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• After the ur_Lq_A_ discharged from the pile, the activity rat_,odecays expomentiaL1_
with a hali_life of 45 days. Th'_, for 600 _D/_ urani_ irradiated 200 d_s, the

activ_y ratio at ti_e o_ discharge i_ calculated to be 13.6 w_ereas after@_ days of
cooling it is calculated toobe 3.4. ® @ @

• • ® !
• • Ba,aisO • o• • @

Theoconstants used in deriving the equations _esented here are as follows:
• • @ "_• @

_ission yie_ Re 103 from U-O_35 lm 2.8_ ± 0.16 per cent (i) @ y,
0 O • '

@ Fission yield Ru 106@from U-235 -- 0.38 ± 0.03 per ce_ (i) • •
@

--__Fissi°nyield Ru i_3 from Pu-239 = 1.49 (_) •
Fission yield Ru 103 from U-239

• •

F.tssion yield Ru 106 from Pu-23_ = 9.0_ (2) •
@0 F-issionyield Ru IC_ from U-235@ @

• • '_

"e Fission yield Ru 103 from U-238 = 2.0_ (2) •
F_sion yield Ru 103 from U-235 • @ •

eo • ge • • eeFission yield Ru 106 from U-238 • (2) O•
Fission yield Ru 106 from U-'_ - 5.19 _,_

Half life of Ru lOBg 39.SOdays (3)e • • ®

Half _ife of Ru 106 - _0 year.= ('_) •
• aO • _

• Derivation oi@Equations •

The differentialoquation describing the net rate of_orm_tGon of a radioactive
• product A@n uranium under irradiation in as follovs_* -- "

• •

• dA - (1)
d'_" RFx + R2Y2 + RsY3 • #A • • •

O

where: A rep_sents the concentration of isotope A • •

• _ represents the radioactive decay constant of isotope A
• .RI represents the U-'235 fission rate per unit volume

..repreee_ts the U-238 fission rate per u_Ditvolume
• h_ represents the Pu-P.39fission rate per unit volume

• Y[,eY2, Y3Oare t_e fi,slom yield., from U-239, U-238 and ._u-239

so@ respe¢-tIve_. • Q

• • * Note: This equation applies to the fase where _he isotope ie formed either direct

from fission or from a very sheet half l-Wfe"mother'fission fragment.
• •
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' In order to e_ressOth_ aoncentration or isotope A in te_Dmsof curies per unit volummp ;_

i both Bidss of equation (_ are multlplLed by _/d where d signifies the disintegrati_i__
= rate per curie, yielding: @O i_il@

dC x - y e__ Y + _Y ) _c (2)@ ----"-- IRl i _.2 3 3 " !i_

@ dt d c = cOurle;of isotope A per _it volume O O _>

• _ T.._. _@aat =_meration rate of each of the three fissionable _sotopes under considerati_

" i; _w_ythen-the Rf, R2, and R3 factors can be easily calculated by dividing the re-,:!!_
spective heat generation rates by the heat of mssion. The per _ent of the totaliheatt
generation due to U-238 fissions, essentially independent of exposure, is approximate_

• 9.39 per cent; the distribution o,ft_e remaining heat generation between U-235 fis,i_

• a_d Pu-239 _issions _s been shown_4) to depend on the metal exposure as follows: '_

• P1/P. o._l - 2._x io-4' e • • • "
/

• • P2 P " 0.0539 • •
-_ •

@ P3/P - 2.52 M x I0"_

• • where. Pl, P2, P3 _e the megawatts per tc_ generate_ by _

=e • _-235, U-2B8 and Pu-239 respectively • i_
-- P_ the total power gener_te_ '_-

• • • M ts the metal exposure (M_D/ton) _!_

• $ • e • • • _
_---_ By noting that M, the exposure per ton, equals P+, the product of _the power per ton _

• the iu-pile time, and by substituting Pl/_f, P_f for RI, _2, aarR3 respectively i_ _

equatio_ (2) one obtains :*o "
• • ._

. dc _ _ (o._l_-__,_o'_t) _) • i_-
• • o$

=c +_ _ (oo_9_+ _Y_aoCz._zx _o-__-_b• _c • ,_,__
d Hf d Ef .:_

• wh_e: Rf is the heat of flss_o_ (in MWD/fission) •

= • The solut_n _f th_ above equation can be e_pressed i_the following form: O_

o C .- P kDT . (B-D)(1 - e- kT) • ($) •
• o '_

where: B = C._61 Y] + 0.0_39 Y2 • • _

• d Hf@ • @ • ":_

- 2.__- "_,_• _.o-_ •O D -
o o o • ,_

0 T - Residence time ofouranl,im in pile O _
•Note: The dimensions employed here are time in days, power in mega_tts per ton and "-_'

• activlty_n cur_s per ton since the factor 2.52 x i0"h has the dimension
_- (_It_ o o o

_:_. 0 roductLon Kr $5 Pres ,:_O h. Gumprecht, R.O., FF_-I_= "_ '°} of _n the ent Hanford Reactors,
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' In the present case where it is desireS to compare the activities of Ru 103 and Ru 106

by means of a ratio, the power term before the bracket and the drf factors definit_g
B and D cancel out. When the values of the fission ylelds and decay constant of ]h_

_nd Ru 106 previously given are s_ostituted in equation (4) amd the ratio of their a@-_

O tivities is taken, the result is as follows: o @

° 0 j
R@.C (R_103_. 0.77_* ) e (9) +,c '(_u lO6) -.,,

0 0

Table I il_ustrates the values of R computed from e_uation (9) for several exposures
and pile residers times.

o °o TABLE_ 0 0 • •
0 _ -_ 0 0 @

o o T(d 8 _ __ • ,

2o 44 0

2OO _ _ O
200 40

0 o 200 60 .6 •
0 200 80 29.8 o

O° I00 0 21.2 o 0
_0_ 200 13.6 0 •

@ 600 3oo 01o. l • •

o 0 600 0400 8.2 •
• 600 0 900 7.i •

6O0 0 006 O0 6.% o • +i

o O 0 O_ • i00 • 18.9 • ® _

!_ 200 ii.9
5oo _e 6.2 •
8o0 4.7

o _ 0 0

When the points of Table_l are plotted, it is observed that values of R can be
to within about ±I0 per _ent of the value given by equation (9) by the simple
_tlons : @ e

0 0 for 200 M_D/t uranium R = 92 T-0"246 (20 < T < 80_ @ •

0 for 600 MWD/t uranium R - 590 T"0"712 (I00 < T < 600)
0 o o /i

for C_o0_D/t ur,mlum R = 510 T-°'712 (1OO< T < 6O0)

eASter the uranitnn _s discharged from t_e pile, the Ru 103 activity Pill decay expomon-+

_a]ly by the factor •"0.0174 t and th1_Ru 106 activity wi]_decay by the factor
e-0.O019 t. Consequently, the ratio g_"their activities will decay by the factor

® e-0 0_55 t where t is Ghe cooling time in days.• @

o o 0 0 0
Discussion 0 0 0

• 0
lt must be recognized that equations (£) and (_) are approximate in that they rel_ om [_

the asqgum_tiont.hatthe uranitun is irradiated at a constant rate which, of course, is +_, _+' which must shut down periodically to discharge metal.
not true in the na,+,ord piles 0
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