HARRIS MILLER MILLER & HANSON INC.

15 New England Executive Park
Burlington, MA 01803

Tel. (781) 229-0707

Fax (781) 229-7939

Rick Ernenwein

National Park Service

Denver Service Center

12795 West Alameda Parkway
Denver, CO 80225

Subject: Summary of Noise Monitoring Results - Zion, Rocky Mountain National
Parks

Reference: HMMH Project No. 295270.02

Dear Rick:

We are enclosing the summarized results of Dick Hingson's use of LOWNOMS in Zion and
Rocky Mountain National Parks in August and September of 1995. We have provided the
summaries in a format as close as we could get to LOWNOMS standard results using a
spread sheet program.

Though more work and thought needs to be devoted to interpretation of measurements, as
we have discussed, I believe that it is likely we will end up focusing on the following
measures:

For Intruding Sounds:
Percent of Time Audible - This metric tells simply how much of the time an
attentive listener could have heard the intruding sounds. Though results vary
from site to site, dose-response work to-date indicates that when aircraft are
audible no more than 20% to 30% of the time, few visitors (about one-fourth or
fewer) would report moderate to extreme annoyance. Also, when aircraft are
audible no more than 5% to 10% of the time, few visitors (about one-fourth or
fewer) would report moderate to extreme interference with natural quiet.
Sound Level Difference (Intruding Leq minus Background Leq) This metric
indicates the amount that the intruding sound exceeds the background sound, in
terms of both level and duration. Results vary from site to site, but if intruding
aircraft Leq is within about 5 dB of the background Leq, the number of visitors
reporting moderate to extreme annoyance should be kept to less than one-fourth of
all visitors. Also, reports of moderate to extreme interference with natural quiet
similarly should generally be limited to less than one-fourth of visitors if the
intruding aircraft Leq is no more than equal to or less than the background Leq.

For Background Sounds:
Percent of Time Audible - This is the amount of time no intruding sounds are
audible to an attentive listener.
Leq and L50 - These describe the sound levels of the background. The L50 is the .
median level - the level that the background sound exceeds half the time when only
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the background is audible, and that the background sound is less than for half the
time. Leq relates directly to the sound energy of the background sounds. When
Leq is close to L50 (about 1dB to 3 dB greater than L50), the background sound
does not vary much over time. When background Leq is more than about 3 dB
larger than the background L50, then the background sound levels have some
occasional higher levels.

(Quantifying any of these observations very specifically would require considerable effort,

and may or may not be valuable, considering the variability of sound levels from place to
place, the variability of visitor sensitivity to sound intrusions, and the intended use for this

type of information.)
We include a two page memorandum for each park that describes the summary results,

single page quantitative summaries for each measurement sample (nominally one hour
long, each), a map of each park showing the measurement site locations, and two copies of

the LOWNOMS manual.

I hope this information suits your needs. Please give me a call if you wish to discuss this
information further, or have additional questions.

Sincerely,

HARRIS MILLER MILLER & HANSON INC.

hae M

Nicholas P. Miller
President

Attachments (2 measurement packages, two manuals)

HMMH Project No. 29527 0.02

G:\PROJECTS\295270.NPS\02_INMIROCKYMNT\REPORT\COVLET.WPD i



HARRIS MILLER MILLER & HANSON INC.

15 New England Executive Park
Burlington, MA 01803

Tel. (781) 229-0707

Fax (781) 229-7939

MEMORANDUM

To: Rick Ernenwein

National Park Service

Denver Service Center

12795 West Alameda Parkway
Denver, CO 80225

From: Nicholas P. Miller
Date: August27, 1998
Subject:  Noise Monitoring Results - Zion National Park
Reference: HMMH Job No. 295270.02

The attached pages (Sound Source Observations) summarize the results of the noise monitoring
conducted by Dick Hingson in Zion National Park during the period from 16 August 1995
through 12 September 1995. This monitoring was done during initial testing of the LOWNOMS
system, which is described in detail in the enclosed manual. During these measurements,
though the sound monitoring system worked continuously, some of the ancillary devices,
namely the source identification “button box” and the wind monitor were not always
functioning properly. In cases where the button box was not functioning, Dick tracked the
sources by keeping a hand-written log. We have for these cases entered his logs into a format
that could be analyzed with spread-sheet computations. For consistency of format, we used
these spread sheet computations to analyze all the data he collected. The following paragraphs
describe the information presented on the pages.

Site Locations

Measurements were made at the ten sites which are shown on the enclosed map. Dates and
times of measurements are given, as is the approximate elevation of the site.

Site No.

WATCHMAN (7 samples)

EAST CANYON, PETRGLYPH (4 samples)
MAIN CANYON, SCOUT (4 samples)
MAIN CANYON, EMERALD (3 samples)
TABERNACLE DOME (2 samples)
KOLOB, TIMBER CREEK (3 samples)
KOLOB, TERRACE (3 samples)

MAIN CANYON, RIVER FLAT (2 samples)
MAIN CANYON, THRONE (2 samples)
MAIN CANYON, WEEPING ROCK (2 samples)
0. COAL PITS (1 sample)

OV e 03 DD =

=10 0 N

Intruding Sources

This table identifies the intruding sources and the percent of the measurement period
(normally one hour) that each was audible. It also gives the “equivalent sound level” or Leq
of each intruding source during the measurement period. Leq is a measure of the total sound
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energy produced by each source during the measurement and indicates which sources are
relatively the loudest and/or the longest. For example, at Watchman, 8/25/95, start at 2:54
PM, commercial jets are the loudest intruding source, even though they are not heard as much
of the time as are motor vehicles; hence commercial jets produced a higher Leq. Overall,
intruding sources were heard 78% of the time during this measurement sample.

Background Sources

This table gives the equivalent levels produced by the background sources during the times
each was audible. In general, background sounds are not likely to be highly variable during
a measurement period (normally one hour), and this lack of variation is indicated when the Leq
(all sources), the L50 (all sources), and the L90 (all sources) are within a few decibels of each
other. L50 is the level which the background sources exceed for half of the time; L90 is the level
which the background sources exceed for 90% of the time. For the Watchman sample, all
background sources are about equally loud.

In both the Intruding and Background Sources tables, “Not Ascertained” means that the
operator did not identify the specific type of intruding or background source.

Source Audibility Summary

This table gives the amount of time each of three basic categories of sound were audible -
background only, intruding (other than aircraft), and aircraft. For the Watchman example,
there were no intruding sounds audible for 22% of the hour.

A-weighted Sound Level vs Time

This plot shows the measured second-by-second A-weighted sound levels, and identifies the
source of the levels withdark horizontal lines or points at various levels, keyed to the list of
levels to the left of the plot. For example, when Dick heard motor vehicles as the intruding
source, a dark line is shown at the “90" level. Commercial jets are identified by dark lines (or
points) at the “85" level.

This plot can be related to the other information. For the Watchman 2:54pm sample, motor
vehicles (dark line at 90) clearly could be heard much of the time (47% of the time).
Commercial jets were occasionally heard (dark lines at 85) - for 25% of the time - and three can
easily be seen to affect the sound levels at about 37 minutes, 45 minutes, and 52 minutes into
the sample period. Itis primarily these three overflights that produce the Leq of 36 dB. For
the brief period at about 50 minutes, when no motor vehicles, no aircraft, no wind sources are
audible (only “other” - dark line at 70), the level drops to about 28 dBA, as confirmed by the
Background Sources table for (6) Other.

HMMH Project No. 295270.02 G:\FHOJECTS\ZQSZTO.NPS‘-ﬁE_lNM\ZlON\HEPORT\CO‘J_MEM.WPD



ZION NATIONAL PARK

Sound Source Observations

WATCHMAN  Elevation 4126 Feet
8/25/95
02:54 PM -- 03:57 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
1] (2]
(0) Not Acertained 4% 14 (0) Not Acertained 31
(1) Military Aircraft 0% = (1) Wildlife 31
(2) Scenic Aircraft 2% 12 (2) Water -
(3) Commercial Jet 25% 36 (3) Wind 32
(4) Motor Vehicles 47% 27 (4) Human -
(6) Other 0% - (8) Other 28
Total 78% 36 Leq (all sources) 30
L50 (all sources) 29
Aircraft Leq minus Background Leq =6 dB L90 (all sources) 27
Source Audibility Summary
T WATCHMAN
sSaund i Than Sound Sources, 8/25/95, 2:54pm
Source Audible 10 . . . . ‘
90 ‘ —— 1 S P—— T == |
_ B T
Background Only 22% @ 80 ---- i i R
= ) VRO, U SUNON. W SO =
Intruding (Other) 51% 3" : . ‘ ¥ .
gsg ______ Lo ke e i e e i o o i
Intruding (Aircraft) 27% 2 o Vaiam  pawsssy s
N sgpt+=-=== R ) LI SIE B B T o
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Total 100% %“'““"L”"i\'
o ° ! A ‘Ul
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1 |
Intruding: Background: 20 o= i e S e
100 - Other 70 - Other o e : ; :
90 - Motor Veh 60 - Human ] ' ‘ ' ’ ‘
) 00:00 00:10 00:20 00:30 00:40 00:50 01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible {(windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDRWBUTTON\1454R237.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98

02:30:13 PM




ZION NATIONAL PARK

Sound Source Observations

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

WATCHMAN  Elevation 4126 Feet
8/25/95
04:47 PM -- 05:49 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
[1] 21
(0) Not Acertained 9% 16 (0) Not Acertained 31
(1) Military Aircraft 0% -- (1) Wildlife -
(2) Scenic Aircraft 0% - (2) Water -
(3) Commercial Jet 15% 29 (3) Wind 32
(4) Motor Vehicles 59% 27 (4) Human 30
(8) Other 0% - (8) Other 29
Total 82% 31 Leq (all sources) 31
L50 (all sources) 30
Aircraft Leq minus Background Leq =-2 dB L90 (all sources) 28
Source Audibility Summary
Percent WATCHMAN
Sound of Time Sound Sources, 8/25/95, 4:47pm
Source Audible 109 i 1 | I 1
80 o e < e -
T - | — — ——r =i
Background Only 18% @) Bo-f- e besmmmon e R B e
: T opl--— . /T VOO SN SU—
Intruding (Other) 67% 3 i i i : !
Esg. _____ Lf‘—_L__‘A.L___fn‘l--_——«T _____
Intruding (Aircraft) 15% 2 . U T 1T
mso —————— L__f-l...__-l.____l,__-_.t .....
3 : | | i l
.:40 _____ o Y RN NP | S A i s |
Total 100% 2 v M Ik ,
i * 1 | L
Z SOff\’*- e kN ot
Intruding: Background: 07---- oo s SREESSEY
100 - Other 70 - Other - ! ! ! b ]
90 = Motor Vel 60 - Hgman 00:00 0010  00:20  00:30  00:40  00:50  01:00
gg - gomm .IJDets 55 - wind Time Re: Start of Sample (hr:min)
- Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife J

[1] Measurement Period Normally One Hour
[2] Leq for Period When Only Background is

(background noise contribution removed).
Au

[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G\PROJECTS\290940\PARKS\ZION\RTDR\WBUTTON\1647R237.95X

27-Aug-98

02:31:16 PM

dible (windscreen-Induced noise contribution removed).



ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, WATCHMAN  Elevation 4000 Feet

8/28/95
10:35 AM -- 11:36 AM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
1 [2]
(0) Not Acertained 4% 14 (0) Not Acertained 30
(1) Military Aircraft 0% - (1) Wildlife -
(2) Scenic Aircraft 0% - (2) Water -
(3) Commercial Jet 10% 29 (3) Wind 32
(4) Motor Vehicles 48% 27 (4) Human 31
(6) Other 2% - (68) Other 29
Total 64% 31 Leq (all sources) 30
L50 (all sources) 30
Aircraft Leq minus Background Leq =-1 dB L90 (all sources) 28

Source Audibility Summary

Percent MAIN CANYON
Soend of Time Sound Sources, 8/28/95, 10:35am
Source Audible 0 r . . . i L
0 :- -'L ;—- | 1 =TT
Background Only 36% @ 80t---- %_--_:L,___T_-_,T_-__T —————
) i B 5Lk ST, Y SO S
Intruding (Other) 54% 3 ' ' i | |
EGO ______ [P IR ) Spepe SRR B S
Intruding (Aircraft) 10% 2 e e : : |
W s t+---- [N PSR > PETEESES P
o U | I I 1
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Total 100% 5 40T~ ﬂM“N Ty "T""M
Q
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2 o Mg W L
Intruding: Background: 20T --7- R e e T
100 - Other 70 - Other B ; } ; ; j
90 - Motor Veh 60 - Human h ‘ ‘ ' ‘
; 00:00 0010  00:20  00:30  00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildife |

[1] Measurement Period Normally One Hour (

background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson
G\PROJECTS\290940\PARKS\ZION\RTDRWBUTTON\1035R240.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98  02:31:44 PM



ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, WATCHMAN  Elevation 4000 Feet

8/28/95
12:19 PM -- 01:20 PM

Intruding Sources

Leq over
Percent | Measurement

Intruding of Time Session

Source [3] Audible (decibels)
(11
(0) Not Acertained 2% 15
(1) Military Aircraft 0% -
(2) Scenic Aircraft 7% 30
(3) Commercial Jet 17% 34
(4) Motor Vehicles 27% 23
(6) Other 1% 2
Total 53% 36

Aircraft Leq minus Background Leq =5 dB

Source Audibility Summary

Background Sources

Leq during
Time
Intruding Audible
Sources (decibels)
[2]

(0) Not Acertained 31

(1) Wildlife -

(2) Water --

(3) Wind 33

(4) Human --

(8) Other 28
Leq (all sources) 31
L50 (all sources) 28
L90 (all sources) 26

Percent MAIN CANYON
Sound S The Sound Sources, 8/28/95, 12:19pm
Source Audible 07 . ; : : ‘
L h s s s T I I
s - | j, - p——
Background Only 47% @ 80T ---- S L N e
e 0 A [P .
Intruding (Other) 30% 3" . | .
EBO ______ [ . e
Intruding (Aircraft) 23% = - - =Y
= s RS
9 ' 1 I
£ 40+---- AL vy NS TP gy 5
Total 100% £ A ' |
LI N
= R
Intruding: Background: 207---- Ll m s SRR
100 - Other 70 - Other 101 ! : !
inlglisisnibyiess op - Hgman 00:00  00:10  00:20  00:30  00:40  00:50
gg . gomm ‘:)ets gg E \\vade Time Re: Start of Sample (hr:min)
- Scenic Prop - Water

75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induc

ed noise contribution removed).

[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson
G\PROJECTS\290940\PARKS\ZION\RTDAWBUTTON\1219R240.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2  27-Aug-98 02:32:09 PM



ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, WATCHMAN  Elevation 4000 Feet

9/2/95
09:09 AM -- 10:09 AM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
1 [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% = (1) Wildlife -
(2) Scenic Aircraft 9% 28 (2) Water -
(38) Commercial Jet 15% 29 (3) Wind 37
(4) Motor Vehicles 67% - (4) Human -
(6) Other 0% - (8) Other -
Total 90% 32 Leq (all sources) 37
L50 (all sources) 36
Aircraft Leq minus Background Leq =-5 dB L90 (all sources) 34
Source Audibility Summary
T MAIN CANYON
Sound of Time Sound Sources, 9/2/95, 9:09am
Source Audible s . . . ; :
i R o tay L
Background Only 10% o et Sl bl it
i R e ST SR (S . S -
Intrudlng (Othef) 67% 3 ' 1 ' | '
'850 ______ TSN R (SRR (S S
Intruding (Aircraft) 23% 2 - - - ; R P — ,‘ - jm L —
R e e B
2 ! ]
o S 07 W‘W ‘M] [r 'A}r
Total 100% 5 W 1-“‘ w"’«H‘r" WM’ W v W\w
('30 __________ L_-_-J._-__ _7__JI. _____
Intruding: Background: Wik =SS5 ,L“--,‘-"‘-]'--“,---“‘, """
100 - Other 70 - Other - : : ' : !
90 - Motor Veh 80 - Human o ' ' ; e
- 00:00 ©0:10  00:20  00:30  00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water J
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One

Hour (background noise contribution removed).

G\PROJECTS\290940\PARKS\CALC_RX.WB2

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).

[38] Numbers in Parentheses are Button
Observer: Dick Hingson

Numbers on LOWNOMS Source Logging Module

G:\PROJ ECTS\290940\PARKS\ZION\HTDF\NOBUTTON\OQOQR245 .95X

27-Aug-98

02:33:16 PM



ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, WATCHMAN  Elevation 4000 Feet

9/2/95
10:30 AM -- 11:30 AM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
1] [2]
(0) Not Acertained 0% - (0) Not Acertained --
(1) Military Aircraft 0% - (1) Wildlife -
(2) Scenic Aircraft 3% 1 (2) Water -
(3) Commercial Jet 21% 26 (3) Wind 33
(4) Motor Vehicles 70% 22 (4) Human 32
(6) Other 0% - (6) Other 30
Total 94% 27 Leq (all sources) a3
L50 (all sources) 32
Aircraft Leq minus Background Leq =-7 dB L90 (all sources) 30

Source Audibility Summary

Barcafit MAIN CANYON
Sound of Timé Sound Sources, 9/2/95, 10:30am
Source Audible = L : ‘ ‘ , .
- I ' . I 1 ’ _.JI,-
Background Only 8% @ sot---- E—--—-:L-f—-lf——f—j----*‘l--‘
. B ogol---- S NN WU S, S
Intruding (Other) 70% ] ! i ! 1 |
'g 60+ --—-—-L-—-=-~- T . S e D
Intruding (Aircraft) 24% = - wATeE 18 e ! ;
D 504 --== e i e S st
8 , 1 ; : :
Total 100% 5401&“‘3:\‘““J‘;\“{L“"L“i}‘ﬂ -----
2 Mg b AL i V. )
£ o VMl
Intruding: Background: B Lt A
100 - Other 70 - Other ) : : : } :
90 - Motor Veh 60 - Human . J S ‘ '
. 00:00 00:10 00:20  00:30  00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDRINOBUTTON\1030R245.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98 02:34:24 PM




ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, WATCHMAN  Elevation 4000 Feet

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

9/2/95
12:49 PM -- 01:49 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
[1] (2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife -
(2) Scenic Aircraft 0% - (2) Water -
(3) Commercial Jet 21% 29 (3) Wind -
(4) Motor Vehicles 79% 32 (4) Human -
(6) Other 0% - (6) Other -
Total 100% 33 Leq (all sources) -
L50 (all sources) -
Aircraft Leq minus Background Leq =29 dB L90 (all sources) -
Source Audibility Summary
Percent MAIN CANYON j
r— ot Tins Sound Sources, 9/2/95, 10:30am
Source Audible w . , : ] L
90 i T 1 1 1 1 | =
Background Only 0% § Wt :“-H-%—-":‘-—--Wf----* -----
. % 04---- [N UV SOV RN . S
Intrudlng (Other) 79% 3 | | I | |
Eso ______ [P e ey Cee e B R S L R
Intruding (Aircraft) 21% 3 : . : i ;
0 50+ ---- W) M=t RSeS|
© i ] 1 1 1
g L | | 1 i i
Total 100% 2 4°"'ww‘".""“ “"T'f‘%f‘h‘f'
3 Ay {t 1 W; w.g
I
Intruding: Background: 01---- ooy s b B8 i S res
100 - Other 70 - Other " ! : : ! :
90 - Motor Veh 60 - Human ' ; ‘ '
: 00:00  00:10  00:20 00:30  00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour

(background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G\PROJECTS\290940\PARKS\ZION\RTDRNOBUTTON\ 249R245.95X

27-Aug-98  02:35:44 PM



ZION NATIONAL PARK

Sound Source Observations

EAST CANYON, PETROGLYPH  Elevation 5450 Feet
8/30/95
03:07 PM -- 04:08 PM

Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible

Source [3] Audible (decibels) Sources (decibels)
(1] [2]
(0) Not Acertained 0% - (0) Not Acertained --
(1) Military Aircraft 0% - (1) Wildlife -
(2) Scenic Aircraft 7% 18 (2) Water --
(3) Commercial Jet 3% 19 (3) Wind 35
{4) Motor Vehicles 14% - (4) Human 24
(8) Other 0% -- (8) Other 25
Total 24% 22 Leq (all sources) 34
L50 (all sources) 27
Aircraft Leq minus Background Leq =-12dB L90 (all sources) 21

Source Audibility Summary

Percent EAST CANYON
— of Time Sound Sources, 8/30/95, 3:07pm
Source Audible L T i i i i i
%"‘*‘T'*"T""IT""T"‘T """
Background Only 76% @ 80 "":“""T'“'T_""T"'"%"'-
T SUUEN DY TR SR SUR S
Intruding (Other) 14% 8" , ; il ‘
Eso-0--—-»-\——-_—Lu_—_J-__A_J.____J. _____
Intruding (Aircraft) 10% 2 —_———— | ————
W ggt----be---boeemdbo——
3 1 l 1 | \
= s P A IRPEP Rppp— MR
Total 100% - ]\.\ \ A W‘
g - L B o S
U
Intruding: Background: i - e
100 - Other 70 - Other o] ; '
90 - Motor Veh 60 - Human L o
5 00:00 00:10 00:20 00:30 00:40 00:50 01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

GAPROJECTS\290940\PARKS\ZION\RTDFNOBUTTON\1507R242.95X

G\PROJECTS\290940\PARKS\CALC_RX.WB2  27-Aug-98 02:38:16 PM



EAST CANYON, PETROGLYPH

ZION NATIONAL PARK

Sound Source Observations

Elevation 5450 Feet

8/30/95
04:26 PM -- 05:26 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
11 [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife -
(2) Scenic Aircraft 0% - (2) Water -
(3) Commercial Jet 0% = (3) Wind 36
(4) Motor Vehicles 13% - (4) Human -
() Other 0% - (6) Other 21
Total 13% - Leq (all sources) 34
L50 (all sources) 25
Aircraft Leq minus Background Leq= - L90 (all sources) 17
Source Audibility Summary
Poccant EAST CANYON
Seund of Time Sound Sources, 8/30/95, 4:26pm
Source Audible b : . . : R
e
Background Only 87% @ s0r---- lk-—--:u——-—'f-—v%———-*: —————
1 R T, U S " SR
Intruding (Other) 13% 3" . ‘ . : 3
EGO _____ TIPSR SRS 3=
Intruding (Aircraft) 0% 3 - e e | - —
0 gt ---- e ms e b s ez B s s el e o S S
3 N
E ____________ S i ‘ -
Total 100% =R | M ‘ }\ ; ;
; I 1 I 1 1
< w----f : HW\-JU .W\(t---‘ =
Intruding: Background: 20 1 Sk Vi ﬂj‘wm Wi
100 - Other 70 - Other @ : : : : !
90 - Motor Veh 60 - Human IR ' ‘ ' '
; 00:00 00:10  00:20 00:30  00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Pericd When Only Background is Audible (wind

screen-Induced noise contribution removed).

[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.
Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDR\NOBUTTON\1626R242.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98  02:38:44 PM




ZION NATIONAL PARK

Sound Source Observations

EAST CANYON, PETROGLYPH

Elevation 5450 Feet

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

8/31/95
09:53 AM -- 10:53 AM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
11 [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 2% - (1) Wildlife 23
(2) Scenic Aircraft 7% 29 (2) Water -
(3) Commercial Jet 22% 30 (3) Wind 18
(4) Motor Vehicles 7% -- (4) Human -
(6) Other 0% - (8) Other 23
Total 38% 32 Leq (all sources) 23
L50 (all sources) 18
Aircraft Leq minus Background Leq =9 dB L90 (all sources) 15
Source Audibility Summary
Percant EAST CANYON
Saund of Time Sound Sources, 8/31/95, 9:53am
Source Audible e r : ; : .
L o S Sy S i
Background Only 62% B == E""".‘"":L“"‘T""‘E""
= 1 1 . ¥ I - | LI
Intrudlng (Othef) 7% § b I [ | 1 1
'Eso. _____ b i Ik el i i il s e e
Intruding (Aircraft) 31% 2 i y . - -
72 7, (0 I Loos el o mm ks s e o ey
3 oA =
£ 4o0l---- = =i PR T | W SRR [
Total 100% - A \ v 1 : :
iso- I e f-——-AkL
Intruding: Background: 20 1 “ Evh)ul&“}, Wi - J-
100 - Other 70 - Other o i ! ! ; :
90 - Motor Veh 60 - Human e ; o L
5 00:00 00:10  00:20 00:30  00:40  00:50  01:00
gg - (Slomm .JPets 53 - ‘\J(vad Time Re: Start of Sample (hr:min)
- Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour {background noise contribution removed).
[2] Legq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDF\NOBUTTON\0953R243.95X

27-Aug-98

02:39:15 PM




ZION NATIONAL PARK

Sound Source Observations

EAST CANYON, PETROGLYPH  Elevation 5450 Feet

8/31/95
11:06 AM -- 12:06 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
1] [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife 18
(2) Scenic Aircraft 0% - (2) Water -
(3) Commercial Jet 12% 19 (3) Wind 17
(4) Motor Vehicles 9% 6 (4) Human -
(8) Other 0% = (8) Other 19
Total 21% 19 Leq (all sources) 19
L50 (all sources) 16
Aircraft Leq minus Background Leq =0 dB L90 (all sources) 15
Source Audibility Summary
— EAST CANYON
Sound of Time Sound Sources, 8/31/95, 11:06am
Source Audible o ' ' i i i
gLt e s e i ok e B
Background Only 79% @ s0+---- ;—-—--:Lf---lj--f-f-——-*: -----
) .g'.s - L I | | | —
Intruding (Other) 9% 3 i ) i ! i‘
an_ ..... Lo it e L“A——L—_ﬁ-J‘. _____
Intruding (Aircraft) 12% 3 : : \ : T
W 50+ --=- b e s e rasi e v e o il = = S o
8 l . ‘. : |
£ =7l e e L oo i e e s s ey v ki o = =
Total 100% 24 . ‘ . 4 )
H , 1 |
Z o mement
Intruding: Background: tidd M‘u 1
100 - Other 70 - Other " ‘ . ;
90 - Motor Veh 60 - Human ' g ' ' o
' 00:00 00:10 00:20 00:30  00:40  00:50  01:00
gg - gomm Jpets 53 - \xlr‘ld Time Re: Start of Sample (hr:min)
- Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

[1] Measurement Periocd Normally One Hour (
[2] Leq for Period When Only Background is Au

Observer: Dick Hingson

background noise contribution removed).

dible (windscreen-induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

G\PROJECTS\290940\PARKS\ZION\RTDFINOBUTTON\1106R243.95X

27-Aug-98

02:39:41 PM



ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, SCOUT Elevation 5500 Feet

9/1/95
12:20 PM -- 01:21 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
)| 2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife 20
(2) Scenic Aircraft 5% 26 (2) Water 20
(3) Commercial Jet 26% 29 (3) Wind 26
(4) Motor Vehicles 0% - (4) Human 21
(6) Other 0% - (6) Other 20
Total 31% 31 Leq (all sources) 22
L50 (all sources) 20
Aircraft Leq minus Background Leq =9 dB L90 (all sources) 17
Source Audibility Summary
— MAIN CANYON
o of Time Sound Sources, 9/1/95, 12:20pm
Source Audible 100 . . , . .
s St et o S
Background Only 69% %‘SOI“-3————&---:*—-‘-%——-“ -----
_ ) % NP N RS U SR St
Intruding (Other) 0% 3 | | ; | |
= B e i v L o e
Intruding (Aircraft) 31% S : :
« [ NS SN
o - ] T 1
o | e
= O ST SRS PR
Total 100% 2 1% . i
2 i\
< I ¥ | L
Intruding: Background: M \M 4 'f\‘h
100 - Other 70 - Other : ;
90 - Motor Veh 60 - Human ' ' ‘
g 00:00  00:10  00:20  00:30  00:40  00:50 0100
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally On
[2] Leq for Period When Only Background is Audible (windscreen-Induce

e Hour (background noise contribution removed).
d noise contribution removed).

[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.
Observer: Dick Hingson
GAPROJECTS\290940\PARKS\ZION\RTDFNOBUTTON\1220R244.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98 02:40:09 PM




ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, SCOUT Elevation 5500 Feet

9/1/95
01:45 PM - 02:45PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
[ [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife I
(2) Scenic Aircraft 0% - (2) Water 29
(3) Commercial Jet 23% 36 (3) Wind 32
(4) Motor Vehicles 0% - (4) Human --
(6) Other 0% - (6) Other 21
Total 23% 36 Leq (all sources) 30
L50 (all sources) 26
Aircraft Leq minus Background Leq =6 dB L90 (all sources) 17
Source Audibility Summary
reant MAIN CANYON
Qi of Thria Sound Sources, 9/1/95, 1:45pm
Source Audible 100 1 . : ‘ : '
T e e e
Background Only 77% D s0r---- i R T e et
" ?,’ 70 +o ——
Intruding (Other) 0% 3
T - -—-
Intruding (Aircraft) 23% = i
2 wr---i
2 -
£ | LG L
Total 100% = B
z %0 “kf = :L = O
Intruding: Background: 20 ][ %&U U’Nﬂ JJ.)P A 1
100 - Other 70 - Other o ] ! ) ; !
90 - Motor Veh Eg=urman 00:00 00:10  00:20  00:30  00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Norm
[2] Leq for Period When Only Background is Audible (windscreen-Induce

ally One Hour (background noise contribution removed).
d noise contribution removed).

[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.
Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDR\NOBUTTON\1345R244.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98  02:40:37 PM




ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, SCOUT Elevation 5500 Feet
9/7/95
09:32 AM -~ 10:32 AM

Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible

Source [3] Audible (decibels) Sources (decibels)
11 [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife 18
(2) Scenic Aircraft 13% 28 (2) Water 19
(3) Commercial Jet 18% 26 (3) Wind 20
(4) Motor Vehicles 0% - (4) Human 19
(6) Other 0% -- (8) Other -
Total 31% 30 Legq (all sources) 19
L50 (all sources) 19
Aircraft Leq minus Background Leq =11 dB L90 (all sources) 17

Source Audibility Summary

— MAIN CANYON
P of Time Sound Sources, 9/7/95, 9:32am
Source Audible 100
90 -+
Background Only 69% g w0
) = ERCE
Intruding (Other) 0% 3
'g 60+ e-w—b—mmm bk mm——
Intruding (Aircraft) 31% =
9 s
b
2
= 40
Total 100% -
3 0 -
Intruding: Background: 20 7
100 - Other 70 - Other i ) :
90 - Motor Veh 60 - Human . .
N 00:00 00:10 00:20 00:30 00:40 00:50 01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G\PROJECTS\290940\PARKS\ZION\RTDF\INOBUTTON\0932R250.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2  27-Aug-98 02:41:21 PM



ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, SCOUT Elevation 5500 Feet

9/7/95
10:50 AM -- 11:50 AM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
(1] [2]
(0) Not Acertained 0% - (0) Not Acertained --
(1) Military Aircraft 0% - (1) Wildlife 23
(2) Scenic Aircraft 6% 23 (2) Water 22
(3) Commercial Jet 25% 32 (3) Wind -
(4) Motor Vehicles 0% - (4) Human 26
(6) Other 0% = (8) Other -
Total 30% 33 Leq (all sources) 24
L50 (all sources) 22
Aircraft Leq minus Background Leq =9 dB L90 (all sources) 19
Source Audibility Summary
Parcarit MAIN CANYON
Soind of Time Sound Sources, 9/7/95, 10:50am
Source Audible 100 : . ‘ .
90 1 I
Background Only 70% T 80+
" D 791
Intruding (Other) 0% 3
2 601
Intruding (Aircraft) 30% 2
0 5o 4
3
£ 40-
Total 100% 2 0
3 30 1
Intruding: Background: 20 1
100 - Other 70 - Other @
90 - Motor Veh 60 - Human ‘ ' e ‘
’ 00:00 00:10  00:20 00:30  00:40  00:50  01:00
gg - gomm L'J:’ets 2(5] - mmd Time Re: Start of Sample (hr:min)
- Scenic Prop - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).
[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.
Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDR\NOBUTTON\1050R250.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98  02:41:46 PM




ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, EMERALD Elevation 4650 Feet
9/11/95
03:31 PM -- 04:32 PM

Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible

Source [3] Audible (decibels) Sources (decibels)
1 (2]
(0) Not Acertained 0% - (0) Not Acertained —
(1) Military Aircraft 0% - (1) Wildlife 44
(2) Scenic Aircraft 3% 21 (2) Water 35
(3) Commercial Jet 12% 22 (3) Wind --
(4) Motor Vehicles 5% ) (4) Human --
(8) Other 0% -- (6) Other --
Total 19% 25 Leq (all sources) 41
L50 (all sources) 36
Aircraft Leq minus Background Leq =-16 dB L90 (all sources) 33

Source Audibility Summary

P MAIN CANYON
Saiind ot Time Sound Sources, 9/11/95, 3:31pm
Source Audible
Background Only 81% =)
°
Intruding (Other) 5% 3
o
Intruding (Aircraft) 15% 3
w
o
o
g
Total 100% £
3
<
Intruding: Background: :
100 - Other 70 - Other i ; ! : :
90 - Motor Veh 60 - Human o TR AT '
- 00:00 00:10  00:20  00:30  00:40  00:50  01:00
gg - gomm JPets gg - v\l:llmd Time Re: Start of Sample (hr:min)
- Scenic Prop - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDRNOBUTTON\1531R254.95X

G\PROJECTS\290940\PARKS\CALC_RX.WB2  27-Aug-98 02:42:13 PM



ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, EMERALD Elevation 4650 Feet

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

9/11/95
04:56 PM -- 05:56 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
11 [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife 35
(2) Scenic Aircraft 3% - (2) Water 35
(3) Commercial Jet 10% 33 (3) Wind -
(4) Motor Vehicles 0% - (4) Human --
(6) Other 0% - (8) Other -
Total 13% 33 Leq (all sources) 35
L50 (all sources) 35
Aircraft Leq minus Background Leq = -2 dB L90 (all sources) 35
Source Audibility Summary
Percent MAIN CANYON
Sound of Time Sound Sources, 9/11/95, 4:56pm
Source Audible i ; . . . .
90 1 I 1 1 4I B
Background Only 87% g Ot---- f—--ﬁ---—:*-*--:f--*-j--"'-
; % 79 : ! I ' ‘
Intruding (Other) 0% 3
B 60 1
Intruding (Aircraft) 13% 2
@ 5o
3
= 4
Total 100% oW
3 30 -
Intruding: Background: 20 1
100 - Other 70 - Other " : ! : ! :
90 - Motor Veh 60 - Human ' : ' .
: 00:00  00:10  00:20  00:30  00:40  00:50  01:00
gg - Csiomm 'IJDEtS :g = m‘“d Time Re: Start of Sample (hr:min)
- Scenic Prop - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour

(background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDFNOBUTTON\1656R254.95X

27-Aug-98

02:42:38 PM




ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, EMERALD Elevation 4650 Feet

9/11/95
06:18 PM -- 07:18 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
11 [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife 36
(2) Scenic Aircraft 0% - (2) Water 36
(3) Commercial Jet 16% 26 (3) Wind -
(4) Motor Vehicles 4% 3 (4) Human 35
(6) Other 0% - (6) Other -
Total 20% 26 Leq (all sources) 36
L50 (all sources) 35
Aircraft Leq minus Background Leq =-10 dB L90 (all sources) 35
Source Audibility Summary
T MAIN CANYON *’
Souid of Time Sound Sources, 9/11/95, 6:18pm
Source Audible - : : . ‘ .
1 1 1 | 1
90--...ﬂ-»-—-_—er-_.l..__..fL____J.-_..vm
Background Only 80% g 80+
: 2 70
Intruding (Other) 4% 3
T o0
Intruding (Aircraft) 16% 3
@ 50 -
3
= 3
Total 100% -
fu ;
Intruding: Background: 21 v ‘
100 - Other 70 - Other i : ! ! ! !
90 - Motor Veh 60 - Human ' o : ' )
X 00:00 00:10  00:20  00:30  00:40  00:50  01:00
gg = gomr:n \'J:ets gg - m'nd Time Re: Start of Sample (hr:min)
- Scenic Prop - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).
[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDRANOBUTTON\181 8R254.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98  02:43:05 PM



ZION NATIONAL PARK

Sound Source Observations

TABERNACLE DOME  Elevation 5150 Feet

8/26/95
10:40 AM -- 11:48 AM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
1] [2]
(0) Not Acertained 4% 4 (0) Not Acertained 25
(1) Military Aircraft 0% - (1) Wildlife 28
(2) Scenic Aircraft 6% 22 (2) Water 23
(3) Commercial Jet 18% 34 (3) Wind 24
(4) Motor Vehicles 3% 6 (4) Human 29
(6) Other 0% - (6) Other 23
Total 31% 35 Leq (all sources) 24
L50 (all sources) 23
Aircraft Leq minus Background Leq=11dB L90 (all sources) 23
Source Audibility Summary
Percent TABERNACLE DOME
S5iid of Time Sound Sources, 8/26/95, 10:40am
Source Audible L . . . ‘
S P R e e ]
Background Only 69% 0 e0t---- L—-—-;L-“-:*——-—*v-——% -----
" §70-—.__2.v--:-___-l___;_..._;_--—-
Intrudlng (Other) 7% _u_:l 1 I |
T g0 = -k
Intruding (Aircraft) 24% 3 - -
O} EQ e
3 —
£ B | IR —
Total 100% -
H
<N
Intruding: Background: 20T ---- o ”
100 - Other 70 - Other 5 :
90 - Motor Veh 60 - Human o S :
7 00:00 00:10 00:20 00:30 00:40 00:50 01:00
gg 2 (Sl"omr_'n .;ets 2(5) - wlnd Time Re: Start of Sample (hr:min)
- Scenic Prop - Water
75 - Mil Jet 45 - Wildlife |

[1] Measurement Period Normally One Hour (background noise contribution removed).
[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDRWBUTTON\1040R238.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98 02:43:31 PM




ZION NATIONAL PARK

Sound Source Observations

TABERNACLE DOME  Elevation 5150 Feet
8/26/95
12:08 PM -- 01:12PM

Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible

Source [3] Audible (decibels) Sources (decibels)
1] [2]
(0) Not Acertained 2% - (0) Not Acertained 25
(1) Military Aircraft 0% = (1) Wildlife 31
(2) Scenic Aircraft 8% 36 (2) Water -
(3) Commercial Jet 10% 27 (3) Wind 29
(4) Motor Vehicles 5% -6 (4) Human 27
(6) Other 0% - (6) Other 23
Total 25% 37 Leq (all sources) 29
L50 (all sources) 25
Aircraft Leq minus Background Leq =8 dB L90 (all sources) 22

Source Audibility Summary

Percent TABERNACLE DOME
— of Time Sound Sources, 8/26/95, 12:08pm
Source Audible 100
80
Background Only 75% T 801
B ——bk—m— @=Lk = = = - inenes - - — .
Intruding (Other) 7% 80T T
2 60-
Intruding (Aircraft) 18% a
0 50 -
3
= 4
Total 100% - e
z 30 -
Intruding: Background: 20 T ooz =
100 - Other 70 - Other o ' : :
90 - Motor Veh 60 - Human e R e '
: 00:00 00:10  00:20  00:30  00:40  00:50  01:00
gg - gomr}ﬁ .'J:ets 53 - alnd Time Re: Start of Sample (hr:min)
- Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife J

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G\PROJECTS\290940\PARKS\ZION\RTDAWBUTTON\1208R238.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2  27-Aug-98 02:43:55 PM



ZION NATIONAL PARK

Sound Source Observations

KOLOB, TIMBER CK Elevation 6300 Feet

8/27/95
05:02 PM -- 06:03 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
(1 [2]
(0) Not Acertained 1% - (0) Not Acertained 29
(1) Military Aircraft 0% - (1) wildlife -
(2) Scenic Aircraft 5% - (2) Water -
(3) Commercial Jet 7% 21 (3) Wind 34
(4) Motor Vehicles 0% - (4) Human 21
(6) Other 0% - (8) Other 23
Total 12% 21 Leq (all sources) 33
L50 (all sources) 30
Aircraft Leq minus Background Leq =-12 dB L90 (all sources) 23
Source Audibility Summary
Percent KOLOB
Soiurid of Thne Sound Sources, 8/27/95, 5:02pm
Source Audible . | | i ‘ |
0T---- i - A B T
Background Only 88% Elg80*-*“:-----:L—---:L-ﬁ-j——-*l -----
] . AN SO S
Intruding (Other) 1% g 0T : , v . ‘
'850 ______ Lececcbcccacber e mcad ey
Intruding (Aircraft) 11% 3 ‘ . - —— — -
mﬁu ______ [ SRS IS S—— S A
3 | : *
= 1 . e o
Total 100% 20y ‘W M *
2 o I TN 4
& = 7h- My WA
Intruding: Background: RY e el g ==
100 - Other 70 - Other @ ! :
90 - Motor Veh 60 - Human ' Iy
K 00:00 00:10 00:20 00:30 00:40 00:50 01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDRWBUTTON\1702R239.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98  02:44:21 PM




ZION NATIONAL PARK

Sound Source Observations

KOLOB, TIMBER CK Elevation 6300 Feet

8/27/95
06:43 PM -- 07:50 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
[11 [2]
(0) Not Acertained 3% -3 (0) Not Acertained 21
(1) Military Aircraft 0% = (1) Wildlife -
(2) Scenic Aircraft 7% 18 (2) Water -
(3) Commercial Jet 9% 35 (3) Wind 26
(4) Motor Vehicles 0% - (4) Human 19
(6) Other 0% - (6) Other 20
Total 20% 36 Leq (all sources) 23
L50 (all sources) 21
Aircraft Leq minus Background Leq =13 dB L90 (all sources) 17
Source Audibility Summary
Percent KOLOB
Sound of Time Sound Sources, 8/27/95, 6:48pm
Source Audible 100 . ; . L .
@ +---- ;.7-_-L-__VJ.__-_TA___.T..--__
_ _ | i r ‘
Background Only 80% D 8T---- et LS e
) E ¥ _’_+;—_.7 ] -\ ] ___L_____
Intruding (Other) 4% 3 | i i i |
'2604 _____ PR TR RPN S
Intruding (Aircraft) 16% 3 — o —— =+ —
B e s s s S S
o ' | | 1 '
£ 8 U T T TSI NP S S
Total 100% - \ . \ ,
; 1 1 1 1 I
& soght m m&
Intruding: Background: 20 } - m-'ﬁ }LIM w&w— 1V '
100 - Other 70 - Other - j ! j ! ! j
90 - Motor Veh 60 - Human ‘ ' ‘ ; '
5 00:00 ©00:10  00:20  00:30  00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife J

[1] Measurement Period Normally One Hour
[2] Legq for Period When Only Background is Au

(background noise contribution removed).

[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDRWBUTTON\1848R239.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98 02:44:44 PM

dible (windscreen-Induced noise contribution removed).



ZION NATIONAL PARK

Sound Source Observations

KOLOB, TIMBER CK Elevation 6300 Feet

06:45 PM
Intruding Sources
Leq over
Percent | Measurement
Intruding of Time Session
Source [3] Audible (decibels)
[1]
(0) Not Acertained 0% =
(1) Military Aircraft 0% ==
(2) Scenic Aircraft 0% -
(3) Commercial Jet 5% 15
(4) Motor Vehicles 0% -
(6) Other 0% -
Total 5% 15

Aircraft Leq minus Background Leq =-11dB

Source Audibility Summary

9/10/95

07:45 PM

Background Sources
Leq during
Time
Intruding Audible
Sources (decibels)
[2]
(0) Not Acertained -
(1) Wildlife 25
(2) Water -
(3) Wind 26
(4) Human 24
(8) Other -
Legq (all sources) 28
L50 (all sources) 24
L90 (all sources) 21

Percent KOLOB '
Sotind of Time Sound Sources, 9/10/95, 6:45pm
Source Audible e : : : : T
i D e Gt oo iREI
Background Only 95% @ eor---- b e b i = S b ]
: B oy0b---- T, NN R SRS S|
Intruding (Other) 0% 3 1 | i 1 :
B R £ |
Intruding (Aircraft) 5% 5 .
2 B R O .,4‘ -----
2 ; ; =
= IR I
Total 100% g '
% s
: it
Intruding: Background: ==y ‘L
100 - Other 70 - Other T
) Khkor Vet 60~ Human 00:00 00:10 00:20  00:30  00:40  00:50  01:00
gg - (830mrn ~|J::'ets 55 - \xlnd Time Re: Start of Sample (hr:min)
- Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife J

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Legq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDFR\NOBUTTON\1845R253.95X

G:\PROJECTS\200940\PARKS\CALC_RX.WB2

27-Aug-98  02:45:37 PM



ZION NATIONAL PARK

Sound Source Observations

KOLOB TERRACE Elevation 5450 Feet
9/6/95
10:17 AM - 11:17 AM

Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible

Source [3] Audible (decibels) Sources (decibels)
1 [2]
(0) Not Acertained 0% - (0) Not Acertained =
(1) Military Aircraft 0% - (1) Wildlife 23
(2) Scenic Aircraft 6% 18 (2) Water 23
(3) Commercial Jet 46% 39 (3) Wind 23
(4) Motor Vehicles 0% = (4) Human 23
(6) Other 0% == (6) Other -
Total 52% 39 Leq (all sources) 23
L50 (all sources) 23
Aircraft Leq minus Background Leq = 16 dB L90 (all sources) 22

Source Audibility Summary

i KOLOB TERRACE
- of Time Sound Sources, 9/6/95, 10:17am
Source Audible e
90 <4
Background Only 48% @ 80 -
’ o T 701
Intruding (Other) 0% 3
S
Intruding (Aircraft) 52% 3
€N 50
®
£ 4l
Total 100% i
f: 30 +
Intruding: Background: 20 1
100 - Other 70 - Other i
90 - Motor Veh 80 - Human ‘ '
3 00:00 00:10  00:20 00:30 00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDR\NOBUTTON\1017R249.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2  27-Aug-98 02:46:25 PM



ZION NATIONAL PARK

Sound Source Observations

KOLOB TERRACE Elevation 5450 Feet
9/6/95
11:33 AM -- 12:33 PM

Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible

Source [3] Audible (decibels) Sources (decibels)
] [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife 23
(2) Scenic Aircraft 4% 20 (2) Water 21
(3) Commercial Jet 34% 27 (3) Wind 21
(4) Motor Vehicles 0% -- (4) Human -
(6) Other 0% - (8) Other -
Total 38% 28 Leq (all sources) 21
L50 (all sources) 21
Aircraft Leq minus Background Leq =7 dB L90 (all sources) 20

Source Audibility Summary

Bevianit KOLOB TERRACE
S aiing ol Thre Sound Sources, 9/6/95, 11:33am
Source Audible 1% f ‘ ‘ ! :
90 +~---- l--fﬁ_i.____‘.___-;.uuf,.f ““““
R S P U N
Background Only 62% @ B0t ---- I e
_ . T A S S S
Intruding (Other) 0% 3 | : ‘ | |
'850 _____ Lo e i s s i T S s e e e ]
Intruding (Aircraft) 38% 3 - -- L s P=
w 50 + - e L commme b~ — — b - cb—— — -l co——
'8 1 i | 1 - [} ] g
E dobseoc IR T 1 P S T S
Total 100% 24 ! : . |
S W N W
\ ! ’ L 1 )
Intruding: Background: 29 e ,“wj—"“" LS8 ,‘"’JJ- Ll o S
100 - Other 70 - Other o : ! : ; !
90 - Motor Veh 60 - Human g e o . S
3 00:00  00:10  00:20  00:30  00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

(1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDR\NOBUTTON\1133R249.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2  27-Aug-98 02:47:31 PM



ZION NATIONAL PARK

Sound Source Observations

KOLOB TERRACE, (W/THUNDERSTORM)

Elevation 5450 Feet

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

9/6/95
01:10PM -- 02:11 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
1] [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife 37
(2) Scenic Aircraft 0% - (2) Water 24
(3) Commercial Jet 3% 13 (3) Wind 37
(4) Motor Vehicles 2% - (4) Human --
(6) Other 0% - (6) Other 37
Total 4% 13 Leq (all sources) 35
L50 (all sources) 25
Aircraft Leq minus Background Leq = -22 dB L90 (all sources) 21
Source Audibility Summary
Parcant KOLOB TERRACE
Sound of Timie Sound Sources, 9/6/95, 1:10pm
Source Audible 100 i | i i i
il i T T et
Background Only 96% & 801 ---- ;fﬁ-—:k----l*——--j——--j —————
] § 70 I 1 I ‘_-‘I 1 _L
Intruding (Other) 2% 3 i i | i :
'850. _____ B s m e e e R e e
Intruding (Aircraft) 3% 3 : : 1 | ——--
D 5) tmemel oo - «bos s oo Leam— - |l i
8 | 1 [l I 1 :
= _ -
Total 100% 2 % |
z 30 4} ‘
Intruding: Background: 20 B i
100 - Other 70 - Other - .
90 - Motor Veh 60 - Human ’ - '
. 00:00 00:10 00:20 00:30 00:40 00:50 01:00
gg = (S.‘,omm iets 55 - w”d Time Re: Start of Sample (hr:min)
- Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (backgreund noise contribution removed).
[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDFR\NOBUTTON\1310R249.95X

27-Aug-98

02:48:32 PM




ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, RIVER FLAT Elevation 4300 Feet
8/26/95
07:39 PM -- 08:40 PM

Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
[1] [2]
(0) Not Acertained 3% 18 (0) Not Acertained 42
(1) Military Aircraft 0% - (1) Wildlife -
(2) Scenic Aircraft 0% - (2) Water 42
(3) Commercial Jet 0% - (3) Wind -
(4) Motor Vehicles 65% 34 (4) Human 45
(6) Other 0% -- (6) Other -
Total 68% 34 Leq (all sources) 42
L50 (all sources) 42
Aircraft Leq minus Background Leq= - LS0 (all sources) 41

Source Audibility Summary

Percent MAIN CANYON
Soiind o1 Thria Sound Sources, 8/26/95, 7:39pm
Source Audible = . : : . ,
] 1 I 1 ]
20
1 I 1 ] 1
i 1 I 1 ) 1
Background Only 32% %so —————— b ey e Rk om sy
_— 1 ] 1 1 I
Q .9l ____ | S —— FrRp— R T e SRR
Intruding (Other) 68% g " ; v i . )
1 1
'gsg _____ L——_‘_‘L_.._..L____J'.____J. _____
Intruding (Aircraft) 0% 3 b ! ] : ;
‘_g B 100 e dbvionn <o emmnben e == i el o i i v s e Ll e
1 | i U
2 o Al Mot i st e
Total 100% g ; : | : ;
R
] 1 1 1 I
Intruding: Background: 201r---- i A
100 - Other 70 - Other - ! ! : : :
30~ Matar Veh ey 00:00  00:10  00:20  00:30  00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Pericd Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDRWBUTTON\1939R238.95X

G\PROJECTS\290940\PARKS\CALC_RX.WB2  27-Aug-98 02:49:28 PM



ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, RIVER FLAT Elevation 4300 Feet

10:48 AM

Intruding Sources

Leq over
Percent | Measurement

Intruding of Time Session

Source [3] Audible (decibels)
[1]
(0) Not Acertained 0% -
(1) Military Aircraft 0% -
(2) Scenic Aircraft 0% -
(3) Commercial Jet 3% 26
(4) Motor Vehicles 66% 37
(6) Other 0% =
Total 69% 38

Aircraft Leq minus Background Leq =-17 dB

Source Audibility Summary

9/5/95
11:48 AM

Background Sources
Leq during
Time
Intruding Audible
Sources (decibels)
[2]
(0) Not Acertained =
(1) Wildlife ==
(2) Water 42
(3) Wind 43
(4) Human 40
(6) Other —
Leq (all sources) 43
L50 (all sources) 42
L90 (all sources) 39

Percent
Sound of Time
Source Audible
Background Only 31%
Intruding (Other) 66%
Intruding (Aircraft) 3%
Total 100%

Intruding:

100 - Other

90 - Motor Veh
85 - Comm Jets
80 - Scenic Prop
75 - Mil Jet

Background:

70 - Other
60 - Human
55 - Wind
50 - Water
45 - Wildlife

A-weighted Sound Level (dB)

50 + - -

L \jm i J\IMZMJ me

MAIN CANYON
Sound Sources, 9/5/95, 10:48am
100
| [ [ ' 1
| I I 1 !
'+ B r— "
-1 : T : :
80 +-—-—-— b e o i e e i i el o b e o
I l 1 | I
i | 1 | i
70+ === - e e e
| 1 1 | [
| 1 | I 1
soJ _____ s et sl i kgl v S g e e o
I

————— -

i
1
i Iscmrea Bal s ek .L____J. 77777
1 ] | | |
l 1 | 1 I
By e s R R e e Az
! 1 ] i I
| 1 | | 1
10 f + f t + t }
00:00 00:10 00:20 00:30 00:40 00:50 01:00

Time Re: Start of Sample (hr:min)

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDR\NOBUTTON\1048R248.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98 02:49:58 PM




ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, THRONE Elevation 4350 Feet

9/5/95
03:04 PM -- 04:04 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
11 [2]
(0) Not Acertained 0% -- (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife -
(2) Scenic Aircraft 7% - (2) Water 51
(3) Commercial Jet 0% - (3) Wind 48
(4) Motor Vehicles 69% - (4) Human 56
(6) Other 0% - (6) Other -
Total 76% - Leq (all sources) 55
L50 (all sources) 52
Aircraft Leq minus Background Leq= - LS0 (all sources) 45
Source Audibility Summary
o—— MAIN CANYON
SHinid A Time Sound Sources, 9/5/95, 3:04pm
Source Audible B | i i i i
B | peim—
Background Only 24% D 80+ ' :
: 2 70
Intruding (Other) 69% 3
B 60
Intruding (Aircraft) 7% a
w 50 -
o
2
ZE 40
Total 100% 2%
2 30 1 :
Intruding: Background: 07---- R U R e
100 - Other 70 - Other 0 ¢ : : : :
90 - Motor Veh 60 - Human o ‘ S : '
A 00:00 00:10 00:20 00:30 00:40 00:50 01:00
gg g gomr_n \'Jjets 25 2 w‘”d Time Re: Start of Sample (hr:min)
- Scenic Prop 0 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).
[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.
Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDF\NOBUTTON\1504R248.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98 02:50:23 PM




ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, THRONE Elevation 4350 Feet
9/5/95
04:14 PM -- 05:14 PM

Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible

Source [3] Audible (decibels) Sources (decibels)
11 [2]
(0) Not Acertained 0% - (0) Not Acertained -
(1) Military Aircraft 0% - (1) Wildlife -
(2) Scenic Aircraft 0% - (2) Water 46
(3) Commercial Jet 3% 16 (3) Wind -
(4) Motor Vehicles 85% 51 i (4) Human 49
(6) Other 0% - (6) Other -
Total 88% 51 Leq (all sources) 48
L50 (all sources) 47
Aircraft Leq minus Background Leq = -32 dB L90 (all sources) 44

Source Audibility Summary

Percent MAIN CANYON
Sounid ‘ of Time Sound Sources, 9/5/95, 4:14pm
Source Audible = . ; . : i
90 ! 1 1 | 1
Background Only 12% @ s0r--- f—-—-f--u:*-———f----f! -----
. ) T I (N S A S S
Intruding (Other) 85% k] ‘ ' ! ' i
'Esou-uﬁ_ s IR ot o e e . i ol s b e
Intruding (Aircraft) 3% 3 “{) ﬁ )l : ! : : w
@D 50 }“,‘WLW ‘Q‘W 1p o
E W‘“ 1 b h Hn“ L QJLMJ
G5 W+--—- L oA sl i el ol
Total 100% B | : : | il
- e s S
Intruding: Background: 07---- 7 e it i iy
100 - Other 70 - Other i ! : v ! !
90 - Motor Veh 60 - Human ‘ ' T, ' o
- 00:00  00:10  00:20  00:30  00:40  00:50  01:00
85 - Comm Jets 55 - Wind Time Re: Start of Sample (hr:min)
80 - Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDR\NOBUTTON\1614R248.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2  27-Aug-98 02:50:47 PM



ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, WEEPING RK  Elevation 5200 Feet

8/29/95
09:51 AM -- 10:52 AM
Intruding Sources Background Sources
Leq over Leq during
Percent |Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
[1] [2]
(0) Not Acertained 9% 13 (0) Not Acertained 24
(1) Military Aircraft 0% - (1) Wildlife 24
(2) Scenic Aircraft 2% 3 (2) Water -
(3) Commercial Jet 16% 30 (3) Wind -
(4) Motor Vehicles 11% 10 (4) Human 25
(6) Other 6% - (6) Other 23
Total 44% 30 Leq (all sources) 24
L50 (all sources) 23
Aircraft Leq minus Background Leq = 6 dB L90 (all sources) 22
Source Audibility Summary
Baicent MAIN CANYON
Sound of Time Sound Sources, 8/29/95, 9:51am
Source Audible 169 i | | | |
Background Only 56% @
]
Intruding (Other) 26% 3
e
Intruding (Aircraft) 18% 5
3
=
Total 100% 2
2
<
Intruding: Background: 20 ---- R S e
100 - Other 70 - Other o ; ! L t
90 -Motor Veh =0 =FHuman 00:00  00:10  00:20 00:30  00:40  00:50  01:00
gg - gomm éets 55- wlnd Time Re: Start of Sample (hr:min)
- Scenic Prop 50 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson
G:\PROJECTS\290940\PARKS\ZION\RTDR\WBUTTON\0951R241.95X

G:\PROJECTS\290940\PARKS\CALC _

RX.wB2

27-Aug-98

02:51:34 PM




ZION NATIONAL PARK

Sound Source Observations

MAIN CANYON, WEEPING RK  Elevation 5200 Feet

8/29/95
11:38 AM -- 12:39 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
[1] [2]
(0) Not Acertained 10% 26 (0) Not Acertained 23
(1) Military Aircraft 0% - (1) Wildlife -
(2) Scenic Aircraft 0% - (2) Water -
(3) Commercial Jet 3% 13 (3) Wind -
(4) Motor Vehicles 20% 14 (4) Human 27
(6) Other 6% 15 (6) Other 22
Total 39% 27 Leq (all sources) 23
L50 (all sources) 22
Aircraft Leq minus Background Leq =-10 dB L90 (all sources) 21
Source Audibility Summary
— MAIN CANYON
Sound of Time Sound Sources, 8/29/95, 11:38am
Source Audible e . . : . .
G0 1
Background Only 61% @ 20
: S 701
Intruding (Other) 36% 3
2 60
Intruding (Aircraft) 3% 3
@D 50 |
3
E 40
Total 100% 2
i 30+ -
Intruding: Background: 20 : : , ; ,
100 - Other 70 - Other " b : ! :
90 - Motor Veh 80 - Human AR, J ; :
i 00:00 00:10 00:20 00:30 00:40 00:50 01:00
gg ® gomm ‘é’ets 25 5 w'nd Time Re: Start of Sample (hr:min)
- Scenic Prop 0 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).

[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[3] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson
G:\PROJECTS'\290940\PARKS\ZION\RTDR\WBUTTON\1138R241.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98 02:51:57 PM




ZION NATIONAL PARK

Sound Source Observations

COALPITS Elevation 4126 Feet

8/25/95
07:59 PM -- 09:01 PM
Intruding Sources Background Sources
Leq over Leq during
Percent | Measurement Time
Intruding of Time Session Intruding Audible
Source [3] Audible (decibels) Sources (decibels)
1] [2]
(0) Not Acertained 1% 24 (0) Not Acertained 27
(1) Military Aircraft 0% - (1) Wildlife 27
(2) Scenic Aircraft 0% - (2) Water --
(3) Commercial Jet 4% 35 (3) Wind -
(4) Motor Vehicles 85% 41 (4) Human -
(6) Other 0% =2 (6) Other 25
Total 91% 42 Leq (all sources) 27
L50 (all sources) 26
Aircraft Leq minus Background Leq = 8 dB L90 (all sources) 24
Source Audibility Summary
Percent COALPITS
Sotind of Time Sound Sources, 8/25/95, 7:59pm
Source Audible 100 | ! I 1 |
W= _\L I ; 1 I
Background Only 9% @ 8or---- » descisrmie R iy
E | — | l |
Intruding (Other) 87% 3" ‘ :
he] = 4
Intruding (Aircraft) 4% § | |
Z 8 i
2 &
= =
Total 100% 2 |
E=
< i
Intruding: Background: = bttt =
100 - Other 70 - Other o ! ! ! -
90 - Motor Veh 60 - Human T : e
i 00:00 00:10  00:20  00:30  00:40  00:50  01:00
gg - gomm \'139*5 25 - w'”d Time Re: Start of Sample (hr:min)
- Scenic Prop 0 - Water
75 - Mil Jet 45 - Wildlife

[1] Measurement Period Normally One Hour (background noise contribution removed).
[2] Leq for Period When Only Background is Audible (windscreen-Induced noise contribution removed).
[38] Numbers in Parentheses are Button Numbers on LOWNOMS Source Logging Module.

Observer: Dick Hingson

G:\PROJECTS\290940\PARKS\ZION\RTDRWBUTTON\1959R237.95X

G:\PROJECTS\290940\PARKS\CALC_RX.WB2

27-Aug-98 02:52:25 PM




HARRIS MILLER MILLER & HANSON INC.
15 New England Executive Park

Burlington, MA 01803

Tel. (781) 229-0707

Fax (781) 229-7939

MEMORANDUM

To: Rick Ernenwein / Darla Sidles

National Park Service
Denver Service Center/ Zion NP

From: Nicholas P. Miller / Richard D. Horonjeff
Date: November 30, 1998

Subject:  Zion NP Measurements, Task Order No. 2
Sound Monitoring Results - October 1998 Field Work

Reference: HMMH Job No. 295860.02

1. Introduction

2.1 Sites

contained, battery powered sound and wind monitoring system that permits detailed sound level, wind speed
and direction, and sound source identification data to be collected in the field. Measurements were made at
five different sites during one or two different one-hour periods, as shown in Table 1.

In this discussion, “ambient”, “background”, and “natural ambient” are all used
Synonymously to mean the sound environment that exists when no human-produced sounds
are audible to an attentive listener.



Zion NP Monitoring Results - October 1998 Field Work Page 2
Rick Emenwein / Darla Sidles November 30, 1998

Table 1. Measurement Locations, Times of Measurement

Site |Measure] Description Date Start Time
Number| ment

1 a Coal Pits 15-Oct-98 9:02a
b 23-Oct-98 9:22a

9 a Tabernacle Dome 15-Oct-98 12:19p
b 16-Oct-98 2:44p

3 a Watchman 15-Oct-98 4:16p

b 22-Oct-98 9:49a

4 a Angles Landing 16-Oct-98 9:52a
b 23-Oct-98 2:16p

5 a East Mesa 19-Oct-98 12:41p

Note: Sites have been numbered differently from original data so that site numbers remain the same for
a given site, regardless of which day it is measured. Also note that Table 1 gives the correct start
times for the measurements, while the data sheets sometimes incorrectly identify am or pm.

2.2 Procedures

LOWNOMS was used to collect all data. Attachment 2 describes the specific measures it produces
automatically. In general, the operator, after setting up the instrument, orienting it properly (so that wind
direction data are correct), and acoustically calibrating the system, identifies each audible sound as it is heard,
using a specific hierarchy. The operator listens and presses the appropriate button on the “button box” to
identify when various sources of sound are heard. Any human-produced sound is considered “intruding” and
takes precedence in identification over any natural “background” sound; aircraft sounds take precedence in
identification over other human-produced sounds. LOWNOMS keeps and stores a running second-by-second
log file containing one second A-weighted sound level, button pushed, wind speed and wind direction. The
system also counts the number of samples until one hour’s worth (3600 one-second samples) are stored. A
final calibration confirms correct operation of the system. After collecting the data, it may be reduced to
produce a seven page report for each hour sampled, as contained in Attachment 1 for the nine one-hour
measurements made. (For measurements on and after 19 October, the wind monitor mal-functioned, and the
two pages of wind data are not available.)

2.3 Data Types
Several types of data are produced by the measurement procedures. The data produced are slightly different

for the human-produced intruding sounds and for the natural background sounds. All sound levels are
measured in A-weighed decibels. ‘
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3.1 Intruding Sounds

3.1.1 Leq, Equivalent Level. This is a measure of the sound energy produced by a given intruding source
ring the measurement (one-hour) period. Itis a type of average that “spreads” the sound energy over the
ne measured, but always increases if more events occur, even if some of the events are very quiet. In other
rds, it is not an arithmetic average that can be lowered by many quiet events. Leq for a given time period
vays increases with each intruding event that occurs.

3.1.2 Percent of Time Audible. This is simply a measure of the percent of the hour that a given
ruding source was heard by the operator. If the percents of time for all intruding sources are added together
d subtracted from 100, the percent of time only natural sounds were audible may be determined.

3.1.3 Sound Spectra.  All sounds contain many frequencies, and human hearing uses these frequencies
identify the type of source producing the sound. Hence, it is possible to hear or “detect” a fairly quiet
craft even though leaves rustling in the wind may create a higher A-weighted sound level. Because the most
‘urate estimates of intruding sound audibility may be made only when frequency data for both the intrudin g
ind and the background sound are available, tape recordings (that record frequency information) were made
ring the measurements. These tapes are stored for future analysis, as needed.

3.2 Background Sounds

2.1 Leq, Equivalent Level. This is a measure of what the sound energy of the natural environment would
‘e been during the measurement period, had no intruding sounds occurred. In other words, it is one means
quantifying the natural ambient sound environment. If the natural ambient sound environment were
npletely constant in sound level, this sound level would equal this measured Leq.

-2.2 Cumulative Distribution. Except near rapids or a waterfall, the natural ambient does not provide a
stant sound level, and one way to depict this variability for the measurement period is with a plot that shows
it percent of time each sound level is exceeded during the measurement. The fourth page of reduced data
each measurement documented in Attachment 1 presents such a distribution plot. This plot is very useful
lepicting the variability of the natural background sounds. The more the plot is horizontal, the more
stant is the background sound environment.

2.3 Sound Spectra.  As with intruding sounds, tape recordings were made so that the frequency content
rackground sounds may be determined.

Quantifying the Natural Ambient Sounds

pages of Attachment 1 provide considerable data that quantify the natural ambient or background sounds

occurred during the measurements. However, in order to better understand these data, summary data
\parisons are provided.
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3.1 Percent of Time Only the Natural Ambient is Audible

The following pie charts depict the percent of each one-hour measurement when jets, other aircraft, other
intruding (human-produced) sounds, or only natural sounds were audible to the operator. It should be noted
that measurements at sites where the natural background is heard less than about 10 percent of the time, as for
the Coal Pits Mmeasurements, are not likely to provide a reliable measure of background sound levels. These
pie charts provide a general sense of the distribution of sounds at the sites during the different measurement

1a. Coal Pits
Oct 15 98 - 9:02 am

Natural (0.83%}

~Jet (20.00%)

[Other AC (4.61%)

2a. Tabernacle Dome
Oct 15 96 - 12:19pm

3a. Watchman
Oct 15 88 - 4:16pm

HMMH Project No. 295860.02

1b. Coal Pits
Oct 2398 - 8:22 am

Other AC (7.00%)

Dthet Intruding (76,79%

20, Tabernacle Dome
Oct 16 98 - 2:44pm

(25.10%)

Other AC (0.00%)

Intruding (30.87%)
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4a. Angles Landing 4b. Angles Landing
Oct 15 98 - 8:.52am Oct 2392 - 2:16pm

Natural {46.39%)

f Intrucing (43.2

5. East Mesa
Oct 19 98 - 12:41pm

.2 Distribution of Natural Ambient Levels

he natural ambient sound levels vary second to second, minute to minute, day to day and season to season.

epicting the ambient in different ways may help in understanding, and ultimately characterizing natural
nbient conditions at sites and across a park.

2.1 Ambient Leq

Ist, ambient or background Leq quantifies total natural ambient sound energy during each of the one-hour
=asurement periods. The figure below shows the distribution of measured one-hour background Leq values
‘measurement for each of the sites. The measured values vary considerably from site-to-site and from one
=asurement to another at a given site. This variation is to be expected, and to quantify the natural ambient
any site with accuracy requires several repeat visits during the time period of interest (e.g, during the months
July and August). Repeat measurements, done randomly in time, and sufficient in number, will determine
= average or median level, and the confidence limits associated with that level. (Recall that the background
’els for site 1, Coal Pits, cannot be considered to be an accurate representation of the natural background
‘els because they could be measured (heard) during only about 1 percent of each hour measured.)
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Distributions of Background Leq Values
By Measurement / Site
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Measured Background Leq, dBA
w
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1. Coal Pits 2. Tabernacle Dome 3. Watchman 4. Angles Landing 5. East Mesa

Site

3.2.2 Cumulative Distribution of Ambient Sounds

Examination of the cumulative distributions helps in understanding the variability of the ambient levels. The
fourth page of each set of measurement results (Attachment 1) provides these cumulative distributions of
measured background sound levels. The more horizontal is this plot, the more constant in sound level are the
background, ambient levels. (Ignore the distributions for Site 1.) The greater the slope, the more variable the
levels. For example, the Site 2 measurements at Tabernacle Dome show that ambient levels were considerably
higher during the second measurement than during the first. “Wind in foliage” is the dominant contributor
to the background levels (see the Adj Wind column), and, in fact, the wind speeds were higher during the
second measurement (see page 6 of each data report, Attachment 1).

One of the important uses of these cumulative distributions is that they indicate the variability of the “masking”
provided by the natural ambient. Research sponsored by NPS, the Air Force and the FAA shows that visitor
reactions to aircraft overflight sound depends upon the levels of the non-aircraft sound; the louder these
sounds, the less the adverse effect of aircraft overflights. These non-aircraft sounds cover up or “mask” the
sound of aircraft. Thus, quantifying the natural ambient for a site or an area of a park is necessary, not only
to determine the baseline natural conditions, but to aid in determining possible impacts of new intruding
aircraft overflight sounds (or of other types of intruding sounds). The cumulative distributions tell what levels

HMMH Project No. 295860.02 G:A\PROJECTS\295860.NPS\2_ZI_GLA\ZION\REPORT\MEASMEMZ WPD




Zion NP Monitoring Results - October 1998 Field Work Page 7
Rick Emenwein / Darla Sidles November 30, 1998

may be expected.
3.2.3 Ambient L,

The ambient Ly, is the level that the ambient sound levels exceed half the time. It may be thought of as the
median masking level; half the time the natural ambient will provide more masking of intruding sounds, while
half the time it will provide less masking than the Ly, The figure below presents the values of ambient Ls,
measured during each site measurement.

Distributions of Background L50 Values
By Measurement / Site

60

50

Measured Background L50, dBA

1. Coal Pits 2. Tabernacle Dome 3. Watchman 4. Angles Landing 5. East Mesa

Site

3.3 Quantifying the Ambient

In deciding how to best characterize the ambient, it should be remembered that, in terms of protecting the
natural conditions, it is the masking effect of the ambient that is important. The cumulative distributions show
graphically how much of the time the ambient provides more, or less, masking (intrusions are harder or easier
to hear). If the ambient is to be simply characterized, it should be with a metric that fairly, and in an unbiased
way quantifies the masking capability of the natural sounds. Leg, Ly, and Ly, have been considered. Lgy
represents the lowest, and infrequent level of masking provided, Ls, is the median level provided, and Leq
quantifies sound energy, rather than masking ability. When the ambient cumulative distribution shows little

HMMH Project No. 295860.02 G:\PROJECTS\295860.NPS\2_Z1_GLA\ZIOMREPORT\MEASMEMZ WPD
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varation from lowest levels to highest, then these measures vary little, one to the next. However, when the
cumulative distribution is steeply sloped or increases greatly at the higher levels due to occasional loud events,
then Leq can be strongly affected (increased) while Ly, and L, remain unchanged. The following plot shows
the difference between Leq and L, for the measurements made in Zion National Park.

Difference Between Leq and L50
Natural Ambient Levels -Zion NP

Leq - L50, dB

1a 1b - 4b
1.Coal Pits 2. Tabemacle Dome 3. Watchman 4. Angles Landing 5. East Mesa

Site

Most notable is the difference between measurements 3a and 3b. While levels were higher during the 3a
measurements, for most of the time (about 90 percent of the time) the 3a levels were about 5 dB higher than
the 3b measurements, see the respective cumulative distributions and the Ly, values. Leg, on the other hand,
was about 3 dB higher during the 3a measurements. Thus Leq under-represents the change in the masking
ability of the ambient from one Measurement to the other, because Leq is strongly affected by the loudest
sounds during the 3b measurements. It seems clear that Ly, more reasonably represents the change in the
ambient sound masking ability.

4. Comparing the Natural Ambient with Human-Produced Sounds
How can sites be quantitatively judged in terms of adverse effects of intrusions upon visitors? The NPS, Air
Force and FAA research all show that two measures of sound intrusion correlate with visitor reactions to

aircraft overflight sound: 1) the percent of the visitor’s time on-site when aircraft can be heard (termed here
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percent of time audible’); 2) the difference in the aircraft produced Leq and the background Leq (specifically,
ircraft Leq minus background Leq, termed here “sound level difference™).” Both of these are measures of the
atrusion of the aircraft sound, and depend not only upon the level, duration, frequency content, etc. of the
ircraft sound, but also upon the level, variability, frequency content, etc., of the background sound.

he research has developed different relationships (dose-response relationships) between
nd the visitor reactions to the aircraft. Because the percent of time audible and the relative sound lev are
ncorrelated, that is, have no predictable relationship to each other, they may each be uantifying
different aspect of aircraft sound intrusions. Percent of time audible tells how much of the time a visitor
buld hear aircraft, while the sound level difference relates to how loud the aircraft are in relation to the
nbient.

ures

sing the different dose-response relationships based on these two measures of the “dose” of sound, and on
sitor judgements of both the annoyance caused by the aircraft sound and the interference with natural quiet
wsed by the aircraft sound, it is possible to develop some generalized acceptability guidelines for intrusion_?
r example, by choosing values of both percent of time audible and of sound level difference that would limit
less than Y% the fraction of visitors likely to report annoyance at a moderately noise sensitive site, an
cceptability region” on the following figure is determined.* Sites that have values of both percent of time
dible and relative sound level in this region could be considered acceptable from the visitor’s perspective.’
/ similarly using other dose-response curves developed for other sites and for the question of whether or not
craft sound interfered with visitor’s enjoyment of the natural quiet (a more sensitive criterion), other areas
such a plot can be developed.

The specific way in which these measures are computed is still a matter of discussion,
However, what we wish to convey here is a general concept of how these two types of
measures may be used together to understand the relationship of intruding and natural sounds
atasite. The precise values of these measures are less important here.

Recognizing the sensitivity of establishing such guidelines, we wish to emphasize that it is a
concept we want to communicate here, not specific values for the guidelines.

It should be noted that this region is derived from average “short hike” dose-response data
reported in the NPS Report to Congress and in NPOA Report No. 93-6, “Dose-Response
Relationships Derived from Data Collected at Grand Canyon, Haleakala and Hawaii
Volcanoes National Parks.” The region also agrees with the dose-response data developed at
Bryce Canyon, as reported in FAA-AEE-98-01, “Development of Noise Dose / Visitor

Response Relationships for the National Parks Overflight Rule: Bryce Canyon National Park
Study.”

We note that visitor based reactions are but one of several types of information NPS
management will use in determining the “acceptability” of human-produced sound intrusions
at a given site or for a given area of a park.
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Site Categorization by Intrusions

100

7 = B =
-30 -20 -10 0 10 20 30 40
Leqg(aircraft) - Leq(background), dB

Percent of Time Intrusions Audible

The following plot shows three different areas, ranging from very sensitive locations where protection of the
natural ambient conditions (protection of natural quiet) is a primary concern, to the area derived above, to
relatively insensitive areas with many visitors and much visitor activity. The figure also shows where all the
measurement results from Zion National Park plot for these two measures.

The “protection of natural quiet” area is very small, extending from 0% to 5% of the time aircraft are audible,
and up to Leq(aircraft) minus Leq(background), that is sound level difference, equals 0 dB. The “limitation
of annoyance” area, discussed above, extends to 30% of the time aircraft are audible and to aircraft Leq greater
than background Leq by 5 dB. Finally, the least sensitive region, which might be termed “limiting annoyance
at busy overlooks” extends to 100% of the time audible and to aircraft Leq 15 dB greater than background
Leq.® When aircraft Leq is more than 15 dB greater than background Leq, all guidelines are exceeded.”

The values used to define the three areas were first reported in HMMH Report 290940.16,
“Fieldbook for Assessment of Aircraft Overflights,” January 1996.

The guidelines for sound intrusions shown in this figure were derived from the dose-response
data collected at sites overflown primarily by propeller and helicopter tour aircraft.
Applicability of this specific analysis to sites affected by other aircraft types or by other types
of intruding sounds is untested.
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Site Categorization by Intrusions
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If large numbers of measurements at a specific site are plotted on such a figure, a distribution will develop,
with mean or median and confidence limits. Hence, the average acceptability of a site relative to these or
similarly developed guidelines may be determined.

A final plot of the measured data is provided on the next page to emphasize the degree to which non-aircraft
sound intrusions can also affect a site. This figure plots the measured results, but the intruding sounds are not
only those produced by aircraft, but by all human-produced sources identified. Comparing the distribution of
measured site values in these two last figures shows how sites change when all intrusions are considered. It
should be noted that visitor responses to these other types of intrusions (particularly to road traffic noise) are
unknown so that acceptability cannot be judged.
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Site Categorization by Intrusions
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This presentation and analysis of measured Zion data provides a starting point for characterizing the baseline
ambient sound environment. Orderly collection of sufficient samples of sound level data, using the methods
of this initial data collection, can provide a statistically reliable characterization of not only the ambient sound
environment, but can also serve to quantify the intruding sound environment present for different areas of the

park.

HMMH Project No. 295860.02
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ATTACHMENT 1
Data Sheets for 5 Sites, Nine Measurements
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Site Description:
Park Name:  zion national park
Site Name: coal pits

Site Number: 02

Elevation: 0

Operator: r horonjeff

Start Date: 10/15/98  Start Time: 9:02:10 pm
Stop Date: 10/15/98 Stop Time: 9:21:33 am

Type Data Collected:
Sound Level: Yes
Source Identification:  Yes

Wind Speed/Direction: Yes

Equipment:

Acoustic Calibrator type B$K 4221 S/N:

Sound Level Meter type LD-820 S/N:
Microphone type B$K 4179 S/N:
Preamplifier type B$K 2660 S/N:
Wind Sensor type 1172N S/N:

File: G:\PROJECTS\295860.NPS\2_ZI_GLAZION\MEASMNTS\REALTIME\0902r288.98

Spike Removal: Yes
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885020
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Intruding Sound Level

Ild  [Description ILeg,ihr  [%Audible [Events |Good Num [Bad Num _ [Spike Num [Adj Bckg
1 lother 13.70 0.17 1 6 0 0 |-10.00
2 'scenic aircraft 20.00 14.61 \7 166 0 0 117.00
3 |commercial jet 31.00 |20.00 19 719 |0 0 30.00
4 tour buses/lodge trams  |22.00 13.19 |4 (115 0 0 121.00
5 other motor vehicles 30.00 [71.20 22 2564 0 0 10.00
6 | \ | !'
7 Intruding 8.90 |0.58 3 21 0 10 10.00
8 [Total: 3400  199.70 46 13591 | 0 30.00
Leqg 1 hour
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Background Sound Level

Id  |Description \Leg,1hr  [Equivalent |[Events |Good Num [Bad Num |Spike Num |Adj Wind
1 i -
[ 1 \ | |
3 | T +
< ? | |
5 | |
6 |
4 Background 31.00 31.00 1 10 0 0 131.00
8 Total: [31.00 1 |10 0 0 131.00
Leq 1 hour
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Sound Level, dB(A)
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Site Description:
Park Name:  zion national park
Site Name: coal pits

Site Number: 01

Elevation: 0

Operator: d sidles

Start Date: 10/23/98 Start Time: 9:22:45 pm
Stop Date: 10/23/98 Stop Time: 9:01:06 am

Type Data Collected:
Sound Level: Yes
Source |dentification:  Yes

Wind Speed/Direction: No

Equipment:

Acoustic Calibrator type B$K 4221 S/N:

Sound Level Meter type LD-820 S/N:
Microphone type B$K 4179 S/N:
Preamplifier type B$K 2660 S/N:
Wind Sensor type 1172N S/N:

File: G:\PROJECTS\295860.NPS\2_Z|_GLA\ZION\MEASMNTS\REALTIME\0922r296.98

Spike Removal: Yes
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Background Sound Level

Id  [Description Leg,1hr  [Equivalent |Events Good Num |Bad Num [Spike Num [AdjWind
T | | | |
2 Birds 128.00 128.00 13 43 |0 0 28.00
= | | | | | |
4 | | ‘
5 ‘ .
6 i . !
7 Background [13.00 |26.00 2 2 0 |0 13.00
8 Total: 28.00 | 5 145 0 0 28.00
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Sound Level, dB(A)
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Site Description:
Park Name:  zion national park
Site Name: tabernacle dome

Site Number: 03

Elevation: 0
Operator: d sidles
1S Vi

Start Date:  10/34/98 Start Time: #0:19:252m

Stop Date: 10/;{4{/98 Stop Time: +36:3t=m
Type Data Collected:

Sound Level: Yes

Source Identification:  Yes

Wind Speed/Direction: Yes
Equipment:

Acoustic Calibrator type B$K 4221 S/N: 183935

Sound Level Meter type LD-820 S/N: 123

Microphone type B$K 4179 S/N: 865133

Preamplifier type B$K 2660 S/N: 885020

Wind Sensor type 1172N S/N: 341

File: G:\PROJECTS\295860.NPS\2_ZI_GLA\ZION\MEASMNTS\REALTIME\1219r288.98

Spike Removal: Yes



Intruding Sound Level

Event Id

Id . |Descripton - lLeg,ihr - |%Audible = |Events:  |Good Num |Bad Num'  |Spike Num:|AdjBckg .
1
2 scenic aircraft 27.00 4.75 1 171 0 0 26.00
3 commercial jet 33.00 38.90 21 1400 0 0 29.00
4
5 other motor vehicles 23.00 17.30 16 622 0 0 0.00
6
Fd Intruding 15.00 1.92 30 69 0 0 8.50
8 Total: 34.00 62.80 68 2262 0 0 31.00
Leq 1 hour
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Background Sound Level

Idis Leq,ihr: |Equivalent [Events ' [Good Num [Bad Num - [Spike Num |Adj Wind '
1

2

3 water 16.00 26.00 4 149 0 0 16.00

4 wind/ear 7.90 31.00 1 6 0 0 7.80

5 wind/foliage 31.00 32.00 26 1126 0 0 31.00

6

7 Background 19.00 32.00 31 58 0 0 19.00

8 Total: 32.00 62 1339 0 0 32.00

Leqg 1 hour
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zion natlonal park tabernacle dome
100*

951 PR S ______?_____‘_,,,,,, - '”é” -~ |—=Time H|St0ry
. N— T S eeeeeeeedeeao| |—45: Intruding
‘ | 1 ——50: other motor vehicles
—55: Background
60: water

—65: wind/ear

—70: wind/foliage

—75: commercial jet
—80: scenic aircraft

801 ;
754 f
704 - H- -t
654 -1 H-H{HH -1
603 - [ HHHHT I
554 {1
sod L L
45§} |
a0l 1y
35
301
25 |
204 - H - Hi

Sound Level, dB(A)

10:30:00 10:45:00 11:00:00 11:15:00
Time



Speed, mph

—

zion national park, tabernacle dome

—
L AW

ke —
Lo ..

ke
-ml A O- i

4p
oh IR

0_'

10:20:00  10:30:00  10:40:00  10:50:00  11:00:00  11:10:00  11:20:00

Time



zion national park, tabernacle dome
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Site Description:
Park Name:  zion national park
Site Name: tabernacle dome

Site Number: 03

Elevation: 0

Operator: r horonjeff

Start Date: 10/16/98 Start Time: 2:44:17 am
Stop Date: 10/16/98 Stop Time: 8:48:35 am

Type Data Collected:
Sound Level: Yes
Source Identification:  Yes

Wind Speed/Direction: - Yes

Equipment:
Acoustic Calibrator type B$K 4221 S/N: 183935
Sound Level Meter type LD-820 S/N: 123

Microphone type B$K 4179 S/N: 865133
Preamplifier type B$K 2660 S/N: 885020
Wind Sensor type 1172N S/N: 341

File: GI\PROJECTS\295860.NPS\2_Z|_GLA\ZION\MEASMNTS\REALTIME\1444r289.98

Spike Removal: Yes



Intruding Sound Level

Id  |Description |[Leg,1hr  [%Audible [Events |Good Num [Bad Num  [Spike Num |AdjBckg |
1 other 135.00 12.40 3 |352 |0 0 |0.00
2 ! | |
3 \commercial jet |41.00 25.10 9 712 0 0 0.00
4 [tour buses/lodge trams  |25.00 0.77 11 22 0 |0 10.00
5 lother motor vehicles 135.00 17.10 113 487 10 0 10.00
6 | E
7 [Intruding 119.00 0.60 12 17 0 0 [0.00
8 |Total: [43.00 56.00 38 1590 0 0 |7.00
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Background Sound Level

Id Description " Ileq,ihr  [Equivalent |[Events |Good Num |Bad Num [Spike Num |Adj Wind
1 [ [ .
o |
< | | | ‘
4 ' | | 1
5 wind/foliage 47.00 47.00 15 1235 0 0 47.00
6 other 22.00 50.00 1 2 0 0 22.00
7 Background 27.00 147.00 12 14 0 |0 27.00
8 |Total 47.00 | 28 |1251 0 0 47.00
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zion national park, tabernacle dome
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zion national park, tabernacle dome
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zion national park, tabernacle dome
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Site Description:
Park Name:  zion national park
Site Name: watchman

Site Number: 04

Elevation: 0
Operator: d sidles

1 4
Start Date: 10/15/98 Start Time: 4:16:09 A&m
Stop Date: 10/15/98 Stop Time: 9:03:19 am

Type Data Collected:
Sound Level: Yes
Source Identification:  Yes

Wind Speed/Direction: Yes

Equipment:

Acoustic Calibrator type B$K 4221 S/N:

Sound Level Meter type LD-820 S/N:
Microphone type B$K 4179 S/N:
Preamplifier type B$K 2660 S/N:
Wind Sensor type 1172N S/N:

File: G:\PROJECTS\295860.NPS\2_ZI_GLAWZION\MEASMNTS\REALTIME\1616r288.98

Spike Removal: Yes

183935
123
865133
885020
341
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Intruding Sound Level

Id  [Description lLeq,ihr _ [%Audible [Events  [Good Num [Bad Num [Spike Num [AdjBckg |
1 other [20.00 1.61 1 558 0 0 0.00
2 scenic aircraft (17.00 0.72 1 |26 0 0 10.00
3 commercial jet {35.00 17.70 |6 1639 |0 0 133.00
4 | | ! | |
5 other motor vehicles 23.00 1.18 2 43 |0 0 18.00
6 human 18.00 0.56 2 120 0 0 0.00
7 Intruding 19.00 0.78 11 |28 0 10 8.70
8 |Total: 36.00 22.60 23 814 0 |0 33.00
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Background Sound Level

Ild [Description ILeq,thr  [Equivalent |Events 'Good Num |Bad Num [Spike Num |Adj Wind
1] | ! : ;
2 | | . | |
3 | | | |
4 ! i .
5  |wind/foliage 29.00 43.00 2 119 0 0 29.00
6 other 139.00 |39.00 9 2654 10 0 {39.00
7 Background 18.00 -141.00 9 |14 0 0 118.00
8  |[Total: 40.00 1 20 2787 0 0 140.00
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Sound Level, dB(A)

zion national park, watchman
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Site Description:
Park Name:  zion national park
Site Name: watchman

Site Number: 03

Elevation: 0

Operator: d sidles

Start Date:  10/22/98 Start Time: 9:49:38 pm
Stop Date: 10/22/98 Stop Time: 9:03:29 am

Type Data Collected:
Sound Level: Yes
Source ldentification:  Yes

Wind Speed/Direction: No

Equipment:
Acoustic Calibrator type B$K 4221 S/N: 183935

Sound Level Meter type LD-820 S/N: 123

Microphone type B$K 4179 S/N: 865133
Preamplifier type B$K 2660 S/N: 885020
Wind Sensor type 1172N S/N: 341

File: G:APROJECTS\295860.NPS\2_Z|_GLA\ZION\MEASMNTS\REALTIME\0949r295.98

Spike Removal: Yes



Intruding Sound Level

Id  [Description lLeq,ihr  [%Audible [Events  [Good Num [Bad Num [Spike Num |Adj Bckg
1 \ '
2 |scenic aircraft 29.00 |4.67 |2 1168 0 0 |28.00
3 commercial jet 34.00 [21.10 14 761 0 |0 31.00
4 | l
5 other motor vehicles 31.00 25.40 21 1914 10 |0 25.00
B |human 27.00 16.70 26 601 |0 0 0.00
i [Intruding [18.00 0.97 27 35 0 0 12.00
8 Total: 137.00 68.80 [90 2479 0 0 34.00
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Background Sound Level

id  [Description lLeq,thr  |Equivalent [Events  |Good Num |Bad Num [Spike Num [Adj Wind
1 i | \
2 |Birds 134.00 39.00 9 392 0 0 134.00
= | | |
4 1 3 1
5  |wind/foliage 131.00 34.00 19 527 0 0 31.00
6 other 28.00 36.00 7 175 0 0 28.00
7 [Background 20.00 136.00 23 28 0 0 20.00
8 |[Total: 37.00 \ 58 |1122 0 0 137.00
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Sound Level, dB(A)

zion national park, watchman
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Site Description:
Park Name:  zion national park
Site Name: angles landing

Site Number: 01

Elevation: 0

Operator: r horonjeff

Start Date: 10/16/98 Start Time: 9:52:12 pm
Stop Date: 10/16/98 Stop Time: 9:00:13 am

Type Data Collected:
Sound Level: Yes
Source Identification:  Yes

Wind Speed/Direction:  Yes

Equipment:
Acoustic Calibrator type B$K 4221 S/N: 183935
Sound Level Meter type LD-820 S/N: 123

Microphone type B$K 4179 S/N: 865133
Preamplifier type B$K 2660 S/N: 885020
Wind Sensor type 1172N S/N: 341

File: G:\PROJECTS\295860.NPS\2_Z|_GLA\ZION\MEASMNTS\REALTIME\0952r289.98

Spike Removal: Yes



Intruding Sound Level

Ild  |Description lLeq,ihr  [%Audible [Events |Good Num [Bad Num  |Spike Num [Adj Bckg
1 |other 124.00 |1.67 1 160 10 0 20.00
2| | ; i |
3 commercial jet [35.00  |5.11 13 1184 10 10 34.00
4 tour buses/lodge trams  |32.00 5.14 7 185 10 [0 28.00
5 other motor vehicles 137.00 40.60 33 1462 0 |0 |0.00
6 |human 13.00 0.17 1 6 0 0 10.00
7 Intruding 121.00 0.92 122 33 0 0 10.00
8 Total: 140.00 53.60 |67 1930 0 0 35.00
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Background Sound Level

dB(A)

Id  |Description iLed,1hr Equivalent |Events Good Num [Bad Num [Spike Num [Adj Wind
1 ‘
2 | | |
3 |
4 | ; \
5 |wind/foliage 42.00 42.00 129 1644 0 0 42.00
6 |
74 Background 23.00 41.00 25 27 0 0 23.00
8 Total: 42.00 |54 1671 0 0 42.00
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zion national park, angles landing
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zion national park, angles landing
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zion national park, angles landing
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Site Description:
Park Name:  zion national park
Site Name: angel’s landing

Site Number: 04

Elevation: 0

Operator: d sidles

Start Date: 10/23/98 Start Time: 2:16:09 am
Stop Date: 10/23/98 Stop Time: 9:05:50 am

Type Data Collected:
Sound Level: Yes
Source Ildentification:  Yes

Wind Speed/Direction: No

Equipment:
Acoustic Calibrator type B$K 4221 S/N: 183935
Sound Level Meter type LD-820 S/N: 123

Microphone type B$K 4179 S/N: 865133
Preamplifier type B$K 2660 S/N: 885020
Wind Sensor type 1172N S/N: 341

File: G:\PROJECTS\295860.NPS\2_ZI_GLAVZION\MEASMNTS\REALTIME\1416r296.98

Spike Removal: Yes



Intruding Sound Level

ild  |Description _lLeqihr _ |%Audible [Events  [Good Num [Bad Num |Spike Num JAdjBckg |
1 other 116.00 0.14 1 {5 0 0 16.60
2 [scenic aircraft 33.00 11.69 12 61 0 0 31.00
3 ‘commercial jet |33.00 13.53 13 127 |0 0 30.00
4 [tour buses/lodge trams  |40.00 112.20 115 440 |0 10 38.00
5 |other motor vehicles 42.00 23.90 |29 /859 0 0 139.00
6 (human 33.00 6.00 [11 216 0 0 14.00
7 Intruding 26.00 1.06 32 38 0 0 19.00
8 Total: |45.00 48.50 93 1746 0 0 42.00
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Background Sound Level

dB(A)

id  [Description lLeg,ihr  |[Equivalent |[Events |Good Num |Bad Num [Spike Num |Adj Wind
1 | | : |
2 |Birds 32.00 45.00 3 101 0 0 32.00
3 |water 41.00 45.00 22 767 0 0 41.00
4 |windlear 27.00 145.00 1 26 0 0 27.00
5  |wind/foliage 142.00 45.00 24 913 0 0 42.00
6 |other 19.00 47.00 13 13 0 0 119.00
7 |Background 29.00 45.00 32 45 0 0 29.00
8  |[Total: 45.00 85 |1855 0 0 145.00
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zion national park, angel’ S landlng

100+
951 | ——Time History
90! —45: Intruding
851 " 50: human
5 —55: Background
80; TR 60: water
75 1 —65: other
701 I il —70: other motor vehicles
~ 651 — 75: wind/foliage
% 601 ’ ——80:tourbuse.sllngertrams
- . —85: commercial jet
'a>§ 22’_ | —gg:sgﬁnic aircraft
o U | ' —85: other
;-'45JJ\ J" NHI iy —100 Birds
% 40: ! -105: wind/ear
g | g
30
25
20
157
101 |
. Il
0- -

02:30:00 02:45:00 03:00:00 03:15:00
Time



Site Description:
Park Name:  zion national park
Site Name: east mesa

Site Number: 04

Elevation: 0
Operator: d sidles
! 1z
Start Date:  10/48/98 Start Time: #0:41:35@m
S | B 1500
Stop Date:  10/18/98 Stop Time: +36:22am

Type Data Collected:
Sound Level: Yes
Source |dentification: Yes

Wind Speed/Direction: No

Equipment:
Acoustic Calibrator type BSK 4221 S/N: 183935

Sound Level Meter type LD-820 S/N: 123

Microphone type BSK 4179 S/N: 865133
Preamplifier type BSK 2660 S/N: 885020
Wind Sensor type 1172N S/N: 341

File: G:\PROJECTS\295860.NPS\2_Z|_GLA\ZION\MEASMNTS\REALTIME\1241r292.98

Spike Removal: Yes



Intruding Sound Level

Id - |Description = . - |Leq,1hr - [%Audible |Events . |Good Num [Bad Num _ |Spike Num |AdjBckg:
1
2 scenic aircraft 30.00 11.00 2 396 0 0 26.00
3 commercial jet 30.00 23.30 9 840 0 0 22.00
4
5
6
7 Intruding 12.00 0.39 10 14 0 0 0.00
8 Total: 33.00 34.70 21 1250 0 0 28.00
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Background Sound Level

[do¢ |Description .~ . |Leqg,1hr. - [Equivalent [Events . |Good Num:|Bad Num :|Spike Num: Adj Wind: &
3

2 Birds 30.00 47.00 2 45 0 0 30.00

3

4

5 wind/foliage 35.00 36.00 17 2158 0 0 35.00

6 other 18.00 30.00 2 133 0 0 18.00

7 Background 14.00 36.00 12 15 0 0 14.00

8 Total: 37.00 33 2351 0 0 37.00

Leq 1 hour
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Sound Level, dB(A)
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Zion Monitoring Results - October 1998 Field Work Attachment Number 2
Rick Emenwein / Darla Sidles November 30, 1998

ATTACHMENT 2
Description of LOWNOMS Produced Metrics

HMMH Project No. 295860.02 G:\PROJECTS\295860.NPS\2_Z1_GLA\ZION\REPORT\MEASMEMZ WPD



Attachment 2 - LOWNOMS Metrics Page 1
Rick Emenwein / Darla Sidles November 30, 1998

1. Description of Metrics

This section describes the metrics reported by the LOWNOMS™ system. The following information
describes the information provided in Attachment 1 for the Zion measurements.

1.1 Intruding Sound Level Metrics

Table 1 gives the column headings in the Intruding Sound Level table output, see Attachment 1.
The following paragraphs describe the information in each of the associated columns.

Table 1. Intruding Sound Level Metrics

ID | Description Leq, 1hr | % Audible | Events |Good Num |Bad Num |Spike Num | Adj Bknd

ID
This number, 1 through 8, corresponds to each of the six intruding or “I” buttons on the
button box, or to the description given in the next column.

Description
For ID’s 1 through 6, these are the descriptions for each intruding sound button used during
data acquisition. ID 7, Unidentified Intruding, is any sample collected while only the “I”
button has been pressed and no specific intruding source has been identified (pressed). ID
8 is the total for the given column.

Leq, 1hr

This is the “equivalent sound level” in dB during the one hour of measurement that is
produced by the identified intruding sound source. Itis calculated by summing the sound
energy of all the one second samples identified for that source, and averaging the result over
the hour (3600 seconds). If a sound source is heard for only a few seconds, the Leq, 1 hr can
be very small and even less than zero. Small or negative values of Leq, 1hr mean the source
was quiet and / or not heard very much of the time. Legq, 1hr is not adjusted for background
sound levels, see Adj Bknd below.

% Audible
This is the percent of the hour that the specific sound source was identified. It is Good Num
for that source divided by the Total Good Num (Intruding Sound Level) plus the Total Good
Num (Background Sound Level). Also, note the relationship of % Audible to Leq, 1hr

Events
This is the number of continuous periods when the specific sound source was identified. It
is a count of the number of times the specific button was pressed and no other button was
pressed.




Attachment 2 - LOWNOMS Metrics : Page 2
Rick Emenwein / Darla Sidles November 30, 1998

Good Num
The number of “good” 1 second samples for each ID. Samples are “bad” when there is no
identification at all, as occurs when no buttons are pushed, or when the wind speed exceeds
15 MPH. Bad samples are omitted from all calculations.

Bad Num
The number of samples when no buttons were pushed or when the wind speed exceeded 15
MPH.

Spike Num

The number of one second samples during which “spikes” were identified. A spike is initially
identified if one sample exceeds the previous sample by more than 10 dB. This sample is
averaged with the previous one to yield a criterion level for judging following samples. A
spike is deemed to last until a following sample is less than this criterion level. However, if
five or more of the following samples all exceed the criterion level, the event is judged not
a spike, but an event. This approach is intended to permit the user to remove very short, fast
rise-time events, such as occasional bird calls or car door slams.

Adj Bknd

This is the Leq, 1hr in dB with the background sound energy removed. It is intended to
account for the fact that when an intruding sound source is measured, the non-intruding
sound (or background sound) also occurs and is measured. The background Leq is first
computed for an event by extracting from the 10 minutes preceding and following each event,
all background samples. The total number of such background samples must equal or exceed
3 minutes of data. Otherwise, the search proceeds by adding one second at a time before and
after the 10 minute ranges until 3 minutes total of background sound levels are found or the
end of the measurement period is reached. The equivalent level of the background sample
is computed. This value of background sound energy is then assumed to exist for each
second during the event, and subtracted, on an energy basis, from the event samples. The
quieter intruding sources will be more affected by this adjustment than will be the louder
sources.

1.2 Background Sound Level Metrics

Table 2 gives the column headings in the Background Sound Level table output, see Attachment 1.
The following paragraphs describe the information in each of the associated columns.

Table 2. Background Sound Level Metrics

ID Description Leg, thr |Equivalent |Events [Good Num |Bad Num |[Spike Num | Adj Wind
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ID
This number, 1 through 8, corresponds to each of the six background or “B” buttons on the
button box, or to the description given in the next column.

Description
For ID’s 1 through 6, these are the descriptions for each background sound button used
during data acquisition. ID 7, Unidentified Background, is any sample collected while only
the “B” button has been pressed and no specific background source has been identified
(pressed). ID 8 is the total for the given column. No total is given for the Equivalent column.

Leq, 1hr
This is the “equivalent sound level” of the identified source in dB during the portion of the
one hour measurement period when no intruding sounds were audible. It is calculated by
summing the sound energy of all the one second samples identified for that source, and
averaging the result over the total number of good background sound samples. It is designed
to approximate the contribution of the specific background source to the entire hour, if no
intruding sounds were heard.

Equivalent .
This is what the Leq, 1hr in dB would be if only the specific background sound source were
heard for the entire hour. This metric is intended to quantify what the background sound
level would be if the specific source were heard as measured, but as if it were continuous for
the entire hour. .

Events
This is the number of continuous periods when the specific background sound source was
identified. It is a count of the number of times the specific button was pressed and no other
button was pressed.

Good Num
The number of “good” 1 second samples for each ID. Samples are “bad” when there is no
identification at all, as occurs when no buttons are pushed, or when the wind speed exceeds
15 MPH. Bad samples are omitted from all calculations.

Bad Num
The number of samples when no buttons were pushed or when the wind speed exceeded 15
MPH.

Spike Num
The number of one second samples during which “spikes” were identified. A spike is initially
identified if one sample exceeds the previous sample by more than 10 dB. This sample is
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averaged with the previous one to yield a criterion level for judging following samples. A
spike is deemed to last until a following sample is less than this criterion level. However, if
five or more of the following samples all exceed the criterion level, the event is judged not
a spike, but an event. This approach is intended to permit the user to remove very short, fast
rise-time events, such as occasional bird calls or car door slams.

Adj Wind
Wind creates sound levels at the microphone through turbulence. The microphone /
windscreen system was calibrated' and the following equation is used to compute the
approximate A-weighted sound level produced by wind blowing past the system:

L, = 2465 + 3.9 dB(4)

Where § is the five second average wind speed. This equation is applied to wind speed data
collected during each background sound level, and the resultant wind produced sound
energy is subtracted from the measured background sound energy. The result for each
background sound is given as Adj Wind which is an adjustment of Leq, 1hr, in dB.

See Anderson, G.S. er al, “Dose-Response Relationships Derived from Data collected at
Grand Canyon, Haleakala and Hawaii Volcanoes National Parks,” Appendix A, NPOA
Report No. 93-6, October 1993.
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