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ABSTRACT

Previously reported chain yields and independent yields for the thermal neutron induced
fission of 233U, 23%, 239!’u and 2‘"I’u, the fast neutron induced fission of 232'|'h, 2:mU,
2350. 23&0, 239?0, 2"ol’u and 2ml’u, and the 14 MeV neutron induced fission of 2330, 23%

and 238!1 have been adjusted to conform with physical conservation laws and the results
listed.
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1. Introduction

This report describes ar extension of a line of work which began with the establishment

of a computer dased fission product library (Ref. 1), and a means of extracting information

from tie library (Rer. 2). Thermal neutron induced fission product yields were extracted

from the library and assessed (Ref. 3,4) followed by a similar assessment for fast neutron
induced fission product yields (Ref, 5); lastly the known independent yields were extracted

from the library and assessed (Ref, 6).

All these results were obtained by treating experimental results and in the case of
independent yvields the known values were used as the basis for the calculation of those which

were not Lnown. The end products in all cases were the best that could he deduced from

experiment. It 1s known that th> experimentally detevmined yields must also obey physical

conservation laws (Ref, 7,8,9,10), and this repori Jescribes a method of adjusting the
yields to conform with them.

The adjusted fission nrocduct yields will be found in Tables 1-14, the fractional
independent y:ields in tables 15-17,

2. Discuss on

From the definition of chain yields the total number of fission fragments is equal to

trice the mmbher of fissions

2Y(A) = 2 )
A

wher Y(A) ia the ad g:sted chain yleld of fission products of mass A expressed in fractional

form. The fission p.ncess des not involve the anihilation of nucleons so that there are

as many nucleons after fisasion as there were before so that

ZYA A = A 1-51, (2)
A

where A is the rass numler of the decay chain, AF is the wass number of the fissile isotope,
thr | stands for the neutron causing fission and '\71, is the total mumber of neutrons emitted
during snd after fissior, It shonld be noted that (2) s s mumber balance and not » mess

bal. . e,

Since n» nucleons are destroyed protons are coneerved $o that

2Y(A)LA) = .
A




where

ZiA) = T Z.F1Y(A,2) @

~

FIY(A.Z) is th2 fractional imvdependent fi=sion vield of nuclide mass A, atomic mmber Z;

7 is the atomic number of the fissile nuclide and Z{A) is the mean atomic mmber of the

i L d
independent yields of mas= A. S:pce the atomic numbers of complementary fission fragments

» ‘orons v lost)
must add up to ZF (1.6, NO protons ar o=1},

3 FIY(A,Z).YLA) = &, FIY(A'.ZF—Z.).Y(A') (s)
A A
i.e. the total yicld of the isutopes of atomic number Z summed over all masses A, is equal

v
to the total yicld of isotopes of atomic number (ZF—l\ summed ove: ail masses A,

As e.quation (50 and (5} are both based on proton conservation it would be expected
chat one wight e dersved tron the other. This is indeed so and Appendix 1 sets out the
derivotion of t2y from {35},

The problew now 1= 30 o adjust the observed chain yields y(A), that taken with the
ad justed independent veelds they obey (1)=(3). It would seem a priori to be desirable

that the adjustment of a given chain vield shouid be dependent on its magnitude and the

accuracy with which 1t 1= Known.

fre g qustment chosen was

YAl - ca) (= + By(A).o(A)) (6)
(where
Y(&) 1= the admusted chain vield for mass A,
VIA) i~ the observed chain vield for mass A,
TA) i= the -tandard deviation of v{A) expresced as a fraction of y(A) and a, B are
con-tant -

which appears to =atisfy the a priori requirements.,

flwre |- apparent.y no objective way of chonsing the method of adjustment and equation

i o sl et ve chogaer, Meek anid Rider {Ref,14), use the correction
YiA) VA + (20,0 - 3 y(A}Y. Var y(A)/2 var y(A)
A A

for the cluar sield of s number A, {Nore that here Var (I y(A)) = 2 Var y(A) sssuming
A A

Chat the obeetvod chatn vields are ot coppelated, i,e, the variance of the sum of the

Cleerved vpebde e penticalby cqual o the sam of the variances of the individual chein

vie e

Possibly the only objection which can be raised to this choice of adjustmen: is that
for a given reaction the ad justments are alllpositive or all negative depending on the sign
of [200.0 - 2 y(A)]. It would be expected that of the adjustments to individual chain
yields some would be positive and some negative for an additive adjustment, or some greater
than unity and some less than unity for a multiplication adjustment. Equation 6 is an

ad justment which conforms to these expectations.
Then from (1) above
Wy(A) + BEO(A).y2(A) = 2 (7

and from (2) .
aZy(A).A + B3O(A).y2(A).A = & (8)

where
A= AF+I-VT

Then if p = 3y(A), q = Za(A).yz(A), r=3y(A).A, 8 = ZO(A).yz(A).A

a (28 - Rq)/(ps - rq) (9)

g

The test is then to apply (3) in the form

(2r = Ap)/(rq - ps) (10)

0.2 y(A).Z(A) = z, (1)

when 6 should be found = 1.

Also (5) should apply and the sums of the independent yields of complementary atomic mumbers

should be equal.

It would, of course, be possible to fit the experimentally found chain and independent
yields to the constraints represented by (1), (2), (3) and (5), but it was found in practice
that if the chain yields were adjusted to comply with (1) and (2) then 6 in (11) was found
to be a mmber very close to 1; the actual values together with the wital yield of

complementary elements are given later (see Tables 18, 19},

Further tests are possible and they are described in the Appendix. The results of
these teats are equally satisfactory, but the size of the erTors imoived indicates thst
in further work it may be wu:er to fit by least squares all the constraints simulteneously.

3. Method |

(a) Chain yields ‘
The otarting points for the sdjustments, which were made by & Computer progrmm,

were the chain yields of Refs, 3 ond 5. Geps in the mass versus yiald tables in the

! ¥




mass range 72-161 were filled in the case of thermal yields by semi-logarithmic inter—

9

232 23 23
polation. For fast fission chain yields of Th, % and Pu semi-logarithmic

interpolation was used, but for 233{} ard 238U the extensive gaps in the data made this
impossible and the predictions of Ref. 10 were used, The fast fission chain yields
for 2“OPu and 24‘Pu have not been determin_.Jd and the predictions of Ref. 10 were used
assigning an uncertainty of + 15 (10) to all values. The method used in Ref. 10 to
predict chain yields is aiso described in Ref, 15.

- ¢ 232Th 233U
There are experimental chain yields available for 14 MeV fission o N N

2:”SU and "3815 and the gaps were filled by semi-logarithmic interpolation. In the

case of 232Th the adjustment process failed, giving some negative yields; this was also
the case when Flvnn and Glendenin's (Ref, 12), interpolated values were used.

Presumably the available experimental results do not define the mass versus yield

curve well enough, certainiy the trough and the sides of the heavy fragment peak are

net well covered hy the experimental points.

With these chain vields and the -\71. values recommended by M. F. James (Ref. (1),
see Table 20, the values of 1 and B were computed using (7) and (8), and the adjustments
derived tperefrom were applied to the chain vields. The results are d;splayed in
Tables 1-14, in which the adjusted yields (as percentages), are given for each mass
number, along with the uncertaintles (+ 10 as percentages i.e, as coefficients of
variation), carried over from Ref. 3 and 5, and the adjustment factors in fractional

form

(b) Fractional independent yields

The calculated fractional independent yields of Table 13, Ref. 6, were first
corrected for the odd-even Z effect.  For a given mass number and fissile nuclide the
calculated podepemdent yields for each 7 value were multipllied by the appropriate odd-
even 7 factors given in Ref, 6 for themmal and fast fission, and the sum over all the

7 values for given mass pumber and fissile element, was found. Each independent

vield 1 the sum was then divided by the dum so that the resulting values added to
SRR The factor 2 in (11) was then computed using the adjusted chaln yield, For
MoV Ti--q0n the calculated independent yields of Table (3, Ref. 6, were first
recateulated using the [l’ value s given in Ref, 6 for 252Th and 23&0. There are no
Odil=even 7o oeffects to gllow for and the proton balance factor © in (11) was calculated

direo iy, Incidentally the fact that 14 MeV fission i¢ energetic enough to smooth

cut the cnldeeven /o effects s itaependently confimed by Nethaway (Ref, 13).

-y -

A summary of these operations is given in Table 18, anc the independent yields in

fractional form are set out in Tables 15-17.

(c) Yields of complementary elements

It is clear that as no protons are destroyed in the fission process the two
fission fragments of each fission must pogsess atomic numoers that adq up to ZF’
thus the number of fission fragments of atomic number Z mst be equal to the number of
fission fragments of atcaic number (ZF-Z). Of course this statement refers to
fragments before any decay and it ignores the Production of very light particles which
eccur in a very small proportion of fissions. A test of the calculated independent
yields and the adjusted chain yields is thus to demonstrate that they lead to the
equality of the total yields of the complementary elements on application of (5),

This is done in Table 19 which sets out the total elemental yields together with the
Standard deviation deriving from the errors in the adjusted yields. The uncertainttes
in the elemental total Yields must be greatei than these since the calculated
independent yields are subject to considerable errors (Ref. 6), Indeed, any disagree-
ment between the total complementary element yields greater than would be expected to

arise from the chain yleld uncertainties, may be taken as a measure of the uncertainty

of the calc_:ulated independent yfelds, but doing this one must take into account the
smoothing action of the Summation, and also the large range of magnitudes of the

individual yields. Further tests are described In Appendix 1 and the results of
these are given in Table 18,

4. Conclusion

A method of adjusting fission product yields (both chain ano indapendent), to confom

with physical conservation laws has been found and used to produce a set of adjusted chain
yields for thermal, fast and 14 MeV fission. Calculated independent yields have then been
corrected for odd-even Z effects and adjusted to conform with proton conservation using the
ad justed chain yields. Finally the sums of the independent yieclds of the complementary
elements have been crlculated for comparison. Departure from equality indicstes the
uncertainty in the independent yields, and further tests Indicate that the differences are
probably consistent with the errors involved. However, in future work it would probably

be better to fit all the required parsmeters sisultaneously rather than plecemeal,
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APPENDIX 1

The velation of equations (3) and (5)

Starting with the L.H.S. of (3) which is the sum of ali (yield of chain mass A} x

(average atomic number of that chain), and substituting frum (4) for Z(A)

2 Y(A).Z(a) = 2 Y(A) 2 Z.FIV(A,Z)
A A z
Then it will be seen that the resulting expression may be sumwed in two ways {e.g. by

writing down the array of nuclides 1 rmed in fission in the manner of r.ie 'Nuclide Chart')

(a) along a chain of given mass A summing the products Z x FIY(A,Z) for each Z and
finally multiplying the total by Y(A); then repeating for all mass numbers.

or (b) along a chain of given atomic numpers Z and summing the preducts Y(A) x FIY(A,Z)

and finally multiplying by Z; then repeating for all atomic numbers i.e. for all elements.

Thus
2 Y(A) 2 Z.FIY(A,Z) = 2 I Z.FIY(A.Z).Y(A)
A 4 AZ
= ZylZ).z
z

where y(Z) is the yield of element atomic number Z = 2 Y(A),FIY{A,Z)

A
Then let Ay(Z) = y(Z) -~ y(ZF-Z), and Tor even Z

F
2 Y(A).Z(A) = 2 Z.y(2)
A z

(T ool 0)) 20 ()L -0) o 3-0)]
>4
(for odd Z, there is a sisdlar expression)

= Z ;E.y(-z!'5+ Z)+

¥ ZF
Z.M(T + Z)
all Z

.a;(;z,z), ) 2ol Fr2)

D

V{ingd

From the definition of y(Z)

. : —
Zy(Z) - ZZY(A)JIY(A,Z) =2 since LPIY(A,Z) w1 and ZY(A) .3
z T A z . A

i
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z E i ttieerisssessessesnssans APPe 101
Hence ZY(A). Z(A) = "‘F + ZZ.A’(-2-+ Z) ceesnes

A 231

3ut if (5) is true for all Z Ay(Z) = O by definition and

Z‘Y(A). Z() =2,
A

which is equation (3).

- 10 -

APPENDIX 2
A better test of (3)
g
/0

Zp + Z Z.Ay (;F-+ z) from App. 1.1

Z31

From (11) 2 Y(A) Z(A)
A

. ,2
Then (say) ¢ = (%-UZFxlOO: ZZ.A\,(-;-‘*Z> (The 100 is due to a change from
3
fractional to percentage yields). ¢ should be O as 6 should be 1, and
z z I
2 frary (Fr2)evrs(F-2)
= Y Var -z
Var(9) ZZ {ary -2-+z/+ ar y\ - J
>1 .

(and it is assumed that the uncertainties in the yields of elements are uncorrelated).

Hence the values of ¢ and Var ¢ can be computed, the former from © and the latter from
the standard deviations of the complementary element yields as given in Table 19, ¢ and
(var ¢)¥ are given in Table 18 and it can be seen that in general ¢ is a good estimate of
O when compared with the standard deviation as estimated, Wote that the uncertainties of
Table 19 contain only the errors propagated from those of chain yields; it would seem
likely that if the uncertainties of ¢he independent yields were included even the t4 MeV
results might be judged as supporting the hypothesis that ¢ = 0. By the mechods used in
this paper the uncertainties in the independent yields are not well known and in future

work it would seem better to fit all the parameters simultaneously by least squares.

ol A
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FOR 14MEV FISSION.

INDEFPENDENT YIELDS

TIONAL

0 FRA:

BOJUST

17.

TakLE

TABLE 18

Summary of adjustments to fractional independent yields

Odd-even.z Protor
Fission effect’ balance ¢ ; $
Element Energy (® in (see text) |(var g)% | © = /02%
Max. { Min, | Eqn. 11)
232, | Fast - - 0.99825 15.78 | * 16.51 4.64
14 Mev il
>
Q
:‘ ?‘2?‘3??“:‘2 ?Q.O.O"fo_':‘o. 233“ Thermal 1,28 1.00 0.99964 3. 31 * 8.0 1.27

COQUOUOO0O0O (=) [

UPoLLOVO Fast 1.28 1 1.00 1.000% - 0,92 1 23.1 - 0,35
3 14 MeV - - 1.0055 -50,32 * 14.5 -19.4
3 OOV UOOQ QUOQOQQOLOUWO
~N L 2N J . L[] L ] L ] L] -* L] L] [ ] . L] 1 ] . [ ]

SSSSSISS SSSsLsel 235, Thermal | 1,06 | 0.88 | 0.99927 6.72 |t 6.62 ]  2.23
2 Fast 1,06 | 0.88 0.,99927 6,72 * 6.62 2.23
g: VUOVLOLUL VLVVULLLW 14 Mev - - 1,0086 -80.32 * 14.70 -20.0
~N L ] L] [ 2 I ] l ] e o 5 & 2 o * @

QUOODLUDQO Y COWOoOODOO

Qe ono WO MmN O zsau Fast - - 10008 = 5.52 * 20.5 - 1.8
® OGhmmos oabey8s 1amev | | - 0,99761 22,04 | t12.34 6.2
m PO NO O Q QOTT IOOQLV
~4 * @ * @ . 9 0 ) [ ] ¢ B ® 0 [ ] [ I

LuDouuOLw LUOLULLUYO

coemon o 238, | Therme1 | 1,27 | 1.04 | 0.99998 0.19 | £ 0.5 0.07

> ~
2 g:g:gg g::ggt‘\;g Fast 1.27 | 1.04 1,0002 - 1,88 r 9.1t - 0.69
” OOV OO OCONIN~ODVY
N0l dSeSds Jllle e
2405, | Fast - - 1,0013 -12.20 | + 20,67 - 4.21

DONV&$FO ROOoOUNn MO
2 oVvw®D oo O mun [ Ne N
R .22%nesy 85n3883 il
~ ¢ o 0 0o g o 2 ooo"oonooo N 'I'Ml‘l - -~ ‘om "3076 2".8 - 1.9

LVUOUVVUOU DUV VLLIVO Fast - - 1.0003 - 2,82 * 20.0 - 0.89
= {1) (2)

W (GRS NS NSNS NENEES) VOO0 OoOOw

Ll * e 5 e 2 o0 v @ L I I B
~ ORG-S NURS NS RUES | LCOLVVLWOOUV

®The individual fractional independent yields of Table 13, Ref, 6, for a
given mass amber add up to 1,0000, These individusls were multiplied by

5 the odd-even Z factors of Ref. 0 and the resultant sums were ir general not
< equal to 1,0000. The figure in the table records for each reaction, the

- mxisus and the minimm of the resultant sums which were used to renonmmlise
I n5ToT308 TTITICES the individuals so that once more thay added to 1.,0000,

-

b **The Cractionsl independent yields were recalculated using the 2, values

. recrmmended in Ref. 6, ,

]

P4

v . % (17 Mean value - 5.93; omitting 14 MoV results mesn = + 0,51,

: (2) 8.D. sbout mean % 22,8; omitting 14 MV results 8.0, sbout mean = £ 7,11,




TABLE 19

Yields of complementary fission product elements (percem;gg_e_s)_

TABLE 19
- {Count'd)
233U 235U 239Pu 241Pu
T“E‘:;‘g‘f‘ Ge 0,611 + .035 | Ge 0.301 + ,024 | Se 1.32 + .04 | Se 1.16 + .047 . 2y By 3§ B Wy Wy
FIS Nd 0,954 + .016 | Nd 0.543 + ,008 | Nd 1.30 + .05 Nd .14 + ,023 F‘;;?Tm Ge 1.06 - .08 [Ge 1.15+ .07 lCe 0,644+ .024}Ge 121 » .008|Se 1.29+ .03 |Se 1,752+ .11 [Se 143+ .00
“ M iCe 2,43+ .10 [Na 1,15+ .08 {Nd 0-635 + ,022 | Nd v.225 + .014{Nd 1.28 2 .05 [Nd 1,762 .11 |Nd 1.432 .00
As 1.51 + ,064 | As 1,37 + ,U37 | Br 1.54 + .05 | Br 2,19 * ,105 As 5.16+ .23 [As 2.60+ .18 [As 1.5 = .45|As 0,458+ .029|Br 1,90+ .08 {Br 315+ .20 |Br 2,67+ .7
Pr 1,59 + ,025 | Pr 1,23 + ,017 | Pr 1,68 + .C4 Pr 2.28 + ,044 La 6,85+ .27 [Pr 1,792 .10 | Pr1.40 & ,022]Pr 0.833 + .OSB|Pr 1.53+ .08 |Pr 3,12+ .20 |Pr 2,65+ .17
Se 12.1 +.55 |Se 9.58 + .64 |Se 4.97 s+ .085|%e 1.57 2 .10 [Kr 4.85+.23 [Kr 5.0+ .33 [Kr 4.06+ .20
Se 6,24 + 415 Se 4.67 + .11 Kr 4,70 « ,09 Kr 3.88 + ,158 Ba 13.3 + .48 {Ce 6.41 + .34 |Ce 4.08 + .062{Ce 1,65 + .10 [Ce 3.95°+ .12 |Ce 4.90 2+ .51 [Ce 4.35+ .20
Ce 6.07 * .1 Ce 3.87 + .06 Ce 4.55 + .13 | Ce 3.89 1 .048 Br16.5 + .65 [r 7862 .5 [Br 4.9 & .085[Br 3.90 +,20 {Ab 5.23: .'4 [RD 8,01 + . [RKb 7.37 + .46
C3 17.5 + .57 [La 6.34+ .35 [La 6.60 » .086 {La 5.28 + .14 |La 406+ .13 {La 7.56 % .48 |La 6.88 + .43
Br 6.55 & .15 Br 5,15 + .14 Rb 5,21 + .06 Rb 6,43 + .29 Kr17.9 .57 |Kr18.8 » .86 [Kr 13.2 + ,35 |Kr8.51 » .54 {Sr10.9 2 .21 |Sr 10,9 » .68 | Sr 0.6 » .67
- - 9 . .8+, 3.2 ¢+, S s, r10.9 *. r 10,9 ¢ . rioe s,
La 6,30 + .10 La 6,538 + .05 La 4.75 *+ .15 La 6.19 =+ .06 Xe 18.9 + .68 | Ba 18,1 » .90 |Bs 16,0 2 .24 |Ba 7.36 + .33 [Be 13.0 » .32 |[Ba 1.0 * .70 | % 11.0 + .70
Kr 18.4 + .32 Kr 14.50 + .48 Sr11.5 + ,18 Sr 9,73 + .3? Rb 20,1 2 1.16|Rb 8.31 + 49 |Kb 11,1 ¢+ .45 [Rb 12,902 .05 |Y 9.75:.18 |Y 13.0 2.0 [y 133 +.m
b - = .3 3. .8 + .47 .57+ . 8 s . .25 % , . . 7 .
Ba 18.1 & .31 Ba 16.0 + .13 Ba 14.9 & .36 Ba 9.95 + .11 1 16.5 5.5 |Cs 10.6 + .47 |Cs 9,57+ .16 |Cs 10,8 » .48 |Cs 9253 .92 {Cs12.7 5 .79 JCs 12,7 + .78
Sr15.1 + .62 |$r16.0 » .98 !sr18.8 + .54 |Sr1s0 2.5 [2r 19,0 » .35 |2r 144 + 87 | 2r 151 2 .9
Rb 10.6 + .13 Rb 12.2 + .13 Y 11.0 + 27 Y 13.2 + .54 Te 11.8 + .40 | Xe 20.4 + .96 | Xe 19,86 + .51 [Xe 15,2 + ,52 {Xe 22.3 + .67 |[Xe 14.2 =+ .88 Xe 14.7 + .92
i Cs 9.83 + ,17 Cs 9.51 E .08 Cs 10.4 E .22 Cs 12.2 E .22 Y 8.59+.34 |Y 906+ .5 |Y 12.2 + .28 |Y 159 .64 [Nb 14.6 + .30 |[KD 144 + .88 | WD 14.9 .92
$b 7.12:.58 /I 9.10 .55 |1 12,7 ¥ .22 |1 18,2 2 .88 |1 13.2 » .30 |1 14.5 2.3 |1 159 2102
| Sr 21.0 + ,29 Sr 19.4 + ,16 Zr 1.7 + .76 Zr 15.8 + .72 Zr 5.01 4 .10 125 14,9 +,76 [Zr 16.4 » .22 |2Zr 21,4 * 0.34 M0 19,2 + .63 [M012.2 &+ .78 | M0 12.4 + .8
| Xe 20.9 + .30 Xe 20.1 + .07 Xe 23,0 + .75 Xe 14.9 + .57 Si 2.5 2 .16 |Te 14,0 4+ .92 {Te 15.0 2 .23 [Te 21.7 +1.43[Te 18.0 + .45 [Te 12.5 + .83 | "e 13.6 + .89
‘ . ND 0.58+,02 [ND 4.85+.24 [N 9,86+ .17 |Wb 15,5 £ 1.08|7c 6931 .31 |Tc 8.51 2.9 | Tc 8,42+ .5
Y 10,0 + 18 Y .0 + .10 Nb 14,6 + .47 Nb 16.4 + .83 In 0.80% .03 |[Sb 5.59 + .38 |So 8,063 .17 |Sb 158 +1.16]l8d 7,12+ .18 [Sb 9,07 + .63 | Sb 9.38 + .65
I 1wz +.7 11 2 +.22 |1 1.4 +.28 | T (6.5 .34 Mo 0121 + L0 Mo 2657 .29 |M 5,35+ .15 |Mo 5.51 2 .57 [Au S.49+ .28 |Ru 815+ .37 | Ry 5.45 2 .39
. Cd 0,204 + ,007)Sn 6.15+ .39 |Sn 4.74 5 .13 |8n 5.67+ .32 [8n 3.88+ .15 [8n 4.60-.30 | 8n «.412.20
r 14,0 + .33 Zr 15.6 + .20 Mo 17.7 + .69 Mo 14,1+ .79
! - - - Te 6,070 + 003 | Tc 0.4/4 + ,027 | 7c 0,708 + 050 | Tc 0.908 + ,052{An 1,22+ .08 [RN 2,282 .16 [ ”D > 20 .8
Te 15.9  + .25 Te 15.4 + .25 Tc 14.9  + .29 Te 15.7 + .28 AG 0,120 + .00 | In 1,63 & 089 !:0.4-“-: 18| In 1.23 % 077[In O.T24 .08 |In 1,632 .00 | In : 51+ .08
. . Ru 0,006 + .004 | Ku 0,324 + 014 | Ru 0.205 + ,010 | Ru 0,133 + 009 { Pd 0,434 + .05 | P8 0,577 2 630 | Pd « 518 + ,087
, Nb o 5.36 + .14 | ND B8.87 + ,16 | Tc 575 + .29 | Tc 9.15 + ,59 0111 + .04 | Cd 0853 5 ,028 | C* 0,276 5 009 | Cd 0,162 + 011 | C4 0,321 + .08 | Cd 0,574 + 075 | Cd n541 & 038
i Sb 4.83 + ,i4 Sb 7.97 + .11 Sb 6.64 + ,17 Sb 10.8 + .17
; Do Rnma: mnam; e
+, o %+ . e 2 . L3
| Mo 4.15 < .16 | Mo 4.37 + . Ru 3.70 + .20 | Ru 5.25 + .40 + +0051 A8 0241 2 00D IAS 0018 2 004 | A 0053 ¢
SN 3,96 + ,23 3 . . . . . . 710,264 3 012 | Pd O.146 + 008 | P4 0,028 + .00
| n vT N 5.25 .22 | Sn 4.36 + .25 | Sn 4.50 + .17 PO C.264 5 012 | P8 0,146 + 006 | A4 0726 3 00!
i Te 0,65 + 030 | Tc 0.546 + .022 | Rh 0,771 + 034 | Rh 1.71 + .12
i In 0,82 + ,05 In 0,440 + ,027 In 0,807 + ,051 In 1,13 + ,07
. Ru 0,28 + ,02 Ru 0,144 + ,008 Pd 0,271 + MO | Pd .282 + 015
| Cd 0,25 + .01 | ¢d 0,128 + ,008 | Cd 0,280 + 012 | Cd .220 + ,009
( Rh 0,077 + .05 | Rh 0,035 + ,00
| Ag 9,052 v ,002 | AR 0,032 + ,004
i Pd 0,074 « 004 | Pd L0034 ¢ 002
! P 0,079+ 004 | PA ,034 1,002
oW
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TABLE 19

(Cont'd)
—
23 235, 2.8,
Sy TABLE 20
14 MeV Ge 1.10 * .07 Ge 0,740 * ,045 Ge 0.830 * .055 Values of ; used in this work
g S 0SS Of Yp uSCC AN LS wWork
FISSION Nd 1,61 * .09 Nd 0,770 * ,058 Nd 0.849 * ,042

As 2.88 * .14 As 2,31 * .12 As 1.91 * ,07

1.80 £ ,10 Pr 1.33 * ,08 Pr 2.21 % .14 p
br Fissile Nuclide | 232m | 25%; | 235, | 238 | 239, | 240, | 241y,
Se 5.19 £ .26 Se 4,22 * .27 Se 3.42 * .10
CZ 3.7 £ 7 Ce 2.41 * .13 Ce 2,83 % .15 Thermal Fission - 2.487 | 2.43 - 2.871 - 2.969

L5 ¢, la 5,45 * .28 La 5.25 * .24
La 5.25 = .29 v 14 MeV Fission | 4,08 | 4.21 | 4.40 | 4.46 - - -
Kr 11.3 * .57 Kr 10.3 % .41 Kr 7.46 * ,24
Ba 10.1 * .42 Ba 8.58 % .36 Ba 8.25 * .30
Rb 11.1 * .42 Rb 12,5 * .63 Rb 9,59 * .41
Cs 10.6 * .33 Cs 8.11 * .36 Cs 10.7 * .46
Sr 15,2 * .54 Sr 13,1 % ,59 Sr 11.9 * .56
Xe 12.7 * .63 Xe 13.3 = .70 Xe 12.3 * .40
Y 11.7 * .45 Y 12,5 * .65 Y 13,9 % .59
I 10,7 * .42 1 12.6 * .64 I i3.4 % .4
Zr 10.1 * .44 Zr 10,9 * .62 Zr 14,8  * ,87
Te 10.8 * ,33 Te 9,92 * ,47 Te 13,9 1 .29
ND 7.54 * ,42 Nb 10.4 = .52 Nb 10,5 £ .41
Sb 7.24 * ,34 Sb 11,4 * .41 Sb 11,4 * ,28
Mo 5.51 * ,33 Mo 5,59 * .32 Mo 6.53 * .34
Sn 6.94 * .37 Sn 10,7 * .57 Sn 7,05 * .33
Tc 3.82 * ,25 Te 3.24 * .24 Te 4,01 * ,21
i 6,92 % ,31 In 5.67 % ,29 In 5,22 % ,24
Ru .14 % ,20 Ru 2,99 * .17 Ru 3.40 = ,19
Cd 5.29 * .24 Cd 5,02 * ,24 Cd 4.24 % ,10
Rh 3,99 * .24 Rh 3,10 * .15 Rh 2,76 * ,13
Ag 4,18 * ,20 AZ 3.55 % 17 Ag 2,80 * ,13
Pd 4,06 % .22 Pd 3.78 * ,21 Pd 2,61 * ,13
Pd 4,06 » .22 Pd 3,78 * ,21 Pd 2,61 % ,13
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