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'ibi$ repo~t descr:i~s thc:t h~story of the iOl'Pl proj~t: f.rCdl its 
concept i.1'1 1958 through its ~~tion on 38 Sept.eJit,er' 1971 ~ 'Ibis 
histoi'y ~~ ~iled a~ ~ tequtst of the Oir~tot; NaU~l P.ec;ott
naissance Of fie~ tQ ·th~ Directot, I.fto;~9l'Q C, ln~uc!ed iti thU report 
are the significant even~ during the nineteen yeers ot. the POW! pr~ 
jectt incl1,1c;lin9 th• ~velopnent{ ani refinement. <>f FdM satellites, 
m.i.ssion. 9found._ · sta.tl.ons.' groupQ re,~QoQ~f equipnent, ~log_ ~lysis, 
and data processing. . 'Itle inpct .of failures, problE!lD$ arr3 amt~~alies 
are evalua~. successes of tl\e rom proj~t are measur~d ac;aiil$t 
proqralfl oPjectives. TE?chnical. datat cost hi$tory, key contdbutions; 
-a slos$aty of terms rel"atecl to the F<)pl)Y proj~, and a bibliegraphy 

\ ate contained in ann~es td. the report. 

Each of the chapter$ in . th~ teport i$ inte~ tQ be ~at 
- self~ontained. Mnex 1 contains a Sl'liilllet'Y of mission chareeter istic$ 
'anQ tneic:JeS salle :f.nfO~tiOil . ftQIJ the third thiQIJ9.b the $eVe1'\t.b cbap-
tet$ in orde' to pcovide a chrono1ogical summary of the ~hnOlogical 
innovati:~ in. the or;der of the launches. · 
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curing the sec<n3 WQrld war, 1QOkou~ on. German sub'iladnes used a 
hand-~ld crystal v~~ type radat receiver ~ A'llJOS$ tQ detect. 
pulse$ emitted fraa wrctt . ra~dat ¢11 alH~ ~rship$ ai'l4 airp1a~•;c 
'!his simpl~ passive electron!¢ dQ\lnet~4r• receiver e;nablecl ENa~ton 
bef?re ra~e ~d closed suffic. i .. · ~mtl. "J tot. teturni. f19 radar ~~·.· to 
ind.:~,cat.e the ~re$enc.e ot ~ subnarlne .t9 th« sea.:chin<J wa~;$hip ot 
airplane~ After; ~ •r, .crysatflll,. video receiv~r teclinol<XJY ·_ wa$ 
appU~ i1'l ~ dir4!Ction fiP.d~ syst$XI$ ft;t '*·· 91\ M!edcan ~Uhip$ 
am altplane$ beea.use of its s~licity, it$ ~l sbe and wi4e ~n 
f~equency ~tection c::Mrat.:teristi~s. By _the lateJ fiftieS# 1$ crystal 
v1dec;J receive.JJ . wa$ beinct fitted to type 8-~ s~;t,r-. per.i$~#. ~ 
first thtee ·re,eeive. t ~ot.,o~s were ®.velo};?ed by tM. Naval- -~arcb 
Laborator'Y (~) in h.t~ 1951. 

On 4 Octobef: 1 ~57, ~ Uticm of SQviet SOcialist :Rep,lbl.ics 
<U~s~s.R.) latmche<J the fi:~;st artificial sat~l.Ute a$ part· ot. th~ 
thirty-DQlth International GeO{bysical teat. · '1\lirty day$ 1.4tet 1 ~ 
seCc:lnd Sputnik wa$· la~ with a live Clog • a pas~l'l9e(. 

~ut ooe month latet Ol'\ 6 Oecembet 1957 f with the ~le nation 
watching on National. tdevis:iMi thf On!.ted States (U.$.) att~ 
its first satellite l~cb on a totally new soPti$ti~ted V~ard 
missile. 'the pay1QE.l<1 wa$ the gr~ftuit s~z~d V~rc! satellite .. 
weighin.9 . three p;>undlil. 'Ib~ ~tile l0$t thrust . after- . 2 . s~J:d$ ~ 
crashed in a huge bJJJ ot flatlieS. ~ tin?. satellite. fell QU~ of tll" 
nose ·fairirtc;J and rolled a•Y• lts $1tennas ~e bent and btoktr\ eBi · 
charred black fran ·the ~ire ... yet it was stUl traruaPLit;.t;ing i,t~$ sig.
nal. . '!his national eutar:r~$SID!!nt trigger~ a maber of tbfnc1s. . 'lbe 
immediate results wer~ a presLdentia1 decision t¢ task the ~ team, 
under Dr. Werriher: von Btaun at the 2e.dstoM Ar~l, to launc::b ~ 
satellite on the exiating teeM calle.Q JU$lite~ c~ . For;t~tely, these 
efforts did meet with SUC¢eese an.! Qn 3l. Januat~ 19S8t * U~S* \)laCed 
its f.ir_st. satelU~, Explorer I, in orbit. 'Itlltl .. ~lUte ~~CQ\Tered 
~. Van Allen belt" 11'1..~ _NaVV va~r:g teant. $Uec""ed on Sfint Pat
tick's t>a.y, 17 Ma~cb 19S8, bY vlac1n9 Vanguatd 1 in a highly eUip-
tical orbit. '!his satdlite-, ~r:e4 ~ ~lat cells, tranamitte4 its 
signal tot ovef su 1~sl 'l'bi$ stable c>r;b4\ with . cens~t. ttaN.Q~il.l"" 
sion k'Oltl the satellite ~rmitted ~ fitsb. long term obSE!tvati<:>n. ot 
orbital dyn!31tliai. 'Uti$ resulted in th~ di.Scweey of the . ~~r-shaped. 
earth• an4 initiate4 a series. o~ sopbi$ti¢~te4 ~ling ~ffor;t.s of tne 
earth: s .. gravity_ fi.W whicb i~ . so · llllfQ. · '·r~ant. for 9te<!icting satellitt!l 
pos~ ho~ vt. tii!le .. :fot: ball1st!c JU$$J.le aceuraq-.. . . 

$Qt the Va~uard initial failure alSQ ba4 othe.: lotJaet ran9~ 
effects.. lt cau$ed tb$. net~Qn to t~eval.1.2te ita positioJ:\ in tb$ 
newly arrived space age. ifff felt threatened in that we $e~ to be 
falling· behind in this new high technology area~ A trantic call went 
out to better educate nt)te eng:i.neet:$ and. scienti$t.S in out colleges 
and uni v.ersities. 'Ihe gmmtlet ·had been laid down and hnedca ~d 
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respond with a tremendous effor~ alP' clOse that 9~· In retrospect 
the . Vanguard program with its specta~lar f4ilt¢e bi.lt ~UbseqUent suc
cess and it$ tr;etnemOU$ technolOgy advances may hav~ been the best 

· thing thatt could haVe hapPened to the infant U.S. space PrOCJram. 

Also, ot ~ch ~~e sPecific value to ~ Navy '4S ~ fact: that 
vanguard had developed a tecbnQlogy base in ~tellite gesign at Nat 
which formed the foundation fat. thfl ~seqtJent l?OPP! program~ · 

'lhee first spaeEt ~loratiQ11 su~$s~$ st~la~ th• Mvaneed 
:Rese~tcb i>tojeets JViency CAm) to solicit other D(D el-.nts fot Pr:o
posal$ fc>t space rela~ l'rojects ~ 'lhe . Chief Of Naval q,er~tione 
(QI)) relayed the cptry to Wcilvy sc:i$ntifiC af1d ~hnical. ot9in~:r;ation$ 
by ~skinc;f, "All hatd$ t() consider l1PW they (Quld uae spad! irt tbe~r: 
design !deas fo.: t:h_e Wc!lvy." 

tmL responded to ~ ~ queq with the ptopo$al t.o launch • 
satellitEt intQ a 511 NM ci,reular orbit. '!be S$tellit~ woUlcl ~· 
equ~ with an S banci cry$tal-vi®9 receive( tQ det~ sig~ls of 
sufficient powet dens~t¥ and ~u14 use ail unCQded. ~sQ8t b$•can to 
t~ansponc3 them <pulse-for-pulse) ~ tO cooper~tive ground . stations 
for recordi.nq ard su~~t !l)alysis, 'ltle proposal was reviewc5 and 
approve<l thrOUgh the ~vy aJl4. [XX} ~I'd was apptov~ b¥ the President in 
August 1959 as P~oject 'fA~. · · 

special $eeudtf . w• then esl:.au"' 
ltsbed. by . . oE Naval Intelligerx::e (~I) , ~S$ we$ . ted 
to individuals .. a $tr!ct neea-to-know ana requiteQ the . . of 
GJt, ~A, or the Office of the Special ASsistant. t;.o the Sec~etarY of 

-' Defense. (Special OperatiOM.) , '!hose . irdivic!uale grantea access were 
requireq to execute a project; secrecy agreeJ1Jent. ...:;.. . 

~ developed· ~ concePt ana des!gned th6 ~ s,tellit4 ~ 
gr;oWd reaQollt ~ipoen.t whic:b was eontinue4 ~• tlle toP seetet ~oject 
Walnut. A(Jditional security * provided by addincJ an NI¢. scientific 
cover experiment designe(l to telesnetet lii,EtUUtemertts of sola~ acti,vitY 
in x-ray, tyman ... A1F-M,. ana ultraviOlet tacHations abOv~ the earth's 
~i:m0$pbere. 'lhla <;QVtat ~ti.ment ~ the first of a SEide• of 
SOLRAD . satelli..... · · iznen'"ct ... _ .. i.-..if _ __. ~l.o'ted '""'• ~"..., "'t•val ....,.. exper . "''"' ~ '.;f'~ cuN. -r ~ ~r """·~ ~~ 
~search Laboratory. 'lhe cover n..e GMS.. <Galactic ~iation and 
eackgtO\.md) wa$ used :for ttMe intel.ligenct ~ sciet'itifiC: i!latellite. 

tor'a.'"' ... "'... f · st la··-"' nd~- i111'1'1n ta ., · ~""~· to ... "' JT~~-« \.£Mil . 1t'. . .. . . "",.,....' pe. .a.u~ 1- new ~r pe,.. W$ C~~¥~ '-l+e 
proj~t after th& crash of a U-2 higb-alt~tud& t.econna~ce. a4'craf~ 
in the u.s.S.R. on 1 Ha~ 196&. S~t. cancellation of tc>Utin• t1~2 
overflights ended tlle ca~ility for deep in.tedot. Sutveillance. of the 
u.s.s~a. Fut~e overheacl surveilfanc:e missions ~14 r~ire p;esi• 
denti~l ~roval. 

-z .. 
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The ~irst u.s. and ~econna.issapce satellite (phQto o~ SIG!Ntl to 
become Operational wa.s sucee$Sf~lly launc~ on 2a Jun~ 1968 ~rom cape 
canaveral, Flori4a aboarci a 'lhor~Abl~:-Star. Gl\\B,ID'ynQ 1, as thiS 
ELINT satellite was named, $bared the launcn vehicle with Transi~ ~. 
the Navy's second navigation tiatellite. . 'llle :r;:urpose of ~ W.NT 
package, dedgnatec;i Dyne) 1, wa$ to collect EL1N't ·data frail ~ int$
rior and infrequently coveteQ ~it~ region$ of the o.s.s.~~ ELtNT 
data is t;ansponded by 1;he Oyno l fo~ a .forty-nrl.nute per:io<l aftet 
~tetrogatton. lb~ missiott ~oUJ1Q $~ation. equipoent. • op!ta~ only 
when Dyi1Q eatellite$ w•re tran&lilittincJ a.,bc:nt the!t rad~~l hod~Qnt 
recorded dat~ ftom ~ down. link($) ~"1 ~ntU<: tape; ana f'c>r~d~ 
data recordiJ13s with collection tO;s to ~A via thE! Artoe4 FOree$ 
Couriet Service (AWCC6). 

'ltle ELtl'<lr capability of D:{fX) 1 was successfully telllted on 4 July 
1961 at Wahiawa, HaYaii, well. out o£ SoViet ran;e~ 'l'ense political 
climate followincJ the o-t incident dictateq t:hat thi$ satellite would 
be tasked only ~ sp!eific presidential authority. · 'lhuS only 22 data 
collection passes across the SINO soviet bl.oc wete collec:tea ~ pro
cessed dur inq the three mntb useful Ufet• of the GM&/DYnO· l 
satellite~ · 

B~·S61S5 ... 7S 
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1.broU9hout its lifetime the rowt projcaet was ~ged; o~rated 
and supported by a ntlllltx!' o~ tQ> eleJQent$ unde.' overdl- -vy ieadf!t ... , 
sh~. ifhere were tWQ distinct- phase$ ot ot9i;inhatien, ~4HB) and the 
reorganization following establ..isluneitt of the Nl(J in 1962. fl.tring 
both of these ~ses,· mul,tt ... ag_ency actt~iti~s were C¢0rdinated by 
means of a 'I'echn1cal ~atlon$ Gro~ (TOO}. 

A. PRE-100 

Director$hip of PrQj~t GPJ\$/Dyn:J (see ~J.C 3) was aS$1~ tQ 
the Director of Naval lntelligen:e (Em>~ '.the 'lOG acted as the s~r ... 
ing c:x:rtmittee. or staff of the ~oject 4ir~etor. _ 'lh~ '10i ~rfl were 
drawn ft~ designated tOt> organh;at!CI'l$ an4 th• National Se®.rity 
Agency (NSA). 'lhe partid~tincg organizationS, thei; res£l0r)$ibil"" 
ities', ar¥! ~ staff rf;!spQnaibUities of their: representatives to th~ 
~ were specified by the 00. 

1. 'lhe 'NRL deVeloped the overall ¥teJIJ concept; de~~igned, 
constructed; deployed, an4 l()gist~ly supported electJ;onic t_e<:eiv
in9t recording~ aid timing eC)lipnent- at rni$si<m- grol.1r'1C3 stat~ons; 
"designed, fabricated, tested, ~ c~libr~ted .the satellite systems 

· fr~. concept thro~"h .la.~h inj~ticm intQ orbit:, and p~ov!deQ· eii:Ji"' 
ne~dng and technical ditecti.on t;btough th• operotional ~loitation 
pha.$ef traineQ. mi$sion gtolllld ~tioo p!rSOMell ccmt.;olled tbe satel ... 
lite prior to lautx:nt monitored the ·iaunchi 8nd itl¢ri!t6i;ed otK>rbit 
performance of the satellite... '!he NRL. meabet of ttl$ 'ro3 was desig
na~ as the project technical representative;proj~t manager until 
January .1971. -

2: -'lhe Naval Sec;urit:y Group (NSG) duecte<! anf <:ootoiilated all 
mission ground station operations; aote.d aG ~ foCal point for all. 
electrical cx:anmunications as$OCiated with the operations of ~ pr~ 
ject;. ~r.dllidi!Q s;a.~~·t~ · .. support f.aci~itie$ anc;_·ope ... r;ating an.ct .. matntena~ 
personnel at the NSG tni$ion grotni stations. 'lh• NsG manter of 
the~ was design4 e4 a$ the project.operati¢nal representati~~· 

3. ~e NSA authorbe4 the allocation ot set"Vic:e c~yptologte 
personnel to man alld. operate the mi3ston g~tQ:S se.tiottS; proc~sSed 
all ELilfl' datci recordi,n9a ana . dissesninated the £LINt p~oductt inte(- . 
preted national intelli9'ence collectic>n and proce&$irig requirementa 
.. ...~.~ ... ..A task 'IY'f ~ .... : • .- .. -• ns a-a 4 •-ni ..... ..,~~ ~\.- •· · ti -ta~ fd · Ql.,. ~e . .. ~·-;~ r"""' .... '"'"""".,.a~~ol.o _ _ t • .,. ~~ ~·IN ""-. JQa9ne G .. ...,.3 .. c 
recordJ.ncl data at the lidssion ground statidl'lth 1bf N3A tepresentativ~ 
to the m; wa$ designated as an advisdt tQ _ * staff. . 

4. 1he DNl .had the authority to rev~ and app~~e all asp$cts 
.of the project. 'lhe Scientific mi· ~chnical Intelligence Center of 
CNl (STIC) providecl intellige~e requirement$ tQ th• oitectOr t pt()-
videc;t signal analysis aupport to NSA# mmitoted ~ ~ignal $nalysi$ 
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program; ard disseminated quality control technical data to :m~ion 
ground station$. '!be STJ;C ttlemi::er of ~ ';J;OG was desigt~ated a$ the 
product control reJ::•re~;en·tat 

6. A$ of 1962, . the Atiny Security Agency· (ASA) p~wi0Ec3 a site, 
sUPJ?Or;t. facilities ~ c>petat~ ai¥i maintenance personnel at ~ ASA 
miss~ ground stat1on. 

. 7. 'lhe site$ where deaicat¢ GMB~r19 coll$Ction .ard pro-
cessing and spacecraft. carmanHnq systenl$ were installed in the 
pre-NR:> period are a$ follOW$: . 

. . . . . . . 
. ~ . .. . 

. .. . . . 

. . . . . . . 

. . . ~ . 
~, .AIMD. •••••••••••• ' • 

1m31A VAI.LEt VIRGINIA ·(Enginee~inq 
Ground Station) • • • . • • • • • · • • 

. . . . . . . . . ~ 

B. NR:) PRJG.RAM C · 

upon consoUdotion of aU u.s. ove~hea4 rec~is~e projects 
into a National Reconnaissarx::e Program (NI'tP") in 1962, · It$.0 es~bliSbed 
NR:.l Program c as the organizational canponen~ to cQi'ltin~ ~ration 
and management of the Dyno satellites. . By Decentle( 1962, t:hi Byeman 

-s-
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control systena was impleJDet)ted ~-· oou · tht! p::oject to govern S$Cu
r.ity procedure$.. ~n Projecti replace4 th~ Project ~lnUt 
security clear:ance~ '!hi$ •tellites · amt de$!gnate4 ~ POPP! satel ... 
lit~m::l subsequent launches wuld receive NRO mission tu.mt.Jers in 
th~ -series~ '!he DmO fevie.~ the orgaJ'lization. ard resp<>nsibil ... 
itieS wi.ttrln PrograD1 C as proposed by the INl in t:h• time frame July 
1962 thro1.19h January 1963. iDle following chatJ;e&. arXi 'additions t.Q 
organizatio~ tesponsibilities were implemented: 

. l. 'Itle NR) p~vid~ funding to SUppQrt . Pt¢9taP.l e ~ed on 
aMual program budget ~ssiQl.8 by NRr.. be9l.nninc1• with . fiscal ye~r 
1963~ 'lbe Consolic5ate4 Ct:wt~logic ~ogram <CC?) ~tii\Ue4 to ~rt 
miss1on groun:J sU.tion .;erSOl'lllel;_ magnetic tape, ~ c;!ata pr:~;sslh9', 

2. 'lhe tNt became designate4 as Director, Pt"ogram c. 'lhe Q(t 
pr:oviQed a IOfPY ~eject cHrec .. tor responsibJ.• f¢# .. supenising . am 
administerinc,:J all aspects of the projeet subject to the aw.rova1 o! 
Director, Ptogratn c. · 

3~ 'lhe NIQ Deputy DirectOr for ~ratiC)t)$ prepared routine 
tasking schedUles for the operational oontrol ot POP.Pl satelli~$ with 
technical $1JPP0rt fro-.. the .'ltGt· ltlut.ine tasking wu _4irected .b!l ~ 
Nro Satellite Ct)eratiOrl$ Center (SOC) throug.h N3G. NSA ditecteCI quick 
reaction tasking of Ji~QWY· satelli.tes through NSG following tip-off of 
SOViet space qr missile activit¥: . . 

4. PJ;ogram A of the NRP provided the launch vehicle~ la.unch 
vehicle/$atellite integraticm, and launc:h services. '!be _, sepa-. 
rately. fund~ thi$ $UppOrt.. 

s. 'lhe Naval Besearch laboratory wa. designated the technic~l 
director responsibl-e for design, developnent, and ope,:ational S1.ipiX)r:t. 

C. LATER <::HAlQ3 

Prar;Jram c and the POPPY project organization functioned in, the 
same general manner as establi$hed unde( the liB;) for: ~ next foutteen 
years.. C~e$ subsequent tc> 1963 we~ the r:esult o! tealignments 
witP.tn the Nisvy, chan9es in ca~ilities .l~ad~ to ~·resplnsibil• 
itiea, and changes in partld~t1on. s!gnific$nt changes 8td aS$0'"
ciated factor:s were the f~llow~: 

1. Starting in April 1963, the r~it~t fot 
elect:fj,.cally z.-epor;ting anc;l ioggjJva new ~. ll.t)U$\JI!l, !5i9M.iS WO$ 
to the reiiponsibil · of miSsiOfi; 9tound statione . · ~!he · · 

. BY£. ... 561iS ... 78 
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and cbaJ'¥les · made to the $ateilite designs . ~ order to enhan<::e the 
/ \ detection ana . .;ee911nition of. thE, new E!lllitte~s as ~Y were added to 

the SOviet radar J,nVentory during thei~ t~id build.-up dudng tJ-. · 
1968's. 'lbese Soviet r 

2. In 1967, em be!came redesig'nated as. the Naval In~lligenee 
ca.~ (NIC) • ~VJ;N'lt'()i retairltad ~ respon.sibility of Director, 
Progr~ C. 

3. In respQnse to the 1~6 ~es~&.nts SctentUic h;!visory 
~l's urgent request tQ eipoit QVe~h~ r~issance to de~tJilii19 
u the Soviet Onion - ~· '· I .• . .. I Jistic llli•ile redu By$'-* the progtm$ site in wa$ equipPed 'fith analbcJ-
to-digital .data CQnversion a · · · · · a ·ptoces$Uig CCIIiPUter. 1bi$ 
e I .:;. •• Ute ~ ~ e :....• II.,. f - ... I~ 

I • a ... - ! 

4, . AFSS P!rticipati.on ended. in Oc~lQSl,lte of 
its last :poppy m1ssion <f"Ound station at- . 

5. MiA participation ertcled i .... A with tlle closux:e of 
its POPPY miSSion ground station at 

• 
6. On 14 January 1971, the Navy space Project Office was estab--

lished as . PM-16 of the Naval Mater w CoJranand. 'lhe Managet, Navy 
Space Project (:EM-16) was designated a11 the Director, Program c. 
t:oWY pt:oject 4irectot f\mctions .t~ere perfOtmed within the System Pro.
ject· OffiCe (S:OO) of at-16. LiaisOn with NlC continued. 

7. In June 1973; PM-16 w•s redesignatecl a$ PM!-lJJ6 of the Naval 
E.lectronic syste~Ds catl1lani with its matla9er continuing as Oi~ectot, 
Program c. · · 

9 • . tn 2 A\ll3iu.s1i 
of the IOPPY PI.L:O> .. ·.u.,n• 

station 
mentacti 

t:l1f: birectot, Ptogr• c directed ~tion 
· .. ~~ ~ th• Eilgineer~ gJ:ound 

cmUnue$ to per;fotm ~r ~e
•c~aft operati~1 capbility. 

BW-56185-78 
.. J ... 



III. SA'fELtJTES 

All of th~ GlW3/I)yno ELIN'l' sat,ellit;e$ cOntained $Cientific c011er 
experiments of ~ SOLRAt) type. Engineedng evolut~on illni innQVativ~ 
refinetrlent of tbe spacecraft. anC1 grol,Jnd s~tion $\lbi;ystell\$ -.e C:on
tinued by ttUt in the rom program- following the. tran$ition ftoro. G~/ 
D'jr¥) to JOPPY~ 'Ibe satellite$ ~re designed fot lon9""1i~e high-duty 
eycle ~ration~ . . All satellites wer~ desig~ for full ~tilization 
any ti.Jta a. Gatelllte wa$ in view oe a grouid station. .S1Cjht sa·· 
lite11 p:ovidtd 1.UiefUl inteUig~ f¢t periods i.n e.xceQ. of 

- This. caubina. ti~_Pt(Jfli~_-f l._ow-cost &e.tellit$ 
system. which cOiltirtuot,JSly ha(l - ~ratiDJ satellites 
on-orbit from 1~3 unti~ 1977 when t:b! p:ogra$ was t$l:11linAt:eQ.· 

A. CUJSTEi\ SIZEl 

'!he GM.B/DYm satellites •e ·launc:heQ pickaback with oth$# 
scientific ~ naviqatiort satellite$. ~ of ·the five attempt• tQ 

•
. t Oyr.Q ~tellitei:r wert succe$S. t_ul. 'lbe first ~ launch Missicm 

orbited · Et.IN1 satellites, '!bE! next tw ,.,- .... .-~-a 

-aatelli.· 

C. PHYSICAL ~TICS 

~e ~~ satellites were of spherical configuration with a 
diameter of ze -~4 'lhe fi~t Qync)_ Spa.~raft wei~d 4~ pO.ut¥187 
later Dy"t» •~afe. weighed up to 55 poUnds .. 

In the fitR EOPPY launc;b; bot:.Ji of the sat~lliteli were cna~ 
of two 2&-inc:h o.ialietet n.mispbete$ joined by a 4-inch Wide ~totial 
band. ~ •tre~be<J ~ere . design was l1seQ for all . satellites in. tne 
next thre& launches t eithet with 28-inch ot 24 ... ind.l c.Ualleter 
confi9uratio~. '!he~ satellite• weig~ between SS and 138 potmd$• 

'the multifaee design wall fir$t IJied on Mipiort -in 1967, 
three of the four satellites ~ing multifaci!. ~ ~rtb was a 
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stretcheq stilere with a 9-inch eq.tatorial band. '!he JllUlti~ce 
satep.ite ~a .. s1.,1reca :a1-i.ncb qiame .. ·. ter acrQS$ flet$.. a .. t it$ ~Qed. ·· . 
eq®tor:. S~cecraft eq.Iatodal banda vad~ in sbt to ace . 4t$ 
the inc~ease in size ana number of electronic and mechanical ~ 
nents ne~essary to satisfy the inc:teasing ndssion teqUi.re~~~ents.: 'n)e 
basi~ ~~ strti~~ure · wa" qtili~lad· :on all POPPt sa.tellites.. afte.t 
Missio~ '!he weights of the nultifac;e. satellites ranged ftQIO 16~ 
to 282 pourds. · · · 

D. tami, 

'!he nrst ~m sateUit~ • ~re<i from a 12-VQl.t stotacJE# bat-. 
tery conaistii'lg of. nine D size cell. s .in ~r.i.e$, 'lb ... ~. batterY.. · was. · 
charged by' SiliCOI'\ solar cells $14 was 4es191*1 tQ ~QVJ.de UMfUlltfe 
ot CQ! yea( :in orbit~ s~~ g .. inch <Sia:tlletet rouna ~tcb!~ of 156 cell$ 

. were ~tri~ly located on tbl $Utfac:• of ~ sptere. $ct tbat 
approxiihately ooe watt. of pOwer woula be available fOr lJD'/ or;ientatioQ 
of the satellite. ln full ~, a ain<Jle patc;b ¢0uJ.4 ptovide al»ut twO. 
watts of chargii:Jj power to .~ ~heti\ici11 ~;~tc>tage batterY;< ,rc-.l ~ 2 
onward, +12-volt and -12-volt storage J:::atterie$. were inc;:luded. . 

In the· 24-inch diameter satellites, more solar eells of .Uer 
si.ze were placed on 11-inch diatneteJ: ~els. 'lhe siX ayaaetri¢.Uly 
placed ~nelS: provided ·about tout watts of chargiJlt powet: tc) an 18,. 
cell, nickel-cadmiUIIl battery pack. (NarEs 9 ... inch diameter $0lat 
pimel.s were usea with tb« 20-inch dianieter $atelli~ and 11-incb dia..: 
meters with the· 2f-incb satellite.) • · 

E. 'I'ELEMP:mY 

The 'satellites continuously telemetered 
hcn:l~l~eepirtg corX!ition of the SatellitEt ana 

mutator. Disaete ~.· .. · . . 
and DK:lnitored by ~camautator. 

.. 
data on the 

·satellite$. wete. ~ipd w.ith a-
telemetry subsystan in ordet to -r;pro;;
telemetry readoUt usi~JJ a Ill diSplay at 

the mission ground stations. 

.m:-56185-78 
-li'J-...... - ... · ..... ·' 
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\ 
The first GMSIDYno satt1!llites transmitted wi~try signal$ at 

1"8 MBz~ Irt later years, frequencies in th4J neighbOrbood of 131 MBa 
were used to avoid interfering signals. , . 

In the spheres ai1Q stretched spheres,. tbe ~~ output of bot.n 
the teleJ\l£'try transmitter am' the ELlNr d·ata. transmit~er (s) was feet 
intO a single ami-directional,. 4-element turnstile array~ 1be ~ 
antenna serv~ for recept.ion of ~ ~ $i911ils. 'lbe Jll.ll.tifaces 
used two SUCtl turnstile. cu;rays, ~ fOr <:;~ n:ceptioxt ana ~lem
etry transinisdon, the second for ELINi' data tra.nsmi$si0ns. 

F. C04MANI) 

~ first 
and second .· · to p:ovide . · ity. Audio aarplifieation. of 
~ proper teN aedvated the correspon!ing relay switches tQ tutn Qi'\ 
the data link transmitter and ~ of the tw timers and to t.urn oft 
telemetry at ~ ~ of useful life, 

As c:anmand options increased tc> include mre ~ta receivers, data 
links, experimentS, station keepma devices, etc. the basic canuand 

t · · pand_ ed fr a s· 1 tal · Jo ....... to · ton d~ iW ~tea sys elll ~ ex .. au unp e . e sys~._ .. a . . ~ .... g . -,-
utilizing ten frequemcy tones allow~ oqeJt a bUndred c~. 

BYi-S~lS$-78 
-12 ... 
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B. ATri1"td STABILIZATION »10 S'Va'lat dEPING . 

With r~inement!J in the empl~t CU¥1 plac~nt ot· new direc
tional antenna tn-; the orientation ot the vertical axis of . tb~ 
satellttes became a factot affecting perfo~e~ Satel.iites which 
tumbled or orbited upside down or $ideways did not orient· tbeir ~ 
antennas to pro0uce Opti.mt.Ja coveraqe in azimuth. 'Io overcane this 
p.roblem, a Gravit. y G:u.dien.t Stabil.iz~t. i.2!L..!Jperiment. (~E.) was 
implenierlted irt the eighth bunch (Mission-· ~e satelll.te was 

-is-. 

~ ... _ .. __ ................. · ......... , __ ;.:..;...._;... ....... ___ ,,... 
l .... --



I 1 
1 

\ 

.• 

the satellite ·axis within 
conSl.Diied ~ on-boe~a powat. 

__J;raviq' Gradient StabUization was also. implemented in fU$3ion 
111111 including 2-axi$ gravity 9ta4!ent and 3-~is gravity gradient 
..KiliD... tlliQ ~itionel ~ to p~;ovl.d• "fa'~~ stabilization. ll) His$ ion -two sat,llii:e$ were equipped. with 2-a~c:i.$ g~:avtty gr~ient sta-
bilization, and ·b«) werf!l equi~ wit!\ the l-axi$ syt;~tein~ l)i~ of tbil 
3-axis stabilize4 satellitE!$ used additional boa'Asf the. othet u$ed a 
fl~eel to provi&l ~tiv~ stabilization ()f the.~"" ~d$. All satel"" 
lite$ launchf!d thereafter: usea the 3-axi.S; active sy$tenl employing • 
single boo1ll anQ .fl~eel. . . · · 

Anhydrous ammonia was successfully used as the microthruster gas 
in ~ satellite in 1967 and i.n all' satellites launcheQ thez;eafter ~ 

'Ibree axis stabilizaUon was a necessary prerequisite to the 
station keeping capability. 
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IV~ MISSicti Gii:XJNP STATIOOS .. . . ... 

Ad~ WCiS th& only one of the GRAll sta~tinue POWY 
operc;tUons Until projec;t teanination. Adak __.ceased iOfPY 
operations in AugU$t 1977. 

Diring the initial operationa. collections were conducted in t.artb 
satellite Vehicle cmv) shei~( huts. Afte" the systesa stabili• in 
the sixties, the transition was mede. to perma.nent building$. 

A. ESV HUTS 

'!he FSV hut$ \\lete prQCUred from Craig Systems, Ine. of 1'.4~ence, 
Massachusetts, '!h~ lightW9ight, aluminum shelters, designect foe 

m-Ul0S--1S 
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' worldwioe setvice conditions, coulo be transp¢rte4 by helicopter, 
la·rge ~irct:aft, quck, t:~il, oc Ship.. ttbey w-ere ~$Cribed as all ... 
wea~r shelters eon$ttucted. of lightweight rigid floor; roof, sid..., 
wall and erxi panels secured by two liftin~band a~lies. 'lhe 
panel$ were fire resi$tant ani. ~tet Foo£ !t 'Ih• ESV hl,lt$ Calile 
equipped with tw wo~k ben<;hes, a ~re parts cabinet,. eldlaust fans, a 
fil ~red ait inlet, in<;:andescent lightiriq, _a p:lwe.~: entrance w dis .... 
tr ibution cabinet, and an electric heater. 

At NlU;. the ES\1 hut$ were fitted out fo~ operations prior tQ 
deployment. RU. installed $lleet~ta1 s~tinc1. r~cks . tQ hold the 
electronic ecpipnent, the necessat¥ electronic egui~' an antenna . 
mast, antennas, an antei'IM s~ring ~- and brake a~ly, and 
an air conciitioner. 'lbe ESV hut$ were Shipped cw stand-alone ~ 
. blies requir in;). only ntinimal site ~rt. · At the ·mi.ssion gtotmd 
stations" the ESV huts -J:e placed at concrete pedestals, oo pavement, 
or. Ql'l elevated platfoiiilS equipped 'rith carport-t~ ca_noet rQQf, pr~ 
vid~ with electrical ~r: an.:! they we.r:$ r:ea4y. to conduct operations. 
'lhe E$V hut$ were only 11latll'1eQ to prepar• fot .and corduct ~uled 
collection operations.· Sy 1962, iri preparation for the first dual-. 
satelliw launch, each collection site was ptovided with two of the 
fully equipped J!5V huts. 

B .. ~BUito~ 

·~ As the expanded exploi~tion an4 ·~ta collection roles placeet 
incJ:easing burdens on t:!:l~ site petsopnel; a Qlmt into pe.~nt 
buildings wa$ started in the early ~Sixties \\bel\ building~ ool.1Si~ the 

-

. · · Galr6. dir-ection fi.ncUn;J systems bee .. ame_ .... av .. ailabl. e at. 
Ada!(4 'Ihe~ WOOden buildings weu adequate to repl.ae$. 

ut ard provided the necessary space to install the growing 
number of. bays of electronic equipnent. · ..... ;:. . · 

different buildinas or 
installation. 

BYE-56105-78 
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Mission ground station functions related tci ELINT data collection 
tnclt.de4 teleDJE!try _; $atellita inter~oga.Uont ard EtiN1l data 
mQnitor in9 arxl All mission 9toUJ'I4 statiQnl J?erfo~ the 

B, !Nl'ERI(X;ATION 

All satellites in see nauti~l mUe orbits M1ich came within 1758 
nautical miles of. ~n interrogation site could. b$ cannanded or intet
rogatee upon acquisition. ana readout of ~ telemetry signal. '!he 
output of a cxmnand tone. generator was fed intO a transnitt:ei: with a 
258-watt p)M!r output and pr~pa<Jate4 direct.i,onal.ly on an array ot four 
18-element Yagi antennas fitted on ~ $81111! 1118$t as tlw! t!!l~try 
antenna array~ 'lhe satellite !:t.tN'r receiver (s) .am data link b;ans
mitter (s) wo\ll.a. be ~red-up ot activated when intes;rogated by the 
..._ .. ...;a si nal· from ·the n c·.,...:a stat· on 'ih"' int rrNw:.ti;v;. would be '-''-'~IUIQJ~ 9 . . . . . -;rr \;I&!U . . 1 • . ... e ~ .v.. .. . 
verified by interwetj,ng· s~te o£ ~ data in. the telemetry 
strea111. · 

With the 11011e into permnent buildings, the manually steered 
antennas were replaced by remotely steer able, pedestal-mounted arraY!J 1 

consisting of two row5 of four cross-polarized Yagi antennas~ 'n:leS4J 
antennas could be trained in both admuth and elevation, permitting 

sm ... 5618S-78 
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uninterrupted telemetry ana aata collecUoo a$. ~ ~t$llitea passed 
at hicJh elevation angles. 'lheSE! · antennas were fed l:7f sa-watt output 
command transmitters. 

~e interrogation position expandeQ into t!v~ bays of equipment 
l'ilarii'led .. · · · . by ali!! ope·.· ra'""'r. au 1967 .~- · · ition includeQ r ·· anroed .... W ~ ~~~-.. p~ 
c(Xll~Dant'- tone generators wich read. pre-pt,JnChecS· cards prepareQ to 
imple~D$'\t the Spec:iffc: collection task gro~ . authc>rize4 b)t the NRO 
satellite cp!tation$ center. (SO:) • . 'the p:;siticn alSQ ~looeci an 
R•390A/UM receiver ccnn~ted tq~ .a 25-foot whip antenna. for: the recep.
tioh. o~ the 1~1 ~ndar4 ~ broadcMt: USed. t;Q set the digital. tilDe 
generator. Solid state receivers repl~ t:M $:-398A/ORR receivers 
used to r:!'{1':l teleme~y. 

All. satellite interrogation exce~ for !LINT data collection 
operatiOO$, (such a$ power/attit~& 1112lfia9E!IIIellt; etew) 
was ·· ·9rouna ~tion in Sybla Valley, 

-24-
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Collection opetator$ noted in ~ir logq oceutrences of NSA 
specified signals of high interest as well a$ new;. unique o( Ul\~~~n-
tifieCI signal$ •. After a pass, ~og analj'st$ pl~ back the tape.a 
at .their analysi .. s and qualit:t'"con. · .trol P>..~ s! ti9ns azij· per. fonned. aural. 
am visual scans of e~. of the recorded. dat.t links. t>ar~ters of 
the~ signals of interest and tmi~ntifie4 signal$ were meas~rec:J anr3 
tabulated. After verific~tic>n of the par~tetil. of uni4entifiecl 
signals, leaairtq analysts preparE!Q a daily signal of interest tipoff 
report for tran$11isdon to NS.A and to othet EOR'Y si~s. 

ln the ~iy seventies, pulse wiath ~l~tors wete ~d., to ~ 
analog analysis po~:!ition$ to isolate ~ display the data collected . 
fran a sing1e ~ band in the satellite {s) • · 

As the reliability in detecting and reportirtq signals of in~rest 
at the mi~ion ground stations ·became establi$hed, the requir~t for 
forwarding all analog tapes to N3A dimin.i.shed t.o a requirement to for-
ward only those blpes containing unidentified sic;JMl& or ta~s specif
ically requested by NSA._ ~eQrdiDJS not fot.warded were retained tor. a. 
specified period, then de9aussed ana recycled. ' 
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VIIt. IMPS .or Pl!:?BLEffi AND ~· 
i 
I 

Most project problems and anomalies 1ea4 to technical innovations 
~ have been ~tioned iz!. prec~ipq c:tlapte:r;s ~ A bd.ef sunnary of 
ot~r dbstacl~s is provided in ~ following paragraP.h$ in tht la~ 
chronology. 

A. FIRST IAt!Cll·- GRAB,/lmt) 1, 22 .US 1$68 

. This miss~ was . useful fot ELINf collection for: just ninety. 
days. ;rn addition to the shc>rt life, tba need fOr ~~idential 
authodzation to inter:r;og$~ the satell-ite W8$ a constrain~ 01\ t:h.e 
amount of da~ that was. collected. 'lbe$. actual ~t:. of the&.e biQ 
factc.=a was not ovedy iliip:)r~t sir~» statesi4i enalog analysi$ and 
budding data processirig capabilities· were satutate4 by the a!JK)~t of 
da~ c;:oll.ected. NQ ancmalies wet"e: observe<J in tPEt iritetcep~ data~ 
No probleD\$ wete encountere6 in t.he inter:r:ogation of the satellite Ot' 
in· collection and £orw~di.rtl of data tape&. Scientific cover experi
ment SOLRAD 1 was operational for 10 mctlth$ and highly successful. 

B. S!Xnm IAUtCB, 31 HJVEMBER 1960 

· 'lhe 'thor rocl«!t butned out. 12 secords ~rly 8rlQ. ~ Qestxoyed. bY 
Ra.nJe sat~t¥ ~ . Fr~nts landed in Cuba. '!be ,i.l1c.ident resulted ln the 
prohibition of launclt trajectories· i.Qeal fc>t the c!esired it-degree. 
inclination. an4 forced a dogleg injection -ffort on $1,lbs~uent 
launches from cape Canav~al, Florida •. 'Ibis failure te&ulted in a 
nine-JJX)nth lapse in GRAB collection .• 

~··· 

C. 'lHIRb at.H:S - DYNO 2, 29 JUNS 1961 

'!'hi$ launch vehicle bad three spacecraft: stack~ one on top of 
~ other. Failure ofi separation systelll between the topoost pait 
cauR.4 Dyno 2. and Stat• University of Iowa Of' ... var.1 Allen's ~ 
satellite!! to remain attache6 in orbit. 'lhue Dyi'IQ 2 was. used on the 
odd days aM. . lNJUN u$e!i or\ the even day$ dut J..ng the foutteen month 

2 operational lifetima .. 

D. FCXlRlB IAtNCB; 24 JAQRY 1962 

The attempt wa$ made to orbit a third ELINT· satelUte with the 
coo.ret experiment so~ 4A along with ~our othet satellites. '!he 

B1J£•5619S-78 
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Thor-Able-Star launc~ vehicle exploded duri,ng launcb due to ~ crack in 
ii ) ~ secorXI stage e!J3tne. '!he inipact, ot tne l()$S of the satellite was 
!1 a p:>stponement of project intel..ligenee GQllection activitY· 

E. FlF$ IAU!CH; 26 AP1UL 1962 

Another launch failure ex;cur~ed in the progra' s first ~ttempt. 
frau the Western Test :Ra~ at. Va~rg Af9, California. ~ ~ 
package was the same ~- of configur•tion U$e4 on tPt prio~: attetnpt 
an4 SOUW> 4B pr01ided a cover experilDent. ~ -~t rocket rose for 
slightly over bwQ minutes ~ landed in the ~an within Si.ght of the 
launch pad •. 

F. sum I.At!CB- MISSION. 13 ~ 196~ 
injec~ into ~ highly 

ell . . · ·beeatl$e. the h,Jena 0 
. tQ burn after its prograaned . t~. ~!'hi$ eUiptical 

orbit made it oiffic\llt to detect and track ~ telemetry signal· with 
the fixed elevation antenna$ used at the c;oU~tion sites •. 

Neat perigee', the field of view of-was corusider ... 
ably reduc:eQ to ~ radius a$ 1~ as 900 ~aboUt half the 
radius of tnt field of view for the intende<l orbit~ · At ~e, t:h$ 
radius of the field of view - awroxili\aQ.dy 21ee nautical lnilts •. 

G. SEVtNm IAUtOl .... M!SSlat- 15 JUNE l963 
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I., NIN'i'B IAWCB- MISSI(IJ- 9 MAla 19Ei5 

were deplom 4$ $e~tate4 
. . . .e . graviey gr~ient st:abiliza.-

. . . · perform as planned and the satellite flew 
sideways. Con$eq\.lently, the fir$t attempt ·to USe a llli~rothrustet for 
stationkee~irriJ coulo not be evaluated em this satellite. 

storage batteries of 
their taskin9 SU$Jperusicxle 

months of · . ·. ·· lite, le~~ ~erat months 
bigb sunlight conditions prevalled~ 1h$ 

for • mnthS. 

J. 'l$N'lH IAtii:H -MISSION- 31 MAY. 1967 

~"thermal design. of ~ Mission .. multifa<:led. satellites 
favored the cold end of . ~ thermal specification range ~ led to 
high battery voltages. ~ ~ ~ negligible sine• the $Btellitea 
could ~::;e activate4 to requee t:be voltages even W1en rxrt;; use4 fot ELlN1' 
collection. Such activ~tiens were easily illlplemented by the Sf-1ninu~ 
acti'IT~tion period and t:ne capabilities for delayed activation and 
recycled activations at 188...minute intervals. 

- a ~rete~ spnere with conServative solu cell power 
sys~ign usfD1 £Ow: solar cell patches ofi · each . heid~~e, 
experienc~ po•r syste!ll lOW voltage$ duti.rtg periods ot low sunlight 
and bad to be c:onse~atively· tas~~ ..,'--r fte ·· .... . . . . . . . . .. ~·~'a. r 

au-s61es-7a 
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the microthruster ~s activatedi - caught I,JP with, then went 
ah~q o~ - betort the rnicr.otltt.\1$~~ . c»\314 a<Jain be . u_sea to 
eliminate t!ii'Siiiall velocity difference am testote proper spacing~ 
• 

'I'here were a ni.JIIIt)er of instance~a of crosli-talk between receivers 
on these $atellite.sf resul.ting in inhibition$ on certain taSking caQ-t 
binations~ Many of the cross-talk sitl,llltion$ eventually disapPeated 
as battery voltages fell.· · · 

eventually SU¢c~ 
attainment oe over 

. . . - ,,,. 

Q\ tbB .. fOurth day after launch, the Jlliena D awarently upl.Qded, 
but no ~ia.t:e adverse consequences to tne. satellites wetf obS.•J:Ved. 
'lbe resulting orbit was nearly cir~ar, ana all satellites were fie
dieted to be within a .. 248 nauti¢al 111ile envelopll by late. NcW~r. 
All $Ubsystent$ ~r:atec! a$ oesir:ed.. No c:al$qaint$ •e i.iii[X)$ed. ~. 
~n. operational tasking ~ on ~.ule in late 
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date. 

) 

'lWExPm IAtN:a .. MISSla.- 14 If.CEMBER 1971 

sane oo:urrences of ero$s-talk in receivers of Mi$!!Sion · 
· whicn very,sl __ ightly cons_ . t_r~ined _tasking <X.Db.ina :'ons._. 

· . tion o£ storage ~tteries, starting with in 
leae to ~t mana_ g~t:bat . sl_. _ig y. re-o 
ing. 1bu$ conserved,- rE!l'liain U$eful to 

---
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In ~;espon. se .. to .t.b.·e ·r.equit~.lile~ect .ELIN',r fr~Ja the 
u.s.s.!L, !)JnO l waa activated fot .__ 48-minute collection 
periods ovet the U.s.s.R. 'ltle chief result ·of this mission was the 
suec:essful .demonstratiOn of the calle¢tion technology ln ~ satellite 
and mission grouna ·stations. Et.lNt. resul u incl~ the fc)llowing: . . 

BYE-56115•78 
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IW&Yi •NJ: IMIWJ;GJNiliJii' ~--~ &li'iiifi o1Qili'ILI 

NRL MISSION: 

ORBIT: 

REMARI<S: 

GEDJND STATI<Ni: 

SATELLITES: 

FIBST IAONCB 

GRAB (Walnut· security clearance) 

Pre-NEO Launch: 'lhor-Able-Star from cate canaveral, 
Florida on 22 June 1960 

Elliptical with 330 by 565 nautical mile altitude, 
66.7 de9rees inclination, and period of 101.6 
minutes. 

'Ihis was the first operational overhead intelligence 
satellite for the u.s. 

~ 1_ Transit 2A (APL) 

DIAMETER OCHES: 2S 

WEIGHT RXlNIS: 42 

NumER w BANrs: 1 

RF COVERAGE MHZ : 

END CF LIFE: 

tSEFtlL LIFE: 

nmvATIONS: 

9 September 1968 

99 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 D)nopole 
antennas for aMi-directional ELINr data reception •. 

ELINT receiver active for 48 minutes upon inter
rogation from the ground. 

BD-56105-78 
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te ted pulses transponded at 
on 150 MHz anni-directional data down 

0 
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PROJECT ~E: GRAB (Walnut security clearance) 

NR:I MISSIOO: Pre-NBJ 

IAtNCB: 'lhor-Able-Star from Cape canaveral, Florida on 
Je NoiTember 1960 

OleiT: Not achieved 

REMARKS: Booster vehicle malfunctioned and was· destroyed. 
Impacted in CUba causin;J an international incident. 
Resulted in restrictions on all future launches from 
Cape Canaveral relative to acceptable launch 
azimuths. 

SATELLITES: Dyno Transit 3A (APL) 

DIAMETER m:BES: 21 

WEIGHT FOUNI:S: 41 

NtMBER :RE' 8AN]l; : 1 

RF a>VEPAGE MHZ: -

DH>VATIONS: None 

BlE-56185-78 

Al-4 
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NBO MISSION: 

IAtN:H: 

ORBIT: 

GR:>ttiD S'n\TIONS: 

SATELLITES: 

'!'BIRD LAIJ0CH 

GRAB (Walnut security cle!rance) 

J?re-NBO 

'Ihor-Able-Star from ca~;e canaveral, Florida on 
29 June 1961 

Elliptical with 475 by 541 nautical mile altitude, 
66.8 degrees inclination, and period of 113.8 
minutes. 

Pickaback with INJUN - failed to separate. 'Ibis was 
the second separation failure of NRL Satellites. 
Design of these separation systems had oot been an 
MU. responsibility but on all future launches NRL 
took the for their own 

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

DIAMETER JN:HES: 20 

WEI<El' POONilS: · 55 

NUMBER RF BANt6: 2 

RF COVERAGE MBZ: 

END CF LIFE: 

USEFUL LIFE: 

INOOVATIONS: 

August 1962 

14 IliCl'l ths 

RF coverage extended to two portions of the 
spectr \J11. 

sm-56105-78 
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PlnJEI.'T NAME: 

NBC MISSION: 

IAOCH: 

ORBIT: 

REMARKS: 

SMELLITES: 

NRO APPROVED FOR RELEASE 

GRAB (Walnut security clearance) 

Pre-NOO 

'Ihor-Able-Star from cape Canaveral, Florida on 
24 January 1962 

Not achieved 

No guidance on Able-star stage 

.Dyno + 4 

DIME'l'ER OCHES: 20 

WEIGfr POUNIS: 55 

Ntlt1BER RF BANt'S! 2 

:RF <DVEPAGE MHZ: 

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

BYE-56105-78 
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FIFTH IAONCB 

PADJECT: GRAB (Walnut. security clearance) 

NBC MISSION: Pre-NK> 

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

016IT: Not achieved 

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

SA'lELLI'l'ES: Dyno 

DIAMETER IN:HES: 2S 

WEIGm' EOUNI:S: 55 

NUMBER RF BANIS: 2 

RF COVEPAGE MHZ: 

INN::>VATIQl.S:. First project launch from Western Test Ran:;Je. 

BD-56105-78 

Al-7 
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NRJ MISSION: 

!AtN:H: 

OMIT: 

SATELLITES: 

NRO APPROVED FOR RELEASE 
6 June 2012 

• 'lhor-Agena D from Vandenberg AFB, california on 
13 December 1962 

Highly elliptical with 124 by 1588 nautical mUe 
apogee, .78.3 degrees inclination, and period of 
116.8 minutes. 

First burn in second stage ccmtinued until fuel .. 
dapl.etac:!. 

DUME'IER IN:BES: 28 21 

55 WEIGB'l' lOlH:6: 55 

NtJmER w· BMI:S: 

RF CDVERAGE MHZ: 

END rl LlFE: 

USEFCL I.IFE: 

DRNATICBS: 

B!E-5611115-78 
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Use of stretched 20-inch diameter Sl;here design on -First program launch without accompanying 
unclassified SO~ scientific cover experiment. 

BYE-56105-78 



PIOJttT NAME: 

Nl() MISSION: 

IAOCH: 

ORBIT: 

SAmu.I'l'!S: • 

NRO APPROVED FOR RELEASE 
6 June 2012 

'lhor-Agena D from Van3enberg AF!, ~lifornia an 
15 June 1963 

Highly elliptical with 95 by 495 nautical llile 
alt1tu15e rapidly c5ecaying, 69.9 degrees inclination, 
aDS per iad of 94.1 llimtee. 

No 1lg«<a AC:On! burn- failtd to circulad.ze. 

DlMB'ID noms: 24 24 

85 

21 

65 

DID Cl LD'!: 

tsEPOL LIP!: 

IlRJVATIQIS: 

85 

BD-56115-78 
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IWBIII ".JIIA IBIIMis•rmr 1BI!I8MJ'f!ltBff 88lBf.lti !I'Jl!I!B!I! il8llftiiY 

~MISSION: 

LAtNCB: 

ORBIT: 

WEIGHT IalNI:S: 

NtJ&:R ar BANIS: 

RF COVERAGE fiE: 

END CF LIFE: 

USEFtlt. LIFE: 

'mT-Agena D from Vandenberg AFB, california on 
11 January 1964 

Nearly circular with 498 by 586 nautical mile 
apogee, 69.9 degrees inc:linaticn, and period of 
183. 41 minutes. 

<TM') thrust au;mentaa 'lhor. 'Jhree mUd rockets 
strapped to booster. 

65 

24 

89 

21 

84 

Axis of-aligned to within. c!e;rees of ver-
tical using 2-axis gradient stabUization 
with at d JIIU 

Al-11 
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NBC MISSION: 

I.AOCH: 

OMIT: 

SA-TELLITES: 

NRO APPROVED FOR RELEASE 
6 June 2012 

NIN'l'B LAlH:H 

POPPY (Byeman -'Ihor-Agena 0 from Vamenl:lerg Am, Cilifornia on 
9 March 1965 

Nearly circular with 491 nautical mile perigee by 
586 nautical .mile apogee, 711.1 degrees inClination, 
w period of 113.6 ainutes. 

OIAME'l'!:R m::B!S: 24 24 

186 

24 

138 . 

24 

131 
• 

WEIGH'r iOONtS: 

NtJmER RF BANIS: 

RF OOVERAGE MHZ: 

IN> r:l LIFE: 

tSEFtlL LIFE: 

DH)VA1'IONS: 

113 

'lbr~avity gradient stabilization ~lanented 
wi~--

• 
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USed "Fddy current damper to control librations. 

BYE-56185-78 



NRO APPROVED FOR RELEASE 
6 June 2012 

PR)JEX:'l' NME: POPPY (Byenan-

NK> MISSION: -

IAtNCH: 'lhor-Aqena D fran Vandenberg AFB, california on 
31 May 1967 

oterr: Nearly circular with 588 by 588 nautical mile 
altitude, 71.1 degrees . inclinatiCI'l, and period of 
113. 3 Jlinutes. 

SA'l'EW'l'ES: 

DIME'lm noms: 24 

R rR LIFE: 

USEPUL LIFE: 

I!K)VATIQiS: 

27 

182 

27 

162 

27 

222 

B!E-5611!5-18 
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iii'tltml- 'libf iVilfn.tl,"ilH ENr li¥FK)ti,'C'*M QiiiiiiOI. ~- lORD'¥ 

PR)JB:'l' NAME: lOPPY (Byeman-

NR:i MISSION: -

IAIK:H: 'lhorad-Agena D from Varnenberg MB, california on 
30 Septear 1969 

OMIT: Nearly circular with 491 nautical miles perigee and 
516 nautical mile apogee, 71.1 <!egrees inclination, 
anc! period of 113. 5 minutes. 

RDia\RKS: ihora~atretc:bed fuel tank on boollter 

SM'ELLI'l'ES: 

oDME'JER nam: 21 

WEIGH'! :EaiiiS: 235 

NtJmER RF BANIS 

RF CDVERAtZ MHZ 

END rR LIFE: 

lSEFtL LIFE: 

IRt>VATIONS: 

27 

228 

Al·l7 

27 • 
247 

27 

236 
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iW'U 'Ja IJIIiiiWilW I DR' IIM1QE i;'aillaRI li811Riia A£illtQ J&i!IJILII 

Ptnnx:T NAME: 

NR:> MISSION: 

LAtH:H: 

OBBIT: 

GIOH) STATIQE: 

SA.'l"ELLL'JES: 

R)ppY (Byeman-

• 'lborad-Agena D fran Vandenberg AFB, california on 
14 Decembeer 1971 

Nearly circular with 538 nautical mdles perigee and 
541 nautical mile apogee, 78.8 degrees inclination, 
and period of 114. 9 minutes. 

DIAME'l'ER IlCBES: 27 27 

271 

27 

282 

27 

WEIC2r :EOa«:S: 271 

tD4BER RF 

END rR LIFE: 

tSEFtL LIFE: 

DIDVA'l'ICIG: 

. 282 
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1958 

1959 

1960 

1961 

1962 
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FUNOOO AOTIIJRIZFD IN $MILLIC!lS 

ARPA/ 
NRPl MISSICNS ~ 

tCNE lil.2 

NCNE liJ.225 

Dm:l 1 0.79 

Dmc> 2 AND ABORT 3.825 

'1WO FAIWRES 1.5 

Al-2 

CCP2 ~ 
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:ro:mcrES CN FUNDING 

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

4 CUmulative program costs for 14 lalD'1ches (11 

.~ -- .::...• . as well as building, deploying, maintaining 
ound stations for an 18 year period was aQProx 
ollars, exCluding Program A costs for launch vehicles • • 
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Director, Naval Intelligence,II>irector, Project GRAB: 

RAIM L. H. Frost USN • • • • • . • • August 1959 to September 1969 
Ri\IM V. L. Lowrance USN • • • • • ·:: ·• Septentler 196B to July 1962 

Director, Program C: 

RAtM v. L. Lowrance t5N • • • • • • ·• July 1962 to June 1963 
RUM R. L. 'Iaylor t5N • • ._ :~~ · • June 1963 to May 1966 
CAPr M. H. Rimskopf USN • • • • May 1966 to July 1966 
IW:M E. B. Fluckey tEN • • • • • • ·~,;.. • July 1966 to June 1968 
CAPr F. !m];ily USN • • • • • June 1968 to August 1968 
RADt F. J. Bar! finger USN • • • • August 1968 to July 1971 
RADt R. K. G!iger USN • • • • •••• January 1971 to July 1975 
CAPr R. T. Darcy USN • • • • • • July 1975 to July 1977 
RAIM G. M. Yowell • • • ••• July 1977 to Present 

Director, Naval Security Group: ~., 

• ·::.~ • June 196" to July 1961 
• :...:. • July 1961 to DeceTitler 1961 
~::; • December 1961 to January 1962 

CAP!' L. R. 
RMM T. R. 
<:APr L. R. 
PAtM T. R. 

Shulz USN • 
Kurtz USN • .- • 
Shulz t5N • 
Kurtz USN • 
COok USN • 

• • • • • ~ ~ • January 1962 to August 1963 
RAIM R. E. • ••••• ·: • • August 1963 to.July 1968 

Ccmnander, Naval Security Group Cannand: 

RAI:M R. E". Cook USN • • 
~ c. G. Phillips t5N 
RAIM G. P. March USN • • 

• • July 1968 to June 1971 
•• June 1971 to August 1974 

• • • • August 1974 to September 1978 

Naval Research Laboratory GRAB/lOPPY ·Project Manager: 

Mr. B. o. Lorenzen • • • ;. • August 1959 to February 1973 
Mr. R. D. Mayo • • • • • • • • • ···' ;· .• February 1973 to Present 
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SIGNIFICANT EVEN'IS(Im!?VATICHi AND KEY CCNI'RIBt1roRS 

INITIAL CONCEPl'/SYSTEM PERFORWCE REQUIREME:N'm (NRL) 

Mr. R. D. Mayo originated the concept of the Cyno ELINl' satellite 
in early 1958. Messrs. H. 0. I.Drenzen and J. H. Trexler expanded the 
concept and coordinated for 
multi-agency participation, col-
lection, arxi forwarding of prOduct 
dissenination. RAIM Reed of CNI advanced the NRL Proposal through the 
Navy, ARPA, roo elements, and . the executive branch to secure p[esi
dential apprOY'al. 

SATELLI'l'! IESIGN (NRL) 

Mr. M. J. Votaw adapted the Vanguard design to acccmnodate Dyno 
I and the SOlar Radiation COY'er experiment. Be also established the 

interface between Dyno l 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. 

SATELLI'IE FeWER SUBSYSTEM AND 'mEHW. DESIGN (NRL) 

Mr. F. w. Raymood supervised the 011erall design of the power su1:r 
system with the solar cell array designed by Mr. J. Yuen w the power 
subsystem conditioning package designed by Hr. J. G. Winkler. Mr. R. 
S. ~inski designed the thermal subsystem for all of the Dyno and 
IOPPY satellites. 

CQtWID AND 'l'ELEME.'l'RY (NRL) 

'!he C<l'IIIIai'd and telemetry subsystems for the first cyno and the 
early roppy satellites were implemented by Messrs. Dix and Wilhelm. 
Later refinements were made under the supervision of Mr. Wilhelm. 
'lhese included improved telemetry and data link transmitters by Mr. L. 
E. BeartonJ cannaro and telemetry subsystem expansions and refinements 
by Mr. Winkler; o~board storage memory for engineering measurements 
and timed ccmuand. activation by Mr. R. E. Eisenhauer: and developnent 
of the PCM telemetry subsystem bY Mr. Eisenhauer and Mr. R. o. Wilson. 

'lhe original interrogation and telemetry readout subsystems for 
the ESV huts were designed and ~lemented by Mr. Dix. 'lhese 
subsystems were later expanded and refined by Messrs. w. E. Withrow 
arxi A. Q. '1001 as the transition was made into permanent buildings. 
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ELINT CQLI.E.CTION (NRL) 

Mr. Mayo established the overall performance requir~ 
ems in the succession of satellites based on-

derivation of suitable collection requirements from the 
urr onal intelligence requirements. 'lhe chief desi9ner of the 

ELINT paylo~s was Mr. v. s. Rose. 'lbeSe designs were implemented, 
tested, am installed in the Dyrx> and roPPY satellites by Messrs. V. 
S. Rose, E. G. Becke, and L. E. Earl. 

Mr. Mayo 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 implenentation and testirq by Messrs. F. V. 
Hellrich and w. M. McDavit of NRL ard by -Messrs. L. M. Banmerstran, M. 
J. Van de Walle, and J. N. 0 •eonnor of lmB-Si~er, Inc. 

SATEILITE S'JATICNIEEPING (NRL) 

Mr. R. T. Beal designed and iq)}.emented the 2-axis gravity 
gradient stabilization used in the roPPY satellites. Mr. Beal also 
designed and implemented the passive tip mast yaw stabilization 
concept to provide 3-axis stabilization~ '!he active, electronic 
flywheel yaw stabilization method was adapted from Nimbus satellites 
for POPPY by Mr. G. E. Flach. Mr. F. ~ymci'Jd developed the specifi'-11 
t · ~ i · ting multiple satellites lrito their desired orbit 

'lhe .microthruster subSystems wer·e designed by • 
l.lli) emented by Mr. P. carey. · Satellite aspect Dmitorinq 

and control methods were developed by Messrs. Wilhelm, Beal, Ra:ymcmd, 
and Rcllinski. Mr. Raymond determined the· timing and degree of thrust
ing necessary for stationkeeping. Actual thrust~ manuevers were 
conducted by Messrs. Wilhelm, carey, and Seal. . -· 

[A(K;H VEBICIB/SPN:ECRAFT MEGRATIOO 

Mr. Dix coordinated integration efforts for the lawtehes ·fran 
cape canaveral. After 1962, the Director, Program A had the respon
sibility for booster/spacecraft integration. During later iOPPY 
launch preparations, CAP!' G. Geyer USAF supervised contractor func
ti.als and coordinated with NRL representatives from Mr. Wilhelm • s 
organization. 

SIGNAL (NRL) 

-

• Eisenhauer conceived and designed the signal level-
measurement experiments used in POPPY. 'lbese designs were 

emented and refined by Messrs. B. w. Ryon and J. w. Phillips. 
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MISSION GROUND STATION FACILITIES (NlU.) 

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 per~ent buildi s a00 equipnent installations with cognizant 
personnel Be developed the preliminary building 
design ac 1 y concept as well as provided the layout of the 
operational equipment for the receiving recording and data processing 
for the three MILCCN projects. 

MISSION GKUm STATION OPEM.TIOOS MANAGEMENr (NSG) 

CDR F. Bitz chaired the first ~ steering committee and super
vised the developnent of the GRAB/POPPY operations management system. 
Key focal point managers during the project's caning-of-age were 
Comnanders L. M;::Graw a00 R. w. Olson. ~oog the POPPY project 
officers at mission ground stations making significant contributions 
to management and data exploitation were Lieutenants R. L. EOtts, R. 
E. Lentz, B. F. Booth, and R. L. Kellogg. CPO R. B. Kargle was fore
most among the senior enlisted men \litbo managed personnel arv3 day-to
day operations and propagated their knowledge of ELINT in the field. 
LCDR J. Morgan of NSG head~rters coordinated operations with POPPY 
project officers during the early seventies and organized the K:CG at 
NSA in 1975. · -
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~IELD DIGITIZATION 

Mr. F. v. Hellrich of NRL and Mr. L. M. Hallmarstran of HRB were 
the architects of the system to digitize POPPY data in the field in 
1967. Mr. M. J. Van de Walle of BRB developed the first linear phase 
receiving system and the Ri-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. Liooley of NRL designed and ~lemented 
the buffered meJOOry digital recording system for the ADDS/digital tape 
interface. 
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1971 OCEAN SURVE~E AtGtOOATICN 

Mr. L. M. Hanmarstrom of HRB and, su.tlsequently, NRL provid:!d 
overal1 spacecraft/grp.und station enginee-ring, integration, and 
testing functions 1964 through 1976. 

'!he abolre 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, operated, supported and exploited the FOPPY 
System. 
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Athos 

GRE8 

-
Reptile 

EXPIIINATICN 

- Gennan-developed crystal video receiveer of ~I. Prob
ably named after M:>unt Athos in northeastern Greece, bane 
of celibate monks inhabiting 20 monastaries. One 
thousandth anniversary of fourding of first monstary, 
Great Lavra, in 1963. Book on Athas mcnastaries p.tb
lished in Germany in 1943 (M:>enchsland Athos by F. 
Doelger). 

- Galactic ~diation and Background. Covername for Project 
Dyne ELIN'l' satellites. 

- Galactic Radiation Energy Balance. 

- NRO S::X: title for Mission~er ies .Reports Control 
Manual. · 

- Unclassified name used at NSA for POPPY project. 

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

SOLRAD - SOlar Padiation measurement packages carried along with 
ELINT payloads. This legitimate scientific payload 
formed excellent "cover story" for the Dyne ELINT 
payloads through the pre NRO period. 

Transit 2A - Second Navy navigation satellite, shared launch vehicle 
with Dyno 1 on 22 June 1960. First successful dual
satellite launch. 

Transit 4A - Navy navigation satellite was the pcimary payload on the 
launch vehicle with Dyne 2 on 29 J\me 1961. 

Walnut - Name of security project for safeguarding details of the 
ELINT satellites. CANIS secur oath. 
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I:NI Project Agreement {Security), 13 page working paper, annotated 
date of 1959 

M. Votow (NRL) draft paper of January 1960: 'lhe SOlar Radiation 
Satellite 

---(STIC) Project Grab Processing Suggestions and Heview of 
~\l'llllary, dated 6 December 1960 

Project GRAB !Bchnical Operations Geoup letter G-52/00122-61/jmc of 
18 January 1961: Status report on Project GMB 

NSA (et.:SA-5) Status :Q!port of Analysis on Project GRAB I, dated 
l May 1961 

mi letter Cp-922YB/mlk am-10613-63 of 21 January 1963: System 
POPPY; reassignment of responsibilities for 

NSA sl.lltlllary of results from .RF bands of Mission. un:lated 

Department of the Navy doclJilent BYE-51900/69 of 2 Deced:ler 1966: Navy 
Satellite Program c 

NRL letter BYE-26910-67: ~chnica1 Descriptionllllll 

NRL Program "C" Technical Description of Mission~ m-51912-69 of 
1fll December 1969 · 

CCJo!Nl\VINTCCM meoorandtm~ <:p-092/kfg BB-66385/70 of 17 August 1970: 
Navy Ocean Surveillance Requirement -·-· 

Manager, Program c letter NIC-20/djb BYE-66428/70 of 13 October 1970: 
Interi~ Failure Report on the Missio~ Camiand. System 

USIB SC SORS memorandtm~ BYE-1420-70/~ 16./37/5 of 4 November 
1970: Evaluation of POPPY - Missionllllll · · 

USlB SC SORS meoorandllll BYE-1571-7~ 10./155 of 2 December 1971: 
Mission Guidance for POPPY Missionllllll 

Director, Program c meoorand1.111 PM-16:RI«i BYE-52238/71 of 6 May 1971: 
EOPPY Growth; capabilities vs fuming 
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DIRNAVSFCGRO (CCMNAVSEX:GRU) control and advisory messages to mission 
ground stations in BYECOM. and SO:CMM canmunications channels 

Mission Ground Station BYECOM and SOCOMM message traffic 

NSA product reports 

Mr. R. D. Mayo: video tape, notes, discussion 

LT R. L. Kellogg USN: binders of source material, notes 

NRL technical satff 

u:m R. L. EOtts USN: original draft dated 15 June 1978 TS 8~/l'K/ 
<DUN!' Jointly 
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