
OVER-THE-HORIZON BACKSCATTER RADAR NETWORK 
Over-the-Horizon Backscatter Radar Network 
Moscow vicinity 
Somerset 
Maine 

WRITTEN HISTORICAL AND DESCRIPTIVE DATA 

HISTORIC AMERICAN ENGINEERING RECORD 
PACIFIC WEST REGIONAL OFFICE 

National Park Service 
U.S. Department of the Interior 
1111 Jackson Street, Suite 700 

Oakland, CA 94607 

HAER ME-98 
ME-98 

\.( I 



HISTORIC AMERICAN ENGINEERING RECORD 

OVER-THE-HORIZON BACKSCATTER RADAR NETWORK 
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The Over-the-Horizon Backscatter (OTH-B) network formed a defensive radar shield for the east and 
west coasts of the United States. The choice to put the East Coast Radar System (ECRS) in Maine and 
the West Coast Radar System (WCRS) in Oregon and California was a function of national geography. 
Using those locations-essentially the northeast and northwest comers of the continental United States
optimized radar coverage of the east and west approaches to our country. The backscatter concept does 
not work in the far northern regions of the world because of electromagnetic interference from the aurora 
borealis; therefore, there were no sectors aimed to the north. 

The OTH-B transmitter and receiver sites were located in fairly remote areas. This allowed for the 
acreage necessary to construct the large antenna arrays (about 460 acres for each transmit sector and 
about 250 acres for each receive sector) (General Electric 1986) and provided buffer space around the 
sites to eliminate interference with, or from, outside sources of radio frequency radiation. The 
transmitters were located about 100 miles from the receivers so that the powerful transmissions would not 
interfere with the weak returning signals. The least geographically dependent part of the process was 
siting the operations center, which could be built on a convenient military base in the region to make use 
of existing support facilities and infrastructure. 

PART II. DESCRIPTION OF THE COMPLEXES 

The operations centers, at Bangor Air National Guard Base for the ECRS and at Mountain Home Air 
Force Base for the WCRS, were each housed in a single building. Large and windowless, these buildings 
were staffed by technicians and officers who analyzed computer-generated data presented, then initiated 
the procedures to investigate, and if necessary to intercept, suspicious aircraft. Large troposcatter dish 
antennas pointed toward the distant receiver site, allowing a direct communications link for the massive 
amounts of information generated by the system. 

At each transmit sector, 12 transmitters operated simultaneously to produce as much as 100 million watts 
of power. This energy was radiated through one of six antenna subarrays at each sector. The subarrays 
operated on the A through F bands of the high frequency spectrum, allowing the appropriate frequency 
band to be used based on current atmospheric conditions. Sounder antennas-resembling commercial 
broadcast antennas-at each transmitter sector measured ionospheric conditions, guiding the choice of the 
optimum frequency band at any given time. 

The operational facilities of the ECRS had two new sectors added to the prototype transmitter and 
receiver sectors. The transmitter sites had the full complement of six antenna subarrays at each sector, 
making each of the three arrays 3,630 feet long. Steel transmitter antenna towers ranged from 35 to 135 
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feet in height, and a ground screen extended out 750 feet in front of the antennas. Sounder antennas at the 
two new sectors were 148 feet tall. 

Each receive sector had 246 antenna elements, mounted on steel towers, stretching 4,980 feet long. A 65-
foot-high backscreen composed of 8-inch-square corrosion-resistant wire mesh, also mounted on steel 
towers, stood behind the receiver elements. A ground screen, made of galvanized metal mesh, extended 
out 1,000 feet in front of the array (Air Combat Command [ACC] 2005; General Electric 1986). 
Communications between the locations in the system was provided by wideband troposcatter radio links, 
as well as by a fiber optic communications link (General Electric 1986). 

PART III. CONSTRUCTION HISTORY 

The Air Force first proposed constructing an OTH-B network in 1966, to address the inability of the 
existing system to detect low-flying aircraft. Budget demands of the Vietnam War kept funding at the 
research and development level for several years (Winkler 1997:45). General Electric finally received a 
development contract in 1975 to construct a prototype OTH-B system in Maine (Winkler 1997:60). 

The prototype system was constructed on the same parcels of land later used for the operational system, 
but only one sector was built at the transmitter and receiver sites. The transmitter site only had four 
subarrays, allowing transmissions in the B, C, D, or E bands of the high frequency range. These 
subarrays were constructed to operational specifications, but since the A and F bands were not yet 
included, the total array was only 2,265 feet long, with towers reaching 100 feet tall. A sounder antenna 
stood 130 feet high. The receiver site had 137 fan monopole elements stretching for 3,906 feet, and a 
backscreen 50 feet tall. The antenna elements were mounted on wooden posts, giving the prototype 
receiver array a noticeably different appearance from the later operational item (General Electric ca. 
1981). 
Initial testing of the prototype system took place in 1980, and in 1982, after successful tests, GE 
Aerospace received a contract to build a full-scale version of the system. By that time, the OTH-B system 
was designated the AN/FPS-118. Six years later, in 1988, limited operational capability was achieved 
with the Maine system. The ECRS was accepted by the Air Force for test and evaluation in May 1990 
(Winkler 1997:60-61). 

General Electric received a contract in December 1986 to construct and integrate the WCRS. This system 
was designed with refinements such as larger receive antennas to provide better capability to detect small 
targets. Funding for the WCRS was dragged out over three years, with the U.S. Congress only funding 
one sector per year during fiscal years 1986---1988 (Lopez 1987:341-343). The Air Force accepted the 
WCRS for test and evaluation on December 19, 1990, with only minor tasks yet to be completed by 
General Electric (Electronic Systems Division [BSD] 1991). 

Two other OTH-B systems were planned to complete the network. The Alaska Radar System (ARS) 
would have had two sectors watching the skies. The Central Radar System (CRS) was planned to have 
four sectors (240 degrees of coverage) looking south over the United States from a location in the 
northcentral part of the country (Liebowitz 1999). 

The year 1991 was significant for the OTH-B network, both in its development and its demise. When the 
year began, plans were on-track for the ECRS and WCRS to be turned over to Tactical Air Command in 
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the following year (1992). This would have been the official handofffrom testing and evaluation status to 
an operational status. However, on April 18, 1991, Air Force leadership directed a phase-down of 
activities at the ECRS and WCRS. With the Soviet Union disbanding in 1991, the threat of a Soviet 
bomber attack was no longer imminent. Consequently, the Air Force had no immediate use for the OTH
B system. The April 1991 directive also terminated work on the ARS (planned to have two sectors of 
coverage) and the CRS (planned to have up to four sectors) (Liebowitz 1999). This direction formalized 
earlier verbal instructions. The Program Executive Officer had directed on March 4 that both the ECRS 
and the WCRS be placed in a "fully deactivated status" with only real property maintenance and security 
provided at the locations, effective by June 1 for the WCRS and by July 1 for the ECRS. This instruction 
was modified on March 18 when the Secretary of the Air Force verbally instructed that ECRS be placed 
into limited operations with a six-month recall ability and the WCRS placed into caretaker status (real 
property maintenance and security only) with a 12-month recall ability. The six- and 12-month recall 
meant that the systems could be returned to operation within those timeframes (ESD 1991). The April 18 
directive called for a 12-month recall capability for both systems (Liebowitz 1999). 

During 1992, Tactical Air Command was inactivated, and its missions were taken over by the new Air 
Combat Command in a massive reorganization of the Air Force. As a result, the handoff of the ECRS 
and WCRS to Air Combat Command did take place on October 1, 1992, but by that time both radar 
systems were in a "mothballed" status, rather than operational (Liebowitz 1999). 

In the mid 1990s, the National Oceanic and Atmosphereic Administration (NOAA) used data from the 
OTH-B and the Navy's Relocatable Over-the-Horizon Radar (ROTHR) to measure ocean-surface winds 
and currents. These data included the mapping of several hurricanes between 1992 and 1994. These tests 
by NOAA were for research and demonstration purposes; the long-term scientific use of OTH-B was 
discussed, but a satisfactory arrangement was never made (National Oceanic and Atmospheric 
Administration ca. 2000). The OTH-B was also used, briefly, for countemarcotics operations. Beginning 
in 1994, the Air Force operated the OTH-B radar for at least 40 hours a week, transmitting pertinent 
information to drug enforcement agencies. By 1997, as the cost to operate the OTH-B radar for this 
purpose became prohibitive, the system was placed in cold storage with a six-month recall (Piotrowski 
n.d.:19). In a letter dated June 13, 2002, the North American Air Defense Command indicated there was 
no operational requirement for the AN/FPS-118 OTH-B radar network (ACC 2005). 

PART IV. THE TECHNOLOGY OF OVER-THE-HORIZON BACKSCATTER RADAR 

As far back as the first successful transatlantic radio transmission in 1901, Guglielmo Marconi was aware 
of the concept of over-the-horizon radio transmission. Other scientists followed-up on Marconi's 
demonstration, believing that radio signals were reflected back down to earth by an electrically charged 
region of the upper atmosphere. Originally known as the Kennelly-Heaviside layer, after two scientists 
who independently postulated its existence, that layer is part of what became known as the ionosphere 
(Stiglitz and Blanchard 1990:32). 

The Naval Research Laboratory conducted early research into OTH-B radar systems, producing the first 
system in 1955. This first experimental system, called MUSIC (Multiple Storage, Integration, and 
Correlation) and located in Virginia, could detect rocket launches at Cape Canaveral (600 miles away) 
and nuclear explosions in Nevada (1,700 miles away). A second, much improved system was built in 
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1961; it was known as MADRE (Magnetic-Drum Radar Equipment) and was a test bed for later 
operational systems (NRL 2007). 

When the radio signal reflects off the ionosphere and bounces back down to the ground, part of the signal 
reflects back toward the sky and a small part of that signal reflects back toward the transmission location. 
The term "backscatter" refers to this tiny portion of the signal that bounces back to the sender. Because 
this returning signal is so weak, the OTH-B concept requires extremely low-noise amplifiers. The effect 
of using the ionosphere as a mirror to reflect radio signals allowed OTH-B to detect targets at ranges from 
500 to 1,800 nautical miles-targets that would have been hidden from conventional radars by the earth's 
curvature (ACC 2005). 

Conventional radar systems use a rotating antenna to scan an area of up to about 250 miles maximum 
radius, depending on the terrain. Targets that are "hit" by the outgoing radio wave reflect some of that 
radio energy back to the radar, showing the target in contrast to the relatively blank background of empty 
sky. The Over-The-Horizon Backscatter approach differs in two ways. First, there are no moving parts 
on the OTH-B antennas. The beam is within a fixed area in front of the transmitter, requiring the huge 
transmitter array to be constructed so that it faces the direction of desired coverage, thus limiting the 
angular coverage to about 60 degrees per array compared to 360 degrees for a rotating radar antenna. 
Second, because the energy is bounced off the ionosphere down toward the earth, the ground or ocean 
returns a large amount of information, or background noise, which must be analyzed continuously to 
identify the movement of target aircraft against that backdrop. 

The OTH-B network was not intended to replace all other air defense radar systems. The North Warning 
System (the replacement for the Distant Early Warning line) was still needed since the OTH-B could not 
give reliable coverage directly to the north. The OTH-B technique does not work effectively in the far 
northern part of the world due to electromagnetic interference from the aurora borealis. Space-based 
systems that could do the work of OTH-B weren't yet available at the time (Lopez 1987:341-343). 
Another limitation of OTH-B was the accuracy of locating targets. Target locations were indicated within 
a few miles----enough accuracy to provide early warning but not enough to direct an interception. 

PART V. HISTORICAL CONTEXT-SCIENTIFIC AND MILITARY SETTINGS 

In addition to the Air Force OTH-B system, another U.S. OTH-B system was the Navy's Relocatable 
Over-the-Horizon Radar (ROTHR), designated AN/TPS-71. The prototype of this system was used in 
Alaska from 1991 to 1993. It provided a 64-degree pattern of coverage from 500 to 1,600 miles distance, 
aimed at the eastern coast of Russia. It was later moved to Virginia and set up to observe Central 
America and the Caribbean for the counter-drug mission. The Navy set up a second ROTHR in Texas 
and a third in Puerto Rico, both also looking to the south in the counter-drug role. ROTHR differs from 
the Air Force OTH-B in its portability and solid-state components (FAS 1999). 

The Soviet Union also experimented with OTH-B and fielded a system more than a decade earlier than 
the United States. Nicknamed "Steel Yard" by intelligence analysts, ham radio operators called the 
system the "Russian Woodpecker" because of the loud and rapid pulses that interrupted the shortwave 
radio bands. Steel Yard was operational from 1976 until approximately 1989 (GlobalSecurity.org 2005). 
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In the post-Cold War era, the largest OTH-B radar system to be constructed is Australia's Jindalee 
Operational Radar Network. Consisting of three systems with overlapping coverage, it looks to the north, 
watching over Australia's coast and the oceans beyond for air and sea movements (Sinclair-Jones 2000). 

PART VI. ACRONYMS AND RADAR NOMENCLATURE 

ACRONYMS 

ACC 
ADC 
AFSC 
ARS 
CRS 
DEW 
ECRS 
IOS 
NAVSPASUR 
NORAD 
OTH-B 
PAVE PAWS 
Radar 
ROTHR 
TAC 
USAF 
WCRS 

Air Combat Command 
Aerospace Defense Command 
Air Force Systems Command 
Alaskan Radar System 
Central Radar System 
Distant Early W aming 
East Coast Radar System 
Initial Operating Sector 
Naval Space Surveillance System 
North American Air Defense Command 
Over-the-Horizon Backscatter 
Perimeter Acquisition Vehicle Entry Phased-Array Warning System 
Radio Detection and Ranging 
Relocatable Over-the-Horizon Radar 
Tactical Air Command 
United States Air Force 
West Coast Radar System 

RADAR NOMENCLATURE 

AN/FPS-118 Designation for the Air Force's Over-the-Horizon Backscatter system. (AN/FPS stands 
for Army-Navy, Fixed, Pulse Search; 118 indicates the system's design number). 

AN/TPS-71 Designation for the Navy's Relocatable Over-the-Horizon Radar. (AN/TPS stands for 
Army-Navy, Transportable, Pulse Search; 71 indicates the system's design number). 

antenna Radiating or receiving elements of a radio system, usually mounted on a tower 

array A series of antennas 

backscatter The part of a radio signal that returns to the point of transmission 

ionosphere The portion of the thermosphere that is ionized by solar radiation; the layer of the 
ionosphere that reflects high frequency radio waves can vary in altitude from about 60 to 
100 miles 

receiver The component of a radar system that receives the reflected signal 



sounder 

Steel Yard 

subarray 

tower 

transmitter 

troposcatter 

troposphere 
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A type of high frequency antenna used to measure the characteristics of the atmosphere 

Nickname for the Soviet Union's over-the-horizon backscatter radar network 

A smaller group of antennas within an array that operate as a group 

A supporting structure for an antenna 

The component of a radar system that discharges a radio signal toward potential targets 

Short for tropospheric scatter, a method of radio communications that scatters the signal 
through the troposphere, allowing greater distances than normal radio transmissions 

The lowest and densest portion of the Earth's atmosphere 

PART VII. SOURCES OF INFORMATION 

Much of the Air Force archival material on OTH-B remains categorized as "For Official Use Only" or 
classified at the "Secret" level, making a complete history of the OTH-B system difficult at this time. 
Nevertheless, archivists at the Air Force Historical Research Agency (AFHRA) were very helpful in 
reviewing For Official Use Only information in their holdings and removing that categorization on a 
number of documents for use in this HAER documentation. In addition to the AFHRA, data were 
collected at the Electronic Systems Center (ECS) History Office at Hanscom Air Force Base with the 
assistance of Dr. Ruth Liebowitz; Air National Guard, Bangor, Maine, with the assistance of Mr. Deane 
Smith; and Mountain Home AFB, Idaho, with the assistance of Ms. Sheri Mattoon-Bowden. 

The most challenging task in documenting the OTH-B system was locating architectural drawings. 
Inquiries for architectural drawings (as well as other archival data) were made at AFHRA; ECS; Air 
National Guard in Bangor; Mountain Home AFB; Langley AFB; Air Combat Command Program 
Management Squadron; the Air Force Research Laboratory in Rome, New York; the Historical 
Electronics Museum in Linthicum, Maryland; the General Electric Company collection at the 
Schenectady Museum, New York; and the Institute of Electrical and Electronics Engineers History Center 
at Rutgers University, New Brunswick, New Jersey. A complete set of drawings was not discovered at 
any one facility, nor was it possible to piece together a complete set from various collections. Drawings 
were procured with the help of Mr. Deane Smith at Air National Guard, Maine and Mr. Mike Poulin, 
Drafting Section, at Mountain Home AFB; however, they appear to be available in digital format only. 
Although the quality of these drawings varies and they are not the standard format for HAER 
documentation, they are included in this report as photocopies since they, at least, provide some 
information, and are currently, the only known source for drawings. 
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PART VIII. PROJECT INFORMATION 

Historic American Engineering Record Level II documentation, including large format photographs, was 
accomplished from 2005 through 2007. Julian Adams guided the initial stages of the project and arranged 
for the photographic documentation. Robert Hicks, of Robert Hicks Photo, provided photographic 
documentation of the West Coast Radar System, and Charles Freiberg, of John Milner Associates, 
provided photographic documentation of the East Coast Radar System. Scott D. Murdock accomplished 
historical research at the Air Force Historical Research Agency, Maxwell Air Force Base, Alabama, and 
wrote the historical and descriptive data. Mikel Travisano conducted additional historical research at the 
Electronic Systems Center on Hanscom Air Force Base, Massachusetts, and prepared architectural 
descriptions of the buildings and structures. Marsha Prior, Ph.D., supervised project development. 

Prepared by: 
Affiliation: 
Title: 
Date: 

Prepared by: 
Affiliation: 
Title: 
Date: 

Prepared by: 
Affiliation: 
Title: 
Date: 

Prepared by: 
Affiliation: 
Title: 
Date: 

Prepared by: 
Affiliation: 
Title: 
Date: 

Prepared by: 
Affiliation: 
Title: 
Date: 

Scott D. Murdock 
Geo-Marine, Inc. 
Historian 
March2007 

Mikel Travisano 
Geo-Marine, Inc. 
Architectural Historian 
November 2006 

Marsha Prior, Ph.D. 
Geo-Marine, Inc. 
Sr. Project Manager 
March2007 

Julian Adams 
Geo-Marine, Inc. 
Sr. Architectural Historian 
November 2005 

Charles Freiberg 
John Milner Associates 
Photographer 
November 2005 

Robert Hicks 
Field Documentation Service 
Photographer 
October 2005 



Prepared by: 
Affiliation: 
Title: 
Date: 

Prepared by: 
Affiliation: 
Title: 
Date: 

Jessica Forbes 
Geo-Marine, Inc. 
Architectural Historian 
October 2007 

Michelle D. Wurtz 
Geo-Marine, Inc. 

OVER-THE-HORIZON BACKSCATTER RADAR NETWORK 
HAER No. ME-98 

(Page 9) 

Cultural Resources Specialist 
January 2008 


	0103_001
	0104_001

