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Summary

The recent expansion of FORNSAT/COMSAT (foreign satellite/communications

satellite) interception by the UKUSAor Five Eyes (FVEYpartners has involved the

installation over the past eight years of multiple advanced quagparabolic multi-

beam antennas, known as Torus, each of which can intercept up to 35 satellite
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approach to SIGINT collection from communications satellites by the NSA and its

partners. There are about 232 antennas available at identified current Five Eyes
FORNSAT/COMSAT sites, about 100 more antennas than in 208@ conclude that

development work at the observed Five Eyes FORNSAT/ COMSAT sites since 2000

has more than doubled coverage, and that adding Torus has more than trebled

potential coverage of global commercial satellites. The report also discusses Torus

antennas operating in Russia and Ukraine, and other U.S. Torus antennas.
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Glossary

ACTi Antenna Technology Communications Inc.

AFB Air Force Base

AFN-BC Armed Forces Network Broadcast Center

AFRTS American Forces Radio and Television Service

ARABSAT Arab Satellite Communications Organization communications satellite
ARC Archive/Retrieval/Catalogue

ASD Australian Signals Directorate

BND Federal Intelligence Service (GermanyBundesnachrichtendiest)
CDAA Circularly Disposed Antenna Array

CIA Central Intelligence Agency

COMSAT communications satellite; COMSAT Corporation

COTS Commercial off the shelf

CSE Communications Security Establishment

CSOs Composite Signal Organisation Station

DCA Defense Communications Agency

DMA Defense Media Activity

DNI Digital Network Intelligence

DoD Department of Defense

DSCs Defense Satellite Communications System

DSP Defense Support Program

EUTELSAT Eutelsat S.A. communications satellite

FLTSATCOM Fleet Satellite Communications System satellite

FORNSAT Foreign Satellite

FVEY Five Eyes

GCHQ Government Communications Headquarters

GCSB Government Communications Security Bureau

GRU Main Intelligence Directorate (RussiaGlavnoye razvedyvatel'noye upravieniye
HF DF High Frequency Direction Finding

INTELSAT INTELSAT Corporation

ISRG Intelligence, Surveillance and Reconnaissance Group

I0G Intelligence Operations Group

JCSAT SKY Perfect JSAT communications satellite

KGB Committee for State Security (Soviet UniorKomitet gosudarstvennoy

bezopasnos)i
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LNB
MBTA
MHS
MVR
NASA
NIOC
NRO
NSA
OSDPA
RF
RGS
RSI
SATCOM
SBIRS
SBU
SCA
SCE
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SIGAD
SIGINT
SZRU
UKUSA
XKS

Lincoln Experimental Satellite

Low Noise Block

Multi-beam Torus Antenna

Menwith Hill Station

Massive Volume Reduction

National Aeronautics and Space Administration
Naval Information Operations Command
National Reconnaissance Office

National Security Agency

Office of the Secretary of Defense for Public Affairs
Radio Frequency

Relay Ground Station

Radiation Systems Inc

Satellite Communications

SpaceBasedInfrared System

Security Service of Ukraine $luzhba Bezpeky Ukrayiny
Service Cryptological Agency

Special Collection Elements

Special Intelligence

SIGINT Activity Designator

Signals Intelligence

UKUSA Agreement(s); seEndnote 2.
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1. Introduction

The recent expansion of FORNSAT/COMSAT (foreign satellite/
communications satellite) interception by the UKUSA (Five Eyes or FVEY) partners
Z the US National Security Agency (NSA), the British Government Communications
(AAANOAOOAOO j'#(1aqh #AT AAAGO #1011 O1T EAAOQET T (
Australian SiglPh1 © $EOAAOI OAOA j ! 3%$Qh AT A . Ax
Communications Security Bureau (GCSE) has involved the installation over the
past eight years of multiple advanced quagparabolic multi-beam antennas, known
as Torus, which can simultaneously intercepup to 35 satellite communications
beams from single antenna installations. This report identifies sites now
performing Torus FORNSAT/COMSAT collection activity and some of their

operational parameters.

Public awareness of the Torus program is largely a product of revelations by
former NSA contractor Edward Snowden. The first published reference to the use of
Torus technology for SIGINT appears in a slide published in a book by Glenn
Greenwald in May 2014. A Top Secr@&l Powerpoint presentation to the 2011 Five
%UAO 11T OA1T #1171 FAOAT AA 1 001 ET AA A -iGAITAIXG #T1 11 /
then being pioneered at NSA's Menwith Hill Station (MHS) in Britain as Project
ASPHALT. The slides describe a new and incréagly comprehensive approach to
3)').4 AT 1T1AAGETT mOTi1T ATiI1 O EAAGETT O OAOAI |
ET ACAAOGAO DPEUOEAAI AAAAOOGGHh AT AAI ET C OEA -

collecting and processing everything of interesi.(Figure 1)
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and its communications satellite interception station at Waihopai, South Island
(covername IRONSAND) included a GCSB presentation dated 22 Ap@LO stating
OEAO 41 0060 xAO O1ix ATAAITETC Al ETAOAAOGA 1T
Il ETEET ¢ OEEO Oi -t-Al k& OBI(Fg@E2p O0DBODET 11 AAOD
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New Collection Posture

physical access

Work with GCHQ, share
with Misawa

Automated FORNSAT
survey - DARKQUEST

Ammofdahatscab:
GANTCHAOS
Exploit it All Collect it All
Increase volume of
ASPHALT/A-PL
Process it All
Scale XKS and use
MVR techniques
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Source: Gdnn GreenwaldNo Place to Hide: Edward Snowden, the NSA, and the U.S Surveillance State
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and its communications satellie interception station at Waihopai, South Island
(covername IRONSAND) included a GCSB presentation dated 22 April 2010 stating
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A key goal for NSA in promoting the use of Torus antennas has been to
increase access to global Internet traffic (Digital Network Intelligence or DNI)

carried by satellite, utilising the now well known X-Keyscore analysis system (XKS)


http://glenngreenwald.net/pdf/NoPlaceToHide-Documents-Compressed.pdf

in association with a Massive Volume Reduction MVRDAAET ENOA O AO Ol

E O 8WAdcdrding to the slide, the work at Menwith Hill (coername MOONPENNY)

xAO AAOOEAA 100 ET AITEOIAOEIT xEOE '#(1h A
Pacific FORNSAT collection site at Misawa, Hokkaido, Japan (covername
LADYLOVE).

Figure 2. GCSB Update, 22 April 2010

o TORUS now enabling an increase of
COMSAT/FORNSAT collection

o MHS Technical Exchange
B : B o isit IS, 26-30 April
2010
To brief IS on the MHS 'Collect It All’ initiative

To investigate IS virtualisation and Data Centre
concept

o Procurement of FH2 initiated

Source: COMSAT Advisory Board (CABHCSB Update®2 April 2010,Cryptome March 2015, at
http://cryptome.org/2015/03/gcsb _-xkeyscorenz-star-times-15-0308.pdf

The unique technical featurs of the Torus design enable beams from
multiple satellites in geostationary equatorial orbits to be received and processed
simultaneously by receiving horns arranged in an arc of principal foci. In the
installations used at the sites identified here, beamfom up to 35 satellites spaced
2 degrees apart in geostationary orbit along the Clark Belt can be received by a
single Torus antenna, in principle replacing 35 traditional steerable or fixed

parabolic antennas.
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MHS has a growing FORNSAT mission.
— SHAREDVISION mission.
— SigDev (“Difficult Signals collection”).
(_—_ASPHALT (“Collect it All" proof-of-concept system). |

Source: Glenn GreenwaldJo Place to Hide: Edward Snowden, the NSA, and the U.S Surveillance State
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Surveys for this report show that Torus antennas have been installed at five

acknowledged and one cowt Five Eyes FORNSAT/COMSAT collection sites

between 2007 and 2013. These developments form part of a recent NSA and Five
Eyes project, SHAREDVISION (SV), to enhance and further expand collection

capab

intend

ility at designated sites. A successor Five Eyes prograSHAREDQUEST, is

ed to exploit the features of the new Torus installations as well as a new

generation of receivers and digital modems to carry out detailed research on new

satellites and satellite configurations, as part of a SIGINT DevelopmentD(S

program covernamed DARKQUESIThis is associated with a shared satellitdased

geolocation system, APPARITION (see Figure SNSA and its partners have also

expan

AT 00 oOi 60A

ded the colletion capability of their stations by the supplementary and low
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typically of 3 to 5 metre diameter at many sites (See Annexs.

FORNSAT/COMSAT collection assets currentigvailable to NSA and its

partner agencies, in terms of antennas on the ground, require to be matched to a

large potential target set. According to the satellite monitoring group Satbeam, there
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provides a detailed database identifying 272 communications satellites operating in
the Clark Belt, providing 9,890 downlink transponders (signal relays) or beamg?
Many of the downlinks are split into different regional patterns and into selected

spot beams so as to best use available satellite power.

A survey using published historical imagery compiled for this report and
appearing in Annexe 1 suggests that there are currently about 232 antennas
available at identified current Five Eyes FORNSAT/COMSAT sites, including the new
Torus antennas, but excluding collocated antennas believed to be dger orthodox

satellite communications or for satellite ground control and processing.

Some antennas provideorthodox satellite communication for their host
site(s). At least one antenna on each FORNSAT/COMSAT site is typically allocated to
target (or SIGINT) development. This total is around 100 antennas larger than
measured in 2000 at the time of the ECHELOMmroversyll, and does not include
the multi-beam capability provided by Torus. The constellation of 6 Torus antennas
identified in this report have a maximum capacity of 210 additional beams ithe
Ku- or Gbands.

We therefore conclude that development work at the observed FVEY
FORNSAT/COMSAT sites since 2000 has more than doubled coverage, and that
adding Torus has more than trebled potential coverage of global commercial

satellites.

Although these developments have taken place in open sightthe deployment

of the Torus antennas has mostly gone unheraldéd.

To coordinate and prioritise the use of shared assets, NSA tasks priority
beams of interest to each Five Eyes FORNSAile in accordance with a directed
survey plan drawn from a classified beam database similar to Satbeam,

GLOBALVIEWE The agencies operating the sites then assign antennas to collect and
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then analyse and relay the bams required by NSA. In broad terms, a comparison of
satellites in orbit with ground assets suggests that only half of the available beams
for survey could have been collected until the advent of Torus systems and
additional COTS terminals; and that the Tas installations reported here, covering

a potential maximum of 210 targets, may have doubled Five Eyes' capacity to cover

the global satellite constellation.

Little information has been published concerning specific tasking and
sharing arrangements for satellite interception between Five Eyes partners and
Third Party nations. Germany is a significant exception. In 2004, the German foreign
intelligence agency B took over NSA's large FORNSAT site at Bad Aibling, Bavaria
(former covername GARLICK), but continued to allow NSA remotely to task
OOAT AAOT 068 O1 OEA ANOEDPI AT O 1T PAOAOGAA AOD
parliamentary enquiry determined that BND had inproperly allowed NSA to use
tens of thousands of selectors to collect intelligence on the European Commission,
and other European government and commercial targets. Other reports quote
claims by BND staff that some improper and potentially unlawful targetig by NSA
had been detected and blocke&!

Surveys for this report of 11 previously reported Soviet COMSAT SIGINT
sitesl> suggest that the former Soviet KGB installed Torus anteas for
simultaneous interception of multiple satellites in the geostationary arc at a much
earlier date, probably in the late 1980s. A massive mulbeam antenna is installed
at the Ovidiopol2 SIGINT site, near Dobroaleksandrovka near Odessa in Ukraine,
and may have been in operation as early as 1987. A second niidgam antenna was
installed at the same site in 2002010. The site isl T x T DAOAOAA AU 5EO
Foreign Intelligence Service (SZRU) (see Figures-34).

Russian military intelligence (GRU) intlled a large multrbeam antenna
near Klimovsk, south of Moscow, in 20086 (see Figures 2730). These

Soviet/Russian/Ukrainian multi-beam activities are briefly described in the fourth
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section of this report. Chinese intelligence agencies have been reps to be
carrying out satellite interception activities from sites including Changji, near
Urumgqi in Xinjiang Province, western Chinadé Available satellite images of Chinese
COMSAT interception sites do not show mulieam or Torustype antenna

installations.

Civil corporations, including broadcasters and communications providers
and many U.S. military or government agencies have used Torstyle antennas
since the early 1990s. The 13 Department of Defenseand intelligence community
make extensive use of multbeam antennas for purposes other than SIGINT. These
include two multi-beam antennas installed at NSA HQ at Fort Meade, Maryland (see
Figures 36 and 37). There is no public evidence that these instdilans are used for
AEOAAO ET OAITTECATAA AT11AAOCEITT EOII OAOCAO
multibeam antennas are located at the CIA HQ at Langley, Virginia (see Figure 38).
Multi-beam antennas also provide the principal satellite communications £ COM)
capability for the American Forces Radio and Television Service (AFRTS) and,
specifically, its Armed Forces Network Broadcast Center (AFBIC), which has its
control elements at Fort Meade and March Air Force Base in Riverside, California.
The USAEO &1 OAAGO 3DPAAA Hdarh hriehnd at SéndeveAAiri O1 OE
Force Base, Colorado, which it uses for its space surveillance and control mission
(see Figure 39). Some are used for Department of Defense SATCOM
Gateway/Teleport services, such as at th&orii Station Teleport in Okinawa (see
Figure 42). These multibeam operations are briefly reviewed later in this report in
order to clarify their purposes and to clearly distinguish them from Torus antennas
used for FORNSAT/COMSAT interception.

2. Five Eyes FORNSAT/COMSAT interception sites

The current SHAREDVISION/SHAREDQUEST communications satellite
interception program is managed by NSA's FORNSAT division at Fort Meade,
Maryland, and by GCHQ's COMSAT division based at their Bude station. The
program began in 1966 as Project ECHELON, and was (and still is) targeted at civil

12



satellite communications, starting with the INTELSAT satellite series first launched
in 1965. A counterpart but distinct NSA program targeting Soviet satellites began at
the same timeas ECHELON in 1966. NSA agreed to pay (and still pays for, and owns)
most of the satellite interception equipment used, while its Second Party allies in the

UKUSA alliance agreed to pay personnel, operating and maintenance casts.

The first ECHELON site, run by GCHQ at Bude, Cornyiatigland (covername
CARBOY) was financed by NSA and began operating in 1970. The second ECHELON
site, Yakima Research Station in Washington state, U.S. (covername JACKKNIFE)
started operating in May 1973, and was also targeted on INTELSAT satellites. Bude's
facilities were expanded during the 1980s as CARBOQY II, as part of the ECHELON 2
program.8 GCHQ currently operates two other COMSAT collectiortes supported
by U.S. funding, at Ayios Nikolaos in eastern Cyprus (covername SOUNDER) and at a
covert site in Oman covernamed LECKWITH. LECKWITH is sited within the
township of Al Maabilah, about three km west of Seeb, on the north coast of Oman
(23.675 N, 58.122 E). The COMSAT function at LECKWITH supplemented earlier
GCHQ activity at multiple sites in Oma#.

| AAEOGET T AT O#UAAOG6 mEOT AGETTO AT A AT 100600,
multiple fibre cables passing though the Gulf of Oman were added from 2008
onwards as part of GCHQ's Project TEMPORA for acquiring and inputting digital
network intelligence into the XKEYSCORE network. A sequence of DigiGlobe images
of the LECKWITH site taken from 2001 to 2014 show theoaostruction of the
Internet processing facilities (covernamed CIRCUIT) from 2008, and the installation
of a Torus andnine additional COTS small antennas by 20183.GCHQ has designated
CIRCUIT as Overseas Processing@e 1 (OPC1).

By 2002, according to an NSA slide provided by Edward Snowden (Figure 4)
and published in Brazil in 2013 the expanded FORNSAT network operated by NSA
and UKUSA Second Parties included 16 manned sites around the world, as shown in
Table 121
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Figure 4. FORNSAT interception sites, NSA 2002
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http://commons.wikimedia.org/wiki/File:NSA_Primary FORNSAT_Collections.jpg

The sites listed include two sites in U.Sliplomatic premises (in Brazil and
New Delhi) and operated by the Special Collection Service (SCS), a joint activity of
CIA and NSA. Since the slide was prepared in 2002, two sites appear to have closed
GCHQ's Nairobi station and the NSA site in Sabanac&ePuerto Rico. Evidence
described below suggests that staff deployed at Sabana Seca moved to a new
FORNSAT facility in Pine Gap, Australia (covername not known), around the very
beginning of the 2000s. Pine Gapa SIGINT satellite control stationin central
Australia, has been used for COMSAT collection since then. The Torus antennas
were all installed between 2007 and 2013. (Table 1, Map 1).

No Canadian intercept sites are shown on the 2002 map of primary
FORNSAT sites, but CSE does have a significaatelite monitoring facility at

14
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Canadian Forces Station Leitrim, located within the Ottawa city limits. No
multibeam or Torus-type antennas are present at the station, but it does host 13
satellite dishes, all or most of which are likely to have COMSAT misns, and the
station is listed as a source of Internet data in at least one of the Snowden
documents. It appears to have a standard FVEY SIGAD (Sigint Activity Designator)
CAG98.22 |n addition to monitoring satellite communications, the 500 staff at
Leitrim, including 25 U.S. Navy personnel, remotely operate the Canadian intercept

sites at Alert, Gander, and Masset.

First and Second Party FORNSAT/COMSAT sites are supplersélrity a large
number of Third Party COMSAT intercept sites operated by 380 other nations
linked to NSA, GCHQ and/or other Five Eyes partners through separate and secret
bilateral intelligence cooperation and sharing agreements. Countries known to
operate COMSAT stations and reported toave intelligence sharing agreements
with NSA and/or GCHQ include Spain, Italy, France, Germany, the Netherlands,
Denmark, Sweden, India, Israel, Jordan, Oman, Saudi Arabia, South Africa, and

Switzerland.

The six Torusequipped FORNSAT/COMSAT interceptiaites identified here
appear together to provide complete coverage of thgeostationary arc from at least
45 degrees West longitude, over the midtlantic Ocean, to about 160 degrees West
longitude over the mid-Pacific Ocean. The stations are each equipbevith Model
700-70TCK Torus Multiple Band Antenna systems, produced by General Dynamics.
(Figures 5 and 6) These measure 24.1 metres wide by 7 metres high, and are curved
spherically in their horizontal plane and parabolically in their vertical plane; thg
are able to monitor 35 satellites and hundreds of satellite channels (perhaps as
many as 1,000) simultaneously, in the ®and (3.44.2 GHz) and Ktband (10.95
12.75 GHzg2

The new Torus network has complemented otr FORNSAT collection

activity monitoring high-data-rate multi-oeam communications satellites, such as
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LADYLOVE at Misawa in Japan, STELLAR at Kojarena, near Geraldton in Western

Australia, and IRONSAND at Waihopai in New Zealand. At Waihopai, for example,

the primary target has always been the main INTELSAT international
communications satellite stationed over the midPacific Ocean, to which one of the

OOAOCETI 160 PDPAOAATTEA AEOEAO EAO Al xAUO AAA]
INTELSAT 18 (ISL8) communicaions satellite, launched on 5 October 2011 and

stationed in orbit at 180.0 degrees East longitude.

Figure 5: General Dynamics SATCOM Technologies Model 700-70TCK Torus

antenna

= ""'pﬂ,’.é *%

t 2

Source: Model 70070TCK Torus Multiple Band Antenna, General Dynamics,
SATCOM Technologies, 2010, at

http://www.gdsatcom.com/Antennas/Data_Sheets/655-0037C_7M_Torus.pdf
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Figure 6. Feed box of General Dynamics Model 700 -70TCK Torus Multiple

Band Antenna system installed at DirectTV distribution centre, Los Angeles

2.1 GCHQ Bude, Cornwall
GCHQ Bude, located at Sharpnose Point on the northwest coast of Cornwall,

covernamedCARBOY EO OEA ' #(180 1 AOCAOO &/ 2.3 4T #/ -
Formerly called CSOS (Composite Signals Organisation Station) Morwenstow, the

site initially consisted of two 30-metre Standard A dishes, pointing at INTELSAT
communications satdlites stationed over the Atlantic and Indian Oceans. By the

AAOI U pwwnOh OEO EAA TETA OAOGAI 1 EOA AEOEAON
Ocean INTELSATs, three towards Atlantic Ocean INTELSATs, three towards

positions above Europe or the Middle EAa0 AT A T 1T A AEOE &R OAOAA A
Google Earth imagery dated 30 December 2010 shows at least 19 dishes, ten in the

northern sector (including two in radomes) and nine in the southern sector

(including one in a radorre).

17



Table 1 NSA first and second party FORNSAT/COMSAT sites (2002)

Location Country Agency Covername Notes

Ayios Nikolaos Cyprus GCHQ SOUNDER Torus added

Bad Aibling Germany NSA GARLICK Transferred to BND, 2004
Brasilia Brazil NSA/CIA - SCS n/a Covert embassy site
Bude U.K. GCHQ CARBOY Torus added
Geraldton Australia ASD STELLAR

Khon Kaen Thailand NSA LEMONWOOD

LECKWITH (Seeb) | Oman GCHQ SNICK Torus added
Menwith Hill U.K. NSA MOONPENNY Torus added
Misawa Japan NSA LADYLOVE

Nairobi Kenya GCHQ SCAPEL Closed

New Delhi India NSA/CIA - SCS n/a Covert embassy site
Sabana Seca Puerto Rico NSA CORALINE Closed

Shoal Bay, Darwin | Australia ASD not on slide

Sugar Grove U.S.A. NSA TIMBERLINE

Waihopai New Zealand | GCSB IRONSAND Torus added
Yakima U.S.A. NSA JACKKNIFE

Map 1. Torus sites and coverage of the geostationary satellite belt

© Australian National University
CartoGIS CAP 00-107

Torus sites: 1 Bude, U.K.; 2 Menwith Hill, U.K.; 3 Ayios Nikolaos, Cyprus; 4 Seeb, Oman; 5 Pine Gap,
Australia; 6 Waihopai New Zealand. The grey lines extending from Menwith Hill show the entire
section of the geostationary arc visible from that site. Like the antennas at the other Torus sites, the
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Torus at Menwith Hill is capable of monitoring only 70 degrees of the arcslbrientation cannot be
determined because the antenna, uniquely, is inside a radome.

The multi-beam antenna at Bude was built sometime in 2012. It is not in
Google Earth imagery dated 30 December 2010 (the most recent available), but
4 A OOA O AnageAdd @0 March 2012 appears to show construction activity
Ol AAOxAus )0 EO Al AAOI U OEIT xI ET 4A0OO0AOQAQO.
Figure 9). There are some good photographs available on the Web. Figure 7 is dated
23 June 2013; Figure 8 is undateek

The new Torus is located in the southeast of the site close to the entrance
security gate and uses concrete hardstanding created for the second INTELSAT
interception dish. It is positioned atan azimuth of 187 degrees, which corresponds

to 10 degrees West on the geostationary arc.

Figure 7. Morwenstow, Bude, 23 June 2013

31 OOAAg O0i T AT A6 5+d -00 O 10EU '"#(1 3DPEAO /1 OAO Ap
August 2013, athttp://rt.com/news/nsa -gchg-mps-questions-007
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Figure 8. Morwenstow, Bude

Source: Oliver Zimmermann, at
http://www.oliverzimmermann.com/colour35mmfilm/0zr2p76acyhrrvfpcco4m9urhowqj 1

2.2 Menwith Hill Station, Harrogate, Yorkshire
Menwith Hill Station, also called Field Station 83 (F83E O OEA . 3180 1 AC

SIGINT collection station in the world. It had 1,800 personnel (including 400
British) in 2011, which was expected to increase to 2,500 by (5. It had 33
radomes in 201126) O EAO OxI DOET AEPAI [ EOOEIT 08 &EO
FORNSAT/COMSAT interception sites, second only to th&DYLOVEstation at
Misawa. Second, itRUNWAYproject has served sice the late 1970s as the ground
control station for geosynchronous SIGINT satellites initially covername@HALET
and VORTEXand more recentyMERCURYnd ADVANCED ORIQNnN addition, the
station also hosts two radomes, GT8 and GT9, installed in 2000, feception of data
from SpaceBased Infrared System (SBIRS) missile launch detection satellites
(Project Grapne). By 1996, the MOONPENNY site, located to the north of the
Operations Buildings, had 10 dishes/radomes. Google Earth imagery dated 24 May
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2009 showed 14, including a small dish that was not yet installed; it is in place in
Bing imagery dated 30 September 2011. There are now 15.

Figure 9. Torus multi -beam antenna (centre), Morwenstow, Bude,

Terraserver imagery, 30 April 2013

A proposal to erect a new radome and Torus antenna was submitted to the
Harrogate Planning Department by a & official at Menwith Hill Station on 21

December 2010. The proposal stated that the new radome would be 19.5 metres

high and 30.5 metres in diam®AOh AT A x1 01 A AA O1 1T AAOAA
operational compound complex of some 32 radomeZ. (Figure 11) The circular

concrete pad is shown under construction in the Bing imagery of 30 September
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2011. The Torus was presumably installed later in the year. It is located in the

northeast part of the base, on the eastern side of the MOONPENBIéa. Its
OONOAOEAAE OAATT A EO Al AAOI U EAAT OEEEAAT A E
2012 (Figure 12). It is also cleag shown in a photograph taken on 3 May 2013

(Figure 13). Figure 10 shows Terraserver imagery dated 25 July 2014.

Figure 10. Torus multi -beam antenna radome at Menwith Hill (centre),

Terraserver imagery, 25 July 2014
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