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I.' ISSUES 

. , ' 

this paper addresses the, following issues: 

: 1. Should the mooN developme~t be eontin~d', or should the 
.. pTogram be . terminated now 'and our. plans modified- to depend indefinitely !!t on the, current CORONA sys'tea?' ,',' " 

2.. If HEXAGON' is continued, should 4 or 5 HEXAGON launches be 
planned forFY 72? (NHO Issue 14).' 

'3.' : If. HEXAGON '18 ,continued, . should '5. "6',or '7 GAMBIT lau~ches be 
planned, forFY 72t. '(NRO Issue 151. . . 

IIIIII!. 4., wlAt should' be the pace -in develop~n8 an Indication~ and 
,Warning System! (NRO, I~sue 19) •. 

'_ ,II. SUMMARY OF ANALYSIS, CONCLUSIONS, AND BECCHiENDATIONS 

" . 

1. We think three options shoul~ be considered: 

, Option I -,Cancel HEXAGON. Plan for 

iii; . CORONA missions per year.' Tili's option 
F'l 68 - FY 70 costi.- ,and will· save" up 
Goatl. ' '. . 

OptiOn II - Austere HEXAGON. Pla~ and 4 GAMBIT 
missions' per ~Ption. will sav~1n ri 70 costs '. 
and at least_in FY 68-FY 73 co.ts.,· ", ,', .. . 

Option III - Planned HEXAGON. Plan for' 5 HEXAGON and'. S GAJ(BIT 
mis8ions per year. 
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2. 'Last 'August, when we. reviewed' ,this problem. we ,·thought ,that 
'there,m1iht, b~, two additional option.: 'i) develop,an' IMPROVED COlONA 
search systelll, 'with 4.5 foot' resolution, and 2) delay, HEXAGON by • y.ar 
or more in'order to reduce FY68-FY70 commdtments. We conclude that 
neither ~f these "makes sense. Developmelit',costs, for -an' IMPROVED ' 
CORONA with this resolution would ,be roughly the same as the deyelop· 
meDt 'costs remaining for ·'HEXAGON·. ' Delayi~g HEXAGON would cost almost 
.S, .ucb in' -the short' run .nd ,Ott more:1D 'til. 10111 run. 

, ' , 

" 3,., The HEXAGON Sy8 tem could provide a unique reconnaissance 
capability for the 1970's. ',For example, 7million'square 'Dd1e. iQ' 
the Sovie~ Union' has been built-up and a single ,HEXAGON mission of 
30 days d~~ation could provide cloud'~~ee. high-resolution photography 
(2.5 to 4 foot resolution) of about, three-fourths 'of this are'a. Also 
included'would be -about, 4500 lookS'at 6000 of the high priority targets 
of interest to,'DoD and USIB; In c~n,' a single QAMBIT mission by 
1970 will provide higher' resolutio~ _·3 foot) photograp~y 'of 1500 

,of theae targets. However, since this GAMBIT'adssion will photograph 
JaUch ,les.than one per, cent of 1;he area: covered by tbe HEXAGON,· GAMBIT 
does not perform the II search~' function. , Today. this function is per-

, fQrmed by the' CORONA, system with .., to 10 foot resolution. ' 

4. '.the 2.5 to 4 'foot resolution of HEXAGON is markedly more " 
productive than the CORONA t to ·10 foot resolution., ' DIA, CIA ,and NPIC 
studies ,on, the, value of re,solution indicate. that there isa ",breakpo'int'" • 

'iii' re8olution productivity at the 3 to S foot range. For 'example,' -the· : 
: loWer', 7' to 10 fQOt ,resolution of CORONA will detect the' large features 
as80ciated ~rth ICBM' deployment, aircraft," and' 8carr1rig for ~ons~ructioD. 

HEXAGON-like resolut,ion is, needed to identify' smaller vehicles ~ 
weapoDs, and specific types of cODstruc,tion.' Becauae ot'the. value of, ' 
HEXAGON resolution, we conclude that more ,'than balf of ~he targets now 
covered by', the. GAMBIT system c.o~d be adequateiy covered hy HEXAGON. 
1.180, as long a8 surveillance is' oJ'e ,of ,its objectives" GAMBIT missions " 
cauDot be optimized for high' ~e80lutloo;, techntcal,intelligence objectives. 

. 5. We have identified three major contributions' to intei~igence' that 
are,uniguely p08siQle with a HEXAGON system: ' ' 

a. It will significantly improve our ~blllty ~'o search !!2!!. 
frequently and thoroughly the entire Soviet,Unton and China for new 
activitY,or to' provide confidence that suspicioU8 activity i~ not 
und,er way. - , 
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. ' b.' It will significantly improve ou~, intelligence on gr~und , 
forces by p'roviding better and fastel: understanding of' force readiness, 
logistical·.s~pport, . and major redeployment •. ,Specifically, it wilt be 
p&rttcuiarly helpful in detecting redeployments of Soviet forces " .. 
towards NATO, China~~lities of Chinese forces :and their 

y deploymentjand the ~orces. If a'satellite is in . 
orbit durinl a,·cri8is. (roughly sen.' 11k.lihood w:Lth Option· II, or III)' it 
'can provide excellent intelligence,' after-delays of a few days or a. 
week, on ~orce deployDaent, buildup, and w1thdrawal~ ., 

. c. It will unigue1x'enable us to detect and asseas mobile. 
forces such as ICBM'.s, IRBH;8, and tactical' offen8ive and defensive 
m1a811es. . 

6. '. We have' identified more than twenty· cases where minor improve-
1P8nts_in intelligence will' be p08s;Lble and we expect that"these would 
DUmber .in the hund~eds. Typical examples include the abili~y to: 

. a. Reduce pe~ipheral and overhead air reconnaissance. 

b.' Improve intelligence on reg1~nal l()gistlcs, depots and 
transportation. 

- c. Increase und'ers tanding , 'of activi~1es at R&D facilities and 
at research'institutions. 

d. Provide better intelligence by allowing more extensive 
correlation of COMINT and satellite photographyofal~ and,naval 
activities. . . 

e. Improve intell~gence on number. and locations of air 
.defe~8~ x:adars. 

'We dou~t ,that these',many minor improvements would, in themselves, 
justify. deployment' of' HEXAGON but· they will p.rovide a significant 
bonus value if HEXAGON is deployed." . 

7. 'In the .areas of fixed air or missil~ . defenses, naval force'., 
~. long range' air,atomicenergy, and fi~ed ballistic missiles, we' have' 

. not been able' to identify major intelligence problems for which 
, HEXAGON would contribute s.ignificantly. However,' the unexpected value 
of the GAMBIT system to intelligence on ground forces 1s but orie example 
of the inability to predict ,the value o.f a radlcally new system such 'as 
.~OON. . 
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8. The major disadvantages of developing HEXAGON are' cost, 
developmental risk, and conttnuity of coverage. W:Lth regard .toco8t, 
if HEXAGON is not developed,' the NRP· budget could be reduced in the'· 
FY 69-71 period. This·reduction may b~ desirable 'as pressures increase 
·to 'deploy new photo, systems. such as MOL or an Indications and Warning. 
System .(I&W), or' to depl~y electron1cand tR systems. Some of. these 
Don-photo.syst.ms may receive unexpected priority .a a re.ult olan , 
arms limitation agreement· or 'a sudden turn in the developme~t in'Soviet 
~trategic forces •. However,' the outyeax: annual cost· of Option II., . 
aust~re HEXAGON; is about the same as' that of a CORONA and GAMBIT . pro- . 
gram withoutHEXAooN. If HEXAGON developmental costs. are amortized 
over five or mOre years, HEXAGON need not cost much ··more.' 

9. With ~egard to developme~tal risk, the'HEXAGON development is 
in its third year •. All c.omponents ar~ de~igned and engineering models 
are being completed .and t·ested. There'i$ a general consensus that 
hi~h risk. areas are 'identified and under control. 

10. With respect to continuity of coverage, if HEXAQON is cancelled,' 
7 CORONA and 7 GAMBIT missionspe.r year will provide 14 attempts, an 
estimated 12 successfut launches, and 230 or more days of coverage •. If' 
the.austere·HEXAGON option is selected, this will mean only 8 attempts 

/ per year, an'estimated seven' successful launches, and 175 or more days 
of·cov-erage. The 'latter program leaves more gaps in coverage, particu-
larly. if two successive lil1ssions fail.' . 

11.. The a~stere HEXAGON option .should provide about as good coverage 
as is being achieved today. It will also provide the unique HEXAGON 
benefits of high,resolution~nd faster search,'mob1le ·force·detection,. 

,and better ground force coverage. Continuity of coverage will be 
somewh4t less. . 

12. Another advantage of deploying HEXAGON is that it Will present 
more options in the early seventies for. mixes of photo reconnaissance 
systems. 

a. If HEXAGON 1s developed and if the MOL development.leads to 
an operational, very high resolution system, it seems likely. that the 
GAMBIT sys tem may . be terminated. . ' .. 

.. b. The HEXAGON.launcher and space vehicle are being developed 
to carry the MOL-DORIAN optics. If HEXAGON is cancel.1ed, the option of 
unmanned sy'stem with DORIAN opti,cs won' t be' availa~le. 

. . .. ...... 
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c. The. cORoNA. syst'em h~s rea~hed' the limi.t of :l:ts, improve~nt. ' 
The current system uses a Tfior-Agena launcher with a fixed-film 

,'panoramic camera., A slgnif:l.'C'ant :l.mp'rovement to the system to ~'rf.na 
resolution below five feet would require "a new booster 'and an optical 
bar camera., This development would ,entail a develop~nt co.ting several 

. hundred million dollars.' On ~he other hand', there 'is a,very significant 
potential' for evolutionary imp'~ovement in the ',HEXAGON sys,teUl ~ncludlna 
loaa.~ ltf. and bt.h.~ ~ •• ol~tion. . ' , , 

d. It may be desirable to modify HEXAGoN or to increase the 
number of HEXAGON missions per year so that a HEXAGON vehicle 1s aloft, 

, more th~ got of the time. This capability,would provide crisis 
, coverage of any area wi~hin.a week or se;;eral days if .critical. 

13. Accordingly, we conclude. that the austere Option II is preferable, 
to cancelling HEXAGON. ,the major advantages o£ the planned'HEXAGON 
program (Option'III) over the austere HEXAGON program (Option II) are: 
1) 30~-fa8ter search, and '301 mOre surveillance and 2) better continu~ty 

- of coverage of important surveillance targets ',(if one HEXAGON or one 
GAMBIT fails we a4 to: 5 month gap' in coverage). 

'" Option III ,requires FY' 70 for long-lead time items 
and will require at in annual operating 'costs 
after FY 7i. Therefore, we recommend, tentative support' of .option III 
by (1) purchasing rong-lead time items' in FY 70 and (2) requesting a", 
DoD and USIB analysis of requirements for a mix of 'HEXAGON aDd GAMBIT 
systems.' In the interim, the approved mtx should be ago in Option II, 
austere HEXAGON. ' 

. 14. If HEXAGON is developed, the FY 69-FY 70 technology development 
for an Indications and Warning (I&W) Sy~tem shouid procede"at a normal, 
unaccelerated pace unless one is' ready' -to justi..fy the system- 801ely' on 
the basis of.warning vaiue.:, HEXAGON will provide some' of the crisis 
benefi,ts -.nd ~s.~ 0'£' the peacetime .. ,~eneflt"",of 40 I&W 8y8telll~ 

'11I~ - Current Requirements and Capabilities ',' 

'l.'he USIB req~irement8 for photo, satellites . include 'search,' 
surveillance,' and te~hnlcal intelligence. The 'NIP operates the CORONA 
'(7 to 10 foot resolution) for II and for,su;velliance of large' ' 
complexes; it Qperates GAMBIT' 3' foot re'solution), for ,technical. 
intelligence and for surveillance 0 individual targets. '_, 
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The GAMBIT is1imited in areaqoverage arid to.a few targets in 
dense areas; ,e.g. of 122 targets in the Moscow area, -an av.erage of" .' 
approximately- 30 targets per mission are, photogra.phed. ' On the otb~r 
hand, CORONA. phocolraphl approximately eiaht million,.quare mil •• , 

,per mission. ' '(This product includes, much cloud. coverage,' mapping' 
coverage, ,and coverage outside the Soviet Un~on, but represents ,an 

. area about as large as ,the Soviet Union). " 

USIB has" ldentif'ied ,four major r~quirements for the CORONA 
system: 

a. 'Each six months cover 80 to', 90. per, cent of the develop.~d 
areas' (6.'8 million square miles) of the soviet Union and China. In 
this role, for example, the system has discovered most' starts 'of 
fixed ICBM's and SA-S Tallinn sys tems.' ,. , " 

. . 

b.' Each twelve months cover 75 per' cent .of the' underdeveloped" 
areas (2.8 million Bqu~re miles) of, th~ Soviet Union and China. ' In 
th~s role, the system ~etec~s developing areas or targets·that will 
require higher resolution coverage •. ,To date, one of the most 
important result~ has been,to"negat~" i.e. indicate that suspicious 
activity was not taking .pla,ce. - ' 

'. c. Cnver with medium resolution, clusters of, targets such as 
missile ranges or highly -~eyeloped areas which can only be partially' 
photographed with the higher resolut,ion GAMBIT system. 

d.' Map or search an additional 12.5,mil~ion square miles per 
year. 

TheCORONA'syatem has been continually improving during it's 
lifetime 'in resolutl~n, mission lifetime" 'and target capaci"fy as 
shown in the f~llowing table: 

N~er of Missions 

Total days on Orbit 

Percent coverage of 
develope~ areas 

TABLE I - CORONA IMPROVEMENT 

. !I...§! .!1...2! 
12 8 

48 130 

301 ' 701 

6 
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FY,69' (Projected) 

7 (6 successful)' 

108 

80'1 
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A 811iht addltic,llal iJlProve.ellto·fCOaoNA 1a 'already ·pianned'. !/', 

the .requirements ·and capabilltl •• of. the GAMBIT'sYst •• are , 
.,,, •••• ,, £" C.nI. of • UI%I li.t of tal'l'" "ith ""0"'" loo.c'o".~, , 
At present. thia list includes about Sooo-6ooo targets in the Soviet 
Union and China Which require coverage for surveillance and' technica.l 
lotell1jence. ". . 

, 1'he USIB requireMnt .expresaea· the nuiabero'f: quarterly,: aeali-' 
annual, and' anQual,: photQlraphs that, are' de'sired of sel.cted, ,t.rseta , ' 
on this" list. At present. 4200,'lookaper' yea~ 'la the expres.ed require..;.'" 
1I8Qt. " -' ' 

, 'lbe·' GAHBIT syste. has been 'continuously' improving. 'particularly in: 
terms ,of aisslon life •. Slnce tlla quantity of fi1. on board 1. not a 
serious limiting factor, longer life means iDore acce.se·s ,:to' tarle-ts 
and bett.er ability to .ieet. the-~SIB require_nt:, '. ' , 

. !I LaatAuSU8t, we thought, it might be possible to d'.velop an i!proved '. 
CORONA (aa a 'competitor to HEXAGON) that would provlde a ,resolution 
ioter.ediata 'to CORON. and HEXAGON •. We'DoW conc~ude that,th~8~~a 
not· ,desirable' for reasons auggested in "the' fo~lowini table: . 

'. Kew o'r . , , 

Ie .. i~inl· Develop· ,Contract 
,/ System Resolution iient Coata. Arrangements 

CORONA 7-10 ft, Ca.pletect . 
. 'HEXAGON 2-5 ft 
I~~~ve .. nt #1 S.S-S·ft 

Completed . 
·Sole. source of . 

Improvement 12 4-7 ft' 
_ COROHA, 

Rev competltion 

. 1be first improvement would provide only mar8'inal1y better resolution at 
aach hisher operating coata. _. ,The aecond would have development co'sts aa 
h~ah or higher ~hall lIBDGOH. . 
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TABLE II ~GAMBIT IMPROVEMENT 

A~rage Life/Mission 
'li.eal xear . ' (dax,) 

68 I, 

69 
70, 

,10 
10 
IS' 

Numbet: of 
'Mittlon,-

Number of Quarterly 
Unique Lqok;t . 

'8 2100 
" ,8 2000 

7 (6 8uccess-2600 
"ful), 

, . 
, If the HEXAGON is developed, it ,will, be able 'to ,satisfy '(1) the 

searcb requirement currently 'satisfied by the CORONA and (2)'m4ny of 
tbe surveillance targets now covered with the- GAMBIT. In addition, its 
2 to 4' foot resolution over, large 'areas in ',8 period 'of 30-45,d'ays will, 
provide a volwne of detailed coverage never achieved before. Accord-' 
1ngly, the value of, 'the HEXAGON can only be determined 'by considering . 

. ·differing miltes,' in the short run, ofBEXAGON and GAMBIT and,' in, ~he 
. longer run, of MOL, unmanned systems using the'MOL optics, and contin-
UOU8 surveillance systeDis for indications 'and warning. . ' 

IV. Short Term Options 

We have evaluated three options as follows: . 

OPTION I ,-Cancel HEXAGON. Cancel HEXAGON immediately. For pY 70 
and after, continue the GAMBIT and CORONA programs'each at seven launches 
per year ~ith six successful expected'. . . 

OPTION II'~'Austere HEXAGON. Phase ·doWn the'CORONA program·as 
planned and by FY 7,2 reach a level in the GAMBIT and 'HEXAGON· programs 
of.four launches per year each with an expectation of more than three' 
successful each. Roughly speaking, this' option' would provide' about',' , 
the same level of search and surveillance as i8 currently. being' 
achieved. ('.1'bis assumes that HEXAGON'w1l1'bedeveloped according to 
plan and that' laun~h failurei are, not '. excessive). 

,OPTION III' - Planned HEXAGON. The' same ' as' OPTION II, only reach 

--. 

a level in the GAMBIT and HEXAGON pr.ograms· of five launehe8per yeaT. 
each, with an expectation of mar,e than four: successful. each. This option 
would 'provide significantlY.better search and 8urvelilarice than are 
being achieved today. " . 

Table III compares the launches and costs for each of these Options. 
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OPTION' I' - Cancel IiBXAGOII 

COlORA - 1.Qno~1 
• co.te 

IIBXAGOH. - . coa-ta . . 

.. QAMlIT-3 . - la.che. 
- costs' 

, .. lapact on UTAI 

,Total' Co'sta 

. OmaN It - Auater_ HEXAGON 

COlONA. - launches' 
.,.. - costa 

~ - launch.s 
- coeta . 

GAMBIT-3 - launches 
, - coats 

. Total Coat~ 

. (t.· tn . Millions) '. 

rt.cal Year. 
. <II. §! Z!! . . 11; .11· .u. 

.": ~. 

. ::i'., 

'OroOM III - Planned BBXAGOH· .'. .. . '" ... 
• .' r I~ t • • 

COR0H4 - launch.s 
- costs 

BIIAGOH - launches 
- COtts 

GAMBIT-] - launches 
-. COlt. 

rotal. Costs 

SAVING: ' 

OPTION· III - OPTION I 
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Option I ·'Cancel,HEXAGON 

Optl~n "II - Austere '!mxAGON 

Option III - Planned HEXAGON 
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'Op"on III 1a the prograa recoaaend'ed by the NRO .(wi th the .inor' . 
uception that,' in Option ill, the ~umber of, GAMB~T launches i8' reduced' > 
to five per year atarting 'in Py 72,rather than aix). ,Cancellins 

, ,reduc8~he Fr,69,aa.d ~ 70 budseta'by 
, re.p~ctively. ' , . 

v. LoY' Tent ~tion: 

In addt t~on to the CORONA, GAMBIT, ~ and,'IIEXAG:ON' SY8 teDis , two other 
Iystems may be deployed in, the 1972-1975., time period: 

,1,. ,A manned or tlD1ll8nned follow-on tothe!IJt!IiEevelo ,n~ program. ," 
Tbis .new S1stel" would- provide resoltitiona of or bett~r ~ut. " 

,. ,with .. field of view of ,le8s than two ailes'in ameter or ,each. ,t.rae,t ' 
photograph (compared to five or mo~e ailes for ~he'GAMBI~). ' 

2. An Indications and Warning System (I&W) that would cODsist, of" 
ODe or more satellites continuously in orbit, each capable of, trane- ' 
llittinspicture~ of 100 or more tariet. per day, t~' .ground .tations, " , ' 

tiD'. day' or hours. Su~h a system-could have a best resoluti9D of 
5 feet.' 'l'here i. a consenaus that HEXAGON-like reaolution' I , ' " 

or 3 feet at nadlr) would be needed and. adequate. ,..., ' ' 

',At this time there is c~naiderable uncertainty with respect "to the 
Deed tor.' and fea8ibil~ ty of' ei the~, .,. tem. . However, 'we ,think 'i't '1. 
t.portant 'to cODeider the effect of theee potenti.1 dep10ymeDts o~ 
BED.GOH and, conversely, of HEXAGON on'them. 'If' HEXAGON is, deployed, ' 
it will probably be the search syatem used (and tmproved) until at least 
the late aeventies. " '. 

: If ,th~re" 18 a re,&sonab1e1ikell1iood ,that a follow-on very high, 
-resolution S1st .. will be developed, thenthi. likelihood arguea for 
COIlt:tnued development and deplOyment of the lIIXAGOtf. ''J.'he reason is 
, .. :'follon: ' " ", " '", ',', '" 
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Candid_tea' for follow~D .yate .. ranie fro ... ting the HDL~DOBIAH 
optics to the BlIlGOH Orbit Control Vehicle all ,the way'to co~tiDUiD8 ~ 
iadefiaitely !IJL _nned ,flight •• , , Rough eati_tes of typlca~' ~1It-...... '1"'.; He .• ..,.&-•• 'i" 'he '011",_ ,.b1..' a ~' 

Szstea', 

GAMBIT 
(without B1XAGOR) 

GAMBIT 
. '(wi'th' BEXAGOIt) 

U ... Dlied "ool1AR1 

Haaned' MOL 

. . 

tABLE V - SURVEILLANCE CAPABILITIES 

Succel.ful 
" llililona!year 

4 

2-3 

2-3' . 

,Operatlns, 
Cost/year 

USIa ' , 
Taraets/year .' 

16,000 

'11,,000 

6-9,000 

7-11,000 

If BEXAGOH :l.a DO't developed, 'the a_IT, prog~ .. ,would probably not.~', 
be "tOpped 'even if a very hi'Sh resolut:l.on ayatem ia deployed becau'se 
it woul.d a.Jhe cheapeS.t, way to get ,1-l0,~0.', targets' per year not' .' 
r.quirinsllllr.aolution. The GAMBIT launch •• ·.t8h~ced to , 
2-3 ·pe~'.7ear but this would increa.e ~nft costa to_per launch., 

. , 

On 'the other hand,a decision to deploy the HEXAGON will ~t aff.c,t 
the need for a very' high reso=-u a. the 2.5 foot be.t HEXAGOtJ 
reaolution will not satiafY,the or better cllpabilitythat can 
ba ,pr~ded by . the GAMBIT or ,'" _. ' ' ,: , 

With re.pect; to the 'Indicationa ,and Warning'St'stem (16M), a deci.ion 
to deploy'HEXAGON should delay the introduction of .uch a systea to 
'after 1.975 :unless a very biSh prior:l.ty:i, placed ~n the development of 

~ 
ao1ely fo~ criai. unaie1Bent aDd '8tJ:atliill!C varni • ' , 

i. ueeded ~o develop theI&W Syst .. ,,,, 'per year 
o opera e t. The intellisence Worth'of .uch' •• ,.te •• ou e ...... ed, 

p.rtlc\llarly conaiderinl the avallability of ,the SIl-71. TAGBOAID and other 
, ',cI'l"OII8. for: cri.i, .tt_tioDa~' ' . 
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. Ali 1&W Sy.te. ,is particularly attractive ·1f the' ~rlsi. capabiif.ty . 
,of the .y.t. cali be Used' duringpeacet~_, ,on a daily basiil .. to cover 
.uneillanc:. ta~iet8., . Fo~ .xample. ,,, ' •••• 'dl .. ua ••• ·cwo~ •• l.ll't •• 

: I ee Sloet HM :_,at. -Ihe 8011p •• e wtth"~ .• " GAMB!t al .fellOW'" 

- TABLE VI - HIGH RESOLUTION. SURVEILLANCE 

, Best Re8olution 

. SuccessfulM1a8ioila/year 

USIB t.r8et8/year 
(thO~and.) . 

.c.AMBIT, ...... 
... ; . 

6~ 

'16" 

IIBXAGoH l§!! 

. 2.5 ft 2.5 ft' 

4 2 alway', 

50-100 70-140 

in orbit· 

~f an 1&W Syatem could' be' d~veloped 'bY'1972~1914, it would per'fom. 
the 8urveillance function of the liEXAGOl.f (but not the search function)· 

. and would argue sharply in fawr of .keepins the ~RONA Systeafor the,'." 
" •• arch function. Such a development ia highly.: riaky and would' coat c' 

.. _in one-tilDe 'development ··coa~a. \ ,If HEXAGON is' dep~oyed, ·it .... ,.-. 
~e aa JII81I)' tars.t acce.ses· aa an 1&W System ·and wil,lalso : '.: 
provide searcb asainst 'unknown tarseta. 'lbua, 'the i~C11ate urlency .::. 
of aaIlI8y.tea i. reduced at thi.tlme. . 

.. ,VI. UNIQUE ltaBLLlGENCE· VALUE OF HEXAGON' 

Sisnificant intelllgencequestioDa exiat and others will ariae 
after 1970 wh:Lch could be better answered or on1yan8wered by .a 

'. capability to examine collectively and nearly ai_Itaneously'1arie 
. leolraphlc areas with high re.olution coverase •. HEXAGON· wOUld' 'aupport' 
,the 88aesament of the deployment and interrelationship of complex, . 
• ystems of Dd.lltary" forcea •.. It would benefit .. at· 1ea.at three major ." 
areas of :Lntel1llence: Ground Forcea, HabileForcea, and iroad'Area . 
Search. It would a180 permit'the. a88es_nt o~· significant a1litary ., 
buildup. or chana.s' extending oyer larae·areas.or lnvolv:l.ns reaions' 
'of current Dation.l interest. In addition, 'the value of HEXAGoN 
ze.ol~~ionis8UCh- that·BBXAGoH ~ould provide one~alf to two-thirda 

'. 
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of the ."Mill.nce co"r&a. curreotly. provided b, th~·· GAMBIT ' 
8y.t~. .. . 

'. I 

. !be BEXAGOR_tea'WOu d contribute ·uaique17 .to ~otel11Ienc. 
on Soviet, Chinese, around forces. It Would raise our 
~erstandin8 of the 0 ers, capabilities aad readlnes~ o·f ~he.e . 

. ... forces to a level cOIIIParable with. that .we have. today of operational 
Air Befense, Hissile, . Air' aDd·· Raval ,"orces. . 

Blah re.olution GAMaIT.photoaraphy hu beco.. the'~ •• ic tool 
. for .aDaly.illl· ground force probleM. In,:.tbe paat few years t it bas. 
·lr •• t1y i1lproved lotelliaence Oll Soviet and Chinese· ground force. . 
iii areal lucb as: identification, ·type, and location of· diviaions; . 

.. ..,unt of.heavy equipa!~t posaes~ed .by ~jor ·units; the rOle .of t~. ~'. 
civil ecoDOIII)'" inmobilizat;ionj and,. to .. _ch -leaaer: extent, . rein- ." 
force_n~ capabillties. .. . '. . ' . 

.. 1.'h:ts dependenceoD the 0-8 i8 reflected by the· fact tha~ 
eo.uniat around force lostallat.ions ~.'comprise 41i·.of. all h1ah 
resolution. targets specified by. USII ·for coverage.· Becaule of· the' . 
lbd.ted capacity of the '.m-a .yst'eli and·· the lOwer relative priority 

. 'of lI"ouacl force ialtall_tiona·". the USIB ha., ·11111 ted. t~ mni..... . 
frequency requiremeat for ground force inltallation coveraae to·once 
ever" two 7 •• ri. ~r.ov.rJ '.iace the requirement. for co~r.'e' of . 

. the .. Jor ioatallationa alone exceed the'lH-8 capa~111ty. 7,000 lower 

.:'" " 

. .. ;.' .. 

. . ·priority ground force tactical troop "and logi.tical installations are .. .. 
Dot taraetted. . . ' ....... -,- .... , .. 

However,' the current photo~"~tellf.te. proaraa h~. two ~lc , 
ahortcoadng8: we can't cover enoup Unit. and locationa and we can 't 
cover·~ of the. of teD enou~.It 1s eati .. te~ that the SlDQ-Soviet 

. Bloc containa'sa.e 10,000 ind1vidual around force targetl requ~rina 
coverage. 1'I1e carre·nt ad.x of sateillte photo .,ate. 1. capable of 
proVidiaa act'quate aadiua·re.olution cover .. e· of the PhY8ical 
"characteristics of, II:llita1'l iytallationa but, cannot provide the 
Deces.al'J' quant'ity aacI frequency' ot· hiah ·resolution .c;over ... which 
ts .... Ilti~l for the _1',.si. of.-th., a11itary unit. at the.e· .. 

. .. iiae tal~tiolUl.' ," ' 

., 
.. 
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•• 0. 

. !he resolution (2·to.4 foot) of BBXAGOHpe~ta identification 
of llilitary vehicles and equi~tby .type- <_cliua' tank, uuek, .' , .. . 

, .. 
. 8t,,1:1-9 ., •••••. ',odlooa •• 'd.1I •••• iolil). .Ir •• ' ., .••.• '''' .• , I.. :, ... '.' . 

. , tra1nins and ataslns' areaa,and reCo8n1ti~n andseneral description' ;"" 
of open military atorage and logistical' support .ctivitiea.·Today 

,01l1y GAMBl~ re.olut1~1l will·permit.thea8·identifications.··' 

. BrOad .rea, high resolution .conc",rrent coverage. of .1arla 
·.t1itary complexes or widely separatedinstallatioos which are part :). .. 

I,,· . of the same targe.t· system would be. p08sible with BE~. With' 
GAMBIT coverage, it i8 geoerally ·impo8sible·to .aiaultaneoualy 'review 
a la1:ge combat unit's disposition. in its .entirety-~for·,exampl", the. 
larrlaon, .~ogistic.8Dd training areaa, of an ar.ored division. Under' 

,- ; .. 

. theae· circumatancel' ,it _y, literally,' take one to. 'two yearl. to piece 
toaether the.intelligence ))a88 and aever be possible to regiater with. 
hiSh confidence change I . which· are d~aaf.c.·· .... . 

lapetltive coverage o'f iround force targets i. required' to' 
i~.ntlfy the changes in' type •. aricI level. of equip_n~ wllicb, vary _ , 

, '81DOng .unlts within the same rt!lional area,', the nature of change~ 'to 
.. phya·lcal fa~111tie8, and patternl of activity ·aslociated. with training. 

and force d~p10ymeDts.· High res'olutionrepetitive coverage a180 would ~ 
. provide for .,re accurate assessments of.' the rate o~ major armaments 
pJ:Oduction and the statu' of known divisional' support' ·Uni,.t~. ,'As an, __ 
elCGlple of' the need for repeti.tive coverage, . recent· j91nt CIA/DIA 
Ground Porce studi.a have .Itarted 'to use ·extensively and now. partly' ' . 

. direc;t the intelligence coilected repeatedlY by aircraft ·in . the Berlini 

corridor. However, theae units are not .. typic~l of thole.-where the . 
Irea~eat uncertainties exist. . '. . 

'!hia.RBXAGON capability would be 'pa'rticularly important lfor the . 
. de..-ely clUstered. ground forCiiII!" ta~ ata . located :'in.' the. we.t.~rn USS~, . '.. . 
eaatern Europe, China Border, where . the.GAMBI'~ .h~s been ~ 
uaableconaistently to 'aatis actor J. meet the collection,requirements. 
ror ·each .tlttar,. district, the producti~ity ofBElAGOH would per.1t 
nearly complete coveral,e .o·f every illportant target at 1 •• st once per 
quarter.and, 'for certain baportant targeta,.higher rates of'repetitive 

'. Coverale .. ,ahOWll in the· fol10.1aa table: .. ' . . 
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·TAlU VII -QuARuRLY' .CO'IBRAC,1! 'oF ·o.,UHD FORCES. 

, , '':31 t.ooD "IIULTlPLI ."q., •.. " I :.. . ' ... ' *es=2/" . PMB . 

. Vara. Pact 322 .. \. . 48' . . 298 810 

:. USSR ,: 942 ··220 916·. 3159 

,. ~ ··CbiDa.~·S07· ·105 ·486 ·1698 

Y . Six 18-day' m •• iona, annually., _ . ';;. . '.' ., . 

: .. 
. .... 

y r~ 30-day .t •• iona aMually , . ' ,. 
11 All numbers in ,thi.' row are 'probably ,'low by' a factor of tWo or ..,re' " . 

·'l'he· ti_Iy ~d. in-depth asaese.;ent of' Bloc· :Grouad rorc~s,' capabi,li:'· 
ties 1. ,not only ·iDlJortant currently, 'but will probably inctaas~ in,' .. 
relatlve 1mportance ,ift the post .1970 period. 'During this tilDe. the.·;· 
8BXAQON would uniquely ,contribute to the fo~lation and i.,rove.ent' 
of lD~ell1lence 8ases8menta,conc$rnlng: . 

. . 
, ' 

1) 'Peacetliae mannilll levela of .c.tive "division.. , 
2) Strell8tb andstatus:of' cadre· units and nc;tn-.cliviei~nal RpPort •.. 

. 3) . Lolietical capablllti.s, of, theater 'force.·..' . . 
4) ·rralalaslevels, ta~tic.,aad doctrine. 

. 5), Major Ariaaments Production. ': ... ~' . ,.' .. ,". ' ' 
6) ~Jor around· force'redep'lo,..a'nta. '., .. '" . 
7) Rapid .edeplo,.ants during .'criais •. . :'., 

2. DlTlCTION or mBlLE FORCES 

Detection and, ,.urveillance of mobile forces -- .trategic or· .. ~ . 
'cODVeQtic;mal depends upon establi.hf.1lI ·the fact •• iiaultaneoual,.· over . 
a relatively broad area'with resolutf.o~,ad.quat. to identf.f.y and 

. dl,ffe,rentiate objects suc~ as tanks", trucks, 'and 'support· equip-nt. , 
~.re·are three'aspects of'unce~talnty for . .obl1e tarlet.: fir~tt 
uncertainty, a. to the .. location· of the ,tarlet vf.thin wh~t .. y be a 
relatively broad,· operatf.~al are. at· any ti_ -- the~:'prObl_ 'ls 
where to look; 8eco~, uncertainty," ,tache number of taraet. in the· 
area -- the problem ,1. whether a .,bile,tarpt' seen at a al~eD point· 
i. or,ie not the .ame one seen previOusly at a differeDt location; 
... third; uncer·tainty ~. to .ether·'a ,taraet ·exlats· In the area at 
al1-- the ,probl .. i. whether ,the ab.eace'of, evidence CD be certified 
.. ,the ab.ellce of force.. ' ,:.. :~ .:., . 
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.. 'While earlier Soviet It}:atesic missile. a1st'ema -~ the SS~S. 88-7. 
8S-8 t 88-9 and, 8s-1l ~~ weta ·fixed ... tbe_.~ .. we~. s,stems --'SS~12 iI . 88-13 
a •• 1-14 '., •. fIOY •• bl. Of _"Ie. '. VIII ••• , .. , ••.••• '''''01'''. . ..... 
'propellant ICBM - the SS-13 -- for which .s110s are now. belns deployed. ';' 
at Yoshkar-ola, will be dep.loyed In· a mobile 'mode at 80me tiuae in the '. 
future. The IOC. i8 projected a8 19·70~71' with. force' of ,0 to 15.0' . , 

'mobile laUltcheJ:s. . . 

Today the CORONA Search, SY8tem~ withe re801ution 'of 8even to"ten .. ; .... 
feet, adequately proVide8 for the early detection and identification '.~" 

'. ofleBM· 8110 8tart8 •. · Theaverase' time froDlstart of construction· to . 
. detection bas been about four ~ntha.forth~ SS~9 ~110sand a1x'1II011th8 
.tor ·the SS-ll s1108. : However,theae ICBM sys·tems are char.acterized 
by large fixed ~aci11tie8~ .. 

'tWo collection· problems Would severely complic~te U'. s. detec·tion 

. ... , 
.'~ t 

.. 

aDd surveillance of mob!le .systemS:, The first relates 'to mObil':I.~y. ' 
·Wewould need .prompt detection and general identificatio~ o~ vehicles ' ... 
or rail rolling· stock aSBociated. with. mobile offensive systems, deployed 
·over large areas. A resolution of 2 to 3 feet is requlred. Broad' area, . 
high re801ution·con~urrent and repetitive coverage of, ro~d' . a~d . rail neta,: 
8uch as could only 'be . achieved with HEXAGON, would, be required .to .. 

~.~ :. . . . 

. establish ·numbers, locations, areas of operation;" patterns' of. deployment . ~ .. ;,' 
imd make.-up of Soviet mobile systems. Such illformatioa would provide· ., 
the· basls· for intelligence evaluations and' for,the,r.iming.of a .h~8her 

.. re8olution system'.to determf.ne·8Y8t~m detaii~. ..' . .:.' .. 

In 'addition to .,bile and transportable equipment , it. is likely that " .. ' 
aomefixed and observable facilities will be aSSOCiated w1,'th the deploy" .. 
ment of Soviet· mObile syst,ms, part~cularly for 'logistical sUpport.- Such 
facilities ·wou1d probably be smaller in sizeand'more widely distributed 
than· curren~ ICBM support base,. The second problem possibly complicatlnl·· 
U.S •• ~eillaDce of Soviet mobile .syatemS 'could be the concurrent 
eaployiaent of camouflage and deceptiQn to. take .~imum advantage of the ..... 
established mobile capability. Logistic aupport 'and 'pre-surveyed rOad.~· .. -
and ral1 launch p08itions could be. camo.uflagador,. at the very. leas t·,·· .'. . 
.med ·by discreetly constructed support,·acce88and security facilities. 
~e'reaiolution of theBlXAGOH .yatem m1lht~_k8 it poe8ible 'to "discover 

. the •• facilities. """'~" .... . . . 
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. Cb' .. ~ad.CI"'" ,uPPoI'C.~j, ... :.·.: ,'i. ••.•. 
trate the above prohl_.. '.0':' 

. CIJfC1»AC~· . and DIA question". . ..... 
the adequacy. of . current .ad.ll tary. fOJ:ce. ..f;. ~. 

. . and the consequent need for an increaae to .~o~er .. e: of that: . ';,~ .' .. ,.,. ::. . 
country •. Prillary concern .1.a with any 'ailnlflcant chana •• ·:.I.Q the '.,,' . " "'~'. 
capabilitiea 'and loeationof ene.,. air. naval and around' . units', .' '" 
.partlcula~l 'duri erlOda Of~enaf.On.stnce,·' tha, hlah ·.priority .. 
tar •• ts i re cluatered, GAMBIT coverage i8 liadted. 

. Of 79 'ae-lec te tar.et.re~u:.l.r:.l.DS coveraae dunna Py 68 ~ only 33. 
were adequataly covered with 'GAMBl'l and.·of .the ••• · on11 .ten··wer. 
covered at the required frequency. ,,~.pltellllllf.· the fact hat. 'atenaive .' . '.'~;~'.' . 
cl~d-free CORONA coverage. was acqw.r~cl oveseveral _ 
occuiou. durtq ·n 68. oal,. 27 of the 79 tarse • cover.e with COlORA' ' .. 

. . c9wd cover all 0 t . least . once· per. quarte~ ~t a resolu'" : .. ': .. ; .. 
. ve~. coUidered USIJII' .' -'elliaence purpose... rlie RlXAGOH a,.ste. 

. . t:lOll adequate to detect a' current diapo.i.t·ion and co.po.:.I.t:.l.on of. ' .. ~:' ... ' .... ! ~.' 
Id.ll.ta~· _Ita as well aa the level. of.ld.l:.1.tary ac.tiv:l.ty. '. The' are.' ·;.····.r ._; 

COV8zoale capabil:.1.ty .. would allow c~rehen8~ve. ~v.luation. of operati~l.: .. . . 
capabllitie., 'iDcl~diDi relnforce.ant~ .upport·and mob:.l.l:.l.zatlon~ . '. 

'lb. COlt(lfA (because of the re80lution) and' GAMBIT (bec~ua. 
of field of view) have .on1y 'l:.l.ldted capabilities to' U.L'lLI'Y.L1O 

IL:CIL-JL_ .... _ such .' 

8U11)p(,rt ••• . , . 
hi8h resolution :.I.. maadatory, .tDce ·.uch ......... ilt •. will.· require data' 
'oa' p"ecise DUIIb.ra of equl'plllint, by. tJit., in 'qrder .. to lelentify· .type 
ancl eCh.,lon ·of military unit •. involved.':,. -. .. 

ibile unfavorable weather and :l.aabllityto have -daily 
acce •• j even _en vehicle •. are on orb!. t, .11_ t the potential of the 
COlUJIfA, GAMBIT and BEXAGOII s,ste_to provide ·oincl:.l.catlon." tnfOr.at.iOD. 
there i. naverthel •• a .. oh .:.I.pl·f:.l.c~t :.I..fo·Nation which the 11I~ 

I@Ii!IIIii!Ulcirovicle..BBXMDfcoveraae of t~e_durtD8' ~he . 
. could have pe~ttecl .~ .. nt of the. 

e ue. iiiiDl the DAture. compoaitf.oQ .... f.aterrelat:.l.on of '", . 
oppoatDl: force., ..... 11 .. the scale.of actlrit7. '. . . '. . 17 . . . 
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. DYEMAH-TAL£NT·ICEYHOLE 
CONTROL 8Y8T£MS ~ . 

--' 

~ek." :"'. 
on·a 

cons ,I.ne ·.an _elloert ........ ,. .' ':~ 

•• i.,I .... Md.· 10 .~'i'" GOlOMA 'h ......... '" .f. .". b.,u,· , ••. ,." . 
1n an attempt to. 'obtain firm evidence'of the .tatua of. Soviet forcea. . .... '~.: . 

. . 'Bad weather. (wbich'wo~ld affec~ any Iyate.) hampered collection to 
. 80M deBree. '. Re801~t1on, " however ,. . .. 

Soviet force. in coRoNA photography 
':" ..... ', 

". :t· . 

(WfBIT photography waa e~tre_Iy iaapor . ' .. , 
.uch· va .. ' collected.' 0-9 photoaraphy would . have had 8uf'ficient ,resolu-........ ~:.~; .. ~." 
tioD .s well 88 the area cov~rage to. have. obtained·' a.rela·tivalY preci •• 
uDderatariding' of the. location and atatua.o'£ 80me Soviet .units, both '.~': .... " ' 
.~J.ceat ~o the ~order ~nd in the Westera USSR during ·.that period. 

S.oviet Hf.l~ta1y .Build-Up Aloas the Chinese" Border···· 
. . . . 

,'. Datins the- past two years, . a significant'build-up ·of So.viet 
' .. ',round ,air, . and .iasile forces' haa been occurring along the border' 

with Coauaiat China. While the CORONA haa detec.tedt.he improvement .. 
and aew conltX'UC~ion' of Airfields throughout .. the .a~eaJ infor.ation·oD .. : 
the upgrading of equipment of Soviet ground force units and th~ types 

, : 

.'. ~ 

~' •. t 

' .. : 
of ~al11es being deployed along the border bas been developed primarily 
froa hiah relolution GAMBIT photography. (FROG. ad.181l,' units and the .. : 

. new Soviet 7-62' battle' tank are "'ni the it81118 ~eing identified).. .. 
.". ( ..... Jf.t.,. 
It.; 

. Surve1l1a~ce of this particular area haa beeit complicated by" 
two factors:' 

.. (1) !be lensth of th, bo~der (2000 mile.) fro. Vladivostok to. 
' .. ' Alpaniltan. . 

(2) '!h.; aiaultaeity' of ac'tlvity occurrini throushout the 
border. rellon. ' 

Bacause of the broad area' invoi.ved~: th •. aradual ~anS"1oil of .. 
, our intelligence bu. over the put tWo years' haa been paced prlaarily . ".: " 

: . by the spaciog and. capacity of. the .GAMI$I'.f .• ssion8. . The aval1abili'ty . .' ,. ' . 
. ' .of·1IBXACOH would have ·acceler.ated ·tt.e:;expanlion of our, data b~ •. (al '. 

wll ,u our .. aea_nt· ()f the bulld-up), at •. pace eqUal to the. cIyna1c . 
chaJaae. 11IlCIervay. . .. . .: : ~ .. ~'. ,'. . 

\ .' 
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4. BROAD AREA SEARCH 

·HANDLE: VIA. 
·DYEMI.N·-rALENT~KtyHO~ 

. ~ONTROL SYSTEMS .I0'N1'I.'I . 

100000nally we ~ulc1 fly 'Iix suc~ •• ·f"'l CORONA or foul:' '. ,... ".: .. ' t:'n' . 
•• 0 •••• \&1 DIAGON ••• tOft. P.~ ,. •• 1'. !he follow'l\I ·table O,.,U •• ' .. ~~.;.,:. . 

. the' a.arch capabilities of CORONA and iJExAGOR,. For' HEXAGON, . ·two. ~'. ~:-1" " 

... " ... variations are shOwn: !he' initial system which shall have a 30-day" " ~':' 
life and the- o~jectlve .yst_. that should have a 4S~ay life.' \"'. 

. TABLE· VIII ,- PER em COVERAGE '. 
. '. iDitial Objective 

CORONA' . BEXAGON HEXAGON"· . . . > • 

. . 
trl .'~~ 

Quarterly; Built-up ~ea.·· -SO% 751 . '. 84~ 

,Sem!-anaual,'Bu11t-up Area ~. 741- 921- 96~ 

':Almual, Undeveloped Area 901 9ft, 9ft 

In addition,the . HEXAGON system will search with 3 to 5 foot. I.' 

. ... 

resolution. this'high resolutio~ and thoroughness of coverage will,. , 
help to insure early detection and analysis of changed or new. military "..t,~.. ,.~'."" 
activity •. AIso importapt, the search will provide, positive negation, .".;' : 
of sU8picious activities reported from other s'ourees. ' In'the foniu- ...... '~: ; 
1atioD of intelligence estimates concerning the strategic threat. ".. ','." 

. Degatl~ informat:loD. has· equa~ . value to positive. information. ",~... "... 

.. 
5. PRODUCTIVITY OF HEXAGON BESOLUTION' 

DIA has reviewed tb. productivi~of varying resolutions to 
intelligence . production. CIA and HPIC haveaccOalpllshed'slmilaJ: .. 

. zoeviews. Table IX' 'indicates for tWenty major categQries.'·'tbe '~: . 
~esolution needed to detect, generally identify, 'precise~y tcieni:f.fy, 
ancl clescribe. These categoriesaw~ defined as follows:· .. , 

. , 

a. Detection - Location of a class of units, objects.or activity 
of poaible military significance. . ,':,. , , , .. " . " ., .. . . 

b. General Identification -, 'Determination tJf general tara.et 'typ·e. 

c.· Precise Identification - Discrilllinatioll within target type 
of bown typea. .,.,' . 

d.· Descr1ptl~n - Precise conf:lgura~tloa/layout, d~mens:lonal detail. 
cOlllpODent8; construction detail.· .(tjpe', ,.tllala1., hardness); etc. . ' 

19 ' 
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',;..:' 

. ',' 

. '. . 

,Aa • renlt .of thi ....... _nt. we •• ti.te that the IlI'XACDt_ 
could .....oae-h.lf to . two~third. of the. aunelilac. ·l"equZ' .... t. 

". c:un:ent17 .at:l..fied .bJ GAJlBI'f. " '.' ... ;.' . 

.. ,. " 

.. .' 

. :' . eatesoJ! 

Airfield. (Facilitie.) 
'. ··:ac.bel" Ale 
... r:tahtel" Ale . 

. Ifaval I&se. 
.' V •••• l. 

·20' . 
'15' 
10' 

'. 20'· 

·.··25' .. a. Surface Ship .• 
': . . b. Surfaced SubDaarine. 

... " . Troop Iutallations . " 
. Loli.tic InstallatiOGa 

.Grouncl Forces Vahie-le. 
ICBH/l'IIBMJIRBM/ AlIi 
Launch Complexe. ·30' 

SA1II/ AM Site. . 10' .,:. 
Badar Facilitie. 10' 
TelecOil P.cili~ie.· 10' >".~, . " ."'" 
Br:l.dae. . . . : 20' .' ',~, "":':"~'" 15' 

. Hiahway. 30' ...... ~ ... ; .. :, 20 i 

I&ilroads, (include.' ;~; ).:.; .. :~.~f.;.t .... /.,... c •. ·· 

p!=~:ipo:!d~:~:i:!:;! .: .~~: : .. ~'. :.:~~:> ' .. 
Urban Are.. ' .. ' 100' . 
Cout. & Lancli1l8 Beach.. 50' 

. ,. '. Pmduction ·racllitie •.. ' . 
. a. ADrKaterlel ': . : 20' .. 
11 .. Shlp.l1d.ldlnl . '. . .... 20· 

.' ',t .. C •. A1~craftlHi •• :tle.. . 2~'., 
•. " . 't" 

:. . ~ . 
' .. 

~ .' . .: . .' ~ . .... . '.. ~" . 

" " 
.",. '. . .~ ... 

. ':: '.' .... 
'.. . '. . . . . : . . .. '.: ;.. ~ .. ' .. 

': ~: ~; '. , .. , .' ; 

; . .. :. 

, ..... . 

.. 

..... ,: .'"' .. 

. .'. S,· 

·.:3' 
·.3.' ,., .' 

2'·3' 
2' . " 

2'·3' " 

" " 
10'v 
10' 10' ,.' ... 
10' ;. 

" 5-' ... ~ . , .. 
. ", ' 
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