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ABSTRAGT
OBJECT

in the cation of readloactive tracer methods to the esti-
mation of liquid agent ground contamination in certain field
experiments involving muatard (H) filled munitions.

T¥ biect of thls report ls to describe techniques used
el

RESULTS

l., The radiotracer method of H ground gonteamination
asgseasment has been desvelopead into & standard procedure in
which guentitative radlcactlivity meassurements are performed
by means of Jaiger-Mueller tubaes,

2, The redliotracer method of H ground contamination
assessment has been compared with other methods of H ground
contamination asseasmant and has been found to be the most
precise of any method used previously.

3. Techniques have been develvped allowing a whole
radlectracer field test evalustion to bPe made more rapidly than
thet of any previously known msthod except the 4Grilnnell
photoelecetric photometer procedurs,

4, Steps have bsen underteken, but not completed, to
devalop modifled radicactlvity measurement apparatus which
will speed up the radlotracer assessment of large scale field
axperiments,

5. A large amount of experience and informatlon regarding
the operation of electronic mppgratus of special application
to this problem has been geined,

CONCLUSIONS

The following conclusions are made on the basis of evidence
presented or referred to iIn this rsport:

1, Ths radiotracer method of evaluating ground contamination
has antlqueted &1} methods used previously In the solution of
the contamination evaluation problem except the photoslectric
photomater mathod,
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3. Tne radlotraccr method Is tn. must .roclse ol oll
¥nowvn pethods of ground continlnation wssedsment.

4. Tne ravlotracer method is cupuble ol greeter actection
sen,itivity ta.n any other known ncthou.

5. The radlotraccer method is somewhat mor. complex in
operution and apparatus than eay of fuce otacr e tnows.

6. Tae radlotrucer metnou 1s, wbt the present time, more
costly lor large scale testin, thun wny of the others, but
there ic some ilndication bused on gnowlcdge conuverming tne
tevelopment of uwsnufacturing processcs 10r slutonium that
thils cost can be preatly reduced.

- 7. The radiotrucer apparatus is, in part, in zn excellent
U state of development at the present tiwe, und iurnishes a
{firm {ounu.tion for future development.

WECOLLAENDATIONS

1. Consideration should be piven to the possibility of
the use of the radlotracer method in the problems other than
areal radioactivity measurements.

2. Negotiations should be undertaken with the Government
agency responsible for the operation of plutonium menufacturing
plants for the purpose of obtainlng varlous deslrable radio-
tracer materials.

3. Because specilalized electronic uppmratus is used
in all radiotracer measurements, & departmnent or section of
research shoula be organizea which wnili nuve tne respon-
sibility of investigating the eXxtenslon of raaiotracer tech-
nigues and developing new appuratus Yor tine swudy and measure-
ment of rudicazctlive phenomenu.

-2
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RADIOACTIVE TRaCil ThohlT Uil iad arPLIcy TO

EVALUATION OF AUbTakD CaQUND CONT.ATAATION

I. INTRODUCTION

h. Object

The cbject of tais report is to describe techni.ues
used in the application of radicvactive tracer iecthods to the
estimztli.on of 1i.uld H ground contamination in certain field
experiments invelving various H-filled munitioas.

B. authority

Project B ba, letter SPCVB 471.6, dated 9 Decenber
1945,

II. HISTORICAL

The study of 1i,uid H ground cuntamination has been
diff'icult because of limitations im,osed by avallable tech-

. nigues of guantitation., Practically all standard practice now
includes the addition of a tracer of one sort or anotner to the
1isvid agent in order to assist in defining at least the
snane of the lijuid-contaminatea wreca. Organic dycs, sucn as
Rhodanmine L Base and Victoria Dlue 8 Bzse vi.re eurly incovp-
orated inte H samples in puniltions t: be used for field tests,
and later, colorimetric wnalyses of the dye cuntent o f il
picked up wn pie plates, abs.rbent punels, and even tae suil
.f the ¢ mtasinuted arca, were maue in rder t. atfempt an
estimution 20 tile degrec of contaninati:n impoased n the arca.
Orzenic dyes have becen shovm to be unrelizble as tracers rur
Ligquid 0 beczuse of fading due t. chealcul resction vith
soll or due tro the acti.n of the sunli_at. Accordingly, the
us¢ ot metal compounds siluble in il was advocated aus o troador
tectni jue by the Britisn., Thus, c.pper, sinc, and nickel
vleates, stearates, and naphthenates hove been invostigated
a3 tracer coHmpounds. It has been shiown, however, that the
lenkgtn and complexity < the wanalyses for smctual cuontent of
firnld 511 samples <f H c¢.ntuminatew ureas made thig method
I little valune for lar,e scule field tests. The search Tur
fester wnd m.re relizble techniyues sugsested thoat rudi .-
active trocer techniiues might be applied successfully t. the
evaluativn 2f ground c.oataminaticn exjperiments., Prelialnury
tests of the redlyuctive tracer method were conducted at this

! stutl n in January 1944, and indiccted grezt proanise for the
fdca.  Gince then, the methud and technicues hive been
gxtended &nd expanded.
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Certain commercial and educational organizationa have
used radicactive tracer techniques in a faghion simllar on a
minlature scale to those applied in this work (see (1) and (2)
in Bibliography) but it is bellieved that this 1s thes first
instance in which radiotracer techniques have been applied to
large scale investigations of areal radiosctivity contamina-
tion. Accordingly, this historlcal background 1s limited.

DPGSR No. 55

111, TIEQRETICAL

Uranium, thoriuwm, end protosctlnium are parent elements,
sach, of three serles of elements whose atomic nuclear struc-
ture is such that the nucleus is ss8id to be in a state of
instability. During the course of time, each such unstable
nucleus undsrgoes & rearrangernent in an attempt to gein a
stable state. In the process of rearrangement, matter is
grmitted from the atomic nucleus., This emitted matter has besn
proved to be sub-stomic particlss (alpha particles; electrons,
neutrons; protons) travelling in space with velocltles asome-
vhat less than that of lipht. Accompanylng, or closely follow-
ing the e jectlon of matter from the nucleus undergolng rear-
rangornent is e loas of atomlc energy in the form of an
electromegnetlc radiation (gamma rays). Gamma rays, travelling
with virtually the velocity of 1light, are capable of penstrat-
Ing matter to & degree far greater than that shown by other
glactromagnetic radistions (light; radlo waves), Thils pro=
Porty has allowed garma rays to be utllized for the purposs of
'seeing" through the human body in search of functional
derangement in illness, and through thick metal castings and
weldings in search of faults., It is possible to use gamma
rays in thls mshner because the relatively tremendous energy
of gemma rays ls absorbed preferentlally by matter of high
density or preater thiclmesa: The gamma ray detector used in
this epplication of gamma rays is usually the photographic
plate or sometimes the fluorescent screen, Gamna rays are
an esggsentiel part of the radlotracer technique described in
this report, primarlly becausa thelr preat penetrating power
&llows rcady dotectlion 1f sultable detecting apperatus 15 usged.

In other, but similar, radlotracer techniques the
matorial products of nuclear dislntepration kave been used in
manners simllar to be described here for the gamma rays, The
human sye 1s incapable of reapondinﬁ to gamma rays in the
monner that 1t responds to “visible' light, and at best 1z =»
very poor detector. The photographic plate has already been
nentioned as a detector. It shows fair ability in certain
applications, Lven better is the ionization chamber, which
will be discussed ln detall later. Frobably The Gest detector
of gamma rays (and when properly designed, of elpha particles,
and high velocity electrons or beta rays) 1s .the Gelger-Musller
counter.
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Kuch discussion will revolve about the Gelger-llusller counter,
and ac, it may sometimes be referred to as G-l counter, or
simply as a counter. MNany other types of detectors are known,
and practlically all have been used in the study of nucleer con-
stitution, but for the present purpose the G-l counter and the
ionization charnber are of particular interast.

A. The Geigor-lMueller Counter

The (Geiger-llueller counter is an electronic tube
belonglng to the diode famlly. It consists of two metallie
electrodes of greatly unequal area enclosed wlthin a space
capable of being evacuated to, and maintalned at, a pressure of
several centimeters of mercury. The enclosing material, or
envelope, is uaually a glass cylinder seuled at both ends.
Figures 1 and 8 (Appendix A) show samples of G-l counters
enclosed 1n glass envelopes, and Diagren I (Appendix B) 1s3 a
drowing of a typical G-I counter.

In the simplest application of the 3-M counter, a high
potential electrical field (DC) 1s impressed betwesn the elec-
trodes in & circult which includes a very high external resls-~
tance in addition to the potential source and counter electrodes
(note accompanying dlagram). The passage of a single penetrat-
ing radiation (gzamma ray, or simply ray or photon) through the
counter tubse, under conditions of high electrode potential
strevs, may, by virtue of derangement of the inter-electrode
slectric field {as a result of lonizastion of gas or other mole-
cules or atoma) cause an electrical 'discharge" to occur. This
can happen only if part or all of the snergy of the ray 1s

absorbed somewhere inside the counter. lMany gamms rays mry gass
through the counter for every one which G, K.tube To grii
is ebsorbed. These ars not detected. N \
If & ray should be detected, however, g | ' T electronic
the discharge of the electric fleld amplifior
causes a current to flow in the Pulse
aexternal clrcult high resistance. As coupling

a result, the voltage drop across the condensor

reslstance increases from zero to
sone valus which i1s an appreciable
fraction of the total applied poten-

tial. When the drop becomes great External
enowrh, the current which was flowing < high
between the countor slectrodes ceases resistance
to flow boecauss the potential 18 in-

suffiglent to malntein it. When thils .

happeons, the voltage drop across the -

external resistance again drops %o zero, High D,C.Voltage

and the orlginal interelectrode potentiasl 1s attained. The
counter Js then ready to respond to the presence of another
penotrating radiation. The process of clscharge and recharge
can occur very rapldly -~ up to once every ons-one hundred
thousandth of a second in a good G-M counter. With the
asaistanns of sultable external elsctronlc apparatus, this
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rapidly occurrlng process, rcpeated over and over, many tines a
minute, but only once for each gamma ray, ce&n be made to produce
a record of the totzl nuanber of rays absorbed in the counter over
a measured time. Tnus, a nmcasure of the Intensity of gamma ra-
diation or radiation flux may be had. Tie "counts" shuwn by a
Ceiger-Mueller counter in the presence of radloactive material
become, wnen measured under certain conditions, & measure of the
concentration of ground contamination of liquid H when the radio-
active material was present in the H as a tracer. For example,
assue that a milligram of radioactive material having 10,000
nuclel decomposing per unit time is distributed evenly through-
cut 100 pounds of H. This H, contained in a munition, is then
scattered over a ground area, A. A small fraction, a, of this
area picked up and held elos: to o G-M cocunter shows a count per
wunit time of 10. Then, it can be szid that the amount 6f H on
area a was exactly 10/10,000 of 100 pounds, or 0.l pound.

B. The Yonization Chamber

The penetrating characteristics of pamma rujys were
mentioned above. Also mentioned wus a characteristic which may
be culled "ionizing ability". Tconizing ability of penetrating
radiations is shown in any matter in which penetrating radiuztion
eneryy may be absorbed. It is the basis upon which chemical
reactions initlated or influcnccd by penetrating radiations are
expluined. It is the basis upon which the functioning of on
ionization chamber is explained, though, in strict s.nee, chemi-
cal reaction may not cccur here. Ionizations of gas molecules
or atoms occur, none the less, and & meusure of the degree of
ionizution can be used to represent the intensity or radiation
flux density of the penetrating radiation causing the ionization.

The icndization chamber is a device consisting of two
metallic plane parallel or concentric cylindrical electrodes so
arranged as to allow formation and mointenance of an electrical
field between them under the influence of a relstively low volt-
age DC potentisl., The space between the electrodes is filled
with a gas at atmospheric or higher pressure. Passage of ion-
izing rudiations (gamma rays) througn tne gas causes an lonlzat-
ion which results in a decrease of the specific resistance of
the gas. This decrease may be measured, with appropriate elec-
trical apparatus, and related to the concentrution of radloactive
material producing the rays. The relationship is poverned by (1)
the physical dimensions of the chamber electreodes, (2) the type
of gas, (3) the pressure of the gas, and (4) the sotentlal dif-
ference between the electrodes (for a given type of radiation).
The ionization chaaber differs from the Gelger-lUueller counter by
virtue of its inability to distinguish between individual radi-
ation guanta or photons, but treats all passing through at about
the same time as a unit. It 1s, in effect, & self-comtalned
integrator rather than a differentiator.
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The electrical current across the electrudes which
results from passage ' I ionizing radiati n may be meusured by
a sensitive galvanameter {f high {lux density radiation is
under study. For maximum sensltivity, hovever, the currents
which result from minimal amounts = radiati.n arc usually
utilized in the nroduction of a voltage drop acress a hin
resistance {(which in the case of the Dugwty ionization chiambers
is of the order of 100,000 megohms). This veltage drey is
then nmeasured by a sultable vacuum tube voltmeter. Photographs
of a simple cuncentric eylinder chamber operatlng at ztmospheric
pressure are shuwn in Figures 16 and 17 (appendix A ), and the
ciresuit diagram of its asscceiated vacuum tube v.oltmoter is
shown in Diagram 2 (Appendix B). This unit was desi, ned at
the University of Californla for the purnrse I measuring
pencirating radiation capable .f inflictin, deaage ur n tae
human body. It Ls known as a radilati.n protection meter. anc
Lecause of its low scnasltivity, it is not used in the usual
field tracer studies. .

Four field testing purpcges, a much more 3ensitive
instrument is required and has been built. This instrument is
the heart ¢f a machine which 15 called the racigactivity ground
scann:r. The radivactivity ground scanner T:r simply, the
scanner) was designed to scan and record continucusly the
changes in tracer concentration of an H-trucer contaminated
ground areca. A more complete description of this unit, and a
gample of the data obtained with 1t are given later.

C. The Radioactive Tracer Hethod

In actual pructice, the rudictracer method is some-
what more cemplex than described in eorlier paragraphs. The
usec of naturully radioaccive elements such as uranlwa, tnorium,
arotocetinium, cnd their radicactive decomposition products as
traucers is not widesprecad. Tais 1s true bscause natural
"radloelements" are rare und costly, and do not always lond
thomzelves to the preparaticn of cneaical cuumpounds vhich have
suituble properties. At present, the production of vartificials
radicelements has advanced to the stage where u Lreat variety
¢f nuclearly unstable atoms, runging tr-.m hydregen to uranium,
can be roduced almost at will, and sevmetimes at relatively
low cust. Preparation of such radioactive elements is ealled
"Auclesr bombardment®. Thére are various machines capable of
nuclcor bombardment, and most of the lurge educsationzl insti-
tutions In this country have one or wnother of such nuchines
for the purpose of pure rescurch in tne field of nuclear con-
stitution. The most usecful machine tor the mass sroduction of
artifietally radicuctive elements 1s Mncown ag the Yeyelotranh.
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The Messacuusetts Institute of Technolopy, the Universlty of _
California (Bergeley, Calif.}, wWeshia,ton University (SF.‘LouLs,
#0.), and Coluubia University (Hew Y.rk Cuty) nave applied this
complicutezd elentronic device for this parpose.

The procuss of nuclear decompositlen of tue nuclel ol a
ni8s of atoms of a aiven rudivactive elewant proceeds according
1o & certain exoomential Law, This law 15 Xnown cs the Law of
RoGiurcive Disintegrition «nd 1s exprescol by che equation N =«
'me - B, The liw stites ‘n effect taat tar rnumber of radiec-
aetive naciel m.dergeing disintegration at any time is a2 Dwnction
,f ¢ to%ul nuaber of undisintegrated nu:iei present. ID N
ung!ble nuclei are present in a mas: of ‘mdicactive nucleil at
tin <o, then after time t, there wiil be just N such nuclel
wmdioutedrated, The constant is a nuwaerlcal value aalicd
the nGilozcive constant. [t is characteristic yYor each radio-
zlea b, natural or artificial and is a measure of the naaber
of lear disintegrations occurring in wnit tiame. An iupgnrtaant
aerived disintegration law is the "half-life law"., [t may bhe
stat. ¢ by the equation 1/2 = e = t. 1Insertlon of the radio-
ettty constant of the radicelement under considerction it this
cqunsom and solution for t gives a number which expredses the
time . w~cessary for & collection of disintegrating ctoms to be-
come st half that number of dislntegrating atoms. Let 1v be
wssun¢ that a welght of one graa of absolutely pur: radium is
available for examination, This gran of radiuwm contains
6.02‘2 x 1023 or 2.66 x 1021 atows of redium capable of

“£6.05
¢isintegration. Let it be ussuned further that in tiais mass
of atoms. the process of nueclear disintegration starts at normal
rate at time ty. Let a G-M counter stand ready to count each
nuclear decomposition which oceurs, beginning at teo. Let the
counter continue to count, once for cach nuclear decomposition
wnien occurs until a time ty wien 50% of the 2.66 x 1021 or 1,3
« 1041 couits have been registered. It will be found, if onc
heeps track of the time, that the time interval betwecon to and
1] is about 1590 years.This time period is,then, the nalf-life for
radium radicactivity, and as Jar as in now xnown, it %ill always
fuke 1590 vears tfor half of any number of a collection of radiam
~touw nuclel to disintegrate. Decouposition for & grum weight of
1adinn occurs, then, at the rate of 1.33 = 1021 or 1.5¢
. 1590 x 365 x 24 x 60
£ 10-% counts yer minute, as an average ratc over a period of
1590 years.

If 21l lnown naturally radloactive elements and their
nalf-lives are considered it will be noted that some radio-
elenents have a half-life as long as 1.34 x 1010 years {thorium),
an? some have a half-life as short ag 1 x 10~11 seconds (+horiuna
cr).
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This brings up tile guestion of what kind of ravloclement, based
on half-life¢ concsiderations, can ‘be used in a desired traccer
unplication It is wusmparent that a radirelement huving & half-
life of lO*il secunds dlsapoears completcly cven before therc
is time te think of what to do with it. 9n the other hand, a
radicelement having a half-1ife of 1010 years disintegrates sc
slowly that a prohibitively large amount of the mutcerial would
be necded to give cnough counts per unit time to act as a
decent tracer. It is fgue that in the c.se of roaiua, one gram
will pive about 2 x 10 counts per minute; but, one grim is
worth about 20,000 dellars. On this basiz, the usc of almoswe
any natuially radioactive clement for ficld testing, of liquid

H contaminations would require fabulous suas of aoncy. The
nex* consideration, then, is cheaper and more plentiful arti-
ficlally rodicactive elegments. It has been judged that suchh an
element chould have 2 half-1life somewhere betwesn 4 und 20

duys (for spplication teo this radiotracer nroblem). An examin-
ation of the list of artificial radioelements most readily
available sugeested radiophcsphorous (mass Lsotope 31; half-
Life 14 days; bete radiation) and radicmenganese (mass iao-
Lope 52; half-life 6.5 days; gamma radiztion) as the most
Jromlsing materials. Further congiderationg cencerning penc-
trativg power of the respective radiations brought the cheice
dovm ‘o radiomanganese of the 6.5 day half-life. Th: decay
eurve for tais radioelement is shown cn Graph IT, appendix C,

Hltherts, in tals report, all disintejratin: have been
snecified in ter.s of ccunts (per unit time)}, but o unit af
disintcgration rate (rediouctivity concentration; activity)
often useful in this w.rk is the millicurie {(onc¢ th.usendth of
+ curie). The millicur: (mc.) represents a disintesrdtion rate
ol 2.22 x 109 counts ver winute (wtoms per minute). The real
significance of this anit i3 that mny radioactive saterial
showing 2.22 x 109 counts at any tisc t can be swid to have an
activity of 1 me. regurdless ol any cheaical or physical
praoperty it may alsc have. At any tiime later than tiue f, its
eetivity will be some fractiun of 1 me., and, if 1 is knowm,
the nev, loesser activity cen te coleulzted with acenracy and
wvithout trouble. This calculation is done most easily by
mesns of a M"decay curve' of which Graph II (appendixC) is a
sample 2o .lying lo radiomanganese 52, As stated previcusly,
the réte of decrease of activity with time is o funciion of the
half-life of the rodioelement in question, end this rate crmnot
be altered in any way by any chemical or shyslcal means avail-
able. Radioactive disintegrution has zero temoercture co-
efficient, zero pressure coefficlent, and us far as chesalcal
reaction 13 cuacerned, zero reactivity constant. Once an
retivity has been deterained, any decrease in activity as a
resalt of time can he colculated with an exictness depending on
the accuracy ol measurcment of lapsed time, anc on-tho exactness
of the value fur the half-1ife ¢f that radicelement.
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Any deviation from calculated values can mean only that some
of the material containing the activity measured origlaciiy
became senarated from the main body, and strictly of an amount
indicuated by the calculated deviatlion. One degree of specifi-~
city of the radiotracer technique is hereby indicated.

D. Speecial Conslderations

The penetrating ability shovm by gamma rays 1s of
interest at times when it is desirable to screen ofi the
rudiutions of a radicactive material. Thace law describing the
depree of absorption of the radiation in matter is similer in
form to the radilcouctlve disintepration law. It may be nx-
oresscd by the eyuation I = Yge M%) wherc I is the amouni of
radlation left vhen an inclaent rodiation I, passcs throush a
matericl of thieckncss d. The const.nt pals characterlstic of
the muterizl in guestion, for any given type of rediation.

It may be determined easily with the assistence ol o G-M
courter and thick sheets of the m:terial in :uestion. Vith
knovn I, Ip, and d values, i may be calculited for the mutorial
and radiation type. In an actial laboratory acasureacnt, it
was {oand that 3.8 cm. of cast lead trongmitted only 9,1% of
the trunsmitted radiation from radiomangaonese 52. On this
buslie. the value of m for lead of conslderable thickncsses

may be calculated t9 be of the order of 0,63 em-l. The
absorption of these r:zys in any other metal will be approx-
imately directly oroportivnal to the rutic of densities of this
mnetal and lead, .

A word or two concerning tiie 2bility =i senetrating
radiations to inflict damage uson the tissues of tie human -
body should not be omitted. The ionizing ability of poene-
trating radiations of high flux density can produce undesir-
able chemicul reactions in tissue. Probably the most feursoumc
offect is that of producing mutations in jrogeny as o result
of changes enforced udon the genc structure of chircaosomes,
Even beyond this lies the posaibllity that heavy dosages cf
nenetrating radiations to the oroper region of the body will
couse sterility. The male is considelrably more susceptible
thun the female in this respect. It is for these rensons
thet all wnrk involving large amounts of pumma ray producing
rudicactive mate.ial must be dene in such 2 way as to aini-
mire Lhe time and intensity of exposure: The cmstant use »f
heavy lead szhlolds in the storage and handling wi ¢oncentra-
tions of radicactive iraterial 1s an importunt part of the
answer to the problem «f protection., Distance 1s alsy a viry
important fuctor since gawmt rays from a volnt source of
radiation follow the law »f rectilinear provdagation. T
government publicutiuns ( (3) and (4) in Bibliosgraphy) may be
used as guides in thie ussessment of protective conditions [or
handling radivactivity concentrationg.
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A typlcel lead carrier-for rudiocactivity is shovn in Figure 15
(appendix &) and in Diugrum IITI (Appendix B). A nuuber of
thise cerriers and othe. forms of lead snieluing shoald be used
in zny instaillation where pamaa rey emivting rcaterial ts used.
Leter in this rcport, mentlon will be aude of snielas for G-M
counters ond for ionlzation chambers. The reuson ior this 1s
thut in addition to the radiations produced by large concen-—
triations of prepared radioactive matericl in tue vicinit; of
nmeasurning instruments, there is always present whit 1s known
as "background radlstion'™. This everprecent hackground may

be the result of traces of raaloactive nateriils in the roil
and in tre alr, and is alweys partly the resuit of very penc-
trating radiations from outer spacc (cosmic reys). Sincc.
over any smull time intervil, and for a small area such as
thet of a radlation detecting instrument, the total Tlux
density of this radiation is never constant, the zbility of {he
detecting instrument to measure small amounts of zdaded redlo-
activlty 1s considerably lessened. This cun be overcome fo
some 2xtent through the extensive use of thick absorbent
shieldings. Of the materials avasilable, the setwl lewd seoms
to ke the best,.

IV. WIPERIMENTAL

A. Detection znd Measurement Apperatus in Detail

The electroscope, the spinthariscope, th: photo-
graphre plate, the Wilson cloud chamber, the photoelectric
cell, the lonization chamber, and the Gelger-Mueller counter
are tevices used for the detection and sometimes the measure-
ment of penetrating radiations. Of these, the Geiger-Mueller
counter and the ionization chamber, as used here, will be
discussed.

l. The Geciger-uueller Counter and Counting tiate Meter
(None-Portuble)

A3 nentioned ewrlier, the u-M ccunter consziasts
penerally of two metullic electtrodes within en evicuabed
envelope. One of these eleckrodes is usually o very fine wirc
of tungsten (3 to 5 wmils). The other clectrode is usually a
cylinder of shect copper or thin-wallea tubing fixed in
position concentric with the wire. The wire is stretched tuut
and lnsulated from the cylinder Ly aeans of appropricte metal-
in-glass secals, The evacuatea envelope is usuually made of
glass, but sometlmes, a purt metul-part glass envelope is useu.
The dimensions of the cylindrical electrode are not critical
‘except that the length shauld exceed the diametea by a factor
of 2 1/2 to threce or more.
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Generally, the envelope has dimensions of the order of 1 to

1 1/2 inches as the diameter, and four to eight or ten inches
as the length. The envelope contalning the electrodes, wvhich
must be clean, amooth, and frece of radiocactive material, is
evacuated to a very low pressure, degassed, and filled with
argon, alir, nitrogen, helium, or mixture: of these guasesg.

Argon containing 10 to 20 percent air is commonly used for
counters having copper c¢ylinders. The gas pressure in the
envelope 1s gencrally of the order of 4 to 12 centimeters of
mercury. The required pressure depends on the exact mixture

of- gases, the exact character of the lnner surface . [ the
copper cylindcr, the voltage apilied between the electrodes, the
electrode spacing, and on other factors of less kmown influence.

A type of cylindrical electrode developed recently at
the Massachusetts Institute of Technology and used almost
exclusively at this station 1s known as the bismuth cathode
counter. This counter is shown in Figure 1 (Appendix A) and
in Lisgram I (Appendix B). This countcr has an outer cylinder
ol ccarse mesh copper sc¢reen heavily coated clectrolyticolly
with the metal bisiwth. This tyose of cylindrical clectrode
wvas designed primzrily for use in detecting gammea rays onc s
eswccially suitable for work with radio-manganese. The reason
ifor this seems to be the greater ability of this type «of
cutnode to convert more incoming gamma ray cnergy into uselul
work than lower density copper metal oxhibits. In the cusc
of tiic bismuth cathode counter, the tendency is tc¢ use wrgon
as the interclectrode gas. It is recommended Ehat so-called
"self-quenching® agents such as alcohol vapor, toluenc vapor,
etc., be avoided in this type =f countcer,

A possible thenry of counteyr ucti.on as a penetrating
radiation detector was mentionced in the Theorcticul gection,
but it many be enlarged upon te some extent. The mentisn of
"self~-quenching!" action was made above. It is unfertunately
true that some counters do not act in the test manner when,
under seemingly proper conditlons, a discharge occurs between
the electrodea. In these counters, the discharie secms to
nersist well beyond the time that the voltage drop In the
cxternal clreuit reaches the point where ionizatlien of the ges
within the counteor should cease. As a result, a single ab-
sorbed cuantum of radiztion will sroduce a continucus inter-
elcectrode discharge, or & discharge vhich continue:s well
beyond the time allowable for "fast" countter action. BSince
it has keen found that additiovn of organic vapors to the gas
in the comnter often serves tc nake a poorly cperating counter
into a fast counter, it has been concluded thzt faulty counters
exhibit & low rate of de-ionization after discharge. The organice
melecules presont geem to serve te pather up tne stray ioms
resulting frem ionization and to stop the ionization procoss
alter the desired discharze has resulted.

i o
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One of {two tests designed to deterning the choracteristics
of & Gelger-Mueller is a determination ». the ‘plateau of the
counter, This is accuaplisited by deter=:ving. for a conatant

- source of radicactivity, the ccunt rate ~tpur of the counter
as a function of voltage applied te the -Zectrides. A good
counter shows « plateau cvrve (examcle 1 :iiven at ri nt) with

the flat portiin being
an appreciaple iraction

of "ne tetal agpolied Ponx
Ygi:uge..;r?e flgnl— : C.rnar Cooe
fernee oioa long, ‘s
My plascau is that g Gotuaet o

ti. rame count rate ;

wit. bYe piven for a //
~oistant smirce of

ucuivity Ior relatively ]
lai, chrges in

U

GOUNT RATE

1
;
wolw e spplied. Dy / :
guy oF contiast, the A
rlateqaa curve of a | \
y 3 ) Threshold
pocrly enerating counter ! ) Can
: is ruoem also in the [ Voltages \J :‘W/"'ki’—g Vol.age
Jigure above, In this i 1L1¥ L U N
a8 “the count out- 0 400 800 1C00 1200
put oL any voltuge APPLIED VOLTAS

applied varies as the

voluage over the whole ronge of voltige. In foet, the count rate
Juaps qulekly from zero Lo infinity wilth but & slishit dnecreasc
of applied voltage. A counter showing this type of platecsu
reogulres a very well-regulated hiph voltoge nover supply to e
usable at all, This 1s not true of tace cuuanter having i@ broad,
flot plateau. For purposes of nomcnclature, the voltage at
which the counter just begins to count is lmovm as the btthroes-
nold voltage" and the voltage at which the counter 15 oaerated,
on the plateaun, is the "working voltage". Counter action may
novt be degeribed as a drop of intoerelectrode potential Irom

the operating voltsge to a point somehrery below the threshold
aotentlcl foir each count. The reflection of tilis veltage

change per discharge when applied to @ small c:upling condenser
i the counter circuit allows trenamittal of the resulting
Mvoltaze pulse” suitable electron tube wnpliilers Ior canversion
inte mechanledl, aural, or viglble light encriy.

Another common eoumter ftest, a deferination - countes
operation Yspecd™, 1s thc nezsuremont of two airony sources ol
activity, first togetner, and then separctely. If tae not
coant rate for both siyurces together is lvss then the sum o f
tie two measured scparately, the counter is missing counts at
the i .er countiay r. te measured (that of tho twe to_zthor).
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By & series of compariscens at different counting rates, which
may be mude difficzrent by chunging the distance of activity

from the counter, the counting rate at wiiich the counter is not
canable of"keeping wp" with the frequency of count srrival

may be determined. A& declsicn may then ¢ madc, res-iding the
raximum counting rute at which accurate ~ovunting may be ex-
peocted.

Usunlly, the central wire of the ciuntes is the positive
side LT the applied sotential. Swaetdmes, 400 veolis is
siiriciernd, to (perate 2 counter. Generslly, L0000 to 1809 volis
18 wceceasnry. The reslstance in sceries with the counter ‘nd
hiph voltoge supply may be a fixed risistance ranging fivam 10,
009 whas to ovir 10,000,000 ohms, ~r may be tue insut circuit
of ap electronic tube with ite variabvle registance charwcter-
istic., Host usually, an electron tube 14 used ag the high
resistaice, A tube connected in such an applicetion is shown
as *‘he Tpre-amplifier" of the Massachusetis Institute of
Tectrology counting rate meter (Figures 1, 2, 3, 4, Appmdix A,
end [Magram IV, Appendix B). 4s shown in the Dre-—am»lizier
circuit, the central electrode of the ¢hanter tube is cunnected
to the input grid of the electreonic tube, a tyse 637, with a
high resistance, Ry, connected from grid ta 6J7 cothode. The
outer cylinder of %he counter (the counter cathode) is an
cround notential. Between 6J7 catiwwde and ground, there is
anniner hign resistance, Ry. The nositive high potential of
about 1500 volts is applied to the plate of the 6J7. Since
internal »lute-grid resistance is sm2ll, and since the grid
is effectively 2t 2athods potential with no current flowing
in I3 (no discharge in the counter tube), the centrul elec-
trode - f the counter is at practically 1500 volts potential.
Laon a discharge occurs in tihe c.unter, the voltage drop
across Ry becomes relatively lavge. This results in the im-
sosition™ { = hiph negative biag ¢n the 6J7 grid and the
grid-plate impedance rises to a very high value. A3 & rasult,
the voltn,e of the central electrode drops from its ori_inal
voliage to & value below thresholo and the ccunter dischargc
is extingulshed. The change in plate potential resulting
Irom a change in grid voltage resulting rrom discharge 13
reflected as o change in voltuge drop acrouss cathode vesistor,
fq, and this voltage pulse ig trunocmitted acrous cousling
cgndenser C,, (& very special high veltaje, higoh aotential,
low cagacitince condenser) to the grid of the first sm)lifier
tube, V-2, a 6537 tyge. 1Here, this ulse, and others like 1,
is treated further, as will be exolained shortly.

It is scen, then, thut an electron tube secoving g o
hish reslstunce in serles witih the high voltage supply to the
ciunter serves os a very sqonsitlve volbige gale, or contraol
tube, as..isting tune counter in its function as radlation
detector.

~14-
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There are other electronic circuits In which sn electron tube
ar tubes serves as an "external cxtinguisher", but the net
action of each is essentially the same.

The voltage pulse applieda tc the grid of amplificer V-2
is5 sdmply amplified and passed tu the grid of V-3. Tubes V-3
anid V-4 together make up what 1s called s "multivibrator!.

In this multivibrator, the pulses are broadened to & certuin
“yavelength® and equalized in height ("clipped", or furtaer
amplified). A small purt of the resultirg equalized pulse
cnergy is passed from the multivibrator to the grid circuit of
uudio amplifier V-15 which makes each pulse audible in a small
loudspeaker. The main fraction of tuc pulse cnergy, however,
is pissea to amplifier V-5. The tube V-5 ageln amplifies euach
pulse by an amount regulated by its screen voltage, and ¢t the
samc time, this tube serves by virtue of circuilt desi n, to
isvlate the "hot!" side of the RC tank clreuit in its plate
circolt at constant input impedance while pulse energy is
being applied. Control of the screcn voltage allows control
nf taz callibration of the whole counting rate meter. This is
so bacause the pulse output of V-5 feeds the RC tounk eirculd,
Ci2 and Ryq, Rog, and R,y, which also, as the grid circuit of
vooLuain tu%g voltneter V—% and the true energy integrator of the
arriving pulses, causes rccording milllammeter -1 to ressond
in acrcordance with the rate of pulse arrival at the HC tank
circulit.

To conclude the analysis of the cther elesctron tubes in
the ciunting rate meter, there are rectifiers for low voltagc
(supplying 300 volts for plates and screens) and high v.ltage
povier supplies (supplying 2200 volts for the counter tuces
V-7 and V-8 resjectively), and voltage rejulator gas tubes
V-13 and V-14. In addition, there arc tubes V-9 znd V-10.
These two tubes are part of an electronic high voltage sta-
bilizer circunilt., Changes in oubput voltage as o result of
alteration f lend rogistance or line voltage ar: notea in the
grid circuit of V-10. This change reflccted in the plate cir-
cuit »f V-10 results in a change «f the effective blas voltuge
i the electronic gate V-9 which bcecomes more or less ¢ ndinct-
ing as may be recuired in srder toe resist the change.

It is necessary, in counting rate meters, L calibrate
the vacuum tube voltmeters in terms of recurder deflectiun as
a function of the rate of arrival of pulses at the RC tank
circuilt in the vacuum tube voltmeter grid c¢ircuit., This is
accomplished by an suxiliary electronic instrument knowm as
g multlivibrater pulse generator. Such & device designed and
trilt at the Massachusetts Institute =2f Technolegy is shown in
Figures 7 (the small black box atep the cathode ray oscillo-
scepe), 5, and 6, Appendlx A, and Diagrzm V, Appendix B, shows
the schematic circuit diagram. This design of multivibretor
is very ingeni-us in that low freguency oscill.ti-ns ore

it e oo
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produced which are cuntrolled by virtue of locking of thie multi-
vibrator cscillator wilth a number of ogcillaticn frecuencies
which are Integral multiples or submiltiplies of 60 cycle AC
voltazge. This voltage is secn, in Diagram V Appendix B, to be
obtained from the filament voltesge of tho 68C7T oscillator via
condensers Cys and Cy5. Also & part of Llne scheme is the desiygn
of the counting rate gangcs of the counting rute meter. Theso
are, respectively, 20,000, 10,000, 5,000, 2,000, 1,000, 500

and 200 counts per minute full scale deflection of the recorder
chart paper when the cilibraticen is oropor. Since the vacuun
tute volimeter plate current varies linecrly with the count rate
(vhen properly adjustzd), only a single calibration Loint for
cach ranic is nccessary for aeccurate calibration. The pulse
gensrator supplies, resuectively, the 60 cycle »ultinles or
sub-multiosles of 14,400, 7,200, 3,600, 1,800, 900, 450, and

200 »sulses ner minutc. The sipnal from the conersbor is inteo-
duced at "callbrate input® in Diagram IV, Lppeondix B. This
galnt, it muy e observed, ls &t tho ,rid f the iirst ampli-
fier tuve. Thus, the while cruntineg rute meter from this point
cnn to the recorder is calibrated at one time. Adjustments
necrssary to oroduce the required fractional deflection of
properly calibrated full scale deflcction arc made by mguns of
the variable resistances in the screen eircuit of the am»yli-
tler tube preceding the vacuum tube voltmeter., The shelts of
these seven range sclhting rosistances are seen at tie tup of
Figuvre 3, and the resistances themselves way be secn ot the

top of Flgure 4 (Appendix A).

It is necessary, from time to tine, to check the fre-
guency output of the sevoen ranges o1 the pulse zenerator. On
the 200 count per minute range, a stoawatceh timing of audible
clicks in the wudleo amplifier circuit (V-15 Diagram IV, Appendix

- B) l.udspeaker 1s utilized. On the higher runges, this is not
feasible. However, a simultoancous &pplication of pulse gene-
rator voltuge and low voltege 60 cycle AC to the vertical
deflecting plutes of an oscilloscope allows, by observation of
the resultant «scillosceope patterns, 'a check on the pulse
generator ¢s its signal feeds the counting rate meter for cali-
bration. This arrangement may be scen in Fijure 7, Appendix 4.
Irl'ortanatcly, the oscllloscape pactern is not visible in the
vhotographs, If slight adjustments in the {requency of the
sulse generator are regjulred vn any range, rungc scbting, wariable
resistances in the oscillator multivibrator circult ore used.
Thesc may be seen In Figures 5, and 6 (sppendix &) und in
Diazram V (Appendix B).

The iHlassachusetts Institute of Techrnol:, y countin, rate

meters, model 200 series, represent ne type <f instrumcnt
which will translote the happenings within a G-l countor inte

L T
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a record of penetruting radiation detection and measurement.
Other designs of instruments serve to drive mechanical tally
counters whereby each pulse occurring over a known period of
time is recorded individually. From this data, the rate of
counter discharges por unit time can be calculated. The net .
result 1s the same, but the M., I. T. tyrs counting rate meter
functions to great advantage where large numbers of ,sumples of
radioactivity-contuining materials muSt be measured Juickly,

and wherein the range of activity concentraticn in the vuarious
samples varies greatly. A typlcal M. I. T. counting ratc meter
tracing may be seen in Graph I, Appendix C. The wavy lines
represent normal statistical vuariatiins ain the rate of arcival
of radlations at the counter tube. The curve is eveluated on
the Hhasis of the average value of cach sampie traciiy. o oo’
in{; o o Lav s L stotisticil v .I..LI-'L.L('IJ. e brul ol L.,
obiilnea is the sample 1s measured uver a period ¢ blame ﬂPpLUh—
imately invergely proportional .te its wectivity contcent.

2. ghe Portable Geiper-Mueller Counter and Counting
. Rate Meter

The apparatus discussed in the previovus pages is &
laboratory-type precision instrument. The necd for a2 portable
(T1eld) type of radicactivity detector has brought about
development of such a device. One verslion of a semi-quanti-
tative portable G-M counter and :ountin; rute meter may be
segn in Figure 8, Appendix A, and a clrcuit dlagrum i{s shown
in Diagram VI (Appendix B). "Phis instrument uses low f1lament
drain elccetronic tubes and isg similar in manyg respects of
dejibn to the M. I. T. model 200 serles counting rate meters.
Several differences may be pointed out, however. First, the
ingtrument. 1s entirely battery powered. The high voltaoe for
thd counter tubz is obtained fhrough utilization of energy
frdm an audio freguency generator oscillating at high amplitude.
The cscillator output 1s rectified in the sameyelectronic tube
(mmglti-purpose tube type-3ABGT) which 1s used to penerate the
audio freyuency oscillations. Another difference is thut the
cogntay tube cathode, rather than being at ground jotential, i3
«t flgh negative potential while the central electrode 1is

' essentlally at ground potential. A further point is that there

are only two counting Tate runges, 0-1000 and 0-10,000 counts

. per ainute for full scale deflection of the O-i ma, william-

metier on the front yanel. Standardiz.tion is obtalned by
meaps of a small source of radiocobalt at a standard distance.

. The voltage control (a 200 mmf. variable c-undenser in the

- osciillator tanic circuit) is varied uatil the desired full

‘ scaje feflection is obtalned. (The counter used has no slat-
. eaw). Figure 8, Appendix A, shows a cylindrical leud shield

for: the surtable G-M counter with a rectangular window cut out
50 that the instrument can be used as a scanner for a relatively

J——
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large radiotracer contaninstea area, It L1s especlully useful
in the évzluation of H-trucer cr.ter loss. The portsble G-
counting rate meter has some inherent drawbacks fro: the point
of calibration stavllity., Its use »3 & guantivatlve mcter is
limited. A better field device 1g tie radiouctivity zround
scanner. :

3. ZThe Radicactivity Ground Scappe.

. The arincijple of the lonizatiun caamber w«s used in
the detection wnd measurement oif penetruting rediations was
explained edrlier in this report. Briefly, the energy of a
gamma ray npay be absorbed in -matter and converted into energy
of lonization. TFor example, 1f the matter 1s a gas, the pro-
cess of gaseous ionlzation resulting from ganms rey encrpy
conversion decreases the specific resistunce of the gas. The
chinge in:gecific resistance of the ,as can be measured by
meins of aooropriate electronic sap.aratus, and recorded, The
ioplzativn chumber, cansisting of two electrodes with a rel-
atively low value of DC potential between them is the primary
In@iicator of the resistunce change. Mewsurement of the
detrcese of the change of electrical resistance due to the
prisence of lonizing radiations is vomglicuted by the fact
that this chenge in resistance must be weasured In & system
wihilch 1s inherently one of extremely high impedance. Farther-
mote, the amount of matter capable of absorbing the radlation
enprgy in & gus is very sm:1l. This drawback can be overcomne
to: some extent by increasing tne amount of matter yresent.
Ini the cufie of pguged this meazns increased pressured. The
ingrease of efflclency of radlation absorption 1s ulmost
directly proportional to the increase in the gas pressure. If
full adventge 13 to be taken of increased gasz pressures in
ionplzatioh chamber work, very speclal and ingéniouns ansvers
to!problems of matching of high impedances coupled with pro-
bl?ms of high sressure insulsting fittinks must be sulved.
Onte this 1s done, = machine which will messure rudictracer
directly #nd continuously on the ground in the field can be

built und used. Suoh a maohine, a radicachivity g:o%gd
, has been bullt and is under -preliminary study at

5CL
this statlon.

i The radioactivity ground scanner, shown in Figures

9 +nd 10, Appendix A, and in Diagrams VII and VIII, Appendix
B,|1s a s¢li-powered vehlcle 'designed to carry two sets

of | pressure lonization chambers, their lead shields, assoclated
electronlc and recording appsratus, and 2 crew of two people
across & radlotracer-mustard contaminated ground area to allow
ditect field measurement of contamination densities.

|
|
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. 14 lgcated at the left of

: " Thé scanner vehicle 138 essentizlly & large sheet metal
‘box: measuring externelly 12 1¥/2 x 6 1/2 x 3 3/4 feet built on
a .atandard automcbile chassiai.  The metal box has appropriate
vindgw spuce., At its front end are two derrick-like stcel~
plpe boams to carry two sets of pressure.iomization chambers
and their lend shields in "soannimg" position. It alsp carries
in the front end, a 220 volt .60 cycle 3-phasgse 'l HP AC motor
vhioh provides driving power for the vehicle when geuared by
twu standbérd automobile transmissicn geuring systems in tendem.
Also in the frunt end are the steering mechaniBm and a Selsyn
transmitting unit driven frum the left front wheel axle. The
'Selsyn system has its receiving wnit on the regorder box so
that the recorder charts may he driven by it at & &hart speed

" proportional to the speed of the vehicle., 4t thée rear’end of .

the pox ig an aircooled four cylinder gusoline motay a. 220
vdlt 60 ecyale 3 phase AC generwtor power unit, a couiing fan
for the motor, & & volt DC gunerator (for tine gasoline uotor
stiorage bhttery), and, above the motor-gcneratodr power unit
cgmpartment, an air-cdoling ges-filtering system for the inside

" of the box. The air cdoling unit is shown 1n Figure 12 (Ap-

pendix 4). The gastline motor, not visible in any of thc
figures, is diractly behind the left half of the wv:hicle
control puncl. The right side of this cowpsartment 1ls cccupied
by the AC generator which 1s driven by four V-belts frow the
gideoline motor. The vehicls also carries & gasoline tank (at
the rear), a cooling system water tunk (underneath the cooling

. fin wotor), and is provided with both 6 volt DC and 110 volt
AQ interior and exterior lighting. '

! The vehicle is .ble o travel, under its own power, at
sgeeds of 3,1, 7.5, 12.5, 13.8, 23.0 and 41.0 fcet per ainute.
With-the assistance of towing truck, it can be made to travel
up to 35 miles per hour on 2 smooth roud. . Its weight, ex-
¢ usive of two 550 pownd lead shields is slightly over 6000
pqunds., : .

The electronic system, wvhich is the hpart of the urilt,
the middle of the box. The elec-

tyonic system and recorder tnit is a dual chaaber affair,

orle channel for each set of ionizutiion chamber units. One

" off these units operates at the left »f the vehlecle, and the

ofther oparates at the right., The complexity of the¢ overall
chzmber-electrometer-recorder units in :dial push-pull arrance-
mgnt requlres a block dlagram for clarification., This diagram
ig number IX, Appendix B, |

' Each chamber unit.consists of two Eressure lonization
chembers, (shown also in Figures 1l and 14, appendix A&, and

cgneizts of & 0,25 cuble foot RCAE oxygen cylinder provided

iy Diagrum IX, Appendix B) inside a leud shield., [Gach chamber. .’

o F e,
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with a speclal pressure head fitting. This pressurc fitting
1g degigned to carry, inside the cylinder, and well lnsulated
from it, a 7/16 inch internal diameter aluminum tube having
an external taper along its length (Diag-am X, Appeéndix B).

.Thils tube, 13 the internal electrodc of the ionizaticn chamber;

the chamber cylinder is the external electrode, Each cylinder
has mounted above it on the pressure fitcing, a ¢ylindrical
housing for the electronic electrometer-amplifier (Fi ures 11
and 14, Appendix A; Diagram X, Appendix B). The Ingenious
method of electrometer-on--chamber mounting allows a very shortk
connection from the centril elcctrode toe the control grid of
the electrometer tube of each half channel. The grid circult
fixed reslstuance of each electrometer tuoe, a 6J7GT operating
at low filament voltage, 1s an IRC 100,000 meg-hm resistance.
Sinece this résistance value represents the order of magnitudz
of the normal chamber interelectrode resistance, sote idea may
be- gained of the insulatlon regulred for the central electrode
carried by the pressure fitting. Diagram X, Appendix B, shows
detalls of thils pressure fitting desi.n, end Figures 18, .9,
20 and 21 (Appendix A) are photographs of the pressure fictings
anll electrometer housing construction, The design had to be
such that the head, with 1ts insulators, could withstand =

gals pressurc of 1500 to 2000 pounds per syyare inch cver long
peiricds of time. :

; The schematic circult of each electrometer-pre-amplifier
unﬁt in each electrometer housing is indicated in drawing XI,

" Appendix B, It will be seen that each 6J7GT electrumeter tube

is direct coupled to a 6J5 pre-amplifier, also contained in the
ellectrometer housing. Besldes these tubes and associated
sdckets, resistances, and condensers, there is & small 6 volt
reflay which serves to short, momentarily, the input grid circuit
ofi the electrometer tube when necessary. A malti-conductor
cable supplying battery voltagt to thu slectromster vlectronic
ciircuits, and coupling the pre-amplifier to the recorder ampli-
fler to the recorder amplifier inside the vehicle completes the
ellectrical part of the chamber unit. It will be noted also by
refetence to the eircult dilagram that exch chamber ig part of
push-pull input circuit. .The push-pull arrangement ic

rried on through to the recorder units. The push-pull cir-
Lt was used because of its greuster inherent stability against
:nges 1n supply voltage, microphonics, and normal drift
culiar to direct-coupled amplifiers. A generocus amount of
gative current feedback is applied to the electrometer to
ther heighten the stabllity and the input impedance. The
ectrode voltages chosen, for the electrometer tube dre such

as also to malntain the input impedance at the highest poss-
ible level,

Do OO0

The electronic unit has four sonsitivity ranges., These
arle warked 1, 10, 100.and 1000 in Diagram XI, Appendix B.
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Rapge 1 18 the highest sensitivity range. The others are
multiples of ten, as indicated, The range setting, it will
be gden is really dependent on the input grid resistance of
the 'Hecorder amplifier tube, and on alteration of the amount
of feedback to the electrometer. The recorders are Esterline-
Angus 0-1 milliampere units whose charts are driven by a
Selsyn unit operating from the left front vheel axle.

‘All filament, plate, screen, and blas voltages are ob-
tained from batteries. There 1is actually 360 volts of "BF
. battery voltage used. One-half of this veoltage 1s apolied
between the electrodes of each chamber of each dual unit. One
sat of 180 volt batterles is heavy duty type sc that plates and
sareens may be supplied also from them. , The other set of 180
vdlt batteries 1s of a miniature type since they supply only
the current across two of the chambers. .

The overall amplification of the electronic unit is such
tHut a 30 microvolt change of the input grid volteage of the
electrometer will produce full scale recorder defleétion on
the highest sensitivity range. . | o

: The gas used in the chambers is argon of the grewtcst
pdssible purity. Argon with a purity of 99.95% 1s obtainable
fdom the Alr Reduction Company. The impurity is niltrogen.

The gas pressure in the chambers may be as high as 1500 pounds

r square inch, depending on the senslstivity desired. In

rmal cases of gcanner operation, a pressure from 500 to 1000

unds per square inch has been found sufficient. Pure argon
required in this applicaticn for reasons relating to iuni-
tion and ion recombinetion characteristics. The presence,
an impurity, of even slight traces of polyatomic gases,

ch as water vapor and organic vapors, results in a great

creage in the so-called RC constant of the lonlzation chamber.
the basls of theoretical considerations, the velocity at

ich lonization results, and can be maintailned properly with-
the chamber, is not dependent on ‘the pressure of a perfect

s. Argon 1s the nearest practical approach teo this state.

e velocity with vwhich ions can travel through the chamber

s does depend, however, on the gas pressure. If some poly-

omic gas impurity 1is present, 1t is possidle to visuualize

na becoming assoclated with these more readily polarizable

lecules and thus be 1impeded to & greater extent in their

tempt to pass from their original positien to an electrode.

milar impedance to repid passage is offered in a perfect

s 1f the number of gas mclscules in the path of travel is

latively great. Ionization chamber action is &such that

spme ionized particles arrive at thelr resjpective electrodes

sponer than others. Accordingly, the prowth curve of current

HopEFpmEM 2 0ORPnpNnFY SO
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across the electrodes with time 1is essentially exponential

for reasonable interelectrode potentials., The concept of the
RC constent of & chamber 18 thus explained, There is more

to this RC factor, however. The input pgrid rcsistunce of the
electrometer tube is 100,000 megohms. The chamber in itself
is a condenscr in parallel with the grid resistance. Such a
circult does have a characteristic RC constant. Therefore,
the total RC of an ionization chamber eiectrumete. 1s the sum
of two individual RC values. If the gas ia the chamber 1s
relatively impure, the tontal RC value w1l be high as compared
with the RC value for a chamber containivg no gas. It will
also be higher for higher pressures of ¢bsolutely pure gas,
The only reasonable means of shortcnini the RC value is to use
the purest possible gas at the lowest prossure consistent wilth
royuired sensitivity. The chambers, as operuting &t the pre- .
gent time with a gas pressure slightly in excess of 500 nounds
ner square inch, have an RC constint of 15 to 16 scconds., It
is hoped that in time, as the chambers btecome "cleaned up',

it will be possible to decrease this value tou about 8 seconds.
It is possible to obtain a further decrease by lncreasirg the
icnization chamber potential. The importunce of thls RC value
in chamber operation will be indicated in later parsgraphs.

B. Procedure for Conversion of the Activity Priom
to Incorporation into the Agent

The radioactlve tracer, radlomancanese muss isctope
5¢, 15 obtained from the Massachusetts Institute of Technoloyy
ap the dioxide. Rapid shipment from the source tv the consumer
Ip important because the half-life of the material is only 6
1/2 days. Samoles of kigh activity sheuld be shipped by plane
if possible. Upon arrival at thils station, the szmple act-
itrity is checked roughly by measurihg the response of the G-M
counter when the gample is placed a standard distance cway
undsr standard conditions of shielding of the counter tube.
The radiation protection meter may also be used for checking
the activity. The radiomanganese dioxide, together with the
filter paper contalning it, is then placed in a small glass
ask shaped somewhat like a sguatting duck (Figure 15, Ap-
ndix A). This flask has a sintered glass plate sealed into
e tall. The tracer on the fillter paper is treated with a
nimal quantity of 3% perchloric acid containing 4% hydrogen
roxide. It is important to add just enough to comoletely
ssclve the dicoxide with heating. The hot solution is then
ltered through the sintered glass plate directly into a
small Claissen flask. Two washings of the filter »aper with
ho¢t water are added to the filtrete, Manganous carbonate is
then carefully added until the exdess perchloric acild in the
wartied solution is just neutralized. This reation is complete

— —
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¢arbonate 1s to be aveided. The volume of the resulting
. meutral solution of radiomanganese percnlorate should not
- excped 50 ml. in order to facilitate the rapid removal of
water. The solution in the Claissen flask 1s then evaporated
to fryness in vacuo (30 .m. mercury pressure) with the assist-
anck of a boiling water bath. Tre waxy nanganese perchlorate
regiidue is dried by continuing the distillation for about 10
minptes after zll the water has been removed. The welght of
" dioxide, as recelved, is of the order cf 20 to 40 mg., and
thls weipght may represent n activity ranging from 50 to 4C0
& me., Consccuently, the amount of sclid .manganese perchlocate
i' ~ {inally obtained will be about 30 mg., with an cctivity of at
b 5% thit of the original sample. It is recommende¢d thuat .11
12 chemical work invoelved in the conversion «f the dioxlde
o the perchlorate be accomplished in the shartest possiblc
! ire, a3 automatically as possible, and behind as much saleld-
ng bulk lead as possible in order to minimlze the effezctsof
xoosure of the nperator’s body to the enetrating radiations.

wheE no more CO, bubbles appear. An excess of manganous :

svauted din a dry state, it is dissflved in a ¥mown volume
100-200 ml.) of hot butyl cellosolve. Its activity ie
voaluated by comparing, by means of the G-M counter or the
cdiation protection meter, the strength of 1 ml. of the
stuck solution" with thot of known radioactlvity stindard.
he radioazctivity standard uscd here is & sample of radio-
obalt chloride dissolved in water., This sample !...d an acti-
ity orliginally of 0.50 mc. Radlocobalt can be uged as a
tandard for short times because its half-life is rasther long,
about 5 years). Its standard activity must, however, be
eckoned in terms of equivalent radiomanganese activity
ecause the response of the G-M counter to the zamma rays of
adlocobalt 13 not qulte the same as to the gomma ruys of
radiomangenese. For the particular setup uscd herc (bismuth
athode counter; 1.25 inches lead shielding), the €.50 mc.
adlocobalt has an equivalent radiomanganese activity of 0.53
' ¢., and it 1s this value which is used in evaluating tae
ctivitlies of unknovn strong sources of radiomanganese acti-
ity. '

44
1 After the radliomanganese¢ perchlorate has been

€. Incorporation I the fchklvity into the Apgoent

l The emounts of activity incorporatod into the H of
he munition to be tested range from 2 te 30 me. per 100

oundas of H. The degree of precision desired in evaluating
he H ground contamination determines the value of the acti-
ity to be added, For evaluution of H spray patterns where
he H 18 spread over a large area, it is desirable to usc 20

LA
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t5 30 me. of zctivity per 100 pounus o>f H. Vhere the area
coverea by tne H 1s small, as in the case of statie ground
burgt auniti-ng, tihe lower concentrating of wetivity will
suffice.

It is ascertained first whetn,r the munition con-
tainin' thie 1 will poessnss & sufilclent vold 1f 2% by walgnt
of butyl cellosolve should be add:u te che H., If so, the re-
quired arant of activity stock solutl.n is ailuted witha an

z-unt 7 butyl cellusolve representin, ~bout 1. 5% by woiht
ui the H in the munitli-n. The diintea activiiy in the Jnty‘
cell:solve 1s thenpoureda inte the H in e aunitlin and the-
r.ughly mixed by shaging, roslling, ~r, 11 possible, stivring.
A oumple f the thoroughly mixed H is then rem.ved., Usuclly
150--200 ml. is suffiecient. This H contuining the uctivity in
thie same concentration ws that In the aunition is used later
{ur checking back if anything poes wrong, and for making up
$tindard soll or absorbent panel samples f.r eveluution 1
he fleid unknowns. The munitiun is then reuwdy f»r ths field
est.

A great deal Jf trouble was cneountered In Ke_.ping
tnc rinute wamount uvf readivmaungsnese in solution in the H.

uch investigative work led finally to the concluasliin thet
tacromengenese. as the perchlorate vill reméin dissolved in H
%untulning 17 butyl cellcsolve as solutyzer for scveral hours.
his period of time 18 generazlly long encugh to enable incorp-
rati-n ¢1 the zetlvity in the H and to perform the field

e3t. A great factor of safety muy be guined by increasing
the butyl cellesolve concentration to 1.5 or 2.0 per cent,
Levinstein H containing 2% butyl cellosolve causes only a 4
or 5 per cent deposition f the activity within 8 hours after
incorporation, and from 10 to 20 per cent depositicn after 24

CUT'S, depending on the character of the H., It 1s best to
heck the depositicn rate of the activity from the H by peri-
bdic removul ¢f & small amount of H from the standard sample
after qg.let stunding for as long & peried as must elapse
bztween the time the activity is incorporated and the time

the munition is used in the field test. In this way, the 5

r 10% denosition can be corrected for in the final evaluation
tf it is observed.

D. Procedn Field §

'j 1. Geilger-Mueller Counter Sumgles

- a. Direct Soil Sampling

: -

' Evaluation of the degree of cuntanination means &
fletermination of the liguld H concentration per unit area of
khe contaminated area. If the.tmerget area is gridded in some
tnanner, it is necessary only to nick up a known areva of soil,
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at Mnown grid peints, to measure the activity content of each
sample of the soil, and to extrapolate the measurecment data
intd a plcture of contamination density for the contaminated
ared, If the area has not been gridded beforehand, the pro-
hlen is more complex., The soll samplers used here are 5 om.
diageter short iron cylinders beveled at one end and welded
at the other to an appropriate metal handle. In practice,
the icylinder is plunged into the soil to a depth of 1/2 inch
or g$o, and withdrawn thereffom in such & way as to pick up 2
dirc of soll measuring 19.7 sq. ¢m. in area. The sample of
soil is transferred to a marked widemouthed container. Sev-
eral other samples of soil may be plcked up near the same spot
in order to make the sampling more representutive, and also
to increase the preclzion of the activlity determination to
follow. The number of samples taken per contaminated arca de=-
pends on the degree of precision desired. Usually, one sampie
pler square meter will give an excellent final picture, and
enérally, one gsample per 9 square meters will give an ade-
ate picture. For very large areas, one sample may be allow-
d to represent 100 square meters (as in the case of airplanc
ﬁpray patterns).
i

i The actlvity measurement for eacn sample of seil
iinvolves thorough mixing (grinding if necesgsary), and portion.-
ing, 1f necesgary down to a welght of soil, which will be
qontained in the soil holder which supports the soil sample
about the counter during measurement. The soil holders used
here consist of double-walied sheet brass cylinders arranged

oncentrically and fastened together at one end. The inner

vlinder 1s of sug¢h diameter as to fit snugly around the
ounter tube. The sheet brass used to make the inner cyl-
der should be very thin. The outer cylinder is of such

iize as to allow the formation of a hollow cylinder of soil
Having a thickness of from one to two centimeters, and a
length equivalent te that ¢of the cylindrical electrode of
the counter (5 inches). Each soll sample can then be measured
for activity content under conditions of placement with re-
ﬁgect to the active volume of the counter tube eggquivalent to

ose for all other samples., Figure 1 (Appendix A) showis a
Hypical soll sample holder and Dlagram XII, Appendix B, shows
etalls of construction.

: Standards are prepared by adding ¥nown amounts of
0, 100 and 1000 times diluted samples of the H stundard to
amples of soil (blank) weighing approximztely the same as
e field samples actually measured. It is very lmportant to
ote with exactness the time of day for each measurcment of
activity content, for subsequent corrections in counting rate
data due to activify decay.must be made.

—25-
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b. Absorbent Panel Sampling

A method of gampling of the contuminated area con-
sidekably more elegant than direct soil sampling l1s sampling
by means of ebsorbent panels. These parels measuring 18 x 18
x 3/16 inches were originally developed by the British for
cbservation of drop sizes in H contimination studies. These
panels may be laid out before a test on the area to bz con-
taminated. After the test, they may be picxed up quickly,
scanned for number and slze of drops of liquld agent, and

' prepared for activity study. Thls preparation consists simply

ol "stripping® off a layer of absorbent material sufficiently
thick to contaln all the liquid agent vhich has penetrated
through the first fractional millimeter or so of thickness,
and yet thin enough to enable rolling the strdp into = cyl-
irder whose Inner diameter 1s slightly greater than the

ameter of the counter tube. The width of the strip (length
of the cylinder) should be the same for all strips, and
should approximate the length of the cylindrical electrode of
the counter.

The preparation of standard is accomplished by
dﬁonpinb, as evenly as possible, a known amount of dilute
standard H sample over a whole panel and stripping and mea-
syring as in the case of the fleld panels.

2. Radloactivity Ground Scanner

The techniques of fileld sampling for H-tracer content
chluation by means of the radloactivity ground scanner are
mych less tirmly established than the techniques for G-M

cqunter sampling. At the p»resent time, only a few field tests
hdve been run with the scanner, and more fleld tests will be
rgquired to ascertain the best mode of application of the
sdanner. However, an outline of the mcthods used thus far
ig indicated.

The problem of scannér sampling differs from that

G-M counter sampling in that the scanner measures the
agtivity directly on the ground vwhile the vehlecle Lravels
oﬂfr it at a steady rate. As In the case of the counter
s.mpling, a permanent record of the data is given by the
sjanner measuring instrument, but, unlike the counter, the
interpretstion of these data is conslderably more difficult.
Iw the first nlace, in cvery measurement involving motion,
the instrument 1s measuring an infinite series of small
ariess Iin rapid succession. Secondly, the ever present back-
L ound variles at a rate similar to the rate of travel of the

lcle thus making the evaluation of low activity concen-
trations difficult because the law of averages cannot be applied.
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) In actual practice, a gcanner fileld record depends on tvio
controllable factors. One of theac is the wehlcular spced,
and ithe other i1s the helght of the scapner chambers above the

ound erea being measured. The vchicular speed determines,

v virtue of the RC factor regulating the speed of response
¢f the ionization chamber-electrometer input circuit to chang-
es 1n radioactivity, the magnitude of the recording milliam-
meter swing for egual tracer concentrations. For examoie,

; let an EC constant of 20 seconds be assrmed for a chamber

: pa:rsing over a tracer concentration in 20 seconds In one trial
' en¢ in 5 seconds 1n anuiher. In the first case, the rcoorder
deilecticn will be 1 - & or 63% of the velue which wxuld have
been obscrved if the chamber passed over the same trice” con-

i ourtretion in infinite time. In the second cusc, the recorder

i deflectiun will be 1 - =i or 20% of the value which would have

,. hern ovbcerved 1f the chamber passed cover the same tracer con-

[

entratisn in infinite time. It is evident, on tihe basis of
his concept, that the vehlcle must pass over the unknown
racer contaminated area a2t the sume speed at which it pusses
. ver a standard tracer contaminated callbration area. The
- actor of the height of the scunner chamber determines the
epree of definition of the differences of tracer concentration
itk distance along the line of travel. This 1s obvious if
ne considers the chamber paasing over the area at a hei,ht
of, fer exumple, 20 feet, and then at a helpght of 1/2 foot.

’ : At the prcsent state of knowledge of scummer uperatiun
, it 15 nec-ssary to usge relatively more trucer for a Sconner
b peratlion than for a comparable oocration where soil samples
g ‘or G-M counter meisurement are to be tuken. The reason is
! ased on limitati.ns of response of the chamber to concent-
ations of trucer so small as to cruse a recorder deflection
nly slightly greater than the normal background response,
he hormal background response of the chamuver represents a
airly appreciable fraction (from 5 to'1l0%) of full scale
sflection on the highest sensitivity range. It is «lse
tapidly variable over short perlcds of tiuwe, and it cunnot
¢ asslgned sn avera,e value in the same manner thut 1t cun
n G-M counter work. As in the case of the G-M ciunter work,
owever, the background variation has nuch less eiffect on
he accurate recording of areas of heawvy tracer contimlnation.

|
| At the present time, activity concentrations of from 20
to 30 mc. per hundred pounds of agent (in buembs) are used in
canner operatiuns, With these concentrations, it 1s possiblc
o detect an H pround concentration of one gram er square
eter with a precision of 20%. This apparcnt disadvantage of
he scanner method as compared with the counter method 1ls less
mpertant than 1t mey appear. This is s¢ because the techni-

flue of the counter soil sampling proccdure for maximum
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gensitivity srevents measurement o sufiiclent ground arez to
to thorougnly representutive of the unit zrea of vhe sguure
meter. The scannew, on the other hand, scans a hundred tines
as much area as 1s consldered in a sing*c soil samwle and
therefore measurcs a much more representuative spmgic vf the
unit ares. It is not unusual to find soil sumples reysrosent-
ing 1/200 of z sguare meter of arca showlng H concentration
values considerably different from H cuncentrution valucs
obteined at the same spot by the scannsr, This is especially
true In the casce of bomb munition studics where H concovtra-
tiras mey change abruptly within a distance ol several inches
alcng the ground. In sprey operatleons, the « areal concentra-
tiars change much less cbruptly with distance,

4s In the cuse of the stundard I somple teken frem the

munition after addition cf the radiotracer for counter-cvalua-
tecd operations, a sample of H-tracer is taken for the Jrupain-
tiwn of radloactivity arca standards for use with the scanner.
owever, considerably more of the standard H-tracer must be
tiken in the latter case. The sample should Le of the order
of £00 to 1000 grams. In bomb munitions, vhere the agent is
expected te ve relatively concentrited on the gr.ound, concen-
tr: tiovns of the order of 500 Lrams per sguure metor, or even
greiter, may be nresent. i the standsrd scenner ared sample
is one square wmeter in arenz, then one calibraton »oint alonc
will requirc 500 grams of H. The simnlest method for pra-

aration of scanner stindurd arecs 1s to sprinkle, =n several
dlfferent abscrbent naper nenels measuring 36 x 36 x 3/16
inches, difrferent kmown welghts of the standard H-tracer
dilated in a volatile solvent such as acetone. I{ the H con-
centrutions on the _ancl are made to range frum 1 to 500 grams
in about 5 steps, & good culibraticn curve of rcecorder deflec-
tion as a functiun of H-tracer areil cuncentration can be
obtained. This calibration 1s performed by placing tae sunels
en the ground in the path of travel of the iocnization chamber
units «s the vehicle travels at a speed the same as that to
be used for acanning the unknovm area. It 18 necessary tnat
the long diameter cf the scanning arca be less than 36 inches
32 that the whele scanning area may be less than 0.84 square
neters (0.84 sguare meters per sguare yard).

Ainagther solution to the stendard arca calibruti:n pro-
blem is tn g rinkle the H-traver cver a known ground area and
then pass over the area with the scanncer chambers. In this
procedure, the ar.a cannot be »icked up and moved at will—

a disadvantage.

Alter the troccer has been added to the agent in the
munition, the field test may proceed. It is necessary, hov-
ever, that the target area used for a scanner operction be
very flat and reletivcly frec of weeds and brush, in constrast

28—
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to target requirements for a G-M counter test. Vhereas in seoil
sempling allowances may bhe made in taking samples on grid points
on or near weeds, no such compronlse is possitle 1n a scanner
operation. Vecds f&ntraining scattered P along a grid line
traversed by the scanner chambers must Tz removed prior to
scanning. Furthermore, mounds of ground which are the buses

of bushecs ond weed clumps must not be too high above normal
ground level, or errors in tracer meastvicments resulting from
decrzases In scanner-to-actlivity distance at these peints will
be <bserved, A further consideration ir thet the weight of the
shirlds =t the ends of the 8 foot beams is about 600 pecunds

The vehicle must have flat ground for trivel in order to pre-
vent excessive jerking and swinging of tao chamber-shicld units.

After the numition has been exploded, znd during the time
tlhe scanuor chamber-electrometer system has been allowed to
verm and become calibrated, the target area may be gridced.
This 1s done easlly by laying out, with the aid of stecl tapes,
& base line having murks at 1, 3 or 6 meter noiats. Another
base line 1s then set up at 90 degrees to the first and also
merk2d off at 1, 3 or 6 meter points. The scunner chamber-
to-chamber distance, vith the chambers in scanming osition,
is # meters. If, then, both sldes of the sconnes are used ot
one ctime (simultaneous recording), two nrid lines six meters
apars may be messured with. one traverse. If one meter grid
scaming is desired, five. traverses will cover ten one yard
grid lines, The sixth traverse will begin with the eleventh
grld line, etc. It is best for easy evaluction of records
obtained, to start at the same base llne for each traverse
rather than at opposlite base lines on alternate traverscs.
The reason for this lies, again, in the chambér-electrometer
RC constant. Actual measurement ol a given scenning area is
nct recorded until approximately RC secomnds after the arca
has been passed over, If vehicular sjced is imown, the exact
point on the recording brace may be measured off witi refer-
ence to the time the base line wus crossed on each treverse,
Since the recording chart is driven at a rate »nroportional to
the vehicular speed, 1t is zctually unnecessary tc merk the
chart except at the time the chambers pass over the primary
base line. For more accurate traverse-distiunce versus chart-
cistance relationship, however, it is desirable to merk the
chart again at & sccondary base line near the cnd of the tra-
verse.

When the areca has been gridded, and the electrometers
are warmed up (the warming un takes about an hour), the chan-
ber scanning helght is set, This height seems to be cptimal
at 20-25 cm. with the _resent arrangement. At this height,
the actual scamnned area is of tihe order of 0.5 scuare nmeter,
Definition vwith this scanning area 1s cmslider.tly better than
for scanning arez of one square meter. With the scanning
neight set, the vehicular speed is chosen..This 1s uased on the
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gverall activity concentration, the desired deiinition, and
the chanbter RC constunt, as stated earlier. A chamber RC
constant of 15 seconds dictates that the vehlicular sveed not
excead 7.5 Teet per minate for very low concentrations of
activity, 4t this rite, about 85% of 1ull scole deflection
et zero speed will be recorded for 2 scconed area of 0.5
square meter., The exact flgure is rrlatively unlmportant be-
cause the gcanner chambers response to activity conceatrition
at the sp2ed to be used is determined vhan the chambers are
nggsad ovar the standaré junels. The imysrtant fector 1s to
e waxipum response for a glven concentraticn conslstenn vith
opt’nal vehicuiar veloclty,

Just before the firgt traverse 1ls made #cross Lhe
concaminated area, calibration is undertaken, On every other
or wvery third traverse, the machlne 1s again pnssed over a
cutipration panel representing a medium B conctentratiorn in
ord-r to note any pronounced cnanges in the original culibra-
tion. Experience hos shown that the only factor sroducing
chanspes in calibration 1s that of temperature change in toe
chanver and electrometer units which are most exposed te direct
sunt 'ﬁ?,ht .

Vith calibration carried out carefully, and th-: area
scaeoned succesafully, the problem of evaluwating the recording
strn) tracings remains., This is mentioned in the next section.

E. Bvaluation of Measuring D.ta

1. Geiger-iueller Counter Sumples

The duzte obtainable from tae AIT G-H colatin, r.te
weter are the coanter tube bacizrouna coints, tis angn.own sauple
counts, tine known field dampie counts, &nd the Laown steng-
ard simple counts. Few fleld sam, les exceed 10,000 couats per
minute wnd the usuwal flela swumle indlicites 2 count rate T
soacvhere between 100 and 3000 counts per minute. In zddition
tod the d ta obtainuble frow the counter, thnere aust b. zveil-
able & notation of times when certain tnings nuppened. The
aost imorotant of these is the time when the wctivity of the
stock solution was meesured, and the time ahen the activity
was cdaed to the munition. Of importunce ¢isu is tne notation
of the time ewch fleld simple wos meisurea. Kach measurcnent
regqulres «n average of from 5 to & minutes. This means that
a2 perdod of several days wazy clupse betweon the time the i1irst
ficla scm:le and the time the last samiie are seasared. In
the aeantice the process of radicsactive decoy jrocecds accord-
ing to law. If the indiceted times are not known, cetivity
correcticns due to this decay c¢innot be wade. A& tysiczl ex-
amplc of the various datz which must be collected wnd used in
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evaluation of a radiotr.cer opcration b; means of the G-M
counter 1s presented as fellows:

L semple of radicmanpenese dioxide wus racelved ot 0900
hours on 10/17. The sazyle had an activiey of 210 me. vwhen
s.nt out from #IT four days earlicr, Or 10/13, at 0000 hours,
1t wes converted to the »..ocnlorete whica was dlssolves iu 175
ml. hutyl cellnsolve. 2 one nl. sumple of tac "bucel® sol-
ution was checlkzed for activity by aemns of the G-¥ counter by
conrrisrn with . the stoaoanrd cobalt accivity, and wus [suno
to hove s activity of 0.703 me. The toial setivity of *the
tuci solution ot the time of mecsurement vas 123 me. T.c
cmevnt ol activity upon arrivel was 1536.5 me (four days iscay).
The difference between 123 mc. and i36.5 nmt. repreosents decay
betv. cn time of arrival and time of converslon and acasurenent,
zni Loss ..n couversion. The decay for 15 hours can be cal-
eul-.vd from tue decty carve, and the conversion loss ¢uin be
four e by uifference.

At 0730 hours on 10718, 9.4 ml. of che uc.l soluti,
whivh then had an actlvity of 0.682 uac. por ml., was diluted
to L0 al. with butyl colloselve, wnue tne mixture ncg sdded to
to n.c d contained in a rocket head (20 pounds of H). Tie H-
cel_usolve nixture was thoroughly sheken, snu 40 ml. sanale
of the aixtuie was withdruvn by meuns of & feuecze-bulb cper-
ateu ziphon, This sample ves returnca to tne laeboritory, ond
imacaiately, 2 1 ml. sample woes withdrawn thercfrom and dilutad
with 9 ml. of ucetone. This 10 times diluted sonple of I wos
diluted agein by a factor of LO. The diluted sclutions cere
set aside to be used later for the preparatin of stendard
soll samples.

In the meantiie, the recket hoad had been launched gainst
a nard ground arca (1000 hours). The pattera aroducca was
nearly all containeu within a sguare uresz measuring 25 vards
on & slde. Three hundrea and thirty soll samples were taken
frog wlthin this area. Fuch sample was actunlly an arca of
19.7 sq. em. Table I, belo., jives, for sevéral of these
saaples, the pertinent counter data found when the zelvity
content of the samples wuas determined. The term "counts" reans
counts per alnute,
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TABLE T

Sample Tabular Data for a Typleael Oeigcr-Muelier Evaluation

Date Time Sample Tctal Sampis et Elapeed Semple Corrected
Sampls Measured Moasurcd (Counts - Counts, *  Time #-- (Counts #er
BXG 10/19 1025 62 —- - e
T-10 10/19 1040 136 7L 25 8
Q-11 10/19 1340 450 3RE 28 435
BKG ¢/19 2000 58 - ——— -
Q-2 10/19 2125 84 16 35 17
N-4 iG/19 215 580 52¢ 36 E0 5
LKG 10/20 0800 58 - - i
0-1% 10/20 0805 178 12¢ 16 147
L3 10/20 1500 890 826 53 1057

BKG! represents backgrcund ccunt value ot tive dves.

*# This value 1is tetal counte winus nearest BLG! ccunt.

##F This time In hours 1s the time between that when sample
vas ueasured and the time the rocket was launched.

#¥%#* By reference to the radiomanganese decay curve (Graph
II, Appendix C), it is determined that the fructicn of sctivity
undaetayed after 25 hours is abcut 89 percent. Divisior f
Sample Net Counts (74) by 0.89 gives the deecay colrectcd valuc
of 93 which is the Sample Correcteu Counts value, znd vhich
represents the counts which would have been observed if the
sample had been counted at 1000 hours or 10/18. This, of c¢ourse,
ves Impossible, but tae decay law allows its determination just
as surely as though this bad actually bcen dene. Simllarly,
the frzction of undecayed activity aftcr 53 nours (sumple L-9)
may be found to be 79 percent vherzsupon the Corre ted Count
value for L-9 1s 826/0.79 or 1045 counts. This whcle iroces:
of deteraining the corrected count valuees for tie ultitude of
samples under study for each operatiom may be greutly siapli-
fied through the use of the Wwerking Curve for decay Cuitevtion
(Graph III, Appendix C). On this graph, it is necessary only
to refer to the date and time (hours) of the measurement
(cbscissae) to obtain the undecayed frauction value (uedinates)
by which the Net Counts fi,ures are divided tu correct to the
tilre of launching, otherwise known as Yzero tl.e". This curvc
st be made anew for each operation, but this is .onc simply
by erasing the dates and times for the previous curve and sub-
stituting the¢ new values.

After the fleld samples had becn vountod, the stwndord
soil samples were measured on the counter. These samples vere
prepared by adding knovn volumes of 10 zad 100 tiues diluted
standurd H saaple to 75 grau weights of uncontaainatad soll.
The soull wus wetted by the sclvent, but this was allowed to
evaporste leaving tae H and activity on the soil. After .
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thorough mlxing,, the sawmple was measured in the scme manner as
the unkmown sanplea. The counter reaults were then corrected
for decay to zero time, whersupon a callbratlon curve showing
the relatlionshlp between sample correctoec count and H content
could be drawn. Thla curve was used in ths I content evalua-
tlon of the fleld samplea. It 1s conven.ent to convert the
absolute II contents for ecch indlvicdual .rmple of the stnndards
directly into equivalent Il content per square meter of soill.
If only one circle of 19.7 s8q. cm. of soll was taken for sach
field sample, the converslon figure for ecach standard sanmple
1s =implyr abaolute weight of I P

in standerd sample x  10™,

16.%

It 13 necesaary to remerber that the "purity" of the H ir de-
crouvsed by the amount of butyl cellosolve co-solvent add-d,
A lnowledge of the densitles of the original H and of butyl
cellosolve allows the use of volumetric procedures in the di-
lution ncasurements, and in the final calculations of I cen-
tent of the standard soll samples. A sample of the H content
svaluation curve may be seen in Graph IV, Appendix C.

Generally, it is deslirsble to check the activiiy
content of the standard I sample in order to amssure knowledge
of thre thoroughness of mixing, and to check the depree ol actu-
vits Jdoposition 1n the H, 1f suspected. $ince the amount of
activity added to the H in the munition i1s known at the time
of addition of the activity, it ie possible to calculate the
thooretical count value of a unit weight or volume of the I
used as the standard sample. It was known for example, that
0.703 me. {&s of 0000 hours) of activity per ml. of undiluted
butyl cellosolve solution was asdded to the H at 0730 hours.
Since 9.4 ml. of this scolution was sdded to the 20 pounds of
H in the rocket head, the mctivity content of 1 ml. of stan-
dard H solution should have been approximately

(0,703 x 9.4) === (0,703 x 9.4 x0.0315%)
20 % 453 or 0,95 x 1079 ke.
s x 0.98 SeRd

# The decay between 0000 hours and 0730 hours was
31 0-
’ ## The density of the oripginal E (Levenstein) was
1.52 g. per nml.

#+t The addition of butyl cellosolve solutyzer de-
crensed the effective H content by 2%.

One ne., of activity represents 2.22 x 109 counts per
minute. Thorefore, each m%. of standard H should have shown 2.2C
x 109 times 0.95 times 10-° or 2.11 x 10% counts per minute, or,
each ml, gf 100 times diluted standsrd II should have shown
2.11 x 10% counts per minute, Actuslly, the counter tube




DPGSR No, 55

- YLUMEN T UNCLADSIFIEL UFUN KEFRULIUC HUN JUF-, UM .

and c”untinu setun usced here had an overdll counting 2fficlency
of abrut 1%, vhence the sctual observed count rate for 1 nml. of
100 times diluted stundard H sumple should huve been 2.31i1 x L0Z
counts per mlnute. The observed cuvants Jor maate <f 1 mi, of
100 tiwes diluted standard H was 2.03 x 102, a reasonably Lood

- cawck. It is true, of c vrse, that the ‘ificiency fisure for
tihils counter Lube under tre narticular ¢ aditions of us. zust
be Krown vith some degrec of zecuracy. Counter tubea of the
stlv constiructicm oy have slightly diff.rent efficlencies,
Fucsther, o morzed change in efficliency wiil be observen il the
typs of s.il nolder Ls cuenged gce a3 to «iter the effcctive
tarvimess of soll about the counter tube, or length of the
cour:ter tube cathoue covered with tsae activated materlal
Fin.lly, the efiiciency will be altzrcea oif a different tyv.e Df
en.r;y ridiation is used. Onece it cas been deterninec fox
nasticula, set of conditicns, however, the efiiciency of Lhe
COHdninb tigure is extrencly velucble,

V. LISCUSSION

A. Geigor-Mueller Counter Evaluastlons

A large number of ficld tests concerned = ".th
the =wusessment of ]iguid ogent contimination of large anﬂ.s 0L
around, both by means of airplane sprays and ground burst
mun;tions, were conducted at thls station prior te the intro-
duction of the radiotracer nethed in tnis vwerk. Toe methods
of ~ssessucnt which ere usced invelved princilrally the collec-
tion of sczttered H drops on absorbent anels, pie olates,
large (ilter japers, and cven large funmcis, with subsc.uent
coloriiretric guentitation of the collected dyed H. Tiae color-
imetric guantitation procedures ranbeu from visual cstimction
nf stains collected on abserbent janels and vhoteelzcelric
photometry of absorbent panels to actual dilution colorimetsy
of the dyed liquid agent collecica in funnels or on ple platcs.
In 4ll methods excepting the one involvin; pHotoelezctric
photaonetry, the ramber of people rejyuired for the actucl as-
sessaent procedures wes undeasirabdly large, or the tice requir-
ed for a complete assbs,mont was undcsirabLy great. Murthecr-
ror~, these metheds never seemed to be reliable because of
lact of conparison with .etnods of assessaent other than
colorivictry. Tilere were no other jrocedures and the aota Jre-
sented as results of these tests representca tihe best of thc
"state of the arth =t the ti.e.

Tae introduction of the radioctrucer gethod
{evaluation by mezns of the Gelger-Mueller counter) represent-
ed the introduction of o .wethod whose basis differed froua thos
in use. For the first time, cnmgarisons of resulfs obtainec bj
tvo difierent methods could be made. As u result of these
compurisons, it became evident thaot the new procedure hzd to be
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given seri-us consideration u«s a basic method of assossment.

It 1s trme that scouwe of the earlier results cbtalned by this
method verce considerably less certzin than wore recent resulta,
but tilis was due for the acst part to che difficult problem
which vius concerned with the precipltatien of the radiotracer
from the H samanles used in the tezts. 'wre development of the
rudiomanganese perchlorute-butyl cellozw!ve system «f incor-
sorabing activity in H scmiles practicull, elialneted rldio-
trucer preclpitation. Vhen this wos accomplisned, deubls
cuncerning the trustworthiiness of the rudiotracer meth»d dis-
ajpecurea. ond it was then accepted as 2 standard methud It
vae not vged more often in these tests uwecuuse of the rrlative-
ly nigh cost of the rodiotracer to be uscd in the very largest
mur rtluns in the test programs. The cost of radi mangoinoese
¢i.vide at the prescnt tile, as obtainec from the dassachusetts
Institute of Technology, ranges from $0.70 to L1.00 per :11li-
curie, vius the cost of tracer for a 500 pound bomb tesw w.uld
ruige frem §50 to $100, depending on the desree of precision
derired in the test.

while 1t is not the function of thlis report to discuss
in detail the results obtoined in the rwdiotracer metnond as
conpared with results obtuined in other methods, agenci =
familiar with the problem of liguid agent ground contamoztion.
aar verlify conclusicns dravm in the above parwgraochs by con-
sutting the Dugway Proving Ground Vieekly Reports, g iven in
the following list. Speclal attentlon chould be jiven to the
dave preseited in D.P.G. Weekly Report Lir. 83, 22 November 19..4.
The radiotracer method reached its highest pesk of perfection
in the evaluation . thc results of the li-filled rocket tosts
degseribed in this Veekly Report.
Report No. 47, 15 durch 1944
Report No., 51, 12 April 1944
Report No. 53, 26 April 1944
Report No. 54, 3 duy 1944
Report No. 56, 17 Uay 1944 (Field Exp., 17-3)
Report Ho. 61, 21 June 1944 (Field Exps. P-17-14; 17-17)
Renort No. 83, 22 November 1944 EField EXps, P-22-1;-2,
Report No. 83, 22 November 1944 (Field Exps. P-22 all)

[N NG P RN N N

Vitn respeet to radiotracer technigues, these inveolving
evaluation of radiotrascer samples by we.ns of the teier-
Muellcer ¢ounter have now been well standarcéizeu.  The tivo M.I.T.
Model 200 Seriles counting rate meters in use st tnls
cbotien have been uwtilized in such a manner that o vhole
radlotrucer operatlon including the incorporcticn of tic acti-
vity into the liguid agent of the wmunition being tested, the
field test itself, the activity asusurcments ind the H content
calculations wn up te 1000 scil semples or ..bsorbent paael
semples, has been ccompleted in elght (8) days. Tho anumber of

CONFIDENTIALL
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people used In all phascs of the vori except thu licld test
1tself could not ccaveniently be more then twe. Only one

person was required to presare and chunys samyles as the semples

were measured. These two people each werked one eight hour
shift per day, in successich, for seven lays, aua on the last
dey of the proceedings, wurked together :n the conversisn of
counting data to depree of centandnetion data. There sbould
be little doubt that the rodiotracer method is far superior
in zaving nanpowver to cll other eviluation netneds used sre-
vi-.sly, except the photoslectric photon<ter proccdure.

The zcecuracy of the stendurdized radiotricer aethot 1s

limnted only by the degree of pr.cision obtoinable in the

ing of field samples. Dircet go0il sosplling aethods, have
not oeen developed to the highest depgres but there is nu doubt
cbout the precision of ebsorbent nanel campyling, and subregnuent

regdioactivity gquantitation by aeans of the Guiper-imeller
cowlter. Asgu41ng perfect ficld stmpling te bepossible in botb
dire:t soil samgling and absorbent panel sanpliag, the pre-
cisivn of the redlotracer method in b self is lianited only oy
tho cost of grepuration of the radicactive tracer. Thic is
trv~ because the use of tracer in guantitics larper than des-
cribed herein would, in even the lightest of llguld & ont
grocnd concontratlions zive count rates f'ar in execess of those
alficcted by verlations in background couwt, wailcn ot prescat
is oiten a troublesome faetor 1n the counting of veak soil
sumples. As far as the precision of liguid agent zveal con-
tendantion is concecemed, thils 1s governcd sololy by tnc nwnber
of samgles tukcn from tne contaaninated area. Herc, too. the
use »f large cacunts of activity is desirable becuuse saced
ol c*untins samples nay be incercaged s-omewhat wlicn the acti-
vity ecount r: be for ueak sarnnles is nigh.

With this method, H contamlnation cdensities o0 thi ovrdes
ol one gram per sguarce meter have been deteruained with an
estiaated degree of precision of 10 per cent, ana U coutemin-
ation densitics at and above 5 g. »er sqg. meter have bezn
dctﬂrnined with an estimeted degrec of procision of frow 3
tue 5% when an activity concentration [ 25 me. per 100 pounds
ot 1, ancu snil somples representing 19.7 sg. ca. ared are usszd.
Al egulvalent degree of newsurement precision cun .e obtained
with o activity concentration of from 3 to 5 me. ner 100
soands of 1 by absorbent pancl samnsles rear senting 500 sq.
1. area.

Wnile tice M.T.T. Integrating,-type ccunting rete moters
heve been uscd exelusively in this wori, other instcellotlons
interested in rodletroccr seticds use the se-culled secaling
circuilt counting rate neters. It 1s diffieult, ot tals tiae,
to sce the z.vintages of tne scalln, circult ccounting r..tc
Jeter over thne Inte,reting circuit Loantin rate neto. .
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The former, like tiae latter, nust be callbroted b, wewns of a
Julse generator of ovne form or an other. It is possivple for
scalinge_reult counting rote meters to give incorrect results
with less evidence of malfunction, than proverly desi;ned Iinteg-
roting meters, and tnis may happen more fregueatly tosn sy
be suspecten., Aside Lron the luck of a sermsnent record of
counting by the scaling cirecuit, as compiarea with an intepra-
ting meter operatlng a rccording neter, the scaling eter has
the added diseadventage in the necessity for nore ¢ronotint
checking of the prolialnery determinaticn of count rate forp
cach samsle in order to ascertsin the time that is reguired
tu Zlve o Tinel count showing the minimen statistical vovie~
cion errors.

The ability .f o Gelger-dueller counter tube t.
convert ganma ray en.rey Lnto useful work witiln the counboy
iteelf i5 »f grect imy~rtonce. This wuility iz spoken f
herz as tne ¢fiicieney f counting., In terms f husericeol
values, trnds efficiency :of ciountin, shows what froctim of @il
gilma rays passing thircugh the counter at any time acteally
shiow up as recorded counts in the c.anting rate aeter, The
ei.iclenecy »f counting is a functin of the voanter tube chars--
cteristics fur a given geometrical relationship betweon the
s.ource of activity and the counter tube. 0f thes:y character-
istics, the ty.e of cataode materisl seeids to play the most
important vart. Probably, the type of _urface .f the cathode
material and the amount of cuthode materiul @ire i preat im-
puortance, Tile type and pressure of the gas used in the counter
tube ars 5till other fauctors in determining tne cflTiclency of
counting.

For even tihe best of counter tube charactoristics
the efficiency of ecunting is .idiculously low vhen gauma rey
investiguetions are made. For e.anple, with the aost fovorable
conditicns »f jeometric placement of the ridfcactivity sample
abrut the M.I.T. bismuth cationde ccuntcr, the efiiciency of
counting of the gamma ruys of rediomanganesc aass isotousc 52 o
13 of the order of ¢nly cne per cent. This is to soy thot oo
every one nundred gamma rays passing thriough the countoer, only
one hes Lts cnergy converted inte icnizatis-n rcsultin, in
pulac in the counter, It is obvigus thut the raditracer
method, now fuirly coatly fur large scule tield expariments,
coula be cut t. about ine per cent of the yresent cest of
ratlonangancsr 10 the eflici;ncy 2 ¢ unting c.uld bo saace bo
be one hundred ner cent. I the cfliﬂlency £ corunting {i_urc
¢.uld be mercly d:ubled, the resulting guin \uuld be well
v rth the time and bff”rt spent. The M.ILT. cisuaath cath--Ge
sacima ray counter presumably represents the st recent deve.-
lopment in counter tubes with respect t. ineredsin., the efri-
clency f cruntin, for pgamma reys. [t wiiat be 2entioned
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here that alphe particlc counters closcly approach a 100%
efiiciency of counting. Beta ray counters show 4 counting
cifficiency -figure of 50 to 80 percent unless taey urc esgceclal-
ly designed for maximum efficlency.

In resuné, it naay be stitod thet tae radicactive
tracor method uslng the Geiper-Mueller comter as an cveluating
instrunent is one of recisi.n and rapidity, as c.aparced with
methods used previcusly in liguid azent contanminuticon oroblens.
Tl photoelcectric photeometer evaluntion [ absovrbent panels is
extremely rapid as compared wlth the rucdiotracer method, but
is somewnat less prceise and reliable. Altheush this vadlo-
tracer method may be desighated as rapid, it 1s now adiltted
te be relatively slow as compared with the projected method of
areal radicactivity evaluation. Thls projected rnethod utilizes
the ionization chamber mcunted on o sultable vehicle vhich
treuerses the llgquid agent-tracer contaminated orea and reeords
g@irently the changes in rediotrocer concentration during tra-
verse., fhis 1s the radincactivity jround scanner nsthed.

B. The Radicactlvity Grouind Scanner Method

Although, at the present time, the radaiocactivity
groond scanner is avallbzle for study at this station, the
instrument, and 1ts method of ap.lication to radiotracer arecl
contamination studjies has not as yet bien developed to the
point vwhere definite statements regaxrdir, its characteristics
nay be made. In prelisinary studics, it showed yreat promlsc
as a steg forward in rudiotracer techniiyues. Further studies
have foreced the conclusion that Lthe instrunent newds nore
developnent. An indicaticn of reswlts obtalned 1s .iven in
Graph V, Appendix C, These callibrati.n curves were obt..ined
by running the aachinc over absorvent sanels conteining known
amounts of H-radicactivity witn severzl different wveaicular
speeds, chamber helghts, and chamber zzs pressur.s. Ho attemyt

2 naie in this report te ianterpret these curves in detail.
They are more or less self-explanatory upon close exauination.
Before the following table of net deflecti.ns 13 H-activity
concentrations on tne pancls is presented, it should bo
nointed out that in tnis test one seir ¢f chambers (the :mes on
thc rignt hand side of the vehicle) did not unave tne rcquired
high guality clectronecter grid input resistors. The cualibra-
tion duate for these chambers are not expected to be poarman-
cntly accurate, for these chambersde not mailntein their assizn-
ed characteristics for any lemgth of tiue. The poor yuality
reslstors uscd are extremely temperature seasitive, and zro-
bably suffer with changes in relative humidity of the atmo-
sphere. Their positlon at the imput of the elcctrometer cir-
cult makes st.bllity difficult throughout.
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TABLE IX

Final Culibration Data for Beth RL it and Left Ionizativn
Chanbers as Ubtuincd from Graph V,

H Conccntratlon on Number of
Calibrution Pencl,  Adjacent
Er:0s_per sg. zieter Panels
1.5 R
3.0 1
6.0 1
12.5 1
2.5 2
62.5 1
62.5 4
125 1

Units Defleetion, Net 3
[ight Left
Chambars Chambers

R.C 2.0
b5 4.0
8.5 9.0

1i.5 13.0

16.5 14.0

66 66.5

72.5; 86.5 67.0;76.0
140 130

# From backgeound deflectlons averaging 5.5 and 3 chart

units, respectively.
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V1. COnuLLLL Oud

ihe fellowing conclusions ars ;ade on the besis of evi-
dence presented or referred to in this report:

A. The radlotracer rethod of evsluating pround contami-
natlion has antiquated all methods used previously in the solu-
tlon of the contemination evaluation problen except the photo-
alectric photoreter metnnod.

B. The radiotracer umcthod 1s riore raplid than all previ-
ously used rethods except the photoslectric photomater rothod.

C. Yhe radiotracer method 13 the rnost precisc of all
known methods of ground contardinatlion assessment.

L. The radiotracer uethod is capable of greater detec-
tion sensitivity than any other known rethod.

L. The radlotracer wmethod ls sonewhat rore complex in
operstion and apparatus than any of thic othser methods.

F. The radiotracer method is, at the present time, more
costly for large scale testing than any of the others, but
theve is some indication btased on knowledge concernlng the
development of nanufacturing processes lor plutonlum that this
coat can be greatly reduced.

G. The radiotracer apparatus is, in part, in an excel-
lent state of development at the present time, and furnishes
8 firm foundatlon for futuwre development.

Vii. RECOMMENDATIONS

L. Consideration should-be piven to the possibility of
the use of the radlotrecer nethoed in the problens othcr than
aroal radloactivity measurerents.

BE. Negotiations should be undertaken with the Govern-
itent agency responsible for the operatlion of plutonium nanu-~
Tfacturing plants for the purpose of obtaining various desir-
able radlotracer materials.

C. Because speclalized electronic mpparatus is used in
all radiotracer moaaurementa, a department or section of
research should be organized which will have the responsibility
of investlgating the extenslon of radlotracer technigues and
developlng new apparatus for the study and ressurement of
radloactive phenomens.
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APPENDIX & - PHOTOQURAPHS

Geiper-Mueller Counter and Pr. -amplifier Assembly
M. I. T. Counting Rate Meter (iront view)
M. I. T. Counting Rate Metor (tup view of sub-panel)

M. I. T. Counting Rate Meter (bottom vie: of sub-panel)

M., I. T. Multivibrator Pulse Generator (top view of
sub~panel)

Multivibrator Pulse Generator (bottom vie. of sub-panel)

Complete Assembly .f Counter Electrical Apparatus
Portable Geiger~Mueller Counter Assembly
Radiocactivity Cr.und Scanner (front view)
Radiocactivity Ground Scunner (side view)

Tonization Chambers and Electrometers (rwnoved from
shield)

Scanner Vehicle Control Pznel and Cooling Systen
Scanner Electronic Amplifier and Recorder Units

Ionization Chambers and Eloctrometers (removed from
shield)

Special Apparatus for Radiomanganese Conversion

University of Calilfornia Radiation Protection Meter
(side view)

University of Californla Radiation Protection Meter
(front view)

Scanner Ionization Chamber Pressure Head and Electro-
meter Housing Unit Couplings

Scanner Ionization Chamber Pressure Head Coupling
(exploded view)

Electrometer-Pre-Amplifier Unit{top view, cover removed)

Electrometer-Pre-Amplifier Unit (side viev)
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FIGURE 1. GEIGER-MUELLER COUNTER AND PRE-AMPLIFITER ASSEMBLY

) Showing method of ele#otrionl attachment to pre-mmplifier and
method of mounting in pre-amplifier housing above the latter. The cy-

‘linder at the lower right is a brass soil holder which will fit over the

‘obunter when the latter is mounted., The glass jar is a typioal moil ¢
gample Jar containing a prepared scil standard, The six contaot Jones
plug (upper left) comnecte pre-amplifier to the ocounting rate meter.,

PIGURE 2. M. I. T. COUNTING RATE METER (front view)
FIGURE 3., M. I. T. COUNTING RATE METER {(top view of sub=-panel)

Eleoctron tubes and auxiliary controls are (left to right):

Front Row: 6C6 High Voltege Regulater; High Voltege Regulator
Control Registanoe Shaft; 63J7T First Amplifier; Vaouum Tube Voltmeter
Zero Control Shaft; Veouum Tube Voltmeter Sensitivity Control Shaft.

Second Row:; 605 High Voltage Regulator Gate; 1/4 watt RNeon
Bulb Regulator; 1/4 watt Neon Bulb Regulator; 6SJ7 Second Multivibrator;
64C7/1862 Vaouum Tube Voltmeter.

Third Row: 2X2/879 High Voltage Rectifier; VR 105 Low Voltege °

lngul tor; VR 105 Low Voltage Regulator; 6SJ7 First Multivibrator; 6§J7
,Integﬁator.
Fourth Row: Low Voltege Power Supply Filter Condemser; 6X5
Low Vbltaga Rectifier; Multivibrator Bias Control Shaft; 6K6 Audic
Amplifier, :
: Fifth Roﬂ: Controls marked 1-7 ares Counting Rate Renge
Setting Control Reslstances,

FIGURE 4. M. I, T. COUNTING RATE METER (bottom view of sub-panel)
. . Pre-amplifier plug oonneotor is in the lower kight hand
sorner. The filter condenser above this plug supports the special poly-

styrehe dielectric high voltege"® coupling oondenaer (Cz in Diagram IV,
Aypenﬂix B).

FIGURE 6. M. I, T. MULTIVIBRATOR PULSE GENERATOR (top view of sub-panel)
The black metal tube is the 65C7 multivibrator tube. The

glass tube atop the power transformer is a 5W4 reéctifier, The eight

variaple resiatance shafte are bias and seven range setting controls.

?‘IGURF 6. NULTIVIBRATOR PULSE GENERATOR {bottom view of sub-panel)
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FIGUHE 11, TONIZATION CHAMBERS AND ELECTROMETERS (removed from shield)

The lead shisld (behind the ohambers) is 22 inches tall, has

a wall thickness of 1 1/2 inches at the top and 2 1/2 inches at the bottom.
The welight is 6560 pounds, Below the shield is the sheet metal weather
cover for the eleotrometers., When ocomponents are assembled, the chambers
fell into place inside the shield, but separated therefrom by a thin fiber
bakelite ingulation. The oblong metal plate consistlog of two halves

" {lengthwive split), and the strap metal yoke are bolted into position on

i the shleld to produve a aingle unit, The ohambers sra supported at the

| neck and insulated from the metal plate by periphersily elotted insulating

* fiber discm, Visible is one pressure gauge attached to coupling head of
the {ront chamber. Electrometser housings are comnected together and
grounded to the shiebd.

N

FIGURE 12. &CANNER VEHICLm CONTRUL PANEL AND CCCLIMG SYSTEM :

Centrifugal pump behind fen motor pumps water from tank under-
neath motor to top of left gide of cooling compartment, Water trickles
through loose packing while fan blows air through and out screen at left.
Air was previcusly filtered through a bed of coarse absorbent charcoal to
the right of the.fan. The eleotronic amplifier and recorder units shown
in Figure 13 are at the extrems right of the picture.

FIGURE 13, SCANMER ELECTRONIG AMPLIFIER AYD RECORDER UNITS

From bottom oenter to top to rirht to bottom are shown, re-
spectively, the battery compartment, the amplifier control panels (2},
the Esterline-Angus millismmater recordare (2), the Selsyn receiving unit,
the emplifier filament ammeter, the multiconductor A-K comneotor from
eleotrometers operating on the left aside of the scanner. The Selsyn unit
drives the recorder charts at a rate proportional to the speed of the
vehiole,

FIGURR 14. IONIZATION CHAMBERS AND ELECTROMETERS (removed from shield)

A view showing bakelite lining of shield and steel cable and
pulley.

FIZURE 16, GSPECIAL APFALATUS FOR RADIOMANGANESE CONVERSION

The radiomanganese dloxlde eample arrives in screw aap bottle

(lower right). 7Tweszers are used to transfer filter paper containing
activity to glaes "duck"” (atop small Claissen flask)., Radiomanganess is
trentod with 3% perchloric ncid containing 6% hydrogen peroxide with heat-
ing. Filter paper disintegrates and radiomanganeas dioxide dissolves.
Filtration of solutlon through sintered glass plate in tail of "duck" into
flask allows separation from filter paper. Flask is then prepared for
vacuum removal of excess water with speoial receiver ready to oatch any
liguid "bumping" over. Dry residue of radiomsnganese perchlorate iz dis-
selved in butyl cellosolve (hot) and transferred to oylindriorl bottle
'(right)oenter) which fits snugly into lead radioaotivity carrier (left
danter

[V PACIRE S

LS

»

4



i

SRSV T N S LM I TR AT MU WU 1TV WS-, LA

UL, * vy

o e

n arriae ol
ki -
TIGURE 11 ’ TIGURE 17
T0RIZATICN CHAMBYRS AXD ILXCTECHIZERS {ramoved from shield) SOANNER VEMICLY OONTROL PANEL AND COGLING SYSTEM

YIGURE 13 TICURE 15
SCANNER ELECTRONTC AMPLIFIXR AND RECORDER INITY FIGURE 14 SPRCIAL APPARATUS FOR RADICWAROANESE CONYERSION
TONT TATICN CHAMBERS
AXD ELECTROKE? XRI
{rezoved from shleld)
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FIGURE 16. UKIVERSITY OF CALIFORNIA R/DIATION PROTECTION METER (side view)

The ionization chamber is shown ef the left, with the vaguum
tube voltmeter agsembly shown at the ripht.

FIGU4E 17. UNIVERSITY OF CALIFORNIA RADIATION PROTAHCTION NETER (front view)

Showing the inside of the ionization chomber, and the front of
the vacuum tube voltmeter assembly, with the controls and the micrommmeter,

FIGURE 18, BSCANNER IONIZATION CHaliBER PRESSURE HEsD 4vD ELECTROMETER
HOUSING UNIT COUFPLIKGS

Showing ionization chamber with the pressure head and gauge
at the left and the housing of the electrometer at the right set on a peri-
pherally slotted bakelite fiber disc. ’

FIGUKE 19. SCARKNER IONTZATION PRESSURE HEAD COUPLING (exploded view)

Showing the ovylindrical aluminum electrode (upper left) and an
extra polystyrene insulator with an enclosed center terminal wire (lower
left)., The polystyrens insulator fits into.-a steel ocone that is machired
to it inte a bakelite cone (center) which in turn is fitted into the
pressure head couplineg. All these fittinge are put together using gasket
cement. This is necessary to hold the pressure that is somztimes necessary
for most efficient operation of the scanner.

FIGURE 20. ELECTROMETER-PRE-AMIPLIFIER UNIT (top view - cover removed)
FIGURE 21. ‘ELECTﬁbMETERrPRE-ALPLIFIER UNIT (side view)

The oover is shown at the left and the pre-ampiifier unit is
shown 8t the right.
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APPENDIX B - DIAGRALD

Gelger-llueller Counter - M.I.T. Blsmuth Coated Cathode Type

Circuit dlagram fop University of California Hadiation
Protection lister Ionizatlion Cheamber

Shield and 1id and shield carrler 1or R-A samples

Cireuit diagrem for Massachusatts "nstitute of Technology
Gelger-Musllsr Counter Counting "ate lleter

Cirrult diagram for M.I.T. [mltivibrator Pulse Gonorator
Circult dlagrem for M.I,T. Portable G-l Countor
Radioactive Ground Scanner Body Asserbly

Radloactivity Ground Scanner {floor plan)

Block diagram of Scanner Dual Chamber-Iilectroreter
Arplifier~Recorder Units )

Elsctrometer-Anplifier and Ionization Chamber Head
Coupling Unit

Circuit Diagram for Radloactlivity Ground Scanner
Electrometer-Amplifier

'Soil Sample Holder for Geiger-luseller Tubes
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CIRCUIT COMPONENTS FOH
M. T. T. G-M COUNTING e TE alTER

*

OGO
I
Il e RO P R R L

T O

Condenser, 0.5 mfd., 1000 vo’ts, paper
" 50 mmf., spoeial mica
" .Cl mtd., 600 velts puper
" .002 mid., mica '
n - .25 umfd., puper
5 mamf., mica .
n .5 mfd., 400 volts, paper
.0001 mfd., mica
n .25 nfd., paper
.0002 mfd., miea
n < mfé., polystyrene
C-13,14,16 1 g8 mfd., electrolytic
" .2 mfd., puper .
. W25 mfd., 2000 volts, paper
C-19,20 n 50 mnf., mica '
C-21 " .1 mfd., paper

) C-24 " 1.0 mfd., papor, 400 volts
1 -1 Fuse, 1/16 ampere Littlefuse

’ ' Jack, Jones, 6 contact
Jack, closed circuit, fer ccnnection to Esterline-

Angus model AW 0-5 ma. reccrding milliammeter
Plupg, Jones, 6 cuntact
Registor, 10 megohm, 1 watt
" 5 megohui, 1 watt

n 6 megzohm (2000 volt insulution)
L 1 megohnm, 1 watt
" 0.5 megohm, 1/4 wett
n 0.2 megohm, 1 wutt
n 0.3 megohm, 1 watt
n 1 megchn, i vatt
0.1 megohm 1/2 watt
" 0.25 megohm, 1 watt
n 50,000 ohm, 1/2 watt
d 0.25 megohn, 1 watt
n 0.1 megcohm, 1/4 wett
20000hm, 1 watt, vuriable
" 0.5 mepohn, 1/4 watt
" 3300 ohm, 10 wett
y 30,000 ohm, 1 watt
0.1 meguhm, 1/4 wett
8-19,20,21 I 10 megohm, 1/4 watt
R-22 1l 50,000 ohm, 1 watt, variable Eﬂange 7;
R-24 U 25,000 ohm, 1 watt, variable (Ranpe 6
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5 R-25 Registor 10,000 ohm, 1 vatt, variable ERang,e 5g
H-26 n 15.000 ohm, 1 wvatt, variable (Range 1
R-27 1 8,500 ohm, 1 watt :
R-28 " 15,000 vma, 1 wuit, viiiable ERdnee 4
R-29 , n 15,000 ohm, 1 watit, varlable (Range 2
R-30 L 7, 500 cha, 1 wati. variable {Range 3)
R-31 " - ?OO ohm, 1 Watt, variable
R-32 " 2,000 ohm, 12 =ttt
R-33 n 2000 oha, uz vu )
R-34 " 1000 ohm, 1 watt
R-35 " 2000 ohm, 1 watt, variuble
k-36 n 150 ohn, 1/2 watt, vuriuble
R-37 m 1000 .hm, 10 watt
R-33 il 3500 ohm, 10 watt
R-39 n 10,000 ohm, lO watt
n—-4J " 0.3 megohm, < watt
R=4J. " 0.1 megohm, 1/4 vatt
R dt " 0.2 negchm, 1/4- vatt
R-42 n 0.3 nmegoha, 1/4 watt
R-44 " 0.3 megohm, wett
v R-45,46,47 " 0.25 negohn, l 4 watt
R-48 " 2.25 meguhm, 1/4 watt
R-45 " 100 meguhm, IRC metallized
% R-50 " 10 megohm, 1 watt
R-51 n 1 megohm, 1/4 watt
n-52 " 0.5 negnha, 1/4 wett
R~-54 n 1 megohm, 1 watt variable
R~55 n 1 meguhm, 1/4 watt
R-56,to 62 " 0.75 nepchm, 1/4 watt
R-03 " 1 megohm, 1 watt, variable, linear
R-64 " 2000 ohm, 10 watt
A~-65 g 0.5 megoha, 1 watt, variable
S5-1 Svitch push button, pulystyrcne insulation
5-2, 5 rotary, 2 ;. :5.g, & contuct
S-3 " tog,le, SPST
S-4 " toggle, DPST
7-1 Transformer, Generul Hacic No. 365-428 or RCA
No. 33390 )

V-1 Vacuum tube, type 6J7

V-2,3,4 type 6537

V-5 " type 65J7GT

V-6 n type 6aC7/1852

V-7 n type 6X5

V-8 n ‘type 2X2/879

V-9 " type 6C5

" V-10 " e 6C6

v-11, 12 Neon bulbs, 1/4 vett, beyonet buse, internal
resistance wut

v-13, 14 Regulator tubes, pas, type VR 105-30

Vacuum tube, type 6K6G
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Appendix B - Diagram XI ®

Legend e
CIRCUIT COMP.MNENTS FOR RADIOACT-VITY GROUND

SCANNER CIRCDIT DIAGRAM

Weston Model 506 7
type 30ZN tdpped At —.

Ammeter, O0-1 ampere,
Battcries, bank of 4 Burgess
224 volts
Ratteries, bank of 4 Burgess type 21308 tajped 2t /
45 volts
Battery, automoblile storage, 51 plate or larger
Condenser, L mfd,, 150 volt, C~9 type BR 415
0.25 nfd., 400 volt paper
Milliammeter* re"ording, m.terllne-ﬂngus type aw,
Fuse, 1/16 ampere, Littlefuse (control panel)
Besistor, 100,000 megohm, IRC
0. 15 megnhm, 1 watt, IRC type WV
" 20 mepohm, 1 watt
L 15,000 ohm, vuriable, wirewcund 0
n 0.5 megohm, IRC type Wv4
" 65,000 ohm, 1 wnatt
“ 10,000 ohm, variable, wirew.und (BL#D ADJ.-% -
L 50,000 ohia, IRC type VWi
n 0.5 megohm, ,IRC type WW4
" 10,000 ohm, 1 watt
" 0.1 megohm, 1 watt
n 100 onm, 2 watt, variable
i 15,000 ohm, IRC type WW4
- 4000 ohm, 1 watt
" 10,000 ohm, variable, wirewcund ("METER
CALIB. ")

‘0-lna,

n 7 1/2 ohm, 5 watt, wirewound
" 30 ohn, 10 watt, wirewound
Switch toggle, DPDT NION, VOLIS ™)
toggle, DPST (" B")
*  toggle, DPST ("BIAS™)
L rotary, 5 contuct, 2 gang ("SERS.
" push short ("INBUT SHORTH)
i togzle, SPST (YFILAMENTMY o
Sulenoid relay, grid input shorting, & volt DC
Vacuwun tube, electroneter, type 6J7Gf RCA or Sylivania
o pre-amplifier, type 6J5 metal
" recorder output, type 6SN7GT

HANGEY)

Designations within the parenthescs refer to controls on control
panel of scanner electronic unit.

W8




—~—

. DOCUMENT UNCLASSIFIED UPON REPRODUCTION P

B e L e L

s

e e R T el

Lo ni!m"wmrwmn' v

GIRCUIT DIAGRAM FOR RADIOACTIVITY GROUND SCANNER ELECTROMETER-AMPLIFIER

A

S

£

y’\{\m\/;\]/\mu——

10N, GHAMBER 2

. - ——L

ol

\

DIAGRAM X1

erol By
— e ———— e T T T T T Front_ Parnei L
% f _ ...n
i s P uu.‘uwwjﬂ Snbew I
Y -iﬂ ........... - /. =
3 5 | =
4I~||l..:__ _ E_ .Hl F _tflﬂ_mw _ :
¢ i
% = * d_ - _ ll_lnﬂ. Filaments
{ , _ M_
i 1
Iu i i !
1o E e
_:-.W1|-»1||...,\|f-n A L
La30 -22f vas Gad 4180 -6V 4BV
r.,l llllllllllllllllllllllll

vOLTAGE CHECK PANEL

PHOTO NO 1587-M 1 i



DOCUMENT UNCLASSIFIED UPON REPRODUCTION JCP-I, DPSS

) b gy

- Lt et

Davy FSrST SEVas

CEYMP LIPS EE @k 8 PQ
ﬁrl /I.D\v&nﬂ LRZHE ZTZ onN KT L

N-284%1 'ON OlLlOHd
X WYHOVIO

\ -

o A

S38NL Y3ININW-¥3D139 HOA
H34T0H 3ITdWVS TT10S

s

o

L ]

f

TR AT AT AR e ) V1

F S T



. Graphs
I.
| II.
‘ III.
{
il IV.
V.
|
i
H
I
-
-
[
Y

APPENDIA C ~ GRAPHS

Typical Recorder Tracings Obtainea from an M.I.T.
Counting Rute Meter

Dacay Curves for Radi.manganese (Mn 52), Half-Life
6.5 Days

V.oriking Curve for Decay Correcticon of Measured Samples

H Content Bhvaluation Curve for Counter No. 213,
Qperation of 10/18 :

Preliminary‘and Final Scanner Calibratiuon Curves
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DPGSR No, 55
Appendix C -~ Graph I

GRAPH I. Typical Recurder Tracings
Obtained from an ¥.I.T. Counting
 Rate Meter

The line XX' represents swing of the Esterline-Angus
meter neddie for full scale deflection on any renge. The
tracing 1ladicatid by the line 44 1s a typlcsal back,r.ound
tracing recorded by the counter when it was shielded by 14
Inches of lead. The line A4 is 30 scelc divisi-ns on the
20C count per minute tull scale rense. The backerouaand
count figure is, then, 60 cuunts per ainote.

The trecing indicated by line BY is ~1lso a batXground
recording, but with n> shielding for the counter tubz. The
recorded value is 75 scule divisions on tne 200 count jer
aslnute range, or 150 counts per ainute.

Tne tracing CC 1s thut of wn wppruximute 9.5 ue.
radiccobalt guurce at 3 feet (counter shielded) and tracing
DD is that of the same source at 5% feet. Trueing CC was
on tnc 5000 count per minute range whereus tracing DD was
vn the 1000 count per minute range.




THE ESTERLINE-ANGUS CO., INC., INDIARAFOLLS, VHD, . S-A. CHART No. 4305-C
P4 : -

LY
X
hY
kY

L
A
rd
rd
rd

TYPICAL RECORDER TRACINGS OBTAINED FROM
AN M. 1. T. COUNTING RATE METER

G..
o
Q.
q.
&)
=
2
O
o
D
O
g
Q
4T}
x
2
O
o
2
Q
w
L
v
th
=y
wt
m..
5
~
s
3
J
O
S
a-

Dugway Proving Ground
Photo Ho. H.ms Q




3

>

-

AL LI )

Ao TE LV LY Ty
Sy

LR L L L P

i TR T T

g(‘_ ———]5 10 15 20 25 30 -4

160

’e ! S 8 ! !

ELAPSED TIME (DAYS)

SO

80
T0-

60

50

40

20-

PERCENT UNDECAYED

3--

..-| PR " L {

GRAPH IT

DECAY gURVES FOR RADIOMANGANE SE
YHALF LIFE 6.5 DAYS




DOCUMENT UNCLASSIFIED UPON REPRODUC [ION L),

(SHNOH)} IWIL LNIWIHNSYEN

0001 0050 0020 goz2 008! oow_ 000l 0090 Q020 0023 £og! oo_v_ ooo_o
m _ __ ﬁ w_ ﬁ o0
u i _ ¢ ! v ._
o ;o i _ 8 i _
i i , ._ ! “ _
_ ! ! ! i .
I T 060
f : !
| ,_ |
—+ \\\_AW.NV\\O_\\\\.*_\!I.II!\IOQ.D
_
| !
g _ |
<4 { |
2 —
3

NOILOVM A QIAVD3A ~NONC

| |
i ; L _. ‘ “ _ :
1040 R B e e 7 1 T i or'o
L “ ! M
| W / |
: —— e e _ 05'0
| * W S31dNYS AIUNSVIW | _
i | | 40 NOILOTYNCD AVD3( HOJ 3AHND ONIMHOM ! “
m i _ _ IT HdY49 m
i | U _ |
s, @, t ec
La

el e



I L LN T UV e VWO DL W MY I Mad Ve s s e v e o,
o, cz corem . i v e T I e L. e

CRRECTED TY ZELRL THME

 em e - R — - - ERT R It R TR

kO?(‘(‘r

LU0

]
=

Or) ' -:

oo - - -

i GRAPH I

JRVE FOR

. H CONTENT EVALJATION C
! COUNTER NG 7

e

. | | o
2 5 Q0 20 50 iow EEV
H CONTAMINATION DENSITY, GRAMS PER SQUARE METEN OF ZCN SURFACE

U"h. [ T Jp—

con



SRELPANARY SCANNR CALBRACN CURVES CRCHT CHANBERD

N .
- PR =

L S
L e iy el e AL

PON REPRODUGTION JUr, L
AR b o ey - v .

RN
ey
e

‘.....-—-——-——'——_——_-"
DOCUMENT UNCLASSIFIE]
- I Mg e
(™
.: . L " o .
+ " 4 %
'
| .




PROOUU
s e

IT UNCLASSIFIED UPON RE

]
R

FNAL CALBRATIONLEFT CHAMBERD

oL Y L U I URS N SN, / AT WMW\/U/

=

- DGCI"JME_J‘




e e Tl VAP WFI Nl T WY P Vil Tl Wil o W P TNWTT W T

9 APPENDIX D

Lo RESUME’OF METﬁOD FOR PRESARATION OF nisDTOMANGANESE
- BY NUCLE~R BULBARDMENT aoT . L. T.

From & letter from Prof. J. W. Irvine, Jr., Assistant
Professor pf Chemistry, MIT Radicactivity Center, dated
August 12, 1944:

For this preparation caromium metal clectroplated on u
AIT skakin, target hoad is very nearly an ifeul target. Wn’e
1s nece by ( d, 2n) reactiwn oun Cr52. At 14 aillion volts
bombarding energy the (d, 2n) reaction is a highly probable
sna. The Crd2 isotope is epproximutely 50 per cent abundant.
5 Yith such heads we are able to bomburd with beam currents of
o from 4LOO to 500 microamps without burning the target  Tuese
“faotors -all combine to make possible the high yield ond re-
latively low cost of unb2,

-l _ . ___

. hfter bombgrdment tae chromium is aissolvea froum the
tenget head with concentrated HC1. Twenty willigrams of Mn
4  ard added to the solution as & carrler and hydrogen sulfide

, metals procipitated with Ho85. After bolling to remsve the HoS
+ thg Mn is separated from tﬁe Cr by repeated treutment with
30 ;per cent H202 in a NaOH solution. In this reactiun Mn is
oxiidiged to hydrated Mn0Oz and the Cr remains in solution as
ch#omate ion. Because of the large amcunt ¢f Cr and the small
anqunt of Mn 1t has been 1mpossible to remove all the Cr by
, 8ingle precipitation of #UnO,. To remove the Cr guantitatively
) regulres from 3 to 6 precipitations. _Since the activitlies due
forafiioactive Or lsotopes are negli,lble comparvd with the
.., acfivity aof Mn52 no attenpt is made to separate the Cr guanti-
! © tatively but it 13 simply reduced to a relatively saall con-
' centration.

’ ' hfter two precipltations of the Mn from an alialine
golutiun with Hz0; the precipitute 1s dissolveu wund an aliquot
rugoved for activity messursmints by meons of gumaa rays. The
¢, Unjils then preclpitated a third tlue, flltered, washed thoroughly
i and sulpped to Dugway.

”»
!

‘ ¥hen the #n wus sent in the form of nanganese tetrapyridine
'tnﬂocydnate 1t was necessary to reacve the Cr completely to

: gruvent interference with the procipitation .t the abuve complex

cogpound. This was asccomplished by a series of 4 precipitations

‘with sodium hydroxide and hydrogen peroxide.
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APPENDIA D

The nuclear propertics of Mn52 are as follows:

This isotope decuys by positron emission (0.582 MEV) in 33 per
cent of the disintegrutions and by K capture in 67 per cent of
the disintegraticns., Both mades of disintegration leave the
ragsulting Cr52 nucleus in the same excited state. Thls product
nucleus then decays by the cascade emission of 3 pamaa rays
whose energles are 0,736, 0.94, and L.46 MEV. The half life
for this i1sotope 1s 6.5 duys. These proucrties aake this
isotnpe a fairly satisfactory one for the type of use to which
it 1s being put.




DPGSR No, 66

- R Py |

h

\ . rees
[ 4

RADIOSCTIVE TRACER TECHNIQUES AS

APPLIED TO mVALUATION OF MUSTARD

GROUND CONTHLINATION

‘-
Distridbution
1 - LP: File
2 - Director,Res.& Dev.,0C-CuS
%-4 = Chief, Tech,Div,, 0C-CaS
5 - Chief, Spco.Froi.0iv, ,0C-CHS
g - Chief, ved.Div., 0C-CAC
7 - Chief, Plans & Train.Div.,
QC-Cnt
R = nir Chem.Cfficer, Hg. sanF
9 - Pres,, C.N.Board, BEa
10 - Commandant, [S«C
11 - CO, ~PO 827, Box 1000
12~17 ~ CO, Tech.Command, LA
18 ~ Chief, Info.Br.,.vcd.Div.,EA
14-20 - Cus Mobile Unit
2. ~ Chief, Bur.oi Ordn.,Navy Dept
22 = Chiuf, Bur.of sAern.,rnvy Dept
2% ~ Newvel Res.lab,,.nacostia Sta.
2429 - kr, h, Kingan
30-31 - Suffield oxper. Station
32 ~ Dr. Moas, Canada
33-35 - Br.rrmy Office, utt: Lt.Col.
herr Muir
38 - Koval] Uxit, DPG
37 - hed,Ree, Loab,, DIG
3n-%9 - PG File

CCRTROL WU BER
5063~56

AR B e | B

UNCLASSIFIED

Submitted by:

C. 3, Seh e\ e
R, A. LEIGhT(ﬁ
Colonel, C.W.S.

{Absent)
STEFINY B. BOGESE
Captain, C.W.S.

{..bscnt )
PAUL T. WaSLEY
Tec.Sgh., C.t.S.

Recommending approval :

fAp#tan 77, 7

LUnal F. NEY

Jajor, C.i.S,

Director of TechnicaxfOpera‘ions

approved:

';{{(*ﬂ. e ( 61.—71'4'1'—4' [

GRAYDON C., ESSwAN
Colonel, s.i.8.
Commanding

e ASSIFIED

L A,



[ 4

RADID!%TIEE TRACER TBGHNIQUES Ag

'g!f : :

>

Distribution

{ 1 - DPG File _
4 2 = Director,Res.& Dev.,00-CH5
3-¢ -~ Chiaf, Tech.Div., OC-Cw8
6 - Chief, Speo.Proj.Div.,0C-045
! 6 = Chiel, ked.Div., 0C~CWO
' 7 - Chief, Plans & %Train.Div.,
g 0Q-CHS
¥ 8 - air Chem.0fficer, Hg. AAR
v 9 - Pres., :¢.W.Board, EA
10 - Commandant, USmC
. 11 - CO, APD B27, Box 1000
| 1217 = 00, Tech.Command, EA
18 ~ Chief, Info.BP,,ked.Div,,Ed
| 19-20 = CKS Mobile Unlt
' ) 21 = Chief, Bur.oi
o ' 22 = Chief, Bur.q
.‘23 -
Z4=28 »
. 30-31 ~

Mr. H. Kingan

Buffield Exper. Station

32 ~ Dr. Mass, Canade

- 3$-35 ~ Br.hrmy Offics,

1 Kerr Muir

' 36 ~ Naval Unit, DNG
37 = ked, Res,Lab,, DPG

3p-3% ~ DPG File

' {

tht H L‘t . col L

CCHYROL WUMBER
3063-85

DOCUMENT UNCLASSIF?E'D UPON REF’RODUCHUN Ve, e

. . A Y .
el N,

NSO

Submitted by:

2: ?‘msxa"ﬁ&?*‘“‘

folonel, B.W.S5.

fibsent)
STEFPHEN B, BOGESE
Captein, C.N.8.

(absent )
H.pAUL T. MASLEY '
Tec.Sgk.; C.W.5.

Ordn.,Ravy Dept.
‘“\eto.,Navy Dept,
Huwpl Res.Lab.,nnacoatia Sto..

Recommending approval

“ULUMAY F. NEY
U‘EJO?, Cuh.5.
Director of Technice 0para+iane

Approved,

o ;

/ff"ﬂ- LA f' JE;WWU
GRAYDON C, EBSMAN
Colonel, C.N.S,

Commending

.

UNELASSIFIED




	I 1KTT;;OWCTiON
	A Object
	E Authority

	Tj&O;LTICAL
	A The Geigor-l.ueller Counter
	B The Ionization Chamber
	C The Radioactive Tracer Llethod
	D Special Considerations

	IV l;XPLirli.ENTAL
	A Detection & L!easurer.:ent Apparatua in Detail
	Rate Licter (Xon-Portable)
	& Counting Rate 1;Ieter
	3 The Radiozctivity Ground Scanner
	Incorporation into the Apnt
	1 Geiger-Eueller Counter Samples
	8 Direct Soil Salrrpling

	2 Radioactivity Ground Scanner


	Z Evaluation of 1,ieasurlnf Data
	1 Cslger-;;ueller Counter Snmples


	V DISCUSSION
	VI COWLUSIONS

