Part 1: Code Module Preparation

1. Write a collision probability routine that generates the collision probability
kernel, p(1,j) given the cylindrical geometry and cross section data. Include the
first flight blackness ( ;) as another output of the routine. You need to be very

careful in order not to waste computation or memory in this routine. Use the
number of Gauss points specified in the input. The 3-rd order Bickeley
function needed for the collision probability function is attached at the end.
The Gauss-Jacobi quadrature is also given.
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SUBROUTINE set_S

use global

implicit none

include "geom.FI"

include "prob.FI"

include "xs.FI"

include "nIntegration.FI"
INTEGER :: i,j,k,1

REAL(NBF) ::
REAL(NBF) ::

REAL(NBF) :: Sjk_i,Ki3
real(NBF),pointer :: IWT(:),IPT(:)
ALLOCATE(S(@:nr,0:nr))

#tdefine GQ1

#IFDEF GQ
IPT => GQPT(1l:ngauss,ngauss); IWT => GQWT(1l:ngauss,ngauss)
#ELSE
IPT => GIPT(1l:ngauss,ngauss); IWT => GIWT(1l:ngauss,ngauss)
#ENDIF
S=0.0_NBF
lwt(:) = GQPT
DO i=1,nr
Ri= R(i); delR=R(i)-R(i-1)
#IFDEF GQ
ypt(:) = 0.5 _NBF*delR*(IPT+1._NBF)+R(i-1)
#ELSE
ypt(:) = delR*IPT+R(i-1)
#ENDIF
Xj=0; tau=0
DO j = i,nr
pxJ=x]j

xj(:) = sqrt(R(J)**2-ypt(:)**2)
tau(l:,3) = sigt(3)*(xj(:)-pxj(:))
ENDDO
continue
DO j = 1i, nr
tauN= - tau(:,j)

tauP(:)= sum(tau(:,0:j),DIM = 2) + sum(tau(:,0:j-1),DIM = 2)

DO k = j, nr
tauN = tauN + tau(:,k)
tauP(:) = tauP(:) + tau(:,k)
continue
Sjk_i = @. NBF
DO 1 = 1, ngauss

Ri,Rj,delR,xi(ngauss),xj(ngauss),pxj(ngauss)
ypt(ngauss),tauP(ngauss),tauN(ngauss),tau(ngauss,@:nr)
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Sjk_i = Sjk_i + IWT(1l)*(Ki3(tauP(1l))-ki3(tauN(l)))
ENDDO
sjk_i=sjk_i*delR
S(k,j) = S(k,j) + Sjk_i !Note S k,j
ENDDO
ENDDO
ENDDO
DO i=1,nr
DO j=1,i-1,1
S(3,1)=S(i,3)
ENDDO
ENDDO
END SUBROUTINE

2. Write a LU factorization routine which incorporates partial pivoting so that the
resulting L, U factors are for the permuted matrix, namely: PA=LU. Note
that the permutation matrix is for row exchange which corresponds to
changing the order of equations. Then also write the forward and backward
substitution module that uses the L. and U matrices and the row exchange
information vector to solve a linear system given a right hand side vector.

UEXQl LU factorization®| 2, Elimination & & Pivotel zZto| LT =2 ZA<0
Truncation &7t B7t8tCt= ZWOICH . Pivot2 2 ZMX|ZZE). Oo|HE2 X5t IsHM
pivoting scheme2 At83tH EICH 0{7|A AL&$E scheme partial pivotingO|Ct. BFSF i-th column
2 elimination BtCHH, (i, )2l element 20i| U= element SOIM 7HE EH2 WS pivot L2 ME
Z30| partial pivoting scheme O|Ct. O THHMM rowE AZE HFFRO{F0{0F ECt. 2|1 &2 HIE
Cl= A2 Linear systemQ| 0| M3 =ME HIECH=E O[22, M3 ofEH HIFUEXIE
XMESto{oF st 7€ XESE 70| Permutation Matrix POICE 3HX|BF Pl Z32 Identity
matrix0lA row2 HFE Z30ICt O] Matrix@ A& 3t7I2CH column vectoro O{EH rowg HHFERA
=XIE MEEtCH

subroutine LU_factorize(A,LU,pvec,n)
use global
implicit none
real(NBF),intent(in) :: A(n,n)
real(NBF),intent(out) :: LU(n,n)
integer,intent(Out) :: pvec(n)
integer,intent(in) :: n
integer :: i,j,k,iipvt(1),ipvt,itp
real(NBF) :: pvt,rowtp(n),lmnt
equivalence(ipvt,iipvt(1))
LU=A
DO i =1,n
pvec(i) =
ENDDO
DO i = 1,n-1
pvt = LU(i,1i)
iipvt = MAXLOC(abs(LU(i,i:n))) + i-1
pvt = LU(i,ipvt)

5/25




itp = pvec(i); pvec(i) = ipvt; pvec(ipvt)=itp
rowtp(:) = LU(:,1);LU(:,1) = LU(:,ipvt)
LU(:,ipvt) = rowtp(:)
continue
pvt=1. NBF/pvt
DO j = i+1,n
Imnt = pvt*LU(i,])
LU(i,j) = 1lmnt
LU(i+1:n,j)=LU(i+1:n,]) - lmnt*(LU(i+1:n,i))
ENDDO
continue
ENDDO
DO i=1,n
LU(i,i) = 1. NBF/LU(i,i)
ENDDO
continue
end subroutine
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subroutine LU_solver(LU,pvec,b,sol,n)
use global
implicit none
REAL(NBF),intent(in) :: LU(n,n),b(n)
integer,intent(in) :: pvec(n),n
REAL(NBF),intent(out) :: sol(n)
REAL(NBF) :: y(n),1lmnt
integer :: i,j
IForward Substitution
sol = 0.0_NBF
DO i=1,n

lmnt = 0.0 NBF

DO j=1,i-1,1

Imnt = lmnt - LU(F,1)*y(3)

ENDDO

y(i) = 1lmnt + b(pvec(i)) !Row exchange
ENDDO
IBackward Substitution
DO i=n,1,-1
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lmnt = 0.0 _NBF
DO j= i+1,n,1
Imnt = Imnt - LU(j,1i)*sol(])
ENDDO
sol(i) = (Imnt + y(i))*LU(i,i)
ENDDO
end subroutine
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3. Write a routine that determines the flux factors due to the source and source
current, respectively. This will involve the solution of (n+1) linear systems.

Collision probability Method OlA Zt region@| flux= of2 Al (1.15) o Zo| EHEICH Al (1.15)8
2 HHE fluxe F 7HX| 240 GEFe JIxle "e & + U=, stLt= External Current O|MH,

CHE stLbE ZE Annular region@| sourceO|Ct.

¢ =Y, (@) o +an><ik (@)Q (1.15)
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subroutine set XNY
use global
implicit none
include "geom.FI"
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include "xs.FI"

include "prob.FI"

real(NBF) :: LU(nr,nr),rhs(nr),inv_sigt(nr)
REAL(NBF) :: inv4Sb

integer :: pvec(nr)

Integer :: i,j,k

CALL LU_factorize(A,LU,pvec,nr)
inv_sigt(:) = 1. _NBF/sigt(:)
ALLOCATE(X(nr,nr),Y(nr))
DO k = 1, nr

rhs = P(:,k)*inv_sigt(k)

CALL LU _solver(LU,pvec,rhs,X(:,k),nr)
ENDDO
inv4sB=4. NBF/(2. NBF*pi*r(nr))
Do i =1, nr

rhs(i) = (sigt(i)*vol(i) - sum(P(i,1:nr)))*inv4sb
ENDDO
CALL LU solver(LU,pvec,rhs,Y,nr)
continue
deallocate(A)
END subroutine

X (a).Y, (@) & Al&tstE routine Ch&nt Zct.

gamma = 0. _NBF
DO i =1, nr
g(i) = sigr(i)*vol(i)*Y(i)
gamma = gamma + g(i)
ENDDO
n_a = 1. NBF/(1l._NBF-alb*(1-gamma))
continue
Y_a = n_a*Y
Sb = pi*2. NBF*R(nr)
x_k= 0.25 NBF*Sb*Vol(1:)*Y
nsb = sum(q(:)*x_k(:))

DO k = 1,nr
X_a(:,k) = X(:,k) + alb*x_k(k)*Y_a
ENDDO

4. Write a routine that determines the flux at each region
external boundary. Generate the edit shown at the end.

Fluxe ¢ & (1.15)8 SsHM & = Ut Incoming Outgoing current=

1 (a) = X+@1-T)J,,
~ 1-a(-T)

and currents at the

otz 4l (1.20), (1.21)S
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axX+J,

I (a) =

" 1-a(1-T)

(1.21)

ALLOCATE(phi(nr),src_phi(nr),JI_phi(nr))
DO i = 1,nr
J_phi(i) = jext*Y_a(i)
src_phi(i) = sum(q(:)*X_a(i,:))
phi(i) = J_phi(i) + src_phi(i)
ENDDO
Jout = n_a*(nsb+(1-gamma)*Jext)
Jin = n_a*(alb*nsb+Jext)
jnet = Jout - Jin
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Part 2: Performance Examination

1. Solve the two problems attached. The result should be the same as the reference

output.
Input set 1
Albedo = ©.0000E+00 Jext = 1.0000E+00
jnet = 1.2097E+00 jout = 2.2097E+00 jin 1.0000E+00
Region Radius SigRem SigScat Source SRC Flux J Flux Total Flux Removal
1 5.0000E-01 9.0000E-01 1.0000E-01 1.0000E-01 5.2749E-01 3.2944E-01 8.5693E-01 6.0573E-01
2 6.0000E-01 1.0000E-01 4.0000E-01 ©0.0000E+00 6.3783E-01 3.7834E-01 1.0162E+00 3.5116E-02
3 1.0000E+00 1.0000E-01 1.9000E+00 1.0000E+00 7.0847E-01 4.7848E-01 1.1869E+00 2.3865E-01
Rtot = 8.7949E-01 jnet = 1.2097E+00 Sum = 2.0892E+00 qtot = 2.0892E+00
Input set 2
Albedo = 1.0000E+00 Jext = ©.0000E+00
jnet = ©.0000E+00 jout = 1.4208E+00 jin 1.4208E+00
Region Radius SigRem SigScat Source SRC Flux J Flux Total Flux Removal
1 5.0000E-02 2.2050E+00 2.4500E-01 1.0000E+00 7.9850E-01 0.0000E+00 7.9850E-01 1.3828E-02
2 1.0000E-01 2.2050E+00 2.4500E-01 1.0000E+00 8.0561E-01 0.0000E+00 8.0561E-01 4.1855E-02
3 1.5000E-01 2.2050E+00 2.4500E-01 1.0000E+00 8.2024E-01 0.0000E+00 8.2024E-01 7.1025E-02
4 2.0000E-01 2.2050E+00 2.4500E-01 1.0000E+00 8.4366E-01 0.0000E+00 8.4366E-01 1.0227E-01
5 2.5000E-01 2.2050E+00 2.4500E-01 1.0000E+00 8.7802E-01 0.0000E+00 8.7802E-01 1.3685E-01
6 3.0000E-01 2.2050E+00 2.4500E-01 1.0000E+00 9.2729E-01 0.0000E+00 9.2729E-01 1.7665E-01
7 3.5000E-01 2.2050E+00 2.4500E-01 1.0000E+00 9.9994E-01 0.0000E+00 9.9994E-01 2.2512E-01
8 4.0000E-01 2.2050E+00 2.4500E-01 1.0000E+00 1.1232E+00 0.0000E+00 1.1232E+00 2.9177E-01
9 4.8000E-01 4.0000E-01 1.0000E-01 1.0000E+00 1.3387E+00 0.0000E+00 1.3387E+00 1.1843E-01
10 5.6000E-01 1.7000E-01 1.3300E+00 1.0000E+00 1.4405E+00 0©0.0000E+00 1.4405E+00 6.4009E-02
11 6.5000E-01 1.7000E-01 1.3300E+00 1.0000E+00 1.4702E+00 ©0.0000E+00 1.4702E+00 8.5508E-02
Rtot = 1.3273E+00 jnet = ©.0000E+00 Sum = 1.3273E+00 qtot = 1.3273E+00

2. Try the normal Gauss quadrature instead of the Gauss-Jacobi quadrature and
examine the difference in the accuracy of the solution.

Gauss Quadrature®t Gauss-Jacobi Quadrature2| points =& =c47tHM Zt2 HlmsiEgctH
Reference Zt2 6702| Gauss-Jacobi Quadrature @2 3atQIC. 1 ZIE Table 10 H2|sHACH
Table 12| ANE EM SUst ®t4+2| Gauss-Jacobi| ZAI7I @&A7F M2 ZHWg o £ Qct 1

st=

, Gauss-Jacobig Al
QlCH.

A& EtchH 7d0| Gauss quadrature set2
o
=

Table 1 Gauss Quadrature 2} Gauss Jacobi Quadrature Error H|ul

Gauss-Jacobi Quadrature Gauss Quadrature
region | Reference? Rel. Error[%] Rel. Error [%]

1 3 5 1 3 5
1 7.9850E-01 -2.26 -0.003 0.000 -3.862 -0.174 -0.044
2 8.0561E-01 0.14 0.000 0.000 -0.544 -0.017 -0.004
3 8.2024E-01 0.18 0.001 0.000 -0.217 -0.007 -0.001
4 8.4366E-01 0.14 0.000 0.000 -0.114 -0.002 0.000
5 8.7802E-01 0.09 0.000 0.000 -0.076 0.000 0.000
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6 9.2729E-01 0.03 0.000 0.000 -0.074 -0.001 0.000
7 9.9994E-01 -0.09 0.000 0.000 -0.106 -0.004 -0.001
8 1.1232E+00 -0.29 0.000 0.000 -0.125 -0.036 -0.009
9 1.3387E+00 0.40 0.000 0.000 0.889 0.067 0.015
10 1.4405E+00 0.22 0.000 0.000 0.535 0.028 0.007
11 1.4702E+00 0.29 0.000 0.000 0.565 0.041 0.014

1) Reference Zt2 Gauss Jacobi 6t order scheme 2 O|&3t04A{ |4t

3. Implement a small driver that performs the same calculation 100,000 times.
Incorporate random perturbation in the given removal cross section. Your code
will be examined on a common platform for comparison with other people’s
code.

SUBROUTINE PerformanceTest
use global
implicit none
include "xs.FI"
include "geom.FI"
integer :: i
real(NBF) :: t1,t2
call CPU_time(t1)
allocate(sigto(nr))
sigto = sigt
DO i= 1, 100000

CALL RMV_change

CALL set_S

CALL set_p

CALL set A

CALL set_XNY

CALL set_flux
ENDDO
CALL CPU_time(t2)
print '(A13,2x,F9.5)', 'Elaspe Time :', t2-t1
stop
ENDSUBROUTINE

SUBROUTINE RMV_change

use global

use IFPORT

implicit none

include ‘'geom.FI'

include 'xs.FI'

integer :: ir

real(NBF) :: ranval

DO ir = 1, nr
ranval=drand(9)
sigr(ir) =(sigte@(ir)-sigs(ir))* ranval
sigt(ir) = sigs(ir)+sigr(ir)
c(ir) = sigs(ir)/sigt(ir)

ENDDO

ENDSUBROUTINE
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Part 3: Physics Examination

1. Try different absorption cross section to simulate various levels of resonance.
Then plot the flux shapes to compare different extents of spatial self shielding.
Determine the cross sections on your own according to your own logic.

Resonance Self-shielding Z3& 2QI5t7| 2I8iM, Input 2 HE £H5IRACH. TX| 1~9 annular
ring2l removal XS 5HIE Z7IAIZICHFig. (a)). 2|1 External Current2 1.0 #cm22 MEsHY
C. Flux2| shape2 removal XS HIHX| &2 Ze HWsHED. TA|ZQ! flux shape?t FS2
gt 2= QICt.  Annularring 8 YR E removal XSO| &7} U222, flux2| levelO| HotEE ¢
UCt. 2|Zto| flux levelo| 2 O|RE removal XSO| B7t8F S F0lA{2] neutronO| collision
SRl &fn MLt =Eo| W7l MEolct ZF WAUHE removal ratel| 2EEE AHEH,
0.4cm FAoM 7t I A LtENLD, JECH o QAo M= removal XS B7HAIZIR| ei2 4
Bt A UEdg & = UCh

IIlIO -I)

== Default
=@ Resonacne

~@-Resonacne
=o=Default
d

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
Radius[cm] Radius[cm]
(a) Removal XS (b) Flux Shape

== Default
=@ Resonacne

~@-Resonacne
=o=Default [

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
Radius[cm] Radius [cm]
(c) Removal Rate (d) Cumulative Removal Rate

FIG 5 Spatial Self-Shielding

2. Write a report that describes the method, the coding, and the analysis result in
a self-contained form, meaning that the report can be understood later without
resorting to the textbook or the class note.

14/ 25




*Transport Kernel
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9| fluxe ot & (3

2)°t Zto| EEEICH
Q(r’)=Z4(r)+Q'(r’) (3.1)
#(r'—r)dv =ZL:;(ZS¢(r)+Q'(r'))dV'

(3.2)
Ol Szt
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FIG 6 Transport Kernel
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r o| fluxe Ct23b ZCh
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¢y (r)dV = j4 = (%36, +Q; )V 'dV
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(3.3)
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=Gl O =L 500 o

:\%J‘vi .[vj n(r'—>ndvidv (&4, +Q;) (3.4)

Ty

=Tji (Zsj¢j +Qj )

Optical Length= p(R) = p(F',F)= p(F,F") Ct23t 22 2tA7F HE St

e—p(R) ' e—p(R) .
'[Vi J-Vj 4zR’ viav= J.Vj '[Vi 47R? vav (3.5)
T;V; =TV, (Reciprocity Relation) (3.6)
g = e FHste 4z BAH2| source7t | BP0 F= FEQ| gz LIEILIEE, Ch31t
Zo| xEC

6= ¢; (3.7)

i
Collision Probability

r' X|AQ| unitsource 7t T XM HES2E collisiong & EHE2 ofaff AMXH LIEFLtC).

P(r'->r)dv =Zn(r'—»r)dv (3.8)

j DY9| sourceZt i HAQYM HS2=Z collision Yo7|= [F(Collision Rate)2 thﬁjiVi o|Q, O|A

(o)
= 4 34), (3.8) & O|83lAl LIEILHT of2iet 0| Fa[ElCt
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I¢jl i ETHV] (zsj¢j +Qj)

=%, [\TiJ.Vi Iv,. n(r'— r)dv dv ]vj (2, ,4,+Q))

H SN > P)dV v |V, (E, ¢4 +Q) (3.9)

P(r'—r)

:vf(mj P OV Q)

Total Source at V;

By

J| J(Zs]¢ +Q )
2 A(3.9 oM Hol=l If’jiE da jo| isotropict unit sourceZt FY i oM 2oz ZEE =
E2 9o|0|st, Collision Probability et SECt.
p -t j I P(F'— r)dV dV (3.10)
Il Vi v, Vj .
Al (3.9)9] collision rate= OfzjQ} Z0| HHEIC}.
Z¢JI | JI J(ZS J¢ +Q )
Z (3.11)
ZJPJIVJ( ¢ +—)
P.=PV3 c—z” 3.12
i =i G = (3.12)
i
(3.13)

A

MUl

C, = j BUOIMY YolLte & FE SOIA self scattering0] XLXISHs H2S LiEHHACY, %

o fluxel FHQ|9 SYUstd, d2fA 0| &L source driven flux 2t1 RECE P g 4l (3129 Z
0| Ho|stH, Collision rate= Al (312)43 7ZICHstA| EJECH O|ZAH mE3lst= oj™e
o
=

flux(c,g, +Q; /X))ol P, & SsHZ22M Collision rate?t /7| mj&o|ct 12{3t 0[R2 P,

flux to collision factor 2t $tC}.

Cosine Current

O3t A0 FLst isotropic t fluxZt QUCHH, Angular fluxe= A (3.14)8 & L}EFHCE
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¢(9)=% or <o(ﬂ)=§ (3.14)
Al (3.14)2 Z2 isotropicstl @St sourceZ} CHHA S 71X OISt surface 90 QUACtm &

I, o] HHYHZEQ HEHE ES= neutron®| =& cosine current2tl Mo|st1, Of2f 4l (3.15)

—
o 20| 2 4 Ut

@, (1) =gﬂ (3.15)

Cosine current o] 22 & 71X HEHO|A 2| outgoing current= 4| (3.16)1f ZCh.
1 1
Jou =f0¢l(ﬂ)dﬂ=z¢ (3.16)

Escape Probability and First Collision Escape Probability

=17 VOl Falof uniformdt source} QICHH, Ofgh Al (3.17)0] AKXt ZE HHEAl0| Mals)
ct.
z:tg¢g :Zgg% +Qg I
Q,' (3.17)

CHRl AIZHE BELtel B YoM MMEICE, Q 'e 1/V 7t 0 fluxe A (3.17)0f
2kM Al (3.18)0| E=ICH

¢, = (3.18)

2|7t vo|1a, O] 40| closed surface SO O|siA =2 WOl QJUCtD T [, Escape ProbabilityQf
Absorption Blackness= CtE1t ZH0| M O|=IC}

Escape Probability(P ). 0/ QGI0Af EfOILIA, T QS B+EA YT AL SN BH
SS ALIN WALIZ HE
Absorption Blackness(1" ). Surface SO =28t cosine current distributionS/ 120/ Q01 g M,
g Loy E+& EE

Q"= L/Voatni, @ol Ljoj M WE{LIZHs SAMXtO] %2 P 0|3, surface S2 E1t5101A S0f
QL Z=NX ZO|M HAM Sagle oo J,SIT O[Ch Steady State EOIM= L{FOIA Y
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SEI0A QR 2 WAMLZtE b F0A SO0t R S45= 20| 2gS 0|F0{of o
ct.

1 1
—dST'=P (+J == 3.19
4¢S ( n 4¢S) ( )
A 3190] A 3.18)2 CHYUstE ofzfet ZCt
r-2p-%sp (3.20)
@S

Mean Chord Lengthi= Of2f 4| (3.21) ot 20| E|0f, Al 3.2000] CHestE 4] (321)2

ne
rir
o

S\
I =— (3.21)

S
r=1gpP (3.22)
First collision probability @} First collision probability= Ctg1dt 20| Mo|EICt
First Collision Probability(y ): Surface SO w28t cosine current distributionS/ 4120/ QICf7 &
. g9 Lojs Heezs £ & &
First Escape Collision Probability(p ) O/ ZFFoA! EJOILIA, T FHOYA! collisionS S|A| 12

QYL SCIME HE S2 XL HALIZ B2

flol & 2E0= ofelet &2 A JESCL

1 )

—@Sy =— 3.23

4¢ 4 5} Y (3.23)
y = %Zp =13p (3.24)

Of2ff FIG 71} Z0| Cis=2] A2 2 Lt+0lM Us W, 7o & =HE2 4 (3.24)2 FAteh o2t

Vi= %Zi P, (3.25)
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¢ X P

SB

FIG 7 First Collision Probability @} First Escape Probability

Albedo and Boundary Multiplication

Collision Probability 0jA] Boundary condition2 Oz 4l (3.26)2| albedoOf o|siA Ho| =IC}.

(3.26)

out

Boundary surface S; & SsiM J,, o 2| neutronO| Ao YALRCID ofxp. 23{H O]

neutron FO|Al boundaryd| CtA| Z#fsts ¥ (1-1)J, oItk o] BN (1-a)1-T)J, &

d9g wHdLZ Holn, a(l-T)J, & CHAl F9oz THLAF ofA =k = ZHYLAF S neutron
o T

oM a(1-T)?J, O] & CtA| boundaryOf Z=Het Z{0|C} 99t Z+2 wtalo=z ofgff Fig 81t Z

Of AlLHHEH, dEH22 SH2=Z YAISHE neutrono| 2 Of2f 4 (3.27) If ZCt

< =
) Jin
1-a)1-T)J, :>
a(l-T)J,,
1-a)a1-T)*J,
a’(1-T)J,, :
(l-a)a*@1-1)%J, a ¢

FIG 8 Boundary Multiplication

= 1 ‘] in — n;‘] in (327)
1-(1-DNe
%/_/

n,

J. Q+al-T)+a’*@-T) +--)

Circular Pin-Cell Problem
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otz FIG 92t Zto| X ol=l Circular Pin-Cell ProblemO| 2| Elo{ Qlctz St&}.

FIG 9 Circular Pin - Cell

FY 0 M2 fluxe 3A Sourcedf 2|t “—E—I'-f QEHM SHLE neutrondf ofgt & F ZHA|

— o T

2 FMECH j Y90l Tl sourceZt TtEL i FYol fluxg X/(a) 2t Holstm, Boundary
surfaceOf StLtO| neutronO| UYARHES Mf iFof| MYele fluxg VY, (o) 2tn ofxf. d2(1 BEH

S et sk7) QM a=0Y o, 2t Zto| Zt2 X/, Y, atm stxk X (a), Y, (@) & =3
M i EHol fluxz ofzf 4 (3.28)1r &0 ® ECt.
g =Y (@) ] o+ D X @)Q, (3.28)
i
X-j(a) Y, (a)% Fst7| 0]F 0, black boundary conditionOf CH3HAf X-j, Y, & &1 ctm
P‘*OW X! Y, g 01880 X/(a), Y, (a) & HMH3| EH 41 st BA Y, (a)
Y, o ZAE JéﬂqEXI-. Albedo7} OECI 2 A=, ZAOA HAIE|O{A] ZS0} 2= neutronO|
AH7||:|' J2{22 Boundary multiplication0fj Aol H#HEQUYXO|, HEHCc=z FY YREE S0s
neutronO| S7t5t= 27b W7|= ZAO|CE O2EBEE 4 3.27)9 HAE O|8M BAY = U

C}.

Y(a) =Yl =
1-1-Na (3.29)
where =T,

X (a) ot X)o| BAZE 738}7| o|™of, ] ELO| unit sourced| O|8fA E§OfLt neutronO| S4-g
x| @3 MZ2Z boundaryd| EXS= 5 X2 AMSEXL O|2{et QXE Holdt= Olf=,

=2 O—
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G0 A EHO{t neutronO| boundaryOi|A| BEALZ|O{A] @ FHO| fluxg MMSHI|= 8t7| E0|Ct
X. = escape probability2 O|&3}H ofzf Aldp 20| EHEICE

—

i

X; =PV, =1 T, (3.30)
Totl ri
source at j
I'; = unit total incoming current?t A= M, j SHOA remove &= FO|Ct. O[22 unit total
incoming currentZt QU2 M, j QYA M7|= fluxO| removal XS2 JdlE At sLStA =Lt
T, =%V, (3.31)

Al (3312 A (3.30)0f CHYUSHH of2f Al (3.31)QF &Lt
X =S8yy (3.32)
4

OlFl, X)(@)g X/o x,2 ol8shN LIEFHERL X (a) & j
EHOtX| @ HZ i g9l fluxdl| 7|0 E St= AL ot =
o| fluxg dddt= & 7HAZ Lt+0f TICh FX

2ot El= X, SOM ax; Bt CHAl R 2
current 2 WZSHA =W, ax;Y(a) 7t i FH9| flux?t ECh

A9O| sourceZt FA 0| TS =
2 #o| BIALS AXA | g9
P ZCh 2R B2 H222

[

boundary0f| =

O

ot ECt O] ax; & external

X! (@)= X! +ax)Y,(a) (3.33)
olF XJ, Y, & PalD, E Aol fuxg AM £ ATk X[, Y, & 0% Ho2 0|8|A

i
At g % Qo oK XJ2 T87] YsiM Holof metd a=00|1, j FA0TH unit source7t

QICID SR}

Q=7 (3.34)
2|1 FIME O 2 external currente QICHD SHAL O2{st A=A fluxe Al (3.28)0 2|sfA{ Of
eiet Zo| ECt
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¢ = Z Xika = Z Xik5jk

X (3.35)
= X!
Al (3.13)df (3.35)2 O|&SIH Cadh &2 Al0| LI2C}

. . P,
AVHE =ZPki(Cka’ + 2y = ZPk,ckX‘ 5 (3.36)

k k j

P, )

TV, X/ ZPk,c X‘—z— fori=1---,n (3.37)

(3.37)2 Matrix2 LtELLH™ Of2f 4! (3.38) 1f &, O] linear system2 j& 182H n7tX| nH
H )(JO AN ot £~ QlCt.

m 1>

z:1\/1 - P11C1 _P21C1 _Pnlcl le le / 2
_F%zcl 22V2 _ Pzzcz _Przzcz ij _ sz :/22 (3.38)
_Plncl _P12C2 e X V I:>nnc'n an Pjn /Zn

OIMl Y, & ZHs7| kM, BE HHO A sourceZt 00|11 black boundary condition0f 2%
unit incoming current@t ZX§SCtD SFAL O3 2 ol fluxes Y, 7F EICt | YA LojLt
total collision2 CI2 c,_,01|)k-| scattering =l flux(scattering source)Zt i 0| fluxdf 7|05t
Lt external currentZt i YO XHZ2E collisiong €o7|= H&2 y, 22 FdELCL Of

S 2AMoz gIsH O|-EH Al (3.33)0| =ICt.

=
—
=
—

N

ext

FIG 10 Y, 0ff 7|0f 3= & d&

ZVY, =2 Pic)Y, +7, (3.39)
J
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ZiViYi —Z PjICJYJ = 7/i for | :1’ ---,N
J

(3.40)
2| & (3.40)2 Matrixe| HEHZ LtEtLHM Otz A (3.41)1t Z 1, Of linear systems EM ZE Y,
7F 2 ELC

Z1\/1 - P11C1 _P21C1

—Pac X 1k N
- PlZCl Z“2\/2 - Pzzcz

—P.,C, X; 72

=|". (3.41)
_Plncl _PlZCZ ZV F)nncn X: 7n

SHX|®H 2| linear system2 Z2{H y, 2 YO(OF SICt 2 Al (3.250] Mol /o U=0l, O] A

Ol A Ot Z™E|X| 42 4k

42 L2 First Escape Collision Probability( p;)O[C}. p; £t0] &= &2 Of2f
(342K It £ 9lCh

p =1- Z |5ij (3.42)
i

A (3252 (3422 ZelstH off 4 (3.43)2 0]

4 .
Vi _S_[ZJ/Vi _Zzivlpuj
° : (3.43)
4
:S_(Zﬂ/vi _Z PIJ}

B j
E Y3t linear systemo| ZHS JiX|D, LS HIRO| JHHA n+1 Z7 HH, X/, Y, & ZF
g 4= QICL Current2 ZAHS7| oM MS2Z boundaryd]| =EHSI= neutronQ| 0| EQS|Ct.
0] && g O|2sfA ofgl Al (3.44)2f Z0| EHEICE

x=3"Q,x, (3.44)

i

Al

(3.44)2 AlbedoZ 112{38lA|, boundaryS

A SoiA BALEZED S0|R= currente| FE ZFTH
T offet ZCt

N X+(@1-T)J*
J B 3.4
(o) I a(_D) (3.45)
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() el D) (3.46)
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