





MODELED AUDIBILITY CONTOURS FOR NOISE SOURCE

FIGURE 22

SOURCE

WIND FILE :
TREE TYPE :

% INVERSIONS :

170 TON TRUCK, LEVEL PEAK TEMP. : 20°C.
SUMMER DAY RELATIVE HUMIDITY : 65%
SPRUCE EXCEEDENCE PARAMETER : 15 DBA

o) SCALE : 1 DIVISION-6 KM

50%

LEGEND: % AupiBIiLITY

® SOURCE LOCATION

20% - A S G SR a 1 o% sssssaseEnsesaRS o% P N 4




Table 15. Affected areas within contours; alternate criteria study
(in km2)(see text).

0% 10% 207% 307% 40% 507%

170 Ton Level-Peak 1300 730 420 270 200 120




in band 24 at the locatiomns of the most distant citizens who complained about
the sound before the barrier was constructed. Since these people were living at
summer cottages this would seem to indicate that levels much above those of

Table 16 might result in complaints from some residents of rural areas.

Table 16

An interesting comparison is to remove the A-weighting from revised zero wind
ambient spectrum being considered here. These results are shown in Table 17.
Comparing these band levels with Figure 15 of EPA (1971) shows that this
spectrum is one that might describe the residual sound spectrum for a quiet
residential area. Thus, the 0 percent contour obtained using the revised zero
wind ambient spectrum being considered would describe the limits to which intru-
sions might be expected in quiet residential areas. The positions of the other
contours w0u1d'on1y be valid in suburban areas to the extent that wind driven

vegetation sounds were the primary cause of masking.

Table 17

A computer run for which the zero wind ambient band levels were increased to 20
dBA as discussed above was made using a 170 ton level-peak spectrum for summer

day conditions. The results are shown by Figure 23 and Table 18.

Figure 23

Table 18

It can be seen by comparison with Figure 17 that in additiom to reducing the
impacted areas, this substantial increase in the minimum levels before impact is

assessed results in a change of contour shapes. The reason for this can be seen
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Table 16. Minimum band levels for impact-revised
zero wind ambient levels.

BAND NUMBER . BAND LEVEL, dBA

20 30
21 29
22 27
23 25
24 24
25 23
26 22
27 21
28 20
29 20
30 20
31 19
32 19
33 19
34 19
35 19

36 19




Table 17. Equivalent dBL* levels for a spectrum
with a constant 20 dBA band level.

BAND NUMBER dBL LEVEL
- 20 +39
21 36
23 31
24 28
26 25
27 23
29 21
30 20
32 19
33 19
35 19
36 19

%*dBL = decibels linear (not A-weighted)



MODELED AUDIBILITY CONTOURS FOR NOISE SOURCE

FIGURE 23
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Table 18. Affected areas within contours, revised criterion
(in km2)(see text).

0% 107% 20% 30% 407 50%

170 Ton Level-Peak 780 630 540 260 120 120




from Figure 8. From this figure it can be seen that except for a band of fre-
quencies around 1000 Hz (band 30), the Qind—generated masking levels are less
than the assumed zero wind ambient levels most of the time. Since the program
substitutes the zero wind ambient levels if they are higher, most of the time
the levels for impact are those given by Table 17. The main effect of the

wind in the model then comes during the occurrence of crosswind and upwind con-
ditions which result in additional attenuation. If the inc;ease in the assumed
zero wind ambient levels had been more modest, wind generated masking would have

remained more important and the inner contours would have been subject to little

or no change, while the outer contours would have been moved in.

Neither of the particular revisions considered in this section should be con-

sidered a recommendation for any particular part of the Study Area. Instead,

they should be considered as examples of the types of modifications that might .
be useful for non-wilderness land use areas. The amount of modification 77
desirable will have to be adjusted to fit the land use. .Unfortunately, these
criteria will depend on difficult "quality of life" decisions unless it is
decided to allow this quiet environment to be degraded to the levels found in
urban areas which are governed by existing State of Minnesota standards. There
is a great need for research into criteria which can be used for various nonur- =

ban land uses. The criterion used for the impact assessment described in the

previous sections of this report is essentially a nondegradation criterion.
5.4. MEANS OF REDUCING IMPACT , =

The three basic means of controlling any noise problem are to control the
source, the path, and the receiver. Since persons not on mine property cannot B
reasonably be expected to use any form of hearing protectiom, only controls on

the first two items are possible. Path control would include the use of
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barriers or enclosures and would be especially valuable for fixed equipment.

If the source can be totally enclosed, a very large amount of reduction is
possible. For example, if an underground mine ventilating fan is installed
underground with only an air intake at the surface, the problem of fan noise can
be significantly feduced. At the Shebandowan mine there were some fans
installed in this manner and they were not significant noise sources. For sour-
ces which are fixed but which cannot be totally enclosed, noise Barriers can be
helpful. The previously discussed results for a surface mounted ventilating fan
with and without a barrier show this. By using barriers and enclosures it
should be possible to have an operating underground mine with no significant
impact beyond 5 km. Except for the previously mentioned fan, this was essen-

tially true of the Shebandowan mine.

With wide-ranging surface equipment, such as the trucks in an open pit mine,
effective barriers and enclosures of a practical size are not possible. If the
distance between a soufcg énd a barrier is large compared to the height of the
barrier, wind and temperature gradient effects will carry the sound over the
barrier. This leaves source control as the only possible means of control for

this type of equipment.

The type of source control needed to reduce off-mine-property impact is somewhat
different than that needed for OSHA noise reduction. It is primarily the low
frequency tonal components which result in impacts at points several kilometers
from the mine. This is because atmospheric absorptlon has relatively little
effect on 1ow frequency tonal components. To illustrate this fact Figure 24 is
presented. Itishows the distance to which pure tones at various frequencies
must travel before they are reduced to 10 dBA as a function of the equivalent 1-
meter levels of the source. These results are baéed on inverse square law and

atmospheric absorption. The difference between the l-meter levels and the 100~
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ft levels is 30 dBA. Thus, a l-meter level of 70 dBA is equivalent to a 100-ft

level of 40 dBA.

Figure 24

The importance of low frequency components is clearly shown by Figure 24. A
tone at 4000 Hz (band 36) with a l-meter level of 100 dBA -is reduced to 10 dBA
in less than 1.5 km while the same source level for a tome at 100 Hz (band 20)
has to travel 21 km to obtain the same reduction. Thus, for the large ore
hauling trucks, for example, the greatest range of impact will result from low
frequency exhaust tone components. It may be possible to modify these vehicles
to reduce these low frequency components if operations near sensitive areas are
being considered. Using Figure 24 it can be seen that if a tonal component at
200 Hz can be reduced from a l-meter level of 120 dBA to a l-meter level of 100

dBA, the distance to which the propagated sound will remain above 10 dBA is

reduced from 32 km to 16 km. This would reduce the impacted area by a factor of

4,

1f source controls are not practical, alternate equipment choices could be con-
sidered. For example, based on the particular equipment observed in developing
the spectra for 85 and 170 ton trucks used in the model calcuiation, the range
of impact of 170 ton trucks was much greater than-that of 85 ton trucks, with
the exception of the bed lift operation. Since the tonal coﬁponents of two
trucks are not ligely to coincide due to differences in operating conditions
which will usually exist, the range of detectability of tﬁo 85 ton trucks will
not be significantly greater than that for either of them. This is especially
true if the level-peak spectrum is used, since an increase above the level-peak
spectrum level for ome truck would then result only if the sound of both

vehicles reached a simultaneous peak for tomal components at nearly the same
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frequency. Thus, based on the particular equipment observed, an operation using
85 ton trucks would result in significantly less noise impact than one using 170

ton trucks.

Another possible procedure to reduce impacts would be to restrict the time of s
operation of the equipment. For an underground mine, for example, associated
delivery truck and railroad operations will be significant sources of noise
intrusions. To the extent possible, it would be desirable to limit the opera-
tion of these sources during sensitive summer nighttime conditions. During
summer afternoons calm conditions and temperature inversioms are unlikely.
Thus, scheduling operations during these times favors the presence of wind-
generated masking sounds and unfavorable propagation conditions which will
greatly reduce the impacted areas. Similar time restrictions for the ore
hauling trucks of an open pit operation, while possible, would have to be con- i
sidered in the light of a substantial economic impact which would result from £
having very expensive equipment stand idle. Such limitations may be necessary,
however, if maximum protection is to be given to sensitive areas, such as the

BWCA.
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