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t Mm mathar~.~t availableforthiuopera$lonaonsiated
o aga TwoA@ p~ablo waather●tatbneg two radloo~o
Sots,fcmrtheodolitoaml wilotballoonsehs,$WOfSeM r@U@ aeta,
tWOamh @Im?MmrQ,OneMndrod*9 PdMo =@ m- t**YP8
raaoi+ themA hour3y~ weatlmrrop~, w ~lhrafter gx.28
raoei* intmrmtlonalweatherandairwayp$lotraports,me autcmatlo
WinA-reoording2notrummt.one cj.~ ~eohomgt airphne aquigpedwith a
pressure,temperaturemd humidlty~~ dtimt cne16=ommotion
Rlotur*eamraformmmentationandm?ke studiem,*woutymodifiad
lltlerobar~~h,$WO r- tiarobarogra@B, one Arq oarryall, and
one r~l~+tippti Amy staffoare

Jnf@’!r@&QnMditimal woa$herinformationma * lablefromthcw
dhos A ArmyAirMmae WaatherStati~atAhamgordoAiz?baee,andfrom
theolaasB m ,Mrram. Veathorstatim atiIUX%Iandriald. 8paoial
forewuha Waw moeivad tmn t?ln Army AlrY’OWOw@athm?DiViS*On*
Wwh$n@ont D.0, A ddly tohphone aonfamwm tith@ speoialweath~
IMtialonforaoaatw wao held emh day far a weakp?@edSng the opera.
*iotaQq%* WeatherDiviskxx*6 ragular 10-dqtforeoaotw$tllpr0gw3tio
dlartllWaMXwej!wd** * Wlilo

.
Eour4 weatharobaervatkaewarekept●t Im loaattons.namelyBUM
Camp and mtpost looatedabou~100yardseaatofthetower.Be@nnfng
June25,thoweatheraaheduleinoludalhourlyohoarTaMowJatboth
looa$ions,withw$ndaalczttmale0~0 and~530 atthooutputand
0930and2230●t We CMUUP.madiomnde obmmationeweremad.fmn
IWe camp at 0330 and l@O. mtlar8etawor~looateda% pOln$P, and
in the !Ndarosavalley,eaohmokd,ngat luk ran.hi@-altitudoamant
pm LNW* IJM mlarosavalleyloaatioanwdo a *ohedUed run ●t 0~.

** (1+ inatrummt-aqpippedairaraf$mad.weatharf%i~w u tiee~l~
morninghours,andma wad toobtaininformationao totqperature,
humhlity$andwindatruotureMax)andaroundtheSierra@OUI’O. IB
ti&t%ionto the regularweath~ runs.theoqykrntlve al%itudq of the

ZoworinmumionZnboththeSorn4a&almwto andthe!t!ularomWlky
*MJob$ainedc qho heightof thetharmalsaq a fumotlon of the aftier
aun3We WU9 obtained ZYN@ly. lynoka dulhs ~ rdleaseson tie
Qmurowqromad.andmotion@oturaatakenA- *Q o~erations.
BaUoOnSwar.sdeaefd●$ 8h~t lntexwab, wad th O-&j almraf$mO
ablotoflyocxnpamuoumeawhiohwereaheekadfrunthesound whioh
mm $nforzoMicmaatoUmmen* $,ntheUpparw.

Umg-rangeforeeammware availab~eforopewathnal plaming purposos.
A doubleeheokma obtainedby the use of the lo?ag-rango faxieasts of

thaM? weatherx)i~iaion,andthoaomad.by I%& Smrk.rangefomoaato
wereawail,abufor *O operatim and a@.n a doubleohaakwas DOUfilb14)o

I

Obm(rwitl(anaandrneasur&entabefora,hri~ and-&tar ,&@op&at$on “
servedaaa furtherweather@yrd ovw tb operat$m _ti

uNcLhssf\~P ,
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11, FORMULATION

Althou@ the weatherpro~am for the aeoondTrinity operationwas more
extensivethan the my 7th operation,the problanaiconsideredwere
Bimilm;

\
1. What weatherspeoif’icationsare functionalin the operation?
2. Couldoptimumspeoifioationsbe met, and if so coulda time

of optimumoonditionbe forecasted?

A oireular was sent to all groupsrequestingthat informationbe sub-
mitted listingthe weatherelementsfavorableand unfavorableto eaoh.
The replieswereused in formi& a oompositepictureof the weather
needs of

1.

the operation,and are as tollows:

Elenmntqto be reoordedbefore,duringand afterthe operation.

A. wind direotionand velooltyat all levels.
B. Temperature8t all levels.
C. Widity at all levels.
D. visibility,bothverti~~ ~d horizontal.
E. Pressureat the pointof operation.
Y. Alr densityat the pointof operation(to be obtained

from pleasure,temperatureand humidity). 3
.. .
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2. Conditionsleast

A.

00

DO
EO

F*

3. Best

A,
B.
(7.
De

E.

F.

(3.

1.

Haze,dust.

-6-

IJNclMslF\m

favorableto”the operation.

mirage effeots.preoMtation.reetriotions
of ~eibility be~ow~ til=. -
Eumiditygreaterthan85gat theaurfaoeor aloftwhioh
mightresultin condensationby the shookwave.
Thunderstormswithin35 mlla at thetimeof operation
or for 12 hoursfollowing.
Rain at the looationwithin12 hoursof the operation.
!3urfaoewinds@eater thanl~qph durlngand afterthe
operation.
Uindsaloftblow- towardBmso Camp 02 any population
centerwithin90milesof thesfte.

conditionsfor the operathn~

visibility@eaterthan45mLles.
Humiditybelow85$ at all levels.
Olesrskies.
Temperaturelapserate aloft&lightlystabletoprevent
droppingof theoloud.
Litt3eor no inversionbetweenxoOend2s.000feet to
allowoloudto reaohm@mm altitude.
A thicksurfaaeinversionor none at all to prevent
internalrefleotion8and mirage”effeots.
Winds aloft fairly light, preferreddlreotlonfranbetween
@south ofwestand25080uthof west. Steadymovanent
dealrabletoanticipatetraokof aloud.Horizontaland
verticalwind shearsdesirablefor maximumdissipationof
the oloud9althoughsuoha wnditioninoreaseathetraoking
problem.
LRW levelwlndelightand-preferreddriftawayfrom baae
oamp and aheltersO
No precipitationin the area (X miles)within12 houm of
the operation.
Predawnoperationdeelredby the photographicgroup.altho@
0930operationconsideredbestforthermalsdissipatingthe
lowerlevelsof the uloud.

,
111. PROOEDURB

pee ofOPerationTwomethodsofusingwkher informationwere‘eon.
sideredfor tho operation

1. Asmming thatreliableweatherfomoasts are available,an
operationof this typemay be sot up to take admntage of the
mat favorableweatherby mordimtlng the oonstrmtionand
developmentprogramto theforeo~t.Suohcoordinationis
eoonomiealin the and usuallyresultsin the most efficient
Operation. l%e favorabledays as forecastedwill usuallymeet
the greatestnumberof weather8peoif40ationsand the forooast
wU1 be moat,aoou,rate.

lJNC@lflED
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.

The othertypoof operationoccursunderconditionsw.hloh
requirethe foremst to be made for a date whlohis alrealy
fixti. such a pros.dum USWW reault~ @ a s~r~i~e * ‘$
oertainweatherspeoif’ioationsand the urgenoyof the
operationmust be comparedwith the saorifiaestobemade~ “
Furthermore,dateawhioharearbitrarilyfixedacxnetimes
fallwithinweatherperiodswhiohare extraaelydiffiwlt
to prediat,suoh as pariodciOS stagnationorpoorlydeflnod
~mc eequemes.Provideda fnirlyacmrateforeoantoan
be made,the operationcsn then be tailoradto theoondition
expeotedtor if the operationia too rigid,it uen be delayed
untilenoughspeoifioationeoan be medb

Events me mRy 7th mlnity operationwas conductedaoaordlngto ths
foreoas%,and the seoondoperationwasor!@nallyplannedina similes
fssh~on. Duringthe firstweek in July. the date of 3u3y 16thbeeama
l?ixed, gxbi ohan@ theweather-qerationrelationahlpand int~oduodl
a considerationof theminimumBpeoifioationsunderwhiohtheoperation
aouldbe mmduoted.

m June21s*~a rquestwasreoeivodforan evaluationof July weather
forthepurposeofseleotingdaysduringwhiohtheoperationcouldbe
Suooessfullymnducted.*8 f~eoastmadoonJune21st$ndioatedthat
periodsforfavorableoperationwouldbe &eneratedby the upperair
troughpassagesexpeotedon the dzqm of Ju& lsth and JUly lqth and X)*h.

On June Seth,a moond f=eoast was made mbstantiat~ the timingo?
the troughsto be July lsthand @y 19thand20th.Thefavorableday
seleotionwas predicatedon the observationsof previousupperair troughs
and the oonolusionthat theseinfluencesI)roduoed~opa windAmture
foraboutone day before and one day afterthe oentralportionof the
trou@movedova?NewMexiao.Thi8 foraoastinUIUatedthe ~ates of

hly 18,19,20, 21 as firstohoioe,with the datesof Ju@ 12 end l&+.
as aeoondQhoioe. m was expeotedthat themorningof JUly 13would ‘
be unfavorabledue to thunderstomne$n tho oentzalpoz’tioaof’the *ugh.
‘IMs wouldelimtnatethe 12thalso,as rain the next daywouldbe un-
favorable.

(M JQY 6th,a thirdforeoastwasmadeindioat$~thedq ofJUly13th
to%e analogoua’toJUly1st.eaohbeingthebeginning$ateof a Weath.X
prooessduringwhiohGUlfairwouldmRveintotheTrinityarea.l%.
l~h regimewasexpeotedtobegina periodof thunderstomnaotivity,
with an expeotedpemistenoe of this eonditlonfor ●t leastfour days.
The perslstenoeaotuallylastedfive days,-oh spoiladthe 18th but

leftthemorningof the19thfavorableas predioted. BY my 6th it

was expeutedthatthe morningof the 16thwouldbe ina per~odof stag-
nationwith the areadominatedby slowlymovingQUlf ati. me wind
a~ turewas expeoted to be dcdnated by easterlywindsIn the lowar .
levels,moisturelayers,end afternoonthunderatornxs.ljyfixingtho
date of operationfor thenmrningof the J.6th,weatherpemltting,it
beoameneoemmry to tailorthe operationMM /Id$@ Oertainaqleo$sOf
‘theoperationto the acpeotd wind struature.

UNCWIFl~ .
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t?l’WIASNFED

m wasknownthat themnrni~ of the 16thwas to be in a very - ~
Mff iuultperiod f ran theforeoasterslstandpoint.InOSdOl?to
sefeguardtheoperation from the standpointof weather,the addi-
tionals~oes of the beat forecastersa~ailableweredesired.
Col.B. Holzman,who had bees one of the twoAM representatives
in the Europtm operationand ~-Day operationwss sel~t~ ~ h?
in turnrequestedMajorY. Wallaoeof the M MX Rqe Unit be
aeaigntito theNewMexiaoweatherandbe awailablefor a daily
teiephonesonferenoe.~ thisuqf three @dgments andall AAF in-
formationwereavailablefor the operation.

On JUly 12th,theN WeatharD~Whi~ fomeaat made by Major
WaUeoesubstantiatedtheoriginalanalyaiuIndlaatlngtrough
pasaagesat~inity lateJUly12th,andagainonJuly20th.Z%ie .
foreoas%IndioatedtheperiodfromJUly1/+-29tobe inmodifiedGUlf
airwithwindebelow20,000feetfromthesoutheastwithgeneral
thunderatonns.lj’romthecardpunohfileinWashingtonrdajorWallaae
aeleotedthedayofJU2Y28,1900tobethemostaimtlardayin the
past40yearntothedayofJUly16,1945.Hemisphereweathermaps
wereobtained fromthe Uamgordo Air Bsm and the weather map of
July 28,2900me studiedoloselyfrom tho short-rangestandpoint.

TheJuly lathforeoastoonsidsredthe troughpaasageand thunderstorm
at 0200.0~0 of the 13th to be an indicationthat the troughtiming
was eorreot. l’tmforeoastagainindioatedthemo~tfavorabledaya
to be the18,19,20 and21. qhedaysfrcxnJUly ~th lhrou@ the
17thwereexpeotedto be oharaoterimdby lightsoutherlyand easterly
wlndaIn the levelsbelowJJ,000feetandlightwindsaboveIJS000feet.
LightthunderstormswereexpsetedWring theafternoonoftheI&h,
16thand17th.qhewindstruotumof the16thwasexpeotedto include
a deeplayerofeasterlywinds.

!Thoforemuh of JU3Y 12th and 13tbooqparedfavorably.TIM possi-
bilityof the atagnsnt conditionproduoinga shallow,moderato,or
deeplayerofsoutheastwindswaEconsidered,end-sampleasseswere
studiedfrom the windsaloftof JUlySth, JUly ath and JUIY 10th. The
mae of 3’ul.yflthturnedout to be the mst analogousrose,although
July ~th waa consideredto be the ~st lllcelyon the 3uly 13thsnalyaie.
The precautionaryprogramwas ad$wtal to oonsidertheseleotedeases.
It wasbeUevedthatthe*aok of theoloudwouldbe a funotionof the
depthof the easterlywindsand the energyreleaaedintothe atmosphere.
It was deoidedthata low ordertestor deep easterlywindswwld‘nxme
the main bodyof the oloudtowardthe northwmt. l’ormoderateenergies,
and moderatelydeep easterlywinds,the oloud00uM be divided,withthe
lowerportlonemovingtowanlthenorthwest,and the upperportionmov~
towardthenortheast. For veryhigh energyor shalloweasterlywinds, “
the main bodyof the cloudwouldmove towardthe northeast. The seoond
oonaidarationprovedtobemx’reotwtththooloudnmvingtoyardthe
northwestin thelowerlevels,andtowardthenortheastabove18,000feet.

UNC~SIFIED.
...... ..9.— ‘,’..-, . . . . . ... . ... . . . . ,.... ... .... . -......—---- -..
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93. JWy 25th?oreoas$holdto theprtiousfor8ee@M re@Ai to
Wixld Strwture. * dqw’ted from *9 pr-to~ f=--~ bY o~~q
for ao gwmip%%atifxs$n theiawawdiateOreaof thetest. IM6 turwi
out$()be anbx)rx’eotanalyaia.mV8W&@$ wme fomeaatad bdwem
500 and 700 feet, a$ 17,000feet,WiththetiothemmlIqer a?lowor
stratospherebegi- at 52$000feet.m. windstructureWd w2th
●llMr2yaxldBouthemtarly tlowbdow 19,000fwt @liftingto w and
W3U ●boveX9eO00feote velooittisX*% Mb 3Jj@k

About2000of thoIJjth,thunderatoms(f 100alnaturelmwldintot&o
&*$* -c ‘mm *ude@at- ~*4m~=~” - r-d *S L79000-
foot invcrehh q$dxty-mphwind8 were rmomled untfl2330. Rain whioh
hadbean@&to 100almwhed theseropotnt●bout 02g0 of the l(rthtand
m tmo o~ebok oonfmenee at wse camp me hold w$lhrain inf2ueneing
-e @rep,Ueatandsouth10,000,andthoo Poln*. .

eontillued~

A* 0400theWindStruetura
(3010Warstm aa mwwl;

7445 0445
Wh.daaldh Tery

&rfaoe
Moo fte
@o

X04!%
Z5:ooo
a’?,ooo
M*OOO
20,000

me ~oparad forlc.3. Ba$nbr2dgeaztd

k

Xnv’ersiondxmt 17,000fwt, ~th humidttyhtWeOXi lr2,000 d
18,000feat greatarthan @& A2titudeashcm are aboromrfaoe

/
/,

ab *illi*,tithSonliithllsholdingfw the naacttwohours.SW
nowbrokembeocmingseatteradM Q53$o

-
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ZM operationooourredat 0530,and the shookwave was observedto
uondensethreemoisturelayersa6 i% nmvedupwardintothe ●tmosphere.

I% WEATHE?AT THETIME(M’OFE?XIWON.

Sky dear to the eastand overo ands 10,000.3Mgeof solidovemast
extendedfrcxubaseoampwestofW 10,000at X?-000feetabowethea~aue.

.
Visibilitygreaterthan 60 miles.

SurfaoewindfromESJ33-kmphbelow,500fsot.

Temperature68°1
“&aturattont~erature 61%

.,

ReUMv* hmidity n% -
Surfaoe pressure 851.7n)illibara
latinversionat 100feet,varyslight

.

2ndinvemionat500feet,veryalight *
3xd inversionat 17,000feet, 8U#t

Thzwe lqmrs of humiditygreater than 95$2misted betweea12,000end
20,000fG@

Theselayersoondansedoutintheshookwave

#

Therml struoturealoft 0555 7-16-M Baoe Camp

, Altitude
Meters

8urfaoe

490M
2190
2560
1890
~60
3850
&610

~
4850
6170
g

8020
8750

U,890

Prefmure

860MM

748
716
688
633
p

247
400
%7
333
310
279
170

T=P* o

12.3

12*O

81%
57
56
50
50
:;

99
95
7a
36
43
63
9

Tooodd
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I &lurface

Compositeof 035 Base Camp plbal, O@O Outpostpibal,
@ 0200pointP raw$n7-16+

- ~oo ft. Wind fran 110° 3-;*
720 160
lj@O
2040
2670
~oo
3900
Moo
Jjloo
5700
6300
6900
7500
8100
8700
9300
9900

10JOO
11.100
11;700
12,300
12.900
13,000
IJ+,ooo
lf)oooo
16,000
17,000
18,000
19,000
20,000
25,000
30,000
g:;;;

@$,ooo

200
230
250
250
240
230
220
220
220
200
190
170
170
160
IJjo
Lio
130
120
Mo
160
IJjo
Go
180
250
240
220
220

g
230
2’4.0
290
28o

6
7
8
10

;

12
U

;
9
12
12
Is
13
16
16
12
10
13
12
4
~

.
11
12
1’5
16
27
19
18
U.
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0030
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U TRW-
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u

u
u
u
u
u
u
u
u
u
u
u
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79 47
?9 46
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76 52
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82 yj
86 51!+
87 ~
90 54
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94 49
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84 53
80 52
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82 48

75 w
74 50
72 52
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69 56
78 59
80 58
83 58
85 57
87 54
88 53
90 52
92%
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82 51
73 58
’78 --
76 s
78 47
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SsE 12
m 10
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SS?14
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SW8
s 10
8 7
s 10
n 6
SE 10
Sm M
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E 18
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m 15
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SE
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SE
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s
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507
511
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g
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3
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6
1
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47
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0030
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SPEUIALSTUD=

-e Qperatlona Smke studieo

muuro by Fe @MIenheix&3rand Jo
were mordinated with the smoke
takenfrom the air.

were oonduotedfran the *OP of the
kfattingly.AIIWrd% obaervationa
operationand motion plotures were

(w3uro bmanlxdJ3s .

Dessing own? the @ourou~ Ordgr todeterminethe path of ~ Oloti _ _

mountainssfour smokestationawere set uy between5 A.M.and? Add.
on 3ulY ?tlh

1) me station on topoftheridgeatan elevattonof about
8000ft.

2) CM station50 ft. belowthe top of
3) Cne in the valleyto the East about
4) One stationabout600 ft. below the

Eaat slope.

●we stati~~ ~gre ~ ~ ~st+eat l~e about

@flnokepots wereused for all &tationaexoep%
where an 0$1 smoke generator WaS wed.

the ridge on the East slope.
2400ft. belowthe tORO
top of the ridge on *he

21milesXMXthof NO**

theonointhewalley

us%atlou; At ~ && smokefrcm stations1 and 2 behamd IdentioalQ.
me sm~e went due westpouringoff the aide of the esoarpnantand
aettl~ in the valleywhere,when obaecrvdfrcwna plane,it appeared
to lie on the valleytloor. At about 6 A.M. the emokestreamohanged
dirSetiOnandWantE9EriSiXMl81i8htl.Yfra theor~t. It oontinu~ .

toriseat abouta 5° anglefor4 to5 miles(ae1- as Itoou3dDe
fOllowed).

w~atim 38 me tie inthevalleystreameddownthetiley (9E)
alayingveryclosetotheground(?5-100ft.). !tMaaonditionper.
aiatedfran5 A.M.until? A. I& when the g~=at= waa turnedaf’f~

sgtat~on 4* At a~ut the th that the findb~~ to ~h~e olltOp
of the ridge (6815)smokewasgeneratedata stationabout600 ft. below
thetop. ~is smokestayedoloeeto thehillsideuntilitwas800to
1000ft.abovethefloor of the valleyat tiiohpoint it leftthe
grmnd and didnotdescendanyfurther.lh.smokeintramlli~ down
thehllhidechangeditsdireotionfromE toSErightafterithad
leftthegroundit travelled~ asmntiaUy parallelto the amlce
generqtedin the valley.

“. wtie smokewas observed by hr. J. H. FMbbf@ ~ IE Pl~% W ~ ob~erv=
on the eaataitleof the ridgeand by a photographer,T/5 Wallia,in
the valley. AS the filmeare not yet developedthisreportdoes not
includeany photo~aphio information.~
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I

Itc~~loNc me boIMIldorof the smoke on the eat andwest ddtm -
of th~ridgewasfoundtobequitedifferent.on thewestAt
penetratedth.inversionanddroppedtothevallq fkoor.cm the
oaatitdidnotpenetratethe inversionand remainedabout800 ft.
above the valleyfloor. rt 1s poseiblethat on othm oacaeions
smoke on the @astsidewouldalso demmnd to the floor. ~ would
seem Mcoly, however,thatthe atoepesaarpmnt on the west side as
acntrastwlwith the mar. gradual slope on the eastie a mffiabntly
a@Ltfieant Mff eranoeto amount f= the ttlfferanuein the behavior
of the smoke.#

3. oppmheimer

W& 4-M* EB@CeObservatim on mmtern slopesof osauro hmmtaixw

m~tel Suly4, 1945
$itet 22 degreesnorthof O on Osouraeaatern610Ru
Station18 1900feet abovevalleyfloor
Stat*on2: 2300feet abovevalleyfhxxr
1%.meg 0535 to0750
windswerexighti.Beforemnrisethea@Ke - bothpoints~ift~
&ownsloPetothedeepaanyonthatwasdimotly to the north. me
oaqyonfilledupand the smokespreaddown to themountainbase where
it IBpread thinly and olungOIWelytothesurfaoe.Therewe8no sw-
2eaeizawardapresent.

RXtarsunrisethe direstion chengedalmostinznediatelYframdo~slope
to ~510peflow.l’hesmokebegantomoveuptheaanyonandthatN-
the highee%stationappearedto spreadover the oreston to the western
slope.

*~tet WZy M. 1945
SitesDueeastof0 onthe
StationIt 12Q0f●etabove
station2t l@o f●etabove
Station3~ 1700feet above
StatIon48 200 feet below
Time:
winds

aOuth
moke
Thero

/

8..,
., ●Arter

easternslopeof the oeauraa
the v ley floor

sthev layfloor .
thevalleyfloor
the motuttainer-t

0530to0715
w&6 light●t all stationsaxoeptthe to-t Whiohhad a strong
windblowingparallelto the ridge. At the otheratationathe
spilleddownslopeintothe oanyonsand out on to the valleyfloor~
was no surfaoeInvereionpresentin the vaUey.

.-
sunriaethe threelowerstatime ohangedto Upslopediraotion$J

/’‘ the-to-t stationaontinuedwl~h strongsoutherw””winds.
!,

f“‘i,! ‘ ‘At auneetthe nightpreviousand with a ulearsky a shallowinversion
/

.....,:,, be- fox ovarth.valley.A* thesnmetimethedaytimeupelope
.’;*

F

windsswitahedto a downslopeflow and the snake layereddown the/:!!
valhy apread~ the full widthof the v~ley atopof the inv@sion.
~e pa~h was gE headingdireatlyover the bombingran&eand the range-.;i~~

)!/

oq~ Aftar midnight the sky beaame oloudadand the shallowInvarsion
;i , deeqrm.n

/JNUASSl[\ED....-. . --,
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II~~~fjIo~ ~ ~~ WQt to SWII!40 fithli@t wtid8 the tie ti~
flow‘slowlydownslope,fillingup the oan~onaand thenspreadingon
to the valleyfloor. ZM6 ia truefor allalevqt$cxls01* the
easternBlopesexoeptneartheorestwherethereisa tendenayfor
the smokealwwa to spillbaok over t&e western aide. With a stron$
gradienttind*hatiaparalleltotheridge,theMgher elevat%ona
followthegradientdiraationbutwiththelowerelevationsshowing
stilla slowdownslopeflow.lbesmak.neartheereetwithth.in-
oreasedwindVelooltydi6Bi~t8dtoa laq$eextmt. H thereIsan
&nversionpresentthe smokewill rmain abovethe @und withintho
Invamlon layer,the heightabovethe grounddependingupon the depth
OS the fxmralon. Bt whetherOrnot an invera$onia presen%it is
not Importantunless1$ eatendsfrom the surfaceup to UOO or 2000i%.
(Veryshall- inversionsare normalnow, TUIY)beeausein eitherease
the smokeie trapped%n the vallqyfor two or more hoursaftor sunrise
betweenthe OSmras and the firstline of hillsthatpar~el the
Osouf’ason the easta few miles. AM patwage to the east is blinked
until at leasttwo hoursaft or sunrise. m the mesnt~ the smoke
driftsslowlysoutheastwanl,followingthe mntours to the lowest
lev018and spreadingea it roves. men mrfaae heatingbeginsto
lnmease the dilution.H

3’. Y* mtwltw

A genexal$zedoonolusionfrom suoh littledata is a bit dangerous.
It mightbe said thatthe aboveoonolusionIs essentially’aorreat
undersimilarapeoializedconditionsof sta&natlon.- JMH

Airoraft studies

A study mm We of wl.ndcnarrentaalongthemat faoeandeastslope
of the Sierraosuuroat dawn of JUIY 7th. A @oup underthe direation
of F. Oppenheimerasoendedthe eastS1OPOof the oeouroby j

T
with

moke potm @d a smokegeneratorduringthe afternoonof W th.
At da= of July 7th, the operationwas carriedout ae plannedwith
the weatherairplanearrivingon the aoeneat approximately05~.
l%ia reportinoludesthe alraraftetudyof this operatlan.

The weatherairpbne, m C-45Ijeeaharef’t,leftIRSrtlandFieldat 0435.
me pressure, temperature, humidityreaordar wes operati~ throughout
the flight. me alraraftpassedamm tho baseesznpat an altitudeof
600 feet at 0511 and then~oaeeded %0 Nn 0~ the maw point and

orommd the OScmroat 9000featw g.1A at 0519. The fire of the first
smokepositian,loaatedat the orestof the CMUuro6Mghtly nofi of
the zeropol.nt,was seen at 0523. tie ~lane airaledthe Orlgh &
s-e until O~l& me smokenmveddown the westabpe of the escarp-
ment and appearedas a wMte uaterfallreaahi~ the talusslideand
movingal% it untfl it reacheda po$.ntin the vaUey abouthalfway
betweenthe enmqxaent and zmro. *e smokeepreedOut laterally Q
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the valley floorand appearedto be only about 100 feet thiak.
Motionpicturesweretakenofthissmoketrailbeginningabout
0525.At 0535,twosmokeoriginswerenoticedalongtheeast
slopesofthe060UrO0-me souroeappearedtobe boatedabout
halfwayup the slopeand the lo&r souroewell down in the
valley. At 0544,the alraraftde80endedfor a olofi!eview of the
smoke flow. qhe direotionof the two smokestreamsappearedto
‘followthevalleymntoursq thetopaj)p=d to be flat and
about 100 feet abovethe terrsln. The direotionof flow me
towardthe southeast.hlotionpiutureswere lmkenof thisfirat
desaent. qhe airoraftthencimled the 130uth end of the OeOuro
and returdl alongthe westslopewherethe westwanlflow of the
smokefrom the orestwas notedand photographed.A aeoonddes-
cent was made alongthe eastslo~eand the two sourQeswere again
photographedat 0558. me Pl~e %~n oiroledthe OSCNWO m a
third desaent was made along the east slopeinto the valleyat
0608 whiohnetteda thiticompletemotionpioturereoard. At
0612 the airoraftreturnedto KlrtlandFieldand was landedat
0646. At 0612,the smokefrcm the top of the osouroappearedto
spreadout al- the top of the ridgeand seauedto stop water- .
failingover the west esoarpnent.There were aotuallytwo
souroesat the crestbut theywereso oloeetogetheras to be
consideredas one aouroewhenviewedfrom aloft. ~e airoraft
observationwas abandonedat 0612 as fuel was runninglow.

~e smokeoperationof July7 wss succ=~fU fr= a mate=ilogioal
stsndpointand showedthe nozmaldownelope drainage on bothslopes
of the OSUWO* CR the west slope the amke appearedto descend
belowtheslightinversion.fiongtheeastslopesmokefrom
theintermediatealtituderode aloft aburethe inversion and
smoke frcm the valleyfloorremained below the inversions

In additionto the dailyfli~ts nmde by thec.& for the purpose
of obtaininga recordof the horizontaldistributionof temperature,
pressure,humidityand thermalaotivity,oertainspeolalflights
were madec w

7/11/43 0010 VWrren, Capt. Iyon,C.ol.HoI= were flown in the
0-45 over the Trinity area and the area to thenortheast
for the purposeof surveyingthe regionoverwhiohthe
cloudwas expeoted to travel.

July 14, 1945 gnokeOperatiop

qhe c-45 aircraftH over the sierra osouraat 0615 themorning
of July 14, 1945. smokewas observedoomingfrom smokepots on
top of the ridgeand the smoke trainwas blowin~fromeast to west,
fallingdown the escarpmentend forminga layerin the bottomof
the valley. ..

tignokefran the smokepots cm the eastslope driftednorth to a
oenyon and thendmn the oanyonIn an easkrly direotionto the
valley. Motionpictureswere takenof the smoketrails.II

Sgt. J. C. Alderson UNCLASSIFIED--..-—.___ ---. .....— ...-
. . .
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mly 15, 1945 gmke operation

!l’hec-~ aircraftwas over the gierraw aurafor the smokeoper@-
tion of JU3.Y15, 1945. Motionpiatureswere takenof the smoke
trails.

m-y J% 1945Mm- Omratla.
% !lhe0.4..airomft flew overthe base oamjpbefme the smokeoperation,

and returnedhalf an hour later. Meanwhile,balloonswerereleased
in olustersof two at intervalsof two dnuteso The asoentrate of
the balloonswas approxiumtely600 feet Per minute. When the air-
craft returned therewas a trailof balloonsseparatedby qbout
1200 feet extendingto about18,000 feet,, I?M trainof balloons
was welldefined,end it weB possibleto oharta mmpass oourseat ‘
the variouslevelsand as the airplanewas flownalongthe ooume,
towardBasecamp. IX was possibleto delwmine by theodolite
observationthe eouraeof the airplaneand thereforethe balloon

I to ammaximatelyme degree. SUOh a study wouldbe of valuein‘a
homo&wus wind field,‘endit wasthought-that this teohniqueoould
be used to studythe wind 8truoturebeforethe operationas a further
cheekupon the rawinandpilotballoonobaervations.

me C-45 airordt was flown over the Trinityarea with
?dr.7. 1?. hmk -1 Sgt. York f=’ the purposeOf M@CiMI
photographsand motionpicturesof the mater. The ship
was flom at altitudesof 2000feet~10,000feet and
500 feet abovethe c=ater. m the returnto K.irtland
Field,the ship was flown owr the trackof the oloudon a
00MPEMM?ooume of ~ degreesand pioturestakenof the
terrains

7/~/# me G-45 airor~t W- t-ted for rad~atl~ W W. J- Wag-,
and it was foundthat therewas Uttle or no contamination
on the fusl.lage,but the motorswerepositiwewith the
greatestconcentrationin the air filtersof the oarbura-
tors. %e ship was flown in the area 48 hoursafterthe .
shotand waa flom for a totalof 20 hoursbetween7/18/4..
ma 7/29/45

~ilutlonstudies

●The onlydata on dilutionwith respeo t to variousmeteorologiahl
conditionsthatI knowhave been takenat Eianforal.But thereall .
the work on dilutionwas done in the lowest200 to 300 feet of the
atmo8phero.me threestabilityrenditionsof the atmosphere,
stable,neutral,and unstableha~e been Investigatedquitethoroughly
with regardto the dilutioneaahconditionproduoes, It is questionable
whetheror not the dilutionratesfoundin the lowerlayersoan be

..
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sappliedto the greataltitudesthe smokereaahedon MaY ?th. There
ia no queetion,however,thatoertaincherauteriatioswill be similar,
for example,in stableair smokeof the same densi~ aa alr will
atratify,fan out laterallyand widenalcmlydomwind. The average
rate of dilutionfound understableconditionsvariedsomewhatw$th
the degreeof Bt&bilitybut ia of the orderof

log x-1
logYm = —’

007

whereYm ia the averagedilutionof the uloud

and x is the distancefrom the stack in ft.

m this oese the emokeimuing from the top of the ataokwas ooneidered
to be of unit oonoentrationand dilutionstartedthere. me above
equationholdstruefor the averageof themean olouddilutionsout
to 7000 ft from the s%aok.

*2helead dilutionitIthatmomentarilyobservedin the densestcm
leastdilutedpert of a oloudaegmnt. The leaetdilutionfollowed
ratheraloaely~Wain out to 7000 ft.,

Ta =400 + 0.47X

whereYa 18 the 18f@ dlluti~

and X is di8taZ108f%cm the staok (ft) -3000 (ft)

In tabularform the dilutloneare ae followsl

di.stanaefrom ataok 1000Q aoo~ 30001 /+0000@oot 60001
a~eragedilution(times)700 1900 3500 moo 7500 9700
lead dilution * 150 300 500 800 1300 Moo

ul?romthe aboveequations,if extrapolationmay be used,the average
dilutionwhiohshouldomur by the timea oloudhas driftedin stable.—
air frcm the pointaboveTrinity where the aloudreaohesequilibrium
~h the air density(assumedto be the smokecolum afterthe shot)

7000w
12600
2300

to overCarrizozothisdilutionof the oloudshouldbe 1.4 ● 106 ui~in
which therewI1lbe less dilutedportionswhiohtillhave been 8ubjeoted
to a dilutionof 1.0 . l@, usinga distano.of 200,000t%, app. 40 miles.
This furtherassumesthatthe oohoentrationat the top of the smoke
aolumnwhereatratifioatlonof the smokebeginsM 1. I hesitateto
xtrapolateto @ mileswhen takenhave been takenout from a smoke

~ourceonly1.5 miles.

unstableair the rateof dilutionla quitedifferentbeoausethe
omsi of en infinitenumber of eddiesof all dlmeneiona~

Theseeddiesproduaea high rate of dilution,a rate so greatthat
W8 hew been unable to obtain an appreciablenumberof read- as
oloseae 2000ft fmn the staok. We did not trustour instruments
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Qbeyonda dilutionof 10,000when workingin the fieldthough
calibrationin a laboratoryshowedthe Instruments woulddeteot
smke dilutedabout50,000timesfrom that in the staak. In
unstableair the leastand averagedilutionsat variousdiatsnoes
f ran the stackare as follows;

distsnaefr@n rntaak 1000~
least dilution 900
averagedilution 4000

aAgdn with fre.we of extrapolationat
dilutionshouldbe well over 1.0 ● 105,
diluted-portionssomewhat1sss,perhaps

“Assuming thatthe smokeuolumnfrom the

2000Q
2500

16000
●

10,000 ft
P
e average

&
pe hap 10 end the least
1.

&hot willstratify
10,000ft abovethe surfaoe,thatit remninsat thatalti&ule
until averCarrizozoand thenunstableair bringsit to the
surfaaeat thatpoint,the aloudwould thenhave been diluted

1.0 ● 15 or perhaps1.4 ‘ 106 plus the dilutionin the unstable
air ao neaessaryto bringIt to the groundwMah wouldbe

25 or 106. Cn the otherhad, if the shot was made under the
unstableconditionsof the dsy time,the dilutionoouldreaah

perhaps10100beforereaohingoarrizozoJ. ex$ra~o~ationoan be
trusted.

.

@In answerto the seaondquestionthereare”●overalmeteorologiual
emditl.onsto be oonsidsredfor the drem rehea?mal.

*(1)Like the firstshot,onlya wind sanewherebetweennorthwestand
southwestshouldbe us6d. A due west wind aarriesalr to carrlzozo
and one slightlynorth of westosrrlesit towardROSWOI.1.m view
of the faot that extrapolationis dangerouson so serious a problan
probablya windslightlysouthof westwouldbe most desirable.

oNormallythereis a ohangeof winddireationwith inoreaseof
altitude. l’hegreaterthischangeper unit diatanoevartioally,
the greaterthe dilution,henoeif a timeosn be pickedwhen there -
is a changeof direationat the altitudeof anticipated#mushroomin&
or stratifioatlonof smokethe hazardwouldbe furtherreduoed.

‘(2)I’hevertioaltemperaturestructureformsxlmumdihtion should
be super-adiabaticin tiiahaotlve*thormalsQor addlesare present.
l“hlssituationexistsfrom about3 hrs aftersunriseto aboutsunset,
with a maximumaotivityand vertiaalpenetrationof eddiesduri~
earlyafternocm

-—.
●
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~e meteorologi-1 programprepared for tha JUIY 16th nuolear
explosionat 2%Uity oonsiatedof the proouranentof ●xoollante@pmmt,
adaquatopersonnol,auffiolat data, togetherwithoomblnedjud@mnt In 0
the evaluationof the weatherproblanand weatherforeoast.

A programwas developedby whiohan eooncxnioaland of’fioientuse of
weatheroouldbe obtainod. !lheproblemohan@ oomplsxim and developed
intou fixeddateoperation in whlohthe operationwas tailoredto $he
mathar.

~ is UUG@OtOd thatfutureoperation be ocmduot~ undara prcgr~
whichfits the weatherto the operati~ and that the operationbe oarrhd
O@ on days of optimuuoonditlonuaoeordingto the weathe&foreoast~

An operathn suoh aa the ZMnity nuol,earqplosion requiresa preoision
foreoastaboutten days In adwinoo. lSrtgndedforooastsin thisrangeham
bean oarriedout by m Iimitti numberof foreoaotersin the A&? WeatherDivision
-d Ut (Ml ~oh. It is ~ested thatfutureoperation be safeguardedwith
the best 1- rangeforecastersavailable,aa the natureof the operationand
the preoieionand range#f the foreoastmakes the problemextremelydlffioult.

The authorwishes to express his gratitudeto the followingmen outsIde
the projeot who contributed to the weather operation.

Col. D. N. Yates, AAF, Head of the Weather Division, who nmde available the
entire facilities and files of his research and operating group.

Col. B . Holzmm, AAF, Forecaster for the Nornuindy invasion, who aided in the
weather evaluation at the site.

kjor John Y[allace, lulF,who ws assigned to the New Mexioo area and with whom
telephone oonversat!%ons were oarried out between the site and the researoh center
in Washington, D. C.

P. E. Churoh, Consultant on dilution.
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