
Xenon and Samarium concentration

Xenon

Assume the following decay scheme for Xenon.

The following ODEs apply:
∂I

∂t
= Σfφγ1 − λII

∂Xe

∂t
= Σfφγ2 + λII − σXa φXe− λXXe

At equilibrium,∂Xe∂t = ∂I
∂t = 0 , the iodine and xenon concentrations would be:

0 = Σfφγ1 − λII∞

I∞ =
Σfφγ1

λI

0 = Σfφγ2 + λII∞ − σXa φXe∞ − λXXe∞

σXa φXe∞ + λXXe∞ = Σfφγ2 + λII∞

Xe∞ =
Σfφγ2 + λII∞
σXa φ+ λX

=
Σfφγ2 + Σfφγ1

σXa φ+ λX

Xe∞ =
Σfφ(γ1 + γ2)

σXa φ+ λX
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After shutdown, the iodine concentration is modeled with the following ODE.

∂I

∂t
= −λII

1

I
∂I = λI∂t

I = I0e
−λIt

After shutdown, the xenon concentration is modeled with the following ODE.

∂Xe

∂t
= λII − λXXe

∂Xe

∂t
+ λXXe = λII

Multiply by an integrating factor eλXt

∂Xe

∂t
eλXt + λXXee

λXt = λIIe
λXt

∂

∂t
XeeλXt = λII0e

−λIteλXt = λII0e
(λX−λI)t

Integrate with respect to t from 0 to t.

XeeλXt −Xe0 =

∫ t

0

λII0e
(λX−λI)tdt

XeeλXt −Xe0 =
λII0

λX − λI
(e(λX−λI)t − 1)

Xe = Xe0e
−λXt +

λII0
λX − λI

1

eλXt
(e(λX−λI)t − 1)

Xe = Xe0e
−λXt +

λII0
λX − λI

(e−λIt − e−λXt)

Samarium

Assume the following decay scheme for Samarium.
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The following ODEs apply:
∂Pm

∂t
= ΣfφγPm − λPmPm

∂Sm

∂t
= λPmPm− σsaSmφ

Assume constant flux and solve for Pm.

∂Pm

∂t
+ λPmPm = ΣfφγPm

Multiply by an integrating factor eλPmt.

∂Pm

∂t
eλPmt + λPmPme

λPmt =
∂

∂t
PmeλPmt = ΣfφγPme

λPmt

Integrate with respect to t from 0 to t.

Pm(t)eλPmt − Pm0 =

∫ t

0

ΣfφγPme
λPmtdt

Pm(t)eλPmt − Pm0 =
ΣfφγPm
λPm

(eλPmt − 1)

Pm(t) = Pm0e
−λPmt +

ΣfφγPm
λPm

(1 − e−λPmt)

Now consider shutdown after steady-state operation long enough to achieve equilibrium. At equilibrium,∂Pm∂t =
∂Sm
∂t = 0 , the concentrations would be:

0 = ΣfφγPm − λPmPm∞

Pm∞ =
ΣfφγPm
λPm

0 = λPmPm∞ − σsaSm∞φ

Sm∞ =
λPmPm∞

σsaφ

Sm∞ =
λPm
σsaφ

ΣfφγPm
λPm

Sm∞ =
ΣfγPm
σsa

After shutdown:
∂Pm

∂t
= −λPmPm

Pm = Pm∞e
−λPmPm

∂Sm

∂t
= λPmPm

∂Sm

∂t
= λPmPm∞e

−λPmPm

Integrate with respect to t from 0 to t.

Sm(t) − Sm∞ =

∫ t

0

λPmPm∞e
−λPmPmdt =

λPmPm∞
−λPm

(e−λPmPm − 1)

Sm(t) = Sm∞ + Pm∞(1 − e−λPmPm)
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Equilibrium Reactivity Worth: Xenon

∆ρ =
−Σa
νΣf

=
−σa
νΣf

Xe∞ =
−σa
νΣf

Σfφ(γ1 + γ2)

λXe + σXa eφ
=

−σaφ(γ1 + γ2)

ν(λXe + σXea φ)

∆ρ =
−φ(γ1 + γ2)

ν(λXe

σXe
a

+ φ)

For large fluxes φ >> λXe

σXe
a

∆ρ =
−φ(γ1 + γ2)

νφ)
=

−(γ1 + γ2)

ν)
≈ −0.026

Equilibrium Reactivity Worth: Samarium

∆ρ =
−Σa
νΣf

=
−σa
νΣf

Sm∞

From earlier Sm∞ =
ΣfγPm

σa

∆ρ =
−Σa
νΣf

=
−σa
νΣf

ΣfγPm
σa

=
−γPm
ν

≈ 0.00463
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