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The projéct covered by this report

as an endeavor to fl) compare a group of laboratory in- |
struments as airborne detectors of radicactivity and (2) simultan-
eously obtain da.ta; relative to the diffusion rate of radicactive
contamination emitted into the atmosphere from off-gas stacks of
production runs. Research was cbnduc’ted in the ng Ridge, Temessée
and Hanford, Washington areas. Detection was accomplished at a
maximmn distance of seventeen miles from the plant. Very little
information of a conclusive nature was 'gai:ned concerning the dif- R
fusion. Further research with the nuclﬁr instruments, using a
strohger source, is recommended. To obtain conclusive infomtioﬁ
céncerning the meteorological aspects of the project, a la.rge;'
observational program will be needed..-



Preface

_While many instruments have been developed for the detect-
ion of radiocactivity, some of theae having been used in a:.rbome
detection, there has been little, if any, comparison made between
any two operating simultaneously ﬁnder the same cond;itions in an
airbor'ne operation. It was for this purpose that the Special
Weapons Group of Air Force Headquarters proposed Special Project

. FF/3L. | . |

\

. e - Dr. Francis J. Davis and Ralph H. - L

.—-t;.,.rr'. '2’.""-1—-

Firminhac of the Health Pbys:.cs Division, Oak Ridge Nat:.onal Labora- .
tory, to take charge of the technical aspects of comparing a group

of these nuclear instruments under various flight and meteordiogi-

cal conditions. Mr. Firminhac left the Laboratory to assume a L
po'sition with the Institute of Nuclear Studies and his place was

filled by Paul W. Reinhardt. - ,

It was under Dr. Davie's direction, assisted by Pa.ul W. Rein-:
hardt,. also of the Health Phys:.cs Division, that the pro;ject air-
craft was outfitted with these instruments by members of the Air
Yateriel Command at wWright-Patterson AFB. ‘I’he flighﬁ crew was

furnished by the 308th Reconnaissance Group (Wea) VIR Fairfield
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Suisun AFB,and on 10 November 1948 the completed aircraft, with

Dr. Davis and the crew aboard, left Washington, D.C. for a five

months period of instrument comparisen and metecrological analysis
of flow patterns of radioactife-.gase_s ieaving off-gas sta.cka of
puclsar production plants; i ) ‘
* During the ?rocess of the project it was determined that
the metecrological aspect should be ezpanded: It was for this
reason that Dr. Harry Wexler, .Chier.qct Scientii‘ic Services Divi-
sion, U.S. Weatfxer Bureé.u, was asked toAtake the responsibility
A Bumphrey, a.s his reﬁresénta.:t}ve? a:rrivedin Kndxvﬂl&to assist

in the m. . Vs el =N LT

Two 'z'reas were used s sources of ;'-adio;ctivity. The
first phase of the projcct was conducted at Oak Ridge, 'remesaec,
and the second in the vicinity of Hantord Works, R:Lchla.nd, Wash-

_..,_'-‘. - i g

This report presenta the r.‘l.nd:l.ngs of thesc studies and
is divided into two main sect:.ons' (l) The comparison of the
nuclear instruments and " (2) the metaorclogical influence on

-

airborne radicactive ccntam.na.tes.
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Perscnnel of the Kno:cnlle A:.rpo't at Oak P.:Ldge and

at the Hanford Works/ contributed meteorclogical data which

-aided in project flight planning and ‘a.r_xaly‘si‘s. )
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INTRODUCTION

By way of introduction to the project, these few
historical highlights are given and should be of particular
interest to the reader who is not familiar with the operation-

al sites and techniques used.

Two sites were available as adequate sowrces of agir-
bérne radioactivity, for project requiredents. The cho:';ce was
between Oak Ridge, Tennessee; and Hanford-ﬂorks » Washington.

w . | Oak Ridge was chosen for the first fiigh£$ because the consult-
ing physicist, Dr. Davis, was employed by the Health Physics
Division there a.nd the facilities of his laboratory would be
available for maintenance of equipment and further research.
located in what is known as the X-10 area, th:x.s laboratory is = _
only‘n few hundred ygrd.s from the pile and chemical separation
buildings and close liasion with both operations is possible.

Three of the most sensitive of the laboratory instru-
ments, taken from the Health Phy'éics laboratory, were chosen for
the comparison tests. High sen:itivity was essential because it
was de‘sired to measure even the slightest background fluctuation
gnd not to be content with measurement of k;igh intensities c;.f

 radiation. .



As a carrier for these instruments, the aireraft
was adequately equipped for in-flight maintenmance on all in-

struments.

The project began with 2 i‘l.;i.g'h:t.' from the Knoxville,
Temnessee airport on 17 November 1948. This first flight was
conducted outside of the Oak Ridge restricted area as were the
next two, prior to receipt of ner:nission to enter this area.
The first few rlights ma.de with only the idea in mind to de-

© - P N i

ter:nine the preforma.nce cf each :Lnatrumeut in i‘lig"t and to

mke axy changes required. for _fqrther ._.onxpar:.son. As the
flights progressed, more efi‘ort mas made to analyze the data ’

e rmw -

recorded by the instrumnts with respect to the poe*.tion and

.. one
i e wess —ioed - o
- etem

altitude of the aircra.ft and the ezisting meteorolog:.cal con=

ditions. _ e ann

The topographical features wers ‘a hinderance to the
Oak Ridge phase in limiting the “lowest altitude for safe flight
to a higher elevatzon tha.n scmetmes desired on cross-ridge

LY

passes., The influence oi' these ridges on the metecorological

state of the area is covered ful.ly in th:.s report, as :.e every

meteorological aspect oi‘ the project.

Many passes over the X-10 area; to measure the in-

tensity of radioactive contamination, resulted in a rather




routine process of tracking'su:h media. It was decided -

—— -

that this technique should be
: apph.ed to the Hanford area in an endeavor to determine the

' degree of contamination at a plutazm.m production plant.

—
—

So, on 16 February, the operation was moved to

B.i'chla_nd for ﬁ:rther. worke.

Flights were started, and as the plane m&_éd in
on the plints, the reccrds“_.-;h_owed o'niy neglig:l.ble return wmtil
very low passes'iere made over .the sta;ci:s concerned..-i So well
filtered were the gases of the plant bpérations s that detect-
ion was possible less than tw m.les from the plants even when

separate plants were dissolving at the same time.

\ ‘Only three flights wers conducted in the Hanford
area, and the lack of radicactive material t::: work with re-
sulted in the aba.ndonment of th:.s phase. Conaequently, most
- of the data recorded in tlus Feport will be of necess:.ty from

-

the Oak Ridge phase of the project.



SOURC=S (F RADIOACTIVITY FOR PROJECT PURPOSES

.0AK RIGGE

'During project oporatior;o at Oak Ridge, two sources of

radioactivity in gaseous form and one of pérticula;t.e matter were

‘Most readily ava.i.lable as a source, was the pile vrhioh
was shut down only for a i‘ow honrs occasl.onally. Ihis pile is
air-cooled by two Bu.f.falo Forgo -speci&l tans with an a:.r-i‘low of
abaut90,000 cnrtpernﬁ.n merhlomgthroughthep:.le, this
air is Jetted into the atmosphero through 8 200 ft. stack. Con-
tamina.tion carried into the a.tmosphere in this mamner is m.ostly
Argon"l with a strength of 500 curies per day !he cooling air
is processed through a cyclono sepa.rator to remove any large
particulate matter that it may have picked up on its pasaage
through the pile, and then through a filter house containing 1%
FG-50 filter media and CWS #6 filter paper.

Another source of ra.dioact:.vo contamination J.n the Qak
Ridge vicinity is the dissolving step of the Chamical Separation
prooess. Here, :eradia.ted slugs fron the pile are dissolved in

a HN03 solution. Activity produced reaches a maximum about one



~—

- o
.. ST
- e e &

hour after-the dissolving begins, decreases to onéthird’dm'ing the
second hour, and diminishes to zerc at the end of approximately

exzht hours.

150 lbs..of ‘slugs aged for 5 days after extraction from
the pile, are dissolw.réd in ea.c@_z'operatiog. - The Ioliovci.rxé radio~

active gases are released in the indicated quantity for each opera-

o

tion:

- e .

Ienonl33 srecccee 2500 cu;'ies

L
Todinel3l ....... 1300 curies :
Kryptox_z“ escccce Less tha;i one curie

-
e s ST
"o .- —-..w we e

An etfort :Ls made to Temove the Iod:.nel31 with scrubbers

- wr s

and ﬁ.lters before the off—ga.ses are released to the stack. The
efficiency of t.his ri.ltering is not knom, but the act.:.vit.y from
Todine leanng the stack is mch less than the 1300 cur:.es originally

.....

released, _—

An additional source of radicactive particles at Oak

R:Ldge is in Evaporation stage of‘f.he Chemical Separa.t;on. This

process has an incorporated f:.lt.‘.r system ‘but some particulate

matter escapes in an undetem:.ned mammer.



OriN:

HANFCRD

.Only one type of source was available at Hanford Works.
This was the 'C'hemical.'Separation‘ process, taking place in two
| separate plants at very frequent intervals. Dissoclving aometims
occurs sim}ianeously in both plants as was the case on one of
the _da.ys‘ ‘of project operation. Even 'th-ough the number of slugs
being dissolved is much greater thah at Oak .Ridge s they have béen
'a.ged for a longer period and hence g:.ve the lower output or Xenon
- and Iodine as shomn by the follow:.ng chart

’ ' For one Di:aolving process, duration six to eight hours
these gases were emitted:

Ianonl33 0.3 curiés ' .
. Iodinem ) 10 to 20 curies
I | ‘ _ Kryptone_s 90 curies

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

gases with a sand trap filter.

, The Ha.ni'orn:l piles offer no source { ér detection purposes
yr.i.‘l".h methods vusAa‘d on this prdjeéf. They are water—cooled and the
Vwater is retﬁmad to the Columhi# River where it is diluted to a

| strength of about 2% of its contamination a.cquifed in passing
through the pile. : |

!

L ol

. “ ) ' R - .. P



. sumnary is offered:

o I'odinenl.“-. : .o :.1300,.&.;1-'163[ - 10 to 20 'cxrries/

" As a comparison between the two plants, the foll.

YT
PPy
P ot

e v -m ,..——.- wmn . -

Oak R:.dze Hanford .

Pile out-put L SOOcm-:.ea/day Hone .
. )lostly&rggz.z‘_@r;_f' _— ‘ )

G

Dissolver out=put for I 5 dayslugs = "':.;LO-O ;déy _slugé .
. . --_ N - . A-...---.-.o i - ~ ‘\\

oamer TS T T ' \:
iXepondd3. - 2500 czn'ies/per ‘°~3 urtes - \\.\

3 a2
T e

" operation < 7 perope:at:.an_-

per of:eration per operation
Krypto_nss " 7 less than 1 90 cmes per

-

"ész:ie per operation

of:éfation




Half Life Beta Enefgy Gamma Zner
Element TS - MEV_ MEV

irgondd 1O min. L2 13

Xenon33 5.3 days . 3 . .o85
' KryptonB’ 9eds Jears T .8 | ‘ —_—
| Iotinel3l 8.0 days 5 37

.08

65 (25%)
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Comparison of Nuclear Instruments

Imtroduction: 0 7 L eceeitaseen wm Sl

An ideal airborne instrument for the detection or radio-
active gases given off from pn.les and dissolving processes should
detect alpha, beta, and gama radiat:.on, have high sensitzv:.ty, |
and a short time conit:_ant. It should also be ra:u-ly J.nsens:.t:.ve 4 |

to altitude changes, maintain a reliable calibration, and be

simple to operate.

Since it is not practical to incorporate all of these

- feﬁtures into oﬁe instrument, simultaneous measurements from

several in#truments must Be used.

+ In this section will be found descriptions of the in-

struments compared, methods of comparison and calibration, the -

‘conclusions reached, and recommendations for future use of these

instruments. . : .

Descrintion of the Instruments:

Three instruments were chosen for the cozparist.m tests:
An'-atmospheric conductivity chambef, a hzgh pr.ess-ure‘ ioniza.tibn |
chamber, and the NRL Dual-Channel Airborne Radiation Detection unit.
The use of these instruments is not new. One of the earliest atmos-

pheric conductivity measuring device was devised by Zlster and Geitel



in: Germany during the early part of this century. Later develop~

.;ments have brought about the design of an instrument such as m.

used on the project. Ionization chambers date back to 1896, when

‘ Becquerel observed that a charged electroscope would be d:.scharged

if uranium was brought near its term.nal Co:.nc;dence counung

b d
similar to that used in the N.R.I.. unit was first devised by Rossi

'in the late 1920's. —_

Supplementary instruments on the aircraft include an El-

" tronics scaler, and an alpha counter' consisting of a high-gain

anpli.fier Ted into an Atom.c In:trumerxt Company scaler. Al of
these instrmnts are of proven deaign and bave been used very
successfully in ground operation. Their behavior in i‘lig,’nt is
covered in this section following a brief description of each in-

strument.



Atmospheric Conductivit- Apparatus

Air, in its normal state, is one of the beet insulators ‘lcnown.
However, the action of cosmic rays and rad.zoa.ct:.ve matter on the air
produce electr:.ca.lly charged pa.rticlee, ca.lled ions, wh:.ch render the
air conduct:we to a'more or less degree. The Air Conductivity appa.r-

atus is used to measure ionization curreants in the air due to ioniza-

tion agents. - .
’I'he _schematic ‘on Page 22 repreeente the instrument used on tb:.e

project to neaeure this conductiv:.ty. At the upper left ia a cylindri-

_cal condenser, cone:.sting of an outeide tubula.r ehell which is a.t 2

potential of £:300 volts a.nd an inner memember which has been highly

ineula.ted. This inner member is connected to a sensitive electrometer
tube io a ha.lanced br:Ldge circuit. 'l’hie brxdge circuit is in turn con-
nected to a Bro\m recorder. When air is pa.eeed through the chamber,

"the ions present in the air are brought under the influence of the

electrical field between the members of the cylindrical condenser and
are co:L'Lected on these members, the ooe;.;ive ions being attracted to
the outer shell. This causes a voltage to eppea.r across the hd.gh-
value resi:tor R, and a correeponding change in the grid voltage of -

the electrometer tube. The bridge is thrown out of balance.

The D.C. voltage produced by the unbalanced bridge i.s convcrt- |

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

recorder and is amplified to a large va.lue by the voltage amplifler.

’

/
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It is then used to conmtrol the output of a power amplifier which
drives a balanc:.ng motor. This m.otor is comnected mechanically to a
sl:.de-me potentiometer which is comnected in aen.es with Rz, and -

Presents a bucking voltage to bring the bridge back to a balanced

.state. . . | | .. . . , -

The bucking voltage is recorded on the strip ché::t of .the

~ Bromn recorder and is equa.l to the voltage drop across R, vhich is

directly proportiona.l to the iom.za.tion current. The ionization cur-
_rent is a measure oi'the amunt of :x.on:.za.tion matter in the ar. | 4

The pro:)ect Ccnductiv:.ty apparuus wa.s -constructed in the in-
stument shop of the Health Physics Division i‘rom specif irications sup-

plied by Dr. Davis and P. Reinhardt., These specifications ’_were based

- on the results of éxperinents performed 'by G.R. ?.'aitl.' Because of the

scarcity-of’ published imformation on an instrument of this type, a
complete set of worldng drawings of the cylindrical condenser are in-
cluded in this report; beg.m.ing on Page 26 |

Page 2l shows the installation of the apparatus in the airc?aft.
The associated Broyn recorder is at the far left behind the tube. The
electrometer tube and bridge circuit are enclosed in a amall box

-mounted. on the outer :hell a.t the upper center of the picture, while E

the course and fine zero adjust controls and the off-on switch are in

the case below, Air flows through the tube after entering the scoop



- - .
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25— T

on top of the ai.rcraft.,‘ snown with the Filter Box on Fage 55. The air
then leaves the other end of the tube through the hole in the cabin
wall in which it is fastened. The s‘.‘.raiéht part of the outer shell is:
51&" in length and 3" in diameter while the inner insulated mé:iber is

L5" long and 3/L" in diameter. Fluorothene insulators separate the two.

1 Some Experiments Relatime to the Zlectrical Conductivity of the

Lower Atmosohere =G.R. Wait, Department of Terrestial Magnetiam,

Carnegie Imitgte of Washington
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Airborne Dual-Channel Radiation Detection Systen

Four componexits, a Radiation Detection unit, a Dual-
Channel Counting Rate unit, and two recorders, make up t.his system
devised by the Naval Research lLaboratory which is used to record

the coincident and gamma rays as a function of time.

.For a complete description and laboratory evaluation of
the system, the reader is referred to the NEL Report' P=-3339
"Airborne Dual-Chamnel Radiation Detection Systex” dated August

25 » 1948 and "COperation and Maintenance Instructions on the Dual-

Channel Radiation Detector® by G.K. Jense, E.N. Zettle, and P.X.

Gager, dated 3 August 1948 (MRL Report: C-3600-536A/L8).

'The accompanying photograph shows the two units mounted

on the extreme right with the recorders nearest the z.-ea.der. The
Detection Unit is on the bottom in the rack.

A later modification
placed the Detection Unit on the wooden shelf directly beneath the

Brown recorder associated with the ‘Conductivity chamber, and the

-Counting-Rate Unit was remounted in the sanme position as shown on

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

stage in the Detecticn Unit affords undistorted signal input to'v
the Couﬁting Unit for cable lengths up to about 100 ft. The
;:ablg Iengt.h at present is 20 ft.
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Because of the dif "“'J.cnlty of calibrating on the- grcund '

_without severely draining the aircraft batter:.es, it was necessary

to construct a transfo:'n'e_r—operated unit for use with the 115 wclt
power unit. Built with miniature tubes, it follows closely the

design of the NRL units, except that the detector unit and the

' count rate unit ha:rve been cozbined on one chassis (pages L a2

45). . It has been used with very good results during the last
half of the project. This modified unit may be used with both
the recorders and with a mster on the pilot's instrument panel.

This meter is mou.ntad on the same panel as the conductivity re-

\ o —,_p-st.ar .z.ncﬁ.catu.ami sa're the p:.lot an :.ndicaticn of the strength

.’_&/

L3

e s amy SN me. .

os o3 H:M..% - - e e P
= “of the ra.diaa.ctivity. ' -
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High Pressure Icnizafion Chamber

Consisting of two units, 2 high pressuze iormization
chamber and a Chicago Vibrating Reed Electrometer, this instru-
ment is perhaps the most sensitive of the aircraft's instruzent

cmlmnt -

Shown on pageslhl and L7 are the two component parts of
this mstrume'xt w:;.th its recorder. The ion chamber wes built
up at the Oak Ridge National Laboratory and is filled with abcut ‘
100 atmospheres (1450-1500 psi) argon. It is connected 1) thc o
vibrating reed tlectromster through 4 switch bcx ccntaini.ng a

grounding switch and a sens:.tivity selector switch. A Broun To-

corder keeps a constant record of the change_s‘ in ionization

{requency.

A typical selt-balancing vibrating reed electrometer cir-
cu:.t is shm below

B
,\ ’\ ’_- P . ' ’ i
w—te Can !
c T~ T2 PaC AP @ Motor
== gnz. . | | \
2 e \
N - . . \
P -
\ otentiometer: l{echam.ca.l Cotml.‘!.ng__
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Te nay think of the ionization chamber as having capacity, as it

in fact does, and represent ift- as C;. Then exposed to radié.;.:ion,

- the chamber becomes v'a charge producing system, and cause$ 'a po-'
tential dii':erehc;_ to appear across Ry and C. C, is the vibrat-

ing condenser, its capacitance being constantly varied by an electro-
magnetic force. Here this potential difference is converted to an
A.C. signai which in turn is amplirisd. The amplifier output is
used to drive a mtar mcn moves the arm of potentiometer 8.3

returning the systn to a mull position.
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Alrha Azplifier and Atomic Instrument Company Scaler

The proble:n'of counting ionizations due to alpha particle
was solved very effectively by Ralph Firminhac in his high-gain
amplifier developxzent for supplementary use with the Atomic Ip-

strument Company scaler.

By referring to_the preceeding page one may more easily

follow the discussion of this instrument cozbination. The in-

. strument is installed on the bench just to the right of the El--

‘tronics scaler.

“ At the extreme right is the a.lum.’.mm chamber which holds
the filter paper to be coﬁn‘bed. It is simply an ion chamber
flushed with a stream of argon throughout the count:.ng operar.:.on.
The signal is fed intc the high-gain aml.ii’ier and from there to
the scaler. The register near the front edge of the table records
the alpha counts. This apparatus was used primarily in processing

filters for the filter ei'fi'ciency téa?s.

A schematic and photogranhs of the amphner follow. A
mors comnlete report on th:Ls amphi':.e* is being published by .
Fimnha.c and va.ll be ava.:.lable shortly. 1

4

1 Gehera.l Purpose Alpha Counter - R.BE. Firminhac - ORN1~-338
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El-tronics Scaler

This standard “scale of 64" scaler was fed with a Radi-
ation Laboratories G{ tubé (shown encased in a .028" thick brass
tube in front of the scaler on page 51). The tube is 2L inches

in length, is 2 inches in diameter and has an effective length

of 18 inches.

Filter papers inserted around the GM tube were counted
for beta radiation. In order té cut down weight, the lead pig
_ordinarily used with the wrap-around counter was replaced with
a ;ra;a 'tu.be. Aithough reacval of the lead pig increased the
background count by a factor of two, the counting rates of the
filters were sufficiently high fhat no significant counting error

was introduced.
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Filter Box

Radioactive a:.r contazinates may be divided into two

classes: ‘Gaseous and Particulate. Both are present in the atmos-
| chere and both may have the same effec; upon GX tudes, ion chambers,
or similar detectianv devices. The presence of pa-:i:ﬁl#te zatter
may be determined only by the use of filters - through which air
saaples are drawn., This may be done on the ground by using a
tl~wer to force air throuzh the filter or by ~—~einz the filter

to the slipstream when used on ar aircraft. Both the size of the

'\ - filter and the speed. of the air are important in both cases.

In order to detect the presence of airborne particulate
matter in the vicinity of Oak Ridge and Hanford, filters were

carried in the aircraft by use of the standard AMD filter box.

‘_AJ.!C Filter Box Installation

. Shown on the following pa’ées is the insta.lla:ion of this
Filter Box with associated differential mancmeters. The {rontispiece
~will also give the reader a better*idea of the relative location

Vv

of the box on the airplane.

This bor is constructed tr accommodate two slide-in <ype

) filter screens and.used the venturi principle to maintzin 2 pressure
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&op across the filters. The Filier paper used has an arez of
-one square foot and is" 18" x g», E'ilter screens are retained in
the box by spring steel rumer clips and with locking handles,
Pressure drop across each filter is read from the mancmeters on
the left cabin wall, usual Pressure drﬁp Abeing 7to8 1n/H20 at
150 mph indicated air speed. Air flow through box is approximatevl

1y 450 cu ft per min at the same speed.

One of the questions brought up as an objective of this
project was efficiency of these filters. This pi*obldn ‘was talgexi
up Iby Dr. Davis-and his findings =oay be i‘éund as a separzte rep'art ‘
in the appendix to the instruzent section. | '
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The fclion:ing table shows pertinent character-
istics of the three instruments: pressure ionization chamber,
RBL Geiger counter dual-channel radiation detection (NBL Unit),
and air condoctivity apparatus.

Ca.libra.tian
681.11'133 of - © Average ' Time
per liter Background Constant
Instrnment per division  Background - S0%.
mctut:.on response
Pressure ' U '
Chagber 3.6 x 107 145 div. 15 div. 55 seconds’
10~15azp/div ‘ . _
BL Umit = 5.2 x 1072 50 div. 5 div. 23 seconds
°v35 ctS/ . ‘ ’
aec/ div
Conductivity '
Apparatus 5.5 x _10"11‘ 15 div. 3 dive L% sec/100
5 x 10-13 o div
axp/div
m. e of Radiation Measured -

. The air condnctiv’ity apparatus, being éssentially
an ion éo]lector, responds to the intensity of ionizatiom in .the




ailr passing through the tube. This iomization in turm may be

. produced by any ionizing radiation such as cosmic rays, alpha,

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

smoke or fog which produce large ioms.

The ion current due to the ions collected per unit

time can be showmn to be

L= 4PVA

where i is the current, C the capacity of the collecting tube

onlj,~and A is t&e conductivity of the air. The conductivity

can be expressed as

= nek

where e is the electronic charge, n the muzber of small ions/

cc and k the mobility of the ions (ca 1.5 cz/sec/volt/em),
Actually we should include terms on the’ right adde of the
equation for larger ions but it is found that over 95% of the

conductivity is due to =mall ions.

The pumber q of ions produced per second per cc can

 be written as

q=dE=3.7x10°P cs
]

-]
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T

where d is the mumber of disintegrations per second per cc,

¢ is the curies per cc, E the total emergy of radiations per
disintegration, and W is the electron volts to produce one icn
pa.:.r (about 32.5 volts) and is roughly i.ndependenﬁ of the type

of radiation fa.lpba., beta or gamma).

DUnder normal equilibriun conditions the number of
ions produced per second per cc is equal to those recombined

per second per c¢ so that we may write

qQe(n?+ N+ T X o

where N is the number/cc of charged condensation nuclei or
large ions, N is the mumber/cc of uncharged condensation
nuclei, & is the recombination coefficient between the =mall

ions, 7 and 7, the recombination coefficients between the

amall ions and the respective muclei. For ordinary conditions

near the g:-ound the last two terms in the above equation arse
about equal and large compared ri:tﬁ—x 22 so we nay write the

&pproziﬁate equation

-

‘1:2)11\1:1'

v&zi:ﬁh indica.tee' that the conductiv:ity (which is propértiona.l

to n) is proportional to g and inversely propertional to N.
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The MRL Geiger Counter unit is sensitive to gamma
rays and cosmic rays. The efficiency of detection of gamma
rayes rises frem .15% for 0.2 mev gammas to 1.3% for 2.1 zev

gammas,

. N e
The pre:- -ure ionization chamber is sensitive to the

same type of radiation as Geiger counters but probably has a

different energy vs efficiency curve.

Calibration
To measure the aenaitivity of the preasure chamber

and the NRL nnit ‘two raﬂioa.ctive soirrces 'ere used. One,
83 microgram radimm scurce and the other, a 3.4 micro-curie
~ source of Cof0. The response of the two instruments is given

in the following table:

° 77 Net Beading
Instrument Source Distance Above Background Div/uc at 36®
Pressure Cob0 24" 05 | v | 13.6
" Chamber . ' . ‘
" Pressure Ra | 36% - 625 7.65
NRL Unit G0 - 3¢m 32.5 9.45

NRL Unit 2a ag" 63 LoSh




R

The last column has been calculated assuming the

inverse square .relat::i.on between response and distance of source.

One diviaion' is equal to 10"15 amps, 0.35 cts/sec ‘and 5Sx 1w-13

amps for the pressm-e' chamber, NEL Unit and conductivity ﬁppara-

tus respectively.

FPollowing the plan ouf].ined by Paust and Johnsor®

for the computation of th’e ‘response of a GM tube to.continuous

distributed sources, the following table was calculated:

Conductiirity
Sou;-ce Pressure Chamber - NRL Unit - Apparatus
o0 " 3.6 x 107X o/1/div | 5.2 x 107 5.5 x w0
. . | ' c/1/div ¢/1/div
Bn 5.6 o 1.0
sl . © 9.7 9.0
20133 - %0 8
xe85 9] 60
1131 N W 2.

. * R.R. Faust and M.H. Job.nsod, "¥ultiple Compton Scattering"

Physical Review, Vol. 75, No. 3, February 1, 1949, pages L&67-L72.
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A comparison of the deflection of the NEL unit ard
the conductivity apparatus for flights through the trajectory
of the pile cooling air and dissclver ga.sea‘ gave the relative
response of the two instruments to distributed sources of ARt

a.nd Iel33.

The sensitivity of the conductivity apparstus is

‘assumed proportidnal to tne total average emergy of radiation.

n;e energy of the various ao;n-eas were given on page 18. The
beta ridizhion energies l.isted. are the mazimm energies; the |
average énmergy used was 1/3 of the maximmm. The total average
energy. taken was then the sur of the ene.rg of alpha and garsma
radiation plus 1/3 of the beta. energy listed per disintegration.
The gamma ray efficiency of the REL unit was taken from Faust.

v .and. Johnson*. The gamma ray efficiency of the pressurs éﬁmber

was not determined except for Co®C and Ra.

It is seen that the RRL unit is insensitive to YQ‘BS

(no gamma), while the conductivity is sensitive. It is to be
noted that the conductivity apparatus is ammch more ssusitive to
Bn which is a contributive background factor. The conductivity

apparatus and the NEL unit are rou@:ly nins times more sensitive

tb AL tha:i 13133. This is one of the main reasons that in spite
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of the much stronger Iel33 source in curies in comparison w;i.th
Al (factor of the order of 50) it was still only detected about
three to four times th; distance from the source. While it is
seen that tne sensitivity .of the NRL unmit and'the conductivity
apparatus for 1_31_33 are about the sams, the conductivity apparatus
is still a.ble to det.ect smaller munt:s because of less background

wariation. ‘ -

Backeround
| By ba.ekgraund is meant the norma.l responae of the

- o instrument to radiations normally present. In the rol.]mring
) ‘table is given the background and an estimate of the percentage
of contributing factors. The i'a.lues given for the conductivity

are taken from Hess. _ , , o

Background Source Pressure ERL

On Ground . Chanber Unit . Conductivity Apparatus
Cosmic 70% L0% 16%
- Adreraft and in- - 10% L2208 negligible
A herant backg:-cund ‘ .
s Ra and‘mproducts ug . 8% | 5%
5 Ra a=d Th products  16% 32¢ 33%
in soil :

) | ~ Total Background 145 Div. 50 Div. 15 Div.
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These values refer to »air near the ground, at
higher altitudes o;n would expect the compenent from the soil
to fall off rapidly,_ the component free the radium and thorium
products in the air to drop off more gfa.dnally, and the com-
ponen£ due to cosmic rays to become larger. Curves showing the
variation of background with altitﬁdé will be shown later. The
Sackgz-ound cozponents due to Ra and Th products in air and in the
. 80il would vary c.onaiderable with different locations and also

from day to day. ' 3 _ _ e

The variation of th; background is important in
" that 'it determines the smallest amount of detectable radiation.
‘In the case of the ‘conductivity, the variation of the smoke and
fog céntent will affect this. On a clear day in f.he open 'coi;letry‘
or at high altitudes this variation will be smaller. An estimate
" of the ﬁu@ fluctuations of the background of the instruments
used is as follows: ' |

Pressure Chamber 15 divisions

ML Umit 5 divisiony

| ‘Conductivity Apparatus 3 divisions
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‘ Altitude Effect

The increase of background response with altitude

up to 15 ,000 .feet is shown on page 67. me vertical scale is

in arbitrary units and does not indicate the relative back=

ground of the instruments. It is seen that the instruments all
follow & similar curve, showing an increase in background with

altitude. The drop in the background ionization shown for the

cMﬁty below 5,000 feet is probably due to the presence
of smoke or haze rather than a decrease of radiation. The

curve showing the background of the El-tromics (the GM counter

used for the counting of filters on the plane) po:'.nts out the

necessity of obtaining the background count at the same a.ltitude
at uhich the i'ilter count is ob‘ba:med.. |

"n:e T-C and C cuwrves are total minus coincidence
counting rate and coincident counting rate 'regpectively of the
RRL unit. The following relation given by Gager, Jensen and
Zettle® !hould hold:

" (T=C) = B, + B+k(C)

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

Radiation Detection System RRL Report P-3339
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(T=C) = total mimus coincident counting rate
B, = ground contribution

B = aircraft and mherent counter ba.clfgrov.. d

contribution

k = siope constant

They found for actual counting rates the value 0-9 for k.

._‘h- -

the two cou:rhmg rates are d.ii'ferent, thereby giv:.ng a dirrerent

va.lne for k.

The curve showing the activity of a filter paper
cellection nth altitude is an indication of the relative
anounts of raden with altitude. The collections were made for
periods of one-half hour and counted for 6., mimutes starting
6ne minute after filter removal from collector box. The radon
origina.tes from >the soil so one would expect a decrease in
radan concentra.tion with altitude due to the decay of the radon
as it is- carr:.ed up by diffusion a.nd convection. The height _of

the a.tmospheric' temperature inversion at the time the data was

e —
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taken was 3500 feet and is seen to fit at-the break in the slope

of the curve. This is to be expected from the known meteoro-
logical characteristics of a temperature inversion which prevents

vertical mixing.

Zero Dr"_ft i |
The only instrument used that showed any appreciable

drift was the air conductivity unit. In this apparatus using
the electrometer tube as described earlier, the average drift
was approximately one percent of full scale per hour. Thile
this amount of dﬁrtisnottoo objeetiouﬁ._enhavenowrg—
placed the electroieter tube with vibrating condenser type of
electrometer which shows negligible driﬁ.
Time Constant

' | A measure of the sf:eed of response of an instrumesnt
to a sudden change in radiation is the time constant. We may
define the time constant in several ways. In the simplified
cireuit of charging a condenser with cxpaciﬁy C through a resist-
ance B by a voltage ¥V, the ysual definition der'ines RC as the
time constant; this interval of time, however, only charges the
condenser to .63V. We shall refer to t;he time constant in this
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' manner as the BRC constant. .'l'ne time required to bring the

response to 90f of its equilibrinm value is scmetimes used
as a definition for time constant. For the condenser resisior

combination the t:.me required for the condenser to reach .9V

would be 2.3 BC.

The RC constant for the conductivity apparatus is
approximately O.1 second for the high sensitivity setting. How-
éver, the time required for the pen of the Brown recorder to |
travel full scale was L% seconds, o -

The tank circuit of the NRL detector has a RC
constant of 10 seconds so that the 90% response time would be

23 seconds. n:is agreed with experimental cbservation.

The experimental 90% response time observed for the
pressure ionization chamber was 55 seconds when used at high

sensitivity indicating this instrument as the slowest 6: the

threes.

ALl three instrmnenta wers considered equa.ny rugged '

and free from effects due to vibration. The NB.'L unit regquired

. the most méintenance, though the amount of maintenance was not




considered objectionable. The wnit required the aircraft

engines to be opefa_.ting to maintain sufficient line voltage.
Further improvements of the additional NRL unit built by Lt.

, Harlan shown on page LL, is in process. The new unit has been
cozbined in one chassis and now operates from 110 AC power source.
The conductivity unit required a drying out time frem 5 to 15
minutes to remove dccumilated moisture before stable operation

if the apparatus had been standing idle during a rain stcrm;

U higﬁ pressure iloxization chember hes recquired no z=ainten-

anée whatever from the time of installation té the tizc ol

writing this report.

- Sigplieity-

| The air conductivity a‘;.apara.tu.shi‘sv';he simplest to |
const:'uctb =g thé least expensive if used witk the electromester
tube circuit. Vikrating re=d electrcxﬁeters if used, on the

other hand, are relatively expensive, .
The MRL datector is o oore complicated circuit but
. if the csmponents are availoble, traw are 2257 to z2ssemtla,
>

!

The hign pressure icn.zciiosz chamber reavi-ss

" skilled personnel to fibricats and ccmbined with the vibrating

reed electrometer, it is expensive.:
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Pilter Collection

A comparison of filter co].’!.ecf.ion as a detection
instrument with the preceding three instruments discussed,
was tried. Unfortunately, at the time of the collection, the
 sources of radioactivity were. all equipped with filters render—.
ing.the aircraft filter collection ineffective. A comparison
is expected to be m&ie at a later date in the Hanford area with

the source filters removed.

The co]l‘ection-of pme matter on \filter
paper‘as a detection instrument ,m a high sensitivity due to
its dccummlative property. It has the disadvantage o mot
giving an‘instanta.neon; result but a result integrated over the

time of collection.

The methods of determining amounts of activity on
the filter used were (1) counting by wrapping the filter around
| a B.adiafion Laboratory Rf beta counter and the count registered
on an El-tronics scaler and (2) taking a radicautograph of the
filter on X-ray film for i'romﬁéeveral days up to a week. The
radiocantograph method is the Zcre sensitive znd 2lso shows whar:
: fhe active particles are loc.ﬁted on the filter in case separation
of the particlesiis dési:ed fo:'} further study. The radiocautograph

has the disadvantage of being time consuming. A third method
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that can be used and which is probably the most sensitive is
to dissolve the active particles and precipitate the sample
on a small foil so that it can be counted with a low back-
ground cownter nt.h high etriciency; This methoc, of course,

is also time consuming,

The efficiency of the filter in capturing the
particulate material from the air flowing through the filter
is a factor that mmst be considered. If the er.f.iciency is

.lo', methods of raising this should be 'considveredsnch as treat-' -

ing the filter with caustic to increase the efficiemcy of collect~
:Lng 1331, such aef.hods were not tried, but personnel from the
Hanford area did not recommend the treatment.

The decay of the activity is a consideration in
filter collection. The radimm decay products have a half life
of the order of 30 mimtéa, while ‘l'h B has a half life of 10.5> |
hours. PFor high. sensitivity to a long life product, one amust
.wait-until ThB has decayed yhich means several days. This would
be true also in the case of .ra.dioa.utograph 'hethodz. The decay
 of the particulate matter from a di#:olving run of 5 day old’

E slugs at Oak Ridge is shown on page 75. | “he de-cay shown is
probahly a comhinati&;n of 12.8 day BaldO and 54 day sr89. -

S
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Recommendations

In conclusion, the following recammendations are

offered:

1. 'nxat ﬁhe High Pressure lonization Chamber be
eliminated from the group of instruments used in future air
borne detection work. Although its high sensitivity is &
great attribute, this semsitivity is gained through use cof
high-fa.lue resistors which also introduce a long time constant.
Because of this time consta.nt, it is difficult to assigna
geographical location to ne-Tow areas ot radioa.ctivity in the

o, . - .
) -‘~-o- Ty - - - > — - - ~: ._-.'-v-- R ,e»-p - - - . .. .
3, 2. r-}_..k—_.a_.“‘"'. — ean " e el w0 L% © e
¥, " Y .

2. .That more consideration be given to a combina-

tion of the two instruments - the comductivity apparstus and the

NEL Detection unit. Although the Conductivity apparatus has
bad featurss, mainly, its response to ;noke and .zpoistures in the
air, i* is a very desirable instrument bacaua; of its high -
sensitifity and fast respbnse. The NBL un;t is feli,abla, of
good sensitivity, and is‘hot. affected by ch;nging atmospheric

conditions. A comparisom of the records of the two instruments

" used simnltaneously would give a relé.tively gooed picture of the

radicactive content of the air under any flight condition.
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The ‘continued use of filters in conjunction

with the above instruments is _recommended. This is the only

" real means of determining the presence o long-lived particles

and in cases of unfiltered sources, this particulate nattér
may be detected at extremely long ranges. 7
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FILTER EFFICIENCY
vy
-Franecis J..Davis
Health Physics Division
Oak Ridge National Laboratory

Introduction -

To estimate amounts of natural radioactive material in
the atmosphere, one may use filters to collect the pérticula$e>
material and count the beta or aipha emission at iﬁtefvals to
establish the deciy cufveu The decay cufve, however, establish—
es only the relative amounts of the active material; and a cali-
bration of the filter paper to obtain an efficiency Qf collect-
ion must be had before the absclute amounts of radicactive material
in the air can bé estimated. The efficiency of filter paper is a
function of particle size, and therefo:e any efficiency v;lue neces-
sarily refers to ; certain distribution in particle size.‘ ihus the
efficiency measurements given do not hold for distributions of

particulate material other than that specified.

Method
. Beta and alpha radiation frog the materiai coliected on
the filter paper was measured, and the results were compared to

the theoretical amount of active deposit in the air. It was



=

&ENL,

assumed that the radon in the air and its active deposit are in

radicactive equilibrium. This procedure entzils a3 measurement of
the radon content of the air, the counting of the filter for alpha

and beta radiation, and a determinztion of the air flow through

the paper.

Descrintio;

' The filter box ;;s described earlier under the instrument.
section. Using information from data obtained at Wright Field,
one can estimate the air~flow through the filter by noting the
pressure drop across the filter indicated by a differential mano-
meter. The usual airflow is apprcximatelj 450 cu ft/min. The
filter is type CWS #5 with dimensions 8" x 18" or one square foot
in area. B

The aipha counter was apparatus designed by the oak Ridge
Nationai Labcrat&ry. It consists of a cylindrical counting chamber

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

fier and an Atomic Instrument scaler. Argon from 2 high pressure

cylinder was flushed through the counting chamber while the count

was being'made.

The beta counter apsaratus consisted of an El-tronics,
Inc. scaler plus a Radietion Counter Laboratories GM tube. The Gi
tube used was 24" long by 2" in diameter wiﬁh an effective length

of 18",
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Proc"eduré

3

The radon determination was made in a laboratory at Oak

" Ridge National Laboratory by Miss Sarah Culpepper. Two-liter

glass sampling i‘lssks. were £illed during flight and the air was
transferred in this ma:;ner to the Laboratory. Hers the sample
went through a puriﬁ.;ation system for the removal of oxygen and
water vapor from the air sa.nplewhile transferring it to an alpha
particle counting chazber. The alpha count from the sample was
then compared with that from a radon standard furnished by t&e

" National Bursau of Standards. The alpha amplifier and scaler in

the laboratory were similar to those used on the plans.

A typical vrocedure record is a.s fo].lo»ws‘:

Date 2-1-49 . S .
| Altitude of atmospheric teaperfture inversion 3000'_
0 00%0%  Filter in place |

Indicated altitude R 2000
Pressure drop across filter | CYA
Q15 Air saml: taken _

0 20 00 .Ba.:kground started
026 2L 'Ba.ckg‘ronnd- completed
Background count/min ' L9

- T P S—— —
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& 30 00 Filter t.a.ken out
0 31 00 Beta count stﬁrtéd
037 24 Eéta count completed
Beta count/min plus background 7011
Net beta count/min ' 6262
0400 Alpha count started
0 L6 24 Alpha count complsted
Alpha count/min : ALY
Aix; flow o | L95 CF¥

Radon content of air sample 3.85 x 10 curies/rt3

The background count of the alpha counting chamber was
so low that it could be neglected. .

Assume as in the sample shown above a collsction time
t, = 30 min, ‘a decay time t, = 10 min and a counting time ty =
6.4 min., In the theory of successive radicactive transformstions#*
it is shown that the activity of BaC which was in equilibrium with
a constant supply of Rn and removed i‘r—o;the Bn for a time t is

equal to

C = (A Mt 4+ Bt c:r"at‘)c‘,}E

® Rutherford, Chadwick and Ellis - "Radiation From Radiocactivs

Substances®
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wheraal is the decay constant for RaA = «2268/min
Ao is the decay constant for RaB = .02586/min
/\3 is the decay constant for Ral = .03515/min

As Ay A5 = .02%

(A2 =A1) (A3=-271)
B A 4 = L.287

( Ay =A)( A3 - 2R2) ' b
ce M A = =3.291

(R -43)( A2- 4 3)

Integrating the last equation to obtain the accumlated activity
at the end of the collection time ty. . .

} ) L L TR P12 J et
Ctl-j;ctdt-A (l’ ;1. )48(1 e ).+ C(l ;3 ‘)‘ - ?

_ After collection time ty and a decay period ty we have

) e l?tzh : ' :
- oA Aty Ayt
ctltz.fctdt.a - .1*'1)35- 1%2 L8 - =A2% /‘2‘2~
t AL Az - -
+ C @.:_'3;.13:1) - M3t
A3 _
The average count per minute du:ing a counting period't3 after a

cd’llect.iox; period ty and decay peciod ty is th;n equal to
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‘ct'it'zt3 =1 c#.ltédtz = ( - e- ltl) ﬂltz( - 1t
t .
. 3 A 4

Aoty ) -tz l2“'3 _~1m
Bﬁ /TZ ) ‘ ( hz t3 + (l )

- Mot ( At ) |
| t

A3t3

In the above sample if we had 100% counting efficiency,
we should get an alpha count assuming a geometry equal to 1/2
and 2.2 x 1012 disintegrations per min per curie egual to

(495)(3.85 x 10-12)(24.98) (2.2 x 1012)(1/2) = 5.17 x 10% d/min

Using the alpha count obtained we get Zor the efficiency of the

collection

ULl 5.28%
5.17 x 104

The equation for the activity of RaB can be derived in

the same manner resulting in



Beytoty =

A < - o= Bty ) e-A2t2 (L- o~ 2t3

A3 "‘z it/ A2t

A 1 - e~ Alt:y(e 1‘2)( 41‘9
Ap=22 \ My A1t

RaB, however is only a beta emitier and therefore, does

not enter into the alpha count. The energy of the beta emitter

is only 0.65 mev. To estimate the fraction of RaB beta rays that

" are absorbed in the counter wall we may use the equation

Fgl-e"}mwhare)zglaz‘l‘w

£ is the energy of the beta ray emitted in mev and x is the wall .
thickness in gm/cm?. For the counter used, the wall thickness is

appré:d.mately 0.100 gm/em? so0 fha.t the fraction of RaB beta rays

- absorbed ln the wall is about 97%. The value F for RaC beta rays

absorbed in the wall using 23% of the beta rays with enefgy 3.17

mev and 77% at 1.65 nev vbecome‘s 51%.

Assumihg a calculateci geometi-y for counting beta rays as
37% a.nd wall absorption of 50%,' the ratio of alpha rays to beta
rajs counted for the same collection of active material becomes
2.7. "In aqtual practice, the ratio after correction for decay

between the sepirate countings turns out to be between 2.'5' and
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2.6. Undoubtedly some of the alppz particles are absorved in

the filter paper.

Results

A summary of the data taken appears in the following table:

Indicated Height of Curies of Rn_ Collection Efficiency

ﬁate Altitude Inversion per ft- x From Alpha Count
1-27-49 2500 2800 3.0 1%
2-1-49 2000 3000 2.8 . 28
2-1-49 4000  -3000 1.8 28.8
2-2-L9 2000 2500 . 3.1 T 30.4
2-2-49  LOOO 2500 1.5 . wa
2-8-19 7000 3000 .65 3.2

' Average 28.L%

The results shown are seen to have considerable variation.
Probably the greatest source of error is in the measurement of the
radon»conﬁentration ot.the air. Sevér;i other methods were tried,
such as concentraticn of the radon by adsorption on charcoal; bui
this method failed due to patural Egntamination‘of the'cgﬁrcoal.
Larger ﬁamples, using polyethylene balloons, were tried; in this

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

was too large and variable. The first determination listed was by




the balloon method and is seen to be the value rin-thest from the

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

able error of about <+ 10%.
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1. Introduction:

On 17 November 1948 flight operations wers beg-m
in the O2k Ridge area in order to aake comparison tests of air-
borne detection instruments. These flights were without prece- .
dent, and there was no previous knowledge on which to estizate
the success with which airborne instruments might respond to
the radicactive ga.ses released dwring routine manufacturing
operations at an atomic plant. Nevertheless, in plamming for
these first flights it was recognized that some metecrological
assistance would be required for successful cdnpletion of ihe
project. For this reason, Lt. Robert Kane, a metesrologist, |
was assigned as co-pilot aboard the project aircraft. Also,
the U.S. Weather an‘eau.repfesentative with the AEC Adzini-
stration at Oak Ridge, Mr. Joshua Holland, was informed of the .
meteorological nature of the project and by neans ad an in-
formal arranéement was asked to‘a.s.:ist the project persomnel -
whenever possihle. As the object of the first flights was
si.ﬁply to fly into the radioéctive gases emitted froa stacks

at I-10 in order that the responses of the instruments mizht

- be noted, it was thought that the meteorological requirezents

of the project were a.dequate.iy taken ca.i'_e of. later, as the
project progréssed, the aeteorologiczl program wzs consider-

ably amplified so thzt the reiationahip betwesn metecrological

e e i et e
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conditions and the concentrziion of radiocactive materizls
might be studied. The growth of the meteorological phase of

the project is discussed below,

During these first flights only the cooling air
from the _pile-,_ essentiall;' all argon, was available as a soﬁrce
of radioactivity. ?_c_scause of the short half-life of the radio-
active argon (110 minutes) it was not expected that it would -

be detectable beyénd a few oiles. To actuate the insiruments,

flights were made within sight of and directly over the stacks.

"Dze instrument records obtained on the four flights p:jior %o

2 December 1948 merely showed efforts to adjust different com-/'
ponents of the instruments and were of no pemé.nent value.
‘Actua.l.ly, the first three {lights were condu_cted Juﬁt outside
of 1:.he Oak R;idge Prohibited area because permission had not

yet been granted for the aircraft to fly over this comtrolled

zone.

On 2'De‘cember, mexbers
visited the projest and were paésefxgers aboard the
Project airplane during a demonstration flight over: the X-10
area. This flight showed & 2% the instruments being tested

were responding successfully and that further work with the

 instruments was jﬁstified. After the flight, an informal
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codi'efenca was held.at which it was decided that a more extensiys
use should be made of meteorological techniques in flight plann-
ing and that the data collected during the instrument tests be

used for furthering the study of the diffusion processes in the

' atmosphere. This decis=ion was in part influenced by consultat-

ion with Weather Bureau representative' at Oak Ridge.

A The respon.."ihility.for this project
was assigned to the U.S. Weather Bureau, and Paul Humphrey of
the Special Scientific Services Division of the U.S. Weather
Burean was deugnated as a second Mteorolog:.st to the project.
¥r. Rumphrey was to repart toc Oak Ridge prior to 1 Jamuary 19&9,
the date when a dissolving operation was tentatively sche:h.zled.
In order to begin plamning for this operation, he reported on
28 Decenber, howcver » the dissolving was postponed until 11

Jamuary 1949.

_llqteorplogi.cal work associated with this pi’cject
may be divided for the purpo;e——of discussion into three different
Phases. The first phase consisted of work done at Oak Ridge .
with respect to the flights from 17 November through 31 December

1948 when initial adjustments were being made on the instruments.




The second phase began with the assignmeat of- +he second
meteorologist to the préject and was concerned with the re-
mainder of the flights at Oak Ridge. The third phase was
concerned with the flighﬁ made at the Hanford Works. In.
this report each of these three phases wll be discussed
separately. The meteorclogical requirements of the first
phase of operation ;:Ll be mentioned briefly when the more
intensive meteorological efforts made at Oak Ridge and Hanford

. will be discussed in detail. The order of discussion will be

as follows: First, the type of flights made and the neteoro-

_iogical Fequirements for each type will be exblained. These

explanations will be i‘o]lowed by a menticning of the local
geogra.phic' and meteorological characteristics of the regions
which affected the flights. The msteorological facilities
available at Oﬁk Ridgé and at Hanford will then be described
with reference to flight plamning and poét f].ight.a.nalysis.

After the facilities are described, a discussion of some of

- the meteorological problems of actual mghts will be given

and the most successful flights will be described in detail.
I’i.nally; conclusions and recommendations based on all of the

meteorological work done will be presented.
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IT. First Phase - Preliminary Flights over the Oak Ridge,

Termessee, Area

A. Meteorological Regquirements:

1. Por Safe Flight:

The_first instrument comparison flights regquired -

merely suitable ceiling and visibility cnditions. It was
necessary that the airplane fly easily and ;a.fely between the
lowest clouds and the tops of the hills in the O#k Ridge area
and that the air to ground visibility be good. An important

accamplishment of the first few £lights was the familiarizat-

ion of the flight pérsonnel with the appearance of the opera-

| tiopal area from the air. Maps showing locations of plant

huilciings were not available 0 that it was pscessary to learn
the relative positions of important land marks by visual observa-
tion. All flights were in daylight for optimum visual observa-

tion conditions.

2. For Successful Instrumentation: |

As the early tests progressed, it was found that
the instruments themselves imposed additional meteorological .
requirements. The air conductivity instrument respdada' to large
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amounts of moisture such as is found within clouds or in rain
areas and gives erropecus readings when such regions of anisture
are traversed. Therefore, flights were not intentionally sched-

uled which were likely to encounter such conditions.

B. Meteorological Planning:
Just prior to take-off on the first flights,

the U.S. Weather Bureau airport station at McGhee Tyson Field,
Knoxville, was visith; and from the locai weather, the prob-
able flying conditions for approximately the next three hours
were estimated. Also from the Westher Bureau Office , the

latest upper wind sounding for Knoxville was copied and r:hg
surface and upper wind charts were examined in order to estimate
the most probable direction of air flow over the X-10 area. It
was assumed that thev_ cooling air from the pile would behave .
similar to smoke and would be affected by the same meteoroloéica.l
conditions which would affect smoke. That is, the cooling air -
would gradually mix with the atmosphere and move with the local
air currents. It also would be Prevented from diffusing upward

if trapped below a v_rell defined temperature inversion. There-

fore, the first flights were planned so as to encounter the

radioactive gases just domv_rind .fi-am the st'a.cky‘or to cross the
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stack in a domnwind or upwind direction. Passes directly
over the stack would be certain to take the airplane through

the radicactive gas; and if proper altitudes and flight direct-

+ o

ions were chosen, instrument returns could be expected for at

least several miles.

C. Actual Flight Operation: |
- The upper wind data obtained at the U.S. Weather

Bu:;ean airport station gave scme indication of how the.::light
should be conmducted, but soon it was discovered that the ob="
aerva.tzans znade at the airport were not reliable indizations
of the local conditions at x-m. The behavior ur ordinary

‘ coal smoke from a power plant. within the X-10 area was one of

the best indications of the atmospheric conditions affecting

the ra.dioka.ctive gases. Other sources of ardiizary sooke in the

Oak Eidge area were also useful., In early flights, the behavior
of the smoke was observed upon arrival over X-10 and the most
probable location of the radioactive gases were thereby esti:xated..
‘Ihe use of ordinary smoke from nearby stacks as a guide is not
recommended since it is posgible for the smoke and the ra.dio-
active gases to travel in énti:ely different d:i_.rectiozis and at

. different altltudes. Differences in bshavior are caused by

. dlfferences in locat:.cn, heights oi' stack, upward velocities
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at the tops of the stack, inmitial tezperatures after exission,
etc. However, the use of =smoke was zore reliazhle than estizmates

based on meteorslogical observations outside of the ar=sa.

D. Results:

Although considerable useful work was done on
the instruments, detection was not accomplished during the
first phase of the project beyond 2 few m‘.les; This was because
of the short half-life of the radicactive argon and the difficule-
tiles encountered in directing the aircraft from the data gvail-
able, |

£. Analvsis and Docu=aatation:

~ Since the instruments were being constantly
adjusted, no records were obtained which could be sufficiently
corr;lated with local meteorological to be 51' perzanent valu;.'
No effort has been made to d:;cﬁment' this phase of the project

beyond what has been given here,
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YI. Second Pkase, Major Effort at Oak 2idge

A. Tvpes of Flights Made:

Four differsnt types of flights for scientific
purposes were made -by the project aircraft. The purposes of
these flights were‘a.s follows: (1) Instrument #djustment and
comparison using the cocling gases of the pile as a radidactive
Asaurce.l (2) Radioactive particle detection over the plant
area by means of filters. (3) Determination of the efficiency
of filters by the collacting of natural radon. (L) Detection

at a maximum distance of the radicactive gases from a dissolv-

. ing .operation. | ' B

1, Instrusent Adjustanant and Comwszison:
If the purpose of the flight was the gii-st given
above, that is, if the ob:ject of such a f'.ia.:t was merely to - : 7;_,4.3‘

e

' expose the instruments to an a:u-borne rad.oact.ve source, only -

a moderat’e meteorological effort was made. Al?.hough sone
attempts were made to track the radicactive argon dowawind,

detection at a distance greater than five or ten miles was-not

. expected from this type of flight. Since the aircraft was

usually’withi.ri sigfxt of the plant stacks, good flying weather
(nthout prec:.p:.tat:.on) and a general knowledge of the winds

were practical..y the only meteorological r-cmmnts.
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2. Partisle Detesction:

If the .ﬁurpose cf the .‘."‘.-ight ﬁs the second
given above, that is, if the object of the flight was to collect
any microscopic particles which might be present over the plant
as a result of the dissolving and evaporztion operation, the
metecrological requirements were even less than before. Even
a general knowledge of the local winds was not important. The
aircraft merely flew to the plant area and made very short
passes at the lowest }-:ractical altitude over or very near the
stacks. Since this low level flying could be best conducted
up and down the valley, flight tracks were 'pa.rallel to the

ridges regardless of the wind direction.

3. Determination of Pilter Efficiency:

If the purpose of the f{light was the third given

above, that is, the determination of the efficiency of filters

- by the collection of natural radom;, there also were few meteoro-

logical requirements. Since in this type of flight it did not

matter over what area the radon was collected providing the

" area was upwind or well to cne side of Qak Ridge, the only

meteorological requriement was that the general wind direction

1
\
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'be known and that average or better flying weather, without

precipitation, prevail. An effort was made to correlate the
amount of radon with the air mass present, the 'prevailing wind,

and the temperature lapse rate, but t'oo_few flights were made

| for any conclusion to be reached. The filter efficiency flights

were. i-mportant from the standpoi:xb that they gave better under-
standing of the resadings of the other instruments, but these
flights did not comtribute directly to the problem of atomic
plant detection. As no particular flight pattern was reguired,
it 'm not necessary tha.t a.mi_:eorologist be aboard the air— .

craft.

L. Detection: _
‘ By far the most izportant type of i‘light from a
mgteorological standpoint was the type of flight which had as |

“its pm'pose the fourth, and last given above. That is, the

type of flight which was flown for the detection at the greatest
possible distance the gases from the dissolnng operation. Be-

) fore experience was gained it was not lknown how far the instru-

ments would detect the radicactive gases. There was no reason

for not beliesving that detection operations might be carried

. on to 50 or 100 miles, or even further, from the source. There-
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fore, initial plan=ing for a meteorologiczl progratr it was
necessary to consicder the possibilities ol both short flights
within a few miles of the source and long flights out to a
distance of several hundred miles. Actually, flights were
never extend;d beyond thirty miles from the plant site, but
meteorological effort provided for longer flights if they

" became possible. 1he- greatest part of this meteorological
report is mﬁcemed with efforts zade as ‘part of the long
range deﬁéctian operation. In describing the detection of

- the dissol:n'.ng gases all of the metecrological considerations
of atomic plant detection as they pertéi.n to Oak Ridge ‘uin

be covered in the parts of the report which follow,

B. Geogravhic Features of Area

1. Airp ort

The nearést airport at which the aircraft could
be based was McGhee Tyson Field, Knnxville,. which was approxi-
‘ma.tely 18 miles east-southeast of the plant area. The location
of the airport relative to the X-10 area was important from a
m.eteorological standpoint as tkf weather observations and fore-
casts made at the airpart had to be applied to the X-10 area.

Also, it wes necessary to consider flying weather at the air-



po_rt and on the route betwéen the airport and Oak Ridge. In
ordinary meteorological problems the differences between

weather conditions at two points only 18 miles apart are not

giveﬁ much consideration; however, ‘on this pr;:ject the differ-
ences in the conditions at the airport and at X-ld were very
 signific-=t. On mornings when ground fog occurred, it was .
found that fog might.he present at the airport but not at X~-10, |
and vice versa. Also, on one flight it was necessary to return

to the airpert because of a light drizzlevfrom low clouds over

Oak Ridge. This wa. surprising as there was no indication at

the airport that this drizzle should be expected. No preci-
pitation had occurred recently #t the airport or did occur

that day. Of greatest importance, however, were the differen-

ces in wind directions and velocities up to about 2000 feet

above the surface. For example, data from two 'slcundings made

at approximately the same time om the morming of 1l January

at the Knexville airport and at X-10 showed that over I-10 the

winds at the 2000 ‘feet level wez:; light, but dei'iniﬁely easter-

1y; whereas the wind at the same altitude over the airport was
northwesterly about 4 knots., Whenever a certain ﬁype of weather
observation was a.vailable from the X-~10 area, observations of

the same type from the airport were almost entirely disrsgarded.
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2., Operationzl Ares in General

Oak Ridge is situated just to the west of the
center line ruming northeast-southwest through the forty
mile wide valley which exists between the Cum.berland and the
Smoky M;:untains. The city of Knoxville is near the center of
the valley and the airport is to the east of the center line
sbout half way between the city of Knoxville and the lower
mountain ridges of the Smokies. In the center of the valley,
around Knoxville, and from the airport to near Oak Ridge, the
land is rolling and without definite form. The tops of -the
hills are about 1000 feet mean sea leve; (M.S.L.) and the

‘bottoms of the valleys are about 700 or 800 fest. On the

eastern =zide of the big valley between the Cumberlands and

the Smokies, in the region where the {light operations of

this project were conducted, the hills take the form of a

series of ridges which in some respects may be considered to

be the .:roothills of the Cumberlands. These ridges are parallel
to a remarkable degfee, and some’ o—f— then extend for ten miles

or more without a break. When breaks do occur, they are caused
by a river or small strsam wh:.c.h has cut through what wou.id

otherwise have been a contimuous ridge. The valleys between

the ridges are long troughs in which under stable conditions .
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tﬁe air flow from On; valley to another is likely to take
place only where the ridges have been cut thf.ough. The fact
that the ridges which extend -the Qak Ridge area were crp:sed
at nearly a right angle by the Clinch River at both the north
and south boﬁnd.riés of the prohibited zone was an important
consideration when conducting flights for this project. The
valley of the Clinch River formed a passage way through the
ridges approximately ten miles northeast of the X-10 stacks
and apother passage about five miles to the southwest. Another.
passageway, except that it was brosder, was afforded by the
Tennessee River approxizately eleven miles southwest. .

I-10, including the pile and the two stacks

_ emitting the radicactive gases, is located in ome of the long
" valleys between a pair of parallel ridges such as are describ-

ed above. This valley is named Bethel Valley. From ridge top

‘to ridge top, it is about a mil= wide. At the plant site the

floor of the valley is 77L feet. The bases of the stacks are
on a slight rise at 8§O feet; and since the stacks are exactly
200 feet high, their tops are at 1060 fest., All elevations
#re feet above mean sea level. The higher elevations of the

ridges on each side of the valley range from about 1100 feet |
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to about 1300 fe_ét. This meams that tops of the stacis are
Just below the tops of the ridges. Under crd:.nary conditions,
the smoke or gases which come out of the stacks rise an addit-
ional one or two hundred feet to ‘just about the highest eleva-
tions of the ridges. The ridge on the eastern side of the
valley is broken just opposite the plant site. Here the r‘idge
has been cut through by a small streas named White Oak Creek.
This break m the ridge va.ffords a convenient; outlet for air

from X-10 to drain out of Bethel Valley.

C. l&eteorologcal Characteristics of Region During the Time
Fl.igts Were Conducted

It was .not possible during this proj;ct to do
much more than begin a study of the meteoroclogical character-
igtics of the Oak Ridge area. No prefious history of upper
air conditions is available for the locality. Some swrface
data for Oak Ridge is available, but since meteorological
éonditicna above the surface were-of primary importance in
this project almost no work wasA done with the surface observa-
_tional data. There are no records of local conditions which
can be correlated with daily heteorological charts | so that
forecasts of upper winds or temperature lapse rates could_ﬁe
mide satisfactorily. The U.S. Weather Bu:.-ean observational
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' program at Oak Ridge is in its early stages and no series of
observational rec.crd: suitable for analysis has yet been oB-
tained. It would have aided this project consi&erably it
historical data had been available whereby forecasts of the
winds and the temperature lapse rates could have been made |

_ for the periods that flights were conducted.” Such meteoro-~
logical information as was leﬁrzied with regard to ihe.signi.fi—
cant characteristics of the local area were learned primarily
by personal observation during the course of the project. How=
~ ever, only a limited pumber of meteorological situations were o )
experienced. Flights were usually in the middle of the morn- N
ing when flying conditions were favorable. No experience
‘was gained with meteorological conditions in the late after—
noon or at night, or with conditions associated with adverse
flying weather.

Probably the most important meteorological ci:arac-
tefistic observgd is that there is a tendency 'fo.r winds to blow
parallel to the ridges. DBecause of the Cumberland and Smoky
Mountains on each side of the valley in which Knoxville and
Oak Ridge are ioca.ted., winds either from the southwest or ihe

northeast are the most frequent. Winds from these directions
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are also of higher velocity. . This chameling effect of the
ridges on the wind is even nore pron@ed in the a'.nalle:-'
valleys such as Bethel Valley. Frequently at nignt, conditions
are very sta.ble‘ and nearly calm conditions prevail below the
ridge top#. 'Sm-faf_e heat is radiated from the valley floor

and the sides of the ridges and 2 ia.ye:' of cooler air is pro-
duced which flows down the sides of the hills and into the
valley. This produces a2 strong temperature inversion and a
light wind parallel to the ridges as the air flows down the
valley seeking the lowest elevation. If there is a bresk in

the ridge where a stream or river has cut through, there is

a tendency for the air to flow through this break. By the

middle of the morning, when surface heating from the sun be-
comes effective, convectivé processes begin; and the temi:era-
ture inversion is eliminated along with all of the features

of stable conditions.

On the morning of 1l January such a stable cun=

* dition occurred. On that date, westerly winds prevailed above

the top of the surface inversion; whereas very light winds,
either calm or parallel to the ridges prevailed underneath.
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The ordinary smokes in the Oak Ridge area, as well as the
maxcimum concehtrgtion of radioactive gases from the dissolv-

ing processes, were contained at just about the inversion

level, or below, as long as the inversion was effective; and

the general flow was down Bethel Valley toward the scuthwest.
Toward mid morning, after hesting had eliminated the inversion,
convective processes began; and the westerly winds which had
previcusly been above the inversion quickly worked down into
the valleys. Within a few m:, the gases and :inokes

_which had been concentrated below the inversion were mixed

with the upper winds and rapid dilution of the radicactive

gases is likely to have occurred.

: 'nxg effects of temperature inversions were studied - -~

by watching the behaviar of ordinary smokes whenever an oppor—
tunity presented it'aelf. On some mornings a good source of

smoke such as a coal burning power plant would produce a layer
of smoke which would exhend for five miles or more. Such smoke
was almost always concentrated just above the ridge tops until

it was dispersed as the inversion was eliminated. Although the

radicactive gases were invisible, it was assumed trhat their

behavior would bé comparable to the smoke. Therefore, flights
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which were to reg;'.:ter meximum activity were conducted in
the morning while the surface iaversion was effective; and
the flight altitude selected was as low as as the tops of the

ridges permitted.

D. Meteorclogical Facilities Ava:.lable

The meteorclogical facilities avulable for
flight operations over Oak Ridge were those at McGhee Tyson
Field, Knoxville, and those .n_:ainta.ined at Oak Ridge and
available throug.;n the U.S. Weather Bureau representative with
the A.E.C. adm'.nistra.tﬁrs. Also use, éf course; were the
meteorological observational facilities of the project air-

craft itself.

" The U.S. Weather Burea.n a’:pori station has
comp;ete observing and forecasting facilities, with the ex~
ception that no rafd.iospnde observations are made. The nearest
radiosonde observations a:vailabie_';rere those at Nashville, .
Tennessee; Atlanta, Georgia; ‘and Greensboro, North Carolinma.
It was found that these soundings wezfe made too far away to
be representative of the layer of air from th_e surface up to

about 5,000 feet over the operational area; and that for this




one rlight, up to date upper wind data from the airport was

project there was litile use for the remainder of the sound-

. ings. Upper wind soundings are made at the airport four

times daily, when weather permits. The latest upper wind
gounding‘wa.s consulted before flight tine; and on at least

radioed to the airplane while it wa.s over Oak Ridge. Except
for landing o.r take—off conditiéns, surface observations made
at the airport were almost of no importance as far as these
Ilights were concerned. |

: During the time the flight operations af this
project were being conducted over Oak Ridge, The U.S. Weather
Bureau observational p:égram for studying the local msteoro-
logical conditions associated with the discharge of radioa#tive'

‘gases from the stacks at X-10 was just beginm’.ng. Even though

all of the Weather Buresu observation stations had not been _

- instaned;, the Weather Bureau observers were able to fwnish

surface observations, upper wind soundings, and low lsvel

temperature soundings for the I-10 area. ‘ﬁ:e Weather Bureau
- observation station is located in Bethel Va.iley, within a
half-mile of the stacks. Special cbservations were made at

this statiom to best serve the requirements of the flights.

Before each flight a telephone call was made from the air-
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port in order to obtain the local conditions in Bethel Valley.
The Weather Bureau observer on duty reported the sky conditions,
the surface wind, the latest upper vr'.nd sounding, the altimeter
sett:.ng, and any other mteorologzcel information worthy of
note. Alsc, this observer reported on the behavior of the

smoke coming out ofthe stack of the power house,

If another upper wind sounding was obtain=d at
X-10 after the aircraft had left the airport, the sounding
' was telephoned to the airport weather office and then relayéd

via C.A.A. communications to the aircraft in flight.

On two flights the Weather Bureau observers
were able to furnish a temperature sounding up to 600 feet,
100 -feet below the flight level. A captive blimp was used
in making these soundings. The blirp carried a resistance
thermometer, -and as it was raised and lowered on a cable the

tecperature was .recorded at the surface.

At XI-10, the Cak Ridge National Laboratory also
‘was making meteorological observations on a routine. basis
during the period that flights were being made. They maintain
‘an anemometer and wind vane on top of a.water tower at the

plant site. These instruments are at an elevation of 1027



feet X.S.L. Also on the tower are four resistance therzometers
known as “thermohms" which are connected to a cqﬁtinuou.s re-

" gorder. These are at 33, 83, 133, and 183 feet. The wind data
from the top of the water tower was useful for this pfoject as
‘it is a good indic;tion of the initisl behavior of the stack
gases; but the thermohm data was not of particular value as

the top of the imrefsions in Bethel Valley were always .foﬁnd

to be above the highest thermohnm.

Within the Oak Ridge area there were two other '
" locations at which surface wind observations were made. One
or these was within the town site and the other was at the
gaseous diffusion plant (K—ZS). Wind data from these sites
is -available through the Weather Bureau Office in the A.E.C.
administration building. '

- If future work of this nature is conducted at

Oak Ridge, mxch more meteoroiogicai observational data will

be available. A network of wimd recording instruments is

. bei.ng established around the X-10 area and other efforts are
being made by the Weather Burgan umit Oak Bidée in order to
bétter'undef-até.nd the behavior of the air in Bethel v;uey. -



A very important meteorological observational
tool available for this project was the project airplane it-
self. As a plati‘orxi for visual observations it was unexcelled.
Also, the airplane had a psychrometer azboard with which tempera-
ture and humidity measurements could be obtained. The aircraft
psyéhrometer obsg:w'atﬁ.ons were the best zneﬁhod available for

determining the characteristics of inversions.

For flight forecasts the airways forecaster at
the airport was consulted and a verbal forecast was obiained. _
No attempt was made to develop or make use Vof forecast facilities

beyond those normally available at the airport.
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. BROBLIVS OF ACTUAL FLIGHT OPERATIONS

1. Flight Plan Could Not Be Completed Prior to Take-Qff

" It was not feasible to prepare a fixed flight plan
before an operation and to execute ~such a plan without change.
When it desired that the purpose of the flight should be the |
tracing of the radioactivity as far as possible, only a very
general flight plan was available at the time of take-off.
Even under optimum conditions it was not known how long the
flight would last, the altitudes to be floma, or the track
which m:uld be coveréd. Befors f-he flight, th‘e £a.g:ts that

 were assumed to be true wers usixaliy.;ether or not air flow

was up or down Bethel Valley and whether or not an inversion
near the tops of the ridges could be expected. It was then
necessary to procede to Bethel Valley to confirm these
assimptions .by visual observation of smoke and by psychrometer
measurements. After take-off the air conductivity tube usually
required drying out. This drying was accomplished by the pass-
age of air through the tube as the airplane proceeded from the
airport to the operational area. In almost every case the

tests were begun by passes up and down the valley to determine

 the éxtent_ of the activity. Sometimes the air conductivity

instrument did not completely dry out until one or mcre passes

ha lready been made. Meanwhile, readings had been obtained
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froz the other instruments. Howev'er , actual instrument com=
parison tests began -when ail of the instruxments were working
satisfactorily. If any of the instruments needed adjustaent,
a number of passes through the stack gasses or random flight
in an area clear of radicactivity might be required. Delay
meant that the first run might begin either up or down the
valley orvmight determine altitude of the first pass. Even

though there might be an inversion present, the altitude of

high activity relative to the height of the top of the inver-

_ sion was not known. Some of the first passes were near the

altitude where the top of the activity was thought to exist,

whereas on other flights the first passes were made as low as
Qafety cansidera.tions' peraitted. Depending on the instrument
return received, the flight altitude was altered so as to
determine the extent of tk_ze activitj in ve:;tical crc‘ss sectién,
or the flight path would be shifted to one side of the valley
or the other. If passes up and .down the va;ley produced Qu.t.’fi-

cient success a series of passes at right angles to the valley

were performed at several altitudes. The overall 'fl.'.'\.ght

~ pattern was deter=ined by’the interpretatinn of instrument

responses, vrith. coné;'.deratians of meteorological conditioms -

"and flight safety. The meteorologist very frequently relayed



Lt
A

RiSE

information between the personnel attending the instruments

and the pilots. During each pass it was necessary to decide
how far the pass should be continued and how the next pass
should be flown. It was necessu'y'to make quick recommendations
and to decide with a m.nixmn of consultation how each succeed-
ing part of ‘a f1ight should be conducted. On the ground, after
some flights, it was not difficult to see how improvement could™
have been made in the flight plan if inflight plammifig had been
based on information which was available but whiAch could not

be assimlated in the air because of insufficient tims.

2. Flight Patterns Were Limited by Terrain:

A major problem was the fact that the types of

patterns which wers possible were detcmined by the terrain.

' Fl.ights at a low enough le'rel to p:.ck up maximum of a.ctivity

could only be conducted parallel to the ridges or across the
ridges where they were' broken.-by-a river or a small stream.

The Tennessee and Clinch Rivers afforded two passage ways to

. the south but only one good passage way was to the north where

the Clinch River determined the north boundary of the Oak Ridge
prohibited area. To the north of that boundary the ridges

‘, became considerably higher than-near Oak Ridge, and the va.]ieys
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were not as easily defined. It was not considered safe to
maintain an altitude approximately at the ridge tops north-

ward of the QCak Ridge area.

3. Plight Patterns Were limited bv Povulated Areas:
Another consideration which limited the type of

flight pattern which could be flown was that it was not

considered advisable to conduct low level flight over the

city of Oak Ridge, or other similarly populated areas. I1f
it appeared that a particular flight path was going to carry
the airplane over a populated area, it was necessary to
either increase the altitude or to take up a new headiné.

On at least one flight, when it became evident that a parti-
cular track was going to take the airplane across the city
of Oak Ridge at a low altitude, the pass was interrupted; and
no satiafactdry. substitute track could be determined while

~ airborne.

L. Difficultias Associated With the Recordinz of the

Location of the Airplane:
In this type of operation it is desirable that the
position of the airplane be recorded at all times. It was

thought that a map could be used in the air on which the track
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of the airplane could be traced. This was found to be im-
practicable because of the speed of the aircraft and the

difficulty of recognizing landmarks which could be spotted

on a map. A map which is sufficiently detailed so as to

bave the necessary landmarks is too large to be conveniently
used in the airplane. Also, such a procedure requires the
constant attention of the person doing the tracing. If the

tracing' is interrupted for omly a short time, it is difficult

to relocate the position of the airplane. Another difficulty

in tracing the pos:.ticn of the airplane on a map is that an
airplane of this type does not have a suitable location for

an observer. The position of the airplane could only approxi-
mately be determined by looking out of the side windows or

out of the w:.ndows in the pilot's ccmpa.rtment. The actusl
method of locat:mg the u.rplane was to £ ly a compass heading .
with respect to some landga:rk. This landmark, or fix, was
@M the plant stack itself. A constant altitude, mean

sea level, was florn, and the airspeed was kept at 1750 miles
per hour. .'me time that the airplane crossed a fix was re-'
corded to within 10 séconﬁa:‘ It was very desirabl; that there
be a record of the landmark at the begiming and end of a pass,
but usually there was no landmark which could be deﬁigna.ted |

either on a map or in the flight log.




P. Description of Typical Flight at Qak Ridge

Perhaps the best ‘method of illustrating the technicues
used in this project is to describe the mast significant flight.
The flight of 11 January has been chosen for detailed discussion
here because it is representative of all others in procedure,

Also, it was on this flight that activity was detected at the

greatest distance from the stacks.

. On 11 January the dissolving process commenced at OLCO B
with the maximum activity occurring at 0500 E. The activity
was one-half of maximum at 0600 E, one-fourth of maxizum at

0700 E, and the activity continued to decrsase until it reached

zero at about 1800E.

Plans for the flight were made on the previous day. 4
strong surface inversion appro:d.matély 500 feet deep was anti-
cipated to hold the radiocactive gases in a stratified form some-
where between stack height of 1060 feet mean sea level (M.S.L.)
and 1600 feet M.S.L. Therefore, it was planned to make the
initial flights at OLOO E between, these altitude levels.. Very
light winds from a northeé.sterly direction parallel to the terra.in
ridges were expected. After completion of an examination of the

gaseous cloud below the inversion, plans called for a few traverses
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above the inversion to determine, if possible, how much activity
penetrated it. Following this, runs were planned perpendicular
to the gaseous flow at increasing distances from the sourcs until
a distance was reached at which no further response could be re-

ceived.

After this, it-was planned to return to the airport and
land at approximately 0530 E. After about three hours on the

ground another flight would be effected in which the above pro-

cedure would be repeated. The three hour interval would permit

the radiocactive gases to be carried some distance downwind where .
an opportunity to measure limit of detection would be afforded.

Weather Bureau personnoi at X-10 were to aid the effort by
malking in addition to pilot balloon sound:.ngs, 3 detailod texpera-
ture sourding up to 1350 feet U.S.L. by use oi' a ca.ptive bl.'mp
This information was to be telephoned to the Knn::n.lle a:.rport~
and i€ the project mtecrologists_ were not there to roceive :.t,
the data was to be radiced to the airplame in flight.

. All project persormel were at the Knoxville airbort pre=
pared for take-off st 0330 E. Unfortunately, adverse visibility

conditions caused by th.ick ground fog, delayed take-off until

VJ.DLZ E. Thus the flight was begun at a time when activity from



the stack had decreased to less than one=fouwrih ¢f mesaun.
Tois delay in take-off cancelled all plans for the first phase

of this operation. However, the delay did allow time for the -

* gases of maximum activity to drift downwind where the second

phase of the operation could be carried on.

. A surface inversion whose top was at 1700 feet M.3.L. at
take-off persisted throughout the flight although it lifted to
2000 feet M.S.L. and became very weak by the end of the period.

The fog that delayed t.a.ke—a.fr was still scattered in patches

. over the Oak Ridge area early in the flight with tops at 1700

feet K.S.L., but it was entirely dissipated by 1100 E. During
the remainder of the flight the sky was clear. Winds were from the
northeast and parallel to the ranges of hills below the ihve;'sioi,

but the wind was nearly calm just above the inversion.

In the description of this one typical flight, copies of .

approﬁriate sections of the air conduetivity instrumermt record

will be shown and discussed. This instrument was chosen for this
section of the report pri:nérily because of its nearly instantaneocus
response. Comparison of the cthe¥ instruments with the a:.r conducti-
vity instrument is made in another part of the repor;.'.. |

¢



. instrument response drops suddenly to zero and then shortly after-

In all cases the records run chronslogically from right
to left. On each record (1) the direction of flight relative to
the uihd, (2) time over the staék, and (3) £1light altitude above

K.S.L. are denoted. In a few cases it will be noted that the

ward resumes as before. These chanées in the record were made

deliberately for timing purposes and have no further significance..

A flight log for this date is included in the appendix.
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The first traverse, recorded
'here, was flown upwind to a point
three niles peyond the stacks. The
response returned.to background
immediately after passirz stack and
flight beoyond three niles was deemed
unnecessary. Later traverses showed
that the first run was made, for the
most nart, Jjust outside the gaseous
trajectory whaich accounts for*the
lack of increases of return as the
sﬁack was ascroached. Al;o, the
cazparatively moderate peak is the
result of flying to the side of the
valley so that the actual track was
several hundred yards from a track
which would have been direcily over

the stack.
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In contiruing to study the cloud of radiocactive
gases, the next two passes recorded on the .f;'o;lowing page
were made 200 feet lower at an altitude of 1300 feet U.S.L.
For these passes the flight path was altsred slightly to
cross’ directly over the stack and more directly within the
gaseous trajectory beyond. Si;ce the stack was aprroached
from the upuind_s-id‘e, no significant increase can be seen
until directly over the stack when the instrument was driven
off scale within a five second interval. After passing the

‘stazk,aseriesbrlombutstmurongmm:werere-

ceived tor approzmat.ely elenn m.laa domnd The exp.’una-

- ‘ — .

’tian for t.ne rapid fluctuation as wall as the pea.ka and

valleys of longer duration in the instrument return is not
definitely known but could be the result of the irregular

-distribution of the radicactive gases as they are carried

domnwind. Thus, the path of the aircraft could alternately

be into, them out of the strongest concentrations.

Subsequent runs showed that inexperience in inter-
preting instrument data led to this run being terminated be-
fore it should have been. “The instrument return seen at "A",
the turn around point, is consider#hly higher than true bac_'.k_- .
ground s'een on the right. This run should have been .continued

until such time as backgrounq was rsached.
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In examining the records of individual runs across
th? stack, it will be noted that immediately prior to stack
passage while traveling upwind and immediately after stack
passage enroute downwind there is consi#tent.ly a definite
drop in instrument return before the record begins to form
theA pe.ak at the time of maximun reading. A possible ex-
Planation is that-the g3s cloud is slanted gradually upward
so that én an upwind run the aircraft actually leaves the

gaseous cloud at flight level before reaching the stack.
- Then when the aircraft is directly over the stack, a beazing

effect from the poluted interior of the stack actuates the T
instrument. lLikewise, on a downwind run, the instmén
passes thru this "beam" above the stack, falls, and then

rises again when the gasecus cloud is entered.

This contention is partially borne out by the fact

-

that the gaseous cloud would not be expected directly above

" the stack, if even a slight wind was blowing; especially,

when the ﬂig&rb'level is several hundred feet above the
stack top. This so called ™ zaa" is also the only significant
portion of the return received on the run at 2500 feet ¥.5.L.

which was 500 feet above the inversion top at that tice.
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‘ ; ‘ ; Shown hers is
R S—— s e the record of the return
ri ' . . run which wag made at ths
E ' g — — level of the smoke and
.: 2 : — haze top and which was
. ‘believed to be at the
: % inversioi; top. The
; - —— — . maximum return over the
‘ ‘ : stack is appropriately
AE i e lower than was received
o ; e
‘ i; : — ‘ on runs at lower levels.
W ' The symmetry and strength
~ - . of this return is as
i % ™ ' — s would normally be expect-
ff ‘ 7‘ ed if the very tep of
: jﬁ ’ . . the gaseous ‘cloud had been .
:. ‘ . JI ‘ | traversed. The return .
: : f I remains above background
{ ‘ L ; ) for approximately 15
..._..;_.g ; e . : miles downwind. |
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The record of two runs m; at 1 miles downwind,
:hm‘ on the following page s indicate that the width of the |
radicactive cloud is greater than 17 miles in iidth. Beginne
ing with background at the right, the return increases to a
saximnm then decrsases but does ﬁot reach background befors
thq'tmarmdatpointk. The turn_araﬁndm the result
of terrain re'st;ctions_ou' the flight path and otherwise
would not have been made umtil background was reached. The
return run shown to the left of the poimt "A® is a very similac
record ezccp:t, of course, it is in reverse. Sincé the flight

e

path was the sams, the differences in return are attributed -

to the 250 feet decrease in altituds.
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 After the turn around at point "A", the record is .
much like the first part in reverss. The flight back to the
stack was as pearly as possible over the sams ground track;
hence the symmstry of the curves. However, the slight variations
between this and the return received on the outbound flight are
2o doubt the result of a displacement of a feow hundred yards in
the ground track.
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On the following page is the record of the two |
transverse runs 20 miles distant from the sowce. Whether
or not the fluctuations shovui have any sigpificance can-
not be determined at present due to inezperiencg in inter-
preting fluxuations in background due to natural causes. |
The definite crests and valleys may well be actiual return

above background. However, the returns so closely approach

background fluctuation that mo conclusiom may be reached.

If the return at 20 miles had been stronger, flights over

" more distant tracks would have been flown.
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After comrpleting nine flights parallel <o the wind

above and below the inversion, a serles of runs at a right

angle to the wind were flown at positiens 11, 1L, and 20

-miles downwind from the source. The record on the following

page is that of theifwo traverses at 1l miles and indicates

_ that the cloud is about ten miles in width at 1300 M.S.Lf

az-;d about thirteen miles in width at 1500 feet M.S.1. Foint
A is= the point of the turn around. The strongest rsturn is
higher in the 1300 feet pass than at 1560 feet and occurs in
both cases as the open valley in which I-10 is located is
crossed. This would indicavt‘g a possible funneling effect of

‘the terrain ridges and valleys. This funneling effect also

seems to have been respcnsible for the secondary maxima irhich

occurred over the valley just east of the X-10 valley.



-13L-

IV. Flights at Hanford:

A. es of Flights lade:
The flights made in the vicimity of Hanford were

for primarily one purpose. They were flown for the detection
at the greatest possible distance the gases from dissolving
operations. ALl ;teorohgi.cal efi'ort_waa for the suﬁces:-ot
this type of flight. One afternoon the filters were exposed
by flying for two hours in the vicinity of Walla Walla; but,
except for a general vn.nd forecast, no other msteorclogical

plamning was required.

| B. Geographic Features of Area:
1. Airport

The airport used by the project a:’x.r;.:lane
was the amall field just cutside of the tomn of Richland. It
was aSout 35 miies f_rom the plant area, about twice as far as
the distance between licGhee 'L'yson. Field, Knczn’.lle, and X-10;
butv the mte&ob@.cﬁ c‘onditiozis at the two places was very
similar because they are both situated in the same broad flat
valley. There m no lweath‘ér observation station at the air- -

i _ ' port, only tower facilities, so it was not necessary to estimate

the weather at the dissolving plants in terms of the weather' at -

the airporte.

SO A

R
i
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2. Overational Areza in General

*As at Oak Ridge, when beg:.z:m.ng project
flights at Hanford, it was not known how far it would be possible
to track the radiocactive gases. It was at first assumed that
the source would be ma:v' times that of the stacks at Oak Ridge;
and consequently, flights were likely to extend over a radii of
a hundred miles or more. It was even assumed that the valley
in which Hani‘.ord is located might be filled with coniam.inated
air under a prolc;nged inversion eohdition s0 that the entire
valley would act as a sourcs. .Should the Qource be‘ such a
large broaq area it 'night have been possible to track the

radicactive gases severzl hundred or even a thousand miles.

Therefore, the geographic features had to be considered in
detail for approximately 200 miles from the stacks, and in
general more than 1000 miles. It was thought that if the air

of the entire valley was released by the elimination of an in-

version, the contaminated air would move in a generally easterlj

direction. More consideration was given to possible long range
flights to the east than to the west. Actually, sut.:.cesaful

detection was accomplished only within the prohibited area so

this discussion of geographic features will be limited to a

description of that area. In the future, if it becomes neces-
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sary to track a really strong source from the Hanford stacks,
-careful considerztion will have to be given to the entire 150

mile wide, bowl-like valley, between the Rockies and the Cas-

cades, in which the Hanford Works are situated. Also, it will

be necessary to consider the valleys of the Columbia and Snake . :
Rivers as possible cha.nnel.s_ through which contaminated air zay

'flow. Geographically speaking, the most striking feature of ==
the operational area was that it was nearly a flat pléin. The
character of the land is desert-liks, and air to ground visi-
bility was rezarkable when compared to the Knexville-Oak Ridge
area. When over the prohibited area, it wa.s possible to see

all of the features of the area a.s well as hills and mountains
- a hundred or more miles away. Significant topographic features
are two small hills which rise to slightly over 1000 feet X.S.L.
just morth of the center of the area, otherwise the entire pro-
hibitgd area, about thirty miles in diameter, is about LOO feet
H.S.L: The area is approximately bounded by the Columbia River
on the north and east side and by a mountain ridge 3000 to LOCO
feet high on the west and southwest side. &Zxcept for the atomic
plants, a few roz;da, and the abandoned town of Hanford, there

are clmost no identifiable points over which flight tracks could
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be begun or ended. From a mavigatiomal standpoint., flight
over such a flat desert resembles flight over water. No map
was obtainable by ﬁroject persczmel which accurately located
the plants or the improved roads. Actual location of important
features was dane visually while {lying over the area, and
flight paths were designated with respect to a particular stack

rather than to a location on a map. .

3. Dissclving Plant Area: |

There are two dissolving plants at Han-
ford. They are almost identical in appearanse and each has a
single _stback which is the source of the radicactive gases. The
plants are about five miles apart, and there is a weather tower
half way between them. The stacks of the plants reach 200 feet
above the surface and the weather tower extends to LOO feet.
The g@d is practicelly flat between and around the two plants.
" There are no d:.st:.ngu:.s!ung geographic features associated with |

the plants to be given meteorological consideration.

C. i[eteorolog’ cal  Characterigtics of the Region During the
Time the rlights Were Conducted:

. Not very much was Jeaned concerning the metesorclogi-

cal characteristics of this region during the time the project

(XY
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personnel were staying at Bichland. The local weather conditions
are greatly affected by the surrounding mountainous topagraphy,.
and without considerabls experience with this area it is not
possible to"unde,rstand these effects. In pa.rticula.r, it is
Qifficult to forecast wind direction and velocity as the effects
of the i.;-regular Mountainous terrain surrounding the area are
very complicated. By watching smoke, it was seen that the wind
at Bichlapd might be quite different in direction and velocity
than the wind at the plant sites, even though the land was flat

and .open between. At night the sky is frequently clear, or -

nearly so, and heat is radiated from the valley so that st:fong'
temperature inversions are prodnced; It is during the night,
when the inversioms are present that the diasoiving gase# are
released. These gases remain at about stack level until norm.ng
and are dissipated as surface heating rﬁn sunh.ght eliminates
the invérsion. 'If such an inversion condition is not present it

. is l:Lkely that the dissolviné aﬁcration will be postponed. There-

fore, the dissoclving processes at Hanford present a very favor-
able situation with regard to locating activity ciose to the

plant because, in the morn:.ng, the activity is concentrated in

a relatively shallow layer.
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D. Meteorological Facilities Aveilable:

There is a weather station oi:era.ted by the General
Electric Company half way between the two dissolving plants at
the base of the LOO foot weather tower. This station makes
surface observations and pilot balloon observations. The
weather tower has u;ometers and wind vanes at each 50 foot
level together with thermohms at the same levels. Dissolving
plant ope:a.tioris are based upon the observations and eight
hour forecasts of this station. No other weather observation
station was availsble for ‘the local area. Flight planning was
done on the basis of information received from this statien -
and the U.S. Weather Bureau facilities at Seattls. Seattle is
about 180 miles sway, across the Cascade Mountains to the .nort&-
west. There, both airways and regional forecasts are prepared
for the entire state of Washington. !;cr information found on
any sert of meteorological plotting chart, it was pecessary to
call over an A.E.C. lseased telephone lins to the airways fore-

caster in Seattls.

E. Descrivtion of Flizht Plggg.l ing Procedures:
Flight plamﬂ.ng at Hanfoi-d was very similar to that

done at Oak Ridge. On the ai'jt.e:.'aoon before a project flight,

the Weather Bureau Office at Seattle was called for a general



estimate of the flying weather and upper winds on the follow-

ing morning. Then on the morming of the flight, the weather
station at the plant site was called and the latest upper md
sounding was obtained, as well as the wind direction and velocity
at the 200 and LOO foot levels on the weather tower. A.Ll of this.
information was used to estimate the general direction of flow

of the stack gases. As at Oak Ridge, flight j:lans wers not com~
pleted on the ground but was con‘bimad' throughout the flight |

depending ¢n the behavior of the instruments.

The project pgrsonnel were campletely unprepared
for the slight activity found at Hanford. On the first two
flights the air conductivity instmeﬁt was giving e-rronecﬁa
readings because soms lightweight material had blown into the
tube. Since it was expected that high activity would be found
s long distance from the sou:"'e.;,‘ tine was wasted examining these
false returns. On the second day erroneous instrument rsadings
were responsible for directing the project aircraft about thirty
miles up the Snake River, m;re than 50. miles from the stacks.,
If some information on the actual amount or' activity had been
available, the instrument would have been checked immediately.



Checiking the instruments for false readings is sasily done
even in flight. The actual amount .of activity at Hanford
was much less than that found at Osk Ridge and was insufficient
for project pwrposes. Had more activity been present and exten-
sive detect.ion operatioi:s carried out, there would have been |
two outstanding mete:rologica.l problems. One of these would
have been how to forscast the air circulation in the valley

with just the single meteorological station at the plant site,
and the other wonld have been how to do neteorolo.gica.l plamning
ne_c_i_.:_xg mearolop.cal plottiu chlrta. Keteorologcal

WA

-
-t

adequate charts cannot be prepared.



mical Project Flight at Hanford

A discussion will be presented here of a typical
flight at Hanrord to illustrate the problems encountered
#nd the procedure of opera.tiﬁn. A brief comparison of the.
results st Hanford and at Oak Ridge will be made.

Planning which was done on the previous afternoen
for this flight was based on the following dissclving opera-

tien schedule.

Be Maxirmm Activit A in

"East: Plamt. 0000 P-- COP . - 0600 P

West Plant 0600 P 0700 P , 1200 P

'I‘ake-off immediately after daybreak was decided uwpon
becaise daylight was desirable for optimum navigation con-
ditions. At that time activity from the west plant would be

.at maxirmm, wherea.sl the maximum activity from east plant would

have drifted downwind.

A thorough investigation of meteorological conditions

that could be anticipa.ted“wa: made on the ba.sis of data re-

" ceived by telephone from the Seattle Weather Bureau Office

and from the weather observation station in the Hanford plant

area. 3Based upon forecasted weather, a chromological list of



flight patterns was made which would afford the most thorough
examination of the gaseous cloud. Because flight patierns
close to the stack and through the visible dissolving fumes
wei-e plamed, simyltaneous filter detection of particulat;e

matter was considered advisable.

Take-off was at 0620 P and on the original climb from
the field a sounding up to 3500 feet M.S.L. was taksn by means

of the airborne psychrometer. This sounding revealed that the

. top of the surface invérsiop was at 3100 feet M.S.L. The sky

was clear and & wind of 9-14 m.p.h. frem 300° - 320° existed
from the surface to 2000 feet M.S.L. Smoke from all sources
was observed to diffuse slowly at stack height as it flowed
downwind. The brown off-gas from the dissolver stack was
clearly ‘visible and was subsequently used in conjunction vrith'
the measured wind data in following the gaseoﬁ trajectory.

- This brownish colored cloud bi].'l.owed from the stack much like
ordinary smoke. It was visible, although prog:-esszvely less

intense, for between one-half and one mile d:.stant from the

;ta.ck.

After the sound:.ng was taken, descent to 1000 feet u.s L.
was made and the i'l::.ght Proceeded directly to the plant area. The ’

following pages describe the passes made in the operational arca.
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Pollowing this traverse, a number of other iraverses

" eimilar to it were made but at increasing altitudes. In each

succeeding vpass, the altitude was increased by 100 feet. At
1500! the response was hardly noticeable and at 1600 even the

peak over the stack had completely disappeared.

At this time-an effort was made to d_etemine the width
of the cloud at various distances dowmwind. Because of the

extrensly wea.k‘response at the stack, the first of a series of

. transverse passes was made at cnly one mile from the west plant.

For the same reason, 'the transverse runs were kept short (5 miles)

in length. On the preceseding page is the instrument record of
three of these passes, all one mile downwind. The first pass
made at 1000 M.S.L. recorded form A to B, was weak, but tb§ next
two, B to C,' and C to D, made at 1200 and 1400 feet MA.S.L., re~
spectively, are even weaker. The latter was so weak, in fact,

that any further work at this point was considered of no value.

'Following this, an investigition was made of the area
where gases of maximum activity fram the earlier dissolving
could be expected. A series &, "S™ patterns were begun 5 miles

downwind and continued for 7 miles but with no positive results.
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Then an exazinziion cf the east ci:'.sso_lv:‘.ng plant, which
had passed mar.zu':. activity by seven hours, was made. Retucns
received {from this pla.n-t were much the same as those froz the
‘west plant wkich was currenf.ly at maximuan., Little or no increase
in instrument response could be cbserved as the stack was approach-
ed but the peak of short duration was still present. The fact
that sharp peaks of equal intensity were received from two plants

of differing activity level further bears out the "beaa" theory.

In view of these very limited returns it was decided that
any further examination was useless at this time. ‘J.heréi‘ore, a
| wide zig-zag patterri diagonally a.crosa~ the basin was fi.hown from
the source to the Richland airport. No return was received during

‘the time this pattern was flown.

It is of interest to compare the record of one particular
stack passage at Hanford with a similar one at Oak Ridge. For-
) instance, the fecord on page \yy4 taken at Hanford may be compared
with the record on page \25 taken at Oak Ridge. Any differences
in flight variables (i.e. altitude) favor a stronger return at
Hanford; yet the Hanford record.lacks any of the response seen on
' the Oak Ridge record except, of course, the instantaneous stack

return.
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Subsequent counting of the airborne filters from
this day's operation revealed no significant evidence of
particulate matter in spite of the many penetrations of

the off-gas fumes.

This flight determined that the gaseous and parti-
culate radiocactivity at Hanford is very low. It was con-
cluded that further use of similar Hanford operations as

a source for the purpose o this project was not practi'.ca.ble.
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CORCIUSICNS:

1. Rough Terwrzin Com=licates Detection Problex

Hilly or mountainous terrain greatly complicates
the problem of detection of airbérne radiocactive materials
near the surface. In addition to the fact that safety con-
siderations limit flight patterns over rough terrain, the be-
h;vior of quantities of radiocactive gases such as are released
at Oak Ridge'is difficult to predict because of the ridges.
The gases could be tracked much more easily if they were releag=
ed over a broad flat surface such as the ocean, or if they were
"released in the free atmosphere at an altitude above the layer
affected by surface conditions, that i#, above the gradient
level. If a much larger source of radicactivity is being used
. than was available for this project, and detection operations
are being perrormed &t a distance of a hundred miles or mare,
locai topography is not = important as an entire ial.ley or &

region can be considered to be a sour#e.

2. Additional Meteorblozical Observations Are Needed
One of the purposes of this project was to obtain

information concerning the processes by which radiocactive

‘materials become dispersed through the atmosphere. Not much
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was learned at Oak Ridge or Hanford with rega.r& to the general
problems of dispersion. There were not sufficient neteorolégica.l
observations at either place whereby iha effects of topégraphy
on meteoroldgical conditions could be accounted for. It is

doubtful that the dispersion ocbserved is representative of the

{ree atmosphere, and no means exists whereby the data collected

can be given wide application.

3. Diffusion Studies Will Reauire Simultanecus Measurements of
Radiocactivity ' o |
During & flight by the project airplane the following
changes influenced the instrument return received: (1) the

‘strength of the radiation decreased because of the short half-
" lives of the radicactive gases, (2) the wind direction and

velocity varied, (3) the stability of the air changed. Yet

during a one or two hour flight only a superficial examination

. of the gasecus cloud could be acconplished by a 's:‘.ng;e airplane.

The longer the flight period, the more influence these variables
have on instrumsnt reconse. It is difficult, if not impossible,

to analyze and interpret dataconsisting, for example, of one

traverse made ten miles distant from a stack at ons given altitude

~and another made 15 miles distant one hour later.
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L. Atomiz Plant Detection Usinz Radicactive Gases Is Not

Likelv at Ranges in Excess of 1000 Miles
Although there is little scientific data available

on which to base this conclusion, the dilution due to atmospheric
dii‘fﬁsion'processes appear to be so great that it doc; not seem
likely that radiocactive gases from an atomic plant will be de-
tected at ranges of 1000 miles or more. From careless plant
operations radioactive particles are more likely to be success-

fully dgtect.ed.

Reconmendations

1. Much more successful flights would have been possible on
this project had the natural radiological background for
the instruments been better understood. It is strongly
recoxzmended that as much data as possible be obtained on
the background characteristics of the project instruments. -
‘This background data should be obtained in different geo-
| graphicai locations, at different altitudes, and unde: widely

varying meteorological conditions.

2. The muclear instrumnents of this project will be very use-
i'ui on future atomic bomb tests. Therefore, it is recommend-—
ed-that consideration be g;iven to a.da.pt:.ng these ipstruments

for measurements of clouds produced by atozic bambs.
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Because of the difficulty of exactly lccating the air-

eraft with respect to topog'a.phy. consideration should be
given to photégrapning the terrain beneath the airplane,

to tracking the airplane by means of two or more theodoliies.

The airplane might also be tracked with radar.

In future operations where meteorological observational
facilities for chart work are not available, it is re-
commended that a mobile meteorclogical unit‘ be brought into
the area. It is almost impossible to do meteorological B d
pla.n.ning_ without atri'a.ce"and upper air charts at hand.. A ~
A single observationv station in the oéera.tional area is

not _sﬁfficient. It is recommended tizat a network of obser-

vations be established in future operations even though they

. be very sicmple, Theodoliie teams for upper wind observations

would be extremely helpful.

Projects such as this can collect in a very short itime a
great wealth of information which requires more effort for

proper correlation than®is readily apprecisted. Therefosrs,

" in future operations it is recommended that consideration

be given to providing an adequate staff of persomel for
proper processing of all radiological and metecrclogical )
data collected.
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Here in outline fora are some items of historical

igterest in comnection with this project:

. Personnel who regularly participated in project flights:

Technical Advisors:
. ’ and

—

of the

lleteorqlégical Research:

Air Force Flight Crew:

The Aircraft:

Or. Francis J. Davis
Paul W. Beinhardt
Qak Ridge Natiomal Laboratory
Paul A. Rumphrey

of the ‘
U.S. Weather Bureau

;Jesa'e M. Walker, Capt.,
Adreraft Commander

Robert L. Kane, ist Lt.,
Co-pilot and Weather-Officer

William E. Harlan, lst Lt.,
Project Officer

Ned B. Walker, Y4/sgt.,

Crew Chief
All Air Force Personnel
assigned to 2978th Alr
Weather 5q. (Spec) -
Fairfield Suisun AFB, Californ

C-47 Ser. No. LL=TT263
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Project Begun: 17 November 1948 at Oak

Ridge, Tennessee

Project Completed: 15 Merch 1949 with con=
clusion of work at Hanford

Works, Richland, Washington

Total Flight Time Por
Project Data: 58 hours
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SChronology of Project Flights

Duration

Date Hours/Min Purposet Limit of Return
OAK_RIDGE
Nov. 17 2:30 a : 0
20 1:30 a, b 0
30 3:00 b, e 0
Dec. 1 1:30 b, ¢ 2mi,
o ‘2 1:20 c 5 mi.
8 2:50 b, ¢, d . 1.5 mi.
17 1:35 &, d 1.0 mi.
3 2:50 b, d . 2.5mi.
Jan. 6 L200 e, d 3.0 mi.
7 L:00 e, 4
1 3:00 e, d, 15.0 mi.
1, 2:25 ‘ c; d, £ 8.3 mi.
15 1:15 c, d . 8.0 m.
20 25 . e Cee -
27 -l:lO | e ' - -
Feb. 1 2:00 e ---
é 1:40 ' 'oi_ T ==

3 uss e P
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De—ation
Date Hours/Miz Purooset
Feb. 7 2:00 e
g 3:00 .
HANFCED
Mar. 2 2:00 — © 4
3 7:30 d, f
L 2:30 d

a.

b

Ce

d.

Initial check of instruments io deter

undeveloped form in which the instrun

Check on progress of instrument devel

from day to day in laboratoery.

Comparison of limit (linear and ver<i

instrunents.

Measurement of dimensions of radiocact

of shape of cloud.

Obtain air samples and expose filters

research. = -

Expose filters for possible particul:
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Flight log
Date: 1l Jamuary 1949  Take—off: 10L2 E  landing: 1335 E
Time Altitude Time Over
" From To Heading MU.S.L. Fix Remarks
1042 105,  eeeeenm 3000 Enroute to X-10 ares
1051 - 1056 50 2500 1055:40 - Stacks at X~10 used .
o as fix
1057 102 .230 2000 1059:30 ditto
1103 1108 60 1500 1106:40 ditto
1309 1115 235 1300 1111:05 ditto
1116 1122 60 1300 1120:50 _ditto
'123 13 (235) 1 1125:25 . ditto
(Made turn from 235° to 215° at 1128)
132 141 60 1300 - 1139:50 ditto _
1142 1150 230 1500  1lL4:10 - dtte - 7
. 1150 1205 Climbing turn 12 minutes down wind to receive radio
- - . : - message
1205 1210 L5 2500 1209:25 Crossed Tennéssee River
. ' at 1205 - Stacks at X-10 used as fix
1211 1218 25 2000 1213:20 Stacks at X-10 used as fix
1219 1221, 315 1300 11 miles down wind. Over
A Clinch River. '
1225 123L 135 1500 || — Saze as above
1234, 1241 No Pattern ; P
12,2 1250 315 2000 = ——— 1. miles down wind
1251 1258, 130 1750, ==  Same as above
+ 1300 1307 315 1750 — 20 miles down wind
1307 1313 130 2000 Same a3 above -
1323 50 2000 1322:03 Stacks at X-10 used i
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I o Flight log
\
Date: L March 1949 .  Take—Off: 0620 P Landing: 0821 P
. Time Altitude Time Over
Prom To_Heading M.S.L. _Fix Remaris
0620 0635 300 Sfc - 3500 Obtained sounding by

3500 - 1000 053L:30 climhing "stair step?
fashion, then descended.
West plant used as fix.

0625 0638 9 1100 0635:40 TWest plant used as fix
0639 0643 300 1000 0641:20 ditto
| 06L3 06L5 120 1200 06LL:15  aitto
066 O6L9 275 1300  06LT:25 ditto
R 0649 0652 100 1400 0650230 ditto
0653 0656 280 1500 065545 ditto
e im e OB W MM - oo e
(/ PTG o703 360 1000 0702:40 ° Pix 1 Mile directly—down- -
Co. wind from stack of west pla.nt.
O70L, 0706 180 1200 0705:15 - . ditto
0707 0709 360 100 0708:45 ditto
o711 O7TL. 90 1000 O71L:L45 . ditto
o7, 0727 — 1000 "S® pattern across {low,
: _ . 5=12 miles downwinde See Map*
0727 0733 280 © 1000 0731:55 West Plant used as fix
. ~ o73 0737 100 1000 0734220 o
d 0737 O7LL - 1000 Loocp pattern. See map*
O7LS O74L7 100 1000 O745:50 East Plant used as fix
O7L5 0751 270 1200 - Q749:30 ditto
0756 0820 — 1200 ﬁgzag pattern to field.

Ses map®

# The map referred to is the aeronautical chart in the airecraft.
" When the track of the airplans was not straight the actual pattern
flown was traced in pencil on the map. A copy of this working
chart has not been included im tids report. _




