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COUNTER _CALIBRATIONS IN THE H,I, METHODS GROUP

INTRODUCTION:

One of the chief limitations in the application of radiochemistry to
quantitative techniques, is the lack of accurate methods for measuring the exact
quantities of the radiations involvéd and then interpreting these measurements
in terms of the amount of active material. Measurements have been either rela-
tive or with large uncertainties in the final value with poor cross-checks be=-
treen various laboratories.fl) A considerable body of information has been pub-
lished in the last few years concerning the effect of backscatter (2) (3) (4),
self-absorption,(s)‘(é) an¢ coincidence 1osses(7). The applications of these
téchniques and data to any given problem are sometimes difficult particularly
vhen a large number of different isotopes are measured by the same laboratory
force.

The Methods Section of the Hezalth Instrument's Development Division has
been faced with the necescity of making measurements of most fission products
and a large number of active isotopes produced by pile irradiastion. The orig-
inal sample may be vegetation, water, filter paper, oil, dirt, or any of the
other numerous media in which active materials could be found. The following
work is thg result of studies made during the past two years with the ultimate
objective of providing methods for measuring accurately the activity of a "spike'
solution which may then be used to evaluate the overall yield of the analysis,
including the laboratory manipulations and the counting efficiencies,

This paper is presented to describe the technigues developed and some of
the factors measured. Estimates of the accuracy available with these techniqueg

and checks between methods are included,

UMMARY ¢
Farallel plate pulse counters are used for measuring thc alpha emission

of samples. A geometry of 52% for a point source is accepted for these units,
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A correction factor of 0,913 is applied to a 1-1/2" sample spread by ordinary
1abor§tory techniques. Coincidence losses have been determined as 2% per 1000
counts per minute,

Beta counting is carried out on end window counters with 2-4,5 mg/cm? mica
windows 1-1/8" in diameter. Shielding and shelf arrangements for sample mounting
are detailed, Methods to determine the various correction factors and tabular
data are presented. Bagkscattef corrections for radio-isotopes of C; S, Coy I,
ReE, Rh, Cs, Y, Ce, and P on various backing materials range from 5% to 74%.
Absorption losses in the air and window are determined by extrapclation of an
absorption curve. Tables of experimental slopes of the absorption curve for a
number of isotopes enable such an extrapolation with no further measurements.
Corrections for an extended source are made in terms of the point source geom=
etry by measuring the variation of geometry across the face of the tube and
integrating over the area of the source. The measured variations in geometry
for points off the axis of the tube are confirmed by theoretical calculations,
The net geometry of the tubs is calculated from the known disintegration rate
of the source and the measured correction factors for the beta counting, Aigree-
’ment well within 5% on 16 beta counters is obtéined between a Bureau of Standards
calibrated RaE source and RaE sourc€s propared in this laboratory, Calculated
geometry vulues do not agree with the measured values presumably due to a non=-
active volume immediately inside of the flange supporting the counter window.
Self-absorption curwes for several isotopes with most common precipitates are
presented. An apparent difference in the disintegration rate of a uranium chip
when counted at various distances from the tube is resolved by self-absorption
considerations. Gamma corrections are determined, when required, by counting
the source through an aluminum absorber thick enough to absorb all beta particles,

Coincidence losses are accepted as 0,2% per 1000 counts per minfite.
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EQUIPMENT =

4, Alpha Counters
The alpha counting equipment consiats of parallel plate pulse counters

known locally as the "standard" alpha counter.(s) The chamber is mounted in

a brass tube 4" in diametor and 13" long; The lower electrode is mounted on a
door which opens at the bottom of the chamber, A negative potential of 1000
volts is applied to this electrode through a pin jack in the rear of the shell
when the door is closed. The upper plate is connected by a short lead to the
grid of a preamplifier unit contained in the brass shell, This entire unit is
suspended on a rubber shock mount to minimize microphonics.

The pulse from the preamplifier is fed to another amplifier with a gain of
100,000 and then to a Higginbotham or Offner scaler. An oscilloscope is provided
on the ocutput of the amplifier so that arc discharges, microphonics or rower
pulses may be detected. The amplifier is blased so thet only alpha pulses and not
tube noise cr beta pulses are passed to the scaler,

B. Beta Counters

Mica window GM tubcs filled to a pressure of ten cm, of mercury with
alcohol-argon, fabricated at Hanford Works by the Instrument Division are used,
The tube case is two and one-half inches long, and one and one-quarter inches
outside diameter with a mica window of 2 to 4.5 mg/cm® cemonted to a flange on
the lower end of the cylinder.(g) The tube is mounted at the top of a set of
aluminum shelves designed to hold sample mounting cards at known fixed distances
from the counter face.(lo) (Fig, 1.) The distance from the flange carrying the
mica window to the first shelf is st with a gauge at 0,191 inches. The dis-
tances from the window to other szhelves are: 2nd shelf, 0,816; 3rd shelf, 1,441
in; 4th shelf, 2,066 in,; 5th shelf, 2,691 in, The entire assembly is contained
in s lead shield with itwo~inch walls to minimize background radiation from cosmie
rays and activity in the counting room. The counter is opcrated as a self-

quenched unit feeding into a scale of 64,
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C. Counting Plates

Since the majority of the work involves low activity densities, it 4s
neccssary to use counting plates on which relatively large volumes (scveral
nl,) may bo evaporatecd without the loss of too much time. 4 small amount of
work has been done with ome-inch watch glasses, but thcse ere generally unsatis-
factory because of their non-uniformity and the difficulty of indexing the active
surface with rospect to tho counter. At the present time a 1-1/2 inch diameter,
0.005 inch thick stainless st¢el plate as sketched in Fig. 2 is used. It has
the advantage of allowing 3-4 ml. to be evaporated at onc time and is easiliy
indexcd to a knowm position, The chief difficulty is the tendoncy for material

to concentrate around tho cdge thus losing geomotry, particularly in thc beta

. counters., Ncw plates, designed with radiused cormers at the bottom have been

made available to minimizc this difficulty, Two sizes detaeiled in Fig. 3 arc
being used; tho 1-1/2" platc for alpha counting and the 1" plate for beta.
IV. ALPHA COUNTING:

The factors involved in alpha counting arc much simpler than thosc for beta
counting. The chief difficulty, othcr than thosc inherent in the instrument
such as coincidence:losscs, is with sclf-absorption since even a smell amount of
material on thc platc will give significant lossos in a 21T solid angle counter.
An attempt is made to purify samples for alpha measurement to tho point where
losses are¢ ncgligible,

4, Geometry

The geometry of the alpha counter has been acceptcd as 52% for thin

samples mounted on platinum.(ll) Although most of thc samples are mounted on
stainless steel (0,005 thick), this valuec for the geomctry has still been usecd.

The effuet of chonges in sample diameter has been investigated in two ways:
(1) by moving a point sourcc across the chamber pedestal and counting at intcrvals,
aﬁd (2) by mcasuring aliguots of the same solution in thc farm of a small diameter

source and as a source spread over the area of a 1-1/2" plate. Tho point source

131
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in the first mcthod consisted of a small amount of plutonium spread over a diameter
of 1/16", This source was ccunted at 3/16" intervals across the diameter of the
pedestal and the results plotted as counting rate versus distancc from the cene
ter, (Fig. 4o) This curve rewresents the variation across the diameter for a
line source. For a circular plane source, it is neccssary to account for the fact
that in an annular clement of area 297 ¥dr, near the periphery there will be a
larger fraction of the material than for en annulus of equal width (dr) near the
centcr assuming unlform distribution of the activity over the surface. This may
be accounted for graphically by integrating the arca under a plot of the product
of the radius and the counting rate versus the radius and comparing this area to
the arca under thc straight linc that would recsult if there were no loss in counte
ing rate at increased radii, This mcthod assumcs uniform distribution of the acte
ivity on the plate and a symmetrical response of the counting chamber along all
diameters. Such a procedure gives a value of 0,996 for a 1-1/2" source and .925
for a 1-7/8" source. Those figures represent the ratio of tho number of counts
measured for a uniformly spread source %o the number measured for the same amount
of actlvity as a point source in the center of the chamber,

Unfortunately it is espceially difficult to realize the first assumption of
uniform sprecad when a largc number of platecs are prepared by evaporation., The
material tends to concentrate zround the corner bctween the bottom of the plate
and the cdge, thus giving 2 highor loss than would be expeccted from the above work,
Two scries of ten plates were preparcd, onc with the ac‘t:ivity confined to the cene
ter 1/2" dizmeter of the platc and “he other with the activity sproed by adding
the "spike" sclution to two ml, of water and sprcading over the plate. This test
gave e ratio of 0,913 with a combined standard devietion of 0.016. This figure
1s representative of the tcchnique of only one operator and mey vary clightly from
person to person depending upon their skill and the care expended upon thc sample,

Therc are some indications that non-reproducible recsults on these units may

be due to differences in the gcometry of the chamber at the edge of the pedestals

133
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Thus, onc counter may be adjustud so thet cnly a small fracticn of the particles
originating a2t the edge of the chamber will register while another counter may
be adjusted so that all particles originating at the edge will rogister., This
is particularly true if the pulse height selector and gain are adjusted with a
small source at the center of the chamber, Present plans are to make such control
measurcments with a uniform spread sourcc or an annuler source to cmphasizc these
edge effocts,
B. Coincidencec losses

4lthough most of the samples.measured arc low level (less than 25 d/m),
occasional measurcments at highcr lcvels have been nceded for calibration of
sources, devclopment of nrocedurcs, cte. The value of the loss in counting rate
due to coincidence (i.c, the offcct of two pulscs arriving within the dead time
of the counter) has been quoted as 0.75% per thousand counts per minute. To
determine the valuc ol this loss with the counters used, a serics of small sources
of plutonium were preparcd. Eachvsource of aprroximately 500 ¢/m, was placed in
a reproducible position on the pedecstal and counted for a total of 50,000 counts.
The sources were then counted in groups of two, three, four, ete., until thirteen
sources, aggregating about 6000 c/m werc measurcd, cach located at the same point
it had occupied when countcd individually,.(Fig. é) The data thus obtained follows

the relationship,

X(1 +kX)
in which,

true count

Y
Y
X = observed count

K = a constant (20 x 10'6)

The true count was taken to e the sum of the individuel counts on the low
counting sources,

On a percentage basis, thc coincidence losses thus determined reprcsent 2,0+
0.2% for zach 1000 counts per minute obscrved. The plot in Fig, 5 can be used

dircctly to obtain the coincidence=-corrccted counting rate for this unit,

L
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The use cf Geiper counters for beta counting requires exacting tech-
nique both in the preparztion of the samplc and in the measurement because of the
large number of factors that will affect the rcsults. Any program oflcnlibration
must include the control and mecasurement of values of correction factors for backe
scatter, absorption in the mica window and air above the source, changes in the
géometry with sample diameter, sclf-absorption, and certain other factors of
lesser importancae.

A. Backscatter

The number of rarticles entering the counter from a source mounted on
onc of the shelves is partially a function of thc number of particles scattered
from the sample niste and the sidcs of the shleld and shslf assembly. The great-
est contribution arises from the samplc mount itself and from any precipitate on
the plate.

The amount of scattcr from the plate is dependent upon the enurgy of the
primery particle, upon the atomic number and thickness of the sample mount, and
to some coxtent, upon the geometry of the counting since the scatter is propably
not symmctrical and the probability of small angle scatter is greater than for
large angle scattcer,

Backscattcr corrections for various isotopes mounted on several matcrials
hzve becn obtained by preparing point sources of the active isotopes on thin
Formvar film and mcesuring thc counting reote with and without backing material.
The assembly used for this purposc is illustrated in Fig. 6f

Formver filu of tidckncss of 0.3 to 0.5 mg/cm2 is stretched taut and cemented
over a flat aluminum ring. A4 small droplet of active isotope with negligible
carrier is derosited at thc center where it is carcfully dried under an infra-
rcd lamp. The helder (Fige. 6) is of aluminum and is provided with side tongues

to fit the grooves of the shelf positions in the counter. A circular recess to

Lot



take thc aluminum ring is turncd in the upper surfece to a shoulder which is
within 0.,001" of thc plene of thc bottom of the side tongue. The film side of

the ring is thus positioned at the exact level of the shelf. The hole from the
bottom accommodates a threaded ring, the upper end of which is counterbored to
leave a shoulder upon vwhich can be inserted wverious backing materiel dises. 4
count is made with no backing material, then the backscatter disc of intcrest is
insertcd in the ring and brought carefully just to the source film, and a sccond
count made. The ratio of the second count to the first is thc backscatter factor.

Backscatter from the 0.3 to 0.5 mg/cn® film is ncgligible as cvidonced by
the full backscatter curvc of RaE on aluminum., Using thc slope of the initial
portion of the curve ond extrapolating over 0.5 mg/em? changes thc backscatter
factor by less than 1/2%.

Figure 7 illustratcs thc curve obtained when various thickness of aluminum
are used to back a ReD-RaE source covered with 3.13 mg/cm2 of cellophanc to cut
out the soft beta particles from RaD and alphas from RaF, allowing the measuree
ment of only the 1,17 Mev particle from RaE, This curve demonstratcs the gencral
reclationship between thickness of backing material and backscatter; the back-
scaticr reaching a saturation veluc ét about one-fifth the range of the particles
in the substance, For cncrgies below 0.6 Mcv the amount of this saturation backe~
scattcr depends upon the energy. For emitters with encrgy greater than 0.6 Mov,
the backscattcr frow a given material of greatcr than saturation thickness is
rractically constant, It is thus advisable to make all measurements using an
arrangopent to give maximum backécatter.

From Figure 7 the counting rate from a Raf sourcc mounted on a thickness
of aluminum sufficicnt to give saturation is 1,29 times the expected rate. Thus
the corrected rate would be 1/1.29 or 77.5; of the counting rate measured with

an aluminum backing.

Several isotopes and several materials have been investigated to determine

the backscatter correction factors., The data obtained are presented in Table I,
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B, gbsorption in Air and Gounter Window
Since beta particles are emitted in a continuous spectrum with a sig-

nificant number at the low energy end of the spectrum, some of the electrons will
not have sufficient energy to rometrate the window to the sensitive volume of the
counter, Still others will be scattered out of the direct beam by the air or
mica window and will not be recorded, If a true value is to be assigned to the
disintegration rate of the source, the loss due to these two factors mst be

measured,

The first portion of a beta particle absorption curve follows very closely
an exponential rclation. Thus a plot on semi-logarithmic paper of counting rate
versus absorber thickness should give a straight line for thin absorters. This
curve may then be extrapolated through the thickness eguivalent to the window
and air present, | | »

Unfortunately, the slope of this linc is dependent upon the relative geometriec
of the source, the counter, znd the absorter. If, for instance, a thin absorber
is placed directly upon the source, an increasc in the counting rate may be noted
because of scatter from mortions of the ebsorber outside of the cone of primary
particles, 4n ideal absorpticn measurement would use an absorber no larger in
size than the circuler arca of the intersection of the absorter and the conc of
primary particles entcring the counter, Placing the cbsorbers as near to the
window as possible essentially rcalizes the ideal position. In this position
the extremitics of the absorber cannot scatter botas inte the window, and losscs
by scattcer are minimized, The scattor from the mica window itsclf would bc more
exactly evaluated, since with the absorbers close to the window, they will effcca=
t;vely act as an inercascd window thickness. Vhatever placement is made will be
in error to somc extent because of the scatter occurring in the air. This, of
course will be uininmized with the samrle on the first shelf because of the small
distence (0.191") betwcen source and window,

For sources supportcd on the first shelf, absorbers arc neld at about 1/16"

1082147
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from the window. For the other shelves, absorbers arc placed on the first shelf,

The absorbers consist of thin aluminum folls rounted on cardboard cerds or
aluminur frames. Foils of 2.2, 4edy 6.0, 940, 14.0, 19.5, 34.0, and 39.0 mg/cm>,
ere avallable, The thicknesses uscd in such an extrapolation zre dependent largely
upen the total range of the beté particlcs teing mcasured. Thus with cl4 particles
(range = 25 mg/em?) it would be unwise to carry the curve much further than 10
mg/cn® while with RaE (range = 410 mg/cn?) it should be possible to obtein a
lincar extrapolation out to 50-60 mg/cm?,

The equaticn for such an exponential curve may be expressed as:
Nx
.No

- - =X
- 8

where Ny is the counting rate as measured, No is thc extrapolated or true counting
rate, m is thc slope of the curve, and x is the thickness of the window and air,
The slope may be obtaincd from the absorption curve and the Ny value calculated

for any window of tom and reasonably small thickness.

A series of velues for "m" as measured for various isotopes is given in
Table 2,

It will be noted that these coefficients do not neccessarily correlate exactly
with the particle encrgy. This is believed to be due to possible difference in
the low energy end of the spectrum allowirg variations in the fraction absoibcd in
a thin shicld,

In using the valucs cof the absorpticn coefficient it is convenient to defins
a faqtor, fgy which is cqual tq_Eg_ and which when multiplied by the obscrved

counting rate will givc the extrapolated or No' valus,

Thus, log e __I;';Q_ s mx
X
log e fa = [X
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Table 2
BETA RAY ABSORPTION COEFFICIENTS IN ALUMINUM
Fnergy '
Isotope Mev Shelf 1 Shelf 2 Shelf 3 Shelf 4 Shelf 5
cl 0.15 0.304
| v L
§35 0,17 0.269
Total 0,0882 0.0787 0.0792 0.0843 -
' Cof0 0.30
Garma
_ Corrected 0,105 0,0903 0.104 0.0909 i i
l
#Celbdh 0.35 0.107 0.102 !
cal37 0.5 & - 10,0253 0.0269 0.0244
0.8 '
1131 0.6 & 0.25 0.0310 0.0326 0.0311
Aul®® 0.6 & 0.0142 0,0139 0.0147 0.0165 0.0167
0.97 |
e o m o » -
Mounted | .0186 0.0226 0.0260 0.0283
on ,001% ‘
RaE 1.17{A1 !
Mounted | .0193 0.0177 0.0194 0.0196 0,0216
on 00"
S. Stl.
Y91 1.7 0.00518 0.00923
p32 1.7 0.00700 | 0.00923
#»Prlid 3.1 0,00230 0.00235
RulO6 .03 & 0.00497 0.00546 | 0,00652 0.00619
Rh106 3.9
! -+

*Calculated from Celdd - prlés absorption curve,

L0g31uN
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The value fa is 2lways greater than one and will vary with total absorber,
X, between scurceand eactive volume of counter.

The accuracy with which the N, valus may be obtained using the coefficients
in Table 2 depends greatly upon the energy of the emitter and the total ebsorber
through which the extrapolation must be made, For energies of 0,6 Mev and highor ‘
the error introduced inio the factor fa because of uncertainty in the value of
the absorption coefficient is estimate® to be +0.5% for each mg/cm2 of air-
window absorber.

For lover energles large errors may be introduced in the fa valuc because of
the steepncss of the absorption curves (high value of absorption coefficicnt)
and because the absorber thickness through which cxtrapolation is made becomes
an appreciable fraction of the total range. Effects of sclf-absorption become
more prominent. An cxam-le of this accuracy achicved in the measurement of cl

by the Development Group is discussed in o later scction,

love)
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C. Spreasd of Source

In preparing a source for meésurement it is not always possible to place
the activity in an area small enough so that it may be considered as a point source,
In fact, for most routine measurements the sample is placed on 1-1/2" or 1" diametor
plate and counted within 0,191" of a window 1-1/8" in diameter, The possibilities
of loss in counting rate simply due to the change in solid angle from a point source
in the center to the edge of the plate is immediately apparent., This factor be-
comes less important as the plate is moved away from the counter face,

4 correctlion factor for a uniformly spread circular source may be obtained by
measuring the counting rate of a point source at various points across the diameter
of the tube, and integrating the rates after they have been weighted according to
the area represented by an annulgr ring at that radius. This may most easily be
accomplished by multiplying the individual counting rate by the radius at which it
was measured and plotting a curve of counts per minute times radius versus the
redius. The area under this curve is then proportional to the total counting rate
expected from an extended source of radius equal to the abscissa considered on the
curve, This area may then be compared to the area under the straight line re-
presenting the condition if no loss in counting rate were experienced.

Figure 8 represents the ratio of counting rates of point sources at various
distances from the center of the tube tc the counting rate on the axis, A4lso
plotted are theoreticel curves calculated from the geometrical conditions by the
method presented in appendix I. The measured curves are the result of the average
of three to six measurements on RaE, Figure 9 presents a plot of counting rate
times the radius versus the radius at which the points were measured, The &areas
under the curves are measured with a planimeter out to the radius of interest and
the ratios between the two areas found, In general, the two curves obtained on
both sides of the center are symmetrical within the counting error of the indivi-

dual points.

1083 1ub
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Although it was presumcd that little if any difference would be noted with

different energyparticles except in the lov ranges vhere a small cifference in

ebsorption thickness would be significant, curves werc measured for 614, 1131,

ReE, and Rul®- pni®d,

The results from these four sources expressed as fractions

of the counting rates at the given radiué that would be obtained for a point

source of the same activity are given in Table 3,

Table 3

TIO OF S SOURCE CO G_RATE POINT SOURCE
COUNTING RATE FOR EQUALLY ACTIVE SOURCES, fd,
RaE '
Shelf |0.50" Diam. 1,00" Diam 1.50" Diam 2,00" Diam 2.50" Diam.
1 0.95 0.84 0,59 0.39 0,25
2 0,96 0.87 0.75 0.62 0.36
3 0.97 0.94 0.86 0.76 0.69
4 0,99 0.95 0.91 0.86 0.69
5 0.99 0.97 0.94 0.91 0.86
1131
Shelf | 0,50 Diam. | 1,00 Diam, 1,50 Diam. 2.00 Diam. 2.50 Diam.
1 0,95 0.83 0.60 0.39 0.26
2 0.96 0.87 0.82 0.67 0.54
3 0.97 0.91 0.85 0.77 0.68
4 0,99 0.95 0.91 0.86 0.81
5 1.00 0.96 0.92 0.89 0.86
2100 _ 106
Shelf 0.50 Diam 1,00 Diam 1,50 Diam. 2,00 Diam 2.50 Diam,
1 0.94 0.76 0.54 0.39 0.26
2 0.93 0.88 0.79 0.66 0.54
3 0.97 0.93 0.87 0.80 0.73
4 0.98 0.96 0.92 0,88 0,82
' 14
Shelf 0.50 Diam 1,00 Diam 1,50 Diam 2,00 Diam 2.50 Diam.
1 0.95 0,79 0.51 0,32 0.22
2 0.93 0.84 0,68 0.53 .41
3 0,99 0.90 0.79 0.68 0.52
4 0.99 0.93 0,86 0.77 0.68
5 0.99 0.94 0,90 0.83 0.75

1083141
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Included .also are data for various shelves to illustrate the cxpected docrease in
importance of this factor whon extended sources are placed at greater distances
from the counter wincow, The data appears to indicate that for very soft beta
emitters such as 014, the factor is significantly different than when emitters
of higher energy such as the 1,17 ¥ev beta particles from Radium E are measured,
In general, the factors as measured for the Radium E source should bc applicable
to moderate encrgy materials,
D, Geomeiry
The geometry of a counter is coften loosely referred to as the ratio of
the counting rate to the disintegration rate of thc source, or to the number of
beta perticles emitted per minute from the source, This concspt is acceptable
when samples of the samo type and size, mounted in the same manner arc being
counted. In this case an ovcrall correction factor including scatter, absorption
and actusl geometry mey be lumped into a single correction factor, ™hen different
isctopes mounted in vorious manners and counted on different units are being
measured, each of these corréction factors must be taken into account separctely
if the results arc to be coceprred. In this work the geometry has been censidered
as the retic of the solid zngle subtended by thc aperturc of the sensitive volums
of the tube to the 4 g7'solid anglé, vith the source at the origin. This has been
obtained by correcting the counting rate of » source of Xmown disintcgr:tinn rate
for all inown factors such as scotter, absorption, etec., in the manner already
described and recording the ratio of the cerrected counting rate to the disinte-
gration ratc of the sourcc as. the -solid anglc corrcction, or energy-indcpendent
geonetry,
The cxact expression for the ratio of the solid angle fermed by the inter-
section of the counter windov with e spherc vith its center at the scurce znd on
the axis of the counter, an? rodius cqual to the distance from the point source to

the periphery of the window, to the total solil anglc about the point is given bys

R
[
Lo}
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2 'iT'RéR—h) (1)
in which, 4 aTR

R = Radius of the sphere (distance from
point source to the periphery of the
counter window,)

[}
"

h & Distance from the source to the window,

which reduces to, : )

Gg R=~-h (2)
- 2R

or in terms of the radius of the window, b,

L (1 - b
2 el ) (3)

The value of G calculated using this equation is generally higher than the
'experimentally determined value when it is assumed the distance h is measured
from the source to the plans of the counter window. Other investigators (13) hawe
postulated a possible dead space extending three or four millimeters up into the
tube away from the window and have obtained agreement between their results and
the calculated value by adjusting the distance, h. Since no values arc available
upon the actual depth of dead space beyond the windew, nn attempts have been made
as yet to correlate the calculated geometry with the cbserved goometry.

Geometry of the sets in use-has been obtained through measurcment of sourccs
from RaD, RaE, RaF chain in two manners: (1) a source preparcd and calibrated
by the Bureau of Standards, consisting of a palladium coated silver disc upon which
RaD has been electroplated; has been used as a primary standard; (2) sources pre~
pared in this lsboratory by eveporating small amounts of RaD, E, F solution on a
very smell area in the centor of an aluminum disc are ccunted deily as routine
control scurces. These control sources have been calibrated by counting on the
standard 52% geometry alpha counter and correcting the counting rate for coincidence
losses. It was also fcund that during evaporation of the liquid a small amount of

particles

the daughter, RaF(Po), whese alpha /[ are countcd in the alpha counter, was
lost, thersby destroying the equilibrium between RaD, E, F, Thc sources have
exhibited an alpha build-up, and from the monthly elpha counts made it has been

possible to calculate the equilibrium RaF disintegration rate which will eventually

16683751



be reached, The sources sre covered with 3,1 mg/cm? of cellophane to shield out
the alpha particles from RaF, and the very soft RaD beta particles (0.025 Mev).
The beta counting rate of these sources is corrected for absorption in the mica
window as outlined in Section B, and for backscatter from the aluminum mount by
the fector 1,29 given in Section IV-A, The resulting geometries for several of
the sets are given in Table 4., The Bureau of Standards soﬁrce was corrected for
backscatter by the factor of 1.58 given for silver in Section 4, and for absorp=-
tion in the air and window. In addition a correction factor of 5,3% was found
necessary because of the spread of the activity over a one-half inch diameter on
these sources, This factor was determined by the method given in Section C, making
accurate determinationé with points measured each 1/16 of an inch across the dia-
meter of the counter. The values of the geometry obtained with the Bureau of

Standard sources are also given in Table / for comparison,
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The reasonably good agrcement betveen these two sets of data indicate that 2t
least the backscatter correction which e apply camnnot be in error by more than a
few percent. It also serves to substantiate the value of 5§2% used for thc geomotry
of the Standard Alpha counters on which the control sources were calibrated,
E. 3Self-Absorption
"hen a counting plate is prepared from an analytical sample, a signifi-
cant emount of residuc is usually obtained unless the sample is so active that only

a small amount mey be used. The amount of this rosidue may seriously affect the

results due to self-absorption of the particles and to some extent to scatter of

particles by the residue inte the counter. The mechanism of beta scatter and beta
absorption is extremely complicated due to the wide spectrum of the energy of the
particlcs and this phenomenon is practically impossible to calculate from theoreti=
cal data. In general, correction factors are obtained by preparing plates with .
known amounts of precipitated carrier and knewn amounts of nctivity and obtaining
empirical self-gbsorption curves., Other investigators havc published such curves
for numerous materisls, (5,6, 12) but in general it is felt that such correction
factors should be obtained with the particular techniques and equipment being used
by the individual performing the work. Self-absorption curves for several materw
ials are plotted irn Figures 10 and 11. These curves are plotted as fraction of

the nctivity measured versus the thickness of precipitate spread on a one and once
half inch stainless steel plate and counted on the first shelf. The curves for
S35, 014, Fe59, and Ca’? are of particular intcrest and importance bccause of the
extremely large sclf-absorption encountercd with these soft beta emitters. It is
of interest to ncte at this point that the Cl4 curves obtained in this laboratory
agree very closely with those cbtaincd by Dr. Yankwich at the University of Cali=
fornia.(12) One interesting phenomenon with 2 soft beta emitter such 35 cl4 1s the

relative independence of thc counting rate on amount of material once a certain

criticel thickness is reached. Thus, with rore than 25 to 30 mg/cm2 of barium
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carbonate on the plate in the meaéurement of 014, the counting rate is proportional
to the specific activity or curies pef gram of the material rather then on the
total amount on the plate. The use of mica window cognters for the measurement of
014, 835, etc, is perfectly acceptablc when large amounts of activity are present,
It is not as sonsitive as some of the other methods outlined in the 1literature
(13, 14, 15), but can be used acceptably if counting rates of 10 to 20 counts per
minute above background on = sample may be obtained. In any case the self-absorp=
tion correction factor plus the factor for absorption in the wiﬁdnw and air and for
backscatter should be determined in order to obtain absolute values.

an interésting consequence of self-absorption was obtained when a request to
calibrate a small uranium chip for use as a counting standard was obtained. The
small chip of uranium metal weighing approximately 100 mg was counted on the first
and seconc shelves and the rosults calculatéd to apparent disintegraticns per min-
ute using the geomeiries obtained by thé Radium D standards for these shelves, The
measurement on the first shelf indicated 4980 beta particles per rinute, while the
measurement on the second shelf indicated 6530 beta particles per minute, An experi-
ment in which inactive cerium nitrate was added to radio-ruthenium on a one and onee
half inch stainless steel plate indicated that the increase in gpparent disintegra=-
tion rate on thc second shelf was actually real and was probably due to a self-
absorption factor,

A qualitotive explanation of the effect, suggested by C. C, Gammertsfelder,
involved the differences in path length in the material for bete particles emerging
from a small rectangular chip at various onglcs. Thus the porticles arriving at
the counter on the first shelf incluce those which come out at a greater angle to
the normai than those on the sccond shelf. The effective path length in the urane
ium i1s thus lomger resulting in an effective decrease in the measured activity.

An attempt was made to obtain a semi-quantitative measure of the effcct by calculoe

ting the absorpticn from a RaE spectrum and data on the penetration of porticles.
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(See appendix II). 4 correction factor of 69% for absorption in the uranium on
the first shelf, and 94% on the second shelf was obtained. When these values
were applicd to the measurcment, values of 7200 and 6960 beta particles per mine-
ute were obtained for the first and second shelves respectively.

The above cxnlanation wes given additional weight by the results of an experi=
ment vherein a chip of uranium 0.173 mm thick was mounted on a support which could
be rototed about a horizontel axis. Directly over the center of the source a
slit wes placed to allow only & narrow beam of rays directly from the center of
the uranium chip to cnter the counter window., This holder was placed on the sece
ond shelf ond the chip rotated in steps of 10 degrees up to 70 degrees and the
counting rate determined for each angle. Each value cbtained in this manner
was nmultiplied by a constant which made the initial point fall directly on the
value for fraction transmitted at 0° as developed above. As the angle increased
the counting rcte fell off end at a rate in fair agreement with the calculated
values. Both the calculnted curve and the measured curve are given in Figure 12,

F, Miscellaneous

For most of the routine work no correction is made for the contribution
to the counting rate caused by gomma radiation, because of the low efficiency of
the porticular type of counters used. This in general means that the rate for
the routine samples will bte hiéhcr than the trus rate and will therefore serve
a8 a safety factor in hecalth measurements. For accurate work however, it is nece
essary to obtain a velue for the beta radiaticn only, This is generally acconme
plished@ by the use of an aluminum absorber of such thickness as tn allow complete
absorption of the beta p-rticlcs but minimum absorption of the gamma photons,
Thus when dealing with 2 beta porticle of 1.5 Mcv sufficient aluminum would be
inserted betvcen the sample ancd the source to cut sut the bete particles and pos=
sibly leave about 5-10% cxcess nluminum as a safeguard. These obsorbers ore ine
scrted as close as pessible to the counter sc as to minimize scatter effcets. The

smzll contribution of sccondary olectrons fror the face o the shield is ignored

108375
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since it is felt that this smount of radiation would involve a very small error
compared to the mognitude of errors in the other factors such as absorption in
the window, backscatter, etc.

No specific determin-~tion for the coincidence losses has been made although
this would be possible by tho samo technique deseribed under the alpha counting.
In general, a veluc of 0.2% loss - per thousand as quoted in the literature 'for
this type of counting equipment'has been used.

The greatest single factor in causing errors and nonereproducible results in
our counting hos been the spread of the activity on the enunting plate. The pletes
used have sharp corners a2t the edges and the material being evaporated tends to
agglomerate in theso corners giving a ring of activity at the outor circumference
of the plate. Since this ring of activity is at a considerable distance from the
coenter of the tube the gcometry for counting is low and a low value compared to the
correcticn factor obtained in the section on spread of the source is obtained,

Radiocautographs of tho plates prepared with small amounts of carrier are
given in Figurc 13, Sinco this is a more or less random cffect and dependent upon
the techniques used, the temperaturc at which the evaporation is carried out, the
amount of carrier present, etc{, the values for o glven series of plates will
fluctuate over a mucﬁ wrider range than would be expected from sheer counting
chance. It has been difficult to eliminate this in the past because of the desire
ability of having plates on vhich several milliliters of liquid may be evaporatod.
Experimental plates smcller in diametcr with the corners curved so as to eliminate
sharp brecak 2t the circumfercnce of the plate are now being used. It is believed
that this will producc a large improvement since it will tcnd to eliminate the
agglomeraticn at the corner cnd will make a smaller area for the counter tube

to view,

RRUENEE



HW=-18258

| —38 -

dIHO WNINVHN V WO¥d Q311IW3 STI0ILEVd V138 JO NOLLNEIWLSId OIdOY1O0SINY "2l 914

YWHON WOUJ NOILVLOY 40 379NV = ©
oL 09 . o08 0P O <03 «Ol 0000

oI'o

03A¥3S80 O
G3LVINTWO X

0 LV Q3ZINVNYON) Q3LLINSNVYL NOILOVYS

¢
o

o

s T N O e




H3AWUYO LNOHLIM

Q3140 S31Vid AB OILIBIRXI WM 3HL 1Y NOILVHLNIONOD aNV
9

NIQV3Y¥dS WHOJINN SS37  “ALIAILOV H3HOIH Ol ONOdS3YH0D SV3dV Q3aN3INYVQ
"HIMYYD LNOHLIM ONV HLIM (Q31VNOdVA3

ALIALLOY _S..mt Q,v_ﬁo ONINIVANOD S3ivd ,2/11 J0 SHdYYO0LOAVOIQVY

4

£ 3¥NOI4

H¥3184VD 4NOHLIM S3lvd




-40- | HA-18258

V. Discugsion

The estimated sccurzcy of the calibraticns employed arc such that the final
evaluaticn for e point source ﬁith no self-absorption should be within +5% of the
truc value for modcrate cnergy emitters. The error mey be slightly gronter Bor
low encrgies (0,15 - 0.4 mev,) Thc most serious crrors arc belicved to be due to
non-uniform spreading on tho sample plate. Since the solution concentrates around
the edges, the bulk of the material is counted ~t a low geometry. The usc of cne
inch plates fer beto counting has greatly assisted in mere uniform results.

Thesc colibrations -re used to cstimate activitics in samples by calibrating
a solution of the aetivity to be measurcd and obtoining the overnll yield of the
chemical and counting proccss by analyzing aliquots of this calibrated solution
along vith the samples., Thus an overall veluc of the chemical and. ceunting yields
may be obtained ond exprcsscd as ¢/m per microcurie in the sample, {Micrncurie
is defined fer this work as thnt apount of materiel that cuits 3.7 x 104 beta par=
ticles per sceond) Generzlly such scluvtions may be active onough so that the ali-
quot used can be placed on o very small arca thus giving essentinlly a point
source with nc self-cbsorption,

Several checks on the ccunting have bcen made by comperison with other methods
and othur leboratorics. L comparison of I-131 sourccs carricd out for the pur-
pose of studyirg thc chemistry of iodinc gave the results listed in Table 5(14).

131 Table 5
I131 yp)SUREMENTS BY THREE METHODS

'Source Value by ' Value by T Voluo by

# Beta Counting Coincidence Counting Vocuum Low Germetry

- — . L Counter

r d/m a/n % ¢/m

P .| 5.60 x 100 4 1.65% 6.29 x 100 + 5.,6%% | 6,08 x 106 & 1.68%

. \

Q 1.4 x 10% + 1,08 11.11 x 106 & 4.6% | 10,65 x 106 & 1.58

S BN PR L ]

* Error incdicotes counting orror rnlj cn 90% cenfidence level,
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The coincidence results were corrected by cstimated valuss for the difference
betweon the beta ray spectrus listed by Kern, Mitcholl, and Zaffarano(15) and a
simple coscade scheme, The vocuum low geomctry device is an instrument construc-
ted ot this laboratory to cllow the measurement of 2 well collimanted beam of beta
porticles with a mica window tube. More details of both methods will be issued
in a lzter report,

One sample of 014 was obtained from Dr. Bennig 2t Argonne Notional Lgboratory
This sample was calibrated very carefully for use in a measurement of the half-
life of M4, His valuo was (1.15+0.014) x 10° d/m;(l6) the value obtained in this
laboratory using micr windou counters was (1.2240.029) x 10° a/m, o 6.1% aif-
ference.

These cross-checks woull scem tn indicate that the values quote? in this
repcert orc reascnably consistent with the truc values. Further work is planned
to climinnte present small errors due to instrument peculiarities eond to further

refine the correction valucs presented in this report.
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APTENDIX T

I, Geleulation of Geometry for Off-Center Scurce.

The problem consists of measuring the solid angle subtended by the counter
face 2nd a point., This may be accomplished by calculating the area subtended on
a sphere of radius O4 (Sce Figurc 14) by the Figure QAB where 4B is a projection
of the counter window on the X0Z plene with the source located at the origin, O,

V Figure 14

The cquation of the scolid Figurc 4BO may be calculatced by considering that
planes parallel to the XOY plane will cut out circlecs of different radii, The

radius of thc circle is given by:

(1) R' = R

2 h
“her¢ h iz the pcrpendicular heigﬁt of the countecr face above the source,
% is the hcight of the genersl cirele of radius R', nnd R is the radius of the
counter,

(13) R? - ....B._.
' h

O
o
S
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The position of thc center is given by the equation of the linc EO.

(2) 2z = _h_ «x
b

There b is the cdisplecement of the source (2t origin) from the center of
the countcr window,
Thus the equation of the surfaoce ia:
(3) (x - __ )2 $} y2= 72
If the length of the 11ne A0 is represented %y r, the oquation of a sphere
with origin at the center through the point 4 is:
W 2+ ¥ 4= P
Eliminating y botween oquations (3) and (4) to obtain the trace in the X0Z

plane:

12 - - -
(5) 22(-;5_ -—22_ 1) ﬁb x4 2T

The arec of intcrsection 1s then given by:

(6) /1&’ Ab! 2 2
A = /' {? + (—ﬁiig-) + a z
‘/a Jb J _5% e

TThere the 1imits a and b are obtained from the tracec in the X0Z plane,

2
2

Solving equation (5) for z:

sz ¥ - K

L

(7) =z = bx*?

"here K = r2(b2 = R? «h?)

L =_K
r2h

This expressicn will give the lover limits for z on the integraticn when the
negative sign is used. The uppcr limit is given by the equation of the circle
projected on the X0Z plane by the sphore.
| The limits for x arc obtained by simultaneous solution of the equation of
the trace of the sphéro in thce X0Z plene and the equation of the line from the

origin to the edge of the counter, OB.

BN



for the points of interest by grophieal methods.
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Thus the arcc of intersccticn is given by:
r

(8) Arca :ﬁfl +(ﬁ;—)__2//\ \/1.2 - \/_;2____;21___2 dzdx
-X° =3
“box /_b_l_r_t Vi - K
L

After the first intogration and substitution of limits

r
2
(9)Aroa= r /1+(b:_’r) _577_- - arc sin _bx Vb2 - K dx

B/ -

l

“b-r

Since this cxprossion is difficult to intcgrate s it wos decided to solve

The integration is summed in -

Table 6,

(0837Thb
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Table 6

H1-18258

§-’)LUTION OF EQUATION FOR COUNTER GEOMETRY

h r Area of Total Area |Caloulated ) Calculated
Intersection of sphere Geometry | Geometry for Ratia
Pt. Snurce in
Center
0.191Y}' 0.25 0.5354 1.686 0.3176 0.339 0,957
0.50 0.1100 0.5076 0.2168 0.639
0.75 0.0483 0.9003 0.0536 0.158
1 1,00 0,0367 2,864 0.0128 0.038
0.816"] 0.25 0.7814 9.595 0,0814 0.0883 0.922
0.50 0.5632 8.417 0.0669 0.758
0.75 0.4250 8.809 0.0482 0.546
1.00 0.3562 10.77 0.0331 0.375
1.441" ] 0.25 0.9190 27,32 0.0336 0.0343 0.980
0.50 .7800 26414 0.0298 0.869
0.75 0.6612 26454 0.0249 0.726
1.00 0,5762 28.50 0.0202 0.589
2,691 | 0.25 0.9422 92,23 0.0102 0.0106 0.965
0.50 0.9270 91,05 0.01018 0.962
0.75 0.8556 91,44 0.00936 0.885
1.00 0.8234 93,40 0.00981 0.833
\
108310
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APPENDIX II
CALCULATION OF THE EFFECT OF ANISOTROPIC DISTRIBUTION OF BETA

PARTICIES FROM & URINIUM CHIP ON THE AFPARENT DISINTEGRATION RATE
A graphical analytical method can be used to reconcile the apparent discrep-

ancy betweon the beta particle emission rate from a uranium chip determined by
counting the chip under two diffcrcnt gecmetries. The cxperimental observation
to be cxplained is thnt the emission rate as ealculated from secend shelf counting
rate is markedly higher than that calculated from counting the same source on the
first shelf, assuming that sclf absorpticn losses arc cqual at both geometries,
dssume o chip of smcll area ond a thicknoss of 0.3 mm, Calcul-te the equive
alent path lengths in cir of the poths of particles from points within the chip
to the surface of the chip moving at angles €1, @5, €3, etc., from the normal.

This is done for points at various distances, "t", below the surface, See Fig. 15,
e
< 1"%’62

- 0 /A‘\\ 7493

X,

) ! A
| =

e
R
.

Fig. 15

Using this datz for the equivalent air distance traversed by particles in
escapimg from the urcnium chip, 2 corresponding cnergy cen to assigned to each
path length which will bec the beta cnergy recquircd tz just troverse this distance
in uranium, Assuming thot the cnergy distributicn curve for uranium betas is
similar tc that of RaE, the froction of betas h-ving an energy gre~ter than that
required to just get through the chip along an angle @, and from a point "t" mm

below the surface con be calculated. & table or graph can then be preparcd
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relating the fraction of beta particles transmitted at various angles for a series
of assumed depths below the surface, Teble 7 presents data obtained to a depth of
0,12 mm,

4 plot is then made of fraction transmitted versus depth below the surface

for the varjous assumed angles, éee Fig. 16.

1,00

0.8
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0.4

Fraction Transmitted
e
////
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0° gnd 10°
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i

Fig, 16 Calculated Fraction of Hard Betas
Trensmitted Thru Uranium Metal
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The aversge fraction tronsmitted along a given angle is determined by measure
ing the arez under the curve for the given angle, and dividing by the maximum
abscissa or intercept. The actual valucs found ~re shown schematicelly in Fig. 17,

' . 1lst Sh,
\ e, /6, = 71014

2nd Sh.
8y = 34925

Fig, 17
Tho average fracticn transmitted 1s weighted according to the crea of the
window which will "sce" this fraction by multiplying cach such fraction by the

radius 2t vhich the rcy entors the window., This value is plotted against the

radius,
|
|
5.0 %_
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Fig. 18VWeighted Variction of Fractien Transmitted
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If the beta radiation were isotropic, this plot should give a straight line
passing through the origin with a slope determined by the fraction transmitted
along the normal (0°) line, Since greater and greater losses are experienced with
more obtuse path angles, the actual curvc falls below the isotropic curve, The
ratio of the area unéer the actual curve to that under the étraight line is a
measure of the relative fraction of beta particles arriving at the window,

43 can be seen, for the second shelf this departure is much less than for the
first shelf, since when the source is counted on the first shelf, a large fraction
of the betas are lost in traveling through the longer paths at obtuse angles. The
actual departure for the sample assumed by this dovelopment is 6% on the second
shelf, and 312 on the second,

In effect, to normalize, or put both counts on a comparable basis, the count
of a small thick chip of uranium on the second shelf should be divided by 0.94 and
the count on the first shelf by 0,69, In the case oxamined these corrections
brought the emission rate as calculated from first and second shelf counts into
fair agrecment, /

It is obvious that this analysis can give but a roughly quantitative measure

of the effect since several qualifying assumptions have been required, such as the

shape of the beta spectrum for uranium, However it does confirm the concept that
the geometry may play -an important part in the self absorption correction factor
for thick samples, and that the counting and mounting arrangement used when a self
absorption curve is taken must be followed exactly if the correction factor is to

be valigd,

o0
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APPENDIX III
APPLICATION QF BETA COUNTER CALIERATION
DATA TO CAICUIATION OF DISINTEGRATION RATES

The correction factors presented in the text are applied to the observed coun-

ting rate in the following manner,

d/m = c/m)(fa |
(G)(fd)(fb.s.j(fs.as
In which,

d/m = disintegrations per minute

¢/m = observed coumnting rate

fa = air-window absorption factor as defined in text.
G = point source geometry
fq = sample diameter factor

rb.s.
fs.a, = self absorption factor read from graph relating relative

backscatter factor

counting rate to welght of residue on plate. Used

primarily for soft beta emitters,
In evaluating an snalytical procedure for low level beta activity the follow=-

ing procedure is used. A solution is prepared containing a tracer quantity of the
isotope for which analysis is to be made. This solution is standardized by pree
paring aliquots for counting by delivering 507\ or 100A to the center of a plate of
the type to be used in the analysis. The aliquot is allowed to dry essentially as

a point source with no self absorption. From the counting rate and using the fac-
tors as described the disintegration rate of the "spike® can be calculated without
the complication of non uniform spreading since the sample diameter correction be=-
comes 1,00. The same aliquot is then used to ™spike" blank samples, and the chem~
ical extraction and precipitationé performed exectly as with the uninown samples,
The ratlo of the ¢/m to the d/m of the aliquot of the spike is then used as an over=
all yield factor to arrive at the disintegration rate of the unknown, This yield

factor includes effects due to manipulation or chemical losses as well as the effects

of spreading and self absorption,
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