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AMERICAN NATIONAL STANDARD ANWANS-8. 12-1987:

CRITICALITY CONTROL OF PLUTONIUM-URANIUM MIXTURES

M. K. Sheaffer (LLNL) and S. C. Keeton (LLNL)

Amencrm National Standard ANSI/ANS-8- 12-1987 (Ref. 1) was approved for use on September

11, 1987, The history of the development of the standard is discussed in Ref. 2. The first version

of this standard, which included subcritical limits only on homogeneous plutonium-uranium fuel

mixtures, was approved July 17, 1978. The

heterogeneous systems (Ref., 3). This paper

presented in the standard.

current version was revised to add limits on

provides additional information on the limits

As stated in its forward, the standard “. provides guidance for the prevention of criticality

accidents in the handling, storing, processing, and transporting of phrtonium-uraniunr fuel mixtures

outside reactors and is applicable to all operations involving mixtures of plutonium and natural

uranium.” It constitutes an extension of the American National Standard for Nuclear Criticality

Safety in Operations with Fissionable Materials Outside Reactors,ANWANS-8.1-1983 (Ref. 4).

The standard includes subcritical limits’ for both homogeneous mixtures and heterogeneous

lattices of plutonium and uranium. The uranium is assumed to be natural or depeleted. Limits are

provided for a variety of mixtures, including aqueous solutions, dry [H/(Pu + U) = O] mixed oxides

at theoretical density, and damp [H/(Pu + U) S.0.45] mixed oxides at both theoretical and one-half

‘The limiting value assigned to a controlled parameter that results in a system known to be

subcritical, provided the limiting value of no odrer controlled parameter of the system is violated.
The subcritical limit allows for uncertainties in the calculations used in its derivation, but not fo<



theoretical density. The limits for homogeneous mixtures shown in Table I cover four different

plutonium contents (3, 8, 15, and 30 wt~. PU02 in PU02 + U02) and three different isotopic

compositions (240Pu > 241Pw 240Puz 15 wt% and 24’Pu ~6 w%; 240Pu z 25 W% ~d 241pu <15

WFYo).

Heterogeneous lattice limits for mass, spherical volume, cylinder diameter, and slab thickness are

also presented in the standard. Figure 1 shows one such set of limits: the limiting slab thickness

curves for heterogeneous systems. Anomalous behavior was noted for the heterogeneous cases

with 30 WtO/Oplutonium in PU02 + U(32 with 25 wtO/o 240Pu rmd 15 W% 241FIU. For these cues,

the minima calculated for the lattices were greater than the minima for dry theoretical oxide. The

lattice minima occurred with very small rod dkteters, and it was believed that the resonance

absorption treatment employed could not adequately handle the unusual geometry (Ref 5). Thus,

the standard does not extrapolate beyond 15 wtO/oplutonium in the mixed oxide for the isotopic

mixture of 25 wt% 240Pu and 15 wt% 24tPu.

The current version of the standard has now been available for 13 years,

was on February 17, 1993. The standard has been extended until 2001

The last reaffirmation

For the past several

years a working group has been examining the subcritical limits using current codes and cross

section libraries. A decision to reaffirm this standard is anticipated within the next year.

Following this action the working group will assess whether the standard should be revised to

include other subcritical limits or isotopic compositions.

contingencies, e.g., double batching or failure of analytical techniques to yield accurate values of

process variables.
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TABLE I
Subcritical Limits for Uniform Aqueous Mixtnrcs of the Oxides

of Plutonium and NatnrttI Uranium*

I PuO1 in (PuO~ + U02), Wvo I

E===@Diameterof infinitec linder(cm
Thicknessof mtimte slab (cm

B
Concentrationof plutonium, 6.8

PU/liter
Concentrationof oxides, 257’

(PuOI + UOMiter

H:Pu atomic ratio 3780

Arenl density of plutonium, 0.27
Pulcmz

Areal density of oxides, 10.2
(PuO, + UO, I cm’

* All values are upper limits except atomic

3

T

m

51.3

30.8
14.9

44.8

8.1

305

3203

0,38

14.4

G

Ill

2.00

75.9

34.8
17.4

63.4

9,3

35 I

2780

0.47

17.7

:b are

I

0.61

8.6

19.8

8.2

14.0

6.9

97.3

3780

0.25

3,5

wer lim

8

II

1.06

15.1

24.9

11.2
25.9

8.2

1!6

3210

0.34

4,8

s.

Ill

I ,53

21.7

27.5

12.9

34.4

9.4

134

2790

0.42

5.9

I

0.54

4.1

17.8

6.9
11,0

7.0

52.9

3780

0.25

I .9

-ii-

0.94

7. I

22,5

9.6

20.4

8.2

61.7

3237

0.33

2.5

HI

1,28

9.7

24.8
11,0

26.t7

9.4

71.0

2818

0.4 I

3,1

--i-

7ixi-

1.9

16.2

5,9

8.5

7.0

26.5

3780

0.24

0.9

3oa

T

0.87

3.3

21.0

8.7
16,8

8.1

30.7

3253

.0.32

1.2

Yi

-m
4.4

23.4
9.9

21.6

9.3.

35.2

2848

0.37

1,4

a Dimensional and volume limits do not apply for isotopic composition 11 and 11unless, for II, the concentration of oxides is <5700 g/I

and, for III, <4500 g/1.

b Plutonium isotopic composition: 1—z’0Pu>2’’Pu, 11—z40Puz 15 wt% and “’Pus 6 wt%, 111—z40Puz25 wtO/aand *“Pus 15 wtY&

c This concentration is not applicable to oxide mixtures in which the PuOJ(PUOZ + UOJ ratio is <3 wt% because of tbe increased rslative

importance of*3?J in high-bearing materials.
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Figure 9. Limiting Thickness of Slabs Containing Heterogeneous Mixtures of the Oxides of
Plutonium and Netursl Urenium in Water es a Function of the Plutonium Oxide Content.


