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Certificate of Calibration

This calibration report outlines the spec1ﬁc items included in the TRU Control of Measuring,
Testing and Data Collection Equlpment

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 Out-of-Cal.,

or non-conformance issues:

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

Calibration upon installation, then calibration verification annually
thereafter.

20 January, 2000

20 January, 2000

55 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, 0 to 160 grams 2%py defined in HNF-40519

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

Standards are listed in Appendix B of this document.

The system Cogmzant E Craig W]lls
Signature: Cg Z g;t Zi’gg , Date:

None
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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 guantitative 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 2 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 are in Appendix B, The uncertainties listed on the certificates are at 3 ¢ (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 ¢m) thick, and are
machined Iron 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 1 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

— -
= ®
G0 —
LEGe
[ow | — ®

DETECTORS
{SEGe)

55 GALLON DRUM

BS GALLON DRUM

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 is 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
LOEHS
!
S LOEM
(=]
o]
LOE+M . ‘ , .
0 2 4 6 8 10 S
Segment (2 =Bottom)
[——59keV 8- 8l keV —4— 356keV M- 6616 keV —%— 13325 keV
Figure 2.
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6.0 Comparative Analysis

The daily control drum, using a separate set of six NIST traceable line sources, 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.

Jan 2000

100

2

=

) R .

2 10 N

= - .

b D

01 ‘ : ‘ : :
0 2 4 6 8 10 2
Segments (2= Bottom)
——59keV —8-81 keV —4— 356 keV —B-661.6keV 4= 13025 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 1332.5 keV
Seg # Seg AVG Y err AVG % err AYG Yoerr AVG % emr AVG  %err
Il 812 4.02 2.46 4.46 390 3.13 1.61 0.577 1.89 0.408 1.61
10 S13 373 1.44 3.58 1.04 3.08 1.61 0.547 2.08 0373 1.61
9 S21 317 2.49 3.02 7.61 3.15 .37 0.563 1.20 0.395 1.37
8 S22 3.90 1.82 3.54 6.28 312 193 0.579 1.81 0.3%4 193
7 $23 350 1.58 333 368 313 0.580 0.569 1.06 0408 0.580
6 831 3.61 1.67 345 1.43 314 1.39 0.601  0.688 0384 139
5 832 38 2.10 352 155 3.18 1.49 0.588 1.28 0411 1.49
4 833 3.80 295 330 1.95 oA 1.79 0.557 1.57 0.388 1.79
3 541 345 3.00 313 16.06 316 1.66 0562  0.701 0400 1.66
2 §42 3.54 2.70 359 10.82 322 2.64 0.566 1.56 0366 264
Al4 37.27 1.05 34.28 0.496 3211 0.455 593 0.186 404 0455
Sum % Diff 37.14 0.35 3491 -1.85 31.44 210 571 379 393 2.76
Src Act 35.97 277 3162 291 3162 291 5.57 342 394 3.05
Ratio A04/8td 1.036 1.08 1.02 1.07 1.03
Sum/Std 1.032 ‘ 1.10 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 contained 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 '**Ba 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
1.0E+04 10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00
10000

1.0E+03

% Error

Energy (keV)

1.OE+H)2

1.0E+01

Channel

—e—Eng Vs Chn —_g— % Error
L J

Figure 4

The Energy versus Channel plot demonstrated the good fit of the equations to the summed
spectrum plot. The individual SEGe detectors are adjusted to as close as practical to the ideal
setting, thus the low error values.

10
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The equations for energy and FWHM also demonstrate this normalization effect in the
consistency of the equation’s coefficients as follows:

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

SEGe-1 0.543 0.030
SEGe-2 0.378 0.039
SEGe-3 0.543 0.032
SEGe-4 0.529 0.029
Summed 0.605 0.033

Table 3.

FWHM versus Energy

Channel

20.00
18.00
16.00
14.00
12.00 ~
10.00 =
8.00
6.00
N 4.00
R 2.00
10 100 1000 10000
Peak Energy (keV)

2.5E+H00 .

2.0E+00

ro

1.5E400 18

FWHM (keV
% E

1L.OE+HOO

5.0E-01

—+— FWHM Vs Brergy —a—% Bror |

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(TI) 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.

90 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:

12
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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).

Dual Efﬂclahcy Calibration Curve

1: 00110877 - Low Energy m Measured — High Energy
2:0.427885 — — — Low Energy L 4 Maasured - —— Hlnh Energy
3: 0.6543765 - Low Energy = Meaasured = - High Energy
4:1.56043 ——--Low Energy x Measured -———-- High Energy
0.001 I
. 1
= et
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- - . b Pt
PRt B T
1 1 e S
- - i lT e o
0.0001 % 7 - : o — —
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g = o b .
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J i Fi A
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Figure 5: No Collimator
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Duat Efficiency Calibration Curve |
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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 frent of the detector, while Figure 8 has the iron shield in
the analytical path.
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Error versus Energ
No Shield (collimator)
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Error versus Energy
With Shield (Collimator)
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Figure 8

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.
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APPENDIX A

Calibration Configuration

Drum Source Distribution

A-1
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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/cc)
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 10.2
8 10.5
Y 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)
D35 = 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 (shell F)

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

Source Certificates
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Calibraticn 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 (RMS).
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER D846
Referance Date March 1, 1996

Toted
Badienuclide Agthvity Uncaasioty (+} Haif Lite™

Am-24) 147.7 kBaq (3.991 pC0) 3.27% 432.7 z 0.5 yoars
Be132 208.7 XBq (5.887 ,C1) 2.22% 10.54  0.03 ysers
Cs-137 3954 kBq (1.043 pCi) 0% 30.0 1 0.2 yeurs
Co80 38.86 kBg {1.045 uCl} 2.80% 5.271 z 0.001 years
PRINCIPLE FMISSIONS™

Tne Ensroy ke\} {ntanaity O6)
gamme 595364 35.7

oamma 30.989 382
278.388 7.09
202851 18,4
353.999 82.2
s 892

881,680 s

1173.2327 99.90
1332.501 99.9824

SOURCE DESCRIFTION

The sctivity is uniformly distributed In en spoxy metrix with » daneity of 1.07 g/ce and cast in & 9.63 mm (0.375%) O.D. by 873 mm
$32.0%) long Aluminum tube with 0.29 mm (0.035") thick walle. 2 mm ( 0,080") end plugs are plaoed a1 both ands of the tube to give
an scthve langth of 80% mm ( 31.84%).

METHOD OF CALIBRATION

The source was calibrated on 8 high purity Germarfum detector against an RIST traceabie atardard in » simiter geomeTy. The sctivity
of the dard wes detenvined using sh energy va. efflclency curve estebKshed through ongeing intercomparisona with the Netonsl
instinne of Stendards snd Technology. This standard is indirecty Gmplicity) trecesbls 10 thw Nationd Instituse of Standards and
Technology.

North Amoiican Scientific, inc. sctively particicates in the Radicactivity Meassuremants Assurance Program conductad by the Navonal
Inditute of Swndecds and Technalogy in cooparation with the Nuclear Energy Institute.

March 19, 1998
%a PRD. Dats

Calibration Laboratory Mansger

BEEERENGES
m Jabis of Redicactive lagtopns. 7th edition, 1938.

«LEAK TEST CERTIFICATION ON REVERSE
North American Sclentific Inc. 7435 Graenbush Ave., North Hollywood, CAS1805 (8165039201 Fex (816) 5030784
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CERTIFICATE OF CALIBRATION

MODEL ENV4A057 LINE SOURCE
SERIAL NUMBER DB47
Refersnce Date March 1, 1998
Toral
Eadionuchde Astiviry Uncarnsinty {3) Hatt Lite™
Amr241 148.5 kBq 14.913 4Ci) 3.25% 432.7 £ 0.6 yoars
132 204.9 kBq (5.528 ACi) 3.19% 10.54 2 0.08 ysans
Ce137 38.10 kBq {1.030 451 248% 300 3 0.2 years
Co-80 38.85 kBq (1.045 4CD 2.69% 5.271 £ 0.001 years
PRINCIPLE EMISSIONS™
Tven Eoarac ka¥) Intenalty 061
Ame241 gemms 59.5384 35.7
Ba-123 g $0.909 4,2
278388 2.09
302851 18,4
SE5.999 622
383841 892
C137 gernna 651,080 85.21
Co-80 gemma 1173.237 99.90
1331.501 89.88124

SOURCE DESCRIFTION

Tha actvity i uniformly distibuted in sn spoxy metiix with a density of 1,07 g/cc and caet in & 5.53 mm (0.376") 0.D. by 813 mm
(32.0™ kng Aluminum tube with 0.89 mm {0.035°) thick walls. 2 men (0.080") end pluge are pleced st both snds of e twbe to give
wn active langth of BOB men ( 31.847).

METHOD OF CALIBRATION

The soures wanlmm&mmW-nuﬁTvmmMﬂmamm The sctivity

of the dard way & d using an anergy va. sificiepcy curve erwublished through ongolrg Intercompasiecns with The Natone!

!;'-Mdlm-ﬁ‘l'm This etandard js indirecy dmplicitly! treceabls 1o the National Insinne of Standards end
schrology.

North Americen Sclemific, Ing. actively participates i the Radicscthvity Messurements Aseurancs Progiam conductsd by the Netional
lrwtitute of Standarde and Technology In cooparstion with the Nuclear Enargy Institute.

9%‘ March 18, 1908
Jay Ph.D. Date

Calibéadon Labarstory Macager

BEFERENCES
m Tabie ot Recionctive Ieclooes, 7th editon, 1926,

_ * LEAK TEST CERTIFICATION ON REVERSE »
North American Scientific, Inc. 4435 Gresnbush Ave., North Hollywood, CAS1605  (18)S036201  Fax (818) 5030764
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE

SERIAL NUMBER DB48
Reference Date March 1. 1996
Totasl
Redionuglide Agtbne Mncsaginty (£} Helf Lite™
Am-241 150.4 kBq (4.085 ;Ci} 3.25% 432.7 = 0.5 yoann
Bs-133 205.4 kBq {5.552 0 3,20% 10.54 x 0.03 ysare
Cs-137 38.27 kBq {1.034 uCi) 2.89% 30.0 £ 0.2 yauis
Co-80 28.35 kBq {1.038 .C1 2.66% $.271 £ 0.001 ysars
PRINCIPLE EMISSIONS'™
e Ebnray o) Intensity (%)
Am-241 QETETY 59.5384 35.7
Be-122 gamma 80589 34.2
276.388 7.09
302.851 18.8
355999 822
383.841 .92
Ca-137 pomma £81.680 85,21
Co-80 per e 1173.2%7 99.90
1332.80 29.9824

SOURCE DESCRIPTION

The sctivity is uniformiy distibuted In an epoxy matrix with @ dansity of 1.07 g/cc and cert In ¢ $.53 rmm 10.3757) C.0. by 313 mm
{32.0%) long Aluminum tube with 0.8% mm {0.035°) thick walls. 2 mm { 0.080") end plugs are placed st both ends of the tubs to give
an sctive length of 809 mm ( 31.84").

METHOD OF CALIBRATION

The scurce was calibrated on s high purhty Germanium detsctor againet an NIST tracesbis standerd in a similar gecmatry. The sctivity
of the standard weas determined using an snargy ve. sfficlancy curve satablished through ongoing intarcompacdsons with the Netons!
Insdrute of Standards end Technology., This stendend ls indirectly Ompllcity) tracesbls o the Nwtonal Inetitute of Sundards and
Tachnology.

North Amwrican Scientific, inc. activaly pardcipatis in the Redicsstivity Messurernents Assurance Program conducted by the Netionsl
nstitute of Stenderds snd Technology in coopirstion with the Nuclesr Energy Institute,

M % March 13, 1996

~ Juy Fan, M.D. Date
Calibretion Laboratory Maneger

BEFERENCES
m Iabis ot Radioactive lectopes. 7th edition, 1588,

* LEAK TEST CERTIFICATION ON REVERSE «
North American Scientiic, Inc. 7435 Groenbush Ave., North Hollywood, CA 91605 (816)5039201  Fax (318) 5030764
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i CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER D848
Refarence Date mrj.._‘l_ﬂﬁ.ﬁ_
Tou.l
145,17 kBq {3920 ,Cik " 3.24% 432.7 'z 0.5 yoars
208.3 kiiq {5,575 40 a9% 1064 + 0.03 years
37.44 kBq (1.012 505 2.83% 300 & 0.2 yours
38.30 kBq 11.035 ,CI) 2.60% 5.271 £ 0.001 yaers

Ivee £raroy (ke¥) Intensity (%]
gamma 59.5a84 5.7

80.888 34.2
278388
202851
366.999
333.841

661.080

1173.237
1332.501

SOURCE DESCRIPTION

The activity is uniformily distiibuted in an epoxy matiix with a density of 1.07 glcc and cast in » 9.83 e (0.3757) O.D. by 813 mn
{32.0") long Aluminum tube with 0.89 mm (0.035°%} thick walls. 2 mun { 0.0807) end plugs sro placed at both endse of the tuba 10 give
an sotve leagth of 808 mm ( 31.84%).

METHOD OF CALIBRATION

The source was calibeated on o Hgh putity Gerrmnaniurm detector againat an NIST traceable stendard In @ sirnilar gesmiatry, The activity
of the standard was determnined using an snergy ve. sfficiency curve setablished through ongolng intsroomparisons with the Netionel
Institute of Stendards snd Technoiogy. This standerd ia indirectly Grmplicith) trecesble 16 the Netional institute of Standards ard
Teohmology.

North Amardcan Scientific, ino. sctively pardcipstes in tw Radiosstivity Messuremonts Assurenos Program conducted by the Netonal
Instinute of Standards s Tectinology In cooperation with the Nudlear Energy lnstitute.

% Fan, PO

Calibrution Leboretory Manager

BEFERENCES .
mn Table of Badionctive \sotopes. 7th edition, 1988,

«LEAK TEST CERTIFICATION ON REVERSE +
North American Sclentific, inc. 7435 Greenbush Ave., North Hollywood, CA 91805 (818) 5034201 Fax (818) 503-0784
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i CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER D850
Refersnce Date March 1, 1996

Total
Agtivity Uncertaimy (2] Half Lite™
148.4 kBq (3.958 4Ci) 3.26% 432.7 z 05 yesre

205.8 kBq {5.553 »CI aN% 10.54 p 0.03 years
Cs-137 37.39 kBq {1.010 ,Ci 3.01% 300 2 0.2 years
Co-60 A8.62 kBg (1.041 4CH 2.74% 5.271 2 0.001 years

PRINCIPLE EMISSIONS™

Dae Ensray (V) Intensity (%}
gamms 635384 35.7

£0.98% 34.2
276,388 7.08
028851 184
358.90% 82.2
83 841 2.2

661.600 as.2

1173.237 29,90
1332.60 §5.9824

SOURCE DESCRIPTION

The activity is unifomly distibutad in en epoxy matrix with » density of 1.07 g/cc snd cast in & 9.53 mm {0.375") 0.D. by 873 mwn
(32.0") long Aluminum tube with 0.89 mm 10.035") thick walls. 2 mm { 0.0807) end plugs are placed at both ends of the tuba to give
o acthve length of 809 mm ( 31.847).

METHOD OF CALIBRATION

The souroe was calibrated on a high purity Garmpnium datactor ageinst sn MST traceable standerd In & similar geomaetry. The sctivity
of the stenderd wae d ined yeing an energy ve. efficiency ourve sstablished through onpoing intarcompadsons with the Netonal
wotsm.w'rm. This standerd is Indirectdy (implicity) trecesbls to the Natonsl etitute of Standerde and

m'mmm.m.-mmmhmmmwmmmnmrmm ducted by the Netonal
Inetinaty of Stondards and Tecimology in cooperation with the Nuclasr Energy sthtute.

e March 18, 1396
_Jay Fan, PR.D. Oate
Caltbradon Laborstory Managar

BEFERENCES
) Ysbla of Redicactive lscteoey, 7th edition, 1386,

» LEAK TEST CERTIFICATION ON REVERSE -
North American Scientific, Inc. 7435 Greenbush Ave., North Holfywood, CA 51605 {818) 5039201 Fax {818) 50340784
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER D851

Roforence Date March 1. 1986
Touwt
Amr-241 147.2 kBq (3977 4Ch 2.28% 432.7 = 0.5 years
82133 205.4 kBq (5.553 4Ch 3.18% 10.54 2 0.03 yaars
Cx137 32.07 kBaq (1.027 4C 2.88% 3.0 = 0.2 yoars
Co-80 38.80 kiq (1.041 xCh 2.63% 5.271 2 0.007 years
PRINCIPLE EMISSIONS™
Tvee Eoargy tkeV} intonsity (26}
Ame241 gemme $9.8384 8.7
8133 gemena 80,989 34.2
276,389 7.00
302.881 184
356.990 8.2
3384 8.92
Cx-137 pamma 661,860 85.21
Co-80 oamme 1173.237 93.90
1332.801 99.9824

SOURCE DESCRIPTION

Tha sctivity is uniformly distibuted in an spexy matrix with » dersity of 1,07 g/cc erxd cast in 8 9.53 mm (0.278%) 0.0. by 813 mm
(32.0%) long Aluminum wba with 0.88 men (0.0357) thick walls, 2 mm ( 0.080") end plugs are placed at bath snds of the tube 1o give
o potive Jength of 809 rmm { 31,847

METHOD OF CALIBRATION

The sousce was cairated on & high purity Germanium detector sgainet sn NIST traceable standard in g similar geometry. The scdvity
ofm--undm-uummmmmmwmmvwmmmmmmlmmmwmw
Iomtinnts of Standards and Technology. This stendard is indirecty Gmplicitly) tacestls ts the Natond insthute of Stenderds snd
Technology.

Norzh Americen Scientific, Inc, sctively participanis in the Rediosctivity Measuremonts Assurence Program conducted by the Kationsl
Instane of Standsrds aret Technology in cooporation with the Nuclsar Energy Insttute.

% - - March 19, 1996
ay Fan, PH.D. Date

GCalibraton Laborstory Mansger

BEFERENCES
m Tatie of Racioactive lsctopes, 7th edidon, 1986.

+LEAK TEST CERTIFICATION ON REVERSE -
North American Scientflc, ic. 7435 Groenbush Ave., North Hollywood, CA 91805 (818500001 Fax (918) 5030784

B-8



HNF-5148, Rev.1

LEAX TEST METHODS

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

_in the Hiquid measurad. Acceptance limit: 0.0001 pCi alpha, 0.001 pCi beta-gamma.
immersion Test (ANSt N542-1977, Appendix AZ2.1.3)

The sourceisimmersed in water at 100°C for 10 minutes. The water is removed and tha source cooled
and rinsed using frash water. These operations are repeated twice, boiling in the water from the
previous ringing operation. Acceptance fimit: 0.0001 uCi aipha, 0.005 uCi beta-gamma for all the water
collected. .

Wipe (Smear) Test {ANS! N542-1977, Appendix A2.1.1)

All external surfaces of the source are wiped with a piece of filter paper or other absorbent material
which has been moistened with an appropriate solvent and the activity removed Is measured.
Acceptance limit: 0.0001 1Ci aipha, 0.001 pCi beta-gamma.

Leak Test Not Applicable

For sources with no covering or a dalicate covering over the radioactive portion or gas standards
and sources, the inactive portions or containmeant vessel are wipe tested as in Msthod 3 above.
Acceptance limit: 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 removable activity was determined to be less than 0.001
beta-gamma and 0.0001 4Ci alpha. This leak test should be performed every
six months or as required by a specific NRC or Agreement State License.

Yo 2Ty Nlacek 13,7994

Health Physics Date
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Calibration check and daily control drum sources.

CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOCURCE
SERIAL NUMBER E338
Referance Date Qctober 1, 1998

Total
Bgtivity Yooacaloty {2 Half Lite'?

2215 kBq (5,687 yCi) 318% AR7105years
2304 8q (8.470 pC1) 234% 10542 0.03 years
37.20kBq (1.006 pCl) 394% 00£02vears
Co-E0 37.77kBq (1.021 pCh 351% 5.271 £ 0.001 yesrs
PRINCIPLE EMISSIONS™
Iree Encrgy (keV) Irtensity (%)
Am-241 gamma 50.5384
821733 80,609
278368

02851
5000

gamimna
gamma

[ The activity Is uniformiy disiritxted In an epoxy matrb with a density of 1.07 g/ce and cast In w .53 mm (0.375) 0.0, by 813 mm (azmbr\gAlurrﬁnumtubo
{ with 0.89 mm (0.0057) thick walls. 2 mm { 0.0807) end plugs are placed at both ends of the tube to give an active length of 805 mm { 31.84). ‘

| METHOD OF CcALIBRATION

i The source was calibrated on a high purity Germanium deteclor against an NIST tracesble standard in a similar geometry. The activity of the standard was |
|| etarmined using an snergy vs, efficlency curve established through ongaing Intarcomparisons with the National Institule of Standards and Technology., This |
| standurd is indirectly (implicitly) traceable to the Nationa! Institute of Standards and Technalogy.

‘ Horth American Scientific, Inc. aciively pariicipatas in the Radicactivity Measurements Assurance Program conducted by the National Institute of Stendards
| and Technology In cooperation with the Nuclear Energy Institute. ;

2 02

sy Fan, Ph.D.
Calibration Laboratory Manager

Fax (816) 503-0764
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER E835
Referance Date Qgtober 1. 1996

Total
Radionuclide Activity !.!nnﬂ:lalltr_tzl Half Lise™

Am-241 220.3 KBq (5.953 yCi) 3.20% 432.7+ 0.5 years
Ba-133 242.9 kBq (8564 yCN) 335% 10.54 £ O,03 years
C3-137 36,95 kBq (908.7 nCi) 404% A0+ O2years
Co€0 37.40 kg (1.012 4Ci) 360% £271 2 0,001 years
{PRINCIPLE EMISSIONS™

Tyoa Eremy (kaV) Infengity (%)
gamma 555364 »B7

80.000 M2
278368 T.08
A2.851
X5.000 622

852

SOURCE DESCRIPTION

The activly ks uniformly destributed in an epoxy matrix with a density of 1.07 glec and cast in a 5.53 mm (0.375") 0.0, by 813 mm (32.07) long Aluminum tube .
with 0.89 mm (0,036 thick walls. 2 mm ( D0B0") endd plugs are placed st both ends of Bhe tubs o give an active langth of 808 mm ( 31.847). :

METHOD OF GALIBRATION

i The source was calibrated on a high purity Germanium detector agalnshn NIST Wraceable standard I & similar gecrmetry. The activity of the standard was |
deterrmined using an energy v$. ¢fficiency curve extablished through ongoing intarcompartsons with the National Institute of Standards and Technology. Thia |
standard Is Indirectly (Implicitly) traceabla to the National institute of Standards and Technology.

i North American Sclentific, Inc. actively perticipates in the Radicactivity Measurements Assurance Program conducted by the National instttute of Standards |
and Technology in cooperation with the Nuclear Energy Institute. |

Nn Xt

Jay Fan, Ph.D.
Calitration Laboralory Manager

o LEAK TEST CERTIFICATION ON REVERSE o

North American Scientific, inc. 7435 Greenbush Ave., North Hollywood, CA §1605  (818)503-9201  Fax (818} 503-0764

B-11



HNF-5148, Rev. 1

CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SCURCE
SERIAL NUMBER E240
Referance Date Qctober 1, 1998

Total
Bgllvity Vncertainty (£) at '

2228 ¥Bq (8.022 pCTy 317% 4R.T405years

240,58 kBq (8.509 pci) 332% 1054 + 003 years

37.08 kBg {1.002 4G 361% 00102 years

36.83 kBq (955 nCh 341% 5271 2 0.001 years
PRINCIPLE EMISSIONS®

Iwe Enargy (keV) Intensity {%}
Am-244 gamma 59.5364 a7

Ba-133 80.969 34.2
276.268 709
02851
*HoB 822
s

8521

89.80
69,0624
| SOURCE DESCRIPTION
ha acthvity s unifonmly distributed in 8n epoxy malrix with a density of 1.07 g/oc and cast In € S.53 mm (0.375°) 0.D, by 813 mm (32.07) lorg Aluminum tube |
with 0.89 mm {D.0GE") thick walls. 2 mm { QOBC") end plugs are placed at both ends of the tube to give an active length of BOS min { 31.54°). :
METHOD OF CALIBRATION
| The source was calibrated on a high purity Germanium detector sgainst an NIST traceahis standard in a similar geometry. The activity of the standard was |
determined using an enargy v3. efficiency curve established through engolng infercomparisans with the Nationa! Institule of Standards and Technolegy. This
standard s Indirectly {implicitly) traceable to the National institute of Standards and Technology. ¥

North American Scientific, Inc. actively participates In the Radicactivity Measurements Assurance Program conducted by tha National Insthute of Standards '
and Technology in cooperation with the Nuclear Energy Instiute.

% % Qclober @, 1596

Jay Fan, Ph.D. Date
Cafibration Laboratory Mareger

Table of Radioactive Isolopes, 7th edition, 1966,

o LEAK TEST CERTIFICATION ON REVERSE o

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605 (B18)503-9201  Fax (818) 503-0764
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MODEL ENV4057 LINE SQURCE
SERIAL NUMBER E841
Referance Date October |, 1998

. Activity Tol]al .
Z23.7 kBq (8.046 kCH 3.18% ’ 4327 £ 0.5 years
Ba-133 240.8 kBq {5.500 uCl) 333% 10543 0.08 years
37.18 kBq {1.005 pCi) 289% 00:0Zyears
Co80 36,69 kBq (5915 nCl) 3.48% 5.271 % 0,001 years
: PRINGIPLE EMISSIONS™

Type £nergy fke\) Intangity (%)
05364

B0.580
276368

3655.900

] SOURCE DESCRIPTION

i The activity is uniformiy distrbutad in an epoxy matric with @ densiy of 1.07 g/es and tast in 8 9.53 mm (03757 O.D. by 813 mm (32.07) long Aluminum tube §
with 0.89 mm (0.035") thick walls. 2 mm { 0.080") end plugs are piaced at both ends of the tube to give an active length of 809 mm { 31 .84").

| METHOD OF CALIBRATION

! The source was calibrated on a high purity Germanium detacior against an NIST traceabis standard in & similar georetry. The activity of the standard was |
determined using an energy vs. efficiency curve estabiished through ongoing intercomparisons wilh the Natiorral institute of Stendards and Technology. This
standard is Indirectly (implicitly) traceable to the National Institute of Standards and Techriclogy.

| North Armerican Scientific, inc. actively participates in the Redioactivity Measurements Assurance Program conducted by the National institute of Stancards |
| and Technciogy in cooperation with the Nuclear Energy Institute.,

f E e Celober 8, 1595
! Jay Ph0, Date

Catibration Laboratory Manager
REFERENCES

Table pf Radicaclive Isolopes, 7th edition, 1586,

® LEAK TEST CERTIFICATION ON REVERSE ®

North American Scientific, Inc. 7435 Greenbush Ave., North Holtywood, CA 916805 (B18) 503-9201  Fax (B18) 503-0764
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOQURCE
SERIAL NUMBER E842
Reference Date Qctober 1, 1998

Tatat

Radiopyciide Activity Ungertainty (1) HuiLite®
Am-24t 2250 kBq (8.002 ) 318% 43271 0.5 years
Ba133 2408 kBq (8510 WD 3.3% 10.54 £ 0.0 years
Cs-i37 37.93%8q {(+.0T3 uCH 3.82% A00£0.2 years

AT.07 kvg (1.002 pCY) 34T% 5211 £0.001 years
PRINCIPLE EMISSIONS™

Dipe Epargy e\ Intensdy (%}
AM-241 gamma Bas5064 xB7

Ba-133 80.009 342

278.388 7058
a5t 184
500 &2

a9
88.21

£2.90
S9.5624

| SOURCE DESCRIFTION

mmummhmmmmmlmﬂ1.D7gfecandmsllna9.5:!mm(0.375'}0.b.by813mm{320")bngAmanummbe
wih 0.99 mm (0.0357) thick waiks. 2 mm { G.080"] end plugs are placed st both ends af the tube o give an ctive langth of 808 mm ( 31.847),

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against sn NIST traceable standard In a similar geometry. The sctivity of the standard was |
delermined using an enermy vs. alficiency curve established through ongoing intercompariscns with the National insttute of Standards and Technology, This |
standard is indirectly (Implicity} taceabla to the National Institute of Standards and Technology.

it North Amedcan Scientific, Inc. sctively participates in the Radiosctiity Measurements Assurance Program conducted by the National Institte of Standards
mTedmnmmwcpemmmeNudurEnwylns&hﬂe. )

Rry Y

Jay Fan, Ph.D,
Calibratiors Laboratory Manager

Table of Ragiaclive Is0iopes, i edltion, 1586,

® LEAK TEST CERTIFICATION ON REVERSE »

North Amarican Scientific, Inc. 7435 Graenbush Ave., Narth Hollywood, CA 91605 (818) 503-9201  Fax (818) 503-0764
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CERTIFICATE OF CALIBRATION

MODEL ENV4057 LINE SOURCE
SERIAL NUMBER E843
Referance Date Qctober 1, 1996

Total
Aciivtty Ungertainty £z} Half Life™

2245 kfiq {6.067 pCi) 319% 4127405 years
2413 kBq {6.523 yCI) 234% 1054 3 0,03 years
36.58 kBq {968.6 nCi) 3.56% 200102years
Co-50 36,81 Kiiq (9949 nCi) 354% 5.271 £ 0,001 years
PRINCIPLE EMISSIONS™

Tipe Intensity (%6}
Am-241 . 87

Ba-13 : 342
08

622
892

B5.21

8990
59,0624
‘ SOURCE DESCRIPTION
| Thwe activity Is uniformiy distibeted in an epoxy metrix with & density of 1,07 glec anda cest in @ 9.53 mm (0.3757) O.D. by 513 mm (32.07) long Aluminum tube
with 0.89 mm (0.03657) thick walis. 2 mm { 0.0807) end plugs are placed at both ends of the tube to give an active fength of 839 mm ( 31.84). b
| METHOD OF CALIBRATION
¥ The source was calibrated on a high purkty Germanium deteclor against an NIST traceable standard in # similar geometry. The activity of the standard was §

| eterrmined 1sing an enengy va. efficiency curve estadiishad through ongoing Intercomparisons with the National Institute of Standards and Technology. This |
i atandardg 1 Indiractly (implicitly) raceable to the Nathona) Institute of Standards and Technology.

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

Dinp Yo

Juy Fan, Ph.D.
Calibration Laboratory Manager

e | EAK TEST CERTIFICATION ON REVERSE »

Norih American Scientific, Inc. 7435 Gresnbush Ave., North Hollywood, CA 81605 (8185039201 Fax (818) 5030764
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‘ Em DETECTOR SPECIFICATION AND PERFORMANCE DATA

¢ awifications

DETECTOR MODEL _GC10188 SERIAL NUMBER 3963026
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 Volurne oc Relative Efficiency _ 10 %
Resolution 18 keV (FWHM) at 1.33 MeV

keV (FWTM) at 1.33 MeV
0730 keV (FWHM) at _122keV
keV (FWTM) at :
Peak / Compton ;1 Cryostat well diameter mm  Cryostat well depth mm
Cryostat description if special

Physical Characteristics

Georaetry Closed-end coaxial

Diameter 45.5 mm , Active Volume e
Length 30 mm Well Depth mm
Distance from window ___ & mm Well Diameter mm

Electrical Characteristics

Depletion voltage __ (+)1200 V de
Recommended bias voltage _ (+ 13000 Vde
Leakage current at recommended bias 0.01 nA

Preamplifier test point voltage at recommended voltage __ (-)0.28 Vde
Capacitance at recommended bias ___~9 pF -

Resclution and Efficiency

With amplifier time constant of __4 microseconds

Isotope ¥Co *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

Cool Down Time __4 hours.  Cryostat Liquid Nitrogen Consumption Rate _ < 1.5 Liters per Day.
Tested by: % % % Date:_March 11, 1996
Approved by: - Tl T Date; Marceh 11, 1008

800 Research Parkway, Meriden CT. U.S.A. 06450 Tel 203-238-2851/Fax 203-235-1847

Dat_Spec_1 10/9% JHI
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Detector sent to Canberra for repair.

DETECTOR SPECIFICATION AND PERFORMANCE DATA

[N canserra

Ff-acifications

DETECTOR MODEL _GC10183 ‘ SERIAL NUMBER 23963627

CRYOSTAT MODEL __793§-75 PREAMPLIFIER MODEL ___ 2002CSL

The purchase specification and therefore the warranted performance of this detector are as follows:
(Blectric cooling may degrade performance by as much as 10%.)
Active Volume ot Relative Efficiency 10 %
Resolution ___;_g______ keV (FWHM) at 1.33 MeV-
e keV (FWTM) at 1.53 MeV
Q,ZQ keV (FWHM) at _122 keV
keV(FWIM) at '
Peak / Compton 11 Cryostat well diameter ______-
Cryostat description if special

‘mm Cryostat well depth

Physical Characteristics

Geometry _______ Closed-end coaxial
Diameter 48 mm
Length 28

Distance from window Q mm

Active Volume e
Well Depth
Well Diameter

Electrical Characteristics

Depletion voltage  (+33000 = Vde

Recommended bias voltage _(+)3000  Vde

Leakage current at recommended bias _ 0,02 nA

Preamplifier test point voltege at recommended voltage __ {-)0.82 Vde

Capacitance at recommended bias _~9 pF
Resolution and Efficiency
With amplifier time constant of _ 4 microseconds
Isotope e °Co
Energy (KeV) 122 1332
FWHM (KeV) 0.69 1.69
FWTM (KeV) 1.27 3.18
Peak / Compton 40.0:1
Rel. Efficiency % 10.0

ours.  Cryostat Liquid Nitrogen Consumption Rate <1.6 _Litets per Day.

/—W

Cool Down Time __4

Tested by: Date:_March 11,1996
Approved by: Date: _March 11, 1996

800 Research Parkway, Meriden CT. UL.S.A. 08450 Tel. 203-238-2351/Fax 203-235-1347

Det_spec_1 10/3% JNT
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Detector assigned to GEA-A, LEGe 6.

l Em DETECTOR SPECIFICATION AND PERFORMANCE DATA

DETECTOR MODEL GC1018/3 SERIAL NUMBER. __129536831

CRYOSTAT MODEL 7635-78 PREAMPLIFIER MODEL 2002030

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 Relative Efficiency _ 10 %
Resolution & keV {(FWHM) at 1.83 MeV.
_ EkeV(FWTM) at 1.33 MeV
ZQQ keV (FWHM) at __122 keV

e keVFWTM) at '
Peak / Compton i1 Cryoatat well diameter ;mm  Cryocstat well depth mm
Cryostat description if apecial
Physical Charscteristics
Geometry __ Closed-end coaxial
Diameter 48 mm Active Volume o
Length _ - 2865 mm Well Depth mm
Distance from window 5 mm Well Diameter min
Electrical Characteristics
Depletion voltage (+31000  Vde
Recommended bias voltage _(+}1500  Vde
Leakage current at recommended bias __ 0.02 nA

Preampilifier test point voltage at recommended voltage _ (-}1.69 Vde
Capacitance at recommended bias ___~@ pF .

Resolution and Efficiency
With amplifier time constant of microseconds
ISvOtOPe 5700 ‘UCO
Energy (KeV) 122 1332
FWHM (KeV) Q.70 175
FWTM (KeV) 132 3.26
Peak / Compton 88.0:1
Rel. Efficiency % 10.1
Cool Down Time ___4 hours.  Cryostat Liquid Nitrogen Consumption Rate <15 Liters per Day.

Tested by:

Approved by:

800 Research Parkway, Meriden CT. U.8.A. 06450 Tel. 203-238-2351/Fax 208-285-1347

Dat_gpsa_t 10/83 JNT
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I Emm DETECTOR SPECIFICATION AND PERFORMANCE DATA

Raecifications’

DETECTOR MODEL QQ;QL&E-‘ SERIAL NUMBER __ 12953636
PREAMPLIFIER MODEL 2002C8L

CRYOSTAT MODEL __7935-78

The purchase apecification 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 ___10 %
Resolution 1.8 keV (FWHM) at 1.33 MeV
keV (FWIM) at 1.33 MeV '
<700 keV (FWHM) at 122 keV
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 46 mm Active Volume o
Length 29 mum Well Depth mm
Distance from window 5 mm Well Diameter mm

Electrical Characteristics

Depletion voltage _€+-)1200 Vde

Recommended bias voltage _{+)3000 Vide

Leakage current at recommended bias 0.01 nA

Preamplifier test point voltage at recommended voltage ___ (216 Vde

Capacitance at recommended bias __ ~§ pF

Resolution and Efficiency
With amplifier time constant of __4 microseconds

Isotope *Co 0o
Energy (KeV) 122 1332
FWHM (KeV) 0.67 1.76
FWTM (KeV) 1.24 8.85
Peak / Compton 37.2:1
Rel. Efficiency % 10.1
Cool Down Time __ 4 hours.  Cryostat Liquid Nitrogen Consumption Rate __<1.5 Liters per Day.

Date: December 22, 1995
Approved by: Date:_December 22, 1995
800 Research Parkway, Meriden CT. U.S.A. 08450 Tel. 203-238-2351/Fax 203-286-1347

Det_spec_1 10/95 J¥F

Tested by:
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i Em DETECTOR SPECIFICATION AND PERFORMANCE DATA

Smecifications
DETECTOR MODEL 602026 SERIAL NUMBER _120530689
CRYOSTAT MODEL 7935-78 PREAMPLIFIER MODEL 2101PCSL

The purchase specification and therefore the warranted performance of this detector are as follows:
(Electrie cooling may degrade performance by as much as 10%.)
Active Volume cc Relative Efficiency ___20 % .
Resolution 20 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 _ 53 mm Active Volume o
Tength _ 44 mm Well Depth mm
Distance from window [+ mm Well Diameter mm
Electrical Characteristica
Depletion voltage __{+)3300 Vde
Recommended bias voltage __ (413500 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
Isotope 57Co Co
Energy (KeV) 122 1332
FWHM (KeV) 0.74 1.68
FWTM (KeV) 1.36 : 3.10
Peak / Compton 68.0
Rel. Efficiency % 239
Cool Down Time 4  hours.  Cryostat Liquid Nitrogen Consumption Rate _ <34 Liters per Dey.
Tested by: (R doge Lol Date December 22. 1095
Approved by: e Date:_December 22, 1995

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

Dat_Spec, 3 10/95 IMT
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l Em DETECTOR SPECIFICATION AND PERFORMANCE DATA

Fnecifications
DETECTOR MODEL __GC2020_ SERIAL NUMBER __ 12953590
CRYOSTAT MODEL __7935-7S PREAMPLIFIER MODEL _ 2101PCSL

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 Relative Efficiency 20 % :

Resolution z,Q 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

Phyzical Characteristics

Geometry __Closed-end coaxial
_ Diameter 53 mm Active Volume cc

Length 46.5 mm Well Depth mm

Distance from window __ 5 mm Well Diameter mm

Electrical Characteristics

Depletion voltage _ (+)2400 Ve

Recommended bias voitage __ (+33000 V de
Leakage current at recommended biss __ -~ _ nA

Reset rate at recommended voltage Q § sec
Capacitance at recommended biaa ___~ 19 pF

Resolution and Efficiency

With amplifier time constant of __ 4 microseconds

Isotope 5Co “°Co
Energy (KeV) 122 1332
FWHM (KeV) 0.82 1.77
FWTM (KeV), 158 3.5
Peak / Compton 549
Rel. Efficiency % 24.0
Cool Downs Time ___4 hours.  Cryostat Liquid Nitrogen Consumption Rate <14 Liters per Day.

Tested by:

Approved by: o
800 Reses

Date: December 22, 1995
Date: Decernber 22 1995

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

Det_Spec, 1 10/35 JNT
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| mm DETECTOR SPECIFICATION AND PERFORMANCE DATA

Enecifications

DETECTOR MODEL GQ2Q2Q. SERIAL NUMBER __ 12953592

CRYOSTAT MODEL ___ 7935-18 PREAMPLIFIER MODEL _2101PSL

The purchase specification and therefore the warranted performance of this detector are as follows:
(Electric cocling may degrade performance by as much as 10%.)
Active Volume ¢c Relative Efficiency __ 20 %
Resclution 2.0 keV (FWHM) at 1.33 MeV,
keV (FWTM) at 1.83 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 _ 53.6 mm Active Volume cc
Length _ 445 mm Well Depth mm
Distance from window 5 mm ‘Well Diameter mm

Electrical Characteristics

Depletion voltage __ (+)3800 Vde

Recommended bias voltage __ { + 14000 Vde
Leakage current at recommended bias __0.0] nA
Reset rate at recommended bias voltage _ 0.6 sec
Capecitance at recommended bias ~18 p¥F

Resolution and Efficiency

With amplifier time constant of 4 __ microseconds

Isotope Co #Ce
Energy (KeV) 122 1332
FWHM (KeV) 0.89 1.66
FWTM {(KeV) 1.29 3.08
Peak / Compton 58.2:1
Rel. Efficiency % 24.2
Cool Down Time 4 . Cryostat Liquid Nitrogen Consumption Rate __<1.4 Liters per Day.

Tested by:
Approved by:

800 Research Parkway, Meriden CT. U.S.A. 08450 Tel. 203-238-2351/Fax 203-2356-1347

Det_Spec_1  10/93 JMT
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! Em DETECTOR SPECIFICATION AND PERFORMANCE DATA

Snecifications
DETECTOR MODEL __ GC2020 ' SERIAL NUMBER _ 12053596
CRYOGSTAT MODEL __7935-78 PREAMPLIFIER MODEL _2101P

The purchase specification and therefors the warranted performance of this detector are as follows:
(Electric eooling 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 1.38 MeV
keV (FWHM) at
keV (FWTM) at '
Peak / Compton __ 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 oo
Length 43.5 mm Well Depth mm
Distance from window 5 mm Well Diameter mm

Electrical Characteristics

Depletion voltage ___{+)1500 Vde
Recommended bias voltage _ {+)2500 Vde
Leskage current at recommended bias __ - nA
Reset rate at recommended voltage __ 0.6 sec
Capacitance at recommended bias ___~ 18 33

Resolution and Efficiency
With amplifier time constant of __4 microseconds
Isotope *Co “Co
Energy (KeV) 122 1332
FWHM (KeV) 0.73 1.72
FWTM (KeV) 1.33 8.18
Peak / Compton 65.6
Rel. Efliciency % 228
Cool Down Time __ 4 hours.  Cryostat Liquid Nitrogen Consumption Rate <14 Liters per Day.

Date: December 22, 1995
Approved by: _ Date:_December 22, 1995
B0O Research Parkway, Meriden CT. U.S.A. 06450 Tel. 203-238-2351/Fax 203-235-1347

Dat_Spec_) 10/%3 JKT

Tested by:
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@m DETECTOR SPECIFICATION AND PERFORMANCE DATA

¢ acifications

DETECTOR MODEL __GC2020 SERIAL NUMBER ___3963507
CRYOSTAT MODEL __7935-7S PEEAMPLIFIER MODEL __ 210)PCSL. ..

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 Efficlency ___ 20 %
Resolution 2.0 keV (FWHM) at 1.83 MeV
keV (FWTM) at 1.33 MeV -~

keV (FWHM) at

keV (FWTM} at :
Peak / Compton :1  Cryostat well diameter mm Cryostat weil depth mm
Cryostat description if special __Big Mac

Physical Characteristics

Geometry Closed-end coaxial

Diameter Bh mm Active Volume e
Length 42 mm Well Depth mm
Distance from window 5 mm Well Diameter mm

wctrical Characteristics

Depletion voltage _ (+)3500 Vde
Recommended bias voltage _ (+)4000 V de
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

Tsotope ¥ Co “°Co
Energy (KeV) 122 1332
FWHM (KeV) 0.79 176
FWTM (KeV) 1.46 3.24

Peak / Compton 638.6:1
Rel. Efficiency % 23,5

Cool Dovn Time ___ 4 hours,  Cryostat Liquid Nitrogen Consumption Rate __<1.4 __ Liters per Day.

Tested by: //'JZC Z Date:_March 11, 1998

; 7 LA g
Approved by:; ot ../1.}(%‘ Date:_ March 11, 1996

800 Résearch Parkway, Meriden CT. U.8.A. 06450 Tel 203-238-2351/Fax 203-235-1347
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* Em DETECTOR SPECIFICATION AND PERFORMANCE DATA

£ scifications

DETECTOR MODEL __GC2020 SERIAL NUMBER 8063606
CRYOSTAT MODEL __7935-78 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
keV (FWTM) at J
Peak / Compton :1  Cryostat well dinmeter _____-mm Cryostat welldepth ____ mm

Cryostat description if special

Physical Characteristics

Geometry ___Closed-end coaxial

Diameter £8 mm Active Volume o
Length 43.6 mm Well Depth mm
Distance from window 5 mm Well Diameter mm

Electrical Characteristics

Depletion voltage (+)1300 Ve
Recommended biss voltage (+)2500 V de
Leakage current at recommended bias _ - 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 #Co
Energy (KeV) 122 1332
FWHM (KeV) 0.76 1.90
FWTM (KeV) 142 3.68
Peak / Compton 61.4:1
Rel. Bfficiency % 26.5
Cool Down Time __4 hours.  Cryostat Liguid Nitrogen Consumption Rate __<1.5 _ Liters per Day.
Tested by: “'\_ﬁ A&? \ ) A t k,\\ Date:_March 11, 1996
7 - rd
Approved by: s - - Date;_March 11, 1396
800 Research Parkway, Meriden CT. U.8 A 06450 Tel 203-238-2351/Fax 203-235-1347

Dat_spac_}

C-11

10795 JKT



HNF-5148, Rev. 1

I Em DETECTOR SPECIFICATION AND PERFORMANCE DATA

£ acifications
DETECTOR MODEL _GG2020 SERIAL NUMBER ___ 3063611
CRYOSTAT MODEL _ 7935-78 PREAMPLIFIER MODE!L, 21!2;2@1;

The purchase specification and therefore the warrsnted pesformance of this detector are as follows:
(Electric cool.ing may degrade performmce by as much as 10%.)
Active Volume Relative Efficiency 20 % ’
Resclution g keV (FWHM) at 1.33 MeV -
keV (FWTM) at 1.33 MeV
keV (FWHM) at
keV (FWTM) at
Peak / Compton :1  Cryostat well diameter
Cryostat description if special

mm  Cryostat well depth mm

Pe——

Physical Characteristics

Geometry Closed-end coaxial
Diameter 56 mm Active Volume cc
Length 435 mm Well Depth mm

Distance from window 5 mm Well Diameter mm

Electrical Characteristics

Depletion voltage __ (+)2400 Ve

Recommended bias voltage __ { +)3000 V¥ 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 microseconds

{sotope Co °Co
Energy (KeV) 122 1332
FWHM (KeV) 0.76 1.88
FWTM (KeV) 141 3.43

Pealk / Compton b2.1
Rel. Efficiency % 26.2

Cool Down Time hours.  Cryostat Liquid Nitrogen Consamption Rate <14 _Liters per Day.
Tested by: 7”% %/W ___ Date:_March 11, 1996
Approved by: / - Date:__March 11, 1856

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

Det_Spec_1 10793 Jur
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[INcanserna

e~acifications

DETECTOR MODEL ___ GC2020

CRYOSTAT MODEL 7936-79

SERIAL NUMBER

PREAMPLIFIER MODEL

DETECTOR SPECIFICATION AND PERFORMANCE DATA

3963617

2101PCaL

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

Active Volume
Resoltution

keV (FWHM) at
keV (FWITM) at
Peak / Compton :1  Cryostat well diameter

Cryostat description if special

Relative Efficiency 20 %
2o keV(FWHM) at 1.33 MeV
keV (FWTM) at 1.33 MeV

mm  Cryostat well depth

Physical Characteristics

Geometry Cloged-end coaxial
Diameter 53.5 mm Active Volume
Length 43 mm Well Depth mm
Distance from window 5 mm Well Diameter mm
Electrical Characteristics
Depletion voltage (+)5000 - V de
Recommended bias voltage _(+ 16000 Vde
Reset rate at recommended bias 0.4 sec
Preamplifier test point voltage at recommended voltage -+ Vde
Capacitance at recommended bias __ ~19 pF
Resolution and Efficiency
With amplifier time constant of _ 4 microseconds
Isotape *Co 0o
Energy (KeV) 122 1332
FWHM (KeV) 0.84 173
FWTM (KeV) 1.57 8.17
Peak / Compton 56.1:1
Rel, Efficiency % 23.9

Cool Down Time hours.

Tested by:

J— 7%%/{%%4

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

C-13

Cryostat Liguid Nitrogen Consumption Rate _ <14 Liters per Day.
Q-O/'\.d.cx_@o_a Pode Date:_March 11, 1998
Date:_ March 11, 1996

Dat_spec_l 10/$5 INT
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Energy Calibration Report 12-20-99 11:59:21 AM Page I
ENBRGY CALIBRATTIZGON REPORT
Identification Number : CALCQUNT
Description/Title : Calibration Count Counter : GEA - A
Arrangement : 55-gal. drums Calibration for : SEGE1
Acguisition Started : 12-20-99 11:31:21 AM
Live Time 595.4 seccnds 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 + O.0C0E+00*ch"3

SHAPE CALIBRATION COEFFICIENTS
Shape Calibrate Performed on: 12-20-99 11:59:16 AM
by: System Manager

FWHM 0.534 + 0.030*E~I/2
LOW TAIL O.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
608.05 0.02 302.84
714.44 0.01 356.01
770.21 0.03 383.85
1326.44 0.03 661.66
2351.34 0.06 1173.24

0.06 1332.50

2670.46

SHAPE CALIBRATION RESULTS TABLE

Energy FWHM FWHM TAIL TAIL
(keV ) channels error channels error
59.54 1.63 0.06 0.00 0.00
81.00 1.63 0.03 0.00 0.00
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 0.00
1173.24 3.33 0.11 0.00 0.00
1332.50 3.43 0.11 0.00 0.00

D-2



Energy Calibration Report
ENERGY

identification Number
Description/Title

Arrangement
Acquisition
Live Time

Started
592.5 seconds

CALTI

ENERGY CALIBRATION COEFFICIENTS

Energy Calibrate Performed on:

Energy Calibrate Type:

Energy (keV)

SHAPE CALIBRATION COEFFICIENTS

Shape Calibrate Performed on:
by: System Manager

FWHM
LOW TAIL

CALIBRATION
Centroid
Channel
120.52
163.46
554,12
607.06
713.37
769.07
1324.89
2348.89
2667.67

RESULTS TABLE
Centroid

errcr

0

OO0 OO0

.02
.01
.02
.01
.01
.02
.02
.04
.05

SHAPE CALIBRATION RESULTS TABLE

Energy
(keV )
59.54
§1.00
276.40
302.84
356.01
383.8%
661.66
1173.24
1332.50

FWHM

channels

= W N NN NP

. 64
.50
.09
.11
W22
.28
.79
.80
.16

FWHM
error
.04
.02
.04
.02
.01
.04
.04
.08
.09

(sl o i Sl o on B [ o B e i s

HNF-5148, Rev. 1

12-20-99 11:57:24 AM
BRATTION

CALCOUNT

Calibration Count Counter
55-gal. drums Calibration
12-20799 11:31:21 AM

Real Time 600.C seconds

0.387 + 0.039*E"1/2
0.0*E+00 + 0.OE+00*ENERGY

Energy
{(keV }
59.54
81.00
276.40
302.84
356.01
383.85
661.66
1173.24
1332.50
TATL

channels

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

D-3

12-20-99 11:57:18 AM

TAIL
error
.C0
.CO0
.00
.00
.C0
.00
.00
.00
.00

OO0 OoO0OoO O0oO0

Page I

REPORT

GEA - A
for : SEGEZ

12-20-9%9 11:57:18 AM by: System Manager
POLY

-0.757 + 0.500*ch + -1.72E-07*ch”~2 + O0.0QE+00*ch”"3
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Energy Calibration Report
ENERGY

Identification Number : CALCOUNT
Description/Title :
Arrangement
Acquisition Started

ENERGY CALIBRATICN COEFFICIENTS

Energy Calibrate Performed on: 12-20-99 11:55:36 AM by:
POLY

Energy Calibrate Type:

12-20-99 11:55:41 AM
CALIBRATION

Calibration Count Counter
55-gal. drums Calibration for
: 12-20-99 11:31:21 AaM
Live Time 592.6 seconds Real Time

REPORT

GEA - A

600.0 seconds

Energy(keV} = -0.693 + 0.500*ch + -1.64E-C7*ch"2 + 0.00E+00*ch"3

SHAPE CALIBRATION COEFFICIENTS

Shape Calibrate Performed on: 12-20-92 11:55:36 AM

by: System Manager

FWHM = 0.543 + 0.032 *E™1/2
LOW TAIL = 0.0E+00 + O.QE+00*E

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 0.02 661.66
2349.63 0.04 1173.24
2668.63 0.04 1332.50

SHAPE CALIBRATION RESULTS TABLE

Energy FWHM EWHM TAIL

(keV } channels error channels
59.54 1.72 0.04 0.00
81.00 1.68 0.02 0.00
276.40 2.12 0.04 0.00
302,84 2.18B 0.02 0.00
356.01 2 '25 c.01 6.00
383.85 2.20 0.04 0.00
661.66 2.76 0.04 0.00
1173.24 3.48 c.07 G.00
1332.50 3.73 0.08 0.00

OO0 O o000 00

TATL
error
.00
.00
.00
.00
.00
.00
.00
.00
.00

System Manager



HNF-5148, Rev. 1

Energy Calibration Report 12-20-9% 11:53:53 AM Page I
ENERGY CALIBRATION REPORT

identification Number CALCOQUNT

Description/Title Calibration Count Counter GEA - &

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 + C.00E+00*ch"3

SHAPE CALIBRATIQON CCEFFICIENTS
Shape Calibrate Performed on: 12-20-99 11:53:48 AM
by: System Manager S9*EA

FWHM = 0.529 + 0.02*E~1/2
LOW TAIL 0.0E+00 + O.QE+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 66l.66

2348.89 0.05 1173.24

2667.71 0.05 1332.50

SHAPE CALIBRATION RESULTS TABLE

Energy FWHM FWHM TAIL TAIL
{keV ) channels error channels error
59.54 1.61 0.05 0.00 0.00
81.00 1.59 0.02 1.00 0.00
276.40 2.00 0.06 0.00 0.00
302.84 2.05 0.03 0.00 0.00
356.01 2.13 0.02 0.00 0.00
383.85 2.1l6 0.06 0.00 0.00
661.66 2.52 0.05 c.00 0.00
1173.24 3.21 0.09 0.00 0.00
1332.50 3.33 0.09 C.00 0.00
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Energy Calibration Report 12-20-99 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 AM

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 + 0.501*ch + ~1.54E-07*ch”2 + 0.00E+00*ch"3

SHAPE CALIBRATION COEFFICIENTS

Shape Calibrate Performed on: 12-20-99 12:01:35 PM
by: System Manager

0.605 + 0.033*E"I/2

O.0E+00 + O.QE+00*E

FWHM
LOW TAIL

ENERGY CALIBRATION RESULTS TABLE

Centroid Centroid Energy
Channel error (keV )
122.31 0.01 59.54
165.22 0.01 81.00
555. ¢4 0.01 276.40
60B8.51 0.01 302.84
714.76 0.00 356.01
770.38 0.01 383.85
1325.82 0.01 661.66
2348.98 0.02 1173.24
2667.61 0.02 1332.50

SHAPE CALI13RATION RESULTS TABLE

Energy FWHM FWHM TAIL TAIL
(keV ) channels error channels error
59.54 1.86 0.03 0.00 0.00
81.00 1.80 0.01 0.00 0.00
276.40 2.35 0.03 0.00 0.00
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
661.66 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 Calibraticn Report 1-31-00 10:47:11 AM Page I

ENERGYCALIBRATIOCNRBPORT

Identification Number : CA-LCOUNT

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

Calibration for : LEGES

Acquisition Started + .1-31-00 10:33:40 AM

Live Time 299.8 seconds Real Time 306.4 seconds

ENERGY CALIBRATION COEFFICIENTS

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

Energy (keV}) = 0.145 + 0.,077*ch + 0.00E+00*ch"2 + ©.,00E+00*ch"3

SHAPE CALIBRATION COEFFICIENTS

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

FWHM = 0.306 + 0.032 *E"1/2
LOW TAIL = O.OE+0C + O.OE+00*E

ENERGY CALIBRATION RESULTS TABLE

Centroid Centroid Energy
Channel error (keV )
774.51 0.406 59. 54
1054.24 0.11 81.00
3601.60 0.12 276.40
3946.74 0.07 302.84

SHAPE CALIBRATION RESULTS TABLE

Energy FWHM FWHM TAIL TAIL
(keV ) channels error channels error
59.54 5.61 1.05 .00 0.00
81.00 7.80 0.23 .00 0.00
276.40 11.38 0.25 0.00 0.00
302.84 11.13 0.14 0.00 0.00
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Energy Calibration Report

ENERGYCALIBRATIONREPORT

Identification Number : CALCOUNT

Cescription/Title :Calibration Count Counter
Arrangement :55-gal. drums Calibration
Adguisition Started 1-31-00 10:33:40 AM

Live Time 300.6 seconds Real Time 306.8 seconds

ENERGY CALIBRATION COEFFICIENTS

Energy Calibrate Performed on:
by: System Manager
Energy Calibrate Type: POLY

1-31-00 10:53:25 AM

:GEA - A
for :LEGEG6

1-31-00 10:53:13 AM

Energy{kev) = 0.118 + 0.076*ch + O.0Q0E+00*ch”2 + O.00E+C0*ch"3

SHAPE CALIBRATION COEFFICIENTS
Shape Calibrate Performed on:
by: System Manager

FWHM = 0.241 + 0.040*E"1/2
LOW TAIL = O.CE+00 + O.OE+00*E

ENERGY CALIBRATION RESULTS TABLE

Centroid Centreoid 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 CALIBRATION RESULTS TABLE

Energy FWHM FWHM TAIL
(keV ) channels error channels
59.54 4.90 1.38 0.00
81.00 8.00 0.24 c.00
276,40 11.72 0.25 c.00
302.84 12.40 0.15 .00

oo oo

1-31-00 10:53:13 BM

TAIL
errcr

.00
.00
.00
.00

Page I
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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 Curve

{— ~ -wlLowEnergy = M srod High Energy |
0.001
7N
/ Ny
N )
/ ﬂl\\
. \ |
N
h
J \\1

. 1.

©.0001 - -

10 100 B 1000 10000

Energy (keV}

Datascurce: CAWABNTEMPAEFF84Z, TEM
IN(EM) = -2,314@+02 +1.4820+02"In(E) -3.5308+01°IN(E)*2  +3.7610+00°In(E)~3
-1.4888-01IN(E)~4 .

Seg 2, SEGe 4, Drum position 2.

Dual Efficlency Calibration Curve
. t— - Low Energy & Measured

High Energy ,

" g.001

~

0.0001 : AL RS

16-05 . L :
10 100 1000 10000

Energy (keV)

Datasource: C\WAS\TEMP\EFFB42.TEM
In{Eff) = -1.3486+02 +7.6948+01"IN(E) -1.713e+01*In(E)"2 +1.6684e+00"IN{E) 3
. -6.0186-02°IN(E) 4
s

Seg 3, SEGe 4, Drum position 3.

E-2



HNF-5148, Rev. |

Foam Drum, density = 0.01346 gms/cc, No Shield {collimator). Spectrum Seq# 3988

Dual Efficiency Calibration Curve
High Energy |

’ {— — — Low Energy o Measured

0.001
P g
\ :
) Yy
h
_0.0001 : L
10 100 1000 10000
' Energy (keV)
Datmsourae: CAWAS\TEMPAEFF842 TEM
IN(Eff) = -1.8416+02 +1.1388+02*In(E) 2. 7129+01°IN(E)*2 +2.8410+00"IN(E}*3
-1.1138-01"In{E) 4
Seg 4, SEGe 3, Drum position 1.
Dual Efficlency Callbration Gurve
r— — — Low Energy - Measured — High En.rny—]
.. 0.001 -
P
Ng
] hY
f
/ i
'
0.0001 ‘ - f . \ J l_ |
10 100 1000 10000

Energy (keV)

‘Patascurce: CAWAS\TEMPAEFFE42. TEM
IN(E() = -2.0858+02 +1.2058+02"IN(E) -3.0769+01"IN(E}*2 +3.2100+00°IN(E)"3
-1 2496-01"In(E) 4 .

Seg 5, SEGe 3, Drum position 2.
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Foam Drum, density = 0.01346 gms/cc, No Shield (collimator). Spectrum Seq # 3988

Dual Efﬂcle_ncy‘Calibratlon Curve
[ = ~tLowEnergy ® Measured

High Energy ]

0.001
yd .
3
]
N
N
]
AS ) . \
. 0.0000 -
10 100 1000 10000
Energy (keV)
Datmsource: CAWAS\TEMP\EFFB842.TEM
IN{EfM) = -1.5418+02 +1.130a+02n(E) 2. 7120+01°IN(E)"2  +2.8416+00"IN(E) 3
-1.113e-01*In(E)"4 !
Seg 6, SEGe 3, Drum posftion 3.
Dual Efficiency Callbration Curve :
‘ [— ~ — Low Energy u  Mesasured High Energy ]
0.001 T B B e e P BT
. T
;*%_\- ‘
;/ _ \P .
/, T hPRA——
L] N
0.0001 . - - - .
.10 S B 109‘. 1000 - 10000

Energy (keV)
Dalasource: GAWAS\TEMPAEFFE42.TRM - . o - 0 0 T
IN(EM) = -1.4180+02  +B.1286+017IA(E}" - 1. 7948+017IN(E)*2 . +1.7146+00"{E)"3
P -6.022e-02%(EYNA o LT T

Seg 7, SEGe 2, Drum position 1.
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Foam Drum, density = 0.01346 gms/cc, No Shield (collimator). Spectrum Seq # 3988

Dual Efficlency Callbration Gurve

. ]- —~ = Low Energy ' 8  Measured High Energy ]
0.001 -
/
)
— \q

0.0001 : j , : \ :

10 100 1000 170000

i ) S Energy (keV)
Datasource: CAWAS\TEMPAEFFB42. TEM ' -
IN{EH) = -1,787e+02 +1.088a+02"In(E) -2 545a+01"In(E)"2 +2.821e+00°In(E) 3

. -1.0088-01“In{K)*4 )
Seg 8, SEGe 2, Drum position 2.
Duai Effiélency Calibration Curve
F — — Low Energy .- M weod High Energy l
0.001
L \
\\t
[ ]
- 0.0001 -
10 100 1000 10000

Datasource: CAWAS\TEMP\EFF842. TEM
IN(E) = -2.0740+02 +1.293e+02"In(E)
: ~1.2876-01"In{E)~4

Seg 9, SEGe 2; Drum posiiion 3.

Energy (keV)

-3.098a+01*In(E) 2

+3.264e+00"IN{E)*3
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Foam Drum, density = 0.01346 gms/cc, No Shield (collimator), Spectrum Seq # 3988

Dual Efficiency Calibration Curve .

_ |[mF—-lowEnergy = m iwrad High Energy |
0.601 - -
) W
[
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10 ) 100 ’ L 1000 10000
Enargy (keV)
Datasourcs: CAWAS\TEMP\EFFE42 TEM
IntEH) = ~2.103e+02 +1.317a+02°IN{E) ~3.170e+01"IN(E) 2 +3.3800+007IN{E)"3
-1.331e-01%IN(E)"4 . )
Seg 10, SEGe |, Drum position 1.
Dual Efficiency Callbration Curve }
I_— — — Low Energy B Measured High Energy J
0.001 - - - - -
/
1 . 1
B4 W
] T
)
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0.0001 —
I] N
N
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1605 : \

10 . 100 _ , . 1000
' ‘ Energy (keV)

Datasource: CAWAS\TEMAEFFE42. TEM - . L
IN{Ef) = -1.8540+02 +1,134a+02In(E) -2.6780+01 " IN(E) 2 +2.783e+00%In(E)*3
-1.079a-01"In({E)*4 : .

Seg 11, SEGe‘ I, Drum poéition 2.

10000



HNF-5148, Rev. |

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

Dual Efficiency Cailbration Gurve
l_- — — Low Energy ® . Meagured

High Energy

0.01

I

7

0.001 L. j = ' ‘ L.
10 ' 100 - 1000 ~ 10000
Energy (keV) ‘

Datasource: CAWAS\TEMPEFFB42.TEM - :
IN(EY) = -1.2746+02  +8.1056+01°I(E)  -1.824e+01°In(E)*2  +1.7983e+00"In{E)*3
’ -6.651e-02"In(E)"4 . : '

Sum Segments.
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Foam Drum, density = 0.01346 gms/cc, Shield (collimator). Spectrum Seq # 3989

Dunl ’Efﬂclgncy Guilbr-ﬂon Gurve

) [- R Law Enoqur A Mopur-d ngh Eﬁ.}g_'j“
. i ORI B NI EAE VA
B
10-05 $—— . —~L 1 : : ' L b1 ek L

10 ST CA0Q0 . i T 1000 : : 10000
: o ’ T Erergy (keV) . ‘

Datsource: CAWAS\TEMPAEFFO4Z.TEM T e
INCEH) = -9 088w +T1 * +4.3320+01°In(E) - -6.6850+007IN(E)'Z  +3.3654-017In(E)"3

Seg 2, SEGe 4, Drum posmon 2.

Dual Efficlency Callbration Curve )
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: [

16-05 L /

10 100 - . . 1000 10000
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Datasource: CAWAS\TEMP\EFFE842.TEM o
IN(EM) = -6.4208+01 +2 E6688+01"IN{E) -4.001a+00"INn(E) 2 +2.081e-01*In{E)}*3

Seg 3, SEGe 4, Drum positon 3.
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Foam Drum, density = 0.01346 gms/cc, Shield (collimator). Spectrum Seq # 3989

Dual Et‘ﬂcléncy Calibration Curve
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Seg 4, SEGe 3, Drum position 1.
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Seg 5, SEGe 3, Drum position 2.
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Foam Drum, density = 0.01346 gms/cc, Shield (collimator). Spectrum Seq # 3989

Dual Efficiency Géllbra{tlon Curve
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Seg 6, SEGe 3, Drum position 3.
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Seg 7, SEGe 2, Drum position 1.



HN

F-5148, Rev. |

Foam Drum, density = 0.01346 gms/cc, Shield {collimator). Spectrum Seq # 3989

Dual Efficlency Calibfation Curve
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Foam Drum, density = 0.01346 gms/cc, Shield (coilimator). Spectrum Seq # 3989

Dual Efficlency Calibration Curve
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Seg 10, SEGe 1, Drum position 1.
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Seg 11, SEGe 1, Drum position 2.
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Foam Drum, density = 0.01346 gms/cc, Shield (collimator). Spectrum Seq # 3989

Dual Efﬂclpnéy Calibration Curve
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Homosote Drum, density = 0.43029 gms/cc, No Shield (collimator). Spectrum Seq # 3994

Dual Efficiency Calibration Curve
|- — ~LowEnergy ® M irect High Energy ]
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Seg 2, SEGe 4,rDrum position 2.
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Seg 3, SEGe 4, Drum position 3.
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Homosote Drum, density = 0.43029 gms/cc, No Shield {collimator). Spectrum Seq # 3994

N
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Homosote Drum, density = 0.43029 gms/cc, No Shield (collimator). Spectrum Seq # 3994

Dual Efficlency Calibration Curve
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Homosote Drum, density = 0.43029 gms/ce, No Shield (collimator). Spectrum Seq # 3994

Seg 8, SEGe 2, Drum position 2.
‘Dual Efficiency Catlbration Curve
[ = —towEnergy ® Msasursd High Energy |
0.001
// T
0.0001 : ' : \‘\'\
ri - ]
~]
7 <]
N o
N
.

1e-05 /

0 100 1000 : 10000
’ Energy (keV)

Datascurce: CAWAS\TEMPEFF478.TEM )
IN(E) = -1.1670+02  +8.4000+01*In(E) -1.3008+01*IN(E}*2  +1.3208+00*In(E)*3

-4 ,8684a8-02*In(E)"4
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Homosote Drum, density = 0.43029 gms/cc, No Shield (collimator). Spectrum Seq # 3994

Buatl Efflclancy Calibration Curve
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Homosote Drum, density = 0.43029 gms/cc, No Shield (collimator). Spectrum Seq# 3994

Dual Efficiency Calibration Curve
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Homosote Drum, density = 0.4302% gms/cc, Shield (collimator). Spectrum Seq # 3995

Dual Efficiancy Ca\]braﬂén Curve
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995

Dual Efficlency Callbration Curve
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995

) Dual Efflciency Callbration Curve
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995

Dual Efficiency Callbration Curve
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995

Dual Etficiency Calibration Curve
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995

HNF-5148, Rev. |

Dual Efficiency Calibration Curve
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator), Spectrum Seq # 3992

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

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

HNF-5148, Rev. 1

Dual Efficisncy Callbration Curve

F — — Low Energy M Irec ‘High Energy
0,001
] .
; L~ - |
. A s
0.0001 E
7 T
~_
A
1e-05 \
10 100 1000 10000
Energy (keV)
Datascource: CAWAS\TEMPA\EFFQ39. TEM
IN{EN) = -1.925a+02 +1.17@ge+02*In(E) -2.8010+01"IN(E)}"2 +2.933e+00"IN{E)*3
-1.1476-01*IN{E) 4
Seg 6, SEGe 3, Drum position 3.
Dual Efficlency Calibration Curve
) _ - |- = —LowEnergy ® Measurad High Energy |
0.001
A
1| /
0.0001 ——
jl
18-05
. 10000

10

100 1000
- Energy (keV)

‘PDatasource: CAWAS\TEMP\EFFO39.TEM )
IN(Eff) = -7.015«+01 +2.883e+01*IN(E) -4 .745e+00%In{E) 2 +2.46889e-01"In(E

Seg 7, SEGe 2, Drum position 1.

E-28

3



HNF-5148, Rev. 1

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

Dual Efﬂcloncy Calibration Curve
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Seg 9, SEGe 2, Drum position 3.
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3992
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3992

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

Dual Efficiency Calibration Curve
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993
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Sand Drum, density = 1.5601 gms/cc, No Shield (collimator). Spectrum Seq # 3991
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Sand Drum, density = 1.5601 gms/cc, No Shield (collimator). Spectrum Seq # 3991
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Sand Drum, density = 1.5601 gms/cc, No Shield (collimator). Spectrum Seq # 3991

Dual Efflclency Callbration Curve

- y [~ -LowEnergy ® M ired High Energy |
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10 . 100 1000 10000
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IN{EN) = -1.7388+02 +1.0218+02"IN(E) «2.3480+01"IN(E)*2  +2.37Be+00"In{E}"3
-8.89798-02"IN(E}*4 | ;
Seg 6, SEGe 3, Drum position 3.
) Duai Efficiency Calibration Curve
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Datascurce: CAWASN\TEMP\EFFO39.TEM
In(Ef) = -8.852e+01 +2.813e+01"tIN(E) -4.383e+00"IN(E) 2 +2.2348-01"In{E)"3

Seg 7, SEGe 2, Drum position 1.
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Sand Drum, density = 1.5601 gms/cc, No Shield (collimator). Spectrum Seq # 3991

v Dual Efﬂo!,enc.y_ Calibration Curve '
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IN(EN) = -8.8018+01  +2.805e+01"IN(E) -4.336e+00°IN(E) 2  +2.193e-01"IN(E)*3
Seg 8, SEGe 2, Drum position 2.
Dual Efficiency. Calibration Curve
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Datasource: CAWAS\TEMPAEFF039. TEM
INEN) = -2.2300+02  +1.3840+02"In(E) -3.2208+01°IN(E}*2  +3.3548+00"In(E)*3
-1.3050-01"In{E) 4 .

Seg 9, SEGe 2, Drum position 3.
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Sand Drum, density = 1.5601 gms/cc, No Shield (collimator). Spectrum Seq # 3991

Dual Efficlency Calibration Curve

“High Energy |
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IN(EM) = -7.207e+01 - +3.019a+01*IN(E) -4.7086+00°IN(EY2  +2,308e-01"IN(E}*3
Seg 10, SEGe I, Drum position 1.
_ 'pual Efficiency Callbration Curve
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; . .
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Datasource; Ci§WAS\TEM PAEFFO39.TEM

IN(EIN = -0.200e+01 +4.011a+01"In(E) =-8.438a+00"In{E)"2 ' +3.386e-01"IN(EW3

Seg 11, SEGe 1, Drum position 2
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Sand Drum, density = 1,5601 gms/cc, No Shield (collimator). Spectrum Seq # 3991

_ Dual Efficlency Calibration Curve
£~ -LowEnergy" = Mensured High Energy |

0.001 : -

/ " =~

— 1 T

0.0001 {————f——~ 411 N
[ N
¥ N
1e-05 /  —
SRR : 100 1000
. . ' Energy(keV)
Datasource: CAWAS\TEMPEFF039. TEM - '

I(EN} = -4.273e+01 +1.457e+01"In(E) -1.8880+00°IN{E)*2 +7.481e-02*IN(E)}*3

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

Duai Efficlency Calibration Curve
[ - - LowEnergy =  Messured  — High Energy |
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1e-05 - ‘1 : i } “ ’T'ﬁd’{‘_""‘\

o -
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” -6.0876-017IN{EW4 el :

Seg 2, SEGe 4, Drum pos.ition' 2.

Dual Efficlancy Calibration Curve
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0.0001

10-05 L _ —
10 : _ 100 1000 10000
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Daiasources: CAWASNTEMP\EFFO30. TEM ‘ ‘ ‘
IN(EfM) = -5.597'04-0'2_ +4.050a+02*IN(E) -8.5108+01 " INn{E)"2 *9,8530*00‘]!’1(5)“3
-3.842e-01"IN{E)}"4 ! .

Seg 3, SEGe 4, Drum position 3. )
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Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 3990

Dual Eff_lolen.‘c:yrcallb_rLatlon Curve

. F— - Low Energy = Madsured High Energy }
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Seg 5, SEGe 3, Drum position 2.
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Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 3990

_ Dual Efficlency Calibration Gurve
[- - ~LowEnergy ® Measured - - High Energy |
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Seg 6, SEGe 3, Drum position 3.
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Datasource: CMWVASITEMPAEFF039. TEM N
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. -5.691e-02"In(E)*4 . ' .

Seg 7, SEGe 2, Drum position 1.
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Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 3990

. {- =~ Low Energy

Dual Efficiency Callbration Curve
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Seg 9, SEGe 2, Drum position 3.
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Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 3990

Dual Efficiency ('::_allbl:afilc:n-Curvo
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Seg 10, SEGe 1, Drum position 1.
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Seg 11, SEGe 1, Drum position 2.
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Sand Drum, density = 1.5601 gms/cc Shield (collimator). Spectrum Seq # 3990
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Summed Spectra, low density, 0.0135, no shield.

Dual Efficiency Calibration Curve
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Summed Spectra, 3™ density, 0.656, no shield.

Dual Efficlency Calibration Curve
I-— — = Low Energy " Measured High Energy I

0.001

L

0.0001 R

‘.-‘19-0 : . ‘ ~ : : \

10000

10 ' 100 1000
o Energy (keV) o
Datasource: CAWAS\TEMP\EFF475.T€M ’
IN(EH) = -1.7096+402 ©  +1.0218+02"In{E) -2.3820+01"IN(E)*2  +2.448e+00"IN{E)*3
-9.3780-02°In{E) 4 ) ;
Summed Spectra, heavy density, 1.56, no shield.
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Spreadsheet for Figure 2

Activity and Count response for 1-2000 cal

Seg #
11-Top

—
o

M oW b o N~ 0D

AD4
Sum
% Diff

Seg #

—
O

S T P Y - T B - - I~ ]

AD4
Sum
% Diff

COUNTS

Seg
512
S13
521
822
523
s31
832
8§33
544
542

ACTIVITY

Seg
512
813
821
522
823
831
532
§33
S41
542

59 k'eV
4106
4542
6777
7964
7992
8686
7949
7504
7134
5330
3138

69025
67016
291

59 k'eV
4106
4.034
3.765
3.634
3.831
3.564
3512
3.761
3.794
3275
3.404

36.707
36.573
0.37

4107
4583
6588
8149
8244
8591
8185
7763
7406
5732
3322

69620
68563
1.52

4107
4.076
3.660
3.7
3.952
3.525
3616
3.891
3.938
3522
3.603

37.024
37.501
-1.29

HNF-5148, Rev. |

Sequence number

4108
4537
6669
83717
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
3621
3.901
3.873
3436
3.642

37.398
37.297
0.27

4109
3853
3.797
3.864
3.895
3.453
3.665
3.822
3.645
3.512
3.550

37.635
37.055
1.54

Daily Source Drum

4110
4617
6678
8370
8320
8572
8269
1416
7064
5701
3209

70642
68216
343

4110
4.106
3.711
3.819
3.988
3517
3.653
3717
3756
3.503
3481

37.568
37.251
0.84

AVG
45220
7309.2
8266.0
81342
8524 8
8179.2
76184
7148.4
5614.0
3260.0

70075.4
68576.2
214

AVG
4,02t
3.728
3771
3.899
3.498
3613
3.818
3.801
3.449
3.536

37.266
37135
0.35

Dev
111.64
1413.00
205.94
147.82
134.09
136.98
160.02
210.88
168.14
83.18

736.93

Dev
0.10
0.05
0.09
0.07
0.06
0.06
0.08
0.11
0.10
0.10

0.39

Yo err
247
19.33
2.49
1.82
1.57
1.67
210
295
2.99
2.70

1.05

% err
2.46
1.44
2.49
1.82
1.58
1.67
210
295
3.00
2.70

1.05
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Activity and Count response for 1-2000 cal Daily Source Drum
COUNTS
81 kev Sequence number
Seg # Seg 4106 4107 4108 4109 4110 AVG Dev % err
11-Top 812 12013 11293 12379 12377 11693 11951.0 465.84 3.90
10 513 18923 18848 18870 18727 19251 18923.8 196.49 1.04
9 521 19042 22199 18865 20424 18564 19818.8 1509.91 7.62
8 5§22 19992 20528 19281 21952 22377 20826.0 1308.13 628
7 523 18957 20505 20621 20572 19577 20046 .4 745.63 3.92
6 $31 19310 19039 19336 18760 19429 19174.8 273.58 1.43
5 §32 18497 18676 18039 18786 18423 18484.2 287.22 1.55
4 833 16774 17488 17278 17679 17312 17306.2 337.67 1.95
3 841 13183 11923 15999 16188 11539 13766.4 2210.6%8 16.06
2 542 767 9236 9220 9042 7973 B527.6 922.59 10.82
A4 149800 115291 150812 151217 151793 1437826 1594338 11.09
Sum 163858 169735 169888 174507 166138 1688252
% DIff 938 -47.22 -12.65 -15490 -9.45 -17.42
ACTIVITY
81 keV Sequence number
Seg # Seg 4106 4107 4108 4109 4110 AVG Dev % err
1 512 4.483 4214 4.620 4.619 4.363 4.460 0.17 3.90
10 513 3.579 3.565 3.569 3.542 3.641 3.57% 0.04 1.04
g 521 2.899 3.380 2.872 3.109 2.827 3.017 0.23 7.61
8 5§22 3.395 3.486 3274 3.728 3.800 3.537 0.22 628
7 §23 3.152 3410 3.429 3412 3.256 3332 0.12 3.68
6 §31 3476 3.427 3.480 3.376 3497 3.451 0.05 1.43
5 ‘ 8§32 3.522 3.556 3.435 3.577 3508 3.520 0.05 [.55
4 §33 3.196 3332 3.292 3.368 3.298 3.297 0.06 1.95
3 541 2996 2.710 3.637 3.680 2623 3.129 0.50 16.06
2 §42 3.019 3.891 3.884 3.809 3359 3.592 0.39 10.82
A04 34.010 34,349 34.240 34.332 34.463 34279 0.17 0.50
Sum 337 34970 35492 36.220 341N 34914

% Diff 0.86 -1.81 -3.66 -5.50 0.85 -1.85
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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 138746 387856 3105 0.80
9 821 43236 42259 43578 43350 43331 431508 514.1 1.19
8 8§22 43600 43748 43871 44066 44089 438748 2086 0.48
7 523 44396 43356 44099 44096 43949 439792 3844 0.87
6 S31 46295 46896 46348 46799 47071 46681.8 3436 0.74
5 832 46082 45829 45734 46506 45967 460236 3004 0.65
4 833 43308 43777 43397 43272 43427 43436.2 2007 0.46
3 S41 32772 33185 32852 32872 32803 328968 1659 0.50
2 S42 19447 19879 19622 19376 19497 195642 197.6 1.0]

A4 382713 385298 383730 385822 386017 384716 14352 0.37

Sum 382684 383970 383767 385121 384610 3840304

% Diff 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
1 812 3.080  3.157 3.013  3.162 3.142 3131 0.034 1.09
10 S13 3.045 3113 3.081 3.090 3.078 3.082 0.025 0.80
9 $21 3139 3.141  3.164 3.148 3.146 3.148 0.010 0.31
8 S22 3.104  3.114  3.124 3137 3.139 3.124  0.015 0.48
7 823 3.161  3.087 3.140 3140 3130 3132 0.027 0.87
6 S$31 3.118  3.159 31122 3152 3171 3.144  0.023 0.73
3 832 3.186 3.168 3.162 3.215 3.178 3.182 0.021 0.65
4 §33 3.099  3.133 3,106 3.097 3.108 3.108 0.014 0.46
3 541 3149 3189 3.157 3159 3152 3.161 0.016 0.51
2 S42 3206 3277 3235 3193 3214 3225 0.033 1.02

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

Sum 31288 31540 31404 31492 31.458 31.436

% Diff 2.05 1.93 1.95 2.21 2.37 2.10



Activity and Count response for 1-2000 cal

Seg#
11-Top

S

M W At & - 0 O

Ad4
Sum
% Diff

Seg #

S =

M oW &t v o Q8 O

AD4
Sum
% Diff

COUNTS

Seg
§12
§13
521
§22
823
831
§32
§33
541
$42

ACTIVITY

Seg
S12
S13
8§21
§22
§23
531
8§32
§33
841
542

661 keV
4106
4062
5767
6856
6373
6936
7308
7323
6624
4957
2994

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

5948
5.726
in
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Sequence number
4107 4108 4109
4026 3939 3922
5929 6034 6082
6646 6685 6695
6657 6908 6733
6945 6769 6850

7204 778 7225
7143 7162 7121
6741 6815 6914

5035 4980 5032
2943 3046 3061

59656 59766 59750
59269 59516 59635
0.65 0.42 0.19

Sequence number
4107 4108 4109
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 5717
4.09 383 373

Daily Source Drum

4110
3983
5894
6719
6641
6845
7250
7291
6799
5024
3021

59553
59467
0.14

4110
0.578
0.543
0.563
0.569
0.567
0.603
0.594
0.558
0.565
0.568

5.919
5.708
3.57

AVG
3986.4
5941.2
6720.2
6762.4
6869.0
7233.0
7208.0
6718.6
5005.6
30124

59713.4
50516.8
0.33

AVG
0.577
0.547
0.563
0.579
0.569
0.601
0.588
0.357
0.562
0.566

5935
5.710
379

Dev
58.50
123.65
80.35
122.62
72.80
49.61
92.23
106.52
35.06
47.01

111.43

0.011
0.011
0.007
¢.010
0.006
0.004
0.008
0.009
0.004
0.009

0.011

% err
1.47
2.08
1.20
1.81
1.06
0.69
1.28
1.57
0.70
1.56

0.19

Y err
1.89
2.08
120
1.8]
1.06
0.69
1.28
1.57
0.70
1.56

0.19



Activity and Count response for 1-2000 cal

Seg #
11-Top

-~

N W s  On -~ e D

Al
Sum
% Diff

Seg#

> -

MW s L O =) 00 D

A04
Sum
% Dift

COUNTS

Seg
Si2
S13
521
§22
§23
$31
§32
533
541
542

ACTIVITY

Seg
SI2
S13
s21
5§22
§23
8§31
8§32
$33
S41
542

1332.5 keV
4106
1966
2780
3219
3244
33ss
3493
3438
3241
2411
1426

28645
28606
0.4

1332.5 keV
4106
0.4158
0.3647
0.3964
0.3916
0.4115
0.3845
0.4103
0.3899
0.4070
0.3663

4.0484
3.9382
272
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Sequence number
4107 4108 4109
1903 1921 1952
2894 2854 2823
3150 3196 3222
3263 1297 3346
3339 3362 3343
3448 3520 3544
3356 3443 3472

3263 3295 3197
2310 2364 2368
1449 1439 1359

28393 28746 28562
28375 28691 28626
0.06 0.9 -0.22

Sequence number

4107 4108 4109
0.4024 0.4063 0.4130
0.3797 0.3745 0.3703
0.3879 0.3936 0.3968
0.3940 0.3980 0.4040
0.4055 0.4083 0.4060
0.3795 0.3874 0.3900
0.4006 0.4109 0.4143
0.3926 0.3963 0.3845
0.3901 0.3993 0.3998
03723 0.3699 0.3494

4.0128 4.0627 4.0366

3.9046 3.9445 3.9281
270 291 269

F-6

Daily Source Drum

4110
1894
2879
271
nmn
3360
3428
3490
3147
2401
1449

28554
28496
0.20

4110
0.4007
03777
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
2116
32654
33584
3486.6
3439.8
32286
23708
1424.4

28580.0
28558.8
0.67

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
3101
45.67
4396
62.80
19.40
4341
51.46
57.89
39.62
37.76

130.14

Dev
0.0066
0.0060
0.0054
0.0076
0.0024
0.0033
0.0061
0.0070
0.0067
0.0096

0.0184

S e
1.61
1.60
1.37
1.92
0.58
1.39
1.50
1.79
1.67
2.65

0.46

% err
1.61
1.61
1.37
1.93
0.58
1.39
1.49
1.79
1.66
2.64

0.45



(80
)
PDE 6
AT BE
S0 10V
T 9D
ol 0
CAT 31
&1 1o
€1 180
0 W0
&1 0
[£1 %0
91 20
I )

OV

ASTE

(VA3
60

%1
o
iy
&l
@0
D1
181
&1
0T

@1
0%

1
w01

iy
ns

3\
AN

1 "AY "8#1¢-dNH

L-d

0z
S0

Egﬁgﬁsgég

19T
@1
VA
&1
&1
&0
w1
Jix
191
91
%

60

9i01

A
na

Tx BOL &Y (V4
9t 61 1 § 3 11}
le %l ¥ %T
8It ST & 0z
213 &1 9T 1
€% T  Tx &1
az &9 15¢ @1
St /A1) 4T
0T 01 KT il
£t BT W ¥
W §= 7\ 1
APSE A8
DROP 21k od SAEDODW PUOROR)

/Y4

APy OIS JQN B o]

ST
0

011
01

ITE

163
gt

4z

SEO
a1

anl
901

biLE
7l

2887

9t

e
te
ay
03\
A&

PEMV OB

HPs

FARANBAHEF S

Py

wg

LA - - T w B = A T A

- °



Density Detector  Drum

001346

043029

065625

156010

0.01346
0.43(29
0.65625
1.56010

SEGe4
SEGe4
SEGe-3
SEGe-3
SEGe-3
SEGe-2
SEGe-2
SEGe-2
SEGe-!
SEGe-1
Surrmed

SEGe4
SEGe4
SEGe3
SEGe-3
SEGe-3
SEGe-2
SEGe-2

. SEGe-2

SEGe-1
SEGe-1
Surrened

SEGe4
SEGe4
SEGe-3
SEGe-3
SEGe-3
SEGe2
SEGe2
SEGe2
SEGe-1
SEGe-l
Sumrmed

SEGe-4
SEGe4
SEGe-3
SEGe-3
SEGe-3
SEGe-2
SEGe-2

SEGe-2
SEGe-1

SEGe-1

Summed

Sunmed
Surmmed
Suomed
Sunmmed

Position

[ IR PR o AT o5 T VS Ry O R e b D) e L B e LB o= W R = W=~ LN

N W B e L B e W N

HNF-5143,

No Detector Shield (Coll=0)

a
-1 J48E+02
2314EH02
-2.567EH2
-2.085EH2
-1.841EHR
-1 415E+02
-L7TB7EH2
-2074EH2
-2 {BEH2
-1.854EH2
-1.374EH02

-7.526E+01
-1 233E4H0%
H2TIEH]
-7.058E+01
6.25TE+01
-2659E+02
-T.354E+H01
-1Li6TEH2
-1.253EH02
6.935E+0L
3 18RE+:0]

-1 389EH2
-2.480E+2
-L3TTEHR
-1.854EH2
-1.925E+02
~TOI15E401
1.889EHR
-1561EH02
-1.474EH2
-2 128E+2
-1.686EH02

1. 28E+01
-Z1T9EHR2
-1.5MEH2
-2 116EH2
-1.738EH2
-6.852E+01
5.891E+01
2T9EHR
-1297E+01
S201EH))
42BEH

-1.397EH2

-1LT00EHR
-2 595EH02

Coefficients
b
THMEH
14R0F+2
L6S0EH2
L295E+2
LI3GE+QR
81266401
LO8EEHR
1293EH2
1317EH2
1.134EHR
8.105E+01

329E401
3.153E401
4.810E+01
3.0396+01
26166401
LGBSEHR2
3.199E401
GANEG
TO2ZEH0)
29066+01
S.MSEH0]

7910401
L562EH
T.760E+01
LI33EHRZ
LITOEH2
2983E+01
2096EH2
9.162E+01
8.440E+01
1.300E+02
LRIEHR

2937401
1 M46EHR
B.997E+0]
1 290EHR2
LO2IE+(2
2313E401
2.805E+01
1.364EWD
30196401
4.011E+01
LASTEHOL

8.105E+01
L41TEHR
LERIEXZ
1 628EHD

Rev. 1

c
-LT13EH01
=3.530E+00
“4.040E+01
-3.076E+01
2 712E+01
~1.7ME+L
2. 545E+0}
-3.095E+01
=3V 0EH01
-2.679E+01
-1.82A4E0]

=5.305E+00
-5.089E+00
D.IMEH0
-4.B45E+00
4. 123E+0
~4.084E+01
-5.135E400
~1.3%0E+01
-1.558E+01
4 534EH0
L 161500

~L.TBEH)
3. TREHL
-L.T0EH0!
26926401
-2.801E+01
-4.745E+00
9.263E+01
2 1NEH
-1.901E+01
-3.080E+01
2382E+01

-4.532E+00
-3.29E+0]
2015E+
-3.059E+01
2. 340E+01
-438EH00
4.336E+H)0
3 20E+01
4.708EH0
-5.435E+00
-1 B8REH0

-LR4E0]
-3ANEH!
-2 3826401
3BTEHH

d
1.644E4+00
3.751EH0

"4.356E400

32108400
281E+H0
L.714E+0
2R21EH0
3.264E+00
3.360EH00
2 TEHD
1.793E+H0

2.802E-01
26TTEQI
8926601
2520601
2113801
4359E+00
2650601
L320E+0
1.5196+H00
235E01
3.601ED1

L73SEHO
4.029E+H0
1.670E+H0D
28196400
2933E+00
2460801
-1L549E+01
2. 145E+00
1.852E+00
3217EHD
24466400

2287E01
35BEH0
1.975E+00
J202E+0)
2378400
2B4E01
2.193E-01
33MEH0
2.398E-01
3385601
TARIE0R

1.793E+00
36MEH0
2446510
4.197EH0

€
S.O016ER2
-1.488E-01
-1.753E01
-1.249E-01
-1L13EO0
-6.02ELB
-LO0RE(]
-1287E01
-1.331E01
-LOT9E01
6.551E-(2

295E{R

-1.7M4ED1

-4.664E-2
-5.546E-02

6.2896-(2
-1L6RE-01
-6.032E42
1.103E-01
-1.147E-01

1.400E+00
-3.160E-02
59632
-1.255E-01
S.376E-02

-1.357E01
-7 1862
-1253E01
S90E2

-1.305E-01

-6.551E-02
-1.449E-01
Q36TEL2
-1.670E01

4926E-(2



Density

0.01346

0.43029

0.65625

1.56010

Detector

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

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

SEGe-]

Summed

SEGe-4
SEGe4
SEGe-3
SEGe-3
SEGe-1
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-1
SEGe-1
Summed

Drum
Position
2

B e ) B e W R e W R N o= W = W R = W B o= W B e W R e

B o= W B == W) = b

HNF-5148, Rev. |

Detector Shield (Coll=1)

a
-6.420E+01
-9.956E+01
-5.473E+01
-8.927E+01
-2.638E+02
-5.764E+0]
-5.166E+02
-1.893E+01
-4.623E+01
-5.738E+01
-4 043E+0]

-5 468E+01
-1.110E+03
-1.527E+01
-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+0]
-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
-1.233E+02

-2.284E+01
-1.439E+01
-4,610E+02
-2.031E+01
-1.263E+01
9 .3T0E+01
-1.920E+01
-1.985E+01
-2.343E+03
-1.158E+03
-1 233E+02

Coefficients
b
2.566E+01
4.232E+01
2.092E+0t
3.665E+01
-1.657E+(2
2.261E+01
3.223E+02
3.569E+00
1.693E+01
3.434E+01
1.530E+D1

L913E+01
6.916E+02
1.589E+00
2.539E+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.Z49E+00
2.824E+02
3.018E+00
7.705E+02
5.363E+01
2.662E+00
2.861E+Q0
1.450E+03
7.239E+02
6.828E+01

3.564E+00
1.249E+00
2.824E+02
3.018E+00
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
-6.565E+00
-3 175E+00
-5.356E+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
-1.025E+02

" -1.279E-01

-1.002E-01

-2.599E-01
-9.517E-02
-6.626E+01
-2.244E-01
-1, 775E+Q2
-1.302E+01
-1.949E-01
-2.108E-01
-3.374E+02
-1.709E+02
-1.522E401

+2.599E-01
-9.517E-02
-6.626E+01
-2.244E-01
«1.775E+G2
-1 302E+01
-1.949E-01
-2.108E-01
-3.374E+02
-1.709E+02
-1.522E+01

d
2.061E-01
3.365E-01
1.589E-01

. 2.786E-01

4 346E+00
1.779E-01
8.080E+00
1.070E-02
1.284E-01
1.046E+00
1.147E-01

1.314E-01
1.695E+01

6.797E+00
1.861E+C1

1.026E+01

6.902E+00

L 814E+Q1
1.413E+00

3.481E+01
1.789E+01
1.510E+00

6.902E+00

1.814E+01
1.413E+00

3.481E+01
1.789E+01
1.S10E+Q0

-1.754E-01

-3.190E-01

-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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