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Zhe project covered bp t h h  repor t  

as an endeawr t o  (1) campare a group ~f hboratorp in- 

struneats a3 airborne detectors of radioactivfty and (2) s i t a n -  

eQus1p obtain data rahtive t o  the  dfifudon rate of r a o a c t i v e  

contammation emitted i n t o  the abosphere from off-gas stacks of 

production runs. Research w conducted i n  the Oak Ridge, Tennessee 

ad Banford, WashingLon areas. Detection lcas accomplished at a 

fusion. Further research with the nuclear instruments, using a 

- stronger source, i s  rec"mmr?nded. To obtain conclusive infomation 
. concerxring the meteorological -acts of the project, a larger 

observational pogrsm . w i l l  be needed.. 
L 

. - -  
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Preface 

While many instruments have been developed for t h e  detect- 

ion of radioactivity, some of these having been used in airborne 

detection, there has been 3 t l e ,  ff my,  c q a r i s o n  made b e t m a  

aqy tw operating &xal.tzneously under the same conditions in an 

airborne operation, It nas for this purpose thht the Special 

Weapons Group of Air Force Readquarters proposed Special Project 

Fizmiaf.tsc of the Health Physics Division, Oak Bidge National m o r a -  

tory, to take drarge of t he  technical aspects of camparing a group 

of these nuclear instruments under various fwb meteorolOg5.- 

tal conditf~ns. 

posit ion with the Xastitute of Nuclear Studies and his place 11(u 

Mr, Firminhac l e f t  the Laboratory t o  assume a _ -  

. 
It lras under Dr- Davft' s direction, assisfied by Paul 19. Rein- 

hardt, a l s o  of the Health Physics Di%ision, tha t  the prqject air- 

craft waa out f i t t ed  w i t h  these instntments by members of the & 
lkterisl 2onnaand at ?bight-Patterson AFB. The fliet crew was 

furnished by the 308th Reconnzissance Group (Wea) VIR Fai r f ie ld  



\ . .  . .  
i 

~ - -  
Suisun -,and on 10 November 1948 t h e  completed a i rc ra f t ,  rrith 

Dr. Davis and the cTeu aboard, left 1Rg5hinpton, DOC. for a five 

lpollths period of instrument c ~ ~ ~ ~ V ~ S O X I  and neteorologica analysis 

or f b  patteras of radioactive gases leaving oif-gas stack; of 
. -  

* the process o f  the proJect it was deterxined that 

the meteorological aspect should be erp&d; It was for this 

don, U.S. Weather Bureau, um asked to take the rewonsibi3ity 

- .  . .. . . . .. .. . .. . il"' .. - 

airborae radioactive c o n t d t e s .  
- -  

I 



The success of t h i s  project wss due largely t o  the con- 

t inual interest and cooperation of personnel at the Oa& Ridge 

National Laboratory, 

K a r l  2, &rgsn, we are e w e d a l l y  grateful for  the use of re- 

search and laboratory fac i l i t i e s .  

To the Health Physics Division, under Dr. 

&, Vincent R. 

Hanford Works, and his 

H c h q u i s t ,  Chief, Office of Safety, 

stafz cooperated in establishing that 

3 phase'of the  project. 

at the Harrford Works, contributed m s t s o r o h g b a  data which 

. -  aided in project flight p l a n i n g  and analysis. 

e- 



. .  
. --'.I . 

By way of introduction to the project, these fsr 

historical higULgkts are  given a,& should be of part- 

;Intereat t o  the reader who is not faniliar w i t h  the operation- 

d sites and techniques used. 

Two s i t e s  were available as adequate somces of air- 

borne radioactivity, for project requirements, The choice was 

between Oak w e ,  Tennessee, and Hanford Works, Washington. 

Oak Ridge was chosen for the first f l i @ t s  because the consult- 

i a g  physicist, Dr. Davis, was errrpluyed by the Heslth Physics 

Division there & the f a t i e s  of hit laboratory would be 

. 

Located i n  h a t  is  €mown as the X-10 area, 

onlp o few hundred poKts f r o m  the  p i l e  and 
d .  

further research. 

t h i s  laboratom i s  - -  
chemical separation 

buildings and close Uasion mtb both operations is poss ibb,  

Three of the most sensitive o f  the laboratory instnr 

mexts, taken fr& the Health Ph&s laboratory, were chosen for 

the  camparison tesfis, High sensitivity was essential because it 

was desired t o  measure even t h e  slightest background fluctuation 

and not t o  be content .with measurement of high intensities of 

radiation. 

I 



As a carrier far these instruments, t h e  ai=er.a+”t 

. was adequately equipped far in-flight msintezlance on a U  in- 

struments. .- 

The project began with’a flight from fhe k o x v i l l e ,  

a i r p o r t  on 17 bvamber 1948.- !It& first AfUght was 

outside of the Oak Eidge-restricted area m were the 

prior t o  receipt of  peraission to  ePter this area. 

f e w  f l i g h t s  made uith only the id:a irr ..‘,?d to dc- 
. _.---c-- . . .. 

t d e  the  preformance of each instrument in fUgkt  and t o  

make changes required f o r  further tcuq;UiSoa. As the 

flights progressed, more effort was we t o  analyze the data 

a --. - 
- _ - -  

._ --e-- . -  
recorded e the iaStmmexts dth . -  respect t o  the position and 

&-*  __ .- - _*-. -.e‘., - - - .-- ---- - 
d t i t u d e  of the aircraft  aad the d s t i a g  meteoroloecal con= .-- - - .  - .. - . .-.. 

. -  . .  
ditions. 

. -  . - .  
The topographical feat&s ware*’a hinderance to the 

Oak Bidge phase in Umiting t&e~ l&st  altitude for safe  flight 

to  a higher elevation than sanetimes dcaired on cross-ridge 

passes. 

state of the area i s  covered fully in W repor3as i a  mesy 

nreteorolo@al aspect of the proJect. - .  

. -. I  . .  
The influence of these e d g e s  on the metearolo@cal .. . -  

.,-.5 0- - -‘a - 
- . _  . . .  . 

passes over the X-ID area, t o  rmcasu2-e the is- 

tensity of radioactive contamination, resulted i n  a rather 

-3 
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routine process of tracking su& media. It decided 
. p a - - -  

-- . -  
that this technique should be 

b t h e  Banford arua in an endeavor t o  determine the - 
degree of c o n t d k i o n  at a phtoniUm production p h t .  

L - 
So, on 16 February, the operation was moved . to . 

Richland for further mu*. 

FUghts uere started, and as the plane moved in 

00 the plants, the records bowed ohly negligiblb return unt i l  

veip low passes were made over the sta& concexnedr So w e l l  

.. - 

filtered were the gases of the plant op&ations, that  detect- 

ion was possible less t h k  tro milos from the plants even when 

separate plants were: d f s s o l w  at  the same time, 

- .. 
- M y  three flights were conducted in the Haaford 

area, and the lack of radioactive material t o  work d t h  re- 
- -- 

sulted in the abandonment of this phase. Consequeatly, most 

of the data recorded in this k p a t  w i l l  be of necessity from 

the  Oak U g e  phase of  the proJtct. 
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Most readily aval2Ad.e 'as a Source, uas t h e  p i l e  which 

was shut doua only for a f& hours occadmall y- 

air-coolsd by t w o  Buffalo, Forge 

abopt 90,000 a rt pcr rpin, k e r  blolring -ugh the w e ,  w 

air is Jetted in to  the  a k s p h m  throu& a 200 ft, stack. Con- 

tandnatioa -ad irrt0 the 'afmosphere in t h i s  manner i s  . .  mas* 

Argo# with a strength of 500 d e s  per day. The cooling 8ir 

is processed t h r o e  a cpelons separator to remove any large 

particulate matt& that it m e  have picked up oa its passage 

through the p u s ,  and then through a filter hawe containing 1 w  

FG50 filter media and ClRS #6 filter paper, 

Tkis p i l e  i s  
I 

faas rdth aa &r-flm of -- 

. ~ -- 

h u t h a  aource of radioactive c o n t a b a t i o n  in the Oak 

Eidge rieinity is the dissolving step af the Chemical Separation 

process, Bere, irradiated slugs fr& the p i l e  a r e  dissolved in 

a ElN% solution. Activity produced reaches a about one 

I 



-15- 

.. - -.. . - i; - *.. 
. _ _  - .-- - . -  

hour after.the dissolving begins, decreases t o  one-third during t he  

jtcoad hour, and -shes t o  zero a t  the end of 

ti& hms. 

150 Ibs.. of slugs aged f o r  5 days .after 

a p p r o r i e l y  

efiractioa f rom 

the p i l e ,  art dissolved in each operation. - The fo3louing radio- 

active gases are released b the indicated quantity f o r  each opera- - 
t ioa :  

_-. . - .  . .  
I .I. 

.- .- . .  - & . f r -  . . .  . .: -.:;'. . . . -..- e- 

' An effort i s  made t o  remove - -  the Iodine131 with scrubbers .,;. - .  * -. --e-.- - - - - -  - .  . ... 
and filters before the off-gases are released . . . - -.. to the stack. The . . .  
efficiency'of this f i l ter ing  i s  not kaonn, but the activity from 

Iodine lea- the stack i s  much less than the 1300 curies originally 

released 

. .. 
source of radioactive' particles at oak 

stage .. af'the C h d c a l  Separation. This 
- - .  

. An addLt iod  

Ridge is  in Evaporation 
0 .  

process has an incorporated f i l t z r  system but some particulate 

in an undetermined manner. 
" .  

matter escapes 
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U y  one type of source rras available at Hanford W o r k s ,  

~ h i 3  rrsS t h e  ~ h s m i c ~ l  separation process, t- p h e  in two 

separate plants at verp frequent intervals. Dissolving sometimss 

O C C U T ~  simultaneously in both plants as N ~ S  the cate on one of 

the days of project opemion.  Even though the m e r  of slugs 

being dissolved i s  much greater than at  Oak Ridge, they have be- 

aged for  o longer period and hence give t h e  lower output of Xenon 

and Iodine as shown by the  f o l b d n g  c m :  , 

For one Dissolving process, &ation air 

these gases were emitted: 

.. 
I- 133 0.3 ctnies -. 

Krypton 8’ 90 curies 
- -- 

t o  a t  hours 

. 

Here again an effort is made t o  remove the  Iodine from the off- 

gases with a sand t rap  f i l ter .  
.I- 

* .  

The Hanford p i l e s  off& no source for detection OptxToses 

with methods used on this project. They axe water-cooled and the 

water is returned t o  the Columbia River where it ia diluted t o  a 

strength of about 2% of i t s  contamination acquired in passing 

through t h e  pi le .  * 

! 
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a carpparisan.betneen the twu p h t s ,  the f o l L  

. .  

. Hone 

. . - .  . . ~ ~ s t ~ y ~ z g o n ~  . . C .  . .. - . .-* . - .  
. -. - .  

. -. . -i- -..,-*. .... - -  .a Dissolver oat-put far i .  '5 day slugs slugs 
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- \  
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Camrrzrison of Nuclear Instrusents 

-.  Introduction: ._ --.-.-I ..--.--- - 

An ideal &borne inStntmtnt f o r  the detection of radio- -.- 
active gzses given off  fraa p i l e s  and dissolving processes s h o d  

d e t e c t  alpha, beta, and gama radiation, hav;-Ggb sensitivity, 

to altitude changes, maintain a reliable calibration, and be 

sfmnle to  operate, 
- 

Since it i s  not practical t o  fncorporate' all of these 

featares fnto one instnunent, shultaneous measuremen%s from 

several instrupents must lje used, 
.. . - 

In this section rrill be found descriptions of the in- 

struments conpared, methods of conparison and caUkation,  the . 

conc~ruioru reached, and recornendations f o r  future use of these 

instntments, . - -- 

Descriotion of the Instrurnents: 

'Ihrec frwtxuaents were shosen f o r  the co=;zparison tests: 

An' *atmospheric conductivity chanber, a high pressure ionization 

chamber, and the MIL Dual-Channel Airborne Radiation Detection uni t ,  

The use of these h truncnts  is  not new, 

pheric conductivity mea.suring device wbs devised 

One of the earl ies t  atmos- 

Zlster and Geitcl 
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in. knsany during the early par t  of this century, Later develop 

.mtnts have bmugbt about the  design of  an instrument such as mw 

used on the project. Io-&ation chambers date back t o  ls96, when 

Bacquarel obserred t h a t  a charged electroscope would be discharged 

fi uranium was brought near i t s  terminal, 

similas to that used in t h e  B A L .  un i t  was first devised by Rossi 

Coincidence counting 
/ 

- in the l a t e  1920'~~ - 
Supplupentarg instrumnnts on the  a i r c r a f t  include an El- 

* tronics scaler, and an alpha cotmter corrsisting of a high-gain 

&plifier fed *o aa Atamic kutrument c0mparly scaler. All of 

these irutrmasnts are af proven d e d m  ti& ham been wed very 

successfully in ground operation. % a i r  behavior in flight i s  

covered in this ssctio~ f a l f n r d r r g  a hrief description of each in;. 

stnrmtrrt. 

' .  

.. 
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Atmosoheric Conductivity Atmaratus 

Air, in i t s  normal state,  is one of the best insulat.ors known, 

However, the action of c o d c  rays and radioactive matter on the a i r  

produce electricdly charged particles, c a l l e d  ions, which render the 

air conductive t o  a more o r  less degree. The Air Conductivity appar- 

atus is used to measure ionization currents in the air due t o  ioniza- 

t i on  agents. - 
- - 

The schematic on Page-22 represents the instrument used on t h i s  

project, to measure t h i s  conductitrity. A t  the upper l e f t  is a c y b d r i i -  

.tal cond-.er, co rds t ing  of dn outsids tubular shell which is at a 

. -  

0 

. ..-. 
poterrtial of 4.300 volts and an inner mrmrmhr_r rrhich has beta highly 

insulated, This inner e c r  i s  connected t o  a sensitive electrometer 

tube in a balanced bridge circuit. This bridge c i rcu i t  is in turn con- 

_. - .  .. 

. .  . 

nected t o  a Bnnm recorder, When a i r  i s  passed through the  ch&er, 

the ions present in the air are brought under the influence of t h e  

electrical field between the  members of the  cplkrdrical condenser and 

are collected on these members, the positive ions be- a t t racted t o  

the outer 

value resistor % and a corrcspondfng.change in the grid voltage of 

the  clec&ometer tube, The bridge i s  thrown out of balance: 

. -- 

shell. This causes a voltage t o  appear across t h e  Ugh- 

. - 
The D.C. voltage produced by the unba’led bridge is convert- 

.- -. 
ed into an alternating voltage by the  conversion stage of the  Brown 

rccurder and is amplified t o  a l u g e  value by the voltage a q U i e r ,  

I 

I 
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n It is then'used t o  control  the optpnt of a power w i e r  rrfiich 

drives a balancing motor. aZis motor iS connected mechanically t o  a 

slide-uirt potentiometer *wUch i s  connected in series with R2, and 

presents a bucking voltage t o  bring the bridge back t o  a balanced 

.state. 
* .  

The bucking voltage & recorded on the s tr ip  chart o f ,  the 

Browa recorder and i s  equal t o  the  voltage drop across R2, which is 

directly proportional t o  the ionization nrrrent. The ionization cur- 

rept is a meamre ofthe munt of ionization matter ia the air, 

The project C o n d U c t L ~ t y  apparatus rras constructed in t h o  in- 

st-nf shop of the H e a l t h  Physics D i v i s i o n  from spec3ications sup- 

plied e Dr, D w i s  and Po Bdxhardt, mest speciiicatioru were based 

00 the results of experiments performed by G.R. W&L Because of the 

scarcity of'published i do rma t ion  an an instrument of t h i s  type, a 

c a p b t e  set  ai w o r w  dr-s of tbe c y w i d  cbdenser are in- 

cluded In zks report; be@ndng on Pap-26 

. 
1 

Page a shows the isstal lat ion o f  tho apparatus in t h e  aircraft. 

I h e  associated Broyn recmder i s  at the far left behiad the tube. The 

eltctrqqretes tube and bridge circuit--ars enclosed ia a small box 

mounted on t b  outer shell at the upper center of the pkture, nfi i le  

the course and fine zero adjust controls and the off-on d t c h  are i n  

the case belm. A i r  flms through the tube after entering the scoop 

. .  

I 
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on to? of the aircraft, shown with the Filter Box on Fage 55. The air 

*hen lsaves ths other end of the tube through the hole b the cabin 

I& in which i t  i s  fasttned. The strai@t pzrt of th: outer  shel l  is 

Some b e r i m e n t s  RelatZlte to the Z l s c t r i c a l  Conductivity of the 

h e r  Atmomhere 4 . R .  R a i t ,  DepL-ment of Terrestial Magnetism, 

Carnagit Institute of \Yashington 

... 

' .  
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Four components, a Radiation Detection unit, a Dual- 

.Channel C o u n a g  Rate unit, and two recorders, make up this system 

d e v i s e d b y  the Naval Research Laboratory dc!! is used t o  record 

the  coincident aud ga;nma rays as a func*doa of tima, 

,For  a conrplete Aescription and laboratory m a h a t i o n  of 

the system, the reader is referred to the maZ Report P-3339 

mAirbome Ihral-channel Radiation Detection Systunn dated August 

25, 19J& and "Operation and Maintenance X n s t m t i o n s  on the Dual- 

Charplel Radiation Detectorm G& Jerme, 2.1. Zattle, and F A  

Gager, dated 3 A u g u s t  1948 (MIL Report: G3600-536A/L8). 

The accompaxybg photograph shows the tuo units mounted 

on the cxkreme riat dth the racorcers nearest the  reader. I h e  

Detection Unit i s  on the bottom in ?&e rack, A later modification 

placod the Detection Unit OD the wooden shelf d i rec t ly  beneath the 

Bruwn recorder associated w i t h  the -Conduc+yiVity chamber, and t.ha 

Counting-Rate Unit r*as remounted in the saae position as shown on 

page . This uas possible becaqe  *e cathode follower out-put 

. stage in the Detection U n i t  affords uncbtorted signal-input t o  

the Counting U n i t  far cable Lengths up t o  about 100 ft. The I 

cable Iength at present ia 20 it. 
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Because of the cCTiculty of calibrating on the-grorzcld 

c-. .. 
.. 

rrithwt severely ci-1-ining. the ai-czaft batteries, it was nccessa.z,-r 

t o  construct a traazfoxe=?erated unit for use ,with the  l l 5  vclt 

power unit. Built wi*& miniature tubes, it follows closely the .. 

design of the SRS, units,- CxEept that the detector unit and the 

count rate unit have bee3 combined on one chassis (pages 4 83d 

45). . 
hdl of the project, 

It has bean wed  - n i t h  very  good results during the last  

T h h  modified unit may be wed with both 

the recorders and w i t h  a meter on the pilot's instnupent p w d ,  

U s  meter is  mounted on the same panel as the conductivity re- - 
I 

c 

. . .  
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C o r w i s t h g  of t u o  d t a ,  a high pressze i odza t ion  

cham be^ and a Chicago Vibrating Reed Electroaeter, t h i s  instru- 

aunt i s  ?erhaps the mst sensitive of the  aircraft's instruzent 

C Q E p l c m 4 n t .  - 

-. . 

Shown on page2 W and &7 are the t w o  component gmts  cf 

this instment with i ts  recorder. The b n  chamber was b u i l t  

up at the Oak Ridge'%tional Laboratory and is f U 4 d  nit& about 

carder keeps a constaut record of the changes in iooization 

A typical se32-balanciq vibrating reed electrometer e k -  

c u i t  i s  show below 

. 

. -  
. .  - 
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We nay think of the ionization chamber as having capacity, u it 

in fact does, aad represent it as C1. When q o s e d  to rad&a&don, 

the c h h r  becomes a charge p o d u c i n g  systern, a d  causes a PO- 

. 

tential diZference to -pear across R2 and CO C2 i s  the vibrato 

i s g  coodemer, its capacitance being constantly varied by an electro- 

w e t i c  force. Here this potential dfcCereace is  converted to an 

A X o  signal  which ia>mrr is  aprpllf irrd.  The amplifier outmt is 

5s used t o  drive a =tar which moves the a r m  of potentiometer -- 

I .  

. .  

. ” .’. i 
. ’  

.. . 



The problccl of counthg ionizations due t o  al3ha ~~--icle 

stmaent c ~ q a n y  b c a ~ e r .  

By referring t o i h e  proceeding page one may more easily . .  
follow the discussion of this instrument co3bination. The in- 

strument i s  installed on the bench jut to  t h e  right of t h e  Zl- 

tronics scaler. 

A t  the &rem right is  the aluminua chamber w h i c h  holds 

the f i l ter  paper t o  be counted. 

flushed with a strean of argbn throughout the counting operation, 

. - The s i g n a l  is f=d  i n t o  the high-gain q l l + i e r  aad from there t o  

It i s  w l y  an ion chzaber 

the scaler. The register near the front edge of the table records 

. .  

.*. 
$3 , -  

the alpha counts. 

filters for the filter efficiency teats.  

lhis apparatus uas used x a a r f l y  in processing 
- -- 

A schematic and photographs of the amplifier follow. A 

mom .complete report on this amplker. is ' being published by &. 

Fiminhac and nill be available short&. 

1 
' .  

General Purpose Alpha Counter - ROB. Fiminhac - -338 
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El-tronics Scaler 

I b i s  standard uscalf 02 6 ~ m  scder u a  fed u i t h  a Radi- 

ation Laboratories tube (shown encased i n  a .028" tkdck brass 

tubs in front of the scaler on page 51). The tube is 24 inches 

in length, i s  2 b & e s  3a diameter and has an effective lenijth - 
0: 18 bCh8So 

Filter papers iaserted around the GU tube were counted 

for beta radiation. In ordm to cut  down weight, the lead p i g  7 

ord inar i ly  used idth the wrapbz.cnm$ counter was replaced wi4& .. - . .  - 
a brass tube. 

background count by a factor of two, the counting rates of the 

Although maoval of the  lead p i g  increased the 

f f l t a r s  were sufficiently high t b t  no sigrUicant counting e r n r  

IW introduced. 



Radioactive air mntareinates nay be divided k t o  two 

classes: 'Gaseous and Particulate, Both are presez: h tht a:ms- 

?here and both nay have the s w e  effect upon GX t93es ,  Lon cha=beps, 

or d.&lay detection devices. The pretence of pz,rzLd.sl-lte 

may be determined only by the use of f l t e r s  - t k ~ &  *!ch z i r  

saqales are drawn, 
L 

T h i s  say be done on the gromc 3~ using a 

E--T 30 force a i r  throurrh 

to the slipstream when used 

filter and the  speed of the 

- - .  

' -  -7 

the f i l t e r  o r  ---+ciz t h e  f i l t e r  

on at' &craft. Both the  size of t h e  

air BFC i rnportat  in bath C ~ S C S ~  

In order t o  detect t h e  presence of airborne ?articdatc 

matter in the  vichi ty  of Oak Ridge aad Hanford, f s t e r s  were 

carried in the a i rcra f t  by use of the d a n d a r d  AMC f S t e r  box. 

U C  Filter Box Installatior. --- 
. - -  

Shown on'the following pages i s  the b s t a l i a Z i o n  of t h i s  

Filter Box with associated d i f fe ren t ia l  manometers, h e  f F o n t i q i e c e  

w i l l  also give the reader a better'idea of the r t h t i v e  locz t ion  

of the box on the  airplane, I -  -. 
7 .  
e.. rli. I 

, 
i.y> . -*; 
9- y -z. T h b  box is constructed tc actummodate two s l i d e i n  t p e  

1 f i l t e r  screws and used the venturi principle t o  a pressure 







drop across the f u t e r s .  

one square f o o t  and 

The Ti7ter paper used has an area e€ 

x 8". Filter screens are retained in 

t h e  box bp spring s t e e l  mmer clips and rrith locking handles. 

Pressura drap across each filter &s read fran t h e  manometers on 

$he le f t  cabin wall, u d  pre~snre drop being 7 to 8 -0 at 

150 q h  indicated air speed, 

ly 450 cu ft per &I at the sane speed, 

Air f l o w  through box is approxhate- - 

--  
One of t he  questions bxw#rt up BS aa objective of'this 

project was efficiency of these filters. This problcm rpat taken 

up by Dr, Davis and his fkrdfngs zray be found as a separate report 

in the  a p p e e  t o  the inSt=murt section, 

. .  . . .  . . .-. _ .  _ .  

. . 
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k i g a  counter dpal-channel radiation detection. (E Uht), 

and conductiety apparatus. 

c 

3 div. 

23 seconds 

43 s=/m 
div 

M e  of Radiation Iteastred 

air condrrctioitp apparatus, being essentially 
' aa ion collector, responds t o  the intensity of ionization in  the 

e'. - .. - E  
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tfme can be shm-to be 

. .  
. ,  
. .  

rheru i i s  the current, C the capacity of tbt 

0 x 4 ,  aad h t the co*ctf'pftp of the air. 

can be cqsessed 83 

callec*tiag tube 7 
The coaductixity 

uheret e i a  the d.ectronic charge, n the ntunb~ of s m a l l  %ana/ 

CE and k t&s mobility of the ions (ea 3-5 tsp/sec/trolt/~) 
- -- 

Actually we should ibcfadr t e rms~  09 the'rigkt d d o  o f  the 

equxtfon for k g e r  io- but it is found that o w r  95% of the 

conductiritp is 

ma 
be written au 

due to 

number q of ions p r o b e d  per second per CE can 

I 
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ORNL 
t 

*ere d is the number of disintegrations per second per cc, 

c is the m i e s  per cc, ii the totaL energy of radiations per 

disidegration, and W i s  the  electron volts to produce one ion 

pair (about 32.5 Vol ts )  and 

of radiation (alpha, beta or gampra). 

r-y independent of the type 

mer 

ions produced per 

per second per cc 

- 

second pet cc is equal to those recombined 

so that we may mite 
c 

L 

, 

ions, 3 and % the recambixration toefficienta betwen the 

smaU ions and the  respective nuclei. For ordkrarp copdltlons 

ne= the Ip.orrpd the last tw terms ia  t&e sbom equation w e  

about eqoel and large conpared uitb o( $ so m m q  urite the 

rrpprai te  equation 

- - -  

which irrdicates that the con&cti+ (rhi~h i s  propbttfona~. 

to n) is proportional t o  Q and inversdy p r o p o r t b d  to N. 

. I  . .  - i ... 
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me prer.-rzFe ionization chamber i s  sensitive to the 

uaae type of radiation L as Geiger counters but prchkdg has a 

different energy vs efficiency cumeo 

Calibration 

To measure the sensitivity of the pressure chamber 

p91L uait 

Ra 36” 635 

I 



The last column has bean calculated assunring the 

i n n r t e  square re lat ion betmen response and distance of souzce. 

One division is equal to U015 m S ,  0.35 cts/sec and 5 I. lO-I3 

anps for the pressure chambsr, ERL U n i t  and conductivity appara- 

t t m  respectively. 

FoGordsg - the p h  mt2hed'by PsuSt and Johnson+ 

for t h e  conputation of t5e.rtiporise of a GM t u b e  to.contkruous 

distributed sources, the foUoning table uas calculates: 

SottrCt Pressure Chamber 
conductivity 
Apparatus 

5 -4 9 -4 

* -9.7 

L O  

9 .O 

60 
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A comparison of the deflection of the NlZ unit ad 

the conductivity apparattu f o r  flights through the t r a j e c t o v  

The sensitivity of the conductivity apparatus is 

'assumed proporti6iijial to me t o t d  arcrage energy of radiatioa. 

ate  energy of the variorw aowces were  en on page 12' ! h e  

beta radiation energiaa l i s t ed  are the 

aterage irnsrgp wed uaa l/3'of the 

energies; the 

The total average 

was not determixrdd except for Cob* and Ea. 

(no ganma), rrtrile t h e  conductivity is -sensitive. 1% i a  to be 

noted that the conductivity apparatus is mch more ssasi t ive  to 

~n rfiich is  a contributive background factor. Ibe conductivity 

I 
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of the much stronger Xd33 sowce in CUri,es in cozparason rdth 

AK (factor of the order of 50) i t  was s t 2  o d y  detected about 

three t o  four t i m e s  the distance fram the source. 'while it is 

seen that tne sensitivity .of the NBL unit and-the conductivity 

apparatus for xeU3 are about the saw, the corxiuctivity appgrstus 

i s  still able to detect d e r  amounts because of less background 
- 

variation. - 

EackeKnm d 

By background i s  meant the normal response o f  the 

instrument to radiations n d y  present. 

table is given t de  background and an estimate of the percentage 

In the  io- 

of contributing factors. 'Ilha values given for the condnctivity 

---? are taken from He&. - 
.. . .. 

C o d c  70% 4 a  U P  

p k . c r a f t a a d i t i  log 0- 20% negligLble 
herent backgrunnd 

Ra and Ilb products 48 8% 51% 

Ba Bs1. Th products 16% 32% 33% 

inass 

in s o i l  

Tota l  Backcotmd u5 Div. 50 M Y .  15 D ~ v .  
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These valses refer t o  a i r  new the grand,  at 

higher altitudes one would eqrect the coapowd frarn t h e  s o i l  

to f a l l  o f r  rapidly, the compona& free the radium apci t h w b  

products in the ak to drop o f f  more s w y ,  and the corn, 

popeat due to coslnic raps to becam larger- -8s shorring the 

variation of background w i t h  altitude u i U  be shown 1 i r t b i r . m  “he 

background coolponemts due to Ba and Th products a b  and ia the 

s o i l  would ~ 8 1 p  considerable rith different locations a& a lso  

S- d q  to wm -\ : 

Thm -=on of the back- is isportant; in 

that’it detemhes the d s t  upopLtt of  dQtectable radiation, 

In the c&s of tb’conductivftp, the vsriatiOn of the smoke and 

fog content rrill affect t b b .  

or at high altibades this y e a t i o n  u i U  be d e 0 ,  

of the average fluctuatiom d the background of the iPstmmeats 

I C  

On a clear dcrp in the open country 

Ra estimate 

- _- 
Wad i 3  Iu f0-8: 

. 

Conductivitp Apparatus 

5 didsions 

3 division3 

. .  
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pltitucie Bff ect 

The increase of background response with altitude 

up t o  15,OOO feet i s  shown oa page 67. me v e r t i c a l  scale i s  

in  asbit- d t a  and does not indicate the relata. back- 

groMd of t h e  i n s t ~ s .  

f o l k  a s i m i b r  curve, shorring an increase in background uith 

It i s  seen that the irwtrurnents sll 

altitude. 

conductivity be2.o~ 5,ooO fee t  i s  probably due t o  the  pressnee 

The drop i n  the backgronnd ioahation &arm for the 

of d e  or haze rathex than a decmase at. radiation. The 

m &owing the back- oi tbe  n-tzo@er (the clt counter 

osed for the  capptiag of filters on the plane) p-s out the 

necessity of obtainkg the backgKNnd couut at the same altitude 

at which the fi lter cuunt i a  obtained. . 

The T-C and C c m e s  art t o t a l  minus coincidence 

counting rate and cofncidept c o u q t w  rate r8speetivd.y of  the 

IIRL unit. The fol laring re la t ion  given by Gager, Jerwen and 

Zettle* jhoJd hold: 

* P . L  Gager, G.K. Jensen and E.N. Zettle, Airborne Dual-Channel 

Radiation Detection System IWL Report P-3339 
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(T-C) = t o t a l  minus cabc ia tn t  coucting rate 

= ground cwtribtrtion 
B O  

B = a i r c re f t  and inherent counter Sackgrowd 

- contribution 

the two c e i n g  rates are diiferent, thereby giving a different 

&e for k. 

-- 
B e  curve showing the act ivi ty  of a-f i l ter  piper 

. amounts ai radon with altitude, - B e  collections were made for 

periods of one-haU hour and counted f o r  6.4 minutes s t a r t -  

one mimxte after f i l t e r  removal from collector box. The radon 

originates from tbe soil so one would q e c t  a decrease in 

radon concentration with altitude due to the decay of the radon 

as it i s  carried up by diffusion and comection. The height of 

the atmospheric teaperatme inversion a t  the time the  data waa - 

.. . 
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taken wa3 3500 f bet and ii seen t o  fit at-the break in the slope 

of the c-8- 

logical characteristics of a twerature inversion Ilfiich ptpmcat~ 

vertical 

S is t o  be srpected from the known mteoro- 

zer0wLf-t . 

The d y  instrument used that shmd appr.trciab1.e 

drift 1183 the a i r  condpct i~ ty  unit. fn t h i s  apparatus using 

the electrometer tube as described earlier, the average Mt 

appraritely one percent of iull scale per hour, tphils 

t$is ;ocpDIIDt of rtrirt ia not t o o  obje+tiolpdb54 n have a ~ w -  

placed the +lectr&ter tube uith - s t i n g  condenser t n c  of 

electrometer which shows negligible drfit. 

Tfme constant 

A measure of the  speed of response of an btaxnmt 

t o  a sudden change in radfatian . - -  LSI the tiae constant, we rpftp 

define the time constant in severa l  rays. ZO the s i q U i e d  

condenser t o  - 6 9 .  We shall refer t o  the time constant in t h i s  
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m e r  iu t h e  Bc constant. The ti3t required to bring the 

response to 90% of i ts  eqnifirinm value iS sanetimes wed 

an a definition far time constant. 

combination the  tirmt required for the condenser to reach .9V 

For t h e  condenser resistor 

-u bt 2.3 BC. 
- 

The Bc constent for the conductipity apparatus i s  

a p p r o w a y  0.1 second for the hf& sensitidty setting. How- 

mer, the tine required for the pen o f  the Bronn recorder t o  

t r a v d  i d  s c d e  was 4 seeoncis. - 
.. 

The tank circuit of the rJBL detector has a RC 

constant of 10 seconds so that the 90% response time would be 

23 seconds. lhis e e d  uith eqerimeatal observation. 

The eqtrirnental 90% resporue tbne obsemed for the 

pressure ionization chamber 

sensitivity indicat ing this 

Ehruedness and Reliability 

was . 55 stcon& when wed at high 

iostruPrent a~ the slowest of the 

A3l three instmments were considered e q d y  rugged 

! - 



. . - _  

considered objectionable. 

angints t o  be o p e r a t a  t o  miat& sufficient l i n e  voltage. 

The unit  requi-ed the  a i rcraf t  

Further -nvcnerhs o f  the additional NkT, unit b u i l t  by Lt, 

Earlan shown on page 44, i s  in  prucess. 

col25ined in one chassis and aow operates fmn U O  AC pow% saurct. 

Tk condnctiPity unit requirsd a dr;-’,na out t h e  ~TG;., 5 ? o  15 

minutes t o  reOwe”accumdated maisture before ‘st&& operatioa 

The new uni t  has..bsez 

if the apparatus had been standing idle dur ing a r1Sn stmm. 
- -  

a c e  whatever f r o 3  the t i s e  of  instal la t ion t o  tks t b  cf 

mM.n~ this repart, 

eir conductivity ajgetatw f S  .the . .  shplest t0 

co&-zc3 the lC& q e n s i v e  if used 

P.c Z2tactor i s  b complic;ted circlLt 

.-_ ,’ 
?. , .. . .. 
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Filter Collection 

\ 

r .  

A congarison of filter collection as a detection 

instrument nith the preceding three irutruments discussed, 

was tried, Unfortunately, at the time of the collection, t h e  

sources of radioactivity were all equipped with filters r d c s  

ing the aircraft fi lter collection bef fect ive ,  A comparison 

i s  w e c t e d  t o  be made at a, later date in the Hanford area xLth 

the source filters -d 

me coYect ion of p a r t h d a t  e matter on filter 

paper as a detection instrument has a high scnSitiVitp due to 

i t a  i t c m l m m a  *s proparty, 

giving aa irrstastaneous result but a result integrated mer the 

. .- - 
It has the disadvantage cf not 

72x8 methods of datemining amounts o f  

the i l i lter used m e  (1) counting by nrspping t h e  
- -- 

activity on 

filter sround 

a - t ion  Leboratorg a beta counter and the  count registered 

on a El-tronics scaler and (2) taking a radioautograph of the 

f i l t e r  on X-ray film for from several. days up t o  a week. The 
a- 

the active particles are located on the filter in case separation 

of the particles is desired for further study, The radioautograph 

has the disadvantage of being t i m e  CorrSUming. A third method 
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that can be wed and d c h  i s  probably the nost sensitive is 

t o  d i s s o l n  the active partfcles and precipitate t h e  sanple 

particulate material &am "&e air f lowing through the fkPter 

fr, a factor that & be considered. If the efficiency i 8  

Tor, mthoda of  raisbg this sfrould be 'coaddered spEh aa tre,ot- 

h g  the f i l t e r  d t h  caustic t o  i n c r e u e  th6 dficiarrcy.  af collect-' 
- -  

Baaford area did not recanmead the trsatnrcnt. 

The decay of the activity is  a consideration in 

iilter collcetioa. The radba decay products hwe  a h d f  l i r e  - -- 
of the a d =  of 30 minntes, W e  221 B has a half U t  of 10.5 

hours. For Ugh sensitivity t o  a long U e  product, one OIUst 

wait-urxti l  l bB has decayed Hd! means several days. This would 

be true also ia the case of radioautograph methods. The decay 

of the particulate matter from a d l s s o l ~  run of 5 day old 

slugs at Oak Ridge is shown on page 75. .'%e decay shorn is  

probahlp a combination of 12.8 day B a w  and 54 day sr89. - 

I 
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Becamendations 

- -  

Io conclusion, the fo-g retarmendations are 

offered: 

1. That the Hi@ &ussure fo&at%un Chamber be 

w t e d  from the p u p  of inst-nts used in future ak- 

borne detection m k .  

. .  

fithougt3 its high s e n s i t i v i t y  i s  a 

great attribute, th is  sensiti.vitp i s  gained through use of 

high-value resistors nfiich a l s o  introduce a long time ccmstant. 

Becatwe cb t h i s  time const&, it i s  Uficult t o  assign a 

. .  

NRL Detection tzuit. Although the Coaritxctirfty apparatus has 

b d  featurus, a y ,  ita cesporwe to &e a a d . n o i S t ~  in  the 

rk, i* i s  a very desirable instrmnent becarwe of i t s  high 
. -- 

sensitivity and fast response, 

good sensitivity, and is  no$ affected by changing atmzipheric 

%e HBL u n i t  i s  reljpabb, of 

conditions, A comparisoa of the records of the tno instruments 

used sinmltaneously would give a relatively good pictart of' the 

radioactive content of the air under q f l ight  condition, 

-? 



3. The -continued use oZ filters in coqjunction 

with the above instrumrnts is ruewxmended. 

real maas o f  detenmining the prescnce d long-lived particles 

snd in eases at rmiiltered sotztecs, this particdate matter 

may be detected at extremely long ranges. 

‘ h i s  i s  t h e  o n l y  

- 

c 
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-Francis J- . Davis 

Health Physics D i d i o n  

Oak U g e  National Laboratory 

Introduction - 
To e s t a t e  amounts of natural radioactive material in 

tbe atmosphere, one m y  use filters t o  coU.ect the p&tieu..~a;te 

material and count the beta or alpha embsioa at  &tervals t o  

establish the decqV cufpe. T&e decay currre, however, establish- 

ea only the relat ive amounts of the active material; and a cal i -  
- 

bration of  the filter paper to obtain an efficiency OF cob2eet- 

ion mxst be had before the absolute amounts of radioactive materisl 

in the air can be estimated- 
. 

The efficiency of f i lter paper i s  a 

function of particle  Size, and therefore q efficiency vabue nects- 

s a r i l p  refers to a cer ta in  distribution in particle size., . Tbtm the 

efficiency measurements given do not hold for distributions of 

particulate material other than that specified. 

Method 

a. 

. .  Beta and alpha radiation from the  m a t e r i a l  collected on 

-, 

the filter paper rras measur0d, and the results were coupil~"t:d! to 

the theoretical amount of  act ive deposit in the air. It was 

I 
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. .  

assumed thz t  the radon h the ai- aa6 its act ive  deposit  ape 

radioactive equilibrium. procedure a measweaent Of 

the radon content of the  ai-, the counting o f  the f i l t e r  f a r  &?ha 

and beta radiation, and B deteminztion of 'he aic flow through 

the paper. 

De scriu ti on 
c 

n?e f i l t e r  box wag described earUer  under.the i n s t m e n t .  

section. Using iafomation from data obtained at Wright F'iebd, 

one can estisatt the aiFflon through the f i l t e r  by noting the 

pressure drop across the f i l t e r  indicated by a differential mmo- 

mster. B e  usual airflou i~ wproxinately 450 cu ft/min. 'Ihs 

filter is type COOS #5 d t h  e?hensions 8. x 18. or one square foot 

in area. 

The alpha comer was apparatus designed by the  Oak Eridge 

National Laboratory. 

id nfri&the filters t o  be counted were placed, a high gain q d i -  

It consists of a cylindrical  count ing chamber 

fier and an A t d c  Instrument scaler.--Argon from a high pressure 

cylinder was flushed through the counting chamber while the count 

 as being 'made , 
0- 

?he beta counter ap7aratus consisted of an El-tronics, 

Inc, scaler plus a Radietion Counter Laboratories GI4 tube. The Glk 

tube used was 2LR long by 2" in diameter with an effective I-errgth 

of la", 

I 



B e  radon determination was made in a laboratory at Oak 

Ridge National. faboratory bp a s  Sarah Culpqiper. 

glass sampling flasks were f U e d  during f l ight  and the a i r  was 

transferred In this manner to the Laboratary. 

Two-liter 

- .  

Here the s q l e  

went through a purification system for the removal of oxygen arrd 

water vapor from the air sample rrhifrr transferring it to aa *ha 

particle counting chl;.nhcr. 
- 

The alpha count from the sample nas 

then conpared uit& that fram a radon standard ftrnished by the  

* National Bureau of Standards. The alpha ampUfier and scaler in 

the laborntozy were to those wed on the plane. 

- -  
Procedure 

A typical -0roctdvre record is  as follows: 

c 

--I 

Date 2-1-19 . 

_. AltAtude of atmmpheric temperature inversion 3000' 
. .  .. , .  \ 

, .  Time . - - . . . _  

0 15 

02000 

0262lb 

. 

2000' 

Pressure drop across filter 6 .A. 

Backpound completed 

Backpuxld count/min 749 



e3Qm Fi l ter  taken out 

o 31 00 

0 37 21 

Beta count started 

Beta count completed 

Beta count/min plus background 70U 

l e t  beta count/- 6262 

0 LQ 00 Alpha count star ted 

. 

Radon content of air s q l e  3.85 x l.OoUsuzias/ft3 

The background couxt of the alpha counting chamber'was . -  . - 

so lor that it could be neglected, 

Thsarp 

Assume as in the saaple shown above a collection t i m e  

3 =  5 = 30 a, 'a decay t fms  tt = 10 min and a counting time t 

6.1 mkr, In the thew of successive radioactive transforaatitions* 

it is shown that the act iv i ty  of RaC f i c h  rras in equilibrium, dth 

a constant supply of  3x1 and removed from the Bn for a time t ia 
- -- 

a 

~ 

Rutherford, Chaddck and Ellis - "Badiation Frau Radioactive 

Substances' 
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nhcrsd is the decay constant for BaA = .2268/nin 

is the decay constant for RaB = .02586/~nin 

h, is the decay constant for Ihc r: m03516/& 

Integrating the last equation to obtain the accumulated activi&y 

at -e d;~d of t i e  collection tim tl. - 

After collection time tl aad a decay period + m haw 
- .. - . . _.. -. . - -  A- 

, -  

. -  

0- 

The average count per minute during a counting period t 3  after a 

coUectbon period tl and decay period % is then equal to 



e- 

In the above simple i f  we had DO% counting efficiency, 

we should get an alpha couat assuatbg a geometry equal t o  l/2 

~ p d  2.2 x 1012 disintegrations per min per ctrie  e q d  t o  

Using the a h a  count obtained  we^ get-for the efficiency of the 

collection 

l.&ull ’ =.28% 
5.17 x I.&- 

.. . The equation for the actitlity of. RaEl can be derived i n  . .  

the same manner r e s u l t i n g  in 

1 
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RaB, h o m e r  i s  only a beta emitter and therefore, does 

Iht energp of  the beta emitter 
L 

not .enter into the alpha count. 

i s  only 0.65 mevm To e s t a t e  the fraction of BaB beta rays that 

. are absurbed in the counter d we use the equatiot 

E i s -  the eaerm of the beta ray .emitted fn IP.V and x is the wa3l .  

thickness i n  gm/cm?. For the counter used, the uaU thickness is 

opar&mataly 0,lQO g m / d  so that t h e  fraction of RaB beta rap3 

absorbed In the w a l l  i$ about 97%. The value F for Bsc beta rays . 

absorbed in the w a J l  using 23% of the bets rays with enerey 3.17 

mev and '77% at 1.65 mev becomes 53% 
- -- 

Assuming a calculated geometrp for count ing beta rays as 

37% and d absorption of 50%, the ratio of alpha rayk to beta 

raps counted for the sane collection o f  active material becomes 

2.7. In actual practice, the r a t i o  after correction f o r  decay 

betueen the separate countiaps turns out to be'betwetn 2.'5 and 



c .. . 

A _  

2.6. Undoubtedly some of  the a h 2  paz'dcles a r t  absomed in 

the f i l t e r  paper. 

Results 

A sunnary of the  data taken w e a r s  in t h e  foll0rcL.q tabbe: 

Indicated Height of Curies of Rn Collection Efficiency 
Date Altitude hersiG6 per fd x l@ From Alpha Count 

1-27-49 2500 2800 3 -0 

2-1-49 2000 3000 2.8 

2-1-49 lD00 -3oOO 1.8 

12% 

28 

28.8 

Average 28.4% 

B e  r e su l t s  shown are seen t o  have considerable variatiaru. 

Probablythe greatest source of e r r o r  i s  in the  measurement of tho 

radon concentration of the  air. Several other methods were tri.odp 
- _-  . 

scch as concentration of the radon by adsorption on charcoal; but 

this method f a i l ed  due t o  natural contarnination of the charcoal, 
. .  

.e-. 

Larger samples, using polyethylene balloons, were t r i ed ;  i n  this 

case, however, the  adsorption of the radon by the  balloon material. 

was too large and variable. The first determination listed w2s by 
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the balloon method and i s  seen to be the v&e ftacthest fram t h e  

mean. The values of radon concexztratioa, therefore, have a p n b -  

c 
. .  

# 

c 

. 
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I* Introduction: 

On 17 Nwenber 19U' f l igh t  operatiors were be& 

in the O& Ridge area in =der t o  aake camparison t e s t s  of &- 

borne detection &stn;unents. These flights were without prece- 

dent, and there was no previous howledge on ahich t o  e s t a t e  

the success w i t h  uhicb airborne instruments might respond to 

the  radioactive gases released d t r h g  routine mlnuractuzing 
- 

opra t ions  at zn atomic plant. 

these first flights it rras recognized tha t  some metewrological 

assistance would be requkcd f o r  successful sazpletioa o f  the 

project. For this reaoa, Lt. Robert Xane, a s e t e o r o l o e s t ,  

Nevertheless, in p l a n z k g  for 

was assig-ed as co-pilot aboard the pruject  aircrtft,  Abo, 

the U.S. Teather &rreau.representative nfth t he  A E  

stration at Oak Ridge, Mr. Joshua Holland, w a s  infomed of t h e .  

meteorological nature of t he  project and by mez~ns af an in- 

f d  arrangement - asked t o  assist the project  persome1 

whenever possible. As the  object of  the first f l i g h t s  was 

simply t o  fly i n t o  the  radioactive gasea emitted frop stacks 

at X-l0 in Order t h a t  the responses of the  iastrupents night 

be noted, it was thought t h a t  the meteorologicsl reqcke=ents 

of the project were adequately t e e n  care of . 0-  

b t e r ,  as the 

p3.oject progressed, the neteorolngj.czl program we3 considem . 

ably anplifried so thtt the relatiormhip betwesa meteorolo@cal 

. ;. 

. 
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cone t ions  and the caxez=rtzio=: of rar'ioactive zaterS,s  

3 -- 

. ,  . .  

-. 
: 1 .- 

. might be studied. The w - h  of the  meteorological 7h-e of 

the project i s  discussed below. 

D u r b g  these fkst  f l ights  only  the COO- 

frPn t h e  p i l e ,  essentidL7 argon, was available as a souI-ce 

of radioactivity, 

active argon (ll0 minutes) it rp2s not expected that it w - d d  

be detectable beyond a few ail+s. 

Because o f t h e  short h a l f - l i f e  of the radio- - 

To actuate the i n s t r f ~ ~ ~ t s ,  

flights were made within of and &ectly over the stacks, 

The instrrtpent records obtsintd on the four flights prbr to 

2 December 1918 merely s h d  efforts to adjust dicfcrent corn- 

ponerrts of t h e  instruments and were of no per;panent Taut. 

Actually, the first three :lights were conducted Just -$side 

of the Oak Ridge prohibited area becanse permission had not 

yet  been granted for the a k t r t f t  to f ly  over this controlled 

zone 

visited the project and were passengers aboa-d the 

'pro Sect airplane during a derronstra+don f l ight  over- Lte.  X-10 

area, This flight &owed thzt the Lzstruaents being'tested 

Here responding successfully and thzt further work w i t k  t h e  

0- 

instnurents was just i f ied.  L*tc the f l ight ,  an i z f o r z z  
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conference he ld .a t  which it rras decided t h a t  a more extensive 

use should be made of m e t t a r o l o g i d  techniques in f l i g h t  p l a n -  

ing and that the data collected during t he  irutrunent tests be 

used f u r  furthering the  study of the  diffusion processes in the  

atm~sphere. I b i s  decision mu in par t  influenced by c u d t a t -  

i o n  with Weather Bureau representatfve at Oak Ridge. 

The responsibillty f o r  this project 

vnm assigned t o  the  U.S. Weather b e a u ,  and P a d  H q h r e p  of 

the  Special - Scientific Semites Mvisioa of the U.S. Weather 

Buman ma designated as a second m e t e o k b g i s t  t o  the  project. 
\" 

- Hr. was t o  report to oak Ridge ;rriar to 1 January 1949, , . 

the date when a dissolvirrg operation rras t&a;tively scheduled. 

In order to begin planning for operation, he reported oa 

28 becwber; however, t he  dissolvfag was postponed until ll 
- .  _., 

J~nwry 1949. 

Meteorological work associated with this project 
- -- 

may be divided fo r  t he  purpose of discussion in to  t h e  different  

. phases. 

with respect t o  the  f U g h t s  from 17 bvembtr through 31 December 

The first phase consisted of work done at Oak Ridge 

1 9 U  when initial adjustments were being made on the  iastruments. 



-.  
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The second phase beg= with t h e  assipzzt OZ the second 

meteorologist to the project and was concerned nath  the re- 

mainder of the f'g!!.ts at Oak Ridge, 

concerned wi%h the flights made at the Hanford Works, 

this report each of these three phases ILU be discussed 

&e t h i r d  9haae m 

Ia 

separately, 

phase of operaZion w i U  be mentioned briefly when the m o m  

The metcorologLcal &u&ments 'of the first - 

- - .  F n t e v i v e  meteorological efforts  made at Oak Ridge and Hapford 

.rrill be discussed in detail ,  The order of discussion wi l l  be 

as follows: First, the type of flights made and t h e  meteoro- 

uqlanat ions rrill be followed by a m e n t i o w  of t ! !e  local 

geographic and meteorologicd characteristics of the regions 

which affected the  f l ights .  Ihe mteorological f a c i l i t i e s  

svailablahle at Oak Ridge and at HahrDrd rrilf. then be described 

d t h  reference t o  f-t plannbg and post f l i g h t  analyds. 

ATrerthe fac'?ities are described, a discussion of some eP 

the' meteorological problems of  actual flights w i l l  be given 
~ -- 

and the mst successful f l i ght s  w i l l  be described in d e t a i l ,  

FinaUy; conclwiops arid recommendations based on all of  the 
0 '  

meteorological work done rrill be presented. 
' .  

.. . 

\ 

-. ..: 

I 
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II. F i r s t  Phase - Re,Unary  Flights over the O a k  Edge,  

Tennessee, k e a  

A, Xeteorolodcal Reauiraments: 

1. Par Safe 7Ueht: 

The-firSt instrument cauparison flights required - 
merely suitable c e i l i n g  and visibility mnditions, 

necessary that the airplane f l y  easily and safely betwen the 

lowest clouds and the tops of the hills in  the O a k  Ridge area 

and that the ak to ground &.b%Ut~ be good. . An important 

acc~U.strm4at of the e s t  fen f l ights 'ka the familiarizat- 

ion of  the m g b t  personnel with the appearance of  the  opera- 

t ional  area fram the ah. 

It uaa 

, 

Haps &orring locations of p h n t  

brrildirJgs were not available so that it necessary to  learn 

the relative positioru o f  important land marks bp visual obserrra- 

tion. A l l  illgfrts were in dayUgfit far o g t k  visual obsema- 

2, - For Successful Instrmentation: 

Ils the early tests progressed, it was found that 

the instruments themselves imposed additional meteorologkal .  
c 

requirements. ' 5 e  air conductivity instntpcnt respoadsto large 

I 



of noistrt-a such as is f o w d  dthh clouds or i~ rain 

arem and gives erroneous m u g s  when such regions of m i s t w e  

are traversed. 

uled d c h  were l ikely to encounter such conditions. 

Therefore, fUghts were not intentionally sched- 

B . Meteorological Pluming:  

-7 

d 

Just prior to take-ofz on the first flights, 

the U.S. Weather Bureau a i r p o r t  s ta t ion  at &&et Tyson F i e l d ,  

KnoxviUe, a visited; and frat t he  l o c a l  weather, the'prob- 

able flying conditions for approl=imatcly the  n& W e e  hours 

were estimated. 

latest upper wind sounding for &&e  was^ copied and the 

surface 'and upper wind charts were examined in order to estimate 

Also from the Weather Bureau Office, the 

the most probable dkectioa of air f l o ~  mer the X-10 area, 

was assumed that the caofinn 8ir from the p U e  would behave 

It 

. similirr to smoke and would be affected by t he  same meteorological 

condf'tions rrfiich would affect  smoke. That is, the coo2hg air . 

would gradually miX with t h e  atmosphere and move wi th  the l o c a l  

air currents. It a lso  would be prevented fram U f u s i n g  U~KWC! 

. - -  
I 

if trapped belaw a well defined t a p e r a t w e  inversion. There- 

fore, the first fUghts were planned so as t o  encounter the 

radioagtive gases just d o m a  fram the stack o r  t o  crosa the 

. -. - 
I 
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stack h a do- or u p w 3  direction, Passes - e c t l y  

over the stack would be certais to take the a i q d a n e  t k o u g h  

the radioactive g&; and i" p r o p r  altitudes and f7gh t  rii_-tct- 

ions were chosen, iastnxptzzt returns could be apec%+d f o r  at 

least several miles. 

L 

C. Actual Flight ODeration: 

The wer rrirrd data. obtained at the U.S. Toeather 

I f u r a  w o r t  station gave so&e indication of how the ,-:lght 

should be conducted, bpt soon it was discovered that ths ob- 

serpatioas made at the Wurt were not reliable inri;tatLom 

of the local conditioas at X-U. 'be behavior of or- 

cod. smoke froa a power p h n t  rrithin the X-10 area was one of 

the  b e d  iadications of the atmospheric conditions aff tc thg  

the radioactive gases. 

Oak Edge arua were also useful, Ia early f l ights ,  t h e  bebavior 

Othclr SQUL?=~,S of ordiaarp m k e  ip the 

of the smoke was obsuved upon &val over X-10 and the moat 
- -- 

pmbable location of the radioactive gases were thereby estbated.  

%e use of ordinary swke  fraa nearby stacks as a guide is not 

recomnended &ce it is p o s g i i t  f o r  t h e  snoks and the radio- 

active gases t o  travel in entirely different d i rec t ions  and at 

different altitudes. 

differences in location, heights of s t a c k ,  upward veloc%ties 

Differences in buhavior are cawed by 

I 
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rt the t o p  of the stack, izitial t e q t r a t a - e s  Cttr  -~&~ion, 

etc. 

b u e d  on meteorological observations outside of :he =e&. 

Huwever, the use of  smke was mrt re'ik than e s t k a t e s  

D. Results: 

f i tbough considerable useful work was done on 

the kutrpments, detce-ion was not a c c q f i s h e d  

fi-st phase of -he project beyond c few miles. 

of t he  short haf- l l fe  of the radioactive argon 23d the difficul- 

tiles enmurdered in directing the aircraft  from the data a ~ a i l -  

t h e  

P i s  was because 

able. 

E. Analvsis and Doc*--nz.atior,: 

. \  Since tAe instruments wen being ccmstaatly 
. adjusted, no records were obtained wh i t21  c o u l d  be sufficiently 

correlated t i t h  local meteorological to be of persraneat value. 

100 effort  has been made to d o c h n t - t h i s  phase of the project 

beyoad what has been given here. 

I .  
c 
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=I. Second R u e ,  Eajor L*fort at Oak 3;dgc 

A. k e s  of F l i n h t s  M e :  

Four differcat types of P a t s  for scientuic 

The purposes of parposes were nade by the project aircra"r. 

these f l ights  uere as foUous: (1) k z t x n e s k  adjustment and 

cmarison using t h e  w o w  gases of the pile as a radioactive 

source. (2) Radi-&tive particle detec?Aon over the plant 

area by means of filters. (3) Dete-mhzzion of the efficiency 

of i i l t e r s  by the coU.ec~-~ of natural radoc, (4) Detection 
\ -  at a relrimrrm distance of the radioactive gasas from a dissalv- I .  

ing .operation. 
.. , , p . .-, 
' . I.' 

.--. I. 

If the purpose o f  the f l i&k was the $*st given 

, 
. & 

above, that i s ,  if the  object of sodl a f2X.gh-t uas marely  to 

m o s t  the irwtnanmats t o  an &barph r e a c t i v e  source, only 4' 

d 

a moderate meteorological effort rras Piade. 

attaqts were aade to track the radioactive L-pn d a d ,  

AL*&ugh some 

- -- 
detection at a distance greater than five OT ten m i l t s  --not 

. eqected fran this type of f l ight .  Since %he aizczaft ltas 

usually within sight of the plant stzcks, good flyiag weather 

(without precipitation) and a gcnerd. kaorrltdgrr of the winds 

were practically the  only  meteorological mq&uaents. 
- 
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. ,. 

L' the p q o s s  cf the was t he  second - 
gven  abuve, that is, if the  object of  the f l i g h t  was t o  collect 

any microscopic par t ic les  which mi@ be aresent over the plznt  

as a result of the dGso1-g and evaprztion operation, the 

meteorologiczl. requirements were eve3 lest than before, Evca 

a general knowledge of the  local w h &  was not important. The 

aircraft  mere* f lm t o  the plant area  and made very s h o r t  

passes at the lowest practical altitude over or  very near the 

stacks. SiPet this l o w  lepel flpiPg could be best conducted 

up and dorm the  vellep, f l i g h t  t racks were p a r a l l e l  t o  the 

ridges regardless of t h e  wind direction. 

3. Determination of F i l t e r  Efficiency: 

If the purpose of the S i g h t  was t he  given 

above, t h a t  i s ,  t h e  deterzbation of t he  efficiency of f i l t e r s  

the collection of natural radar,- there also were f ew metcoso- 

logical reqdwunents. Since in this tpPe of f l i g h t  it did not 

&ter  over what area the  radon was collected providing the  

area was upwind or w e l l  to cne side of Oak Ridge, the  only  

meteorological requr iaent  was t h a t  the general wind direction 

e- 

I 

I 
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be b o r n  and that average or bet ter  fl- weather, without 

precipitation, p r e v a ,  

amotmt of radon rdth t h e  a i r  mass present, the prevadiag wkd, 

and the temperature lapse rate,  but too few flights were d e  

An ef fort  was &e t o  correlake the 

f o r  any colrclusion t o  be reached. 

were important f G  t h e  standpoint t ha t  they gave bekter under- 

Zlhe f i l t e r  efZiiCicncy flights 
\ - 

stPndiag of the  of t h e  other instrvmtnt s, but these 

W t s  did  not contrfbute d i rec t ly  t o  the p r o b l a  of  atomic 

plant deteaon.  As no particplpr fl ight 

it rcaj not necessary that a meteorologist 

craft. 
- 

4. Detection: 

By far the most isportant type of f l i g h t  from a 

meteorological standpoint wa3 the  type o f  fUght rrtrich had as 

its purpose the fourth, and last givea above. 

type of flight which was f l o w n  far tho detection at the  greatest 

possible e t a n c e  the  gases from the dissolving operation, 

-- .-. 

That i s ,  the 

- -- 
Be- 

f&e WeriePce was gaiaed it was not known how f e  the instru- 

ments would detect the r;idiozctive gases. 

for not beU- that detection operations might be carried 

on t o  50 or 100 miles, or even frPther, from the sauzce. 

There was no reason 

There- 

! 
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fore, for a it RiZS 

necessazz t o  consider the possi'oi.X+~es of both short fLg!!ts 

with in  a few m i l t s  of the SOL-ce and long f L @ t s  out to 8 

distance of se+t.ral hundred d e s ,  Actually, flights were 

never extended bepond t m y  m i f S  the  s i te ,  but 

meteurological cCICort -?rovided f o r  longer f l i g h t s  if %hey 

became possible. 
- 

The greatest p a x  of this meteorological 

report i s  conce-zned with efZorts cads as par t  of the long 

range detection operation, In  a e s c r i b ~  the detection of 

the dissolving gases dl of the meteoroh@ca.l. considerations 

of atomic plaxt  detection as they pertain t o  Oak Ridge w i l l  

be covered in the  parts of the  report  which follow. 

E. GeoaFaDhic Features of Area 

1, m o r t  

The nearest sicport at which the  a i r c ra f t  could 

be based was k&ee Tyson Field, KnoxPille, which w a s  a p p r d -  

mstely 18 miles east-southeast of the p h n t  area, me location 

of the  a i r p o r t  re lat ive t o  the X-10 area was impor tan t  f r a  a 

meteorological staqdpoint as t he  weather observations and fore- 

casts made at the  aispurt had t o  be applied t o  th'e x-10 area. 

e- 

Also, I;t w a s  necessary t o  consider flyirrg weather at the  air-  
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port and on the mute between the  L z o r t  and Oak Ridge. In 

0- mteorological p r o b k  the differences betueen 

weather conditions-at two points only 18 &ts apart are  not 

given much consideratiorr; however, on t h i s  project the differ- 

cnc:s in the conditions at the &,-port and at X-10 were very 

and v i c e  versa. Also, on one flight it wa3 necessk7 t o  return 

t o  the afrpor% beeawe of a Ught dr i z z l e  from l o w  clouds Over 

there was no indication at 
--. t h e  airport  that this d r i z z l e  shoulo be a p c t e d .  

pitat ion had occurred recently at the A=?& c did occur 

No preci- 

'hat day. of peatest a w e ,  however, were the differen-  

ces i n  uind dizcdctioru and velocit ies up to  about 2000 feet 

abwe the surface. For -le, data irau trro soundings made 

at approximately the same t h e  on the of I l  January 

at t h e  &1QxpIue a i r p o r t  and at X-10 showed that over X-lo  the 
- -- 

rriads at the 2000 feet leoel were Ught, but definitely easter- 

ly; whereas the wind at the same altitude over the &-port was 

northwesterly about 4 knots,. Ilhenevcr a certain type of weather 

observation lras available from the X-10 area, obsemrations of 

the same t7pe from the a i r p o r t  were almost entire17 disrtgarled. 
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2. beratfond h a  & General 

Oak ELidge is situated just t o  the west of the 

center l i n e  nrrrning northeast-southwest through t h e  forty 

&e uide valley nbich d t s  between the Cumberland and the 

smokp Mountains. The c i ty  of koxoille i s  near the ceater of 

the vd ley  and the  &-port i s  to the east of the ceater b e  

about half way betweyn the c i ty  of Knoxdle and the lower 

mountain ridges of the Smokies. In the center of the  valley, 

around KmxviU.e, and fram the -cart t o  near Oak ilidge, the 

land is r o l L n  and without defiaitc  form. 

hi'l'la are about lD00 feet mean sea level (bi,S.L,) and the 

l h e  tops &.the 1 

bottom of the valleys are about 700 or  800 feet ,  

eastern side of the big v a u y  between the  Camberlands and 

the Smkits, in the region d e r 8  the f l ight  operations of 

this project m e  conducted, the hU2a take the for?., of a 

series of ridges which in soam respects may be considered to  

On the 

be 

t o  

or 

b i  

tbg too th i f la  of the Cumberland+ %ese ridges are p a r d l d  
- -- 

a remarkable degree, and some of them extend for ten miles 

more uithout a break. When breaks do occur, they are caused 

a r ive r  =*small .  stream which has cut through h a t  would 
a- 

,. - 
. .  .- .. . .  

otherwise have been a continuous ridge. The valleys between 

the  ridges are long troughs in'which under stable conditions 
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t h e  air f3.m from one v d l e y  t o  another b Likely to take 

plsee only where the ridges ham been cut through- The fact 

that the ridges which &end the Oak B i d e  -ea were crossed 

at nearly a right angle by the Cllnch.Biver at both the north 

and south boundries of the p o u t e d  zone rras an important 

considerat.$on when corrductipg f l i g h t s  for  t h i s  project. The * 

v&ey of the clinch B f v e ~  fonned a-passage nay through the 

ridges app&tely ten d e s  northeast of the X-10 stacks 

and another passage about five miles to the southwest. 

- 

Another 

passag-, ezEept that it was broader, 1~85 afforded by the 

Tennessee Bivcr appr&xately elmen miles southwest. \ - 
I 

3. X-10 Area: 

X-U, inrluding the pilt and the tuo'stacks 

emitting the radioactive gases, is located in one of the long 

va3leylrab between a pair of pprll le l  ridges such as aru describ- , 

ed &me, This valley is nrrmqd Bethel Valley, Ram ridge top 

to ridge top, it is about a si38 uide, At the plant s i t e  the 

' floor d the valley is '774 feet- The bases of the  stacks are 

on a s3ight rise at 860 feet; aad since the  stacks are exactly 

ux) feet high, 

ars feet above 

ridges on each 

their tops &e at lo60 f e e t ,  AIL elevations 

meart sea level, The higher elevations of the 

side of the valley range frosl about uoo feet  - 
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t~ about, 1300 feet .  "his that to28 of the stack? a r c  

just below the top i  of the ridges. Under ordinary co&tiorp?l, 

the smoke or gases which come out of the stacks rise an addit- 

i o n a l  one o r  two h&ed feet to just about the highest eleva- 

tions of the ridges, The ridge on t h e  eastern s ide  of the 

valley i . ~  broken just m o s i t e  the plarrt site.  Here the r i d g e  

h a  been cut throw by a saaU stream named R h i h  Oak Creek. - 
This break in t h e  ridge affords a convenient outlet for air 

fmn: X-10 to drain out of Bethel Valley. 

C, Yeteorolo4ical Characteristics of Reeion DurinP the Time 

Flights &re Conducted 
.- 

/ 

It wa3 not possible duringthis project t o  do 

' much more than begin a study of the meteorological charactezc 

istics of the Oak Ridge area, 

at- corrcitions is araiiable for the locality. 

No previoUs hist0l.y af upper 

Some surface 

data f o r  Oak Ridge is available, but since mtteorobogical 

conditions above the surface were-of priprarp importance in 

this prodect alnrost no work uas done uith  the surface abseroa- 

, t i o n a l  data. 

can be correlated with d a i l y  hetsorological charts so that. 

forecasts of upper rdnds or taperaturt lapse rates could be 

There are no records of lac& cond i t ioas  which 

&de sat isfactor i ly . '  The D.S. Weather Bureau obseroational 

! 
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program at Oak Ridge is in its early stages and no series of 

observational records suitable for analysis has yet been ob- 

tained. It would have dded this project considerably if 

historical data had been avdlable uhereby forecasts of the 

rrlnds and the tanperatme lapse rates could have been d e  

for the periods that f l i ght s  were conducted, 

logical  information as was learned nith regard to the . s igdf i -  

cset characteristics of the local area were learned f W  

Such meteoro- 

bp personal obsemation dpriag the course of the  project. How- 

\ 

ever, only  a limited number of roetaorologica situations were 

experienced. FUghts were r u d y  in the middle of the mora-  

i a g  h e n  nping copdftions were favorable. NO experience 

was gained with metaorolo@.cd conditions in the late  aftelc 

noon or at night, or d t h  

nSing weather, 

Probably the 

t e r i s t i c  obsemed is that 

- .  
carrrlltions associated d t h  adverse 

- -- 
most a o r t a n t  meteorological char=- 

there i s  a tendency ' fo r  winds t o  b l o w  

paral le l  to the ridges. 

&untairw on each side of t h e  valley in which & m e  a d  

Oak Ridge are located, rriods e i t h e r  from the southwest or t h e  

northeast zuw the  most frequent, Winds from these directions 

Because o f  the Cumberland and smaky 

I 
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a r e  a l s o  of higher velocity. ~ *As c - r a g  effsct sf t h e  

ridge3 on the w h d  -is even mare p u n k e d  in the U e r  

v l t lcv  such as Bethel Valley. Frequently at ~ i g h t ,  conditions 

are verp stable and nearly c a b  wndAtions prevaS. below the  

ridge tops. 

and the side3 of the ridges and a bye: of cooler a i r  is pr- 

- 

Surface heat i s  radiated from the v d l e y  f loor 
L 

&ced which flows down the sides of the hills and into the 

vfiey, This produces a strong %werat= izzversion and a 

light wind paral le l  to the  ridges as the a k  flows down the 

valley ses\rinP the lowest elevation. If tbcrt is  a break in 

the r idge  h e r e  a strerpl or river has cut tkkugh, there i s  

a tendency for the air t o  flou through this break, By the 

middle of t h e  m, when d a c e  heat- from the sun be- 

canes effective, convective processes bcgia; and the tenpara- 

ture firperdon i s  e l i t e d  along wLth a l l  of t h e  featarres 

_ I  - -- of stable conditions, 

On the - g of U Jawarp sua a stable can- 

dition occurred- On that date, westerly rri=lds prevailed above 
c 

*&e top of the surface inversion; whereas verp l igh t  winds, 

either c d m  or paral le l  t o  the ridges prevailed undczzneath. 
, 



The ordinary smOkes iP the Oak Ridge area, as w e l l  as t h e  

. .  

.- . __- 

. .  

concentration of radioactive gases from the dissolv- 

i n g  processes, were contpintd at just about the iaversion 

l d ,  or belou, as long as the ir!version was effective; and 

the geneal floa was down Bethel Y w  tarrard t h e  southwest, 

Toward mid nrOrniag, after heating had d i m b a t e d  the hversion, 

convective processes began; and t h e  westerly a d s  which had 

- 

praviawly been abwe the h e r s b n  quickly worked donn i n to  

grues is Ukely to haye o c m d .  

, 
The effects of teapcmrttrrt inversions were studied - - 

by watching the behsvior of ordfnary d e s  whenever an *pot- 

t d t y  presented i tdf .  Oa s- a o r n h g s  a good source of 

smoke such a a coal  burning-pmmr plant would produce a layer 

of d e  -which wu3.d extend for five miles or mort. 

rra3 almost arrays concentrated just  above the ridge tops until 

it mu dispersed as the i&&sion uas W t c d .  Although the 

radioactive gases were fnofsible, it uas sssnmed that t h e i r  

behavior would be comparable t o  the smoke. 

Such smoke 

. 

Therefore, fl ights 

, 

I 
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lririch were t o  r eg i s t e r  ac t iv i ty  were conducted i z ~  

the morning while t h e  surface isversion w a s  effective; 

the  flight dtftude selected m a s  a!! low as as the tops *of the 

ridges permitted. 

D. Meteorolodcal Fac i l i t i e s  Available 

The meteorological facilities availabbt for 

flight operations over Oak Ridge were those at McGhee -son 

Field, KnoxpiUe, and those mabtaiPed at Oak Eidge axid 

available through the U.S. Weather Burt= representative with 

the A.E.C. ulmi-niatrators. Also use, of course, we& t he  

meteorological obsemational facil i t ies of t h e  project 
< 

craft its&. 

The U.S. Weather Bureau m o r t  s t a t ion  has 

c q l e t e  o b e m i n g  and forecasting f a a t i t s ,  with the ex- 

ception that no radiosonde observations are made. 

radiosonde obsemations available were those a t  Nashville, 

-. 

The nearest 
. -- 

Tennessee; Atlanta, Georgia; and Greensboro, North C a r o b ,  

It was found t ha t  these soundings were made too  far away t o  
. .  

0- 

be representative of  t he  layer of air from the surface up t o  

about 5,000 f e e t  mer the  operational area; and tha t  for t&s 

I 
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project there ua,s l i t t l e  Use for the rctu&ncier of +&e sound- 

i n g s .  U p p e r  wind soundings are d e  at t h e  f o u r  

s o m u  uas consulted before flight tisrr; aad on at least 

one flight, up t o  date up?& wind data froln the aizzort  vm 

airplane lrfifle it was over Oak Ridge. 

take-off conditidns, d a c e  bhsematioas d e  

- 
k e p t  . .  

- -  

radioed to t h e  

for landing or 

at  the airport were almost of no mortance 83 far as these 

the wt o&ratiorw e thia 7 
- ,- 

mer Oak Ridge, The U.S. Neather 

Duriag the U n e  

being conducted project were 

Bursa-u observational program for studsing the  local 0e.teocoI 

logical conditions associated dth the d i s c b g e  of radioactive 

gases from the stacks at X-3.0 ll~s just  beghnbg .  Even though 

all of tbe Weather Bureau obsematfon stations had not been 

. -  . .  

surface observations, ~ p p e r  tikrd souzdings, and l o w  love1 

temperature soundings for the X-lo area. The Weather Bureau 

observation station is  locabd in Bethel Valley, within a 

h a l f 4 e  of t he  stacks. Spacial obsemations were made at 

this station to best seroe th requirements of the W t s ,  

Before each f l i ght  a telephone call was made from the . .. 
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port in ordcr to obtain t h e  local  conditions in Bethel Va3ULey. 

The Weather Bureau o b s m -  on duty reporwed the sky c o X t i u n s ,  

the surface rrind, the  b t e s t  upper wind soupdiDg, the altimeter 

s e t t i n g ,  and any other qeteorologiczl irJfonation rrorthy of I' 

note, -0, this obserper v & e d  on the behavior of the 

smoke comhg out OS-the stack of the power house. 

If another uwer w i n d  s o w  n89 obtained at 

X-10 after the aircraft had left the w o r t ,  the S O U X I ~ , U ~  

rriu telephoned t o  the airport weather office and t h m  r e l a p d  

via C , A , L  canmnrrtications t o  the &craft in fl ight .  

On tw f l ights  the Weather Bureau observers 

were able t o  furnish a t a p e r a t m e  sounding up t o  600 %wt, 

1Do.feet below the flight level. A captive b l 3 q  was wed 

in making these soundixg3. %e b w  c&ed a resistance 

thermometer, and as at uas raised and lowered on a eablc the 

teqerature nas recorded at the surface. 

A t  X-l0, the Oak Eidgt National Lborato- also 

m making meteorological obserpatioru on a routine basis 
0 .  

during the period that flights were being made. 

an anemmeter and rrind vane on top of a.water t a w  at th6 

plant site. These h t m n e n t s  art at an elevation of 1027 

They maiatain 

._. . - _. . . .- 
I 



f ee t  M.S.L, Also on the tower are four resistance theraCmcter8 

krrown as wthennohmsR which are connected t o  a continuous re- 

corder, 

fram the top of t h e  water tomr'ms useful for t h i s  project as 

These are at 33, 83, 133, and = fed.. I h e  rrind data 

it is a good indication of the fnftfrl behavior of t he  stack 

gases; but the  t h e m h n  data was not of p a r t i c u l a r  value as 

- - 

- -  the  top of t he  inversions in Bethel Valley were always found 

t o  be above the hi&est thennoha. 

9Whh the Oak Ridge m a  there were tuw other 
i 

locations at rrfiich surface w i n d  obsematiorw were made. ont - 1  

of these was within the town site and the other was at the  

gaseoua U f u s i o a  plant (X-25). flcfnd data from these sites 

is -able through the Weather BtPesu Office in the  A.B.C. 

abiaiitratioa building. -- 
a 

If future vmrk o f  thb nakure is conducted at 

Oak Ridge, mu& more meteorological observational data XU 

. -- 

.-. - -  

.- . 

be gPailablt. A network of wind recording instnamekts is 

being established around the I-x) area and other e f f o r t j  are 

being made bp the 'neather Bureau d t  Oak Ridge in order to 

b e t t e r  -&stand the b e h d u r '  of t h e  air in Bethel Valley. 

I 
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A very wortant meteorological observSLional 

t o o l  available f o r  this pro jec t  waz~ t he  project -lane it- 

self. Aa a p l a t f o r m  f o r  visual  obsemations it waz~ unexcelled. 

tun and humidity measurcamts could be obtained. 

psychrometer obserPstions were  the best  method available f o r  

determininn the  characteristics of inversioru . 
I h e  aircraft - 

I 

For f l i g h t  forecasts the ainvays forecaster at 

the airpur t  rriu consulted and a verbal f o r e c a s t  was obl',aintd. 

No attempt m a  made t o  develop o r  make w e  of forecast facSii',ies 
---k 

1 beyond those noraally svailable at the a i rport .  
c 

. .  . 
1. . ,  .- 

.,I. 
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1, Flibt Plan Could Not Et Combleted M o r  to Take-Off 

It not feasible t o  prepare a fixed f l i gh t  plan 

before an operation and t o  execute such a p b n  Without change. 

%en it desired t h a t  the purpose of the  f l i g h t  should be the  

tracing of the  Fadioactivity as far as possible, d y  a very 
- 

general f l i gh t  plan rras available at the t h e  of take-off. 

Even u d e r  opt- conditions it was not known how long the  

flight would last, the altitudes t o  be f h ,  o r  t h e  track 

which would be covered. Before the n i g h t ,  the  facts that 

mru as-d t o  be true were usually whether or not a i r  f l o w  

- -  - 

* .  . -.- 

uaa up or  domn Bethel V a l l e y  and &ether or not an irxversion 

near t h e  tops of the  ridges. could be eapectad, It was then 

necessarg t o  procede t o  Bethel V a l l e y  t o  coafhm these 

--tiom .by v isua l  observation of d e  and psychrometer 

measurements. After take-off the air conductivity tube u W y  

required drying out, 

age of a i s  through the  tube as t he  &=plane proceeded from the 

nl?ypox$ t o  the operational area, 

tests were begun by passe;-- and down the v a l l e y  t o  determiae 

l bb  drging was accomplished by t he  pasis- 

In b s t  eve+ case the  

' . the  slrtent of the activity. S o m e t i s  the air conductivity 

iastntment did not completely dry out until one o r  more passes 

ha Ire* been made, bamthile, readings had been obtained 

I 
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parison t e s t s  began-when d2. of the bs t r rwen t s  were workurg 

s+tisfactorily. If any of the  hstruments needed adjw'aent, 

a number of passes through the stack gasses or randore f l i g h t  

in an area clear of radioactivity might be required. 

meant tha t  the first run night begin ei ther  up o r  down t he  

Delay - 

valley or  might determine al t i tude of the first pass. bexi 

though there might be an kver s ion  present, the  al t i tude of 

high activity re la t ive  t o  the height of the top of the izrver- 

sion mu not b o r n .  

al t i tude h e r e  the  top of the actiFLty uas thought t o  eAst, 

whereas on other f-ts the  first passes were made as b w  as 

safety considerations perdtted. Depending on t h e  btruzoent 

return received, t he  f l i g h t  a l t i tude was al tered so as t o  

Sose of t he  first passes were near the 

detexmine t h e  extent of the ac t iv i ty  in v e r t i c d  cross section, 

or t h e  f l i gh t  path wuuld be shifted t o  one side of the valley 

or t h e  other. 

cient success a s e r i e s  of pasaes at right an&.es t o  the va l ley  

were performed at several altitudes. a -  

pattern was d e t e y h e d  by 'the interpretat ion of instrument 

rtspomes, with c o d i d e r a t i w s  of meteorological conditions 

and f l i gh t  safety. 

- -- 
If passes up and down the valley produced 5uff'i- 

. .  
The averall ' f l ight 

The meteorologist very frequently r e l a p d  



. . -  

. iaformation between *&e personnel attending the  bstrumenta 

and the  pilots.  

how far thd pass should be canthued aad how t h e  next pass 

ming each pass it rra~ necessary t o  decide 

should be flmn. 1% wm nacessaxy t o  make quick recomnrendations 

and t o  deeide with a dnham of consultation how each succeed- 

b g  p;ut of a flia should be conducted. On t he  ground, after 

it not difficult t o  how bprovement could- 

based on information rrlricb was amUdble but which could not 

be a s s i s d a t e d  i n  t h e  air because of insufficient U. 
. .  . 

2. Fliizht Patterm Were LiElited by Terrain: . 

A majar pro- was the fact t h a t  t he  types of 

could only be conducted paral l s l  t o  the ridges or ?CYOSS t he  

- .  
. .. 

ridges uheru they were broken-b.y- a river or a snaU stream, 

The Tennessee and C l i n e h  B i v m  afforded two passage ways t o  

\ 

,i 

. the south but o n l y  ope good passage way w a j  t o  t h e n o r t h  where 

the  Clinch River determined t h e  north boundary of t h e  Oak Ridge 

prohibited area, 

became coruidzrably higher than-near  Oak Ridge, and t h e  valleys 

To the north of that bo- the ridges 

-. 

I 
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were not as easUy defined. 

m a i n t a b  an a l t i tude  a p p r o w e l y  at the ridge t o 7 s  north- 

rrard of the  Oak Ridge area. 

It lras not considered s a f e  t o  

3. Fl ieht  Patterns Were Limited In P o d a t e d  Areas: 

Another consideration which limited the type of 

f l i gh t  pattern nhich could be flom was t h a t  it was not 

considered advisable t o  conduct low level f l i g h t  over the 

c i t y  of Oak Ridge, o r  other s b U a r b  popdated areas. If 

it appeared that a particplar flight path was going to carzy 

t h e  aimlane over a po-ulated area; it roas necessary t o  

either increase t h e  a l t i tude  o r  t o  take up a new heading. 

On at. least one ,-at, when it became evident t h a t  a parti- 

cular track was going t o  take the aixplane a m s a  the  c i t y  

of Oak U g e  at a larr al t i tude,  the pass was h t e r q t e d ;  and 

no satisfactarp substitute track could be determined while 

airborne, 
. -- 

I. DFfficuBies Associated V i t h  the Recordina of the 

Location of t he  Airplane: 

I n  this type of opeGation it i s  desirable t h a t  the  

posit ion of the airplane be rozorded at a l l  times. .It was 

... . 
. -  

thought that a map could be rued in the air on w h i c h  t h e  track 

I 
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of the  airplane could be traced. 

practicable because of the  speed of the &craft and the 

This TW found to be im- 

difiiculty of r e c 0 - a  laudw?k?r w h i c h  could be spotted 

on o map, A map which i s  sufficiently detailed so as t o  

have the nscessory m k s  is too large t o  be conveniently 

used in the ak@gm. Also, such a PrOCedUre requires the 

constant attention of the  person doing the.tracing. 

tracing i s  intermpted f o r  only a short t h e ,  it is difficult 

If the 

t o  relocate the position of the airphe,  Another d i f f icu l ty  

in t racing the position o f  the airplane on a reup is t ha t  an 

a i s p 1 . a ~  of t h b  typo does not Save a suitable location for 

an obsemer. The position of the &-plane could only apprad- 

matcly be determined by 3.0- out of the side windows o r  

out of the windows i n  the  e t ' s  chmaar+.mcnt, 

method of locating the  airplane nas to f l y  a conpass heading 

%e actual . * .  - 
0 

nith respect t o  some 1-k. l h i s  landmark, or fix, was 

usually the plant  stack itself.- A constant al t i tude,  mean 

sea level, w u  flarn, and the  airspeed was kept at 150 miles 

' h e  time thati the a3rphae crossed a fk wae ret-' . per hour. 

corded t o  within u> seconds:- It was very desirable t h a t  there 

be a record of the hndnark at t h e  b e w  and end of a p u s ,  

but twuallp there was PO hnchark which could be designated 

- 

e i ther  on a map o r  in t h e  fl ight log, '\ 
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P. Description of Qpical F7;a.t at Oak S d g e  

Perhaps the best -method of illustrathg the tedxai-es 

used b this project as to  describe the nost signiciccnt f l ight .  

B e  &flight of U January has been chosen f o r  detai led  discussion 

here because it i s  representGtave of all d h e n  io poce&ure. 

Also, it lras on this f l ight  that a c t i V l t y  was detected at the 
- 

greatest distance from t h e  stacks. 

. On ll Januarg the dissolving process cammerretd at 0108 8 

d*ch the act ivity o c m  at 050(, E. %a activity 

uaa 0nCr-hd.f of aadnun at 0600 E, one-fourth- of maxhun at  

WOO E, and the act ivity continued to dscruast until it reaebed 

zero at about ISWE. 

Plans for the fl ight =re made on the -bus day. A 

strong surface inversion approxbateiy 500 f e e t  deep m a  anti- 

cipated to hold the radioactive gases . -- in a stratiricd f o w  some- 

*ere betmea stack height of 1060 f ee t  mean sea level (M.S.L.) 

and 1600 feet M.S.L. Therefore, it was pliL.raed t o  make t h e  

i n i k  fl ights at OW0 E betrreen,.thest altitude levels. Vexy 

l i g h t  a s  from a northeasterly direction parallel to the t e r ra in  

ridges were q e c t e d ,  

gaseous cloud below the inversion, plans called for a f e w  traverses 

After completion of  an examination of the 

I 
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&we the inversion t o  deternine, if poadble ,  how much activity 

penetrated it, Following this,  runs =re plann+d perpendinrlar 

t o  the gaseous flow a$ increasing distances from the s u r c e  u n t i l  

a distance was reached at d c h  no further 

ceived, 

After this, it- planned t o  retarn 

land at approAmatcly 0530 E. After about 

gr~und another flight would be effected in 

response could be re- 

to the airport and 

three hours on the 

lmich t h e  abovq pro- 

UI opportprdtp to Unit of detection nould be affarded. - I  

'Ileatha Bureau personad at &ID were to aid the ef fort  by 

mzMnp 

ture sounding up to 1350 feet ICkhi. b.j; use'of a captive u, 
This iaformatfon was t o  be telephoned t o  the ' e airport;  

aad i$ the project meteorologfsts-mre not there t o  raceive it, 

the data llos t o  be radioed t o  the airplaae in f l ight .  

addition t o  pUot U n  soundkgs, a detcriled tmpera- - - -  - - 

. 

AU. project personrrd were at the ~lnoxpills &art pre- 
c 

pared for takeoff at 0330 E. 'Unfortunately, adverse visibility 

condi t ions caused by thick ground fog, delayed takeoff  untfl 
I 

1oL2 E, lhut the fllgtit was begun at a time when act ivi ty  from 

I 



. .- . .  

the stack had aecreassd t o  less than one-fozrth cf maiaa. 
. 

U s  delay in t a k e o f f  canceUed 

of this operation. 

plans for the  first phase 

However, t h e  delay did Sa# t ime  for tke . 

* gases of activity t o  drift downuind h e r e  the second 

phase of  the opt ra t ion  could be carried on. 

, A  surface b v e r z o n  whose top wa!3 at 1700 fee t  lLS.L* at  

takeof f  persisted througfnout the f l i g h t  although it li 'ted to 

2000 feet U.S.L. and became very weak by the end of the  period, 

%e fog that delayed take-off was s t i l l  scaC,tered i n  patches 

-\ 
over th8 Oak Ridge area early in the f l i g h t  w i t h  tops at 1700 

I feet X.S.L., but it was uztirely dissipated D O  E, During 

the remiand ' er of ths fU&t the sky w a s  c lear .  Wds were from the 
I .  

northoast and para l l e l  to the ranges of hifl, below t h e  iaLversfDn, 

but the rrind was nearly c a h  just above the frmcrsion, 

In t h e  description of this one typical flight, copies of 

appropriate sections of the air conductivity instrument record 

rpill be shown and discussed. This instrument IALS chosen f o r  t h i s  

secsion of t he  report priazrily because of i t s  neaxly i,nstantaneous 

response. Comparison of the 0th;- instruments with the air conducti- 

vity instrument i s  -=de in another part of the report, 

... 



lir all cases the records n m  chronologica3ly from right 
' 

to bit. On each record (1) t h e  direction of f l i g h t  relative to 

the wind, (2) t i n e  mer the stack, and (3) f l i ght  altitude above 

L S . L  rn denoted. & a few cams it m i l l  be noted that the 

.instmment response drops suddenly to zo and than short ly  after- 

ward resumes as before. %as8 changes b the record were made 

deliberately f a r  t b b g  purposes a d  have no further significance.. 

A f l ight l ag  for this date i s  included fn the appendh. 
. .  

c 

I .  

..*:- _ -  . .  
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i S e  Z i r s :  traverse, recorded 

here, was I b w n  uDni?d tu a p o i n t  

three ziles beyond the.ttacks. ne. 
response retrtaned. t o  background 

imedlateiy after p a s s i q  stack and 

.fli$t bcyond'thrce U c s  was dzened 

unnecessary. k t e r  traverses showed 

that the first m n  was aade, for t h e  

a o s t  ?ct, j u s t  outside the gaseous . 

trej=ctsr;r which accounts fo r ' t he  

.lack of hcrc t ses  of return as &&e 

stack wss a==:roached. Also, the 

cozparatibely moderaze peak i s  the 

result of f lying to the  side of the 

v d l e y  so  that the =tu& track was 

severa l  hundrsd yards from a track 

which would have been direc*Ay eyer 

. the stack. 

, 



Zn co&-hzhg to study t h e  doud of radioactive 

gases, the n o d  two passes recorded on t h e  fol lowing page 

were made 200 feet lower at aa altitude of 1300 feet ~.s.x,. 

For these passes the f l i g t r t  path was altered slightly t o  

cross.&ctly 00df the skck and dircrctlp rfthin tho  

gaseous trajectory beyond. Siace the eack was irgptoached 

frarp the q n d r t d x d e ,  no sign,ificant increase can be seen 

c 

uatil directly mer the stack when the irutrument was driven 

o f f  scala uithia (L f i v e  second interval. After paksing the 

. .. 
. .- 

valleys of longer duration in the instmnmd return is not 

definitely knom but could be the result of the i r regular  

distribution of the rsdioactivu gases aa thep are carried 

d~wrmind. the of the aircraft  Could a l t  ernatefy 

be into, thep out of the strongest conceatrations. 
- -- 

3ubsaWext runs showed that hmxperfsnce in i n t e r  

prsting iastntmsnt data  led to this rua b a g  tambated b e  

fort it should have bean. ‘ n e  iastnunent return seen at nAn, 

the tun proud point, iS considerably higher than t rue back-, 
e .  

, :*- ground 8eun on the e&t. Tbis mn’ should have bean continued 
. .- 

un t i l  such t i m e  as background uas reached. 

. -. , .. 
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In e:-; the records of individual runs acrosa 

the stack, it rd31 be noted that immediately p r i o r  t o  stack 

passage rrfiile traveling up&d and h e d i a t e l y  after stack 

passage enroute donnro'md there i s  consistently a def in i te  

drop in irutxumext ret- before the record begins to form 

the peak a% the t h e  of mscbuzt reading. 

planation i s  that the 

A possible ex- - - 
cloud i s  sbted paduall? upward 

- -  ao that on an upwind II~P tbe & ? c r a f t  a c t d y  leaves the 

gaseous cloud at f U @ t  3-el before reachiag the stack. 

Tben den the &craft i s  directly war the stack, a be- 

effect from the po&%d af the Stack actuates the 7 
I 

inst-. U k d a ,  011 a &W m, the fnJt-it 

passes thru this %e=! above the stack, falls, and then 

rises again uhar t h e  gaseous cloud i s  entered. 

This contention i s  part ia l ly  borne out by the fact 
-P 

that the gaseous cloud wou3.d not be expected directly above 

the stack, if evexi a sUght w f n d  uaa blorring; especially, 

when t h e  flight level is several hundred f e e t  above the  

stack top. 

poFtion of the retun receiv+d on t h e  run at 250C f ee t  'Y.S.L. 

This so called (.' ?mm is  also the oxlry significant 
0- 

- .  
which was 500 feet above the inversion top at that tipe . 

. .  
,. 

-- 

I 
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Shorn.hers i a  

level of the smoke a& - 

believed to be at the 

mzdaium return wur the  

stack i s  apprclpriatdy 

lower than was raeaivad 

On 'z7v1s at lower levels. 

The sJmrrnetrp and strength 

of this return ir ps 
- 

, 

would normally be expect- 

ed ff the very top of 

the gaseous cloud had been 

traversed. The return. . 

for 25 

miles dounuind. 
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The r e c d  of two runs made at U miles do=-, 

shorn on the f o l l o d s g  page, ind.cat6tha.i; the d d t h  of the 

radioactive cloud is greater baa 17 d e s  in vddth. 

ing with brokgrattcrd at the wt, tho refurn facreases t o  a 

Be- 

- . - . . .. . . .. . . . -. 
. .  

0- 

! .. 
_. 
--. 
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After t h e  ttan around at point .An, the record i s  . 

lnrtch like t h e  fest part in reversm. Ihe  flight back t o  the 

hence the sgrpprrrtrp of th8 -88. Howwar, the s l i p h t  variations 

bet- this and the ret- received on tbe outbound f l i g h t  

no doobt.the result of a dbplacemext of a few hundred pards fn 

. 
- 

the g r d  track. 

c 

,, _.. 
. .  . .. 
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On t he  fouorr iag page i s  t h e  record of the t w o  

transverse rata 20 miles distant f r o m  the source, Vnethtr 

or not the fluctuatik shoun have any significance can 

oot be d8te-d at present due to kiexperiezee in inter- 

pret- fluxuations in backpound due to natural cawcs. 

'&le d e f h i t o  crests and valleys may w e l l  be actiral return 

above background, 

background fluctuation that Po coaclusiozt may be reached, 

If the return at 20 milos had been stronger, flights mer 

- 
Homver, the ret- so close17 appFoach 

' more distant tracks would have been flolra, 

. .  
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After c o q l e t i n g  nine flights p a r a l l e l  to the ~ h d  

above and below the inversion, a series of ?as at a right; 

angle to t he  a d  k c  flown at positions U, 4, and 20 

-miles dommyld . from the source. The record on t h e  fsUmrj.~rg 

page is that of the t w o  traverses at lA &.es and iadieates 

that the cloud ia about ten miles in width at 1300 M.s.L. - 
- 

sad about thirteen miles in width at  1500 f e e t  L6.S,Le 

A ir the point of the turn around. 

higher in the 1300 feet pass than at a500 f ee t  and OCCWLL b 

Point. 

The strongest ruturn ie 

both cases as the open valley in which X-10 is located is 

S C Q P ~  to have becn responsible f o r  the secondary 

ocmrrtd over the val ley just  east of the X-10 valley. 

d c h  

i 

. . .- 

e- 

, -  , .  . .  
I 
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IV. Flights at Hanford: 

A, TyD es of Fl ights  &de: 

The f l ights  made in the d-ty of Hanford were 

fat prharily one purpose, 

at the greetah possihle distance the gmes from dissolving 

They mre flown for  the detection 

operations. & e a r o b g i d  efZ4.rct waa f o r  the success of . 

t& type 'of f l ight .  One afternoon the filters were exposed 

by nsiag for tnu hours in the Vjcbity of W a U a  R&; but, 

except for a general w i n d  forecast, no other meteorological 

plaxniag & required. . 

. 
.\ 

- -  
B, Geopranhic Featxres of Area: 

1, A i r u o r t  

'58 airpor t  used bp the pmject airplane 
- -  

was &e s a d l  field just  &side of  the  t o m  of Richland. It 

was about 35 d e s  from She at area, about t r r i ce  as far as 

the distance betmen k & u e  Tyson Fie ld ,  Knoxdl e, aad X-10; 

brrt the meteorological conditions at the tuo places was very 

. similar  because they are bath situated in the same broad flat 

t d e y .  There was no nathkr observ&*rion station at  the air- - 

port, only tower f a d i t i t s ,  so it was not n e c e s s q  t o  estirnate 

the neather at t h e  dissobing plants  in te- of the weather at 

ii .. - .  
'4 r 
'2,. I -  

. .  
7.. 

the airport. 

I 
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- 
-As at Oak Ridge, when beginning project 

flights at Hanford, it v m  not known how far it would be possible 

t o  track t he  radioactive gases. . It uas at first assumed that  

the source u d d  be t b e s  tha t  of the stacks at Oak U g e ;  

d consequently, f l i g h t s  were likely t o  extend over a r a d i i ' o f  
- 

a hundred dies o r  mure. It was even assumtd tha t  the valley 

in which W o r d  i s  located might be filled with contnminated 

a i r  d e r  a prolonged inversion condition 30 t h a t  the  ent i re  

valley would act as a source. Should t h e  source be such a 

large broad area it might have been possible t o  track the 

radioactive gases s e v e r d  handred o r  even a thousand miles, 

Therefore, the geographic features had t o  be considered in 

de ta i l  fo r  a p p r a t e l y  200 miles from the s t a s ,  ead ia 

general. more thazr loo0 mi l ts ,  It was thought t ha t  if the  ak 

of the ent i re  valley was released bp the elinination of an in- 

version, the c o n t w e d  air would mve fn a generally easterly 

direction, 

flights t o  the east than t o  the west. Actually, successful 

- _ -  

Ifare consideration was given t o  possible long range 

detection - accomplished only within the prohibited area so 

this discussion of geographic features w i l l ,  be l imited t o  a 

description of t h a t  area, & the  future, Ff it becomes nece3- 



. sary  t o  track a re1177 strong source from the Hanford stacks, 

.careful considerztion w i l l  have ' to be given t o  t he  ent i re  150 

mile wide, bowl-Ue v d h y ,  between the Rockies and the  Cas- 

cades, in &ch the HanforQ Torks are situated. Also, it will 

bc necessary t o  consider - the valleys-of the  Columbia and Snake 

Rivers as possible channels through which contaminzted air =q - -_=, 
,"TOU, h o g r a p h i c a y  qeaking, the most strildng feature oz -. 

t h e  operational arta was t h a t  it was nearly a -flat plain. n e  

character of the  land i s  desert-Ue, and a i r  t o  ground visi- 

I 

area. Rhcn wer the prohibited area, it rras possible to see 

a l l  of the features of the ana  as well as hills and mountains 

a hundred or more miles amy. Siprriicaxt topograpldc feat=es 

just  north of the center of the  arsa, otherwise the  e n t i r e  pro- 

hibited area, about thirty miles k t  diemater, i s  about LOO f e e t  

X.S,L. The area is approximately bounded bp t he  Columbia ELiver 

. on the north and east side and by a mountzdn r i d g s  3OOO t o  &OoO 

feet high on the  west and s w t h m s t  side. Except f o r  t h e  &tonic 

plants, a fw roads, a d  the abandoned town of Hsnford, C e r e  

arc d a o s t  no ident i f iahle  points Over mhich f l i g h t  tracks c& 

I 



--, 
. \f. 

-137- 

be begua or ended. From a naV;,&atioaal s taneoint ,  f l i g h t  

Over such a flat desert resembles -=@I$ Over water, No map 

was obtaixiable bp project persorrnel rrtdch accurately heated 

the plants or the izpruved roads. A c t 4  location of inpertant 

features-mu done v-y rrhile f w  over the area, and 

f l ight  paths were designated with respect to  a paxt icular  stack 
L 

- 

rather than to a location on a nap. 

3. Dissolvinn Plant  Area: 

There a r e  tm dissolving plants at Han- 

They are h s t  identical i n - ~ e a r s a s e  and each haa a ford, 

single  stack which i s  the source of the radicactive gasea, The 

plants  are about five miles apart ,  aad there is a neather touer 

hal l  uay between them. The stacks of  the plants  reach 200 feet - 

above the surface a d  the  weather tower &ends t o  LQO feet. 

The ground i s  pract icdly  flat between and muad the two p3aplts. 

mere are no distinguishing geograpkic features assod.a%ed with 
- - -  

the plants t o  be given meteoroloecal  consideration. 

C. kteorolorjcal Characteristics o f  the Redon &inn the 

Time tho Flights Were Conducted: 

Not very much was 3 eaned- concerning the meteorelegi- 

c d  characteristics of this region d r a h g  t h e  t i m e  %he project 

I 
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personnel were staping at EFich'lnnZ- 

are greatly affected by the surrouUding rpcluntainoru topography, 

and nitbout considerahla ezpdenCe wi th  t h b  -ea it is  not 

The local. weather conditions 

possible t o  unde.rstd these effects. In particular, it ia 

Uficult t o  fatcast d n d  dkec?Aan and velocity as the effects 

very complicated. By watching smoke, it was seen that the  wind 
- -  

at might be quite diff erest in direction and velocity 

than the dnd gt the plsnt sites, men though the land was fbt 

d open between. At  ni# t  the sky i s  frequentlp clear, or / 

nearly so, an0 beat ia r u e d  the virllsp so that st& \ ' ' 

released. 

and are dissipated as surface hesting f- 'smlight climlnatas 

t h o  inversian. 'If such an frrvcrsian cond i t ion  i.s not present it 

iS U d y  that the dbsolvfng operation m i l l  be postponed, 

These gases reaaki at about stack level until morning 

d 

. - -  
%ere- 

fore, the dissolviag processes at Hanford present a very favor- 

d e  situa%ion nith regard to  k~catkrg activity &sa to the 

p b n t  becanse, in the rpOrning, t h e  activity i s  concentrated in  

* 

c- 
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. D, Meteorolodcal Fac i l i t i e s  Avr;lable: 

There is a ueather s t a t ion  operated by the  General 

Elec t r ic  C w a n y  half ray between the two dissolving p l a t s  at 

the base of t h e  lcoo foot weather tower. 
' 

This s t a t i o n  makes 

- - .  l eve l  together mi*& thermohnu St the sane levels. Dissolving 

plapt ope=ations are  based upon the observations and eight 

hom forecads of thb  station. No other weather observation 

&ace observatioas arid pilot balloon observations, 

weather tower has aneamnmeters and wind vanes at each 50 foot  

Ths - 

3 -  stat ion waa wailable for -the loca l  area. Flight plarming 185 
I .- - . *. 

done on the basis of M o m a t i o n  received from t& station - 
and the  U,S, Weather h a u  facilities at Seattle,  

about l.80 d e r  snap, oCrO88 the  Cascade Youateins t o  the north- 

Seat t le  is 

far the ent i re  d a t e  of Washington. For infornation found on 

any sort of moteomlogical plottkrg &~"t, it was necessary t o  

c a l l  over an A.B,C, leased telephone Ilne t o  the aimrays fore- 

caster in Seattle, 

E, Descrfbtion of Fl izht  Plamimz Procedures: 

Plight planning tt Hanford rras verp W a r  t o  that 

done at Oak Ridge, On the  afte-mooa before a project f l i gh t ,  

the Weather Bureau Office a t  Sea t t l e  uas ca l led  f o r  a general 

I 
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estimate of the flsing weather d Upper W b d S  on th8 f0-u- 

krg mornfag, Then on the mrdng of the fU@, the weathat 

atation at the plant s i t e  was cal led a d  the latest upper wind 

sounding vw obtained, as rrdllLas the niad dirscth and velocity 

rt the 200 ' a d  400 foot  levels on the weather tower. All a i  t h i s  

Marmation was twed t o  e s t a t e  the general direction of f l o w  
- 

p l d e d  on the ground h a t  m a  contiPued tbtoughout the fU&t 

depandbg 6n the behavfor of the kutrUmarrts. 

I- .--. --- 
ODsrationd 'at Tanford: 

-7' .. - 
The project personnel were carrrplately unprepared 

for the sl ight  activity f o w i  at EIppford. On the first tmo 

flights the a ir  coadxactivity instrument m a  gi- erroneou 

readbgs because soam Ugktdght material had blonn krto t b  

were respoasible far directing the project d t  aborrt thirty 

miles up the Snake River, m r e  than 50 a s  from thn stacks, 

If soam infornratioP on the W-4 muxt al: activity had been 

a p a i e ,  the fnstmment would hrtte been checked imssciiately. 



. Checking the instruments for fdas r a w s  is easi& doas 

was PlpIIch lem than that found at Oak Bidge and was bsta f f ic ient  

for progect purposes. 

sive detection operations Cprried out, there wuld have been 

tm outstanding meteorological problams. One of these wuld 

Bad nore activity been present aad exten- 

- 

have baea how to forecast the air circulation in the v a e p  

with Just  the s-0 msteorolog%d station at the p l a t  uita, . 

- .  -- 
We in the B e d  mea ao 

, 

c 



. k i c z l  Roject F l i n h t  Hanford 

A discwsaoa u i l l  be presented here of a tmical. 

rUlgrt at W o r d  t o  i l lus t ra te  the pro'trlems encountered 

u d  the procedure of operation. 

results & Hartford and at Oak Ridge W be made. 

A brief coqarison of the 

- - 
Planning which was done on the previous afternoon 

far this flight w based on the following dissolviag opera- 

West Plad 06COP 0700 P 1200 P 

TJte-off inrmediately after daybreak was decided upon 

aS&e daylight was desirable fbr opthzn nadgatfon con- 

ditions, A t  that time activity f r o m  the west plant would be 

.at mlri, whereas the maxima activity from east phnt  would . -- 
m e  d r i f t e d  dormrrind. 

A thorough kroestigation of meteorologidal conditions 

tht could be a n t i c i p a t e d * k  made on the basis  of data re- 

cubed bp telephone from the Sea t t l e  Weather Bureau Off ice  

and fmm the weather obsemation s t a t i m  i n  the Hanford plant 

area, 3ased upon forecasted weather, a chronological l i s t  of 

I 
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- -  
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fl ight patterxu uas made a c h  would aZZord the  most chcrsougfi. 

examination of the gaseous cloud. 

close t o  the stack and through the vi,sLble dissolving fumes 

Because f l i g h t  pa"cerm 

m phfired, ..litaneuus filter detection of particulate 

matter rras considezed advissble. 

- 
T a k e o f f  uas at 0620 P a d  on the ori-al climb from - 

the f i e l d  a sounding up t o  3500 feet L S L  was taken by 

of the airborne psyck-meter. 

top of the surface invers ion  was at 3100 feet X.S.L. 

This sounding revealed 'that the 

%e e 
-. c h a r  and a rrind of 9-U &p.h. from 300° - 320°.eIisted 

Smoke f r o m  all sources 
- 

' from the  surface t o  2OOO feet M.S.L. 

was obsemedto diffuse slouly at stack height as it flowed 

.- 

dormrrihd. 

c l e a r l y  visible and uas subsequently used in conjunction with 

'Ibe brorrn off-gas from the dissolver stack: nas 

the measured lrind data in follotdng the gaseous trajectory. 

'Ibis bromish.colored d a d  billowed from the stack much U e  

ordfnarp smoks. 

iptense,  f o r  between one-half and one nile distant  Prom the 

stack. 

- _ -  
It yas d s i b l t ,  althwgh p r o ~ e t s i v e l y  less 

After the sounding was taken, descent to 1000 feet M.S.L. 

was made and the f l i gh t  proceeded directly t o  the plant area. 

follorring pages describe the passes made in the  operaticmail ~LI"CL 

me 

c 

I 
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Follotirrg t h i s  travke ,  a number of other  traverses 

.. I - 

-. 
2 . :.' 

* 

sidJ.ar t o  it were made but at  incrsasing alt i tudes.  

succeedbg pass, t h e  altitude was increased by 100 feet. 

In e&. 

A t  

1500' the response was hardly noticeable and at 1600' even the 

peak wer the stack had coq1eteJ.y disappeared. 
* .  

A t  this timelrn e f f o r t  was &e t o  detersine the t idth 

of the cloud at various distances domr9rind- 

extrendy weak response at the stack, the fi-st of a series of 

Because of the 

traasoarse passes was made at cnly one mile from the w e s t  plant, 

For the s m o  reason, "the transverse runs were kept short ( 5  mF16s) 
.. I. 

7 . Glezxgth. On t h e  precrmding page As the instmaknt record o f  - - 
three &.these passes, all oae n i l e  downwind- llhe first pam 

made art 1000 LS-L. recorded form A to B, was weak, but the next 

two, E to C, and C t o  D, matic at 1200 and lloo f e e t  LS,L., re- 

spectively, are even maker. 

that 

llhs latter nas so vak, in fact ,  

further nork at this point was conaLdorsd of no value, 
. . 

Follordng tu, aa bvestigation w a s  made of t h e  area 

where gases of maAmm actiV-tty fram the earlier dissdving 

could be axpected. 

dorm& and contiwed for  7 miles but nrith no positive r e d t s .  

h series ef,wSw ?atterns were begun 5 miles 



‘! . . -  - .  

Then ar. e a t i o n  0: the earu ‘ ‘ issdvxg plk?z, a c h  

had pzssed mlr;_Jlc- activLt7 by seven hotrs,  was &e. i l e t cns  

received from t h i s  p lant  were nuch the samt as those f r o 3  the 

west plant wkich w a s  currently st maximu3. L i t t l e  or no increase 

in instrument response could be obsemed as the stack was a7proach- 

ed but the  peak of short duration was sti l l  ?resent. I h e  f a c t  - 
that sharp peaks of equal intensi ty  were received from two plants 

of differing ac t iv i iy  l eve l  further bears out the “ b e a n  theory, 

I n  view of these vary W t e d  ret- it was decided tha t  

any fur ther  wminz.tion waa useless at, this time. ?herefor+, a 

wide zig-zag pattern diagonally across the basin flown from 

the source t o  t h e  ?dchllnd airpxt, No return was received d r i  

the t h e  this pat tern was flown. 

It i s  of i a t e r e s t  t o  c0mpa-e the record of one particular 

stack passage at Hanford with a s i n i l n r  one a t  Oak Ridge. For- 

instance, t h e  record on page \4y taken at Hanford may be conpared 

vdth the record on page\25taken at  Oak Ridge. 

i q f l i g h t  variablcs ( L e .  al t i tude)  favor a stronger re turn at 

Hanford; ye t  the  Hanford record-lacks any of the response seen on 

Any differences 

t h e  Oak Ridge record exce?t, of course, the hstantaneous stack 

return. 

‘ 
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Subsequent counting of the  &+orrle filters from 

this day's operation revealed no s i w i c a n t  evidence of 

particulate matter in sp i te  af the many penetrations of 

the off-gas fumes. 

Zhis ,flight determined that the gaseous and parti- - 
culate radioactidty at Hanford is very low.  It was con- 

cluded t h a t  further use of - Hanford operations as 

a source f o r  the m o s e  0" :his project was not practicable. 

\ 

I .  . . .  

i 
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the problem of detection of airborne radioactive mater ids  

near the  Surface. I n  addition t o  the f ac t  that safety con- 

siderations limit f7-.,ht patterns we? rough te r ra in ,  the be- 

havior of quantit ies of radioactive gases such 2s are released 

a t  Oak Ridge i s  d i f f i c u l t  t o  predict because of t he  ridges. 

The gases could be tracked much more easily if they were releau- 

ed mer a broad flat surface such as the ocean, o r  if they were 

released in the free atmosphere at an a l t i tude  above the l q e r  

affected by stlrface conditions, that  i s ,  abov';? the  gad ien t  

level.  

than was available far this project, and detoction operations 

are  being performed &t a distance of a hundred miles o r  m e ,  

If a much larger source of r a d i o a c t h i t y  i s  being used 

l o c d  topopaphy i s  not x, iaportant a an enti-e valley o r  a 

region can be considered t o  be a source. 

2. Additional Ueteaoloeical  Obsexvations Are Needed 

One of the  purposes of this project was t'o obtain 
e- 

information concerning t h e  processes by which radioactive 

materials become dispersed through the stmosphere. Not much 



\ t l ;  
Q € ? ?  

. was learned at Oak Ridge o r  Hanford with regard t o  the general 

problanj of dispersion. 

obaerpationrr at either place’ whereby the effects  of topography 

There were not sufficient meteorological 

an meteorological c o d i t i o n s  could be accounted far. It i s  

doubtful that the dispersion obssmed i s  representative of the 

free atmosphere, Xbd no man3 d s t s  whereby the data collected 

. 

can be given uide application. 

3. =fusion Studies V U  Reauirc Simrtltaneous Zbeasurements of 

. D u r a  a flight by the project airplane the f o 3 l u w i - i  - 
chaagea hfluenced the irzstmaent return received: (1) the 

strength of  the rsdia&ioa dameased because o f  the short half- 

Uves of the radioactive gases, (2) the rrind direction and 

velocity varied, (3) the stability of the  a i r  chauged. Yet 

during 6 OM or tu0 hour f u g h t  0d.y a s u p c r f i c i d  exaEinanation 

o f  the gasuuus cloud cau3d be accwptlahud by a SingLe airplane. 

The longer the f U @ t  period, the more haflucnce these variables 

have on instntpapt resonse. It is difficult, if not iPlposSible, 

t o  analyze and irrterpret datarconsi8tfng, for exzqlc,  of one 

I 

.. 

traverse made ten miles d i s h a t  f r o m  a stack at one given a t i t U d 8  

and another made 15 d e s  distant me hour later. 

-. . 
irc i 
.C 
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. .  1;- A t o c i c  P l a t  Deteczion U s h z  R a ~ o a c t i v e  Gases 1s Not 

Likely at itenezs i n  Excess of 1000 bfiles 

Although there is l i t t l e  scientific data availablablt 

on w h i &  t o  base thL.3 conclusion, the d i lu t ion  due t o  atmospheric 

diffusion processes appear t o  be so great that  it docs not seen 

likely that radioactive gases frm an atomic plant  Rill be de- 

tected at ranges o f l o o 0  P i l e s  o r  more. From careless plant 

operations radiozctive pa r t i c l e s  are  more lir;ely to be SGCC~X- 

fully detected. 

Re c or ie  ndat ions 

1. Much more successful f l i g h t s  would have been possible on 

this project had t he  natural radiological background f o r  

t he  iastrune3ts been b e t t e r  understood. It i s  stroryly 

a ~ a c l l d e d ,  t h a t  as E U C ~  data as possible be obtained on 

t h e  background charac te r i s t ics  of the proJect instxvments, 

This background data should be o b t b e d  in U f e r e n t  gca- 

graphical locations, at a f - i r en t  a l t i tudes,  aad unde: nidely 

varying netcorological concitioqs . 
.- 

2. The n u c l e v  ins t rmsnts  of this project w i l l  be v e c  use- 
- 

ful  on future  atomic bomb tests .  

td tha t  consideration be given t o  adapting these be- U L  ur2e3t.s 

2herefores it i s  rtcorsntrrd- 

for measurements of clouds produced by ato=;ic b&s. 

I 
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Ab. 

60 

Because of the difficulty of e x a c t l y k c a t h g  the ziz- 

craft Kith respect t o  topography consideration &odd be 

given to photographing the terrain beneath the &.plane, 

The a i x p h e  might a lso  be tracked w i t h  radar. - 
In future operations where meteorological obsersrationd 

f n e i l l t i e a  for chart  work are not a . p n i l e ,  it is re- 

- 

cormended that a 

the area. It i s  

plaldng without 

mobile meteorological unit be b r o d t  i n t o  

-. \" 
ahost Lapossible t o  do meteorological 

stzZace and upper air Ehrrts at hand.& 

A &@e observation statioa in the operational area is 

not suf'ficiapt. It i s  recommended that a oetwork of obscr- 

vatioru be establbhed i a  future operatiom even though they 

-, be very simple. Theodolite teams for upper wind obstmatiora 

would be extrerntly helpful. 

Projects such a3 t h i s  can col lect  5n a very short ';imc a 

great wealth of inforzration which requires more effort  f o r  

proper correlation thaa'is readily appreciated, Therefom, 

in future operations it is recommended that consideration 

be given to providing an adequate staff of personnel for  

proper process- of a U  radiological and aetecrclogical 

data collected, 
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Here in o u t l i n e  f o n  =e sane itups of historical 

interest in connection with this project: 

Personnel who regularly participated in project flights: 

of the Oak Sdge National Laboratory 

Jesse L(, walkar,  Capt., 7 llir F-8 F w  -2 
Airerapi t h n n a a k  

Bobert Lo Kane, lst Lt., 
Co-pilot and Weather- Off i c s r  

~ The Akcrdt: 

. .  
* .  

I 

E o  Hwhn, ht Lt.3 
R o  j e c t  Officer 

Ned 8.  Walker, M / S g t . ,  
Cra Chief 

. -- 
A U  Air Force Personnel . 
=signed to 2078th A i r  

ok7 Ser. No. LA-77263 



Project Begun: 

Project Completed: 

T u t a l  Flight Tiprs For , 

Project Data: 

16 k c h  19h9 with eon- 

c h i o n  of work at HanZord 

Rorks, RicCand,  Rashington 

58 hours 

. 
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Chronolow of Project F l r g h t s  

Duration 
. Date Rours/!tin hose* xi.ds of Return 

- oAKRIDG5 

Nor. 17 2:30 a 0 

* 

Dee - -  

Jan. 

Fob. 

1 

' 2  

8 

17 . 

3 

2 mi. 

5 mi. 

. 1.5 mi. 

1.0 ai. 

2.5 ni, 

. .  

' I-. 

27 1:U 8 - 0 -  

1 2:oo 
c 

e 

3 .  1: 55 e 

c -1 . .  -. 
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Feb. 7 2:oo 0 

l l o  volts 

need of c 

u t i l i z e  tl 

8 3:oo a 

HANFCES 

Mar. 2 

3 

1, 

2:oo - . d 

7:30 d, f 

2:30 d 
I indude u 

a. Initial check of 'bstruments t o  deter 

undeveloped form in w h i c h  the instm 3 
each one 

Of/ 

b. Check on progress of instxunent devel 

frua day t o  dw in laboratory, 
. .  - .  

C. comparison of U t  ( l inear and verti 

irrStruSrntS. t o  be used 
I 

I '  ' 

m e e d  sq ' . -- 
d. HacurPsmeat of dinensions of radioact 

i s  o a t h e '  
of shape of cloud, 

po'dtioa. s' e. obtain air samples Z I L ~  exposr f i l t era  

research. * - 

f. Expose f i l t e r s  for possible particul; 

'c! 
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Date: ll Jannary 1949 T a k d f :  E Landing: 1335 E 
TA0e Altitude -Over 

Pram To 'Heading U S * L  Fix R u t a r k s  

as fix 
dirtto llo2 .230 2000 . -  

llO6:l*0 d i t t o  1103 

l l l 6  

-- 
. J :- 

Climbiag turn 12 rpiznrtes dorm .rrtrd to receive radio 
message 

1209:25 Crossed Tarmbssee River 
at 1305-Stackr at X-10 wed as fix 

225 2mo 1213t20 Stacks at X-31) used as f b  

t 5  2soo 

.. . . -  

315 U miles down vdna 3242 . 
' 1251 

20 miles down d a d  

same as abope 

c. 1. . 
. .  . .  . 

50 uxx) 1322~03 Stacks at X-10 used fi 
- 
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am 

Flight b g  

0639 06113 300 061*1:20 --. - 

0643 0645 120 m' Ob&: 15 

Obi6 0649 275 1300 0647 :25 

0649 0652 100 ltD0 0650:30 

- 

0653 0656 280 1500 065s :45 

m--m - 360 
e. ... 

Obtained s o u d i n g  by 

fashion, then descended, 
Rest plant wed as fb. 

"s ta i r  step' 

N e s t  plant used as fix 

d i t t o  

d i t t o  

d i t t o  

d i t t o  

d i t t o  

d i t t o  - .- - 
-4.. . . .  . .. .. . . 

F i x  1 H i l e  dim- 
d n d  iron stack of  west plant. 

d i t to  

d i t t o  

"sn pa t t e rn  across f h ,  
5 4 2  

Plaat used & 

pattern. see 

Plant used bs 

d i t t o  

Zigzag pattern t o  f1d.d. 
See m a p  

* Zht map referred t o  is the m f c d  & z r t  in the a i rcra f t .  
When the track of the a k p b  rras not s t r w t  the actual pattern 
flom was traced fn penci l  011 the map. 
chart has not ken included in t3& report. 

A copy of t & i s  working 


