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ABSTRACT

River rapids are fairly constant and loud sounds. In order to characterize the sounds of
river rapids, sounds were measured at 11 different rapids for one to 23 hours. At rapids, natural
sounds dominate with human noise (mostly aircraft) audible a small percentage of the time.
Human noise becomes more audible the farther away from the rapid. On average, rapids were
68 dBA at 50m with a drop-off rate approximating 6 dBA with every doubling of distance. The
frequency spectrum of rapids show peaks in the 63 to 1000 Hz range. These loud sounds in the
same frequency range as aircraft can mask aircraft noise. A small relationship was found
between the technical rating of the rapid and loudness. An examination of the relationship
between water flow and loudness is inconclusive. This quick assessment of river rapids sounds
would benefit from long-term measurements at more sites.

INTRODUCTION

The Colorado River meanders 277 miles through Grand Canyon National Park, and has
more than 75 named white water rapids. The river contains alternating sections of rapids and
calm sections, with some of the most exciting and thrilling white water rafting in the world. The
rapids represent only 9 percent of the river's total length through the Grand Canyon (Stevens,
1990), but account for some of the loudest natural sounds in the river corridor.

This report documents acoustic conditions at rapids along the Colorado River which
contribute to the characterization of the baseline natural soundscape of the park. Rapids are
unique natural sounds in that their sounds are fairly constant and loud. The intensity of these
loud sounds may vary by water flow, size and length of the rapid, and exposed rocks (related to
technical difficulty, or rating, of the rapid). The sound pressure level likely decreases with
distance from the rapids.

Definitions

The following are definitions of terms used throughout this report (courtesy of the NPS
Natural Sounds Program).
Audibility: The ability of animals with normal hearing, including humans, to hear a given sound.
Audibility is affected by the hearing ability of the animal, other simultaneous interfering sounds
or stimuli, and by the frequency content and amplitude of the sound.
Decibel (dB): A logarithmic measure of sound pressure level. The decibel provides the
possibility of representing a large span of signal levels in a simple manner as opposed to using
the basic pressure unit Pascal. The difference between the sound pressure for silence versus a
loud sound is a factor of 1:1,000,000 or more, therefore it is less cumbersome to use a small
range of equivalent values: 0 to 130 decibels.
A-Weighting (dBA): Accounts for differences in human hearing sensitivity as a function of
frequency. A-weighting de-emphasizes the high (6.3 kHz and above) and low (below 1 kHz)
frequencies, and emphasizes the frequencies between 1 kHz and 6.3 kHz, in an effort to
simulate the relative response of human hearing.
Frequency: The number of times per second that the wave of sound repeats itself. It can be
expressed in cycles per second, or Hertz (Hz).
Octave: The interval between two frequencies having a ratio of 2 to 1. The octave is an
important frequency interval relative to human hearing, and octave bands are standard in
acoustic analysis. The frequency resolution in whole octave band analysis is relatively poor;
hence finer frequency resolution, most often %5 octave band analysis, is often used in acoustic
studies.
Lmin: The minimum sound pressure level for a given period.
Lmax: The maximum sound pressure level for a given period.
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Lso: The sound pressure level exceeded 50% of the time, often referred to as the median sound
pressure level. Provides a good measure of the average sound level.

Lgo: The sound pressure level exceeded 90% of the time, often used as an indicator of
background, or natural ambient, sound levels when human noise is present.

Leq: Energy equivalent sound pressure level representing the level of a constant sound over a
specific time period that has the same sound energy as the actual (unsteady) sound over the
same period.

Noise Free Interval (NFI): The continuous length of time during which silence or only natural
sounds are audible.

METHODS
Equipment and Data Collected

The primary system consists of a ANSI Type 1 microphone (PCB 377A20) and
preamplifier (Larson-Davis 902) pointing straight up on a tripod set at 1.5m above ground level
attached to a pelican case containing a Sound Level Meter (Larson-Davis 824) and laptop
(Panasonic Toughbook CF-18) which are powered by a 12V gel cell battery (Figure 1). This
system allows the collection of sound pressure levels (in decibels, dB) every second and
sample recordings of 10 seconds every 2 minutes, allowing a variety of data to be computed
(Table 1). After set-up, this system runs continuously without field personnel as long as it has
enough power.

e - - i r s A R e \%
Figure 1. Primary system setup showing microphone on tripod with windscreen,
attached to laptop and sound level meter in large pelican case, and powered by 12V gel
cell battery in small pelican case.
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A second Sound Level Meter, microphone (Larson-Davis 2650), preamplifier (Larson-
Davis 902), and tripod supplements data collected with the primary system described above. It
runs off AA batteries, is more portable, and collects sound pressure levels at the same time the
primary system is collecting data, but at a different distance from the rapid, and for one to two
hours. It does not collect recordings.

Table 1. Data collected and metrics computed.

| Data Collected Metric Computed
Sound Pressure Level (SPL) Lso, Lgo, Lmin, @and Liax for each hour and
e 1-second L4 for ¥ octave bands, 20- entire measurement period
20,000 Hz
Sound source and duration Identification of sources of sound, percent

e Observer Logs (one continuous hour) time audible, noise free interval (NFI)
¢ Digital Recordings (10 sec every 2 min)

Sample Duration

An opportunity to collect acoustic data at river rapids presented itself on the lower half
(Phantom Ranch, river mile (RM) 88 to South Cove on Lake Mead, approximately 20 miles
downstream of the RM 277 boundary of the Park) of an NPS motorized river patrol trip, 19-25
August 2006.

Water flow on the Colorado River may affect the sound level at rapids. Higher flows may
be louder because of greater quantities of water moving faster against rocks and obstacles at
rapids. Alternatively, higher flows may cause other rapids to be quieter because rocks and
obstacles are submerged. It is beyond the scope of this study to analyze this complex
relationship, but still informative to examine

The water flow of the Colorado River is highly regulated by Glen Canyon Dam (RM -15),
and corresponds to the electrical needs in a 24 hour day under an 8.23 million acre feet yearly
release pattern. The discharge wave released from the Dam takes at least a day to travel to
Phantom Ranch, the starting point of sampling. Therefore, samples starting on 8/19 were
actually of the discharge wave released on 8/18. Water release for the duration of the sample
period is presented in Figure 2. The graph shows a clear daily cycle with peak release from
15:00 to 19:00. The weekend of 8/19-20 has slightly lower release levels than weekdays.
Average water released from the Dam during the sample period was around 13,000 cubic feet
per second (cfs). Maximum release of 17,630 cfs occurred on 8/21 at 2pm; minimum release of
9,510 cfs occurred on 8/18 at 4am.

A 24 hour sample period will capture the full range of acoustic sounds with typical
discharge pattern. A shorter sample period may be possible as long as it captures the minimum
and maximum flow levels, i.e., half the 24 hour cycle. Downriver from the dam, discharge
waves change shape, complicating factors to determine the correct sample period. Finally,
water added by side canyons downstream of the Dam also change the shape of discharge
waves traveling down the canyon.

Unfortunately, the short length of the river trip does not allow long-term (two weeks or
more) data collection. One hour samples at several sites and overnight sample periods are
used to maximize data collection while traveling downriver. A long-term (24 hour) sample
period at one site allows for the definition of the acoustic curve related to water flow.
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Figure 2. Hourly discharge from Glen Canyon Dam, 18-23 August 2006.

Sample Locations

The size, length, and exposed rocks affect the acoustic conditions found at a rapid.
Sound reflection, refraction, and shielding in the canyon environment, and the curve of the river
play roles in the sounds of each rapid, as well. Sample locations are limited to the lower half of
the river (Phantom Ranch to South Cove), and by the short length in time on the river (5 days).
Finally, overnight sample locations are limited to sites with suitable campsites nearby.

A previous study of sounds at river rapids sampled Tanner (RM 68, class 4), Bright
Angel (RM 88, class 4), Granite (RM 93, class 9), Hermit (RM 95, class 9), Crystal (RM 98,
class 10), and Bass (RM 108, class 5) rapids (Spotskey, unpublished data). That study was
severely limited in scope and time. This project attempts to re-measure sounds at several of
those rapids, along with other rapids selected for geographic spread along the river, and to get a
variety of technical rating, length, and size of rapids.

On the micro-scale, sites are located in the middle section of the rapid. One system is
set up close to the high water mark and a second system 15 to 25 meters further back from
(perpendicular to) the river. While measurements at standard distances from the river centerline
would have been ideal for comparison purposes, field conditions often dictated the exact
placement of equipment.

Figure 3 and Table 2 show the locations of the twelve sites sampled along the Colorado
River below Phantom Ranch. Sites are distributed along the river corridor as much as possible.
However, rapids occur intermittently along the river, and sites may appear to be clumped. A
range of technical ratings are represented, missing only classes 1 and 4. Slightly more higher-
class rapids were sampled, with two samples each of classes 7 and 9. Sound pressure level
data was collected at all sites; recordings were collected at overnight sites.
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Table 2. Sample location, duration, and technical rating of rapids.

Site ID Name Rating River Mile Duration
19  Granite Rapid 9 94 one hour
20 Hermit Rapid 9 95 overnight
21 Schist Camp NA 96 one hour
22  Crystal Rapid 10 98 one hour
23  Waltenberg Rapid 7 112 overnight
24 122 Mile Rapid 5 122 one hour
25  Forster Rapid 6 123 one hour
26  Kanab Rapid 3 144 overnight
27  Matkatamiba Rapid 2 148 one hour
28  Upset Rapid 8 150 one hour
29 Lava Falls Rapid 10 179 overnight
30 205 Mile Rapid 7 205 24 hours

Schist Camp is not near a river rapid but was sampled to provide data for assessing
impacts from aircraft. The popular camp located along a stretch of quiet water is underneath
the Dragon corridor (air tour and general aviation), and provides a great opportunity to measure
the percent time audible of aircraft.

Figures in Appendix A show the placement of equipment relative to the river centerline
and each other. The river centerline provides an approximate distance from sound source. In a
free field environment (no reflecting or shielding surfaces) sound pressure level typically
decreases at a constant rate with every doubling of distance from the sound source. For a point
sound source such as a generator, the rate is 6 dBA (Everest, 2001); for a line sound source
such as a highway, the rate is 3 dBA (FHWA, 1980).

These inverse distance laws provide guidance, but not necessarily the rule for acoustic
conditions at river rapids. Paired sites (A and B) will determine which generalization (point or
line source) applies better to the sound source of river rapids.

RESULTS
Sound Source and Duration

Examining the observer logs and digital recordings, natural sounds are audible for 100%
of the time at all sites (Table 3). The sounds from rapids are audible 100% of the time with the
exception of Schist Camp where flowing water is audible 100% of the time. Other common
natural sounds are wind, birds, and insects.

Table 3. Percent time audible (% TA) of non-natural and natural sounds, and noise free
interval (NFI).
Distance from

river centerline % TA % TA | Mean NFI | Max NFI
Site ID_Name (m) Source* #Hrs Non-Natural Natural — (min) (min)

20A |Hermit Rapid 30 oL 2 4.2 100 13.4 40.3
20B |Hermit Rapid 50 oL 1 10.6 100 3.6 12.8
21A |Schist Camp 47 oL 1 83.1 100 0.6 2.5
21B  Schist Camp 57 oL 1 88.9 100 0.6 2.2
23A |Waltenberg Rapid 29 DR 13 0 100 NA NA
26A |Kanab Rapid 40 DR 14 0 100 NA NA
29B |Lava Falls Rapid 52 DR 11 0 100 NA NA
30B |205 Mile Rapid 66 oL 3 7.7 100 8.7 27.2

* Source of data is either from observer logs (OL) or digital recordings (DR) of 10sec every 2min
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Non-natural sounds were difficult to discern at sites near rapids. During observer
logging, some aircraft were seen but never heard. However, even with the masking sound of
the rapids, some aircraft were still heard during observer logging and made up the majority of
the non-natural sounds audible. Other occasional non-natural sounds were watercraft
(motorboats) and people (in boats on the river).

Comparison between the A and B sites of Hermit Rapid and Schist Camp reveal that
even a small increase in distance from the river causes more non-natural sounds to be audible.
That is, the masking effect of water sounds decreases with distance.

The difference in percent time audible of non-natural sounds between Hermit Rapid and
Schist Camp is significant. Both of these sites are underneath the Dragon air tour and general
aviation corridor, and are only one mile apart from each other. Numerous aircraft were seen
flying over both sites. However, the flowing water at Schist Camp does not mask the aircraft
noise nearly as much as the rapids at Hermit. In fact, it was hard to distinguish aircraft noise
from the low rumble of river rapids during observer logging, and especially from digital
recordings. The benefits of observer logging in the field where you hear in stereo, turn your
head to hear in different directions, and visually see aircraft, are not duplicated when listening to
monaural digital recordings in the office.

Another measure of audibility, NFI, shows that rapids have longer periods of only natural
sounds. The mean NFI for rapids ranges from 3.6 to 13.4 minutes, while Schist Camp has a
mean NFI of less than one minute. NFI could not be determined from the digital recording
samples (10sec every 2min) because the recordings were not continuous.

Sound Pressure Level

Sound pressure levels at each of the sample sites are presented in Table 4. Since
measurements were taken at various distances from the centerline of the river (the sound
source), the measurements are normalized to a standard distance of 50m. Normalization can
use either the point source (reduction of 6 dBA with every doubling of distance) or line source
(reduction of 3 dBA with every doubling of distance) inverse distance formulas

Point Source Line Source

Lz:L1—20*Iog? Lz:L1—10*Iog?

1 1

Where L; is the sound pressure level reported as Lsg, Lmin, OF Lmax, L2 is the normalized sound
pressure level at 50m, and d; is the measured distance of the sound equipment location from
the river centerline (source: Everest, 2001 and FHWA, 1980).

One would expect the normalized values at paired sites (A and B) to be similar because
the only difference between the sites is distance from the river centerline. An examination of the
differences (Table 5) shows that the point source normalization performs better than the line
source. For the point source normalization, all paired sites except Upset Rapid are within 3 dBA
of each other, and the average difference is zero. The line source normalization has
consistently higher values for the A sites, indicating that the reduction of 3 dBA does not
sufficiently account for the drop-off in sound pressure level with distance.

Different microhabitats may cause differences between the paired sites. Sometimes,
the B site was shielded from some of the noise of the rapids by vegetation, resulting in lower
than expected normalized sound pressure levels. However, in some cases, the B site was
closer to canyon walls picking up reflected sound, resulting in higher than expected normalized
sound pressure levels. In general, the point source reduction of 6 dBA with every doubling of
distance seems to apply. Using the point source inverse distance equation, normalized sound
pressure levels for all measured metrics are presented in Table 6.
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Table 4. Sound pressure levels.

Site ID Name # Hrs Analyzed | Distance from river centerline (m) ' Lso ' Lmin Lmax
19 Granite Rapid 1 44 77 76 78
20A Hermit Rapid 15 30 74 72 | 78
20B Hermit Rapid 1 50 69 | 67 | 71
21A Schist Camp 1 47 33*| 30 | 60
21B Schist Camp 1 57 30* 25 | 58
22A Crystal Rapid 1 27 73 72 | 74
22B Crystal Rapid 1 50 68 66 | 70
23A Waltenburg Rapid 13 29 69 | 67 | 72
23B Waltenburg Rapid 1 43 68 67 | 70
24A 122 Mile Rapid 1 18 70 69 | 73
24B 122 Mile Rapid 1 39 67 65 68
25A Forster Rapid 1 21 70 69 72
25B Forster Rapid 1 45 64 62 67
26A Kanab Rapid 14 40 70 68 | 72
26B Kanab Rapid 2 67 63 | 61 | 64
27A Matkatamiba Rapid 1 37 69 | 68 | 70
27B Matkatamiba Rapid 1 57 62 61 | 64
28A Upset Rapid 1 35 71 70 | 73
28B Upset Rapid 1 62 71| 70 | 72
29A Lava Falls Rapid 2 40 75 74 | 76
29B Lava Falls Rapid 11 52 70 68 | 72
30A 205 Mile Rapid 23 43 71 69 73
30B 205 Mile Rapid 6 66 67 65 70

* Since the Schist Camp sites were underneath the Dragon air tour corridor and non-natural sounds were

audible 83-89% of the time, Lgg was used instead of Ls, to represent the background noise level.

Table 5. Normalized Lsy at 50m for paired sites.
Point Source Normalization

Line Source Normalization

Site ID Name A B! Difference A B| Difference
20 Hermit Rapid 70 69 1 72 69 3
21 Schist Camp 32 31 1 33 31 2
22 Crystal Rapid 67 68 -1 70 68 2
23 Waltenburg Rapid 64 66 -2 67 67 -1
24 122 Mile Rapid 61 64 -3 66 66 0
25 Forster Rapid 63 63 -1 66 64 3
26 Kanab Rapid 68 65 3 69 64 5
27 Matkatamiba Rapid 66 64 2 67 63 4
28 Upset Rapid 68 73 -5 70 72 -2
29 Lava Falls Rapid 73 71 2 74 70 4
30 205 Mile Rapid 70 70 0 70 69 2
Average 0 2

Granite rapid has the loudest sound levels, with the highest normalized sound pressure
levels Lsg, Lmin, and Lmax. Lava Falls rapid has similarly high sound levels. Both these rapids

rate at technical rating 9 and 10 respectively, implying that more technically difficult rapids are
louder. In fact, an examination of rapids with technical rating of 5 or greater shows a
relationship with Lso at 50m (Figure 4). Rapids with lower technical ratings have a poorer

relationship with Lso at 50m.
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Table 6. Normalized sound pressure levels.

Technical | Normalized Normalized Normalized

Site ID Name L50 at 50m Lmin at 50m @ Lmax at 50m

19 Granite Rapid 9 76 75 77
20A Hermit Rapid 9 70 68 73
20B Hermit Rapid 9 69 67 71
21A Schist Camp NA 32* 30 59
21B Schist Camp NA 31* 26 59
22A Crystal Rapid 10 67 66 69
22B Crystal Rapid 10 68 66 70
23A Waltenburg Rapid 7 64 62 67
23B Waltenburg Rapid 7 66 66 68
24A 122 Mile Rapid 5 61 60 64
24B 122 Mile Rapid 5 64 63 66
25A Forster Rapid 6 63 61 64
25B Forster Rapid 6 63 61 66
26A Kanab Rapids 3 68 66 70
26B Kanab Rapid 3 65 64 67
27A Matkatamiba Rapid 2 66 65 67
27B Matkatamiba Rapid 2 64 62 65
28A Upset Rapid 8 68 67 70
28B Upset Rapid 8 73 72 73
29A Lava Falls Rapid 10 73 72 74
29B Lava Falls Rapid 10 71 69 72
30A 205 Mile Rapid 7 70 68 71
30B 205 Mile Rapid 7 70 68 72
excluding Schist Camp Average |68 Min 60 Max 77

* Since the Schist Camp sites were underneath the Dragon air tour corridor and non-natural sounds were
audible 83-89% of the time, Lgy was used instead of Ls, to represent the background noise level

80

y = 1.5992x + 55.497
R?=0.4875

L50 at 50m

Figure 4. Scatterplot and regression

Lso at 50m.

7 8

Technical Rating

10

analysis of technical rating of rapid and normalized
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The regression equation shows that with every one unit increase in river rapid technical
rating, there is a 1.6 dBA increase in sound pressure level; a very small increase. In addition,
the R? value indicates that 49% of the variability in sound pressure level is explained by
technical rating of the rapid. Since the technical rating is a measure of the difficulty of
navigating safely through a rapid which is influenced not only by the amount of exposed rocks,
but also by the current of the river, it is not surprising that sound pressure level is nominally
correlated.

Sound pressure levels at rapids are high in the low frequency range (Figure 5). Detailed
frequency spectra for each site are presented in Appendix B. On average, there is a slight dip
in sound pressure level in the 250 and 315 Hz %5 octave bands, but otherwise, rapid sounds
dominate the 63 to 1000 Hz frequency range. Typical aircraft that fly over the park are also
dominant in this frequency range, making it difficult to discern between noise sources when in
close proximity to the rapids. In fact, a comparison of averaged aircraft L.« frequency spectra
measured at 1,000 ft (Lee, pers. comm.) normalized to an approximate distance from receiver to
aircraft (6,000 ft for helicopter, 7,000 ft for fixed-wing) shows overlap in the lower frequencies
(Figure 6). However, normalizing the aircraft spectra to such large distances can be misleading

because it does not account for atmospheric absorption and other environmental effects on
sound propagation.
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Figure 5. Frequency spectra of rapids.

Page 11 of 23



Average fixed-wing at 7,000 ft from receiver .
Average rapids at 50 m
\ from receiver
©
>
2 l
[
S
: T
(7))
(%))
e
Q Average helicopter at 6,000 ft
8 from receiver
=]
o
n
Te} o Yo} o o Yo} o 0 o o o o o o o o o
o N - Yo} (<] AN o -~ o o Ye] o w0 o o o o
-— ™ ~— N ™ Yo o0 N o ~— o o Ye] o
~ N ™ Yol [ce] ‘CE 8

Frequency (Hz)

Figure 6. Frequency spectra of fixed-wing and helicopter aircraft compared to average
rapids showing overlap (confusion) in the lower frequencies.

For acoustic modeling, sound pressure levels at river rapids must be generalized and
extrapolated to distances where the levels will blend to the other natural ambient levels in the
Park. The average normalized sound pressure level (Lsp) at 50m for river rapids is 68 dBA
(Table 7). The general inverse distance rule of reduction of 6 dBA with every doubling of
distance allows extrapolation of sound pressure levels beyond our measurements. Comparison
with Spotskey’s unpublished data shows some agreement, although the previous generalization
shows a much more rapid decrease in sound pressure level with increasing distance from the
rapid. Unfortunately, it is not known whether Spotskey measured Lz, or a different metric (such
as Leg), the length of time measured at each site, and how distance from the sound source was
measured, making a quantitative comparison difficult. However, a key difference between this
study and Spotskey’s measurements is that he measured sound pressure level at increasing
distances from river rapids instead of extrapolating. Unfortunately, his measurements were
limited (eight sites at six different rapids) and became even sparser with increasing distance
from the rapids so that at 800m, only two sites were measured, making a generalization based
on these measurements tenuous.

Table 7. Average sound pressure levels for this study and Spotskey’s unpublished data.

Source 50m 100m 200m 400m 800m 1600m
Falzarano and Levy, 2007 68 62 56 50 44 38
Spotskey 66 54 49 40 32 No Data
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To examine the effect of water flow on sound pressure levels, graphs of sound pressure
levels at several sites over several hours (overnight or 24 hours) are presented in Figures 7-11.
The overnight sound pressure levels at Hermit and Kanab rapids show half of a wave shape,
indicating that the minimum and maximum daily sound pressure levels were likely measured.
However, sound pressure levels at the remaining long-term sites do not have a clear pattern,
and without water flow measurements at or near the acoustic measurement sites, it is difficult to
draw any conclusions. Longer term measurements would help determine if these sites conform
to a wave shape similar to the release of water from Glen Canyon Dam. However, because the
discharge wave from the Dam changes shape as it travels, and is influenced by input from side
streams, water flow measurements at acoustic measurement sites would be valuable. All of the
long-term sites vary within one or two decibels over the measurement period. This small range
indicates that while water flow may be a factor in how loud the rapids are, the influence is small.
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Figure 7. Sound pressure level over 15 hours at Site ID 20A, Hermit Rapid.
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Figure 9. Sound pressure level over 14 hours at Site ID 26A, Kanab Rapid.
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Figure 10. Sound pressure level over 11 hours at Site ID 29B, Lava Falls Rapid.
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Figure 11. Sound pressure level over the course of 24 hours at Site ID 30A, 205 Mile
Rapid.
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DISCUSSION

River rapids are unique natural sounds in that they are loud and have a fairly constant
intensity in contrast to variable but on average soft sounds of backcountry areas. In the
backcountry of the Park where natural sounds are typically 18 to 29 dBA (Ambrose, 2006),
sound pressure levels averaging 68 dBA at 50m from the river centerline at rapids are
remarkably loud. These loud sounds can mask non-natural sounds such as aircraft, especially
because the frequency spectra of sounds at rapids are similar to aircraft sounds.

While the technical rating and water flow of the rapid have some influence on sound
pressure level, other factors are clearly involved. The complex topography of the canyon
causes sound to reflect and refract in ways difficult to anticipate or model. In addition,
microhabitat differences, such as vegetation or boulders, may block, reflect, or refract sound.

A more comprehensive survey of sound pressure levels at rapids would help determine
other factors or relationships with sound pressure levels. At a minimum, sampling more rapids
for longer time periods and at various distances is suggested.
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Appendix A. Figures of sample sites relative to the river centerline.
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Site ID 28, Upset Rapid, class 8, river mile 150.
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Appendix B. Normalized frequency spectra (Lso at 50m) for each site.
Freq 19 20A 20B [21A* 21B* 22A 22B |23A 23B 24A 24B 25A |25B 26A 26B 27A 27B 28A 28B |29A 29B 30A 30B Average**

dBA 76/ 70 69/ 32 31 67 68 64 66 61 64 63 63 68 65 66 64 68 73 73 71 70 70 68
125 59 48 48/ 35 41 51 54 39 41 38 38 30 35 46 41 38 39 52 50 59 40 45 52 45
158 59, 51 52| 36 40/ 53 55/ 42 45/ 38 39| 30 35 49 46/ 40 41| 53 54| 59 42| 48 53 47
20 60 52 53 35 38 55 57 46 49 39 42 32 36, 50| 49| 44| 45 54 61 60/ 47 49| 54 49
25 62 54 55 38 41 55 59 47 50 42 45 35 40 52 51 48 48 55 65 61 47 51 56 51
315 63 56 56 39 42 58 60 48 53] 45 48 40 43 54 53 49 47 57 64 62 49 53 57 53
40 64 58 58 42 43 58 60 52 55 46 50 43 48 56 54 50 48 59 64 63/ 52 55/ 59 55
50/ 65 59| 60 42| 43 60 62 54 57 48 52 47 51 57 56 53 51 61 68 65 54 56 61 57
63 67 60 61 41 42 61 64 55 58 49 54 49 52| 59| 57| 54| 55| 61 66 67/ 55 57| 62 58
80 68 61 63 39 40 62 64 57 59 51 56 51 52 59 59 54 56 62 69 67 57 58 64 59
100 68 63 64 38 39 63 61 59 60 52 56 51 52 61 60/ 51| 54| 63/ 64 63 59 60 64 59
125/ 69 63| 63 35/ 37 63 56 60 60 54 57 50 52 61 58 53 55 63 59 62 60 60 62 59
160 68 63 63 36 37 61 56 59 59 54 57 50 54 61 55 55 53] 63 60 63 59 60/ 62 59
200 67/ 61 60/ 36 37 60 57 57 55 53 57 51 53 59 54 57 56 61 60 64 57 58 60 58
250 67, 59 57/ 35 35 61 57 55 55 50 55 53 52 57 53 58 56 58 64 64 56/ 56 58 57
315 67| 61 56 33 34 59 57 53 56/ 51 54 53 51 59 54 58 56| 57 64 64 53] 58 56 57
400 67 62| 57 31 33] 59 58/ 54 57/ 52 56| 54 52| 60 55/ 58 55| 57 64| 65 54| 59 58 58
500/ 67 62 58 30/ 31/ 59 58/ 55 58 53 57 54 53 60 56 57 55 58 64 65 55 59 58 58
630/ 67 61 58 28 28/ 59 59| 56/ 59 53 57 54 54 59 57 57 55 59 64 64 57 57 60 58
800 67| 61 59 27 25 59 59 56 58 53 56/ 54 55 59 57| 57 55| 59 64| 64 57| 57 60 58
1000 66/ 60 59 26 22 58 59 55 58 52 55 54 55/ 58 57| 57 54| 59 63| 63 55 57 60 58
1250/ 65| 59| 59 24/ 20/ 57 58 54 56 51 54 53 54 58 56 56 53 58 63 63 55 56 60 57
1600/ 64| 59| 59 22 17 56 57 53 56 50 563 52 53] 57| 55| 55| 52/ 57 62 62/ 54 55 59 56
2000/ 64 58 58 20 15 565 566 53 55 49 52 51 52| 56| 54| 54| 52/ &7 61 61 53 55 59 55
2500 63 57 57 17 13/ 54| 56/ 51 54 48 51 50 51 55 53 53 50 56 60 60 52 54 58 54
3150 62, 55 56 15 11 563 55 50 52 48 50 48 50/ 53| 51| 52| 49| 55 59 60/ 50 52| 57 53
4000/ 61| 54| 54 12 11 51 52 48 50 46 49 47 47| 52| 48| 51| 48| 53 57/ 59| 48 50/ 56 51
5000 60 52 52 11 13 49 50 46 48 44 46 45 45 50| 45| 49| 46| 52 55 57| 46 49| 54 50
6300 60 50 51 17 31 47 50 44 46 43 45 43 43 48 42| 48 44| 50 52| 56 45 47 53 48
8000 60 48 49 21 40 46/ 55 41 43 41 45 41 41 46 40 46 43 48 49 55 42 45 50 46
10000 57 46 45 160 38 42 53 36 38 38 43| 36| 35 44| 32| 42| 38 43 42 52| 37 42| 46 42
12500 51 41 38 5/ 23 36 42| 30/ 31 32 30 30 25 39 22 38 28 37 33 47 30 38 39 35
16000 45 36 27 3 15 29 29 24 20 26 19 24 14| 34| 14| 33 17/ 30 19 39 25 33 28 27
20000 36, 28 15 2 11 21 24 20 11 19 11 19 7 26| 11 27| 11 22 9 28/ 21 25/ 15 19

* Since the Schist Camp sites (21A and 21B) were underneath the Dragon air tour corridor and non-natural sounds were audible 83-89% of the
time, Lgg was used instead of Lz, to represent the background noise level.
** The average does not include the Schist Camp sites (21A and 21B).



