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RECENT EXPERIENCES OF SCRAP AND WASTE ASSAY USING NEUTRON
COINCIDENCE COUNTING OF MATERIALS FROM F B-LINE AT THE
SAVANNAH RIVER SITE

L. Baker and K. MacMurdo

Bldg. 772-F

Westinghouse Savannah River Site
Aiken, SC 29808 USA

ABSTRACT

The heterogeneous nature of scrap and waste poses unique
problems for quantitative measurement. This is particularly
true when the sample to be measured can have significant
amounts of plutoniumn in additiun to a variety of matrix com-
ponents. One approach to addressing these difficulties is to
combine gamma-ray and neutron counting techniques. A sys-
tem combining a segmented gamma-ray scanner and neutron
coincidence counter has recently been developed for the non-
destructive assay of plutonium-bearing scrap and waste.
Experience gained with the neutron coincidence counter por-
tion of the system is desctibed. Results obtained from the
measvrzment of scrap and waste materials containing a few
gra:s to a few hundred grams of plutonium are given. The
effects of different matrices are evaluated and the role of spe-
cial diagnestics is explored.

INTRODUCTION

Quantitative measurement of the plutonium in scrap and
waste poses challenges, primarily because the samples are
heterogeneous. This is particularly true when the sample has
significant amounts of plutonium in addition tv a variety of
matrix components. Instruments that measure only gamma
rays or neutrons can have large biases as a result of these
sample characteriztics. The primary cause of assay bias for
gamma-ray technigues is attenuation, especially when the plu-
tonium is in the form of lumps. Neutron measurements can
suffer from varying a,n rates, self-shielding, and self-multi-
plication that arise from changing chemical composition and
fissile mass of tl ¢ sample. One approach to addressing these
difficulties is combining gamma-ray and neutron counting
techniques. As a gencral rule gamma-ray instruments perform
optimally for lower density samples, whereas neutrons are
more penctruting and can therefore be used to measure higher
masses. As such the two metheds are complementery and
present the opportunity to make two independent measure-
ments of the same sample. A system! combining a segmented
gamma scanner (SGS) and neutron coincidence counter
(NCC) has recently been developed to nondestructively assay
plutonium-bearing scrap and waste from the F B. Line at the
Savannah River Site. Samples that are measured on both the
SGS and NCC yield results of high contidence when both in-
struments agree. When the instruments disaree, diagnostics
are included that give guidance on what result is best for the
particular sample being measured, ‘This paper will focus on
ihe experience gained with the NCC portion of the combined
system. The results were obtained from measuring scrap and
waste materisls containing u few grams o a few hundred
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grams of plutonium. The effects of different matrices are
evaluated and the role of special diagnostics is explored.

COUNTER AND SAMPLE DESCRIPTION
Figure 1 shows the combined SGS and NCC system.
S5GS

The SGS consists of a collimated germanium detector and
a sample rotation/translation stand. The sample is contained in
a S5-gal. can and is moved vertically in discrete steps
(segments) while rotating. Two measurements are made: a
passive count in which the detector sees only gamma rays
from the sample and a transmission count in which gamma
rays from an external source are passed through the sample.
The transmission measuicment allows for the correction of
sample self-attenuation by the matrix, while the svaluation of
gamma-ray intensities from 100 to 400 keV corrects for atten-
uation from the E)lulonium particles themuelves, the so-called
lump correction.

Fig. 1. Combined segmented gamma scanner (left) and neu:
tron coincidence counter (right) for the Savannah River Site
F B-Line.



NCC

As shown in Fig. 2, the NCC consists of a central cavity
with a diameter slightly larger than the diameter of a 5-gal.
can, surrounded by an annulus of 1-in. diam 3He proportional
detectors embedded in a high-density polyethylene moderator.
Spontaneous fission neutrons emitted from the even isotopes
of plutonium in the sample are counted using shift register
clectronics.3 The total plutonium mass is calculated by com-
bining the sample isotopics with the effective 240Pu mass de-
termined from measuring the time-correlated count rate (also
called the coincidence or reals rate).

A sample is lowered into the central cavity by means of an
clevator mechanism. Limit switches determine the location of
the sample carrier and provide input to the software to cor-
rectly position the sample during the assay. Graphite endplugs
increase the counter efficiency and flatten the axial response.
Figure 3 shows the relative axial profile for both totals and
reals measured with a 232Cf source. The counter incorporates
two rings of 3He tubes. Thirty-six detector tubes compose the
main ring providing the coincidence signal for the plutoniurn
assay. A second, inner ring of three undermoderated tubes is
sensitive to moderation effects in the sample. Figure 4 shows
the tube layout, polyethylene shiclding, and cadmium locations
for the N admium lines the sample cavity preventing
thermal neutrons from re-entering the sample and causing
additional neutron multiplication. The outer ring of polyethy-
lenc and the cadmium layer between the inner and outer rings
of polyethylene provides shielding from external sources
allowing measurement of samples containing small amounts of
plutonium. Table I summarizes data on NCC characteristics.

] |
too
I + — !
l -] MOTOR ,
! ol corma e
[
' &l
)
)
HOM V0L TAGE '
NG TION GO \ .
7 U WONTOR |
", T’
WLt ;:'/',‘ AK
cumen ZATNTRY \ {77
. \
-~ ]
O, vQ THYLENE /r Y Ll T Q oRAASTE 0
7 AR can X )
SARUN N ;
wor ? N N 9% ‘
pyriallp ’ o N 74
TR o S 74
?/ o X > b? v \
LA
|
ot

Fig. 2. Cross sectional view of the NCC showing the relation
of sample to moderator and Stie detertors.
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Fig. 3. Axial response profiles (1otals and reals) for
a “32Cf point source.

The NCC software allows the user to control the data
acquisition and analysis. Program options are divided into
routine and supervisory levels. Passwords determine the level
of access allowed. Routine operations consist of assay, back-
ground, and measurement control (bias and precision) activi-
ties. The supervisory options permit setting or changing such
iterns as diagnostic values and calibration constants. The NCC
currently has two calibrations that are used according to the
sample type. One calibration is for low a,n samples, such as
oxides and the other is used for high a,n samples, such as flu-
orides. In both cases, the calibrations a:e based on a quadratic
relationship betw.oce the reals rate and the 240Pu effective.
Figure 5 shows the two calibration curves that ane discussed in
the next section.

e assayed scrup comes from the mechanical line glove
box .a the FYB-Line at Westinghouse Savannah River Site
(SRS). The mechanical line handles mixed plutoniu:m oxide
and fluoride powder in preparation for the calciothermic
reduction to plutonium metal. In the process of handiing these
powders, some are spilled on the floor of the process equip-
ment or the glove box. These powders, called sweepinys,
may contain plutonium tnfluoride, plutonium teu'nﬂuoric?c.
plutonium oxide, and calcium oxide They are collected using
a brush and scoop or hand-held vacuum cleaner, screene.d, and
placed into a standard stainless st=el container; the lid is scaled
with tape. Each container is limited to 1(XX) g gross weight,
The container is bagged from the giove box and stored in
S5-gul. pails.

Sweepings are assayed to combply with the DOE 5631,3
requirement for a measured materinl balance. Results are used
for material control and material accountability. Also, the
throughput of the scrap recovery dissolver operation can be
improved while muintaining nuclear safety conditions, [n

ition, stomge space can be used more efficiently.

MATRIX EFFECTS AND DIAGNOSTICS

With two indenendent measurement instruments at the
F B-Line facility, it is not necessary that both instruments
always give the same assuy result. If the wssays from the two
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Fig. 4. Cross section of the NCC showing the tube layout.

6000 TrorTor ot f t . r o ‘ T or v ' Yr o1 T T LA S '"']
- [}r
5000 |- /
4000 .
i 0
3000 | /
L / " low Alpha Curve
1 High Alpha Curve ]
2000 |-
o
. -
1000 - o
) g, a0 o
0'.“_{ cdded ool s wcboaen s Lo i
0 10 20 30 40

Table I. Summary of Detector
Characteristics
Number of tubes
mainring 36
flux monitor 3
Tube active length 24 in.
Pressure 4 atm,
Detector efficiency 23%
Die-away time 59 s

kffective Pu—-240 Mass (g)

Fig.$. Calibration curves for low and high a-n sumples.

instruments agree, one can accept the value. Because of the
compli.rientary aspects of the SGS and the NCC, when the
assay v.!ues disagree, one of the assay values is usually better
than the other. For each of the instruments, diagnostic tools
are incorporated into the analysis software to indicate the
potential bias of the respective assays. If the assay values do
not agree, then a decision must be made on the acceptability of
cither value. These diagnostic indicators guide the determina-
tion of tlie better value.

In NCC's, assays are performed by reiating the measured
coincidence count rate to the effective mass of the sam-
ple. In the ideal situation, the coincidence count rate is a linear
function of the mass. In reality, however, the coincidence
response is not lincar because of multiplication in the sample.
For well-characterized samples, techniques have been devel-
oped to adjust the measured coincidence count rate for self-
multiplication.3 The technique uses the ratio of the measured
coincidencz count rate to the measured total neutron count and
the known plutonium isotopics of the sample to calculate a
multiplication correction factor. The mass is then determined
from the corrected coincidence count rate and a linear calibra-
tion curve. Multiplication corrections adjust for variations in
sample geometry, density, and composition.

Without multiplication corrections, assays are bascd on
calivration curves that include multiplication. These calibration
curves are developed by using standards of known mass. ‘The
accuracy of the assays depends on how well characteristics of
the samples being measured match the characteristics of the
calibration standards. For waste and scrap materials, we
assume that very little information is available concerning the
geometry or the composition of the sample being measured
and multiglication corrections are generally not possible. As a
result, F B-Line NCC assays use nonmultiplication-cotrected
calibration curves.

Moderating materials and materials with high (a.n} yicelds
in the samples cause problems in NCC assays. Waste cau
contain & variety of materials from the process line.



Sometimes the materials contain high levels of hydrogen that
acts as a neutron moderator within the sample. Moderator,
generally in the form: of moisture or an abundance of plastic
materials such as gloves and containers, softens the neutron
spectra. Spectral changes impact multiplication in the sample
and affect the overall detector efficiency. Overall the softer
spectrum alters the coincidence count rate relative to the effec-
tive 240Pu mass. This affects the applicability of the calibration
cuive.

One of the calibration curves for the F B-Line NCC is
made with well-known PuQ, standards. Oxide samples have
low (a,n) yields. If the sample materials come from parts of
the process line where the plutonium chemical form is a low
(a,n) emitter, this calibration curve is adequate. However, in
parts of the process line. the plutonium chemistry is different
and there are other low-Z materials, such as fluorides, present
which have much higher (a,n) yields compared to oxides.
High (x,n) yields significantly increase the coincidence rate
per effective 240Pu mass within the sample. The oxide cali-
bration curve is not applicable for these materials. M.t of the
assay scrzp material is of a high (a,n) nature and therefore the
NCC has a separate calibration curve for these samples.

Two key indicators are used in the NCC software to
determine the presence of significant matrix effects. Increased
moderatcn in the sample can be detected by using the flux
monitor signal. A softer spectrum emerging from the sample
increases the flux monitor response relative to the main ring
signal. The ratio of the total count rate in the main ring to the
total count rate in the flux monitor decreases as moderation
increases. When the T/Tq)x ratio decreases below a preset
value, a diagnostic message 1s printed. This indicates that the
NCC value ‘s questionable and that the SGS value should
probably tx accepted. The NCC value would generally under-
predict the effective 240Py mass for the case of increased mod-
eration. In the analysis, no adjustments are available to the
NCC data when the T/Tp,x diagnostic is indicated.

The ratio of the coincidence count rate to the total count
rate (R/T) in the ring of tubes is a second diagnostic and it is
used to determine if high (a,n) materials are present. When
very high (a,n) backgrounds are present, the R/T ratio
decreases significantly. The resulting coincidence count rate
also increases requiring a separate calibration curve.

A lower R/T ratio for the sample indicates the presence of a
high (a.n) source. For the F B-Line application, we character-
ized the kinds of materials that would occur in the process line.
From this infonmation, we established two calibration curves;
a low (a.,n) curve and a high (a,n) curve. The oxide curve is
the low (c..n) curve. If the operator does not know the pro-
cess origin of the sample being measured, the R/T flag can be
used to determine that the high (a.n) curve should be used for
the assay. Eventually, software may be modified to automati-
cally use the high (a,n) curve when the R/T flag triggers.

The high and low (a,n) calibration curves are shown in
Fig. 5. For the same coincidence count rate, two very differ-
ent values for the effective 240Pu raass are obmincd?;om the
two curves. Data for both curves are fitted to second-order
polynomials that pass through the origin. The fit coefficients
are given in Table II. The low (a,n) mass curve is well char-
acterized from known PuQ; standards. The high (e,n) curve
is developed from typical process line samples, These samples
ure not as well characterized as the PuQ, standards. Thus the
high (a,n) curve does not fit the data as well, However, the
curve represents the available calibration data, and it is ade-
quate for the high (a,n) ¥ B-Line scrap samples.

Table II. Calibration Curve Coefficients
Curve: R = ag + a1 * m + a3 * m2

Low (a,n) Curve  High (a,n) Curve
ap 0.00 0.00
ay 30.27 3.14
ay 0.08 7.76
m = mass of 240Py effective

RECENT EXPERIENCE AT SRS

The SGS and NCC instrument; were used to study
sweeping samples from the F B-Lin:: at SRS. Following are
discussions of the measurements on the sweeping samples.

A typical day’'s operation is shown in Table IIL
Backgrounds are run on both SGS and NCC instruments. On
the NCC, the measurement control-bias measurements are
made with a reference californium source. The decay-cor-
rected expected coincidence rate is divided by the measured
coincidence rate to give a normalization constant (K). 1f the
new value of K difters from the old value by less than three
standard deviations of the new value, then the old value is re-
tained. The measurement control standard for the SGS is a
plutonium oxide waste standard, B-88. Figure 6 shows the
SGS assay on B-88. The results show that the average SGS
result agrees with the reference value. Runs of the waste stan-
dard B-88 on the NCC are shown in Fig. 7. The oxide cali-
bration curve was used. The average NCC assay is 10% low.
This sample is known to contain a significant amount of plas-
tic. The T/Tqux diagnostic message is generated and the NCC
would generally under predict the effective 240Pu mass for the
case of increased moderation.

As part of the measurement contiol program, we run a
sweeping standard on each instrument before measuring sam-
ples. The working standards are actual sweepings taken from
various locations in the F B-Line mechanical glove box. They
were packaged for characterization by calorimetry and gamma
isotopic measureinents. The uncertainty associated with the
calonmeter and gamma isotopic instruments has been deter-
mined to be between 2% and 7%. Four working standards
were used to establish the high (a,n) fluoride calibration curve
for assay of the sweeping standards on the NCC. Figure 8,
which shows Standard Agbl assay results on the $GS, indi-
cates that the average SGS value agrees with the reference
value. Figure 9 shows the assay results of Standard 4361 run
on the NCC. The results show that the NCC assay on the av-
crage is 4% high. This is not unexpected because the sweep-
ings are known to contain fluoride that yields high (a,n).

The other working standard is Standard 4362, Figure 10
is a measurement control chast showing the assay results of the
standard run on the SGS. Aygreement is quite good indicating
the new lump correction software is effective, and this S$GS
remained in control during the time period over which the
sweepings were measured. Results of the Standard 4302 run
on the NCC are shown in Fig. 11. They show that the NC(*
assay on the avernge is higher than the reference by about 6%,
This bias is due to the systematic error in the calibration curve
as generated with the four fluoride standards.



Table 1il. Example of Daily Operstions
Number| Dse | Time | Counter | Sample Type Result Commenna
T=988 ¢ 1.3; R =003 £0.45
1 21-May | 10:20 | NCC Bkgd FM=132%0.15
2 21-May | 10:54 | SGS Bkgd Resolution 100 good
k] 21-May | 10:49 |[NCC Nomalization Normalization constant rewained
4 21-May | 11:00]| SGS Standard B-88 | 3.50 vs 3.58 reference velue Bias test passed
5 21-May | 12:41 |NCC Standard 4362 456 £ 32 (OK)
6 21-May | 12:43|SGS Suandard 4361 110% 1 (OK)
7 21-May | 1307 | NCC Canl 24821 (O R/T = 0.0086; test failed
8 21-May | 1308 | SGS Can?2 2419
9 21-Mey | 13:27 | NCC Can2 240t 18 (O) R/T = 0.008S: test failed
10 21-May | 13:29 | SGS Can | 08¢7
11 21-May | 1348 | NCC Canl 276 1 20 (C) R/T = 0.00070; test failed
12 21-May | 13:49 | SGS Can? 2178
1} 21-May | 1408 | NCC Can2 235t 1R (C) R/T = 0.0081; test faled
14 21.-May | 1409 | SGS Canl 09t4
1S 121-May | 15:20 | NCC__ | Standard 2°2Cf | Chi rquare = 0.53 Precision OK
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Fig. 6. Historical SGS results of PuO; Stundard B-88 show- z
ing accepted value, average measured result, and confidence %
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Fig. 9. NCC results of sweepings Standard 4361 from April
10 June 1990, showing accepred value, average measured re-
sult, and confidence limits.

Assay results of approximately 100 swec;ing samples run
on the SGS and NCC are shown in Fig. 12. Results show
that the SGS and NCC generally agree within the measurement
uncertainties. ~he R/T ratio on the NCC results is usually
flagged indicatiny, *he presence of high (a,n). This diagnostic
is useful because it verifies the presence of high fluorides in
the sample and the fluoride calibration curve is the correct
curve to use. Because the NCC and SGS results agree, the
NCC calibration curve appears to be adequate for the high
(a,n) F B-Line sweeping samples. Figure 13 further defines
the low mass sweepings run on the SGS and NCC.
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Fig. 10. Results of SGS measurement of sweepings Standard
4362 from February to June 1990, showing accepied value,
average measured result, and confidence limits.
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Fig. 11. Results of NCC measurement of sweepings Standard
4362 from February to June 1990, showing accepted value,
average measured result, and confidence limits.

SUMMARY

Experience of assaying sweeping samples at SRS shows
that the MCC and SCS can perform assays with no significant
bias on most F B-Line sweeping samples. The SGS and
NCC results agree within the uncertainties, and we are confi-
dent that we have a reliable assay result and a reliable error
estimate.

We are now able t~ meet the DOE requirement of a mea-
sured myterial halance in the F B-Line. Also, process recov-
ery dissolver thronghput can be improved and nuclear safety
conditions can be. maintained. Results can be used for material
control and material accountability. In addition, vault storage
space can "¢ used niore efficienty.
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