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ABSTRACT

Corn Pone is an Oracle multigroup, multiregion, one-dimensional P,
reactor code for slab, cylindrical, or spherical geometry. The numbers of
groups and space points are not limited for practical purposes. There may be
128 regions each having its own epithermal and thermal groups. The equations
reduce simply to Diffusion Theory equations and slowing down may be treated
by Fermi, Wigner, or Goertzel-Greuling kernels. Disadvantage Tactors may be
computed and applied. Regions and element events, sources, cross sections,
flux spatial integrals, fluxes and currents may be edited, that is, in-
dividually extracted from the program and printed or displayed. Running
time is 6 minutes per iteration for a 32-group, 2-region, and 56-space
point case.

Averaged cross sections may be put directly on the Corn Pone Group
Constant Tape or cross section graphs may be stored on tape and then inte-
grated over a specified group structure.

Infinite, homogeneous medium, P; age and Fourler transform codes are
available and require 5 minutes to punch values for 31 groups. In this
report the development of the theory from a set of differential equations to
a set of difference equations sultable for machine computations is traced,
complete instructions for use are given, and finally, methods and approxi-

mations used in the code are evaluated.
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1. INTRODUCTION

A Brief Description of Corn Pone

Corn Pone is a code for the Oracle, the automatic digital computer at
the Oak Ridge Natilional Laboratory, which solves numerically the equations
resulting from a consistent Py approximation to the one-dimensional Boltz-
mann equation. By "a consistent P; approximation" is meant the use of the
P, approximation in the expansion of the scattering kernel as well as in
the expansion of the flux. Diffusion theory makes a Po approximation to the
kernel and a P; approximation to the flux.

The code was designed to offer a degree of flexibility in the theory,
the reactor problems that can be solved, and the results that can be edited.*

Intent of the Report

This report first traces the development of the theory from a set of
differential equations to a set of difference eqguations suitable for machine
solution.

Secondly, the report intends to serve as a user's manual for Corn Pone
and related codes. It is hoped that a user may start with a set of cross
section curves and find here all the information he needs to produce a
cross section tape and solve a reactor problem.

Finally, the report evaluates some of the methods and approximations

which were used.

*¥The word "edited" is used to mean "extracted from the program and printed
out or otherwise displayed.”




No detailed flow charts or storage tables are included.
Corn Pone properties are summarized in Table 1.1.

Other P; Multigroup Treatments

The P; multigroup theory was treated by Greuling, Clark, and Goertzel.?l
Bohl, EE g&. have written a P1 code for the IBM-TOL (Ref. 2). It treats
transverse leakage by P; and not by Diffusion Theory as in Corn Pone. The
codes are otherwise quite similar. Feinberg et al., of the U.5.5.R. have

developed a P; multigroup theory and have compared their code results with

experiments.3

1. E. Greuling, F. Clark, and G. Goertzel, A Multigroup Approximation to the
Boltzmann Equation for Critical Reactors, NDA 10-96, Sept. (1953).

2. H. Bohl, Jr., E. M. Gelbard, G. R. Culpepper, and P. F. Buerger, PIMG-a
One-Dimensional Multigroup P; Code for the IBM-7OM, WAPD-TM~135 (July 1959) .

5. S. M. Feinberg, E. D. Vorobrev, V. M. Gryazev, V. B. Klimentov, N. Y.
Lyashenko, and V. A. Tsykanov, Proc. U.N. Intern. Conf. Peaceful Uses
Atomic Energy, 2nd. Geneva, 1958, P/21L2.




Table 1.1. A Summary of Corn Pone Properties

Fast groups permitted:

Epithermal groups permitted:
Thermal groups permitted:

Slowing down:

Inelastic scattering:

Anisotropic scattering:

Flux assumption:

Geometry:

Boundary conditions:

Converges on:

Transverse leakage:

Regions permitted:
Space points:
Voids:
Isotopes, alloys, or
mixtures permitted per region:

Disadvantage factors:

< ~ 1000. Limit is set by the length of
Oracle magnetic tape.

< 6L

= Specified for each region.

< 128

May be treated by Fermi, Wigner, or
Goertzel-Greuling kernels.

Scattering from up to four groups may be
treated by indirect methods.

Treatment is possible through the use of
variable slowing-down parameters.

Flux and current are linear in lethargy over
a group.

Slab, cylinder, or sphere.
Zero net current at the origin. Zero flux,
net current, or return current at the outer

boundary.

Multiplication constant, source, thermal
flux, or iteration.

Treated by Diffusion Theory with either
Tixed or energy-dependent buckling.

< 128.

No practical limit.

Voids are allowed at the center and following
each region.

< 51.

19 sets may be applied in the first region

and factors for a 19-region cell may be
computed.




Table 1.1, (continued)

Initial source guess:

Edit:

Running time:

sin(ar + b) —(ax+b)
ar > €
input, or previous case.

Flat, sin{ax + b), ,

Input, region events, element events, source,
cross sections, flux spatial integrals,
fluxes, and currents.

~ 6 minutes per iteration for 32 groups,
2 regions, and 56 space points. (See
Appendix D.)



2. THEORY

2.1. The Lethargy Integration

The P; Equations and the Slowing-Down Density and Current Equations

The P; approximation to the steady state Boltzmann equation gives the fol-

lowing equations for one dimension:

%Vodo(r,u) +an(u)¢l(r,u) =Z fgﬁl(r,u')on(u')Kln(u'—»u) du’, (2.1)

n n o

Vﬁﬂﬂw+2%@WdL@=z'f%hNW%W”%JWﬂ)@'+ﬂL® (2.2)

n o

where
Vo = %; s
Vi = %; + % s
r = distance from the origin,
g=20, 1, or 2 for slab, cylindrical, or spherical geometry,
- u = lethargy,
T, = macroscopic total cross section for the nth element,
. 9, = macroscopic scattering cross section for the nth element,

Kop = coefficient of Po(u) in the expansion of the nth element scattering
kernel in a series of Legendre polynomials
= probability of scattering from du' about u' to du about u,
Kip = coefficient of Pl(u) in the expansion of the nth element scattering

kernel in a series of Legendre polynomials

= p (v, WKo (u'-u),




un(uﬁ,u) = cosine of the scattering angle in the laboratory system for a scat-
tering from u' to u in element n,
golr,u) = flux per unit volume per unit lethargy,
¢1(r,u) = current per unit volume per unit lethargy,
T(r,u) = source per unit volume per unit lethargy
) uth
= X(u) [ f v Z(u)do(r,u') du' + VCZ;h gh(r) } ;
o
X(u) = fission spectrum,
vc = average number of neutrons produced per fission tc achieve steady
state,
Zf = macroscopic fission cross section,
Z;h = macroscoplc fission cross section for the thermal group,
uﬁh = lethargy at which neutrons enter the thermal group,
¢gh = thermal group flux.

The boundary conditions are:
a. ¢olr,0) = ¢1(r,0)
b. ¢,O(r)°°) = ¢l(l‘,°°)

|
O
o

1l
O

O)

It

c. ¢i(ro,w)

I

ro inner radius of the first region,
= O unless there is a void between the origin and the first
region,
a. a do(rB,u) - 2b dl(rB,u) = 0,
Ty = radius of the outside boundary,

a,b = constants,

e. ¢o and ¢; are continuous at interior interflaces.




Define the slowing-down density,

qn(r,u) = f¢o(r,u')0n(u’) du’f Kon(u'—m”) du", (2.3)

e}

and the slowing-down current,

u %]
pn(r,u) = f¢l(r,u')0n(u') du'f Kln(u'—>u") du". (2.k4)
0 u
These guantities are subject to the boundary conditions
q_n(r,o) = Pn(r,o) = q_n(r,w) = pn(r;w) = O'

Take the derivative with respect to u of Egs. 2.3 and 2.h4:

dq_(r,u) < s
—?—ngql—= ¢o(r,u)0n(u)f Ko, (u-u") au” - fszfo(r,u’)dn(u')Kon(u'—»u) du', (2.5)

e}

op_(r,u) < i
S - ¢1(r,u)0n(u) len(u»u”) du" - fszfl(r,u')on(u')Kln(u'—»u) au'. (2.6)
u o]
Now
fKon(u—ﬂl”) du" = 1, (2.7)
len(u—m”) du' :f p,n(u,u”)Kon(u—m”) du" = En' (2.8)

Put these values into Egs. 2.5 and 2.6




dq (r,u) v
T derwo () - [ dalrue (4K (w) aur, (2.9)
(o]
op (r,u)  _ +
—=— = #yhalr, o (W) - fgfl(r,u')cn(u')Kln(u'—’u) du'. (2.10)
(o]

Substitute from Egs. 2.9 and 2.10 into Egs. 2.1 and 2.2

_ » op_(r,u)
%Vogfo(r,u) +Z (v (0) - o (W] di(x,u) +Z ___r_l_&_ = 0, (2.11)
dq (r,u)
Vﬁ¢1(r,u) +'§:an(u)¢o(r,u) + —EESE_—— - T(r,u) =0, (2.12)

where an is the macroscopic absorption cross section for the nth element. Set-

ting (Bpn/au) equal to zero reduces the P; equations to the diffusion equations.

Development of the Differential Equations for Slowing-Down Density and Current

Expand the flux scattering density in Eg. 2.3 in a Taylor series about u.

Then:

t o (Weo(r,u) - o S o (wdolr,w), (2.13)

11

q (r,u)

u ©0
1 [_) " 1"
1 U/\du L/\ Kon(u u") du s
[o] u

ueT
11

u o
_ _ " ' 150" 1"
a, —L/\ (u u'") du k/\ Kon(u u'") du'.
u

o}




Differentiate Eg. 2.1% with respect to u, assuming gn constant and the scat-

tering density slowly varying:

3q_(z,u)

“ou T
Substitute this into Eg. 2.13%.
q (r,u)
7n ——u— + qu(I')u) = gncn(u)¢0(r’u)’ (2'15)
a
y = _n
n gn

Expand the current scattering density in Eq. 2.4 in a Taylor series about u.

Then

i

p_ (1) = 10 (Whi(rw - b & o (Wer,u), (2.16)

I

u ©
U/\du' L/\Kln(u'»u”) au",
fo) u

o0

u
- 1 ' 1 " n
bn b/j(u u') du b/\Kln(u -»u'") au".
o)

i

u

Differentiate Eq. 2.16 with respect to u, assuming Uy is constant and the

(current) scattering density is slowly varying:

op (r,u)

t & o (udolr,u) (2.14)
> ,
S =, 35 on(u)¢l(r,u). (2.17)

Substitute this into Eq. 2.16.
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dp (r,u)
o —Eggsf—*-+ p (r,u) = nncn(u)él(r,u), (2.18)
b
.

£, 7, My and P, are constants for isotropic scattering in the center-of-mass
n’ ‘n
system. They are functions of the mass of the scatterer, as shown in Appendix A.

Equations 2.15 and 2.18 are exact for hydrogen.

The Slowing-Down Classes of Elements

Write Egs. 2.11 and 2.12 for a one-element infinite medium above sources

- B(wgar,w ~ (2.19)

i*

B(uw) = 1(u) - o(w)

9alrau) _ | () gio(r,u) (2.20)

ou

Substitute Eq. 2.20 into Eq. 2.15.

[eo(u) + ya(u) ] dolr,u) (2.21)

i

q(r,u)

Substitute Eq. 2.19 into Eq. 2.18.

[no(w) + pp(w)] @alr,w) (2.22)

]

p(r,u)
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Three classifications of elements are made according to the treatment of

their slowing-down densities and currents.

Class A element slowing-down density obeys 2.21 and slowing-down current

obeys 2.22.

Class B element slowing-down density obeys 2.15 and slowing-down current

obeys 2.22.

Class C element slowing-down density obeys 2.15 and slowing-down current

obeys 2.18.

Development of the Group Equations

Assume the flux and current are linear in lethargy in group 1.

1
d(r,u) = ﬁ; [2(u - ui)ai(r) + (u_i g - 2u)¢(r,ui)]

where
u; = lower lethargy limit of group i,
ui+l = upper lethargy limit of group i,
Uy = W~ %y
81 = average or midpoint flux (or current) in group i,
¢(r,ui) = lower lethargy end point flux (or current).
So
Yir1
1 * *
—_ — 4+
T u/\ o(u)¢(r,u) du 0181 oi¢(r,ui)
u,
1
where
*
g =

(2.23)

(2.2
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* 1
g, = —
1 U2

ui+l
Jf (u.i + ui+l - 2u)0(u) du.
i u
i

Integrate Eg. 2.11 over group i and divide by Ui' Drop i subscripts on

3‘5 and o's and remember that the following applies to group i.

y P (r,u, ) - P (r,u.)
%-Vbab(r) +-}}*Bn81(r) + B:¢1(r,ui)] +-}: a 1+1Ui 4 = - 0. (2.25)
n n
Integrate Eq. 2.12 over group 1 and divide by Ui.
. N ca(ru, ) - () _
Vidi(r) +'}:[ anab(r) + an¢o(r,ui)]-+ji T - T(r) = 0. (2.26)
n n +
Solve Eq. 2.15 for qn(r,ui+l).
(U /fy) & A ~[(u, -0 /7]
qn(r,ui+l) = qn(r,ui)e R ;2 \/‘ cn(u)¢o(r,u)e i+l % dqu. (2.27)
Y
i

Approximate the integral

ui+1 i+l ui+l
(u/7.) (u/7 )
JF Un(u)¢o(r,u)e n du = [ %— Jf cn(u)¢o(r,u) du } Jf e 7n du

*cna + c:¢o(r,ui) } . (2.28)

Substitute into 2.27.




-(u, /7.) - -(u, /7.)
qn(r’uiﬂ_) = q'n(r’ui)e Ty £, L 1-e 1 j} L Gnao(r) + 0 _go(r,u )]
(2.29)
Treat Eq. 2.18 similarly
-(0. /o) ~(U./p )7 s N
pn(r,ui+l) = pn(r,ui)e ony n, [l e P } [ cnal(r) + cngfl(r,ui)] .
(2.30)

Substitute from Egs. 2.29, 2.30, 2.21, and 2.22 into Egs. 2.25 and 2.26 for

pn(r,ui+l) and q_n(r,ui+l). Note that

) = 28(1') = ¢(r1ui)1
and divide the n elements into slowing-down classes A, B, and C.

%Voao(r) +Z[*5n81(r) + B:Sé l(r,ui)] + 2 [21_’ [Tlndn(ui+l) * e P n 1+]_ ] a(r
n

1
B Z U, [nndn(ui) * pnﬁn(ui) * nnon(ui+l) * pan 1+l ¢l s Yy )

-U. /Dn) U /p )

[1-e ]
+Z ' [081 Y+ o 3251 T, Z L pn(r,u.) = 0.
c c

1

(2.21)




Vada(r z[ o Bolr) + o dolr,u; 2 '127; oo (uy,g) + 7o (uy 1) ] Bolx
A
) B e (e) el ¢ o (u ) ¢ 7,0 ()] dole,uy)
A 1
R T ) (0, /7.)
) - [0, Folx) + 0'go(r,u)] - ) AoSe g (r,u)
B,C ' B,C ;
- T(r) = © (2.32)
Put Egs. 2.31 and 2.32 into the form
N\
(a) Vos_D'o(I’) l+l 81 ’ui-i-l’r) = 0,
-(u, /e )
i’"n
(v) B(ul Y417 r) = &(u YoM Jéa(r,u) - 32 = Si pn(r,u)
C
>(2-33)
() vidi(r) + C(ui,u )bo(r) - D ui,ui+l,r) = 0,
-(Ui/7n
(a) D(u yU 0T r) = T(r) - I(u yUs ¢o(r,ui) +z 1 - eUi qn(r,ui)
B,C )

Then

14




_ 8 L
G(ui,ui+l) =3 {Z Bl - Z T [nncn(ui) + pnﬁn(ui) + nngn(ui
n AB
-(U, /)
}: nn[l - e I }
* U, On ’
c i
* 2
C(u17 i+l) =:}z O% * E: U, [Encn(ui+l) - 7nan(uiJrl)]
n A +
-(u,/7.)
i’’'n
N Z En[l - e ] *0
B,C U1 :

7 x H l
I(u"ui+l) =:}; O%.-'Ez ﬁ; [gncn(ui) * 7nan(ui) * gngn(u'i+l) 7
n A

-(Ui/Vn)]

*

}j En[l - e
* U.

B,C .

Operate on Eq. 2.3%3%a with V; and substitute from Eq. 2.33¢ to get a second-

order equation for group 1.

o .
n
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i+l)r) = O) (2‘55)

The transverse leakage in finite cylinders and parallelepipeds may be

treated by diffusion theory by adding a transverse buckling to ©.

The Thermal Group Equations

Write Egs. 2.25 and 2.26 for the thermal group.

L Vog(x) + ) o) <) 3 (mu®) - o, (2.56)
Vafx) ¢ ) o) - ) o (nu®) - 1(z) - o, (2.57)

Put these into the form of Eq. 2.3%%. Then




th £
Gu™) = 3 2 [ o (™) + pnﬁn(uth)],
AB
2,8 > (2.38)
e thy _ z o
. n
n
] DR 1 - ) - TR (e, o) Z qn(r)uth),
5,C
O R A O RN LD
A
ﬁn = [azh + (1 + Eh)ozh] and azh indicate an appropriate average of £_

and an Tor the thermal group.
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2.2. The Spatial Solution

Development of the Difference Equation

Write Eq. 2.3%5 as
#5(r) + & gy - 8g(x) + AD(x) + B'(x) + £B(x) = 0. (2.39)

Approximations to the second and first derivatives which are good to fourth

order in the lattice spacing, h are

4"(x) = d(r + h) - 2¢(r) + ¢(r - h) _ h® ¢iv(r),

12 12
(2.40)
1 (I‘ + h) - (I‘ = h) n® m
g(z) - Hzrh) - ¢ g ().
Substitute these expressions into 2.39
golr + h) - 2¢o(r) + dolr - h) _ golr + h) - golr - h) W
. & - S Bdo(r) - B (2.)

h®

{¢iv(r) . %g_ ¢|c;,(r) }+ B(I‘ + h) - B(I‘ - h) + %B(I‘) _ éﬁB"'(r) + AD(r) - o.

Differentiate Eq. 2.3%9 to get expressions for ¢"'(r) and dlv(r). Note that dif-
ference approximations to derivatives in the d”' and ¢1V expressions need be

good to h® only. Collect terms and put the difference equation into the form

Pfor,y = oy + Bydoy ) + 8 = 0. (2.42)
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th
The subscript k denotes the k space point which corresponds to distance

r. The coefficients in 2.42 are

\
1 gh glg-2) n¥8 glg-2) h® dh® b&ho
Pk “2 e T 2k 2 ) 3 “eok T Ler v
2
Q =1+ glg -2 b2 5 &h2,
12 2 12
1 gh oglg -2 n¥ glg-2) n® sn2 s }
Re=2-1z* "2 12+ g = oLt Loy o

=
I
-
+
-P'lU'
@
1

- T gn
Sk"I@'Bmz”L{EH”le 2”}th+1+21~

WM

h2 ] 7,6 b }
[ '12r2(g'2)Jth+{'2u+12r[l'ur(g'2)] BBy

2 1 _gh
5 bD T on (l or > hD 1

) (2.43%)

Allow voids between regions. Assume that the partial currents are distributed

+
&~
[os}

T
N
+
=
I
=
N
'_J
+
s
N
=
i
'_J
+
[ \SL

Satisfaction of the Boundary Conditions at an Interface

4
lsotropically. The boundary conditions at an interface are:

j_(rpu) =3 _(rp,u)

(2.4k)
rgj (r_,u) = rgj (r_,u) + r® - rg)j (r_,u)
Jo+r T d? I+ 7T J I'<-*~J’
4. Under this assumption, the flux within the void 1is
r:\ 8
Q{O(r)u) = ¢O(r1)u) -2 1- <l"_ ¢l(r1;u); I'I =r s I‘J’




20
where

Ty = inner radius of the void,
Ty = outer radius of the void

positive

J (r,u) = partial current at r = i +
- negative
g = geometry Tactor.

From Eq. 2.3%a

do(r) u> ¢l(r) u)

2

ulr) = - & [85(x) + B(x)].

(2.45)

From Eq. 2.40 and the derivative of Eq. 2.39, a difference equation for ¢é(r)

good to fourth order in the lattice spacing, h, is

o1 _ /
hoo, = Mpo, o + Mbo + Lgo | *+ K,
where ~N
_l+@ .l__ gli+8h2>
Mk T2 6r T 12 2 ’
_ _ &
Nk - 3r )’
_ 1. g 1 [ g 2
Le=-2* g "3\ -0k .> ,
I
_ 1 (,, e 1/ gﬁ) 1 &>
X =% T or > BBy -3 47 o2 L S Wl k-1
, An
12

|
|
Introduce fictitious points at an interface

as shown in Fig. 2.1.

(2.46)

(2.47)
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Substitute into Eq. 2.4k and rearrange

Y .
[ Mg, )+ Nyfp + Lpgp_y + X + 1Byl =

1
Ash. [MJ¢J+l + NJ¢5 + Nypp + Ij¢j_l + X hJBJ] (2.48a)
2(1 - Y)
Y¢I = Y¢j - A [Mj¢j+l + NJ¢5 + IU¢5_1 + Xy o+ hJBJ] (2.48b)
where
r g
Y - <'—£ >
r

Equation 2.42 holds at I and at J:

Pfor,| = Qfop + Ryfor  + Sy = 0,
Prfog, - Yoy + Ryfos_; + Sy = O.

Eliminate ¢OJ+1, ¢OJ, and dOI—l among Eqs. 2.49 and 2.48 to get equations

of the form of Eq. 2.42 at points I + 1 and J - 1;

P 1Po5_1 = QpqPor g + Ry qfor + Sy =
(2.50)

Py_1Po5 = Q1805 1 * Ry_jPop,q *+ Sy = O

Then




Pl =

QI+1

Pri1 =

I+1

O
il

j2e}
|

w0
|

S and

= YRIPJAJhJ(XI + h B -

Apn R (RpMy - PyLy)

(PILI JJd

(RINI + QIIT)[YAJhJPJ - 2(1 - Y)(PJNJ + QJMS)]

RI[YA h.P. - 2(1 - Y)(PJNJ + QJMJ)](

JJd

RI+1
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- RIMI)[YA h.P. -2(1 - Y)(P.N

Jd

+ QM) ]

- RpAD (ByNy + QM)

I I

- RP.Ah (X_ + h B

I"JITI

X+ h B

I

J

(P.L. - RJMj)[A h R+ 2(1 - Y)(RINI + QILI)]

JJ I'TT

- YA‘JhJPJ(RIMI - LIPI)

H’;U |HL—‘

S

1)

- PIAR R+ 2(1 - Y) (RN, + QL) I

I'TT

SJ have forms different from S

k

of Eq. 2.43.

M
X. + h.B_ - §£ s.)
J

dJ

- EE S_) -
RI I
_M.is)
J°d PJ f)

J°Jd

See Appendix B.

(2.

51a)

.51b)
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I-1 7 I+1 J—7 J J+/

-

. /ctitious
Kegionr

0
p : % conts 5 % @ejg/m g

Fig. 2.1. The space point (k) and distance (r) scheme at an interface, where

r is the distance of the interface from the origin. The space
point lying on the outer boundary of region I is called I. The
space point lying on the inner boundary of region J is called J.

Introduction of I' and A

Let

Por, = TePoyyy * &y (2.52)

Substitute into Eq. 2.42 to give recursion relations for Fk and Ak.

-

k
X U - BTy
(2.53)

_ Rkék—l i Sk
e Y - Bl .J/
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Satisfaction of the Boundary Condition at the Origin

¢1(0,u) = 0, and so B(O,u) = 0;
therefore
¢8(0Ju) = 0.

Expand each term in Eq. 2.39 about the origin and set the coefficients of like

powers of r to zero. Application of the boundary conditions results in:

(1 + g)do(0) - 84o(0) + (1L + g)B'(0) + AD(0) = O, (2.54)

and

(rl + % > 427(0) - 84o(0) + 1 + 9‘> "t(0) + AD"(0) = O. (2.55)

Convert Eq. 2.54 into a difference equation using Egs. 2.40 and 2.55. Note
that @¢o(-h) = @do(h). Put the equation into the form of Eq. 2.52 to find starting
values for I' and A.

> } ()
o= 5h2 s5h2 (.56
[l—m](l+g)+7

—12—[ ThB, - mgz ] I [(1 + g)nDy + (5 + g)hDo ]
o - . (2.57)

5hZ dh®
s ACRERE =
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A void at the origin is treated by setting g = O for all geometries to
evaluate I'g and Ag. This requires the net current at the void boundary to be
Zero.

Satisfaction of the Boundary Conditions at the System Boundary

At ys the system boundary,
a¢o(rB) - 2b¢1(rB) = 0.

Substitute from Eq. 2.45

ago(ry) + 2 [gd(ry) + B(ry)] = 0. (2.58)

Substitute from Eq. 2.40 and express ¢OZ-1 and ¢o£ by Eg. 2.52 to get ¢O£¢l;

£ is the space point lying on r_ and £ + 1 is a fictitious point outside the

B
boundary.
LBy 1
2bh(X£ + Bz) + B, {Aha + 2b[N£ + szﬂ_l] + 2b —= =
$og,1 = - . (2.59)

2bM£ + Fz {Aha + 2b[N£ + Lzl“z_l] }

Table 2.1 lists the boundary conditions available.

Table 2.1. System Boundary Conditions for Values of a and b

a b Condition
1 0 Zero flux
0 1 Zero current

1 1 Zero return current




26

The sequence of steps in the integration of Eq. 2.39 is as follows:
Compute:
1. Tp and Ag from Egs. 2.56 and 2.57.

2. Fk and Ak to the system boundary from Eqg. 2.53.

3. ¢°£+1 from Eq. 2.59.

L, ¢Ok back to the origin from Eq. 2.52.




3. THE CORN PONE CODE
3.1. General

The numerical solution of the equations developed in Section 2 is ac-
complished by first dividing the neutron energy range into an arbitrary
number of energy groups and integrating the equations over each group to
obtain a set of group constants for each element in a group structure. The
system to be éalculated is next divided into regions according to material
and material concentration. Finally each region is divided into a mesh of
points, at each of which the difference equations are to be satisfied.

In this section the code is briefly described, largely to orient the
reader concerning the sort of input data required. The lethargy and space
point mesh schemes are next described, while the bulk of the section is
devoted to a detailed description of the input, followed by a concluding
portion covering code operation.

3.2. Code Description

Corn Pone is composed of three main routines: the Reactor Constant Prep-
aration Routine, the Integration Routine, and the Edit Routine. General flow
charts are shown in Figs. 3.1-3. The numbers under the operation boxes
designate the programs which make up the routine.

Reactor Constants Preparation Routine

The Reactor Constants Preparation Routine, diagrammed in Fig. 3.1,
automatically loads all of the input but the date and the disadvantage factor
indicator words. The disadvantage factors, used only with "Corn Pone with

1

disadvantage factors," must be separately loaded from the disadvantage factor

5. J. G. Sullivan coded much of the routine.

27



LOAD REACTOR
SPECIFICATIONS

TYPE CASE NUMBER

LOAD REGION

28

UNCLASSIFIED

ORNL—LR-DWG 47165

LOAD DISADVANTAGE
FACTORS

SPECIFICATIONS

2.(~1)

2.0

COMPUTE EFFECTIVE
NUCLEAR DENSITIES

APPLICATION OF DISADVANTAGE
FACTORS {CORNPONE WITH DIS-

COMPUTE AND STORE LETHARGY QUANTITIES
FOR EACH GROUP AND REGION:

A, G, C, | (Ea. 2.33 AND 2.34)
> B Ay g2 DYy oo FOR CLASS B AND C
e~N/8 p1 NP o o, FOR CLASS C

(Eq. 2.29 AND 2.30)

ADVANTAGE FACTORS ONLY)

COMPUTE AND STORE SPACE QUANTITIES

LOAD AND STORE
EDIT SPECIFICATIONS

2.5

GO 7O
INTEGRATION
ROUTINE

LOAD SOURCE SPECIFICATIONS
SET INITIAL SOURCE.

COMPUTE INITIAL SOURCE
INTEGRAL

'y (Ea. 2.56)

P T, . 1I,/P,; (Ea. 2.43, 2.51, 2.53)

COEFFICIENTS OF SOURCE TERMS AT
INTERFACES (Eq. 2.51)

COEFFICIENTS OF SOURCE TERMS AT

2.4

BOUNDARY (Eq. 2.59)

2.1

LOAD SPACE POINT SPECIFICATIONS

[ ¥

23

COMPUTE SPACE POINTS AND LATTICE
SPACING FOR EACH REGION

2.2

Fig. 3.4. A General Flow Chart of the Reactor Constants Preparation Routine.
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tape when they are requested by the machine. Cross-section data is taken

from the cross-section library (described in Section h), multiplied by the
nuclear densities, and stored as region constants for each group. The lattice
spacing is then chosen for each region and the quantities necessary for the
spatial integration in each group are computed and stored. An initial source
cholce 1s made and the source integral [ f T(r)rg dr] 1is computed and stored.
Finally the edit specifications are loaded and stored.

Integration Routine

The Integration Routine (Fig. 3.2) first satisfies the boundary conditions

at zero lethargy. The quantity F(r), which at the end of the iteration will
Yth

be the numerical approximation to ‘{ L/\vZf(u)yfo(r,u) du + v2§h¢gh(r) }', is

o}

also set to zero
The order of computation is as follows:
Compute:
1. The source into group 1 (Program 3-0)
2. The group average flux (Programs 3-2 and 3-3)
5. Class B and C slowing-down densities, the upper end point flux,
and the contribution of the group to F (Program 3-4)
k. The group average current (Program 3-5)
5. Class C slowing-down current and the upper end point current
(Program 3-6)
6. The slowing-down current sources into the next group (Pfogram 3-7)
7. The slowing-down density sources and the fission sources into the
next group (Program 3-1)

Steps 2 through 7 are repeated for all the groups.
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UNCLASSIFIED
ORNL—LR-DWG 47{66

SET:
@g (0)=b7 =g, (0)=p (0)=B,(0,u)=0
%% e "k k2 COMPUTE
SET: COMPUTE
FROM $, FROM Ea. (2.43) AND (2.51) AND (B.3)
CONSTANT F, =0 AND (B.4) OF APPENDIX B > A, FROM Eq. (2.53)
PREP X, FROM Eq. (2.47) AND (2.29) AND (B.13) <
FROM Eq. (2.59) AND (2.52
COMPUTE: OF APPENDIX B %o ) @52
AD, (0,u) FROM Ea. 2.334 Ay FROM Ea. (2.57)
3.3
i, THE GROUP NUMBER, =1 3.2
3.0
COMPUTE: :
COMPUTE 9, (u;4;) FROM Eaq, 2.29
k
COMPUTE
b {u.,,) FROM Eq. (2.30) NO , N -
i=i+1 | it < IS i THE THERMAL GROUP? | - < ®o, (#iap) = 2¢0k - ¢ok (u)) <
- ¢, FROM Ea. (2.33a)
by (u;pq) =2 - @1 (u) k
1, d)]k e YES ;
F, = Z [ *5 A, -+ V] Auyhg )]
3.5 i=1
3.6
3.4
COMPUTE
COMPUTE COMPUTE GO
> > T0 THE MULTIPLICATION CONSTANT
B, {u;,u;,,) FROM Eq. (2.33b) AD (u;u;4,) FROM Eq. (2.33d) @
[F(n A dr PRODUCTION INTEGRAL
P K= =
3.7 3.3 [sty# ¢ NITIAL SOURCE INTEGRAL
TYPE K IN PACKED DECIMAL FLOATING POINT |
ON THE CONSOLE TYPEWRITER ‘

GO TO VES HAS THE SET NEXT ITERATION SOURCE
EDIT < CALCULATION i« - <
ROUTINE CONVERGED? 5, = k
K
NO
3.8
Y

Fig. 3.2. A General Flow Chart of the Integration Routine. o




31

After the thermal flux and current are computed, the integral of F(r) over
space 1s taken, using the trapezoidal rule to fifth order in the lattice spac-
ing. The multiplication constant is computed by taking the ratio of the
production integral, f F(r)rg dr, to the initial source integral, f T(r)rg dr,
and is reported on the console typewriter, F is then divided by the multipli-
cation constant < % = vc'> and the quotient is used as the source guess for the
next iteration. A test is made to see 1f the convergence criterion is satisfied.
If it is not, another iteration is made. When the criterion is satisfied, the

Edit Routine is entered.

Edit Routine

The word "edit" as used in this connection, is taken to mean the presenta-
tion or publication of results, either as punched paper tape or as tables,
curves, or histograms from the Oracle curve plotter.

With the exception of the edit on paper tape of the disadvantage factors
and the paper tape source edit, the Edit Routine uses the Oracle curve plot-
ter for all the output. An edit is always made of the reactor and region
specifications. Sample pages of the edit are included in Appendix D and a
description of the reported quantities will also be found there.

3.3. The Mesh Selections

The Lethargy Mesh

Divide the lethargy range from zero to thermal lethargy into groups.

Consider a group structure represented by Fig. 3.4. Designate the groups

from which neutrons may slow down as slowing-down groups. Designate by s the
last slowing-down group.
Define a fast group as one of the first 5 = 1 slowing-down groups.

Define the epithermal group as slowing-down group S.
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FROM
INTEGRATION
ROUTINE

IF REQUESTED

OFFER SKIP EDIT OPTION

4.0a

TAKE PAPER TAPE EDIT SOURCES.
REWIND ALL DRIVES.
—— SET CONVERGED SOURCE FOR NEXT CASE. |«

COMPUTE

REGION EVENTS |IF REQUESTED

FLUX INTEGRALS IF REQUESTED

REGION CROSS SECTIONS {F

REQUESTED

SET SPACE POINTS FOR NEXT CASE.
READ IN FIRST PROGRAM OF CONST. PREP

G0 TO
START OF
CONSTANT
PREP

EDIT

FLUX, CURRENT,
AND SOURCE CURVES

4.0b

4.5

EDIT

FLUX, CURRENT,
AND SOURCE TABLES

UNCLASSIFIED
ORNL-LR-DWG 47167

AS REQUESTED

EDIT
COMPUTE REACTOR AND REGION
SPECIFICATIONS
—>
ELEMENT EVENTS "1 REGION EVENTS TABLES

FLUX INTEGRAL TABLES
4.1 CROSS SECTION TABLES

EDIT:

REGION EVENTS HISTOGRAMS

A

4.4

A

4.3

FLUX INTEGRAL HISTOGRAMS
CROSS SECTION HISTOGRAMS

4.6a, 4.6

EDIT

A

ELEMENT EVENTS

COMPUTE AND PUNCH

DISADVANTAGE FACTORS

DISADVANTAGE FACTOR CALCULATION
(CORNPONE WiTH DISADVANTAGE
FACTORS ONLY)

Fig. 3.3. A General Flow Chart of the Edit Routine.

4.3b
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The lower lethargy and lethargy width of the epithermal group determine
the lethargy at which neutrons enter the thermal group. The lower lethargy of
an epithermal group must equal the upper lethargy of one of the fast groups.

Many epithermal groups and thermal groups may be included in a group
structure. Each reactor region may be assigned any one of the epithermal and
any one of the thermal groups. The epithermal groups have been introduced to
allow flexibility in Joining the fast groups to the thermal groups and to
treat regions having different temperatures. Figure %.5 illustrates the use
of the epithermal groups in treating two regions having different temperatures.
Let region 1 have temperature T and region 2 have temperature To, with
Ty > To. Regions 1 and 2 must have the same last fast group. Region 1 is
assigned epithermal group 1 with a lethargy width Au; such that
uepil + AUL = w(Ty). Epithermal group 1 joins with thermal group 1 charac-
terized by temperature T;. Region 2 1s assigned epithermal group 2 with a
lethargy width Aus such that uépig + Aus = u(Tg). Epithermal group 2 joins
with thermal group 2 characterized by temperature Ts.

There may be any number of fast groups in a group structure. Not all
the fast groups in the structure need be used in a problem. The first I
groups called for are used.

There may be as many as 040 (hex) = 64 epithermal groups in a group
structure. They are numbered in hex consecutively from 001 to OLO.

There may be as many as 080 (hex) = 128 thermal groups in a group

structure. They are numbered in hex consecutively from 001 to 080.

The Spatial Mesh

th
Lay out a lattice on each region with lattice spacing hq in the J

(&

region. Number the total lattice points from O at the origin, and number the
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UNCLASSIFIED
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Of i\
GROUP | ' GROUP
{
T
GROUP 2 l GROUP 2
l
= | < »FAST GROUPS
SLOWING-DOWN
GROUPS }
GROUPs-2 | GROUP i-{
|
1
GROUPs—-1 | GROUP i
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| EPITHERMAL
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Fig. 3.4. The Relation Among Slowing-Down Groups,
Fast Groups, and the Epithermal Group.

O=U1 Uy
GROUP 1
U2 U2
GROUP 2
U3 u3
Z? _ -
Ui—y Ui .
GROUP i—1
U, uj

GROUP i = LAST FAST GROUP

Yepiy T Uit EPITHERMAL et T Heeiy
GROUP 1 EPITHERMAL
u(Ty) GROUP 2
s u(T,)
THERMAL GROUP { NI
TEMPERATURE T, A\ THERMAL GROUP 2
/ TEMPERATURE T,
REGION REGION 2
uy Yu

Fig. 3.5. An Illustration of the Use of the Epithermal
Groups in Treating Regions with Different Temperatures.
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region lattice points from O at the inner radius of the region. Figure 3.6
1llustrates the numbering system in region j. Note that the number of total
lattice points is increased by 3% for each crossing of an interface due to the
points I + 1, J - 1, and J.

There is no limit on the number of points in a region although the code
notifies the user if the number exceeds 300 (hex) = 768.

3.h, Input

There are two versions of Corn Pone available: Corn Pone and Corn Pone
with disadvantage factors. Corn Pone with disadvantage Factors does not permit
treating class A and B slowing-down density with the Wigner kernel and class A
slowing-down current with the Fermi kernel and is limited to 62 groups. It
does allow disadvantage factors to be applied to each element in the first

region and the computation of disadvantage factors for a cell as

teell
where
. p .th . . . th
DFij = the disadvantage factor for the ] region in the 1 group,
aij = the average flux in the jth region in the ith group,
. . .th
Bi = the average flux in the cell in the i group.
cell

The differences in input will be indicated. The Oracle number conventions
are described in Appendix C.
The input is divided as follows:
I. Over-all reactor specifications

J

IT. Region specifications,
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Fig. 3.6. The Lattice—Point Numbering System in Region j.

There are here no voids between regions; n;= the number of points
in region i.
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VI.

VII.

VIII.
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Disadvantage factor specifications (Corn Pone with disadvantage

factors only),

Reglon space point specifications,

Initial source specifications,

Edit specifications,

Indicator for the
events (Corn Pone
Date,

Indicator for the

with disadvantage

Each division of the input is

I. Reactor Specifications

application of disadvantage factor to isotope

with disadvantage factors only),

computation of disadvantage factors (Corn Pone
Tactors only).

discussed in detail below.

The following 14 words are typed:

~
Name

Name

Problem number

Case number
J

g

Il

g

g

g

e
I

These appear on the edit pages. Type in
OOABE character code (see Table %.1). Each
word specifies 5 characters. The characters
in words 1 and 2 are continuous in the

edit. (See Appendix D for an example.)

the geometry factor. Type as an integer.
0 gives slab geometry,

1 gives cylindrical geometry,

2 gives spherical geometry.

the half-length for a finite parallelepiped or half-height for

a finite cylinder, in centimeters. Type in packed decimal

Tfloating point convention. Type O for slabs infinite in this

dimension, for infinite cylinders, or for spheres.
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Table 3.1. OOABE Character Code for the Oracle Curve Plotter

Character Code Character Code
0 00 W 20
1 01 X 21
2 02 Y 22
3 03 Z 23
L oL space 2L
P 05 r 25
6 06 A 26
7 o7 7 27
8 08 v 28 .
9 09 ) 29
A OA Z 2A
B OB a 2B ’
C oC B oC
D 0D y oD
E OE 3 °F
F OF 8] 2F
G 10 € 30
H 11 = 31
I 12 6 %0
J 13 A 55
K 14 b 2k .
L 15 o 35
M 16 ¢ 56 .
N 17 W 37
0 15 + 38
P 19 - 59
Q 1A b'e 3A
R 1B - B
S 1C = 3C
T 1D = zD
U 1E - 3E
\ 1F - 3F




Character

<
>
/
[
]
(
)
;
{

2

*x 3 ©

o o K\3f— = ¥k v A

o’

Table %.1.
Code

Lo
b
ho
b3
Ll
ks
L6
b
L8
k9
LA
LB
Le
)
LE
Ly
50
51
52
53
5k
o5
56
57
55
59
S5A
5B
5C
5D
S5E
S5F
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(continued)

Character Code
g 60
h 61
i 62
J 63
k 6l
1 65
m 66
n 67
0 68
p 69
a 6A
T 6B
S eC
t 6D
u 6E
v 6F
W 70
X 71
y f2

75




Lo

T g = the half width for a finite parallelepiped in centimeters.

Type in packed decimal floating point convention. Type O
for slabs infinite in this dimension or for cylinders and
spheres
I, and W are used to compute a transverse buckling to account for
transverse leakage by Diffusion Theory. The buckling for a parallelepiped

is computed by

while the transverse buckling for a cylinder is computed by

2
B? = X
* L 0.7l
2 ( L, 01 >
.2 B
i
In the above equations E, = }j T - J I = average transport cross
i \ n, n,
n
section in group 1, where
- . th -
Tn = the group average total cross section for the n element of
Y e ith
the 1 group,
-y . . th
o = the group average scattering cross section for the n element
n.
i

of the ith group.
This gives an energy-dependent buckling through the extrapolation dis-

0;71 . If a constant buckling is desired, make % and g
B.

1

tance

0.71

P

negative and the code will not include the term

i




Ll

A cylindrical buckling = <-2;EQE >

P

is not available. It is

possible to include this case for a fixed buckling by inserting an

equivalent half length equal to

radius.

2.405

=Y

5 P

, where p is the extrapolated

8. Ro = the inner radius of the first region (or the radius of the

central void) in centimeters.

ing point.

9. I = the number of fast groups. Type

Table 3.2),

Type in packed decimal float-

as a hex integer (see

10. B = an indicator for the outside boundary condition. Type as an

integer.

B =0 gives

zero Tlux,

B =1 gives zero return current,

B =2 gives zero net current.

¢ = the convergence indicator. Type

c =0 gives
c =1 gives
c =2 glves

c=U gives

convergence on

convergence on

convergence on

convergence on

(see below).

11. e = the convergence criterion. Type

point convention if ¢ = 0, 1, or

The calculation converges when

as an integer

the multiplication constant,
the source,

the thermal flux, and

the iteration specified by e

in packed decimal floating

2.
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Table %.2. The Decimal Integers from O to 129 and
Their Hex Equivalents

0 1 2 3 b 5 6 7 8 9
0 0 1 2 3 L 5 6 7 8 9
10 A B C D E F 10 11 12 1%
20 14 15 16 17 18 19 1A 1B 1c 1D
%0 1E 1F 20 21 20 23 oL 25 26 27
L0 28 29 oA OB 2C 2D °F oF 30 31
>0 52 55 Bk 55 26 X 30 29 SA >B
60 3C 3D 3E 3F Lo b1 Lo L3 L L5
70 L6 b7 L8 ite) LA 4B Lc IIyp) LE LF
80 50 51 52 5% S 55 56 5T 58 59
90 S5A 5B 5C 5D S5E 5F 60 61 62 6%
100 64 65 66 67 68 69 6A 6B 6C 6D
110 6F 6F 70 T1 T2 T3 Th 75 76 T7
120 78 79 TA B 7C 7D TE TF 80 81
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where

1 " ) : .th .

q = value of the convergence test quantity for the 1 iteration,
ql_l = value of the convergence test quantity for the (i - 1) iteration.

If the source or flux is used as the convergence test guantity, the
maximum fractional change over the reactor is used for testing.
If ¢ = 4, e = the number of iterations desired. Type as a hex
integer.
The iterative process may be stopped before the convergence criterion
is satisfied. See the section on code operation (Section 3.3).
12. M = the slowing-down model word.
The first three digits of M designate the treatment of slowing down.
Indicate the digits of M by MOM1M2M3....M9.
MO treats class A element slowing-down density.

M,=0, ¢gq= (ko + 7a)¢o Goertzel-Greuling

o]
Mo =1, q= ¢tdo Fermi
Mo =2, q-= E(U + a)¢o Wigner (not available in Corn Pone

with disadvantage factors)
M; treats the class B and C element slowing-down density.

Ml = 0 uses the Goertzel-Greuling kernel

M, =1 uses the Wigner kernel.

M2 treats the class A and B element slowing-down current.

M, =0 p=(no+ pB)g; Goertzel-Greuling
M2:l pto
M, = 2 D = qo¢l Fermi (not available in Corn Pone

with disadvantage factors)

M = 0 gives the P, approximation with Goertzel-Greuling kernels.



Lk

1%. 8 = scaling factor. Type in packed decimal floating point convention.

Notice from equation 47 of Section 2 that, for slab geometry,

M <O
if 8h® > 6.

> 0

b 70

S

The code computes the number of space points in each region such that

where

mex the maximum B in the region (see Eq. 2.35),

h = lattice spacing.

Note that

is the diffusion length. The normal limit on the factor
®

S is 8 < 46
An element treated as class A will require more space points than
the same element treated as class C. Hydrogen requires more space points

than any other element because of its large transfer cross section.

IT. Region Specifications

Fach region is specified by:

1. I%F' - the number of the epithermal group for the region. Type as
a hex integer, < LO.
th .
2a. I = the number of the thermal group for the region. Type as

XOOOOOOOOXBX9 where

Xgkg = the number of the thermal group as a hex integer,\f 80

>3
il

F indicates thermal cross sections for the region are

to be loaded from paper tape,
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XO = O indicates no thermal cross sections for the region

are to be loaded from paper tape. The cross sections

from the Group Constant tape (Section 4) will be used

in the thermal group.
th

2b. Za = the value of the thermal macroscopic absorption cross section
for the region. Type 1n packed decimal floating point.
If X, of 2a is O, do not type this word.
2c. ZE? = the value of the thermal macroscopilic transport cross section
for the region. Type in packed decimal floating point.
If X, of 2a is O, do not type this word.
2d. Z;h = the value of the thermal macroscopic fission cross section for
the region. Type in packed decimal floating point.
If Xo in 2a is O, do not type this word.
2e. vzgh = the value of (vZf) for the thermal group for the region. Type
in packed decimal floating point.
If X, of 2a 1s O, do not type this word.
3. T = the thickness of the region in centimeters. Type in packed
decimal floating point.
L. t = the thickness, in centimeters, of the void following the region.

Type in packed decimal floating point.
Caution: The outer boundary of the system must be less than 1024 centimeters
from the origin.
5. The specification of the elements, mixtures, or alloys, their classes,

and thelr nuclear densities are as follows:



ITT.

L6

a. cc = the Corn Pone element-code number identifying the element;
and for Corn Pone with disadvantage factors, the number (dd) of
the set of disadvantage factors to be applied to the element.
Type as dd000000cc. cc identifies the element. Type as two hex
digits, 00 < cc < 32. Fuels have 00 < cc < Ok. The number dd
identifies the set of disadvantage factors to be applied to
element cc in region 1. Type as two hex digits, 01 < dd:;rlB.
If there are no disadvantage factors, only cc need be typed.

bh. ¢’

I

the slowing-down class of the element. Type as one hex digit.
cf = A, B, or C corresponding to the slowing-down classification.

There may be no more than four class B or C elements per region.

¢. N = the nuclear density x 1072% of an element or the volume frac-
tion of a mixture or alloy. Type in packed decimal floating
point convention.

The elements may be specified in any order. The spectrum of the last
fuel specified will be the spectrum for all the fuels in the region. No
more than 51 elements, mixtures, or alloys may appear in one regilon.

6. Sentinel to indicate the end of a region. Type FFFFFFFFFF. Repeat
items 1 through 6 for each of the regions.

7. Sentinel to indicate the end of the reactor. After all the regions
have been specified, type FFFFFFFFFF to indicate the end of the

reactor. There may be no more than 128 regions.

Disadvantage Factor Specification (Corn Pone with disadvantage factors only)

1. Type N = the number of sets of disadvantage factors to be loaded.
Type as a hex integer, 00 < N < 13. If N = 00, there are no dis-

advantage Cactors to be applied.
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2. If N # 00, the code will ask for the sets of disadvantage factors.

The console typewriter types "DF(dd) UNDER" and the machine stops.

The disadvantage factor tape may then be put under the reader and

the machine put back on continuous operation. Type the number of the

set of disadvantage factors as a hex integer, then type the dis-

advantage factors in packed decimal floating point. There must be as

many disadvantage factors in a set as there are groups. The total

number of groups must not exceed 62 for Corn Pone with disadvantage

factors. Disadvantage factors may be computed and punched in the

proper form by the machine (see IX, below).

IV. The Region Space Point Specifications

If a certain number of space points 1s desired in a region it may be

specified here.

Type:

the number of

.
11

Type as a hex

n the number of

I

Repeat for all of

in order of increasing

the region for which the space points are to be specified.
integer.

space points in region j. Type as a hex integer.

(&

the regions for which space points are to be specified,

region number. The code will use its value for the num-

ber of space points for those regions not specified. End the list with a word

of F's.

If no region is to have its number of space points specified, type a word

of F's only.

If the number of regions is the same as in the problem which was run im-

mediately before this one, and if there are to be the same numbers of space

points in corresponding regions of the two problems, type a O only.
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The number of space points may also be specified by typing from the console
keyboard. If the break point switch is set, the code stops on the right of OB5.
Drive O on OOE (01l for Corn Pone with disadvantage factors). The number of
space points which the code has computed is displayed in the Q register as a
hex integer. A transfer to the left of memory position 000 activates the console
keyboard so that the desired number of space points may be typed in as a hex
integer. If the machine is put back on continuous operation after the 0B5
stop, the displayed value 1s used. A space point specification is still re-
quired on the input tape, however.

The specified number of space points is compared with the number the code
computes. If the specified number is less than the computed number, the
specified number is doubled and the comparison is made again. Doubling continues
until 2n(specified number) > computer number.

V. The Initial Source Specification

Several initial source guesses are available. Specify as:

the region number in which the source is specified. Type as a hex

J
integer.
W = source indicator. Type one digit.

W

]

0] gives a flat source = vZ;h in region J,

W= 1 gives sin(ax + b) source in region J,
R sin(ar + b) . . .
W=2 glves T source in region J,
-(ax+b)

W=3 gives e source in region Jj,
W=1 loads the source for region j from paper tape.

IfW=1, 2, or 3, type a and b in packed decimal floating point.




49

If W= M, type the integral of the source over the region in packed decimal
floating point. Then type the source values in decimal fraction convention.
Sources must be supplied for the fictitious points J - 1 and I + 1. If j = 1,
n, + 2 values must be supplied. If j > 1, nj + % values must be supplied.

Note that nj may be specified (see Section IV). The converged source from a
calculation may be punched in this form (see Section VI, item h).

If W= 0, nothing else is needed.

Repeat J and W and additional input if necessary for all the regions in
which sources are to appear, in order of increasing region number. Ind the list
with a word of F's as sentinel.

If a flat source is to be inserted in all regions where there is a thermal
fission cross section, type a word of F's only.

If the converged source from the previous case 1s to be used, type a O only.
It is necessary, however, that this case have the same number of regions with
the same number of space points as the previous case, thus a O must be typed for
the region space point specifications (see IV).

VI. Edit Specifications

Reactor Edit Specifications

There are seven main edit words. All output except the paper-tape source
and disadvantage factor edits is on the curve plotter.
1l. El is a general edit word. Type as 0000000X,Xgl where
X+ =1 gives no edit and no more edit words follow.
=0 gives edit and all the remaining edit words follow.

Xg = 1 gives no skip edit option.

= 0 gives skip edit option.
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If Xg = 0, after convergence the code asks whether or not it
should edit the results. This option would be useful in doing a
search for a specific value of the multiplication constant (reported
at the end of each iteration) when an edit is desired only for that
specific value.

E2 is a region events edit word. Type as XpX1XoX3X4X500XgXg where
Xo = 0 edits specified events in all regions.
= F edits specified events in regions to be specified.
X1 =1 edits absorptions.
=0 does not edit absorptions.
Xo = 1 edits parallel leakages.
= 0 does not edit parallel leakages.
Xa = 1 edits transverse leakages.
=0 does not edit transverse leakages.
X4 = 1 edits fissions.
=0 does not edit fissions.
Xs = 1 edits productions (= v x fissions).

=0 does not edit productions.

Xg = 1 edits events as histograms of events per unit lethargy
versus lethargy.

= 0 does not edit events as histograms.

Xg = 1 edits events as tables of events versus group.

=0 does not edit events as tables.
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E% is an element events edit word. Type as O00000000Xg.
Xg = 1 edits events in elements to be specified in regions to be
specified. See below.

=0 does not edit element events.

The element events are edited as tables of events versus group.
El is a source edit word. Type as Xo0000000XgXg.
Xo = 1 edits sources on paper tape. The tape is punched so that
it may be used as input for a later problem.

The region number and the number of space points for all regions
are punched first. A word of F's ends the list. This is in the form
required for the region space point specifications. (See 1v, above. )

The region number, W = h, the source integral in packed decimal
floating point, and the source in decimal fraction are punched for
the source regions. A word of F's ends the tape. This is in the
form required for the loading of a source from paper tape (see v,
above) .

X =0 does not edit the sources on paper tape.
Xg = 1 edits sources as a plot of source versus r.

=0 does not edit the sources as a plot.

Xg = 1 edits the sources as a table of source versus space point.
=0 does not edit the source as a table.
For either type of curve plotter edit, the source integral, given by

th
u

o th ,th 3
Jf \/pvzf(u)¢o(r,u)TDdrdu.+ \/nvzf o (r)r=ar,

o) i v
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1s printed. (g = geometry factor, see I.5, above.) It should be
especlally noted that the constants containing wx have been omitted
from the integrals over the volume.
E5 is a cross section edit word. Type as X X;X5X3X,X500X X5 where
Xo = 0 edits specified cross sections in all regions.
= F edits specified cross sections in regions to be specified.
X1 =2 edits *2 .

a
=1 edits Z¥*.
a
= 3% edits both *x and z¥.
a a
= 0 does not edit either *Za or Z;.
X3 = 2 edits *(vZf).
=1 edits (vZ))¥.

- 3 edits both *(vzf) and (vzf)*.
= 0 does not edit either *(vZf) or (vZ )*
X4 = 2 edits *ZS.
=1 edits z:.
= 3 edits both *zs and z:.
= 0 does not edit either *ZS or Z:.
g = 2 edits the transverse leakage cross section = DBZ.
= 0 does not edit the transverse leakage cross section.
Xg = 1 edits the cross sections as histograms of cross section
versus lethargy.
=0 does not edit the cross sections as histograms.
Xg = 1 edits the cross sections as tables of cross section versus

group.

=0 does not edit the cross sections as tables.
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E6 indicates an edit of integrals over resions of fluxes per unit

lethargy. Flux integral = L/\gﬁo(r)rgdr. g = geometry factor (see I.5).
\)

It should be especially noted that the constants containing m have been
omitted from the integrals over the volume. Type as X,X,X,00000X Xg
where
X = 0 edits specified integrals in all regions.
=F edits specified integrals in regions to be specified.
X1 = 1 edits lethargy group average flux integrals.
= 0 does not edit lethargy group average flux integrals.
Xo = 1 edits lethargy group end point flux integrals.
= 0 does not edit lethargy group end point flux integrals.
Xg = 1 edits the integrals as histograms of integrals versus
lethargy.
=0 does not edit the integrals as histograms.
Xg = 1 edits the integrals as tables of integrals versus group.
=0 does not edit the integrals as tables.
E7 indicates an edit of the group average fluxes and currents. Type

as XoX;X500000XgXg where

Xo = 0 edlts the fluxes and currents in all regions.
=P edits fluxes and currents in regions to be specified. Note
that fluxes and currents are edited as tables in selected
regions only. Plots are taken over the entire system.
X1 = 1 edits the fluxes.

0 does not edit the fluxes.
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Xo = 1 edits the currents.
= 0 does not edit the currents.
Xg = 1 edits the fluxes and currents as plots of flux or current
per unit lethargy versus distance.
=0 does not edit the fluxes and currents as plots.
Xg = 1 edits the fluxes and currents as tables of flux or current
per unit lethargy versus space point.
= 0 does not edit the fluxes and currents as tables.
If E7 is not all zeros, a selection of groups in which the fluxes and
currents are to be edited must be provided.
Sixteen words are available with which to choose groups. Type each
word as:
101306137200 868330,
where this has the meaning:
"Edit n groups starting with group g incremented by i." An edit is
taken of groups g, g+ 1, g+ 2i,...8 + (n - 1)i.

i=4i.1

ol is a two-digit hex integer.

o
I

| nyn,n, is a three-digit hex integer.
& = 80810s 1s a three-digit hex integer.
Type as many such words as are needed to select the groups (but no
more than sixteen). End the list with two carriage return symbols. If
E7T = O do not type the two carriage return symbols.

If tables of source, current, or flux versus space point are requested,

| a table of r versus space point is also provided.
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Region Edit Specifications

If Xo of E2, E5, E6, or E7 is an F or if Xg of E? is a 1, then a region
edit must be specified. To specify a region edit, type:
1. J = the region number. Type as a hex integer.

2. e2 selects the events to be edited in region j. Type as

XOX1X2X3X4XSOOX8X9
where
Xo = O.

Xy through Xg have the same meaning as in E2.

If Xo of E2 is O, do not type this word.

3a. n = the number of elements in region j whose absorptions (also fissions
and productions if the element is a fuel, cc S_OM) are to be
edited. Type as a hex integer.

3b. ccy = the two-digit code for the first element.

ccp = the two-digit code for the second element.

ccn = the two-diglit code for the nth element.

If n = 0 do not type 3b.

Note for Corn Pone Disadvantage Tactors: The same element may appear more than

once, with different concentrations and different sets of disadvantage factors
being gpplied. The input for region 1 should be: n =1, ccy = 00. All the
class A element events will be computed. The other regions are the same as
Corn Pone, The element events are punched in packed decimal floating point
preceded by a word in the form 0000jO00cc which gives the region number J and
the element code number cc.

If Xg of E5 is O, do not type these words.
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4. e5 selects the cross sections to be edited in region j. Type as

X X, XoXoX X

Xy 5OOX8X9 where

Xo = 0.
X3 through Xg have the same meaning as in E5.

If Xo of E5 is O, do not type this word.

5. eb selects the flux integrals to be edited in region j. Type as
XX1X500000XgXg where
Xo = O.
X1 through Xg have the same meaning as in E6.

If Xo of E6 is 0, do not type this word.

6. eT7 selects the flux and current to be edited in region ;.

Type as
XX ,X5,00000X, where

Xo = 0.

X1, X2, and Xg have the same meaning as in E7.
The group selection of E7 applies to the regions.

If Xo of E7 is 0, do not type this word.

Only those regions in which an edit is desired need be specified. After
the last region of interest is specified, type a word of F's as a sentinel.

VII. Indicator for the Application of Disadvantage Factors to Element Events

(Corn Pone with Disadvantage Factors Only)

If disadvantage Tactors are applied and if element events are requested,
type 0000000001 to indicate that the disadvantage factors should be applied to
the element events.

If no disadvantage Tfactors are applied and if element events are requested,
type 0000000000 to indicate no disadvantage Tactors should be applied to the

element events.
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VIIT. Date
The date is typed in OOABE notation (see Table %.1) and appears on the

edit pages. Two words are required but only the first eight characters are

used.

IX. Indicator for the Computation of Disadvantage Factors (Corn Pone with

Disadvantage Factors Only)

Region events, element events, or flux integrals must be requested in the

edit in order to compute disadvantage factors.

Type one word to indicate whether or not disadvantage Tactors are to be

computed.

0000000000 = compute disadvantage factors.

FFFFFFFFFF do not compute disadvantage factors.

The region number is punched before each set of disadvantage factors. The
disadvantage factors are punched in packed decimal floating point. This is the
form required for disadvantage factor input (see 11T, above) .

A1l punched output from Corn Pone with disadvantage factors is preceded by

the Case Number.

Input Summary

Reactor Specifications

1. Name W

2. Name
Q0ABE
5. Problem Number

4. Case Number

/
5. g=0, 1, 2 for slab, cylinder, sphere. Integer.
6 % = half length. Packed decimal floating point. Negative for

fixed buckling.
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= half width. Packed decimal floating point. Negative for

-3
=

fixed buckling.

8. Rp = inner radius of first region in centimeters. Packed decimal
floating point.

9. I = number of fast groups. Hex integer.

10. B

i

outside boundary condition indicator. Integer.
B = 0: zero flux
B = 1: zero return current
B = 2: zero net current

11. ¢ = convergence indicator. Integer.

¢ = 0 multiplication constant

¢ = 1 source
¢ = 2 thermal flux
c =L iteration

12. e = convergence criterion. Packed decimal floating point for
0 <c <2. Hex integer for c = L.

1. M = model word

il

4. 8 scaling factor. DPacked decimal floating point.

Region Specifications

Type for each region:

1. TP epithermal croup number. Hex integer < 40.

2a. Ith = thermal group number. X, 0000000 X . X X5 = hex integer < 80.
If Xp 18 F, type in packed decimal floating point:

2b. Z;h

2c. Zth

tr
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th
2d. 2
il
th
2e. 2
e % .
3 T = thickness of region in centimeters. Packed decimal floating

point.

=
o
i

thickness of void following region in centimeters. Packed
decimal floating point. Total thickness of reactor,including
voids, < 1024 centimeters.
5. ccy = element and disadvantage factor code for first element.

cfy = slowing-down class designation. 1 digit = A, B, or C.

N; = nuclear density x 1072% of first element. Packed decimal
Tfloating point.

CCo

N2

cch
cbh
NZ = nuclear density x 1072% ror last element. Number of elements
< 51. DNumber of regions < 128.
6. FFFFFFFFFF = sentinel to indicate the end of region specifications.

End of Reactor Sentinel

FFFFFFFFFF indicates no more regions are to follow.
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Disadvantage Factor Specifications (Corn Pone with Disadvantage Factors Only)

N = number of sets of disadvantage factors. Hex integer < 135. Supply
set number as a hex integer and disadvantage factors in packed decimal
floating point when asked for.

Space Point Specifications

J1 = number of the first region for which the number of space points are
to be specified. Hex integer.

ny; = the number of space points in region Jj;. Hex integer.

Ja

Ng

jz = number of the last region for which space points are to be specified.

nz = the number of space points in region J.

FFFFFFFFFF Sentinel.
Only regions of interest need be specified.
If the number of points is of no concern, type FFFFFFFFFF only.
To equate the space points in each region to the space points in the
corresponding regions of the previously run case, type O only.

Source Specifications

J1 = the number of the first region for which a source 1s to be specified.
Hex integer.
Wi = source indicator for j;. One digit.
0 = flat,
1 = sin(ax + b),
o . sinlar + b)
B ar
3 = e—(ax+b)
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=
il

paper tape

=
il

1, 2, 3: supply a and b in packed decimal floating point.
W= U4: supply source integral in packed decimal floating point,
ny + 2 sources if jJj1 = 1 or njl + 3 sources if j; > 1.
Type sources in decimal fraction.

Ja

jﬂ = the number of the last region for which the source is specified.

"y
FFFFFFFFFF Sentinel.
If all sources are to be Tlat, type FFFFFFFFFF only.
If the converged scurce from the previously run case is to be used,

type O only. In this event, type O for the space point specifications.

Edit Specifications

El - general edit word
E2 - region events edit
E3 - element absorptions, fissions, and productions edit
E4t - source edit
E5 - cross section edit
E6 - flux integral edit
E7 - flux and current edit
Group selection words. No more than 16. Type only if ET ¥ 0.

End group selection list with two carriage returns.
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If the first digit of E2, E5, E6, or E7 is F, or if the last digit
of E% is 1, specify region edits:
J1 = the number of the first region specified. Hex integer.
e2; = region events edit word for region ji.
ny = number of elements for which absorptions, fissions, and productions
are to be edited in region ji. Hex integer.

ccy = code for first element. Two digits.

ce
ny
e = region cross section edit word for region J;. )
51
e = region flux integral edit word for region J,.
61
e = flux and current edit word for region Jji.
71
Ja
e
22
e y = flux and current edit word for the last specified region.
7
FFFFFFFFFR

Disadvantage Factor Indicator for Application to Element Events (Corn Pone VWith

Disadvantage Factors Only)
Type 0000000001 if disadvantage factors apply to element events.
Type 0000000000 if there are no disadvantage factors.

Date

Type two words in OOABE notation for the date.
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Disadvantage Factor Computation Indicator (Corn Pone With Disadvantage Factors

Only)
Request region or element events, or flux integrals in the edit.
Type 0000000000 = disadvantage factors are to be calculated.
FFFEFFFFFFEF = no disadvantage factors are to be calculated.
Appendix D contains an example of the input for a problem and shows the
appearance of an edit.

3.5. Code Operation

Operating Instructions

1. Position the Corn Pone program tape, Drive O, at the start of the
program. Set Drive O counter to zero and put the "no-write" on.

2. Read 100 words from Drive 0 into memory position 000.

5. Put the input tape under the reader.

L. Transfer to the left of memory position 000.

5. 1If a punched space-point and source tape from a previous case is used,
put 1t under the reader after the region specifications have been
read in. (Drive O starts its hunt up to OA6.)

6. If the iterative process is to be stopped and the edit is to be
entered whether the convergence criterion is satisfied or not, set
the break point switch as the multiplication constant is being typed.
At the break point stop, remove the break point switch and transfer to
the left of memory position 000.

At the conclusion of a calculation, another case is called for. If there

are no other cases, the machine stops on a reader error.
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Console Typewriter Output

1. '"Case number
2. '"Too many regions," if that is true.
3. "Too many B and C elements," if that is true.

L. "Edit tape under. Go thru stop," if W was 4 for any region. This
allows the source to be on a tape other than the input tape. There
is plenty of time to put a space point and source tape under the
reader after the region specifications have been read in. There
would be very little time to put an edit tape under the reader after
a source tape had been read in were it not for the stop.

5. "K = ," the multiplication constant at the end of each iteration

in packed decimal floating point.
6. "Want to skip edit" (if the skip edit option was requested).
Type O if yes
Type 1 if no.

1"

7. '"Space point tape punched," if a source paper tape edit was requested.
The message is typed, obviously, after the space point tape is punched.

Trouble Stops

Below are listed the trouble stops and their meaning.

Drive O Stops

Program Position On Meaning
2-0 006 r,017 Too many regions.
2-0 006 r,02F More than 4 class B and/or C elements in a region.

Type the contents of memory position 400 to find

the region number.
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Drive O Stops
Program Position On Meaning

2-1 > 0A6 r,1AF A divison by zero has been attempted. Type the
contents of the left hand address of 18D. This
word has the 8-32 form of aaalbbbeece. C(bbb) is O.
Very likely reference has been made to an element
not on the cross section tape. Memory position

1EE contains the code for the element.

2-1 > QA6 r,1%6 A or C is negative. The cross sections must be
wrong.
2-2 O0E r,OB5 No trouble. If the break point is on, the Q register

(break point
only) contains the number of lattice spacings in the

region. A transfer to the left of 000 allows
typing a value for the number of lattice spacings.
Going through keeps the displayed value.

OCE r, OAB More than 300 (hex) space points in a region. The
excess 1s in the AC register. 300% is in Q.
The region number is in 500. To go on with this
number, give 43 OAA. To change the number of
spacings, give 4% 000 and type in.

2-3% 015 r,1D7 An attempted division by 0. Type the contents of
memory position 1B4. Type the contents of the left
hand address of 1B4. This word has the 8-32 form
aaalbbbcce where bbb is the address of the O
divisor. Refer to 2.3 storage table, Table 3.3

to find the quantity.
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Drive O Stops
Program Position On Meaning
2-3 015 r,201

Some quantity is > 1. The scaling Tactor in the
input is very likely too large. Type the contents
of memory position 1F5. Type the contents of the
left hand address of 1F5. This word has the form
hOoxxxhOyyy. xxx is the address of the quantity
that is too large. Refer to 2.3 storage table,

Table 3.3.
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Table 3.3. A Partial Storage Table for Program 2.3 Showing
the Memory Positions of Quantities that Could
Cause a Trouble Stop

Memory
Position Quantity
227 r, the distance from the origin
229 h, the lattice spacing
OOF n/r
222 5h® = AhCh
640 j, the region number, hex integer
6h1 i, the group number stored as 0011100001
6l Ah
645
6l
648
649
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Error Restart

In case of a serious memory error, a Restart Routine may be used so that
the problem need not be started over again.

To use:

1. Ioad the Restart Routine from paper tape into memory position 000.

2. Transfer to the left of memory position 000.

3. Type the Drive O position when it is asked for.

Saving a Problem for Later Continuation

Lack of time may prevent a problem from being completed. The problem may
be saved for continuation at a later time by the following procedure:

1. One must have his own tapes on all the drives.

2. Five minutes before time is up. set the break point.
5. Record the position of the break point stop.
L. Record the positions of all the drives.
5. Write the memory on Drive 0 at block 090.
6. Remove all the tapes.
To start at a later time:
1. Position all the drives but 0 according to the information taken above.
2. Read in the memory from block 090 of Drive O.
5. Position Drive O according to the information taken above.
L., Transfer to the point at which the code stopped. The break points
are so placed that the contents of the Ac and Q registers are

irrelevant.




4. GROUP CONSTANTS

4.1. FORM AND METHOD OF STORAGE OF THE GROUP CONSTANTS

4,1,1. Form

LA STIR ]

Equations 2.34 of Section 2 list the constants required for group 1.
The A, G, C, and I are linear combinations of macroscopic cross sections.

Microscopic a, g, c, and i may be defined for each isotope so that:

A = ;z Nnan; G }; Nngn;

n n
(k.1)
C = }: Necs; I= }: Nig;
nn nn
n n

where Nrl is the nuclear density of the nth isotope. The a, g, ¢, and i will
each have two values, however, depending on the slowing-down classification

of the isotope. For each isotope and for the ith group,

a(AB) = 3 { "B+ %—— [nog(u,, ) + eBlug, ;)] } ; (k.2)
: -(Uo/p)]
* l-e *
B.(C)=5{B+T] U. US}’
¥ 1
g(AB) = 3 { B -5 Inog(uwy) + eBlw) + no_(u, () + pB(uy, )] } )
* [1-e ] &
g(C):B{B + 1 U. US }}

69
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Equation 4.2 continued:

2

*
c(h) = o, + T, [eo (uy ) + 70, (w000,
* 1 -e 1«
(BC) = "o_+¢& o
¢ a U, s’
i
1(8) = o -2 [0 (u) + 70 (u) + &0 _(u, ) + 70 _(u,_ )]
a Ui s a s i+l a i+l
-(U. /7)
i
% [1-e ] *
(BC) =0 + ¢ g
* a U, s’
i
where
Gs = the microscopic scattering cross section,
Ga = the microscopic absorption cross section,
B=o, + (L - p o
u, = the lower lethargy limit of group i,
41 = the upper lethargy limit of group i,
Up = Y0 7 9y

and the letters in parentheses on the left indicate the slowing-down class.
Left- and right-starred cross sections are defined in Egs. 2.24 of Section 2.

4,1,2. Storage

The Corn Pone group constants are put on the Corn Pone program tape,
Drive O, following the program. The constants stored for each isotope in

each group are given in Table L.1.
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The isotopes are identified by a two hex-digit code running from 00 to
%2. The maximum number of isotopes permitted on a group constant tape is 51.
Fissionable isotopes must have an identifying code < okL.

The constants are put on tape in sections of eight blocks per group.
Each section starts with the group number of the group, the lethargy width of
the group, and the lethargy width of the next group. The fast, epithermal,
auxiliary epithermal, and thermal group constants are separated by eight
blocks of sentinel -- FOFOFOFOFO in the first word of each of the eight

Table 4.1. The Isotope Group Constants with
Their Relative Positions

Relative Position Constant
| 000 m
| 001 a(AB)
002 a(C)
‘ 003 g(AB)
‘ 00k g(c)
| a
005 Ua(ui+l)
006 c(BC)
a
00T Us(ui+l)
i 008 i(BC)
*
009 US
1 - %
‘ Q0A s}
S
00B Us(ui)
%
00C o
a
00D g ¥
a
OOE o (u.)
a 1
OOF 3

010 04
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Table 4.1 continued

Relative Position Constant
011 n
012 o]
¥
013 cf
¥
01k 0.
015 Uf(ui) Stored for fuels only:
00 <cc < ok
016 blank
017 v¥o Au
018 vo *Oy
i
019 X
Uf = microscopic fission cross section
u‘;+l
X = %— b/~ X(u)du; X(u) = the fission spectrum.
+ U,
i

. Ua(ui+l) and Gs(ui+l) were at one time not used in the computation of the

group constants. The present formulation requires their being stored,
and so they appear in positions formerly occupied by c(A) and i(A).

blocks. The auwxiliary epithermal group constants are computed from the upper
lethargy end point values of the cross sections for the epithermal groups

and they are used to compute the class-A slowing down into the thermal group.

A block containing the lower lethargy 1imit and the lethargy width of the epi-
thermal groups precedes the epithermal group constants. Absorption, fission,
and production cross sections are condensed at the end of the tape to facilitate
the computation of events, isotope by isotope. Figure 4.1 shows the layout

of the program and group structure on Drive 0O, Table 4.2 lists the relative

section addresses of the Tirst word (J) of the isotopes.
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BLOCK NUMBER (HEX)

000
Program
0A6 Blocks
OA6
Fast Group Constants
8¢ Blocks
0A6 + 8I

f
QA6 + BIf + B

8 Blocks of Sentinel

1 Block, ui, Uj of the
Epithermal Groups

06 + BIf + 9
Fpithermal Group
Constants

p 8 Lepi Blocks

OA6 + 8(1f + Iepi) + 9

- OA6 + 8(T_. + I .) + 11
i epi

8 Blocks of Sentinel

Auxiliary Group Constants

8 Iepi Blocks

0A6 + 8(T_ +2I .) + 11
T epil

OA6 + 8(1f + 2Iepi) + 19

8 Blocks of Sentinel

Thermal Group Constants
8 1™ Blocks

OA6 + 8(1f + 2Iepi + Jth) + 19

0A6 + 8(1f + 2Iepi + Ith) + 1A

1 Block of Sentinel

Fast Group Cross Sections
Iy Blocks

0A6 + 8(I_+2I . +I.)+ 1A+ 1
f epl = "th f 1 Block of Sentinel

0A6 + 8(1f + ZIepi + Ith)

+ 1B + If
Epithermal Cross Sections
Lepi Blocks

OA6 + 8(T_ + 2T + I,.) + 1B + o+ I,

£ epl = “th Pl 1 Block of Sentinel
0A6 + 8(I.+2I . +I.)+1C+1I.+T1I_.
£ ept th T €pt Thermal Group Cross
Sections
I+p Blocks

0A6 + 8(1f + 2T + I,.) + lC+If+Iepi+Ith

epl th

Figure 4.1. ZLayout of Corn Pone Program and Group Constants on Drive 0. If =
number of fast groups, Iepi = number of epithermal groups,
Iiy = number of thermal groups.




Table L,.2.

h

of the Isotopes

Relative Address

The Relative Section Addresses of the E

Relative Address

Isotope of u Isotope of u

Code, cc (ce) Code, cc (ce)
00 00% 1A 214
01 01D 1B 227
02 037 1C 23A
0% 051 1D 2LD
Ol 06B 1E 260
05 085 1F 273
06 098 20 286
o7 OAB 21 299
08 OBE 22 2AC
09 ODL 2% 2BF
OA OEL ol oD2
OB OF7 25 25
oC 10A 26 2F8
0D 11D 27 308
OE 130 28 31E
OF 143 29 331
10 156 2A 3hl
11 169 2B 357
12 17C 2C 36A
13 18F 2D 37D
1h 1A2 ok 390
15 1B5 oF %A%
16 1c8 30 2B6
17 1DB 51 5C9
18 1FE 52 5DC
19 201
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l,2. GROUP CONSTANT CODES REQUIRING AVERAGED
CROSS SECTION INPUT

It may be convenient or desirable to prepare cross sections by hand and
put them on the Group Constant Tape. The Corn Pone Service Routines set the
group widths of a group structure, insert the cross sections and compute the
group constants, allow the changing of existing group constants, and edit
the group constants. They also copy the Corn Pone code from the service tape |
to Drive O.

L.2.1. The Corn Pone Service Tape

The Service Routines are on the Corn Pone Service Tape, tape L02. The
first program is an executive program which positions the Group Constant Tape,
which 1s on Drive O, locates the desired service program, and reads it into
the memory.

Operating Instructions

1. Put the Corn Pone Service Tape, tape 402, on Drive 2. Put the
Corn Pone program and Group Constant Tape on Drive O. Hunt both
tapes forward past the leader (020 blocks) and zero the counters.
Put the "no write" switch on Drive 2, and take it off Drive O.

2. Read 800 words from Drive 2 into memory position 000.

3. Transfer to the left of memory position 00O.

4, Type the number of the Service Routine desired when the console
typewriter types "ROUTINE NO." and the console keyboard becomes
activated.

The code positions Drive O correctly, reads in the Service
Routine called for, and stops. The name of the Service Routine is
typed on the console typewriter, so the user can be sure he is using
the one he wants. A transfer to the lelt of memory position 000

enters the Service Routine.
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Service Routine Number Summary

Table 4.3 lists the Service Routine number, the console typewriter type-

out for the routine, and the name of the routine,

Table 4.3. The Corn Pone Service Routine Number, the Console
Typewriter Typeout, and the Name of the Routine
Number Typeout Name
1 GP. STRUCTURE Group Structure Routine
2 o INSERT Cross Section Insert Routine
) CHANGER Group Changer Routine
L o CONDENSER Cross Section Condenser Routine
5 EDIT Edit Routine
6 VAR SLOW DOWN Variable Slowing-Down Parameters Insert
7 LEG EXP Legendre Expansion
8 DIFF Differential
9 AVG Average
A INEL INSERT Inelastic Insert
E COPY Corn Pone Copier
F COPY, DF Corn Pone with Disadvantage Factor Copier
L.3. THE CORN PONE SERVICE ROUTINES
4,3,1, The Group Structure Routine

The Group Structure Routine puts the group widths on the group-constant
tape and erases the rest of the tape. The group widths must be put on the

tape before cross sections can be put on.
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Ingut

The paper tape input is as follows:
1. TFast group widths:
Auyy = lethargy width of the first fast group. Type in packed

decimal floating point.

T

2. Epithermal group lower lethargy limits and lethargy widths:

uy X 1072 = lower lethargy limit of the Tirst epithermal group
scaled by 10™2, Type in decimal fraction convention.
Duy x 1072 = lethargy width of the first epithermal group scaled
by 1072, Type in decimal fraction convention
uI x 1072
epi
bup x 1072 Note: I . < 6L (decimal)
epl ept = |

5« Repeat of the epithermal group widths: ‘
Auy = lethargy width of the first epithermal group. Type in

packed decimal floating point.
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Operating Instructions

With the Routine in the memory:

1. Put the input tape under the reader.

2. Transfer to the left of memory position 0O0O0.

%, Type on the console keyboard the number of fast, epithermal, and
thermal groups as hex integers as requested by the program. BSee
Table %.11 for a list of the hex integers.

4.%.2. The Cross Section Insert Routine

The cross section Insert Routine uses cross sections from paper tape to
compute the group constants and store them on the group constant tape. Note
that for constant cross sections “o = E; o* = 0. Isotropic scattering in the
center-of-mass system is assumed in computing the slowing-down parameters.
The average cosine of the laboratory scattering angle E, is not set to zero
for the thermal group.

Input

The input is as follows for each isotope:

1. cc = the two-digit hex code to identify the isotope. 00 < cc < 32.
For fissionable isotopes, 00 < cc < Ok,
2. A = the ratio of the isoctope mass to the neutron mass; type in

packed decimal floating point.
%, Fast-group cross sections: Type group by group for all the fast
groups, in packed decimal floating point,
Ga(ui) = the absorption cross section at the lower lethargy

limit of the group,

Ua = the average absorption cross section,
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Us(ui) = the scattering cross section at the lower lethargy
limit of the group,

E;.z the average scattering cross section,

E; = the average fission cross section
for fuels only.

vcf = the average production cross section not type if
cc > 05,

X = the average fission spectrum

-/
4, Upper lethargy end point values of Ga and cs for the last fast

group. After the last fast group, supply in packed decimal float-
ing point:

ca(uI +l) = the absorption cross section at the upper lethargy

i
limit of the last fast group,
0 = dummy word,
GS(uI +l) = the scattering cross section at the upper lethargy
g

limit of the last fast group,
0 = dummy word.
5. Tape feed for repositioning the paper tape when loading.
6. Epithermal cross sections. Type, group by group, for all epithermal
groups in packed decimal floating point:

o (u.) = the absorption cross section at the lower lethargy

a 1
limit of the group,
E; = the average absorption cross section,
cs(ui) = the scattering cross section at the lower lethargy
limit of the group,
5;'= the average scattering cross section,
Ga(ui+l) = the absorption cross section at the upper lethargy

limit of the group,
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o (u ) = the scattering cross section at the upper lethargy

s i+l

limit of the group.

-

for fuels only. Do not type if cc > 05.

<

Qa
y
—~

=1

J
T. Thermal cross sections. Type, group by group, for all the thermal

groups in packed decimal floating point:

th
o
a

th
o}
s

th
o]
il
(vcf)th for fuels only. Do not type if cc > 05.

Xth

Operating Instructions

With the Routine in the memory:

l. Put the first isotope data tape under the reader.

2. Transfer to the left of memory position 00O0.

3. Type on the console keyboard the number of fast, epithermal and
thermal groups as hex integers when the console keyboard becomes
activated. (The code does not ask for them explicitly .)

k. When the console typewriter types "epi" and the machine stops, move
the paper tape back to the tape feed (item 5 under EEEEE) and go
through the stop.

5. After all the data is read, the machine stops, ready for the next

set of data. Put the next isotope data tape under the reader and

go through the stop.
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4,%2,%, The Group Changer Routine

The Group Changer Routine allows changing the u and Au of specified epi-
thermal groups and changing the cross sections of specified isotopes in the
epithermal and thermal groups.

Input

The paper tape input is as follows:

For each epithermal group that is to be changed, type:

1. r .
epi

the number of the epithermal groupsthat is to be
changed. Type as a hex integer.

2. ux 1072

the lower lethargy limit of the group x 10_2; decimal
fraction.

the lethargy width of the group x 10 2; decimal

be
g
2
’.—J
o
N
!

fraction.
4. Type for each isotope which is to be changed in this group:
a. cc = the ildentifying code for the isotope as a hex integer.
b. Tape feed for repositioning tape.
c. The group cross sections, in the form of 1tem 6 of the
Cross Section Insert Routine.
5. After the last isotope cross sections, type a word of F's.
Repeat 1 through 5 for all the eplthermal groups to be changed.

6. End the epithermal section of input with a word of F's.

Note that if no epithermal groups are to be changed, a word of F's is

all that is needed. For each thermal group that is to be changed, type:
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1. Ith

the number of the thermal group as a hex integer.

2. cc = the identifying code as a hex integer.

%. The group cross sections in the form of item 7 of the Cross Section
Insert Routine.

4. After the last isotope cross sections, type a word of F's.

Repeat 1 through 4 for all the thermal groups to be changed.

5. End the thermal group section of input with a word of F's. Note
that 1if no thermal groups are to be changed, a word of F's is all
that 1s needed.

In order to change the epithermal constants for an isotope, 1ts cross

sections must be fed in. Simply changing the u and Au of an epithermal group
will have no effect on the group constants of any of the isotopes.

Operating Instructions

With the routine in the memory:
1., Put the input tape under the reader.
2. Transfer to the left of memory position 000.

3. When the console typewriter types "epi," move the tape back until
b4

a tape feed is encountered (item 4b under Ingut) and go through

the stop. (If no epithermal groups are being changed, this does

not apply.)

4.2.4. The Cross Section Condenser Routine

The Cross Section Condenser Routine extracts E;, 5;, and VoL from the
group constants for each isotope and puts them at the end of the group
constant tape to facilitate the computation of individual isotope events by
the main code. It must be used after any addition or change to the group

constant tape if isotope events will be requested of Corn Pone. There is

no paper tape input.
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Operating Instructions

With the routine in the memory:

L.3.5.

Put a machine tape on Drive 2.

Transfer to the left of memory position 0CC.

Type the number of fast, epithermal, and thermal groups as hex
integers when the console keyboard becomes activated. (The code

does not ask for them explicitly.)

The Edit Routine

The

Edit Routine edits the cross sections on paper tape. The isotope

identification code is punched first as 00000000cc. The cross sections for

each group are then punched in packed decimal floating point. They are

Ppreceded

XX

¢

1ii

by the group number, punched as xxii1i00000, where

0C for fast groups

It

OE for epithermal groups

OF for auxiliary epithermal groups

i

FO for thermal groups

the group number as a hex integer.

The cross sections are punched in the following order:

Input

5 > for fuels only and equal to zero for the auxiliary
epithermal groups

y

by

Input is from the console keyboard,
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Operating Instructions

With the routine in the memory:

1. Transfer to the left of memory position 000.

2. Type the number of thermal groups, as a hex integer, when the
keyboard first becomes activated.

3. Type cc, the identification code for the element whose cross
sections are to be edited, when the keyboard becomes activated.

4. The machine stops on the left of 138. Go through to type the
next cc,.

L.3.6. The Corn Pone Copy Routine

The Corn Pone Copy Routine copies the Corn Pone Program from Drive 2
to Drive O. No input is needed and there is no stop in the code after ask-
ing for this routine.

L,3.,7. The Corn Pone with Disadvantage Factors Copy Routine

Corn Pone with Disadvantage Factors is copied from Drive 2 to Drive O.

No input is needed and there is no stop in the code after asking for the
routine.

1.3.8. Variable Slowing-Down Parameter Insert Routine -

The quantities E, £, 7, N, and p can be varied from group to group to
account for anisotropic scattering or inelastic scattering. The Variable
Slowing-Down Parameter Insert Routine may be used to compute the group
constants for specified slowing-down parameters and put them on the Group
Constant Tape. (It is assumed the cross sections have been inserted with
the Cross Section Insert Routine.)

Input

Type:
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l. c¢c = the two-digit hex code to identify the element.
2. For each group Tor which the scattering is anisotropic, in packed
decimal floating point:
a. (M)
b. (&)
c. (7
d. <n> = the average 7 for the group,

e. (o)

%e F10000000 as a sentinel at the end of the input. The constant

for the group,

Tl

the average

the average £ for the group,

the average 7y for the group,

the average o Tor the group.

isotropic parameters computed by the cross section Insert Routine
will be used for the remaining groups.

Operating Instructions

1. Run the Cross Section Load Routine first.
With the routine in the memory:
2. Put the input tape under the reader. Transfer to the left of
memory position 000.
%. Go through the stop for the next element input.
Caution: Elements with variable slowing-down parameters should be treated

as Class C only (or Class B if p, the slowing-down current, = 0) in order

to conserve neutrons.
L,L., SLOWING-DOWN PARAMETER CODES
Three small codes may be used to compute the average slowing-down
paremeters., The Tirst two compute the parameters at a given energy specified

by the input. The third is a simple averager to produce group averages.
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4.4,1. The Legendre Expansion Coefficient Code

The probability of scattering in the center-of-mass system into dw

about w can be expressed as

[0 0]
28 + 1
P(w) dw = Z == fEPz(m) aw,

£=0
where
w = cosine of the center-of-mass scattering angle,
th :
Pﬂ(w) = £ Legendre polynomial.

The code uses fg through fg to average the desired quantities.
Input -
The paper tape input is as follows:

1. A

the scatterer-to-neutron mass ratio. Type in packed decimal

floating point.

2. E = the energy for which the expansion coefficients are given,
in ev. Type in packed decimal floating point.

3. Wo = the initial value of w (negative). Type in packed decimal
floating point.

4, Mw = the w interval to be used in the numerical integrations.

Type in packed decimal floating point. -
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5e 8. To
b. 3
Ce f2
d. fg
= the expansion coefficients. Type in packed
e, T4 decimal floating point.
f. fs
g. Te
h. f7
i. fg
/

Operating Instructions

With the routine in the memory:
1. Put the input tape under the reader.
2. Transfer to the left of memory position 00C.
3. For additional cases, repeat 2.
Output
The output 1s punched on paper tape in packed decimal floating point as

follows:

=
=3
"

the scatterer~to-neutron mass ratio,

2. E = the energy, in ev,

1
. k/“ P(w) dw,
-1
L, (u) = the average cosine of the laboratory scattering angle,
5e ¢ = (w = the average lethargy gain,
(?
6. 7= 58
7.  n={uunl),
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u2
S

4,2, The Differential Code

The Differential Code breaks the w interval (w again being the cosine of
the center-of-mass scattering angle) from -1 to +1 into subintervals of widths
L and uses specified values of the average differential scattering cross
section over the subintervals to perform the required integrations
numerically.

Input
The paper tape input is as follows:

l. A

the scatterer-to-neutron mass ratio. Type in packed decimal

floating point.

2. E = the energy, in ev, at which the differential cross section is
given., Type in packed decimal floating point.

3. Wwg = the initial value of w (negative). Type in packed decimal
floating point.

4, M = the w subinterval to be used in the numerical integration.
Type in packed decimal floating point.

5e N = the number of values of the differential scattering cross
section which follow. Type as & hex integer.

6. Type the N values of the differential scattering cross section in

packed decimal floating point. Type in order of increasing w.

Operating Instructions

Operating instructions are the same as for the Legendre Polynomial Code.
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Output

The output is punched on paper tape in packed decimal Tloating point as

Tollows:
1. A = the scatterer-to-neutron mass ratio.
2. E = the energy, in ev,

N
Je }z 5;; Lw, where E; = the average differential scattering cross

1=l section in the 1™ interval.
e (W) )
D g
6. y ? Symbols have same meanings as previously given.
Te n

L.4.3. The Averager

The Averager uses the results of 4.h.1l or L.4.2 to give group average

slowing-down parameters. The average is computed as

1
}2 fnwh -5 (fowo + fNWN>

N

lV'~T‘-£<\ﬂl'0+\ﬂl'>
n 2 N
n=0
where

f = the guantity to be averaged,

I3

the average,

w = the weighting function.

il

The function w, for example, cound be c(u)X(u) where o(u) is the scattering
cross section, X(u) is the fission spectrun and it is assumed the flux is

proportional to the fission spectrum.
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Lnput
Type:
1. The (N + 1) values of the weighting function, in packed decimal
floating point.
2. The (N + 1) values of the slowing-down parameter to be averaged,
in packed decimal floating point.

Operating Instructions

With the routine in the memory:

l. Put the input tape under the reader.

2. Transfer to the left of memory position 000.

3. The keyboard will become activated: Type (N + 1) as a hex integer.

4, If the same weighting function is to apply, simply go through the
stop to average the next slowing~down parameter, typing only the
parameter values. To use a new welghting function, return to step
2 of the input.

OutEut

The average value 1s punched in packed decimal floating point.

L.5. INELASTIC SCATTERING

Note from Egq. 2.29 of Section 2 that inelastic scattering from one group
may be treated by inserting suitable values of the slowing-down parameters.
The quantity *o6 = 0 for cross sections which are taken to be constant across
a group, and o* = 0.

For the group in which inelastic scattering occurs, set ¥y << 1 (say
10-5), and € = 1. For all the groups between the scattering group and the
group in which neutrons are first deposited, set y = 1, £ = O (this appears

unnecessary, since o = 0, but some value must be supplied). The y's in the
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receiving groups may be adjusted so that (1 -e ) is equal to the frac-
tion of entering neutrons which are deposited in the groups. Set £ = 0 in
the receiving groups. For all the groups, ﬁ': n =20, and 0 = 1. The
Inelastic Insert Routine puts the values on tape.

The inelastic scatterer must be treated as Class B, and since four
Class B elements are allowed per region, inelastic scattering from four
groups may be treated in this way.

Type:

l. cc = the two-digit hex code to identify the element.

2. For each group, in packed decimal floating point:

a. 0, = the group average inelastic scattering,

o'
v
il

the value of & for the group,

(@]
.
=
I

the value of y for the group.
3. F1LO0000000 to end the list. The remaining groups are properly
filled in.

Operating Instructions

With the Routine in the memory:

1. Put the input tape under the reader.

2. Transfer to the left of memory position 00OC.

3. The keyboard becomes activated: Type the number of fast groups
as a hex integer.

4, Go through the stop to load the next set of data.

4.6, GROUP CONSTANT PREPARATION

4.,6.1. The Group Constant Preparation Routine

The Group Constant Preparation Routine averages cross sections from the

Master Cross Section Tape over a specified group structure, computes the
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group constants, puts them on tape, edits the results, and puts a Corn Pone
program on Drive O, ready to use. The thermal-group constants are averaged
over a Maxwell-Boltzmann distribution, from 10 * to 10 ev.

Tape A computes*c and o* as defined in Eq. 2.24 of Section 2.

Tape B computes ¥0 =0 (average o) and 0* = O.
(See Section 6 for discussion of the difference between using the two types
of cross sections.)

Both tapes put a Corn Pone Program on Drive O. If Corn Pone with
Disadvantage Factors is desired, copy using service routine F described in

Section 3.7.

Input
1. 3 words allowed for identification and problem number. The
5 problem number occupies the last L4 digits of the third word.
: Words 1 and 2 and the first 6 digits of word 3 are in OOARE
3 character notation. ©See Table 3.1.

4, Element specifications:

e = the number of elements in the group structure, typed

as a hex integer.

Ni = the code word for the first isotope. Type the N's as

N = ZZOPOPOP 000cc
where
27 = the two-digit identifying code on the master cross
section tape. See Section 4.7.
OPOPOP = the last three digits of an information word on the

master cross section tape. See Section 4.7.
cc = the Corn Pone two-digit identifying code assigned to

the isotope.
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5. Alloy or Mixture Specifications:
a = the number of alloys or mixtures in the group structure,

typed as a hex integer.

=
=
1l

the designation of the first alloy or mixture. Type as nnocc
where nn is a hex integer specifying the number of isotopes
in the mixture and cc is the Corn Pone identifying code as-
signed to the mixture.

C1_. = specification of the first isotope in the first alloy. Type
as € xxxxxxocc. This is interpreted as: The isotope with
identifying code cc has a nuclear density x 10724 equal to

O.xxxxxx x 10 ©,




ol

Cy

Cza

The mixture group constants are of the same form as the isotope group

constants as listed in Table k4.1. Macroscopic, rather than microscopic,

quantities are computed and stored, i.e., A(mixture) = }, Niai’

i

Z(mixture) = }: N.o..

i1
i

The X for a fuel mixture is the X of the first fuel specified.

‘ The slowing-down parameters are averaged as

Z uizsi Z §i7izsi
(@ - Z 12—2 () = z ?__
S. . 1s,
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. _ }J nipizs.
(o) = >; —1—7———-i

* nizs.
- i
i
Note that a volume fraction, rather than a nuclear density, is used
for a mixture in the Corn Pone input under 5c¢c of the Region Specifications,
Section 3.2.
6. The Fast Group Specifications:
If = the number of fast groups. Type as a hex integer.
E; = the lower energy of the first group. The upper energy
is assumed to be 10°8 ev. Type in packed decimal floating

. point.

Eo = the lower energy of the second group.

Te The Epithermal Group Specifications:

I .
epi

the number of epithermal groups. Type as a hex integer.

. E; the upper energy limit of the first epithermal group.

Type in packed decimal floating point.
AR; = the energy width of the first epithermal group. Type

in packed decimal floating point.
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8. The thermal group specifications:

I

I the number of thermal groups. Type as a hex

th
integer.
Ty x 10°% = the Kelvin temperature x 10 * of the first thermal
group. Type in decimal fraction.
To x 1074
TIth x 107%

Isotopes and mixtures may be added to an existing group structure by
Tilling in items 1-5 but setting If = Iepi = Ith = 0, in which case no fast
group E's, epithermal E's and AE's, and no thermal T's are called for.

Epithermal and thermal groups may be added to an existing group struc-
ture by setting e = a = If = 0, in which case no other input under these
items is called for. Items 7 and 8 are filled in as required.

In either case only the added information is edited. Added groups are
numbered in the edit.

There are two stops to indicate that the data on the Master Cross Sec-
tion Tape does not go to a sufficiently low energy. On the stops the Q
register contains the last value of the lethargy x 10-2, in decimal fraction
convention, for which the cross section exists on tape. The Ac register
contains 220 0 0 X I -=- where ZZ0 0 O 1is as indicated above and XI is

ppD PPP
a two-digit identifying code for the cross section: 02 = scattering, 03 =
U

absorption, O4 = fission, 84 = v x fission, FF = fission spectrum. The S

register contains an instruction word and the S_ register contains OOE20

L

on the right. Going through the stop makes the cross section constant to
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107 ev and this is the only option available in sub-program 1-3 (Drive 3
on 013 and the stop on the right of 122). The stop may also occur in sub-
program 1-4 (Drive 3 on 019 and the stop on the right of OFL). In this
event, performing the transfer indicated on the left of the SU register makes
the cross section go as l/v to 107% ev. Performing the transfer indicated
on the right of the SU register allows reading from paper tape a value of u,
the next lethargy and fZno(u). Both are scaled by 1072 and typed in decimal
fraction convention. 10 % ev is the lower limit on the integration of the
cross sections over a Maxwell-Boltzmann distribution for the thermal group.

An example of the input and some samples from an edit are given in
Appendix U4.1.

Operating Instructions

1. Master Cross Section Tape on Drive 1. No write on.
2. Group Constant Preparation Routine Tape on Drive 3. No write on.
3. Corn Pone Program and Group Constant Tape on Drive O. No write
off.
L. Use double memory. Clear the memory.
5. Read 380 words from Drive % into memory position 000.
6. Input tape under the reader.
7. Transfer to the left of memory position 0O0O.
4,7. THE MASTER CROSS SECTION TAPE AND ASSOCIATED CODES
The Master Cross Section Tape contains cross sections as points on a
graph of Zno(u) versus u with £no(u) linear between points. The guantity u
is lethargy and is zero at 100 Mev.
Corn Pone requires scattering and absorption cross sections for all
isotopes as well as fission and production cross sections and the fission

spectrum for fissionable isotopes.
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The present Master Cross Section Tape contains absorption and scattering
cross sections for but very few isotopes. The user thus will be compelled
to construct his own Master Cross Section Tape until such time as one con-
taining the necessary information is generally available. There are three
Routines which are used to make up and check a Master Cross Section Tape:
The Cross Section Load Routine, the Edit Routine, and an Executive Routine
which merely locates the other two routines on magnetic tape from a supplied
code word and reads them into the memory.

4.7.1. Master Cross Section Cross-Section Load Routine®

The Master Cross Section Tape Cross-Section Load Routine reads cross
section data from paper tape and puts it on the Master Cross Section Tape,
Drive 1.

Input

The input for each cross section is as follows:

K

the atomic number of the element. Type as a decimal integer.

M
e
I

the atomic mass number 1f the element is a pure isotope. Type
as a decimal integer. If the element is a mixture of isotopes,
A is the negative of the number of isotopes, typed as a decimal
integer.
%. Masses and isotopic fractions of the isotopes.
my X 1073 = the mass of the first isotope in amu x 1073, Type

in decimal fraction convention.

Cy = the isotopic fraction of the first isotope. Type in

decimal fraction convention.

6. This routine is the result of work by R. R. Bate, J. H. Marable, J. V.
Niestlie, and J. G. Sullivan.
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Note: If the element is a pure isotope, mi is the mass of that isotope

and C1 = 0999999999. No more than ten isotopes may be used.

Co

mlAI x 1073
°al

L, XI = the cro

ss section two-digit identification code. The values

of XI for the cross sections relevant to Corn Pone are

XI
o2
03
ol
8l
FF
5. )
6.
.
9.
10.

Cross Section

cs, scattering

9y absorption

c fission

f’.

VO, production

X, fission spectrum. The spectrum need not be normalized.

6 words available for remarks about the source of data,
when the data was put on the tape, etc. These words
are not used by any code and are of value to the user
only.

11. Op = operator. This 1s both a control word and an identifying

word.

Type as xOOOOOOOpOpOp. If x is O, the cross section

data is typed as (A,c). If x is 2, the data is typed as

(E,0),

in which E is the energy. See below for an explanation
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of A, Opopop are three digits used to identify isotopes of
the same element. The Group Constant Preparation Routine
(see 4.6.1) uses both ZZ and Opopop to pick isotopes from the
Master Cross Section Tape. U235 and U32 would both have

727 = 92, opopop for UP%% could be 235 while opopop for U=33

could be 23%3.

12. p = a scale factor such that all o < 2p, p > 0. Type as a hex
integer.
1%5. 8 = the decimal integer 8, to indicate that the zero of lethargy

is 108 ev.

Cross Section Data

The cross sectlon data may be typed in two ways, depending on the value
of x in item 11 above.
If x in item 11 is a "2" the data is typed as:
0999999008 = the highest energy = 108 ev typed in decimal floating
point. 01000 00 009 will not work.
0(108 ev) = the cross section at 10® ev. Type in decimal with a
"D" for the decimal point. Type only the necessary
digits; e.g., 5.2 = 3D2, 0.007 = DOOT.
Ex = the next energy point, in ev; decimal floating point.

o(Es) = the cross section at Es.

E_. = the final energy in ev.

FOFOFOFOFOFO L: a sentinel combination to indicate the end of the data.

°)




If x in item 11

o(108

ev)

Chy

o(y)

0(2A1)

U(HA1)

o(Lp)

o(28p)

FOFOFQOFOFO

0

1

I

Il

It

It

I
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is a "O" the data is typed as:

the cross section at 10® ev. Type in decimal with a "D"
for the decimal point. (See example above.)
specification of a step to the left on a BNL-3%25 (Ref. T)
log~log cross section graph. The "C" indicates a step
1s being specified. This step 1s used until another
step is specified by a "C". The symbol A indicates the
number of BNL-%25 smallest-graph-intervals on the energy
axis between successive values of 0 - one simply counts
the vertical lines between the two values of the energy.
the cross section at the energy obtained by taking a
step Ay to the left from 108 ev on a BNL-%25 graph.

Type in decimal with a "D" for the decimal point.

the cross section at the energy obtalned by taking

another A; step to the left.

the gpecification of a new step width.
the cross section at the energy obtained by taking a
step & to the left from the energy corresponding to

nd; on a BNL-%25 graph.

-
3

D. J. Hughes and R. B. Schwartz, Neutron Cross Sections, BNL-3%25, 2nd.

ed. (1958).
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If a cross section is zero everywhere, it need not be put on the Master
Cross Section Tape. The Group Constant Preparation Routine will put zeros
on the Corn Pone Group Constant Tape.

Data should be supplied to 10™* ev to avoid the E20 stops in the Group
Constant Preparation Routine. There should be at least one data point every
decade, even for l/v and constant cross sections, to improve the integra-
tion over the Maxwellian in the thermal group.

Example
Suppose the hydrogen scattering cross sections were constant, at 20

barns, from 107* ev to 10® ev. The two types of input are given below:

Input Remarks Input
01 VA 01
1 A 1
0001008142 m 0001008142
0999999999 c 0999999999
02 XI = scattering 02
0900200590 date 0900200590
6 6
T no other remarks T
8 8
9 9
10 L 10
0000000001 COp 2000000001
P) P P,
8 8
20D cross section data 0999999008
C90 < Ao E,0 —> 20D
20D 0100000008
20D 20D
20D 0100000007
20D 20D
20D 0100000006
20D 20D
20D 0100000005
20D 20D
20D 0100000004
20D 20D
20D 010000000%

20D 20D
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Input Remarks Input

FOFOFOFOFO 0100000002
0 20D
0100000001

20D

0100000000

20D

0100000F0L

20D

0100000F02

20D

0100000F03

20D

FOFOFOFOFO

0

Operating Instructions

To copy the Master Cross Section Routines onto the future Master Cross
Section Tape:
1. Corn Pone Service Tape, tape 402, on Drive 2.
2. Future Master Cross Section Tape on Drive 1. No write off.
3. Follow the operating instructions for the Service Tape, Section
4,2, Type a "D" for the Routine Number.

Operating Instructions for the Master Cross Section Cross-Section ILoad Routine

l. Master Cross Section Tape on Drive 1. No write off.
2., Use sinéle mMEMOTY « Clear the memory.
3, Read the Executive Routine into the memory: read 400 words from
Drive 1 into memory position 000.
4., Locate and read in the Master Cross Section Cross-Section Load
Routine:
a. Put OO0 OO0 OOF1D in the Q register.
. Transfer to the left of memory position 000.
c. The machine stops with the Cross-Section Load Routine in

mMemory.
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5. Put the input tape under reader., Transfer to the left of memory

position 00C.

6. The machine stops on the right of 01k with all the data read in.

7. If more data is to be loaded, put the tape under the reader and

go through the stop.

8. If no more data is to be loaded, clear the Q register with a 96 000

special order terminated with a CR. Put on continuous operation.

9. The machine finally stops on the right of 3FF with Drive 1 on 008

and the Executive Routine in the memory.

Block 008 (counting from OOO) of Drive 1 contains a directory of the
contents of the Master Cross Section Tape. The form of the words in the
directory is ZZOPOPOPXIbbb where XI is the cross section identification code
and bbb is the hex number of the starting block of the cross section.

There are two trouble stops in the Routine:

Left O07B: Either "C" appears in an input word with x of item 11
of the input = 2 or o > ép.
Right 002: x of item 11 = 2 and the power of ten for an energy
in the input does not satisfy - 5.9 < e < 8 where e

is the power of ten.

4.7.2. The Master Cross Section Edit Routine

The Edit Routine edits the cross section data on the curve plotter as
log-log graphs of o versus energy. Iach page of the edit has ZZOPOPOPOXI
printed in the middle of the top line to identify the element and cross
section. The first page of a cross section edit lists the following quanti-
ties across the page: Z2Z, A, XI, p, OObOObmaX (to be interpreted as the bth

block of bmax blocks; b here is always 0), Op’ first remark word, 00 000 00 008,

next 4 remark words, and the masses and isotopic fractions. Following this
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page are the log-log graphs at three decades per page starting with 10° to

108 ev.

The user must do his own labeling of the ordinate. If a cross sec-

tions runs off the top or bottom of the grid, it will reappear at the bottom

or top, and the user must adjust the scale.

To use the Edit Routine:

Master Cross Section Tape on Drive 1. No write on.
Single memory. Clear memory.
Read 400 words from Drive 1 into memory position 000. This puts
the executive routine in the memory.
Locate and read in the Master Cross Section Edit Routine.

a. Put 00 000 OOFO8 into the Q register.

b. Transfer to the left of memory position 000.

c. The machine stops with the Master Cross Section Edit Routine

in the memory.

If all the cross sections on tape are to be edited, insert the date
into the Q register as mmoddoyyh;, where mm is the month, dd is the
day, and yy is the year. Transfer to the left of memory position
000.
IT a selected 1list of cross sections is to be edited, put under
the reader a paper tape which contains a series of words having the
form ZZOPOPOPXIOOO to select the cross sections. After the last
word in the list, type a O word and a carriage return symbol.
Insert the date into the Q register as mmoddoyyahg and transfer to
the left of 000.
The machine finally stops on the right of 3FF with the executive

routine in the memory and Drive 1 on 008,

If cross sections are to be edited immediately after having been loaded,

start with step 4.



5. HOMOGENEOUS, INFINITE-MEDIUM P, CODES

The consistent P; approximation to the Boltzmann equation has been
applied to the construction of multigroup codes to calculate neutron ages
and Fourier transforms. In addition to supplying important reactor physics
data, these codes facilitate rapid investigations to improve the multigroup
methods. Effects produced upon the age by changes in group structure or
cross sections, the introduction of anisotropic scattering, choice of the
slowing-down kernel, or method of treating a resonance can all be studied
with only a small expenditure of computer time.

A Corn Pone group structure tape and the first three subprograms of
Corn Pone prepare input for the Age and Transform Oracle codes.

5.1. The Infinite, Homogeneous Medium Age Code

The Age Code computes the average flux age, the end-point flux age and
the slowing-down density age at the upper lethargy limit in an infinite,

homogeneous medium for each group in a Corn Pone group structure.
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Theory

Define:

where

from

i

Bolx,u)
#1(x,u)

a(x,u)

1

p(x,u)
X =
u =
Write Eg.

-0 tO oo,

doo(u

g11(u
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do(x,u) dx,

I

x¢l(x u) dx,

goz(u) x2¢0 x,u) dx,
qo(w) = a(x,u) dx,
pa(u) = ) dx,
az(w) =

: Q\“ﬁg Q\‘j C\\j Q\\j Q\\j Q\\j

¥q(x,u) dx ’//

the flux per unit volume per unit lethargy,

the current per unit volume per unit lethargy,
the slowing-down density per unit volume,
the slowing-down current per unit volume,

the distance from the origin,

the lethargy.

in slab geometry,

2.12 of Section 2 for a slab and integrate with respect to x

Assume S(x,u) = 8(x) S(u). This gives

) a

n

bool®) + ) Lo - 5()

Q.




108

Write Eq. 2.11 of Section 2 for a slab, multiply by x and integrate

with respect to x from -= to o. This gives

1 )
S ¢ ) B (W () v ) Tp () =, (5.5)
n n
where B(u) = T(u) - Jc(u).
Write Eg. 2.12 of Section 2 for a slab, multiply by x2 and integrate
with respect to x from -» to », This gives
S2 (W v ) o) doa() ¢ ) San(6) = O, (5.4)

n n

Integrate Eq. 2.15 of Section 2 with respect to x from -« to = to get

)
A 7o,(w) + qon(u)

e 0. () 8..(u). (5.5)

Multiply Eq. 2.18 of Section 2 by x and integrate with respect to x from

-0 to » to get

o, o1 (w) + ;1 () = n_o(v) dyy(u). (5.6)

Multiply Egq. 2.15 of Section 2 by x2 and integrate with respect to x

from -» to o to get

7n 5o ez (w) + qzn(u) = &0 () a2 (u). (5.7)
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Integrate Egs. 5.2, 5.3, 5.4, 5.5, 5.6, and 5.7 from uy to WL

the

lower and upper lethargy limits of a group, and divide by the lethargy width.

Assume the flux and current are linear in lethargy in the group as in Eqg.

2.23%

of Section 2. The equations may be put into the form

Clu,uy, ) By - Dlugyuy, ) = 0, \
Dug,uyq) = 8 - Tlupmy ) dolwy) + X = eUi 20,(uy),
B,C
Alu,ug, 1) Fyy + Blug,u, ) - 6o = O,
-(u /o)
B(u.,u.+l) = G(u,,u +l) ¢ll(u ) - 3 j{j L-¢€ 5 Pln(ui)
c i
C(ui’ui+l) 862 E(ul,ul+l) 811 = 0,
-(u, /7))
Bug,u,0) = - Twyu ) dopluy) + — U. azp (u;)s
B,C * j

(5.8)

where C, I, A, and G are given in Egs. 2.34 of Section 2. Expressions for

qgn(ui) and pln(ui) are similar to Egs. 2.29 and 2.%0 of Section 2.

Pone.

The method of solution is the same as the lethargy solution for Corn

The ages are given by




110

= average flux age,

A
V|
i

N |-
|

L ggféfiil; end point flux age
T = = = 3
g 2 00* %341
2 a2n (1)
n
Tq = % = slowing-down density age.
) oy,
n

Ingut

The input is the same as that for a one-region Corn Pone case. Only
the reactor specifications and the region specifications are needed. The
first four words are necessary but irrelevant since no curve plotting is
done. Zeroes may be used.

Output

The output is punched on paper tape. The words are punched in sets of
four. The first word of the set gives the group number as 00iiiO0001l. The
second word is the average flux age. The third word is the upper end point
flux age. The fourth word is the upper end point slowing-down density age.

The ages are punched in packed decimal floating point.
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Ccde Operation

1. Position a Corn Pone Program and Group Constant tape at zero on
Drive O.

2. Copy 800 words from Drive O to Drive 1. Rewind Drives O and 1.

3. Load the Infinite Age Code from paper tape into memory position
000.

4. Write forward in Drive 0, 700 words from memory position 000.
Rewind Drive O.

5. Read forward from Drive O, 100 words intoc memory position 000.

6. Put the input tape under the reader.

7. Transfer to the left of memory position 000.

8. Rewind all drives and repeat 5 through 7 for each case.

9. When the last case i1s finished, rewind Drive O and copy 800 words
from Drive 1 to Drive O to restore the original Corn Pone Code.

Running Time

About five minutes are required to compute and punch the ages for thirty
groups.

Test Results

The slowing-down age to lethargy 18.0491 (1.45 ev) computed in constant
cross section hydrogen (ZS = 1) from a monolethargic source with average
lethargy of 3.9647 (~ 1.9 x 10° ev) was computed to be 13.7526 cm®. The
analytic result of Au - % gives 1%.7511 cem®.  The flux age to average
lethargy 17.927% was computed to be 14.6354 cm®. The analytic result of

Au + % is 14.6293 cm®.
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The slowing-down age from the fission spectrum to 1.45 ev, in light
water with isotropic oxygen scattering, was computed to be 23.53 cm® by
the code using 80 groups. Unpublished Monte Carlo results (calculated by
J. G. Sullivan) give 23.8 cm®.

It should be noted that flux ages computed by using Corn Pone fluxes
from a thin source plane in a large medium are in excellent agreement with
the ages computed by the Infinite Age Code.

5.2. The Fourier Transform Code

The Fourier Transform Code computes the Fourier Transform of the slowing-
down density due to a plane source out of each of the groups of a Corn Pone

group structure.

TheorX
Define:
[o 0]
Fo(w,u) = \jp ¢o(x,u) e—iwx dx = the Fourier Transform of the flux,
- 00
-iwx .
Fl(w,u) = \/P ¢1(x,u) e dx = the Fourier Transform of the
current,
-00
(5.9)
[o 0]
-iwx .
q(w,u) = L/1 a(x,u) e dx = the Fourier Transform of the

slowing-down density,

-00

dw,u)

the Fourier Transform of the
slowing-down current.

o e}
Jf dx,u) e—lwx dx
- 00
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where
do(x,u) = the flux per unit volume per unit lethargy,
¢1(x,u) = the current per unit volume per unit lethargy,
q(x,u) = the slowing-down density per unit volume,
p(x,u) = the slowing-down current per unit volume,

x = the distance from the origin, in slab geometry,
u = the lethargy.
Multiply Eq. 2.11 of Section 2 for slab geometry by e_lwX and integrate

with respect to x from -« to » to get

1. i ' apn(w,u)
3 1w F (w,u) + Z Bn(u) Fo(w,u) + —3;— = 0. (5.10)

n
Do the same to Eg. 2.12 of Section 2 to get, for a plane source at the origin,

— 9 (w,u)
iw Fo(w,u) + > an(u) Fo(w,u) + _q_né_u___ - s(u) = 0. (5.12)

n n
Do the same for Eq. 2.15 of Section 2 to zet
v, S (0w + g (w,u) = £ o (w) Fo(w,u). (5.13)

Do the same for Eq. 2.18 of Section 2 to get
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Pl %E Pn(w,u) + pn(w,u) = nncn(u) Fl(w’u)‘

Integrate Egs. 5.10, 5.11, 5.12, 5.13, and 5.14 from uy to Us 10 the

lower and upper limits of a group, and divide by Ui’ the lethargy width of

the group. Assume the flux and current are linear in lethargy over the group

as in Eq. 2.23 of Section 2. Multiply the equations resulting from the inte-

gration of Eq. 5.10 and 5.14 by iw. The resulting equations may be put into

the form
j
Clu,,u +l) F(w) D(w,ui,u +l) + iw F (w) = 0,
1 - e—(Ui/?’n)
D(w,u,,ui+l) =8 - I(ui’ui+l) Fo(w,u )-+ZE: 5 qn(w,ui)
B, C
A(ui’ui+l) iw Fl(w) + B(w’ui’ui+1) = Fo(w) = 0,
L e-(Ui/on)
B(w,ui,ui+l) = G(ui’ui+l) iw Fl(w,ui) -3 j{l T 1w pn(w’ui)’
¢ J

and expressions for qn(w,ui) and pn(w,ui) are similar to Egs. 2.29 and 2.30
of Section 2. C, I, A, and G are given in Eg. 2.34 of Section 2.
The method of solution is the same as the lethargy solution of Corn

Pone.

f(5-15)

The sum of the Class B and C slowing-down density transforms gives the

transform of the slowing-down density.
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Input

The input is the same as that for a one-region Corn Pone case. Only
the reactor specifications and region specifications are needed. The first
four words in the reactor specifications are necessary but irrelevant. Values
of w? for which Zq(w,ui+l) are to be computed are then typed in packed
decimal floating point. End the w® 1list with F1000000000 as a sentinel.
Output

The results are punched on paper tape. TFor each value of w® and for
each group, the group number is punched as 0001100001 where ii is a hex
integer. The Fourier Transform of the slowing-~down density at the upper
lethargy limit i1s then punched in packed decimal floating point.

Code Operation

l. Position a Corn Pone Program and Group Constant Tape at zero
on Drive O.

2. Copy 800 words from Drive O to Drive 1. Rewind Drives O and 1.

5. Load the Fourier Transform code from paper tape into memory
position 000.

L. Write forward on Drive O, 780 words from memory position 000.
Rewind Drive O,

5. Read forward from Drive 0, 100 words into memory positicn 000.

6. Put the input tape under the reader.

7. Transfer to the left of memory position 000. At the conclusion of
a case, the next case is computed. If there are no more cases,

the machine stops on a reader error.
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8. When the last case is finished, rewind Drive O and copy 800 words
from Drive 1 to Drive O to restore the Corn Pone Code.

Running Time

About five minutes are required to compute and punch the Fourier Trans-
forms for thirty groups.

Test Results

The Fourier Transform of the slowing-down density at 1.375 ev from a
fission source in light water with isotropic oxygen scattering was computed
to be 0.587 for a B® of 0.028 cm®. Monte Carlo results (unpublished, by

J. G. Sullivan) gave 0.590 + 0.01k at 1.kk ev.




6. EVALUATION OF METHODS

Basic differences between Corn Pone and other multigroup reactor codes

lie in its use of difference equations good to fourth order in the lattice

spacing, and in the assumption of a linear lethargy variation of fluxes

over a group in the calculation of group events.

Additionally, Goertzel-

Greuling kernels for both the slowing-down density and current are available

for all elements.

Since the inclusion of these features involved considerable additional

coding effort and longer running time, an estimate of their value is pre-

sented below.

Table 6.1.

core containing 3.1 x 1

6.1.

Fourth-Order Approximations to Derivatives

A comparison between fourth-order and second-order results is shown in

Table 6.1.

The test case was an infinite-slab reactor, with a 28-cm-thick

02 (0] U235

atoms/cm3 of

Comparison of Results of Fourth-Order Approximations
with Results of Second-Order Approximations

Moderator and the 10-cm-thick

Core Reflector Multiplication Core Core Reflector Reflector
Order Points Points Constant Absorption Escapes Absorptions Escapes
Set 1 (18 Groups)
Fourth 37 26 1.49107 0.837524 0.162480 0.0440251  0.1184L9
Second 37 26 1.49109 0.837535 0.162468 0.0440193  0.118L62
Fourth 16 11 1.49105 0.837516 0.162582 0.04ko214  0.118409
Second 16 11 1.40117 0.83758% 0.162534 0.04%9943  0,118512
Fourth 13 9 1.49104 0.837511 1.162698 0.0440182  0.118360
Second 13 9 1.49123% 0.837612 0.162414 0.04%9788  0.1185L44
Set 2 (31 Groups)
Fourth 16 11 1.57390 0.848267 0.15167  0.09003L43  0,0616666
Second 16 11 1.57343 0.848016 0.151431 0.0898242  0.0617169

117
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reflector were licht water. Set 1, using the first 17 groups of the Eyewask?
group structure, was run until the fractional change in the multiplication
constant from one iteration to the next was less than 0.0001. Set 2, using
30 groups, was run for a single iteration. (The Corn Pone difference equa-
tions using second-order approximations are developed in Appendix F.)

It is evident that the use of the fourth-order approximations does not
yvield results greatly different from those obtained by use of the consider-
ably less cumbersome second-order equations. In addition, use of the
slightly more exact fourth-order approximations imposes a limitation upon
the size of the lattice spacing. Some of the coefficients of the fourth-
order difference equations can reverse sign if the lattice spacing is too
large. This occurs first for the coefficients in the equation for the
derivative of the flux, Eq. 2.46. The second-order coefficients, on the other
hand, cannot reverse sign and thus no limitation is placed on the size of the
lattice spacing.

There are certainly reactor systems for which the differences between
second- and fourth-order approximation results are greater than those shown
in Table 6.1. It is concluded, however, that the slight improvement made by
using the fourth-order approximations is outweighed by the greater ease of
coding and shorter running time inherent in the second-order equations.

6.2. The Linear Flux Variation Assumption

As was shown in Sec. 2.1, the assumption that the flux varies linearly
with lethargy over a group leads to a definition of two cross-section inte-
grals, *o and o¥%. If, however, the flux is assumed to be flat over a group

[¢(ui+l) = Z], or if the cross section is constant over the group, *o
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becomes the group lethargy average cross section, and o¥ is zero. A
series of parallel calculations was made to compare results under the linear
flux assumption with results with the flat flux assumptions.
Goertzel-Greuling kermnels were used for both the slowing-down density
and current in two fourth-order P; calculations of the same reactor de-
scribed above., The first calculation assumed a linear variation of the flux,
while the second utilized the "flat" assumption, so that o* was zero. From
the results, given in Table 6.2, it is clear that the choice of flux assump-
tion produced only negligible effects.
Table 6.2. Multiplication Constants and Events for a Light-Water-

Moderated Reactor, Computed Under Linear- and
Flat-Flux Assumptions

Flux Multiplication Core Core Reflector Reflector
Assumption Constant Absorptions Escapes Absorptions Escapes

Linear 1.56Lh74 0.856657 0.143343 0.102882 0.0kok612

Flat 1.56523% 0.858170 0.141829 0.101917 0.03%99123%

Ages of fission neutrons in various media were also computed under both
the linear and flat flux assumptions. The "Eyewash' group structure was
used and isotropic scattering assumed. Results are given in Table 6.3.
Again the different flux assumptions produce essentially the same results.

A series of calculations of unreflected spherical reactors moderated
by heavy water, beryllium, and carbon was primarily intended to investigate
changes in results due to the use of different slowing-down models, and is
discussed below. However, fourth-order computations based on Age-~Diffusion
slowing down were made under both linear and flat flux assumptions. Constant
cross sections equal to average cross sections over the groups were used to

compute group events.
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Table 6.3. Results of Linear- vs Flat-Flux Assumption in a
Goertzel-Greuling-P; Calculation of the Age of Fission
Neutrons to 1.%375 ev in Four Media

Age to 1.375 ev, 1 (cm®)

Linear-Flux Flat-Flux
Medium Assumption Assumption
Ha0 22.88 22.56
D0 108.06 108.12
Beryllium 62.34 61.45
Carbon 300.93% 302.31

The linear assumption produced oscillations in the escapes from the
lower energy croups for large lattice spacings, whereas the flat assumption .
did not. The oscillations were eliminated by using a smaller lattice spac-
ing. The carbon sphere was also computed using the second-order approxima-
tion equations and the linear-flux assumption. No oscillations were
apparent.
As can be seen from Eq. 2.47, the sources become less important in the
determination of the derivative of the flux in the fourth-order approximation
as the lattice spacing is decreased. The group end-point fluxes oscillate
under the linear assumption, and, in Age Theory, the end-point fluxes
determine the slowing-down sources. The second-order expression for the -
flux derivative does not contain the sources. Although oscillations have
been observed in second-order calculations under the linear assumption,9
they were not so severe as those encountered with the fourth-order

approximations.

9. R. Fhrlich and H. Hurwitz, Jr., Nucleonics 12, 2 (1954).
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6.3. Comparison of Various Slowing-Down Models

The Py theory upon which Corn Pone is based treats both the slowing-
down density and the slowing~down current by means of Goertzel-Greuling
kernels. Goertzel-Greuling--Diffusion Theory, on the other hand, treats
the slowing-down densities with Goertzel-Greuling kernels but sets the
slowing-down current to zero (all elements treated as Class B, with p's = 0).

Age-Diffusion theory uses Fermi kernels for the slowing-down densities,
and also sets the slowing-down current equal to zero [all elements treated as
Class A, but g(u) = £og(u) and p's = 0].

Since more computing time is required for P; theory than for diffusion
theory, and for Goertzel-Greuling kernels than for Fermi kernels, a compari-
son has been made between the various models by means of a series of calcula-
tions of unreflected spherical reactors moderated by heavy water, carbon, and
beryllium. The group structure used was that of Appendix E. The results of
these calculations are surmarized in Table 6.L4.

The tabulated data shows that the substitution of Diffusion theory for
Py theory in the treatment of the slowing-down current is largely significant
only in the case of moderation by light water. However, it is of interest
to note that consideration of the slowing-down current is more important for
nuclides with mass nubers from 3 to 80 than for deuterium. This is shown

in Fig. 6.1, which plots n[1 - e—(Au/p)]

, the coefficient of the current
scattering density in the equation for the slowing-down current (Eq. 2.50),

as a function of mass number for Au = 0.5 and isotropic scattering in the

center-of-mass systemn.
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Diffusion, and Age-Diffusion Results for Bare Spheres
with Various Moderators

Comparison of Goertzel-Greuling-Py, Goertzel-Greuling-

Sphere

Radius Multiplication

Fast

Fast

Thermal

Thermal

Model (cm) Constant Absorptions Escapes Absorptions Escapes
Ho0 Moderator
GG-Py 19.5 0.998800 0.075091  0.03%328257 0.565874 0.03%0782
GG-diffusion 19.5 0.979750 0.073%52  0.3L42225  0.555246 0.029177
D>0 Moderator
GG-P, 90 1.06109 0.020108  0.13%31467  0.489601 0.3%58825
GG-diffusion 90 1.061%2 0.020117 0.131122  0.489701 0.3%59061
Age-diffusion, 90 1.07377 0.016483  0.125010  0.495423 0.362883
linear
Age-diffusion, 90 1.07377 0.01648%  0.125010 0.495L423 0.3%62883%
flat
Beryllium Moderator
GG-Py Lo 1.01826 0.084962  0.351700  0.409555 0.153785
GG-diffusion 40 1.02005 0.085189  0.350016  0.410210 0.154589
Age-diffusion, LO 1.05109 0.088165  0.341483  0.L42e2ko2  0.17658k4
linear
Age-diffusion, L0 1.0448Y 0.0868L4  0.334118  0.L20622 0.158279
flat
Carbon Moderator
GG-P4 100 1.01L43Y4 0.05%792  0.276669  0.433776 0.235799
GG-diffusion 100 1.01520 0.05%868  0.276121  0.434117 0.235897
Age-diffusion, 100 1.02751 0.054958  0.26656%  0.439043 0.239436
linear
Age-diffusion, 100 1.02431 0.054354  0.268602  0.438021 0.23900L

flat

The Age-Diffusion theory results, also shown in Table 6.4, show relatively

significant disagreement with Goertzel-Greuling theory results, whether the

linear or flat flux assumption be made.
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Fig. 6.1. n(1—e vs Mass Number for Au = 0.5; Isotropic Scattering in C.M.

Since Monte Carlo results are availablel©for comparison purposes, the
calculation of the age of fission neutrons in various media furnishes a convenient
method of comparing results from various kernel theories. The results of a Corn
Pone infinite-medium age code computation of the age of fission neutrons in
light water are plotted in Fig. 6.2 as a function of terminal energy. Isotropic
oxygen scattering was assumed and the Monte Carlo results shown for comparison
employed identical basic cross sections. It is clear that the P; results are
in best agreement with Monte Carlo. The agreement is best when the 4O-group

structure, containing several groups in the region of the 0.43-Mev oxygen

10. J. G. Sullivan, unpublished results.
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resonance, is used. The 3l-group structure contained but 10 groups in the
range 10° to 107 ev. The slowing-down age to 1.375 ev from the various calcula-
tions is: 31l-group Goertzel-Greuling--Pi, 22.56 cm2; 40-group Goertzel-
Greuling--P;, 23.58 cm2, Monte Carlo, 23.93 cm?, and 3l-group Goertzel-
Greuling--diffusion, 26.%2 cm®.
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Fig. 6.2. Age of Fission Neutrons in Light Water with Isotropic Scattering as
a Function of Final Energy.
Age calculations based on various slowing-down models are compared to
Monte Carlo results in Fig. 6.3, for slowing in heavy water; in Fig. 6.4, for
slowing in beryllium, and in Fig. 6.5 for slowing in carbon. Goertzel-Greuling

kernels are clearly preferable over Age kernels, even for the "heavy" elements.
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The differences observed between Goertzel-Greuling theory and Age thecry
treatment of slowing-down in heavy water are due largely to the basic in-
adequacy of Age theory in describing slowing down in a light element. The
results are in agreement with the results of Levine et g;.7 The differences
observed with heavier elements, however, are solely due to the differences in
the multigroup handling of the two slowing-down kernels, as detailed below.

In order to retain the ease and speed of calculation inherent in the Age theory
treatment, while approaching the more accurate results of Goertzel-Greuling

theory, a simplified Age theory kernel, of the form q(u, .) ~ &0 86 is proposed.

i+l
The use of this equation will simplify multigroup codes by eliminating computa-
tion of the end-point fluxes and storage of the end-point cross sections, yet
the results obtained through its use for beryllium and carbon are shown in
Table 6.5 to be in good agreement with Goertzel-Greuling and Monte Carlo
results.

Table 6.5. Age of Fission Neutrons to 1.375 ev, in Heavy

Water, Beryllium, and Carbon Computed
by Various Methods

Age to 1.375 ev (enP)

Method D0 Be C
Goertzel-Greuling-P,y 108.12 61.45 292.7
Goertzel-Greuling~diffusion 107.62 60.83 290.5
Age-diffusion 99.7% 56.48 273.6
Monte Carlo 109.9 + 0.6 62.8 + 0.8 289 + 2
alu,, ) ~ £0 @, 61.66 292.0
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Figure 6.6 presents the Fourier transform of the fission source slowing-
down density at thermal energy (0.025 ev) as a function of buckling, for light
water. Agreement between P1 and Diffusion theory is seen to be good. Figures
6.7, 6.8, and 6.9 are similar plots of the Fourier transform, for heavy water,
beryllium, and carbon respectively. In the latter three figures, however, the
curves compare Goertzel-Greuling--Diffusion theory with Age-Diffusion theory,
showing the differences.

Multigroup Treatment of Slowing-Down Kernels

Goertzel-Greuling kernels transfer neutrons as (&o/Au) (1 - e-(Au/y)],

where 0 is the group average scattering cross section for the element in ques-
tion. Fermi Age kernels on the other hand, transfer neutrons as gc(ui+l)/Au
where G(ui+l) is the upper lethargy end-point value of the sgcattering cross
section. Goertzel-Greuling kernels, therefore, transfer fewer neutrons from
the source groups than do the Age kernels. Not only does the factor

[1- e—(AM/7)] (which is tabulated for deuterium, beryllium, and carbon for a
M of 0.5 in Table 6.6) decrease the transfer cross section but also, in
general, o< G(ui+l) in the source groups. The Goertzel-Greuling kernels thus
lead to higher values of the fast leakage and lower values of the absorptions
than do the Age kernels. A comparison is given in Table 6.7 for the case of
the unreflected spherical reactor moderated by heavy water.

Table 6.6. 7 and 1 - e_A'u/7 for Deuterium, Beryllium
and Carbon for Au = 0.5

Element A y 1 - e"Au/7
Deuterium 2 0.584 0.576
Beryllium 9 0.143 0.97

Carbon 12 0.108 0.99
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Notice the values of (1 - e-(Au/7)) for beryllium and carbonare ~ 1. It
was this observation that suggested using q(ui+l) = gE Z

The difference between Age-~Diffusion theory and P; Goertzel-Greuling
theory computation of the thermal flux from the ORNL Lid Tank source plate is
shown in Fig. 6.10. The experimental result lies about midway
between the curves. Isotropic scattering in oxygen was assumed in both cal-
culations, and it is expected that inclusion of anisotropic scattering would

bring the Py curve into good agreement with experiment.
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Table 6.7. Absorptions and Escapes Versus Group Number for P;
and Age-Diffusion Theory for a Heavy-iWater Moderated
Bare Sphere. See Appendix E for the Group Structure

Py Age-Diffusion Py Age-Diffusion
Group Absorptions Absorptions Escapes Escapes
1 5.801 x 104 4,072 x 1074 1.62h x 1074 1.066 x 104
2) 2.191 x 10 3 1.2%2 x 10 3 6.088 x 1074 3,054 x 1074
% %.11% x 10 3 1.7%32 x 1073 2.069 x 1072 1.041 x 1073
L 5.510 x 10 © 32,662 x 10°© 2,467 x 1073 2.155 x 10 3
5 7.099 x 1076 5.2kl x 1076 3,900 x 102 2.76% x 10 3
6 6.911 x 10°° 6.221 x 10°© 3,348 x 10 3 2.967 x 103
7 2.401 x 107> 2.%368 x 10 ° 1.028 x 1072 9.915 x 1073
8 1.0%32 x 10 4 1.039 x 10 % 2.197 x 102 2.188 x 102
9 3 460 x 1074 3 487 x 1074 2.18% x 102 2.187 x 1072
10 L.oheh x 1074 L.504 x 1074 1.011 x 102 1.015 x 1072
11 1.1%38 x 1073 1.148 x 1073 8.604k x 1072 8.650 x 1073
12 1.280 x 1073 1.294 x 1073 5.695 x 10 3 5.73% x 10 3
13 5.998 x 10 % 6.066 x 10 % 2.83% x 103 2.855 x 10 2
1k 1.524 x 1073 1.540 x 1073 5.640 x 1073 5.68% x 1073
15 L.384 x 1074 h.oholk x 1074 8.402 x 1072 8.460 x 1072
16 3,687 x 104 3,712 x 10 4 2.799 x 102 2,802 x 103
17 2.487 x 1074 2,484 x 1074 2.727 x 103 2.722 x 1073
18 3,554 x 1074 3,548 x 104 2.641 x 1073 2.637 x 102
19 7.079 x 1074 7.031 x 10 4 2.551 x 10 3 2.5%6 x 1073
20 4,301 x 1074 4,280 x 1074 1.22% x 10 2 1.221 x 102
21 2,785 x 1074 3,766 x 10 % 1.177 x 1073 1.177 x 102
o2 3,743 x 107% 3,725 x 10 % 1.131 x 103 1.131 x 102
2% L.025 x 1074 4L.,005 x 107% 1.088 x 102 1.088 x 102
2l L4556 x 1074 L4326 x 1074 1.045 x 1073 1.046 x 10 3
25 4,938 x 1074 h.olh x 107% 1.004% x 1072 1.004 x 1072
26 5.460 x 1074 5.4%3 x 1074 9.616 x 10 % 9.623 x 10 *
27 6.026 x 104 5.999 x 10 * 9.202 x 10 % 9.21% x 10 *
28 6.549 x 1074 6.521 x 10° % 8.811 x 10°* 8.80% x 1074
29 7.070 x 1074 7.042 x 1074 8.416 x 1074 8.429 x 107%
30 7.645 x 1074 7.616 x 10°% 8.046 x 1074 8.059 x 10 *
31 8.224 x 1074 8.169 x 10 * 7.6%2 x 10 % 7.621 x 10 *
Thermal 4.896 x 107t 4.,9%6 x 10 * %.588 x 107* 3.617 x 10 %
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Appendix A

Slowing-Down Parameters and Kernels

Expressions for &, 7, n, p

The slowing-down parameters £, 7, 71, and p are defined as:

w =]
€ = fdu' fKo(u’ - u") au" = (au).
0 w
u o0 5
a = f(u - u') au' fKO(u’ - u") du" = <—(€—1—1-)——>— 5
le} w
a
7= -é- b}

u 5
7 :f du'f Kl(u' - u") du" = <uAu>,
0 u

o'
I
o
1
::—-
o
::—.
l_?i
C—c
J
e,
o
C:—
|
D
N>
£
\V]
S~

in which the symbols are as defined in Section 2.1 et seq. For isotropic

scattering in the center-of-mass system,

Ko(u'—>u)= u—ﬂné<u'§u;

=0 elsevhere.
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Kl(u' »u) = p(ut,u) Ko(u' - u)

3 Yo = u'-u
1 {(A+l)e5(u )—(A—l)ez( )},u_ﬂnééu'KuS

-1 - @)

= 0 elsewhere.

The quantity A = ratio of the mass of the scattering nucleus to the mass of

the neutron, and
‘ 2

a - 1 -A

1+ A

The isotropic kernels give

E=5—A; A >1;
2
:1-%, A <1
037308
E=1+—g, A>0;

_12A+ 10 2

N7 T oA —5§(l+2A), A >

e 12) 2 (14 om), A<
9 >

_ b(asAa + 1)k ) .

b = ~Ze(bA+5) -Ze(y - 1)(A+2), A>I1;
27A 9 3

_h(aka + 15)A L 2 } .

b= o7 g e(r+58) - Se(y - D+ 28), A<
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Table A.1 lists values of £, 7, 7, and p for isotropic scattering in the center-
of-mass system for values of A from 1 to 240.

If the scattering in the center-of-mass system can be represented as
l —_
P(v) = S+ % vw; - 1<v <1,

where

P(v)dv the probability that the scattering angle in the center-of-

mass system lies in dv about v,

<
i

the scattering angle in the center-of-mass systen,

the average scattering angle in the center-of-mass system,

<1
1l

then the slowing-down parameters take the forms below for A > 1.

_ €6 1
(Au)=§o-5v<l_a—§>

where
éo = {Au) for isotropic scattering

and ¢ and A have the meanings noted above.

((Au)g)z———————(Agzl)z{l-a[g—ga—)i-zna+l]}
(Agzl <(A+l {l+2a2[ﬂna-(ﬂna)2—%}}

el o[ ]
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Table A.1l. Values of £, 7, 1, and p for Isotropic Scattering
in the Center-of-Mass System for Given Values of A
A £ 7 n e
1 1 1 L /9 2/3
2 0.725 0.58k4 - 0.0454 2.80
L 0.425 0.310 - 0.0902 0.606
8 0.230 0.160 - 0.0634 0.268
9 0.207 0.143 - 0.0583 0.236
10 0.187 0.129 - 0.0538 0.211 )
12 0.158 0.108 - 0.0hk66 0.174 .
20 0.0967 0.0656 - 0.0301 0.102
40 0.04k92 0.0331 - 0.0158 0.0505
60 0.0%30 0.0221 - 0.0107 0.0%26
80 0.0248 0.0166 - 0.00813 0.0251
100 0.0199 0.0133% - 0.0065% 0.0201
200 0.00997 0.00666 - 0.00330 0.0101
240 0.00831 0.00555 - 0.00276 0.00871
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Goertzel -Greuling Synthetic Slowlng-Down Kernels

Equations 2.15 and 2.18 of Section 2 may be derived by assuming Goertzel-

Greuling synthetic kernels.

1

Kb(u‘ - u) = £ e’ 4 <’l - é.> &5(u - u'), u>u';
72 7
= 0, u<u';
u'-u
Ki(u' - ) = L P 4 ( T ﬂi) 5(u - u'), u>u';
2 P
p
= 0, u<u';

where

(u - u")?
7 - 2& b
1= (u-u)y,
_ (u - u 2
p = 27] J
H = cosine of the laboratory scattering angle,
u = lethargy,

The bar indicates average.




Other Kernels

In addition to the Goertzel-Greuling kernels, the following kernels

may be used:

a. Fermi:

Kolu' = u) = 5" (u - u') + 5(u - u') 1

p'(u - u) + pa(u - u')

o
P
S—
4
g
I

= 0, u<u',

where 5'(u -u') = a4 s(u - u').

. du
b. Wigner:
_ (u-u')
1 £
u! »u) = =
Ko ( ) ; ©
1
_ {u-u') » wzul

Kl(u' - ) =-i];e n + (E-l)b(u-u')j

= 0, u<u'
. C. Kl(u' - u) = E&(u - u'), u;u',
. = 0, u<u'
The Fermi kernels give

a(r,u) = to(u)gy(r,u) Class Aj;

i

p(r,u) no(u)¢l(r,u) Class A and B.
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The Wigner kernels give

& g + § alr,w = o(wdo(r,w), Class B and C;

& o(r,0) + 1 o(r,0) = (W, (r,w), Class C;
q(r,u) = glo(u) + a(w)] g,(r,u), Class A;
p(r,u) = nlo(w) + (w1 ¢i(r,u), Class A and B.

Note that the class C equation for p is unstable since A > 1, n < 0. The

kernel Kl(u' - u) = udlu - u') gives

p(r,uw) = O.

The Goertzel-Selengut Approximation

The P; equations may be reduced to the Goertzel-Selengut equations by:
1. Treating hydrogen as a class B element.
2. Treating elements other than hydrogen as class A elements.
3. Using the Goertzel-Greuling kernel for hydrogen slowing-down
density.
4, Using the Fermi kernel for class A slowing-down densities.
5. Using the kernel ES(u - u') for all the slowing-down currents,

i.e., p= 0.




Appendix B

Source Terms, Flux Derivatives, and End Point Fluxes
Expressions for Sk at an Interface

Porm of the Difference Equation Source Term at an Interface

The following expressions are used for the third derivative at an interface:

3B 10B_ + 12B - 6B + B
B (1) = T+1 T I-1 I-2 I-3% (B.1)
oh3
3B + 10B. -~ 12B + 6B - B
B (J) = - J-1 J J+1 J+2 J+3 (B.2)
oh®

The source terms at I and J become

1 + 1 _+ 1 1 h 1 h +
SI='H§BI-5+§BI-2+{'§+1Eg?[l' (8_2);J}BI-1

2,1, b 1 n 2.1 B h +
+[§H+5gr'éﬂg(g'2)r ilBI+{l6+lEgr[l+H(g-2)?}}BI+l

1 +_+ 1l _h 5 atpt 1 +_+ 1l h

+§HAIDI+1<1+2gr>+12AIDI+§1IAIDI-1(1'28r> (2.3)

1 h 1 n® | _+ 3 1 h 1 h +
+[-%z+3g;-zg<%-2>—;]Bﬂ{-lwﬁg;[l-n(g-?);M‘BH

.4+ 1 1 h 5 atnt + 1 1 _h
+ AD. = =g= = -z g<=
JJ+121+<1+2gr>+12AJDJ AJDJ-121+<1 2gr> (B.4)
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where
A" = na,
B" = nB,
D' = nD.

Expressions for ég at I +landd -1

An expression good to fourth order in the lattice spacing, h, for the first

derivative of the flux is

3¢,(r) - bg(r - h) + é(r - 2h) " "
8(x) - B L () - oy 5}

2h

Use Eq. 2.39 to evaluate the correction terms and compute at I + 1.

1
h¢°I+l - ¢°I+l <’— eV 2 W > ¢OI <’ > Vi1 -2 VWi >
+ ¢ - LV + iy + ¢ v + X_ .h
011 T+1 0 2 I+l OT.p "T+1 T+1

where

_1_n, 1 »? 2 |
VI+l =3 g - + n { g (g + 2) + 8h J

W =
IT+1

equation continued on next page

(B.5)

(B.6)
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- % & k?l Dria ] (8.9)

31I+l is calculated from Eq. 2.55(&).

The corresponding expressions at J - 1 are

' _ _2 -
hfoy 1 = fog_y <2 Via1 "2 M >+ pog (2 My1 -2V >

1
* ¢°J+l (M Vi1 -2 W > - ¢C’J+2 Vrg &340 (B.10)
where
Vo --tgliteE (gao) a2 (B.11)
J-1 35 L 2 I
2 3
a=1+(5-5e3 )65 o) - g™ (B.12)
Jd-1 3 r r2 ) r3

_ 3. _17 5 _ 1| _1_h_ 1 12
Xj—l * BJ-l B 8 BJ+5 12 BJ+2 + 3 ) [ % g T + i g 2 (g + 2) BJ+1
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End Point Fluxes at I + 1 and J - 1

The midpoint fluxes at I + 1 and J - 1 are adjusted to satisfy the inter-
face boundary conditions. They are not continuations of the midpoint fluxes at
real points.

The lethargy end point fluxes at I + 1 and J - 1 should be continuations of
the end point fluxes at real points.

The end point fluxes and currents at I + 1 and J - 1 are computed by

extrapolation. Expressions good to fourth order are:

Brop = By - 08p ) Y M, - dr s

Bry = 48y - 685, + By - Fris




Appendix C

Oracle Number Conventions

A hex diglit is one of the digits in the number system whose base is
sixteen., The symbols used with the Oracle for the hex digits which have the
decimal values of 10, 11, 12, 13, 14 and 15 are A, B, C, D, E, end F,
respectively.

Word

An Oracle nonalphameric paper tape word - the type with which the Corn
Pone input deals exclusively - is defined as the ten digits preceding a space.
More than ten digits may be typed, but only the last ten will comprise the
word. If fewer than ten digits are typed, leading zeroes will be filled in
as the word enters the machine.

Hex Integer

A hex integer is a word (hohlh2h3h4h5h6h7h8h9) interpreted as a hex
number with the hexadecimal point following the last digit
[hox(16)® + h,x(16)® + ... + n®(16)* + hgx(16)°]. A positive hex integer
need not have leading zeroes typed. Table 3.2 lists the hex integers

equivalent to the decimal integers from O to 129.

Decimal Integer Convention

Decimal integers are typed as
dod1d2d3d4d5ded7dsd9'
The decimal point follows dgy. The first digit, d,, indicates the sign of
the integer: O for positive and F for negative. The remainder of the word is

interpreted as d; x 10% + d; x 107 + ... + dg x 10" + dg x 10°.
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Decimal Fraction Convention

Represent a decimal fraction as

+
( ) ).flf2f3f4f5f6f7f8f9

The fraction is typed in the Decimal Fraction Convention as

0
( p ) fifofaf, fefef fof,.

The decimal point is understood to lie after the sign digit.

Decimal Decimal Fraction Convention
.00% 0003000000
-.3 F300000000
.000003 0000003000

Packed Decimal Floating Point Convention

Represent a decimal number as +
( )ele2

(1) emmmm ngm, x 10
where

.999999 > om, MM m, m_m, ; .100000.

Examples:

The number is typed in Packed Decimal Floating Point Convention as

0 0
( F ) My Mo M TM, T M ( F ) €18p-

Examples:
Decimal Packed Decimal Floating Point Convention
.00% = .3 x 102 0300000F02
30 = .3 x 10% 0300000002
-300 =-.3% x 10° F300000003
3= .%x 10° 0300000000




Appendix D

An Example of the Corn Pone Input and the Edit

Description of the Reactor

Shape: TFinite parallelepiped, bare in the transverse directions
Length: 70 cm
Width: 60 cm
Core thickness: 22 cm
Core composition:
Light water: 6.69 x 102 (nuclei/em®) H, cc(H) = 26
3.345 x 10%2 (nuclei/em®) 0, cc(0) = OB
P35, 3.1 x 10°° (nuclei/em®) U35, cc(25) = 02
Reflector thickness: 10 cm
Reflector composition:
Light water: 6.69 x 102 (nuclei/er®)H
3.345 x 10%2 (nuclei/em®) 0
Outside boundary condition: O return current
Convergence test quantity: multiplication constant
Convergence criterion: 10 2
Model: Goertzel-Greuling. Treat all elements as class C.
Scaling factor: 2.4
Number of fast groups: 30
Epithermal group number: 1 for both core and reflector
Thermal group number: 1 for both core and reflector
Space points: not interested in specifying

Initial source guess: flat
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Edit: No skip option needed
Absorptions and escapes for both regions as tables and histograms
Absorptions in UP35
Source as tables only
No cross sections
No flux integrals

The thermal flux (group 32) as a table and a curve

Input
Paper tape word Comments
lClSOAOB2Mi} Reactor Specification
0l2k2Lk242kL will print SIAB 1
2401070724 Problem number is 177
1C150B2401 Case number is SIB 1
0
0350000002 An energy-variable buckling will be used.
0300000002
0
1E
1
0
0100000F02
0
0240000001
1 Start of region specifications
1 The thermal constants on the Group Constant

tape will be used.
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Paper tape word Comments

0110000002
0
26
C
0669000F01
OB
C
0334500F01
02
C
0310000F03
FFFFFFFFFF End of region 1
1 Start of region 2
1
0100000002
0
26
c
0669000F01
OB
C
033L4500F01
FFFFFFFREF End of region 2

FFFFFFFFFF End of Reactor

FFFFFFFFFF Not interested in specifiying the space points
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Paper tape word Comments

FFFFFFFFFF Flat source
11 Start of Edit
0111000011
1
1
0
0
0100000011
0100100020
CR CR stands for carriage return symbol
CR

1 Specification to edit the events in element
02 in region 1

02
FFFFFFFFFF

0142020042 date = 2/12/60
060024242k

Running time

3k minutes were required to run the case. The time was divided as

follows:
Constant preparation: L.5 minutes
Integration (4 iterations at 6 minutes per iteration): 24 minutes
Edit: 5.5 minutes

Edit

Sample pages of the edit are shown in Figs. D-1 through D-9.































Appendix E

An Example of the Group Constant Preparation Routine
Input and Edit

Problem

U235, U238, 0, and H cross sections are to be Integrated over a group
structure and put on a Group Constant Tape. Table E.1l shows the Master Cross
Section Tape 5-digit cross section identification code number, ZZOPOPOP’ and
the 2-digit Corn Pone element identification code, cc, for the elements used.

Table E.1. Master Cross Section and Corn Pone
Element Identification Code Numbers

for U3, P38 0, and H

Isotope ZZ?POPOP ce
UZ3s 92235 02
=38 92A38 01
0 08001 OB
H 01002 26

The group structure is that of Eyewash® save for a group extending from 10% to

107 ev.

One epithermal group which is the same as the Eyewash last fast group is
to be used.

One thermal group, at 18.89°C, is to be used.
Input

The input is given in Table E.2.
Edit

i Some samples of the Edit are given in Figs. E.1 to E.5.
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Table E.2.
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Input to the Group Constant Preparation

Routine, for the Sample Problem

Input Word

200E142409
4202034205

0924240177
L
9223500002
9243800001
0800100008
0100200026
0

1E
0100000008
0606500007
0367900007
0223100007
0135300007
0820800006
0183200006
0911800004
0454000003
0112000003
0337200002
0151500002
0101600002
0456000001
0137500001
0921400000
0617600000
0L14000000

Remarks

Prints WEK 9/23/59 on the edit.

The last four digits give the problem
nunbers as 0177.

4 isotopes

zz0 0 0 000cc for the 4 isotopes
PPP

No mixture*

30 fast groups

Lower energy of the first group
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Table E.2 (continued)

Item Input Word Remarks

0277500000
0227200000

0186000000
0152300000
0124700000
0102100000
0835800F01
0684300F01
0560300F01
0L58700F01
0375600F01
0307500F01 Lower energy of the last fast group.
7. 1 1 epithermal group.
0307500F01L Upper energy
0558560F02 Energy width
8. 1 1 thermal group
0029205000 Kelvin temperature

*If a mixture of 2% enriched uranium were desired, item 5 would appear as:

1 1 mixture.
02003 2 isotopes, cc for the mixture is 03.
0980000001 98% is UPS38,

1200000002 2% is UB35,



















| Appendix F

Approximations good to second order in the lattice spacing, h, are:

g1(r) = e h) - #x - b) (F.1)

2h

d"(r) = g(r + h) - 24(r) + 4(r - h) (F.2)

h2

Substituting Eqs. F.1 and F.2 into Eq. 2.30 of Section 2 and putting the

difference equation into the form of Eq. 2.42 of Section 2 gives

T

o
-
fl
M=
+
&

(F.3)

W R
o
s

|
The Second-Order Approximation Equations
The second-order equations corresponding to Eq. 2.47 of Section 2 are:
|
|
|

172




173

1
SR
Nk = 0,
> (F.k4)
1
e=-3%>
% = BBy

J

The second-order equations corresponding to Egs. 2.56 and 2.57 of Section 2

are:

1+ g

2

h
+ g + =
1 g > o

e ; hB_ + -;—hZADO
A = (F.6)

h2
]_+g+2 o

Equation 2.59 of Section 2 reduces to

Aw—l
2'th£+A£<Aha—'bF£_l—'b—A;—>

(F.7)

$o, | =
£+1
b+F£<Aha—b1"£_l>

No special forms of Sk are needed at an interface.
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