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DELAYED NEUTRONS

* In static reactor problems

- & HRYUEMNAE DA
S HEISAN B YR NLELN2E A0l RGN LS

* BARBO A AESS 4E ~ 2 UGG MACE Ao HRASSX0 A
< AN ¥E L0

* In kinetics problems
- A0l2k ot 2t kinetics phenomenalilAl= XIBHA QI H&t 2

- NESEN ddES gAMol eAot00F St

!
1
s
[w)

* kinetics problemsOlM2l S22 U
A =QAAES PU/PU-fueled thermal reactors at higher burnupzt plutonium-
fueled fast reactorsOiil Al XIZS & X MH0 &8I IS

NeSd 4482 UA &=Ll SAAA0 ot =2 St

- ANeESAXe E42 UEUW = X&= kinetics equations2 012X 22 AU AN

2-1 Production of Prompt and Delayed Neutrons Through Nuclear Fission
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* the resultant fission product nucleii Al & =t SHXE
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Fig. 2-1. Schematic nuclear level structure leading
to prompt neutron emission.
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* Fig 2-2 : XIZgS&A 24=E UH
EF™ > Ep,
- 2= “parent nuclei’Jt NZSHEXE LEct= A2 OtLICH
t

- “precursors" are defined as only that fraction of the parent nuclei that yields delayed

neutrons.
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8 2-2. Schematic nuclear level structure leading to the
emission of delayed neutrons.
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- precursor nucleusJt emitter nucleus® 18t & ANLSHLNI MHT = HE2 LS
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2-2 Total Delayed Neutron Yields

*ER EEEN A v = v, + oy, 2.2)
& 2EMAME NLSHXE “fraction"22 LIEFHRALH
ph }J(f 2
B b (2.3)
vy = vB” (2.4)
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MeV) y,= BEH2 AOJs SLHXY HUXNE PRABS L & AL 5,
Vap = Vg = constant for 0 < E< 4 MeV.
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* Fig. 2-3
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Fig. 2-3 Energy dependence of the delayed neutron yields
of ?*U and **Pu (Ref. 7).
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2-3 Yields of Delayed Neutron Groups

0
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*O0lE MR8 MNEXF2Z Jefdote YH: 3 JiXl Alst SHE 0l EXHEHCY.
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*

average source curves, S,(7)
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’ I obdE{el ABE HoiE
= delayed neutron source
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Fig. 2-4. Delayed neutron source following a
fission pulse (based on data from Ref. 14).
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high-burnup light water reactor?t fast breeder reactor(FBR)0IA= delayed neutron
sourcell J|0{ot= SHEO|l G4 JHOICH = otLt OlAe S/AJAAIL SQotH S C0H A
(2.5)2 H=&0l ANELCEH = 22 SRIEA JIHES 22 LEHHLOH
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Sa’ ( t) = 2 nﬁyk: U(J’M‘Ak." exp ( - ‘Ak." t) . (27)
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Y= SAFL0 A SEHX @20 SH 2% WA S2QICH
- Table 2-11 &1
b

— a single set of isotope-independent decay constants, 1,2 AMEE
# Su(t) = ”ﬁZ:VdmﬁkeXD(_Mf) : (2.8)

# Table 2-1I2 Ol 8t single setS AtE8H X 0ICH(= WOIA HAAL AFEEILCE)
# single set AFE2| 01 &:

1. the precursor concentrations1t the delayed neutron sourcesE 2=
CHotd HEte=2M 2= = ULH
=LA BRHA a.:.*(Sec. 3-2A & 1) macroscopic cross sections2 T2 &

ULH.
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2-4 Emission Spectra of Delayed Neutrons

* NS L A2 spectrum= SESE XS HE0 FEE Chsoft).
" o

- 2M A2 HUXE I US.

* delay groups= CtE HUX BHRE 2= UE HHHEZ 0IZHR/I W20 2E A5
EH2 delay group0l 2|&¢8tCl.

- denoted by Xadk(E)

* energy-dependent delayed neutron source
- from a fission pulse for a single isotope
- AEsSdX HE2 UK dELE A (25)0 HHESH,

- SAE, 1) = nfyk:x(;k(E) Vg exp(— A1) (2.9)
1. the “initial” emission spectrum:

SAE, 0) « Z‘-de(E) YAk (2.10)
2. the stationary emission spectrum

- A (29)2 AlZHOl THotod X =otH

SY(E) o Z‘-Z(M(E) Yk (2.11)

3. the asymptotic emission spectrum
-t 20 &0tdE 01 NHHER JIHE &€ M

“(E) o< x,(E) with k = 1. (2.12)
= the total delayed neutron emission spectrumO| AlZ2tHl 2t Ol AGHH HE %= U

Ct.
= the static spectrum2 AlZ2t 2|& AHEH ) R Ectd = UL
*NEgSLEA 88 & AHEHN e 48
- Batchelor and McK. Hyder
# 2°U°| 1~4 delay groupsOil CH3HOY
# S0 Q& H=A
- Fieg
# 238U, 239Pu, 235U
# 14-MeV SAXH0| ot HEH

-

* Table 2-1V: S3A% IDI S WX SJEd2 4UE22 AL
- 2! delay groupOll CHet AU XSO0l Al JHK SR ALS0 HotW Hel s LGt
- thermal fissionlt 14 MeV f|SS|on01| CHotO H2el s 6tLt.
- This independence is no surprising.
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2 2= A=20| precursordt ¥BroOlCt.

# delay group 1
2 & JtXl precursors® JIHEZ 0|FHE. — emission spectra?t B

# Ote 08
OldXI2l BH3t= CHE precursor isotopesl| &AHAEQl &R0 A2 B3t [f=0[CH.
# LSt precursor groups?| lifetime ZFA00 HE EBZMUHKXNS Hate S &L
= delay group 42| emission spectrum= delay groups 52t 50 CHGtO AtEdteE 210|
&Gt C.
ale BIshgtel ~ 100 keV Ot2HOll CHol M & emission spectras & & AIF40F GtH, Table

2-VOl 148t x, 8t= HMAlotd UCH
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