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Westco_t cross secttolls were e:gloye4 in the aslculstt(:ms. The results of the csla_"
lstlons indicated that the neutron teNperature during the irradiation was approxtma_
380 - 390 e C. Oraphtte temgera_ures durinK the test ranged from 500 - 525 ° C. The ii_
results of the calculations for various conditions during the irradiation are sho_n
Figures 1 and 2. _

Twenty-flve pieces of Internally-external_y cooled 1.44% E metal vhich had been__:i_
irradiated In C-react_ were specially dissolved and analyzed for plutonium composl-
ttcn and burnout of U:_. The discussion of the analysis can be found in HW-57277. _

• ,_

The results are shown in Table I of this report. ,_

Calculations were made attempting to obtain the results of the laboratory _
analysis of the 1._ E metal. The equations used in the calculations are listed in _
Appendix I along with values of the cross sections. The calculations ve_ mad_ in
terms of the flux-tlme parameter _t in which _ ranged from 0 - 3.5 x I0_ cm"_ in
intervals of 0.7^_^10 _u. The stepvtse calculation was used in order to allow for the
change in the PU_u crosp section due to self shteldiu6 of the 1.Q55 ev resonance as
the concentration of Pu_u increases (Appendix IX). The Westcott_) cross section :
formulation was e_ploMed in the calculations. The Westcott formulation includes the
resonance portion of the cross section in an effective cross section for the reactor
spectrum defined as follows:

_..

where g and s indicate respectively the departure of the cross section from a i/v law_i;_
In the thez_al and resonance pc_tlons of the reactor spectrum, gro is the cross sectioi
for 2220 meter per second neutrons_ and r indicates the fraction of resonance neutrons_
in the spectrum. For non 1/v absorbers g and s are functions of neutron temperature, "+:..
and are listed in CRRP-787. The Westcott cross section formulation eliminates the iii
use of resonance escape probabilities for several isotopes in the system of different-
equations for product butldup_ and consequently the differential equations can be :i_i
solved as a linear set. The assumption is adequate as long as there is no gross de- _

pleti_h_n the resomance spectrum of neutrons at a_rticular energy such as 1.055 ew_

the PU"_ principle reso_ance energy.M_ince the I,_° is clumped, it is necessary to i!i_
employ an -._ificlal value of s for U_so, thls value can be determined from knowledg_i!
of the conversion ra_io in a natural uranium element of the same size. Althoug_ th_s_i_
problem was not recognized at the _nset of these calculations, the need for this
artificial s28 soon became apparent. The determination of s28 is shown in Appendix _

_'- ;_
.,

_avtn_ accepted the _es_ott formulation, the problem was reduced to one of dete_
mining the proper values of neutron temperature and r to use in computing the cross ill
sections. To get a feel_9_ the situation a.c_Iculatlcm was made using a calculated _i:
resc_nce integral for t_o (10.1533 barns)(5) and an r equal to 0.08751 measured_fro_

the _.admtum ratio in a natural uranium slug. The neu_ron._myerature was assumed tO,!_
260 ° C. A step-wise calc u_.tton was made In which the Pu _ cross section was chang e_
as the concentration of Pu increased (Appendix _J:). '"_._

.,

."

,._
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The results of this calculation are shown in Figure IX. Rather good agreement is
obtained between oalculation and experimental results. Approximately _Qo 0 increase
in the neutron tewperature wmld be requtzed to bring the burnout of U_3.2_O .r
Pu/Taa U and % Pu_ into exact agreement am well as brin_ the _ pu2_l into closer
agreement _ith the experimental results. The calculated exposuze i8 kp_roxi_atel¥
2100 MMD/T_p which is about _% less than the measured 2187 NgD/Ton .and well _Athin
the unQer_ainty of the latter value.

Although the 17 pieces of B metal were oharged into C reaotor with a norz_
length dovnetreaa dunmy pattern_ no ave_l_ over the expected cosine distribution
of flux has been made. Exasd_tion of Figure IX 8ho_ that the buildup and burnout
deviates from linear only slightly over the course of this irr_diatlon_ consequently
the error incurred by not averaging over the flux distribution is negligible.

It Is interesting to note that the effective neutron temperature which pertained
during the irradiation as indicated by the calculations was about $90e C. Similar
comparisons made with natural uranium fuel elements have indicated neutron temperatur
approximately 300 - $20e C for graphite temperatures in thls range. Certainly the
1.4_% B metal selectively hardens the neutron spectrum to a larger extent than does
natural uranium, but the _ata at present are insufficient to determine hardening for
a given absc_ptlon and slovi_ down chara_terlstlcs.

The calculations of product buildup and _$5 burnout indicate that sufficiently
accurate values of the spectral index can be calculated by the methods in Appendix ZV
This parameter is required for general utility of the Westcott formulation for other
reactor lattices.

Reactor Physics
Research and Engineerin_
Im_DZATION PROCMI_G DE_R'A._,','
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Zn these equa,tioem 25, 49, 110, 4l and F represent U_35, Pu239, 1:_9110, Pu941,
and fissions, respectively, _t is the product of locs£ flux and tiaet N represents
nunlei/cc, N° the initial concen_ratiQn for the interval in the calculations, _"
without subscript represents absorption cross section; and _'f is the fission crosS:
se_tlon.

K_l " _'_l + .A_1 where _1 lm the decay co.rant for PuR41.

Sample Cross Sections:

The cross sections were calculated using the parameters frome.C[4RP 7_87_. A
sl_t adjustment was made in the cross section of isotopes of Pu'_Y_ Pu'a_s and
Pu_', in order to allow for the preferential buildup of the isotopes near the
surfaces of the fuel element. The results of this preferential buildup near the
surfaces is that these isotopes "see" greater flux than either of the unlformily
dispersed uranium isotopes. Conversely, the spectrum is not hardened as much near
the surface as for the average over the slug, and r decreases. The corrections
were dete_ined for the buildup of plutonium isotopes in natural uranium, and are
thus only approximate. Furthermore the corrections are really flux corrections,
but the normalization of buildup of one isotope compared to another is quite co._
pllcated if the flux time parameter is different for each. The following corrections
were applied to the cross sections for this effect.

Isotope Flux Correction r correctiQn

u23P z.ooo 1.ooo

_z39 1.ol_ o.986

z_z4° z.oz4 0.977

_Z_l l.o3_ 0.968

The cross sections in ba_m for r - 0.08377 and a neutron temparature of 380" C are:

0_25 _ 693.5' E0.9197 + 0.08387 (0.1631)_- 6_7 328,.78Co.9 68.o.o837(o.o4 6)3+
_'_8= 2.71 [l.OlO_p+ 0.08387(8.731_)_=_.7_3

¢_. (z.oz_)(_o3_.zo)_z.8_8o.o.o8_7_(o.8_. _9e_.o9

_r_9" (Z.ol_),.(7_7.Ta)_l.6Zg_+ o.o8_1(o.6_)]. _68.2_
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Determination of s28 _'_

, _he value of 8 for various isotopes are listed in CRRP-786 for thin samples "_

of absorbing material and the self shielding of the reso._es is neglected. When ';._
the material under consideration is eluded, sunh as the U=o in this experiment, i_
the problem of what to use for 828 arises. Initial calculations assumed that the i_

Westeott f_ was applicable for _umped samples, and that the resc_uces,_tcgral _._
to use in the s formulation coul_ be calculated by the method of Hellstrand_O;. ._

RI - 2.1_1 + 2l_.7 T ::_!_

where 8eff is the effective surface, and M is the n_ss. ',_
.. _:._

However, it was impossible to correlate the data with such an assumption, and '.i!_
the value of 828 was determined by use of a conversion ratio formula which has been ?:::_

shown to give satisfactory results, namely. '_'!._i• .-:I,o

Co: "- + (I-p)e .:
_i_'

where _ is the fast effect, p is the resonance escape probability, • "B_ i8 the i_i:i_.

fast leakage and ,W 2__ is the average number of neutrons per the_l neutron absorpt:L_
in U_3_. Equating the above formula to

and using a calculated value of r (Appendix IV) the value of s28 was determined fo_
natural uranium slug of the e_me size as the 1._ _ slu_s, The value of sa8 for i_
natural uranium slugs was determined since the conversion ratio i8 apprex_ely kn_
in a s_me_rical C-pile. UsinK the followlnK inform_tlon, ,,_#_j

_ = z.o_7 ,,_

- z.037 .j_

8"B. o. 8so8 for 260 neutron temperature equaled 7.052, or the effective resonance integral,
i_ 12.562. The _tter v_lue is considerably larger than the I0.I_5 used in the " _i_
calculattc_ of p originally, however, the discrepancy was not investigated further. .,._
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APPENDIX IV

Calculations of the Spectral Index, r. 1
',_

The flux spectrum in the reactor is assumed to be i_

t,

where (n_)M is the true Maxwelltan flux and is a conveztteng normalizing factor,

_x s the helght of the I/E slowln8 down distribution at the energy at vhlch %he
lllan and I/l dlstributto_ Join, and ah is a step function equal to 0 below

the Join_ energy and 1 above

At a given energy E, the sloving down rate will be equal to the total neutron
absorption plus leakage rate below energy E; this preserves neutron balance. Since

q(_) ,, # (_)z_,,,iv

we can write, for the energy at which the Maxwellian and I/E tail Join

tit(z)(n_)l,!

where the neutrons in the Maxwellian above the Joinlr_ energy are neglecged. Thus, ,.
..,

._.'..,
.,

The total reaction rate in the cell for a Naxwelllan distrib,ltlonis ,_Ivenby
I

2" fc, t

t

which for a 1/v absorber reduces to ._

(" f }
Upon integra_ion thls becomes ,!

ii ii

_Thls is not a serious error, since a transfer function san be formula_e_ which will re_'_
to the step function. When a resonance appears near the Joining energy i.e. pu239 th-
error may not be negxi_ble_ however. _. ,LAS,8,_7_
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where _ T is the the_ le_.

From the eq_tion for the _.ux distribution_ for an ener_ at which the Max-

wellian is negligible. N

and if the fine structure variatl_ of the rescz_uce flux is neglected "

• - L _ ,{_ln :,

where the u subscript desl_ate8 uranium. _:_._
e,

By _eflnltion t the thermal utiliza_ian for a reactor cell is given by ili!
i

and thus _ ,p

V,, ,f-r- :!
• ._,.;_

By defi_itic_ :.;i

wher__k_ is the energy at which the Faxwellian and slowing down distribution Join, .:_,,'i

& value of /_. equal to _ _as us._l, _ this set of e_l_ula_io_s; howevar, it 'isno_, ':..._'';_._
well known. Fortunately, the vaAue of r is ra_her ID_ensitive _,cj,_,, . _::_._",_._._t

. k!

o..,
!'.,.
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