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ABSTRACT

The assay of highly enriched 233U material presents some unique challenges. Techniques
which apply to the assay of materials of Pu or enriched 235U do not convert easily over to the
assay of 233U. A specialized neutron assay device is being fabricated to exploit the singles
neutron signal, the weak correlated neutron signal, and an active correlated signal. These
pieces of information when combined with 7 ray isotopics information should give a good
overall determination of 233U material now stored in bldg. 3019 at the Oak Ridge National
Laboratory.

Most of the 233U at the Oak Ridge National Laboratory (ORNL) is stored in bldg. 3019.

The 233U which is being removed from the Molten Salt Reactor (MSRE) will also make

its way to bldg. 3019. This storage facility is currently attempting to examine all of its

storage packages while performing a necessary audit of this strategic nuclear material. All

of the material is stored in cannisters with a diameter less than 5 inches. About half of

the cannisters are nearly 25 inches tall with the remainder of the cannisters only 7 or 8

inches high. All of the 233U has a 232U contamination which ranges from less than 1 ppm

to over 160 ppm. Also, some of the material has 235U mixed into it. Because of the 232U,

the cannisters have a very high 7 radiation output, requiring that the material be handled

remotely and with considerable 7 shielding.

PASSIVE CORRELATED ASSAY

The correlated neutron method is most effectively used with plutonium since 240Pu is

such a prolific source of spontaneous fission. Tab. 1 shows the expected neutron output

for the uranium isotopes for spontaneous fission. It is seen that the number of neutrons

1



DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.



DISCLAIMER

Portions of this document may be illegible
in electronic Image products. Images are
produced from the best available original

document



which would be emitted from one kilogram of 233U which had 100 ppm of 232U would be

0.86+0.13=0.99n/s. The actual fission rate is only 1/1.76 of that rate. It will be prohibitive

to measure such a small correlation rate in the presence of a significant singles rate from

(a, n) reactions, though it is possible that pure metal 233U might be studied. Cosmic ray

background creates a correlated response which may also overwhelm the correlated neutron

signal. Thus, this technique which is highly successful for plutonium, will probably be of

marginal importance for either 233U or 235U.

Neutron Related Properties of Uranium Isotopes1
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a decay
a/sg

8.0 1011
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1.2 104
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(a,n)/sg
1.49 104
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3.0

7.1 10"4
2.4 10"2
8.3 10"5

UF 6
a

(a,n)/sg
2.6 106

7.0 102

5.8 102

0.08
2.9

0.028

Table 1:

PASSIVE SINGLES ASSAY

Another neutron assay technique is based on the singles neutron output from the 233U.

Although a tiny amount of this output results from spontaneous fission, as discussed above,

the bulk of this output arises from the (a, n) reaction (see Ref. 2 and Tab. 1) and the fact

that both 233U and 232U produce many a particles during their decay process. If there is

oxygen or fluorine present, then there is a reasonable change that the (a,n) reaction will

take place.

The proposed singles technique for assaying the 233U samples makes use of Eq. 1 (see

Ref. 3). The apparatus would consist of a set of detector tubes (or packs) indexed by d

and measurement yields would be taken at a series of azimuthal rotation positions indicated

by 9. V refers to a volume element, Vc is a virtual volume element (within the apparatus



cavity) defined by the instrument calibration and Vj, is the corresponding physical volume

in the sample. The efficiency e is for a particular detector to detect neutrons emitted from

the designated virtual volume, and p is the mass of the neutron-emitting sample in the

designated physical volume. The equation can be solved for p, where the sum over p is the

total mass. Note that each subvolume of the sample is assigned its own overall detection

efficiency. If the sample is off center or if it is raised up from the bottom of its container, even

if one of the detector tubes isn't working, the equation comes up with the correct overall

mass.

Yield{d, 0) = e(d, Vc) * p{Vb) where Vc = Vb(0) (1)

Yi'eld = Mass * Conversion Mass = Y,p(Vb) (2)

Eq. 2 is the result that is obtained from solving Eq. 1. The important part of the process

from Eq. 1 is the removal of any dependence of the answer on variations in efficiency for

different tubes in the detector assembly or for variations in the spatial distribution of the

source material. Whether the material is compressed into a squat can or extended over a

tall narrow container, the answer should be the same. There is obviously one item left in

Eq. 2: Conversion. This connects the mass to the actual (a, n) production which in turn

depends on at least three things, the chemical composition of the sample, the fraction of the

material which is 232U, and the age of the sample. If the material is pure 233U in a chemical

form of UO2, then the conversion constant would be 4.8n/sg (neutrons per second per gram)

as listed in Tab. 2. If one mixes in lOOppm of 232U then the conversion constant increases

to 4.8 + 1.49 = 6.3n/sg. Tab. 2 shows that the actual a output from 233U plus 232U is quite

complicated. It is simply asserted here that the appropriate relationship for the rate of (a, n)

reactions is given by Eq. 3.

t PPM
Rate(a,n)n/sg = 4.82 + ———51.96 + ——(1.49 + 1.0286 * 15.56 * 6{t)) * 104 (3)

(ov)y i\)



The factor S(t) = 1 — e~(A(>~Aa^ very quickly approaches 1 for aged 232U. Xa and A6 refer

to 232U and 228Th, respectively. At lOOppm of 232U, Raie(a,n) = 4.82+1.49 = 6.31n/sg at

t=0. This jumps up to 5.034+14.67 = 19.70n/sg for t=30y. This is an increase of a factor

of more than 3.1 and the 233U no longer dominates the rate. At the level of 100 ppm, a

new sample of 233U would see an equal (a, n) contribution from 232U after about 0.57 years,

whereas, for 20 year old 233U, the 232U would give an equal contribution at the level of about

28 ppm.

Much of the information on 232U and the age of the material can be determined by 7

measurements, but, the chemical composition must be inferred from process knowledge, most

of which is inadequate to this task. Thus it is expected that the singles neutron information

will be 'extremely difficult to quantify for an absolute assay, and it is expected that most

of the utility of this technique will be to compare quantities of 233U from the same batch

process and to provide a quick verification signal for the assay. That is, should the material

be required to be repackaged but not reworked chemically, the singles neutrons should quickly

verify with excellent accuracy that the orignal amount of material is still present.

ACTIVE ASSAY

The pulsed source technique is probably the best technique for the assay of diffuse 235U,
233U, or 239Pu because of its very high sensitivity. (See Ref. 3 for a discussion of the differential

dieaway technique.) On the other hand, the thermal neutron capture cross-section for these

isotopes is so large that a concentrated sample of any of these isotopes creates a self shielding

problem. The surface of the sample can be so absorbing that the thermal neutron field cannot

penetrate past the skin of the sample. In effect, the assay becomes an assay of the surface of

the sample and there is no response from the interior of the sample. A one centimeter right

circular cylinder of these materials would give less than a 5% response. Thus this technique

is best applied to waste and not to stored material.

Another active assay technique is the continuous stimulation technique. For this tech-



Alpha Decay Chain
Isotope

232U

224 Ra
220Rn
216po

212Bi

2 1 2 p o

233 JJ

tl/2

68.9y
1.9131y
3.66d
55.6s

0.145s
60.56m
0.30/xs

Q-Value
MeV
5.414
5.520
5.789
6.405
6.907

6.20736
8.95464

EQ

MeV
5.321
5.423
5.686
6.289
6.779
6.090
8.784

(a,n)
n/sg

1.49 104

1.57 104

1.76 104

2.24 104

3.62 104

2.08 104

4.49 104

225Ac
221 p r

217At

213po

159200y
7340y
lO.Od
4.9m

32.3ms
45.59m
4.2^s

4.909
5.168
5.935
6.458

7.20199+
5.9822.2
8.53797.8

4.825
5.079
5.829
6.341
7.067
5.869
8.376

4.82
5.76
6.39
9.88
12.43
8.28
17.71

Table 2:

nique, an uncorrelated source of epithermal neutrons is placed next to the sample, and the

data acquisition system looks for stimulated fission from the fissile material. The fission

neutrons will be in correlated groups (pairs) and can be identified, even when mixed in with

the neutrons from the stimulating source. This can be reasonably effective since the epither-

mal fission cross-sections for 233U and 235U are quite high. The same cross-sections for 232U

and 238U are so small that they will contribute insignificantly to the final result. Note that

provisions for supressing any thermal flux should be included in tire apparatus, since thermal

capture on the surface of the material might overwhelm the epithermal signal or create an

undesirable distortion.

Because the material has a minimum of moderating material with it, it is desireable that

the neutron source be of relatively low energy. The higher its energy, the more it will bother

the detector system and cause accidental correlations. For this reason an AmLi source

has been chosen as the epithermal neutron source. It has a maximum energy of 1.2MeV
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Schematic of Device Assembly

Figure 1

and a mean energy near 0.3MeV. There is a small higher energy tail which comes from an

admixture of oxygen in the source, but over all the energy profile of this source seems very

good. Provisions are being made in the device to include two sources so that a weak and a

strong source can be studied and possibly both utilized in an assay.

THE PROPOSED APPARATUS

A schematic view of the proposed detector is shown in Figs. 1,2. Fig. 1 shows the overall

body of the apparatus. The electronics are housed in bins on the left while the detectors

occupy the righthand half of the body. The sliding lid has three positions which address

access, safety, and assay. In the figure a source cannister is shown being lowered through

an access pipe into the device's internal cavity. After lowering the cannister to the internal



turntable, the transfer device is removed, the lid is slid to the right so that the detector

portion of the lid is positioned over the cannister. Because the cannister is being lowered a

fair distance (approximately 20 feet), provisions have been made to address the possibility

that the cannister becomes disengaged and drops into the device. Thus the lid is positioned

all the way to the left so that the second hole is under the pipe. This hole contains a piston-

like device which will catch a dropping cannister and lower it gently to the bottom of the

internal well. If the cannister has been lowered without dropping it, then the lid is moved

into the position shown so that the cannister can be lowered the final three feet.

The small slot in the lower side of the apparatus is the 7 viewing port for the external

7 detector. External adjustable colimators (not shown) will throttle the viewing solid angle

so as to* optimize the count rate in the 7 detector. This same slot is indicated in Fig. 2 by

the dashed lines.

Fig. 2 shows a top view of the device where the dark circles indicate the ends of 3He

tubes. 3He detectors have the excellent property of a high efficiency for thermal neutrons

and essentially no efficiency for 7 rays. The tubes are encased in high density polyethylene

whose hydrogen serves to moderate and thermalize the signal neutrons. Not shown is a

clading of cadmium for each of the detector packs. This clading serves to reject neutrons

thermalized outside of the detector itself. While this clading reduces the overall efficiency of

the system, it helps to define better the source and the time of the signal neutrons, and it

serves the further task of eliminating thermal neutrons in the well which might distort the

active assay.

The distribution of the tubes is such as to make the detector efficient in all directions. The

floor and ceiling of the well (not shown) also have a set of 3He tubes. Consequently, a signal

neutron inside the cavity will have to penetrate a detector section, no matter which direction

it chooses to leave by. Not shown is a small turntable which will rotate the cannister within

the cavity. This helps to average over any azimuthal variations in either the source material

or the detector assembly. Because the response of each tube is handled independently, the
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Schematic Layout of Detector Tubes

Figure 2

vertical tubes give information on azimuthal variations within the cannister. The horizontal

tubes in both the top and the bottom and, in particular, in the one wall give very accurate

information on the vertical distribution of the source material. The power of this tube

arrangement is that the device can neutron image3 the source material and produce an

answer which is independent of the details of the source geometry. While there is essentially

no gamma shielding around the system, the inner cavity may have an outer lining of up to

0.5 inches of lead as a partial gamma absorber.

A feature of the device is the triple layer of horizontal tubes on the bottom portion of

the one wall. The horizontal tubes show in Fig. 2 extend only about 8 inches up from the

bottom of the well from which point a double stacking is employed. The triple stacking was

not continued further since most of the cannisters will have their source material contained

within the bottom 7 or so inches. The (a, n) reaction from 233U produces a lower energy

neutron spectrum than will either 232U or 228Th. The harder spectrum associated with
232U and its daughters should populate the 3 layer detectors differently than will the softer

spectrum from 233U. That is, the higher energy (on average) neutrons will penetrate further



into the 3 layer detectors, so that an examination of the response of the outer tubes should

give a measure of the 232U concentration.

Provision has been made to position up to two neutron sources next to the well. The

two slots just outside the well wall in Fig. 2 are for the AmLi sources. These sources can be

independently positioned vertically at any height alongside the well. When not in use, the

sources are pulled back into a polyethylene box back under the electronics.
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