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ABSTRACT

The determination of the safe concentration of Fissile
Material contained in vessels which are not geometrically
safe, is a time-consuming problem which arises frequently

in Nuclear Reprocessing Plants.

This programme was therefore elaborated in order to speed
up the computations involved. It outputs the volume and

the geometrical buckling of the solution contained in any
standard-shaped vessel, for as many as 30 different vclues

of the . level.

It is written in Portran~IV and is besing run on a PDP8-I,

equipped with an 8K core memory.
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2.2.

2.3.

INTRODUCTI ON

This progranme originated from the extensive computa-
tions which the authors of this paper performed in the
course of their systemctic determination of the safe
concentretions of fissile materials contained in vessels

which are not geometrically safe.

The so-called "sofe iiz _le material concentretion limit"
for a vessel is the concentration that will not exceed
en eppropricte fraction (safety factor) of the minimum
critical mess in the layer that could be formed if the
vessel were full end a uniform fissile material precipi-

tation were to cvccur.

HI> COMPUTATIONAL PROCEDURE

The methoed, for determining the concentration limit,

runs as follows

Th+ volume and the geometrical buckling are calculatad
r.3 a2 function of tho i1evzl of the solution contained

in the vesscl.

Por each value of the level, the criticality condition
is expressed by cavating the material buckling to the
geometriczl buckling (Bi = Bi). The corresponding criti-
col concentration of fissile moteriol is then derived
from the aveiloble data in the litercture (e.g. Criti-

cality Handbook by Certer, Kiel and Ridgway - Ref. 7.2.).

The critical mess corresponding to each solution level is
obtained by multiplying the critical concentration by the

volume of the solution.



2.4.

2.5,

3.

3.1.

3.2.

The criticel mass is plotted versus the solution level
and the minimum criticel meéss is then given by the

minimnun of the curve thus obtained.

The safe criticnl concentration for the full vessel is
calculated by dividing the minimum critical mass by the
total volume and by spplying an appropriate safety

factor to the rcsult.

The first step of the above procedure is by rar the

nost tedious and time-consuming. Moreover, the deter-
nination of the safe concentration of solutions contained
in vessels which are not geometrically safe is & problen
vhichk arises every now and again in & reprocessing plant.
It was therefore felt that o preogramme specially designed
to calculate the volume and the geometrical tuckling

automatically, would be very useful.,

EXPLANATORY COMMENTS (cf. Appendix 1)

The successive values ¢f the level cre defined automati-
cally snd build an arithmetic series whose interval can
be chosen artitrarily (input dota {IU) according to the

size of the vessel.

The programme has been written so as to output the volume

and the geometrical buckling for a meximum of 30 different

values of the level.,



-3 -

3.3. 7The vessels are grouped according to their general c¢on-
figuration, into thrce main categories which 2are iden-

tified by the input data 1D.

1D

I
b
[

verticelly mounted cylindrical vessels
(Pig. 1, 2)
=2 ¢ parellelepipedic tanks
(?ig. 3)
= 3 : horizontelly mounted cylindrical vessels

(Fig. 4)

3.4. 1In ecch particuloer case, the correct extrapolation dis-
tance ()J can be introduced into the programme by the
input data BEXT,

3.5. To our knowledge, the smallest eigenvealue (geometricai
buckling) of the wave equation :
. ) — 2 —
dev.grod ¢(T) + B ¢(T)=0
has been exprcssed analytically in the following cases

only

rectenguler parallelepiped, finite verticel cylinder,

sphere and infinite slab of finite thickne:zs.

In order to take into account such geometries ns round-

or c¢conical-bottomed vertical cylinders (Fig. 1 and 2),
pyramidal-bottomed rectangular parallelepipeds (Fig. 3)
and round-ended horizontal cylinders (Vig. 4), the Z2o0l-
lowing computational procedure has been developed. This
method consists of approximating spherical sectioms by
volumetrically equivalent vertical cylinders, end pyramids
(as well as sections of horizontal cylinders) by volume-

trically equivalent rectanguelr slabs,
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n other words, fcr ecch velue of the level, the progromme
calculates the corresponding volume in the vessel under
consideration. By equating this value to that of ¢ hy»o-
thetical volume having the scme height as the original
geometry, "BUCK" then computes the equivelent radius cor

wvicdths, as the casc may be.

rfor extmple, in the casc of a spherical secticn,

V = LzrsRs-K]:TC£ T
5 L 1

wvhere RS = 1rodius of the sphere
h = height of the level
req = equivclent vadius of the hypotheticnl

cylinder.

Vv
Hence re = Tcg’
2
and B2 —_-( ZJILOS.

: \'Cal (KH)«

In the cese oi 2 pyramid, we would have ¢

v = a2 b h/3 = a' b' h
with a' _b!
a b
Hence, b' = vx.i
A a

at = A g/
-c—@

2
and B2 T z L, >
g ; + +
+ 2




I we now consider a round-ended horizontel cylinder,

“r = L.o =
with L = L 4+ h -
S = 2 Rz
C
where X = leagth
B = radius
C
RS = rodius
h = height
. S
hence o2 = -
h
2 T
nnd B =

R-s = V R;-"RZ

cf the cylinder generatrix

of the cylinder

of the sphericcl ends

of the level

2 / i z X 2

e 42y ) =) "\aw2))

It can be shown that in each case the area of the surface

of the volumetrically cquivelent solid is smaller than that

of the original figure. As a result of this approximetion,

the relative neutron leakege prohability is therefore de-

creased and the computed values of the geometricel buckling

and of the critical masses oend concentrotions, cre conser-

vative .



3.6. It might be mentioned¢ at this point that we oririnally
envisaged to include into the progromme the second stop
of the gcnercl computaticnal procedure (§ 2.2), in créder
to cbtcin olso the critical concentrations of the fissile

matcrial.

The analyticuel expressicn of a curve,giving the critical
plutcniun conczntration as ¢ functicr of the material
Bucklinz (Fig. 5), has therefore becer deriveld by the uasual

curve—-fitting methods.

however, this curve is only wvalid for Pu-HZO mixtures
containing 0 # of Pu-240 and in order to achieve any
reacsonable degrece of generality, o greet number of similar

curves would hocve to be expressed aralytically.

In view of the encrmous amount of wcrk which this task
wvould represent cncd considering the ecse with whick a
onc—to-one relationshkip can be determined by graphicel
means, we havc decided to exclude this refiicment fromw

the present progromme.

4. CONCLUSIONS

Zxtensive trial runs have been made, covering all the
geometrical configurations considered. It con therefore
be said that the programme whose listing is cppended to

the present report, operates satisfactorily.

The computer wc¢ have used is o Digital Equipment Corp.,

series PDP 8 I with an 8K core memory.
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Appendix 2 gives the print-out cf o typical case,
i.c. o vertical cylinder with o conical bottom con-
toining ¢ psutonium solution likely to precipitote.
The first line recapitulates the input data which

read from left to right :

the identification number (1), the number cf different
levels at which the volume and the geometricel buckling
are tc be cnlculated (30), +the value of the level incre-
ment (2 em), the rzdius of the cyliader (75 ecm), the
radius of the sphere (€), the height cf the cone (50 cm},
the lenght of the cylinder generatrix (0), the length

of the sides of the perellelepiped (C), the height of
the pyramid (0) arnd the extrepolation dist mce (4,5 cm).

It will be noticed that whenever o parameter does not apply

to the case under consideration, it is set equel to zero.

The correspording vealues of the plutonium concentration
are looked up on (Fig. 6) and the successive values of
the plutonium weight are then calculated end plotted as

a functicn of the level (fig. 7). The minimum of this
curve gives & criticel mass of C.73 ky, which after
nultiplication by a safety factor of 0.75, gives us a safe

critical mass of 0.54 kg.
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A/J/Oen dix 1

NDIMENSTON H(32),V(3A),BUCK (1)
FORMAT (T11,13,AFAK.2)
2 FORMAT (/,7H LEVEL,» 8X5,3HVDL » KX, OHBUCK]. INi2, 7
3 FORMAT (3F12.6)
RFAND (151) INDeNHIHRC RS, HO, X, 0,8,HP,FXT
ID CIN=-2) 4,5,6
IF (rRS) 7,R,7
7 HM=RS-SOIRT(RS*RS-RC*R)
M=07
NO 9 I=1,N
M=M=+ 1
F=1
HCTI)Y=HIJ+CF=-1.)*Hl)
IF (HCIY=-HV) 10,10,11
10 VCI)I=1 eBAT2+«HC(TI*HCT) ®*(3.xRS-H(1))
GCTN 12
VCT))=1eMA4T72%HM*kHM % (3 e *RS-HMI+3 .1 416 (H(T)-HM) xRN xR
REA=SART(V(II/Z(3.1416*H(T)))
C=(2 .45/ (REQ+FEXT)Y)) *%x2
N=(3e141A/7C(HCI)+2 c*FXT) ) %x2
BUCK(I)=C+D
9 CONT INUE
GCTO 13
g IF (HC)Y 21,22,21
21 M=9
NnNND 23 I=1,N
M=M+1
F=1
HCI)=HU+(F~-1.)%HU
IF (HC(I)Y=HC) 24,224,225
24 V(I)=1.A472%RCARC*H(TI*H(TIIY*H(T) /Z/(HC*HC)
GOTO 26 .
25 V(T1)=31416*RC*RC*(H(T)Y-A.6666*%H(C)
26 REA=SART(V(IY/(3:1416xKHCT)))
C=(2.405/7 (EXT+REN) ) *%2
D=(3e¢1416/7(2%xEXT+H(T)) ) *x%x?2
BUCK(I)Y=C+D
23 CONT INUE
GOTO 113
22 M=0
DO 14 1I=1,N
M=M+1
F=1
HCI)=HU+(F-1.,)*HU
V(I)=3.14162H(1)*RC*R(

—

n

N -



14

16

17
1%

29

19
13

C=(2.4%5/(RC+EXT) ) x%x2
D=(3«1416/7(H(1)+2 B XT ) ) k%2
BUCK(I)»=C+D

CONT INUE

GCTO 13

M=07

DO 1S I=1,N

M=M+1

F=1

HC(I)=HU+(F-T1.)%HU

IF (HC(ID)Y-HP) 16,146,177
Q1=HC(I)*A/HP

Q2=H{I1)*B/HP
V(I)=HC(I)Y*Q1 *N2 /3.,

GOTO 18
V(I)=HP*A*3/3.+(H(T)-HP)I*xA %R
WI=SART A%V (I)/(B*H(I)))
Wo=w1l=xB/A
Ul1=3.14167C(H(T1)+2.xEXT)
U2=3.1416/7(W1+2.%EXT)
U3=3.1416/7(wW2+2 . *EXT)
BUCKCI)=U1xUl+U2*U2+U3%1173
CONT INUE

GOoTO 13
R=RS-SART (RS *RS-RC*R(C)
M=0

DO 19 I=1,N

M=M+1

F=1

H I)=HU+(F=-1,.)*HU
DIF=RC-HC(I)

IF (DIF) 135,13,20
T=SQRT(RC*RC-DIF*DIF)
S1=RC*RC*ATAN(CT/DIF)
S2=T*DIF

53=81-52

Y=X+H(I)*R/RC

V(I)=S3*Y

W=VCID)/Z(YxH(I))
Z212C3e14167 (Y42 %EXT) )% %2
22=C3:e14167 (W+2 o *EXT) )% %2
23=(3.1416/7(HC(I)+2xEEXT ) ) %x%2
BUCK(1)=Z1+Z2+23

CONT INUE

WRITE (1,2)

WRITE (153) (HC(I),V(II)sBUCK(I)»I=1,M)

CALL EXIT
END
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LEVEL
2.00
4.00
6.00
8.00

10.090
12.00
14.00
16.00
18.00
26G.00
22.00
24.00
26.00
28.00
30.00
32.00
34.00
36.00
38.00
40.00
42.00
44.00
46.00
48 . 00
SA.00
52.00
S4.00
56.00
58.00
50 .00

x

A/O/oeno'/}: 2

V3L
A.188496E+02
N.150797E+A3
P.508939E+A3
D.120637F.+0 4
D.23562PE+0 4
P 407151E+Q 4
D.646541E+04
A.965M99E+D 4
B.137414E+05
B.188496E+05
A.25A8KKE+AS
N.325721E+05
R.414126E+05
@.517233E+85S
P.6361T4E+DS
B.7T72079E+AS
N.926080E+AS
D.109931E+06
N 129289E+P6
A.15079TE+D6
P.1T74566E+P6
P.200710E+06
D.229343E+06
R.26057TE+B6
N.29 4525E+06
A.329927E+A6
D«365270E+R6
D. 400€.3E+06
Ne 435956E+06
De 4T1299E+06

BUCKLING
A.223049 3E+A7
Ae 149592E+00
A. 1A5S38TE+0AN
Q. T8 4373 E~01
A. 6BT363E-~01
B. 48 4601 E-01
A. 3958 58E~01
Ae. 329569E-01
N.278716E-21
B.238835E-01
Ne2A69171E~01
0-18110A3E-21
Pe 15981 3c~01
A.142A77E-01
Ae 127145E-01
Ae114454FE-01
A.103576E-01
B.9418A9E-062
A-B6A105E-02
0. 7886ATE-0A2
A. 7256 7T9E-02
B. 6700A3E-02
B. 620504E-02
A.5763A1E-02
DeS536664E-02
A.5A18T5F-02
P.471904E-02
Pe 445715E-02
B. 422595E-02
Ne. 40201 1E-02



