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Cal.net, Inc. - Proposed Fixed Wireless Communications Facility 
Site Name: Auburn Lake Trails Water 

2151 Angel Camp Ct., Cool, 95614 

1. Introduction 

Cal.net, Inc., a fixed-wireless Internet service provider, is proposing to install a group of antennae on a 
municipal water tank located at 2151 Angel Camp Ct., Cool, 95614 (APN # 073-231-06). These antennae 
will enable the delivery of high-speed wireless Internet service to the Northern El Dorado County area, in 
fulfillment of the mandates of an infrastructure grant awarded to Cal.net by the California Public Utilities 
Commission in 2016. 

This report is an analysis of the radio frequency ("RF") environment surrounding the proposed installation. 
This report shall serve to ensure compliance with the appropriate guidelines of the Federal Communications 
Commission ("FCC") limiting human exposure levels to RF energy. 

2. Site & Equipment Configuration 

A Fixed Wireless communications facility is composed of two basic types of radio equipment: 

a) Point-to-Multipoint ("P2MP") base-station radios that each communicate with multiple end-user 
(customer premise equipment- or "CPE") radios, and 

b) Point-to-Point ("P2P") backhaul radios that carry the aggregated data traffic among all the base 
station radios at a site to and from the company's operations center. 

All radio equipment comprises two fundamental components - active electronic transceivers that send and 
receive radio signals, and passive antennae that amplify the sent & received signals and concentrate them 
in specific directions. For radio transmissions, the FCC sets certain limits on the transmission power of each 
type of radio - these power limits are defined in terms of the Equivalent Isotropic Radiated Power ("EIRP"). 

The P2MP base station equipment we utilize comprises three different technologies and radio-frequency bands: 

a) The Unlicensed National Information Infrastructure (U-Nll) band operates at frequencies between 
5.180 GHz - 5.845 GHz in the United States. There are several sub-bands of the U-Nll band that 
have varying maximum FCC power limits ranging between 1 Watt and 4 Watts EIRP for P2MP uses. 
The antennae used for these radios are flat-panel "sector" antennae 6" wide by 28" high, and 
concentrate the radio signal into beam that's 4 degrees thick in the vertical plane. The outdoor 
transceiver mounts directly onto the rear of the antenna, and is connected to a data switch at the 
base of the facility via a shielded Ethernet cable, which also supplies the power to the device. 

b) The Citizens Broadband Radio Service ("CBRS") band operates at FCC-licensed frequencies 
between 3.55 GHz - 3. 70 GHz. The FCC defines power limits in this band as a function of the width 
of the frequency band used by the transmitter. At the nominal 10-MHz bandwidth, the power limit in 
rural areas is 47 dBm (about 50.12 Watts) EIRP. The antennae used for these radios are flat-panel 
"sector" antennae 11" wide by 30" high, with a 7-degree-thick vertical beamwidth. The outdoor 
transceiver is typically mounted adjacent to or nearby the antenna with a short coaxial cable 
connecting them. The transceiver is also connected to a data switch at the base of the facility via a 
shielded Ethernet cable. A separate low-voltage DC power cable powers the transceiver. 

c) The Television White Space ("TVWS") band operates at frequencies between 470 MHz - 698 MHz 
in the United States (aka UHF TV channels 14- 51). For rural areas, the FCC defines the maximum 
transmit power as 10 Watts EIRP. The antennae used for these radios are blade-type "sector" antennae 
1 O" deep by 17" high, with a 30-degree-thick vertical beamwidth. The outdoor transceiver is typically 
mounted adjacent to or nearby the antenna with a short coaxial cable connecting them. The 
transceiver is also connected to a data switch at the base of the facility via a shielded Ethernet cable, 
which also supplies the power to the device. 

The P2P backhaul equipment we utilize consists of a radio operating in the FCC-licensed 18-GHz band (17.7 
- 19.7 GHz). The outdoor transceiver mounts directly to the back of a 3-foot diameter parabolic reflector 
("dish") antenna, and is connected to a data switch at the base of the facility via a shielded Ethernet cable. A 
separate low-voltage DC power cable powers the transceiver. The radio transmits at a power of 575 Watts 
EIRP, but the dish antenna concentrates that power into a conical beam only 1.3 degrees in width. 
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All radios will be mounted upon the facility at an effective height of approximately 16 meters above ground. 

3. FCC Human Exposure Standards 

The Federal Communications Commission has established guidelines concerning the maximum safe human 
exposure limits to electromagnetic fields. Docket 93-62, effective October 15, 1997, is based on exposure 
limits recommended by the National Council on Radiation Protection and Measurements (NCRP). It specifies 
separate occupational and general public exposure limits, with the latter being five times more restrictive. 
These limits are based on continuous exposures and are intended to provide a prudent margin of safety for 
all persons, without regard to physical characteristics. 

The table below, with the accompanying graph, depicts the FCC limits for occupational and public exposure 
conditions at different radio frequencies: 

Electromagnetic Fields 
("f' is frequency of emission in MHz) 

Frequency Occupational Exposure General Public Exposure 
Range (MHz) 

Magnetic Magnetic 
Electric Field Power Electric Field Power 

Strength 
Field 

Density Strength Field Density 
Strength Strength (V/m) 

(Alm) 
(mW/cm2

) (V/m) 
(Alm) (mW/cm2

) 

0.3-1 .34 614 1.63 100 614 1.63 100 

1.34-3.0 614 1.63 100 823.8 /f 2.19 / f 180 I f2 

3.0-30 1842 / f 4.89 / f 900 I f2 823.8 / f 2.19 / f 180 I f2 

30-300 61.4 0.163 1.0 27.5 0.0729 0.2 

300-1,500 3.54. fh fh / 109 f / 300 1.59. fh fh / 238 f/1500 

1500-100,000 137 0.364 5.0 61.4 0.163 1.0 

- occupational/Controlled 

- General Population/Uncontrolled 
N 

0.1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

300KHz 3 MHz 30 MHz 300 MHz 

Frequency 

3 GHz 30 GHz 300 GHz 

( ./ FCC Adopted Ma.\'im11111 Permissible E.\pos11re Limits 
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4. Calculation and Analysis Assessment 

Methods have been developed for predicting the field strength of antennas in two distinct zones. The near 
field zone is defined as the distance beyond which the manufacturer's published far field antenna radiation 
patterns will be fully formed. The near field applies at increasing distances, R, until all of the following three 
conditions have been met, beyond which the far field applies: 

R > 2h2 I A. ; R > Sh ; R > 1.6 A. 

where: 

R = The depth of the near field, in meters 

h = Aperture height of the antenna, in meters 

'A.= wavelength of the transmitted signal, in meters 

Power density is a measure of power divided by the surface area of the sphere or the unit area normal to the 
direction of propagation, usually expressed in units of milliwatts per square centimeter (mW/cm2

) or watts per 
square meter (W/m2

). 

The near-field power density of a radio transmitter is dependent on the type of antenna - either an "aperture 
antenna", or not. For our purposes, the microwave backhaul parabolic dishes are aperture antennae, and all 
other antennae we use are not. 

The maximum near-field power density of an aperture antenna is defined as: 

S = (16 X t\ X Pnet) / (1th2
) 

The near-field power density of all other antenna types is defined as: 

S = (180 I 0sw) X Pnet I (1tR X h) 

At ground level, the far-field power density of a radio transmitter is defined as: 

where: 

S = (EIRP x RFP x GRC2) I ( 41tR2) 

S = Power Density (mW/cm2
) 

11 = aperture efficiency (unitless, typically 0.5 - 0.8) 

Pnet = net power input to the antenna, in milliwatts 

h = height of the antenna, in centimeters 

0sw = half-power beamwidth of the antenna, in degrees 

R = Straight-line distance from the center of radiation to the point of calculation, in centimeters 

EIRP = Equivalent Isotropic Radiated Power, the maximum antenna power output (mW) (note that 
EIRP is 64% higher than the half-wave dipole ERP) 

RFF = Relative Field Factor, the amount of EIRP reduction in the vertical plane, applicable at 
downward angles to a human standing on the ground, derived from the antenna vertical radiation 
pattern 

GRC = Ground Reflection Coefficient, which accounts for the increase in power density at a point 
due to reflection off the ground 

Power density, electric field strength, and magnetic field strength are related in the following manner: 

where: 

S = Power Density (W/m2
) 

E =Electric Field Strength (V/m) 

H = Magnetic Field Strength (Alm) 

S=E2/Zo=ZoH2 

Zo =Impedance of Free Space(= 376.7 Q) 
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5. Results 

The calculation of exposure to ionizing radiation utilizes a worst-case scenario approach, presuming a 
location on the ground in the direction of maximum radiated energy - specifically along the centerline of the 
backhaul dish antenna. The base station radios at the site point in a variety of directions, but for the worst
case scenario we will stipulate a maximum of 2 U-Nll radios, 2 L TE radios, and 1 TVWS radios all pointing in 
the same direction as the backhaul dish. 

The minimum safe public exposure distance in front of the dish antenna is 3.42 meters (11.2 feet). The total 
safe distance is 3.81 meters (12.5 feet) for all combined radios. Both of these distances are shorter than the 
height above ground at which the radio is mounted. Additionally, the transmission characteristics of the 18-
GHz band of the backhaul radio requires clear line of sight to the opposite side of the link, and it is thus 
oriented in such a manner to avoid all possible obstruction by physical objects, whether stationary or mobile. 
Accordingly, a ground location for this worst-case scenario approach is appropriate. 

For a person anywhere on the ground, at the closest possible point to the antennae in the direction of 
maximum exposure, the maximum power density energy level will be 0.005921 mW/cm2 for the microwave 
devices, and 0.000718 mW/cm2 for the TVWS devices. This power density is approximately 0.59% of the 
recommended limit at microwave frequencies, and 0.20% of the recommended limit at UHF frequencies. Any 
location beyond the closest ground point would have a correspondingly lower power density, declining in 
proportion to the square of the distance from the antenna. For occupational purposes, the exposure 
percentages are one-fifth those of the respective public limits (the radiation limits are five times higher than 
the public limits). 

6. Conclusion 

Due to their mounting locations, no Cal.net antennae will be accessible to the general public, and their height 
above ground will prevent unsafe radiation levels for anyone in the vicinity. The highest calculated level in 
publicly accessible areas is much less than the prevailing standards allow for exposures of unlimited duration. 
Accordingly, no mitigation measures are necessary to comply with the FCC public exposure guidelines. With 
respect to Cal.net employees, they are adequately trained to take appropriate measures to avoid exposures 
exceeding the occupational limits, and the company will ensure that its employees and contractors will comply 
with FCC occupational exposure limits whenever working near the antennae themselves. 
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