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Nondestructive Assay Measurements
This standard is issued under the fixed designation C 1592; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 2. Referenced Documents

1.1 This guide is a compendium of Good Practices for 2.1 ASTM Standards?
performing measurements of radioactive material using non- C 859 Terminology Relating to Nuclear Materials
destructive assay (NDA) instruments. The primary purpose of C 1030 Test Method for Determination of Plutonium Isoto-
the guide is to assist its users in arriving at quality NDAresults, pic Composition by Gamma-Ray Spectrometry
that is, results that satisfy the end user’s needs. This is C 1133 Test Method for Nondestructive Assay of Special
accomplished by providing an acceptable and uniform basis for Nuclear Material in Low-Density Scrap and Waste by
the collection, analysis, comparison, and application of data. Segmented Passive Gamma-Ray Scanning
The recommendations are not compulsory or pre requisites to C 1207 Test Method for Nondestructive Assay of Plutonium
achieving quality NDA measurements, but are considered in Scrap and Waste by Passive Neutron Coincidence
contributory in most areas. Counting
1.2 This guide applies to the use of NDA instrumentation C 1215 Guide for Preparing and Interpreting Precision and
for the measurement of nuclear materials by the observation of Bias Statements in Test Method Standards used in the
spontaneous or stimulated nuclear radiations, including pho- Nuclear Industry
tons, neutrons, or the flow of heat. Recommended calibration, C 1221 Test Method for Nondestructive Analysis of Special
operating, and assurance methods represent guiding principles Nuclear Materials in homogeneous Solutions by Gamma-
based on current NDA technology. The diversity of industry-  Ray Spectrometry
wide nuclear materials measurement applications and instru- C 1254 Test Method for Determination of Uranium in
mentation precludes discussion of specific measurement situ- Mineral Acids by X-ray Fluorescence
ations. As a result, compliance with practices recommended in C 1268 Test Method for Quantitative Determination of
this guide must be based on a thorough understanding of Americium 241 in Plutonium by Gamma-Ray Spectrom-
contributing variables and performance requirements of the etry
specific measurement application. C 1316 Test Method for Nondestructive Assay of Nuclear
1.3 Selection of the best instrument for a given measure- Material in Scrap and Waste by Passive-Active Neutron
ment application and advice on the use of this instrument must  Counting Using &>°Cf Shuffler
be provided by a qualified NDA professional following guid- C 1455 Guide for Nondestructive Assay of Special Nuclear
ance provided in Guide C 1490. This guide is to be used as a Material Holdup Using Gamma-Ray Spectroscopic Meth-
reference, and to supplement the critical thinking, professional ods
skill, expert judgement, and experimental test and verification C 1458 Test Method for Nondestructive Assay of Pluto-
needed to ensure that the instrumentation and methods have nium, Tritum and®**Am by Calorimetric Assay
been properly implemented. C 1490 Guide for the Selection, Training and Qualification
1.4 The intended audience for this guide includes but is not  of Nondestructive Assay (NDA) Personnel
limited to Management, Auditor Support, NDA Qualified C 1493 Test Method for Non Destructive Assay of Nuclear
Instrument Operators, NDA Technical Specialists, and NDA  Material in Waste by Passive and Active Neutron Counting
Professionals. Using a Differential Die Away System

1 This guide is under the jurisdiction of ASTM Committee C26 on Nuclear Fuel 2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
Cycle and is the direct responsibility of Subcommittee C26.10 on Non Destructivecontact ASTM Customer Service at service@astm.org.Aforual Book of ASTM
Assay. Standardssolume information, refer to the standard’s Document Summary page on

Current edition approved Feb. 1, 2004. Published March 2004. the ASTM website.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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C 1514 Test Method for Measurement 28%U Fraction 3.2.14 confidence intervat-the range of values, calculated
Using the Enrichment Meter Principle from an estimate of the mean and standard deviation, which is
expected to include the population mean with a stated level of
3. Terminology confidence.

3.1 Definitions presented here are confined to those terms 3-2-15 control chart—a graphical plot of test results with

not defined in common nuclear materials glossaries/referenc&§SPECt 10 time or sequence of measurement together with
or whose use is specific to this application. The use ofimits in which they are expected to lie when the system is in

statistical terms is consistent with the definitions in American® State of statistical control.

National Standard Statistical Terminology and Notation for 3-2-16 control limits—the limits shown on a control chart
Nuclear Materials Management, N15.5-1972. Some of thosBeYond which it is highly improbable that a point could lie

definitions are repeated here for convenience to the reader. While the system remains in a state of statistical control.
3.2 Definitions: 3.2.17 corrections—techniques that are part of the data
3.2.1 (a n) reactions—(«, N) reactions occur when energetic ana_lly3|s or mgthod, wh|qh compensate for the efiects of
variables that interfere with the measurement and degrade

alpha patrticles collide with low atomic number nuclei, such as ; Th rrection nt for h thin matrix
O, F, or Mg, producing single neutrons. accuracy. These corrections account for suc gs as ma

3.2.2 24y effective mass-my is the mass of*Pu that material, lumps, heterogeneity, dead time, and background.
2. .

P 3.2.18 dead time—the period following the detection of an
would produce the same coincident, or total, neutron response - during which the svstem cannot redister a subsequent
in the instrument as the assay item, all other factors remaining gw . y 9 q

. . vent. Dead time is usually expressed as a percentage of
unchanged. It is correlated to the quantity of even masg lapsed time
isotopes of plutonium in the assay item. e . .
3.2.3 absorber foils—thin metal foils that are used to reduce 3.2.19 differential die away technique (DDFan NDA

the contribution of low-eneray gamma ravs to the overall coun echnique for characterizing the prompt neutrons from fission-
rate 9y g y ble isotopes in scrap and waste using a neutron generator

392 id ls_th id | q , ¢ interrogation source.
.t -4 accl entats—t € _acmt ent?korﬂ:a? fom s;Jmmmgén 3.2.20 good measurement practicean acceptable way to
neutrons generate a signature like that from Wue or Redje tqrm some operation associated with a specific measure-
coincidences. For shift register pulse train deconvolution th

ber of ¢ detected in the @at >d followi ent technique that is known or believed to influence the
number of neutrons detected In )(ga_e period foflowing uality of a measurement (a way to perform some operation
the initial detection of each neutron during the selected cou

. S . ssociated with a specific NDA technique in a manner that
timet. This is a measured quantity. meets the quality requirements of a measurement).

3.2.5 accuracy—(1) bias; (2) the closeness of a measured 35 »1 holdup—the amount of nuclear material remaining in
value to the true value; an(8) the closeness of a measured yrocess equipment and facilities after the in process material,
value to an accepted reference or standard value. stored materials and product are removed.

3.2.6 assay—to determine quantitatively the amount of one 3 5 5o homogeneous matrixthe degree to which the ma-
or more nuclides of interest contained in an item, or the resuliy materials are spread uniformly throughout the item con-

of such a determination. _ . tainer. Non homogeneous matrices are referred to as heteroge-
3.2.7 background—extraneous signal superimposed on thepegus.

signal of interest. 3.2.23in process materia-the nuclear material in a pro-
3.2.8 benign matrix—bulk material that has no effect on the cess stream, excluding holdup.
result of the measured parameter. 3.2.24 item—nuclear material in a container or other suit-

3.2.9 bias—a constant positive or negative deviation of theable configuration for assay.
method average from the correct value or accepted reference3 2.25 lower limit of detectability—a stated limiting value
value. which designates the lowest concentration, mass, or activity

3.2.10 calibration—the determination of the values of the that can be detected with confidence and which is specific to a
significant parameters by comparison with values indicated bparticular measurement. C 859, C 1215
a reference instrument, by a set of reference standards or3.2.26 low level waste-waste that is not defined as transu-
modeled parameters. C859 ranic or high level waste. DOE order 435.1

3.2.11 certification—a written declaration from a certifying 3.2.27 matrix—the material, which comprises the bulk of
body or its legitimate designee that a particular measuremenihe item, except for the special nuclear material and the
process complies with stated criteria, or a measured item hasntainer. This is the material in which the special nuclear
the stated characteristics. material is embedded.

3.2.12 coincident neutrons-two or more neutrons emitted  3.2.28 matrix-specific calibratior-uses a calibration ma-
simultaneously from single event, such as from a nucleugix similar to the matrix to be measured. No matrix correction
during fission. factors are used. This calibration is generally not appropriate

3.2.13 collimator—usually constructed of lead or tungsten, for other matrices.

a collimator serves to define a gamma-ray detector’s horizontal 3.2.29 modeling—the use of mathematical techniques to
and vertical viewing angles and to shield the detector fromsimulate a measurement process or alternatively the process of
ambient radiation. creating a physical mock up of a measurement.
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3.2.30 neutron absorbers-materials, which have relatively  3.2.42 radioactive waste-items containing radioactive ma-
large thermal-neutron absorption cross sections. Absorbetsrials not currently considered useful or economically recov-
with the largest cross sections are commonly known as neutrograble. C 859
poisons. Some examples are lithium, boron, cadmium, and 3.2.43 random error—the chance variation encountered in
gadolinium. all measurement work, characterized by the random occurrence

3.2.31 neutron moderators-materials which slow down of deviations from the mean value. C 1215
neutrons through elastic scattering or inelastic interactions. 3.2.44 rate loss correctior-a correction for count rate
Materials containing large amounts of low atomic weightrelated losses that are used for some gamma-ray NDA tech-
materials, for example, hydrogen are highly moderating. niques. The correction may use radioactive sources with

3.2.32 neutron multiplicatior—multiplication takes place gamma-ray energies lower than the gamma-ray from the
when a neutron interaction yields more than one neutron as Ruclide of interest or a pulser.
product. Induced fission is the primary mechanism for neutron 3.2.45 reals—this quantity is the difference between the
multiplication, howeverf, 2n) interactions are also multipli- (R+A) and @) quantities.
cation events. 3.2.46 reals plus accidentats-the number of events de-

3.2.33 nondestructive assay (NDAYhe observation of tectedintheR+A) gate period following the initial detection of
spontaneous or stimulated nuclear radiations, interpreted ®ach neutron associated with neutron counting. This is a
estimate the content of one or more nuclides of interest in thé1easured quantity during the count time.
item assayed, without affecting the physical or chemical form 3.2.47 repeatability—the within group dispersion of several
of the material. groups of measurements. C 1215

3.2.33.1active assay-assay based on the observation of 3.2.48replicate—a counterpart of another measurement. It
radiation(s) induced by irradiation from an external source. iS the general case for which duplicate, consisting of two

3.2.33.2 passive assay-assay based on the observation of é@surements, is the special case. _ _
naturally occurring or spontaneous nuclear radiation(s). 3.2.49 reproducibility—the between group dispersion of

3.2.34 nuclide—an atomic species characterized by theseveral groups of measurements. € 1215

composition of its nucleus, that is, by the number of protons 3.t2.5t0 sfamgli—a portion ofta _[iopulatmn ‘?rt IO}' In the
and neutrons it contains. context o measurements, it may consist of measure-

. _ . . fi h fal h Id h
3.2.35 passive neutron coincidence countirg technique ments of items that are part of a larger group that could have

used to measure the rate of coincident neutron emission in tht()aeen considered.
3.2.51 secular equilibrium—the state of equilibrium that

assay item. The terminology used in this test method refers_: . L
o . . . exists when series of radioisotopes have equal and constant
specifically to shift-register electronics.

. . . . activity levels. Secular equilibrium is established when the half
_3.2.36 Paisson assumptlenfor. counting measurements, It jite of the parent is much greater than that of the decay
is assumed that the net counts in a fixed period of time fouo"\broducts.

a Poisson distribution. This assumption can be verified by 3.2.52 segmented gamma scanmes nondestructive assay

comparing the obser\_/ed stz_:mdard deviation of a series cH(echnique used to measure the gamma-ray emissions from

measurements on an item V_V'th the square roo_t of the avera 8\N-density scrap and waste packaged in cylindrical contain-

number of counts. If the P0|_ss_on assumption Is correct, thes@rs. The technique involves independent measurements of the

numbers should be equal within random error. vertical segments of the container and may incorporate correc-
3.2.37 precision—a generic concept used to describe thetions for count rate losses and matrix attenuation.

dispersion of a set of measured values. Measures frequently 3 7 53 self-attenuation-the attenuation of emitted radiation
used to describe precision are standard deviation, relatwsy the emitting material itself.
standard deviation, variance, repeatability, reproducibility, con- "3 5 54 sensitivity—the capability of methodology or instru-

fidence interval, and range. (See Guide C 1215 for a mOrfentation to discriminate between items having differing

complete discussion of precision.) . ~ concentrations or containing differing amounts of a radioactive
3.2.38 procedure—a set of systematic instruction for using material.

a method of measurement or of the steps associated with the 5 55 shift-register-based coincidence circuiin elec-

method. tronic circuit for determining totald, Reals plus Accidentals
3.2.39 qualitative analysis-an analysis in which some or (R+A), and accidentalsd) in a selected count timet)(during

all of the components of an item are determined. A measureneutron counting.

ment in which the amount of one or more components of an 3.2.56 shuffle—an NDA technique for characterizing the

item are determined. delayed neutrons from fissionable isotopes in scrap and waste
3.2.40 radioactive emissions-alpha, beta, gamma-ray, using a?>Cf interrogation source.

x-ray, heat, and neutron emissions from spontaneous fission, 3.2.57 special nuclear material (SNM}Plutonium 233U,

induced fission, or delayed neutron emission following betairanium enriched iA*3U or?*®U to greater than its natural

decay. abundance, and any other materials defined as SNM under the
3.2.41 radioactive scrap—materials that contain sufficient Atomic Energy Act of 1954, as amended. This term does not
quantities of source or special nuclear material to be worthy oinclude source materials. C 859
recovery. C 859 3.2.58 standard:
3
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3.2.58.1 calibration standard—an item sometimes physi- items), personnel exposure would be significant, spread of
cally and chemically similar to the items to be assayed, forrontamination from sampling would occur, generation of
which the mass of the nuclide(s) of interest and all propertiesecondary waste must be minimized, the weight and/or tare
to which the measurement technique is sensitive are knownweight of the item cannot easily be determined (for example, in

3.2.58.2working standaré—an item used to check the place process equipment), rapid turn around of the measure-
performance of an NDA instrument, nominally representativeanent results is needed, or the NDA measurement is signifi-
of the items to be assayed, and fabricated and handled to ensuwrantly less expensive than the equivalent destructive analysis.
its internal integrity so that deviations in its measured response 4.3 The principles provided in this guide should be used to
can be attributed to the instrument.) determine which type of measurement is best suited to the

3.2.59 total measurement uncertainty (TMan estimated measurement application. This determination involves consid-
parameter, either mass, activity, concentration, or fractionalration of the characteristics of the items to be measured, as
used to quantify the overall confidence in the assay result atwaell as the goals of the measurement program.
prescribed level including all sources of precision and bias. 4.4 This guide applies to the suite of NDA instruments and
The TMU is qualified by the assumptions of the error propa-measurement methods, many of which are described in detalil

gation model. in Refs(1) and(2).2 A partial listing of measurement methods
3.2.60 totals—the total number of neutrons detected duringand applicable use references is provided in 5.2. It is incumbent
the count time. This is a measured quantity. upon the user to seek additional guidance within ASTM

3.2.61 traceability—the property determined by a measure-method-specific standards, as this guide does not take prece-
ment which can be related to appropriate standards, generaltience. Additional information on specific methods is best
national or international standards, through an unbroken chaifound in technical meeting transactions, journals, commercial
of comparisons. application notes, and NRC/DOE publications.

3.2.62 transmission source-a radioactive source external 4.5 This guide may be applied to many situations spanning
to the item being measured that is used to determine ththe range of nuclear materials from product through waste.
attenuation of gamma rays of interest by the matrix material infypical applications include: the measurement and character-
the item. ization of transuranic wastes, low-level wastes, and mixed

3.2.63 transuranic waste (TRU wastejas defined in DOE wastes; the determination of radioactivity below some regula-
Order 5820.2 and DOE Order 435.1, transuranic waste isory threshold; estimated for non detected radionuclides, the
radioactive waste containing alpha-emitting isotopes withmeasurement of safeguarded nuclear materials; shipper re-
atomic number greater than 92 and half-life greater than 2@eiver confirmation; confirmation of nuclear material inven-
years, and with activity concentrations greater than 100 nCi peory; support of nuclear criticality safety evaluations; measure-
gram of waste at the time of the measurement. ment of holdup of special nuclear material in process systems;

3.2.64 uncertainty—a generic term describing the inability support of decontamination and decommissioning activities;
of a measurement process to determine the correct valuand in-situ analyses of facilities, glove-boxes, hot cells, and the
(Alternate definition: Parameters associated with the result of anvironment prior to and following demolition.
measurement that characterizes the dispersion of values that4.6 When applied to measurement of waste, this guide
could reasonable be attributed to the measurement.) should be used in conjunction with a waste management plan

3.2.65 validation—an evaluation that shows the quality that segregates the contents of assay items into material
assurance and quality control mechanisms are in place armhtegories according to some or all of the following criteria:
functioning properly to ensure that the waste characterizatiobulk density of the waste, chemical forms of the radioactive
information is collected and analyzed in a manner described bgonstituents and matrix,«( n) neutron intensity, hydrogen
procedures and meets assigned data quality objectives. (moderator) and absorber content, thickness of fissile mass(es),

3.2.66 verification—an evaluation of the critical item char- and the assay item container size and composition. Each matrix
acteristics to ensure the collected characterization data reprexay require a different set of calibration standards and may
sents the true characteristics of the sample population to amave different mass calibration limits. The effect on the quality
acceptable degree of accuracy and precision. of the assay (that is, minimizing precision and bias) can

3.2.67 waste acceptance criteria (WASYhe set of require-  significantly depend on the degree of adherence to this waste
ments pertaining to a waste item that must be satisfied beformanagement plan.
it can be shipped to a designated facility or disposal. 4.7 This guide addresses elements of good practice such as;
— nuclear measurement instrumentation and its care; common
4. Significance and Use hazards; facility readiness and requirements to support the

4.1 Good NDA measurement practices are described in thi§DA equipment; project scoping, requirements and objectives;
guide. The application of the material provided in this guideassembly and deployment of the instrument; calibration and
should be determined on a case by case basis. Not all elemengst; computational modeling to augment physical testing;

are required for aII_ applications. _ measurement validation; preventive maintenance; and the mea-
4.2 Nondestructive assay measurements are typically pesurement control program.

formed when the items measured or goals of the measurement

program favor NDA over destructive analysis. NDA is typi-

_Ca”y _faVQred when C0||e9t|ng a representative sample of the she polgtace numbers in parentheses refer to the list of references at the end of
item is difficult or impractical (for example, scrap and wastethis standard.
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5. Good Practice technique can satisfy the specific measurement requirements,
5.1 Introduction—NDA measurements of nuclear material 0ther considerations such as economics, ease of operation, and

are performed to determine the relative or absolute abundanévailability of instrumentation will ordinarily determine the

of one or more nuclides. Typically, such a determination ischoice of a system. The following parameters are among those

made by comparing the observed response of an unknowiRat should be considered when selecting NDA measurement

amount of material to the response of one or more knowr$yStems:

standards by means of a functional relationship established by (&) The radionuclides to be measured, including the ex-

calibration. NDA refers to the qualification and quantificationpected range of assays and interferences that may arise

of radionuclides using instrumentation capable of detecting &etween radionuclides,

feature of the radioactive-decay process. These features in- (b) The physical form (particle size, particle density,

clude such radioactive emissions as alpha, beta, gamma-ra@dioactive material distribution, etc.),

x-ray, heat, and neutron emissions from spontaneous fission, (c) The matrix (for example, pure product, oily waste, dry

induced fission, or delayed neutron emission following betavaste, degree of heterogeneity, average density, etc.),

decay. (d) The container and packing material (for example, size,
5.2 The primary goal of NDA measurements is to arrive atwall thickness, mass, wall material),

a quality result, that is, one that satisfies the user's measure- (e) Environmental conditions,

ment needs. Adequately analyzing problems and applying (f) Measurement quality objectives,

appropriate measurement techniques support this goal. (9) The degree to which parameters affecting measurement
5.3 Each NDA technique has advantages and limitationgegyits are known,

Fhat must be jludg.ed against'the specifig requirementg of the (h) Location(s) at which measurements are needed,
mten_ded appllcatlons. No snjg_lg technique can sat_lsfy all (i) Costs (instrument, set up, and operating costs),
requirements. It is the responsibility of the user to consider the (i) Availability of instrumentation
potential problems, and select the proper balance of measure- . S - o
ment capability and desired precision and accuracy for the (k) System maintenance requirements (reliability, stability,
specific application. ruggedness, etc.),
5.4 The observed response of an NDA system shows sensi- (1) Training requirements,
tivity to a wide variety of factors that can bias the assay result. (M) Ease of operation,
By careful selection of the measurement technique, attention to (") Program schedule, and
potential sources of error, implementation of operational pro-  (0) Item throughput.
cedures to control item categorization and packaging, operator 5.6 NDA methods are often nuclide sensitive rather than
training and instrument maintenance, supplemental measurelement sensitive. Frequently the reaction of interest is possible
ments and calculations, and proper organization and evaluatian more than one species of nucleus present. Determination of
of test data, the quality of assay results can be optimized. the elemental content of an item from a measurement of
5.5 Because performance requirements for NDA systemgadiations emitted by isotope(s) of the elemental species and, in
are application dependent, only general guidance for theome cases, by their decay products requires knowledge of the
selection of a system can be provided. If more than oneelative radionuclide composition of the item assayed.
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5.6.1 Many of the approaches to specific NDA measuremerf this material and its yield are well known and appropriate
techniques are described by ASTM Standards as shown in Figompensation is included in quantity estimates.
1. A listing of applicable ASTM and ANSI standards is  (2) Passive Coincidence-neutron counting is a viable tech-
provided in Section 7, Test Methods. Other standards may alsgique for the measurement #%Pu effective mass U in
be considered. low enriched uranium. Isotopic ratios are necessary to compute
5.6.2 Neutron Measurement TechniqueBleutron tech- the grams of element. Coincidence neutron counting is less
niques are based on the detection of neutrons, which arsensitive to many of the biases typical of total neutron counting
emitted with various energies. Neutron energies are generallyecause their contribution (for example, the presence afi|[
not measured. A passive neutron measurement is made whearget material) is eliminated. In addition, spontaneous fission
the neutrons measured are a result of spontaneous fission, sef?*“Cm interferes with the measurement?8fPu effective
induced fission, or , n) reaction. Passive neutron assaymass.
systems are usually more effective for plutonium than for  (3) Multiplicity counting is a viable assay technique for
uranium, although applications for both exist. An active plutonium in cases where sufficient counting precision may be
measurement is performed when the measured neutrons are #istained for higher order coincidences. In principle, the
result of induced fission. The quantity of a particular isotopetechnique does not require representative standards, but they
may be obtained by measuring unusually low or high emissiorare often used to provide corrections to assays. It provides
rates, distinctive time distributions, or markedly differentimproved accuracy over conventional coincidence counting in
energy spectra. To establish the quantity of radionuclide ofases where the measured items are impure or heterogeneous
interest from the directly observable neutron assay result(sind the multiplication and/or( n) yield are not known prior
relative isotopic information is necessary. Correction or allow-to the measurement. The precision is usually poorer because of

ances may be needed for: lower count rates for the higher moments. It can be used to
(@) (a, n) contaminants, reduce cosmic ray background even when the count rates for
(b) Hydrogen content, the higher moments are low.
(c) Neutron moderation and absorption (poisons), 5.6.2.2 Active assay by neutron interrogation is applicable
(d) Container wall effects, when?*®U is present or when passive signals are weak.
(e) Item size, Selection of an appropriate interrogating-neutron spectrum is

important. Active techniques are sometimes used when the
uncertainty in the passive result is unacceptable. Costs may be
significantly higher than for passive assay systems. In addition,
the matrix in which the measured nuclides are contained is
often an important consideration.

5.6.2.3 Thermal neutrons can be used for active neutron
assay systems if they can adequately penetrate the item. The

(f) Influence of uranium on plutonium assay,

(g) Source self-shielding,

(h) Non-uniformity in source/matrix distribution as it
relates to neutron moderation and absorption,

(i) Unexpected neutron generating radionuclides,

(i) Chemical composition,

(k) System dead time, _ . presence of thermal-neutron absorbers such as gadolinium
(I) Item size (physical dimensions and amount of fission{G) in light-water-reactor (LWR) fuel may preclude the use of

able material), a thermal spectrum. Thermal-neutron interrogation may be
(m) Measurement geometry, possible for small items with high moderation, for example,
(n) Background radiation, hydrogen (H) content (for example, solutions). Interrogation
(o) Density, and with thermal neutrons offers the advantage of higher detection
(p) Neutron multiplication. sensitivity because of increased fission cross sections at low

5.6.2.1 Passive Neutron Counting neutron energies in fissile material.

(1) Total neutron counting serves as a suitable technique if 5-6.2.4 For the assay of uranium-bearing items of high
the material to be assayed is homogeneous with respect to &gnsity, Interrogation by neutrons hav!ng energies greater than
attributes affecting the measurement, if it contains little or wellthermal is recommended. Interrogating-neutron spectra can
characterizedd(, n) target material, and if the nuclidic ratios Originate from various sources such as spontaneous fission
are well known. The primary strengths of total neutroniSOtOPes, neutron generators or accelerators.
counting are that it usually does not depend on the use of 5.6.2.5 A major problem in active neutron assay is differ-
external sources of radiation and that passive neutrons are éftiation between the interrogating radiation and the stimulated
sufficient energy to escape from most items without significantesponse radiation. Ideally, the detector should be insensitive to
attenuation. The costs for total neutron emission measuremefite interrogating radiation. Although total insensitivity is
programs are often considerably less than for active measuréeldom achieved, the amount of interrogating radiation de-
ment techniques. In addition, because external neutron sourct&cted can be reduced by several techniques. These techniques
are not required, risk of personnel exposure to radiation ighclude using an energy-biased detector, coincidence counting,
generally lower for total neutron assay. The primary disadvantiming, and shielding.
tages of total neutron assay relative to active neutron assay are5.6.3 Calorimetric Assay-Applications of calorimetry to
that counting rates are often lower and contaminants contributd DA refer to the measurement of heat flow from radioactive
to the totals count rate resulting in a bias. The presence,of ( decay. Calorimetric assay typically provides assays with very
n) target material can result in a bias unless the relative amourgood precision and low bias. Typical assay times range from 4
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to 24 hours. Typically calorimeter chambers are 8 in. diameter (j) Iltem size (physical dimensions),

or less. To estimate the quantity of radionuclide of interest (k) Container packaging and matrix attenuation,

present, the effective specific power, or amount of heat (I) Background radiation,

generated per unit mass per unit time, must be determined from (m) Interfering radiation, and

knowledge of the item’s isotopic composition. For plutonium,  (n) Decay of radioactive sources used to routinely test the
this is typically accomplished using high-resolution gamma-stability/functionality of a measurement system, transmission
ray spectrometry. Corrections or allowances may be needesburces, and rate base correction sources.

for: _ _ 5.7 Specific radioisotopes may not be directly quantifiable
(@) Heat-generatlng.qontamlnants, by certain NDA measurement techniques in given situations.
(b) Isotopic composition, However, when the abundance of an unobservable radionuclide

(c) Chemical reactions which produce or consume heat, of interest is known (either from independent analysis or
(d) Phase changes which produce or consume heat, established correlation functions) relative to that of one or
(e) Weight of the measured item (dependent on calorimetemore radionuclides that can be directly measured, it is possible

design), to infer its quantity. Subject matter experts must address the
(f) Endpoint detection and prediction methods are usuallyalidity and accuracy of the estimate.

dependent on heat transfer characteristics of the item, 5.8 Calibration—Calibration provides a mathematical rela-
(9) Heat transfer characteristics of the item’s packagingtiionship to correlate detector response with characteristics of

(dependent on end-point detection method), and the measured item. Methods used for calibration are specific to
(h) Drift in Bridge Potential (or baseline power for servo- the NDA measurement technique. In general, calibrations are

control method). performed in such a manner that overall calibration uncertainty

5.6.4 Photon techniques are based on the detection @ substantially lower than the target uncertainty for item
gamma or x-rays that are emitted with discrete energiesheasurements. The amount of effort expended on calibration
characteristic of specific isotopes. The intensity of photons o$hould be associated with the quality objectives of the mea-
a specific energy is related to the quantity of a particulaisurement results for items of unknown content (for example, a
isotope. The relative intensity of gamma rays from different0.1 % calibration uncertainty is not necessary for a measure-
isotopes can be related to the relative abundance of thoggent system that will produce results with 50 % total uncer-
isotopes. There are a variety of detectors available, whickginty). The data quality objectives are often, in turn, driven by
generally span the range of efficiency and resolution fronregulatory, economic and ease of operation considerations.
relatively high to low. Some considerations that apply to calibration methods include:

5.6.4.1Isotopic Compositior-Gamma ray spectrometry (a) Determining the intrinsic system response,
may be used to determine isotopic composition (Test Methods (b) Assessing correction methods (for example neutron
C 1030, C 1268). Isotopic composition from gamma ray specmoderation, attenuation, absorption, geometry, self attenua-
trometry is often used to support both calorimetry (Testtion),

Method C 1458) and neutron techniques (Test Methods (c) Measuring instrument repeatability,
C 1207, C 1493, C 1500, and C 1316), as well as for other (d) Determining conditions that bias results (and the
applications. magnitude of the biases), and

5.6.4.2 Quantitative Assay-Gamma ray spectrometry is (e) Determining total calibration uncertainty.
used for quantitative assay of specific isotopes in situations 5.8.1 Calibration Standards should be selected carefully. It
where attenuation by the container wall, by the item’s matrix,js not always necessary for NDA calibration standards to
and self attenuation by the radionuclides is not excessive, diracket the anticipated system measurement range. The se-
can be accurately estimated. Estimates of attenuation aftected standards, however, should have characteristics that are
typically obtained from process knowledge, item densitythe same as items to be measured with respect to parameters
transmission, or differential peak analysis. that affect the measurement results. Standards should be

(1) Transmission Corrected Assajr-some cases, a trans- constructed so as to eliminate the possibility of a redistribution
mission source is used to provide an estimate of the matrinof the radionuclide content during use. Considerations for
attenuation. This typically results in a more accurate assay thaselection of calibration standards include:

uncorrected assays. (a) Standard type (element, state, etc.),
5.6.4.3 Correction or allowances may be needed for: (b) Durability and stability under routine use,
(a) Lumping (self absorption), (c) NDA measurement method,
(b) Radial/axial non-uniformity of the radioactive source (d) Container size,
material in the item, (e) Matrix attenuation properties,
(c) Matrix heterogeneity, () Gamma self-attenuation and neutron self shielding
(d) Non representative calibration standards, properties,
(e) Attenuation, (g) Emission rate for radiation of interest,
() Low signal to noise ratio, (h) Number of standards required,
(9) Signal distortion, (i) Replacement interval for standards with short half life,
(h) Dead time correction, are subject to chemical instability, or pressure build up,
(i) Measurement geometry, ()) Uncertainty and traceability requirements,
7
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(k) Neutron self shielding, and teristics of items for which the technique is capable of
(I) Availability, transportability, cost, handling and storage providing accurate measurement results). Measurement control
risks, and practicality. requirements and procedures for performing measurements in

5.8.1.1 Sometimes representative standards may not K!Pport of the measurement control program are also de-
available for calibration. In such cases calculated correctio§cribed. Reporting and data storage requirements are also
factors may be applied to generic calibration standards to alloWypically included in measurement procedures. Developing a
for the difference(s). The calibration range may be extended bprocedure for an analytical method is not an adequate substi-
calculation for one or more parameters. Similarly calculation idute for expertise of the technical personnel involved.
often used to assess the uncertainty associated with the5.9.2 Training of measurement personnel is required. The
calibrations. The calculation may use established radiatiofevel of training needed is dependent upon the complexity of
transport codes that have been validated and verified for simildhe measurement technique and the responsibilities of the
uses. The calculations should be documented sufiiciently t@ersonnel. Guides C 986 and C 1490 include extensive guid-
allow replication. This should be performed by suitably quali-ance regarding training programs.
fied and experienced personnel and reviewed by a peer 5.9.3 Training requirements often extend beyond measure-
member. For examplé>Cf can be used to simulaté®Pu;  ment personnel. Obtaining the best results from NDA tech-
calculation can correct compact SNM items for self-niques require training of personnel who package items for
multiplication and gamma ray self shielding. measurement, install and maintain measurement instrumenta-

5.8.2 Total calibration uncertainty should be determined agon, perform instrument calibrations, perform measurements,
a part of the calibration process. Calibration uncertainty is thei@nd interpret measurement results.
included in propagated uncertainty as a bias. Uncertainty in 5.9.4 Analysis of data obtained from NDA measurements is
standard values, uncertainty of calibration measurements beequired to convert counting information to the desired results,
cause of counting statistics, uncertainty from fitting calibrationtypically mass or activity of radionuclides contained in each
curves, and other parameters affect the total calibration uncemeasured item. Depending on the assay technique used, the
tainty. measurement instrumentation and software available, the result

5.8.3 Calibration validation, or confirmation, may be per-may be provided automatically or a significant amount of data
formed to ensure that the calibration accurately reflects therocessing by qualified professionals may be required.
response of the measurement instrumentation to radiation of 5.9.5 Reviews of data analysis methods should be con-
interest. This can sometimes be conducted as a part of thducted by qualified professionals for all measurement tech-
measurement control program. Depending on regulatory raaiques. Expert review software may be used to perform part of
guirements, the validation may be conducted using standardke review for individual items. Administrative reviews typi-
or process materials that are not traceable to a nationalally include checks to ensure that items are correctly identi-
measurement base, but whose radionuclide content is wdiled, values have been correctly entered, measurement control
known. Measured values for these items must agree withihas been properly established and verified, and that all appli-
stated measurement uncertainty to validate the calibration. Theable procedures have been followed. In addition, expert
validation requirements for a new measurement techniqueechnical reviews are conducted to ensure the appropriateness
should be more rigorous than for a mature measuremerdf the assay technique for the items measured and to review the
method. Calibration validation typically includes measurementaw data and measurement results for potential problems. Final
of actual process items. Parameters important to the assagsults should not be reported until all necessary reviews have
method should, where practical, be varied to ensure that theeen completed.
calibration is valid over the range of expected values for each 5.10 Quality Control

parameter. 5.10.1 A measurement control program shall be established
5.8.4 Calibration activities need to be documented. Docufor all measurement systems. The purpose of a measurement
mentation should include sufficient information to reconstructcontrol program is to demonstrate that a measurement process
each calibration for each instrument. Documentation shoulgroduces measured values of the required quality over the
include the calibration procedure, calibration measuremenperiod of time the process is operating. The measurement
results, traceability of standards used, and other informatiogontrol program also indicates if the measurement system
deemed important to the calibration activities by measuremergerformance has changed relative to its performance during
personnel. calibration and operational verification. Precision, accuracy,
5.9 Operation total uncertainty, or minimum detectable quantity may repre-
5.9.1 A measurement procedure is needed for each NDAent the quality of a measurement. Further discussion on
technique. The measurement procedure should describe tRéecision, accuracy, and total uncertainty is contained in 5.10.
steps required to perform measurements of items of unknown 5.10.2 Conditions unique to measurement control assess-
content. Operational procedures typically describe administranent of NDA instrumentation exist. Because NDA instrumen-
tive responsibilities for staffing, oversight of measurementstation measures radioactive materials, the values of sources
and performance of measurements. Any safety precautions aused to track instrument performance do not remain constant
usually noted in measurement procedures. Materials needed ¢wer time and, in many cases, change considerably with time.
conduct the measurements are listed. Procedures also are ugéds is commonly accounted for by decay correcting the results
to define item acceptance criteria (that is, describe the charaof measurement control data to a common date for a given

aZzmanco.com


https://azmanco.com

A8y c 1502 — 04
“afl

instrument or measurement control source. In addition, decagrocess over time. Additionally they may be used to demon-
of measurement control sources may result in worsening oftrate the process is meeting stated measurement performance
precision and accuracy (bias) for measurement of that sourasbjectives, which are bounds on the quality required of the
by the instrumentation monitored in the measurement contraheasurement process. Typically, performance objectives are
program. This is expected and should be accounted for bgpecified on the precision and accuracy of the measurement
control evaluation methods. process. In the arena of NDA of nuclear materials, performance
5.10.3 In some cases (for example, gamma ray spectrogsaeasures are required by regulation and accepted target values
copy), multiple parameters are available from each measurere available; see for examp{8-6) and Chapter 23 of2).
ment that can and should be used to evaluate the condition &efore establishing a new measurement process, a review of all
measurement instrumentation. Using gamma ray spectroscopyplicable regulations accepted target values and other factors
as an example, an evaluation of the quality of each measurénfluencing performance objective should be undertaken. Total
ment (not only measurements of well controlled sources) cameasurement uncertainty analysis should also take into account
be achieved by monitoring parameters such as the full width &l significant factors affecting both precision and accuracy. It
half maximum (FWHM) and peak shape for gamma ray peakshould be noted that for NDA measurements, precision and
at specific energies, energy calibration, and system dead timgecuracy can be radically different for measured items than for
NDA subject matter experts should be consulted for eachneasurement control sources. Parameters that affect TMU,
measurement application to determine the best methods for ugich as inhomogeneity, matrix effects, and exact measurement
in assessing measurement control. geometry are usually characterized very well for measurement
5.10.4 In general, the quality of the measurements is monicontrol sources and not well known for measurement of items.

tored by periodically measuring a designated measurementese differences must be understood so that realistic estimates
control standard and comparing the measured value to agf TMU can be obtained.

expected range of values. If the measured value of the standard\,_—)lloj_1 The precision of a measurement process is the

falls within the expected range, the measurement process itrinsic variability of the process when those factors known to

said to be in con.trtl)l. I the .measured value .fa”S outside t.heaffect the measurement results are held constant. Precision can
expected range, it is an indicator .Of a potential problem_ with Iso be described as the repeatability of the measurement
the measurement process. Potential problems must be. INVeSirocess. A full definition of repeatability can be found in Guide
gated and resolved to ensure that the measurements being m €515 or in(7) or (8). Precision should be determined by
are of the required quality. The measurements of the Contr?oerforming replicate measurements of an item or items under
standard ar_1d_the expeqted range of values are evaluated USSrmal measurement conditions. The estimated precision de-
a valid statistical technique. i

termined from counting statistics for neutron or gamma ray

5.10.5 Multiple standards may be used to demonstrate the,oaqrements cannot be arbitrarily substituted for the total
quality of measurements across a range of values. Separ dom error determined from an item measurement. Under

comparisons may be made for each measurement contrl, ain conditions, counting statistics are used to estimate

standard or they may be combined into a single coOmpariSon, <1rument measurement precision (for example, gamma ray

Additionally, measurement system sof_tware may be P'O%ased isotopic composition estimates) for a single item mea-
grammed to automatically perform certain measurement CON: rement. but these estimates need to be validated

trol checks. ,
5106 A measurement control standard need not be a 5.10.7.2 Accuracy usually refers to the bias of the measure-

i . .~ _ment process, which is a constant error between a measurement
certified reference material, but should have a well-established ) .
result and the accepted value of a measured quantity. Determi-

measurement history and provide a stable decay corrected.. . . .
result. The expected range of values of the standard can tlon. of bias requires the use of standards hav_mg a weI_I—
%{stabllshed value of the measured quantity; this value is

derived from estimates of the measurement uncertainty an dt th ted ref lue. Further detail
bias and is usually chosen to represent an interval that spans t eeferre 0 as the accepled reference vajue. Further detatls on

range of expected measurements with 95 % or 99 % confin€ est'ablishment and specification of precision and bias can be
dence. The measurement uncertainty includes the precisioffUnd in Guides C 1215, E 177, E 1323, and E 1488.
but may include other sources of measurement variability. This 5-10.8 The careful identification and estimation of all sig-
is discussed further in the next section. nificant factors affecting instrument response is important for
5.10.7 Total Measurement Uncertainty (TMU) Analysis measurement control purposes because measurement control
When a new measurement process is being adopted or &hodrams track the perfprmance.ofameasurementprocgs; over
existing measurement process is being significantly altered, tHime: Failure to appropriately estimate all sources of variability
quality of the measurements produced by the process should 68" Iegd to frequent indications that the measurement process
evaluated. Typically, the quality of a measurement process i§ not in control.
represented by the precision and accuracy (or bias) of the 5.10.9 Validation of software used to produce calibrations
measurement. Definitions of these terms are provided belovand measurement results is a part of a comprehensive quality
These quantities are used when reporting measurement resutssurance program. Software shall be validated prior to use.
to provide an indication of the quality of the measurementValidation should include tests to ensure that the software
result. They are also used in establishing a measuremeptoduces correct results for all measurement and analysis
control program to monitor the quality of the measuremensituations that are anticipated during routine use.
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6. Sources of NDA Error 6.1.2.3 Source Backgroung-Assay systems often include a
radioactive source that will produce a background in the

6.1 Typical sources of error encountered in NDA measure:n trument. This backaround will be time dependent because of
ments are described in the following sections together wit"stru IS groungwi : P us

means to eliminate or reduce their effects. These sources 3P| °¢ decay. . .
error are common to calibration and assay of inventory items. 6-1.2.4Induced Source Activigy-Active assay systems may
They must be considered during calibration in order to obtairi"duce & sufficient number of fissions in the item to produce a
accurate assay results. The error sources discussed here geidual radioactivity that will interfere with a subsequent
common to most NDA measurement techniques. Problem are&825say within a short time period. This is of particular concern
for specific techniques are treated in separate ASTM standarg&!fing calibration when a given calibration standard may be
specific to those techniques. This discussion is divided {ajo: "€Peatedly measured in order to determine its mean response.
errors arising from measurement to measurement variabiliy/ @ddition, the measured item can generate neutrons through
which include those sources of error that can affect thdhteraction with cosmic rays that is a potential source of error
observed response in repeated measurements of the same itd@f, Passive neutron measurement systems.
(2) errors because of item to item variability, which encompass 6.1.3 Cross Coupling-In instruments capable of simulta-
additional sources of error that can alter the observed respong€ously measuring more than one item in different chambers,
per unit mass of the isotope(s) of interest in different items, andhe response in one chamber may be sensitive to the content of
(3) the calibration error, which considers the effect on assayhe other chambers. When this is a problem, the system should
results of uncertainty in instrument calibration. be calibrated and used with identical loading patterns. The
6.1.1 Error from Measurement to Measurement Magnitude and constancy of the abovementioned backgrounds

Variability—These sources of error can affect the observe§hould be determined prior to calibration and throughout the
response in repeated measurements of the same item. use of any NDA system. In some applications, a large back-

6.1.1.1 Counting Errors—Counting experiments are char- ground from the source can be used to monitor system
acterized by an inherent variability that can be estimated for Re rf?rman%e, esf,pﬁual'ly i lthe background energy spectrum is
given measurement process. The contribution to the total el to that of the sgna. ) )
(relative) error because of counting can be reduced by increas- 6-1-4 Instrument Desiga-Errors attributable to the design
ing the total number of counts observed k) counting fora  ©F operation of the system may arise from the effects described
longer time period,(2) increasing the detection efficiency PelOW-
through the use of additional detectors or reducing the item to 6.1.4.1 Resolutior—The measurement method and the spe-
detector distance, ¢8) increasing the source strength in active cific instrument used must be able to resolve the desired
systems. response from interfering radiations caused by background or

6.1.2 Background Contribution-The measured response in extraneous materials present in the item being assayed.
NDA instrumentation contains some or all of the common 6.1.4.2 Component Aging-The operating characteristics of
background components discussed below. Additional sourceglectronic and mechanical components change in time, creating
of background contribution may also need to be addressed &4ifts in the performance of the instrument.
sources of error for specific measurements systems and mea-6.1.4.3 Response ProfiteThe instrument views a given
surement scenarios. volume into which items are positioned for measurement. A

6.1.2.1 Instrument Background-All electronic systems Mmeasurement error may result if the response is not uniform
generate random noise that frequently determines the lo#roughout that volume because of nonuniform detection
signal limit to the sensitivity of the instrument. geometry or a nonuniform field of incident radiation (energy

6.1.2.2 Ambient Background-Cosmic rays and radiation and intensity) in the case of active systems. This effect should
from nearby accelerators, reactors, or radioactive sources m&¢ Mminimized through instrument design, incorporating if
be detected by the instrument and erroneously attributed to tHcessary the capability to scan and rotate the item being
item being assayed. A common source of this problem relatg@€asured. With proper control of item position and item to
to items temporarily placed near the system that are awaitingt@ndard similarity, residual effects can be included in the
measurement or for which measurement has been completekf/ioration.
The ambient radiation often varies during routine operation. 6.1.5 Assay Time Contrel-An assay is often referenced to
Therefore, where practical, the system should have sufficier fixed counting time period. If the time period fluctuates for
shielding to be insensitive to ambient background radiation. Ir@ny reason, the assay result is directly affected. Variations in
addition, the observed gross response should be corrected Bgsay time may occur if actuating switches change in position
subtracting the current measured background. Backgroun@f operating characteristics, or if a timing mechanism is
measurements should be made sufficiently often that backsensitive to power or temperature fluctuations. In a system
ground variations will not significantly affect assay results. Inbased on count rate, the assay may not be affected if the time
addition, it is possible that the presence of an item in theperiod is carefully measured.
instrument can alter the measured ambient or source back-6.1.5.1 A calorimetric assay must be allowed to reach
grounds. When this is a problem, a mock item containing nahermal equilibrium before the measurement is stopped. An
fissionable or radioactive material should be used to determinexception to this is when a software estimate of the equilibrium
the magnitude of the effect. value is made. In this case the measurement can be stopped
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before equilibrium is reached, however, the measuremertion of the radionuclide within its container. Scanning and
precision may be affected. rotating the item may help to reduce the resultant error.

6.1.6 Instrument EnvironmentA variety of environmental 6.1.7.3 Self-Attenuation-Distribution of the isotope(s) of
factors can affect the operation of an NDA system andnterest in particles or lumps can cause error in the measured
introduce error into the assay result. If the assay system igesponse because of self absorption of emitted radiations and
sensitive to changes in operating environment, the instrumerself shielding of incident gamma rays or neutrons in active
should be calibrated and used under the same environmentfstems. If particle size is uniform and well controlled,
conditions. Typical effects include those described below. calibration standards will eliminate this problem.

6.1.6.1 Temperature-Detection equipment often displays  6.1.7.4 Isotopic Composition-The isotopes of uranium and
sensitivity to fluctuations in the ambient temperature. Also, inplutonium and their radioactive decay products are encoun-
active assay systems incorporating a well moderated interraered in variable proportions. If the measured response is
gating neutron spectrum, changes in the moderator densigensitive to radioisotopes other than the isotope(s) of interest,
because of temperature variations may produce changes in ttiee nuclidic composition of items being assayed must be
neutron energy spectrum. If such effects are present, the systeinown and should be identical to that of the standards.
should be operated in a controlled temperature environment to g 1.7.5 Matrix Effects—The penetrability of incident or
limit the range of variation. If this is not possible and the emerging radiations may be significantly affected by the
diurnal or seasonal effect is significant, the measured responggesence and distribution of materials that comprise the matrix
of assay items can be correlated with the ambient temperatugithin which the radionuclides of interest are embedded. The
at the time of measurement. A correction to each subsequegfopability that these reactions will occur changes as the
measurement then should be made on the basis of the resultig@omic number and density of the matrix material increase. In
temperature dependent function. In this case, the temperatugneral, passive neutron measurements are less susceptible to
of the critical environment (for example, moderator) at the timematrix effects than active neutron measurements or gamma ray

of measurement must be recorded. measurements. Corrections can generally be employed to
(1) Increases in the fluctuation of room temperature mayeduce or eliminate these effects. For gamma ray assay, such
increase the variability of calorimeter baseline results. corrections are typically based on the observed intensity of two

6.1.6.2 Humidity—High voltage leakage and the tendency or more gamma rays of different energy emitted by the same
for arcing increase at high humidity. The effect may be eitheradionuclide, or on the transmission of a gamma rays emitted
a gradual change or a sudden shift in instrument performancéy an external source. For neutron assay, incident or emerging
The effect can be minimized by proper equipment design andeutrons can lose energy, be parasitically absorbed and thus
controlled by removing excess moisture from the air. lost from the system, or be absorbed in fissile nuclei and induce
6.1.6.3 Electrical Power—Fluctuations in the electrical sup- those nuclei to fission (multiplication). Matrix material may
ply used to power an instrument may affect its operation. Lingesult in either an increase or a decrease in the observed
voltage or frequency changes and spurious electrical noiseeutron response. When hydrogenous or other moderating
spikes coupled through the power line, ground loops, oimaterials comprise the matrix, neutrons are moderated to low
broadcast to the instrument may have a significant effect on itenergies, thereby increasing their probability for subsequent
operation. For this reason, instruments, if necessary, should B@sorptive reactions. Content limits must be established for
powered with regulated, filtered lines or by battery. Instrumentseparate categories if these effects are severe. A correction
should be properly grounded and shielded, and should bgometimes can be effected through the use of an appropriate
located in areas physically removed from electrical noisespectral indicator (for example, a thermal neutron flux probe).
generating machinery unless insensitivity to such noise has 6.1.8 Calibration Error—The error in the calibration curve
been demonstrated. arises in part from random errors associated with the measure-
6.1.7 Errors from Item-to-ltem Variability—If the response ment process and the errors associated with the known values
of the instrument is affected by any property of the itemof the standards. Inexact response models can introduce
container or its contents other than the mass of the isotope(s) efiditional calibration errors.
interest, error can be introduced into the assay. The sensitivity 6.1.8.1 Short term fluctuations in instrument operation or
of the measured response must be investigated for the possitdavironment can be absorbed in the calibration by collecting
item to item differences discussed below. calibration data over a period that includes the range of
6.1.7.1 Containers—Materials containing radionuclides are fluctuation to be encountered in normal operation. The result-
usually placed into containers for storage, handling, andng dispersion in the calibration data will tend to reflect the
measurement. Container dimensions, structural compositionwariability in the measured response because of operational or
and packaging procedures should be developed to redu@mvironmental fluctuations. The estimated uncertainty in the
container to container differences and thereby minimize anyitting parameters will, in turn, reflect this dispersion in the
errors attributable to this cause. The instrument should bealibration data.
designed to be as insensitive as possible to container differ- 6.1.8.2 Item to item differences that perturb the observed
ences. response for a given mass of the nuclide(s) of interest can be
6.1.7.2 Radionuclide Distributioa-If the instrument has a included in the calibration by selecting a large number of
nonuniform response at various locations within its detectiorstandards and ensuring that the range of the perturbing property
chamber, the measured response will depend on the distribin the standards reflects the range to be encountered in the
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unknown items. While this technique may be an acceptable 7.2.1 N15.5 Statistical Terminology and Notation for
(and perhaps the only) means of treating normal manufacturinhluclear Materials Management

tolerances in product material (for example, cladding thickness 7.2.2 N5.36 NDA Measurement Control and Assurance

of reactor fuel pins), it is not recommended for large effects in 7.3 Other.

other types of material. When such perturbing effects are 7.3.1 Chapman, J., “Waste Characterization and Assay
included in the calibration, the contribution from the uncer-Overview,” April 7, 1997

tainty in the calibration curve to the estimated uncertainty inan 7.3.2 Bruckner, L. A., Hume, W. H., and Delvin, W. L., “On
assay result necessarily will be larger than when the perturbinBrecision and Accuracy (Bias) Statements for Measurement
property is measured for each item and a correction is made t®rocedures,” LA-11190-MS

the observed response. )

6.1.8.3 Uncertainty in the radionuclide content of the cali-8: Measurement Documentation
bration standards used will affect the calibration uncertainty. 8.1 It is good practice to have several types of documenta-

tion available for review. The documents describe the proce-
7. Test Methods dure chosen for analysis, data to show that the instrument was

71 ASTM Standards functioning properly, and reports thai give information show-
ing how the result for the measured items was obtained.

8.2 Measurement DescriptierProvide the basic philoso-
ephy used to select the measurement method. Describe the
calibration method used to convert detector response to the
radionuclide activity, concentration, or mass. Show the major
algorithms used to obtain the activity from the response.

7.1.3 C1068 Guide for. Qualif|cat|on of MeasurememReference the measurement procedure used to obtain the data.
Methods by a Laboratory within the Nuclear Industry 8.3 Detector Calibration and Quality Assurance

M?.l._4|Cf112% Guide Lor Zrep?aratlor:‘ Ol\fl Wlorklnlg: R(Iefgenlcqnformation—Provide calibration data for each instrument
aterials for Use In the Analysis of Nuclear Fuel Cycle soq 1o quantify the activity, concentration or mass of the

Materials i o L radionuclide(s). In addition, provide control charts that indicate
7.1.5 C 1156 Guide for Establishing Calibration for a Méa-yhe instrument was functioning within expected statistical
surement Method Used to Analyze Nuclear Fuel Cycle Matefimits at the time of the measurement.

rials . o 8.4 Complete Report of Measured Iteminclude all infor-
7.1.6 C1210 Guide for Establishing a Measurement Sysmation used to obtain the results. This should include raw data
tem Quality Control Program should another analysis be necessary. This information should
7.1.7 C 1297 Guide for Laboratory Analysts for the Analy- jclyde the name of the individual acquiring the data, date of
sis of Nuclear Fuel Cycle Materials . acquisition, file name containing the raw data, calibration
7.1.8 E 177 Practice for Use of the Terms Precision angnformation, peak areas (if appropriate), and correction factors.
Bias in ASTM Test Methods This report provides information necessary to review the
7.1.9 E 181 Test Methods for Detector Calibration andresults by NDA professionals or auditors. The data may be
Analysis of Radionuclides stored as hard copy or electronic (data file).
7.1.10 E 691 Practice for Conduction an Interlaboratory 85 Summary Repo#tThis report is a brief summary of
Study to Determine the Precision of a Test Method information that needs to be conveyed to the customer or
7.1.11 E 1323 Guide for Evaluating Laboratory Measure-manager. This report usually contains the item identification
ment Practices and the Statistical Analysis of the Resultingind reported activity, concentration or mass of the radionu-

7.1.1 C 986 Guide for Developing Training Programs in the
Nuclear Fuel Cycle

7.1.2 C 1009 Guide for Establishing a Quality Assuranc
Program for Analytical Chemistry Laboratories within the
Nuclear Industry

Data clide(s) of interest in conjunction with additional contract/
7.1.12 E 1488 Guide for Statistical Procedures to Use irfacility specific information. A reference should be included in
Developing and Applying ASTM Test Methods this summary report that references the information included in
7.2 ANSI Standards 8.3 should a more detailed review be necessary.
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