
than the dB linear sound levels.

(2) Peaks in the A-weighted response due to high frequency bird
calls are more pronounced since the low frequencies (<1000Hz)
in the sound level spectrum are attenuated by the weighting
network.

(3) Truck noise has less effect on the A-weighted response since
it is predominantly low frequency.

b. Transformer Sound Levels

Sound levels produced by large transformers prese'ntly at the

combustion turbine site were also measured and the results are tabulated on *

pages 4 and 5 of the Noise Survey Forms. At 3' from the transformers the sound

levels were 79-80 dBA with the predominant frequency being 125Hz. Although

the effect on the dBA sound level was minimal at a position such as N80+00
'
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3',

where a magnetic tape recording was made, the 125Hz tone was clearly audible.

This position is approximately one mile 'from the transformers. During the
~

above tests none of the combustion turbines were operating.

c. Sound Levels Around Combustion Turbines

Sound level measurements were taken around combustion turbine SE

at 3' distances from major components. These data plus additional measurements
i

associated with the combustion turbines are tabulated on pages 6-9 of the

Noise Survey Forms.
.-

The levels obtained around combustion turbine SE ranged from 81

dBA 3' East of the turbine to 92 dBA near the generator and exciter.
'

Rather high noise levels were observed inside the enclosure, e.g.,
>

105 dBA at the turbine,114 dBA at the generator intake and >116 dBA at the
i bearing compartment between the turbine and generator. The sound level was

94-96 dBA.on the turbine platform and d3 dBA at the exciter view window.

Midway between two operating combustion turbines (50 and SE) the

sound level was 82 dBA.

; The decrease in the sound level'as a function of distance from 100'

to 2000' from the combustion turbines is noted on page 8 of tne Noise Survey

Forms. The 6 dB decrease for each doubling of distance rule for this situation

is quite closely achieved.

'

.

4

*
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SUMMARY4

This report is the first of a number concerned with sour.d levels at

the Alvin W. Vogtle Nuclear Plant site. The main concern of this study was

the determination of sound levels prior to construction ~. A second study will
'

focus on construction noise and a third will contain predictions of sound1

-levels during operation. Finally, actual operating sound levels will be mea-
'

sured.

To fulfill one of the provisions of the Noise Control Act of 1972,
'

the Environmental Protection Agency has published the document "Information
,

on Levels of Environmental Noise Requisite To Protect Public H$alth and
'

Welfare With An Adequate Margin of Safety." The recommendation for e,nvironmental

noise in the above, document is a day-night average L =55 dB. This sounddn
i - level is equivalent to 49 dBA.
4

As indicated in this report sound levels measured at the property

i lines prior to the beginning of construction of the nuclear units are below
:

, the recommended value of the Environmental Protection Agency.
,

a

$g

,

y

h

k

'

.

.
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/ 7, j p, j
NOISE SURVEY FORM SOUTHERN SERVICES t?.:

, P.o. Box 2G25
. BIRMINGHAM, AL ABA'AA3C.__ ._

-.

CU ENT: Georgia Power Co. - Plant Voctle . PRIMARY NolSE SOURCE:*

JOB NO: 042 DATE: 5/14/74 EQulP. MAKE a MoDEL:

ODSERVERS: _JH.C.kman_and_Chaenion CLIENT oESIGNATloN: '

@ SL.Y: TYPE _B&K 2209 SER.# 45424Q o PER ATING CONDITIONS: __hJh.jpnt avoninn

TRANSDUCER: TYPE _ B&K4145 S ER.# A58H8_ e n"n ri lavale

3 ANALYZER: TYPE B&K 1613 SER.# 460875
m
g CASLE: TYPE LENGTH

h CA LI B R AToR : TYPE B&K 4220 SER.# 457476 SECONDARY NolSE SOURCE:

~ | oTH ER : __Wi ndscreen
'

ECUIP MAKE 8 MoDEL:

shA TEMP. %RH MMMS Inur
,

" "
OPERATING CONDITIONS:

18:10!OK 75 0-7 SSE

.

_

#* SOUND PRESSURE LEVEL,dB RE 2og N/M rms
TEST Post- '

TIM E CO N DLT ion S A OVER |
No. Tion OCTAVE BAND CENTER FREoVENCY, Hz.

SCALE ALL

4000 | e c;Ltytt Lev tl 31.5 63 125 250 soo ioco 2 coo

4/-
1 |18:15| A fiW Corner of property 30 I

2 I18:22| B !N 111+00. E 15+00 30 35 28 30 26 27 30 30 20 15 I I0,

D
3 |18:35 C 11 60+00, E 37+00 34 >

l
I E

D At Ebenezer Church Road f5 35 29 26 25 25 22 17 15 12 I ll4 18:45

5 18:55l E h1 22+00 E 110+00 25
'

6 |19:05 F 'll 60+00, E 143+00 39 '

h176+00,E106+00 27 !7 |2000 c

_8 20:10| H N 76+00, E 115+00 28 |
ot AGRAM- SHoW ME ASURING LOCATIONS:,,

* Positions are located aCCording to " plant grid system." See site plot plan, Figure
2.1-3 of the Alvin W. Vogtle Nuclear Plant Environmental Report.

'

NOTES:

Position B - Birds increased sound level to 38 dBA *
.

Position C - Passing traffic produced sound levels of 80-88 dBA.
Sound level of 34 dBA produced when wind gusted to 7 mph *

Position F - South fence at Combustion turbine plant; sound level primarily due to
transformers, no Combustion turbines on

.

l

l
i

RECOMMENDATIONS:
i

i

_ -__ _ . - _ _ _ _ . _- .__ _ _ _ _ _ . _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ - _ _ . _ _
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'. NOISE SURVEY FORM SOUTHERN SERVICES INC.j
,

~| P.O. B o x 26 2 5
..M BIRMINGHAM, ALABAMA 352C'

CU ENT __6_Rorgia Power Co. - Plant '!q 'lo -PRir'ARY NOISE SOURCE:
*

JOS !!O: 042 DATE: 5/14/15/7A EQulP. M AKE 8 MODEL: f
6OBSERVERS: Hickman and Chamoion CLI ENT DESIGNATION: '

||}l SL": TY PE _BJdL2209 S ER. ie a54240 OPER ATING CONDITIONS: .AChient eveninn !
i} TR A.*4 SDuCER : TYPE B&K 4145 SER.* d56988- and m.orninn ennnd levale '

A *? A LY Z E R : TY P E B&K 1613 S ER. s* 260875 Three Combustion turbines on_aftnr 1(h00am_l51
' 3 ' CABLE: TYPE LENGTH

-

-

'

CALL 3 RATOR: TYPE J&K 4220 SER.# d57d76 SECONDARY NOISE SOURCE:

j ~ | oTsER. Windscreen and Naara tace recorder. EQulP. MAKE a MODEL:
~

truc anA- t r u m. %nM uund W M E @ 'W M
, ,"

| OPER ATING CONDITIONS: !

E21:30IOK
l ! t

|9:00 l OK I

* SOUND PRESSURE LEVEL,dB RE 204 N/M tms Ip ,
,

TIM E CONDITIONS A oven,;g- TIO:4 OCTAVE B AND CENTER FREoVENCY, Hz.'
SC ALC ALL

May 14, 1974 tevcL tevrL u.s o irs so sco icoo zoco 4eco soco ;

i
-

9 ! 20:2.5 I N 80+00. E 81+00 2R 40 in 20 1R 17 ?O 2n 2n ?? gn i

'
|1

| Mav 1R- lo7a

LO I9:3.0 I N 80+00. E 81+00 5g |
8

1 | 9:35 J Borehole No. 620 d4 h
'2 I9:45 K IN138+00.E40+001 34
'13 |9:55 L |N105+00.E20400 34 44

4 |10:05| M Tower 8. River Facility R dn- Q
4-

,

DIAGR AM- SHOW ME ASuRING LOCATIONS:

' Positions are located aCCording to " plant grid system." See site plot plan, Figure
2.1-3 of the Alvin W. Vogtle Nuclear Plant Environmental Report

VOTES:

Positions I&J - Some drilling activity during AM but not PM :
)ositions L - Higher noise level of 44 dBA occurred during

wind gusts of up to 10 mph. *

'ositions I - Magnetic tape recording made at 20:25.

I
i

!
R ECOM M E ND ATION S :

}

0

. ---
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' ' '
NOISE SURVEY ' ORM SOUTHERN SERVICES INC.F,

-

P.O. Box 26 25,

, , _,,.5 BIRMINGHAM, ALABAMA 35X4

CU ENT: Georcia Power Co. D1 ant Yogtle'
PRIMARY NOISE SOURCE:*

..

J03 NO: 042 DATE: 5/15/74 ECUIP. M AKE 8 MODEL:

OGSERVERS: _tii_qkman and Ch!PM on CLIENT DESIGNATION:

f { j SLM TY3EJ&K 2200 SER.# d5d7dQ__ O PER ATIN G CONDITIONS: .Ambiellt mnrning
|

} e 'YRANSouCER: TYPE B&K 4145 S E9.:4 456988 sound levels
5 ! !.N A LY Z ER : TYP E _ B&K 1613SER.# 460875
s,,

'g[CADLE: TYPE LENGTH
_.

'

st

, g | CAltBRATOR: TYPE _,E&K 4220 _ SER.# 457476 SECONDARY NOISE COURCE:

| CTH ER: _ ifdlLCf_eenW EQUIP. MAKE S MODEL:

j * vt sRA T E M P. %AM uuMi ",'," CLIENT DESIGNATION:
g o, ," "

OPER ATING CONDITIONS:

._

#SOUND PRESSURE LEVEL,dB RE 20g N/M rms |*
TEST POSI- -

;
TIM E CONDITIONS A OVE8

N O. TION OCTAVE BAND CENTER FREQUENCY,Hr.
SC A LE ALL
LEVEL LEVEL 31.5 63 2? 250 500 10 C 0 2000 40C0 8C00 j

_15 |10:10 N br. Brown'sCabin D
40

!10:25| 0 Intake structure area 42
40

_7g

f10:35 P N 80+00. E 117+00 4017

_18 | 10:55 - 0 'N 80+00, E 113+00 35
40

|
,

DI AGR AM- SHOW ME ASURING LOCATIONS:

* Positions are located aCCording to " plant grid System." See site plot plan, Figure
2.1-3 of the Alvin W. Vogtle Nuclear Plant Environmental Report.

|
*
.

.

;

R ECOM M E ND ATIONS :

_ _ - _ - - _ . _ _ - _ _ - _ - - _ - _ - _ _ - - - _ _ _ - - __ _ _-___-_ - _-__-______ --______ _ _ _ . - - _ _ - _ _ .
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NOISE SURVEY FORM SOUTHERN SERVICES INC
. } PO. Box 2625

# -

. , _ M BIR MINGHAY , AL A B A'.'A 3 57.

I ;u ENT: Georaia Power Co. - Plant 'logtle ' PRIMARY NOISE SOURCE : Transfnrmers

JOB NO: Q42 DATE: 5/14/74 EQUIP. M AKE a MODEL:

; CSSERVERS: .__ Hj C kman_and_ChamDdQn CLIENT DESIGNATION:

! :j ; st" TYPE B&K 2209 SER.0 454249 OPERATING CoNoiTroNS: All of the Contwition_
! U ' TnA iscuCER: TYPE B&K 4145 SER.d+ 456988 turbines were off
|5!A,ALYZER: TYPE 9&K 1613 SER.r,*460375
: :i

g g ' C ABLE: TYPE| LENGTH

| h CAL!SRATOR: TYPE .. B&K4 220SER. # 457476 SECONDARY NOISE SOURCE:

| OTH ER: Wi,0dSCreen EQUIP MAXE 8 MODEL:
'

'

[ CWU ENW@:Ti u t RA. Trup. % RH uuno ,""
OPER ATING CONDITIONS:

|

|

_

* #
. p ,

SOUND PRESSURE LEVEL,c8 RE 20u N/M rms.

CONDITIONS A OVE8
N O' T!ON OCTAVE DAND CENTER FREQUENCY,H:.
'

SC A LE ALL

aso | s:o iocej:coTransformers Levet Levet s '. s 63 ens .eco ; .:::

! I39 20:45 Al 3' W of transformer 3 79 92 53 69 91 82 !77 71 68 ;63 '52
'

20 I '8 I78 64 '65 !61 51B1 3' W of transformer 2 80 91- '53 56 88
'

8

21 i C1 N' W of transformer 1 k6 f76 I !
'

79 89 56 62 34 71 65 5R 49__
_22 I 01 $'S of transformer 1 79 89 '4 64 86 'B2 '83 I6 63 49 40 '30
23 El 3' E of transformer 1 78 85 h3 '64 80 '81 '82 |67 |57 !44 |35

'

! I !24 F1 3' fl of transformer 1 77 90 50 57 39 B1 76 61 50 40 33
25 G1 hidway-xformers1&2 64 80 57 51 31 63 '57 !49 '45 ! 8 I3 28
26 H1 3' fl of transformer 2 79 88 52 53 $4 33 |81 |67 ;51 |41 |32

CI AGR AM- SHOW ME ASURING LOCATIONS:

*See diagram for numbering of transformers
.

Conusnoa.

Sh 56 SC 50 S'E 5F %ein.s
.

I 2 3 T%5fowE45

R ECOM M E ND ATioNS :
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/ ,{ NOISE SURVEY FORM SOUTHERN SERVICES INC.
P.O. Box 26 2 5, . ;\s
BIRMINGHAM, ALABAMA 3520:,_.

ICL!ENT: Georgia Power Co. - Plant Vootle ' PRIMARY NOISE SOURCE: Transformers
*

Jos No: 042 DATE: 5/14/74 EQUlP. M AKE a MODEL:.

' OESERVERS: Hickman and Cha cion CLIENT DESIGNATION: 5

' s ! stu: TvPE B&K 2209 sER.# 454249 All of the !opggarino conoirions:

I | | 7R ANSOUCER : TYPEB&K 4145 SER.d HMS_ Comtutstion turbines were off !
5' TYP E B&K 1613 SER.,e 460875

!'n!A'ALYZER:
3 j C ABLE: TYPE LENGTH |

CA LI S R ATOR : TYPE R&K 4220 SER.# 457476, SECONDARY NOISE SOURCE:
| OTHER: Windscr_eRI1 EQUIP. MAKE S MODEL:

ttut RA T E M *. %RH MMMg * ',N CLIENT DESIGNATION:'"

g g g,
! *"

OPER ATING CONDITIONS: '

21:30 OK !
i
l

i
i

SOUND PRESSURE LEVEL,dB RE 20u N/M*rms j.

TEST P

" g- TION OCTAVE B AND CENTER FREQUENCY, Hz. |TIM E CONDITIONS A OVER
..

SCALE ALL .

its | so 4eco j ecce rTransforcers Levet Levet s i.s s3 soo ioco zooo

h7 |21:15| Il 50' W. of transformer 1 go 71 52 50 64 66 65 53 .47 41|33
28 I J1 100' W. of transformer 1 55 72. !52 53 !65 61 54 45|43 36 I 25
29 K1 At fence, W. of xfmr. 3 54 63 52 48 57 56 55 37|33I30 20

'

30 | L1 At fence, W. of xfmr. 1 56 69 !48 53 69 60 55 40|35 27 17 i;

31 M1 At tnwere. U nf vfmrt. 51 65 50 50 l66 49 42 38|35 25 15 i
!

|

Ol AGR AM- SHOW ME ASURING LOCATIONS:

OSee Sketch on page 4

*
.

.

.

i

Q ECOM M E ND ATIONS : |

_ - _ _ _ _ _ - _ - - _ _ - _ _ - _ _ _ _ _ - - _ _ _ _ _ _ - _ _ - - _ _ _ _ - _ _ _ _ _

ti
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NOISE SURVEY FORM SOUTHERN SERVICES INC.,

P.O. Box 2G25- '.!- BIRMINGHAY, ALABAMA 35202

C t.t ENT: Georgia Power Co. - Plant Vogtle -PRtuARY NoiSt SOURCE: Combystion Turbj.ne l'

'dB NO: 042 DATE: 5/15/74 EQUIP. M AKE & MODEL: Westinghouse 60_.EW

OESERVERS: _.Hickman and Champion _ CLIENT CESIGNATION: SE

b i SLm TYPE._1&R 2209 sER.9 454249 OPER ATING CON 0lTIONS: _k0lt running

, 5_ Ta ANSoucER: TYPE B&K 4145 sER.4 456988.At 60 MW
.

,
'

SIAn:LYZER: TYPE B&K 1613 sER.u 460875__. ;

g;| CABLE:
a

1TYPE LENGTH
--

| h CALISHATOR: TYPE B&K 4220 SER.o 457476 SECCNDARY NOISE SOURCE: _
l i OTH ER: Wind $Creen EQUIP. MAKE 8 MODEL:

sha'." (, WMD Uuve T e u r. %RH uuns o,
78 0 "

OPERATING CONDITIONS:
; !9:00 I OK

!
_

h,

SOUNC PRESSURE LEVEL,dB RE 2Ou N/M tms |.

TEST POSI-
TIME CONDITIONS A OVE"

NO. TION OCTA%E BAND CENTER FREQUENCY, Hr. |sc A tt att

I Combustion Turbine SE tevet tevat s i.s o irs aso soo ioco acco .oco acco;.

r
32 !11:05 A2 3' South of turbine 86 103 132, 97 g4 ag__,gt' .7g 78 7o | ng_
33 i 82 Below intake louvers 83 98, 98 90 90 84 80 74 75 68 60;

.

'
34 I C2 3' S. of intake Silencer 85 97 95 94 83 83 '77 78 81 78 67

| 35 I D2 3' South of generator 90 99 94 90 !86 84 81 85 84 81 74
'

| E2 3' South of exciter 92 99 of '92 94 86_ 87_._.8.4 RE AA 76! _36
37 I F2 3' une t nf n e i tor. 73 96 88 87 81 72 70 66 '64 61 51 !

'

I

_38 I G2 3' florth of exciter 90 101I92 98 92 88 87 85 83 81 73 !
i

39 | Hp 3' tiorth of generator 92 |102 95 97 85 84 83 83 87 83 75 '
Of AGR AM- SHOW ME ASURING LOCATIONSs

'

,

W3 N b 12 * 72gg
,

12 eu. aw. 5E rua. ua <

*A 01. ( } BL At

c2
!

.i

R ECOM M E N0 ATIONS :

__ ___ _- _ _ _ - _ _ _ - . - - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ - _ _ _ - _ _ - _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _
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/q i NOISE SURVEY FORM SOUTHERN SERVICES !!.~t'

"T.N.. '
P. O. B o x 26 2 5

. _ __ .). BIRMINGHAM, ALA8A'.tA 35Z*
_.

CLIENT: Georgia Power CO. - Plant V0gtle Combustion*

. PRIMARY NOISE SOURCE:

J03 NO. 042 5/15/74 Westinghouse 60 MWDATE: EOUIP. M AKE a MODEL:

OBSERVERS: Hickm an and Champion CLIENT DESIGNATION: SE

g i sLu: TYPE ____B&K_2209 SER.# 454249 OPER ATING CONDITIONS: Unit SE
5 TRANSDUCER: TYPE B&K 4145 SER.4 456988 running at 60 MW

'

bat:ALYZER:TYPE B&K 1613 SER.# 460875
=.

j g CABLE: TYPE LENGTH

CALIB RATOR : TYPE B&K 4220_ SER.# 457476 SECONDARY NOISE SOURCE:
OTHER: Ri_DdSArlSn EQUIP, MAKE a MODEL:

~

Tout sna- T E M P. % AH M MHh
P oI' "'

OPER ATING CONDITIONS:.
.f

.

} * SOUND PRESSURE LEVEL,dB RE 20g N/M*rms.

TEST POSI-
TIM E CONDITIONS A OVER

N O. TION OCTAVE BAND CENTER FREQUENCY,Hz.,

sc A LE Att

its | so 4ecolsee:| Combustion Turbine SE tevet tevEt s r.s as soo ioco acco

I0 11:25 12 3' West Of fans 90 104 99 93 88|84 83 84 84 81 ! 74
j 4.1 | J2 3' North Of tur.bine 90 107 103 99 94 87 82 81 182 85 76
I

42 K2 3' East of turbine 81 106 102 99 94 81 74 65 64 66 56
43 L2 Midway between 50 & SE 82 104 101 92 88 81 75, 72 74 '73 62

'

| | i
I .

I

DI AGR AM- SHOW ME ASURING LOCATIONS:i 1

*See Sketch On page 6
4

.

'
.

;
'

4

4

,

.

.

RECOM M E NO ATIONS : i
,

|
_ _ _ - _ - _ _ _ _ . _ _ _ _ _ - _ _ _ _ _ - _ _ - _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ . . _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ - _ _ . _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ . - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ -
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NOISE SURVEY FORM S ouTriERN SERVICES |NC.
~ 7. : P. O. 80 s 26 2 5

. .
,J.d DIRMiNGHA'1, ALABAMA 3520

4
._.

| cJ. ENT: Georgia Power Co. - Plant Vogtle
PRIMARY NOISE SOURCE: Combustion Turbines

JOB NO: 042 DATE: 5/15/74 EOUIP. M AKE a MODEL: Westinghouse 60 MW

| 03ERVERS. Hickman and Cha aion CLIENT DESIGNATION: SA-5F :

; g ,an Tys E B&K 2209 sER.s 454249 OPER ATING con 0iTioNS:-Combustion
i? aANsc;CER: TYPE B&K 4105 SER d 456988 turbines SA, 5B, and SE on
!-
5::..:tyzt9: TYPE B&K 1613 ssR.# _460875_

}, CABLE: TYPE LENGTH

, CAL!B R AToR: TYPE R&K 4220___ SER.# 457476
SECONDARY NOISE SOURCE:

' ] OTHER: _ Windscreen ECUIP Mt.XE O MODEL:
; ,. .,E :n': ' *';; * ',7,E. v. . - - ,. CUENT DEMNATION:
!

, ,T'*"

OPER ATING CON 0lT10NS:

!

p ,
SOUNO PRESSURE LEVEL,dB RE 20g N/M'rms

TIME CON 0lTIONS A OVE8
40. TlON OCTAVE BAND CENTER FREQUENCY,H2.,

sc A LE ALL

250|SCOLEVEL LEVEL 31.5 63 125 10 C 0 2000 4000 0000

1 44 ! 11:40|M2 100' W. of SE Centerline 72 94 87 86 80 70 71 64!64 60|54
!._A5 I f42 200' W. of SE Centerline 66 90 82 81 74 69 63 60 I 58 54 4 6_ __

I

I !300' W. of SE Centerline 64 95I85 82!75!67 62 51 52 48|42_4R . n?

| |P2 I400' W. of SE Centerline 60 84l83 30I75I63 55 52 47 45 32_47
_48 02 |500' W. of SE centerline 59 82 !81 78 72 60 55 |46 45 43 31

149 R2 :800' W. of SE Centerline 54 78 77 74 66 55 49 39 38 37 22
50 | S2 I l000' W. of SE centerline 50 75 75 73 65 54 39 33|32|32 18
51 | T2 |2000' W. of SE Centerline 40 67 66 62 44|36 35 33 |29 |25 18

O! AGR AM- SHOW ME ASURING LOCATIONS: ;

'.

4

L

G ECOM M E ND A TIONS :
|
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* [ ", , NOISE SURVEY FORM SOUTHERN S ERv10ES :,'.C,.
T, P.O. Box 262S'

.. .a BIRMINGHAM, ALAGAN'A 352' '

I
CL!ENT: _. Georgia Power Co. Plant Vogtla *

PRIMARY NOISE SOURCE:CCmbus.ticn-.I.urhines.-

JOS NO: 0_42 DATE: 5/1E/74 EQUIP. M AKE a MODEL: tJactinghntren An MU

OBSERVERS: Hickma.n_.and_Chamof on CLIENT DESIGNATION: SR
.

' $ 1 SLM: TYPE __ B&K 2209 SER.# 454249 QPERATING CONDITIONS: Combustion

E | Tw;SouCER : TYPE B&K 4145 SER.# 456988 turbines SA, 58. and SE On

A;;ALYZCR TYP E B&K 1613 SER.# 460875
.7
g CASLE: TYPE LENGTH<

CA LI B R ATOR : TYPE __B&K_4220 SER.# 457476 SECONDARY NOISE SOURCE:

OTHER: ,__Jii_ndSCre ert EQUIP. MAKE a MODEL:

Itne t A. T E u P. %RH WMHG , ,""
OPER ATING CON 0lTIONS:

12:30' OK
|

| -

SOUND PRESSURE LEVEL,d8 RE 20; N/M * rrns
*

TESY POSI-
TIM E CONDITIONS A OVER OCTAVE B At40 CENTER FREQUENCY, Pt.

fiO. TION sc A LE ALL

250fSCO 40C0 | 4;C;LEVEL LEVEL 3 f.S 43 12S 80 C 0 1:03

52 |12:10 U2 At turbine - inside encl. 105 I
I 94~

53 V2 Turbine platform
_

I W2 Bearing Compartment * 116__54
! enerator intake 11455 | X2 G

56 | Y2 Exciter view window 93

57 | Z2 'InSide trailer 67

|

DI AGR AM- SHOW ME ASURING LOCATIONS:

* Bearing Compartment between turbine and generator

.

*
.

.

5

R ECOM M E ND ATIONS:
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(
INTRODUCTION

The following sound surveys have been conducted at the Plant Vogtle

site as required for plant licensing:

a. A pre-construction survey was performed at the site

'on May 14-15, 1974.

b. A survey was conducted during plant construction on

April 14-17,1981.

-

MONITORING LOCATIONS

Pre-Construction Sound Survey (May 14-15, 1974)

Ambient sound levels were measured at nine accessible locations -

around the property line and at other representative points on the site.
C Readings were also taken around the combustion turbines already on the

.

site. Sound levels were measured during the morning and evening hours.

Results of the survey were transmitted in the 1974 Southern Services,

Inc. report, " Sound Level Study at the Alvin W. Vogtle Nuclear Plant

Site Prior to Construction."

Construction Sound Survey (April 14-17, 1981)

Readings were taken at eight of the nine 1974 locations along the

site property line to facilitate comparison. Sound levels were measured

at each of these locations approximately every four hours, from morning

until evenin'g. In addition, a continuous sound monitoring system was

set up on three consecutive days in three representative locations near

the property line. This system made and stored 15-minute averages of

k +



.

.

sound levels all day and all night in each location. A short tape
C.

recording of the sounds was also made at each of these continuous

monitoring locations and at a location near the power block.

EQUIPMENT

'

The equipment used in the surveys is listed below:

| May 1974 Survey

| Bruel & Kjaer 2209 Sound Level Meter SN 454249

Bruel & Kjaer 4145 Condenser Microphone SN 456988

Bruel & Kjaer 1613 Octave Band Analyzer SN 460875

Bruel & Kjaer 4220 Pistonphone Calibrator SN 457476

Windscreen
,

'

|

| April 1981 Survey

! ( -

Bruel & Kjaer 2215 Sound Level Analyzer SN 691966
i

j Bruel & Kjaer 4165 Condenser Microphone SN 708658
|

! Bruel & Kjaer 4230 Acoustic Calibrator SN 725248
|

!!etrosonics dB-602 Sound Level Analyzer SN 1136 '

Metrosonics MK-601R 1/4" Microphone

Metrosonics CL-302 Calibrator SN 1667

Windscreens .

Nagra DJ Tape Recorder SN D-4L73

Calibration was performed before and after each set of measure-
.

| ments.

MONITORINO PROCEDURE

pre-Construction Sound Survey

(
A-weighted sound levels were taken at each location during thes

curvey. In addition, octave band analyses were done at several loeptions.

j The measurement locations can be seen in Figure 1.

- _ _ _ - _ - -
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2.

.

Construction Sound Survey

C
-A-weighted and C-weighted sound levels were measured 'at each"

location along the property line. The sound levels were taken when

there was little or no road noise or. bird noise. In breezy conditions,
!
; readings were taken in a calm moment when possible. Timely calibration

[ of the equipment was performed.

INTERPRETATION OF RESULTS

Pre-Construction Survey
! .

Some of the A-weighted sound levels taken in the 1974 survey can be

seen in Table 1. Sound levels ranged from 22 to 42 dBA with most readings

j falling in the 25-30 dBA range. Rustling leaves from wind gusts caused
!

j levels of 34 to 44 dBA. Bird calls caused levels of 35-45 dBA. Passing -

!

road traffic produced levels of 80-88 dBA at some locations. The-combustion

{!

turbines were not operating at the time of the property line sound
i

measurements. With the combustion turbines off, transformer noise was,

dominant at location F.
|

Construction Sound Survey

Sound level measurements taken along the site property line during|

the construction survey are compared with pre-construction ~1evels in

Table 1. For'the construction survey, the range of values measured and

: the arithmetic average of all readings at each location'are~ tabulated.

Increases of 10-15 dB over the 1974 levels'seem to have occurred at4-

: -

' locations C"and D,' points relatively close to the main area offconstruc-

tion'. Smaller increases were found at locations A, B,.E, and'K.--Location,

0 served as a' water pumping station. Levels were generally quiet but

f'

k.
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Table 1. Comparison of Pre-Construction

Sound Levels with Levels During Construction.

Pre-Construction Construction Levels (April 1981),
Measurement Levels (May 1974), dBA

Location - dBA Range Average

,

9

A 27-30- 27-40 32

B 25-30 27-39 33

C 25-34 35-47 41
' ' '

D 22-25 23-47 36

E 25 24-42 31,

b F 39 46-60 ' 51

K 34 28-35 32

0 40-42 34-55 39

1

.

Y

.

'

,

- - - - _ _ '- - - - . - _ - - - _ . - - - - - - - _ . - - _ - _ - _ - - - _ ~ _ _ _ _ . - _ _ . . . . . - - - . - _ . - _ . - - . - _ - _ . , _ ~ _ - - - - - . - - . - . - . .-

'



during pumping reached 77 dBA 100 feet from the pump. A complete set of

sound level readings is contained on 11 Noise Survey Forms in the

Appendix.

Construction noise was barely audible at most measurement locations.

The noise typically consisted of steady vehicle and construction sounds,

along with occasional loud engine noise from cranes or earth-movers.

Other intermittent sounds included beeping from vehicles backing up and

pounding from a pile driver. Non-construction sounds present included

bird chirping, traffic sounds, and rustling of leaves during breezy

conditions. Insect noise was not evident during the daytime measure-

i ments. Figures 2, 3 and 4 show how sound levels typically varied with

time at monitoring-points S1, S2 and S3. Note that the base levels on ,

the charts correspond well with readings taken at these three locations,

)- as recorded in the Noise Survey Forms.
f

Continuous readings were taken at locations S1, S2 and S3, chosen

as representative monitoring points and as relatively safe places to

leave the analyzer. Figures 5, 6 and 7'show sound levels energy-averaged

at 1-hour intervals at the three locations rounded to the nearest dB.

L is an energy-average A-weighted sound level. L and L10' 50 90 ***
the sound levels exceeded 10, 50 and 90 percent of the time, respectively.

.

L is also called the " intrusive" noise level. L50 is the median sound10

level. L can be thought of as the amMent or background noise level
90

.

and should correspond roughly to the sound level readings taken every

four hours along the property line. The complete set of 15-minute

' average levels can be found in the Appendix.

k.

. _
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Figure 3. Sound Level in dBA measured at location S2 on April 15, 1981 at 10:35 a.m.
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Monitor Site S1 (April 14-15) was located on a bluff overlooking a

" spoiling" pit just outside the meteorological station fence. The

construction site was partially visible from this location. Notable at

S1 (Figure 5) is the sudden increase in levels, especially L50 ""d 190'

after 5 p.m. It was learned the day after monitoring that this increase

was due to heavy equipnent dumping spoiled fill into the pit during the

second shift. Weather station records showed winds gusted up to 35

miles per hour in the early morning hours of April 15, which corresponded

to higher levels recorded by the monitor. Measurements made ddring this

time were not accurate. Ignoring the data taken during windy conditions,

the average L, for the location was 46 d3.

Figure 6 shows the sound levels recorded at Monitor Site S2 (April. .

15-16) located about 50 yards north of the new River Road. The construction

( site was partially visible from this location also. Because of the
v

monitor's proximity to the main road and the restaurant, high sound

levels were measured at shif t changes from 4-5 p.m. and 12:30-1:30 a.m.
.

and at the supper period from 8-9 p.m. Construction noise, although

still low, was more obvious at this location than at any other. This

observation is consistent with the L levels measured; the " background"10

sound level was considerably higher at location S2 than at the other two

monitor sites. Gusty conditions on the morning of April 15. raised

measured levels somewhat.

Monitor Site S3 was located about 50 yards from the dirt road

northeast of the construction site in the transmission line clearing.

Figure 7 shows this site to be the quietest of the three. The average

L for the monitoring period was 43 dB. A road grader caused high

k.
sound levels before 11 a.m. on April 16.

d
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FIGURE 5
PLANT VOGTLE CONSTRUCTION SOUND SURVEY
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FIGURE 7
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The Environmental Protection Agency in its March 1974 publication

"Information on Levels of Environmental Noise Requisite to Protect

Public Health and Welfare with an Adequate Margin of Safety," recommends

an environmental noise level that does not exceed the day-night average

L = 55 dB. L s denned as:
an dn

"
1 ( ) ( 10

L = 10 log 24 [15 x 10 + 9 x 10 )
dn

where L s the eurgy-average A-weighted sound level during the U
d

" daytime" hours from 7 a.m. to 10 p.m., the L is the average sound

level for the nine " nighttime" hours. Using the average L, values for

the daytime and nighttime periods at locations S1, S2 and S3, L values
.

dn

were estimated. Tatle 2 shows the L levels are above 55 dB for locationsdn

S1 and S2 because of the difficulty in getting only construction noise'

data during the breezy conditions and shift changes. Ldn ** ""U "

is well below 55 dB with no adjustment.

CONCLUSIONS

Sound levels in some locations along the plant property line have

increased since construction has begun. Construction noise at the
4

property line is usually barely audible and is often overshadowed by

sounds from traffic, birds, and windy conditions. L levels calculated
dn

from data taken along the property line do not exceed levels deemed

acceptable by the Environmental Protection Agency.

b .

.

ee
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Table 2. Values of L Calculated
dn

Using L Data from Locations S1, S2, and S3,
eq

Monitoring Values (in dBA) calculated Values (in dBA) calculated omitting
Location using all data, data taken during windy conditions

'and shift changes,

E 'n l E E E
d dn d n dn.

S1 46 51 57 46 49 55

S2 50 50 56 50 48 55

l S3 44 44 50
,

.

o
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Appendix

1. Noise Survey Forms

2. 15-minute average levels - Monitor sites S1, S2 and S3.
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NOISE SURVEY FORM southern Company Services. Inc.
P. O. Box 2625
Birmengham, Alabama 3S202

CLIENT: GPC-Vogtle Nuclear Plant PRIMARY NolSE SOURCE:

JOB NO: 042A 4/14/81DATE: EQUIP, M AKE 8 MoDEL:

OBSERVERS: Hickman and Fearin9 CLIENT DESIGNATloN:

$ SLM: TYPE B&K 2215 SER.# 691966 OPERATING CONDITIONS:

TRANSDUCER: TYPE B&K 4165 SER.# 708658

d AN ALYZ ER : TYPE RAK 2?!6 SER.# 601066
C ABLE: TYPE LENGTH

h CALIB RAToR: TYPE B&K 4230 725248SER.# SECONDARY NolSE SOURCE:
oTHER: Windscreen

EQUIP. MAKE 8 MoDEL:
~ ' CLIENT DESIGNATloN:TIM E RA- TEMP. %RH M MHG

P O' "
oPER ATING CONDITIONS:

8:40 94 75

*
S UND PRESSURE LEVEL,dB RE 2og N/M rms

'

#

P SH
TIME CoNDITloNS A OVER

g g, TM OCTAVE BAND CENTER FREQUENCY, Hz.

(- EST Construction Noise trvet tevet s i.s ss its eso :co ioco 2eco 4ooo sooe

1 | 9:50 A NW Corner of Property 27 50

2 1 10:00 B N 111 + 00, E 15 + 00 33 49

3 10:10 C N 60 + 00, E 37 + 00 41/45 57
'

4 | 10:15 D At Ebenezer Church Road 33/35 52/55
5 10:20 E N 22 + 00, E 110 + 00 30 51

6 10:25 F N 60 + 00, E 143 + 00 53 76 76 69 66 53 51 42 42 39 29

7 10:35 VI Fence-Vi sitors' Center 55/60 69/73
8 11:15 0 Intake Structure Area 34/40 53/56,

DI AGR AM- SHow ME ASURING LOCATIONS:
.

See location and vicinity map* Positions are located according to " Plant Grid System."
.

NOTES:

Position A -- Traffic fairly heavy; increased sound levels to 60-74 dBA.
Position B -- Birds increased sound level to 45 dBA; passing traffic produced up to

78 dBA.
Position C -- Construction noise audible.
Position F -- South fence at combustion turbine Plant Wilson; combustion turbine IC

operating (test) at full load.
Position 0 -- No pumps operating; birds are dominant source.

REcoMM E ND ATioNS:

..

% O W

v -
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NOISE SURVEY FORM southern Ccmpany Services. inc.
P. O. Box 2G25
Birmingham. Alabama 35202

CLIENT: GPC-Vogtle Nuclear Plant PRIMARY NotSE SOURCE:

JOB NO: 042A DATE: 4/14/81 EQUIP. M AKE 8 MODEL:

OBSERVERS: Hickman and Fearin9 CLI ENT DESIG NATloN:

$ SLM: TYPE B&K 2215 SER.# 691966 OPERATING CONDITIONS:

E TRANSDUCER: TYPE B&K 4165 SER.# 708658

ANALYZER: TYPE B&K 2215 SER.# 691966
C AB LE: TYPE LENGTH

CALIBRATOR: TYPE B&K 4230 SER., 725248
SECONDARY NolSE SOURCE:

OTHER: Windscreen
EQUIP. MAKE S MODEL:

Yn ' '" *'N
Trum %RM 68MHG - CLIENT DESIGNATION:Tiwr

PM DI"

OPER ATING CONDITIONS:

13:43 94

* SOUND PRESSURE LEVEL,dB RE 204 N/M*rmsp ,

No. TION ' **sc Le a, ( EST Construction Noise Lrvet Lrvet s i.s as its zoo soo ioco roco 4oco sooo

9 |13:45 A NW Corner of Property 35/55

_._1D !13:55 K N 140 + 00. E 44 + 00 29/3: 49/ 55

17 |14:20 B N 111 + 00. E 15 + 00 29/3E 44/ 50
~

17 14r7R r N 60 + 00. F 37 + 00 36 50/ 55

33 1a.27 n At Fbenezer Church Road 36 53

le 14:30 F N 77 + 00. E 110 + 00 27 45/ 55

95 1a ?g r n An + nn. F 141 4 nn 4R 63 67 58 62 52 45 37 29 25 --

16 14:55 SI At Monitor Site 1 33/3!, 50/ 55

DI AGR AM- SHOW ME ASURING LOCATIONS:

oPositions are located according to " Plant Grid System." See location and vicinity map.
NOTES:

Position A -- Traffic noise dominant source.
Position B -- Traff.ic noise up to 77 dBA measured. -

Positions C & D -- Construction noise audible, several birds in area.
Position F -- No combustion turbines operating, substation noise only.
Position 51 -- Monitor Site 1 located near meteorological tower (N 33 + 14.00, E 80 +

05.00).,

(
,

RECOMMENDATIONS:

_

.- - _
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NOISE SURVEY FORM southern company serv.ces. ine.
P. O. Box 2G25
Birmingham. Alabama 35202

CLIENT: GPC-Vogtle Nuclear Plant PRIMARY NolSE SOURCE:
2A 4/14/SIJOB NO: DATE: EoulP. M AKE 8 MoDEL:

OBSERVERS: Hickman and Fearing . CLIENT DESIGNATloN:

$ SLM: TYPE B&K 2215 SER.# 691966 OPERATING CONDITIONS:

TRANSDUCER : TYPE B&K 4165 SER.# 708658

6 ANALYZER: TYPE B&K 2215 SER.# 691966
C AB LE: TY PE LENGTH

CAllB RAToR: TYPE B&K 4230 SER.# 725248 SECONDARY Noise SOURCE:
oTHER: __ldindscreen EoVIP. MAKE 8 MoDEL:

'~
-$, ETUEMMUETiut sRA- Trum % RM u uns ,

OPER ATING CONDITIONS:

#* SOUND PRESSURE LEVEL,dB RE 2og N/M rmsp

(
No. Tion ' *sc A tt A

EST Construction Noise tevet tevet s i.s as its eso soo sooo roco 4ooo seco

17 15:20 0 Intake Structure Area 47/E5 63

18 17:22 0 Intake Structure Ar_ea 35/4 0 50/55>

19 17:43 F N 60 + 00. E 14-3 + 00 49 65 57 53 64 48 43 37 32 28 --

?n 17.;, E n pp + nn. r 11n + 00 74 43/a7
21 17:57 0 At Ebenezer Church Road 23 43/45
22 18 :04 C N 60 + 00, E 37 + 00 30/40 50/60.

23 18:08 B N 111 + 00, E 15 + 00 27 42/10
DI AGR AM- SHow M E ASURING LoCATloNS: .

oPositions are located according to " Plant Grid System." See location and vicinity map.
NOTES:

Position 0 -- A crane was operating during Test 17, no nearby work during Test 18.
Position F -- No combustion turbines operating, substation noise only.
Position C -- Considerable activity in DeLaigle Trailer Park.

(_

R EcoM M E ND ATioNS:

I
I
|

en
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NOISE SURVEY FORM Southern Company Services. Inc.
P. O. Box 2625
Birmingham. Alabama 35202

CUENT GPC-VOgtle Nuclear Plant *

PRIMARY NOISE SOURCE:

JOB NO: 042A 4/14/01DATE: EOUIP. M AKE & MODEL:
OBSERVERS: Hickman and Fearing . CLIENT DESIGNATION:

$ SLM: TYPE B&K 2215 SER.# 691966 OPERATING CONDITIONS:

TRANSDUCER : TYPE B&K 4165 S ER.# 708658

5 AN ALYZ ER : TYPE B&K 2215 SER.# 691966
2
g CABLE: TYPE LENGTH

h CALIB RATOR: TYPE B&K 4230 725248SER.# p
OTHER: Windscreen

EOUIP. MAKE 8 MODEL:

NR A.
' 'No' ' , " CLIENT DESIGN ATION:Tout T E M P. % RM M MMG

gg
I' "

OPER ATING CONDITIONS:
18:25 93.3

*
SOUND PRESSURE LEVEL,dB RE 2Ou N/M*rms

TEST POSI-

N O. TION **'sc Lt A

( EST Construction Noise tevet tev et s i.s ss its eso soo icoo roco . coo sooo

24 18:17 K N 140 + 00, E 44 + 00 28/35 45
25 18:21 A |NWCOrnerOfPrOperty 28 46

r---

DI AGR AM- SHOW ME ASURING LOCATIONS: -

CPOsitions are located according to " Plant Grid System." See location and vicinity map.
NOTES:

Position A -- Traffic still prevalent and Often dominant source, aircraft flyover
produced 55 dBA.

(

R ECOM M E ND ATIONS:

. _ _ _ _ _ . . , _ . ._... _ _ _ . _ _ _
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NOISE SURVEY FORM southern company services. ine.
P. O. Box 2G25

''

Birmingham. Alabama 352o2

CLIENT: GPC-Vogtle Nuclear Plant PRIMARY NOISE SOURCE:

JOB NO: 042A DATE: 4/15/81 EoVIP. M AKE S MODEL:

OBSERVERS: Hickman and Fearina . CLIENT DESIGNATION:

$ SLM: TYPE B&K 2215 SER.# 691966 OPERATING CONDITIONS:

TRANSDUCER: TYPE B&K 4165 SER.# 708658

3 ANALYZER: TYPE B&K 2215 SER.# 691966
CABLE: TYPE LENGTH

B&K 4230 725248y cALIB RATOR: TYPE SER # SECONDARY NOISE SOURCE:
OTHER: Windscreen EQUIP. MAKE 8 MODEL:

' INo WINO CLIENT DESIGNATION:Tiu t smA- TEum %RH W MHG
""

OPERATING CONDIT:ONS:
8:00 93.8

*
,

SOUND PRESSURE LEVEL,dB RE 2Og N/M*rms
'

" '
TION

(
NO. *sC LE A

EST Construction Noise tevet tevet s i.s as ers eso soo ioco rooo 4ooo sooo

26 I0:15 K N 140 4 00, E 44 + 00 33/34 47
27 k0:22 'A NW. Corner of Property 40 50

28 kO:29'B N 111 + 00, E 15 + 00 37/39 53/ 55

29 10:35|C N 60 + 00, E 37 + 00 _45 55

30 10:45 D At Ebenezer Church Road 45/4 7 58/60
31 k0:49 E N 22 + 00, E 110 + 00 42 55

32 k0:55 F N 60 + 00, E 143 + 00 60 74

DI AGR AM- SHOW ME ASURING LOCATIONS:

* Positions are located according to " Plant Grid System." See location and vicinity map.
NOTES: '

All Positions -- High winds precluded sound level measurements between 8:00-10:00 a.m.
Wind noise in 10:00-11:00 a.m.;
45-50 dBA, 70, trees often dominant source fromdBC.

Position F -- No combustion turbines operating, compressor running near CT IF.

(_.

R ECOM M E ND ATIONS :

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



.- ~ _ -. - . _ . . - _ . _ . -

1

b
PAGE oF

;

'

NOlSE SURVEY FORM southern Company Services, Inc.
P. O. Box 2G25

! 3srmingham, Alabama 352o2

|

GPC-Vogtle Nuclear Plant*

Em PRIMARY NOISE SOURCE:
042A 4/15/81! JOB NO: DATE: EQUIP M AKE 8 MoDEL:

OBSERVERS: Hickman and Fearing CLIENT DESIGNATION:

SLM: TYPE B&K 2215 SER.# 691966 OPERATING CoNDITloNS:g
i TRANSDUCER: TYPEB&K 4165 SER.# 708658

$ ANALYZER: TYPE B&K 2215 sER.# 691966
2
g C ABLE: TYPE LENGTH

B&K 4230 725248CAllBRAToR: TYPE SER.# SECONDARY NolSE SOURCE:
oTHER: '

EQUIP. MAKE & MoDEL:
' *'" 'N

n A ." T r u p. %RH u uHe CLIENT DESIGNATION:Tiut ,g
"

| oPER ATING CONDITIONS:

;

| *
SOUND PRESSURE LEVEL,dB RE 2og N/M*rms

TEST PoSI-i

No. Tion 'se tt a, ( EST Construction Noise tevet tevet si s ss as eso soo icoo rooo sooo sooo
1

33 13:26 E N 22 + 00, E 110 + 00 35/33 47/51
Intake Structure Area

j 34 13:45 0 100' From PumD 77 80 68 67 71 78 72 76 69 65 .57
: 35 14 :00 0 280' From Pumo-Low SDeed 5f/63 64/66

'

v, 14 nt; n 7An' Fmm Pumn-Minh 9nead68i/7d 71/74
j 37 14:15 0 Pump Off 34 46

38 14:39 K N 140 + 00, E 44 + 00 29 45/4,8

39 14 :4 3 A NW Corner of Property 30 46/48
DI AGR AM- SHow ME ASURING LoCATloNS: -

j oPositions are located aCCording to " Plant Grid System." See location and vicinity map.
] NOTES:

I Position 0 -- A pump used for water supply to sprinkler trucks was operating at the
i- river < The 280' measurements were made to approximate width of river.

All Positions -- Wind speed has diminished Considerably.
i

r

,

%

RECOMMENDATIONS:

?

l
]; .

i

., , _ . _ _ _ ~ . . _ _ , _ _ . . . - - . -- _ ,, _ . - . . .._ _ , _ . , - _
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NOISE SURVEY FORM sou:hern company serv c s. inc.
P. O. Box 2625
Birmengham, Alabama 35202

CLIENT: GPC-Vootle Nuclear Plant PRIMARY NOISE SOURCE:

JOB NO: 042A 4/15/81DATE: EQUtP. M AKE 8 MoDEL:
OBSERVERS: Hickman and Fearing . CLIENT oESIGNATioN:

$ SLM: TYPEB&K 2215 SER.# 691966 OPERATING CONDITIONS:

TRANSDUCER: TYPE B&K 4165 SER.# 708658
5 ANALYZER: TYPE B&K 2215 SER.# AQ1966

CABLE: TYPE LENGTH

h B&K 4230 SER.# 725248
'

CALIB RAToR : TYPE
SECONDARY NolSE SOURCE:

oTHER: Windscreen
- EoulR MAKE 8 MoDEL:

"
'" 'N

vim E sRA- T E M P. %RM M MMG CLIENT DESIGNATION:
MPM Di

I' "

oPER ATING CONDITIONS:
15:36 93.2

TEST PoSI- ' "'
' "No. Tion " * *'

I EST Construction Noise tevet tu rt s i.s as us eso soo ioco zoco 4ooo sooo
SCALE ALL

40 |14:47 B N 11 + 00, E 15 + 00 33/3E 48/50
41 |14 :52 C N-60 + 00, E 37 + 00 44/47 53/ 36

42 14 :55 S2 At Monitorina Site 2 43/47 54/ 57

43 15:10 D At Ebenezer Church Road 38/41 50/i35,

d4 15 16 F N ?? + nn F lin + nn 11 4R/41
aR 11g 7n F N An + 00. F 141 + On 44 A7 47 47 An 40 49 17 77 74 ..

46 17:26 0 Intake Structure Area 77 82
DI AGR AM- SHow ME ASURING LOCATIONS: .

* Positions are located according to "Piant Grid System." See location and vicinity map.
NOTES:

Position S2 -- Sound levels at Monitoring Site 2 (east of DeLaigle Trailer Park)
are . essentially identical to those measured at Position C.

Position F -- No combustion turbines operating, substation noise only.
Position 0 -- A pump used for water supply to sprinkler trucks, was operating at the

river measurement taken 100' from the pump.

(

RECoMMENDAT!oNS:

._ . _ _ _ ___

, r- ~, g y e w-
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NOISE SURVEY FORM southern company s.rvic . ine.
P. O. Box 2625
Birmingham. Alabama 352o2

CLIENT: GPC-Vogtle Nuclear Plant PRIMARY NOISE SOURCE:

JOB NO: 042A 4/15/81DATE: EoVIP. M AKE 8 MODEL:

OBSERVERS: Hickman and Fearin9 CLIENT DESIG NATION:

$ SLM: TYPE B&K 2215 SER.# 691966 OPERATING CONDITIONS:

TRANSDUCER: TYPE B&K 4165 SER.* 708658
$ ANALYZER: TYPE R&M ??lt; SER.# E 0 1

CABLE: TYPE LENGTH

::ALIB RATOR: TYPE B&K 4230 725248SER.#
SECONDARY NOISE SOURCE:~

WindscreenOTHER
-- EOUIR MAKE 8 MODEL:

'~ (, EUUNNOTsut enA- T r u P. %nH u uMG
,

' "

OPER ATING CONDITIONS:

19:02|94

* #SOUND PRESSURE LEVEL,dB RE 2Og N/M rmsp
TIM E CONDITIONS A OVr"

N O. TION OCTAVE BAND CENTER FREQUENCY,Hz.
'

EST Construction Noise tevet tevet s i.s as its eso soo ioco roco 4ooo sooo
_

47 |17:40 F N 60 + 00, E 143 + 00 49 64 53 50 63 53 44 36 32 22 --

48 ! 17:45 E N 22 + 00, E 110 + 00 31 43/46
49 17:50 D At Ebenezer Church Road 35 50/5k

.

50 17:55 C N 60 + 00. E 37 + 00 41/44 51
c1 1P nn S? At M,nitnrinn sito 9 41/4!550/55
52 18:10 B N 111 + 00. E 15 + 00 34 48
C1 1A 11 A NW Cnrnpr of Procerty 32 48
54 18:17

'

K N 140 + 00, E 44 + 00 32/25 48
DI AGR AM- SHOW ME ASURING LOCATIONS:

* Positions are located aCCording to " Plant Grid System." See location and vicinity map.
NOTES:

Positions C and S2 -- Sound levels are essentially identical at these two positions.^

Positions A and B -- Considerable traffic during measurement time at these two
positions.

L

R ECOM M E ND ATIONS :

__
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NOISE SURVEY FORM southern come ny s., vie . ine. |,

P. O. Box 2625

( Birmingham, Alabama 35202

CLIENT: GPC-Vootle Nuclear Plant PRIMARY NOISE SOURCE: ;

JOB NO: 042A DATE: 4/16/81 EcUlp. M AKE 8 MoDEL:

OBSERVERS: Hickman and Fearing . CLIENT DESIGNATION:

$ SLM: TYPE B&K 2215 SER.# 691966 OPERATING CONDITIONS:

TRANSDUCER: TYPE B&K 4165 SER.# 708658

$ ANALYZER: TYPE B&K 2215 SER.# 691966
*

C ABLE: TYPE LENGTH

CALIB RAToR : TYPE B&K 4230 SER. , 725248
SECONDARY NolSE SOURCE: j

oTHER: Windscreen EQUIR MAKE 8 MooEL:

Yn A .'
' '" g ," CLIENT DESIGNATION:'

viur T r u p. %RN M MM4 y,g
I' "

oPER ATING CONDITIONS:

17:30 94

|

t
_

SOUND PRESSURE LEVEL,dB RE 2og N/M*rms*

TEST PM -
'Tion ENCY,Hz.

( No.
sc La a

EST Construction Noise Levet Leytt s i.s as its eso soo moo rooo .oco .oco

63 11:25 0 Intake Structure Area 36 50/53
64 12:55 S3 At Monitorino Site 3 39/41 49/57

A 8i 17 % y N 140 + 00, E 44 + 00 33 47/50
66 17:39 S3 At Monitorino Site 3 34 48/55
67 17:47 A NW Corner of Property 34 46/53
6R 17:50 B N 111 + 00. E 15 + 00 34 47/50
64 17:56 C N 60 + 00. E 37 + 00 35/37 52/.55

DIAGR AM- SHow MEASURING ooCATioNS: .

* Positions are locate.1 according to " Plant Grid System." See location and vicinity map.
NOTES:

Position 0 -- Pump not operating, birds increased sound levels to 42 dBA.
Position S3 -- Monitoring Site 3, construction noise audible, magnetic tape recording

made at 12:55. (Position S3 near Position K)
Position C -- Construction noise audible, activity in trailer park.

k,

QEcoMMENDATioNS:

,
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NOISE SURVEY FORM southern Company Services, Inc.
P. O. Box 2G25
Birmingham, Alabama 35202

CLIENT: GPC-Vogtle Nuclear Plant PRIMARY NolSE SOURCE:

JOB NO: 042A DATE: 4/16/81 EQUIP, M AKE & MoDEL:

OBSERVERS: Hickman and Fearin9 CLIENT DESIGNATION:

$ SLM: TYPE B&K 2215 SER.# 691966 OPERATING CONDITIONS:

T9ANSDUCER: TYPE _ B&K 4165 SER.# 708658

$ AN ALYZ ER : TYPE RM' ??15 SER.# 641066
C AB LE: TYPE LENGTH

h CALIBRATOR: TYPE B&K 4230 SER.# 725248 SECONDARY NolSE SOURCE:"

Windscreen
- EoUIP. MAKE & MoDEL:

oTHER:

IR A.TI M E T E M P. %RH M MMG ," "
OPERATING CoNDITloNS:

18:20 94

*
SOUND PRESSURE LEVEL,dB RE 204 N/M*rms

~

TEST PoSI-
TIM E NDITloNS

N o. Tion ' "# *se te a

( EST Construction Noise tevet Levet s i.s ss its . z so see sooo zooo 4ooo sooo

70 17:59 D At Ebenezer Church Road 32 44/47 |
71 18:02 E N22 + 00, E 110 + 00 27/3 ) 40/45
72 18:06 F N 60 + 00, E 143 + 00 48 60 55 50 58 54 46 33 30 26 --

73 18:15 S1 At Monitorino Site 1 3.0/ 3 5 48/52

%.

DI AGR AM- SHow ME ASURING LOCATIONS:

CPositions are located accoarding to " Plant Grid System." See location and vicinity map,
NOTES:

Position F -- No combustion turbines operating, substation noise only.
Position S1 -- Monitoring Site 1 at meteorological tower; magnetic tape recording

made, several birds in area.

.

RECoM M E ND ATioNS:

_

.
* ~

,
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Southem Company Services, Inc.
A ril 14-15, 1981
DESIGNED DATE

GPC-Vootle Nuclear Plant
{' CHECKED DATEJOB

SUBJECT Monitor Site S1 -- Construction Noise SHEET I OF 3

TIME L L, n Lc:n l Windsoeedon on

(EST) dBA dBA dBA dBA MPH

9:00 46 47 43 40 5

46 44 41 39'

! 43 44 41 39

*42 43 40 38

10:00 43 ~45 41 38 5

43 45 41 39 (Y85}1)

42 44 39 37.

42 43 41 39

} 11:00 41 42 39 37 5

j 45 45 40 37

j 46 46 43 40

| 45 46 43 41

. 12:00 46 44 40 38 5

( 40 42 38 35
4 v_

24 41 35 33

| 43' 44 41 38

| 13:00 41 42 39 37 7

56 51 42 40;

42 43 40 38

| 39 41 37 35
i

14:00 40 41 38 35 8

! 52 56 45 35 (hYsh
; 51 57 37 34

39 41 35 34

) 15:00 39 41 36 34 8

43 38 36 (h3Efo41 -

43 44 41 37
'

! 41 41 38 35

| 16:00 47 40 38 36 5

. . 46 44 '39 37

49 44 40 37-

.,

44 41 38 36

|17:00 40 42 36 34 5

47 48 40 35 -

F orm two,9.J J F

. _ _ . ._ , . _- . - _ __ __ _ . . _ . , _ . _ _ . - - - _ . . . . _ . _ _ . . - _. .o
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|
Southem Company Services, Inc. April 14-15, 1981

GPC-Vogtle Nuclear Plant CHEC[ED DfTE
*'

'7 { job -

' Monitor Site S1 -- Construction Noise 2 3SUBJECT SHEET OF

IIME L '10 '50 '90 Windspeedeo

(EST) dBA dBA dBA dBA MPH
;

43 46 35 33
l 49 48 36 34

18:00 48 48 45 43 4h

49 50 45 43
'

47 49 44 42

I 48 50 44 43
,

19:00 49 51 44 43 5,

,

47 49 44 42
1

47 48 44 43;
'

45 44 44 43

20:00 45 45 44 42 5

44 44 43 41 (Gust 10 f
1
'

45 46 44 43

i( 46 46 45 44'

f 21:00 44 44 42 42 7.5
44 44 43 41 (Gust 11 |

46 46 44 42;

44 45 43 42

| 22:00 48 47 44 42 7.5
j 47 48 44 42 (Gust 13 1

l 45 46 44 42

! 47 48 44 42
! *

23:00 44 45 43 42 7.5 |
45 46 44 43 (gysg) 1

46 47 45 43

i 48 49 45 44.

24:00 49 50 45 43 5

47 47 45 43

46 47 45 43

47 47 45 44

( 1:00 54 52 46 45 10
'

52 53 50 47 (Gust 17 '

49 50 47 46
'

49 50 48 46
POrmfeo,5 337

.

, . , . -.-_,r --.-.,,_n. - - pr--,. , . - ,3.....,5y,%,,n -y y y.,, _ . p...-_w w ___,m_.g.m.--- _ , . _ - ,,m.y._m, . , - , i
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Southem Company Services, Inc.
- 5, 1981

DES M ED DATE
GPC-Voatle Nuclear Plant

.,( ( JOB CHECKED DATE
i' Monitor Site S1 -- Construction Noise '

EUBJECT _ SHEET OF

TIME L,g L L '90 Winaspee|13g SO

(EST) dBA dBA dBA dBA MPH

2:00 50 50 48 47 4

49 49 47 46
,.

49 49 48 46<

48 49 47 46

3:00 48 49 47 46 10

| 49 49 47 47 (Gust 15 )
*

} 49 51 48 46

i 50 51 48 46

4:00 50 51 48 46 14

! 51 52 49 45 (Gust 20)
52 53 50 45

53 54 51 47

5:00 54 55 52 47
_ 16

/ 54 55 52 49 ($Ib)
: \,

! 57 58 54 51

57 59 54 52

6:00 74 76 62 . 51 20
1 75 78 68 57 (Gust 34 ) L

! 78 81 69 55

j 82 85 76 66

j 7:00 81 83 73 62 17.5
72 75 65 55 (Gust 26 )

70 73 63 52

75 78 67 55;

| 8:00
.

.

!

!

, ..

| !

l

i
!

FCrm No $.32 7

$
- _ . - _ . _ . . _. . . _ _ . _-. __ _ __ .._._ _._._. _ . _ _ _ . . ,_ _ _ _ _ . - .-
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Southem Company Services, Inc.
April 15-16, 1981
DESIGNED DATE '

GPC-V0atie Nuclear P1 anti ,-
{ JOB CHECKED DATE

i '' Monitoring Site 2 -- Construction N0iSe
SUBJECT SHEET OF

'
TIME L '10 '50 '90 Windspeedeo

(EST) dBA dBA dBA dBA MPH,

9:00 52 53 50 47 17.5
51 52 49 45 ; Gust 27)1

50 51 48 44

50 51 47 45

10:00 | 51 52 48 45 17.5'
,

50 51 48 46 | Gust 27)'

4

52 53 49 47

50 52 47 45 17.5

11:00 48 49 46 44 (IE!k)
48 50 46 44

50 51 47 45

51 53 49 46 15

12:00 51 50 45 42 (gsg)
!r k 48

~

49 46 42'

50 49' 44 40

49 51 47 45

13:00 50 51 47 44 12,5

47 48 45 42 i Gust 23)
48 49 46 43

47 48 45 43

14:00 49 50 46 44 10

48 49 45 43 (Id?[1
47 48 45 42

47 48 45 43~
' 15:00 47 48 45 42 10

47 48 45 42 Gust 21). i

J 47 48 44 42

49 50 46 43

16:00. 51 52 46 43 10

53 52 46 43 i Gust 18)
f- 50 51 47 45

! 49 51 46 43
1

17:00 46 47 43 40 10

44 46 41 39 ({gsg)
Fer7 No. 9 3 31

_. __ . , . - . . . . _ - - . _ _ _ _ , _ - . _ , . . _ . . - . ~ . . _ ..-...,...._,. ...~ .- __ _ -
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Southem Company Services, Inc.
A ril 15-16, 1981

'
gg,GPC-Vogtle Nuclear Plant CHE E D TE

' SUBJECT Monitorino Site 2 -- Construction Noise SHEET OF

TIME L,n L L '90 Windspeed .

39 50

i (EST) dBA dBA dBA dBA. MPH _
44 45 42 40

46 47 43 40
.

18:00 47 46 43 41 -7.5i

47 47 47 40 (YNk)
43 44 41 40

45 45 42 40

19:00 47 49 45 42 6.5

47 47 45 44

48 48 46 44

48 48 46 44

20:00 49 50 47 46 6.5

49 49 47 46
~

,

59 48 46 44

( 47 47 45 44
^

21:00 58 49 46 44 6

49 50 47 43 ; Gust 11)

44 45 43 41

44 45 43 42

22:00 43 44 42 40 5
' 43 44 41 40

44 44 42 40

44 44 42 41

23:00 45 46 44 43 4.5
46 48 44 42

49 50 46 43

4/16/81 48 50 46 44.

24:00 4.6 48 44 42 -5

46 47 44 42

49 51 46 44

. 57 51 47 45

g 1:00 56 53 48 44 5 i

51 52 49 45

50' 49 46 44
49 -50 47 45

F orm No. 9-3 3 7

. - . , _ _ _ _ . - - . . . _ . . _ , . . , , , _ _ _ - . - . - _ . _ , _ . - . - _ . . _ _ - .--
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Southern Company Sentices, Inc.
April 15-16,1981
DESIMED DATEGPC-Vootle Nuclear Plant

(.. JoS ''

CHECKED DATE
Monitor Site 2 -- Construction Noise 3 3'

SUBJECT ggg op

IlME L L '50 '90 Windspee 1eo 10
(EST) dBA dBA dBA dBA flPH

2:00 48 49 46 44 6

49 50 47 44

47 48 46 44

47 48 46 44
,

3:00 48 49 46 43 7.5

: 46 47 45 42

47 48 46 44-

I48 49 46 44

4:00 46 48 44 41 7.5

43 44 42 40

44 46 43 41

49 50 47 44

.. 5:00 49 50 47 44 6

i .' b 49 50 47 45
\

57 55 48 45

47 48 46 44

6:00 48 48 46 43 6~

47 48 45. 44

49 50 47 44

53 53 49 46

7:00 51 51 48 46 7.5
49 50 48 46 (Gust 15)
50 50 48 47

55 52 49 46
i

.

o

.

.

F orm two, 9 3 3 7

_ _ _ _ _ _ _ __ . __ _ , . . . . _ . _ . . . . . - _ . ~ , . . - - - - _ . - . . . _ . _ _ _ . . -.._.__,.. - _-- _ . _ . _ . _ . , . . . , .- -
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Southern Company Services, Inc. t

'

April 16-17,1981
U '"GPC-Vogtle Nuclear Plant-

go, CHECKED TE
Monitor Site 3 -- Construction Noise 1 3'

SUBJECT SHEET oF<

TIME 'ea '10 '50 '90
(EST) dBA dBA dBA dBA

10:15 39 41 36 33

53 48 39 35

46 48 37 35

11:00 49 50 40 35

40 41 37 35

45 48 37 34

40 42 37 34,

12:00 44 45 37 33

41 44~ 35 32

43 46 38 33

44 45 37 33
'

13:00 41 44 37 35

43 46 38 35

(k 46 41 37 35

42 43 38 35

14:00 41 42 38 35,

41 43 38 36

43 45 38 36

39 40 37 35.

15:00 43 46 38 35,

40 42 36 34

38 39 36 35

! 40 40 36 35

16:00 43 41 -36 34

; 43 44 38 35 |

42 43 35 33 |

37 39 35 33
;

117:00 42 44 37 33

40 42 35 33

| . 37 38 35 33

40 41 35 33:

18:00 43 46 38 34

42 44 37 34
! 38 39 36 34

Form No. 9 3 3 7

'

. . -.- . - _ - - - . - _ . .. . _ _ - . _ - . - - . - _ - . . . .
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j Southem Company Services, Inc.
April 16-17, 1981
DESIGNED DATEGPC-Vogtle Nuclear Plantgog " "' ^7

Monitor Site 3 -- Construction Nois 2 3
SUBJECT SHEET OF

TIME L,g L L L3g gg qn

(EST) dBA dBA dBA dBA

40 41 38 354

'

19:00 42 42 39 37

46 43 39 37

41 42 39 37

42 42 40 39,

20:00 42 42 40 38

41 42 39 37

46 40 36 34

38 39 36 34

21:00 49 44 38 35

41 42 40 37
'

i 41 42 40 37

46 50 40 37

( 22:00 40 41 38
~

36

40 40 38 37

40 41 39 36

41 42 40 38

23:00 | 42 43 41 39

43 43 41 39

43 44 42 40

4/17/81 42 43 41 39

24:00 42 43 41 39

41 42 40 38

41 41 39 38

50 43 40 39
.

1:00 50 44 42 40
43 44 41 39

; 45 45 43 41

| 42 44 40 37

2:00 43 45 38 37 .

( 41 41 37 35

39 40 37 36

! 39 39 37 36
3:00 41 41 39 38,

F Crm F.0,9 3 3 7

!
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Question E290.16: l
iProvide report on noise f rom natural and mechanical draf t cooling towers

entitled " Cooling Tower Noise" prepared by Southern Company Services.
Noise data on the circular mechanical-draft cooling towers are presented
there.

Response:
/-/ 4 cs g.. of M report requ;;;ted is ;r.:'c:6. Neu p) <'* v cd''d Any JD, d e'

|.3-U's It0 tr NL f-l % . b cA c e, ({ a +ed ]&\ uy g g, j9 g <4 ,4

.
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COOLING TOWER NOISEg

INTRODUCTION

A number of investigations have been conducted on the noise generated

by and radiated from cooling towers. Both natural draft ano mechanical

draft towers have been considered. Some of the theories and results are

presented below.
.

SOUND LEVEL PREDICTION METHODS AND MEASUREMENTS

Some of the sound level prediction techniques are more soph'isticated

mathematically than others in that formulas are derived based on the con-

figuration of the tower, whereas other prediction techniques depend upon

empirical relationships developed from measured data. Brief summaries of

attached documents follow. '

. , .

(

A. R. M. Ellis Prediction Method for Natural Draft Towers

One of the first sound level prediction techniques was reported by
,

R. H. Ellis in the Journal of Sound and Vibration (1971), Vol.14(2),
I pp. 171-182. A sketch showing the dimensions required in the derived

, formulas is shown below.

a
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Applicable formulas arej
(a) A-weighted Acoustic Power

- -

-5( + 1.8 x 10-5 (1)W = Mh 0.95 x 10 s

ac

(b) A-weighted Sound Level at the Rim of the Basin

*N xZ (2a)Prim ac o

2nRh'
,

20 log 10 Prim iPref = 20pPascal (2b)=

p im, r
Pref

( (c) - A-weighted Sound Level at a Distance "a" From the Rim
>

~1p *Nac * 2 tan a+2R (3a) /a 0
#

2(3 +2aR)
2 a

3

L = 20 log 10 P (3b)p a

Pref

(d) Distances Greater Than 30 meters

For distances greater than 30 meters the sound level octave

band spectrum at the rim should be used and the octave band levels

should be further corrected for atmospheric absorption using the -'

' following data.

.

A - .__m ._ m-.._P
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Table I.g
Center Frequency (Hz) 500 1000 -2000 4000 8000

,

Atmospheric Absorption (dB/300m) 0.7 1.4 3.0 7.7 14.4

The symbols used in the above equations are defined as

M = mass flow rate of cooling water (kg/sec)

h = distance the water falls from the culvert into the basin (meters)

h' = derth of the open area below the tower shell; from basin to ring

beam (meters),

T = depth of packing below ring beam (meters)
'

-D = height from basin to base of packing (meters)
,

'

R = radius of tower (meters)

Z, = characteristic impedance of air = 9 C.= 407 mks rayls at 22 C and
0

barometric pressure of 0.751 mHg.
(

B. J. P. Carlson and A. M. Teplitzky - Consolidated Edison Company
of flew York.

The paper " Environmental floise Impact of flatural Draft Hyperbolic*

,

Cooling Towers" was presented at the Acoustical Society of America meeting
,

on April 24, 1974. Based upon noise measurements and effects of water

loading on noise emissions, the A-weighted sound level at 40 feet from the

rim of the water basin is estimated by the following two equations:
1

f M 1
L40 = 71 + 10 log \zqdBA (4)

for crossflow towers and

'M'
L40 = 75.5 + 10 log (g!dBA (5)

.

--- _ - ~ _ _ - . _ _ - - - . . _ _ . - - _ - - - . - - _ - - - _ - - - - _ _ - _ - - - - _ _ _ _ . - -
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g for_counterflow towers where

3 L = A-weighted sound level at 40 feet
40

M = water flow rate in gallons per minute
2

'

A = active area of the tower in ft
.

The active area of- a cooling tower is considered the area of the water basin
~

'for counterflow towers and the mean area of the fill for crossflow towers. .

The 40 foot distance was selected since it is in the near field of the

tower and the sound level measured would not be altered significantly by

structural elements of the~ tower. Divergence of sound to the far field can
'

be calculated using the equations developed by Ellis as described above.

C. G. Capano and W. E. Bradley - Stone and Webster

The paper " Acoustical Impact of Cooling Towers" was also presented at

I the ASA meeting in New York on April 24, 1974. Acoustical data shown'

; represent actual field measurements of sound levels in dBA versus distance

, for eight wet n'atural draft cooling towers with water capacities ranging /
from 140,000 to 500,000 GPM.

D. J. E. Shahan '- Sargent and Lundy
1

Data presented in the report " Noise Control of Power Plant Cooling

Towers. A Study of the Size of Buffer Zone Required to Meet Various

Noise Criteria" are-based on-the following assumptions:

1 1. The noise levels in dBA for natural draft towers vary directly
'

with 10 log 10(GPM) and with 10 log 10 (HP) for mechanical-

draft towers where GPM = water flow to the tower and HP = total

cooling tower fan horsepower.
f

!

. .

4

, , , , y . , , . -,.n- -, -- g , -. , - - ,- , . - ,,- ,~i.e.. - ,



5

-

A 2. The measured data was extrapolated beyond 2000-3000 feet omitting

additional acoustic energy loss due to. atmospheric absorption, as

a conservative estimate.

Several graphs illustrate the range of tower noise levels for plants

of various megawatt capacities. Additional graphs show the distances from

cooling towers at which various dBA noise level limits will be obtained.

The " specific noise control area" which is the total area of land required
2for noise control is defined in ft / megawatt for both mechanical draft and

natural draft towers.

E. Draft Document for Edison Electric Institute

A draft of a document " Cooling Tower Noise Emissions" for use by the

Edison Electric Institute contains data based primarily on measurements

f- made by R. T. Laudenat of Northeast Utilities. The results indicate signifi-

cantly higher noise levels from t.eciianical draft towers as compared to

natural draft towers at distances greater than 2000' from the towers.
*

,

F. Ecodyne Mechanical Draft Towers

The Ecodyne Corporation has developed for mechanical draft towers a

graph of overall sound power level (L,) versus total rated horsepower (HP)

of tower fans. A set of curves providing total attenuations to be sub-

tracted from the sound power level to obtain the sound pressure level at

various distances from the source is also provided.

G. ' Southern Services, Inc. Sound Level ficasurements

A number of sound level measurements have been made around both natural

draf t and mechanical draft towers in .The Southern Company system. Noise-

.

4
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/ Survey' Forms illustrate the actual sound level measurements and list some

of the characteristics of the towers.

.
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DFSCRIPTTVE DATA AND ENGINCrRTNG TIFCRf*.ATIO!!i

The following descriptivo data and engineering information are furnished in
cor.nection with this proposal.

( l .

1. Dosicn !!ater Flow - GPM
; (bEEXYd6:X tower) d 258,400,

Inlet to-. .

2. Temperature of Uater to Tower 0F 120.6
,

3. Temperaturo of Water from Tower 0F 95 i

4. Uot Bulb Tc=perature 0F 76 .-

$. Dry Bulb Temperature - F 88 i
I6. Relative Humidity - g - 58

>

I

7. Ranco - F 25.6 -

8 Approach - F 19 ~

9 N= ping Head Above Sill Level - Ft. 42'-8" | '*

D. Mean Fill Cross Sectional Area - Ft.2 53.000
1. Fill Uctted Surface - Ft.2 9,500,000

i
'

2 Effective Sphch Surface - Ft. ------

). Effective Cooling Volume - Ft.3 1,960,000
'

f. . Tower Lcnding - GPM/Ft.2 4.86

5. Dry Air Quantity - lbs./hr..

i, ,,

I
(a) At 760F Wet. Bulb and 59% R.H. 65 x 106 t

,
.0

(b) At 25 F Wet Bulb and 75% R.H. 6100 x 10

6. Draft - inches H O 1

2

(a) At 76 F Wet Bulb and 59% R.H.
_

0,32

0
(b) At 25 F Wet Bulb and 75% R.H. O.58

1

7. Resiste.nce of Air Inlet - Vel. Heads 0. 5

8 Ecsistance of Fill - Vol. Heads 17

9. Air Inlet' Area - Ft.2 20,000

3. Tceperature of Air / Vapor 1d' x at Exit
at 76 F Wet Dulb and 59% R.!!. F. 111, ,

t -S-
Note - This is the total head required to elevate and distribute the hot water.

e
, -,

D

m%, * . ,. . . . .
- :

, , , , * ' . . . . .. m. 9 > . . . .
r- *

, , - ~ . ~ * - ... .. o . *- ~
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l. Stack exhaust v 1ccity - fp3
__

13.6
bl. Drift Loco - !!ax. %

0. 2

ine.cter of Towor at Sill Level - Ft. 276'
l. Diamotor of Tower at Top of Air Inlet - Pt.

259
5. Diameter of Tcwer at Throat - Ft. 155

-

5. Diameter of Tcwcr at Bcit - Ft.
7. licight of Tower above Sill - Ft.

_ 169

389
3. licicht of Throat above Sin - Ft. 311,

?. lleicht of Air Inlet above Sill - Ft. 30
l

3. 1:cicht of Top of Fill above sill - Pt.;

37
L. Depth of Basin below Sin - Ft. ~

6
) 2.

Nomal Water Level below Sill - Ft.
_ 0. 5

). Height of Sill above Grade - Ft.
__

i 2 -
!

'

Thickness of Shen - In. (Minimum)
..

6
. 5. Thickness of Ring Girder - In.
|

( 5. Diameter of Supporting Columns - In.
_ 48 (ave. )

25"
7. Cenerete liix and Compressien Strength Used

in Design - psi /
*

/:' (a) Shell '

4.000
(b) Ring Girder and Columns

4,000 and 5,000~

(c) Basin
4,000

(d) Intemal Structuro *

! 5,000
l. Ucights

-

(a) Internals - Dry ' Tono 7.300
Operating - Tens

(b) Shon Structure - Tono
_ 9.000

*

16,000,

(c) Water in Danin - Tons
! 10,000

.

'

6

.

I

. e

. . . . *
*

, , 9' * * i i/ .T'/ l#. '.** ** \ * *(4b eV A *** . * w **
__ **^
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1
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COOLING TOWER NOISE GENERATION AND RADIATION
.

i

I
R. M. Et.us .

T
' CentralElectricity Research Laboratories, katherhead, Surrey, England

*.

4

(Received 23 April 1970, andin revisedform 6 July 1970) I
,

\'

draught cooling towers, and the mechanism of noise radiation from them based onAn investigation has been carried out into the generation of noise by large natural.l;
:

measurements made at four large power stations. p
}

,

}.An expression relating the A weighted acoustic powerofa tower toits physical character
istics has been derived. This, tog:ther with the discovery that the tourts behave as area

~

' . {.
prediction method to be proposed. This method was used to estimate the noise from threesources at low frequencies and as arc sources at high frequencies, has enabled a completc

.

1
$

further cooling toners and gave excellent agreement with the levels which wcre subsequently
3.

measured. [
(
?.

1. INTRODUCTION }|. ~
'

The noise levels around power stations are. in many cases, dominated by the noise from the
I

C. 3j

falling into the pond which cosers the whole area of the base, and also by the water fallingcooling tow ers, w hich is almost w hite in character. The noise is caused by the cooling water
. 1 <[

2
;-

| !!*
.

*
1

cnto the packing of the tower, which in some cases protrudes below the shell of the tower'. - fi

*ypical tower is shown diagrammatically in Figure 1.
<

' *
g. *

cJ. (
q :.. *

.

[U* Y,
*

Shell p/. .
/ t-

-3

/
t:

cvi,erf Ring boom
" t.

/ *

{:.3: % 5% ,\ / '

f. L.d.yJ..E..M,g&7r7; . . -

,.
3

Pond i U c

}
. ,

_

2R
-

_ Rim ot pond

Figure I. Typical cooling tower construction. t
'

e

the acoustic power generated by the towers, but also on the mechanisThe satisfactory prediction of noise levels due to cooling towers will depend not only
f

?

.on

ef this noise away from the towers. Two possible theoretical approache's to the radiation havem of the propagation

been investigated. and compared with measurements made at four large power stati
in their physical characteristics, so that a complete prediction method could b dAnatIempt has been made to relate the A-weighted acoustic powcr output ofIhe four t

.

ons.
*

owers

This method was used to predict the cooling tower noi>e at three further power statioe evised.
the resulting levels were then compared with the measured le ns, and

vels.
*
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2. THEOltETICAL SOUhr, RADIATION
,

!

The first approach is to consider that the noiw .s generated by a ring of falling water!
around the edge of the pond, and that any noise ge . rated inside this ring is presented from!

,

escaping by reflection, refraction and absorption by 'he packing and falling water. The totali

sound pressure at any point uill thus be due to the p.,ftion of the ring which would be visible
to an obsener at that point (Figure 2). This appre.ich is considered relevant to the high

,

| frequency noise and, because of the predominance rA the high frequencies in the spectrum to-the A weighted sound level.:
,

*
,

!
t

.
, $hed*1'F#4 dJfl I

# not (*..et t@t f0 SouM
. '*

! Pf tSh89 of A g
l ,,"# '8 ,

; g

S

\
_ j RdA

\
\ ' -

\ . t

i ha
j Y *

d'h |I .

! Figure 2. Sound radiation from a ring source.
1

'

!

spherical radiation, will be given byThe sound pressure at A due to an element of length Rd$, assuming uniform hemi1
~

8
', -

. .

; W Z
(P,,,,...)},, - g . gp . R dg,8/

3

R is the radius of the rim of the pond and lis the distance from the ete- ent to point Awhere W,,is the acoustic power of the whole ring, Zo i . the characteris:le impedance of airf.

j[
.

t ,

The total sound pressure at A due to the visible section of the ring win be given by}
.

.
'*

; . . , . . . .
(P,. ...)g W,,lo ? df.

g 7,
h a + p--. n

which yields the equa:.ba
'

{' (P,,,,...)2 W,e Zo 1
i

'a + 2R1
.

.(a + 2aRj' "" jt. ,3 2
'

where a is the distance :~ rom the rim to point A.
,, a

-

Wherc
4

i 'a+2Ka < R, tan-8 w I !- - * ,
.

*

so .. a 2 .s* + 2aR -* g:. ..

, ' *
*

(P,. ...)' - p, (2)'

l.c. a fall in sound prenre les el of 3 dD for every doubling of a.-

Where
I

f-
,

f
a > .,s. trin-, 'a+2K' w I

i

-* , .

: :. a 4 1 - - - - . .a + 2aR; , ~~

:a
=! .

-..

%
,-

~ ''_
~

,y 7- -~"
,V 'W \' ' f

. _ , .

O

O.

%
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,

(P,.....)* = W Zea
d fr m I ?, ,

ifallin sound pressure level of 6 d B for every doubling of aQ) i'ie tot.nl - -

the same initial and fmal slopes and values as (2) ard (3) as shEqua tions (2) and (3) intersect where a - R, whereas equation (1) is a
,

visible . *

ihigh.
{ smooth curve having ||um.ta own in Figure 3.

.
,

i
e:

l
- 1

(2)
5 .-3 8/

.YI '
2 I! (3)

til | es Ei
|

g .'
. *

i, 1 !, .,
,

#*

t.og a

Figure 3. Sound pressure icvel attenuation with datance from th
,

e ring source shown in Figure 2. 1,

i

pond, and radiated hemispherically. This approach was consideredThe second approach is to consider that noise is generated across thy*

e whole surface of the }.
the low-frequency bands, and possibly to the overallrelevant to the noise in
Figure 4 shows that the acoustic power due to an element of arsound pressure level. Examination of

i. ,

p. - .i.cmi'
ea rd$dr will be Q- ;-

(W,/wR2)rd$dr, g,:f; 5

and the total pressure at A will be given by [[
, {. -

*

\ :
*2a j '. . , -. ir, W Za

8IUwY
' " ' ~

#dOd#* i%.
C'

0 0
*1 '

e% -

.

.

L
1.'

O lj
#

T . p dr t**R l*' - "
(1)

' .

A .,

i
#

t r
1 s

I A
.

Figure 4. Sound radiation from an area source.
!

; 2) This yields the equation .

t

NY'** *b',~ W.,Zo (R + a)2 1
I

2rrR* E'L(R + a)* - RJ
.

shich can be expanded in the form
'

.

,

| (P' "''')2 W Zo T R3 i f R3 ''
u

<
If R2 ''

2nR8'L(R + a)2 + z((R + a)2]+ 3 [(R + a)2[ + ..
1.

_
*

I j
*
<

%

, of' *
_

- . . a

m -

-

,-
w

,_
w 3,--

e



174
R M U115

When a c R,P varies slawly with a, and when a > R,P c 1/a, i.e. a 6 dD fall per doublin*

ofa.

The variation of sound pressure level with distance from the tower will be as shown i-
,

Figure 5.
(

5
-

I
; .

-6dB
E

m

Log 0

Figure 5. Sound pressure Icvel attenuation with distance from the area source shown in Figure 4.
.

3. NOISE MEASUREMENTS

' Measurements were made at four power stations, three with towers of 250 MW coolin;
capacity (A, B and C)and one with towers of 200 M W capacity (D). At each station. a radial
line from the end tower of a row was chosen in the most favourable direction to avoid
extraneous noise from other sources as far as possible. A Briict and Kjxt sound level meter

,

(type 2203) with octave-band ft!ter set and I in, microphone (type 4131) was used to obtain
3

I
| -sop
i

so"~ w% N ,9
-

, yo - \
" -

%w: so -

+N.
i so-
f

3=P ~ % Q y %
- --e

, ;g 7o - '
t *p>

, i ,o ,

7,s. ,to' so
Rim soo sco.

Distance frorr. rem (m)

Figure 6. Attenuation of sound level A and overall sound pressure level with distance frorn four cooling,

towers. o -o, Tower At i
;, tower B; x-x, tower C; a-o. tower D.

-
. ,

;

the sound levels and octave-band sound pressure levels at the rim of the pond and at increas
I

,

ing distances from the rim along the radial line. The maximum distance was IS3 m for A-
'

,
-

and B,48S m for D, and 762 m for C. However, noise from extraneous sourecs influenced the,

IcVels at some frequencies at distances of more than about 120 m. Measurements were made-

,

under calm or very light wind conditions, and a wind-shield was used to protect the micro-
phone from low-frequency fluctuations due to wind, but with rather limited success because.

,

of the low signallevels.The results are shown in Figures 6-9, with the levels meawred at the
rim of the pond shown for convenience at the 3 m position, since it was observed that there -

.

was very litt!c change in level over the first 3 m. Figure 10 is a combination of Figures 3 and 5
,

t*
,

.

A
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b. .
,' drawn accurately for the two relevant values of R, namely 45 7 m for towers A, B and C,

f.
, "

and 412 m for tower D.
1

Comparison between Figure 10 and Figures 6-9 shows 1,ood agreement between the two
t

1-
I. theories developed and the attenuations measured in practice. It can be seen that the area y

j-
so Fc ,

s,

E 70F s,

g..0
e + +-x o j.
y sch-g ,-------- 5.D u -l }-x-- ,Y,-

y

( + N - -+ {a,

4so - ;

!

- oo T.
L

o
M

$ [
* '

%t
- '

-,- - - . + t-
m e__ u -u~r_ so . .

e-i. +

-g %
so - ;3.

- a -
a

E
- so i

* s2 My _ _ 1

ise.r..i.- i.------- *W i.;
F

.

A-. .
i

' - -?, :::1- - -
,

t
,, ,

3 to 30 soo 3oo @ [Rim
Distance teom rim (ml ,

Fisure 7. Attenuation of octave-band sound pressure levels with centre frequencies of 315,63 and 125 Hzih * I'
. ,

with distance from four cooling towers. Legend as for Figure 6.
' M i.( <

To G, *

W I'
h^~ 'I-

f soh-N.1-. - ,,c, [{- h.;
~

-
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-
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-
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,

" g
, . .#
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~ h. i

{.
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t. .,,

h' })%x 8 t^ loo- +
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'
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Ao

so-
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%

,,

do ' I* '3 to 3o soo 3o0 IRim
1 Distance from rim (m)

*'

I

uith distance from four coolut; tow crs. Legend as for Figure 6., Figure S. Attenuation of octave. band sound pressure levels with centre frequencies of 250,500 and 1000 liz?j
t
i

.'.
Source propagation is more satisfactory for the overall sound pressure levels and
hmds up to and including that centred on 250 Hz. Above this, the arc source approach gives

.

octave .

the more satisfactory agreement, with atmospheric absorption adding to the atten
,

2 Lile and above. The vahic of R given by the change of slope of the attenuation curves was .
-

uation at I

' Fervrally in the range 30-60 m.
.
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| l' N:. ',
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io ao
,. Rim ioo 5 soo

0,sronce from rim (el'

distance from four cooling towers.1.xcend as for Figure 6. Figure 9. Attenuation of octave-band sound prenure levels with centre frequencies of 2 4 and 8 LIP i h |,!
, .wt.

_

Y * ::: -
: ~

' ~.
1; -'''% %j [ ~~ ''''

.,,,,
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-

, N
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~~~'%.8 ;3.
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"
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Distence from tem (m)
Figure 10. Theoretical attenuation of sound pressure leve! with distance from rin

and 45 7 m (-- -) and from area sources of radius 412 m ( - -) and 45 7 m (~-)g of radius 412 m (-)e*

4
.

fi'

I TABLE I
s

Calculatedsoundpower ofsingle cooling towers at various distancesI
I
.

i Overall
sound . Overall Sound power| pressure sound level (dD A weighted A. weighted

.
Distance level

| Tower (m) (dD) (w) 10-88 w) (dDA) (w)

power relative to sound level sound power
I

j A 15 2 84 39 125 9 74 0 33
. a

30 5 81 36 125 6 70 - 0 33122 74 5 47 126 7 60 0 27

,

B 15 2 74 5 0 44 116 4 72 0 21,I 30 5 71 0 36 115 8 69 0 25-122 64 0 42 116 2 55 5 0 10
I.

C 15 2 80 1 55 121 9 78 0 82 i
j 30 5 77 5 16 122 74 0-82 !

.
*

|-
122 70 17 122 3 61 0 34 i

D 30 5 73-75 0-52-0 82 117 2-119 1 69-71 024-038 |
j 122

*

, _.-

67-69 079-125 119-111 56-57 011-013
,

'
:

.

I *

.

.| w _
.,-
. , , - - - .

. ...

. _ _ .,-,. '
, , , . , . _ . _ . , . .
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e
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t
A nuincricat check on the validity of the two equations was made by calculating the overall

sound power [using equation (4)] and A-weighted sound power [using equation (1)] from the {

measurements at distances of 15 2,30 5 and 122 m. The results are given in Tabic I, which
;-

;

i shows that equation (4) gives nearly constant values for the overall acoustic power of any one
.

"

tower at all three distances. Equation (1) for the A weighted power gives similar values at !.

33 2 and 30 5 m for any one tower but underestimates the source power if the 122-m icvels: L
I are used-presumably because of atmospheric absorption since tower A with the high levels

I
in the lower frequencies is less alTected than the other towers.

.

t>

4. ACOUSTIC POWER GENERATION .,
I

I

It seemed logical as a first assumption to consider that the acoustic power would be directly [
proportional to the hydraulic power dissipated in the tower,i.e. {'

W,, - 9,, Mgh, (S) [

where M is the mass flow rate of cooling water (kg/sec) and h is the distance the water falls g .

; ffrom the culvert into the pond (in metres)..

|
The acoustic power of the four towers was also calculated from the sound level measured .

alth at the rim of the pond, using the equation - )V
r

W., P%, x 2nRh', (6)
,

,

Zo y.- ;.

where h' was the depth of the "open" area below the tower shell-from pond to ring beam. W ,
.

i A. weighted sound levels were used to climinate spurious ~ low-frequency levels, and because, @ '

'*
subjectively, A-weighted levels are more useful. The results are given in Table 2, together' . .,

*

with the relevant values of M, h and h' for the four towers. The values of A-weighted power ' i
-

obtained by this method agree reasonably well with those calculated from equation (1) ?. i
,
'

*

and quoted in Table 1. p*,'

'

TAstx 2 tr.-

h| Comparison ofhydraulic and acoustic power, andphysicalproperties of thefour towers
t- :

Power station A B C D [, !
! Radius of tower, R (m) 45 7 45 7 45 7 41 2 g ,

i.'
; Depth of packing below ring beam, 4 57 3 05 None 53 t,

T(m)-
,

licight from pond to base of packing. 1 83 4 26 6 72 - 03 -

.-
t D (m)

! | Cooling water flow rate, M (kg/sec) 7570 7570 8500 6800 3

:r Cooling water flow rate, M(gall /hr) 60 60 6 75 54*
*

Ilydraulic height, h (m) 7 93 93 8 84 64
'

Il>draulic power, II'. (MW) 0 59 0 69 0737 0427

Sound level at rim (dBA) 84 81 85 80 t-

Open height, h'(m) 64 73 67 61 -,

.

L A weighted acoustic power, II",, (W) 0-45 0-26 0-60 0 16

A-weighted acoustic etliciency, li',,/II'. 0-76 x 10-' 0 38 x 10-' 0 81 x 10-8 0 37 x 10-8 .

.

i
! It can be seen that there is considerable variation in the value of y,,,, either because the

sound powcrs are not accurate. or because equation (5)is not valid. A second approach was
therefore tried, assuming the acoustic power to be given by un equation of the form.

| . -
W,, - Mh Ag +B (7) i

,

_
'.-

12
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The stages

where Twas the depth of packing below the ring beam, and D the height from the pond to'

the base of the packing (see Figure 1), A and B are constants with dimensions of m/sce - @ CA2

i

analogous to cfriciency, and m and n are indices which were assumed to be integers. Inspection
: of the two terms showed that the best agreement would be given with m - n - 2, A = 0 95 x

10-8 and B- 18 x 10-5 m/sec. These values, when used in equation (7), gave values for .

Is

A-weighted sound power of 0 25,0 34,0 7S and 0 34 A-watts for towers A, B, C and D'
| (2) The

i
.

'

respectively.
The octave-band levels for the towers at the rim and at a distance of 30 m from the rim are.'

shown in Figure i1.The shapes of the spectra from 0125 to S kIIz are very similar, peakin;
in the 4 kilz octave band with a value approximately 4 dB below the A-weighted sound level. *,

!
Since the towers spanned the w hole range oflikely packing configurations and ye: gave such

(3) Thesimilar spectra,it is reasonable to propose that other towers would not give significantly
i

different spectra. The average octave-band levels relative to the A-weighted sound level at
.

the rim and at 30 m from the rim are given in Table 3.
;

and
TAats 3'

For distanec
Average oct:we-bandlevels relative to A-weigitted.roimdlecci and that th

.

using the fo
' ,

Centre frequency (IIz) 125 250 500 1000 2000 4000 8000

Level at rim (dB) -19 4 -19 8 -130 -78 -63 -43 -72 ! Centi

( | Level at 30 5 m (dB) -10 4 -16-0 -13 0 -84 -57 -43 -10 8 i Atm|,

--

1 The correct
| weighted so

Using thi,

! "| packing rig'

' ,

, g The other, t
i t the ring ber
i s "11 ,

method to,

| j
\ f7 ,,- p this is a po-

'

, that were a
ga

I g 73 - / . eo g,

-.,
, e. *3 x A7 N v-x ' xx

' 2 +N w -
+-+7e

g, so - %+ +.
j-

* X 3~ j

// 5*

[ *' O~
+

\' / 5
.

*

: * EI
\ t t t t g

| |
e i

dBA O 03r$ o 063 0423 C 25 0S 1 2 4 8 dBA
-

4 (30*3octave bo .d cerste fre:vency(.Mz) Tower E

Figure 11. O:tave-band spectra at the rim and at 30 5 m from the rim of the four cooling towers. Legend as
for Figure 6.

Tower E
;

5. PREDICTION METIIOD Tower F' *

From the data presented in this paper, it is now possible to detail a complete prediction,
method for the noise from cooling towers whose constructional details are known.

,, o -

* <

.

4

$~ . .
.

.
' - - _ , _
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the 1..,nd to The stages are as follows.

: as tf m/sec . j2

s. Inspection (1) Calculate the A weighted acoustic power from the equation
*/

.. A - 0 95 x .
, 7 fi

e values for W,, - Nh 0 95 x 10-5 - + l 8 x 10-8
h

3, C and D, ,
5

.

s

(2) The A-weighted sound level at the rim of the pond can be found from b
a the rim are t
dar, peaking p2 W.e X 2[o' * ,

2nRh' ' i
sound level. "

et gave such and the octave-band levels found from Table 3.
,;

!significantly (3) The A-weighted sound Icvel at a distance a from the rim can be found from 5 -

ound 1svel at *
.

W., x Zo 'a+2r
IP,i

2(a + 2aR) tan-8, a - .

2 *n

and the octave-band levels again found from Table 3.
, y

For distances greater than 30 m. it is suggested that the spectrum shape at the rim be used, f
and that the octave-band levels should be further corrected for atmospheric absorption e

!.using the following data [1].
8000 5.

-72 8

Centre frequency (Hz) 500 1000 2000 4000 8000

.
''-10-8

Atmospheric absorption (dB/300 m) 07 14 30 77 14 4 7 .'
34 t

', F
The corrected octave band levels so obtained can then be used to calculate the true A-E Eweighted sound level,if desired.#

3.'' {Using this method, the levels were predicted for two further towers. One, tower E, had
- ipacking right down to the surface of the pond, and a nominal cooling capacity of 35 MW.

The other, tower F, was of nominal capacity 120 MW, and the packing stopped 0 5 m above|, j[

} the ring beam (i.e. T= 0). They thus represented two extremes of design, and would put theF.
i ,

rnethod to a sever- test. The predicted levels are shown in Table 4, together with the levels i,,

that were actually measured. The agreement is seen to be remarkably good, suggesting thatz -

this is a powerful technique for prediction. :
.

p. p.

TABLE 4 ^

C- 4
_

Comparison ofmeasuredandpredictedlevelsfor towers EandF 0 )
Octave-band sound pressure levels b

(dB relative to 2 x 10-s N/m') ;

i Position dBA
12511z 250Hz $00liz 1 kHz 2 kHz 4 kHz S kHzi (

~

} Tower E. Rim Predicted SI 2 61 6 61 4 68 2 73 4 74 9 76-9 741 81 61 58 67 73 5 74 5 - 76 5 75 5j hie sured
81 61 58 67 73 74 5 76 5 75Tower E.15 2 m Predicted 70-4 56 5 52 5 57 4 62 3 64 4 66 1 61 4

.

4ers. t.cgend 25-}
70 54 49 54 61 M 65 5 63 5i hicasured
71 60 49 55 5 61 5 64 5 66 5 64 5! Tower E. 30 5 m Predicted 66 1 55 7 50 1 53 1 57 7 60 4 61 3 55 3i ,

66 55 48 51 59 60 5 61 5 58i Measured
66 3 61 49 .50 53 59 5 62 5 59 5Tower F. Rim Predicted S42 64 8 M4 71 2 76-4 77 9 79 9 77

*

i te predict;0,- !-

hicasured 85 64 66 74 77 77 80 78 5f%wn.

i ;
i

I

g. . *

__

- - ' "

- ,, ,, - _.
g-- _ _ _ _ _ - - - _ . _ _ _, - #
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As a final check, the levels from the array of 250 hlW towers shown in Figure 12 wer
estimated at the points shown, and compared with the measured levels. Again, agreemente

was excellent right out to 805 m from the nearest working tower (position 5). The detailed
I

calculations are shown in the Appendix, together with the measured levels.
-

,

-

~ ., |'

j;r ! ''o

$ lI-,

I .

4+l+h @ @2+
Not in use So

'

5

Figure 12. Cooling tower layou'. and measurement positions at a 2000 MW power station.
.

,

'

s

6. CONCLUSIONS.

A method has been devised, based on measurements made on four large cooling towers
Cr

-

for predicting the acoustic power output from natural-draught cooling towers and for.Prc

estimating the A-weighted sound levels and octave-band sound pressure levels at considerable.\le
f,,

,

distances from them. The method was used to predict the levels from three further towers30-l'
and gave excellent agreement with the measured values. (

- [,

I
p
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APPENDIX hiert

Calculations of the A-weighted sound power of the cooling towers shown in Figure 12h1e'

and the A-weighted sound level and octave-band sound pressure levels at the rim of the tower.
, gand at the five points shown.

f "

CALCULATION OF A-WEIGitTED SOUND POWER

Each tower had a water flow rate of I12.500 gal / min from a culvert 38 ft above the inel
'

height was 26 ft and the radius of the tower 155 ft (47 2 m).of the pond. The packing was 27 ft thick and extended right down to the pond The open
*

,

I.

In addition 20,000 gal / min of warm water was used for de icing and was sprayed from a|

pipe which ran around the perimeter of the tower 3 ft below the ring beam, directly downwardsCent'

into the pond which was 24 ft below.
.

Pred.

' -
Thus the data in metric units [which must be used for the values ofA and B orcquation (7 ) .

Cont

.

I Atm.
are as follows. 1

*

Tower Water Tota'

M- 112,500 gal / min - 8500 kg/sce, h1ca

h - 3S ft - ll 6 m, F - 26 ft - 7 92 m, T- 27 ft - 8 22 m, D - O ft. i At, '
abov

..

't
%.-..-

* * ' - *F =v WT

~
f, ' ' f ,'' y e g -F Mg

.-,eg -N-
*- 'W . "

>
>

.
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NOISE frost COOLING TOWERS I81
'

..
- 82 2 *
agui 4 were g,,,- 8500 x 116 x 0 95 x 10-8 y - 0 473 A-watts. s

an, agreement

. The detailed De-icing IVater

At 20,000 gal / min - 1510 kg/sec, :
4 - D - 24 ft - 7 32 m, -

;g',,- 1510 x 7 32 x l 8 x 10-8 x 12 - 0199 A-watts, ,.,

.. total acoustic power of each tower - 0 672 A-watts. t-

SOUND LEVELS AND OCTAVE-BAND SOUND PRESSURE LEVELS i

-

At rim of pond ,'
|

PJ
IV.,x Zo

- 01165 (N/m ):,0 672 x 407
2-

2rRh 2n x 47 2 x 7 92
,

* 2.. Pa = 0 34i N/m - S4 7 dBA. *

'stati!"- From Table 3 we obtain the following octave-band levels. t

Centre frequency (kHz) 0 125 0 250 0 500 1 2 4 8 dBA P

yooling towers, Predicted levels (dB) 65 3 64 9 71 7 76 9 79 4 80 4 77 5 84 7 ..

pwers, and for h!casured ievels (dB) 65 63 72 77 5 78 5 80 5 79 5 85 .

!at considerab!J 30-5 m from rim of pond-positions I and 3. -

further towers OD .

I 'a + 2R it? -

p3 ,w (V x ZS nae
a 2a + 2aR) ., a , s'h
0-672 + 407

w (930 + 2880) tan-' M - 0 00803 (N/m )2,
, T.J

2r -
2.and paper

Pa -0-09 N/m 731 dBA. f' ,',
'2

Again from Table 3, we' obtain the following: ; ;.

h.emperature and Centre frequency (kHz) 0 125 0250 0 500 1 2 4 8 dBA,
:ncers.

Predicted levels (dB) 62 7 57 1 60 1 64 7 67 4 68 8 62 3 73 1
-

.

hicasured at position 1 64 SS 59 63 5 65 68 64 5 72 ,5
*

hicasured at position 3 64 52 58 64 65 5 69 65 5 72i
.

.

!' " f I e At p sition 2,64 m (210 ft) from towers A and D. (The contributions to the sound levels
"

'

in o ,

from the rest of the towcrs will be negligible.).

| '

0 672 x 407

PJ " 2(4100 + 6080) tan-8 67 - 0 00273 (N/m ):(p, _ o.052 N/m )2 2

w

'above the lesel
- 68 4 dB.ond. The open

The octave-band levels will be
prayed front a Centre frequency (kilz)
-ily dow nwardi Predicted levels from tower A

- 0 500 1 2 4 8 dBA
55 4 60-6 62 1 64 1 61 2 (68 4)

Atmospheric absorption -01 -0-3 -06 -16 -30
,

arequation(b) Contribution from tower B 3 3- 3 3 3
Total predicted lesels at position 2 58 3 63 3 64 5 65 5 61 2 69 6
Alcasured at position 2 53 62 5 64 5 65 59 69

.

1
,

At position 4,122 m from tower A and 183 m from tower B, using the same procedure as -

' abose, the predicted octase-band levels are given below.

.

~

, W '
. - - -y- , , . - - _ . ,, ,,, , %

_ . 9, _. , ,- ,

''

. .
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y, g
'

Centre frequency (kIIz) 0 500 1 2 4 8 dBA
,

Predicted levels from tower A 50 6 55 5 56 4 56 5 50 7
Predicted levels from tower D 47 5 52 3 52 8 52 0 45 1
Total predicted levels at position 4 52 3 57 2 58 0 $7 8 51 7 63 3 '.

'

Measured levels at position 4~ 50 56 5 58 58 47 63 i,

i
At position 5, it is assumed that the total noise levels will be due to contributions from ~

*

towers B, D and F and that towers A, C and E will be masked. i
fCentre frequency (kilz) 0 500 1 2 4 8 j

Predicted levels from tower F 34 1 37 5 34 4 24 8 *
-

Predicted levels from tower D 32 4 35 5 32 0 19 5
*

-

Predicted lesels from tower B 31 1 33 9 29 8 15 3
'

- .

Total predicted levels at position 5 37 5 40 7 37 5 26-0 - {Measured levels at position 5 39 40 37 24 i-

N.B. Alllevels quoted are in dB relative to 2 x 10-5 N/m . |
2
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NATURAL DRAFT HYPERBOLIC COOLING TOWERS

-
.

BY,

.
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.

Protection of the natural environment may necessitate s

consideration of alternate cooling systems for some ele'ctric,

power generating stations to reduce the temperature and amount, ,

.

of cooling water discharged. The impact of the sound emitted by

cooling towers on the surrounding community is one'of the elements

considered in the benefit-cost analysis of alternate cooling2

sy' ' tems . This paper (1) summarizes the results of fields -

measurements uned to quantify ,the sound emission from natural

draft hyperbolic cooling towers (2) develops a simplified cooling
'

tower noise emission prediction scheme, and (3) evaluates the impact'

of the noise emission on the surrounding community. The study has been

limited,however, to the range of cooling towers considered for

electric utility applications..
,

,

'

. >

h

*
'
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A '. Cooling Tower * Description *

Two types of natural draft hyperbolic cooling towers*

, ,

,

*

|
. /<

- were considered in this study - crossflow and counterflow. In
- - ,

.
,

the crossflow tower, Figure 1, the hot water from the power plant,

I - which is to be cooled, is delivered to the top of a cylindrical
i

'
annulus external to the base of the tower. This hot water is

a -

! distributed around th'e tower and falls through multiple tiers of
:

f fill creating droplets of water. The impingement of these water
i

droplets on the fill material and on the water in,the basin below
I

are the primary noise generating mechanisms. Draft cooling
i

f air passes by the droplets at an angle of about 90 degrees, hence,
i

-

t the crossflow designation. The cooled water is then collected

in the basin at the base of the tower and returned to the plant.
*

In the counterflow tower, Figure 2, the hot water is pumped to a
:
4

{ a distribution system above the fill, an'd runs through the fill.
i .

] The water then falls from the fill to the collecting basin in the
1 -

!
; form of droplets. These droplets impacting the water in .the

; basin is the primary source of noise generation. Draft cooling
;
.

' air. enters the-tower.between the water collecting basin and tower

shell, and passes through the watIer' droplets in a direction counter

to th'eir flow (180 ). The cooled water is collected in the basin;
.

3 at the base of the tower'and-then returned to.the plant.
-

*
.

f

I
e

2=-
1 .

e

h

'

. _
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B. Noise Measurement and Analysis,

.
.

.

~

/ . Techniques for estimating sound emissions from natural+

,

dradt' towers have been previously published by Ellis. In order

2
! to validate this prediction scheme, noise measurements of the

.

sound emitte'd by both.counterflow and crossflow cooling towers
i
'

were made at several electric generating stations in the eastern
.

.

. half of the country. . .

1

An A-weighted sound level analysis was deemed sufficient
i

i for development of a sound emission prediction scheme and for
.

'

evaluating subjective community response, since the sound
i

.

j generated by water falling in both types of towers is continuous, '

,

: and the frequency spectra is broad-band and.-generally without

: ( tones. A summary of the natural draft hyperbolic cooling tower noise
! i

; measurements made at power plants is shown in Table I, and the
. ,

.

typical range of octave band spectra is shown in-Figure 3. For

the cooling towers that were evaluated, the Ellis prediction scheme
, . ~ -.

,

appears to be conservative, i.e., this scheme estimates sound levels
.

e '

!

'

to within 3 dB(A) of the measured sound levels at 40 feet and 80 feet
...

Sound levels measured-in the near field of the cooling'

towers were normalized to a common water flow rate, by adding
,

or subtracting ten times the logarithm of the difference between

the rated and common' water flow rates from the sound levels q

measured at similar distances.'from the tower basin rim. Results

i

Etherefore indicate, that for similar water flow rates, the A-weighted '

sound level for counterflow towers was about 1 dB(A) higher-
4 -

,.
~ than, crossflow towers.

3-
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Since the noise genera ::: mechanisms and emission levels of the
e

two types of cooling t: s:s differ, two equations for estimating
f.

near, field sound emissi::2 at a distance of 40 feet from the

basin rim were developed. The 40 foot distance was selected

since it is in the near field of the tower, and the sound level

'measured would not be r- nificantly altered by structural

elements'of the tower. I:und levels measured at 40 feet were

normalized to the tower I water loading, by subtracting from the

measured sound levels,.:e: times the logarithm of the water loading.'

Water loading is deter.rsd when the cooling water flow rate (M),

is divided ' ; the active (or working) tower area (A), inin G.P.M., :
,

square feet, receiving - a water droplets. ,The results of

normalizing the measursi alues shown on Figure 4, indicate the7
'

parametric dependency of round emissions upon water loading.
..

For the range in size f :coling towers investigated, our studies

indicate that water lcting is the significant parameter which

determines sound emissit:2. For practical purposes, the active area of

a cooling tower is conr-isred .the area of the water basin for

counterflow towers and :4 mean area of the fill for crossflow
-

towers. Based upon the : rise measurements and the effect of water

.
~

loading on noise emissi::2, the A-weighted sound level at 40 feet

from the rim of the wa:t: =asin can be simply estimated by the
.

followin~g two equatient: Figure 5)
.

L40 = 71 + 10 log ~ A), db( A) for , crossflow towers (Eqn. 1)
'

and,

.Y ), dB ( A) for counterflow towers (Egn. 2)L = 75.5 +.10 lc- A40
.

-4-
]
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A-weighted sound level at 40 feetwhere; L -

40
.

'

_
M water flow rate in G.P.M.

active area of the tower in FtA -

,

.

Divergence of sound to the far field was calculated using

the two equations presented in Reference 1 for typical power plant natura

draft hyperbolic cooling towers. Sound attenuation as a function

of distance from the cooling tower is shown on Figure 6. Excess

air attenuation for a typical situation was additionally estimated

'

using the cooling tower sound spectrum and was added to divergence

as shown again on Figure 6. As expected, cooling tower sound
,

attenuated at the rate of 3 dB for doubling distance in the near
. .

,

t

field, and 6 dB for doubling distance in the far field.
,

. Table II compares measured sound levels with sound levels

~

estimated by the method developed herein. Estimated sound levels
.

at 40 feet and 80 feet, and in the far field, are within the

equivalent accuracy found using the Ellis method for the range ,#

in size of towers studied. For the type of cooling towers studied,

and others in-operation or planned for future operation, variance

in air inlet height, fill, and basin diameter would introduce about

a maximum l'dB(A) variance in noise emissions. In summary, water

loading has been found by our study to be the significant parameter
t

determining noise emissions from natural draft hyperbolic cooling
,

towers.
.

e
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Cooling towers are generally set-back considerable distances from

the plant prope,rty line or nearest residential neighbor. Excess
,

attenuation due to factors such as changes in atmospheric sound .,

.

absorption, natural barriers, meteorology, vegetation, etc. may

be factors in calculating the expected community noise intrusion,

and have not been included in the discussion since they are unique to

each site. Therefore, daily cooling tower community noise intrusion

can at best be represented by an expected range of levels due to

variations in multiple factors that contribute to excess attenuation.
.

C'. Communit'y Noise Evaluation

In order to evaluate the environmental impact of sound
s

emitted by a natural draft cooling tower on surrounding residential

communities, two alternate schemes were used - one was to calculate the,
,

Day-Night averaged A-weighted sound level, L 88 Proposed bydn'

the Federal Environmental Protection Agency,3 and the second was
'

to calculate the Noise Pollution Level in dB( A) , L as proposedNP,

.by' Robinson.
,

*

.

Electric utilities, unlike other industries, are required --

,

.

'

to provide continuous uninterupted service, twenty-four hours per day.

Therefore, cooling towers, by necessity, operate continually.

Based upon the E.P.A.'s residential community noise criteria of ~

Ldn = 55 dB, cooling , tower noise emitted into a community, would be

limited to about 49 dB(A) exclusive of the presence of background

noise, since the calculated Ldn ' # a n nu us n se source is
-

,

6. 4 dB higher than its continuous measured A-weighted sound level.
.

- -6-
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However, when the' cooling tower noise emissions are superimposed

. on the background noise level measured in a typical surburban
'

.

New York community, the results are shown in Table III. It can

Ebe observed from Table-III, for the two communities studied,

that near to the cooling tower, the noise emitted by the tower

would control the sound heard by the community. At distances farther
. .

away from the tower and well into the community, 'the community

background noise becomes the significant sound contributor. A
.

typical example of siting a natrual draft cooling tower servicing

a pow'er plant is illustrated on Figure 7. Based upon this

example, an acoustical buffer zone of'5,000 feet is required to.
,

achieve an L = 5 5dB with consideration of the community'sdn

background noise. In some cases, the cumulati,ve effect of noise,

emissions from both the power plant and the cooling tower may
~

necessitate a larger buffer zone, since the noise emissions of

the power. plant may be the same order of magnitude as the noise
,

emissions from the cooling tower. *.
.

An alternate method of e,stimating environmental impact is to

compute the Noise Pollution Level, as proposed by Robinson for

traffic oriented noise intrusion

2
,

, LNP = L50+h6- 10 90) + 1.55 (L10 - L90), dB(A) Eqn. (3)~

Computation of the L for the quiet suburban residential' communityp

is shown on Table IV. The results suggest that, for the community,

#investigated, the introduction of a continuous steady sound' level-

.

t

. S

-7- .

.
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can reduce the community's Noise Pollution Laval because

of the reduction in the variation between the residual and<

intrusive noise levels (those levels exceeded for 90% and 10%
.

of the time respec'tively), as the mean noise level (noise exceeded

50% of the time) increases. As the steady sound introduced

increases beyond the ambient intrusive (L10) level, the L alsoNP ,

starts to increase. Thus, for each community there may be an

optimal sound intrusion level that minimizes LNP* U *9 *

. 4g/g,
community studied, a continuous intrusion of 45 dB(A) appears.

'

to be optimal. From a practical viewpoint, the introduction of

broadband continuous sound from a source such as natural draft ,

cooling towers may be beneficial by providing acoustical masking for

the continuous tones generated by that station's power transformers, ore
_

the intermittent sounds such as steam venting.

D. Conclusion k
'

In conclusion, our studies have shown that noise

emitted by the type of natural draft hyperbolic. cooling towers .

commonly used for power plant, application can be predicted at

distances of 40 feet or more from the basin rim, using the

simplified method which was developed from measured data and
.

published results. Cooling tower noise emissions appear to be most

directly related to water loading. However, noise levels

predicted in the far field, possibly impacting the community, are

~

influenced by those environmental , factors controlling excess attenuation

.

-8-
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The study further suggests that significant amounts of noise
'

control cannot; be achieved by modifying the physical parameters,

of natural draft cooling towers, as presently designed. Finally, the
.

environmental impact of natural draft cooling tower sound emissions
,

can be minimized if sufficient distance is provided between

the cooling tower and the neighboring community to attenuate

the cooling tower noise.

'
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TABLE I
'

- -

COMPARI' SON OF MEASURED AND' PREDICTED SOUND LEVELS '
'

.
,

FOR NATURAL DRAFT COOLING TOWERS _ ,

Sound Level in dB(A)
.

'

Distance from Tower (feet) 40' 80' 320' '640'
.

Tower Flow Rate
No. (GPM)

'

Type . Measured'Ellis, Measured Ellis, Measured Ellis. Measured Elli*-

.

5 -

1 1.39x10 Counterflow 79 81 75 76 * 65 *
,

, ,
'

5
2 1.40xlO Countgrflow 80 79 76 75 * 64 * .

3 2.50x10 Counterflow 80 83 77 78 * 68 *

5
4 2.6.4x10 Crossflow 81 83 76 78 66 68 60 61h.

, ,

5
81 75 77 63 66 54 605 2.31x10 Crossflow 80 -

, ,

.

-
.

- ~

...
., . .

* Plant Noise Emissions or Topographical
,

Conditions Prevented Accurate Measurements.
-

1 With Nir Absorption 50 F & 55% RH.
,

,

!.

-
. .

O .

1

*
:

-

1
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TABLE II .

,

5 COMPARISON OF MEASURED AND PREDICTED SOUND LEVELS .

FOR NATURAL DRAFT COOLING TOWERS
'

Sound Level in dB($)
|

.

Distance from Tower (feet) 40' 80' 320' 640'

Tower Flow Rate .

No. (GPM) Type Measured Pred. ' Measured Pred. Measured Pred.. Measured Pred.
. .

.

5 .

1
-

1.39x10 Counterflow 79 79 75 76 * 66 * 59
5 - ..

2 1.40x10 counterflow 80 80 76 77 * 67 * 60
e

3 2.50x10 counterflow 80 80 77 75 * 65 * 58
5

4 2.64x10 Crossflow 81 81 76 78 66 ' 68 60 61
*

5 t
5 2.31x10 Crossflow 80 80 * 75 77 63 67 54 60.

,

.

'

?,
'

.

*
.

..
-

~
.

'

0 Plant Noise Emissions or Topographical *

Conditions Preventpd Accurate Measurements
,

.
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.
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Table III
.

Calculated L f r Cooling Tower Sound Intrusiondn

into Sub' urban Community*

*

Computed Ldn,

.

Community Sound Community near 'Ouiet community
Level plus steady highway
sound intrusion .

.

Community Ambient '

Sound Level 58 dB(A) 52 dB(A)
.

Ambient + 40 dB(A)
[ intrusion 58 53

' ~

Ambient + 45 dB(A)4

. ,

intrusion 59.5 54.5*

.

, Ambient + 50 dB(A)
-

intrusion 61 57.5
$

-i .,. .

Ambient + 55 dB(A) ,
'

intrusion 63.5 61.5.

,

.

Ambient + 60 dB (A)
intrusion , 67 66.5'

,

'

'-
. . . .

*
.

~
.

,

it

*
-

. .
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*
/
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Table IV
,

'. Calculated LNP for Cooling Tower Sound

Intrusion into Quiet Suburban Community*

.

.

Community Sound A-Weighted S'ound Level -

t ) Level Exceed for % of time LNP
<

~f, , 90% 50% 10%. -

;/ '
- :

I;[ . ' c ) ,'
-

bm . .

Ambient 36 40 44 33.5 dB (A)'

(cs. s ", |\,
: , y

1t '

Ambient + 40dB (A)
' <

: --

i intrus' ion 41 43 46 .'51
'

. , . . > . ,

'

p,1 % Ambient + 45dB (A),

R' . , , . intrusion 45 46 47.5 50'.
''

\ i- ! 4 Ambient + 50dB (A)
/, f- -intrusion 50 50 51 52

' ,

i -
,. 1

.i Ambient + 55dB (A)'
,

k~*
.

intrusion 55 - 55 55 55
-

- -
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Acoustical Imp ct of Coo).ng Towers, G, Capano, W. E. Bradley

PREDICTION OF "A" WEIGHTED AMD OCTAVE BAND SOUND
PRESSURE LEVELS FOR WET NATURAL DRAFT COOLING TOWERS '

The data shown in the Sound Level Prediction Figure represents the upper

limit of actual field measurements of Sound Levels in dB(A) versus Distance

for eight wet-natural draft cooling towers wit'h water capacity ranging from

140,000 to 600,000 gallons per minute. The measured sound levels did not

vary directly with increase in water capacity but fell randomly on or slightly

below the solid line curve in the Sound Level Prediction Figure for distances
~

up to 1000 feet. Beyond 1000 feet, the data has been extrapolated using

hemispherical radiation (6dB/ double distance) and atmospheric absorption for

standard conditions of 59 F and 70% relative humidity. '

<

The "A" weighted sound level for a specific distance from the rim of a cooling
I tower is obtained directly from the solid line curve in the Sound Level

Prediction Figure. The octave band sound pressure levels are obtained by

using the following procedure:
-

A. FOR DISTANCE UP TO 100 FEET - Read directly from solid curve the
'

"A" weighted sound level. The octave band sound pressure levels are

obtained by subtracting from the "A" weighted value the average

correction factors shown in Table A.

B. FOR DISTANCES BEYOMD 100 FEET - Read directly from the dasbod line

curve, the sound level without atmospheric absorption. The octave

.

.,.~. . ....,.. slbu
.

4

m

.



._ _

. .

band sound pressure levcis are obtained by subtracting the average

I correction factors shown in Table A and by further correcting for

atmospheric absorption using the following data. (Reference 4)

Center Frequency Hz 500 1K -2K 4K 8K-

AtmosphericAbsorption(dB/1000 feet) 0.7 1.4 3.0 7.7 14.4

The resulting octave band sound pressure levels when "A" weighted

will equal the values shown by the solid line curve which represents"

the true "A" weighted level at that distance.
4 .
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NATURAL DRAFT COOLING TOWERS
SOFT SOUND PRESSURE LEVELS

- .
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INTRODUCTION AfID SUMMARY _
l' . .: , ,

The purpose of this study was to investigate the size of buffer
zone required around power plant cooling towers to meet various
-. ... .

noise criteria. ' Measured field noise data was used as the
asis of the analyses and, using certain assumptions, these-

,

data were applied to correlate the capacity of the power plant.

:. a * ._. . .

with the area of land necessary to meet varicus no'ise criteria
r. : . - .-

for both mechanical (standard) draft and natural draft
' ;:- .

This correlation is derived in terms of the
- - -

.. '

cooling towers. -
- - - -

'.T '. . * : ' *:*..

" specific noise control area" (i.e., the required land area
Se'r"dni.t_. plant capaci.ty, s,qi ft. per megawatt). It was found

'

,that the specific noise control area was very nearly independent
,, ,

$f 5he plant capacity for b'oth mechanical and natural draft
~ "

I t e s, depending only on the A-weighted noise level (dBA)
... .. . . ,

-

, criteria required to be met.
*.v.. .. . . . . .

'The most important assumptions made in the analyses are as follows:

-.-- (1) The noise, levels in dBA for natural draft towers vary'

.directly with [10 logio ( GPM j and with [10 log 10 ( HP h*
:. . ...

for mechanical draft towers. GPM= water flow to the tower'

i- -

* and HP= total cooling tower fan horsepower.
-*

(2) The measured data was extrapolated bey nd 2000-3000 feet' "
.

. . omitting additional acoustic energy loss due to atmospheric**
..

" absorption, as a conservative estimate.

Using these assumptions, Figure 11 illustrates the relationship
:between the noise criteria to be met and the specific noise control

i * area as required around either a mechanical or natural draft tower
2in ft / megawatt. This relationship is independent of the megawatt

rating of the plant. The range of values indicated in the
s,

#
, | ess

..
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.
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,
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'
-

:-- . . .

figure, takes into account the fact that the size of tower would
r

vary depending upon, among other things, the ambient design
......

' conditions. Since the A-weig.hted (dBA) noise leyel is assumed to
e . ..

, ...

| ~de~p'end on1'y upon the water flow quantity for a natural draft
-

;
.

|
tower and on the fan horsepower for a mechanical tower, the

same megawatt-rated plant could have towers with different

noise levels. . The range shown in Figure 11 (and in other pertinent

figur'es in this report) covers the appropriate ranges expected
i -for plants througho,ut the United States.

_ ,

:
i

EXISTING AND PROPOSED NOISE REGULATIONS AND REC 0t@iENDATIONS

~

.. . . . . . . . . .... ,

In"oEde'r to rel' ate cooling tower noise to the size of buffer
*

- -:: .*-
...

zone required for noise control, it is necessary to compare
. . .. , . . . .

. e expected 2 tower noise levels with an objective noise criteria.I
3

'

Thble 1 illustrates a (non-exhaustive) list of the noise / limits
:... '. .

*

either existing or in the proposal stage throughout the,

! .- . . . . .. ... .

; United States. It is felt that the most significant limits
j .. . . , . . .

in the table are those established by the Federal Environmental,

'

1 . .

-

- Protection Agency. This is an official Agency recommendation
knhtaregulation)whichsuggestslimitingenvironmentalnoise

levels to an equivalent A-weighted value of 49 dBA for constant
i noise sources, as power plant cooling towers would be expected

to be. This recommendation is intended to be a guideline for
. . .

s'tates, counties, municipalities, etc. in establishing
! -

~

enforceable noise limits. It should be anticipated in power

j plant design that these recommendations will be followed closely, -

in future noise limit regulations.
~

'. : '

e -
.

*
.

-t-.

'

.

--. ? p - - , , - , . -~re- , -+ . - ,- .m- ,-,- - - - .-. ,- .---w , - --
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From Table 1, it ils apparent that there is a very wide spread
r ,

.,

of dBA noise criteria which could be applicable to, power plants

depending on their specific location. For those limits

indicated in the table, this ranges from 40 dBA-65 dBA. This

wide range would result in a correspondingly wide range for
I

the size of buffer zone required for noise control of cooling

towefs. This report, for completeness, includes results
,

covering the entire dBA noise level limit range given in Table 1.
.

EXPECTED POWER PLANT COOLING TOWER NOISE LEVELS (dBA).
.

Figures 1 and 2 show, respectively, dBA noise levels measured a's

a function of distance for mechanical and natural draft cooling '

towers.(1) The assumption was made in the analyses of this
'

report that the noise levels of mechanii:a1 draft towers depended<

onlyonthefanhorsepoweraccordingto(,10 log 10(HP)]and
.

noise levels of natural draft towers depended only on the cooling

water flow to the tower according to [10logio(GPM)). This means,

for example, that doubling the horsepower HP (mechanical) or

the water flow CPM (natural) would cause the tower noise to
increase by 3dBA. This assumption has been suitably verified

*

for mechanical towers but there is some question as to the -

validity for natural draft towers. It is felt that the
'

assumption of this noise level variation with tower size is

desirable for an estimate of the problem at hand (size of

buffer zone). ' ..
.

.

-
-(1)These data were obtained by Consolidated Edison of New York

and by Stone & Webster of Boston--the information was presented
at the 87th Meeting of the Acoustical Society of America in
New York City, April 1974.

-

;, ,.

... . . . . . . . . . . . . . . . . .

_ _ _
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Using the above assumption, the solid curves in' Figures 1
..

" and 2 show, respectively, the predicted dBA noise levels'

~~ ~

as a function of distance from a 1600 horsepower mechanical .

'dr'ft tower (HP = 1600) and a 600,000 GPM natural drafta
I

tower based on the available measured data. Note that in
...|.
_ Figure.2, for natural draft towers, there does not appear

,,to,be ,an apparent consistent variation with cooling water
. . . . ..... .. .. .

.

,, flow quantity to the tower. However, if the assumed
,

.. . , ,

, vari.a, tion does indeed occur in the real sense, the flow range
. . . . . . . . .. .

.

covered,*from about 140,000 OPM to 600,000 GPM,would represent
PL: :.. ; ; - ,

,

c .,, .,10 , log 10 !a = eren e in n se
. . . . . .. . . . . .

. level from the " quietest" to the ", noisiest" tower.
D C r i *. .^ : '

' It is felt
..

.

that the small number of towers measured, along with the/

rt _ :. ..

_,relatively small spread of expected noise levels, does not,
, ,

,.,c,onclusively determine whether the noise level variation with
_

water flow does or does not occur in the real sense. However,.,.r .-
- -

as mentioned above, the assumption is made in this report

N hi't'this' variation does occur. '

. . .- . .
. . . . , , .

, From the solid curves in Figures 1 and 2, it is then possible

..to predict the noise level versus distance for any power plant
,

, cooling tower by using these " baseline" curves and raising
,

. or lowering them the number of decibels (A-weighted)
,

. corresponding to (10 log 10(HP/1600)) for a mechanical draft

.,towerandby[10 log 10(GPM/600,000{ for a natural draft tower;

- -
.

,

-
.

* :.~. . - '

-. . .

* *
....

.

I
|
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where HP is the total fan horsepower for the mechanical
'

tower of interest and GPM is the cooling water flow to the

natural draft tower of interest.

.

! RANGES OF TOWER NOISE LEVELS EXPECTED THROUGHOUT THE U.S.A.- -

i
The ultimate goal here is predict the size of buffer zone required'

'

i for power plant noise control of cooling towers on~the basis of
;

i a " specific noise control area"; i.e., the amount of land needed
!

per megawatt of plant capacity. We have, from above, the
,,

1 ,

capability of prediction for noise level's based on either the

{
horsepower (mechanical) or the cooling water flow (natural)

,

| related to the cooling tower. However, depending on specific
!

| design conditions, the same megawatt capacity plant may have

different fan horsepowers or cooling water flow rates. The
i .

! variation in these quantities is discussed in this section.,
-

,

Figures 3 and 4 show, respectively, the relationship between plant
,

j capacity and tower horsepower (mechanica3) and cooling water flow
.

'

i

I rates (natural) for several existing power plant installations
!
i throughout the U.S.A. It is seen from the figures that the

,

horsepower could vary between HP = 3.8 (Mw) and HP. = 9 2 (Mw)i

for mechanical draft towers and the cooling water flow rates could

vary between GPM = 300.0 (Mw) and GPM * 588.'2 (Mw) for natural

draft towers for these several plants. Using the assumed
,

variation in noise levels discussed in the above section, the
'

range of tower noise levels expected could then vary from the
'

s

o c"
. . . , -- . - . , - . . . . . _ . - - . - . - - . - . . , . - - - - , . _ . . - - - - - - - . . . - - . . - , - . - - . . - - . - . . , . . ..
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,
,

:" baseline" curves in Figures 1 and 2 by IlO log 10(3.8Mw/1600) |
- . ,,

't'o-[10 log 10(92Mw/1600)]formechanicaldrafttowersandfrom-

Q10 log 10(300.0Mw/600,000)] -to- 10logio(588.2Mw/600,000){for
natural draft towers.

. . . ... .. .

BEQUIRED DISTANCE FROM COOLING TOWERS TO MEET VARIOUS NOISE CRITERIA
-: __.. , . . . , .. : . ., ., . . . n .., ,.

. . . . . . . _ .
,,

Figures 1 and 2 provide the information to predict the noise'

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

f. eve 1sfrombothmechanicaldrafttowers(with,fanhorsepowers, , , ,.

of HF=1600) and natural draft towers (with cooling water flow
.:-.:.. .- '* -* . . ...

.. . . .. . .

, , ,,

and Figures 3 and 4 provide the informationrates of OPM=600,000)
_ . . . . . ... .. . . _ ... . _ . _ . .. . . . .-

,to predict the ranges of tower noise levels, possible throughout
,

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

,

the country for plants of various, megawatt capacities. It is
, ,, ,,

. . . . . .. ... .. .. . .

then possible to estimate the distance required from the towers
c:r: . . :..... . . .. .... ..

'
in order to meet a specific dBA noise level limit. Figures 5 and

6 111u' strate such results for noise levels from'40 dBA to 65 dBA
T6r meclianical and natural draft cooling towers, respectively.

The ranges shown for each noise level limit c'rresponds to theo
'

~. .

variation in horsepower or water flow possible depending upon

the ' specific design conditions for each plant given its megawatt
,

capacity.

'

" SPECIFIC NOISE CONTRdL' AREA" FOR COOLING TOWER NOISE
. .

We now have the capability, from Figures 5 and 6, to estimate

the distance from cooling towers at which various noise level

limits (dBA) will be achieved. Of pri$ary interest is the area

of land per unit plant capacity. This area will, of course,<

depend not only upon the distance from the tower but also on the |
'

|
.

1
-

.

+- |
_ . .
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'

area required by tha t wsr itcalf. Having thn siza cf tower and

the distance from it to meet a noise level limit, it is possible,

' to calculate the total area of land required for noise control. '
,

Figures 7 and 8 show, respectively, the length of mechanical

towers and the diameter of natural draft towers for several
plants of various megawatt capacities. The solid lines in the

figures illustrate the assumed variation in tower size as a

function of the plant capacity. The spread in the data for

natural draft towers in Figure 8 is quite wide--however, since,

in most cases the total area of land required to meet a noise
level limit will be controlled by the distance from the tower

this wide spread in data should not result in large relative
'

.

errors in estimating the total' area.

#

The " specific noise control area" required for mechanical draft,

towers is assumed to be given by

1

{ A .(L + 2D) (W +2D) , ft / megawatt2
s Mw

and for natural draft towers by
.

2"

A = T(R +D) , ft / megawatt
8 gy

,

where A, = specific noise control area required, f t / megawatt
*

L = length of mechanical draft tower (assumed all cells
are in-line), ft.

D = dictance from nearest surface of the tower, ft.
,

'

W = width of mehcanical draft tower cell, ascumed 40 ft.
R = radius of round natural draft tower, ft. '

.

-7.

_ _ _ . _ _ _ -
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,

.

.

.

Mw = megawatt capacity of power plant where tower is
<- installed.

....
,

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

"

Based on the above~ analysis and,the, distance values from
, i

Figures 7 and 8, the '' specific noise control area" As is shown

, . plotted in Figures 9 an_d 10 fcer_ mechanical 'and natural draft

towers, respectively, for various noise level limits and for
.... . . . . . . _ ..

'"~

p1' ant having different capacities.-

. . . .. .. . .

The analysis indicates, as
~ ~~''s'e'en~ fr'om figures 9 and l'O, that the value of A is nearly

.

s-.... .. . -
. . .. .. . . . . -,

"'"'increpe'ndent of the plant capacity and depends only on the'

.. . _ . .. . ...
.".

'n'o~ise''leve1"i'mit to be achieved. As was poin,ted out earlier,
' -

i
'

. .. . , . . . . . ... . . . - ~ -. .
"'

th'e' r'ecommen'ded limit of 50 dBA (approximately) by the Federal
g , . . .: . .; . . . . 2. . . . :: .

3 ,3 Erivirpnmental Protection Agency is felt to be the most significant
. .

.

s.. noise,., criteria.in~that future legislation is anticipated to be
< ,,,., consist.ent with .this. recommendation. f -

.

. - -..

'''"FiguFe 11' summarizes the ultimate results of this study giving
~

** the" specific noise control area A as a function of the dBAs

dbiselevellimittobeachieved.
'

The figure was derived from
"

'Fli;ures'9 and 10, where the dependence on the plant capacity
hias buon 'reinoved; i.e., ' As is nearly independent of the plant

.

~'
capacity in megawatts. From Figure 11, for the 50 dBA noise level

% ,<[.
' limit to be achieved for cooling tower noise, without any other

~ form of no,ine control being impicmented, would require between.,
--

.

"'1N,000-27,000 ft / megawatt (or 322-0.621 acres / megawatt) for
2

. . . . .
.

' " natural draft towers and between 35,000-90,000 2ft / megawatt -

...
.

(or0.805-2.07 acres / megawatt) for mechanical draft towers.
~

.: . . ., . . ,. .
,

,

'

. .
.

. *

. d. '
.

.
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TES 1
.

'
I LIST OF VARIOUS (EXISTING OR PROPOSED) NOISE RECULATIONS

'

IN TERMS OF THEIR A-WEIGHTED (dBA) EQUIVALEllT
PERMITTED AT RESIDENTIAL BOUNDARY LINES

I Equivalent dBA Level
Source of Regulation or Recommended Limits Daytime Nignttime

IllinoidPollutionControlBoard 61 51(1)
'

,

Federal Environmental Protection Agency (2) 49 49

. Oregon Department of Environmental Quality 60 55

New York City Zoning Regulations 60 60

New York City Noise Control Code 55(3) 55(3) '
,

New York State Dept. of Environmental
Conservation 65 45(0) -

Dept. of Housing and Urban Development (HUD) 55(5) 55(5)

7
New Jersey Dept. of Environmental Protection 65 50(6)

Washington, D. C. 55 50(7)

St. Louis County (Missouri) 55 50

Montgomery, Alabama 55 55

North Carolina 60 55

San Diego, Calif. Noise Ordinance 45 40-

.

Lakewood, Colorado 55 50
,

60 50Boston, Mass. -

Baltimore, Maryland 58 53
-

.

Dallas, Texas 56 49

Miami, Florida 55 52 .

,

'

Los Angeles, California 55 45
*

San Francisco, California 55 50
.

/

Dayton, Ohio 56 56.

*
'

*
.

e

e mer
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TABLE 1 (Continued) "- - -
.-. . - --

<-

~~
~

Equivalent dBA Level.

So'urce of Regulation or Recommend'ed Limits Daytime Nignttime
.

Chicago, Illinois 55 55
,

Columbus, Ohio 52- 52.. . .

}everly Hills, California 40 40
,

.

-Hemet, California - ~ ~

50 50 -

.. ..

.J_airlawn, New Jersey 55 .
--

.. . . . . . . . . . . . . .

._P_e.oria, Illinois . . . _ . .._ _ _ 5 3 . _ . --. . _ . - _ . _ . . .

'~ ~ ~ '

'~"60 ~ "~ ~
'

Arihaheim, California 60
'

~

Minneapolis, Minnesota 55 55
'

Tucson, Arizona 55 55.

,

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

.. .

_.

. . . - - . .. .

..

'(1) Does not apply to " exist. Lng" sources -- if legislation forces
C.T. installation, would not be considered a "new" source and. . . .

this number would not apply. -

(2) Recommended limit value is Ldn = 55 dBA; the relationship
| between L n and a constant dBA noise level L is Ldn = L+6 dBA.d

(3) Code limits interior noise level to 45 dBA; a 10 dBA no'ise
reduction for open windows is assumed.

_

(4) Does not apply to " existing" sources (installation initiated
prior.to July 1, 1974) or to site modifications made prior to
January 1, 1975.-

.

(5) This is taken in the mid-range of the A5-65 dBA "normally<

acceptable" HUD values.

(6) This value will be applicable after January 1, 1976 -- the value
of 55 dBA will apply until then. -

(7) The limits are specified in dBC values -- the table values are-

the approximate corresponding dBA values.
s

,.
. .. .

M . b .

_ . _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ . _ _ _ . _ . . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _
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COOLING TOWER NOISE EMISSION CONSIDERATIONS-

'' A. Discussion
-

.

.

The, environmental impact of noise emissions from cooling
,

towers can best be determined by (1) determining the sound level

that the cooling tower in association with a particular plant

will cause at a neighboring property line, and (2) comparing

,that sound level with the most restrictive noise standard permitted
I

by law.
.

Cooling tower noise emissions will vary from insta~llation to

installation depending upon such factors as type (mechanical or

natural draft), size, water flow rate, horsepower, orientation, -

topography and meteorology. For a 600 to 800 MW power plant we

7 have compared, figure 1, a typical range of cooling tower sound

emissions with distance from the tower.

hhe federal Noise Control Act of'1972, which is administered
-q

by EPA, provides for the states or local political subdivisions
,

to control and enforce. environmental noise standards. Figure 2

illustrates typical current permissible boundary noise levels.

In general, the more restrictive nightime community noise regu-

lations will limit utility operatingysince equipment must operate
j

continually. This statement considers the impact of cooling tower

noise emissions at night, and assumes that permissible property

line noise levels will be lens than 50 dB(A), see figure 2.

.
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With these limiting conditions established, Table I wase

constructed to illustrate the physical distance required from ..

the cooling tower to residential areas kt which the sound level

would be reduced to below 50 dB (A) . Since a cooling tower is only

part of a larger generating station complex, Table I illustrates

several different practical conditions. The size of the acoustical

buffer zone required to attenuate: cooling tower noise emissions is

a severe restriction in planning and siting new power plants.

(condition II of Table I)) and may be prohibitive when considering
retrofit requirements of existing power plants (condition III a and

III b of Table I) . A discussion of the reasons behind the calculations

to construct Table I is presented as an enclosure.f

The estimate of the size of the acoustical buffer zone supposes

j that the cooling tower and the generating facility noise emissions

~

would impose an increase in the community noise level that would
9

be acceptable to the community. Regulations to further decrease

sound emissions to below those considered in this statement would
.

necessitate increasing the. amount of real estate beyond that shown

'

in Table I to further attenuate the sound.
,

B.. Conclusions

New Facilities: New facilities can be planned to have a
in radius

sufficiently large buffer zone, 1/2 to 1 mile /in order to

attenuate plant and cooling tower noise.

: .

Existine Pacilitics: At existing facilities, acoustical
in radius

buffer zones of 0.6 to 2 miles /may be required to comply

with local regulations.

,
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f
C. Recommendations

.It is recommended, as in the case of " Drift", that EPA

consided granting exemptions from the Thermal Effluent Limitations'

when a utility does not own sufficient real estate to provide an

.

acoustical buffer zone to attenuate cooling tower sound emissions
when

to an acceptable level and/no other practical method exists for

attenuating the sound. This recommendation obviously i.nvolves

considerations of acquisition of additional real estate and hencej
;

of additional costs. Effluent limitation guidelines which do not
f

consider the real estate implications (and the costs of alternatives)

required for abatement of environmental noise emissions from coolingg,
,

towers would not be complete or workable.
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FIGURE i

TYPICAL RANGE OF COOLING TOWER NOISE
EMISSIONS FOR 600/800 MW PLANT.

WITHOUT EFFECTS OF TOPOGRAPHY OR METEOROLOGY
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Estimated Acoustical Buffer Zones for Cooling Tower Installations
for 600 to 800 MW Generating Plant

~

.

*
Type of Nominal Distance to Residential Area to Achieve
Installation less than 50 dB(A) Sound Level

,

.

Natural Draft Induced Draft -

\
T

I Cooling Tower 1,800 feet .4,000 feet

) * *

Cooling Tower plus New Generating 2,400 feet 5,000 feet
Station

Cooling Tower Retrofitted to Existing
e 8,000 feetIII a ,Station with 1 dB(A) increase in

Community Sound Level -

IIIb Cooling Tower Retrofitted to Existing-
fee 10,000 feet,Station with no increase in Community

Sound Level

.

'

.

distances will vary depending upon cooling tower water flow rate, horsepower, physical size,O

topography and meteorology.
,

_ - _ _ _ _ _ _ _ _ _ - - _ - _ - _ _ _ _
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Cool'ing tower noise emissions are presented and'

- -

1 == ,

evaluated in terms of the A-weighted sound level for

. numerous reasons: (a) the sound emitted in continuous

and the frequency spectra is broad band, (b), this 5ethod provides
,

a single value that can be easily compared to sound

from other sources or existing data in the literature,
the A-weighted sound level

and (c)/is the parameter being used by various government.

agencies to regulate noise emissions.

~
* Based upon existing local noise requirements and s

i

! recomended EPA guidelines, permissible power plant noise
'

. ,r ,

r emission requirements in suburban rural areas are , *-- " : v

er ,

often required'to be less than 50 dB (A) , and in urban
b

i -
'

areas where vehicular traffic increases the community
1

ambient noise level, germissible noise levels would

. generally range from 50 dB(A) to -55 dB (A) .

A't a power plant site, there are numerous sources producing
O.

noise other than cooling towers. At a new plant site, com-
/

_

pliance with permissible property line sound ~ regulations may
,

I.

be achieved by allocating equal acoustic power emission by.
1

the cooling teuer and the other mechanical equipment in the i
,

generating station. This means that the permissible noise'

| emission level of the cooling tower would be reduced from I

| . .

to 47 dB (A) .'
45 dB(A) to 50 dB (A) by 3 dB to 42 dB (A)

-.
6

.

f
.

. -|
' '

.

. . - . - . - . . - .. - -
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f
Determination of the permissible sound contribution of

'

a new cooling tower at an existing plant is significantly

more complicated because of the existing relationship of

the generating station noise emissions to the local

permi'ssible noise requirements. For example,.if the

noise emissions from an existing generating station complies
.

with the local noise control ordinance, the sound emission
.

level from the new cooling tower would have to be p 6 dB(A)

below the existihg plant noise emission level to have a
~

sound level increase of 1 dB (A)' at the residential area, or

the cooling tower sound emission level would have to be
( -

9 dB(A) below the existing plants noise emission level if
maximum

there is.to be no increase in existing community noise. The /

permissible noise emission , level from a cooling tower retro-

fitted in an existing. plant in a rural or suburban area

Nould be 39 dB (A) to 44 dB (A) for a 1 dB (A) increase or 36,

- - -. .

'

. . . ' dB (A) to 41 dB(A) for no community noise increase.-

.

* w

. .

' ' _ ' . .- - . . ,,

*

.

0

9 e

e 9

|
.

*

.--
.

.

. ,



.

$ECO D.YNE
' ^ ^

-

*"'!* *""*7*...''..;.4. f"- *{* **
'T .-

4.*
.

*
6 .

..1 )- 9. - .f . . . ... . . ..,.4 . .
.' ! i ,.

.'g ...g . i. .....

..'I. . . , . ..
.

n. -

. .- :

'.7
.t.

. -.
*

"1 . ..I .

i. . . , . . -
. e.

- .n. u. I .

l-...
. , . . . _ . . . . .g,. . g. .3. _. .

. . .

"I f . ,: - .o..l .

4... :
. - .

i
-

. . ,..g

t . n, - .
+ 1 - -

-t.

' !j ': I ; . ..: . g ;* - ~;g..-
- ;* .I+j u

-

i : ;
| ". - n. .. . I . .

. . .' g
. . .

^:..t- ..

.-
s:

- : .s -

. . . - .".
* :1;.

. . .
:. .-.

.j - .. -

....tt : *:: '
:.

. .. . .,. i g :- -. --. . . . . .

.

. . /. .. ..e.
. .. . .--. ... .:*- .M - t. a.t.s.3., I p-.6

"-: .. o :. ;;.- :.e . .
I..

.. .. . - . . . . .. .1. s

-

4 "4 _.- . . . . _ . .. ..... .. .

T l't.

:..':!.:n .1.: : O :. . .:.;p .. . ! . o :

- . :: -- - .

: : 8

. ..j _
.

--- - -

J ., a:. C.
24:

..n -- .u- .a. :it .:18 -.tj *- o
$. , !... s.: pp:

"

i.:'
- . . . 2.; .y; . . . . . . .: :.-. ..

--
.

,,.. f. i C7
. . .., . 4. . .i: .

-

.. .- | .. .

.
.p..,

. ue i- ,i c
.|..

,c >- '-

' ;. . t
.. . . . . . ... . . .

~

*r f--.4 -

m'.;
.. .:: :;*; -

! :: G ., . :.- :.t.
- .!:.

.

. * | ,;: . ,;; ; .

" . .
.

-
g rf

-g --
:c:b:. -

-

7 i r- ..
:,- -

.: .g. :::. a.: n ...: .:. a:: ::: ::.:. : aa. .-
. ,.

. :. .: .:

, ..s .a.: .:. . ;. ./
__

' ' -

.. . :! ..
.. . a. - . ..:c . . .a :. :.

p .; .

. r . i

-

3.r -

7 - - 7
--

oi:-
. - _C J ' Ci..

* . .

.[.h:.. .Q:
:., ; 8% |. C

a. . |
.''

.h,
. .

[$i.. a ;. ' . . . - - : ..
I: y

..
-

.

-:. .a y . ;-. . mi .a .~j . . . . .

,, - .
:

7/..
I ().1 . II:.- 3

.._L. ~
g: .., .. .,

'' !- - .: . . c*,

: p..| : .l in'
-

::l~ _ ;j.{::.. . .!
:i : P .n . .'

'* O:i. f- c
.': . . E.i. .. a::.

.

8 +. .
_q. .a g.. . .p .C.n. y . :. a ..::. . . : -. . j. . a.g... .: . a. -

,

. ;- :. . : ::1 :. .A .-*-e
;. ,- i c', c. F- .r. .

** t"7 CP-'

.u. :u. - .,
-

. ". ; :.-- . . .

:n n-" -
ea ,o-

..

. I- ;" .!- . . . .r-._.l.. F - ~
:...

- -
.

~~ - -
::n

-- - - ~ - cv .. .- - -

. T. .. ! :. . . .
:it :. . . . . . 6: . .

-; :- - -- :qj .a ::, :. -. I, *. ..i.. . . - - .... .:. . 2 : . ,;. . r
. ..

.e:: -- - c, g n, .i:. . . .. ..t.. .,.

:n :. .:. n . ... .i. . . .
_ 1. . . _

:2:.
-

. t .: . m -.I:
:. . . in n :: .: : ,. a

:: . . ..;d sN oa: . ::- : .. . . . .

-: --- . . . ..-- - . -- - - - - .--- :-- - - --- - :- - cd -
-

- :L:--. . - - - -.: --.--t-- -t a-
. .. ...

:----
..

1- ': : . n. :. pr
. ..

..3. . . -. . .
p:. --- - - - - - - :

. . - :- >;; p. :. :| - c N
i. . .

.

- -
.

. _g
,

O._,-). Cu '

-
...

-
. . . , . -.6. "U .

: ;. :.;: .t:. -|---

. . :j . : .

--- { . " .
:.. . . . . . , , . . . .

. A: - . - f. . -

..i.. . :: .
-- -

.
--

:! .-. ! ; .-. . .m. . .
.

2.;p 4 .

!
, --

J.= C

. . b, . .
- -

:
. . . =- . :: "i.

.

!:=
-- -

: .-- .- .

m--. + - -
.

m--
. . . .

-

-.
- .

p..o. n.. ;;. . : a. ..
_ ,,,c,,,,_-. m:u . :. c_

:Q. .. ''=
- i:1 d: :+:

..u[ .
4.iM d ~ "a e- : N | (*1-...-;

=i! r-i..

n.b "; - "-
' - . . u .~ .:. ..S. .j::: + m

. rJ:: o 4-

. t: n. - 8 -
. . . ;. . . .

aa ;_: ;-.p.:. : -_.2: :. .c - :_- .

'i ~: :-
' , . .

' O
-!...-

.:; . : .r .n:- .: .. -. . ,
: t:- -in :. - M .s . :e - L

--
::

. : -
-

. o -- m
:- ,- - .

en~
.. . "- . . . . m.

...:.
- -

. , a. . . r. : . i. . :
:4i.:ra.:q: .. j.

!.r . c.s j o a. : .. .: :q - " . ' . :. :.;. na2:: :a
:.t :n : g.- :$. : . .q- - ..-- - --

. - -
.:n.: . . . :_ a .~_u. . :. .u: . . - ~.. a .u.

A - 2;- - n, .. ..
-

aa. y:.a -

. r- oa:. :a.
". c - 1r :a: :; : ::::.g. . : i ,:-

. : . .:
. .r..

:: o u.- .: a;; :: o. , ... .: ..,:. ..
,

.. . . ...., , . . _. _.
.

. , , . :n a: - - r v.s
.._ *-:a :a<. . :;1 r

.

. ;
---

. .. .h !r.f:. .. . .

-r--- H m. 1. -r- -
. . . .

n|ct.
; . i.

...'
.

r -s -- -- : - ---n-~ ~
.e o c'

. + - - - - -
.: -e

-- --
.i. . . . . .

", y . . .
::. .

nr
'" "-

-

- - :
.

o-: . -: 1 :--

: !. .: . -- O. u) L9-,..,!.. | . "|...: n : t. . , .. . , _ , . . ., g.

!!].: .. I ::D* .. \ *.. - ::

.
, . . . . . .

g.fihig;. ;;.{ :.- g - U
^

3 sii' ijn : .5 : i*: I. : T I

9.[ 1-_z ._ . . .: - . ..;y| *.y[=. .y:z.. .a. .p
Ii

4, l . g|=p
.

.

y.ur ...:g. ; . . .
-a.u. g:, =. .:.

,.4 .. .- - .o. y o. . . . . . . . . . . . . , . i . ,2
,

.. :, . . ,
s m.e

' '

:: :- .! .... | - i : * *

! .. .

. }:--
h* .* . . .

. . h' ". *.'!***'6....~.. , . . ,

2. :~ * . . . ** . '"**!. * . * * !"*. : -*" ' *- " :
.

.

-
.

.

..
. . . . 1.*{*M *:. I ";- .,. ..

*

.i

*

C".3 N'- -- .]
r e......2. ,.p ...;t

...-.. .t
, g;

.. .. . . . . ...,. .. ..

.,
.

4 7 ;.g
2. .

;,,,
,t.- .-. ,. ,

, Ca
. . t- - f*

...

nj ;n,CFi;i
'

!..
. .?**' N* - . T1 .7'-

r- =

|- ::g ; .g .
... .-

!." . t :- ..:h: ,. .. - - o o J!*
1 a.. .].

.e.g j~ iy"q:
.

:a
: i.

- - "4
.

i:i: i:! ::j :|.i ? .
n:.: n a: .. ;;n. :: ;.:a .u :. V

'

i@

;. . :: ' . " . o u ,;. . .

"Ii' 1 |. :4 .;h. :t up.
':[;;i I: ' :|? .;iu o N g fb :i.[- :

,

.
2o .. ..-.u . . ..n- r: .i.-

- '

: a. : .. :t-
. --

..

..j..
.

.:8: :u. ; i.. - ...; q:- a.: a.
.

..
. . . ,.. 1... . .:t. : .--r- ..- '-+-- - - - - - -r:" ..-- -

m - i.d.:. . . - n 1 ._y .. _ . _ _ . . _. . :.. : .- . . .._. :.p" .
. . . .

: :: . :::-.... N- e
. i:.. . | n.; : .|

.,

en ..:z.n a s u. . . ._: nni . . ...:-

.

. .
.

. - u-

:n : -

_g, na.: , a.. .ia . -", ....

M, M;".-M; .-
.

. . .; .g. qa
[j: : - N -- li I--- -N M-- : JEp.i- Nj:M

p- ..

i .h- ...: R$ 4-? =;
' @ --

. . F. ,

-
~J-

: i.n . ..]. jt. : :j . . ..- !, . . d. .r. .

i.. .. . u..p.:: :. ; .r.
_

I. ,,
-

. -

:
.

,., .

,

. i.:. . , ;[-- .
1.e: t .. nt .n ..n. .n : .g; .p: n

..,. .. %. : ,;.:.
"-

-r: - - -. . . . -N. 1
-

-

. ".. "". . . *. . t. : :- ~

. . .. I" t
.

u. . . :.
-

- .e :n :--
---..;u. ..:.... .. ;; ! : ;. .:-

u. . !. . l.u. n
.

-
..n ::. "

n. -..
- - - - - - e - . . . e-:- - - - - - - :-- .:..- :::.. : : n. . : .::.. ~1. . . . .; n.- . . u.

.... . . - :r -
:;t : ie-

. :. .
' " * - " L,g , *"

. ..l . ... . . m
- * * * * " "

# . -

; q;. . a.t. ;4 :...:.o@.. .:: :n. .y h.
..

:
- !u. . : o. . .. ,;. 7: .. .:; " :In. .

. . .u....
. .... . .,

.7. a:.:.
:p: . ...

: :..
.

..c . .u.. .u. ..a",,., .... 2. - a.2.. .:r. . t. .u.-.n. _
.

m . ,-
. . ; . . i ,. . . . . . . . . . . . . . . -

.

2.:
- . u,p,-._.

n; , , ,. . . ..t,
.

. . 3. u; .!;...
. .. ..,

.. .;- .;. .. . . . .,. i ,. , i.,
. .

.:]
. .--:-" - .

. 8:. :r . . . . . .a' ....a. .;. f. ::.
. .

.n' .:.l..
. . . .

? . . .
. . .

-

. . "j. : |u-
- 5;.

, ..

:t:: :::; .n .

-

| y.... .: :. .._.. .. [..- ng.p.. qu
q.u.1. .

.._- ._ _ . . . . .. . _ _ . _r....

. .

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

u.; .:.. .u. .:;; ; .2; 3 : . ..3 unn. . aag .. :.
,

|
- si. . : .

. .
,

j H. :,:.
--

.

..

...
.ai

.

.2.;_
. 1. . . i " :-. .h, , . ..

.. ;

.d - "; ' r8
* N-

...:... .. : .. :..,.
-

.-
"

- t, .. . :.4..L
d

.
..= ; :.u_ .. .. .: . L. . ": ,

m.... . . g . . i.:. . ..

. . .;
; 7 ; . ;a. m:q, .,

., .. ; .

. .- o n : . o -

,

. . . .t . r
.. . z..

.- ni:-
, i .- :

-- : -* .. :I
- ea M.- - : u=.: .=. a . " : n.

. .: ..c

.d .

.-
, . ca-

w .. - -
. :1. .. :. . :::. . . . .:

. . .

a:t.Ti-.
.

"
.

. ::
. . .a. :

- -

. . , . . -| a..:.
-

. : :; :.:

,
.. .

. e.n .
. . .. . . n. .: 3.... y- .g: ..

-

.a .. d . :.:g. .. - n .a -
-

.. m, :_ ,
-

. . .., . . . ; ; .... . _ ..
.s..

g. ; ...g .
-

".i.... a . . .a : . , - .a. , r. .,.. n- .:
-

.

,
, _g

_.
? t .. ._- .

e= ...; - p" .
6

., ::
: :- . .! :.. ..p - - .g .

. _ . . ..m. . . .
..E.

... . . . ..

::;. g . . , . . ..

* * *

3 ..
:m : .. : | .

.|r
;.- *"

:.g...".. . " . .:

*.
. . . . . .

.. .

__ : ... . ... , . . . ' . . - ) . . . .
,m..t

t,.- . q. - "; - | . ,
..

,. -
-| ., . ,

a - , .. .

c:x.-
i . . . 6 ' .; .

.{. - m.; ,. 4 .. . l . e -. .

.a 8

-
.

. . el . j . ..j...J .j
. ..

.

.- . " w ..m
. .z. . . . - , j. .l.. .

n. ). 4.-
...

: . c
.. ,

-
w; . . . . . m:... e .;.

,-"

ym- " v,_r rw-l,m . i- u.g.,:= e W - p. .m. :. :.::m: ,. ,m iv : m.l. i ;..w:.rw- ur .-.. - q .:.,:..
.

.,x;.-;m. n .
. - ..o. - . . , - .. -...c.. . ... -... . .. .. .- ,

._

:... :;.i . i. i
+u. y ..t . . ,p ". ;.:. .a.c

M "- ' ' '
. u.. ; b:.- J.. 'lija. .n"

..r. .i.:!L.a. .:i:lik .$h. ..a. ..H "* M " :

iH Hi: iki;;! ;' ; di . '"'.;E
~

?.i . u 2 .n::. .:na ;. . .:!.:
"- -

r.

-ih. W diji- Wir ",~:
"

ii@:i. if@; W. 1. ._ r [- ". -:
,

.

*'
SU PM Cl-Ot aa t]p - -

.

- E.01 :!G T.d .TlV'd3/,0
. .. . .

v v



-
.. ,-..

,

Revised 2/22/73-,
,

r : -

'

.

.

TABLE II

.

* ATTENUATIONS, Octave Band, Center Band Frequency,' cps
.

.

Distance, Ft. 63 125 250 500 1000 f.000 4000 8000

50 52' 54 56 60 62 64 65 64 s,

100 55 58 61 64 65 68 70 70

200 58' 63 66 70 70 72 75 78
'

400 64 69 73 77 77 80 84 89, ,

'

500 65 70 74 78 79 82 87- 92

800 70 75 80 84'' ' 86 90 97 104
; -

I 1000 71 76 82 86 ~88 93 101 109
.

1200 72 77 83 87 90 95 103 112,
,

'

1600 76 81 89 93 97 1 04 116 128
'

2000 77 82 91 95 100 108 '123 137

2400 78 83 ' 93 97 1 04. 112 128 144
'

*
-

A-Scale 25 16 9 3 0 -1 -2 -2

**End Wall 0 0 0 7 7 9 9 11

* Attenuation for di tance based on measurement location perpendicular to louvre
face. The attenua ion values assume a tower location with little or no inter-
ference from the s roundings. Minimum SPL to be reported is 24 dB.

** If sound measure: int location is at an end wall and within 400 ft. of the
tower select PWL based on single cell HP and deduct the end wall attenuation
values in additic n, to the attenuation values shown in Table II.
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s . NOISE SURVEY FORM SOUTHERN SERVICES INC.
'

,
*4 P.O. Box 2625 !

{ t'M * L .w BIRMINGHAM, ALABAMA 35202

CLIENT: Georgia Power Company - Plant Bowen PRIMARY NOISE SOURCE: Unit I cooling tower

JOB NO: DATE: 9-20-72 EOUlP. M AKE B MODEL:Res. Cottrell Natural Draf :

OBSERVERS: C. E. Hickman CLIENT DESIGNATION: Unit 1

$ SLM: TYPE SER.# OPERATING CONDITIONS: Unit 1 operatine

TRANSDUCER: TYPE GR1560-P6 SER.# 1950 at rated load

5 ANALYZER: TYPE GR1558-BP SER.# 2279 Cooling tower iS COunterflOw type
2
g C ABLE: TYPE LENGTH

CAllB RATOR: TYPE GR1562-A SER.# 3122
SECONDARY NOISE SOURCE:

OTH ER:
EOUIP. MAKE 8 MODEL:

YRA-
'~

'" '"
T E M P. %RM M MHS CLIENT DESIGNATION:TIME

TION MPN

OPERATING CONDITIONS:
1:25p OK

#SOUND PRESSURE LEVEL,dB RE 2Og N/M rms
_

TIM E CONDITIONS A OVE"
N O. TION OCTAVE BAND CENTER FREOUENCY, Hz.

sc A LE ALL
LE VEL LEVEL 31.5 63 125 250 500 1000 2000 4000 8000

(
1 1:30p Al Base of tower 86 89 80 74 72 71 76 79 77 78 82

2 B1 At fence =15' from base 82 87 79 73 73 68 -72 75 74 74 77

3 Cl Base of tower 86 89 80 74 75 72 75 78 77 78 82
4 D1 At fence =15' from base 83 88 80 73 74 70 73 75 75 76 78

5 El Base of tower 87 89 80 82 77 75 78 79 79 79 83
6 F1 At fence =15' from base 84 87 80 81 76 72 73 76 76 77 78

7 Gl Base of tower 87 89 80 79 74 74 79 79 78 80 83

8 H1 At fence =15' from base 85 88 80 78 72 69 74 76 76 77 81
DI AGR AM- SHOW ME ASURING LOCATIONS: See drawing H-5200 for the general arrangement.

N Kl Fence lb ko4k
gee

s
, too I

} -k-1,N B
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J.Jg ] NOISE SURVEY FORM ' SOUTHERN SERVICES INC.

_ ??-)Ph1
- P.O. 80x 2625

BIRMINGHAM, ALABAMA 35202f

CLIENT: Ge rgia Power Company - Plant Bowen PRIMARY NOISE SOURCE: Unit 1 cooling tower

JOB NO: DATE: 9-20-72 EOUIP. M AKE B MODEL:Res. Cottrell Natural Draf-
OBSERVERS: C. E. Rickman CLIENT DESIGNATION: Unit 1

$ SLM: TYPE SER.# OPER ATING CONDITIONS: Unit 1 operatine

TRANSDUCER: TYPE GR1560-P6 SER.# 1950 at rated load

6, ANALYZER: TYPE GR1558-BP SER.# 2279 Coolinn tnwar ie enuntorf1nw + vn, n- a

g C AB LE: TYPE LENGTH
s
,52 CAllBRATOR: TYPE GR1562-A SER.# 3122
._ SECONDARY NOISE SOURCE:

.
OTHER: EQUIP. MAKE 8 MOCEL:

'N 'N CLIENT DESIGN ATION: .TIM E sRA. TEMP. %RH M MHO
-MPH OIR.7, , ,

OPER ATING CONDITIONS:

_

_

_

SOUND PRESSURE LEVEL,dB RE 204 N/M*rms

TIM E CONDITIONS A OVEN
N O. TION OCTAVE BAND CENTER FREOUENCY, Hz.

sc A LE ALL
LEVEL LEVEL 31.5 63 825 250 500 1000 2000 4000 8000

- /

9 2:00p Il Railroad track - west 75 79 70 72 67 60 65 67 67 68 70

10 J1 25' farther west than Il 73 77 70 70 66 60 64 66 65 66 67

11 K1 North =200' from base 74 81 71 72 71 64 63 66 67 67 65
'

12 L1 Between tower and plant 81 85 80 79 73 69 69 74 75 74 71

11 M1 At rond 69 70 74 '70 67 58 58 61 62 62 63

DI AGR AM- SHOW ME ASURING LOCATIONS:

1

See sketch on page 1 !
l

4

|

|
.

|

RECOMMENDATIONS:
.

,

S3195.!-O

, - - -- .- .- - - ,.
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. ') NOISE SURVEY FORM SOUTHERN S ERVICES INC.
, y y P.O. 80x 2625

Fli' / * __ BIRMINGHAM, ALABAMA 35202,
- 1

CLIENT: Georgia Power CO.-Plant Bowen Unit 1 Cooling TowerPRIMARY NotSE SOURCE:

JOB NO: 024 DATE: 4-6-73 EoulP. M AKE 8 MoDELFat Cattrall Natural nra n
OBSERVERS: Hickman and Thompson Unit 1.

CLIENT DESIGNATION:

$ SLM: TYPE SER.# OPERATING CoNDITio.4S:

TRANSDUCER: TYPE GR1560-P6 SER..# _1950 Tests 1-5: Unit 1 operatino at

3 ANALYZER: TYPE GR1558-BP SER.# 2279 695-700MW
'
g C AB LE: TYPE LENGTH Test 5A: Unit I off the line

CALIBRATOR: TYPE GR1562-A SER.# 3122 SECONDARY NOISE SOURCE:
OTHER: Windscreen

EoulP. MAKE 8 MODELt
'

TIME BRA- T E M P. %RH M MMG EU DMWMHOW
,

OPERATING CONDITIONS: .

14:00 OK

.

SOUND PRESSURE LEVEL,dB RE 20g N/M*rms
,

" ' '"8 " ^" " " " " '"'N O. TION
sc Lt L

/
LEVEL Lgy EL 31.5 63 125 250 500 1000 2000 4000 0000

1 14:00 A2 Rim of basin-West 85 86 55 74 68 68 77 78 77 78|79
2 B2 Rim of basin-Northwest 85 86 57 72 69 68 77 78 78 78 79
3 C2 Rim of basin-Southwest 85 86 57 72 67 68 77 78 77 78 79
4 D2 Rim of basin-East 86 87 75 80 72 70 77 77 77 78 |79
5 E2 Rim of basin-At valve 95 96 76 81 84 84 87 90 89 85 82

SA ** A2 Rim of basin-West 85 87 70 73 70 68 76 79 78 78 77
DI AGR AM- SHOW ME ASURING LOCATIONS:

** Measurements taken May 13, 1974 with Unit 1 off the line. N

Cooling tower is Counterflow type.
E 7.

82.

h h f -f- 42. IO W R
*

I O2.
2000' 600' 4 00 * 200'

.
.

R ECOM M E NDATIONS: *

5 9$ . . n -
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; NOISE SURVEY FORM
- SOUTHERN SERVICES INC.

'.f'-(1 P.o. Box 2625/' - s'
BIRMINGHAM, ALABAMA 352o2

CLIENT: Georgia Power Co.-Plant Bowen PRIMARY NolSE SdVRCE: Unit 1 cnnling tnwer
JOB NO: #24 DATE: 4/6/73 EoUIP. MAKE a MoDEL.R s., Cottrell Natural Draf t!L
OBSERVERS: Hickman and Thompson

etignyot3 ion 37,on, Unh 1
$ SLM: TYPE SER.# OPERATING CONDITIONS: Unit I o.Aeratina

TRANSDUCER: TYPE _ GR1560-P6 SER.# 1950 at 695-700 MW
U ANALYZER: TYPE G R1558-BPSER.# 2279
2
g CABLE: TYPE LENGTH

CALIBRATOR: TYPE . GR1562-A SER.# 3122
SECONDARY NolSE SOURCE:

OTHER: Windscreen
EoVIP. MAKE a MoDEL:

TIME anA T E M P. %RM WWHO I
Tio N , g

oPER ATING CoNDITloNS:

#
TEST PoSI- SOUND PRESSURE LEVEL,dB RE 2og N/M rms

TIME CONDITIONS A OVERTIM OCTAVE BAND CENTER FREoUENCY, Hz.
West of Tower avet Levet 31.5 sa ses eso soo soco 2cco 4000 ecco(

6 14:25 F2 10' from rim of basin 83 84 66 73 64 64 74 75 75 75 75
7 G2 20' from rim of basin 80 81 67 75 64 62 71 72 72 72 73
8 H2 25' from rim of basin 79 80 65 74 63 61 68 71 |72 72 73
9 12 40' from rim of basin 78 79 64 74 64 61 68 69 71 71 71

,

10 J2 50' from rim of basin 77 78 63 72 65 60 67 68 70 70 69
1

11 K2 80' from rim of basin 74 75 62 67 63 58 64 66 67 '67 66
12 L2 100' from rim of basin 73 75 63 68 66 57 63 65 67 67 64
13 i M2 150' from rim of ba 'in 71 74 63 71 61 55 62 64 64 {64 69s

DI AGR AM- SHow ME ASURING LOCATIONS:

)Co've*r
r

See sketch on page 1

Descriptive Data: Counterflow tower W""'
Water flow = 258,400 gpm

L
R=138'=42m 1
T=-?'=-0.61m ' ' 'f'/ / , ' ^. "-

D=72'=9.75m <f / *
' '/-

h=37'=11.3m , /ff"//dh'"G'e '-'

h'=30'=9.15m fff /f '/, ', ', Q
r |} 1

hf
,

% or ,, a , ,,, $v#

Boessa ,

g 2. R. N
RECOMMENDATIONS:

,

'

S r, 6 9 5 - t - 0
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NOISE SURVEY FORM SOUTHERN SERVICES INC.,

.

P.O. Box 2625' . - -

BIRMINGHAM, ALABAMA 352JJ
+

CU ENT- Georgia Power Co.-Plant Bowen PRIMARY NOISE SOURCE Unit I cooling tower
4/6/73 EQUIP. M AKE B MODEL8ES.. _C.ottrell Natural.. Draf tJOB NO: 024 DATE:

OBSERVERS: Hickman and Thompson CLIENT DESIG NATION: Unit I
$ SLM: TYPE SER.# OPERATING CONDITIONS:

TRANSDUCER: TYPE GR1560-P6 SER.# 1950 a t 695-700 MW
5 ANALYZER: TYPE GR1558-BP SER.# 2279

C ABLE: TYPE LENGTH

CALID RATOR: TYPEG R1562-A 3122SER.#
SECONDARY NOISE SOURCE:.- -

OTHER: Windscreen
EQUIR MAKE 8 MODEL:

'

Tsur sRA- T E M P. %RM M MHO
P DR

,"0"
OPER ATING CONDITIONS:

16:00 OE

#
p ,

SOUND PRESSURE LEVEL,dB RE 204 N/M rms

NO. TION ' **sc Lt ALL
West Of Tower Lrvet tevet s e.s ss ins eso soo sooo zooo 4eco sooo

'
14 15:00 N2 225' from rim (at road) 68 71 64 68 65 62 57 60 62 60 !53

Northwest of Tower
15 15:30 02 100' from rim of basin 72 76 69 70 66 61 63 64 65 ,65 61,

16 'P2 150' from rim of basin 70 76 68 73 66 60 60 63 64 |63 56
17 Q2 200' from rim of basin 67 76 69 75 65 59 58 61 61 |59 52
18 R2 300' from rim of basin 66 74 69 70 65 56 59 59 59 56 45
19 S2 400' from rim of basin 62 73 67 69 61 57 57 57 56 51 40

DI AGR AM- SHOW ME ASURING LOCATIONS:

See Sketch on page 1
,

R ECOM M E ND ATIONS :
.

.

SS195 -1.O
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NOISE SURVEY FORM SOUTHERN SERVICES INC.h.h -h P.O. Box 26 25
f- " r" - 1 BIRMINGHAM, ALABAMA 35202

CLIENT: Georgia Power Co.-Plant Bowen PRIMARY NOISE SOURCE: Unit 2 Cooling Tower

JOB NO: 040 DATE: 5/8/74 EOUIP. M AKE 8 MODEL: Rec..Cqttrell Natural Draft

OBSERVERS: _flickman and Thomoson CLIENT DESIG NATION: Unit 2
g SLM: TYPE B&K 2209 SER.# 454249 OPERATING CONDITIONS:

TR ANSDUCER : TYPE B&K 4145 SER.# 456988
5 ANALYZER: TYPE B&K 1613 SER.# 460875
:E

g C ABLE: TYPE LENGTH

Call B R ATOR : TYPE B&K 4220 SER.# 457476 SECONDARY NOISE SOURCE:
OTH ER: jlind Screen

EQUIP MAKE S MODEL:
" '"

Tiut ERA. T E M P, %RH M MHO CLIENT DESIGNATION: _.

OPER ATING CONDITIONS:

16:10 OK

Og NMms,TEST POSI-
CONDITIONS A oVER

N O. TION OCTAVE BAND CENTER FREQUENCY, Hz._

Southwest of Tower Levet Levet s i.s ss ers eso soo ioco rooo 4ooo soccg
1 16:20 A3 Rim of basin 84 89 70 72 70 69 78 79 77 77 76

2 B3 10' from rim of basin 82 89 73 73 68 67 74 77 75 74 73
3 C3 20' from rim of basin 78 81 65 72 69 64 71 72 72 72 70
4 D3 25' from rim of basin 78 80 67 74 70 63 69 71 72 72 70

.

5 E3 40' from rim of basin 7g 7q g4 77 64 67 66 69 70 69 67
6 F3 50' from rim Of basin 74 79 63 70 64 61 65 67 68I68 66
7 G3 80' from rim of basin 73 76 62 72 62 57 63 66 67 | 67 63
8 H3 100' from rim of basin 72 75 63 70 66 60 63 65 66 65 61

DI AGR AM- SHOW ME ASURING LOCATIONS:

Descriptive Data: Counterflow tower I

iWater flow =258,400 gpm j s'acu.R=138'=42m
{T=-2'=-0/61m j g

D=32'=9.75m f cy,,,,,, g-h=37'=11.3m a

h'=30'=9.15m f3'0'/y',f,.''

'/ s/,,nj!iM / ,''-'
/

// / / / // / '' "

}// /i r'/ // / / / / / / / / s.' g

b ,

s a ,,i \ \
' " or

SAssu ,,y ~.

y ;,
'

RECOMMENDATIONS: '

|

|

Sf195.l.O
..

f
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NOISE SURVEY FORM SOUTHERN SERVICES INC.h^ P.O. Box 2625' *-
1 .

BIRMINGHAM, ALABAMA 35202

CLIENT: Georcia Pnwor cn -plant Anwnn PRIMARY NOISE SOURCE: Unit 3 Coolina Tower
JOB NO: 041 DATE: 5/20/74 EQUIP. M AKE B MODELPet.cnttroll Natural Draf t
OBSERVERS: Hickman and ThomDson CLIENT 0ESIGN ATION: Unit 3
g SLM: TYPE B&K 2209 SER.# 454249 OPERATING CONDITIONS: Unit 3 off line _

h TRANSDUCER: TYPE B&K 4145 SER.# 456988 Coolina tower is COunterflow tvoe
ANALYZER: TYPE B&K 1613 SER.# 460875

s
@ CABLE: TYPE LENGTH
H
m CAllDR ATOR: TYPE B&K 4220 SER.# 457476

SECONDARY NOISE SOURCE:
OTHER: Windscre_en EQUIP. MAKE a MODEL:

enI' 'Tiut T E M P. % RH M b' M G -
MPH olR.y g,

OPER ATING CONDITIONS:
10:00 OK 6-8 E

.

#SOUND PRESSURE LEVEL,dB RE 204 N/M rmsST P&
TIM E CONDITIONS A OVERg )' TION OCTAVE BAND CENTER FREQUENCY, Hz

SC A LE ALL

East Of Tower Levet Ltv et us ss ses rso soo ioco roco 4 coo soco,

1 10:05 A4 Rim of basin 82 86 80 73 71 68 73 76 76 76 75
2 B4 10' from rim of basin R1 RR RO 73 70 AR 77 7R 74 74 71
3 C4 20' from rim of basin 79 83 b0 73 69 63 68 72 72 73 72
4 D4 25' from rim Of basin 77 83 80 74 67 62 66 69 71'71|71

-

s E4 40' from rim Of basin 75 80 75 72 63 59 62 65 68 69 68
6 F4 50' frOm rim Of basin 74 74 76 73 AR RR 63 6R 67 6R 67
7 G4 .80' from rim of basin 72 79 72 71 65 55 62 64 66 67 65
8 H4 100' from rim of basin 71 79 74 69 63 59 60 63 64 65 61

DI AGR AM- SHOW ME ASURING LOCATIONS:

Descriptive Data: COunterflOw tower I

Water flow = 310,000 gpm=23,400 kg/Sec. ,5' #"'"
R=158.5'=48.4m
T=-2'=-0.61m
D=36'=10.9m Cu'vea r
h=44'=13.4m

- W /,' / ,
'

'h'=34'=10.4m / /e % / /,KA// /,

' ' / ' / / / h 's . r, 1 h
'// /

/////////.Approximately one-half of the total water b,o

capacity was by passed during 8/m o #gg , ,, }this test. Gasse ,- ,

h 2R :[
R ECOM M E ND ATIONS :

.

m

* *
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- N[y ; NOISE SURVEY FORM SOUTHERN SERVICES INC.

-

. , ' *

P.o. Box 2625,

. .. . n BIRMINGHAM, ALABAMA 35202. ,(,
'

CLIENT: Cwqia Power Co, Plant Bowen PRIMARY NOISE SOURCE: Unit 3 Cooling Tower,

JOB NO: 041 DTTE: 5/20/74 EoUlP. M AKE B MoDEL:Res. Cottrell Natural Draft,,

OBSERVERS: Hickman ,1nd Thompson CLIENT DESIGNA71oN: Unit 3m

8 SLM: TYPEE 2209 SER.# '54249 OPERATING CONDITIONS: Unit 3 off line4

TR ANS DUCER : TYPE B&K 4145 SER.# 456988
8 ANALYZER: TYP E B&K 1613 SER.# 460875
s
g C ABLE: TYPt _ LENGTH

CAllBRAToR: TYPE B&K 4220 SER.# 457476 SECoNDARf NolSE SOURCE:
oTHER: Windscreen

EQUIP. MAKE 8 MoDEL:

. ' .Tiur , e T r u P. %RH WMHG
P oR( Tion

OPERATING CONDITIONS: -

10:57 OK

>
,

13:15 OK

#sound PRESSURE LEVEL,dB RE 2og N/M rms
,f TEST PoSI-

TIM E CONDITIONS A OVER
HS. TloN OCTAVE B AND CENTER FREoUENCY, Hz.

scALt ALL
' East of Tower tevet tevet n.s e its eso soo ioco reoo 4ooo ecco'

I' 9 10:30 14 150' from rim of basin 69 78 72 69' 62 54 59 62 63 63 61
10 J4 200' from rim of basin 66 75 72 65 62 51 57 60 61 60 55
11 K4 300' from rim of basin 47 | 51_.sp 79 no As gn En 49 sm 47

_L2 L4 400' from rim of basin An 77 ' go As- no do 49 gg- 44 ga a7
'

13 10:55 M4 500' from rim of basin 58 73 67- 65 59 45 45 48 48 50_10_
14 13:25 N4 600' from rim of basin 53 74 67 64' 65 53 46 47 45 I 40 37

'

15 04 700' from rim of basin 52 72 69 63 54 50 48 44 43!39 28__'

16 pa 800' from rim of basin' 51 '74 i67 62 54 50 48 44 38 36 28
DI AGR AM- SHoW ME ASURING LOCATIONS:

C

e 4

(

!
3.

!

RECOMMENDATIONS:
- t

.

I

1
55195 -1. o

~

.__
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,fJ\%,' NOISE SURVEY FORM,,

SOUTHERN SERVICES INC.
P.O. Box 2625- '^g BIRMINGHAM, ALABAMA 35202

/

CLIENT:_Seoraia Power Co.-Plant Bowen PRIMARY NOISE SOURCE; Unit 3 Coolina Tower
JOB NO: 041 DATE: 5/20/74 EQUlP. M AKE 8 MODEL.ReS. COttrell Natural Draft
OBSERVERS: _Hickman and Thompson CLIENT DESIGNATION: Unit 3

SLM: TYPE _B&K 2200 SER.# 454249 OPERATING CONDITIONS: Unit 3 off line
_'

' ti TRANSDUCER: TYPE B&K 4145 SER.# 456988
5 ANALYZER: TYPE B&K 1613 SER.# 460875
:E
g CABLE: TYPE LENGTH

CAllBRATOR: TYPE B&K 4220 SER.# 457476
SECONDARY NOISE SOURCE:

. indSCreenWOTH ER:
EQUIP. MAKE a MODEL:

~

Tiu t sRA- 7 t u P. % RM u uMo EEU UNUDM:
7,,, uPM oin.

OPER ATING CONDITIONS:
. 7

_17:00 OK
_

I' '
#

p , SOUND PRESSURE LEVEL,dB RE 2Og N/M rms
TIM E CONDITIONS A oVERN O. TION OCTAVE B AND CENTER FREQUENCY, Hz.r

SCALE ALL
-East of Tower

f
tevet tevet s i.s as its aso soo tooo 2o02 4eco ecco

17 13:45 04 900' from rim Of basin 48
18 R4 1000' from rim of basin 45

.

.

DI AGR AM- SHOW ME ASURING LOCATIONS:

,

,s
'

r
;;

RECOMMEfJDATIONS:

;%

55i0 -1- 0

pjf !* , ^
,

. .,
__ _ -- -

l
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SOUND LEVELS MEASURED AT VARIOUS DISTANCES
FROM THE UNIT 1 NATURAL DRAFT COOLING TOWER

AT PLANT B0 WEN'

Distance from Rim, Feet Sound Level,
dBA

At rim '85
,

10 83

'

20 80

40 78

50 77

80 ' 74
.

100 73

200 69

300 66
'

400 62'
'

'

600 48-50'e

700 49'51 -
-

'800 49-51

i 900 50 -

1000 50-

1300 47-48

.1400 43-45

1500 44-

1600 41-45; .

1700 44
,

'

1800 '

- 43

1900 40-,

2000 - 42_44-

2100 42

_2300 41

,

e

e 4 ow - W t



,
_

.

SOUND LEVELS MEASURED AT VARIOUS DISTANCES
BETWEEN UNIT 1 AND UNIT 2 NATURAL DRAFT COOLING<

TOWERS AT PLANT BOWEN

Distance from Rim of Distance from Rim of Sound Level,
Unit 1 Tower, Feet Unit-2 Tower, Feet dBA

440 At rim 84

430 10 82

400 40 79

360 80 76

340 100 - 74

290 150 71

240 200 67

190 250 67

140 300 68,

'
90 350 73

40 400 78

25 415 79

20 420 81-

10 430 83

'At rim 440 85

'

.

4

e

e

O

_ _ _ _ _ _ _ . _ _ _ _
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NOISE SURVEY FORM SOUTHERN SERVICES INC.,

f W '',, _- . P.O. Box 2G25/; ?... - --
BIRMINGHAM, ALADAMA35202

CLIENT: Gulf Power Co. - Crist Steam Plant PRIMARY NOISE SOURCE: Cooling Tower

JOB NO: 021 DATE: 11-2-72 EQUIP. M AKE B MODEL: Marlev - 8 cells

OBSERVERS: Hickman and Wright CLIENT DESIGNATION: Unit 6 tower'

$ SLM: TN PE SER.# OPERATING CONDITIONS: Unit 6 onevntine at
TRANSDUCER: TYPE GR1560-P6 SER.d 1950 at rated load.

5 ANALY2ER: TYPE GR1558-BP SER.# 2279s
@ C ABLE: TYPE LENGTH

CAllB RATOR: TYPE GR1562-A SER.# 3122
SECONDARY NOISE SOURCE:

OTHER:
EOUIP. MAKE 8 MODEL:

'~
lNo WIN o

Tiu t enA- T r u e. */. R H M MHG . CLIENT DESIGNATION:
Tion *

OPER ATING CONDITIONS:
22:30 OK 75

#SOUND PRESSURE LEVEL,dB RE 204 N/M rmsp
CONDITIONS A OVE"

N O- TION OCTAVE BAND CENTER FREOUENCY, Hz.
SC A LE ALL

WOSt of Tower tevet LevrL s i.s as its eso soo ic oo roco 4eco sooos.

1 13:00 Al South end - 5' 84 95 86 82 81 79 74 73 74 76 79
2 El Center - 5' 84 99 89 R2 83 82 75 75 75 77 80
3 C1 North end - 5' 83 93 82 80 82 80 74 73 73 76 80
4 D1 Center - 10' 83 94 84 80 81 80 74 74 74 76 79
5 El Center - 25' 82 92 86 80 79 79 73 73 73 73 76
6 F1 South end - 50' 77 88 80 80 74 75 70 70 69 67 70
7 G1 Center - 50' 80 92 82 80 75 76 72 72 72 70 73
8 H1 North end - 50' 78 90 82 79 75 75 70 70 70 69 72

DIAGR AM- SHOW ME ASURING LOCATIONS:

75'-
g

50'- FI &I HI &
25' - es

DIAl Ds es

To UI VI WI

| | | |
75" Co' TS' o co'

RECOMM E ND ATIONS : .

S b l 9 '. - f . O
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; NOISE SURVEY FORM SOUTHERN SERVICES INC.
,g, P. O. B o A 26 25

i Sc ' ^-- BIRMINGHAM, ALABAMA 35202

CLIENT: Gulf Power Co. - Crist Steam Plant PRIMARY NOISE SOURCE: Cooling Tcwor

JOB NO: 021 DATE: 11-2-72 EQUIP. M AKE 8 MODEL: Marlev - 8 cells

OBSERVERS: Hickman and Wright CLIENT DESIGNATION: Unit 6 tower

j SLM: TYPE SER.# OPER ATING CONDITIONS: Unit 6 operatine at

g TRANSDUCER : TYPE GR1560-P6 SER.# 1950 rated load.

6 AN ALY Z ER : TYPE GR1558-BP SER.# 2279
|E
g CABLE: TYPE LENGTH

CALIB RATOR: TYPE GR1562-A SER.p 3122
SECONDARY NOISE SOURCE:

OTHER:
EQUIP. MAKE 8 MODEL:

'~ INO WIND
flut RA- T E M P. %RH M MHO CLIENT DESIGNAT3ON:

TION ' *

OPER ATING CONDITIONS:

#SOUND PRESSURE LEVEL,dB RE 2Og N/M rms
,

TIM E CONDITIONS A OVER
N O. TION OCTAVE BAND CENTER FREOUENCY, Hz.

SCALE ALL
< West of Tower 'EVEL LEVEL 3'5 83 '5 250 500 '000 000 *000 5000

9 13:15 Il North end - 100' 73 83 78 76 70 66 67' 66 65 64 64

10 J1 North end - 150' 72 84 74 76 71 64 66 65 64 63 63

West of Canal
' 11 K1 South end = 200' 70 81 74 74 72 67 64 64 63 62 62

19 L1 Center e 200' 71 83 72 72 72 68 64 64 63 63 62

13 M1 North end = 200' 70 80 75 75 72 66 65 64 63 63 62

DI AGR AM- SHOW ME ASURING LOCATIONS: Rs'
8

un -r- +

Pttil ap'+ 0i 9,

u.t-xs Lt + tnr N
15 ? + ll h'

CANAL, , , , rt

fe';_-
.

_ +

00000000
R ECOM M E ND ATIONS:

,

SSIM -i . c

.
. . .
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NOISE SURVEY FORM SOUTHERN SERVICES INC.,

P. O. B ox 26 2 5u : _ /h .?i7 BIRMINGHAM, ALABAMA 35202

CLIENT: Gulf Power Co. - Crist Steam Plant PRIMARY NOISE SOURCE: Cooling Tower
JOB NO: 021 DATE: 11-2-72 EOUIP. MAKE 8 MODEL: Marlev - 8 cells
OBSERVERS: Hickman and Wright CLIENT DESIG NATION: Unit 6 tower
$ SLM: TYPE SER.# OPERATING CONDITIONS: Unit 6 eneratino nt

TRANSDUCER: TYPE.CR1560-P6 SER.# 1950 rated load.

$ ANALYZER: TYPE GR1558-BP SER. # . 2279s
@ CABLE: TYPE LENGTH

CALIB RATOR: T.YPE GR1562-A SER.#_ 3122
SECONDARY NOISE SOURCE:

OTHER:
EOUIR MAKE 8 MODEL:

TIM E sRA- T E M P. %RH M MHG O
Tt oN *

OPER ATING CONDITIONS:

POW SOUND PRESSURE LEVEL,dB RE 2Og N/M rms#

CONDITIONS A oVERNO* TION OCTAVE BAND CENTER FREOUENCY, Hz.SCALE ALL

West of Tower Levet Leytt 31.s ss its eso soo roco roco 4ooo sooo/

Top of Bank

14 13:40 N1 West of pumps e 250' 69 79 73 79 70 65 65 63 61 59 55
15 01 South end = 250' 71 82 71 74 71 66 68 65 62 60 59
16 P1 Center = 275' 72 83 75 77 71 66 68 66 64 63 61

,

17 01 Korth end = 250' 71 84 73 74 70 65 67 65 63 62 61
18 R1 Center = 300' 67 83 72 73 68 62 62 62 60 59 57
19 S1 Center = 400' shielded

from tower by bank 61
DI AGR AM- SHOW ME ASURING LOCATIONS:

See Sketch on Page 2.

R ECOM M E NDATIONS:

S Si% - 1 - O

.- _ . , __
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- NOISE SURVEY FORM.

SOUTHERN SERVICES INC._121 *<O? q/
- i; P.O. Box 26 25

( BIRMINGHAM, ALADAMA35202

ILIENT: Culf Power Co. - Crist Steam Plan t PRIMARY NOISE SOURCE :- Cooling Tower
' JOB NO: 021 _ DATE: 11-2-72

EQUIP. M AKE a MODEL: Marl ev - 8 enll e
OBSERVERS: __ H_ ,ickman and Wrinht

CLIENT DESIGNATION: Unir 6 rownr$ SLM: TYPE _ _SER.# OPERATING CONDITIONS: Unit 6 operating at
TRANS00CER : TYPE GR1560-P6 SER.# _1950 rated load.

6 ANALYZER: TYPE GR1558-BP SER.# 22792

@ CABLE: TYPE _ LENGTH

CALIBRATOR: TYPE _ GR196?-A _ SER.#
m

'41 ? ?
OTHER: SECONDARY NOISE SOURCE:

EQUIP. MAKE 8 MODEL:'

TIME RA- T E M P. %RH MMHG CLIENT DESIGNATION:
'" '"

Tion MPH olR.

OPERATING CONDITIONS:
~

i

TEST POSI- 'dB RE 20g dms
N O. TION CONDITIONS A ove"

OCTAVE BAND CENTER FREQUENCY, Hr.SCALE ALL
North of Tower Levet Ltvet s t.s ss ers eso soo sooo 200o 4oco sooo[} 14:15 T1 Center - 5' 68 81 74 71 71 67 63 61 59 57 5621 U1 Center - 25' 65 82 76 71 71 65 58 56 55 54 5322 V1 Center - 50' 64 79 75 71 70 66 59 56 54 53 5123 W1 Center - 100' 61

.

DIAGR AM- SHOW ME ASURING LOCATIONS:

See Sketch on Page 1.

.

.

!
*

.

P

!
_

R sMMENDATIONS:.

SSl95 . I- O

e
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; NOISE SURVEY FORM SOUTHERN SERVICES INC.
/

'

'

s P.O. Box 2625
. O BIRMINGHAM, ALABAMA 35202

r

CLIENT: Culf Power Co. - Crist Steam Plant PRIMARY NOISE SOURCE: Cooling Tower

JOB NO: 021 DATE: 11-2-72 EOUIP. M AKE 8 MODEL: Marlev - 8 cells

OBSERVERS: Hickman and Wrirht CLIENT DESIGNATION: Unit 6 tower

$ SLM: TYPE SER.# OPERATING CONDITIONS: Unit 6 nnorneing nr

TRANSDUCER: TYPE _G_R1560-P6 SER.# 1950 rated load.

5 ANALYZER: TYPE GR1558-Bp SER.# 2270
_

:E
g C ABLE: TYPE LENGTH

CAllBRATOR: TYPE GR1562-A SER.p 3122 B ster pumps
SECONDARI NOISE SOURCE:

OTH ER: EOUIP. MAKE 8 MODEL:
~

11M E anA- T E M P. % RH WMHG I
WPH oiR.""

OPER ATING CONDITIONS:

SOUND PRESSURE LEVEL,dB RE 2Og N/M*rms
p

TIME CONDITIONS A OVE"
, gO. TlON OCTAVE BAND CENTER FREOUENCY, Hz.

sc4Lt Att
South of Tower Ltvet Lcvtt s i.s ss its eso soo ioco roco 4oco sooo

/ 24 14:30 X1 Center - 10' 75 85 77 77 77 73 70 74 64 63 58

25 Y1 Near pumps = 50' 81 89 81 80 79 80 77 76 70 66 58

26 Z1 Between booster pumps 87 94 85 82 82 88 86 83 76 73 63
'

27 A2 Booster pump motor 88 92 82 79 84 88 84 84 80 75 64

28 B2 Annrox. 100' from tower 75 83 80 76 73 74 71 70 66 64 60
29 C2 Approx. 200' from tower 68 79 74 74 70 67 66 64 57 54 49

DI AGR AM- SHOW ME ASURING LOCATIONS:

See Sketch on Page 1.

1

|

.

|

RECOMMENDATIONS:

.

S S 19 5 - l - O
-

.
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\[ ' NOISE SURVEY FORM SOUTHERN SERVICES INC.
,

P.O. Box 2625
,

- 12 - - 2 BIRMINGHAM, ALABAMA 35202

CLIENT: Gulf Power Co. - Crist Steam Plant PRIMARY NOISE SOURCE: Cooling Tower

JOB NO: 021 DATE: 11-2-72 EOUIP. MAKE 8 MODEL: Marlev - 8 cells

OBSERVERS: Hicknaa and Wright CLIENT DESIGNATION: Unit 6 tower

$ SLM: TYPE SER.# OPER ATING CONDITIONS: Unit 6 operatine at

TRANSDUCER: TYPE GR1560-P6 SER.# 1950 rated load.

5 ANALYZER: TYPE GR1558-BP SER.# 2279
2
g CABLE: TYPE LENGTH

CAllBRATOR: TYPE GR1562-A S ER. #_ 3122
SECONDARY NOISE SOURCE:

OTH ER:
EQUIP. MAKE 8 MODEL:

'~ 'N 'N
T E M P. %RH M MHG CLIENT DESIGNATION:TIM E

s,R A -,gg MPH DIR.

OPER ATING CONDITIONS:

.

S 204 NMmsTEST POSI- ,

TIM E CONDITIONS A oVERNO. TlON OCTAVE BAND CENTER FREOUENCY, Hz.
SCALE ALL

East of Tower LEVEL LEVEL s r.s ss las eso soo sooo roco 4eco sooo
'

30 15:10 D2 South end - 5' 84 95 84 81 82 81 75 74 75 76 79
31 E2 center - 5' 84 95 88 81 82 81 76 75 75 76 79
32 F2 Center - 10' 83 95 88 80 83 82 76 74 74 75 78
33 C2 center - 20' 82 90 88 82 80 81 75 73 73 73 77
34 H2 Center - 25' 81 94 83 82 80 80 74 72 72 72 75
35 T2 Center - 40' 79 93 84 83 77 77 73 71 72 70 73
16 37 concer - so' 79 89 83 83 75 76 71 71 71 69 72
37 K2 center - 100' 75 87 82 81 72 70 69 68 68 67 68

DI AGR AM- SHOW ME ASURING LOCATIONS: *--- ~ -- - - '

TOWER
OL EA

F2
-G {" N

rd+rI
'

n ==iii>
.

, *

'

100'-t= K2

iSc'+ 42
.

|
|

RECOM M E ND ATIONS:

! 2W M2

|

| USIDS l . O
i .

, ,
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?)] A} NOISE SURVEY FORM SOUTHERN SERVICES INC.
w.L;

:|
,g P.O. Box 2G25

,

''G BIRMINGHAM, ALABAMA 352C2i

7

vLIENT: Gulf Power Co. - Crist Steam Plant PRIMARY NOISE SOURCE: Cooling Tower

JOB NO: 021 DATE: 11-2-72 EOUIP. M AKE & MODELi Marlev - 8 cells

OBSERVERS: Hickman and Wrinht CLIENT DESIGNATION: Unit 6 tower
4

j SLM: TYPE SER.# OPERATING CONDITIONS: Unit 6 oneratine at
-Q TRANSD,UCER : TYPE CR1560-P6 SER.# 1950 rated load.
Z
G ANALYZER: TYPE CR1558-BP SER.# 2279
:s
g C ABLE: TYPE LENGTH
s
g CAllDRATOR: TYPE GR1562-A SER.# 3122
_

SECONDARY NOISE SOURCE:
OTHER: EOUIP. MAKE & MODEL:

'
TIME BRA- TEMP. %RH W MHG I

*T10N
OPER ATING CONDITIONS:

f

' " **
TEST POSI-

CONDITIONS A OVE" OCTAVE BAND CENTER FREOUENCY, Hz.
NO. TION SC A LE ALL

East of Tower LEVEL LEVEL 38.5 63 125 250 500 1000 2000 4000 0000

/ 38 15:40 L2 Center - 150' 72 86 80 79 71 65 64 64 64 63 64

4 39 M2 Center - 200' 69 84 78 79 70 64 62 62 62 61 60

! Ton of Townr
*

40 N2 North end 66 84 73 70 68 66 60 58 58 57 54

41 02 South end 77 97 86 89 87 80 73 70 69 58 48

42 P2 Fan motor = 5' west 93 101 93 94 88 88 88 89 85 81 75

DI AGR AM- SHOW ME ASURING LOCATIONS:

RECOMMENDATIONS:

.

S S ISS - 1. O
-

..

4

_ _. , _ _ .
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SOUTHERN SERV.lCES, INC.
,

,

O cSIGN E C DATE

Gulf Power Company - Crist Steam Plant cweenco o ve,,,

Sound Level (dBA) Aroun'd Unit 6 Coolina Tower swerv 1 1orou,,ec,

41 @ 400'
67 6 300'

*
,

250 69 7/ 72 7/

4

2cd 70 Tl 70
72 @ / fo#

# CA WA L
'

73 6 /00'
!4' 71 ED 78- -

h 62
. . . .

'

Id 83
ff 8'I P4 F3g_

L6 7; PaMS St. 75 g.g gy a. g,

78*
p' 320' ==.

,_ ,

M Erl-
sr to' 03

4 ~ S2.

6/

79 M'

RI 7.9

.

e

i
!

-

i

!

icd yg
*

,

49 @ 2co'
. , , - .
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NOISE SURVEY FORM SOUTHERN SERVICES INC.<, .h,g; P.O. Box 2G25[ v L BIRMINGHAM, ALABAMA 35202

CLIENT: Gulf Power Co.-Crist Unit 7 PRIMARY NOISE SO' RCE : C00 lina TowerU

JOB NO: 037 2/13/74DATE: EoVIP. f4 AKE B MODEL: Mechanical draft
OBSERVERS: _Hickman, Thompson, and Czepluch CLIENT DESIGNATION:
g SLM: TYPE B&K 2209 SER.# 454249 OPERATING CONDITION 3:

TRANSDUCER: TYPE B&K 4145 SER.# 456988

5 ANALYZER: TYPE B&K 1613 SER.# 460875
:

@ C ABLE: TYPE LENGTH

CALIB R ATOR : TYPE _b&K 4220 SER.# 457476 SECONDARY NOISE SOURCE:
OTHER: Jlindscreen A_ Random inc. cnr"- EQUIP. MAKE 8 MODEL:

'' *'N *'"
Tsut enA- T E M P. %nH u uno CLIENT DESIGNATION:

710N " '*

OPERATING CONDITIONS:
11:0C OK

..

SOUND PRESSURE LEVEL,dB RE 2Og N/M*rms'

TEST POSI-
TIM E 'TION *sc Lt ALL

( cooling Tower '" E ' 'E"' ''5 " '*' '' ' '* * * *

150 10:20 06 3' W. - ctr. of tower 84 94 86 87 86 A4__29 76 76 7R 77
151 R6 3' N. of tower 69 37 78 80 74 68 63 61 62 57!55
152 S6 3' E. - ctr. of tower 83 99 91 84 85 84 79 76 75 75b6
153 T6 3' S. of tower 78 39 84 79 79 73 73 74 70 70'65

-

154 U6 10' N. of CT pumps 85 94 87 84 85 84 81 79 76 73 73
2

.

DI AGR AM- SHOW ME ASURING LOCATIONS:

Positions Q6-U6 are marked on blueprint D-19000.

I
i

!

R ECOMM E ND ATIONS:

5505.s.0

y - , _ , ..y -_
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SOUllD LEVEL SURVEY
UNIT 5 COOLING TOWER

PLANT JACK WATSON
MISSISSIPPI POWER COMPAtlY

GULFPORT, MISSISSIPPI

.

.

(
.

.

.

September 29, 1977

Charles E. Hickman
Research & Development Department
Southern Company Services, Inc.*

Birmingham Alabama

.

,
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INTRODUCTION
,

( A sound level survey was conducted for Mississippi Power Company

i- around the Unit 5 cooling tower at Plant Jack Watson on September 29, 1977.

| The major purpose of this survey was to document sound levels around the

only round mechanical draft cooling tower within the Southern electric

i- system.-

! Measurements were made using the A- and C- weighting networks

and octave bands centered at ANSI Preferred Frequencies (ANSI Standard.

SI.6-1967(R1971)) from 31.5-8000 Hz. The sound level meter used meets the

[ Type I specifications of ANSI Standard S1.4-1971. Instrumentation used

during the survey is 'isted below.l

! Manufacturer Type, Model No. Serial No.-

Bruel & Kjaer Sound Level Meter 2209 454249
Bruel & Kjaer Octave Band Analyzer 1613 460875

; (' Bruel & Kjaer Microphone 4145 455974
; Bruel & Kjaer Calibrator 4220 457476
j Bruel & Kjaer 10' Cable A0 0027 -

i

| To supplement the sound level data, the following documents are

included-in this report.

| 1. Print E-PS-3014 which shows the location of the cooling tower
; relative to the plant and on which the measurement locations
j are marked.

t 2. Schematic View-Plan-Concrete Crossflow *

I

! 3. Schematic View-Elevation-Concrete Crossflow

4. Various parameters. .both operational and dimensional, for .
the tower.

4

SURVEY RESULTS

; Sound level data measured around the Plant Jack Watson Unit 5

cooling tower are presented on six pages of " Noise Survey Forms." Unit

] 5 is a 500 MW, 2400 PSIG unit and the cooling tower is a Marley'Round
4-

-

1

_ - - . . . - . _ - . , - ~. _, , , _ , ,. _ , ,- ,-
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4

; . Class 700 Mechanical Draft Crossflow type. The tower cools 172,000 GPM
of water from 120"F to 90 F at' a wet bulb temperature of 80 F. During '

;
-

the survey' Unit 5 was operating at 460 MW and 15 out of 16 fans were
~

-

running.
,.

The Marley Company supplied the following statement concerning,

sound levels in their bid..

!=

_" SOUND LEVELS'- Predicted sound levels (dbA) at 5 ft. above ground level;

and specified distance from towers.,

[ Distance 100' 500' 1000' 2000' 3000' 4000' 5000'dbA 68 59 55 49 46 43 40j
.

j
No contribution from ambient design features of the base tower including high:
efficiercy fans, low pressure drop system, and round partitionless plenumi
structu"e ensure minimum noise characteristics. . Should further noise reduc-;

tion be required du_e to site requirements, treatment would be determined ~as'

a function of location of sensitive area or areas, amount of reduction re-t quired and the frequencies to be attenuated. Treatment as established byj the foregoin
the source g cculd consist of barrier walls, or atteruation baffles in; receiver path."

; Due to the location of (1) the main plant with its exterior; p .

;
equipment, (2) the ash pend and (3) a spray module cooling canal for another

j
unit, the number of traverses for obtaining meaningful data was quite

i limited (See Print-E-PS-3014). Also, distances of approximately 300 feet
;

-

;
along these traverses were maximums before the noise from external sources =

such as forced draft and induced draft fans became clearly audible.
.

From the Noise Survey Forms the following observations can be
-;

:

1 made.

| 1. Sound levels agreed within 2 'dBA at every point along two
'

{ traverses from the tower.-

i
2. At the basin rim, 84-85 dBA'was measured.

3. At 100 feet from the basin rim,.a sound level of 72 dBA was
,

''

measured. The Marley prediction was 68 dBA. It should be noted|

.that the original desigr. spectfied 113 fans. To improve the
performance of the tower, 2 additional fans have been added

,

. (See Schematic View-Plan-Concrete Crossflow-Drawing No. 73-'

41622).
-

,

1

6

4 y

7 y -+--g , -,,'y t--my,,,, ,,,.e7 --vc 39--n,--,- % ,,-r'v---'r ryve+-~v'-,-v-et- +=--e-' r v e- -w--+ r e - - - - ' "- e e r-w v w - *,-
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' '

4. - The sound level between the booster pumps located 40 feet froms

the basin rim was 86 dBA which was 1-2 dBA higher than soundj-(_ -levels measured at-the basin rim. As a result, sound levels
j were approximately 2 dBA higher at distances of 40-100 feet

from the pumps when compared to sound levels at equivalent
j distances from the basin rim along traverses not affected by

the pump noise.

5. Octave band sound levels measured at the basin rim, at 100
feet from the rim and at 200 feet from the rim are plotted on,

j ' Figure 1. No discrete tones were audible nor evident from
these data.

{ Descriptive data and engineering information for the particular

: cooling tower investigated are included in this report. Perhaps this

information will be useful in the-development or verification' of an

: equation to estimate sound power radiated by the round cooling tower.

SUMMARYs

!

,

Based on the sound level'results and the location of the round,

( cooling tower on the plant site at Plant Jack Watson, no community noise.

; complaints related to cooling tower noise are anticipated. Measured
4

sound levels' are comparable to those measured near other mechanical draft

towers within the Southern electric system. .One obvious exception, however,

is that the round tower does not exhibit the near-field directivity observed

with conventional mechanical draft systems.
.

G
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NolSE SURVEY FORM SOUTHERN SERVICES INC.
. ' P.O. Box 2625c ,

_ - _ ,
.- BIRMINGHAM, ALABAMA 35202

k
CLIENT: MPCo - Plant Jack Watson PRIMARY NOISE SOURCE: Cooling Tower

JOB NO: 070 DATE: 9/29/77 EoVIP. M AKE 8 MODEL: Marley Rnund Towar
OBSERVERS: Hickman and Newton CLIENT DESIGNATION: Unit 5
$ SLM: TYPE B&K 2209 SER.# 454249 OPERATING CONDITIONS: Unit 5 oDeratinQ

h TR ANSDUCER : TYPE B&K 4145 SER.# 455974 at'460 MW: cooling tower
$ ANALYZER: TYPE R&K 1613 SER.# 460R75 nneratino with 15 of 16 fanc:

C ABLE: TYPE B&K LENGTH 10' on

CALIB RATOR: TYPE B&K 4220 SER.#_457476 SECONDARY NOISE SOURCE:
OTH ER: Windscrefn EQUIR MAKE 8 MODEL:

'
7 ME ARA- TEMP. %RH M MHG O *

,"
OPERATING CONDITIONS:

8:00 OK 78 90 0-6

#SOUND PRESSURE LEVEL,dB RE 20u N/M rms
TEST POSI-

'
N O. TION '

sc Lt ALL

no | soo ecoo|4cco i eccotevet tevet s i.5 as its ioco
7

!1 8:05 Al Balin rim 85 93 90 87 83 81 77 76 77 80 80
2 81 3' from rim 82 92 91 86 80 79 75 74!74 77 ! 77
3 C1 6' from rim 81 90 90 85 80 76 73 72 72 75 75-

36-
I4 D1 10' from rim 80 89 90 85 79 76 72 71 72 75 75 1

5 El 12' from rim 80 90 89 85 79 76 72 71 71!74 75
6 F1 20' from rim 78 88$4fb8 78 74 70 68I 69 i 73 73
7 G1 24' fenm rim 77 88 I bb8 78 75 70 6R| 6R I 71 60

8 HI 40' from rim 75 R9 0 bR | | 74 70|66|67!70!67
DIAGR AM- SHOW MEASURING LOCATIONS:

NOTES:

1. See Southern Services Dwg. NO. E-PS-3014 for Sound level measurement
locations.

2. See Marley Company Dwgs. No. 73-41622 and 73-41623 for details of the
cooling tower Construction.,

RECOMMENDATIONS:

CL'?*-l C

.
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NOISE SURVEY FORM SOUTHERN SERVICES INC. 1Y '

P.O. Box 2025
BIRMINGHAM, ALABAMA 35202

L
CLIENT: MPCo - Plant Jack Watson PRIMARY NOISE SOURCE : Conlina Tnwer

JOB NO: 070 DATE: 9/29/77 EOUIP. M AKE 8 MODEL: Marley Round Tower

OBSERVERS: Hickman and Newton CLIENT DESIGNATION: Ifnit 5

$ SLM: TYPE B&K 2209 SER.# 454244 OPERATING CONDITIONS: !!ni t 4 nneratinn at
-

TR ANSDUCER : TYPE Rf,K 4145 SER.# 4Rgg74 _4An MU; ennlinn tower ener_ating
B&K 1613 SER.g 460875 with 15 Of 16 fans On5 ANALYZER: TYPE

:s
g C AB LE: TYPE B&K LENGTH 10'

CAllBRATOR: TYPE B&K 4220 SER.d 457476 SECONDARY NOISE SOURCE:

OTH ER: _ Winds _creen - EOUIP. MAKE B MODEL:
'

Ti u t eA- T r u P. %RM uuMo. $[, REM DumMHON:
,

OPERATING CONDITIONS:

#SOUND PRESSURE LEVEL,dB RE 2Ou N/M rms
_

N O. TlON '
sc Lt ALL

4000fe0C0
. Lgygt Lgy gt 31.5 63 itS 250 500 1000 2000

9 8:45 11 48' from rim 75 88 8g7 8b7 78 73 69 65 66 69! 66
810 J1 80' from rim 73 87 1 7 70 67 64l 64 67!64

86f86!83_
~

70 66 63 ' 63 661_63_11 K1 96' from rim 72
U- 01- 712 L1 100' from rim 72 5 70 66 62_ A1 AE._.62_86 _6g7g4

13 M1 '50' fenm rim 69 R4 ng 793} AR A0!A1!A3___50_61
7-

14 N1 150' frnm rim 64 RR A1 74 7A An A1 gn A1 63 6
7b 74 sn sol A91 s%15 _01 192' from rim 68 a4 a0 66 62 nI
//- |16 P1 200' frnm rim 67 a1 R1 R1 74 A; Ap AR. An A9! 57._ ,

DI AGR AM- SHOW ME ASURING LOCATIONS:

RECOMMENDATIONS:

S S J ', . f . o

.

- - . . _ _ - - - - - - - - - . _ _ . _ _ - - . - - - _ _ . _ - - - - - - - _ - - _ _ _ _ _ _ - - _ - _ . - - - _ . _ _ _ - _ _ _ _ - - - - - - _ - - _ - - - . _ - _ _ . _ _ - - - - _ _ _ _ . _ _ - - . - - - . - _ _ _ - _
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'

NOISE SURVEY FORM SOUTHERN SERVICES INC.' k - Q' P.O. Box 26 25
-

(
-- BIRMINGHAM, ALABAMA 35202

CLIENT: MPCO - Plant Jack Watson PRIMARY NOISE SOURCE : C00 lina Tower

JOB NO: 070 DATE: 9/29/77 EOUIP. M AKE B MODEL: Ma rley Rntinef Tnwor
OBSERVERS: Hickman and Newt;.pn CLIENT DESIGNATION: Unit R_

g SLM: TYPE B&K 2209 SER.# 454249 O PER ATING CONDITIONS: Unit 5 operatino

TRANSDUCER: TYPE B&K 4145 SER.# 455974 at 460 MW; coolino tower oDeratina
'

5 ANALYZER: TYPE B&K 1613 SER.# 460875 with 15 of 16 fans on
2
g CABLE: TYPE B&K LENGTH 10'

h CAllBRATOR: TYPE R&K 4220 SER.# 457476 SECONDARY NOISE SOURCE: FD and ID fans
WindscreenOTHER:

EQUIP. MAKE 8 MODEL:
'

TiMt anA T E M P. %RH M MHG
MP O" "

OPER ATING CONDITIONS:

#SOUND PRESSURE LEVEL,dB RE 2Og N/M rms
TEST POSI-

N O. TlON *
, sc Lt ALL

40CO|80C0[ LEvtL LEVEL 31.5 63 t25 250 500 1000 2000,

17 9:45 01 300' from rim 63 R2 95 _7R 71 61 57 Rd Rd R6b1_
R0-7g0_ h-fl ! 54 54b56b51-18 R1 120' frnm rim 61 65 58

19 S1 384' from rim 63 80 81 77 76 65 58 55 I l54 55 50_,

/2-
|20 T1 400' from rim 61 7A 7A 76 77 AR RR 47 . R0 _552 49-

21 U1 450' from rim 63 79 78 72I71 l6R Ro 54 R4 El 42_

:

DI AGR AM- SHOW ME ASURING LOCATIONS:

'

RI. Plant visible, Unit 5 fans audible from apprOximately 300' and beyOnd.

.

R ECOMM E ND ATION S:

.

C - b

- _ . _ .__. . . . - _ -
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NOISE SURVEY FORM SOUTHERN SERVICES INC.
-v P.O. Box 2625
_ c- BIRMINGHAM, ALADAMA35202

(*
CLIENT: MPCo - Plant Jack Watson PRIMARY NOISE SOURCE: Coolino Tower

JOB NO: 070 9/29/77 Marley Round TowerDATE: EQUIP. M AKE B MODEL:

OBSERVERS: HiCkman and Newton Unit 5
_CLIENT DESIGNATION:

$ SLM: TYPE B&K 2209 SER.# 454249 OPER ATING CONDITIONS: Unit 5 Operating

TRANSDUCER : TYPE B&K 4145 SER # 455974 at 460 MW: cooling tower operatina

6 AN ALY Z ER : TYPE B&K 1613 SER.# 460875 with 15 of 16 fans on
s
@ C AB LE: TY PE RFN LENGTH 10'

CAllBRATOR: TYPE B&K 4220 SER.# 457476 SECONDARY NOISE SOURCE:

OTHER: __Wi[1dSCreen EQUIR MAKE B MODEL:
'~ '" '" CLIENT DESIGNATION:Tiut RA- trum %RM u uMG pH Dt' "

OPER ATING CONDITIONS: *

#SOUND PRESSURE LEVEL,dB RE 20g N/M rms
,

TIM E CONDITIONS A OVER
N O. T10N OCTAVE B AND CENTER FREQUENCY, Hz.

SCALE ALL
4ocojeccoLtytt LevtL s t.s as nas 250 soo rooo zoco( 86- i.

22 13:10 A2 Basin rim 84 94 92 86 82 82 77 76 76 77: 75
I23 B2 3' from fim 82 92 87 87 80 77 74 73 73 74 72'

24 C2 6' from rim 80 91 gg9 87 80 76 73 72 71 72 _ll
pri D2 10' frnm rim 7R on gg1, R4- 74 76 72 71 70, 72: 70

26 E2 12' from rim 78 91 90 83 79 76 71 70 ' 70! 72! 70,l
oo- s

-

I27 F2 20' from rim 77 89 90 85 80 75 71 68 68' 71 6989- i2R G2 24' fenm rim 76 89 90 84 79 75 71 68! 68: 71 68g
74 H2 40' fenm rim 75 R4 41 83 78 74|71 66!67 69 67

DI AGR AM- SHOW ME ASURING LOCATIONS:

.

t

RECOMMENDATIONS:

S S 19 5 . s . C
. r.
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NOISE SURVEY FORM SOUTHERN SERVICES INC.
. f. - s RO. Box 2625

. .- " -' BIRMINGHAM, ALABAMA 3$202

CLIENT: MPCO - Plant Jack Watson PRIMARY NOISE SOURCE: Cooling Tower

JOB NO: 070 DATE: 9/29/77 EQUIP. M AKE 8 MODEL: Marlev Round Tower

OBSERVERS: Hickman and Newton CLIENT DESIGNATION: Unit 5
$ SLM: TYPE R&K 2209 SER.# 454249 OPER ATING CONDITIONS: Unit 5 nperating

% TR ANSDUCER : TYPE R&K 4145 SER.# 455974 at 460 Mb1- ennlinn tnwar nnaratinn

ANALYZER: TYPE B&K 1613 SER.# 460875 with 15 of 16 fans en

g C ABLE: TYPE B&K LENGTH 10e

CALIB RATOR: TYPE B&K 4220 SER.# 457476 FD and ID fansSECONDARY NOISE SOURCE:
OTH ER: jlladscre_ep

EOUIP. MAKE & MODEL:
t~

3ND IND CLIENT DESIGNATION:TIME BRA. T E M P. %RH M MNG ,""
OPERATING CONDITIONS:

14:00 OK 85 0-6

#SOUND PRESSURE LEVEL,dB RE 20g N/M rms
,

TIM E CONDITIONS A ovtR
gg, TION OCTAVE BAND CENTER FREOUENCY, Hr.

eso|sootevet tevet n.s s3 its ioco roco 4000 sooo(,

x-
: 30 13:35 12 48' from rim 75 86 gg0 83 78 73 70 % EM %!
l 31 J2 80' from rim 73 87 J6 82 77 71- 68 63! 64I 66! 63 !

oc-
32 K2 96' from rim 72 86 8g8 83 77 70 67 64 63 66| 63

65| 62 ;33 L2 100' from rim 72 87 gg? 83 76 70 66 63 63

34 M2 150' from rim 70 85 86 82 76 68 65! 61. 61l 63' 59|
35 N2 160' from rim 68 85 87 80 75 67|62 60!60! I62 58
36 02 192' from rim 68 84 gg 73 66 62 58!59|62 57

37 P2 200' from rin 68 84 85 84 75 67|63 60!59!62. 58
DI AGR AM- SHOW ME ASURING LOCATIONS:

P2. Plant visible, Unit 5 fans audible from apprOximately 200' and beyOnd.

<

'
R ECCM M E ND ATIONS :

5 S 495 . . o
.



.. - -

b 6PAGE 0F

f NOISE SURVEY FORM SOUTHERN SERVICES INC.
i% , g; RO. Bon 2625

l BIRMINGHAM, ALADAMA35002
'

(
CLIENT: MPCo - Plant Jack Watson PRIMARY NOISE SOURCE: Booster DumDs

JOB NO: 070 DATE: 9/29/77 EoVIP, M AKE B MODEL:

OBSERVERS: Hickman and Newton CLIENT DESIGNATION: Unit 5'

g SLM: TYPE B&K 2209 SER.# 454249 OPER ATING CONDITIONS: Both pumps on

TRANSDUCER : TYPE B&K 4145 SER.# 455974y

$ ANALYZ ER: TYPE B&K 1613 SER.# 460875
2 -

@ CABLE: TYPE B&K LENGTH 10'
y CALIB RATOR: TYPE B&K 4220 SER.# 457476 ooling Tower

; SECONDARY NOISE SOURCE:
OTHER: Windscreen Marley Round TowerEQUIP, MAKE 8 MODEL:

IR A. CLIENT DESIGNATION: Unit 5,',"g p ,"'
TIME T E M P, % RM M MHg

"
OPERATING CONDITIONS: Unit 5 oDeratina

12:30 OK 85 0-6 at 460 MW; cooling tower operating

with 15 of 16 fans on

#SOUND PRESSURE LEVEL,dB RE 20u N/M rms
TEST POSI-

TIM E
TION '

sc LE ALL

soo |iceo ecco |booster Pumps LtvtL Lev et 3 '.s sa its eso reco 4eco,

1

i 38 12:35 A3 3' N of DumD 83 93 88 88 86 83 82 78, 70 70 65

J9 B3 Between pumps 86 94 89 88 88 87 R4 Rd!71!68' 66i
_40 C3 3' S nf numn R3 93 R9 RR R7 R2 R2 7R 70 71| 69

! 6h41 D3 20' from Cl of numns 79 88 86 R4 79 77 76 76 65 64

42 E3 40' from CL of pumps 75 90 _85 84 80 73 72l 73l64l65!61i
co-

43 F3 60' from CL of pumps 74 86 88 82 79 73 69 69| 64 ! 64} 61.

44 G3 80' from Cl of numns 73 86' B3 81 78 73 68 68 62! 64I 60

-45 H1 | 100' frnm Cl nf numnt 72 R4 R4 RO 7R 73 67 64I62!62 58
DI AGR AM- SHOW ME ASURING LOCATIONS:

1

R ECOMM E ND ATIONS : *

5 S 19 5 . i . O
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DESCRIPTIVE DATA AND ENGINEERING INFORMATION,

,

h- 1
; 'The following descriptive data and engineering information

are furnished in connection with Unit 5 at Plant Jack Watson

1. Type of tower Mechanical Draft

2. Crossflow or counterflow Crossflow

3. Water flow from tower - gpm 172,000

4. Temperature of water to tower 0F 120

5. Temperature of water from tower - F 90

6. Design wet bulb temperature - F 80

7. Range - F 30

8. Approach - F 10

9. Orientation of tower Refer to:
Southern Services Dwg.
No. E-PS-3014
Marley Dwg. No. 73-41622

['

10. Pumping head required above sill at
design conditions - ft 43.9

24 11. Mean fill cross section area - ft 16,000
1

12. Depth of fill section - ft 42
'

313. Volume of fill section - ft 672,000

$ 14. Splash area - ft 448,000
2

215. Fill wetted surface - ft 896,000

16. Tower loading (per unit of splasg
area or wetted surface) - gpm/ft 0.384

'
17. Outside diameter of tower - ft 287

18 Overall height of tower - ft (above sill) 59.8 5 Refer to
Marley Dwg. No.

19. Height of distribution headers above 73-41623
sill - ft (to fiume water level) 42.8 ,

20. Material of fill Corrugated Asbestos
Cement Board per ASTM.

C221 (Type II Cement;
Autoclaved)

.

- - - . _ - . - -
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i

21. Material of support system Precast concrete with
! noncombustible glass
'

g reinforced polyester grids
222. Air ~ inlet area - ft 33,000

23. Stack exhaust velocity - ft/sec 30

24. Number of cells required One

25. Number of fans required 16

26. Fan manufacturer Marley-

27. Diameter of fan - ft 28
,

28. Fan blade material Glass Reinforced Polyester

29. Fan blade tip speed - ft/sec 201 -

30. Fan speed - rpm 137

31. Gear reducer manufacturer Marley

32. Brake horsepower per fan - hp 147

33. Motor description 150 Hp, 3/60/550,

{ 1800 RPM, 445TS, TEFC

.

.
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of sound by changing the aserage
molecular weight of the gas. Since the. .

- speed of sound is shown by c=
(ART /Af)u the eficets on sound of

'

changes in molecular weight, .il, and,

., temperature, T. are equivalent (R is

Propagation of Environmental hyoise the pas constant and A is the ratio of.

,pec;fic heati. 1his equivaience i, ex.
pressed by derivin; an "scoustic
temperaturc" for purposes of sound

More theoretical and experimental work could permit the speed calculation u). An example of
prediction and subsequent control of environmental noise.

w!'d gradient is shown m ng. 2. Re.'' * ('i a "~i' h '' * P''''"'' I F5* ""d
m

.

D" fraction is important when the change
in the path of sound may affect shic!d.
ing of the obseryer from the scurec as
shown in Fig. 3. Refraction eficets are
usually only observed for distances of

Sound propagation is a general term path is also very markedly changed. _a few hundred nieters (1 foot -- 03
that embraces the myriad of processes Nevertheless, with most environmental meter) or more.
that occur in the transmission of acous. noise, we assume that the sound output < fir absorption. The absorption of
tical cncrgy from the place where it is of the sources such as cars, jackham. sound in air is caused by (shear) vis.
generated to the point of observation. mers, and aircraft remains nearly un. cosity, heat conduction. and melecular
It includes the phenorncna of refraction changed as the sources move about. vibrational relasation (4). The ciTect is

C[and geometric spreading, air and sur. commonly espressed as a change in
ce absorption, and scattering, retice. s6und lesel in a fixed distanee. Com.

'

an and difTraction. All of these arc The Phenomena That Comprise monly chosen distances are 1000 feet or
important and particular examples of Propagation I kilometer. The attenuation is fre.
environmental noise propagation. The quency dependent and tvnienliv
main problem in studies of noise propa. The physical phenomena that arc amounts to a few decibels oer 1mo (cet
gition, is that of determining which associated with sound propagation have in the most audible frenuenev hands,
mechanisms are dominant in any par. been mentioned. Most practical situa. son here,,a , u'or ~ This form of
ticular situation. tions include at least two or three of attenuation is most'significant for the

The process of observing the sound these phenomena. In this section. I give noise of aircraft landing and taking off
by measuring it with a microphone or a brief description of cach phenomenon or for other noise probicms in which
listening to it has little interaction with and an indication of the kind of prop. the propagation distance is rather long.
the propagation process, except that agation problems in which it occurs. Sur/ ace absorption. Sound lescls are
the strategy for rnaking accurate obser. Ccometric spreading. This refers to affected by surface reflections in two
vations is affected by our understand. the spreading of sound energy in space distinct ways. When the source end
ing of the propagation. There is not as a result of the expansion of the receiver are both close to the creund.
such a distinct separation between the wave fronts, as shown in Fig.1. It (a!. the ray rePeeted from the cround may
processes of generation and propaga. most) always causes an attenuation in interfere destructively with the direct
ti:n. however. The location of a source sound levels by a certain amount when rw as shown in Fie .4 -(.% This etTect
may affect both its sound power output the propagation distance is changed by is usually noticeabic over ranges of
tnd the transmission of the sound. a fixed ratio. This ratio is ordinarily propagation from a few hundred to a *

1.ocation atTects the directivity of the * he distance doub!cd abbreviated dd. few thousand feet in the frequencyt

sound source. Geometrie spreadine is eenerally con. range from 100 to 500 hz. When the
As an csumple, let us consider an sidered to be independent of frequency source is very close to the cround as in

crdinary fan operating in an open win. and hn a maior effect in all situations the case of snowmobiles or lawnmow.dow, if the window is closed, the sound of mund propaeatmn (D.
crs. the eneet is even more important

power radiated by the fan may increase Rr/raction. Refraction is the bending and can affect sound levels very close
because of the impact of f!aw upon the of sound rays caused by eradual en,

'4 u" % An cum.de of 'h s at.
t " inJm.' p.u . win!e the pnt. ..t .. u J. u,:a o, the .p.e.! e . , ti. . . .n ;s.u.atm.,; ,:,c,t i., ,hm E u l t : 5 tst.

The av%e 6 in De der 8
.

h "" "'" '' **"5"'''" I'd UY 'I'd'"

ene.nur.as ai N sta.ucin.'an=ni et rnahanel temperature gradients m the atmosphere loss of energy upon. reflection. Thiswm t.uma,ofi,a.
mo. camt>nce osm.

m. Ilumidity also changes the speed process is called surface absorption in
14 htARCit 191)
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(coustics. "The eficet is of paramotmt counter a region of inhomogeneity in Scattering san causc quite remarkable
importance in room acoustics for the the medium (a local sariation in sound changes in sound levels. When sound

,

', sound strikes the walls raany times (7)
speed or air density) some of their would normally be shielded from some

In outdoor propagation the losses upor. cnergy is redirected into many other region by a barrier, tutbulence canreflection are ahn important. Whec directinm. T! ts crew is cat'd =c: :ce. c.ui.e el c c"eetiwrew of the 1.irtier ta..'s ed t'acrag.aa, at. .s v.. .a i" 1 s. O .:cu, . .: 1 . . ;:.:avn :w e '

n. r.*w :.l. nrr m v :h e , -r tot sump? , ma;up e ser..eN u. Irom ter.utwn. in tho>e paoesnes, the re- side niore than 15_dll of shktha_ irsbuilding faces occur. Sound that would direction is essentially into one direc. ikfd 'i t "''i m m hee'"# af * m"adreach the observer if the buildings were tion. Scattering is produced in environ. enuer scattered inen the shmtaw recinn
perfect mirrors is reduced because of mental noise situations by turbulence hv '"'h"t ner f f ?). On the other hand,absorptive reflection losses (S) and be. (9), rough or irregular surfaces (10), turbulence scattering does not cause
cause of redirection of the acoustical and obstacles in the path such as trees losses in energy great enough to com-
energy. The redirection of sound is and other vegetation (11). In industrial pete with other attenuation processes in
more properly included in the subject situations nines. machines. and other directly illuminated regions.of scattering.

obstacles seatier and redirect the acous. The scatterine of sound by rain,&arrering. When sound waves en. tical encrev. for. or snow. for esample, at ordinary
ficauencies is not creat enouch to be
sienineart (Hi. The effects of precipi-

(A) (B) (C)
ta' ion are far more important in chang-
ing . sound iransmission by changiog
the humidity and the temperature dis.
tributions in the lower atmosphere.~

*
-. 4.} Reflection. When the sound encoun.\\// - -:

ters a surfac'e that is several wave.
-

kb lengths in extent, the entire wave is re-
directed. This results in increased sound
levels for positions illuminated by the

Fig.1. Geometric divergence of sound waves and resulting attenuation. (A) Spherical rebounding wave and reduced levels at
spreading 6 dB/dd; (B) c>lindrical spreading. 3 dB/dd; (C) sound in channel. O dB/JJ. other positions, as shown a.n Fig. 6..

Barricts reduce sound levels by reflec-
tioni the orchestra shcIl of a concert

I) hall enhances sound by the same pro.
Sound rays(g Wind profile cess.

- j As mentioned before, reflections are,

of particular importance in propagationShado
Shadow j along city streets. Experiments show

-- -

that significant amounts of sound energy
.

may still be present after a wave makes
Fig. . Refraction of sound by wind and tempera- -g four or five reflections from the sur.,

ture gradients. tA) Temperature lapse, no und; faces of a buildinE. In most outdoor
N

(D) temperature lapse, with wind. Shadow
situations however. re!!ection and seat. e

terine take place simul:ancously because'

of the touch texture of the surfaces.
The actual absorption of sound from_

masonry wells is generally less than toWind **
percent, but the amount redirceted by. ,-

,,, / ~

C ''
, # scattering may bc significantly greater

| / Shadow than this (14).'" p N region~

/ [ \ \ DiBrcerion. In a shic!ded region (be.'
' hind a house that faces a busy street,r \ for example) sound Icvels may be lim.g B \ N ited by diffraction. Diffraction and: -. - -

# I ~
'

'

scattering are very similar phenomena.|
Diffraction may, in fact, be d: lined as

| Fig. 3. Destruction of barrier effect by wind refraction. the scattering that occurs at a region of'

inhomogeneity at the bounding surface
-

SOUfce of the medium, such as where there is
g Receiver a rapid change in impedance or radius

, ,; of curvature (4, p. 449). Thus, a finite- ,

i4
-

' , , ,
" wall forms a boundary to the medium.!

The flat surfaces of the wall result in
' .

*
a_, - -

- .

~ ~ ~ ~ ~

_- reficction. but the shirnly curved sur.
faces at the edces of the wall came the

-
-

~

Fig. 4. Ref!cetinn of grazing wave from ground showing pouibility of deutuctive .tvrie . terme.1 %!.4ra- .m "laterference.
Itecwe the pipe, :.nJ m .l. inn inlo64

sci,: Net Vol IM
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. fxins) mi; br he itefined as part of the sound fach in the hi..fer fremmncv for osygen and nitrogen molecules ap-the 'bninahn*: smlare" of the medium, b m.h h:o e been consistentiv mere ti. nea'rs to fit th form of the absorptione
it is eviAin tb..t ehe ih tmetnin between n . of I!? L s .' m o m. il o t the ro!. er w wr me!ecules in1.cattain: .md ib.ir wtum enay be some. co a c""''- o "r A * at ce. dying this sna:a tr.m fer alter > thewhat artiliaal. Ih!!raction in outdoor it ' fwowne

temperature dependence of the ah>orp-, sound propagation is important in I ccent inyestigations of air absorp- tion (19). Ako, the reaction can be-
ransmitting sound energy into shielded

lion over wide ranges of frequency and come complicated in that there may becreas, uhhough the absolute amount of humidity indicate that the role of nitro. sescral dilTerent modes of energy trans-sound power redhtributed by diffracason gen in producing attenuation in the fer to the molecules. These multipleis quite small. lower frequency b.mds has been under- tran fer proccues together with the
Wall iransminion. lhe phenomena estimated (13). Although a sinplc re- catalyzing cfTect of the water vaporcircady discuwed arc of principal im. lasation theory of molecular vibration tend to conceal the temperature de-

portance to people outside of buildings.
Ilecause most peopic spend much of
their time within buildings, the trans- rig. 5. Excess suen.
mission of sound through the esterior uation caused by -

walls, windows, and doors of thesc 8 [;" h
"] g~ 0

P'

buildmps is of prime importance in -meters; source gN 62 *^establishing the noi>c levels to which height, 1.52 meters. '' ** o ,v'/ #ggfs

pcopic are exposed. In this article 1 Symbols: O. thco- 8.
-

discuss the prediction of noise levels retical data; e, ex- i
- \ \ meters g sy

VN *g ~"j j
$' *,h"',*f, ,f#'"; $10 \

outside buildings; once the esterior
,, - '

sound levels are known it is possible to is
source-reccher 5 \

,
'

predict the noise within buildings by distance. [From De- .
reference to standard transmissign laney and Dazlcy g 196 meters g

'

VIlues (15), (6); courtesy of the y yJournal of sound WTo shmv how the various phenomena yn .

and l'ibmilon)that a!Tect sound propagation enter into .

... , , . . . . . . . . ipractical noise situations I will consider
0.1 1p:veral esamples. In cach esample there

cre aspects to the propagation that are Band center frequency (khz)
~

,

well understood and there arc others
ehat are uncertain. Active research isf

!
eder way in this field and we may Unchanted sound,

(" soon be removed.
hope that some of the uncertaintics wi!! I -levels here

Reduced sound I -

Ilevels here
Aircraft Take Off Noise I

.

,,

,,
-

.
. .

In Fig. 7 an aircraft is shown taking increased sou'nd
'

,

off along the path ADC, and we are
interested in the sound levels heard by levels here
the observer at O. The principal deter-
minants of the sound at O are (i) the |
power of the source (in octave bands),

,

(ii) the directivity of the source. (iii) .

gecmetric spreading. (iv) air absorp-
tion, and (v) ground reflection (16). NN "*

Determinants (i) and (ii) are source |
,

characteristics and not propagation ef. ,p

fcets; (iii) ano (iv) are the principal Fig. 6. Reflection of sound energy by orchestral shell.
propagation efTects that must be evalu.

,

(ted for this situation; (v) is important,.

but is easy to evaluate-the ground re- N Geometric spreadingficction simply adds 3 dD to the re. C g
c ived sound lesel at a normal height

-

cf the obdrser's car abme the ground. NGeometric spreading for point" B
anurces is simply 6 dll of low per doub- g

; of dhiance (6 dD/dd). Refraction N
Air absorption

of the seimJ may chany t'i:, ~4:!y.
'%,

O M'

*
s- . n

l hete i nere uncertain:y in tne ..r
,

-

ab>orption. In calculatiom of arteraft Ground reflection
|

nohe at dhiances of several Ldometers. Fig. 7. Sources of attenuation of aircraft rioises. j,

16 btARell 1973
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|

Trees (scatterinE) h'"E'' ( 2 'I ; I" "' h*' #"I""I"'i""' ' h* i
theory of double ditfraelion is applied

Geometric Ground cover I -
rounded caith berm emered with sh0tt
(24). It is cWdent. Imwner, that a

spreading
"t>$ vegetation is not adequately accounted.

'

@7J -- '' N~@rm f.'r if it i. stear (d rn @; .e tipJ.
~

s. ..v. n u.. e: c..i r . t..+ ,w, , ef
_e

Fig. 8. Souren of attenuation of tratlic noise. ab>otbing cylinders would represent a
step forward (25), but studies of dif-
fraction by layered c)hnders would be

pendence. Thus, n!though air absorption at 3 dit/dd (20). Theoretical and ex- cven better.
is wcli understood at a temperature of perimental studies base been conducted

There has sko been a series of
20'C it is not understood how the on the statistics of noise from lines of st_udies regarding the attenuating power
absorption should vary as one departs trame composed of difTerent numbers or trees. but the resuh> of ihne studies
from this temperature. of the principal classes of noise sources:

are inconclusive 06). Most acousticians
trucks, passenger cars, and motorcycles agree that (aside from esthetics) ring.
(21). In rnaking a precise determination, ing on's yard with trees presents veryliighuny Noise
a different geometric attenuation factor littic bat.4r to neighborhood noise.

The noise from trucks or automobiles ~ mmt be applied to each statistic of the Studies of p opagation through sarious
noise field. This is an area in which it is kinds of wcoded regions show attenus-

is generated close to the ground and very dimcult to separate source charac- tion factor., that difier by a factor of
usually the receiver is also near the teristics from " propagation.** 10. Even the proper form of attenua.ground. Figure 8 shows some topo- The attenuation produced by topo- tion dependence is uncertain.
graphical features that may occur near tranNeat features is treated as a simpic An interesting study of sound attenu-

,

a highway and affect sound propaga- barrier difIraction r roblem in most cal- ation by vegetation and ground was
tion. These features act as barricts to culations UD. Much more work needs reported recently by Aylor (27). In
the sound. Ground cover and trees may to be donc in this area since carth this study, major mechanisms of attenu.
produce low. frequency attenuation as a

berms, road cuts, and barrier walls can ation by vegetations were identified asresult of absorptive reflection and sound
be used in the control of noise from scattering by leaves, stems, and trunks,scattering.
roadways *. The use of standard diffrac- and ground interference. Aylor at-

Attenuation caused by geometric tion formulas for * thick barricts" such
tempted to identify the relative impor-

spreading of the sound waves from a as buildings or elevated roadways is tance of various mechanisms and prc-
single vehicle increases at 6 dB/dd. A not a resolved issue at present. In most scrited some theoretical considerationsli_ne of trame. on the other hand. pro-

calculations the thick barrier is arcated that support his conclusions. Although
-

( / duces an averace noise level that decavs
single, equivalent, taller, thin a fully developed scattering theoryas a ,

could probably account for such data,
the problem of presenting the results,

! in a manner inte!!igible and useful to*

noise control engineers would remain..

/ Thus road trame noise over open flat
- .

'

.

i ground is reascnably well understood.
I Reduction in noise levels can certainly
I be achieved by the use of topographical* I features, including ground cover, but

/ the quantitativg prediction of such re-* j duction may be substantially in error.

I
Noise Propagation in the City

N N N Scatteringg / A possible reaction to this topic is. .

N
ti that urban noise does not have toN

| Re.flection propagate-it is everywhere! It is truce\ l
Ij that noisc sources in the city are ubiqui-

1

\
#f tous. Neverthcless, there are quiet rc.\

gions in which the background noisc is\ [ Direct
.

set by the general distribution of noise
\ f ' '

sources throughout a city (28). Therc
are a!so quiet streets that have intrusive\,gN noi>c that is produced on a busy ad-Line of traffic 4 I joining thoroughfare (29,. In addition,j \ there arc intemive noisc sources that( \ may dominate the sound in a particular

.

vicinity, even in busy areas. In all of '
;

these situations. the combined effects ofI'ig. 9. Transminion phenomena in urban trame noise.
!

ref!cetion and shic! Jing by hu,lJmp are
3066
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Fig. 10 (top). Cumulative dhtributions
of traflie none in the tout est strccis oft *

lludapest. Tok yn. Pr3 rut. and I)oesseldorf.
99 .Fig. 11 ' thotium). Variation of nohe

level with dhtance from main soad alon: 98 -

cross road. Il som Del.incy ci al. (29); g; .

courtesy of Ntional Physical Laboratory) 96 -

95 ~

Dudapest-

9o -

'(aside from geometric spreading) the
dominant propagation factors that de- 8 - * Tokyo-

termine sound levels for the observer. 80 -

As an example,let us cousider sound Duesseldorf
7, ,

propagation along a city street as shown
in Fig. 9. Specular tellection from CO -

building facades produces the clicet of so -

En infinite line of sources (images of
the real source) which has a 3 dD/dd "O ~

Prague
decay along the street. The scattering 30 -

and capture of sound by the spaces
between building acts as an absorption 20 -

cffect, which means that the sound
8

_
~

Icycls should eventually decay at 6 dD/ 10 -
dd (6). In fact, however, experiments
show that there are ranges near the j -
source along which the sound decays 3 .

Et 7 to 8 dD/dd, a rate that is impos- 2 -

sib!c with a model that contains only
3 ~.specular reflection and absorption (29).

This discrep;.ncy can probably be ac- 05
[o y'a g3

'
'

' ' '

c:unted for by the effect of scattering
both in enhancing the sound levels near A-wei hted sound level (dD)E

the source and acting as an excess
*

tbsorption efTect, but such conclusions
,

90are very speculative.
{, 7

.

s.

Propagation in Itelation to *

Noise Criteria Microphone 1.2 m0ters above ground
'

if it is important for us to identify 80 -

the major features of propagation for
various environmental noise situations, \ ,

,

git is equally important that we under.
[**

,,, % . N *
\st nd what questions we should ask the
\ ~8 dB/ddO

propagation model once the phenomena *
\-

are identified. Our asking the right g 70 - \
g, \ -

questions depends on our knowing what S + . , , ' , \ g
\ '

tre the features of the noise pattern in ] 50 + s Nspace and time that are related to an- g N+ \ \
* + s\, + b \rcyance, task interference, loss of hear-

g~1ng acuity, or some other undesirable 3 \, \ \
.

effect. Thus, although we can separate II 60 N \
-

the physical processes of propagation y \ \
-

and observation, we cannot make such it s ga separation when we have to predict I
+'N \ \

noise impact. ,\ lost calculations of #
'N spropagation losses for sound waves are

+ \'+ \c:mputed or espressed for average 50 - Nsound levels. When other stathtics of -,

the noisc ate of interest, the clTect of '+ k .

propagation is not the same as it is for ,N,j g
srage values. Thus, by . etaminin't s'+

N-

some of IN memur.% of noie ieuh ,

that ate ba>ed on tiie>e St th:4e> we can 40 ' ' ' ' ' ''
' ' ' ' ' ' ' ' '

formulate some questions that might be 10
' '

100asked of the propagation model.
Distance from nearside curb (meters)

14 blARCit 1973
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Ps3ehtacoustic Criteria cal effects include such criteria as loss riieter appears to be raininc credibility
of hearine. disorientation and pain. as a rener.it scale for noise. The A-

The term * criterion" in environmen. Thh cl.m of cliteria is not generally weighting blier in the meter gives an
tal matters is med in two ways (30). thoucht to be of prime significance in unrettanec to various frequency com-

g First, a i, . n o;"ce. ion c. ;.n .:.. ..! i.- i.. .a n. . i. .4 the su;b .4 . .t h. . . m..,- . ..

hma f or vu.c c..ect. f. r o .mr.. "ms ww w e a o m .u.!c hst.J =. , ..nx,. tm sal e s en..tn uy er ,the car at
i understanding of speech should not be ance speech interference, startle, and moderate sound levels.

interfered with more than 10 percent task interference. are so termed because The A. weighted sound pressure level,
of the time." or "my hearing should not the de;rce to w hich they are apparent L,c', will sary in time and place, how-

'

be impaired so much, that while I may depends upon the attitude of the listener eser. in a random-or at least unpre-
not be able to hear some mmical fea- toward the coise and on his familiarity dictable-manner. In the following
tures scry well, my understanding of with it. The estabihhment of standards disemsion I will assume that the "A"
speech should be unaffected." On the for urban noise must include comiders- notation is understood; that is, all levels
basis of laboratory and psychoacousti- tion of several subjective criteria and are A. weighted. The variability of the
cat field tests, these " performance cri- not jmt a single one, noise hae. been show n to have an influ-
seria" are then translated into physical The proliferation of scales for mea- ence on its acceptability. Studies of
measures such as speech interference suring noise appropriate to these criteria trame and aircraft noise have led to a
level (SIL) or A-weighted sound levels is a cause of some embarrassment to rating scale for noise es!!cd the noise
(measured by the "A" setting on a acoustician . It is the source of the pollution level. Lxi., that takes account
sound lesel meter) according to the " alphabet soup" one encounters in the of this variability (31).
Occupational Safety and Health Act of htcrature on environmental noise: the It is'given by
1970 (1, p. 546). Second, the numeri- A; weighted sound level lunits JD(A)];
cat salues of the disturbance of these perecised noise level. PNL (with vari- '' * + N"* ~
physical scales that correspond to the ous suflises, prefises, and subscripts to 4 _"I._ ( L _ t,,): (1)performance criteria are also referred note corrections for duration, presence
to as " criteria." Although this has often of tones, and impulse); noisc criterion when the A-weightei! sound levels are
resulted in confusion. it is very difficult curves (NC curvest: noise exposure distributed in an approximately normal
to change the dual usage of the term. forecast (NEF); composite for com- distribution (the tendency of environ-

Psychoscoustical criteria have to do munity) noise rating (CNR); commu- mental levels of pollutants to be dis-
with both the physical c6cets of sound nity noise equivalent level (CNEL), tributed in a log normal fashion has
on the biological or nervous system and and so on. _Out of these. the simple A- aho been noted in air and water pollu-

g the subjective aspects of sound. Physi- weichted reading of the sound level tion problems). Statistical distributions
i

of some traffic noisc levels arc shown
in Fig.10. The quality L,, is the nth

Sm g' g / S,r percentile value of the cumulated vari.N able, the value that is execeded n per-\ /
f cent of the time. Equation I shows thatg

N *
/ wide varintiem ir m m' id udH\ \ / increme the vnbre of L.

N. \ /2

As mentioned earlier, propagationh \ / ciTects will cause differing changes in
N, \ / /

. these various statistics as the observerj\ / (or sourec) moves from one place to
's another. Alost studies of acoustical

propagation have been concerned with
changes in average signal energy only.

Fig.12. Scale drawin; showing acoustical imaFes hearJ by listener. The sound gen. In la traffic rioise situation, uc might
grated at S is preserved at ground lesel on a sirnulated city strect. The points S*, I', want to determine the clicci of a bar-and I" are acoustical images'of the source point. rict, say, on the 10 percentile noise

level (Ln), which may be quite differ-
ent from its effect on Lp,. Generally,*

- a barrier has a greater noise. reducing
effect on nearer sourecs than more dis-

~

\ 3 | 3 tant ones. Since there are more sources
10 dB ( 10 dB at a distance, the etTect of the barrier

L_
-- ] is to reduce the variance of the sound7

levels and to decrease Ln values more(- '

than La values are reduced (32).
| |

__-= ~-
1 Similar calculations have also been

| | made for sound transmission through

d b2 m.u.sacna f-- 2 manserone Walh and windows (33).
I)elaney ct al. (29) have shown that

Fig.13. Time pauern for receiveJ sound lesel in the 32.Li!oScrtz band; (A) with a row of homes facing a busy street
sound absorbing matenal on the wa!!s; (11) no sound absorbing material. w ill reduce the noisc entering their

N
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back yards by 10 to 15 dD. The noise paths and cifects is through the use of Conclusions *

reduction for the 10 percentile levels scaled models. In acoustic scaling, we
is about 5 dll more than it is for the select the frequency of operation so Although the basic processes asso. I

90 percentile lesels. This would appear that the ratio of wavelength to dimen. cisted with the propagation of environ-
to confirm the suggestion that nearby sion is prescrsed. If the modeling rnental noise, such as redection, scat.

(.. sources (that are more cRectively medium is air at ordinary temperatures, scring, and spreading are well known,
blocked by the houses) are responsible this means that high frequencies must numerous theoretical problems remain.
for the 10 percentile levels and that be used. Typically. Scaling ratios from The propagation proecsses that are sig-
mere distant sources daudnate the 90 1:1016 1:100 may be employed for nificant in different situations have yet
percentile levels, propagation modeling, which may re. to be identified, and criteria for eval.

If a particular Lind of noise source quire that one generate and sense uating their relative importance in each
is prevalent (such as surface schicular sound signah at frequencies up to about situation mmt be developed. In evalu-
tranic) these various statistics of the 200 Lhz. ating the noisc of aircraft, for example,
noise will be interrel.:ted in the sense An exampic of path identification by attenuation caused by the spreading of
that the fo4m of the distribution is modeling is shown in Figs.12 and 13 energy may exceed 60 dB with atmo-
known. Eumples of tratlic noise distri. (J3). In this experim:nt, a spark is spheric attenuation accounting for an.,

butions in city streets are shown in used to generate an impulsive sound other 10 dB or so. In the propagation
Fig.10 (J4). In this esent, one may and the sound is measured at the of highway noise, on the other hand,
represent the sound field by a single ground in a model of a city street. The spreading may account for only 10 dB
statistic, such as the L , value. The relative contribution of the reticctions of attenuation, air absorption for 1i
English use L , because it is not so from building surfaces is determined by dB. and absorption by ground may ae.i
dependent on infrequent, very loud covering them with absorbing material. count for 10 to 15 dB of attenuation.
noiscs in the way that Li or L., might When this is done, only the direct pulse If those problems are approached sys.
be, and tends to be det::rmined by noise is evident at the microphone. tematically, we should be able to pre-
sources that are generally in the vicinity This experiment is a relatively simple dict accurately the effects of noise
of the observation point. Thus, one can example of an important advantage sources and barricts and thus control
evoid setting noise standards on the provided by the use of models. Changes the distribution of noisc Icvels in cities
basis of the general prevailing back- may be made in the propagation path, and suburban areas.
ground noise of the city in the way that wall, may be made absorbent, rough,
L:,u prescription might tend to do. or of difrerent shape, for example, in "'''"""'*"dN''"

ways that could not be done in a field i. u. Kurie and L L seranck, in yoise . a

experiment. The field exEcriment is "*'*"*" C#""''- ' H' "' k- Ed-
York.'197 0,'* chap. 7.tMcGraw Ilill. New

- f Ilow WeII Do We Understand ~ necessary as a baseline, however, and 2. K. u. insard. reoceediati or ,i,< A .u.2 so.
\ l'ropagation?

suonal None Abatement 5snvosmm 4th, |953.

ias used as a gu.de to establish real. ism
3. u.s. neparimeni or the Army. A mir,,r

in the model. Once the sound patterns M<rror='orr. rieto stanuai rsts ts ru.5.
In my discussion of what propaga- in the model n'nd the field data are ^"" d i M "'s"n*j'gf 0,$ n M C',,',',!,$'j

* 8
4. . ,

tion effects are, and how we.should use found to correspond, variations in the Acousac, tuce, raw-sta. New Yo,t. 19633,
prop,sgation information to predict surfaces, source, and receiver locations 5.I*tfing2,a,i. Acou,,,sec.Am,,.23.23,
noisc measures of interest. I have only can be made. By changing from smooth 6. "'. L Delancy and E. N. Barley. J. Soune

50-
. Msuggested some of the h.mitations that building surfaces, for example, we can v.6.16. 315 0970.

exist in predicting the numerical clicct see the effects of surface scatterin*a ' ' ' '"'l" "'d ^ .R. Frey. Tu=Jamreref t
. . . of Acoustics (Wiley, bew York. ed. 2.1962),of propagation m particular situations. without changing other acoustical chap. It

I will now discuss in more detail the parameters such as path length or sur- ' *i, "r Yh''"'[J [['''ii M '"** h"""8 ' ' " *
, i ,,i o , ,

prob! cms of identification of propaga. face materials, 9. R. Kraichnan. /. Acoust. Soc. Amer. 25. 1096
tion clTects and the evaluation of those The pher.omena associated with prop- to 'n'.l.' rartins sarJ. 42. ::6:n,s73.effects. agation can be discerned from labors. 11. T. F. W. Ernbieton, aid. .so. 667 u956).

'*- [sk,8'Y$ ^ C sp, i,a, , s. w. sar,ene,, The first problem, that of identifica. tory or field data on the basis of time a iy
tion, is the most crucial one. Practical or slaatial patterns of the sound. The 83. F. M. Wiener, J. Acoust. Soc. Amer. 33. I:00

,

field measurements rarely allow the quantitative prediction of the effect of D '' D'
. 14. J. E. Manning. . personal communication,.

k.ind of Control of source parameters cach process may not be so quickly Manmns found a sosi or : io 3 de upon
and variation in path properties that obtained. For example, the theory of 15. ""*LBeranek. Acoussles (McGraw.'Ilut, New

*"*"'''*D'''''h"dd'"8'''"'"'"-
Lwould be e.dcal. Thus, although we surface scattering that has been so wc!! York. 3954), chap. it.

know that geometric spreading, reflee. developed for underwater sound (non- 10 SociHy or Auiomoun Enginnrs. Soc. Auso.
morne Eng. Inform. Rep. No. 376 0 965tion, an scattering are the important specular re!1cetion from the upper free 17. D. E. Bishop and M. A. Simpson, Ni) sA

.

processes occurring in Fig. 9, for ex. surface and the bottom) has not bccis C""'"" 8'p. No. mt tie 7i).
ampic, we cannot tell from the data developed for the nonspecular reflection kthor 'c'a#Itaifne'" E "tenu $,*,U'o'r E n)c

Just what the contribution of each will froni the faces of buildings, or reflec. '" * *' " "" ** h*'*'*'F 8": s '"" me"'5 " raper
be. The data of Del.mey ci of. that sp. tion from an irregular ground. In fact. EcIe[ofImIr.c72 oc otEtoitYE"[.

' ""# '
ply to this situation are shown in Fig. most of the ordinary procewes of sound Enns and to C. schuland. *InusQauon

of anomaious t.chavior or sound absorpi ongg g.39). As esplained carh.er, these prcpagation in the outdoors have obvi- by molecutar reiamauon tw> te Researcaa,

( d.ita c..noot be ey:ained on the I ad. e t e i ! .I th 8 *"" . E' %"N f. C2% P'..r + re. . . t;. w ...: g ,

',E - . T.b "i^ "*$ k '[Y
c

.

of re11estio.i and geenNtrie vrea,;m; or eu , - ,u ,
~

.t j ga t
alone. that the more detenie-related problems ' * * ' ' ' ' " " ' * * * Y''k. 197u. chap. 7.

** ' **h ' *** # V* * * "
23. u. ' Kuru, a' f.t. :s, "n o97o; u.'% "o%*);,y,One way of i tentifying propagation have.

i E. eia
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TilEengineer is very often principles governing propagation and humidity conditions along the i
faced with the probleni of of an acoustic signal in the audio path of propagation.' The longer ,

estimating the sound. pressure lev. hequency range through the Imver the transmission path through the
els generated by a source of sound atmospheie.' It also paesents de. annosphere, the more important is ;

,

some distance away. The roar of sign chatts based on recent meas. the effect of these factors on the
3jet aircraft being run up on the urements t which permit enginecr. received sound level,

ground wakes children from their ing estimates of the attenuation Typically, in 'a noise controlI
sleep in an apaument home a nfile for a number of practical situa. problem, the receiving point is -

or two away. Or an airplane tak. tions. The reader is cau tioned, near the ground, and very fre. 8

ing off from a city airport inter. however, in two respects: there is, quently the noise source is also f
rupts telephone conveisations in as yet, no comprehensive theory, near the ground. The discussion in |
an office building under its climb and the body of available experi. - this article is, therefore, concerned i
path, in providing a semible solu. mental data on which the design primarily with the propagation of
tion to these and a host of other charts ara based is still limited. .somul in the audible frequency
problems of noise control, the en. range. through the lower atmos.

3gineer must take into account the Sound Transmission Through the hP ere along the ground, except in
attenuation of sound as it trarcis Lower Atmosphere the important case of aircraft .in j

,

thiongh the atmosphere. To be
sure, in many lases the isme can

. Iow flight at an altitude of no ;

~ be dodged by awnming " inverse. . The annosphne is by hs nannemore than a thousand icet or two.
'

m c nstant m u n and Huctua. Sound trammission from aircraftu n. Dendty, temperature, pres.square law" attenuation' and noth. '

ing more. This solution is almost sure, and hunn,dity are never um.
flying at significantly higher ahi.
tudes will not be discussed here.I""" * " E*C" *"Itune of ai , nor

,
.

always too comervative, i.e.,
the are they constant in tune. S[ound The strong inteidependence be.

-

. ,

tctual attemiation of sound that tween sound trammission along
waves traveH,ng duough the aP the ground and the "wcather" ishas travelled from source to ie. i

ceiver is huger than that cah u. ".msphne diow thesg nonunifornu. 'inatter of everyday knowledge., a
lated hom the imerse.squaie law , ues by Huctuanons in mund incl. It. has been a matter of scientific
alone, in a growing number of whmc amage value depends ma.

, investigation for cen tu ries.$ . R e- 1

cases, however, the engineer san. tenaHy on the w,nul, tempnaune . sults weie frequently not general
not affmd to tale the easy way . Mu.h eir die m.miin i usenuit hoc enough or not of the type needed
cut: a mene numate estimate of ha, been sai,en t,nm soise natuoi..n, by the engineer until accently
the actual atmospheric auenuation A soin of I .n un n emnant at the when adespmte mirrometco:ologi-
may new!t in a whstamial saving M ''* h "'r"' ' "'' i' ""' af T" h""hE" cal tec hniques became available -
in expeshire tioise totitiol meas- ' * I '"*'g ," aird weic Inought to hear ott the;y
mes. Tim aun te auemph to |no- phis weid ns saoint e,m me.h r nin. pueblem. Signihr ant strides have

'

vide a bette undentanding of the era : uish she t'. s. .um3 segnal cmg.s. been made towant an engincesing
a,

16
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servative (i.e.. the piedhird atien- , ;
solmion to the pinblem by meam whes e:

. u.uion is smaller than that which | I

of a tombinatism of themy and A' * "" "I " C" " " ' ' " " * " " ' ' one wouhl incamic) niimate of g-

,

empirical design tunes. For air. Ad * ""'.""".d"" ' .c to aln m P the actual values of molciutar ab.
g ,'

m4 mund trammiwinn of the type unu in dw au- sorption. The curves will he u>c- |

. ed bene, on the other haml. Aa = atienuation due in walls and fut in noise contiol pmblenn until.''
~~we.uhei" seems to play a mme accurate data become avad-t.. 1:ceb

-umch smaHer sole.' The material Aa = attenuation due to wind and able. It was awumed, among other
I presented liete is an atteuipt to re- temperatuie giadients, at- things, that the attenuation meau
-dme to enginceting prarthe what mospheric tmholence and med at the geometric mean fie-has been learned hom theory and
experiment to date. ground clicct. quency of the urtase hand is rep

sescutative of that for the whole
in the foHwing, we shah Ws* hind and that the absolute humid-

ems these various contributions itv. of the air throuah which theThe Inverse Square Law and a

quantitat.ively and hom a inactb wund propagates is not too low (at
.

Excess Attenuat. ion
in an , leal, homogeneous, hm- cal point of view. They are evalu- least almut 7 to 8 grams of wateru

free atmosphcie, the sound pics- ated primarily in terms of their per cubic meter). The effect of bar.
sure decreases mvenyely w,th dis- average values, ignoring for the riers on the attenuation of soundi

tance when one is m the far free moment fluctuations in the re-
, was the subject matter of a recent

field of the source. In other words'. ceived sound pressure levch It is article in these pages.5 Those ie.
there is a 4db decicase in sound as'sumed that the smaH signal ap ' ' " " ' * " * ##"' "''"

pressure level for each doubling of proximations hold and that the '?c nd knn in de excm auenua-distance. llowever, due to atmos- sound is not so intense that non. " "' A *
pheric conditions and obstacles- linear terms need be comidered. In w. d G e h e, g h.cup
the sound pressure leveh measured The matter of sound absorption f the cliccts of wmd and.

si n

cutdoois are almost always lower- in the air. An, while still a subject temperature gradients, atmosphenc
sometimes drastically so, than those of investigation by several groups, ttnbulence, and the acoustical ef-
predicted from this spherical is summariicd in the literature, fect of the presence of the ground
spreading alone The important and will, thcrefore, not be dis- constitute the main part of this
factors which affect sound propa. russed here in detail. Figure I

article.
gation along the ground are: (I) shows an citimate of the attenua- -

id absoiption m the air: (2) tion due to sound absorption in Ground to-Cround Transmission
, c5ence of walls and trees; and the air plotted as a function of
(3) wmd and temperature grads- tance hmn the source M tk mer open M ground, the

t

ents, atmospheric turbulence, and *I "5 ctam hands. ,Du'se cums are ahnost always appregiable ve{.
the acoustical effect of the preience were den.ved by following an op tical temperature and wmd gradi-

'

,

the former are due to the fof the ground.' * All these factors pi ximate procedure given in Ref- ents:
are to some extent interrelated; heat exchange between the ground

~erence L They represent a con-
the effect of one is. dependent on
the presence of the others. In the
cise of sound propagation from air

yo |to ground, the ellert of obstacles
en the ground and the elTerts of E EE , i%, ,

ground created wind and tempera- 'O tj j f / g/_
|ture gradients arc ricaily not piev /-, ent. Sound absorption in the air / / / / ;

-

.""" "E > 60* F /-
-- 7 7

j j
g

50
O'" ' 60 *'' ! --/-- I jand, to some extent, atmospheu,r

TEMPERATUR / .- / 7 /- ; ttinladence are then the factors e .

. .
.J -

which primanly determine the - g ,o
1/ / / / /_ i

i

c,

anenmaion. E / / / / / g>

It is meful to lump the net cf-
Icct of atmospherir and tertain -

/ / /* 30

factois mio a single tpiantity, the j j j j,

excen attenuntion A,. in decibels 20 ! [ [ bhas
crer and above the ellect of sphesi. _ . . _

cal spicading. For the 'puigunc of . # #

attiving at att eitginceiing blimate. ,/ / / / / [ '
. iO

the extew atte mation tain be split
to sevcial ominibutiom awmned 30 0 200 'M 6000 2000 -5000 - @ W 5@ MW

to be mdependent- ol cash othert SOUnCE * REcEiVEn DISTANCC t, FEET

- nr i, ciun t. i no.uatinit iiie nins anennaison at sonn.t .tue m air ano..iinion.
A, = Ao + Aa + A. deribch ~ (1)

.
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iand the atmosphere, the latter, to speed is low, a shadow zone may no comprehensive theory, but nei-
the friction between the moving encircle the source completely. At ther the measurement nor estima. ,

air and the ground.* Because of night, with low winds and clear tion of the micrometeorological j
,

these gradients, the speed of sound sky, a positive temperature gradi. parameters (which of necessity<( ries with height above the ent, or temperature inversion, ex. must be used in any computation iaund and sound waves are tc. ists and the sound rays are re- of the excess attenuation) is prob..racted, that is to say, bent up.
fracted toward the ground. With ably not practical for the average

ward or downward. Under such wind present, wind and tempera. engineer interested in noise con.
.

conditions, it is possible to have ture effects superimpose, but usu- trol. On the other hand, useful /
a "sh:tdow rone" into which no ally the wind effects control. engineering estimates of the excess /'direct sound can penetrate. A

These shadow iones are never attenuation to be expected from
shadow mone is most commonly sharp in the sense of light propa. temperature and wind gradientsencountered upwind from a gation. Sound energy is diffracted over open level terrain can be ob.

.

source, where the wind gradient into the shadow zonc as well as tained by comidering recent ex. Ibends the sound rays upward.' scattered into it by turbulence.' perimental data.
|Downwind, the wind gradient Some investigators feel that the Figure 2 shows typical day and

bends the sound rays downward finite acoustic impedance of the night situations. Source and re.
and generally no shadow zone is ground affects the sound picaure ceiver are shown a distance r apart.
produced. Thus, the icfraction of level along the ground both in The average direction from which

.the sound waves by wind is not and outside of the shadow rone. the wind is blowing is indicated
symmetrical about the source. The Few systematic data are available by a wind vane. The angle be.
refraction of sound waves by tem. for an estimate of this type of tween the diicction of the wind
perature gradients, on the other acoustical ground effec t. Ilowever, vanc and the line connecting the
hand, is symmetrical about the the preseme of the ground makes source and receiver is called 4

,

source. Typical daytime conditions it'CII mast 58'ongly felt by creating There is generally a shadow runc
are a negative teinperatine gradi- wind and teniperature giadients (the shaded icgions of I'ig. 2) on
cut or tempernture lupie, i.e., the rather than by its finite acoustic the upwind side of the source he-
cir ie "peralm e decreases with unpedasu e. cause sound waves travelling up.
heigb . Sound waves are then ic. In the invent state of the ait wind tend to be hent upwaid by.

fracted upwaid, and if the winti at sceins best to tale an experi. the wm, d. Ilowever, any wn, ul pics-
mental appioach to the problent cut testds to bend the soulul waves

* Win 1 giaelirem orar the gnnuul air. of providing engimclitig estintates downwand in the dowsiwittd dircr.,

.br asciage, alwm ].mitiir, i.e., she for the cutm attenuation due to tion, asid these is lio shadow /oncml 3. col inoran with bright.
Weather ellet ts. Not sittly is these these.1)nlitig (Inc day the negative

j
'

.

18

NOISE Control [226]
|. ,

,

.



-m

dmvinvimi. with a giadn.at uansi-4 .

NIGHT l
[ tion at slu- lu nnidan ics s. = m +,.e

y On a stumv d.iy wi:h inod fiat e |
'

, f winds, the ext ess attenuation in..

[.
UPWIND SECTOR / side the shadow yone utnvind is

/ SHADOW ZONE typically 20 to "0 db higher ian'

that for the same distame down-
J %,,,3,% /,

Mrj "3 "d-

, /% v f,f hWIND '/, Extensive mea,smements in theRECL.,CR .

' fVANE #

m , wa#' # f8c'p ency range fimn aboui :500 to"

M c m
4' 5000 cps have been made accently ,

under a laige vaiicty of nnrro-,

SHADOW BOUNDARY meteorological conditiom." These

Xo\ measurements hase been taken
y over open level teniain with sparse

low ground cover (I to 2 ft high). ,,

SOURCE a source height of 12 ft and a it- .~

cciver height of 5 ft. Windspeccis,

encountered ranged hom 2 to 3
mph to 10 to 15 mph. From thisDOWNWIND
series of experiments empiiiral de- ! ,,

SECTOR
sign curves have ' hecn derived,'
with the aid of which the excess;

any angle 4, and for distances r
"| ',attenuation can be estimated for
,.;'

. ' ~
_

j up to about one mile, provided the
temperature and wind gradients 7," '
are known at a height of approxi-
""'? y hah the average somcc ang

mperature gradient tends to se- wind sector 300* - 24,. At night receiver heights. S, ce the experi-
-,-l

, m
iforce ihc shadow ione formation the crincal angle 4, is typically ments did not include tests at the .'. .. .

.

}ywind but to oppose it down- much smaller thaiy during the day. very low and very high audio fre-
;

ind. At some critical angle 4,5 With very light wmds and a strong quencies, the design curves are ^
ic wir and temperatuic gradi- temperature inversion, no shadow subject to confirmation there.,,

,
*
*

nts cancel cach other and ronc exists and the critical angle In a typical noise control situa-
:he distame to the shadow zone is rero, tion, the problem is usually not

,

' . -
credes themetically to infinity. As Experiments have shown that that of estimating the excess atten-
tesult the plane is divided into the excess attennation is fregtiently uation A,2 for a given instant, but

'

n t,ipwind sector 24, and a down- radically different upwind and of estimating 4,3 on a year round
-

-

,

i
4

4o
I (

'
,,
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hasis peihaps.
~

lor many values near the gmund on the acceised distame is the ellenise length ,,1
ni

cf V., since the wind dieu tion is soumi piewine level. Wo:L is in the tiansmiwinn path .md unni h..
generally subjcit to dimnal and pingiew to detennine the ellett of used not only to compute the es *

seasonal changes.1)im nal ami sea. atmmphenic luihuleme itself as cess attenuation but aho the spha
sonal vaiiations m e ur aho in the distim t hom other cIfects. Al. ical dive geme. For piopellei aii.
trinpeiature aint wind gradients. though pieliminary results indi. craft the minimum dist.mic to the,

( uew of the mmplexity of the cate that the attenuation due to flight path should be med.
ddem it seems best to testais t tm hulence, in decibch, depends

ouncIves to tiro comlitirms: (I) lincaily on distance, it is still too Fluctuations of the ficccived
straight dowmtmd piopagation (q, caily to draw more gencial con. Sound Pressure Level,

'

= 1H0 ), aml (2) suanght upwmd c lusmns. '

propagation (y, = 0*). Thesc con. Fluctuations in level me chaia . )
ditium bracket the extieme vahics Air-to-Cround Transmission tedst of 5 und that has uayeuul
cf A,3 for any given set of condi. through the at mosphcie. Ihesc *

tions. The engineer must then .I.his case is of cons.derable piac- fluctuations typicall) em ompass ai

make his (hoice appiopsiaic to the tical impostame for the engineer fairly wide frequency spci n um
prob!cm at hand. who needs to estimate the sound- and peal.to peak lim t uations 01

Figuie 3 is the emphical de. prewure level near the groumi due appicciable maguitude occur. The
sign than giving values of A,, for to a rcraft ovethcad. For sources at peal.to-peak limtuations for sound
straight downwind propagation, m derate alutudes, say,1/2 nule piopagated over level ground hase
The abscissa is plotted in teams of r less, experiments have shown been investigated.' The follouing
the pioduct f,,, x r, where r is the that the mess ancnuation can bc general conclusions can be drawn
distam e from the source to the attributed pn, man,ly to molecular and are essentially substantiated
recci.cr in feet, and f,,, is the cen. absorpupn and atmosphenc turbu. by the findings of other investi.

lence. Until more accurate data gators: (1) for downwind [nopaga.ter hequency of the octase baml
in question, in cycles per second. an' available on the euess auenu- tion, the magnitude of the fluctua.

Figme 4 is the design chart giv. au n due to tuibulence, it seems tions increases with the frequency
ing values of A,3 for straight up. best to take only molecular absorp- of the signal and with distance,
wind piopagation. The abscissa is on to account (Fig.1). These (2) for upwind propagation the
plotted in terms of source receiver calculations are to be regarded as magnitude of the fluctuations is
distance, noimaliied to the dis, an estimate at best, since it is difli- greatest near the shadow bound.
tance X, from the source to the cult to infer the average atmos- ary, (3) in a stable atmosphere ,

shadow rone. The distance X c:m pheric conditions along the trans. (clear night, weak winds) the peak.
l( 1btained by simple measure, mission path from measurements to peak fluctuations a e typically

ats in the fiehl, since at that of the state of the atmosphere at about 5 db, (4) in an unstable at.
s.. tance the sound presmre level ground level. mosphere (clear sunny day, strong
staits to diop ma:Ledl> helow what As the aircraft passes overhead winds) the peak.to. peak fluctua.
would be expected fiom the in. in level flight, the sotmd. pressure tions are typically 15 to 20 db, (.*>)
vesse squaic law. The drop can level at a fixed point on the the ' spectrum of the fluctuations

,

often be detected by ear. For the ground will rise, go through a measured over open level ground
given' heights of source and re. maximum, amt fall again. The po. has components from fractions of
ceiver, the distance X,, can also be sition of the aircraft for maximum a cycle to several cycles per second,
estimated from the values given in sound piessure level depends on its (6) sound nopagation from air toi
the tabic. acoustic directivity p,ttern. As a ground is hequently characterlied

It should be noted that these de. first approximation, a 45 degree by large low.ficquency fluctuatiom
sign cham contain implicitly the position can be assumed for jet in the received sound.prenure level
effec t of atmmphenic turbulence aircra ft. Comcquently, this slant in addition to the faster fluctua.

tions observed over level terrain.
.

Conclusions
Estimates of Distance X,. Upwind Progiew has been made recentli

,,

Source height: 10-15 ft; receiver height: 5 ft in furnishing the engineer with a
better esumate of the attenuation

,

Sky Temp. Profile of sound propagated outd<mrs than
that provided by the inveise squaseO ver. Neu. Inver- Wind X* law alone. Future icfinements willD:y Night Clear cast Lapse tral sion mph it
requite not amly the results of fur.

x x x N E00 ther basic sesean h and experimen-
x x x 10-15 400 tauon inn also the w Hingnew aml

x x 10-18 250 "bOI'Y 8" "'O UPl""l"IdIC * I" "'
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TABLE 47 ~
'

. ~ TABL' .
..

CONVERSION TERM, INCLUDING ABSORPTION LOSSESs
.

DIST

FOR CALCULATING SPL FOR DISTANCES OF 100 FTi TO 10,000 FT. l (p,

FROM A NOISE SOURCE OF POWER PWL
loo

SPL = PWL - CONVERSION TERM 112

where PWL is in dB rc 10-12 watts-.

~

141.
8 ,

.

158
DISTANCE CONVERSION TERM (TO NEAREST dB 5 178

.D FOR. OCTAVE FREQUENCY BAND ( ps | 20C
_ (ft) 31-250 500 1000 2000 000 .8000

224
I100 38 38 38 38 39 39 25E

112 39 39 39 39 40 41 - 282
126 40 40 40 40 41 42 31C
141 41 41 41 41 42 43 350

i
158 42 42 42 42 43 44 I 40C

178 43 43 43 44 44- 46 44I
g200 44 44 44 45 h6 47' {

50-( .

224 45 45 45 46 47 48 56'

252 46 46 46 47 48 50 ' 63'

282 47 47 47 48 49 51 71,

316 48 48 48 49 . 50 53 -8C
356 49 49 49 50 52~ 54 |- 9c
400 50 50 51 51 53 56 10c

'

448 51 51 52 52 54 57
504 52 52 53 . 54' 56 59'~

.

564 53 53 54 55 57 61 -

'

632 - 54 54 55 56 59 63
- '

712 55 56 56- 57 60 65
800 56 57 57 58 62 67-

900 57 , 58 58 g 60 64 70 I
-

-

I
,

292 -

.
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TABLE 47 (continued)

DISTAOCE CONVERSION TERM (To NEARE T dB
D FOR OCTAVE FREQUENCY BAND (cps

(rt) 31-250 500 1000 2000 4000 000.

1000 58 59 59 615 66- ' 72 : -

). tos

1120 59 60 61 62 68 75
1260 6c 61 62 64 70 78
1410 61 62 6.3 - 65 73 81

1580 __62_ 63 .: 64 ' 67 ' 75 * 85 ' "
1780 63 64 66 68 77 89
2000 64 65 67 70 79 93
2240 65 67 68 72 82 .97

2520 66 '68 70 74 85 102
2820 67 69 71 75 89 108

~

3160 68 70 72 77 92 114

3560 69 72 74 80 96 120
4000 70 73 76 82 101 -128 -

-

4480 71 74 77 84 105 136
'

5040 72 76 79 87 111 l45
'

'

5640 73 77 81 90 116 154 -

6320 74 78 83 93 -123 165 e
~

7126 75 80 85- 96- 130 178 '*

'

8000 76 82 87 100 138 1p1
9000 77 83 90 104 146 207'

10000 78 85 92 108 155 222

-

.
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Question E290.14:
Provide the transmission line noise study prepared by Southern Company
Services for the Miller-Arkadelphia 500 kV line.
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INTRODUCTION

Due to the concern of the local citizens of Blount, Walker, and

Jefferson Counties, Alabama, and in the customer interest of Alabama

Power Company, a complete sound level survey to detennine noise associated

with the high voltage (500 kV) transmission line interconnect between

Miller Steam Plant (APCo) and Tennessee Valley Authority (TVA) was requested

by Alabama Power Company.
~

The survey was conducted by the Research & Development Department

of Southern Company Services, Inc., of Binningham, Alabama.

One major concern seemed to be the noise emitted from the line in

relation to adverse weather conditions, i.e., rain and damp conditions.

Therefore, it was decided that a test site should be chosen at which a con-

( tinually operating test station (mobile trailer) could be installed. This

test station was equipped to provide the following parameters:

. "A" weighted sound level

. Rainfall

. Wind speed

. Wind direction

. Ambient temperature

. Dewpoint

On January 4,1977, the test station was moved to the site which

was located under the transmission line in an open pasture in Blount County,

Alabama. Although the time frame of the study spanned one of the worst

droughts in Alabama history, a number of adverse weather condition periods

(- allowed the accumulation of considerable data.

.

,
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INSTRUMENTATION

C On February 4,1977, test equipment was installed and made opera-

tional. A list of test equipment follows:

Sound Level Monitoring System

System 1:

B&K Type 4920 Outdoor Microphone System

B&K Type 2120 Frequency Analyzer

System 2:

General Radio Type 1560-P6 Microphone

General Radio Type 1560-P40 Preamplifier
Power Mate (PMC) Model BP34D PowerSupply

B&K Type 2120 Frequency Analyzer

Weather Monitoring System

( Weather Measure Type P501-lE Rain Gauge

Weather Measure Type P521-E Event Clock / Recorder

Climet Model 011-1 Wind Speed Transmitter

Climet Model 015-3 Ambient Temperature Sensor
'

Climet Model 015-12 Lithium Chloride Dewpoint Sensor
Climet Model 016-2 Asperated Temp. & Dewpoint Shield

Climet Model 060-10 Translator
TechEcology Model 020 Wind Direction Sensor & Adapter Card

For Climet Translator

Due to internal oscillator and microphone problems, a second out-

door microphone system utilizing a General Radio Type 1560-P6 microph'one and

a General Radio Type 1560-P40 preamplifier in conjunction with the B&K Type

2120 analyzer was installed on February 24, 1977 to replace System 1.

After experimentation as to the best locations for all sensors and the resolu-

tion of minor problems with sound level System 2, test data collection began

- on February 25, 1977. '
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Figure 1 shows the test site area and sensor locations. Figure 2
(.

shows the location of the test site with respect to Structures 33 and 34

' along the Miller-Arkadelphia transmission line and Figure 3 illustrates

. the configuration of the structures and conductor bundles.

During the course of the test period, equipment malfunctions

proved to be of major concern. Although some causes remain unknown, the

source of most failures or malfunctions could be determined. Lightning

during storms took its toll on power supplies and preamplifiers. Also,

during certain periods--particularly very dry periods--ground loop problems

arose, and induced voltage signals made data unreliable. The data recorded

during these equipment malfunctions have been omitted from the report.

Data which are deemed accurate have been tabulated on an hour-to-

hour basis and are included at the end of this report as Table 2. This

{ table includes not only sound level data but also meteorological data.

Therefore, the reader has access to considerable data which may not be explic-

it.f described in this report but which should be infonnative.

COMPONENTS OF TRANSMISSION LINE AUDIBLE NOISE

Audible noise from transmission lines is primarily a wet or damp

weather phenomenon, i.e., during rain, fog, snow, icing, etc., the sound -

level may increase significantly from low ambient levels. During wet-

weather conditions, water droplets collecting on the conductors produce

numerous corona discharges which generate random noise. During dry weather,

the conductors usually operate below the corona-inception level. Two

components of audible noise are normally associated with transmission lines;

namely,- (1) broadband, and (2) pure tores at frequencies of 120 Hz and

mul tiples. -

i
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The broadband component is generated by corona where corona is'(
defined as a luminous discharge due to ionization of the air surrounding a

conductor caused by a voltage gradient exceeding a certain critical value.

Since corona consists of a random sequence of pulses produced by the dis-

charges, a broadband noise, described as a crackling or hissing sound, results.

The ionization of the air creates a space charge around the conductors

and the movement of this space charge causes a reversal of air pressure twice

every half-cycle which, in turn, generates the pure tone components. The

pure tones, with the 120 Hz tone predominating, produce a sound described

as a " hum." The hum component may vary over a wide sound level range with

respect to both time and space. For example, the 120 Hz component may

fluctuate several decibels with time at one location and will vary greatly

over short lateral distances.

{ The two components may be quite evident simultaneously, or one or

the other may predominate. Figures 4 and 5 illustrate sound level spectrums

obtained during wet weather conditions at two different times. Note that

in Figure 4 a broadband spectrum exists with little evidence of pure tones

whereas in Figure 5 pure tones are quite evident.

For additional information, the reader is referred to a detailed

discussion contained in Chapter 6, " Audible Noise," in the book Transmission

Line Reference Book - 345 kV and Above published by the Electric Power

Research Institute (EPRI).

ANN 0YANCE OF TRANSMISSION LINE AUDIBLE NOISE

To determine annoyance associated with transmission line audible

noise, both the broadband'and pure tone sound level components must be-

considered. Most of the accepted consnunity noise criterions introduce a
k

*

penalty for the presence of pure tones in the receive'd sound signal. At the

.-
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1

iz - present time, there are no sound level regulations which have been written |

! [.
specifically for transmission line audible noise. However, the Environmental-

| Protection Agency (EPA) has published documents which rate the " normalized

day-night sound level" as "probably the best available method at present to
i

predict the most likely connunity reaction in the United States." There iso

I a 5 dB penalty associated with a noise having tonal components using this -

-+

cri terion. .
i

I Also, State and local ordinances are being passed regularly with
'

nighttime limits of 45-55 dBA. With no statewide noise regulations in

effect in Alabama, complaints must be handled on an individual basis from

; a nuisance standpoint.~

!
| AUDIBLE INTERFERENCE AND NEGLIGIBLE NOISE SOURCES
i . .

' It should be noted that during .the test period, various other noise -
(

; sources that were not associated with the subject transmission line contrib-

i uted to the. recorded data. For example, while reviewing Table 2, any data

recorded while wind speeds were in excess of any average of 12 mph or more -

! should be deleted since the speeds cause a corresponding increase in ambient -
!

L noise level as illustrated by Figure 6.
!

; Another example of "other" noise sources ~are,- of course, the normal

. wildlife sounds which are very typical in the region of the subject trans-

mission line. In this rural community, birds, frogs, and crickets were

major sources of noise..*

Note on the tabulated data that at approximately 1800 most evenings ,

;|
. from about the middle of March until the end of the same month, there is an i,

. abrupt increase in sound level of approximately 15 dBA. This increase.is due_

_

to crickets in the' local area. The higher sound level ~ generally held constant'

for a; period of an hour or two and then ' decreased'at sunset'(Figure 7).
.

.

~

,, .

. . . . . . . . -. . . . .- - - - . .. -. . - . .
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. ADVERSE WEATHER OBSERVATIONS

To better grasp the idea of transmission ~1ine noise during " adverse

weather," it must first be established what should be considered " normal"

ambient conditions. For this purpose, March 29, 1977 has been chosen as

an example using Figure 8a. (NOTE: The wind direction indicator was out

of order during this period. However, this parameter is considered irrele-

vant to sound level at subject test site.)

At 0600 on the subject day, the following ambient conditions were
0present. The wind speed averaged 5 mph with ambient temperature at 16.5 C

and dewpoint at 15.0 C. The load on the line was -3.9 MW. The sound level

measured 50' east of the outer phase of transmission line was 42 dBA. Taking

into consideration the season and time of day, these conditions are assumed

to be " normal."

( At 1600 hours, a steady-rain was falling which had commenced at

approximately 1410. At 1600, the wind speed was averaging 6 mph, temperature

at 16.5 C, dewpoint at 14.5 C, and the load on the line was 17.2 MW. The

noise level at 1600 had increased to an average of 55 dBA (Figure 8b). Since
,

other ambient conditions were relatively constant, it is concluded that this
,

sound level increase was, in fact, due to an excitation of the line corona

by precipitation (rainfall). ~

Another example of this adverse weather phenomenon occurred on

April 1,1977. At approximately 1220, a light rain commenced. The wind
0was from the southeast at 8 mph. The ambient temperature was 14.0 C; the

line was +124.5 MW. Before the rainfall, the sound level under the center

phase of the line was 38 dBA. When a light rain comenced, the sound level

increased to 45 dBA. At this time, the line was emitting the light hissing-
|

( sound. This hissing became louder until approximately 1230. At this time,

:

,
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the rain continued to fall harder and a 120 Hz hum was evident. This hum
f

predominated the hissing noise, and as the rain continued to fall, the

sound level increased to.an average of 55 dBA with other ambient conditions

remaining near constant. There is no recording of this particular example,

but this phenomenon was observed and logged by project technicians present

at the time.

Figures 4 and 5 may be used to illustrate these two components of

line noise since the events which occurred on April 1, 1977 are almost

identical to those events at the time the figures were recorded (July 29,

1977).

The examples described in this section are prime examples of the

effects of adverse weather on the subject transmission line. Other examples

of adverse weather conditions may be observed in Tables 1 and 2 and Figures

9-12 of this report.

gNCLUSIONS

At the test site utilized for the subject sound level study, it

was found that the sound level on a " normal" day (clear with no precipita-

tion) roughly averaged between 38 and 42 dBA with moderate to full line load.

It should be noted that this average was derived using optimum conditions

when no other major noise sources (i.e., crickets, excess winds, fanning

equipment) were present.

It was also found that during moderate to heavy rainfall with

_
moderate to full load on the line and no other major noise sources present

that the average sound level at the test site ranged from 55 to 58 dBA.

It is, therefore, concluded that adverse weather (i.e., rain)

excites high voltage transmission line' corona causing a 13 to 20 dBA increase-
( -in sound level.

.
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To further examine these adverse weather effects, a sound level

traverse (lateral noise profile) is planned to extend 500 feet from either

side of the transmission line or until ambient sound level is achieved.;

At the time of-this writing, the profile has not been completed.
,

Upon completion of the traverse, an appendix will be issued to this report.
.
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TABLE 1*

(-
EXPLANATION OF FIGURES

Figure 1

The test trailer was located approximately 20' west of the west

phase of transmission lines. The trailer was enclosed inside a 35' X 16'

chain link fence with proper security and voltage warning signs.

Figure 2
_

This figure shows terrain and line configuration in the test site
0area. (NOTE: The various sag distances in the line are true for a 100 C

temperature at full line load conditions.)

Figure 3{
This figure shows a typical tower configuration for the subject

transmission lines and the typical conductor bundle arrangement for each

phase.

Figure 4

A tape recording was made at the test site on July 29, 1977 during

a steady rainfall. This figure illustrates the phenomenon that usually

occurs during moderate load conditions with a light rain falling. The noise

that was emitted from the line at this time was the aforementioned hissing

type of sound. There is very little evidence of pure tone (s).

The sound level meter was placed on the 60 dBC scale while record-

ing.

(-

-
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!

i Figure 5
(.

| This figure was plotted from the same tape utilized for Figure 4.

| The sound level meter was placed on the 60 dBC scale.

Notice the obvious pure tones. This phenomenon usually occurred
|

! as the rain fell harder and the transmission line became wetter.
'

The noise emitted from the line was a distinct " hum" at 120 Hz.

The major peaks shown are as follows:

Frequency (Hz) dBC
|
'

120.00 47.8 .-

180.00 30.0

240.00 39.6

360.00 30.6

480.00 29.2

Figure 6

' This figure shows the effects of excess wind on sound level. During

the period of this recording (March 22,1977), the wind was averaging s 18 mph

with gusts to 33 mph.

! Figure 7

This figure is a chart recording of the " cricket phenomenon" which

was recorded on March 23, 1977. This phenomenon was found to occur at

approximately the same time each evening as warmer weather brought about

more activity.
t

i

Figure 8a & 8b

Figure 8a shows the'" normal" sound level average with'no adverse weather

con'ditions on March 29, 1977.

|
i

4 ,
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Figure 8b shows the effect of rainfall that occurred on the same' '

day but several hours later. At approximately 1410, a light rain had
' ; '

' comen;ed. By 1520, 0.11" of rain had fallen. The sound level before

i rainfall averaged 43 dBA. During the peak of rainfall, the sound level
<

increased to an average of E5 dBA.

.

'

Figure 9 \

This figure shows the sound level during rainfall on June 16, 1977.
A

Note.the broad peaks before and after the' sound leve.1 increase.

These peaks are due to wind which subsided during rainfall.

The average sound level one hour before rainfall wa 43 dBA. The

sound level increasad to 55 dBA durin'g peak of rainfall.' e
s' /

( Figure Ib

This figure shows sound level'Iincrease of 15 dBA during rainfall,

that occurred on September 6,1977. . "!
3 a

The average sound level before rainfall was 45 dBA. A steady rain

commenced at S 0910 and sound level' abruptly increased to 58 dBA then

g settled to average 55 dBA during the peak of rainfall.

4

Figure ' 11
'

e.r
'

This figure shows the effect of rainfall that occurred on the morning

of September 4,jl977. The_ rain comenced to fall at S 0515 and had accumulated

0.05" by 0700. -

.

The sound level increased from an average of 46 dBA before rainfall-
) %#
' to 56 dBA during rainYall.

. ( i

.

) - '

& -
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'
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. Figure 12'
:. (;

.

,
.. This figure shows the effect of rainfall which occurred at the test> -

s .r,
,

site on September 4,1.977.

., - L There was 'a'. light rain falling at s 1100 but not hard enough to

create more than a hissing. At s 1225, the rain commenced again with an

abrupt increase in sound. level.
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1. Power pole with extended platform for rain gauge;
all weather sensors mounted here.

2. Transmission lines
(-

3. Outdoor microphone and preamp

Figure 1. Test' Site Layout



e

...~, .

, T, ,
_,.

._ I . . |
.. . . _ _ _ . - . . .r- -- - --

-

.

| I. _ [ -- j i 8 *

::h._ . |'
'

. . . .
- .-

_ . . _ _

~~ I :E 2
..

c} .Er f: -T ~ .':1 . .. - : t - b =. .. ,

2
'- -f- , f _' f ';h -[-j . -

.-
.

..f ~ ;f f f' ~ f f.. :)
>

1
- '

.. -'1

p| .__. j_:.' C .~
-

' '.1
-_. .. = .t.. . p-. . m tt:-~$~:_"~ ^:~ N. . ~

.: _ ;t:=^:p; *:: ; :
-

=' z. ..*

.i'

f: Q
_

.

.- : ' I. i 5 'ik ~ hDhh | ' f'"-l d - 1] .. ~ h ,. h_
' " ll-N-.

X~:6 #=MI:i~ L A % - | :"i : A ' : T- -\ l = il - '

t- ,

- 'i! ? f= N - W:
. . . .

-} ".i:~i - . .~ if=5.,. .
. . : - ;- !

~ T} ~.!. ] ''... ,.. .. I .'f .-i ''- .d- .-

-} ' ~2 - : * -I -

4%. . -

* ! :- I ' . . _ g. : : ..: - '!.-
' - -*

{ b
*

~O '

l- ' f i -p-_4.'

. . ! '.
.

- . -

g
~ ~ ~

l U bt - 1- - -*-| + w ji.~f 2 7 i ~ ~ 1 - h 'i !- !"

w.;EE 1. :igL=p=d Eli+ = win 2"t; !--1 = + = E. J -i "hi=4 F :~i=% & Mi=t
._ ~. . . _1. 'l . _j!_Jj rr. .- 4P..

--- '.. I *] 3,:f} - . {- f?.. - ;-l .. lj -
~

'.f. ! f J_y ; 3(]::_:j2; If' il:L:*J;:
.. *-...7_.. . - - t_.. 4 - - - + . .

P r; . -

I- ]. .
i

~
-

2/.: " : I --- - .* n| = r * - ' 7J*
~

-I - h: -.: :^:$. C :={.: ;
-' -*

22. .2. L.. '- y..-]7" 'f:b - f ** ~c- :k il--
- ~..;~ -

-ic -::- J.:=t2: TV :t--- .-..-.,.: ~= ' " - '*- ' . "- : '' ' - t
; .-i

.12 .{*n !!
" - - - - - 17-'. ..!'. -'

~ - -

.

JCl:_hntc 7 M.
77 7._!_

2 - -} :7- ' - '-,!!b1:' - - ~" - ' b~ a ~

U. k ~ f I 2.p.- 21 c -Jr-..
..:* J' " 2.- 1. .

'~~

- - r ; tr

' --(._:._f - e -

-

J. " - ~: "-

' -~'I M-
'T.~5h .}.Q Z[J' - 'l '.fi :.l.5-5 -kh~;.h [.f- - I- - -- 7I-h h_ .

; h E- .2_ [-: i I ;
~

.

. . : 1. . ~ T 5b 5!.: S.~ :- :. -- -- -- *$$ $5- - ~'~

4- . _ _ _
:1 d_. .__ .__

. . . .
:

._,-_._ O .P_ T.yr...f,.n_. .l;_.. .__. b.... ._.r_b =. .-. _ _ _ _

. -_ ---+
. H --f % ' 7j i= |i- i. h..~N. a

..,--4 - +- - .-

_ -

.

. . ~Id . .
.

-
C O(- 4. _ .7-.. . .

: 4.1

:. ~'

=.4 :t - - *--- Ir - ; r = .... _ .-- - : =- - .--.4._- -. - -n--
!p.-q__. - - e t-- 1 ---

-

; --+ -- W=.I"Q. l .:: =i = ;~ :.&" & r.:: : s- .-' '. ] :- .Q r| : '-

.- >
' ' _ _ ~2: =v[il- ' T '' '~ ^I ' =t =-{ ~ 1:- * ' L-QL T] 2

2 1. -- ' n;J I ~1 1
~

.

::L *' =
:h$u N?j-bhY^= Y Li .~.- .=1^=- shk . - Y= ' ~' & h. - ?15b !$ '}f b

: --
:

:Yd#siid 4E-!-if:MM5. y:f!=" =N=MM= Jii' M F=f Z-HMt3E'iEY !Y
=2.:a1E!W!==W=l#fh_=w =1 - n=.1 =HiMi: ~.=1 #=: . - ~ 'li'X W YY YY& .;} : R -:-^ 27 p (. . .M;

. :hr.H TV -' :_t. 2"k ::T V:::1.2T . { *- =T=T!: . - '. t%
-:

\ ". . . V T:
.

. }1 :: $.:. --
;:

,. - l T. ^T'. . /. - i- -
t _1_ - . 1' _ - . ._ - 1- - -- .-f.-.- -- ,j ::: ' l -_ t|~l . . t ::.'

.

t r_f M .!
~- - i J. _- i c.0-i . 1:.- it: r _ .:1 J2 = , = .-V_ - Jt _N. *~ n ! 1:7. j'1 c:t - ri . . i J t ;ct _ . "*I 42. . :. ::: $. /( . - - -f r.t -

'--

: .. ; I; - .- . . 27L-Y;-
-

N-
-

- - - 127;

_ L._ j . . [, e } ,.,c.
,

. _i - . {~;. _ ,... -.; ; g ;, [] _ {
I

.;.t.c r c i. -'=. p _ . . . . _.;c --'- -. .~ r-i- - rz ;
_

- .

. .E.. ~~ ~h' + r.:.} : &
. ..

*-
; | ;.. .t... ..: :

' - d::. , in - --1 - . 1 : :h..
.cl 4

" /.s .::. 1 :-| -
'

_.: n _:---
- -- A r.--l - . 1, p

..; ::. Q- - ; -- = .r cut
. .i = - =

t=.- ;... v . =t -m-a : :a-- : - -i .s = r ::.= i---- .;/.. \
-

t --i - -

=/ = * i
' - -

_ . . .f . - . t - . . .. 1: -| . - V .' $_ -t _f :: r. .: .A :_.s:= :.. . t. :,-
_

_ _

t --

5!E235k. N %='-5f TDR--I N #- . hIf /# .{ E . :_I T I_i 7 d[j_-^:|J|
r- - ' -

:- = :v: 1 ; .. t =t.- = --

: : 'I -~ -- -
N -- ta t': :s - fj -* -l V _ l .i .

. :. . ::I-/t:-| : |- 1: |_. f/ 1 -| . - |J f ~~ i i
. .?

, , _ r-
.

- N|

( . _1= q r .1 y . --.f._.l. . : y- --|;-:(.x . ,--.- -

;:- / :
. m :I- |- - - - =. : :.:.. :t .;

-

ir-jf8' I' | - - |- -Qf _ . r-
' -

i- Y~~ '#YI(2j ["# f
; .. T l'-

J. elm I ! . | -lO|--f---i "L 1JJ-- .= 'r I.d-- .d. 2d- i 'i -tP ~~.ap ::: :1;. { :. p n; , }S j _ . ,

i

=e. n.

| j .,} . q i..gw-: - - - - - . . .-.

| .]. ,. 1 ] isert., --m r--. r .. -

y= f: [i . |
..! .

-'i q }.4 %.. .| g R L-- 4., ~. ;. - 6 j.s t :
i

i
~

M - [ - I _;{ :
M I i 9 i

{_.|'
.

i J-~'

| .. Lf 'y y J _' # . .f
|

_

. . _ -_ s ,_z
I

t l'- ' i l |
,

-

1-t "E 't. t
- I

. . { . .' I
.

! } | |y ./ '! ! .| |
'

| |

.
-

i,
'

l |
' , .V! |

if i
| t j | t i i

'

t *( t , w
: I !

*

1 j. | |T}. Figure 2. Locetion of test site with
. | -- |I | !

'

-.i !
_r

I
respect to St octures 33 and 34 along I". |

.

; -

I :
_( the f! iller-Arkadelphia 500 kV trans- ? I, . . _.

. . .

: ! ! | | | | i mission line. . .,| -[ t I i
. . . .

I . I i- 1 |---b. :] ! .! |2| ! !# ! ~! 1
!* y -*. , .

.. , m, -.. . .. ... .
' ! f ' $' !- I I 'f ! f.. ., .

!
a... . ,. . . ,

f | | |
. . , 1I

r-- t. _., . I f.. _ , _
. . .. . . .[I. . ' ~~ I .. . . . . _ .I.'_* . f~ * * ~[ , .. . - * . . * . I *. | .

* *
.. .

'

g ..
.

--
*

. . .. . .
.

, . . 5 I \ l '
.

{
a '. ' l *

, _ _ . . . .-



,
.-.

_

A d'\( ~

r

]fl7'-6" m',17'-6"
,ms - s

*
e

i 4 \ -

k VN
\/ w/

Conductor Bundle Configuration , 21'-0" s,
-

21'-0" m
x e m -

APCo Lines: '

3 - 1.213" diameter | |

ACSR conductors

<

g Ic... <- t ,

( k
O

Overhead Grcund Wires
Two high strength steel wires

.

with a diameter of 0.385" and y
'

a separation of 35 feet.

'

>
>

I/
>
VI- - . - - . - - . - . - _ . . _

._ .

Figure 3. Transmission line structure and
conductor bundle configurations.

..



. . _ - -

^.' R q
( pq ..; , . . , , . .r, y o .

. 46 0700 I. * '
, .

70: |
.

; -

'<. i
- -

' !-
i 4

..
8

'

i I
I i .

4 i'

1 i
*

,
.

| i !, r i
1 | |! -

e.

e ! --1 - ' i i60 '

; : I
' '

| i; -

| Figure 4. 1| l
''

6

> !.
: ; .

; i 5
3

s , .

-.

1 ! t
*.

. . .
,

50 ' ' - - s - - - - - - - - , - - - - - - - - ----- ' - - - -- 4

! ,

i
i

I

.

40 - - - - - - - - - - - -- -- - - - - - - - - - - - -- - - - - - - - - - - - - - -

(dBC)'

30 . -- - -- - - - - - - - -- - - - - - - - - - - - ' - -'-- - - - - - - - - - - - ----- - -- -

!

| .

!. .

*

i ,
I*

I i.
'

ii .,
.

20 - - - " - - - - - - - - - ~~ --- - - --- - - - -- - ' - ' - - - ~ - - --" -

1 '

.

10 ' - ^ - ~ ^ - - [-
' - - - - ~ ~ ~ " ~ ~ ~ - - ~ ^ ^ ^ - - - ~ --

4

:.!
'

! ti i, .. ,,

;.. ,i *

!,.
. . .. .. .

. i : ; : . *,. : !ia: i- -

',i i
. .. ..,,

'
- .i ;-, . , . . ,

, i, i.. - .,
8

1 5 .
-

.

.0 100 200 Frequency (llzI 300 400 500

_ ___-___ ________.



> " ,

0
.' ;! . ; i .!I .- }' , 8' , ,; | .4i

, 0
- 5-

-
-

1

-

-

3 '

.
' .

-

,

, ' . :jt . i4t' -i , n| -I |,t .;i

-

_
-

(
- -

-

-
'

0;: ; j . . |- j*i+*; . .i ! ,;f '

0
-

4
-
-

-

-
-

-

-
o 4i

- f

-o
I3Iit4|

-
,#$

]
I*

-

-
-

o, -
--

- .

n. - -

-
- -

- - - _
_-

- . . --- - , t . i. .

~ - - .i .

|i |. . , | :II
-

- i .~

0
-
- 0
- 3
-

-

.

--

-
,

-
- - ).

- 5 -

~ - liz- ,

(e - -

-
,r -

R.
, ;' i * !- r -

IIi j_ yu
g c

- - | ni

F e
u-

. -
. q
er-

F- - -

-
.- -

;-_
- -

--
- ;;j+ !*|t |

- - -

, . 0-
,t. 0

. - - 2
- -

.

_ : -- - .

-

+ - - -
-

_
"

. I'

--;
~

e

, - -

-, -
--

.; -

*p
- , . ' , ,

- - ,

0
!(?|

l ,i 0
- 1

-

-

- -
(

'

.! , ',:! + ,, ' ' -46 ,

"

t . r. >' I jt .I !'

I) .|.- .i

0

~

C0 0 O 0 R 0 0 07 6 S A d 3 2 1
,

.

(

!

! .4 - -



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

~
,1

, ;

- - ma,M " V '

.
... . _ .i,, r W"_.

~ ' angop ec w :.w.m. ._ oo o-

f. -|. -gname . ^ , .

,:.-
. . i ..

i.. . _ .
_ _ ._

~~~ l ., ' f 'I. I C 4.1 *.

-

. . _ i
; = - := < -

._

| ., .. - i~ -| ; I. :- __-_,_._ m , _-- . pug
, ._.

,. _ - . . _ - . . . . .a. .i. . . , . . . _ . . .. . - -
.

{ 1- ,. . . . _ _

i
.

.. | . .. .. ._ 7 y_
_ ._

_ .m
_ , _ . - - .,

.

. ._ | _.. . | . . [..
___4._. ..

=._t,--

'_.
__ 3 _ .. . . _ _

i
_.____.__[,- a . . _. h,. p~ _ ,-

.
-- ,

2- .

; 2_.,_____ . . . _g. _:_-- -

,
*

y _ _ __ __ __ .
. ,a,

- ----~_____.._q.
_

,
4 _. ._,__ - . .-- ___ _ -.

l ~.. J.y - . ]- - .l .

<,

._____t :-7.,,a -- = ._ l . . .. . _ j . ._ _ _ o. . _ _ _.

._A.; __ . _p _ _- t - i., . _ g _. .. _ . , _ + :_ 3
__

- . . .

_, . _ ._ _ _ . ,
.. _

.__ ,
,#_ _.-_t.._ .

.
_

. _,
.,.

__ ._

.

o. , . . . . . _ , _ . . _ . , . . _,
.. . ., i _7

, . _ . _ .
__........] ., _

,-- _s , _ __
_

IM,
...

. _ **

. . _ . ' . . . , . _
*-

.__.I. . . , _ .* ,
.

- ._. _| m,- ___g...
.._._i...:._

6 ., .. " '. __._ . . ' . _ . _ . .*
- J~

p .,._.. l. . . _ g . ..,_ .p _J )G
_. q .___ . 4, ,. 4_-

.. . _ - , __
_..__..M<

c._ _ . ,

_ , . _ _ _ _

.
._7---, .

.,.;.__ -- '
-

.'._m..__._| . -p f--. . ;_ ' ,- ;
i .<.

__

. ,, _-.____m,

; _ _ _ _ - - , ._-______...._;,

.

e,
..

- - - 1... . __ .4 _. _ .. _'
_ --- -- _~

__ . . . .

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

3
__ . . _ _ . . _ . . . . . . _ . . . .i.'

- - - - ._ .

_.a' . ----! TIME (6 cm/hr)
_,..J......--

' a . -
. :__ .. . _ _,j. . . _ .r _ -

+W W E,O.~1.__..O10 0 ' '. .~. 8 0. y __,_60.- _. )- -p..p __ ._ .

_ ._q.- . . . _ ,

i
_

. gy, -- ' . ., , -. .t . _ _ _ .

,f'

:__.____...'.._w...t.
_ . . _

.-
3

( j . _ . { _ _ . .. e _. m. -L.-
_ .. .. ; - C. *

-

..~..,._..l. -

.2...._:_ ._ .j._ _

f ; _ . _p _ - & .-
._.

- ._..l.-_._..
. .;~._.'

32, ;

<..
!.

-

.__ . ___ w
---

._ . _ _ jp .. _ a
| , __ 1 .|. ,_ -

- . . . . . . _ - . Z.
. ,. ._

_

. . _ .

_
| -. a ..g . .; . . -- . C
|

.. ...
w.___"_ . L.

. .

, e'; . _ _ _ - ... _ . - - , ' .. ,
_ jg- ; _ .__:.

._ . . _ . . . . . _ _ m
|
-

i.. . _ _ _
,

.
_ . . % . _.. .

m .. w
,. . . _ .. . .

, . _ . . . , . .. .. _.- ._m.---
- ._ _ c td,

, 1
_

, , , , , , , , , , ._ . . , .
L

.
.,

6_...,,.. . _ .
._.:... i ---==i .jg ,, . .. j . . ,.

. _ _ . . _ _ _ . _ .
. . . - as, _ . _ .. . :. . . , .

.

g

j . . . 6. . . . . . . . . .. ." _,s.=c - _ .. __. p ._ . . . _ _ -
=- ,-- -,_.__._._; _ __ ... _ .. _-.__._a__ .e. -- . _ _ _ .

.....c... _.* . . _. . . . . . _ _ ,_ _ . . . _ .

_
*

.. .
,.

. .

'

. . . .-.__..t.__. ._ _ . . _,....s.... ._ -. -y- . .. i
. . . _ . .

- -
. r_ ; - .. :cES a . .. _ . . .t

p _. _ , ,,. 1.._.___ g . .
__

: _ __q. __., _3
i

- e .. _. -
-

l-- ---
,

. '' *
- _. . . t, - .i..; a - .

.

I ~ IT - -- mw_..e _ i
| pr- r

1 ' "* j | CM'.F-t L -5

1 1 _ - - - _ , r-=n..
| 1 -gg h p " -
5 a f _ . - - .-

80 70 60 50 40 30 i

(Sound Level in dBA)

Figure 6. Effect of Excess Winds March 22, 1977

1

i (

\
|

|

|
t

i



|

N"
-M -

.L.__..___.. ____._.._. _ . . . ..._.._._._.p__.__ y
n _e . w

M-.

. . . . . . . , _ . . ... . _. . - _ &~ V. ..-
-- :-

i 5
_. y 7.1CLD f.

.

.v
f - i h -

g

e i . ' A"--.-ym
'

m1 r. ' . 30 CO -@ '3 '. O
'

+

.ii ! ! j j:. .._ _ .. .. -- --

,,. . - . . . . _ -i,, _ ,.a

;
I ,,p :, a. .

,,,,, ,
.

, .
., . 3 i . _.]t- e-,' .

,
-

,,

_I__ _ ._i _ . _a.,'q;C I|, ,
,.

1

. ; I- 1 b
. . _,,.

j i
. . . , , , _'

w=.__.,- i 7.; .i '
, --.sN.__ -
i ,

, ,-

. . . . . . . . @N
i.. .a -w.... ._ .4, _ . . . . _ . ..i '. .w - . &_ _ _4>

-. T; .. 3, . ., ,. q . . . . , , , . , . . . , . .._,' _.....g__..
._....._._.4-. . o. ., , ..

._ , _.y,
,

'

. . j. .- ..
;,e _ _ . . _ _ _*, .

,.. _ .. . . . . . _ '. . . .. Qt , . . . , .. .|...

:mmi._
. .

7. . . _ . .J
.

~. ._ 4._ . ag 4.
._ - . . . , , .

...i 4
'

> t .
20-.,j--..,. .. .s...... -

f_._ _. .
. ....a... . I . _. .

.. . , - - - - - - = = ... ..+ - _ .; w,
,. .a. . . . .. t ,.

' [
, ,s. . . . . ._.;,_.,....,'.-..L., .....{... -- - . .. :-- _

8 _. . _ . I 44 . + i
.g~*1. m= - f _ _. . q.,

.

1
. - - - , i C

.

t .y
| _ __.. 3.__ ,.7_ q___. ._,. . . @-

p_. - H ,_ . ,
4

; ._ _ . _ . _
- : .q-- _ _ p ..-. .

,

g
i

i _ . . [*
a . _ _ _ _ . _ . . ; . . a. . .- %. _ _ , . >___..L._.. .J*

i
j _ .... . ... . F' D ~;

_ :

al$t* .. . r_ >C
g ; w . q _...L u..J _ygekW . f .. ....__1' : : c.

. .
.. .-

<* M- 2i

i _ _ . e _ -- )|
-

.- 4 .. . { .
.

%. . . ,, . .. L. . . pg
- w. _M 4.,

, .
. j 7__

.
._

;_._ , . ..., .. q _ o
p_ _

._,...}..... . z
3

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

.i .

_ ..7._- . ,

. ;. s- .. _.._.A- . . .

.. . . : . . __Jt ); ... . ;. p*
. .

. 3. .( L..t. . ..a ......e .t. .6._...;..,

-

. _ . . . _ . + - ~ . .
-

TIMc- (6 cm/hr)..
__.

_ . ,--)7U .
wO. .3 4 - .. m _ ..,_ _v_.a.,u. . . .. . v ).. * . , .i -

. . . . . , . ..1
.f,,

,.. ,.
. . g_ _ . . . . .. .,. ... ,. - -

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

g. . . . . ,
-.

-

p ==. . - ..j
.-n L> ; i -

.: . .: Z
..

m. - ..;._.. e

, .

met p .. ., ,. .. _

.J.

- = . . - .
.-

. ;)

. . , _ . . . .
. _z_ . ,

|
. . . _ . .-._y_... 3_ .7 g

. . . _ _ .

, . , .

. _.._... ..._ __
. . . . , . . _ _ _ .

- - . . . . . . .

_..
s.
s-y .s_. . . . _ . . . . . . . . . > 'h!. #. . .. - . , . . ._, . . .g. . .: . ..

.. ., ('
_- . . . . . .. ._ __ .. .._.

j.= .. . .
, ..t.... . . . . . .

.;
8

4... . . '.-. .2 ._: . . . . . .
.. , .;.. g

)
,

. . , -- ,

i. m. .

__.-
j. - j . . . g .. , . _;. .

-

.

) _ _.I.
.; .t.. . ; _ :. i

+

- - . ~ , . , .
. L. .__ . .Q

_ . . . . 1.
._.

; -, . . -..w.w . . ' . . .
. - - - . .* . . n

.
. ., ; . . ....:

,

. -
.. . . . .

g._ ..:..._ .~_.. .
. . . _ . ..

- . , . .n....-.,.. .

.__ , .._....__2

f:. . ~
_ j. -. .%.

.m===mr %p .
__

.. - g

, .: - '.
,

.. .p_ ./.-1_ p _"._... 4 ,r._._.--..._. ,. .. ..
.

_

u . . .i, ,. . .. .. .
-. -

. . . . _.. i . , . . .. w,i.
..a

i.. . . . _ . _ . . . - . . .
. .a.._. - _.., . ...- m.

. . -
,. .

_. .,k.
t. ... ..... .

. e=

M%"."" . .,.
g e

..s

, . .
.

--1,
.. ,_

, . . _ _ . , m . . , . .

80 70 60 50 40 30

(Sound Level in dBA)
'

(
Figure 7. The " Cricket Phenomenon" March 26, 1977

-2 e



1
!

1
.

p_..q__ .
7. . . _ . . . _ _ , . . _.. _.i ._ _ . .,_ .. .

.

...... . . _ . _ _ _ , . _ . . _..i-..._. -

. .._ . . ._ s
- -_ _ ,_.. . _ _ _

100_' _ ., _ . 8 0 .. .
. .. . _ -.

GO' C_.J, N._' ' . ..o._w-- K,e-. . _ . . . .. .
,

.- . ._ .

.- _ . . .__

.... . ,x__s t _; 6._. . -...
- - _ .. g.,_._ 6. c .,

. e,,. . _ . . . . .._. . .i
. _ .

g.. i.-

( __ . ; .
.. .i. . . . . . .

.. ,

;
. . _ _ _ _ , .

.a

. .

.

. .i__. ; ,
. _ _ . - _ , _

. .
. - s. . t . . ,.

, _ .

. . . . .j. . |._ _.. . q. w y..
< .

---- j ----H; .! ';. j;,
.., , ,

. ....m_ . r. z

_. .., . I -
-

~i~' ---'.- 28- ! .-
' ".. , . . .

-~e . m. . , _ : . ,l .. ,.:;, |,2 . , . . _, u
,

. _ ;%j o ...,,

.. . l_..
.. _

_ _3
. . _ . . . , . . . . ,

,. O', p-- .. p .j. 4 ..
. .--b ' -

.....g. ..1 . . _ ,. ! P ... )

J[_ . . . { . .
.- g.. g ..g...:___.3_..._i.... ..

..n.. ..
,.

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

.
,

. ,y
. 3

._ . . _ , ,
,.. ._

,

..

. l _ . . _ , ,

,

_.,_.____J_...... .
-._....._. . .

e.
-

g . . .. g.
. , . - - ._. _ ea ._.__ _..!.

.,

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

.

, ,,, .. __ . ..
,

r. . .*
.___.l.. j. -, .,,.

..._... . . . . _ . _ _ . _
4 . t - - . _ . . . . _ .. _ . .. . .

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

7,_ . ... . . . _ . __. _a _ . %. m % _.. ._ _ _ - _ .,._ . . _ .
,. ... . ..

. .

. . .
_..

____ _ _ _ _ . _ _ _ _ _ _ . _.,

_ . . .- . _ . . _ . . _ .i _ . . . _ , _ _ , _ __..s._.. . s.....;.. ...s o..,....J . ._._ ... ,

j ,__..,.__p._.....,___._.;._ _ _ . _ ._,____;,

i.. . ... ._..._._.,_.g. . .. ,__.

| Figure 8a. " Normal" Conditions on March 29, 1977
| .

1,_. .

l' .
.. . . .. .-. .I. . . _. .. __; d>C e .

_ _ _.._ _ _p. _..i.. ry_...... ,

|. .__ _ _. l _ . *
..l _J . 3 ._ . 4. _ .

. . _ . . .. p. . <. _ . y ;. . . . . _
2.~W. -

. 9. -s
. . . _ . - - - . 7gg . . . ,7 ;___m.....
_ _ _ _ . . . .

-- g._ .....,.:.._... .. .: ...._:_....... . . .*
_. .i.-. _. 3. .. . .. *

. . . . _ . . . ._..u...
'

x .

. _.i c
.. g

..
"

l p ... . , _ . . .
, . . . .

-

. .j . .. . . _ . . - . . . ._,
b_

, . . _ , -._; .
. g . .. . o _-.| . . _

g. )
. .

.._ .j
.

....g.. 4 .. . . '; . . -' ,
__ . , _ . . . . . . . ; y,

. . . . . _..w__...___.4.._._..-..._ 3

) _...j... . .. . _.a p. _.
...._.___| _

- _. O
._ __ .. ., . . . . . _ _ _ .;_ _ ' . ;..._.. . . _ - ..._I .

._. _ . _ . . . _ . . _ .
.. A]

_ ....__..._H <
.

,.

., _ .:.. ._ .. [
.

.
. . .

. .. . , _ . . _ , ,

, . . _ _
. ._ 3

_ ,_.3.... l .] c
g ,. . .; p.... . _ . . , .. . . . . g

._.

.. p__%_._ . . . ' .
i._.

,
. _ . . . ...s..

___..~._..ap., -.
, . _ . . , _.. 4 ,

. . ,. . ..._ _. .

. _...r. .. t, . .

. . . _ .

. . _ . , . _ . _ , . _ . ,
.

..s..
...g_._. . ., 7_ _m _.-.-. , . _ - _ . .......i. _

.-

,.s_._. _. , .
_ .s_m 2,0. _.._''.'..- . M '.._-.'...' ..' Ce 7 *, 1 e% . . . _ .. E O . . ,. ..

i....___p._._J___ .; ..._~_.;... 9 p_.._ .. _._;_._ .:
- _ . . . . . _ ._

eL. . . _ _ ..
g, __ .

._; 3

: __ -_ . . _.. . . _ _ . . -. . . . .
__-.e._..i.... . _ . _ . _ .,_. _. ;. _ __1. . _. o...a.._.v.._,-...._...|'. . . . . - -

- z,

,_. ....a.
l . , . . . <, .

p_ ._ . ..,-__...._..,.._j_......,_..,__. . .. _ . .q

_. . p [. _ ._. .ti . . . J._e .p. . __a __ __9 z. . a_ . _ . . .

.i. ~ ~ _ ~.:. , a. . u. . _a . .* i-...a_ _ _ . . --. . . _ _t _ s_ -] J-.. . . _ _
._ _ _ _...!_ _E_ I % .......;..__.' g

i . . -- : 4. _ _u_:_._ *
|...._._m...q. .._ ----- S p..,. J_._. 4 . - a. - !._.. ;

| _. _ _7.
. . q _.. - , _ _ . m

.
, .__ _ _ g. ; p_. w

_

. _ - .

. . p . . . [. .
- _ - .__ .

, . _ _ ....___.. ._ _
_s.

~~ --- - . . ... -
. . ._. ,.. .

..t. _ .- :.--._- -.._,
'

.:__t
.

.-
-.

'

-
.

. . ..: .'
. . 8 . . :. _ _ _ .

_Y-
--

._t. _ .Jj. . . !.
, _

_

..a .___a, m__.

.__. _ .. _.
. ___._..|. .

... .______..._____.e._r=
, . - . .

.

._ _ 1&g _ ..s-c,>. ._ -

*
.

_ ,

,,r_
_ . .

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

_. 2-.-
--

\. --
. _ . . .

( ..
. __ d :__

.. - _.. > .. . ... . . _ . . . . . _ . .

Figure 8b. Effect of Rainfall on March 29, 1977
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Figure 11. Effect of Rainfall on September 4,1977
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Figure 12. Effect of Rainfall on September 4,1977
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