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ABSTRACT 

The pro jec t  covered by this report  

as an endeavor t o  (1) compare a group of laboratory in- 

struments as airborne detectors  of rad ioac t iv i ty  and (2) simultan- 

eously obtain da ta  r e l a t i v e  t o  t h e  d i f fus ion  r a t e  of radioact ive 

contamination emitted i n t o  the  atmoephere from off-gas stacks of 

production runs. Research conducted i n  t h e  Oak Ridge, Tennessee 

and Hanford, Washington areas. Detection was accomplished a t  a 

maximum dis tance of seventeen miles from the  plant.  Very l i t t l e  

information of a conclusive nature was gained concerning t h e  d i f -  
-. * 

fusion. Further research with the  nuclear instruments, using a 

* stronger source, is recommended. To obtain conclusive inforination 

concerning the  meteorological aspects of t h e  project ,  a l a rge r  

observational program w i l l  be needed.. 
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Preface 

While many instruments have been developed f o r  the detect- 

i o n  of radioact ivi ty ,  some of these having been used i n  airborne 

detection, there  has been L t t l e ,  if any, comparison made between 

any two operating simultaneously under t h e  same conditions i n  an 

airborne operation. 

Weapons Group of Air Force Headquarters proposed Special  Project 

It was f o r  this purpose thLt t h e  Special 

W / ~ L ,  

r 
I - Dr. Francis J, Davis and Ralph 9. - --l- 

--e . -- &-+ ?- - -. --_ 4 -- 
Firminhac of t h e  Health Physics Division, Oak Ridge National M o r a -  

tory, t o  take charge of t h e  technical  aspects of comparing a group 

of these  nuclear instruments under various f l i g h t  +d meteorologi- 

c a l  conditions. &. Firminhac l e f t  t h e  Laboratory t o  assume a 

posi t ion with the  I n s t i t u t e  of Nuclear Studies and his place was 

f i l l e d  by Paul W. Reinhardt. 

It was under Dr. D a v i P ' s  d i rect ion,  assisted by Paul W. Rein- 

hardt,  a l s o  of the Health Physics Division, t h a t  t he  project  a i r -  

craft was o u t f i t t e d  w i t h  these in s tmnen t s  by members of t he  Air 

!!ateriel zommand at :?right-Patterson AF'B. The f l i g h t  crew was 

furnished by the 308th Reconnzissance Group (Wea) VLR F a i r f i e l d  
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Suisun AF0,and on 10 November 1948 the  completed aircraft, with 

Dr. Davis and t h e  crew aboard, l e f t  Washington, D.C. for a f i v e  

months period of inst lvnent  comparison and meteorological analysis 

of flow pa t te rns  of radioact ive gases leaving off-gas stacks of 

nuclear production plants.  

During t h e  process of the project  it was determined t h a t  

t he  meteorological aspect should be eqanded. It was f o r  this 

reason t h a t  Dr. Harry Wexler, Chief of Sc ien t i f i c  Services D i v i -  

sion, U.S. Weather Bureau, w a s  asked t o  take the  respons ib i l i ty  

Paul 

A Humphrey, as h i s  representative,  arr ived i n  Ltoxvi l l  t o  assist 

in t h e  nork. 

- .  5 

9 

Two areas mere used as sources of radioact ivi ty .  

first phase of t h e  project  was conducted a t  Oak Ridge, Tennessee, 

and t h e  second in t he  v i c i n i t y  of  Hanford Works, Richland, Wash- 

ington. 

The 

This report presents t h e  findings of these s tud ies  and 

is divided i n t o  two main sections:  (1) The comparison of the  

nuclear instruments and (2) t he  meteorological influence on 

airborne radioact ive contaminates. 



I 

-10- 

k n o w  l e d  2ener.t s 

The success of t h i s  pro jec t  W B S  due la rge ly  t o  the con- 

t i n u a l i n t e r e s t  and cooperation of personnel a t  t he  Oak Ridge 

National Laboratory. 

K a r l  Z. Morgan, w e  are  especial ly  g ra t e fu l  f o r  t h e  use of re- 

search and laboratory f a c i l i t i e s .  

To t h e  Health Physics Division, under Dr. 

Itk. Vincent R. Hchquist, Chief, Office of Safety, 

Hanford Works, and his staff cooperated i n  es tabl ishing t h a t  

phase of t h e  project.  - 
~ - c-- - -- I-- - . -> - - -___ - z 2 -i-t _ _  ~ -- - -  I 

Personnel of the  Kno,wille Airport, a t  O& Ridge, and 

at  the Hanford \arks, contributed meteorological data which 

aided Li projec t  f l i g h t  planning and analysis.  
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INTRODUCTION 

By way of introduct ion t o  the  project ,  these feu 

h i s t o r i c a l  h ighl ights  are  given and should be of pa r t i cu la r  

interest t o  t h e  reader who is not f ami l i a r  with t h e  operation- 

al s i tes  and techniques used. 

kw s i t e s  were avai lable  as adequate sources of air- 

borne rad ioac t iv i ty ,  f o r  pro jec t  requirements. 

between Oak Ridge, Tennessee, and Hanford Works, Washington. 

Oak Ridge was chosen for t he  first f l i g h t s  because the  consult- 

ing  physicis t ,  Dr. Davis, was employed by t h e  Health Physics 

Division there  and the  f a c i l i t i e s  of h i s  laboratory would be 

avai lable  fo r  maintenance of equipment and fu r the r  research. 

Located i n  what i s  known as the  X-10 area, this laboratory i s  

only a few hundred yards from t h e  p i l e  and chemical separation 

The choice w a s  

bui ldings and close l i a s i o n  with both operations i s  possible. 

Three of the  most sens i t ive  of t h e  laboratory instru-  

ments, taken from the  Health Physics laboratory,  were chosen f o r  

t he  comparison t e s t s .  High s e n s i t i v i t y  was essential because it 

was desired t o  measure even the  s l i g h t e s t  background f luc tua t ion  

and not t o  be content w i t h  measurement of high i n t e n s i t i e s  of 

radiat ion.  

I 1 1 9 9 3 1  
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As a c a r r i e r  f o r  these instruments, the  a i r c r a f t  

. was adequately equipped f o r  in - f l igh t  maintenance on all in- 

strument s. 

The projec t  began w i t h  a f l i g h t  from the  Knoxville, 

Tennessee a i rpo r t  on 1'7 November 1948, 

conducted outside of the Oak Ridge r e s t r i c t e d  a rea  as were t h e  

next tno, p r i o r  t o  r ece ip t  of permission t o  en ter  t h i s  area. 

The first  few flights made u i t h  only t he  idea  in d n d  t o  de- 

This f i r s t  f l i g h t  was 

termine t h e  preforrnance of each instrument i n  f U g h t  and t o  

make aqy changes required f o r  fu r the r  comparison. As t h e  1 

f l i g h t s  progressed, more e f f o r t  was made t o  analyze the  da ta  

recorded by t h e  instruments with respect  t o  the  pos i t ion  and 

a l t i t u d e  of t h e  a i r c r a f t  and the  ex i s t ing  meteorological con- 

d i t i ons  * 

The topographical f ea tu re s  were a hinderance t o  the 

Oak Ridge phase in l imi t ing  the. lowest a l t i t u d e  for safe flight 

t o  a higher e levat ion t h a n  sometimes desired on cross-ridge 

passes. 

state of t he  area 

meteorological aspect of the project ,  

The influence of these ridges on the  meteorological 

i s  covered f u l l y  i n  t h i s  report,as is every 

Many passes over the  X-10 area, t o  measure the in- 

t e n s i t y  of radioact ive contamination, resu l ted  in a ra the r  
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rout ine process of t racking such media. I t  w a s  decided ------ --AI - -- - - 

. _  _-_ 

t h a t  this technique should be 

applied t o  the  Hanford area in an endeavor t o  determine t h e  

degree of contarnination at a plutonium production plant.  

So, on 16 February, t h e  operation was moved t o  

Richland f o r  fu r the r  work. 

Fl ights  were s ta r ted ,  and as the  plane moved i n  

on t h e  plants ,  t h e  records showed only negl igible  re turn  u n t i l .  

very low passes were made over the  stacks concerned. 
- 

So well  

f i l t e r e d  were t h e  gases of the  p h n t  operations, t h a t  detect- 

i on  was possible  less th& t m  miles from t h e  p lan ts  even when 

separate p lan ts  were dissolving a t  t h e  same time. 

Only t h ree  f l i g h t s  were conducted in t h e  Hanford 

area, and t h e  lack of radioact ive mater ia l  t o  work with re- 

su l ted  in the  abandonment of t h i s  phase. 

of t h e  data  recorded i n  this report  Hill be of necessi ty  from 

the Oak Ridge phase of t h e  project.  

Consequently, most 

I i 1 9 9 3 2  
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S O U R C B  CF RADIOACTIVITX FOR PROJdCT PURPOSdS 

During project  operations a t  Oak Ridge, two sources of . 

r ad ioac t iv i ty  in gaseous form and one of pa r t i cu la t e  matter were 

avai lable  . 
Most readi ly  ava i lab le  as a source, was the p i l e  which 

This p i l e  is was  shut down only for a feu  hours occasionally. 

&cooled by two Buffalo Forge , special  fans with an &-flow of 

about 90,OOO cu f t  per min. 

air is j e t t e d  i n t o  the atmosphere through a 200 f t .  stack. 

tamination car r ied  i n t o  the  atmosphere i n  this manner is mostly 

ArgonW with a s t rength of 500 cur ies  per day. The cooling a i r  

i s  processed through a cyclone separator  t o  remve &v l a rge  

pa r t i cu la t e  matter t h a t  it m a y  have picked up on i t s  passage 

through t h e  p i l e ,  and then through a f i l t e r  house containing 1" 

FG-50 filter media and CfRS #6 f i l t e r  paper. 

After blowing through the p i l e ,  t h i s  

Con- 

Another source of  radioact ive contamination i n  the  Cak 

Ridge v i c i n i t y  is the  dissolving s t ep  of t he  Chemical Separation 

process. 

a HNO3 solution. 

Here, i r r ad ia t ed  s lugs f r a m t h e  p i l e  a r e  dissolved in 

Activity produced reaches a naximum about one 

I 1 1 9 9 3 3  
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hour af ter  t h e  dissolving begins, decreases t o  one-third during the  

second hour, and diminishes t o  zero a t  the  end of a p p r o r i t e *  

eight hours. 

\ 

150 1b3. of slugs aged f o r  5 days after extract ion from 

t h e  p i l e ,  a r e  dissolved i n  each operation. The following radio- 

ac t ive  gases are  released h t he  indicated quant i ty  f o r  each opera- 

t ion:  

Xenon133 . . . . . . . 2500 cur ies  

-. grypt0n85 ....... Less than one cur ie  

An e f fo r t  i s  made t o  remove the  Iodine131 with scrubbers 

and f i l ters  before the  off-gases are released t o  t h e  stack. 

e f f ic iency  of this f i l t e r i n g  i s  not known, but t h e  a c t i v i t y  from 

Iodine leaving t h e  stack is much less  than the 1300 cur i e s  o r ig ina l ly  

The 

released . 
An addi t iona l  source of  radioact ive p a r t i c l e s  at  Oak 

Ridge i s  in Evaporation stage of the Cherical Separation. 

process has an incorporated f i l t o r  system but some pa r t i cu la t e  

matter escapes in an undetermined manner. 

This 
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Only one type of source was avai lable  at Hanford Works. 

This was the  Chemical Separation process, taking place i n  two 

separate p lan ts  a t  very frequent in te rva ls .  Dissolving sometimes 

occurs simultaneously i n  both p lan ts  as was the case on one of 

t he  days of project  operation. 

being dissolved is much greater  than a t  Oak Ridge, they have been 

aged for a longer period and hence give the  lower output of  Xenon 

and Iodine as shown by the  following chart:  

Even though the  number of slugs 

For one Dissolving process, duration six t o  eight hours 

these gases were emitted: 

Xenon 133 0.3 cur ies  

Krypton s5 90 curies  

Here again an e f f o r t  i s  made t o  remove t h e  Iodine from the  off- 

gases with a sand t r a p  f i l t e r .  

The Hanford p i l e s  of fe r  no source f o r  detect ion purposes 

with methods used on t h i s  project .  

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

strength of about 2% of i t s  contamination acquired i n  Dassing 

through t h e  p i le .  

They are water-cooled and t h e  



1 

As a comparison between the two plants, the following 

. summary i s  offered: 
7 

Oak Ridne Hanford 

Pile out-put 500 curies/day None 

Mostly Argo& 

Dissolver out-put for 5 day slugs 100 day slugs 

,. C _ O . .  , ___.. -. - - 
: Xepon133 2500 curies/per iO.3 curies 

, operation , per operation 
-* 

1x0 curies[ 10 to 20 curies/ 

per operation per operation 

Krypton 85 
- .- 

less then 1 90 curies per 

curie per operation 

operation 
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H a l f  Life Beta Energy Gamma h e r e  
Element T 3  MET- UT 

Argo& uo slin. 1.2 1.3 

xenon133 5.3 days .3 .085 

~rgpt0~*5 9.4 years .8 - 
8.0 days .6 -37 

.08 

.65 (15%) 

I 

I I 1 9 9 3 5  
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Comarison of Nuclear Instruments 

Introduction : 

An i d e a l  airborne instrument f o r  t he  de tec t ion  of radio- 

ac t iva  gases aiven o f f  f roa  p i l e s  and dissolving processes should 

detect  alpha, beta,  and gama radiat ion,  have high sens i t iv i ty ,  

and a shor t  time constant. 

t o  a l t i t u d e  changes, maintain a r e l i a b l e  cal ibrat ion,  and be 

simple t o  operate. 

It should also be fairly insens i t ive  

Since it is  not p r a c t i c a l  t o  iiicorporate all of these 
-t 

f ea tu res  i n t o  one instrument, s i u l t a n e o u s  measurenents from 

severa l  i n s t r u i e n t s  must be used. 

I n  t h i s  sec t ion  w i l l  be found descr ipt ions of t h e  in- 

struments compared, nethods of comparison and ca l ibra t ion ,  t he  

conclusions reached, and recommendations f o r  fu tu re  use of these 

i n s t m e n t  s . 
Description of t h e  Instnments:  

Three instruments were chosen f o r  the conparisor, tests: 

An atmospheric conductivity charaber, a high pressure ionizat ion 

chamber, and t h e  Mu, &al-Channel Airborne Radiation Detection unit. 

The use of these i n s t m z c n t s  i s  not new. One of the  e a r l i e s t  atmos- 

pheric conductivity measuring device was devised by Slster and G e i t c l  



-20- 

in. &many during the ea r ly  p a r t  of this century. Later d e v e l o p  

.merits have brought about the design of an instrument such as was 

used on the project .  Ionizat ion chambers date back t o  1896, when 

Becquerel obsemed t h a t  a charged electroscope would be discharged 

if uranium was brought near i t s  terminal. 

similar t o  t h a t  used i n  t h e  N.R.L. unit was f i r s t  devised by Rossi 

Coincidence counting 

i n  the  l a t e  1920's. 

Supplementary instruments on the a i r c r a f t  include an El- 

t ron ic s  sca le r ,  and an alpha counter consis t ing of a high-gain 

amplifier fed i n t o  an Atomic Instrument Company scaler .  

these instruments are of proven deeign and have been used very 

A l l  of 

successfully in ground operation. Their behavior in f l i g h t  is 

covered in this sec t ion  following a br i e f  descr ipt ion of each in- 

strument * 



in.Gcrmany during t h e  early p a r t  of this century. Later d e v e l o p  

.merits have brought about the design of an instrument such as was 

used on the  project .  Ionization chvnbers date back t o  1896, when 

Becqueral obsemed t h a t  a charged electroscope would be discharged 

ip uranium was brought near i ts  terminal. 

similar t o  t h a t  used i n  t h e  N.R.L. un i t  was f i r s t  devised by Rossi 

Coincidence counting 
/ 

i n  t he  l a t e  1920's. 

Supplementary instruments on the  a i r c r a f t  include an El-  

t ron ic s  scaler, and an alpha counter consisting of a high-gain 

amplifier fed i n t o  an Atomic Instrument Company scaler.  A l l  of 

these instruments a r e  of proven design and have been used very 

successfully in ground operation. ' he i r  behavior in f l i g h t  i s  

covered in this sect ion following a br ie f  descr ipt ion of each in- 

st rument * 
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Atmospheric Conductivity Apparatus 

Air, in i t s  normal state, i s  one of the  best  insu la tors  known. 

However, the  act ion of cosmic rays and radioactive matter on the  air 

produce e l e c t r i c a l l y  charged pa r t i c l e s ,  cal led ions, which render the  

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

a tus  i s  used t o  measure ionizat ion currents in the  air due t o  ioniza- 

t i o n  agents. 

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

project  t o  measure this conductivity. A t  the  upper l e f t  i s  a cylindri- 

c a l  condenser, consisting of an outside tubular s h e l l  which i s  at a 

po ten t i a l  of 300 vo l t s  and an inner  memember which has been highly * _. 
insulated.  This h e r  member i s  connected t o  a sens i t ive  electrometer 

tube in a balanced bridge c i r cu i t .  This bridge c i r c u i t  i s  in tu rn  con- 

m c t e d  t o  a Brown recorder. When air is passed through t h e  ch&tr, 

the  ions present in t he  air are  brought under the  influence o f t h s  

e l e c t r i c a l  f i e l d  between t h e  members of t h e  cy l indr ica l  condenser and 

are  col lected on these members, t h e  posi t ive ions being a t t r ac t ed  t o  
\ 

t he  outer 

value r e s i s t o r  % and a corresponding change i n  the  g r i d  voltage of 

t h e  electrometer tube. The bridge i s  thrown out of balance. 

she l l .  T h i s  causes a voltage t o  appear across the high- 

The D.C. voltage produced by the  unbalanced bridge is  convert- 

ed i n t o  an a l te rna t ing  voltage by t h e  conversion stage of t he  Brown 

recorder and is amplified t o  a l s r g e  value by the  voltage amplifier. 

I I 1 3 9 3 8  
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It i s  then used to control  t h e  output of a power amplifier which 

dr ives  a balancing motor. This motor i s  connected mechanically t o  a 

s l i d e r r i r e  potentiometer which i s  connected i n  s e r i e s  with R2, and 

presents  a bucking voltage t o  br ing t h e  bridge back t o  a balanced 

state. 

The bucking voltage i s  recorded on the  s t r i p  char t  of the 

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

d i r e c t l y  proportional t o  the  ion iza t ion  current. The ion iza t ion  cur- 

r e n t  is a measure of the  amount of ion iza t ion  matter i n  the  air. 

The projec t  Conductivity apparatus was constructed in t he  in- 

sturnent shop of t h e  Health Physics Division from specif icat ions sup- 

p l i ed  by Dr. Davis and P. Reinhardt. These specif icat ions were based 

on the  r e s u l t s  of experiments performed by G.R. Tiait: Because of the  

sca rc i ty  of published information on an instrument of this type, a 

complete set of working drawings of t he  cy l indr ica l  condenser are  in- 

cluded i n  this report ,  beginr.ing on Page 26 

Page 24 shows t h e  i n s t a l l a t i o n  of t h e  apparatus in the  a i r c r a f t .  

The associated Brown recorder i s  a t  t h e  far l e f t  behind t h e  tube. The 

electrometer tube and bridge c i r c u i t  are  enclosed in a small box 

mounted on thb  outer  s h e l l  a t  t h e  upper center  of t h e  picture ,  while . 

t he  course and f i n e  zero adjust  controls  and t h e  off-on switch are i n  

t h e  case below. Air flows through t h e  tube a f t e r  enter ing t h e  scoop 
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on top of t he  a i r c r a f t ,  shown with t h e  F i l t e r  Box on Page 55. The air 

then leaves t h e  other  end of the  tube through the  hole i n  t h e  cabin 

w a l l  i n  which it i s  fastened. The s t r a i g h t  pa r t  of t he  outer  s h e l l  is 

54" in length and 3" in diameter while t h e  inner  insu la ted  member is 

45" long and 3/4" i n  dianeter .  Fluorothene in su la to r s  separate the  two. 

Some Zxperiments Relating t o  the  E l e c t r i c a l  Conductivity of the  

Lower Atmosphere 4 . R .  V a i t ,  Department of T e r r a s t i a l  Magnetism, 

Carntgie I n s t i t u t e  of Washington 
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Airborne Dual-Channel Radiation Detection System 

Four components, a Radiation Detection unit, a Dual- 

Channel Counting Rate unit, and two recorders, make up this sgstem 

devisedby the  Naval Research Laboratory which is used t o  record 

the  coincident and gamma rays as a function of time, 

For a complete description and laboratory evaluation of 

t he  system, the  reader i s  re fer red  t o  the  NRL Report P-3339 

"Airborne Dual-Channel Radiation Detection System" dated August 

25, 19L8 and "Operation and Maintenance Instruct ions on the  Dual- 

Channel Radiation Detector" by G.K. Jense, E.N. Zettle, and F A ,  

Gager, dated 3 August 1948 (NRL Report: C-3600-536A/48). 

The accompanyhg photograph shows t h e  t w o  units mounted 

on the  extreme r i g h t  with the  recorders nearest  t h e  reader. 

Detection U n i t  i s  on t h e  bottom in the  rack. A l a t e r  modification 

placed the  Detection U n i t  on the  wooden shelf  d i r e c t l y  beneath the  

' h e  

Brown recorder associated with t h e  Conductivity chamber, and t h e  

Counting-Rate U n i t  was remounted i n  the  same posi t ion as shown on 

page . This was possible because the  cathode follower out-put 

stage in t h e  Detection U n i t  affords undistorted signal input  t o  

t h e  Counting U n i t  f o r  cable lengths up t o  about 100 f t .  

cable length a t  present i s  20 f t .  

The 
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Because of t he  d i f f i c u l t y  of ca l ibra t ing  on t h e  ground 

without severely draining t h e  a i r c r a f t  ba t te r ies ,  i t  was necessary 

t o  construct a transformer-operated unit  f o r  use w i t h  the  l l 5  vol t  

power unit. B u i l t  with miniature tubes, it fol lows closely the  

design of the  NRL units,. except t h a t  the  detector unit  ana the  

count rate unit  have been combined on one chassis (pages 44 

45). . 
hall of t h e  project.  

t h e  recorders and with a meter on the  p i l o t ' s  instrument p a e l .  

This meter i s  mounted on t h e  same panel as t he  conductivity re- 

&a& 

It has been used w i t h  very good results during t h e  last 

This modFfied u n i t  may be used with both 

gars - the  p i l o t  an ind ica t ion  of the s t rength - _  
i - 
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H i g h  Pressure Ionizat ion Chamber 

Consisting of two units, a high pressure ion iza t ion  

chamber and a Chicago Vibrating Reed Electrometer, t h i s  instru-  

ment i s  perhaps t h e  most s ens i t i ve  of t h e  a i r c r a f t ' s  i n s t r u e n t  

complement. 

Shown on pages 4 l  and 47 are t h e  two component p a r t s  of 

t h i s  instrument with i ts  recorder. 

up a t  the  Oak Ridge National Laboratory and is f i l l e d  with about 

100 atmospheres (l.450-1500 p s i )  argon. 

v ib ra t ing  reed Zlectrometer through a switch box containing a 

grounding switch and a s e n s i t i v i t y  se l ec to r  switch. 

corder keeps a constant record of t h e  changes i n  ion iza t ion  

frequency. 

The ion  chamber was b u i l t  

It i s  connected t o  the  

A Brown re- 

A t yp ica l  self-balancing v ibra t ing  reed electrometer c i r -  

c u i t  i s  shown belou 

B1 

\ Potentiometer \ 
Mechanical Coub l ind  

L--  ----------- 

i 
Motor 
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We may think of t h e  ion iza t ion  chamber as having capacity, as it 

in fact does, and represent it as C1. 

the  chamber becomes a charge producing system, and causes a po- 

t e n t i a l  difference t o  appear across R2 and C. 

i n g  condenser, i ts  capacitance being constantly varied by an electro- 

. 
m e n  exposed t o  radiation, 

C2 i s  the  vibrat-  

magnetic force. 

A,C. signal which i n  turn i s  amplified. 

Here t h i s  po ten t i a l  difference i s  converted t o  an 

The amplifier output is 

used t o  dr ive a motor which moves t he  arm of potentiometer R 3’ 
returning t h e  system t o  a null posit ion.  

I l 1 9 9 b 5  



-49- 

Alpha Auplifier and Atonic Instrument Cornpay Scaler 

The problem of counting ionizat ions due t o  alpha pa r t i c l e  

was solved very e f fec t ive ly  by Ralph Firminhac i n  h i s  high-gai3 

amplifier development f o r  supplementarg use with the  Atomic In- 

strument Coupany scaler.  

By re fer r ing  t o  the  preceeding page one may more eas i ly  

follow t h e  discussion of t h i s  instrument combination. 

strument is i n s t a l l e d  on the  bench j u s t  t o  the  r igh t  of the El- 

t ron ics  scaler.  

The in- 

A t  t h e  extreme r i g h t  is t he  aluminum chamber which holds 
* 

t h e  f i l t e r  paper t o  be counted. 

flushed with a stream of argon throughout the  counting operation. 

The s igna l  i s  f ed  i n t o  t h e  high-gain amplifier and from there t o  

t h e  scaler.  

t h e  alpha counts. 

f i l t e r s  f o r  t h e  f i l t e r  eff ic iency t ea t s .  

It is simply an ion  chamber 

?he r e g i s t e r  near t h e  f ron t  edge of t he  t ab le  records 

This apparatus w a s  used primarily i n  processing 

A schematic and photographs of t h e  amplifier follow. A 

more complete report  on t h i s  amplifier is being published by Air. 

Firminhac and will be available shortly.  1 

General Purpose Alpha Counter - R.H. Firminhac - OP-338 1 
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El-tronics Scaler  

This standard 'scale of 64" sca l e r  was fed  with a Radi- 

a t ion  Laboratories GU tube (shown encased i n  a .028" thick brass 

tube in f r o n t  of t h e  sca le r  on page 51). The tube is 24 inches 

in length, is 2 inches in diameter and has an ef fec t ive  length 

of 18 inches. 

F i l t e r  papers inser ted  around t he  GU tube were counted 

f o r  beta radiation. I n  order t o  cut down weight, the  lead pig  

a brass tube. Although removal of  t he  lead pig increased the 

background count by a fac to r  of two, t h e  counting r a t e s  o f  the 

f i l t e r s  were su f f i c i en t ly  high t h a t  no s igni f icant  counting error  

was introduced. 

ord inar i ly  used with t h e  wraparound counter was replaced with 
_ -  

- 

i I 1 9 9 1 1  
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F i l t e r  k x  

Radioactive air contaminates may be divided i n t o  two 

classes:  Gaseous and Par t icu la te .  Both a re  present i n  the atmos- 

phere and both may have the  sane e f f e c t  upon GtI tubes, i o n  chambers, 

o r  similar detect ion devices. "he presence of pa r t i cu la t e  matter 

nay be determined only by the  use of f i l t e r s  - through w.hich air 

samples a re  dram. This may be done on the  ground by using a 

b 2 - v  t o  force  air through t h e  f i l t e r  or by ---*cine the f i l t e r -  

t o  the  sl ipstream when used on iil a i r c ra f t .  Both the  s i ze  of the  

f i l t e r  and the  speed of t h e  air are  important i n  both cases. 

I n  order t o  de tec t  t h e  presence of airborne pa r t i cu la t e  

matter in the  v i c i n i t y  of Oak Ridge and Hanford, f i l t e r s  were 

carr ied i n  t h e  a i r c r a f t  by use of t he  standard AMC f i l t e r  box. 

- MC F i l t e r  I n s t a l l a t i o n  

Shown on t h e  following pages i s  the  i n s t a l l a t i o n  of t h i s  

F i l t e r  Box with associated d i f f e r e n t i a l  manometers. The f ront i sp iece  

w i l l  also give t h e  reader a b e t t e r  idea of t h e  r e l a t i v e  locat ion 

of the box on t h e  airplane.  

This box i s  constructed t c  accommodate two s l ide- in  type 

f i l t e r  screens and used t h e  ventur i  p r inc ip l e  t o  maintain a pressure 

I I 1 9 9 1 2  
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drop across the  f i l ters.  

one square foot  and is 18' x 8'. 

t he  box 

Pressure drop across each f i l t e r  i s  read from t h e  manometers on 

the  l e f t  cabin w a l l ,  usual pressure drop being 7 t o  8 in/H20 a t  

150 mph indicated air speed. 

ly 450 cu ft per min at the  sane speed. 

The F i l t e r  paper used has an area  of 

F i l t e r  screens a r e  re tained in 

spring s t e e l  runner c l i p s  and with locking handles. 

Air flow through box is  approximate- 

One of t h e  questions brought up a3 an objective o f ' t h i s  

project  was ef f ic iency  of these f i l t e r s .  

up by Dr. Davis and his f indings iaay be found as a separate repor't 

i n  t he  appendix t o  the  instrument section. 

This problem was taken 

I I 1 9 9 1 5  
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COMPARISON OF INSIRUMENTS 

The following table shows pertinent character- 

i s t i c s  of the three instruments: pressure ionization chamber, 

MU Geiger counter dual-channel radiation detection (MLL U n i t ) ,  

and air conductivity apparatus. 

Calibration 

C@ per liter Background Constant 
Fluctuation response 

i n  wries of Average Time 
90% Instrument per division Background 

Pressure 

Chamber 3.6 x U5 div. 15 div. 55 seconds u)-15atlIp/div 

Pressure 
Chamber 3.6 X U5 div. 15 div. 55 seconds u)-15atlIp/div 

50 div. 5 div. 23 seconds 5 0 2 x 1 0  -14 
0.35 cts/  
sec/div 

Conductivity 

llpp=atUs 5.5 x l0-U 15 div. 3 div. 44 Sec/100 d i V  5 x lo-13 
S m P h V  

'Pgpe of Radiation Measured 

The air conductivity apparatus, being essential ly  

an i o n  collector, responds t o  the intensity of ionization i n  the 



. . -  

a i r  passing through t h e  tube. This ion iza t ion  i n  turn may be 

produced by q ionizing r ad ia t ion  such as cosmic rays, alpha, 

beta  or  gamma radiation or may be suppressed by such things as 

smoke or fog &ch produce large ions. 

The i o n  current due t o  the  ions col lected per unit 

time can be shown t o  be 

i = 4$mh 

&ere i is t h e  current,  C the capacity of t h e  co l lec t ing  tube 

only, and h is the  conductivity of the  air. 

can be expressed as 

The conduc t id ip  

where e i s  the  e lec t ronic  charge, n the  number of saaU ions/ 

cc and k t h e  mobility of t he  ions (ca  1.5 cm/sec/volt/cm). 

Actually we dmd.cl include terms on the  r i g h t  s ide  of the 

equation for larger ions but i t  is found that over 95% of the 

conduct i r i ty  is due t o  small ions. 

The number q of ions produced per second per cc can 

be wri t ten  as 
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*ere d is t h e  number of d i s in tegra t ions  per second per cc, 

c is the cur ies  per cc, is t h e  t o t a l  energy of rad ia t ions  per 

dis integrat ion,  and W is t he  e lec t ron  volts t o  produce one ion 

p&r (about 32.5 V O l t 8 )  and is roughly independent of t he  type 

of r ad ia t ion  (alpha, be ta  or gamma). 

Under normal equilibrium conditions the number of 

iona produced per second per  cc i s  equal t o  those recombined 

per second per  cc so that we may m i t e  

where 19 is t h e  number/cc of charged condensation nuclei  or 

large ions, N i s  the  number/cc of uncharged condensation 

nuclei ,  6 i s  t h e  recombination coef f ic ien t  between the smaU 

ions, ?and% t h e  recombination coef f ic ien ts  between the 

smaU ions  and the  respect ive nuclei .  

near t h e  grotllvl the  last  two  terms in the above equation are 

about equal and l a rge  compared with a: n2 so we may write the  

approximate equation 

For ordinary conditions 

nbich indicates t h a t  the  conductivity ( a c h  i s  proportional 

t o  n) i s  proportional t o  g and inversely proportional t o  N. 

I 1  1 9 9 1 8  
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The NRL Geiger Counter un i t  is sens i t i ve  t o  gamma 

rays and cosmic rays. The ef f ic iency  of detect ion of gamma 

rays rises from .15B f9r 0.2 mev gammas t o  1.3% f o r  2.1 rnev 

g-4 

The pre: m e  ion iza t ion  chamber is sens i t ive  t o  the  

same type of r ad ia t ion  as Geiger counters but probably has  a 

different energy vs ef f ic iency  c w e .  

Calibration 

To measure the  s e n s i t i v i t y  of the pressure chamber 

and t h e  NBL unit  two radioact ive sources were used. One,'= 

83 micromam radium source and the other, a 3.44 micro-curie 

aource of C&O. The response of the  two instruments is given 

i n  the  following table:  

Net Beading 
Instrument Source Distance Above Background Div/uc at 36m 

Pressure Cob0 am A05 13.6 Chamber 

Pressure Ra 3br  63 5 chamber 

MIL u n i t  C O M  

MLL u n i t  Ba 

36. 

88" 

32.5 

63 

7.65 

9.45 

k .  54 
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The last column has been calculated assuming the 

inverse square relation between response and distance of source. 

One division i s  equal t o  lo+ amps, 0.35 cts/sec and 5 x U)-l3 

amps for the pressure chamber, TJBL Unit and conductivity appara- 

tus respectively. 

Following the plan outlined by Faust and Johnson* 

for the computation of the res'ponse of a Gld tube to  continuous 

distributed sourcea, the following table was calculate'd: 

Conductivity 
source Pressure Chamber mRL unit AuParat us 

9.4 

9 07 

90 

a, 

1.0 

9 .o 

84 

60 

I I 1 9 9 8 0  
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A comparison of the def lec t ion  of t h e  NEL unit and 

t h e  conductivity apparatus for f l i g h t s  through t h e  t r a j ec to ry  

of the p i l e  cooling Sir and d i J 8 O l V O r  gama gave the  r e l a t i v e  

response of t h e  two hs tn rmen t s  t o  d i s t r ibu ted  8ources of Aw 

and XeU3. 

The s e n s i t i v i t y  of t h e  conductivity apparatus is 

assumed proportional t o  m e  t o t a l  average energg of radiation. 

The energy of the various sources were given on page 18. The 

be ta  rad ia t ion  energies l i s t e d  are t h e  maXirrmm energies; t h e  

average energy used was 4/3 '  of t he  md.ncua. The t o t a l  average 

energy.taken na8 then the  sum of t h e  energg of alpha and gamma 

r ad ia t ion  plus 1/3 of the  beta  energy listed per dis integrat ion.  

The gamma ray eff ic iency of t h e  NRL unit was taken from Faust. 

and Johnson*. 

was not d e t e d a e d  except for Cob* and Ra. 

The gamma ray eff ic iency of the pressure chamber 

It is seen t h a t  t h e  HBL un i t  i s  insens i t i ve  t o  gr85 

(no gamma), wh i le  the conductivity is -sensit ive.  

noted t h a t  t h e  conductivity apparatus is much nore sens i t ive  t o  

Rn which is  a contributive background fac tor .  The conductivity 

apparatus and the  NBL unit a re  roughly nine timss nore sens i t ive  

t o  Au than Xs133. 

It is t o  be 

This is one of t h e  main reaaom that in s p i t e  



Il.., 
-, 

of the  much stronger Xe133 source in curies  i n  comparison vFith 

AW ( f ac to r  of the  order of 50) it was s t i l l  only detected about 

t h ree  t o  four  

seen that t ne  

apparatus f o r  

i s  s t i l l  able 

variation. 

times the distance from the  source. While it is 

sensitivity of t he  NRL unit  and t h e  conductivity 

Xe133 are  about the same, the  conductivity apparatus 

t o  detect  smaller a n o u t s  because of less background 

Background 

By background i s  meant the  normal response of the 

instrvment t o  rad ia t ions  normally present. 

t ab le  is given the background and an estimate of the  percentage 

In the following 

of contributing factors. The values given fo r  t h e  conductivity 

axe taken from Hem. 

Background Source Pressure NBL 
on Qround Chamber Unit Conductivity Apparatus 

Aircraft and in- lo% 20% negl igible  
herent background 

Ra and Th products 4% 8% 51% 
in& 

Ra and Th products 16% 32% 33% 
in soil 

Total Background 115 Div. 50 Div. 15 D~V. 

I 1 1 9 9 8 2  
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These values r e f e r  t o  air near the  ground, at 

higher a l t i t u d e s  one would expect the  component from the s o i l  

t o  f a l l  off rapidly,  t he  component f r e e  the  radium and thorium 

products in t h e  a h  t o  drop off more gradually, and the  cam- 

ponent due t o  cosmic rays t o  become larger. Curves showing the  

va r i a t ion  of background with a l t i t u d e  u i l l  be shown l a t e r .  The 

background components due t o  R a  and Th products i n  a i r  and i n  t h e  

soil would vary considerable u i t h  d i f fe ren t  locations and a l s o  

from day t o  day. 

The var ia t ion  of t h e  background i s  important in 

t h a t  it determines the  U e s t  Bmount of detectable  radiation. 
I 

In  the  case of the 'conductivity, the var ia t ion  of the  smoke and 

fog content d.l a f fec t  this. 

o r  at  high a l t i t u d e s  t h i s  var ia t ion  w i l l  be s m a l l e r .  

of t h e  average f luc tua t ions  of the  background of the  instruments 

w e d  is as foUous: 

On a c lear  day i n  the  open country 

An estimate 

Pressure Chamber 1 5  divis ions 

NRL Unit 5 divisions 

Conductivity Apparatus 3 divis ions 

I I 1 9 9 8 3  
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Alti tuae Effect  

The increase of background response with a l t i t u d e  

up t o  15,000 f e e t  is shown on page 67. The v e r t i c a l  scale  is 

in a r b i t r a r y  units and does not ind ica te  the  r e l a t i v e  back- 

ground of t he  instrcrrnents. 

follow a similar curve, sholring an increase in background with 

a l t i tude .  The drop in the background ionizat ion shown f o r  the  

conductivity below 5,000 f e e t  i s  probably due t o  the presence 

of smoke or haze ra ther  than a decrease of radiat ion.  The 

curve showing the  backgmund o f  t he  El-tmnics ( the  GlC counter 

It is seen t h a t  t he  instruments a l l  

used f o r  the counting of f i l t e r s  on the plane) poin ts  out the  

necessi ty  of o b t a h i n g  the  background count a t  the  same a l t i t u d e  

at which the f i l t e r  count is obtained. 

The T-C and C curves axre t o t a l  n i i r u  coincidence 

counting r a t e  and coincident counting rate respect ively of t h e  

Mu unit. 

Zett le* dhould hold: 

The following r e l a t i o n  given by Gager, Jensen and 

* F.M. Gager, G.K. Jensen and E.N. Zettle, Airborne Dual-Channel 

Radiation Detectior: System NRL Report P-3339 

I i 1 9 9 8 4  
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where 

(T-C) = t o t a l  minus coincidznt cow-ting r a t e  

Bo = ground contribution 

B = a i r c r e t  and inherent counter background 

cont ribucion 

k = slope constant 

They found for ac tua l  counting r a t e s  the value 0-9 for k .  

t he  two counting r a t e s  a re  d i f fe ren t ,  thereby giving a di f fe ren t  

value f o r  k. 

The curve showing t he  a c t i v i t y  of a f i l t e r  paper 

co l lec t ion  with a l t i t u d e  is an ind ica t ion  of the  r e l a t i v e  

amounts of radon with a l t i tude .  The col lec t ions  were made for 

periods of one-half hour and counted f o r  6.4 minutes s t a r t i n g  

one minute after f i l t e r  removal from col lec tor  box. The radon 

or ig ina tes  f r o m t h e  soil so one would e q e c t  a decrease 

radon concentration with a l t i t u d e  due t o  $he decay of the radon 

as it i s  car r ied  up by di f fus ion  and convection. The height of 

the  atmospheric temperature inversion a t  t h e  time the data was 
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taken was 3500 f e e t  and i s  seen t o  f i t  a t - t h e  break in t he  slope 

of t h e  curve. 

l o g i c a l  cha rac t e r i s t i c s  of a t q e r a t u r e  inversion which prevents 

v e r t i c a l  mixing. 

This is  t o  be expected from the  known meteoro- 

Zero Drift 

The only instrument used t h a t  showed any appreciable 

drift was the  a i r  conductivity unit. I n  this apparatus us ing  

t he  electrometer tube as  described ea rUer ,  t he  average drFft 

uiu approximately one percent of fu l l  sca le  per hour. While 

this amount of drUt i s  not too objectionable m have nor  re- 

placed the  electrometer tube with vibra t ing  condenser type of 

electrometer which shows negl igible  drift. 

Time Constant 

A measure of t he  speed of response of an instrument 

t o  a sudden change i n  rad ia t ion  is the  time constant. We may 

define t h e  time constant in several uays. I n  t h e  s implif ied 

circuit of charging a condenser with capacity C through a r e s i s t -  

ance E by a voltage V, t he  usual def in i t i on  defines BC as t h e  

time constant; this i n t e r n a l  of time, however, only charges t h e  

condenser t o  .63V. We sha l l  r e f e r  t o  the t h e  constant in t h i s  
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manner as the  RC constant. The time required t o  bring the 

response t o  90% of i t s  equilibrium value i s  sanetimes used 

as a def in i t i on  f o r  time constant. For the  condenser r e s i s t o r  

combination the  time required f o r  t h e  condenser t o  reach .9V 

WOO be 2.3 BC. 

The RC constant f o r  the  conductivity apparatus i s  

approximately 0.1 second far t h e  high s e n s i t i v i t y  set t ing.  How- 

ever, the  time required for t h e  pen of the  Brown recorder t o  

travel f u l l  s ca l e  uas 4$ seconds. 

The tank c i r c u i t  of t he  NRL detector has a RC 

constant of 10 seconds so t h a t  the  90% response time would be 

23 seconds. This agreed with eqe r imen ta l  observation. 

The t r p e r h e n t a l  90% response time observed f o r  the  

pressure ion iza t ion  chamber was 55 seconds when used at high 

s e n s i t i v i t y  ind ica t ing  this instrument as the  slowest of the 

three. 

Rumedness and R e l i a b i l i t g  

AJl three instruments were considered equally rugged 

and free from e f f e c t s  due t o  vibration. The MLL uni t  required 

t h e  most maintenance, though the amount of maintenance was not 

I I 1 9 9 8 8  
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considered objectionable. The unit required the  a i r c r a f t  

engines t o  be operating t o  maintain su f f i c i en t  l ine  voltage. 

Further bprovanents  of t h e  addi t ional  NKL unit b u i l t  by Lt. 

H a r l a n  shown on page LA, i s  in process. 

combined i n  one chassis and now operates from 110 AC pow, =r source. 

The conductivity unit required a drJ*ing out t i n e  froirt 5 t o  15 

The new unit has been 

minutes t o  remove accumulated moisture before s tzb le  operation 

if t h e  apparatus had been standing i d l e  during a r2in storm. 

' "he high pressure iorLzstion chanber has required no rainten- 

ance whatever f r o 9  the  time of i n s t a l l a t i o n  t o  t h e  t k c  cf 

wri t ing this report .  

Tke air conductivitr  a?+ratus is the  s m l e s t  t o  

construct a d  t h e  l e a s t  e-ensivs used wit ,?  t h e  e l e c t r o m t e r  

tube c i r cu i t .  Vibrzting read &xt romete r s  if uz2d, an t h e  

other  hand, are r e l z t ive ly  expensive. 

The hign pressure icnlz;ti?t c h x k c  r r . y i r r : s  

s k i l l e d  p2rsonnel t o  f~b-iczt.: and cazbir-ert r i t h  the vibrating 

reed electrometer, i t  is ewenaive. 

I I 1 9 9 8 9  
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F i l t e r  Collect ion 

A comparison of f i l t e r  co l lec t ion  as a detection 

instrument with the  preceding three  instruments discussed, 

was t r i ed .  

sources of rad ioac t iv i ty  were a l l  equipped wi th  f i l t e r s  render- 

ing t he  a i r c r a f t  f i l t e r  co l lec t ion  ineffect ive.  

i s  expected t o  be made at a l a t e r  date  in the  Hanford =ea with 

Unfortunately, a t  the time of t h e  collection, the 

A comparison 

the source f i l t e r s  removed. 

The col lec t ion  of pa r t i cu la t e  matter on f i l t e r  

paper as a detect ion instrument has a high s e n s i t i v i t y  due t o  

its b C c d a t i 6  property. It has t h e  disadvantage d not 

giving an instantaneous r e s u l t  but a result integrated over the 

time of collection. 

The methods of determining amounts of a c t i v i t y  on 

the  f i l t e r  used were (1) counting by mapping the  f i l t e r  around 

a Radiation Laboratory Q4 beta  counter and the  count regis tered 

on an El-tronics sca le r  and (2) taking a radioautograph of the 

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

radioautograph method i s  tL,s a c r e  ssnsit ive md also s!w..-s -.k,c: 

t h e  ac t ive  p a r t i c l e s  are located on t h e  f i l t e r  in case separation 

of t h e  p a r t i c l e s  i s  desired f o r  f u r t h e r  study. 

has the  disadvantage of being time consuming. 

The 

The radioautograph 

A t h i r d  method 

I 1  1 9 9 9 0  
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t h a t  can be used and lrfiich i s  probably the  most sens i t i ve  i s  

t o  dissolve t he  ac t ive  p a r t i c l e s  and p rec ip i t a t e  t he  sample 

on a small f o i l  so that it can be counted with a lor back- 

ground counter with high efficiency. 

is also time consuaiug. 

l h i s  methoc, of course, 

The eff ic iency of t he  f i l t e r  i n  capturing t h e  

pa r t i cu la t e  mater ia l  from the air flowing throu& the  f i l t e r  

is a f a c t o r  t h a t  mast be considered. If t h e  s i f i c i ency  i s  

lor, nethods of  raishg this should be considered such as trdat- 

Fng the f i l t e r  d t h  caus t ic  t o  increase the  officiamy of collect- '  

ing IU1. 

- -  

Such methods were not t r i ed ,  but personnel from t h e  

iianford area did not recommsnd the  treatment. 

The decay of t h e  a c t i v i t y  is a consideration in 

f i l t e r  col lect ion.  The radium decay products have a half  l i f e  

of the order of 30 minutes, while Th B has a half life of 10.5 

hours. For high s e n s i t i v i t y  t o  a long life product, one must 

w a i t  u n t i l  ThB has decayed which means several  days. 

be t r u e  a l so  in t h e  case of radioautograph methods. 

of the  pa r t i cu la t e  matter from a dissolving run of 5 day old 

s lugs at Oak Ridge is shown on page 75. h e  decay shown is 

This muld 

The decay 

probably a combination of 12.8 day B a r n  and 54 day sF89. 
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-76- 

ORNL 

Recommendations 

In conclusion, t h e  following recommendations a r e  

off ered : 

1. That the  High Pressure Ionizat ion Chamber be 

e 7 i a t e d  from the  group of instruments used in fu ture  air- 

borne detect ion work. 

great a t t r i b u t e ,  t h i s  s e n s i t i v i t y  i s  gained through use of 

high-value r e s i s t o r s  which also introduce a long time constant. 

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

Because af t h i s  time constant, it is d i f i i c u l t  t o  assign a 

geographical loca t ion  t o  n&-rw area8 of radioactivity in t h e '  - _ _  - --"* -.--- -. - 
- .  .--..LT -- - ----- .-_ 

2. That nore consideration be given t o  a combina- 

t i o n  of the  two instruments - t he  conductivity apparatus and the  

Mu. Detection unit .  

bad features ,  mainly, i ts  response t o  smoke and moisture in t he  

air, i; is a very desirable  instrument because of its high 

s e n s i t i v i t y  and fast response, 

good sens i t i v i ty ,  and is not a f fec ted  by changing atmospheric 

conditions, A comparison of the  records of t h e  two instruments 

used simultaneously would give a r e l a t i v e l y  good pic ture  of t h e  

radioact ive content of t h e  air under any f l i g h t  condition. 

Although t h e  Conductivity apparatus has 

The NBL unit is re l i ab le ,  of 

I I 1 9 9 9 3  
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3. The continued uae of f i l t e r s  in conjunction 

with the above instruments i s  recommended. Tbia i s  the only 

real maana of determining the  presence d long-lived par t i c l e s  

and in cases ai uufiltsred aources, this particulate matter 

may be detected at extremely long ranges. 
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FILTER EFFICIENCY 

bY 

Francis J . Davis 

Health Physics Division 

Oak Ridge National Laboratory 

Introduction 

To estimate amounts OS na tu ra l  radioact ive mater ia l  in 

t he  atmosphere, one may use f i l t e r s  t o  co l l ec t  t he  pa r t i cu la t e  

mater ia l  and count the  beta  or alpha emission a t  i n t e rva l s  t c  

e s t ab l i sh  the  decay curve. 

ea only t he  r e l a t i v e  amunts  of t h e  ac t ive  material;  and a c a l i -  

The decay curve, however, es tabl ish-  * 
- 

bra t ion  of t h e  f i l t e r  paper t o  obtain an eff ic iency of col lect-  

ion must be had before t h e  absolute amounts of radioact ive mater ia l  

i n  the  air can be estimated. The eff ic iency of f i l t e r  paper i s  a 

funct ion of p a r t i c l e  f i z e ,  and therefore  any ef f ic ienc7  value neces- 

sarily r e f e r s  t o  a ce r t a in  d i s t r ibu t ion  in p a r t i c l e  size.  Thus t he  

e f f ic iency  measurements given do not hold for d i s t r ibu t ions  of 

pa r t i cu la t e  mater ia l  other than t h a t  specified.  

Method 

Beta and alpha rad ia t ion  from the mater ia l  col lected on 

the f i l t e r  paper was measured, and the  r e s u l t s  yere compared t o  

the  theo re t i ca l  amount of ac t ive  deposit i n  t h e  air .  It was 
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assumed t h a t  t h e  radon i n  t h e  air and its active deposit are in 

radioactive equilibrium. 

the  radon content of t he  air ,  the  counting o f  the  f i l t e r  f o r  alpha 

and beta radiation, and a determinztion of the a i r  flow through 

t h e  paper. 

This procedure e n t a i l s  a measurement of 

De scrip ti on 

The f i l t e r  $ox was described e a r l i e r  under the  instrument 

Using information from data obtained at Wright Field, section. 

one can estimate the  air-flow through the  f i l t e r  by noting the 

pressure drop across t h e  f i l t e r  indicated by a d i f f e r e n t i a l  mano- 

meter. 'Ihe usual airf low i s  approximately 450 cu ft/min. %e 

f i l t e r  i s  type CWS 85 d t h  dimensions ET x 18' o r  ons square foot  

i n  area. 

The alpha counter was apparatus designed by t he  Oak Ridge 

National Laboratory. 

in which the  filters to be counted were placed, a high gain ampli- 

f i e r  and an Atomic Instrument scaler. b g o n  from a high pressure 

cylinder was flushed through the  counting chamber while t h e  coxnt 

was being 'made . 

It consis ts  of a cy l indr ica l  counting chamber 

The beta  counter ap?aratus consisted of an El-tronics, 

Inc. scaler plus a Radietion Counter Laboratories GMtube. The GM 

tube used was 24" long by 2" i n  diameter w i t h  an e f fec t ive  length 

of 18". 



The radon determination was made a laboratory a t  Oak 

Ridge National Laboratory by Hiss Sarah Culpepper. 

glass  sampling f l a s k s  were f i l l e d  during f l i g h t  and the  air waa 

t ransfer red  in this manner t o  t h e  Laboratory. 

went through a pur i f i ca t ion  system f o r  t h e  removal of oxygen and 

water vapor from the  air sample while t r ans fe r r ing  it t o  an alpha 

p a r t i c l e  counting chamber. 

then compared with t h a t  from a radon standard furnished by the  

National Bureau of Standards. 

t he  laboratory were similar t o  those used on the  plane. 

*-liter 

Here the  sample 

The alpha count f r o m t h e  sample was 

The alpha amplifier and sca l e r  i n  

Pro  c edur e 

A t y p i c a l  procedure record is a s  follows: 

Date 2-1-49 . 

Altitude of atmospheric temperature inversion 

Time 

0 OO%Oa F i l t e r  in place 

- 

Indicated a l t i t u d e  

Pressure drop across f i l t e r  

0 15  Air s q l ;  taken 

0 20 00 Background star ted  

0 26 24 Background completed 

Background count/min 

- -  

3000' 

2000 ' 
6.4. 

749 

I t 1 9 9 9 1  
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o 30 00 

o 31 00 

0 37 uc 

0 40 00 

0 46 24 

F i l t e r  taken out  

Beta count s t a r t e d  

Beta count completed 

Beta count/min plus hackground 70U 

Net beta count/min 6262 

Alpha count s t a r t e d  

Alpha count completed 

Alpha count/min 444l 

Air flow 495 CFM 

Radon content of air sample 3.85 x 10-Kcuries/ft3 

The background count of t h e  alpha counting chamber was 

so low t h a t  it could be neglected. 

Theory 

Assume as ia t he  sample shown above a col l sc t ion  time 

tl = 30 min,  a decay time t2 = 10 min and a counting t h e  t 

6.4 min. In the theory of successive radioact ive transformations* 

it i s  shown t h a t  the  a c t i v i t y  of RaC which was i n  e q u i l i b r i a  with 

a constant supply of Rn and removed from the  Rn for a time t is 

= 3 

equal to 

c t =  LA + ~ s - 4 2 t  + ~ e - h 3 t ) ~ ~  

* Rutherford, Chadwick a d  Ellis - "Radiation From Radioactive 

Sub stance sm 

I I I c 1 9 9 8  
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uhere4 is t h e  decay constant f o r  RaA - .2268/min 

. A2 is the  decay constant for RaB = .02586/min 

A, is t h e  decay constant f o r  RaC = .03516/min 

Integrat ing t h e  last equation t o  obtain t h e  accumulated a c t i v i t y  

at  t h e  end of t h e  co l lec t ion  t h e  ti. 

APter col lect ion time t l  and a decay period t 2  we have 

The average count per minute during a counting period t 3  a f t e r  a 

col lec t ion  period t l  and decay pe r iod  t2 is then e q u a l  t o  
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when tl t 30 min, t2 = 10 min and t3 = 6.L min. 

In t h e  above sample i f  we had 100% counting efficiency, 

we should get  an alpha count assuming a geometry equal to 1/2 

and 2.2 x 1@ d i s h t e r n a t i o n s  per min per cur ie  equal t o  

(495)(3.85 X 10-12)(24.98)(2.2 x 1OU)(l/2) = 5.17 x 104 d/min 

Us ing the  alpha count obtained we get  f o r  the  eff ic iency of the 

co l lec t ion  

The equation f o r  the  a c t i v i t y  of RaB can be derived in 

t h e  same manner r e su l t i ng  in 
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RaB, however i s  only a be ta  emit ter  and therefore ,  does 

not en te r  i n t o  the  alpha count. 'he energy of  t h e  beta emit ter  

i s  o n l y  0.65 mev. 

a re  absorbed in t he  counter wall we may use the  equatioli 

To estimate the  f r a c t i o n  of RaB be ta  rays t h a t  

3 i s  t h e  energy of the  be t a  ray emitted in mev and x is  t h e  w a l l  

thickness i n  p/cm2. 

approxhate ly  0.100 dun2 so t h a t  t he  f r a c t i o n  of RaB beta rays 

absorbed I n  t h e  w a l l  i s  ahout 97%. 

absorbed i n  the w a l l  using 23% of t h e  beta rays wi th  energy 3.17 

mev and 77% a t  1.65 mev becomes 518. 

For the  counter used, the  w a l l  thickness i s  

The value F f o r  RaC beta rays 

Assuming a calculated geometry for counting be ta  rays as 

37% and w a l l  absorption of 50%, t h e  r a t i o  of alpha rays t o  beta 

rays counted f o r  t h e  same col lec t ion  of ac t ive  mater ia l  becomes 

2.7 .  In ac tua l  pract ice ,  t h e  r a t i o  after correct ion for decay 

between the  separate countings tu rns  out t o  be between 2.5 and 

I I 2 0 0 0  I 
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2.6. Undoubtedly some of t h e  alpha pa r t i c l e s  are absorved i n  

the f i l t e r  paper. 

Re s u l t  s 

A summary of t h e  data taken appears i n  t h e  following tab le :  

Indicated Height of Curies of Fh Collection Efficiency 
Date Altitude Inversion per f t 3  x lou From Alpha Count 

1-27-49 2500 2800 3 00 12% 

2-1-49 2000 3000 2.8 28 

2-1-49 rco00 3000 1.8 28.8 

2-2-&9 2000 2500 . 3 01 * 30.4 

2-2-49 D O  2500 1.5 40 .1 

2-8-49 7000 3000 45 31.2 

Average 28.&% 

The r e s u l t s  shown are seen t o  have considerable variation. 

Probably the  greatest source of e r r o r  i s  i n  t h e  measurement of t he  

radon concentration of t he  air. 

such as concentration of t h e  radon by adsorption on charcoal; but 

this method f a i l e d  due t o  natural contamination of t h e  charcoal. 

Several other methods were t r i e d ,  

Larger samples, using polyethylene balloons, were t r i e d ;  i n  t h i s  

case, however, t he  adsorption of the  radon by t h e  balloon mater ia l  

was too la rge  and variable.  The f i rs t  determination l i s t e d  was by 

I 1 2 0 0 0 2  . 
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t h e  balloon method and is  seen to be the value fu r thes t  from the  

mean. The values of radon concentration, therefore, have a prob- 

able error of about e 10% 

I 1 2 0 0 0 3  
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PART I1 

A I R B m E  RADIOACTIVE CONTAMINATIOB: 
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I. Introduction : 

On 17 November 1948'flight operations were begun 

in the  O a k  Ridge area in order t o  make comparison tes t s  of air- 

borne detect ion instruments. These f l i g h t s  were without prece- 

dent, and there was no previous knowledge on which t o  e s t i aa t e  

t h e  s u c c ~ s s  with which airborne instruments might rzspond t o  

the  radioactive gases  released during rout ine manufacturing 

operations a t  an atomic plant.  Nevertheless, i n  planning for 

these first flights it was recognized t h a t  some meteorological 

assistance would be required f o r  successful scmpletion of t h e  

project .  For this reason, Lt. Robert Kane, a meteorologist, 

was assigned as co-pilot aboard t h e  project  a i r c ra f t .  Also, 

t h e  U.S. %ather Bureau representative with t h e  AEC A d m i n i -  

s t r a t i o n  at Oak Ridge, Epr. Joshua Holland, was informed of t he  

meteorological nature of t h e  project  and by means of an in- 

formal arrangement was asked t o  assist the project  p r s o n n e l  

whenever poss ib le .  As t h e  object  of t h e  first f l i g h t s  was 

simply t o  fly i n t o  the  radioactive gases emitted from stacks 

at X-10 in order t h a t  the responses o f  t h e  instrunents  might 

be noted, it was thought t h a t  t h e  neteorologiczl reciuireaents 

of t h e  project  were adequately taken care o f .  Later, as t h e  

project  progressed, the neteorologiczl program w;a consider- 

ably q 5 i f i e d  so t h a t  the re la t ionship  between meteorological 

f 1 2 0 0 0 5  
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conditions and the  concentration of radioact ive mater ia ls  

might be studied. 

the  project  i s  discussed below. 

The growth of the  meteorological phase of 

During these first flights only the cooling air 

from t h e  p i l e ,  e s sen t i a l ly  a l l  argon, was  avai lable  as a source 

of radioact ivi ty .  Because of t h e  shor t  half-life of the  radio- 

ac t ive  argon ( I L O  minutes) it was not e q e c t e d  t h a t  it would 

be detectable beyond a few miles. To actuate the  instrunents,  

f l i g h t s  were made w i t h i ?  s ight  of and d i r ec t ly  over t h e  stacks. 

The h s t r u n e n t  records obtained on t h e  four f l i g h t s  p r i o r  t o  

2 December 1948 merely showed e f f o r t s  t o  adjust  d i f fe ren t  com- 

ponents of t he  instruments and were of no permanent value. 

Actually, t h e  f i r s t  three f l i g h t s  were conducted j u s t  outside 

of t h e  Oak Ridge prohibited area because permission had not 

yet  been granted fo r  the a i r c r a f t  t o  f l y  over this controlled 

zone 

On 2 December, members 

v i s i t ed  the project  and were passengers aboard the  

pro jec t  airplane during a demonstration f l i g h t  over tke.X-10 

* area. This f l i g h t  showed t h a t  t h e  instruments being tes ted  

were responding successfully and t h a t  fu r the r  work with the 

instruments was jus t i f i ed .  M t e r  the  f l i g h t ,  an informal 



conference was held at which it was decided t h a t  a more extensive 

w e  should be made of meteorological techniques in f l i g h t  plann- 

ing  and t h a t  the  da ta  col lected during t h e  instrument t e s t s  be 

used f o r  fur ther ing  t h e  study of t he  diffusion processes i n  the 

atmosphere. This decision was in p a r t  influenced by consultat- 

i on  with Weather Bureau representat ive a t  Oak Ridge. 

The r e spons ib i l i t y  f o r  t h i s  project  

was assigned t o  t h e  U.S. Weather Bureau, and P a u l  Humphrey of 

t h e  Special  S c i e n t i f i c  Services Division of the  U.S. Weather 

Bureau was designated as a second meteorologist t o  the  project .  

Mr. Hurrrphrey was t o  report  t o  Oak Ridge p r i o r  t o  1 January 1949, 

t h e  date  when a dissolving operation was t en ta t ive ly  scheduled. 

I n  order t o  begin planning f o r  t h i s  operation, he reported on 

28 December; however, t h e  dissolving waa postponed u n t i l  11 

January 1949. 

Meteorological work associated wi th  th is  pro jec t  

may be divided f o r  t h e  purpose of discussion i n t o  three d i f f e ren t  

phases. The first  phase consisted of work done a t  Oak Ridge 

with respect t o  t h e  f l i sh ts  from 17 November through 31 December 

1948 when initial adjustments were being made on t h e  instruments. 
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The second phase began w i t h  the assignment of the  second 

meteorologist t o  t he  project  and w a s  concerned with t he  re- 

mainder of the f l i g h t s  a t  Oak Ridge. The t h i r d  phase was 

concerned with the  f l i g h t s  made at the  Hanford Works. In 

t h i s  repor t  each of these three  phases w i l l  be discussed 

separately. 

phase of operation w i l l  be mentioned b r i e f l y  when the  more 

intensive meteorological e f f o r t s  made at Oak Ridge and Hanford 

w i l l  be discussed in deta i l .  

as fol lous:  

The meteorological Gequirement s of the f i r s t  

The order of discussion lrill be 

F i r s t ,  t he  type of f l i g h t s  made and the meteoro- 

explanations will be followed by a nentioning of the l o c a l  

geogra7hic and meteorological. cha rac t e r i s t i c s  of t h e  regions 

which affected the  fughts, 

avai lable  a t  Oak Ridge and at  Hanford will then be described 

mith reference t o  f l i g h t  phnning and post f l i g h t  analysis, 

After the  f a c i l i t i e s  a r e  described, a discussion of some of 

t he  meteorological problems of ac tua l  f l i g h t s  d l  be given 

and t h e  mst successful f l i g h t s  w i l l  be described in de ta i l .  

Finally, conclusions and recommendations based on all of  t he  

meteorological work done w i l l  be presented, 

The meteorological f a c i l i t i e s  

I I 2 0 0 0 8  



11. Firs, Phase - Preliminary F l ights  over the  Oak Ridge, 

Tennessee, Area 

A. Meteoroloacal Requirements: 

1. For S a f e  Fliaht :  -- 
The first instrument comparison f l i g h t s  required 

merely sui table  ce i l i ng  and visibility mndit ions.  

necessaq  t h a t  t he  airplane f l y  easily and safely between the  

lowest clouds and t h e  tops of t he  U s  in the  Oak Ridge area 

and t h a t  t he  a i r  t o  ground v i s i b i l i t y  be good. 

accomplishment of t h e  f i r s t  far  f l i g h t s  ‘rras t h e  familiarizat-  

ion of the f l i g h t  personnel with the  appearance of t h e  opera- 

t i o n a l  area from t h e  air. 

huildings were not avai lable  so t h a t  it was necessazy t o  l e a n  

the  r e l a t i v e  pos i t ions  of important land marks by visua l  observa- 

t ion.  

t i o n  conditions. 

It was - 

An important * 

Maps ahoffing locat ions of plant 

Bll f l i g h t s  were in daylight f o r  optimum visua l  observa- 

2. For Successful I n s t r ~ r ~ s n t a t i o n :  - 
As t he  early tests progressed, it was found t h a t  

the  instruments themselves imposed addi t ional  meteorological . 

requirements. The air conductivity instrunent responds t o  l a r g e  

i I 2 0 0 0 9  
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amounts of moisture such as i s  found within clouds or i n  rain 

areas and gives erroneous readings when such regions of moisture 

are  traversed. Therefore, f l i g h t s  were not in ten t iona l ly  sched- 

uled which were likely t o  encounter such conditions. 

B. Meteorological Pbnninq: 

Just p r i o r  t o  take-off on the  f irst  f l i g h t s ,  

t he  US. Weather Bureau a i rpo r t  s t a t i o n  a t  McChee %son Field,  

Knoxville, was v i s i t ed ;  and from t he  l o c a l  weather, the’prob- 

able f ly ing  conditions f o r  approximately t h e  next t,hree hours 

were estimated. 

la tes t  upper wind sounding f o r  Knoxville w a s  copied and t h e  

Also from t h e  Weather Bureau Office, t he  

surface and upper wind char t s  were examined in order to estimate 

the  most probable di rec t ion  of air flow over t h e  X-10 =ea. It 

was assumed t h a t  the  cooling air f r o m t h e  p i l e  would behave 

s M a r  t o  smoke and would be affected 

conditions which would a f f ec t  smoke. 

would gradually mix with t h e  atmosphere and move with the  l o c a l  

the  same meteorological 

That is, t h e  cooling air 

air currents. 

U trapped below a w e l l  defined temperature inversion. 

fore,  t h e  first flights were planned so as t o  encounter t h e  

It also would be prevented from diffusing upward 

There- 

radioact ive gases just  dormwind from t h e  stack or t o  cross  t h e  

1 1 2 0 0 1 0  
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stack i n  a downwind o r  upwind direct ion.  Passes d i r ec t ly  

over t he  s tack muld be ce r t a in  t o  take the  airplane through 

the  radioactive gas; and if proper a l t i t u d e s  and f l i g h t  direct-  

ions were chosen, instrument re turns  could be e-ected f o r  a t  

l e a s t  several d e s .  

C. Actual F l igh t  Operation: 

The upper wind da ta  obtained a t  the  U.S. Neather 

Bureau a i rpo r t  s t a t i o n  gave some ind ica t ion  of how the  f l i g h t  

should be conducted, but soon it was discovered t h a t  the ob- 

semat ions  made at  t h e  a i rpo r t  were not reliable indicat ions 

of t h e  l o c a l  conditions at  X-10. The behavior of ordinary 

coal smoke from a power plant  within t h e  X-10 area was one of  

t h e  bes t  indicat ions of t h e  atmospheric conditions a f fec t ing  

the  radioactive gases. Other sources of ordinary smoke i n  the  

O a k  Hidge area were a lso  useful. 

of the smoke was obsemed upon a r r i v a l  over X-10 and the  most 

probable locat ion of t he  radioactive gases were thereby est iaated.  

The use of ordinary smoke from nearby s tacks as a guide is not  

In  early f l i g h t s ,  the  behavior 

recommended since it i s  possible for  t h e  snoke and the radio- 

ac t ive  gases t o  travel i n  e n t i r e l y  d i f f e ren t  direct ions and a t  

d i f fe ren t  a l t i tudes .  

differences in location, heights of stack, upward ve loc i t i e s  

Differences i n  behavior are caused by 

I 1 2 0 0 1  I 
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. at the  tops of t h e  stack, i n i t i a l  temperatures a f t e r  emission, 

e tc .  

based on meteorological obsemations outside of t h e  area. 

However, t he  use of  smoke was more reliable than estimates 

D. Results: 

Although considerable useful work was  done on 

the  instruments, detect ion was not accomplished during t h e  

first phase of the  pro jec t  beyond a few miles. 'his was because 

of t h e  short  half-life of t he  radioact ive argon and t h e  d i f f icu l -  

t i l e s  encountered in di rec t ing  t h e  a i r c r a f t  from the  data  avail- 

able. 

E. Analysis and Docmzr,tation: 

Since the  instruments were being constantly 

adjusted, no records were obtained which could be su f f i c i en t ly  

correlated with local meteorological t o  be of permanent value. 

No e f fo r t  has been made t o  docriment-this phase of t h e  pro jec t  

beyond what has been given here. 

I 1 2 0 0 1 2  
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III. Second Phase, Major Effor t  a t  Oak Ridge 

A. TYP es of Fl ights  Made: 

Four d i f fe ren t  types of f l i g h t s  f o r  s c i e n t i f i c  

purposes were made by the  pro jec t  a i r c ra f t .  

these f l i g h t s  were as follows: (1) Instrument adjustment and 

comparison using the  cooling gases of t he  p i l e  as a radioactive 

source. (2) Radioactive p a r t i c l e  detection over t he  plant 

area by means of f i l t e r s .  (3 )  Determination of the eff ic iency 

The purposes of 

of f i l t e r s  by the  co l l ec t in s  of na tura l  radon. ( 4 )  Detection 

at  a -um distance of the  radioactive gases f rom a dissolv- 

ing operation. 

1. Instrunent Adjustmnt & Comparison: 

If t h e  purpose of t h e  f l i g h t  was t h e  f i r s t  given 

above, t h a t  is, if the  object of such a f l i g h t  was merely t o  

expose t he  instrumnts t o  an airborne radioactive source, o n l y  

a moderate meteorological e f f o r t  was made. 

attempts were made t o  t rack  t h e  radioactive argon downwind, 

Although some 

detect ion at  a distance greater  than f i v e  o r  t e n  miles was-not 

expected from t h i s  type of  f L g h t .  Since t h e  a i r c r a f t  w a s  

usually within s ight  of t he  plant  stacks,  good f ly ing  weather 

(without prec ip i ta t ion)  and a generzl  knowledge of the  winds 

were prac t i ca l ly  t h e  only meteorological requirements. 

1 1 2 0 0 1 3  
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2. P a r t i c l e  Detection: 

If t h e  p u p o s e  of t h e  f l i g h t  was t he  second 

given above, t h a t  i s ,  i f  t he  object of t h e  f l i g h t  was t o  co l lec t  

any microscopic p a r t i c l e s  which might be present over the  p lan t  

as a result of the dissolving and evaporEtion operation, the  

meteorological requirements were even less than before. 

a general  knowledge of t h e  l o c a l  rrinds waa not important. 

aircraft  merely flew t o  t h e  p lan t  area and made very short  

passes at the lowest p r a c t i c a l  a l t i t u d e  over or very near t h e  

stacks. 

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

r idges regardless of t h e  wind direction. 

Even 

The 

Since this l o w  level  flying could be bes t  conducted 

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

If t h e  purpose of t h e  f l i g h t  was t h e  t h i r d  given 

above, t h a t  is, t h e  determination of t h e  e f f ic iency  of f i l t e r s  

by the  co l lec t ion  of natural  radon, t he re  also were fen meteoro- 

l og ica l  requirements. 

matter over what area t h e  radon was col lected providing the  

area was upwind or w e l l  t o  cne s ide  of Oak Ridge, t he  on ly  

metexologica l  r e q u r i a e n t  was t h a t  the  general  wind d i rec t ion  

Since i n  t h i s  type of f l i g h t  it did not  

I 1 2 0 0 1 4  
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. be known and t h a t  averaqe or b e t t e r  f l y ing  weather, without 

precipi ta t ion,  prevail .  An e f f o r t  w a s  made t o  cor re la te  the 

amount of radon with the  air mass present, t he  prevai l ing wicd, 

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

f o r  any conclusion t o  be reached. The f i l t e r  eff ic iency flights 

were important from t h e  s t a d p o i n t  t h a t  they gave be t t e r  under- 

standing of the  readmgs of t he  other instruments, but these 

flights did not contribute d i r ec t ly  t o  the  problem of atomic 

plant  detection. As no pa r t i cu la r  f l i g h t  pa t te rn  wa3 required, 

it uas not necessary tha t  a meteorologist be aboard the air- 

c r a f t  

. 
- 

4. Detection: 

By fa r  the  most important type of f l i g h t  from a 

meteorological standpoint was t h e  type of f l i g h t  which had a3 

its purpose t h e  fourth, and last given above. 

type of f l igh t  which was flown f o r  the  detect ion a t  t he  grea tes t  

possible  distance t h e  gases from the  dissolving operation. 

That is, t h e  

Be- 

fo re  experience was gained it was not known how f a r  the  instru-  

ments would detect  t h e  radioactive gases. 

f o r  not believing tha t  detect ion operations might be car r ied  

There w a s  no reason 

on t o  50 o r  100 miles, or even fur ther ,  f rom the  source. There- 

I 1 2 0 0 1 5  



-99- 

- .  ORNL 

fore, initial planning for a meteorological program it was 

necessary t o  consider the  p o s s i b i l i t i e s  of both short  f l i g h t s  

w i t h i n  a f e w  miles of t he  source and long f l i g h t s  out t o  a 

distance of several  hundred miles. Actually, f l i g h t s  were 

never extended beyond t h i r t y  miles from the  plant  s i t e ,  but 

meteorological e f for t  provided f o r  longer f l i g h t s  if they 

became possible. 

report  i s  concerned with e f f o r t s  made as par t  of the long 

range detect ion operation. 

t h e  dissolving gases all of t he  meteorological considerations 

of atomic p lan t  detection as they per ta in  t o  O a k  Ridge w i l l  

be covered in t h e  p a r t s  of t h e  report  which follow. 

The grea tes t  pa r t  of  this meteorological 

I n  describing the  detection of 

B. Geographic Features of  Area 

1. Airport 

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

be based was McGhee Tyson Field,  Knoxville, which was approxi- 

mately 18 miles east-southeast of t h e  p lan t  area. 

of t h e  a i rpo r t  r e l a t ive  t o  the  X-10 area was important from a 

meteorological s tavipoint  as t h e  wcather obsa-vations ahd fore- 

casts made at tho a i r p a r t  had t o  be applied t o  t h e  X-10 area. 

Also, i t  was necessaqy t o  consider flying weather at  t h e  air- 

m e  locat ion 



por t  and on t h e  route between the  a i rpo r t  and Oak Ridge. 

ordinary meteorological problems t h e  differences between 

weather conditions at two poin ts  only 18 miles apart  a r e  not 

given much consideration; however, on t h i s  project  the d i f f e r -  

ences i n  the  conditions a t  t h e  a i rpo r t  and at  X-10 were very 

s i g n i f i c - i t .  On aornbgs h e n  ground fog occurred, it was 

found t h a t  fog might be present a t  t he  a i rpo r t  but not at X-10, 

and v i c e  versa. Also, on one flight it was necessary t o  re turn  

In 

t o  t h e  a i rpo r t  because of a l i g h t  dr izz le  from low clouds over 

Oak Ridge. This wa- surpriskg as there was no indicat ion a t .  

the a i rpo r t  t h a t  this dr izz le  should be expected. 

p i t a t i o n  had occurred recent ly  a t  t h e  a i rpo r t  or did occur 

No preci- 

t h a t  day. Of greatest  importance, however, were t he  differen- 

ces i n  wind di rec t ions  and ve loc i t i e s  

above the  surface. For example, data  

a t  approximately the  same time on t h e  

up t o  about 2000 f e e t  

from two soun-3 made 

morning of ll January 

at  the  Knoxville a i rpo r t  and at  X-10 showed t h a t  over X-10 t h e  

winds at t h e  2000 f e e t  level were l igh t ,  but de f in i t e ly  easter-  

1s; whereas the  wind at t h e  same a l t i t u d e  over t h e  airport was 

northwesterly about 4 knots. 

observation was avai lable  from t h e  X-10 area, observations of 

t h e  same t3pe f m a  t h e  a i v o r t  were almost entire17 disregarded. 

Whenever a cer ta in  type of. weather 

1 1 2 0 0 1 1  
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2. b e r a t i o d  Area in General 

Oak Ridge i s  s i tua t ed  j u s t  t o  the west o f  the  

center line running northeast-southwest through the f o r t y  

mile uide val ley which exists between the  Cumberland and the  

Smoky Mountains. 

t h e  va l ley  and the  a i rpo r t  i s  t o  the east  of the center l i n e  

about half way between the c i t y  of Knoxville and the lower 

The c i t y  of Knoxville i s  near the  center of 

mountain r idges of the  Smokies. I n  the center of the  valley, 

around Knoxville, and from the  a i r p o r t  t o  near Oak Ridge, the  

land is r o l l i n g  and without de f in i t e  fora. 

h i l l s  art about PO00 f e e t  mean sea level (M.S.L.) and the  

bottoms of t h e  valleys are  about 700 or 800 f ee t .  On the 

eastern aide of t h e  big valley between the Cumberlands and 

the  Smokies, in t h e  region where t he  f l i g h t  operations of 

th i s  projec t  were conducted, the hills take t h e  form of a 

series of r idges which in some respects  may be considered t o  

be the foothills of t h e  Cumberlands, These ridgas m e  parallel  

t o  a remarkable degree, and some of them extend for t e n  miles 

or more uithout  a break. 

by a river or 'smal l  stream which has cut through what would 

otherwise have been a continuous ridge. The valleys between 

the r idges a r e  long troughs i n  which under s tab le  conditions 

! h e  tops of the 

When breaks do occur, they are caused 
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t h e  air flow from one va l ley  t o  another i s  likely t o  take 

place only where the  r idges have been cut through. The f ac t  

that t h e  r idges which extend t h e  Oak Ridge area mre crossed 

at nearly a r i g h t  angle by t h e  Clinch River at  both the  north 

and south boundries of t h e  prohibited zone was an important 

consideration h e n  conducting f l i g h t s  f o r  this project.  

valley of t h e  Clinch River formed a passage way through t h e  

ridges approximately ten miles northeast of t he  X-10 s tacks 

and amthe r  passage about f i v e  miles t o  the  southwest. 

' h e  

Another 

passagway, except t h a t  it was broader, was afforded by the  . 
Tennessee River approxjaately eleven m i l e s  southwest. 

3. X-10 Area: 

X-10, including t h e  p i l e  and t h e  two stacks 

emitt ing the  radioactive gases, i s  located in one of the long 

valleys between a p a i r  of p a r a l l e l  ridges such as are  describ- 

ed above. This valley is  named Bethel Valley. From ridge t o p  

t o  ridge top, it i s  about a mile wide. 

floor af the val ley  is 774 f ee t .  

on a suet rise a t  860 f e e t ;  and since the  s tacks are exactly 

200 feet high, t h e i r  tops are at  1060 fee t .  

A t  t h e  plant  s i t e  t h e  

The bases o f  t he  stacks are 

All elevations 

are  f e e t  above mean sea level. The higher elevations of the 

r idges on each s ide of the  val ley range f r o c  about U O O  f e e t  
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t o  about 1300 f e e t .  

just  bclon the  tops of the  ridges. Under ordinary conditions, 

the  smoke or  gases which come out of  t h e  s tacks rise an addit- 

i ona l  one or two hundred f e e t  t o  j u s t  about t h e  highest eleva- 

t i ons  of t h e  ridges. 

va l ley  i s  broken j u s t  opposite the plant  s i t e .  

has been cut through by a smal l  stream named White Oak Creek. 

This break i n  t h e  ridge affords  a convenient ou t l e t  for air 

f ro& X-10 t o  drain out of Bethel Valley. 

This means t h a t  tops of t he  s tacks a r e  

The ridge on the eastern side of the 

Here t he  ridge 

C. Meteoroloacal  Character is t ics  of ReRion DurinR the Time 

Fl ights  Were Conducted 

It was not possible during this project  t o  do 

much more than begin a study of the meteorological characterc 

i s t i c s  of t h e  Oak Ridge area. 

air conditions i s  avai lable  f o r  the  loca l i ty .  

data  f o r  Oak Ridge i s  available,  but since meteorological 

conditions above the surface were of primary importance in 

this pro jec t  almost no work was done with the  surface observa- 

t i o n a l  data. 

can be correlated with daily meteorological char t s  so t h a t  

forecas ts  of upper winds or temperature lapse r a t e s  could be 

made sa t i s f ac to r i ly .  

No previous history of upper 

Some surface 

There are  no records of l o c a l  conditions which 

The U.S. Weather Bureau observational 

I 1 2 0 0 2 0  



-104- 

program a t  Oak Ridge i s  i n  i t s  ea r ly  s tages  and no s e r i e s  of 

observational records su i t ab le  f o r  analysis  has yet been ob- 

tained. 

h i s t o r i c a l  data had been avai lable  whereby forecas ts  of the 

winds and the  temperature lapse rates could have been made 

f o r  the periods t h a t  flights were conducted. 

l o g i c a l  information a s  was learned with regard t o  the . s ign i f i -  

cant cha rac t e r i s t i c s  of the l o c a l  a rea  were learned primarily 

by personal obsemation during t h e  course of t h e  project.  

ever, only a l imi ted  number of  meteorological s i tua t ions  were 

experienced. F l igh t s  were usual ly  in the middle of the  morn- 

ing mhen f l m g  conditions were favorable. 

was gained with meteorological conditions i n  the  l a t e  af ter-  

noon or at  night, or with conditions associated w i t h  adverse 

f l p n g  weather . 

It would have aided this project  considerably if 

Such meteoro- 

Hdw- 

No experience 

Probably the  most important meteorological charac- 

t e r i s t i c  obsened  i s  t h a t  there  is a tendency f o r  winds t o  blow 

p a r a l l e l  t o  t h e  ridges. 

Mountains on each side of the valley i n  which Knoxville and 

Oak Ridge are  located, winds e i t h e r  f r o m t h e  southwest or  the  

northeast  are  t h e  most frequent. Winds from these d i rec t ions  

Because of the Cumberland and Smoky 
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a r e  also of higher velocity.  This channeling e f f ec t  of the  

r idges  on the wind i s  even more pronounced in the  smaller 

val leys  such as Bethel Valley. Frequently at night, conditions 

are very s t ab le  and nearly calm conditions p reva i l  below t h e  

ridge tops. 

and t h e  s ides  of t h e  ridges and a layer of cooler air is  pro- 

duced which flows down the  s ides  of t he  hills and i n t o  t h e  

Surface heat i s  radiated from t h e  va l ley  floor 

valley. This produces a strong tunperature inversion and a 

l i g h t  wind parallel t o  t h e  r idges as the  air flows down the  

val ley seeking the  lowest elevation. If there  i s  a break in 

the ridge where a stream or r i v e r  has cut through, there  i s  

a tendency for t ho  air t o  flow through t h i s  break. By the  

middle of the morning, when surface heating from the  sun b o  

comes af fec t ive ,  ccnvective processes begin; and the tempera- 

ture inversion i s  e l in ina ted  along with a l l  of t h e  features 

of s t a b l e  conditions. 

On t he  morning of ll January such a stable.con- 

dition occurred. 

the  top of t he  surface inversion; whereas v e q  light winds, 

either calm or p a r a l l e l  t o  t he  r idges prevailed underneath. 

On t h a t  date, westerly winds prevailed above 
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The ordinary smkes ia the  Oak Ridge area,  as well as t h e  

maximum concentration of radioact ive gases from t h e  dissolv- 

ing processes, were contained at j u s t  about t h e  inversion 

level, or below, as long as the  inversion was effect ive;  and 

the  general flow was down Bethel Valley toward the  southwest. 

Toward d d  morning, after heating had e-ated the inversion, 

convective processes began; and the  westerly winds which had 

previously been above the  inversion quickly worked down into 

the valleys. Vithin a f e w  mirmtes, t he  gases and smokes . 
which had been concentrated below the  inversion were mixed 

with the  upper a d s  and rapid d i lu t ion  of the radioactive 

gases is l ikely t o  have occurred. 

'he effects of temperature inversions were studied 

by watching t h e  behavior of ordinary smokes whenever an op?or- 

tuni ty  presented i t se l f .  

smoke such as a coal burning power plant would produce a layer 

of smoke which would extend f o r  f i v e  miles or more. Such smoke 

was almost always concentrated j u s t  above the  ridge tops until  

it was dispersed as the  inversion was eliminated. 

radioactive gases were invis ible ,  i t  w a s  assumed t h a t  t h e i r  

behavior would be comparable t o  the smoke. 

On some mornings a good source of 

Although the  

Therefore, f l i g h t s  
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rrfiich were t o  r eg i s t e r  maJdmum a c t i v i t y  were conducted in 

t he  morning while t h e  surface izlversion was  effect ive;  and 

t h e  f l i g h t  a l t i t ude  selected was as lolr as as the tops 'of the  

ridges permitted. 

D. MeteoroloRical F a c i l i t i e s  Available 

The meteorological f a c i l i t i e s  available f o r  

f l i g h t  operations over Oak Ridge  were those at McGhee Tgson 

Field, Knoxville, and those maintained at  Oak Ridge and 

avai lable  through t h e  U.S. Weather Bureau representative with . 
t he  A.E.C. administrators. Also use, of course, were t h e  

meteorological observational faci l i t ies  of the project  air- 

c r a f t  i tself .  

The U.S. Weather Bureau &port s t a t i o n  has 

complete observing and forecast ing fac i l i t i es ,  with t h e  ex- 

ception t h a t  no radiosonde obsemations are made. 

radiosonde observations available were those at  Nashville, 

Tennessee; Atlanta, Georgia; and Greensboro, North Carolina. 

It was found t h a t  these soundings were made too far  away t o  

The nearest  

be representative of t h e  layer of air from the surface up t o  

about 5,000 f e e t  over t h e  operat ional  area;  and t h a t  for this 
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project  t he re  rras l i t t l e  use f o r  t he  remainder n f  t h e  sound- 

ings. 

times dai ly ,  when weather permits. 

Upper wind soundings are made a t  the a i r p o r t  four 

The l a t e s t  upper wind 

sounding was consulted before f l i g h t  t h e ;  and on a t  l e a s t  

one f l i g h t ,  up t o  date upper wind da ta  from t h e  a i rpo r t  was 

radioed t o  t h e  a i r p b n e  while it was over Oak Ridge. 

for landing or t a k e o f f  conditidns, surface observations made 

Zxcept 

at  the  a i rpo r t  were almost of no importance as fa r  as these 

f l i g h t s  were concerned. 

During t h e  time t h e  f l i g h t  operations af t h i s  

project  were being conducted over Oak Ridge, The U.S. Weather 

Bureau observational program f o r  studylng t h e  l o c a l  meieoro- 

l o g i c a l  conditions associated with the discharge of radioact ive 

gases from t h e  stacks at  X-10 was just  beginning. Even though 

all of the Weather Bureau observation s t a t ions  had not been 

i n s t a l l ed ,  the Weather Bureau observers were able t o  furnish 

surface observations, upper h d  s o u d h g s ,  and low level 

temperature soundings f o r  t h e  91-10 area. The Weather Bureau 

obsemation s t a t i o n  i s  located i n  Bethel Valley, within a 

half-mile of the stacks. Special  observations were made a t  

t h i s  s t a t i o n  t o  bes t  serve the  requirements of t h e  flights. 

Before each f l i g h t  a telephone c a l l  w a s  made from the  air- 
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port in order t o  obtain t h e  l o c a l  conditions i n  Bethel V a l l e y ,  

The Weather Bureau observer on duty reported the sky conditions, 

t h e  surface wind ,  t h e  Satest upper wind sounding, the al t imeter  

se t t ing ,  and any other  meteorological infornat ion rrorthy of 

note, Also, this observer reported on the behavior of the  

smoke coming out of t h e  stack of t h e  power house. 

If another upper wind sounding vras obtained a t  

X-10 a f t e r  t he  a i r c r a f t  had l e f t  the  a i rpo r t ,  t he  sounding 

was telephoned t o  the  a i rpor t  weather o f f i ce  and then relayed 

v i a  C.A.A. communications t o  t h e  a i r c r a f t  i n  f l i g h t .  

On two f l i g h t s  the  Weather Bureau observers 

were able t o  furn ish  a temperature sounding up t o  600 f ee t ,  

100 f e e t  below the f l i g h t  level. 

in making these soundings. 

A captive blimp was used 

The b h n p  car r ied  a resistance 

,thermometer, and as it was raised and lowered on a cable the 

temperature was recorded at  t h e  surface. 

A t  X-10, the  Oak Ridge National Laboratory also 

meking meteorological observations on a rout ine basis 

during the  period that f l i g h t s  were being made. 

an memameter and wind vane on top  of a water tower a t  the  

p l a t  s i t e .  These instruments are  at an elevat ion of 1327 

They maintain 
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f e e t  M.S.E. Also on the t o m r  are f o u r  res i s tance  thermometers 

known as wthermohmsw which are  connected t o  a continuous re- 

corder. These are at 33, 83, 133, and 183 f e e t ,  The wind data  

from the top  of t h e  water tower was uscl'ul for t h i s  project  as 

it is a good indicat ion of t he  i n i t i a l  behavior of  t h e  stack 

gases; but t h e  thermohm data was not of pa r t i cu la r  value as 

the  top  of t h e  inversions i n  Bethel Valley were always found 

t o  be above the  highest  thermohn. 

Within t he  Oak Ridge area there  were tm other 

locat ions a t  which surface wind observations were made. One 

of these was within t h e  town site and the  other was at  t h e  

gaseous diffusion p lan t  (K-25). Vind data  from these sites 

is avai lable  through the Weather Bureau Office i n  the  A.E.C. 

administration bui ld ing  

If fu tu re  work of this nature i s  conducted at 

Oak Ridge, much more meteorological observational data will 

be available. 

being established around the  X-ID area and other efforts are  

be- made by the  Xeather Bureau unit Oak Ridge in order t o  

b e t t e r  understand the  behavior of the air in Bethel Valley, 

A network of wind recording instruments i s  

t 1 2 0 0 2 1  



A very important meteorological observztional 

too l  available f o r  this project was the project airplane it- 

self. 

Also, the airplane had a psychrometer aboard with which tempera- 

ture and humidity measurements could be obtained. 

psychrometer obsemations were the best method available for 

determining the characteristics of inversions. 

A s  a platform f o r  visual observations i t  was unexcelled. 

The a i r c r a f t  

For f l i g h t  forecasts the airways forecaster a t  

the airport was consulted and a verbal forecast was obtained. 

No attempt was made t o  develop or make use of forecast f a c i l i t i e s  

beyond those noraally available at the airport. 

. 
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PROBLiWS OF ACTUAL FLIGHT OPERATIONS 

1. Flight  Plan Could Not Ee Completed Prior  t o  Take-Off 

It was not  f eas ib l e  t o  prepare a f ixed f l i g h t  plan 

before an operation and t o  execute such a plan without change. 
, 

When it desired t h a t  t h e  purpose of t he  f l i g h t  should be the  

t rac ing  of the  rad ioac t iv i ty  as fa r  as possible,  on ly  a very 

general  f l ight  plan was avai lable  a t  t he  time of takeoff.- 

Even under optimum conditions it was not known how long t he  

f l i g h t  would last, t he  a l t i t u d e s  t o  be flown, or t h e  t rack 

which would be covered. Befo re  t h e  f l i gh t ,  the  facts t h a t  

were assumed t o  be t r u e  were usually whether o r  not air  flow 

uas up or d u m  Bethel Valley and whether or not an inversion 

near t h e  tops of t h e  ridges could be expected. 

necessary t o  procede t o  Bethel Valley t o  confirm these 

assumptions by v isua l  observation of smoke and by psychrometer 

measurements. 

required drying out. 

age of air through t h e  tube as t h e  ai rplane proceeded f rom the  

a i rpo r t  t o  t h e  operational. area. 

t es t s  were begun by passes up and down the val ley t o  determine 

t h e  extent of the ac t iv i ty .  

instrument did not completely dry out until one or more passes 

ha beady  been made. Meanwhile, readings had been obtained 

. - .-c 

It was then 

ATter take-off t he  air conductivity tube usually 

This drying was accomplished by t he  ?ass- 

I n  h s t  every case the  

Solnetimes the  air conductivity 
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from the  other instruments. However, ac tua l  instrument com- 

parison tests began when all of t h e  instruments were working 

sa t i s fac tor i ly .  If  any of the  instruments needed adjustment, 

a number of passes through the stack gasses or random f l igh t  

i n  an area c lear  of rad ioac t iv i ty  might be required. 

meant t h a t  the  f i r s t  run might begin e i t h e r  up or down the  

Delay 

val ley  or might determine a l t i t ude  of the  f i rs t  pass. Even 

though there  might be an inversion present, t h e  a l t i t ude  of 

high ac t iv i ty  r e l a t ive  t o  the height of t he  top of the inver- 

s ion  was not known. Some of t h e  f i r s t  passes were near t h e  

d t i t u d e  where t h e  top  of t he  a c t i v i t y  was thought t o  exist, 

whereas on other f l i g h t s  t h e  first passes were made as low as 

safety considerations permitted. Depending on t h e  instrument 

return received, t he  f l i g h t  a l t i t ude  was a l te red  30 as t o  

determine t h e  extent of t h e  a c t i v i t y  i n  v e r t i c a l  cross section, 

or t h e  f l i g h t  path would be sh i f ted  t o  one s i d e  of t he  va l ley  

o r  t h e  other. If passes up and down the  val ley produced suffi- 

c ien t  success a s e r i e s  of passes at  r igh t  angles t o  t h e  val ley 

were performed a t  several  a l t i tudes .  The overa l l  f l i g h t  

pa t te rn  was determined by t h e  in te rpre ta t ion  of instrument 

responses, with considerations of meteorological conditions 

and f l i g h t  safety.  The meteorologist very frequently relayed 
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information between t h e  personnel attending t h e  instruments 

and t h e  p i lo t s .  During each pass it was necessary t o  decide 

how far t h e  pass should be continued and how t h e  next pass 

should be flown. It w a s  n e c e s s q  t o  make quick recommendations 

and t o  decide with a minirmUn of consultation how each succeed- 

i n g  par t  of a f l i g h t  should be conducted. On t h e  ground, a f t e r  

some flights, it was not d i f f i c u l t  t o  see how improvement could 

have been made i n  t h e  f l igh t  plan if i r f l i g h t  planning had been 

based on information which was available but which could not  

be assimulated i n t h e  air because of insuf f ic ien t  time. 
. .  

2. F U & t  Pa t te rns  Were Limited by Terrain: 

A major problem was t h e  f a c t  t h a t  t he  types of 

pa t te rns  which were possible  were determined by the  terrain. 

F l igh ts  a t  a low enough level t o  pick up maximum of a c t i v i t y  

could only be conducted p a r a l l e l  t o  t he  ridges or across t h e  

ridges &ere they  were broken by a r i v e r  o r  a small stream, 

'she Tennessee and Clinch Rivers afforded two passage ways t o  

t he  south but o n l y  one good passage way was t o  t h e  north where 

t h e  Clinch River determined t h e  north boundary of t h e  Oak Ridge 

prohibited area. 

became considarably higher than near O a k  Ridge, and t h e  valleys 

To the  north of t h a t  boundary the  ridges 
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were not as e a s i l y  defined. 

maintain an a l t i t u d e  a p p r o a a t e l y  a t  the r idge tops north- 

ward of t h e  Oak Ridge area, 

It was not considered safe  t o  

3. Fl ight  Pa t te rns  Were Limited by PoPulated Areas: 

Another consideration which l imited the type of 

f l i g h t  pa t te rn  which could be flown was t h a t  i t  was not 

considered advisable t o  conduct low l e v e l  f l i g h t  over the 

c i t y  of Oak Ridge, o r  other  sbilaru populated areas. If 

it appeared t h a t  a pa r t i cu la r  f l i g h t  path was going t o  car ry  

t he  ai rplane over a populated area,  it was necessary t o  

e i t h e r  increase the  a l t i t u d e  o r  t o  take  up a new heading. 

On at l e a s t  one f l i g h t ,  when i t  became evident t h a t  a par t i -  

cular track was going t o  take t h e  a i rp lane  across t h e  c i t y  

of Oak Ridge at a low altitude, t he  pas8 wag h t e m p t e d ;  and 

no satisfactory subs t i t u t e  t rack  could be determined while 

airborne , 

4. M f f i c u l t i a s  Associated With the Recordiru of t h e  

b c a t i o n  of t h e  Airplane: 

I n  t h i s  type of operation it i s  desirable t h a t  t he  

pos i t ion  of t he  airplane be recorded a t  all times. ‘It was 

thought t h a t  a map could be used i n  the air on which t he  t rack  
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of t h e  airplane could be traced. 

pract icable  because of t h e  speed of t h e  a i rcraf t  and the 

diff icul ty  of recognizing landmarks which could be spotted 

This was found t o  be im- 

on a map. A map which i s  su f f i c i en t ly  de ta i led  so as t o  

have t h e  n e c e s s q  landmarks i s  too la rge  t o  be conveniently 

used in t he  airplane.  ALSO, such a procedure requires  the  

constant a t ten t ion  of t h e  person doing t he  tracing. If the  

t rac ing  is interrupted for o d y  a short  time, it is d i f f i c u l t  

t o  re loca te  t h e  posi t ion of the  airplane. Another difficulty 

i n  t r ac ing  the pos i t ion  of t h e  airplane on a map is t h a t  an - 
airplane of t h i s  type does not have a suitable loca t ion  for 

an observer. The pos i t ion  of t he  airplane could only approxi- 

mately be determined by looking out of t he  side windows o r  

out of the  windows i n  t h e  p i l o t ' s  compartment. The ac tua l  

method of locat ing the  airplane was t o  f l y  a cornpass heading 

with respect t o  some landmark. This landmark, o r  fix, was 

usual ly  t h e  plant stack i t s e l f .  A constant a l t i t ude ,  mean 

sea leve l ,  was  f l m n ,  and t h e  airspeed was kept at  150 miles 

per  hour. 

corded t o  within 10 seconds. 

be a record of the landmark a t  t h e  beginning and end of  a pass, 

but usually there  was no landnark which could be designated 

e i t h e r  on a map o r  in t he  f l i g h t  log. 

?he time t h a t  t h e  airplane crossed a f i x  was re- 

It was very des i rab le  t h a t  there  
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. ?. Description of Typical F l igh t  at Oak Ridge 

Perhaps the  best method of i l l u s t r a t i n g  the  techniques 

used i n  t h i s  project  i s  t o  describe the most s i g n i f i c v l t  f l i g h t .  

The f l i g h t  of ll January has been chosen f o r  detai led discussion 

here because it i s  representat ive of all others in procedure. 

Also, it was  on this f l i g h t  t h a t  a c t i v i t y  was detected at  the 

grea tes t  distance from the  stacks. 

On ll January t h e  dissolving process commenced at OJ+W 

zhe a c t i v i t y  u i t h  the maainum a c t i v i t y  occurring at  0500 E. 

was one-half of a m l l m  a t  0600 E, one-fourth' of maximum a t  

WOO E, and t h e  a c t i v i t y  continued to decrease until it reached 

zero a t  about 1800E. 

Plans f o r  the  f l i g h t  were made on the previous dw. 

st rong surface inversion approrcimately 500 f e e t  deep was ant i -  

A 

cipated t o  hold t h e  radioact ive gases i n  a s t r a t i f i e d  form some- 

where between s tack  height of 1060 f e e t  mean sea l e v e l  (M.S.L.) 

and l.600 feet  M.S.L. 

initial f l i g h t s  a t  0400 E between these a l t i t u d e  levels .  

'Therefore, it was planned t o  make t h e  

Very 

l i g h t  winds from a northeaster ly  d i rec t ion  p a r a l l e l  t o  t he  t e r r a i n  

r idges  were expected. 

gaseous cloud below t h e  inversion, plans cal led for a few t raverses  

After completion of an examination of t he  
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above the  inversion t o  determine, if possible,  how much a c t i v i t y  

penetrated it. Following this, runs were planned perpendicular 

t o  the gaseous flow a t  increasing dis tances  from t h e  source until 

a distance was reached at  which no fu r the r  response could be re- 

ceived. 

After t h i s ,  it was planned t o  re turn t o  the  a i r p o r t  and 

After about th ree  hours on the land a t  approximately 0530 E. 

ground another f l i g h t  would be effected in which t h e  above pro-  

cedure would be repaated. 

the  radioact ive gases t o  be carr ied some distance downwind h e r e  

The t h ree  hour i n t e r v a l  would permit 

an opportunity t o  aeaaura limit of detect ion would be affordad. 

Veather Bureau personnel a t  X-10 were t o  a id  the e f f o r t  by 

making in addi t ion t o  p i l o t  balloon soundings, a de ta i led  tampera- 

t u r e  sounding up t o  1350 f e e t  Y.S.L. by use of a captive blrmp. 

This information was t o  be telephoned t o  the  Knaxville a i rpo r t ;  

and if the pro jec t  meteorologists were not t he re  t o  receive it, 

t h e  data uaa t o  be radioed t o  t h e  airplane i n  f l i g h t .  

All projec t  personnel were a t  the Knoxville a i rpo r t  pre- 

pared for take-off at 0330 E. Unfortunately, adverse v i s i b i l i t y  

conditions caused by th ick  ground fog, delayed t a k e o f f  u n t i l  

1OL2 E. Thus t h e  f l i g h t  w a s  begun a t  a time when a c t i v i t y  from 
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t he  stack had decreased t o  l e s s  than  one-fourth cf m&,un. 

This delay i n  t a k e o f f  cancelled a l l  plans f o r t h e  f irst  phase 

of t h i s  operation. However, t he  delay did a l l o w  time f o r  t h e  

gases of majdmum a c t i v i t y  t o  d r i f t  downwind h e r e  the  second 

phase of t h e  operation could be carr ied on. 

A surface inversion whose top  was at 1700 f e e t  bf.3.L. at 

take-off pers i s ted  throughout the  f l ight  although it lifted t o  

2000 f e e t  M.S.L. and became very weak by the end of the period. 

The fog t h a t  delayed t a k e o f f  was s t i l l  scat tered i n  patches 

over  t he  Oak Ridge area early i n  the  f l i g h t  w i t h  tops at 1700 

f e e t  M.S.L., but it w a s  en t i r e ly  diss ipated by U O O  E;. During 

the  remainder of the  f l i g h t  the  sky w a s  clear.  

northeast  and p a r a l l e l  t o  t h e  ranges of  hills below the  inve r sbn ,  

Winds were from the  

but the  nrind was nearly calm just  above t h e  inversion. 

I n  t h e  descr ipt ion of this one typ ica l  f l i g h t ,  copies of 

appropriate sect ions of the  air conductivity instrument record 

w i l l  be shown and discussed. This instrument a s  chosen f o r  t h i s  

sect ion of t h e  report  primarily because of i t s  nearly instantaneous 

response. Comparison of t he  other instruments with t he  air  conducti- 

v i t y  instrument i s  -hade in another pa r t  o? %he report .  
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In all cases t h e  records run chronologically from r i g h t  
. 

t o  left. On each record (1) t he  d i rec t ion  of f l i g h t  r e l a t i v e  t o  

the  wind, (2) t i n e  over the  stack, and (3) f l i g h t  a l t i t ude  above 

M.S.L. a re  denoted. I n  a few cases it w i l l  be noted tha t  t he  

instrument response drops suddenly t o  zero and then short ly  a f te r -  

ward resumes as before. 

de l ibera te ly  for timing purposes and have no f u r t h e r  significance. .  

These changes in t he  record were made 

A f l i g h t  log for this date is included in t h e  appendix. 
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The f i r s t  t r a v e r s e ,  recorded 

here, was flown upwind t o  a p o i n t  

t h r e e  iniles beyond t h e  s t acks .  

response r e tu rned  t o  backgound 

i m e d i a t e l y  a f t e r  p a s s i n 3  s t a c k  and 

fliat bcyond ' three  n i l a s  was deemed 

unnecessary.  Lzter t r a v e r s e s  showed 

t h a t  t h e  f i rs t  run was made, f o r  t h e  

most ?ar t ,  j u s t  o u t s i d e  the gaseous 

?he 

tr2.jeCt31-y Which accounts  for '  t h e  

l a c k  of i n c r e a s e s  of re turn as t h e  

s t a c k  was a??roached. Also, t h e  . 
c o z 7 a r a t i v e l y  moderaLe peak is t h e  

r e s u l t  of f l y i n g  t o  t h e  s i d e  of the 

v h l l e y  so t h a t  t h e  a c t u a l  t- A ack was 

s e v e r d l  hundred yards from a t r a c k  

which would have been d i r e c t l y  over 

t h e  s t ack .  



In  continuing t o  study the  cloud of radioact ive 

gases, the  next t w o  passea recorded on t h e  following page 

mre made 200 f e e t  lower at an a l t i t u d e  of 1300 f e e t  Y.S.L. 

For these passes the f l i g h t  path was a l te red  s l i g h t l y  t o  

c ros s .d i r ec t ly  over the  stack and more d i r e c t l y  within tho 

gaseous t r a j ec to ry  beyond. Since the  stack was approached 

f r o m t h e  upwind side,  no s igni f icant  increase can be seen 

u n t i l  d i r e c t l y  over the  stack when the  instrument was driven 

off sca le  within a f i v e  second interval. 

stack, a s e r i e s  of lower but s t i l l  strong returns  were re- 

ceived for approrimatcly clevpn miles downwind. 

t im f o r - t h e  rapid f luc tua i ion  as well as the  peaks and 

val leys  of longer duration i n  the  instrument r e tu rn  i s  not 

de f in i t e ly  knom but could be t h e  result of the irregular 

After p a b i n g  the  

The exphna- 
- -  -- -- I-- -- L 

--1_ * 

d i s t r ibu t ion  of the radioactive gases as they a re  carr ied 

doornorind. 

be in to ,  then  out of t he  s t rongest  concentrations. 

Thus, the path of the  a i r c r a f t  could a l t e rna te ly  

Subsquent runs showed t h a t  inexperience in inter- 

pre t ing  instrument data  l ed  t o  this run being terminated be- 

fore it should have been. The instrument r e tu rn  seen a t  nAR, 

the  tu rn  around point,  i s  considerably higher than true back- 

ground seen on t h e  ri&t. 

until such time as background was reached. 

T h i s  run should have been continued 

I 1 2 0 0 3 9  
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In e- t h e  records of individual  runs across 

the  stack, it wili be noted t h a t  immediately p r i o r  t o  stack 

passage Psfiile t rave l i ry  upwind and immediately a f t e r  stack 

passage enroute downwind the re  i s  consis tent ly  a de f in i t e  

drop in instrument r e tu rn  before the  record begins t o  form 

the  peak at the  time of inaxitnun reading. 

planation is t h a t  the gas cloud is slanted gradually upward 

so t h a t  on an up- run the a i r c r a f t  actual ly  leaves t h e  

gaseous cloud a t  f l ight  l e t e l  before reaching t h e  stack. 

Then when the a i r c r a f t  is d i r e c t l y  over the stack, a beaining- 

e f f ec t  from the poluted i n t e r i o r  of t h e  stack ac tua tes  t h e  

A possible  ex- 

instrument. Likewise, on a downwind run, t he  i n s t r u a t  

passes thru t h i s  "beam" above t h e  stack, falls, and then 

r i s e s  again when t h e  gaseous cloud is entered. 

This contention i s  p a r t i a l l y  borne out by the f a c t  

t h a t  the  gaseous cloud would not be expected d i r ec t ly  above 

t h e  stack, if even a s l igh t  wind w a s  blowing; especially,  

when t h e  f l i g h t  l e v e l  is several  hundred f e e t  above t h e  

stack top. 

portion of t he  re turn  receivzd on the run a t  250C f e e t  M.S.L. 

which was 500 feet above the  inversion top a t  t ha t  time. 

This so cal led I' ?amn is a l s o  the  only s i ,&f i can t  
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. - -  

At t h e  lsft 

is C L .  ",.e r e c o r d  a f  

the n2xt -8is3. 

kgain  til;. tz-,.ck 

of t ! l e  h i r c r d t  

vias d i s p l > c e d  

s l i g h t l y  t o  t h e  

s c u t h  of t h e  pre- 

vious runs i n  an 

attenpt t o  traverse! 

t h e  610s t c 5 3 cent rat - 
2d p o r t i o n  o f  the' 

gaseous c l ~ u d .  

k s  rurr was can- 

* '  " ~ n u e d  u n t i l  tack- 

grou?? YUS rzacncd, 

which WBS a t  a .;oint 

17 .??il-.s downwind 

f r o n  t h e  s tbck .  
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Sholrn here i8 

the record of tho ret= 

run which war made at the 

level of the smoke and - 
haze top and which warn 

believed to be at the 

inversion top. Ria 

maximum return over the 

stack i s  appropriately 

louer than was received 

on runs at lower levels .  

The symmetry and strength 

O f  this i8 aS 

would normally be expect- 

ed if the very top of 

the gaseous cloud had been 

traversed. The return 

remains above background 

for approximately 15 

miles downdd. 
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The record of two m s  made at 14 miles downwind, 

shown on t h e  fo l lowhg  page, i n d i c a t e  t h a t  the  width of t h e  

radioact ive cloud is greater  than 17 mi les  in width. 

ing with background at t h e  right, t he  r e tu rn  increases  t o  a 

-then decreases but does not reach background before 

t h e  t u rn  around at point A. '&e turn mound uas the  r e s u l t  

of terrain r e s t r i c t i o n s  on t h e  f l i g h t  path and otherwise 

would not have been made u n t i l  background was reached. 

r e tu rn  run ahom t o  t h e  l e f t  of t h e  point "An i s  a v e b  m a r  

record except, of course, it is in reverse. 

path uaa t he  same, the difference8 in return are a t t r ibu ted  

t o  t h e  250 f e e t  'decrease in a l t i tude .  

Beginn- 

The 

Since t h e  flight 

I 1 2 0 0 4 5  





After the turn mound at point MA", the record i s  

much Use the first part in reverae. Zhe f l i g h t  back to the 

crtack was as nearly as possible over the same ground track; 

hence the symmetry of the curves. 

between this and the return received on the outbound f l i g h t  are 

no doubt the result of a displacement of a fen hundred yards in 

the g r a d  track. 

However, the s l ight  variations 

. .  

I 1 2 0 0 4 1  
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On t he  following page is t h e  record of the  two 

transverse runs 20 miles distant from the source. 

o r  not the f luc tua t ions  shoun have any signif icance can 

not be determined at present due t o  inexperience in in te r -  

pret ing fluxuations in background due t o  na tura l  causes. 

The de f in i t e  c r e s t s  and valleys may well be ac tua l  re turn  

above background. 

background f luc tua t ion  t h a t  1.9 conclusion may be reached. 

If the r e tu rn  a t  20 m i l e s  had been stronger, f l i g h t s  over 

more distant tracks would have been flm. 

Whether 

However, the  re turns  so closely approach 

I 1 2 0 0 4 8  
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After completing nine f l i g h t s  p a r a l l e l  t o  the  wind 

above and below the  inversion, a series of runs at a r igh t  

angle t o  the  wind were flown at posi t ions 11, l4, and 20 

miles downwhd from the  source. 

page is t h a t  of the two traverses at 11 miles and ind ica tes  

t ha t  the  cloud is about t e n  miles in width a t  1300 M.S.L. 

and about t h i r t e e n  miles in width a t  1500 f e e t  M.S.L. 

A l a  t h e  point of the turn  around. 

higher in t he  1300 f e e t  pass than at 1500 f e e t  and occura in 

both case8 as the  open valley in which X-10 i s  located i s  

crosaed. 

the t e r r a i n  ridges and valleys, 

3 e ~ 3  t o  have been responsible f o r  t h e  secondary maxima which 

occurred over the  val ley j u s t  east of the X-10 valley. 

The record on t h e  foUorPing 

Point 

The strongest mtwn i r  

. 
T h i s  would ind ica te  a possible funneling e f f ec t  of 

This funneling e f f ec t  a lso  
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IV .  F l inh ts  a t  Hanford: 

A. T p  es of Fl ights  ' M e :  

The flights made i n  t h e  v i c in i ty  of Hanford were 

f o r  primarily one purpose. 

a t  t h e  greatest  possible  distance t h e  gases from dis so lv ing  

operations. 

They were flown f o r  the detection 

All meteorological e f f o r t  was f o r  t h e  succsss of 

t h i s  type of f l i g h t .  One afternoon t h e  f i l t e r s  were exposed 

lgr f ly ing  fo r  t m  hours i n  the  v i c i n i t y  of Walla Walla; but, 

except f o r  a general wind forecast ,  no other  meteorological 

planning was required. 
. -  

B. houraphic  Features of Area: 

1. Airport 

The a i rpo r t  used by the project  airplane 

was t h e  s m a l l  f i e l d  j u s t  outside of t he  town of Richland. It 

was about 35 miles from t h e  plant  area, about twice as far as 

the  distance between McChee Tyson Field,  Knoxville, and X-10; 

but t h e  meteorological conditions a t  the  two places w a s  very 

similar because t h e y  are both s i tua ted  i n  the  same broad f l a t  

valley. There was no weather observation s t a t ion  a t  t h e  air- 

port, only tower f a c i l i t i e s ,  so it was not necessary t o  estimate 

t h e  ma the r  at  the dis so lv ing  plants  i n  terms of the weather a t  

t he  a i rpor t .  

I I 2 0 0 5  1 
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2. Operational Area i n  General 

s 

As at Oak Ridge, when beginning project  

f l i g h t s  at  Hanford, it was not known how far it would be possible 

t o  t rack  t h e  radioact ive gases. 

t he  source would be many times t h a t  of t h e  stacks at Oak Ridge; 

and consequently, f l i g h t s  were U e l y  t o  extend over a r a d i i  of 

a hundred miles or more. It was even assumed t h a t  the va l ley  

in which Hanford i s  located might be f i l l e d  with contaminated 

air under a prolonged inversion condition 50 t h a t  t h e  e n t i r e  

vs l ley  would ac t  as a source. 

It was at first assumed t h a t  

Should the  source be such a 

l a rge  broad area  it might have been possible t o  t rack  the 

radioactive gases several  hundred or even a thousand miles. 

Therefore, the  geographic features had t o  be considered in 

detail f o r  approximately 200 dies from the  stacks, a d  i n  

general more than loo0 miles. 

of t he  e n t i r e  valley uas re leased by the  e l i t i o n  of an in- 

It was thought t h a t  i f  t h e  air 

version, the  contaminated air would move in a generally easterly 

direct ion.  k r e  consideration w a s  given t o  possible long range 

f l i g h t s  t o  t he  eas t  than t o  the  west. 

detect ion was accomplished on ly  within the  prohibited area so 

Actually, successful 

this discussion of geographic fea tures  will be l imited t o  a 

descr ipt ion of t h a t  area. I n  the future ,  if it becomes neces- 

i 1 2 0 0 5 2  
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s a r g  t o  t rack  a really strong source from the Hanford stacks, 

careful  considerztion w i l l  have t o  be given t o  t h e  en t i r e  150 

mile wide, bowl-like valley,  between the Rockies and t h e  Cas- 

cades, in which the Hanford Works are si tuated.  Also, it will 

be necessary t o  consider t he  val leys  of t he  Columbia and Snake 

Rivers as possible channels through which contaminated air m y  - 
-a- v . -__ flow. Gcogra?hically speaking, the  most s t r ik ing  f e a t w e  of *- 

t h e  operational area was t h a t  it was nearly a f la t  plain .  The 

character of t h e  land i s  desert-like, and air t o  ground vis i - .  

b i l i t p  was rcnarkable when compared t o  t h e  Knoxville-Oak U d g e  

area. 

a l l  of  t he  feature3 of t h e  area as w e l l  as h i l l s  and mountains 

a hundred or more miles away. 

a r e  two  small h i l l s  h i c h  r ise t o  s l i g h t l y  over 1000 f e e t  K.S.L. 

j u s t  north of the  center of t h e  area,  otherwise t h e  en t i r e  pro- 

hibi ted area, about t h i r t y  miles i n  dianeter, i s  about 400 f e e t  

&S.L. The area is approxhately bounded by t h e  Columbia River 

on t h e  north and east side and by a ;nountain r idge 3000 t o  4.000 

feat high on the  west hnd soGthwest s ide .  

When over the  prohibited area, it was possible t o  see 

Signif icant  topographic f e a t m e s  

Cxcept for the  ztoraic 

plants,  a few roads, a d  t h e  abandoned town of Hanford, there 

a r e  d 2 o s t  no ident i f iab le  points  over which fX@t t racks  cotrld 
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be begun or  ended. 

over such a f l a t  deser t  resembles f l i g h t  over water. No map 

mas obtainable by project  personnel which accurately located 

From a navigational standpoint, f l i g h t  

t he  p lan ts  or the  improved roads. 

f ea tu re s  was done v i sua l ly  while f l y i n g  over the  area, and 

f l i g h t  paths were designated wi th  respect  t o  a pa r t i cu la r  stack 

r a the r  than to a loca t ion  on a map. 

Actual locat ion of inportant  

3. Dissolvine Plant Area: 

There are  two dissolving p lan ts  a t  Han- 

They are almost i den t i ca l  in appearanse and each has a 

. 
ford. 

single stack which i s  t h e  source of the radicact ive gases. The 

p lan ts  are about f i v e  miles apart ,  and there  i s  a weather tower 

half  way between them. The s tacks of t h e  p l an t s  reach 200 f e e t  

above the  surface and t he  weather tower extends t o  400 f e e t .  

The ground i s  p rac t i ca l ly  f l a t  between and around the two plants.  

There a re  no distinguishing geographic fea tures  associated with 

the  p l an t s  t o  be given meteorological consideration. 

C. Meteorological Character is t ics  of the Renion During the  

Time t h e  F l i d i t s  Were Conducted: 

Not very much was leaned concerning t h e  meteorologi- 

c a l  cha rac t e r i s t i c s  of this region during the  time the project 



, * /  

personnel were s taying at Richbnd. The l o c a l  weather conditions 

are great ly  affected by t h e  surrounding mountainous topography, 

and without considerable experience with t h i s  a rea  it is not 

possible t o  undqrstand these e f fec ts .  In  par t icu lar ,  it is  

d i f f i c u l t  t o  forecas t  d n d  di rec t ion  and ve loc i ty  as the  e f f ec t s  

of t he  irregular mountainous t e r r a h  surrounding t h e  area are 

very complicated. By watching smoke, it uas seen t h a t  the  wind 

at Richland might be qui te  d i f f e ren t  in di rec t ion  and ve loc i ty  

than t h e  wind at the  p h n t  s i t e s ,  even though the  land was f la t  

and open between. A t  night t he  sky is frequently c lear ,  or 

nearly so, and heat is radiated f romthe  val ley so t ha t  strong' 

temperature imers ions  a r e  produced. It is during the  night, 

when the inversions are present t h a t  the dissolving gases a r e  

released. 

and arc dissipated a s  surface heating from sunlight eliminates 

the inversion. 

is likely that the  dissolving operation w i l l  be postponed. 

fore ,  the dissolving processes at Hanford present a very favor- 

able s i tua t ion  with regard t o  loca t ing  a c t i v i t y  close t o  the  

plant  because, in t h e  morning, t he  a c t i v i t y  is concentrated i n  

a r e l a t i v e l y  s h e l l o w  layer. 

These gases remain at  about stack level unti l  morning 

If such an inversion condition i s  not present it 

There- 



.. _ -  . .  

D. Meteorolobcal  F a c i l i t i e s  Available: 

There is a weather s t a t i o n  operated by the General 

Elec t r i c  Company half way between t h e  two dissolving plants  at  

the  baae of t he  400 foot  weather tower. This s t a t i o n  makes 

surface observations and p i l o t  balloon observations. The 

weather tower has aneomometers and wind vanes at each 50 foot  

l e v e l  together with thermohma at the  same levels .  

plant  operations a re  based upon the  observations and e ight  

Dissolving 

hour fo reca r t s  of this s ta t ion .  No other  weather observation 

s t a t i o n  was available for t h e  1 0 c a l ~ ~ e a .  F l igh t  phnning  was - -  - 
done on the  bas i s  of information received from this s t a t i o n  2 

and t h e  U.S. Weather Bureau f a c i l i t i e s  at Seat t le .  

about 180 mile8 array, acro88 t h e  Cascade Wuntains t o  the  north- 

S e a t t l e  is 

f o r  the  e n t i r e  d a t e  of Washington. 

any sort of meteorological p lo t t i ng  chart, it was necessary t o  

For hformat ion  found on 

031 over an A.E.C. leased telephone l i n e  t o  the  ahways fore- 

c u t e r  in Seat t le .  

E. Deacription of FllRht Planniw Procedures: 

Flight 2lanning a t  Hanford was very 8imilar t o  t h a t  

done at Oak Ridge. On t he  afternoon before a project  f l i g h t ,  

t h e  Weather Bureau Office at  Sea t t l e  was ca l led  f o r  a general 



. estimate of t h e  fl- ueather and upper d n d s  on the  follow- 

ing morning. 

s t a t i o n  at  t h e  plant s i t e  was called and the  l a t e s t  upper wind 

sounding was obtained, as well as the  wind di rec t ion  and veloci ty  

a t  the 200 b d  400 f o o t  levels on the  weather tower. A l l  of t h i s  

information was used t o  estimate the  general d i rec t ion  of flow 

of the s tack gases. 

pleted on the  ground but was continued throughout the f l i g h t  

depending on t h e  behavior of t h e  instruments. 

Then on the  morning of t h e  f l i g h t ,  t h e  weather 

A8 at Oak Ridge, f l i g h t  plans were not com- 

The project  personnel were campletsly unprepared 

f o r  t he  s l i g h t  a c t i v i t y  found at Hanford. On t h e  f i r s t  two 

f l i g h t s  the air conductivity instrument was giving erroneou 

readings because 101118 lightweight mater ia l  had blown i n t o  the 

tube. 

a long  dis tance from the source, tima was wasted e- these 

false re turns .  

were responsible far d i rec t ing  the  pro jec t  a i r c r a f t  about t h i r t y  

miles up the  Snake River, more than 50 m i l e s  from the  stacks. 

Siace it waa expected t h a t  high a c t i v i t y  muld be found 

On the  second day erroneous instrument readmgs 

If some information on the ac+,ual amount of a c t i v i t y  had been 

avai lable ,  the  instrument would have been checked immediately. 

I 1 2 0 0 5 1  
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. Checking t h e  insttumsnts f o r  falre readings is eas i ly  done 

even in f l i gh t .  

was much less than t h a t  found a t  Oak Ridge and was i n su f f i c i en t  

f o r  project  purposes. 

s ive  detect ion operations carr ied out, there would have been 

tuo  outstanding meteorological problems. One of these would 

have been how t o  forecast  t he  a h  c i rcu la t ion  in the  val ley 

wi th  Just, t he  s ing le  meteorological s t a t i o n  at  t h e  plant  site, 

and the other would have been how t o  do meteorological p- 

The ac tua l  amount of a c t i v i t y  at Ranford 

Had mors a c t i v i t y  been present and exten- 

Meteorological 

m-f.eiUties are not a v d l a b l e  in the Hsniord area so -2 

adequate char ts  cannot be prepared. 

I 1 2 0 0 5 8  
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Tgpical Project F l igh t  a t  Hanford 

A discussion ril l  be presented here of a typica l  

f l i g h t  a t  Hanford t o  i l l u s t r a t e  t he  problem encountered 

and t he  procedure of operation. 

r e s u l t s  at Hanford and at Oak Ridge w i l l  be made. 

A br ie f  comparison of the  

Planning which uas done on t h e  previous afternoon 

for this f l i g h t  was based on t h e  fo l lowing  dissolving opera- 

t i o n  schedule * 
.. 

E e n i n n b n  Uaxinum Activity Ending 

Vest P l a n t  0600 P 0700 P I200 P 

Take-off immedi3tely a f t e r  daybreak w a s  decided upon 

because daylight uas desirable  for optinum navigation con- 

dit ions.  

at  mari, whereas the  ma)ci;num ac t iv i ty  from east plant would 

A t  t h a t  t ine  a c t i v i t y  from t h e  west plant  would be 

have d r i f t ed  downad .  

A thorough invest igat ion of meteorological conditions 

t h a t  could be anticipated was made on t h e  bas i s  of data  re- 

ceived by telephone from t h e  S e a t t l e  Weather Bureau Office 

and from t h e  weat her observation s t a t ion  i n  the  Hanford plant  

area, Based upon forecasted weather, a chronological l i s t  of 
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f l ight  pa t te rns  was made which would afford the  most thorough 

examination of t he  gaseous cloud. 

close t o  t h e  s tack and through the  v i s i b l e  dissolving fumes 

were planned, simultaneous f i l t e r  detection of pa r t i cu la t e  

matter was  considered advisable. 

Because f l i g h t  pat terns  

Take-off was at  0620 P and on the  o r ig ina l  climb from 

the  f i e l d  a sounding up t o  3500 f e e t  M.S.L. was taken by means 

of t he  airborne psychrometer. This sounding revealed' that  the 

top of the  surface inversion was at 3lOO f e e t  M.S.L. 

was clear and a wind of 9 - 4  m.p.h. from 300° - 320° exis ted 

' h e  sky 
* 

from the  surface t o  2000 f e e t  M.S.L. Smoke from all sources 

was observed t o  diffuse slowly at stack height as it flowed 

d o d n d .  

c l ea r ly  visible and was subsequently used in conjunction with 

the measured wind data  in following the  gaseous t ra jec tory .  

This b r d s h . c o l o r e d  cloud billowed from the  stack much like 

ordinary smoke. 

interne, f o r  between one-half and one m i l e  d i s t a n t  from the  

The brown off-gas from the dissolver  stack was 

It -s visibl6,  although progressively less 

stack . 
After t he  sounding was taken. descent t o  1000 f e e t  M.S.L. 

was made and the f l i g h t  proceeded d i r e c t l y  t o  the plant  area. 

following pages describe the  passes made in t h e  operational area, 

The 
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Following this traverse ,  a number of other  t raverses  

similar t o  it were made but a t  increasing a l t i t udes .  

succeeding pass, t h e  a l t i t u d e  was increased by 100 f e e t .  A t  

15001 the  response was hardly noticeable and at 1600’ even the  

peak over t he  stack had completely disappeared. 

I n  eack 

At t h i s  time an effort was made t o  determine t h e  width 

of t h e  cloud a t  various distances downwind. Because of t h e  

extremely weak response at  t h e  stack, t he  first of a s e r i e s  of 

transverse passes was made at  only one mile f r o m t h e  west plant .  

For t h e  same reason, the t ransverse runs Were kept short  ( 5  milts) 

in length. 

three of these passes, all one mile downwind. 

made at 1000 M.S.L. recorded form A LO B, was weak, but the next 

two, B t o  C, and C t o  D, made at 1200 and l400 f e e t  M.S.L., re- 

spectively,  are even weaker. 

t h a t  any f u r t h e r  m r k  at  t h i s  point was considered of no value. 

On t h e  preceeding page is the instrument record of - 
’be  f i r s t  pass 

The l a t t e r  was so weak, in f a c t ,  

Follolring this, an inves t iga t ion  was made of t he  area 

where gases of maxima a c t i v i t y  from t h e  earlier dissolving 

could be expected. 

downdnd and continued for 7 mile3 but with no pos i t ive  r e su l t s .  

A series cf “SW >a t t e rns  were begun 5 mile3 



. _ L  .. . 

Then an e d n a t i o n  of the eas t  dissolving plant ,  which 

had passed maximum a c t i v i t y  by seven hours, was made. 

received f r o m t h i s  p l an t  were much the  same as those from the  

west plant  which was current ly  a t  maximum. 

in instrument response could be observed as the  stack was approach- 

ed b u t t h e  peak of short  duration was s t i l l  present. 

t h a t  sharp peaks of equal i n t e n s i t y  were received fromtwo p lan ts  

of d i f f e r ing  a c t i v i t y  level fu r the r  bears out the  "bzam" theory. 

Returns 

L i t t l e  or no increase 

'he  f a c t  

I n  view of these very l imited returns  it was decided t h a t  

any fu r the r  examinktion was useless  at this t i ne .  Iherefore, a 

wide zig-zag pa t te rn  diagonally across t h e  basin was flown from 

the  source t o  the  Richland airport. 

t he  time t h i s  pa t t e rn  was flown. 

* 

No re turn  was received d u r i n g  

It is of i n t e r e s t  t o  compare the record of one p m t i c u l a r  

stack passage at  Hanford with a similar one at Oak Ridge. 

instance,  t h e  record on page \ ~ ) y  taken a t  Hanford may be compared 

with t he  record on page\25taken  a t  Oak Ridge. 

i n  f l i g h t  var iab les  (i .e.  a l t i t u d e )  favor a stronger r e tu rn  a t  

Hanford; y e t  t he  Hanford record lacks any of t he  response seen on 

the  Oak Ridge record exce?t, of course, the instantaneous s tack 

return.  

For 

Any differences 

1 1 2 0 0 6 4  



Subsequent counting of the  airborne f i l t e r s  from 

t h i s  day's operation revealed no s igni f icant  evidence of 

pa r t i cu la t e  matter in s p i t e  of the  many penetrations o f  

the  off-gas fumes. 

This f l i g h t  determined t h a t  the  gaseous and pa r t i -  

culate  r ad ioac t iv i ty  at Hanford is very low. 

cluded t h a t  f u r t h e r  use of similar Hanford operations a s  

a source f o r  t h e  purpose o 

It was con- 

:his project  was not pract icable .  
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coHcL4usIoNs : 
1. Rough Terrain Complicates Detection Problem 

Hilly or mountainous t e r r a i n  grea t ly  complicates 

the problem of detection of airborne radioactive materials 

near t h e  surface. I n  addition t o  the  f a c t  t h a t  sa fe ty  con- 

s iderat ions limit f l i g h t  pa t te rns  over rough t e r r a in ,  t h e  be- 

havior of quant i t ies  of radioactive gases such as are released 

a t  Oak Ridge i s  d i f f i c u l t  t o  predict  because of t h e  ridges. 

The gases could be tracked much more eas i ly  i f  they were releas- 

ed Over a broad f la t  surface such as the  ocean, or if they were 

released in the free atmosphere at  an a l t i t ude  above the  layer 

affected by surface conditions, t h a t  is, abov’e the  gradient 

level .  

than was available f o r  this project ,  and detect ion operations 

If a much l a rge r  source of rad ioac t iv i ty  i s  being used 

a e  being performed &t a distance of a hundred miles or mare, 

l o c a l  topography is not si important as an entire valley or a 

region can be considered t o  be a source. 

2. Additional Meteorological Observations Are Needed 

One of t h e  purposes of t h i s  project  was t o  obtain 

information concerning t h e  processes by which radioact ive 

mater ia is  become dispersed through t h e  citmosphere. Not much 



. waa learned at  Oak Ridge or Hanford with regard t o  t he  general 

problem of dispersion. 

observations at e i t h e r  place whereby t h e  e f f ec t8  of topography 

on meteorological conditions could be accounted f o r ,  

doubtful t h a t  the dispers ion observed i s  representat ive of t he  

f r e e  atmosphere, and no means e x i s t s  whereby t he  data  col lected 

can be given wide application. 

There were not suf f ic ien t  meteorological 

It is  

3. Diffusion Stud ies  W i l l  Require Simultaneous Measureinents of 

Radioactivity 

During a f l i g h t  by the  project  a i rp lane  t h e  following 

changes influenced the instrument r e tu rn  received: (1) the  

s t rength of t h e  rad ia t ion  decreased because of the  short  h a -  

lives of t h e  radioact ive gases, (2) the  wind d i rec t ion  and 

ve loc i ty  varied, (3) the  s t a b i l i t y  of the  air changed. Yet 

during a one or two hour f l i g h t  only a supe r f i c i a l  examination 

of t h e  gaseoua cloud could be accomplished by a s ingle  airplane. 

The longer the  n i g h t  period, the  more influence these var iab les  

have on i n S t r m n t  re?onse. It is d i f f i c u l t ,  if not impossible, 

t o  analyze and i n t e r p r e t  da ta  consisting, f o r  e q l e ,  of one 

t r ave r se  made t en  miles d i s t an t  from a stack at one given a l t i t u d e  

and another inade 15 m i l e s  d i s t a n t  one hour l a t e r ,  



4. Atomic Plant  Detection Using Radioactive Gases Is Not 

Likely at R w e s  i n  Excess of 1000 Miles 

Although there  is l i t t l e  s c i e n t i f i c  da ta  avai lable  

on which t o  base t h i s  conclusion, the d i lu t ion  due t o  atmospheric 

diffusion processes appear t o  be so great  t ha t  it does not seem 

l i k e l y  t h a t  radioact ive gases from an atomic p lan t  w i l l  be de- 

t ec t ed  at ranges of 1000 m i l e s  o r  more. From careless  plant  

operations radioact ive p a r t i c l e s  are more likely t o  be success- 

fully detected. 

Recorimendat ions 

1. Much more successful f l ights  would have been possible on 

this projec t  had the  na tura l  radiological  background f o r  

the  instrumeats been b e t t e r  understood. It is strongly 

recornended t h a t  as auch dzta as possible be obtained on 

the  background cha rac t e r i s t i c s  of the project  instruments. 

This background data  should be obtained i n  d i f f e ren t  geo- 

graphical locations,  a t  d i f f e ren t  a l t i tudes ,  and unde: widely 

varying meteorological conditions. 

2. The nuclear ins t runents  of t h i s  project  w i l l  be very use- 

fu l  on future atomic bomb t e s t s .  Therefore, it i s  recommend- 

ed t h a t  consideration be given t o  adapting these instrunents  

f o r  measurements of clouds produced by atomic bombs. 

I 
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3. 

4. 

5 .  

6 .  

Because of t he  d i f f i c u l t y  of e r3c t ly  loca t ing  t h e  air- 

craf t  with respect t o  topography consideration should be 

given t o  photographing the  t e r r a i n  beneath the  airplane, 

t o  t racking the airplane by means of two or mcre theodolites.  

The airplane might a l s o  be tracked with radar. 

In f u turs  operations where meteorological observational 

f a c i l i t i e s  f o r  char t  work are  not available,  it i s  re- 

commended t h a t  a mobile meteorological unit be bro;ght i n t o  

t h e  area. It i s  h o s t  impossible t o  do meteorological - 
planning without surface and upper air  char t s  at  hand.i. 

A single obsentation s t a t i o n  i n  the  operational area i s  

not  suf f ic ien t .  It i s  recornended t h a t  a network of obser- 

vations be establ ished i n  fu ture  operations even though t h e y  

be very simple. 

would be extremely helpful. 

Theodolite teams f o r  upper wind observations 

Pro jec ts  such as t h i s  can co l l ec t  in a very short tine a 

great wealth of information which requires more ef for t  for 

proper cor re la t ion  than i s  readi ly  appreciated. 

i n  fu ture  operations it i s  recommended t h a t  consideration 

be given t o  providing an adequate staff of personnel f o r  

proper processing of all radiological and meteorclogical 

data  collected. 

Therefore, 
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Here i n  outline form a r e  some i 

interest  in connection with t h i s  project: 

ems of histor Cal 

Personnel who regularly participated in project f l i ght s :  

Technic4 Advisors: Dr. Francis J. &via 
and 

Paul 1. Bcinhardt 

of the Oak Ridge National Laboratoxy 

Meteorological Research: Paul A. Humphrey 
of the 

U.S. Weather Buraau 

Air Force P l i g h t  Crew: 

The Aircraft: 

Jesse Y. W a l k e r ,  Capt., 
Aircraft Commander 

Robert L. Kane, 1st L t . ,  
Co-pilot and Weather. Officer 

William E. Harlan, 1st L t . ,  
Project Officer 

Ned B. Walker, US&., 
C r e r  Chief 

All A i r  Force Personnel 

assigned t o  2078th Air 

Weather Sq. (Spec) 

Fairfield Suisun AFB, California 

I I 2 0 0 1  I 



-15 5- 

. . -  .. . . 

Project , Begun: 

Project Completed: 

Total Flight Time For 

Project Data: 

17 November 1948 at Oak 

Ridge, Tennessee 

16 March 1949 with  con- 

clusion of work at Hanford 

Works, Richland, Washington 

58 hours 

I 1 2 0 0 1 2  



ORNL 

Chronolom of  P r o j e c t  F l i n h t s  

Duration 
Purpose" U t  of Re tu rn  Date Hours/Un 

OAK RID= 

Nov. 17 2:30 a 0 

20 it30 a, b 0 

30 3:oo b, c 0 

Dec. 1 1:30 b, c 2 mi. 

2 1:20 C 5 mi. 

8 2: 50 b, c,  d 1.5 m i .  

17 1:35 c,  d 1.0 mi. 

31 2:50 b, d 2.5 ni. 

Jan. 6 4:oo c, d 3.0 mi. 

7 4:oo c,  d 

u 3:oo c ,  d 15.0 mi. 

u 2:25 c ,  d, f 8.3 m i .  

15 1:15 C¶ d 8.0 mi. 

20 2:45 0 

27 1:lO e 

- - a  

- - -  

Fob. 1 2:oo 0 

2 1:U 0 

3 1: 55 e 

I 1 2 0 0 7 3  
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Duration 
Hours/Mh Pttrpo s e* Limit of Return Date 

- - d  Feb. 7 2:00 e 

8 3:oo e - - -  

M a z .  2 2:oo 

3 7:30 

r, 2 :30 

d 

d, f 

d 

- - -  
- - -  
2.0 mi. 

a. I n i t i a l  check of instruments t o  determine response in the  

undeveloped form i n  which the  instruments were in s t a l l ed .  

b. Check on progress of i n s t m e n t  development as performed 

f r a n  day t o  day i n  laboratory. 

c. Comparison of l i m i t  ( l i n e a r  and v e r t i c a l )  of detect ion of 

instrument 8.  

d. Ybasurement of dimensions of radioact ive cloud. Determination 

of shape of cloud. 

e. Obtain air samples and expose f i l t e r s  f o r  f i l t e r  eff ic iency 

research. 

f . Expose f i l t e r s  far possible pa r t i cu la t e  contaminat.i,on. 

I 1 2 0 0 1 4  
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The project  a i r c r a f t ,  G47 Ser. No. 44-77263, was 

modified during the  months of October and November of 1948 

by members of the  Air Materiel Command a t  Wright-Patterson 

AFB. 

and U O  vo l t  60 cycle a l te rna t ing  current. 

It became a flying laboratory, complete with work benches 

The benches a r e  c lear ly  shown in the photograph on 

&a& is  equipped with a s l i d i n g  drawer which has a page 159. 

s l id ing  half-cover, converting t h e  drawer i n t o  an additional 

work bench when needed. To g a b  s t i l l  more work bench space, 

an additional plywood section was i n s t a l l ed  t o  f i l l  the space 

between the  two m a i n  benches. 

upward t o  give unrestr ic ted access t o  the  emergency hatch. 

This section is hinged and f o l d s  

Each unit of e lectronic  equipment i s  shock mounted. 

Five goose-neck lamps provide adequate i l lumination fo r  night 

operation. 'Two s l id ing  chairs ,  fzstened securely t o  t h e  floor 

by s tee l  T-runners afford corLortable and convenient operating 

posit ions.  

I1201315 





The Power unit, shown on page 161, the  PE-75, supplies 

U.0 vo l t s ,  60 cycle a l t e rna t ing  cur rec t  at  2.5 KVA f o r  t h e  use 

of t h e  instruments in the  a i r c r a f t .  

need of converting the  conventional laboratory instruments t o  

u t i l i z e  the  28 vo l t  D.C. power of t h e  a i r c r a f t .  

This does away with the 

For use on long f l i g h t s ,  the  unit was modified t o  

include an addi t ionzl  fuel tank and increased t h e  t o t a l  fue l  

s ~ p l y  to 10 hOtWs. 

Power i s  taken off through a variac and then fed 

through t o  the  individual  double o u t l e t  boxes. There a r e  

eleven of these  boxes along the  beck edge of the  work benches, 

each one separately fused. 

It i s  recomiiended t h a t  if this type power uni t  is 

t o  be used i n  a similar manner i n  t he  C-47 a i r c r a f t ,  t h a t  it be 

mounted so as t o  be in a horizontal  pos i t ion  when the a i r c r a f t  

is on t h e  ground. The PE-75 has t h e  o i l  pump placed in the  for- 

ward end of t he  crakcase and when the unit i s  mounted i n  the 

pos i t ion  shown on page 162, the  oil flows away from t he  pump 

during ground operation and the engine can be damaged very  

e a s k y ,  i f . t h e  oil level is low. Such a th ing  occured on t h i s  

I120011 



I I 2 0 0 1 8  





project and the engine had to be replaced. 

wa3 remounted i n  the position shown on page 161 and has given 

satisfactory service since. 

The power un i t  



Flight Log 

Date: U Januarp 1949 Takeoff: 1042 E Landing: 1335 E 
-de T h e  Time Over 
From To Headinn M.SoLo Fix Remarks 

3000 &route t o  X-10 area 1054 - 
50 2500 1055:40 sacks at X-10 used 

as f i x  
lo56 
U02 230 2000 lO59:30 d i t to  

U08 60 1500 U06 : 40 dit to  

d i t to  

d i t to  

di t -  

at 1128) 

- 

1205 Climbing turn 12 minutes do- wind t o  receive rad io  

1210 45 2500 1209:25 Crosaed Tennessee River  
at 1205 - Stacks at  X-10 used as fix 

1218 225 2000 1213:20 Stacks a t  X-10 used as f i x  

message 

1224 315 1300 U miles down wind. Over 
Clinch River. 

1234 135 1500  Same as above 

U4.l No Pattern 1 

1250 315 2000 L4 m i l e s  down wind 

Same as above 1258 UO 1750 

20 miles down wind 1307 315 1750 

Same as above 1313 130 2000 

2000 1322:03 Stacks a t  X-10 used as f l i  1323 50 
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ORNL 

Fl ight  Log 

e: L M a s  ch 19k9 Taka-Off : 0620 P Landing: 0821 P 
Time Alti tude Time Over 

Remarks From To Headinn M.S.L. Fix 

' 0620 0635 300 s f c  -3500 Obtained sounding by 
3500 - 1ooo 063L:30 climbing =stair step" 

fashion, then descended. 
West p lan t  used as fix. 

0625 0638 90 UoO 0635:40 West plant  used as fix 

0639 0643 300 1000 06W:X) . d i t  to 

0643 0645 120 I200 0644:15 d i t t o  

0646 0649 275 1300 0647 :25 d i t t o  

0649 0652 100 1400 0650:30 d i t t o  

0653 0656 280 1500 0655 :45 d i t t o  

0707 0709 360 Ucoo 0708 : 45 d i t t o  

07U 07U 90 lo00 07U: 45 d i t t o  

0714 0727 - 1ooo NSm pat te rn  across flow, 

0727 0733 280 lo00 0731:55 West Plant used a3 fix 
5-12 miles downwind. See Map* 

0734 0737 100 1000 0734 : 20 

0737 07U - lD00 Loop pat tern.  See map* 

074s 0747 100 lo00 0745:50 East Plant used as fix 

0745 0751 270 1200 0749:30 d i t t o  

0756 0820 - I200 Zigzag pat te rn  t o  f i e ld .  
See map* 

* me map refer red  t o  i s  the  aeronautical  chart  i n  t h e  aircraft. 
When t he  t r ack  of t h e  a i rp lane  was not s t r a i g h t  the  ac tua l  pa t te rn  
flown was t raced in penci l  on t h e  map. 
char t  has not been included i n  this report .  

A copy of t h i s  working 

t I 2 0 0 8 2  


	Preface
	Introduction Project
	Part
	Part

	Area During Operation

