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° The purpossa of this document is to prov@eoa means for estimating the age of ruthenim%

ground contamination when the ratio of Ru 103 activity to Rn 106 activity in the con= ¥

e tamination is kgown. ¢ E

° ¢ ®

Summary

B3

o B
For a plle operating at & time-average power level of P megawatts per ton of uranium
and discharging uranium at an exposure of M megawvatt days per ton the ratio of Ru 103

activity to Ru 105 activity in the rissiongproducts at the time of discharge can be
calculated by the following equation: @

Py R o 0.35 M x@10-3 + (3.00 - .020 P) (1 - ¢=0.01T4 M/Py
0.T7 M x 10-3 + (0.466 - 0.405 P) (1 - ¢~U.00lY M/P)

) (-}
For 600 MID/t yranjum the valug of R can be calculated to within $10% of the value
® glven by.the above equation by the simple approximation: 0© L
° fn“’v
® R = 590 T-C.712 (100 < T £ 500 days) - 7%
° ° =
vhere: T is the average uranium residence time in the pile in days, or i
T w M/P. ° b
° ° i
For 900 MWD/t uranium, o \%—
° - k=
" RrazworeT2 (100 < T< 500 days) i
i @
Fos 2%0 MWD /% u?&n.um, %
. E
Ra 92 1°0.Pho © (20 < T< 50%ays) o
o ° o : 3
i
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.cooling it 18 calculated togbe 3.k. ® ° ®
©®
Basis® ¢ e® ® °
®
Thecconstanta used in deriving the equations p?esentod here are as follows:
° o o T ®
- Jission yiel Re 103 from U-235 2.85 t 0,16 per cent (1) °
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After the ura&n't‘afzi“ 2] discgarged froz the pile, the activity ratlo decays exponentially

with & halfelife of 45 days. Thuz, for 600 MDD/t uranium irradiated 200 days, the

actividy ratio at tige of disch®r%e i3 calculated to be 13.6 v{ereas aﬁer‘% days of
o

') N
Fission yleld Ru 10Ggfrom U-235 -- 0.38 £ 0,03 per ce@ (1) ® ()

°
Fission yleld Ru 193 from Pu-239 )
Flssion ylol 32 _ 149 ®
Fission yield Ru 103 from U-235
® °®
Figsion yield Ru 106 from Pu-239 L
- 9.04 (2)
Fission yield Ru 106 from U-235
° °
© ()
Fission yleld Ru 103 from U-238 _, ,, (2) @
F#ssion yield Ru 103 from U-235 'Y Py PY
% ] PR ® ] °
® .
Fission yield Ru 106 from U-238 @ (2) e ()
Fisslon yleld Ru 105 fram U-?}js = 5.15
’ y
- ® ®
Half 1ife of Ru 103 = 39.5®days (3 °
® ® L] o
Halt Jdife of Ru 106 = B.C years (3) o
® Y

[ )
Derivation of® Equations

°
The differentisl gquation describing the net rate ofiormauon of a radioactive fissi
product A @dn uranium under irradiation is as follows:

e
dA [ ]
-d-g - RF1 + RQYQ + R3Y3 - J\A ® .(l) ®
[ ]

where: A rep&senta the concentration of isotope A o
A represents the radactive decay cofstant of isotope A
] represents the U-235 fission rate per unit volume
2 represeﬂts the U-238 fission rate per uMt volume

o b ‘gpresents the Pu-239 f#sion rate per unit volume
15, 2 Y3 are trhe fiss’on yields from U-235, U-238 and Pu-239
oo. rospec.tivelg. -]

o
+* Note: This equation applies to the ‘use where ge isotope is formed either directly:
from fission or from a very sh%rg half 1¥fe "mother®fission fragment. .

1. Hardwicke, W.B., Phys. Rev. g2, 1072-73%Nov. 1953) °
2. 3teinberg, E.P. and Freedman, M.S., NNE3-PFR g, 1381 (1951)

3. EHollander,eJ.}!. Perlman, I., and Seaborg, G.%, "Table of Isoto&wa," UCRL 1928
Revised (1952).
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In order tc expressdthg Sncentration of isotope A in tefne of curies per unit volume,
both sidas of equation ( are multiplied by N/d where 4 signifies the disintegratiom i
rate per curie, yielding: © :

o fl.“
o 9€ . X (R)Y,® Rp¥p + R3¥3) = XC (2)
at 4
) o o
L ® {
° C = curies of isotope A per unit volume

-] i

° If ¢he hest generation rate of each of the three fissionable tsotopes under consideratidl
{8 known, then the Ry, Ro, and R3 factors can be easily calculated by dividing the re- \
spective heat generation rates by the heat of Mission. The per gent of the totalgheat §i*
generation due to U-238 fissions, essentially independent of exposure, is approximatelyd¥

® 5.39 per cent; the distribvution o tlge remaining heat generation between U-235 fissionsi

® and Pu-239 ‘1ssions s been ahovn(" to depend on the metal exposure as foilows: T

® P/P = 0.9461 - 2.58 Mx 1074 o ® o © 7
’ ey
¢ Pp/P = 0.0539 @ %
[
e P3/P=2.52 Mx 107 &
° & o * ® o I
° ® where: Py, Pp, Pq e the megavatts per tcy genorateﬂ by q:g—f
) y-235, U-238 end Pu-239 respectively ® $
PY o o P4z the total power generated e
M is ‘he metal exposure (MWD/ton) B

. A
$ o ) g ¢ X

By noting that M, the exposure per ton, equals P+, the product of the pover psr ton lnds_»fs
® the in-pile time, and by substituting P,/fir, P9y for Ry, Ry, and Ry respectively in Siim
eqmtioxb(e) one obtaina:*.o 3

L ]

L ac 2 5 - -4 ®
. TR (0.g%1 P - 2.52 x0l0 P2t) Q)
¢ 2 2 (o PL+ )Y N e %
+ 5 22 (0.0539 P+ ) Y30 (2.52 x 1074 PP @ C F
f 4 Bf [ ) ’:-'-‘f@:
L © ,;*%,%
¢ vhgre: Er is the heat of £1ssf® (in MWD/fission) b E?
® ® . ;
The solutign B¢ tH® above equation can be egpressed i{rfPthe following form: o
© ¢ pp w0+ (BD)L - e *T):\ o (1) o
whege: B = C.OM61 ¥ + 0.0539 Yo ° e °o .
[} d Hf‘o «"-;
[ ) - ° () ]
o ©5 . 25200 (Y3 - Y19 x 10-4 Py
o © Ad Hf © ;
° T = Residence ‘ime ofguranium in pil: © o “
#Note: The dimensions employed here are time iv days, pover in megawatts per ton and 1
¢ activit aln curios per ton since the factor 2.52 x 10-4 has the dimension M
(MID/e ). ° o . 1
o L. Gumprecht, R.O., HW-327°% ¢ "Froduction of Kr 8% gn the Present Hanford Reactors,” s
8-13-5h. o b
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In the present case where it is desired to compare the activities of Ru 103 and Ru 106
by means of & ratio, the pover term before the bracket and the dip factors defining

B

° tivities is taken, the resglt is as follows:

(]

When the points of Table I are plotted, it 1is observed that values of R can be calc
to within about *10 per 8ent of the value given by equation (5) by the simple approxi«
Ptions: o PN

-]

(-]

Telgle I il ustrates the values of R computed frgm e%uation (5) for several exposures

and pile resideﬁe times.
o

(-]
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and D cancel out. When the values of the fission yields and decay constant of Ru 103
d Ru 106 previously given are s®stituted in equation () amd the ratio of their ac

o ¢ o
c §R3 102§ _0.35 Mx 10-3 + (3.00 - 020 P)(1 - e THT
R% C (Rul 0.77 M x 10-3 + (0.ko6 - 0.405 P)(1 5 e~ ) ° (5)

° o TABIE 1 ° -] o ° (-]
o o
o M (WwHr) © T (days R
200 20 Ly o
200 © 1o 358 °
° o 200 60 .6 0
° 200 80 29.8
o °
60% 100 © 21.2 ° o
° 60 200 13.6 o ©
500 300 ol0.1 ° °
o 600 0L00 8.2
e 600 © 500 7.1
600 ° 00500 6.% o
o ° ° ®
©50Q * 100 o 18,5 ® ®
9 200 1é.9
9 500 o .2
goo ° L, i
° 8 7 ° ° !

o for 200 MD/t uranium R = 92 r-0.246 (20 < T < 80@ o ©

©  for 600 MiD/t uranium R = 590 p-0.712 (100 € T < 600)
[« ] ]

0

for $00 MAD/t uranium R = 510 7-0.712 (100 ¢ T < 600)
(-]
After the uranium ‘.% diacharﬁed from the pile, the Ru 103 activity \?111 decay expon
fa1ly by the factor 0-0.017h t and th¥® Ru 106 activity wi¥lg decay by the factor
0-0.0019 t, Consequently, the ratio ¢ their activities will decay by the factor
e-0.0355 t where t is ghe cgoling time in days.

° °

Discussion o o o ° o o

o (+]

It must be recognized that equations L) and (5) are approximate in that they rely oa

the asgu.mytion that the uranium is {rradlated at a constant rate which, of course, 18

not true in the Hanford piles which must shut down periodically to discharge metal.
(o]
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For the relatively .ong half-lives involved here, however, the assumption of & constant
average irradjiation rate causes an orror {n the calculeted value of R of less ihan 2
cent. A far more likely source of srror occurs in determining the aversge residence
time of the urenium 11 the pile since each disctarge is composed of uranium from variov
~ tubes operating at various povers for various periods of time. Going back to the gonca

formula, equation (4), the total curies of isotope A in the push should pe expressed as:

Jollovws: o ° o o

Total curies of isotope A = 2 X4Py [:>‘Di'1'1 + (B"Di)(l - 8" M'i)]
© o}
i

)
ovhero Xy = tons of uranium exposed at Py megavatts per ton for
Ei days °
o .

A tube-by tubp summation of ruthenium activities for the B Pile_discharge of August 113¥%
1953 gave a value of R about 6 1/2 per cent greater than that oBtained from equation (5;
using the average metal exposure of the push &34 the average residence time of the
uranium in the pile. EHowever, even if all uranium were exposed at & fixed pover for %
e fixed time, the value of R given bycequatior (5) would have an uncertainty of et loas'
£10 per cent due to the uncertainties associated vith the values given for the risslon }
yields. An error of 1C per Sant in R results in an error of about T days in estimating’
the age of the observed grownd cgntaminagionb ° 5
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o

° The purpose of this document is to prov@eoa means for estimating the age of ruthenim_
ground contamination when the ratio of Ru 103 activity to Ru 106 activity in the con=- %

o
Summary

activity to Ru 106 activity in the fissiongproducts at the time of discharge can dbe ,g
calculated by the folloving equation: o RE

° ﬁ
o R w 0.35 M x010-3 + (3,00 - ,020 P) (1 - ¢=0:01Th M/Py :
O.TT M x 10=3 + (0,466 - 0.405 P) (1 - ¢-U.0ULY M/P)

o

]
Tor 600 MAD/t greagan the valud of R can be calculated to within $10% of the valus
e Biven by.tha above equation by the simple approximation:

°o®
(-]
° R = 590 T-0.712 (100 € T < 500 days) -
o -] &
vhere: T is 7)10 average urenium residence time in the pile in days, or
T « M/P, ° ' ¥
° ° e
For 900 MWD/t uranium, o 3&}%
° . =
" RaswopoTR2 (100 ¢ T< 500 days) o
° . i
Fop 2¢0 MWD /% u?&niuo.':.. 1,. ‘f@
R = o 1-0.245 0 (20<7T< 50%ays) 0 M k3
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