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COMPUTATIONAL MODEL FOR THE OAK RIDGE NATIONAL LABORATORY {ORN _l
BULK SHIELDING REACTOR (BSR) -

J. 0. Johnson, L. F. Miller, and F. B. K. Kam

In the past several years, there has been a growin§ concern in the
industry to predict the radiation damage to the pressure vessel and core
support structure. With respect to these goals, several experiments are
being performed. A1ong with these experiments, computational models are
beiﬁg fbnned using the experiments as a guide to the accuracy of the
model. Once an acceptable model has been v=1idated, important parame-
ters, such as fluences and reaction rates can be accurately calculated
for similar systems. These calculated parameters can be compared with
radiation damage measurements to obtain points on a trend curve. This
will facilitate better prediction of the radiation damage to the reactor
pressure vessel and support structure for specific configurations of in-
terest. - This wbrk; hbweverg is 1imited to the determination of an accu-

-rate neutronics model of the Dak Ridge National Laboratory Bulk Shielding

Reactor (ORNL BSR).

The. procedure for formulating the computational model of the ORNL-

BSR is as follows:

1. Obtain physical data pertaining to the core and experiment configu-

Ey

~ ration. . | »

2. Geherate a 40%groﬁp.sross section'library sfsrting from the 218-
'group master 1ibrary'usinb-AMPX1 (A'Modu1ar Code System for Gener-
atlng cOupled Mu]tlgroup Neutron-Gamma-Ray Cross sections. from data_’

:'-1n ENDF fonmat)



| ,_3;..Performza CellfweightingicalculatiOn-to ohtain self-shielded muiti-
group cross sections uith the 40-group cross section library, and -
then perform a zone-weiyhting calculation over the whole core to

obtain 40, 27, 15, and 7 group multi-group Tibraries.

4. Ruh one-dimensional XSbRNPM.and VENTUREZ calculations with 40, 27,
15, and 7 groups. Calculate the relative.fluxes above O.l; 0.5, and
1.0 MY. Also calculate the activities for the S4Fe and‘55Ni {n, p)

 reactions and the average disqlacement cross section. '

5. Run two-dimensional DOT 4.2 and VENTURE calculations with seven
groups; also, run a 15-group two-dimensional VENTURE. Obtain the
relative fluxes, activities, and cross sections specified by item
No. 4. ”

6; Run a three-dimensional VENTURE calculation with seven groups.
Obtaih-relative fluxes, activities, and cross sections specified in
item No. 4.

7. Report the results and analysis of the one-, two-, and three-dimen-

"sional_calculatiuhs;

In follow1ng the procedure outlined above, the results to date have
| _been good.: Table 1 shows a comparison of normalized flux spectra ob-
>‘*ta1ned from the one-d1mensional XSDRN and VENTURE calculations and fran
akthe two—d1mens1onal VENTURE calculatlons. As one can see from Table 1,

-the spectra-are 1n very close agreement. This 1llustrates that the

: diffusion theory calculat1ons {VENTURE) .are appl1cable to this coe.

o Table 2 shows a comparison of the. exper1mental data and the calculated

| -dlresults. Because of the method in which the exper1mental results were

~”'reported, only the ratios of tne SkFe and 59N1 activ1t1es can be d1rectly



ffgo-pored Again as\one can see, the computat1on and exper1menta1 results.
Aleeiwfthin i0z.. An 1ntercompar1son of computat1ona1 results for severalv

s:neueronics models is. also shown in Table 2. Note that fa1r1y good agree- '

"~ ment is obtained between all.of the models.

2~ The results indicate that the‘se1ected.pafameters can be accorately
calculated fof fhe ORNL-BSR. Thus it is assuﬁed that these'parameters
cen be accurately calculated for similar Systems.with toe datavbQSe and
coﬁputatiohal methodology employed foo this work. If these paramefers
prooide an accurate measure of irradiatfon damage, 1ifetimes of pressure

vessels and core-support structure can be determined from applicable

trend curves.
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.Table 1. Compar;ison' of‘ Normalized Flux Spectra (flux/unit "Iethargy).

“Group 1-D XSDRNPM 1-D VENTURE 2-D VENTURE LETHARGY
1 4.8780E-03 4.9787E-03 5.9149E-03 1.1348E+00
2 3.3137E-02 3.4834E-02 3.6532E-02 2.9236E-01
3 6.7787E-02 7.1869E-02 7.2194E-02 4.7000E-01
4 * 1.1655E-01 © 1.2243e-01" 1.2600E-01 2.3995E-01
5 - 1.2502E-01 1.3133E-01 1.3982E-01 5.5118E-01 -
6 1.2134E-01 1.2706E-01 1.4331E-01 2.9753€-01
7. 1.1589E-01 1.2002E-01 1.3983E-01 7.0510E-01
.8 8.4729E-02 8.7394E-02 1.0212£-01 4.1351€-01
9 7.1701E-02 7.3317E-02 8.5795E-02 7.1150€E-01
10 4.3921E-02 ~ 4.4707E-02 5.3474E-02 4.8243E-01
n 3.4403E-02 3.4753E-02 3.6524E-02 2.0402E+00
12 2.9782E-02 2.9540E-02 3.2203E-02 4.6687E+00
13 2.9532 E-02 2.8805E-02 %.0440E-02 4.1834E+00
14 3.1016E-02 3.0053E-02 2.7832E-02 1.2221E+09
15 2.3856E~02 °  2.2937E-02 - 1.6942E-02 1.0911E+01
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‘ '.':_".Tab]??’. Comb'ari’_éoh'ofthe;E'xpérimenta'l Data and Calculated Results

L

Ratio f;ééeﬁ_imentai ~ 1-D XSDRNPM 1D VENTURE »2_.0' Venture
ﬁ%} . | ’ | 1.0 1.0 - 1_.0" |
’T(Q(Tiofﬁ)ﬂ) | I 0.3700 © 0.3839 0.4314
E %M)ﬂ) - | 0.2623 - 0.2739 0.3017
| ;é_l(#%ﬂ)  oase ' 0.1892 0.2025
;ﬁg—;g—-g;- f T.270 | | ‘1.3222 13207 1.3184




