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Four aystems developed at the Los Alamos
Scientific Laboratory for nondestructive analysis of
nuclear fuel materials will be described, These sys-
tems utilise either minicomputers or a programmable
caloulator for maasurement control and data ansiyais,
and are typical ¢f a variety of autometed measurement
systems develored for nuclear materials safeguards
applications,
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AUTOMATED NONDESTRUCTIVE ASSAY INSTRUMENTATION
FOR NUCLEAR MATERIALS SAFEGUARDS*

L. V. East, E, R. Martin, T, L. Atwell,
R, H, Augustson, and H. O, Menlove
Nuclear Analysis Research Group
Univeraity of Californla
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87544
SUMMARY
Several automated asystems have heen developed at the l.os
Alamos Sclentific Laboratory to perform nondestructive analysis on
a wide varjety of nuclear fuel materials, These syste:as utilise pro-
grammable ocaloulators or minicomputers for measurement aontrol
and data analyasis. This paper will briefly describe four of these
syatema: a passive gamma-ray scanning system for low density
sorap and waste, an active neutron interrogation system for bulk
sumples of HTGR feed material, an active neutron interrogation
system for assaying irradiated Rover fuel material, and finally a
"Multienergy Californium Awsay System' being developed for high
precision nuy‘ of amall swuples.
The passive gamma-ray assay system {s a fully automated

version of the "nagmented gamma scan' instrument” developed for

the routine analysin of low density vorap and waste conteining '”u

or a”Pu. A minlcomputer ls used to ocollect pulse-height aprotra

rWm‘k performad under the aunplees of the U, 3, Atomic Enevrgy
Comninsion,



from a Ge(Li) spectrometer via a stabilized analog-to-digital -

converter, control a stepping-motor-driven scanniag table, drive

& CRT data display, and analyse selected regions of the pulse-

height spectra to determine the amount of 2%y or 33%py present

in the sample, A view of the complete aystem is shown {u Pig. L.
The bulk sample neutron interrogation system to be desaribed

is the latest veraion of the "Random Driver" assay unit®™? developed

for the assay of uranium in HTGR uranium-thorium fuel particles.

The system employs a random source of fast neutrons ooull‘uu. of

four AmLL &, n) sources to induce flesions in the 228

U present in the
sample. Fission events are detected by coinoidence counting prompt
fission neutrons using a pair of fast plastic scintillation detectors,

Four :

He-filled proportional counters are also used to monitor the
thermal-neutron flux within the counting chamber., Pulses firom the
various detectors are fed to scalers which are then read by a minl-
oopputor. The computer was programmaed i(n a high-level interastive
m;guuo in order t0 allow eany moditication of data analysis algorithme
during development of the aystem, Figure 3 shows the slectronics con-
sole containing the aystem's scalers, minicomputer, aoincidence logie,
and power supplies,

The aseay aystem for irradiated Rover fuel material uses a

RaBe &, n) neutron source to induce fissione in the U present tn

the fusl, I'rompt neutrous from the induced fiusions are detvoted by



4 He-Nlled proporticnal counters. The assay station is located
within a hot cell and operated remotely from outside the cell. A
programmable calculator is used in this instance to perform scaler
readout, data analysis, and hardoopy output functions. A hard-wired
logic unit interfaced to the caloulator In used for system control.

The flnal system to be desoribed {s the Multienergy Californium
Assay fQystem presently under development to measure the flsslile and
fertile contents of small samples using fast neutrons trom a *¥3c¢
source., The source is surrounded by a neutron eusrgy talloring
assembly that can be changed by rotating an inner core to produce
different neutron irradiation speotra. A minlcomputer is used to
ocontrol the talloring assembly and sample pesitioning, and to acoumu-
late and process data, Bimnse \ais aystem will be used to investigate the
applicability of multiensrgy californium seurce neutron interrogation
for a variety of sample types, strong design emphasis has beea plasad
on verasatility in both the aystem hardware and software,
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Fig. 1. Computerized segmented gamma scan system,



