AUR-74-G24

los

SUBMITTED TO:

alamos
scientific laboratory
of the University of California

LOS ALAMOS, NEW MEXICO 87544

‘orm No. 836
it. No. 2629
/713

/

\

Cowf-740é22-- +f

TITLE: FIELD ASSAY OF PLUTONIUM WI1TH A NEW COMPUTERIZED
SEGMENTED GAMMA SCAN (NSTRUMENT

AUTHOR(S): E. Ray Martin, David F. Jones, and Leslie G. Speir

Nuclear Analysis Research Group
Los Alamos Scientific Laboratory

and

Alan C. Walker
U. S. Atomic Energy Commission
Richland Operations Office

Journal of the Institute of Nuclear
Materials Management

By acceptance of this article for publication, the publisher
recognizes the Governrmani's (license) rights in any copyright
and the Government and its authorized representatives have
unrestricted right to reproducse in whole or in part said article
under any copyright secured by the publisher.

The Los Alamos Scientific Laboratory raquests that the
publishar identify this article as work performed under the
auspices of the U. S. Atomis Energy Commiission,

NOTICE

Thls report was prepared as an wccount of work
\ sponsared by the Unltsd States CGovernment, Nelther
|

the United States nur the Unlied States Aloml¢ Fnergy
Commission, nor any of thelr e;uployees, nor any of
thelr contractars, aubcontructars, or thelr employees,
makes any \Warranty, express or tmplled, or assumes sny
iagol llability or responsiblilly for the accuracy, come
pleteness or usefulness of any Iniormatian, apparatus,
product or process disciosed, ar represcits {114t I'x une
would 1ot lnfringe privately owned rights,

MASTER

ATOMIC ENERGY CO AMISSION
CONTRACT w.,.o:Di&‘FR!Bmh MEOT T DOCUNT T 1 UHLIMITE
F"‘A- Iy I l)


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


FIELL ASSAY OF PLUTONIUM WITH A NEW COMPUTERIZED
SEGMENTED GAMMA SCAN INSTRUMENT *

E. Ray Martin, David F. Jones, and Leslie G, Speir
Nuclear Analysis Research Group
University of California
Los Alamos Scientific L.aboratory
Los Alainos, New Mexico 87544

and

Alan C, Walker
U. S. Atomic Energy Commission
Richland Operations Office
P. O. Box 550
Richland, Washington 99352

ABSTRACT

An automated passive gamma scanner
for NDA is described, engineered around a minicom-
puter and an automated scar. tanle. The computer per-
mits virtual hands-off operation and offers a segment-
by-segmermnt profile of fissile content, as well as an
estimate of the propagated statistical measurement
error. Since the measurement is transmission cosi*-
rected on a segment-by-segment basis, a wide variety
of container sizes and material matrices can be accom-
modated, permitting two-percent measurements on
scrap and waste samples containing between five and
five-hundred grams of fissile matlerial, Field tests of
the new instrument at ARHCO in Richland, Washington,
are also described.

INTRODUCTION

Nondestructive assay of fissile content of material in various
sample containers depends primarily upon detecting either neutrons or
gamma radiations from the nuclei under measurement and relating the num-
ber of events detected to the number of nuclei present in the sainple. Active
interrogation systems employ some means to induce radiations in the uuclei
under assay, wiile passive systems detect emanations emitted spontane-
ously by the sample,

"Work performed under the auspices of the U. S. Atomic Lnergy Commission,



In the instrument to be described, we are concerned with dc-
tecting gamma radiation spontaneously emitted by nuclei of fissile material
under assay., There are several serious problems associated with any quan-
titative assay by means of gamma detection; viz., gamma rays are attenu-
ated by material between the nucleus and the detector, the detection system
must be able to identify correctly only those gammas from the isotope under
measurement, the detector and electronics may respond differently to dif-
ferent data rates, and the assay may take a prohibitively long tiine if system
detection efficiency is not high enough, The attenuation problem is by far
the most serious of the above, since gamma attenuation varies with transi-
tion energy as well as the density of the material through which the ray
passes. Matrix inhomogeneitics make this attenuation a very serious mat-
ter indeed, since in this case the attenuation factor relating detected counts
to fissile content is varying in some unknown manner with sample configu-
ration,

LASL Group A-1 nas developed a passive segmented gamma
detaction scheme employed in two sysicms designed to overcome these and
other problems. The first of these systems is sufficiently complex and dif-
ficult to operate that it remains strictly a laboratory research instrument
for use by physicists and nuclear engineers,

The gsecond of the two systems, which is to be described here,
is a descendent of tno above laboratory model, considerably redesigned and
re~-engineered, and with the operation difficulties greatly minimized. The
ue of a modern minicomputer permits automation of the scan table as well
as automatic calculational capability, free from human error. In addition,
it offers something never before available with the segmented gamma scan
system: a propagated error calculation yielding an estimate of measurement
error., The system, while not suitcase portablc, is now at least readily
transportable in a light truck. In addition, operation personnel need no
longer be highly trained scientists.

Other methods of maliing NDA measurements with gammma ra-
diation involve the use of sodium-iodide detectors to measure gamma peaks.
Unfortunately, most of these methods make no reaszonable provision for
solving the most serious problem with gaimma detection schemes mentioned
previously, namely, the attenuation problem. In order to correct for ma-
trix attenuation in the segmented gamma scan system, a separate trans-
misgeion measurement is made, which provides a correction factor to com-
pensate for gamma matrix attenuation. Since the sample being measured
may be quite inhomogeneous, there is a large class of samples for which a
single transmission measurement is not sutficiently accurate, and for this
case we have segmented the assay in such a way that the sample is assayed
in 1-cm slices, a separate transmission measurement being made for
each one. Further than this, the sample is also rotated to wash out radial
inhomogeneities. It should be noted here that such an attenuation correction
is good only for the matrix material. That is, if there is considerable self-
ahsorption of gammas in the fissile material itself, it will not be possible to



make a quantitative measurement by this gamma detection system, since no
reascnable attenuation correction is possible except in very special cases,

In order to resolve the energy peaks of the gamma spectrum
with cufficient precision to permit accurate transmission measurements, a
Ge(Li) detector must be used. If the transmission peak used to measure at-
tenuation is not sufficiently close in energy to the fissile peak being used for
the assay, this attenuation measurement will not be accurate, since gamma
attenuation varies with both matrix material and gamma energy, the varia-
tion beccming more severe at lower energies. The transmission measure-
ment is made by utilizing a separate transmission source which is viewed
through the sample being assayed and compared wiih a known transmission
value obtzined from a background run taken with no sample present in the
system, In addit.on to the transmission correction a piie-up and live-time
correction is made by counting a separate peak from a small source placed
close to the detector crystal and viewed at all times by the detector. When
the count rate from fissile material and transmission sources is high, this
live-time source will vary in its counting rate in a manner which permits
accurate measuremert of live-time correction.

Since segmented scanning with a transmission source while ro-
tating the sample can yield good results, why not simply replace the old Nal
systems with Ge(Li) gamnma scanners? Mainly, the problem is that a seg-
mented scan system with separate transmission and live-time correction
measureiments is quite complex, and hence would normaily be quite critical
to adjust and difficult to operate. Unfortunately, there are some measure-
ments for wiich the Ge(Li) resolution and transmission measurement are
absolutely essential; therefore, the problem was to make the transition to
the segmented gamma scanner as painless as possible.

In the present system, the complexity of both calculation and
operation is hidden behind the panel of a minicomputer. These complexities
have been made as transparent as possible to the operator. So far as the
operator is concerned, the assay simply consists of placing the sample on
the scan table and pushing the start button. Scanning is automatic, and the
answer in grams of fissile material is printed out on a teletype at the end of
the assay run, which requires ten seconds per centimeter of sam.ple. Thus,
a common 15-¢m ash can sample is assayed automatically in about two
minutes, compl :te with printout and error calculation,

TIIE MODERN (/INICOMPUTER SCANNER

I" gure 1 shows the complete segmented gamma scan system
with all compor2nt parts except for the lead collimator in front of the detec-
tor. Obviously, it is nct suitcase transportable but is quite readily movable
by light truck f-cm one fixed location to another. Setup time will be a few
hours, so that  will find its usual applications where it can be set up as a
fixed-base ope: ation for routine assay applications over some period of
time.



Since homogeneous samples do not require segmenting in orde::
to make accurate gamma assays, the present system will find its widest up-
plication in the areas of scrap and waste measurements. It is, for example,
ideally suited for measurement of ash cans containing ten to several-hundred
grams of plutonium from waste, which may be in different density layers in
the can, These cans can contain some real surprises occasioned by inhomo-
geneous matrix and loading, and the gamma scanner wili measure these very
accurately. As a general rule, any sample in which self-absorption is not a
problem, and for which a transmission measurement is possible, can be ac-
curately assayed by this instrument. The seginented gamma scan is suitable
for assay of 238Pu, 239Pu, or even 235U, but ihe plutonium assays provide
a simpler case than uranium, since the {crmer require only a single trans-
mission peak due to their higher gamia energies. The uranium requires
measurement of the 185-keV gamma line, where the attenuation coefficients
are varying rapidly with energy. In this case, it is necessary to bracket the
uranium line with two transmission lines, and the analysis is slightly more
cifficult, though the computer once again makes the additional complexity
transparent to the user,

The operator control panel is shown in Fig, 2. We have
adopted the philosophy that it is basically simpler for an operator to press
an appropriately labelled pushbutton rather than having to type instructions
into a teletype keyboard, and accordingly the panel as shown provides push-
button control of all instrument functions. Not only can the various types of
data runs be initiated by pushbutton control, but also assay windows can be
entered and the interactive display wholly controlled from the same panel.
The large digplay shown at the top of rig. 2 is a memory oscilloscope whnich
displays in 15-by-20-cm format the various spectra, either the entire 2K
spectrum or any 256-channel segment of the total spectrum. The control
panel immediately below the display provides manual cortrol of the scan
table, which is not normally used in routine operation but provides for setup
and maintenance. The lergth of the scan (container height) in inches is de-
termined by the thumbwheel switches on this panel, which allow containers
up to 483 mm (19 inches) in height to be assayed. The scan table can accom-
modate containers up tu 18 liters (5 gallons) in size and up to 68 kg (150 1b)
in weight,

The bottom panel in FiZ. 2 shows the operator function push-
buttons. In addition to setting in data windows and starting various types of
runs (br.ckground and assay), the operator has the option of choosing either
of two types of printout and of typing comments regarding the assay or sam-
ple number on the teletype.

Figure 3 shows an actual printout foir an ash can sample
assayed by the instrument at the ARIICO facility in Richland, Washington,
where the AEC is field-testing the scanner. This illustrates the so-called
"long'" printout, where all data are typed out on a segment-by-segment basis,
FFrom this long printout, the operator c: : build up an actual fissile content
profile of material in the scmple. Ir this case iv is clear that the plutonium



stops at about segment 11, so that in this 18~cm can mraterial appears only in
the bottom 14 cm. The transmission peak also affords some interesting in-
formation. Note that this value varies considerably from segment to seg-
ment, so that an average transmission, if it had been used for the entire
assay, would have yielded 216 grams for the assay instead of the actual
277--a whopping 22% error! This illustrates the importance of a segmented
transmission and fissile measurement for samples which are vertically in-
homogeneous. By this method of correcting the measurement for attenua-
tion lusses, it is quite reasonable to assay materials for which the trans-
mission may dicop as low as 2-5%. Note also that using the long printout,
the operator has the choice of which segments to use in the final calculation.
This feature is useful for nonroutine samples where the rissile material
may be concentrated in one part of the matrix. Eliminating those segments
from the assay which do not include fissile materiai has the effect of im-
proving the statistical accuracy of the overall measurement, since "empty"
segments are not contributing their scattered counts to degrade the statis-
tics, The estimated standard deviation printed out by the computer is based
on a segment~by-segment calculation of statistical error, assuming Poisson
statistics on the peaks and including all sources of such error. Note that in
the example illustrated in Fig. 3, simply taking the square root of the cor-
rected counts as an estimate of the error would yield 1, 79 grams as the
estimated error--a value low by more than a factor of two. Printing out the
estimated standard deviation effectively assures that the operator is left
without excuse for accepting statisticrlly invalid answers.

The short printout mode suppresses the segment-by-segment
data and is useful for reducing printout time on ''routine'’ or repetitive as-
says, where the content profile is unimportant and where it is well known
that the transmission measurement will be reasonable for the samples being
assayed. In this mode, the operator does not choose which segments to use
in the final calculation. The computer uses all segments for the final n1m-
her,

Even initial setup of the data windows is greatly simplified
through the large display coupled with an interactive cursor and the push-
button switches. To set in the data windows, one has simply to make a setup
run, which yields the spectrurn (from plutonium) shown in Fig. 4. The first
major peak on the left of the spectrum is the 356-keV barium live-time peak.
The 400-keV transmission peak from 75Se is next to the 414-keV photopeak
from the 239Pu, In the cursor mode, an intensified dot moves along this
spectrum graph. The operator simply pushes the stop and start buttons as
he moves the cursor along the graph to indicate where he wishes to set in the
data windows,

I'igures 5 and 6 show the main control chassis and the motor
control chassis, respectively. The open construction in these units permits
fast, easy troubleshooting and maintenance on a plug-in module basis and
guarantees minimal downtime and reliable operation. In fact, experience to
date with this unit in more than a thousand hours of operation indicates no
downtimc due to electronic component failure,



FIELD EXPERIENCE AT ARHCO

During the month of April this new gamma scan instrument was
installed in the Plutonium Finishing Section cf the Atlantic Richfield Hanford
Co., Richland, Washington, at the request of the AEC Richland Operations
Office. Uncrating, setup, and initial culibration of the instrument required
about six hours, after which many as:ays were made and demonstrations
held for the personnel at that facility. A wide variety of samples were as-
sayed, including a plutonium oxide sample (for which the transmission was
marginal), centrifuge sludge samples, solution samples (for which the seg-
mentation is unnecessary), the complete set of ARHCO ash calibration sam-
ples, and about fifty cans of ash ready for shipment to ILASL for plutonium
recovery, Figures 7 and 8 show the instrument installed at ARHCO and
ready for assay work. No particular precautions are necessary, except that
about 4.5 m2 of space and 110 V ac must be available.

' : Several surprises were encountered during the initial assay
work ac ARHCO. A centrifuge sludge sample which had been tagged with
.60 grams of plutonium from a sodium iodide assay was found to contain ac-
.tually about six grams, This illustrates the difficulty of correctly calibrat-
ing a Nal system, where the calibration standard must not only be geometri-
cally identical with the samples to be assayed, but where it must also be
similar in matrix attenuation characteristics. When this is not the case,
large errors will result, as this centrifuge sludge sample strikingly demon-
strates., Of perhaps the most significance was the resolution of a long-
standing discrepancy between the measurements at ARHCO on ach cans being
shipped to LLASL for recovery, and the same measurements on the incoming
shipments made at LASL. For about a year, it had been noted that LASL
.was recovering about 20% more plutonium from this ash than ARHCO claimed
it was shipping. We assayed thirty of these ash cans ready for shipment with
the new segmented gamma scan instrument and compared the results with thL2
ARHCO assays of the same cans. The results are shown in Fig. 9, where
the discrepancy between the ARHCO Nal measurement and the gamma scan
measurement are nlotted as a function of when the Nal measurements were
made., Not only is the 20% discrepancy appzrent, but it is also clear that
this discrepancy is increasing with time, indicating that the Nal system is
getting ever further out of calibration, Since the computer constantly up-
dates the calibration each time a standard run is made with the gamma
scanner, it will not become uncalibrated. Also, further research indicates
that part of the low assay with Nal was due to different packaging between
the ash cans and the standards used for calibration of that instrument. With
a transmission correction being made for each segment, this cannot happen
with the gamma scanner system. With the segmented gamma scan instru-
ment, the only critical feature of the calibration standard is that the stand-
ard mugst be geometrically in the same coufiguration as the sarnples to be
assayed, since the calibration factor in this system is truly a geometric
one. Tbhe matrix materials need not be similar, providing only that a trans-
mission measurement can be made for each samnle and the standard.



Figures 10 and 11 illustrate the importance of having a system
whick is both rapid as well as accurate. As regulations requiring 100% as-
say of inventory become ever more stringent, the speed of making the assay
will have importarnt economic impact, Fissile rnaterial is not only a dan-
gerous material which must be safeguarded from improper uc by unauthor-
ized persons but is a valuable economic commodity as w211, which fully
justifies the increacing emphasis on total dynamic accountability, Waste
materials being shipped for plutonium recovery as illustrated in the two
figures will increase in numbers as the industry expands, The technique of
segmented gamma scanning offers a reasonable method of making reasonably
rapid, very accurate assays.
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FIGURE CAPTIONS

I'ig, 1. Automated segmented gamma scan instrument.

Fig, 2. Control panel.

Fig. 3. Sample assay vprintout.

Fig., 4a. Plutouium spectrum showing barium live-time peak.

Fig. 4b. Plutonium spectrum showing transmission and Pu peaks.

Fig. 5. Main cormtrol chassis.

Fig. 6. Motor control chassis. |

Fig. 7. System being field-tested at ARHCO--scan table,
Fig. 8. System being field-tested at ARHCO--control panel.
Fig. 9. Ash can data--Ge(Li) vs ™al values.

Fig. 10, Ash cans to be assayed for plutonium,

Fig. 11, More ash cans to be assayed for plutonium,
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SaMPLE: ASH STANDARD (ARHCO)Y #42
ESTI:IATED PU = 299 GRAMS, PU 239 = 275.88 GRAMS

RUN EKNDED

SEG # LIVE TIME TRANSMISSION ASSAY PEAK CORR FACTOR
1 +1 3995 +69855 +2448 +1.8169
2 ++49693 +.6186 +635. ! +1.2168
3 +e9446 +e15€2 +1736«8 +]149322
4 +97309 +e 1574 +215543 +19353
5 +.9612 +el1644 +2216 4 +].000Q3
6 +.9605 +¢ 1655 +27383 +1.C057
7 +96085 +.1385 +1906.9 +]1.83082
3 +.9518 +2410 +16272 +1-6397
o ++90514 +o04422 +1162.1 +1+3753

13 ++9934 +e 7842 +535.5 +1.1123
il +¢9853 +¢9393 +74.2 +1.0364
12 ++9956 . ++9155 -9.3 +1eJ4TC
13 +.9739 +.7637 -3 4 | +1.1235
14 +.98539 +.8558 +20 0 +1 3752

FIRST. AND LAST SEGMENTS FOR ASSAY? 1, 12
TOTAL CCRRECTED CQUNTS = +23898.22

+276.95 GRAMS ©STe STDe DEVe = +3e69

i
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Fig. 3. Sample assay printout.
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