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10-7-80 (!TEX) TEXT 

DE FE!':SE DEPARTMENT'S !NIT! AL Ml LITARI LY CRITICAL 
TECHNOLOGIES LIST A!\U DEPART\·1El\"T OF ENERGY'S L!ST 

OF ENERGY RELATED !\1I UTAHILY CRITICAL TECHNOLOGIES 
(45 Fed. Reg. 65014, 65152, Oct. 1, 1980) 
(For related news item, see page A-2.) 

lnitl:il M!Jil.?rlly Critical Technolo9fe1 
List 

AGEHCY: Office of the Secretary of 
Drfense. 
I.CTION: t-:otice. 

su;.;M.t..RY: The Department of Ddense is 
submitting the following list of critical 
technologies whose acquisition by 
potential adversaries would be 
det,in.cnt;,,l to nat:onal security. This list 
was mandated by the Export 
Administration Act of 1979 in order to 
provide guidance on export control 
matters. 
FO:-t FUa.TH!::.R HffOnt'.t..TIO!I CONTACT: 
Dcputy Under Secre:a11• of Dc~cnse of 
Rrsearch and Engir:ecring. Ir:: e:n;;tior:al 
Prog,ar:-:s and ·1 echncbgy, Office of 
Technology Trade, Room 3B1060, 
Washington, D.C. 20301, Telephone: 202 
694-4777. 
M. S. Healy, 
OSD Federal Register Liaison Officer, 
Washington Headquarters Sen·ices, 
Department of Defense. 
26 September lSSO. · 

Initial Militarily Critical Technolo..,ies 
Ll~ o 

The Initial Militarilv Critical 
Technologies List has-been produced by 
the Department of Defense in response 
to Sect ion S(d) of the Export 
Administration Act of 1979, which 
states: 

(21 The Secretary of Defense shall bear 
primary responsibili ty for developing a list of 
mil itarily critical technologies. In de\·eioping 
such list. primary er.1phasis ~;;all be given 
to-

lA) arrays of design and manufacturing 
know-how, 

(BJ keystone manufacturing. inspection, 
and tes! eq uip::,ent. and 

(CJ 11ooc!s accompanied by ~ophisticated 
operation. application, end maintenance 
know-how 

Government and U.S. industry, to 
identify those elements of technology 
the export of which to potential 
adversaries could increase their military 
capacililies lo the detriment of U.S. 
national security. The Department or 
Defense will periodically review and, as 
necessary. update and amend thE: Initial 
List as part of its continuing 
responsibility to protect the technology 
lead time of the U.S. as compared to its 
ad\·ersaries in the application of 
advanced lechnolcgies to military 
capacilities. 

The Table of Contents for the Initial 
List is presented below. Detailed 
specifications of the list and the 
supportive documentation are currently 
undergoing Government security review. 
Subsequently, an appropriately modified 
unclassified Lisi as refined and 
elaborated by the Department of 
Defense in cooperation with other 
interested government agencies, will be 
submitted for inclusion as part of the 
Commodity Control List (CCL). after 
consultation with our Allies, for the 
concurrence of the Secretary of 
Commerce. in accordance with the 
procedures stated in Section (5)(c)(2) or 
the Export Administration Act of 1979. 

The technolcgies identified in the 
Initial List contribute to the 
development, production or utilization 
of items being cont,rollcd for national 
security purposes on the current CCL. 
The Initial List also identifies certain 
technologies that cont.ribute to items on 
the Munitions List which have present 
or potential civil application. 

The commodities described in the list 
are limited to equipment and materials 
so far identified as either critical lo the 
development, production or utilization 
of end-items of concern or goods which 
would cor:\'ey information concerning 
these activities. The list does not 
address end-items of intrinsic military 

which are not possessed by countries to utilitv; such items remain under the 
which exports are controlled under this • 
section and which, if exported. would permit -control of the CCL and the Munitions 
a significant advance in a military system of List. The Department of Defense may 
any such Lountrv. recommend that certain items on the 

equipment will be in a r:ianner 
commensurate with the CCL and the 
Export Administration Rt>gulatior.s, and 
will not supersede the technical 
definitions of L"ie CCL ur.til further 
refinement dictates suitable 
specification re\'isions. 

The Initial List is its el: not intended as 
a control list, nor is it i:"lte:ided c:s a 
substitute for, or an ad.:iition to, L,e 
current CCL. nor J::es it supy!a.:t t.'.e 
case-by-case review of export lice:-.se 
applicatio.:?s. Further, the specificity 
with ·which the techno!::gy elemen!s 
within these areas are ic:cntified in 
many cases r:eeds further refinc::.e:it for 
control deci.sions. Mcreover, it sho~}d 
not be const.-ui!d Ll-:at tec:i.nical da ta r.ot 
listed should be freed frcr.1 control 

In the Ini: ial List, techn ologies are 
defined under four gene.al catt>godes: 

A. Arrays of Kno11·-How (includ ing 
design and r,,anufacturi::g knuw-how) 
are the know-hc,w and rc-:ate.:: lec:,n~c.a! 
information required lo achieve a 
significant deHlopment, production or 
utilization purpose. Such know-how 
includPs sPrvices, processes, procec~:-es. 
S!"'ecific2tic,':• . dC"::gii c3 t2 and cri'.e:-ia , 
and testing techr:iques. 

B. Kers:o:ie Equipment (includi:.g. 
manufacturing. i:ispection or test 
equip:nent) is that equip::nent 
specifically necessary for l'1e effective 
application of a signi:icant ar.ay of 
technical inioroation and know-now. 

C. Keystone 1',fateriais are materia!s 
specifically necessary for the effecth-e 
application of a si,;:-..iii: .. ::t array of 
technical irJom:.ation and l:.Iio,·, -bcw. 

D. Goods Acco:npanied by 
Sophisticated Know-How are goods. 1. 
the use of wr.ich requ::-es t.1e prov:, :c ::: 
[disclosure) of a significant array oi 
technical ir::o::nat:on a:::: k::iow-!:::w 
(including opcra:ion. a;:i;, !i:::2tion or 
maintenance k.,ow-how) . and/or . 

2. for which embedded know-how is 
inherently deri,·able by re•,;erse 
engineering, or is revealed by use of the 
goods. 

(3) The list referred to in Paragraph (2) Initial List be controlled through the 
shall be sufficiently specific to guide the Munitions List (IT AR). while certain Contents 
determination of any official exercising items presently on the CCL may be 1.0 Com peter '."\elworks Technok:.v 
~!t_on licensing responsibili t:cs uncer this recommended for decontrol. 2.0 Compu ter Technology -· 

(4 1 me initial ver5ion of th:s list referred to The Initial List and associated 3.0 Software Tecbolo;:\' 
in Paragraph (Z) shall be co:np!eted end detailed documentation of list items 4.0 Automated Real-tim·e Co~trol 
p .. \/ i, ': ed in a:. h;,Jprop:iat e fc.r.:i L, the shall pro\·ide guidance within the Technol ogy 
Federal Re~ister not later than October 1, Depc.Wnent of Defense for the review of 5.0 Materia ls Technol ogy 
19i.l0. these r:xpo~t iice::se ::;-,;::licaliom that 6.0 Direct£>c En e~:-Y Te: ':.--: olc- ;:n.· 

T
L 1 p ;:: ~:.:\;:\ ir: ·, ;, '.-.·c:C~ t.: :,ns :~rof 7.0 Sc::-.i:., . ::~ ::_: · :, :::..: :=::: =~'.::: 
i:e 1:-.i ::~. Ls: bs L ·:.i c c: ·.-.:.'.~ ,i ::c by , 

lh D t f D f h h 
AAow-hov,• to \V2rs3w Pact cou:-,tries. Co;;;-i:~ c: ,,t Tf-cr.n o:c ::\' 

e epar ment o c ense. wit t e ,., 
cooperation of th ~ p , f th Uc The application of the Initial List by the 8.0 bstn.1r:-:cn tat1on Te::-:.olcgy 0 er ae,_nc,es O C' - Dcp3rL,1cnt of Ddtnse to Ll-:e e)'.port of 9.0 Tclecc::-:::::J:, ::at io::s TL c:::i o! :-:;:·v 

Publish<·d bv THE BL'REAl1 OF '.,ATlO'.\AL AF FAIRS. l'.\C., \\ASHl'.\GTO:s; , D .C . )uOJ7 



-
10.0 Cc,,:,;m:~lc:?lion, 1.:e\·ig:1tion, 

Guiddnce and Cu11trol Techoo!ogy 
11 .0 Mic.-owa·,e T;:chr.c,:ogy 
12.0 Vd-.icular Technology 
13.0 O;;: :cal and L.:~or Techr.::,logy 
14.0 Se:-!5or Techn0l0::;y 
15.0 Unc!crsea Systems Technology 
1C.O C};c :r:i:::d Tcc~..::C'!c~ 
17.0 Nuc1:?ar Specific Tedmology 

(Draft being finalized Fith the 
Dep.nrtr:-if:nt of E.'1:?:'!n' for later 
pub Ii ca lion) 

1.0 Com;,u~. 1-;eh\·o~J.:s Technology 

1.1 Network Architecture 

1.2 lmp.'emen:at.ion Techr.ologies 

2.0 Computer Tcc!:;Jobgy 

2.1 System Architecture Technology 

2.1.1 Genere! System Architecture 
Technology 

2.1.2 Processor Architecture 
Tech:iology 

2.1.3 Memory Hierarchy Technology 

2.2 Systems Hc,-dwa:-e Developznent 
and Production Tec!uw!ogy 
2.2.1 Computer Hard\',,are 

Development Tecbnolo~ 
2.2.2 Computer .Hardware Production 

Technology · 
2.2.3 Co:-:iputer 1'fanufacturing Control 

Sj·slcm lC!-.1CS) and Co.;:;1puter• 
Assisted ~fanufacturir.g (CA.¼) 
Technology 

2.2.4 fotercor.nections Tec\r.ology 
2.2.5 Prnductio:-. TesGi.g T~chr..:i logy 
2.2.6 Computer Cooling Technology 
2.2.7 Power S.:p;:ily and Distrib.ltion 

Technology 

2.3 Digi!al C::,:r.puter System 
Utilization Technology 
2.3.1 Co~puter-Assisted S::·vicing 

(CAS] Tec:i.,ology 
2.3.2 Computer System! Confip.ration 

Man;;g~:r:~nt Technob,;y 
2.3.3 D:~i:al Ccrr.;1t.:ter ~-ecuri ty 

Technology 
2.3.4 Cornpu!e: r-A~$:sted Trsining/ 

Simulation Technology 

2.4 Logic and Hig.~-Speed Ma,--;:ory 
Asser.2bly Technol";;Y 
2.4.1 Scmi:::ondu:::to: Lo;;ic and Memory · 

Assembly Technology 
2.4.2 Magnetic Core Memory 

Technology 
2.4.S Josephson Junction Technology 
2.4.4 Charge-C-:>up!ed Device (CCDJ 

Me:nory Ted.:~c!::gy 
2.4.5 Mat-;1e!:c o\JLble Logic and 

?-.femc,ry Te:chnology 
2..4.6 Mc!gnetic C:o3s-Tie: Memory 

Tech '":clo;y 
2.4.7 Flo:t:d-Wi.re :.'.ezr,.:iry T&c:ir.ology 
2.4.8 Mic:-,0 ;,:-occss.:ir Tec\nc--lcgy 

2.5 Starcse T,ch::oJogy 
2..5.1 ~-~. _~t.: ·>: / 1' ~: : .. :-:~:~ 

';°L;_~: .. : > ;_y 
2.5.1.1 Magr,e:lic Disc Rcad/'r'r'rile 

Head Technobb]' 

1t.:XT 

2.5.1.2 ? .. 1A."liCtit Ci.:.c ~o~o:ui:.1£ ?,:ewa 
T.::cbo!ooY 

2.5.1.3 '.','i..1cJ:;;:;!~r Di~= Tcch .. :olcgy 
2.5 .1.4 F1exible Dbc Drh·e Technology 
2.5.2 H3~etic Ta;,e Stor115e 

Technology 
2.5 .2.1 Con\',mtional M:i:;netic Tepe 

• Drive Te:::!--_'"lc-bgy 
2.5.2.2 Cartrirl8e/Casette Technology 
2.5.3 Other Slor,1sc Tccirnology 
2.5.3.1 Electron Beam l-.fomory 

Technology 
2.5.3.2 Cplical Cryogenlc Memory 

Ted1I1ology . 
2.5.3.3 Holozraphic/Laser Memory 

Technology 
2.5.3.4 Video Disc Digital Recording 

Technology 
2.5.3.5 Archival 1-:fagnetic Tape 

Me::nory Technolozy 

2.6 Digital Computer D.';j:lay and 
Parip,iual Tec.inology 

2.6.1 .Alphanumeric &nd Graphic 
Teiu1Inal T:::c~.nclo~ 

2.6.2 .Per'.ph:!r.al T~c .. h,-:~logy 
2.6.2.1 c :.;H:il f::t-B:'!d Tzc!ino!ogy 
2.6.2.2 r-:0:1-ImpJct Li..o !).bter 

Technology 

2.7. Ana/03 and J!/btid Computer 
Technology 

2.8 Other Related Technology 

2.8.1 Speech Processing Technology 
2 .8.2 Artifice! lntellisence Technology 

3.0 som\'ARE TECHNOLOGY 

3.1 D2velopment Environment 
Technology 

3.1.1 So:tware Life-Cycle Mam.gernent 
Technology 

3.1.2 So!tware Library Data Base 
Technology 

3.1.3 Software De,·elopment Tool 
Technology 

3.1.4 Formal Methods and Tools for 
DeYelo;:i i.ng Trusted Software 
Technology 

3.2 Operotions and Maintenance 
Technology 

3.2.1 Maintenance of La:-se Software 
Product Technology 

3.3 Application Software Technology 

3.3.1 Secure Soft·1vare Technology 
3.3.2 Large Self-Adaptir.g_ Software 

System Technology 

4.0 AUTm.fATED P..EAL-TThfE 
CO!\'TROL TECl-~OLOGY 

4.1 Utilization of Digital Processing 
Technology 

4.2 Analo2 ond Hyb.-id Computing 
Technique Technology 

4.3 Disj)!ay Technology 

4.4 Re!c:ed Sof:11·are Tec.~nology 

5.1 Metals and Alloys Technology 

(ff EX) 
♦ - - •• - . 

.il,-, -\,.\) 

: .1.t ~,~:-7,:~!c ~:-1 ~ l~::.:·:-;~:::: ~ . !~~=~~ 
Ti.~~.;-,v~:-~; 

5.1.2 r,~!c.~:t~•:?. a~-=-d A'~:'i'."B T t ~~.r;c~o;y 
5.1.3 Tilu:-i lu rn Alloys Teckok·!>Y -
5.1.4 i-r:~h-T .!l'lfo:oL.::e Ce,::. :t:.;;3 

Tec!-.nolog for SuperaTioys and 
Tit.:nlum 

5.1.5 Niotbm {Columbiurn) A1loy1 
Technology · 

5.1.6 Mcl1b,.:lemi.-n Allo:,•s Ti:c~:-• .:ilcgy 
5.1.7 · Tun:sten Alloys TP.chno!ogy 
5.1.8 Cnstir'.S and Coating Technology 

. of Intricate Ho!Jow Sui'er~lloy 
Shapes 

5.1.9 Pl&sma Spra!;ng Technoloey 
5.1.10 Ad\"!inced Powder Me\al!urgy 

Tech.":olcgy 
5.1.11 Supe,p! ;. s!lc Forr.:l:-::;/ D;ITu~!on 

Dcnr.!l~; [S?F /DB] T~ i.':r:c-1-:;-y 
5.1.12 Tit l::niw:n, :·.: ickel. .. nd :;on 

Alu:;::n! ,'.1c s Tec.'-:.:,:,!::-:y 
5.1.13 Supercond'..!ctir.g 1'l2 t2rials 

Technology 
S.1.14 Prcssu:e Pipe Fillings 

Technology 

5.2 Ad:-anc;:d Co::n;:osi!es Tech.wlogy 

5.2.1 Fi~ers and Filamentary M;;t2rials 
. Technology 

5.2.2 Filarne:1t WL'1: :~g. Ta;:;e wring, 
and lnterlaci.r-,3 Techn olo:;y 

5.2.S Ad·.-anced C:t:anic ~,lat.:i..x 
Compo.;ites Techn ology 

5.2.4 ~.fatal- etd Gra!)hh:-.\!atrix 
Composites Tech,;ology 

5.2.5 C€ra.-nics Technology 
5.2.6 St,r.>E:,?.llcv Coi'"lflOSiles 

Technology· . 
s.3 Processing and For:ning 
Technologies 

5.3.1 Hot !sostatic Pressing (HIP) 
Technology 

5.3.2 High-Tempa~ature Press 
Technology 

5.3.3 IsoL}ie:rmal Rolling MiE 
Technology 

5.3.4. h::,C:e~a! Metal Workir.g 
Technology 

5.3.S H::;:h-Tt:mpera!ure Fu mcce and 
Coat~i.g Unit Tecl::.r.ology 

5.3.6 Numerci allv Controll ed Machine 
Too!s 7echn·o·logy 

5.3.7 Pre:::i~ion Tu..-:ti::g Machines 
Te:~'1c'.:eY 

5.3.!l S;:i.n- r.r.d F1ow-Formlng 
Machines Technology 

5.3.9 High Vaccum Technolozy _ 
(Pumps] 

5.3.10 Laser Processing Technology 
5.3.11 Hish Perfo:.nance Welding 

Technology 
5.3.12 Fractu;-e Ana!ys is, . 

Nondestructive Evelua lion (l'.'DE). 
and Control Tec~:iology 

5.3.13 Test Equ i;:,r:ient for I.ntr-;;-a ted 
Structural Testing Technology 

6.0 r::i"c!rd ~~~- T(:d1;:c:;)g:y 

5.1 f:' :, .~ r,, .-_· ,·i· Lr c.-. a ,_,_. ;-; r .~=" "S/ , __ h_ .-_t ;,· ··.. ---· , .. __ . ---· , 
6.1.1 HiJh Energy Laser Technology 

P"\ ,!isht-d by THE BCREAU OF :-SATJO:'\AL AFFAJRS, l:'\C. , WAS!II:--.GTO:S, D .C . 20037 
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5.l.~ :--.r:;JU! .::.:-aJ .Cr·LL:r.1 Dc:,·;ce 
T.:.~b ::~::;y . 

6.1.3 i? ~n m Pc:iri'.i!'.g and Control 
Tc::::~,~10gy 

61.4 M::mnlir~ S:Jh~y rlcm Technology 
6.1.5 Bc :! :n-T;;r::;:U::ia Cc.upling 

T ... r.bolo;y 
6.1.6 C.:i:m Prop::ciation Technolc~ 

6.2 Particle Beam Technology 

6.2.1 Hi0h-Current Particle Beam 
Ccnc:e ticn Tech~olcgy 

6.2.1.1 Pc:;t-Injec!ic:. (?2.rtlde Beam 
Accelera:or) Tedmology 

6.Z.2 Short-Tc:rm Er.~rsy Generation 
Si:b:,·:: 1c:n Ta:cbok,;y 

6.2.3 IL:.:;.. ?io;i2.;::::icn Tcshnolc:-gj' 
6.2.4 r:ca;n-Target Co~plii1g 

Tec.;-~,o!ogy 
6.2.5 D::.ui C;;,n~rol S'Jbsyglem 

Tcch::ology 
6.2.6 Bef!n !'\eut~;dization Tecl,:,ology 

15.3 ,\!ic;o:•:an: Energy Tra.-:sm:'ssion 
Tec!:m!:JSY 

7.0 S"rr.3cond11,;!r.r ~ntl Electronic 
Compc.nc:::il Technology 

7.1 Microcircuit Technology 

7.1.1 Wafer Preparation 
7.1.2 Epitaxy 
7.1.3 Oxidation 
7.1.4 MasJ.:r:1uking 
7.1.SA Lith:>grap!1y-~esist Procf' ·sing 
7.1.5B Lithcg~a/,y-Wder Irna.3ing 
7.1.6 St·l::-~t>;e Re;.~o\·a1 
7.1.7 Dif:u$ior./bplantation 
i.1.8 Thin Film D~position 
i .1.9 Ass;:r::ibly 
7.1.10 Test ing 
7.1.11 Facilities 
7.1.12 IC Design 
7.1.13 H·, brid Microcircu;:s 
7.1.14 l-.ticrowave 1-.ficrocircuits 

7.2 Transistor, Diode, and Thyristor 
Tech no log;· 

7.2.1 Discrete Transistors 
7.2.2 Diodes 
7.2.3 Thyristors 

7.3 Detector, T:.;be, Intens:fier, and 
Cooler Technologr 

7.7.3.1 Semiconductor Dc·ctectors 
7.3.2 Photcmi.!ti;:!ier Tubes 
7.3 .3 Image InteDsifiers 
7.3 .4 Thermoelectric Coolers 

7.4 Acoustic Wave De~·ice Technology 

7.5 Thin Film :.Jemory Den·ce 
Technology 

7.5.1 Magn etic BJb:>12 Memories 
7.5.2 Plated Wire Memories 
7.5.3 Cross-Tie !-.!emeries 

7.15 Passfre Component Technology 

7.G.1 Fc.:;-:'"!!e ~.! ;;t'.;ria !s 
7.G.2 Bo:1d::ry L!::er Mcnoli!hic 

C:-~~- ::-.ic C·••·::. :. ;~o:-s 
i .5.3 Q .. .. ~'. ~ C~. :'. 2ls 
7.6.4 Prbtcd Ci~cuit Boards 

7.7 Cr:, ·cgP.r.ic Componer.t Tech.wl:Jg;· 

7.7.1 Superconducting Digi\al 
CC::T.ponents 

TEXT 

:'.8 E!ec:rnnic J.~:.: .'::: .-;'d T-=~.' .. :1c.':;:y 
7.8.1 Bulk Innit.m Phosphide (L-iP) 
7.8.2 ~uli: Gn!!i~•:n /-.:~c:ude (•:.;aAe) 
7.8.3 Vapor Phase Epitaxy of ln;.,Ga,Pi-
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DEPARTl.:ENT OF Et:!::r:GY 

D:r:r.:t: r-r.:-;;r::.;:; s; L!st e;f En:rgy 
~zl.:tc-d :.rn:t::, i! }' CrW:~I icchnc!ogi:. s 

AGErlCY: Department of Energy. 
t .CTIC~:: !,oti .::e of publica: ic r: of a list of 
energy rela ted militarily cri1ical 
technc!o2:es. 

S\JM1,\Af; '1': Th!! Export Adr.1inistration 
. Act of 19;-9 (P!., 85--72) req uires under 
SEction S[d) that an initial \·::rsion c,f a 
bt of r:: i!i!.,~i!y critical ~r:::!-:~.clo1;i !::s be 
publis~ 0 d in an 2pp,opri ate form ir. the 
F•~ ~c:~} ?:-::s!~~ ilot lJ ~e r !'°: .: n O:.!obc;-
1, 1980 Th Sec.r:?tc:r; o: D:fi'::se r.a s 
r~ ;:-r. ::·y :- ~:?~:-: 3'.bi;ity :'-:; :- .. 1 :· \·:::c ;-;:-:b 
t'· :s :;s~ cf r-·:i !i .. ~;-: h· c. r,t::.i: J 
technc:0,;:1;5_ In support of the 

(No. 327) 

Depart.1: ~nt of Defenst:! t}, ] Dc;., :: r:,1,cnl 
of F..r,e17,;y h:::s pr ::p:rzJ s Let 0f r:-;1'.:JY 
r?.!ated milit 2rily critical IL•chnolo3;es. 
This !:st :e :!:'.,d:!!d. 
o .~T!:!'!: Co!'!'1rr.<'r. !e m'.:::! b~ rcc'.: :·,!.'d ~n 
or before D.:ce:nber 30, 1930, 
ADDi:E:;S!Z~ \\'ri:ten commen: s ,.;-;0u ld 
be ciire,;t~d !o J•.1 lio L To:-:-~9 , D:~r,.. •0r, 
Office of lnternat;onal Securi ty Affairs, 
Room SF--C-.:.U, Forreste! Buiic.ing, 1000 
lndepenclcnt ,•,vr,r.ue, S.W., U.S. 
Department of Energy, 'Ne~hir:gton, D.C. 
20585. 
FOil i"l.li,"rilEi-1 1:;rORi.tATICr! co ,; mer: 
Jnhn A. Griffin, Direc.tor, Divi,ion of 

Politico-~ !ili :ary S:!curity A::Jl rs, 
Office of Int '" ::-iz.tional S".!r..:rity 
Af;airs, Room SF--".:".J.l, Fo:.::£ta l 
Building, lCGO Indepen d<; nt A\·c:nue, 
S.\V., U.S. Dc: prt::nent of Energy, 
\\'ashinglon, D.C. 20535 (202) 2.52-
2127. 

Leo:1 Silvcrstrom, Assistant Grneral 
Counsel for Jnternatio:1al 
Develop..ient ?nd Dc: !'c:r.s e ?rog;a ~s. 
Room oF-055, For::estal I: t:iic :,-,3. iC-00 
Independ'.:nce Avenue. S.W .. U.S. 
Depa1 tme:1t of Ene:·gy, W2.sh in5ton, 
D.C.205S5(202) 252--0975. 
Dated at \\'2 shington, D.C. th :s ,6th day of 

Sep!!:r:iber, 1930. 
Dua::ie C. Sewell, 

Assistor.t Secretory Jor Defe::se Prc.6ro.7!s. 

DOE Critic;;! Technology TJst 

I. Introduction 

Th!s rna!erial \'.'as prep2rc:d in 
respo;,se to the: Export AdiD '.::: ,triltion 
Act of 1979, which reo uires an 
interagency study, heB ded by t!-.e 
Departrr,ent of Defe:1se and with 
Department of Er,e:gy participa tion, of a 
proposed new approach to export 
control. Tl:e proposal su8,'.;ests ~hifting 
the foct.:s of co:1:.rc! fro;n c,1d pi(:du::'. s to 
a s.:?t of ::;-;tical technolo;;:cs , i:1 :he lio;:,e 
that th is $hift of focus wo:!ld Drcvide s 
more effecti\·e sys tem of co:1trols end 
promote a brnader ran3e c, f exp.:>rts 
without c:r.y inc:eesed risk to r; ,.ti:nal 
secu ri ty. 

Th e att ;;cbd J;~t w2 s d€·.-~1o;:-:?d in 
several it:::-ra tio:1s . .-.-iL"1 input fro:n the 
National L,boratcries and ether 
selected DOE contractors. D.;ring this 
de\'elopment a great deal of Liou:;ht has 
been c!e\'oted to t:i e prc-b!ems of export 
cor.trol, ar.d ii is ciear tJ-:at s,.; b;;:2r,U al!v 
more wo:k will have to b~ c0:: : to · 
obt2.in a list that ,el~ects d: of the 
l,:,gitima!e national r.e:uri:y ro;,cems, 
ve t w;th e::ourh s;:;e.: ifi r. it·,; tG be u;.~ful 
io ex;,ort conU-o! e,;;;:::!rs. • 

~-1uch of the background for U-,e ne:w 
EJ:'J:lioach to ex;:i o:t co:-,trd ' :;-:-~ e~E 1o 
hc ·,;e CC1::-.c rrorr, l~e fO-C ?. !L:~ . :.:.J:\"" 
r :1 j1c:-~.'T:: 7 ~'.:' '-' ' a;· t:~::?i:.~ -~~~~~ :;· ' :_ 
!:. : ~-=:• ; L; · :· . , :i •· :. ... t ., ; - · 

E..xp:,!t .!.. d:i1 :r..is~r titi c ~ .-\c: c.~· ~· ... :- ::.:t 

wherein the Se::ieta ry of Ci: :2:;se is 
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mc-~f! -9fTact:ve sys:~c of co.ntr~!s :! !:d 
!)!"f:t~.~~t a bl"".! '1ci~r :1.?.~; e of ~ ::-.,~ ~ 
without any increased ri-sk to ~a tior.;;i ~3f:~~! !'rc:~:-a=n3; U•t cf :;.1:ar;y 

R9tated Mllttanly C11ttcat Tech!'!-:!og!es ~~ttached lilt wu daveloped in 

MINCY: Department of F.mqy. 
ACTION: Notice of publication ol a lilt of 
eDellY related militarily critic:al 
..,h • ...,_ 

llftl'a1 iteraUom. with iDpGt from the 
National Laboratort11 and other 
Nlec:ted DO£ contracton, Dunq tbia 
denlopmaat a pat dnlof tboapt bu 
been devoted to the problem of apart 

ICMIAM: The Export Adminiatration .control. and it la clear that aabstantially 
Act of un {PL 96-72) requires~ u.nder more work will have to be dou to 
Sectioll S(d) that au initial veraioD oi a obtain a liat that' reflect, all of the 
Uat of milltarilT critical teclmolopea be lasf timate national NCtllity ccmmrns. ·. =- Ill a appropriate form in the J9l wttb 1DOaF spacdldty to be 1INful 

......., not later than October to =otCC:.~ far tbe mw 
1. Ha 1'I SeaetuJ ofDefmN bu mroacb to apart.ccmtrol 'appear, to 
primary re,pouibillty for d8"lopma ban coma from tbe ao-caDed "Bacy" 
tbia lilt of milltuily critic:al _ 'The new a--..1. ::! in tec:lmoloSfa In luppart of the •• _... .,......._ 
Deputmmt of Defame the Oepar1ment the Bw:J r9pOrt la incorpon ill the 
of F.n-v w prepared• lifl of IMl1Y . 'l:xport Admillwtrattcm Act of 1111. • 

related militarily critical MnolOsla. = =-~=Hty 
nu. lilt la attached. -hfatl b denJoplns a list of ad.lltmi1J crttic:al 
DAflll: Commenta mat b6 receind aa «.da,oloaia wl the 8ecntuJ fJ 
• befant Decwnber 30. um. Commerce ii dfrec:ted to mebttilm the 
ADDIIIII& Written CNDJIMP'l._ ahoald list u part of t1w commodity control lfaL 
be directed to Julio L Tona. Dtrtc:tor, Pollowfna the Bacy report'• 
.omc. of Interutioul' $ecartty AffaJn. wencfationl. the Export 
Room SF-4111. Foneatal BuiJdiq. 1000 Adminiatratfon Act of 1"9 notn that · 
Jndependaat Avenue. S. W .. U.S. pdmarf empbuta ahaJl be pven to: 
Depart:mml1 EnersJ, Wubfnston. D.C. a. unya of design and mumfactm1na 
2IJU5. . • . Jmow-bow. 
fllQII Nffl4D NIOIIIIATION CONTACT: b. biJatoae manufacturina, iupedion. 
Jolm A..Griflm. Director, DITiaion of a tnt equipment. and 

Polltfc:o-t4Wtuy Security AffaJn. c. aooda accompanied by aophisticated 
·omc. oflmamatianal Sec=fty operation. JPPlicatlon. or · · 
'Affairs. Roam 5F-oee, Fomatal maintenance know-bow 
BatlctiJII, 1000 lndapendent Avtnue. tbat an not poaeued by a coantry to 
S. W .. U.S. Department of flmv, which export ii to be controlled and 
Wuhfnstoae D.C. 2111585 (20Z) 252- that. if exported. would parmit a 
2127, . . . lllniftcant adftDCI ID a militarJ IJltlml 

Lacm su~entnim. Aailtant CeaeraI · · of the-country. . _ · 
Coamel for International · · It 11-.... Ual in the dne1opmant of a 
Denlopment and Defeme Prosrama, Mlf-coasiltent list of critfcal 
Room eF--055. Forreatal Baildfns, 1000 tac:lmolopea to dniN practical 
IDdependence Avamae. S. W U.S. defln.ttiom of the key tmu. lncludiq 

- Deputment of!neqy. Wubin,ton. "tadmoloa," "critical tac:baokv," and 
D.C. 2111585 (20Z) zsz..e875. "byatau equipmenL" '11lere an a 
Dltad at Waahinp,D. o.c.·dda 21th day of DmDber of deftnitiona of tbue key term.a · 

Septamber, ua,. dmaed and ued by people Mrioualy 
n... c. s.w.u. coacemed about export control and 
AM.utant 5«:nlllry for~ ProJrrum. technoloSY tramfer problema. \..1 

!xamintn1 •nd te1tfna tbue defimtiona 
DOE Cdtk:al "'edmolou List belpt to lfve UI the naanttal ideu that 
L Introduction 111111t be embodied in practical one, 

Rited for our uae. 
Tbia material WU prepared in 

N8J)ODH to the Export Adminiatration 
Act of tm. which requiru an · 
interqency 1tudy, headed by the 
Depart:mmt ofDefeme and with 
Department of Energy participation. of a 
propoaed new approach to export 
control The propo1al auaesta ahiftiDg 
the fOCIII of control ftom end producta to 
a aet of critical technolosf e1, in the hope 
that this ahift of fOCIII would provide a 

Many of the deflnitiona of 
'"technology" appear to be aimed at 
production ltema. and perhaps 
production engineeriDS kn.ow-bow, and 
therefore do not aeem applicable to 
research and development technologies 
for -advanced or Wldeveloped concepts. 
Thu.a. according to such definitiona, the 
US dou not have a "fuaton technology," 
or a "beam weapon technology" 
becauae we do not have-the kn.ow-how 

~ - · ·· ·"' , •.. • • • • ··>: .•.•• 

·t;. ~0 s;,,.. 1 ... ,, ,~;. .. ~a-,-:l ,_.,,. e "· ,..._ 
-.., w... ~~ ...... ~.., ... - ...... ........... ; ., ... 

~ ~ch;.ncrj· ~-:- .,r:,Ju.c!s :o c!::, r!-lvae :.~:;;,. -=-~-.: 

·:~t.. t~-!!'! ara ·~orticru J:· ;l:e .lct!,i=i~, ... ., :..A.,,. 

in the1e aa weU aa otner'.R&O ~ms 
that abould be cooakiered for export 
COlllro1. 
aJ.NICDmNl[MMI 
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."-. ~1!":~l:.: t·,: d!'iCjW.~Jrad in Jc:;ii:-.itic.--:s provide SJn adv-.r,ety w-tU'l !nfc.~atio:: 
.;i ··~-: ~:c: i ~~ci-~viv~.- ·· ~s :~--.at \..½~:-e i:; ci.t:ri::s::tsi :: .ti:e s~=..-:ty ct tr.e U.S. 
::::· .. ;.:::.- :-p d:::e :;.:~.: •;-: :".:i ,..:!:r'.!::. ".' :!t::: :.;u1e .hat a c;,cilion P-p~g 
!ec::'.:::; ·::hs~t: c: ::..:t :., ~~~c ~ · wa1:ither or<nof a ,eci-.r.~it'JY tj 
expon. • staff mem~l!t' m~!t !!!ake sr-, · .!.1tti::a:~ to-the ·HCUti~' of th.11 UaHeu 
evaluatioa oi the time 1t mit.:!:,. for ·Stated may mvolve ~uattn, time· 
the exported tecbnoJoo or to IC&ln u diJCUned urfler, Soma 
appear u an advenary oapability. In --.c:bnologiu art not lfbly to rNUlt iD 
101U ca ... the tfme may be ao Ions that ·lwdwan prodacttml for a mmiber of 
tu capebWt, woald no i...., be• ,-rs. bat others bl thahmda of an 
dlrHt. In other ca ... tbia may not be advmuy may produce an dfKt ·within 
tnte. An Ideal deftnit!on of c:rttical - . a v•ry abort time. Note also that 
~ would embody the'QJDdftfon whether or not some form of the 
1-t ... aftar tbe lime tt-.. far die 18clmolos, ta ffdablt .. odm I.,. 

adYll'NrJ nadall to abearb ad applJ coantrl• doel DDt lltlr.. . 
... tecbnoloaJ, lt W'Olld ltd1 be c:lwactada-oltbl...., .. 
CONkfaNd critk:aL It - espectally -.:nuc.L • Jt doel dact tbe dadaion · 
Important to keep la mfDd dw IGlll8 wbetbar ar aat to apart tbe t8c:lmoJoa. 
"lasb teclmo...,.. Rl:D prosrama mar ~ cletarmbdaa wbetbar a us 
nqldn UIIJ,... to ,wa. p,odact. . . f8cfmoJoa mlo,a. oampetllm 
bat die pay-olrma, be• .-i dw It II adnubip I» tao ...,_..Na 
... to 1'l'018d the re1ffBt tw:1mo•oa ffaluatioa to be a lfpfflcant caacem m 
today. In the wly .... ot-.m.a Ilda U,UJlil. A tll !ec:tmc:iJc,g may 
prapam. tbat II. &arm. cla•1Dcadall · appMr atlnallft • •.tn1-, 
llmitl"exdaenp ..._ .... _,...... bec:aue1t ..... 1aci1.br,-tboat 
CmtrolUaa aparta .,..,...,,... -, nlmrabdltla ma ralated product ued 
Ill a dnelo(I ••uf time_...... -tar miliw, pweo-- • becaaN tt 
CGml a dlk. Ii ...,.....,,_ iidcatn ICIIUtldal_..,_ colftba abaat a 

la mltml ~d"-t•ltiillil · ·liJatac1 bat wuad tedmr,Jcv, 
eqalpmar° CUl!ikl .. tlall of 1q,Pls nat la. tbeN 'CUii iba campwtlttN 
JaqUiNc! fm wbanced l ,ll l!IMl - - ' ad, .... of Iba product mar be at best 
deftlopmmt~ 11 aftlll of GIiiy IMC'IC1IMWJ lmpartlmce. PIDally, 
OTerloobd. la sach ~ atadlet. lbt fact tut a tac:lmololJbu c:ldu 
where p,ob1ems of dNlp .. Dot,.. . ..nu= appbdau (dual-ue) 
IOfnd. it It lmpoulbla to bow wbat cnatn rmcam I.boat tbe 
kind of eq~ matanala. ar 11cwwfna of apartl ol tb9 teclmolos1, 
com.pcmms wdJ be aniqaelJ reqafrtd bat If bu PO bNriDa a6 wbetbar tbe 
rarrth• mamifactme of m lna1 taclmoJOI)' la "czttical. .. It Is only . 
product. Oil tu other )lad, brstma lmportaut to detemdmwbetber tben 
eqntpmeut rar tba n11 L5a _and ca or wU1 be ·,. lfplftcan~ adnne 
development phuet CID be ldentffied. fmpact. Oil lJS aecarit)', wbetber it be 

In coa.ldaratioD ol tbe cflfflcufti" of milltary, tcOPOPPDC, or political. __ · · 
uins deflmtioulrom otbar 10a1C1a far · Pfcare 1 Dlu1n• a way to 
Mlectian of caudldate lwdwan and IIPIPIPIWfa die Jdndl ol equipment •bat 
idau for export caatroL wa psupoN Iba · .. put of Iba reduction of a concept to 
followtns oaa for dUI atadr, . JINdfce. Ill tu flsan, a ao-called '"maiD 

L TflCbnolo,r. A apedftc tedmolcv ..... lina• indicatn ID usamld 
la Iba body ol lcnowledp acqaind la the prutlct to Ploc1Ja 1C11M ob(ect far dvil 
application of ldentlftc prtndp1a to Iba -. We ban futber unmed tbat time 
IOlution of a IJ)eCfBc technical problem. II I cloNJy Nlatad CGIICIPt far a 

Broader daflnftiou of taclmo1oa may IIPilltary dmca that reqcmu ane of the 
1,e foaDd. but an not appropriate fD dUI eame tecbnoloa, Tbe progrea of the 
report. Note that part, of the bodp.of defeme related concept toward 
knowledn may be taken &om other p,oduction of a dffice proceed, a1oq 
bodies of lcnowledp acquired tbe .. spin-d llu. • SupporUna both 
prmouly, ad partl may be acquired Jll'OINDll or projecta i. the .. ,upport 
acddentally. The teclmica1 problem may dnelopment line." wbicll provfdn any 
be the CODltnlctkm of ODa mqnetically kind of apedal hardware, equipment. 
couflned fuaion machine or the pl'OCetl. etc. med fD the program, for 
production of a larp number of DDUtn1ction or lmtrumentation. Thia 
mtesrated circuits. It may alao be an special hardware alao raquires some 
analysis of a new approach uaiDg denlopmmt work of its own. If there i1 
exwtiq hardware in a different way to to be production at the enda of the lines. 
solve the ABM problem. The quality of there la a production en,1naering or 
the end product dependa upoa the proce11 developmtDt activity that 
quality of the teclmolOI)'. . c:lllminates in the mean, for production. 

z. Critical T«:bnolo,y. A critical Pouibilities for exporttns the tec=!>loa 
technology it • technology that would that characterizes tbi, effort occur at 

my ~r all ·1ta;;~s a!o::; ~~z ~a!n ,:-'::"c::~r:1 
!me ..nci ~1~ sui:po:-t ci1t •;P.il}?r:l"n: 1ir: ~­
:=~t t!:• seiia-oii ~ine Ce~:!!s :j :9 
mtcted ~, tjasr.:!::.ltlC.:l ~: ::=e ;;:~:. 
HardwMN can be export..-a 1i!o irom 1r.e 
IPWD and ,apport effort u indicated in 
th• flsun- The elriier in the sequence of 
IYIDtl Iba export takn place. the 1eu 
fmportaDt it would appear to be to 
require cantruL 11aen art. of coune. 
exceptiou. 

Keystou equipment can be identified 
at the R&D ,taps and at the producwm 
... u ,pec:f41-=:t. bardwan. .. 
•prucnw ~tolnmajor 
problaml ID the rapec:tfn stqes. 
Couldartna that a,ttone itama 
OOIDpnN man tbaD jut .. equipment." 
.. propoN llnally to cban8I the 
~ of tbaN ltama to "bystone 
lwdwaN. • ·wtt1a the auderstandma that 
chemical ar c,daar procuw an to be .....,__ 

& ~/1,plnm& ~ 
. . lmdw .. _Jal ..... baadww 

OM1J mient1 tbat an D81:IHUJ far the 
e&cttw ........ ar applicadoD of 
a tec:hmlGt'- · . 

Xaptuaii RAD bardwue wuald· 
IIPdada. far ec:xample. IUPCCOllductfDa 
mapet win ad n:plocffn1 brtdp wire 
detaaatan. lxampln of keystone 
pruchldlaa lwdwan would fDclude 
mdqaa mamifactmtns eqcdpmeul. 
taspegloD ad tatfnt equipment. raw 
matertala with ,pedal charactartsttcs. 
and the chndcal enafneerina equipment 
and matartala uedad far critical 
prucaw. 11ae tnn of production 
problema IOlftd Include major 
lmprotil!Ull11 la ratN of production 
atiJ/ ar die quality of tha product. · 

11ae lflt WW ban denloped IO far it I 
JIit of tmportaut tec:lmologln related to 
madnr wnpau raearch. dnelopment. 
ad prodw:Uml that may be critical 
tac:bDoJaala c.rtaiDly dUI lilt doe, DOt 
at dUI time caaltltuta the Mt of 
tadmolc,sffl neommended for export 
control. Deftlopment of 5Dal lists. 
mtesrated with DoD efforts. will require 
aubltautial further effort. 

D. DOI Cdtk:al Tec:luaolost- List 

A. Di«:UUJoa 
Table I la a list of technologies 

compiled from tubmiaaions by the DOE 
National Laboratorin and appropriate 
DOE contractora. Accompanying the list 
of technologiet are lists of hardware 
Items associated with the technologies. 
Military and civil applicatiom of the 
technologies and foreign availability 
information complete the table. 

All of the technologies overlap or 
Im.pact in tome way upon the 
technology of nuclear weaponry. They 
are all therefore "critical" to some 
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C. Tecfmolos,Dw:riptioal 0.0) ocean In natm.. U.U.,·ocnn 
--• arefarm. tbaatrmic L NucJaar ,_ C,r:J. ra,,,,. · al:-mdence of dntatfla Ill aatanl 

A. Urartiullt EnricnmeaL 'l'M GIUf ~ -- a.oa--. . . 
aaturall) occuntna ftui1e.mnriaf · nrie1119tbod1 fanapanaa,C.O · 
IUitable far .UN In nuclear weapom ia hm Upt wats .baft belD lmawaa far 
uranium-ZSS (lll(J). It m.abl up : many years. !lectrolJlil uf watar ad 
approximately 0.11'5 of natanl llnllimL diattllatlcm both~ · · 
Some D~ auctun oatuaoaly CICIIMllti•• D.0 ID._...._ .. 
natural urufam fuel. 0tbwn nqmn SladlutJ, In tbe ractlaB R.o + D.O-
emiched fuel. tbat ii. the fu1 mut be D. + H.o. tlae NVmt~ 
made of aramam tut bubem , ~and~~ dla . 
proc:eaed to tbat ._ IIIJJ eoacen ... tfon ·ntlo ~ Ill 1tln ~,_. (Le. 
'8 hqber tun o.n11.Parae·• ·ftnlle · 0.0 tir&O) It aboattlnr ttz , • 
-material In aw:learweapona, aruwm -• 11Nt u In tbe pbue (thatJs Dt tD-S.. • 
mut be hishlr emicbed. Tbe p11... a..-., watar •al---..,... · 
dlfFuaioa method of emicbment. wldch; weapcwww Wiiidtf beca-:ft ii a . 
dependa on tbe fact that the me of rm r4 diiutahmt.farfJlltD-T NMtla 
cWfmton of a pa II ~ of tbermoaaclear weapam. ud bec:a:ue 
propord~• ~ root oflta . · ollb9 fllel 111118 IAd ~ 
molecular · ha• been die method ~ ~benJ'wnr 
ued. It requires a larwe plut with muy ~ audear l'Ndala.Hnwy 
(Nnnl tbouand) dlftulioa 1tqes. and watar modantlld-r~-=b.u 
bu bi,h ~ requinanmta. Some of Canada'• CANDU ractun. cu be . 
the newer ticbnolopH d8veloped or fbe1ed witll.nabnl uranium 'IDd have 
vnder dnelopmmt offer-pcaible cost · fairly hiall c:aewnioe ratioe of -U 1o 

· advantqn for larp 1Ca1e praduc:tioD. "'Pb became of dntertum'1 TmJ low 
and may be more adaptable te -1let MUtioD c:apture Cl'OII NOtieL. 1bef 
tcale UH. tberefore allow the poatbilJty of . . 

B. &,pro, .. ·• n.dlnolor7. . prodnctim o1..,.. ...... ._.. 
Reproceuiq ~ NQcdred for optimal w 111atarial wtthoat need faracma to · 
of reactor fuel. whether the aoa1 II .llnllhml emlcbmeDt. Tiu .la a1ao 
plutonium production mr wea_pom. ar pmmble um, sr-pbite u • amderatar, . 
production of power. Plutcmium-%38 · _· bat tt ii not,outble 1111118 ordlDu7 
(lllpu) ii a suitable 'fiAile material for - waD.ter~-1 Ill.+- Hvn M of 
weapom and for reactor fueL When -tr r,- ru&lltW- fwdoa 
lf'expo,ed to tbennal aeutrom. u In a INctor fuel elements la• .._NrJ llnk 
reactor, -U la foaned by neatron ID the chalD of proc111111Ndlq from 
capture, ud decays by beta emi.lalon to nw arudmn ore to die me.of rncton 

· "'Np, then to lllpu. For NCO••r of the far power or tu productian.of WNpOIII 
lllpu thua formed In reactor fue p-ade plutonium. Dependence on an 
elements. reprocnaing la required. oataide 111PPlier of fuel aiem.entl may 
V artoua other ilotepea of Pu also are mab it dlf!lcult or impoutble for the 
formed. 101De of which am unde1inble -pouenor of• reactor to muqe 
for use in weapeas. Saftiable faei - . refaelins timmt to c,pUmjse a11pu 
managementand refuellzia tumn, cao · prodw:tion. T,cboolng uaed ill the 
minimize their formation and obYiate labrtcatiou -of 181M typa of fuel • 
the need for Pu 1-otope nparation. u elem.anti may also be applica.bie to the 
well are reduce the safety brwda f.acrfcation of wupon.a component&. Fer 
during reproc:euing. · example, glove 00x linn. alpha-

Uranium-Z33. which ii alao ftaD.e IAd counten. machine toola. and other 
does not occur in nature. can be equipment wollld be the tame, or 
prod_uced by iieutron capture bf · limilar. 
thorium-232. Its recovery ai.o ,..._ B. on Prodll&bon. Uraaitua 
reproceaing. bexafluoride (UF.J Is the moat volatile 

C HtJOvy Water Production. Heavy uranium compound known. At room· 
water (also known u deuterium oxide. temperature it ii a dame white 10lid 

. . 

with a vapor preuure of 120 mm. but it 
. ca be rNdily sublimed or dlatilled. the 

pNOU diffufon enrichment proc:es1, 
•-wd a othar-emtchment proc:esea 
-=la a, the 1U centrifup uae-UP., See-
llOtiae-L A. for diac:umon of . 
aarfchment. 

F.l'aiOII .a.acton. Many upecta.of 
fllllannactar teclmololf an ueful in 
prmdlJII a tec:lmolOIJ bue far maclear. 
._,_.development.Pot example. 
CXM11p11tarc:odallor calc:ulatiaa tJLe ===~=y be wmcaka.Jlw:lora uao prowtetbe • . ._.,, '° ftr,ina desreea, to breed or­
Imm ... from -u. ud trttiulD from 

. Ufat•lllwuapua..Expertace·wttb 
JIIIC1ur iutrumentatiml and famillarity 
Ja-U.. with radiation problema are 
mo Wpfal ID a-weapon proiram. 
Critic:ality experiments for weapon 
datsa ltadin resemble some of the 
upecta of, reactor operation. Operation 
of l'NNl'Cb rnctora would be especially 
.,ad experience. 

C. EJ«:tro-nucltKU Bl'Nders. Electro­
aclear breeder tedmolOff ,· to breed 
apu or mu with the aid of fi.uioa 
.... ined ..tth -tba umtance·of 
wtrona pnerated from a ta,get 
bombarded by high enerff particles, II 
of IDtanat far two reuona. The 5 .. ile 
mat.mal that II bred can be 111ed in ••ap 111111. and the charpd particle 

. ...:a ud accelerator technologin· 
clne1oped can be applied In other 
c:dtlca1 areu. 
IL PuaioD T«:bnology 

A. LaHr- T~ology. Laser 
~ bu many pouible critical 
appUcatiom. ranging from 1-otope 
tmicbmeut to lanr guided weapon, to 
laNr weapona. Supporting teclmologiea 
for high voltage 1yatema a..Lso ban 
maltipJe applications. Energy 1torase 
a.ad switching equipment is common to 
.moat directed energy systems. 

B. Charg«J Particle Accelerator 
T«:hnology. This technology is 
necenary in some approaches to inertial 
confinement fusion. in dincted energy 
weapona 1tudiea. fuaion rtactot 
materia.ls development. and to some 
extent in magnetic confinement fusion 
and buic physics research. The 
relevance of accaJerator technology to 

1/D 
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~at:cnai ce:en:.e t:1a;,.es :t a critical It :1 of interest i>ecauH of 1t1 a,e n • 
~:c;:::: :::!:· ~~ :! :-:-.i!::::i:· ~~·::se, but:! !, fu3l b ·~~=:c~uc!~:!! · ·: '!:?;::is. 
~i!'o ~!!(."al ~':lu!i-:3ii~• s_r:ci !)OfflO.rJ iJ9t1teriwn \Di is "aturaiiy '>CCUfflftlo _ 
?ccno::::~y .:.1 well. ;:~:;auc:i and _ ;u:3 :-.woo ~ay ~~ .::ida to cccu: 
d.t-.al.;p:.:..ant in ~ .:a&~-well ,.,., '· l:aat-.. .- :WO .:!a..:.ri:im ~ 

~-u-238 i1 the same aa for weapon :mrde 
;!utcr..iu.il. -

F.AM•mtKi. 
C.B.u~rvn 

aav!tncea :n the USSR, and than hu · . Howner, tile peu reacuan rate IV. NIJCi«rl' W~ T~Jrnol"'J'!' 
tended to be ratb• 1DU'lll1lidad codldent of the D-0 ructiml 1a A. Compal« T«:bno/ogy. A 'ffff 
exct,•ni9 between the USSR. ud the US comiderablJ leu than that of tht ~T. lmpartult element fn a modem nuclear 
caacemiD8 nt1"' component -- .. J'Ncdon. . _ Wpoll RAD pl'Olram ii the camJaUon 
oancepta. At tbe Ame lilDe, DO C1De w I. Tzitbla l¾ndJia, T«:n.DOM!fY. . of axperimatal da&a with Mlf. 
m that tTCbaqtd iDfolmaUoa bu Trtflum 1a a btta emittar. Bema a oonstltellt theondcal models. 
IDcluded the meet bip1J uvwaped t.otoDe of a,d&va..a. it ca atar imo all Compllten pnmda a convenient and 
raftnu:aenta. ~ t!le ~ :eacticma ot hyd.--opn. effecdvt way to c:my out tuch 

C. Faioa l'eJ/et T«:/uJoJau- Alpecta.· tnc:bvHiia tJ1G1e bl tbe body. CHIOU . CDffllaUam and to prtdfct 
. olfamon pellet '9cl:mokivmaJ.Jaaw tdUam .... ...,...,., ablarbad bdD mapiOHIIWW wttbm die Umitatiou of 

dlnct appllceblll'J to faiall ....._ tba bolfF, ._,..._.,._,ntnt fntlal a dae modal,. Modem c 1-rtar 
•a. Map«Jc ~ ,-,.,.6..,_, a ca bit tum ap tbNap the 1111111 ar ....,..,.,..,,. ~ not 

Jllaana atudiel ofMHD ltabOftJ Ill . ._. •abwW dlraa8lt .Intact 1km -, die mmmfactmtna t8dmoioa of 
mapetic cnnflnemeat coaJd IIIPPOlt ad fl ...,_Nd tbraaala a11 the body lllab11 bltaarated IOUd atate drcuita. but 
lllldentandlaa of WNpaU ..., tbaiap·....._. wida t1ae a lDclad• tbe pura1 arcbitec:tun of 

·)aydrodymamica. AJ10 dwtwfum .ad -=-- JD Olba body.__ 1a alaw. Iba IJ9tal, thet la. ttslop: flow, 
t,ltmm rw:tlODrafe atadiel II wlllu la .,,...,. ID,llar,dloacUftllNlda pafpbenla. opentina IJNIII, ad other-

tJ. tacbnol,.,. afhendffn1 f'-e · =.~=tba . _ -=~=-== 
•tariala woaJd be. trwfarable to ~ a• wttll ...._....;:. wt. .- --5=: c~_.are Wl7 powldal•.-" utoo}!_in. 
WNpQDpu,.w.. . . ,..._.., ...... .....,_ ■•- ·- --wwima..U ™ &~-·-· . .......ot .. ....:i:...... . ............. _ot-~:C.~-~ - lmplaaba . !labelll · ftlablifaa-.apcaJIIIDllam. • mllftar,t _. ... 
farid•mental to WNpon · C. ..,,...._, .a,Ptod,iotJoa- .., prodactkm ad ue al CCJ!iDP•ten · 
d9ftlopmmt mDCI tile da,a al Pat Man. ?MA,--,,, PWa I em ....,_IIGt-oaimla atJaut llu tba potmtlal of a&ctbls the 
Nodam ~tiolt • hn ~• ·---~• ""f ..... _..... «Jimomlct olprodactkm mmnpment in 
datmatkm.,..... wl .....-i. . , lfllnlMi.+al ualmolna.Jlledaaaa. --,-. W.,U.S. ADpaiee Uff 
cffapoetic:a ~ .ltill llaft applicatka 1D ' • • prochad bf wtlaaabacilbdua • oaaipet1ltn ecfae becaw of tbe wide 
...,..__ · · :bJIIIIJwlaabtaqaantbetadlaay. Itia -camputacoatrolledpro~ 

T. lmpot:tlwit& To admft Impact a BaaO. matwial tbat ca be ...-atad · Cmlpotar manufac:tmma tecl 
lukm. • IIIWllft Cb, oamraDad twtial c:hemk:ailJ fzma •mdw.•wilr II.._ ccmtdeed crttical~ the 
am..._.,.) tlqlt al• h Jll'DCW tba dae iaotopell!dchmerrt wide applfeabllftJ of IIICb macbina 
mfWarama of decdllldWD a,J/ar1dtbem lldmfqw mecled to ,rodeaat ldp)y . · 1llleasbout all i..elt fllbldutry. Lou of 
II accelaratad ID ffJocttiea ol the crdar mrtc:bad m11ma. Aob +dun+ ~ a1ao be die U.S.-adnntap fn compater 
of m-a/a. A dlmcalt part oldie · aed u a ractarfull. A wupca made 8ftilabdltJ coaJd 6e detnmental to the 
taclmoloo ia addmna eaftldentlJ lqb al phatmdmll rm be liDallar iD me tba wmitJ of tbil coantry . 
.. lo brina Iba matarJa1 qatba • armpuable _,_.made ot cenntmo. & BBD T«:nn9Jog. Nuclear weepoo 
fGrcefuDJ...,... to C8N t.aiaa. Coal•mlneffan o1-,. with otbar Pit !Ill arch md dnelopmem methodology 

C. IHapt,.tta T«:bnolog. . ltollipaa ca maim It 1w demabla far bu deftJoped fn the U.S. Oftr thirty- · 
Dlqnoettca imtnunanta tar caatroUed ~admen-re d,,a hmrda at ·tm ,un to• rather eopbiatk:ated atate. 
fusion. with NqlliremaD to fancUon · · •lliDdllal--.it. 11w metbodo1osY 11 optimmd to "fine-
ander conditfom of hfgb tamparatare. ill · D. Phitonirzlll-a.JlobrJoatkm · tmle" weapon desfpa. ,aarantee 
a radiation amraammrt. orwida Yll'Y · TdttoJoa. NudarWNPmt ' Nllabllity, explore the limita of design. 
lbart Uma re1poue cbatac:tarfatk:.,. OOlllf OND'- aat be fabdoatad ~ . . ad IWffU mw pbaomana that can 
alao impoltant 1n emdNr WNpam Mod pnc:111a. Jllatantnm ta• dllkialt · . dect the next ,....uoa of wapom. -
..._ Soma fuloD diqnoetic ad huardou matmal to handle. It 11, TIit U.S. nuclear weapon Ra:D 
equipmant ta wful a1ao ID nacJaar toxic ad• alplla aittms ca"'ltaopn. 1ilclmcHosY u • whole may not mesh 
WNpon Ra:D proarau tor diqnoatq P1atoaium • ..., ccwnp1ex. • _ ...n with the &llDI and mamtiam of · 
the hydrodynamic perfmmanca of metallurp:aily. Workint with -Pu. u another comitry, _but knowledge of it and 
device mockup1• wtth 8llJ flMi1a material. nq1lfNI that acceu to the uaoc:iated hardware 

. caution be axerc:iaad to avoid fom+ina I . woa1d be a boom to I Dl'W pr0ll'aJD if 
OJ. ilMlctor Produt:tiaa of Nut:JM,r ,; adUcal DWI wb8ll it ii 11DiDtended. aaly to Mn the time and affort 
Nlllariala · . · & Plutonitzlll-ZM Marnrfat:tarina oamumed In re1DYentma wayt to 

A. 'l'rlti ProductJi ---L- 1 Tecbltolot,y. Pll-ZS8 la an alpha anitter acquire data. and ---ms which &re 
am on '~0 '"6Y- with • halt-Ufa of•,,.. __ It ii uefu1 ill tbe ,-.....,. ... t piecea of data to be Trtttam m ii produced in nat,n by the ,-- - .... 

action of co■mic radiation 00 nitrogen ill radlolloloJ»iMJwend tharmc-.lec::tric pthered in the program. It ii worth • 
, the upper atm01phere. It ii a1■o pntratai'I ud bu been UN for auch peat deal to know which particular 

-,,1 •• ced ._..a applicatiom u powviDa Miamic and waya to fabricate workable components, .,..,.... u an unwanusu cantamin•n~ 0 .1._ ....... ~tal i----ta on the in th ter 1--t f d wsr ___.._ .... ..._ which ways to carry out critical teats. 
e wa COOi.All O ractors, an may lunar -J-- for Apollo -: •• :...... --..a bich thoda 

be produced through neutron . •wuu.s -- - w me to gather data 
bombardment oflithi~ by the Uniqu bU!dJin1 difficultiea ariM trom· ac:tually work belt. We would estimate 
reaction • . the fact that alpha decay uepe it at • that yeara could be Mved in an RAD 

- relatively hfgb temperature. Some of the affmt if thae teclmologin and 
procea~ and b•ndltn1 equipment for • hardware ware widely available. 



C. Production Tec}mo/oq,,•. ;-.;i.cieu component manuiacturi~ t!!Chnique 
,_..,·e:.!!C!l "proauction" i, noi ~rcci~c::~:i :my se!rnl reia:ively mi?:::. I!lese 
:11 ~e :.Jll.;ll .-\=::?:'l::an sensa •Ji :;:e ;;u;:;:l.-..m; t.?::::.nolCS!eJ a:e cr.:ic;;J :.: 
.~crd. T'.;.ttre &.-e var_, law proceswi ~ t;';;, :.li.lM w.it Jiev ~ .i\·ailaoi.l ·,o .n 
t:e final can:.:!cc!'.:.-!:l; ~t wera ad\·ma.-y :o::1a cf tb c!as!.g:i ec!;e !!:at 
developed especially for the producttoll • seuoned m•rrnfldtlmll imay 
pbaM. Matma.11 cartiftcation. polNIIN . 
fabrication tadmiqua and inlpectton v. !tlllD 
an for the mott part the same u those -- 1 .a.-.n .. foaincl ... or• 
uedtlltblltaDpartiauofthe "- --, 
propma. Pinal uaembly ad ~c:kaatn, c:anductins liquid ia loroad at bith 
are additional large iCale acth1tias that ~~~ ~ ~ty 
cbarac:ter1ze madear weapoa --........ ™ ---- • u-•·· plOClucdolL wt ulc» from theN. · . JIIPtfc 8eld. a lndac9d.,.., 
.pruclD.;tlan taclmololiel ue . .,,...n ID tbe=--~ du~ 
i1at»tu1faDy tbe NIH u ll wl D ~ bJ ... 1Ndil wtddia die 
onmp"Dmlt labricatton proc11 .. n... = flae alNd oame flaa 
... adnntqee 10 doma thmp t1m war, aambuUaa. nnZ:. - mq ao1ar 

~~~:!tnoc•tto , ._• £~=.?~ 
~--iadom• rap . 
c:omponeata that an aokll to look varJ _.,.,_ wldra ...,butbi4Dl ... fa;i.w_,· -c,cle. a 

. wb lib die final prodlldiaa itema. Far =-=..-=:r .,,,..,.:r M,ibam 
pmdacdoa of a llmltad aamber of -. MHD CID pnntaa paitab1e 
campla objects. tbe eystem ia optimum. =· fat-cwvenim o1 cbemtael to 
-~-~oucrlol ~~tfonof ..__ :al-., wt~-* eftli:'ec, .. ..,.._ an -.a u,1nia1IN UIS -_ . • A.~~- _ 
rmal nquirameDtl of workq with 7'draoioo' ~ ...-11 
nclearmateriala. MaJdna pdputa of _. ued bl~ 
tblN matertal\.ia a DGD-lmal · appUcatfaaa to ICbieft tllbmle llelda. :r=" :~c:a:.-:. ~ .with low lo-.~ mapet 
Jie)da. or special materlala mmt be ued :=,;g:_~ of will Hffl'9l other 
1D nofd campromi.llDs tu perform•nce & Malmu T«:Jmolou. MHD mab8 
of tbt and de9'ce. n.. teclmoioiPes ~ deawnde onmatmiala . 

· .. mtical became ~ of them tec:bnokv, Hip perfarmam:e · _ 
can Nllllt ID a better product. a biper electrodel 111111t operate ID a bip 
Jie)d of accaptable pu1a. • lea lllmperatm'e. Jdlb ....ioc:tt,, COffl>livt • 
expenatve proceu. or• men timely mwhu111MDL 'l'be cl,•nnel 1111111t"illo -
appearance of• new detip. - Rfflft die bolt& dtlr-◄i +d:. 

D. Spt,cial Compon.nt Teclmologi-. N1obtam Uld tituiam .. uefal tar tba. -~C:.1°'~-::':::::■tlcal .,. T~~~-1-~. 
bnt been expeum and time Uqmd metal baacUtns ....,,,.., 
CDD111DUD1 to acqmn. and renlt bl end .dneloped far ue bl MHD ~tiaaa 
prodacta that en cradal to tbt reliable la wbk:la Jkpdd metal-la tbe caadudq 
-ad proper functioaiDa of a naclar , . laid ia alto applicabla to llqaid IMtal 
weapon. The probl111111 IOlffd bf theH bneder reac:ton, wbk:1a CID proclnce 
tedmolosft1 may be 10md in other n.o. material far ue Jn WNPODI er ID 
ways, but pnerally spealdq the us l'NctDrl. .· 
tedmoloa la adnntqeou in tha D. Pltama Sludin. Study of pluma 
context of the US pund ru1u. stability problema under ndoUI 
knowledp of tbeN tecbnolosit1 could , . ooaditiona of lmploaion IDd explomon -
pn relief from desilD coutnints in can lead to m lmpnmtd undentanding 
dne1opjna prosrama, and allow of wupcma hydrodynamica. == ~= =:-1mU:tectuN. VL AdvrmctKJ s.bmic IAt«tion 

II. Special Maariaa T«:hnolo,Ju. 'lbi, tecbnoloa ia critical In tha NDH 
-'I'beN an IGID9 of the ttdmolostes that that improvements In cmrent 
an -.apportitt of till' component Niamometer technology, a1gnal 
fabricatioD tedmolopt1 detc::ribed processing technology, tranamiaaion and 
Nriier. P.ach reqwret dnelopment time. reception tedmoloSY, and integrated 
each prowiN some kind of adnntqe circuit technology may allow better 
to the system desilD engineer, and uch detection threabolda and more accurate 
rNUlts in ID overall advutqe to tha yield calibratiom.for underground ahota. 
end product. The ftn.al improvement in a These improvements could be important 
complex and bighly optimiad uaembly ID proliferation detection and n-tb 
may be larp nen thoap ID Improved country device Y:19ld estimation. 

CU?Tenuy the bi~ prooiem to overcom~ 
l: m.~,acici ciet:?CCC~ ;!j:~Z;!!'! !O be 
:i:ic!~j~ no;se, ~: .>c .:;r;.~ .":l;;ilt 
ex~ct iliat Ul• oe11t cri.lnec.i ;.;; 
~rovemsnt would ?le l:l s:;nal 
procaainl to read through the noile. or 
m methodl to IUPPf8IS noile. 

VIL SataJJJta TtlCbnology 
· A. D«tK:tm TtJClmo/o,r. S.tallitn 
pnmde one of our prtnci;,al means for 
detecting c!m:destine nuclear O'l!..~t, !!? 
the atmosphere or in space near the 
Nrtb in monitortna for tnaty 
oampHace, ,ad moaitorins for 
~tfaa_tndlcatiom. Subttutfal 
amomm of intellfaence can be pined 
aboat tbe 18"1 of IOl)hiltlcation ot 
...,_ detllD. u well u about the 
alatmce lad locatlon of. teat. 'lbi, 
lldanutlall cm be etpedally important 
II 1111 CIIN of a ftnt taet bf m n.th 
·mtla& ltllowlectae of_pc:iBc S:::::-paramet,rs of satellite ~qsfema could enable olhen to 
ct.Ip coantermeuurn to ·deceive the · 
dll9ctlaa IJlteml and thereby reduce 
dl9 bdannalklll nailat>Je to u in this -........ . · .. 

& Dall, 7°Jun«miilion and 11«:ttption 
ndaoJoa. Data pthered by satellite­
bame detector l)'9tema la of value only 
1D tbe extent that It can be transmitted 
tied rec■tffd by earth station,. The 

. qaatfty of data tbat Dllllt be 
tnmmitted may be patly reduced. and 
Jbe tffectiven111 of mcryption applied 
1D lt mb•nced by. lncluaion on the 
NteUfte of Dl8lllOf7 and computing 

-/' powar; which en made pouible by 
mk:rominitmtzation of components to 
pmmt tba achinemmlt of sophisticated 
Jll'l"MII wttlt mtntm•I weight and­
pow-. Nqldlwta. 

V11L ~ 
~ facet of the US dafeme 

ca,ibdlty upend, upon electronlca and 
adt depend aped&ally_ OD . 

IIIDiconductor electronics. Furthermore 
alac:tronica bu nry significantly 
impacted upon tha US production 
economy. Computerized procnaing, 
oontrollina, ad rec:ord1ng have enabled 
US lndu.ttry to autain •ilnificant 
fDcreuea In prodw:tivity. Electronics 
tedmologit1 an critical becauae they 

· an bl wtdapread ue. are very 
powerful In solving certain kinda of 
problema. and control the functiom of 

· NDlitive defeme systems. 
A. Scniconductor manufacturing 

IM:bno/ogy. The buic ideu of 
semiconductor functioning are of coune 
widely known. Integrated circuits are 
collections of semiconductor elements 
and puaive circuit elements in a tingle 
pac:kqe. The critical factor in these 
packqa ii the manufacturing processes 
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~;:: ~ ~ ~~.=:.•~~~,':,:~:~.:I~~.•: ;~::;;=r, ~~ :-;;? 
oacica2es trtat can oe!'t'orm I! !l!'eater 
array of iwicJona, T'.ueN iaorication 
pro~saes are known to soma extent 
world wide. but llnly a few countries are 
working at the edge of the technology. 
Prelemq the US lead ln theM 
manufactming tec!moloSfn ii critical to 
the maintenance of ,upertor equipment 
for dafeDM and an ecoDomic advantage 
ill aooda for export. 

· IX. Safety, s«:urity, and SunirabJJJty 
TdnoJOf/Y 

A.BMt,rnc/. -
B. Encryption Tdno/og. r.ncr,ptton 

technology ii 1118d for tbtl conceab:n•t 
ol information. It supporta corrqMCtiCJD 
ol information to reduce .........,,eekm 
requilementa. Encryptim ia alao ued to 
control identification or nlldatlan ir.,. 
In many applicattam ID wtdcb it• . 
DeCIIN1'7fortqnipmenttoftriffdla 
idemlty of Ul Individual°' 1M ft1idlty 
of &ll order, before srantma aa:eu to 
the Individual or ot.,taa the arder. 
ICnowledp ol-adnaced mcrypUon . 
technology may both imJn"O" an 
adnrsary'a capabilities In Ida own ue 
of encryption. to our detrimmt. ad 

. , 

:--::.::: ~~~=esJnrs :,r:c. .-::;.:.:...·-:c.::, rn ~· \; ,::;. 
: : .. .:!:·e ~-~•\·y·i:rIU! ..;:: :-.. .. ,;j ..1 ..:·nt ;: J ~;~ 
. .. .. ,. ·- - ··- . ...., _ ... _ ... - .... ,,. - .... . - - .. _ .. _ 
.., .... w •• - • ~ .,.t" .- .-i..•• .t .t .\ -" - -• .., ->• ... .1~ -.... ... ••• 
wespon !ly, t!!!!19. T~e menne! in ·.•!+!i,;~ 
theM davices carry-out tiieir control and 
monitoriq function could be extremely 
sensitive since that information could 
well point to wlnerable a1pects of the 
1yatem. ID the area of future application· 
of microcomputen in weapon aysteait, 
the arH of adaptive contr:>l should be 
comidered. The microcomput.!r contains 
the mathematical capability to 
implement complex adaptive algCJritlum . 
to reprop'Ul a weapon bued on 
mnaNd data cm the W911-beiq of 
crtticaJ compomnt.a or mvtronmental 
fac:tan. '1'!la, the microcomputer could 
well proYida tbe ability for the weapon 
to1Utaianbaant1al damqeandatill 
be twpaopn:aud to accmnpU1h lta 
miuicm nae Rull#an1 have for yun ===..~•ccmtzol 

. mi~ provida both them ud 
QI tb. oppcatwdty to deftlop Mlf­
bNJma WNPUll IJlblml. Applicatlolll 
of mfclvcompubn to ncb problem.I 
aboaJd be treated u "Nlllltive 
tedmokv-
Ls...rnd. 

enable him to penetrate oar ayatema. · --.WWW 
pimq lnfonation, pmfnl ICC8l8. 01' . 
cauam, the exacatiali of fafN · 1-C>epeen laJL "Pn+wd New 
command• . · ·· -Apploadl ta Jbi,ort c.tlal." DOP./ 

C. EltJCtronk:ally ~ Pbysk:aJ OISA ......... ta~ datad 

s«:urfty. Ttdmoloa Nlatiaa to 1M . z. J. = ~-:, ~Aaalyu ollxpalt 
physical plOtadkm ,4wpom fldllu. . . -· .. 
lbaald !Ma confklffld bpt0tacdallbaa · «:...a olUI. ,.__ ~ -- DoD ____ ... _ =_.ILi... · Pc ;2ulhe."'al'l{lllrtoltlaa~ . 
---- A--S-~ . ..... ..... ,...,_ .• Jbl,ortor 
19cbncw>a p.uridN lldjia,..,..af u.L T . t q. - at t1aa ,..._ ol 
defeadns the orotKtt•• .......... . ·- ........ ,..., ... ...... . 
Bxtmllff Rab Nlattn 11D ptqlwctlclllJa. a. .... ; t I I ta::dwMt ol1ft ■ U8C 
the c:amurclal nacleu!NCtar GN hu · . ,.,,,....... . . 
bNll cmdac'8df.urlftlral,-nwitllm ~.u.t;.P?.!=n;,:_•a»-•••7'" llpart. 
the DOBlabcntada~-of-\/. .:l . - . ~ :C ,. _ _:,.__. ...... 
lafallutlaa• bem--~ . lilllllCJffi• 9Clbf Dlpt.ol 

pr~~~='::t"....-~~ : ~lmlfda::::;..... .. . . -.. ....... . ~ .... .. ... +w,1-.,.....0flca.J---, 
rwprd 11111 be too Jala 11D ~ . .,._ . ~ 
Netr•t=fffl uw.adman s.•Alillll!_..,,_._y itliwtlmol 
aoplmUcated o,aq,.amr-bued . MIIUadlr Cdtlcal 1'edmo.....-" ...,_ 
tacbmqw Im awpma data fraiaa Ccaew .............. a.. um.. modlW 
NUOn aruad a protldad anaae brtlaa(JQAlCIMlaa&Tecbn ..._ 
bemadnelaped.n...~ . . -. ..... . 
Ndaice falM alarm fnc:ldeact ad . i,an....aa,w ...... -, 
prcmda lntrwlat trackfnaba • way tbat. 111&.-m.....,.. 
TUdy mapNtN tbe protec:ttvw .. 
capabtlitJ of a lntruloa datedlml _. 
IJltm'D. Both the qltelll opcatiooal 
capability ad the rwlatad dev1cel 
:wpzrnt muqly NDlitm .... In tba 
cnwrall pb,-:al protecUaa of facilltia 

D. Weapoa Sarmobility. ID deflntna 
~ tec:lmol01Y.daat aboakt . . 
be protedad from export. one txtn!melJ 
imloftlm UN tbat lboaJd be . . 
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