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Background
GCC Energy operates the King II Coal Mine near Hesperus, Colorado. La Plata County
requested a noise study of coal haul trucks on County Road 120. County Road 120 generally
runs east-west approximately 6.5 miles from King II Coal Mine to State Highway 140. Wave
Engineering has been retained by GCC Energy to evaluate the impact of noise from semi-trucks
hauling coal on County Road 120 (CR 120) as they pass by residential properties.
A previous sound study of mine operations was completed by Engineering Dynamics, Inc. A
vibration study was completed by Matheson Mining Consultants. The studies were included in
the Summary of Analytical Activities in Response to Neighborhood Comments in Conjunction
with a Permit Expansion of GCC Energy LLC – King II Coal Mine by CDS Environmental
Services LLC, dated May 8, 2014.
The studies were reviewed by Dr. Catherine T. Aimone-Martin of Aimone-Martin Associates on
behalf of La Plata County. Dr. Aimone-Martin’s comments were presented in her report titled
Review of Noise and Vibration from CR120 Truck Traffic and Mining Operations at the GCC
Energy King II Coal Mine dated September 7, 2015. Dr. Aimone-Martin suggested additional
studies to evaluate the impact of coal mine haul truck noise on County Road (CR) 120, and to
provide additional data to aid the county in its decision making.
Wave Engineering, Inc., was retained by GCC Energy to perform an additional sound study as
suggested in Dr. Aimone-Martin’s report. Our work included background noise measurements
without coal hauling trucks running, measurements of haul trucks passing by on gravel and
paved road surfaces, and computer modeling to assess the noise impact of haul trucks on
residences along CR 120. The computer model was also used to evaluate the potential noise
mitigation offered by sound barriers, speed limitations, and limiting the hours of trucks.
Wave Engineering did not evaluate noise from mining operations at the mine itself.

Applicable Regulations and Statutes
Colorado Revised Statutes
Dr. Aimone-Martin’s report discusses problems applying the noise level limits in Colorado
Revised Statute 25-12-103. These limits are intended for sound transmission between properties
and sets permissible noise levels for various zones. Part 103 is not typically used to limit noise
from traffic on public roads.
CRS 25-12-107 Powers of Local Authorities states “Counties or municipalities may adopt
resolutions or ordinances prohibiting the operation of motor vehicles within their respective
jurisdictions which produce noise in excess of the sound levels in decibels, measured on the "A"
scale on a standard sound level meter having characteristics established by the American
National Standards Institute, Publication S1.4 1971, and measured at a distance of fifty feet from
1
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the center of the lane of travel, or fifty feet or more from a vehicle designed for off- highway use
and within the speed limits specified in this section…”
The Part 107 noise level limit applicable to semi-trucks hauling coal would be 86 dBA at a point
ƍIURPWKHFHQWHUOLQHRIWKHODQHRIWUDYHOLIWKHFRXQW\FKRVHWRDGRSWVXFKDQRUGLQDQFH

Sound Level Measurements
Overview
Long-term and short-term sound levels were measured at a total of eight locations.
The long-term measurements were made at four locations to capture background sound levels
over two consecutive days. Background sound levels are the sound levels without the sound of
coal hauling trucks. Sound level meters were set up at four locations (designated M1-M4) to
measure long-term sound levels continuously from the afternoon of Friday, December 18, 2015,
until Monday afternoon, December 21, 2015. These meters were unattended during much of the
measurement period.
The short-term pass-by sound levels of haul trucks and other vehicles were then measured (while
attended) at eight locations on Monday, December 21, 2015. The eight short-term measurement
locations included the four long-term locations (M1-M4) and four additional locations
(designated X5-X8) that were selected to represent various road and traffic conditions.

Measurement Locations
The eight measurement locations are shown in Figures 1-5.
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Figure 1: Vicinity map and measurement locations
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Figure 2: Measurement locations - western portion of study area

Figure 3: Measurement locations - eastern portion of study area
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Figure 4: Enlarged view - measurement locations M1 & M2 (on Grantham property)
Locations M1 and M2 are on the property of Mr. Gary Grantham.
/RFDWLRQ0LVƍIURPWKHFHQWHUOLQHRI&5
/RFDWLRQ0LVƍVRXWKRIWKHKRXVHDQGDSSUR[LPDWHO\ƍIURPWKHFHQWHUOLQHRIWKHURDG
CR 120 is paved with asphalt at this location. The speed limit here is 35 mph for trucks and 40
mph for cars and other vehicles.
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Figure 5: Enlarged view - measurement locations M3 & M4 (on Krall property)
Locations M3 and M4 are on the property of Mr. James Krall.
/RFDWLRQ0LVƍIURPWKHFHQWHUOLQHRI&5DQGDSSUR[LPDWHO\ƍHast of the residence.
/RFDWLRQ0LVƍVRXWKRIWKHVKRSEXLOGLQJEHKLQGWKHUHVLGHQFHDQGDSSUR[LPDWHO\ƍIURP
the centerline of CR 120. Location M4 is on a hill looking down at CR 120.
CR 120 is a gravel surfaced road with a slight grade from west to east at this location. We
understand that haul trucks are required by the mine to observe a speed limit of 10 mph in the
vicinity of residences at this point on the road. The speed limit is 35 mph for cars and other
vehicles.
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The latitude and longitude of each long-term measurement locations are listed in Table 1 below
ƍ 
Table 1: Measurement location latitude/longitude
Measurement Location

Coordinates

M1

37.258060, -108.048965

M2

37.259205,-108.049393

M3

37.259621,-108.088799

M4

37.259857,-108.089218

X5

37.256863,-108.063560

X6

37.261013,-108.075462

X7

37.255421,-108.108078

X8

37.243034,-108.133049

Locations X5-;DUHƍIURPWKHFHQWHUOLQHRI&5/RFDWLRQ;LVƍIURPWKHFHQWHUOLQH
of the GCC Energy road to King II Coal Mine.
The road at X5 is paved and has a steep grade of over 8% from west to east. The speed limit for
haul trucks at this point on the road is 35 mph, and 40 mph for cars and other vehicles.
The road at X6 is gravel with a slight grade from west to east. The speed limit for haul trucks at
this point on the road is 25 mph, but most of the trucks we observed here were traveling less than
15 mph. The speed limit for cars and other vehicles is 35 mph.
The road at X7 is gravel and relatively flat. Haul trucks are required to observe a speed limit of
25 mph at this point on the road.
The road at X8 is gravel with a hill from south to north and most traffic passed at approximately
10 mph.

Weather Conditions
Weather and meteorological conditions can influence the transmission of sound outdoors and
have a significant effect when sound travels distances greater than about 300 feet. Wind speed
and direction, and the presence of a temperature lapse or inversion, have the most influence on
sound transmission between distant points. Wind and rain can also have a significant effect on
measured sound levels due to the sound from rustling leaves, grass, rainfall, etc.
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Weather conditions have little effect on CR 120 traffic noise transmission at the locations that
DUHƍIURPWKHURDGEXWKLJKZLQGVDQGZHWURDGVFDn influence the measured sound levels.
$SRUWDEOHZHDWKHUVWDWLRQZDVLQVWDOOHGDSSUR[LPDWHO\ƍZHVWRIVRXQGPHDVXUHPHQW/RFDWLRQ
M2. Weather data were logged continuously in 15 minute intervals from approximately 11:45
a.m. on Friday, December 18, until about 4:30 p.m. on Monday December 21, 2015.
Figures 6 and 7 below show plots of temperature, relative humidity, and wind data. A complete
table of data for the three days of measurements is included in Appendix A.

Figure 6: Weather Data at M2 - Temperature and Relative Humidity
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Figure 7: Weather Data at M2 - Wind Speed & Direction
During the two days of background sound measurements, the sound of gusting wind in excess of
10 mph appears to have raised sound levels at Locations M1 and M2 from about 9:15 a.m. to
4:15 p.m. on Sunday, December 20, 2015. The effect of wind at Locations M3 and M4 appear to
be less as these locations are more sheltered from the wind.
Much of the ground was covered with snow from previous snowfalls. Approximately 3 to 5
inches of snow fell in the area on Sunday night and Monday morning. The gravel road at
Locations M3, X6, X7 and X8, was partly covered with snow and wet in the afternoons when the
temperature increased. The paved road at Locations M1 and X5 was mostly clear of snow, but
was wet during the day. Vehicle noise levels tend to be higher at high frequencies on wet roads.
It is more of a factor at speeds above 35 mph and did not appear to be a major factor during our
measurements but likely had some influence on the sound levels.

Test Equipment
The sound meters measured the average sound level as well as the minimum, the maximum, and
a series of statistical sound levels. They PHDVXUHGRFWDYHEDQGѿ-octave band sound levels, and
overall A-weighted (dBA) and C-weighted (dBC) sound levels at each measurement location.
Please refer to Appendix E for descriptions of the various sound levels measured and acoustical
terminology.
9
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The following test equipment was used.
Meter M1 – Locations M1, X6, and X8
Larson Davis Model 831 sound level meter S/N 0002878, Type 1 per ANSI S1.4
PCB preamp PRM831, S/N 021453
3&%òފPLFURSKRQH0RGHO%61
Meter M2 (Location M2)
Larson Davis Model 831 sound level meter S/N 0001119, Type 1 per ANSI S1.4
PCB preamp PRM831, S/N 026106
3&%òފPLFURSKRQH0RGHO%61
Meter M3 (Locations M3, X5, and X7)
Larson Davis Model 831 sound level meter S/N 0004081, Type 1 per ANSI S1.4
PCB preamp PRM831, S/N 036934
3&%òފPLFURSKRQH0RGHO%61
Meter M4 (Location M4)
Larson Davis Model 831 sound level meter S/N 0003663, Type 1 per ANSI S1.4
PCB preamp PRM831, S/N 029455
3&%òފPLFURSKRQH0RGHO%61
Weather Station
Davis Instruments Vantage Vue Model 6250 Weather Station (at measurement location M2) with
VHQVRUVPRXQWHGDSSUR[LPDWHO\ƍDERYHJURXQG
7KHPLFURSKRQHVZHUHILWWHGZLWKD/DUVRQ'DYLV(36(QYLURQPHQWDO6KURXGފ
cylindrical windscreen and bird spikes during the long-term unattended measurements. A
FRQYHQWLRQDOòފVSKHULFDOZLQGVFUHHQZDVXVHGIRUWKHVKRUW-term attended measurements. The
PLFURSKRQHDWHDFKORFDWLRQZDVSODFHGRQDWULSRGVRWKDWLWZDVDSSUR[LPDWHO\ƍDERYHWKH
ground at each measurement location.
System calibration was checked in the field before and after each series of measurements with a
Larson Davis CAL200 acoustic calibrator (S/N 2905). Laboratory calibration certificates for the
equipment are available upon request.

Background Sound Level Measurements
Background sound levels were measured at four locations for two full days when haul trucks
were not running, or at least were minimal. The background noise data will be used to assess the
noise impact of coal hauling trucks on residences along CR 120 (Hay Gulch Road).
Dr. Aimone-Martin suggested that a Background Noise Study be completed in the absence of
haul truck noise. Coal hauling trucks do not normally run on CR 120 on Sundays. King II Coal
Mine also stopped most coal haul trucks on Saturday, December 19, 2015, to allow two
consecutive days with limited haul truck traffic to study the background noise. I understand that
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10 semi-trucks hauling coal made trips to and from the mine on Saturday, December 19, and no
trucks ran on Sunday.
We measured sound levels continuously at Locations M1 to M4 from Friday, December 19 to
Monday, December 21, 2015, to capture the two full weekend days without haul trucks. Saturday
was not completely without trucks as 10 truck ran to and from the mine that day (during daytime
hours). Sunday was completely without trucks.
Locations M1, M2, M3, and M4 are shown on Figures 1-5. These locations were selected to
SURYLGHWZRORFDWLRQVƍIURPWKHURDGDQGWZRDWW\SLFDOGLVWDQFHVIURPWKHURDG to residences
and other structures. The background sound levels measured at these four locations should be
representative of many locations in the vicinity along CR 120 from King II Coal Mine east to
Highway 140.
The sound level meters were set up in the morning and early afternoon on Friday, December 18
and ran continuously until about 4:00 p.m. on Monday, December 21. The meters recorded
sound levels at one hour intervals and also recorded a time history of one-minute duration
measurements. The equivalent (average) sound level for each interval was recorded as well as
the minimum, the maximum, and a VHULHVRIVWDWLVWLFDOVRXQGOHYHOV2FWDYHEDQGDQGѿ-octave
band sound levels were also measured simultaneously. The meters were set to record “events”
that exceeded 62 dBA and 86 dBA. The meters at M1-M3 also saved a one minute audio file at
the top of each hour so that we could listen to the ambient sound at that time and identify
sources, and a 15 second audio file when triggered by a sound event.
Background Sound Level Data - Daily
Daily sound level metrics were also measured and are included in Tables 2 and 3 below.
The daily metrics included the Day-Night Average Sound Level (LDN). The LDN is a 24-hour
average sound level that is calculated by applying a 10 dBA penalty to nighttime noise levels
from 10:00 p.m. to 7:00 a.m.
The LDAY and LNIGHT are the average sound levels during daytime (7:00 a.m. to 10:00 p.m.) and
nighttime hours (10:00 p.m. to 7:00 a.m.) hours, respectively.
The LAEQ and the LCEQ are the A- and C-weighted equivalent sound levels during each 24 hour
period.
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Table 2: Daily Metrics at Locations M1 & M2
Measurement Location

Day

M1

Saturday
12/19/2015

M1

Sunday
12/20/2015

M2

Saturday
12/19/2015

M2

Sunday
12/20/2015

Data Set

Sound Level

LDN (dBA)
LDAY (dBA)
LNIGHT (dBA)
LAEQ (dBA)
LCEQ (dBC)
LDN (dBA)
LDAY (dBA)
LNIGHT (dBA)
LAEQ (dBA)
LCEQ (dBC)
LDN (dBA)
LDAY (dBA)
LNIGHT (dBA)
LAEQ (dBA)
LCEQ (dBC)
LDN (dBA)
LDAY (dBA)
LNIGHT (dBA)
LAEQ (dBA)
LCEQ (dBC)

54.7
51.1
47.6
50.1
55.5
50.1
48.8
41.8
47.2
58.3
41.4
39.3
33.6
37.9
53.5
41.5
42.5
29.2
40.6
60.8

Other than vehicular traffic passing on CR 120, the background sound at M1 and M2 was from
occasional traffic on CR 120, distant traffic on Highway 140 and other roads, distant aircraft,
occasional dogs barking, birds chirping, and occasional activity around the house. The sound of
melting snow dripping from the house was present during the day at M2.
As expected, the daily sound levels show that the background sound levels are much lower near
the house (ƍIURPWKHURDG WKDQQHDUWKHURDG
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Table 3: Daily Metrics at Locations M3 & M4
Measurement Location

Day

M3

Saturday
12/19/2015

M3

Sunday
12/20/2015

M4

Saturday
12/19/2015

M4

Sunday
12/20/2015

Data Set

Sound Level

LDN (dBA)
LDAY (dBA)
LNIGHT (dBA)
LAEQ (dBA)
LCEQ (dBC)
LDN (dBA)
LDAY (dBA)
LNIGHT (dBA)
LAEQ (dBA)
LCEQ (dBC)
LDN (dBA)
LDAY (dBA)
LNIGHT (dBA)
LAEQ (dBA)
LCEQ (dBC)
LDN (dBA)
LDAY (dBA)
LNIGHT (dBA)
LAEQ (dBA)
LCEQ (dBC)

52.9
51.7
44.3
50.1
59.5
51.3
51.4
41.1
49.6
57.8
44.7
44.3
35.3
42.6
54.4
39.3
36.9
31.6
35.6
49.6

Other than vehicular traffic passing on CR 120, the background sound at M3 and M4 is mostly
from distant aircraft, occasional dogs barking, birds chirping, and occasional activity around the
home and shop. The sound of melting snow dripping from the buildings was present during the
day.
$JDLQWKHGDLO\VRXQGOHYHOVDUHPXFKORZHUQHDUWKHVKRSEXLOGLQJ ƍIURPWKHURDG WKDQ
near the road.
Background Sound Level Data - Hourly
The hourly background sound data are plotted in Figures 8-11 below. The tabulated hourly data
is also provided in Appendix B.
These plots show the A-weighted and C-weighted LEQ, and the A-weighted L90 sound level. The
LEQ (equivalent sound level) for each hour is similar to the average sound level.
The L90 is the sound level that is exceeded 90% of the time. The L90 is usually close to the
minimum sound level and is used to indicate the sound level without the influence of passing
cars or other intermittent short-term events. This is why the L90 at Locations M1 and M2, and at
M3 and M4, are usually close to each other.
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Figure 8: Hourly background sound level data at M1
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Figure 9: Hourly background sound level data at M2
The L90 at M1 and M2 is as low as 20 dBA much of the night. This is extremely quiet and the
measured sound levels may be influenced by the noise floor of the instrumentation. The L90s that
are around 30 dBA during the day show that the ambient sound during the day is still very quiet
when no cars or trucks are passing on CR 120.
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Figure 10: Hourly background sound level data at M3
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Figure 11: Hourly background sound level data at M4
The background sound levels at M3 and M4 are similar to M1 and M2, but quieter for longer
periods during the day. This is likely due to the fact that this site is further from Highway 140
and has less background traffic (traffic not affiliated with the mine).
The sound levels at all four locations appear to have been influenced (increased) by wind gusts
greater than 10 mph where indicated on the figures.

Haul Truck Pass-by Measurements
Sound levels were measured as haul trucks and other vehicles passed-by on Monday, December
21, 2015. These measurements were conducted at all eight measurement locations. The intent of
these measurements was to acquire data that can be used by the county to set goals and establish
noise level criteria, and to help evaluate the impact of haul truck noise and potential mitigation
measures.
Sound levels were measured from trucks on both paved and gravel sections of CR 120, and on
flat road and hills.
All of the pass-by measurements were observed in person by a consultant from Wave
Engineering. The type of vehicle, vehicle speed, direction of travel, and time of day were
17
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recorded. A Bushnell Velocity speed gun was used to determine vehicle speed in miles/hour. The
Bushnell speed gun is not field calibrated and the measured speed values stated herein should be
considered an estimate.
The maximum A- and C-weighted sound levels were identified from the one-minute time history
measurements. The Fast response of the sound meter was used to capture the maximum sound
level of a vehicle pass-by. The octave band sound levels occurring during the maximum Aweighted sound level were recorded. The audio files from sound events were used to verify that
the maximum sound level identified from the one minute time history file was indeed from the
vehicle pass-by. The audio files were not typically available from Locations M2 and M4 since
the meters were further from the road and were not typically triggered by an event that recorded
audio.
The results of these pass-by measurements at eight locations are tabulated and charted in
Appendix C.
Discussion of Truck Pass-by Results
M1/M2
The sound levels of haul trucks and other vehicles were simultaneously measured at Locations
M1 and M2. CR 120 is a flat paved asphalt road near Locations M1 and M2. I understand that
the haul truck speed limit is 35 mph on the paved road although most trucks passed at about 30
mph. Cars and pick-up trucks often passed much faster.
Unloaded trucks were essentially the same loudness as loaded trucks. Pick-up trucks and passing
cars produced sound levels very close to those from trucks. In fact, some pick-ups were louder
than some haul trucks. This is mostly due to the higher speeds of the pick-ups and cars.
Keep in mind that the sound levels shown in the table are maximum sound levels and they
typically last for a second or less. The sound levels increase as the vehicle comes closer and
decrease as the vehicle drives away from the measurement location.
M3/M4
The sound levels of haul trucks and other vehicles were simultaneously measured at Locations
M3 and M4. CR 120 is a gravel road with a slight grade near Locations M3 and M4. Most haul
trucks passed at about 10 mph. Cars and pick-up trucks typically passed much faster. Again,
pick-up trucks and passing cars produced sound levels very close to those from haul trucks.
X5 (Paved – Hill)
Sound levels were measured from haul trucks traveling up and down the paved steep grade at
Location X5. Most haul trucks passed at 25 to 30 mph and cars usually traveled faster.
Loaded haul trucks going up the steep hill are louder (higher dBA level) than those going down
the hill, but empty haul trucks going down the hill have slightly higher low frequency sound
levels (and dBC levels). This is consistent with measurements at Location X6, where the
unloaded trucks have higher dBC levels. I can only speculate that this may be due to “oil
18
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canning” and rattling of the empty trailer walls without the damping provided by the coal in a
loaded trailer. However, this is just an educated guess based on my observations.
For your reference, a 1 to 2 dBA change of sound level is not noticeable to most people. A 2 to 3
dBA change is just noticeable. A 5 to 6 dBA change is clearly noticeable. A 10 dBA change is
perceived by most people as “half as loud” or “twice as loud.” These are rules-of-thumb but are
intended to give you an idea of what the changes mean.
Our data show that loaded trucks going uphill were about 4 dBA and 4 dBC louder than
unloaded trucks going down the hill. This may be surprising as some might expect a larger
difference, but is consistent with the source data and algorithms built into our model, at least at
the relatively slow speeds on the hill.
Why are the trucks perceived as significantly louder when traveling up the hill? Sometimes they
are. The trucks do tend to shift gears on the hill and as they crest the hill. There is a distinct
engine noise when drivers shift that is somewhat loud but also quite distinct from the steady
noise of the trucks climbing the hill. This distinct shifting noise is clearly audible in the vicinity
and is more noticeable than the steady noise of trucks climbing. The measurements of trucks
passing by and the computer model noise predictions do not necessarily tell the story of how the
shifting noise is more noticeable to residents.
We were also able to communicate with several truck drivers and ask them to travel up the hill at
approximately 10 mph so that we could assess the sound levels at this slower speed. That data is
included in the table. The data shows that trucks climbing the hill at 10 mph were about 4 dBA
quieter than trucks at 17 to 21 mph. However, some drivers expressed concern with going too
slow climbing the hill. Before reducing the speed going up the hill is considered for noise
mitigation, it should be discussed with the trucking companies and drivers to make sure that it
does not present a safety hazard for drivers or the public.
Trucks on the hill were louder on average than passing cars or pick-ups even though the cars
were typically travelling faster.
X6 (Gravel – Slight Hill – Slower Speeds)
Location X6 is on a gravel portion of CR 120 with a slight grade where most haul trucks travel
close to 10 mph. Cars and pick-up trucks typically passed faster.
Haul trucks at slower speeds on gravel road were louder than cars and pick-ups even when the
lighter vehicles are traveling faster.
X7 (Gravel – Flat – Higher Speed)
Location X7 is on a flat gravel part of CR 120 where we observed most trucks traveling 20 to 25
mph. This location was selected away from residences to measure trucks traveling faster than 10
mph.
The data from Location X7 shows that haul trucks traveling on the gravel road at 16 to 21 mph
were about 7 to 8 dBA louder than trucks traveling at 10 to 12 mph on gravel (compared to M3
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and X6). The current limit on haul truck speed to 10 mph near residences seems to be an
effective noise control measure.
At higher speeds, the haul trucks on gravel are also significantly louder than cars and pick-ups
traveling at 20 to 25 mph.
X8
Location X8 is similar to M2 and X6 where trucks are traveling on a gravel road at 10 mph. The
haul truck sound data is similar to X6 and M3 where trucks travel at similar low speeds.

Haul Truck Noise Assessment
Procedures & Criteria
Dr. Aimone-Martin recommended a “… haul truck study that focuses on the attenuation or
decrease of noise with perpendicular distance away from the road alignment under different
roadway conditions…” The report described numerous measurements at different road
conditions at many different distances from the road.
Wave Engineering made measurements of haul truck pass-bys and then used a computer noise
prediction program to calculate noise levels at numerous residences and other locations along
CR120. We generated noise contours along CR 120 from various haul truck count scenarios and
mitigation strategies.
We believe that the computer model better allows us to take into account the hilly terrain and
better study the effect of various scenarios with different truck and traffic counts, and to evaluate
barriers and other mitigation. It is very difficult to isolate one parameter at a time (e.g., truck
speed or distance from the truck) when measuring truck pass-bys in the field on real roads with
real terrain and other uncontrolled conditions. Instead, we are using established standards for
traffic sound propagation to predict sound levels.
We used Datakustik CadnaA noise prediction software to predict sound levels. CadnaA uses
German standard RLS-90 to predict sound levels from vehicle traffic. The software takes into
account non-truck vehicle traffic counts, heavy truck counts, Percentage of traffic and trucks
during the day and at night, vehicle speed, road grades, pavement type, the terrain, buildings,
walls, ground conditions, and atmospheric conditions.
We used CadnaA to predict LDN sound levels. I believe the LDN is an appropriate metric to
evaluate when considering noise impact on residents. This is a 24 hour average value that
includes a penalty for noise levels at night. The nighttime penalty is included to account for the
additional annoyance of noise at night when most people are trying to sleep.
The LDN is used by the United States Department of Housing and Urban Development (HUD) to
assess the suitability of sites for residential use. Proposed HUD-assisted projects with an LDN
below 65 decibels are “Acceptable” (see Standards in 24 CFR Part 51.103) with no stipulations.
Projects with a site LDN of 65 to 75 are “Normally Unacceptable” but are often considered if
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mitigation can reduce the interior sound level to LDN 45 dBA or lower. The HUD guidelines
apply to projects using HUD funding. They do not technically apply to this study, to the coal
mine, or the existing houses and we are using them as a reference only. Additional information is
available on HUD’s guidelines in HUD’s The Noise Guidebook. We are using the LDN metric to
assess the impact of haul truck noise on residents and various alternatives and mitigation.
We have quite a few measurements showing sound levels from individual haul truck pass-bys.
They are useful to fine-tune inputs to our model and analyze mitigation measures. In many cases
our measurements show that the sound of a car or pick-up truck is louder than a haul truck
passing because the smaller vehicles travel much faster. We believe the cumulative effect of
many trucks during a day and night is a better indicator of the noise impact to the community.

Computer Model Noise Predictions
We used CadnaA to model seven different traffic scenarios (designated Scenarios 1 – 7). The
predicted noise levels and noise contours are shown in Appendix D. Sound levels were predicted
for a distance of approximately ¼ mile from CR 120. The results for each scenario are presented
on two plots, one for the western part of the road being studied, and one for the eastern part.
Each plot shows sound level contours from traffic on CR 120. Sound levels are also called out
next to designated receiver points that are shown by the
symbol.
A receiver point is shown at most residences within ¼ mile of CR 120 from the mine to Highway
140. While it may be difficult to see at the scale shown, the receiver points are generally shown
ƍIURPWKHKRPHWRZDUGVWKHURDG:KHUHWKHKRPHVDUHYHU\FORVHWRWKHURDGWKHUHFHLYHU
SRLQWLVVKRZQQH[WWRWKHKRPH7KHUHFHLYHUSRLQWVDUHQRWVKRZQFORVHUWKDQƍWRWKH
centerline of the road. Receiver points are also shown for reference at each of the eight
measurement locations. Again, the contours shown and sound levels called out are LDN sound
levels in A-weighted decibels (dBA).
Please note that noise from traffic on Highway 140 or other roads is not included in this study
and is ignored for our purposes.
The seven scenarios use the following traffic inputs. We used the King II Coal Mine Traffic
Assessment report by Roadrunner Engineering, LLC (dated November 19, 2015) to obtain
background and mine traffic information for our analysis.
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Table 4: Traffic counts used in CadnaA computer noise model

Background Vehicle
Trips/Day
Mine Traffic –
Non-Truck
Trips/Day
Mine Traffic –
Haul Trucks/Day
Haul Truck
Trips/Day

Scenario
1

Scenario
2

Scenario
3

Scenario
4

Scenario
5

Scenario
6

Scenario
7

323

323

323

323

323

323

323

0

300

300

330

300

300

300

0

90

120

155

80

100

90

0

180

240

310

160

200

180

Scenario 1 is the background scenario and includes background traffic but no traffic associated
with the mine.
Scenarios 2 through 6 assume that 80% of the coal hauling trucks run from 6:00 a.m. to 10:00
p.m. based on information from GCC Energy. Since we define daytime as 7:00 a.m. to 10:00
p.m., we estimate that 75% of the haul trucks run from 7:00 a.m. to 10:00 p.m. In other words,
25% of the total haul truck trips are at night (10:00 p.m. to 7:00 a.m.). We assumed that all nonmine trucks run during the day.
Scenario 7 assumes the same number of trucks as Scenario 2, but all of the haul trucks run during
daytime hours and none run at night.
The following vehicle speeds were used in the computer noise prediction model.
x
x
x

CR 120 Gravel road
o Haul trucks
o Cars/SUVs/pickup trucks
CR 120 Gravel road near residences
o Haul trucks
o Cars/SUVs/pickup trucks
CR 120 Paved road
o Haul trucks
o Cars/SUVs/pickup trucks

25 mph
35 mph
10 mph
35 mph
35 mph
40 mph

We used the 35 mph speed limit as the speed in our model for haul trucks on the paved road,
including the steep hill, even though most of the trucks we observed traveled slower than 35
mph.
Scenario 1
Scenario 1 is the “background” study. It only includes cars and trucks that are not affiliated with
the mine. The Scenario 1 noise predictions at Locations M1-M4 can be compared to the actual
background noise measurements shown in Tables 2 and 3.
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The measured LDNs at M1 were 54.7 and 50.1 dBA for Saturday and Sunday, respectively, with a
log average of 53.0 dBA. The measured LDNs at M2 were 41.4 and 41.5 for Saturday and
Sunday, respectively, with a log average of 41.5 dBA. The predicted background traffic LDNs for
M1 and M2 are 54.4 and 40.8, respectively. This shows reasonably good agreement between the
predicted and measured background sound levels.
The measured LDNs at M3 were 52.9 and 51.3 dBA for Saturday and Sunday, respectively with a
log average of 52.2 dBA. The measured LDNs at M4 were 44.7 and 39.3 dBA for Saturday and
Sunday, respectively, with a log average of 42.8 dBA. The predicted background traffic LDNs for
M3 and M4 are 55.1 and 48.8, respectively. The predicted background traffic sound levels are
higher than the measured. I believe this is because we are using traffic counts measured for CR
120 near Highway 140. The background (non-mine) traffic counts are likely lower at M3/M4 but
we do not have measured counts here. The mine traffic does pass this location so the predictions
should be much better here for mine traffic than they are for the background traffic condition.
The predicted noise contours are shown on the plots in Appendix D. The legend on each plot
indicates the sound level of each colored contour line. For example, the yellow contour line is
“45 < … <= 50 dBA (LDN).” This means that the sound level at the yellow line is 50 dBA and the
sound level drops to 46 dBA outside the yellow line. The next contour line is the green 45 dBA
line.
Scenario 2
Scenario 2 models 90 trucks per day (180 trips on CR 120) which we understand is the current
number of trucks being run.
The calculated LDNs at M1 and M2 are 65.0 and 51.4 dBA, respectively. The measured
background sound level averages at M1 and M2 were 53.0 and 41.5 dBA, respectively. The
increase in sound level (LDN) due to mine traffic at M1 and M2 is 12.0 and 9.9 dBA,
respectively.
The calculated LDNs at M3 and M4 are 64.7 and 58.4 dBA, respectively. The measured
background sound level averages at M3 and M4 were 52.2 and 42.8 dBA, respectively. The
increase in sound level (LDN) due to mine traffic at M3 and M4 is 12.5 and 15.6 dBA,
respectively.
We expect the impact along the length of CR 120 to be similar to these four locations (M1-M4)
with variation according to distance from the road. With Scenario 2, all of the homes along CR
120 are within the HUD Acceptable limit of LDN 65 dBA or less except for the closest structure
on the McCue property, which is at 66.2 dBA. Other homes close to the road are right at the 65
dBA limit.
The daily average noise levels at homes along the road are significantly louder with the mine in
operation than without.
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Scenario 3
Scenario 3 models 120 trucks per day which is consistent with the mine’s goal for 2016/2017
production levels.
The calculated LDNs for Scenario 3 at M1 and M2 are 66.1 and 52.4 dBA, respectively. These
levels are only about 1 dBA higher than Scenario 2 (90 trucks).
The calculated LDNs for Scenario 3 at M3 and M4 are 65.6 and 59.3 dBA, respectively. These
levels are also only about 1 dBA higher than Scenario 2.
Under Scenario 3, the sound levels at three more homes (total of four) closest to the road move
just into HUD’s Normally Unacceptable range without additional mitigation.
Scenario 4
Scenario 4 models 155 trucks per day which is consistent with the mine’s goal for increased
production by 2020. The non-truck vehicle count also increased slightly to account for the
projected increase in mine employees, however, I did not increase the background traffic levels
(for 2020) so that we can better evaluate the impact of haul trucks and mine traffic.
The calculated LDNs for Scenario 4 at M1 and M2 are 67.0 and 53.4 dBA, respectively. These
levels are about 1 dBA higher than Scenario 3 (120 trucks), and about 2 dBA higher than
Scenario 2 (90 trucks).
The calculated LDNs for Scenario 4 at M3 and M4 are 66.6 and 60.3 dBA, respectively. Again,
these levels are about 1 dBA higher than Scenario 3 (120 trucks), and about 2 dBA higher than
Scenario 2 (90 trucks).
The sound levels at a total of four homes closest to the road are in HUD’s Normally
Unacceptable range without additional mitigation, with the highest at about 68 dBA.
Scenario 5
Scenario 5 models 80 trucks per day which we understand is the limit that La Plata County is
proposing until Phase 2 road improvements are made.
The sound levels along the road are within about 0.5 dBA of those for the existing condition
shown in Scenario 2 (90 trucks). The sound levels are slightly lower but virtually
indistinguishable from Scenario 2. All homes are in the HUD Normally Acceptable range.
Scenario 6
Scenario 6 models 100 trucks per day which we understand the county is proposing as a limit
until Phase 3 road improvements are made.
The predicted sound levels along the road are with about 0.6 dBA of those for the existing
condition shown in Scenario 2 (90 trucks). The sound levels are slightly higher but virtually
indistinguishable from Scenario 2. All homes are in the HUD Normally Acceptable range.
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Scenario 7
Scenario 7 has the same traffic counts as Scenario 2, but all of the trucks run during daytime
hours only (7:00 a.m. to 10:00 p.m.). Again, we chose to use Scenario 2 traffic counts for
evaluation, but the effectiveness will be similar and potentially greater for the scenarios with
higher numbers of trucks.
The calculated LDNs at M1 and M2 with no trucks at night are 61.3 and 47.6 dBA, respectively.
The measured background sound level averages at M1 and M2 were 53.0 and 41.5 dBA,
respectively. The increase in sound level (LDN) due to mine traffic at M1 and M2 is 8.3 and 6.1
dBA, respectively.
The calculated LDNs at M3 and M4 are 61.5 and 55.2 dBA, respectively. The measured
background sound level averages at M3 and M4 were 52.2 and 42.8 dBA, respectively. The
increase in sound level (LDN) due to mine traffic at M3 and M4 is 9.3 and 12.4 dBA,
respectively.
With Scenario 7, all of the homes along CR 120 are within the HUD Acceptable limit of LDN 65
dBA. Other homes close to the road are right at the 65 dBA limit. Even under Scenario 4 with
the highest number of trucks, it appears that all homes would remain within the 65 dBA limit
with no trucks at night.
Even when there are no trucks at night, the daily average noise levels at homes along the road are
significantly louder with the mine in operation than without.
Scenario 2 with barriers added
Scenario 2 was also used to evaluate the sound attenuation provided by barriers at three
locations. We chose to use Scenario 2 for evaluation but their effectiveness will be
approximately the same for any of the haul truck scenarios.
We evaluated the effectiveness of noise barriers at 2541 CR 120 (McCue property), at 3230 CR
120 (Hunzeker property), and on the north side of CR 120 along the steep hill. Please refer to the
enlarged CadnaA plots in Appendix D. We evaluated these locations because they are
specifically referred to in a December 17, 2015 letter from La Plata County to GCC Energy.
These barrier locations should be representative of the effectiveness of barriers at other locations
with homes at similar distances from the road.
:HPRGHOHGEDUULHUVWKDWDUHƍKLJKDQGORFDWHGRXWVLGHWKHHVWLPDWHGULJKW-of-way (on the far
side of the drainage ditch). Barriers could be constructed of wood, concrete, brick or masonry,
PVC, metal, or other materials. At the residences, the model includes a break in the barriers
across the driveway or road access to each residence. The opening limits the effectiveness of the
barriers and is a common problem with road barriers that must have openings for road
intersections or access points. You will see on the enlarged plots that some of the receiver points
are located near the break in the barrier. The barrier attenuation is less at this point but generally
slightly better as you move away from the break as you can see from the noise contours.
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Another limitation of barrier performance is the length of the barrier. Sound from the road will
travel around each end of the barrier, so the barriers must extend well past the home in question
in each direction.
In general, a higher barrier is better. The barrier must block the line-of-sight from the noise
source to the noise receiver for it to have any benefit. If someone at a home on a hill can look
down over the barrier and see the road, the barrier is not doing much good.
The barriers in the model are reflective barriers. It is possible to design and build barriers with
sound absorbing surfaces to prevent additional sound reflections towards the opposite side of the
road (opposite the side receiving the benefit) if this is a problem.
Most of the homes on the north side of the steep hill are already screened from the road by
topography. If the receiver is already screened from the road, then the additional reduction
provided by the barrier may be less noticeable.
Barriers are most effective when they are closer to either the source (the road) or the receiver.
The barriers are likely to be more effective for homes that are close to the road. I understand that
noise barriers must be placed outside the drainage ditches, but that also reduces their
effectiveness or requires them to be higher.
7KHƍKLJKEDUULHUVDUHVKRZQRQWKH&DGQD$SORWVDVDUHGOLQH&RPSDULQJWKH³6FHQDULR–
with barriers” plots to the base “Scenario 2” plots shows the noise reduction provided.
At the Hunzeker residence, the barrier provides about 6 dBA of reduction at a point near the
house. You can also see that the brown 55 dBA contour is drawn closer to the road in the
immediate vicinity of the barrier, showing that the traffic sound level is reduced in this area. This
area could be extended by making the barrier longer in each direction. The reduction could be
made greater near the house if the driveway access was moved further from the home.
At the McCue residence, the noise is reduced almost 10 dBA at the closest structure. Again, you
can see the 55 dBA contour drawn closer to the road indicating the area where noise is reduced.
The yellow 50 dBA contour is changed less, showing that less noise reduction is achieved at the
structures that are further from the road.
The barriers provide a noticeable noise reduction at these two homes that are relatively close to
the road. A detailed design would have to be performed to optimize the barrier location and
height to provide the best reduction for each resident, but the model shows that they can be
effective.
For homes further from the road, the barriers will be less effective.
Looking at the three homes north of the barrier along the steep hill, you can see that virtually no
noise reduction is gained from this barrier.
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Scenario 2 with 25 mph speed limit on trucks
Scenario 2 was also used to evaluate the sound attenuation provided by limiting the speed of
trucks to 25 mph on the paved portion of CR 120. We chose to use Scenario 2 for evaluation but
their effectiveness will be approximately the same for any of the haul truck scenarios.
The calculated LDNs at M1 and M2 with the lower truck speed limit are 63.6 and 49.9 dBA,
respectively. These sound levels are about 1.5 dBA lower than the Scenario 2 sound levels
calculated using the current truck speed limit of 35 mph.
The calculated LDNs at M3 and M4 and other locations along the paved road are unchanged.

Potential Noise Mitigation Measures
We have evaluated several potential mitigation options with the computer model and the results
are described above.
When considering traffic noise mitigation it is necessary to discuss the primary sources of haul
truck noise. Vehicle noise typically comes from two main sources, the engine/transmission
system, and the tires meeting the road surface. In the case of slow moving semi-trucks, the rattles
and other noise from the truck and trailer body itself also produce a fair amount of noise.
As a rule of thumb, engine and transmission noise is the most significant source at speeds less
than about 30 mph 1. At some point above 35 mph, tire noise begins to overtake engine noise and
eventually becomes dominant at higher speeds. On CR 120 we are dealing mostly with truck
speeds of 35 mph or slower. Tire noise does not seem to be the major source of noise even on the
flat paved road.
Barriers can reduce both tire noise and engine and trailer noise if they are high enough.
We also commented on limiting truck speed which has already been particularly effective on the
gravel road surface.
Limiting truck trips at night is a way to reduce the overall impact but not noise from individual
trucks.
Dr. Aimone-Martin described a number of truck noise mitigation measures on Pages 22 and 23
of her report. We were asked to comment on these measures by GCC Energy.
x

“Exhaust silencers/mufflers required on all exhaust systems – (3 dBA reduction)”
I understand that GCC Energy has agreed to implement this.

x

1

“Encapsulating or insulating entire engine while improving combustion chamber
efficiency (4 dBA reduction)… Use of acoustical foams or barriers of flexible vinyl, metal

Harris, Cyril M. Handbook of Acoustical Measurements and Noise Control (3rd Edition), Ch. 48. McGraw-Hill. 1998.
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foils, or cotton materials to reduce noise outside the audible range and improving the
fuel pump.”
While in theory these measures may be able to reduce a component of engine noise, the
materials and techniques do not appear to be available to implement on a large scale with
many different models of trucks from different trucking companies. Therefore, these
measures do not appear to be practical on a large scale at this time.
x

“Use low-noise tire tread to change the tonal qualities from the road base (4 to 5 dBA
reduction above 1000 Hz)… Replace bias ply tires with radial tires and use randomized
tread patterns to avoid tonal noise (noise of one tone) from tires especially during
extreme acceleration conditions.”
I understand that all or most of the trucks are currently using radial tires in lieu of bias ply
tires.
From our measurements and observations, tonal noise from tires does not appear to be an
issue from haul trucks. Again, this tends to be more of an issue at higher speeds. Special
randomized tire tread patterns would likely not significantly reduce noise further at
speeds less than 35 mph.

x

“Replace older trucks. It is well known that noise emission of vehicles increases with age
and wear.”
In general we agree with the statement, but how much reduction is achieved will vary
widely. We will leave it to GCC Energy to comment further on feasibility.

x

“Restrict the use of exhaust brakes... “Jake brakes” (Jacobs engine brakes) are often
perceived as very noisy and when this type of brake is applied, a sudden and extremely
loud, sharp sound with a very special temporal pattern may occur. The noise can be
especially annoying in poorly muffled or unmuffled exhaust systems, systems that have
been illegally modified or poorly maintained, and/or truckers who simply enjoy making
noise.”
I understand that “jake brakes” are already forbidden on this stretch of CR 120. I did not
observe or hear them in use while in the area, but if this is a recurring problem, then
signage may be warranted.

x

“GCC-stipulated noise standards for trucks as a condition of contract to haul coal…It is
recommended that GCC require a reasonable minimum noise output of trucks at a given
distance from the roadway for uphill and downhill travel at various speed as a
compliance stipulation for contract, require a traffic control plan from contractor,
specify tire type and design, and restrict maximum truck age, and so forth.”
We will defer to GCC Energy to respond. However, all of the trucks that we measured
were well below the State of Colorado noise level limit of 86 dBA (CRS 25-12-107). We
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did not notice any one truck that was significantly louder than others. Making sure that
trucks are well maintained with proper exhaust mufflers will likely avoid this. GCC could
consider employing a limit (lower than the Colorado limit) RISHUKDSVG%$DWƍIURP
the centerline of the road.
x

“Noise reducing asphalt road overlays have been effective in reducing road noise for
heavy trucks; a number of these design mixes include the following: Porous asphalt (3 to
5 dBA reduction)…. Stone Mastics Asphalt (SMA) (2 to 3 dBA reduction)… Research
regarding pavement influence on noise levels has been an ongoing process. In general,
the use of certain types of asphalt surfaces have been shown to provide noise reduction
benefits to properties up to 200 to 300 feet from highways. Long-term benefits are still
being evaluated…”
While some asphaltic pavements have shown potential for noise reduction, they tend to
lose their acoustic performance over time as the pores fill with dirt and rubber. Because
tire noise does not appear to be the major noise source from haul trucks at speeds less
than 35 mph, we believe that the use of quieter asphalt pavements is unlikely to yield
significant noise reduction.

x

“Soil berms and deflection barriers (3 dBA reduction)
o Such berms and barriers are of limited benefit and the pros and cons are outlined
below.
o are aesthetically pleasing
o where houses are close to the road, berms will take up a larger footprint than
walls (a 3:1 slope is needed for stability)
o houses higher in elevation than the roadway above receive deflected noise
enhancement
o Barriers must have wide openings for visual safety for access that will diminish
the effectiveness of a barrier
o noise barriers are not typically constructed for isolated homes
o the benefit-cost ratio is the reduction in noise level divided by the cost distributed
among the number of residents. The benefit-cost to isolate one home over long
distances may become excessive
o if trucks have elevated exhaust outlets, noise barriers may be less effective”

We have evaluated barriers as a noise control measure in several locations. Berms and
barriers can be effective at certain locations, particularly where the homes are closest to
the road. We agree with the comments and difficulties noted by Dr. Aimone-Martin
above.
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x

“Vegetation - adding trees, dense tall bushes along the roadway
Vegetative cover and tree do little good to reduce vehicle noise and are not recommended
for consideration for this Project.”
Agreed. Adding vegetative cover will not reduce noise.

x

“Simply eliminate truck hauling after 10 pm at night to reduce the annoyance factor
during community nighttime sleep times.”
We evaluated this suggestion under traffic Scenario 2 of the computer model. Operational
controls such as this do have potential to reduce the noise impact on residents.

Conclusions
Wave Engineering evaluated the impact of noise from coal hauling trucks on residents along CR
120, and potential ways to reduce the noise impact. There does not appear to be a county or state
code or ordinance that currently limits noise levels from trucks. Colorado Revised Statutes 2512-DOORZVFRXQWLHVWROLPLWKHDY\WUXFNQRLVHOHYHOVWRG%$ƍIURPWKHFHQWHUOLQHRIWKH
lane of travel. All of the trucks that we measured were well below this level.
We measured background sound levels at four locations on two consecutive days. On one day,
the mine truck traffic was greatly reduced, and on the second day there was no mine haul truck
traffic. The background sound levels were referenced as the baseline ambient sound levels
without traffic associated with King II Coal Mine.
The sound levels of coal hauling trucks and other vehicles passing by were measured at eight
different locations. The locations were selected for a variety of road conditions and truck speeds.
The sound levels of individual haul trucks were often not noticeably louder than cars and pickup
trucks passing the same point at higher speeds, but trucks are a significant percentage of the
overall traffic and currently operate, at a reduced rate, late at night and during early morning
hours. The sound of trucks changing gears on the steep hill, especially near the base and near the
crest of the hill, is distinctly audible in the vicinity.
A computer model was used to predict sound levels under current haul truck traffic and various
options for future truck traffic. The model was also used to evaluate potential ways to reduce the
noise impact on residents, including noise barriers, truck speed limits, and limiting trucks to
daytime hours. We assessed the noise impact using the Day-Night Average Sound level and
HUD residential site acceptability criteria as a guideline.
Under the current truck counts and road conditions, one home exceeded HUD’s limit for
Normally Acceptable. Under the worst case future truck traffic projected for the year 2020, we
predict that four homes are in the Normally Unacceptable range. HUD allows mitigation by
taking practical measures to modify the home (to reduce interior noise levels) or to reduce noise
levels outdoors.
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We found that noise barriers can be effective for homes that are close to the road. Noise walls
limit visibility of the road and distant views. Different residents may want barriers and other may
not, so the county should determine the consensus of opinions if these options will be pursued.
Reducing truck speed from 25 mph to 10 mph significantly reduces the noise level of haul
trucks, and this has already been implemented by GCC Energy. Reducing truck speed on the
paved portion of CR 120 from 35 to 25 mph provides a very small noise reduction.
Limiting haul trucks to daytime hours can significantly reduce the noise impact for residents. We
have not evaluated the economic impact of any of these noise mitigation measures.
We appreciate the cooperation of Mr. James Krall and Mr. Gary Grantham to allow our access
on their properties for this work.
My professional resume is attached for your reference.
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