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, equivalent rates were also measured at 0.75, 1.5, andNeutron measurements and calculations were , '2 meters with the TEPC to provide an estimate of the
_onducted to characterize the polyethylene-moderated ' 'room scatter contribution at I meter for both source
_2Cf source at Oak Ridge National Laboratory's configurations using the National Bureau of Standards
Radiation Calibration Laboratory (RADC.AL). The technique fro.m Publication 633.1
+ .

12-inch-diameter polyethylene sphere produces a _ .-:. : i:: e _:_,l c a p it aL;, c e n t e re d }

highly scattered neutron spectrum which is more , The data_edtodeti_tmine the room return
_epresentative of most radiation fields found in the if or each gource.'configuration are given in Table 1.

orkplace than the D20-moderated 252Cfneutron i ' The TEPC estimated a:neu.tr0_n...dgseequivalent rate
Spectrum typically used for dosimeter calibration, at 1 meter of 55.0.n_em/h for ithe. polyethylene-
However, the energy-dependent fluence and dose moderated source wathout the cadmium, 53.3 torero/h+

eqmvalent must be well known before using such a with the ca.d_ii."mia_Sliifll,' aZn_341 mrem/h for the
source for radiation protection purposes. The D20-moderatdd sofife_:_tK_t'the cadmium shell.
ineasurements and calculations were performed as Two differenl_z52Cfso_/i'were used with the
independent checks of the desired quantities which ' polyethylene and D20 moderators. The room return
were the flux, the absorbed dose rate, the dose was estimated to be 8.1%, 6.8%, and 6.7% for the
equivalent rate, and the average energy. These polyethylene moderator without the cadmium shell,
quantities were determined for the polyethylene the polyethylene moderator with cadmiumand Dee
sphere with and without an outer cadmium shell and , without cadmium, respectively. ........
_,mpared with a Dee-moderated 2"SZCfsource.

CC' "+ " !_.u,_.,'! _ The multisphere measurements...... .... were taken with
M_x-SUREMENTS the bare Li(1) detector and the Li(1) detector covered

i with cadmium, and 3-, 5-, 8-, 10-, and 12-inch
i A 5-hach-diameter tissue-equivalent proportional polyethylene spheres. Only the X-meter distance was
counter (TEPC) was used to measure the neutron ' measured with the multisphcres for each source
dose and dose equivalent rates _ _da multl.sphere conliguration. The measured count rates were very
spectrometer system was used to determine the high and typicalcotmting times were 100-200seconds.
energy-dependent neutron flux, the total neutron flux, The results of the count rate analysis for each detector
kad the average neutron energy. The multlsphere coafiguratio, were a total neutron flux, dose rate,
system also calculates the neutron dose and dose dose equiv',deat rate, and average neutron energy.
equivalent rates. The reference distance was chosen These results are given in Table 2.
to be I meter from the center of the source. In
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!D._ ,-,c.:v,,;-: :Jr ,.-:_,.:.:,.,.':';:. : Table 1. TEPC data for room.return Calculation ..... ".,,_ ,.,_ ,,_-:.,at ,::. _:,d ri_,_.
i
i
I

Dose
i
, .... Distance, r Equivalent, H ........

, _ (m) (mrem/l 0 _ .._i _2. " ....
i 252CfSourc;¢

Poly-moderated 0.75 93.3 0.56 52.2
.....1.00........ 55.0..........1.00 55.5

-.....1.50...............26.3....... 2.25 59.2
-!....2.00 ............... .-16.6..... 4.00 66.4

Poly-mod.wlCd .......0.75...........---92.8 0.56 52.0
1.00 '53.3 1.00 53.3 • -:
1.50 25.7 2.25 57.8

H. 2.00 15.9 4.00 63.6

_-_ Dee-moderated 0.75-2__ _.619__0.56 ..... 347
'1.00 341 1.00 341
1.50 169 2.25 380
2.00 ' 104 4.00 416

Table2. Multisphercresultsat1 meterfrom_o'drce':,_:::"i_,c_n:_re.d)

i .....

.,_.,_:,!:hC,f'.7,?,3;?,e

Total Absorbed _ Dose Average
Neutron Dose _EquivalentNeu_ofi "

Flux Rate ""Rat6"' "":":_Eii_ ''°:_ _l,._mb_r
(n/_ma2-s) (mrad/h) ,(torero/h).'".Z(MeV)

_. ..

252CfSource _"......... - ...... "

Poly-moderated 1.176E+3 6.05 47.7 0.577

Poly-mod. w/Cd 7.610E+2 6.29 51.8 1.595

' D20-moderated 1,425E +4 62.0 415, 0.626
1
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CALCULATIONS :_-:-'.'.',.. doseequivalentrates'_e-comparedtotheTEPC fori

i verification,purposes. .
: The neutron spectra were calculated using the
monte carlo transport code, MCNP Verslon 3B,2 The input model for the MCNP calculations
along with nuclear data from ENDF/B-V. The exact consisted of a 12-inch-diametersphere of polyethylene
polyethylene sphere was modeled, including the with a density of 0.95 g/cc. The cadmium shell was
varyingdiameter hole through the middle that modeled as a 30-mil-thicklayer around the

, accommodated the source capsule. The detachable polyethylene. The hole throughthe middle of the
cadmium shell that fit around the outside of the sphere was modeled as a cylinderwith a 2-inch
polyethylene sphere was also modeled. MCNP was diameter for the bottom 2..5 inches, a cylinderwith a
used to calculate the energy-dependent fluences at diameter of 0.5 inch from 2.5 inches up to 7 inches,
1 meter away from the center of the sphere, and a cylinderwith a diameter of 0.25 inch the rest of
neglecting room return. The shape of the spectra and the way through (Figure 1). The source term was an
the total flu.ace rates (fluxes) are compared to the isotropic point source in the center of the sphere with

multi.sphereanalysis results and the derived neutron the built.in neutron energy distributio_ven in
..................... _'i '.".':'ii_..'i i." ._i"."." ". " MCNP fo/.ti/('si_'6iit_'d6_-_('l_!_.f_..Cf,

• , -- . ,_ _ :

...................... ..



rT_

tjU':_ .... j. '..,, . _ ..... ;. , .., • .
i t

t, i
j

'" ' ' " ° ......... _'*"_ ..... J tight.C.o:_o_c_p_sr p_.:' _a;:'/_;',;_:O,:,,__:,...:':': ." ; '" • " neutr0ns/sec0nd;:'Thetiss*t/e"_erma.zaaors Lrom
Caswell and Coyne3 and the qualityfactors from

• I Cross and Ing4 were used toconvert theenergy-
dependent fluxes to absorbed dose and dose

:........ equivalent for-each source calculation. The MCNT-
derived quantifies are given in Table 3.

' i DISCUSSION...............The TEPC es'thnateda neutron dose equivalent

-_............. rate of 55.0 mrem/h for the polyethylene-moderated .

" __i'_'--ii........ s0urce'without the cadmium and 53.3 mrem/h with' _,_-i._"th'_-"c_difiifimshell. The room returnwas 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

, _.... MC.NP for
:_" ... ._- ........... polyethylene.sphere_:_rith.otlt._¢_ca._elL_[_-_ l

with the cadmium shell, respectively. When the |
Figure 1. MCNP Geometry Modet of Polyethylene contributionfrom room return is added to these . }
Moderated '" ' results, the values become 53.3 mrem/h and I

' 52.0 mrem/h, which are within 3% of the values
The ring detector tally in MCNP was used to measure_ by the TEPC. Both the meas_ed data and!.

Calculatethe energy-dependent fluences at I meter, the calcuJateiidat_ sht_ved:_at_th_ t_d_um cover
_,ing advantage of the two-dimensional symmetry of had no effect on the spectrum-averagedquality factor•
the model• The calculated neutron energy spectra for C.._ _-._r:r s :__.me
polyethylene-moderated 252Cfare shown in Figure 2. The neutron energy distributlon for the
f_s expected, thecadmiumcover affects the magnitude polyethylene=moderated_Cf_,s.ourc,_,_,_e
of the neutron fluence only below about I eV. The cadmium.shell measured by the muitispheres and

• _ ........ ..-_ _ ) ..........

_pectrum for polyethylene-moderated _2Cf without , calculated _th MCNF is'sliown in Figure 4. The
the cadmium cover is compared to a Dee-moderated shapes of the two _pectra differ: in the thermal region
_Cf spectrum, also calculated by MCNP, in Figure 3. and the location"0fthe" midoUided peak. The larger
The polyethylene is more effective at moderating the multisphere thermal flux is attributed to the additional
higher energy neutrons but also absorbs more room scatter component, which is measured but not
intermediate energy neutrons and thus does not build included in the calculations. However, the total
in a large intermediate component like the D_O neutron flux differs by only 9% for the polyethylene
moderator. The MCNT-calculated quantifies had sphere with the cadmium cover and 16% for the
statistical errors of less than 5% for the differential sphere without the cadmium cover. The fluence-
fluences and less than 0•4% for the integral values, weighted average ene_:giesCalculatedby MCNP were
f 0.91 MeV for the polyethylene-moderated source,
, Since the fluences calculated by MCNT are 1.78 MeV for the cadmium-covered polyethylene:.... '
hormallzed to the number of source neutrons moderated source, and 0.75 MeV for the D_O-
transported,the results were multiplied by the source moderated source. The average energies determined
strength (neutrons/second) to givethe energy- by the multisphere system were 10-40%lower than
dependent and total neutron fluxes. The source the MCNP values.
strength used for the polyethylene-moderated
configurations was 5.248 x 10_ neutrons/second on Based on the results calculated by MCNP and ,
April 26, 1993, based on the National Institute of verifiedby the TEPC measurements, the neutron
Standards and Technology calibrated source strength, fluence-to-dose equivalent conversion factors for the ,
of 2.51 x 109neutrons/second on May 6, 1987, and a polyethylene-moderated2_2Cfsource, with and without!
2.645-year half-life. A different _2Cf source was used the cadmium shell, are 1.96 x 10"_mrem-cm_/neutron !
_th the D_O sphere_which had a calibrated source and 9.78 x 10"_msem-cm_/neutron, respectively. .....
strength of 7.63 x 10"neutrons/second ou A]_ril30, •These conversionfactors are for the source neutrons I
1987-"T12___i:de._Yedv_ue"_uS..eld..w..aS.!..59x.10, ,.".ii:__. . .-.:.- 0 .nly_-Bo_.pgly.e_yleae:m-6d_r_ited'__i"_'r-6"du-"_----
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Table 3. MCNP results at 1 meter from source

Total Absorbed Dose Average
Neutron Dose Equiv',dent Neutron

Flux Rate Rate Energy

Poly-moderated 1.406E+3 5.46 49.3 0.911

Poly-mod. w/Cd 6.900E+2 5.39 48.7 1.782

D20-moderated 1.285E+4 46.5 435. 0.752
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l_er_.conversioa.factors.than the standard.D2Or .......... 2.__...MCl_P_:A..Gener.al..Mo:lte_.C,_ar_l.o_.C_ade,.foz.___
moderated source _th cadmium that has a value of Neutron and Photon Transport (Version aA),
'.9.08x 10"6mrem-em2/neutron. However, dosimeter _ LA-6396-M, Rev. 2, J. F. Briesmelster, Ed.,
response, which is highly energy-dependent, may vary Los Alamos National Lab. (September 1986)
much more than is indicated by the integral quantifies, and MCNP3B Newsletter (July 1988).
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