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1. Scope restricted ranges to be applicable depending on specific pack-
1.1 This test method covers the nondestructive assay @f9ing and counting equipment considerations. Measured trans-

gamma-ray emitting special nuclear materials (SNMs), mostnission values must be available to permit valid attenuation

commonly?3%U, 2*%u, and 2**Am, in low-density scrap or CoIrections. _ .

waste, packaged in cylindrical containers. High-resolution 1.5 The values stated in SI units are to be regarded as the

gamma-ray spectroscopy is used to detect and measure tgt@ndard. The values given in parentheses are for information

nuclides of interest and to measure and correct for gamma—ré?ﬁ'y- .

attenuation in vertical segments of the container. Corrections 1.6 This standard does not purport to address all of the

are also made for counting losses occasioned by sign&@fety concerns, if any, associated with its use. It is the

processing limitationg1—3)2 re_spon5|b|llty of the user of th_ls standard to e;tabhsh appro-
1.2 There are currently at least three systems in use or undBfiate safety and health practices and determine the applica-

active development for determining the attenuation experiPility of regulatory limitations prior to useSpecific precau-

enced by the radiation emitted from the nuclide of interesttionary statements are given in Section 8.

These methods include the following: the original segmente(i Referenced Doc t

gamma scan transmission procedure (S@), a procedure uments

involving measurements of the transmission at multiple ener- 2.1 ASTM Standards:

gies combined with corrections for nuclide lumps based on C 982 Guide for Selecting Components for Energy-

assays of the nuclide of interest at multiple energies (MESGS) _Dispersive X-Ray Fluorescence (XRF) Systéms

(6-8), and tomographic scanning procedures (TG&S)0) C _1128 Guide fqr Preparation pf Working Reference Mate-
1.2.1 The simplest procedure, the original segmented fals for Use in the Analysis of Nuclear Fuel Cycle

gamma scan transmission procedure, will be covered in detail _Materials o o

in the remainder of the main body of this test method and C 1156 Guide for Establishing Calibration for a Measure-

Annex Al. ment Method Used to Analyze Nuclear Fuel Cycle Mate-
1.2.2 Due to the limited experience and literature document- _fials’ . _

ing the MESGS and TGS procedures, discussion in this test C 1207 Test Method for Nondestructive Assay of Plutonium

method will be limited to the above references. in Scrap and Waste by Passive Neutron Coincidence
1.3 Two conditions must be met to optimize SGS assay _counting o
results as follows: C 1210 Guide for Establishing a Measurement System

1.3.1 The particles containing the nuclides of interest must ~ Quality Control Program for Analytical Chemistry Labo-
be small to minimize self absorption of emitted gamma _ratories within the Nuclear Industty
radiation. E 181 Test Methods for Detector Calibration and Analysis
1.3.2 The mixture of material within each item segment _©f Radionuclide$
must be sufficiently uniform to apply an attenuation correction 2-2 ANSI Standards: o .
factor, computed from a measurement of gamma-ray transmis- ANSI N15.20 Guide to Calibrating Nondestructive Assay
sion through the segment. Systems

1.4 The assay technique may be applicable to loadings of ANSI N15.35 Guide to Preparing Calibration Material for
from one to several hundred grams of nuclide, with more ~ Nondestructive Assay Systems that Count Passive Gamma

Rays

1 This test method is under the jurisdiction of ASTM Committee C-26 on Nuclear
Fuel Cycle and is the direct responsibility of Subcommittee C26.10 on Nondestruc=—————————

tive Assay. 2 Annual Book of ASTM Standardgol 12.01.

Current edition approved July 10, 1996. Published September 1996. 4 Annual Book of ASTM Standardéol 12.02.

2 The boldface numbers in parentheses refer to the list of references at the end of ° Available from American National Standards Institute, 11 W. 42nd St., 13th
this test method. Floor, New York, NY 10036.
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ANSI N15.37 Guide to the Automation of Nondestructive 3.4 The average linear attenuation coefficient of each verti-

Assay Systems for Nuclear Materials Control cal segment is calculated by measurement of the transmitted
ANSI/IEEE 325 Test Procedures for Germanium Gammaintensity of an external gamma-ray source. The source is

Ray Detectors mounted directly opposite the gamma-ray detector, on the far
ANSI/IEEE 645 Test Procedures for High-Purity Germa-side of the assay item (see Fig. 1).

nium Detectors for lonizing Radiation 3.5 The corrected gamma-ray count rates for the nuclides of
2.3 NRC Regulatory Guide%: interest are determined on a segment-by-segment basis. The

Regulatory Guide 5.9, Rev. 2, Guidelines for Germaniumprecision of the measured count rate of each gamma ray used
Spectroscopy Systems for Measurement of Speciafor analysis is also estimated on a segment-by-segment basis.
Nuclear Materials At the completion of the measurement of all segments, count

Regulatory Guide 5.11, Rev. 1, Nondestructive Assay ofates are summed, and mass values for the nuclides of interest
Special Nuclear Material Contained in Scrap and Wastein the entire container are calculated based on comparisons to

Regulatory Guide 5.53, Rev. 1, Qualification, Calibration,appropriate calibration materials. Based on counting statistics
and Error Estimation Methods for Nondestructive Assay for individual segments, precision values are propagated to

obtain the estimated precision of the analysis.
3. Summary of Test Method 3.6 In the event that a single nuclide of an element is

3.1 The assay of the nuclides of interest is accomplished byheasured and the total element mass is required (for example,
measuring the intensity of a characteristic gamma ray from?3%Py and total plutonium), it is common practice to apply a
each nuclide. Corrections are made for count rate-related losskRown or estimated nuclide/total element ratio to the nuclide
and attenuation by the item. Comparison to similarly correctecssay value to determine the total element content.
gamma-ray intensities, observed during the measurement of
appropriate calibration materials, provides the relationshig Significance and Use
between observed gamma-ray intensity and nuclide content. 4.1 Segmented gamma-ray scanning provides a nondestruc-

3.2 The assay item is rotated about its vertical axis andive means of measuring the nuclide content of scrap and waste
scanned segment by segment along that axis, thereby reducingnere the specific nature of the matrix and the chemical form
the effects of nonuniformity in both matrix density and nuclideand relationship between the nuclide and matrix may be
distribution (see Fig. 1). unknown.

3.3 Count rate-dependent losses from pulse pile-up and 4.2 The procedure can serve as a diagnostic tool that
analyzer deadtime are monitored and corrected for by elegrovides a vertical profile of transmission and nuclide concen-
tronic modules and radioactive sources. tration within the item.

4.3 The procedure is highly automated and requires little
operator interaction.

4.4 Sample preparation is generally limited to good waste/
scrap segregation practices that produce relatively homoge-
neous items that are required for any successful waste/

® Available from U.S. Nuclear Regulatory Commission, Public Document Room,
1717 H St., N.W., Washington, DC 20555.

Background Detector Shield Count ﬁate AXIS OF ROTATION .
Shietd and Collmator o™/ inventory management and assay scheme, regardless of the
Tongsten measurement method used.
Transmission

Source 5. Interferences

e 5.1 Radionuclides may be present in the assay item that
. ‘"I produce gamma rays with energies that are the same or very
Detector Center

nearly the same as the gamma rays suggested for nuclide

measurement. The areas of the closely spaced peaks that are

i,__

| - )
Germanium  Cadmium Lead ' Line produced in the gamma-ray spectrum cannot be calculated by
iy Rwormar Avsoter I LowzPedesta simple spectroscopic procedures. Peak fitting software routines

! may be able to resolve closely spaced peaks in some cases; if

o Turntable and not, the nuclide of interest may produce other gamma rays that
a) Elevation View Elevator Mechanism :
may be used for analysis.
[

5.1.1 The peak produced by the 661.6-keV gamma ray from
137Cs would interfere with calculation of the area of the
24IAm peak produced by its 662.4-keV gamma ray. The
721.9-keV gamma ray of**Am may be a useful alternative.

5.1.2 The peak produced by the 765.8-keV gamma ray from
r %5Nb would interfere with calculation of the area of tké&Pu
peak produced by its 766.4-keV gamma ray. The 786.3-keV

Background
Shield

Transmission

Shieid gamma ray of?*®Pu may be a useful alternative.
) Plan View | 5.1.3 Occasionally,>*'Np is found in the presence of
H 237 23 H
FIG. 1 General Arrangement for Segmented Gamma-Ray plutonium. The ~Np daughter, *Pa, emits a gamma ray at
Scanning 415.8-keV along with several gamma rays in the range from



NOTICE:-This-standard—has-either-been-superceded-and-replaced-by-a-new-version-or-discontinued.-
Contact-ASTM=-lInternational-(www.astm.org)-for-the-latest-information.-

b c 1133
300 to 400 keV. Peaks from these gamma rays would interfere ~ TABLE 1 Suggested Nuclide/Source Combinations for
with calculation of the area of thé*%Pu peak produced by its Segmented Gamma-Ray Assay
413.7-keV gamma ray and several other often used peaks Peak Trans- Peak  CountRate  Peak

produced by?**Pu gamma rays. In this case, the peak produced "' Enery.  misson - Eneray, - Correction - Energy,
by the 129.3-keV gamma ray of**Pu may be the only

. 235y 185.7 169yh 177.2 241Am 59.5

reasonable alternative. 198.0
5.1.4 The peak produced by the 63.1-keV gamma ray froni**u 1001.1 54Mn 834.8 137Cs 661.6
'*%Yb, used as the transmission source f6fU assays, may o\ sue o 2192 S
interfere with calculation of the area of the peak produced byssp,, 4137 75ge 2001 1335, 356.3
the 59.5-keV gamma ray of**Am, which is used as the count 2**Am 6624  75Se 400.1 133g4 356.3

rate correction source. Thé®Yb gamma ray can be suffi-
ciently attenuated by placing a cadmium absorber over thg
transmission source.

5.2 In the special case of**Pu assays using®Se as a
transmission source, random coincident summing of the 136.0
and 279.53-keV gamma-ray emissions froffSe produces a

ource with a single gamma ray of nearly the same energy as
the nuclide of interest should provide a sufficiently accurate
etermination of attenuation.
6.3 Radionuclides emitting low-energy radiation, especially
. : , ! ~_24Am, may contribute a large fraction of the total count rate.
low-intensity peak at 415.5-keV that interferes with calculation ' o .
The low-energy radiation may be reduced by the use of fixed

of the area of the®*®Pu peak produced by its 413.7-keV : . .
) absorbers, typically cadmium, tin, or lead, between the mea-
gamma ray. The effects of this sum-peak can be reduced b ! i
) o L urement item and the detector (see Fig. 1 and 7.2.15).
attenuating the radiation from the transmission source to the : : . : L ;
. . : o 6.4 Radionuclides emitting high-energy radiation will con-
lowest intensity required for transmission measurements of. )
.- : ; ribute Compton-continuum under peaks to be used for the
acceptable precision. The problem can be avoided entirely b . X .
i ) ssay. The Compton-continuum will worsen the estimated
making a two-pass assay. The first measurement pass measures

) ) o horecision calculated from the counting statistics. The assay of
the intensity of the transmission source for each segment. T 839 is normally performed using®%b as the transmission

second measurement pass measures the intensity of the 413.7-~ . : )
23 L . ¢orrection source. This source provides 177- and 198-keV
keV, 23%Pu gamma-ray emission from each segment with the : -
L gamma rays that allow accurate calculation of the transmission
transmission source shutter closed.

5.3 Peaks may appear at the gamma-ray energies used f%trl%'?'kev’ the energy of the gamma ray fréfiU normally

analysis when there is no nuclide present on the turntable. T Used for assays. The problem of added Compton-continuum

likely cause is excessive amounts of nuclide stored in the oM the Yb source can be avoided by making a two-pass

vicinity of the detector. The preferred solution to this problemassay' I the high-energy gamma rays are_from the_: measure-
) . N ; ment item itself, but not from the nuclide of interest, it may be
is removal of the nuclide from the vicinity and restraint of

. : qusibIe to eliminate them from future measurement items by
nuclide movements around the system during measurements.

these conditions cannot be met, sufficient shielding must b%icsrgl?sggg ivr\:adséfaﬁeiﬁrﬁ??agogezﬁjlg?:r;résdidS;%hﬁrocedures are

provided to eliminate these peaks. Shielding opposite the 6.5 Variations in item composition and density within a

detector, on the far side of the item to be assayed, will also heI{?ertical segment lead to indeterminate errors. Such variations

Egg:d;ice f;e amount of ambient radiation seen by the detECt%Eould be minimized through strict scrap and waste segregation
g- 4 procedures.
6. Sources of Error 6.6 Some matrix forms are inherently unsuitable for the

6.1 Sources of error specifically applicable to segmente@"iginal segmented gamma-ray analysis procedures. ,
gamma-ray scanning are discussed in this section. General8-6:1 Such forms may contain lumps of nuclide, that is,
descriptions of sources of error encountered in gamma-rajuclide contained in small volumes of matrix material having
nondestructive assay systems can be found in ANSI N15.2 'Iocallzed density supstannally d_|fferer)t from the b_ulk den.sny
ANSI N15.35, and NRC Regulatory Guide 5.11. of the rest .of the container. The.d|menS|ons of nuclide parycles

6.2 The bias in an assay is strongly dependent on how wel[1at constitute a lump vary with the energy of the emitted
the attenuation for each segment has been determined. In ordgdiation used for the analytical measurement. The possible
to determine the attenuation, a radioactive source with &agnitude of the problem may be estimated from examples of
gamma ray of nearly the same energy as the gamma ray of tifgienuating effects provided in Note 1.
nuclide of interest is positioned directly opposite the gamma- Nore 1—A plutonium metal sphere 0.02 cm in diameter will absorb
ray detector, on the far side of the assay item (see Table 1 fapproximately 4 % of the 414-ke¥¥**Pu gamma rays produced. Approxi-
suggested nuclide/transmission source combinations and Fig.mately 15 % of the 186-keV**U gamma rays will be absorbed in a
for geometry). At lower energies, where the mass attenuatioHanium metal sphere of the same diameter.
coefficient varies rapidly, it is useful to find a source that 6.6.2 The presence of lumps of plutonium may be detected
produces gamma rays with energies that bracket the energy ahd, in some cases, a corrected value calculated using the
the gamma ray from the nuclide of interest. This test methodMESGS technology. The technique uses transmission-
provides a more accurate procedure for calculation of attenwsorrected assay results for multiple gamma-ray energies from a
ation at the energy of interest. At higher energies, where theingle isotope and a weighting function to account for self-
mass attenuation coefficient varies more slowly, a transmissioabsorption by lumps. This approach has been used only for the

3
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analysis of 2*%Pu using a "°Se transmission source, where dures for detectors are given in Test Methods E 181, ANSI/

both the nuclide of interest and the transmission source emiEEE 325, and ANSI/IEEE 645.

gamma rays over a range of several hundred keV. The success7.2.2 Spectroscopy Grade Nuclear-Pulse Amplifier

of the lump correction calculations is not univer@l-8),  Amplifier offering selectable pulse shaping time constants (1,

however, and the technique must be evaluated for specifig, and 4 us values should be available as a minimum), pole zero

material streams prior to implementation. adjustment, active gated baseline restoration, pulse pile-up
6.6.3 Another condition that will cause measurement probrejection, and a preamplifier power supply. The pulse pile-up

lems is presented by containers with several irregular regionsejection signals from the amplifier must be compatible with

highly variable in density, that prevent the calculation of athe multichannel analyzer described in 7.2.7. A discussion of

valid attenuation correction based on the transmission meahese functions is given in Guide C 982.

surement. In the case of such a condition, an analytical method 7.2.3 Oscilloscope—Oscilloscope providing selectable time

less sensitive to nuclide and matrix densities, such as passiygises ranging from 1 ms/cm to 0.5 ps/cm (20 MHz) and

neutron coincidence counting as described in Test Methodelectable vertical sensitivities ranging from 5 Vicm to 10

C 1207, should be used. mV/cm for proper adjustment of the various amplifier controls
6.7 The nature of the segmenting process leads to end effeggf required.

problems. During counting, the detector’s field of view in the 7 2 4 Spectrum Stabilize+Stabilizer monitoring two sepa-

vertical direction is larger than the horizontal extensions of thgate spectrum peaks, to control changes in both energy gain and

top and bottom planes of the collimator (see Fig. 1). Throughzero intercept. The stabilizer must be compatible with the
out most of the item, the results of this overview present ngnyitichannel analyzer described in 7.2.7.

particular problem since calibration procedures effectively 7 5 g High-Voltage Bias Supply-Supply equipped with a
account for it. However, the top and bottom segments presenintinyously adjustable voltage control and with a voltage

particular problems. If the limits of the scan are set to maich,n4e compatible with the requirements of the detector above.
the top and bottom of the item to straight line extensions of the 7.2.6 Count-Rate Meter-Meter compatible with output
collimator’s top and bottom planes, the nuclide material in th ro{/ided by the amplifier

top and bottom segments is viewed for a period of time 65 t 7.2.7 Multichannel Analyzer-Analyzer with a minimum of

80 % as long as nuclide toward the center of the measuremeﬂb96 data channels is recommended. The analyzer should

item. Simple overscanning of the item is likely to overestimateO erate using a Wilkinson-tvbe analoa-to-diaital converter
the nuclide content of the bottom segment due to the hig P . g a yp 9 9 :

. . . -2 (ADC) with a minimum ADC clock rate of 100 MHz, or a fixed
density of the turntable itself and underestimate the nuclid

cpnversion time ADC with a maximum conversion time of 10
content of the top segment as the detector looks over the top ¢ L . :
) ) : s. Facilities must be provided to activate the analyzer func-
the item. One way to decrease this problem involves th

placement of a hollow cylindrical pedestal with high transmis- ions by the controlling computer and to transmit count data to

sion between the item and the turntable (see Fig. 1), combinetge computer. All of these functions may be provided in either

with overscanning of the item on both ends. Another optiona single unit or in two components, an ADC and a separate data

more dificult to implement, involves the previous two Steps’storage unit. Facilities for spectrum display may be provided in

along with application of the measured attenuation from thee'.ther the analyzer |tselforseparately in equipment compatible
. ; with the ADC/data storage units.
nearest item segment, to the appropriate, overscanned seg- . . :
ments(L,7). 7.2.8 Compute—Computer equipped with sufficient
' memory and disk mass storage is required for system control,

7. Apparatus data reduction, and report generation. Interface capability for

7.1 The following considerations apply specifically to seg-computer control of analyzer functions_, scan table control,
mented gamma-ray scanners. General guidelines for the selg@Rerator input to the system, and analytical report output must
tion of detectors and signal processing electronics are dis!SO be provided.
cussed in Guide C 982 and NRC Regulatory Guide 5.9. Data 7-2.9 Interactive Termina-Terminal compatible with the
acquisition systems are considered in ANSI N15.37 and NR@omputer described in 7.2.8 is required for system and mea-
Regulatory Guide 5.9. surement control.

7.2 Complete hardware and software systems for high- 7.2.10 Hardcopy Printer—Printer compatible with the com-
resolution, segmented gamma-ray scanning of both large arguiter described in 7.2.8 is required for system documentation
small items of waste and scrap containing SNM are commerand analytical report generation.
cially available. It is recommended that the system have the 7.2.11 Motorized, Vertical Scanning TurntableTurntable
following components: capable of accommodating the largest size and weight contain-

7.2.1 High-Resolution, Coaxial Germanium Detecter ers to be measured is required. Computer-actuated methods for
Detector equipped with a high-count rate, resistive feedbackontrolling vertical movement include timers and stepping
preamplifier. Coaxial detectors should have a relative effi-motors and allow a choice of segment size. For normal
ciency of 10 % or greater (ratio of the area under the 1.33-Me\analyses, segment sizes between the height of the collimator
peak of ®°Co to that obtained with a 76 by 76 mm (3 by 3 in.) and one-half the collimator height provide sufficient segmen-
Nal(Tl) detector, at a source to detector distance of 25 cmjation. Segment sizes equal to one-half the height of the
Detectors with resolutions better than 850 eV, full width at halfcollimator slit provide the maximum sensitivity to nuclide
maximum, at 122-keV>(Co) are recommended. Test proce-located in any portion of the container. Vertical movement

4
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repeatability within+ 0.5 % of the segment height should be source-to-detector spacing, or some combination thereof. For
available. Both helical or fixed-segment counting schemes arthe most accurate assays in cases in which the half-life of the
acceptable. The turntable rotational speed should providgansmission source isotope is short, a mathematical decay
either a large number of rotations (ten or more) or a smaltalculation to determine current source strength should be
integral number of rotations during the counting period formade for each measurement. In the case of assays where
each segment. gamma-ray peaks from the transmission source interfere with

7.2.12 Detector Collimato—Collimator constructed of lead determination of the area of the gamma-ray peak used for
or tungsten serves to define the detector's horizontal anguclide analysis, peak fitting software may be able to resolve
vertical viewing angles and to shield the detector from ambien@verlapping peaks or a two-pass assay may be required. In
radiation. A deep collimator (front to back), along with close cases that require a two-pass assay, equip the transmission
coupling of the collimator and measurement item, reduces thgource collimator with a computer-actuated shutter, preferably
viewing angle and improves segmentation. The reduced viewingsten, to block the transmission source from the gamma-ray
ing angle decreases the bias of the attenuation correction afgtector during one of the passes (see Fig. 1). As a safety
decreases the severity of end effects. These benefits must Bensideration, design such shutters so that, in the event of a
balanced against a decrease in overall sensitivity (count rat@ower failure, the shutter will shut off the radiation beam
gram), due both to the more restricted field of view and to theautomatically.
greater distance of the detector from the nuclide. Collimator 7.2.15 Absorber Foils—Foils must generally be used to
slit heights should be chosen so as to be in the rangeodb  reduce the contribution of low-energy gamma rays to the
Y15 of the height of the measurement item. The horizontal fieldoverall count rate, especially in the assay 6fPu. As
of view must include the entire diameter of the item. mentioned in 7.3, cadmium or tin foils serve to absorb the

7.2.12.1Large ltems—For large items, where high effi- 10W-energy gamma rays from the item. FG#*Pu assay, a

ciency is required for reasonable count times, the height of thg€"es of 0.5-mm (approximately 0.020-in.) cadmium or tin
collimator slit should be approximately equal to the diameter of‘ons can serve for sensitivity versus interference optimization.

the detector crystal. In practice, collimator depth/height ratios & use of lead foil is likely to require the additional use of
of two to four for 208-L (55-gal) drum-sized items is reason-cadmium or tin foils as secondary absorbers (closest to the
able. detector) to reduce the intensity of the fluorescent X rays

7.2.12.2 Small ltems—Smaller items require narrower (ver- produced in the !ead foil. A single 1-mm cadmium_or t_in f(.)”
S O . may be appropriate foP**U assay. Once a combination is
tical) collimators to maintain the benefits of accurate attenua—h . be ch d with . librati
tion corrections and to minimize end effects. A collimator 0> It cannot be changed without instrument recalibration.

depth/height ratio of six to ten is reasonable. 8. Calibration and Reference Materials

7.2.13 Count-Rate Correction SoureeCorrection source is 8.1 Calibration:
chosen to have gamma-ray emission energies that are lowerg 1.1 Calibration of a segmented gamma-ray scanning in-
than the energy of the gamma ray from the nuclide of interesétrument involves using a series of calibration items to deter-
in order to avoid Compton interferences. These sources can Bine the relationship between the observed, totally corrected
obtained as 5 to 10 UCi, flat plastic wafer, sealed sources, fafount rate of a nuclide’s characteristic gamma ray and the mass
easy attachment to the cryostat of the detector. Recommendeggl nuclide known to be present. With the correction of
sources are listed in Table 1. A combination of cadmium or tinindividual segment count rates for rate-related losses and the
and copper (closest to the detector) foils positioned under thgttenuation of each segment, a direct proportionality between
source reduce the effect of abundant low-energy gamma raysunt rate, summed over all segments of an item, and total
that are present with some of the suggested count-rate correguclide mass is obtained. Guide C 1156 provides background
tion sources. The position of the source on the cryostat isnformation useful in developing a calibration plan. See 10.3.2
adjusted to produce a count rate providing sufficient precisiomhrough 10.3.13 for details.
for the assay times used and then fixed. 8.1.2 Perform calibrations using the same procedures and

7.2.14 Transmission SoureeTransmission source must be conditions that will be used for the assays of actual waste
considerably stronger than the count-rate correction source items. These include, but are not limited to, electronic compo-
perform effectively. Ten to 50 mCi sources for small item nents, peak area determination procedures, procedures for the
counters and 50 to 100 mCi sources for barrel size counters, ietermination of counting losses, segment sizes, absorber foil
the shape of small diameter rods, are well suited to use imsombinations, collimator arrangements, and measurement ge-
cylindrical lead or tungsten shields. These shields reducemetries.
radiation exposure to workers and collimate the radiation from 8.1.3 Ref(5), Guide C 1128, ANSI Standards N 15.20 and
the transmission source to a narrow slice of the measuremehtl5.35, and NRC Regulatory Guide 5.53 provide useful
item. Table 1 provides a listing of suggested nuclides for use aguidelines for the preparation and characterization of calibra-
transmission sources, with the listed nuclides of interesttion materials and calibration procedures and the statistical
Because some of the suggested source isotopes are relativalyalysis of data. Where there are conflicts among the docu-
short-lived, it may be necessary to obtain them with an activityments, Ref(5) reflects information most specific to SGS
considerably above the optimum to provide for a usefulrequirements.
working life. The count rate of new sources may be attenuated 8.2 Reference Materials
by collimation, absorbers directly in front of the source, 8.2.1 Prepare small item calibration items by uniformly

5
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dispersing known masses of stable chemical compounds with&dequate laboratory facilities and safe operating procedures
known isotopic mass fraction of the radionuclide of interestmust be considered to protect operators from both unnecessary
throughout a stable diluting medium such as graphite, diatoexposure to ionizing radiation and contamination while han-
maceous earth, or castable silicon compounds (see ANSlling measurement itemd1).
N15.35). The radioactive material should have a particle size 9.1.2 The recommended analytical procedures call for the
small enough so that the effects of self-attenuation within eachse of radioactive isotope sources, some with high levels of
particle are negligible. With this requirement satisfied, chooséonizing radiation. Consult a qualified health physicist or
the best particle size range to form a stable, homogenousdiation safety professional concerning exposure problems
mixture with the diluting material. Although the segmentationand leak test requirements before handling discrete radioactive
procedure used by the instrument usually compensates faources.
stratification of the components of the mixture over time, some 9.2 Technical
mixing, provided by gently shaking or rolling the container 9.2.1 Prevent counting conditions that may produce spectral
prior to each measurement, may be useful for calibration itemdistortions. Use pulse pile-up rejection techniques if high count
containing powder. rates are encountered. Use absorbers when appropriate, to
8.2.2 Construct calibration items for larger item types suclreduce the intensity of low-energy gamma rays such as the
as 208-L (55-gal) drums from modules of matrix material such59.54-keV emission of*’Am (see 6.3 and 7.2.15). Tempera-
as filter paper, fiberglass, etc., wetted with known quantities ofure and humidity fluctuations in the measurement environment
solutions containing the nuclide of interest at a known concenmay cause gain and zero-level shifts in the gamma-ray spec-
tration. Dry the modules and pack them in plastic bags. Placeum. Use environmental controls or digital stabilization to
the modules into the drum in a uniform manner until the drumprevent shifts, or use software to monitor the changes in gain
is filled. Modules with varying nuclide loadings and varying and zero level, and adjust the regions of interest accordingly.
combinations of modules produce a range of item loadings. Fdfailure to isolate electronic components from other electrical
purposes of the initial calibration process, the mass of nuclidequipment or the presence of noise in the ac power also may
in individual modules should be limited so as not to createproduce spectral distortions.
self-attenuating lumps (Note 1). Where possible, eliminate 9.2.2 Locate the instrument in an area with as low a
voids and small volumes containing high concentrations ofjamma-ray radiation background as possible. Prohibit the
nuclide (12). movement of containers of radioactive material in the vicinity
8.2.3 For each item geometry, prepare a set of three calbf the instrument while an assay is underway.
bration items of differing nuclide mass. The mass loadings an<;5,
the gamma-ray transmissions through the calibration item 0. Procedure
should span the ranges expected in the unknowns. 10.1 Optimization of System Physical Parameters
8.2.4 In order to evaluate the magnitude of biases that will 10.1.1 Adjust the instrument controls to optimize signal
be caused by the deviation of real items from ideal distributiongrocessing and peak analysis functions. Choose the shaping
of matrix and nuclide, prepare representative items froniime constant to optimize the trade-off between improved
segregated varieties of scrap and waste materials typical @esolution with longer time constants and decreased dead time
expected assay items. Vary the spatial distribution of thdosses with shorter time constants. Time constants of 1 to 4 ps
nuclide from widely dispersed to concentrated in variousare commonly used. Choose the system gain so that a sufficient
extreme dimensions of the container volume. Comparison ofumber of channels will be included in peaks to allow visual
the assay results for such representative items with the knowiispection of peak shapes, without including so many channels
nuclide masses will indicate the possible range of bias causdbat peaks do not develop into recognizable shapes with
by heterogeneity of nuclide and matrix material and that causegXpected count rates in planned count times. Generally peak
by nuclide location within the item. shapes can be evaluated by including 10 to 20 channels
8.2.5 Nuclide particle sizes in measurement items may varppetween the one-tenth maximum boundaries of the peaks.
from those in the calibration items, causing variations in theAdjust pole zero and baseline restorer controls, using an
count rate per gram of nuclide and yielding biased results. A®scilloscope in accordance with the manufacturer’s instruc-
acceptable alternative to the preparation of special representéons. Regions of interest around peaks to be used for analysis
tive items for calibration and uncertainty estimation measuremay be set manually by the operator or semiautomatically by
ments is the assay of real items by analytical methods led§ie computer or analyzer, depending on the software package
sensitive to particle size problems (see ANSI N15.35 and NR@Ised.
Regulatory Guide 5.53). These analytical methods may be total 10.1.2 Choose collimator sizes that are appropriate to the
dissolution and solution quantification after completion of theitem type to be assayed, using the criteria described in 7.2.12.
segmented gamma-ray measureme(i8), or combined 10.1.3 Choose scanning segment sizes that match the item
gamma-ray isotopic and calorimetric assay for plutoniumand previously chosen collimator sizes. For normal analyses,
materials. In either case, the determination of biases for reavhen stepped segments are used, limit the segment sizes to

items will require special attention. between the height of the collimator slit and one-half the height

) of the collimator slit. When helically scanned segments are

9. Precautions used, segments considerably larger than the collimator slit
9.1 Safety height may be used.

9.1.1 Transuranic materials are both radioactive and toxic. 10.1.4 Choose absorber combinations for the detector that

6
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match the expected spectral properties of measurement itemswden peak areas are determined by the channel summation and
the desired conditions for the counting system (see 7.2.15). straight line background subtraction formula given in Eq 1. If
10.1.5 Select the segment count time to obtain the sensitiva different peak calculation method is used, an appropriate
ity and precision required while still allowing practical variance calculation will be required.
throughput. NP A2 NP \2
10.1.6 Ensure that the turntable rotational speed provides o¢%A) =P+ [(W) X Bl] + [(W) X Bz} 2
either a large number of rotations (ten or more) or a small !
integral number of rotations during the counting period for where:
each segment. o%(A) = estimated variance of peak area due to counting
10.1.7 Position and attenuate the transmission and count- statistics. All other terms are the same as in Eq 1.
rate correction sources to provide sufficient precision for the

count time chosen. 10.3.4 For each segment, correct the nuclide and
10.2 Measurement of Initial System Parameters transmission peak areas for count rate-related losses (deadtime
10.2.1 Measure and store for later use, the follqwing basi%md pulse pile-up) based on the observed activity change in the
parameters for system sources and measurement item contaisynt-rate correction source. The activity of the count-rate
ers: _ _ _ correction source will be unaffected by the assay of the nuclide.
10.2.1.1 Count-rate correction source intensity and the dat/g\ny observed decrease in the source count rate during the
of measurement. assay, compared with the count rate when no other sources are

10.2.1.2 Unattenuated transmission source intensity, co oresent, is used to calculate a correction factor to be applied to
rected for count-rate related losses, and the date of measu Si other peaks used for the analysis

ment.
10.2.1.3 Empty container transmission. A=A X LT, 3)
10.2.1.4 Establish the minimum acceptable transmission LTi

source count rate for assays, based on the transmission sourge,qe-

strength and acceptable precision. ' = net nuclide or transmission peak area for tHe i
10.2.1.5 Determine the degree of interference between segment corrected for rate-related losses,

transmission and nuclide peaks and the need for two-pas@, = observed net nuclide or transmission peak area for

assays determined (most likely to be required for the assay of the i" segment,

23, also possibly with plutonium at low mass loadings). LT, = measured net peak area of the count rate correction
10.3 Calibration of System source with no other sources present, normalized to
10.3.1 Measure a series of appropriate calibration items a collection time equal to that of,Aand

containing known quantities of nuclide, prepared as described.T; = observed net peak area of the count rate correction

in 8.2.1 through 8.2.3. source for the'f segment.

10.3.2 While rotating standards, count each, segment by 10.3.5 For each segment, convert the peak area to a count
segment. Peak areas for nuclide, transmission source, apge and correct the nuclide peak count rate to account for item
count-rate correction source usually may be calculated usingitenuation. This correction has two components, one
the most basic peak area determination technique, that iSccounting for container attenuation, and the second

channel summation and straight line Compton continuuny, ..o nting for attenuation due to the container contéjts
background subtraction, as shown in Eq 1. In this procedure,

the background regions should be located, one on each side of CC = A X CF(T/) X CF.,, @)
the peak, as near the peak as possible, in areas where the t
spectrum is relatively flat. The peak region of interest must not,,here:

overlap either of the background regions of interest. cC = totally corrected nuclide peak count rate of the
NP/ B, B, the " segment,
A=P- [7 (Wl + W)] OREYX = net peak area of thd"isegment, corrected for

rate-related losses (from Eq 3),

where: , t = counting time for the'! segment,

A = net peak area (counts) for nuclide, CF(T) = attenuation correction factor for th& segment
tranlfmlssmn, and count-rate correction due to attenuation by the container contents,
peaks, _ ) ) and

P = tOta'_COUHtS n pe_ak_reg|on of interest for cF___ = attenuation correction factor due to attenuation
nuclide, transmission, and count-rate by the container wall.

NP _ ﬁﬂ%%célrogf%?g;%els summed for P 10.3.5.1 A more versatile, but mathematically more

B,andB, = counts in each background region, and complex method for calcula}tlng .the attenuation correction

NB,andNB, = number of channels in each background factor for the contents of an item is presented in Rgf

region. 10.3.6 The attenuation correction factor due to the container
10.3.3 Calculate the estimated variance for each peak areeall at the energy of the nuclide gamma ray derives from the
due to counting statistics. The formula given in Eq 2 is validmeasured transmission of an empty container:

7
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CF. - % 5  Where:
(M CF(T’) = attenuation correction factor for th& segment

due to the attenuation of the container contents
at the energy of the nuclide gamma ray,

= geometric correction factor (0.823 for
cylinders)(5), and

= transmission of the container contents in the i
segment at the energy of the nuclide gamma
ray.

where:

CF.,, = attenuation correction factor due to the container B
wall at the energy of the nuclide gamma ray
(calculated during calibration and stored for use .
during item assays), and :

T = measured empty container transmission at the

f th li lcul o .
energy of the nuclide gamma ray (calculated 10.3.9 Calculate the transmission of tffesegment of the

during calibration). - !
: o .__container contents at the energy of the nuclide gamma ray, as
10.3.7 Determine the transmission of the empty container . h th ! ission in 10.3.7. usi f
using a source that produces either gamma rays with energiV\gt the empty container transmission in 10.3.7, using one o
: Wo equations, depending on whether one or two transmission
that bracket the energy of the gamma ray from the nuclide o

interest, or a single gamma ray of nearly the same energy as tﬁgaks are used.
' 10.3.9.1 For two transmission peaks:

nuclide.
- ) TA/ TR
10.3.7.1 For the general case of two transmission peaks: WAX <%) +WBX <%>
: TA' TB' T = T E (10)
T.= WAX W + WB X WOI (6) c
10.3.7.2 For a single transmission peak: 10.3.9.2 For a single transmission peak:
TA/ \KA
_(TA (1)
- (1) ™ T ay
c
where:
_ . o where:
Te B fﬁgtﬂﬂiﬂégnsgﬁign ri‘t th&;{éﬁ:g{ezf T = transmission of the container contents
. Je g y for the f" segment, at the energy of the
during calibration), nuclide gamma ray
WAandwB = transmission source weighting factors WA andWB = transmission source weighting factors,

used to calculate the transmission of the
container wall at the energy of the TA' ,
. o andTB,
nuclide. Weighting factors are normally A s
based on a linear |nterpolat|on_ Of. the contents at the'l segment, corrected for
In(energy) versus In(=In(transmission)) rate-related losses
values measu_red _durlng calibration. The TA, andTB,’ = transmission source peak areas,
sum of the weighting factors must equal measured during calibration, with no
one. As an example, fof*®U assays

; e container present, corrected for rate-
using the 185.7-keV peak with®%b as related losses,

see 10.3.7,
= transmission source peak areas,
measured through the container and

the transmission source, the weighting ka — ratio of the linear attenuation
approximately 0.6; for the 198-keV transmission source energies (see Eq 8),
peak, it is approximately 0.4, and

TA"andTB' = transmission source peak areas, T_ = container transmission at the energy of
measured through an empty container, the nuclide gamma ray, measured
corrected for rate-related losses, during calibration.

TA, andTB,’ = transmission source peak areas,

10.3.10 Sum the totally corrected nuclide peak count rate
values for each segment to obtain a count rate value
proportional to the nuclide content of each standard.

measured with no container present,
corrected for rate-related losses, and

KA = ratio of the linear attenuation ) ) o
coefficients at the nuclide () and 10.3.11 Using the variances calculated for the individual
transmission source {j energies (from peaks measured in each segment, propagate the precision of the
literature or experimental sources): total, corrected nuclide count rate, due to counting statistics,

for each standard. A complete discussion of this procedure is
p p
KA = uﬁ @  provided in Annex Al.
A

10.3.12 In ideal situations in which there are no

10.3.8 For each segment, calculate the attenuatiofhterferences or background radiation, the calibration will be
correction factor, due to the attenuation of the contentsgescribed by a single factor relating nuclide loading to total,
assuming homogeneip): corrected count values.

—B X In(Ty) cc

©) M= (12)

CR(T) = I-TF G,
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where: point where peak area calculations are compromised.
M = nuclide mass, 10.4.3 On a daily basis, check the system resolution of both
CC = total corrected nuclide peak count rate, summed overthe high- and low-energy peaks. Limits for resolution change
all segments of an item, and should be set that reflect the ability of the peak area calculation
G, = proportionality (calibration) constant (counts/ software to adapt to variable peak widths. Significant loss of
second/nuclide unit mass). resolution in the high-energy peak is indicative of neutron

10.3.12.1 For less than ideal situations, analyze thelamage to the detector. Loss of resolution in the low-energy
calibration data by linear least squares methods to obtain peak indicates an increase in system noise.
calibration equation (slope and intercept) that relates nuclide 10.4.4 On a daily basis, determine the transmission and
loading to the observed, total, corrected nuclide count rateount-rate correction source activities and compare them to the

values: values predicted by decay equations. Activity values that differ
cCc- G, by more than three standard deviations from the predicted
TG (13)  values are an indication of problems to be investigated by the

system manager.
10.4.4.1 Consistent, measured count-rate correction source
values serve as a monitor of constant detector efficiency and

where:

M nuclide mass,

cc tc;ltal correc:ed ][‘“C"Qt'e peak count rate, summed OVersignal processing hardware stability, without regard to the
_alt segments ot an item, nature of a measurement item or hardware geometry.

G, = additive constant (counts/second), and 104.4.2 Consistent dt . |

G, = proportionality (calibration) constant (counts/ 44,2 LonsiStent measured lransmission source: values

second/nuclide unit mass). serve to monitor hardware geometry stability.

10.3.13 Calculate the precision of the calibration based on 10-4-5 During the daily check of the count-rate correction
the precision, calculated by the methods detailed in Annex A150Urce activity, phec;k for th_e presence qf interfering
of each standard measurement. The calibration precision m?ckground_ radiation n the region of the nuclide peak. The
be provided as a separate component in the estimate of ti&US€ of high or varying levels of background should be
overall assay precision calculated for each item measured. eliminated. i , ) . ,

10.3.14 A sense of the magnitude of possible measurement 10-4-6 On a daily basis, assay a nuclide-containing working
errors arising from non-ideal distributions of nuclide andStandard or, where an interfering background has been
variations in matrix composition should be developed. Preparédentlfled, two standards with nuclide loadings at the extremes

or identify and examine, a series of representative itemf the calibration range. Such measurements are required to
containing known combinations of matrix material and nuC"dedetect shifts in the calibration function and are often called bias
loadings that approximate situations that may be reasonabf§€cks:
expected to occur in production items, as described in 8.2.4 and 10-4.6.1 Checks of a standard at the low end of the
8.2.5. Observed measurement biases for non-idedjadlibration range are a more sensitive verification of the
measurement configurations must be included in amyalidity of the calibration intercept value (either a real value or
assessment of measurement quality. Z€r0). _

10.4 Establishment of Measurement Control Program 10.4.6.2 Checks of a standard at the high end of the

10.4.1 After calibration has been completed, all geometricc@libration range are a more sensitive verification of the
physical, and electronic parameters must remain fixed. Anf@libration (proportionality) constant. _
alteration requires recalibration. In addition, a measurement 10-4.6.3 Consistent measured values verify the proper
control program should be established to monitor systen®Peration of both mechanical and electronic hardware.
parameters and generate reports documenting the status of thel0.4.7 On a weekly or monthly basis, perform a precision
system. Monitored characteristics should include, but are ndtheck of the system by making repeated measurements of a
necessarily limited to, system gain and resolution, count-ratgingle calibration or inventory item. Compare the variation of
correction source and transmission source activity, adherendBe assay results to the assay precision estimated by the
to established nuclide calibration values, and backgroungoftware. Variation of the measurements in excess of that
radiation levels. Tests are described in Test Methods E 18Rttributable to counting statistics, as predicted by the software,
ANSI/IEEE 325, ANSI N15.20, and NRC Regulatory Guide indicates undesirable instability in electronic systems or lack of
5.53, along with more general considerations of quality controrepeatability in mechanical systems.
programs in Guide C 1210. 10.5 Measurement of Assay Items

10.4.2 On adaily or more frequent basis, confirm the system 10.5.1 Measurement items are counted using procedures
gain stability by checking the locations of the count-rate(segment sizes, etc.), counting geometries, and calculations
correction, transmission, and nuclide peaks. Minimize pealidentical to those used during calibration as described in 10.3.2
location shifts by the use of automatic, digital peakthrough 10.3.13. Count times for measurement items may be
stabilization that provides a continuous check and adjustmerghanged from those used for calibration as long as the
of system gain and zero level to maintain peak locations (setequirements of 10.1.6 are met. Calculate the nuclide content
7.2.4). Alternatively, use software peak location routines thaof the items using Eq 12 or Eq 13, as appropriate.
find peaks regardless of drifting locations. Limitations must 10.5.2 In the course of counting production items, situations
still be applied to ensure that peak widths do not change to thmay be encountered in which high segment densities produce

9
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very low transmission values. Set limits in the analyticalmatrix, provide a standard deviation of 0.350%%Pu. The
software to recognize and act on minimum acceptablestandard deviation, calculated by the measurement program,
transmission levels, based on acceptable accuracy. One percéased on counting statistics, ranged from 0.364 to 0.403 g
transmission may be a reasonable level for consideration. IF3*%Pu, with an average value of 0.381 §%Pu. Once the
less than minimum acceptable transmission levels arerecision estimation algorithms have been checked thoroughly,
measured, two possible courses of action are suggested: the weekly precision checks and the control charts over long
10.5.2.1 The problem segment is flagged, a defaulperiods should detect any fundamental changes in the validity
transmission value (such as 0.01) is assigned for the purpose of the calculated standard deviation estimates.
estimating nuclide content, and an assumed large uncertainty is11.3.2 The measurement data included in Table 2 are
assigned to the measurement of that segment. The assay vap@vided as an indication of the reproducibility of segmented
for such an item must then be reported gisater thanthe  gamma scan measurements that may be achieved over long

calculated value. _ periods of time. The items described are calibration items that
- 10.5.2.2 The problem segment is flagged and no assay vali@present materials typically measured by segmented gamma
is reported for the item. scan methods. They were prepared to match, as closely as

. . possible, the fundamental material assumptions listed in 1.3,
11. Precision and Bias 6.5, and 6.6. The ash standards were characterized by
11.1 Precision—The precision of a segmented gamma scarcalorimetry and NDA plutonium gamma isotopic
assay is a function of the precision of the three or four peakneasurements. The 30-cm diameter and 208-L waste
areas measured for each segment (Annex Al). The precision ghlibration items were prepared using absorbent material,
an assay is improved by increasing the number of counts in the@aded with known volumes of laboratory-characterized
peaks or decreasing the Compton continuum under the peak§iutonium nitrate solution, and then dried. The data were
or both. The following conditions will tend to improve collected over a period of approximately one vyear.

counting precision: Measurements of the incinerator ash and combustible waste
11.1.1 Increased count time, drums were made on a daily basis and during inventory item
11.1.2 High transmission source activity, assay as part of the routine measurement control program.
11.1.3 Low attenuation for gamma radiation in the energyMeasurements of the 30-cm diameter waste containers were

range of interest, and made as part of the instrument control program during
11.1.4 Increased detector thickness (decreases Compt@iyentory item assay.

continuum). 11.4 Bias—The bias of segmented gamma scan

11.2 The precision of an assay is not strongly related to thg,easurements depends primarily on the adherence of the
measurement item’s adherence to ideal matrix and nuclidgeasurement item to the assumptions of small particle size and
density assumptions. - homogeneity outlined previously in 1.3, 6.5, and 6.6. If

11.3 Normally, an estimate of the repeatability (standardneasyrement items adhere to these assumptions reliably, little

deviation) of an assay is callculated _by the computer along witl,s is expected in a properly calibrated and controlled
the assay value. For plutonium loadings of 15 g or more, wherg,easurement system.

transmissions are approximately 50 % and segment count
times of 20 to 40 s are used, one standard deviation countinlg1
precisions of 5 % or less may be expected.

11.3.1 An indication that the instrument-calculated estimat
of repeatability is reasonable is provided by the followin

11.4.1 Bias contributed to measurements by errors in the
owledge of the mass of SNM contained in calibration items
is expected to be negligible compared to total measurement
Qncertainties for assay items. These uncertainties result from
; . WING 1 ack of knowledge about SNM distribution and matrix non-
example from actual counting daiample statistics for eight uniformities in the assay item and lack of reliable procedures

consecutive assayss of_a 20.8"‘ drum Ca"b“’?‘“"” Item1‘0r correcting the biases resulting from non-ideal distributions
containing 18.09 ¢>%Pu in a simulated combustible waste (see 11.4.2)

11.4.2 Methods of evaluating the magnitude of biases that

“ Supporting data are available from ASTM Headquarters. Request RR:C2621€ possible due to the failure of real life items to adhere to

1006. ideal assumptions are provided in 8.2.4 and 8.2.5. Negative

A

TABLE 2 Observed Reproducibility and Relative Bias for Segmented Gamma-Ray Assay

Calibration Item 10.2-cm Diameter 10.2-cm Diameter 30-cm Diameter 30-cm Diameter 208-L Combustible ~ 208-L Combustible

Description Incinerator Ash Incinerator Ash Combustible Waste Combustible Waste Waste Waste
Reference Pu, g 14.6 87.9 10.13 40.05 19.92 99.95
Segment size, cm 1.27 1.27 1.27 1.27 4.13 4.13
Number of segments 15 15 31 31 21 21
Segment type step step step step step step
Segment count time 20s 20s 20s 20s 40 s 40 s
Measurement period 1/1-12/28 1/1-12/28 1/1-12/28 1/1-12/28 1/1-12/28 1/1-12/28
N (observed) 203 201 84 89 207 200
Average relative bias +0.479 % -0.823 % +1.571 % +0.257 % +0.452 % +0.641 %
Relative standard deviation 2.975 % 1.955 % 3.107 % 1.595 % 2.258 % 1.254 %

“Research Report C26-1007, which contains the above data, is available from ASTM Headquarters.
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bias will be encountered when the nuclide is present in lumpsause the slope of the calibration function, total corrected count
that attenuate their own radiation to a greater extent than theate per gram?3**U, to be non zero, when a zero slope would
surrounding material. Positive bias can result from lowbe expected based on a perfect implementation of the
transmission items with overcorrected end effects. ltemsneasurement physics. The calibration data examined gave
containing high-density areas may be biased either high or lowrrors of less than 0.5 % at the extremes of the calibration
or be unbiased, depending on the relative position of theange. The same report, based on data observed over a period
high-density area and the nuclide of interest. In the majority obf years, estimates that segmented gamma scan measurements,
measurement situations, however, it is expected thafinder the very best conditions, are capable of no better than
measurement results will be lower than true values when biasés% accuracy.

exist. Measurements of items that do not, or are not known to, 11 4.4 The measurement data given in Table 2 provide an

adhere to the requirements for SGS measurements defined jiyication of the bias and uncertainties that can be obtained
1.3, 6.5, and 6.6, must be considered to be of indeterminaigying the repetitive measurements of stable items over periods
accuracy. The factors that tend to bias these measuremenigtime ranging from 8 to 12 months. An indication of bias in
(such as variable contents density within a segment angyytine measurements can be obtained by periodically
self-attenuating lumps of nuclide material) will probably go 4nalyzing assay items by some independent means, such as
undetected and not be accounted for by using the datgesiryctive chemical analygis3) or, in the case of plutonium-

reduction procedures outlined in this test method. __ containing items, by coincident neutron counting or
11.4.3 An analysis of calibration errors provides a basis fot.5|orimetric assay.

estimating the lower limit of the accuracy that can be expected
of an analytical method. A published rep¢t#}) discussing the
analysis of carefully conducted segmented gamma sca
calibrations, using well characterized standard$ot oxide
dispersed in graphite flour, packaged in 10-cm diameter b

11.5 Although simple data handling procedures will
robably not correct properly for heterogeneous contents
ensity or lumps of nuclide, careful inspection of the
transmission and nuclide peak areas for each segment may
\r/)rovide clues when a measurement should be suspect. Sudden,

28-cm tall metal containers (witf**U loadings of 15, 85, 155, iscontinuous changes in the transmission values for adjacent
225, and 300 g) indicate that two types of situations can affec&i ; ges ; |
Segments or high nuclide count values for isolated segments

the ultimate accuracy of a calibration. Item-to-item variations, . C oI . )
: . : . . gre examples of signals indicating possible problem items.
such as differences in container wall thickness and incorrec

characterization of the mass of uranium in each container,

cause deviations from a smooth calibration function.lz' Keywords

Systematic errors, such as inadequately defined attenuation12.1 nondestructive assay; segmented gamma-ray scanning;
correction factor algorithms in the analysis software, mayspecial nuclear material

ANNEX
(Mandatory Information)

Al. ERROR PROPAGATION

Al.1 Four types of assay are commonly used in segmented A1.1.5 One-pass assay is used when substantial amounts of
gamma-ray scanning: the nuclide of interest are present. Two-pass assay, possessing

Al1.1.1 Three-Peak, One-Pass Assagount-rate inherently better precision and less bias, is usually used for

correction source peak, transmission source peak, and nuclidf@ver masses of nuclide.

of interest peak, all measured with the transmission source . . .
shutter open for the entire scan (that is, one-pass). Al.2 Estimates of precision can be calculated in the

A1.1.2 Four-Peak, One-Pass Assasame as in AL.1.1 instrument computer by standard error propagation techniques

but with two transmission source peaks (for exampi&?Yb from the fundamental variances of the peak areas. An estimate
for 233 assay). ’ of the variance of the mass of the nuclide of interest in an

A1.1.3 Three-Peak, Two-Pass Assajransmission unknown item is usually composed of the estimated variance of

measurements made with the transmission source shutter opétﬂ? tqtal .corrected count rgte mgasured for thaf[ item and the
using the count-rate correction source peak and th(gontrlbutlon from the variance in the calibration constant

transmission source peak. Nuclide of interest measuremen taineq through_ least-squares fitting of the _set of assays of
are made with the shutter closed, using the nuclide of interegPPropriate physical standards of known nuclide mass.

peak and the count-rate correction source peak. Two passesAl.2.1 Since radioactive decay follows Poisson statistics,
therefore, refer to shutter open and shutter closed datthe variance in measuriny events in a detector i8l. The

acquisition. standard deviation is the square root of the variance.
Al.1.4 Four-Peak, Two-Pass AssaySame as in Al1.1.3, Al.2.2 The fundamental peak areas, if determined by
but with two transmission source peaks. straight-line background subtraction, have the following form:

11
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NP (B B )] W, = L1(CCj) = weight factor, and
A=P—- |5 X (x5 + v Al.l A ' .
[ 2 (N N (AL ()'i(CQ) — Variance of total-corrected count rate obtained
where: in the {" measurement.
A = net peak area (counts), For the preferred cas&f = 0), there is only one equation to
P = total counts in peak region of interest, solve:
NP = number of channels summed By n
B,, B, = total counts in each background region, and 2 W X (G X Mj — CC) X M; =0 (A1.9)
NB;, NB, = number of channels summed for each =t
background region. Al1.2.6.2 The variances db, andG, are given by
Compare with 10.3.2. n
Al1.2.3 The corresponding variance of the afda given by _ZIVV,- X M?
the following expression (remembering that the variance of o 4Gy = — 1= -
P = P, variance ofB, = B,, and variance oB, = B,): (Zlvvj) X (;le X sz) —( :1Wj X Mj)z
5 NP \2 NP \2 : : : (A1.10)
o8 =P+ (g < | (o5we) <2 "
(A1.2) >w
where: o 4Gy = — — ;
. 2 2
o(A) = standard deviation of peak arda (j; ) x (j;Wi X M) (J-;W" M)
Compare with 10.3.3. (A1.11)
~ Al.2.4 The variance in a quantity, that is a function oh For the preferred cas&f, = 0), there is only one equation to
independent variables, is given by the following: solve:
o 2(f) = .i(%)zozm (AL3) 0%(Gy) = 0 (AL12)
Al.2.5 The mass of the isotope assayed is given by the oGy B (A1.13)
calibration equation: J.;Wj X M
M = CCG_ So (AL.4) Eq A1.10 through Eq A1.13 assume that the maskEpdf
! the SNM in the standard reference materials are exact. This is
See 10.3.12. ) . a reasonable approximation because the uncertainties in mass
Al1.2.6 Thus, from EqAl.3 and EqAl.4, the variance in théfrom chemical fabrication and chemical analysis of the
mass is then given by standards are usually much smaller than the precisions
" 04(Gy) + 63(CC) + M?s 4Gy) obtained on the segmented gamma-ray scanner, assuming
o (M) = G2 reasonable assay times when making theeasurements of

(A1.5) the standards during calibration.

For purposes relating to the reproducibility of assaying a Al.2.7 The variance dEC, the total-corrected count rate, is
given item several times (for example, the precision checkth® sum of the variances @G, the corrected count rate at
10.4.7), the precision of the assay, expressed as the relatipgggment I.
standard deviation, is given by the following:

a(M) _ a(CO)
M ~— CC

Al1.3 The variance of eadiC is computed from the peak
areas for the nuclide of interest, transmission source, and
(AL6)  count-rate correction source. In the following, the values of the
count-rate correction source peak area and the transmission
source peak areas measured in background runs, whether
esingle or double pass, are assumed to have negligible random
Brror since they should be measured to a high precision each

which does not include the calibration contribution. Eq A1.5
is often used in addition to Eq A1.6 in the software to show th

(assuming no additional biases are known).
A1.2.6.1 The coefficient€5, and G; are determined by
solving the set of linear equations:

should be highly precise, so that its random error can be
neglected. The expressions for the corrected count rates for a
segment and the variances of the corrected count rates for the

n .
W X Gy + Gy X M, — CG) = 0 (AL7) four assay types follow:
=1 CG = (AJt) X (CFRL) X CF,(T/') X CFg,, (A1.14)
n
S WX (Gy+ Gy X M, —CG) XM =0 (AL1.8) CFRL= LT/LT; (A1.15)
o CF (1) = —2XIn() A1.16
where: ) =T Tp (A1.16)
n = number of calibration measurements, 1
M; = known mass of the”] standard, CFn= R (A1.17)
C
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where: A=A (A1.24)
A = assay isotope peak area measured at segment i CFRL= LTLT; = LydL, (A1.25)
(obtained from Eq Al.1), ) ~1-
t = total true time to accumulate; A For three-peak assay angl/pr=~ 1:
= i - T, L
CFRL correction factor for rate-related losses due to TR=T/ =42 x - cp_2 (AL.26)
deadtime and pileup, Too " Lo
LT, = peak area o_f the count-rate correction source o four-peak 2%%U assay (see 10.3.7):
measured with no other sources present (that is, o
during the background run with the shutter TR=T'=(0.6 TR+ 04 TR, (AL.27)
closed) normalized to a collection time equalto  where:
that of A, T L
— ; — (o “ho 2
LT, = peak area of the count-rate correction source TR = (Tb ) X T X CFean (A1.28)
measured simultaneously with,A T° ! L°
CK(T;") = correction factor for attenuation (CFAT) due to TR, = <T_°> X L_b° X CF g2 (A1.29)
the material inside the container of the assay bo/h o
item, A1.3.1.3 The relative standard deviation is defined as
B = geometric parameter (typically 0.823 for follows:
cylinders), o An
T/ = transmission of the material within the AU (A1.30)
container at the nuclide’s gamma-ray energy, '
CFean = correction factor for attenuation due to the and introduce the factok, present in all of the variances to
walls o_f the container, and _ follow:
Te = trangmllssmn of the empty container at the B (1- TR x CFAT)
nuclide’s gamma-ray energy. K=cgaT 1R’ (A1.31)
Al1.3.1 For Eq Al1l.18 through Eq A1.35, the subscript
notations will be the following: where:
CFAT = CFI (TI’)’ and
where: T = TR.
b = background measurements, no sample present, . .
0 = measurements made with the transmission source A~1.3.1.4 The variances for each segment .aS functions of the
shutter open, measured peak areas become the following:
¢ = measurements made with the transmission sourcd ©f three-peak, one-pass assay:
shutter closed, o %(CC) = CC?* X [0, AA) + K?
I = low energy transmission peak, and X ¢ 2(T) + (1 —K) 2x 0 ALy)] (A1.32)
h = high energy transmission peak. _
A1.3.1.1 For one-pass assays: For three-peak, two-pass assay:
A=A, 0 %(CC) = CC* X {0 A(A) + o ALy
(A1.18) +KAcAT) + o AL)T (A1.33)
where: For four-peak, one-pass assay:
A = nuclide of interest peak area. ) ) 5 ) 06TR\2
oo = ca?x fo 2 + K2 x| (2 ) X 04T
CFRL= LT,LT, = LpdL, (A1.19) 0.4TR 2
N 2 _ 2 2
where: +( TR ) X g, (Toh)] +(1-K?ZX oLy} (A1.34)
L = count rate correction source peak area. For four-peak, two-pass assay:
For three-peak assay and/p; =~ 1:
T, L 2<c =CG*x{o,%(A) + o AL
R=T/ =T—b°><§’>< CF.2 (AL.20) | CC) QGTR {;r (A) + oLy
3 ° ° + K2 x [(W) ><O'r2(T0|)
For four-peak assay>"U assay (see 10.3.7): odTR 2
TR=T' = 0.6(TR) + 0.4(TR) (A1.21) + < 'TRR“> X 0, (Tgp) + o, 2(Lo)]} (A1.35)
where: o Note Al.1—For 0.1= TR = 0.7,K varies slowly: 0.29= K = 0.39.
T = transmission source peak area. o o
- L A1.3.1.5 If the assay and transmission energies in the
TR = (T_") X T2 X CFogy’? (A1.22) three-peak case are sufficiently different to invalidate the
bo/I "o assumption p~ g, then replaceB, the geometric factor in
TR — (TL> x LL_b X CF, 2 (A1.23)  CFAT, with B X KA, whereKA = /. Notice thatB is part
bo/h  “o of K in the variance equations, $ X KA would need to

Al.3.1.2 For two-pass assays:
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replaceB in the K value also.
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