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13 MAY 1974 

'Feldman) 

l. Reference WIITG 0568 dated 2 May 1974; 

2. Tuble 1,, entitled nP-989 Cost Data Ease," provides spacecraft 
cost ,end ·..reit:;ht growth data. Regarding this data: 

a. All costs are price to the government. 

b. Cost traceability and apportionment prior to FV 4410 is 
ext ·c:nely d.:iffic!.rlt because prior spacecraft were assembled and 
tes·1.ed r SAF'SP-7 launch services contract with LDckhee<i 
( ) at Vandenberg AFB. The cost incurred to perform this work 
',ms n:Jt separately identified. 

c. For cost comparison, spacecraft cost:3 are also provided 
in constant 1974 dollars) i.e., expenditures in previous years 
have bee:·: normalized to 1971~ dollars using DOD escalation factors 
provi ,led b' 

~---~ 

d. The spacecraft cost in constant 1974 dollars is based on 
the e:3calation facte;r for that fiscal year in which the majority 
of tr:e work on the spacecraft/payload system was accomplished. 

e. FV 441l1,/AZTEC I, EV 1~415/ AZTEC II, and FV 4416,/CALSAT 
were t·esearch vehicles and not funded from P-989 resources. 

TABLE 1 

P-989 Cost Data Ease 

~P1lisl1t Spacecraft Orbit 
Vehtcle Cost (Price) Cost in Spacecraft Life 
['Ti) Millions 74 Dollars Weight {lbs) ~Mos) 

4h10 1.7 2.3 228.4 3 

4411 2.6 3.5 284.9 12 

lt412 2.6 3,5 275.0 15 

4413 2.4 3.1 259.7 12 

<'rflnrr, ~ 
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launch 
Date 

2 Nov 

14 Mar 

24 Jan 

18 Sep 

25X1 

67 

68 

68 

68/ 

-----
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Flight 
Vehicle 
(FV) 

4417 

44l8 

4419 

4420 

· 4421 

41+22 

4423 

4424 

4425 

4426 

4427 

4428 

4429 

4430 

4431 
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Spacecraft 
Cost (Price) 
Millions 

3.5 

4.2 

3.7 

3.7 

4.4 

.4.o 

8.2 

8.7 

8.2 

8.2 

lO.l 

6.o 

Cost in 
74 Dollars 

4.6 

5.5 

4.6 

4.8 

5.5 

9.8 

9.9 

9.4 

9.4 

12.0 

6.6 

Spacecraft 
Weight (lbs) 

364.7 

333.6 

319.3 

278.3 

333.4 

343.5 

333.5 

38o.1 

3~.8 

393.8 

373.3 

381.0 

566.1 

571.7 

571.7 

Orbit 
Life 
(Mos) 

10 

18 

20 

18 • 

33 

20 

-lE-27 

~2 

* 6 

l 

* 1 

HTBD 

launch 
Date 

l May 69 

19 Mar 69 

22 Sep 69 

20 Jun 68 

20 May 70 

4 Mar 70 

18 Nov 71 

20 Jan 72 

7 Jul 72 

10 Nov 73 

10 Sep 71 

10 Apr 74 

* Currently operational - months on orbit to nearest full month as of 
1 May l974 

ff To be determined - Mean mission duration is 24 months 

3. Table 2J entitled 11P-989 Spacecraft Growth by Contract Block," shows 
the P-11 growth in terms of average values across vehicle blocks. Note 
the decreasing cost per pound month of orbit life resulting from increased 
reliability. 

SECRtft-~r~,t {C 
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CONTRACT 
VEHICLE 
BLOCK 

Average Cost 
( 1971!- Dollars)\ 

Average Spacecraft 
Weight (lbs) 

Average Payload 
Weight (lbs) 

Average Orbit 
Life (months) 

Average Cost per 
lb-mos (74 dollars) 
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TABLE 2 

?-989 Spacecraft Growth by Contract Blocks 

EV FV FV 
4410 4417 4421 4425 
4411 L.418 4422 41+26 
4412 4i+::_9 4h23 4427 
4413 ~420 2~424 

3.lM 4.9M 8.7M 

262 324 364 

63 70 89 

10.5 16.5 311K-

1, l27 917 771 

* Kits only (no missions - not included in averages) 

-lH<- Based on FV 442lj 4422 7 4423, and 4424 actuals 

F.:V 
4428 *4432 
I I ')9 Lr.L!-c_ -l<-li-4 33 
4430 . 4431 

ll.3M 

523 

l29 

481K-* 

*1K- Projected based on current experience vs computed mean mission durations 

4. Attachment 1: entitled "Cost Growth of the P-989 Spacecraft," provides 
a brief history of the evolution of the P-11 vehicle into the sophisticated, 
complex and costly spacecraft of today. 

25X1 

~ t.TJ ~l ~-.-;/ fi!i JI / 1-
_ ,1 !JJl;,1tJ i! '-,.. 
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From Figu.re l four djstinct cost gro·,rth s are apparent. at 

'11:.e :f.:i rs t 

can be attributed. to the c,;wt of imple;:1enting the rrFactory-to-Fac. 1' 

concept. Prior to thi.s ti.me P-11 spacecraft were shipped fo Van-

fcrm and assembled and tested ,.,;_nder t:-.e 

Jlltlnch services cc)n.tr·tict Hence the total tn:ms fer 

of the as and t of the P-11 vehicles to I,od:heed 1 

Sunnyvalet shows n::s jncrct;,·;ed. eosts to the P-989 Progn:1.rrr. Corc-

comi tant v.i tr~ the J_;':_;,c Pe.d concz:::pt was the desire to get out 

of the 11sku:n.k works" m.ode of building and testing P-11 vehicles. 

Figure 2 shmrs tha.t the "skunk wcrks" type of operation (pre-FV 4li-ll) 

was not producing consii:;tant launch and on-orbit success. pro-

gra'TI. test plan was therefore expanded to include systen level 

thermal vacuun1 testing as well as other tests that were nore in step 

vi th the other SAFSP progra..'1:ls. In short) approximately 10; OCO sore 

manhours were expended :in test per spacecraft system which transla-:.ed 

into higher unit costs. 

Starting with FV 1~417 the basic P-11 system capability was 

increased. Tb.e vehicle block charige includ:::::d going to two :::.2::.;:<2r2.es, 

double foldout solar arrays and a re-designed basic stnlctur2 for 

increased payload weight and vol1..u-ne. This structu.:::·al c".:ange per-

mitted a system weight increB.se of 65 pounds (285 to 350 lbs). This 

block change likewise increased the unit cost. 

cirnnrT,-
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In su.rr:.mary, the 2401~ cost growth between F'V 1+4io/1967 and FV 1+421/ 

1969 :wa,s dciven by ( 1) going Factory-to-Pad) (2) adding sy3tern. level 

enviror..nental testing, and ( 3) a P-11 vehicle block c1icm0e. 

The dra-natic .cost inr::rease after FV 1+423/1970 can be attributed. 

to three major cost elements: (1) a tech..YJ.ological capa1Jility/com­

plexi ty j1..1r1p made possible by the introduction of integrated circuits, 

(2) conversion to the new host (P-467) booster vehicle,, and (3) an 

increase in the component, subsystem and system level testing resulting 

from the first two. The second battery, at this point) was replaced 

by a third 1 MHz tape recorder in an effort to extend the life of the 

spacecraft vis-a-vis the life lirniting data storage subsy::;te::i. , 11he 

technological capability/complexity jurnp for the most part occurred in 

the payload subsystem. Thi.scan be illustrated by co::nparirig payload 

cos ts, :L. e., the TIVOLI III Technical IntE...i..ligence payload ( FV 41+22) 

cost O .8 million while the cost of the ARROYO COMIHT mapping payload 

(FV 4427) stepped to 3.2 million. It was also at this time that the new 

series Electronic Order of Battle (EOB) systems were started) Le., 

URSALA I/FV 4425 and URSALA II/FY/ 4426. The total cost of their two 

payloads was 3.4 million. 

Conversion to the new host program, P-467, for pi6g;yback rides 

required not only the develop:nent of a new launcher systc::--. 2.nd req_uali­

fication of the spacecraft, but generat id the req_uirement to modify the 

basic P-11 stru.ctu.re to be compatible with either the P-846 Agena {old. 

host) or the P-467 Satellite Vehicle (SV) to assure the_P-939 ride 

•f'rtu1r,a . -
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availability during th,2 tra,:si tion period.. These launcher rlr>yc,7_,·,:;;:i-

ment and spacecraft modification costs were an1ortized over the 

affected vehicles w1ri.ch increased their unit ccst. 

In regards to it ·was also at this ti.n:e that the 

test plan was e:,_--p3.nded again due to the increased 

'rhe payloads >:1ad many more operational modes which had to be tes 

Attitude and spin rate control systems were also added to the space-

craft which increased both component level and system level testing, 

i.e.} another four to five thousand manhours '-"ere required per 

spacecraft foY test. 

The last signif:i.cant cost inc:rease on Figure 1 1 commencing vi.th 

RAQUEL (FV 4429); can be attributed to the sam.e basic cost elements 

addressed above. With the RAQlJEL technical intelligence payload; 

the capability/complexity costs took another step up from ARJ\OYO, 

at three million dollars> to fi.ve million dollars. This increased 

paylcad cost includes not only the move to HI-REL pieceparts and 

complementary metal oxide semiconductor (CMOS) teclmology but added 

redundancy and additional payload subassembly and subsystem level 

testing. The m.ove to CMOS technology was in recognition of the need 

to take another step in o:::der to acco::rrplish the RAQUEL mission a:1d 

prepare for future user derrands. 

Further, the basic spacecraft was also upgraded to HI-REL p:~eceparts 

in conjunction With an upgrade of the major spacecraft utility sub­

systems. For instan-ce, the p:r,esent tracking, telemetr:;· and comm.and 
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to a Space Ground Link Subsyster1 

the SAF'SP programs to convert to 

a sy:1tem weight incn~ase of 250 pow1ds (350 to 600 1bs). 

C nric,-l•··i ~-,,tns a p 90°0 --e}·1· Cl::, l,. lo 'k c· ( 'Q1T 421-29 ,::, d ) ~s.C•v .. \,c,e ,c,. .- .,I V ·"· _e L). C nange \I:V c.D up. 

'.I11is upgrade 

ni cknatr,ed. 

11the Cnst Iron P-11. 11 Sr;e r:i'.'able :1 for a comparison of the Cast 

Iron P-11 with the current configuration. This block change, 

which j_ncludes development and qualification costs, has been amortized 

over f:i.ve spacecraft increasing their unit cost by approxin,o..tely 

one million cJ.ollars. 'I'he program test plan has also been expanded 

to include more box leve1 burn-in an(l a system leveJ. thermal vac1.1UJ'J. 

test wi.th twice the prcvic~ts time at vacuU!Il concli tions. 

Ags.in, what was the driving force behind this block change? 

Basically it wus the uneasiness of the times. In the fall of 1971 

and spring of 1972, a nwnber of rrs.jor failures bef8ll the SAFSP 

progr2..r:is 1 i.e., the ca tas trophic A.'RROYO, failures 

as -well as major mal_functions vrith the '..P-110 and P-846 satellites. 

Resulting reliability reviews subsequently brought pressure to bear 

on the P-989 Program for (1) HI-REL pieceparts, (2) red1.mdancy, and 

( 3) a test program equal to the other SA.cr.'SP prograrn.s. Hence) a 

significant cost impact. 

I<1inally, Figure 1 a.lso shows the cost savinss -when "repeat" 

missions/payloo.ds occur, i.e., TOPHAT I/FV 1~4.23 vs TOPHAT II/F"v 41~23 

and URSALA III/FV 4430 vs URSAIA Dl/FV 1~431. AlH:ough fro;:i a cost 

SECRET1c 
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TABLE 1 

CURREWr SYS'l'E:t'-r:l VERSUS CAST IRON P-11 

'l1he f'ollow:Lng table shows the unique differences between previous P-989 space­
craft and the Cast Iron P-11: 

l'l'EM 

Spacecraft 
Design Ljfe 
Weight 
3-Bay Configuration 

Po11rer St1bs:ys tem 
Configuration 
Batteries 
SoJ_ar Modul2s 

TT&C Subsystem 
'.l'ype 
Crnnnand receivers 
1\-:coders 
Primary timers 
Transmitters 

Attitude Sensing Sibsystem 
Horizon Sensors 
Solar Aspect Sensors 
Shift registers 

Attitude Control Subsystem 
Electronic Control Package 
Coils 

Spin Rate Control Subsystem 

Inertia Control Subsystem 

Data Storage Subs;s/stem 

Propulsion Subsystem 
Orbit adjust motors 
Spin rocket motors 

Payload Subsystem 
·-freight 

Volwne 
Reliability 

Pieceparts 
Rea.unclancy 

PRESENT SYS'IDIS 

'.I:'hrough J?V 2~428 
9 months 
400 lbs max 
Varies 

Varies 
l or 2 
90 

UHF-FM/FM 
1 
1 
1 
3 

l or 2 
2 or 3 
l 

1 
1 

0 to l 

Optional 

3 ea 1 MHz or 150 KHz 
recorders 

to 22 lbs 
2 

105 lbs max 
3,500 in3 

Commercial 
No~1e 

('rrR~T,~ 
. 1 il! (L, 
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CAST' IRON P- ll 

FV 4429 and up 
l8 months 
600 lbs max 
Standard 

Standard 
2 
14-0 

SGI.S 
2 
2 (equivalent) 
2 (equivalent) 
4 

2 
4 
2 (equivaJ_ent) 

2 
2 

1 

OptionaJ_ 

Sa'TI.e 

to 68 lbs 
3 or 4 

150 lbs max 
5,500 in3 
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st<::cndpojnt tl1is could be 

deceiving in the future. 'I'bnt :is, when payloacls are bought two 

at a tixne but l.3.unched serially} there is a risk that by the time 

the second payload is launched. it will not satisfy the then current 

SIGIN'.11 requirements. Mocli ficL".tions to subsequently upgrade the 

"repec:Lt" payload to meet these req'.lire::.1ents may be more costly 

than ordering a new syste.:rr. (Nute that there have been other 

11 It ] repeat pay .oad buys. However, their costs were not separately 

identifjed, which has obscured any resultant cost savings.) 

qteREr I -~•7: ( C 
t .. d ;l .... 
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