AIR RESOURCES BOARD GUIDELINESFOR PETITIONS
FOR SITE-SPECIFIC ALTERNATIVE TEST METHODS
FOR CBG FUEL PROPERTIES

These guidelines summarize the requirements thatAih Resources Board (ARB)

believes site-specific alternative test methodsukhatisfy and the information that
should be included in petitions for approval ofespecific alternative test methods.
Approval of a site-specific alternative test methmdthe ARB means the ARB declares
that method equivalent to an ARB designated teshoge Guidelines for informing the

ARB of major changes to previously approved alteveaest methods are also included
in this document

A site-specific test method is a test method whmsdormance has been validated for a
particular refinery or group of refineries owned &ysingle company for the product
streams of these refineries. (For brevity, a larativhere the method is to be used will
often be referred to as a refinery or a site). e-Sgecific methods may be on-line
measurement methods integrated into an on-linedbignsystem, or they may be
methods that are used off-line, but have been atd only for a specific refinery or
group of refineries.

A company interested in having the ARB declaresits-specific test method equivalent
to a designated method should begin the proceslbyitting a petition to the ARB's
Executive Officer. The ARB staff will review thenalytical technique, the relationship
between designated and proposed alternative metlaods the quality assurance and
quality control (QA/QC) procedures (protocol) totetenine if the proposed method
provides results that are equivalent to resultslpeed by the designated test method. If
the proposed method is found to provide equivalestilts, an Executive Order will be
issued which finds the site-specific method eq@mtnd describes the conditions under
which it can be used. The Executive Order may alsatify the circumstances under
which it would be rescinded.

The ARB recommends that a draft petition be sulemhito the ARB staff for preliminary
review prior to submission of a formal petition ttee ARB's Executive Officer. This
preliminary review is for the purpose of determmihe completeness of the submission
and providing ARB and industry technical staff grportunity to informally discuss the
candidate test method and the ARB's technical vepi®cess.

The petition for equivalence should contain théofeing six elements:

1. A petition letter to ARB's Executive Officer

2. A description of the on-line blending techniqued(iplicable)

3. Documentation of the proposed method

4. An in-depth evaluation of the relationship betwebe proposed and the ARB-

designated method

The QA/QC protocol to be applied during the operatf the method

. A statement affirming that the statistical calcidas described in Appendix B have
been carried out using a spreadsheet that perfirensalculations in the appendix,

o o
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the spreadsheet having been found by one of thiststians designated by ARB to
be in accord with the appendix

These elements are described in more detail ingpgphs -V of this document.
Paragraph VI describes guidelines for informing dfRB of major changes to previously
approved alternative test methods.

l. THE PETITION LETTER

The letter should be addressed to the ARB's Exex@ifficer, with a copy sent to the

Chief of the Monitoring and Laboratory Division.hd alternative test method should be
given a name that completely identifies it, inchglithe company, site(s), type of
measurement, and fuel property being measured.

The letter should explain whether the method wéllused on-line or in batch mode. If
the method is not used on-line and is not an esaimethod derived specifically for the

specific site(s), the petition should explain whye tmethod cannot be subjected to
interlaboratory testing. The letter should alsovute the name of a contact person who
is familiar with the method and the relevant qyatiobntrol procedures. The telephone
number, fax number, and e-mail address (if appl@abf the contact person should

beprovided.

. THE ON-LINE BLENDING TECHNIQUE (IF APPLICABLE)

Include a diagram and description of the on-linending technique if the alternative
method analyzer is integrated into an automateddiig system. This section of the
petition should explain how the on-line analyzeintegrated into the blending system
and how on-line analyzer values are combined tdywre a final gasoline property value
for the blend. A sample calculation of final prdyevalues from on-line analyzer
measurements should be included.

[Il.  DOCUMENTATION OF THE PROPOSED METHOD

A specification of the proposed method, writtetha style and format of a Standard Test

Method of the American Society of Testing and Maler (ASTM), should, at a

minimum, contain all of the following elements:

1. Scope Statement - The scope statement should define the conceonirgor
property) range to which the method will be appli€this is the range in which
the method has been validated and within which aaleq precision can be
obtained. The relevant fuel parameters of the lgeesothat are to be measured by
the method must be characterized in sufficientidetdhe parameters of the
gasolines historically produced by the refinerytsitdo which the method will be
applied should be identified.

2. Limitations - Known interferences, matrix effects, and otherithtions of the
method should be described in this section. Dséwsv these interferences and
matrix effects are accounted for, either by thehoeétitself or by the statistical
modeling.
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3. Summary of Test Method - The detection principle of the method should be
described along with the process by which raw @datatransformed to obtain a

final result.

4, Referenced Documents - References to standard practices or procedbed¢sate
incorporated in the test method.

5. Apparatus - A description of the instrument and accessoussd for the
analysis.

Procedure - Summary of the steps taken in routine operaticthe method.
Calculations - The calculation of the final reported alternatmethod result for a
tank should be described in detail. For on-linalgrers, the averaging of
multiple measurements to obtain predicted tankl foxacomposite final values
should be described.

8. Calibration - A description of the calibration data, proceduaad results should
be included in the petition. In some cases but metessarily all, calibration
would include establishment of a relationship betwsite-specific alternative test
method values of a fuel property and correspondiegignated test method
values.

9. Validation - Validation is the verification that the calibat process was such
that alternative test method results are adequeddigtors of designated test
method results. Validation is done with a représtére set of gasolines that was
not used in the calibration procesSection IV and Appendix A contain a detailed
description of the information about validation ttrenould be included in the
petition.

10.  Quality Assurance and Quality Control - The protocols for quality assurance

and quality control should be stated in detail, ludong statements of the

guantitative statistical properties of the qualdgntrol protocol. Section V

contains a more detailed statement of these reqaints.

No

V. INVESTIGATION OF THE RELATIONSHIP BETWEEN THE
ALTERNATIVE AND DESIGNATED METHOD RESULTS
Designated method values predicted by an equivaketnative method will have the
same status in fuel property regulations and cafmrs as designated method values
have. Equivalence of an alternative method implieg use of this method and the
designated method should have the same consequenthe investigation of the
relationship between designated test method reaultsalternative test method results
(described in Appendix A) provides evidence of vileetor not this criterion is plausibly
satisfied.

In most cases, the relationship between the deasdngest method values and the
alternative test method values will be investigatesihg statistical methods including

linear regression. Regression is a means of esald a relationship between the two
sets of values. The analysis must also quantdyéisidual variation about the regression
line in order to quantify the uncertainty of preadit designated method values. The
uncertainty, which may be property-dependent, maiyexceed a certain limit. If the

uncertainty exceeds this limit for some range @&l foroperty values or some fuels, the
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alternative method may not be used for these vatwefiels. Computation of the
uncertainty and comparison with the limit is disseg in detail in Appendix A.

Appendix A gives a more technical general desaiptof the statistical regression
modeling that is usually performed and describesdbicumentation of the data and the
modeling results that should be included in thétipet

V. QUALITY ASSURANCE AND QUALITY CONTROL

The protocol must include provisions for qualitysagnce that will ensure that the

alternative method continues to meet the goal ofopmance equivalent to that of the

designated method. Regular crosschecks betwealt#neative and designated methods
must be performed to ensure that the statistidatioaship between the alternative and
designated methods remains stable. The qualityrasse (QA) protocol must state

explicitly the frequency of parallel testing betwe¢éhe designated and alternative
methods that will take place after the method heenlapproved. Plotting the results on
control charts is essential. The use of spec@gyof control charts such as cumulative
sum (cusum) charts that are especially sensitivsystematic bias should be considered.
If different "families” of gasolines are measuredtbe alternative method, cross checks
should be performed regularly for all the families.

In cases where a QC program is used to measutertgerm stability of the alternative

test method, the petition for method equivalenayusth include a QC protocol that states
performance goals, describes all checks perforawed describes computations by which
control limits are set. The statistical propert@sthe QC protocol, for example the
average time required to detect shifts of the masge enough to be of concern, should
be discussed. A quality control (QC) program ismandatory.

Changes in fuels or in the implementation of therahtive method may impact the long-
term stability of the relationship between the twethods. Users of an alternative
method should not rely only on control charts tdede significant changes in the
relationship between designated and alternativehodet They should also plan to
anticipate potential changes in the relationship ttm modifications to apparatus and
operational procedures and changes in feedstoogperform intensive crosschecking at
these times, to ensure that the existing relatipndietween the methods is not
significantly affected by the changes.

The QA/QC protocol must provide specific answerfotahe following questions:

1. What steps are taken when an out-of-control sitnaticcurs?

2. What steps are taken to anticipate changes in bé¢ocks that can affect the
performance of the analyzer?

3. What steps are taken when a modification to thenbeshod takes place?

4, What steps are taken when crosscheck results sheigndicant difference in

results between the designated and alternativeadsth

ARB staff will provide input on QA/QC requirementiiring evaluation of the draft
petition.
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Samples to be used as QA or QC samples should gresemtative of the gasolines
produced at the site. They need not be tank inabmposite final samples.

Companies must monitor the performance of alteraaest methods with QA samples.
Companies may choose to use QC samples as aroadtiitheck.

VI.  INFORMING THE ARB OF MAJOR CHANGES TO A PREVIOUSLY
APPROVED ALTERNATIVE METHOD
Major changes to a previously approved alternates method may be needed for
several reasons: changes in instrumentation, ckangdeedstocks, changes in the
refining process, modifications of the blend foramilto be measured by the method,
changes in the range of the fuel property, evidatheg the model does not predict
designated method values for some gasolines welugn etc. Major changes are
significant modifications of the details of the mmed that do not change the types of
measurements being made and the type of relatipnsith the designated method.
Changes in these would require a new petition. @bument does not attempt a precise
definition of a major change; anticipating all gecial cases would be impossible.

An alternative test method is declared equivalent the basis of a thorough
understanding and documentation of its propertied #&s satisfactory performance.
Refiners are expected to maintain detailed recdmzsimenting changes in conditions
affecting the method and changes made to the mettwether major or not.

Because alternative fuel test methods, if usedy pla essential role in ensuring that
gasolines satisfy ARB fuel regulations, the refimeust inform the ARB that major
changes are being made to an alternative methbd. ARB may waive this requirement
for individual methods, in whole or in part, aftérere is sufficient experience with
routine operation of the method and making majodifications to the method.

Since the equivalent method is initially required gsatisfy strict conditions, it is

acceptable to document major changes in signifigdesgs detail than the documentation
of the original petition. The ARB may in some asequest more detailed
documentation of major changes.

The ARB should be informed that a major change eésidgp made to an equivalent
alternative method by a letter to the Chief of Menitoring and Laboratory Division.

Like the original petition, the letter should sumima (but more briefly) the evidence
supporting the refiner’s conclusion that the madifialternative method will meet the
equivalency requirements.

The letter should briefly document:

1. The reasons why the petitioner is making a majange to the method
2. The types of changes to be made to the method

3. The change, if any, in the scope of the method

4, If the alternative method is being revalidated, rénealidation data set
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5. Changes in the set of gasolines (set of alternatiethod data) for which the limit
on acceptable variability of predicted designated method valigesot exceeded
(see Appendix A)

6. Plans for more intensive QA/QC to verify that thediied method is initially
performing satisfactorily

7. Any plans for updating the modified method afterren@omprehensive data
relating it to the designated method are obtained

Data for revalidation of the relationship after a major change - Data sets for
revalidating the relationship between alternatingl @esignated method values after a
major change are necessarily a compromise betvireeneted for adequate representation
and the desire to promptly begin using the revisethod. The general guidelines for
satisfactory validation data sets stated in Apperdare equally applicable to data sets
used for revalidation. A revalidation data set trhesat least minimally representative of
both the range of fuel property values and the Igaefor which the alternative method
will be used.
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APPENDIX A

TECHNICAL DETAILSOF VALIDATING THE
RELATIONSHIP BETWEEN THE ALTERNATIVE AND DESIGNATED
METHODS

Validation is the verification that the calibratigmocess was such that alternative test
method results are adequate predictors of desigriast method results. Validation is
mandatory and must be done with a representativef gasolines that was not used in
the calibration.

This appendix summarizes the properties of satmfpcdata sets for validating the
relationship between alternative and designated nesthod data, gives a general
description of the type of statistical modelingttim usually performed, and states the
“reproducibility” requirement that an alternativeethod must meet.

The petitioner’'s own needs for a dependable highliyurelationship between alternative
and designated method measurements and these ARIBliges together impose a
number of requirements on the data and analysésstipport the alternative method.
The petitioner will have concluded, before submgtthe petition to the ARB, that the
alternative method reasonably satisfies these memeints. The purpose of the
documentation suggested by these guidelines isutistantiate this conclusion in

reasonable detail. Because validation is an essestep in establishing that an
alternative method is equivalent, limiting the dission of validation to the

correspondence of the predicted designated metlabdey to measured designated
method values is far from sufficient.

The Validation Data Set - The petition for approval of the test method melsdw that
the validation data seidequately represents the gasolines for which tbdefad fuel
property will be measured by the alternative method

The validation data are paired alternative method designated method results on
gasolines produced in the refinery or made elsesvlisom the refinery’s blending
components.

Values of the modeled fuel property should spareitsre range over the gasolines for
which the alternative method is to be used. Tkawmuld not be gaps in the values of the
fuel property so large that they raise doubts aheléther the relationship is well
determined in the gaps or on either side of théihe values of a modeled property of
gasolines produced by a refinery fall into two oorenclusters separated by large gaps,
fitting a separate model to each cluster of vakesild be considered.

Adequate representation of the relevant multi-disn@mmal set of values of other fuel

properties that significantly affect the relatioipshis required, in addition to
representation of values of the modeled fuel pryperRepresentation of relevant
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extreme points in the multi-dimensional space el fuarameters is especially important.
Adequacy of representation cannot be guaranteeddrg numbers of data points. The
amount of data needed to validate the relationstugt necessarily be determined on a
case-by-case basis.

Systematic inclusion in the data sets of gasolpregluced using a site’s blend formulas
is an obvious first step towards adequately repitesg the values of relevant gasolines
and fuel properties. Petitioners should considdrether current blend formulas
adequately represent all of the gasolines that t#ywant to certify by the alternative
method.

Measurements of hand blends and measurements pfesataken at intermediate stages
of blending a tank, and tank final and compositalfisamples may all be included in
validation data sets. However, the inclusion oktéinal or composite final samples is
not required.

The calibration and validation data sets must bdevavailable to the ARB in machine-
readable form upon request.

Statistical Regression Analysis - A relationshigween designated method values and
alternative method data will usually be derivedabgtandard linear regression analysis.
The regression must be shown to have statisticgdgpties that make a convincing case
for equivalence. Establishing the relationshipl vaften require multiple iterative
improvements. The petition may describe and et@lwmly the final relationship;
intermediate validation steps need not be destribe

The recommended, standard regression models arads$eiated methods for estimating
the uncertainty in designated method values predifrom alternative method values are
described in Appendix B. The models are commordgduin applied statistics even
though they depend upon assumptions that may novepg well satisfied. The
recommended regression methods are based on libwifg assumptions:

1. there are no errors in the values of the independariable (the alternative
method data)

2. the errors in the values of the dependent vari@hkedesignated method data) are
normally distributed

3. the variance of the errors in the values of theeddpnt variable is constant over

the range of values of the independent variable
Definitions:

{¥ :i=1....n}: Designated test method results (values) on tlidatin samples.
Y is the dependent variable in the regression aisalys

{X,:i=1...n}: Alternative test method results (values) on thalidation
samples.X is the independent variable in the regressionyarsl
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Y(X): The name of the regression equation (relationstepved from regressing
Y onX.

{\?l oy :l...,n}: Predicted designated test method results. Theesatomputed
from the{X,} and the regression equatiof{x).

The designated method valué‘ﬁ,} (the dependent variable), should be regressedstgai

the alternative method datéxi} (the independent variable). RegressMgn the

alternative method data yields relationships foricwhthe variability of predicted
designated method results can be estimated bglsti@iward computations.

The remainder of this subsection discusses guekelior statistical documentation of the
regression relationship. Guidelines for computiestimates of the variability of
predicted designated method values are discusgbeé imext subsection.

The following standard statistical documentationtted regression relationship must be
provided:

1. A scatter plot of the paired(X,,Y):i =1...,nfwith the regression relationship
superimposed

A scatter plot of the paire‘aA{ andY;

A scatter plot of residual®’ — X, )vs. X

A normal probability or Q-Q plot of the residuals

An ANOVA table for the regression, the standaraerand the value of* (the
square of the correlation coefficient)

A table of the regression coefficients and tlwstatistics and significance levels.
A computation of the uncertainty of the predic¥salues, as discussed in detail
below

arMwDn

N

Evaluations of the following types are customarilgluded in evaluations of the merits
of regression models. The evaluations should Ippated by references to the above
statistical documentation:

1. How well the relationship fits the data, with s@g@ttention to the fit at values of
the fuel property near regulatory limits
2. The range of slopes of the regression function,udmnting that it does not

include excessively small and excessively larggpedowhich would make it
impossible to relate predictétivalues taX values with acceptable precision

3. Comparison of the merits of the chosen functionahfof the regression equation
to the merits of other plausible functional forrisappropriate (zero intercept vs.
non zero intercept)

4, The homogeneity of the residuals and the absensgpificant departures from
normality of the residuals. Approximate normalafythe residuals is important
because the quantification of the uncertainty & predicted values assumes
normality
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Petitioners are encouraged to submit any additialm@mlumentation that will help to
support their conclusions about the merits of dggession model.

An Upper Bound on the Variability of the Differences Y -Y

The previous subsection contained guidelines focudwenting that the regression
relationship,Y(X ), derived from regression of thevalues for gasolines on thedata
satisfactorily represents the relationship betweach X and the average of th¥
corresponding to thosedata. A satisfactory regression relationshipeisassary, but not
sufficient, for an alternative method to be judgegiivalent. In addition, the relationship
between theX andY data must be good enough that the predicted valiésire unlikely
to seriously deviate from the corresponding meakw&ues ofY anywhere in the
property range over which the alternative methad ise considered equivalent.

The variability of the differences between indivadily values and the corresponding

predicted valuesyY , is a result of both the uncertainty in the regi@s relationship and
the random variation inherent in the Y and X. Upganfidence bounds for both of these
components of variability are taken into accountamputing an upper bound that is
expected to exceed at least 95% of future measuadaes,Y. This upper bound,

A

Y,:s(X), is to have a confidence level of 95%. The upmafidence bound is denoted

by \?UTB(X) because it varies witiX. Details of these computations are given in
Appendix B.

The diﬁerence\?UTB (X) - \?(X)is an upper confidence bound for the variabilitytioé

differencesY — Y(X). That is, it is an upper confidence bound on taeability of

expected (future) differences between designatstdntethod results and corresponding
predicted values based on alternative method sesulAnd, in some respects, it is
analogous to test method reproducibility,; (X) — Y(X) must be less than or equal to

the reproducibility of the designated test method dll values of X for which the
alternative method is to be used.

In some cases, it would be more appropriate toXusestead of\?(x) as a predictor for
Y. ltis left to the petitioner to make that casesuch instances.

The reproducibilities of many designated test mashare not constant but are a function
of property level, or in the case of distillatioroperties, a function of the slope of the
distillation curve. In cases where the reprodditypis not constant, it is left to the
petitioner to determine how to deal with the issueetitioners should select a simple
method for dealing with variable reproducibilityror example, the ARB will entertain
(and has approved) petitions in which a “represasmtavalue of reproducibility was

used to determine whether or nﬁ}TB(X) - \?(X) was acceptably small over the range
of X.
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The stringency of the requirement 8UTB(X) - \?(X) is a function of property range.
If a site-specific alternative method were to béideded over a very narrow range of
property values, the requirements listed aboveudticg the requirement oM, (X) -

Y(X), would not by themselves be sufficient to ensure titemethod measured the fuel

property well. The additional requirement that tiadue ofr? equal or exceed 0.8 gives
assurance that the property would be well measeved if the alternative method were
validated over a narrow property range. Somewhailemvalues might also suffice. In
the event thatr *is less than 0.8, the petitioner has the burdejusiffying the smaller
value.
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APPENDIX B

COMPUTATION OF AN UPPER CONFIDENCE BOUND
ONTHE TOTAL VARIABILITY OF Y VALUESDERIVED FROM AN
ALTERNATIVE METHOD

This appendix describes the three steps of the atatipn of an upper confidence bound,
with some comments on alternative choices of bountisis computation of an upper
confidence bound assumes that a standard linegassegn ofY on X has been computed.

Step 1
The variability of the regression &fon X is quantified by an upper confidence band for

the regression relationship. This confidence banfiinction ofX denoted by?UCB(X),

must be an upper bound for the predictionsYofor all the relevant values oX.
(Confidence bands with this property are often ethlsimultaneous bands.) The
confidence level of this band will be discussedha paragraph on combining the two
bounds.

There are numerous types of simultaneous upperdsorde bands for standard linear
regression functions. The use of any type of bdnad has the required simultaneity
properties is acceptable. When there are a latatd, the widths of bands of various
types may not be very different. Simultaneousfidemce bands differ in the following

ways:

1. whether they may be computed only for certain fimmetl forms of regressions

2. whether they are bands for only predictions fromrigression function or bands
for a more general class of functions

3. in their shapes

4. whether they are confidence bands for only a sieecifinite interval of

independent variable values or for all values.

The more limited the situations in which a givepeayof band can be applied, the tighter
the band will be. For example, Scheffé&smethod bands are hyperbolic bands which
may be computed for all linear regressions, bug Hre almost always broader than other
types of bands because they are bands for a muoh geoeral class of functions for all
values of the dependent variable. Near the atkteme, the bands derived by Bohrer
and Francis are the tightest possible hyperbolic upper comiige bands for the

regression equatiofrf = B, + B, X, over a finite interval.

Step 2

The variability of theY values about the averadevalue predicted by the regression
function, the residual variability of the regressimodel, is quantified by its standard
deviation, which is commonly called the standanbrenf the regression and denoted
byo. A one-sided upper confidence interval for thendard erroro is computed,
assuming thatn( - 2)s/6* has a chi-squared distribution, as is the casestandard

regression models. The upper confidence bounddoris denoted bg,.,. The
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confidence level of the interval will be discussedStep 3. The upper bound for the
variability of theY values about the regression relationship, 1.6455, is chosen to be

the 95th-percentile of their distribution, with tkeandard deviation of this distribution
assumed to be the upper confidence bowg)g,. The confidence bound on the
variability of Y values is thus a bound on the range of the low®t 8f these values.

Step 3
The confidence bound for the total variability ¢ty values is the sum of the two
previously computed bounds:

YAUTB(X) - YAUCB(X) + 164$UCB

The boundY,;(X) is thus a curve parallel to the confidence bodfyd,(X) at the
distance 1.645,.; above it.

The desired 95% confidence level fjjTB(X) is demonstrated by appropriate choice of
confidence levels and use of the Bonferroni metlasdpllows:

Let the confidence level deCB(X) be 10d1—al)% and the confidence level af ., be

1001-a,)% Then the confidence level &LTB(X) is at leastlO01-a, - a, )%, by the
basic probabilistic inequality used in the Bonfairmethod. For example, &, and a,
were both 0.025 (the usual choice), the confiddauel of Y,.,(X) would be at least
100(1- 0.025- 0.025% = 95%. a, anda, are not required to be equal.

\?UTB(X) —\?(X) must be less thaR, the reproducibility of the designated test metfad
all values ofX for which the alternative method is to be used.

Equationsfor \?UCB(X) and \?UTB(X)

Paired alternative and designated method datacsreted by:
{(x,,Y):i=1...n}

Linear Model with Nonzero I nter cept
Y =B+ BX &

where 8, and B, are unknown constants and tfe} are random errors in the
designated method result{é{i}. The errors are assumed to independently andailyrm
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} are assumed to be error free.
The estimates of3,, f,, ando are denoted b¥,, b, ands respectively.

distributed with the same standard deviatian The {X,

The 1001- )% upper confidence boun,.,(X) is given by:

0 () =b b X +Bla s | Le X=X)
Tt st ol 2o LT

where B(a,n) is a “Bohrer-Francis constant” (see referencer) mis the number of
samples. X is the mean of thX,}.

5 _ 1. (x-Xf
Yors(X) = by +B X +B(a, ”)5\/E+W +1.645cs

Linear Model with the Zero Inter cept
Y, =B X +¢&

In this case, the one-sided upper confidence bauitidconfidence level 001 - )% is:

~ X 2
Y,es(X)=bX +t(a,n-1)s /W

wheret(a,n-1) is the value exceeded by 18 of the “Studentt distribution withn-1
degrees of freedom.

~ X 2
Y,me(X)=bX +t(a,n-1)s /z X +1.64565,,
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