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INTRODUCTION

This report consists of a detailed description of the multigroup
program used by ORNL on Univac. Its purpose is to supply information to
two groups: +to the programmers who run the program and who may be required
to make changes to fit particular cases and to the physicists and engineers
who wish to prepare data for the program or evaluate the results. The
material in Sections IT and III is essentially a description of the problem
and the remainder is a description of the program itself, A supplement
containing an annotated code edit, sample outputs, descriptions of scaling
ad justments and a refort of an auxiliary routine for changing cross-sections
is also available. |
The genea;ogy of Eyewash runs roughly as follows:
1) The IBM computations run at ORNL,
2) +the R-2 program, which is s transliteration of 1) from
IBM to Univac,
3) The Medusa program, which extends R-2 to nine regions, and
L) The Eyewash program, in which the cross-section averaging
has been simplified (to cut down computation time) and the
Goertzel-Selengut method for hydrogen scabtiering has been

introduced.



SECTION II

STATEMENT OF THE PROBLEM

The formulation of the multigroup problem which is used in the
Eyewash progrem is essentlally the one presented in ORNL-149%, Appendix 6
by C. B, Mills. The only significant deviations occur in the averaging of

cross-sections as noted below.

Geometry

The reactor is assumed to be a series of R ( < 9) concentric
spherical shells of homogerecus composition. The outer radius of the R'th
region is r = ( A r) By vwhere A r 1is the unit of length (constant throughout

the reactor) and BB is an integer.

The Diffusion Equation

The equations solved by the program are finite difference approximations

to the diffusion equation:

: 1 32 o
] +
thr(ﬁ, ‘KQ o r°

HiM

- [Zsﬂ (u, R) + Za (u, %ﬂ o(u, ridu +

® |

Y
6 Iy (u, K) o(u, ¥) - £ I (u+ au, B) o(u+ au, 7 | (11.1)

+

th —th

u 1
+ due ™ ZsH (u', R) o(u', rje" adu' +v_f(wdu | [ Zo o(u', r)du + Z.f o(r
0 ¢ 0 £



th th 1
= za (R) ? (r) 4 th

2 th th
0 2 th th .
-~ aw 5 + % |du + g2 (R) o(u”, R)
R T
tr
th
th (TT.177)
u H :
. e-nﬁh f e(ut) ZEH (u', R) el dau' = 0
0

The definitions of the symbols are:

r

redius

lethargy

boundary lethargy of thermal group

region number

macroscopic scattering cross-section for H
macroscopic absorption cross-section (including fission)
macroscopic total cross-section (excluding H)
macroscopic fission cross-section
macroscopic transport cross-section
macroscopic thermal cross-section

fission spectrum

flux per unit lethargy interval

thermal flux

the v that would maeke the assembly critical.



Multigroup Equations

The range of lethargies is divided into the intervals listed in
Table V.A. Some freedom is allowed in choosing the thermal level (cf.
Tsble V.B). The boundaries of the lethargy intervals are denoted by u,
and the spaeing by Ui =U; -y g . The transition to the multigroup

equations is made by the following substitutions:

for , substitute
i 1 !
p(u, r)du U = [ o(u)du
Vi1
. 1-1
#(u, 7) o Hx) = eluyg, T)
-1
o(u + du, r) o (r)
Yy
f(u)du _ 7zt = ) £(u)du
Ui
—
-u u

u ¥
ZLopduedn [ L .o e au 2
sH 0 sH? -u, -u i-1

v Wy
- O T (r)(e Mo+,

Z(u, R) Z;

e 2,(u, R) (6 5™y = ¢T, (w4, B)



-

%, (u + du, R) (e20)
th lJL [ ) ' 1
f )Y (u’ R) ¢(u',R)du’ z (Zl ) 51 v,
it=1

These approximations are those of the cited report except that the
various types of cross-sections are averaged independently.

Setting

— 1,4
$l (r) = §(¢ + 0

itel o -
T o
+ v, 2y L; Zf ?éi (r) gt «+Z th(r) = 0 (11.2)
O R A

P = 2<P. - @ (11.3)



and for the thermal flux -

f 2 th th i1,
S oty L - E__QE_ +2 % +EL O o+
a th ‘ ar r dr t th
e, - . (11.2™)
L P g W g
+ e LTI 9 (et -e ) = 0
i1=1 S8

vhere i,  is the index of the last fast group. The dependence of the cross-

sections on the region index R is not shown.

The Finite Difference Equations

First we define Wi(r) =r 51(1') and vl(r) =1 cpi(-r) 5 vhich results

in the usual simplification -
9_2_32 + 2 .q@i - % 9.2_11.;_ (II.4) |
ar r 4ar r ar
vi = 2wi - vlol .

Substituting the finite difference approximation

21 1, - i L
a"w _w(r+Ar) +w(r-Or) - 2w(xr)
-5 (r) =

dr . (A r)2

in equation (II.2) gives .




=i
3L, i R i i
W;l+wll- 2+ (Ovr) Uzr {ZiU +(1-eU)Z +2gZ‘J
=1
3L 1-1 i a0 Y ' Yoo By
s(or)f SEJEITRE) T e (e - >22;Hn(i-vi )
U
1
3 H
v, 2t Z )31 wout TR BN o o (II.5)
1 n n
1t=1
i i _iel o
vn= 2Wn-Vn' ; V. o= 0 (11.6)

and

i 4
RN L R [2+ (Ar) Zth Zth] Wrtlh+ (Ar)a 5th‘ [gztﬁ A

n+l n-1 tr Ta tr
th
T R L |
+ e Y L. W (e - Yyl = o
{v=1 sH n
where W_ = w(ndr) and v, = v{nAr) ?
The following definitions are introduced to simplify the appearance of
the equations. ’ N
P -
¥ o= 24 (AI")2 gr l%*i +'Zi Ui + EQZ;]
il a ;
(11.7)
th
kP . 24 (An)? 32 Z.




it

Not R-dependent

3L _
(Ar)2 —% [(gﬁhg&)vil Ti+z 8,
[§]

im_j_
(o ) 52Fh [;Zg véf + Tth:} .

‘(11.7)
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Equations (II.5) and (II.6) then look as follows:

i i . i-1 ‘ o
T, = a- T ; T* = 0
woswt . kvt
n+l "n-l n . n
, (11.8)
i i i=-1 (s}
v,o= & -V 5 vV, =0
wdt o ogtwt 4o |
-/
N
th th _
- *
T, a” T L
t
(11.8%%)
th th th _th th ’
Woq + W -k Wo+Co =0 _J

The equations are written in the order in which they may be evaluated numerically.
The quantity T%* 1is not defined explicitly, being merely an intermediate result

in the computation of T which satisfies the equation

I L

: i-1 Wi--l + i-l)

n Tn
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di and Qi are defined in a manner which keeps the sizes of the guantities

reasonably close 10 one.

Boundary Conditions

Eyewash solves equations (ITI.7) and (II.8) for v, subject to the

usual boundery conditions, viz., in terms of ¢ ,

a) ¢ is continuous, and

1

5z’tr

b) g% continuous .

As mentioned before, the outer boundary of the R'th region is BR Ay .

Condition a) becomes simply: WBR is the same for yregions R and R + 1 ,>
WB = 0 o : .
" 1 1 do~
" As for Condition b) we spproximste g% by ——— T3 and further

52%: BZir

assume that

-3 W - W
do” _ & gg _l _ 1 n+l n-1 1 E _
dr =~ {r ar ;ﬁ” W n/r 2Ar t IAT 3 wn
- (w + W 5] - ___f&izy_

(11.9)

U
J =
N 1O

=
=]

4
N
Can

ﬁﬂ
F
ot
%
=
=]
o}
S
[}
rof
o~
ESS
ok
=
=
=]
Hv
|



w]]l

where r=an/r.
Since this equation is to be applied at the boundary n = BR of

region R and since W is caleculated only for region R + 1 , equation

B.+1
R
(11.8) is used to extrapolate across the boundary. Then the boundary condition
" becomes
i i i i
WB+1 + WB-l - K'RWB +éB = 0
where
— i
i1 .4 .1 g 1 2 1
I§B=-§|iiﬁ+l(l+3—ﬁ) +§(1~3§{I+3§(1~h§“—)
R o
i 1.4 1 B,R (4 __1 '
£5 = 3 EB’R+1 1 +355) + —;—i—- (1 33)] > (II.10)
32,
h; - tr,R .
i
32"t;r‘,R+l
For the thermal group, replace "i" in (II.10) by "th".
solution of the W equation
The equations for W which must be solved are
W + W 3 - kW +c =20 (II.B-)

for points not on boundaries
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and

Wep + Wy - KgWp +Cp = 0

for boundary points. These equations are subject to the additional boundary

conditions

A* = 0O ; Ai: 005
Mo M @) (- oAy
= ¥* - l ‘*
B T (Kg/y) _ABB By O Onyy -l
Where
2y
e S b 1 &R
%R = 5 3 =gl
o o
P = 0

(11.10)
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P = (Pn_l/o:R) + C A%

Py = (Ye, hp) PBR-l * éBR AifR |

P »*
wn - {%ﬁ Wn.+l + P%] /ah An.+l

R

Wp = [?E wZBR+1 + Egé} /ah+l A§£+l .

The A*'s end P's are computed for increasing n and the W's

are then computed for decreasing n , beginning with n =38 B

Convergence Criterion

The following procedure is used to calculate the stationary flux
distribution.
1) An initial estimate is made of the rate S(x)/r of generation

of neu.trons/cm3 sec. The estimate which is made is, in finite difference terms,

S(nAr) = 8, = 1



el

at all points in regions containing fissionable material. Thus S(r)/r

Sn/n( Ar) = 1/(D r) , initially. The totel number of neutrons generated

throughout the reactor per sec. is

Ny B
5 R

J b o §i§ldr = hﬁ(Ar)aé nsS_dn

0 n
RAT Br B B
2 . R 1 R _1
~ k(L) T {Z ns}-(—ﬁ» )s, -(=-7) 8
R=1'L =B, 278 "By 2% TR,

Z§

o, 2 T 3
= 5 (&7) REILBR - BR-—l}ZFR

where Zif =1 or O depending on whether or not region R contains fissionable

material. We define

3
Z [5131 - Bi-l] Zg

(I1.11)

50

I

O >

2
Alutrz 8(r) ;) dr =~ ————-————h“(f r)
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i.{L .
2) The estimated S is substituted for v_| T Tiw- Ut 4 LB yib
: n ST f'n f 'n
in equations (II.T) and then equations (II.8) and (TI.10)are solved for Wi .
3) The Wﬂ’s calculated in step 2) are used to calculate the rate at

which fissions oceur by

1 g 2 ¢ bl ‘
5 ) Zl gt oy yBth . (1II1.12)
n i'=1 n f 'n

L) Next Vo s the v required to maintain the original power level,
is calculated by
Rn B
B B
R 1 R-1 1
v = 1/ |2 s - (=+37)s, ~( -7) s L.
c R~l<1_n~BR L n - ) 4BR 2 [ Bp.1

The procedure used ﬁo arrive at Yo is not so direct as indicated. The equations

actually used are:

TR 7

Y, = iz z w ( )w -(--—- )W | (11.13)
A Z n +-6 '6 R—l‘J

0o

n—BR -1

(z Y% U’ is the total flux in the i'th group and R'th region per source neutfon.)

A R

AR A Si

VF o= L v Z; (2 Yo iy (II.14)
R=1

P

Fi = number of fissions in i'th group per source neutron.
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i, ,
v, = /| Z F « Fth:} . (1I.15)
i=1
At this point we also compute
i i iS ‘
Ay = zY U Z.a (11.16)

which is the number of absorptions (including fission) occuring in (i, R) per
source neutron. This quantity is tabulated, and‘is also used for checking
neutron balance.

5) A new source Sé is computed next. .

Sy = Vo sy - (1I.17)

‘(€=.1 in program) for all n then the flux is decreed to be stationary. Other-
wise 8n is replaced by Sé and the calculation is repeated beginning over at

step 2).
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6) If the convergence criterion is satisfied, vc is recalculated
using the seame fluxes except that i, -1 is used as the lowest fast group.
Both these vc's appear in the tabulation.

7) The neutron balance is checked as indicated in the following

paragraph.

Keutron Balance

As already defined, (cf. II.16), A; is the number of neutrons

absorbed in group i per source neutron. E; is defined to be the number
of neutrons in grouwp i per source neutron that escepe from region R to
R+ 1 . We should then have

i i
BAL= L A + L E =1 .
i,R i

R
i, Fou

As usual, J(u; r) = -(l/BZtr) (u, ) , and

1 =i, iap
[ 3w, r)au =~ - (1/3%;,) U dg (x)
Y1

i ‘
U 1 > 1 ‘
= — ' 2N [3.Wn + E(Wn+l + Wn-l) -
nldr
3Z‘l:r '

n

- § (Wn+l ""Wn_l):! s (Cfo IIog)o
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Integrating over the entire spherical surface of radius r =nAr

and dividing by the number of source neutrons gives us

u
2 i
ke (nOe)” f J(w, r)du
i %51
En = NTB,
[ & nrz S(i) dr
0
2 i
be(nAr) u . 1 [?.W ...:!
(s n( L) /z) 3y (aor)t LR
i z Ui 2 1 n
- . [.5_ W+ R W) - B - Wn-lﬂ (11.18)

2,751
(Dr)° (35;)
Our equation for Ei‘l holds for points interior to some region. To

eveluate it at the boundary requires extrapolation, for which (II.8) is used.

This gives

8, Wy (11.19)

at the outside boundary
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and at interfaces

i
1 zU B 1l 2 B 1
““tr ,

vwhere k , CB are evaluated in the region cutside of the interface.

Normalization of the Edited Wn/n

The foregoing description might lead one to believe that the quantities

labelled "Wn/n" on the printed output are values of the neutron flux when v = v,

snd at a power level corresponding to one fission peutron being born per second

perﬂgméﬂbf fissionable material. Tradition demands that the standard power level
e . ,«%
T
be 5 neutrons/sec go it is actually 5W /n that is printed. (Cf. definition
g 4 o
of W_ in Section III.) P
n " o
s . - % =i
o f i { cocmon ¢ b0 Pptr g
e Ath e 2 \ﬁs\)"*"ﬁ o ;4! ang,”

£ i " 5 &
. bz 4 2 SPU 4 T p R R s A mE e W e
2ft,  CRS }fﬂ”{ Jelras For g0 L O PRGN g
H b )

i . .

o . . P g
ez & an e Qﬁ'?ﬁf L vn btttiepy H0ale FEag TEN
& - S
:




Symbols

i

JR
33
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SECTION III

SUMMARY OF SYMBOLS AND EQUATIONS

Self-shielding factor £ =1 - L NOO(%, ) 00t Nol(a a) Oﬂ where

 Nao

averages.

replaces N in cross-section

replaces N o1

00 and fNO

1
Group; highest lethargy level of group i . (c¢f. Tables V.A and V.B).
Number of materials in region R .

Two digit position number assigned to each material. (cf. Table V.C).

jj = 26 Hydrogen.

AxE
n

S P

Space point.

Thickness of fuel plate.

Thermal group associated With highest lethargy of i'th fast gréup.
Lethargy u = lOT(ev)/E(ev) , {cf. Table &).

Source dependent scale factor.

Normalization factor.

Solution of the homogeneous part of the neutron flux equation.
Neutron absorption in the R'th region, i'th group.

Outside boundary of region R.

Bource term for group i , n'th space point. Note: whenn = B_ ,

R

B and Cé since space poihx B has a source in region R

and R+ 1 .

compute C
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E; Neutron escape acrosg the outer boundary of region R , i'th group.
F:L Neutron fission in i'th group.

LR Self-shielding component in region R .

3521 x thickness of fuel plate
Volume fraction of fuel plates R °

s

Ny, p Concentration (atomic density) of material Jjj in region R .
: 8
When Jjj refers to an alloy, the concentration is represented
by the volume fraction.
Pi Auxiliary function used in neutron flux calculation.
R Region.
sn n +times the fission neutron source at space point n .
T; Hydrogen scattering source for grouwp i , n'th space point.
Ui Width of i'th lethargy group (cf. Table V.A).
pto= ot -t R
Vi Neutron flux at highest lethargy of group 1 .
Wi n/5 x newtron flux at space point n for grouwp 1 ./
Zi Fraction of fission neutrons born in the i'th lethargy group.

(cf. Table V.D).

Fissionable regions indicator. (ef. Format in Section VI.)

o



-20.

€ Convergence criterion.
v Number of neutrons per fission required for eriticality.
[got ::;,j Mieroscopic total éross-section of material JJ ‘at highest
lethargy level of group i . Note: Jj = 26 ) Bo,=0. ‘
[EJ i Average microscopic cross-section of meterial jj for group i .

Jd
of the following types:

;a Absorption
Bgtr Transpért

ES' Scattering: Jjj = 26 = Hydrogen
Op Fission.

Ar Integration step E:m] .
EZJ ; Macroscopic totel cross-section for region R at highest
lethargy of group i .
[i]; Macroscopie average cross-section for region R , group 1 of
same types as listed under T -
.  Subscript denoting maximun;. Example: B, . boundary of cutside

region.
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Summary of Equations

Indices of i , n and R have been included only when their

assigmment is not obvious.

Cross-Sections:

Each 1, R :

gz't = le (gct)jl + sz(got)ja + oo + N‘jﬁ (50‘.,;)JJL

Y. = le(oa)jl + NJE(U&)32 b oeee 4 Nin_ (Ga)jJL

BZ‘br = le‘(%tr) + N (30t) + oeee + N (BUtr i

J r'J
1 2

—

Zf = N, (Gf)l + I‘I (o )32 4 eee + Njﬁ_ (Uf)J.n.

Q = Ny H vhere H= (eU +e0 "2)(35)26

.
m* = Nyg E* where H* = (L -e )(08)26



)

Constants ;

Each 1 :
ol Th
d =
Yo Ya
e -e
-ui
dth - e
a0 Y
e -e
Each i, R:
2 Sm——
k o= (28 2, + UL, + m¥) 5 + 2
l/ QO = l

k/2 + \. (1:/2)2--—11

2 k - o
/o = =

k = [:Fg.( Csr)g 32%:] + 2

i-1 i
tY, replaces gZ% + ¢, in ¢, (Tteration) .
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Boundary crossing constants B = BR-l

(52 )

-y ol

(52 tr)R-1

]

1
Taa (h) (ag) (ag: )

'

R

11, 2,1
o @& 3 @) B R

K -
a

Source Generator: . g

= X1 Zﬁ

T s I(s, - ) 2

Iteration :

Cutward:
Ag = 0
Ai = 005
3% = * *¥ . A¥
An+l L (A Ax l)

)(h)(- - &)



c, = | [%i-l (gZi'l + gZi) +ZS +T

A§+1

=

D6 -

7|3, (an)f

where T = dT*i-l

o (o} i-1

™ =V =0 ; V and T*

U

are computed

on the inwvard route.

(=

Pale) @+ 3 &:Bv{;) (1-%) +op (L+gp) | AX

—

where CB is calculated using SB in region

R and Cé is calculated using S

1
@ 4 - (GarahMa -

B

in region R +
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Inward ;
v = aw - vt
™ = QW + T
W= —=— |axw . &+ 2|
n o A§+l n n+l ?J
Bach i, R:
: B B
R, 1 R-1
zY = [znwn'(T+6)WB - (=
n R
A = (UZ)(zY)
B = BR:
1 2
zY¥* n@g+6)liﬁ+l+ﬂwB-BwB+
R=R

e

Z¥* = B(Wp_ )z

| (a2
E = zY* » [ vr)U tl}

1
-Z) W }z
Bpa1

Loy
1 (g + 5)(CB)R+JTJL z
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Each i :

F = % (U Ef) (zY)
R |

Each iteration:

=
o
0
(=3
B

)
]
= ™
=
Cl
£
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SECTION IV

DESCRIPTION OF THE EYEWASH PROGRAM

The Eyewash program ié divided into seven parts which are reaa into
the machine in sequence. Parts 2, 3 and ﬁ are the>c0mputational items and
are represéntéd in detail in this report. The other secfions handle the editing
of the output values. | | | |

When section 2 takes over the calcﬁlation, the data describing the
reactor is in the memory of the machine. The program then computes the -
macroséépic cross-secfions and group constants, one gréup at a time, all regions.
Proceeding from oﬁglgroup.to the next, the prégram coﬁtinues until the desifea
thérmal level is reached. These group constants are stored on Tape 3 at thé
rate of one block per region per group. (See Storage Table’VIII.A),

In Part 3, a flat source is generated for each space point within each
fissionable region. The inner boundary points are considered to be located in
two reglons and therefore are duplicated.

Using the Part 3 results as a first guess, the calculation then proceeds
to Part 4 which is the iterative paxrt. Starting with group one, the program
moves through inereasing n , computing A* , P, C and T and then through
decreasing n computing W, A, E , F and T* . Group one is followed by
group two and so on until the thermal level is reached. Vo is then printed

by the supervisory control typewriter. A new source is computed and at each
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point its value is compared with the corresponding velue of the source used in ‘-
the last iteration. If none of these sources differs by more than ¢ , the
computation is copyerged and the program moves on to edit the results of the
final iteration. To make the results more complete and to aid in determining
reasctivity cg%fficients, the computations are also made for the thermal group one
level 1owei“than that selected for the iterative base, but they do not enter |
into thé criterion for convergence.

The bédsic edited ocutput has‘beeﬁ designed to give a summary of the input,
the source distribution, the total fissions in all groups, the ebsorptions in
all regions, allvgronps and the éscapes frcm all fegions, all groups. In addition
to this, there are options on editing the averaged cross-sections and the final

neutron flux.
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SECTION V

TABLES

Table A
Univac Multigroup Intervals

GROUP LETHARGY GROUP

~ E LIMITS
LIMITS WIDTH ENERGY LIMITS, ELECTRON VOLTS
1 0-.5 5 107 -6.065 x 106 o
2 .5-1.0 5 6.065 x 106-3.679 x 106
3 1.0-1.5 5 3.679 x 106-2,231 x 10°
b 1.5-2.0 .5 2.231 x 106-1.553 x 106
5 2.0-2.5 .5 1.35% x 10°-.8208 x 10°
6 2.5-4.0 1.5. .8208 x 106~.1832 x 10°
7 4.0-7.0 3.0 .1832 x 10°-.009118 x 10°
8 7.0-10.0 3.0 - 9118-45k.0
9 10.0-11.4 1.4 454.0-112.0
10 11.k-12.6 1.2 112,0-33.72
11 12.6-13.k .8 33.72-15.15
12 13.4-13.8 A 15.15-10.16
13 13.8-14.6 .8 10.16-4,564
1k 14.6-15.8 1.2 b.564-1.375
15 15.8-16.2 A 1.375-.921h
16 16.2-16.6 A4 .9214-.6176
17 16.6-17.0 A .6176-.4140
18 17.0-17.k b L140-.2775
19 17.4-17.6 - 2775-.2272
20 17.6-17.8 2.2 .2272-.1860
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Teble A (Cont.)

GROUP LETHARGY GROUP ~ E LIMITS
LIMITS WIDTH ENERGY LIMITS, ELECTRON VOLTS
A

21 17.8-18.0 sie .1860-.1523
22 18.0-18.2 7.2 .1523-.1247
23 18.2-18.4 "2 .1247-.1021
24 18.4-18.6 o2 .1021-.08%58
25 18.6-18.8 .2 .08358-,06843
26 18.8-19.0 .2 .06843 -.05603
27 19.0=19.2 .2 .05603-.04587
28 19.2-19.% .2 .OU587 - . 03756,
29 19.4-19.6 - .2 .03756-.03075
30 19.6-19.8 .2

.03075=.02518

N
()

i
£




RV

THERMAL
GROUPS

10

12
13
1k
15
16

o LT

18

v 19

21

-]

iy 23

. 2k

5. 29
5 26

f’\‘?? 27

M? 28

+ 29
30

LETHARGY

10.0
11.4
12.6

13.4
13.8
4.6
15.8
16.2
16.6
17.0
17.%
17.6
17.8

18.0
18.2
18.4
18.6
18.8
19.0
19.2
19.4
19.6
19.8
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TABLE B
Thermal Groups

TEMPERATURE

Op

ENERGY IN
ELECTRON VOLTS

L5k 0
112.0

33.72

15.15
10.16
k., 564
1.375
.921h
L6176
h1ho
L2775
2272
.1866

.1523
.1247
.1021

.08358
. 06843

05603
.0h587
03756
03075
.02518
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TABLE C
Element Code for Tape T as of April 30, 1955

(All cross-sections are microscopiec group averages and scaled by ZLO-3 unless

otherwise noted.) .
JJ Position on Tape Element Remarks
235
B

—- 08 ZI" !/:} -
— 09 o
10 o | .
i1 Si
12 Mn
13
14
15 |
16 U23~5 variations
iT
18
19
20 5302 Hacroscopte
21 A
22
ERr-S B ' U253 .
ol |

25 D
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Teble C (Cont.)

33 Poéitior._t on Tape ‘ Element Remarks

i

: H o, treated separately
27
28
29 - Fe
30
31
32
33
3h
35
36
37
38
39
Lo
by
k2

W3 258

o

b5
L6
b7
48
k9

10”1* scaling .

=28

51
52
25
5k



JJ Position on Tape

55
56
o1
58
29

Assumed Fission Spectrum 2. 7t = 1.0
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Tseble ¢ (Cont.)

Element

Mo

TABLE D

i

Group 7 Z

L3 Y )

W
o

(o T SN NI T = VI SR

.0210

.1023

.2070
.2316
.1835
.2195
.0351

Remarks
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SECTION VI

EYEWASH OPERATING INSTRUCTIONS

I. To start computation

8.

b.

Mount tapes as follows:

Servo 1 Program Tape 43 blocks

Servo 2 Initial conditions 1 or 2 blocks per case
Servo 3 Blank

Servo k  Blank

Serve 5 Blank

Servo 6 Blank - if cross-sections are to be edited..
Servo 7 o Tape 213 blocks

Initial read Servo 1 (S. C. typewriter on normal)

II. Continuous running

&.

b.

Ce

d.

€.

Computer calls for resactor number

Depress breakpoints if any (see III)

Type in reactor number

Computer calls for date. The rest of the type outs are only for
record and require no type in.

output (edited) is on Servo 4; the number of blocks to each case is

printed on 8. C.
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I1I. Use of breakpoints:

a.

To change initial conditions: Force transfer on BP7. Computer will call
" for the address of the initial condition to
be changed. Consult the format for this
address. When it is typed in, it will type
out the value that now is in that position.
Type in the desired value. Continue to
force transfer until all the desired changes
have bheen made. :

To edit flux: Force transfer on ggz.

gg edit cross-sections: Force transfer on §g§°

To change A or P scaling: Force transfer on BPS. .
In case of overflow
To change flux-source dependent scaling: TForce

transfer on BP9.

To end continuous running or to change output tape: Force transfer on BP4.

Computer will type out "New Tape 4" and come to a stop. All tapes are
rewound st this time. To continue running merely hit start bar. Be

sure to label Tape 4.

IV. Printer Instructions:

Single space

Normal

Narrow paper

Margin gt extreme left



IV. Printer Instructions (Cont.):
Tabs at: Margin + 12
Tab 1 +15
+15
+15-
+15
+12

There is & breakpoint at top of each page and also at the end of the last

page of each case.



INITIAL CONDITIONS FORMAT
PROBLEM EYEWASH o PAGE |
DATE
BB |88¢g X|X|X|X[X[X]||Reactor Number
v| X||Number of regions 1< Rn$ 9
2 [loxdx x x| [x|x|[xIx |xIxl[{Ar s . -
3 X|X||Outside Boundary B,< 60
4 (01010 z! 1z [z z'_7.7 ZJ4|Z=1, Region fissionable ; Z=0, ;:)n-fissionable
5 X|X||Thermal iteration group number
5 T 9¥Tn <30
8
9
890 _IX[X{] B, B Boundary
Lo [X# X X |X]| [%|X|%]% %X L: Self-shielding component
{:2 X jél Number of materials <7
304N ININININ| ININININj (3] - Concentration and
4 ||OsNN[NININ| NINININJj | material code
5
61l R=1|
7.
8
9 ||O{N |NININ[N[ ININ N [NIj ] —_
99 o/ X|X||B, ]
ol dx(x x| [x[x x |x |x]x]||L_
2 X 15 :
30N [NINININ] NINNING i ]| ©
4
5 R=2
6
T
8
E— 3 —




2

PAGE

~h1-

PROBLEM
DATE

BE

91 o

920

930

AT




%95

IF

TYPE ONLY

3

PAGE

PROBLEM

DATE

~Lho-

R=6

950

960

BB | 940




PAGE 4

PROBLEM

DATE

970

980

890

BE




EYEWASH FLOW CHART A

GENERAL

Call for Reactor Number
Select and Edit Corresponding
[nitial Conditions

RO,

Edit Flux

Edit:
S's,F's, A's, E’s

Detoiled Flow Chart Included in Report.

Boundary Crossing and Thermal Group
Details Omitted in This Flow Chart.
Consult Detailed Chart.

Edit 35
4

O—>i

O0—R

iti—i

UNCLASSIFIED
ORNL-LR-0WG 5300

4

R+t{—R

=1 p— — RR
Calculate 2's =T x N ( Q

.
#
=(r:r, )e

Calculate v,
[

Replace Old S
by New S’ for

Next Iteration

R+1{—>R

e/

Generote Flot Source [S]
for First Guess
Catculate Normalization
Factor z

Calculate Constants

n-{—>n
Calculote: W‘A,E,F,T*

\ i

nti—n

i+ —>i

O—>n

144
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UNCLASSIFIED
ORNL-LR=-DWG 5302

o]y —»mlalg
EYEWASH FLOW CHART B [ ﬂ [#
CONSTANTS w ], — [
. Box 16
-3 M[gz,j" —»M[{EJ‘R
R A 41—
Read in Program 0—1 w (8] —>m[B], vz —w [Eu]ﬁ 5 6
5 Blocks & Tape 7 {A6) (Ar) — (A2 = T B Byl R+1—R M(N]_+10—>M[N
St Overtiow ‘an ne:m;emzp Numger 19§ M £ QM[ZZ,,]R_‘ w55, — w35, ﬂ "o WOMJR —uu],
Optian for 3 Edit 0—£3"" (10 Words) — — - - Box 5
M[H'JZA)M[EE"']R M[E,Lﬁ M[ZJR I
53 Box_39 ] | Boe20
M[z] +1 —M[Z] Box 62 A 50 i, —mfv],
MU] +1 — m[U] Box 29 MEe] +1— M) Box 62 Box 5
M[H] +1 —M[H] Box 6 o A’é‘;;’;érﬂ %, fzh
wfvq + 1 —mfid] Baxiﬂ O —>R; Set

25
mles] +1—mfez)
M) +1—m[%] s 5
M[s_z,,jﬂem[if,,] 0 ~>Ngy Box 1l

w[E] 1 ulz]

i=Th

Box 20
52
Reod 4 Blocks & Tape 7 m[a]+1—mfa] i
0[] 41— m{m] 'r:‘—L[NOU(D‘-ﬂ'OO+ Nm(ﬂ’oJ
Box (6

P T
 +iige > Nog

51
MESEJ:_{—-»M[EZ,]L_‘ Box 29

M[EEJ:QM[EE,]L Box 28,31
hﬂ[i:]{—»ml}:ﬁ,]W Box 30
M[a'z,,]-»m[if,,]ﬁ Box 29

M5, ~m{E] 8ox 30
Set b5 B> i, 01 !

0= z"'-» Z Box 62 ula); - el gox 30 . % 13
(il M(U] 8ox 25 84 [, — [ Box 3¢ T S M[N] —-M[N‘]
t[d] + 21 = m[d] Box 62 e 23 : ans ‘va 14

%) L 0> i

(10 words )

O->H —>H¥ Box 16 j P
0—>£5) " Transfer Box 49 {53
Skip Forward 84 Blocks Taps 7
s Z->0PBW (8)
' d - OPaW (9)

Rewind Topes 3,7 _
Read in Generator =
Tronster Control

22

T
Box 14

: - 20
N (o] +E5 =63

=]
Ny —>ra—=N

It}

n[E+ S8
[37,] + 5%, 55,

N [ + E

44

Write one Block R

Yalg—> ‘/ayR (= 0PBW(3) -
of Constants on Tope 3 - ﬂ(k] R—>rA
R 13
[ LI

l a3

L I

ﬁ

‘ [(‘4,)("/55) a-Yrt Temp(l):l + Temp{ 2) =Ky — 0PBW() 2
I e3i ' +e3) »orawia)
42 354, (A% > Temp (1) ] L
eea) [t ] > Tomo 23 v e s ear g ] —wfer] 4~:
(1 =) —> Temp(3) J ji+M[7e) — M[7e] @Tﬁo
4 — e IR EC B kx|
T [Fiverd s oo e |
Uadg ) —>rL UZ~»OPBW(7) 2
Yelg, U Ut —> OPBW (21 <, | 0 —»oPEW(3)

40

M[TE,,]R;‘»M[

1elg

3 32 33
SRR o = y= 1P 1 >y {5+ w1 -am} e vam
R Rt ((2£Z.+uza+m*mvew(e)]+2 =% —OPBW(0} — b
. L Yo =1V —rA

G g L
Box 39

Yo M_ —>0PBW(O)
[Epal
Br-1—> EM

-
MEz] T + 1o mfEz, Box 29
M[ez.]i +1— M[sz,]i Box 29,31
mE] +1 — 5] sox 30 Y — OPBW (11)

Ktha) — g

228 = (Y2 —oPwii2)

u[Ez,] +1 —u[5%,] Box 29
M[E] +1 —wm[5] sorz0
M[Q] +1 —m[Q] Box 30

M[m¥] +1—> m[m*] Box 31

Note:
OPBW (x) Indicates the xth Word in fhe Output Block.




EYEWASH FLOW CHART C
SOURCE GENERATOR

Set Qverflow
Move initial conditions
to permanent storage

‘__.

46

2
M[B], —> MIBlg Box 3

Read in iteration Program
Transfer control

—©

14 13

‘ M[B]2—>M [(Blg,q Box WJ

UNCLASSIFIED
ORNL—-LR-DWG 7426

5

3
Bg—>Bg Permanent
M[BJg+t ——rA

‘ M[B]9+1 —rbL

Box 3

| rA= MBI+ %M[B]j

.

——»CM[B]RH : MIBlg +D

22
{ Call for new r

Source Scaling
X

- 18
M[B]RH+1 —>M[Blg4y
Box 17

R——=>rA J

x ——>TX
X€ —>XE

rA = nx — nx

15
n+4{ —=n ‘

25— 75"

B —>Br 3 1—> Ba

O——=rF; 0—>8Bg

O0—— Z =R=rA

4

R+{ —=R

POSITION ZF to ZF, —>Zg* f

=ri

|

MISn] +1 —> M[Sp] | 9 v 8
Box 12, 12A B,—>rA =(z%:02 )
nx+x-—>>rA .
>
14 10
B+M[S_j1+R+Bgp_,—>M[S,] BI-B%_,+ 3 s
Box 12, 12A ' P A
Br—y—>n 3 Bp—>rL - 1t
nx—>rA ‘ ° rF
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EYEWASH FLOW CHART D 78
ITERATION "EYEWASH"

Rewind Tape 5

Reposition Tape 4

5

Mlsg] —> M5}
Box &

MSpgol —> o
rA=0

Read in Progrom
Set Querflow
"EYEWASH"

0—>S
MIS]+Ht—> rA

rh—s M[S]
Box &

16 17

#*
Po = Paot(¥a) + CpAn—> P,

MIAS] +n —> M{AR] Box 16,17
M P, 4+n —>M[F_ ] Box 16
M[Pol+1 —> M[P,] Bax 16

MIAJ 40 —> M{Agh] Box 17
MAK]+n—> M [Agt] Box 17

Read 1 Block
Constants, Tape 3

A¥ P for cll n
¢ for all 3

Bl

4 # ¥
a7 281" A4y

MIS_{]+n+R —> M[Sp] Box 83
M- +a+R — MITE}—> M(T1] Box 82
MYl +n ——=MVy] Box g4

24
= Pgy{ gy () + ABLCg M t-35)

+ gkl —> Ry

23
M[AS]+n —>M[ A%} Box 24,25
MLPy]+n —>M(P,] Box 24
M[P]+n—>M[P,_y] Box 24

MLAT]+n —> MLAd4] Box 25
M{A¥]4+n—= M[Ag4,] Box 25

B2

Ta= (T¥)y(d) —=Tq —Tn

—
*Rot RE—= R

M{B_{]+ Rg—> M[Bp_(]
Box 28

Read * Black
Constonts, Tape 3
R+{—=R

83

ZSp— Temp(n

B4

VL€ + €31 + T+ Temp(t) —w L

35,02
u

M[Ba)+R —> M[BR] Box 26
MICEI+R—->M[Chlk Box 22

vl [

] ——>ra, X

Set y, 6,
Read { Block Censtants
Backward Tape 3

A ———>Temp(2)
X ——>ra

FAU0™ ) ——=Temp (3)
Temp(2) -+ 4077 + Temp(3) = Cp = rh

50 +UE Wy —> 50
[T*=an 4 T T*

MO} + n —>M[wy]
MW, 1+ —> MW 4]
M{AE]+ 0 —>M[aX]
AN +n —am{A %]
M[Po] +n —>M[Py]
Box 31

M{s_J+n+R —> M[s,]
MIT_g] +n+R —> M[T¥]
Box 44

(2N {UZF) + F—>F

WWo+ EnW, — Sni¥y

31
_ REAK Wore g
=g, TR M[Ag] + R —> M[Ag]

Box 47

37
MLVl + n—>M [V,
Box 38

1% 1h

A= (UT) —=A=ra
A+ BAL—> BAL

F+SF —=EF
Writs 2 Blocks
W's, A5, €%, F
on Tape 5

~(B+ L) wg —> Tnwy

33

M[B_,J+R —=M(Bg4]
Box 54

LZY;;: [8g Wylz —>27%

50

Reod 1 Block Constants

MLE_y] +R— M[Ep—~]
Buckward Tape 3 Box 51

MLEg] + Ry —=MIEgy]
Box 35

MIW,] +Bg g —>MIWg ]
MICElo+R—> MICElx
rA=Ep +BAL—BAL Box 49

¥ = {[(%wgm%]ws-ww (E)—t%+‘g)(cg),,} z

Subroutine
tA=0

rL= No. of Blocks
See clso Box 60

Rewind Tape 3
Set 85,7y

write V,T% 5 ZF, BAL
on Tepe 4; Reposition
Tape 4 backward 5 Blocks
Set &,

UNCLASSIFIED
ORNL-LR-DWG 5304

Read Tape 3 forward
Rg, Blocks

59

Reposition Tape 3
bockward Rg Blacks
Read 1 V's, TX s, 57,
BAL from Tape 4

|

Write converged Sus, v
BAL on Tape 5.
BALANCE ~»S.C.

-Set 85, &3
Read Tope 3 forward
Ry Blocks

M{sg) +n —> MLs,] Box 67
‘ M[Sq] +n—> M[S,]Box 70

M[Sg] +n—=1[8,]
Bax €8

76
Write Sn's, v, BAL

on Tope 5 ==
< : ) Reuint Tope 3 e
Read in Edit Program
Set Overflow

Transfer Control




SECTION VIII

STORAGE ASSIGNMENTS

Tape Lay-out
Tape 1: Program 43 blocks
Block H
1-4 Initial condition selection and page one editing..
*5-13% Cross-section averaging and constants calculation.
*¥1h-15 Source generator.
¥16-22  Iteration.
23-k1  Editing..

4o 43 o insert program.
* Flow chart included in this report.

TapeJE: Initial Conditions 1 or 2 blocks per case (See Format)

Tape 3: Group Constants E -+ é] R, blocks

Block
1 i=1 R=1
2 i=1 R=2
R, +1 i=2 R=1
i—ﬂr R_n__ i = i[)_ R = R_n.-
i, R, +1 1 = th(_ () -1) R=1
(iQ+l)R_n;, i = th( () -1) R=Ra
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(]
=

th () R

|

-
-

(gn_ +2)R,, i

i

th() R =Rg

For word lay-out see constants storage table 580-593. 580 corresponds

to OPBW(0O) on flow chart VII.B.

Tape 4: Edited. Output Number of blocks varieble. -
Also intermediate storage for 5 blocks data for i = ifkfil to be

used for th(_(O) -1).

Tape 5: Iteration Results Storage 2(i, +4) blocks.
Block 3 Word -
1 00-08 1071a R=1,2 ... Ry
09 10™F S i=1
10-18 107%E R=1,2 ... R,
2 - 00-59 1o'L"wn —J
éiJQ_—l 00-08 1074
09 10™%p NEEE Y
10-18 107
21 00-59 1074 —

)



2i,

2(i,
2(1,

2(1,

2(1ﬂ
2(1

2(i

Tape 6: Macroscopic Cross-Sections

+1

+1)
+l)-i-l

+2)

+2)+1

+3)

+3)+1

+4)

Block 3

1

2

00-08
09

11-18

00-39

00-59

00-07
08
09
00-08
09
11-18
00-59
00-59
00-07
08
09

Word <%
00-29
00-09

10-19

i, + 3 blocks.

i)
l-ei

~‘3 —
10 Za' B=1, 2’ o Rfl—

i=1th ()
1= ta(() -1)
i=1



20-29 1077 Si;r
30-39 107 ff
5059 107w
3 1=2

i, ;1 1i=14,

1, +2 00-09 1077,
10-19 107 Z,
20-29 107 e
30-39 107 %,

i, +3 i = th(L

Tape T: Group Averaged Microscopic Cross-Sections

Block
_ 3 o
1 10 o, i=0
3 -
2 10 9
=3 o= .
3 10 ~ 3o, . i=1
-3 —
Y 10 7 o,
-3 .
2 Wotey |
121 1070 ¢ op 1=30

=]
i}

1, 2’ LI Rﬂ

=
I

l’ 2’ touR

R=l’2, ..‘R;fl

213 blocks.

33 = 00, 01, «.. 39

33 =00, 01, ... 59

1 = th( () -1)
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102 1072 ¢
a
123 1070 304y i=1th8
=3
124 107 o
125 10d3‘§at
-3 ]
210 107 o,
-5 _
211 107 30y, i = th 30
=3
212 10 Op
213 107 ko,

For group interval description see Tables V.A and V.B. For element list

(3§ = 00, 01, ... 59) see Teble V.C.

Constants Calculation Storage Table

000-479 Program and fixed storage
% 300-329 | 1071 i=1,2, ... 30
# 330-359 "lO‘hH*
£ 360-389 10« ;
C 390-419 | 107 -

e

# b2o-479 1071 i=1,2, ... 30, th-8, th-9 ... th-30.



[
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10"3 14 6: s replaced by group constents, one set each i each R:

480-498 Working Storage
480 N
481 i3
482 3
483 i
Lgh i,
485 R
486-4o7 Temporary storage
498 Bp.1
510-519 107 X R=1,2, ... R
520-529  107¢%;
530-539 107 I,
540-549 1070 ;)ftr
550-559 1077 ir
560-569 107> q
570-579 ILG"zL m*
580-639
OFBi(0) 580 107(1 + h) B
orBW(l) 581 1073(K ¢ o)
OPEN(2) 582 10-1 -[§ tha a%}
OPBW(3) 583 Leag i
OPBW( k) 584 107 [éxi’l + g2§1

Boundary crossing constants;
irrelevant vhen R = 1 .

when i = th, 10~ &%,



OPBW(5}
OPBW(6)
OPEW(T)
OPBW(8)
OPBW(9)
OPBW(10)
OPBW(11}
OPBW(12)
OPBW(13)
640-699 107
700-759 107
760-819 1070
820-879 10~

i
oy
aa

Bct

Op

585
586
587
588
589
590
591
5092
593

X

-5k -

07" [(8 0 Ty ev] "

“q when i = th, 0

.jj = 00, 01’ oo 59

880-979 Initial conditions as read from Tape 2.

880 Reactor identificetion number.

881 R,
882 107t

884  Fissionable region indicator Z§

885 Thermsl iteration group number.

888 Date

890-899 Region 1 description



890 Bl
891 107t L,
892 JJL.

893 N, end jJ

89k N, and JJ

L

900-909 Region 2 desecription

'3

980-989 Zero Replaced by region description working storage represented
by [ﬁi} R °2 flow chart. 10 word transfer.

990-999 Zexro

quree~Gen§ratof Storage Table

000-059  Program

060-099 Program storage

070 ¢=10"t
090 107x = .001
091 107 mx
092 n
093 R
09k Bpo1
» 095 By
096 CZE .. z§[l

. 097 107



900-969

980-999
980
981
982
983
o8L
985

986

987
988
989
990
991
992
993
99k
995
996
997
998
999

-56-

M [Snj =88 +1n+R

Permenent storage.

Reactor identification number

Ra

10“1 Ar

B

000z} 2% Z% ves 2?9*

Thermal iteration group number
102 Z

10“'3 X €

Date

Output block tally
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Jteration Storage Table

000-299 Program
300-393 Progrem Fixed Storage

Lo2-hog Program Working Storage

hop i
ko3 Edited reactor identification number
Lol n
425 n
426 R
ho7 R
ho8 By outward; Bp_p inmward
429 1072 v,
430-438 107t A R=1,2 «.. R
439 107 F
who-bho 107t R=1,2, ... R,
450457 107" Cy
459-519  A* D=0, 1, eoo B
520-579  107°P n=0,1, «o. (B, ~1)

<2
580-63%9 Input block group constants; also temporary storage 601-619.

6%0-699 10 W n=1l, 2 .o0 By

700-756  107F v n=1,2, «o. B,



-58-

T T

760-827 107 T emd 107 T n=1,2, ... B, (Duplication at inner boundaries)
8%0-897 107 s n=1, 2, ... B, (Seme duplication) |

898 1077 XF s v o

899 107! maL
900-969 10~ 8 n=1,2 ...B, (Seme duplication)

970-979 Program working storage.

970 10" C
971 107 ¢
972 1077 T
973 107 n
974 207 W
o15 107* W
976 107! ¥ W
977 1070 z y*

978 1073 (8/2 + 1/6)
=3 ;
979 10 Sr'i

-
) i

980-999 Permanent storage (see ‘Constants Storage Table).

JHA:NDG:ih
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