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'l'hU., s wi 11 show that the: P-989 Program j_s provicUng more t, us-

tained :Lrite lLi gc~nce collecU on capability on-orbit fer lE'SS cor~t than ever 

before :Ln the history o,· the prograrn. By comparison) the URSALA sateJ.Jj te 

:::iyc) tern :\13 now ng 20 times more intelligence data. than a sirni lar 

sys.tern available jn 196c3. In terms of constant dollr.trsJ the P- Program 

:Ls cu rrer: futtdccl at B01~ of the FY 1968 budget, the lowest b~1dget year 

stnce P-9139 dollars have been separately identified. F'urther1 this study 

will show that tbe P-989 Program ir:.; the most cost effective or the SAFSP 

in tenns of cost per spacecraft per month of orbit lif~. 

Randle Via 

TOP SECREJ/c: BYEMAN 
!-1 /"ntrol System Only 
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SECTION I 

'I'h i. f3 ::3 t will not attc::mpt to plau: a -✓alue on the intc 

be collected by P-989 s j_ t' 

efi'ect:ive means of satisfying NHO :Lntc 

w:L 11 also de term inc if the trend t•;lm.r·d'.3 more cornp r:::x and cur; t ly P-

(P-LL) t, cc craft has l,een cost cf tee tivr::. 

Handle Via 

rno cr,1ort.,.:- BYEMAN 
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C()T!U!'lC.Jt1 

a. 

pli~,hment ur 

pieceparts burn-in and screening) in terms of add-Ltirmal wei O 2.rJ) ~:x::,:::,_:;,_,c: 

life. 

infant mortality failures and exi.ended spacecraft li f'e. 

orbit" does not speak to the relatjve merits of th(: 

thernse1,1es nor to their subsequent acco:nplishment. Howe·{er. j t (ir;c:r_, .. rF: 

a s traJght forward method for comparing satellite systems ·w:tth·-.1ut r-eqd .. r 

subjective decisions. 

Handle Via 

TOP SF.CRE Tic RYf. ~4A-••.' '.N._·. ... J ' b Iii . : ·. 
Control System Only 
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unptions and Linli. tatiorw 

Govenunent.. 

b. All costs are compa:red in com,tant 1,X(l+ dollars, :i.e., expe11c.Utu1·e(; 

(·. Unit co:.,t.s reflect the c,:ii::;L oC the :cpacecraft lmrdware only. 

FV 11h10. Co::o t traceabil:L ty and apportionment pd. or to FV )/1!}_() :LfJ extrcm1,ly 

di fi':Lcult beca!;f,e prior spacecraft were assembled and tested undc;r the 

SAF'::;P-7 Lnu.th:ll ,;erv:Lces contract with Lockheed ( IMSC) at Vanck::nbcrg AYP. 

c' Where cuns:i..deration \)f the two catastrophic failure::;, F'V J+lJO!+. 

( 14 May 66) and F'V 1i-427 ( 11 Nov 71), would lead to erroneour; trends the 

failure data has 'been factored out. 

f. For the purpose of th:i..s analysis! all comparisons w:ill reflect the 

actual spacecraft launch order. 'l'M.s causes the plot of' on-orbi L lives) 

F:i.gure 2 1 :Ln the era FV 4410 through FV l1-L~21, to be more erratJc than Lf U1c 

vehLcles were 1ilott0d by contractural blocks or buys. 

g. .F'V L~414/ AZ11EC I., FV l1.J+15 /AZ'I'EC II, and FV 41.1.J.6/CAJ.BAT were research 

vehj_clcE, and not funded from P-989 resources. Al though P-11 type spacecraft, 

t,·tey provi.de no relevant historieal data because they were never launched. 

h. T'able l provides the. data,. 'base for this st1xdy. 

M;Lss:j.on Du;ratj_on 

. : . : . ~ ·. • 

The acceptecl method of project:Lng the on-orriit life of. spacecraft pefore 

.tnn,· :or/nnrt A.~•' 
• Approved for Release: 2024/08/06 C05098596 
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• F'LIGHii' 

ll 

1+417 

4 ij 

l.1-L~0'7 

4.4.22 

l+l+21 

4423 

411.07 ,L; 

~- 4421+ 

1.7 

3.7 

Unk 

4.o 

10.1 

8. 7 

8.2 

8.2 

6.o 

13.3 
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T'-')E3') COt'3'1' 11ENEFIT S'IUDY 

3.1 

Ii. 6 

11-. 6 

5. () 

5. 1.J 

9.8 

12.0 

9.9 

.11-

9.4 

3.3 

13.8 

15.0 

9.B 

SI'ACECRAF'[J:l 
1,/1!:J GH 'I' ( 

275.0 

333.6 

319.3 

31+3, 5 

333.4. 

333.5 

373.3 

.1 

,n 

393.2 

381.0 

566.1 

1.7 

.7 

12 

33 

l+U 

1 

+:·31 

,+31 

·:+31 

-:+4D 

-x-48 

*48 

ld+8 

* FroJected at twice MMD (See Section II - Mission Duration) 
NOTE: /1vc::1."ae,c actuals fo:r F'V 1Jll21, 4422) and 1+423 of contract block 

F'V 44~~1 - Fl/ 1+427 is 31 months 

•t't•t1D ~c,,nri. ~· irv 0¼¥10trs:.~ /, < 
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a Mr::an Missiun Duratton (MMD 'I'l:1e MMD ii;; 

':· [t'V )1!1;:)'(, c1,1·c assu.ned to have on-orbit l:i.ves equal to the 31 ru:mthr:,. Also, 

t, .1 he tw i c:e thc:Lr computed MJ\m or l.1.EJ n:nnths. 

Jh:! fact that the average life appears to be tw:l.ce the MMD is more 

c:•mp1ex than drawing the simple conclusion that the reliab:lity mcJdcl Ls tuo 

corrnervat:L vc. The MMD :i.s based on the truncation of the 1:,ystem rel:iabil\. 

curve. The tn.m.c:a tion point fo:i:· P-9n9 sate1literi :Lu determi.ned by the 1:i re 

of the tape recorder complement on board the spaceeraft. 'J11c;reforc, the MMD 

:Ls sensitive to the cycle life assigned to each t8•)e recordc;r and an O.bSUJned 

use rate: in te1 °11s of mirnxtes of misBion fa-1sking that wLLl be: 1.=i,cconrplL:;hed per 

day. ALoC)_, three phenomena are occurring w-r1ich arc c.iff:i.cult to quanv .. Lfy for 

MMD c,J1:rputat:ion but nevertheless are extending the hfe of the P-989 r;pacccrat't. 

Fin;t, ''third buy'' tape recorders currently :i.n spacecraft on orbit are 

exh:Lbit:ing lunger than expected cycles. lives with each :pasr:,ing day. Second) 

as ,:101·e spacecraft are launched there is greater competit:i.on ·between vehicles 

for tasl~ing allocations. The newer velHcle.s histor:Lcally get the "lion's 

Eihare, II whi.ch significantly rrjduces the use of the older vehicles_, and extends 

tlwir <Jpexat:i. onal life. Flnally, as the older spacec:raft degracle" more and 

.1'i A'"' AP A lllil llillf ..-. . 
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mus 

rec(.:,rde:c 

,3pacecral't. 

the 

s is defined to be that 

c1eve replenishment rate 

Cb 1t rnntes. 11hat is,, given the F-

wi 7_ L tw:ic:e its .M.MD. 
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• SEC':PION III 

Jrr,nre l shuwi3 that port:ion L' Lh1 : P-

tociay thnn :in 196El. 

Fewer Missions 

F'cwc1· r;pacecraf't has cGrtaJnly been the) result of ['jxod. dollars and 

b•,er ·, r; Leady stremn of SIGINT m:l s:3icm; f 1Jr the P-9El9 Program to accomp:LL0;h. 

Today thr::re are less rnissJ.ons b,2cause both the P-)39 spacecraft and utbor 

colU,n.ti1·: 1,l ,-.;y,,te:m1s are ind.i v:i.dua11y c;s.tJs!.).:Lng a broader range of SIGIN1: 

requ-1 rernents:. 

Besides hav:i.ng fewer vi.able m:i.ss:.Lr:mf3) the P-939 spacecraft are lasU.ng 

rnP ~r~nrr 11:: 
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a. rJ'hl:re has been a :,d;ead.y :Lmprovr:2went in the oriJ.i t LL 

e J\11 f3paccc:ra.f.'t s >irtce F'V lil-1-10 have exceeded the:Lr dc,r3 

h1cc,ni,; 1/C Ji re of nine rnontl1r::;, w:ith tlv.:: exception of F'\T 

d. rro elate there haf; been a s:ign:U':Lcant e,nd demorn;trated :i ncrc~a:Y: :J.n 

tLc un-rJrb:ii, life bc~ing realized frorn the current block of P-

e. The projected/predicted on-orb:L t 1Lf'e of the fut 1Jrr-= "Ca:,; t Iron F- 11s > ;, 

F'V L1J~29 and. up) is more than five timeD the original P-11 rJcGL{t,n li J'c uf njHc 

months. 

Cost Growth 

Frur1 Fic;ure 3) three d:Lst:Lnct cost growth :3terJs are apparent, at F'V 4L:.JJ\ 

at FV 

:?actory-to-Fad.J (2) adding system level envirornnental testing) and (3) a P-11 

vehic1e block change. 

'I'l1e drmnatic cost increase 2,fter FV l-;.l.1,21 can al,;o be atribute:cl to thrc:e 

major cost elements J ( 1) a technological capabili 'Ly/ cornplexj_ty jump w:L i:J1 the 

introduction of integrated circuits, (2) conversion to the new host (P-467) 

·booster vehicle) and ( 3) an increase in the component, subt,ystem and system 

level testh1g resulting from the f:i.rst two. 

'I'he last sJ..gnifi cant cost increase on Fi.gure 3, comrnenc::Lng with RAQUEL 

rnn l't11nrr /_-
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c:::d. to th.,, same baslc cost elem 

W:i.t:: tne JJJ,(lfJEL techn:LcG,l i.nte11::_gence payload the capabil·1ty/conrplcxjty c ,,ots 

tf)Ul\. another u tep ur,ward. 'l'hir:s increase in payload co13 t includes not only the 

mnve to HI-REL p:ieceparts and cumpler,1en-tary metal oxtde semj_cunductor (CMOS) 

te,·hnoloey hut added red 1mdancy and additional payl,)ad s1J.iJasr3embly and sub-

uy~~ Lem level testing. 'I'hc bacic cpacecraft was also 1Jr,grad€~d to HI-HEL 

:Lon with an upr;rade or tbe nr ::,pacec.:raft uti 1:i ty 

su1<,ysten:;. 'J'h:Ls u.pgracJr; conn ti tntes the P-9[;9 vehi.ele block change ( FV ~J-1-29 

and up) 11~ckna,,u1 "the Cast 11''m P-ll." f3ee '1'ab1e 2 i'or a r:omparir,un or the 

Ca:; t IroD P-11 wl th thl~ current vehicle configuration. 

f·linu,lly 1 I·':Lgur-c 3 also shows the cost savings when "repeatn misi:,1urn3/ 

rjayloe,cu:: <.Jccur. :L.c. 1 TOP:IAT I/FV 41~23 vs TOPH.I\T II/FV l~l128 and UHSAL/1. III/ 

Although from a cost standpoint "repeat" ,:y:~;-

tem.13 look ccx; t effective this could be decei v:Lng :in the future. '11:hat Js, 

when payloads are bought two at a ti.me but launched serially,, there is , . r:i ~:,k 

tha-::; by tr1e time the second payload is launched i.t wi.11 not satisfy the current 

fHGINrl' requi.rcments. Modifications to subsequently upgrade the repeat paylcxtci 

to meet these r0q·0.irements may be more costly than ordering a new sy,,,tem. 

( i·~,.,,te there t1ave been other repeat payload ·bu.y::.:;. However, thei.r cos ts were 

not Sf!}1aratcly :Ldentified wr1:Lch has obscured the resultant cost savJ ngs.) 

Cost J3enefits 

Having explorec't why there are fewer, more costly) and complex P-989 

spacecraft the question of cost effectiveness remains tu l->e answered. 1iiirf 

:i.s., have the benef:L ts dertvea. from tM.s course of action been worth the 

incurred. coGtr3? From Figure 4 it can be seen that the ''cost per pound bf 

capability on orbit 11 has been decreasing and is projected to continue to 

ron · orn.nrt , --
Approved for Release: 2024/08/06 C05098596 
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• 'I'ABLE 2 

CURRENT SYSTE[Vf,B VERSUS CAST IRON P-11 

The following table shows the unique differences between previous P-989 spac·~cra:t't 
and tho Co.,ct Ir<Y.1 P-11: 

ITEM 

Spacecraft 
Des :i.gn Lj fe 
Weight 
3-Ba,y Configuration 

Po·we.r· f311broyst("m 
Con !.'ign1·ation 
BD.ttcr:i.ec 
Solar Modules 

TT&C Subsystem 
1ype 
Conll'lland recei vcrs 
Decoders 
Primary tj_mers 
Transmitters 

Attitude Sensjng Subsystem 
Horizon Sensors 
Solar Aspect Sensors 
Shift-registers 

Attitude Control Subsystem 

Electron:i.c Control Package 
Cn:i.ls 

[3pin Hate Cr)ntrol Subsystem 

InertJa Control Subsystem 

Data Storage Subsystem 

Propulsjon Subsystem 
Orb:Lt adjur:3t motors 
Spin rocket motors 

Fayioad Subsystem 
Weight 
Volume 
Reliability 

Pie ceparts ·· 
Redu11dancy 

PRESRNT' f3YS 1l1Ii:MS 

'I'hrough F'V 4428 
9 months 
400 lbs max 
Varies 

Varies 
l OJ'."' 2 
90 

UHF-FM/FM 
1 
l 
1 
3 

l or 2 
2 or 3 
1 

1 
1 

0 to l 

Op-ti.anal 

3 ea 1 MHz or 150 KHz 
recorders 

to 22 lbs 
2 

105 lbs max 
3,500 in3 

• comer:cial 
None 

Approved for Release: 2024/08/06 C05098596 

CAST IHOJ\7 P-11 

FV 4429 and up 
18 mos 
600 lbs max 
Standard 

2 
121.0 

SGIS 
2 
2 
2 
11. 

2 
4 
2 

2 
2 

J_ 

(equivalent) 

Optional 

Same 

to 68 lbs 
3 or LJ.. 

150 lbs max\ 
5, 500 in3 ,>i<f, 

MIL ER or: -.~~;£{~#; 
Selecb.Ve 

• .Handle Via 

llrVt'l4All 
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U,, --,I 
t 3000 
d) 
d_ 
0 
.... 
0 
:r. 
t-
~ 
0 ; 
ll.. ... 
u. 
¢ 
CIC 2000 0 
w 
V 
Cl 
Q., 

1/) 

u, 

f;, 0 

C) 
z 
::> 
0 a. 
a: .., 

4 1000 
~ 
C[. 
J 
J 
0 
n 
<t 
r 
~ 
....... 
)-
(/) 
("': 

.: ... "" 

0 
tO 11 

2..0 
13 
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ROVJDINC:- MOirn 

vcldcle 

'Ihc t\ tlc uf the 

J~- dated ? Mny 1973. 25X1 

;_,"l,y be .perf1)1;-rn.-t.'::d. ·to ~•;l-1r.J\-t tl1e Clee:ref~ to w11.-.i eb tJ1c lliI' 

• · :•,::•~~ ·:i,r ·I 'J·tJ·tc;,r~ r:c1•,1errut1(:-n. L- 1J:3e:r::?) t1c:rve ·ber1c Cited in. tbe ~--~ fJ:IGil~Trr 
~,,:L•,.:;c·~_,t,.)n 1>u.~Ji11e:Gc J.11 :Jr•itc) or tl1c :Lnc:.rc;aE:i.ng eornJ)1ex1.·t}' artd cor>t 

st11.d~r l1tts bee11 accon1pl:l[:;l1cc1 l).f u.f:tr1r; 
n, . .unb,::::c certl f':Lcd and gual.Lf':Lccl 

ta.1.ned per thciusc.tnd doll,-n·::: Dpent buth 
: .. :·_:-~,1,c;-~-~'-~'.:ct),:-c t.1.n.(l r~:r:cru . .11cl £.fCOCC~[.;s5.n.f;~ ~Pbe rt:11dy s1'1c)vrs tb.c1 a r:~teLtdil;y 
; ':1~:c•::nr} :rc,turn to the government har3 been (mjoyr.:d rane;:i.ng from 
lc:::>f; tJ..1:-.1u [\JtLr cor1-r-11-·n1ed enrL--L-ter· locatt(Jn.E per· tl'lC)1,1uru:d (t) lJJ:tr:3 

tc!'~L"i.fiVC':l by ;3pr;i.,cecraft l.;421/'I'F:IPOS-DOUE-;F,A) deciuJ.ed 1u:; -r;e;,_;h-
>7,-,·1 ,·,:,,,r +r) }Y,1or-0 ·tr'·,;:in G3 °011-f'-i .,,.,,1erl f"l'l~t+er loea·t-l n]''" -1-,-r""r' l] .. ,, n1,;nr1,.1 
J..,,..·. -·-·Jr_:).u J V, 4. '-"- ....,,_ .J,, ..,.,,., -.. v, -~.4.J...;!..~_,,-...-4. ._..,,,. .l, ,.._, ~- '~ _,, ·.- '• ,._k,, .,· .__.,. ___ 1--••••••• ~~.,, ,..t. 

l,--,1lr1;,c• "'X')""Ci'Pd t,--, bn °xnerjencAd wit;r1 S1·-ar"'(''f''Jf+- 1+!1.')1 1U'"{Ci\JA TV • ',l .. ,. .. ~C--,. ~, ._. _t ,, ,,,, •v " '•·'" ,: , • - c 1-' ,.'.., u.C,, ,, _) / .J UJ, ,) .,. . , 

La::;~d u..pon 1972 technolc1:sy. '.17J:w exact progression Jc r:;hc,m below: 

r:c\:.~- :·:~:·'., .. )u ;·_~}~/\ 
-, 
L 

JII 
IV 

I.i.AUNCH. YP,AH 
CONFI l1MJ:SD I•:MI '.I"Li:R:3 

PF:R *1, c 1f)(l 

3~3 
32 ~ 6 
/4-3, 9 
C3.9 

twi..ce the syGtcm coGt. 

t::t.:Lvunes:3 ir, al:so conf:i.rmed by the f,1ct 
-:, ' 

:. itcl.t H.11 P-T"/G 11nd P-909 J t:.1.,:: .. ·.:·c:i;:,-t data, were originally- proc('::i'JSed. on a CDC 

1.:'•Y:lfl'Jtec. As the vulumc ryf' P-9<39 data i.ncreascd a CDC 6600 

TAP ~,~r.-gry / ,---
Approved for Release: 2024/08/06 C05098596 
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W r.r.A BIJ~ 3 

AV.EH.AGE C013'I' PER SPACEGRAF"I' POUND 

PER MONTH OF ORBIT LIFE BY CONTR.AC~_1 BLOCK 

FV F'V F'V 
!1417 l+l.1:'.:'l 

CON'lJ{l\C.:_1 l14LL 11-!+J-8 l+l~22 1~426 
1-Ji: 1+1112 !+l-119 l+J+23 l1L1~:7 

BLUCK 1~413 li420 !+l12!1 

!\\rcraE:ie Cou..,c. J.lM 4.9M B.7M 
(1 do ) 

craft 262 324- 3Gl+ 
( -, '\,,:• ) L,,,_,, 

63 -7r, 
\,J 89 

Weight ( 

Average Orbit 10.5 16.5 Jl·)H( 
Lire (montJ1s) •/ 

··,:-

Average Cost per l, 127 917 Tfl 
lb-mos (74, dollars) 

* Kits onJ.y (no missions - not included :in averages) 

-x--x- Based on FV 41121. 1+422) and li-423 actuals ( See Section 
Du_ration) 

FV 
*)') 3,--i J-1 (__ 

1+11-29 -xl~J133 

4.1~31 

,3M 

'J 
.) 

129 

48X·-X-·X-

- MLssion 

-j,,'-J(·-X· Pro,jected at twice MMD ( See Section II - Mission Duration) 
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Chco;p P- LL::, 

and urr~;AIJ1 III available. '.L'he re~1uon 1c their capabLLi. t: es wou.ld not ::uti:; t.y 

the current ELIN'J1 :requ:i.rement:':.; as dcr:: ied from tbe PEC ( Prior:i t:i eG fo.i:' 

new, r;;ee '.I'able ~-. 

Pursuing this point further) the q·,e,c\Uon a:riscr:, as to whe:tlic3, a 

p..: 11 or P-9139 spacecraft could be built today. The arrnwer ic: yes j r 'v/C are: 

willing to accept a system like FV 1~!+2CJ at five million, 

and: 

case;) 

l 

A vayload vrith ;:.?o times lc,cc canability (70 lbs vs 150 lbs) 
' - '1 

b. geoposi tion:i.ng (_ 15 run vs five nm over a 650 rnn swath) 
-------·----·----

C .. Reduced on-orbit JJfc (16 mos vs a projected 1;.[3 
\ 

n10s) 

u. Commercial pieceparts ( infant mortality failures) 

e. No redundancy (eatastrc1phic failures) 

f. Reduced system level env:1.rorunental testing (worJr,manship failurer]) 

g. Redueed tasking (16e minutes per day vs 348 minutes per day - best 
/) 

TAP SFFsRFT1r= 
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SenB 

Data Handling 

Max reacl:Ln 
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MHz 

Asynchronous 
( fragmented) 

cal) 

2 

2 

25X1 



C05098596-----,---,-------------------------~~--. 
Approved for Release: 2024/08/06 C05098596 

I UI \H.UIU. I 

command ( dis cretef.,) . 

thc,K' arc not viable br;1ck i terns . 

Coet C1:mrpahr::;on 

25X1 

• 25X1 

,.· ' ..... . 

The. advantages of the p.:989 low al.titu.de l3IGIN'J! · :r-econriat~sa•nce 

• 
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lJ. HJ.1c;h cmi tter location accuracy. 

c. 'J''r:e al:i:i. lity to intercep!:;) locate,, and measure low power emitters. 

( 1 'I'he abil:Lty to intercept and make parametric measuTemerrt13 :Ln targr:!t 

e. rrhe ab-Jlity to electronically search any area on the earth's surfate. 

'I'hc ao:i lity to routtnely provtd.e certified in Lelltcc:cr1 cc? data :Ln ler3s 
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t).t'il_j'JJ.. Ul'l _L V 

CONCLUSIONS 

l. 'Iltc P-989 Program is providi.ng more su2,tained intelligence capa­

bU.:i ty on.,.orbit for less cost than ever ·before in jts 11 year history. 

that has evolved in response to more demanding user:· needs and changing NRQ 

requ:l.rements. 

3. 'The trao.e off decisions to stay abreast of the state-of-the-art :rn 

electronic technology, test and reliability have been cost effective. 

There should be no turning back. 

L~. The P-989 Program has demonstrated that it can consistantly provide. 

a cost e.ffecti ve SIGIIJT satelb.te system to satisfy NRO requirements. 


