MASTER

PREPRINT UCRL- 81889

[ - coNt TR0 )
Lawrence leermore Laboratory

ALBEDO-NEUTRON DOSIMETRY STUDIES AT
LAWRENCE LIVERMORE LABORATORY

DALE E. HANKINS

NOVEMBER 1978

This paper was prepared for submission to:
Praceedings of the Seventh Workshop on Personnel Neutron Dosimetry
held at Berkeley, England, on October 23-25, 1978

. ]

This is a preprmt of a paper intended for puhhcanon in a journal or proceedings. Since changes may be made
before publicalion, this preprint is made available with the understanding ihat it will not be cited cr reproduced

without the permission of the author.

I




ALBEDO-KEUTRO: DOSIMETRY STUDIES AT
LAYRELCE LIVERMORD LABORATORY™
Dale t. Hankins
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This report summarizes studies nerfgrned since the last Yorkshop meeting,

The studies have been divided into four sections:

1. The relative response of Hankins-typs albedo-neutren dosimeters

made of cadniu and boron.

2. The effect of distance frori the body on the response of albedo-

neutron dosimeters.

3. The use of the ratic of the top to bottom TLDs to deloimine the

calibraticn faclor for albedo-neutron dosimeters.

4. MNeutron survey at a power reartor and at a neutron radiography

facility. vonen
!Tlm feporr xas prepaied as A sewant o wark
sy ke Umited States tenesmment Nesthey te .

*Work performed under the auspizes of the U. S. Department of Energy by
the Lawrence Liverrore Laboratory under contrict number W-7406-£HG-48.




The Relative Pesponse of Hankins-Tyoe Albedo-Neutron Dosimeters Made of

Cadmivm and Boron

The Hankins-type albede-neutron dosimeter conaists of three speiall
nolyethylenz sheets completels surrounded by 39-mil-thick cadmium,  Tho
sheet size and cadmium thickress weve carefully selected to give a dosimeter
having a thermal neutraon sensitivity equal to the albedo-neutron sensitivity
for nenlrons heving enargics a:omd 1.0 W2V This type of dosimeler has an
advantage in that it con hoe worn ackwards and still have the same fast-

or thermal-neutron response.  Also, the dosiroter need not be held tightly
avainst the body because it retains the same neutron response for body-to-
dosimeter distances up to 3 e, Thorefore, the dosimeter can he clipped to

the wiearer's clothing like ¢ film badye.

Several years ago, researchers al Lawrence Livermore lLaboratory made a study
of double albedo dosimeters of horon and cadrium. The capture cross section
of cadmium drops rapidly for ncutron energies above 0.4 eV (cadmium cutoff),
but the cross section of boron has a constant 1/v dependence. Yhen exposed
to spectra having neutrons in the intermediale encrgy region, more inter-
madiate-energy neutrons would pass throosh 28 ol tuee than theaugh Yhe baron
of dosimeters having the same thermal-neutron ebsorption. The difference in
TLD readings would thus be a rouagh weasure of the havdnass or softuess ol the
incident neutron spectrum. Although this effect was confirmed in the LLL
study, the difference in TLD readings was small; for field application, the
variations in individual TLD readings made the interpretation unreliable. In

a recent review of this work, w2 found that the thickness and size of the

cadinium filters being used were small and that neutron-capture gavwia-rays in
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Lthe cadmiuwn may have interfered withi the readings. Therefore, we decided to
again study the relative resporse of albedo dosiweters made of boron or

cadmium under cleaner experimental conditions.

We mede two albedo-neutron dosimeters af boron-loadad plastic. For the first,
wve removed the cadmiwn from a Hankins-type dosimeter and renlaced it with a
plastic loaded with boron 10 (black boron), which corpletely removes all
incident thertal neutrons. ke made the other dosireter by replacing the
cade-iur with plastic loaded with norral beron (grey boron), which has a
thermal-neutron leakage equivalont to that of the 30-mil cadmium of the
Hankins-type dosimeter. Then w2 exposed both dosineters to neutrons from
PuBe, "“7CF, “"?Cf with polyethylene and 0.0 moderators, and to reactor

leakage peutrons at the LPIR.

The ratio of the boron-to-cadmium dosimeter readings are given in Table 2.
These ratios show a lower sensitivity of boron dosiueters and a difference

in obuserved ratio for differenl types of neutron sources. We had expected

the boron dosimeters to have a lTower sensitivity on the basis of the relative
canture cross sections of boron and cadmium for neutron energies above

0.4 eV. The Hankins-type albedo dosimeter is most sensitive to neutron
enevginsg just abovr 0.4 oV. and a beron-coverad (geey beron) do=ister having
the same thermal-neutron capture as 30-wmil cadiniuvm would remove wore of the
albodo as well as incident ncutrons in this energy vegion. In Table 2, we

see about a factor of two decrcase in sensitivity for the grey boron dosimeter.

The black boron removed all therital neutrons and more of the intermediate-

energy neutrons, which additionally decreased this dosimeter sensitivity.



.

The variation in the boron-to-cadmiqm ratios in Table 2 indicates that

arey have different eneryy denendoncies.

Lovon- and cadinium-covered dnsi
Unfartunately, this difference in cnevgy deperdoncy 15 seell, and the ratios
of the boron and cadriium dosimeler readings change very little for arey bovon
and only slightly mure for black boron.  Observed calibration factovs for
the neutron somvees and mo ierators are shown in table 20 They vary fros

.10 to 3.4, but Lhe corrvespanding «her oo i rabio are ruch sradler.

-

We concluded from this study that the difference in sensitivities between
cadmiwn and boron albedo-noutron desinoters is small.  Tor normal use, where

only one TLD pair would be used for cach type of dosimeter, the variati-n in

TLO response {up to 110 ) viculd rake detormination of this difference uaveliable.

/

Because we could net accurately deternine this difference, we could obtain no
reliable information on the incident neutron spectra for use in determining
appropriate calibration factors for albedo-n=utron dosimeters. Thore also
apneared to be no reliable carrelation betwron the observed calibration factors

and the relative sensitivities of the boron and cadwium dosimeters.
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The Effect of Distance From the Bods on the Response of Albedo-Neutron

Dosimeters

At the Tast Yorkshop meeting, we presented results showing the effect of
distance from the body on the readings of albedo-neutron dosimeters exvosed

A

to thermal neutrons and to *"'Cf and PuBe neutron sources. When dosimeters

1 cm from the phantorr were exposed to therwal neutrons, dosimeter readings
increased by a factor of 1.8 te 2.5, and these readings increased to a

factor of 4 when larger alledo-neutron dosiiseters were exposed 3 cm fram

the phantom. Readings from dosimeters exposed to Cf and PuBe sources at a
source-to-phantom distance of 500 ¢t decreased as the separation between

Lhe albedo and the phuntom was increased.  However, when the source-to-phanton

distance was increased to3m,dosimeter readings 1, 2, and 4 cm from the phantom

were higher than readings from dosimetei's in contact with the phanton.

From the above, we concluded that thermal neutrons were responsible for the
higher observed albedo-dosimetor recdings when the source-to-phantom distance
was 3mand the dosimeters were 1 to 4 cm from the phantem. Because most field
expnsurcs are not in a scatter-free geouwelry, we assuwed the significant thermal
nentrons present probably result in higher dosimeter readings if the dasimeters
are vworn 1 to 3 com away from th2 body. Ue based this assumption on measurements
of field conditions in which th2 thermal component of ths neutron dose rate

-

was norirally betueen 3 and €° &nd sclcom as low as the 0.67 that exists in our

4

"lTow-scatter” facility.




Since the last meeting, we have tested this conclusion by making a number of
exposures under field conditiorns with albedo-neutrun dosiweters placed
various distances from the pharton. Table 1 shows the veadings obtained
with dosimeters placed 1, 2, and 4 cw from the phantom retative to the
contact reading from the sare type o° dosineter. The percent thermal,
determined with the bare probe of a PHR-4 instrunent (described later), is

given for cach location.

Ho used the Hankins-Lype dosivelaor foe Lug eiononures, Bs expected it

shawed Jittle variation as a function of dosimeter distance from the phantos
even for high-percent (1PTR - 67.) tharmal expasures. Yith one exception,

the ather dosimelers gave highe- recdings at 1 and 2 cm, the readings becoming
laryer as the percent thermal increased.  The highest readings were obtained
at the LPTIR reactar, where baron-albedo readings at distances of 1, 2, and

3 an were higher by a factor of »2.0. The on- erception was the HPRR (with

no shield), where veadings at 1 and 2 am were less than the contact reading.

The above results indicate that holding a dosirater tightly against the oody
is nol as important as we once fclt because higher than contact readings
would be obtained in most field apolications. While we normally accept
readings slightly higher than the actual exposure, we do not like readings
that may be low. The highest veadings (-.1.5 and 2.0) obtained at the LPTR
vith the two types of dosimeters are, however, larger than we would normaliy

like.

Fros this study, we conclude that previcus corrections for wearing a dosimeter
away frow the body are not nece'sary and in iust cases would resull in an over-

estimate of exposure.
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Use_of the Ratio of Top to Bottom TLDs to Defermine the Calibration Factor

for Albedo-Neutron Dosimeters

At the last workshop meeting, we presented the results of e rather extensive
study to evaluate the method for determining albedo-calibration factors based

on the ratio of readings from TLDs locatad on the top and bottom of cadmium

or boron dosimeters. This study involved measuring the thermal neutron-
component of the dose by using the bare BF; probe from a PHR-4 remweter. The
total neutron dose rate was detarmined from readings made with the 9-in. sphere,
and the thnrqu—nequon rate was delermined by applying a calibration factor of
80 to the barc-probe readiny. Ye used the ratio of these two dose rates to
calculate the "percent therwal neutrons." The albedo calibration factors were

determined using the 9- and 3-in. sphere technique.

The reading of the TLD on top of an albedo dosimeter is primarily (there is

a 4" response to fast neutrons) froew incident thermal neutrons and from albedo
neutrons having intevpediate enavrgies above the cadmium cutoff. ({For exawple,
cadmium surrounds the TLDs in the Hankins-type albedo dosimeter and its response
is primarily from these intermnediate-energy neutrons.) If the percant of

total neutron dosa from thernial neutrons is high, most of the top TLD reading is
from thermal neutrons, and the botton TLD reading from thermal neutrons is

A10 to 75° {depending on dosimeter aesign) of tke top TLD reading.

If the percent therma{ neutrons is negligible, the top TLD reading will be
from albedo neutrons with energies above the cadmium cutoff that penetrate

the cadmium of the dosimeter. Depending on the dosimeter design, {1) the

top TLD reading will be about 10 to 357 of the bottom reading; (2) the top-
to-bottom ratio will be constant. for a specific dosimeter; and (3) the top-tc-
bottom ratio is indererident of neutron energy. Therefore, the only variation

in the ratio has to be frem changas in the thermal-neutron component of the dose.



[1 the thertal-neutron component of the dose wire a function of neutren

energy, the ratio of TLD readings on the top and bottom of an albedo dosimeter
could be used to doetermine the calibration fectar of albedo-neutron dosimeters.
Hovever, we know Trom work in o low-scatter facility that the thermal-neutron
component of the dose can be changed significantly without a weasurable change
in the fast-neutron enerqgy soectrum.  The calibration factor for albedo-neutron
dosinnters would ropain conatant but the top-ito-bottom ratio would change.

In a low-scatler facility, we also find a higher top-to-botiorr TLD ratio for
73pube than for a “°7'Cf neutron source. The average fast-neulron energy

for the PuBe sources is significantly higher than for 7"7Cf, and the albedo-
neutron-dosimeter calibration for PuBe is 27 lower than 7°7Cf. If the
top-to-bottom ratio were a Lrue indicator of the calibration factor, the

ratio for PuBe should be 277 lower then Cf instead of the higher value

obscrved experimentally.

At the last Workshop wmeeting, we showed the rosults of our survey of the
"percent theriral neutrons” plotted as a function of the albedo-calibration
factor (see Fig. 6 in PNL-?349, page 80). Ticeo wes Vittle correlation of
the percent thermal with the calibration factor, indicaling the calibration
factor is not a function of the therual-neut = n cnoponeat of the dose,

In Table 1 we show the percent of the neutron dose from thermal neutrons,
the ratio of 1LD readinygs on the top and bottom of several types of
dosimeters, and the albedo calibration factor determined by using the 9- to
3-in. spheres. There is no correlation betwzen the calibration factors and
the percent thermal or between the calibration factor and the ratio of the

top-to-bottom TLD readings.

Our conclusion (again) is that the ratio of tho top-to-bottom TLD readings
cannot be used to determine the calibration factors for albedo-neutron

dasimeters.
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Nentron Survey at a Power Reactor and a Neufren Radiogrephy Facility
In fHovember of 1977 wo wmade a neutron suvvey inside the containment of the
Alabama Power and Light Coripany, Farley Huclear Plant, Dethon, Alabama to
determine the spectra of leakage neatrons and to evaluaete the accuracy of a
9-in.-diam sphere rem peler (PH2-4) and of albedo-neutron dosigeters. e
also studied variations in the neotron spectra, the ratio of gamra-to-neulron

dose rates, and the thermal-neutron cowmponent of the neutron dose.

The results of aur study indica.ed the neutran spectrum at the reactor is
very canstant throughaut the reactor and probabily consists of a 25-keV
coponent superimposed on o 1/F spectrww,  Albedo-neutron dosireters could

be used very effectively at this reactor. They would have a high efficiency,
and the constant ncutron spectrum in the rcactor would make their interpre-

tation accurate to within . + 250,

A full report of this work is given in a paper entitled "A Survey of Heutvons
Inside the Containient of o Pressurized Yater Reactor" by Dale E. Hankins
and Richard V. Griffith, which is being presented at the Kashington D.C. ANS

Meeting on Movember 13-17, 1973.

The neutron survey at the neotron radiography faciiity indicated albedo-neutron

dosimelers could be used with an expected accuracy of + + 337,
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Table 1. Albedo-neutron dosimeter readings at various distances from the phantom relative
to thre contact reading. Alse given are the percent of the total neutron dose from
theral neutrons and the ratios of the 9- to 3-in. spheres and of the readings of
TLOs placed on top an albedo Lo the reading of the albedo TLDs.

Distance from phantom (cm)  Percent Abedo
Heutron Albedn thermal  Top TLD  9/3 in. calibration
source dosineter 1.0 2.0 4 neytrons  albedo sphere factor
Godiva 1V Hankins type 1.00 0.92 0.87 1.1 1.45 0.65 0.44
Boltow of
Hankins type 1.04 0.97 0.83 0.42
P-1/4~in. -diam
horon disk 1.09 1.05 0.87 0.50
LPTR Hankins type 0.9Y 1.06 0.98 67 7.00 0.19 1.8
Reactor  pottom of
Hankins type 1.46 1.57 1.49 1.75
1-1/4-in. -dian
boron disk 1.90 2.16 1.92 2.62
HPRR with Hankins type 2.5 2.11 0.41 Q.74
steel and
concrete  1-in.-diam Cd 1.74 1.1 0.96 D.94
shield 1-1/4-in.-diam
boron disk i.18 1.13 1.04 1.10
HPRR with Hankins type 0.25 - 1.28 1.09 0.24
no shield iy diaw cd 0.85  0.84  06.70 0.42
V-1/4-3n. -diam
boron disk 0.98 0.88 0.76 0.35
HPRR with Hankins type 2.2 2.24 Q.53 0.55
N
chiad T -in.-diarcd 1.04 1.02 0.9 0.93
E 1-1/4-in.-diam
boron disk 1.18 1.1 1.0 .89
Power Re . .or
Location 1 Hankins type 3.3 1.53 0.14 3.4
Bottom of '
Hankins type 1.1G 1.09 0.88 0.7
Location 2 Hankins type 3.4 1.62 0.13 3.8
Bottom of
Hankins type 1.08 1.04 0.95 0.76
Location 3 Hankins type 1.09 1.02 1.04 2.5 1.48 0.16 2.7
Bottom of
Hankins type 1.01 0.98 -—- 0.67
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Table 2.

Neutron
saurce

?3%pye

7°7CF + 10 cni
polyethylenc

2YCf + 25 cm
D,0

LPTR (reactor)

i i i f 30-mi1 Cd and
io of readings from Hankins-type dosimeters o )
Eg:;:—1oaded p!gstics. Grey boron has the saime therma]—nfutro?
leakage as 30-mil Cd, and black boron has no measurable thermal-

neutron leakage.

Ratio of Readings ——-

Distance from

source (m) Grey Boron
0.5 0.69
1.0 0.57
3.0 0.57
0.5 0.61
1.0 0.54
1.0 0.49
1.17 (on back of J.48
phantom)

NOTICE

“This report was prepared as an account of work
sponsored by Lhe United States Government,
Neither the United States nor the United States
Departinent of Energy, no: any of their ~mployces,
nor any of their contractors, subcontractars, ar
their employees, makes any warranty, expres or
implied, ur assumes any lepat lisbility or respon
sibility for the accuracy, completeness o
usclulness of any information. apparatus, produc.
or procest disclosed, or represents that its use
would not infringe privately-gwned rights ™

Observed
horon calibration
cadmium factor
“Black” Bovon’ (Cd dosimeter)
0.33 .10
D.29 14
0.23 .23
0.33 .075
0.27 .67
0.19 3.5
G.20
0.10 2.5
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name does not imply approvii or
ccommendation of the product by
the University of Califoria or the
LS. Depantmient of Energy to the
exclusion of others that may  be
suitable.
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