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DOSE~ATTENUATION VARIATION WITH IINCIDENT GAMMA-RAY ENERGY IN
TWQ-LEGGED CUNCRETE AND STEEL DUCTS

Technical Report
Y -F003-08-05<201, DASA-11,058
by

J. M. Chopman

ABSTRACT

Gamma-roy dose-attenuation factors were measured in concrete and steel
ducis. For concrete, 3-footesquare and 11-inch-square ducts were used with Aul98
(0,412 Mev;, Cs137 (5,662 Mev), and Cob0 (1.25 Me) gamma-ray sources. For
steel, an 11-inch-squere duct was used with Cs137 und Co%9 sources. Attenuation
fostors for given geometries were compared as a function of incident gamma-ray
energy. The relative effectiveness of steel and concrete ducts of a given geometry
was determined.

it was found thet the aiiesnuation facter decreoses morotenically with increasing
eneigy in concrede ducts. However, in the 1i-inch steal duct the attenuation factor
for the high-energy source {Cob0) wes greuser than for the low-energy source {Cs137),
tn comparing the 11-inch concrete and 1i-inch steei ducts, it was found that dose
rates tr ine concrete duct were higher by a factor of skout 2. Measured cifentation
factors were compared withi values cbrained using @ computer code based on the albedo
concept. |t was found thet calculgied atterustion fuctors agree to-within #30% of
the measured attenuation factors,

Distribution of this document is uniimifed.

Csgpics avoilotic a1 the Clearinghouse {(£FSY1) $2.00.
Tac Lohoratery invites coiarmont on this repeort, portizularly cn the
results cbtained &) thoze wlio have appliad the information.
This work sponsaved v the Defense Atomic Support Agency.
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INTRODUCTION

Dose rates were measured in 3~foot-square and 11-inch~square concrete ducts,
using Aui98 (0. 412 Mev), Cs137 (0,462 Mev), and Cob0 (1.25 Mev) gamma-ray
sources and in an 11-inch-square steel duct, using Cs137 and Co60 gamma-ray sources.
These dose rates were converted to attenuation facicrs so that the relative shielding
effectiveness of concrete and stee! ducts agoinst gamma rays of different energies could
be defermined,

The attenuation facter, Ag, at some point in « duct is defined as the ratio
between the dose rate at that point, D, and the dose rote in air at unit distance from
the source, D,, or Ap=D/D,.

Measured attenuation factors can also be compared with values calculoted with
a computer program. | This program calculates attenuation factors in two-legged ducts
using the albedo concept. Results from this program were compared with measurements
performed in concrete ducts by several different experimenters. These experiments
cevered a wide range of duct sizes and incident gemma-ray energies. Values of
ottenuation factors calculated with the computer prograin were nomally within £30%
of the experimental values. The only exception was in comparison with Terrell's2
concrete-duct studies using an Aul98 source, for which calculated values were high
by a factor of 2.2,

Terrell’s were the only data in which a relationship could be found between
the attenuation effectiveness of ducts and gamma-ray energy. Figure 1 was constructed
from Tervell's data and shows c peculiar behavior. Instead of the experimental atten~
uaticn factors decreasing monetenically with increasing gamma-ray energy, as de the
calculated values, the experimental attenuation factor for Aul98 is less than that for
Cst37, This ancmalous behavior is not shown by the concrete-duct measurements
discussed in this report under Resuits,

The ancmalous behavior of the attenuation factor versus gamma-ray energy
curve, and the nesd for more low-energy data for comparison with the computer
progrom, prompted the present experiments with the concrete ducts. The measure~
ments in the stee! duet constitute this Laboratory’s first step in extending the
knowledge of duct streaming tc materials other than concrete, Albedo values for
irop were ganerated by the Monte Carlo method, and the computer programs of
Reference 1 were used to calculate Ag for the 11-inch steel duct for comparison with
experimeniai results.
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Figure 1. Variation of dose attenuation with energy for a given
geometry in a é6-foot concrete duct.

ALBEDO VALUES FOR IROM AND CONCRETE

The computer calculations ore based on the albedo conzept. The dose rate,
D, from o scattering area, A (Figure 2), is given by

Doa(ae’ 90. 8,0) A cos 8,

D =

where o(E, 6,,8,¢0) = the differentia! dose albedo
A = the area of the scattering surfoce
D, = the dose rate at cne unit length from the source
Eo = the initial energy of the gamina rays
Values for a(Eo, 8, 8,) have been ccleculated for various energies and entrance
and exit angles by the Monte Carlo methad. Technical Operations, Incorporated3
performed calculations fer concrete using 5,000 case histories for each energy ord

entrance angle, and NCEL performed calzulations for both concrete and iron using
30, 800 case histories.
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Figure 2. Scattering of gamma-~rays from surface.

The 2quation developed by Chilton and Huddlestond to express the albedo for
a given energy is

ClE,)K(8)10% + C'(E,)

€0s Go

L -cos 8

a (Eol 60! 6’ <p) =

where C(E_) and C'(E,) are constants for a given energy, K{8,) is the Klein=Nishina
differenﬁcﬂ enargy-scattering coefficient for the angle, 8, through which the radia-
tion is scattered, Cos 6 is given by

cosb, = sinf, sin6 cosp - cos B, cos§

The values of C(E_) ond C*(E_) were found by a ieast-squares fit of the Monte Carlo ,

data from the 39, 800 case histories and are given in Table | for cencrete and iron. HE
These values cre plotted in Figure 3 for concrete and Figure 4 for iron. Fer computa-

tion on the computer, the curves of Figures S and 4 werve fitted by the equations:
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Concrete

c = 0.0561€ 0374 0.2 5 E, 54,0 Mev

c = 0.0785€,0-3% 4,0 <E, = 10.0 Mev

¢ = 0.0122¢, 7068 0.2 5 Ey 5 1.76 Mev

c = 0.008626, "0 7% 1.76 < Eg < 10.0 Mev

iron

C = 0.590E,0 % 0.175 S E_ 2.0 Mev
C' = expl~5.32 - 1.39inEy = 1.06 (InE5)?] 0,175 < E, < 0.412
C' = 0.073 0.412 <E_ = 4.0 Mev

The energy—-cbsorption coefficients for iron are aiso necessary for use in the
computer code. Values used are from Reference 6, These values are plotted as
relaxation lengths (R) in Figure 5. For the computer, the points of Figure 5 were
fit by the equations:

RL = expl=0.676 = 2.25InE = 1.13{InE)*] 0.1 SE <0.336 Mev

1.95 0. 205 0.336 <E < 4.0 Mev

Ry

EXPERIMENTAL MEASUREMENTS

Dosimeter measurements were mude i o 3~foot~square concrete duct
{Figures & and 7), an 11-inch concrete duct {Figure &}, and an 11-inch stes! duct
(Figure 9). The 3-foot concrete duct had 4-inch-thick walls and was covered with
approximately 2 feet of sand. The legs were each 15 feet long. The 1i-inch
concrete duct was made of concrete blocks and had walls from 6 to 15 inches thick.
The legs were 51 inches long. The 11-inch steel duct wos made of ASTM standard
A7 steei, about 0.25% carbon, 0.5% mangcnsese, 3.04% phosphorous, and 0.05%
sulfur. The walls were 3 inches thick, and the legs were 50 inches long. The duct
was covered with at least 3 feet of sond on each side.
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Ficure 6. The 3-foot duct, adjacent to the neutron-generator room,
shown without shielding.
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The dosimeters used were the 1-r, 100-mr, and 10-mr chambers from a
Landsverk L-64 dosimeter set. Those readings for which the dosimeter was in
direct view of the source were token with o 3/8~inch bakelite sleeve cround
the dosimeter, as recommended by the manufacturer. The variation observed
for an individual dosimeter was cbout 2%, but the variation from dosimeter to
dosimeter was about 10%, The meacurements were therefore censidered accurate
to within *10%.

Source strengths were determined by measuring the dose rates from 3 feet to
B fee? from the source. For these measurements, the source and dosimeter wete
6-1/2 feet from the ground, so build-up wos expected to be small. Dase rate to
sourcz sirength conversions were made, utzing the point source gammarray dose-rate
constant I (r/hr from 1 millicurie at 1 centimeter), given in Table 1B of Reference 7.
These are 12. 8 for Cad0, 3.2 for Cs197, and 2.33 for Aul9B,

Gamra-ray spectra of the avurces were measured with a coilimoted 3 x 3-inch
Nal{T4} crystal end a multichannel analyzer. These spectra showed no extranesus
gamma rays. Scurce strengths calculated from the specira agreed with those measured
by dosimeters to within £10%.

The Co®0 and Cs137 weasuremenic for the 3-foot concrete duct were taken from
previous work. & Ag the tima of thot work, the source sirengths were 2.4 curies for
CobQ ard 0. 75 curies for Csi37 {erronecusty reperted as 0.60 curies). In the neasuse-
ments of the {1-inch concrete duct discussed here, the source strengths were 2, 1 curies
for Co90 and 0,78 curies for G137, The length of time required to perform the present
experiments necessitated hoving two Aul98 sources. The first was 11,0 curies, and
the second was 13.5 curies., All readings taken with the two Aul?8 sources were
nommalized to their original strengths, using a half~life of 2,7 doys.

During the measurenients of the 11-inch stesl duct, the source strengths were
2.00 curies for Co%0 and 0,77 curies for Cs137,

All duct dosimeter measurements were taken with the source and dosimeter on
the centerline of the duct. For the 3~foot duct, the source was glaced in a lucite cup
and suspended from a thin metal stand. The dosimeters were hung from the ceiling cf
the duct with string and taps. Flacement of the source and dosimeter was accurate
to within 1/2 inch. For the 11-inch duct, the source wes placed in a thin wooden
eup an tha end of o thin aluminum tube, and the tube was interted into the duct.
Dotimeters were held cn a thin wood grid which could bz accurately pizced in the
duct. Placeiment of scurce and dosimeter in the 11-inch duct was acsurate to

within 1/16 inch.
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RESULYS

Necsured dose rates, D, versus centerline distance,. Cy, are listed in
Tables [1=1V for the 3~foat concrete duct with Ly = 6 feet, * the S-foot concrete
duet with [;} = 7=1/2 feet, and tha 11-inch concrate duct with Ly = 45.4 inches.
Measured dosz rates for the 11~inch steel duct with L; = 45,4 inches cre listed in
Table V. In these tables, the dose rotes are converied fo aitenuation factors and
compared to crlculated attenuatior- factors.

As can be seen from Tables 11~1V, the attenuation factcrs show a msnafonic
decreose with incsecsing energy for concrete. This is seen better in Figure 10,
which shows measured and cclculated attenuciion factors versue energy for three
given duct geometries. However, in the 11-inch steel duct the experimentc| atten-
uation factors for the higher enargy (Cab0) are greater than those for the lower erergy
{C:137), Thisisa surpriting result tho? is belisved fo be o true representation, as
the 10 to 405 ditference between these attenuation factors is weil outside the exper-
imental error.

From Table V it can be seen that the computer oregram, whi<h gove geod
results for concrete ducts {normaliy within 230% of experimentai valves), also gives
good results for stesi ducts. The computer valuss of attenuation factors, however,
are monotonically decreasing with increasing energy. This indicates that if the
¢ddity in the experimental results is real, it is due to some effect not considered in
the calculations.

The attenuation effectivenass of steel and ¢concrate ducts can be compared from
Tables 1V and V. Dose rates are higher in the concrete duct by a foctor of about
2.1 for G137 and about 1.6 for Cob0. Higher dose rates for concrete ducts would
be expected. This is because for iron thers would be less backscattering, due to the
higher-photoelectric-effect ¢ross section of iron and less comer-lip penetration and
inscatter, due te the larger energy~absorption coefficient of iron.

FINDINGS

A computer program! for calculating gamma-ray dose-attenuation factors in
two-legged concrete ducts has generally given good agreement with experiment.
An exception was the experimentai results obtained with gommoa rays from Aul98, 2
vrhich were in poor agreement with predictions from the computer code. The prasent
measurements in concrete ducts using Aul93, Cs137, and Cob0 gamma=ray sources in
three different duct configurations show good agreement between experiment and
theory and nc anomalaus behavior for Aul98,

* Ls is the distance from the source to the center of the comner.
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Measurements were also made in a steel duct using Cs137 and Co60 gamma-ray
sources, and the computer program, using the backscattering and attenuation param-
eters for iron, was used to obtain calculated values of attenuation factors. Good
agreement between calculated and experimental values was obtained for the steel
duct. An oddity in the measurements in the steel duct, however, was that the
experimental attenuation factors for Cs137 are less than those for Co80, This oddity
is unexplained and does not appear in the calculated attenuation foctors.

In comparing the effectiveness of concrete and stee! ducts in attenuating gamme
radiation, it was found that dose rates in the second leg of a concrete duct were
higher than in a steel duct by a factor of 2. 1 for Cs197 and a factor of 1.6 for Co®0,
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