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CALIBRATION AND CONTROL CHART PROCEDURES AND PREVENTIVE

MAINTENANCE FOR THE TENNELEC LB5100 LOW BACKGROUND SYSTEM

 LISTNUM 
Scope
This procedure describes the Radioanalytical Laboratory (RAL) method for determining detector bias, efficiency, background, and performing preventive maintenance of the Tennelec LB5100 Low Background System used for gross alpha and beta analysis.

 LISTNUM 
Purpose
The purpose of this procedure is to establish the requirements, responsibilities, and procedures to calibrate and perform preventive maintenance of the Tennelec LB5100 Low Background System, and measure background. The procedure fulfills the requirements of RL-AP-1.0, Administrative Operating Procedure for the Radioanalytical Laboratory; RL-QAP-1.0, Radioanalytical Laboratory Quality Assurance Program Plan; and DD-92-02, Radioanalytical Laboratory Chemical Hygiene Plan (see References 3.1.1, 3.1.2, and 3.1.3, respectively).

 LISTNUM 
References, Definitions, and Developmental Resources

 LISTNUM  \l 2 
References
 LISTNUM  \l 3 
RL-AP-1.0, Administrative Operating Procedure for the Radioanalytical Laboratory
 LISTNUM 
RL-QAP-1.0, Radioanalytical Laboratory Quality Assurance Plan


 LISTNUM 
DD-92-02, Radioanalytical Laboratory Chemical Hygiene Plan

 LISTNUM 
LB5100 Low Background System User Manual

 LISTNUM  \l 2 
Definitions

Refer to RL-QAP-1.0, Radioanalytical Laboratory Quality Assurance Program Plan (see Reference 3.1.2), and/or the Battelle Columbus Laboratories Decommissioning Project (BCLDP) Procedures Dictionary for definitions of the following terms:

Calibration Verification
Chain-of-Custody
Contamination

Laboratory
Quality Control Chart
Technician
 LISTNUM 
Developmental Resources

None.

 LISTNUM  \l 1 
General
 LISTNUM  \l 2 
Personnel Safety Precautions

Personnel safety precautions are outlined in DD-92-02, Radioanalytical Laboratory Chemical Hygiene Plan (see Reference 3.1.3).

 LISTNUM 
Radiological Safety Precautions
 LISTNUM  \l 3 
Radiological safety precautions appropriate to the nature of the sample’s expected activity level, as evidenced on any labels, tags, or tracking sheets (including chain-of-custody) must be reviewed and followed during all procedures. This will include compliance with the current Radiation Work Permit.

 LISTNUM 
Safety precautions appropriate to a sample’s expected activity level and the prevention of cross-contamination must be reviewed prior to starting the analysis of that sample. In general, samples accepted for analysis in the laboratory should be of low-level, environmental activity. Samples known to be greater than the nanocurie level will require special handling within the RAL.

 LISTNUM  \l 2 
Equipment
 LISTNUM  \l 3 
Low background proportional counter, Tennelec LB5100 Series II or equivalent

 LISTNUM 
IBM compatible personal computer (PC)

 LISTNUM 
IBM compatible printer

 LISTNUM  \l 2 
Standards
 LISTNUM  \l 3 
National Institute of Standards and Technology (NIST)-traceable beta-emitting source; Sr-90/Y-90 and/or Tc-99, or equivalent

 LISTNUM 
NIST-traceable alpha-emitting source; Po-210, Np-237, Pu-239 and/or Am-241, or equivalent



 LISTNUM  \l 2 
Supplies
 LISTNUM  \l 3 
Shallow and deep stainless steel planchets, 2 inches in diameter (Coy Laboratory Products, Inc., or equivalent)

 LISTNUM 
Tennelec sample trays, numbered with shallow and deep stainless steel trays (capable of holding shallow and deep planchets)

 LISTNUM 
Smears

 LISTNUM 
Glass fiber filters, 42 mm (Whatman GFC, or equivalent)












 LISTNUM  \l 1 
Procedure
All RAL personnel qualified on this procedure are responsible for performing all the requirements of Section 5.0 of this procedure. It is the responsibility of the Quality Control (QC) Officer or designee to ensure all QC criteria have been met prior to sample analysis and/or release of sample data.

To perform these procedures with the LB5100 system, the user must be familiar with DOS commands and the LB5100 Low Background System application. The manual for the LB5100 Low Background System should be used for reference and training (see Reference 3.1.4).

NOTE: Detector bias (plateaus), background calibrations, efficiency calibrations (EC), chi-square tests, background checks, and efficiency calibration verifications (ECV) must be performed on both systems individually.

 LISTNUM  \l 2 
Detector Bias (Plateau)
NOTE:
The detector bias (plateau) is to be performed when the instrument is set up, when the P-10 gas is changed, or on a quarterly basis (whichever comes first). If the voltage determined from this procedure is significantly different from the norm, it may indicate an incorrect P-10 gas mixture, the wrong gas in the cylinder, or contaminants in the counting gas.

 LISTNUM  \l 3 
Place alpha and beta sources in holder numbers 1 and 2, respectively, and load the holders in the Tennelec sample changer behind the Group A plate. Use end plates at the front and rear of the group.

 LISTNUM 
On the Tennelec terminal, hit F9 to edit System 1 or F10 to edit System 2. From an A> prompt, type LDF PLAT.IDN to load the master .IDN file.

 LISTNUM 
Hit the Esc. key twice, then type Q. When prompted to enter number of samples, type 2. When prompted to enter group, type A. When prompted to enter start voltage, type 900. When prompted to enter end voltage, type 1800. When prompted to enter the step voltage, type 30. The system will now automatically start running the plateau.

 LISTNUM 
When counting is complete, the raw data report must be generated. To obtain the printout, hit the Esc. key twice and type D to get into DOS mode. From an A> prompt, type POP B:PLAT.DAT. Type 0, then G, then M to answer the three questions. Select the appropriate printer by hitting the F1 key once to print System 1 data and twice to print System 2 data (see Attachment 1).


 LISTNUM 
The data is then entered into an Excel spreadsheet and plotted on graphs within this program (see Attachment 2).

NOTE:
The analyst should consult the QC Officer or designee for instructions on creating and editing Excel plateau programs.

 LISTNUM 
The detector bias is set by examining the plot. The bias is set to the value about 50 volts above the knee where the curve begins to flatten out.

 LISTNUM 
The Lab Technician shall sign and date the printouts, spreadsheet, and graphs and place them in the appropriate section of the instrument calibration binder. The Lab Technician shall also note in the Tennelec Instrument Maintenance Log Book that a P-10 gas cylinder was changed and an acceptable plateau was run.

 LISTNUM  \l 2 
Background Calibration
NOTE:
This procedure will determine system background values for smears and solids that are used in sample activity calculations, and should be performed weekly. The determination of Sr and gross A/B air filter and water background values is defined in Section 5.2.9.
 LISTNUM  \l 3 
To determine smear background and solid background, place a clean planchet on the sample changer behind the Group A plate. Use end plates at the front and rear of the group.

 LISTNUM 
On the Tennelec terminal, hit F9 to edit System 1 or F10 to edit System 2. From an A> prompt, type LDF EFF.IDN to load the master .IDN file.

 LISTNUM 
Hit the Esc. key twice. To edit the .IDN file, type G and then A to select the appropriate group name and edit the header (line 0). Verify the count time (line 2) is correct (usually ten minutes). Verify lines 6 through 13 are set to 0, line 14 is set to 10, and lines 15 and 16 are set to 4 (see Attachment 3).

 LISTNUM 
Enter the filename to save the data file under (line 18) followed by a .DAT file extension in the B: drive (e.g.,  B:WKBK0910.DAT) (see Attachment 3).

 LISTNUM 
To start the count, enter A.

 LISTNUM 
When counting is complete, the raw data report must be generated. To obtain the printout, hit the Esc. key twice and type D to get into the DOS mode. From an A> prompt, type POP B:WKBK0910.DAT (see Section 5.2.4). Type 0, then G, then M to answer the three questions. Select the appropriate printer by hitting the F1 key once to print System 1 data and twice to print System 2 data (see Attachment 4).

 LISTNUM 
The system will automatically calculate the sum and the average of all the counts. The average counts per minute (cpm) are now used as the system background in the analysis of smears and solid samples.

 LISTNUM 
The Lab Technician shall review, sign, and date the printout and place it in the appropriate section of the instrument calibration binder.

 LISTNUM 
The average of the previous years matrix blank values is used as the background for Sr and gross A/B air filter and water analysis.
 LISTNUM  \l 2 
Efficiency Calibration
NOTE:
This procedure will determine the alpha and beta efficiency values of smears, solids, air filters, and waters that are used in sample activity calculations. The EC must be performed at least annually. The EC must be performed if the system is deemed out-of-control or unstable, as defined in Sections 5.5.12.2 and 5.5.12.3. The EC calibration must be performed on shallow and deep planchets because of geometric differences.

 LISTNUM  \l 3 
Place alpha and beta sources in holder numbers 98 and 97, respectively, for System 1 (52 and 54 for System 2) and load the holders in the Tennelec sample changer behind the Group B plate. Use end plates at the front and rear of the group.

 LISTNUM 
On the Tennelec terminal, hit F9 to edit System 1 or F10 to edit System 2. From an A> prompt, type LDF EFF.IDN and LDF EFF.CON to load the master .IDN and .CON files.

 LISTNUM 
Hit the Esc. key twice. To edit the .IDN file, type G and then B to select the appropriate group name and edit the header (line 0). Verify the count time (line 2) is correct (usually ten minutes). Verify lines 6 and 7 reflect the alpha and beta background values (see Section 5.2), lines 8 through 13 are set to 0, line 14 is set to 10, and lines 15 and 16 are set to 5 (see Attachment 5).

 LISTNUM 
Enter the filename to save the data file under (line 18) followed by a .DAT file extension, in the B: drive (e.g.,  B:ANNEFF97.DAT) (see Attachment 5).

 LISTNUM 
Hit the Esc. key twice, then type K. When prompted to enter the first dimension, enter the first tray number. When prompted to enter the last dimension, enter the last tray number. Enter the decay-corrected disintegration per minute (dpm) for the appropriate standards (see the QC Officer or designee for these values).

 LISTNUM 
To start the count, enter A.

 LISTNUM 
When counting is complete, the raw data report must be generated. To obtain the printout, hit the Esc. key twice and type D to get into DOS mode. From an A> prompt, type POP B:ANNEFF97.DAT (see Section 5.3.4). Type 0, then G, then M to answer the questions. Select the appropriate printer by hitting the F1 key once to print System 1 data and twice to print System 2 data (see Attachment 6).

 LISTNUM 
The system will automatically calculate the average efficiencies of all the counts. The average efficiencies are used to calculate activity of smears and air filters (shallow planchet) and soil and water samples (deep planchet).

 LISTNUM 
The Lab Technician shall review, sign, and date the printout, and place it in the appropriate section of the instrument calibration binder.

 LISTNUM  \l 2 
Chi-Square Test

NOTE:
A chi-square test must be run at least quarterly on alpha and beta standards. This will verify that the instrument is performing within a normal statistical distribution.

 LISTNUM  \l 3 
Place alpha and beta sources in shallow holder numbers 98 and 97, respectively, for System 1 (52 and 54 for System 2) and load the holders in the Tennelec sample changer behind the Group B plate. Use end plates at the front and rear of the group.

 LISTNUM 
On the Tennelec terminal, hit F9 to edit System 1 or F10 to edit System 2. From an A> prompt, type LDF CHISQ.IDN to load the master .IDN file.

 LISTNUM 
Hit the Esc. key twice. To edit the .IDN file, type G and then B to select the appropriate group name, and edit the header (line 0). Verify the count time (line 2) is correct (usually two minutes). Verify lines 6 through 13 are set to 0, line 14 is set to 21, and lines 15 and 16 are set to 0  (see Attachment 7).

 LISTNUM 
Enter the filename to save the data file under (line 18) followed by a .DAT file extension in the B: drive (e.g.,  B:CHISQ397.DAT) (see Attachment 7).

 LISTNUM 
To start the count, enter A.

 LISTNUM 
When counting is complete, the raw data report must be generated. To obtain the printout, hit the Esc. key twice and type D to get into DOS mode. From an A> prompt, type POP B:CHISQ97.DAT (see Section 5.4.4). Type 0, then G, then M to answer the questions. Select the appropriate printer by hitting the F1 key once to print System 1 data and twice to print System 2 data (see Attachment 8).

 LISTNUM 
The data is then entered into an Excel spreadsheet capable of running a statistical chi-square program and reviewed to verify that the chi-square value is within the corresponding 95% confidence limits listed in the chi-square table. If the result is within range, the instrument is functioning normally; if not, perform maintenance on the instrument and repeat the chi-square test (see Attachment 9).

NOTE:
The analyst should consult the QC Officer or designee for instructions on creating and editing Excel chi-square programs.

 LISTNUM 
The Lab Technician shall review, sign, and date the printouts, and place them in the appropriate section of the instrument calibration binder.

 LISTNUM  \l 2 
Background Check (BC), Efficiency Calibration Verification, and Control Charts
NOTE:
The BC and ECV of the Tennelec LB5100 system will be performed on a daily as used basis and immediately following sample analysis to verify that the system is operating properly. The ECV must be performed on shallow and/or deep planchets depending on the geometry of the samples to be analyzed.

 LISTNUM  \l 3 
Load a clean shallow planchet in the Tennelec sample changer behind the Group A plate. Place alpha and beta sources in holder numbers 98 and 97, respectively, for System 1 (52 and 54 for System 2) and load the holders in the Tennelec sample changer behind the Group B plate. Use end plates at the front and rear of the group.

 LISTNUM 
On the Tennelec terminal, hit F9 to edit System 1 or F10 to edit System 2. From an A> prompt, type LDF EFF.IDN and LDF EFF.CON to load the master .IDN and .CON files.

 LISTNUM 
Hit the Esc. key twice. To edit the .IDN files, type G and then A to select the background group .IDN file and edit the header (line 0). Verify the count time (line 2) is correct (usually ten minutes). Verify lines 6 through 14 are set to 0 and lines 15 and 16 are set to 4 (see Attachment 10).

 LISTNUM 
Enter the filename to save the data file under (line 18) followed by a .DAT file extension in the B: drive (e.g.,  B:DBKMAR02.DAT) (see Attachment 10).

 LISTNUM 
Type G and then B to select the efficiency group .IDN file and edit the header (line 0). Verify the count time (line 2) is correct (usually ten minutes). Verify lines 6 and 7 reflect the alpha and beta background values, respectively (see Section 5.2), lines 8 through 14 are set to 0, and lines 15 and 16 are set to 5 (see Attachment 11).

 LISTNUM 
Enter the filename to save the data file under (line 18) followed by a .DAT file extension in the B: drive (e.g., B:DEFMAR05.DAT) (see Attachment 11).

 LISTNUM 
Hit the Esc. key twice, then type K. When prompted to enter the first dimension, enter the first tray number. When prompted to enter the last dimension, enter the last tray number. Enter the decay-corrected disintegration per minute (dpm) for the appropriate standards (see the QC Officer or designee for these values).

 LISTNUM 
To start the count, enter A.

 LISTNUM 
When counting is complete, the raw data report must be generated. To print out the BC, hit the Esc. key twice, then type D to get into DOS mode. From an A> prompt, type the appropriate saved .DAT filename (e.g., POP B:DBKMAR23.DAT). Type 0, then G, then M to answer the questions. Select the appropriate printer by hitting the F1 key once to print System 1 data and twice to print System 2 data (see Attachment 12). Repeat to obtain the ECV (see Attachment 14).

 LISTNUM 
The system will automatically calculate the cpm of the BC. The BC should be compared to the acceptance limit to determine if the system background is acceptable. The system will automatically calculate the average efficiencies of the ECV. The average efficiency should be checked against the acceptance limits to determine if the system is stable. The analyst shall review, sign, and date the printouts and place them in the appropriate sections of the instrument calibration binder.

 LISTNUM 
Periodically, the Lab Technician should enter the BC (see Attachment 13) and ECV data (see Attachment 15) into an Excel spreadsheet, and graph the data in a corresponding control chart. The spreadsheet and graph programs are set up to calculate statistical data such as mean, ±2 standard deviations (SD) and ±3 SD. The acceptance criteria for BC and ECV are outlined in Section 5.5.12.
NOTE:
The analyst should consult the QC Officer or designee for instructions on creating and editing Excel control chart programs.

  LISTNUM 
The mean and standard deviation values for BC and ECV are calculated at least annually or if the instrument is determined to be out of control. At least 20 points are used to plot the mean, ±2 SD, and ±3 SD. 

 LISTNUM  \l 4 
The system is deemed out of control for the BC if the cpm value is greater than 3 SD above the mean. The BC should be run again and rechecked. (Quite often, high backgrounds are caused by radon gas within the laboratory.)  If the Lab Technician is unable to obtain an acceptable BC, the system should be checked and cleaned. If an acceptable BC is still unattainable, the acceptance criteria may be recalculated using 20 new data points, starting with the data point that was originally out of control. The “high” background and recalculation shall be noted in the Instrument Maintenance Log Book. If the post-run BC fails, then all samples associated with the failed BC shall be reanalyzed.
 LISTNUM 
The system is deemed out of control for the ECV if the efficiency value is greater than 3 SD above or below the mean. The ECV should be run again and rechecked. If an acceptable ECV is still unattainable,  the acceptance criteria should be recalculated using 20 new data points, starting with the data point that was originally out of control. If the post-run ECV fails, then all samples associated with the failed ECV shall be reanalyzed.
 LISTNUM 
The system is also considered to be unstable if trending occurs. Unacceptable trending is defined as: 1) any seven consecutive data points above the mean or any seven consecutive data points below the mean; or 2) any seven consecutive data points of increasing value, or any seven consecutive data points of decreasing value. If unacceptable trending occurs, the acceptance criteria should be recalculated using 20 new data points, starting with the data point that initiated the trending.

 LISTNUM  \l 3 
The system shall be tagged as out-of-service if it is considered unusable for any reason that requires system maintenance prior to use. Examples of problems that require system maintenance include, but are not limited to: inability to attain acceptable chi-square or plateau and inconsistent EC or background. The tag may be removed and the system placed back in service after system maintenance has been performed and acceptable chi-square, plateau, EC, and background have been attained.
 LISTNUM  \l 2 
Preventive Maintenance

The primary preventive maintenance plan utilized for the Tennelec gross alpha/beta low background system includes inspection and cleaning. When system problems occur that cannot be handled by the normal preventive maintenance plan, a Tennelec service representative will be notified for on-site repair/correction of the system problem(s). All inspection, cleaning, and maintenance shall be recorded in the System Maintenance log book.
 LISTNUM  \l 3 
Inspection

The Tennelec systems should be inspected at least once a month or whenever a system malfunction occurs for the following:

 LISTNUM  \l 4 
Check that the sample trays and holder guide surfaces are free of dirt or other matter. Sample holder movement should be smooth with no excessive drag on the holder guides.

 LISTNUM 
Check for loose electrical or mechanical connectors.

 LISTNUM 
Ensure all controls and indicators are working.

 LISTNUM 
Verify the cooling fans on the operating system and computer are running.

 LISTNUM 
Ensure that the P-10 gas pressure is >500 psi (at the cylinder) and that the gas flow on the instrument front panel is at the system calibrated flow rate (SCFH AIR app. 1.5).

 LISTNUM  \l 3 
Cleaning
 LISTNUM  \l 4 
The system sample trays should be cleaned with a non-abrasive cleaner when necessary.

 LISTNUM 
The system sample holder guide surfaces should be cleaned on a quarterly basis using a soft cloth moistened with a non-abrasive cleaner.

 LISTNUM 
Visually inspect the gears on the sample changing system quarterly. If needed, clean with a dry rag. Use 3 in 1 oil (liberally), as needed, on the gears to lubricate.

 LISTNUM 
On an annual basis, a Qualified Technician will perform a full preventive maintenance routine that includes checking and/or replacing worn bushings, gears, rails, and bearings on the sample changer mechanism.
 LISTNUM  \l 2 
Calculations
 LISTNUM  \l 3 
Background
 Count Rate, CPM
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where:

Rb 
=
background rate in cpm

N 
=
total number of counts, alpha or beta

T 
=
count time in minutes

 LISTNUM  \l 3 
Efficiency
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where:

N
=
gross number of counts, alpha or beta

Rb
=
background rate in cpm

T
=
count time in minutes

NNIST =
decay-corrected activity calculated from the NIST certificate in dpm

 LISTNUM  \l 1 
Records

 LISTNUM  \l 2 
The following records are generated when implementing this procedure:

(
Detector Bias (Plateau) Data

(
Detector Bias (Plateau) Worksheet and Plot

(
Background Calibration .IDN File

(
Efficiency Calibration .IDN File

(
Efficiency Calibration Data

(
Chi-Square Test .IDN File

(
Chi-Square Test Data

(
Chi-Square Test Excel Spreadsheet

(
Background Check .IDN File

(
Efficiency Calibration Verification .IDN File

(
Background Check Data

(
Background Check Control Charts

(
Efficiency Calibration Verification Data
(
Efficiency Calibration Verification Control Charts
 LISTNUM  \l 2 
Review of Data/Results

The Laboratory Technician is responsible for reviewing analytical results generated by this procedure. The date and the reviewer’s signature on the hard copy of the data/results shall be evidence of this review process. The reason for the reviewers initials shall be clearly indicated on the record (e.g., reviewed by).
The reviewed hard copies of the data are then placed in the appropriate QC binder.

 LISTNUM 
Archival of Analytical Results

Copies of electronic results generated by the different measurement systems in the laboratory shall be maintained and stored in a location outside the RAL.

 LISTNUM 
Transmittal of Records to Project Records Office

The Standard Calibration Certificate Log Book shall be submitted, in duplicate, when modifications occur.



For the Alpha/Beta Proportional Counting Systems, the disk shall be changed out when it is full. The original disk and a hard copy of the directory shall be made, signed and dated, and maintained by the RAL. The results of chi-square and plateaus shall be entered into an Excel database when they are performed. The results of ECV and BC shall be entered into an Excel database at least monthly. The Excel spreadsheets and graphs of the ECV and BC shall be submitted to Project Records annually. New entries in the Tennelec System Maintenance/Repair Log Book shall be submitted in duplicate on a semi-annual basis.

 LISTNUM  \l 1 
Forms, Exhibits, and Attachments
 LISTNUM  \l 2 
Forms

None.

 LISTNUM 
Exhibits
None.
 LISTNUM 
Attachments
(
Attachment 1, Detector Bias (Plateau) Data

(
Attachment 2, Detector Bias (Plateau) Worksheet and Plot

(
Attachment 3, Background Calibration .IDN File

(
Attachment 4, Background Calibration Data

(
Attachment 5, Efficiency Calibration .IDN File

(
Attachment 6, Efficiency Calibration Data

(
Attachment 7, Chi-Square Test .IDN File

(
Attachment 8, Chi-Square Test Data

(
Attachment 9, Chi-Square Test Excel Spreadsheet

(
Attachment 10, Background Check .IDN File

(
Attachment 11, Efficiency Calibration Verification .IDN File

(
Attachment 12, Background Check Data

(
Attachment 13, Background Check Control Charts

(
Attachment 14, Efficiency Calibration Verification Data

(
Attachment 15, Efficiency Control Calibration Verification Charts
ATTACHMENT 1
Detector Bias (Plateau) Data
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841,00
881,00
368,00
1039.00
1003.00
1081.00
1108.00
1092.00
1102.00
1150.00
1166.00
1178.00
1262.00
174,00
1158.00
1262.00
1448.00
2170.00
2895.00
¢

oo oo

BETA
CPH

0
0
29.00
92,00
159,00
271,00
433,00
680.00
855.00
49.00
864.00
967.90
1008.00
1000.00
1080.00
1122.00
102.00
1108.00
117.00
1111.00
1181.00
1084,00
1170.00
1108.00
1081.00
895.00
728,00
618.00
450.00
318.00 X SET
218.00
237.00
181.00
179.00
177,00
153.00
148.00
141,00
114.00
118,00
155.00
239,00
323.00
676.00
915.00
569.00
400,00
0
1.00
18,06
115,00
421.00

Tim Welch
TTWw
2-10-91





ATTACHMENT 1 cont.

Detector Bias (Plateau) Data

[image: image4.png]Sep-11-01 09:32A JIN 2 RAL BCLDP PROJECT

2 1,00 0 976 & 976,00
? 1.00 0 1638 0 1638.00
? 1,00 0 2544 0 2544.00
2 1,00 0 3538 ¢ 3538.00
? 1.00 0 5049 0 5048.00
2 1.00 0 6884 0 6884.00
2 1.00 i 9264 1.00  9264,00
2 1.00 ¢ 11632 0 11635.00
2 1,00 0 14379 0 14379.00
2 1.00 ¢ 17568 0 17568.00
2 1.00 9 19911 0 19911.00
2 1.00 1 21751 1.00  21751.00
2 1.00 2 23254 2.00  23254.00
2 1.00 15 23901 15.00  23901.00
2 1.00 138 24133 149,00 24133.00
2 1.00 503 24052 503.00 24052.00
2 1.00 1137 23541 1137.00  23541.00
2 1.00 fari 23259 2177.00  23259.00 Y SET
2 1.00 1% 21732 3725.00  21732.00
2 1.00 5973 19626  5973.00 13626.00
2 1.00 3673 16121 9673.00 14121.00
? 1.00 14646 11175 14646.00 11175.00
2 1.00 13870 5967 19870.00  5967.00
2 1.00 23210 2751 23210.00  2751.00
[ 1.00 25100 1499 25100.00  1499.0C
2 1.00 25367 N5 25367.00 915,00
" i
Tim Welch
T

2-10-91




ATTACHMENT 2

Detector Bias (Plateau) Worksheet and Plot

[image: image5.png]Sep-11-01 09:32A JIN 2 RAL BCLDP PROJECT

PLATEAL WORK SHEET

INSTRUMENT: TENNELEC SYSTEM 1 (SHALLOW PLANCHETS)
DATE: FEBRUARY 10, 1957

420 o NA NA NA
450 L] NA NA NA
480 0 NA NA NA
510 ] NA NA NA
540 0 NA NA NA
570 ] NA NA NA
600 0 NA NA NA
630 0 NA NA NA
660 0 NA NA NA
690 o NA NA NA
720 0 NA NA NA
750 0 NA NA NA
780 a NA NA NA
810 o NA NA NA
840 4 NA NA NA
870 ] NA NA NA
900 v) o 0 o
930 o 1 o 1
960 0 18 o 18
990 0 15 o 15
1020 o 427 o 427
1050 0 976 o 976
1080 [ 1638 0 1638
1110 46 2544 0 2544
1140 128 3538 o 3538
1170 273 5049 0 5049
1200 459 6884 [ 6884
1230 653 9264 1 9265
1260 841 11635 1] 11635
1290 881 14379 0 14379
1320 968 17568 0 17568
1350 1039 19911 0 19911
1380 1003 21751 1 21752
1410 1081 23254 2 23256
1440 1108 23901 15 23916
1470 1092 24133 149 24282
1500 1102 24052 503 24555
1530 1150 23541 1137 24678
1560 1166 23259 2177 25436
1590 1176 21732 3725 25457
1620 1262 19626 5873 25599
1650 1174 16121 9673 25794
1680 1158 11175 14646 25821
1710 1262 5967 19870 25837
1740 1448 2751 23210 25981
1770 2170 1498 25100 26599
1800 2895 915 25367 26282

REVIEWED BY: ﬁﬁwe'Ch I Y
DATE:  2-10-47

Page 1





ATTACHMENT 2 cont.

Detector Bias (Plateau) Worksheet and Plot
[image: image26.png]5<Battelle
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ATTACHMENT 2 cont.

Detector Bias (Plateau) Worksheet and Plot
[image: image6.png]Sep-11-01 09:33A JIN 2 RAL BCLDP PROJECT

Tennelec Sys. #1 beta Plateau - Feb. 1997
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ATTACHMENT 3

Background Calibration .IDN File

[image: image7.png]Sep-12-01 08:34A JIN 2 RAL BCLDP PROJECT

ACTIVE TENNELEC 1B 5100 ALPHA/BETA/GAMMA SYSTEM 1
GROUP A
0. GROUP ID = WEEKLY BACKGROUND OF TENNELEC SYSTEM 1 FOR JULY 03. 2001,
1. GROUP CODE = WKBK
2. PRESET TIME (MIN.) = 2
3., PRESET ALPHA = 1000000
4, PRESET BETA = 1000000
5. PRESET COUNTER C = 1060000
§. ALPHA BACKGROUND = 0
T, BETA BACKGROUND =
8. COUNTER C BACKGROUND=

0
0
9. ALPHA CORRECTION FACTOR(Kal= 0

10. BETA CORRECTION FACTOR(Kb)= 0

11, CTR C CORRECTION FACT.(Kcl= 0

12, WEAK SAMPLE REJECT TIME = 0

13, WEAK SAMPLE REJECT COUNTS = 0

14, COUNTING INTERVALS AVER, = 50

15, MAIN QUTPUT FORMAT SELECTION = 4

16, AUX. QUTPUT FORMAT SELECTION = 4

17, ANALYSIS MODE = ALPHA AND BETA (SIMULTANEQUS)

18, FILENAME TO SAVE UNDER = B:WBKJULO3DAT

ENTER THE LINE NUMBER TO MODIFY, CARRIAGE AETURN TO EXIT:

F1-Brinter(OFF) F2-Cature(OFF) F3-Send Fé-Receive F5-Diractory FE~Quit F7-Setlp





ATTACHMENT 4

Background Calibration Data

[image: image8.png]Sep-12-01 08:34A JIN 2 RAL BCLDP PROJECT

TUE JuL 03. 2001

GROUP A WEEKLY BACKGROUND OF TENNELEC SYSTEM 1 FOR JULY 03. 2001.
SANPLE TIHE ALPHA BETA ALPHA BETA GUARD R CLocK
SN CODE  (MIN.]  COUNTS  COUNTS PM s CP% (VOLTS)  HR:MN:SEC

1T BKEAND 2,00 0 1 0 0% % 1510 10:48:13
147 BKGRND 2,00 0 1 ¢ 0.0 % 1510 10:50:26

W7 BKERND 2,00 0 3 0 1,50 9% 1510 10:52:40

167 BKGRND 2,00 2 | 100 0.50 g 1510 $0:54:53

47 BKGRND 2,00 9 8 ¢ 400 9 1510 10:57:07

147 BKGAD 200 0 ! 0 050 102 1510 10:38:21

147 KGR0 2.00 2 4 .00 2.00 81 1510 11:01:3

1T 8GN 2.00 0 ? 0 .00 9 1510 14:03:48

147 8GN0 2.00 0 4 0 2.0 2 1510 1108:01

147 BGRND 2.00 ¢ 3 ] 1.50 8 510 1:08:15

W7 BGAKD 2,00 0 0 0 9 100 1510 11:10:29

147 BKGRND 2,00 0 ? 0 1,00 8 1510 1124

WTBKGRMD 2,00 0 4 0200 9 1510 111454

T BKGRND 2,00 0 3 ¢ 1,50 % 1510 11:17:06

14T BERND 2.00 0 ? 0 1.00 8 1510 1119019

147 BRGAND 2,00 ) 0 0 0 160 1510 11:20:30

W7 BKGRND 2,00 0 2 0 1.00 9 510 11:03:4

147 BUGAND 2,00 0 6 0 1,00 i 1510 11:05:57

17 BEGRND 2,00 1 1 0.50 0.50 81 1510 11:28:08

147 BKGAND .00 0 0 0 0 8 1510 11:30:22

147 BGAND 2,00 0 3 0 1.50 3 1510 11:32:38

187 BKGRND 2,00 0 1 ¢ 050 9 1510 103447

W7 BKGRND 2,00 0 2 0 1.00 103 1510 11:36:59

167 BKGRND 2,00 0 4 0 2.00 8 1510 11:39:12

147 BEGRND 2,00 0 4 0 2.0 % 1510 1141224 -
14T BKGRND 2,00 0 5 0 2.50 % 1510 11:43:36 QM&@‘
147 KGN0 2.00 0 ? 0 1,00 9 1510 11:45:48

147 BKGRD 2,00 0 2 0 1.00 160 1510 11:48:01 Tim Welch
147 BKGAND 2,00 0 1 0 050 8 50 155014 W
147 KGR0 2.00 0 3 0 150 100 1510 105 7-3-0|
WTBKGMD 2,00 f 2 0.50 1.00 105 510 154

147 BKGRND 200 0 3 0 1.50 % 1510 11:56:50

167 8GN0 2.00 0 1 ¢ 050 ) 1510 14:59:04

14T BGRND 2,00 0 ? 0 1.00 8 1510 12:01:16

147 BGAND 200 0 i 0 350 % 1510 12:03:28

147 BKGND 2,00 0 1 0 050 % 1510 12:05:41

T BGRID 2,00 0 3 0 150 9% 1510 12:07:53

147 BKGRND 2,00 1 t 0.50 0.50 8 150 12:10:05

147 BYGRND 2,00 0 § 0 2,00 2 510 12:42:18

187 BKGRND 2,00 0 2 ¢ 1,00 8% 1510 10:04:30

147 BKGRND 2,00 i 3 0.50 1.50 8 1510 12:16:43

147 BKGRND 2,00 1 § 050 300 ) 1510 12:18:56

147 BKGRND 2.0 0 3 0 150 87 1610 12:21:08

14T BIGAND 200 0 5 0 250 % 1510 12:23:20

4T KGN 2,00 2 2 100 1.00 8 1510 12:25:3

147 BKGRND 2,00 0 f 0 050 103 1510 12:27:45

14T BGRND 2,00 0 1 0 1.50 %0 1510 10:29:57

147 BHGRND 2.0 2 1 0 050 8 1510 12:32:10

WTBKGAND 2,00 0 ? 0 1,00 8 B0 236

147 BIGAD 200 0 ¢ ¢ 2.0 8 1510 12:36:35

147 BYGRND  100.00 1 131 0.1 1.3 @ B0 12:36:4





ATTACHMENT 5

Efficiency Calibration .IDN File

[image: image9.png]Sep-11-01 09:33A JIN 2 RAL BCLDP PROJECT

ACTIVE TENNELEC LB 5100 ALPHA/BETA/GANMA SYSTEM 2
GROUP B
0. GROUP 10 = (SHALLOW PLANCHET) ANMUAL EFFICIENCY FOR TENNELEC SYSTEK 2 - 1897,
1. GROUP CODE = STNDRD
2. PRESET TINE {KIN,) = 2
3. PRESET ALPHA = 1000000
4, PRESET BETA = 1600000
5. PRESET CONTRR C = 1000000
§. ALPHA BACKGROUND = ' 0.12
7. BETA BACKGROUND = 1
8. COUNTER C BACKGROUND=

9. ALPHA CORRECTION FACTOR(Ka)=
10. BETA CORRECTION FACTOR(Kb)=
11, CTR C CORRECTION FACT.(Xc)=
12, WEAK SAMPLE REJECT TIME =

13, WEAK SAMPLE REJECT COUNTS =
14, COUNTING INTERVALS AVER. =

15. MAIN QUTPUT FORMAT SELECTION =
18, AUX. OUTPUT FORMAT SELECTION = 5

17, ANALYSIS MODE = ALPHA AND BETA {SIMULTANECUS)

18. FILENAME TO SAVE UNDER = B:ANNEFF7DAT

ENTER THE LINE NUMBER TO MODIFY, CARRIAGE RETURN 70 EXIT:

o
S oo oo oo

F1-Printer(OFF) F2-Capture(OFF) F3-Send F4-Receive F5-Directory F6-Quit FT-Setup





ATTACHMENT 6

Efficiency Calibration Data

[image: image10.png]Sep-11-01 09:33A JIN 2 RAL BCLDP PROJECT

THU JAK 08, 1997
GROUP B {SHALLOX PLANCHET) ANNUAL EFFICIENCY FOR TENNELEC SYSTEM 2 - 1997

SAMPLE
SN CODE

52 STNDRD
52 STNDRD
52 STNDRD
52 STNDRD
52 STNDRD
52 STNDRD
52 STNDRD
52 STNDRD
52 STNORD
52 STNORD
52 STNDRO
52 STNDRD
52 STNORD
52 $TNDRD
52 STNDRD
52 STNDRD
52 STHDRD
52 STNDRD
52 STNORD
52 STNDRD
52 STNDRD
52 STNDRD
52 STNDRD
52 STNORD
52 STHDRD
52 STNDRD
52 STNDRD
52 STNDRD
52 STNORD
52 STNORD
52 STNDRD
52 STNDRD
52 STNDRD
52 STHDRD
52 STNORD
52 STNDRD
52 STNDRD
52 STHDRD
52 $THDRD
52 STNDRD
52 STNDRD
52 STNDRD
52 STNDRD
52 STNORD
52 STNDRD
52 STNDRD
52 STNORD
52 STNORD
52 STNDRD
52 STNORD
52 STNDRD
54 STHDRD

TINE
(MIN.]

2.00
2,00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2,00
2.00
2,00
2.00
2.00
2,00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2,00
2.00
2,00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2,00
2.00
100.00
2.0

ALPHA
COUKTS

2432
2353
2419
U412
2397
2383
2%
2468
2482
239¢
2400
27
2487
2444
2333
2397
U426
2454
2499
40
231
2415
2410
2434
310
2469
2406
U475
2444
2319
2408
2368
2420
2443
2449
2528
2387
un
2442
2326
2554
2482
2387
2406
2485
FA3K]
2401
21
a0
2489
1212
kY]

BETA
COUNTS

348
382
338
356
8
k)
330
351
318
368
318
358
345
368
34
35
343
330
300
383
338
310
kD
318
318
294
310
343
kit
33
338
343
M
307
40
359
296
340
348
305
in
U5
36
330
333
k|
336
7
32
kit]
16807
56134

ALPHA
CPK

1215.88
1176.38
1209.38
1235.88
1198.38
1181.38
121038
1233.98
1240.88
1194.88
1199.88
1185.488
1243.38
1221.88
1166.38
1198.38
1212.88
1231.88
1243.38
1210.38
1213.38
1207.38
1204.88
1216.88
1154.88
1234.38
1202.88
1237.38
1221.88
1159.38
1203.88
1182.38
1209.688
1221.38
1224,38
1262.38
1193.38
1185.88
1220.88
1162.88
1276.88
1230.488
1183.38
1202.88
1242.38
1186.38
1200.38
1186.38
1285.88
1244,38
1212.00

15.88

BETA
CPH

173.50
165.00
168.00
174.00
173.00
171.00
164.00
174,50
158.00
183.00
158,60
178,00
171.5¢
183.00
169.50
158,50
170.50
164,00
149.00
175,50
166,50
154,00
169.50
158.00
158.00
148,00
184.00
170.50
185.00
166.50
168,50
170.50
169.50
152,50
169.00
178.50
147.00
169.00
173.50
151,50
185.00
171.50
167.00
164.00
165.50
164,50
167.00
162.50
161.00
158.50
167.07
28066.00

GUARD H¥
con {volts)
134 1510
129 1510
121 1510
117 1510
116 1510
e 0
2 B
123 1510
118 1510
129 1810
187 1510
12 1510
13 1516
14 1510
126 1510
103 1510
122 B0
125 1510
112 1510
21 1510
131 510
118 1510
118 1510
13 151
121 1510
121 1510
121 1510
12 1510
107 1510
e 1510
118 1510
112 1519
118 1510
126 1510
135 1510
126 1510
126 1510
" 1510
8 1510
124 1510
130 1510
115 1510
121 1510
123 1510
13 B
112 1510
130 1510
121 1510
126 1510
125 1510
1 1510
18 1510

ALPHA
%

2,726
21,988
22.605
23,100
22,399
22.268
22.623
23.063
23,184
22.334
22,427
22.165
23,240
22.838
21.801
22,398
22,670
23,025
25,352
22.623
22,117
22.567
22.521
22,745
21.588
23,012
22.483
2128
22.838
21,670
22,502
22,100
22.614
22.829
22,885
23,593
22,306
22,165
22.820
21,736
23.866
23.007
22,306
22.483
23.222
2,175
22,437
2175
24.035
23.259
22.654

0.027

EFF.
+/-2s

0.921
0,908
0.919
0.92¢
0.915
0.912
0.919
0.528
0.8
0.943
0.918
0.910
0.932
0.923
0.802
0,913
0.920
0.927
0.934
0.919
0.921
0.918
0.917
0.922
0.898
0.928
0.816
0.929
0.923
0.500
0.917
0,808
0.919
0.923
0.924
0.933
0.913
0.910
0.923
0.901
0.944
0.927
0,913
0.918
0,931
0.510
0.915
0.910
0.947
0,932
0,130
0.008

BETA
X

3.242
3.084
3,140
3.8
3.233
3.196
3,065
L
2,983
3.420
2,953
3.321
3.208
3,420
3.168
2,925
3.186
3.068
2.785
3.280
3.1
2.878
2.168
2.953
2,953
2.728
3.439
3.188
3.457
3.112
3.148
3.188
3,168
2,850
3,158
3.33
2,141
3.158
3.28
2,831
3.457
3.208
kRl
3,065
3.0
3.074
i
3,037
3.009
2.962
3122
49,446

33
+-2%

0.3¢7
0.338
0.34
0.347
0.348
0.344
0,337
0.348
0,33
0.356
0.33
0.33
0.345
0.35
0,343
0,328
0.34
0.337
9.3
0,349
0.340
0.326
0.383
0.331
0.331
0.318
0357
0.344
0.358
0.340
0.38
0.344
038
0.3
0.382
0.352
0.319
0.342
0.347
0,324
0.358
0.345
0.340
0.337
0,339
0.338
0.340
0.33%
0.334
0.331
0.048
0.417

TimWelch
™
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ATTACHMENT 6 cont.

Efficiency Calibration Data

[image: image11.png]Sep-11-01 09:34A JIN 2 RAL BCLDP PROJECT

4>

54 STNDRD
54 STHDRD
54 STNDRD
54 STHDRD
54 STNORD
54 STNDRD
54 STNDRD
54 STNDRD
54 STNDRD
54 STNDRD
54 STNDRD
54 STNDRD
54 STHORD
54 STNDRD
54 STNDRD
54 STHDRD
54 STNIRD
54 STNDRD
54 STNDRD
54 STNDRD
54 STNDRD
54 STRORD
54 STNORD
34 STRORD
54 STNDRD
54 STNORD
54 STRDRD
54 STNDRD
54 STNDRD
54 STHORD
34 STNDRD
54 STADRD
54 STNDRD
54 STRORD
54 STNDRD
54 STNDRD
54 STNDRD
34 STNDRD
54 STNDRD
54 STHDRD
54 STNDRD
54 STNDRD
54 STNDRD
54 STNDRD
54 STNDRD
54 STNCRD
54 STNDRD
54 STNDRD
54 STHDRD
54 STADRD

2,00
.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.0
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.0
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2,00
100.00

4
32
kit
4
3
kt
kil
32
28
kS
3
38
ki
4
4
3
Hi
38
2
57
3
3
kL3
4
&
58
43
43
4
32
44
32
4
ks
2
[y
2
3
3
4
38
4
51
2
44
32
38
45
38
1330

39499
5563%
85711
55591
95522
55505
55523
55326
55642
55718
54395
55866
55247
55877
35570
55583
55860
55586
55335
55671
55373
55128
55677
56033
55637
55557
55539
55479
55635
55533
35241
55490
5596%
56020
53833
55978
55711
55558
55694
55402
55506
55789
55664
55714
35436
55662
55205
55898
53753
2780436

21,88
15.88
18.38
20.38
18.88
17.88
18.38
15.88
13.88
16.88
16,38
17.88
19.38
22.88
20.38
18.38
13.38
18.88
14,38
28.38
18.38
15,38
16.88
22,38
23.38
27,38
21,38
21.38
19.88
15,88
21,88
15.88
20,38
16,88
12,88
20.38
20,88
17.38
19.38
23.38
15,38
.38
5.3
15,88
71.88
15.88
18.88
22,38
17.88
13,18

21748.50
27618.50
27854.50
27734.50
2776000
2775150
2776050
21562.00
27820.00
27858.00
27496.50
27932.00
27647.50
27931.50
27784.00
2773050
27929.00
27782.00
27696.50
27834.50
27685.50
27563,50
27837.50
28015.50
27817.50
27177.50
27768.50
27738.50
27816.50
27815,50
27619.50
27744.00
27983.50
28009.00
2777550
27388.50
27854.50
27778.00
27846.00
27700.00
21752.00
27878.50
27831.00
27856.00
27717.00
27840.60
27601.50
27948.00
27875.50
27803.36

132
120
128
122
14
115
115
123
137
140
114
"7
123
19
2
17
124
"
126
128
f21
10
123
130
126
12
1"
124
"
125
128
124
140
130
124
133
133
e
130
113
114
128
121
128
116
133
13
128
147
124

1510
1510
1510
1510
1810
1510
1510
1510
1510
1510
1510
1510
1510
1518
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1510
1810
1510
1510
1510
1510
1519
1510
1510
1510
1510

0.038
0.027
0.034
0,03
0.033
0.031
0.032
0.021
0.024
§.029
0.028
0.031
0.034
0.040
0.035
0.032
0.023
0.033
0.025
0.050
0.032
0.027
0.02%
0.039
0.041
0.048
0.037
0.0
0.038
0.021
0.038
0.621
0,038
0.029
0.022
0.038
0,038
0.030
0.034
0.041
0.034
0.042
0.044
0.021
0.038
0.027
0.033
0.039
0.031
0.033

0.011
0.009
0.010
0.0
0.010
0.010
0.010
0.008
0.009
4.010
0.010
0.610
0,019
0.1
0,01
0.010
0.008
0.010
0.008
0.013
0.010
0.008
0.010
0.011
0.012
0.013
0.011
.01t
0.0
0.008
o
0.009
0.011
0.010
0.008
0.0t
0.0
0.0
0.010
0.012
0.010
0.012
0.012
0.009
0.0
0.009
0.010
.01
0.010
0.001

43.887
43.010
49,074
48,968
4.907
48,897
48.908
48,735
49.013
49.080
48.443
43,210
48.708
43.220
48,948
48.961
43,205
48,964
48.795
49.038
48,778
48.561
49,044
49,357
49.008
48,938
48.922
43.869
49,007
49,005
48.660
48.879
43,301
48,346
48,934
49.310
49,074
48,939
45,059
48.801
44,893
4.115
43,032
49,076
48,831
49,048
48.628
49,238
4.1t
43.984

0.415
0.415
0.415
0.415
0.415
0.415
0,415

0.414

0.415
0.415
0.412
0.416
0.414
0.416
0.415
0.415
0.418
0.415
0.414
0.415
0,444
0.413
0.415
0.47
0.413
0.413
0.415
6.414
0.415
0.415
0.414
0.415
0.416
0.416
0.415
0.416
0.415
0.415
0.415
0.414
0.415
0.418
0.415
0.415
0.414
0.415
0.413
0.416
0.415
0.058
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ATTACHMENT 7

Chi-Square Test .IDN File

[image: image12.png]Sep-11-01 09:34A JIN 2 RAL BCLDP PROJECT

ACTIVE TENNELEC (B 5100 ALPHA/BETA/GAMMA SYSTEM ¢
GROUP 8
0. GROUP ID = CH]-SCUARE RUN OF TENNELEC SYSTEM 1 FOR MARCH, 1397.
1. GROUP CODE = CHI-SQ
2. PRESET TIME (MIN.) = 2
3. PRESET ALPHA = 1000000
4, PRESET BETA = 1000000
5. PRESET COUNTER € = 1000000
6. ALPHA BACKGROUND = 0
7. BETA BACKGROUND =
8. COUNTER C BACKGROUND=

0
0
9. ALPHA CORRECTION FACTOR(Ka)= 0

10. BETA CORRECTION FACTOR{Kb)= ¢

11, CTR C CORRECTION FACT.(Xc)= 0

12, WEAK SAMPLE REJECT TIME = 0

13. WEAK SAMPLE REJECT COUNTS = 0

14, COUNTING INTERVALS AVER, = i

15, MAIN QUTPUT FORMAT SELECTION = 0

16. AUX. QUTPUT FORMAT SELECTION = 0

17. ANALYSIS MODE = ALPHA AND BETA (SINULTANEOUS)

18. FILENAME TO SAVE UNDER = B:CRISQ3370AT

ENTER THE LINE NUMBER TO ODIFY, CARRIAGE RETURN TO £XIT:

Fi-Printer{(OFF} F2-Capture(CFF) F3-Send Fé-Receive F5-Directory F8-Quit FT-Setlp





ATTACHMENT 8

Chi-Square Test Data

[image: image13.png]Sep-11-01 09:34A JIN 2 RAL BCLDP PROJECT

TUE WAR 18, 1997
GROUP B CHI-SQUARE RUN OF TENNELEC SYSTEM 1 FOR MARCH, 1997,

th

SAMPLE
SN CODE

97 CHi-8Q
97 CHI-8¢
97 ChI-SQ
87 CHl-50
97 CHI-SQ
97 CHI-S¢
87 CHI-8Q
97 CHI-8Q
97 CKI-SQ
97 CHI-SQ
97 CHI-SQ
97 CHI-SQ
47 CHI-SQ
97 CHI-8Q
47 CHI-SQ
97 CHI-SQ
87 CHI-SQ
§7 CHI-S¢
97 CHI-SQ
37 CHI-S¢
47 CHI-SQ
87 CHI-SQ
98 CHI-SQ
98 CHi-SQ
98 CHI-SQ
39 CHI-SQ
98 CHI-SQ
38 CHI-SQ
98 CHI-SQ
48 CHI-3Q
98 CHI-SQ
98 CHI-SQ
98 CKI-S0
98 CHI-SQ
98 CHI-8Q
98 CHI-SQ
98 CHI-SQ
98 CHI-SQ
38 CHI-8Q
98 CHI-SQ
48 CHI-SQ
48 CHI-S¢
38 CHI-8Q
98 CHI-8Q

TIME
LILD

2.00
2.00
.00
2.00
2.0
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
42,00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
42.00

ALPHA
COUNTS

1240
1243
124
1219
1258
1322
1
1255
126%
1278
1269
1282
1236
1287
1288
1251
1363
1322
1208
1328
1324
26769
2148
2280
202
21175
2160
2153
une
7159
215
2228
2196
22
2238
2164
2246
2164
219
2099
s
2
2200
45340

BETA
COUNTS

47977
47888
47893
47893
47938
48023
47320
47512
48038
47410
47528
48104
47643
47599
47811
41978
47838
47908
47964
47957
47728
1004667
287
34
24
29!
338
338
307
313
it
3¢t
ks
m
318
295
280
34
302
293
93
a1
322
417

ALPHA
CPH

620.90
§24.50
621.50
£08.50
629,00
661.00
638.50
627.50
634,50
§33.50
634,50
641.00
§28.00
£33.50
644,00
625,50
681.50
661.00
604.00
§64.00
662,00
837,35
1074.00
1140.00
1061.00
1087.50
1080.00
1076.50
1086.00
1073.50
1107.50
113,00
1098.00
1.0
1119.50
1082.00
1123.00
1082.00
1095.50
1047,50
1059.50
1200
1135.00
1093.80

BETA
CPH

23984.50
2334400
2394650
23946.50
23369.50
24011.50
23960.00
23756.00
24018.00
23705.00
23764.00
24052.00
23824.50
23849.50
23910.50
23939.00
23919.50
23954.50
23382.00

$23978.50

23863.00
23920.64
143.50
157.00
147,00
145,50
169.50
169.50
153.50
156.50
159.00
150.50
156.50
139.50
158.00
147.50
140,00
162.00
151,08
145,50
146,50
148.50
161,00
152,78

705 CLOCK
HR:¥N: SEC

12:46:56
12:48:1
12:51:25
12:53:40
12:55:54
12:58:09
13:00:23
13:02:37
13:04:52
13:07:06
13:09:21
13:11:36
13:13:50
13:16:05
13:18:19
13:20:34
13:22:48
13:25:03
13:21:47
13:29:32
13:31:47
13:31:57
13:34:19
13:36:33
13:38:46

- 13:40:58

13:43:13
13:45:26
13:47:38
13:44:53
13:52:07
13:54:20
13:56:34
13:58:47
14:01:04
14:03:14
14:05:28
14:07:41
14:08:55
14:12:09
140
14:16:38
14:18:52
14:19:04

TimWelch
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ATTACHMENT 9

Chi-Square Test Excel Spreadsheet

[image: image14.png]Sep-11-01 09:35A JIUN 2 RAL BCLDP PROJECT

CHI-SQUARE WORK SHEET

S1CHI397.CHI

INSTRUMENT: TENNELEC SYSTEM 1 (SHALLOW PLANCHETS)
CHECK SOURCE: ALPHA-Pu239(W-644) BETA-Sr90+Y90(V-011)

DATE:  3/18/97
ALPHA | BETA |CORRESPONDING 95% CONFIDENCE
VALUE | VALUE |CHI-SQUARE DISTRIBUTION INTERVAL
1| 2188 47977 - N
2| 2280 47888 - -
3| 2122 47893 0.103 5.99
4| 2175 47893 0.352 7.81
5| 2160 47939 0.711 9.49
6| 2153 48023 1.15 1.1
71 2172 47920 1.64 126
8| 2159 47512 217 14.1
9| 2215 48038 2.73 155
10| 2226 47410 3.33 16.9
1| 219 47528 3.94 183
12| 2222 48104 457 19.7
13| 2239 47649 5.23 21
14| 2164 47699 5.89 224
15| 2248 47821 6.57 23.7
16| 2164 47978 7.26 25
17 2191 47839 7.98 26.3
18| 2005 47909 8.67 27.6
19| 2119 47964 9.39 28.9
20| 2224 47957 10.1 30.1
21| 2270 47726
MEAN()=| 2188 47841
STDDEV=| 4982 | 186.77
CHI-SQUARE =| 22.69 14.58
Total=| 45940 | 1004667
ACCEPTABLE CHI-SQUARE RANGE= 101 30.1

PASSED CHI-SQUARE TEST

REVIEWED BY: ﬁlﬁWe!ch o

DATE: 3_,3-&,7





ATTACHMENT 10

Background Check .IDN File

[image: image15.png]Sep-11-01 09:35A JIUN 2 RAL BCLDP PROJECT

LTIVE TENNELEC L8 5100 ALPHA/BETA/GAMMA SYSTEM 2
GROUP A
0. GROUP ID = DAILY BACKGROUND TENNELEC SYSTEM 2 MARCH 02. 1397.
1. GROUP CODE = BKGRND
2. PRESET TIME (MIN.} = 10
3, PRESET ALPHA = 1000000
4, PRESET BETA = 1000000
5. PRESET COURTER C = 1000000
§. ALPHA BACKGROUND = 0
7. BETA BACKGROUND =
8. COUNTER C BACKGROUND=

0
¢
9, ALPHA CORRECTION FACTOR(Ka)= 1

10, BETA CORRECTION FACTOR(Kb)= 4

11, CTR C CORRECTION FACT.{Kc)= 0

12. WEAK SAMPLE REJECT TINE = {

13. WEAK SAMPLE REJECT COUNTS = 0

14, COUNTING INTERVALS AVER. = ¢

18, MAIN QUTPUT FORMAT SELECTION = 4

16, AUX. QUTPUT FORMAT SELECTION = 4

17, ANALYSIS MODE = ALPHA AND BETA (SIMULTANEQUS)

18, FILENAME TO SAVE UNDER = B:DBKMAROZDAT

ENTER THE LIKE NUMBER TO MODIFY, CARRIAGE RETURN TO EXTT:

Fi-Printer(OFF) F2-Capture(#1} F3-Send Fd-Receive Fo-Directory F6-Quit FT-Setip





ATTACHMENT 11

Efficiency Calibration Verification .IDN File

[image: image16.png]Sep-11-01 09:35A JIUN 2 RAL BCLDP PROJECT

ACTIVE TERNELEC LB 5100 ALPHA/BETA/GAMMA SYSTEM 2
GROUP 8
0. GROUP 1D = (SHALLOW PLANCHET) DAILY EFF. CHECK TENNELEC SYSTEX 2 MARCH 05, 19
4.
1. GROUP CODE = ’ STNDRD
2. PRESET TIME (KIN.) = 2
3, PRESET ALPHA = 1000000
4, PRESET BETA = 1000000
5, PRESET COUNTER C = 1000000
6. ALPHA BACKGROUND = 0.12
7, BETA BACKGROUND = 1
8. COUNTER C BACKGROUND=

i
9. ALPHA CORRECTION FACTORIKa)= 0

10, BETA CORRECTION FACTOR(Kb)= 0

11. CTR C CORRECTION FACT.(Kc)= 0

12. WEAK SAMPLE REJECT TIME = 0

13. WEAK SAMPLE REJECT COUNTS = 0

14, COUNTING INTERVALS AVER. = 5

15, NAIN QUTPUT FORMAT SELECTION = §

18. AUX. QUTPUT FORMAT SELECTION = 5

17, ANALYSIS MODE = ALPHA AND BETA (SIMULTANEQUS)

18, FILENAME TO SAVE UNDER =  B:DEFMAROSDAT

ENTER THE LINE NUKBER TO MQDIFY, CARRIAGE RETURN TO EXIT:

Fi-Printer(OFF) F2-Capture{OFF) F3-Send F4-Receive Fi-Directory FE-Quit FT-3etip





ATTACHMENT 12

Background Check Data

[image: image17.png]Sep-11-01 09:35A JIUN 2 RAL BCLDP PROJECT

WED MAR 05. 1937

GROUP A DAILY BACKGROUND TENNELEC SYSTEM 2 MARCH 05, 1997.
SANPLE TIHE ALPHA BETA ALPHA BETA GUARD HY CLOCK
Sk CODE  (MIN.)  COUNTS  COUNTS PN [, CPH  (VOLTS}  HR:MN:SEC

147 BKGRND 1000 3 19 0.30 1.%0 116 1510 12:46:12

3>

TimWekh
TIwW
3-5-97





ATTACHMENT 13

Background Check Control Charts

[image: image18.png]Sep-11-01 09:36A JIN 2 RAL BCLDP PROJECT P.18

DAILY BACKGROUND WORK SHEET

INSTRUMENT: TENNELEC SYSTEM 1 (SHALLOW PLANCHETS) - 1997

1/10/97 0.10 023 0.69 0.80 120 242 STOD DEV=
113097 0.40 03 0.69 1.30 1.20 242

1/14/97 0.60 023 0.69 1.70 120 242 NOTE: MEAN & STD DEV
11587 020 023 .69 120 120 242 CALC. FROM FIRST 20 POINTS
120097 020 0.23 0.69 1.50 1.20 242 {i.e. 1/2/97-2117/97)
a7 0.10 023 0.69 1.80 120 242

1724/97 0.00 0.23 0.69 1.00 1.20 242

1127/97 0.20 0.23 0.69 0.40 1.20 242

1/20/97 0.20 0.3 0.69 150 120 242

113167 0.20 0.23 0.69 0.90 120 242

397 020 0.23 069 0.90 120 242

25597 0.00 023 0.69 1.00 120 242

27197 0.20 023 0.69 1.10 1.20 242

21097 0.10 023 0.69 0.80 120 242

221297 0.20 023 0.69 1.10 120 242

21497 050 023 0.69 1.00 1.20 242

217197 0.40 023 069 1.20 1.20 242

2/19/97 0.00 0.23 0.69 070 120 242

212097 0.20 023 0.69 1.10 120 242

2124097 0.10 023 0.69 0.80 120 242

22697 0.30 023 0.69 1.40 120 242

2/28/97 0.30 023 0.69 1.10 120 242

3/3/97 0.20 023 0.69 120 1.20 242

35097 020 023 0.69 1.40 1.20 242

a7 0.20 0.23 0.69 0.80 1.20 242

3/110/97 0.20 023 0.69 0.90 120 242

Page 1





ATTACHMENT 13 cont.

Background Check Control Charts
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Tennelec Sys. #1 Daily beta Bkgrd. - 1997
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ATTACHMENT 13 cont.

Background Check Control Charts
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ATTACHMENT 14

Efficiency Calibration Verification Data
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¥ED MAR 05. 1997

GROUP B {SHALLOW PLANCHET) DAILY EFF. CHECK TENNELEC SYSTEM 2 MARCH 03, 1397

SAKPLE
8K CODE

52 STNDRD
52 STNDRD
52 STNORD
52 STNDRD
52 §TNDRD
52 8TNDRD
54 §TNORD
54 STNDRD
54 STNDRD
54 STNDRD
54 STNDRD
54 STHDRD

1733

TINE
(MIK.)

2.00
2.00
2.00
2.00
2.00
10,00
2.00
2.00
2,00
2.00
2.00
10.00

ALPHA
COUNTS

3%
2352
2347
2R
33
11956
0
2
30
fal
17
10

BETA
COUNTS

345
n
337
37
359
1m
55235
55030
58342
55114
55069
215790

ALPHA
CPH

1195.88
1195.88
1173.38
1195.88
1216.38
119548
9.88
10.88
14.88
10.38
8.38
10.88

BETA
CPM

171.50
185,50
167.50
177.50
178.50
175.10
27616.50
2751400
27670.00
2755600
27533.50
21578,00

GUARD HY
con (volts)
13 1510
10 1510
126 1510
126 1510
126 1510
120 1510
130 1510
124 1510
123 1510
103 1510
114 1510
19 1510

ALPHA
%

22.352
22,352
21,932
22,382
22,736
22,345
0.017
0.019
0.026
0.018
0.014
0.013

EFF. BETA EFF.
-2 % H-ls

0.9%4 3.205 0.345
0.914  3.467 0.389
0.305 3.130 0.3
0,914 3317 0,351
0.921 3.336 0.352
0.408 3281 0.155
0.007 48.852 0.415
0.008 48.671 C.414
0,008 48.547 0.416
0.008 48.745 0.415
0.007 48.705 0.413
0,003 48,784 0.185
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ATTACHMENT 15

Efficiency Calibration Verification Control Charts
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ATTACHMENT 15 cont.

Efficiency Calibration Verification Control Charts
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ATTACHMENT 15 cont.

Efficiency Calibration Verification Control Charts
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