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Equations (2)-(4) are the simplification of Equation (1) and justified in the paper. Equations
(5)-(14) and Equation (23) are simplified from the analytic solution of Equation (1) for the short-
lived fission gas nuclides, whose derivation are added as the supporting information below.
Equations (15)-(22) are the fitting formula and the fitting results for HTR-10 core with the fitting
data calculated by KORIGEN in the Figures 6 and 7. Equations (24)-(27) are justified in the
paper based on Equation (23).

1. Point depletion burnup equation

The general point-depletion burnup equation is as follows:

nj N

dN; ,

dtL = Z lljl]N] + (l)ZfUO'JIVJ - (/L + ¢O-a,i)Ni' L= 1,2, ,N (Sl)
j=1 j=1

where Ni represents the atom numbers of radionuclide i, Njis the amount of precursor
nuclide j or fissionable nuclides j, nj is the total number of precursor nuclides i, N is the number
of fissionable nuclides, Ai is the decay constant of radionuclide i [s7], 04 is the spectrally
averaged neutron absorption cross-section [cm?], gjis the spectrally averaged cross-section that
yields the nuclide i [cm?], [ is the fraction from radionuclide j decay into nuclide i, fjj is the
fraction from nuclides j to radionuclide i, especially the fission yields from fissionable nuclides
j to radionuclide 7, and ¢is the neutron flux averaged by space and energy [cm2 s1].

1.1 Decay chain for model A
1.1.1 Decay chain for Sub-mode Ao

a) Decay chain for mode A

Figure S1. General mode A for the decay chain
Ayjis defined as the number of nuclides j from the nuclear fission reaction per unit time,
which is included in the second item, ¢ Z?’zl fij0;N;, on the right-hand side of the Equation (S1).

Af,] = Z Yi’jaf_l-d)Ni i = U5, U8, Pu9, Pul (82)
i

The following conditions were applied for the above equations:
e  The (n, y) neutron absorption reaction was only considered for 35Xe and %*Xe;
° 23507, 2381, 239Py, and 24'Pu were considered for fissionable nuclides; and
e All fission gas nuclides were assumed to be in equilibrium, where % =0,i=
1,21,22,3,01, or 02.

The (n, y) neutron absorption reaction was only considered for 13Xe and '3*Xe, which
means nuclide i is not from the neutron absorption of other non-fissile nuclides in our
consideration. In the second item, ¢ Z?’zl fijojN;, on the right-hand side of the Equation (S1)
only embracing the fission fissile nuclides. 2°U, 238U, 2Py, and #'Pu were considered for
fissionable nuclides. Therefore, for nuclide j, Ay ; = ¢ X\, f;;0;N;. The first item on the right-
side of the Equation (S1) depends on decay chain such as the figure “Decay chain for the mode
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A” above. For each nuclide in the figure, the equation for nuclide i reflects that the variation of
atom numbers of radionuclide i is equal to the birth rate minus remove rate as follows:

dN

dfl = _(Am + Ua,o1¢)No1 + (f02,01/102N02 + f3,o1/13N3) + Af o1 (53)

dN,
d;z = —Ag2Noz + f3,0213N3 + Af,oz (54)
- —A3N3 + f213421Na1 + f22,3422No0 + Af 3 (S5)

dN.

dt21 = —A21Np1 + fi21 4Ny + f2221422N05 + Af 21 (56)

dN.
d:Z = —A22Npp + f12241 Ny + Af 52 (57)

dN
d_t1 = _AlNl + Af,l (88)
All fission gas nuclides were assumed to be in equilibrium, where % =0,i=
1,21,22,3,01, or 02. Equations (S3)-(S8) become as follows:

0= _(/101 + Ga,01¢)N01 + (f02,01/102N02 + f3,01/13N3) + A o1 (89)
0 = —Ap2No2 + f3,0243N3 + Af 02 (S10)
0 = —A3N3 + f21,3421No1 + f223422N55 + Af 3 (511)
0 = =221 Na1 + f1214 N1 + f2221422 N2z + Af 21 (512)
0 = —222Np2 + fr2244N1 + Ap 22 (513)
0 = _/11N1 <+ Af’1 (814)

Solving above equation system, analytical results can easily get as follows, the Equations
(515) and (S16):

loz = A02Noz = f3,02(Ar1 + A1 + Apzz + Apz) + Af; (515)

Ao1

Ao1+0g,01P

Iyr = Ag1Np1 = (Af,l + Af’21 + Af_zz + Af,g + Af_02+Af,01) (S16)
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A b)As

C)Az d)AS
Figure S2. Sub-modes of general mode A for the decay chain of the fission gas nuclide

1.1.2 Decay chain for Sub-mode A1
Similar equation system can be obtained from the Figure S2 b).

dN
d;n = _(101 + Un,01¢)N01 + (AozNoz + f3,01/13N3) + Af,01 =0

dNoz Y 1 _
dt - = 02N02 +f3,02 3N3 +Af,02 =0

dN3

_=_A3N3+12N2 +Af3=0

dt ’

dNZ

— = _/‘lzNz +/‘11N1 +Af2 =0

dt ’

dN1

W = _llNl + Af,l = 0

Analytical results can be easily derived as follows in the Table 2 in the paper:
o1

101 = (Af,l + Af,Z + Af,3 + Af,02+Af,01) —/’l To (P
01 a,01

loz = f302 (Af,l + Ao + Af,3) + Af 02

1.1.3 Decay chain for Sub-mode A2

Similar equation system can be obtained from the Figure S2 c).

dn,
— = _A()N0+12N2 +Af0 =0
dt ’
dn,
_2_12N2+2,1N1 +Af2 =0
dt ’

dN,

dt = _)llNl + Af,l = 0

Analytical results can be easily derived as follows in the Table 2 in the paper:
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Iy = fo0(f1,2451 + Af2) + Afp (527)

1.1.4 Decay chain for Sub-mode As

Similar equation system can be obtained from the Figure S2 d).

dN
d_to = _AONO + llNl + Af'o (828)

dN
d_tl = _AlNl + Afll (829)

Analytical results can be easily derived as follows in the Table 2 in the paper:

Iy = f1,oAf,1 + Af,o (530)

1.2 Decay chain for model B

fll,O

f12,0

a) Decay chain for mode B

Figure S3. General mode B for the decay chain
Similar equation system can be obtained from the Figure S3.

dN
—= _/10N0 + (f11,0/111N11 + f12,0/112N12) + Af,o (531)
dt
dN.
d;l = _AllNll + Af’11 (832)
dN
d_;z = —A12N1z + Af 1z (533)

Analytical results can be easily derived as follows in the Table 2 in the paper:
Iy = fi1,04r11 + fi204512 + Afo (S34)

Equation (S35) can be easily derived because of Iy, Iy; and Iy, in all decay mode in the
Table 2 in the paper.

Ii=g(4r;) = 2 @Ay, (535)
A
Iyr = Af(¢) m (536)

Equation (536) can be easily derived from Equation (516) as follows:
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2
Iy = A01Noy = (A1 + Ap g + Apoy + Az + Apga+Ap ) —— =

Ao1+0q,01¢
(X:Yi107,:ON; + 2 Yi2107,0N; + Y2207, 10N; + ;Y 0207, ON; + (537)
Ao _ Ao1
2i Yi,010'f,i¢Ni) Ao1+0q,01¢ Af(d)) A01+04,019

Ap(P) = (Y107 iON; + X Y2107 i@N; + X Yig207 i ON; + X Y0205, 0N; +
i Yi,maf,i(bNi) = ¢(Zi Yi107,iN; + X Y2105 N; + X Yio0p:N; + (538)
Y Yi0207,:N; + XY 0105,:N;)

where i = U5, U8, Pu9, Pul.
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