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BETA DOSIMETRY STUDIES AT LLAL*
Dale £. Hankins

Lawrence Livermore National Laboratory
P. Q. Box 5505, L-386
Livermore, California 04550

*This work was performed under the auspices of the U. S. Department of Energy by
Lawrence Livermore National Lahoratory under contract No. W-7405-ENG-48.

Abstract: This paper summarizes three heta-dosimetry studies made recently at
the Lawrence Livermore National Lahoratory. The first study was to determine the
beta-gamma exposure rates at the Los Alamos Godiva IV Critical Assembly, The
bata spactra from the assembly were evaluated using ahsorption curves and the
beta-gamma dose-rate ratios were determined at various distances from the
assemhly, A comparison was made of the doses determinred using two types of TLO
personnel dosimeters and a film badge. The readings of an Eberlire RO-7 instru-
mer* and the dose rates determined by TLDs were compared. Shielding provided by
various metals, gloves, and clothing were measured. The second study was to
determine the beta energy response of the Eberline R0O-7 dinstrument based on
measurements made with the PTB beta sources. This study required additional
calibration points for the PTB sources which were made using extrapolation
chamber measurements. The third study resulted in two techniques to determine
the beta energy (Epax) from the readings of thin-window portable survey
instruments, Both technigues are based on the readings obtzined using 2luminum
filters. One technique is for field application, requires one filter, and
provides & quick estimate of the beta energy in three energy groups: <0.5 MeV,
0.5 MeV to 1.5 MeV and »>1.5 MeV. The second technique is more complex
requiring measurements with two or three filters, but gives the beta energy and
the approximate shape of the beta spectrum.

Introduction

We recently completed three related studies on beta dosimetry at the Lawrence
Livermore National Lahoratory. These studies originated from & -equest we
received to aid in the reevaluation of ar exposure that occurred in 1963 at a
critical assembly, OF particular interest was the heta component of the dose and
the corresponding beta spectra from a critical assembly. This study began
shortly before the Beta Dosimetry Workshop was held in New York City in December
1981 and this meeting was attended to determine the present state of the art in
beta dosimetry. At the meeting, it was learned that a simple technigue to
determine beta energies using survey inctruments at field locations was needed.,
In this paper we discuss two technigues we :ave developed to meet this need. Ue
also became aware of the beta measuring capability of the Eberline R0O-7 survey
instrument which appeared to he an ideal instrument for use in our critical
asserbly study. Unfortunately, the beta energy dependence was not adequately
known so we performed a study of the beta erergy dependence of this instrument.
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Each of these studies has been prepared into separate reports (Ha 82a, Ha 82c,
and Ha 82e) and this paper describes only a part of the results. Copias of the
complete reports are available from the author or will be published later in a
journal.

I. Beta- and Gamma-Dose Measurements of
the Godiva IV Critical Assesbly

The dose received by personnel whila working around criti- .l assemblies iS now
and always has been measured using the regularly issued pe sonnel dosimeter. In
the past, this was a film-badge dosimeter, and of particu r interest here is a
simple film badge worn by the personnel at the Nevada Tesc Site (NTS) in 1963.
The doses indicated by the film-badge for a person who worked at NTS on the Fran
Critical Assembly has recently been reviewed (Ho 81). The sadge consisted of a
du Pont film with a strip of 0.028-in. lead wrapped around one end of the film.
The f1lm was worn by placing it in a clear plastic (0.004 in. thick) heat-sealed
bag which was attached to the back of the security badge with a clip. The
records of the individual exposed in 1963 did not indicate any beta, but it is
known that some beta exposure occurred.

He wer. asked to perform measurements on a bare-metal critical assembly to
determine the accuracy of the film hadge for beta and gamma doses from an
assembly similar to the Fran Assembly (which no longer exists). The beta/gamma
ratio as a function of distance from the assembly and of time after a burst
(beginning at four days and extending at least one week) was required to simulate
an earlier exposure in 1963. An evaluation of the shieldirg afforded by various
metals, gloves and clothing, which were used in 1963 on and around the Fran
Ascembly was also requested and we added to this request a study of thz response
of personnel TLD badges presently in use.

The Godiva IV critical assembly located at the Los Alamos National Laboratory
(Los Alamos) was selected for our study (Pa7e). The assembly core is made of
six plates, 7 in. thick of 93% enriched uranium., The core is a right cylinder
6.1 in. by 7.1 in. diameter and is held together by three steel "C" clamps spaced
at 120° intervals around the core, The uranium has a thin coating of vapor
plated aluminum to decrease contamination and oxidation problems. This aluminum
coating is 1 to 2 um thick and therefore does not provide any sianificant beta-
particle shielding when compared to a bare-metal assembly. (Alpha particles can
he detected through this plating.) Our results can be used with other assemblies
having metal coating by applying the results from our studies of shielding by
various metals.

Los Alamos agreed to have a special burst of the Godiva IV assembly four days
before we began the study. They also volunteered to include their personnel
dosimeter in the study which provided an independent check of our calibration
and dosimetry procedures.

Considerable background work was required to evaluate the results obtained in
thi- studv, This included an energv-dependence evaluation of the R0-7 instrument
(Ha 82a); a determination of the effective.beta thickness of 0.036-in. LiF TLDs,
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compared to aluminum (Ha 82b); and a method to evaluate the beta energy (Epay)
by using the RO-7 or other thin-window beta instruments (Ha B7c). We used ‘Li
TLDs and an Eberline Instrument Corporation RO-7 survey instrument to determine
the beta- and gamma-dose rates from the assembly.

Summary
The following conclusions were reached during :his study.
Film Badges

The film dosimeter, consisting of a piece of film with a 28-mil lead foil wrapped
around one end to serve as a beta shield, can measure the gamma-ray dose received
from critical assemblies within the 220% required for persennel dosimetry.
This film dosimeter was normally worn behind a plastic security badge which does
not affect its gamma-ray response. Although our results do not give an accurate
measurement, the film dosimeter apparently is reasonably accurate when exposed
to beta particles without the security badge: but, when located behind the
security badge, the response is low by about a factor of 2.

TLD Badges

Personnel TLD hadges of the type presently issued to LLNL personmel can measure
the qamma-ray exposure fram critical assemblies to within +20%. The beta
response of the badge to the beta spectra from this critical assembly is low by
about a factor of 2. The Los Alamos badge records the gamma-ray dose correctly,
but is low by a factor of 4 for the beta dose.

RO-7 Instrument

The R0-7 instrument, when nroperly calibrated and adjusted for elevation, can be
used to accurately measure the gamma ray dose rate from a critical assembly.
When the beta shield is removed a factor of 1.3 must be applied to the beta
reading to correct for the under-response of the instrument. The gamma ray and
beta doses measured with an RO-7 appear to bhe accurate to within +20%.

Beta/Gamma Ratio
The beta/gamma ratio from the Cndiva IV critical assembly is a function of the
distance from the assembly and is about 1.3 at 0.5 in., about 1.2 between 4 to
18 in. and drops to about 0.63 at 36 in. where the beta is being appreciably
attenuated by the air.

Shielding by Metal, Gloves and Clothing

Reductions in the total dose rates of 40% and 44% are obtained behind shielding
of 10-mi1 Cd and 30-mil1 Tead gloves indicating almnst complete beta absorption.
Surgeons gloves, household plastic gloves and 1-mil Cu provide a reduction in
the total dose rates of 11%, 15% and 9%. Clothing consisting of one, two and
1 four layers of lab coat reduced the total dose rate by less than 10% indicating
| that clothing provides essentially no protection against the radiations from the
il Godiva IV assembly.
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Backscattering of Beta Particles

There was no indication in the TLD readings of any backscattering from the Lucite
we used in the study. This means that backscattering materials are not required
for TLD measurements of beta particles coming from critical assemblies. The
lack of backscatter also indicates that tha gamma ray spectrum does not have
significant gammas with energies between 30 and 100 keV, where backscattering is
significant.

Non-uniform Activation of the Core

The dose rates on the side of the core is higher near center line than at the
top or bottom. The dose rates near the hottom are higher than near the tap
probably because of the safety block which is located just below the core.
Surveys made close to the core of a critical assembly should consider these
variations.

Beta Absorption in TLDs

A 35-mil thick TLD has an effective absorption thickness of 175 mg/cm2 of
aluminum compared to an actual thickpess of 23F mg/cmz. The correction factor
for beta absorption in the TLD viries with distance from the assembiy and decay
time following the burst. In this study, the correction factors based on
absorption curves obtained using aluminum varied from 0.604 to 0.712.

Beta Spectra

The beta spectrum from the critical assembly varies as a function of time
following the burst and of distance from the assembly. The spectrum at 4 days
following the burst contains a lower energy component that is missing 12 days
following the burst. The intensity of the betas drops markedly at 36 in.
indicating cansiderable absorption by air. The beta spectrum at 36 in. is harder
than the spectra closer to the assembly. The bata spectrum is complex consisting
of a composite of betas and gives an approximate straight line absarption curve.
The betas have an Epgy of about 2.5 MeV.

Low [nergy Betas

There was no indication of a significant low-energy beta component in the beta
spectra from the critical assembly. To confirm this, measurements were made
with thin and thick TLDs, we obtained absorption curves using aluminum and we
compared the results of the RO-7 instrument and TLD measurements.

I1. Beta/Energy Response of the Eberline
RO-7 Survey Instrument

We obtained an RO-7 radiation survey instrument from the Eberline Instrument
Corporation to use in a study of the beta dose rates from the Godiva IV Critical
Assembly at Las Alamos National Laboratory. We have performed a limited evalua-
tion of the instrument and have determinad its energy dependence for bete
particles.
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Description of trke RO-7 Instrument

The RO-7 instrument is a hand-held, cutie-pie style survey meter with a liquid
crystal digital readout. The instrument is available witn three interchangeable
ion chamber probes, although we used only the midrange probe (RO-7-8M) in this
study. The midrange probe has a full-scale range of 199.9 R/h and a reso'ution
of 0.1 B/h. The Jjon-chamber has a3 l-in.-diameter entry window 2 mils thick
(~7 mg/cn?) of aluminized mylar. The chamber s 1lined with phenalic
nominally 1/8 in. thick. The housing is nominally 60 mil thick. The chamber's
internal dimensions are 1-in. diameter x 0.6-in. length {2.5 cm x 1.5 cm) witk a
sensitive volume of 7 em3. The beta shield is a plastic cap (~1000 mg/cmz)
over the beta window and is held in place over the probe by an 0-ring.

One disadvantage of the RO-7 instrument we found in this work was its low sensi-
tivity. The lower detection limit is 0.1 R/h and the display is in units of
tenths of R, so a source reading hetween ~0.05 and 0.14 will indicate 0.1 R/h.
At the overlap region the instrument will flip back and forth between the two
numbers and we found this to be an area where the dose rate could be determined
with greater accuracy because the switching occurs over a small region; for
example, ~0.14 to 0.16 R/h,

Gamma Evaluation

The first part of the evaluation was to_determine the linearity and the instru-
ment's relative response fo 60co and 137¢s gemma rays. The response of the
instrument was found to be exceptionally linear over its three-decade range.
There is no discernahle difference hetween the 60co or 137s calibrations.

The above results were obtaiped with the plastic beta shield on the probe. When
it is removed, the instrument responds to electrons being ejected from the 60co
and 137¢s source encapsulation (the rabbit tubes) and from the air. Figure 1
shows the increased readings ohtained with the beta shield removed from the
probe. The increase in readings varies from about 6 to 14% depending on which
source is ysed and the source-to-detector distance. These high readings are not
reproducible under different scattering conditions; for exemple, we found that
an aluminum plate (x3 ft dia., 1/4" thick) which previously had been located
just under the source to place dasimeter on during irradiation, increased the
instrument reading to ~19% for 60Co and also resulted in a different shape
curve beyond one meter. For & narrow beam geometry, the effect of these
scattered electrons will be negligible and in addition, the reeding of the
instrument without the shield will probably be Tower than the dose rate value
because electron eguilibrium has not been established in the RO-7 instrument.
The RO-7 window is only 7 mg/cm2 which is far short of the several hupdred
mg/c necessary to establish electron equilibrium for gamma rays from 137(s
or %Co.

The measured dose rates from isotopes or combinations of isotopes containing
high-energy gamma rays would indicate that beta radiation is present and a skin
dose is being received, even though no bete decay is occurring. In field work,
however, if the beta dose rate is as small as the above cortrihutinn by
electrons, it is usually not considered to be significant (when compared to the
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Fig. 1 Response of the RO-7 instrument, with the beta shield removed, to 137¢s
and 990 gamma rays as a function of distance from the sourca.

gatma exposures). This effect is not unigue to the RO-7 and epplies to 2ld
instrumznts with thin windows. The magnitude of the effect may be slightly
different for other instruments deperding on the wirdow thickness and geometry
factors of the probes.

Beta Evaluation

To determine the beta response of the RO-7 instrument, it was placed at various
distances from the PTB beta soyrces used with and without their filters or
flatteners. A1l distances were measured from the face of the source to the
center of the probe. The PTB filters consist of disks made of thin plastic
positioned zt 10 cm from the source. These filters flatten tne bata beam to
permit larger probes to be exposed uniformly (see Ha 87d).

To help establish the response of the RO-7 instrument at low dose rates we
obtained data with a pancake GM instrument. The window size was reduced by
taping an aluminum disk with a 1.0 in. diameter hola {probe size of RD-7) on the
pancake probe. When compared, the response of the RO-7 ‘nstrument end pancake
probe agree very weil even though the instruments have slightly different window
thickness and are different types of instruments; i.e., a G.M. vs an icn chamber.
This procedure may not be entirely accurate but is believed to give much better
results than would be abtained by using an extrapolation or quass work.

Enervy Response to Beta

To determine the energy respanse of the RO-7 to betas we compared the PTB cali-
bration values and pur extrapolation chamber results with the dose rates indi-
cated by the RO-7 instrument. TheSe data are shown in Table [. We have shown
three dose rates for the PTB sources: (1) the measured dose in air, and (2 and
3) the calculated doses (using the factors pravided by the PTB) in tissue (at 0
depth) and at 7 ma/cw depth in tissus. In the last two columns we hawe
determined the percent deviation af the RO-7 instrument from the tissue and
7 mg/crn2 depth dase.
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If the RO-7 instrument were an ideal Bragg-Gray air ionizaticn chember, the RO-7
chould read ~1.15R when exposed to 1 rad of %05r.%0y batas. The lower-
than-expected readings of the RO-7 to betas shown in Table T can be explained by
the failure of the RQO-7 instrument to meet the requirements for 3 Bragg-~Gray air
jonization chamber. This is not surpriszing since few, if any, instrumenis meot
all the regquirements for a Bragg-Gray air ionization chamber., With the RO-7 the
number of ergs/g of air in the chamber caused by 1 R of gamma rays is most likely
not the theoretical value of 8A.0 (it is probably higher), B8v adjusting the
instrument response, the meter can be made to read ! R far zny value of ergs/a.
When this instrument is celibrated to indicate 1 R when exposed to 1 R of gamma
rays the meter should, in theory, read 1.15 PR when exposed to 1 rad of tbota
{100/86.9 ergs/q). The failure of the RO-7 to do so is caused by several
factors; zmong tnem are (1) the changs in the probe caused by removing the teta
shield, and (2) the probe is not exposad to 1 rad hecause some betas are absarhad
in the probe window. [t would be difficult to quantitatively evaluate 211 the
factors contributing to this problem and wouldn't be worth the effort., Conss-
quently, the RO-7 instrument, when used to evaluate beta doses, requires a "beta
factor” greater than one for all beta energies.

The "air dose" from betas is not normally of interast in nhealth physics work
where we gre interested in dose to people. hw-at 15 required is tissy2 dntas
pither at the surfaca (0 depth), at 7 mg/cm2 cr soma othes selected daoth in
tissus. The beta facter curve for the RO-7 instrument for tisst2 at 0 depth is
shown as the salid line in Fig. 2. This figure shows a large bata factor at Tow
beta ensrgies for tissue at 0 depth but for hzalth phvsics appiication the tissue
at 7 mg/cn? depth is thne eppropriate curve.

_
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Fig. 2 Beta factor for the RQ-7 instrument as a function of beta energy.
text for 3 discussion of the cshape of the curves at low erergy.



TABLE 1 Response of the RO-7 instrument compared to the hteta dose rates in air. -

Extrapolation '

rhamber
Dn<e Ratesd Caiculated Dose Rates ROQ-7 Relative
{(rad/h) {rad/h} Nose Rate reading of RO-7/
Snurce Distance 1ir Tissue 7 mg/depth (R, n) Air Tissue 7 mg depth
905 1arge 11 cm 176 106 209 210 1.19 1.07 1.00
no flattener 70 cm ?4.0 2R.7 ?8.5 24 1.00 0.90 0.84
50 cm §.59 9.54 10.) 8.0 0.93 0.84 0.79
1.0 cm 7,04 .27 7,30 1.7 n.83 0.75 0.71
9C5r smal 30 cm 0.594 0.659 0.686 0.59 0.99 0.90 0.86
Flattener
no Flattener 11 cm 6.73 7.48 8.00 8.0 1.19 1.07 1.00
30 cm 0.962 1.06 1.13 0.95 7.00 0.90 0.84
50 cm 0.335 n.37 0.39 ~0.31h p.03 0.84 0.79
1 m 0.0768 D.08S 0.091 ~0.070  p.a) 0.87 0.77
20 20 cm n.0745 n,oean 0.0810 ~0D.0ab  0.54 0.47 0.49
Flattener
ne flattener 11 cm 1.001 1.140 1.09 .74 0.74 n.63 0.68
30 cm 0.117 0,173 0,127 ~0.075D  D.g4 0.56h 0.59
50 cm n.n3? 0.036 0.03% ~0.017b 0.53 0.47 0.49
4
1470y 20 cm n.ncra n.n7en n.nino 0.0 0 o3 0.70 n.ao
flattener
no Flattener 11 ¢m 3.41 3,072 0.784 0.73 0.21 0.19 0.93
20 cm n.7 N2 0,347 0.0695 L0.nReD g_op 0.1a 0.94

3 Values shown are those ohtained v rom Lhe PTB calibrations where applicable or from our
exiLrapolation chamher measurements.

b Dose rates determined using extrapoiated values based nn the response of a pancake probe (see
test).
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Bata readings of the RO-7 instrument (unshialded minus shieldsd readings} must
ba rmultiplied by the beta factor which varies depending nn the heta energy,
Unfortunately, the heta energy (Epay) 1S not aften known. If an average heta
factor of 1.5 is used for tissue in air, the correctad values wnuld be hetwoen
<207, for beta energios of 0.6 MeV to 2.0 MeY. Fnr beta energres of <0, May

the corrected reading would be low, significantly if very-low-snergy betas ere
being measured. [ explain how to d. cermire tha beta energy usirg the RO-7
instrument elsewhere in this paper.

The 7 mg/cn? window causes the curve to gc to zero at ~70 keV where complete
ahsorption of betas <70 keV occurs in the window material. But the dead Tayer
or “ir also stops all belas with ereryies <70 keY, so this drop in response
is carrect for health physics purposes. The beta factor curve for the RD-7
instrument is shown as the dashed line in Fig. 2. This curve indicates that for
beta enargies of ~140 ke a single value for the beta factor of 1.5 could be
used and the evaluted dose would be very close to the +20% usually required of
field survey results. Low readings would be ohtained at heta energies of Tess
than 140 eV and would require a heta enmergy determinatior to evaluate them
properly.

[T, Evajuation of Beta Ensray (Epay) and
Spectral Tvne Using Survey Instruments

The use of simple survey instruments for beta-energy analysis is complicated by
large differences that exist in the beta spectra shapes. These spectral shapes
gra often complex and change continuously as the hetas are ahsorhed in air.
Changes are also caused by absorbing material between the source and the
detertor. One may frequently encounter a combinetion of beta energies. pither
from miltiple emissions from a single isotope ar from several isctupes in the
sample heing evaluated.  There may alsn be moroenergetic converzinn electrons
present in the sample or low-energy X rays which are ahsorbed in a <imilar
faskion to betas.

Ohviously, a complete analysis of complex beta spectra cannot be performed using
only survey instrument:. We present two methods which will give the approximate
fpax 0F L.e beta er gy responsible for the mest significant portion of the
beta dose.  Either * <hnigue should give adequate irformation about the heta
specira to provide necessary quidance for the health physics evaluction of the
exposure, We discuss first the more complex beta-energy analysis technique since
thr simple method is based on approximations of the complex technique. The
complex technique can also determine the average energy (Eavg)- estimate the
shape of the beta spectrum and determine if multiple betas are present. In many
cases, the energy of the higher-energy betas can also be determined. Beta
spectra information can be obtained from sources, swipes, or pieces of contami-
nated equipment, and the technigue is simple enough to be used at many #ield
lacations.



Theory

If simple survey instruments are going to be used to determine the beta energy,
the most reasonable approach would be to make absorption studies, but limit them
to as few absorbers as possible. When an absorber is placed over the probe of
the instrument, the reading is reduced, and this lower reading, for a specific
absorber thickness, is a function of the bata energy. A single absorber does
not adeguately cover the entire energy region of interest (normally considered
from ~100 kY to 4.0 MeV). In this study, we required that the change in the
instrument reading be easily detectable and yet remain high enough to allow
reasonable counting times or readings. We established these 1imits to be hetween
10 and 90% of the original instrument reading to beta. No single absorber
thicknass car meet this requirement because thin filters that would reduce the
count rate of low-energy betas by about 90% would have less than a 10% effect
for beta enerates of 0.7 MeV and above. A thick chsorber that wonld reduce the
instrument response of 3.0 MeV betas by 10% would have greater than a 90%
reduction for betas <0.4 MeV. Therefare, to cover the entire beta-2nergy
range, at least two thicknesses of absorbers would be required and, for better
resotution of the beta energies, three absnrber thicknesses are desired and were
used in this study.

Bleuler and Zunti have published absarption curves for the determination of beta
energies (B146}. Our first approach was to use their results and develcp a curve
. from them that would apply te each of the three absorber thicknesses. When these
curves were used to determine Epg, from a number of bsta sources, we found
somet imes that the results were completely different than the known beta energy,
The poorr vesults were found to be associated with the shape of the beta spectra.
The curves of Bleuler and Zunti were based on measurements made from beta sources
which had typical beta spectrum (see the Type 1 source curve later in this

report) and many of the sources we were using had different spectra shapes.

Mantel published the calculated beta spectra shape for 59 beta emitters (Ma72).
The absorption curve obtained from each spectrum depends upon its chape. We
calculated the absorption curve for many of the spectra given by Mantel. When
the shapes of the absorption curves were compared, significant differences were
apparent.

If analysis of Epay is to be based on absorption measurements (using the three
filter thicknesses we chose earlier), the absorption curves have to be similar.
Based on the shapes of the absorption curves gbtained above, we divided the beta
spectra given by Mantel into four spectra types. These spectra types are shown
in Fig. 3.

Type 1 is the spectral shape usually associated with betas. However, many
isotopes have spectra shapes shown as Types 2, 3 and 4. The Type 3 spectra are
from isotopes which emit several betas with different [y,, and these composite
spectra frequently have an exponential shape. [The branching ratio is also
important in determining spectra shape.) Type 4 spectra are from jsotopes having
two (or possibly more) major heta energies that are greatly different. The curve
shown as Type 4 in Fig. 3 i+ a composite of twn well-defined spectra of Type 1.
The Vype 4 spectra and isoicpes with intense line spectra from interral con-
versian electrons are the most dinficult to evaluate accurately.
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Fig. 3 The beta spectra were divided into four swectra types

The variation
E within a type is also shown.



Few beta spectra look exactly 1ike the ones Tabeled as types 1 through 4 and we
show the variation that occurs within each spectra. There is nbviously an
overlap region between types; for example, curves F and G are very nearly the
same. By using the analysis technigue we describe, the spectra type obtained
for spectra that have shapes in this region could be identified as either Type 1
or Type ? cepending on the variations in count rate or instrument reading
recorded for that source.

The Type 4 sources shown as Q, R and S are sources having two major beta energies
being emitted by a single isotope or from two isotopes in a decay chain such as
905r" and 90v,  They can be combinations of any of the other spectra types,
for example, curve Q appears to be a Type ? source on top of a Type 1 source and
curve 5 appears to be a Type 3 on top of a Type 1 saurce. Another kind of the
Type 4 source category are those siown in curves T, U and V, where there is only
one predsminant beta. Using the technigue described later, these spectra would
be analyzed as having only the one predominant energy and therefore, the energy
obtained experimentally may be different than the published Epsx- A review of
the branching ratio should be made if the energy obtained does not agree with
the expected energy based on the published Epgx. The irformation on Epay
obtainad ysing this report, however, is appropriate for personnel exposures where
the Epax of the predominant heta is wsually desired. Later, we describe how
to determine tha Fna, of spectra similar to curves Q, R and S.

Absorption curves were calculated for many of the spectra given by Mantel for
the heta spectra of Types 1 fhrough 4. A comparison of shapes of the absorption
curves in the first decade shows that most of the Type 2 spectra are assentially
straight lipes, but the Type 1 and 3 spectra are curved with the Ty;e 1 curves
above and the Type 3 below the straight line curves of Type 2.

The Tvpe 4 sources have absorption curves which have inflactions in the curves
and are obviously from two (or more) betas. The curves have a definite bend at
the point where the first beta is ahsorbed, The absorptinn curves calculated
for all the isotopes are different and we decided to use a typical or average
curve for each saurce type. In Fig. 4 we show the average absorption curves
used for the first three spectral typas. These curves were used to develop
additional curves, shown later, which were used to obtain the beta energy. The
use of average curves will result in an error in the Egy,c evaluated for a
specific beta depending upon how well the actual and averags curves compare.
This error is apparently small based on the gcod experimental results we
obtained.

Experimental Methad

Instruments

To cover a wide range of dose rates, we used the Eberline Instrument Corporation
Model RO-7 survey instrument and the Eberline Model E-120, GM equipped with the
HP-210 pancake probe. Both had thin probe windows and were readily available to
us at Lawrence Livermore National Labaratory (LLNL) (Fig. 5). The probe of the
RO-7 has a window thickness of 7 mg/cm2 and the window of the pancake prohe
varies from 1.5 to 2.0 mg/cmz. The pancake probe was used with the protective
screen wire over tha probe ixce. The pancake probe is a GM instrument and the
RO-7 is an ionization instrument,
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Fig. 4 Typical or averaged curves for each spectra type. These curves were
used to develop ather curves which are used to determine the beta energy and
spectral type of a source.

The dose rate ranges of the instruments are considerably different with the RO-7
range being from 100 mR to 200 R/h while the pancake probe reads full scale at

50 mR/h. Corrections must be made for dead time losses in the scaler results

from the pancake probe, unless thz dose rates are low <1.0 mr/h, (we made
corrections to all of our scaler results).

Absorbers

The absorbers we used to distinguish between betas and gamma rays consisted of
acrylic {Lucite). He used the «1 cm thick Lucite "beta filter" shown in Fig.
5 provided by Eberline with the RO-7 instrument. The pancake probe was used with
two 0.48 cm-thick disks with an 8.8 cm radius (the o.d. of the probe housing),
giving us a nominal 1-cm thick beta filter equivalent to the RO-7 beta filter.
This thickness of Lucite shauld stop all betas with Emgy <?.0 MeV and
greatly reduce the number of higher-energy betas. The readings of the instru-
ments without the Lucite filters was assumed to be beta plus qamma and the
filterad readings were the gamma readings.
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Fig. 5 Eberline HP-210 pancake probe and the Lberline RO78M. The Lucite beta
shields are an the 1aft and the aluminum asorhers are on the right.

Ta determine the beta energies, aluminum absorbers of three thicknesses were
prepared for both instruments (Fig. 5). The absorbers for the pancake probe
were mounted .on aluminum rings 0.5-cm thick. The o.d. of the ring is 8.8 ¢m
{0.d. of the prebe housing) and the i.d. is 5.4 cm (0.2 cm Jarger than the window
opening of the prabe housing}. Aluwinum sheets (series 1100) of 6.42, 33.4 and
277 mg/cm? were glued to these rings. The absorhers were always used with the
aluminum sheets at contact with the probe housing.

The RO-7 absorbers were mounted on three 0.56-mm thick aluminum rings with an
0.d. of 3.5cm (o.d. of the probe housing) and an i.d. of 2.85cm (0.2 cm
larger than the opening in the housing for the probe). The rings had three tabs
which were bent to hold the ring and absorber te the R0O-7. Aluminum sheets of
the same thickness used above were glued on the probe side of the rings.

Procedure

To determine the beta energy and spectral type of a source, five measurements of
the dosa rate or counting rates are required. These readings are made with the
bare probe, Lucite-covered probe, and with each of the three aluminum abserbers.
A1l readings must be made at the same source-to-detector distance and should
have reasonably good counting statistics. Counting times witn the pancake probe
depend upon the source strength. The RO-7 dose rates were read off the display.
At low-dose rates, the digital display is limited to pne significant figure end
we found that making small changes in the sourte-to-probe distance and obtaining
sevaral sets of data was helpful. FEach set of data was evajuated and we used an
average value for Egay.
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The dose or count rates obtained with the bare and lucite-covered probes are used
to determine the beta component of the dose by subtracting the shielded prohe
reading from the bare probe reading. The assumption is made that the bare probe
correctly reads the beta- and gamma-dose rate and the Lucite-shielded probe
correctly reads the gamma-dose rate. This assumption ignores the gamma
absorption in the Lucite, the small companent of high-energy beta that penetrates
the Y-cm thick beta shield, secondary electrons produced by gamma interactions
in the source or in the air, geometry factors caused by the Lucite shield and
possibly other variables. A1l of these factors are usually small and this
assurption is adequate for field work.

The X- and gamma-ray component of the instrument readings must be removed first
by subtracting the reading of the Lucite-covered probe from each of the other
readings. Then, the ratio {or relative readings) of the beta readings with each
gluminum absorber and the readings without absorber is determined, This is done
by dividing the beta reading of the instrument with the aluminum absorbers by
the beta reading of the instrument without absorber. The relative readings for
each of the three absorbers is then plotted on the solid 11nes in Fig. 6 which
was derived from the curves shown in Fig. 4.

If the source is a Type 1 source, the points plotted on the solid lines in Fig.
6 will be at the same heta energy. (If the relative reading is »>0.95 or
<0.05, that piece of data is probably not useful and does not need to be
plotted.) If the data points do not give the same energy on the solid lina, the
source is not @ Type 1 source. Then, in order tec determine the type source, the
points are plotted on the dashed curve for Type 2 sources and the dot/dash curve
for Type 3 sources. The type of line on which the data points give the same
energy (align vertically) is the type of source being evaluated and the energy
where alignment occurs is the Epy, of the predominant beta in the spectrum,

In some cases, the data aligned reasorably well on two of these three curves.
This means the source spectra is between the types indicated and the Ep,, is
also between the two velues of Epa, obtained on the figures. Usually,
additional reading or counting times will give data which will favor one type of
spectra aver the other.

If the spectra is a Type 4 source, alignment will not occur. The results with
the thin ahsorber indicate a Tow energy and the medium and thick absorbers
indicate progressively higher enmergies. The fact that this is a Type 4 source
can he useful in health physics work. One can use this technigue to evaluate
the higher energy component of Type 4 sources by removing the lower enargy
component with an appropriate absorber, (see complete text for details, HA82c).
The energy of the beta determined with the additional absorber will be slightly
Tess than the original beta energy and a correction for this may be designed.
(Again see complete text.)

When using Fig. 6 care is required to assure that the correct curves for each
spectral type are being used. It is easy to get confused and use a combination
of curves; for example, plot the data from the thin absorber on a Type 2 line
and the medium absorber on a Type 1 Tine.
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Fig. 6 Curves used to determine the energy and spectral type of beta sources
from the decrease in instrument reading (relative instrument reading) caused by
each of three absorber thicknesses. The beta emergy and type is obtained when
the relative instrument readings for each absorber thickness indicate the same
energy (align vertically) on lines for one of the spectral types. Type 1 is
symbolized by a solid line; Type 2 by a dashed 1ime; and Type 3 by a dot/dash

line.
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Discussion

The resylts obtained with numerous sources of all four types (see HAB2c) indicate
that the known and evaluated source types and energies agree reasonehly well and
are adequate for health physics work. In most cases where differences wera
found, they could be explained by source shielding or other factors.

The sources which have no beta, with one exception (20781), gave readings with
the thick absorber which were Tess than the count rate of the instrument with
the Lucite shield. Only 235y gave a similar negative reading among the beta
sources. The negative reading is caused by their being very few betas or
electrons compared to the abundance of X rays and Tow-energy gammas and the thick
aluminum absorber being a more efficient absorber of X- and gamma-rays than the
I-cm thick Lucite. When negative readings with the thick alumimum absorber are
obtained, the beta dose is Tow compared to X- and gamma-ray dose and will not
contrjbute significantly to the health physics exposure problems with the source.
The 078 source has high enerqy electrons and does not align as a beta source.
This is because the electrons are monoenergetic or line sources and therefore
have a unigue curve which drops rapidly beyond a fairly well-derined absorber
thickness.

rield Surveys Using a Single Absorber

One goal of our study was to develop a technique where a single absorber thick-
ness could be used to evaluate the exposure problems caused by beta particles in
health physics field work. What is needed is an estimate of the beta enerqgy
which can be used to evaluate the effectivenass of clothing for shielding and
determine the type of personnel dosimetry that is required.

The curves on Fig. 5 indicate that the only absorber that would cover the entirz
energy range is the medium-thickness absorber. Unfortunately the Lhree curves
{one for each source type) for the medium absorber are eppreciably separated at
Tow energies and are spread further apart at higher energies which limits the
accuracy that could be obtained using a single filter.

We selected 2 7542 and 75% criterion which we felt could be determined in the
field without having to yse a calculator. A decrease in reading of 25% or Tess
would indicate high-energy betas and a drop of 75% or greater (<25% remaining)
would indicate low-energy betas. From Fig. 5 the energies at 25% (which
correspond to the 75% decrease) are 0,42, 0.60, and 0.82 MeV for Types 1, 2 and
3, respectively. We selected an approximate value of 0.5 MeV which gives more
weight to the more frequently encountered Type 1 sources. At the higher
energies, a 25% drop corresponds to energies of 1.25, 1.9 and 3.5 MeV for the
Type 1, 2 and 3 sources. We selected an approximate value of 1.5 MeV, again
giving more weight to the Type 1 sources.

The field procedure consists of three dose-rate readings: (1) the bare probe,
(2) the beta (Lucite) shielded probe and (3} the medium absorber reading. The
reading with the beta shield (x and gamma rays) is subtracted from both the bare
probe reading to abtain the beta dose rate and from the reading with the
absorber. The beta dose rate and dose rate with absorber are compared and the



amount of decrease caused by the absorber is determired. If it is small -25%
the beta energy is high and is assumed to be :1.5 MeV. If the decrease is
large, >75%, the beta energies are low -0.5 MeV. Readings between 25 and
75% would indicate beta energies between 0,5 and 1.5 MeV,

I axperience in the field indicates that the beta spectra are mostly of a given
type, the energies used in this evaluation can be changed to give values in {ire
with the actual spectra being encountered. This may be necessary in some cases
since many field spectra are composites and would fall into the Type 2 or 3
spectra category.

The single-absorber method indicates beta energies from sources having low energy
X rays even if no betas or electrons are present (see for example the 241Ap
results). For health physics purposes, this is not a serious problem since the
X rays are being absorhed at the same rates as the beta particles and would
present the same type of exposure problems.

Analysis of the heta energy using the single-filter technique gives a good
estimate of the actual enmergy for the sourc2s. However, its accurecy in a field
location would depend upon the particular isctope or ccmbination of several
isatopes being evaluated, as well as the errors usually associated with field
work., The technique is easy to use and a health physics technician making field
surveys should be able to obtain the information necessary o evaluate
protective clothing and personnel dosimetry requirements,
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