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Preface 

Purpose of this plan 

In recent years, the County of Louisa (the "County") has experienced wireless telecommunication 
infi-astructure growth. Such growth requires additional elevated wireless antennas and base station 
ground equipment. In accordance with Federal Communications Commission (FCC) guidelines, the 
County has developed a wireless telecommunications ordinance to regulate new antenna-suppOlt 
structure construction. 

In conjunction with the ordinance development process, the County is developing a Wireless 
Telecommunications Master Plan (the "Master Plan") to analyze current demand for wireless 
telecommunications services within the County, and to establish guidelines for growth as it impacts 
the County and its citizens into the future. 

The purpose and intent of the Master Plan is similar to the goals and objectives of other long-range 
plans, such as roadway improvements and the extension of water and sewer lines. The Master Plan 
combines the land use planning strategies with the industry-accepted radio fiequency (RF) 
engineering standards to create an illustrative planning tool that complements zoning regulations. 
The Master Plan offers strategies to reduce tower infrastructure by improving efforts to morph 
wireless deployments from various service providers, thereby minimizing tower proliferation by 
increas ing shared sites. 

The Master Plan includes the following: 

• An inventory of existing antenna-supporting structures and buildings upon which wireless 
antennas are currently mounted. 

• Analysis of reasonably anticipated wireless facility growth over the next ten years. 

• Engineering analysis of potential coverage based on County-regulated height restrictions and 
other locations and design criteria. 

• Recommendations for managing the development of wireless structmes for the next ten 
years. 

CityScape Consnltants, Inc. 

CityScape Consultants, Inc. is a land use planning, legal and radio fiequency engineering consulting 
fInn located in Boca Raton, Florida and Raleigh, North Carolina. CityScape specializes in 
developing land use strategies to control the proliferation of wireless infrastructme, affording the 
maximum continuing control of local governments, while maintaining compliance with the 
Telecommunications Act of 1996. 
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Many communities are concerned about the proliferation of telecommunications tower build-outs 
fi-om the standpoint of aesthetics, time involved in the review and fair deployment of these facilities, 
public safety issues, and the legal implications of upholding both the public and private interests 
involved. Most communities are dealing with tower growth in an ad hoc manner, which is the most 
expensive and perilous way to manage expansions to existing wireless telecommunications 
networks. 

Implementation of a Master Plan simplifies and economizes the process. The Master Plan offers 
numerous benefits to the local government and its citizens, as well as the carriers who palticipate. 

A comprehensive Master Plan includes: 

• Review and revision (if necessary) of existing ordinances and code to encourage all present 
and future wireless service providers to p31ticipate in a Master Plan by working with 
CityScape to asceltain their current and ['lture service needs; 

• Development ofa comprehensive telecommunications network for tbe local government; 

• Minimizing the total number of telecommunications towers and/or sites within the local 
government; 

• Ensuring the local government's compliance with the Telecommunications Act of 1996 (as 
amended); and 

• Correlation of industry data together with the local government's publicly owned sites to 
develop a Master Plan for wireless telecommunications facilities. 
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Chapter 1 The Telecommunications Industry 

Introduction 

Telecommunications is the transmission, emission or reception of radio signals, digital images, 
sound bytes or other information, via wires and cables, or via space, through radio fi'equencies, 
satellites, microwaves, or other electromagnetic systems. Telecommunications includes the 
transmission of voice, video, data, broadband, wireless and satellite technologies and others. 

One-way communication tor radio and television utilizes an antenna to transmit signals from the 
broadcast station antenna to the receiving devices found in a radio or television. 

Traditional landline telephone service utilizes an extensive network of copper interconnecting lines 
to transmit and receive a phone call between parties. Fiber optic and T -1 data lines increases the 
capabilities by delivering not only traditional telephone, but also high-speed Internet and, in some 
situations cable television, and is capable of substantially more. The new technology involves an 
extensive network ofilber optic lines sited in above- and below-ground locations. 

Wireless telephony, also known as wireless communications, includes mobile phones, pagers, and 
two-way enhanced radio systems and relies on the combination of land lines, cable and an extensive 
network of elevated antennas, typically found on communication towers, to transmit voice and data 
information. This technology is known as the first and second generation (IG and 2G) of wireless 
deployment. 

Third, fourth and fifth generations (3G, 4G and 5G) of wireless communications will include the 
ability to provide instant access to e-mail, Internet, radio, video, TV, mobile commerce, and Global 
Positioning Satellite (GPS), in one handheld, palm pilot type wireless telephone unit. Successful use 
of this technology will require the deployment of a significant amount of infrastructure, i.e. elevated 
antennas on above-ground structures such as towers, water tanks, rooftops, signage platforms, and 
light poles. 

The recent evolution of telecommunications began in the 1800's and continues to evolve at a very 
fast pace. Figure 1 identifies some of the most significant telecommunication benchmarks over the 
past 160 years. 
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Telecommunications Timeline 
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Figure 1: Telecommunicafiou Timeline 

Wired telephone networks 

When the traditional wired, jandline telephone networks were introduced in the United States, the 
first systems were built in largely populated cities where the fmancial return on the inu'astructure 
investment could be quickly maximized. Telephone lines were installed alongside electrical power 
lines to maximize efficiency. As the technology improved the service was expanded from coast-to­
coast. Figure 2 illustrates the wired, landline network system. 

The \ViI'ed Voice N etworl{ 

". 
Telephone # 1 

~~ 
Telephone # 2 

Figure 2: Wired Voice Networli Systems 
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Wireless telephone networks 

Wireless telephone networks operate utilizing wireless fi'equencies similar to radio and television 
stations. To design the wireless networks, radio frequency engineers overlay hexagonal cells 
representing circles on a map creating a grid system. These hexagons or circles represent an area 
equal to the proposed base station coverage area. The center of the hexagon pinpoints the theoretical 
"perfect location" for a base station. These grid systems are maintained by each individual wireless 
provider's engineering department, resulting in nine different grid systems in the County. 

During the 1980's, the first generation of 800 MHz band cellular systems was launched nationwide. 
Similar to the deployment strategy for the landlines, the 800 MHz systems were first constructed in 
largely populated areas. Some networks in rural areas remain underdeveloped. Originally, the 800 
MHz band only supported an analog radio signal. Customers using a cell phone knew when they 
traveled outside of the service area because a static sound on the phone similar to the sound of a 
weak AM or FM radio station was heard through the handset. Recent technological advancements 
now allow 800 MHz systems to also support digital customers, which allowed the networks an 
increased number of transmissions per site. 

The 1990's marked the deployment of the 1900 MHz band Personal Communication Systems (PCS). 
This second generation of wireless technology primarily SUppOltS a digital signal, which audibly can 
be clearer than the analog signal, but this comes with additional trade-of Is. The technology of 20 
includes a static fi'ee signal, and although with a higher rate of disconnects or dropped calls, it does 
allow for more services such as paging devices, and the ability to send text messaging through the 
handset unit. Deployment of 20 also targeted largely populated areas with secondary services to 
much of rural America resulting in limited or no PCS coverage. 

In addition to 800 MHz cellular services and 1900 MHz PCS services, there are additional wireless 
providers utilizing services in the 800 and 900 MHz fi'equency range. This service is called 
Enhanced Specialized Mobile Radio (ESMR). The largest ESMR band provider is Nextel 
Communications. All tl1ree of these "telephone" operations (800, 900 and 1900 MHz) are 
specifically covered, along with some other services, in the Telecommunications Act of 1996. 

Wireless infrastructure 

Wireless communication facilities are comprised of tour main apparatuses: 1) an antenna SUppOlt 
structure; 2) antenna or antenna array; 3) feed lines; and 4) an electronic base station. 

A ntenna support structures 

A variety of structures can be used as an antenna support structure, such as towers, buildings, water 
tames, existing 911 tower facilities, tall signage and light poles, provided that; 1) the structure is 
structurally capable of supporting the antenna and the feed lines, and 2) there is sufficient ground 
space to accommodate the base station and accessory equipment used in operating the network. 
Antenna support structures can also be camouflaged in some circumstances to visually blend-in with 
the surrounding area. Figure 3 provides examples of several antenna SUppOlt structures. The 
flagpo Ie and light standard are camouflaged towers. The antennas are flush-mounted onto a 
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monopole and a fiberglass cylinder is fitted over the antenna concealing them fi'om view, The bell 
tower is a camouflaged lattice tower. The antennas are hidden above the bells and behind the 
artwork at the top of the structure, 

Monopole Lattice Tower 

Tank Mounl Rooftop MOllnt Sign.ge 

Figure 3: Examples or Base Stfltions 
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Antennas and antenna arrays 

Antennas can be a receiving and/ol' transmitting facility. Examples and purposes of antennas 
include: an ollmi-directional (whip) antenna or grouped antennas, to transmit and/or receive two-way 
radio, Enhanced Specialize Mobile Radio (ESMR), cellular, Personal Communications Service 
(PCS), or Specialized Mobile Radio (SMR) signals; and single sectionalized or sectiona.lized panel 
antenna array for transmitting and receiving cellular, PCS or ESMR wireless telecommunication 
signals. 

Omnj~Dirccljonal 

Whip Type Antenna 
Seclorized (panel) 

Antenna Array 

The antenna can also be concealed. Concealment techniques include: faux dormers; faux chimneys 
or elevator shafts encasing the antelma feed lines and/or equipment cabinet; and painted antenna and 
feed lines to match the color of a building or structure. A concealed attached facility is not readily 
identifiable as a wireless communications facility (WCF). Examples are shown in the pictures 
below. Concealed antermas are indicated with black 3lTOWS. 
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Feed lines and electronic base stations 

Feed lines are the cables used as the intercolUlecting media between the transmission/receiving base 
station and the antenna. 

Base stations arc the wireless service provider's specific electronic equipment used to transmit and 
receive radio signals, and is usually mounted within a facility including, but not limited to, cabinets, 
shelters, pedestals or other similar enclosures generally used to contain electronic equipment for said 
purpose. 

Feed'lines 

Base Stations 

The base stations shown in the photograph are typical models for providers operating in the 1900 
MJ-Iz £i·equencies. The electronics housed within the base station can generate substantial heat, 
especially the equipment used for operating the 800 MHz wireless systems. Therefore the base 
stations for providers operating in the 800 MHz frequencies are much larger and generally need an 
equipment cabinet a minimum of 400 square feet to house the equipment. 

While these base stations can generate sufficient heat, they do not generate noise. The only noise 
that might be produced from the vicinity of the base station would be £i'om an air conditioner or a 
backup generator which might be necessary during instances of power failure. 

I I 



Wireless coverage and antenna mounting elevation considerations 

Wireless telecommunical ion networks are comprised of elevated antenna arrays attached to a base 
station that transmit and receive radio signals allowing wireless telephone handsets to operate 
sa tisfactorily. Figure 4 illustrates the wireless telephone network. 

The W'keless Voice Netwo"', 

/ 

----.. ) 

III • 

Base Sfation 
(above ground 
structure) 

Fjgure 4: Wireless Voice Nctwol"l( 

The radio jiequency of the wireless network system, height of the antenna and the location of the 
infj'astrllcture are all impoltant components to a complete network plan. One set of elevated antenna 
arrays does not provide service to a geographic area independently of other nearby elevated 
antennas, rather, each set of antenna arrays work in unison to provide complete wireless coverage. 
Complete coverage is only attained when the radio signal fiom one antelula array successfu lly relays 
or hands-off the radio signal to another antenna array without caus ing an interruption in service. 
Successful network handoff is only possible when the geographic coverage areas from individual 
antelUla arrays properly overlap and when the base station has available capacity. Geographic areas 
with good site handoff and available capacity will have good wireless coverage and generally 
uninterrupted services. 

Generally, the higher the antelUla is mounted on the SUppOlt structure, the larger the geographic area 
that will be served by the wireless signal. Taller structures may offer more oppoltunity for 
colocation, which could theoretically decrease the number of additional towers and antelUlas 
required in an area. The extent to which height may increase colocation 0ppoltunities must be 
verified by an RF engineering review on a case-by-case basis. High subscriber demand, terrain 
concerns, andlor the build-out plans for some areas may require very low antenna location heights, 
especially in densely populated areas. Antennas located at a higher leve l on a facilit y are more 
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desirable for some terrain and in some rural areas, but in many cases, the wireless providers seek to 
limit the height in more populous areas. 

In wireless system evolution, a wireless provider initially built fewer base stations with relatively tall 
antenna-suppOlting stlUctures to maximize the network coverage footprint. These initial I G, 800 
MHz and 900 MHz systems sought to broadcast coverage to large geographic areas with minimal 
infrastructure. Typica lly, these tall towers were spaced four to eight miles apart. 

By nature, the 1900 MHz frequency band is higher than the 800 MHz band and cannot transmit a 
signal an equal distance. For the same coverage, these base stations must be closer together. The 
mounting height ofthe antenna for 2G was not as critical as I G, and these towers were shorter. 

Network capacity 

The number of base station sites in a grid network not only determines the limits of geographic 
coverage, but the number of subscribers (customers) the system can SUppOlt at any given time. Each 
carrier's base station can process as many as 1,000 subscribers per minute as subscribers' transverse 
through particular cell sites, yet at any time an individual carrier's single cell site can handle 
simultaneously no more than 240 calls (different providers prefer different numbers, 1,000 is an 
average). This process is referred to as network capacity. As population and wireless customers 
increase, excessive demand is put on the existing system's network capacity. When the network 
capacity reaches its limit, a customer will frequently hear a rapid busy signal, or get a message 
indicating all circuits are busy, or commonly be asked to leave a message without hearing the phone 
ring on the receiving end of the call. 

As the wireless network reaches design network capacity, it causes the coverage area to shrink, 
flllther complicating coverage objectives. Network capacity can be increased several ways. The 
service provider can shift channels from an adjacent site, or the provider can add additional base 
stations with additional infrastructure. 

A capacity base station has provisions for additional calling resources that enhance the network's 
ability to serve more wireless phone customers within a specific geographic area as its primary 
objective. An assumption behind the capacity base station concept is that an area already has plenty 
of radio signals from existing coverage base stations, and the signa Is are clear. But there are too 
many calls being sent through the existing base stations resulting in capacity blockages at the base 
stations and leading to no service indications for subscribers when they press the ca II send button on 
the wireless handset. 

Wireless providers 

In 1983, the FCC granted licenses to two competing wireless providers to provide cellular coverage 
nationwide. The early stages primarily were served by the local telephone companies and on a 
national level by companies like Cellular One. There were many initial problems and growth was 
slow. Most wireless providers preferred tall towers in the range of 300 to 500 feet to service large 
areas. There was also a preference for analog services to reach fatther, without much concern for 
static. Due to the difficulty of constructing new facilities, the expansion was costly and challenging. 
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In 1995 and \996, the FCC auctioned four additional licenses in regional areas to competing wireless 
providers for purposes of building a nationwide digital wireless communication system. This 
auction produced over $23 billion for the U, S, Department of Treasury, 

Wireless illfrastructure alld local wllillg 

The location of antennas used lor transmitting radio signals and wireless data is critical to attaining 
an optimum functioning wireless telecommunications network, With the deployment of 10 there 
were only two competing wireless cellular providers, however with the deployment of 20, and six 
competing PCS providers, the wireless marketplace became furiously competitive, "Speed to 
market" and "location, location, location" became the slogans for the competing 10 and 20 
providers. The concept of sharing base stations was not pat1 of the strategy as each provider sought 
to have the fastest deployment, so as to develop the largest customer base, resulting in a quick return 
on their cost of deployment. This resulted in an extraneous amount of new tower construction 
without the benefit of local land use management. 

Coincidently, as local governments began to adopt development standards for the wireless 
communications industry, the industry strategy changed again. The cost associated with each 
provider developing an autonomous inventory of base stations put a financial strain on their ability 
to deploy their networks. As a result, 1110st of the wireless providers divested their internal real 
estate departments and tower inventories. This change gave birth to a new industry of vertical real 
estate; and it includes a consortium of tower builders, tower owners, site acquisition and site 
management firms, 

No longer was a tower being built Jor an individual wireless service provider, but tor a multitude of 
potential new tenants who would shaTe the facility without the individual cost of building, owning 
and maintaining the facility, Sharing antenna space on the tower between wireless providers is 
called colocation, 

This industry change could have benefited local gove1l1lTIents who adopted new tower ordinances 
reqniring colocation as a way to reduce the number of new towers, But, initially it did not; because 
the vertical real estate business model for new towel'S is founded on tall tower structures intended to 
suppol1 as many wireless providers and other wireless services as possible, As a result, local 
landscapes became dotted with all types of t()wers and communities began to adopt regulations to 
prohibit or have the effect of prohibiting wireless communication towers within their jnrisdictional 
boundaries. 

Wireless deployment came to a halt in lTIany geographical at'cas as all involved in wireless 
deployment became equally frustrated with the situation, Second generation wireless providers had 
paid a large sum of money for the rights to provide wireless services, the license agreements 
between the wireless providers and the FCC mandated the networks be deployed within a specific 
time period and local government agencies were prohibiting the deployments through new zoning 
standards, 
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This perplexing situation prompted the adoption of Section 704 of the Federal Telecommunication 
Act of1996. 

Federal Telecommunications Act of 1996 

Section 704 of the Federal Telecommunications Act of 1996 (the "Act") provides local governments 
zoning authority over the deployment of wireless telecommunication facilities subject to several 
specific guidelines. 

First, land use development standards may not unreasonably discriminate among the wireless 
providers, and may not prohibit or have the effect of prohibiting the deployment of wireless 
infi·astructurc. For example, some communities adopted development standards restricting the 
distance between towers to three miles. In some geographic locations with sparse populations this 
may have been adequatc for 1 G deployment; however the laws of physics make it impossible for 2G 
wireless deployments to meet this spacing requirement. Unknowingly some communities 
inadveliently prohibited the deployment of2G. 

Second, local governmcnts must act on applications for new wireless infrastructure within a 
"reasonable" amount of time. If a community adopts a moratorium on new wireless deployment, it 
must be for a limited amount of time, and the community must demonstrate a "good-faith" effmi to 
resolve outstanding issues during the moratorium time period. 

Third, land use policies may be adopted to promote the location of telecommunications facilities in 
certain designated arcas; and the Act encourages the use of third party professional review of site 
applications. 

Fourth, local government cannot deny an application lor a new wireless facility or the expansion of 
an existing facility on the grounds that radio fi'equency emissions are harmful to the environment or 
to human health (provided federal standards are met by the wireless provider). 

Exposure to radio frequency emissions 

The FCC has ru les and regulations for human exposure to electromagnetic radiation. 
Electromagnetic radiation should not be confused with ionizing radiation. 

Ionizing radiation is radiation that has sufficient energy to remove electrons from atoms. This type of 
radiation can be found from many sources, including health care tacilities, rescarch institutions, 
nuclear reactors and their support facilities, nuclear weapon production facilities, and other various 
manufacturing settings, just to namc a few. Some high-voltage beam-control devices, such as high­
power transmitter tubes can emit ionizing radiation, but this is usually contained within the 
transmitter tube itself. Overexposure to ionizing radiation can have serious effects, including 
cancers, birth deformities and mental illness. 

Electromagnetic radiation is non-ionizing radiation, which ranges from extremely low frequency 
(ELF) radiation to ultraviolet light. Some typical sources of non-ionizing radiation include lasers, 
radio antennae, microwave ovens, and video display terminals (VDT). However, any electrical 
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appliance or electrical wmng itself emits ELF radiation. Cellular and PCS installations must 
confirm federal compliance with published standards on RF exposure levels. 

Radio frequency radiation attenuates very rapidly with distance from a wireless services antenna, 
and most wireless sites not accompanying broadcast facilities will easily comply. 

The RF exposure rules adopted by the FCC are based on the potential for RF to heat human tissue. 
Basically, the level at which human tissue heating occurs has been studied, and rules are set such 
that humans are not to be exposed anywhere near the level that can cause measurable heating. 

There have been extensive long-term studies and at best they are inconclusive as to any harmful 
effects. Debate continues and may never be concluded on whether or not there might be biological 
effects associated with "non-thermal" causes, such as magnetic fields. Based on these findings the 
Federal Government has maintained jurisdiction on such issues. 

Base stalions 

For the cellular and PCS bands, human exposure limitations are given in terms of power density, 
with the unit's milliwatts per centimeter squared (mW/cm\ The power density associated with a 
cellular/PCS installation may be easily calculated or measured with instruments. 

Time averaging is used along with the level measured. This means that the level must not exceed 
the standard value over any period. For instance, if the standard calls for a limitation of 1.0 m W/cm2 

averaged over 30 minutes, the standard permits a level of2.0 mW/cm2
• for up to 15 minutes, as long 

as this is followed by a 15 minute period of no exposure. 

In general, the FCC's general population/uncontrolled exposure limitation must be used in the 
service, unless it can be clearly demonstrated that unsuspecting persons can be radiated at standard 
levels from a site. 

In many cases, no field evaluation is required, since the site is categorically excluded, based on the 
presumption that in its radio service there is no possibility of an excessive RF level if the provider 
certifies such compliance. For example, facilities on towers with the antennas higher than ten meters 
(32.8 feet) and a power less than 2,000 watts require no further consideration. 

In general, single provider installations on towers will be categorically excluded. Multiple provider 
colocations and very high power sites will require fiJrther consideration. 

In consideration of how conservative the evaluation method is, an engineer may wish to make actual 
power density measurements. In almost all cases, those measurements have been far below the 
calculated values. 
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If the site truly does not comply, some alternatives include: 

• Limit the site access such that only authorized personnel can reach the vicinity of the 
antennas. The applicable standard then becomes the occupational/controlled one. 

• Raise the height of the antennas. 

• Reduce the power. 

• Reposition antennas slich that people cannot get in close proximity to them. 

In multi-transmitter facilities, it is necessary to evaluate each contributor individually. Its percent of 
standard figure is computed (01' measured), and added together to sum all percentage figures to 
determine the total site exposure. 

Phones 

In July 2001, the Federal Drug Administration (FDA) issued a Consumer Update on Wireless 
Phones, which stated that "[t]he available scientific evidence does not show that any health problems 
are associated witb using wireless phones." while noting that "[tlhere is no proof; however, that 
wireless phones are absolutely safe." 

The FCC issued a Consumer Inf()rmation Bureau Publication in July 2001, which stated, "[t]here is 
no scientific evidence to date that proves that wireless phone usage can lead to cancel' or other 
adverse health effects, like headaches, dizziness, elevated blood pressure, or memory loss." 

Before a wireless phone model is available for sale to the public, it mllst be tested by the 
manufacturer and celtified to the FCC that it does not exceed limits established by the FCC. 

One of these limits is expressed as Specific Absorption Rate (SAR). SAR is a measure ofthe rate of 
absorption ofRF energy in the hody. Since 1996, the FCC has required that the SAR of handheld 
wireless phones not exceed 1.6 watts per kilogram, averaged over one gram oftissuc. 

Steps one can take to minimize RF exposure from cell phones: 

• Reduce talk time; 

• Place more distance between one's body and the sOllrce of the RF; and 

• In a vehicle, use the phone with an antenna on the outside of the vehicle. 

The FDA stated ''[t]he scientific evidence does not show a danger to users of wil'eless phones, 
including children and teenagers." People who rcmain concerned ahout RF exposure may choose to 
restrict their wireless phone use. 
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Third generation wireless 

At the onset ofthis millennium economists and telecommunication forecasters dehated the actuality 
of third, fourth and fifth generations of wireless coming to fiuition in the United States. Skepticism 
that customers would have little demand for the emerging wireless services appeared in aliicles and 
newsrooms, while others recognized the inthstl'Ucture in the United States was significantly behind 
schedule as compared to European and Asian deployments. Predictions were that consumers would 
demand 3G products once network upgrades were completed. The upgrades for 3G to 800 MHz and 
1900 MHz infrasllucture has been accomplished primarily through software improvements at 
existing base stations. Third generation has come to fi'uition and wireless handsets available in late 
2006 and 2007 are 3G compatible. 

Third generation handsets feature text messaging, which is similar to e-mail. The messages are 
usually direct phrases with minimal words. Wireless customers can send text messages through the 
wireless handset and the message can be delivered anywhere at any ti111e. Text messaging can 
operate on 800, 900, 1900, and 2100 MHz networks. 

At the turn of this century there were one billion messages sent per day globally. Every digital 
phone that is sold today in the United States has messaging capability. In 2005 European providers 
reported that 15 percent of the providers' revenue derived ii'om text messaging. The groVvth of text 
messaging in the United States will undoubtedly lead to a greater demand for wit'cless facilities 
because the additional spectrum use for text messaging will create a syste111 capacity demand for 
providers. 

Third generation handsets are not just limited to voice and short data text messaging capabilities, 
Most handsets include built-in cameras, access to intemet web browsct·s and the ability to download, 
store, and play music files. Most handsets now have built-in camera and video camera features, and 
celtain handsets offer Microsoft Word 5.0. Figure 5 illustrates the Nokia N93 and Samsung 
Blackjack handsets as examples ofthe 3G handset capabilities. 
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Nokia N9J JG Wirele,,!C Phone 
• Phone number SiD rage 
• Speaker pllOne 
• Conference calling 
• Voice messaging 
• Voice recorder 
• Multiple ring tones 
• Downloadable ring tones 
• 3.2 Mega pixel camera with 3x zoom 
• Built-In nash 
• Video camera 
• Multimedia messaging that can 
combine text message, image or video, 
and audio 
• TV output 
• Digital music player 
• Prints pictures directly from camera 
onto compatible printers 
• 50 MB internal memory 
• 128 MB expandable memory 
• Much, much more .. 
(www.noJ<ja.com) 

Sam5iUng Blackjack ISGH-i601) JG 
Wirele& Phone 
• Phone numberstorage 
• Speaker phone, hold and mute options 
• Conference calling 
• Voice messaging 
• Multiple ring tones 
• Downloadable ring tones 
• 1.3 Mega pixel camera/camcorder 
• Like a "mini computer" 
• Windows 5.0 
• Word, Excel,and Outlook 
• Download working file documents 
• Check e-mail from Yahoo, MSN, 
Google, or AOL 
• Digital music player 
.64 MB RAM 
.128 MB ROM 
• Much, much more ... 
(wwoN.samsung.com) 

Figure 5: 3G \Vireless Phone and Related Services 
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Future wireless generations 

While at last the United States is starting to experience firsthand the handset features of 3G, other 
pmts of the world are being introduced to 4G. Proving to early skeptics that while the deployment of 
wireless services in the United States have slowed down, the 3G services will continue to evolve and 
be sold here and abroad. The article below explains the type of wireless services now being 
promoted in Asia, which will eventually be promoted in the United States. 

"At a Telecom Asia exhibition in Hong Kong in 2004, Samsung showed for the first time its 
M400 handset. Based on Pocket PC 2002 Phone Edition, the device runs on CDMA 2000 I x 
EvDO (Evolution Data Only) networks, which are in commercial service in South Korea and 
offer data transmission at speeds of up to 2AM bps. Features of the phone, which is based on 
an Intel Corp. XScale processor running at 400MHz, include a display capable of showing 
65,000 colors, voice recognition and a text-to-speech engine, a TV tuner and GPS (Global 
Positioning System}". (ITworld.com 12/26/02, Samsung's i330 Palm OS Cell Phone Debuts. 
Martyn Williams, IDG News Service, Tokyo Bureau). 

This same technology was introduced in the United States in January 0[2006 at the Consumer 
Electronics Show in Las Vegas. 

In Japan the DoCoMo D903iTV wireless phone by Foma has a built-in digital television and can 
record up to 160 minutes of viewing time. The television has access to all of Japan's top TV 
channels and serves as the remote control for celtain television models. The phone acts as a mobile 
credit card and has a built-in GPS service not only to find where one's going but also to locate the 
missing handset if lost. This 3G phone offers all the familiar features and includes international 
roaming. 

Satellite technologies 

Satellite growth has surpassed the highest expectations of only a few years ago. The reason is 
simple; cost. Previously, relaying information, data, and other related materials were cumbersome 
and required many relay stations in very specific locations and relatively close together. Initially 
satellite use was expensive because of the rarity and limited amount of available airtime needed. 
With the deployment of additional satellites, along with advancing technologies which allow more 
usage ofthe same amount of bandwidth, satellite a irtime has become more afforda ble. Competition 
always holds down cost, and that is what has occurred. In addition, satellite services are in the early 
stages of designing more localized networks; contributing to the already rapid growth. 

Satellite technology has its limitations, which are all based on the Laws of Physics. Some licensees 
of sate llite services such as XM Radio and satellite telephone services have petitioned the FCC to 
allow additional deployment of land-based supplemental transmission relay stations for the ability to 
compete more aggressively with existing ground-base services. Subscribers found the delay in talk 
times unacceptable along with fade and signal dropout. The FCC is looking favorably upon this 
request, even though the existing land-based services are strongly objecting for various reasons. XM 
Radio has been successful in getting ground-base supplemental transmitters, and has become one of 
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the largest users of ground-base transmitters. This will place more demands on governmental 
agencies as another service begins to construct a land-based infi'astructure. 

Enhanced Specialized Mobile Radio (ESMR) 

Enhanced Specialized Mobile Radio (ESMR) systems are two way radios systems (similar to 
walkie-talkies) whereby two or more handsets are linked together by a single repeater. Digital 
networks offer voice, data, messaging, and dispatch on one handheld unit similar to most wireless 
handsets. The technology used for ESMR networks has been problematic to adjacent frequency 
channels used by other service providers through no Hllllt oflhe service provider in most situations. 
In order to reduce any potential for future interference issues, ESMR network operators slIccessfully 
petitioned the FCC to shill fi'equencies from the 800 MHz and 900 MHz band to the 2500 MHz 
band. Once again this fi'equency shift will cause the need for additional snppOlt structures and create 
additional impacts to local governments. 

The FCC announced it would permit the phasing out of analog compatibility requirements for 
cellular phones by the year 2008. The FCC's action still allows providers the option to continue 
analog services as needed to meet customer needs. According to the International Association for the 
Wireless Teleconllllunieations Industry (CTIA) about 85 percent of all wireless subscribers are 
presently using digital technology, and wireless users generally replace their phones every 18 
months. Thus, this phase out period is more than ample time to migrate the remaining analog users 
to digital, which also has the added benefit of increasing cell site capacity, as a single analog channel 
can be converted to multiple digital channels. 

Third, i()llrth and fifth generations of wireless deployment will bring the next phases of wireless 
technology and place great demands on network capacity. With voice, text, digital music, digital 
video, GPS and data all competing for spectrum space, providers will need to maximize their 
spectrum allocations by creating more compact base station facilities at closer intervals. 
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Chapter 2 Wireless Technical Issues 

Brief overview 

Ccllular and PCS wireless providers attain service coverage through a network of ground equipment 
base stations and elevated antennas located on towers, water tarues, buildings or other similar 
clevated structures. The height and location of the elevated antenna platform on the elevated 
structure is critical to two aspects of radio frequency (RF) engineering, coverage and capacity. 
Generally, the higher the antenna is mountcd on the support structure, the larger the geographic area 
that will bc served by the wireless signal. However, cach facility has network capacity limitations 
that are becoming more apparent in some of the older, 800 MHz cellular operators such as CingulaI' 
(formerly BellSouth Mobility and AT&T Wireless Services), Verizon, and Nextel. Base stations 
located in geographic areas where wireless subscribers are significant and the usage of airtime 
minutes is higher, operate at maximum capacity, and on some occasions are over-capacity, causing 
busy signals and direct-to-message incoming calls for many subscribers. To help remedy this 
situation, smaller antenna configurations and/or the antenna heights are mounted at lower elevations 
than would be necessary for coverage. This is defined as "capacity" planning. 

The second engineering issue concerns the relationship between tower location and frequency 
planning. Cellular and PCS wireless providers carefully choose the fi'equencies deployed at each 
base station to avoid mutual interference. Rules of fi'equency planning require a certain physical 
distance between base stations to minimize this interference. Slightly different considerations apply 
to some PCS providers using code division multiple access (CDMA) technology (Sprint PCS and 
Verizon). In a CDMA system, all base stations in a coverage area use the same, or a very limited set 
of several frequencies. However, wireless service customers experience interference from other 
subscribers and from signals from other base stations when subscriber usage increases. Avoidance 
of this interference requires precision ofthe antenna locations. 

As demonstrated in Figure 6, base station network design is founded on the principles of a grid 
system that is maintained by each wireless provider's engineering department. The hexagonal cells 
on the grid represent the radius equal to the proposed cells' coverage area. Common points of 
adjoining hexagons pinpoint the theoretical perfect location for a prospective new base station. For 
these reasons, deviation from these specified locations can significantly affect the wireless 
provider's deployment network. 
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"Most people see IIle cell as the blue 11exagon, being defined by the tower in the center, with the antennas pointing 
in the directions indicated by the arrows. In reatity, the cell is the red Iwxagon; willl the towers at the corners ... the 
confusion comes from not realizing that a cell is a geographic area, not a point." 

<>~? ( 
Right! © Wrong! ® 

A cell site lies at the edge of several cells, not at the center. 

(Courtesy UrTOlll farley hrtp://www.tele<':on1wriling,(;OIll/indcx.h!ml) 

Figure 6: Netwod .. Grid 

Search area within proposed coverage areas 

The search area for new wireless infrastructure is ideally specified in a document provided to site 
sea rch consultants Ul pursuit of a lease for property on which to place their facilities, whether a new 
tower, a rooftop or some other existing stru cture that could accommodate wireless antennas. From 
an engineering perspective, any location within the proposed search area is considered to be 
acceptable for the provider, with certain considerations based on terrain and sometimes population 
balance. 

Search area radii 

Search areas for the 80'0 MHz (cellular and ESMR) frequencies and 1900 MHz (PCS) frequencies 
are computed in Tables I and 2 below. The tables utilize the "Okumura-Hata" propagation path loss 
formula for 800 MHz, and the "COST-23 1" formula for 1900 MHz. Maximum coverage radii for 
typical in-vehicle coverage is ca lculated for various tower heights, and is de-rated by 20 percent to 
account for a reasonable handoff zone, then divided by four to obtain a search area radius for each 
tower he ight. Thus, for an 800 MHz antenna mounted at the 100-foot eleva tion, the sea rch area 
would have a radius ofO.n miles, and 0.36 miles for 1900 MHz, again sometimes more restrictive 
due to terrain. 
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Okumura-Hata Coverage Predictions 
.--•............. 

Antenn. mounting height I 50' 80' 100' 115' 150' 180' 
.-~----

Radius, miles 2.53 3.20 3.60 3.88 3.91 4.40 

Allow for handoff i 203 256 2.88 3.10 3.60 I 4.00 

Search area, miles I 0.51 0.64 0.72 0.78 0.90 1.00 

Table I: Okumura-Hata Coverage P ... dkliolls for 800 MHz 

COST 231 Coverage Predictions 
...... _ .... 

Antenn. mountfng height 50' 80' 100' 115' 150' 180' 

Radius, miles 1.33 1.64 1.82 1.95 2.32 2.45 

Allow for hand off 1.07 1.31 1.46 1.56 1.79 1.96 

Search area, miles I 0.27 0.33 0.36 0.39 0.45 0.49 
. _-. ................ --~ ....... 

Table 2: COST 231 Coverage Prediclions for 1900 MHz 

Wireless telephone search areas are usually circles of approximately one-quarter the radius of the 
proposed cell. In practice it is fairly simple to determine whether the search area radius is 
reasonable. The distance /i'om the closest existing site is determined, halved, and a handoff overlap 
ofabou! 20 percent is added. One fourth ofthis distance is the search area radius. 

Tower height and antenna mounting elevation considerations 

Taller structures (towers, rooftops, and waler tanks) may offer more opportunity for co location, 
which could theoretically decrease the number of additional towers and antennas required in an area. 
The extent to which height may increase colocation oPPOltunities must be verified by an RF 
engineering review on a case-by-case basis. Where there is high customer telephone usage or terrain 
concerns, the build-out plans for some areas may require very low antenna location heights, 
especially in densely populated areas. Antennas located at a higher level on a facility are more 
attractive in some rural areas, but in many cases, the wireless providers seek to limit the height in 
more populous areas. Thus, wireless providers may need differing heights on a single tower, 
reducing the potential fiw interference, both between the same provider and a competing wireless 
provider. 

Global System for Mobile Communications 

Wireless providers are presently deploying new te.chnology equipment in the United States to 
suppo.t data services over the wireless imel'face, One such example of this type of deployment has 
been a Global Systcm for Mobile Communications (GSM) overlay on top of existing facilities, in 
recognition of GSM's data-handling capability. J n certain cases, the GSM overlay is on 1900 MHz, 
where signals only cover about half the distance of the existing system, implying more wireless 
facility locations will be required to meet coverage anclnetwork capacity objectives. 
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Chapter 3 Master Plan Engineering Analysis 

Plan design process 

This Master Plan evaluates the County fot' futme wireless facility deployments. This is 
accomplished by: 

• Designing an engineered search radii template and applying it over the jurisdictional 
boundary of the County (0 evaluate theoretical build-out conditions. 

• Researching the inventory of existing antenna-sl1ppOlting structures and buildings, and 
evaluating designated public lands as potential sites for wireless facilities. 

• Designing an engineered search radii template and applying it OVer the boundary of the 
County to evaluate existing build-out conditions. 

• Providing an engineering analysis of existing coverage based on the inventolY and regulatory 
height restrictions in the County. 

Basic coverage predictions and wireless coverage bandoi'f 

At the onset of this project CityScape was asked to illustrate the greatest coverage to the entire 
Ccunty with the fewest total number of towers. To accomplish this task, CityScape has ".reated a 
series of root mean square (RMS) theoretical coverage and handoff maps by randomly selecting 
existing antenna locations throughout the County to demonstrate how many base station locations it 
would require for one provider to provide complete coverage countywide. Based on recently 
approved tower heights through the Conditional Use Permit approval process CityScape has chose to 
use 200 feet for the initial theoretical Master Plan maps. 

According to the Okumura-Hata propagation path loss formula coverage for 800 MHz tables in 
Chapter 2, a reasonable coverage area for an antenna mounted at 200 feet for cellular deployment on 
flat terrain is 4.8 miles. Figure 7 illustrates how the use of nine locations within the County could 
provide coverage to the entire geographic area. These sites represent a theoretical build-out for 
antennas mounted at the 200-foot elevation at equal dispersion, in a perfect radio frequency 
environment, with nO consideration of adjacent community wireless deployment for a single cellular 
provider, and excluding topographic and population variables. The smaller circles shown within the 
larger circles represent the limits ofthe search area for locating the tower. Although nine cells cover 
the vast majority of the County for one provider, this does 110t include the concept of capacity or 
terrain concel'lls. 

Refct1'ing to the "COST -231" tOl1'nula for 1900 MHz coverage tables in Chapter 2, a reasonable 
coverage area for an antenna mounted at 200 feet for a PCS site on flat terrain is 2.72 miles. Figure 
8 demonstrates that it would take approximately 36 filcilities to wvcr the same geographic area as in 
Figure 7. These sites represent a theoretical build-out of antenna mounted at the 200-foot elevation 
at equal dispersion for one PCS provider: again with no c.ol1sideration of terrain, demographic, or 
zoning variables. 
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Figure 7: RMS 800 MHz Handoff and Search Areas at 200' Anteuna Elevations 
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Topographic variable on theoretical coverage 

As previously described, in flat terrain and sparsely populated areas, base station prediction is an 
easier art. The impact terrain has on a service area is the most dramatic. Radio fi'equency 
propagation is similar to line-of-sight technology. Therefore, on flat terrain service areas, the 
coverage network forms an even circular pattern. In areas with varying terrain conditions, the line­
of~sight coverage will be altered by higher and lower ground elevations. The County has suftlcient 
topographical variation to provide significant gaps in coverage. 

Using the same random antenna locations identifled in Figures 7 and 8, Figures 9 and 10 illustrate 
how wireless service coverage areas become distOlied when the topographic variables are added to 
the propagation formulas. The areas in gray illustrate geographic areas that would need an 
additional antenna to improve coverage objectives. 
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Existing antcnna locations 

Mapping the existing antenna sites creates the base map and a starting point from which 
observations and analysis are derived concerning current wireless deployment trends and 
projected future deployments for the County, CityScape performed an assessment oUhe 
existing antenna locations in and around the County to identifY the following: 1) the 
location of existing telecommunications facilities currently located in the County; and 2) 
the availability of existing structures potentially for future coloeations, This assessment 
was achieved through actual site visits to each ofthe WCFs provided to CityScape by the 
County, the towel' owners, and the FCC database, CityScape has identified 46 existing 
and proposed antenna locations in and around the County, All these sites are a necessary 
part of the deployment infrastructure for the County. Figure 11 identifies all the known 
and proposed antenna locations throughollt the County, Known antenna locations are 
identified by an orange dot and proposed locations are identified in a yellow dot. 

The present deployment pattern illustrates approximately 21 towers located parallel to 
Interstate 64 and seven towers parallel to Highway 33, Many of these towers are located 
in pairs with the antenna arrays clustered closely together at the top indicating a need for 
as much height as possiblc by the providers, This pattel'll of deployment is consistent 
with other deployment pattel'l1s around the United States as providers seek to develop 
their networks for customers utilizing their wireless handsets while traveling in their 
vehicles, 
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Figure 11: Existing Anteonn Locfl tions 
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Heights of Slip po It structures are k.nown for aJJ of the known antenna locations. Of these 
46 antenna SUppOlt structures the largest percent are Jess than 200' in height. The tables 
and bar graph be low provides the height ra nges of the known antenna support structures. 

Number of Known Height of Percentage of Support 
Support Structure Support Structures in Given 

Heights Structure Height Range 

5 >1 26'<155' 12% 

2 >156'<1 76' 4% 

21 >177'<200' 46% 

9 >201'<299' 19% 

9 >300'<400' 19% 

Table 3: KnowlI Antenna Mounting Elevations 

Percentage of support structures in 
given height range 

12% 

• Percentage of support structures in given height range 

46% 

4% 

>126'<155' >156'<176' >177'<200' >201'<299' >300'<400' 

5 2 21 9 9 

Table 4: B;U' Gl'aph of l(nown An tenna SlIpport Structure Elevations 
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Theoretical coverage from existing antenna locations 

The next step in the evaluation process is to examine the coverage from all known 
existing antenna locations to determine if any areas of the County are potentially 
underserved or have no service. CityScape theorizes how existing sites might be used by 
the wireless industry through a second series of RMS maps shown in Figures 12 through 
IS. 

For example, CityScape asks the following questions: "If all existing antenna locations 
were developed with an antenna array and base station for the same wireless provider 
operating in the 800 and 1900 MHz frequencies would there be any gaps in coverage? Or 
are there ample sites to provide complete coverage to the entire County for this same 
theoretical provider?" 

Figure 12 demonstrates in theory the coverage for a single provider operating in the 800 
MHz fi'equency with its antenna mounted at the top of each tower. Geographic areas 
with good wireless coverage are shown in yellow. Generally the entire County is shown 
to have ample 800 MHz coverage in this scenario. Only the far eastem boundaries of the 
County are shown to have no coverage. 

Figure 13 demonstrates in theory the coverage for a single provider operating in the 1900 
MHz frequency with its antenna mounted at the top of each tower. Geographic areas 
with good wireless coverage are shown in yellow. However, significant shades of gray 
appear indicating marginal and no service areas. In this scenario only the Towns of 
Mineral and Louisa; the \-64 corridor; most of the Highway 33 corridor; the intersection 
of Highway 33, Highway 22 and Highway 522; and most of Lake Anna are shown to 
have greater than marginal service. The rest of the County is shown to have little or no 
coverage. 
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Topographic variables 

Radio Frequency propagation is loosely base.d on line-oF-sight technology. As previously 
described, in flat terrain and sparsely populated areas, base station prediction is an easier 
art. The impact terrain has on a service area is most dramatic in foothills and 
mountainous areas. On flat terrain. the coverage network Forms a circular pattern over 
the service areas. In the foothills, slich as the County, the line-of-sight reach will be 
altered by the varying terrain conditions. The higher and lower ground elevations create 
a dist0l1ed coverage pattern over the service area. 

Using the same existing antenna locations identified in Figures 12 and J 3, Figures J 4 and 
15 illustrate how wireless service coverage arcas become distOlted and diminished when 
the topographic variable is added to the RMS formula. Geographic areas with good 
wireless coverage are shown in green. The areas in gray llIustrate se.vice areas that could 
use immediate improvements. 
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Analysis ofRMS mapping and deployment patterns 

The deployment patterns demonstrate that about 50 percent of the County has marginal or no 
coverage areas. One reason for this could be the low population density of the County and the 
industry design to develop surrounding higher populated areas. The 2005 US Census estimates 
the population of the County to be 30,020; equating to an average of 51.6 people per square 
mile. Providers prioritize their markets based on subscriber market share and generally put 
their resources in areas where the demand is greatest and the return of their investment meets 
their business plan. The Interstate 64 corridor and other main transpol1ation routes provide a 
concentration of wireless subscribers to justify a need for infrastructure which is the reason tor 
the proliferation of tacilities along these pathways. Similarly, the concentration of population 
density in the Towns of Louisa and Mineral justify a need lor wireless facilities in these 
geographic areas too. 

The average mounting heights of the existing antennas is indicative of first phase deployment 
patterns where providers strive to meet coverage objectives; rather than network capacity 
objectives. Most of the County is still in phase one of wireless deployment, with the exception 
of the 1-64 conidor where the network is more advanced to meet customer demands. 

Demographic variables 

The industry 

Prior to the granting of the cellular licenses in 1980 for the first phase of deployment, the 
United States was divided into 51 regions by Rand McNally and Company described as Major 
Trading Areas (MTA). The spectrum auction conducted by the Federal Government for the 
1900 MHz bands for 2G (PCS), fill'lher divided the United States into 493 geographic areas 
called Basic Trading Areas (BTA). The County is located in the "Richmond-NorfoU(" MTA 
(a.k.a. MTA 23) and the "Richmond-Petersburg" BTA (a.k.a. BTA 374). 

Presently throughout the County there al'e three providers operating in the blocks of cellular 
services allocated in the BOO MHz band: AT&T (Cingular), AUle!, and Verizon. There are four 
blocks of Personal Communications Services (PCS) operating in the 1900 MHz band: AT&T 
(Cingular), Sprint, T-Mobile, and Ntelos for Verizon. Additionally an existing Enhanced 
Specialized Mobile Radio (ESMR) provider is also in the 800 MHz band (Nextel). These 
seven service providers all require uninterl'llpted and continuous handoff sel'vice thl'Oughout the 
County. In the near future, there is likelihood that additional services in the 700, 2S00 and 
5400 l\1Hz bands will follow similar requirements. 

Of the 46 towers in and around the County only two of them arc owned by one of the wireless 
providers; the remaining 44 towers are owned and managed primarily by tower builders. 
American Tower Corporation (ATC), Crown Castle Incorporated (CCI), and Community 
Wireless Structures (CWS) collectively own the majority of the towers (31 total). 
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Tower Number 
Owners of Towers 

American Tower Corporation 8 
Crown Castle Incorporated 14 

Community Wireless Structures 9 

Other 15 
Total 46 

Table 5: Pdmary Tower Ownel' Stakeholders 

Tower Owners 

• American Tower CorporJlion • Crown Castle InlernJtionJI 

Community Wireless Structures D Other 

Table 6: Pie Chart ofPdmary Tower Owner Stal{eholders 

The 15 towers owned by others are listed in the table below which includes the two wireless 
providers previously mentioned. 

Other Number 
Tower Owners of Towers 

National Communication Towers 1 
VA Electric & Power 2 

Piedmont Communications 1 
Rappahannock Electric Cooperative 1 

MCI Communications 1 
Richmond 20 MHz, LLC 1 
RCTC Wholesale (Alltel) 3 

Manakin Towers 1 
Department of State Police 1 

Verizon 1 
SBA 1 

Sprint 1 
Total 15 

Table 7: Other Tower Owner Stakeholders 
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Tower Owner - Other 

• National Communication Towers • VA Electric & Power 

• Piedmont Communications • Rappahannock Electric Cooperative 

• MCI Communications • Richmond 20 MHz, LLC 

• RCTC Wholesale (Alltel) • ManakinTowers 

• Depl.of State Police • Verizon 

7% 7% 7% 

7% 

7% 

20% 7% 

6% 
6% 

Table 8: Pie Chnrt of Other Tmvel' Owner Stn),eholders 

The majority of the tower types are lattice and monopole type construction. Sixty percent of 
towers built by "others" and 50 percent of towers owned by ATC are lattice style construction. 
CCl owns an equal number of lattice and monopole type poles (36%), and 78 percent of towers 
owned by CWS are monopoles. Thus, of the 46 towers assessed; 19 are lattice, 18 are 
monopoles, and 9 are guy wire type facilities. 

Louisa County 

Louisa County is located in the central northeast pOition of Virginia, north of Interstate 64, 
west of the City of Charlottesville, and east of the City ofRichmonci. The County encompasses 
roughly 514 square miles or 328,960 acres (Comprehensive Plan). The US Censlls estimates 
the 2000 population for the County at 25,627; and the Louisa County Comprehensive Plan 
estimated a slightly higher population of around 27 ,277. 

Figure 16 illustrates the distribution of population countywide. The deep shade of green 
identifies the greatest population concentration in the County; with the lighter shade of green 
being the next most populated area of the County. Pale shades identifY low population profiles. 
It is logical the greatest population density is in and around the Towns of Louisa and Mineral. 
The second largest population grouping in the southeast quadrant of the County north of 
Interstate 64 is surprising given the rural character of this geographic area. The lowest 
population density in the central southern part of the county is typical of commercia! and 
business land uses. 
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Figure 16: Demographics 

Figure 17 is a side by side comparison between the population densities shown in Figure 16 and 
the theoretical coverage from the existing antenna locations as shown in Figure 15. Again, the 
deep shade of green in Figure J 6 identifies the greatest population concentration in the County; 
with the lighter shade of green being the next most populated area of the County. Pale shades 
identify low population profiles. 

The map on the right illustrates the theoretical coverage from existing known antenna locations 
throughout the County. The map combines topographic and demographic varia hIe; the areas in 
gray show minimal or no wiJeless service coverage. This mapping exercise demonstrates a 
future need for wireless telecommunications facility sites throughout the County especially 
para lie l to a ll major highways; within linear geographic areas between the highways; and in the 
most populated areas of the COLlnty, especia ll y in the eastern half of the County. The 
geographic area where future wire less infrastructure is needed is generally zoned Agricultural 
(AI) and Agricultural (A2); and towers are presently permitted through the approval of a 
Conditional Use Permit in both of these districts. 
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Wireless demographic analysis 
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CityScape research shows contradictory information regarding the County population trends 
and the current cell phone penetration rates within the County. Based on the US Census Data, 
the Virginia Employment Commission estimates the County population will increase to 
approximately 34,918 (Comprehensive Plan) by year 2020. However, building permits for the 
County indicates the 2007 population to be around 36, 171 ; presently exceeding the 2020 
projection by 1,253 persons. Using staffs research as the basis for 2020 projections estimates 
a population of around 61,064; provided the level of building and growth are maintained at the 
present rate. 

The wireless telecommunications market factors indicate a penetration rate of about 60 percent; 
yet recently released federal penetration rates indicate a level of around 77 percent. CityScape 
se lected to use 68 pel'cent (a number between these two projections) as the present penetration 
rate for the County, with an additional 15 percent transient rate. 

Considering constant increase projections to 2020, the population is expected to reach 
approximately 61,064. Using this population increase and expected increases in subscriber 
minutes, it is fair to assume a proposed market penetration rate increase to 90 percent by 2020. 
Additionally, a transient figure of 15 percent for estimating capacity ove rloads is included. 
Based on this method, the County should anticipate growth that will result to abollt 70,224 
wireless subsclibers by 2020. However, by 2020 it is predicted the average number of 
subscribers processed by a base station will drop fi'om 1,000 to 1,500 simultaneous calls to 
between 500 and 750 simultaneous calls. 

As a resu lt of the present growth models and the current wireless market penetration rate, the 
County reg ion can expect an increase ii-om 46 antenna locations to approximately 112 antenna 
locations by 2020, depending on local connectivity and the rate of wireless network evolution 
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from 30 to 50. Yearly increases cannot be anticipated to be evenly increased as customer 
demand on the network will control future deployments. As a rule of thumb the County could 
anticipate an average of five new tower sties and around seven colocations per year over the 
next ten years. 

Figures 18 illustrates anticipated coverage voids over the next 10 years as wireless phone 
subscriber rates increase and morc broadband is needed to accommodate added handset 
features. The new sites will be necessary in the areas shown in gray to meet network planning 
objectives. This projection is for one wireless provider and assumes this provider has an 
antenna array at each site shown on the map. 
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Louisa County's public policy on wireless telecommunications prior to September 2007 

CityScape has reviewed the Louisa County Zoning Definitions and Article IX, entitled, 
"Telecommunications Regulations", Section 89-481 through Section 86-494 of the County's 
Ordinance. CityScape has identified several areas of concern. 

First, Section 86-482. (d), "Existing structures and towers" indicates the addition of an antenna 
onto an existing structure shall only be pcrmitted provided: 

" ... said antenna shall not add more than 20 feet in height to said structure or 
tower and provided, however, that such specific permitted use shall not include 
the placement of additional buildings or other suppOiting equipment used in 
connection with said antenna .... " 

As mentioned previously, each elevated antenna array must have suppOiting ancillary 
equipment stich as feed lines and ground equipment to makc the antenna function. 

A second COncern pertains to Section 86-489, "Setbacks and separation". Requirement three 
states: 

"the distance from the base of all towers to the propelty boundary of the parcel 
upon which the tower is located shall be 110 percent of the height of the tower." 

CityScape has determined the average height oftowcrs in and around the County is around 200 
feet. Approximately 110 percent of this height would require a nO-foot setback from all 
propelty boundaries; equating to a minimum lot size of 1.11 acres. This minimum lot standard 
is likely available throughout the undeveloped geographic areas of the County; but that may not 
be the case in geographic areas zoned predominantly for business parks or residential purposes. 
If this minimum lot size is non-existent then this specific zoning standard could be viewed as a 
barrier to entry by the industry. Logistically this requirement forces the tower towards the 
interior of the propelty away from existing perimeter tree lines and making it more visible to 
the public. 

Lastly, Section 86-492, "Local government areas" requires: 

"Owners of towers shall provide the county colocation opportunltles without 
compensation as a community benefit to improve radio communication for county 
depattments and emergency services." 

CityScape recommends similar language to be incluQed in lease agrecments between wireless 
providers and tower owners when the proposed infrastructure is to be installed on county­
owned land. Requiring county access on a new tower to be erected on privately-held land 
could be viewed as an unfair request by the County. CityScape recommends the deletion or re­
wording of this standard and using it only on county-owned assets. 
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Wireless worl<shop surveys 

CityScape presented a wireless workshop at which elected officials, County staff, and the 
citizenry were given the opportunity \0 learn about wireless deployment practices and share 
their vision of Ihture land use policies related to this industry. Based on the survey results, 
CityScape determined that concealment is the most preferable type of wireless infrastructure 
and that non-concealed support structures are only deemed acceptable in commercia I or 
industrial districts. While this is a viable option, it will be challenging to develop concealment 
techniques that offer a blended appearance to the local landscape relative to scale. Because 
most of the County is in phase one of wireless deployment, antenna mounting heights will need 
to be in the 190-[00t elevations; lower mounting heights will only become a viable option to the 
industry in areas with a dense snbscriber population; and this profile is uncharacteristic for 
most oftlle unincorporated areas of the County. 

Throughout the Country, there is an acceptance to use power line distribution poles and SUppOIt 
structures to support new antenna arrays provided; I) the power company is agreeable, and 2) 
the use of the rights-of-way for these purposes is permissible by the local government. This 
scenario provides a great option for meeting network objectives given the tall heights of the 
cross-country distribution poles that traverse the County, 

Survey participants indicate a preference for new lower constructions to be of the monopole 
type support structure, and that new antenna support structure heights be limited to less than 
200 feet; thereby reducing the requirement for night lighting. Industry manufacturers make 
monopoles up to 250 feet and about one third of the existing infrastructure in the County 
already meets this description. 

Colocation was voted as the most preferable option for wireless infi'astructure deployment. 
This is advisable provided existing elevated structures are available on which to colocate, A 
visual survey of existing towers indicates ample space [or additional antenna arrays. 

There remains a strong desire to maintain the character and aesthetics of the County skyline 
and at gronnd level pedestrian views. In some situations it is preferable to design ground 
equipment facilities to compliment the surrounding architecture. This goal is attainable 
through land use standards to specifically address the visual appearance of the ground space. 

A number of snrvey participants are expressing frustration with the present lack of network 
coverage and are encollraging the continued deployment of wireless infillslructure. Their radio 
fi'equcncy propagation maps clearly illustrate areas of concern. Developing a wireless 
telecorrununications fHendly ordinance that bridges citizenry concerns with industry needs will 
promote an orderly future deployment pattern. 

Use oj' county-owned property 

Thc County has indicated an interest in utilizing public lands [or future wireless 
telecommun ications infi'astruc lure. 
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Legal opinion 

CityScape has been asked to determine the propriety of using County propelty for private 
wireless telecommunications facilities. Use of public propel1y is rooted in the enabling text of 
the federal legislation that revolutionized the wireless communications industry, the Federal 
Telecommunications Act of J 996 (the Act). 

The Act requires local governments to treat wireless telecommunications providers (who 
provide flmctionally equivalent services) equally and that those governments not enact 
regulations that hinder or prevent the development and provision of wireless services to 
consumers. Those provisions of Section 704 of the Act are well known, but lesser known 
sections provide that the federal government makes available propel1y for wireless facilities 
stating in part: 

"(cl AVAILABILITY OF PROPERTY-Within 180 days of the enactment of this Act, the 
President or his designee shall prescribe procedures by which Federal departments and 
agcncies may make available on a fair, reasonable, and nondiscriminatory basis, propeliy, 
rights-of-way, and easements under their control for the placement of new 
telecommunications services that are dependent, in whole or in pali, upon the utilization of 
Federal spectrum rights for the transmission or reception of such services. These procedures 
may establish a presumption that requests for the use of property, rights-of-way, and 
easements by duly authorized providers should be granted absent unavoidable direct con1lict 
with the department or agcncy's mission, or the current or planned use of the propeliy, rights­
of-way, and easements in question. Reasonable fees may be charged to providers of such 
telecommunications services for use of propeliy, rights-of-way, and easements. The 
Commission shall provide technical support to States ro encourage them 10 make property, 
rights-qFway, and easemenTs under Iheirjurisdictiol1 availahle Jar such p!II]!oses" (emphasis 
added). 

Clearly, the congressional intent behind this language was to enable the utilization of federal 
propeliy for wireless services and to encourage state and local governments to make puhlic 
property available for wireless pUlposes. The FCC interpreted the language in its Wireless 
Siting Fact Sheet #1 (Aplil 23, 1996)1 to mean: "Federal agencies and departments will work 
directly with licensees to make federal property available for this purpose, and the FCC is 
directed to work with the states to find ways for states to accommodate licensees who wish to 
erect towers on state property, or use state easements and rights-of-way". 

However, there is no federal telecommunications regulation prohihiting the extent to which a 
city or county desires to regulate the placement of wireless comnmnieations facilities to favor 
public property over private property. Indeed, based on the foregoing language, it would appear 
that Congress' intent is to encourage siting on public property. Of course, if the effect of such a 
provision were to prevent the implementation of wireless services (for example, by mandating 
that a provider had to conslmct on public propclty and there was 110 puhlic property available in 
the geographic search ring for the proposed facility), then such regulation would have the effect 
ofprohihiting wireless services and that could be a violation of the Act. 

, http://wireless.fcc.gov/silingifactI.html 
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The opinions provided herein relate solely to federal law and FCC decisions and regulations 
specifically and do not relate to any applicable state or local regulation. Anthony T. Lepore, 
Esq., CityScape's Vice President and a telecommunications attorney, is a member of the 
Florida and Massachusetts Bars and is admitted to practice before the Federal Communications 
Commission. 

Leasing public-owned lands assures the community the preference of concealment materials 
and technologies presently available to the industry. As public sites are developed, the 
inlhlstrueture installed becomes the precedent of how future sites should be developed on 
private land. For example, many "tree towers" and "Hag pole" towers are available to the 
industry. But there are other creative ideas for concealment towers; some are more 
aesthetically pleasing and more practical than other types. As the local government utilizes 
these products, these applications become the standard for future tower sites on both public and 
private land. 

As public land sites are considered and utilized for these purposes, staff gains invaluable 
knowledge on how wireless sites are constructed which will aid them in future site plan designs 
and evaluations on both public and private propelties. 

Leasing public lands for purposes of new wireless infrastructure can create new sources of 
public revenue. As new sites are developed on public land, the community generates lease 
revenue fi'om that tower owner and tenant. Some communities are generating millions of 
dollars over the term of multiple contracts just f)'om leasing public facilities to the wireless 
service providers. Tbis revenue is created without bonds or raising taxes. 

CityScape conducted a preliminary review of county-owned property and identified 14 County­
owned prope.ties that could be suitable for new tower locations. These sites have been mapped 
and evaluated for llse in meeting future network objectives. Table 9 lists these properties, 
Figure 20 identifies the location of these sites, and Figure 19 illustrates how an antenna 
mounted at 199 feet at these locations can help meet network objectives. Theoretical coverage 
rrom the Connty-owned properties is shown in red. 

Map 

I 
County-owned Site I Tax Map 

Reference Pr"perty Location Parcel Number 
A Bowiers Mill Lake Northwesi{ifReservoir - RI. 704 8-19 --------_ .. 

Southeast of Reservoir - RI. 603 
---------------_ .. 

B Bowlers Mill Lake 8-19 
••••••• -<--•••• 

C Shooting Range West of Louisa Town - Rt. 730 25-30 ............ _-
D Industrial Air Park East of Louisa Town - RI. 22 41-195 
E Water Authority Air Park Rt 780 41-201 

I 
South East oiM irieiiilTown -

I F-H* Land Fill Area ~ Rt.700 (~i~a Road) ----_ ... 59-112 and 59-112B 

~ .... I Park Bumpass Area - RI. 601 76-14A 

I ... 
J I Vacant South of Pendleton - Rt. 522 59=i1-2A 

I K Vacant \AiiltlinReedy CreekSliiidivision 67-2M I 
,-------

L Zion Crossroads Water Tower Zion Crossroads - Rt. 15 51-48A 
M ······Oid Louisa Dump Site North of 1-64 - Rt. 208 67-SA 
N Recycl ing Center South of Louisa Town- Rt 208 I 55-SA 

:::~~2!.i.!Y::~?~:~_~owel' will be necessary for CounLy-ovv'ned properties F through H. 

Table 9: List of County-owned Lands 
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Proposed policy changes 

Ordinance revisions are intended to limit the visibility of new wireless telecommunications 
support structures on the landscape, reduce the number of new antelma SUppOlt structmes, and 
utilize publicly-owned lands for the purposes of wireless infi'astructure deployment. It 
addresses concel'l1S over tower proliferation, and includes strategies to control future growth of 
the wireless telecommunications industry tlu'oughout the County. 

To encourage the use of existing elevated structures, CityScape recommends adding new words 
and defmitions consistent with the wireless telecommunications industry to the existing 
Ordinance; and adding a hierarchy of preferable infi'astructure options to address the visual and 
locational preferences of future network installations. The siting hierarchy establishes the 
preferred type of facilities to be located in the community. The order of preferred installs is 
first for a concealed attached antenna. If these are not an option, then colocation or combining 
would be the second preference, followed by a non-concealed attached antenna. !fa new tower 
needs to be constructed, then tower owners are directed to first consider the mitigation of an 
existing facility (improvements to allow for more colocations); for example structural 
improvements to allow for more colocation on and existing facility. !f this is not an option, 
then the Ordinance places the first preference on a concealed facility over a non-concealed 
tower. 

Based on the surveys, an example of the siting preferences in the hierarchy would be to allow 
concealed antennas attached to existing elevated structures and new concealed towers and 
monopoles less than 200 feet; as opposed to lattice and guy towers in excess of 200 feet. The 
proposed text allows new towers in residential districts up to 125 feet; provided they are 
concealed, including, but not limited to the concealed towers shown in the pictures below. 

Stnlclures) 
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Chapter 4 Inventory 

Purpose of the inventory 

In order to determine suitability of existing wireless communications facilities in the County 
for future colocation or combining, and with the intention of limiting additional antenna­
suppOliing structure construction to the extent possible, CityScape created an inventory 
catalogue of sites. 

Procedure 

CityScape conducted an assessment of existing antenna locations and selected County-owned 
propeliy within tile County. The data for the assessment was obtained from a number of 
sources including actual permits obtained fi'om the County for wireless infi'astructure, site 
visits, research of registered site locations and direct information fi'OIn existing wireless service 
providers and tower owners active in the County. 

Inventory catalogue 

Pictures of existing antennas mounted on towers, water tanks, and selected County-owned 
propeliyare included in the inventory catalogue. The site locations ofthese sites are located on 
Figure 21. Existing tower locations are identifIed by an orange dot, proposed new tower 
locations as of May 21, 2007 are identified by a yellow dot, and all County-owned land IS 

identified by a red dot. 

Structural evaluation 

Based on a visual inspection of antennas already on existing antenna supporting structures, 
CityScape has made a judgment as to whether the support structure is likely to physically 
accommodate more antennas. The number of estimated colocations is referenced as futurc 
capacity and is included in the inventory. This is based on visual observations only. In this 
consideration, more antennas mean additional wireless antenna platform(s) consisting of 
several antennas and requiring several lines of heavy coaxial cable. Prior to mounting new 
antennas, the structure must be examined and analyzed by a structural engineer for its ability to 
support the proposed addition. New tower infrastructure on County-owned land is subject to 
Conditional Use Permit approval prior to new tower construction. 

Site photographs 

Photographs of found sites are included in this inventory. 'fhe identification number in the 
inventory corresponds to the site's identification on Figure 21, and the pictures of each site 
fo llow Figure 21. 
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AS OF SEPTEMBER 17,2007 WITH PUBLIC LANDS 
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Figure 21: Existingt Proposed, and Potential TOWel" Locations 

55 

.6 
a 



Knol!lt1Inventory-l as ofSeptomber 17. 2007 

SITE LOCATION 

Site Number 1 
17169 Z8crl8ry hylor Hwy. 
Latitude: 38-10-17.6 N 
LonglbJde: -77-56-07.6 W 

Type: Lattice 250' 
Future Capacity: 2 

SITE LOCATIOII 
PROPOSED 
Site Number 3* 
Union Avenue Extension 
Latitude: 38-07-66.16 N 
Longlrude: -78-0-40.48 W 

Type: Monopo{6199' 
Future Capacity: 4 

SITE LOCATION 

Site Number 6 
End of Raute 700 
L.tltude: 38-03-32 N 
Longlrude: -77-47-47 'IV 

Type: Latti~ 240' 
Future Capacity: 4 

SITE LOCATIOtl 

Site Number 7 
Rotlte 700 
L.tltud.: 38-02-50.62 N 
LonglbJd. : 77-49-11.32 W 

Type: Guyed 309' 
Future CapacJty: 2 

SITE LOCATION 
PROPOSED 
Site Number 2 
Hickory Cut (SpotsJlivenie 
CountY) 
Latitude: N 
LonglbJde: W 

Type: Monopole 195' 
Future Capacity: 4 

SITE LOCATION 
Under Construction 
Site Number 4* 
7149 ZechelyTaylor Hwy. 
Latitude: 38-06-02.6 N 
LongibJde: -77-64-27.8 W 

Type: UJtt/~ 199 
Future Capacity: 4 

SITE LOCATION 

Site Number 6 
4429 Johnson Rd. 
Route 700 
Latitude: 38-03-17 N 
Longitude: -77-48-10 W 

Type: G<Jy 387' 
FuturtJ Capacity: 4 

SITE LOCATlOti 
PROPOSED 
Site Number 8* 
Doctors Rd. 
Latitude: 38-06-18.6 N 
LonglbJde: -78-06-66.6 W 

Type: Monopole 175' 
Future Cap4cJty: 4 

EXlITlNGTOWER Bun.DlNG " LAND - WATERTANK 
'" Photo Comp~I~lds ofCWS 
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Knol,lm Inventory-2 as of September 17, 2007 

SITE LOCATlOtl 
Proposed 
Site Number 9 
Hound Doe: Rd. 
Latitude: 38-06-16.6 N 
Longitude: -78-10-34.2 W 

Type: lVIonopole 199' 
Future Capacity: 4 

SITE LOCATlotl 

Site Number 11 
1101 Chopping Rd. 
Latitude: 38-2-19 N 
Longitude; -77-56-25 W 

Type: Guy 320' 
Future C~p!clty: 3 

SITE LOCATlOtl 
PROPOSED 
Site Number 13* 
8903 Poindexter Rd. 
Latitude: 36-02-59.5 N 
Longitude: -78-06-3.1 W 

Type: Monopole 199' 
Future Capacity: 4 

SITE LOCATIO" 

Site Number 15 
196 McDon81d St. 
Letltude: 38-01-18.1 N 
Longitude: -78-0-14.6 W 

Type: Lattice 394' 
Future Capacity: 3 
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lXIST!}lG TOWER 

SITE LOCATlOtl 

Site Number 10 
977 Chopping Rd. 
Latitude: 38-2-14 N 
Longitude: -77-65-26 W 

Type: Guy 348' 
future Cdpaclty: 2 

SITE LOCATlotl 

Site Number 12 
Route 22 
Latitude: 38-03-55 N 
Longihlde: -78-14-24 W 

Type: Guy 140' 
,'=uture Capacity: 1 

SITE LOCATIO .. 

Site Number 14 
194 McDonald st. 
Letltude: 38-01-37.6 N 
Longlrude: -78-01-03.9 W 

Type: Lattice 286' 
future Capacity: 4 

SITE LOCATlOtl 
PROPOSED 
Site Number 16* 
HIe:I)w6Y 33 
L8titude: 37-69-23.6 N 
Longitude: -77-56-68.86 W 

7ype: Monopole 199' 
future Gapaclty: 6 

BUIlDING IIIILAND _WATERTANK 
'" Photo Cornp!emmh ofONS 



Known Inventory-3 as ofSeplember 17, 2007 

SITE LOCATION 

Site Number 17 
3921 Indian Creek Rd. 
Latituda: 37-66-1.97 N 
Longitude: -77-54-68.3 W 

Type: Lattice 395' 
Futw~ Capacity: 4 

SITE LOCATlOII 

Site Number 19 
9661 Jefferson Hwy. 

I Latitude: 37-66-19.7 N 
Longlnlde:77-61-36.6 W 

Type: Lattice 325' 
Future Cap8dty: 

SITE LOCATION 
PROPOSED 
Site Number 21~ 

latitude: 38-02-31.8 N 
Lon£:i1ude: - 76-14-10.9 W 

Type: Monopole 199' 
future Cilpaclty: 4 

SITE LOCATIOII 

Site Number 23 
Route 250 
Letltude: 37·69·49.3 N 
Longll"de: ·76·20·30.6 W 

Type: tattlc;, 152' 
Future Capacity: 1 
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EXISTING TOWER 

SITE LOCATION 

Site Number 18 
9666 Jefferson Hwy. 
Lotltude: 37·65·13 .1 N 
Longitude: 77-61-42 W 

Type: Lattlco 165' 
Future C8p?tclty: 0 

SITE LOCATlOII 

I 
Site Number 20 
909 Bethany ChUrch Rd. 
LetJtude: 37-62-47.6 N 
Longlnlde: -77.47-16.6 W 

~ Type: Monopole 190' 
futur~ Capadty: 2 

SITE [OCATIOII 
PROPOSED 
Site Number 22)11 
Route 208 
Latitude: 37-58-21.5 N 
Longitude: -76-03-17 W 

Type: Monopole 199' 
Futur~ Capacity: 4 

SITE LOCATIOII 

Site Number 24 
Near Stete Rds. 260 & 799 
Latitude: 37-69-40 N 
Lon~llJJde: ·78·16·05 W 

Type: Monopolo 125' 
future Capacity: 2 

BUn.DING _LAND _WATERTANK. 
If<Pluto Collt'IemeJ:ti5 orews 



Known Inventory-4 6.S ofSepternber 17. 2007 

SITE LOCATIOtl 

Site Number 26 
Cedar Ridge Rd. 
Letitude: 37-69-46 N 
LongibJde: -78-16-66.1 W 

Type: Monopole 194' 
Future Capacity: 2 

SITE LOCATIOtl 

Site Number 27 
306 Zion Rd. 
Latitude: 37-58-47.3 N 
Longitude: -78.13.19.7 W 

Type: Monopole 194' 
Future Capacity: 3 

I SITE LOCATIOtt 

Site Number 29 
486 Lands End Rd. 
Latitude: 37-66-69.29 N 
Longitude: -78-06-41.45 W 

Type: Guy 299' 
Future Capltclt.y: 2 

SITE LOCATlOtI 

Site Number 31 
892 Hasher Ln. 
Latitude: 37-66-26.6 N 
Longirude: -78-04-46.6 W 

Type: Ilflonopole 194' 
Future Ga pacity: 3 
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EXISTING TOWER 

SITE LOCATIOtl 

Site Number 26 
1022 Zion Rd. 
Latitude: 38-59-03 N 
Longlrude: -78-13-32.03 W 

Type: Lattice 197' 
Futur6 Capacity: 1 

SITE LOCATlOtI 

Site Number 28 
310 Rock Quany Rd. 
Latitude: 37-67-27.67 N 
L.nglrude: -78.09.48.54 W 

Type: Monopole 194' 
Future Capacity: 3 

I SITE LOCATIOtl 

Site Number 30 
465 Lands End Rd. 
Latitude; 37-56-54 N 
Longitude: -78-06-44 W 

Type: Lattice 208' 
Future Ca pdclty: 0 

SITE LOCATIotl 

Site Number 32 
5693 Perrlsh Rd. 
Latitude; 37-63-53 N 
Longitude: -78-02-04 W 

Type: Guy 300' 
Future Ca paclt.y: 4 

BUILDING oLAND _WATERTAHK 
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Known Inventoty-5 as of September 17, 2007 

I SITE LOCATlOIl 

Site Number 33 
6620 Three eh op Rd. 
Latitude: 37-63-22.1 N 
Longitude: -76.02.16.6 W 

Type: lattice 209' 
Future Capacity: 2 

SITE LOCATION 

Site Number 35 
Cobin Rd. 
Letltude: 37-49-32.6 N 
Longi1lJde: -77-57-26.9 W 

Ty~: Mon()p()/~ 207' 
Future Ci1Pac/ty: 2 

SITE LOCATIOII 

SIte Number 37 
3763 Three Chopt Rd. 
Lemude: 37-48-0.39 N 
Longitude : -77.55.39.04 W 

Type: /.Attic< 199' 
Future Capacity: 4 

SITE LOCATlOIl 

Site Number 39 
3707 Cross Country Rd. 
latitude: 37-48-28 N 
longibJde: -77-61-61 W 

Type: LAttice 370' I Future Capacity: 4 
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SITE LOCATlOII 

I 
Site Number 34 
Off Shennon HIli Rd. 
Letltude: 37-62-39.2 N 
Lon~tud e: -76.02/36.7 W 

I 

Type: LAttice 152' 
Future Capacity: 2 

SITE LOCATION 

Site Number 36 
4440 Old FrederlckburgRd. 
Latitude: 37-47-59.4 N 
Longitude: -77-55-39.1 W 

Type: /.Attice 199' 
Future Capacity: 2 

SITE LOCATION 

Site Number 38 
3763 Three Chopt Rd. 
Latitude: 37-48-0.39 N 
Longitude: -77.05.39.04 W 

Type: Guy 19S' 
Future Capacity: 1 

SITE LOCATlOII 

Site Number 40 
3218 Holly Grove Dr. 
L.tltude: 37-47-18.4 N 

~ longibJde: -77-60-32.4 'IN 

TyptJ: Guy 140' 
Future Capacity: 1 

EXISTING TOWER BUn.DlNG _LAND _WATEIITAHK 
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Known Inventory-6 as of September 17.2007 

SITE LOCATION 

Site Number 41 
622 Crou Country Rd. 
Lomud.: 37-46-37.6 N 
Lontllud.: -77'63-06 W 

Type: Lottlce 210' 
future C8P8dty: 1 

SITE LOCATION 

Site Number 43 
2425 Goodluck Ln. 
Lotrtude: 37-45-00 N 
Lon~ilud. : -77-60-46.8 W 

Type: Monopole 199' 
Fut<lre Capacity: 3 

SITE LOCATION 

Site Number 46 
1601 State Route 617 
Lotltude: 37-43'14 .23 N 
Lontiludo: ·77.46.17.31 W 

I Type: lAttice 187 ' 
Future Capacity: 2 
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EXISTING TOWER 

SITE LOCATlOI! 

Site Number 42 
2412 Goodluck In. 
letitude: 37-46-0 .85 N 
longitude: -77-50·44.7 W 

Type: Monopole 185' 
Future capacity: 2 

SITE LOCATlOI! 

Site Number 44 
2501 Sandy Hook Rd. 
lfltitude: 37-44-16.6 N 
Longilud.: -77-63-27.3 W 

Type: Monopole 195' I Future Capacity: 3 

SITE LOCATlOI! 

Site Number 46 
1990 Triplet In. 
L.tltude: 37-41-65.3 N 
longitude: -77-46-61.0 W 

Type' /.tittlce 263' 
Future Capacity: 4 

1 

BUIlDING BLAND _WATERT ANK 



Potential County-owned Invcniory-7 as ofSepternber 17, 2007 

SITE LOCATION 

Site Letter A 
Rt. 704 
Bowlers Mill Leke 
Northwest of reservoir 
T8X Mep Parcel It: 8-19 

Potential Use: 199' 
Monopole 

SITE LOCATIO" 

Site letter C 
Rt 730 
Shooting Range 
West ofTown ofLouiu 
Tex Map Parcel It: 25-30 

Pot~ntlal Use: 199' 
Monopole 

SITE LOCATIO" 

Site Letter E 
Rt. 780 
Water Authority 
Eest of louisa Town on Rt. 
22 
Tax Mep Parcel #: 41-201 

PotentIal Use: 199' 
Monopole 

SITE LOCATION 

Site Letter G 
Rt. 700 (Mlc. Rd.) 
Land fill Area 
Southeast ofTown of 
Minerai 
Tax Map Parcel It: 69-112 

Potential Use: 300' Guy 
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SITE LOCATIO" 

Site Letter B 
Rt. 603 
Bowlers Mill L!}ke 
Southeast of reservoir 
Tax Map Parcel It: 

Potential Use: 300' Guy 

SITE LOCATIO" 

Site Letter 0 
Rt 22 
Industrial Air Park 
TaxMep Parcel #: 41-196 

Potentia/ Use: CO/oeat/on 

Southeast ofTown of 
Minerai 
Tax Map Parcel #: 59-112B 

LOCATION 

Southeut ofTown of 
Minerai 
Tax M ap Parcel #: 69-112 

" EXISfINGTOWER BUll-DING uLAND oWATERrANK 



Potential County-owned Inveniory-8 85 of September 17. 2007 

Bumpass Area 
Tex Map Parcel #: 76-14 

Reedy Creek Subdivision 
Mep Percel It: 67-2BA 

SITE LOCATIOII 

Old Louisa Dump 
North of 1-64 
T6x Mep Percel : 67-6-A 

SITE LOCATION 

South of Pendleton 
Tax Mep Parcel #: 69-11-2A 

LOCATION 

Zion Crossroads 
TaxMap Parcel#: 61-46A 

Potential Use: Colocatlon 

Recycling Center 
South of Louise Town 
Tax Map Percellt: 5&-8-A 

~EXISTING TOWER BUILDING _LAND _WATERrANK 
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