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We developed uranium mass assay systems for 200-litter wastes drums applied neutron
and gamma measurements by NDA method. In this intermediate report we will describe
measurement systems and trial data. The systems are composed of the 16 pieces of
helium-3 proportional counters for neutron detection and a large sized NalI(T1) scintillation
detector for gamma ray detection. The extensive testing trials using the calibrated
uranium sources with different enrichment and some kinds of matrices in drums were
performed. Through the one year testing the useful experiences of this system concerning
neutron and gamma ray measurements for uranium mass were obtained. Almost all
instruments and software were so good performance as is designed. As the next step we
are going to schedule to try measurements for actual wastes that are stored in the Uranium
Refining and Conversion Plant at Ningyo-toge, and put practical uses near future. Our

research was accomplished with the support of LANL.

Keywords : Uranium Mass Assay, Neutron and Gamma Measurement, NDA,
Helium-3 Proportional Counters, U-234(« ,n)Reaction, Spontaneous Fission of U-238,
Large Sized NaI(T1) Detector, 200-litter Wastes Drum
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1. Introduction

The primary purpose of the Ningyo Waste Assay System (NWAS) is to provide a
determination of the total uranium mass in 200-litter wastes drums from dismantling
operations in the Uranium Refining and Conversion Plant (URCP) at the Ningyo-Toge
Environmental Engineering Center of JAEA. The NWAS was introduced under the
cooperation study between DOE-JAEA bilateral safeguards cooperation agreement, under
Action Sheet 51, “NDA Study for a waste assay system at Ningyo-Toge”, toward which effective
measurements for uranium fluorides may be possible. LANL had taken charge of design and
composition on NWAS, JAEA had achieved a series of testing. [Ref.-1], [Ref.-2]

The features of neutron detection are unique, it is the accepted view that the neutron passive
measurement for uranium is not usually applicable, however we have tried to prove its
applicability. This system is composed of the two kind of measurements detectors, one is 16
set of helium-3 proportional counters for neutron detection and the other is high sensitivity
NaI(TI) detector for gamma-ray detection, assays are performed simultaneously but
independently.

The passive measurement of neutrons are intended to detect the emanating from
spontaneous fission of U-238 and neutrons emanating (a ,n) reaction against fluorine atoms
emanating from U-234’s «-particles. Simultaneously the passive detection of gamma ray
emitting from U-235 and Pa-234m as an U-238’s progenies are performed.

Each of these measurements provides an independent determination of the total uranium
mass within the drum, from which either, both, or the average mass can be reported.

In this paper we will report on the performance experiences to date with the NWAS and
summarize measurements of drums containing uranium standards sources in the various
matrices. Additionally we also discuss a few aspects of the system which are optimal and for
which improvements could be made in possible future developments of this measurement

concept.

2. Structure and Measurements Methodology

The main structures of NWAS are reviewed below in detail. The Figure-1 shows the
conceptual design of assay systems with additional shielding devices of NWAS. The Figure-2
shows the inner view of NWAS and the Figure-3 shows the outer view of NWAS. The total
weight of the system amount to 500kg including additional shielding devices, however every
part is capable to separate to each unit and easy to move to other places. The Figure-4 shows
the outer view of the personal computer as controller of NWAS. The Figure-5 shows the outer
view of HV supply and amplifier tools for both detectors of NWAS.

Thus the features of measurements methodology of NWAS are summarized below.

The 900mm long and 25.4mm diameter of 16 unit of helium-3 proportional counters which
are embedded into the two slab-shape aluminum boxes in a straight line with 8 units
respectively, and those boxes are set up on 90 degree clockwise and are to be faced with

200-litter wastes drum. The detectors, those amplifier and control system (JSR-12/12N) are

_1_
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supplied by Canberra Corporations.

The 5 inch diameter and 5 inch long of NaI(T1) detector with 20mm thickness of tungsten
annular cylinder as the gamma ray collimator is settled between two neutron detectors boxes at
the central level of 200-litter wastes drum. The detector, its amplifier and control system
(DART) are supplied by Ortec Corporations.

The drum rotation system with 450kg weight capability are prepared, measurements may
usually be performed with rotation for geometrically uniform detection.

For neutron measurements are based on two different mechanism of nuclear reaction. One
is spontaneous fission neutron derived from U-238 emanations, however those emissions rates
are too low to use the determination uranium mass by itself. The neutron emission rate is
assumed 0.0136 [neutrons/sec/gU] approximately. [ref.3]

The other is neutron emanating from (o ,n) reaction which « -particles from U-234 would be
captured by low-Z elements, especially fluorine atoms have particularly large reaction cross
section. [Ref.-4]

Furthermore the neutron emission rate of (« ,n) reaction will grow up according to increase of
uranium enrichment, so totally it will be much larger contribution than spontaneous fission.

The neutron energy of those emitted thus are so higher energy (approximately up to 2MeV),
therefore it is required to thermalize neutron energy in order to detect helium-3 proportional
counters. In the aluminum boxes the 80mm thickness of high density polyethylene slabs are
installed inside of drum-side as moderator and otherwise 20mm thickness of high density
polyethylene slabs are installed rear-side as reflector. Furthermore in order to decrease
neutron background derived from the ambient uranium sources or cosmic rays, the 100mm
thickness of high density polyethylene slabs are installed for four directions all. In addition so
as to capture thermal neutrons generated from the outer polyethylene slab the 0.1mm of
cadmium foils are attached outside of the aluminum boxes.

For gamma measurements in order to decrease the background level from ambient uranium
sources the additional shielding slab with 50mm thickness of lead is installed toward the
opposite side of NalI(T1) detector.

Those additional shielding devices are also shown in Figure-6,7.

The Figure-8 shows the control scheme of NWAS over which are controlled by the personal

computer
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Figure-1 Conceptual design of NWAS system
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Figure-6 The additional polyethylene
shielding

Figure-4 The controllers of NWAS
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3. In-Plant Installation

The NWAS is designed to provide a determination of the total uranium mass in 200-litter
wastes drums. It is intended for use by the facility operator to characterize and categorize
uranium-bearing wastes and excess inventory materials from the dismantled.

Therefore NWAS was installed in the “yellow cake solving room” located in the radiation
controlled area on the ground floor of URCP at the Ningyo-Toge Environmental Engineering
Center. The location suggests an advantage for drum handlings, is illustrated in Figure-9.

After some first trials by the engineer of LANL in 2003, the testing and second trial to the
actual operation had been suspended. Up to in 2009, the reconfirmation and development
tests were restarted.

The room where NWAS was installed has 10m of square space and a concrete floor and 30cm
thickness of two concrete walls, the other two walls and ceiling, however, are not concrete, but
are more thin gypsum wall and metallic slab. Furthermore so many wastes drums are now
stored in every next room. Therefore it is required more shielding against those surrounding

radiation environments.

4. Measuring Approach and Analyzing Programs
4.1 Scope

The NWAS consists of passive neutron/gamma-ray detectors for the measurement of natural,
depleted or low-enriched uranium wastes in 200 litter drums. The original concept of
schematic measuring approach was shown in Figure-10, that is to say, after the two separate
measurement simultaneously a total uranium mass within each drum will be calculated. Both
two results are then compared and can be combined. From each technique, the total uranium
mass (and error) can be evaluated.

To our knowledge, this was the first case that these types of hybrid/combined techniques have
been applied to the passive measurement of uranium-bearing wastes.

However we have changed the measuring approach because following some reasons.

At first the gamma measurements data by gamma spectrometry have revealed it’s higher
background level and relatively large counting error, therefore it was not so easy to determine
U-235 mass from gamma ray energy spectrum, especially in case of the drums with relatively
high density matrices.

Secondly at the present time the region of U-235 enrichment index is limited up to 1.3% in
URCP and we have the several records concerning U-235 enrichment data for each waste drum
by process knowledge and dismantlement records. Therefore for the moment, the facility
operator will declare U-235 enrichment index from stored data in case of existed right data, if
not will use the fixed value.

Furthermore the uranium assay from gamma ray had indicated 50-60% of counting errors
which were far larger than neutron assay as will be shown later.

The revised concept of schematic measuring approach was shown in Figure-11, that is to say,

the uranium determination will be performed only by neutron detection only. The gamma ray

_7_
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measurements had been positioned as a reference.
Several programs are prepared for measuring and analyzing. The characteristics of each

program are describe in APPENDIX.

(1) ZINCC” developed by LANL for neutron detection and analysis

(2) "Gamma Vision” developed by Ortec for gamma ray detection and analysis

(3) “ISOTOPIC” developed by Perkin Elmer for analysis of uranium mass assay from

gamma ray spectrometry.
(4) “V3 macro program of EXCEL” by LANL incorporated for data collection, comparison

and combination

4.2 Background Measurements

Since NWAS passively measures very low level of thermal neutron and gamma ray
emanating from waste drums, it is important to determine the backgrounds detected and how
to account for and subtract them appropriately.

# Neutron background

The analysis of the neutron background rate is important in the point of view of “signal to
background ratio” for NWAS. Furthermore the measured background rate, although fairly
stable throughout the measurement periods, is affected by the presence of the waste drum
being measured.

Long time measurements (usually 72000 seconds) were performed periodically so that we
may confirm background rate variance. Until now the average of neutron background is 5.4
+0.009 cps (based on 20 times measurements) However during the testing of the NWAS,
there was considerable difficulty assessing the correct (and appropriate) background count rate,
which changed depending on the presence of a matrices drum.

When drums with metals (mainly steel) were placed on the rotation platform, the effective
background rate appeared to increase (by about 10% on average) in the neutron detector. This
is due to the increase in cosmic ray spallation background neutrons created by the presence of
the high-Z materials in the drum. Conversely, when drums with combustibles or empty were
placed on the rotation platform, the effective background appeared to decrease (by about 10%
on average) in the background neutrons by the moderating low-Z matrix. Therefore prior the
series of the testing by using the different matrix, the background rate was certainly measured
correspondingly so that a correction will be applied to the measured background and net
neutron count rate that is based on the matrix material (low-Z or high-Z materials) within the
drum itself.

The typical background data of neutron detector are shown in Table-1.
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Table-1 The neutron background rate data (example)

matrix time(sec) | counts (cps) | error(cps) relative
empty 72000 4.124 0.008 0.0019
combustibles 72000 5.345 0.009 0.0017
NaF 72000 4.487 0.008 0.0018
Alumina 72000 3.881 0.007 0.0018
steel 72000 5.709 0.009 0.0016

# Gamma ray Background

The detection of the gamma ray background rate is also important in the point of view of
“signal to background ratio” for NWAS. Especially as for utilizing gamma ray spectrometry, it
is notable that the direct detection of uranium gamma rays (186keV from U-235 and 1001keV
from Pa-234m) from waste drums were interfered by gamma rays (1460keV from K-40)
originated concrete elsewhere in the facility.

Long time measurement (usually 72000 seconds) were performed periodically, same as in
neutron measurement, to check for the presence of peaks in the energy regions of interest above
the background continuum.

Two regions of interest (ROIs) are shown outlined in the blue shaded boxes. These ROIs
represent the regions for the 186keV peak from U-235 and 1001keV peak from Pa-234m.
There are no easily discernible peaks in the background spectrum except for the 1460keV
background peak from K-40 and two small peaks between 500-600keV, one of which is the
511keV annihilation peak. There is also a shoulder appearing in background of the 1001keV
ROI, which could be from 1001keV gamma rays but certainly not of any quantity to be
concerned. Furthermore, the ROI at 186 keV is observed to be free of any noticeable peaks.

It is notable to not be observed matrix dependence of the background level by contraries to
neutron measurements. As a reference the two sample of gamma ray backgrounds are shown

in Figure-12,13.

1E+6 BG(matrix:empty) 1E+6 BG(matrix:NaF)
Ees 1E+5 /\ \
1E+4 o 15 \
2 H
H 3
1E+3 1E+3 {
1E+2 1E+2
1E+1 1E+1
0 500 1000 1500 2000 0 500 1000 1500 2000
energy(keV) energy(keV)
Figure-12 The background gamma ray Figure-13 The background gamma ray
spectrum (72000sec, matrix:air) spectrum (72000sec, matrix:NaF)
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4.3 Detector Calibration

Routine calibrations are necessary for neutron and gamma ray detectors.
# Neutron calibration

For neutron detectors, 100,000 neutrons/sec traceable source intensity of Cf-252 checking
source (approximately 1IMBq) is used for calibration, and the counting efficiency is checked
periodically. (Figure-14) The checking source is settled at the center of drum position without
matrix. The NWAS is supplied with a Cf-252 source holder that can be placed in the center
hole of the drum rotation platform. This source holder with Cf-252 source mounted on the
drum rotation system. (Figure-15) The measured counting efficiency are (5.4~5.6 = 0.03) %
in average. The precise data are showed in Table-2, those errors are derived from the counting

uncertainty  and source intensity definition error.

Table-2 Calibrated neutron counting efficiency (example)

efficiency error | relative
1 0.0553 0.0024 | 0.0427
2 0.0546 0.0027 | 0.0500
3 0.0552 0.0028 | 0.0500

Figure-14 Cf-252 neutron standard source

Figure-15 Cf-252 source holder

# Gamma ray calibration

For gamma detectors, energy calibration and counting efficiency calibration are checked
periodically. The mixed checking source including 10 gamma ray peaks is used for energy
calibration, the checking source is settled at the top of NaI(T1) detector position without drum.

The typical gamma ray spectrum is shown Figure-16.

_10_
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gamma ray energy spectrum(mix_source) calibration source surface type (MX-421)
165 nuclide | E(keV) | branch | activity(Bq)
1E+4 Cd-109 | --- 26800
Co-57 122 0.856 1744
g 167 W Ce-139 166 |  0.799 1742
M"’A’/\\ Cr-51 320 | 0.0992 44750
e Sr-85 514 0.96 2322
e+ Cs-137 662 0.851 2201
Mn-54 835 1 2417
e 0 500 1000 1500 2000 Y-88 898 0.937 2637
energylkeV) Co60 1173 1 2946
Co60 1333 1 2946

Figure-16 The energy calibration gamma ray spectrum for NalI(T1) detector

5. Measurement procedure
5.1 Preparation for Standard source
For the purpose of performing benchmark measurements, many standard samples were

prepared. Those samples were small glass vials contained of uranium powders, each one
weighed one gram of uranium as metal content. The reason why prepared many small
samples was that the homogenous distribution were needed for benchmark measurements.
Especially in order to verify the difference of neutron emission rates, the plural chemical forms
and plural uranium enrichment (IE=index of enrichments) were prepared. The standard
materials prepared are the following;

1) uranium tetrafluorides with IE=1.08%

i) uranium tetrafluorides (natural)

iii) tri-uranium octa-oxides with IE=1.11%

iv) tri-uranium octa-oxides (natural)s

5.2 Preparation for Testing Tools

As the mocked-actual wastes drums, in which some kinds of matrices are filled up, 200-litter
drums were prepared. Now the dismantling works have been continued in URCP, several
kinds of wastes were generated as a result, also there remained so many kinds of wastes by
plant operation. Therefore the five matrices were selected as is likely exist with practical use
among them in URCP.

As the mocked-actual wastes drums, in which some kinds of matrices are filled up, 200-litter
drums were prepared. The five matrices were selected as is likely exist with practical use in
URCP.

1) empty state as a reference for any other matrices that is the base with no attenuation by

inner materials

_11_
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ii) combustibles as the mocked-actual drum contained light media such as paper towel,
vinyl gloves, filter media so on

iii) sodium fluoride (NaF) pellets which are usually generated wastes in URCP as off-gas
trap media (density is 1.0 g/cc approximately)

iv) alumina pellets (AloO3) which are also usually generated wastes in URCP as off-gas trap
media (density is 0.8 g/cc approximately)

v) steel bars or blocks which are accounted the major part of wastes generated mainly
dismantled in URCP (averaged density is limited up to 1.0 g/cc)

In case of each matrix nine pipes were inserted in which are capable to set optionally the
small glass vials contained one gram of uranium in 200-litter drum. Testing tools are shown in
Figure-17 (a)(b)(c)(d)(e).

Using these testing tools, many experiments were performed. The source distributions were
basically symmetrical as mocked a homogeneous distributions. In some cases mocked up
heterogeneous distributions were tried for the purpose of the influence by maldistribution of
sources. (Figure-18)

The uranium powder sources in small glass vials and attached to nine bars at equal distance

were distributed into the pipes.

_12_
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Figure-17(a) Testing tools with empty drum Figure-17(d) Testing tools with alumina in

drum

Figure-17(b) Testing tools with combustibles  Figure-17(e) Testing tools with steel bars in
in drum drum

@ Uranium source

Figure-17(c) Testing tools with NaF in drum

mocked up
homogenous
distribution

maldistribution

Figure-18 Image of testing tools for

maldistribution with air drum
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5.3 Uranium Mass Estimation Methods

Through two independent measurements uranium mass is determined by the
independent estimation methods as is described below:;
# for neutron detection

The neutron assay is performed by the following formula based on the thermal neutron
counting. The important point is that the neutron emission rates differ from the chemical

form of uranium and the enrichment of uranium.
ng —Npg
e * Y(E)

---- (Equation-1)

Y(E)=0.136 + F + IE

where M : uranium mass calculated (gU)
ns : measured background-subtracted single rate for sample (cps)
nB : measured background single rate for empty condition (cps)
¢ : detection efficiency (-)
Y(E) : neutron emission yield depended of uranium enrichments (n/s/gU)
IE : uranium enrichment (U-235 enrichment %)
0.0136 : neutron emission rates of spontaneous fission (n/s/gU)
F : weighing factor of neutron emission rates of (« ,n) reaction depended

on chemical form or matrix (n/s/gU)

# for gamma ray detection
The gamma ray assay is performed the following formula based on the peak counting of
each energy region. The important point is that mass of uranium are calculated as
gU-235 or gU-238 respectively, finally both are summarized
B An'(At) - P CF

- 1L . AV " ¢ *B, ---- (Equation-2)

where M : uranium mass calculated (gU-235 or gU-238)
An : uranium activity (Bg)
At atomic number
A :decay constant
Av ' mass number
Pa: peak counts of 186keV or 1001keV(cps)
CF : conversion factor for 186keV or 1001keV corresponding matrix
¢ : detection efficiency for 186keV or 1001keV (-)
B,: gamma ray emission branch of 186keV or 1001keV
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5.4 Mocked-up Testing

Over 200 measurement trials were performed on multiple complex conditions concerning
uranium mass, chemical form of uranium and enrichment. The overview of testing
conditions are summarized in Table-3.

Table-3 The overview of testing conditions

chemical | EU/NU | Empty |combusti-| NaF | Alumina| Steel
form (a) bles (b) (0 (d) (e)
UF4 EU 27¢gU, 45gU or 81gU
UF4 NU 27¢gU, 45gU, 81gU or 162gU
UsOs EU 32gU
UsOs NU 45gU, 99¢gU or 169gU

Note: (b) density=0.1g/cc, (c)density=1.0g/cc, (d)density=0.8g/cc, (e)density=1.0g/cc

Every data was purchased in the same conditions, so as to 3600 seconds of counting time

with rotation, three cycles toward the same conditions as possible.

6. Results of Trial
# for neutron measurement

The trials of neutron measurements were performed by “rate only” mode of INCC which
are capable to detect by time division method and to decrease relative errors.

Through trials it was found that weighing factor of “F” value does not necessarily
indicate the definite value in Equation-1, because it is assumed that neutron emission rate
derived from (a ,n) reaction are depended on chemical form of uranium source and neutron
attenuation also depended on the materials of matrices.

Therefore in order to purchase the weighing factor of “F” value, the fitting calculation
between the declared uranium mass and calculated uranium mass toward each matrix
were tried.

The estimated weighing factor “F” values are shown in Table-4. These values are not

defined theoretically but experimentally, so further verification would be needed.

Table-4 The weighing factor “F” depended on chemical form and matrix

chemical | EU/NU | Empty |combusti-| NaF [Alumina| Steel
form (a) bles (b) () (d) (e)
UF4 EU 0.23 0.20 0.09 0.11 0.30
UF4 NU 0.29 0.34 0.09 0.11 0.31
UsOs EU 0.20 0.31 0.10 0.12 0.41
UsOs NU 0.32 0.29 0.10 0.12 0.14

Note:(a)density=0.1g/cc, (b)density=1.0g/cc, (c)density=0.8g/cc, (d)density=1.0g/cc
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The variances of these factors shows the differences depended on the chemical form of
uranium. It was expected that the weighing factor “F” of uranium fluorides are greater
than the that of uranium oxides. The relationship between raw data of neutron counts
rate versus the declared uranium mass is shown in Figure-21(a)(b)(c)(d)(e)(f). Those data
suggested no conclusive differences between fluorides and oxides.

According to (Equation-1) uranium mass were calculated for all trial cases, whose data
are presented numerically in  Table-5(a)()(c)(d)(e)® and graphically in
Figure-22(a)(b)(c)(d)(e)(®).

Furthermore in order to confirm the repeatability the recycle measurements for neutron
(without matrix) on the same conditions were performed. At least the repeatability was
kept within 25%.

# for gamma ray measurement

The trials of gamma ray measurements were performed by “acquire/save/report” mode of
Gamma Vision, which will be to accumulate peak counts and to perform peak analysis.
According to (Equation-2) uranium mass were calculated for all trial cases, whose data are
presented numerically also in Table-5(a)(b)(c)(d)(e)(f) and graphically in Figure-23
(@) (b)) (D()D.

Figure-19 shows a typical gamma energy spectrum (3600 seconds) measured drum used
air as matrix, 186keV peak and 1001keV peaks are observed clearly. However in the case
of used alumina or NaF as matrix there often arose which the 1001keV peak had not
indicated clearly, so unable to estimate uranium mass, especially Figure-20 shows a typical

gamma energy spectrum (3600 seconds), no clear peak observed except K-40.

gamma ray spectrum (UF4/air)

1E+5

gamma ray energy spectrum(UF4E/NaF)

1E+5

M

1E+4
J \ 1E+4
1E+3 \\"/\ /]
et 1E+3

S\

counts

counts

1E+2
1E+2

1E+1

1E+1

1E+0

0 500 1000 1500 2000 1840
0 500 1000 1500

2000

energy(keV) energy(keV)
Figure-19 The typical gamma Figure-20 The typical gamma
ray spectrum (matrix:empty) ray spectrum (matrix:NaF)
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Figure-21 The response data of neutron detector
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Figure-22 The example data of neutron measurements
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Figure-23 The example data of gamma ray measurements
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7. Estimation for Detection Limit of This Method

Detection limits of the radiation measurement system are defined from the background rates,
the counting time and parameter with statistical uncertainty. For the purpose of estimation of

the detection limit of this method, we used the following formula which is so popular in Japan.

# for neutron detection

The 30 method was used as follows.

ALDmass :n—D
Toe Y(E)

(k] k (k]z (1 1]
ny=|—|x|—+,|| —| +4nyz| —+—
2) |t 3 t, t,

where np : minimum net detectable counting rate (cps)

ng : background rates (cps)
tr : counting time for sample (cps)
tB : counting time for background (cps)
kmpa : factor of multiple standard deviation (k=3 means 99.7% reliability)
n ! counting efficiency
Y(E) : neutron emission yield depended of uranium enrichments (n/s/gU)
# for gamma detection

The Currie method was used as follows.

ALD +(A
ALD mass — 2’ act14( t)
t Ay
ny,> CF
ALDact =
€ - BV
K2 1 1 5 2
MDA 4 2Ry || —+— |+ g
" = iy dr I
? 1_k;fm"zz

where np : minimum net detectable counting rate (cps)
ng : background rates (cps)
tr : counting time for sample (cps)

tB : counting time for background (cps)
kmpa : factor of multiple standard deviation (k=3 means 99.7% reliability)

r : relative error derived from background level variance

¢ :counting efficiency
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The typical detection limit estimated by above method is shown in Table-6. Regarding

neutron assay detection limit as uranium mass it was assumed 6~12gU for light matrices, 13

~28¢gU for relatively heavy matrices and 6~15gU for steels which indicate well penetration by

neutron for 60minutes measurement time.

If be shortened measurement time, detection limit

will raise accordingly. The variances are based on uranium enrichment from 0.711 to 1.3%,

which are most likely case in URCP.

Figure-24 Detection limit for neutron assay
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Figure-25 Detection limit for gamma assay

Table-6 The typical detection limit data

detection method

Source and matrix

measured time (min)

20 40 60
neutron detection fluorides in combustibles 11~20 8~14 6~11
neutron detection oxides in combustibles 11~20 8~14 7~12
neutron detection fluorides in alumina 23~39 16~28 13~23
neutron detection oxides in alumina 28~48 20~34 16~28
neutron detection fluorides in steel bars 11~20 8~14 6~12
neutron detection oxides in steel bars 15~26 10~18 9~15
gamma detection all cases 50 25 17

[unit : gU]

8. Discussion

The features and possibility for practical use on NWAS had been well operated as was

designed from some point of view. As a whole there had few trouble on hardware, no more

additional devices are needed for practical use.

Nevertheless there remain several problems on NWAS in operation performances.

The most important problem is that the absolute counting efficiency for neutron indicated too
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low to detect so far low level counting. In addition, the background level is not enough low
level, on the contrary in a range of these testing conditions the signal/noise ratio are less than
1.0 as is shown in Figure-26. Therefore the detection limit level of NWAS have been forced to
10~50 grams of uranium at present (20~60 minutes detection) in neutron detection. The
higher background level would be caused by that the measured room is surrounded the
uranium wastes drums. The improvements for measuring condition, so as to add shielding or

to change the measurement place, are required. Further improvements are required.

neutron count rate (matrix:empty)

______ c----

neutron count rate(cps)

w
|

| |

O

®

5 g:
1
|
|
|
|
|
|
1
|
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|
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E
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1 l s
0 L ®
0 40 80 120 160 200

U mass declared(gU)

Figure-26 The consideration for signal/noise ratio of neutron detection

Furthermore the fluctuation of background level is not negligible, whose reasons are
assumed not only by matrix dependence mentioned above but also by cosmic ray dependence.
As for cosmic ray some reports suggest seasonal fluctuation, therefore frequent background
measurements than we have done will be required.

Next the high background rate of NaI(T1) detector prevented the uranium assay by gamma
ray detection with accuracy. In fact the counting errors of a series of assay by gamma ray
detection was 50-60% approximately. Furthermore the high background rate of Nal(T1)
detector also prevented the estimation for uranium enrichment by comparing 186keV and
1001keV peak counts. As was shown in Figure-23, it was difficult to make an approximation
line. To our regret it seemed that 20mm of tungsten shield was not enough, an additional
shielding would be considered.

As was described above the weighing factor "F” depended from chemical form of uranium
source or matrices various conditions are thought to be suggested the degree of neutron
emission rate. Nevertheless some reports said that the neutron emission rate of uranium
fluorides is far greater than that of uranium oxides, but our results suggested slight differences
between them. It seemed quite important to investigate the theoretical values of the neutron

emission rate in a sense, however the targets of our measurement systems should be the actual
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wastes drums whose chemical form are not pure but fluorides /oxides complex. Accordingly we
will not choose the way but to take mean values measured in trials.
As for matrices several kinds of matrices used in testing were existed among actual wastes

drums, so the classifications above are available.

10. Further Study
NWAS is not complete system at present. In order to solve some problems described above
more challenges are needed.
Finally we will detail those problems specifically below.
(1) The decrease of the background level both for neutron detection and gamma ray
detection would be urgent assignment
(2) There remains many manual data handling in several process, improvement of the
software for automatic handling would be required
(3) The weighing factor “F” used above is merely derived from experimental, strict
theoretical benchmark would be needed such as the simulation used MCNP Monte Carlo
calculation code. [Ref.-5]
(4) AAS method which is known as effective estimation method for neutron attenuation in
matrix is available to NWAS. Basic testing would be needed.
(5) It is desirable to measure the actual waste drums which are stored in URCP. Now in
URCP over 10000 wastes drums are stored, the uranium assay against those would be

expected as urgent business.
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APPENDIX

The NWAS uses four separate software programs to collect and analyze the data. The
methods and components of these software programs needed to process the NWAS data will be
described in detail later in this manual in the sections entitled “User Procedures” and “Data
Interpretation and Analysis.” Therefore, only an introduction to each will be presented here.
Additionally, as three of the four programs are available commercially, their user and operation

manuals will be separately supplied.

Al. INCC

The neutron data acquisition program INCC is used to acquire and process signals from the
NWAS neutron detectors. INCC is a standard data acquisition and analysis program of the
TAEA. Although INCC was developed and is maintained by LANL, it is also available from
several commercial vendors.

The NWAS has been designed to detect totals neutrons from the waste samples. As such,
most of the elaborate analysis routines within INCC are not necessary to process and interpret
the neutron signals. Generally speaking, only two functions of INCC are necessary to acquire
the data : the “Background measurement”, and the “Rates Only measurement”. The
background function will be used to subtract the contribution to the total signal rate from
background sources of neutron radiation such as cosmic-ray events and the remaining
inventory of waste drums at the Plant. The “Rates Only function” will be used to acquire the

net count rate during the actual drum (or crate) assay.

A2. Gamma Vision

The gamma-ray spectra will be acquired with the commercially available software program
Gamma Vision. Gamma Vision is very similar to the Ortec Maestro program that is commonly
used in the safeguards community to acquire gamma-ray data. However, GammaVision
incorporates peak-fitting and efficiency routines to determine absolute activities of isotopes in
the sample. Although GammaVision was designed for the acquisition of HPGe data, it is
adequate for use with Nal detectors and can be used to generate the reports necessary for
inclusion into the Isotopic code.

In general, it will be necessary for the user to verify the energy calibration (and re-calibrate if
necessary), acquire assay spectra, and ensure that two regions of interest (ROI) are set around
the 186keV and 1001keV peaks in the spectrum. Information from these ROIs will be used in
further processing for input into the Isotopic program. (Note that the gamma-ray peak-fitting
requirement has been eliminated from the NWAS operation. This function proved too difficult

and unreliable for routine use in a production environment.)

A3. Isotopic

The report generated by Gamma Vision is entered into the Isotopic program for further
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analysis. Isotopic is a commercially available program with a simple data analysis procedure
for the calculation of total quantities of nuclear material. It will be necessary for the user to be
somewhat familiar with this program in order for it to be operated correctly.

The user will load in the analysis report from Gamma Vision and then fill in the appropriate
assay information in order to proceed. The assay information necessary include, for example,
source and detector distances (these should be fixed for the NWAS), the container information
(example 200-L drums, waste crates), and matrix and sample information such as net weight,
density, material, composition (different for each drum). At the end of the process, it will be
necessary for the user to declare the enrichment by manual entry into the Isotopic results
screen.

A4. NWAS Data Compilation (V3 compiled on EXCEL)

This program is a LANL-generated MS-Excel spreadsheet program with Visual Basic macros
to compile gamma ray and neutron data and present a final numerical report for each waste
drum assay. This program imports data from INCC and Isotopic, correlates and analyzes the

neutron and gamma ray data, and maintains a database of previous measurements.
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