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Abstract

This report describes the computational methodology for the least-squares adjustment of dosimetry
data from the HSSI 10.05 capsule with neutronics calculations. it presents exposure parameters for the
metallurgical specimens irradiated in the capsule. The exposure parameters reported are the neutron
fluence greater than 1.0 MeV, fluence greater than 0.1 MeV, and displacements per atom. Exposure
parameter distributions are also described in terms of three-dimensional fitting functions. When fitting
functions are used, it is recommended that an uncertainty of 6% (10) be associated with the exposure
parameters.
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Neutron Exposure Parameters for Capsule 10.05 in the
Heavy-Section Steel Irradiation Program Tenth Irradiation Series

|. Remec, C. A. Baidwin, and F. B. K. Kam

introduction

A variety of experiments and analyses for assessing the effects of neutron irradiation on metallurgical
test specimens have been sponsored by the U.S. Nuclear Regulatory Commission (NRC). Results
from these investigations provide information that will lead to an improved understanding of the
processes of neutron damage to pressure vessels and other structural materials. Thus, the lifetime of
many nuclear reactors may be extended through knowledge gained from these experiments, and
confidence in the accuracy of information relative to the integrity of reactor pressure vessels and of
related components should be enhanced.

Capsules in the Heavy-Section Steel Irradiation (HSSI) program Tenth Series are being irradiated at a
new facility installed at the University of Michigan's Ford Nuclear Reactor in Ann Arbor, Michigan.
Initially, an extensive dosimetry experiment (HSS| 10.0D) was carried out in the facility to assess the
neutron irradiation exposure rates and their distributions. The dosimetry experiment included a steel
block that simulated a typical metallurgical capsule with a comprehensive set of dosimeters placed in
key locations throughout the biock. Following the dosimetry experiment, capsule HSSI 10.05 was
irradiated. It contained an assoriment of Charpy and compact tension [C(T)] specimens as well as
neutron dosimeters. The capsule was irradiated for a total of 3596 hours at the full reactor core power
of 2 MW. The accumulated neutron fluence (E > 1 MeV) at the locations of the crack tips and
V-notches of the metallurgical specimens ranged from 3.5 x 10" cm ?t0 1.6 x 10" cm 2.

This report describes the computational methodology for the least-squares adjustment of the dosimetry
data from the HSSI 10.05 capsule with neutronics calculations. For the metallurgical specimens
contained in the capsule, exposure parameters are reported in terms of the neutron fluence greater
than 1.0 MeV, fluence greater than 0.1 MeV, and displacements per atom (dpa).

Experiment Description

The HSSI 10.05 capsule contained an assortment of metallurgical specimens and neutron dosimeters
arranged in a steel frame assembly as shown in Figs. 1 and 2. The steel frame was constructed in
such a way as to form 16 cells, each identified by its column (A-D) and row (1-4) number. The
metallurgical complement in the capsule consisted of Charpy specimens that were 1 in. thick [1T C(T)]
and 0.5 in. thick [0.5T C(T)]. The neutron dosimetry in the capsule included radiometric monitors in the
form of iron gradient wires and fission-radiometric dosimetry sets (FRDSs). Each FRDS contained two
epithermal dosimeters (**Co and '®Ag), two fission dosimeters (*’Np and *U), and three threshold
dosimeters (**Ni, *Fe, and **Cu), all covered with a 0.89-mm-thick (0.035-in -thick) gadolinium cover.
Three FRDSs were included in the capsule. One was placed in the vertical plate between cells B-1 and
C-1, and the other two were placed in the horizontal plate between cells B-2 and B-3. The locations of
the iron gradient wires are illustrated in Fig. 2. Some of the gradient wires were placed in the aligned
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Figure 2. Arrangement of gradient wires in the HSSI 10.05 capsule.




notches of the metallurgical specimens, as close to the notch tips as possible. Other gradient wires

were incorporated into the frame of the capsule to provide additional information about the neutron flux
distribution.

In addition to the dosimetry inside the capsule, Fe and Co/Al gradient wires were irradiated in small
tubes placed just behind the thermal shield on each side of the capsule (see Fig. 3). These removeble
dosimeter tubes (RDTs) can be withdrawn and replaced as desired during the capsule irradiation and
are included to assess variations in fluence rate magnitude, which could be caused if there were
significant changes in the core loading. For capsule 10.05, the RDTs were replaced once,
approximately halfway through the capsule irradiation period.

The relative location of the capsuie with respect to the reactor core is shown in Figs. 3 and 4. Various
materials between the c:re and the capsule are shown in Fig. 5. The coordinate system shown in

Figs. 3 and 4 is used throughout this report where activities or irradiation exposure parameters are
listed and is consistent with the coordinate system used in the analysis of the HSSI 10.0D capsule.’

Analysis Methodology

To determine the neutron irradiation exposure parameters, a neutron spectrum adjustment procedure
was used that combines transport caiculations of the neutron field and measurements using
radiometric monitors. The input data required in this analysis consisted of the following:

+ neutron fluence rate spectrum from transport -alculations at each dosimetry location,

« measured activity of each dosimeter,

» cross section for each dosimetry reaction used,

« location of each dosimetry set, and

response function for each irradiation exposure parameter.

For each of the dosimetry locations in the capsule, a 47-group neutron spectrum was calculated using
a flux-synthesis method that combines the results of two-dimensional and one-dimensional transport-

theory calculations. For the analysis of the HSSI 10.05 capsule, transport calculations performed by
Williams' for the HSSI 10.0D capsule were used.’

‘M. L. Williams, Louisiana State University, Nuclear Science Center, personal communication to F. B. K. Kam.
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During capsule disassembly one gradient wire from cell A-1 was lost and the center horizontal gradient
wire, X-2, jammed in its groove and could not be removed. All remaining dosimeters were recovered
and measured. Before being counted with a high-resolution gamma-ray spectrometer, the gradient
wires were cut into 2.54-cm (1-in.) or 1.27-cm (0.5-in.) pieces and weighed. Dosimeters in the FRDSs
were precut and weighed before irradiation and required no additional preparation. The specific
activities of the neutron dosimeters at the end of irradiation are given in the Appendix. The identifiers
(IDs) for the gradient wires irradiated in the notches of the metallurgical specimens consist of the cell
ID followed by the wire number and the piece number (e.g., A1-111-1 is a wire from cell A1, the wire
number is 111, and the piece number is 1; this wire is shown in Fig. 2 in the top right corner of the
capsule). IDs of wires irradiated inside the steel frame of the capsule consist of wire ID and piece
number only. Table A.1 in the Appendix lists for each dosimeter the ID, the coordinates (x, y, and z),
and the specific activity at the end of irradiation.

The 1T C(T) and 0.5T C(T) specimens used in the HSSI 10.05 capsule had chevron notches, as
shown in Fig. 6. Because of the chevron shape of the notch the thickness of steel between a gradient
wire and the face of the capsule changes along the notch. Therefore, gradient wires located in the C(T)
specimen notch tips experience a varying neutron flux caused by attenuation in the steel. The result is
that the activation of the wire is greater than it would have been if the gap had been filled with steel. In
the neutronics calculations, the interior of the capsule was modeled as a solid block of steel. If the
presence of the gap were neglected in the adjustment calculations, the irradiation parameters derived
from the procedi're would be overestimated. To circumvent this difficulty, “effective” Y coordinates
were calculated for gradient wires located in the C(T) specimen notch tips. The effective Y coordinates
were obtained by using the average thickness of the steel in front of the gradient wires. The effective Y
coordinate used for each dosimeter is listed in a footnote to Table A.1. The intreduction of the effective
coordinate is of course an approximation. Its suitability was assessed through a comparison of
irradiation parameters from two separate adjustment runs. in one run, all the available dosimetry
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measurements, including the gradient wires from CT specimens with the effective Y coordinates, were
used. In the second adjustment run the gradient wires from CT specimens were not used. The
adjusted fast flux values were calculated for all the locations of the dosimeters (as used in the first run).
The differences in the fast neutron fiux from the two runs were very small (on the order of a few tenths
of a percent) at almost all locations. Higher differences (2 to 3%, with a maximum difference of 3.2%)
were found at only a few locations, and in all cases they remained smaller than the standard deviation
(10) of thy adjusted fast flux. Therefore, the previously uescribed approximation used for the gradient
wires irré diated in CT specimens appears to be adequate.

The activation cross-section library and covariance information in 640 energy groups was created from
the IRDF 90 and ENDF V dosimetry files. To account for the gadolinium cover, a modified set of cross
sections was generated; the 640-group cross sections were multiplied by attenuation factors defined
as:

AF = exp [- (D x AV/AT) x TH x CS] , (1)
where

AF = attenuation factor,

D = density of cover material (7.9004 g/cm® for Gd),

AV = Avogadros number,

AT = atomic weight (157.25 for Gd),

TH = thickness of the cover (0.89 mm, 35 mil),

CS = total absorption cross section of Gd (taken from the IRDF 90 file).

This formula is, of course, a crude approximation only and does not consider the geometry of the
covers and the dosimeters. However, it appears to be reasonably accurate for the current application.
The resulting cross sections were combined with the cross sections for bare dosimeters and were

converted to 32 energy groups for use in the adjustment runs. Cross-section covariance matrixes were
also converted to the 32-group structure. The computer code FLXPRO from the LSL-M2 code package
was used for this purpose.?

Measured activities were coriverted to reaction rates by taking into account the reactor power vs time
history of the irradiation. The computer code ACT from the LSL-M2 code package was used for this
purpose.’ The reactor power vs time history for the irradiation of the HSSI 10.05 capsule is given in
Tabie A.2 of the Appendix.

The spectrum covariance matrix used for the adjustment runs was originally calculated for the
simulated surveillance capsule position of the Oak Ridge Research Reactor Poolside Facility
Metallurgical Experiment.® The original calculation of the fluence variance-covariances covered only
the range from 18 to 0.1 MeV. Therefore, two energy groups from 1.0 x 10 ®10 0.1 eV and from 0.1 eV
to 0.1 MeV were added, with large variances of 150% and 75%, respectively, and small correlations of
0.1 and 0.2. The spectrum covariance matrix was converted in the group structure used in the
adjustment with the computer code FLXPRO. Obviously the assumed spectrum variance-covariance
information is only approximate; however, it does not appear to be critical for the analysis since
comprehensive dosimetry measurements are available. In such cases the adjustment results are
generally not sensitive to the details in the spectrum covariance matrix.
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For the least-squares neutron spectrum adjustment caiculations, computer code LSL-M2 was used.
The adjustment runs provided the adjusted neutron spectrum at each dosimetry location. The neutron
irradiation exposure rates selected to characterize the irradiation conditions were neutron fluence rate
with energy greater than 1 MeV (Fg , , ), neutron fluence rate with energy greater than 0.1 MeV

(Fe. 0.1 mev), @nd dpa rate. Fluence rates, Fe . | yev and Fg ., o1 wey » Were obtained as sums of group fluxes
over the corresponding energy range. The dpa rate calculations required that cross sections taken
from American Society for Testing and Materials (ASTM) E-693 be folded with the corresponding group
fluxes and summed.® These exposure parameters were determined for each dosimetry location.

Results and Discussion

The exposure parameters at each dosimeter locatior. obtained from the adjustment runs were fiited to
a three-dimensional function. Describing the spacial variation of the irradiation parameters by means of
a fitting function is desirable because the values of exposure parameters are often needed at locations
other than the dosimetry locations. The function used for fitting the irradiation parameters was of the
form

Fix,y,2) = A cos [B, (x - %)} cos [B, (2- 2))] exp (-Ay) . (2)

The constants A, B,, X, B,, Z,, and A were determined with least-squares fitting and are listed in Table
1 for each of the three irradiation parameters. Constants obtained for the HSSI 10.0D capsule are aiso
listed in Table 1 for comparison. The fluence E > 1 MeV, fluence E > 0.1 MeV, and dpa for each
metallurgical specimen were calculated using Eq. 2 and the capsule irradiation time of 3595.8 hours.
The results are tabulated in Table 2 along with the specimen 1D, specimen type, and coordinates.
Exposure parameters at any other location (x, y, of 2) can be readily calculated using Eq. 2 and the
capsule irradiation time. The coordinates of the point where exposure parameters are needed must be
given relative to the coordinate system shown in Figs. 3 and 4.

The normalization constants (A) obtained for the HSS1 10.05 capsule ranged from 7 to 10% less than
comparable normalization constants obtained for the HSSI 10.0D capsule. The attenuation coefficients
(A) obtained for the HSSI 10.05 capsule also ranged from 9 to 19% less than comparable coefficients
obtained for the HSS! 10.0D capsule. These differences in normalization constants and attenuation
coefficients appear to be larger than one would expect. However, when irradiation parameters inside
the capsule are calculated, the effects of the smaller normalization constants for the HSSI 10.05
capsule are countered by the lower attenuation coefficients. To evaluate the effect of the different
constants, the irradiation parameters for the metallurgical specimens in the HSSI 10.05 capsule were
calculated using both sets of fitting constants. The maximum difference found at any metallurgical
specimen location was 5.3%. Therefore, even though the differences in individual fitting parameters
from the two experiments appear to be large, the two sets of fitting parameters, when used in Eq. 2,
give exposure parameters that are in good agreement.
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Table 1. Constants determined for the three-dimensional fits' of exposure
parameters for the HSSI 10.05 and HSSI 10.0D capsules’

(A) Fitting parameters for F ., ..

A B, X, B, A
(em?s”) (em™) (cm) (em™) {cm) (em™)
HSSI 1005 1.865E+12  0.05995 5525 0.04182 1.752 0.1548
HSSI10.0D 2021 E+12  0.06082 5.071 0.04252 2.030 0.1707
(B) Fitting parameters for F €501 MoV
A B, Xo B, A
(cm?s™) (cm™) (cm) (em™) (cm) (em™)
HSSI 10.05 4408E+12  0.06761 3.808 0.04265 1.737 0.1039
HSSI 100D 4887 E+12  0.06920 3.303 0.04337 1.708 0.1288
(C) Fitting parameters for dpa rate
A B, Xy B, A
(s (em™) (cm) (em™) (em) (em™)
HSSI 1005 2679E-08  0.06259 4812 0.04213 1.761 0.1377
HSSI 100D  2.890E-09  0.06404 4272 0.04262 1.998 0.1535
“The fitting function is of the form

Fix.y,2) = A cos [B, (x - x,)] cos [B, (z - 2,)] exp (-Ay) .

Table 2. Exposure parameters for the metallurgical specimens in the HSSI 10.05 capsule.

Specimen Coordinates Fluence
Block ID Type X Y Z (E>1MeV) (E>0.1MeV)
(em)  (em) (cm) (em?) (cm?) dpa
A1 2CDO Charpy 1083 366 2600 4.00E+18 1.00E+19 6.06E-03
A1 2CD1 Charpy -10.83 366 25.09 427E+18 1.16E+10 6.48E-03
A1 2CD2 Charpy 1083 366 2400 4 53E+18 1.24E+19 6.88£-03
A1l 2CD3 Charpy -10.83 3.66 23.09 4 78E+18 1.31E+18 7.27E-03
A1 2CD4 Charpy 1083 366 2209 03E+18 1.38E+19 7 .65€-03
A1 2CD5 Charpy 1083 366 2109 526E+18 1.45E+19 8.02E-03
At 2CD8 Charpy 983 366 2600 4.35E+18 1.20E+19 6.61E-03
Al 2C0D7 Charpy -9.83 366 2509 4 65E+18 1.28E+18 7.07E-03
Al 2CD8 Charpy -8.83 366 2409 4 93E+18 1.36E+19 7.51E-03
A1l 2CD9 Charpy -9.83 366 23.09 520E+18 1.45E+19 7.93E-03
A1 2CD10 Charpy -9.83 3.66 22.090 547E+18 1.52E+19 8.35E-03
A1 2CD11 Charpy -9.83 366 21.09 572E+18 160E+19 8.75E-03
A1l 02001 Charpy 874 366 26.09 472E+18 1.31E+19 7.18E-03
A1 02002 Charpy 874 366 2500 5.03E+18 1.40E+19 7 68E-03
A1 02003 Charpy -8.74 366 24 .09 5.34E+18 148E+19 8.16E-03
A1 02004 Charpy -8.74 368 23.09 564E+18 1.58E+19 B8.62E-03
A1l 02006 Charpy -8.74 366 2208 593E+18 1867E+19 9.07E-03
Al 02008 Charpy -8.74 366 21.09 6.20E+18 1.75E+19 8.50E-03
1 NUREG/CR-6600



Table 2. (continued)

Specimen Coordinates Fluence
Block iD Type X Y Z (E>1MeV) (E>01MeV)
(cm)  (em) (cm) (em?) (cm?) dpa

Al 2CEQ Charpy -7.85 366 26.09 5.06E+18 1.41E+19 7.72E-03
A1 2CE1 Charpy -7.65 366 25.09 540E+18 1.52E+19 8.25E-03
Al 2CE2 Charpy -7.65 366 24 .09 573E+18 1.61E+19 8.77E-03
Al 2CE3 Charpy -7.65 3.66 23.09 6.05E+18 1.71E+19 9.27E-03
Al 2CE4 Charpy -7.65 3.66 22.09 6.36E+18 1.80E+19 9.75E-03
Al 2CES5 Charpy -7.65 3.66 21.09 6.66E+18 1.89E+19 1.02E-02
A1l 2CE6 Charpy -6.65 3.66 26.09 5.36E+18 1.50E+19 8.19E-03
A1 2CE7 Charpy 665 366 2500 5.72E+18 161E+19 8.75€-03
A1 2CE8 Charpy 665 366 2409 6.07E+18 1.72E+18 9.29€-03
A1 2CE9 Charpy -6.65 3.66 23.09 6.40E+18 1.82E+19 9.82E-03
A1 2CE10 Charpy -6.65 366 22.09 6.73E+18 1.92E+19 1.03E-02
Al 2CE11 Charpy -6.65 3.66 21.09 7.05E+18 2.01E+19 1.08E-02
A1 MWEHD 1TCT 744 345 1753 7.96E+18 2.26E+19 1.22E-02
A1 MWOHB 17CT 1003 345 1753 6.66E+18 1.85E+19 1.02€-02
B1 MW15AJ1  Charpy 500 368 2609 581E+18 1.64E+19 8.88E-03
B1 MW15A14 Charpy -5.00 3.66 2509 6.19E+18 1.76E+19 9.48E-03
B1 MW15AI5 Charpy 500 366 2409 6.57E+18 1.87E+19 1.01E-02
B1 MW15AGS  Charpy 500 3668 2309 6.94E+18 1.98E+19 1.08E-02
B1 MW15AG1  Charpy 500 3668 2209 7.29E+18 2.09E+19 1.12E-02
B1 MW15BF2  Charpy 500 366 2109 7.63E+18 2.19E+19 1.17E-02
B1 MW15BG3 Charpy -4.00 3.66 26.09 6.05E+18 1.71E+19 9.25E-03
B1 MW15BI1 Charpy 400 366 2509 6.45E+18 1.83E+19 9.88E-03
B1 MW15AG3  Charpy 400 366 2409 6.85E+18 1.95E+19 1.05€E-02
B1 MW15BI5 Charpy 400 366 2309 7.23E+18 207E+19 1.11E-02
B1 MW15A12 Charpy -4.00 366 22.09 7.60E+18 2.18E+19 1.17€E-02
B1 MW15BJ2  Charpy 400 366 2109 7.95E+18 229E+19 1.22E-02
B1 02017 Charpy 291 366 2609 6.20E+18 1.78E+19 9.62E-03
B1 02018 Charpy 291 366 2509 6.71E+18 1.91E+19 1.03€-02
B1 02019 Charpy 291 366 2409 7.12E+18 2.03E+19 1.09E-02
B1 02020 Charpy 291 366 2308 7.52E+18 2.15E+19 1.15€-02
B1 02023 Charpy 291 366 2200 7.90E+18 2.27E+19 1.21E-02
B1 02025 Charpy 291 366 2109 8.27E+18 2.38E+19 1.27E-02
B1 MW11AJ3  Charpy 182 366 2609 6.50E+18 1.84E+19 9.94E-03
B1 MW15AF2  Charpy 182 366 2509 6.94E+18 1.97E+19 1.08E-02
B1 MWOAB4 Charpy 182 366 2409 7.36E+18 210E+19 1.13E-02
B1 MWOBA2 Charpy -182 366 2309 7.77E+18 2.22E+19 1.19E-02
B1 MWOBB4 Charpy 182 366 2209 8.17E+18 2.34E+19 1.25€-02
B1 MWOAB 1 Charpy 182 366  21.09 8.55E+18 248E+19 1.31E-02
B1 MWi1BF5  Charpy 082 366 2609 6.68E+18 1.88E+19 1.02€-02
B1 MW11BG3  Charpy 082 366  25.09 712E+14 2.02E+19 1.09€-02
B1 MW11BI12 Charpy 082 386 2409 7.56E+18 215E+19 1.16E-02
B1 MW11Bi4 Charpy 082 366 2309 7.98E+18 2.28E+18 1.22E-02
B1 MW11BIS Charpy 082 366 2209 8.38E+18 2.40E+19 1.20E-02
B1 MW11BJ1  Charpy 082 366 2109 8.78E+18 2.52E+19 1.35E-02
B1 MW11HB 1TCY 162 345 1753 1.02E+19 291E+19 1.56E-02
81 MW11HD 1TCT 421 345 1753 9.33E+18 267E+19 1.43€E-02
C1 2005 Charpy 082 366 2591 6.99E+18 1.96E+19 1.07E-02
C1 2006 Charpy 082 366 2491 7.45E418 2.10E+19 1.14E-02
c1 2008 Charpy 082 366 2391 7. 90E+18 2.24E+19 1.21E-02
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Table 2. (continued)

Specimen Coordinates Fluence
Block 1D Type X Y 2 (E>1MeV) (E>0.1MeV)
(em)  (em) (cm) (em?) (rm?) dpa

C1 20011 Charpy 0.82 366 22.91 8.33E+18 2.37E+19 1.28E-02
C1 2DD12 Charpy 0.82 3.66 2101 8. 75E+18 2.49E+19 1.34E-02
C1 2DE10 Charpy 082 366 20.91 9.15E+18 261E+19 1.40E-02
C1 40310 Charpy 0.82 3.66 19.01 9 54E+18 2.73E+19 1.48E-02
C1 4D311 Charpy 0.82 366 18.91 9 91E+18 2.84E+10 1.52E-02
C1 40312 Charpy 082 3.66 17.91 1.03E+19 2.95E+19 1.58E-02
C1 4D313 Charpy 0.82 3.66 16 91 1.08E+19 3.05E+1Q 1.63E-02
C1 4D314 Charpy 082 366 15.91 1.09E+19 3.14E+19 1.68E-02
C1 4D315 Charpy 0.82 3.66 14.91 1.12E+19 3.23E+19 1.73E-02
C1 2DE12 Charpy 1.82 3.66 2591 7.10E+18 1.99E+19 1.08E-02
Cc1 2CE12 Charpy 1.82 3.66 24 91 7.57E+18 2.13E+19 1.15E-02
C1 20D0 Charpy 1.82 3.66 23.91 8.02E+18 2.26E+19 1.22E-02
C1 20D1 Charpy 1.82 3.66 2201 8.46E+18 2.39E+19 1.29E-02
C1 2DD2 Charpy 1.82 3.66 21.91 8 89E+18 2.52E+19 1.36E-02
C1 20D4 Charpy 1.82 366 20.81 9 20E+18 264E+19 1.42E-02
C1 40316 Charpy 182 3.66 18.91 9 69E+18 2.76E+19 1.48E-02
C1 28120 Charpy 1.82 366 18.91 1.01E+19 2.87E+186 1. 54E-02
C1 28121 Charpy 1.82 3.66 17.01 1.04E+1 298E+19 1.60E-02
C1 28122 Charpy 1.82 366 16.91 1.08E+19 3.08E+19 1.65E-02
C1 2B123 Charpy 1.82 3.66 1591 1.11E+19 3.18E+19 1.70E-02
C1 2B124 Charpy 1.82 3.66 14 .91 1.14E+18 3.27E+19 1.75E-02
C1 02035 Charpy 291 3.66 25.91 7.18E+18 2.00E+19 1.09E-02
C1 02036 Charpy 291 3.66 24 91 7.66E+18 2.14E+19 1.17E-02
C1 02038 Charpy 291 3.66 23.91 8.12E+18 2.28E+18 1.24E-02
C1 02D40 Charpy 2.91 3.66 2291 8.57E+18 241E+19 1.31E-02
C1 02D41 Charpy 291 3.66 21.91 9 00E+18 2.54E+19 1.37E-02
C1 02D42 Charpy 291 366 20.91 9 41E+18 2 66E+19 1.44E-02
C1 MW9OAE1 Charpy 291 3.66 19.91 981E+18 2.78E+19 1.50E-02
Cc1 MWBEAE?2 Charpy 291 3.66 18.91 1.02E+19 2.90E+19 1.66E-02
C1 MWSAE3 Charpy 2.91 366 17.01 1.06E+19 3.00E+19@ 1.62E-02
c1 MWBSOAE4 Charpy 291 366 16.91 1.08E+19 311E+19 1.67E-02
C1 MWBSAES Charpy 2.0 366 15.81 1.12E+19 3.20E+19 1.72E-02
C1 MWOBD1 Charpy 201 366 14 91 1.15E+19 3.30E+19 1.77E-02
C1 WCO7A Charpy 400 3.66 2501 7.25E+18 2.00E+19 1.10E-02
C1 wcCo7B Charpy 400 366 24 91 7.73E+18 2.15E+19 1.17E-02
c1 WCO07C Charpy 400 366 23.91 8.18E+18 2.2BE+19 1.24E-02
C1 GC44 Charpy 400 3.66 22.91 8.64E+18 242E+19 1.31E-02
C1 HC42 Charpy 400 368 21.01 9.07E+18 2.54E+19 1.38E-02
C1 NC34CF1 Charpy 400 366 20.91 9 49E+18 2B7E+19 1.45E-02
C1 NC34CF3 Charpy 400 3.66 19.91 0.89E+18 2.79E+19 1.61E-02
C1 NC34CF5 Charpy 400 3.66 18 91 1.03E+19 2.90E+19 1.57E-02
C1 NC34DF2 Charpy 400 366 17.01 1.08E+19 3.01E+19 1.63E-02
C1 NC34DF5 Charpy 400 3.66 16.91 1.10E+19 3 11E+19 1.68E-02
C1 NC34HI5 Charpy 400 366 1591 1.13E+19 3.21E+19 1.73E-02
CH NC34J11 Charpy 4.00 366 14 61 1.16E+19 3.30E+19 1.78E-02
C1 WCOBA Charpy 500 3.66 25 91 7.28E+18 2.00E+19 1.10E-02
C1 WCO07D Charpy 500 3.66 24 91 7.75E+18 2.14E+19 1.17E-02
C1 WC06C Charpy 5.00 3.66 23.91 8.22E+18 2.28E+19 1.25E-02
C1 ‘NC06D Charpy 5.00 366 2291 8 67E+18 241E+19 1.32E-02
C1 MC34J12 Charpy 5.00 266 21.91 9.10E+18 2.54E+19 1.38E-02
C1 NC34J13 Charpy 5.00 3.66 2091 9 52E+18 2 B6E+10 1.45E-02
C1 NC34)14 Charpy 500 3.66 19.91 9 93E+18 2.78E+19 1.61E-02
C1 NC34J15 Charpy 500 366 18.91 1.03E+19 2.89E+19 1.67E-02
Cc1 NC34BH2 Charpy 500 3.66 17.91 1.07E+19 3.00E+19 1.63E-02
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Table 2. (continued)

Specimen Coordinates Fluence
Block D Type X . Z (E > 1MeV) (E>0.1MeV)
(em) (cm) (cm) (em?) (em?) dpa
Cc1 NC34BBS Charpy 5.00 366 16.91 1.10E+19 3.10E+19 1.68E-02
C1 MNC34BES Charpy 5.00 3.66 15.91 1.14E+19 3.20E+19 1.73E-02
C1 NC34BE3 Charpy 5.00 366 14 .91 1.17E+19 3.29E+19 1.78E-02
D1 HFA12 Charpy 6.65 366 26.09 7.17E+18 1.04E+19 1.08E-02
D1 HFA13 Charpy 6.65 3.66 2500 7.65E+18 2.08E+19 1.158E-02
D1 HFA14 Charpy 6.65 3.66 2400 B.12E+18 2.22E+19 1.22E-02
D1 HFA15 Charpy 665 366 2309 8.57E+18 2.35E+19 1.29E-02
D1 HFA16 Charpy 6.65 3.66 22.09 9.01E+18 247E+18 1.36E-02
D1 HFA17 Charpy 6.65 3.66 21.09 043E+18 260E+19 1.43E-02
D1 HFA18 Charpy 7.65 366 26.09 7.13E+18 1.91E+18 1.07E-02
D1 HFA19 Charpy 7.65 3.66 25.09 761E+18 2.05E+19 1.14E-02
D1 HFA20 Charpy 7.65 366 24 09 8. 07E+18 2.18E+19 1.21E-02
D1 HFA21 Charpy 7.65 3.66 23.09 8.52E+18 2.31E+18 1.28E-02
D1 HFA22 Charpy 7.65 3.66 22.09 8 96E+18 ~. 44E+19 1.35€E-02
D1 HFA23 Charpy 7.65 3.66 21.09 9.38E+18 2.56E+18 1.41E-02
N1 NC31AE4 Charpy 874 366 26.09 7.06E+18 1.87E+19 1.05€-02
D1 NC31BE4 Charpy 874 3.68 25.09 7.53E+18 2.00E+19 1.13E-02
D1 NC31DF1 Charpy 874 366 2409 7.99E+18 2.13E+19 1.20E-02
D1 NC31DF3 Charpy 874 386 23.09 8.43E+18 2.26E+19 1 26E-02
D1 NC31DF5 Charpy 874 3.66 22.09 8.86E+18 2.38E+19 1.33E-02
D1 NC31AA3 Charpy 8.74 3.66 21.09 9.28E+18 2.50E+19 1.39E-02
D1 FTLB10 Charpy 083 366 26.09 6.95E+18 1.82E+19 1.03E-02
D1 FTLBOS Charpy 983 3.66 25.09 742E+18 1.85E+19 1.10E-02
D1 FTLBO8 Charpy 983 366 24.09 787E+18 2.07E+19 1.17E-02
D1 FTLBOS Charpy 983 366 23.09 8.31E+18 2.20E+19 1.24E-02
D1 FTLBO3 Charpy 983 366 2209 8.73E+18 2.32E+19 1.30E-02
D1 FTLBO2 Charpy 9.83 366 21.09 9. 14E+18 2.43E+19 1.37€-02
D1 FTLB18 Charpy 10.83 3.66 26.09 6.83E+18 1.76E+19 1.01E-02
D1 FTLB1S Charpy 10.83 .66 25090 7.29E+18 1.89E+19 1.08E-02
D1 FTLB14 Charpy 10.83 366 2409 7.73E+18 201E+19 1.15E-02
D1 FTLB13 Charpy 10.83 366 2309 8.16E+18 2.13E+19 1.21E-02
D1 FTLB12 Charpy 10.83 3.66 2209 8.58E+18 2.24E+19 1.28E-02
D1 FTLB11 Charpy 10.83 366 21.09 8 98E+18 2.356+19 1.34E-02
D1 MWOHC 1TCT 7 A4 345 17.53 1.11E+19 3.02E+19 1.67E-02
01 MWS0D 1T1CT 10.03 345 17.53 1.08E+18 2.B4E+19 1.81E-02
A2 MWSID 1TCT 8.7 345 12.50 B8 62E+18 2.45E+19 1.32E-02
A2 MW11KD 1TCT -8.27 345 0.96 9.02E418 2.56E+19 1.38E-02
A2 MWSIC 1TCT -8.27 3.45 742 9.31E+18 2.65E+19 1.43E-02
A2 MW11KC 1TCT -8.27 345 4 88 9 49E+18 2.70E+19 1.46E-02
A2 MweJB 1TCT -8.27 345 2.34 9.57E+18 2.73E+19 1.47E-02
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Table 2. (continued)

Specimen Coordinates Fluence
Biock 1D Type X ¢ Z (E>1MeV) (E>0.1MeV)
(cm)  (em) (cm) (em?) (em?) dpa

B2 MWSEJA 1TCT 218 3.45 12.50 1.14E+19 3.20E+19 1.76€-02
B2 MW11IC 1TCT -2.16 345 996 1.19E+19 3.44E+19 1.84E-02
B2 MWS.JC 1TCT -2.16 345 742 1.23E+19 3.56E+19 1.80E-02
B2 MW11ID 1TCT 216 345 488 1.26E+19 3.63E+19 1.94E-02
B2 MWOKB 1TCT -2.16 345 234 1.27E+19 366E+19 1.956-02
c2 NC31AA2 Charpy 2.04 366 12.57 1.20E+19 34TE+19 1.85E-02
c2 NC31AA4 Charpy 204 366 11.57 1.23E+19 3.54E+19 1.89E-02
c2 NC31AB1 Charpy 2.04 366 10.57 1.25E+19 3 B0E+19 1.92E-02
c2 NC31AB2 Charpy 2.04 366 9.57 1.27E+19 3.88E+19 1.95E-02
c2 NC31AB3 Charpy 2.04 368 8.57 1.29E+19 3.71E+19 1.98E-02
Cc2 NC31ABS Charpy 2.04 3.66 7.57 1.30E+19 3.75E+18 2.00E-02
c2 NC31AF4 Charpy 204 3.66 6.57 1.31E+19 3.79E+19 2.02E-02
Cc2 NC31AH2 Charpy 204 3.66 8.57 1.32E+19 3.82E+19 2.04E-02
Cz NC31AH4 Charpy 2.04 368 457 1.33E+19 3.84E+19 2.08E-02
Cc2 NC31BA2 Charpy 204 3.66 3.57 1.34E+19 3.88E+19 2.08E-02
Cc2 NC31BB3 Charpy 2.04 3.66 2.57 1.34E+19 387E+19 2.08E-02
c2 NC31BB4 Charpy 2.04 3.66 157 1.34E+19 3.87E+19 2.08E-02
c2 NC31DF4 Charpy 3.04 3.66 12.57 1.22E+19 3.49E+19 1.87E-02
c2 2DEO Charpy 3.04 3.66 11.57 1.24E+19 3.56E+19 1.91E-02
c2 NC34AA5 Charpy 3.04 3.66 10.57 1.26E+19 3.6Z2E+19 1.84E-02
c2 2DE2 Charpy 3.04 3.66 957 1.28E+19 3 68BE+19 1.97E-02
c2 NC34BH4 Charpy 3.04 366 857 1.30E+19 3.73E+19 2 00E-02
Cc2 2DE1 Charpy 3.04 366 7.57 1.31E+19 3.78E+19 2.02E-02
c2 NC34CF4 Charpy 3.04 3.66 6.57 1.33E+19 3.81E+19 2.04E-02
c2 2DE3 Charpy 3.04 3.66 557 1.34E+19 3.84E+19 2.058E-02
c2 NC34AA1 Charpy 3.04 366 457 1.34E+19 3 8B7E+19 2.07€E-02
c2 2DE4 Charpy 3.04 366 357 1.35E+19 3.88E+19 2.07E-02
c2 MW11BF4 Charpy 3.04 3.66 2.57 1.356+19 3.89E+19 2.08E-02
c2 NC34B8B4 Charpy 3.04 3.66 1.57 1.35E+19 3.90E+18 2.08E-02
c2 MWSAC1 Charpy 4.04 3.66 12.57 1.23E+19 3.49E+19 1.88E-02
c2 MWSAC2 Charpy 4.04 3.66 11.57 1.25E+19 3.56E+19 1.91E-02
c2 MWSAC3 Charpy 4.04 366 10.57 1.27E+19 3B3E+19 1.95E-02
c2 MWOAC4H Charpy 4.04 366 957 1.29E+19 368E+19 1.98E-02
c2 MWBACS Charpy 4.04 366 8.57 1.31E+19 3.74E+19 2.01E-02
c2 MWBOAI1 Charpy 4,04 366 7.57 1.32E+19 3.78E+19 2.03E-02
Cc2 MWOAI2 Charpy 4.04 3.66 6.57 1.34E+19 382E+19 2.05E-02
C2 MWBAI3 Charpy 4.04 3.66 557 1.35E+19 3.B5E+19 2.06E-02
c2 MW9AI4 Charpy 404 366 457 1.35E+19 3.87E+18 2.08E-02
c2 MWBOAIS Charpy 4.04 3.66 357 1.36E+19 3.89E+19 2.00E-02
Cc2 MWOBF2 Charpy 4.04 3.66 257 1.36E+19 3.90E+19 2.09E-02
c2 MWEBF5 Charpy 4.04 366 157 1.36E+19 3.90E+19 2.09E-02

2 72PH13 127-CT 6.74 2.82 13.14 1.38E+19 3.60E+18 2.07E-02
D2 73QH04 1RT-CT 6.74 2.82 11.87 1.42E+19 3.79E+19 2.13€02
D2 72PH05 1RT-CT 68.74 2.82 10.80 1.45E+19 3.8BE+10 2.17E-02
D2 73QH0S 127-CT 6.74 2.82 9.33 1.48E+19 3.96E+19 2.226-02
D2 MWOHEA 127-CT 6.74 282 808 1.50E+19 4.02E+19 2.25€-02
D2 MW11LFB 127-CT 6.74 282 6.79 1.62E+19 4.08E+19 2.28E-02
D2 MWSOLEB 12T-CT 6.74 282 5.52 1.54E+19 412E+19 2.31E-02
D2 MW11JFB 127-CT 6.74 282 425 1.55E+19 4.15E+19 2.32E-02
D2 MWOHF A 127-CT 6.74 2.82 298 1.55E+19 417E+19 2.33E-02
D2 MW11KFAB  1/2T-CT 6.74 282 1.71 1.56E+19 4.18E+19 2.34E-02
D2 72PH10 127-CT 6.74 5.36 13.14 9.34E+18 2.B4E+19 1.48E-02
D2 73QH03 12T-CT 6.74 536 11.87 9 58E+18 2.91E+19 1.50€-02
D2 72PHO4 127-CT 6.74 5.36 10.60 9.79E+18 2.98E+19 1.63E-02
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Table 2. (continued)

Specimen Coordinales Fluence
Block D Type X Y 2 (E>1MeV) (E>01MeV)
(em) (em) (cm) (cm?) (em?) dpa

D2 73QH12 1RT-CT 6.74 5.36 9.33 9.98E+18 3.04E+19 1.56E-02
D2 MW11HEB  12T-CT 6.74 536 8.06 1.01E+19 3.09E+19 1.59E-02
D2 MWOIEA 127-CT 6.74 5.36 8.79 1.03E+18 3.13E+19 1.61E-02
D2 MW11MCA  12T-CT 6.74 5.36 5.52 1.04E+19 317E+19 1.63E-02
D2 MWEKFB 127-CT 6.74 5.36 425 1.04E+19 319E+19 1.64E-02
D2 MW11HFB  12T-CT 6.74 5.36 2.98 1.05E+19 3.20E+19 1.64E-02
D2 MWSOJEA 1127-CT 6.74 5.36 1.71 1.05E+19 3.21E+19 1.85E-02
D2 72PH09 12T-CT 9.80 282 13.14 1.34E+19 346E+19 1.99E-02
02 73QH02 112T-CT 9.80 2.82 11.87 1.38E+16 3 55E+19 2.04E-02
D2 72PHO08 127-CT 9.80 282 10.60 1.41E+19 3 64E+19 2.08E-02
D2 73QH14 12T-CT 9.80 2.82 9.33 1.43E+19 3.71E+19 2.138-02
D2 MWOCEA 12T-CT 9.80 2.82 8.06 1.46E+19 3.77E+19 2.16E-02
D2 MW11LEB 127-CT 9.80 2.82 6.79 1.48E+19 3.82E+19 2.19E-02
D2 MWOIFA 127-CT 9.80 2.82 552 1.49E+18 3.86E+19 2.21E-02
oy MW11IFB 12T-CT 9.80 2.82 4.25 1.50E+18 3.89E+19 2.23E-02
D2 MWOLFA 1R27-CT 9.80 2.82 298 1.51E+19 3.91E+19 2.24E-02
D2 MW11IMDB  12T-CT 9.80 2.82 1.71 1.51E+19 391E+19 2.24E-02
D2 73QH11 12T-CT 9.80 5.36 13.14 9.05E+18 2.66E+19 1.40E-02
D2 72PH14 12T-CT 9.80 536 11.87 9.29E+18 2.73E+18 1.44E-02
D2 73QH10 12T-CT 9.80 5.36 1086 9.50E+18 2.79E+19 1.47E-02
D2 72PHO7 127-CT 9.80 5.36 9.33 9.68E+18 2.85E+19 1.50E-02
D2 MWSOOFA 127-CT 9.80 5.38 8.06 0.84E+18 2.90E+19 1.526-02
D2 MW11JFA 1127-CT 9.80 5.36 6.79 9.96E+18 2.94E+19 1.54E-02
D2 MWSJFB 12T-CT 9.80 5.36 5.52 1.01E+18 2.97E+19 1 56E-02
D2 MW11HEA  172T-CT 9.80 5.36 425 1.01E+19 2.99E+19 1.57E-02
D2 MWSJEB 127-CT 9.80 5.36 2.98 1.02E+19 3.00E+19 1.58E-02
D2 MWSOHEB 127-CT 9.80 5.36 1.71 1.02E+19 3.01E+19 1.58E-02
A3 MWSLA 1TCT -8.27 345 -0.89 9.52E+1¢ 2.71E+19 1.48E-02
A3 MWOLC 1TCT -8.27 3.45 -3.43 9.35E+18 2.86E+19 1.44E-02
A3 MW11JA ATCT -8.27 3.45 597 9.08E+18 2.58E+19 1.39E-02
A3 MW11JO 1TCT -8.27 3.45 -8.51 8.71E+18 2.47E+19 1.34E-02
A3 MWOLD ATCT 8.27 345 -11.06 8.24E+18 2.33E+19 1.26E-02
B3 MW2KD 1TCT -2.16 3.45 -0.89 1.26E+19 364E+19 1.94E-02
B3 MWEKC 1TCT -2.16 3.45 -3.43 1.24E+18 3.58E+19 1.91E-02

B3 MW11LC 1TCT 216 345 -5.97 1.20E+19 347E+19 1.85E-02

B3 MWOLB 1TCT 2.16 3.45 -8.51 1.15E+19 5.32E+19 1.77€-02

B3 MW11LB 1TCY 2.16 345 1108 1.09E+19 313E+19 1.68E-02

c3 NC31BBS Charpy 2.04 366 -0.07 1.34E+19 3.86E+19 2.08E-02

c3 NC31BF1 Charpy 2.04 366 -1.07 1.33E+19 3.84E+19 2.05E-02

c3 NC34882 Charpy 2.04 366 -2.07 1.32E+19 3.82E+19 2.04E-02

c3 NC34BF4 Charpy 2.04 368 -3.07 1.31E+19 3.79E+19 2.02E-02

c3 NC34BF5 Charpy 2.04 366 407 1.30E+19 3.75E+19 2.00E-02

c3 NC34BH1 Charpy 2.04 3.66 -5.07 1.29E+19 3.71E+19 1.96E-02

c3 NC34AB2 Charpy 2.04 3686 807 1.27E+19 3.86E+19 1.95E-02

c3 NC34AB4 Charpy 2.04 366 -7.07 1.25E+19 360E+19 1.92E-02

c3 NC34AE4 Charpy 2.04 366 -8.07 1.23E+18 3.54E+19 1.89E-02

c3 NC34AES Charpy' 2.04 366 -9.07 1.20E+19 347E+19 1.85E-02

c3 NC34AF1 Charpy 2.04 366 -10.07 1186419 3.39E+19 1.81E-02

c3 NC34AF2 Charpy 2.04 366 -11.07 1.15E+19 3.31E+19 1.77€-02

c3 NC31BA4 Charpy 3.04 366 -0.07 1.35E+19 3.88E+19 2.07€-02

ca 2DES Charpy 3.04 366 -1.07 1.34E+19 3.87E+19 2.07E-02

c3 NC31BB1 Charpy 3.04 366 207 1.34E419 3.84E+19 2.05€E-02
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Table 2. (continued)

Specimen Coordinates Fluence
Block D Type X Y & (E>1MeV) (E>0.1MeV)
(cm) (em) (em) (em?) (em?) dpa
C3 20E8 Charpy 3.04 366 -3.07 1.33E+19 381E+19 2.04E-02
Cc3 NC31BH3 Charpy 3.04 366 -A07 1.31E+19 3.78E+19 2.02E-02
C3 2DE7 Charpy 3.04 366 -5.07 1.30E+19 3.73E+19 2.00E-02
Cc3 NC34BE1 Charpy 3.04 3.66 -8.07 1.28E+19 3.68E+19 1.87€-02
c3 2DE8 Charpy 304 366 -7.07 1.26E+19 3B2E+19 1. 94E-02
c3 NC31BHS  Charpy 304 366  -8.07 1.24E+19 356E+19  191E-02
c3 2DE9 Charpy 3.04 3.66 007 1.22E+19 3.49E+19 1.87E-02
Cca MW11BF1  Charpy 304 366 -1007 1.19E+19 3.41E+19 1 83E-02
C3 NC318F3 Charpy 3.04 366 -11.07 1.18E+19 3.33E+19 1.78E-02
C3 MWEBJ1 Charpy 404 366 -0.07 1.36E+19 3.88E+19 2.09E-02
C3 MW11AA2 Charpy 4.04 366 -1.07 1.35E+19 3.87E+19 2.08E-02
c3 MW11AA3 Charpy 404 3.66 -2.07 1.35E+19 3.85E+19 2.06E-02
Cc3 MW11AB2 Charpy 404 3.66 -3.07 1.34E+19 3.82E+19 2.05E-02
Cc3 MW11AB4 Charpy 404 366 -4 07 1.32E+19 3.78E+19 2.03E-02
C3 MW11AF5 Charpy 404 3.66 507 1.31E+18 3.74E+19 2.01E-02
C3 MW11AG4 Charpy 404 3.66 -8.07 1.29E+19 3.69E+18 1.98E-02
c3 MW11AGS Charpy 404 3.66 -7.07 1.27E+19 3.63E+19 1.95E-02
C3 MW11AJ2 Charpy 404 366 -8.07 1.25E+19 3.56E+19 1.91E-02
C3 MW11BB1 Charpy 404 3.66 -9.07 1.23E+18 3.49E+19 1.88E-02
Cc3 MW11BB4 Charpy 404 3.66 -10.07 1.20E+19 3.42E+19 1.84E-02
C3 MW11BBS Charpy 404 3.68 -11.07 117E+19 3.33E+19 1.79E-02
D3 MW11LD 1TCT 827 345 -0.89 1.39E+19 3.7BE+19 2.09E-02
D3 MWENC 1TCT 8.27 345 -3.43 1.36E+19 3.71E+19 2.08E-02
D3 MWEONA 1TCT 8.27 345 -5.97 1.32E+19 3.60E+19 1.99€E-02
D3 MW11JC 1TCT 8.27 345 -8.51 1.27E+19 3.45E+19 1.91E-02
D3 MWSENB 17CT 8.27 345 -11.05 1.20E+19 3.25E+19 1.81E-02
A4 72WP214 Charpy -10.83 3.66 -190.59 4 78E+18 1.32E+19 7.27E-03
A4 72WP215 Charpy -10.83 3.66 -20.59 4 53E+18 1.24E+19 6.88E-03
Ad 72WP216 Charpy 10.83 366 -21.59 427E+18 117E+19 6.48E-03
Ad 72WP217 Charpy 10.83 3.66 -22.59 4 00E+18 1.09E+19 6.06E-03
A4 72WP218 Charpy 1083 3.66 -23.59 3.73E+18 1.01E+19 5.64E-03
A4 72WP219 Charpy 10.83 3.66 -24 59 3.45E+18 9.28E+18 5 20E-03
A4 72WP220 Charpy -9.83 3.66 -19.59 520E+18 1.45E+19 7.94E-03
A4 72WP221 Charpy -9.83 3.66 -20.59 4 93E+18 1.37E+19 7.51E-03
A4 72WP222 Charpy -983 3.66 -21.59 4 65E+18 1.28E+19 7.07E-03
A4 72WP223 Charpy -9.83 366 -22.59 4 35E+18 1.20E+19 6.61E-03
Ad 72WP224 Charpy -9.83 368 -23.59 4 0BE+18 1.11E+19 8.15E-03
A4 T2WP225 Charpy -9.83 366 -24.59 3.75E+18 1.02E+19 567E-03
Ad 02009 Charpy -8.74 3.66 -19.59 564E+18 1.58E+19 8.62E-03
A4 02D10 Charpy -8.7 366 -20.59 534E+18 1.50E+19 8.16E-03
A4 02011 Charpy -8.74 3.66 -21.59 503E+18 1.40E+19 7.68E-03
A4 02012 Charpy 8.74 366 -22.59 4 72E+18 1.31E+19 7.18E-03
A4 02D14 Charpy -8.74 3686 -23.59 4 39E+18 1.22E+19 6.68E-03
Ad 02016 Charpy 874 366 -2459 4.06E+18 1.12E+19 6.16E-03
Ad T2WP226 Charpy -7.65 3.66 -19.50 6.05E+18 1.71E+19 9.27E-02
A4 T2WP227 Charpy 7.65 366 -20.59 573E+ 8 1.62E+19 8.77E-03
A4 72WP228 Charpy -7.65 366 -21.59 540E+18 1.52E+19 8.25E-03
A4 72WP229 Charpy -7.65 366 -22.59 5.06E+18 1.42E+19 7.72E-03
A4 72WP230 Charpy -7.65 366 -23.59 4 71E+18 1.31E+19 7.18E-03
Ad 73WP5 Charpy -7.85 3.66 -24 .59 4 36E+18 1.21E+19 6.62E-03
Ad 73WP8 Charpy -6.65 366 -19.59 6.40E+18 1.82E+19 9.82E-03
Ad 73WN16 Charpy -6.65 366 -20.59 8.07E+18 1.72E+19 9.29E-03
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Table 2. (continued)

Specimen Coordinates Fluence
Block D Type X Y 2 (E>1MeV) (E>0.1MeV)
(em)  (em) (cm) (em?) (em?) dpa
73WF311 Cha 665 366 -2159 5.72E+18 1.62E+19 8.75E-03
21 73WF312 cmg £65 366 -2259 5.36E+18 1.51E+19 8.19€-03
A4 73WF313 Charpy £65 366 -23.50 4.99E+18 1.40E+19 7.861E-03
A4 73WF314 Charpy £65 366 2450 4B1E+18 1.28E+19 7.02€E-03
Ad4 MW11HA 1TCT 744 345 1603 7.42E+18 2.10E+19 1.14E-02
Ad MWSOC 1TCT 1003 345 -1603 6.20E+18 1.72E+19 9.45€-03
02005 Charpy 500 366 -1959 6.94E+18 1.98E+19 1.07E-02
3 02007 Charpy 500 368 -2059 6.57E+18 1 87E+19 1.01E-02
B4 02D13 Charpy 500 366 -2159 6.19E+18 1.76E+19 9.49E-03
54 02015 Charpy 500 366 -2259 581E+18 1 B4E+19 8.88E-03
B4 02021 Charpy 500 368 -23.50 541E+18 1.52E+19 8.25E-03
B4 02022 Charpy 500 366 -2459 5.00E+18 1.40E+19 781E-03
B4 02024 Charpy 400 368 -1959 7.23E+18 2.07E+19 1.11E-02
B4 02029 Charpy 400 3668 -2059 6.85E+18 1.95E+19 1.05E-02
B4 02031 Charpy 400 368 -2159 6.45E+18 1.84E+19 9.89E-03
B4 02032 Charpy 400 366 -2259 6.056+18 1.71E+19 §.25€-03
B4 02037 Charpy 400 366 -2350 5.63E+18 1.59E+19 8.60E-03
B4 02039 Charpy 400 3668 -2459 521E+18 1.48E+19 7.94E-03
84 02026 Charpy 291 366 -1959 7.52E+18 2.156+19 1.156-02
B4 02027 Charpy 291 366 -2059 7.12E+18 2.03E+19 1.09€-02
B4 02028 Charpy 2901 366 -2159 6.71E+18 1.91E+19 1.03E-02
B4 02030 Charpy 201 366 -2259 6.29E+18 1.78E+19 9.62E-03
B4 02033 Charpy 291 366 -23.59 5.86E+18 185E+18 8.94E-03
B4 02034 Charpy 201 386 -2459 542E+18 1.52E+19 8.25E-03
B4 02045 Charpy 182 366 -19.59 7.77€+18 2226419 1.19E-02
B4 02047 Charpy 182 366 -2059 7.36E+18 2.10E+19 1.13E-02
B4 02D48 Charpy 182 366 -21.59 6.94E+18 1.97E+19 1.06E-02
g4 weC12C Charpy 182 366 -2259 6.50E+18 1.84E+19 §.94E-03
B4 WC14A Charpy 182 366 -2359 6.06E+18 1.71E+19 9.24E-03
B4 WC 148 Charpy 182 366 -2459 560E+18 1 57E+19 8.53E-03
B4 WC12D Charpy 082 366 -1959 7.98E+18 2.28E+19 1.22E-02
e WC14D Charpy 082 366 -2059 7.56E+18 2.156+19 1.16E-02
B4 WC14E Charpy 082 366 -2159 7.12E+18 2.02E+18 1.09€-02
B4 99A-5559 Charpy 082 366 -2259 6.68E+18 1.89E+19 1.02E-02
B4 99A-5560 Charpy 082 366 -2359 6.226+18 1.756+19 9 .48E-03
B4 99A-5561 Charpy 082 366 -2459 5756418 181E+19 8.74E-03
B4 MW90B 1TCT 162 345 1603 9.47E+18 2.70E+19 1 45E-02
B4 MWOCA ATCT 421 345 1603 8.69E+18 2.48E+19 1.33E-02
C4 73WF318 Charpy 082 368 -13.47 1.08E+19 3.056+19 1.63E-02
Cé 73WF319 Charpy 082 366 -1447 1.02E+19 2.94E+19 1.57E-02
C4 73WF320 Charpy 082 366 -1547 9.89E+18 2.B4E+19 1.52E-02
ca 73WF321 Charpy 082 366 -1647 9.52E+18 2.73E+19 1 46E-02
ca 73WF322 Charpy 082 366 -17.47 9.13E+18 261E+19 1.40E-02
Ca4 73WF323 Charpy 082 366 -18.47 8.72E+18 2.49E+19 1.34E-02
ca 73WF334 Charpy 082 386 -19.47 8.30E+18 2.36E+19 1.27€-02
c4 73WF337 Charpy 082 366 -2047 7 87E+18 2.23E+19 1.20€-02
ca 73WF338 Charpy 082 366 -2147 7.42E+18 2.10E+19 1.13€-02
ca 73WF339 Charpy 082 3668 -2247 6.96E+18 1.96E+19 1.06E-02
c4 73WF340 Charpy 082 366 -2347 6.49E+18 1 82E+19 9.88E-03
c4 73IWF353 Charpy 082 366 -2447 6.01E+18 1.67E+19 9.12E-03
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Table 2. (continued)

Specimen Coordinates Fluence
Block D Type X Y Z (E>1MeV) (E>0.1MeV)
(ecm)  (em) (cm) (cm?) (cm?) dpa

C4 73WF355 Charpy 1.82 368 -13.47 1.07E+19 3.08E+19 1.65E-02
C4 73WF356 Charpy 1.82 3.66 -14 47 1.04E+19 2.98E+19 1.60E-02
C4 73WF357 Charpy 1.82 3.66 -15.47 1.00E+19 287E+19 1.54E-02
C4 73WF358 Charpy 1.82 3.66 -16.47 9.66E+18 2.76E+19 1.48E-02
C4 73WF370 Charpy 1.82 3.66 -17.47 9.27E+18 264E+19 1.42E-02
C4 73W311 Charpy 1.82 366 -18.47 8.86E+18 2.52E+19 1.36E-02
C4 73W383 Charpy 1.82 366 -19.47 843E+18 2.39E+18 1.29E-02
C4 73W433 Charpy 1.82 2.66 -20.47 7.99E+18 2.26E+19 1.22E-02
C4 73W483 Charpy 1.82 366 -21.47 7.54E+18 2.12E+19 1.15E-02
Cc4 73W536 Charpy 1.82 3.66 -22.47 7.07E+18 1.98E+19 1.08E-02
C4 73W5358 Charpy 1.82 366 -23.47 6.59E+18 1.84E+19 1.00E-02
(o7 73W539 Charpy 1.82 366 -2447 6.10E+18 1.69E+19 9.25E-03
C4 MWEBD2 Charpy 291 366 -13.47 1.08E+19 3.10E+19 1.67E-02
C4 MW9YBD3 Charpy 2.91 366 -1447 1.056+19 3.00E+19 1.61E-02
C4 MWSOBD4 Charpy 291 366 -15.47 1.02E+19 2.89E+19 1.56E€-02
C4 MWOBDS Charpy 291 3.66 -16.47 9.78E+18 2.78E+19 1.50E-02
C4 MWSOCE1 Charpy 2.9 366 -17.47 9.39E+18 2 B6E+19 1.43E-02
n4 MWSCE2 Charpy 291 366 -1847 8 97E+18 2 54E+19 1.37E-02
C4 MWSCE3 Charpy 2.91 3.66 -19.47 8 54E+18 241E+19 1.30E-02
C4a MWSCE4 Charpy 291 3.66 -20.47 8. 09E+18 2.27E+19 1.23E-02
C4 MWSOCES Charpy 291 3.66 -21.47 7.63E+18 2 14E+19 1.16E-02
C4 NC31AF1 Charpy 291 366 -22.47 716E+18 2.00E+19 1.09€-02
C4a NC31AF3 Charpy 291 3.66 -23.47 667E+18 1.85E+19 1.01E-02
Cc4 NC31AE2 Charpy 2.91 366 -24.47 6.18E+18 1.70E+19 9.35E-03
C4 73W701 Charpy 4.00 366 -13.47 1.10E+19 3.11E+19 1.68E-02
C4 73W702 Charpy 400 366 -14 47 1.06E+19 3.01E+18 1.62E-02
C4 73W704 Charpy 400 366 -15.47 1.02E+19 2.90E+19 1.56E-02
C4 73W705 Charpy 400 3.66 -16.47 9 86E+18 2.78E+19 1.50E-02
Cc4 73W707 Charpy 400 366 -17.47 9 46E+18 2.66E+19 1.44E-02
C4 73W709 Charpy 400 366 -18.47 9.04E+18 2 54E+19 1.38E-02
C4 73W710 Charpy 4.00 366 -19.47 861E+18 241E+19 1.31E-02
C4a T3IW712 Charpy 4.00 366 -20.47 8 16E+18 2.28E+19 1.24E-02
C4 73W714 Charpy 4.00 366 -21.47 7.70E+18 2. 14E+19 1.17E-02
C4 73W715 Charpy 4.00 3.66 <22 47 7.22E+18 2.00E+19 1.09E-02
C4 73W7186 Charpy 400 366 -23.47 6. 73E+18 1.86E+19 1.02E-02
C4 73W718 Charpy 400 366 -24 47 6.23E+18 1.71E+19 S 40E-03
C4 73W541 Charpy 500 3.66 -13.47 1.10E+19 3.10E+19 1.68E-02
Cd 09.5528 Charpy 5.00 3.66 -14 47 1.07E+19 3.00E+19 1.82E-02
C4 99-5529 Charpy 5.00 3.66 -15.47 1.03E+19 2.89E+19 1.67E-02
Cc4 09-5530 Charpy 5.00 366 -16.47 9.90E+18 2.77E+19 1.51E-02
C4 99-5531 Charpy 5.00 3.66 -17.47 9 50E+18 2 65E+19 1.44E-02
C4 99-5532 Charpy 5.00 3.66 -18.47 9.08E+18 2.53E+19 1.38E-02
c4 99-5533 Charpy 500 366 -19.47 8.64E+18 2.40E+19 1.31E-02
C4 99-5534 Charpy 5.00 366 -20.47 8.19E+18 2.27E+19 1.24E-02
C4 99-5535 Charpy 5.00 366 -21.47 7.72E+18 213E+19 1.17€-02
C4 99-5536 Charpy 5.00 366 -22.47 7.25E+18 1.99E+19 1.10E-02
C4 99-5537 Charpy 5.00 3.66 -23.47 6.75E+18 1.85E+19 1.02E-02
Ca 99-5838 Charpy 5.00 366 -24 47 6.25E+18 1.70E+19 941E-03
D4 WCO08D Charpy 6.65 3.66 -19.59 8.57E+18 2.35E+19 1.29E-02
D4 WCo8C Charpy 6.65 366 -20.59 8.12E+18 2.22E+19 1.22E-02
D4 WC08B Charpy 6.65 366 -21.59 7 65E+18 2 09E+19 1.15E-02
D4 WCO0BA Charpy 6.65 3.66 -22.59 717E+18 1.95E+19 1.08E-02
D4 WC12A Charpy 6.65 3.66 -23.59 6 68E+18 1.80E+19 1.00E-02

19 NUREG/CR-6600




Table 2. (continued)

Coordinates Fluence
Block D Type X Y 4 (E>1MeV) (E>01MeV)
(em) (em) (cm) (em?) (em?) dpa

D4 WC13D Charpy 665 366 -2459 6.18E+18 1.66E+10 9.26E-03
D4 WC068 Charpy 765 366 -19.59 8 52E+18 2.32E+19 1.28€-02
D4 WC14C Charpy 7.65 366 -20.59 8.07E+18 2.19E+19 1.21E-02
D4 WC128 Charpy 765 366 -21.59 781E+18 2.05E+19 1.14E-02
D4 WCOT7E Charpy 765 366 -2259 713E+18 1.92E+19 1.07E-02
D4 WCO8E Charpy 7656 366 -23.59 6.64E+18 1.78E+19 9 04E-03
D4 72WP201 Charpy 7.65 3.66 -24.50 6.14E+18 163E+19 9 17E-03
D4 NC34AH2 Charpy 8.74 3686 -19.59 843E+18 2 26E+19 1.26E-02
D4 NC34AH4  Charpy 874 366 -2059 7.99E+18 2. 14E+19 1.20E-02
D4 NC34AHS  Charpy 874 366 -21.59 7.53E+18 2.01E+19 1.13E-02
D4 NC34BAS Charpy 8.74 3.66 .22.59 7 O6E+18 1.87E+19 1.05E-02
D4 NC34BF4 Charpy 874 3.66 -23.59 6.57E+18 1.74E+19 9.80E-03
D4 NC24DF3  Champy 874 366 -2450 6.08E+18 1.60E+19 9.04E-03
D4 72WP202  Charpy 983 366 -19.59 8.31E+18 2.20E+19 1.24E-02
D4 72WP203  Charpy 983 366 -2059 7 87E+18 2.08E+19 1.17€-02
D4 72WP204 Charpy 9.83 366 -21.59 7.42€6+18 1.95E+19 1.10E-02
D4 72WP205  Charpy 983 366 -22.59 6.95E+18 1.82E419 1.03E-02
D4 72WP2086 Charpy 983 366 -23.59 6.48E+18 1.69E+19 9.61E-03
D4 72WP207  Charpy 983 366 -2459 599E+18 1556419 8.86E-03
D4 72WP208 Charpy 10.83 3.66 -18.59 8.16E+18 2.13E+19 1.21E-02
D4 72WP209 Charpy 1083 366 -20.59 7.73E+18 2.01E+19 1.15E-02
D4 72WP210 Charpy 10.83 366 -21.59 7.29E+18 1.89E+19 1.08E-02
D4 72WF211 Charpy 10.83 366 -22.59 6.83E+18 1.76E+19 1.01E-02
D4 T2WP212 Charpy 10.83 368 -23.59 6.36E+18 1.64E+19 ©.39E-03
D4 T2WP213 Charpy 10.83 366 -24 59 588E+18 1.50E+19 8.87E-03
D4 MW11HC 1TCT 7.44 345 -16.03 1.03E+19 2.81E+19 1.56E-02
D4 MWOHA 1TCT 10.03 3.45 -16.03 1.00E+19 2.64E+19 1.50E-02

The most likely reason for the different fitting parameters obtained for the HSSI 10.0D and HSSI 10.05
capsules is the arrangement of dosimeters in the two capsules. The difference that appears to be most
important is the inclusion of dosimeters near the face of the capsule next to the core. in the HSSI 10.05
capsule, some dosimeters were located within 1.0 cm of the capsule face. In the HSSI 10.0D capsule,
the closest dosimeter was located 2.25 cm from the capsule face. To test this hypothesis, a separate
adjustment run was made for the HSSI 10.05 capsule omitting all dosimeters that were located within

2 25 em of the face of the capsule. Three-dimensional fitting constants derived from the tesi run were
closer to the values obtained for the HSSI 10.0D experiment. For example, for the fast flux

(E > 1 MeV), the normalization constant A and the attenuation constant A were only 3.1% and 1.7%
smaller than the respective values for the HSSI 10.0D experiment. The good agreement between the
attenuation coefficients supports the hypothesis. The flux magnitude and hence the normalization

constant A are also in good agreement but may be affectad by other differences in the irradiations
such as reactor core loadings.

Uncertainties are not accurately propagated through all the computational sequences, and there may
be biases that are not recognized. However, uncertainties obtained from the least-squares adjustment
procedure take into account estimated uncertainties of neutronics calculations and measured activities.
Uncertainties for the exposure parameter rates obtained from the adjustmen calculations at the
locations of the dosimeters are approximately 4% (1 o). When irradiation exposure rates are calculated
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from Eq. 2, uncertainties arising from the three-dimensional fitting should also be considered.
Differences between the exposure parameter rates at the dosimetry locations, as obtained from the
adjustment and as calculated from the fitting function, are on the order of 1% (averaged over all
dosimetry locations) and at some points reach approximately 4%. Therefore, for the irradiation

exposure parameters obtained from Eq. 2, an uncertainty of 6% (1 0) is considered to be a good
estimate.

Conclusion

The irradiation exposure parameter distributions in the HSSI 10.05 capsule were determined. Exposure
parameters were reported for all the metallurgical specimens at the important notch-tip locations and in
the form of three-dimensional fitting functions. It is recommended that an uncertainty of 6% (1 o) be
associated with the exposure parameters obtained from the three-dimensional fits.
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Appendix

The data included in this Appendix should be sufficient for another organization to recalculate the
exposure parameters if fluence rate spectra are available or if neutronics calculations are performed. In
particular, the data included herein are (1) specific activities of each dosimeter at the end of irradiation
(Table A.1), (2) coordinates of each dosimeter relative to the coordinate system shown in Figs. 3 and 4
(Table A.1), and (3) the irradiation history of the capsule (Table A.2). Specific activities of the
removabl» dosimeter tube (RDT) dosimeters are also given (Table A.3). Only the north RDT was
installed during the second part of irradiation because of damage to the south RDT holder.
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Taole A.1. Activities of the dosimeters in the HSS! 10.05 capsule

Dosimeter
D

Reaction

Coordinates

X

(cm)

Y!

(cm)

Z

(cm)

Activity*
at EOI*

(Ba/mg)

A1-111-1
A1-111-2
A1-111-3
A1-11-01
A1-11-02

B1-121-1
B1-121-2
B1-121-3
B1-122-1
B1-122-2
B1-122-3
B1-12-01
B1-12-02

C1-11-01
C1-1:-02
C1-11-03
C1-11-04
C1-11-05
C1-12-01
C1-12-02
C1-12-03
C1-12-04
C1-12-06

D1-131-1
D1-131-2
N1-131-3
D1-132-1
D1-132-2
D1-132-3
D1-13-01
D1-13-02

A2-211-1
A2-211-2
A2-211-3
A2-211-4
A2-211-5

B2-221-1
B2-221-2
B2-221-3
B2-221-4
B2-221-5
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Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

-10.33
10.33
10.33

7 44
-10.03

-4.50
-4.50
-4.50
-1.32
-1.32
-1.32
-1.62
421

3.66
3.66
3.66
441
441

3.66
3.66

3.66
3.66
3.66

25.59
23.59
21.59
17.63
17.53

25.59
23.59
21.59
25.59
23.50
2150
17.83
17.63

2527
22.87
20 47
18.07
15.67
2527
22.87
20.47
18.07
15.67

25.59
23.59
21.59
2559
23.59
21.59
17.83
17.63

12.32
9.82
7.32
482
2.32

12.32
9.82
7.32
4.82
2.32

3.96E+03
4 25E+03
4 65E+03
6.256+03
5.45E+03

518E+03
571E+03
6.26E+03
5.88E+03
6.52E+03
7.00E+03
7.85E+03
7.17E+03

6.12E+03
6.82E+03
7.80E+03
8 45E+03
8 90E+03
6.45E+03
7.23E+03
8.07E+03
8.82E+03
9.29E+03

6.37E+03
7.18E+03
7.98E+03
6.45E+03
7.16E+03
7.70E+03
9.U1E+03
9.04E+03

6.71E+03
6.85E+03
6.95E+03
7.15E+03
6.96E+03

8. 53E+03
8.71E+03
8.96E+03
9 12E+03
9.02E+03




Table A.1 (continued)

Coordinates Activity*

Dosimeter X \ 4 at EOi**

ID Reaction (em)  (cm) (cm) (Bg/mg)
C2-21-01 Fe-54 (n,p) Mn-54 253 366 11.87 9.90E+03
C2-21-02 Fe-54 (n,p) Mn-54 254 3.66 9.47 1.03E+04
C2-21-03 Fe-54 (n,p) Mn-54 253 366 7.07 1.05E+04
C2-21-04 Fe-54 (n,p) Mn-54 2.54 3.66 467 1.05E+04
C2-21-05 Fe-54 (n,p) Mn-54 2.54 366 2.27 1.05E+04
D2-231-1 Fe-54 (n,p) Mn-54 6.74 2.18 12.32 1.35E+04
D2-231-2 Fe-54 (n,p) Mn-54 6.74 2.18 9.82 1.44E+04
D2-231-3 Fe-54 (n,p) Mn-54 6.74 2.18 7.32 1.42E+04
D2-231-4 Fe-54 (n,p) Mn-54 6.74 2.18 482 1.40E+04
D2-231-5 Fe-54 (n,p) Mn-54 6.74 2.18 2.32 1.43E+04
D2-233-1 Fe-54 (n,p) Mn-54 9.80 2.18 12.32 1.31E+04
D2-233-2 Fe-54 (n,p) Mn-54 9.80 2.18 9.82 1.38E+04
DZ-233-3 Fe-54 (n,p) Mn-54 580 2.18 7.32 1.41E+04
D2-233-4 Fe-54 (n,p) Mn-54 9.80 2.18 4.82 1.41E+04
D2-233-5 Fe-54 (n,p) Mn-54 9.80 2.18 2.32 1.40E+04
D2-234-1 Fe-54 (n,p) Mn-54 9.80 5.99 12.32 8. 95E+03
D2-234-2 Fe-54 (n,p) Mn-54 9.80 599 9.82 7.16E+03
D2-234-3 Fe-54 (n,p) Mn-54 9.80 5.099 7.32 7.50E+03
D2-234-4 Fe-54 (n.p) Mn-54 9.80 5.99 482 7.57E+03
D2-234-5 Fe-54 (n,p) Mn-54 980 599 2.32 7.45E+03
A3-311-1 Fe-54 (n,p) Mn-54 -8.27 4.41 -0.82 6.89E+05
A3-311-2 Fe-54 (n,p) Mn-54 -8.27 4.41 -3.32 6.74E+03
A3-311-3 Fe-54 (n,p) Mn-54 -8.27 441 -5.82 6.69E+03
A3-311-4 Fe-54 (n,p) Mn-54 -8.27 4 .41 -8.32 6 48E+03
A3-311-5 Fe-54 (n,p) Mn-54 -8.27 441 1082 6.10E+03
B3-321-1 Fe-54 (n,p) Mn-54 -2.16 441 -0.82 9.03E+03
B3-321-2 Fe-54 (n,p) Mn-54 -2.18 441 -3.32 8.97E+03
B3-321-3 Fe-54 (n,p) Mn-54 -2.16 441 -5.82 8.81E+03
B3-321-4 Fe-54 (n,p) Mn-54 -2.16 4.41 -8.32 8.35E+03
B3-321-5 Fe-54 (n,p) Mn-54 -2.16 441 -1082 7.66E+03
C3-31-01 Fe-54 (n,p) Mn-54 2.54 3.66 077 1.03E+04
C3-31-02 Fe-54 (n,p) Mn-54 2.54 368 -3.17 1.C4E+04
C3-31-03 Fe-54 (n,p) Mn-54 2.54 366 -5.57 1.02E+04
C3-31-04 Fe-54 (n,p) Mn-54 2.54 366 -7.97 9.79E+03
C3-31-05 Fe-54 (n,p) Mn-54 2.54 366 -10.37 9.30E+03
D3-331-1 Fe-54 (n,p) Mn-54 8.27 4.41 -0.82 1.07E+04
D3-331-2 Fe-54 (n,p) Mn-54 8.27 4.41 -3.32 1.08E+04
D3-331-3 Fe-54 (n,p) Mn-54 8.27 441 -5.82 1.C3E+04
D3-331-4 Fe-54 (n,p) Mn-54 827 441 -8.32 9.94E+03
D3-331-5 Fe-54 (n,p) Mn-£4 8.27 441 -1082 9.33E+03
Ad-211-1 Fe-54 (n,p) Mn-54 -10.33 366 -20.09 3.98E+03
A4-211-2 Fe-54 (n,p) Mn-54 -10.33 366 -22.09 3.57E+03
A4-211-3 Fe-54 (n.p) Mn-54 -10.33 366 -2409 3.10E+03
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Table A.1 (continued)

Dosimeter
D

Reaction

Coordinates

X
(cm)

(cm)

Z
(cm)

Activity*
at EOI**
(Bg/mg)

A4-212-1
A4-212-2
A4-212-3
A4-21-01
A4-21-02

B4-221-1
B4-221-2
B4-221-3
B4-222-1
B4-222-2
B4-222-3
B4-22-01
B4-22-02

C4a-41-01
C4-41-02
C4-41-03
C4-41-04
C4-41-05
C4-42-01
C4-42-02
C4-42-03
C4-42-04
C4-42-05

D4-231-1
D4-231-2
D4-231-3
D4-232-1
D4-232-2
D4-232-3
D4-23-01
D4-23-02

'
-b

<L LKL LLLLLLLLLLL
SGhbhbhaidbobbon
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Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

Fe-£4 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n.p) Mn-54
Fe SA( p) Mn-£4

4 (n,p) Mn-54
Fe 54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n.p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54
Fe-54 (n,p) Mn-54

-7.15
-7.15
-7.15
-7.44
-10.03

-4.50
-4 50
-4.50
-1.32
-1.32
-1.32
-1.62
-4 21

1.32
1.32
1.32
1.32
1.32
450
4.50
450
450
4.50

7.15
7.16
7.15
10.33
10.33
10.33
10.03
7.44

0.24
0.24
0.24
0.24
024
0.24
1.46
1.46
1.46
1.46
1.46
1.46
-0.24
-0.24
-0.24
~0.24

26

3.66
3.66
3.66
441
441

3.66
3.66
3.66
3.66
3.66
3.66
441
4 41

3.66
3.66
3.66
3.66
3.66
3.66
3.66
3.66
3.66
3.66

3.66
3.66
3.66
3.66
3.66
3.66
4.41
4 41

1.564
2.79
404
529
6.54
7.79
1.54
2.79
404
5.29
6.54
7.79
1.54
2.79
404
529

-20.09
-22.09
-24.09
-16.03
-16.03

-20.09
-22.09
-24.09
-20.09
-22.09
-24.09
-16.03
-16.03

-14.17
-16.57
-18.97
-21.37
-23.77
-14.17
-16.57
-18.97
-21.37
-23.77

-20.09
-22.09
-24 09
-20.09
-22.09
-24.09
-16.03
-16.03

23.97
23.97
23.97
23.97
23.97
23.97
1.99
1.99
1.99
1.99
1.99
1.99
-22.46
22 .46
-22 .46
-22.46

4 73E+03
4.23E+03
3.75E+03
567E+03
4 89E+03

5.43E+03
4 89E+03
4 16E+03
6.03E+03
5.25E+03
4 46E+03
6 99E+03
6.41E+03

8.11E+03
7.54E+C3
6.65E+03
5.73E+03
4 96E+03
8.67E+03
7.81E+03
7.02E+03
6.07E+03
5.25E+03

6.77E+03
6.00E+03
514E+03
6.75E+03
5.97E+03
517E+03
8.05E+03
8 04E+03

1.01E+04
7.93E+03
581E+03
4 51E+03
3.60E+03
3.22E+03
1.63E+04
1.23E+04
9 46E+03
7.19E+03
5.83E+03
4 91E+03
8.37E+03
6.34E+03
4 90E+03
3.79E+03




Table A.1 (continued)

Coordinates Activity*

Dosimeter X Yt 2 at EQI*™*

D Reaction (cm) (em) (cm) (Ba/mg)
Y-3-5 Fe-54 (n,p) Mn-54 -0.24 654 -2248 2.98E+03
Y-3-6 Fe-54 (n,p) Mn-54 -0.24 779 -2246 2.59E+03
X-1-01 Fe-54 (n,p) Mn-54 11.83 100 14.15 1.71E+04
X-1-02 Fe-54 (n,p) Mn-54 8.50 100 1415 1.70E+04
X-1-03 Fe-54 (np) Mn-54 6.96 100 1415 1.72E+04
X-1-04 Fe-54 (n,p) Mn-54 442 1.00 14.15 1.71E+04
X-1-06 Fe-54 (n,p) Mn-54 188 100 1415 1.62E+04
X-1-06 Fe-54 (n,p) Mn-54 -0 66 100 1415 1.55E+04
X-1-07 Fe-54 (n,p) Mn-54 -3.20 1.00 14.15 1.42E+04
X-1-08 Fe-54 (n p) Mn-54 -5.74 100 1415 1.26E+04
X-1-09 Fe-54 (n,p) Mn-54 -8.28 1.00 14.15 1.16E+04
X-1-10 Fe-54 (n,p) Mn-54 -10.82 1.00 14.15 9.63E+03
X-3-01 Fe-54 (n,p) Mn-54 11.53 100 -1265 1 55E+04
X-3-02 Fe-54 (n,p) Mn-54 9.50 100 -1265 161E+04
X-3-03 Fe-54 (n,p) Mn-54 6.96 100 -1265 161E+04
X-3-04 Fe-54 (n,p) Mn-54 442 100 -1265 1.67E+04
X-3-05 Fe-54 (n,p) Mn-54 1.88 100 -1265 1.52E+04
X-3-06 Fe-54 (n,p) Mn-54 -0 66 100 -1265 1.43E+04
X-3-07 Fe-54 (n,p) Mn-54 -3.20 100 -1265 1.30E+04
X-3-08 Fe-54 (n,p) Mn-54 -5.74 100 -1265 1.18E+04
X-3-09 Fe-54 (n,p) Mn-54 -8.28 100 -1265 1.04E+04
X-3-10 Fe-54 (n,p) Mn-54 -10 32 100 -1265 8 79E+03
FRDS21 Co-59 (n,g) Co-60 0.00 302 2085 4.70E+03
FRDS21 Ag-109 (n,g) Ag-110m 0.00 302 2085 9.31E+03
FRDS21 Np-237 (n.f) Zr-85 0.00 302 2085 1.29E+05
FRDS21 Np-237 (n.f) Ru-106 0.00 302 2085 2.25E+04
FRDS21 Np-237 (n f) Cs-137 0.00 302 2085 3.04E+03
FRDS21 Np-237 (nf) Ce-144 0.00 302 2085 4 87E+04
FRDS21 U-238 (n f) 2r-95 0.00 302 2085 167E+04
FRDS21 U-238 (n.f) Ru-106 0.00 302 2085 4 28E+03
FRDS21 U-238 (n,f) Cs-137 0.00 302 2085 4320402
FRDS21 U-238 (n.f) Ce-144 0.00 302 2085 8 56E+03
FRDS21 Ni-58 (n,p) Co-58 0.00 302 2085 2.77E+05
FRDS21 Fe-54 (n,p) Mn-54 0.00 302 2085 861E+03
FRDS21 Cu-63 (n,a) Co-60 0.00 302 2085 1.23E+02
FRDS22 Co-59 (n,g) Co-60 -2.16 345 0.75 5.50E+03
FRDS22 Ag-109 (n,g) Ag-110m -2.16 3.45 075 1.10E+04
FRDS22 Np-237 (n.f) Zr-95 -2.16 345 0.75 1.43E+05
FRDS22 Np-237 (n.f) Ru-108 -2.16 345 075 2.57E+04
FRDS22 Np-237 (n.f) Cs-137 -2.16 345 075 3 45E+03
FRDS22 Np-237 (n.f) Ce-144 216 345 0.75 5 59E+04
FRDS22 U-238 (n.f) Zr-95 -2.16 345 0.75 1.95E+04
FRDS22 U-238 (n f) Ru-108 -2.16 345 0.75 5.05E+03
FRDS22 U-238 (nf) Cs-137 -2.16 345 075 5.03E+02
FRDS22 U-238 (nf) Ce-144 -2.16 345 0.75 1.01E+04
FRDS22 Ni-58 (n,p) Co-58 -2.16 345 075 3.12E+05
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Tabie A.1 (continued)

Coordinates Activity*
Dosimeter X Y! 2 at EOI"
D Reaction (cm) (cm) (cm) (Bg/mg)
FRDS22 Fe-54 (n,p) Mn-54 -2.16 345 0.75 9.86E+03
FRDSZ2 Cu-63 (n,a) Co-60 -2.16 345 0.75 1.39E+02
FRDS24 Co-59 (n,g) Co-60 -2.16 1.38 0.75 7.97E+03
FRDS24 Ag-109 (n,g) Ag-110m -2.16 1.38 0.75 1.86E+04
FRDS24 Np-237 (n.f) Zr-85 -2.16 1.38 0.76 2.06E+05
FRDS24 Np-237 (n,f) Ru-108 -2.16 1.38 0.75 3.65E+04
FRDS24 Np-237 (nf) Cs-137 -2.18 1.38 0.75 4 82E+03
FRDS24 Np-237 (n,f) Ce-144 -2.16 1.38 0.76 7 91E+04
FRDS24 U-238 (n,f) Zr-85 -2.16 1.38 075 3.02E+04
FRDS24 1J-238 (n,f) Ru-106 -2.16 1.38 078 7.43E+03
FRDS24 U-238 (n,f) Cs-137 -2.16 1.38 0.75 7.31E+02
FRDS24 U-238 (n,f) Ce-144 -2.16 1.38 0.75 1.47E+04
FRDS24 Ni-58 (n,p) Co-58 -2.16 1.38 0.7% 4 68E+05
FRDS24 Fe-54 (n,p) Mn-54 -2.16 1.38 0.75 1.54E+04
FRDS24 Cu-83 (n,a) Co-60 -2.16 1.38 0.75 2.28E+02
*For the Co and Ag monitors, diluted Al alloys were used. ColAl was 0.1 M%&.ondAolﬂ
was 0.173 wt % Ag. Activities listed are per milligram alloy. The fission product activities for

mo"’NPand”‘Umonnonmgivonpormmmmof”’Npmd“‘U.rnpode.md

all other monitors are given per milligram of chemicaily pure target material
specimens had chevron notches. Because of the chevron, the
the gradient wire inserted in the notch is changing along the

"The 1T C(T) and 0.5T C(T)
thickness of the stee! that shields

m.Tommmmfnmmmmu.wwvmmdw
mmmcmmmnsmwmm'mm‘mm”m:

5.99unmd\anqodtos.e7an,4.41anwud\anoodtos.aﬁan.mdz.war as

changed to 2.14 cm. The effective Y coordinates give the average thickness of the steel

between the gradient wires and the front of the capsule.

»End of irradiation (EOI) for the HSSI 10.05 capsule is 03/05/93 at 23:54.
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Table A.2. Irradiation history for the HSS! 10.05 capsule

ELeginninL

End

Date

Time

Date

Time

Fraction of
full power*

3448
345A
3458
346A
3468
RDT7&8

withdrawn
347A

04/15/92
05/05/92
05/06/92
05/06/92
056/07/92
05/12/92
056/13/92
06/27/92
06/02/92
06/09/92
06/10/92
07/08/92
07/22/92
07/23/92
07/30/92
07/31/92
08/06/92
08/12/92
08/20/92
09/02/92
09/08/92
09/10/92
09/16/92
09/16/92
09/30/92
10/01/92
10/04/92
10/04/92

10/19/92
10/19/92
10/22/92
10/22/92
10/28/82
10/29/92
10/30/92
11/01/92
11/04/92
11/11/92
11/12/92
11/16/92
11/18/82
11/25/92
11/30/82
12/02/92
12/11/92
12/12/92
12/13/92
12/16/92
01/05/93

14:34
09:02
09:40
14:55
08:53
15:29
10:38
09:09
13:51
17:39
14:45
17:06
18:26
12:43
16:49
15:38
07:49
15:42
13:.02
09:31
15:00
15:24
14:06
15:29
09:49
13:00
11:16
11:45

14:13
14:41
10:20
14:05
09:22
1432
15:39
13:03
10:38
18:13
11:39
10:25
09:35
13:37
08:15
10:27
12:44
11:30
19:45
17.07
09:14

04/15/92
05/05/82
05/06/92
05/06/62
05/07/92
06/12/92
05/21/92
06/02/92
06/04/92
06/06/92
06/14/92
07117192
07/23/92
07/30/92
07/31/92
07/31/92
08/12/92
08/14/92
08/28/92
09/04/92
09/10/92
09/11/92
09/16/92
09/25/92
09/30/92
10/04/92
10/04/92
10/08/92

10/19/92
10/22/92
10/22/92
10/23/92
10/29/92
10/30/92
11/01/92
11/04/92
11/05/92
11/12/92
11/16/92
11/17/92
11/20/92
11/25/92
12/02/92
12/04/92
12/12/92
12/13/92
12/16/92
12/18/82
01/08/93

18:04
16:28
14:10
16.:58
2345
17:.04
23:45
08:15
2343
18:35
12:18
2345
10:45
10:53
12:31
23:45
14:32
23.47
2345
23:45
15:18
23:45
15:12
23.45
21.08
10:52
11:30
22:51

14:23
09:40
13:38
10:.00
13:36
15.08
12:33
10:27
08:15
10:45
10:10
14:15
2345
2345
10:19
13:15
00:13
18:07
08:01
10:20
2345

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
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Table A.2 (continued)

Beginning End Fraction of
Date Time Date full power*
01/14/93 10:45 01/14/93 1
01/14/93 16.09 01/15/93
01/15/93 09:50 01/22/93
01/27/93 10:06 02/05/93
02/10/93 13.03 02/18/93
02/18/93 09.59 02/18/93
02/18/93 14.35 02/19/93
02/19/93 09.20 02/19/93
02/25/93 0428 02/26/93
02/26/93 10:18 02/27/93
02/27/93 10.55 03/01/93
03/01/93 17:14 03/04/93
03/04/93 11.45 03/05/93
*Core full power is 2 MW

-

- - -
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NUREG/CR-6600




Table A.3. Activities of the removabla dosimeter tube (RDT) dosimeters
Coordinates Specific activity at EQI'

Reaction X Y o RDT 7 RDT 8 RDT 9
(cm) (cm) (e, (Bg/mg) (Bg/mg) (Bg/mg)

Fe-54 (n.p) Mn-54 -17.14 -0.96 2413 3.09E+3
Fe-54 (np) Mn-54 -17.14 -0.96 13.97 4 55E+3
Fe-54 (n,p) Mn-54 -17.14 -0.96 ”.81 5.12E+3
Fe-54 (i.,p) Mn-54 -17 .14 -0.96 -3.81 511E+3
Fe-54 (n.p) Mn-54 -17.14 -0 96 -13.97 4 28E+3
Fe-54 (n,p) Mn-54 -17 14 -0.96 -24.13 2.7T1E+3

Co-59 (n.g) Co-60 -17.14 -0.96 24 13 1 69E+4
Co-59 (n,g) Co-60 -1714  -0.96 13.97 2 93E+4
Co-59 (n,g) Co-680 -17.14 -0.96 3.81 3.26E+4
Co-59 (n,g) Co-60 -17.14 -0.96 3.81 3.23E+4
Co-59 (n,g) Co-60 -17.14 -0.96 -13.97 2.75E+4
Co-59 (n,g) Co-60 -17.14 096 -2413 181E+4

Fe-54 (np) Mn-54 17.14 -0.96 24 13 7.18E+3 7.86E+3
Fe-54 (n.p) Mn-54 17.14 -0.96 13.97 1.05E+4 1.04E+3
Fe-54 (n,p) Mn-54 17.14 -0.96 3 81 |.20E+4 1.13E+4
Fe-54 (np) Mn-54 17.14 -0.96 -3.81 1.18E+4 1.11E+4
Fe-54 (n,p) Mn-54 17 14 -0.96 -13.97 9.92E+3 8 94E+3
Fe-54 (n,p) Mn-54 17.14 -0.96 -24 13 6.28E+3 4 97E+3

Co-58 (n,g) Co-60 7.14 -0.96 24.13 2.46E+4 2.55E+4
Co-5¢ (n,g) Co-60 14 -0.96 13.97 4 42E+4 4 20E+4
Co-59 (n,g) Co-60 14 -0.96 3.81 510E+4 4.74E+4

Co-59 (n,g, Co-80 14  -0.96 3.81 511E+4  461E+4
Co-59 (n,g) Co-60 14 096 -1397 426E+4  361E+4
Co-59 (n.g) Co-80 14 096 -24.13 265E+4 2 12E+4

“The uncertainty in the axial position of the RDT is +2.54 om (1in.)

"The 2nd of irradiation (EOI) for RDTs 7 and 8 is 10/8/92 at 22:51, for RDT 9 the end of irradiation is 03/05/93
at 23.54
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