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INTRODUCTTON

The mathematical model described herein is a requirement in the devel-
opment of an on-line digital computer system for the High Flux Isotope
Reactor (HFIR)1,2., The information provided by this model, along with
shim plate position and worth, will enable the computer to prevent unsafe
automatic shim plate withdrawal due to abnormal core reactivity losses.
This task will be accomplished by issuing a shim withdrawal permit to the
control system only under normal operating conditiouns, and will relieve
the reactor operator of the presenl responsibility for the difficult task
of assessing reactivity changes from unknown sources.

The model will be the basis for an on-line digital computer program
to caleculate the expected reactivity balance at all times during the life
of a core. The computer will keep an account of changes in reactivity
associated with fuel burnup and burnable poison depletion and of the con-
centration of 135Xe and 1*95n and other fission products, and their effect
on reactivity. Changes in reactivity due to temperature changes and other
minor effects, such as those due to poisoning of the beryllium reflector
and burnup of target materials, are also included.

MODEL

In developing a model to calculate changes in reactivity on an on-
line digital computer, typically of only small storage capacity, con-
sideration must be given to simplicity. At the same time, the wmodel must
include the essential physical phenomena. In the case of the BFIR it is
considered essential to include the effect on reactivity of marked changes
in the spatial neutron flux distribution during the 1life of a core.
Separate multigroup space-dependent burnup calculations at full power of
100 Mw have already been performed for the HFIR, Use may be made of
the results of these calculations to obtain correctly averaged micro-
scopie cross cections for a consistent one-energy group model.

The starting point will be the one-energy-group-averaged pseudo-steady
state diffusion equation

V-D[§,T(§)}7®-»Za[§,T(£ﬂ®1'%'[vxf[§;T(§)] * Eann[§,T(§)]]¢ = 0. (1)

h1.c. Oakez, A Reactivity Computer Tor Use with Nuclear Reactor

Control Systems, M.S5. thesls, Univ, Tenn., ORNL-30685 (Sept. 1904).

2F.T. Binford and E,N. Cramer, ods., The High-Flux Isotope Peactor:
A Functional Description, ORNL-3572 (1964),




In writing Eq., 1 it is implied that D, Z , Tf, and I, are constants
averaged over the entire neultron energy 3pectrum_icom.tnzfmdl to fission
energies at different points in the reactor and are functions of position.
The symbol T(x) represeuts the tempersture at position (x) in the resctor.
The 5roup-averaged constants are temporatu1@ dependent because the neutron

energy spectrum is dependent on tempervature Ed and vZf can be written as
2 lx,2)] = £oa, [, 1G)IN; ()
and
vElx,I(x)] = Ejvﬂfj[§, T ()

The macroscopic absorptlon cross sectlon ig the sum

where the total macroscopic capture cross section Y. includes Lon and
Lo 28 well as other capture cross sections.

We are interested in changes in reactivity as a result of changes in

D, 5, Viy, and &5, It is convenient to write Eq. 1 in the form

o= K, (2)

kK

where J is the neutron destruction operator defined by
g o= -V.Dlx,T(x)WV + Z,0x,7(x)]
and K is the neutron production operator defined by

K = vZfﬂng(gj] + QZnQn[§JT(§)]'

Applying standard first-cvder perturbation theory3 to Eg. 2 we cbtain

‘ o lax o' () (e -LéK)ga(x_)
bp o= 6(%.) ::_é;&; r <

) (3)
P Jax e (0 (x)

P
“R. V. Meghreblian and D. K. Holmes, Reactor Analysis, McGraw-Hill,

1960.



+
where ¢ 1is_the adjoint neutron flux distribution. Oince Fg. 1 is seli-
adjoint, ¢ = ¢ , and Eq. 3 becomes

o1
S = 8(3) . -8k :,lﬂd)f_qa({(_,)(ét] *EGK)Q)(}E—)
¢ K Jax o (e (x)

It is appropriate at this stage to introduce the following assumptions:

1. Changes in diffusion coefficient with burnup may be neglected,
so ‘that

87 = 8z [x,T(x)].

2. Changes in %o, for the beryllium reflector may be ignored, so
that

8K = éuﬁf[éjT(gjj.

This assumption implies nothing about beryllium poisoning, since
this occurs as a result of the buildup of the poison “Li through
a separate Be (n,Q) reaction.

With these assumptions, Eq. I becomes

_ ydﬁ{%‘a@\ﬁf[}fjiﬁ(}_{_)] - &ja[}f—r’T(}f)]}"pg ()

JadvE L, ()] + 285 [, TG ()

A

40 (5)

Now,

!

fr 06, 70) 1" (x )ax LEN (i’f_)ﬁi[?f)T(?f,)be (x Jax

i

-2
2SN (ke [, m(x)T0 ™ (x)ax

= Zi¢2(r)Ni (r)si(r)(Tr)Vr

o

Z(r)(Tr)¢2(r)Vr ,

where we have defined a volume-uveraged flux in region r

e 2le) ax
NORR

V,

T



and a volume-averaged nuclide concentration in region r

! (r) L" Ni(§) d£
YWl TR ’

and where

£y = 3 N.(r)ci(r)(mr) .

T 1

This implies that oi(r)(Tr} iz defined by

IrNi(é) oifng(E)] ¢2(§) ax
P

Oi(r)(Tr)

VL w6 oy le )] 07 ) ax ©
(foG) el [w () ax

That is, IrZ[§JT(§)]¢2(§)d§;in region r is represented as the product of
the squar?>3f the average neutron flux in region r, the effective cross
section T\Y/(T,.), and the volume of the region. T, is the average temp-
erature in reglon r. h

A change in mascroscopic absorption cross section in region r as a
result of burnup and temperabure change in that region in the small time
interval 6t is given to first order by

sz ) = awza(l") BT+ a@za(r)
. @) = S S S 8% .
Similarly,
(r) g, ) avzf(r)
BV, (‘l‘r) = = BT 5t .
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The contribution to the reactivity change in Eg. 5 from changes in region
r is thus:

[ ove, ) - os )1 920

o, = ) O R coran
T £ s 2(s
zlvr, Sl )+ EZnEH(TS)] o=\ Vg

o) (r)  e(x)
aVv f =1 a\)E 6§3a P-(I')
{ Lk ot Bt Jét Lk oT, B o ]6Tr } 4 T
I (¢ c ) 3 ) (7)
R R ] R

where the s-summation in the denominator is over all regions containing
fissile material and berylliuvm. The component

r) gl
(2% e Tz 2y
k  3Tr 3T, Ve

g[vzés)(ws) + exégg(TS)} sc8) g

is the contribution to the change in reactivity of the reactor due to a
change in average temperature of region r so that

3T 5 ()

) £ 2(x)
L ST " aﬁ J 62 (r)

¥

;}-'

F~W

v (S)(T ) + ?T(S)CI‘ ) J¢?(S)

is identified as the temperature ccefficient a(r)(TT) of the reactor for

that region. The contribution to the reactivity change from region r

given by Eq, 7 can thus be written as

s () anlr)
[ }-ovzfr ] 29) } @2(r) -
o = = OF ot I 5t + a(r)(T,) 5T . (8)
Ay g l- \)Z:E))(T ) 4 o3 (;)(T ) C/jg(u) VN Y r



IS is now ? 3ea>1ry to fgcus attention on the calculation of

dva /at, 3% /3t and VI, (5) at esch time step. To do this it is
necessary LO kﬁow the time tgh or of those ?uslides which contribute
appreciably to <v2$\1>/éb 3T, Z s/dt, and vEpl? Changes in concentra-
tion of oxygen, alum¢num, and waier will be assumed to have no effect on
reactivity. Fguations for the time behavior of nuclides considered to
be relevant are ac follows:

a. 35y

S:G N‘5(»§;‘b> = 9 (e,t) NB(}EJJG) %.5[1&“3(23)]- ©)
10y
2
st Gt) = wler) W (x,8) og Ix, TR (10)
c. 13%e
g“-‘g NoGot) = 7 o0t) Nolx,t) o—f5[§JT(;§_)}
= g T o) op L, TE) NN (x,8) L (12)
%E'N#e(§’t) = ¢(x 4) N (x t) o rx JT(x)] XINI(X %)
- T elgt) o'avxe[}i,‘l?(é)]} No(t) . (a2
19,
a poos e T
ﬁNpm(}E”t) = Yo b(x,6) Wy(e,t) o [,( ()]
- Dy telon) e, ool Got) o (3)
3 ] _ o o ) |
o (1) Vom # (08 MG ) Gi,S[:f_._,f(}_i_)] Mo B (t)
-0, ) e(,e) N Gt) . (1)
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‘e . 3 Q
e. General fission productbs other than 135%e ang L4950

3 . . — , L ) - -
5{“@FP(§)L) = O 3 (x,t) Nb(gjt) ofEL§)T(§)J. (15)
>
f. 6Li
é..._ = g T (x + Y ( v
s (x0) o PO B hot) Wy (k1)

G,5) . (16)

Equations for changes in concentration of target materials are not
Included. ©Since the reactivity change associated with the target is small
over the lifetime of a core, this will be taken into account by a simple
linear representabion, the form of which Is obtained from separate reactor
physics calculations, superimposed gn the other reactivity changes in-
cluded in the model, By regarding “Li as the only significant beryllium
poison, we are ignoring the buildup of the poison 3Heg which is formed
from the decay of tritium in beryllium with a half-life of 12.5 years.

Integration of both sides of Eq. 9 over region r and dividing by the
volume of region r gives

!

o Nér)(’t) = g 9(x,0) W (x,0) o, [x,M(x)lax

ot V. ;
(x) )y 7 (x) (a7)
- (e) Ny (t) Oy
A
which implies that

n i & r 1 7 .

= (r) Ve dp ®Q&b)]%#§’b)oa5Q&l(£xldi ) (18)
By Jp PlDE) @ [W (x,b) ax

Equation 18 shows that ng(f) iz actually tims depen%ent, but since this is

expected to be slight, 1t will be assumed that Tar, T/ does not change with

time. The right-hand side of Fa. 17 is the produét of the average flux in

the region, the averapge nuclide concentration in the region, and the effec-
D 2 ) o J

tive microscopic cross section (Fg. 18). Collecting the result of Fgq. 17

and doing the same for Fqo. 10 through 16, we arrive at the following equa-



tions for the time behavior of the averay

nuclides in region r:

3 L (r) _
g.E i (6) =
3 XY,y
5% Yo (v) =

d (r)
5t Ve (8)
2 Ng;)(t) - ypm_¢(r)(t) Nér)(t) 7

- [

et}

30 = 1 O 3

~ SJ(L)
) = o 6@y ui ) 510)
e - 5l

- (I')(t) Nér)(.

11

)

5

3

_ 4 () () gy (e
8 (8) wy (t) “a, .

7I'¢(r)(t) N§r>(t) 5§T>

7 e ¢(r)(t) Nér)(t) Sﬁf)+x1 Nér)(t)

7

2

<[ F ¢(T)(t) Sé;)] Nég)(t) ,

r)

J

583

(), \ ~(x
0} )(L) O&p?]

P pm

o) 1)

H

A

SN

) o)

3

) 60 () Néi}(t) - Sﬁfi () Nﬁi)(t) :

e concentrations of the relevant

(19)

(20)

(21)

(23)

(2k)



The effective crocs seclions appearing in Fqs. 19 through 26 are defined
in the manner of Fg. 18 and are assumed Lo be Uime independent.

The HFIK spatial regions zre shown in Fig..l. The various
essential contributions to 3vEr 3)/BL and BY, fr)/at are shown in
Teble I and Fig., 2. Since the number of bevylllum abtoms burned in the
reflector will be a very small fraction of he totzl nunber of beryllium
atoms initially present in this regilon, z iz regorded as hoing
constant with time. The total reaetivity ok ange in time interval &t is
the sum of the contributions from il vegions and is, from Hg. 8

_ _ Sk ot TF T Voo oo () ..
§p = 2. &p - St vl & 51,
vl 5 L\)z( )y 25“(;;} | ,@p(b) i 7 N
S nan ) 2}
1,38 (3), (3) o ,(3) ()8 4B
[ g Yvory’ sy ls(e) -0 5 3t pT(E) - eard sy iy (E)
-3) a3 ;2 (3) o +(3) ey 42(3)
ake X Ne (t) - -ﬁm 5_'*Gm (t) - ot “FP (t)J 3
o (7
_ - ga('z> S—L (T)(t) (25 (() V L (r) '
- (a) (EDFINY-I ) RN | b RSN ¢ M-I 0 R R A S
5 (t) ¢ 3 gcn?n Be ? (,
- 5 o (27)

The Be(n,Zn) reaction and the Be(n,a) reaction both occur in the reflector
with fast neutrons (>0.7 Mev) and will be relatively wnaffected by the
position of the shim plates between the core and reflector. The main
influence will be the fast neutron production rate in the core. Further-
more, both of these reaction rates are small compared with the fissicn
neutron release rate. It will suffice to write

o (1) (T (7) o o(3) ) '
2v‘nEa NBC ? Vf h RhQH qu ¢ VS ? (29)
=(7) (1) (1) - R (3) () -
Oy Mg’ 90TV, = R R e v (29)
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TARGET(**% Py OXIDE, AL) AND TARGET COOLANT (H,0)

TARGET ANNULUS CGOLANT (H»0)

INNER FUEL REGION (***U 0XIDZ, AL, ""BYWITH COOLANT(H20)
| FUEL ANNULUS (AL, H20)
,l GUTER FUEL REGION (***y OXIDE, AL) WITH COOLANT(H.0)

CONTROL ELEMENTS (Ta, Eu OXIDE

AL) WITH
CONTROL ELEMENT COOLANT (H 0]

REMOVABLE Be REFLECTOR

FIXED Be REFLECTOR

| | GENERAL REFLECTOR

| l(HzO)
Y YVY Y Y VY ¥ Y
AB ¢ D E |F| 6 H I
|
|
i
|
|

Fig. 1. Diagram of HFIR Zpstial Regions (not to scale).
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Table T. Contributions to S%vﬂér) and g%iér) from HFIR Spatial Reglons
Region Index Identification wé_\z(r) 3 E(r)
r in Fig. 1 3t Vor St “a
. (3) 2 (3) (3) 3 3y =
3(fuel) C,E \)of5 Y N5 () Car 5—.,5—1\15 (t) +
(3) 3 ,(3)
OalO 5t NlO (t) *
(3) 3 53¢y
o, 5% NQe (b) +
Xe
(3) 2 3y 4
Ga-"'m e Nsm (t) +
3 «(3)
TR,
L(fuel coolant) C,E 0
(berylli G,H 0 0(7) ~-B~N(7)(t)
7 (beryllium) 7, arg at 1d
0 7 2124 54 ¢m FROM CORE TO CENTER
| | | |
1
3 FUEL
4 FUEL COOLANT
| 7-BERYLLIUM
REFLECTOR
S 50 ¢m
— =
4134 8 7
|C):
= &
o)
= -
a- S
&
|

Fig. 2. Diagram of HFIR Spatia) Regions Used in Model (dimensions
are approximate).
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where Ryo, and R,y are constents. With this simplification the denominator
of Ba. 27 becomes

Vz(s) 2(3) v ggg;fz nge() 2(7) v, =

it

vZ(%)ﬁ(B)V l ($)+.R (7)1 (30)

The ratio of the average flux in region r to the average flux in the fuel
region {r = 3) will ve assumed to be linearly dependent on shim plate
pesition s; that is,

T i ' + P
6wy = [+ 8] 0 G)qey (31)
With this representation the denominator of Eg. 27 can be further written

\)Z]S_’3)¢(3) j [l'}"R (l)+ ﬁ(()s)]¢(3) .

With a similar simplification, Eq. 26 with r = 7 becowmes

e e 060y
3 r1(7)(t) - nx Uf 3 N() ()Ng) (t) . (32)

|t 3
"T“( a“T i

ot "ILi
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Using Fgs. 19 through 25 and Egs. 30 and 32, Eq. 27 can be written

FELOLE(0),.() 56,00, 5(),0)
as ~ag k ag T

5 f5 ?xc sm f5 asm

a3 f3)’ N(3)(t) 5 (3 )(t)+¢(j)(t)~(3) (3)N(3)<t)

D Pl o
+¢3(7)V7 ~<Zl) ir(l) g)(“ R \,0(;>>N(3>(t) 53 )V3 ¢2(7) ;2
7 vo§§> OISO A P A o
+3 ol¥) I (33)

In the normal course of operation, k is approximately equal To 1 in
Eq. 33. In special situations, such as an ac power fallure or an accidental
shim-plate drop, the reactor will undergo transients in which k will depart
from unity for short intervals of time. Typically, in such transients the
contribution to &p from xenon will be so predominant that no significant
error will be introduced by always using k = 1 in Eq. 33.

Only two temperatures need be included in the sum Za(r)éTr, these
7 .

being the average fuel temperature T, and the average fuel coolant temp-
erature Ty. The required temperaturés T, and T), are not available from
sensors and will be calculated by the on-line computer. The following
equations, which include delayed heating effects, will be used to represent
the behavior of T3 and T:

p = Li(j) (3)(45) » Oy v v, (34)
Y= (- )Pt (35)
g‘?ci+ A AP 0)



N

ar, ] (
D e - \ S .
Ut & SR 37)
M C
aT), : (
USSR % ) - ' ¥ N 1. . ‘ 8
MO — hitﬁi(Tg T,) = (IM 1ln) (38)

Since the thermsl time constants for the HFIR sre emall compared with other
time constants in the model, the relations

™ = A ,‘l‘\ 20
et Rl (T - 0y (39)
2m C
A( . P CC(T .m
hfc f‘TS TH) T, 1M Lin) (h0)

together with Eqe. 34 through 36 will be used instead of Fas. 37 and 38 +to
caleculate T3 and T), from v and Ti,.

Equations 19 through 25, 32, 33, 34 through 36, 39, and 40 will be
used as the basis for a compuber program for the on-line Pomputation of
the required rea% tivity changes in the HFIR. It is seen that we essen-
tially require p\2/(4), the concentrations of verious nuclides at each
point in time which are JLPulaﬁP by the on-line computer, s, and Ty,.
The values of ¢(3)(t), 3, and T4y can be calculated from information pro-
vided by the HFIR control system instrumentation.

PARAMETER VALUES

vome preliminary ddea of the magnitude of the effective cross sections
Oi(r) and o4 \¥/ can be obtained from cross-section compilations, and ilm-
provement of these initial estimates can be achieved by varying these
values s0 as 1o make the reactiviby calculations using the above model
agree as closely a3 possible with the 100-Mw constant power multigroup
space~dependent reactor physics caleulations that have already been ver-
formed for ﬁhe HFIK. The eftective cross-section estimates thus obtained
will at leas dppvox1m@ tely reproduce the resctor physilcs reactivity
lifetime curve at full power when used in the on-line model, and there
can be some confidence in usir g them in the on-line model for calculations
involving time-varying power. Such ectimatss of parameters that v
to burnup have been obtained by least-squares techniques using a genseral
least-squares programt and 2re tabulated in Table TI. In setting up
Table II a therwmal flux Is used for conveniernce as the » yea flux,

Lo

I8

L . , -

W. R. Busing and M. A, Levy, ORGLE: A General Teust Squaves Program,
ORNL-TM-271 (August 1962).
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Table TIT. Symbols and Thelr Numerical Values

Mathematical Computer Fortran Numerical
Symbol Symbol Value
~ _" )
053) SA553 4.846 x 10757
»,4.5
: _ -22
5 (3) SA53 7.200 x 10
a5
22
vqé?) USF53 8.548 x 10
5
~ _ -22
cég) SF553 3.929 x 10
~(3) ) - -21
aiO SAL0S3 3.050 x 10
-2
oéig SA103 5.435 x 10 2L
Eéi} SATS3 0.0
- AMDAT 2.87 x 1077
-2
Y& GI 6.1  x 10
st - 8
é;g SAXES3 1.808 x 107"
(3)
o SAXE3 2.690 x 1079
.AAXe
-L»
M s AMDAXE 2.09 x 1077
F‘XF '3
Yo GXE 1.90 x 10
~(3) SAPMS3 0.0
Apa
A AMDAPM 2.585 x 10“6
- A . ]
: , -2
7o GPM 1.6L6 x 10
~ -2
gé3) SASMS3 6.339 x 10 0
Sm
- -
6(3) SASMR 8.66 x 10 =0



Table
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I (continued)

Mathematical
Symbol

nen

no
éB)(O) |
N5 (0)
NlO(O)
4(3)
oD
a(7)
(1)

Computer Fortran
Symibol

G
ALPTE
SALTST
SALIT
RE2N

RNA

BETAY

GAMT

Numerical
Value

0.0
1.480 x 10
2.450 x 107

9.450 x 107

e}
<
‘.—J

0.0L

3,229 x 10
h,726 x 107

x 107

A
.
e
o
ad

3.7L0 % 10
0.0

0.02
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and effective cross sections appearing in the table are such that, when
multiplied by the corresponding thermal flux, the correct reaction rate

for neutrons of all energles results. A plot (Fig, 3) of reactivity vs
time for a single core life gives reactivity changes due to burnup at full-
power operation using the values of Table ITL in the Fortran Program SC
(Appendix I) for the above model. . Figure 3 also shows similar results
obtained from preliminary multigroup space-dependent reactor physics cal-

L . .
culations” for comparison. Agreement 1s seen to be of the order of 0.5%.

FURTHER WORK

Further work will be aimed at the inclusion of the temperature effects
and the modification of the computer program to make it compatible with the
on-line computer system., Operating experience on the HFIR along with data
from future experiments will wmake it possible to fit the model more closely
to the actual reactor once the on-line cowmputer system is in operation.
Studies will be made to ascertain whether or not the program, in its
present state of development, can be gpplied to all transient conditions.

>

T. M. 3ims and R. D. Cheverton, private communication.
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NOTATION

Diffusion coefficient

. Temperature

Pogition vector

Neutron flux

Macroscopilc cross section

Multiplication constant

Neutrons per fission

Microscopic cross section

Nuclide density

Neutron destruction operator

Neutron production operator

Reactivity, defined by (k-1)/k

Adjoint neutron flux, neutron importance
Volume

Average temperature of region r

Average neutron flux in region v

Average concentration of nuclide i in region v

Effective microscopic cross section for nuclide 1 in region v,
as defined by Eq. 6

Effective macroscoplc cross section in region r
T

Temperature coefficient of reactivity of region r

Effective microscopic cross sectlon for nuclide 1 in reglon T,
as defined by Fg. 18

Effective shim plate position
Constants determined from reactor physics calculations

Mass of fuel



[¢]

nen

nc
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Specific heat of fuel
Fraction of the tobal heat source that appears in the fuel
Heat energy produced per fission

Heabt transfer coefficient for heat transfer from fuel to fuel
coolant

Heat transfer area for heat btransfer from fuel Lo fuel coolant
Mags of fuel coolant in the core at any time
Specific heat at consbant volume tor fuel coolant
Core transit tiwe for fuel coolant
Temperature of fuel coolant at inlet fto core, assumed fixed
Fraction of thermal power delayed
Delayed thermal power
Total heat source
Subscripts
Absorption
Capture
Fission
Be(n,2n) reaction
Be(n,0) reaction
Nuclide i
RBeglon v

235y

Pseudo Pm isotope

L }+9 S



Fp
Ti

in

(r)

Fission products other than

6Li

Reactor inlet

Region

Begion

-

o

s

2L

135Xe and

Superscripts

149

Sm



o
s
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PREGRAN SC
B Hrt-R A B (B 04 8) s 8
COMP Ay F3,F7,53233,521033,SF553,U5F53,RNA

———€BF AN SAISS,SAKESISAPMS3, SASMSI,SALIST o —
COrmAn AMDAL, AMUAXE S AMDAPM, GT, GXE, GPM,GSH, AL”rP V3.7
ceeemeREAE |5 SASS3, 6493, USF53,5F553 - — -

PRINT I,8A5SS,5433,USF53,5F553
e REA B 15 SAH05 3, S Ak
PRINTI,SA(NS3,54193

REALZ 1, SA1SS, AMIAL, G - - - e e
PRINT 54183, AMUALLGIT
S REAL 4 SAXESTISAKEZ s AMDAXE S GXE - S

PRINTIDSAXEST,SAXEI 2 AMDAXE S GXE
———REAE S AP 45 AHDAPH S GP A

PRINTISAPHUIZ, AMDAPM,GPH

CREMA |.SA5M53p5ASM3aCbM~ L T

PRINTI2SASMS3»SASH3, CbM

- REAL |sALPFP - - s e
PRINT 1 ,ALPFP
e REA L |y SAL TS 72 SALT 7 o RN2N S RNA e e -

PRINTISSALTIS/»3ALT7,RN2V,RNA
SREAL VI aVF e e e e
PRI‘\T',V3 V7
~REAL—4BETAL ,GAHAT -~ e e e
PRINTI»8FETAZ, 3447
———REA T P e AN AN P

PRINTI,TF [N, r)r:ANI ANP

S READ famd st T s
b FORMAT(TE L1 3)
2R ORMATCAE | 10 30— o T e e

gg 88 Nl = {,911¢0

AN =
NPzANP

i 4,‘l)R',, e 514 = u ., U oL e e e = eim mmr = e i e i o e+ e @ ot e e e e e e e n cmmm
DRESHM=ET, ]

e —OR | GSM T Qa (] - om o oo s o e e e
DRXESM=(. D '

e DR C G M E e § S
DRFESM= 40
BRLISHT Qe 0 e e e
TN
TR AYEBGaf] - -7 e e e e
NC=g
W 2 LR £ A

PRINT 1,TUAYS
—PRINT  §,0R8SH, IR | gSM,DRXESH, DRSMSH, DRFPSM, DAL ISM, DRHUSH

PRINTZ,H



& DALL JNTERPUTSF 353, AKY - - o
F2(RETAI*S+GANTI*FJ
e $ B 3::”%‘-5 o ""2“}"3'V'<‘[) . o
CarngT/i=s{F7 *2)*v7
—— e Dm g 4 J = ° ¢ N i e e e e e e e me o e e st 4 e oo i e £ <A 84S A 2 s < mn e e e
IF{=1)219,21,19 4
et G AL INTERP AT o F 0 S AR Y o s o e e e
21 CALL EQUALT,R,DJ) :
AT R R AR L
18 UEhwUJFJS*RtII“ ONSTI* () O+RNZN*(GAM7+BETAT*S))
'*“‘***GﬁkﬁT*hfiﬁﬁW”
DRE=(USFSA*LN{ 1)/ AK-SAB3* Jﬁ(la)‘CﬁNSTS*LﬂNQY
RIS AT O3 D2 Y CONSTS*CRNST—
DRXE==SAXEI*NAC4) #*CAONST 3*CONST
- DREME-SASHI® DI *CORBT S*CANST —— s
DRFFz-DO(7)*CUNSTI*CENST
——ee R e G ARSI CONS T AN T -
DRzLKD+DRIN*D &Kc+DR$N*DHFP+JRLI
e e RERSH T R AAS Y DR S R
DRESHM=NRASM+ORD
PR P GSME DR P ASME AR LG e bl
DRXESM=DRXESHM+IRXE
e IR G P REMEH IS
DRFFSH=DRFPIM+OAFP
e PDRETSM=DRLISH+IRLT - - - - e
17 T=T+H
mrmme Y F LS | B s e - e
13 a|(1>-%(1:+n'31<tp
e A AT Bt B
DG |14 1=1.8
e I G O R O e T L A O O Bt I B O B B 1 B R
NU=ANCr
T 2 R T I B B B B R
1l TRAYS=T/3,64F+4
PR b P AT S
PRINT 1. Uﬂsaw,JR!aSM quesw DRGWQM,bePSM ﬂiLISM;URHﬁSM
e PRINT 208 = e e .
MNC=(
e b FF L =T R I B B B e
B BL1) = 4,7260+2]
- 72y e Jowc S 3+ W1 o e S
HB{2}= d(4)'%&5)«d(63~ (7)*&(&)-0 ]
e B Y CHNT T R e e e e
9 ENL sC
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quwaTlHt tQUi(T P C)

AL P BB
Corvean F3,F7,382583, 555033 SEBSS,USFS3,RNA
e = GEM M AN SATSS, DAXESI, SAPHES,548M33,5AL1S7 - .
Corietn AMUAI,AWUAXEoAHUAPHpz[,GXE, M, GSM; A!PFV V3, V7
— =Pt )=~F3®B5A558 () S e S R
DCz)==-F3*3A1053°3(2)

rrm 3G TAF SYSF B3 505 b m (AMB AL F IREATSIIAALEY—
DC4)=GXE*F3SF 53821 vAMDAL *B(S) = (AMDAKESF STSAXESS) "BL4)

S B(E)=GPMTF3*Sr533°R( 1) (AMDAPH+F3¢SAPHSEI BB(E) - o

D(E)=GSM*F 3*SF 953 A(l)*%MDAQW'HCS) 5AaMa¥*FS'B(b>
— o PP )=ALHFP*F 3*5FS53°E( 1) S e
D(E)=RNA®USF 53 d ()" F 3" VS/V7 5ALIS7‘FI°8(&)

—RET LR
NE

SUERAUTING INTERP({T,X3,9,4aK)
G A I T 5
S=(.N
e AR S g -
X3-~.3?9F+I4/(|.0 SA‘SJ'(J 3?9E+i4)’7)
e — = RETURN — = e e
ENC




29

ORNL-TM~1472

INTERNAL DISTRIBULION

1. R.K. Adams L. R.C. Kryter
2. J.L. Anderson L2, C.D. Martin
3. S5,J. Bll 43, T1.C. Oakes
4, A.BE.G. Bates W, H,G. O'Brien
5. F.T. Binford 45, G.R., Owens
6, A.L. Boch L, P, Roux
7. C,J. Borkowskil 47. P. Bubel
8-27. J.B. Bullock W&, G.S8. Sadowski
28, 0.W. Burke b9, T.M. Sims
29. R.D. Cheverton 50. R.S. Stone
0. T.E. Cole 51. C.3. Walker
31, J.,A. Cox 52. K.W, West
32. F.L. Culler 52, J.W. Woody
33. R.A. Dandl .55, Central Research Library
34, H.P. Danforth 56. Document Reference Section
35. S.d. Ditto 57-59. Iaboratory Records Department
36, E.P. Epler 0. Iaboratory Records, ORNL R.C.
37. D.N. Fry 6L. ORNL Patent Office
38. C.S5. Harrill 62-76. Division of Technical Informa-
39, W.H. Jordan tion Extension
Lo, T.W. Kerlin 77. Research and Development
Division, ORO
EXTERNAL DISTRIBUTION
78. S.H. Hansuer, Univ. Tenn.
79. J.C. Robinson, Univ. Tenn.
80. J.R. Trinko, Univ. Tenn.
81-86. B.R. lawrence, Australian AEC
87. F.C. legler, AEC, Washington, D.C.



