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NATIONAL RECONNAISSANCE OFFICE 
14675 Lee Road 

Chantilly, VA 20151 -1715 

22 June 2012 

This is in response to your letter, dated 10 June 2012, 
received in the Information Management Services Center of the 
National Reconnaissance Office (NRO) on 22 June 2012 wherein you 
are requesting a copy of the "History of the Poppy Satellite 
System. NRO, Program C, October 1978" under Mandatory 
Declassification Review. 

A thorough search of our files and databases located one 
record, consisting of ninety seven pages, responsive to your 
request. Your request was identical to a FOIA request made by 
another individual in 2009. The review of the document has been 
completed recently (6 June 2012) and it is being released to you 
in part. 

The material being withheld is denied pursuant to FOIA 
exemptions: 

(b) (1) as properly classified information under Executive 
Order 13526, Section 1. 4 (c), (d), (e), and (g); and 

(b) (3) which applies to information specifically exempt by 
statute, specifically 50 U.S.C. § 402 note (Public Law 86-
36 Section 6) and 403-1, which protects intelligence 
sources and methods from unauthorized disclosure. 

You have the right to appeal this determination by 
addressing your appeal to the NRO Appeal Authority, 14675 Lee 
Road, Chantilly, VA 20151-1715 within 60 days of the above date. 
Should you decide to do this , please explain the basis of your 
appeal. 



If you have any questions, please call the Requester 
Service Center at (703) 227-9326 and reference case number El2-
0049. 

Sincerely, 

~ 
/IJI( Stephen R. Glenn 
~ Chief, Information Access 

and Release Team 

Enclosure: History of Poppy {97 pgs) 





( \ 

HISTORY OF THE POPPY SATELLITE SYSTEM 

i 



\. 

NRO APPROVED FOR RELEASE . 
fW~ 1:.4.\ 8¥1!ilWi/'W' I Sl'i' ~~~<~1~~r.. &¥Srt!Qi$ JQH]q1Qf 

This report descril::::es the histoty· of th~ FOI'PY p'('oject from its 
concept ir'l 19S8 through its termination 011 30 Septenmel!' · 1977 • This 
history was CCitlpiled 9e th~ regues~ oe th~ Director t National Recon--­
naissance Of fie~ t() the Dit~ctor f ~a;p;;am C, tncJ,.I,lded in t;b:l,$ report 
are the significant events. during the nineteen years oe . the roi?P)t pro­
ject# including the developnentl and refinement of FOPJ;>Y satellites,. 
mission g~ound · stationS, ground te~dout ~ipnent;: analog· ~malysis, 
and data processing. The impact o~ failures, problems and anolllalies 
are evaluated. successes of the F01?PY project are measured against 
p~ograro objectives. 'technical datae c;:ost hi~tory, key cootdbutions, 
a gloss;;~ry of terms rerated. to t,he POpPY project, ~d a bibliOgraphy 

\ ate contained in annexes to the report. · 

Each of the chapters in the re{?Qrt i$. intend~ to be somewhat. 
self-contained. Anrtex 1 contain~ a summary of mission characteristics 
·and merges same infoqnqtiort from th~ third thtQL..'9h the seventh cha~ 
ters in oroet to provide a chronolosical summary ot the technological 
innovati0!1S· in. the or;der of the launches. 

.. 
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I • CONCEPI'IQN · 

curing the second world. war, lqokout~ on German subnarines used a 
hand-held crystal vide<? typ~ rad.:1t tee¢~ ver no31lle<i A'lUOS$ to detect 
pulses emitted ftorn ~e~rch radar; on alli$1 warships and airpt~u1es. 
'!his. simple passive electroni¢ count~tin~asur~ receiver enabl9Q evasion 
before r·ange hc:id closed sufflci~mtly fo~ returning rada~ echoes to 
inoicate the ~resence· oe the sul:n.$I,"ine to th~ sea~ching warship or 
airplane. Afte~ th¢ Wat', crystcl+ vi~o receiver techilology· · was 
ai?PUed in the. d.irection ~indin<J systeJTI$ tbr u$e on ~.medcan wat.ships 
and air~lanes bec<;iUs~of its simplicity, its. ~11 si~e and wid.e o~t:t 
frequenc:y detection cnar~ctedstics. By th~ !at~ fi£tieSt ~ crystal. 
video receiver; wa$ beih<] fitted to type 8-~ Subnarine peti_scopej the 
first th(ee 're¢eivet prototypes.. were develoJ?ed by t,he Naval ~search 
tabor.:1tor·y (NRI,} in lat~ 1957. 

On 4 Octobet 1957 1 the Union oe Soviet Socialist Rep.1biics 
(U.s.s.R.) launcheq the· first artificic.l satelHt~ as part . oe the 
thirty-mbnth International Geophysical Year~ Thirty· days later, the 
second Sputnik was launched with a live clog as a passenser. 

AbOUt One JOOnth later On 6 December: 19571 with the wnole nation 
watching on National television; th~ tiniteo States (U.S.) attempted 
its Urst satellite la1,1ncb on a totaHy, new soph.i,sdcated Vanguard 
missile. 'Ih~ paylO<:io was . the grapef;rt,Iit sized VaJ19Uard sateUtte -
weigh~ng three p;>unds. '!he mis$i1e lost thrust afte:t' 2 secoi:lds and 
crash~ in a hu9~ 'bg],J. o~ flaUleS! 'Ih¢ tiny s~tellite fe11 out o~ tn~ 
nose fairing and rolle4 away, Its ahtennas weJ:e bent and broken and · 
charred black from the nre ~ yet it was stili transmittlh9 ~t:s sig­
nal. 'Ihis national eml:;>artassment trig'geted q. numbet of thing'S'4 'Ihe 
irnnediate results were. a presidential de<;ision to task the Arrtrj team, 
under br. Wernher von Braun at the ~dstone Arsenal, to launch a 
satellite on the existing ICBM calleo Jupiter c, -Fortooat:ely, these 
efforts did meet with SUs'¢es$ and. _9n 3], J'~nuary 1958, the u.s, placed 
its first satellite, E:xplorer I, in o~;bit. This satellite o~scovered 
the Van Allen relt.. '!be Ng.vy Van<Juard team succeeoed on S~i.n~ Pat-­
rick's Day, 17 March 19$81 b¥ pladnq Vartg~aro :t in a hi9hly ellip­
tical orbit. '!his . satellite, fewez:eo by sola~ cellS, transmitted its 
si9na1. for over siX :{ears.. . This __ sta.ble _ orb~t. with constant . tt~smis­
sion from t:.h¢ $ate1lite permitted the first long term observatlon of 
orbital dynamics. ThiS ies\,llted in the di.scovery o~ the "pear-shaped 
eartn•• and initiate4 ei seJ."ies oe sopnisticateg IOOdel~ng effol:ts of the 
ear~h:s 9ravity·_ ftelg whic:b i~ .59 ~r~artb for; }?te9ictin<;J satellite 
poSlhOns VS tlllle- a{lQ fO~ balllStlO ffi~$11~ a<;cura.cy, . 

aut the Vanguard initial failu(e alsQ baq . other; lon<jet rang¢ 
eftects. tt cau~eo th~ nqtion to r~-evaluate itS position in th~ 
newly arrived space age. W'~ felt thr:~atene(t in that we seemed _ to be 
falling· l:ehind in this, new high technology area~ A frantic call went 
out to better educate more engineers and scientists in our colleges 
and univ€rs~ties. 'Ihe gauntlet · had been laid down and America would 

-!~ 

'ief Sf£Mr- .. . . .. .. . . .. . . . . . 
iWJQ~ lJ;iA ~'W/Wi,AT FNW -!QI!d!h«j;QM:RJf CQ~ 8¥6~ .;JQ~ 
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respbnd with a tremendous effort arrl close that ga~. In retrospect 
the Vanguard program with its specta~ular failure but subsequent suc­
cess and its tremendOli$ technology advances may have · been the best 

· thing that could have hap~ried to the infant U.S. space program. 

Also, ot much itl9re $tific value to the Navy was the. fact that 
VanguG~rd had develop:Q a technology base in s~telUte desi9t1 at NRL 
which formed the found~tion fot: the: subsequent FOPPY program. 

'Ihese first s~ce e~ploration successes stimtJlateg. the 1\dvanced 
:Rese~r~h Projects Agency (ARPA) to solic:i, tt other 000 elements fot pt:¢ ... 
poSals for space. related projects. 'Ihe Chief of N~vai Operations 
(00) relayed the query to Navy scie.ntiUc and technical orge~nizations 
by asking' ''All hams to consiclee how tney GQuid use space. in thei r: 
design ideas for the Navy." - · 

NRL responded tO the 00 query witl\ t;l'le proposal to launch a 
satellite into a 50~ NM c~rcular orp:i,t;:. '!he s.;~tellite would be 
eqUi~ with an $ band crygtal-v.ideo re.ceivet: tq. d~tect: si<J.nals of 
sufficient I,:ower density and would use art uncoded radar beaccm to 
transpond them (pulse-for-J?ulse) down to cooperative 9round . stations 
for recording· and subseq~en~ analysis • '!he ~roposal was reviewed ant;] 
approved through the Navy an4 000 and was approved by the ?resident in 
August 1959 as Project TA~. 

. . a 
order to tighten security. A ~cia). securitY syStem. was then E;!stab­
lished by the o£:f:i,ce of Naval Intelligence (~t),. Access was ;Limited 
to individuals with a strict need-to-know anQ requireQ the app(ov~l of 
CNI, ARPA, or the Office of the Special ASsistant to the Secretary of 

· Defense . (Special Operations). Those individuals srante<i access were 
required to execute a project secrecy agreement. _ 

NRL d~velop:d th~ concept and_ designed the EU~""t satellite and 
ground reaoout equipnen.t whicn was ¢ontinue9 as t:Pe top Secret Project 
Walnut. Additional security was. provide<} by adding· an ~ sde.ntific 
cover experiment designed to telemeter meast;lrernents o£ solar a~ti_vity 
in X-r;ay, t.yrn.an--AiJ;ha, and ultrav:i,ol~t radiations aoove the earth's 
atmosph~re . Thira ~,Qve~ eXFe'iment becant~ th~ firs~ ot a seriel3 of 
SOLRAD satellite experiment$ designe<;l al'Xl exploited by tb$ N9val 
Resee~rch Laboratory.. '!be cover n$1~ . GMS- (Galactic Radiation and 
Background) was us~d. for the intelligence and scientific satellite. 

With th~ first la~Jnch ~nding, new :i,mportanc~ wa~ adoe.Q to the 
project after the eras!:\ of a U'"-2 hl.sb-altitude ~;eccnnaissanc~ aircraft 
in the U.s.S.R. on 1 May 19Q0. Suoseauent cancellation o£ r,-cutine t}-2 
overflights ended the ca~bility for deep interiO.(' surve.illance of_ the 
U.s.S.R. Future overhead surveil.J.ance mission$ would require presi­
dential approval. 



i' 

The nrst u.s. and reconnaiss~p.ce sateJlite (p()Qto OJ; SIGINT) to 
becane operational. was succ:essf~;~ily launched on 2~ Jun~ 196~ from ca~ 
Canaveral, Flodaq. cboard; a 'Ihor.:Able-$tar. GPA.a/DYrto. 1, as thls 
ELINT satellite was n~, shared the: launch vehicle with Transit !A, 
the Nqvyi s se<::ond navisati.on $atellite. Tne purpc;>s~ of the ELINT 
package, de~ignateo Dyne 1, was to collect ELINT data from the inte­
rior and infreqv.ently cov~red )"(l.aritime region$ of the U.S.S.F. ELINT 
data is tr;ansJ?Onded by . the Oyno l tor 9 forty-minute. period aftet 
intetr09ation. _the mission ground station ~i!;lllent . wa$ o~t:ated only 
when. Dyne satellites were transmittin<l at>ov\9' the~r: rad:i~ horizon; 
recorded dat~ from tht; d.own. link (s} on magnetic tape t and forward~ 
data. recotdin:;s with ¢ollection l~s to ~l\ via the Arrred Forces 
courier Service (ARFCC$}. · 

'nle EL!N'tl capability of Dyno 1 was siJccessfully te.steq on 4 July 
1960 at wahiawa, Hawaii, well out of Soviet range. Tense political 
climate following the u-2 ind.dent dictated, that; this satellite would 
be tasked only b~ s:tecitic presidential authority. · ThuS oniy 22 data 
collection passes across the SINO SOviet bloc were collected. and pro­
cessed during the three month useful lifetime of the GRAB;'Dyno· 1 
satellite. · 
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II. OffiANIZATION 

Throughout: its lifetime the FO:P:PX project was managed, Op$rated 
and supt;:orte<J by a n~t oe roo elem~;nts undeJ: overall Navy ieader'""' 
ship. There were two d~stinct phases o£ org~nization, pr~-NRO anq the 
reorganizatLon following establishment of the Nro. in 1962. During 
both of these J?hases 1 • multi-.agency C?.ctiviti~s were coordinated by 
means of a Technical Operations GroUJ? (TCGj. · 

A. PRE-NRO 

Directorship of Project GPAB/Dyno (see Anne~ 3) wa$ a_ssign~ to 
the Director of ~val !ntelligence (tNI) • ':the 'IOG acted a$ the steer., 
ing cortlmittee or staff ot the projeet director. 'Ih~ 'ICG member$ wete 
drawn frqrp designated rob ore1anhation$ and th~ National Sec1,1rity 
Agency (NSA). 'Ihe participating organizations, their responsibi.L­
ities·, and the stqff responsibilities of thelx: representatives to the 
TOG were specified by the DNI. 

1. 'Ihe NRI,. developed the over all SY$ tern concept; designed, 
constructed; deployed, and logistically sup};)orted electronic rece iv­
ing t recording; arid timing equ iPllent at miss ion grol.JI'1CI sta dons; 
-desi9ned, fabricated, tested, and calibrated the satellite systems 

· from. concept through la.tmch inj~tion into orbit, and provided engi~ 
neering and technical direction tnrough the operational exploitation 
phase; trained mission ground station personnel; controlled the satel­
lit~ prior to launcn; monitored the launch; and Iti¢nitcired on-orbit 
performance of the satellit~. . 'Ihe NRL rnerrbei; of tile TCG was desig­
nated as the project technical representative/project manager until 
January 1971. · · 

2. · '!he Naval Security Group (NSG) directed qrxC coordinated ~11 
mission grotmd station operations; acted as th~ focal I;>Oint tor all 
electrical q:mmunications associ~ted with the of:eratiohs of thE; pro""-
ject ~ l?rovided s~~~ suppo. ft ~acilitie$ and . ~per. ating. an~ . mai. ntenance 
personnel at the NSG m1ss1on ground statlons. 'Ih~ NSO meU1ber of 
the ~was designated as the project operational representative. 

3. '!11e NSA- authorized the allocation of servica q:yptologic 
personnel to man and operate the mission g~()und st~tions; processed 
all ELlNt data recordi.n<Js and . disseminated the ELIN'r produGt~ inte~­
pt;eted national intelligence collection and proq;ssihs requirements 
and ~e tasking recorn{riendati.ons; aQ3 £\.lrnished the magnetic. ta~s fo~ 
recording data at the mission ground s.tat;.ior'l$, '!he NSA. reptesentativ~ 
to the TCG was desig'nated as an advisor to _the staU .. 

4. 'nle I:Nt had the authority to review and apprOIJ~ all aspects 
of the project. '!he Scientific and Technical Intelligence Center of 
art (STIC) provided intelligence requirement$ to the dhector; pro­
vided signal analysis support to NSA; mooitoted tM signal analysis 

SYE-56105-:78 
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program; aril disseminated quaiity control t~chnical data to mission 
ground station$. '!he ST~C rnern~r of th~ 'J;OG was designate4 a1;1 the 
prod~ct control reJ?resentative. 

6. A$ ot: 1962, the Ar;rrrJ Security Agency (ASA) pJ:ovideq a ~ite, 
support. facilities and or:eratih<J ana tnainten<;lrtce r:ersonnel at; the ASA 
mission ground st~tion. -

7. The site~ where dE:Qicat~ G:AAB~no collectibn and pro.-
cessipg and spacecraft comnandihg systems were installed in the 
pre-NR;) ~r iod are a$ follows ~ · 

. . . 
. . 

. . . . . 
ADt\.K, A.IP.SKA • • • • • ~ • . • • • t • 

HYBIA VAU.EY VIRGINIA ·(Engineering, 
Ground Station) • • • . . • • • • • 

WAHIAWA, HAWAII • • • • • • " • • e: 

. B. NOO ProGRAM C, 

Upon consol.id~tion of all u.s. overheag reconnais~.;nc~ projects 
into a· National Reconnaissance Program (NRP) in 1~62, · D~O est?blished 
NOO :Prograr,n c as the organizational. canpenent to continue o.r;eration 
and management of the Dyno satellites. By December 1962, the Byeman 

SYE-5()105-78 
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Control S¥stem was implemented thr.o hout the project to govern s~cu­
r.ity procedure~.. ByeiMn Proj~~ replaced th~ Project Wal.nut 
security clea)':"arice.. 'Ih~. s.=tell.ites · cam~ desigr.at;.e<;I as FOFPY satel;­
lite~d s.ubsequent launches. wuld receive. NRO .. rnissl.·o ... n numbe~s. in 
the 111111111 senes. lhe DNRQ t"ev1eweo the organ1z~t1on and responslbll­
ities wj,.tpin Program C as pr;op¢sed by t:he 'r:Nl in the time rrarne Juiy 
1962 tm-ough January 1%3. The: following change~ and additions to 
or~anizati<mal responsibilities were implemented: · 

1. '!he NID provided funding to support Program C based on 
annual pr0;3ram budge~ sutmissions by NRI:; beginning with fiscal year 
19~3.. '!he Consolidated C;ryptologic Program (CCP) c6ntinu$1 to supi;lort 
mission ground st.atlon personriel 1 magnetic tape 1 and data processing. 

2. 'Ihe DNl became designateq as Director, ~ogratn C. 'Ihe ONJ; 
pr;ovi~ed a POPP~ ptojeqt oire.ctor res~nsib;L~ fa~ su~tvising and. 
administering all aspects of the project subjec1; to the approval of 
Director 1 Pr6grart\ C. · 

3. '!he ~ DeJ?,Jty Director for Ope,ration$ prepared routine 
taskin<3 schedules for the operational controJ of POPPY satellites with 
technical $1JPport from the .'!(X;, . Poutine tasking was directed by the 
NRO Satellite Operations Center (SOC) through ffiG. t>SA directed quick 
reaction tasking of :rol?PY satellites through NSG following tip-off Of 
Soviet space or .missile activit¥: 

4. Program A. of the NRP provided the launch vehicle, launch 
vehicle/satellit~ integration, and launch services. 'll'le NRQ se~..,. 
rately funded this support. 

5. '!he Naval Research Lat;:oratory was designated the technical 
director resp:msible for design; developnent ( and ope~ationa], support. 

C. LATER QW.X;ES 

Pr<:J9raril C and the :OOPPY project; organization functioned in, the 
satne general manner as estaolished unde~ the NRO for th~ next fou~teen 
years. Changes subseqlient to 1,963 were the result o£ realignmE;nts 
wi,thin the Navy I changes in ca~bilities leadi.n<J to a.dd~ . resr-onsibil­
ities ~ and cpaf19eS ij\ par;t;iciP9tion. Significant qhanges and asso-
ciated factors were the fqllowing: . 

1. Starting in 
electri,.cally reporting: 
to the respOnsibiiitY 

1' 1 1 . 
IUiil) 

April 1963, the requirement for <;letecting 1 

and legging ne~ <mQ LmUsual signals wa$ adoed 
o£ miss ion ground sta t,ions. · The resulting 

od ed th 1 · · t · bl ' t · of . .. ·~ 

• • • a • ~~IIJJi1ttl>li) 
(ill l)tiJ)i:li 

back to CONUS for processing. Various site facilities were u~aded 

BYE-56105-78 
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and changes · made to thE! satellite designs in ordel'l: to enhan<::e t.he 
/. \ detection and r;~cognition of th~ new emitte,;s as they wer~ added to 

the Soviet r~ar inventory during theit rapid build.,..up duri119 the 
1960's. ThesE! Soviet: r . 

2. In 1967, CNJ; b~ame redesignated as th~ Ncival Intelligence 
Conmand (NIC). CCMNAVlN'l'COM retained the resl?On,sibility of Oirector, 
Program c. 

3. In resl?(?ns13 to the 1966 Presid$nts Scientifi<; AQvisory 
panel's urgent ~;equest to e:l;Cpoit. over;heao reconnaissance to determine 
if the Soviet OniQI'l WGI$ ~- · · • · ··. · · • -l).i_sti<:: missile radar sys-
tem the program sit€;! in was equipped wi.tn analog­
to-digit~], data <;:onversioo anQ a snal d~ta. pr;ocessing canputer. this 

. i$ systern was installeq in 

4, AFSS partici}?Cl.t:i.on ended in Oc~losure of 
its last POPPY mission ~round station atlllllllllllllll 

5. ~A ~rticiJ?atio_n -~nded _ iililiiliii.·. A ust 1.970 with the closure of 
its POPPY m1SS1on ground stat1on at . . 

6. On 14 January 1971; the Navy Space Project Office was estab-
lished as PM-16 of the Naval Material Cornnand. 'Ihe Manager 1 Ncivy 
Space Project (:J:M-16). was designated a~ th~ Director 1 Program C. 
POPPY project director functions were perfooned within the System Pro­
ject Office (SPO) of m-16. Liaisen with NIC continued. 

7. In June 1973 1 m-16 wa.s redesignated as l'MB-106 of the Naval 
Electronic Syste,ms Comnand with itS manager continuing as Director, 
Program C. 

II'\(, 1111 )1 

I . I t \ ~ 

1 the Ditectot,. ~ogratn C dit~cted ce$sation 
lbweve~ 1 the Ehgineering gx:ound 

con~inues to p:!rform ~r martage­
spacecraft operational capability. 

BYE-56105-78 
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III. SAl'ELtiTE$ 

All of th~ GFABjDyno ELINT Satellites contained scientific cover 
e>q::er :i,ments of the sot.AAP type. Engineering evolution and innovati v~ 
refinement of t:ne spa<:;,ectaft and ground station subsystems we~e con­
tinued by ~ in the POPPY program following the transition trom GRAB/ 
Dyno to ~1?PY. The satellite$ were des.igneq for long,....life high-duty 
C;(cle o~ration~ Ali satellites were designed for full u_tilization 
ariy t~ C\ satellite wa$ in view of a grou.Od station, Eigh~ satel ... 
lite~ provided l,lSeful intellig~nc;~ fQ~ · ~riods in e,xce$$ . oe .. 
-- ~is comb~nationprovi~nt· low-~ost sa.tel~ite 

system. wluch contJ.nUOI,lsly had. - ot:eratli~ satellites 
on-orbit from 19~3 unti~ 1977 when the program wa$ terminated. 

A. CLUSTER s~zg 

The GPAB/DYno satell.ites were launche<;l pickaback with other 
scientific; ~nd. navigation satelJ,.ites. '!Wo of the five attempts to 

t Dyno satellites Wete successful. lne first ~PPY launch Mission 
orbited ELINT· satellites. 'Ihe next tW'o · 

four 

B. ORBITAL CHARACTERISTICS 

C. fflYSICAL CHARACTERISTICS 

'Ihe GFAB/Dyoo satellites were of: spherical configuration with a 
diameter of 20 inche$, '!he firsb Qyno· spac;eq:aft weighed 42 ?Junds: 
later Dyl'X> spacecraft. weighed up to ss pounds. · 

In the first POPPY launch, both ot the satellite$ were comi_X)seo 
of two 20-inch d.iamete~ ~isphere$ joined. by a 4-..inch wide equa~orial 
band. 'Ite sti:etch.Ed sphere design was used for all satellites in the 
next three launches,· either with 20-inch o~; 24-inth diameter 
configurationS. These satellit;es weighed ~tween 55 and 130 I.X>urxiS• 

'Ihe multiface design was fir$t used on Mission 
three of the £our satellites being mul tiface. 'lhe 

-8-
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stretched sphere with a 9-inch e~atorial band~ !he multiface 
satellite measured. 27- :!.ncb diameter acros$ flat$ at ib~ l~,...sic;leq 
equator. Spacecraft, eqUator:j..al bands vade4 in siz$· to accarmodate 
the increase in size and number of electronic and mechanical compo­
nents. necessary to satisfy the increasing mission ~;equirements. ~ 'Ihe 
basic mul tiface structure wa~ 1,1.tilize.d on all FO~~· satellites after 
MissiontidNUII The weights of the multiface satellites ranged from 162 
to 28 2 pourrls • 

D. FeWER 

The fir st Dyoo satellite was p:;wered from a 1~-vol.b storage bat-. 
tery consisti..n9 of nine 0 size cell$ in series. 'lhe battery was 
charged by silicon solar cell~ anq was designed to provide usefUl life 
of one year in orbit. Six .. 9- inch dia,tnetet:: rounq patches of 156 cells 

. were syinmetrically located on the surface of the ~e.re so that 
approximately one watt of pewer would ~ ava,i.lable for any orientation 
of the satelUte. In ful~ Sl.ln; a $ing!e ~tc;h <;:euld provide about two 
watts of charging power to the ~hemical storag~ battery. From Oyno 2 
onward, +12-volt and -12-volt storage batterieS were included. · 

In the 24-inch diameter satellites, more solar cells of smaller 
size were piaced on 11-inc;h diameter panEls. 'Ihe six symmetr:icllly 
placed panelS provided -about fout;: wa.tts ·of charging powet to an 18-
cell, nickel-cadmium battery pack. (NCTE: 9-inch diameter solar 
panels were used with the. 20-inch diameter $atellite and 11-inch dia..: 
meters with the 24:...inch satellite.) • 

E. TELEMETRY 

The 'satellites continuously telemetered data on 
housekeeping coooition . 
the · col 

engineer 
.1 ; E7tc. were sampled. by the 

mutator. Discrete or cO(m'iand status indicators werE! binarily enc:octed 
and mcnitored by the-cQlimutator. . 

the mission 9round stations. 

satellites were equipped with a 
telemetry subsystem in order to 
telemetry readout using alii display at 

BYE-561.05-7 8 
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The first GRAB/Dyno 59tellites b;ansrnitted telei!letry signals at 
108 MH:~.:, In latet years, frequencies in the neighbOrhood of 137 Mfiz. 
were used to avoid interfering signals. 

In the spheres ano stretcbeo spheres, the :(X)wer output of both. 
the telemetry transmitter ancf the ~NT data transmitter (s) was fed 
into a single anni-directionalt . 4-element turnstile array • 'Ihe same 
antenna served f9r reception o£ th~ cqmmand signals. 'Ihe rnultifaces 
used two such. turnstile arrays, one for comman9 reception and telem­
etry transmission, the second for ELiN.r d~ta transmissions. 

F. CCMMANO 

.the first 
second oscil · tors to provide ility. Audio amplification of 
proper tone activated the corresponding relay switches to turn on 

the data link transmitter ai1d one of· the t....U timers and to turn off 
telemetry at the end of useful life. 

As command o~ions increased to include more data receivers, data 
links, experiments, station keeping devices, etc. the basic conmand 
system was expanded fJ;om a simple tone system to a ton~ digital system 
Utilizing ten frequency tones allowi~g OVeJ; a hundred CatrnarxlS, .. 

G. ELINI' COLLECTI~ 

BYE.-5ql0S-78 
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H. ATI'I'I'UDE S~ILIZATIO~ AND S'rATION KEEPING . 

With r~finernents in th~ employment qnQ ~lacemenb of new· direc­
tional antenna types; the orientation o£ the vertical axis of the 
satellites became · a factor affecting perfortncmce. Satellites which 
tumbled or orb!ted upside down or sideways did not orient their ELlNT 
antennas to produce optimum coverage in azimuth. 'I'O overcome this 
problem, a G.t'i$vity Gradient Stabilization Experiment {GGSE) was 
implemented in the eighth launch (Mission ewe. Cp.e sqtellite wa$ 

-15""" 



gravity grad 
the satellite's ax:i.S: to within 
consumed no on-board power. 

succeeded igning 
the local. vertical and 

avit¥ Gtadien_t Stabilization was also implemented in Miss~on 
including ~-axi$ 9tavity g~adient and 3-axis gravity gradient 

two addition~l bJoms to provide yaw stabilization. In Mission 
two sat~llites were equipp;d. with 2-qxis gravity gra,dient sta­

bil ion, and tWQ were equipped with the 3-axis system. cne of the 
3-axis stabilized satellites u5eQ additional booms; the other used a 
flywheel to provide activ~ stabilization of. the yaw axis. All. sateh 
lites launched thereafter used the 3-axis; active system employing a 
single boom and fl~heel. · 

Anhydrous amnonia was su<;cessfully used as the microthruster gas 
in one satellite in 1961 a.nQ in all satellites launched the~eafter. 

'Ihree axis stabilization . was a necessary prerequisite to the 
station keeping capability. 

BYE~56105-78 
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!V ~ MISSION GROUNO STATIONS 

oe th.e S!GlNT 
established c:t 

Mak ~ the only one o~ the GRAB 
opere1tions UPtil projec;t termination. Adak 
operations in August 1977. 

CUring the initial o~tations collections we:re. conduct~d in Eartll 
Satellite Vehicle. (ESV) shelte~ huts. A~ter the system stabilized in 
the sixties, the transition was made to J:':errnanent buildings. 

A. ESV HUTS . 

'Ihe ESV huts were procured from Craig systems, Inc. of {4wrence, 
Massachusetts. 'Ihese lightweight:, aluminum shelters, designed for 

BYE-56105-7S 
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worldwide se~vice conditions; coulc;t be trans¢rted by helicopte~;, 
:targe airct:aft, b;1,1ck, t:~U, ot: ship. . 'they wet~ described as all '"' 
weathet shelters const~ucteq of lightweight rigid floor; roof, side­
wall anq eh<;l J?anels secure(t by two littin<rbancl a~sembli~s ~ 'Ihe 
J?anels wez;e fire resi$t~nt and w9ter J?roor. 1h~ ESV h"*$ came 
equipped with two wo~:k benches, a spare ('arts cabinet, exhaust fans; a 
filtered air inlet, incandescent lighting, _a J;Pwet entrance and dis""' 
tribution cabinet, and art electriq heater. · 

At ~ the ESV huts were fitted out for Op::!rations prior to 
deployment, NRL install® sheet-metal. supporting· rack~ to nold the 
electroniq eqUitment, t:Pe necessary electroni¢ . equipment, an antenna . 
mast, antennas, an antenna steering mechanism anc;l ·brake assernl:>ly; and 
an ait conditioner.. 'U1~ ESV buts wet;e shipped as stand-alone assem-­
blies requiring only minima.l site supp;>rt. At the mission gtound 
stationS; the E$V huts wete placed on concrete pedestals, on J?Qvement., 
or . on elevated platfortnS equipp:d with .carport.:.t~ canopy roof t pro-­
video with electrical :power and they wer~ ready tei conduct Op::!rations. 
'!he ESV hut$ were only manned to ~t:epare f9~ and conduct scheduled 
collection operations. By 1962, in preparation for the first dual ... 
satellite launch, each collection site was provided with two of the 
fully equipped ESV huts . 

. 
B. PEBMANENI' BUILDIN~ 

As ~ expanded exploi~tion and · qat~ collection .r;ole$ p;Laced 
inc~e.as~ burdens art_ the site ~tsonnel; a m011~~ into ~rmanent 
buildings was started in the early sixties when buildings housing t.ne 
h d GRD-6 direction . findirq systems becam~ available a_t-• 

(ill, l1 ill 1 l) Adak. 'Ihese WOOden buildings wer~ adequate to replace~ 
ESV huts and provided the necessary space to install the growing 
mlJTib?r of. bays of electronic equipnent. - ..... 

different buildip;;Js or 
installation. 

-21 ... 



\ 

NRO APPROVED FOR RELEASE 

IWJQ~ lAA iVW.;\ti;'WJ'f E?~ R~iG~'~liJ-lio i¥8~ JQ~ 

V. GRCXJNp REAOOOT EQUIPMENT 

Mis~ion 9round station £unctiOns related to ELINT data collection 
included telemetry ~~a,dout, . $atellite. interr09~t.ion, ana ELim data_ 
m<,mitoring and. recor;dinq;. All,. missiOn rouno stations ~rfot1tleQ the . . d . 

A. TELEME'IRY RFACOU'l' 

B. INrERRCGATION 

All ~tellites in 500 nautical mile o~bits \twhich came within 1750 
nautical miles o£ an interrogation site cOuld be corrmanded or inter­
rogated upon acquisition and readout of the telemetry sj.gnal. 'lbe 
output:1 of a c01111l3nd tone generator was fed into a transmitter with a 
250~watt power output and propagated directionally on an array oe four 
10-element Yagi antennas fitted on the same mast as the telemetry 
antenna array. '!he satellite ELiN.P receiver (s) .an:J dat.a lin}< trans ... 
mitter (s) \tw'O\,llQ be p:>\\fereQ-~ or acdvated when intertogated by the 
c~c:i signal fJ:oill ··the gro~d station,. 'ihe interrogation woulq be 
verified by interpreting· state o£ conman<;l data in the telemetry 
stream. · 

With the move into t;:ermanent buildings, the manually steered 
antennas were replaced by remotely steerable, pedestal-mounted array_s ' 
consisting of two rows of four cross-'polarized Yagi antennas~ 'Ihese 
antennas could be trained in both azimuth and elevation, permitting 

aYE-56105-78 
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uninterrupted telemetry and data. collectl,ott a~ th~ satellite$ J?assed 
a~ high elevation ah9les. These antermas were fed by 50-\'/att output 
command transmitters. 

'!he intetrQ9~tion p:>sition expandeQ into ti.v~ bays of equif01ent 
manned by .on~ operator. By 19671 the position incll.)deQ progJ:artmed 
corranand tone generators whicl:1 read pre-pl,lncheq , cards piepared t .o 
implement the specifiC collection tasK 9roup$ authorizeQ by the NRO 
Satellite q;>era.tion~ center (SOC) • 'lhe J:X>sition also included. an 
R-390A/URR recei.veJ; connected t<i a. 25..-foot whip ant,enn9 for: the recep­
tion of the loca.l s\4i1dard t¥De broadcast used te) ~t the dic;:Jital time 
generator, Solid state receivers replaced the. R~390A;urut receivers 
used to copy telemetry. 

All · satellite interrogation except; for EUNl' dat;.a. collection 
op:rat;.ions 1 (sucn . as thrustinc:J and p:>~t/attitude management; etc.) 
was J;;er · 9round station in Hybla Valley 1 

Virginia 

C. EIJ~ COLLECTION 

BYE-561~5-78 
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Collection operators noted in their log~ e<::CUrrences oe NSf\ 
S}:":eCified signalS ot high intetes~ aS Well a$ neW; unique or un~den­
tifieQ signal$. . Aft~r ~ W:SS, analog ana:~:xsts play~ Q3ck the ta~s 
at their analysis ~ qualitt-:-control fOsitions a~· r:erformecl aural 
and visual scans of each o~ the re<;:ordeq data links. Parameters of 
the~ signals of interest and unid~ntifieq signal$ were me(lsured and 
tabulated. Af~er verification of the pq.rameters of uni9ent,i.fied 
signals, leading anp.lysts pre~red . a daU.y signal of interest tiFOff 
report for ttanSJllission to NSl\ and to other roPP¥ sit~s. 

In tOO early seventies, pulse width sel~tors wer~ ~dd~ t¢ the 
analog analysis positions to isolate and display the data collected 
from a single RF band in the satellite (s) • · 

~ the reliability in detecting and reporting signals · of interest 
at the mission ground stations became established, the requir~ent for 
forwarding all analog tapes to NSA di,minished to a requirement to for­
ward only those tapes containing unidentified signals or tapes specif­
ically requested by NSA._ Recordings not forwarded were retained for a 
S}:":ecified period, then degaussed and recycled. 

BYl:!-561~5-79 
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~OPPY MGS - Buf!ered Digital Tape System • 1972 
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Most project;. problems and anomalies 1eao to technicql innovations 
cmd have teen ~tioned in precedi!19 c;hapte~s ~ A. bdef sununary oe 
othe_( obstacles is pJ:"ovided in the following paragraph$ in th$ launch 
chronology. 

A. fiRST IAUNCll - GAA13/PYNO 1, 22 JUNI!l 1960 

This mission was m;;eful for ELIN'r coJ,lection fot: just ninety . 
dayS. In add:l,tiotJ to the short life t th~ neeo for Presidential 
authorization to: interrQ9ate the sateJ,lit~ was a con$t;.rajnt. on the 
amount of data that was collect~. ifue a¢tual impact of the.~ t'Wl:) 
factors was not. overly i:rirpot:"tant;. sine~ statesi4e.. analog analysiS and 
budding data processing capabilities· were satut'ated oy the. aijlcunt of 
data c;:ollected. NQ ananalie$ wet;e observed in t.ne intercepted data .. 
No problems were encounteteq ln the intetrogation of th~ satellite OJ;' 
in collection arxi farwa~;ding of data ta~s. · Scientific cover exper i­
ment SOLRAO 1 was operational for 10 months and highly successful. 

B. SEX:OND IAUOCH, 3~ IDvEMBER 1960 

'Ih~ 'lbor rocket butned out _12 . seconds ear.ly .a00 was oestro{'ed by 
RafXJe sa:ee.ty. . Fra9ffients landed m Cuba. 'Ihe lncl.dent resulted 1n the 
prohibition of launch. traj.~torieEl ideal fot the desired 70.-degree 
inclination and forced a dogleg injection effort crt subsequent 
launches f+om cape Canaveral, Florid~. '!his failure resulted in a. 
nine-month lapse in GRAB collection. 

C. THIRD IAL'NCH - DYNO 2r. 29 JQNE 1961 

This launch vehicle had three spacecraft stacked one on top of 
the other. . Failure of separation System between the to{lllost paiz; 
caused Oyno 2 and. State University of Iowa nt~ Van Allen '_s ~ 
satellites to remain attached in orbit. 'IhU$ · 2 was used on the 
odd days an4 IN~ used on the even days dur . the fourteen month 

2 operational lifetime .• 

potentially lucrative passes over the U.S.S.R. 

D. F<XJR'i'H lAUNCH, 24 JANUARY 1962 

The att~t was ~e t-o orbit Q. third E.W:NT satellite with the 
cover experiment SO~ 4A along witb four other satellites • 'Ihe 

BYE-56105-7a 
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., Thor-Able-Star launch vehic;:le explooed dw;ing lavnc;:h due to a, crack in 
the second stage el'l3 ine. 'lhe irtipact of tbe loss of the satellite was 
a postponement of project inteJ,.ligence c;:ollection activity. 

E. FIFT}j LAUN:H, 26 Ai'lUL 1962 

AnotheJ;.' laurtch. !aiiure oc;:curred in the program's first attempt 
fran the Western Test ~nge at Vandenberg AFB,. California. '!he EL~N'l' 
packa9e was the same type o£ confi9ur;ation tJ$.ed _on the I?dor; attem~t 
and SOLAAO 4E3 pro:~~ided a cover; experiment. 'Ihe Scout rocket rose for 
slightly over t\<tQ minutes and landed in the ocean within sight Of the 
launch pad. . · 

F. srm I.AUOCH .. MISSlON - 13 D]::CEJ.$ER 196~. 
injected into a, highly 

ell miles becau,se the h;Jena D 
cont ued to burn after its programmed. tQrn-off time. This ellii?tical 
orbit made it difficl}lt to detec;:t a~ track the te1emetry signal with 
the fixed elevation antennas used at the collection sites. 

Near perigee', the field of view of was consider-
ably reduceq to a radius as 19w as 90e 1 about. half the 
rad ius of t:.he field of view for the intended orbit. · At apogee, the 
radius of the field of viewwas approx~tely 2700 nautical miles . 

G. SEVENIH IAUN:H - M!SSICN- 15 JUNE 1963 

H. EIGH'IH IAUN:H ... MISSICN 11 JANUARY 1964 

BYE-56105-78 
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I. N!NTH . lAUNCH - MISSIO~ - 9 MARCH 1965 

wer;~ deployeQ as sep~rated 
-ax gravity 'gradient stabiliza-­

F$rfotn't a~ planned ~· the satellite flew 
sideways. Conseqt,lently, the fl.r~t attempt to us~ a microthruster: for 
stationkeeping could not be evaluated on this satellite. 

J. 

storage batteries o£ 
their ~skin<] s•,c: • ....,..,,c: 

a 
of life, leaving severa~ months 

op~~c::n· ~~c•n:s· "-hen higb sunlight conditions prevaUed. 'lh$ 
lasted for. months. 

'.IENTH lAUNcH - MISS 31 MA;! 1967 

'!he ' thermal design of the Mission - multlfaced satellites 
favored the cold errl of the ther:mctl Specification r.artge an<;l led. to 
high ~ttery .voltageS. ~· im~ct w~s negligible- since the ~tellites 
could l::e activated to re<;luce the voltages even v.ben not; used for ELINl: 
collection. Such activations were easily implemented by the se-wirtute 
activation ~r iod a~ the capabilities for delayed activation and 
recycled activation~ at 10ta,-offiinute intervals. 

- a ~ret:ched sphere with conServative solat cell power 
sysb~ign usf.h9 four solar cell . patches on each hemisphere, 
exFerienced powt:r system l<;>w voltage$ during periods of low Sl,ll11ight 
and had to be conserv~tively tasked ther~aftet • 

BYE-56105-78 
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the microthruster. wa$ activated , - caught up with; then went 
' apead. Of -- before tne microth~UStet' CO!JlO asain OE!. ~SE!Q t Q 

eliminate tl;""'Si1ia11 veloc;:i ty difference and restore prot;:er spacing • . 
'!'here were a nll~Ill:)E!r of instances of cross-talk between receivers 

on these satel.l.ite.s, resulting in inhibitiOn$ on certain tasking corq-. 
binations. Many of the cross-talk sitl,lations eventually disappeared 
as battery voltages fell -= · 

event~ally su¢curnk::ed 
il attainment of; over 

. . - - . .. .. 
(tl 11 

on the fourth day after launch, the ~ena D awarently ex}?loded I 
but no i.mrtediate adverse consequetlGes to the satelli t;es were observed . 
'!be resulting orbit was nearly circular; a.nQ all satellites ~re ~re­
dicted to be within a 24fiJ nautical mile envelope by late November . 
All subsystems o~rateci as desired. l-Q constraints · were impo$ed on 

· Operational tasking conrnenced on sched.ule in late 
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sqne occu.rrences of cross-talk in. rece_ivers of Mission ­
- whicn very slightly constqdned tasking canbinat:i.ons . 
tion oe storagE! batteries i startif19 with: - in 

to fO. wet rnanagernen~that shg~re-
L.0."''"---'-1 · • Thus conserved, - tetnain useful to 
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IX. PERFORWlliCE VERSUS OBJECTIVES 

chai19ed over th~ years 1 to 

In response to· the requir ect. ELINT from the 
u.s.s. R., I}Jl10 1 was activated for 4"-minute collection 
periods over the U.s.s.R.. 'ltle this mission was the 
successful demonstration of the collection technology in the satelHte 
and mission ground ·stations. EUNl' result$ included the following: . 
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ProJEX:T NAME: 

NRL MISSION: 

ORBIT: 

REMARKS: 

GROUND STATIONS: 

FIRST LAUNCH 

GRAB (Walnut security clearance) 

Pre-NID Latmch: Thor-Able-Star from Ca~ Canaveral, 
Florida on 22 June 1960 

Elliptical with 330 by 565 nautical mile altitude, 
66.7 degrees inclination, and period of 101.6 
minutes. 

This was the first operational overhead intelligence 
satellite for the U.S. 

SATELLITES: Dyoo 1 Transit 2A (APL) 

DiliMETER INCHES: 20 

WEIG.'Ifr EOUNr.S: 42 

NUMBER RF BP.NCS: 1 

RF OJVERAGE MHZ: 

END OF LIFE: 

USEFUL LIFE: 

INNOVATIONS: 

9 September 1960 

90 days 

First U.S. satellite with an ELINT mission and first 
successfully launched U.S. intelligence satellite. 

First U.S. pickaback launch. 

Fixed tuned crystal video receiver with six monopole 
antennas for omni-directional EIJNT data reception. 

ELINT receiver active for 40 minutes upon inter­
rogation from the ground. 
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~ p.ulses transpon~ed. at . 
...__ on 15~ MHz crnn1-drrect10nal data down 

link. 
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ProJEX:T NAME: 

NRO MISS ION: 

IAUNCH: 

omi T: 

Rfl>1ARKS: 

SATELLITES: 

DIAMETER OCHES: 

WEIGHT FOUNI:S: 

NUMBER RF 8ANLS: 

RF OOVEPAGE MHZ : 

INNOVATIONS : 

NRO APPROVED FOR RELEASE 
6 June 2012 

SECOND LAUNCH 

GRAB (Walnut security clearance) 

Pre-NID 

Thor-Able-Star from Cape Canaveral, Florida on 
30 November 1960 

Not achieved 

Booster vehicle malfunctioned and was destroyed. 
Impacted in Cuba causing an international incident. 
Resulted in restrictions on all future launches from 
Cape Canaveral relative to acceptable launch 
azimuths. 

Dyno Transit 3A (APL) 

20 

40 

1 -None 
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PIOJEX:T NAME: 

NRO MISSION: 

IAUOCH: 

ORBIT: 

REMARKS: 

GroUND STATIONS: 

'IHIRD lAUNCH 

GRAB (Walnut security clearance) 

Pre-Nro 

Thor-Able-Star from Cape Canaveral, Florida on 
29 June 1961 

Elliptical with 475 by 540 nautical mile altitude, 
66.8 degrees inclination, and period of 103.8 
minutes. 

Pickaback with INJUN - failed to separate. This was 
the second separation failure of NRL Satellites. 
Design of these separation systems had not been an 
NRL responsibility but on all future launches NRL 
took the ili for separating their own 

SATELLITES: Dyno 2, INJUN (SUI) and Transit IIIB (APL) 

DIAMETER JN:::HES: 20 

WEICBI' POONrS : 55 

NUMBER RF 8ANtS: 2 

RF COVERAGE MHZ : 

END OF LIFE: August 1962 

USEFUL LIFE: 14 months 

INOOVATIONS: RF coverage extended to two portions of the 
spectrum. 
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FOURI'H LAUNCH 

PROJECT NAME: GRAB (Walnut security clearance) 

NRO MISS ION: Pr e-NRO 

LAUNCH: Thor-Able-Star from Cape Canaveral, Florida on 
24 January 1962 

ORBIT: ~t achieved 

RlliARKS: ~ guidance on Able-Star stage 

SATELLITES: Dyno + 4 

DIAMEI'ER OCHES: 20 

WEIGHT FOONI:S: 55 

NUMBER RF BANtS : 2 

RF ffiVEFAGE MHZ: 

INNOVATIONS: Attempt to place five satellites into orbit using a 
single launch vehicle. 

----------------------------------------------------~~~~7 
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FIFTH lAUNCH 

PHDJECT: GRAB (Walnut security clearance) 

NRO MISS ION: Pr e-NOO 

LAUNCH: Scout from Vandenberg AFB, california on 
26 April 1962 

ORBIT: Not achieved 

REMARKS: Scout was launched with no attitude control gas in 
the fourth stage. 

SATELLITES: Dyno 

DIAMETER OCHES: 20 

WEIGHT roUNDS: 55 

NUMBER RF BANDS: 2 

RF COVERAGE MHZ: 

INNOVATIONS: First project launch from Western Test Range. 

BYE-56105-78 
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NRO MISS ION: 

I.AtNCH: 

ORBIT: 

~= 

GROUND STATIONS: 

SATELLITES: 

NRO APPROVED FOR RELEASE 
6 June 2012 

FOPPY (Byeman-

Thor-Agena D from Vandenberg AFB, California on 
13 December 1962 

Highly elliptical with 124 by 1500 nautical mile 
apogee, 70.3 degrees inclination, and period of 
116. 0 minutes. 

First burn in seccn3 stage continued until fuel was 
depleted. 

DIAMETER IN:HES: 20 20 

55 WEIGHT IDUNJ:6: 55 

NUMBER RF. BANDS: 

RF COVERAGE MHZ: 

END OF LIFE: 

USEFUL LIFE: 

nNJVATIONS: 

BYE-56195-78 
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Use of stretched 20-inch diameter sphere design on -First program launch without accompanying 
unclassified SO~D scientific cover experiment . 
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PFOJECT NAME: 

NRO MISSICN: 

IAOCH: 

OBBIT: 

REMARRS: 

GOOUND STATIONS: 

I 
\ 
! SA'I£ILITES: • 

I 
DIAME'IER IN:HES: 

WEIGHT FOUNtS: 

NUMBER RF BANtS: 

RF OJVERAGE MHZ: 

END OF LIFE: 

l.EEFUL LIFE: 

INOOVATICNS: 

NRO APPROVED FOR RELEASE 
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SEVENTB I.AUNCH 

roPPY (Byernan--Thor-Agena D from Vandenberg AFB, Cclifornia on 
15 June 1963 

Highly elliptical with 95 by 495 nautical mile 
altitude rapidly decaying, 69.9 degrees inclination, 
and p!riod of 94.1 minutes. 

No 1\gena secom burn - failed to circularize. 

24 24 28 

85 85 65 
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PHJJEL'T NAME: 

NRC) MISSION: 

IAtNCH: 

ORBIT: 

GRaJND STATIONS: 

SATELLITES: 

EIGffl'H LAUNCH 

EOPPY (Byeman-

~T-Agena D from Vandenberg AFB, california on 
11 January 1964 

Nearly circular with 490 by 506 nautical mile 
apogee, 69.9 degrees inclination, and period of 
H!3. 41 minutes. 

(TAT) thrust augmented 'lhor. 'Ihree solid rockets 
strapped to booster. 

DIMETER IN:HES: 20 24 

89 

20 

WEIGHT EOUNI:S: 65 84 

NUMBER RF BANIS: 

RF CDVERAGE MHZ : 

END OF LIFE: 

USEFUL UFE: 

INIDVATICN): Axis of -aligned to within. degrees of ver­
tical using 2-axis gravity gradient stabilization 
with at erx3 of 28-foot beau with tip mass 

Sa tel-
was up or t:oom 

down by use of anni-directional antennas. 
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PIOJS::T NAME: 

NRO MISS ION: 

LAI.NCH: 

ORBIT: 

GR:>lND STATIONS: 

SATELLITES: 

NRO APPROVED FOR RELEASE 
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NINI'H LAUNCH 

mPPY (Byeman -Thor-Agena D from Vandenberg AF.B, california on 
9 March 1965 · 

Nearly circular with 490 nautical mile perigee by 
506 nautical mile apogee, 70.1 degrees inclination, 
and period of 103.6 minutes. 

DIAMETER INCHES: 24 24 

106 

24 24 
• 

WEIGHT R:XJNil5: 103 130 130 

NOMBER RF BANI:S: 

RF COVERAGE MHZ : 

END CF LIFE: 

tEEFUL UFE: 

INNJVATIONS: 

Thre~ravity gradient stabilization implemented 
wi~--
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PHJJEL'T NAME: roppy (Byeman-

NRO MISSION: -

I.At.NCH: 'Ihor-Agena D from Vandenberg AFB, California on 
31 May 1967 

ORBIT: Nearly circular with 500 by 5218 nautical mile 
altitooe, 721.0 degrees inclination, and period of 
103.3 minutes. 

GR)tH) STATIONS 

SATELLITES: 

DIAMETER IOCHES: 24 

WEIGHT FOUNOO: 109 

NUMBER RF BANt'S 

RF COVERAGE MHZ 

END OF LIFE: 

USEFUL LIFE: 

INNJVATIONS: 

27 27 27 

182 162 222 
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ELEVENTH LAUNCH 

PlUJECT NAME: FOPPY (Byeman-

NRO MISSION: -

LA!NCH: 'lhorad-Agena D from Vandenberg liES, California on 
30 September 1969 

ORBIT: Nearly circular with 491 nautical miles ~rigee arx1 
586 nautical mile apogee, 70.0 degrees inclination, 
and ~riod of 103. 5 minutes. 

REMARKS: Thorad-stretched fuel tank on booster 

~STATIONS: 

SATELLITES: 

DIAME'IER IN:HES: 27 

WEIGHT roUNtS : 235 

NUMBER RF 8ANt'S 

RF CDVERAG: MHZ 

END OF LIFE: 

USEFUL LIFE: 

INN:>VATIONS: 

27 

228 

27 . 
247 

27 

236 
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NRO MISSION : 

I.AtNCH: 

ORBIT: 

GR:ltm STATIONS: 

SATELLITES: 

TWELFI'H LAUNCH 

roPPY (Byeman-

• Thorad-Agena D from Vandenberg AFB, California on 
14 Decembeer 1971 

Nearly circular with 539 nautical miles perigee aoo 
540 nautical mile apogee, 70.9 degrees inclination, 
and period of 194. 9 minutes. 

DIAMETER OCHES: 27 27 

270 

27 

282 

27 

282 WEIQiT roUNr:s: 270 

!UetBER RF 

END OF LIFE: 

USEFUL LIFE: 

INNJVATIONS: 
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FISCAL 
YEAR 

1958 

1959 

1960 

1961 

1962 
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FUNDING AUTHORIZED IN $MILLIONS 

ARPA/ 
NRPl MISSIONS NAVY 

IDNE 0.2 

NCNE 0.225 

DYID 1 0.79 

DYNO 2 AND ABORT 3.025 

'00 FAIWRES 1.5 
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FCOTNOTES ON FUNDING 

1 NRP funding authorizations do not include funding to Program A for 
costs of launch vehicles and for launch vehicle/satellite 
integration. 

4 Cumulative program costs for 14 launches (11 successful) 
(ll)(1) as well as building, deploying, maintaining 
~ound stations for an 18 year period was approx 
llllllllllllldollars, excluding Program A costs for launch vehicles. 
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KEY MANAGEMENT ro5ITIONS /INCUMBENTS 

Director, Naval Intelligence/Director, Project GRAB: 

RADM L. H. Frost USN . • 
AADM V. L. Lowrance USN 

Di rector , Program C: 

RA.I:M v. L. Lowrance USN 
FArM R. L. Taylor CSN 
CAPl' M. H. Rindskopf USN 
PACM E. B. Fluckey USN • 
CAPl' F. Murphy USN • . . 
PACM F. J. Harlfinger USN 
RADM R. K. ~iger USN 
CAPl' R. T. Darcy USN • 
RAr:.M G. M. Yowell 

. 

. 

. 

. . . 

... . 

. . . . . 

.. 

August 1959 to September 1960 
September 1960 to July 1962 

· • July 1962 to June 1963 
June 1963 to May 1966 
May 1966 to July 1966 

. ··- -... .. July 1966 to June 1968 
June 1968 to August 1968 
August 1968 to July 1971 

• January 1971 to July 1975 . • July 1975 to July 1977 . . • July 1977 to Present 
... 

Director, Naval Security Group: ,.., 

CAPl' L. 
RAIM T. 
<:API' L. 
AADM T. 
RADM R. 

R. Shulz USN 
R. Kurtz USN 
R. Shulz USN 
R. Kurtz USN 
E. Cook USN . . ~ .. . 

June 1960 to July 1961 
July 1961 to December 1961 
December 1961 to January 1962 
January 1962 to August 1963 
August 1963 to July 1968 

Commander, Naval Security Group Command: 

AADM R. E·. Cook USN • • • • 
AADM C. G. Phillips USN 
RADM G. P. March USN • • 

July 1968 to Jtine 1971 
• June 1971 to August 1974 

August 1974 to September 1978 

Naval Research Laboratory GRAB/IDPPY: -Project Manager: 

Mr. H. 0. Lorenzen • August 1959 to February 1973 
Mr . R. D. Mayo • • ••••••••. • • February 1973 to Present 
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SIGNIFICANT EVENTS/INNOVATIONS AND KEY CONTRIBUIORS 

INITIAL CONCEPT/SYSTEM PERFORMAN:E REQUIREMEN'IS (NRL) 

Mr. R. D. Mayo originated the concept of the Dyno EUNT satellite 
in early 1958. Messrs. H. 0. Lorenzen and J. H. Trexler expanded the 
concept and coordinated with other anizations to for 
multi-agency participation, col-
lection, and forwarding of uct 
dissemination. RAI:M Reed of CNI advanced the NRL Proposal through the 
Navy, ARPA, COD elements, and . the executive branch to secure presi­
dential approval. 

SATELLITE DESIGN (NRL) 

Mr. M. J. Votaw adapted the Vanguard design to accornnodate Dyno 
. and the SOlar Radiation cover experiment. He also established the 

interface between Dyno 1 and Transit 2A for the first dual-satellite 
launch. Subsequently, Mr. E. L. Dix was the chief design engineer for 
the satellites. Mr. P. G. Wilhelm became responsible for the satel­
lite technology from 1965 to present. 

SATELLITE PCWER SUBSYSTEM AND THERMAL DESIGN (NRL) 

Mr. F. W. Raymond supervised the overall design of the power sub­
system with the solar cell array designed by Mr. J. Yuen and the power 
subsystem conditioning package designed by Mr. J. G. Winkler. Mr. R. 
S. Rovinski designed the thermal subsystem for all of the Dyno and 
POPPY satellites. 

CCMMAND AND TELEMEI'RY (NRL) 

The conmand and telemetry subsystems for the first Dyno and the 
early POPPY satellites were implemented by ~ssrs. Dix and Wilhelm. 
Later refinements were made under the supervision of Mr. Wilhelm. 
These included improved telemetry and data link transmitters by Mr. L. 
E. Hearten; command and telemetry subsystem expansions and refinements 
by Mr. Winkler; on-board storage memory for engineering measurements 
and timed command activation by Mr. R. E. Eisenhauer; and developnent 
of the I=CM telemetry subsystem cy Mr. Eisenhauer and Mr. R. 0. Wilson. 

'lhe original interrogation and telemetry readout subsystems for 
the ESV huts were designed and implemented by Mr. Dix. 'lhese 
subsystems were later expanded and refined by Messrs. W. E. Withrow 
and A. Q. 'Iool as the transition was ma:le into permanent buildings. 
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ELINT COLLECTION (NRL) 

Mr. Mayo established the overall perfoonance requir~ 
ELINT sub terns in the succession of satellites based onlllllllllllll 

derivation of suitable collection requirements from the 
curre nat anal intelligence requirements. The chief designer of the 
ELINT payloads was Mr. V. s. Rose. These designs were implemented, 
tested, and installed in the Dyno and RJPPY satellites by Messrs. V. 
s. Rose, E. G. Becke, and L. E. Earl. 

Mr. ~ayo designed the original collection system for the ESV huts 
and supervised implementation. Later refinements and expansions of 
the collection system inside permanent buildings were supervised by 
Mr. Mayo with designs and implementation and testing by Messrs. F. V. 
Hellrich and W. M. McDavit of NRL and by Messrs. L. M. Harnmarstrom, M. 
J. Van de Walle, and J. N. O'Connor of HRB-Singer, Inc. 

SATELLITE STATIONKEEPING (NRL) 

Mr. R. T. Beal designed and implemented the 2-axis gravity 
gradient stabilization used in the FOPPY satellites. Mr. Beal also 
designed and implemented the passive tip mast yaw stabilization 
concept to provide 3-axis stabilization~ The active, electronic 
flywheel yaw stabilization method was adapted from Nimbus satellites 
for FOPPY by Mr. G. E. Flach. Mr. F. Raymond developed the speci~ 
~ng multiple satellites into their desired orbitsllllll 
~ 'Ihe micro thruster subSystems were designed by Mr. 
Wilhelm and implemented by Mr. P. carey. · Satellite aspect monitoring 
and control methods were developed by Messrs. Wilhelm, Beal, Raymond, 
and Rovinski. ~.r. Raymond deteonined the timing and degree of thrust­
ing necessary for stationkeeping. Actual thrusting manuevers were 
conducted _by Messrs. Wilhelm, Carey, and Beal. 

J:AlNCH v"EHICI.E/SPACECRAFT INI'EGRA'I'ION 

Mr. Dix coordinated integration efforts for the launches from 
Cape Canaveral. After 1962, the Director, Program A had the respon­
sibility for booster/spacecraft integration. During later FOPPY 
launch preparations, CAP!' G. Geyer USAF supervised contractor func­
tions and coordinated with NRL representatives from Mr. Wilhelm's 
organization. 

SIGNAL (NRL) 

. Eisenhauer conceived and designed the signal level-
measurement experiments used in FOPPY. 'Ihese designs were 

p ented and refined by Messrs. B. w. Ryan and J. w. Phillips. 
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MISSION GROUND S'l'ATION FACILITIES (NRL) 

Mr. c. w. Price adapted the ESV huts for Dyno and POPPY inter­
rogation and collection functions, including the ESV hut ·layouts and 
installations of equipnent. _ Later, Mr. Price coordinated the moves 
into t:erm~-ent buildin s and equipment installations with cognizant 
personnel He developed the preliminary building 
design an ac1 1ty concept as well as provided the layout of the 
operational equipment for the receiving recording and data processing 
for the three MILCCN projects. 

MISSION GR0~1) STATION OPERATIONS MANAGEMENT (NSG) 

CDR F. Hitz chaired the first 'lOG steering comnittee and super­
vised the development of the GRAB/POPPY operations management system. 
Key focal point managers during the project's coming-of-age were 
Corrmanders L. McGraw and R. w. Olson. Among the FOPPY project 
officers at mission ground stations making significant contributions 
to management and data exploitation were Lieutenants R. L. Fotts, R. 
E. Lentz, B. F. Booth, and R. L. Kellogg. CPO R. B. Kargle was fore­
most among the senior enlisted men who managed .t=ersonnel and day-to­
day operations and propagated their knowledge of ELINT in the field. 
LCDR J. Morgan of NSG headqqarters coordinated o.t=erations with POPPY 
project officers during the early seventies and organized the POCG at 
NSA in 1975. 

NSA DATA PRCCESSING 

ANAI..CG ANALYSIS 
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~IELD DIGITIZATIGN 

Mr. F. V. Hell rich of NRL and Mr. L. M. Hairmarstrom of HRB were 
the architects of the system to digitize POPPY data in the field in 
1967. Mr. M. J. Van de Walle of HRB developed the first linear phase 
receiving system and the RS-lA solid-state receivers. Mr. M. Sheets 
of NRL conceived of and specified the adaptive thresholding technique. 
Mr. T. W. Fisher and Mr. J. R. Lindley of ~""RL designed and implemented 
the buffered memory digital recording system for the ADDS/digital tape 
interface. 
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1971 OCEAN SURVEILlANCE At.X;MENTATION 

SYS'I'EM ENGINEERING AND INrEGRATION 

Mr. L. M. Hamrnarstrom of HRB and, su~sequently, NRL provi~~d 

overal1 spacecraft/gr9und station eng inee·r ing, integration, and 
testing functions 1964 through 1976. 

GENERAL 

'Ihe above names and contributions are representative of gen­
erations of talented and dedicated individuals from NRL, NSA , NSG, 
AFSS, ASA, CIA, HRB, CNI, Program C staff, Program· A, NRO. staff, and 
NAVSPASUR who developed, op:rated, supported and exploited the FOPPY 
System. 
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ANNEX 4 

GLOSSARY OF FOPPY-REIATED TERMS 
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TERM 

Athas 

EXPLANATION 

Geonan-developed crystal video receiveer of WWII. Prob­
ably named after Mount Athas in northeastern Greece, horne 
of celibate monks inhabiting 20 monastaries. One 
thousandth anniversary of founding of first monstary, 
Great Lavra, in 1963. Book on Athos monastaries p..tb­
lished in Germany in 1943 (Moenchsland Athas by F. 
Doelger). 

GRAB - Galactic Radiation and Background. Covername for Project 

GREB 

-
Reptile 

SISS ZULU 

SOLRAD 

Dyne ELINT satellites. 

-Galactic Radiation Energy Balance. 

- NRO SCC title for Mission-series Reports Control 
Manual. 

- Unclassified name used at NSA for POPPY project. 

- Unclassified name used within the Naval Security Group to 
refer to the POPPY project. 

- Solar Radiation measurement packages carried along with 
ELINT payloads. This legitimate scientific payload 
formed excellent "cover story" for the Dyno ELINT 
payloads through the pre NRO period. 

Transit 2A - Second Navy navigation satellite, shared launch vehicle 
with D{no 1 on 22 June 196e. First successful dual­
satellite launch. 

Transit 4A - Navy navigation satellite was the primary payload on the 
launch vehicle with D{no 2 on 29 June 1961. 

Walnut - Name of security project for safeguarding details of the 
Dyno ELINT satellites . CANIS security oath. 
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