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Six

SOLUTION OF BASIC KINETICS PROBLEMS

2 s98 ZHES2 UYs NEsH Q89 Hs2z 2ol S&st HE HAAH &
Ct. &0, =& ZH0ol st —’FilﬁH(numerical solution)E €J| f|oHAE Z2RFH Z=2
80| 2 RoICH il 2AIE 29SS =8 ol Aol (analytical solution) €Al 1L = R0l
Ctd & 2= ALt 0l2det & dHIF basic kinetics parameter= 2+2| ZtHE sl 120l
of =& ZWUE Oldlidt=0d &332 F)1 MS0ICH. Rel= 0ledst analytical relation2
soff =Xl & U[S AO0ICH
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1. 61 XE=AHX OES oL ‘effective group'@2 2 At (Sec 6-1)
2. DN=2/ALS20KM =A4X generation timeS HEGHH EHIH HE29S2 A kinetics

equation 2tFs}

?I12 & I ZAIE HIELZ 20d Z2idte B =24 DE20 HE8E = UL S

ol & BHM ZAIEE:=2 D520 M o st O 0= 1=%=2°2| neutron generation

time Ol G &J| ME0ICH

HEN reactivity(BHE5)E & 220t dt= A2 Oleist LES ARGH=0 SLoHA &
Ch. O 2= Yol LetAel A0IH, B2 42 Bl S22 Qe BtE2E BHetE
ttot=dl HEHe 2E2 S8dilite SER0[0h

NS A2t IEHE SAIELD &2 JIEEHC
totHl ShI ol JtE &SR8t classEt g21Ch
OOIM HAAENZ JFESHCH

|
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Ol

?IZ2AH0I 2lof Ol BEOUA 2H 2 2EA2 UsSW 20

jb(t)zf(%l_’gp(twrf/ll gzgk(zwfjl s(2) (6.1a)
gk( t):_ﬁké’k(t)_‘_lg,qf)(f) (6.1b)
A=A, , B=p, (constant) (6.1¢)

K&, F() =F, (see 5.26a)
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6-1. Kinetics for Small and Large Time Value

s9st FHE Sl AHGHHANE FE8 HE L2AH NLYSHXA sourcell HEH &£
Ch Z&tet

DAL 200 B2 Al2b, = 20 A2l 2ot 010l OIxl=s ges AHEX
6-1A The Stationary Solution : Source Multiplication Formulas

Short time O et XIESHAN HEsS 4HEIN 2AH Rl JMH 2E2sHE

Alg Sl
oF2to] HMEE H5 £ QUL
ZAAEH 2SYFAZ2 (6.1) Ao A2t 0I2ds 022 1 A 48 &
4= UCH.
,?)ZUZ(po—B)pO—FZ:Aké’m—FsO (6.2a)
ngOZ_Aké'm—i_ﬁkf)o (62b)
Ol (6.22)0MM  p, 2 s, = FXNUZIF AL O O OICH
A AS Edl Rele ‘FLLEH oHE generation time N0 SEZ Olels
QI LCH.
(6.2b) A2 Z2ALE HAMAIEH A 8sH S 1| Z(stationary decay rate)Ol
As
HoFD UL &,
A= Bibyg

S(K]: Z:/Iké'm: Bf)o (63)
(3470 A
Rké'(t):/‘tkc,;(?ot) 022 ( §, & I #2Z 54X total source =
A:Co _ Sa

po=1 (—¢,=¢,) 2 2%, (6.3)1 (6.4)0A
Sw=28Sy, (6.5)

((t2t M stationary integrated AIZEEAE X source =

B 2 integrated total HEL S S X sourcel 52& LIEHHCE,

OIH SFXRZ20A (6.3)2 (6.22)00 CHOHH,
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0: pop0+30 (66)

(3.48)0 A t=0 N

5(1)27@ ( s(#) : relative independent source (3.48) )

SJ'O
S,
- s= 6.7)
SJ'O
po=1 0122 (6.6) (6.7)0A
370 = il -5, (6.8a)
O
tlp’ £ ‘source multiplication factor’ 2t &tC}.
0

(0l248t source multiplication formulaS2 Y92 L0l SEGIH =Ch)

static source multiplication factor& JoHZ At

7 a0l gH0l S, 8 OBk (=7 o) 8 =ase
S S
30+ 3,=038,,;=5 2 -=—10- (6.8b)
] 0 tot, 0 l—ko — Ako
(6.6)2 pOll CHoll HIZ EH
S
=—" - (6.8¢)
by = o4
BoF adjoint weightingS HE8CHH source, p,, ¢, s2 G2 F2AL00F &
2 0|CH
adjoint weighted & source multiplication formula = 4!(6.8)2] weighting &l Xl &
Al
HstolCtd & == QL.

static adjoint weighted source multiplication formula = TS ZC.
(6.8a)0A S =Fyp, 012, &0 adjoint fluxE Sotl HEZotH,

(o7, F(}@o):_}} (2%, Sy (6.9a)
0
(6.8b)0II A
(@5, [Fy0y+ S =— zlkof( @ %, Sy (6.9b)

Jelld (6.7 (6.8c)0lA
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1 (@7,Sy)
Dy=——" — ., - (6.9¢)
SH AXNZ0A, p,=s,=0 OICH
(6.2a) 0l M
0=—6po+§ktak§m=—5po+sm ez
poz—sg 6.11)
0 JI Al source multiplication factore %i’ Z =N &L

B = 0l AUl A negative reactivity &&= otH & Ch

My 22 % ACt

& C+Z2 source multiplication formula = OI2H X200 CHall (6.2a) A0 2O &
CH(S0>0)

So+ S4 (
= - é 6.12)
Py B— o
= 0/YH HAAEHS flux amplitude(po) = independent source 2 delayed source
o o=z
LIEFLIH, OION source multiplication factor = reactivity SIH0l 2loH 2 &=L}

6-1B Kinetics for Small Time Values

B2 A2t gst0l e SHstd HetlE AHSC2ZM fele U d2 AlED (onset

of
transients) AIZSAX 1S9 AN Ofol & &= QUCH
HIZ HOE &40ILE 2 HISH 22 2dHAYHS BEE Heel: Mo Z2= o
£ M0l
SAOIXIGH DO AHE [0l Stol R2l= “steps" "ramps" & JFAESHC
ZI| LHAENC B TS 20
. ) _[ 0 for 0
reactivity step : p(?) {91 for >0 (6.13a)
. . _[ 0 for ¢=0 ) o .
reactivity ramp @ po( t)—{ at for =0 (a : reactivity insertion rate)(6.13b)

0l 22 &XlH "limited ramp" £ = “terminated ramp" ct] StCH
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MEH MH= daisis2 EXMC D XLSAHX sourcelll JISHCE

L AlZE tOIA S2UEE B2 0tk fAIE 23 H0h

A6 0= Biby St o1, (6.17)0IA

¢, = B, (p(D) — py) (6.18)
(et KIE=AS A source = Ui 20

sdD =54+t Fk!ﬁ,ﬂkl( ) (6.19)
1) = { 1) = plat (6.20)

-

(6.19) Aol Th5S =&t
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0 for =0
. . , _{ at for 0=t<t
limited reactivity ramp : p(#) = o, for t=t, (6.13c¢)
SHX EHAE Ofller XILEAX source & ZIILH J|XZ0 CHE
Z2tH0l B2 T step S WeldiXles &= 210ICH
IS0 ol SAEo=Z HElste ¢t p 20l
. 01— B o
p0)=-"1 0 g+ SAu=" 1 (6.14)
ék(O):_Aké'm"i_ﬁ,qf)(]:U (6.15)
(6.14)A19] 2H0| step change 8t¥H  p & step change &'CH.
et p(f) = t=00lA HdE8=OoZ HGEHCH
J0 o () = t=00IA 02 JI2JIS JH&ILH
t=00lM p 2 & 2 JISIJIE Ol8o &H=2 A2t 2030 UAH XNESHEX sourcell
CH&t
ChS S JHX 2 A Jtsotth
1. & XEESAX source (CDS : constant delayed neutron source) ZAb
sd)=s, (6.16)
2. Aaish =™ AL (PA : precursor accumulation approximation) :
¢t p 20 X AT AIFEZD| 20l S @AM §,=&,, et
=1
p(H = AZHol et HElotESE & 4= QUL
E( == 2,850+ Bip(D (6.17)
gtet  A(H) JF AIZHOI el SO1ettE, ff 2Als GOsS 201 a4 4+ Us
Z0ICk -
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|
= Z{!B,ﬁk (6.21)

(6.3) (6.2D)0IA SIHS short time 2AF= CH2DF 20| 3 2 £ QUCH
?Aké’m Bb, (6.3)

- CDS 2At : XIgsdiEdE &2 E= A0I2=2

s.(8) = Bb, (6.22)

PA 2A} :
B6.2D0NA  BA= y:ﬁm 0l
(6.3)0A  s,0=Bb, 0122 (6.19)0 CHSHEH
s (1) = By + BAI(1) (6.23)

OIM2 CDS 2AIIA XIZELT datas total B 2222+ LIEHID,
PA ZANME B4, 242 OB A JF UEISC
M2tM, PA 2AIA MEN MHE datsio] 20 NYEAHT sourceE SIHAIICH

Ao nEXO gte

2=0.4s" 1 for U*® fueled thermal reactors (6.24a)
A=0.6s"! for large mixed-oxide—fueled fast reactors (6.24b)

5 O XNEESAHX sourcel 28t 2HEEE 3 (6.22)2 (6.23)2
amplitude?! (6.12)0l CH otH

ths & A 2= = UL

. p—ph 761)(] 73( t)
PA 2 APEE Al
. - y 3 f ' ’
p=—""Fp+-d {ﬁpﬁﬁﬁj;[p(t)—po]dt}+*Sf,f) (6.26)

_|.

, = JddHlIMe SUsEs std=ECH
ME dde dasiso Sils & NLSEKL sourceZ2 A1, 2l PAZAHNIA R

A ZAE =2 2240| UL

ne-delay—-group kinetics" 2&0|C}.
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pH=-+"" Bp+f Ag+-4 (6.272)

F=— b+ Bp (6.27b)
OIDIAM 621 22 11 Q222 01D sk A @ ¢ 2 NHEGHH FHog LRI

QUCH.

d _

4t 2 G D ==2I0,8,D) + 21 8(0) (6.28)
Z desH S22 A "ol ¢

{H= Fk!é‘,{(z) (6.29)
(6.28)1F (6.29)01l A
Lt)y=— Fkiﬁkm D)+ Z!ﬁm( )
0] Alo] XS (6.27b)AlC] KBl 21D B,
— AL+ Bp=— Z:)lké'k(i)—i- Fkiﬁkp(t)
01 | Al ﬁpszlﬁkp(t) o2z
Z!Mk(t)

A(H = *Z\W (6.30)

A= BeHie 20| AI2ES B2 LIEILI ®A 2R AIO G0l l=otH SIC.
MUK D22 U2 M OIRIIKZ, A 9 0lMst =ML A o™ A0

el b=

0jokst 20F QUCH K2 S0, E& AHEZ0| M XIBHXQ! inner core &0 Al
& cross section® jJOH =g &0let] M2ae =~ QUL

Ol248h 20l A Ol CHHME HI6HH LOLISXE L0otED| Adh A() 2

B AI2F 2HZ 0l CHGH I AMGHE Xt

(6.2b) AOIA  A,8,0= Bub, 0122

28k 2.8y 1 _
2(0) = —% =—Fo—=(5) =" (6.31)
> By A
% 2.
k /1,(,

A" 2 “initial" one-decay-group A £ 2|0|8&tCt.

(6.2b) Al2 t=0 O|&S MAAME JI¥slD Y202
A= HAAMEHOIA MBS MY O B2 ZDALES LIEFHCE

A= (6.32)

stationary

T
=
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A7 2 A o numerical 2t2 HIDHEH thermal reactor % OtLI2} fast reactor

A U2 W2 lifetimel HAYHS0| IXs 2 A, k0l AdH FssS &

rr
[m]

}:,1 (B1R1+'“+BGAG) (6.33)

B
Table 2-112 2HEY A, = A, 20 = 30084 2 0122 A, It A Ol
o =l

=) (6.34)

4

HAl = C

ol

?ANME 22 &2 4, & dUHE2Z A2 &0l AHiXe 9g=

N
S
JA
6]
HU
A
o
|
T
w
ior
=
Jz
ro
S
e
U

ietd Ol= & =+ RUCH

>.

- — 23 5
Ao HEXO e UPE AIRSls 95
= nz2

D0l CHAH 2 0.08s™" HTOICH (6.24)2 2tSD HIWGHES 6~8HH XHOIJE HHCH,

X229 mixed-U-Pu H=2E Al=Z0}

ol

0.61

0.4+

AN

ONE-DELAY-GROUP

TIME (s)

(a% 6-1)

M) £ A, E H2H2OR B0 B UCK ( 4, Ol NS 6-1C2

U]
FA

one—delay—group S%st HHA2 Al2ZHH 2A&=H QI HEHE UEHHA

6.2D)0A HAIE A 2tot= 2 XI0IE BOICt.
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rr

3
rno
>—

[2F t Ol CHoH Al KIZ2SHEX sourcell HES Z2ALAIZI X OICH

A
Bt EHIE R 2(straightforward condensation)= ol one—delay-group A S

g N2 & ddsh =2 282 ZAGHI =0
ddisio] F &= AHdgtez=s dEXH2Z2 O0F 2010t gt SdAF fluxIdt Jt

AOIH, M2 & XLEAA sourcel HEHZ 2 SAA flux SEA

o T

un
=}
ny

M XSS sourcell CHet HE&Est 2AFE Eoll A 2 one-delay-group {2

A1 8H

= o

e
I
10
=)
re
e

I
OB

01 CH

I
el

o
o
2

A &

rr

A2 EX L

(6.23)2 STotl=0 M0le PA 2AIEU O £ basisE JHAl= one-delay-group
A<

HolE Weldl /oM NESHE A sourcelll analytic

ro
i

ol

L GHCH

rgl
1l

& ESH halance 2™ AL

é’( t):_ﬁké’k(t)"“ﬁk(f) (6.35)

2 App. Co HES Sofl s &0l 2 = ULL

0lo

¢
£ = Epexp(—A,0) + ﬁ,(j] exp[ —A,(t—)]p(¢)dt (6.36)
MetAd dsisio] MA ‘4’2 KNESAX source = CHSH 2 CH

Sktg,{( )= Z:é’mexp(—/‘tkt) + S:ﬁ,{jexp[ =2 (t=)p()dt (6.37)

k

s = Z:/‘Lké’mexp(—/‘tkt) + thﬂk rexp[ — 2, (t—= ) ]p(t)dl (6.38)

&

S termP2 217, g = 2 e

Ak

40

o

re

Ct

0lo

exponetial &%+ &I

0lo

S

ol
e

360 = (L — B0+ 8 [ nrat —BIp V(D4 (639

_ _ t T
s(;(t)zpo(ﬁ—ﬁfttwrBAJ‘;p(t’)dt’—Bazp“’(t)Jr--- (6.40)
- 2 B
A= B, weighted 8 2% 2 HROICL 5, A2=—X
5
0J10l CH8&% = one-delay-group model® HE& & CtS1t 2Ch

Nuclear Reactor Dynamics
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10
_ (B (f 0o ge (D
6=y = BO+ B j p(E)df = pap V(D) + (6.41)
¢
()= po(B— BAD + B2 j;] KO)dt — pPp V(D +- (6.42)
¢
with  p V()= [ (=N O)ar (6.43)
(6.39UAEE (6.42)MXE BluolEH CIS & JIXl 282 WE %= UCH
1. prot ?gk(z) & J|=5t)| o one-delay-group A Jb R ARt
™,
(6.39) 2 (6.41)S HlWdlN
A= A" (6.44)
2. NLEHX sourceE & J|=6t)| fol one-delay-group A4 JF 228 &R
ctH,
(6.40) 1t (6.42)2 HlaolAH
A=A (6.45)
35—
4
30—+ ¥ i
10G(A) /
I
25— 4
J
| 3 20—
S
@ | o
ﬁl & 15
10—t
5 o
= = ol —p
-—-‘-‘-“ 1DG (A
sl | |
0 100 200 300 400
TIME (ms)
(O 6-2a)
18 6-2a = 0.5% 2 step ST &0 H2 one-delay-group AIZS4 Xt
source?
IS 1=2", j=1 F 2L U0 619 = 209 U WS
0l Ct.
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i
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21

$0

A=A 92 S92 M= HO 200ms Al 2olSY =

=

t2

—_

A= A" o B MH A2t domainO CHoll &35l Sel 2 Lt2Ct.

35—+
4
1a(A) ¢
/]
&
]
25— Y 4
r
' 4
I
4
B 20—+ 4
Y}
'I
<2 /
e ™1 /
e 4
p 4
4
&
10— "
&
&
&
&
s+ &
& 6DG
10G (A!M
ccosiedl W TR N
0 100 200 300 400
TIME (ms)
(O 6-2b)

J8 6-2b0lA Rele &) E JI=5t)| QoA E one-delay-group 222 Al

E2A amplitude &% pt) 2 reduced precursor Eup = S 0l

expand = Ch.
p(B) = py+ by t+ pot*+ -+ (6.46)
(D)=t Eut+ b+ (6.47)

Ol 2E (6.27)0 tHYotH,

e o—f 1 s

()= ATt At (6.27a)
r=— A+ Bp (6.27b)

ClSt 20t

Eu=0 (6.48)
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é'}‘z = 7% ﬁgpl (6.49)
p1="1 by (6.50)
2= "1(5’;12 A b0 (6.51)

(6.50)0l A Btef A Dt Ot HCHH SHAIF JtIIEN S0tg 1Y

o

oF A O]
=2 T AL

HE S p,=2x10"2, A=4x10"7 2 B2 (p,+pH € 0.2ms 2ol F
BH Ot =l C.

£t (6512 p, O 220 A? HAAl curvatureE 3AH SIHAIZICH
Ol H=2 =220 Xt A =2 HLH M| =& Yool J&=

Olefst &t a2 Uesd HE2 0 point HIAE LIEFE == RULCH

g 6-30lA= exact8 one—delay-group oH2t 2,3,40H &tQ| HILH XK oH<et

AN YPoZ S MUl E2ots 22 2reF A40ILt 40l H

JgtE £ JAUE time steps R BAH & 2R240| UCte A= AIALECH

3.0
TWO TERM
FOUR TERM
EXACT

-‘-_-- 2.0'

%

i

a

=2

=

—d

a.

=

L- 4

>

S 1.0

(79

THREE TERM
0.001 0.002
TIME (s)
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