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Certificate of Calibration

This calibration report outlines the specific items included in the TRU Control of Measuring,
Testing and Data Collection Equipment'”,

Equipment Identifier:

Calibration Interval:

Date of Calibration:

Calibration Verification
Due date:

Limitations:

Calibration applies to
Listed equipment:

Calibration Method

Calibration range and
Tolerance:

Calibration Acceptability:

Standards

Performers of Calibration:

Reference to Qut-of-Cal.,

or non-conformance issues:

104-ND-06-102 A, GEA-A

Calibration upon installation, then calibration verification annually
thereafter.

20 January, 2000 and 6 March, 2000

20) January, 2001

35 gallon drums.

104-ND-06-102 A

WMH 350 Section 2.5.

Gamma energy range from 35 keV to 2.0 MeV. Tolerance error is
developed within the proprietary Canberra® calibration software.
Analytical span, 0to 160 grams “*Pu defined in HNF-4051%

Calibration has been deemed acceptable with no non-conformance
items.

Standards are listed in Appendix B of this document.

The system Cognizant Enginegr: Craig Wills.
Signature: £ L, Date: 5/ ﬁ/ [or2}
7

TRU-WRP-00CAR-045,
TRU-WRP-00CAR-046,
TRU-WRP-00CAR-047,
TRU-WRP-00CAR-048.
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1.0 Introduction

The Waste Receiving And Processing facility (WRAP) adheres to providing gamma-ray
spectroscopy instrument calibrations traceable to the National Institute for Standards and
Technology (NIST) standards™. The detectors are used to produce quantitative results for the
Waste Isolation Pilot Plant (WIPP) and must meet calibration programmatic calibration goals.
Instruments must meet portions of ANSI N42.14, 1978 guide for Germanium detectors. The
Non-Destructive Assay (NDA) Gamma Energy Analysis (GEA) utilizes NIST traceable line
source standards for the detector system calibrations. The counting configuration is a series of
drums containing the line sources and different density filler matrices. The drums are used to
develop system efficiencies with respect to density. The efficiency and density correction factors
are required for the processing of drummed waste materials of similar densities. The calibration
verification is carried out after the calibration is deemed final, by counting a second drum of
NIST traceable sources. Three in-depth calibrations have been completed on one of the two
systems to date, the first being the system acceptance plan.

This report has a secondary function, that being the development of the instrument calibration
errors which are to be folded into the Total Instrument Uncertainty document, HNF-4050.

2.0 Calibration Configuration

The two gamma systems, GEA-A and GEA-B, are calibrated utilizing a vendor supplied drum
with six full length line sources distributed in a radial related pattern and differing density fillers.
A study by the vendor was cited to develop the source placement. The recommended source
placement pattern is considered the best representation of a homogeneous distribution of activity
in the drum; see Appendix A. This drum source is the sole calibration source geometry for the
Gamma Waste Analysis System, GWAS, for the development of efficiency curves, The source
certifications, D846-D851, are in Appendix B, The uncertainties listed on the certificates are at 3
o (2.576), per telecom from the supplier.

3.0 GWAS detectors

The Gamma Energy Analysis (GEA) system utilizes six detectors; four are the Segmented
Energy Germanium gamma detectors (SEGe-#) used for quantitative analysis, and two Low
Energy Germanium detectors (LEGe-#) which are used for peak ratios analysis of low energy
gamma-rays from the 45 to 300 keV region. The segmented detectors are 22% to 25% efficient
HPGe detectors (High Purity Germanium) relative to a 3x3 Nal(T1) detector. The detector
specifications are in Appendix C; they are not identified with a particular system, but, are the
system detectors. The SEGe detectors have gamma attenuators that can be activated to reduce the
drum gamma-ray activity to levels that the detector and their electronics can handle without
signal distortion. The system drawings state the attenuators are 0.5 inch (1.125 cm) thick, and are
machined [ron plate.
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4.0 GWAS Configuration

The GWAS counting system', detectors, shield and the drum elevation platform will adequately
analyze 55 and 85 gallon drums (208 and 321.5 liters), see Figure I bottom. The drum platform
elevates in two steps, 8.9 cm each, and the platform continually rotates at 10 rpm during analysis
and calibrations, The middle diagram shows the SEGe gamma detector’s angle of coverage for
the drums. These zones of sensitivity overlap and ensure the entire drum is scanned. The lowest
segment in the analysis group views only the rotational portion of the platform and is not
included in the calibration. The highest segment in the group views the drum lid and “air” space,
it also is not included in the calibration for 55 gallon drums.

NDA GEA ANALYSIS CHAMBER

[®

DETECTORS
(LEGe)

Lo

DRUM
i bt .-
BOS 3

POS 2

J(4)]
IDETECTORS
(SEGe)

ik
. .--—-F{’f/)kcmzons 15"

55
DRUM DIAMETER
o e e

T | 10.25"
— s
‘/u"‘*'at’/.q,

DETECTOR I
(SEGE)

55 GALLON DRUM

BS GALLON ORUM

DETECTOR
(SEGE)

Figure 1. NDA detector layout and zone of sensitivities.
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5.0 = Vertical Activity Response

A series of counts were made with the daily source check drum, following calibration, to
evaluate system parameters. The system’s response to the standards is shown in the next two
figures. Figure 2 is a plot of the counts for selected calibration peaks versus SEGe and position.
Note that analytical segment 11 is the top of the drum. The segment’s count along the vertical
axis 1s reduced for the drum extremities; the bottom two analysis groups are lower as well as the
upper two analysis groups. This count distribution will reflect the efficiency curve’s as well.

Isotopic Count Response
Jan, 2000

LOEH)S

~

LOEH
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~_
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Counts
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Figure 2.
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6.0 Comparative Analysis

The daily control drum, using a separate set of six NIST traceable line sources, E838-E843, was
analyzed a multiple of times to evaluate the response to the calibration. One feature was to view
the activity per segment; Figure 3 portrays a plot of that activity versus segment. This plot
demonstrates the system’s ability to reproduce the drum’s vertical isotopic activity. The plot does
not indicate losses at the drum extremes. The spreadsheet for Figures 2 and 3 are in Appendix F.

Isotopic Activity Response
Jan 2000

10.0
5
j=
=
cé 10
=
=

+_=P_mh_._w,._-ﬂ*___~_w_ "
—— —
0.1 r - ‘
0 2 4 6 8 10 12
Segments (2= Boitom)
| =~ 591V —8- 81 keV —6— 356 keV ~8— 661 6keV —%— 13325 keV
Figure 3.

The following table, Table 1, displays the calibration on a second separate NIST traceable source
drum. This drum is configured in the exact same geometry, but, with another second set of rod
(line) sources; certificates are shown in Appendix B, E838 to E843. This particular evaluation
could be considered the calibration verification.
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59 k'eV 81 keV 356 keV 661 keV 13325 keV

Seg # Seg AVG Y err AVG Y% err AVG % eTr AVG  %err AVG  %err

11 S12 4.02 2.46 4.46 3.90 313 1.61 0.577 1.89 0408 16l

10 $13 373 1.44 3.58 1.04 3.08 1.61 0.547 2.08 0.373 I.61

9 821 3.77 2.49 3.02 7.61 3.15 1.37 0.563 1.20 0.395 1.37

8 822 3.50 [.82 354 6.28 312 193 0579 1.81 0394 193

7 §23 3.50 1.58 333 3.68 313 0.580 0.569 1.06 0408 0.580

6 831 3.61 1.67 345 1.43 ila 1.39 0601  0.688 0384 139

5 §32 382 2.10 352 1.55 3.18 1.49 0.588 1.28 0411 149

4 833 3.80 295 3.30 1.95 3 1.79 0.557 1.57 0.388  1.79

3 S41 3.45 3.00 313 16.06 316 1.66 0.362  0.701 0,400  1.66

z S42 354 2.70 359 10.82 322 2.64 0.566 1.56 0366 264

AD4 37.27 1.05 3428 049 3211 0.455 593 0.186 4.04 0.455

Sum Y% Diff 37.14 0.33 3491 -1.85 31.44 2.10 371 379 393 2.76

Src Act 3597 277 3162 291 31.62 291 5.57 342 394 305
Ratio  A04/Std 1.036 1.08 1.02 1.07 1.03
Sum/Sed 1.032 110 0.994 1.03 0.997

Table 1. Daily QC-57 drum response.

The total activity is calculated in Table 1, note specifically the rows for the activity ratios to the
standard, per isotope. The summed spectrum analysis is coutained in the A04 module and its
ratio to the actual standard is A04/Std. The summation of each of the segment’s activity into a
summed activity is ratioed to the standard; Sum/Std. The agreement in both cases is quite good,
better than 4%. The 81 keV peak of 13Ba has less agreement due to the interference produced by
lead X-rays from unshielded lead next to the detectors.

7.0 SEGe Detectors

The Segmented detectors are set to view energy from 35 keV to 2.0 MeV within a 4096 channel
memory block. The gain and zero are carefully adjusted to ensure the resolution is not lost during
the summation of the spectra of the individual segmented counts. The Canberra program also
contains a built in function to aid in the zero and gain normalization for this summation. The
effectiveness of this summation is demonstrated in Table 2 and its associated graph, Figure 4.
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The energy equations are of the form:

Energy (keV) =a + b*chn + c*chn’

Detector Intercept Linear Quadratic

Multiplier Multiplier Multiplier

(a) () ©
SEGe-1 -0.983 0.500 -1.68E-07
SEGe-2 -0.757 0.500 -1.72E-07
SEGe-3 -0.693 0.500 -1.64E-07
SEGe-4 - -1.687 0.501 -1.51E-07
Summed -1.691 0.501 1.54E-07
Table 2.

Energy versus Channel

Channel

LOE+04 .,

% .
= £
5 =
5 S
= 1.0EH)2
LOE+OT .
Channel
—e—Eng Vs Chn —g— % Error
Figure 4

The Energy versus Channel plot demonstrated the good fit of the equations to the summed
specirum piot. The individual SEGe detectors are adjusted to as close as practical to the ideal
setting, thus the low error values.
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The equations for energy and FWHM also demonstrate this normalization effect in the
consistency of the equation’s coetficients as follows:

FWHM vs Energy
FWHM(keV) = a + b*E"*
a b

SEGe-1 0543 0.030
SEGe-2 0378  0.039
SEGe-3 0543  0.032
SEGe-4 0529  0.029
Summed 0.605 0033

Table 3.
FWHM versus Energy
Channel
2.5E+00 20.00
18.00
16.00
2.0E+H00
14.00
-
% 12.00 §
= 1.5EH00 10.60 N
=
= 8.00 2
= 6.00
1.0E+00
4.0
2.00
5.0E-01 0.00
10 100 1000 10000
Peak Fnergy (keV)
o~ FWHM Vs Energy _g— % Error |
- Figure 5.

The FWHM plot does demonstrate that broadening occurs in the spectrum summation; one of the
SEGe detectors (2), is wider than the others and causes the error to increase at the higher
energies. The combination of these two plots suggest peak identification should be within the

11
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acceptable parameters for the gamma analysis program. The individual curves for the detectors
are with the parameter printouts in Appendix D.

8.0  Low Energy Detectors

The two LEGe HPGe detectors are 10 % efficient relative to a 3x3 Nal(T1) detector. The detector
crystal has less depth to enhance the efficiency of the lower energy gamma-rays. These detectors
are shielded with 31 mil Sn. These detectors are calibrated only for energy and FWHM (Full
Width at Half Maximum) parameters. The detectors need to have good resolution and have little
degradation with respect to high gamma-ray throughput rates. Figure 1 shows the placement of
these detectors.

The LEGe detectors, used for the MGA'™ and MGAU analysis are looked upon as separate
entities, that is no spectrum summing is done. The energy range for these detectors is from 35 to
300 keV stored into a 4096 channel buffer. Calibration for energy is linear and has only two
terms, a requirement of the MGA/MGAU software. The equations are as follows:

Energy (keV)=a+b*Chn  FWHM (keV) =a + b*Eng’’

Energy equation FWHM Equation

Intercept Linear Intercept Linear
Detector Multiplier Multiplier
LEGe-5 (Upper) 0.159 0.076 0.273 0.039
LEGe-6 (Lower) 0.150 0.076 0.223 0.040

Table 4.

The FWHM for the LEGe detectors is 0.575 and 0.533 keV respectively at 60 keV and increases
to 0.663 and 0.623 keV at 100 KeV, then 0.825 and 0.789 keV respectively at 200 keV. The
FWHM is within the 0.85 keV resolution needed for the MGA and MGAU analysis software.
The MGA and MGAU program is designed to analyze for both gamma and X-ray peak areas
below 300 keV. The LEGe detectors are not calibrated for efficiency, as the Canberra program
doesn’t calculate activities from these spectra, only compares relative peak areas. The energy and
FWHM data is included in Appendix D for the LEGe detectors.

9.0 SEGe Efficiency

The efficiency calibration output for the segmented detectors is contained in Appendix E. The
efficiency curve formulas are the “best fit” selected from the regression analysis contained in the
Canberra  software. The equation’s coefficients listed below are in two groups; one without the
collimators (shields) activated, and the second with the collimators activated. Each equation
takes the basic form:
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Ln(Eff) = a + b*Ln(E) + ¢*Ln(E)* + d*Ln(E)’ + ....

The spreadsheet containing the equation’s coefficients are in Appendix F, F8 and F9. The
efficiency parameters can regenerate portions of the Canberra’s software curve, but lack the
inflection point input to completely draw the efficiency curve. The error associated with each
efficiency point also includes the error developed in the regression analysis matrix. The error
listing or report is not readily available for printout as an equation or plot. Uncertainty for
selected efficiencies is discussed below.

Figures 5 and 6 displays the efficiency curve variations with respect to density, Figure 5 has the
curves for a non-shielded count, No Collimator, while Figure 6 is the efficiency curves with the
shield (Collimator).
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Figure 5: No Collimator
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Dual Efficiency Calibration Curve | 4
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Figure 6: With Collimator

The uncertainty plots for the summed curves are seen in the following two figures, 7 and 8.
Figure 7 is the plot with no shield in front of the detector, while Figure 8 has the iron shield in
the analytical path.
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Error versus Energy
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The uncertainty for the calibration never gets less than 6.5% for the efficiency calibration error.
The slight deviations from the curve in the 385 keV region is due to the low gamma yield of the

upper Bal33 gamma line, longer counting would bring the efficiency error back to the base
curve.

10. Transmission Calibration

The GWAS system utilizes a density evaluation method for correcting the final efficiency curves
to a waste drum. The "density" correction is defined by measuring the gamma attenuation
through each drum. The developed base for the correction is established during the calibration by
a measure of the calibration drum with and without the shields. The program stores this data and
utilizes it during actual waste drum measurements to develop the density of the waste material.
The density information is then used to modify the efficiency for the waste drum and is used in
the Combine All calculations. The calibration files are as follows:
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Transmisgion Calibration Report 3-06-00 10:05:47 AM Page 1

Y X2 XEREXERZ2 22222 RSS2 AR R R A2 L2 2 a a2 R it R a2 a2l

*kk ok TRANSMISSION CALIBRATION REPORT *k ok

R R R AR 2R RS 2T SRR SRR AR AR AR R R R R R R R AR R RS AR R R A AR RS SR ERRERE LRSS SRS S

Detector Name: SEGE1
Container Type: 55 gal container
Cellimator: 0
Calibration time: 3-06-00 9:46:16 AM
Calibrated by: S8ystem Manager
Calibration Live Time: 123.8 sgeconds
Energy Tolerance: 1.5 keVv

Record Nuclide Energy Peak Area Peak Area Half-Life

(keV) (Cnts) Error (Cnts) (gec)
1 Eu~152 121.80C 2.94E+05 6.43E+02 4.19E+08
2 Bu-~152 244 .65 8.33E+04 4 ,03E+02 4.19E+08
3 Eu~152 344 .50 ‘ 2.27E+05 5.42E+02 4.19E+08
4 Eu-~-152 778,90 5.72E+04 3.09E+02 4 .19E+08
5 Eu-152 964 .10 5.53E+04 2.98E+02 4.19E+08
6 Eu-~152 1112.10 4.71E+04 2.74E+02 4.19E+08
7 Eu-152 1408 .00 5.90E+04 2.51E+02 4.19E+08
~Transmission Calibration Report 3-06-00 10:05:35 AM : Page 1

‘22222 AR RRRR LR RARRERRRRR LRl Rt Rl LT L L LN

ko TRANSMISSION CALIBRATION REPORT * ke
L L R R R R L R Ry g ey e g e T T

Detector Name: SEGEZ2
Container Type: 55 gal container
Collimator: ]
Calibration time: 3-06-00 9:46:16 AM
Calibrated by: System Manager
Calibration Live Time: 195.3 seconds
Energy Tolerance: ‘ 1.5 kev

Record Nuclide Energy Peak Area - Peak Area Half-Life

{keV) {Cnts) Error {(Cnts) (sec)

1 Eu~152 121.80 1.90E+05 5.18E+02 4.,19E+08
2 Eu-~152 244,69 5.83E+04 3.22E+02 4.19E+08
3 Eu~152 344 .50 1.66E+05 4 ,68E+02 4 ,19E+08
4 Eu~152 778,90 4.47E+04 2.81E+02 4.19E+08
5 Eu-152 564.10 4.31E+04 2.42E+02 4,15E+08
6 Bu-~152 1112.10 3.71E+04 2.41E+02 4.19E+08
7 Eu-152 1408.00 4 .68E+04 2.22E+02 4.19E+408
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Transmission Calibration Report 3-06-00 10:05:24 AM Page 1

LA AR A AR AR EES AR R EEEE AR RS SRR R R R R R R R R R e

*kk ok TRANSMISSION CALIBRATION REPORT ek kok
R R R R L L Y S R R )

Detector Name: ) SEGE3
Container Type: ' 55 gal container
Collimator: 0
Calibration time: 3-06-00 9:46:16 AM
Calibrated by: System Manager
Calibration Live Time: 178.5 seconds
Energy Tolerance: 1.5 kev

Record Nuclide Energy Peak Area Peak Area Half-Life

(kev) (Cnta} Error (Cnts) (sec)
i3 Eu-152 121.80 2.12E+05 5.54E+02 4.19FE+08
2 Eu-152 244 .69 6.54E+04 3.46E4+02 4.19E+408
3 Eu-152 344 .50 1.85E+05 4,.91E+02 4.,19E+408
4 Eu-152 778.90 4.94E+04 3.15E+02 4.19E+08
5 Eu-152 964.10 4.82E+04 2.65E+02 4.,19E+08
6 Eu-152 1112.10 4.07E+04 2.56E+02 4.19E+08
7 Eu-152 1408.00 5.20E+04 2.33E+02 4.19E+08
Transmission Calibration Report 3-06-00 10:05:12 AM Page 1

kkhkkkkkhdkkhhkhkhkdhhhkhhhbkhhxhhhkhhdhdhdrrhkdhkhkdhkhkhdhkdhdkddrhkkbhbtrhdkhhrhhhdhdEht

i TRANSMISSION CALIBRATION REPORT F ok ok

khhkkhkhkdhdhhhhddhdhdkhdbdhkhhdhhhthrhrdhdddrdbhrhhdohhhhhhdrhkhdhrkdbrhddrdrdtthhirrd

Detector Name: . SEGE4
Container Type: 55 gal container
Collimator: 0
Calibration time: 3-06-00 9:46:16 AM
Calibrated by: System Manager
Calibration Live Time: 240.1 seconds
Energy Tolerance: 1.5 kev

Record Nuclide Energy Peak Area Peak Area Half-Life

(keV) (Cnts) Error (Cnts) {sec)

1 Eu-152 121.80 1.24E+05 4.28E+02 4.19E+08
2 Eu-152 244 .69 3.68E+04 2.75E+02 4.19E+08
3 Eu-152 344.50 1.02E+05 3.63E+02 4.19E+08
4 Eu-152 778.90 2.70E+04 2,.10E+02 4.19E+08
5 BEu-152 964.10 2.60E+04 1.84E+02 4,19E+08
6 Eu-152 1112.10 2.22E+04 1.86E+02 4 ,13E+08
7 Eu-152 1408.00 2.,85E+04 1.72E+02 4.19E+08



HNF-5148, Rev. 2

Transmission Calibration Report 3-06-00 10:06:37 AM

Page

1

*********************************i*******************************************

*Ekx TRANSMISSION CALIBRATTION REPORT
R T 2 e R R T S T F T Ty

* %k &

Detector Name: SEGEL
Container Type: ' 55 gal container
Collimator: 1
Calibration time: 3-06-00 9:56:52 2M
Calibrated by: System Manager
Calibration Live Time: 232.4 seconds
Energy Teolerance: 1.5 kev

Record Nuclide Energy Peak Area Peak Area Half-Life

(keV) {Cnts)} Error {Cnts) {sec)
1 Eu-152 121.80 8.48E+03 2.21E+02 4 .19E+08
2 Eu-152 244.69 1.98E+04 2.50E+02 4.12E+08
3 Eu-152 344,50 7.66E+04 3.45E+02 4.19E+08
4 Eu-152 778.90 3.22E+04 2.40E+02 4.19E+08
5 Eu-152 964.10 3.45E+04 2.33E+02 4.19E+08
6 Eu-~-152 1112.10 3.12E+04 2.13E+02 4.15E+08
7 Bu-152 1408.00 - 4.42E+04 2.16E+02 4.19E+08
Transmission Calibration Report 3-06-00 10:06:25 AM Page 1

S 2 222222323222 222 X220 2 R R 2 2 2 R AR AR Rt ot s Rttt h Rt bl kg

*kkok TRANSMISSTITON CALIBRATION REPORT

khkkhhhkkhk kb kb khhhkhkkdddhhdkhhhhrhdhrrdrrrhrrhhrhkhkkhkrkddrrrdhrhrhhhkhkrdkrdtrhhhht

d*kkk

Detector Name: SEGEZ2
Container Type: 55 gal container
Collimator: 1
Calibration time: 3-06-00 9:56:52 AM
Calibrated by: System Manager
Calibration Live Time: 265.9 seconds
Energy Tolerance: 1.5 keV

Record Nuclide Energy Peak Area Peak Area Half-Life
' (keVv} (Cnts) Error (Cnts) (sec)
1 Eu-152 121.80 4 .46E+03 1.64E+02 4.19E+08
2 Eu-152 244 .69 1.04E+04 1.85E+02 4.19E+0(8
3 Eu-152 344 .50 4.21E+04 2.53E+02 4.19E+08
4 BEu-152 778.90 1.91E+04 1.93E+02 4.19E+08
5 Eu-152 964 .10 2.04E+04 1.68E+02 4.19E+08
6 Eu-152 1112.10 1.950E+04 1.73E+02 4 .19E+08
7 Eu-152 1408.00 2 4.19%E+08

.63E+04 1.68E+02
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Transmiszsion Calibration Report 3-06-00 10:06:10 AM Page 1

R 2 iR AR R e R R I I I X 2SI

SRRk TRANSMISSION CALIBRATION REPORT wk ok ok
22 T T I SR R I R R T TR L R R R T R T T S T R g S G A SR g

Detector Name:
Container Type:

SEGE3
55 gal container

Collimator: 1
Calibration time: 3-06-00 9:56:52 AM
Calibrated by: System Manager
Calibration Live Time: 259.1 seconds
Energy Tolerance: 1.5 keV

Record  Nuclide Energy Peak Area Peak Area Half-Life

{keV) (Cnts) " Error (Cnts) (sec)
1 Eu-152 121.80 5.00E+03 1.83E+02 4,19E+08
2 Eu-152 244.69 1.28E+04 2.06E+02 4.19E+08
3 Eu-152 344 .50 5.02E+04 2.82E+02 4.19E+08 "
4 Eu-152 178.90 2.23E+04 2.01E+02 4.19E+08
5 Eu-152 964.10 2.45E+04 1.91E+02 4.19E+08
.6 Eu-152 1112.10 2.21E+04 1.89E+02 4.19E+08
7 Eu-152 1408.00 3.11E+04 1.80E+402 4.19E+08
Transmission Calibration Report 3-06-00 10:05:59 AM Page 1

EEAREE RS RS R R EEEEEEREETEEERRLL R YRS SRR EEREEEL LSS E R FY TR L L L I RT LT LR TR

* ok ok TRANSMISSION CALIBRATION REPORT khkk
R I T T 2T TR LT T 2 L L T TR R R g g g g u AR

Detector Name:
Container Type:
Collimator:

Calibration time:
Calibrated by:

Calibration Live Time:

SEGE4
55 gal container

1

3-06-00 9:56:52 AM
System Manager

281.9% seconds

Energy Tolerance: 1.5 kev

Record Nuclide Energy Peak Area Peak Area Half-Life

(kev) {Cnts) Error {Cnts) (sec)

1 Eu-152 121.80 2.63E+03 1.14E+02 4.1%E+08
2 Eu-152 244.69 5.96E+03 1.20E+02 4.19%E+08
3 Eu-152 344.50 2.36E+04 1.93E+02 4.19E+08
4 Eu-152 778.90 1.02E+04 1.22E+02 4.19E+08
5 Eu-152 964 .10 1.12E+04 1.33E+02 4.19E+08
6 Eu-152 1112.10 1.03E+04 1.31E+02 4.19E+08
7 Eu-152 1408.00 1.45E+04 1.22E+02 4.19E4+08
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APPENDIX A

Calibration Configuration

Drum Source Distribution
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Q2 SYSTEM CALIBRATION AND SOURCE DISTRIBUTION

Calibration Drum Description:

A set of four calibration matrix drums was used to determine the Q2 (Canberra GWAS) system
efficiencies as a function of photon energy and source matrix density. Four 208 Liter (55 gallon)
drums were homogeneously loaded with the following materials and approximate densities:

1) Polyurethane foam (0.14 gm/cc)

2) Soft Board (Homosote) (0.470 gm/cc)

3) Particle board (0.76 gm/cc)

4) Sand (1.67 g/ce)
Each calibration matrix is divided into 6 cylindrical shells, designed to simulate a homogeneous
source distribution. A set of hollow tubes was mounted in each of these shells. The source tubes

extended the full height of the matrix, and were mounted parallel to the center of the axis of the
drum at the positions shown in the following top view diagram.
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In order to simulate routine sample counting conditions during the calibration process, the drums
were placed on the turntable platform and rotated at a constant speed during all the counts. The
axis of rotation was perpendicular to the axis of the Q2 system detectors. In this case a line
geometry source (with equal activity per unit length) positioned in a source tube provides
counting results equivalent to a cylindrical shell-geometry source with the same radial distance
from the center axis of the drum. Taken together, the six shells simulate a homogeneous source
distribution throughout the matrix.

Each calibration drum is divided into six shells of equal volume, and labeled A, B, C, D, E, and
F. The individual source tubes are numbered 1 — 9. The radial distance from the drum to the
center of each of these hollow source tubes is provided in the following table.

Source Tube Radius from Drum
Location Center (inches)

1 0

2 2.3
3 5.6
4 7.3
5 8.6
6 9.8
7 102
8 10.5
9 10.8

Efficiency Calibration Theory

Since the cylindrical shells used in this calibration have equal volumes, count rate data obtained
for calibration counts with the line sources in tubes 2, 3, 4, 5, 6, and 9 should be weighted
equally for reference counting geometry efficiency determinations. Efficiency values may be
calculated using the following equation:

Efficiency = (A2 + B3 + C4 + D5 + E6 + F9)/(activity * abundance)
Where

Efficiency is given in the units of counts per gamma emitted from a uniform matrix, and

A2 = measured counts per second (cps) with the line source in tube 2 (shell A)

B3 = measured cps with the line source in tube 3 (shell B)
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C4 = measured cps with the line source in tube 4 (shell C)
D5 = measured cps with the line source in tube 5 (shell D)
E6 = measured cps with the lime source in tube 6 (shell E)
F9 = measured cps with the line source in tube 9 (sheil F)

Activity = decay corrected activity of the calibration source.
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APPENDIX B

Source Certificates
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Calibration Certificates

The following certificates have been scanned from the originals, only one source leak page will
be evident as it is a copy on the backs of each certificate. The certificates will be in two groups,
one being the calibration sources and the second being the verification and daily check sources.
In each set the stated uncertainty is at the 3o level.

GWAS Calibration Source Set

A matched set of six calibrated line sources is used to perform the energy, full-width-at-half-
maximum (FWHM), and the four efficiency calibrations.

Calibration Source Certificate File

The GWAS efficiency calibration requires the generation of a certificate file containing the total
activity of the line sources, expressed as the number of gammas per second for each gamma line
used. This is just the sum of the isotopic activities, multiplied by the abundance (branching ratio)
for each of the gamma lines.

The current gamma rates are calculated from the current date and time and the reference date
and time.

The total uncertainty for the line sources is calculated from the square root of the sum of the
squares of the individual line source uncertainties (RMSj.
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CERTIFICATE OF CALIBRATION

MODEL ENVA057 LINE SOURCE
SERIAL NUMBER D846
Raference Date March 1, 1996

Total
Activity Unspasinty {1) Hatf Lita
147.7 kBq (3.591 pCi 3.27% 432.7 z 0.5 yoars
208.7 kBq (5.587 4L 3.22% 10.54 + 0.03 yeers
38.54 £8q (1.042 pCh 3.07% 30.0 £ 0.2 ysars
28.66 kBq {1,045 ;Ciy 2.80% £.27% 1 0.001 years
PRINCIPLE EMISSIONS™
Troe Energy {keV] Intensity (%)
gemma 535364 35.7

gamme 80.88% 34.2
278.308 7.08
302.881 19.4
355.999 62.2
383.84) 8.92

Cs-137 651.860 a8.21

Co-80 1173.237 99.90
1332.601 98.9824

SOURCE DESCRIFTION

The activity is undennty distributad in sn epoxy matrix with » density of 1.07 g/ce and cest in # 9.53 mm (0.3757) Q.D. by 843 mm
132.0%} long Alurninum tube with 0.83 mm (0.0357) thick walls. 2 rren ( 0,080%) end plugs sre ploced m both erxds of the tube 1o give
o active langth of 209 rm ( 31.847)

METHROD OF CALIBRATION

The cource was calibrated on a high pudty Germanium detector against an NIST wacestis standand in & similsr geometry. The actvity
of the standard weas detartrined using an enargy va. officiency curve established through ongoing Intercomparisons with the National
Iretittize of Standands snd Technology, This standend is indirecty Omplicity) trecesbls to the Nations Invtitute of Standards snd
Technalogy.

Novth Amatcan Scentfic, Ing, activaly participetes i the Redicsctivity Moasuremants Assurance Program conducted by the Natonal
Institute of Standerds and Technalogy in cooparstion with the Nuclsar Energy Institte.

- March 19, 1998
' JayFan, PhD, Date

Calibraton Laboratory Manager

BEFSRENGES
m Tabils of Radicactive leotopes, 7 edition, 1988,

*LEAK TEST CERTIFICATION ON REVERSE -~
Nocth American Scientific, lnc. 7435 Greenbush Ave., North Hollywood, CA 81605 (818) 5039201 Fax (818) 5030764
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CERTTFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER DB47

Referance Date March 1, 1996
Toral
Radionuchde Actpvity Ancortsincy () Half Lits™
Am-241 148.5 kBq (4.013 4Ci) 3.25% 432.7 £ 0.5 yoars
Bs-123 2049 kBq (5.538 pCi) 3.19% 10.54 2 0.03 yoers
Ce-137 234.10 kBg {1.030 3Ci) 2.806% 300 £ 0.2 years
Co-60 38.85 kBq (1.045 3C1) 2.83% 5.271 £ 0.001 yoars
PRINCIPLE EMISSIONS™
Tve Eogrgy tkaV) Irtorgity (%)
Am-241 camma 53,5364 157
Bea-133 gorrema 20.989 4.2
276.388 709
202.851 13.4
355.999 62.2
383841 882
Cs-137 gamma 861,860 a5,
Co-80 garmma 1173.237 99.30
1332.501 99.9824
SOURCE DESCRIPTION

‘The sctivity is uniformly distributed in en opoxy matrix with & dentity of 1.07 gicc and caet in 4 9.53 nwn (0.3757) 0.0, by 813 mm
(32.07) leng Alumioum tube with 089 rmn {0.035%) thick walls. 2 mm (0.0807} end plugs ore piaced at both ends of the fube to give
&n active longth of 809 man ( 31.84%).

METHOD OF CALIBRATION

Tho source was calibratad on 8 hagh purity Germanium detector againet an NIST traceablo srandard in a timiar geometry. The activity
of the stardderd wa3 determined using an anorgy va. sfhcieocy curve ostablished through ongolng Intercomparisons with the National
Irtitste of Standards and Technology. This standand b Indirectly dmplcittyl recestie 1o the Nations Instimae of Swrdards end
Technology.

North American Scientific, Inc. actively participetes in the Radicactivity Messurements Assurance Program conducted by the Natonal
Irstitute of Standards and Techmolugy in cooparation with the Nuclear Energy Institute.

% % March 19, 1598

Jay Fen_ PaD. Date
Calibration Labaratory Manager
BEFERENCES
n Toble of Rodioncyve 130t000e, 7th adition, 1986,

« LEAX TEST CERTIFICATION ON REVERSE »
North American Sclerfific, inc. 7435 Greenbush Ave., North Hollywood, CASTE0S  (818) 5039201  Fax (815) 5030764
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER D848

Reference Date March 1. 1396
Totsd
Redionuclide Agtiviry Uncerginry (&1 Half Life™
Am-241 150.4 kBq {4.085 uCi) 3.25% 4327 = 0.5 yoars
Be-133 205.4 kBq {5.552 4Ci) 3.20% 10.56 x 0.03 yesrs
Cs-137 38.27 kBq {1.034 .Ci) 2.58%% 30.0 + 0.2 yoars
Co-80 38.35 kBq (1.038 1Ci) 2.668% 5.271 2 0,007 yoars
PRINCIPLE EMISSIONS'"
Tvpe Enctay xeV) Intensity (%)
Am-241 pamma £9.5384 35.7
Be-132 gamma B80.989 4.2
278.388 7.09
302.851 18.4
335,999 62.2
as3.8281 . 8.92
€2-137 gamma 841.860 85.21
Ca-B0 g 1173.237 99.90
1332.50 99.9824

SOURCE DESCRIPTION

The activity is uniformly distibuted in an epoxy matrix with a dansity of 1,07 gicc and cost in # 9.53 rym {0.3757) 0.0. by 813 mm
{32.0") long Aluminum tube with 0.89 mon (0.035%) thick walis. Z mm (0.080°) and plugs ure placed at hoth snds of the Tube to give
an active longth of 80% mm { 31.84").

METHOD OF CALIBRATION

The cource was calibrated on s high purtty Germanium d xeinet an NIST ] derd in & sirslar geometry. The actvity
of the stendsrd was determined using an snergy ve. efficiancy curve established through ongolng intercomparisons with the Netonsl
ingttute of Standerds and Technology. This stenderd ks indirecdy Gnplicitdy) tracestie to the Naticnal Inotitute of Stardands and
Technology.

North American Scientific, inc, actively participates in the Radicectivity Measurements Assurance Progrem cardhucted by the Netional
Institute of Standards and Technalogy in coogaration with the Nuclesr Enargy imstitute,

M m\. March 19, 199¢

"~ Jay Far, PhD. Date
Caiibration Laboratory Manager

BEFERENCES
m Tsbis of Rpeficactive tsolades, 7th ediion, 1886,

«LEAK TEST CERTIFICATION ON REVERSE *
North American Scientific, Inc. 7435 Greenbush Ave., North Holfywood, CA 91605 (816) 5039201  Fax (818) 503-0754
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] CERTIFICATE OF CALIBRATION |

MODEL ENVA4057 LINE SOURCE
'SERIAL NUMSER D849

Reference Date M

Total
Activite Unsaneinty (2] Hatf Lita™
145.1kBq {3.920 ;€ 3:24* 432.7 = 0.5 yesrs
2048.3 kiq (5.575 pCi 3.19% 10.64 £ 0.03 years
37.44 kBq {1.012 4Ci} 2.83% 30.0 + 0.2 yeurs

38.30 kBq (1.035 ,Ci) 2.60% 5.271 & 0.001 yours
PRINCIPLE EMISSIONS™

i Enoray (ko¥) Jozensity (%}
garnma 59,5364

80.98¢8
276,288
302.851
3865.999
383.841

641.660

1173.237
1332.501

SOURCE DESCRIPTION

The ectivity is uhiformly distributed in an epoxy matiix with a density of 1.07 g/cc and castin  9.63 rmon (0.3757) 0.0. by 813 mm
{32.0"1 long Aluminum Tube with 0.89 mm [0.035) thick walls. 2 mm { 0.080°) end plugs sre placed et both ends of the tubs to give
a0 active leagth of 809 mm { 31.84°).

METHOD OF CALIBRATION

The source was calibrsted go & Ngh purity Gemmaniurn detector against an NIST traceable stendard In  similer geametry. The sctivity
of the standard was datermined using an snergy ve. sfficency curve established through ongalng intercomparisons with the National
Ingtitute of Standards and Technology. This standard is indiractly (mplicidy) tracesbls to thw Natonal Instinute of Standards and
Technology.

North Amorican Scientifie, Inc. actively participates in the Radicoctivity Messuromonts Aseurence Progrem conductad by the Natjonal
inatinute of Standerds and Tectinclogy in cooperation with the Nuclear Enargy Instituts.

March 19, 1996

dwy Fan, PR.D. Dute
Calibraton Leboratary Manager
AKFERENCES

Talig of Radioactive iggtopey, 7th editon, 1986,

« LEAK TEST CERTIFICATION ON REVERSE -
North American Sclentific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605 (818) 5069201  Fax (818) 5030784
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER D850
Reference Date March 1. 1998

Activiey Yotud -
Am-241 1464 kBq (3.968 4Ci) 3.20% 432.7 = 0.5 yesrs
Ba-133 205.5 kBq (5.553 pCh 3.21% 10,58 » 0.03 ywars
Cs-137 37.38 kBg {1.010 4CH 3.01% 30.0 £ 0.2 yesrs
Co-80 38.62 kBq (1.041 pCA 2.74% §.271  0.001 yaars

PRINGIPLE EMISSIONS"

Txze fnnray GegV) Interaicy (%)
parmma 59.5364 5.7

80.989 34.2
276.388 7.08
302.881 18.4
355.999 62,2
3183.841 8.92

L AN 1. ) 85.21

1173.227 99,90
1332.601 99.93824

SOURCE DESCRIPTION

The sctivity is uniformly distributed in an epoxy mstrix with # density of 1.07 g/cc and cest in » 9.53 mm (0.375") 0.0, by 813 mm
{32.0°} long Alumirum tube with 0,89 mm {0.0357) thick walls. 2 mm { 0.080"} end pligs are placed 4t both ends of the tuba 10 give
an active length of 809 mm { 31.84").

METHOD OF CALIBRATION

The source was calibrated on a high pudty Gemenium dstactor agalnst sn NIST tracesblo standerdin » wsmitar geomatry. The activity
of the standard wes determined ysing an energy va, sificioncy curve established through ongoing intercomparsans with tha Naticnel
Inatinyte of Standards snd Teohnology. This standerd In Indirecdy {implicitly) tracesbls to the annnll Instdtute of Standarde and
Technology.

North ' aumeiican Scientifie, In¢. actively participates in the Radioactivity Measurements Assurance Program conducted by the Netonal
wtitute of Standards end Technology in cooperetion with the Nuclaar Energy lnstinite.

%ﬁv % March 18, 1996
= Fan, Ph.D. " Date.

Colibretion Laboratory Manager

 BEFERENCES
) Xsbs of Redioactive Inctopay, 7th edition, 1986.

- LEAK TEST CERTIFICATION ON REVERSE *
North American Scientific,Inc. 7435 Greenbush Ave., North Hollywood, CA91605 (815 5035201  Fax (818) 5030764
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER D851

Reference Date March 1. 1936
Totst
Am-241 147.2kBq {3977 3.25% £32.7 = 0.5 years
Ba-133 205.4 kBq (5.553 4 3.19% 10.54 = 0.03 years
Cs-137 38.01 kBq (1.027 pCh 2.88% 30.0 = 0.2 years
Co-80 38.50 kBq {1.041 &Ci) 2.63% 5.271 + 0.001 yoars
PRINCIPLE EMISSIONS™
Tyne Energy (oV) Intonsity (30}
Amrr241 gamms 55,5364 5.7
Be-133 gamena 80.98% 34.2
276.388 7.09
302.851 18.4
356.099 62.2
383,841 8,92
Cs-137 gamma 661.660 8%5.21
Ceo-BO P 1173.237 99.30
1332.501 59,9824

SOURCE DESCRIFTION

The sctivity is unitormly distributed in an epoxy matrix with 8 density of 1.07 glcc end cestin o 9.53 mm (0.3767) 0.0. by 813 mm
{32.0%) long Aluminum tubo with 0.89 men (0.035") thick walls. 2 mm { 0.080") ond plugs are placed a1 both ends of the Tube o pive
an sctive length of 809 mvn { 31.84")

METHOD OF CALIBRATION

The sourca was calibrated oh & high purity Gerasnium detoctor ogaingt sn NIST traceabls atanderd in @ simitar goornetry. The activity
of the etandard wes detamined using an energy vs. eiici ¥ curve hilshad through ongoing Intercomparisons with the Natonal
Instunte of Standards end Technology. This standard is indirectly (smplicitly) treceable to the National Institute of Stendards and
Technology. :

North American Scientific, Inc, sctively participstes in the Radicactivity Measuremonts Assurance Program conducted by the Nationsl
Instinrte of Standerds end Technology in cooperstion with the Nuclear Enorgy Institute.

%2 2 March 19, 1998

“Jay Fan, Ph.D. Date
Calibration Laboratary Manager

REFERENCES
m Table of Radigactive lzotepes, Tth editon, 1986,

+LEAK TEST CERTIFICATION ON BEVERSE .
North American Scientific, lnc. 7435 Greenbush Ave., North Hollywood, CA91605  (818) 503-9201  Fax (818) 5630764

B-8
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LEAX TEST METHODS

Soak {immersion) Test (ISO/TR 4826-1979 (E) section 2.1.3)
The source is immersed in water or other suitable liquid a1 50°C for at least 4 hours and the activity

_in the liquid measured. Acceptance limit: 0.0007 uCi alpha, 0.001 pCi beta-gamma.
immersion Test {ANSI1 N542.1977, Appendix A2.1.3)

The sourceis immersed inwater at 100°C for 10 minutes. The water is reMmoved and the source gooled
and rinsed using fresh water. These operations are repeated twice, beiling in the water from the
pravious ringing operation, Acceptancs limit: 0.0001 kCi alpha, 0.005 pCi beta-gamma for all the water
collectad.

Wipe (Smear) Test {(ANSINS42-1977 Appendix A2.1.1)

Ali xternal suraces of tha source are wiped with a piece of filter paper or other absorbent matsrial
which has been moistened with an appropriate solvent and the activity removed s measured.
Acceptance limit; 00001 uCi aipha, 0001 pCi beta~gamma.

Leak Test Not Appiicabie

For sources with no covering or a delicate covering over the radicactive portion or gas standards
and sources, the inactive portions or containment yessel are wipe tested as in Mathod 3 above.
Acceptan¢e limd: 0.0001 uCi alpha, 0.001 uCi beta-gamma.

Other

LEAK TEST CERTIFICATION

The standard was leak tested in accordance with Leak Test Method 3 as

described above. The removabie activity was determined to be less than 0.001
bera-gamma and 0.0001 uCi alpha. This leak test should be performed every
six months or as required by a specific NRC or Agreement State License.

S okt o a_ Aaed 73,0594

Health Physics Date

B-9
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Calibration check and daily control drum sources.

7
[
CERTIFICATE OF CALIBRATION |
:
MODEL ENV4057 LINE SOURCE |
SERIAL NUMBER EB33 I
Reference Date Qclober 1, 1996 ‘[
Total i
adlonuglide Activity Uncertalnty (£} Hal oy 1
Am-24§ 2215 kBq (5987 uCl) 348% 4327305 years }
Ba-133 220,4 kBq (6.470 pCH 334% 10.54 £ D03 years
Cs137 37.20 kBq (1.005 pCi 394% 00+£0.2years
Co-80 37.77 kBq (1.021 pCi) as51% 5271 £ 0.001 years |
PRINCIPLE EMISSIONS™ |
Tree neray (ke Intensity (%) \
Am-241 gamma 50.5354 357 ‘
’ Ba-133 gamama 80,569 342 1
278.388 709
302,851 184
35 560 622
353,841 892
Cs-137 gamma 661.650 B85.21 ‘
Co-60 gamma 173237 =212 ‘
1332501 £0.9824
SOURCE DESCRIPTION

Tha activly Is uniformly dstributed In an epoxy matrix with a density of 1.07 g/lcc and cast In a 9.53 mm (0.3757) Q.D. by 813 mm (32.07) long Aluminum tube
with 0.89 mm (Q.0357) thick walls, 2 mm {0.0807) end plugs are placed at both ends of the tube to give an active length of 809 mm ( 31.847).

METHOD OF CALIBRATION

1 The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the standard was
defermined using an energy vs. efficiency curve established through ongoing Intercomparisons with the National Institute of Standards and Technolegy. This
k standard is indirectly (implicitly) traceable to the Naticnal Institute of Standards and Technology.

North American Scientific, Inc. actively participates in the Radicactivity Measurements Assurance Program conducted by the National Institute of Standards
and Technology in cooperation with the Nuclear Energy institute.

i
| Qs e v

“Jay Fan, Ph.D. Date
Calibration Laboratery Manager
REFERENCES |

1(1) Table of Radicactive Isatopes, Tth edition, 1966,

o LEAK TEST CERTIFICATION ON REVERSE e

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA91605 (818} 5039201 Fax (818) 5030764

l
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CERTIFICATE OF CALIBRATION

| MODEL ENV4057 LINE SOURCE

' SERIAL NUMBER E833
Reference Date Qctober 1, 1996
L
i
: Total
j adionuclide Activity Ungepainty (£} at n
| 241 2203 kilq (5963 pCi) 3.20% L2705 years
Ba133 242.9 kBq (6,564 4Ci) 3.25% 10.54 £ 0,03 years
Cs.137 36,56 kBq (998.7 i) 404% M0+ G2 years
l Co0 37.40kBq (1012 pCi) 3.60% 5271 £ 0,001 years
PRINCIPLE EMISSIONS™
Ty Energy (keV3 Irdengity (%)
Am-24% gamma 5653684 BT
Ba-133 gamma 80,069 F42
27638 7.00
A02.851 184
500 62.2
383,844 892
Cs137 gamma 651 660 ag21 !
i Co-80 gamma 1473237 £0.90
: 1322 501 0824 |

lSOUR(:-E DESCRIPTION
i
| | The activily is uniformly dstributad in an epoxy matrx with a density of .07 g/cc and cast It a 8.53 mm (0.3757) 0.0, by B13 mm (32.0) long Alueninum tube
wvb.oas mon (0 0357 thick watis. 2 myn { Q080 end plugs ate placed al both ends of e tube Yo give an active length of B08 mm { 31.847).

‘ METHOD OF CALIBRATION

iThE source was calibrated on A high purity Genmaniurn deteclor against an NIST traceable standard In a similar geometry. The activity of the standard was
detem\ned using an enenyy vs. efficiency curve established through ongoing intercomparisens with the National Institute of Standards and Technology. This
l-standafd &5 indirectly (impBcitly} traceable to the Nalional Institute of Standards and Technology. ]
i

if North Armerican Scientific, Ing. actively participates in the Radicactivity Measurements Assurance Program conducted by the Naﬁanal Institute of Standards
and Technology in cooperation with the Nuclear Energy Institute.

i] g oot X Ociober 8, 1906

: Jay Fan, PR.D. Cale u
; Calibration Laboratory Mansger

i‘REFERENCEg

é(: ) Table of Radicactive lsotopes, Tth edition, 1866. El
j’ o LEAK TEST CERTIFICATION ON REVERSE »

North American Scientifi, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605 (818)503-9201  Fax{B18) 503-0764
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER E840
Reference Date October 1, 1898

Total

Radlonuclide Activity Ungerlainty (£} Half Life!t

Am-241 2228 KBq (6,022 1Ci) 17 £327£ 05 years
Ba-133 240.8 ¥Bq (6.505 uCi) 332% 1054 £ 0.03 years
: Cs-137 37.08 kBq (1.002 uCi) 381% W0 102 years
, Coso 35.53 KBq (3865 nCi) 341% 5.271 2 0.001 years
|
| PRINGIPLE EMISSIONS™
: Type nerey (ke Intensity {%}
I Ame24% gamma 50,5364 B7
|
Be-133 gamma 00,589 342
276.388 709
i 02851 3.4
EESH 622

] 33841 Eer)
| Cs-137 gamma &6t 560 85.21
: Co-80 garmma 1173.237 £9.00
i 1332501 29.9624
|

; SOURCE DESCRIPTION

i The actvity is uniformly distributed In an epoxy matrix with a density of 1.07 g/ec and cast in a 9.53 min 0. 3757) 0.D. by 813 mm {32.07) long Aluminum tube p
wﬁh 0.89 mr {0.065") thick walls, 2 mm { G080 end plugs are placed at both ends of the tube 1o give an active length of 808 mm { 31.84°).

| METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium delecior against an NIST traceabls standard in a similar geometry, The activity of the standard was
i1 Getermined Lising an energy vB, efficiency curve estabiished through ongoing intercomparisons with the National Institule of Standards and Technolegy. This
stanéard is indirecﬂy (implicitly) traceatde lo the National institute of $tandards and Technology.

i

E Nexth American Scientific, ine. actively participales in the Radicactivity Measurements Assurance Program conducted by the National Institute of Standards
1 and Technolegy in cooperation with the Nuciear Energy Institute.

k

% % Oclober 8, 1995

|

1

: Jay Fan, P D. Data
Calibration: Laboratory Manager

REFERENCES
Eim Tabla of Radipactive {sofopas, Tth edition, $966,

o LEAK TEST CERTIFICATION ON REVERSE »

Naorth American Scientilic, Inc. 7435 Greenbush Ave,, North Hollywood, CAG1505  (318)503-920¢  Faw {818) 5030784 t"
i
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CERTIFICATE OF CALIBRATION

! MODEL ENV4057 LINE SCURCE
; SERIAL NUMBER E841
Reference Date Qctober 1, 1896

¢ Total
[ Radionuclide Activity Uncestainty [4 Hajt Life!?
Il
b Ami-244 273.7 kBq {6.046 yCTh 3.18% 4327 £05 years
Ba-133 2405 kBq {6503 yCl) 333% 1054 ¢ Q.03 years
] Cs137 37.18 k84 (1.0065 pGi) 389% 20010 Zyears
Co 80 26,80 kBq {95915 nCi) 3.48% 5271 £ D001 years
PRINCIPLE EMISSIONS™
Tvrg Enefoy {kely Inkenaity (%)
) Aami-241 gamma 50,5364 -4
|
i
; Ba-133 gamma B0SeY 34.2
275388 700
| 202,851 8.4
}i B 622
1 383,844 a9
r? Ce-137 gamma 5516880 521
i
i Co-80 gamma 1173237 9080
i 1332 501 w0.5674
I
ﬁ

| SOURCE DESCRIPTION

: The activily i unifoemly distributed in an epoxy matrx with a density of 1.07 g/ee and cast in a 9.53 mm (03757 O.D. by 813 mm (32.0° long Aluminum tube |
1 with £.89 mm (0.0357) thick walis, 2 mm { 0:05") end plugs e placed at beth ends of the tube to give an active length of 803 mm (31,847,
i
il

| METHOD OF CALIBRATION ;
I H
| The source was calibrated on a high purity Germanium datector against an NIST traceabie standard in @ similar geometry. The activity of the standard was |
1 detenmined using an energy vs. efficiency curve established through ongeing infercomparisons with the Natona! Institute of Standards and Technology, This |
i standand is indicectty (mplicitly} tmoeable to the National Institute of Slandards and Technology.

North American Scientific, Inc. actively perticipates In the Radioactivity Measufements Assurance Program conducied by the Nationa! [nstituta of Standards §
and Technolegy in cooperation with the Nuclear Energy Instiute.

Qclober 8, 1995

™ Say £an, Ph.D, Date |
! Calibration Laboratory Manager i
; REFERENCES 4

1) Table of Radicalive jsptopes, T ecHion, 1965,

o LEAK TEST CERTIFICATION ON REVERSE o ‘

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91805 (818)503-9201  Fax (818} 503-0764 !
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CERTIFICATE OF CALIBRATION

| MODEL ENV4057 LINE SOURCE

SERIAL NUMBER E842
} Reference Date October 1, 1996
| Total
i Radionuciide clivi Ungertainty {3 Half Life™
T Am-241 205.0 k8q {8082 ko) 3.18% 43272 05 yesrs
|
Ba132 2409 kg (B510 uCh I3% 10.54 £ 0.0G years
Cs137 J7.93%8q (1.003 i) 3.53% WO x0.2years
: Co 0 3707 KB (1.002 pCi) 3.4T% 5271 £+ 0.001 vears
| PRINGIPLE EMISSIONS®
Tvpe nergy (ke niansity (%)
Am-241 gamma 505364 a7
Ba-133 gamma 80.0e9 34.2
275388 709
851 184
B0 822
aBas4 Bo2
Cs 137 gamma 661 680 asn
|
| Co-E0 gamma 1§73.237 £0.90
i 1332601 %0624
SOURCE DESCRIPTION
|

% The aciity is uniformly distributed in an epoxy matrix with a density of 1.07 g/ce and cast in a 9.53 mm (D.3757) 0.0, by 813 mm £32.0) fong Aluminum tube |
11 with 0.89 mm {0.0357) thick walls. 2 mm { 0.080r) end plugs are placed at both ends af the tube to give an active length of 808 mm { 31.847).

i

i METHOD OF CALIBRATION i

f The source was calibtated oh a high purity Germanium delector against an NIST traceable standaed in a similar geometry, The activity of the standard was
determined using an energy vs. efficiency curve established through ongoing inlercomparisons with the Nationa! Institute of Standards and Technology., This |
| standerd is indirectly (implicitly) fraceable to the Mational frstiute of Standards and Technotogy.

l Nordh Amevicary Scientific, Ine. actively participates In the Radioactivity Maasurerments Assurance Program conducted by the National Institude of Standards
4 and Techhelogy In cooperation with the Nuclear Energy institute.

] W >m”‘ October B, 1566

Jay Fan, Ph.D. Oale
Calibration Laboratory Manager

| REFERENCES
|

‘5 1) Yabie of Ragipactive [solopes, Tth edition, 1968,
]

o LEAK TEST CERTIFICATION ON REVERSE »

North American Seientific, Inc. 7435 Gresnbush Ave., North Hollywood, CA 91605 (818) 503-9201  Fax (818) 503-07584
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER E843
Reference Date October 1, 19386

Total
Radionuclide Activit Uncertainty [t Hatf Life'"
Am-241 2245 KBy (6.087 uCi) 3.15% 4327 1 05 years
Ba-133 241.3%Bq (6523 pli) 3.24% 10.54 2 0.03 years
Cs-137 36.58 kBq {8888 nCi) 3.898% X002 years
Co-80 36.81 XBq (984.83 nCi) 354% 5271 £ 0.001 years
PRINCIPLE EMISSIONS™
Type nergy ke intensiy (%)
Am.241 gamimna 58,5364 %7
Ba-133 gamma 80.5e9 342
27838 708
X02.851 18.4
50 622
383841 a2
Cs-137 gamma 651,680 8521
Co£D gamma 1173.237 29.60
1332501 00824

| SOURGE DESCRIPTION

The activilty i uniformnity distributed in an epoxy matrix with & densily off 1.07 gioc and cast in 8 ©.53 mm (2.3757) 0.D. by §13 mm {32.07} long Aluminum tube
with 0.89 mm (0.025™) thick walls. 2 mm { 0.0807) end plugs are placed at both ends of the tube to give an active fength of B0S min ( 31.847).
| METHOD OF CALIBRATION

| determriined using an energy va. efficiency curve estapiished through engoing intercomparisons with the National institute of Standards and Technology. This
| stanciarg 1s indirectly impiicitty) traceable ta the National Institute of Standards and Techrclogy.

and Technoiogy In cooperation with the Nuclear Energy Instituts.

% % October 8, 1996

Jay Fan, Pn.D. Date
Calibration Laboratory Manager

| REFERENCES
141 Table of Radicactive isclopes, 7ih edition, 1986,

o L EAK TEST CERTIFICATION ON REVERSE o

1 North American Scigntific, Inc. 7435 Greenbush Ave,, Norh Holfyweod, CA 91605 (618)503-9201  Fax (818} 503-0764

B-15

il The saurce was calibrated on a high purily German{um detaclor against an NIST traceabie standand in a similar gaomnetry. The activity of the standard was

i Nerth American Scientific, Inc, actively participates In the Radloactivity Measurements Assurance Program conducted by the National Enstit e of Standards
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‘ mm DETECTOR SPECIFICATION AND PERFORMANCE DATA

¢ wifications

DETECTOR MODEL _GGI018S SERIAL NUMBER 3963626

CRYOSTAT MODEL _ 7935-75 PREAMPLIFIER MODEL _ 2002CSL

The purchase specification and therefore the warranted performance of this detector are as follows:
{Electric cooling may degrade performance by as much as 10%.)
Active Volume ce Relative Efficiency i0 %
Resolution 1.8 keV (FWHM) at 1.33 MeV
keV (FWTM) at 1.33 MeV
0.70 keV (FWHM) at 122 keV
keV (FWIM) at ,
Peak { Compton 11 Cryostat well diameter mm  Cryostat well depth mm
Cryostat description if special

Physical Characteristics

Geometry Closed-end coaxial

Diameter 45.5 mm . Active Volume cc
Length 20 mm Well Depth mm
Distance from window ___ 5 mm Well Diameter mm

Electrical Characteristics

Depletion voltage __ (+11200 Vde
Becommended bias voltage __ (+33000 Vde

Leakage current at recommended blas | 0.01 _ nA
Preamplifier test point voltage at recommended voltage __ (-)0.28 Vde
Capacitance at recommended bias ~9 pF

Resolution and Efficiency

With amplifier time constant of __ 4 wmicroseconds

Isotope o *Co
Energy {(KeV) 122 1332
FWHM (KeV) 0.69 1.74
FWTM (KeV) 1.27 3.25

Peak / Compton 38.0:1
Rel. Efficiency % 10.0

("7 Date:_March 11, 1996

A7
Tested by: 7%

Cool Down Time __4 hours. C%g?xt Liquid Nitrogen Consumption Rate _ <1.5 Liters per Day.
Approved by: 2;/221?7\_—21/_" /, 5;23,%- - Date:__March 11. 1996

800 Research Parkway, Meriden CT. U.S.A 06450 Tel. 203-238-2351/Fax 203-235-1347

Det_Spac_1 10/9% JMI



HNF-5148, Rev.2

Detector sent to Canberra for repair.

l Bmm DETECTOR SPECIFICATION AND PERFORMANCE DATA

f-acifications

DETECTOR MODEL __GC10183 SERIAL NUMBER 3963627

CRYOSTAT MODEL __7835:73 PREAMPLIFIER MODEL ___2002CSL

The purchase specification and therefore the warranted performance of this detector are as follows:
{Electric cooling may degrade performance by as much as 10%.)

Active Volume ot Relative Efficiency 10 %
Resolution 18 keV (FWHM) at 1.33 MeV-
keV (FWIM) at 1.33 MeV
0.70 keV (FWHM) at _122 keV
keV (FWTM) at '
Peak / Compton 11 Cryostat well diameter -mm Cryostat well depth mm

Cryostat description if special

Physical Characteristics

Geometry Closed-end coaxial

Diameter 46 m Active Volume cc
Length 28 mm Well Depth mm
Distance from window __§ mm Weli Diameter mm

Electrical Characteristics

Depletion voltage __ {+)3000 V de
Recommended bias voltage _(+)3000 Vdc

Leakage current at recommended bias _ 0.02 nA
Preamplifier test point voltage at recommended voltage _ (-)0.82 Vde
Capacitance at recommended blas _~8 pF

Resolution and Efficiency

With amplifier time constant of __4 microseconds
Isotope Co fCo
Energy (KeV) 122 1332
FWHM (KeV) 0.59 1.69
FWTM (KeV) 1.27 3.16
Peak / Compton 40.0:1
Rel. Efficiency % 10.0

Cool Down Time __ 4 %uurs. Cryostat Liquid Nitrogen Consumption Rate <35  Liters per Day.

Tested by: i \_/ A Date: March 11, 1866
> el Date:__March 11, 1096
800 Research Parkway, Meriden CT. U.8.A. 06450 Tel. 203-238-2351/Fax, 203-235-1347

Det_Spec_l

”" ~

Approved by:

C-3

10/33 JuT
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Detector assigned to GEA-A, LEGe 6.

Em DETECTOR SPECIFICATION AND PERFORMANCE DATA

Snecifications
DETECTOR MODEL GClOlé;’S SERIAL NUMBER __12083831
CRYOSTAT MODEL 7535-78 PREAMPLIFIER MODEL 2002C81,

The purchase specification and therefore the warranted performance of this detector are as foliows:
(Electric cooling may degrade performance by as much as 10%.)
Active Volume < Relative Efficiency _ 10 %
Resolution 18 keV (FWHM) at 1.33 MaV .
keV (FWTM) at 1.33 MeV
=700 keV FWHM) at _ 122 keV

keV (FWIM) at :
Peak / Compton 11 Cryostat well dismeter ‘mm  Cryostat well depth mm
Cryoestat deseription if special
Physical Characteristics
Geometry __Closed-end coaxial
Diameter 46 mm Active Volume ____ ce
Length 29.5 mm Well Depth mm
Distance from window 5 mim Well Diameter mm
Electirical Characteristics
Depletion voltage (431000 Vo de
Recommended bias voltage _{+)1500 V de
Leakage current st recommended bias __ 0.02 na
Preamplifier test point voltage at recommended voitage (11.59 Vde
Capacitance at recommended bias __~9 pF :
Resclution and Efficiency
With amplifier time constant of __ 4 microseconds
Isotope 57Co #90q
Energy (KeV) 122 1332
FWHM (KeV} 0.70 115
FWTM (KeV) 132 3.26
Peal / Compion 38.9:1
Rel. Efficiency % 10,1
Cool Down Time __ 4 hours. Cryostat Liquid Nitrogen Consumption Rate __ <1.5 Liters per Day.

Tested by: W P e . Date: December 22, 1995

Approved by: Date:_December 22, 1695

800 ResearchParkway, Meriden CT. U.S.A. 08450 Tel. 203-238-2351/Fax 203-235-1347

Dat_Spec I

10/93 JMT
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mm DETECTOR SPECIFICATION AND PERFORMANCE DATA

Puecifications’
DETECTOR MODEL __GC1018/S SERIAL NUMBER __ 12053638
CRYOSTAT MODEL __ 7935-78 PREAMPLIFIER MODEL 2002C8L

The purchase specification and therefore the warranted performance of this datector are as follows:
{Electric cooling may degrade performance by as much as 10%.}

Active Volume ce Relative Efficlency 10 %
Resolution i8 keV (FAHM) at 1.33 MeV
keV (FWTM) at 1.33 MeV
<700 keV (FWHM) at 122 keV
keV (FWTM) at

Peak / Compten ;1 Cryostat well diameter -mm  Cryostat well depth min
Cryostat description if special

Physical Characteristics

Geometry Closed-end goaxial

Diameter 46 mm Active Volume =
Length 29 mm Well Depth mm
Distance from window ) mm Well Diameter mm

Electrical Characteristics

Depletion voltage _{+)1200 Vde

Recommended bias voltage (#3300  Vde

Leakage current at recommended bias ___0.01 _ nA

Preamplifier Lest point voltage at recommended voltage (32.18 Vde
Capacitance at recommended biss __~8 pF

Resolation and Efficiency

With amplifier time constant of __4 microseconds

Isotope Co £%Co
Energy (KeV) 12 1382
FWHM (KeW) 0.67 1.76
FWTM (KeV) 1.24 3.35

Peak / Compton 37.2:1
Rel. Efficiency % 10.1

Cool Down Time __ 4 hours.  Cryostat Liquid Nitrogen Consumption Rate _ <15 Liters per Day.
Tested by: pw& Pacl. Date: December 22, 1995

S > Date:_December 22,1095

800 Research Parkway, Meriden CT. U.S.A. 06450 Tel. 203-238-2351/Fax 203-235-1347

Det_sgec_1 10/95 I¥7

Approved by:
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mmm DETECTOR SPECIFICATION AND PERFORMANCE DATA

Fnecifications
DETECTOR MODEL GCZOZﬁ SERIAL NUMBER _12953589
CRYOSTAT MODEL 79353-78 PREAMPLIFIER MODEL 2101PCSL

The purchase specifieation and therefore the warranted performance of this detector are as follows:
{Electric cooling may degrade performance by as much as 10%.)

Active Volume ec Relative Efficiency _ 20 %
Resolution 20 keV (FWHM) at 1.33 MeV.
keV (FWIM) at 1.33 MeV
keV (FWHM) at
keV {FWTM) at '
Peak / Compton 1 Cryostat well diameter ‘mm  Cryostat well depth mm

Cryostat description if special

Physical Charvacteristics

Geometry _ Closed-end coaxial

Diameter _ 53 mm Active Volume ce
Length __44 mm Well Depth mm
Distance from window 5 Fm Well Diameter mm

Electrical Characteristics

Depletion voltage __(+)3300 Vde
Recommended bias voltage __{+ 33500 Vde

Leakage current at recommended bias - nA

Reset rate at recommended voltage 0.4 | sec

Capacitance at recommended bias ~19 pF
Resolution and Efficiency

With amplifier time constant of ___4 ___ microseconds

Isctope *Co §0Co
Energy (Ke¥) 122 1332
FWHM (KeV) 0.74 1.68
FWITM (KeV) 138 3.10
Pesk / Compton 38.0
Hel. Efficiency % 239
Cool Down Time 4 hours. Cryostat Liquid Nitrogen Consumption Rate <14 Liters per Day.
Tested by: (Roandote EPoe/e  Date Decomber 22, 1995

Approved by: Date:December 22, 1995

800 ResearcH Parkway, Meriden CT. U.S.A. 06450 Tel. 203-238-2351/Fax 203-235-1347

Dot_Spes 1 10795 JINT
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HNF-5148, Rev. 2

Em DETECTOR SPECIFICATION AND PERFORMANCE DATA

Enecifications
DETECTOR MODEL _ GC2020 ) SERIAL NUMBER _ 12053590
CRYOSTAT MODEL __7935-18 PREAMPLIFIER MODEL _ 2101PCSI.

The purchase specification and therefore the warranted performance of this detector are as follows:
{Electric cooling may degrade performance by as much as 10%.)

Active Volume ec Relative Efficiency 20 %
_ Resolution 2.0 keV (FWHM) at 1.33 MeV.
keV (FWTM) at 1.33 MeV
keV (TWHM) at
keV (FWTM) at :
Peak / Compton 11 Cryostat well diameter ‘mm  Cryostat well depth mm

Cryostat description if special

Physical Characteristics
(GGeometry ___Closed-end coaxial
Diameter 53 min Active Volume cc
Length 45, mm Well Depth mm
Distance from window __ 5 mm Well Diameter mm

Electrical Characteristics

Depietion voltage _ (+12400 Ve

Recommendad bias voltage _ (433000 Vde

Leakage current at recommended bias __ - nA

Reset rate at recommended voltage 0.8 sec

Capacitance at recommended bias __ _~ 18 pF
Resolution and Efficiency

With amplifier time constant of __4 microseconds

Isotope 0o $5Co
Energy (KeV) 122 1352
FWHM (KeV) 0.82 1.97
FWTM (KeV) 1.53 3.35
Peak / Compton 54.9
Rel. Efficiency % 24.0
Cool Downy Time __4 hours. Cryostat Liquid Nitrogen Consumption Rate _<1.4 Liters per Day.
D) .
Tested hy: (E‘QQ/\'\M £ Ped . Date: December 22, 1995

Approved by: Date:_December 22, 1885

860 Resea Parkway, Meriden CT, US.A. 06450 Tel. 203-238-2351/Fax 203-235-1347

Det_Spec_1 10/33 JuT




HNF-5148, Rev. 2

mm DETECTOR SPECIFICATION AND PERFORMANCE DATA

Pwecifications
DETECTOR MODEL (}02026 SERJIAL NUMBER. _ 12053592
CRYOSTAT MODEL T935-79 PREAMPLIFIER MODEL _2101PSL

The purchase specification and therefore the warranted performance of this detector are as follows:
(Electric cooling may degrade performance by as much as 10%.)

Active Volume e Relative Efficiency 20 %
Resolution 2.0 keV (FWHM) at 1.33 MeV.
keV (FWTM} at 1.33 MeV
keV (FWHM) at
keV (FWTM) at '
Peale / Compton i1 Cryostat well diameter -mm  Cryostat well depth mm

Cryostat description if special

Physical Characteristics
Geometry __Closed-end coaxial
Diameter _ 53.6 mm Active Volume ce
Length 445 mm Well Depth mim
Distance from window 5 mm Well Diameter mm

Elecitrical Characteristics

Depletion voltage __{+)3800 Vde

Recommended bias voltage __ (+)4000 Vde
Lesakage current at recommended blas (.01 nA
Reset rate at recommended bias voltage _ 0.5 sec
Capacitance at recommended bias ~16 __pF

Resolution and Efficiency

With amplifier time constant of 4 ___ microseconds

Isotope 57Co “8Co
Energy (KeV) 122 1332
FWHM (KeV) 0.69 1.66
FWTM (KeV) 1.28 3.03

Peak / Compton 58.2:1
Rel. Efficiency % 24.2

Cool Down Time Z hours.  Cryostat Liquid Nitrogen Consumption Rate __<1.4 Liters per Day.
L9541

Tested by: /L/ 72 Date: December 22, 1995

L

Approved by Date: _December 27, 1595

800 Research Parkway, Meriden CT. U.S.A, 06450 Tel. 203-238-2351/Fax 203-235-1347

Dat_Spee 1
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HNF-5148, Rev. 2

|
f mmm DETECTOR SPECIFICATION AND PERFORMANCE DATA

Swecifications
DETECTOR MODEL __ GC2020 ‘ SERIAL NUMBER _ 12653596
CRYOSTAT MODEL __7933-78 PREAMPLIFIER MODEL _2101P

The purchase specification and therefore the warranted performance of this detector are as follows:
(Electric cooling may degrade performance by as much as 10%.)
Active Volume ce Relative Efficiency 20 %
Resolution 2.0 keV (FWHM) at 1.33 MeV |
keV (FWTM) at 1.33 MeV
keV (FWHM) at
i keVOIEWIM) &t '
Peak / Compten __ 46 :1 Cryostat well diameter mm  Cryostat well depth mm
Cryostat description if special

Physical Characteristics

Geometry __ Closed-end coaxial

Diameter 53 mm Active Volume ce
Length 43.5 mm Well Depth mm

Distance from window i) mm Well Diameter mm

Electrical Characteristics

Depletion voltage _ (411500 Vde
Recommended bias voltage __{+)2500 Vde
Leakage current at recommended bias __ -« nA
Reset rate at recommended voltage _ 0.6 sec
Capacitance at recommended bias __ ~ 18 pF

Resolution and Efficiency
With amplifier time constant of _ 4 microseconds
Isotope *Co *Co
Energy (KeV) 122 1332
FWHM (KeV) 0.73 172
FWTM (KeV) 1.33 3.18
Peak [ Compton 55.6
Rel. Efficiency % 22.3
Cool Down Time __ 4 hours.  Cryostat Liquid Nitrogen Consumption Rate _<1.4 Liters per Day.

Date: December 22, 1895
Date: December 22 1985

Tested by:

Approved by:

800 Research Parkway, Meriden CT. U.S.A. 06430 Tel. 203-238-2351/Fax 203-235-1347

Det_sSpec_i 10/93 JHZ
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| Em DETECTOR SPECIFICATION AND PERFORMANCE DATA
{

7 acifications

DETECTOR MODEL __GC2020 SERIAL NUMBER 3963507

CRYOSTAT MODEL __7835-78 PREAMPLIFIER MODEL __ 210iPCSL

The purchase specification and therefore the warranted performance of this detector are as follows:
(Electric cooling may degrade performance by as much as 10%.)
Active Volume ce Relative Efficiency ___ 20 %
Resolution 2.0 keV (FWHM) at 1.33 MeV
keV (FWTM) at 1,33 MeV
keV (FWHM) at
keV (FWTM) at ‘
Peak / Compton 11 Cryostat well diameter mm Cryostat well depth mm
Cryostat deseription if special __ Big Mac

Physical Characteristics

Geometry Closed-end coaxial

Diameter 55 mm Active Volume cc
Length 42 mm Well Depth mm
Distance from window 5 mm Well Diameter mm

wckrical Characteristics

Depletion voltage _ (+13500 Vde

Recommended bias voltage __{4-)4000 Vde

Reset rate at recommended bias _ 1.0 sec

Preamplifier test point voltage at recommended voltage -~ Vde
Capacitance at recommended bias __~ 18 pF

Resolution and Efficiency

With amplifier time constant of __4 microseconds
Isotope Co 0Co
Energy (KeV) 122 1332
FWHM (KeV) 0.7 115
FWTM (KeV) 1.46 3.24
Peak / Compton 53.5:1
Rel. Efficiency % 235

Cool Down Time ___4 hours Cryostat Liquid Nitrogen Consumption Rate __ <1.4 Liters per Day.
L

Tested by: ?/ En Date:_March 11, 1998

Approved by: %7” //Mé/ £ Date:_March 11, 1996

800 Résearch Parkway, Meriden CT. U.S.A. 06450 Tel. 203-238-2351/Fax 203-235-1347
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Bm DETECTOR SPECIFICATION AND PERFORMANCE DATA

« seifications

DETECTOR MODEL __ GC2020 SERIAL NUMRBER 3963806

CRYQSTAT MODEL _7935-18 PREAMPLIFIER MODEL _2101P

The pucchase specification and therefore the warranted performance of this detector are as follows:

(Electric cooling may degrade performance by as much as 10%.)

Active Volurne et Relative Efficiency __20 %
Resotution 2.0 keV (FWHM) at 1.33 MeV
keV (FWTM) at 1.33 MeV -
keV (FWHM) at
keV (FWTM) at :
Peak / Compton :1  Cryostat well diameter -mm  Cryostat well depth mm

Cryostat description if special

Physical Characteristics

Geometry ___Closed-end coaxial

Diameter 56 mm Active Volume cc
Length 43.6 mm Well Depth mm
Distance from window 5 mm Well Diameter mm

Electrical Characteristics

Depletion voitage (411300 Ve

Recommended bias voltage (+)2500 Vde

Leakage current at recommended biag - nA

Preamplifier test point voltage at recommended voltage - Vde
Capacitance at recommended bias __~27 pF

Reset Rate __0.2 sec

Resolution and Efficiency

With amplifier time constant of _ 4 microseconds
Isotope *Co £9Co
Energy (KeV) 122 1332
FWHM (KeV) 0.76 180
FWTM (KeV) 1.42 3.65
Peak / Compton 51.4:1
Rel. Efficiency % 25.5

Cool Down Time __4____ hours,  Cryostat Liquid Nitregen Consumption Rate __ <15 _ Liters per Day.

Tested by: {\’\ (\_AQ_. Zom— Date:_March 11, 1996

Approved by _ZQ‘M,,W - n,..,—.,/? %’ > ~ Date:_ March 11, 1996

800 Reseamh Parkway, Meriden CT'. U.S.A 06450 Tel. 203-238-2351/Fax 203-235-1347

Det_Spac_1

10/95 M7



HNF-5148, Rev. 2

Emﬁm DETECTOR SPECIFICATION AND PERFORMANCE DATA

e =acifications

DETECTOR MODEL __ (302020 - SERIAL NUMBER 3063611

CRYOSTAT MODEL __7935-78 PREAMPLIFIER MODEL _ 2101PCSL

The purchase specification and therefore the warranted performance of this detector are as followa:
{Electric cooling may degrade performance by as much as 10%.)

Active Volume ec Relative Efficiency 20 b :
Resolution 20 keV (FWHM) at 1.33 MeV -

keV (FWTM) at 1.33 MeV

keV (FWHM) at

keV (FWTM) at :
Peak / Compton 11 Cryostat well diameter mm  Cryostat well depth mm
Cryostat description if special

Physical Characteristics

Geometry Closed-end coaxial

Diameter 55 mm Active Volume '
Length 43.5 mm Well Depth mm
Distance from window 5 mm Well Diameter mm

Electrical Characteristics

Depletion voltage __{+)2400 Ve

Recommended bias voltage __{+)3000 YV de

Reset rate at recommended bias 0.5 sec

Preamplifier test point voltage at recommended voltage - Vde

Capacitance at recommended bias - 19 pF

Resolution and Efficiency

With amplifier time constant of __4 icroseconds
Isotope #Co 00
Energy (KeW) 122 1332
FWHM {KeV) 0.786 ) 183
FWIM (KeW) 1.41 3.43
Peak / Compton 52.1
Rel. Efficiency % 25.2
Cool Down Time __4 hours.  Cryostat Liquid Nitrogen Consumption Rate <14 Liters per Day.

Tested by: % %/7\@/] Date: March 11, 1996
St - : 5 éc
Approved by: /f%’v‘-’q/‘ &_4‘/ ] £ Date: March 11, 1986

800 Research Parkway, Meriden CT. U.S.A. 06450 Tel 203-238-2351/Fax 203-235-1347

Det_Spec_t 10/%3 JAT
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l m DETECTOR SPECIFICATION AND PERFORMANCE DATA

a-acifications
DETECTOR MODEL ___ GC2020 _ SERIAL NUMBER ___ 3963617
CRYOSTAT MODE! T935-18 PREAMPLIFIER MODEL 2101PCSL

The purchase specification and therefore the warranted performance of this detector are as follows:
{Electric cooling may degrade performance by a5 much as 10%.)

Active Volume cc Relative Efficiency 20 %
Resolution 2.0 keV (FWHM) at 1,33 MeV
keV (FWTM) at 1.33 MeV
keV (FWHM) at
keV (FWTM) at '
Peak [ Compton :1  Cryostat well diameter mm  Cryostat well depth mm

Cryostat deseription if special

rhysical Characteristics

Geometry Closed-end coaxial

Diameter 53.5 mm Active Volume o
Length 43 mm Well Depth mm
Tristance from window 5 mm Well Diameter mm

Electrical Characteristics

Depletion voltage (+ 3000 - YV de

Recommended bias voltage (415000 Ve

Reset rate at recommended bias 0.4 gec

Preamplifier test point voltage at recommended voltage __ - V de
Capscitance at recommended bias __~ 19 pF

Resolution and Efficiency

With amplifier time constant of __ 4 microseconds

Isotope *Co “°Co
Energy (KeV) 122 1332
FWHM (EeV) 0.84 1.73
FWTM (KeV) 1.57 3.17

Peak / Compton 56.1:1
| Rel. Efficiency % 239

Cool Down Time __4 hours.  Cryostat Liguid Nitrogen Consumption Rate __ <14 Liters per Day.

Tested by: w P~ Date March 11, 1996
approved by Dt gt /;%/%4 Date:__March 11, 1996
NN i

800 Reséarch Parkway, Meriden CT. US.A. 06450 Tel. 203-238-2351/Fax 203-235-1347

oat_Spes 1

10/95 JNT
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APPENDIX D

Energy and FWHM

Data and Curves



HNF-5148, Rev. 2

Energy Calibration Report 12-20-99 11:59:21 AM Page 1
ENBRGY CALIBRATTION REPORT
Identification Number : CALCOUNT
Description/Title : Calibration Count Counter : GEA - A
Arrangement : 55-gal. drums Calibration for : SEGE1
Acquisition Started 1 12-20-99 11:31:21 aM
Live Time 595.4 seconds Real Time 600.0 seconds

ENERGY CALIBRATION COEFFICIENTS
Energy Calibrate Performed on: 12-20-99 11:59:16 AM by: System Manager
Energy Calibrate Type: POLY

Energy(keV) = -0.983 + 0.500*ch + -1.68E-07*ch"2 + 0.00E+00*ch"3
SHAPE CALIBRATION COEFFICIENTS

Shape Calibrate Performed on: 12-20-99 11:5%:16¢ AM

by: System Manager

FWHM 0.534 + 0.030%E"I/2
LOW TAIL O0.0E+00 + O.0E+00*E

ENERGY CALIBRATION RESULTS TABLE

Centroid Centroid Energy
Channel error {keV )
121.12 0.03 59.54
164,04 0.01 81.00
555,15 0.03 276.40
608B.05 0.02 302.84
714,44 0.01 356.01
770.21 0.03 383.85
1326.44 0.03 661.066
2351.34 0.06 1173.24
2670.46 0.06 1332.50

SHAPE CALIBRATION RESULTS TABLE

Energy FWHM FWHEM TAIL TAIL
(keV } channels error channels error
59,54 1.63 0.086 0.00 0.00
81.00 1.63 0.03 0.00 .00
276.40 2.11 0.07 0.00 0.00
302.84 2.05 0.04 0.00 0.00
356.01 2.15 0.02 0.00 0.00
383.85 2.21 0.07 0.00 0.00
661.66 2.67 0.07 0.00 .00
1173.24 3.33 0.11 0.00 0.00
1332.50 3.43 0.11 0.00 0.00

D-2



HNF-5148, Rev. 2

Energy Calibration Report 12-20-99 11:57:24 AM Page I
ENERGY CALIBRATTION REPORT

identification Number : CALCOUNT

Description/Title : Calibraticn Count Counter : GEA - A

Arrangement : 55-gal. drums Calikration for : SEGEZ2

Acquisition Started ¢ 12-20799 11:31:21 AM

Live Time 592.5 seconds Real Time 600.0 seconds

ENERGY CALIBRATION COEFFICIENTS
Energy Calibrate Performed on: 12-20-99 11:57:18 AM by: System Manager
Energy Calibrate Type: POLY

Energy(keV) = -0.757 + 0.500*%ch + -1.72E-07*ch”2 + 0.00E+C0*ch"3

SHAPE CALIBRATION COEFFICIENTS
Shape Calibrate Performed on: 12-20-99 11:57:18 AM
by: System Manager

FWHM = 0.387 + 0.03%*E"I/2
LOW TAIL 0.0*E+00 + 0.0CE+00*ENERGY

CALIBRATION RESULTS TABLE

Centroid Centreid Energy
Channel error (keV )
120.52 0.02 59.54
163.4%6 0.01 81.00
554.12 0.02 276.40
607.06 0.01 302.84
713.37 0.01 356.01
765.07 0.62 383.85
1324.89 G.02 661,68
2348.89 0.04 1173.24
2667.67 0.05 1332.50

SHAPE CALIBRATION RESULTS TABLE

Energy FWHM FWHM TAIL TAIL
(keV ) channels erroxr channels error
59.54 1.64 0.04 .00 0.00
81.00 1.50 0.02 0.00 0.00
276.40 2.09 0.04 0.00 0.00
302.84 z2.11 0.02 0.00 0.00
356.01 2.22 0.01 0.00 0.00
383.85 2.2%8 0.04 0.00 0.00
66l.66 2.79 0.04 .00 0.00
1173.24 3.80 0.08 0.00 0.00
1332.50 4.16 0.09 0.00 0,00

D-3



HNF-5148, Rev. 2

Energy Calibration Report 12-20-99% 11:55:41 AM Page 1T
ENERGY CALIBRATION REPORT

Identification Number : CALCOUNT

Description/Title : Calibration Count Counter : GEA - A

Arrangement : 55-gal. drums Calibration for : BEGE3

Acquisition Started : 12-20-99 11:31:21 AM

Live Time 59Z.6 seconds Real Time 600.0 seconds

ENERGY CALIBRATION COEFFICIENTS
Energy Calibrate Performed on: 12-20-9% 11:55:36 AM by: System Manager
Energy Calibrate Type: BOLY

Energy{keV} = -0.693 + 0.500*ch + -1.64E-07*ch"2 + C.0OCE+00*ch"3
SHAPE CALIBRATION COEFFICIENTS

Shape Calibrate Performed on: 12-20-99 11:55:36 AM
by: System Manager

FWHM
LOW TATIL

0.543 + 0.032 *E~1/2
O.CE+00 + Q.0E+0Q00*E

I

ENERGY CALIBRATION RESULTS TABLE

Centroid Centroid Energy
Channel error {keV)
120.45 0.02 59.54
163.40 0.01 81.00
554.23 0.02 276.40
607.17 0.01 302.84
713.55 0.01 356.01
769,22 0.02 383.85%
1325.28 0.0z 661.66
2349.63 0.04 1173.24
2668.63 0.04 1332.50

SHAPE CALIBRATION RESULTS TABLE

Enerqgy EFWHM FWHM TAIL TAIL
(keV } channels error channels Cerror
59.54 1.72 0.04 0.00 0.00
81.00 1.68 0.02 0.00 0.00
276.40 2.12 0.04 0.00 0.00
302.84 2.18 0.02 0.00 0.00
356.01 2 '25 0.01 0.00 0.00
383.85 2.20 0.04 0.00 0.00
661.66 2.76 0.04 0.00 0.00
1173,24 3.48 0.07 0.00 0.00
1332.50 3.73 0.08 Q.00 G.00



HNF-5148, Rev. 2

Energy Calibration Report 12-20-99 11:53:53 AM Page I
ENERGY CALIBRATTION REPORT

identification Number CALCOUNT

Description/Title Calibration Count Counter GEA - A

Arrangement 55-gal. drums Calibration for SEGE4

Acquisition Started 12-20-99 11:31:21 AM Live Time

595.0 seconds Real Time 600.0 seconds

ENERGY CALIBRATION COEFFICIENTS
Energy Calibrate Performed on: 12-20-99 11:53:48 AM by: System Manager
Energy Calibrate Type: POLY

Energy(keV) = -1.687 + 0.501*ch + -1.51E-07*ch"~2 + O.0OE+00*ch"3
SHAPE CALIBRATION COEFFICIENTS

Shape Calibrate Performed on: 12-20-29 11:53:48 AM

by: System Manager 9*EA

FWHM = 0.528 + 0.02*E"~1/2
LOW TAIL = O.CE+00 + O.0E+00*E

ENERGY CALIBRATION RESULTS TABLE

Centroid Centroid Energy

Channel error (keV

122.31 0.02 59,54

165.21 0.01 81.00

555,68 0.03 276.40

608.49 0.02 302.84

714.77 0.01 356.01

770,34 0.03 383.85

1325.81 0.03 661,66

2348.89 0.05 1173.24

2667.71 0.05 1332.50

SHAPE CALIBRATION RESULTS TABLE

Energy FWHM FWHM TATL TAIL
{keV ) channels error channels error
59.54 1.¢1 0.05 0.00 0.00
81.00 1.5¢9 0.02 1.00 0.00
276.40 2.00 0.06 0.00 .00
302.84 2.05 0.03 Q.00 0.00
356.01 2.13 0.02 0.00 0.00
383.85 2.16 0.06 0.00 0.00
66l.66 2.52 0.05 0.00 0.00
1173.24 3.21 0.08 0.00 0.00
1332.50 3.33 0.09 0.00 0.00

D-5




HNF-5148, Rev. 2

Energy Calibration Report 12-20-%9 12:01:44 pM Page I
ENERGY CALIBRATTION REPORT

Identification Number : CALCOUNT

Description/Title : Calibration Count Counter : GEA - A

Arrangement : 55~gal. drums Calibration for : SEGEs

Acquisition Started : 12~-20-99 11:31:21 BM

Live Time 595.0 seconds Real Time 600.0 seconds

ENERGY CALIBRATION COEFFICIENTS
Energy Calibrate Performed on: 12-20-99% 12:01:35 PM by: System Manager
Energy Calibrate Type: POLY

Energy(keV) = -1.691 4+ 0.501*ch + -1.54E-07*ch”2 + O.00E+Q0*ch"3

SHAPE CALIBRATION COEFFICIENTS
Shape Calibrate Performed on: 12-20-99 12:01:35 PM
by: System Manager
FWHM = 0.605 + 0.033*E"I/2
LOW TAIL = 0.0E+Q0 + O,CE+00*E

 ENERGY CALTBRATION RESULTS TABLE

Centroid Centreid Energy
Channel error (keV )
122.31 0.01 59.54
165.22 0.01 81.00
555.64 0.01 276.40
608,51 0.01 302.84
714.7¢6 0.00 356.01
770.38 0.01 383.85
1325.82 0.01 ©61.66
2348.98 0.02 1173.24
2667.61 0.02 1332.50

SHAPE CALII13RATICN RESULTS TABLE

Energy FWHM FWHM TAIL TAIL
(keV )} channels error channels error
59.54 1.86 0.03 .00 0.00
81.00 1.80 0.01 g.00 0.00
276.40 2.35 0.03 0.00 .00
302.84 2.36 0.02 0.00 0.00
356.01 2.41 0.01 0.00 0.00
383 85 2.40 0.03 0.00 0.00
661.686 2.85 0.02 0.00 0.00
1173.24 3.63 0.04 0.00 0.00
1332.50 3.81 0.04 0.00 0.00

D-6
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Energy Calibration Report 1-31-00 10:47:11 AM Page 1

ENERGYCALIBRATIONRBPORT

Tdentification Number : CA-LCOUNT

Description/Title : Calibration Count Counter 1 GEA - A
Arrangement : 55~gal. drums.

Calibration for : LEGES

Acguisiticon Started : .1-31-00 10:33:40 AM

Live Time 29%.8 seconds Real Time 306.4 seconds

ENERGY CALIBRATION COEFFICIENTS

Energy Calibrate Performed on: 1-31-00 10:46:44 pM
by: System Manager
Energy Calibrate Type: POLY

Energy(keV) = 0.145 + 0.077*ch + O.C0E+00*ch”2 + O.0C0OE+00*ch"3

SHAPE CALIBRATION COEFFICIENTS

Shape Calibrate Ferformed on: 1-31-00 10:46:44 AM
by: System Manager

FWHM = (0.306 + 0.032 *E~1/2

LOW TAIL = 0O.0E+00 + C.QE+(00*E

ENERGY CALTIBRATION RESULTS TABLE

Centroid Centroid Enerqgy
Channel error {keV )
774.51 0.46 59.54
1054.24 0.11 81.00
3601.60 0.12 276.40
3946.74 ¢.o7 302.84

SHAFE CALIBRATION RESULTS TABLE

Energy FWHM FWHM TAIL TATL
{keV 3 channels error channels Berror
59.54 5.61 1.05% ' 0.00 0.00
81.00 7.80 G.23 0.00 0.00
276.40 11.38 0.25 0.00 0.00
302.84 11.13 0.14 0.00 0.00

D-7
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Energy Calibration Report 1-31-00 10:53:25 AM

ENERGYCALIBRATIOCNRETPORT

Identification Number : CALCOUNT

Description/Title :Calibration Count Counter :GEA - A
Arrangement :55-gal. drums Calibration fcr :LEGEG6
Bdgquisition Started 1-31-C0 10:33:40 AM

Live Time 300.6 seconds Real Time 306.8 seconds

ENERGY CALIBRATION COEFFICIENTS

Energy Calibrate Performed on: 1-31-00 10:53:13 AM
by: System Manager
Energy Calibrate Type: POLY

Energy({keV) = 0.118 + 0.076*ch + 0.00E+00*ch"2 + 0.00E+00*ch”3

SHAPE CALIBRATION COEFFICIENTS
Shape Calibrate Performed on: 1-31-00 10:53:13 AM
by: System Manager

FWHM = 0.241 + 0.040*E"1/2
LOW TAIL = O.QE+00 + Q.0BE+00*E

ENERGY CALIBRATION RESULTS TAELE

Centrold Centreid Energy
Channel error {keV )
778.08 0.67 59.54
1058.65 0.11 81.00
36l6.11 0.13 276.40
3962.30 0.08 302.84

SHAPE CALIBRATICN RESULTS TABLE

Enerqgy FWHM FWHM TAIL TATL
(keV ) channels error channels error
59,54 4,90 1,38 0.aa 0.00
81.00 8.00 0.24 0.00 0.00
276.40 11.72 0.25 0.00 0.00
302.84 12.40 0.15 0.00 0.00

Page T
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APPENDIX E

SEGe Efficiency

Data and Curves
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Foam Drum, density = 0.01346 gms/cc, No Shield (collimator). Spectrum Seq # 3988

Dual Efficiency Calibration C‘urve
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Foam Drum, density = 0.01346 gms/cc, No Shieid (collimator). Spectrum Seq # 3988
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Foam Drum, density = 0.01346 gms/cc, No Shield (collimator). Spectrum Seq # 3988
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Foam Drum, density = 0.01346 gms/cc, No Shield (collimator). Spectrum Seq # 3988
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Foam Drum, density = 0.01346 gms/cc, No Shield (collimator). Spectrum Seq # 3988
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Foam Drum, density = 0.01346 gms/cc, No Shield (collimator). Spectrum Seq # 3988

Dual Efficiency Calibration Curve
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Foam Drum, density = 0.01346 gms/cc, Shield {collimator). Spectrum Seq # 3989
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Foam Drum, density = 0.01346 gms/cc, Shield (collimator). Spectrum Seq # 3989
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Foam Drum, density = 0.01346 gms/cc, Shield (collimator). Spectrum Seq # 3989
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Foam Drum, density = 0.01346 gms/ce, Shield (collimator). Spectrum Seq# 3989
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Foam Drum, density = 0.01346 gms/cc, Shield (collimator). Spectrum Seq # 3989
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Foam Drum, density = 0.01346 gms/cc, Shield (collimator). Spectrum Seq # 3989
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Homosote Drum, density = 0.43029 gms/ce, No Shield (collimator). Spectrum Seq # 3994
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Homosote Drum, density = 0.43029 gms/cc, No Shield {collimator}. Spectrum Seq # 3994
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Homosote Drum, density = 0.43029 gms/cc, No Shield (collimator). Spectrum Seq # 3994
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Homosote Drum, density = 0.43029 gms/cc, No Shield (collimator). Spectrum Seq # 3994
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Homosote Drum, density = 0.43029 gms/cc, No Shield (collimator), Spectrum Seq # 3994
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Homosote Drum, density = 0.43029 gms/cc, No Shield (collimator). Spectrum Seq # 3994
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995
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High Energy

— — —LowEnergy = ®  Meagurad

0.0001

LA

" 1e-05

10 ’ 100 1000

| Energy (keV)

Datasource; CAWAS\TEMPA\EFF478.TEM
IM{Eff) = -1.2340+03 +7.655a+02"In(E)} -1.7820+02"IN(E}*2 +1.8681e+01*IN(E)*3
-7.2232a-01"In{E)"4

Seg 6, SEGe 3, Drum positidn 3.

ual Efficiency Callbration Curve

10000 -

If — — Low Enargy L} Measured = High Energy
0.0001
. sl Le ] |
f . P,
/] - N
N
{e-05 :
’ 10 100 1000

Energy (keV)
Datasourca: CAWAS\TEMP\EFF478. TEM .
IN(Eff) = -1.9580+01 +2.930a+00"INn{E} -2.223e-01"IN(E)*2

Seg 7, SEGe 2, Drum position 1.

E-22

10000



"HNF-5148, Rev. 2

Hemosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995
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Homeosote Drum, density = 0.43029 gms/cc, Shield {collimator). Spectnim Seq # 3995
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995

HNF-5148, Rev. 2

. Dual Effictency Caiibration Curve
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HNF-5148, Rev. 2

Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3992

Dual Efficilancy Calibration Gurve
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HNF-5148, Rev. 2

Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3992

Dual Efficiency Calibration Curve
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HNF-5148, Rev. 2

Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3992

Dual Efficiency Callbration Curve
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HNF-5148, Rev. 2

Particle Board Drum, density = 0.65625 gms/cc, No Shield {collimator). Spectrum Seq # 3992

o Dual Efﬂcienc_y Calibration Gurve _
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HNF-5148, Rev. 2

Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3992

Dual Eﬁlniancy Calibration Curve |
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HNF-5148, Rev. 2
Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3992

Dual Efficiency Calibration Curve
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993

HNF-5148, Rev. 2

Dual Efﬂcioncy canbratlon Gufvo )
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HNF-5148, Rev. 2

Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993

Hiclency Calibsation Curve .« &
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HNF-5148, Rev. 2

Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993

" Dual Efficiency Calibration Curve
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HNF-5148, Rev. 2
Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993

. _Dual Eific;lency Callbration Curve
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HNF-5148, Rev. 2

Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993

Dual Efficlency Calibration Curve
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HNF-5148, Rev. 2

Particle Board Drum, density = 0.65625 gms/cc, No Shield {collimator). Spectrum Seq # 3993
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HNF-5148, Rev. 2

Sand Drum, density = 1.5601 gms/cc, No Shield (collimator). Spectrum Seq # 3991

. Dual Efficiency Calibration Curve
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HNF-5148, Rev. 2

Sand Drum, density = 1.5601 gms/cc, No Shield {collimator}. Spectrum Seq # 3991

- ) Dual Efflciency Calibratlon Curve
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HNF-5148, Rev. 2

Sand Drum, density = 1.5601 gms/cc, No Shield (collimator). Spectrum Seq # 3991

" Dual Efflclency Calibration Curve
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HNF-5148, Rev. 2
Sand Drum, density = 1.5601 gms/cc, No Shield (collimator}. Spectrum Seq # 3991

- . Dual Efficlency Calibration Curve

[- = —LowEnergy = .M rad —— High Energy |
T Q.00 T - T : -
7
" 0.0001 |-t f P b : e A
- o
// : e,
2
16-05 + : A -
10 . . : 100 o 1000 - 10000
- i ' ’ © Energy (keV)
Datasource: d:‘\\:N‘.Ath\THEMP\EFFb_SS»TEM : : . b
IN(EN) = -8.8018+01 | +2.8056+01°IN(E}~ - -4.338e+00"N(EY*2  +2.1935-01In(E)*3
Seg 8, SEGe 2, Drum position 2.
Dual Efficiency. Calibration Curve
] : j_- — — Low Energy LAY/ lred High Energy
0.001 = : : - -
- 0.0001 ' : - i i
. - — :
7 =
h
1a-05 — -
- o . 100 : ' 1000 10000

Energy (keV)

Datasource: CAWAS\TEMPEFFO039. TEM . :
IN(EN) = -2.238a8+02 +1.3848+02"IN(E)} -3.220a0+01"In{E)"2 +3.354+00"IN(E)*3
-1.305e-01 "In(E)*4 : )

Seg 9, SEGe 2, Drum position 3.

E-41




HNF-5148, Rev. 2

Sand Drum, density = 1.5601 gms/cc, No Shield (collimator). Spectrum Seq # 3991

Dual Efflclency Callbration Gurve
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Sand Drum, density = 1.5601 gms/cc, No Shield {collimator). Spectrum Seq # 3991

Dual Efficlency .Caﬁib_ratidn Curve
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HNF-5148, Rev. 2

Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 3990

Dual Efficiency Calibration Curve
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Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 3990

Dual Efflclehc:y Catibratlon Curve
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Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 3990

Dual Efficlency Calibration Gurve.
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Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 3990

Duai Efficiency Calibration Gurve
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. ]
/
| | 7 | ,/F*/
P .
R %/
16-05 : / : ‘
10, o0 _ 1000 10000
Energy (keV)
Datasource: CAWAS\TEMPAEFFO39. TEM - . ‘
INEM ~ -1.3578+01  +5.4B16-01°In(E}  -2.063e-02"IN(E)*2
Seg 8, SEGe 2, Drum position 2.
Dual Efficlency Galibration Gurve
[- ~ —LowEnergy '8  Measured High Energy
0.0001 : '
.
16-05 +— -
10 100 1000 -1G000

Datasourcé: C:\WAS\TEMF‘\EF#Uag_TEM X

In(Eff) = -1 .427'e+03

© 48 BEEe+02*IN(E)
| -8.326e-01"IN(E)" 4

Seg 9, SEGe 2, Drlim position 3.

Ene.réy (keV)

2 0726+02IN(E}2 +2.148a+01*IN(E} 3
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Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 3990

‘Duﬁl Effic;;fen'cy Q_alll;l:intll‘on ' _¢u_rve

— — - Low Energy W Méasured .-

High Enargy |

0.0001 7—
te-054— [ - : : _ : -
~ 10 T S0 100 : St e o000 10000
_ . Enargy (keV) - C
'D&gasourca: Q:\WA&\TEMP\EFFQGQ.TEM ) S R SR -
-I(EMN) = -5.2640+01. +1.9268+01°In{E) . -2.988e+00"IN(E)*2  +1.5562e-01*In{E)*a
Seg 10, SEGe 1, Drum position 1.
Dual Efficiency Calibration Curve
— — = Low Energy n Measurad High Energy ;
0.0001
4
10-05 ~ A
: 7
A
5
¥ \
/
1e-06 L \ .
1000 10000

10 S 100

Datasource: C:\WAS\‘!‘EM P\EFFO39.TEM
IN(Eft) = -4.933e+02 +3.27 te+02*In{E)
. ) . «3.802e-01*IN(E)*4

Seg 11, SEGe 1, Drum position 2.

Energy (keV) '

. ~B.2568a+017INn{E)"2
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Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 39%0

. Dual E,ﬁiclancy Callsration Curve
- Lq\y Enetgy - ® ] '_sésurad »-—-——_ Hrgh Energy ]

I e ) A TN S i 1
ST 10000 C o 10000

Erlsrgy (keV)

o Dmource Q\wasx'renﬁe\eweawrem : _ L
_In{Eff)- -9.8560+00 ;. +1,0024- f!n(E) - +’f.538_“e-03‘?n‘_££]'.‘? o
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Summed Spectra, low density, 0.0135, no shield.

Dual Efficiency Calibration Curve

— — — Low Energy " M ired High Energy ’
0.001 -
/ T
}I
2.0001
10 100 1000 10000
Energy (ikeV) ’
Datasource: C‘:\WAS\TEMP\EFF478‘.TEM ‘
IN(EM) = -1.387e+02  +8.1050+01*In(E) -1.824e+01*In(E)*2  +1.793e+00"In(E} 3
. -6.551e-02*In(E)"4 .
Summed Spectra, 2" density, 0.430, no shield.
Dual Efficiency Calibration Curve )
— — — Low Eneargy L] Measured High Energy
0.001
. N
. . W
. \’\
0.0001 i — \**\
~
/ .
f AN

¥ B

T ‘
1e-05 - -
' 10 100 1000

Energy (keV)

Datasource: CAWAS\TEMP\EFF478.TEM :
IN(Eff) = -2.2608+02 = +1.4178+02"In(E) -3.423e+01*In{E)}*2 +3.644e+00"In(E)"3
-1.449e-01*In{E)*4 ’
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Summed Spectra, 3" density, 0.656, no shield.

Dual Efficlency Calibration Curve

!: — — Low Energy B Measured - —— High Enargy
0.001 - T - -
0.0001 : - o
Fi - LW
7 h
<
) . N
10-05+— —— : '
' i0 . 100 - 1000 10000 -
' :‘Energy (kaV)
Datasource: CAWAS\TEMPAEFF478. TEM - : _ :
IN(EN) = -1.708e+02 ©  +1.0216+02"IN(E) -2.8820+01°IN(E}*2  +2.446e+00"IN{E)*3
-9.3760-02"In(E)"4 o S _ :
Summed Spectra, heavy density, 1.56, no shield.
_ Dual Efficiency Galibration Curve
[- - —LowEnergy ®- m red High Energy |
0.0001 : . N
. 7 ﬁﬁ\ﬁ\
N
16-05 X
: : .
i \
{ 1Y
17 1\
| \
10-06 . . . .
10 S100 1000 10000

Energy (keV)

Datasource: CAWAS\TEMPA\EFF478.TEM . X .
IN{Eff) m -2.695e+02  +1.6280+02*In(E) =3.837e+01 *In(E)~2 +4.197a+00"In(E)}*3
-1.87068-01"In{E)*4 _ o

E-51




HNF-5148, Rev. 2

APPENDIX F

Spreadsheets
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Spreadsheet for Figure 2

Activity and Count response for 1-2000 cal

Seg #
11-Top

o
(=

dNOW S D~ oo W

A4
Sum
% Dift

Seg #

—_—
L=

M W Bt N~ 00 WO

A4
Sum
% Diff

COUNTS

Seg
812
S13
s21
S22
§23
S31
832
833
841
842

ACTIVITY

Seg
§12
S13
821
522
823
831
832
833
S41
S42

59 k'eV
4106
4342
6777
7964
7992
8686
7949
7504
7134
5330
3i38

69025
67016
291

59 K'eV
4106
4.034
3.765
3.634
3831
3.564
3.512
3.761
3.794
3.275
3.404

36.707
36.573
6.37

4107
4583
6588
8149
8244
8591
8185
7763
7406
5732
3322

69620
68563
1.52

4107
4.076
3.660
3.717
3.952
3.525
3.616
3.891
3938
3.522
3.603

37.024
37.501
-1.29

HNF-5148, Rev. 2

Sequence number

4108
4537
6669
8377
7991
8359
8197
7784
7283
5591
3358

70322
68146
3.09

4109 - .

4331
9834
8470
8124
8416
8296
7625
6855
5716
3273

70768
70940
-0.24

Sequence number

4108
4.036
3.705
3.821
3.831
3.430
3.621
3.901
3.873
3.436
3.642

37.398

37.297
0.27

F-2

4109
3.853
3.797
3.864
3.895
3.453
3.665
3.822
3.645
3.512
3.550

37.635
37.053
1.54

Daily Source Drum

4110
4617
6678
8370
8320
8572
8269
7416
7064
3701
3209

70642
68216
343

- 4110
4.106
3.711
3.819
3.988
3.517
3.653
3.717
3.756
3.503
3.481

37.568
37.251
0.84

AVG
45220
7309.2
8266.0
8134.2
8524.8
81792
7618.4
7148.4
5614.0
3260.0

70075.4
68576.2
2.14

AVG
4.021
3.728
3.771
3.859
3.498
3.613
3818
3.801
3.449
3.536

37.266
37.135
0.35

Dev
111.64
1413.00
20594
147.82
134.09
136.98
160.02
210.88
168.14
88.18

736.93

Dev
0.10
0.05
0.09
0.07
0.06
0.06
0.08
0.1
0.10
0.10

0.39

Yeerr
2.47
19.33
2.49
1.82
1.57
1.67
2.10
2.95
2.99
2.70

1.05

Y% err
2.46
1.44
2.49
1.82
1.58
1.67
2.10
295
3.00
2.70

1.05



Activity and Count response for 1-2000 cal

Seg #
11-Top
10

[ TR O S -]

Al4
Sum
% Diff

Seg #
11
10

[ S VS R N - -

A04
Sum
% Diff

COUNTS

Seg
s12
SI3
Szl
S22
§23
831
§32
§33
541
542

ACTIVITY

Seg
812
813
821
§22
523
§3t
§32
§33
541
842

81 keV

4106
12013
18923
19042
19992
18957
19310
18497
16774
13183

7167

149300
163858
-9.38

81 keV
4106
4.483
3.579
2.899
3393
3.152
3476
3.522
3.196
2.996
3.019

34.010
33.717
0.86

4107
11293
18848
22199
20528
20505
19039
18676
17488
11923

9236

115291
169735
47.22

4107
4214
3.565
31.380
3.486
3410
3.427
3.556
3332
2.710
3.891

34,349
34.910
-1.81

HNF-5148, Rev. 2

Sequence number

4108
12379
18870
18865
19281
20621
19336
18039
17278
15999

9220

150812
169888
-12.65

Sequence num
4108
4.620
3.569
2,872
3.274
3.429
3.480
3.435
3292
3.637
3.884

34.240

35.492
-3.66

F-3

4109
12377
18727
20424
21652
20572
18760
18786
17679
16188

9042

[51217
174507
-15.40

ber

4109
4619
3.542
3.109
3.728
3.412
3376
3577
3.368
3.680
3.809

34,332
36.220
-5.50

Daily Source Drum

4110
11693
19251
18564
22377
19577
19429
18423
17312
11539

7973

151793
166138
-9.45

4110
4.363
3.641
2,827
3.800
3.256
3,497
3.508
3208
2,623
3.359

34.463
34.171
0.85

AVG
11951.0
18923.8
[9818.8
20826.0
200464
19174.8
18484.2
173062
13766.4

8527.6

143782.6
168825.2
-17.42

AVG
4.460
3.579
3.017
3.537
3332
3.451
3520
3197
3.129
3.592

34.279
34.914
-1.85

Dev
465.84
196.49
1509.91
1308.13
745.63
273.58
28722
337.67
2210.68
922.59

15943.88

Dev
0.17
0.04
023
0.22
0.12
0.05
(.05
0.06
0.50
0.39

0.17

Y% err
3.90
1.04
7.62
6.28
372
1.43
1.55
1.95
16.06
10.82

11.09

% err
3.90
1.04
7.61
628
3.68
1.43
1.55
195
16.06
10.82

0.50
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Activity and Count response for 1-2000 cal Daily Source Drum
COUNTS
356 keV Sequence number
Seg # Seg 4106 4107 4108 4109 4110 AVG Dev % err
11-Top S12 25224 25856 25486 25891 25730 256374 2804 1.09

10 S13 38324 39185 38780 38893 38746 387856 3105 0.80
9 521 43236 42259 43578 43350 43331 43150.8 514.1 1.19
8 522 43600 43748 43871 44066 44089 43874.8 208.6 048
7 523 44396 43356 44099 44096 43949 43979.2 3844 0.87
6 S31 46295 46896 46348 46799 47071 46681.8 3436 0.74
5 532 46082 45829 45734 46506 45967 46023.6 3004 0.65
4 533 43308 43777 43397 43272 43427 434362 200.7 0.46
3 541 32772 33185 32852 32872 32803 328968 1659 0.50
2 542 19447 19879 19622 19376 19497 19564.2 197.6 1.01

A04 382713 385298 383730 385822 386017 384716 14352 037

Sum 382684 383970 383767 385121 384610 384030.4

% Dift 0.01 034 -0.01 0.18 0.36 0.18

ACTIVITY
356 keV Sequence number

Seg # Seg 4106 4107 4108 4109 4110 AVG Dev % err
11 S12 3.080 3.157 3113 3162 3142 3.131  0.034 1.09
10 513 3.045 3113  3.081 3.090 3.078 3.082  0.025 0.80
9 821 3139 3141 3.164 3.148 3.146 3.148 0.010 031
8 §22 3.104 3.114 3124 3137 3.139 3.124  0.015 0.48
7 S23 3.161 3.087 3140 3.140 3.130 3.132 0.027 0.87
6 531 3.118 3.159 31122 3152 3.171 3.144  0.023 0.73
5 S32 3.186 3.168 3162 3215 3.178 3.182  0.021 0.65
4 S33 3.099  3.133  3.106 3.097 3.108 3.108 0014 0.46
3 S41 3.149 3,189 3157 3.159  3.152 3.161 0.016 0.51
2 S42 3206 3277 3235 3193 3214 3.225  0.033 1.02

AD4 31.944 32,160 32.030 32204 3222] 32112 0.120 0.37

Sum 31.288 31540 31404 31.492 31.458 31.436

% Diff 2.05 1.93 1.95 221 2.37 2.10

e e g b e . i Aol



Activity and Count response for 1-2000 cal

Seg #
11-Top

—_
(==

[ P R ¥ T = - . RV o ]

A04
Sum
% Diff

Seg #

—
o =

[ T L - N R - Y -]

A4
Sum
% Diff

COUNTS

Seg
S12
S13
521
S22
$23
S31
532
833
S41
542

ACTIVITY

Seg
St2
S13
521
§22
823
531
$32
533
541
542

661 keV
4106
4062
5767
6856
6873
6936
7308
7323
6624
4957
2991

59842
59697
0.24

661 keV
4106
0.589
0.531
0.575
0.589
0.575
0.608
0.597
0.544
0.557
0.562

5.948
5.726
in

HNF-5148, Rev. 2

Sequence number
4107 4108 4109
4026 3939 3922

5929 6034 6082
6646 6685 6695
6657 6908 6733
6945 6769 6850
7204 7178 7225
7143 7162 7121
6741 6815 6914
3035 4980 5032
2943 3046 3061

59656 59766 59750
59269 59516 59635
0.65 0.42 0.19

Sequence number
4107 4108 410%
0.584 0.572 0.562
0.546 0.556 0.560
0.557 0.560 0.561
0.570 0.592 0.577
0.575 0.561 0.567
0.599 0.597 0.601
0.582 0.584 0.580
0.553 0.560 0.568
0.566 0.560 0.566
0.553 0.573 0.575

5.929 5.940 5.939
5.687 5.713 5.7
4.09 3.83 3.73

Daily Source Drum

4110
3983
5894
6719
6641
6345
7250
7291
6799
5024
3021

59553
59467
0.14

4110
0.578
0.543
0.563
0.569
0.567
0.603
0.594
0558
0.565
0.568

5919
5.708
3.57

AVG
3986.4
59412
6720.2
6762.4
6869.0
7233.0
7208.0
6778.6
5005.6
3012.4

597134
59516.8
0.33

AVG
0.577
0.547
0.563
0.579
0.569
0.601
0.588
0.557
0.562
0.566

5935
5.710
3.79

Dev
58.50
123.65
80.35
122.62
72.80
49.61
9223
106.52
35.06
47.01

111.43

Dev
0.011
0.011
0.007
0.010
0.006
0.004
0.008
0.009
(.004
0.009

0.011

Yerr
1.47
2.08
1.20
1.81
1.06
0.69
1.28
1.57
0.70
1.56

0.19

Yaerr
1.89
2.08
1.20
1.81
1.06
0.69
1.28
1.37
0.70
1.56

0.19



Activity and Count response for 1-2000 cal

Seg #
11-Top

—
=]

b W R o v~ e D

Ad4
Sum
% Diff

Seg #
11
10

[N VY R S ¥ .

A4
Sum
% Diff

COUNTS

Seg
S12
S13
§21
8§22
523
$31
§32
8§33
S41
S42

ACTIVITY

Seg
S1z2
S13
S21
5§22
523
531
532
533
541
S42

1332.5 keV
4106
1966
2780
3219
3244
3388
3463
3438
3241
2411
1426

28645
28606
0.14

1332.5 keV
4106
0.4158
0.3647
0.3964
03916
0.4115
0.3845
0.4103
0.3899
0.4070
0.3663

4.0484
3.9382
27

HNF-5148, Rev. 2

Sequence number

4107 4108 4109 -

1503 1621 1952
2894 2854 2823
3150 3196 3222
3263 3297 3346
3339 3362 3343

3448 3520 3544
3356 3443 3472
3263 3265 3197
2310 2364 2368
1449 1439 1359

28393 28746 28562
28375 28691 28626
0.06 0.19 -0.22

Sequence number

4107 4108 4109
04024 04063 04130
0.3797 03745 03703
0.3879 03936  0.3968
03940 03980  0.4040
0.4055 04083  0.4060
03795 03874  0.3900
0.4006 04109 04143
03926 03963  0.3845
03901 03993 03998
03723 03699 03494

4.0128 4.0627 4.0366
3.9046 3.9445 3.9281
2.70 291 2.69

Daily Source Drum

4110
1894
2879
3271
3177
3360
3428
3490
3147
2401
1449

28554
28496
0.20

4110
0.4007
0.3777
0.4027
0.3835
0.4081
0.3772
0.4165
0.3786
0.4055
0.3724

4.0356
3.9231
2.79

AVG
1927.2
2846.0
32116
32654
33584
3486.6
3439.8
32286
23708
1424 4

28580.0
28558.8
0.07

AVG
0.4076
0.3734
0.3955
0.3942
0.4079
0.3837
0.4105
0.3884
0.4003
0.3661

4.0392
3.9277
2.76

Dev
31.01
45.67
43.96
6280
19.40
48.41
51.46
57.89
39.62
37.76

130.14

Dev
0.0066
0.0060
0.0054
0.0076
0.0024
0.0053
0.0061
0.0070
0.0067
0.0096

0.0184

Yo err
1.61
1.60
1.37
1.92
0.58
1.39
1.50
1.79
1.67
2.65

0.46

Yo err
.6l
1.61
1.37
1.93
0.58
1.39
1.49
179
1.66
2.64

0.45
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Density  Detector

0.01346

043029

0.65625

1.56010

0.01346
043029
0.65623
1.56010

SEGe-3
SEGe-3
SEGe-3
SEGe-2
SEGe-2
SEGe-2
SEGe-1
SEGe-1

SEGe-3
SEGe-3
SEGe-3
SEGe2
SEGe-2
SEGe-2
SEGe-1
SHGe-1

SEGe3
SEGe-3
SEGe-3
SEGe-2
SEGe-2
SEGe2
SEGe-1
SEGe-1

SEGe-3
SEGe-3
SBEGe-3
SEGe-2
SEGe-2
SEGe2
SEGe-1
SEGe-1

Drum
Position

B o= LD R = L R e G B2 B o L B = W N = W R o= L M= W R —

LS VS i o o IR PR 6 |

HNF-5148, Rev. 2

No Detector Shield (Coll=0)
Coefficients
a b
SLMREHR TOMEHN
2319EHRZ  1.462EH2
256TEHR  1L650E+H2
2085EHR  1.205EHR
-LBAEHD2  LI39EH2
-L415EH2 8.126FH)]
-L787EH2 1.0BGEH(2
20MEHZ 1293EHR
2ABEHR L3ITEHR
-L8MEHZ  1134EHR
-1374EH2 8.105E+01
S7526FH)1 3. 279EH
-7233EH01 3.153EH)1
Q277EH]L 4.810E40]
STOSBEH0l  3.039E+0]
H25TFH01 26165401
-2659EHR  16RSEHRZ
S13MEH)T 3.199E+H0L
-L167EHR2  6.400E+01
-1253EHR2 7.022E+01
H935EH] 2.906E401
SAEH 9.945EH01
-L3R9EHR  7.910E+H1
2480EHR 1562+
S13TTEHRZ 7Te0EROL
-L8M4EHE  LI33EHR
-1925EHE 1LI79EHR
-7015EH} 2.983EH01
LEROEHR  2.096EHR
-L36IEHZ 9.162EH)]
-l4TAEH2 8. 40EH01
-2 128EH2  1L300EHR2
-L6BOEHZ  LRIEHZ2
ST228EH)1 2.937EH0I
2IPEHR 134eEHR
-L574EHR  8.997EH)
2. 116EHR [ 290E+H2
-L738EHR LRIEM2
6.852EH01  2.813EH)M
GRIEH0]  2.805E+H01
229EH2  1L.3GEHR
129TEH] 3.019E+H)L
S201EH] 4.011EH1
42T3EH 1457EH]
-1397EH2 BI05EH)]
226042 1LAHTEHR
-L70EHZ LRIEHR
S2595EH2 LE2BEHR

F-8

v
-1.713EH1
-3.530E+00
-4.040E+01
-3.076E+01
-2712E+01
-1.7MEHL
-2 545E+01
-3.005E:+01
-3.170E+01
2670E+01
-1.824E+01

-5.305E+00
-5.089E:+00
D974E+H00
4.849FH00
4123600
-4.084E+01
5. 135E+00
-L.390E+01
-1.558E+01
-4.534EH0
-L161EH0

-1.773EH]
3.70EHL
-L720E+01
26REH)]
280101
4. 745EH00
9263E+01

-2 111E0
-1.901E+(}1
-3.080E+01
-2.382EH01

4.532EH0
-3 229E+01
~2.015E+01
-3.059EH01
2349EH01
<4.383EH0
<4.336E+00
3.20E+01
4. 708EH0
G A35EH0
-1.888EHD

-1.824E+01
34286401
-2.382F+H01
-3.937EH)L

d
LOEHD
3T51EH0
4.356E:+00
3210EH0
2841EH0
L.714E+00
2621E+H0
3.264EH0
3.360E+00
2.783EH0
1.793EH00

2.802F-01
2677501
8.926E-01
2520E01
2.113E01
4.359E+00
2600601
1320600
L51SE+00
2354E-01
3.601E-

1 735E+H00
429500
LE70EH00
2.819E+00
2.953E+00
2.469E-01
-1.549E401
2.145EH)0
1.852EH0
I217EHD
24466400

2287501
35283EH0
1.975E+00
3202E+H00
2.378EH0
2234601
2193E01
3.354EH0
2.398E-01
3.385E01
TABIE(2

L73EHO
3.64EHD
2H46E+HX
4.197EH0

c
-6.016E-02
-1.488E01
-1.753E-01
~1.249E-01
-1.113E-01
6.02E-03
-1.00GE-01
-1.287E01
-1.331E01
-LOMEQL
0.551E-02

-2 926E-02

-1 73EQ]

4.664E-02
-5.546E-(2

6.289E-02
-1.602E-01
<0.032E-02
1.103E-01
<L I47TE01

LAO0EH00
-8.160E-02
5963602
-1.255E-01
9.376E-02

-1.357E01
-T186E-02
-1.253E01
-3.99E-(2

-1L305E-01

-6.551E(2
-1.449E-01
9367612
-1.670E-01

-4.926E-02



Density

0.01346

0.43029

0.65623

1.56010

Detector

SEGe-4
SEGe-4
SEGe-3
SEGe-3
SEGe-3
SEGe-2
SEGe-2
SEGe-2
SEGe-1
SEGe-1
Summed

SEGe-4
SEGe-4
SEGe-3
SEGe-3
SEGe-3
SEGe-2
SEGe-2
SEGe-2
SEGe-!
SEGe-1
Summed

SEGe-4
SEGe-4
SEGe-3
SEGe-3
SEGe-3
SEGe-2
SEGe-2
SEGe-2
SEGe-1
SEGe-1
Summed

SEGe-4
SEGe-4
SEGe-3
SEGe-3
SEGe-3
SEGe-2
SEGe-2
SEGe-2
SEGe-t
SEGe-1
Sumimed

Drum
Position

[ I TS R R = T P ] b == L 2 = W ) = L b b o= e b = W R = Lo b

L v T L B A ]

HNF-5148, Rev. 2

Detector Shield (Coll=1)

d
-6.420E+01
-9.956E+01
-5.473E+01
-8.927E+01
-2.638E+02
-5.764E+01
-5.166E+02
-1 893E+01
-4,623E+01
-5.738E+01
-4.043E+01

-5.468E+01
-LHIQE+HD3
-E.527E+0]
-3.973E+02
-1.234E+02
-1.959E+01
-1.993E+01
-1.602E+01
-7.623E+02
-1.740E+01
-1.259E+01

-2.284E+01
-1.439E+01
-4.610E+02
-2.031E+01
-1.263E+03
-9.370E+01
-1.920E+01
-1 985E+01
-2.343E+03
-1.158E+03
-§.2331+02

-2.284E+01
-1.439E+01
-4.610E+02
-2.031E+01
-1.263E+01
9.370E+01
-1.920E+01
-1.985E+01
-2.343E+03
-1.158E+03
-1.233E+G2

Coefficients
b
2.566E+01
4232E+01
2.092E+01
3.665E+01
-1.657E+02
2.261E+01
3.223E+02
3.569E+00
1.693E+01
3.434E+01
1.530E+01

1913E+01
6.916E+02
1.589E+00
2.339E+02
7.655E+02
2.939E+00
3.047E+00
1.747E+00
4.539E+02
1.851E+00
1.391E+00

3.564E+00
1. 249E+00
2.824E+02
3.018E+0D
7.705E+02
5.363E+01
2.662E+00
2 861E+00
[.450E+03
7.239E+02
6.82BE+0]

3.564E+00
1 249E+00
2.824E402
3.G18E+G0
7.705E+02
5.363E+01
2.660E+00
2.861E+00
1.450E+03
7.239E+02
6.828E+01

c
-4.001E+00
-6.365E+00
-3.175E+00
-5.556E+00
-4.030E+01
-3.490E+00
-7.662E+01
-3.903E-01
-2.573E+00
-9.082E+00
<2 311E+00

-2.751E+00
-1.626E+02
-1.182E-01
-6,238E+01
-1,792E+02
-2.223E-01
-2.318E-01
-1.250E-01
-LO25E+02
-1.279E-01
-1.002E-01

-2.599E-01
-9.517E-02
-6.626E+01
-2.244E-01
-1.775E+02
-1.302E+01
-1.945E-01
~2.108E-01
-3.374E+02
-1.709E+02
-1.522E+01

~2.599E-01
-9.517E-02
-6.626E+01
-2.244E-01
~1.775E+02
~1.302E+01
-1.949E-01
-2.108E-01
<3.374E+02
-1.709E+02
-1.522E+G1

d
2.061E-0}
3.365E-01
1.589E-01
2.786E-01
4 346E+00
1.779E-01
8.G80E+GG
1.070E-(2
1.284E-01
1.046E+00
1.147E-01

1.314E-01
1.695E+G1

6.797E+00
1.861E+01

1O926E+01

6.902E+00

1.814E+01
1.413E+00

3481E+01
1.789E+01
1.510E+()

6.902E+00

1.814E+01
1.413E+00

3.481E+01
1.789E+01
L.S1OE+GO

-1.754E-01

-3.190E-G1

-4.452E-02

-6.613E-01

-2.770E~01
-7.232E-01

-3.843E-01

-2.690E-01

-6.944E-01
-5.762E-02

-1.344E+00
-6.999E-01
-5.626E-02

-2.690E-01

-6.944E-01
-5.762E-02

-1.344E+00
-6.999E-01
-5.626E-02
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