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FLUENCE-TO-DOSE EQUIVALENT CONVERSION FACTORS

POLYETHYLENE-MODERATED 252CF
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ABSTRACT

Neutron measurements and calculations were
..onducted to characterize the polyethylene-moderated
32Cf source at Oak Ridge National Laboratory’s '
Radxanon Calibration Laboratory (RADCAL). The
12-inch-dxametcr polyethylene sphere produces a :
lnghly scattered neutron spectrum which is more '
fepresentatwe of most radiation ﬁelds found in the )
workplace than the D,0-moderated 22Cf neutron
spcctrum typically used for dosimeter calibration.
However, the energy-dependent fluence and dose P
$quivalent must be well known before using sucha * .
source for radiation protection purposes. The |
measurements and calculations were performed as
independent checks of the desired quantities which
were the flux, the absorbed dose rate, the dose
equivalent rate, and the average energy. These
quantities were determined for the polyethylene
sphere with and without an outer cadmmm shell and
compared with a Dzo-moderated 2Cf source. b
CCLUMNM 1 ' o
MEASUREMENTS Lo

A 5-inch-diameter tissuc-equivalent proportional
counter (TEPC) was used to measure the neutron
dose and dose equivalent rates  \d a multisphere
spectrometer system was used to determine the

energy-dependent neutron flux, the total neutron flux,
and the average neutron energy. The multisphere
system also calculates the neutron dose and dose
equivalent rates, The reference distance was chosen
to be 1 meter from the center of the source. In

.addition_to_the reference distance, the neutron dose. |

; equivalent rates were also measured at 0.75, 1.5, and

1 2 meters with the TEPC to provide an estimate of the
" room scatter contribution at 1 meter for both source
' configurations using the Natxonal Bureau of Standards
techmque from Pubhcatxon 633.1

. ritie ail capitais, centered)
The data sed to”determine the room return

| { for each Source. configuration are given in Table 1.’
'The TEPC estimated a neutron dose equivalent rate
.at 1 meter of 55.0. Inrem/h for the. polyethylene-

t moderated source thhout the cadmmm, 533 mrem/h
W1th the cadnnum shell, and 341 mrem/h for the
DZO-moderated source thhout the cadmium shell.
"Two different 252Cf sources were used with the
polyethylcne and D,0 moderators, The room return -

f was estimated to be 8.1%, 6.8%, and 6.7% for the
' polyethylene moderator without the cadmium shell,

| the polyethylene moderator with cadmium and DZO

; without cadmium, respectively. .

I

{  The multisphere measurements were taken with
the bare Li(l) detector and the Li(l) detector covered
thh cadmium, and 3-, 5-, 8-, 10-, and 12-inch
, polyethylene spheres, Only the 1-meter distance was

- measured with the multispheres for cach source
configuration. The measured count rates were very
high and typical counting times were 100-200 seconds.

*The results of the count rate analysis for each detector
configuration were a total neutron flux, dosc rate,
dose equivalent rate, and average neutron energy.
These results are given in Table 2,

. PO S——— -




Table 1. TEPC data for room return calculatxon'?’ L

200 and rignt.

Dose
.. Distance, r  Equivalent, H ___ -
? Hr?
% 252 B e i i e e et e e e £ a1
Poly-moderated - 0.75 93.3 .56 522
: ©o. ..1000 0 . 550 ... 100 55.5 i
; S o150 e e 263 e 225 592
! L2000 e =166 == 4,00 66.4
g Poly-mod. w/Cd ~~ ~-0.75 -~ —-;* 928 —-—  0.56 52,0
‘ 1.00 1533 1.00 533
1.50 25.7 225 578
" 2.00 159 4.00 63.6
L B;O-moderated. 0.75-. 619, 0.56 347
| . 1,00 341 1.00 341
' 1.50 169 225 380
2.00 104 4,00 " 416
Table 2. Multisphere results at 1 metcr from source “‘” cantzred]
; o ner’s name
Total Absorbed - Dose {ﬁ _ Avcragc o
Neutron Dose Eqmvalent .' Neutron
Flux : Rate = ‘Rate © " Encrgy 0 numb
252 : . Tzanhooe aumoers
—Cf Source ‘ s Rastiing P papar
Poly-moderated L176E+3 6.05 417 0.577
| Poly-mod. w/Cd  7.610E+2 629 51.8 1.595
! : .
! D?0-moderated 1425E+4 62.0 415. 0.626

CALCULATIONS =~ ==--""

The neutron spectra were calculated using the
monte carlo transport code, MCNP Version 3B,2
along with nuclear data from ENDF/B-V. The exact
polyethylene sphere was modeled, including the
varying diameter hole through the middle that
accommodated the source capsule. The detachable
cadmium shell that fit around the outside of the
polyethylene sphere was also modeled. MCNP was
used to calculate the energy-dependent fluences at
1 meter away from the center of the sphere,
neglecting room return. The shape of the spectra and
the total fluence rates (fluxes) are compared to the
multisphere analysis results and the derived neutron

dose equivalent rates are-compared to the TEPC for
verification purposes.

The input model for the MCNP calculations
consisted of a 12-inch-diameter sphere of polyethylene
with a density of 0.95 g/cc. The cadmium shell was
modeled as a 30-mil-thick layer around the
polyethylene, The hole through the middle of the
sphere was modeled as a cylinder with a 2-inch
diameter for the bottom 2.5 inches, a cylinder with a
diameter of 0.5 inch from 2.5 inches up to 7 inches,
and a cylinder with a diameter of 0.25 inch the rest of
the way through (Figure 1). The source term was an
isotropic point source in the center of the sphere with
the built-in neutron energy distribution given in

l

- MCNP for. the sportaneous fission of Z*Cf.




« P R I I .
1OOY0 i 1 i o
B :

e e

Co ncr type or w-i’-: SNVTINRG Sldsioad Dot o

B
i
i
i
l
{

'
{
!
'
i

]Fxgure 1. MCNP Gcometry Model of Polyethylene
Moderated

i The ring detector tally in MCNP was used to
calculate the energy-dependent fluences at 1 meter,
taking advantage of the two-dimensional symmetry of
the model. The calculated neutron energy spectra for
polyethylene-moderated 52Cf are shown in Figure 2.
As expected, the cadmium cover affects the magnitude
of the neutron fluence only below about 1eV. The
spcctrum for polyethylcne-moderated 2Cf without
the cadmium cover is compared to a D,O-moderated
22¢f spectrum, also calculated by MCNP, in Figure 3.
The polyethylene is more effective at moderating the
higher energy neutrons but also absorbs more
intermediate energy neutrons and thus does not build
in a large intermediate component like the D,0
moderator. The MCNP-calculated quantities had
statistical errors of less than 5% for the differential
fluences and less than 0.4% for the integral values.

!
!

. Since the fluences calculated by MCNP are
normalized to the number of source neutrons
transported, the results were multiplied by the source
strength (neutrons/second) to give the energy-
dependent and total neutron fluxes. The sourcs
strength used for the polyeth glene-moderated
configurations was 5.248 x 10° neutrons/second on
April 26, 1993, based on the National Institute of
Standards and Technology calibrated source strength.
of 2.51 x 10° neutrons/second on May 6, 1987, and a
2.645-year half-life. A different 252Cf source was used
with the D,O sphere % which had a calibrated source
strength of 7.63 x 10” neutrons/second ou Agnl 30
1987." The' decaycd value used was'l 59 x 10°

-- equivalent for-each source calculation. The MCNP-
derived quantities are given in Table 3,

—- - rate of §5.0 mrem/h for the polyethylene-moderated
= = -gource"without the cadmium and 53.3 mrem/h with
" "the cadmium shell. The room return was estimated to
) be 8.1% for the case without the cadmium shell and

' 6.8% for the case with the cadmium shell. The
- neutron dose equivalent rates determined using

« cadmium_shell measured by the mulnsphcres and

"and the location' of the uncollided peak. The larger

. sphere without the cadmium cover. The fluence-

neutrons/second.” The tissue keérmia factofs from right.
Caswell and Coyne and the quality factors from
Cross and Ing* were used to convert the energy-
dependent fluxes to absorbed dose and dose

DISCUSSION

- .The TEPC estimated a neutron dose equivalent

MCNP were 49.3 mrem/h and 48.7 mrem/h for the
_polyethylene_sphere_without_the_cadmium shelland |
with the cadmium shell, respectively. When the
contribution from room return is added to these
results, the values become 53.3 mrem/h and

- 520 mrem/h, which are within 3%. of the values -
measureG by the TEPC. Both the measured data and
the calculated data showed that the"¢admium cover

" had no effect on the spectrum-averaged quality factor.

CLosLTACrTES nEine
The neutron energy distribution for the
polyethylene-moderated 2Cf, source with the

. calculated with MCNP is “skiown in Figure 4. The
“shapes of the two spectra differ in the thermal region

multisphere thermal flux is attributed to the additional
room scatter component, which is measured but not
included in the calculations. However, the total
neutron flux differs by only 9% for the polyethylene
sphere with the cadmium cover and 16% for the

weighted average energies- calculated by MCNP were
091 MeV for the polyethylene-moderated source,
1.78 MeV for the cadmium-covered polyethylene- ¢
moderated source, and 0.75 MeV for the D,O-
moderated source. The average energies determined
by the multisphere system were 10-40% lower than
the MCNP values.

Based on the results calculated by MCNP and |
verified by the TEPC measurements, the neutron ’
fluence-to-dose equxvalcnt conversion factors for the
polyethylene-moderated Z2Cf source, with and w:t.houl:’
the cadmium shell, are 1 96 x 10° mrem-cm?/neutron
and 9.78 x 10 mrem-cm?/neutron, respectively, |
- These conversion factors are for the source neutrons |

~ only: “Both' polyethylent-mioderated sources produce
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Figure-3. "MCNP Neutron Spectra for Polyethylene- and D,0-Moderated %2Cf
| S
! Table 3. MCNP results at 1 meter from source
Total Absorbcd Dose Average
Neutron Dose Equivalent  Neutron
Flu§ Rate Rate Encrgy
(/em®s)  (mmad/h)  (orem/h)  (MeV)
! Poly-moderated 1.406E+3 5.46 49.3 0911
' Poly-mod. w/Cd 6.900E +2 539 487 1.782
D?0-moderated 1285E+4 46.5 435, 0.752

- e
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"“Figure 4. Polyethylene-Moderated 22Cf with Cadmium Shell

H. ' [
hxghc:_conversmn.factors than the standard D,O-_____. 2. _MCNP - A _General Monte_Carlo Code for |
moderated source with cadmium that has a value of - - Neutron and Photon Transport (Version 34),
9,08 x 10°¢ mrem-cmz/ncutron. However, dosimeter © LA-6396-M, Rev. 2, J. F. Briesmeister, Ed.,
response, which is highly energy-dependent, may vary f Los Alamos National Lab. (September 1986)
much more than is indicated by the integral quantities, = and MCNP3B Newsletter (July 1988).
i . :
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