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1.0 Introduction

This document presents the results of the calibration of the Segmented Gamma Scan
Assay System (SGSAS) at the Plutonium Finishing Plant (PFP). The calibration was
performed in July, 2000 to qualify the system for assay of residues cans from PFP which
will be packaged into pipe overpack containers for shipment to WIPP. The system was
calibrated using NIST traceable fission product sources and initial calibration verification
runs were performed using the same sources. Validation measurements for WIPP QAOs
and the safeguards organization also were performed using NIST traceable plutonium
standards.

Initial validation results showed a bias that varied with the overall gram loading of the
can. The safeguards organization developed a data correction equation for the results
based on the system performance using a number of plutonium standards initally with
gram loadings ranging from 9.6 g up to approximately 88 g of weapons grade plutonium.

Later validation work prompted configuration changes to turn on a reference pulser,
which was implemented once ground loop problems were resolved. At this point the
safeguards organization developed a second set of data correction factors to apply to the
assay results based on updated validation measurements.

This initial calibration applies to analysis results from the initial configuration that was
used up to September 21 and a second configuration that turned on the reference pulser
and an updated transmission calibration performed on September 21. This is valid since
the same energy and efficiency calibration was used for both analysis configurations.

2.0 System Description

The SGSAS is designed to accurately quantify gamma emitting nuclides. The system at
PFP is configured particularly to assay plutonium waste as a part of the characterization
requirements for shipment to WIPP. The system is configured to assay billet cans with
dimensions of 5.5 in dia. and a height of 7.0in. The system assays the container in 15
vertical segments of 0.5 in each.

The SGSAS system uses a 30% relative efficiency coaxial germanium detector. The
detector is mounted in a shield and collimator with a 0.5 in high by 8.0 in wide aperture.
The detector is collimated to assay the container in 0.5 in high segments. The segments
are individually corrected for matrix attenuation using a collimated transmission source
located opposite the germanium detector. The detector is oriented perpendicular to the
axis of a billet can that is positioned on a vertical drive platform and turntable. The
detector collimator arrangement is mounted onto an adjustable trolley. The position of the
trolley for the calibration was at 6.75 in as indicated on the trolley positioning ruler
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mounted to the frame in front of the detector trolley. A single tin absorber was mounted
over the collimator to reduce the count rate from the 59.5 keV Am-241 peak and some of
the low energy gammas. This absorber should be used for all measurements to provide
the correct efficiency response.

The transmission source used for matrix correction is a Se-75 source. The gamma lines
from the transmission source that will be used for matrix correction are the 264 and 400
keV lines.

A second Broad Energy Germanium (BeGe) detector is mounted at an angle relative to
the transmission source to minimize its response to the transmission gamma radiation.
This detector is used to measure the plutonium isotopic ratios using the Multi Group
Analysis software. The detector has a shield and collimator that is used to minimize its
response to external radiation sources. It also has tin shields that permit the detector to be
optimized for varying levels of Am-241 that may be present in the waste.

The spectra from the two germanium detectors are processed by the ICB N N electronics.
The electronics consist of a preamplifier integral with the detector, and ICB high power
supply, amplifier, ADC and AIM (Acquisition Interface Module).

The mechanical control of the system and the spectral data collection and analysis are
through the Genie PC Waste Assay Software package, S480. The calibration was
performed using a Pentium class PC, running under the OS/2 WARP operating system

3.0 Energy and FWHM Calibration Method

Energy and FWHM calibrations were performed by inserting a set of calibrated point
sources into the empty calibration can. The sources were dispersed in the can as shown in
Figure 1of Appendix I.

The gain and zero of the coaxial detector was adjusted for approximately a 0.5 keV per
channel slope and a 0.0 keV intercept. The gain and zero of the BeGe detector was
adjusted for approximately a 0.075 keV per channel slope and a 0.0 keV intercept.
Calibrations were then performed on the individual detectors and on the summed spectra
from the sum of the individual segment data.

Appendix II contains the energy calibration reports and graphs for the individual detector
and summed spectrum Energy and FWHM Calibrations.
4.0 Efficiency Calibration Method

The efficiency calibration was performed using the same calibration canister as described
in section 2.0. The point source calibration certificates are included in Appendix I. The
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line sources were placed in the source locations shown in Figure 2 and Table 1 of
Appendix I. Calibration spectra were accumulated while the can was rotated and moved
through all 15 vertical segments. The resulting spectra approximate a sample with
uniformly distributed activity in the billet can configuration.

The vertical distribution of the sources did not provide for a uniform vertical response for
all of the segments. Therefore a representative segment was used for the efficiency
calibration of all 15 vertical segments. The choice of the segment was based on the use of
a segment away from either the top or bottom end of the can and one which had a count
rate which was approximately 1/15 of the overall count rate from all segments. The
Efficiency calibration was performed using a calibration certificate that was scaled to
represent 1/15 of the total source activity. The calibration certificate values are in
Appendix I. Verification counts were performed with a plutonium standard using the new
efficiency to demonstrate the validity of the calibration and to establish a baseline for the
measurement control and QC checks which will be used to demonstrate that the system is
in control. A plot of the efficiency calibration is included in Appendix III.

The GWAS calibration software permits a variety of curve fitting techniques to be used to
fit to the various efficiency points on the curve. Although a DUAL fit curve is more
commonly used for efficiency curves, the LINEAR fit for the calibration curve was
selected for use since it provided somewhat better results for the 129keV gamma line and
equivalent results for the 414 keV line. Parameters for both fits are found in the efficiency
report in Appendix III.

5.0 Transmission Source Calibration

To perform the matrix correction using the transmission source an initial transmission
measurement in an empty container is required. The matrix correction using a
transmission source is a relative measurement based on the ratio of the transmission count
rate through the can being assayed over the transmission through an empty can. Therefore
it does not need to be tied to a calibration certificate. A 300 second count was performed
on the transmission source. Appendix I'V provides a copy of the initial transmission
calibration report.

The Se-75 calibration source used in this system has a relatively short half life. The decay
of the source is accounted for in the software analysis. However updated transmission
calibrations are routinely performed to ensure that the most accurate determination of the
empty container transmission rates are used. The routine updates are not included in the
calibration document.

6.0 Reference Peak Calibration

In the initial system calibration, the reference peak correction was not implemented due to
noise problems related to ground loops with the reference pulser integrated into the
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system. This was resolved on September 21. At this time a second phase of the validated
results was developed.

The rate loss reference peak used for the measurements is a reference pulser. This was
adjusted for an energy of approximately 2000 keV. The response of the reference peak is
calibrated by measuring the count rate from the reference peak for a period of 300
seconds with no other sources present. Appendix IV shows the response of the reference
peak calibration developed on September 21.

7.0 Verification Counts

A nominal 25 g Pu standard was selected to be used for verifying the calibration and to
become the measurement control (QC Check) source. The standard is in a “sealed 7 in
can” which has a smaller diameter than the billet can which was used for the calibration.
The following table shows the precision and accuracy of the system for this data. The data
to the right shows the data corrected results. The % variation is based on the (Pu{meas) —
Pu(act)) / Pu(act).

Pu Mass | Pu Mass | Variation Pu Mass | Variation
Run # Actual | Measured Do Data Cor %o
1 24.53 26.61 8.49% 24.59 0.24%
2 24,53 25.60 4.35% 23.60 -3.79%
3 24,53 25.60 4.35% 23.60 -3.79%
4 24.53 25.43 3.65% 23.44 -4.46%
5 24.53 26.44 7.80% 24.42 -0.43%
o 24.53 26.44 7.80% 24.42 -0.43%

Average | 26.02 6.07% | Average | 24.01 | -2.11%

I I
Std Dev_| 0.533348 Std Dev | 0.518337
% Std Dev| 2.05% % Std Dev] 2.16%

Table | Initial Calibration Verification Data

This data has been used to establish the baseline for the control charts to ensure that the
accuracy of the initial calibration is maintained. The QAO document provides additional
data to demonstrate the precision and accuracy of the system.

A copy of the initial QC plots for the system are included in Appendix V.

After the initial configuration change on Sept 21, the measurement control standard data
is shown with the new data correction values applied.




HNF-7331 Rev 0
Calibration Report for the PFP SGSAS Feb 7,2001
Page 6
Run PuMass | PuMass | Variation Data Varijation
# Actual | Measured % Corrected %
1 24.53 2688172 | 9.59% 24.46 -0.29%
2 24.53 2698925 | 10.03% 24.56 0.14%
3 24.53 26.12903 | 0.52% 23.73 -3.27%
4 24.53 2505376 | 2.14% 22.68 -7.54%
5 24.53 25.80045 | 35.20% 2341 -4.55%
6 24.53 25.69892 | 4.77% 23.31 -4.98%
Avg 26.09319 | 6.37% Avg 23.69193 | -3.42%
Std Dev | 0.676271 Std Dev | 0.657877
% Std Dev | 2.59% % Std Dev | 2.78%

Table 2 Verification runs for the second configuration

8.0 Calibration Sources

The source set used for the calibration is a set of 20 small rods, which are NIST-traceable.
Each source represents a point source geometry. The sources are dispersed in the billet
can approximate a uniform distribution of activity.

The calibration line sources contain Eu-152 and Am-241. These sources provide
calibration lines at 59.5, 122,245, 344, 779,965, 1112,and 1408 keV. The certificates
for these sources are included in Appendix I.

9.0 Bias Correction

The initial runs for the WIPP QAQOs were based on the initial calibration configuration.
This data showed a positive bias of 108 % for the 9.6 g standard and a low bias of 91.3%
for the 142 g standard. Additional standards run for a safeguards validation showed the
bias to have a decreasing trend with increasing gram loadings. To minimize this effect a
data correction was applied to all data. The data corrected results were only considered
valid for safeguards measurements up to a maximum mass of 88 g due to the non linearity
problems. The equation used for the bias correction was:

PUcor= (Pumeas — 1.311906)/1.028962

On September 21, 2000 the reference pulser was turned on. Standards data evaluated
after had a much flatter response over the gram range but a more significant overall bias.
The data correction applied to this data used the following equation:

Pucor= (PUmeas — 1.7838829)/1.027964
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APPENDIX |

CALIBRATION CAN AND SOURCE DOCUMENTATION

1. INTRODUCTION

This appendix contains construction and configuration information for setting up the
calibration canisters for the PFP Segmented Gamma Scan Assay system (SGSAS) which
was calibrated for use in the TRU waste program.

2. CONSTRUCTION

The canisters that are used for the calibration are standard billet cans that have been
selected from the same supply of canisters which will be used for the packaging of the ash
residues. The approximate dimensions of the cans are

Diameter: 13.8cm
Height: 17.75cm

The canisters have been filled with normal drinking soda straws to provide a fixed very
low density configuration for the reliable and reproducible positioning of sources in the
canister. Clear straws have been used to pack the can and colored straws have been used
to define source locations.

Each source to be used for the calibration is a combination of Eu-152 and Am-241 in a
point source configuration. The point source is mounted in a small rod with a diameter of
6.4 mm and a length of 50 mm. The activity is located 6 mm from the end of the rod.

3. CONFIGURATION

In order to simulate a uniform distribution of activity in the billet can the can was divided
into 3 equal volume elements as shown in the drawing below. Three colored straws are
positioned approximately 2/3 of the distance out from the inner surface of each volume
element. This closely approximates the center of the volume element. Although the
drawing shows all of the straws in alignment along one radius from the center of the can,
the three sets of straws were positioned in different angular positions to distribute the
activity more throughout the canister.

In order to provide a reasonably uniform distribution of activity vertically the sources
were positioned as follows:
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OCO B.41 cm

OCO 4.83cm

Figure 1

For each set of three straws representing an radial distance from the center of the can:
Straw 1:Place 3 sources with the active end to the bottom of the can.
Straw 2: Place 2 sources with the active end to the bottom of the can spaced up |

inch from the bottom
Straw 3: Place 1 source with the active end to the top of the can spaced 4 inches

up from the bottom.

The above arrangement is shown graphically below in Figure 2.

Figure 2
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The sources are loaded into the can as follows:

Source arrangement in Calibration Can

Tube Serial #
1id bottom |Center |top

6258 6255 6245
6256 6252

1

2

3 6247
4 6263
5 6269 6254 6250
6

7

3

9

6272 6262
6268 6251 6253
6265 6244

6273
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Activities
kBq
Source Am-241 Eu-152

6258 198 220.5
6255 192.6 217
6245 170.8 209.2
6256 188.5 2125
6252 198.6 2256
6247 190.1 226
6263 155.9 216.5
6269 159 224
6254 2041 214.2
6250 199.2 221.2
6272 2026 178.6
6262 172.6 206.4
6268 188.7 230.6
6251 199.7 213.7
6253 194.9 227.8
6265 150.5 221.3
6244 196.9 215.2
6273 193.4 218

| 3356.1 3898.9|kBa
Y% ) 3.56 3.3

uncertainty

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 to be used. This is just the sum of the activities, multiplied by the
abundance (branching ratio) for each if 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 sources uncertainties.
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’ CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBER A6244
Reference Date January 1.1997

Total
Radionuclide Activity Uncertainty {+} Half Lite!"
Am-241 196.9 kBq (5.322 pCi) 3 56% 432 7x 05 years
Eu-152 215 2 kBq (5.817 HCi) 3 30% 1333 0 04 years
PRINCIPLEEMISSIONS'™
Type Enerov (keV} Intensitv (%}
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1412.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2 mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standard was determined using an energy vs. emciency curve established through ongoingintercomparisons with the National institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

North American Scientific. In¢. adively participates in the Radioactivity Measurements Assurance Program conducted by the National institute of
Standards and Technology in cooperation with the Nuclear Energy Institute.

January 20, 1997

¥ Ja¥ Fan, Ph.D. Date
Calibration Laboratory Manager
REFERENCES
(1) Table of Radioactive Isotopes, 7th edition, 1986.

e | EAK TEST CERTIFICATION ON REVERSE o

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605 (8186039201  Fax (818)603.0764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBER A6245
Reference Date Januaw 1. 1997

Total
Radionuclide Activity Uncertainty {+} Half Life'™)
Am-241 170 8 kBq (4617 uCi} 358% 432.7+ 05 years
Eu-132 209 2 kBqg (5 654 pCi) 331% 13.33+ 0 04 years
PRINCIPLE EMISSIONS™
Type Enerov (keV) Intensity (%)
Am-241 gamma 59.5364 35.7
Eu-152 gamma 1217758 284
244 6923 751
344 286 26 6
778 920 1298
964 110 145
1112075 136
1408 002 208
SOURCE DESCRIPTION
Active Diameter: 2 mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
¢ Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry, The activity of the
standard was determined using an energy vs. efficiency curve established through ongoing intercomparisens with the National Institute of Standarde
1 Technology. This standard is indirectly (implicitly) traceable to the National institute of Standards and Te + L gy

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

M January 20, 1997

jj; V Jay¥Fan, Ph.D. Date

Calibration Laboratory Manage!
REFERENCES

"M Table of Radioactive [sotopes, 7th edition, 1986

o LEAK TEST CERTIFICATION ON REVERSE e

North American Scientific, Inc. 7435 Greenbush Ave,, North Hollywood, CA 91605  (818)603-9201  Fax (818)03-0764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBER A6246
Reference Date Januarv 1, 1997

Total
Eadieaualida Uncertainty (£} Half Life!"
Am-241 198.4 kBq (5.363 pCi} - 3.54% 432.7 £ 0.5 years
Eu-152 232.3%Bq (6.277 uCi) 3.28% 13.331 0.04 years
PRINCIPLE EMISSIONS!"
Type Enerav (keV) Intensitv{%:}
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 136
1408.002 208
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated 0N a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standardwas determined using an energy vs. efficiencycurve established through ongoing intercompansonswith the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

North American Scientific, Inc. actively participatesin the Radioactivity Measurements Assurance Program conducted by the National Institute of
Standards and Technology in cooperationwith the Nuclear Energy Institute.

W’“‘-’l January 20. 1997

Jay‘Fan, Ph.D. Date
Calibration Laboratory Manager

REFERENCES
(1) Table of Radioactive Isotopes, 7th edition, 1986.

e | EAK TEST CERTIFICATION ON REVERSE e

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood,CA 91605  (818)503-9201  Fax (818)503.0764

__—————————————————————————————————————————————————————————————]
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBER A6247
Reference Date Januarv 1,1997

Radionuclide Activity UnceTrtoatier‘:ty (£ Half Life'™'
Am-241 190 1kBq (5 137 pCi) 357% . 432.7 %05 years
Eu-152 226 0 kBq (6 109 pCi} 3.30% 1333+ 004 years
PRINCIPLE EMISSIONS'™"
Type Eneraqy{keV) Intensitv (%)

59.5364 35.7

121.7768 28.4
2446923 7.51

344 286 26.6

778 920 12.98

964 110 14.5
1112075 13.6
1408 002 20.8

SOURCE DESCRIPTION

Active Diameter: 2 mm Nature of Ac e Deposit: acitivity in ion exchange beads in resin matrix

Overall Diameter: Position of Active Bead: 6 mm from the end of rod

Overall Length:

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standardwas determined using an energy —. efficiency curve established through ongoing intercomparisonswith the National Institute of Standards
and Technology. This standard is indirectly (implicitly)traceable to the National Institute of Standards and Technology.

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

%%q January 20. 1997

~~Jay Pan, PhO. Date
Calibratidn Laboratory Manager

REFERENCES
Table of Radioactive isotopes, 7th edition, 1986

{1}

¢ LEAKTEST CERTIFICATION ON REVERSE e

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605  (818)503-9201  Fax({818) 503-0764
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CUSTOM POINT SOURCE
SERIAL NUMBER A6249
Reference Date Januarv 1.1997
Total
Radionuclide Activity Uncertaintv {+} Half Life'""
Am-241 195.3 kBq (5.278 pCi) 3.56% 432.7 £ 0.5 years
Eu-152 221.3 kBq (5.980 KCi} 3.30% 1333+ 004 years
PRINCIPLE EMISSIONS™"
Type Enerav(keV} Intensitv {%}
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2 mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NiST traceable standard in a similar geometry. The activity of the
standard was determinedusing an energyvs. efficiency curve establishedthrough ongoing intercomparisons with the National Institute of Standards
and Technology. This standard is indirectly (implicitly)traceable to the National Institute of Standardsand Technology.

North American Scientific,Inc. actively participatesin the Radioactivity Measurements Assurance Program conducted by the National Institute of
Standards and Technology in cooperationwith the Nuclear Energy Institute.

January 20, 1997

\
© Jay Fan, PhD Date
Calibration Laboratory Manager
REFERENCES
(1) Table of Radioactive Isotopes, 7th edition. 1986

o LEAK TEST CERTIFICATION ON REVERSE ®

North American Scientific, Inc 7435 Greenbush Ave, North Hollywood, CA 91605 ~ {818)503-9201  Fax (818) 5030764
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CUSTOM POINT SOURCE
SERIAL NUMBER A6250
Reference Date Januarv 1.1997
Total
Radionuclide Activity Uncertainty {+} Haif Life""
Am-241 199.2 kBq (5.385 pCi} 3.56% ) 432.7 £ 0.5 years
Eu-152 221.2 kBg (5.979 pGi) 3.30% 13.33% 0.04 years
PRINCIPLE EMISSIONS™™
Type Enerw (keV} Intensitv 1%
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 284
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standardwas determined using an energy vs. efficiency curve establishedthrough ongoing intercomparisons with the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

North American Scientific. Inc. actively participatesin the Radioactivity Measurements Assurance Program conducted by the National Institute of
Standards and Technology in cooperation with the Nuclear Energy Institute.

%?_% January 20,1997
¥ Jay Fan, Ph.D, Date

Calibration Laboratory Manager

REFERENCES
{1} Table of Radioactive Isotopes. 7th edition, 1986

e LEAK TEST CERTIFICATION ON REVERSE @

North American Scientific, Inc. 7435 Greenbush Ave,, North Hollywood, CA 91605  (818) 5039201  Fax (818) 503-0764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBER A6251
Reference Date Januarv 1,1997

. Total
Radionuclide Activity Uncertaintv {#} Half Life!®
Am-241 199.7 kBqg (5.397 pCi) 3.56% 432.7 £ 0.5 years
Eu-152 213.7 kBg (5.776 UCi) 3.31% 13.33 0.04 years
PRINCIPLE EMISSIONS™™
Type Enerqy (keV) Intensitv (%}
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 284
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: ! 6.4 mm Position of Active Bead: & mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NiST traceable standard in a Similar geometry. The activity of the
standardwas determined using an energy vs. efficiencycusve establishedthrough ongoingintercomparisons with the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National institute 0f Standards and Technology.

North American Scientific. inc. actively participates in the Radioactivity Measurements Assurance Program conducted by the National Institute of
Standards and Technology in cooperation with the Muglear Energy Institute.

%7" ﬁ : January 20, 1997

Jav Fan. Ph.D. Date
Calibration Laboratory Manage,

REFERENCES
(1} Table of Radioactive |sotores, 7th edition, 1986

o LEAK TEST CERTIFICATION ON REVERSE e

NorthAmerican Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605  (818) 503-9201  Fax (818) 5030764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBER A6252
Reference Date January 1, 1997

Total
Radionuclide Activity Uncertaintv Half Life"
An-241 198.6 kBgq (5.366 pCi) 3.56% 432.7 £ 0.5 years
Eu-152 225.6 kBq (6.097 pCi) 3.30% 13.332 0.04 years
PRINCIPLE EMISSIONS"™
JType keV Intensitv {%}
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 284
244 6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 208
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NiST traceable standard in a similar geometry The activity of the
standardwas determined using an energy vs. efficiency curve established through ongoing intercomparisonswith the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

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

w P72 January 20.1997

Jay Fan, Ph.D. Date
Calibration Laberatory Manager

REFERENCES
{1) Table of Radioactive Isotones, 7th edition, 1986

¢ LEAK TEST CERTIFICATION ON REVERSE o

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605  (818)602-9201  Fax (818)503-0764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SCUJURCE
SERIAL NUMBER A6253
Reference Date Januarv 1.1997

Total
Radionuclide Activity Uncertaintv {£} Haif Life")
Am-241 194.9%Bq (5.267 uCi) 3.56% 432.7£ 0.5 years
Fu-152 227.8 KBq (6.157 pCi) 3.30% 13.33 2 0.04 years
PRINCIPLE EMISSIONS!Y
Tvpe Enerqy (keV) intensitv {%}
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
2446923 7.51
344.286 26.6
778.920 12.98
964,110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION l
Active Diameter: 2 m Nature of Active Deposit: acitivity in ion exchange beads in resin matri:
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standard was determined using an energy vs. efficiency curve establishedthrough ongoing intercomparisons with the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Instiute of Standards and Technology.

l North American Scientific, In¢. actively participates in the Radioactivity Measurements Assurance Program conducted by the National Institute of
Standards and Technology in cooperation with the Nuclear Energy Institute.

%9 , January 20, 1997

~ JavFan. PhD. Date
Calibratidn Laboratory Manage!

REFERENCES
)] Table of Radioactive Isotopes, 7th edition, 1986

e LEAKTEST CERTIFICATION ON REVERSE e

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605 (818) 503-9201  FaX (818) 503-0764




" " 1-7331,Rev. 0 Page 21

CUSTOM POINT SOURCE
SERIAL NUMBER A6254
Reference Date Januarv 1, 1997
Total
Radionuclide Activity Uncertalnty [+} Half Life!"
Am-241 204 1 kBq (5.517 yCi} 3.56% 432.7 £0.5 years
Eu-152 214 2 kBq (5 789 pCi} 330% 13.33 2 0.04 years
PRINCIPLE EMISSIONS™
Type Enerav{keV} Intensity {%
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2 mm Nature of Active Deposit: acitivity inion exchange beads Inresin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 rnm from the end of rod

Overall Length: 50 rm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard §j5 5 Similar geomiaty. The activity  Ftr
standard was determined using an energy vs. efficiency curve established through ongoing intercomparisons with the National i siiuic of Siandaids
and Technology. This standard is indirectly {implicitly) traceable to the National Institute of Standards and Technology.

in the Radicactivity Measurements Assurance Program conducted by the National Institute of

a0i0all VDTS

he Nuclear Energy Institute.

%% January 20. 1997
Dale

JayFan, PhD
Calibration Laboratory Manager

REFERENCES
{1n Table of Radioactive Isotopes, 7th edition. 1986

o LEAK TEST CERTIFICATION ON REVERSE ¢

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605 (818) 5039201  Fax (818) 503-0764
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CUSTOM POINT SOURCE
SERIAL NUMBER A6255
Reference Date_January 1,1997
Total
Radionuclide Activity Uncertaintv {*} Half Life'"
Am-241 1926 kBq (5 207 PCi) 357% 432 7+ 0 5years
Eu-152 217 0 kBq (5 865 pCi) 330% 1333+ 004 years
PRINCIPLE EMISSIONS™
Type Energy (keV} Intensity (%
Am-241 gamma 59 5364 357
Eu-152 gamma 121.7758 28 4
2446923 751
344.286 26 6
778.920 1258
964.110 145
1112.075 136
1408.002 208
SOURCE DESCRIPTION
Active Diameter: 2 mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standard was determined using an energy vs. efficiency curve establishedthrough ongoing intercomparisonswith the National Institute of Standards
and Technology. This Standard is indirectly (implicitly)traceable to the National Institute of Standards and Technology.

Nerth American Scientific. Inc. actively participatesin the Radioactivity Measurements Assurance Program conducted by the National Institute of
Standards and Technology in cooperation with the Nuclear Energy Institute.

January 20.1997

Jay¥an, Ph D Date
Calibratidn Laboratory Manage!
REFERENCES

(1 Table of Radicactive Isgtapes, 7th edition, 1986

e L EAK TEST CERTIFICATION ON REVERSE

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605  (818)503-9201  Fax (818) 503-0764
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CUSTOM POINT SOURCE
SERIAL NUMBER AE256
Reference Date_ Januarv 1.1997
‘ _ Total
Radionuclide Activity Uncertaintv {#} Half Life™"
Am-241 1885 kBq (5 096 pCi) 357% 4327+ 05 years ',
Eu-152 212 5 kBq (5 743 uGi) 331% 13.33% 0.04 years
PRINCIPLE EMISSIONS™
Tvope Enerav{keV} Intensity {%
Am-241 gamma 59.5364 357
Eu-152 gamma 121.7758 284
244.6923 7.51
344.286 266
778.920 1298
964.110 145
1112.075 136
1408.002 208
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position df Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standard was determined using an energy vs. efficiency curve establishedthrough ongoing interwmparisonswith the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

North American Scientific. Inc. actively participatesin the Radioactivity Measurements Assurance Program conducted by the National Institute of
Standards and Technology in cooperationwith the Nuclear Energy Institute.

9 ’ % January 20, 1997

¥ JayFan, Ph.D. Date
Calibration Laboratory Manager

REFERENCES
{n Table of Radioactiveisctopes, 7th edition. 1986

o | EAK TEST CERTIFICATION ON REVERSE »

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605  (818) 5039201  Fax (818) 503-0764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBERAG6257
Reference Date

Total
Radionuclide Activity Uncertaintv{} Half Lifet"
Am-241 1950 kBq (5271 uCi} 3 56% 432.7 £ 0.5 years
Eu-152 221 0 kBg (5973 pCi) 330% 13.33 + 0.04 years
PRINCIPLE EMISSIONS™
Type Enerw(keV} Intensity {%
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standardwas determined using an energy —. efficiency curve establishedthrough ongoing intercomparisonswith the National Institute of Standards
and Technology, This standard is indirectly (implicitly) traceable to the Natiopal institute of Standards and Technology

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

January 20, 1997

~ Jay ¥an, Ph.D. Date
Calibration Laboratory Manager
REFERENCES
(1) Table of Radioactive Isstopes, 7th edition, 1986

¢ LEAK TEST CERTIFICATION ON REVERSE e

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

CUSTOM POINT SOURCE
SERIAL NUMBER A6258
Reference Date Januarv 1,1997

Total
Radionuclide Activity Uncertainty (1] Half Life'"
Am-241 198.0 kBg (5.352 pCi) 3.56% 432.7 £ 0.5 years
Eu-152 220.5 kBg (5.960 uCi}) 3.30% 13.33 £ 0.04 years
PRINCIPLE EMISSIONS™*
Type Energv {keV} Intensity {%)
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2 mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NiST traceable standard in a similar geometry. The activity of the
standard was determined using an energy vs. efficiency curve establishedthrough ongoing intercormparisons with the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National institute of Standards and Technology.

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

91‘%'% January 20, 1997

Jay Fan, Ph D Date
Calibration Laboratory Manaaer

REFERENCES
{1) Table of Radioactive Isatopes, 7th edition, 1986

o LEAK TEST CERTIFICATION ON REVERSE e

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood,CA 91605  (818) 503-9201  Fax(818) 503-0764

E——————
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBERAG6260
Reference Date Januarv 1. 1997

Total
Radionuclide Activity Uncertainty {4} Half Life!"
Am-241 165.3kBq (4.467 pCi) 359% 432 7+ 05 years
Eu-152 215.5 kBg (5.823 pCi) 3 30% 1333+ 0 04 years
PRINCIPLE EMISSIONS™™
Type Enerw {keV) Intensitv {%)
Am-241 gamma 59 5364 357
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344,286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: mm Nature of Activ  Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NiST traceable standard in a similar geometry. The activity of the
standard was determined using an energy vs. efficiency curve establishedthrough ongoing intercomparisons with the National Institute of Standards
and Technoiogy This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

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

]
A

DL

Mg y January 20, 1997

~Jay Fan, PhD. Date
Calibration Laboratory Manager

REFERENCES
(1) Table of Radioactive Isotopes, 7th edition, 1986

o LEAK TEST CERTIFICATION ON REVERSE ®

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

CUSTOM POINT SOURCE
SERIAL NUMBER A6261
Reference DateJanuarv 1.1997

Radionuclide

Am-241
Eu-152

PRINCIPLE EMISSIONS™™

Am-241

Eu-152

SOURCE DESCRIPTION

Active Diameter:

Overall Diameter:

Overall Length:

METHOD OF CALIBRATION

Activity

173.1kBq (4.678 pCi)

230.4 kBq (6.226Ci)

2mm
6.4 mm

50 mm

Jype

gamma

gamma

Nature of Active Deposit:

Position of Active Bead:

Total

Uncertainh (£}

3.58%
3.30%

Energv {keV}
59.5364

121.7758
244.6923
344.286
778.920
964.110
1112.075
1408.002

Half Life""
432.7 £ 0.5 years
13.33% 0.04 years

Intensitv (%)
35.7

28.4
7.51
26.6
12.98
14.5
13.6
20.8

acitivity in ion exchange beads in resin matrix

6 mm from the end

of rod

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

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

January 2

JayFan, Ph.D.
Calibratidn Laboratory Manager
REFERENCES
(1 Table of Radioactive Isotopes. 7th edition, 1986

North American Scientific, Inc.

0.1997

o LEAK TEST CERTIFICATION ON REVERSE #

7435 Greenbush Ave., North Hollywood, CA 91605 (818) 503-920t

Date

Fax (818) 503-0764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBER A6262
Reference Date Januarv 1, 1997

Total
Radionuclide Activity Uncertainty {+} Half LitetV
Am-241 1726 kBg (4 666 uCi) 3.58% 432.7 £ 0.5 years
Eu-152 206 4 ¥Bq (5579 pCi) 3.31% 1333+ 004 years
PRINCIPLE EMISSIONS"”
Type Enerav {keV} Intensitv {%)
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26 6
778.920 12.98
964.110 145
1112.075 136
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mrn from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standard was determined using an energy vs. efficiency curve established through ongoing intercomparisonswith the National Institute of Standards
and Technology This standard is indirectly (implicitly) traceable o the National Institute of Standards and Technology.

North American Scientific, In¢. actively participates inthe Radioactivity Measurements Assurance Program conducted by the National Institute of
Standards and Technology in cooperation with the Nuclear Energy Institute.

January 20, 1997

Aty

Jay Fan, Ph.D. Date
Calibration Laboratory Manager

REFERENCES
1) Table of Radioactive Isotopes, 7th edition, 1986.

o | EAK TEST CERTIFICATION ON REVERSE e

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605  (818) 5039201  Fax (818) 5030764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBERAG6263

Reference Date, 1
Total
Radionuclide Activity Uncertaintv {} Half Life"
Am-241 155.9 kBq (4.213 HCi) 3.60% 432.7 £ 0.5 years
Eu-152 216.5 kBq (5.851 pCi}) 3.30% 13.33+ 0.04 years
PRINCIPLE EMISSIONS™™.
Type Energy {keV) Intensitv (%}
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 266
778.920 12.98
964.110 145
1112.075 13.6
1408 002 20.8
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
Standardwas determinedusing an energyvs. efficiency curve established through ongoing intereomparisons with the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

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

January 20.1997

"JayFan, Ph.D. Date
Calibration Laboratory Manager
REFERENCES

(1) Table of Radioactive Isotopes, 7th edition, 1986.

¢ LEAKTEST CERTIFICATION ON REVERSE ®

North American Scientific, tne. 7435 Greenbush Ave,, North Hollywood, CA 91605 (818)503-9201  Fax (618) 503-0764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBER A6264
Reference Date_Januarv 1.1997

Total
Radionuclide Uncertainty (£} Half Life’”

Am-241 213.7 kBq (5.776 uCi} 3.55% 432.7 2 0.5 years
Eu-152 214.2 kBg (5.790 uCi} 3.30% 13.33 £ 0.04 years
PRINCIPLE EMISSIONS*
Type Energy (keV Intensitv (%
gamma 59.5364 35.7

gamma 121.7758 28.4
244.6923 7.51

344.286 2686
778.920 12.98

964.110 14.5

1112.075 13.6

1408.002 20.8

SOURCE DESCRIPTION

Active Diameter: Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: Position of Active Bead: 6 mm from the end of rod

Overall Length:

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standard was determined using an energy —. efticiency curve establishedthrough ongoing intercomparisonswith the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

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

January 20.1997

“Jay Fan, Ph.D. Date
Calibration Laboratory Manager
REFERENCES

[&}] able of Radioactive Isotopes, 7th edition, 1986.

o LEAK TEST CERTIFICATION ON REVERSE ®

North American Scientific, Inc. 7435 Greenbush Ave,, North Hollywood, CA 91605  (818)5039201  Fax (818) 5034764
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CUSTOM POINT SOURCE
SERIAL NUMBER A6265
Reference Date_Januarv 1.1997
Total
Radionuclide Activity Uncertainty Half Life"
Am-241 150.5 kBq (4.069 pCi) ) , .. 360% 432.7 £ 0.5 years
Eu-152 221.3 kBq (5.9814CH 3.30% 13.33% 0.04 years
PRINCIPLE EMISSIONS™
Type keV Intensitv (%)
Am-241 gamma 59.5354 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2 mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated 0n a high purity Germanium detector against an NiST traceable standard in a similar geometry. The activity of the
standardwas determined using an energy vs. efficiency curve established through ongoing interwmparisons with the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.,

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

%% January 20. 1997

Jay Fan, Ph.D. Date
Calibration Laboratory Manager

REFERENCES

{1) Table of Radioactive Isatopes, 7th edition, 1986.

o LEAK TEST CERTIFICATION ON REVERSE e

North American Scientific, In¢. 7435 Greenbush Ave., North Hollywood, CA 91605 (818} 503-9201  Fax (818) 503-0764
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CERTIFICATE OF CALIBRATION

CUSTOM POIMT SOURCE
SERIAL NUMBER A6267
Reference Date Januarv 1.1997

Total
Radionuclide Activity Uncertaintv {+} Half Life™
Am-241 157.4 kBq (4 255 pCi) 3.60% 432.7 £ 05 years
Eu-152 190 6 kBg (5 152 uCi} 3.32% 1333+ 0 04 years
PRINCIPLE EMISSIONS"™
Type Energy (keV ntensity (%3
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 12.98
964,110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2 mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry The activity of the
standard was determined using an energy vs efficiency curve establishedthrough ongoing intercomparisonswith the National Institute of Standards
and Technology. This standard is indirectly (implicitly) Iraceable to the National Instiute of Standards and Technology.

MNaorth American Scientific, Ine. actively participates in the Radioactivity Measurements Assurance Program conducted by the National Institute of
Standards and Technology in cooperation with the Nuclear Energy Institute,

%% January 20, 1997

" Jay Fan, PhD Date
Calibration Laboratory Manager

REFERENCES
(1) Table of Radioactive {sotopes 7th edition. 1986

e | EAK TEST CERTIFICATION ON REVERSE @

North American Scientific, Inc. 7435 Greenbush Ave,, North Hollywood, CA 91605  (818) 503-9201  Fax (818) 503-0764

....... 8 e e i o e i e
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBERAG6268
Reference Date January 1, 1997

Total
Radionuclide Activity Uncertainty {+] Half Lifet
Am-241 188 7 kBq (5 100 uCi) 342% 432.7 £ 0.5years
Eu-152 2306 kBq (6 233 pCi) 3 30% 13.33 £ 0.04 years
PRINCIPLE EMISSIONS™
Type Enerw{keV} intensity [%)
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 12.98
964 110 145
1112.075 13.6
1408 002 20.8
SOURCE DESCRIPTION
Active Diameter: 2 mm Nature of Active Depaesit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The scurce was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standard was determined using an :nergy vs. efficiency curve established through ongoing intercomparisens with the Natienal Institute of Standards
d Technology. This standard is indirectly (implicitly) traceable to the National insiitute of Standards and Technoiogy.

i~ A e rl ey i
WORUT ATNENTAn oG

ucted by the National Institute of

Standards and Technoiogy in cooperation with

%% January 20,1997

Jay Fan,PhD Date
Calibration Laboratory Manager

REFERENCES
(1) Table of Radioactive Isotopes 7th edition 1986

e LEAK TEST CERTIFICATION ON REVERSE ®

North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605 ~ (818) 5039201  Fax (818) 503-0764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBERAG6269
Reference Date

Total
Radionuclide Activity Uncertainty [+) Half Life™
Am-241 159.0 kBq (4.298 pCi) 3.59% 432.7 £ 0.5 years
Eu-152 224.0 kBq (6.054 HCi) 3.30% 13.33 £ 0 04 years
PRINCIPLE EMISSIONS™
Tvpe Enerav {keV} Intensity (%)
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Deposit; acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm fromthe end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standardwas determined using an energyvs. efficiency curve establishedthrough ongoing interwmparisons with the National institute of Standards
and Technology This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

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

%2.2 January 20, 1997

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

REFERENCES
{1} Table of Radioactive Isotcpes, 7th edition, 1986

e | EAKTEST CERTIFICATION ON REVERSE

North American Scientific, Inc. 7435 GreenbushAve., North Hollywood, CA91605  (818)503-9201  Fax (818) 503-0764
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CERTIFICATE OF CALIBRATION

CUSTOM POINT SOURCE
SERIAL NUMBER A6270
Reference Date Januaw 1. 1997

Total
Radichuclide Activity Uncertainh, {+} Half Life""
Am-241 . 171.5 kBq (4.634 Ci) 3.58% " 432.7 £ 05 years
Eu-152 187.7 kBq (5.072 pC) 3.32% o 13.33% 0.04 years
PRINCIPLE EMISSIONS'™
Type Enerov {kevy Intensity {%}
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 1298
964.110 14.5
1112.075 13.6
1408.002 208
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Depasit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similar geometry. The activity of the
standard wasdeterminec using an energy vs. emciency curve establishedthrough ongoing intercomparisonswith the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

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

W‘VY%" January 20, 1997

"Jay Fin.PhD Date
Calibration Laboratory Manager

REFERENCES

(1) Table of Radioactive Isctopes, 7th edition. 1986

o | EAK TEST CERTIFICATION ON REVERSE ¢

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

CUSTOM POINT SOURCE
SERIAL NUMBER A6271
Reference Date Januarv 1. 1997

Total
Radionuclide Activity Uncertainty (¢} Half Life'")
Am-241 177.1 kBqg (4 787 pCi) 358% 432.7x 0.5 years
Eu-152 2216 kBq (5990 pCi) 3 30% 13.33+ 0.04 years
PRINCIPLE EMISSIONS™
Type Enerav {keV} Intensitv {%)
Am-241 gamma 59.5364 35.7
Eu-152 aamma 121.7758 284
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2mm Nature of Active Deposit: acitlvity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50mm

METHOD OF CALIBRATION
The source was calibrated on a high purity Germanium detector against an NIST traceable standard in a similargeometry. The activity of the

standard was determined using an energy vs. efficiency curve established through ongoing intercomparisons with the National Institute of Standards
and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

Standards and Technology it cooperation with the Nuciear Energy Institute.

- January 20, 1997
¥ Jay'Fan. Ph.D. Date
Calibration Laboratory Manager
REFERENCES
(1) Table of Radioactive lsptopes, 7th edition, 1986

e | EAK TEST CERTIFICATION ON REVERSE e

Fax (818) 503-0764

| North American Scientific, Inc. 7435 Greenbush Ave., North Hollywood, CA 91605  (818) 503-9201
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97.
CUSTOM POINT SOURCE
SERIAL NUMBER A6272
Reference Date Januaw 1,1997
Total
Radionuclide Activity Uncertainty (] Half Lifa!?
Am-241 202.6 kBq (5.474 uCi) 3.56% 4327 £ 0 5years
Eu-152 178.6 kBq (4.826 pCi) 3.33% 1333 £ 004 years
PRINCIPLE EMISSIONS™
Type Enerw{keV) Intensitv (%}
Am-241 gamma 59.5364 35.7
Eu-152 gamma 121.7758 28.4
244.6923 7.51
344.286 26.6
778.920 12.98
964.110 14.5
1112.075 13.6
1408.002 20.8
SOURCE DESCRIPTION
Active Diameter: 2 mm Nature of Active Deposit: acitivity in ion exchange beads in resin matrix
Overall Diameter: 6.4 mm Position of Active Bead: 6 mm from the end of rod

Overall Length: 50 mm

METHOD OF CALIBRATION

The source vias calibrated on a high purity Germanium detector against an NiST traceable standard in a similar geometry The activity of the
standardwas determined using an energy —. efficiency curve established through ongoing interwmparisons with the National Institute of Standards

and Technology. This standard is indirectly (implicitly) traceable to the National Institute of Standards and Technology.

North American Scientific. In¢. actively participatesin the Radioactivity MeasurementsAssurance Program conducted by the National Institute of

Standards and Technology in cooperationwith the Nuclear Energy Institute.

January 20, 1997

~Jay Fan, Ph.D. ’ Date
Calibration Laboratory Manager
REFERENCES
(1) Table of Radioactive isotopes, 7th edition, 1986

o LEAK TEST CERTIFICATION ON REVERSE @

North American Scientific, inc. 7435 Greenbush Ave., North Hollywood, CA 91605  (B818) 503-9201 Fax (818) 503-0764

/o
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CUSTOM POINT SOURCE
- . SERIAL NUMBER Aez?a
Rdorunco pm

Amaar . 134KBA(S22THO)
Bu152 . Co 2100kBq(5392uCl}

- PRINCIPLE EMISSIONS'
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APPENDIX IT

ENERGY AND SHAPE CALIBRATIONS




Energy Calibration Report
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8-29-00

Page 40

3:04:39 PM

Page 1

LA R RS AR RS ESRERE R R AR EREREEREREERE R R R R R R g R R s R R,

REPORT * ko H

khhkkhkkhkbkkhhhkhhkhkhkhhhkhhhdhhhhhkhhdhhhhdhkhkhhhkhhhhhhhhhhkhrhkhhkhhdhhdhrrrrhdhdhhhohrh

Xk ok ko ENERGY

Identification Number

Degcription/Title
Counter
Arrangement
Calibration for

Acquisition Started

Live Time
Real Time

Hok o ko Rk ok ok ok kR ok

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

Energy(kev) =

Fok ok ok ok ok Rk ok ok kR ok

Shape Calibrate Performed on:
by: System Manager

FWHM

LOW TAIL =
ENERGY CALIBRATION RESULTS TABLE

ok ok ok kR Rk Rk ke kR R Rk

*ow o ok ok ok ok ok ok

Energy

(keV
59
121
244
344
778
964
1408

)
.50
.80
.69
.29
.90
.10
.10

CALCOUNT

CALIBRATION

Calibration Count
SGS & MGA Detectors
Scanning "System
DETOI
7-28-00 5:42:01 PM
198.1 seconds
200.0 seconds

ENERGY CALIBRATION COEFFICIENTS

-0.223 +

0.504%*ch +

POLY

SHAPE CALIBRATION COEFFICIENTS

118.56
242.24
486.33
684.06
1548.39
1916.93
2801.25

1.392

+

0.0E+00 *+

Centroid
Channel

0.019*E"1/2

0.0E+00*E

Centroid
error

0

0.01

0
0
0
0
0

.02

.04
.02
.05
.05
.05

ok ok R ok ok ok kR ok W e

-3.95E-07*ch"2 *t

7-28-00 5:53:30 PM

0.00E+00*ch™3

ok ok ok kR kR Rk kR

Energy
(kev )

1

59
121

244,
344.

778

964.
408.

SHAPE CALIBRATION RESULTS TABLE

FWHM
channels

P OWWWWWW

17
.14
.24
.36
.76
.95
.42

cNeoNoNoNeNe]

FWHM

error
0.
.03

04

.07
.04
.09
.10
.09

TAIL

.50
.80
69
29
.90
10
10

channels

cNoNoNeNoNeoNe

.00
.00
.00
.00
.00
.00
.00

7-28-00 5:53:30 PM

ok ko ke R R kR Rk ok kR

LA A B o A ]

TAIL

error
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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Eneray Calibration Curve

Calculated |

[ B . Measured

2500

2000

1500

1000 ' /
/

500 —
!

-

e

0
0 512 1024 1536 2048 2560 3072 3584

Channel
Datasource: CAWAS\CTRS\CTR1I1I\DETO1 .DEN

Energy = -2.233e-01 keV +5.038a-01*Ch -3.947e-07"Ch*2
FWHM = 1.392e+00 keV +1.861e-02"E*/2
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Energy Calibration Report 8-29-00 3:04:29 PM Page 1

(R A AR A AR R ELEREASALARREEEEEEEEEES A SRS RREE R R R R R R R L]

*ox ok Kk ENERGY CALIBRATION REPORT *ox k%

khkhkhkhkhkhkbkhhhhkhhkkhkhkhkhkhkhhkhkhhkkkkkkhhhkhhhhdhhhkhhhkhkkhkkhhkhkkrhhkhkkhkhhrkkihkkhrrrrikkik

Identification Number : CALCOUNT
Description/Title : Calibration Count
Counter : SGS & MGA Detectors
Arrangement : Scanning System
Calibration for : DETO2

Acquisition Started :  7-28-00 5:42:00 PM
Live Time : 189.2 seconds
Real Time : 203.2 seconds

sxxxxwwrssxxt  ENERGY CALIBRATION COEFFICIENTS *»ssxsssxssx«
Energy Calibrate Performed on: 7-28-00 5:49:33 PM
by: System Manager
Energy Calibrate Type: POLY
Energy (kev) = -0.003 + 0,075*ch + 0.00E+00*ch”2 + 0.00E+00*ch"3
wkkkwwskwrsskx  SHAPE CALIBRATION COEFFICIENTS  #*sxsssxsswns

Shape Calibrate Performed on: 7-28-00 35:49:33 PM
by: System Manager

FWHM - 0.186 + 0.041*%E"1/2
LOW TAIL = 0.0E+00 + 0.0E+00*E
Hkk kA kA AR R F AR R ENERGY CALIBRATION RESULTS TABLE Kk k ko ok ok ok ok ok ok ok ok ok ok
Centroid Centroid Energy
Channel error (kaV )
794 .58 0.01 59.50
1625.89 0.02 121.80
3269.03 0.06 244 .69
ok bk SHAPE CALIBRATION RESULTS TABLE ko k ko kR A K
Energy FWHM FWHM TAIL TAIL
(keV ) channels error channels error
59.50 6.73 0.02 0.00 0.00
121.80 8.44 0.03 0.00 0.00

244 .69 11.67 0.13 0.00 0.00
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Energy Calibration Curve

L] Measured —— Calculated

<ox

150
-
100
/ ”
50 e
’///
ol
0 512 1024 1536 2048 2560 3072 3584 4096

Channel

Datasource: CAWAS\CTRS\CTRI\DETO2.DEN
Energy = -3.409e-03 keV +7.490e-02"Ch
FWHM = 1.861e-01 keV +4.095e-02"E~1/2
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Default Efficiency Calibration Report 8-29-00 3:08:07 PM Page 2

IR R R ERE S AR SER SRR R AR AR EREREE RS SRS R EREEREESEEEREEEESEEEE LS EEE R R S EE K

i EFFICIENCY CAI.IBRATION REPORT  *#¥xxx

S S E AR AR R R R ER SRS RRERESEEREREE R R AR ERER SRR SRR ERRRERRRRRRRERRRESSEEEEEEEE X

Calibration Record No. 1
Identification Number : EFF CAL
Description/Title : Eu std with tin filter over collimator
Location
Container : SLIP LID
Weight, %Full 0.50 (xg), 100.00 (%),
Volume, Density 1.00 (1), 0.50 (kg/1}
Comment :
Reference Date : 8-16-00 10:11:0% AM
Acquisition Started : 8-16-00 10:20:03 AM
Live Time 118.9 seconds
Real Time 120.0 seconds
d>etector Group : SEGE
J>etector : DETOI
scan Platform Position : 5
jeometry/Collimator Position : 0
seometry Description : Distributed
spectrum Fille Name : C:\WAS\CALIB\CR1AR1\ES1401.D01
i:nergy Calibration Performed on : 7-28-00 5:53:30 PM

ifficiency Calibration Performed on: 8-16-00 10:46:50 AM
by: System Manager

fficiency Calibration Approved on : 8-16-00 10:4%:10 AM
by: System Manager

Efficiency Triplets

Energy Efficiency Error
59.50 1.10E-04 5.28E-06
121.80 4,40E-04 1.55E-05
244 .69 4,09E-04 2.01E-05
344 .29 3,16E-04 1,15E~05
778.90 1:59E-04 8.31E-06
964.10 1.49E-04 7.65E-06
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Default Efficiency Calibration Report 8-29-00 3:06:07 PM Page 3
DUAL Efficiency Calibration Equation

B 2 - - - - R N N N T rrT

Single Equation Terms -»  Offset: -08.081
Slope: 49.824

Quadratic: -9.465

Cubic: 0.693

4th Order: -0.014

5th Order: 0.000

6th Order: 0.000

7th Order: 0.000

8th Order: 0.000

9th Order: 0.000

EMPIRICAL Efficiency Calibration Equation

Empirical Equation Terms -> Scaling: 511.800
Offset: -8.445

Slope: 0.907

Quadratic: 0.274

Cubic: -0.350

4th Order: 0.000

Sth Order: 0.000

LINEAR Efficiency Calibration Equation

Linear Equation Terms ->  Offset: -0.000
Slope: -3.527

Quadratic: 77.287

Cubic: -6042.311

4th Order: 0.000

5th Order: 0.000

6th Order: 0.000

7th Order: 0.000

8th Order: 0.000

9th Order: 0.000
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Linear Efficiency Calibration Curve

B Measured

Calculated

P4

0.0001 +

100

Energy (keV)

Datasource: GA\WAS\CALIB\CRTARINES1401.D0A1

log(Eff) = -4.149¢-04"E

-3.527e+00

+7.729e+01/E

1000

-6.042e+03/E”2

10000



HNF-7331 Rev 0
Calibration Report for the PFP SGSAS Feb 7,2001
Page 48
APPENDIX IV
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Transmission Calibration Report 8-29-00 z:06:35 PM Page 1

LA SRR R R R R R R AR RS SSERRSERERSRSRRRRRRESRRRRES AR RRERRREREREE SRR ERE R SRR RESEEE X
ok okk TRANSMISSION CALIBRATION REPORT * %

LB RS E SRR EEEL SR LSRR ARl RELERtlts R RAEREESRERREERERRRERRRAREESSRERREERERSSSEEREX]

Detector Name: DETOI
Container Type: SLIP LID
Collimator: 0
Calibration time: 8-16-00 11:15:27 AM
Calibrated by: System Manager
Calibration Live Time: 23.9 seconds
Energy Tolerance: 1.0 keV
Record Nuclide Energy Peak Area Peak Area Half-Life
(keV) (Cnts) Error (Cnts) (séc)
1 SE-75 2064.70 4.58E+04 2.47E+02 1.03E+07

2 SE-75 400.70 3.55E+04 1.93E+02 1.03E+07
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APPENDIX V
QA COUNT PLOTS AND REPORTS
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[ X Data T e Sample Mean - lnvestigate - Action =  Off Scale j
150 : T
i
B '
a i
K 100+ — —
g ;
r rahed sty b d e b s s b sy e et e e s
(6]
,l-: 50 :
d L. ol [— x AL ¥
b3 x X XX X X x AR
C ! .
0 .
O e e R
t !
|
r |
a -50 g i
t ] |
e ! :
‘ i
| i |
-100 +— oo v - - - * d
7-30-00 8-4-00 8-8-00 8-14-00 8-19-00 8-24-00 82900

QA Filename
Parameter Description
Selection Dates

Sample Mean +-Std Dev :

: GAWASNCTRS\CTRIVARRI\S11_BCK.QAF

MeasurementDate/Time

: Background count rate (cps)

: 8-03-0012:18:51 PM - 8-29-0012:01:15 PM
34.025 +-20.356
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x Data

Sample Mean e Investigate =~ — —— Action ®  Off Scale

823

82.5

822

<OHXx O W—N C T

821.5

821

820.5

QO —=rm3S3DO0O

820

8-22-00  8-23-00

QA Filename

Parameter Description

Selection Dates :
Sample Mean +-Std Dev :

—

8-24-00  8-25-00 8—26-00 8-27-00 8-28-00 8-29-00 8-30-00

Measurement Date/Tima

: CAWAS\CTRS\CTRIVARR1\A04_CAL.QAF
: Pu-413_6keV centroid (ch)
: 8-22-00 9:04:38 AM - 8-29-0012:12:29 PM

821.739+- 0.413
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| X Data e - SAMPlE MEAN  wremeisrenre- Investigate - Action e OlfScale
1.7 r—
p 1.6+
U p—
4
??, 1.5 drnaes ) .................
é . "X
YT T T T T T
e X
v % x y
13+
w
m .........................................................
1.2; I
I.._._ —
i|
1.1 +—= : |
8-22-00 8-23-00 8-24-00 8-25-00 8-26-00 8-27-00 8-28-00 8-29-00 8-30-00
Measurement Date/Time

QA Filename
Parameter Description
Selection Dates

Sample Mean -+-Std Dev :

: CAWAS\CTRS\CTR1\ARR1\A04_CAL.QAF
: Pu413.6 keV FWHM (keV)
: 8-22-00 9:04:38 AM - 8-29-00 12:12:29 PM
1.376 +- 0.064
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X  Data

[L— Samp[e Mean -

- |nvestigate

- Action

Off Scale

3e+06 -

2.5e+06 +

...........

2e+06 1-

1.5e+06 ———"7-

le+06

<CHX O W= CD

Se+05 X

® D =

-5e+05
8-22-00

QA Filename

Parameter Description

Selection Dates

Sample Mean +-Std Dev :

8-23-00

: CAWAS\CTRS\CTR1VARR1\AOS5_CAL.QAF

: Pu 413.6 keV line (uGCi/unit)

6-22-00 9:04:37 AM - 6-29-00 12:12:28 PM

1.40e+08 +- 3.54e+05

8-24-00 8-25-00 8-26-00 82700 82800 829-00 8-30-00
Measurement Date/Time
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X Data wees s Sampla Mean e Investigate Action *  Off Scale
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-5e+05

-1e+06

8-22-00 8-23-00 8-24-00  8-25-00 - B8-26-00 8-27-00  8-28-00 8-29-00

QA Filename
Parameter Description
Selection Dates

Sample Mean +-Std Dev :

MeasurementDate/Time

: CAWASNCTRS\CTR1\ARR1\AOS5_CAL.QAF
: Pu-239 129 keV (uCi/unit)
1 8-22-00 8:04:37 AM - 8-29-00 12:12:28 PM

B8.26e+05 +- 3.52e+05

8-30-00
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Report of Gamma Waste Assay System:
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9-05-00 10:21:;07 AM

Page

Gamma Waste Assay

Counter Definition

Counter Description:
File name:
Facility:

Instrument Interface:

Type:
COM Port:
Baud rate:

PLC Setup Parameters:

RII1-R12
R15-R16
R19
R21
R23
R25
R27
R29
R31
R33
R35

200

OO00000O°COC 000

Scale conversion factor:

Configuration:

Scanning platform:
Helical Scan:

Transmission source:

MSS module:

Measurement control:
Collimator/geometry:

Dosimeters:

Setup: _ )
Archive Storage Information:

Disk:

Sample file directory: 2
Units Selection (conversion factor) :

Length:
Weight :
Volume :

Disk free space Warning:

Background Subtraction:

Matching container type

only:
Transfer Host Setup:
Transfer Host Name:
Path:

Export Transfer Path:

Bar Code Terminal Setup:

COM Port:
Baud rate:

SGS & MGA Detectors
CHA\WAS\CTRS\CTRL, SUF

Flour Hanford (r#19 Can Scanner)

PLC
COML
19200
R13-R14
R17-Rr13
R20
R22
R24
R26
R23
R30
R32
R34
0,000 g Junit
Yes
No
Yes
No
No
No
No
A:
WAS DATA
cm ( 1.000)
2 { 0.001)
ml ( 0.001)

< 4.0 Megabytes

No

NONE
C: \NAS
A\

NONE
9600

Ocac)oc38c30cao

1
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Arrangement Definition

Arrangement Description:
File name:
Scanning Platform:
Start position:
Position delta:
Number of positions:
Separated segments:
Number of segments:
Segment offset:
Collimator/Gaomatbry:
Number of positions:
Transmission:
Number of sources:

Scanning System
C:\WAS\CTRS\CTR1\ARR1.SUF

O mm
12 mm
15
No
15
0

1
1

Count

Type Definitions

Count Type Description:

File name:

Default count type for

automatic startup:

Sample Information:
Information type:
Container type:
Entry of sample 1Ds:
Use sample database:

Acquisition Information:

Preset Time:

With transmission:
Without transmission:
Type :

Transmission:

Mode :
Source:

Collimator/Geomebry:
Position:

Dosimeter Assays:
Bottom/Exkernal:
Segmented:
Rotational:

MSS enabled:

Scanning enabled:

Disable lcad/unload:

ASSAY
C:\WAS\CTRS\CTR1\ARR1\CTO01.SUF

NO

Sample

SLIP LID i
Manual/genarated series
Mo

30
50 s=c
Time

22C

Real

Two pass
0

O Fixed

No
No
No
No
Yes
No




Report of Gamma Waste Assay System:

Count Type Description:

File name:

- Default count type for

automatic startup:

Sample Information:
Information type:
Container type:
Entry of sample IDs:
Use sample database:

Acquisition Information:

Preset Time:

With transmission:
Without transmission:
Type :

Transmission:

Mode :
Source:

Collimator/Geomatry:
Position:

Dosimeter Assays:
Bottom/External:
Segmented:
Rotational:

MSS enabled:

Scanning enabled:

Disable load/unload;

Count Type Description:

File name:

Default count type for

automatic startup:

Sample Information:
Information type:
Container type:
Entry of sample IDs:
Use sample database:

Acquisition Information:

Preset Time:

With transmission:
Without transmission:
Type :

Transmission:

Mode :
Source:

Collimator/Gaomatry:
Position:

Dosimeter Assays:
Bottom/Extarnal:
Segmented:
Rotational:

MSS enabled:

Scanning enabled:

Disable load/unlcoad:
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Background QC
C:\WAS\CTRS\CTR1\ARR1\CT02.SUF

No

Bkgd Check
SLIP LID i
Manual/genarated Seriles
No
O zac

300 s=c
Real Time
One pass without

0

O Fixed
No
No
No
No
No
Yes

MEASUREMENT CONTROL
C:\WAS\CTRS\CTR1\ARRI\CTO3.SUF

No
Cal Check
SLIP LID i
Manual /gensrated Series
No
30 ==c¢
50_sec
Real Time
Two pass
0
O Fixed
No
No
No
No
Yes
No
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Count Type Description: Environmental Background
File name: C:\WAS\CTRS\CTR1\ARR1\CT04.SUF
Default count type for
automatic startup: No
Sample Information:
Information typ=: Background
Container type: <Containsr Typ=2>
Entry of sample IDs: Manual/gen=rated series
Use sample database: No

Acquisition Information:
Preset Time:

With transmission: O sac
Without transmission: 600 sz
Type: Live Time
Transmission:
Mode - One pass without
Source: 0]
Collimator/Geometry:
Position: 0 Fixed
Dosimeter Assays:
Botktom/External : No
Segmented: No
Rotational: No
MSS enabled: No
Scanning enabled: No

Disable load/unload: No
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Group Definitions

Group Description:
File name:
Segmented:

Group Detectors:

Count Type:
File Name:
Processing Information:
Processing:
View report on screen:
Group Analysis:
Assay Segment:

Trans. Segment:

Comb. Non-Segmented:
N/A

Summed Spectrum:
Summed Segment

Comb. Segment NID:
Combine Segment

Comb. wID Results:
Combine NID

Comb. All Results:
Combine All

Report :
Report

SEGE

C:\WAS\CTRS\CTR1\ARR1\DG0O1l.SUF

Yes

DET :DETO1

ASSAY

C:\WAS\CTRS\CTR1\ARR1\DGO1CTO1.SUF

NORMAL

Yes
Enable ©¢:\WaS\ASF\SEGTRCOR,6 ASF
Enable ¢:\WAS\ASF\SEGTRANS,K ASF
Disable <C:\WAS\ASF\NO_ANALY,6ASF

Enable o \WAS\ASF\SEGSUM, ASF

Enable

Y

P \WAS\ASF\COMBSEG, ASFE
Disable <C:\WAS\ASF\COMBNID. hASF
Disable C:\WAS\ASF\COMBALL.ASF

Enable C:\WAS\ASPF\RPTSEGQS, ASE
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Count Type:

File Name:

Processing Information:
Processing:

View report on screen:
Group Analysis:
Assay Segment:

Trans. Segment:

Comb. Non-Segmented:
N/A

Summed Spectrum:
Summed Segment

Comb. Segment NID:
Combine Segment

Comb. NID Results:
Combine NID

Comb. All Results:
Combine All

Report :
Report

Count Type:
File Name:
Processing Information:
Processing:
View report on screen:
Group Analysis:
Assay Segment:

Trans. Segment:

Comb. Non-Segmented:
N/A

Summed Spectrum:
Summed Segment

Comb. Segment NID:
Combine Segment

Comb. NID Results:
Combine NID

Comb. All Results:
Combine All

Report :
Report
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Background @c
C:\WAS\CTRS\CTR1\ARR1\DGO1CT02.SUF

BACKGROUND CK
Yes
Enable
Enable

P \WAS\ASF\BKGCOUNT  ASFE
P \WAS\ASF\BKGCOUNT , ASF
Disable
Enable

: \WAS\ASF\NO_ANALY.ASF

P \WAS\ASF\BKGCOMNT , ASF

Disable AWAS\ASF\NO_ANALY ,ASF

Disable

C
C
C
c

Disable <C:\WAS\ASF\NO_ANALY.ASF
C
C:\WAS\ASF\NO_ANALY .ASF
Q

Disable CNWAS\ASF\NO_ANALY ,ASF

MEASUREMENT CONTROL
C:\WAS\CTRS\CTR1\ARR1\DGO1CT03.SUF

CALIBRATION CK

Yes
Enable C:\WAS\ASF\SEGTRCOR.ASF
Enable C:\WAS\ASF\SEGTRANS, K ASF
Disable <C:\WAS\ASF\NQ_AMNALY . ASF
Enable C:\WAS\ASF\SEGSUM,ASF
Enable  C:\WAS\ASF\COMBSEG, 6 ASF
Disable <C:\WAS\ASE\COMBNID,ASF
Disable <:\WAS\ASF\NO._ANALY . ASF
Enable C:\WAS\ASF\RPTSEGS,6ASF

6
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Count Type: Environmental Background
File Name: C:\WAS\CTRS\CTR1\ARR1\DG01CT04 .SUF
Processing Information:
Processing: ENV BACKGROUND
View report on screen: No
Group Analysis:
Assay Segment:
Enable  C:\WAS\ASF\BKGICOUNT,K ASF
Trans. Segment:
Disable <C:\WAS\ASF\NO ANALY, ASF
Comb. Non-Segmented: -
N/A Disable <C:\WAS\ASF\NO ANALY.ASF
Summed Spectrum: -
Summed Segment Disable <C:\WAS\ASF\NO ANALY.ASF
Comb. Segment NID: -
Combine Segment Disable ¢€:\WAS\ASF\NO ANALY.ASF
Comb. NID Results: -
Combine NID Disable C:\WAS\ASF\NO ANALY.ASF
Comb. All Results: -
Combine All Disable <C:\WAS\ASF\NO_ANALY.ASF
Report :
Report Disable ¢C:\WAS\ASF\NO_ANALY.ASF
Group Description: LEGE

File name:
Segmented:
Group Detectors:

Count Type:
File Name:
Processing Information:
Processing:
View report on screen:..
Group Analysis:
Non-Segmented:

Count Type:
File Name:
Processing Information:
Processing:
View report on screen:
Group Analysis:
Non-Segmented:

C:\WAS\CTRS\CTR1\ARR1\DG02.SUF
No

DET:DETG2

ASSAY
C:\WAS\CTRS\CTRI\ARR1\DGO02CTO01.SUF
NORMAL

No

Enable C:\WAS\ASF\MGAMGAU , ASF

Background QC
C:\WAS\CTRS\CTR1\ARR1\DG02CT02.SUF

BACKGROUND CK
No

Enable CH\WAS\ASF\BKGCOUNT . ASF

e
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Count Type: MEASUREMENT CONTROL
File Name: C:\WAS\CTRS\CTR1\ARR1\DG02CT03.SUF
Processing Information:

Processing: CALIBRATION CK

View report on screen: Yes

Group Analysis:
Non-Segmented:
Enable  ¢:\WAS\ASF\CALEMNG.ASF

Count Type: Environmental Background
File Name: C:\WAS\CTRS\CTR1\ARR1\DG02CT04.SUF
Processing Information:

Processing: ENV BACKGROUND

View report on screen: No

Group Analysis:
Non-Segmented: i
Disable C:\WAS\ASF\NO_ANALY,ASF

Container Definitions

Container Type Description: SLIP LID

File name: Ci\WAS\CONT\CONTL, SUF
Material handling type: 0

Geometric correction factor: 0.725

Diameter: 13.800 cm

Height : 17.750 cm

Volume : 2700.000 ml

Empty weight: 230.000 g




