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S.bmarine · AntlaJbm..-ine Surface Eff•~tt 
Infrared Sea Su<lace Thermal Front 
Airborne Und!rwttar Sound Nonaooustle 

Ott ttVtflif b(o(t llumbfr) 

(U)· 'rne Naval Air Development Center huiM!on conductingovor·water flight trials of pOS$Ive infrared 

rupping doviees as pan of on ASW prolrOm-to SU~dy tht possibility of dotocting submarines by detecting etfoctt 

1he:y mJy proouee 011 cne wrface of the wJttr. While infttrod pictur4't of shipc:. R.lbnuuinl!l. and their wakes wtre 

being ob,lned, infrored pictures o f many imererting oeeonogr11phic phenomena wore rtcorded. Thil repon con· 

sins of o·desorlption of a typical pu sive lnfr~red lirwsconning equipment used in conducting theto rtudies, a brief 

~e~Ume of reaJfts ob,.lned 11111iiut submarines ond ships, and a description of results thlt suggest itt owlieation 

to air·dropptd mine dntction, to nig.httil'Fit eir .... reacue wortc .. to underwater sound PI'QPI911ion prediction, 

'O< general n ighttime lUrveitlance lnd foru• ., en oceanogr11phic tool .. 

(Contino.ad on rev.r11 side) 

........ _, ..,.....,..o... 
CONFIDE,.TfAL 
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1Z~1~r .~tNt tAr 
19. ABSTRACT ICont lnuedl 

f/;,. Th .. report includtS imagery from modified AN/AA0·2 and AN/AAR·30 Infrared detecting sets of 

wakes from snorl<elllnQ and !!Urfeced tubmarinls and from completely submerged subm.rinet loakiny air, c:ti .. 
charging diesel oil, opantlng in a POsitively buoyant condit ion, and In the process of a.rfac.ing. Also included 

we lnfrored pfcturot of persistent turf ace ocars pro<lleod by air·dropping dmulate<l ml,.,., into the Gu If of Mexico, 

a 35()().11 slid< proO.I<:&d by <lropping about 00 ml o f com oil into the oc:e~n, and tho ... rtace expressions of an 

oceanic front, a field of convection cells, watet tlow·petternsaround Florida keys, the flow of water f rom an 

Inlet Into the ocNn, an eddy in St. Andrew £1ay, anti a 4-mile diameter Ellfdy 200 nmi east of Boston . 

. . 
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ab j aaL10 b;t v;t 'rt:u~e o f 't'hl!"1r 1AI-r•nd :C.• IIIIWe•e•!!lC~ e~ in •'h•oh 

d•rla.v.e••· 

( rn u.. ~ .... .~ .Ju; :1:" I:J;c<v-,., :1!. opr.uU:'It t"e qL II!' h•• be-.D ~r!IW ~teitiQ "'*r~ltl!!!r 

f l :1. h1t t rtelao cf 1J!Ii ••1,• ;;Lui:~•l!iltd. ~MPPl~ ,J ew·h1111• -'• t-are. of iJV 

pn~aru. ~ •I;.IUCiy ~b. ""•al'b!ILty ~ :te~tre t!Bf _.,o r 1fil;JJ'• by ~tt"u:ttli& 

C"!ffe t:t: I ~:.'bey "'lli.Y pMd IJ~ on W 'UZ fu~ .a f b Wll:t!t • Ill! (~!Jif~~RA 

t • e Ln.~te.li!l tl.K~~,H.orus I' A t N.\1 e Itt hu.lTJll!ll d . hcLI•tod ~11. ~• d.ltrf ~ .. 

o<e~n IU+E•c~ ~ b~~~ ma~~. Vhtl~ 1 {r~te~ pt~~~ltl 91 ~pi, •ub­

wil{HI. ti!!UfJ tt!ti!lf v ,.. .,.e tte b l!lK obr:1i.nald ~ ~~='~~A~ r '-~~turru of t'tl.!nr 

h!ceif~,~-!f4 OrZ!i!l.tUCI.'Ptde p~u w-r~ r-nowt•r.2• lt!.t ~po•e of ~nt..11 

~,at !t. ~10 ,:r.len.t. i bTOII.d t~f of ;b&:•t n-• 11 ta ~b.a.t, odem:J:!l.ll:;l!*'tt ·~ 

p Ue~JI:tt:ilel o:r ~l ~ 1JII68lVC i.~:;o~:rfJa~ ll:ii!P pt..1 d nt.IC-4"~t to ad. l r.t.uy 

0 C4 DO(t"•" by 4- ThL p .,, l:if Y1' C91Y!Ii• c. ore .. d-ea~rjiptl.IQI'Q. 0 f .. t.yp"t cllll 

l ofl' arru . &=qui a~ ..... •II i:n ccn::ld~t: lo c :tc •tLJdiell,. .,; b r ....,.f , .•• am~ -ot 
r e&ll llll Q~ tt;1~zd! ...,.-' t _,ullcar-l.u 1 aod 11hi,. ,. and! 11 • er 1plt ta11 "f 
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n.~st.t.t::Lt:at! sl:r·•c::.a. -re.a ... :a.:.IA!! ~k •. ~ u.~•li"W•'-.e-t 14}:.J 'U,d pre-a P&.l a t too pr~.d :lc-

t: La !D., ~t:t~ Ke'"l\O .-~I !rd. &:bitt 1 tlu:['!j'l! I. t l4.~~ &£»d. t~~ u•e u •a Qce-..pb(5f-&Jbie. 

t3JQ 1 .. 

C~ ) T'jte- [ 111£ r r d qu:I'P:m n t.1t '\J •d 1:.~ .::1~ L-!4 ... (1 th!! re-!IU.! ' la tl illll.&fi.r;i~•ill 

w;ert- bu l] 11:. by IU~:IJ-S lrng.e r , I 1\~i::'lr~ll ~ll~ced · nd .) re dll!!!! ~1 Q;l'hil t t~ ti'W: Mt//JJID-~ 
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u SJil' old liS ~ llo~r s. h ,.. ... be-lt'n r!f;lCOTd e d i in A t.ptl!! .t. JJ.f;: oti!!i t h a;y Ita. vi! tl4trcn. ob-

llilet't:~d to 4 ;I fliiS:ipilil!:e ~o~1tl:. "t: .-, 10 u-1nut~~:d. 

u 
JIIJ f' IJI:l'E'~ ~ sh~li • subu I" ne ~ 1.!1. hot llill'io:rl:.~l ar.d .a'ke •• t"e c Ofdedl a L 

~1Rht by the ~f4AU~2. In tht~~ as in 8Dbme~ue~t p1~ture~. tft~etive1~ 

~3rm t~r~et• ~re tepre•t~ta4 •e li3ht ~nd ~~~~tive\y cold ~· as 

d111;rk,. 'rh.t! 1 ~&tli. of !!!h.e ~l'lol 11htnru COZ''tN[pD!ldhli to. 1 .. 0 Dali'"1-c, l mlt~ ~ 

the VeTti4: n.l l(t i 'DiUlO:U a If the pl~t.urre (l0ft1'1Pilp~l tio sb9\L,._ 1()()'0 of II"" llE:"' 

P'f!QI!'Iil_dtcultn" tc1 tl~ d 1 nt<!t:l."l'fll .:t! ainl: i.ft tra-ve l . ~ alu t1.li3e Wt~ji 

1 '30 0 feert: + 

aJ 
~ Figu t S ehaws c~• ~~ke l•ft ~Y ~ e~bm.-rine vbi~h ~ ~~eb Mno:-

~w1lng b~[ whf~b ~d 8~CUr~d itS -~~1 a~d d!V4~ tO. ar~ler ~ptb. 

l'he- ebrupl!: ternd. oa.t J,oc of t hEt ~r,wke ! ~ tef!t:ll!:• tM! !PD:l.D'f ol &\Jbllllft't.·e:~tce. 

!eyo'IL<I tnt .. pOlut Coi'l'l bill!! !lei!!~ •n .a·ffi!!C:[l i!l)' .::old etUpt:ical '(lll!llt:t~;J' vh1.:l:h. 

v.o~15 pro4uc d an ttl!!' Slil'ff "Ellll' o~ the- ...... ~~r b)' a dd;l..berat clbcbaJrgc of 

oi po !rom t'lM &Av.:u:te1n& t;ybmerged s~bmprt 2. 'l'l".l.• p.lc.t"-"C-e- wu l'IC41""'d-c-d: 

(f.l;j m.J. r.ut~.! a!t-e:r tbe- BIIJlil'l'll'fi!I"LC! h.H.d d:l Vld ~ lt 1ndJ:lc lllti!!'.d t be Wll:.r¢ per· a 18 .. 

!!~~~~~ to ~e ~~cted und~~ csl~ ~~· c~ittQna. The l~cgth of th1B 

picture rarre1~~~ t~ 2.3 nrou~1ca1 mil~•~ 

u 
"" The dte ~:.ac-tc.x- of ~1Lf. w:;~~l:t,es de~c:nila 8fii:Y.'tly upon t.be lo~aJ oc:ea~,.,. 

grslphic cQl1.ili1t100fl 111rnl w •od 11: f1f oper .st to.., of th ·1 sulmt~r in~. igu ~~ 

~ &•c~~ an ~-ree ~~~t b~ a 1ttfkfug a~tural background pattQ~a thr~us~ 

whJ: ch 11 luD~rtttd Mtb~ritJ~ h • rpa &IIJIItd. l a •lte '1'1gha:: half Gf t:lte pic.· 

ture • s~rt~e uf ~old u,welll~g~ i• 6een tn th~ reBiou w~r~ t~ ~e~ 

ma~1~e ~aB i m ene proe~81 af IU~!ielng. 
l,i 

fill Figu"e 7 ahic:rvs t.wr;:a dli!tilf'L~tl)' or -,r;tUJ'i!d coni: i,gUOIJI va fer AUI6 Rl!'.ll 

th rour;h llli'hie:b a .s\ll'br.Arine bill iii :p.aaaed oa ::ltllt .(II(Jrtac•. 1a t l'h-e l e f l a.al f 

cf the p1etu~, i~ dppe•rll ~h~ 8U~rine hat hQmoge~~Cd eh~ ~~t~T'l 

1111.1:r- ~ ac.e tex.t'IJJ'f to l t:l' WI!IIIU, wftf!'t 11 &151 t!n. t~e ri a,hll 11.41 f 1 Et w_aki!' c~1:11i •~:: ­

ir.. of .; d a:tk U.nil" 'bordflrll!!d b)' 11 gbt 1 i 'H'V ~.a b 'D p-rodut~ ., 

~ If l;h.e ~u'b~rin<t b: 1 et.lc.ins a ir~ the rllliPg bulbhl e • m.ty brin& 

••t•ri~lt ~u~ptndcd •~ th• bo~y of the water tQ tbe ~~r~~~e •nd ~orz • 

.JJOO'Oth. .ali elf;... Fl gur JJ .ph~J.PIB & l. ().-11!1e lo'Di iiil"'ol!.l ttJ.I'augb vbi ~;t. .a. 1()0. 

fe~<~ t dt! I! p I!IJ~Ti ue "1111- pas &i ag 41i • ·~•o r>f " 'krno f 11 Wil-e- t'e:lert~l ;ll:ng 

a ir .at 11m E!lltirut'ltd l"dte or 80 cubic leet per rr!·o.ntoo4 .MJ eff;Eitlvely 

warm wa~& about 6C feet fn ~~tb i1 •een. 

~ lt m~, b~en fouod in ot~cf ~pt!rl~•r.t~ t~•t D?l!'l"~ttg~ of th~ •~b­
~t'i~ in • po~lr!~~ly b~Qya~t. o~~-af-~rt. ~~a1~1on ~•~ oft

~u LmpArt 

to t'hEI vo t-c:r au t1.:. loant u'pri'a:rd Bermellf.tm w D"J~erto ._ 'IUJd~"r.atet y .f.t..a:tJ h 

d~Y ttf ~•t!o~ of t~ ~qter &~d ~~Odll~e •£feet• oc the •urf~c~. Ftsure 

9 • ~ 1!1 a U ::1~ .a-f cot{! 'l' IP'f'Cll1•''"'• IPT•;u!.uc.edl ~· 1 6- knCIIt, l3~ foot ~ ••'P 

UliMII WEI*! · 

310 



·-~~~-· :1. "')1'' .. • ·· ~; ,, y '_.-II' ,tJ-r. '. ·. '"''•"ff'~~ ' I' ~:_:.~· .~,- ~·,.:· ~.,· . ,.U'·-- , 't·;h• ~IW' " "" •... •. -~ _ ... '· "'''''q'f"".'t·~:· ~~; :• 

' . ·:r · • ~ · .. - , 111 · · .. ·· ·., -:-1(.• . ; ·; ' .•/ ?!<i. ' ;.<~ ~- . . . ' •, )., -.• .J~.s.-~·, · · ' ' ~ . ~ ..... ... ~. ~ . i ,,. , .J .. ~ , ~ .• J .. :lt<t . ' : / ' ' . . ' ~ ·.~ ... .J·· ...... . : - .·· ·v·~-~i·"'~: .. l'. / ' ; ! .~;: . . ~ . 1 • ,, 

I (C) FIGURE 4 HOT SUBMARINE SNORKEL AND WAKE RECORDED BY AN/ AAD-2. DATE: 15 MARCH 1962; TIME: 1939 R; 
COORDINATES: 24°00'N, S3°45'W; AIRCRAFT ALTITUDE: 1300 FEET; LENGTH OF AREA SHOWN: 1.0 
NAUTICAL MILE. I 

t 
' 



(.) . . ·~N~W 0 ~IH'S.T .... . . ·~:r.q~~ · . ;::) •~t~~H\t~~ &2'1t' ...... ':.f~ • .o1 fi*J~;!\IIM!ZLkrE:L·:..b.~ ·.. · . 

(C) HGUI~t. 5 WAKE LEFT BY SNORKELLING SUBMARINE RECORDED BY AN/AAD-2 84 MINUHS AFTER SNORKEL 

HAD BEEN SECURED. SPREADING PATCH OF 01 L APPEARS ON THE RIGHT. THE WHITE AND BLACK 

"SHADOWS" BENEATH THE OIL PATCH ARE THE RESULT OF OVERLOADING OF THE SYSTEM'S 

AMPLIFIER, DATE: 9 AUGUST 1962; TIME: 0035 Q; COORDINATES: 40°29'N, 71°40'W; AIRCRAFT 

ALTITUDE: 2500 FEET; LENGTH OF AREA SHOWN: 2.8 NAUTICAL MILES. 
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(P1F!GlllE 7 
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WAJt:.E 01' A SURFACEO "SU&MAIBNt ANO THERMALLY TEXI\IUO OISllNCT W;t,Ttt MASSES RI;CC 

AN/AAD•2, elATE:. 12 MARCI1l962; TlMI;: 2.11? II; COORDINATES; 2(•1!1'N, 82"0~Wi .AtRCR,AFT 

ALTITUDE: 2000 FE£T1 l£NGTH OF' AltEA SHOWN: 2.0 NAU'!lCAl MILES. 
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(ll'5AGuRE 8 
• ·'to 

~ ,., ._,.. •. , .,... ... ......._ ._- ~·· · ~--.....,..,-~ .• .._ t wo• 

NoVM£>•2 J.ECORQING OF TKE WAICE GENUA TEO &Y A ...-.:NOT, lOG-FOOT JCEEL D£PTl1. SIJJMA!liNE 

RElEASING Alit AT eO CUatC FEU PER MINuTE. DATE: 15 MARCH 1962; TIME! ·2033 R1 ·COOROiNAJ£S: 
24"0<4'N, 3:j•.fl'W, SEA STATE: o-l; AtRCitAFT ALTtl\JtlE: 1300 F!ET,UNGlH OF AREA SHOWJ'I, I , 0 
NAUTICAL. Mil£ 

-"' -I 
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• ~;;. ~·· i, f .• , ... · :··. 

(C) FIGURE 9 AN/AAD-2 RECORDING OF THE WAKE OF A 6-KNOT, 130-FOOT KEEL DEPTH SUBMARINE OPERATING 
7• BOW DOWN AND 20,000 POUNDS LIGHT. DATE: 28 MARCH 1962; TIME: 2326 R; COORDINATES: 
40"20'N, 71"51'W; SEA STATE: 1; AIRCRAFT ALTITUDE: 1600 FEET; LENGTH OF AREA SHOWN: 1.5 
NAUTICAL MIUS. 
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_.,I!ICL4ltnt. 

l.t 
{I}' subcmrirme Gpe ['l!llt tn:t~; .20., OOCI p,ound:a lJ.1bt.. 'Jb.a &lilbaal'ililll ~~ot.:ln •tained: 

o.~.st.D~nt 4ept.h by OCJ·• ·r•t-lng iJJ • 1• bow-dti':flm atte1twta .. 
Llo 

(Qrr) if tt'te. .subfti'J'fiot 1.0 .o-pe-Tatln' .J.t &hltllo~Jot~ l:!etJ'th 1t b1(1:h ._.cd. 
dst·ectabl ~ b lvi:n va'Le pat.ttE~rns a:r~ :pt'oc;luce(! a~ s'h('tWD in Figut'f! 10. 

u . 
rM I n f;IIOO'f'.!il, 11slce6 ae:r:.-eerated by 8'\tblU.r-ine~ ~hat Blf"t! effectiv-ely 

b ff'~tktn&: th~ ~ d ~tee ~r.e ~ecco.r tied ~ .J'tJ.CJqt 99% of 'Ch~ O.'PPQf'"~1 t te• • 
-A ~•r of &~t:l....tt:tu. Ln the tb.1.1ted S:t.at••* CCI!idli-. al!'id tba Uaite4 
)!lnadm 5'H 1twfyiDt, •fbeU pi"Odu~d by ~011• 'V!tb int,.entlont of 
P"il!l:t.t::·Uaa ~..mat. oc~&rJI''b:tc: c:ODdit:t.ou t,M-:y aT• ~uc:lltd &n4 of 
:l•ro'¥th~S. mtb£.ti11 lJy 'Wht!Cih they 1tlt1' .,_ d teotd .. 

( tl) StlitV~It~Cf; ~ CU,SSJFJ Cli.I.()N OF MARl TUB! TJ.RGt..T"S 

'-l 
"' ~ott!n ·~1:1:c;pd~ i:lf s;_1\ft'al:'ed ~tappin& 4evi·cfltll thflt Clppeeu., to 

I'!! ave 11.U I to~~ry .sf&nlU c: rmt:e ta the p4~ttt.i.vs 11 ~ht.t.:lmc 18.'\IT'IIa1..U&nc• and· 
c: l&1a.l. ft G.at 1011. of -poltt!!IIIU.•lly bo•tt-U.• vea.ael•. 'Jvl~Mit wh.n re 'h.t:i v& ly 
lllllll a{41tial .ze~~t:l~ h updL11 tt'M ptc~e• raoordelll provide tdo'r­
su:t1.on O'mo otna 4~3!.~ of tu t:al!"~t~t.:: ~ tiM mab.-:r ra.t locet i.Ol'L of 
I te at: &c. lUi~ tm iiddi ttrMt, 1'1\e v•ht' froa 11uch • vv•••l., 'Wbl.e.h 'fiiiiY •x-
t~fiid ~ mt l!I!!Lt ut:l!'rllli• pra,tm l af4nmttop "'.It die CI'>.1Jri>Jt of li::he 
vea·lle 1 even t:hllll.lgh 1 t '11.!1.1 .BJ1.11ld!mly C.~Jil' 1t 1 he&d111;8 wlwn t1M IIIUI."'IH'Lt .... 
l!U!.Cc: l:i:I'OZ".&ft &f:proHhu.. Pllf~fl J.1 .io 'lfh!Rh 11'4'!. 'n!OO'Ne4 fi"'Ol. olD &It {• 
tvda of 16()0 i•.et 1 ;bow. dack IUUCtlift of tl .IQ,!'f&ee~cf ~t~l"f..M. t')'ti+­
G:Iil.l)' • a po.rtt(Je cf the cftt~r Ma.tton of t;N> 'hatt.t.,. •bare ~ eo~• 
&l't lo~at:a'li• aparw- "l'e\at:lnly Hl'lt. rt.SUI"t- .11 -£• e b!I.S'hl'f '1""HOlu.t:1(1J3., 
l.OIIfl'· N-Qt tiv;lt.y p.tct:ur.e ol · • 4••~• :rec:oded' fr• au sl tl tu4.o of 
500 feet. 

(U) AIR-~PEU ~l~E VlltCtlO~ 
u 
(~ L.lml ted' t• tz:Ji t.~ dii!tcntlc.e tbe t.e•eof bil1 ty of .d• t•ct l.n8 • by '!Rtl-tle 

ot rfl 1 rbr.>rne inf,ra u~ d.aYtcelf ~> i&\iir"f ac-e s .:a ~:-s p{Od"uccd by the: liipl nh,_s 
oi rllii~droO:PPed m'Difllt b&ft btnta ooa;lu.etll!!d ln. eoopuat.iOll ri.th the 1J ;o s. 
W4V)' Mit!Dt Deffllaf!i i.lbDH~., ft:pte 1-:J -~ .•cali,l!l p:ro:dtaA:.e6 by d:t.ap­
pl'Df ~hi'• 1t1£DUilt 4 ti..Cih fro" lw .al tltucle: M-ll.eoptcn 1tJt o tht: Gtil t 
cf l'leitco. -~ P.arw- Clt:y1 Floricla. The Dd"M>a •e:re dl'Cppe~ nee !1m 

~on-atfOll. lllttae CKJI 4fJIIf:&l:' ~•r- tbt c.«uteor of t~ piet.ur:e t~ t;'=e>t 
ci.rcl~tl of ~odlllllt•ly !5'0-foot" diaa1:41T.. '!hi• pietu.r. e1.1.'(1 Jhawe. a 
p~tt¢11 of tilt! 1.-btre.Uu t:tdal IP .,_a,on o t .1 thin f n-•~peel •hat re-t: 
of :r&lat::.. ... ~ly v.._.~; relartvely Lutt • al :t• Qt;e'f fYolll S r::. i.\M'tev fHtY 
.flowt 'li,l il'!ltll~ l:l'wl J:~~He 4eltile W&tll.t" of c. he Sui f. 

'tQlR&.lftll!ll 
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..<\l'if.AAW-30 lt{<;;OROil•4.G~QF W~K.f GENERA f ED BY A S\iRFAC£0 SU.SMAliNf 
RE~t~l!~Y·IJNifORM 1NrfN~I1Y· fROM !IQH eM TO l"OP Of P.ICAAf:WT ~NSVf)(SE AND 

O.lVEI<GiNG !<:ELV!~ WAKE PATTERNS ~PEAR QNlYAT' POSiTION} CORRESPONDING TO I.AAG~ 
V(EwtNG ANGUS RElATIVE TO TH£ VER:TiCAL DATE:. 26 AI'Rit 1·963; TIME: l~'R; COORDINATES: 
40~.3&'N, 7; ":40'W. (1\.PI!RQX:h SEA STAlE: I) AIRCRAFT Atfl'JUDE: 1900' FEET; SIJl!MA.RjNF Sf'EE.O: 15 
!<N01S (ESliMATEO); lENGTH OF AltEA SH.OW'N, 2.3 NAUTltAI:. Mll.&S·. . 
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(C) FlGURE 11 SURFACED SUBMARINE AND ITS WAKE. NOTE DECK STRUCTURE FORWARD AND WARM ENGI NE AREA 

AFT. DATE: 15 MARCH 1962; TIME: 2127 R; COORDINATES: 24°10'N, 83°55'W; AIRCRAFT ALTITUDE: 

1600 FEET; LENGTH OF AREA SHOWN: 1. 0 NAUTICAL MILE. 
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,:__.....W.l ... Mn •PFP'& '"'krtl .'.LJ.I' I [ _ n h +-"+ I'd 6,4",ptcv· 1.,,_ ·, • =Hbtl, ' 

tNFIW!fO PiCTuRE OF sCAIIS !'Rboucro ~y DROPPIMG THR£E';sii'AilATfD MIN:Es t-iW 
0.~5lRVATtON STAGE IN tHE GVIJ'. OF. M(XtCO. 11-lE WHIT£. 
f-AN·S~O $.~tT Of WATER FlOWING 9VEit THe GULF fR_OM st. AN~EW My: OA tE, .S MAACH 
196.4.! TIME: 2204-SICOORDlNATES: S0•07'N, ·S5•47'W; AlltCRAFTAlflTUoE: 1600FE£T;J.EN.GTH 

. Of AREA SHOWN: l .SNAUTICAL MJL£S. . 
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NMJt -en 61-so 

tu} l~fre~ed ~pping deYi£~~ ~ould b• d~plie~ to the 9%&b em ol loc~tlng 
~m~~!vor6 of ~i~~st•~~ •t ~e• •~ o1gbt. rn~ aic~ of the ~1~aettT ~~ld 

liJ-e 1oe .a li:u-d, :! D gt:per•l. by •eoagch-1.n.g for -resU t y det~et o.b 11111 u i.l !U.n5l. 

In ~dditiocJ 1urvivDT~' lff~ J~~kete co~ld p~ p~ov!ded vith R ~~1~ 
nl sht t::tu: Rqu!"i' lll~nt o f ~ !i!:y~t a~o~u·ke:r. i!illi:h u a. PDAill ~o:nt:a1.~ Q f or~ t­

u3ry ¢orn Qi1. Plgur~ 14 a~a ~ ~~aotly dete~tible sllck t~uc~ by 

.d twpp!IO.,I .a po.rt[peT ~P c-...an~d.:tl1 'DB bo~t 50 (!Lib .I.e -cantiat•:r!!' a f cor~ '1)1 \ 

t E'()u. 11n di'C:Ytl ft ::>M:O th.a- OUIII.'t., The lcuw,tn of l:he y .. fllblilip•d llilitk 

a:h r:NrJ 1ill ~.. .a b (lut o'*" M l f ad 1 '4J; ~ 

(U) tU 1: (ll.ii:S:'h. 'C<)~e Q:t· t b~ :r~di.a~~=.ton l11!1c:rec t~ by .a11 tmf'rarcd re~.;.-JJpfns 

d~v~cP. oFeTa!ed ov•r v~ter ar{Ain&tie !~m deptht of 1•3~ tblll ~~ tent~ 

cl a ~ll~teT, tt i• Apparent t~t t~ ~~.ulti~g plcl~e• clt~D re­
">j'e.a 1 II'ILTf&.Cfl .f'~frlti!.Ji.G'JI.I) Of bl:Jllk. V.A.tft' VM~a.a. Pi~,.~ lS :b1 .111 D!Jht.• 

time ~h~~ ptct~r~ w~ich reveal~ at~ .v~•~~ vi~ of ~n oce~1c 
lTOT!il:.. tQ '"'1:11 .p regfot~ o11e m! ght e~t pe.e.uU "'r:- t~ooar condt H~a. to 

prevail 1o ~hieh t~~ •~u~ ~~aaatioo cn~.a~Eer!atl~• wau1d ~~ e atton~ 
ftLD-c.l; i I!Jr.. of th.e p<JIIH !on of the e.:raruutucoer aM the' di%1!~ t l:O:!I. c f u ~ 

?ftl J i!'C:t:t.O!Jl.. 

~ riiLt~ 1 (», ~CM.-6! I f ic: 1d o.f .CQIIV~r;.t; ian H-.11 1!1. t:•&lsl t :£:cg :t:roa. t;!:J,V 

f ,an'D.D.E:iMI 61'd b:rellk.dow Df li dem1 ~ llliu't"!s..ce l.i)'tt ttVfl r .a. l ~&II d~nu ~df 

ol "'* er. W1wu vieii!r:d! f'rMJ 8i'b>O"i•' t'N 1!:1! n.. •p~.lil' I!~ .c.l c:aed lrTeiU L .liT 

po ys.aaa b•1i 'DII 'tr;'11l'111 cc"t:t:e re- 11ad ccol dge.t. ODi! c 11.1'1i t nfc:~ t.hreo rai :t~ ot 

the ee}llll If o. hoe' o'l tt\4) o rd o-r ol IOC c:o W faet tly CCfft¥ S;Z' Ul them ""l r. 

tne JO<J.- fila-:. lQlllt, aur h ~s d s l.'bUlllr:l ne: 'tfM~lL 'ht1111 ~.aogett! Zi!!!d t;hQ ee-l h tu 

1 It II 1!falu: • 

(0) ln t!tuattorul ~e~ •j th~•e 1•~t two 1 1t vouJ~ PP~~~ 1t1e1f t~~t 
the uD~~~~~ r 80Uod propagati~~ ~h•~•e~e't"t8ttcp ¥ou1d b~ more dtp~u~~~t 
\IPOt'J hor.1t.o:lt'8l. t~ r•'tar~ 'PZ"Of! ltCtA tlliW U:'j>OO ttl~:: uertietl!l. 'l;:crrll!lotl itMI 

.of til-crt t :- M!CI~Mlli it. •u:gg,e !lt ed ~~~ rn aT~lll. !or d~t.~;~ilrd 111tudy + 

(~) ~e•~2ul a JJ~i~!~m landlnH~ ~f tr~• g~ encmy-b•Id 1sl imd8 
illttd r:be IP..h ~ntey of ships 1ct.t~ p.or,r.s :~! '1\QIIJt U~ 111 t1ons -.;-e:i:il.ll.Jt e dttail i-~ 

lrl'l.Wl~dp of "lata il. c.urrf'nt1.1. Infli'.ared asppi~s Ql£l'l'fCI!5 IC ll:DI 'JH"OV~ tJc: t.,... 

fO't'lnat ton ft,..~~t m.y b.r: o£ \i<~~llL~ 1m !IU~ h lid. tldt!(}M. M~e 1 j reve•1'­
cnTranl• A~ t~~ vicinity of )oca Grande Key ~ 'tgare 18 is a p~rtlon Dt 

a Coa•t .pod ce<~d e ti-c. SU"f"Y"CtY cbDi't. o-! Lol&-erti.(:atll !Key And Reef.. :Ftguz:e 1 '9 
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(U) FIGURE 14 SLICK PRODUCED BY DROPPING APPROXIMATELY 50 MILLILITER OF CORN OIL FROM A LOW-FLYING 
AIRCRAFT ONTO THE OCEAN. THE WHITE DOT ON THIS INFRARED PICTURE REPRESENTS A FLOATING 
SMOKE LIGHT WHICH WAS USED AS A REFERENCE. DATE: 7 FEBRUARY 1963; TIME: 2029 R; TIME OIL 
WAS DROPPED: 2015 R; AIRCRAFT ALTITUDE: 1500 FEET; SEA STATE: 0-1; LENGTH OF AREA SHOWN: 
1 . 3 NAUTICAL MILES. 
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( U) FJ(;IJRE 15. 
. . 

INFRARED PlCTORE OF AN OCEANIC FRONT RECORDED BY THE AN/ AAR-30. DATE: 26 A~IL 1963; 
TIME: ~152 R; COORDINATES~41•23'N, M•28'W; AIRCRAFT AlTITUDE: 6800 FEET; tENGlH OF.AREA 
SHOWN: 7.8 N.AUnCAL M:tlES. . 
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(U) FIGURE 16 INFRARED PICTURE OF A SURFACED SUBMARINE PASSING THROUGH A REGION MARKED BY 

CONVECTION CELLS. DATE: 4 DECEMBER 1962; TIME: 2300 R (APPROX); LOCATION: VICINITY 

OF KEY WEST, FLORIDA. 
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.· (U)FIGURE 17 INFRAREPPICTUREOF.BOCA GRANDE KEY ANa·, SURROUND'INGWATERS.:RECDRDfD BY AN/AJ\o..-2 .• 
DATE: . l5 MARCHl9.62; TlME: 2222R; COORDtNATES: 24~321N, 82°00'W;· AIRCRAFT AtTITUDE: 1900 
FEET; LENGTI10f AREA SHOWN:: 0.,9 NAUTICAL MILE . .-· - .. . ---- ... . . ... . . . . . . 
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(U) AGURE 18 PORTION OF COAST AND GEODETIC SURVEY CHART NO. 585 SHOWING LOGGERHEAD KEY AND 
LOGGERHEAD ROOF. DEPTHS ARE GIVEN IN FEET. 
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(U) RGURE 19 INFRARl:O PICTURE QF LOGGERHEAD KEY AND SURROUNDING WATERS REC~DED BY AN/ AAD-2. 
DATE: 15 MARCH 1962; TIME: 1833 R; COORDINATES: 24"38·'N,. 82°56~W; AIRCRAFT AtTIT<JDE: 
4500 FEET; LENGTH OF A~EA SHOWN·: 4.2 NAUTICAL MILES .. 
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XADC- 81 l 6 l- 5.0 

(~J) ~ Iii .a I'll i :nf l'.S ~•d p :l.c:tu:r-! of the IJIS.II.IC .11 r~ 111 w'h ich. .a~Olii:S t'IH I. low (1-f wa Eer 
m•111 ir r: hlfil r aG f -1 Bt.a~•:r" 2.!t l"IO"'••l-11 tb~ f l~Q~W c{ (!l;!r;to!l , :rel~tt ;(vf'l.y t re a.h. 
ntq- f;rJ;JI'l. llll'l'll!'t,tlt ii ~:~l ·~t C'l;lt!:r the W&.z"C!!'~ but 'llll?e deldlie 'Willt:~:tt •J;i.f ~::he: 
t'itlll ~:~t :ll;!. OC..fll B.. F:ll tl.'Jfll!! 21 ltJCWIIJJ 111111 ~dy in St.. l..cdro~w- :l!hty w~e: vat et~~; 
of t t •ilia t ~n.:'l lltl&t ln•.a·l!tc-heti rf1'1 tih~ 'i&y CO:!Nel Q..e be lor~: f l md. ns ifi~ o 

tM G\11 f of 't*::tU:o. f'l~~ 12 l\l'bmt1 .a:p ~d..Sy r:!il o~p;p-t'o:Mf.lLIJI!:V'lY 4wa.i 1, 
d1 ~ lt!.t: !!~yo~ t:::ba J:l:(mth r;~f the- ~;:h411lr.<!· 1 b•t»Hn lTDlilnli Ban~ .BiJ'1.:3 G.ar~tll 
Ia~ an(! lie tw•en th-e ~ou11 tl!'rc.tll'rt~ulti8 of the Gu..tl !S tr~n .tiJll the :! .. a:b:t".l!il.t<:t:r 
CUTrEont. 

( U) CONClJJSlOMS 

r» .lli.1 r l>o c: Dr. ~lltt t1 ~~ t'I'Liru1!d •&pp.[ q J;eoo;{.(!f'• Jlfil.IY ide 1!1 (:oD•ia:t:rerrt. 
c!Si~Sbi l llf )' 0'!. t l!'i!lt"klcg, drt!'ft c t-f-Dg, .!ii:Jd c 1.~~-S!IiHyiog l!jll!l ipll!l lltld •bllaw 
Olf'P'~ &..:~bT:JJH'i"Rt:~. ~O:Jt' t:ri , l••kq-t· of l'i -r IIIDJd CJtl ~ and d isc:he r!ill41:S. fro:o 
tl:li- &\1'1:>11- f'trJ l:'•rnle:r it !lot'• whu1Iab l too Clet t'£'tioo. 

( Ll) Itt.lf t il r ,ed tu~P'tll\i. deTkca •rp:p~.u.l' tCI L.av• vllil~Jtt fo~ l.tl'r.:t:f&l 
oi,sil t t !tht O'\',ltr •lilat•:r s:urv.e :Hltllc~t_e .1nd ln. Jlilll!rl:: :loular for 11.04! m:t:in~. 
JS:U rv :£ •r' or .;t of d is; EL .. t e Q; art ~It a.. 

( Ill) PuTt he! r 4i1Wth<t-l' bcnJ:1d be t.: r.tductoe• to cvAlu«.r;;-1! t,ht: app 1 ;i..e.p ~ 1-on 
of infr~~d ~~pp~pg 4~vi~•~ to th d~t•~t1on of 1i~-d~app~d mt n•a ~nd to 
~h predict Qn Dt ~~erY~t~ 41QUnd ,fo,aRitlon ~hara~t1rietics. 

(U) Airb~~n~ pad~ive id(~~r~~ ~pp1~g ~~~~~s ~re u~Ll emiled !o~ u~e 
D.ll 1nst tuJpe !l t :(; f~f .ltudJJf'(llg (!il'fT!II-'~tiA OVR:t' VIII!J!t 1-UiiiP gf thR O;t:• Oll[li ;!.n 
~leti~-tlY abort ptrlo~s c f t1me. 



... 
8 

,.t· ..,.J 

INf.li'ARtO PICTURE Of FLQW·0l' COOL WATER fROM 8ARN£GAT INI.fT INTO 
DAre: 3Q . .JANUARY 196.4; tiME: l8SO R; COOtlOINATtS; Jro.is'N, 71."06'W; AIRCRAFt AlTITUDE: 
3600 fEETJlfNGTH Of AREA SHOWN: 1..0 NAUnCAL MI$. 
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(U)FI~E 21 IN FRARED Pt<::TU.RE O.F AN EO.O:V IN ST. ANDREW &AY. ;P~AMA CllY~ FlORIDA APPEAR!> ON THE. 

L.EFT. OA TE: .5 MARtH. 1-964)· TIME: 1234 :S;,COOROINA!E'S: 3Q•OiYN,. !\5"4J 'W;. AiRCRAFt Alll.rUDE': 
2600 FEET; lENGTH Of AilE..\ SHOWN: 3.3NAUTlC'At. MitE~ . · . . 
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(U)RGURE 22 INFRARED I'ICTURE OF AN EDDY lN THE ATLANTIC OCEAN,. THE WHITE DOTS ARE INSTRUMENTAL 
ARTIFACTS WHICH SHOULD BE DISREGARDED. DAre: Z6 AI'Rill%3; TIME: 2225 R; .COORDINATES: 
41°48'N, 64°.CO'W; AIRCRAFT ALTITUDE: 6800 FEET; UNGTH OF AREA SHOWN: 11 NAUnCAL MILES. 
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26 Aug20J6 

MEMORANDUM FOR THE RECORD 

FROM: 

TO: 

Subj: 

Ref: 

'Division Director EO & Special Mission Sensors.. Avionics, Sensors and E• 
Warfare Dept (AIR 4.5.6 

Offio-. of Counsel, Naval Air Warfare Center, Aircraft Division (NAWCAD) 

SECURITY RECOMMENDAJON FOR FOIA REQUEST, DON FOIA CASE 
FILE NUMBER 20 I 5-008952 

(a) SECNA V!NST 5720.42F, DON FO!A Program, 06 Jan 99 

(b) Executive Order 13526 

1. Recommendation. AJR 4.5.6 reviewed each document and has the following 
recom.mendations listed by eru;b separate docu,.nt covered under the subject: 

a. Document (2) of Sub). NAVAIROEVCEN Report No NADC·AW·N5916, 5 Jun 1959, 
"Submarine Wake Detection Program" (AD..C955796). Information found to be 
unclassified and releasable In Its entirety. 

b. Document (3) of Subj. NAVAIROEVCEN Report No NAOC-AW-NS917,8 Oct 1959, 
'1nfrared Wake Detection"' (AO~SS804). Information found to be unclassified and 
releasable in Its entirety. 

c. Document (4) of Subj. NAVAIRDEVCEN Report No. NADC·AW-L5932, 23 Feb 1960, 
"Submarine Wake Detection" (AD.C9SS797). PortJons of the report found to be 
classified under Section 3.3(4) under reference (b). Remaining portions of the document 
found to be unclassified and releasable. 

d. Document (5) of Subj. NAVAIRDEVCEN Report No. NADC-AW·L6005, 30 Mar 1962, 
"Submarine Wake Detection, FIIB)lt Trials of the Reconofax camera• (AD<955798). 
Information found to be und assified and releasabte in its entirety. 

e. Document (6) of Subj. NAVAIRDEVCEN Report No. NADC-AW·N6207, 3 May 1962, 
"'Airborne Infrared oceanographic Mapping" (AD·C955799). Information found to be 
unclassified and releasable in its entirety. 

f. Document (7) of Sub). NAVAIROEVCEN Report No. NADC-AW·N6208, 8 Jun 1962, 
"'NAVAJRDEVQ:N Airborne Infrared Developments"' (AD-C955801). Information found to 
be unclassified and relea$3bfe in its entirety. 

g. 



h. Document (ll) of Subj. NAVAIRDEVCEN Report No. NADC·AW·N5304, 20Jun 1963, "Use 
of an Airborne Passive Infrared Mapping Set for Submarine Wake Studies" (AD~ 
338356l). Portions of the report are found to be exempted under reference (b) Section 
3.3(6'). Remaining portions ofttle doc:umentfound to be unclassified and releasable. 

I. Document (12) of Subj. NAVAIROEVCEN Repott No. NAOC.AW·6303, 31 Jul1963, 
Submarine Wake Detection, Right Trials of the AI<J/ANJ-21nfr<~red Mapping Set in a 
cessna 310-8 Aircraft" (AD·340804).1nformatlon found to be unclasSified and releasable 
in its entirety. 

). 

k. Document (14) of Subj. NAVAIRDEVCEN Report No. NADC-87161-SO, 28 Oct 1987, 
"Applications of Airborne Passive Infrared Mapping Oe\1ces to Military Oceanography" 
(Reprinted from Proceedings of the Fim U.S. Navy Symposium on Military 
Oceanography, Volume 11,17-19 June1964) (AO-D042316). Information found to be 
unclasSified and releasable in its entirety. 

I. Document (15) of Subj. NAVAIROEVCEN Report No. NADC·AW~21. 27 Aus-1964, 
"Infrared Radiation from Ships" (AD-3S3610L). Portions of the report found to be 
exempt under reference (b) Section 3.3(6). Remaining portions of the document found 
to be unclassified and releasable. 

m. 

n. 

o. 



 

2. Basis of Recommcpdation. All information was reviewed with current class guides and 
what is considered open source information. Appropriate recommendations made above 
with cespect to findings. Documents found with portions releasable were saniti:l'.ed based 
on clru;s guides and refecence (b). Such disclosure of Department of the Navy classified 
information would give potential adversaries insight that would present a significant 
threat to national security. 

3. Exemptions Utili1.ed. Two separate exemptions were utilized in the- determination of what 
information should be sanitized or exempted from release· via Freedom of Information 
Act (FOIA) request prO<:ess. All cum:nt Classified Military Information (CMJ) has bceo 
sanitized out of the document under FOIA Exemption 3. Executi\·e Order 13526 Sections 
3.3(4) and 3.3(6). Tl>is Executive Order Section covers CMI Lhat wa.' originally clas.,ilie<l 
over 25 years ago from date of this memorandum. Subject matter ex pens within AJR 
4.5.6 were utilized in making the exemption determinations. 

4. Point of Contact. The point of contft(..'t for this secu_rity review and recommendation is Mr. 
Paul W. Reimel. AIR 4.5.6 Oi\•ision Director, pauJ.reimel@navy.mil, 301-342·0100. 

Distribution: 

NAWCAD7.4 

NA WCAD 4.5.6 

X Paul w. Reimel 
P<1U1VI. Reh'el 

$~ned by: A.Elr1El.PAUL.VI.122~41016 


