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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.

E29C. 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. VOGTLE
NUCLEAR PLANT SITE PRIOR TQ CONSTRUCTION

INTROBUCTION

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 ncise levels prior
to the beginning of constructior of the nuclear ynits. 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 du: primarily to rustling leaves. The 39 dBA
reading occurred at the South fence line of the combustion turbine plant 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 1ife 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



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, EB81+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 presently 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



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
associated with the combustion turbines are tabulated on pages 6-9 of the
Noise Survey Forms.

The levels obtained around combustion turbine 5E 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 dB/ at the turbine, 114 dBA at the generator intake and 116 dBA at the
bearing compartment between the turbine and generator. The sound level was
94-96 dBA.on the turbine platform and 93 dBA at the exciter view window.

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



SUMMARY

This report is the first of a number concerned with sourd 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 sound
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 qu]ic H:alth and
Welfare With An Adequate Margin of Safety.” The recommendation for environmental
noise in the above document is a day-night average Ldn-SS dB. This sound
level is equivalent to 49 dBA.

As indicated in this report sound levels measured at the property
lines prior to the beginning of construction of the nuclear units are below

the recommended value of the Environmental Protection Agency.
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m, NOISE SURVEY FORM SOUTHERN SERVICES !N
1 PO Box 2625
n BIRMINGHAM, ALABAMA3E |
'C'..:E.\'T: Georgia Power Co. - Plant Vogtle :|rRiMARY NOISE SOURCE :
JOB NO. 042 DATE: 5/14/74 EQUIP. MAKE & MODEL:
ODSERVERS: Hickman and Champion | CLIENT DESIGNATION:
sLM: TYPE __B&K 2209 SER # 4542409 | OPSRATING CONDITIONS: _Ambient evening

-~
| o

INGTRUMENTATION

‘SLE:
CALIBRATOR

| TRANSOCUCER: TYPE B&KQ]QS SER#A_SEQBB
' aNALYZER: Tyre BE&K 1613

sEr # 460875

sound levels

TYPE LENGTH

TYPE _B&K 4220 SER # 457476

nTHeER. _ Windscreen

SECONDARY NOISE SOURCE:

|
: S——n s L= .____r_...__. EQUIP MAKE & MODEL:
: T ::L“: TEMP I %RH | MMHE ‘:“:: “o":l.: TN Yy
| } b OPERATING CONDITIONS:
{ 18:10 ok | 75 0-7 | sse
|
L
| . ¢ SOUND PRESSURE LEVEL,dB RE 20u N/M rms
TEST -
E, | TIME i CONDLTIONS s |ovenr| OCTAVE BAND CENTER FREQUENCY, Mz.
NG, | TION SCALE| ALL —
| ! LEVELILEVEL| 3.5 63 128 | 250 | 500 | 1080 (2000|4000, 80C:
1 1 18:15' A NW Corner of property ,iQ
2 118:22. B N 111400, F 15400 °30{35 28 30 26 127 |30 [30 (20 [15 10
3 118:35 ¢ N 60+00, E 37+00 >34 |
4 |18.45 p At Ebenezer Church Road 22)25 35 29 log 25 122 117 115 '12 '11
| 5 118:55| E N 22400, € 110+00 25
6 119:05| F N 60+00, E 143+00 39
1 T |
7 7'20~QQ G N 76+00, E 106400 27
| 8 120:10 H N 76+00, E 115+00 28 ‘
DIAGRAM= SHOW MEASURING LOCATIONS: l
*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 :
osition B - Birds increased sound level to 38 dBA !
osition C - Passing traffic produced sound levels of 80-88 dBA.

Sound level of 34 dBA produced when wind gusted to 7mph
osition F - South fence at combustion turbine plant; sound level primarily due to

transformers, no combustion turbines on

——— T s S ————

——

RECOMMENDATIONS:
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§ NOISE SURVEY FORM SOUTHERN SERVICES INC
e PO Box 2625
nd BIRMINGHAM , ALABAMA 35207
!C;iE:;T. —Georgia Power Co, - Plant Vogtle  ‘LPRIMARY NOISE SOURCE: :
: 2718 |
juo2 NO- 042 DATE: .3/15/74 EQUIP. MAKE 8 MODEL:
| OCSERVERS: Hickman and Chacadfon | CLIENT DESIGNATION:
| S SLM: TYSE BRK 2209 SER.+# 454249__ | OPERATING CONDITIONS: Ambient-morning f
| = TRANSDUCER. TYPE B&K 4145 3 # 456988 sound levels |
{5 ~naLyzer. TyPe_B&K 1613 sI2 # 460875 |
L2
| 2 CABLE:TYPE LENGTH 1’
g § H
| 2 CALIERATOR TYPE _BAK 4220 SER # 457476 | secoNDARY NOISE SOURCE: ]
[ .;-u.;':'_: *—w1ﬂqs'¢-mn———;=mx EQUIP MAKEZ & MODEL: !
i ¥ waes ! i
f vivg | ;Y?Eu TEMP | %AW | MMNG '.':: 'D'l:? CLIENT DESIGNATION: j
' OPERATING CONDITIONS: !
l
' !
- + i
| |
- t : * SOUND PRESSURE LEVEL,dB RE 20u N/M°rms |
TEST | ost-{ -
I | TIME CONDITIONS 4 JUNEN OCTAVE BAND CENTER FREQUENCY, Mz.
P NG TION SCALE| ALL v
! : LEVELILEVEL| 31.5| 63 | 2¢ | 250 | 500 | 1000 |2000|40c0 | 8COO !
15 1 10:10/ N Dr. Brown's cabin 57;
i T | .
t 16 10:25 O Intake structure area 042
1 | 4
10:35. P N 80+00, E 117400 a0
| 18 _10:55__Q N 80+00, E 113+00 >0
l

DIAGRAM- SHOW MEASURING LOCATIONS:
*Positions are located according to "plant grid system."

2.1-3 of the Alvin W. Vogtle Nucjear Plant Environmental Report.

See site plot plan, Figure

RECOMMENDATIONS .
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NQOISE SURVEY FORN SCOUTHERN SERVICES INC
el PO Box 2629
Sl BIRMINGMA'Y , ALABAMA IS
L EnT Georgia Power Co, - Plant Yoagtle "I'PRIMARY NOISE SOURCE : Transformers
g ' Q42 DATE: 5/14/74 EQUIP. MAKE & MODEL:

CASERVERS: Hickman and Champign CLIENT DESIGNATION:
| 5 suetves__ BAK 2209 SEm ;% 454249  lopcraTiNG cONOITIONS: _All of the combustion _
(L TRANSOUCER. TYPE _B&K 4145 seR s 456988 turbines were off
| Z . anauvzeR: Type 88K 1613 ser # 460875
| B 1CABLE: TYPE LENGTH

3 CALISRATOR: TYPE _BAKA220  SER. #457476  |secondaRy NOISE SOURCE.
| :)T;-jsa: _Jo!ipdsgmgﬂ#?’zmﬁzzﬂ EQUIP MAKE 8 MODEL.
. ail | see T vania § uos 1 anné WINO | WIN® | CLIENT DESIGNATION:
i | _Tow OPERATING CONDITIONS:
.
f
i
: !
’ | * SOUND PRESSURE LEVEL, 8 RE 204 N/M rms
toresy | POSI-
{ o, | TIME CONDITIONS oI vt OCTAVE BAND CENTER FREQUENCY, 42

NO. TION SCALE| ALL Y
: . { Transformers LEvEL{LEvEL| 31.8| 63 | 128 | 250 | 500 | 1000 2200|4000 | 8255
(19 20:45 Alﬁl‘ W__of transformer 3 79 192 5 69 71 68 |

0 Bl 3' W of transformer 2 0 !9L ’ 64 65 !51 51
| 21 ; C1 ES' W of transformer 1 79 189 56 g2 IBLEE fZLZ] 35-: ?58
122 | 01 ?' S_of transformer 1 79 183 64 8.6_' 32_.&3_.&3__4.9_.5.0_10_l 63 49
23 | El _3' E of transformer 1 78_185 63 B4 B0 Blj82 67_57 44 35
24| F1_3' N of transformer 1 77_190 FQ 67 B9 Bl 76 | 61 5040 '33
25 | Gl Midway - xformers 142 164 180 57 Bl Bl 63 57 49 45 38 28
26 HL_3' N of transformer 2 79 188 B2 B3 B4 B3 81 67 51 41 |32

CIAGRAM~ SHOW MEASURING LOCATIONS:

*See diagram for numbering of transformers

. Comausrion
EA LYC] 5¢ 50 S€ SF Tomarnes
.
' 2 3 TRANS FORMERS

RECOMMENDATIONS:
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| : NCISE SURVEY FORM SOUTHERN SERVICES INC

s B PO. Box 2625
oad BIRMINGHAM , AL ABAMA 3527
ic;rs.\‘f; Georgia Power Co. - "lant Vogtle  ‘temimany nOisE SOuRcE: Lransformers :
|JC3 NO: 042 DATE. _5/14/74 EQUIP. MAKE 8 MODEL:
| o2szavERS:  Hickman and Che-ofon | CLIENT DESIGNATION: !
P& suw rveg_ BEK 2209 sea @ 858283 | openaring conoimions: _All Of the '
{ % vRansoucer: Tvee _BAK 4145 sea s 456983 | combustion turbines were off |
g S avaLvzer type_B&K 1613  ser 4 460875 e
‘: CABLE: TYPE LENGTH *

(CALISRATOR TYPE BRK 4220 SER # 457476 _ | 5econDARY NOISE SOURCE :

t

! E‘Z‘T;‘;SR- —:(imuc;-i—q—ml——————m EQUIP MAKE & MODEL: ‘
T | :::~ TEME | %mn | umwe | 7 "o"';" CLIENT DESIGNATION: |
OPERATING CONDITIONS: g
21:30 0K z
- |
| |
 rest | L SOUND PRESSURE LEVEL,dB RE 204 N/M'rms |
R 8 s CONDITIONS A |OVER|  OCTAVE BAND CENTER FREQUENCY,Mz. |
sl ! SCALE| ALL - .
! | Transfo,-ﬁers LEVELILEVEL] 31.5| €3 [0!9 ' 250 | 500 | 1000|2000 4000‘ 8uQ2
|27 [21:15| 11 |50' W. of transformer 1 | g |71 'sp lso lea l66 |65 &3 47 (41 133
28 __J1 |100' W. of transformer '| 55 (72 52 65 61 !54 |45 43 (36 |25
{29 | K1 | At fence, W. of xfmr. 3 |54 |63 52 48 (57 |56 |55 | ‘ 120
I |
0 | L1 _| At fence, W. of xfmr. 1 |56 |69 48 (53 169 (60 |55 (40 |35 |27 |17
1 Ml <. | 51165 150 150 166 |49 142 |38 |35 |25 |15

OIAGRAM= SHOW MEASURING LOCATIONS:
*See sketch on page 4

RECOMM

ENDATIONS:




NO!ISE SURVEY FCRM

pace b__or 9

SOUTHERN SERVICES INC |
PO Box 2625
BIRMINGHAM  ALABAMA 3520;

 CLiENT. _Georgia Power Co. - Plant VYogtle ‘lerimamy noist souncE-C.QmQuﬂiQLIuwinﬁ___}'
428 NO. 042 DATE: _3/15/74 ____ |Equir. MAKE & moDEL: Mestinghouse 60 Mu x
QLZZSE?VE?S: _Hickman and Chamaion CLIENT CESIGNATION: -1
| & suw Tyee _BAK 2209 $ER. # 4034249 |ope3aTing conoimions: Unit running
! D, TRANSDUCER: TYPE _B&K 4145 s:2 =+ 456988 | at 60 Mu l
‘= iurivzen Type_B&K 1613 sza s 460875 !
b %) '
| 2 CABLE TYPE “ENGTH :
| » CALISRATOR: TYPE _BA&K 4220 szR & 457476 | secondaRY NOISE SOURCE: _
-di_imgp——__.yundsq%w EQUIP MAKE & MODEL: 9
i uwe ; sea- | venn | s | wons | "_':: "'o"';"’ CLIENT DESIGNATION: :
LA OPERATING CONDITIONS.
} 9:00 0K
i |
L !
| resr | sl SOUNC PRESSURE LEVEL,¢B RE 20u N/ rmy ;
L Tive CONDITIONS A |OvER|  OCTAVE BAND CENTER FREQUENCY,HMz |
| N0 | TION SCALE| ALL -
; l Combustion Turbine 5E LEVEL{LEVEL| 3.8 | 63 [ 128 | 280 | 300 | 1060|2000 4000 | 86GO |
| 32 ]]-Qs' A2 13' South of turbine 86 | 103 32.192 '94 FLim 76 175 179 ]59_1
| 33 | 82 Felow intake 1guvers 83 198 98 190 90 84 80 |74 175 (68 60
| C2__3' S. of intake silencer |85 |97 195 l94 183 183 |77 |78 |8} 78 67
35| D2 [3' South of generator 90 199 94 190 86 |84 81 85 '84 81 |74
6 | £2 3 92 199 91 92 o aﬁ_aLxngs'gsIJa]‘
37 | F2_3' West of exciter 73 196 '8g |87 ‘81 72__10_...6.6._’.65_' J61 151
g 62 % North of exciter 90 1101192 '98 192 88 '87 lss 83 81 [73
139 | H2 13' North of generator 92 1102 {95|97 85 84! 83| 83! 87, 83| 75
D'AGRAM - SHOW MEASURING LOCATIONS: :
L2 ﬁN
¥ l I2 - 72
G2 JL_
F2 | Sxe. T SE Tora, | K2 .
@ o2 L 82 A2

€2

RECOMMENDATIONS:
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PAGE_7_ OF

pe AmaELT T ’
: : NOISE SURVEY FORM SOUTHERN SERVICES !
b PO. Box 2625
P ,':.J BIRMINGHAM , ALABAMA 2=
!CL!ENT. Georgia Power Co. - Plant Vogtle ‘i.o many noiSE SOURCE - Combustion
JG3 NO- 042 DATE: —9/15/74 EQUIP. MAKE & MoDEL: _estinghouse 60 MW
t COSERVERS: Hickm an and Champion __| CLIENT DESIGNATION: 5E
,r§ sLm: TYPE___BRK 2209 SER #_my;_ OPERATING conpiTiONs: Unit SE
| & | TRANSDUCER: TYPE _ B&K 4145 SER s 456988 running at 60 MW
é’;;:wwvzsa ryes_B&K 1613 sem # 460875
| 21CABLE TYPE LENGTH
: 2| CALIBRATOR TYPE _BAK 4220 SER #457476 | seconoaa noise soURCE
i Q'ti-? r.u‘ﬂdi%w EQUIP MAKE 8 MODEL:
| riue § -l [ R S WINO | WINO | CLIENT DESIGNATION:
TIoN OPERATING CONDITIONS:
} e
S SOUND PRESSURE LEVEL,dB RE 20u N/M rms
TEST POSI-
TIME CONDITIONS A |OVER|  GCTAVE BAND CENTER FREQUENCY, Mz
NO. | VIO SCALE| ALL :
| COMbustion Turbine SE LEVELILEVEL| 3'.85] 63 28 I 250 | 500 | 1000|2040 4000 | 8CC?
40| 12:25. 12 |3 £ tan 90 04 99 93 |88 '84 83 |84 74
41 | J2 |3' North of turbine 90 1107 103 99494 (87 82 181 |82 'as 76
a2 | K2 _13' Fast of turbine 81 106 [102.99 ~94 85 174 isjﬂ 66 _ 56
43 ; | 12 Midway between 50 & SE_|s2 104 [101/92 g8 (81 |75 |72 |74 |73 |62
l
|
|

DIAGRAM- SHOW MEASURING LOCATIONS:
*See sketch on page 6

e ——

B e E——

RECCMMENDATIONS.
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g o o naadient,
h ; NCISE SURVEY FORM SOUTHERN SERVICES INC
- PO Box 2625
—ad BIRMINGRAM | ALABAMA 3520
| L1EnT, Georgia Power Co. - ?lant Vogtle | PR1aRY NOISE Soumrce . __Combustion Turbines
;J 03 NO: 042 DATE. 3/15/74 EQUIP. MAKE @ MoDEL: — Westinghouse 60 MW
| nosERvEns.  Hickman and C:-3ion CLIENT DESIGNATION: _ 9A=5SF
-.l <teTves BEK 2209 sIR # 454249 |operating conoiTions: Combustion
_ RANSD JCER. TYPE  B&K 41-3 sFa 3¢ 456988 turbines 5A, 58, and 5E on
= suacvzem typg_B&K 1613 ssa # 460875
S CaBLE:TYPE LENGTH
S CALIBRATOR. TYPE_RAK 4200 SER # 457476 |seconoaRy NOISE SOURCE.
—d OTHER .‘.~Iigdscr:ee0;====_—_m==,-_-===.. EQUIP MAKE 8 MODEL:
Lo  Sau ' vavn | wan | unde : WIM0 | WINO | CLIENT DESIGNATION:
‘L s OPERATING CONDITIONS:
i
| L
; o - - SOUND PRESSURE LEVEL,dB RE 204k N/M*rms
| no | TME | o CONDITIONS Ao CYER|__OCTAVE BAND CENTER FREQUENCY,H: |
L ‘ E ::::: L:VL:I. 3118 &) 28 !QOI $00 | 1000 | 2000 | 4000 | .OOO.‘
L4 _11:40 M2 1100 4. of SE centerline | 72 |94 157 186 |80 70 {71 [64 64 [60 54
Las | M2 200! W, of 55 centerline | 66190 82 .&Lil‘l_rii_.ﬁ_rﬁﬂ_’rﬁﬁ_.ﬂ__ié_:
| 46| 02 1300' W. of SE centerline | 64 |90 '85 82 175 l67 |62 [51 |52 |48 |42
47| | p2 800" W, of sggmumg_ﬁ 60 |84 183 130 75 le3 |ss |s2 a7 |45 |32
(a8 | |02 'sop'y, of 50 182 81 178 172 160 |55 |46 |45 |43 [31
a9 | Rz 800" W, of S8 contertiog 5t 78 177 78 le6 |55 [a9 [39 s
0 'moo W.of SE centeriine! 50 |75 |75 |73 165 [54 139 [33 '32 !32 |18
51 TZ 12000 . of sE centerline| 42 (67 |66 |62 144 36 |35 |33 |29 |25 |18
GIAGRAM- SHOW MEASURING LOCAT ONS,
.

RECOMMENDATIONS:




NOISE SURVEY FORM

pace 9 c= 9

SOQUTHERN SERVICES
PO Box 2625
BIRMINGHAM, ALABAMAZSSS

NG

DATE: _S/12/74

§ -

RS. Hickman_and Ch

;gs

B&K 2209

ser. # 454249

NSDUCER: TYPE

B&K 4145 ser «# 456988

‘PRIMARY NOISE SOURCE : Combustion.Jurbines———

EQUIP. MAKE 8 MODEL: Mestinghouse 60 [
CLIENT DESIGNATICON: SR

OPERATING CONODITIONS: _Combustion
turbines 5A, 58, and 5E on

rvpe_B&K 1613  ser. # 460875

LENGTH

TYPE _BRK 4220 SER % 457476
| QTHER .-_-Jﬂﬂ—whz——&——mﬁ EQUIP MAKE & MGCDEL:

SECONDARY NOISE SOURCE:

e | 250 ewn | sonn | wuwe | ™™ | *'® |cLignt oESIGNATION:
l ; ek NP W DIR.
, OPERATING CONDITIONS:
| 12:30 0K
e
{ 1
'LA-— e = ——==x—{ ~T===s
F i ! Shia SOUND PRESSURE LEVEL,¢8 RE 204 N/M rms
| U -
wm | TIME CONDITIONS R JOVER OCTAVE BAND CENTER FREQUENCY, M2,
NO TION SCALE| ALL
LeveLliever! 38| 83 | 128 m_l 500 | 1000|2203 |4s00  e2cc
52 '12:10' w2 rbine - inside encl %%5 i
53 y2 Turbine platform - 96l
84 | W2 T.Bearing compartment
55 X2 Generator intake 114
56 | y2 Exciter view window 93
| 57 | Z2 \Inside trailer 67
a |
|

OIAGRAM- SHOW MEASURING LOCATIONS:

*Bearing compartment between turbine and generator

RECOMMENDATIONS:
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Sound leyel, dB re 20.Pa

"——— 1 minute 4 GP 102

Figure 1. Sound level in dBA measured at plant grid N80+00, E31+00 on May 14, 1974 at 8:25p.m.
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CONSTRUCTION SOUND LEVEL SURVEY

Alvin W. Vogtle Nuclear Plant

( C. E. Hickman
H. A, Fearing

Southern Company Services, Inc.
Birmingham, Alabama
May 1981



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 conmstruction on

MONITORING TION

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.
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 lLevel Study at the Alvin W. Vogtle Nuclear Plant
Site Prior to Comstruction.”
Construction Sound Surv April 14-17 1

Readings were taken at e.ght 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 evening. 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



sound levels all day and all night in each location. A short tape
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 e
Bruel & Kjaer 2215 Sound Level Analyzer SN 691966
Bruel & Kjaer 4165 Condenser Microphone SN 708658
Bruel & Kjaer 4230 Acoustic Calibrator SN 725248
Metrosonics 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.

MONITORING PROCEDURE
Pre=Construction Sound Survey

A-weighted sound levels were taken at each location during the

survey. In addition, octave band analyses were done at several locations.

The measurement locations can be seen in Figure 1.
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Construction Sound Survey

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 conditionms,
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 19874 sﬁrvey can be
seen in Table 1. Sound levels ranged from 22 to 42 dBA with most readings
falling in the 25-30 dBA range. Rustling leaves from wind gusts caused
levels of 34 to 44 dBA. Bird calls caused levels of 35-45 JdBA. 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
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 constructicn survey are compared with pre-construction levels in
Table 1. For the comstruction 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 tc have occurred at
locations C and D, points relatively close to the main area of construc-
tion. Smaller increases were found at locations A, B, E, and K. Location

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



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
£ 27-30 7-40 32
B 25-30 27-39 33
C 25-34 35-47 41
D 22-25 23-47 36
E 25 24-42 31
F 39 46-60 51
K 34 28-35 32
0 40-42 34-55 39




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 engi&e 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-
ments. Figures 2, 3 and 4 show how sound levels typically varied witihn
time at monitoring points S1, S2 and S3. Note that the base levels on
the charts correspond well wi-h readings taken at these three locatioms,
as recorded in the Noise Survey Forms.

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

Leq is an energy-average A-weighted sound level. L10’ LSO and L90 are
the sound levels exceeded 10, 50 and 90 percent of the time, respectively.
Lo is alse called the "intrusive" noise level. Lgg is the median sound
level. L90 can be thought of as the ambient or background noise level
and should correspond roughly to the sound level readings taken every
four hours along the property line. The complete set of l5-minute

average levels can be found in the Appendix.
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Sound Level in dBA measured at location S2 on April 15, 1981 at 10:3% a.m.



1 minute —— truck backing up
"beepi"g "

Figure 4. Sound Level in dBA measured at location S3 on April 15, 1981 at 12:54 p.m.



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 LSO and L9O’
after 5 p.m. It was learned the day after monitoring that this increase
was due to heavy equipment 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 during this
time were not accurate. Ignoring the data taken during windy conditioms,
the average Leq 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 thev
monitor's proximity to the main road and the restaurant, high sound
levels were measured at shift 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 othe? two
monitor sites. Gusty conditicns 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
Leq for the monitoring period was 43 dB. A road grader caused high
sound levels before 11 a.m. on April 16.
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FIGURE 7
PLANT VOGTLE CONSTRUCTION SOUND SURVEY
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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 is defined as:

dn dn
Ly Ly + 10
e g ot et
Ldn = 10 log 24 [15 x 10 + 9 x 10 ]

where Ld is the energy-average A-weighted sound level during the 15

"daytime" hours from 7 a.m. to 10 p.m., the Ln is the average sound
level for the nine "nighttime" hours. Using the average Leq values for
the daytime and nighttime periods at locations S1, S2 and S3, Ldn values

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

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

data during the breezy conditions and shift changes. L " at location S3

d
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
property line is usually barely audible and is often overshadowed by

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

d

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

acceptable by the Environmental Protection Agency.



Table 2. Values of Ldn Calculated
Using Leq Data from Locations S1, S2, and S3.

Monitoring Values (in dBA) calculated Values (in dBA) calculated omitting
Location using ali data. data taken during windy conditions
and shift changes.
| ba b Lan Ly by Lan
S1 46 51 57 46 49 55
S2 50 50 56 50 48 58
S3 44 44 50




Appendix
& Noise Survey Forms
2. 15-uinute average levels - Monitor sites S1, S2 and S3.
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NOISE SURVEY FORM

1

PAGE__ 0

P. O Box 2625

.

Southern Company Services, inc.

Birmingham, Alabama 35202

cLienT. GPC-Vogtle Nuclear Plant

JOB NO. _042A

SLM: TYPE B&K 2215

oaTe. 4/14/81

OBSERVERS. Hickman and Fearing
SER. # 691966

CABLE: TYPE

TRANSDUCER: TYPE _BRK 4165 SER.# 708658

PRIMARY NOISE SOURCE :

EQUIP. MAKE & MODEL:

CLIENT DESIGNATION:

OPERATING CONDITIONS:

LENGTH

INSTRUMENTATION

oTHER: Windscreen

TIME BRA - TEME
TION

% RH

~
e MNP

ANALYZER: TYPE__ BAK 27215 SER. # £Q91Qf6

caLIBRATOR: Type B&K 4230 e 4 725248

—_—
CALI- WIiND

WIND
DIR.

8:40 |94 75

SECONDARY NOISE SOURCE:

EQUIP MAKE 8 MODEL:

CLIENT DESIGNATION:

OPERATING CONDITIONS:

SOUND PRESSURE LEVEL,dB RE 20k N/M rms

TEST POSI~-
O TIME TION CONDITIONS A |OVER OCTAVE BAND CENTER FREQUENCY, Hz.
. SCALE| ALL
(\' | EST Construction Noise LEVEL|LEVEL| 31.5| 63 | 125 | 250 | 290 | 1000 | 2000 {4000 | 8000
1 | 9:50| A |NW Corner of Property 27 | 50
2__110:00! B IN 111 + 00, E 15 + 00 33| 49
3 l10:301¢c IN60+ 00, E 37 + 00 41/45 57
4 110:15/ D At Ebenezer Church Road %3/35 52/55 |
5 |10:20l E IN22 + 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/ V1 |Fence-Visitors' Center 55/60 69473

8 111:15! 0 Intake Structure Area

34/4D 53/56

r

NOTES:

Position A
Position B

78 dBA.

Position C
Position F

DIAGRAM- SHOW MEASURING LOCATIONS: :
*Positiuns are located according to "Plant Grid System." See location and vicinity map

Construction noise audible.
South fence at combustion turbine Plant Wilson; combustion turbine 1C

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

operating (test) at full load.

Position 0

No pumps operating; birds are dominant source.

R

ECOMMENDATIONS:




NOISE SURVEY FORM

C

PAGE._Z_ OF_ll_

Southern Cempany Services. Inc.
P. 0. Box 262%
Birmingham, Alabama 35202

CLIENT: GPC-Vogtle Nuclear Plant

JOB NO. 042A DATE: __4/14/81
OBSERVERS: Hickman and Fearing

PRIMARY NOISE SOURCE :
EQUIP. MAKE 8 MODEL:
CLIENT DESIGNATION:

Z |sLm: Type _BEK 2215 SER.# 691966 | operaTinG cONDITIONS:
g TRANSOUCER: TYPE B&K 4165 SER.# 708658
& | ANALYZER: Type_B8K 2215 SER # 691966
glcaaus-vvps LENGTH
% caLiBRaTOR: Type BEK 4230 ser g 725248 | ovoary noise SOURCE.:
OTHE:;LM g B zomn MAKE 8 MODEL.:
TINE era- | TEMP | RN | MMwe | oy LIENT DESIGNATION:
b OPERATING CONDITIONS:
13:42 | 94
i P SOUND PRESSURE LEVEL,dB RE 20k N/M%rms
no. | TIME | o o CONDITIONS m:u °"&' OCTAVE BAND CENTER FREQUENCY, Mz,
; EST Construction Noise LEVEL|LEVEL| 31.8| 63 | 125 | 280 | 500 | 1000 | 2000|4000 | s00C
g 113:45 | A INW Cormer of Property  B5/58
| 10 113:55| KN 140+ 00, E 44 + 00  b9/33 49/55
11 1a:200 B IN111400 E15+00 porad aasko e
12 le:2s | ¢ INgn+ 00, F 37 400 36 | 50/55 '
13 ?14-97 0 At Fbenezer Church Road (36 | 53
6 a0l F IN22+00, E110+00 |27 | assbs
158 114:385 | F N60 + 00, F 143 + 00 £3 162 |68 |62 162 145! 371 29| 25! .-
16 [14:55 | S1 |At Monitor Site 1 33/3§ 50/55

DIAGRAM- SHOW MEASURING LOCATIONS:

NOTES:

05.00).

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

Position A -- Traffic noise dominant source.

Position B -- Traffic 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 S1 -- Monitor Site 1 located near meteorological tower (N 33 + 14.00, E 80 +

RECOMMENDATIONS:




NOISE SURVEY FORM

(

PacE_3_or_L1

Southern Company Services, Inc.
P.O. Box 2625
Birmingham, Alabama 35202

CLIENT: _GPC-Vogtle Nuclear Plant PRIMARY NOISE SOURCE .
JoB NO. _042A pate. 3/14/81 EQUIP. MAKE B MODEL:
oBserveRs: Hickman and Fearing CLIENT DESIGNATION:
Z |sum: Ty _BE&K 2215 ser # 691966 |operating conDITIONS:
§ TRANSDUCER: TYPE B&K 4165 sem 4 708658
& |ANALYZER: TyPe_ B&K 2215 ser # 691966
§ CABLE: TYPE LENGTH
g | caLiBRATOR: TYPE _BAK 4230 SR # 725248 | geconpary NOISE SOURCE.
OTHER: r_ﬂm&ﬂ.ﬁ’% EQUIP MAKE 8 MODEL:
TIME ::‘;l: TEMP Yo RH | MMNG :':: 'D'I':c.’ CLIENT DESIGNATION:
s OPERATING CONDITIONS:
- SOUND PRESSURE LEVEL,dB RE 204 N/M%rms
TEST POSI-
no. | TME | o on co?:omons m:“ o::: OCTAVE BAND CENTER FREQUENCY, Hz.
( EST Construction Noise LeveLfieved 31.5| 63 | 128 | 250 | 300 | 1000 {2000 4000 | 00O
17 15:20 | 0 |Intake Structure Area 47/95 63
l
8 17:22 | 0 |Intake Structure Area 35/40 50455
19 17:43 F IN60+ 00, E143+00 |49 |65 |57 |53 |64 |4843] 37! 32! 28] --
20 ‘wmr E IN22+00 F110+00 |28
21 _[17:57 | D |At tbenezer Church Road |23 | 43/5
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/%0

DIAGRAM~- SHOW MEASURING LCCATIONS:

NOTES:

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

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 DelLaigle Trailer Park.

RECOMMENDATIONS:
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NCISE SURVEY FORM Southern Company Services, Inc.

P. O. Box 2625
( Birmingham, Alabama 35202

cLienT. BPC-Vogtle Nuclear Plant PRIMARY NOISE SOURCE .

JOB NO. 0427 paTe. _4/14/81 EQUIP. MAKE 8 MODEL:
OBSERVERS: Hickman and Fearing CLIENT DESIGNATION:
m
g sLM: TYPE B&K 2215 ser. # 631966 OPERATING CONDITIONS:
E TRANSDUCER: TYPE BAK 4165 Sser.# 708658
S |ANALYZER. TYPE_ BRK 2215 SER # _ 691966
=
2 | CABLE: TYPE LENGTH
—
2 C‘L'“”“f.”"ew sen.o_ 725298 | o oronnaay noise sounce:
OTHER: __Windscreen EQUIP MAKE 8 MODEL.
st 1 ot 1 veun 1 unn | die i 'D’l':‘? CLIENT DESIGNATION:
TION OPERATING CONDITIONS :
18:25 193.3
i
* SOUND PRESSURE LEVEL,dB RE 20u N/M*rms
TEST POSI-
TIME CONDITIONS A JOVER OCTAVE BAND CENTER FREQUENCY, Hz.
' NO. TION : | SCALE| ALL
L EST Construction Noise LEVEL|LEvEL| 3.8 | 63 | 125 | 250 | 800 | 1000 |2000|4000 | s000
24 [18:17 1 K N 140 + 00, E 44 + 00 28/3% 45
25 118:21 (A NW Corner of Property 28 | 46

| ! |
e
i

|
DIAGRAM=- SHOW MEASURING LOCATIONS:

*Positions 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.

RECOMMENDATIONS:

———— —— ——— — —
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NOISE SURVEY FORM Scuthern Company Services, Inc.
P. 0. Box 2625
( Birmingham, Alabama 35202
CLIENT: GPC-Vogtle Nuclear Plant PRIMARY NOISE SOURCE :
JOB NO: _042A DATE. 4/15/81 EQUIP. MAKE 8 MODEL:
OBSERVERS. Hickman and Fearina CLIENT DESIGNATION:
S [stm: TYPE_BRK 2215 SER # £01066 |OPERATING CONDITIONS:
E TRANSDUCER: TYPE BAK 4165 SER.# 708658
S |anaLyzer: TyPE__BRK 2215 SER # 691966
§ CABLE: TYPE LENGTH
§ CALIBRATOR: TYPE BK 4230 sin #___725248 SECONDARY NOISE SOURCE:
grugn: Windscreen EQUIP MAKE 8 MODEL:
_——————_—'_——-m
nes T:;:‘,‘ vews | %mn | uwne | 0 | "IN | CLIENT DESIGNATION:
- OPERATING CONDIT'ONS:
8:00 | 93.8
* SOUND PRESSURE LEVEL,dB RE 20u N/M*rms
TEST POSI-
TIME CONDITIONS A |OVER OCTAVE BAND CENTER FREQUENCY, Hz.
NO. TION SCALE| ALL
( EST Construction Noise LEvEL|LEVEL| 31.8| 63 | 128 | 280 | 300 | 1000 |2000 4000 | 8000
26 po:ls K N 140 ¢ 00, E 44 + 00 33/38 47
27 10:22 | A INW Corner of Property 40 | 50
28 00:29 | B IN 111 + 00, E 15 + 00 37/38 53/55
29 00:35 | C N 60 + 00, E 37 + 00 45 | 55
30 _10:45 | D t Ebenezer Church Road 145/47 58/60
31 [00:49 | E N 22 + 00, E 110 + 00 42 | 55
32 00:55 | F N 60 + 00, E 143 + 00 60 | 74

DIAGRAM- SHOW MEASURING 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*trees often dominant source from 10:00-11:00 a.m.;
45-50 dBA, 70 dBC.

Position F -- No combustion turbines operating, compressor running near CT 1F.

-

RECOMMENDATIONS:




NOISE SURVEY FORM
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PAGE —_ OF_l_l

P. 0. Box 2625

Southern Company Services, Inc.

Sirmingham, Alabama 35202

CLIENT. GPC-Vogtle Nuclear Plant

JoB No: _282A paTe; _4/15/81

OBSERVERS: Hickman and Fearing

PRIMARY NOISE SOURCE :

EQUIP. MAKE & MODEL:

CLIENT DESIGNATION:

Z |sum: TyPe_B&K 2215 SER. # 691966 |opERATING CONDITIONS:
§ TRANSDUCER: TYPEBSK 4165  SER.# 708658
S |ANALYZER. TYPE_BAK 2215  SER. # _£91966
5 CABLE: TYPE LENGTH
g |cauienaton: Type BEK 4230 gg; o 725248 | o0 nny woisE sounce.
_ OTHER:?mm EQUIP MAKE 8 MODEL.
wot | 2an. | veve | maw | anve ':""‘: "o"';"’ CLIENT DESIGNATION:
— OPERATING CONDITIONS:
* SOUND PRESSURE LEVEL,dB RE 20k N/M"rms
TEST POSI-
at TIME | . N couotTt?Ns “:u °":' OCTAVE BAND CENTER FREQUENCY, Hz.
EST Construction Noise LEveL|iever| 38| 63 | 128 | 250 | 800 | 1000 | 2000|4000 | 8000
33 [13:26| E N22 + 00, E 110 + 00 35/38 47/51
i Intake Structure Area
34_113:45| 0 1100' From Pump __ 77 180 68 167 |71 78 |72 |76 |69 |65 |57
35 114:00) 0 1280 From Pump-Low Speed 56/68 64/66 ~
36 114:05! 0 |280' From pm:ﬁigm&dﬁsﬁ_ulﬂ
37 [14:15] 0 | Pump Off 34 |46
38 [14:39| Kk [N 140 + 00, E 44 + 00 | 29 |45/48
39 [14:43 A | NW Corner of Property | 30 |46/48

DIAGRAM- SHOW MEASURING LOCATIONS:

NOTES:

river.
A1l Positions -- Wind speed has diminished

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

Position O -- A pump used for water supply to sprinkler trucks was operating at the
The 280' measurements were made to approximate width of river,

considerably.

RECOMMENDATIONS:
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NOISE SURVEY FORM Southern Campany Services, Inc.
P. 0. Box 2625
( Birmingham, Alabama 35202
CLIENT: GPC-Voatle Nuclear Plant PRIMARY NOISE SOURCE :
JOB NO: _042A DATE: _4/15/81 EQUIP. MAKE 8 MODEL:

OBSERVERS: Hickman and Fearing CLIENT DESIGNATION:
SLM: TYPEBAK 2215

SER. # 691966 |OPERATING CONDITIINS:
TRANSDUCER: TYPE BRK 4165 SER.# 708658

ANALYZER: TYPE_BRK 2218 SER. # £Q106F
CABLE: TYPE LENGTH

CALIBRATOR: Typg B&K 4230 ¢z 4 725248
OTHER: Windscreen

INSTRUMENTATION

SECONDARY NOISE SOURCE:

—_— e EQUIP MAKE 8 MODEL.
CALI~ |
ot | sas- | vene | wan | sune ‘;’"‘: "'N“;" CLIENT DESIGNATION:
TION OPERATING CONDITIONS:
15:36 | 93.2
i - SOUND PRESSURE LEVEL,dB RE 20 N/M2rms
TEST j-
TIME CONDITIONS A |OVER OCTAVE BAND CENTER FREQUENCY, Hz.
NO TION SCALE| aLL T
EST Constructjon No-ise LEVEL|LEVEL] 31.8]| €63 | 125 | 2%0 ! %00 | woO | 2000 4000 | 8OOC

40 114:47 | B [N 11 + 00, E 15 + 00 33/35 48/50
41 114:52 | C_IN 60 + 00, E 37 + 00 04/47 53/56
42 114:55 | s2  |At Monitoring Site 2 43/47 54/57
43 115:10! D At Ebenezer Church Road B8/41 50/55
| 44 115-18 |3 N22 + 00, F 110 + 00 31
[ 25

15:20 L_F N60+ 00, F 143 + 00 9 [ 62 187 182 (60150145 ] 32| 33! 28

46 [|17:26 | 0O Intake Structure Area 77 | 82
DIAGRAM~- SHOW MEASURING LOCATIONS:

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

Position S2 -- Sound levels at Monitoring Site 2 (east of DelLaigle 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.

RECOMMENDATIONS:




NOISE SURVEY FORM

¢

pace_2_or 11

Southern Company Services, Inc.
7. 0. Box 2625
Birmingham, Alabama 35202

CLIENT. _GPC-Voctle Nuclear Plant

JOB NO. _042A paTe. 4/15/81

PRIMARY NOISE SOURCE :
EQUIP. MAKE & MODEL:

OBSERVERS: __Hickman and Fearing CLIENT DESIGNATION:
S |Stm: Type__ BRK 2215 SER.# 601966 | OPERATING CONDITIONS:
E TRANSDUCER: TYPEBRK 4165 SER.# 708658
& |ANALYZER: TYPE_RBRK 2215  SER # £Q1086
§ CABLE: TYPE LENGTH
§ caLiBRATOR: Type BEK 4230 sgn g 725248 SECONDARY NOISE SOURCE.
orTHEr: Windscreen EQUIP MAKE 8 MODEL:
v | sans onon | sinw | v e | MRT | CLIENT DESIGNATION:
- OPERATING CONDITIONS:
19:02 | 94
* SOUND PRESSURF LEVEL,dB RE 204 N/Mrms
TEST POSI-
. TIME TION CONDITIONS A JovER OCTAVE BAND CENTER FREQUENCY, Mz.
) SCALE| aLL
EST | Construction Noise LEVEL|LEVEL| 31.5| 63 | 125 | 250 | 500 | 1000|2000]4000 | 8000
47 |117:40f F IN 60 + 00, E 143 + 00 49 | 64 |53 |50 |63 (53 (44|36 32! 22! --
48 117:45| E IN 22 + 00, E 110 + 00 31 K3/4
43 117:50] D |At Ebemezer Church Road |35 I50/5%
50 l17:55 C N 60 + 00, E 37 + 00 41/44
g1 l18-00l §2 At Manitoring Site 2 41/#5 50/55
52 118:10 B [N 111+ 00, E 15 + 00 48
§3 | 18:13) A INW Corner of Property |32 |48 ol
54 [18:17/ K [N 140 + 00, E 44 + 00 32/35 48

DIAGRAM- SHOW MEASURING LOCATIONS:

*Positions are located according to "Plant

NOTES:

positions.

9

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

Grid System." See location and vicinity map.

RECOMMENDATIONS:







NOISE SURVEY FORM

pace 10 op 11

Southern Company Services, Inc.
P. 0. Box 2625
Birmingham, Alabama 35202

CLIENT: _GPC-Voatle Nuclear Plant

JOB NO: 0424 DATE: 4/16/81
OBSERVERS. Hickman and Fearing

ON

sLm: TYype BE&K 2215 SErR # 691966

PRIMARY NOISE SOURCE:
EQUIP, MAKE & MODEL:
CLIENT DESIGNATION:

OPERATING CONDITIONS:

S [TRANSDUCER: TYPE BAK 4165 ser.# 708658
S |ANALYZER. TYPE_ BRK 2215 SER # 691966
5 CABLE: TYPE LENGTH
§ caLigraTor: Type B&K 4230 sem 4 725288 |ooonnary NoisE SOURCE.
N OTHER: g e s EQUIP. MAKE 8 MODEL:
wur | Sans | vewn | win | Goet pliss ':";‘f CLIENT DESIGNATION:
Lo OPERATING CONDITIONS:
7:30] 94
|
| -
s e SOUND PRESSURE LEVEL,dB RE 20k N/M°rms
wo. | TE | o o CONDITIONS “:u 0:&" OCTAVE BAND CENTER FREQUENCY, Mz
( EST Construction Noise eveL|eeven] 31.5| 63 | 128 | 280 | 300 | 1000 2000|4000 | 000
63 111:2510 Intake Structure Area 36 |50/583
g4 112:55| S3 At Monitoring Site 3 [39/4% 49/57
g5 117.28 | ¢ N 140 + 00, E 44 + 00 33 47/50 .
66 117:39| S3 | At Monitoring Site 3 3 |48/85
67 117:47 | A NW_Corner of Property 34 46/d3
68 17:50! B N111 + 00, E 15 + 00 34 147/
g9 117:861 C N 60+ 00, FE 37 + 00 35/3F 52755

DIAGRAM- SHOW MEASURING _OCATIONS:

*Positions are located according to "Plant
NOTES:

made at 12:55.

Pesition 0 -- Pump not operating, birds increased sound levels to 42 dBA.

Pesition S3 -- Monitoring Site 3, construction noise audible, magnetic tape recording
(Position S3 near Position K)

Position C -- Construction noise audible, activity in trailer park.

Grid System." See location and vicinity map.

RECOMMENDATIONS:




pace 11 or 1l

NO lSE SURVEY FORM Southern Company Services, Inc.

\ P. 0. Box 2625
( Birmingham, Alabama 35202

cLIENT. _GPC-Yogtle Nuclear Plant PRIMARY NOISE SOURCE :

JOB NO. _042A DATE: 4/16/81 EQUIP. MAKE 8 MODEL:
O8SERVERS: Hickman and Fearing CLIENT DESIGNATION:

SLM: TYPE BRK 2215 SER. # 691966 | OPERATING CONDITIONS:
TRANSDUCER: TYPE BRK 4165 SER # _708658

ANALYZER: TYPE__REK 27185 SER. #_f£Q]106F
CABLE: TYPE LENGTH

caLigraToR. Type BAK 4230 gem 4 725248 SECONDARY NOISE SOURCE.
crugn;ﬁigdscreen

EQUIP MAKE 8 MODEL:
TIME :::I.. TEMP % RH MMHG '::: 'D‘:? CLIENT DESIGNATION:
s OPERATING CONDITIONS:

INSTRUMENTATION

18:20| 94

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

TIME CONDITIONS A |OVER OCTAVE BAND CENTER FREQUENCY, Hz.
NO. TION SCALE| ALL

( EST Construction Noise LeveLieved] 31.5| 63 | 28 | 250 | 500 | 1000 [2000| 4000 | s00C
70 [17:59| D At Ebenezer Church Road | 32 |44/47
71 l18:02] E N22 + 00, E 110 + 00 27/3D 40/45
72 _[18:06! F N 60 + 00, E 143 + 00 48 160 55 |50 |58 [54 146 [33 {30 |26 | --
73 118:15  S1 | At Monitoring Site 1 [30/3b 48/s2 |

CIAGRAM- SHOW MEASURING LOCATIONS:

*Positions 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 tuwer; magnetic tape recording
made, several birds in area.

RECOMMENDATIONS .

b
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Southern Company Services, Inc.

April 14-15, 1981

DESIGNED, DATE
Joe _GPC-Voatle Nuclear Plant CHECKED DATE
susJecr _Monitor Site S1 -- Construction Nojse 1 _or 3
TN Lo Lyn Lsn-—.— Lan B Windspeed
(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 a5 41 39 (7834
42 a4 39 37.
42 43 4] 39
11:00 41 42 39 37 5
a5 13 40 37
46 46 43 40
45 46 43 21
12:00 | 46 a4 40 38 :
40 42 38 35
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
14:00 40 41 38 35 8
52 56 45 38 (PYsE)
51 57 7 a4
39 4] 35 34
15:00 39 41 36 3 -
41 43 38 36 (7458a) |
43 44 41 37
1 41 38 35
16:00 | 47 40 33 36 :
46 a4 3y 27
49 44 40 37
a4 41 38 36
17:00 | 40 4 36 34 5
47 48 40 35

Form No, §:237



Southern Company Services, Inc. April 14-15, 1981

DESIGNED, DATE
108 GPC-Voatle Nuclear Plant CHECKED BATE
sususecr_lMonitor Site S1 -- Construction Noise SHEET _2___oF 3
LLEN L Y0 o | Log "~ [nincspeey
(EST) dBA dBA dBA I T 1 Mpw
43 46 35 33
49 48 36 34
18:00 48 48 45 43 ™
49 50 45 43
47 49 44 42
a8 50 44 43
19:00 49 51 44 43 5
47 49 44 42
47 48 44 43
45 44 ’ 44 43
20:00 45 45 44 42 :
44 44 43 41 (Gust 10
45 46 44 43
46 46 45 44
21:00 44 44 42 42 7.5
44 44 43 4] (Gust 11
46 46 44 42
44 45 43 42
22:00 48 47 44 42 7.5
47 48 44 42 (Gust 13
45 46 44 42
47 48 44 42
23:00 a4 45 ) 43 42 7.5
45 46 4 43 (7138
46 47 45 43
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 4€

Form rig, 5-337
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Southern Company Services, Inc.

April 14-15, 1981

20k GPC-Vootle Nuclear Plant 2?5':::: ‘;‘::i
cugyger _Monitor Site S1 -- Construction Noise __SHEET -
AL Lo Lsg L9o [ naspeep
(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 5] 48 46
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 (25.5)
57 58 54 51
57 59 54 52
6:00 74 76 62 . 51 20
75 78 68 57 (Gust 34
78 81 69 55
82 85 76 66
7:00 81 83 73 62 17.5
72 75 65 55 (Gust 26
70 73 63 52
75 78 67 55
8:C0

Form No. §-337



i Inc.
Southern Company Services, Inc April 15-16, 1981

DESIGNED, DATE
( Jo8 GPC-Vozjﬂe.Nud?ar Plant - . CHECKED DATE
SUBIRCT Monitorina Site 2 -- Construction Noise SHEET 1 OF_'%_
TIME L Lo Leg | Coo Windspeel
| (EST) dBA dBA dBA | dBA MPH
9:00 52 53 50 47 17.5
51 52 49 45 [Gust 27)
50 L 51 48 44
50 51 47 45
10:00 51 52 48 45 17.5
| 50 51 48 46 Gust 27)
52 53 493 47
50 52 47 45 7.5
11:00 48 49 46 44 (353,
48 50 46 44
50 51 47 45
51 53 49 46 15
12:00 51 50 45 42 (2755
<L . 48 49 46 42
50 49 44 40
49 51 47 45
13:00 50 51 47 44 12.5
47 48 45 42 Gust 23)
48 49 46 43
47 48 45 43
14:00 49 50 46 44 10
4 49 45 43 (T4°%)
47 48 45 42
47 48 45 43
15:00 47 48 45 42 10
47 : 48 45 42 Gust 21)
47 48 44 42
49 50 46 43
16:00 51 52 46 43 10
53 52 46 43 Gust 18)
. 50 51 47 45
49 51 46 43
17:00 46 47 43 40 10
44 46 41 39 (sey

Fer= No, $-337



Southern Company Services, Inc.

April 15-16, 1981

J08 GPC~VYoatle Nuclear Plant I::iss'::;) ?)111”55
susyecT__Monitorinu Site 2 -- Construyction Noise SHEET _ % _oF 3
[ TIME haa Ly Leg Lag Windspeed
(EST) dBA dBA dBA dBA MPH
44 45 42 40
46 47 43 40

18:00 47 46 43 a1 7.5
47 47 a2 40 (Y4°5)
43 44 4] 40
45 45 42 40

19:00 47 49 45 42 6.5
47 a7 45 44
48 48 46 a4
a8 48 46 a4

20:00 43 50 47 46 6.5
49 49 47 46
59 48 46 &L
47 47 45 44

21:00 58 49 46 44 6
49 50 a7 43 Gust 11)
44 45 45 41
44 45 43 42

22:00 43 44 42 40 5
43 a4 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 46 48 44 42 5
46 47 44 42
49 51 4€ a4
57 51 a7 45

1:00 56 53 48 44 5

51 52 49 45
50 4g 46 a4
49 50 47 45

Form No, 9:331



Southern Company Services, Inc.

April 15-16, 1981

-

e GPC-Voatle Nuclear Plant ?:isslg::: Z::_EE
. Monitor Site 2 -- Construction Noise SHEET 3 of 3
[T Leq Lo “s0 g0 Windspee
(EST) dBA dBA dBA dBA HPH
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
48 49 46 44

4:00 46 48 44 41 7.5
43 14 42 40
44 46 43 41
49 50 47 44

5:00 a9 50 47 44 6
a9 50 47 45
57 55 48 45
47 48 46 44

6:0C 48 48 46 43 6
47 48 45 44
49 50 47 a4
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

Form Ng, 9-337



Southern Company Services, Inc.

April 16-17, 1981

JOB GPC-Voatle Nuclear Plant 2522:?: zt:z
SUSJECT Monitor Site 3 -- Construction Noise SHEET 1 oF

TIME “eq 10 t50 L9p
(EST) dBA dBA dBA dBA
10:15 39 41 36 33
53 48 39 35

a6 48 37 35

11:00 4a 50 40 35
40 41 37 35

45 48 37 34

40 42 37 34

12:00 a4 45 37 33
41 44 35 32

43 46 38 3

44 45 37 33

13:00 41 44 37 35
43 46 38 35

40 41 37 35

42 43 38 35

14:10 41 42 38 35
41 43 38 36

43 45 38 36

23 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 a4 38 35

42 43 35 33

37 39 35 33

17:00 42 44 37 33
40 42 _35 33

37 38 35 33

40 4] 35 33

18:00 43 46 38 34
42 44 37 34

38 39 36 34

Form No, 9-337
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Southern Company Services, Inc.

April 16-17, 1981

ok GPC-Voatle Nuclear Plant iizf::: 2::EE
SUSIECT Monitor Site 3 -- Construction Noise — 5o
R “eq Lo Leg Log
(EST) dBA dBA dBA d8A
40 41 38 35
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 a4 38 35
41 42 40 37
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 a4 41 39
45 45 42 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

Form fho, 5-337
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Southern Company Services, Inc April 16-17, 1981

GPC-V , DESIGNED DATE
GPC \ogt.'.]e l\u?lear Plant ‘ . i, i
susyeer_ Monitor Site 3 -- Construction Noise st 3 or
(EST) dBA dB” dBA dBA
3:15 40 40 39 37

Faorm Ne, §:337
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Question E290.16:
Provide report on noise from natural and mechanical draft cooling towers

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

there.

b
. -+ 5 i
Response: . bois L0

i §
i+l —ome ¢, of the report requested—is—enclosed. +~<o )’ ~o o ole y
/.: ‘+ 'S l. +t 4 Y 77 H E j)("n“t i Pal | “+f‘~l .)w u7 | S’/ /[, 9“' ]

L
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COOLING TOWER NOISE

INTRODUCTION

A number of investigations have been conducted on the noise generated
by and radiated from cooling towers. Both natural draft ana 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 sophfsticated
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. E1lis Prediction Method for Natural Draft Towers

One of the first sound level prediction techniques was reported by
R. M. E11is in the Journal of Sound and Vibration (1971), Vol. 14(2),
pp. 171-182. A sketch showing the dimensions required iﬁ the derived

formulas is shown below.




Applicable formulas are

(a)

(b)

(c)

(d)

A-weighted Acoustic Power

My, = Mh [0.95 x 107°( )2] (1)

A-weighted Sound Level at the Rim of the Basin

i

2
) + 1.8 x 10'5(

Jlo

2,
Primn = Yac X % (2a)

2nRh'

L = 20 log10 Prim  Pref * 20uPascal (2b)

P..:
rim —
pref

A-weighted Sound Level at a Distance "a" From the Rim

3 3 Fagth
Pa Hac X Zo tan a+2R (3a)
nz(a2+2aR) .

Lpa = 20 Tog,, Py (3b)
pref

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.



Table 1
Center Frequency (Hz) S00 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

distence the water falls from the culvert into the basin (meters)

h' = derch 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 = oOC = 407 mks rayls at 22°C and

()
barometric pressure of 0.751 mHg.

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

The paper "Environmental Noise Impact of Natural 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 2quations:

"
Lyp = 71 + 10 log(;\-)dBA (4)

for crossflow towers and

M
Lgg = 75:5 + 10 Tog ) aoa (5)



for counterflow towers where
L40 = A-weighted sound level at 40 feet
M = water flow rate in gallons per minute

A = active area of the tower in ft2

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 fér 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
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 natural draft cooling towers with water capacities ranging

from 140,000 to 500,000 GPM.

D. J. E. Shahan - Sargent and Lundy

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

with [io 109, (GPM)] and with [io log10 (HP)] for mechanical
draft towers where GPM = water flow to the tower and HP = total

cooling tower fan horsepower.



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
for noise control is defined in ftz/megawatt for both mechanicail 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
made by ﬁ. T. Laudenat of Northeast Utilities. The results indicate signifi-
cantly higher noise levels from -.ecnanical draft towers as compared to

natural draft towers at dis‘ances 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 (Lw) 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 Measurements

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

draft and mechanical draft towers in The Southern Company system. MNoise



Survey Forms illustrate the actual sound level measurements and 1ist some

of the characteristics of the towers.



CALCULATIONS OF NOISE

ASSoCIATED Wi TH

Cooc Ve TOWERS
Consider a  covnterflow nmaturgl draft Fower
with  the fo //ow:;j Charac teristics
M = 255 400  gpm = 16,300  kg/sec
R= 138" = 42 m
T e -2"2-06lm * Assume T20 For an y5is
D=4'= 30" 95m |
h=372' 203 m
A= TR = 59929 £
A Use Ellis Prediction Methed

2, A 'W‘Cc,l)l'eJ

Aash.

A- wc;’l,fog( acoustic

Fou/er

W« mu[ 055 (T) 4 o0 2)"]
h h

) (/5,;,,03)’//.g)[o_%.m-f(% ) sr8an0” %s')t

* 2.17

Sounl /CV(I A" *I‘t

*

fru- » w‘\C *Zﬂ
2 R’

J

rom a/ }A‘



P = (207X407)  _ 0.3
27w ( 42) 9.15)

-’0,. = O.605 ‘

el

Lfn-. - 269 \0‘) 0.6os "
-6
20% 10
Loew = 8%6  dBA

3. A'WQ:'S\\\‘\ Sou v\\ \eve\ 0\ 40 = 12.19 v

Pat ng, X‘Z. '&Qn.‘ Q + 22

wr* (" 2a R) a

(2.17X 407) . f—an-l 12.19 + 2(42)
'n"[ (2.19)" + 2(:2.14)(42,)J 12.4

P =0.094
'f“ = 0.306¢

Lp, = 20 log 0.30¢
20!/0-‘
Ly = €3.7  dB4 at 40 fet




o

Car/Son - TPPII 1"5 Ky ()on- £Ed /14e}/;oJ

(‘.ouJerf/c-..)

n

L4o
‘to wers

75.5 + 10 log (ﬂ) d 84
A

258, t+oe )

7;.5 + /O /07(
£98286

L, = 8.9 dbéA

40

Summ..e7 -;Cor 25'9‘400 GV Coun‘fer;/ow 7-5-..:0,

.
Disten ce, Ellis Cen, Fd. Er CJI" Southem Services
T; (4 >
Feet Pred. Meas Precl Meas. M'::;, 7;1«-: .
. /l
A im 896 o .
' il 84 8¢ &4
40 83.7 80 Bos 78 78 76
!
so 79.8 77 755 74 74 73

-~ PQSJ”J rCfOI‘ ¥¢J ;er 25'0‘000 ¢ 'fouer "

ther f‘ei)orf
L4° = 843 4814 ?cor {'Ow" S,egffl.c J.



P.

Cons;c/fr Cou n*(f;/“l—’ fowCr Ladv /A ('n\’-/lc/f 0/

Wa .’[("‘ Su/f/, 57/7.‘, Jie </
quhJ s 3/_01000 e
M“f. e /5% oco CPm = 9770 «j/sec
/ p— - >
Rz 1585 s 984 » . A=TR = 78 924 4

T= 0
D=Al * 34' = /O_4m
h = 44’ = /3% m

EIIIS MC}LGJ a
- 4
W, = (9770X ;3.4)[/.8;/05(%' J
W, = /1. %2
# = (e42X401) o /83

2w ( 484)( 104)
fhm = 004 2 7

y 2 B 20 I‘Zo o.927

Phn«

-6
2000
M

i
Seund level o 40 = 1249 m
s (1.42X401) Ve /12.19 + 2(48.4)

fa © - -
w‘[(.z.n) ¢ z(zz.n)(qm)j 12,19
p e 0.05¢
Pa s 0.23y
L. o Sade 0.2 8.4 dBA af 4o’
f‘ jn —_———— =

e . 203/0-



(.qﬂ""-olle}'"J EJI’O:; ﬂqc{AoJ

L4o * T5.€ o 10 /"?.. /1S5 o0©
78,924

L‘Io = 78.4%4 dJbA

SU""‘M",
—

Dlsfﬁnct) E s Con. £4 Ssz

Feet Fred Fred. Meas.
( A rim 8¢.¢ = 8e
40’ 8.4 76.4 75



OocTAVE BA~vO ANALYS IS

A Naturdl  Deeft Towers
Measvrements Canen arovnd neturdl drctf
Coolng  tower.  indicate o  broodbe.d
sound level  spectium  uith ae discrede

Fones, Some observers  heve rqomfec/
/nn.}.;- o iscrete Fones but Phese resuids ‘
Gre  nt documeanted
FPlets of the octive band seund level
dibs  For  thee natuml deift towees ‘
( essured L} Sovthern JSevrvices P({Ionne/
Qre shown on /-cjum / /or po:)//c-v.r
af  the rmm oF the basin  a.d  af 100’
Frun the  rim,
|
\
|

F. MQCA(n;(q/ .DI*G// 7;u¢rs
Sl;’r\':lff{, tlit SOUnJ /CVe/ s,om.'/rv ”ms /Dr
‘rhcchq.,,‘¢.\/ Jra// ?‘owers are AfOGJlan

u',f‘o no JlSCrc }e ‘/'On €S, T he Sft’&l'r‘Urn.S

at f/le base of th. ftower. onear *he
/ouvcr.s dnJ a)‘ /aa' anJ 200’ Ff"P(‘nJ;tu’/Go‘

+o */u. IOuVor S;Je dre f/o*f‘?:l en 'r']drc 2.



On f'/lc. Same 7“’/-7ur<.. df,(’ca'f )’/a::g*run. 5 meGgr
th. b«u’c. c/ 1"’»: an w«-// a,,J a} a c/JS/ance

of 50" From the end wall.

Note the distinct direction! cheracteristies
of the tower: &% JdBA  pear . the base alen;
loover well and €8 J9BA  pear the base af the

e"’J (9% 15 //.
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DESCRIPTIVE DATA_AND ENCINEFRING INFORMATION

The following deseriptive data and engineering information are furnished in

corncetion with this proposal.

T

3.
Le
5.
6.
7.
8.
9.
2.
1.
2,
3.
L.
5.

7.
e.
9
O

Pesipn !'ater Flow = GPM

(BUTXXIGN tower)

Intet to- o
Temperature of Vater to Tower = OF
Temperature of Vater from Tower = OF
Vot Buld Temperature = °F

p

Ory Bulb Temperature -
Relative Humidity - $
Range - °F

Approach = °F

Punping Head Above Sill Level - Ft,
Wean Fill Cross Sec*ional Area = Ft.°
Fill Vetted Surface - Ft,2

Effective Splash Surface = Ft.z
Effective Cooling Volume = Ft.3

Tower Laading « GPM/Ft.2

‘Dry Air Quantity - lbs,/hr,

(a) At 76°F Vet Bulb and 59% R.H,
(b) At 25°F Wet Bulb and 75% R.H,
Draft - inches Hp0

(a) At 76°F Wet Bulb and 597 R.H.
(b) At 25°F Vet Buld and 75% R.H.
Resistance of Air Inlet - Vel, Heads
lesistance of Fill = Vel, Heads

air Inlet Ares - Ft..2

Temperature of Adr/Vapor Mix at Exdt
at 76°F Vet Bulb and 598 R.H, °F

-5-

1 258,400

120. 6

95

76

88

58

25. 6 -

19

42'-8" |

53,000

9,500, 000

1,960, 000

4,86

65 x 108

100 x 106

0,32

0.58

0.5

17

20, 000

111

- —— . 2 ——

. ———— e —— —— . - —

* Note - This is the total head required to clevate and distribute the hot water.

. ¥ - v
it U TP ¢ SEe e .



1. Stack exhaus® velocity - fps

2. Drift Loss - Max, %

\?;'\I;iamct.er of Towor at Sil11 Level - Ft,
L. Dismeter of Tower at Top of Air Inlet Ft.
5« Diameter of Tower at Throat - re.

5. Diameter of Tower at Exit - Ft,

7+ Height of Tower above Sill - Ft.

3. Height of Throat abave Sill - Ft,

7+ Height of Air Inlet above Sill - Ft,
o leight of Top of Fill above sill - Ft,
L+ Depth of Basin below Sill - Ft,

2. Normal Water Level below 5ill « Ft,

J+ Peight of Sill above Crade - Ft,

oo Tnickness of Shell - In, (Minimum)
5« Thickness of Ring Cirder - In,

$¢ Diameter of Supporting Columns = In,

7. Conerete 1dx and Compression Strength Used
in Dosign . psi

(a) Sheld
(b) Ring Cirder and Columns
(e) Basin
(d) Intermal Structure
Jo Veights
(a) Internals = Dry = Tons
Operating - Tons
(b) Shell Structure - Tona
(¢) Water in Basin « Tons

13. 6

0.2

276"

259

155

169

389

311

30

37

0.5

48(avg.L

25u

4, 000

4,000 and 5, 000

4, 000

5,000

7,300

9, 000

16,000

10, 000
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COOLING TOWER NOISE GENERATION AND RADIATION
R. M. Erus

Central Electricity Research Laboratories, Leatherhead, Surrey, England

(Received 23 April 1970, and in revised Jorm 6 July 1970)

measurements made at four large power stations.

An expression reiatin Zthe A-weighted acoustic power of a tower to its physical character-
istics has been derived. This, together with the discovery that the towers behave as area
sources at low frequencies and a5 arc sources at high frequencies, has cenabled a complete
prediction method to be proposed. This method was used to estimate the noise from three
further cooling towers and gave excelient agreement with the levels which were subsequently

Shell

Ring beam
Tulvert
e ’ B r
* ¢ ’
it & s o' '
"/”I’II’J"’, T A
4//’/;;,,,/ !_ 5
"
0

Rim of pong

Figure 1. Typical cooling tower construction,

The satisfactory prediction of noise levels due to cooling towers will depend not only on
the acoustic Power generated by the towers, but also on the mechanism of the propagaticn
of this noise awa y [rom the towers. Two possible theoretical approaches (o the radiation have

ninvestigated. and compared with measurements made at four large power stations,

An atempt s been made to relate the A-weighted acoustic power output of the fourtowers
0 their physical characteristics, so that a complete prediction method could be devised.

his method wus used 1o predict the cooling 1ower noise at three further power stations, and
the resulting levels were then Compared with the measured levels,
17
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172 R. M. ELLL

2. THEORETICAL SOUN, RADIATION

The first approach is to consider that the nois. eencrated by a ring of falling Water,
around the edge of the pond, and that any noise £erated inside this ring is presented fron,
escaping by reflection. refrachion and absorption by ¢ packing and falling water. The total
sound pressure at any point will thus be due to the i7rtion of the ring which would be isible
to an observer at that pomnt (Figure 2). This 4ppreich is considered relevant 1o the high.
frequency noise and!, because of the predominance ¢! ‘e high frequencies in the spectrum, 1o
the A-weighted sound le el.

Shaded areg goes
00! Lt vy ngre 10 soung
Pressuie g1 A

-

Figure 2. Sound radiation from , ring source,

The sound pressurs at A due 10 an clement of lcuyy RdB, assuming uniform hemi.
spherical radiation, will be given by

W,
Prmadhag = 5% 20 kg,

where W, is the acostic power of the whole ring, Zy i. the characierisiic impedance of air,
R is the radius of the »im of the pond and /s the distance from the clament 10 point A,
The total sound pressure at A duc to the visible SeClion of the ring w.i: de given by

atfanyp
W,
(Pn,-.l.)’ ) ﬁzﬁ gyﬂ-
@4fecn,y
which yields the equa:ion
W, 1 a+2R"
2 o e -1 :
(Prms) T.(m.tan J[ 3 J (N
where a is the distancs ‘Tom the rim to point A,
Where
-1 [[a+2R il 1 R
a< R, lan J[ - J-D 3 m-b:-._..
so
W,.Z
(’l.-vl.), - —"“‘h;RG ’ (2,
i.e. a fall in sound press.ze level of 3 dB for every doubl: ; of 4.
Where

a» 3, l.'m"/[fﬁ] - ! Ry
a 4’ %2R " =

\"—-—w—w-._‘_ ~ . T Ty ST

— — ——

A i o,
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[ Pras)t=Zele, ®
!

afall in sound pressyre level of 6 4B for every doubling of g,

Equations (2) ang (3) Intersect where g = R, whereas cquation ()isa smooth curve having
the same initial and fina| slopes and values as (2) and (3), as shown in Figure 3,

z
. |
:
i
: ;
’ Figure 3. Sound pressure level attenuation with
|
" The second approach is to consider that noi
rond, and radiated hcmnsphenca”y. Th Yre
the low-frequency bands, and possibly e
i Figure 4 shows thay the acoustic Power duc to L area rdfdr will im
! (W.‘/WR’)rdﬂdr, n
} and the total pressure at A will be given by ,‘“.
Y.
in r i .
) W ZQ E: =
(Pro)? = f f TR 5 rdBdr. -4
{ 0 o L
| 3§
€
]
¢
v
'
Figure 4, Sound radiation from an area source,
This yields the equation
2 ,Vnzo ¥ (R + a)?
(Pens) = InRT |0e.[m > 4)
*hich cap b expanded in the form
; W 2 R? 1 R 2 i R? )
4 P' 2-410\ = { e T { e— ..-.
! Frms) 22 R} [(R +a)? +2{(/: - a)’} *3 {(R - a)’} » ]
i
!
"

—
~
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When a < R,P varies slowly with @, and when g » R.P« la,ic.a6dB fall per doubyy,

ofa. ;

The variation of sound pressure level with distance from (he tower will be as showy P
Figure 5,

~6dB

Sound pressure level (¢9)

Loy ¢
Figure 5. Sound pressure leve! 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 2350 MW cooling
capacity (A, B and C) and one with towers of 200 MW 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 Briiel and Kjar sound level meter
(type 2203) with octave-band filter set and 1 in. microphone (type 4131) was used to obtaig

g8 L in

Rim Distance from rim (m)

Figure 6. Attenuation of sound level A and overall sound pressure level with distance from four cooling
towers, O—0, Tower A; =+, lower B; x——x, tower C; a——a, tower D.

the sound levels and octave-band sound pressure levels at the rim of the pond, and at increas-
ing distances from the rim along the radial line. The maximum distance was 183 m for A
and B, 488 m for D, and 762 m for C. However, noise from extraneous sourccs influenced the
levels 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 ftom low-fi requency fluctuations due to wind, but with rather limited success because
of the low signal levels. The resulis are shown in [ 1gures 6-9, with the levels mea.ured at the
rim of the pond shown for convenence at the 3-m position, since it was observed that there
was very little change in level over the fiest 3 m. Figure 10isa combination of Figures 3 and §

: . ’ T Ry q M
e e i ! B e o
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- NOISE FROM COOLING TOWERS 175

drawn accurately for the two relevant values of R, namely 45-7 m for towers A, B and C,
and 41-2 m for tower D.

Comparison between Figure 10 and Figures 6-9 shows good agreement between the two
theories developed und the attenuations measured in dractice. It can be seen that the area

-~
x
©
-
$
-{80
]
E; v oy -70 i‘
”
o-o—w‘:‘f\&_;i“._x.—lw :
80 - -{50
£
n o o o
< [} ‘;* o
e ord—
® 0.y T, i
*es *\:\\-\:_ s ]
80 K T > |
3 0 30 100 300
Rim Distance ‘~om rim (m)

Figure 7. Attenuation of octave-band sound pressure levels with centre frequencies of 315,63 and 125 Hz
with distance from four cooling towers. Legend as for Figure 6.
'

¢B 250 Mz
g
.

\;p.o

¢B 00 Hz

dB | kMg

Rim Distance from rim (m)

Figure 8. Attenuation of octave-band sound pressure levels with centre frequencics of 250, 500 and 1000 Hz
with distance from four cooling towers. Legend as for Figure 6.

Source propagation is more satisfactory for the overall sound pressure levels and octave

“nds up 1o and meluding that centred on 250 Ha. Above this, the arc source approach gives
he more satisfactory agreement, with atmospheric absorption adding to the attenuation at

b > "
= kHzand above. The value of R given by the change of slope of the attenuation curves was
Eeecaily in the range 30-60 m,

..
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Figure 9. Auenuation o
distance from four cooling

Q—...—~-~-—--—.. -

Figure 10. Theoretical
and 457 m (- — ~) and fi

10

{ octave-band sound pressure levels with centre frequencies of 2, 4 and 8 KH” with
towers. Legend as (or Figure 6.

Distence from rim (m) ‘

Sound pressure level

~.“\‘.\\ —— =
~ ——
\\ —~— ~
\ -~
o~ ~
\‘ ~
s-\\ \_
-~
I'O“ g N 1
.\“{
1 i L —
3 0 30 100 32

Distance from rim (m)

attenuation of sound pressure leve! with distance from ring of radius 412 m (=)

fom area sources of radius 4]-2 m(-=--)and 457 m (~==).

: TabLE |
:’ Caleulated sound power of single cooling towers ar various distances
Overall
sound Overal| Sound power
pressure sound level (dB A-weighted A-weighted
Distance level power relative to sound level  sound power
Tower (m) dB) (w) 10713 w) (dBA) (w)
A 152 84 39 1259 74 033
305 81 36 1256 70 033
i 12 745 4.7 1267 60 027
! B 152 745 044 1164 72 021
; 305 71 036 1158 69 025
122 64 042 1162 555 010 ¢
| = 152 80 1-55 121-9 78 082 '
‘ 305 775 16 122 74 082 ¢
122 70 17 122-3 61 034 '
; D 305 73-15 052082  119.3-119. 69-71 0-24-0-38 ;
: 122 67-69  079-).25 119-121 56-57 011-013
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NOISE FROM COOLING TOWERS 177

A numerical check on the validity of the two cquations was made by calculating the overall
sound power [using cquation (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 Table 1, which
(hows that equation (4) gives nearly constant values for the overall acoustic power of any one
jower at all three distances. Equation (i) for the A-weighted power gives similar valucs at
152 and 30-5 m for any one tower but underestimates the source power if the 122-m levels
are used—presumably because of atmospheric absorption since tower A with the high levels
1 the lower frequencies is less aflected than the other towers.

4. ACOUSTIC POWER GENERATION

1t 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.c.

Woe = 1. Mgh, (%

where M is the mass flow rate of cooling water (kg/sec) and /4 is the distance the water falls
from the culvert into the pond (in metres).

The acoustic power of the four towers was also calculated from the sound level measured
at the rim of the pond, using the equation

W, = Prm 22080 ©
Zo r
where /' was the depth of the “open™ area below the tower shell—from pond to ring beam. 3
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 et
with the relevant values of A1, 4 and /" for the four towers. The values of A-weighted power 4
obtained by this method agree reasonably well with those calculated from equation (1) “
and quoted in Table 1. o
TaeLe 2 rE
Comparison of hydraulic and acoustic power, and physical properties of the four towers ",'
L
Power station A B C D L
Radivs of tower, R (m) 457 457 457 412 :
Depth of packing below ring beam, 457 305 None 53 L
T (m)
Height from pond to base of packing, 183 4-26 672 03
D (m)
Cooling water flow rate, M (kg 'sec) 7570 7570 8500 6800
Cooling water flow rate, M (gall/hr) 60 60 675 54
Hydraulic height, i (m) 793 *3 884 64
Hydraulic power, 1¥, (MW) 059 069 0737 0427
Sound level at run (ABA) 84 8! 85 80
Open height, 4’ (m) 64 73 67 61
Asweighted acoustic power, W, (W) 045 026 0-60 016
A-weighted acoustic elliciency, I /IWa 076 x 10 0-38 x 10 081 x10*¢ 037x10"*
It can be seen that there is considerable variation in the value of »,,, cither because the
sound powers are not accurate, or because equation (5) is not vithid. A second approach was
therefore tried, assuming the acoustic power te be given by an equation of the form
T L] D L
W = AMi T s
- Mo[/l(h) Q-B(h) ]. 7
12

.

“ Qe
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whers T was the depth of packing below the ring beam, and D the height from the pond to
the base of the packing (sce Figure 1), 4 and B arc constants with dimensions of m/see?,
analogous to efliciency, and m and n are indices which were assumed 1o be integers. laspection
of the two terms showed that the best agreement would be given withm =n =2, A =095 x
10-% and B = 1:8 x 10~* m/sec. These values, when used in cquation (7), gave values for
A-weighted sound power of 025, 0-34. 0-78 and 0-34 A-wauts for towers A, B, Cand D,
respaciively.

The octave-band levels for the towers at the rim and at a distance of 30 m from the rim are
shown in Figure 11. The shapes of the spectra from 0-125 to § kHz are very similar, peaking
in the 4 kHz octave band with a valus approximately 4 dB below the A-weighted sound level,
Since the towers spanned the whole range of likely packing configurations and ver gave such
similar spectra. it is reasonabie to propose that other towers would not give significantly
different spectra. The average octave-band levels relative to the A-weighted sound level &t
the rim and at 30 m from the rim are given in Table 3.

TABLE 3

Average octave-band levels relative to A-weighied sound level

Centre frequency (Hz) 125 250 500 1000 2000 4000 8000
Level at rim (dB) -19-4 =198 =130 -78 —63 —43 -72
Level at 30-5 m (dB) -104 =160 =130 -84 -57

—43 -108

€
E
= -—
£ 5
‘ g
p -
2 H
o -
$ %
. -~
“ ¥
2
H
1)
80
:!I\ 00N G063 0425 €25 O% 1 2 4 8 dDA
g Octove-bond centre fresvency (=+2) (30m)

Figure 11. Octave-band spectra at the rim and at 30-5 m from the rim of the four cooling towers, Legend 35
for Figure 6.

S. PREDICTION METHOD

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

: -
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The stages are as follows.

(1) Calculate the A-weighted acoustic power from the equation
2 2
W,= M/:[O-DS x lO"G‘.) + 18 x lO"(i’D-) J

(2) The A-weighted sound level at the rim of the pond can be found from

Wu X z.O
2zRi
and the octave-band levels found from Table 3.

Pl"._

(3) The A-weighted sound level at a distance @ from the rim can be found from

W xZ a+ 2R
- - oc 0 an-!
Fa w3 (e + ZaR)(’m /[ a ]’

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

For distances greater than 30 m. it is suggested that the spectrum shape 1t the rim be used,
and that the octave-band levels should be further corrected for atmospheric absorption
using the following data [1].

Centre frequency (Hz) 500 1000 2000 4000 8000
Atmospheric absorption (dB/300 m) 07 14 30 77 14-4

The corrected octave-band levels so obtained can then be used to czleulate the true A-
weighted sound leve!, if desired.

Using this method, the levels were predicted for two further towers, One, tower F, had
packing 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
the ring beam (i.e. 7= 0). They thus represented two extremes of design, and would put the
method to a severs test. The predicted levels are shown in Table 4, together with the levels
that were actually measured. The agreement is seen to be remarkably good, suggesting that
this is a powerful technique for prediction,

TABLE 4
Comparison of measured and predicted levels for towers E and F
——
Octave-band sound pressurc levels
(¢B relative to 2 x 10-3 N/m?)
Position dBA 125 Hz 250 Hz 50011z IlkHz 2kHz 4kHz 8kHz
——

Tower E. Rim  Predicted 812 616 614 682 734 749 769 74

8l 6l S8 67 735 745 765 75

Measured o, 6l 8 6 13 s 765 I8
TowerE.152m Predicted 704 65 525 $7.4 623 644 661 614
70 5 4 M 6l 6 655 s

Measured 60 49 555 615 645 665 648

Tower E. 305 m Predicted 66°1 557 500 531 517 604 618 553
66 55 48  SI  S9 605 615 sg
e SR Ry S 53 595 625 9.5
Predicted 842 648 644 712 264 79 199 77
Mcasured 85§ 64 66 74 77 77 80 785
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As a final cheek, the levels from the array of 250 MW towers shown in Figure |2 Wors
estimated at the points shown, and comparcd with the measured levels. Again, Agreemen,
was excellent right out to 805 m from the nearest working tower (position ). The detaileg
calculations are shown in the Appendix, together with the measured levels,

Power ___Do
sigtion

WMONGIGRGY
+ -
*C.0.0.®

0 bq

== Nol in use

]
Figure 12, Cooling tower layou* and measurement positions at a 2000 MW power station,

6. CONCLUSIONS

A method has been devised, based on measurements made on four large cooling towers,
for predicting the acoustic power output from natural-draught cooling towers, and for
estimating the A-weighted sound levels and octave-band sound pressure levels at consideruble
distances from them. The method was used to predict the levels from three further tower;
and gave exccllent agreement with the measured values,
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APPENDIX

Calculations of the A-weighted sound power of the cooling towers shown in Figure 12,
and the A-weighted sound leve) and octave-band sound pressure levels a. the rim of the tower
and at the five points shown,

CALCULATION OF A-WEIGHTED SOUND POWER

Each tower had a water flow rate of 112.500 gal/min from a culvert 38 fi above the level
of the pond. The packing was 27 ft thick and extended right down to the pond. The open
height was 26 ft and the radius of the tower 1551t (47-2 m),

Thus the data in metric units (which must be used for the values of A and B of equation (7))
are as foliows,

Tower Water
M = 112,500 gal/min = 8500 kg/sec,
h=38ff 1-6m, I =26 ft =792 m, T=21Mt =82m, D=0fL
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21\2
W, = 8500 x 11-6 x 0-95 x lO"(-lsl—i) = 0473 A-watts,
De-icing Water
Af = 20,000 gal/min = 1510 kg/sec,
he=D=24{t=732m,
W, = 1510 x 7-32 < 1-8 x 107* x 12 = 0-199 A-watts,
. total acoustic power of cach tower = 0-672 A-watts.
SOUND LEVELS AND OCTAVE-BAND SOUND PRESSURE LEVELS
At rim of pond
W, x Z 0672 x 407
PRk Y o I/m2)2
=Rl “Txaixia  rNE Ny,
o Pya=0341 N/m? = 84-7 dBA.
From Table 3 we obtain the following octave-band levels.
Centre frequency (kHz) 0125 0250 0500 1 2 4 8 dBA
Predicted levels (dB) 653 649 7117 769 794 804 775 847
Measured levels (dB) 65 63 72 775 785 805 795 85
30-5 m from rim of pond—positions | and 3. oL
- 'Vlt x Z_o- ‘an_‘ a+ 2R ?l'\ :
4" wia®+ 2aR) a 47,
0'672 - 407 W 5 : n2 I.O .
77930 7 2880) tan™' v4-1 = 0-C0808 (N/m?)?, X
P, =009 N/m? =731 dBA. 3t
Again from Table 3, we obtain the following: 3
Centre frequency (kHz) 0-125 0250 0-500 1 2 4 8 dBA " .
Predicted levels (dB) 627 5711 601 647 674 688 623 731 -
Measured at position 1 64 58 59 635 65 68 645 T2 -
Measured at position 3 €4 52 58 64 655 69 655 72

At position 2, 64 m (210 ft) from towers A and B. (The contributions to the sound levels
from the rest of the towers will be negligible.)

., 0672 x 407

e ~1 /3.4 = 0-00? N/ 2 = () 2
s ”————-——2(““) i 6080)”“ V247 = 0:00273 (N/m?) (P, =0052 N/m?)
= 68:4 dB.
The octave-band levels will be

Centre frequency (kHz) 0500 1 2 B 8 dBA
Predicted levels from tower A 554 60-6 621 64-1 612  (68-4)
Atmospheric absorption ~01 -0-3 -0-6 -1+6 -30
Contribution from tower B 3 3. 3 3 3
TONI predicted levels at position 2 583 633 64-5 655 61-2 69-6
Measured at position 2 53 62-5 64-5 65 59 69

At position 4, 122 m from tower A and 183 m from tower B, using the same procedure as
above, the predicted octave-bund levels are given below,

T a2



At position 5, it is assumed that the total noise levels will be due to contrib
towers B, D and F and that towers A, C and E will be masked.

Centre frequency (kHz) 0-500 1
Predicted levels from tower F 341 37-5
Predicted levels from tower D 324 355
Predicted levels from tower B 311 339
Total predicied levels at position 5§ 37-5 407
Measured levels at position § 39 40

N.B. All levels quoted arc in dB relative to0 2 x 10~* N/m2,

2
344
320
29-8
375
37

4
24-8
19-5
15:3
260
24

gF ‘. 3 B ekt TR, W YL gy P2 ‘ ‘4'.'_!‘=| I ) = L
182 R. M. ELLIS
Centre {requency (kHz) 0500 1 2 - 8 dBA
Predicted levels from tower A 50-6 55-5 56-4 565 50-7
Predicted leve!s from tower B 475 52-3 528 52:0 451
Total predicted levels at position 4 523 57-2 58-0 578 517 633
Measured levels at position 4 50 565 58 58 47 63
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Protection of the natural environment may necessitate
consideration of alternate cooling systems for some electric
powe£ 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 onejof the elements
considered in the benefit-cost analysis of alternate cooling
systems. This paper (1) summarizes the results of field
measurements used to quantify the sound emission from natural
draft hyperbolic cooling towers (2) develops a simplified cooling
tower noise emission prediction s;heme, and (3) evaluates the impact
of the noise emission on the surrounding community. The study hés been
limited ,however, to the range of cooling towers considered for

electric utility applications.



A. Cooling Tower Description
Two types of natural draft hyperbolic cooling towers

were considered in this stgdy - crossflow and counterflow. 1In
tﬁe érossflow fower. Figure 1, the hot water from the power plant,
which is to be cooled, is delivered to the top of a cylindrical
annulus external to the base of the tower. This hot water is
distributed around the tower and falls through multiple tiers of
£ill creating droplets of water. The impingement of these water
droplets on the fill material and on the water in the basin below
are the primary noise generating mechanisms. Draft cooling
air passes by the droplets at an angle of about 90 degrees, hence,
the crossflow degignation. The cooled water is then collected
in the basin at the base of the tower and\r;turned to the élant.
In the counterflow tower, Figure 2, the hot water is pumped to a
a distribution system above the fill, and runs thréugh the £ill.
The water then falls from the fill to the collecting basin in the
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 water droplets in a direction counter
to their flow (180°). The cooled water is collected in the basin

at the base of the tower and then returned to the plant.



B. Noise Measurement and Analysis

Techniques for estimating sound emissions from natural
draft towers have been previously published by Ellis.1 In order
to validate this prediction scheme, noise measurements2 of the
sound emitted by both counterflow and crossflow cooling towers
were made at several electric generating stations in the eastern
. half of the country.

An A-weighted sound level analysis was deemed sufficient
for development of a sound emission prediction scheme and for
evalu;ting subjective community response, since the sound
generated by water falling in both types of towers is continuous,
and ghe frequency spectra is broad-band and generally without
tones. A summary of the natural draft hyperbolic cooling tower noise
measurements made at power plants is shown in Tablg I, and the
typical range of octave band spectra is shown in Figure 3. For
the cooling towers that were evalﬁated, the Ellis prediction scheme
appears to be conservative, i . e., this scheme estimates sound levels

to withian 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 rﬁtes from the sound levels
measurcd at similar distances from the tower basin rim. Results
therefore indicate, that for similar water flow rates, the A-weighted

sound level for counterflow towers was about 1 dB(A) higher

than crossflow towers,
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where; Lso ~ A-weighted sound level at 40 feet
M - -water flow rate in G.P.M.

X 2
A - active area of the tower in Ft

Divergencé of sound to the far field was calculated using
the two eguations presented in Reference 1 for typical power plant natgra
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 cocling 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
field, and 6 dB for doubling distance in the far field.
Table II compares measured sound levéls 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 cooiing towers studied,
and others in operation or plsnned for future operation, variance
in air inlet height, fill, and baszin diameter would introduce about
a maximum 1 dB(A) variance in noise emissions. 1In summary, water
loading has been fouqd by our study to be the significant §arameter

determining noise emissions from natural draft hyperbolic cooling

towers.
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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 re;ults are shown in Table III. It can
be cbserved 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 énd 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 powér plant is illustrated on Figure 7. Based upon this
example, an acoustical buffer zone of 5,000 feet is required to
achieve an Ldn=55613 with consideration of t?he community's
backéround noise. In some cases, the cumulative effect of noise
emissiones from both the power plant and the cooling tower may
necessitate a lzrger buffer zone, since thelnoise:emissions of
the power plant may be the same order of magnitude as the noise
emissions from the cooling tower.

An alternate method of estimating environmental impact is to
compute the Noise Pollution Level, ac proposed by Robinson for

~

traffic oriented noise intrusion:

2
Lyp = Leny + 1 . i

Computation of the LNP for the quiet suburban residential community
is shown on Table IV. The results suggest that, for the community

investigated, the introduction of a continuous steady sound level



can reduce the community's Noise Pollution Level because

of the reduction in the variation between the residual and
intrusive noise levels (tho;e levels exceeded for 90% and 10%

of the time respectively), as the mean noise level (noise exceeded
50% of the time) increases. As the steady sound introduced
increases beyond the ambient intrusive (Llo) level, the Ly, also
starts to increase. &hus, for each community there may be an
optimal sound intrusion level that minimizes LNP' For the quiet

community studied, a continuous intrusion of 45 dB(A) appears

4‘.‘.?5
' 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 éontinuous tones generated by that stgtionfs power transformers, or

the intermittent sounds such as steam venting.
D. Conclusion
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 deveioped 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.faétors controlling excess attenuation




The study further suggests that significant amounts of noise

control cannot be achieved by modifying the physical paraméters

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 cocling tower and the neighboring community to attenuate

the cooling tower noise.
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TABLE I

COMPARISON OF MEASURED AND PREDICTED SOUND LEVELS
FOR_NATURAL DRAFT COOLING TOWERS

Sound Level in dB(A)

Distance from Tower (feet) 40' 80"’ 320" " s40°
To&er Flow Rate | .

No. (GPM) Type . Measured Elligi Measured Elliﬂi Measured ELLi% Measured Elli
1 1.39x;05 Counterflow ’ 79 81 75 76 * 65% .*

2 1.40%10° Counterflow 80% 79% 76% 75 * 64k B

3 2.50x10°  Counterflow 80 83 77 78% * ogy |

4 2.6,4x105 Crossflow 81 83 . 16 \ 78 - 66 68% 60 61%
5 2.31x10°  crossflow g0 - 85| 15 77 63 665 | s4 60
* Plant Noise Emissions or Topographical

Conditions Prevented Accurate Measurements.

1 with Air Absorption 50°F &  55% RH.



TABLE II

COMPARISON OF MEASURED AND PREDICTED SOUND LEVELS
FOR NATURAL DRAFT COOLING TOWERS :
Sound Level in dB(A)

i

cistance from Tower (feet) 40 80" 320; + 640°
Tower Flow Rate
Xo. (GPM) Type Measured Pred. fMeasured Pred. Measured Pred. Measured Pred.
1 ' 1.39x105 Counterflow 79 79 75 76 * 66 . 59
2 1.40#10S Counterfl&w 80% 80 76% 77 . 67 * 60
'
3 2.50x105 Counterflow 80 80% 77 75% ® 65% * 58%
4 2.64x105 Crossflow 81 81 76 78 66 68 60 61
s 2. 31%10° RN o 80 | s 77 63 67 54 60

* Plant Noise Emissions or Topographical
Conditions Prevent=2d Accurate Measurements




Table III

Calculated Lan for Cooling Tower Sound Intrusion

Community Sound
Level plus steady
sound intrusion

Community Ambient
Sound Level

Ambient + 40 4B(A)
intrusion

Ambient + 45 dB(A)
intrusion

Ambient + 50 4B(A)
intrusion

Ambient + 55 4dB(A)
intrusion :

Ambient + 60 4dB(A)
intrusion

into Suburban Community

Computed Lan

Community near
highway

58 dB(A)
58

59.5

Quiet Community

52 dB(A)

53

54.5

57.5

61.5

66.5



Table IV

for Cooling Tower Sound

Quiet Suburban Community

Wi

A-Weighted Sound
Exceed for % of

5 0%

40
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Acoustical Impact of Coo) .ng Towers, G. Capano, W. E. Bradley

PREDICTION OF "A" WEIGHTED AND OCTAVE BAMD 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 with 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 extrapolatéd 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
tower is obtained directly from the solid line curve in the Sound Level
Prediction Figure. The octave band socund 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 DISIAMCES BEYOND 100 FEET - Read directly from the dashed line

curve, the sound level without atmospheric absorption. The octave

STONE & WEBSTER A



band sound precssure levels are obtained by subtracting the average
correction factors shown in Table A and by further correcting fer

atmospheric absorption using the following data. (Reference 4)

Center Frequency Hz 500 1K 2K 4K 8K

Atmospheric Absorption (dB/1000 feet) 0.7 1.4 3.0 7.7 1l4.4

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.

STONE & WEBSTER A
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NATURAL DRAFT COOLING TOWERS
50 FT SOUND PRESSURE LEVELS

O TOWER A- 600000 GPM @ TOWER B - 258000 GPA
o~ A TOWER E-—400000 GPM & TOWER C- 250,000 GPM
= O TOWER H- 292000 GPM O TOWER F - 250000 GPM
2 @ TOWER G- 261000 GPM
‘c 80
b4
S S
¢ o

a - Xﬁ & % A
< 70 a g& o &
© Ca ? (_f 3 *8 & 4
) P Q U °
iy 8
& 2
e 60
Q | | | I | | | |
> 315 63 125 250 500 1000 2000 4000 8000
7 TABLE A

AVERAGE OCTAVE BAND LEVELS RELATIVE TO A-WEIGHTED SOUND LEVEL
CENTERFREQHD 31.5 63 125 250 500 1000 2000 4000 8000

48 el e T T T e : 3
48 secTion ~—68 —33-63 -108 -88 -63 -68 -63 -83

1-*704
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NATURAL DRAFT COOLING TOWERS

e SOUND LEVEL ENVELOPES
-

w0
o

b—
——

U///////

@
o
|

8 TOWER ENVELOPE

N
o
h

(o))
o
|

1 TOWER

SOUND LEVEL dBA re:2 x 103 N/M2
o,
(»]
|

4 CROSSFLOW 250,000-400,000 GPM

40~ 5 CTR FLOW 140,000 - 600,000 GPM
30 | i L 24311} | Pt i hhid | mamERE | RN
| 10 100 1000 10000

DISTANCE , FT
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MECHANICAL DRAFT COOLING TOWERS
SOUND LEVEL vs DISTANCE

100

(o)
o

]

80 ¢ e

SOUND LEVEL dBA re: 2x10™5 N/m2

70
60 |-
50 |- © TOWER A CROSSFLOW SOOHP
o TOWER B CROSSFLOW I375HP
40 }- O TOWER C CROSSFLOW I600HP
o TOWER D CTR FLOW 8OOHP
1 | R0 o3 1 L 1 | - 1 A -_2 A 1 1 L&}
IFT 10 - 100 1000 10,000

DISTANCE FT

T4-2080%
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MECHANICAL DRAFT COOLING TOWERS

SOUND LEVEL ENVELOPE
100

(o
o

77[//////////

@
o

-4
o
|

SOUND LEVEL dBA re 2x10°°N/M2
(0)]
o
|

SO~ 3 CROSSFLOW 800-2100 HP
! CTR FLOW 1600 HP
a0}
30 | N M ERELL | - ET R 1 1 .2 24418 | R
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INTRODUCTION AND SUMMARY

fﬁe purpose of this study was to investigate the size of buffer
zone required around power plant cooling towers to meet various
hoise eriteria. Measured field noise data was used as the
basis of the analyses and, using certain assumptlons, these

data were applied to correlate the capacity of the power plant

with the area of land necessary to meet varicus noise criteria

for both mechanical (standard) draft and natural draft
is derived in terms »f the
"specific noise control area" (i.e., the required land area
. per megawatt)., It was
ontrol area was very nearly indep
for both mechanical and natural dra
ttowers, ending only on the A-weighted noise level (dBA)

criteri

ons made in the analyses are as follows:
in dBA for natural draft towers vary
210 ( GPM )] and with [10 logyo ( HP ))
for mechanica t towers. GPM=water flow to the tower
and HP=total cooling tower fan horsepower.
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 ria to be met and the specific noise control
area as requi: : : her a mechanical or natural draft tower
in ftz/mnuaw¢tu. 1is relationship is independent of the megawatt

rating of the plant. The range of values indicated in the




lfigure takes into account the fact that the size of tower would

_ vary depending upon, among other things the ambient design
oooditions. Since the A-weighted (dBA) noise level is assumed to
“depend only 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
figures in this report) covers the appropriate ranges expected

for plants throughout the United States.

EXISTING AND PROPOSED NOISE RECULATIONS AND RECOMMENDATIONS

In order to relate cooling tower noise to the size of buffer

zone required for noise control, it is necessary to compare
tﬂe.;rpected tower noise levels with an objective noise criteria.
Thble i 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

in the table are those established by the Federal Environmental
Protection Agency. This is an official Agency recommendation
(not a regulation) which suggests limiting environmental noise
levels to an equivalent A-weighted value of 49 dBA for constant
noise sources, as power plant cooling towers would be expected
to be. This recommendation is intended to be a guideline for
etatea, counties, municipalities, etc, in establishing
erforceable noise limits. It should be anticipated in power
plant design that these recommendations will be followed closely
in future noise limit regulations. ;

91’



I
From Table 1, it is apparent that there is a very wide spread
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
the size of buffer zone required for noise control of cooling

towers. This report, for completeness, includes results

covering entire dBA noise level limit range given in Table 1.

POV YT WALITD DT ANm ~ T TWUTD NATOeDRD b § ol
EXPECTED POWER PLA COOLING TOWER NOISE LE

iV 4 Ao ¥ 4Aa

Figures 1 and 2 show, respectively, dBA noise levels measured as

a function of distance for mechanical and natural draft cooling

] :
towers.(‘) The assumption was made in the analyses of this

report that the noise levels of mechanical draft towers depended
only on the fan horsepower according to [10 log,q (HP)] and

noise levels of natural draft towers depended only on the cooling

o

water flow to the tower according to [}0 logip (GFH)]. This mes

e
sy

for example, that doubling the horsepower HP (mechanical) or

S
the water flow CPM (natural) would cause the tower noise to

increase by 3dBA. This assumption has been suitably verified

towers but there is some question as to the

atural draft towers. It is felt that the

ie

is noise level variation with tower size is

an estimate of the problem at hand (size of

buffer zone).

(1)

'These data were obtained by Consolidated
and by Stone & Vebster of
at the 87th Meeting of the
New York City, April 1974.

- ¢ o 1
Edison of New
Boston--the information was

i K
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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
“"draft tower (HP = 1600) and a 600,000 GPM natural draft

tg‘er based on the available measured data. Note that in
;;ngure.z, for natural draft towers, there does not appear
~, Yo be an apparent congistent_variation with cooling water
:li;é;;éqaﬁfity to the tower. However, if the assumed
;\vggiqtion dqes i@deed occur in the real sense, the flow range
r{g;\;etx;e:d,- from— about 1~h0,0'00 GPM to 600,000 GPM, would represent
c:@:}?.;qglo (6QOQOQ[;bOQOO) = 6 dBA difference in noise
ngf??; tron ;hg "quietest" to the "noisiest" tower. It is felt

that the small number of towersmeasured, along with the
,;;latiyely small spread of expected noise levels, does not

oo

, eonclusively determine whether the noise level variation with
.. water flow does or does not occur in the real sense. However,
as mentioned above, the assumption is made in this report

“that 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
Lgooling tower by using these "baseline" curves and raising

. Oor lowering them the number of decibels (A-weighted)
.eorresponding to (10 logyo(HP/1600)] for a mechanical draft

. tower and by [io logyo (GPM/GO0,000E for a natural draft tower;

—4-
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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 IEVELS EXPECTED THROUGHOUT THE U,.S.A.

The ultimate goal here is predict the size of buffer zone required
for power plant noise control of cooling towers on the basis of
a "specific noise control area"; i.e,, the amount of land needed
per megawatt of plant capacity, We have, from above, the
capability of prediction for noise levels 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

variation in these quantities is discussed in this section.

Pigures 3 and 4 show, respectively, the relationship between plant
capacity and tower horsepower (mechanical) and cooling water flow
rates (natural) for several existing power plant installations
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)

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

~

-t
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“baseline" curves in Figures 1 and 2 by [10 loglo( 3.8Mw/1600)]
-to- [}0 10310(9.2Mw/160021for mechanical draft towers and from
({20 10g, 4(300.0Mw/600,000)] -to- ((10 10310(588.2Mw/600,000)] for
natural drart towera. :

= -

REQUIRED DISTANCE FROM COOLING TOWERS TO MEET VARIOUS NOISE CRITERIA

-~ .-.- - - . - - -~
- - -

Figures 1 and 2 provide the inrormation tc predict the noise

leveis from both mechanical draft towers (with fan horsepowers

of HP=1600) and natural draft towers (with cooling water flow
rates of GPM-GOO OOO) and Figuree 3 and 4 provide the information

to predict the ranges or tower noiee levels poslible throughout
the country ré} plants of various megawatt capacities. It is
f??“ possible to estimate the distance required from the towers
in order to meet a specific dBA noiee level limit, Figures 5 and
6 illustrate such results for noise levels from 40 dBA to 65 dBA
Tor mechanical and natural draft cooling towers, respectively.
The ranges shown for eech noise level limit corresponds to the
variation in horsepower or water flow possible depending upon

the specific design conditions for each plant given its megawatt
capacity.

"SPECIFIC NOISE CONTROL AREA" FOR COOLING TOWER NOISE

Ve now have the capability, from Figures 5 and 6, to estimate
the distance from cooling towers at which various noise level
1imits (dBA) will be achieved. Of primary interest is the area
of land per unit plant capacity. This area will, of course,

depend not only upon the diltence from the tower but also on the



area required by the tower itself, Having the size of tower and
the distance from it to meet a noise level limit, it is possible

to calculate the totel 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 1imit 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 1s assumed to be given by

Ag=(L + 2D&w(w +2D) , £t2/megawatt

and for natural draft towers by

Ag= (R +D}2, rtz/megawatt

where Ag = specific noise control area required, rtz/hegawatt

L = length of mechanical draft tower (assumed all cells
are in-line), ft,

D = distance from nearest surface of the tower, ft,
= width of mehcanical draft tower cell, ascumed 40 ft,

R = radius of round natural draft tower, ft,



' ; . . T
I l : . A

My = megawatt capacity of power plant where tower is

Based ori'the above analysis and the distance values from

Figures 7 and 8, the "specific noise control area" Ag 1s shown
~ Plotted in Figures 9 end 10 four mechanical and natural draft

towere, respectively, for various noise level limits and for
plent heving different capacities., The analysis indicates, as
:;'eeen from Figures 9 and 10, that the value of Ag 1s nearly
1ndependent of the plant capacity and depends only on the
el noise level limit to be echieved, As was pointed out earlier,
the recommended linit of 50 dBA (approximately) by the Federal

E.vcnnvironmentel Protection Agency is felt to be the most significant

.
" et
..

~:--holse criteria in that future legislation is anticipated to be

¢ . consistent with this recommendation,.

+

“*"Pigure 11 sunmarizes the ultimate results of this study giving
i tne'specirdc noise control area Ag as a function of the dBA
'4*’5513. level limit to be achieved, The figure was derived from
’:Figures'Q and 10, where the dependence on the plant capacity
has b:°n removed; 1.,e., Ag is nearly independent of the plant
s ;cepecity in megawatts, From Figure 11, for the 50 dBA noise level
125%’(;> 1imit to be achieved for cooling tower noise, without any other
\\\\ _form of noise control being 1mp1emented, would require between
'14,000-27,000 £t%/negawatt (or 0,322-0,621 acres/megawatt) for
" neturel draft towers and between 35,000-90,000 £t2/megawatt

~(or 0,805-2,07 acres/megawatt) for mechanical draft towers.

s »
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:::: . } o TABLE 1 (Continued)

' . uivalent dBA Level
Source of Regulation or Recommended Limits aytime Nignttime

Chicago, Illinois 55 55
_ Columbus, Ohio 52 52
-:Eéverly Hills, California e} . 40
;;bmet. California ' 50 50
':Egirlawn, New Jersey 55 -
.Peoria, Illinocis i iy b ron berii - I e -
Arinaheim, California T L T et S
.-Eigﬁéapolis, Minnesotg~ .--ti“i-,,__- "___&_“ - 55 55
Tﬁ;;on, Arizona : 55 | 55

-

(1) Does not apply to "existing" 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 = 55 dBA; the relationszig
between Ly, and a constant noise level L is L, = dBA.

(3) Code limits interior noise level to 45 dBA; a 10 dBA noise
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 45-65 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.

-~
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Figure 3 - Hkange of Cooling Tower Fan Hoisepowers
ror Seversl Power Plant Installations
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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 “n association with a particular plant
will cause at a neigtboringy property line, and (2) comparing
that sound level with the most restrictive noise standard permitted
- by law.

Cooling tower noise emissions will Qary from installation to
installation depending upon such factors as type (mechanical or
natural draft), size, water flow rate, horsepower, orientation,
topography and meteoroclogy. For a 600 to 800 MW power plant we
have compared, figure 1, a typical range of cooling tower sound
emissions with distance from the tower.

The federal Noise Control Act of 1972, which is administered

9
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 operating&since equipment must operate
continually. This statement considers the impact of cooling tower

noise emissions at night, and assumes that permissible property

line noise levels will be lers than 50 dB(a), see figure 2.
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With these limiting conditions established, Table I was
constructed to illustrate the physical distance required from
the cooling tower to residential areas st which the sﬁund 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 Ib 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.

The estimate of the size of the acoustical buifer zone supposes
that the cooling tower and the generating facility noise emissions
would impose an increase ig the community noise level that would
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 attenuake 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.

Existing Facilities: At existing facilities, acoustical
in radius

buffer zones of 0.6 to 2 miles/may be required to comply

with local regulations.



S Recommendations
. It is recommended, as in the case of "Drift", that EPA
consider 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 involves

considerations of acquisition of additional real estatsland hence

of additional costs. Effluent limitation guidelines which do not

consider the real estate implications (and the costs of alternatives)

required for abatement of environmental noise emissions from cooling

towers would not be complete or workable.
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TYPICAL RANGE OF COOLING TOWER NOISE
EMISSIONS FOR 600/800 MW PLANT
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Estimated Acoustical Buffer Zones for Cooling Tower Installations
for 600 to 800 MW Generating Plant

>
Nominal Distance to Residential Area to Achieve

Type of
Installation less than 50 dB(A) Sound Level
\\\ Natural Draft Induced Draft
N
I Cooling Tower 1,800 feet 4,000 feet
’
o
Conling Tower plus New Generating
2,400 feet
- Station . ee 5,000 feet
Cooling Tower Retrofitted to Existing
IIT a| gtation with 1 dB(A) increase in #,000 foot 8,000 feet
Community Sound Level
IIIp| Cooling Tower Retrofitted to Existing
Station with no increase in Community 3:500 fest 10,000 feet
Sound Level

* distances will vary depending upon cooling tower water flow rate, horsepower, physical size,
topography and meteorology. :




ATTACHMENT

Cooling tower noise emissions are presented and
evgluated in terms of the A-weightéd sound level for
numerous reasons: (a) the sound emitted in continuous
and the frequency spectra is broad band, (b), this nethod 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 -
recomended EPA éuidelines, permissible power plant noise
emission réquirements in suburban rural areas are —
'gftén required to be less than 50 dB(A), and in urban
areas where vehicular traffic increases the community
ambient noise level, permissible noise levels would
.generan,range from 50 dB(A) to 55 dB(A).
At a power plant site, there are numero;s sources producing

~

noise other tban cooling towers. At a new plant site, com-
pliance with permissible property line sound regulations may
be achieved by allocating equal acoustic power emission by
~the cooling tower and the other mechanical equipment in the
generating station. This means that the permissible noise

emission level of the cooling tower would be reduced from

45 dB(A) to 50 dB(A) by 3 dB to 42 dB(A) to 47 dB(A).
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Determination of the permissible sound contribution qf

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

permissible noise reguirements. 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 x 6 dB(A)

below the existing plant noise emission level to have a

sound level increas¢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 planfs noicse emission level if .
max imum

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

<ouldbe 39 dB(A) to 44 dB(A) for aldB(A) increase, or 36

-~

- @B(A) to 41 dB(A) for no community noise increase.
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TABLE 1II

*ATTENUATICNS, Octave Band, Center Band Frequency, cps

Distance, Ft. 63 125 250 500 1000 <000 4000 8000

50 52 54 56 60 62 64 65 64
100 55 58 61 64 65 68 70 70
200 58 63 6 70 70 72 75 78
40v 6 69 73 7 80 84 89
500 65 70 74 78 79 82 87 92
800 70 75 80 8 86 90 97 104
1000 n o 7 82 86 88 93 101 109
1200 72 7 83 87 . 90 95 103 12
1600 7% 8 89 B 9 104 16 128
2000 77 82 91 95 100 108 123 137
2400 78 8 93 97 104 Nz 128 144
A-Scale 25 16 9 3 0 -1 -2 -2
**End Wall 0 0 0 7 7 9 9 n

*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.

** 1f sound measure 2:nt location is at an end wall and within 400 ft. of the
tower select PWL dased on single cell HP and deduct the end wall attenuation
values in additicn to the attenuation values shown in Table I1.
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PRADE s DF
NOISE SURVEY FORM SOUTHERN SERVICES INC.
P.O. Box 2625
BIRMINGHAM , ALABAMA 35202
CLIENT: Georgia Power Company - Plant Bowen |pgimaRY NOISE SOURCE:  Unit 1 cooling tower
JOB NO.: DATE: —_9-20-72 EQUIP. MAKE & moDEL:Res, Cottrell Natural Draft
QBSERVERS C. E. Hickman | cLienT pesionaTiON: Unit 1
S |SLM: TYPE SER. # OPERATING CONDITIONS: Unit 1 operating
E TRANSDUCER: TYPE GR1560-P6 SER.s# 1950 at rated load
; ANALYZER: TYPE_ GR1558-BP SER.# __ 2279 Cooling tower is counterflow type
2 | CABLE: TYPE LENGTH
—
OTHER: ___ TS e EQUIP MAKE 8 MODEL:
mime | sma- | reme | senw | wawe | "™ | WIN® | cLIENT DESIGNATION:
o MPH DIR.
OPERATING CONDITIONS:
1:25p| OK
SOUND PRESSURE LEVEL,dB R me
TEST POBS- S LE dB RE 20u N/M rms
TIME CONDITIONS A |OvER OCTAVE BAND CENTER FREQUENCY, Hz.
LEVEL|LEVEL| 31.5 63 1.25 250 | SCO | 1000|2000} 400C | 8000
( 1 1:30p| Al Base of tower 86| 89 |80 |74 |72 |71|76| 79| 77| 78| 82
2 Bl At fence=15"' from base 82| 87 |79 |73 |73 (68 (72| 75| 74| 74| 77
3 Ccl Base of tower 86| 89 |80 |74 |75|72|75]| 78| 77| 78 82
4 D1 | At fence=1l5' from base 83| 88 |80|73|74|70173| 75| 75| 76| 78
5 El Base of tower 87| 89 {80 |82|77]|75| 78| 79| 79| 79} 83
6 F1l At fence=15' from base 84| 87 |80 | 817672 73| 76} 76| 77| 78
7 Gl Base of tower 87| 89 /80|79 |74 74| 79| 79| 78| 80| 83
8 H1l At fence=15' from base 85| 88 {80 | 78| 72| 69| 74| 76| 76| 77| 81

DIAGRAM- SHOW MEASURING LOCATIONS:

N

See drawing H-5200 for the general arrangement.

|
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RECOMMENDATIONS:

$S195 -1-0
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NOISE SURVEY FORM SOUTHERN SERVICES INC.
PO. Box 2625
BIRMINGHAM , ALABAMA 35202

CLIENT. _Georgia Power Company - Plant Bowen |pgpimMaRY NOISE SOURCE: _Unit 1 cooling tower

JOB NO: DATE: 2-20-72 EQUIP. MAKE 8 MODEL:ReS. Cottrell Natural Draff
OBSERVERS C. E. Rickwan | cLiENT DESIGNATION: _Unit 1
g SLM: TYPE SER. # . OPERATING CONDITIONS: __Unit 1 operating
,E_ TRANSDUCER: TYPE GR1560-P6 SER.# 1950 at rated load
& | ANALYZER: TYPE_ GR1558-BP SER. # _ 2279 Cooling tower is counterflow type
§ CABLE: TYPE LENGTH
2 | CALIBRATOR: TYPE GRIS62-A  SER #_3122 | SgcoNDARY NOISE SOURCE:
OTHER: _ sseessssynnamsane] EQUIR MAKE 8 MOCEL:
e | sna- | rewn | %nw | wuwe | %N | %IN® | CLIENT DESIGNATION: .
TION OPERATING CONDITIONS:
ks o, SOUND PRESSURE LEVEL,dB RE 20u N/M " rms
No. | TME | oon CONDITIONS u:u 0::' OCTAVE BAND CENTER rnsousncv,vnz.
3 LEVELILEVEL| 31.5 63 l.!.'b 250 | S00 | 1000 |2000|4000 | 80CO
9 {2:00p| Il [Railroad track - west 75| 79 |70 {72 | 67 60| 65 67{ €71 68 70
10 J1 25' farther west than Il 731 77 |70 |70 |66 60| 64 66 65 66 67
11 K1l North=200' from base 741 81 |71 |72 {71 64| 63| 66 67 67 65
12 L1 | Between tower and plant 81) 85 180 179 173 | 69| 69 74 75 7J 12
13 Ml __lAt road 691 79 174 170 €7 58 [ 6 62 63

DIAGRAM- SHOW MEASURING LOCATIONS:

See sketch on page 1,

RECOMMENDATIONS:

$3195 .1.¢C
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NOISE SURVEY FORM SOUTHERN SERVICES INC
PO. Box 2625
BIRMINGHAM , ALABAMA 35207

CLIENT. _Georgia Power Co.-Plant Bowen PRIMARY NOISE source. Unit 1 Cooling Tower
JOB NO: ___024 DATE: _4-6-73 EQUIP. MAKE & MODELRes. Cottrell Natural Draft
0BseRvERs: Hickman and Thompson . CLIENT DESIGNATION: _UNit 1
EISLM TYPE SER. # OPERATING CONDITIOWS:
g TRANSDUCER: TYPE GR1560-P6 SER # 1950 Tests 1-5: Unit 1 operating at
o |ANALYZER: TYPE GR1558-BP ser. # 2279 695-700MW
é CABLE: TYPE LENGTH Test S5A: Unit 1 off the line
—
2 | CALIBRATOR: TYPE GR1562-A ser #_3122 SECONDARY NOISE SOURCE.
oTHER: MWindscreen EQUIP MAKE 8 MODEL:
et B ol RS BUERG S "o | MINO | CLIENT DESIGNATION:
TION g
OPERATING CONDITIONS:
14:00/ OK
SOUND PRESSURE LEVEL,dB RE 204 N/M°rms
TEST POSI-
TIME CONDITIONS A OVER OCTAVE BAND CENTER FREQUENCY, Mz.
NO TION SCALE| ALL :
LEVEL|LEVEL] 3.8 63 128 250 | %00 | 1000|2000 ‘OOO,DOOO
1 [14:00| A2 |Rim of basin-West 85 |86 B5 |74 (68|68(7778 |77 |78 '79
2 | B2 |Rim of basin-Northwest |85 |86 b7 |72 | 69|68 77|78 |78 .78 179
3 | C2_|Rim of basin-Southwest |85 |86 b7 |72 (67 (68| 77/78 (37 !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 95 196 p6 |81 /8484|8790 |89 I85 !82
5A ] e A2 | Rim of basin-West 85 [ 87 |70]73]|70168(76 |79 (78 (78 |77
DIAGRAM=- SHOW MEASURING LOCATIONS:
**Measurements taken May 13, 1974 with Unit 1 off the line. N i
Cooling tower is counterflow type. E2
B2
+ 4+ + + * AT bz
2000" 600’ 400" 200
(o

RECOMME NDATIONS :




NOISE SURVEY FORM
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SOUTHERN SERVICES INC
P.O. Box 2625
BIRMINGHAM , ALABAMA 3520

CLIENT. __Georgia Power Co.-Plant Bowen PRIMARY NOISE sounce.~.lln.'Lt._sznn_].inu._r.meua;l
JOB NO. ___"24 DATE: __4/6/73 EQuIP. MAKE 8 mopeLRes. Cottrell Natural Draft
0BSeRvers: _Hickman and Thompson | CLENT DESIGNATION: _UNit ]
S | SLM: TYPE SER. # OPERATING CONDITIONS: Unit 1 operating
g TRANSDUCER: TYPE _GR1560-P6SER # 1950 at 69£-700 MW
& |ANaLYZER. TyPE G R1558-BPser. # 2279
§ CABLE: TYPE 3 LENGTH
2 [caLIBRATOR: TypE GR1562-A SER.#__3122 | ceconpaRy NOISE SOURCE.
OTHER: _Windscreen EQUIP MAKE 8 MODEL:
nint | ohee | renn | wan | went i ' "y | CLIENT DESIGNATION:
TION OPERATING CONDIT:ONS:
SOUND PRESSURE LEVEL,dB RE 204 N/M rms
TEST POSI-
ot TIME TION CONDITIONS ac:Ltf;i. OCTAVE BAND CENTER rneouencv:n,
West of Tower LEVEL|LEVEL] 31.5| 63 | 128 | 280 | 500 | 000 | 2000|4000 | eoco
6 [14:25| F2 |10' from rim of basin 83 | 84 /66|73/64|64| 7475 |75 75 |75
7 G2 |20' from rim of basin 80 | 81 (677564627172 |72 72 |73
8 H2 {25' from rim of basin 79 |80 |65|74 |63|61!68(71 §72 i72 |73
s 12 [(40' from rim of basin 78 | 79 |64 |74 64 | 61| 68169 |71 171 (71
10 J2 |50' from rim of basin 77 | 78 |63 |72 |65 |60 6768 (70 |70 |69
11 K2 180" from rim of basin 74 |75 |62 |67 |63 |58 |64 66 67 167 |66
12 | L2 [100' from rim of basin 73 | 75 163 168 |66 |57 | 63165 k? i§7 64
13 | M2_1150" from rim of basin _ {71 | 74 (63 |71 |61 |55 [ 62164 l6a l6a |69

DIAGRAM- SHOW MEASURING LOCATIONS:

See sketch on page 1

Descriptive Data: Counterflow tower
Water flow= 258,400 gpm

R=138'=42m

T=-2'2-0.61m

D=2'=9,.75m

h=357'=11.3m

h'=30'=9,15m

RECOMMENDATIONS:

58198 < 1-0Q
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SOUTHERN SERVICES INC
PO. Box 2625
BIRMINGHAM | ALABAMA 35207

CLIENT. Georgia Power Co.-Plant Bowen

PRIMARY NOISE source . UNit 1 cooling tower

JOB NO. 024 paTE. _4/6/73 EQuIP. MAKE & mopeLRes. Cottrel]l Natural Draft
OBSERVERS: Hickman and Thompson CLIENT DESIGNATION: Unit 1 :
S |SLm: TYPE SER.#_______ |operaTing conpimions. _ Unit 1 operating
S | TRANSDUCER: TYPE GR1sen.pg SER # 103 at 695-700 My
S | ANALYZER: TYPE GR1558-BP sEr. # 2279
§ CABLE: TYPE LENGTH
z’ CALIBRATOR: TYPE.G__RIS&L SER. #3_122._ SECONDARY NOISE SOURCE. . .
_loTHer: Windscreen EQUIP MAKE 8 MODEL.
wae | senr | vein | waw | sose e? | MR© | CLIENT DESIGNATION:
s OPERATING CONDITIONS:
16:00! 0K
SOUND PRESSURE LEVEL,dB RE 204 N/M°rms
TEST POSI-
no. | TIME TION CONDITIONS “:u °:L‘L" OCTAVE BAND CENTER FREOUENCY,'Hx.
West of Tower LEVEL[LEVEL] 31.5| 63 | 128 | 250 | 500 | 1000 |2000|4000 | 8000
14 15:00| N2 |225' from rim (at road) |68 |71 |64 68!65|62! 57160 (62 |60 53
Northwest of Tower
15 |15:30, 02 | 100' from rim of basin |72 |76 (69|70 |66 61/ 63|64 |65 165 |61
16 | P2 | 150' from rim of basin |70 |76 |68 |73 66| 60] 6063 |64 |63 |56
17 | Q2 200" frem rim of basin 67 |76 |69 |75 65| 59 58161 61 59 |52
18 R2_|300' from rim of basin |66 |74 |69 |70 |65 56| 59159 |50 |56 |45
19 S2_1400' from rim of basin 62 |73 |67 |69|61|57(57| 57/56 |51 140

DIAGRAM=- SHOW MEASURING LOCATIONS:
See sketch on page 1

RECOMMENDATIONS :

$SI198 .1.¢
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NOISE SURVEY FORM SOUTHERN SERVICES INC
PO. Box 2625
BIRMINGHAM , ALABAMA 35207
CLIENT. __Georgia Power Co.-Plant Bowen PRIMARY NOISE source. Unit 2 Cooling Tower 4—4
JOB NO. 040 DATE. —_9/8/74 EQUIP. MAKE 8 MoDEL: Res.Cottre]] Natural Draft
OBSERVERS:._ﬂickman and Thomgon ________=CLIENT DESIGNATION: Unit 2
Z |sum: Type_B&K 2209 SER.# 454249 |0PERATING CONDITIONS:
::: TRANSDUCER: TYPE B&K 4145 ser # 456988
& |aNaLYZER: Type_ B&K 1613 ser # 460875
5 CABLE: TYPE LENGTH
g [caLiBraton. Type _BBK 4220 sem #_457476 | seconpany NOISE SOURCE:
_|oTer: Windscreen EQUIP MAKE 8 MODEL:
vme | sna- | temn | smw | wune | *'™™® | "IN® | CLIENT DESIGNATION: _
TION MPH DIR,
OPERATING CONDITIONS:
6:10 QK
SOUND PRESSURE LEVEL,dB RE 20u N/M*rms
TEST POSI-
s TIME YION CONDITIONS A |OVER OCTAVE BAND CENTER FREQUENCY, Mz
SCALE| ALL p—
Southwest of Tower LEVEL|LEVEL| 31.5| 63 | 125 | 250 | 500 | 1000|2000 4000 | BOOC
1 '16:20. A3 |Rim of basin 84 |89 |70 |72 (70 |69 (78 |79 {77 |77 |76
2 B3 10' from rimof basin 82 (89 (73 |73 (68 |67 |74 |77 |75 |74 '7§__
3 | £1 [oe' Jeen cia ot banis 78 | 81 |65 [72 |69 |64 |71 |72 |72 |72 70
4 D3 [25' from rimof basin 28 180 167 174 170 163 169 71172 (72|70
5 E3 (40" from rim of basin 76129 .64 172 |64 162 66 169 |70 ! 69! 67
6 F3_[50' from rim of basin 74 179 163 |70 |64 |61 (65 67 68 68 ] 66
7 G3 |80' from rim of basin 73 (76 |62 [72 |62 |57 (63 166 |67 |67 |63
8 H3 (100' from rim of basin 72 |75 (63 |70 |66 |60 |63 | 65 | 66 | 65 | 61

DIAGRAM- SHOW MEASURING LOCATIONS:
Descriptive Data: Counterflow tower

Water flow=258,400 gpm SweLe
R=138'=42m

T=-2'=-0/61m
D=32'=9.75m
h=37"'=11.3m
h'=3@'=9.15m

RECOMMENDATIONS:
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SOUTHERN SERVICES INC,
P.O. Box 2625
BIRMINGHAM | ALABAMA 35202

JOB NO: _041

CLIENT: _Georgia Power (o -Plant Bowen | PRIMARY NOISE SOURCE: Unit 3 Cooling Tower |

DATE: -5/20/74 | equip. MAKE 8 MoDELRes. Cottrell Natural Draft |
OBSERVERS: Hickman and Thompson

CLIENT DESIGNATION: Unit 3

S| SLM: TyrE _B&K 2209 SER # 454249 OPERATING CONDITIONS: _Unit 3 off line i
E TRANSDUCER: TYPE B&K 4145 SER.# 456988 Cooling tower is counterflow type
W |ANALYZER: TYPeB&K 1613  ser # 460875
§ CABLE: TYPE LENGTH
g CALIBRATOR: TYPE _B_&uz_z_o_ SER # 457476 SECONDARY NOISE SOURCE:
OTHER: _Windscreen ! EQUIP MAKE 8 MODEL:
vt |aase | vinn | e | ddus "o | MIN® | CLIENT DESIGNATION: o
s OPERATING CONDITIONS:
0:00 | 0K 6-8 | E :
SOUND PRESSURE LEVEL,dB RE 20u N/M*rms
TEST POSI- -
s TIME TION CONDITIONS 'c:u °:L¢L' OCTAVE BAND CENTER FREQUENCY, Hz.
4 . Fa_St of Tower LEVEL|LEVEL] 2!1.5 61 125 250 | 500 | 1000|2000 ‘OOOWOCC

1 '10;05] A4 Rim of basin 82 |86 0 {73 1 168 173 |76 176 !76 |75

2 B4 110' from rim of basin 81 |85 0 173 170 165 172 178 ZA_*Z4 73

3 : C4 20' from rim of basin 79 |83 80 173 169 |63 |68 172 !72 73 |72
4 D4 25' from rim of basin 77 |83 B0 (74 67 |62 !66 (69 |71 !71 |71
£ E4_140' from rim of basin 75 180 175 [72 163 59 [62 65 |68 |69 |68
6 F4_ 150' from rim of basin 24 179 76 [723 65 158 163 !R& K7 I5291 67

7 G4 80' from rim of basin 72 179 {72 |71 |65 |55 |62 |64 |66 '67 |65
8 H4 1100' from rim of basin 71 {79 74 169 (63 |59 |60 |63 |64 |65 |61

Descriptive Data:

R=158.5'=48.4m
T=-2'=-0.61m
D=36'=10.9m
h=44'=13.4m
h'=34'=10.4m

this test.

DIAGRAM- SHOW MEASURING LOCATIONS:

Counterflow tower

Water flow = 310,000 gpm=23,400 kg/sec.

Approximately one-half of the total water
capacity was by passed during

Kim orF o

ﬁ-—}——T

.—-r‘—‘l

Bassw 0%
e J—

RECOMMENDATIONS :
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NOISE SURVEY FORM SOUTHERN SERVICES INC
PO. Box 2625
BIRMINGHAM , ALABAMA 35202
CLIENT. _Ceozaia Power Co,Plant Bowen PRIMARY NOISE SOURCE:__Unit 3 Cooling Tower |
JOB NO. 041 DATE: 5/20/74 EQuip. MAKE @ MopeL:Res, Cottrell Natural Draft
OBSERVERS: __ Hickman, ind Thompson cusm DESIGNATION: Unit 3
S | SLm: TYPE _B&K 2209 SER. #_45_42&9_ OPERATING CONDITIONS: _Unit 3 off line
E TRANSDUCER: TYPE BAK 4145 SER.# 456988
& | ANALYZER: TYPE BAK 1613 SER. # _460875
5 CABLE: TYPC __ LENGTH
@ | CALIBRATOR: TYPE _B&K 4220 ser # 457476 PTTITL DE———
OTHER: _Windscreen S ﬁr EQUIP MAKE 8 MODEL:
wet., Ve bosnn Foan | ucee | YUM® | CLIENT DESIGNATION:
e OPERATING CONDITIONS:
10:57 | OK
13:15 0@
SOUND PRESSURE LEVEL,dB RE 20u N/M°rms
TEST POSI-
— | Time CONDITIONS A |over OCTAVE BAND CENTER FREQUENCY, Hz.
1110 TION SCALE| ALL
Fast of Tower LEvEL|LEvEL] 31.5] €2 | 125 | 280 | s00 | 1000 ]2000|4000 | 8000
9 110:30] 14 [150' from rim of basin 69 (78 172 l69 l62 154 I59 |62 163 l63 |61
|
10 | J4_1200' from rim of basin | 66 {75 [72 165 162 151 157 160 |61 |60 |55 |
1| K4_1300' from rim of basin 62 178 lg9 58_!s0 162 lsg 187 |57 '51_‘
L L4 '400' from rim of basin 60 177 69 65 !s9 149 (52 &g 55 |54 (47
13 '10:55] M4 500" from rim of basin 58 173 167 165 159 145 la5 !4g lag !sg |ag
14 113:25] N4 600' from rim of basin 53 |74 167 164 165 |53 |46 |47 145 '40 |37
15 04 [700' from rim of basin 52 {72 169 163 154 !s0 la8 a4 !43 ;39 28
16 pa_800' from rim of basin |51 |74 67 l62 Isa |50 lag |44 |38 |36 |28

DIAGRAM- SHOW MEASURING LOCATIONS:

RECOMMENDATIONS:
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SOUND LEVELS MEASURED AT VARIOUS DISTANCES
FROM THE UNIT 1 NATURAL DRAFT COOLING TOWER
AT PLANT BOMWEN

Distance from Rim, Feet Sound Level,
dBA
At rim _ 85
10 83
20 80
40 78
50 77
80 -
100 73
200 69
300 66
400 62
600 48-50
700 49-51
800 49-51
900 - 80
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
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NOISE SURVEY FORM

1

pace_l_or_7

SOUTHERN SERVICES INC.
P.O. Box 2625
BIRMINGHAM , ALABAMA 35202

CLIENT. _Gulf Power Co. - Crist Steam Plant PRIMARY NOISE SOURCE:__Cocling Tower
JOB NO. 021 DATE: 11-2-72 EQUIP. MAKE & MODEL: —_Marley - 8 cells
OBSERVERS. Hickman and Wright CLIENT DESIGNATION: Unit 6 tower
S [SLMm: TypPE SER # OPERATING CONDITIONS: _Unit 6 operating at
'5 TRANSDUCER: TYPE GR1560-P6 SER..# 1950 at rated load.
& | ANALYZER: TYPE GR1558-RBP SER. # 2279
=
2 | CABLE: TYPE LENGTH
-
2 |CALIBRATOR: TypE GRIS62-A  sem. o 3122  |scoonpaRy NOISE SOURCE:
OTHER: — EQUIP MAKE 8 MODEL:
TIME ::LA'- TEMP | %RH | MMHG :':: wol::: CLIENT DESIGNATION:
i OPERATING CONDITIONS:
12:30 0K ik
SOUND PRESSURE LEVEL,dB RE 20u N/M rms
TEST POSI-
TIME CONDITIONS A |OVER OCTAVE BAND CENTER FREQUENCY, Hz.
NO. TICN SCALE| ALL
p 4 West Of Tower LEVEL|LEVEL| 31.5 63 125 | 250 | %00 | 1000|2000 GOOOIQ‘)OO
1 113:00! Al | South end - 5' 84 | 95 186 182181179 74] 73] 74| 76! 79
2 Bl | Center - §' 84 | 95189 1821831821751 75! 725! 77! 80
3 Cl North end - 5' 83 93 182180182180 74| 73] 73! 76! 80
4 D1 Center - 10' 83 94 |84 [8n 181]180)] 74 74 74 78 79
5 El |Center - 25°' 82 | 92186 18017201791 73] 731 73! 7231 726
6 Fl South end - 50' 77 88 |80 |80 |74]75] 70! 70! 69! 67 70
F 3 Center - 50°' 80 92 [82 |80 |75776| 72| 72| 72| 70 73
8 H1l North end - 50" 78 90 182179 |75|75| 70| 70| 70| 69| 72
DIAGRAM~- SHOW MEASURING LOCATIONS:
75— N
s0'—F1 G/ H/ ey
25" - €t
o
Al ¥V <Zd c/
OCOOOOQOQav w
) At S
2s” SO’ 18’ 1eo’
RECOMME NDATIONS -
§S18% 1.0
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NOISE SURVEY FORM SOUTHERN SERVICES INC.
P.O. Box 2625
BIRMINGHAM , ALABAMA 35202

CL'ENT Gulf Power Co. - Crist Steam Plant PRIMARY NOISE SOURCE : Cooling Tower

JOB NO: 021 DATE: 11-2-72 EQUIP. MAKE & MODEL: ._Marlev - 8 cells
OBSERVERS Hickman and Wright CLIENT DESIGNATION: Unit 6 tower
Z |sLm: TyPE SER. # | OPERATING CONDITIONS: _Unit 6 operating at |
'5 TRANSDUCER: TYPE GR1560-P6 SER.# 1050 rated load.
& | ANALYZER: TYPE GR1558-BP SER.# 2279
=
2 | CABLE: TYPE LENGTH
o
2 | CALIBRATOR: TYPE _CR1562-A SER #__ 3122 SECONDARY NOISE SOURCE.
OTHER: o EQUIP MAKE 8 MODEL:
via T o | sane i ¥ s '."':: "o"';'f CLIENT DESIGNATION:
. OPERATING CONDITIONS:
SOUND PRESSURE LEVEL,dB RE 20k N/M:rms
TEST POSI-
TIME CONDITIONS A |OVER OCTAVE BAND CENTER FREQUENCY, Hz.
NO. TION SCALE| ALL
West of Tower LEVEL|LEVEL| 21.5] 63 125 | 250 | 500 | 1000 (2000|4000 | 8000
/
Top of Bank
14 13:40 N1 West of pumps = 250 69| 79 (73 [79|70]1 65| 65| 63| 61 59| 55
18 0l South end = 250 71| 82 171174 |71 66| 68 65| 62| 60| 59
16 Pl Center =~ 275' 72] 83 175177 171166] 68| 66 641 63| 61
17 Q1 North end = 250' 71] 84 17317246170 65! 67 65| 63| 62| 61
18 R1 Center = 300' 67| 83 |72]173]68)| 62| 62 62| 60| 59! 57
19 S1 Center = 40C' shielded
from tower bv bank 61

DIAGRAM- SHOW MEASURING LOCATIONS:

See Sketch on Page 2.

RECOMMENDATIONS .

$5195-1-0



NOISE SURVEY FORM

PAGEL __oF_7 _

SOUTHERN SERVICES INC
P.O. Bex 2625
BIRMINGHAM , ALABAMA 35202

SLIENT. Gulf Power Co, - Crist Steam Plant PRIMARY NOISE SOURCE:__Cooling Tower
JOB NO. 021 —DATE: 11-2-72 EQUIP. MAKE 8 MODEL: Marley - 8 celle
OBSERVERS Hickman and Wright CLIENT DESIGNATION: Unit 6 tower
S |SLM: TYpE SER # OPERATING CONDITIONS: _Unit 6 operating at
E TRANSDUCER: TYPE GR1560-Pé SER s# 1950 rated load.
e
& |ANALYZER. TYPE GR1558-BP SER.# 2279
= T T —
2 | CABLE: Type LENGTH
o=
2 | CALIBRATOR: TYPE _GR1562-4 SER. #_3122 | seconpary NOISE SOURCE:
OTHER:————;W EQUIP MAKE 8 MODEL:
nue | sna- | rews %an | wams :"": ';"';" CLIENT DESIGNATION:
s OPERATING CONDITIONS.
SOUND PRESSURE LEVEL, 08 RE 20x N/M rms
TEST POSI-
TIME CONDITIONS A [OvER OCTAVE BAND CENTER FREQUENCY, Hz.
NO. TION SCALE| ALL
North of Tower LEVELILEVEL| 31.5] 63 | 128 | 250 | 500 | 1000 | 2000|4000 | 8000
_(\ ) 14:15 T1 Center - §' 68| 81| 74| 71 71| 67| 63| 61 591 571 56
! 21 Ul Center - 25°' 65| 82! 761 71 71] 65! 58] 56 551 54! 53
22 V1 Center - 50" 64/ 79| 75| 71 70| 66| 59| 56 54| 53| 51
23 Wl | Center - 100' 61 |

See Sketch on Page 1,

DIAGRAM- SHOW MEASURING LOCATIONS:

R. JMMENDATIONS.

§$8195 ..
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NOISE SURVEY FORM

PAGE_2_OF 7 __

SOUTHERN SERVICES INC.
PO. Box 2625
BIRMINGHAM, ALABAMA 35202

" 3
CLIENT: Gulf Power Co. - Crist Steam Plant|ppimaRY NOISE SOURCE : __Cooling Tower
JOB NO. 021 DATE: 11-2-72 EQUIP. MAKE 8 MODEL: Marlev - 8 cells
OBSERVERS Hickman and Wright CLIENT DESIGNATION: ____Unit 6 tower
S | SLM: TYPE SER. # OPERATING CONDITIONS: _llnit 6 operating at |
S | TRANSDUCER: TYPE_GR1560-P6 SER # _1950 rated load.
& | ANALYZER: TYPE__GR1558-BP SER.# _ 2270 ]
g CABLE: TYPE LENGTH .
2| caLisraton. Type _GRIS62-A ser # 3122 | occovoany woise soumce: _ PBOOSter pumps
_loTHer. ] EQUIP MAKE 8 MODEL:
nMe | sna- | tews | %mw | wwwe | "INC | MO | CLIENT DESIGNATION:
hisar OPERATING CONDITIONS:
SOUND PRESSURE LEVEL,dB RE 20u N/M°rms
TEST POSI- ke
O, TIME TION CONDITIONS .c:“ °::' OCTAVE BAND CENTER FREQUENCY, Hz.
South of Tower LEVELILEVEL] 31.5] 63 |‘25 250 | 500 | 1000|2000 | 4000 | 8000
( 24 14:30; X1 Center - 10' 75| 85| 77| 77| 77| 73| 70| 74| 64| 63| 58
25 ¥l Near pumps = 50' 81| 89| 81|80 79| 80| 77| 764 70| 66! 58
26 Z1 Between booster pumps 87| 94|185| 82| 82| 88| 86! 83| 76| 73! 63
27 A2 | Booster pump motor 88| 92|82|79(84] 88l 84] 82! 80| 75! .64
28 B2 Approx. 100' from tower 75| 8318017617231 241 711 70! k6! 6 60
29 C2 | Approx. 200' from tower 68| 791741741 70| 67| 66] 641 57| 54| 49

DIAGRAM~- SHOW MEASURING LOCATIONS:

See Sketch on Page 1.

RECOMMENDATIONS :

$5195 -1-0

—
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NOISE SURVEY FORM SOUTHERN SERVICES INC
PO. Box 2625
BIRMINGHAM , ALABAMA 25202

CLIENT. _Gulf Power Co. - Crist Steam Plant |pp,Mary NOISE SOURCE . Cooling Tower

JOB NO. 021 DATE: _11-2-72 EQUIP. MAKE & MODEL: . Marley - 8 cells
OBSERVERS: Hickmau and Wright lCLIENT DESIGNATION: Unit 6 tower
S |sLm: TYPE SER.# ________ |orerating CONDITIONS: _Unit 6 operating at |
E TRANSDUCER: TYPE GR1560-P6 SER.# 1950 rated load.
& |ANALYZER: TYPE GR1558-BP SER. # 2279
=
2 | CABLE: TYPE LENGTH
% CALIBRATOR: TYPE GR1562-A  SER.# 3122 _ |geconDARY NOISE SOURCE
OTHER: EQUIP MAKE 8 MODEL:
e | o83 | vaem | wan | nase "oy | MIN® | CLIENT DESIGNATION:
e OPERATING CONDITIONS:
SOUND PRESSURE LEVEL,dB RE 20u N/M rms
TEST POSI-
TIME CONDITIONS A |ovER OCTAVE BAND CENTER FREQUENCY, Hz.
NO. TION SCALE| ALL
Bast of Tower LEVEL|LEvEL| 31.5| 63 | 128 | 250 | 800 | 1000 [2000|4000 | 8000
s
30 15:10 D2 outh end - 5' B4| 95 |84 |81 |82181]751 74! 751 76 79
31 E2 Center - §' 84| 95 |88 |81 I182[81[76] 75| 75| 76 79
2 F2 Center - 10' 83| 95 188 |80 (83 (82176174 74| 75| 78
33 G2 Center - _20' 821 90 188 182 1801811751731 73! 73 77
34 H2 Center - 25' 81| 94 (83 {82 1808074 72| 72 721 75
5 I2 Center - 40° 791 93 |84 183 172172217231 71] 72! 70 73
36 J2 Center - 50' 791 89 |83 83 |75(76 1711 71| 71 691 72
37 K2 Center - 100" 751 87 |82 |81 [72({70] 69| 68| 68 67| 68
DIAGRAM- SHOW MEASURING LOCATIONS: r‘*vwzw l
TOWeER
oz ) y
F2
<
2 N

Ire
50’472 >
100" 4 K2

150"+ L2

RECOMME NDATIONS . 200 4 M2

85195 .1.0
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NOISE SURVEY FORM SOUTHERN SERVICES INC.
PO. Box 2625
BIRMINGHAM , ALABAMA 35202

GLIENT: __Gulf Power Co. - Crist Steam Plant|priMARY NOISE SOURCE : Cooling Tower

JOB NO: 021 DATE: __11-2-72 EQUIP. MAKE 8 MODEL: Marley - 8 cells
| DBSERVERS: Hickman and Wright CLIENT DESIGNATION: Unit 6 tower
Z | SLM: TYPE SER. # OPERATING CONDITIONS: _Unit 6 operating at
< | TRANSDUCER: TYPE_GR1560-P6 SER.# _1950 rated load.
S |ANALYZER: TYPE__CR1558-BP SER # _ 2270
:5: CABLE: TYPE LENGTH
'g’ CALIBRATOR: TYPE _GR1562-A SER.#_3122 _ |SeCONDARY NOISE SOURCE:
OTHER: _ 1 EQUIP MAKE 8 MODEL:
e | awa- | Tews | %nw | wuwe | "M | %M | CLIENT DESIGNATION:
g __| OPERATING CONDITIONS:
eer bos- SOUND PRESSURE LEVEL,dB RE 20u N/M*rms
" TIME TiON CONDITIONS “:u °:Li" OCTAVE BAND CENTER FREQUENCY, Hz.
East of Tower LEVEL{LEVEL| 31.5| €3 | 125 | 250 | 500 | 1000|2000 4000 | 8000
/ 28 l1s:40! 12 | Center - 150 72| 861 80| 79| 71| 65| 64| 64 64 63 64
39 M2 Center = 200' 69 84| 78] 79| 70! 64| 62| 62! 62 61 60
Top of Tower
40 N2 | North end €6 841 731 70| 68| 66] 6 58] 58] 571 54
41 02 | South end 771 97! 86| 89 87| 80! 731 70! 69! 58 48
42 P2 Fan motor = 5' west 93] 101| 93| 94| 88| 88! 88| 89 85 8l 75

DIAGRAM~ SHOW MEASURING LOCATIONS:

RECOMMENDATIONS

$6195-1-0
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NOISE SURVEY FORM SOUTHERN SERVICES INC
PO Box 2625
BIRMINGHAM | ALABAMA 3520
CLIENT: _Gulf Power Co.-Crist Unit 7 PRIMARY NOISE SOURCE : _ Cooling Tower
OBSERVERS: _ Hickman, Thompson, and Czepluch| cLiENT DESIGNATION:
Z Isum: Type__ B&K 2209 SER # 454249 | opeRATING CONDITIONS:
% | TRANSDUCER: TYPE BE&K 4145 ser s 456988
= 20h %189
O |ANaLYzeER. TYPE BA&K 1613 ser # 460875
§ CABLE: TYPE LENGTH _
2 [ CALIBRATOR: TYPE BAK 4220  SER # 457476 _ | seconpary NoisE SOURCE
OTHER: Mindscreen & Random Inc. Core. ___|EQuiP MAKE B8 MODEL.
TIME :::l-. TEMP % RH | MMHG :':: 'o'-:(.’ CLIENT DESIGNATION:
e OPERATING CONDITIONS:
11:00 OK_ -
SOUND PRESSURE LEVEL,dB RE 204 N/M rms
TEST POSI-
TIME CONDITIONS A |OVER OCTAVE BAND CENTER FREQUENCY, Hz.
NO TION SCALE| ALL
Cooling Tower h;yn LEVEL| 31.5] €3 | 128 | 250 | 500 | 100020004000 | 8OO
150 ! 10:20, Q6 [3' W. - ctr. of tower 84 B4 86 |87 (86 (84 |79 176 76 | 78 ;77
151 R6 [3' N. of tower 69 B7 1|78 (80 174 168 163 |61 !62 |57 55
152 S6 13" E. - ctr. of tower 83 B9 |91 (84 185 (84 |79 |76 |75 |75 76 |
153 T6 |3' S. of tower 78 B9 |84 (79 (79 (73 (73 174 |70 | 70 65
154 Us_ [10' N. of CT pumps 85 D4 187 184 i85 184 (81 179 176 |73 b3

DIAGRAM- SHOW MEASURING LOCATIONS:

Positions Q6-U6 are marked on blueprint D-19000.

RECOMMENDATIONS:




SOUND LEVEL SURVEY
UNIT 5 COOLING TOWER
PLANT JACK WATSON
MISSISSIPPT POWER COMPANY
GULFPORT, MISSISSIPPI

September 29, 1977

Charles E. Hickman
Research & Development Department
Southern Company Services, Inc.
Birmingham Alabama



INTRODUCTION

A sound level survey was conducted for Mississippi Power Company
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
system.

Measurements were made using the A- and C- weighting networks
and octave bands centered at ANSI Preferred Frequencies (ANSI Standard
$1.6-1967(R1971)) from 31.5-8000 Hz. The sound level meter used meets the
Type I specifications of ANSI Standard $1.4-1971. Instrumentation used
during the survey is listed below.

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
Bruel & Kjaer 10' Cable A0 0027 -

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
are marked.

2. Schematic View-Plan-Concrete Crossflow

3. Schematic View-Elevation-Concrete Crossflow

4. Various parameters, both operational and dimensional, for
the tower.

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 1s a 500 MW, 2400 PSIG unit and the cooling tower is a Marley Round



§
\

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 40

No contribution from ambient design features of the base tower including high
efficiercy fans, low pressure drop system, and round partitionless plenum
structu~e ensure minimum noise characteristics. Should further noise reduc-
tion be required due to site requirements, treatment would be determined as

a function of location of sensitive area or areas, amount of reduction re-
quired and the frequencies to be attenuated. Treatment as established by

the foregoing cculd consist of barrier walls, or atteruation baffles in

the source - receiver path."

Due to the [ocation of (1) the main plant with its exterior
equipment, (2) the ash pend and (3) a spray module cooling canal for another
unit, the number of traverses for obtaining meaningful data was quite
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 followirg observations can be
made.

1. Sound levels agreed within 2 dBA at every point along two
traverses from the tower.

2. At the basin rim, 84-85 dBA was measured.

Y. At 100 feet from the basin rim, a sound level of 72 dBA was
measured. The Marley predi~tion was 68 dBA. It should be noted
that the original desig. specified 13 fans. To improve the
performance of the tower, 2 *dditional fans have been added
(See ?chematic View-Plan-Concrete Crossflow-Drawing No. 73-
41622).



4. The sound level between the booster pumps located 40 feet from
the basin rim was 86 dBA which was 1-2 dBA higher than sound
levels measured at the basin rim. As a result, sound levels
were approximately 2 dBA higher at distances of 40-100 feet
from the pumps when compared to sound levels at equivalent
distances rrom 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
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.

SUMMARY

Based on the sound level resuits 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
sound levels are comparable tc 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.



NOISE SURVEY FORM

PAGE..I_. OF 6

SOUTHERN SERVICES INC

PO Box 2625

BIRMINGHAM , ALABAMA 35200

CLIENT: MPCo - Plant Jack Watson

PRIMARY NOISE SOURCeE :

Cooling Tower

JOB NO. 070 DATE. . 9/29/77 EQUIP. MAKE 8 MODEL: —.Marley Round Tower |
OBSERVERS. Hickman and Newton CLIENT DESIGNATION: Unit 5
Z |sLm: TYPE B&K 2209 SER # 454249==1 OPERATING CONDITIONS: Unit 5 operating
E TRANSDUCER: TYPE _B&K 4145 SER # 455974 at 460 MW: cooling tower
§ ANALYZER: TYPE__ BAK 1613 SER # 460875 operating with 15 of 16 fans
2 [CABLE: TYPE _ B&K LENGTH _10' on
Z‘ CALIBRATOR: TYPE _BEK 4220 SER # 457476 _ | seconDARY NOISE SOURCE.
OTHER: MWindscreen ! EQUIP MAKE 8 MODEL:
vime | sna- | rewe | senn | wams | '™ | "'%® | CLIENT DESIGNATION:
TION MPH OIR,
OPERATING CONDITIONS:
8:00 0K 78 90 0-6
SOUND PRESSURE LEVEL,dB RE 20u N/M" rms
TEST POSI-
o | TE | oo CONDITIONS c:Lt°;i' OCTAVE BAND CENTER FREQUENCY, Hi.
LEVEL|LEVEL! 31.5] 63 | 128 zsoTsoo 1000 :ooo.ccoowcc_:
1 18:05 | Al Basin rim 85| 93190 87 [83l81]77] 76 77/ g0 80
2 Bl B' from rim 82] 92 191 86 80,79, 75! 74, 74 17,772
3 Cl ' from rim 811 901908580 76 73I 72' 72' 75 75:
4 D1 10" from rim 80! 89 [90 8579/ 76| 72, 71! 72 75 75
5 El 12' from rim 80| 90 |89 I85! 79 76| 72I 71 71 74 751
6 F1 20' from rim 78| 88 85 Fgé; 78 | 74 | 70 68 69 73 71J
i Gl _24' from rim 12 i %ﬁ_ﬁa__lﬁ_f_lﬁ_l_ﬁﬂ_ﬁ&_i]__ﬁg_!
8 M1 40' from rim 75! 8o P85 P85 "85 | 74 70l 66! 67 70! 67!

NOTES:

DIAGRAM~- SHOW MEASURING _OCATIONS:

1. See Southern Services Dwg. No. E-PS5-3014 for sound level measurement
locations.

2. See Marley Company Dwgs.

No. 73-41622 and 73-41623 for details of the
cooling tower construction.

RECOMMENDATIONS

o
o
]
»
¥
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NOISE SURVEY FORM

PaGE_2_oF 6 __

SOUTHERN SERVICES INC
PO Box 2625

T TN
BIRMINGHAM , ALASAMA 35202
CLIENT. MPCo - Plant Jack Watson PRIMARY NOISE source: _Lonling Tower
JOB NO. 070 DATE. _9/29/72 EQUIP. MAKE & MoDEL: _Marley Round Tower |
OBSERVERS: Hickman and Newton CLIENT DESIGNATION: __ Unit §
§ SLM: TYPE B&K 2209 SER. # 454249 [ OPERATING CONDITIONS: Unit 5 operating at |
E TRANSDUCER: TYPE _ RaK 4145 SER # 455974 . : i RSP
5 ANALYZER: TYPE B&K 1613 SER # 460875 with 15 of 16 fans on
=
2 |cABLE: TYPE __ BAK LENGTH __10'
[
2 | CALIBRATOR: TYPE __BEK 4220 SER # 457476 | secoNDARY NOISE SOURCE:
OTHER: _Windscree _mﬂ EQUIP MZXKE 8 MODEL.
TIME ::hl: TEMP | %RAH | MMHG ':.':: 'o":"’ CLIENT DESIGNATION:
TioN OPERATING CONDITIONS:
SOUND PRESSURE LEVEL,dB RE 20u N/M°rms
TEST POSI-
TIME CONDITIONS A |OVER OCTAVE BAND CENTER FREQUENCY, Mz
NO. TION SCALE| ALL
LEVEL|LEveL] 31.5| 63 | 128 | 280 | 500 | 000 | 20004000 | ec0D
86. 18 e,
9 .8:45 | 11 48' from rim 75| 88 31 37 78 73, 69, 65 66$ 6&_ 66]~
10 | 31| 80" from rim 73| 87 60 2 7z7Lm 62| 64| 641 62 64
11 K1 9€' from rim 72| 86 _§J8 1 '78. 701 66! 63. 63! 66. 63 |
- - o ! | | !
12 Ll 100" from rim 12 aﬁ_Bga 4_L7 al 70 ss'g 62! 63. 65, 62'
13 M1 50" from rim £9! 84 75 5 1743 68l 63. 60 61, £3. 60
- | |
14 N1 150" from rim 69! 85 83179 76! 68! 63] 60 513_53;_503
- |
15 0l 152" from rim 84180083 74| 66 62| &8 59 g2! 58!
16 Pl 200' from rim 621 3381181174/ 65! 62! 58’ 58! 62! 57 !

DIAGRAM~ SHOW MEASURING LOCATIONS:

RECOMMENDATIONS:

()



NOISE SURVEY FORM

PAGE.._.3 0F._6

SOUTHERN SERVICES INC
PO Box 2625
BIRMINGHAM , AL ABAMA 25207

CLIENT. ___MPCo - Plant Jack Watson PRIMARY NOISE source - Cooling Tower
JoB NO. 070 DATE. 9/29/77 EQUIP. MAKE 8 MODEL: _Marley Round Tower
OBSERVERS: Hickman_and Newton ] CLIENT DESIGNATION: lnit §
Z [sLM: TYPE B&K 2209 SEr # 458249 | operaTING conpiTions: Unit 5 operating
g TRANSDUCER: TYPE BE&K 4145 segr # 455974 at 460 MW; cooling tower operating
& |ANALYZER. TYPE__ B&K 1613 str # 460875 with 15 of 16 fans on
é CABLE: TYPE B&K LENGTH  10'
% CALIBRATOR: TYPE _BEK 4220 SER # 457476 _ | seconpaRry Noise source: _FD and 1D fans
Rsgn. e aa e EQUIP MAKE 8 MODEL:
vue | sna- | reme | %nn | wene oo *o':nt.’ CLIENT DESIGNATION: __Unit 5
e OPERATING CONDITIONS .
- b SOUND PRESSURE LEVEL,dB RE 20k N/M rms
TIME CONDITIONS A jOVER OCTAVE BAND CENTER FREQUENCY, Mz
NO. TION SCALE| ALL 1
ILEVEL|LEVEL] 2.8 63 128 | 280 | 800 | 1000|2000 40C0’ [ Lelele]
17_19:45 Q1 | 300" from rim 63} 82 80 |78 71 |63 82| 54 5l 56 51
18 Rl 320" from rim 631 80 80 28 '7}1 65 58! 54. 54! 5651
19 S1__ | 384" from rim 63| 80 [81 |77 76| 65| 58| 55 54 5550
20 11 400' from rim. g3l 28 |28 /56 | 72 | g5 | e | &9 54.. 55. 49
21 UL 450" from rim 63179 (78172 173!65)/50! 54] 84. 83 47

DIAGRAM=~ SHOW MEASURING LOCATIONS:

R1. Plant visible, Unit 5 fans audible from

approximately 300' and beyond.

RECOMMENDATIONS.
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NOISE SURVEY FORM SOUTHERN SERVICES INC
PO Box 2625
BIRMINGHAM , ALABAMA 35200

CLIENT: MPCo - Plant Jack Watson PRIMARY NOISE SOURCE : _Cooling Tower
J08 No. 070 paTE: 9/29/77 EQUIP. MAKE @ MoDEL: —Marley Round Tower
OBSERVERS: Hickman and Newton CLIENT DESIGNATION: Unit 5 ol
S | SLM: TYPE B&K 2209 SeEr. # 454249 OPERATING cONDITIONS: Unit 5 operating

g TRANSDUCER: TYPE _ B&K 4145 SER # 455974 | at 460 MW; cooling tower operating

.;, ANALYZER: TYPE__ BEK 1613 SER # 460875 | with 15 of 16 fans on

2 |caBLE: TYPE _ pay LENGTH __ 10"

2 |caLiBraTOR. Type _BEK 4220 sem # 457476 SECONDARY NOISE SOURCE:

E °T”5“:—U-.’i.ﬂdﬁiﬁien—;.————_=_—_=.rﬁ== EQUIP MAKE 8 MODEL:

e | ana- | rews | wmw | wwwe | 4N MNP [ CLIENT DESIGNATION:

o OPERATING CONDITIONS:
SOUND PRESSURE LEVEL,dB RE 20u N/M" rms
TEST POSI-
no. | TME | o on CONDITIONS “:u °:1" OCTAVE BAND CENTER rnsousncv.'m.
EVELILEVEL 3:5 63 12% | 250 | 500 | 1000 |20¢C0 ‘OOOIIOOO

22 113:10 A2 | Basin rim 8e| 94|°97| 86| 82| 82| 77 26| 76 77 25
23 B2 3' from rim 82| 92/87,87: 80, 77! 74 73| 73, 74 72!
24 C2_| &' from rim 91l 8ol 87| 80\ 76| 73| 72| 7 725_114:
25 02 10' from rim 78! 190 _}_,__84: 29 76! 72, 71, 70, 72% 70%
26 F2_ | 12' from rim 79T_9_]_:§9 83 79| 76, 71 70! 20 7270,
22 F2_| 20 from rim 17 89/;%0| 85 80| 75| 71| 68 68 iy
28 G2 24' from rim | 83-9 84| 79 75. 71, 68 68 71 68|
29_| W2 | 40' from rim 25l 89l 91l g3l 78! 74! 71| 66! 67 69 67!

DIAGRAM~- SHOW MEASURING LOCATIONS:

RECOMMENDATIONS :

v
™"
@
o
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NOISE SURVEY FORM

PAGE_§_ OF_G._.

SOUTHERN SERVICES INC
PO Box 2625
BIRMINGHAM | ALABAMA 35200

10

| CLIENT DESIGNATION: __Unit

PRIMARY NOISE SOURCE : _Cooling Tower

EQUIP. MAKE & MODEL: —Marley Round Tower

OPERATING CONDITIONS: Unit 5 operating |
-at_460 MW; cooling tower operating
5 R RT TW

CLIENT. MPCo - Plant Jack Watson

JOB NO: 070 nATE. _9/29/77

OBSERVERS: Hickman and Newton

S|sum TyPE____ BAK 2209 SER # 454249

E TRANSDUCER: TYPE _ RRK 4145 SER # 455974

Z |ANALYZER: TYPE B&K 1613 SER # 460875

=

2 |CABLE: TYPE __ BAK LENGTH

g CALIBRATOR TYPE __ BRK 4220 SER # 457476
OTHER: _Windscreen

e EQUIP MAKE 8 MODEL:

SECONDARY NOISE source. FD and ID fans

vug | aka- | veun | mov | uone hiNe | MIN® [ CLIENT DESIGNATION: ‘U'"ts
— OPERATING CONDITIONS:
14:00 | OK 85 0-6
SOUND PRESSURE LEVEL,dB RE 20u N/M"rms
TEST POSI-
NO TIME TION CONDITIONS “:“ o:L'L. OCTAVE BAND CENTER FREQUENCY, Hz
eveLlever] 31.8] 63 | 128 zoo]soo 1000 | 2000 | 4000 | 8000

0 113:35/ 12 | 48' from rim 75| 86!.90! 83! 78! 73| 70| 66 66. 69 66
| J2 | 80' from rim 73 8780 82| 77| 71| 68 @LM 66_63
(32 | K2 | 96' from rim 72 86c88! 83| 77| 70| 67| 64| 63 66 63
3 12 | 100" from rim 72| 87871 83| 76! IC 66, 63, 6365, 62!
34 M2 | 150" from rim 70, 85! 86| 82| 76| 6 | 3 59|
35 N2 | 160" from rim 68 85|87 80! 75! 67! 62, 60 60 6258
6 02 | 192" from rim gﬁ_ag_geg L8 23] 66 62! w
37 P2 | 200" from rim galgs| g4l 75! 67| 63! 60 59 62. 58!

DIAGRAM- SHOW MEASURING LOCATIONS:

P2. Plant visible, Unit 5 fans audible from approximately 200' and beyond.

RECCMMENDATIONS

85195 .

-9
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NOISE SURVEY FORM SOUTHERN SERVICES INC
PO Box 2625
BIRMINGHAM , AL ABAMA 35200

CLIENT: MPCo - Plant Jack Watson PRIMARY NOISE SOURCE - _Bogster pumps
JOB NO. 070 DATE: --9/29/77 EQUIP. MAKE B MODEL:
OBSERVERS: Hickman and Newton | CLIENT DESIGNATION: Unit §
Z |sLm: Tyee B&K 2209 ser # 454249 | operATING cONDITIONS: BOth pumps on
E TRANSDUCER: TYPE B&K 4145 ser # 455974
Z | ANALYZER. TYPE B&K 1613 SER # 460875
5 CABLE: TYPE  BaK LENGTH 10
!é—’ CALIBRATOR: TYPE __BAK 4220 ser # 457476 | scconoary noist source. ©001ing Tower
OTHER _Windscreen EQUIP MAKE 8 mopeL: . Marley Round Tower
vme | sma- | vewe | san | wune ':.':: 'oll';o CLIENT DESIGNATION: — Unit 5
bt OPERATING CONDITIONS: _Unit ratin
12:30 QK 85 0-6 at 460 MW; cooling tower operating
with 15 of 16 fans on
SOUND PRESSURE LEVEL,dB RE 204 N/M“rms
TEST POSI-
TIME CONDITIONS A |OVER OCTAVE BAND CENTER FREQUENCY, Hz
NO. TION Fsuu ALL -y 1
Booster Pumps everlieved] 301.8] 63 | 125 | 280 soolvooo!aooo 4000 | €200 |
38 [12:35] A3 | 3' N of pump 83| 93 88/ 88| 86| 83| 82| 78. 70 70 65
9 B3 Between pumps 86, 94! 89 | aal 87! 84 34 21' 58 55'
|40 €3 3' S of pump 83,93 89 aa] 81, 82| 82, *a' m 11 59
41 " D3 20' from CL of pumps 79, 88! 86, 84, 79| 77 ]5 76‘ 65 64. gn,
42 E3 40' from CL of pumps 75! 901 85! 84! 80/ 73 72' 73’ 64| 65 61.
43 F3 60' from CL of pumps 74, 86! 88! 82 ]9T 7;1_1 §2 §9 ﬁ& 6l 51
4 G3 80' from CL of pumps 73, 86 83|81, 78! 73 68! 68 6
45 H3 [ 100' from ClL of pumps 72 BA_LBQ___&Q 8. 73| 67 64 62. 62;_5&

DIAGRAM~ SHOW MEASURING LOCATIONS:

RECOMMENDATIONS:
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DESCRIPTIVE DATA AND ENGINEERING INFORMATION

The following descriptive data and engineering information

are furnished in connection with Unit 5 at Plant Jack Watson

1.

O 00 N Y ;M s W N

10.

11.
12.
13.
14,
15.
16.

17.

18

19.

20.

Type of tower

Crossflow or counterflow

Water flow from tower - gpm
Temperature of water to tower - °F
Temperature of water from tower - °F
Design wet bulb temperature - °F
Range - OF

Approach - b .

Orientation of tower

Pumping head required above sill at
design conditions - ft

Mean fill cross section area - ftz
Depth of fill section - ft
Volume of fill section - ft3

Splash area - ftz

Fi11 wetted surface - ft2

Tower loading (per unit of splasg
area or wetted surface) - gpm/ft

Qutside diameter of tower - ft
Overall height of tower - ft (above sill)

Height of distribution headers above
sill - ft (to flume water level)

Material of fil)

Mechanical Draft
Crossflow
172,000
120
90
80
30
10
Refer to:
Southern Services Dwg.
No. E-PS-3014
Marley Dwg. No. 73-41622
43.9
16,000
42
672,000
448,000

896,000

0.384
287 )

59.8 r Refer to
Marley Dwg. No.

73-41623

42.8

4

Corrugated Asbestos
Cement Board per ASTM
€221 (Type 11 Cement;
Autoclaved)



Material of support system

Air inlet area - ftz

Stack exhaust velocity - ft/sec
Number of cells reguired
Number of fans required

Fan manufacturer

Diameter of fan - ft

Fan blade material

Fan blade tip speed - ft/sec
Fan speed - rpm

Gear reducer manufacturer

Brake horsepower per fan - hp

Motor description

Precast concrete with
noncombustible glass
reinforced polyester grids
33,000

30

16
Marley
28
Glass Reinforced Polyester
201 -
137
Marley
147

150 Hp, 3/60/550,
1800 RPM, 445TS, TEFC
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16 March 1973, Volume 179, Number 4078
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Propagation of Environmental Noise

More theoretical and experimental work could permit the
prediction and subsequent control of environmental noise.

Sound propagation is 2 generai term
that embraces the myriad of processes
that occur in the transmission of acous-
tical energy from the place where it is
generated to the point of obscrvation.
It includes the phenomena of refraction
and geometric spreading, air and sur-
‘ace absorption, and scatiering, reflec-

on, and diffraction. All of these are
important and particular examples of
environmental noise propagation. The
main problem in studies of noise propa-
gation is that of determining which
mechanisms are dominant in any par-
ticular sitwation,

The process of observing the sound
by mcasuring it with a microphone or
listening to it has little interaction with
the propagation process, except that
the strategy for making accurate obser-
vations is affected by our undersiand-
ing of the propagation. There is not
such a distinet separation between the
processes of generation and propaga.
tion, however. The location of a source
may affect both its sound power output
and the transmission of the sound.
Location affects the dircctivity of the
sound source.

As an cxample, let us consider an
ordinary fan operating in an open win-
dow. If the window is closed, the sound
power radiated by the fan may increase
because of the impact of Now upon the

! N ~
oW i wWake the prvg. Ltaen

- — - . w— . -

The author is in the depariment of mechani.
enpinccing 3t the Mavachusens Institute of Ted b
nolugy, Cambrdge 02109,

16 MARCH 1973

R. H. Lyon
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of sound by changing the average
molecular weight of the gas. Since the
speed of sound is shown by c¢=
(ART/AM)':, the efiects on sound of
changes in molecular weight, M, and
temperature, 7, are cquivalent (R s
the gas constant and \ is the ratio of
specific heat). This equivalence is ex-
pressed by deriving an “acoustic
temperature™ for purposes of sound
speed calculation (3). An example of
refraction with temperature lapse and
wind gradient is shown in Fig 2. Re-
fraction is important when the change
in the path of scund may affect shicld-
ing of the observer from the source as
shown in Fig. 3. Refraction cficcts are

usually only observed for distances of

path is also very markedly changed. 2 few hundred neters (1 foot=03

Nevertheless, with most environmental
noive, we assume that the sound output
of the sources such as cars, jackham-
mers, and aircraft remains nearly un-
changed as the sources move about.

The Phenomena That Comprise
Propagation

The physical phenomiena that are
associated with sound propagation have
been mentioned. Most practical situa-
tions inciude at least two or three of
these phenomena. In this section, | give
a brief description of cach phenomenon
and an indication of the Kind of prop-
agation problems in which it occurs.

Geomerric spreading. Thic refers to
the spreading of sound encrgy in space
as a result of the expansion of the
wave fronts, as shown in Fig. 1. It (al-
most) always causes an attenuation in
sound levels by a certain amount when
the propagation distance is changed by
a fixed ratio. This ratio is ordinarily

“the distance doubled, abbreviated dd.

tr reading is sencrally con-

:re e ndependent of frequency

a pajor effect in all situations
f sound propavation (7).

Refraction. Refraction s the bending
of sound ravs caused by eradual
»Langen 36 the spuad v e B

Pougit abwil F s Gy B owaid des
temperature gradients in the atmosphere
(2). Humuity also changes the speed

meler) or more.

dir_absorption. The absorption of
sound in air is caused by (shear) vis-
cosity, heat conduction. and melecular
vibrational relaxation (¢). The eifoct is
commonly expressed as a change in
sound level in a fined distance. Com-
monly chosen distances are 1000 fect or

I kilometer. The attenuation is frg-
quency  dependent and  tvpicaliy

amounts to a few decibels per 1610 fggt
in_the most audible frequency _bands,
300 hertz 1o 2 Lilghertz This form of

atienuation is most significant for the
noise of aircraft landing and taking off
or for other noisc problems in which
the propagation distance is rather long.
Surface absorption. Sound levels are
affected by surface reflections in two
distinct ways. When the source and
eCeiv re_both close to _the eround.
p_ray _refiected from the sround may
3 oy Wit set
0 i 2. 4 (5). This cffeet
is usually noticcabic over ranges of
propagation from a few hundred to a
few thousand feet in the frequency
range from 100 to S00 hz. \
yource is very close 1o the sround as in
the case of snowmobiles or lawnmows
ers. the eflect s even morg important
and can aficet sound levels very close

dogbe souzce, An examnle of thi at.

Wttits Lt oy sy g Far S g4
Suittind devwiy div @i aliveicd by e
loss of cnergy upon reflection. This

process is called surface absorption in
1083
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acoustics. The cffect is of paramount
importance in room acoustics for the
sound strikes the walls many tmes (7)
In outdoor propagation the losses uporn
reflection are also important Wher

prape T TN N Lt Y

T SNampe, MULPW Beincliviie JEOM
building faces occur. Sound that would
reach the obscrver if the buildings were
perfect mirrors is reduced because of
absorptive reflection losses (8) and be-
€ause of redirection of the acoustical
energy. The redirection of sound is
more properly included in the subject
of scatiering.

Scarering. When sound waves en-

(8)
I

(A)

oy

-

/

-
N\

)

b
e

counter a segion of inhomogencity in
the medium (a local ariation in sound
speed or air density) some of their
encrgy s redirecied into many other
directinne. Thic meaesce is callod eoneor.
" S N Wiy o
W lse piocesses, the re-
direction is essentially into one direc-
tion. Scattering is produced in environ-
mental noise siuations by turbulence
(9), rough or irrcgular surfaces (10),
and obstacles in the path such as trees
and other vegetation (21). In industrial
Huations nachin i

obstacles scatier and redirect the acous-

Fooineiivn,

Scattering can caise quite remarkable
changes in sound levels. When sound
would normally be shiclded from some
region by a barcer, turbulence can
canse b efMectiver ss of the barsior to
. Porpiceg raecte pe,

VUG 100 dling. in

by tuchulence (12). Cn the other hand,

turbulence scattering does not cause
losses in encrgy great enough to com-
pete wath other attenuation processes in
directiy illuminated regions.

The scatterine of sound by rain,

P e, #ioe wii b

tical gnergy.

(C)

e
g A

Fig. 1. Geometric divergence of sound waves and resulting attenuation. (A) Spherical

spreading, 6 dB/dd; (B) cylindrical spreading,

(A)

Shadow\,/“_\

Sound rays

:A dow

3 dB/dd; (C) sound in channel. 0 dB/dJd.

(8)

Wind profile

Fig. 2. Refraction of sound by wind and tempera- /)

ture gradients. (A) Temperature lapse, no
(B) temperature lapse, with wind.

—-, = = =« No wind

Wind

wind;
Shadow

Receiver

P

Fig. 4. Reflection of grazing wave from
interference.

ground showing possibility of devirnctive

fog, or snow, for example, at ordinary
frequencics is pot_grear enough to be
significant (13), The effeets of precipi-
tatioa are far more important in chang-
ing sound transmission by chapging
the humidity and the temperature dis-
tnbutions in the lower atmosphere,

Refiection. When the sound encoun-
ters a surface that is several wave-
lengths in extent, the entire wave is re-
directed. This results in increased sound
levels for positions illuminated by the
rebounding wave and reduced levels at
other positions, as shown in Fig. 6.
Barriers reduce sound levels by reflec-
tion; the orchestra shell of a concert
hall enhances sound by the same pro-
cess,

As mentioned before, reflections are
of particular importance in propagation
along city streets. Experiments show
that significant amounts of sound energy
may stll be present afier a wave makes
four or five refiections from the sur-
faces of a building,
ituations, however, reflection and scat.
fering take place snmul:ancomlz because

rough texture of the surfaccs.
T e e et
masonry walls is gencrally less than 'n
percent, but the amount redirected by
scatiering may be significantly greater
than this (/14).

Diflraztion, In a shiclded region (be-
hind a house that faces a busy street,
for example) sound levels may be lim-
ited by difiraction. Diffraction and
scatiering are very similar phenomena,
Diffraction may, in fact, be dzfined as
the scattering that occurs at a region of
inhomogencity at the bounding surface
of the medium, such as where there is
a rapid change in impedance or radius
of curvature (4, p. 449). Thus, a finite
wall forms a boundary 10 the medium.

. surf the wall \
flgction, but sh: ;U \
at_the ¢d the w at
saalivtgres termed “editicg i ™

Bocire the pipes od o Lines in

SCIONCE, VoL, 1719



& Factony mishe be defined as part of
the “bowdioe: surbace™ of the medium.,
MO evidont That i o tnction hetween
SECre ol i cnen may be sonie-
what wrihol, Dillraction in outdoor

~ sound  propagation is  important  in
dansimitting sound enerey into shielded
arcas, although the absolute amount of
sound power redistributed by diffraction
is Quite small.

Wall seamsmission. The phenomena
already discussed are of principal im-
portance 10 people outside of buildings.
Because most people spend much of
their time within buildings, the trans-
mission of sound through the exterior
walls, windows, and doors of these
buiidings is of prime¢ importance in
establishing the noise levels to which
people are exposed. In this article |J
discuss the prediction of noise levels
outside buildings; once the exterior
sound levels are known it is possible to
predict the noise within buildings by
reference  to  standard  transmission
values (/5).

To show how the various phenomena
that affect sound propagation enter into
practical noise situations 1 will consider
several examples. In cach example there
are aspects to the propagation that are
well understood and there are others

»*hat are uncertain. Active rescarch is

wWer way in this field and we may

hope that some of the uncertainties will
soon be removed.

Aircraft Take-Off Noise

In Fig. 7 an aircraft is shown taking
off along the path ABC, and we are
interested in the sound levels heard by
the observer at O. The principal deter-
minants of the sound at O are (i) the
power of the source (in octave bands),
(i) the directivity of the source, (iii)
geometric spreading, (iv) air absorp-
tion, and (v) ground relection (16).
Determinants (i) and (ii) are source
characteristics and not propagation cf-
fects; (i) ang (iv) are the principal
propagation effects that must be evaly-
ated for this situation; (v) is important,
but is casy 1o evaluate—the eround re-
flection simply adds 3 d8 10 the re.
ceived sound lfevel at a normal height
of the observer's car ubove the ground,

Geonmetric spreading  for  “point™
saurces is simply 6 dB of loss per doub-

3 of dintance (6 dB/dd). Refraction

of the sweend may ehanse this ity
There 1 nore WNSSELINY it the r
absorption, tony_of _aireraf

nOise at dustunces of several hilometers,
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'.un-ln liave bevn ooty mereaty,

for oxygen and nitropen molecules ap-
pears 1o (it the form of the absarprion
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Recemt mvestigations of air absorp-
tion over wide ranges of frequency and
humidity indicate that the role of nitro-
gen in producing attenuation in  the
lower frequency bands has been under-
estimated (/8). Although a single re-
laxation theory of molecular vibration

the rede o water molecules
Cuiaizzng this enciey tansfer alters the
temperature dependence of the absorp-
tion (19). Also, the reaction can be-
come complicated in that there may be
several dilferent maodes of energy trans.
fer to the molecules, These multiple
transfer  processes  together with  the
catalyzing effect of the water vapor
tend to conceal the temperature de-

LT

Fig. 5. Excess atien-
vation  caused by
ground absorption;
receiver height, 1.83
meters; source
height, 1.52 moeters,
Symbols: O, theo-
retical data; @, ex-
perimental data.
Parameter on curves
is source-receiver
distance. [From De-
laney and Bazlcy
(6); courtesy of the
Journal of Sound 20 -
and Vibration)
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Fig. & Soures: of auenuvation of traffic noise.

pendence. Thus, although air absorption
is well understood at a temperature of
20°C it is not understood how the
absorption should vary as one depans
from this temperature.,

Highway Noise

The noise from trucks or automobiles
is generated close to the ground and
usually the receiver is also near the
ground. Figure § shows some topo-
graphical features that may occur near
a highway and affect sound propaga.
tion. These features act as barriers to
the sound. Ground cover and trecs may
produce low-frequency attenuation as a
result of absorptive reflection and sound
scattering.

Attenuation caused by geometric
spreading of the sound waves from a
single vehicle increases at 6 dB/dd. A
line of traffic, on the other hand. pro-

7 duces an average noise level that dzcavs

Line of traffic

at 3 dB/dd (20). Theoretical and ex-

perimental studies have been conducted
on the statistics of noise from lines of
traflic composed of different numbers
of the principal classes of noise sources:
truchs, passenger cars, and motorcycles
(27). In muking a precise determination,
a different geometric attenuation factor
must be applied to cach statstic of the
noise ficld. This is an area in which it is
very difficult 1o separate source charac-
teristics from “propagation.”
The atienuation produced by topo.
graphical features is treated as a simple
i iflraction problem in most cal-
gulations (22). Much more work needs
10 be done in this arca since carth
berms, road cuts, and barricr walls can
be used in the control of noise from
roadways. The use of standard difrac-
tion formulas for “thick barriers” such
as buildings or elevated roadways is
not a resolved issue at present. In most
calculations the thick barrier is treated
as a single, equivalent, taller, thin

Scattering

Reflection

” e DiTECE

|

Fig. 9. Transmission phcnomena in urban traffic noise.

barricr (23); in other caleulations the
theory of double ditfraction is applicd
(24). It iy evidemt, however, that a
rounded caith berm covered with short
vegeiation s not adequately accounted
el ot Irgited a5 o St
R N P S TR S G- et Musisy ¢
absorbing cylinders would represent a
step forward (25), but studies of dif.
fraction by layered cylinders would be
cven better,

There _has also _been a  series of
studies regarding the antenuating power
of trees, but the results of these siudics
arganconglusive (26). Most acousticians
agree that (aside from esthetics) ring-
ing on's yard with trees presents very
little bar, »r 1o neighborhood noise.
Studies of popagauion through various
kinds of wcoaded regions show attenua-
tion factor. that differ by a factor of
10. Even the proper form of atienua-
tion dependence is uncertain.

An interesting study of scund attenu-
ation by vegetation and ground was
reported recently by Aylor (27). In
this study, major mechanisms of attenu-
auon by vegetations were identified as
scattering by Icaves, stems, and trunks,
and ground interference. Aylor at-
tempted to identily the relative impor-
tarce of various mechanisms and pre-
sented some theoretical considerations
that support his conclusions. Although
a [fully deveioped scattering theory
couid probably account for such data,
the problem of presenting the results
in a2 manner intelligible and useful to
noise control engineers would remain.

Thus road traflic noise over open flat
ground is reascnably well understood.
Reduction in noise levels can certainly
be achieved by the use of topographical
features, including ground cover, but
the quantitative prediction of such re-
duction may be substantially in error.

Noise Propagation in the City

A possible reaction to this topic is
that urban noise docs not have to
propagate—it is everywhere! It is true
that noise sources in the city are ubiqui-
tous. Nevertheless, there are quict re-
gions in which the background noise is
set by the gencral distribution of noise
sources throughout a city (28). There
arc also quict streets that have intrusive
noise that is produced on a busy ad-
joining thoroughfare (2%,. In addition,
there are intensive noise sources that
may dominate the sound in a particular
vicinity, even in busy arcas. In all of
these situations, the combined cilects of
reflection and shiclding by buddings are

SCIENCE, VOL. 179



Fig. 10 ttop). Cumulative distributions
of waflic nose in the loudest strecis of

Budapest, Tokyo, Prapus, and Duesseldorf, L
A : < 99
Fig. 11 (bontom). Variation of noise
level with distance from main 10ad along 98 -
cross road. [lrom Delancy et al. (29); 97}
courtesy of National Physical Laboratory) 96 |-
95 Budapest
\ 90 -
(aside from geometric spreading) the
dominant propagation factors that Jde- &
termine sound levels for the observer. sor
As an example, let us cousider sound sol- Duesseldorf
propagation along a city street as shown
in Fig. 9. Specular reflection from €0
building facades produces the cflect of 50}
an infinite line of sources (images of -

the real source) which has a 3 dB/dd
decay along the street. The scattering 0
and capturc of sound by the spaces

between building acts as an absorption

effect, which means that the sound &
levels should eventually decay at 6 dB/ 100
dd (8). In fact, however, experiments

201

show that there are ranges near the 1| o
source along which the sound decays ap
al 7 1o 8 dB/dd, a rate that is impos- 2k
sible with a modcl that contains only vk

specular reflection and absorption (29).
i 1 A L

This discrepancy can probably be ac. 05 rm . 75 s -
counted for by the effect of scattering
both in enhancing the sound levels near
the source and acting as an excess
absorption eficet, but such conclusions 90

A ~ weighted sound level (dB)

are very speculative, .

Propagation in Relation to :
Noise Criteria » Microphone 1.2 meters above ground
If it is important for us to identify 80p~
the major features of propagation for
various environmental noise situations,
it is cqually important that we under- L::s\\
stand what questions we should ask the .
propagation model once the phenomena o
are identified. Qur asking the right
questions depends on our knowing what
are the features of the noise pattern in
space and time that are related to an-
noyance, task interference, loss of hear-
ing acuity, or some other undesirabie
effect. Thus, although we can scparate
the physical processes of propagation
and observation, we cannot make such
& separation when we have 1o predict
noise impact. Most calculations of
propagation losscs for sound waves are
computed or expressed for average S0
sound levels. When other statistics of e

-8 dB/dd

60 b= \‘

A —weighted sound level
’

Ne \
R ~
the noise ate of interest, the cflect of : e
propagation is not the same as it is for i W
rage values. Thus, by evaminine “«\
MM OF Lo meowures of mogen WAL
that i buscd On e stutisics we can ]/ | SO 'S | 1 VOSSR W | 1

formulate some questions that might be 10 100
asked of the propagation model, Distance from nearside curb (moters)
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Psychoacoustic Criteria

The term “eriterion™ in environmen.
tal matters is used in two ways (30),
rlf\L 13 0 DO IR N L\ ON L S T o8| Y o
Mg 1o s gihast, Bet erainpis, Tan
understanding of speech should not be
interfered with more than 10 percent
of the time.” or “my hearing should not
be impaired so much, that while 1 may
not be able to hear some musical fea-
tures very well, my understanding of
speech should be unaficcted.” On the
basis of laboratory and psychoacousti-
cal ficld tests, these “performance cri-
teria™ are then translated into physical
measures such as speech interference
level (SIL) or A-weighted sound levels
(mcasured by the “A" scliing on a
sound leve! mefer) according to the
Occupational Safety and Health Act of
1970 (1, p. 546). Second, the numeri-
cal values of the disturbance of these
physical scales that correspond to the
performance criteria are also referred
to as “critenia.” Although this has often
resulted in confusion. it 1s very difficult
to change the dual usage of the term,

Psychoacoustical criteria have to do
with both the physical effeets of sound
on the biclogical or nervous system and
the subjective aspects of sound. Physi.

SN
e

Fig. 12. Scale drawing showing acoustical images heard by listener. The sound

cal cffects include such criteria as loss

of hearing.  disorientation, and  pain,

This class of criteria is not generally

thought to be of prime significance in
O | >

i Wi ) iadhde Rt fos MR S
ance, speech interference, startle, and
task interference, are so termed because
the deerec to which they are apparent
depends upon the attitude of the listener
toward the aoise and on his familiarity
with it. The establishment of standards
for urban noise must include considera-
tion of several subjective criteria and
not just a single one.

The proliferation of scales for mea-
suring noise appropriate to these criteria
15 a cause of some embarrassment 1o
acousticians. It is the source of the
“alphabet soup™ one encounters in the
bterature on environmental noisc: the
A-weighted sound level [units B(A));
perceived noise level, PNL (with vari-
ous suftixes, prefixes, and subscripts to
note corrections for duration, presence
of tones, and impulse); noisc criterion
curves (NC curves): noise exposure
forecast (NEF); composite (or com-
munity) noise rating {CNR); commu-
nity noise cquivalent level (CNEL),

and so on. Qut of these, the simple A-

weighted reading of the sound level

micter_appears to_be gaining credibility
ay o gencral scale for nonsg. The A-

erated at § is preserved at ground level on a sirmulated city strect. The points S, S™,

and 5"

- T

—l L: millisecond

Fig. 13. Time pattern for received sound level in the 32.ki'uhertz

sound absorbing matenal on the walls; (H)

are acoustical images of the source point,

-I L- 2 milsecond

band; (A) with
no sound absorbung matenal.

weirhting filter in the meter gives an
nportance to various frequency com.

L A . L e T SRR S I ;|
thy

! atielisy sgidsdiniy ot var al
moderate sound levels.,

The A-weighted sound pressure level,
LA will vary in time and place, how-
ever. in a random—or at least unpre-
dictable—manner. In the following
discussion | will assume that the “A"
notation s understood; that is, all levels
are A-weighted. The variability of the
noise has been shown to have an infiu-
gnce _on s acceptability. Studies of
trattic and aircraft noise have led to a
rating scale for noise called the noise
pollution level, Ly,., that takes account
of this variability (37).

It is given by

Lir=Ls + (L — &)
1
+ gp (L = La)"®

(1)

when the A-weighted sound levels are
distributed in an approximately normal
distribution (the tendency of environ-
mental levels of poliutants to be dis-
tributed in a log-normal fashion has
also been noted n air and water pollu-
tion problems). Statistical distributions
of some traflic noisc levels a2re shovn
in Fig. 10. The qualny L, is the nth
percentile value of the cumulated vari-
able, the value that is excceded n per-
cent of the time. Equation 1 shows that

,!‘ ) » " 0 sinal l: 'Hi ”l"
increase the value of L.

As mentioned carlier, propagation
cifects will cause difiering changes in
these various statistics as the observer
(or source) moves from one place to
another. Most studics of acoustical
propagation have been concerned with
changes in average signal energy only.
In a traffic noise situation, we might
want to determine the effect of a bar-
ricr, say, on the 10 percentile noise
level (Lyq), which may be quite differ-
ent from its effect on L., Generally,
a burrier has a ercater noise-reducing
effect on nearer sources than more dis-
tant ones. Since there are more sources
at a distance, the eifect of the barrier
15 10 reduce the variance of the sound
levels and to decrease L,, values more
than L., values are reduced (32).
Similar calculations have also been
made for sound transmission through
walls and windows (373).

Delaney et al. (29) have shown that
a row of howses facing a busy street
will reduce the noise entering their
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back yards by 10 10 15 dB. The noise
reduction for the 10 percentile levels
is about S dB more than «t s for the
90 percentile levels. This woald appear
to confirm the suggestion thot nearby
sources  (that are more ceffectively
blocked by the houses) are responsible
for the 10 percentile levels and that
mere distant sources dominate the 90
percentile levels.

If a particular kind of noise source
is prevalent (such as surface vehicular
tratlic) these various statistics of the
noise will be interrelated in the sense
that the foimn of the distribution is
known. Examples of tratlic noise distri-
butions in city streets are shown in
Fig. 10 (34). In this event, onc may
represent the sound field by a single
statistic, such as the L, valuc. The
English use L,, because it is not so
dependent on infrequent, very loud
noiscs in the way that L, or L; might
be, and tends to be determined by noise
sources that are generally in the vicinity
of the obscrvation point. Thus, one can
avoid sctting noisc standards on the
busis of the generzl prevailing back-
ground noise of the city in the way that
L, prescription might tend to do.

“How Well Do We Understand

P'ropagation?

In my discussion of what propaga-
tion effccts are, and how we should use
propagation nformation to predict
noise measures of interest, I have only
sugeested some of the limitations that
exist in predicting the numerical effect
of propagation in particular situations.
I will now discuss in more detail the
problems of identification of propaga-
tion effects and the evaivation of those
effects.

The first problem, that of identifica-
tion, is the most crucial one. Practical
field measurements rarcly allow the
kind of control of source parameters
and variation in path propertics that
would be idcal. Thus, although we
know that geometric spreading, reflec-
tion, and scattering are the important
processes occurring in Fig. 9, for ex-
ample, we cannot tell from the data
just what the contribution of each will
be. The data of Deluney er al. that ap-

-ply te this siuation are shown in Fig.

Il (29). As explained earlier, these
Jota ot be exslainsd on the B
of reilection and 2eoniris s 2
alone.

One way of identifying propagation

16 MARCH 197}

paths and effects is through the v of
scaled models. In acoustic sealing, we
sclect the frequency of operation so
that the ratio of wavelenpth to dimen-
preserved. Il the modeling
medivm is air at ordinary temperatures,
this means that luzh frequencies must
be wed. Typically, scaling ratios from
1210 0 12100 may be employed for
propagation modeling, which may re-
quire that one gencrate and  sense
sound sienals at frequencies up to about
200 khe.

An example of path identification by
modeling s shown in Figs. 12 and 13
(35). In this experimant, a spark is
used to genecrate an impulsive sound
und the sound is mcasured at the
ground in a model of a city street. The
relative contribution of the reflections
from building surfaces is determined by
covering them with absorbing material.
When thes is done, only the dircct pulse
i evident at the microphone.

This experiment is a relatively simple
example of an important advantage
provided by the use of models. Changes
may be made in the propagation path,
walls may be made ubsorbent, rough,
or of diffcrent shape, for example, in
ways that cauld not be done in a field
experiment. The field experiment s
necessary as a baseline, however, and
is used as a guide to establish realism
in the model. Once the sound patterns
in the model and the field data are
found to correspond, variations in the
surfaces, source, and recciver locations
can be made. By changing from smooth
building surfaces, for example, we can
see the cffects of surface scattering
without changing other acoustical
parameters such as path length or sur-
face materials,

The pheromena associated with prop-
agation can be discerned from labora-
tory or ficld data on the basis of time
or spatial patterns of the sound. The
quantitative prediction of the effect of
cach process may not be so quickly
obtuined. For example, the theory of
surtace scatiering that has been so well
developed for underwater sound (non-
specular reflection from the upper free
surfuce and the bottom) has not been
developed for the nonspecular reflection
from the faces of buildings, or reflec-
tion from an irregulor ground. In fact,
most of the ordinary processes of sound
prepagstion in the outdoors have obvi-

gy vt ! i qh Eovpous ook 38 0w o !

sion iy
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that the more detense-related prohiems
have,

Conclusions ’

Although the basic processes asso-
ciated with the propagation of environ-
mental none, such as reflection, scat-
tering, and spreading are well known,
anunicrous theoretical problems remain.
The propagation processes that are sig-
nificant in diffcrent sitsations have yet
to be identified, and criteria for eval-
uating their relative importance in ¢ach
situation must be developed. In evalu-
ating the noise of aireraft, for example,
attenuation caused by the spreading of
cnergy may exceed 60 dB, with atmo-
spheric attenuation accounting for an-
other 10 dB or so. In the propagation
of highway noise, on the other hand,
spreading may account for only 10 dB
of attenuation, air absorption for 1
dB, and absorption by ground may ac-
count for 10 10 15 dB of attcnuation.
Il those problems are approached sys-
tematically, we should be able to pre-
dict accurately the effects of noise
sources and barricrs and thus contro!
the distribution of noise levels in cities
and suburban areas.
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HL enginecr is very olien

faced with the problem of
estimating the sound-pressure lev-
els generated by a source of sound
some distance away. The roar of
jet aircralt being run up on the
ground wakes children from thei
sleep in an aparonent house a nfile
or two away. Or an airplane k-
img ofl from a city airport inter-
rupts telephone conversations in
an office building under its climb
p.uh In pw\ulm;,, sensible solu-
tion to these and a host of other
problems of noise control, the en-
ginecr must take into account the
attenuation of sound as it travels
thiough the atmosphere. To be
sure, in many Gases the issue can
be dodged by assumiing “inverse-
squarc law™ attenuation and noth.
ing more. This solution is almost
always too comervative, ie., the
actual attenuation of sound that
has vavelled from sowree 10 e
ceiver s hinger than that alou-
lated from the inversesquare law
alone. In a growing number ol
cascs, however, the engineer an-
not afford 1o take the casy winy
out: a more accuiate estimate of
the actual atmospheric attenuation
may resuft in o substantial saving
in expemive none control meas
wres. Pl nticde attompts 10 o
vide a better vndentanding of the

16 i
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Heee is a procedure for estimating

the attenuation of sound
outdoors ncar the ground

in excess of inverse-square law

spreading loss.
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principles governing  propagation
of an acoustic signal in the audio
frequency range through the Jlower
atmosphere.® It also presents de-
sign charts based on recent meas-
urements + which permit engincer-
ing estimates of the attenuation
for a number of practical situa-
tions. The reader is cautioned,
however, in two respects. there is,
as yet, no comprchensive theory,
and the body of available experi.
mental data on which the design
charts are based is still limited.

Sound Transmission Through the
Lower Atmosphere

The atmosphere is by its nature
in constant motion and fluctua-
tion. Density, temperature, pres-
sure, and humidity are never uni-
form in a given volume of air, nor
are they constant in time. Sound
waves travelling through the at
mosphere show these nonuniformi-
ties by fluctuations in sound level,
whose average value depends ma-
terially on the wind, temperature

* Much of the watenal presentad here
has been taken from “Noise Reduetion,
v Setis of Lecnes Prosented  at the
Masachinetis bistitite of  Pechinology
el Nevanek (o be pubilishied Iy MeGraw -
THIE Book Cos b, New York),

s wenk was carvied ot wisder cone
tract with the UL 80 Ny Signal Conpas,

a"”/./.o’

L Aemm c_.w“a—.- -

and humidity conditions along the
path of propagation. The longe
the wansmission path through the
atmosphere, the more important is
the effect of these factors on the
received sound level.

Typically, in a noise control
problem, the recciving point s
ncar the ground, and very [re-
quently the noise source is also
near the ground. The discussion in
this article is, thereflore, concerned
primarily with the propagation of
sound in the audible [requenc
range. through the lower atmos
phere along the ground, except in
the important case of aireraft
low flight at an altitude of no
more than a thousand [eet or two.
Sound transmission [rom aircraft
flying at significantly higher alii-
tudes will not be discussed here.

The strong interdependence be-
tween  sound  transmission  along
the gromnd and the “weather™ is
a matter of everyday knowledye.
It his been a matter of scientific
mvestigation  for  centuries.!  Re-
sults were frequently not generil
enough or not «f the type needed
by the engincer until  recenthy
when adeqguate micrometeo: ologi-
cal techniqecs became  available
and were brought o bear an the
problem. Significant strides have
been wade toward an engineering

NOISE Control
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whntion 1o the problen Ly means
of # tombination of theory and
empirical design cunves. For air
m,-}rmnul transimission of the pype
o el here, on the other hand,
t. weather” seens to play a
much smaller roles? The material
presented hiere s an attempt to re
die 1o engineering pracctice what
has heen leamed rom theory andd
experiment 1o date.

The Inverse Square Law and
Exccss Attenuation

In an ideal, homogencous, Toss
free atmosphere, the sound pires
sure decrenses invensely with dis
tance when one is in the far free
ficld of the source. In other words,
there is a 6 decrcise in sound-
pressure level for cach doubling of
distance. However, duc to atmos
pheric  conditions and obstacles,
the sound-pressure levels measured
outdoors are almost always lower,
sometimes drastically so, than those
predicted  from  this spherical
spreading  alone. The important
factois which affect sound propa-
gation along the ground are: (nH
7\ absorption in the air; (2)
~wsence of walls and trees; and
(3) wind and temperature gradi-
ents, atmospheric turbulence, and
the acoustical effect of the presence
of the ground.** All these faciors
are to some extent interrelated;
the eflect of one is dependent on
the presence of the others. In the
case of sound propagation from air
to ground, the elfect of obstacles
on the giound and the effects ol
ground-created wind and tempera:
ture gradients are clendy not pres

_ent. Sound absorption in the aw
and, to some extent, atmospheric
turbulence ave then the factors
which primarvily determine the
attenuation,

It is wefnl to lump the net el
fect of atmospheric and terram
factors inte a single gquantity, the
excess attennation A, in decibels
over and above the cliect of spheri-
cal spreading. For the puvpose of
arviving at an enginecring estimate
the excess attenation can be sphit

to several contributions asstmed
w he independent ol cach other:

A' = /",‘ + f‘.: + c",) ‘Il'( il"\ (')
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where:

A, = total exeess attenuattion,

A,y = attemation due 1o abwor p-
tion in the air,

A = attenuation due 1o walls and
tecs,

A5 = attenuation due 1o wind and
temperature gradients, at-
maospheric tmbalence and
ground clicct.

In the following, we shall dis
cuss these vavious contributions
quantitatively and from a practi-
cal point of view. They arve evahw
ated primarily in terms ol their
average values, ignoring for the
moment  fluctuations in the re
ceived sound-pressire levels. It is
assumed that the smalbsignal ap-
proximations hold and that the
sound is not so intensc that non-
lincar terms need be considered.

The matter of sound absorption
in the air. A, while still a subject
of investigation by several groups,
is summarized in the literature*
and will, thaelore, not be dis
cussed here in detail. Figure ]
shows an estimate of the attenua-
tion duc to sound absorption in
the air plotted as a function of
distance from the source for the
various octave bands. These curves
were derived by following an ap-
proximate procedure given in Rel-
erence 4. They represent a con-

servative (i.c.. the prediced atten.
wation is snadler thaun that which
one wonld memsure) estumate of
the actual values of molecnkn abe
sorption. T'he corves will be use
ful in noise contiol prohlems until
more accurate datia become avail-
able, Tt was assumed, among other
things, that the attenuation meas
wred at the geometric mean he
gueney of the octne band s vep-
yesentative of that for the whole
band and that the absolute humid.
ity of the air through which the
sound propagates is not 100 Tow (at
Jeast about 7 to B grams of water
per cubic meter). The effect of b
viers on the attenuation of sound
was the subject matter of a receint
article in these pages.® Those re:
sults can be used to evaluate the
second term in the excess attenua
tion, A

In view of the above, a discus-
sion of the effccts of wind and
temperature gradients, atmospheric
wrbulence, and the acoustical cf-
fect of the presence of the ground
constitute the main part of this
article.

Ground-to-Ground Transmission

Over open level ground, there
are almost always appreciable ver:
tical temperature and wind gradi-
ents: the former are due to the
heat exchange between the ground
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Fig. 2. Geometry of sound propogation

over open level terrain (plon view) for

typicol doy ond night conditions.

X, = Distance from source
to shadow zone

-
I

$e

Angle between wind
and sound

D
7

Critical angle

7

7
9ecggv521:::::j//

77

DOWNVIND

17 SHADOW zéﬁéfég
7 s
’

¢

“ieg 0%
‘ftf/ 7

SECTOR

SHADOW BOUNDARY

and the atmosphere, the latter, to
the friction between the moving
air and the ground ¢ Because of
these gradients, the speed of sound

ries  with height above the
mind and sound waves are re
racted, that is to say, bent up-
ward or downward. Under such
conditions, it is possible to have
a “shadow zone” into which no
divect sound can penetrate. A
shadow zone is most commonly
encountered  upwind  from a
source, where the wind gradient
bends the sound rays upward.*
Downwind, the wind gracient
bends the sound rays downward
and generally no shadow zone is
produced. Thus, the refraction of
the sound waves by wind is not
symmetrical about the source. The
refraction of sound waves by tem.
perature gradients, on the other
hand, s symmcrrical about the
source. Typical daytime conditions
are a negative temperatwre gradi-
ent o1 temperatune lapse, ic., the
air  tevperatire decreases  with
heigh . Sound waves are then re.
fracted upwand, and if the wind

————
* Wi gradients wear the Rrowsaed ane,
be mevage, alwans pmitive, ie, the

wed speed inereases wath heagh,

speed is low, a shadow zone may
encircle the source completely, At
night, with low winds and clear
sky, a positive tempcrature gradi-
ent, or temperatuve inversion, ex-
ists and the sound rays arc re-
fracted toward the ground. With
wind present, wind and tempera-
ture cffects superimpose, but usu-
ally the wind effects control.

These shadow z0nes are never
sharp in the sense of light propa.
gation. Sound energy is diflracted
into the shadow zone as well as
scattered into it by turbulence.?
Some investigators feel that the
finite acoustic impedance of the
ground affects the sound-pressure
level along the ground both in
and outside of the shadow zone,
Few systematic data are available
for an estimate of this type of
acoustical ground effect. However,
the presence of the ground makes
isell most strongly felt by creating
wind and temperature  gradients
rather than by its finite acoustic
impedance.

In the present state of the ant
it scems best to take an experi
mental approach to the prablem
of providing engineering estimates
for the exces attenuation due 1o
weather eflects. Not only is there

no comprchensive theory, but nei.
ther the measurement nor estima.
tion of the micrometeorological
parameters  (which of necessity
must be used in any computation
of the excess attenuation) is prob-
ably not practical for the average
engineer interested in noise con-
trol. On the other hand, useful
engincering estimates of the excess
attenuation 1o be expected from
temperature and  wind  gradients
over open level terrain can be ob-
tained by considering recent ex-
perimental data.

Figure 2 shows typical dav and
night situations. Source and re
ceiver are shown a distance r apart.
The average direction from which
the wind is blowing is indicated
by a wind vane. The angle be
tween the divection of the wind
vane and the line connecting the
source and veceiver is called 4.
There is generally a shadow zone
(the shaded regions of Fig. 2) on
the upwind side of the source he-
cause sound waves wavelling up
wind tend 10 be bent upwaid by
the wind. However, anv wind pres
ent tends o bhend the sound waves
downwind in the downwind diree.
tion, and there is no shadow zone
there, Paning the day the negative
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NIGHT

DOWVNWIND
SECTOR

=

mperatare gradient tends to re-
force 1the shadow zone formation
pwind but to oppose it down-
ind. At some critical angle ¢.*
e wir " and temperature gradi-
nts cancel each other and
he distance to the shadow zone
ccedes theoretically to infinity. As
result the plane is divided ino
n ypwind sector 2¢, and a down.

SHADOW ZONE

7

SHADOW BOUNDARY

wind sector 360° — 2¢. At night
the critical angle ¢, is typically
much smaller than during the day.
With very light winds and a strong
temperature inversion, no shadow
rone exists and the critical angle
is zero.

Experiments have shown that
the excess attenuation is frequently
radically  different upwind  and

downwind, with a gradoal vanse
tion at the boundaries ¢ = S .
On a sunny day wile modere
winds, the excess attemuation -
side the shadow zone upwind i
typically 20 10 30 dh higher tum
that for the same distance downe
wind.

Extensive measurements in the
frequency range from about 300 1o
5000 cps have been made recently
under a loge vaviety ol micro-
metcorological conditions.® "These
measurements  have  heen  taken
over open Jevel tenain with sparse
Jow ground cover (1 1o 2 [t high),
a source height of 12 fuand a e
ceiver height of 5 ft. Windspeeds
encountercd ranged from 2 10 3
mph to 10 10 15 mph. From this
serics of experiments empirical de-
sign curves have " been derived,?
with the aid of which the excess
attenuation can be estimated for
any angle ¢, and for distances r
up to about one mile, provided the
temperature and  wind gradients
are known at a height of approxi-
mately hall the average sowrce and
receiver heights. Since the experi-
ments did not include tests at the
very low and very high andio fre-
quencies, the design curves are
subject to confirmation there.

In a typical noise control situa-
tion, the problem is usually not
that of estimating the cxcess atten-
uation A, for a given instant, but
of estimating A on a year-round

40
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basis: pethaps, o lor wany values
ol ¢, since the wind dicction s
gencerally subject 1w divnal and
seasonal changes. Divrnal and sea
sonal variations occnr also in the
temperature aod wind  gradients,
( view of the complexity ol the

blemn it seems hest o restrict
vursclves o two  conditions: (1)
straight downwind piopagation (¢
= 180%), and (2) straight upwind
propagation (¢ = 0°). These con
ditions bracket the extreme values
of 4., for any given set of condi.
tions. The engincer must then
make his choice appropriate 1o the
problem at hand.

Figme 3 is the empirical de-
sign chant giving values of A, for
straight - downwind  propagation.
The abscissa is plotted in terms of
the product f,, x », where r is the
distanice from the source to the
receizer in feet, and f,, is the cen-
ter frequency of the octave band
in question, in cycles per second,

Figuie 4 is the design chart giv-
ing values of A4,y for straight up-
wind propagation. The abscissa is
piotted in terms of sourcereceiver
distance, normalized to the dis
tance X, from the source to the
shadow zone. The distance X, can
i obtained by simpie measure.

ats in the ficld, since at that
wotance the sound-pressive  level
starts to diop markedly below what
would be expected from the in
versesquare law. The drop can
often be detected by ear. For the
given heights of source and re
ceiver, the distunce X, can also be
estimated from the values given in
the wable.

It should be noted that these de-
sign charts contain implicitly the
eflcct of atmospharic  turbulence

near the ground on the reeeived
sound pressire level,. Wark as in
rogress to determine the eflect of
atmospheric timbulence  ane!l as
distinct  from  other eflects. Al
though  preliminary resulis indi
cate that the attenunation due to
thulence, in decibels,  depends
lincarly on distance, it is still 100
cirly 1o draw more genaral con-
clusions,

Air-to-Ground Transmission

This case 15 of considerable prac-
tical importance for the engineer
who nceds 1o estimate the sound-
pressure level near the ground due
to aircralt overhead. For sources at
moderate altitudes, say, 1/2 mile
or less, experiments have shown
that the excess attenuation can be
attmbuted primarily to molecular
absorption and atmospheric turbu-
lence. Until more accurate data
arce available on the excess attenu-
ation due to turbulence, it scems
best to take only molecular absorp-
tion into account (Fig. 1). These
calculations are to be regarded as
an estimate at best, since it is difli-
cult to infer the average atmos
pheric conditions along the trans.
mission path from measurements
of the statc of the atmosphere at
ground level.

As the aircraft passes overhead
in ievel flight, the sound-pressure
level at a fixed point on the
ground will rise, go through a
maximum, and fall again. The po-
sition of the aircraflt for maximum
sound-pressurce level depends on its
acoustic directivity pattern. As a
first approximation, a 45-degree
position can be assumed for jet
aireraft. Consequently, this slant

Estimates of Distance X, Upwind
Source height: 1015 ft; receiver height: § ft
Sky Temp. Profile
Over- Newu- Inver- Wind X,
Day  Night Clear cast Lapse tral sion mph ft
X x X 2-4 2000
X x x 10-15 400
' x x 10-18 250
20

distance s the efledine dengih
the tansmission path and nias by
wed not only to compute the e
cess attemation but abo the sphes
ical divergence. For propeller gy,
craft the minmmum distance o
flight path should be used.

Fluctuations of the Reccived
Sound-Pressurc Level

Fluctuations in Jevel are chuiag
tevistic of sound that has vavellod
through  the  atmosphere.  hes
fluctuations typically encompass
fanly wide frequency  spectium
and peak-to-peak  fluctuations  of
appreciable magnitude occur. 1 he
peak-to-peak fluctuations for sound
propagated over level ground hayve
been investigated.* The following
general conclusions can be drawn
and are essentially  substantiated
by the findings of other investi.
gators: (1) for downwind propaza
tion, the magnitude of the fluctua.
tions increases with the frequency
of the signal and with distance,
(2) for upwind propagation the
magnitude of the fluctuations is
greatest near the shadow bound.
ary, (3) in a stable atmosphere
(clear night, weak winds) the peak.
to-peak fluctuations ave tvpically
about 5 db, (1) in an unstable at
mosphere (clear sunny day, stong
winds) the peak-to-peak fluctua.
tions are typically 15 1o 20 db, (5)
the spectrum of the fluctuations
measurcd over open level ground
has components from fractions of
a cycle 10 several cycles per second,
(6) sound propagation from air o
ground is frequently characterized
by large low-fiequency fluctuations
in the received sound-pressure level
m addition to the [aster fluctua-
tions obscrved over level terrain.

Conclusions

Progress has been made recenthy
in furnishing the engincer with a
hetter estimate of the awenuation
of sound propagated outdoors than
that provided by the inverse-square
law alone. Future yefinements will
requine mot only the resalts of far-
ther hasie reseanch and experimen
tation but alvo the willingness and
ability 10 e appopriate miao

(Continued on page $3%)
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TABLE 47

CONVERSION TERM, INCLUDING ABSORFTION LOSSES,

4 FOR CALCULATING SPL FOR DISTANCES OF 100 FT, TO 10,000 FT.
FROM A NOISE SOURCE OF POWER PWL
SPL = PWL - CONVERSION TERM
where PWL is in dB re 10"12 watts
DISTANCE CONVERSION TERM (TO NEAREST dB

‘D FOR OCTAVE FPEQUENCY BAND (cps
(ft) 31-250 500 1000 2000 4000 8000
100 38 38 38 38 39 39
112 39 39 39 39 4o 41
126 40 40 40 40 41 42
141 41 41 41 41 42 43
158 42 42 42 Lo 43 4y
178 43 43 43 1Yy 1Yy 46

( 200 Ly Lu Ly bs L6 u7
22l 45 b5 b5 46 u7 48
252 46 46 46 L7 48 * 50
282 47 47 47 L8 Lo 51
316 48 48 48 4g - 50 53 .
356 49 hg La 50 52 54
400 . 50 50 51 51 53 56
448 51 51 52 52 54 57
504 52 52 53 54 56 59
56/ 53 53 54 55 57 61
632 - 54 54 55 56 59 63
712 o5 56 56 57 60 65
800 56 e BT 57 58 62 67
900 57 58 58 \_ 60 64 70
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TABLE 47 (continued)

DISTANCE CONVERSION TERM (TO NEARE T dsi
D FOR OCTAVE FREQUENCY BAND (cps
(rt) 31-250 500 1000 2000 4000 8000
1000 58 59 59 61, 66 72
1120 59 60 61 62 68 75
1260 6C 61 62 64 70 78
1410 61 62 63 65 73 81
1580 62 63 : 647 67 T5° 8'
1780 63 64 66 68 77 8o
2000 64 65 67 70 79 93
2240 65 67 68 72 82 97
2520 66 68 70 T4 85 102
2820 67 69 75 89 108
3160 68 70 72 77 92 114
3560 69 72 74 80 96 120
4000 70 73 % 82 10 ags -
4480 71 74 77 84 105 136
5040 72 76 79 87 111 145
5640 73 77 81 90 116 154
6320 T4 78 83 93 123 165 ;
7120 75 80 8 9 130 178 /
8000 76 > 87 100 138 191
9000 7 83 90 104 146 207
10000 78 85 92 108 155 222
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Question E£290.14:
Provide the transmission line noise study prepared by Southern Company
Services for the Milier-Arkadelphia 500 kV line.

Response: s

H‘ Lre copy of Ahe report requested—in-enciosed— -5 ,’/”c’r‘-f"“' S D, 0.
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SOUND LEVEL STUDY

MILLER-ARKADELPHIA 500 kV
TRANSMISSION LINE

ALABAMA POWER COMPANY

Marvin T. Newton
Charles E. Hickman
Jack H. Eastis

Research & Development Department
Southern Company Services, Inc.
Birmingham, Alabama

August 16, 1978



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 determine 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 Southermn Company Services, Inc., of Birmingham, Alabama.

One major concern seemed to be the noise emitted from the 1ine 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 1ine 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.




INSTRUMENTATION

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 Tvpe 2120 Frequency Analyzer

Weather Monitoring System

Weather Measure Type P501-1E 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 microphone and
a General Radio Type 1560-P40 preamplifier in conjunction with the B&K Type
2170 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.y described in this report but which should be informative.

COMPONENTS OF TRANSMISSION LINE AUDIBLE NOISE

Audible noise from transmission lines is primarily a wet or damp
weather ptenomenon, 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 ar§ normally associated with transmission lines;

namely, (1) broadband, and (2) pure tores at frequencies of 120 Hz and

multiples.



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 veltage 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 informatio~, 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).

ANNOYANCE 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 community noise criterions introduce a

penalty for the presence of pure tones in the received sound signal. At the



present time, there are no sound level regulations which have been written
specifically for transmission line audinle 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
predict the most likely community reaction in the United States." There is
a 5 dB penalty associated with a noise having tonal components using this
criterion.

Also, State and local ordinances are being passed regularly with
nighttime 1imits of 45-55 dBA. With no statewide noise regulatlions in
effect in Alabama, complaints must be handled on an individual basis from

a nuisance standpoint.

AUDIBLE INTERFERENCE AND NEGLIGIBLE NOISE SOURCES

It should be noted that during the test period, various other noise
sources that were not associated with the subject transmission line contrib-
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
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
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).



ADVERSE WEATHER OBSERVATIONS

To better grasp the idea of transmission line noise during "adverse
weather," it must first be established what should be considered "normal"
ambient conditions. For this purpose, March 29, 1977 has been choser 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
present. 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 1ine was 17.2 M. The
noise Tevel 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 1ight rain commenced. The wind
was from the southeast at 8 mph. The ambient temperature was 14.0°C; the
Tine was +124.5 Md. Before the rainfall, the sound level under the center
phase of the line was 38 dBA. When a light rain commenced, the sound level
increased to 45 dBA. At this time, the line was emitting the 1ight hissing
scund. 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
predominated the hissing noise, and as the rain continued to fall, the
sound Tevel 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 1ine. Other examples
of adverse weather conditions may be observed in Tables 1 and 2 and Figures

9-12 of this report.

CONCLUS IONS

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, farming
equipment) were present.

It was also found that during moderate to heavy rainfall with
moderate to full Toad 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.



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.



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 1ink fence with proper security and voltage warning signs.

Figure 2

This figure shows terrain and line configuration in the test site
area. (NOTE: The various sag distances in the line are true for a 100°¢

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.



Figure 5
This figure was plotted from the same tape utilized for Figure 4.

The sound ‘evel 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 roise emitted from the line was a distinct "hum" at 120 Hz.

The major peaks shown are as follows:

Frequency (Hz) dsC
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 ~ 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 ac warmer weather brought about

more activity.

Figure 8a & 8b

Figure Ba shows the "normal" sound level average with no adverse weather

conditions on March 29, 1977.



Figure 8b shows the effect of rainfall that occurred on the same
day but several hours later. At approximately 1410, a light rain had
commen.ed. By 1520, 0.11" of rain had fallen. The sound level before
rainfall averaged 43 dBA. During the peak of rainfall, the sound level

increased to an average of £5 dBA.

Figure 9
This figure shows the sound level during rainfall on June 16, 1977.
Note the broad peaks before and after the sound level increase.
These peaks are due to wind which subsided during rainfall.
The average sound level one hour before rainfall was 43 dBA. The

sound level increased to 55 dBA during peak of r-infall.

Figure 10

This figure shows sound level increase of 15 dBA during rainfall
that occurred on September 6, 1977.

The average sound level before rainfall was 45 dBA. A steady rain
commenced at ~ 0910 and sound level abruptly increased to 58 dBA then

settled to average 55 dBA during the peak of rainfall.

Figure 11

This figure shows the effect of rainfall that occurred on the morning
of September 4, 1977. The rain commenced to fall at ~ 0515 and had accumulated
0.05" by 0700.

The sound lewel increased from an average of 46 dBA before rainfall

to 56 dBA during rainiall.




Figure 12
This figure shows the effect of rainfall which occurred at the test

site on September 4, 1977,
There was a light rain falling at ~ 1100 but not hard enough to
create more than a hissing. At ~ 1225, the rain commenced again with an

abrupt increase in sound level.
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SOUND LEVEL, METEOROLOGICAL, AND LINE LOAD DATA
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