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This study will show that the P-089 Program is providing more sus-

tained intelligence collection capability on-orhit for less cost than ever

before in the history o. the program. By comparison, the URSBALA satellite

gystem is now providing 20 times nmore intelligence data than a similar

system available in 1968. In terms of constant dollars, the P-989 Program

is currently funded at 80% of the FY 1968 budget, the lowest budget year

since P-989 dollars have been separately identified. Purther, this study
will show that the P-989 Program is the most cost effective of the SAFSP

programs in terms of cost per spacecraflt pound per month of orbit life.
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. . SECTION T ,

INTRODUCTTION AN PURPOSE

This study will not attempt to place a value on the intelligence dain

being collected by P-989 satellites bul will determine if they are a cpst
elfective means of satisfying NRO intelligence reguirements. This study

will also determine i{ the trend towsrds more comp ex and costly P-

(P-11) spacecraft has been cost eflective.
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a straipght forward method for comparing satellite systems
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;‘mpt fons and Limitations .

a. All hardware costs presented in this

a0 . LLUPOT SRS & S SR B N
study are 'price” to the

Government.

b. ALl costs are compared in constant 1974 dollars, i.e., expenditures

in previons yvears have been normalized to 1974 dollars using DOD eso

1 lation

o

factors provided by 25X1

¢, Uit costs reflect the cost of the spacecraft hardware only.

A, This cost analysis considered only spacecraft costs back tlhwough
N Y 8P g

VOLL10.  Cost traceability and apportionment prior to FV LL10 is.e

A eren 1y
LS eXTTemO.LY

ilrticult because prior spacecraflt were assembled and tested under the

HSAFSP-T launct

rvices contract with Lockheed (IMSC) at Vandenberg AFB

¢.  Where consideration of the two catastrophic failures, BV hhol
(1k May 66) and TV Lho7 (11 Nov 71), would lead to erroneous Lrvends the
fai Jum data has been factored out.

f.  For the purpose of’ this analysis, all comparisons will reflect the

actual spacecraft launch order. This causes the plot of on-orbit lives;

Pigure 2, in the era FV 4410 through FV-4L2l, to be more erratic than if the

veh L”oo were plotted by contractural ’bl@cks or buys.
gV zm__u/’Am?EC',I, VLS /mmo 1L, and TV lHTb/(‘ALoAT were research -
vehicles and not funded Trow P-959 resources. Although P-11 type spacecraft,

they provide no relevant historical data because they were never launched.

he Table 1 provides the date base for this study.

Mission Duration

. C['hje',éu::c_ep'cecl&[me‘uhad‘ of projecting the on-orbit life of. spacecr@fﬁ-fbef‘dré"f:_f

Handle Via )

e

I 'l ) g1
Approved for Release 2024/08/06 C05098596 T - °




|C05098596

Ag)ved for Rglgg:;:e 3024/08/06 C05098596

P-9839 CO8T BENEFIT STUDY

DATA BASE

S PACICRART
 FLIGHT o rfs (TRICE) COST IN SPACECRAPT
CVEUICLE MITLIONS Th DOLILARS WEIGHT (LBS)

ORPIT
{MONTHS )

LITE

DOLLAR CosT
POUND-MONTH

Lo 1.7 2.3 2081
Lo 0.6 3.5 275.0
W 0.6 3.5 284 .9
- Lheo 3.7 0.8 278.7
nh13 2.0k 3.1 259.7
L4a3 .o 5.5 333.6
Ll 3.5 h.6 30k,
ki 3.7 b.6 319.3

IRITely S . Unk e - ' -
fiiﬁ:uazfrii' oo Lo : ,5)0 S 343.5
T S 5.5 333
Ly23 i 8.2 9.8 333.5
Lup7 0.1 12.0 © o 373.3
: Chheh 8.7 9.9 - 3%0.1
o 5.2 ek 3.8
oo 8.2 . 9 3932
L8 6o 3.3 3810
Wh2o 13.3 13.8  s66.1
ST w7 15.0 571.7
_ uugl-' | 9% 9.8 5T1.7
| *' Frojected at twice MMD (See Section II - Mission Durat :mn)

BV oLbp1l - BV 4427 is 31 mc,mhc

" Approved for Release- 2024/08/06 C05098596

NOTE: fAverage actuals for mV bh2l, k22, and hh23 of contract block
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Greecih in by computat um.’ a Mean Mission Duration E\MLJ)‘ The MMD is

st ot a piecepart count, fallure roate estimates, arnd a rellability

atlored to the inddvidual spoacecraft, The MMD for the current block

receralt in orbit ds 15.9 months, i.e., for FV LL2l through

WV oLbry. However, the averag e demonstrated orbilt life for this block of

vehiclos (exolading FV BL27) ds 31 months or twice their MMD, iV LLol,
PV ohbken, and WV 4L2G, having alresdy survived the one month infant mortality
G BV b2y are assuned to have on-~orbit lives egual to the 31 months. Also,
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this study, the projected life of the current block of

svacecrall in development, i.e., FV LU28 through TV LLU31, will re assuned
to be twice thelr computed MMD or 48 monthe.

The fact that the average 1life appears to be twice the MMD is more
complex than drawing the simple conclusion that the reliability model is too

conservative. The MMD is based on the truncation of the system reliability

curve. The truncation point for P-989 satellites iz determined by the Llife

o' the tape recorder complement on board the spacecraft. Therefore, the MMD

s génsitiVQ to the cycle life assigned Lo each teve recorder and an assuncd
use-rate dn teims of minutes of mission ﬂaskin@ that will be accomplished per
dey.  Also, three phenomena are occurring which are cifficult Lo quanvify for
MMD computation but nevertheless are extending the life of the P-989 spacccrait.
}11§g. "third buy' tape rééor&ers currently in spacecraft on orbit are
exhibiting longetr than expecﬁed cyele iives with each pasLTHg day. BSecond,

as mure s@acecraft aTe lauﬁchéd‘ﬁhere is greater competition between vehicles

“ ::f;or"'__t;:éél.{iﬁg allocétions. The newer ‘\f'éhilclc—zss historically get the "lion's |
sha‘i"év;,f“ which s Lé,lmn c,antly reduces the use of the older vehicles, and extends

;thg-i:r,,Qpe.m-t:i_onal life. MFinally, as the older spacecraft degrade, more and
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why are we developlng lewer spacecrait? The ansver is that with

), e ey oy ey PO gy gy A [ S
each yeor and gpacecrait costs

Ling imposed on tha

1 shows that portion of the

Wil be fower svshems
Wwill ve lewer systems. I

veon approved, by fiscal year. for "Spacecraft and Payloads.” Also

equivalent buying nower of those dollars tThrough the years.

‘ore, while the actual dolilars for spacecralt and payloads has remsd

be bought with those dollars is

today than in 1968, (The P-989 budget wus not separately identif

ied priox

to 1968.)

Fewer Missions

Fewer spacecraft has certainly been the result of fMxed dollars and

N

agaed oosts but there s »ther underiying reason. Heretofore there has

beer o steady stream of SIGINT missions Tor the P-989 Program 1o accomplish,

]
e

Today there are less missions because both the P-989 spacecraft and othe

collaterel syetems are individually satisfving a broader range of SIGINT

requirements.

Longer

Besides having fewer viable missions, the P-0939 spacecraft are laym ng
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v The vespeotive spacecraft monthes of on-orbit Lide hasg

Figure 2, in their chronological order of launch. Fron B

seen that:

o

There has been a steady lmprovement in the orbit life of the

spacecraft since 1967, WV L4410,

L. The life expecltancy of each spacecraflt has been much le

mance

c. ALl spacecraft since IV 4410 have exceeded their desien/pert

incentive life of nine monthe, with the exception of FV 4hpr,
d. To date there has been a significant end demonstrated increase in

RN

the on-orbit life being realized {rom the current block of P-989 satellites,

ie,, BVOLL21 TV L4233, and FV AL2L (now 25 months old).

e. The projected/predicted on-orbit life of the future "Cast Tron P-lls,”

FV 4529 and up, is more than five times the original P-11 desipgn lide ol nine

months.

ost Growth

rom Figure 3, three distinct cost growth steps are apparent, at ¥V L8,
at FV LL23, and at BV LL29.  The first step can be attridbuted to (1) golng
Tactory-to-Pad, (2) adding system level environmental testing, and (3) a P-11
vehicle block change.

The dramatic cost increase after FV LU21 can also be atributed to three
major cost elements, (1) a technological capabi.li+:;y/ complexity Jump with the
introduction of integrated circuits, (2) conversion to theunew host (P~H§7)
booster vehicle, and (3) an increase in the component, subsystem and sysfem

level testing resulting from the first two.

The last significant cost increase on Figure 3, commencing with RAQUEL
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FYOg), can be athribited to the same basic cost e em.s addressed above,

Witn tne RAQUEL technical intelligence payload the capability/complexity coste
took another step upward. This increase in payload cost dncludes not only the

move to HI-REL pieceparts and complementary metsal oxide semiconductor (CMOS)

technology but added redundsncy and additional payload subassembly and sub-

system level testing. The basic gpacecraft was also upgraded to HI-REL

plecepsrts in conjunction with an upgrade of the malor spacecraft ubility
subsystens.  This upgrade constitules the P-989 vehicle bl change (FV 4hpg

and up) nicknamed "the Cast Tron P-11." See Table 2 for a comparison of thé

Cast Iron P-11 with the current vehicle conTiguration.
Mnally, Mgure 3 also shows the cost savings when 'repeat’ missiunﬁ/
paylozas occur. i.e., TOPAAT I/FV Lh23 vs TOPHAT II/FV 4428 and URSALA ITT/
W30 ve URSALA IV/FV L431. Although from a cost standpoint "repeat” sys-
tems look cogst effective this could be deceiving in the future. That is,
when payloads are bought two at a time but launched serially, there is ¢ risk
that by thne time the second payload is launched it will not satisf{y the current
SIGINT requirements. Modifications to subseguently upgrade the repeat payload

to meet these requirements may be more costly than ordering a new systenm.

(livte there have been other repeat payload buys. However, their costs vwere

b

e

not sevarately identified wnich has obscured the resultant cost savings )

Cost Benefits

Having explored why there are fewer, more costly, and complex P-989

spacecraft the guestion of cost effectiveness remains to be answered.  That
is, have the benefits derived from this course of action been worth the
1nourred costs?  From Figure L it can be seen that the "cost per pound of

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

Approved for Release: 2024/08/06 CO5098596 Gontrol Svstem Only -
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CURRENT

Propulsion Subsystem
Orbit adjust motors
Spin rocket motors

Tayload Subsystem
Weight
Volume .
Reliebility
- Pieceparts
Redundancy

- Approved for Release: 2024/08/06 C05098596
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ABLE 2

SYSTEMS VERSUS

CAST TRON P-11

The following table shows the unique dilferences between pr
and the Cast Iron P-11:
T PRESENT SYSTEMS
Spacecrafi Through FV 4428
Design Jife 9 months
Weight LOO 1bs max
3-Bay Configuration Varies
Power Subsystem
Sontisuration Varies
atteries 1 or 2
Solar Modules 90
TTEC Subsystem
Type UHF-FM/ M
Conmand receivers 1
Decoders 1
Primary timers 1L
Transmitters 3
Attitude Sensing Subsystem
Horizon Sensors 1 or 2
Solar Aspect Bensors 2 or 3
Shift registers 1
Attitude Control Subsystem
Electronic Control Package 1
Coils 1
opin Rate Control Subsystem 0 to 1
Inertia Control Subsystem Optional
Data Storage Subsystem 3 ea 1 MHz or 150 KHz

recorders

to 22 1bs
2

105 l1lbs max
3,500 in3

- Cormercial
None

- O P
evious F-000 spacorait

CAST IRON I-11

FV L4229 and up

g
e

((:‘,‘(ll) ivalent \1
(equivalent)

(A NAVIREY]

P vy

N o

(equivalent)

o

Opticnal

Sanme

to 68 1bs
3 or b

150 1bs max
5,500 in3 .

MIL ER or petter
Belective

Handle Via
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SRESIN & HOE COST THAN EVER BEFORE,

vehicle

The title

Sruy System Uost Effectivensces
H May 1973. S - 25X1

asked for
the degree
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wanber of
ok T thousand
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ugog 1972 technology. . The exact | fﬂbi&“bikﬂ

”ONTUJJWWL)*ﬂfIT“LLM)
PJ}HL\’ (ih

w2
DR
oo

induced by normalizing

Strmpsbed there gare dlspersions

=

is projected to
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confirmed by the fact

dats were originally processed on &‘CD'

data increased a CDC 6600 comput
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AVERAGE COST PER SPACECRAFT POUND

PER MONTH OF ORBIT LIFE BY CONTRACT BLOCK

5y BV

=

Y

Lhio b1y hhor o Lbes L8 o %430
CONITRACT Wl Lh18 Lhpe  Lhp6 Lh2g =433
VEIICLE, LLie 419 Whos3 o Loy LL30
BLOCK Lhi3 Lhoo Lol

Lh31

Average Cost 3.1M L.oM 8.7M CLLLEM
L (1L97h dollars) i

Average Spaceceralt 262 324 36k 523
Weight (1bs)
| Average Payload 63 70 89 129

Weight (1bs)

| Average Orbit 10.5 16.5 31K ' L8
| Lite (months) A

| Average Cost per 1,127 917 771 bso -
i 1o-mos (74 dollars) , o 1 - n

* Kits only (no missions - not included in aversges)
%% Based on FV 4421, Lh22, and 4L23 actuals (See Section IT - Mission -
Duration)

Kook Projected at twice MMD (See Section II - Mission Duration)

Handle Via
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ol or the P-770 Program and subsequent launch of more capable P-989
spacecrait, the CDC 6600 has had to be replaced by & CDC Cyber T4 com-

puter Lo gain additional processing speed snd capacity.

Cheap P-11s

Fut what about this increased

© - has 1T really been nedeossyry?

Expericenee tells ug that the minimum standuard (<::apa‘;.;i Lity) io slwaye thoe exis
one. That j¢, an old TIVOLI 'J‘cwhvu cal Intelligence systen or the TRIPOC-DOUSRA

General Search system would not be approved today having respectively o HAGUSRL

and URSALA TIT available. The reason is their capabilities would nol satisty
the current ELINT requirements as derived ivom the PEC (Priorities for BLING
CGuidance) or the Five Year Plan. For a comparison of capabilitics, old and
new, see Table k.

Pursuing this point furtner, the grestion arises as to whether a chdmp
P;ll or P-989 spacecraft cculd be built today. The answer iz yes if Qe;éfé

willing to accepl a system like FV LL20 at five million, in 1974 dolle
willing p y ,

and: 7
a. A payload with 20 times legs om/;abilm (70 1lbs vs 150 lbs)

b. Reduced geopositioning (15 nm ve five nm over a 650 um s rath)
Lo m Ve pive mm

—
¢, Reduced on-orbit life (16 mos vs a projected 48 mos)

d. Commercial pieceparts (infant mortality failures)
e. ©No redundancy {(catastrophic failures)

f. Reduced system level environmental testing (workmanship fa ilures)

2. Reduced tasking (168 minutes per day vs 348 minutes per day - best

—_—N
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fstantanesusly

Sensitivity =90 gbm {typilcal)

Data Handling Agynohz‘on@ag
4 (fragmented)

Max readin 1205 min-
Capability
(per recorder)
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Fooattitadse control system
1. Bo oevin rate control syslem

cadvanced commend system (39 discretes ve 3,000 discretes).

Ttods this anthor's opinion that these are not viable give back items.

Cost Comparison P v l

- 25x1]
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;SIG‘INT}' reconne:

Theadvantag;oa of the P-f)89low altltude
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<ice in padntaining: . .

The flexibility to res pcmd quickly to user needs and changing

W

reguirenents.
b. High emitter locatlon accuracy.

¢. 'The ability to intercept, locate, and measure low power emitters. .

d. The ability to intercept and make parameiric measure: nents inctar

emitter nain beams.

The ability to electronically search any area on the earth's :mr

©]

£. The ability to routinely provide certified in’ telligence data :}_ “]f--‘szs

fhan six hours.
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CONCTIS TONS

1. The P-989 Program is providing more sustained intelligence capé-
bility on-orbit for less cost than ever before in its 1l year history.

~

2 Th@ 1%98(-? spacecraft Is a sophisticated intelligence collection s:vfstem; g

oy

that bhas evolved in response to more demanding user needs and ckangmg I

requirements.

3. T}ri@ trade off decisions to S«Jay abreast of the sta*te-«u:i?—theéjt "
ei@c:tﬁf*oni.c technology, test amd reliabi llty.have been cost effec H.'\‘f,e-v.‘ﬁl’fif,,
There ’f;-;hou],.d “be o turnring baék.

I, ’r,;‘]ihe’ 'P«QBQ Program has demonst‘zﬂzited ‘that it can coné igtan b]T plw\!!’ €

a coéﬂ effective SICGINT satellite system to's atisfy NRO ‘»1*equj.:jr-em'eiﬁ;s .
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