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Analysis and Interpretation of Physics Dosimetry Results
for Test Reactors, E 706(1l) *

This standard is issued under the fixed designation E 1006; 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 lance Dosimetry Results, E 706 (R5)

1.1 This practice covers the methodology summarized in E 646 Test Method f(_)r Tensile Strai_n-Hardening Exponents
Annex Al to be used in the analysis and interpretation of _(n-Values) of Metallic Sheet Materidls _
physics-dosimetry results from test reactors. E 693 Practice for Characfcerlzmg Neut(on Exposures in

1.2 This practice relies on, and ties together, the application fon and Low Alloy Steels in Terms of Displacements Per
of several supporting ASTM standard practices, guides, and _Atom (DPA), E 706 (IDf*
methods. E 706 Master Matrix for Light-Water Reactor Pressure

1.3 Support subject areas that are discussed include reactor_Vessel Surveillance Standards, E 70690) o
physics calculations, dosimeter selection and analysis, expo- E 844 Guide for Sensor Set Design and Irradiation for
sure units, and neutron spectrum adjustment methods. Reactor Surveillance, E 706 (II€) . _

1.4 This practice is directed towards the development and E 853 Practice for Analysis and Interpretation of Light-
application of physics-dosimetry-metallurgical data obtained _Water Reactor Surveillance Resuilts, E 706 ¢A) _
from test reactor irradiation experiments that are performed in E 854 Test Method for Application and Analysis of Solid
support of the operation, licensing, and regulation of LWR  State Track Recorder (SSTR) Monitors for Reactor Sur-
nuclear power plants. It specifically addresses the physics- Veillance, E 706 (IlIBf* o
dosimetry aspects of the problem. Procedures related to the E 900 Guide for Predicting Neutron Radiation Damage to
analysis, interpretation, and application of both test and power _Reactor Vessel Materials, E 706 (If) _ .
reactor physics-dosimetry-metallurgy results are addressed in E 910 Specification for Application and Analysis of Helium
Practices E 185, E 560, E 853, and E 1035, Guides E 900, Accumulation Fluence Monitors for Reactor Vessel Sur-
E 2005E 2006and Test Method E 646. veillance, E 706 (IlIC}® .

1.5 This standard may involve hazardous materials, opera- E 944 Guide for Application of Neutron Spectrum Adjust-
tions, and equipment. This standard does not purport to _Ment Methods in Reactor Surveillance, E 706 (RA)
address all of the safety concerns, if any, associated with its E 1005 Test Method for Application and Analysis of Radio-
use. It is the responsibility of the user of this standard to ~ Metric Monitors for Reactor Vessel Surveillance, E 706
establish appropriate safety and health practices and deter- _(IlIA) #°

mine the applicability of regulatory limitations prior to use. E 1018 Guide for Application of ASTM Evaluated Cross
Section Data File, E 706 (1B}

2. Referenced Documents E 1035 Practice for Determining Radiation Exposures for
2.1 ASTM Standards: Nuclear Reactor Vessel Support Structéres

E 185 Practice for Conducting Surveillance Tests for Light E 2005 Guide for the Benchmark Testing of Reactor Do-

Water-Cooled Nuclear Power Reactor Vessels, E 706 Simetry in Standard and Reference Neutron Field, E 706

2,3
(”:)2,3 (||E-|) ) ]
E 482 Guide for Application of Neutron Transport Methods ~E 2006 Guide for theg Benchmark Testing of LWR Calcula-
for Reactor Vessel Surveillance, E 706 (1fS) tions, E 706 (IIE-2§

E 560 Practice for Extrapolating Reactor Vessel Surveil- 2-2 Nuclear Regulatory Documents:
Code of Federal Regulationg;facture Toughness Require-
ments’ Chapter 10, Part 50, Appendix®G

1This practice is under the jurisdiction of ASTM Committee E10 on Nuclear COde of Federal RegulationsReactor Vessel Materials
Technology and Applications and is the direct responsibility of Subcommittee Surveillance Program Requiremeyit<Chapter 10, Part
E10.05 on Nuclear Radiation Metrology. 50, Appendix H
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Regulatory Guide 1.99, Rev 2Effects of Residual Ele- \yhere:
ments on Predicted Radiation Damage to Reactor Vessek = effective energy yield per fission, and
Materials” U.S. Nuclear Regulatory Commission, April P = experimentally determined thermal power with the
1977 integral calculated over all energies E and the core
o volumev.
3. Significance and Use 4.2.1 An accurate value for the reactor povRris impera-
3.1 The mechanical properties of steels and other metals atie for absolute comparison with experimental data.
altered by exposure to neutron radiation. These property 42 2 |fthe axial core configuration is nonuniform, as might
changes are assumed to be a function of chemical compositiopagit from a partially inserted control rod, or from burnup
metallurgical condition, temperature, fluence (perhaps als@ftects, then a three-dimensioratalculation is required. This
fluence rate), and neutron spectrum. The influence of thest%ay be calculated with a diffusion theory code such as
variables is not completely understood. The functionall d?pen_\'/ENTURE (5) or PDQ7(6) using a few energy groups (<10).
dency between property changes and neutron radiation i§ome care must be exercised in averaging the few-group cross
summarized in the form of damage exposure parameters thggctions for the core calculation, and a general outline of the
are weighted integrals over the neutron fluence spectrum. process is discussed at the end of this section.

3.2 The evaluation of neutron radiation effects on pressure 4 5 3 \yhenever the axial shape of the neutron fluence rate is
vessel steels and the determination of safety limits require th?eparable from the shape in the other variables, then a full
knowlege of uncertainties in the prediction of radiation expo-. '

f e d . 693 three-dimensional calculation is not required. In many experi-
sure parameters (for example, dpa (Practice E 693), NeUtrqRen) reactors, the axial dependence of the fluence rate is well

fluence greater than 1.0 MeV, neutron fluence greater than Oépproximated by a cosine shifted slightly from the midplane. In

MeV, thermal neutron fluence, etc.). This practice describeg,is cage only a two-dimensional calculation (with a buckling
recommended procedures and data for determining thesg, ovimation for axial leakage) is needed. In this case

exposure parameters (and the associated uncertainties) for t usion theory is usually used, but it is also possible to use

reactor experiments. two-dimensional transport theory if additional sophistication is

3.3 The nuclear industry draws much of its Inform.""t'onrequired (for example, to obtain a more accurate treatment near
from databases that come from test reactor experiments

i . : X gntrol rods).
Therefore, it is essential that reliable databases are obtaine -
. o 4.2.4 For reactor cores that generate a non-negligible
from test reactors to assess safety issues in Light Water Reactor L
amount of thermal power, the shape of the fission source may
(LWR) nuclear power plants. o .
change with time due to burnup and changes in control rod
4. Establishment of the Physics-Dosimetry Program positions. In this case, the source should be averaged over the
: . time period during which the experiment was performed.
4.1 Reactor Physics Computational Mode 425 Ani rant t of ting the fissi .
4.1.1 Introduction—This section provides a reference set of "< n important aspect of computing the fission source is

procedures for performing reactor physics calculations itSing few-group cross sections Fhat hgve been _accurately
experimental test reactors. Although it is recognized thal"’e'ghted for the reactor configuration (.)f Interest. Itis recom-
variations in methods will occur at various facilities, the me:\?edlotgat a f|ne-gt;rr]outpl Crotsibs?ﬁt'on Il|brary Ofb approdX|t-
present benchmarked calculational sequence has been udggtely hgr]?ups with & ea; ermahgrlc()jyps feEsef_ 0
successfully in several studiés-4)° and provides procedures generate the lew-group set. Resonance shielding of the fine-

. : : : ; tions can be done with any of the methods
for performing physics calculations in test reactors. Empha:;lgroljp Cross sec . - :
in these guidelines is placed on use of deterministic method?cCePtabIe for LWR analysi) (shielding factor, Nordheim,

but a short discussion of Monte Carlo techniques is als f\tegral transport theory, ‘?tC-)- The_ fine-group crogs—section
included ibrary shall be collapsed with weighting spectra obtained from
49 Détermination of Core Fission Source Distribution cell calculations for each type of unit cell found in the core. If

The total fission source distribution, in source neutrons per unﬁxperlr?entsl arle tl_ocatersl Irl]ek?r conftrol roglsf or rzflectois, tnent a
volume per unit time, defined as: separate calculation shall be performed for adjacent cells to

account for the influence of these regions on the thermal

S, Y, 2) = of V(E)Zi (X Y, 2 E)d(x, Y, z E)AE (1)  spectrum in the experiment.
where: 4.3 Transport Calculations
v(E) = number of neutrons per fission, 4.3.1 It is recommended that a multi-dimensional (2D or
PR = macroscopic fission cross section, and 3D) discrete ordinates code such as DORT/TO) or
) = fluence rate. DANTSYS (9) be used for the transport theory calculations of

is determined from &-eigenvalue calculation of the reactor both in-core and ex-core dosimeters. At least an S8 order
core, with the neutron fluence rate normalized to give thejuadrature with a P3 cross section expansion should be used.
correct measured power output from the reactor, for examplethe space-dependent fission source from the core calculation is
_ input as a volumetric distributed source with a fission spectrum
P= 2:(XY, z, E)d(X, Y, z, E)-dxdydzdE 2 . . .
Je JueZ 0y, 2 E)blx.y, 2. E)-dxcly @) energy distribution. It is recommended that the ENDF/B-VI
representatiori10) of the?*®U thermal fission spectrum (MAT
© The boldface numbers in parentheses refer to the list of references appended?@z& _MF 5, MT 18), which is based (_)n _the Madland-Nix
this practice. formalism(11) be used to represent the fission neutron energy
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distribution. Even though the ENDF/B-IV and ENDF/B-V files tive Monte Carlo technique may be applied in many situations.
have been shown to give generally acceptable results, the lat€Bhis approach has the inherent advantage, over the determin-
ENDF/B cross section data files shall be used. If a threeistic method described in 4.3, of being able to treat three-
dimensional discrete ordinates transport code is not used, it gimensional aspects as well as geometrical complexity in
recommended that the three-dimensional fluence rate distribexplicit detail. Equally, there are drawbacks, and these have led
tion be synthesized from two two-dimensional calculations. Ato the limited use of Monte Carlo analysis in test reactor
simple synthesis procedure that has been found to produesimetry in the U.S., although it has been used effectively in
accurate results in benchmark dosimetry calculations is givethe United Kingdom(14). Two Monte Carlo codes used for
in(2,3. reactor analysis are MCBEN[L5) and TRIPOLI(16).

4.3.2 This synthesis procedure has been used successfully ing.5.2 Since the Monte Carlo technique is not usually em-
a number of experiments in which the ex-core configuration ig|oyed for the production of detailed core power distributions
uniform axially along the full core height. For these types of (for example,* eigenvalue” calculations), it would be necessary
problems, the three-dimensional synthesized fluence rates giyg injtiate a dosimetry analysis, using this method, by way of a
dosimeter reactions that agree to within 10 % of the measuregifysjon theory core-source calculation as described in 4.2. If

values, even off the core.midplane. However, for experime_nta similar approach is taken from the transport calculation, the
that contain short (relative to the core height) attenuatingina) results for both will be limited by the initial diffusion
bodies, neutron streaming may occur around the edges of ﬂfﬁeory calculation of the core.

body, and this effect is not well-predicted with the synthesis
procedure. A “leakage iteration” procedure has been develop
for such problemg12), but since most experiments do not
experience this difficulty, it will not be discussed in this

e 4.5.3 A more relevant restriction of Monte Carlo lies in the
c?n‘ﬁculty of calculating reaction rates at what are essentially
“point” detectors, and some method or combination of methods

practice. employing \{ariance rgductiqn techniques must. normally be

4.4 Calculation of Bias Factors used to modify th.e basic unbiased random §amp|mg procedure.
' ’ i ) Such methods include, but are not limited to, use of a
4.4.1 In order to reduce the number of mesh intervals in the,e, event estimator and of various “importance biasing”
two-dimensional discrete ordinates calculations, it is Oﬂer}echniques involving splitting, Russian roulette, and path
necessary to smear some det"%”ed structure into a homogene rCEtching as well as sampling ’from biased energ); and angular
mixture or completely ignore it. The experimental data COMjistributions. In addition, an adjoint or “backward” calculation

puted with the homogeneous two-dimensional model can b% sometimes preferable to the usual “forward” calculation, and

corrected for the effects of local heterogeneities with blasaII of the variance reduction techniques available in the

factors._ An example in which bias f:_actors may be useful is "orward calculation may, in principle, be used in the adjoint
correcting for fluence rate perturbations caused by the exper]: lculation as well

ment itself. This factor has been observed to be as high as 1. i ) ) )
for a 1-irf. container in an ex-core location. For in-core %4:5-4 A single Monte Carlo calculation provides informa-

experiments the effects of heterogeneities within the experit-ion at only a few dosimeter locations, whereas a deterministic
mental assembly should be examined. calculation provides complete fluence rate information at all
4.4.2 Bias factors can be obtained with detailed one:[he _geor_netrlc points” in the_mpde!. Since the solution
required is an absolute energy distribution of the fluence rate at

dimensional (usually cylindrical) discrete ordinates calcula- ) ) A
tions (13) in the vicinity of the desired data. Two cell each dosimeter location, enough histories must be tracked to

calculations are usually done: one in which the experiment jprovide this diffe_rential information adequately for each detec-
modeled with as much detail as possible, and the other i}pr Iocat.|on of interest. However, .t_he loss of flue.nce .rate
which it is smeared in the same manner as in the tWOlnformatlon at other than these specific detector locations is not
dimensional calculation. In both the heterogeneous and homdecessarily a severe shortcoming if the definition of* detector”
geneous cases, the experiment zone should be surrounded bS;@xpanded' to include sgveral locations in the pressure vessel
homogenized zone corresponding to the same material whicd¥f interest in the embrittlement problem, even though no
surrounds the experiment in the two-dimensional model. Thigéaction rates may be available there. The comparative cost of
region should be several mean free paths thick. It is recomthe alternative technique depends markedly on the codes used,
mended that the discrete ordinates calculations be performed H situation under investigation, and the scope of the problem,
boundary source problems with an isotropic fluence raténd is not easily defined.

boundary condition which is equal to the corresponding scalar 4.5.5 Detailed three-dimensional Monte Carlo calculations
fluence rate from the two-dimensional calculation. Group-in the adjoint mode have been used to benchmark a three-
dependent bias factors for the experiment zone are defined dsmensional fluence rate procedure which combines the results
the ratio of the group fluence rates for the heterogeneous araf several less-dimensional discrete ordinates calculations:

homogeneous geometries. These bias factors should multiply b (%Y, 2) = bX V(Y 2/d(y) 3)
the multigroup fluence rates for the experiment zone in the
two-dimensional calculation. where:

4.5 Alternative Technique—Monte Carlo Calculation xandz = transverse dimensions, and

dimension perpendicular to the core surface (ra-

4.5.1 While this practice recommends the use of a discrete L e A
dial dimension in cylindrical geometry).

ordinates technique for test reactor analysis (4.3), the alterna-
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4.5.5.1 The two methods agree within the statistical uncerwhere some radiometric dosimeters will be ineffective due to
tainties of the Monte Carlo results (<5 %) for detectors locatedshort half-life of the reaction product (see 4.7.5). There are two
along they-axis (17). types of dosimeter sets that shall be used concurrently in each

4.6 Determination of Calculational Uncertainties experiment.

4.6.1 There is as yet no routine method to obtain the 4.7.4.1 Multiple Foil (MF) Dosimeters—-The MFs contain a
uncertainties in neutron transport calculations. A rigorousvariety of sensor materials appropriately encapsulated and are
determination of variances and covariances requires a complepgimarily used to determine the energy dependence of the
sensitivity analysis of the calculational procedures as it is doneeutron spectra.
in the LEPRICON methodologf18). These methods are quite  4.7.4.2 Gradient Wires (GW)-The GWs are dosimeters,
difficult and costly and may not be justified if simpler, though generally in the form of wires that cover, in all directions to the
somewhat more conservative, uncertainty estimates lead {argest extent possible, the dummy or metallurgical experiment
practically the same results. Benchmark testing, as recomn order to determine the spatial distribution of the neutron
mended in Guide E 482, gives a good indication for the size ofluence. Typically, the®>*Fef, p) reaction (together with
the calculation errors and therefore provides a basis for thghe’®Fe, ) reaction) is chosen for GW, but other reactions
assignment of calculation variances. Bias factors, as discuss@@éd more than one material may be used as appropriate.
in 4.4, can also be used to estimate the variances introduced by, 7 5 Dosimetry sensors shall be chosen whose reaction
the corresponding sources of systematic uncertainties. Covaliyoss sections match as closely as possible the response
ances may be assigned according to the suggestions given fifctions of the exposure parameters. TH&p(n, ) and
Guide E 944. 9aNb(n, n’) reactions are best suited for the determination of

4.6.2 If Monte Carlo calculations are used, variances an@ipa. The'*an(n, n’) and*®Rh(n, n’) reactions have thresholds
covariances associated with the statistical sampling in th@ear 1.0 MeV and are therefore well suited for the determina-
calculations are obtained directly. It is, however, necessary tgon of ¢ > 1.0 MeV. However, these two sensors can be used
add variances and covariances due to cross section arghly in dummy experiments owing to the short half-life of the
modeling uncertainties. product isotopes. Two other important reactions&f(n, f)

4.6.3 Adjustment methods (see 4.8.3.3) provide a test foand*Fe(, p), but with responses abovel MeV and ~2
the consistency of the assigned calculation uncertainties witMeV, respectively. The addition of the HAFM reactions S(n,
the rest of the input data. He), Ca(n, He), and N(n, He) could prove beneficial. Although

4.7 Dosimetry Experiment experimental testing is still required, the available cross-

4.7.1 Purpose—The dosimetry experiments provide the section data for the latter three reactions indicate some low
necessary data to verify the calculated fluence (or fluence ratenergy sensitivity. In addition, the reaction product, He, is
spectrum and to obtain estimates for the damage exposure astible, thus eliminating half-life corrections.

exposure rate values and their uncertainties. 4.7.6 The other dosimetry sensors selected shall have re-
4.7.2 Dosimetry experiments are performed in two differentsponse functions and threshold that are as diverse as possible in
setups: covering the neutron energy range of interest up to about 20

4.7.2.1 Dummy experiments using a mock-up of the metalMeV. It has been reported that using least squares adjustment
lurgical capsule containing only dosimeters to be irradiatedechniques, exposure parameter values can be obtained at
prior to the metallurgical experiment. This verifies and allowsdosimeter locations with estimated uncertainties in the range of
adjustments to the calculated fluence-spectrum results. 5 to 15 % (b)) by using all three of the'Np(n, f),238U(n, f),
4.7.2.2 Metallurgical experiments containing in-situ dosim-and >*Fe(, p) reactions; in the range of 10 to 20 %o{1by
eters alongside the metallurgical specimen to be irradiatedsing the latter two reactions; and only in the range of 20 to
simultaneously. This allows the experimental determination oB0 % (o) if the >*Fe(n, p) reaction alone were to be used; see
the needed exposure parameter values (flugmed.0 and 0.1  Refs (L4, 19,20. It is recommended to use at least six different
MeV, dpa, etc.) with assigned uncertainties. reactions for each MF set. Suitable sensors with associated
4.7.3 It is recommended to perform at least one dummﬁhresholds and other pertinent information are discussed in
experiment for each series of associated metallurgical experf>uide E 844, Specification E 910, and Test Methods E 1005
ments. The advantage of the dummy experiment is that i@nd E 854. See also Ref$4, 19, 20,21,22,23,34or typical
allows greater latitude in the placement of dosimeters and thMF sets and adjustment code results.
choice of irradiation time. Thus, a larger variety of dosimetry 4.8 Estimation of Neutron Exposure Parameters
sensors may be used providing a more detailed determination4.8.1 Reports on the results of metallurgical irradiation
of the fluence spectrum. However, in-situ dosimeters must alsexperiments shall contain the estimates for the uncertainties in
be placed in the metallurgical experiments to determine dithe determination of neutron exposure parameter values in the
rectly the fluence exposure to the metallurgical specimen. form of variances (or standard deviations) and covariances (or
4.7.4 Dosimeters used in both the dummy and metallurgicatorrelations). These data are necessary to perform reliable tests
experiments are typically passive radiometric (foil) dosimetersof damage models and to ensure consistency in data banks
Other types of dosimeters (for example, solid state trackcomprising large numbers of metallurgical experiments from
recorders (SSTR), helium accumulation fluence monitordest reactors. An excellent discussion of the uncertainties in
(HAFM), and damage monitors (DM)) should be added whenneutron transport calculations of neutron exposure parameters
ever appropriate. Situations may arise for longer irradiationgan be found in Ref§25) and (26).
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4.8.2 Credible uncertainty data are very difficult to obtainexplained in 4.8. (These uncertainties are expected to be in the
from calculated spectra alone (see 4.6). The combination afange of 5 to 15 %, & standard deviation, if appropriate
calculations and appropriate dosimetry measurements bgosimetry measurements have been performed. An explanation
means of a least squares adjustment method greatly improveball be provided if these values are exceeded in either
the values and reliability of uncertainty data as discussed idirection).

4.7.5 (see Guides E 482, E 944, E 1018, E 2005, and E 2006). 5.1.3 Description of the methodology used including proce-

4.8.3 The application of a least squares adjustment methadures for assigning input uncertainties.
serves threefold purposes each of which is equally important: 5.2 The following information shall also be available in the

4.8.3.1 Determination of the best (maximum likelihood or form of an appendix for possible use in later reviews. At a very
minimum variance) estimate for the damage exposure paranminimum, it shall be kept in archives if it is not included in the

eter values. main report.
4.8.3.2 Determination of uncertainty bounds for these pa- 5.2.1 The documentation of all dosimeter sensor QA results,
rameters. as-built dosimeters, dosimetry, capsules, irradiation test rig,
4.8.3.3 Test for consistency for all input data. and the replacement of dosimetry and metallurgy; including

4.8.4 Each of the determinations and tests in 4.8.3.1-4.8.38 z, or r, 6, z coordinates for each dosimetry sensor and
shall be performed and reported as recommended in Guidmetallurgy specimen.
E 944. State-of-the-art information on the development, test- 5.2.2 The documentation of the test reactor components,
ing, and application of adjustment methods is provided in Refas-built core region and test region dimensions, materials, and
(18-29. irradiation history.

) 5.2.3 Nuclear data and constants used, raw measurement

5. Documentation data, derived dosimetry sensor reactions and reaction rates, and

5.1 The documentation of test reactor physics-dosimetrauxiliary computations with intermediate results and verifica-
results shall include the following items: tion procedures.

5.1.1 A complete spatial map of the exposure parameter
values dpag> 1.0 MeV, ¢ > 0.1 MeV (and others, if needed) 6- Keywords
including a scheme to interpolate between spatial mesh points. 6.1 discrete ordinates; dosimetry; Monte Carlo; neutron

5.1.2 Uncertainties of the exposure parameter values asxposure parameters; radiation transport; test reactor

ANNEX
(Mandatory Information)

Al. METHODOLOGY FOR THE ANALYSIS AND INTERPRETATION OF PHYSICS-DOSIMETRY RESULTS FROM TEST
REACTORS

Al.1 Establish a physics-dosimetry program in parallel Al.1.1.4 Calculation of absolute exposure rate parameters,
with material irradiation experiments which are designed tosuch as fluence rat&¢ 1.0 and 0.IMeV) and dpa/s in iron or
correlate damage in test specimens with neutron exposufer damage monitors such as sapphire if they are to be used.
parameters, chemical composition, temperature, etc. This pro- o1 1.1.5 Guidelines for calculations in A1.1.1.1 through

gram includes the following steps: _ ~ AL.1.1.4 are presented. It is assumed that off-midplane mea-
Al.1.1 Step I—Establish a reactor physics computational surements are taken so that three-dimensional results must be
model to mock-up the reactor core and irradiation experimentsimulated. For experiments that can be modeled in one- or

Typical reactor physics calculations can be divided into thawo-dimensional geometries, some of the procedures can be
following four parts: simplified.

Al1.1.1.1 Determination of the absolute fission source dis-

:gglé:gn p\cl)vvl\t/g ra core criticality calculation for the expected squares adjustment method that will provide physics-dosimetry

AL.1.1.2 Atransport theory calculation that uses the sourcﬁ_ler_ived exposure parameter values with statistical estimates of
obtained in A1.1.1.1 to determine absolute and relative neutrof{'€!" Uncertainties.
group fluence rates for the subsequent calculation of dosimetry A1.1.3 Step 3—Establish and complete a dummy dosimetry
sensor reactions and reaction rates for comparison with expe@xperiment to obtain appropriate dosimetry sensor reactions
mental data. and reaction rates to verify the fluence spectral computations
Al1.1.1.3 Determination of any required bias factors toand to supplement the input data for the subsequent application
correct the group fluence rates fromA1.1.1.2 for localizedof the least squares adjustment method using the results of
heterogeneities. in-situ dosimetry from the materials irradiation experiments.

Al.1.2 Step 2-Select, test, benchmark, and establish a least
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