
 
 
 
 
July 3, 2018  
 
Planning – FB 
Department of Transportation 
Environmental Health - Ukiah 
Building Inspection - Ukiah 
Assessor 
Air Quality Management 

Cloverdale Rancheria 
Sherwood Valley Band of Pomo Indians 
Sonoma State University 
US Fish & Wildlife Service 
Caltrans 
Department of Forestry/ CalFire 

Department of Fish and Wildlife 
RWQCB 
Boonville Fire District 
 

 
CASE#:  U_2018-0011 
DATE FILED:  4/18/2018 
OWNER:  SUMMERS WALLEN  
APPLICANT:  CELLCO PARTNERSHIP, DBA VERIZON WIRELESS 
AGENT:  BENJAMIN MERRITT, COMPLETE WIRELESS CONSULTING, INC.  
REQUEST:  Use Permit to construct a new telecommunications facility within a 900 square foot lease area. The 
site is proposed to consist of a 76 foot tall faux pine tree type tower with nine panel antennae attached near the 
top along with various appurtenant equipment and ground mounted equipment cabinets within the fenced in lease 
area to facilitate the operations of the cell tower. No electricity generator for backup power is being proposed. 
Instead, a lead acid battery backup system will be utilized. 
LOCATION:  3.7± miles northwest of the town of Boonville, 4,800± feet northeast of the intersection of Hwy. 128, 
and Vista Ranch Rd., located at 6001 Vista Ranch Rd., Boonville (APN: 046-031-87). 
STAFF PLANNER:  Keith Gronendyke 
RESPONSE DUE DATE:   July 17, 2018 
 

PROJECT INFORMATION CAN BE FOUND AT: 
https://www.mendocinocounty.org/government/planning-building-services/public-agency-referrals 

 
Mendocino County Planning & Building Services is soliciting your input, which will be used in staff analysis and 
forwarded to the appropriate public hearing.  You are invited to comment on any aspect of the proposed 
project(s).  Please convey any requirements or conditions your agency requires for project compliance to the 
project coordinator at the above address, or submit your comments by email to pbs@mendocinocounty.org.  
Please note the case number and name of the project coordinator with all correspondence to this department.   
 
 
We have reviewed the above application and recommend the following (please check one): 
 

 No comment at this time. 
 

 Recommend conditional approval (attached). 
 

 Applicant to submit additional information (attach items needed, or contact the applicant directly, copying Planning and 
Building Services in any correspondence you may have with the applicant) 

 
 Recommend denial (Attach reasons for recommending denial). 

 
 Recommend preparation of an Environmental Impact Report (attach reasons why an EIR should be required). 

 
 Other comments (attach as necessary). 

 
 
 
 
 
REVIEWED BY:  
 
 
Signature   Department   Date   

 
COUNTY OF MENDOCINO 
DEPARTMENT OF PLANNING AND BUILDING SERVICES  
860 NORTH BUSH STREET  UKIAH  CALIFORNIA  95482 
120 WEST FIR STREET  FT. BRAGG  CALIFORNIA  95437 

IGNACIO GONZALEZ, INTERIM DIRECTOR 
TELEPHONE: 707-234-6650 

FAX: 707-463-5709 
FB PHONE: 707-964-5379 

FB FAX: 707-961-2427 
pbs@mendocinocounty.org 

www.mendocinocounty.org/pbs 
 

 

 
 

https://www.mendocinocounty.org/government/planning-building-services/public-agency-referrals
mailto:pbs@mendocinocounty.org
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REPORT FOR:   USE PERMIT               CASE #:  U_2018-0011 
 
OWNER:  WALLEN SUMMERS 
 
APPLICANT: CELLCO PARTNERSHIP DBA VERIZON WIRELESS C/O COMPLETE WIRELESS CONSULTING 

INC. 
 
AGENT:  COMPLETE WIRELESS CONSULTING INC./ BENJAMIN MERRITT 
 
REQUEST: Use Permit to construct a new telecommunications facility within a 900 square foot lease area. The 

site is proposed to consist of a seventy-six (76) foot tall faux pine tree type tower with nine panel 
antennae attached near the top along with various appurtenant equipment and ground mounted 
equipment cabinets within the fenced in lease area to facilitate the operations of the cell tower. No 
electricity generator for backup power is being proposed. Instead, a lead acid battery backup 
system will be utilized.  

 
LOCATION: 3.7± miles, as the crow flies, northwest of the town of Boonville, more specifically 4,800± feet 

northeast of the intersection of Highway 128, and Vista Ranch Road,. Located at 6001 Vista Ranch 
Road, Boonville CA, 95415 (APN: 046-031-87). 

 
ACREAGE:           89± acres 
 
GENERAL PLAN: Range Lands (RL:160)   ZONING: Range Lands (RL:160)   COASTAL ZONE: NO 
 
EXISTING USES: Single Family Residential SUPERVISORIAL DISTRICT:   5 
 
TOWNSHIP:  14N RANGE:  14W SECTION:  23 USGS QUAD#:  59 
 
 
RELATED CASES ON SITE: None found. 
 
RELATED CASES IN VICINITY:  There also is a proposal to construct a new cellular antennae tower on property 
located at 10100 Road 150B, which is approximately 2.1 miles northwest of this project site. The tower is proposed to 
be of a lattice type design with a height of 153 feet and have eight panel type antennae attached to it along with 
appurtenant ground based equipment (U_2018-0008) 
 
 ADJACENT 

GENERAL PLAN 
ADJACENT 

ZONING 
ADJACENT 
LOT SIZES 

ADJACENT 
USES 

NORTH:  RL160  RL160 1.5A± to 40A± Vacant 

EAST:  RL160  RL160 1.5A± to 35A±  Residential and Vacant 

SOUTH:  RL160  RL160 1A± to12A±  Residential and Vacant 

WEST:  RL160  RL160 90A±  Vacant 

 
REFERRAL AGENCIES: 

Planning (FB )  Trails Advisory Council  CHP 
Department of Transportation  Native Plant Society  MTA 
Environmental Health (Ukiah)  State Clearinghouse  County Addresser 
Building Inspection ( Ukiah)  Caltrans  LAFCO 
Emergency Services  CalFire Gualala MAC 
Assessor  Department of Fish & Wildlife Laytonville MAC 
Farm Advisor  Coastal Commission  Westport MAC 
Agriculture Commissioner  RWQCB  Sierra Club 
Cloverdale Rancheria  Division of Mines & Geology       School District 
Air Quality Management District  Department of Health Services       Sewer District 
ALUC   Department of Parks & Recreation       Water District 
County Water Agency  Department of Conservation  Fire District Boonville        
 Sherwood Valley Band of Pomo Indians  Soil Conservation Service       Community Svcs 
Sonoma State University  Army Corps of Engineers        City Planning 
 US Fish & Wildlife Service    
 Redwood Valley Rancheria 
 Russian River Flood Control/Water Conservation Improvement District   

 
ADDITIONAL INFORMATION:   According to the applicant, there is existing access to the site from Highway 128 
and Vista Ranch Road. 
ASSESSOR’S PARCEL #:  046-031-87 
 
STAFF PLANNER  Keith Gronendyke                                                                                             DATE:   5/29/2018 
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ENVIRONMENTAL DATA 

(To be completed by Planner) 
 

COUNTY WIDE 
Yes No  

NO 1. Alquist-Priolo Earthquake Fault Zone – Geotechnical Report  #GS________  
              

NO 2. Floodplain/Floodway Map –Flood Hazard Development Permit #FP_______  
         

NO / NO 3. Within/Adjacent to Agriculture Preserve / Timberland Production 
         

NO 4. Within/Near Hazardous Waste Site  
              

NO 5. Natural Diversity Data Base 
         

NO 6. Airport CLUP Planning Area – ALUC#________  
              

  7. Adjacent to State Forest/Park/Recreation Area. 
              

  8. Adjacent to Equestrian/Hiking Trail. 
              

  9. Hazard/Landslides Map    
         

  10. Require Water Efficient Landscape Plan. 
              

  11. Biological Resources/Natural Area Map. 
         

  12. Fire Hazard Severity Classification:   LRA         SRA-CDF# 88-18 
        High Fire Danger 
 

  13. Soil Type(s) Western soils 

  14. Wild and Scenic River. 
              

  15. Specific Plan Area. 
              

  16.  State Permitting Required/State Clearinghouse Review 
              
 
              
 
 
 
 

  17.  Oak Woodland Area 
              

COASTAL ZONE 
Yes No  

NO 16. Exclusion Map.  
              

NO 17. Coastal Groundwater Study Zone.  
 

NO 18. Highly Scenic Area/Special Communities.   
              
                19. Land Capabilities/Natural Hazards Map. 
              

  20. Habitats/ESHA/Resources Map. 
              

  21. Appealable Area/Original Jurisdiction Map. 
              
                22. Blayney-Dyett Map. 
 

  23. Ocean Front Parcel (Blufftop Geology). 
              

  24. Adjacent to beach/tidelands/submerged land/Public Trust Land. 
              

  25. Noyo Harbor/Albion Harbor. 
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Coverage Area 

Current On Air
Solutions in works



Current On Air
Solutions in works

Without PHILO 

In-Building coverage
Out door coverage
Marginal coverage



With PHILO 

In-Building coverage
Out door coverage
Marginal coverage

Current On Air
Solutions in works
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Complete Wireless Consulting 

Attn: Johnathon Heflin 
2009 V Street  
Sacramento, CA 95818 

Prepared By:  

Bollard Acoustical Consultants, Inc. 
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January 23, 2018 
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Introduction 

The Philo Verizon Unmanned Telecommunications Facility Project (project) proposes the 

construction of a monopine tower, and the installation of outdoor equipment cabinets inside a 

fenced lease area located at 6001 Vista Ranch Road in Booneville (Mendocino County), 

California.  The outdoor equipment cabinets have been identified as primary noise sources 

associated with the project.  Please see Figure 1 for the project site area.  The studied site 

design is dated December 6, 2017. 

 

Bollard Acoustical Consultants, Inc. has been contracted by Complete Wireless Consulting, Inc. 

to complete an environmental noise assessment regarding the proposed project cellular 

equipment operations.  Specifically, the following addresses daily noise production and 

exposure associated with operation of the project outdoor equipment cabinets. 

 

Please refer to Appendix A for definitions of acoustical terminology used in this report.  

Appendix B illustrates common noise levels associated with various sources. 

Criteria for Acceptable Noise Exposure 

Mendocino County General Plan 

The Mendocino County General Plan Development Element provides regulations regarding 

noise levels produced by stationary (non-transportation) noise sources, such as those proposed 
by the project.  These standards are summarized below in Table 1. 

 

Table 1 

Exterior Noise Level Standards 

Mendocino County General Plan 

Land Use Type Time Period Median Noise Level, L50 (dBA) 

Single-Family Homes and Duplexes 
Daytime: 7 a.m. to 10 p.m. 60 

Nighttime: 10 p.m. to 7 a.m. 50 

Multiple Residential 3 or More Units Per 

Building (Triplex +) 

Daytime: 7 a.m. to 10 p.m. 60 

Nighttime: 10 p.m. to 7 a.m. 55 

Source:  Mendocino County General Plan Development Element, Table 3-J (August 2009) 
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Figure 1

Philo Cellular Facility
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Project Noise Generation 

The project proposes the installation of three equipment cabinets within the project lease area, 

shown on Figure 1.  Specifically, the cabinets assumed for the project are as follows:  two 

Charles Industries 48V Power Plants and one miscellaneous cabinet cooled by a McLean Model 

T-20 air conditioner.  The cabinets and their respective reference noise levels are provided in 

Table 2.  The manufacturer’s noise level data specification sheets for the proposed cabinets are 

provided as Appendix C. 

Table 2 

Reference Noise Level Data of Proposed Equipment Cabinets 

Equipment 
Number of 
Cabinets 

Reference Noise 
Level, dB 

Reference Distance, 
feet 

Charles Industries 48V Power Plant 2 60 5 

McLean T-20  1 66 5 

Notes:  Manufacturer specification sheets provided as Appendix C. 

Predicted Facility Noise Levels at the Nearest Residence 

As indicated in Figure 1, the project equipment lease area maintains a separation of 

approximately 1,180 feet from the nearest existing off-site residence (single-family), identified as 

receiver 1. 

 

Because the proposed outdoor equipment cabinets could potentially be in operation during 

nighttime hours, the operation of the equipment would be subject to the County’s nighttime 

noise level standard of 50 dB L50.  Assuming standard spherical spreading loss (-6 dB per 

doubling of distance), project-equipment noise exposure at the nearest residence was 

calculated to be 20 dB L50.  The predicted outdoor equipment cabinet noise level of 20 dB L50 at 

the nearest residence would satisfy the applicable Mendocino County 50 dB L50 nighttime noise 

level standard by a wide margin.  As a result, no additional noise mitigation measures would be 

warranted for the project. 

Conclusions 

Based on the equipment noise level data and analyses presented above, project-related 

equipment noise exposure is expected to satisfy the applicable Mendocino County noise 

exposure limits at the closest residence.  As a result, no additional consideration of noise 

mitigation measures would be warranted for this project. 

 

This concludes our environmental noise assessment for the proposed Philo Cellular Facility in 

Booneville (Mendocino County), California.  Please contact BAC at (916) 663-0500 or 

paulb@bacnoise.com with any questions or requests for additional information. 



Appendix A
Acoustical Terminology

Acoustics The science of sound.

Ambient The distinctive acoustical characteristics of a given space consisting of all noise sources 
Noise audible at that location.  In many cases, the term ambient is used to describe an existing

or pre-project condition such as the setting in an environmental noise study.

Attenuation The reduction of an acoustic signal.

A-Weighting A frequency-response adjustment of a sound level meter that conditions the output signal
to approximate human response.

Decibel or dB Fundamental unit of sound, A Bell is defined as the logarithm of the ratio of the sound
pressure squared over the reference pressure squared.  A Decibel is one-tenth of a Bell.

CNEL Community Noise Equivalent Level.  Defined as the 24-hour average noise level with
noise occurring during evening hours (7 - 10 p.m.) weighted by a factor of three and
nighttime hours weighted by a factor of 10 prior to averaging.

Frequency The measure of the rapidity of alterations of a periodic signal, expressed in cycles per
second or hertz.

Ldn Day/Night Average Sound Level.  Similar to CNEL but with no evening weighting.

Leq Equivalent or energy-averaged sound level.

Lmax The highest root-mean-square (RMS) sound level measured over a given period of time.

Loudness A subjective term for the sensation of the magnitude of sound.

Masking The amount (or the process) by which the threshold of audibility is for one sound is raised
by the presence of another (masking) sound.

Noise Unwanted sound.

Peak Noise The level corresponding to the highest (not RMS) sound pressure measured over a given
period of time.  This term is often confused with the Maximum level, which is the highest
RMS level.

RT6060 The time it takes reverberant sound to decay by 60 dB once the source has been
removed.

Sabin The unit of sound absorption.  One square foot of material absorbing 100% of incident
sound has an absorption of 1 sabin.

SEL A rating, in decibels, of a discrete event, such as an aircraft flyover or train passby, that 
compresses the total sound energy of the event into a 1-s time period.

Threshold The lowest sound that can be perceived by the human auditory system, generally 
of Hearing considered to be 0 dB for persons with perfect hearing.

Threshold  Approximately 120 dB above the threshold of hearing.
 of Pain  
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Statement of Hammett & Edison, Inc., Consulting Engineers 

The firm of Hammett & Edison, Inc., Consulting Engineers, has been retained on behalf of Verizon 
Wireless, a personal wireless telecommunications carrier, to evaluate the base station (Site No. 434704 
“Philo”) proposed to be located at 6001 Vista Ranch Road in Mendocino County, California, for 
compliance with appropriate guidelines limiting human exposure to radio frequency (“RF”) 
electromagnetic fields. 

Executive Summary 

Verizon proposes to install directional panel antennas on a tall pole, configured to resemble a 
tree, to be sited at 6001 Vista Ranch Road in Mendocino County.  The proposed operation will 
comply with the FCC guidelines limiting public exposure to RF energy. 

Prevailing Exposure Standards 

The U.S. Congress requires that the Federal Communications Commission (“FCC”) evaluate its actions 
for possible significant impact on the environment.  A summary of the FCC’s exposure limits is shown 
in Figure 1.  These limits apply for continuous exposures and are intended to provide a prudent margin 
of safety for all persons, regardless of age, gender, size, or health.  The most restrictive FCC limit for 
exposures of unlimited duration to radio frequency energy for several personal wireless services are as 
follows: 

  Wireless Service Frequency Band Occupational Limit Public Limit     
Microwave (Point-to-Point) 5–80 GHz 5.00 mW/cm2 1.00 mW/cm2 
WiFi (and unlicensed uses) 2–6 5.00 1.00 
BRS (Broadband Radio) 2,600 MHz 5.00 1.00 
WCS (Wireless Communication) 2,300 5.00 1.00 
AWS (Advanced Wireless) 2,100 5.00 1.00 
PCS (Personal Communication) 1,950 5.00 1.00 
Cellular 870 2.90 0.58 
SMR (Specialized Mobile Radio) 855 2.85 0.57 
700 MHz 700 2.40 0.48 
[most restrictive frequency range] 30–300 1.00 0.20 

General Facility Requirements 

Base stations typically consist of two distinct parts:  the electronic transceivers (also called “radios” or 
“channels”) that are connected to the traditional wired telephone lines, and the passive antennas that 
send the wireless signals created by the radios out to be received by individual subscriber units.  The 
transceivers are often located at ground level and are connected to the antennas by coaxial cables.  A 
small antenna for reception of GPS signals is also required, mounted with a clear view of the sky.  
Because of the short wavelength of the frequencies assigned by the FCC for wireless services, the 
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antennas require line-of-sight paths for their signals to propagate well and so are installed at some height 
above ground.  The antennas are designed to concentrate their energy toward the horizon, with very little 
energy wasted toward the sky or the ground.  This means that it is generally not possible for exposure 
conditions to approach the maximum permissible exposure limits without being physically very near 
the antennas.   

Computer Modeling Method 

The FCC provides direction for determining compliance in its Office of Engineering and Technology 
Bulletin No. 65, “Evaluating Compliance with FCC-Specified Guidelines for Human Exposure to Radio 
Frequency Radiation,” dated August 1997.  Figure 2 describes the calculation methodologies, reflecting 
the facts that a directional antenna’s radiation pattern is not fully formed at locations very close by (the 
“near-field” effect) and that at greater distances the power level from an energy source decreases with 
the square of the distance from it (the “inverse square law”).  The conservative nature of this method for 
evaluating exposure conditions has been verified by numerous field tests. 

Site and Facility Description 

Based upon information provided by Verizon, including zoning drawings by MST Architects, Inc., dated 
December 6, 2017, it is proposed to install nine CommScope Model SBNHH-1D45C directional panel 
antennas on a new 72-foot steel pole, configured to resemble a pine tree, to be sited on the hillside near 
the residence located at 6001 Vista Ranch Road in unincorporated Mendocino County, about 3 miles 
northwest of the Boonville area.  The antennas would employ no downtilt, would be mounted at an 
effective height of about 65 feet above ground, and would be oriented in groups of three toward 145°T, 
225°T, and 300°T.  The maximum effective radiated power in any direction would be 61,980 watts, 
representing simultaneous operation at 19,520 watts for AWS, 18,200 watts for PCS, 12,500 watts for 
cellular, and 11,760 watts for 700 MHz service.  There are reported no other wireless 
telecommunications base stations at the site or nearby. 

Study Results 

For a person anywhere at ground, the maximum RF exposure level due to the proposed Verizon 
operation is calculated to be 0.044 mW/cm2, which is 5.2% of the applicable public exposure limit.  The 
maximum calculated level at the second-floor elevation of the nearby residence* is 3.4% of the public 
exposure limit.  The maximum calculated level at the second-floor elevation of any other nearby 
residence† is 0.078% of the public exposure limit.  It should be noted that these results include several 

																																																								
* Located at least 940 feet away, based on photographs from Google Maps. 
† Located at least 1,170 feet away, based on photographs from Google Maps. 
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“worst-case” assumptions and therefore are expected to overstate actual power density levels from the 
proposed operation.   

No Recommended Mitigation Measures 

Due to their mounting locations and height, the Verizon antennas would not be accessible to 
unauthorized persons, and so no mitigation measures are necessary to comply with the FCC public 
exposure guidelines.  It is presumed that Verizon will, as an FCC licensee, take adequate steps to ensure 
that its employees or contractors receive appropriate training and comply with FCC occupational 
exposure guidelines whenever work is required near the antennas themselves.     

Conclusion 

Based on the information and analysis above, it is the undersigned’s professional opinion that operation 
of the base station proposed by Verizon Wireless at 6001 Vista Ranch Road in Mendocino County, 
California, will comply with the prevailing standards for limiting public exposure to radio frequency 
energy and, therefore, will not for this reason cause a significant impact on the environment.  The highest 
calculated level in publicly accessible areas is much less than the prevailing standards allow for 
exposures of unlimited duration.  This finding is consistent with measurements of actual exposure 
conditions taken at other operating base stations.  

Authorship 

The undersigned author of this statement is a qualified Professional Engineer, holding California 
Registration Nos. E-13026 and M-20676, which expire on June 30, 2019.  This work has been carried 
out under his direction, and all statements are true and correct of his own knowledge except, where 
noted, when data has been supplied by others, which data he believes to be correct. 
	
	
	
	 	 	 	
 William F. Hammett, P.E.  
 707/996-5200 
March 21, 2018 
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The U.S. Congress required (1996 Telecom Act) the Federal Communications Commission (“FCC”)
to adopt a nationwide human exposure standard to ensure that its licensees do not, cumulatively, have
a significant impact on the environment.  The FCC adopted the limits from Report No. 86, “Biological
Effects and Exposure Criteria for Radiofrequency Electromagnetic Fields,” published in 1986 by the
Congressionally chartered National Council on Radiation Protection and Measurements (“NCRP”).
Separate limits apply for occupational and public exposure conditions, with the latter limits generally
five times more restrictive.  The more recent standard, developed by the Institute of Electrical and
Electronics Engineers and approved as American National Standard ANSI/IEEE C95.1-2006, “Safety
Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to
300 GHz,” includes similar limits. These limits apply for continuous exposures from all sources and
are intended to provide a prudent margin of safety for all persons, regardless of age, gender, size, or
health.

As shown in the table and chart below, separate limits apply for occupational and public exposure
conditions, with the latter limits (in italics and/or dashed) up to five times more restrictive:

   Frequency     Electromagnetic Fields (f is frequency of emission in MHz)   
Applicable

Range
(MHz)

Electric
Field Strength

(V/m)

Magnetic
Field Strength

(A/m)

Equivalent Far-Field
Power Density

(mW/cm2)

0.3 – 1.34 614 614 1.63 1.63 100 100
1.34 – 3.0 614 823.8/ f 1.63 2.19/ f 100 180/ f2

3.0 – 30 1842/ f 823.8/ f 4.89/ f 2.19/ f 900/ f2 180/ f2

30 – 300 61.4 27.5 0.163 0.0729 1.0 0.2
300 – 1,500 3.54 f 1.59 f f /106 f /238 f/300 f/1500

1,500 – 100,000 137 61.4 0.364 0.163 5.0 1.0

Higher levels are allowed for short periods of time, such that total exposure levels averaged over six or
thirty minutes, for occupational or public settings, respectively, do not exceed the limits, and higher
levels also are allowed for exposures to small areas, such that the spatially averaged levels do not
exceed the limits.  However, neither of these allowances is incorporated in the conservative calculation
formulas in the FCC Office of Engineering and Technology Bulletin No. 65 (August 1997) for
projecting field levels.  Hammett & Edison has built those formulas into a proprietary program that
calculates, at each location on an arbitrary rectangular grid, the total expected power density from any
number of individual radio sources.  The program allows for the description of buildings and uneven
terrain, if required to obtain more accurate projections.



RFR.CALC™ Calculation Methodology

Assessment by Calculation of Compliance with FCC Exposure Guidelines

Methodology
Figure 2

The U.S. Congress required (1996 Telecom Act) the Federal Communications Commission (“FCC”) to
adopt a nationwide human exposure standard to ensure that its licensees do not, cumulatively, have a
significant impact on the environment.  The maximum permissible exposure limits adopted by the FCC
(see Figure 1) apply for continuous exposures from all sources and are intended to provide a prudent
margin of safety for all persons, regardless of age, gender, size, or health.  Higher levels are allowed for
short periods of time, such that total exposure levels averaged over six or thirty minutes, for
occupational or public settings, respectively, do not exceed the limits.

Near Field.  
Prediction methods have been developed for the near field zone of panel (directional) and whip
(omnidirectional) antennas, typical at wireless telecommunications base stations, as well as dish
(aperture) antennas, typically used for microwave links.  The antenna patterns are not fully formed in
the near field at these antennas, and the FCC Office of Engineering and Technology Bulletin No. 65
(August 1997) gives suitable formulas for calculating power density within such zones.

For a panel or whip antenna, power density   S  =  
180
��BW

�
0.1� Pnet

� �D2 � h
,  in mW/cm2,

and for an aperture antenna, maximum power density   Smax  =   
0.1 � 16 � � � Pnet

� � h2 ,  in mW/cm2,

         where �BW =  half-power beamwidth of the antenna, in degrees, and
Pnet =  net power input to the antenna, in watts,

D =  distance from antenna, in meters,
h =  aperture height of the antenna, in meters, and
� =  aperture efficiency (unitless, typically 0.5-0.8).

The factor of 0.1 in the numerators converts to the desired units of power density.  

Far Field.  
OET-65 gives this formula for calculating power density in the far field of an individual RF source:

power density    S  =   
2.56 �1.64 �100 � RFF2 � ERP

4 �� �D2 ,  in mW/cm2,

where ERP =  total ERP (all polarizations), in kilowatts,
RFF =  relative field factor at the direction to the actual point of calculation, and

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

The factor of 2.56 accounts for the increase in power density due to ground reflection, assuming a
reflection coefficient of 1.6 (1.6 x 1.6 = 2.56).  The factor of 1.64 is the gain of a half-wave dipole
relative to an isotropic radiator.  The factor of 100 in the numerator converts to the desired units of
power density.  This formula has been built into a proprietary program that calculates, at each location
on an arbitrary rectangular grid, the total expected power density from any number of individual
radiation sources.  The program also allows for the description of uneven terrain in the vicinity, to
obtain more accurate projections.
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