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KOLC(FM) Auxiliary Antenna

Carson City, Nevada  Channel 247C
Engineering Study

Facilities Proposed 

The proposed modified auxiliary antenna operation will be on Channel 247C (97.3 MHz) with a

maximum lobe effective radiated power of 20.5 kilowatts.  Operation is proposed with an array

comprised of two vertically-polarized log periodic antennas to be mounted on an existing tower with

FCC Antenna Structure Registration Number 1011093.

Statement re Directional Antenna Pattern

While the proposed auxiliary antenna facility will operate with a directional antenna, it is not

necessary to include a condition on the construction permit requiring proof-of-performance antenna

pattern measurements on the Shively 6025 antenna.  As is depicted on the attached contour map

exhibit, the ERP of the proposed facility has been designed so that even if the auxiliary antenna

were to operate omnidirectionally, the auxiliary 60 dBu contour would not exceed the main 60 dBu

contour at any azimuth.

In this regard, it should be noted that the proposed auxiliary facility will be located on the same

tower as the main KOLC antenna.

RF Exposure Calculations 

The power density calculations shown below were made using the techniques outlined in OET

Bulletin No. 65.  "Ground level" calculations in this report have been made at a reference height

of 2 meters above ground to provide a worst-case estimate of exposure for persons standing on

the ground in the vicinity of the tower.  The equation shown below was used to calculate the ground

level power density figures from each antenna.    
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Where: AdjERP(Watts) is the maximum lobe effective radiated power times the element
pattern factor times the array pattern factor. 

 
D is the distance in meters from the center of radiation to the calculation point. 

 

Ground level power densities have been calculated for locations extending from the base of the

tower to a distance of 1000 meters.  Values past this point are increasingly negligible. 

 

The antenna to be used by the auxiliary facility is not a vertical dipole, and use of the dipole

element model in FMModel dramatically overstates the ground-level power densities

produced by this antenna.   The auxiliary facility will utilize a single-level antenna (two antenna

elements pointed in opposite directions), and ground level is at least 10 wavelengths away from

the antenna.  Included with this Engineering Statement is a complete tabulation of the Shively 6025

vertical plane radiation pattern as provided by the antenna manufacturer, along with the calculated

ground-level power density from the antenna at 1 meter increments from the antenna.  A sample

calculation is provided to demonstrate that these calculations were performed correctly using

appropriate mathematical principles and the formula from OET Bulletin No. 65. The highest

calculated ground level power density from the auxiliary antenna occurs at a distance of 55 meters

from the base of the antenna support structure.  At this point the power density is calculated to be

67.9 µW/cm², which is 6.8% of 1000 µW/cm2 (the FCC standard for controlled environments).

Calculations of the power density produced by the KOLC auxiliary and the other stations at this

transmitter site are summarized in the following table:

Call
Avg or Peak ERP
Antenna Model

Relative Height
Field AGL

Calculated Max
Exposure

Occupational
FCC Limit % of Limit

KOLC(FM)
Auxiliary

20.5 kW V
SHI 6025-1-V

from 38 m
manufacturer

67.9 µW/cm² 1000 µW/cm² 6.8%

K211GA 0.010 kW H
SCA CL-FM/1

FMModel 25 m
Type 1
assumed

0.2 µW/cm² 1000 µW/cm² 0.02%

KNIS(FM)
217C

67 kW H
67 KW V
ERI SHPX-6E

FMModel 52 m
Type 3

122.7 µW/cm² 100 µW/cm² 12.3%
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K228DA 0.170 kW V
SCA (2) CA2V
0.94 wave

FMModel 15 m
Type 1
assumed

30.6 µW/cm² 1000 µW/cm² 3.1%

K249ES 0.250 kW H
0.250 kW V
SCA (2) CA2CP
0.87 wave

FMModel 30 m
Type 1
assumed

10.3 µW/cm² 1000 µW/cm² 1.0%

K263BL 0.099 kW V
BEX LOG R-FM-V

FMModel 10 m
Type 1
assumed

49.2 µW/cm² 1000 µW/cm² 4.9%

K269DB 0.250 kW H
0.250 kW V
Scala (2) CA2CP
0.87 wavelength

FMModel 11 m
Type 1
assumed

101.7 µW/cm² 1000 µW/cm² 10.2%

K293CA 0.250 kW H
0.250 kW V
SCA (2) CA2CP
0.87 wave

FMModel 23 m
Type 1
assumed

18.2 µW/cm² 1000 µW/cm² 1.8%

These calculations show that the maximum calculated power density produced at two meters above

ground level by the proposed operation of the KOLC auxiliary and the present operation of the

other stations at this site (were their maxima to coincide, which they do not) is 400.8 µW/cm2, which

is 40% of 1000 µW/cm2 (the FCC standard for controlled environments).  As was described in the

2005 renewal application BRH-20050601BNL for KOLC, the transmitter site is fenced to prevent

public access to any areas which measurements have shown to be above the FCC MPE limit for

the general population.  This is considered to be a controlled access area.  As noted in a report

which was included as an exhibit to the 2005 renewal application, Americom engineering staff

“erected a new fence to prevent public access to the area where the FCC general public MPE is

exceeded.  Appropriate signage has been installed to warn members of the general public against

attempting to gain access to this area.” 

Additionally, FM station KNIS, while located close enough to be included as a part of this study, is

located on a tower 170 meters from the KOLC tower.  The maximum calculated power density from

KNIS occurs at a point just 16 meters from that station’s tower.

The permittee/licensee in coordination with other users of the site must reduce power or cease

operation as necessary to protect persons having access to the site, tower or antenna from

radiofrequency exposure in excess of FCC guidelines.
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Sample Calculation for Single Shively 6025-1-V antenna

At 55 meters from the base of the antenna support structure, the slant distance to a point 2 meters

above ground level is 65.73 meters.  This is determined by simple trigonometry, determining the

length of the hypotenuse for a right triangle which is 55 meters along the base and 36 meters in

height (36 meters being the antenna height above ground, less 2 meters):

a2 + b2 = c2

552 + 362 = c2

c = 65.73 meters = hypotenuse

The corresponding depression angle is identical to the angle between the base and hypotenuse,

and is determined here as the inverse of the sine of the height over the hypotenuse of the right

triangle:

sin(angle) = opposite / hypotenuse

sin(angle) = 36 / 65.73

sin(angle) = 0.5477

angle = 33.21 degrees

From the vertical plane pattern tabulation for the Shively 6025-1-V antenna, the relative field value

at a depression angle of 33 degrees is 0.658, and at a depression angle of 34 degrees is 0.640. 

Interpolating between these two, we arrive at a relative field value of 0.6543 at a depression angle

of 33.21 degrees.  We use this relative field value to arrive at the adjusted ERP in watts at the

depression angle:

adjusted ERP = (watts H + watts V) (relative field squared)

adjusted ERP = (0 + 20500) (0.65432)

adjusted ERP = 8,776 watts

By plugging this value into the formula from OET Bulletin 65, we arrive at the calculated ground-

level power density:

 S W cm
AdjERP Watts

D
( / )

. ( )
µ

2

2

3340981
=

×

Where: AdjERP(Watts) is the maximum lobe effective radiated power times the element
pattern factor times the array pattern factor. 

 
D is the distance in meters from the center of radiation to the calculation point. 

 

Thus, for an adjusted ERP of 8776 kilowatts and a distance of 65.73 meters, S is calculated to

equal 67.9 µW/cm².
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Antenna: Model 6025-1-V Vertically-polarized single-bay at frequency: 98.1 MHz

Angle of 
depression

Relative field Angle of 
depression

Relative field Angle of 
depression

Relative field Angle of 
depression

Relative field

-90° 0.007 -44° 0.474 0° 1.000 46° 0.424

-89 0.009 -43 0.492 1 0.998 47 0.406

-88 0.011 -42 0.510 2 0.996 48 0.389

-87 0.013 -41 0.527 3 0.994 49 0.372

-86 0.015 -40 0.545 4 0.993 50 0.354

-85 0.017 -39 0.563 5 0.991 51 0.338

-84 0.021 -38 0.581 6 0.985 52 0.322

-83 0.024 -37 0.598 7 0.980 53 0.306

-82 0.028 -36 0.616 8 0.975 54 0.289

-81 0.032 -35 0.634 9 0.969 55 0.273

-80 0.036 -34 0.651 10 0.964 56 0.259

-79 0.042 -33 0.668 11 0.955 57 0.244

-78 0.047 -32 0.685 12 0.947 58 0.230

-77 0.053 -31 0.702 13 0.938 59 0.216

-76 0.059 -30 0.719 14 0.929 60 0.201

-75 0.065 -29 0.734 15 0.921 61 0.189

-74 0.073 -28 0.750 16 0.909 62 0.177

-73 0.081 -27 0.766 17 0.897 63 0.164

-72 0.089 -26 0.781 18 0.885 64 0.152

-71 0.097 -25 0.797 19 0.874 65 0.140

-70 0.105 -24 0.811 20 0.862 66 0.130

-69 0.115 -23 0.825 21 0.848 67 0.120

-68 0.125 -22 0.838 22 0.834 68 0.110

-67 0.135 -21 0.852 23 0.820 69 0.100

-66 0.145 -20 0.866 24 0.805 70 0.090

-65 0.156 -19 0.877 25 0.791 71 0.082

-64 0.168 -18 0.889 26 0.775 72 0.074

-63 0.181 -17 0.900 27 0.759 73 0.067

-62 0.193 -16 0.911 28 0.743 74 0.059

-61 0.205 -15 0.923 29 0.726 75 0.051

-60 0.218 -14 0.931 30 0.710 76 0.046

-59 0.232 -13 0.940 31 0.693 77 0.041

-58 0.247 -12 0.948 32 0.675 78 0.035

-57 0.261 -11 0.957 33 0.658 79 0.030

-56 0.276 -10 0.965 34 0.640 80 0.024

-55 0.290 -9 0.970 35 0.623 81 0.021

-54 0.306 -8 0.976 36 0.605 82 0.018

-53 0.322 -7 0.981 37 0.586 83 0.015

-52 0.338 -6 0.986 38 0.568 84 0.012

-51 0.354 -5 0.991 39 0.550 85 0.008

-50 0.370 -4 0.993 40 0.532 86 0.008

-49 0.388 -3 0.995 41 0.514 87 0.008

-48 0.405 -2 0.997 42 0.496 88 0.007

-47 0.422 -1 0.998 43 0.478 89 0.007

-46 0.439 0 1.000 44 0.459 90 0.007

-45 0.456 45 0.441
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Antenna: Model 6025-45 45°-polarized single-bay at frequency: 98.1 MHz

Angle of 
depression

Relative field Angle of 
depression

Relative field Angle of 
depression

Relative field Angle of 
depression

Relative field

-90° 0.102 -44° 0.664 0° 1.000 46° 0.637

-89 0.110 -43 0.678 1 1.000 47 0.623

-88 0.118 -42 0.691 2 0.999 48 0.609

-87 0.127 -41 0.704 3 0.998 49 0.595

-86 0.135 -40 0.717 4 0.997 50 0.581

-85 0.144 -39 0.729 5 0.995 51 0.567

-84 0.153 -38 0.742 6 0.994 52 0.553

-83 0.163 -37 0.754 7 0.991 53 0.539

-82 0.172 -36 0.766 8 0.988 54 0.525

-81 0.183 -35 0.778 9 0.985 55 0.511

-80 0.193 -34 0.789 10 0.981 56 0.496

-79 0.203 -33 0.801 11 0.977 57 0.482

-78 0.214 -32 0.812 12 0.973 58 0.468

-77 0.225 -31 0.822 13 0.968 59 0.454

-76 0.236 -30 0.833 14 0.963 60 0.440

-75 0.248 -29 0.843 15 0.958 61 0.426

-74 0.260 -28 0.854 16 0.952 62 0.412

-73 0.272 -27 0.863 17 0.946 63 0.399

-72 0.284 -26 0.873 18 0.939 64 0.385

-71 0.296 -25 0.882 19 0.932 65 0.372

-70 0.309 -24 0.891 20 0.925 66 0.358

-69 0.321 -23 0.899 21 0.917 67 0.345

-68 0.334 -22 0.908 22 0.910 68 0.332

-67 0.347 -21 0.915 23 0.901 69 0.319

-66 0.361 -20 0.923 24 0.893 70 0.306

-65 0.374 -19 0.930 25 0.884 71 0.294

-64 0.387 -18 0.937 26 0.874 72 0.281

-63 0.401 -17 0.944 27 0.865 73 0.269

-62 0.415 -16 0.950 28 0.855 74 0.257

-61 0.428 -15 0.956 29 0.845 75 0.245

-60 0.442 -14 0.961 30 0.834 76 0.234

-59 0.456 -13 0.966 31 0.824 77 0.222

-58 0.470 -12 0.971 32 0.813 78 0.211

-57 0.484 -11 0.976 33 0.801 79 0.200

-56 0.498 -10 0.980 34 0.790 80 0.190

-55 0.512 -9 0.984 35 0.778 81 0.180

-54 0.526 -8 0.987 36 0.766 82 0.169

-53 0.541 -7 0.990 37 0.754 83 0.160

-52 0.555 -6 0.993 38 0.742 84 0.150

-51 0.569 -5 0.995 39 0.729 85 0.141

-50 0.583 -4 0.997 40 0.716 86 0.132

-49 0.596 -3 0.998 41 0.703 87 0.123

-48 0.610 -2 0.999 42 0.690 88 0.115

-47 0.624 -1 1.000 43 0.677 89 0.107

-46 0.638 0 1.000 44 0.664 90 0.099

-45 0.651 45 0.650
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KOLC(FM) Auxiliary Antenna
Ground-Level Power Density Calculations
Using Manufacturer's Vertical Plane Pattern

SHI6025VAntenna 
Watts H (avg)0ERP
Watts V (avg)20500

meters above the reference plane36meters less 2m is38Antenna AGL

Calculated
meters from the tower55uW/cm² at67.85Maximum is



DepressionDistance
Power DensityAdjusted ERPInterpAngleHypotenuseFrom Tower

uW/cm²(watts)Rel Field(degrees)(meters)(meters)
0.031.00.00790.0036.000
0.031.00.00788.4136.011
0.031.30.00886.8236.062
0.031.30.00885.2436.123
0.093.50.01383.6636.224
0.166.40.01882.0936.355
0.2610.30.02280.5436.506
0.4618.50.03079.0036.677
0.7329.90.03877.4736.888
1.0643.70.04675.9637.119
1.4962.40.05574.4837.3610
2.1691.80.06773.0137.6411
2.86123.10.07771.5737.9512
3.69161.80.08970.1438.2813
4.82215.40.10368.7538.6314
6.08276.80.11667.3839.0015
7.42344.50.13066.0439.4016
8.88421.20.14364.7239.8117

10.66516.80.15963.4340.2518
12.62625.80.17562.1840.7119
14.53737.40.19060.9541.1820
16.55860.20.20559.7441.6821
18.971010.40.22258.5742.1922
21.261161.60.23857.4342.7223
23.671326.20.25456.3143.2724
25.971493.20.27055.2243.8325
28.491681.50.28654.1644.4126
31.211891.90.30453.1345.0027
33.722099.20.32052.1345.6128
36.112309.60.33651.1546.2329
38.402524.00.35150.1946.8630
40.912763.80.36749.2747.5131
43.253003.50.38348.3748.1732
45.423242.00.39847.4948.8433
47.543488.90.41346.6449.5234
49.603742.70.42745.8150.2135
51.393986.90.44145.0050.9136
53.234246.40.45544.2251.6237
55.084517.20.46943.4552.3538
56.774787.00.48342.7153.0839
58.245048.00.49641.9953.8140
59.585308.60.50941.2854.5641



60.805568.30.52140.6055.3242
61.905827.00.53339.9456.0843
62.896084.30.54539.2956.8544
63.786340.10.55638.6657.6345
64.576594.10.56738.0558.4146
65.266846.10.57837.4559.2047
65.887099.10.58836.8760.0048
66.527360.70.59936.3060.8049
67.017613.80.60935.7561.6150
67.367856.90.61935.2262.4351
67.578089.60.62834.7063.2552
67.678314.00.63734.1964.0753
67.778543.80.64633.6964.9054
67.858775.70.65433.2165.7355
67.838997.60.66332.7466.5756
67.719211.10.67032.2867.4257
67.589426.50.67831.8368.2658
67.479646.50.68631.3969.1259
67.309862.60.69430.9669.9760
67.0310064.80.70130.5570.8361
66.7210264.20.70830.1471.6962
66.3310453.20.71429.7472.5663
65.9010635.30.72029.3673.4364
65.4510815.30.72628.9874.3065
65.0411003.10.73328.6175.1866
64.6111188.00.73928.2576.0667
64.1511367.10.74527.9076.9468
63.6311536.00.75027.5577.8369
63.1011702.30.75627.2278.7170
62.5611866.00.76126.8979.6171
62.0112027.20.76626.5780.5072
61.4512185.90.77126.2581.3973
60.8912342.20.77625.9482.2974
60.3212496.00.78125.6483.1975
59.7512647.50.78525.3584.1076
59.1712796.60.79025.0685.0077
58.5312928.80.79424.7885.9178
57.8713055.10.79824.5086.8279
57.2113179.50.80224.2387.7380
56.5713303.10.80623.9688.6481
55.9613432.10.80923.7089.5582
55.3513559.20.81323.4590.4783
54.7413684.20.81723.2091.3984
54.1313805.80.82122.9592.3185
53.5013918.90.82422.7193.2386



52.8814030.30.82722.4894.1587
52.2614139.90.83122.2595.0888
51.6514247.90.83422.0296.0189
51.0414354.10.83721.8096.9390
50.4414458.80.84021.5897.8691
49.8514561.80.84321.3798.7992
49.2614663.20.84621.1699.7293
48.6814763.20.84920.96100.6694
48.1114861.60.85120.75101.5995
47.5414958.50.85420.56102.5396
46.9815054.00.85720.36103.4697
46.4315148.10.86020.17104.4098
45.8815239.60.86219.98105.3499
45.3115317.80.86419.80106.28100
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