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Standard Practice for
I Validation of Process Stream Analyzer Systems

This standard is issued under the fixed designation D 3764; 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 epsilone] indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Operation of a process stream analyzer system typically involves four sequential actitities. (
Analyzer Calibration—When an analyzer is initially installed, or after major maintenance has been
performed, diagnostic testing is performed to demonstrate that the analyzer meets the manufacturer’s
specifications and historical performance standards. These diagnostic tests may require that the
analyzer be adjusted so as to provide predetermined output levels for certain reference m&erials. (
Correlation—Once the diagnostic testing is completed, process stream samples are analyzed using
both the analyzer system and the corresponding primary test method. A mathematical function is
derived that relates the analyzer output to the primary test method (PTM). The application of this
mathematical function to an analyzer output produces a predicted PTM r&$uitiitial Validation-

—Once the relationship between the analyzer output and primary test method results has been
established, an initial validation is performed to demonstrate that the predicted PTM results agree with
those from the primary test method within the tolerances established from the correlation activities and
with no statistically observable systemic bia#). Continual Validation—During normal operation of

the process analyzer system, quality assurance testing is conducted to demonstrate that the agreement
between the analyzer and primary test method results during the initial validation is maintained. This
practice deals primarily with the third and fourth of these activities.

1 This practice is under the jurisdiction of ASTM Committee D-2 D02 on Petroleum Products and Lubricants and is the direct responsibility of Sebdd@#s on
Validation of Process Analyzers.
Current edition approved—eet—l-s—}ggz Dec. 10, 2001. Published—Beeember 1992. April 2002. Originally published as- D 3764 — 80. Last previous editio

9—3:7-6«4—89-&98-5)— D 3764 - 92 (1998).

1. Scope

1.1 This practice-serves-as—a—guide describes procedures and recommendations for the validation of a total-precess strean
analyzers analyzer system or its subsystems, or both, used-ir—determining the direct measurement of physical or chemical

charactenstrcs of petroleum and petrochemrcal produets 1.2 Procedures—feHreaﬂng—data—frem—aufemaﬂc—pfeeess—sﬁeam analyzer

ests for initial validation and subsequent

contlnuous quallty assurance of system performance are descrlbed

1-3—Fhe-implementation

1.2 Validation is achieved by statistical assessment-of-this-processrequires that results generated for common materials by the
total analyzer-b system or its subsystem versus results generated by an ASTM or other established primary test method (PTM).

1.2.1 For analyzers used-ncompthiance-with product certification;the-principles—setidtthtii-Process-Stream-Analyzers
of analyzer system precision determined by-the-“Manual statistical assessment is typically compared to the site precision for the
PTM.

1.2.2 For other analyzer applications, analyzer system precision determined by the statistical assessment is compared to
prespecified performance criteria based-on-tnstaliation-ef-Refinery-nastruments-and-Control-Systems™~APHRP-550-ef the American
Petroleum-tastitute intended use.

1.3 Two procedures for validation are described: the line sample procedure—and—in—agreement with—the—supplier's
reeommendation—n—addition-itassumes-that validation reference material (VRM) injection procedure.

1.4 Only the analyzer system or subsystem downstream of the VRM injection point or the line sample extraction point is being
validated by this practigce.

1.5 The line sample procedure is limited-to-menitor applications where material can be safely withdrawn frem-the specific
guality-parameter sampling point-ef-interest-and at the analyzer unit wimthout significantly altering the property of v interest.

1.6 Validation information obtained in the-aratyzer application of this practice is applicable only to the type and property range
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of the materials used to perform the validation.

1.7 Procedures for conducting an initial validation are described. These procedures are typically conducted at installation o
after major maintenance once the-coenditions-specified by system mechanical fithess-for-use has been established.

1.8 Procedures for the-manufactarer.

+4—Fhe—units continual validation of system performance are- desueribe ud. These procedures are typically applied at .
frequency commensurate with the criticality of the application.

1.9 This practice-shatt-be applies if the process stream analyzer system and the primary test method are based on the sa
measurement principle(s), or, if the process streappm analyzer system uses a-direct abnd well-understood measurement princi
that is similar to the-taberatery measurement principle of the primary test method it is intended to predict.

1.10 This practice is not intended for use if the process stream analyzerd system utilizes an indirect or mathematically modele
measurement principle such as chemometric or multivariate analysis techniques. Users should refer to Practice D 6122 for details
validation procedures for these types of analyzer systems.

1.11 This practice does not address procedures for diagnosing causes of validation failure.

1.12 This practice does not address-the—+eference methodology for establishing the correlation equation used to genere
predicted PTM results using analyzer outputs, nor the expected prediction error. The former is assumed to have been correct
developed as part of the analyzer applidcation development work.

1.513 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1265 Practice for Sampling Liguiefied Petroleum (LP) Gases— (Manual Méthod)

D 4057 Practice for Manual Sampling of Petroleum and Petroleum Prdducts

D 4177 Practice for Automatic Sampling of Petroleum and Petroleum Prdducts

D 5842 Practice for Sampling and Handling of Fuels for Volatility Measurerfients

D 6122 Practice for Validation of Multivariate Process Infrared Spectrophotorfeters

D 6299 Practice for Applying Statistical Quality Assurance Techniques to Evaluate Analytical Measurement System
Performance

E 456 Terminology Relating to Quality and Statisfics

F 307 Practice for Sampling Pressurized Gas for Gas Andlysis

3. Terminology

3.1 Be#rmtreﬁs—et—'Femas—Sﬁeemc—te—'ths—St&Hdard Def|n|t|ons—'Frme—Un|ts
3.1.1 v

ee#espeﬁdmg—ehange—m—me—arﬁlyfeesignal—madout.

3113 bBiseussion—ttaccepted reference value (AR\fl—a value that serves as an agreed-upon reference for comparison, and
which is derived as:() af theoretlcal or established value based on SC|ent|f|c pnncuﬁ)ean(assmned or certified value, based
on experimental work ef-sy etc.) and some nationa
or international organization, oBXa consensus or certlfled value, based on collaboratlve experlmental work underthe-flow rate

auspices of-the-proeess a scientifiec-erproduct-stream—(See-Fig—t-and-Fig—2--Ht-consists-of-thefollewing-elements: engineerin

o the first

group.

3.1.2 i ii verse the
&staﬁee—between—the—startpremam—the closeness et—the—p*eeess—eepredtte&stre&m—s&mpk—leep—te—the—ﬁe%eﬂhe sample
eeﬁdﬁremﬁg—umt— aqreement between mdependent test results obtalned under stipulated conditions. E 456

angerepeatability conditieas;onditions where

mdependent test results are obtamed with the same method on |dent|cal test items-inthe-process-orproduct-stream-quality to pe
thretgh same laboratory by the-sample-eonditioning-unritfrom same operator using-thejunction-with-the-sampletoeop-to the inle
same equipment within short intervals-ef-the-analyzer-unit. time. E 456

3.1.4 Analyzertag-Hmea-Afunection-ofreproducibility conditionsp— conditions where test results are obtained with the
same method on identicalyz test items in differ’ent laboratories with different operators using different equipmenE 456

3.1.5 site precision conditiong+—conditions under which test results are ebtacined by one or more operators in a single site
location practicing the same test method on a single measurement system using test specimens taken at random from the sa

2 Annual Book of ASTM Standardgol 05.01.
2 Annual Book of ASTM Standardgol 05.02.
4 Annual Book of ASTM Standagdéol-+6-65. 05.03.
5 Annual Book of ASTM Standardgol 05.04.
® Annual Book of ASTM Standagd¢ol14.02.
7 Annual Book of ASTM Standardgol 15.03.
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sample of material, over an extended period of time spanning at least a 15 day interval. D 6299
3. 145 1D|scu55|on-Whefe—A measurement system may comprise mult|ple instrument bemq used fer-the—analyzer is
me 3.1.4.2 same test method
3. 1 6 S|te preC|S|on(—13—aHd—3—1—4—?(—1%ﬁHFbe—a—eens{-&H{—value—Fm—2 77 tlmes the—&Hain‘eFdeagHed—fer—\ﬂHaHe—ﬂew—rates
qu—aHaJy%eHag%%e—aﬂd—rts—aemaﬂs—muste—deteH%med—fer each standard deviation-of-the-flowrates-used—Fthese-elements ar

%%%Mﬁe—ﬂhﬂmmteﬁﬁkbeﬂﬁeeﬁ—m&mﬁedﬂeﬂon results obtained under site precision conditions.
D 6299

esponse Terms

3.2 Definitions o

Specific te—H%s—ehaﬁge—at—a—speem&eamﬁe—ﬂew—rate
3—1—4—3—615—Anaty-7_‘eﬁme—€eﬁstant ThIS Standa@ee%%—?h&&m&ﬁewakbeﬂween%m—%m&pwﬁeeﬁm&&mlyzer

in sample

qﬂﬂJrFfY-

Analyzer-Parameters

3.2.1 Analyzer-© System Items

3.2.1.1 analyzer output, +A—a signatthatis (pneumatic, electrical, or digital), proportional te-the-guality-parameter property
being measured-and that is suitable for readout or control inpstrumentation external to the analyzer system.

3.2.1.2 analyzer system result;Athe measured property reading, in the accepted property measurement units, that is displayed
by the analyzer unit readout instrumentation or transmitted to end user of the analyzer-system. |

3.2.1.3 analyzer unitc, A—the instrumental equipmen bt necessary to automatically measure the physical or chemical property
of a-preumatic, process or product stream sample using eitheran-etectrical, intermittent or a continuous technique.

3.2.1.4 analyzer unit repeatability,-+-2.77 times the standard devigation of results obtained from repetitive analysis of the same
material directly injected into the analyzer unit under repeatability conditions.

3.2.1.5 continuous analyzer unit,-ran analyzer that measures the property value of a process or product stream on a
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continuous basis and dynamically displays the instantaneously updated analyzer output.
3.2.1.6 intermittent analyzer unit,-a-a cyclic type analyzer that performs a measurement sequence on samples from a process
or product stream and displays a new analyzer output at the conclusion of each cycle.
3.2.1.7 total analyzer systemthe complete analyzer system inclusive of the sample loop, sample conditioning unit, analyzer
unit, readout |nstrumentat|0n and excess sample return system (see Fig. 1)

s of the

aeeep{ed—quamy—um%s Tlme Unit Items—GeneraI Terms:
3.2.2.1 Referenee-SampleProcedure—Result,analyzer unit cycle timé&ha-average-of-the—for intermittent-or-eontindous
analyzer-readings—recorded-during-a-specific analyzers, the time interval after between successive updates of the-analyzer is
equitibritm:- output.
3.2.2.2 Line-Sample-Procedure-Result,analyzer unit dead timeFhe-average—the time interval between the introduction of
a step change in property characteristic atthe-intermittent-or-continuous inlet of the analyzer+eadings+eeorded during unit an
the-time-interval-required initial indication of analyzer response-te-draw-ene-line-sample—Fhis-time-interval-starts at one this
change.

(1) Discussion-For intermittent analyzers, if the analyzer dead time-aftersample-pert-valve-opening-and-continues until is less
than one analyzer unit cycle time, the analyzer unit dead-time-after-the-required-sample-has-been-drawn—Theline-sample mu
cannot be-drawn-onty-when-the-entire-analyzer-system is directly measured.

3.2.2.3 analyzer unit response time;—+(see Fig. 2) the time interval between the introduction of a step change in property
characteristic at the inlet of the analyzer unit and whenr-there-is-nre-significant-change-inthe-measured-property. If analyzer outpt
indicates a—guality value corresponding to 99.5 % of the subsequent ehange-eceurs during in analyzer results;

(1) Discussion-For continuous and intermittent analyzers with sufficiently short cycle times;—the-sample—eellection total
analyzer response time-intervat-as-defined-above, is the analyzer dead time plus three times the analyzer unit time constant. F
intermittent analyzers with long cycle times, the analyzer unit response time is effectively equal to the analyzer unit cycle time.
For intermittent analyzers with intermediate cycle times, the analyzer unit response time should be defined asc the multiple of th
analyzer unit cycle time needed to exceed 99.5 % response.

3.2.2.4 andalyzer unit time constant;A(see Fig. 2) the time interval between the initial response of the analyzer uritte a new
sample—colleeted step change in property characteristic and when-the-measured-property is analyzer output indicates a val
corresponding to 63 % of the subsequent change-in-eguitibrium.

3 3-7-Sensitivity, analyzer results.

(1) Discussion—or intermittent analyzers, if the analyzer unit time constant is less than one analyzer unit cycle time, the
analyzer time constant cannot be directly measured.

3.2.2.5 lag time, r—TFheleastdiseerible-change—the time required for material to travel from Point A to Point B-nthe quality
ﬁ&F&me’fererﬁg—measufed—that total analyzer system (Points A and B are user-defined)

(1) Discussion-kag time is-hot-masked-by-backgroundnoise a function of an analyzer system design parameters such ac
displayed-by length and diameter of lines, number of fittings, flow restrictions, ane-the-readout-instrumentation.

3-18-Linearity, flow rate of the material (process or product stream) through the analyzer system (see Fig. 1 and Fig. 2).
3.2.2.6 sample conditioning unit lag time—AFthe time required for mategrial to travel from the start-ef-eloseness the sample
conditioning unit te-whieh-a—plot the analyzer unit inlet.
3.2.2.7 sample loop lag time,+the time required for material to travel from the process takeoff point of the sample loop to
start of the sample conditioning unit.
3.2.2.8 total analyzer-eutput—over system response time(see Fig. 2) The time interval between when a step change in
property characteristic at the sample loop inlet and when the analyzer-operating+ange-approximates output indicates a value
corresponding to the 99.5 % of the subsequent change in analyzer results; the total analyzer system response time is the sum
the sample loop lag time, the same conditioning loop lag time, and the total analyzer response time.
3.2.2.9 bBiseussion—H-s-expressed-as-the-maximum-deviation-betweencomposition-specific VRM, n—a validation reference
material consisting of a single, pure compound, or a known, reproducible mixture of compounds for which-an-average measure
eutput-versus accepted reference value or site assigned value can be calculated or measured.
(1) Discussion-A composition-specific VRM may be-a—knewn-input-and commercial standard reference material (SRM)

having a-straightline;-where certified accepted reference value.

3.2.2.10continual validation, r—the quallty assurance process by Wthh—EhE—S-tF&rg-hi—HHGﬂS—df&mﬂ%—fhfﬁﬂgh—bﬁfh—E&Wﬁm points
of-the-known-input bias ane—r iRterest must precisiol
performance determined during |n|t|al valldatlon are shown te—be—es%ablﬁhed—aFrd—ﬂae—aFiaPy%eFeu%pu{—#—Fleﬂlmear adjustec

manuatly sustained.
3.2.2.11 direct measurement-a guantitative measurement result obtained using a principle-erautematically so principles that

express the characteristic property of interest in its defining units.
3.2.2.12indirect measurement#a correlyzated quantitative measurement resuit-displayed is obtained using-a-trae-indication

of measurement principle that produces values that do not express-the-meastred-guality—See Fig. 3.
Precision-Parameters
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3+9Precision,—r—The-degree desired characteristic property but which can be modified empirically, using mathematical
modeling technigues, to estlmate the necessary deflnlnq ua&s—el—agreemerﬁ—et—reperted—measurements—ef—the—same chemical o
physieal property 6 v hmetic mean.
3—1—]:9—Aﬁaly-ze|LRepeatabrl+ty |nter st.

(1) Discussion-Methods that utilize chemometric or multivariate analysis are indirect measurements for generating correlative
characteristic property measurement results.
3.2.2.13initial validation, n—Fhe-difference-between-two-successive-analyzerresults—validation-that-weuld-be-exeeeded in
the—leng—run—m—enly—l—ease—m— Ois performed When—a—a_qle an analyzer systemas—eperated—en—a—ﬂewmg—sample—ef—unﬁerm quality.

e is related epeatability 0 ef-sticcessive

3 HAnalyzerReproduceibility, initially installed or after major maintenance, once system mechanical fithess-for-use has been
established.
3.2.2.14line sample P

%&me—Sample—rM—preeess—eepreduet—samrﬁe_san‘ely withdrawn frem _the a sample-pert{6-1-3-3)-in-aceoerdance with
Practices B-1265,D4057-D4177, and-F307#-whicheveris-applicable-during-aperiod when associated facilities located anywhere

in the-material-flowing-through-the total analyzeris-ef-uniferm-guality and system without significantly altering-the-analyzer result
disptayed+(3-1-6)-is-essentially-constant.

31131 Discussion—Thelaboratory-tests—are—obtained—for-each-sample property-of-this—material-and-ecompared-with the
analyzerresult-obtained{(3-1-6)-at-the-time-of-sampling.

314 Referenee-Sample, interest.

3.2.2.15primary test method (PTM) ~ArApture-compound—an ASTM era-mixture-of-compounds-ef-knewn-properties other
established standard test method that produces results accepted as the reference meavsure of a property.

3.2.2.16 process-derived VRMa validation reference-vatuefor-the-guality-to-be-measured.

3—1—}4—].—Drseuss+en—lt—ean—alse-be matenal denved from an |solated batch of process or product stream material with chemical
or physica y event a characteristics, or both, that
is surtable for determlnatlon of an accepted referenee—sample—value—63 1 15) or srte assrqned valtre—ferethemonrtoreel-pfoperty must

: quantrtles of the

mere interest.
3.2.2.17 site assigned value (SA%L)a property value of a referenee—samples—eneempassrnq materral that is based on multiple
results from either the-n ge of the-analyzer will be

conditions.
3.2.2.18 valrdatron n—the statrstrcally quantrfred ]udqment that the analyzer system—eepreduet—samples

the—reqtﬂrements—ef—the—stanelard subsystem being assessed can produce predlcted PTM results Wlth acceptable precision and bi
performance when compared to actual results from a primary-testprocedure—To-furtherassure-proper-oeperationitisrecommended
that method measurement system for common materials.

3.2.2.19validation reference material (VRM}for validation and quality assurance testing;—a—previotusty—catibrated material
having an accepted refererce-sample value-eran-in-house-controt-standard-of-known—guality-be-tested-{o validate site assignec
value for the-eperation property-ef-the-laberatory-eguipment. interest.

4. Summary of Practice

4-1Two-procedures-have-been-inecluded:—either

4.1 Either line sample erboth-can-be-applicable-in-a-given-sitaation.

411 Reference-Sample-Procedureovers VRM results from the-use-ef-alaboratory-—calibrated-reference—sample;—which is
introduced-into—the—anatyzer, total analyzer system or its subsystem, and corresponding PTM results—ferthe-analyzer result
compared-with same materials are obtained. Differences between-the-reference value.

41 2-Hne-Sample-Procedureovers-withdrawal-of-samplesfrom-the analyzer system-in-accordance-with-Praetices-D 1265,

B-4057b-4177, predicted PTM results anad-H—307-whicheveris-appropriate-Analyzer actual PTM results are statistically assessed.
Precision and bias statistics are generated and assessed against pre-specified performance criteria. The system or subsyste
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performance is considered to be validated for materials and property ranges representative-ef sampling those used in the validati

if the performance criteria are-compared-with-laberatory met.

4.2 After initial validation, continued statistical quality control analyses are conducted to ensure on-going performance of the

samples-using analyzer system meets-the-applicable-ASTM-er-othertest-method. levels established from the initial validation.

5. Significance and Use

5.1 This practice can be usedte-establish quantify-the-validity performance of a process stream analyzer system or its subsyste
in terms of precision and bias relative to those of a primary test method for the property of interest.

5.2 This practice provides developers or manufacturers of process stream analyzer systems with useful procedures ft
evaluating the capability of newly designed systems for industrial applications that require reliable prediction of measurements o
a specific property by a primary test method of a flowing component or product.

5.3 This practice provides purchasers of process stream analyzer systems with some reliable options for specifying acceptan
test requirements for process stream analyzer systems at the time of commissioning to ensure the system is capable of making
desired property measurement with the appropriate precisien-er-euring-routine use, bias specifications, or both.

5.24 This practice provides-statistically-based-methodology-te-guantify the user of a process stream analyzer-system variabilit
ant-any-biasretative with useful information for on-going quality assurance testing designee-te-the-applicable-testmethoed standar

5:3—TFhis—practice—addresses update or revalidate an analyzer system through the application of statistical qualibty contrc
techniques.

5.5 Validation information obtained in the application of this practice is applicable only to the material type and property range
of the materials used to perform the validation. Selection of the propesrty levels—and-in—aceordance -with-the-manufacturer’s
struetions-so-that compositional characteristics of the samples must be suitable for the application of the analyzer system. Th
practice allows the user to write a comprehensive validation statement for the analyzer system including specific limits for the
validated range of application. Users are cautioned against extrapolation of validation results beyond the materiaktype-and linearit
property range used to obtain these resul$arhing—Users are cautioned that for measurement systems that show matrix
dependencies, bias information determined from pure compounds or S|mple mlxtures of pure compounds may not be representatl
of that achieved on actual process or prod

samples.)

6. System Components

6.1 Fig. 1 illustrates a total analyzer system incorporating a selection and arrangement of components that are typical but nc
specific for any particular analyzer system A totaI analyzer system deagn—must—eonader addresses the chemlcal and physic
properties of the process or product strean the analy:
and-provide to be measured, provides a representatlve samQIe, and handles it W|thout adversely affectlng the value of the speci

guality-parameter property -of-interest{1.3).
6—1—1—'Fe%a|—AnaFy2e%Sys%emens+s{s—ef—all interest. Included are a sample Ioop p|p|ng hardware—and—ms&umen%at—reﬁrequwed

mees&%pmdue%s&e&m%nd%e—m&ad&eﬂhee&n—m%emﬁ%e%ee&eeﬁmueu&%&pﬂt S|gnal
612 Hntermittent-Analyzetis-an analyzerthatteststhe-sample unit instrumentation, any data analysis computer hardware and

produeces-the-prime-output-sighal-at-discrete-time-intervals.
6—1—2—2—eenfmueus—Ana4yzefs—an—ananyeHhat—tes{s—me—samgle software —and—produces—the—prime—output-signhal on an

he—-equipment
yZer, or both.

6133 readout display.
6.2 Sample Loopisthat—Piping connected to the main process stream to deliver a portion of the-streamp to a-ocationg close

to the analyzer systemwhich-takes with minimum lag time and retura-the-sample-from-the-process-erproduct line unused materic
to the-sample-eonditiening-unit main process stream.

6.3 Sampling SystemSample probes, valves, lines, containers, pressure regulater-and-returits most of gages that constitute th
flew-baek equipment employed to obtain a proper sample fromthe-line-ef-origin sample loop and introduce either it or a validation
standard sample te-waste.

6-1:3-2_the analyzer.

6.4 Sample Conditioning Units-ene-er-mere—A collection of devices-that to properyprepare treat a portion of the sample
from the sample loop so that it meets the requirements for testing by the precess-analyzer-consistent-with-thereguirements of tt
analyzer—Fhis-preparation These components-can-censist of incorporate temperature or pressure adjustment, change of state (liq
vapor), or removal of contaminants.

6.5 Inlet Port—Appropriate piping with selector valve(s) for placement either at the intette-assure-eonsistenttreatment of the
analyzer unit or, when dictated by the measurement specifications, at the inlet to the sample conditioning unit. The purpose of thi
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inlet port is to-testing-by allow injection of validation standards or other calibration material into the analyzer system with quick
switching between these typically containerized materials and the flowing process stream.

6.5.1 For many analyzer systems the inlet port requires a manifold arrangement for validation or quality assuranee studies.3
Such a manifold, with suitable valving, provides a means to use a containerized supply of standby material when a flowing process
stream is not available for the purpose.3 It also permits quick switching between different validation standards when that is
desirable.

6.6 Sample Po analyzer—An
appropriate probe erat flttlnq in the plplng—tou permlt coIIectlon—ef—the—aHaty%eF#em—whlch regresentatlve samples for laboratory
analysis-are-taken—A-sample-poertiocation at analyses using a primary test method.

6.7 Analyzer Uni—Instrumentation designed to automatically measure-the—ottlet-of-the—analtyzer—can—be—used-only if the
pfepeme&e#theﬁammeareﬁmdﬁaged—as—ﬁ—passes—thfeughﬁeanalyzer chem+ea4—th—thesampIe is physmal proeperty of a slip
process or product stream-identical-te the samp P poessible to the
et and provide either an intermittent or a continuous output signal repfesent ofmg—qu—aHaty%eHe—nmmm&e—lag time.

634 measurement result.

6.8 Readout Instrumentatiefs—any-device-used-to—aceept—If it is not an integral component of-the—prime-sigral-from the
analyze system, a device-te—preduce-and display or record or both,-the-guality-parameter-in-aceeptable-guality units. property

measurement analyzer result.

7. Preparation of Analyzer System for Validation

7.1 Implementation of this practice requires that the process stream analyzer system operates under conditions specified:

7.1.1 Meets all applicable electrical and safety codes.

7.1.2 Meets the supplier's recommendation.

7.1.3 Complies with operating conditions specified by the manufacturer.

7.1.4 Includes a predicted PTM algorithm, if necessary.

7.2 After installation or major maintenance, conduct such diagnostic tests as recommended by the manufacturer to demonstrate
that the analyzer meets the manufacturer’s specifications or historical performance levels, or both. If necessary, adjust the analyzer
system components so as to obtain recommended analyzer output levels for specified reference materials.

7.3 Inspect the entire analyzer system to ensure it is installed properly, is in operating condition, and is properly adjusted after
completion of the initial commissioning procedures.

8. Validation Procedure

8.1 The objective of the validation procedures is to quantify the performance of a process stream analyzer system or its
subsystem in terms of precision and bias relative to the precision and bias of the primary test method-fer-Establishing Reference
Sample-Value

+1-A-minimum the property efsixlaboratery-determinations-arerequired interest. The user must specify acceptable precision
and bias performance criteria before initiating the validation. These criteria will be dependent-on-each+eference-sample, preferably
the intended use of the analyzer.

8.1.1 For analyzer systems used-n-severaHaborateries-using-different-eperators product certification, analyzer system precision
criteria will typically be based directly to the site precision of the PTM. Bias criteria will be based on regulatory or contractual
requirements.

8.1.2 For analyzer systems used in other types of service, precision and bias criteria must be developed based on the intendec
use of the analyzer results.

8.2 The line sample procedure directly fulfills the validation objective since the validation results for both the process system
and the primary test method are obtained on process samples. Depending on circumstances that are described as follows, th
validation reference material procedure may or may not fulfill this objective adequately, particularly when the validation reference
materials are composition-specific, or not representative of current process samples.

8.2.1 If the process analyzer system is not based on identically the same measurement principle as the primary test method, or
if the sample analyzed by the process analyzer system is not identical-to-minimize-taboratory bias.

13- When that submitted to the primary test method for analysis (after sample conditioning for both methods are considered),
then it is-reeessary recommended that the line sample procedure be used to validate the pruocess stream analyzer performanc

8.2.2 If the process analyzer system is based on identically the same measurement principle as the primary test method, if the
sample analyzed by the process analyzer system (post sample conditioning) is compositionally identical to the material in the
process, and, if sample conditioning steps in the PTM do not materially change the sample that was taken from the process and
submitted for analysis, then the validation reference material procedure is expected to adequately fulfill the validation objective
regardless of the nature of the VRM.

8.2.3 If the process analyzer system is not based on identically the same measurement principle as the primary test method, of
if the sample analyzed by the process analyzer system is not identical to that submitted to the primary test method for analysis and
the user wishes to use the VRM procedure, then it is recommendee-that-different-operators the user conduct validation using both
the line sample procedure and a the VRM pprocedure for a period of time sufficient to demonstrate that the VRM procedure
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adequately reflects process analyzer system performbance.
8.2.3.1 The initial process analyzer system validation shoute-be-tilized done using both procedures to demonstrate that bo

procedures agree on the-maximum-extent-possible.
12 When-only-one-testing—unitis—available,—make accuracy of-the-multiple-determinations over analyzer predicted PTM

results.

8.2.3.2 The statistical quality control for continual validation should be done using both procedures for a period of time adequate
to demonstrate that both procedures provide acceptable agreement on the precision and bias of the predicted PTM results.

Note 1—If the process analyzer system is not based on identically the same measurement principle as the primary test method, then the analyz
system may react differently to variations in the sample matrix than does the primary test method. In such case, analyzer results for procegghtamples m
be biased relative to primary test method results even when the VRM procedure results shown no such bias. The bias can be minimized by using a proce
stream (test) sample for which an ARV or SAV was determined as the VRM. The test sample used in this fashion should be representative of the currer
process stream.

Note 2—If, due to differences in sample pretreatment, the sample analyzed by the process stream analyzer and the sample analyzed by the prime
test method are not identically the same, then the use of the VRM procedure may not accurately reflect agreement between the process analyzer and
primary test method. The VRM may not be affected in the same manner as process samples by the different sample pretreatments. Again, this effect c
be minimized by using current process stream (test) samples as VRMs.

8.3 Line Sample Procedure

8.3.1 General—This procedure is applicable for analyzer systems that are equipped with sample ports anywhere within the
system that can facilitate the safe-coullection of material intended for analysis by the analyzer unit without significantly altering
the property of interest. The subsystem downstream of the sample port is considered to be validated for current process strec
samples if validation results are in statistical control, and the predicted PTM results are in agreement with actual PTM results
within satisfactory precision and bias limits.

8.3.2 Line Sample Procedure Requirements:

8.3.2.1 Select point of line sample withdrawal.

8.3.2.2 Determine the total lag time of the system or subsystem downstream of the sample withdrawal point (see Figs. 1 an
2 for guidance).

8.3.3 Initial Validation—Collect analyzer unit results from at least 15 implementations of the line sample procedure under site
precision conditions, with nominally 8 to 12 h between each implementation, as follows:

8.3.3.1 Observe the analyzer unit output until the change between readings over at least three subsystem lag times does |
exceed the known repeatability of the analyzer unit (that is, the manufacturing process is at steady state). If steady state conditiol
cannot be achieved, the line sample validation procedure should not be executed at this time. If the analyzer system repeatabili
is unknown, the repeatability of the primary test method can be used as the reference-fer-€data have comparison.

8.3.3.2 After steady state has been verified, begin collecting thed process line sample from the sample port. Refer to Practice
D 1265, D 4057, D 4177, D 5842, or F 307 for procedures for sample collection. Record thé.ticoeresponding to the start of
sample collection. Record the analyzer system resiftt)fobserved at.. Collect the volume of sample required for PTM analysis.
Record the timet,, when sample collection ends.

8.3.3.3 If the sample collection intervial- t. is less than the total subsystem lag time, record the analyzer rgéiljt# a time
one subsystem lag time interval afterlf A ,(t) and Ay(t) agree to within known analyzer system repeatability, assigh)fas
the predicted PTM result (A) for the collected line sample. Otherwise, the line sample and results are discarded. Wait until stead
state is re-established before beginning the line sample procedure again.

8.3.3.4 If the sample collection intervial- t. is longer than the subsystem lag time, then record analyzer res(iifsafd A (t.)
at times corresponding to one total analyzer response intervaltaétedt, respectively. If A(t) and A(t) agree to within the
known repeatability of the analyzer system, assign eithér)for A,(t.), or the average of these ci two results, as the predicted
PTM value (A) for the collected line sample. Otherwise, the line sample ancd results are discarded. Wait until steady state i
re-established before beginning the line sample procedure again.

8.3.3.5 Obtain a PTM result (P) for the line sample collected.

8.3.3.6 For each line sample collected, calculate the differehcbdtween the analyzer system predicted PTM value (A) and
the actual PTM value.

8.3.3.7 Follow the instructions in Practice D 6299 (section on Procedure for Pretreatment, Assessment, and Interpretation of Te
Results) and assess all theesults following the quality control (QC) sample results protocol. Interpret the control chart generated
and determine if the system that generated thesesults is in statistical control.

Note 3—The system that generated theesults comprises the analyzer subsystem being validated, the PTM, and the process of obtaining the line
samples.

8.3.3.8 If the system that generated theesults is in statistical control, proceed with calculation of system precision and bias
statistics. Otherwise, investigate the out-of-control points and take appropriate corrective actions to address the root cause(:
Replace the out-of-control points by repeating the line sampling procedure.

8.3.3.9 Assess the standard deviation ofAhesults against the appropriate site standard deviation of the PTM (site precision
standard deviation). For certification applications, the standard deviation Afrémults is typically expected to meet or better 1.4
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times the site standard deviation of the PTM. For other applications, the standard deviatioA shitedd meet the specifications
for the intended use.

8.3.3.10 Assess the bias by performing a one-satvigist using all the\ results in accordance with Practice D 6299. If the bias
is statistically significant, assess the bias magnitude against the application requirement for practical significance.

8.3.3.11 If both the precision and bias meet the application requirements, the subsystem is considered to have met the initial
validation requirements for materials representative-ef-different-gqualified-operators be the line samples used in the assessment.

8.3.3.12 Prepare a validation statement and control charts faX tiesults. Establish control limits based on the results from
initial validation.

8.3.3.13 Continual Validatior—Deploy the control chart constructed for theresults into operation. Continue to validate the
information from the initial validation by populating the control chart with néwesults at a frequency commensurate with the
criticality of the analyzer application. A recommended frequency is at least once a week. Frequency can be reduced if the
subsystem stability and precision is monitored by way of other QC material in accordance with Practice D 6299.

8.4 VRM Injection Procedure

8.4.1 General—This procedure requires analyzer system to be equipped with storage and injection facilities designed for the
delivery of a VRM into the analyzer unit. The subsystem downstream of the VRM injection point is considered to be validated
if validation results are in statistical control, and the predicted PTM results are in agreement with actual PTM results within
satisfactory precision and bias limits. The validation applies only for analyses of materials of the same type as the VRM.

8.4.2 Injection procedure requirements.

8.4.2.1 Select the point of injection.

8.4.2.2 Determine the total lag time of the subsystem downstream of the injection point (use Fig. 1 for guidance).

8.4.3 Initial Validation—Collect analyzer unit results from at least 15 implementations of the VRM injection procedure for each
selected VRM under site precision conditions, with nominally 8 to 12 h between each implementation, as follows:

8.4.3.1 lIsolate the subsystem to be validated from the regular process stream sample flow.

8.4.3.2 Commence injection of the VRM.

8.4.3.3 Observe the analyzer unit output until the change between readings over at least three subsystem lag times does no
exceed the known repeatability of the analyzer unit (that is, steady state has been reached). If the analyzer system repeatability is
unknown, the repeatability of the primary test method can be used as the reference for data comparison.

8.4.3.4 Record the steady state analyzer unit output as the result for one implementation of VRM injection procedure.

8.4.3.5 Pre-treat and assess the collected data in accordance with Practice D 6299, including the construction of the I/MR
control charts, using the protocol for a single check standard. Use the SAV instead of the ARV for VRMs that do not have ARVSs.

8.4.3.6 If the data exhibits in statistical control behavior, follow the procedure in Practice D 6299-te reduce estimate the
influenee site precision and bias-efpessible-eperator the analyzer subsystem for the specific VRM. For the bias test use the protocol
for a single check standard.

8.4.3.7 Assess the standard deviation of results for each VRM against the appropriate site standard deviation of the PTM. For
product certification applications, the subsystem is expected to meet or better the site precision of the PTM. For other applications,
the standard deviation of the results should exceed the pre-specified precision criteria for the intended use.

8.4.3.8 If the one-sampletest for bias is statistically significant, assess the bias magnitude against the application requirement
for practical significance.

8.4.3.9 If both the precision and bias meet the application requirements, the subsystem is considered to have met the initial
validation requirements for materials of the same type and property range as the VRMs usedg-n-the-test results.

F2Merethan assessment.

8.4.3.10 Prepare a validation statement and control charts for each VRM. Establish control limits based on results from initial
validation.

8.4.4 Continual Validatior—Deploy the control charts constructed for each VRM. Obtain additional results using the VRM
injection procedure at a frequency commensurate with the criticality-efsix test the analyzer application (typically at least once a
week). Plot results on control charts. Assess control chart status in accordance with procedures in Practice D 6299. The frequency
of VRM injection can be reduced if the subsystem stability and precision is monitored by way of other QC material in accordance
with Practice D 6299.

8.5 Validation of Total Process Analyzer System

8.5.1 The complete analyzer system, inclusive of the sample loop, can be validated-by-a+eference combination of line sample
and VRM procedure where:

8.5.1.1 The Line sample procedure is deployed to validate the entire system using current production material by sampling from
a location located in close proximity to the process takeoff point of the sample loop.

8.5.1.2 The VRM procedure is deployed to validate the analyzer unit for material that is not currently available from the process.

10
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ANNEX

(Mandatory Information)

Al. PROCEDURE FOR DEVELOPING A VALIDATION REFERENCE MATERIAL

Al.1 Determine the number of validation standards and the quantity of each that is appropriate for the proposed validation an
quality assurance testing uses for the specific analyzer system application.

Al.1.1 If the analyzer system is known or suspected to produce nonlinear results, at least three validation standards havin
different accepted reference values can be required.

Al1.1.2 The desired guantity of each validation standard shall be sufficient to sustain necessary analyzer system operation lor
enough to determine the data for initial validation of the system. In addition, it is recommended that enough material be includec
in a given lot, to permit on-going statistical quality control (SQC) testing after the validated system is placed in service. The
quantity of validation standard selected for such SQC testing will depend on the stability of the material, available storage capacity
and so forth.

Al1.1.3 Obtain the validation reference material(s) and store them under conditions that will ensure essentially no degradatiol
of the critical property accepted reference value once it is established.

Al.1.4 Commercial standard reference materials are often available for use as a designated validation reference material. Tl
property and the accepted reference value are available from the supplier.

Al.2 When commercial standard reference material is not available, the validation standard may be prepared from on-sit
process or product material meeting the desired specifications. Utilization of this type of material requires testing by a primary tes
method, preferably under reproducibility conditions, to establish the accepted reference value of the selected property.

Al1l.2.1 Collect and store the appropriate quantity of an on-site process or product material for use as a validation standarc
Prepare and fill the necessary number of individual containers of validation standard for primary test method analyses to determir
the ARV or SAV of the desired property.

Al.2.2 For each validation standard, obtain a minimum of ten primary test method results.

Al.2.2.1 More than ten primary test method results can be necessary to provide an average—value with having acceptab
confldence I|m|ts ThIS—WIII can vary 5|gn|f|cantly for dlfferent—labefatew—pfeeedures primary test methods-and+eferenee sample

y results.

7—2—].—GGH{-F6H+HQ valldatlon standard propemes

Al1.2.2.2 The controlling factors in defining the number-oftests-ebtained test results required are: degree of precision desirec
testing costs, precision of the-daboeratory primary test method, and the criticality of the analyzer system accuracy and precisior

7A1.2:23 For guidance in determining the number of primary test method results required to establish a desired confidenc
limits for the-reference-sampte-vatue, ARV or SAV of the validation standard, referto-Fig—%t-1-and the instruetions-foruse given
provided in—>%32.

-3—Tabulate Al.4.

Al1.2.4 To establish an ARV, it is necessary that the primary test method results be obtained under reproducibility conditions,
to minimize effects of inter-laboratory bias and test variability.

Al1.3 To establish an SAV, it is recommended that different operators and apparatus combinations be utilized to the maximun
extent possible so the data are representative of site precision conditions.

A1.3.1 If it is considered necessary to obtain the multiple determinations in a single laboratory that has only one piece of
apparatus available, make the multiple determinations over an extended period of time using multiple operators and testing otht
samples between the validation standard measurements. This approach will provide data obtained in a manner that is closest to ¢
precision conditions.

A1.3.2 If the validation standard primary test method results are determined in a single laboratory, it is recommended that the
laboratory maintain records verifying their bias status, based on participation in an industry-wide round-robin exchange sampls

testing program.

Al.4 Calculating the Accepted Reference Value (ARV) or Site Assigned Value (SAV) for the Validation Reference Material
Al.4.1 Tabulate the primary test method results for the validation standarg-and check visually screen for extreme values o
outliers, or both, by an accepted statistically based rejection criterion—As-an-exaRgpheove the-detailsfor-applieation outliers

to further analyze the data. No more than 10 %-ef Bixen's-Rejection-Criterion-are-includee-n-AppendixXi,—Typical-Statistical
Procedures.

8 Supporting data are available from ASTM International Headquarters. Request RR: D02-1481.

11
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+4Determine the data points should be removed through this process.

Al.4.2 Determine the arithmetic average-val®éx() and the variance (9 of the-referenee-sample-test acceptable validation
standard data.

7A1.4.2.1 Calculate the arithmetic average by value using the following equation:

- =X
X = Tr = arithmetic average test result (A1.1)
r
- =X
% = (AL1)
r

where:
I X = individual test results on the+eferenee-sample, validation standard, and
N, = number of test results.
7A1.4.2.2 Calculate the variance by either of the following equations:

sx2_ EX)
v N
2 __ T
S =—~— (AL-2)
s X2 _ (E xl)z
S (#12)
I 2 E(Xr - )Zr)Z
S = (AL.3)
N—1)
S(X, — X,)?

the reproducibility precision statement of the applicable primary test method. The statistical criteria for this judgméwiTlieshe

7A1.54.3 Compare the-varianee-ef thereferenece-sample calculated validation standard data variance to that used to establist
which-is-based-on requires determination of the ratio of the variances as follows:

F=2 (A1.4)

where:

I S° = variance ofreferenee-sample-data;—and validation standard data,
I o, = historical regrodUC|b|I|'£y standard deV|at|0n 0f%he—|aberatory9 mary—test—me%hed—aSﬂ%H&ed—te—defme—the—repfedu0|b|llty

7A1:54.3.1 This standard deviation can be obtained by dividing the reproduciBlityien in the precision statement of the
primary test method by 2.772.

Al.4.4 Determine the limitindg= value from the statisticdF Distribution (5 %-Significance—tevel) error level) tables ot (
—71),— 1) degrees of freedom in the numerator -ane-nfinite 30 degrees of freedom for in the denominator. (See-Fable X1.2 in
Appendix>x1 Al.1 for a condensed portion of the-aferementioRddistribution—T _table).

7A1.64.5 Compare the calculatédvalue to the limitingF-value.

7611+ value obtained from the-ealeutat€dDistribution table and interpret as follows:

A1.4.5.1 If the calculate® value is equal to or less than the limitifigvalue, the variance of thereferenee-sample validation
standard data is-as-geed-erbetter not significantly worse than that of the expected primary testmethed predicts, precision and the
quahﬂeaﬂerr—rs—eemﬁete—Preeeed—te—? 7.

7-6-2—H validation standard data are qualified and acceptable.

Al1.4.5.2 If the calculated value is larger than the limiting value, the variance of the-referenee-sample validation standard
data is not as good as the expected primary test methed-predicts precision and the difference is statistically significant.

7-6:3-When

Al.4.6 When a significant difference—in—variance—exists, between the variances occurs, the reason(s) for the substandard

validation standard primary test-precision-shal-be-determined,-appropriate-corrections made method data requires investigation.
Make any needed changes to the procedure or apparatus, or both—and-the-completereference-sample—proecedure qualificatio

value for the

0 : ause storag
onfirm i v at periodic
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TABLE Al.1 F-Distribution
Degrees of freedom for numerator

1 2 3 4 5 6 7 8 9 10 12 15 20
4 161 200 216 225 230 234 237 239 241 202 244 246 248
2 185 190 192 192 193 193 194 194 194 194 194 194 194
3 101 955 928 912 901 894 887 885 881 879 874 B0 866
4 771 894 659 639 626 616 609 604 600 59 591 58 580
5 86l 579 541 519 505 495 488 48 477 474 468 462 456
6 599 514 476 453 439 428 421 415 410 406 400 394 387
7 559 474 435 a1z 397 387 379 373 368 364 357 351  3M
8 532 446 407 384 369 358 350 344 339 335 328 32 315
o 512 426 38 363 348 337 329 323 318 314 307 301 294
0 4% 410 370 348 333 322 314 307 302 298 291 285 271
1 484 398 359 336 320 309 301 295 290 285 219 272 265
2 275 38 349 326 311 300 291 28 280 275 269 260 254
13 267 381 341 318 303 292 283 277 271 267 260 253 246
14 260 374 334 31 29 28 276 270 265 260 253 246 239
15 254 368 329 306 290 279 271 264 250 254 248 240 233
16 249 363 324 301 285 274 266 259 254 249 242 235 228
17 245 359 320 296 281 270 261 255 249 245 238 231 223
18 241 355 316 293 277 266 258 251 246 241 234 221 219
19 23 35 313 290 274 263 254 248 242 238 231 223 216
20 235 349 310 287 271 260 251 245 239 235 228 220 212
® 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.75 1.67 1.57

trme—peﬁed—adewiate—te—eeﬂeet—the—reqwred new set of valldatlon standard prlmary test method—data—feHalldatlon
9+2—Pf6%&3t&t&b+eﬂﬂeanﬂeem&edﬂemg—ﬂ%re#ereﬁe&saﬁ+p+&mte+he |nIet comparlsen—ef—the—anatyzeeer—whefe requirec

oducing 1

ystem for ¢

ecord results process L

diseard-the-first-as-llustrated in Fig. 4.
9—2—2—Feea—eentmueu5—aﬁa4y-zer—ebtam—a—mm+mum QreC|S|eH—e#seveH—aveFaged—aﬁa4ﬁeHeswts—aHewmg—at—leas%ene analyz
time-constantinterval-for-each-analyzerresult—DBiscard the primary test methed-data-ebtaired during is acceptable.
Al.4.7 Assign the-first-analyzer-time-eonstantinterval—-See-Fig. 5.
9 3-Data-Analysisfer-Analyzer-Validation

9—3—1—'Fabulate—the—seteeted—aﬁaly-zeHe3ths—ebtamed—on the accepted retefenee samgle value ARW)-and check appropric

confidence limits fo ndix X1.)

9:3-2-Determine the—arﬁhmeti«:—a\ferage—\ﬂt@éﬁ—and—the—vaﬁaﬂee—ﬁ% Qrogerty of the—aeeepted—aﬁaty-zer—reeults
932+ Calewlate validation standard material tested as follows:

Al1.4.7.1 Use the arithmetic average-by-the-follewing-eguation:

_ X
X, = arithmetic average analyzer rest;ﬁtTa (5)
a

A Aalo arion an Anpe

X5 = individual-anatyzerresutts—and
Ny = number result ef—aﬁatyi‘er—reeuhs—ebtamed
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A ] 1+ H fa
lay IalyLCl eaumn varnairice \.h

~
D
~

IX.)?
Exaz _ ( Na)
sa2 = N 1\a
Na +)
S(X, — X))
S Vi @)

9.3-3-Apphyr-the-statistiedt validation standard primary testte-determine-whetheror not method data-asthe-variance of property
ARV.

Al1.4.7.2 Calculate the-analyzerresulig?-and 95 % confidence interval limits for the-taberatory-reference-samplereSajts (
are-from ARV based on the-same-population-with validation standard test data using-the-same—{but-urknewn) variance.

9:3:-3-1-Establish-the-calculat€dratio-by-the following equation:

Fvatve=+tAv (8)

, - S
95 % confidence limits= X, = t AL5)
\/Wr G Y

Ae average

934 1The-appropriate-equations-to-establish-the-caleulated = stiidahie forthis-setefvariance-conditions-are-asfellows:

Xa = X,
tvalue=( — 2 (9)
;H
(N—1)$2+(N—1)s2 1
Sy = / N . ( N N \ (10)
V I‘la T I‘lr L \ ™ a I‘lr/

where:
S = pooled-standard-deviation of the-difference,
ﬁ = arithmetic-average-analyzerresult,
ggth
> = arithmetic-averagetaberatoryreferenee-sample—+esult,
Ny = npumberof-analyzerresuilts,
Ne = npumberofH-Haberatoryreferencesample—results,
S2 = varance-of-analyzerresults{(Eg-6-orEeg—7F5-and
S2 = variance-of-faboratoryreference—sampleresults{Eg2-orEq 3).

9.3.4.2 Determine-the criticélvalue percentile from-aTable-bbt 5% Probability Level using\N;+N-=2) standard t-tables
for n-1 degrees of freedom. (See Tablte-X1-3-in-Appendix X1 Al.2 for a condensed portiontefahte-)

9:3-43-1f t-table).
Al.4.7. 3 If the

5-%-tevel) confidence
mterval Wldth (maqnltude between Meee&ly%eeteehmques—&ﬁheemvesﬁgaﬁm%&ly%ﬂuncnons upper-and operation
shee%d—be—made—te—de&l—mﬁh—the—pfebable—bras that lower conﬂdence Ilm&s-)—ls—mehea{ed—Proceed too far-apa@asedBl,

6 y ed t()—be—agﬁmeantly

analyzer
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TABLE Al1.2 Table of tat5 % Probability Level
Degrees of Freedom (N-1) t
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ieal use of the
B gbstituted for
i espond to low

equired. It

equilibrium.
0 be drawn
to meet the

i-relation to

o NN i iv ach sample.
enti i i eguence mu:

with- the related

M-or other

3:9—5—4—3—” and recalculate until the-caleulateglue desired confidence interval width-is-eguatte-erless than obtained. Proceed

and collect the-eriticalvalue;the-analyzercan-be-expectedto-give-essentialy-the-same-average additionalresults-as-the laboratory
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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