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Certificate of Calibration 
This calibration report outlines the specific items included in the TRU Control of Measuring, 
Testing and Data Collection Equipment"). 

Equipment Identifier: 

Calibration Interval: 

Date of Calibration: 

Calibration Verification 
Due date: 

Limitations: 

Calibration applies to 
Listed equipment: 

Calibration Method 

Calibration range and 
Tolerance: 

Calibration Acceptability: 

Standards 

Performers of Calibration: 

Reference to Out-of-Cal., 
or non-conformance issues: 

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

Calibration upon installation, then calibration verification annually 
thereafter. 

20 January, 2000 and 6 March, 2000 

20 January, 2001 

55 gallon drums. 

104-ND-06-102 A 

WMH 350 Section 2.5. 

Gamma energy range from 35 keV to 2.0 MeV. Tolerance error is 
developed within the proprietary Canberra(2) calibration software. 
Analytical span, 0 to 160 grams 239Pu defined in HNF-405 1(3) . 

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

Standards are listed in Appendix B of this document 

The system Co izant Engineer: raig Wills. 
Signature: (!?f f //A, Date: ~,/d@ 

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

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

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

2.0 Calibration Configuration 

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

3.0 GWAS detectors 

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

The GWAS counting system(5), detectors, shield and the drum elevation platform will adequately 
analyze 55 and 85 gallon drums (208 and 321.5 liters), see Figure I bottom. The drum platform 
elevates in two steps, 8.9 cm each, and the platform continually rotates at 10 rpm during analysis 
and calibrations, The middle diagram shows the SEGe gamma detector’s angle of coverage for 
the drums. These zones of sensitivity overlap and ensure the entire drum is scanned. The lowest 
segment in the analysis group views only the rotational portion of the platform and is not 
included in the calibration. The highest segment in the group views the drum lid and “air” space, 
it also is not included in the calibration for 55 gallon drums. 

NDA GEA ANALYSIS CHAMBER 

, , , .... 
PO3 J 

I 1-11 

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

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

VI 

g 1 . m  
U 

0 

Figure 2. 

12 
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6.0 Comparative Analysis 

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

Isotopic Aclivity Response 
Jan m 

0 1  x 
0 

Figure 3. 

12 

The following table, Table 1, displays the calibration on a second separate NIST traceable souce 
drum. This drum is configured in the exact same geometry, but, with another second set of rod 
(line) sources; certificates are shown in Appendix B, E838 to E843. This particular evaluation 
could be considered the calibration verification. 
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Scg # Seg 
I I  S I2  
10 SI3 
9 s21 
8 s22 

7 S23 
6 S3 I 
5 S32 
4 s33  
3 S4 I 

2 S42 

A04 
Sum %Oiff 

Sic Act 
Ratio AOUStd 

SudStd  

59 we\ 

AVG 
4.02 
3.73 
3.77 

3.90 
3.50 
3.61 

3.82 
3.80 
3.45 
3.54 

37.27 
37.14 
35.97 
1.036 

1.032 

81 kcV 
% e n  AVG 
2.46 4.46 

1.44 3.58 
2.49 3.02 
I 3 2  3.54 

1.58 3.33 
1.67 3.45 
2.10 3.52 

2.95 3.30 
3.00 3.13 
2.70 3.59 

1.05 34.28 
0.35 34.91 
2.77 31.62 

1.08 
1.10 

356 keV 

%err AVG %err 
3.90 3.13 1.61 
1.04 3.08 1.61 
7.61 3.15 1.37 
6.28 3.12 1.93 
3.68 3.13 0.580 
I .43 3.14 1.39 
1.55 3.18 1.49 
1.95 3.11 1.79 
16.06 3.16 1.66 
10.82 3.22 2.64 

0.496 32.1 I 0.455 
-1.85 31.44 2.10 

2.91 31.62 2.91 
1.02 

0.994 

661 keV 
AVG %err 

0.577 1.89 
0.547 2.08 
0.563 1.20 

0.579 1.81 

0.569 1.06 
0.601 0.688 

0.588 1.28 
0.557 1.57 

0.562 0.701 
0.566 1.56 

5.93 0.186 
5.71 3.79 
5.57 3.42 
1.07 
1.03 

1332.5 keV 
AVG %en 

0.408 1.61 

0.395 1.37 
0.373 1.61 

0.394 1.93 
0.408 0.580 

0.384 1.39 
0.411 1.49 
0.388 1.79 

0.400 1.66 
0.366 2.64 

4.04 0.455 
3.93 2.76 
3.94 3.05 
1.03 

0.997 

Table 1. Daily QC-57 drum response. 

The total activity is calculated in Table 1, note specifically the rows for the activity ratios to the 
standard, per isotope. The summed spectrum analysis is contained in the A04 module and its 
ratio to the actual standard is A04/Std. The summation of each of the segment's activity into a 
summed activity is ratioed to the standard; SudStd .  The agreement in both cases is quite good, 
better than 4%. The 81 keV peak of 133Ba has less agreement due to the interference produced by 
lead X-rays from unshielded lead next to the detectors. 

7.0 SEGe Detectors 

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

Detector 

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

Summed 

Table 2. 

Energy (keV) = a + b*chn + c*chn2 
Intercept Linear Quadratic 

Multiplier Multiplier Multiplier 
(a) (b) 0 

-0.983 0.500 -1.68E-07 
-0.757 0.500 -1.72E-07 
-0.693 0.500 -1.64E-07 
-1.687 0.501 -1.51E-07 

-1.691 0.501 1.54E-07 

].OEM4 

- LOEM3 

5 
P 

2 
h 

0 

1.OEiQ2 

1.OEtol 
10 

Energy versus Channel 

Channel 

10.00 

9.00 

8.00 
7.00 
6.00 i 

5.00 y’ 
4.00 $ 

3.00 
2.00 
1 .oo 
0.00 

e 

100 1000 

Channel 

-EngVsChn +%Error 

10000 

gure 4 

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

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

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

a b 
SEGe-I 0.543 0.030 
SEGe-2 0.378 0.039 
SEGe-3 0.543 0.032 
SEGe-4 0.529 0.029 
Summed 0.605 0.033 

Table 3 

2.5EM0 

2.0EMO 

2 s 
E ISEM0 

$ ir 

I.OE+OO 

5.0E-01 

FWHM Venus Energy 

Channel 

20.00 

18.00 

16.00 

14.00 

12.00 L e 
8.00 $ 

10.00 ; 

6.00 

4.00 

2.00 
0.00 

10 100 1000 

Peak h e r g y  ( k e y  

1 +FWHM vs Energy -%EITO~ 1 

10000 

. Figure 5 

The FWHM plot does demonstrate that broadening occurs in the spectrum summation; one of the 
SEGe detectors (2), is wider than the others and causes the error to increase at the higher 
energies. The combination of these two plots suggest peak identification should be within the 
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acceptable parameters for the gamma analysis program. The individual curves for the detectors 
are with the parameter printouts in Appendix D. 

8.0 Low Energy Detectors 

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

The LEGe detectors, used for the MGA‘6’ and MGAU analysis are looked upon as separate 
entities, that is no spectrum summing is done. The energy range for these detectors is from 35 to 
300 keV stored into a 4096 channel buffer. Calibration for energy is linear and has only two 
terms, a requirement of the MGA/MGAU software. The equations are as follows: 

Energy (keV) = a + b*Chn FWHM (keV) = a + b*Eng0.’ 

Energy equation FWHM Equation 

Intercept Linear Intercept Linear 
Detector Multiplier Multiplier 

LE-5 (Upper) 0.159 0.076 0.273 0.039 

LEG-6 (Lower) 0.150 0.076 0.223 0.040 

Table 4. 

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

9.0 SEGe Efficiency 

The efficiency calibration output for the segmented detectors is contained in Appendix E. The 
efficiency curve formulas are the “best fit” selected from the regression analysis contained in the 
Canberra (7) software. The equation’s coefficients listed below are in two groups; one without the 
collimators (shields) activated, and the second with the collimators activated. Each equation 
takes the basic form: 

12 
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Ln(Eff) = a + b*Ln(E) + c*Ln(E)2 + d*Ln(E)3 + . ... 

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

Figures 5 and 6 displays the efficiency curve variations with respect to density, Figure 5 has the 
curves for a non-shielded count, No Collimator, while Figure 6 is the efficiency curves with the 
shield (Collimator). 

Dual Efficiency Calibration Curve 
___ Hlgh Energy 1: 0.01 10577 ~ . . ~ ~ ~ . ~ ~ ~ ~ ~ ~  LOW Enemy I Meabured 

-LowEnergy + Measured ~ - - High Energy . 2:0.427885 - - 
. 3: 0.854375 .......... Low Energy . MeaBUrsd ~ ~ ~ ~ - . - . . .  High Energy 

. 4 1.58043 Low Enerpy X MeQsUred - Hlgh Energy 

._  

Figure 5: No Collimator 

Energy (keV) 

1' ' '  
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Dual Efficiency Calibration Curve . 
. 1: 0.0110577 ~~ ~ ~ . . ~  ... LOW Energy I Measured .~ ~. Hlgh Energy 

. 2:0.427885 - ~  low Energy . Mesured -- - - Hlgh Energy 

. 3: 0.654375 .......... Low Enemy . M e ~ ~ u r e d  ~ ~ ~ ~ ~ ~ ~ - - ~  High Energy 

. 4: 1.56043 Low Enerpy x MeQaYred High Energy 

0.oooi 

A I l 4 l l j  i !  

ie-05 
i o  io0 io00 10000 

Energy (keV) ’ 

Figure 6 :  With Collimator 

The uncertainty plots for the summed curves are seen in the following two figures, 7 and 8. 
Figure 7 is the plot with no shield in front of the detector, while Figure 8 has the iron shield in 
the analytical path. 

14 
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Error versus Energy 
With Shield (Collimlor) 
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Figure 8 

The uncertainty for the calibration never gets less than 6.5% for the efficiency calibration error. 
The slight deviations from the curve in the 385 keV region is due to the low gamma yield of the 
upper Ba133 gamma line, longer counting would bring the efficiency error back to the base 
curve. 

10. Transmission Calibration 

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

16 
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Transmission Calibration Report 3-06-00  1 0 : 0 5 : 4 7  AM Page 1 

................................................................................. 

e*+* T R A N S M I S S I O N  C A L I B R A T I O N  R E P O R T  **** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Detector Name: SEGEl 
Container Type: 55 gal container 
Collimator: 0 

Calibration time: 3-06-00 9 :46 :16  AM 
Calibrated by: System Manager 
Calibration Live Time: 1 2 3 . 8  seconds 
Energy Tolerance: 1 . 5  keV 

Record Nuclide Energy Peak Area Peak Area Half -Life 
(keV1 (Cntsl Error (Cntsl (sec) 

1 EU-152 1 2 1 . 8 0  2 .94E+05  6.43E+02 4.19E+08 
2 Eu-152 2 4 4 . 6 9  8.33E+04 4.03E+02 4.193+08 
3 Eu-152 3 4 4 . 5 0  2.273+05 5 .42E+02  4.19E+08 
4 EU-152 7 7 8 . 9 0  5.72E+04 3.09E+02 4.19E+08 
5 EU-152 9 6 4 . 1 0  5.53E+04 2 .98E+02  4.19E+08 
6 Eu-152 1 1 1 2 . 1 0  4.71E+04 2.74E+02 4.19E+08 
7 Eu-152 1 4 0 8 . 0 0  5.90Ec04 2.51E+02 4.19E+08 

Transmission Calibration Report 3-06-00  1 0 : 0 5 : 3 5  AM Page 1 

............................................................................. 

****  T R A N S M I S S I O N  C A L I B R A T I O N  R E P O R T  **** 
............................................................................. 

Detector Name: SEGE2 
Container Type: 55 gal container 
Collimator: 0 

Calibration time: 3-06-00  9 : 4 6 : 1 6  AM 
Calibrated by: System Manager 
Calibration Live Time: 1 9 5 . 3  seconds 
Energy Tolerance: 1 . 5  kev 

Record Nuclide Energy Peak Area Peak Area 
(keW (Cntsl Error (Cnts) 

1 EU-152 1 2 1 . 8 0  1.90E+05 5.19E+02 
2 Ell-152 2 4 4 . 6 9  5.83E+04 3 . 2 2 3 + 0 2  
3 Eu-152 3 4 4 . 5 0  1 . 6 6 E + 0 5  4 .65E+02  
4 Eu-152 778 .90  4 .473+04  2 . 8 1 3 + 0 2  
5 Eu-152  9 6 4 . 1 0  4.31E+04 2 . 4 2 6 + 0 2  
6 Eu-152 1 1 1 2 . 1 0  3.71E+04 2 . 4 1 3 + 0 2  
7 EU-152 1 4 0 8 . 0 0  4.68E+04 2.223+02 

Half -Life 
(sec) 

4 .19Ec08  
4.19E+08 
4 .19E+08  
4 .19E+08  
4 .19E+08  
4 .19E+08  
4.19E+08 
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Transmission Calibration Report 3-06-00 1 0 : 0 5 : 2 4  AM Page 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

**** T R A N S M I S S I O N  C A L I B R A T I O N  R E P O R T  * * * *  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Detector Name: SEGE3 
Container Type: 
Collimator: 

55 gal container 
0 

Calibration time: 3-06-00 9 : 4 6 : 1 6  AM 
Calibrated by: System Manager 
Calibration Live Time: 178 .5  seconds 
Energy Tolerance: 1 .5  kev 

Record Nuclide Energy Peak Area Peak Area Half-Life 
(kev) (Cnts) Error (Cnts) (sec) 

1 E u - 1 5 2  1 2 1 . 8 0  2 . 1 2 E + 0 5  5 .54E+02  4 .19E+08  
2 E u - 1 5 2  2 4 4 . 6 9  6 . 5 4 3 + 0 4  3 .46E+02  4 .19E+08  

4 .19E+08  3 EU-152 3 4 4 . 5 0  1 , 8 5 E + 0 5  4 .91E+02  
4 Eu-152  7 7 8 . 9 0  4 .94E+04  3 .15E+02  4 . 1 9 E + 0 8  
5 E u - 1 5 2  9 6 4 . 1 0  4 .82E+04  2 . 6 5 E + 0 2  4 . 1 9 E + 0 8  
6 E u - 1 5 2  1 1 1 2 . 1 0  4 .07E+04  2 . 5 6 E + 0 2  4 . 1 9 E + 0 8  
7 EU-152 1 4 0 8 . 0 0  5 . 2 0 3 + 0 4  2 . 3 3 E + 0 2  4 . 1 9 E + 0 8  

Transmission Calibration Report 3-06-00 1 0 : 0 5 : 1 2  AM Page 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
****  T R A N S M I S S I O N  C A L I B R A T I O N  R E P O R T  ****  
*ttt***************tttttt**************~**************~************~************ 

Detector Name: SEGE4 
Container Type: 55 gal container 
Collimator: 0 

Calibration time: 3-06-00  9 : 4 6 : 1 6  AM 
Calibrated bv: Svstem Manaaer 
Calibration Live Time: 
Energy Tolerance: 1 . 5  keV 

~ 2 4 0 . 1  secgnds 

Record Nuclide Energy Peak Area Peak Area Half -Life 
(kev) (Cnts) Error (Cnts) (sec) 

1 E u - 1 5 2  1 2 1 . 8 0  1 . 2 4 E + 0 5  4.2RE+02 4 i w + n R  ~ ~~- .- ~ 

2 Eu-152  2 4 4 . 6 9  3 . 6 8 E + 0 4  2 , 7 5 E + 0 2  
3 Eu-152  3 4 4 . 5 0  1 . 0 2 E + 0 5  3 . 6 3 3 + 0 2  

2 .70E+04 2 . 1 0 E + 0 2  4 Eu-152  7 7 8 . 9 0  

. . - - - . - - 
4 . 1 9 E + 0 8  
4 .19E+08  
4 . 1 9 E c 0 8  

5 Eu-152  9 6 4 . 1 0  2 .60E+04 1 .84E+02  4 . 1 9 E + 0 8  
6 ELI-152 1 1 1 2 . 1 0  2 . 2 2 3 + 0 4  1 . 8 6 E + 0 2  4 , 1 9 E + 0 8  
7 Eu-152  1 4 0 8 . 0 0  2 . 8 5 E + 0 4  1 . 7 2 E + 0 2  4 .19E+08  
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Transmission Calibration Report 3-06-00 10:06:37 AM Page 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* ***  T R A N S M I S S I O N  C A L I B R A T I O N  R E P O R T  **** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Detector Name: 
Container Type: 
Collimator: 

SEGEl 
55 gal container 

1 

Calibration time: 3-06-00 9:56:52 AM 
Calibrated by: System Manager 
Calibration Live Time: 232.4 seconds 
Energy Tolerance: 1.5 keV 

Record Nuclide Energy Peak Area Peak Area Half -Life 
Rev) (cnts) Error (Cnts) (sec) 

1 Eu-152 121.80 8.48E+03 2.21E+02 4.19E+08 
2 Eu-152 244.69 1.98E+04 2.50E+02 4.19E+08 
3 Eu-152 344.50 7.663+04 3.45E+02 4.19E+08 
4 Eu-152 778.90 3.22E+04 2.40E+02 4.19E+08 

4.19E+08 5 Eu-152 964.10 3.49E+04 2.33E+02 
6 Eu-152 1112.10 3.12E+04 2,13E+02 4.19E+08 
7 Eu-152 1408.00 4.42E+04 2,16E+02 4.19E+08 

Transmission Calibration Report 3-06-00 10:06:25 AM Page 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

****  T R A N S M I S S I O N  C A L I B R A T I O N  R E P O R T  * * * *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Detector Name: 
Container Type: 
Collimator: 

SEGE2 
55 gal container 

1 

Calibration time: 3-06-00 9:56:52 AM 
Calibrated by: System Manager 
Calibration Live Time: 265.9 seconds 
Energy Tolerance: 1.5 keV 

Record Nuclide Energy Peak Area Peak Area Half -Life 
(keW (Cnts) Error (Cnts) (sec) 

1 Eu-152 121.80 4.46E+03 1.64E+02 4.19E+08 
2 EU-152 244.69 1.04E+04 1.95E+02 4.19E+O8 
3 Eu-152 344.50 4.21E+04 2.53E+02 4.19E+08 
4 Eu-152 778.90 1.91E+04 1.93E+02 4.19E+08 
5 EU-152 964.10 2.04E+04 1.683+02 4.19E+08 
6 Eu-152 1112.10 1.90E+04 1.73E+02 4.19E+08 
7 Eu-152 1408.00 2.69E+04 1.68E+02 4.19E+08 
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Transmission Calibration Report 3-06-00 10:06:10 AM Page 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
****  T R A N S M I S S I O N  C A L I B R A T I O N  R E P O R T  **** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Detector Name: 
Container Type: 
Collimator: 

SEGE3 
55 gal container 

1 

Calibration time: 3 - 0 6 - 0 0  9:56:52 AM 
Calibrated by: System Manager 
Calibration Live Time: 259.1 seconds 
Energy Tolerance: 1.5 keV 

Record Nuclide Energy Peak Area Peak Area Half-Life 
(keV) (Cnts) Error (Cnt s )  (sec) 

1 Eu-152 121.80 5.00E+03 1.83E+02 4.19E+O8 
4.19E+08 2 Eu-152 244.69 1.28E+04 2.06E+02 
4.19E+08 3 Eu-152 344.50 5.02E+04 2.823+02 

4 Eu-152 778.90 2.23E+04 2.01E+02 4.19E+08 
5 Eu-152 964.10 2.45E+04 1.91E+02 4.19E+08 

4.19E+08 6 Eu-152 1112.10 2.21E+04 1.893+02 
4.19E+08 7 Eu-152 1408.00 3.llE+04 1.80E+02 

Transmission Calibration Report 3-06-00 10:05:59 AM Page 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
**** T R A N S M I S S I O N  C A L I B R A T I O N  R E P O R T  **** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Detector Name: SEGE4 
Container Type: 55 gal container 
Collimator: 1 

Calibration time: 3-06-00 9:56:52 AM 
Calibrated bv: Svstem Manager 
Calibration Live Time: 281.9 seconds 
Energy Tolerance: 1.5 keV 

Record Nuclide Energy Peak Area Peak Area Half-Life 
(kev) (Cnts) Error (Cnts) (sec) 

1 EU-152 121.80 2.63E+03 1.14E+02 4.19E+08 
2 Eu-152 244.69 5.96E+03 1.20E+02 4.19E+08 
3 EU-152 344.50 2.36E+04 1.93E+02 4.19E+08 

4.19E+08 4 Eu-152 778.90 1.02E+04 1.223+02 
5 Eu-152 964.10 1.12E+04 1.33E+02 4.193+08 
6 Eu-152 1112.10 1.03E+04 1.31E+02 4.193+08 
7 Eu-152 1408,OO 1.45E+04 1.223+02 4.19E+QB 

20 



HNF-5148, Rev. 2 

REFERENCES 

1. TRU Control of Measuring, Testing and Data collection Equipment, WMH-400, Waste 
Isolation Pilot Plant (WIPP) Procedures, Section 2.4.4, Rev 3, Sub Section 2.1.2. 

Canberra Model S43 1 Genie-PC Gamma Waste Assay Software, Technical Reference 
Manual S431-TEC, V 2.3, May 1998. 

Quality Assurance Objectives for Nondestructive Assay at the Waste Receiving and 
Processing facility, HNF-405 1, Rev 3. 

Hanford Site Transuranic Waste Certification Plan, HNF-2600, Rev 2, Appendix E. 

WRAP Gamma Energy Assay System, KEH 5369, Installation and Maintenance Manual, 
2/23/96, Document # 96048. 

MGA: A Gamma-ray Spectrum Analysis Code for determining Plutonium isotopic 
abundances. Vol 1, Methods and Algorithms. NTIS-DE90013529, Lawrence Livermore 
National Laboratory, Livermore, Ca. April 1990. 

Canberra Genie-PC, V2 -Advanced Topics, S400-usr, V 2.4, February 1997. 

2. 

3. 

4. 

5. 

6. 

7.  

. .  



HNF-5148. Rev. 2 

APPENDIX A 

Calibration Configuration 

Drum Source Distribution 
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QZ SYSTEM CALIBRATION AND SOURCE DISTRIBUTION 

Calibration Drum Description: 

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

1) Polyurethane foam (0.14 gm/cc) 

2) 

3 )  Particle board (0.76 g d c c )  

4) Sand (1.67 g/cc) 

Soft Board (Homosote) (0.470 gm/cc) 

Each calibration matrix is divided into 6 cylindrical shells, designed to simulate a homogeneous 
source distribution. A set of hollow tubes was mounted in each of these shells. The source tubes 
extended the full height of the matrix, and were mounted parallel to the center of the axis of the 
drum at the positions shown in the following top view diagram. 

A-2 
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In order to simulate routine sample counting conditions during the calibration process, the drums 
were placed on the turntable platform and rotated at a constant speed during all the counts. The 
axis of rotation was perpendicular to the axis of the Q2 system detectors. In this case a line 
geometry source (with equal activity per unit length) positioned in a source tube provides 
counting results equivalent to a cylindrical shell-geometry source with the same radial distance 
from the center axis of the drum. Taken together, the six shells simulate a homogeneous source 
distribution throughout the matrix. 

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

Source Tube 
Location 

1 

Radius from Drum 
Center (inches) 

0 
2.3 
5.6 
7.3 
8.6 
9.8 

10.2 
10.5 
10.8 

Efficiency Calibration Theory 

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

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

Where 

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

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

B3 = measured cps with the line source in tube 3 (shell B) 



HNF-5148, Rev. 2 

C4 = measured cps with the line source in tube 4 (shell C) 

D5 = measured cps with the line source in tube 5 (shell D) 

E6 = measured cps with the lime source in tube 6 (shell E) 

F9 = measured cps with the line source in tube 9 (shell F) 

Activity = decay corrected activity of the calibration source. 

A-4 
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APPENDIX B 

Source Certificates 
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Calibration Certificates 

The following certificates have been scanned from the originals, only one source leak page will 
be evident as it is a copy on the backs of each certificate. The certificates will be in two groups, 
one being the calibration sources and the second being the verification and daily check sources. 
In each set the stated uncertainty is at the 3 0  level 

GWAS Calibration Source Set 

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

Calibration Source Certificate File 

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

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

The total uncertainty for the line sources is calculated from the square root of the sum of the 
squares of the individual line source uncertainties (RMS). 
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CIXi'IFICATE OF CALIBRATION 
MODEL ENV4057 LINE SOURCE 

SERIAL NUMBER D846 
Rete- D m  March1.1996 

&QS!s& 

Am241 147.7 k& 13.331 6 1  

-133 208.7 kM 15.W7 @I 

C.-137 3a.w tBp o . M z f i i  

M 38.68 kSq (1.WSrrCil 

PRINCIRE EhUSSIONS"' 

55s 

-241 ornrr 

Bs133 

CI.137 

TOtJ 

a . 2 7 ~  432.7 L 0.5 yun 

5.21% 10.64 f 0.03 )uII 

3.079 30.0 t 0.2 yu" 

Z . ~ %  6.271 t OS01 -s 

S9.83e4 35.7 

3 4 2  
7.09 

18.4 
e2.a 
1.92 

85.21 

1173.237 9s.m 
1332.Eol 89.S824 

I11 7m &on. 1986. 

LEAK TEST CERTIFICATION ON REVERSE- 

Nalh American sdentitr, Is 7 4 & G m M  AHL. Nc& kUymd. CA 91805 (M8)XWZQl Fax (we) SBIXS 
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CERTIFICATE OF CALIBRATION 

Am241 

b 1 3 3  

Cc137 

CC-W 

PRUICIM EMISSIOHS"' 

Am211 

&I33 

Ce1.37 

-(VI 

MODEL EHV4057 LINE SOURCE 
SERIAL NUMBER DB47 

R8femnC8 Date- 1 

Told 
&!!sY -1t1 

1485 th 14.013K31 3.25% 

2M.S k% 15.5% f l l  3.19% 

24.10 k 0 Y  l l . ~ u o 1  2.88% 

38.85 kBq ll.MSK31 2.63% 

h 
Onm. 59.san 

0- 80.383 
276.388 
302.851 

383.841 
355 .~83  

0- 1173.23? 
1332.501 

& 
632.7 f 0.5 *.US 

10.54 f 0.03 *om 

w.0 * 0.2 w. 

5.271 d 0,mI MIS 

I11 ~ t R a 6 . m d ~  lh .wM. 1888 

-LEAK TEST CERTIFICATION ON REVERSE 

N W h M w f k - d n ~ k  7435Greentushke.,tk&Hdtpd,CA$l€& (Me)- FaX(8lS)mcnM 

B-4 
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ClWlIFIUm OF CALIBRATION 

Am.241 

80133 

c*-l37 

Co-80 

PRINCIW EMISSIONS"' 

Am241 

 cia 

C r  117 

CC-€4 

MODEL ENV4057 LINE SOURCE 
SERIAL NUMBER D B ~  

Reference Date 

TOW 
.%wY 

150.4 kBa (1.065Kil 3.25% 

205.4 LBq (5.552 -1) 3.20% 

38.27 k8q (1.034 f l h l  ZSS% 

38.35 kBs 11.03E,.U1) 2.66% 

0- 

a55.899 

6 d i . 6 ~  

381.841 

1173.217 
1332.501 

432.7 z 0.5 IS- 

10.54 * o m  mn 

30.0 t 0.2 w m  
5.271 t O.oQ1 mars 

)"*.& ,gl 

35.7 

34.2 
7 .e9 

18.4 
62.2 

8.92 

85.21 

99.9, 
B9.9814 

B-5 
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CEIMlFICATE OF CALIBRATION 

A m 2 4 1  

b 1 3 3  

Ca-I37 

-60 

PRINCIPLE EMISSIONS"' 

C+137 

c-60 

MODEL ENV4057 LINE SOURCE 
SERIAL NUMBER D849 

Refermce Oats && 1.1996 

T01.l 
AmnB U".."*"rV Cd 

145.1 kaS (3.92eiu) 3 21% 

WS.3 kisg (5.5751co a 19% 

37.44 kSq 11.012W 2 83% 

38 30 k& 11.03510) 2 e4% 

LsrpLuryl 

59.63U 

80.989 

302.851 
365.999 
383.8.1 

681.660 

Z ~ ( I . ~ L L I  

1173.137 
1332.501 

wfu3!!! 
432.7 L 0.6 '*..o 

10.64 f 0.01 loan 

30.0 t 0.2 ')un 

5.271 0.WI vu1 

llmr&wm 
35.7 

34.2 

18.4 
7.09 

82.2 
s.91 

85.21 

89.93 
99.9824 

B-6 
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(XRT@lCATE OF CALIBRATION 
MODEL ENV4057 LINE SOURCE 

SERIAL NUMBER 0850 
Reference Date 

iwb5bsw 
Am241 

b.133 

C r l 3 7  

COW 

PRINCIPLE EMSSIONS"' 

TO* - 
3.28% 

3.21% 

3.01% 

2.7*% 

8o.aes 
27S.388 
302.851 
355.099 
m . e 4 i  

681.6M 

1173.23'1 
1332.501 

e 

10.54 L 0.03 *.an 

30.0 * 0.2 mn 

5.271 t 0.UN y ~ s n  

432.7 r 0.5 W.U. 

ImEZkm 

35.7 

34.1 

18.d 
62.2 

7.09 

8.92 

85.21 

99.90 
98.8824 

M r c h  111,1996 

jXYVPtl.0. oat. 
C*ibradon b h r . < o r y  Manap., 

BVEREKES 
(1) 7* .diti~n. mes. 

*LEAK TEST CERTIFICATION ON REVERSE 

NorMAmericanSnenlfic,Inc 7435GreenbushAva, N o r b H d W . U ~ l b 0 5  (sl8)SmsrW Far(@8)50301M 
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CERTIFIWlE OF W l " 1 O N  
MODEL ENV405T LINE SOURCE 

SERIAL NUMBER 0851 
Reference O a e  

Am241 

-133 

CS.137 

cos0 

PRINCIPLE EMISSIONS"' 

b 2 4 1  

b 1 3 3  

TOW 
Assi& 

147 .2W 11.377jGI 3.25% 

m . 4  Lm 15.5% &I 3.19% 

18.01 W 11.027Sil 2.86% 

38.50 kBq (1.011 Si1 2.63% 

ItIs !ksw&Yl 
Dnnu 59.6564 

80.989 

302.851 
366.989 
381.841 

2 7 e . w  

P- 661.- 

1173.237 
1332.501 

432.7 = 0.5 v.am 

10.54 z 0.01 years 

30.0 r 0.2 W.I. 

5.271 * 0.001 v s n r  

353 

34.2 
7.09 

111.4 
62.2 
8.32 

85.21 

99.30 
99.9824 

8 -8  
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LEAK TEST METWODS 

1. Soak (Immwslon) Test (ISOITR 4826i979 (E) section 2.13) 

The source is immersed in water or other suitable liquid at 50% tor at least 4 hours and the aaivity 
in the liquid measured. Acceptance limit: O.oOo1 pCi alpha, 0.001 pCi betagamma. 

2. Immersion Test (ANSI N542-1977. Appendir A2.13) 

Thesourceisimmer~inwaterat 10043for 10minlRes.Thewaterisremovedand thesourcecooled 
and rinsed using fresh water. These operations are repealed twice, boiling in the water from the 
previous rinsing operation. Acceptance limit: O.ooO1 pCi alpha.O.CO5 pCi betagamma for all the wafer 
collected. 

3. Wipe (Smear) Test (ANSI N542-1977. Appendix A2.l.l) 

All enema1 suhces of the source are wiped with a piece of filter paper or other absorbent material 
which has been moistened with an appropriate solvent and the activiIy remwed Is measured. 
Acceptance limit: 0.0001 &i alpha, 0.001 pCi bela-gamma. 

4. Leek Test Not Applicable 

For sources with no covering or a delicate covering over the radioaclive portion or gas standards 
and sources, (he inactive ponions or containment VeSSel are wipe tested as in Method 3 above. 
Acceptance limit: 0.0001 pCi alpha. 0.001 pCi beta-gamma. 

5. Other 

LEAK TEST CERTIFICATION 

The standard was leak tested in accordance with Leak Test Method 3 as 
described above. The removable activity was determined to be less than 0.001 
beta-gamma and O.ooO1 jKCi alpha. This leak test should be performed every 
six months or as  required by a specific NRC or Agreement State License. 

/ u d  A//99d 
Health Physics Dare 
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Calibration check and daily control drum sources. 

CERTIFICATE OF CALIBRATION 
MODEL ENV4057 LINE SOURCE 

SERIAL NUMBER E838 
Reference Date October 1.1 996 

Tola1 
P a d l m l l d e  EaY!!x &!&&$! 

Am241 221 5 kBq (5 a 7  !XI) 3 18% 4 3 2 7 2 0 5 w r s  

Sa-133 ZB 4k~q (6 470 p q  3 34% 1054tO03par3 

Cs137 37aOlrsq(1 m5pW 3 84% 330t 0 2 p n  

0J.m 3777 kBq (1 U21 pCiJ 351% 5271 tornipan 

RlNCiPLE EMISSIONS"' 

Iyer Ennw lkeQ llxE&.w 
Am241 Bamm 33sZm 35 7 

80.689 34.2 
278.388 709 
372 851 18.4 
sss 622 
383 841 892 

661.580 85.21 

llT5Z37 Pam 
192.331 99.5824 

oc1ober 8.1995 

%,y FG. Ph 0 Ode 
Calibrstion LabORlo~l Manager 

IEFERENCES 

1) T.bleafRadnaCliveisoIoas.7Lhcd~n. IS%. 

0 LEAK TEST CERTIFICATION ON REVERSE 

North American Scientific, Inc. 7435 Greenbush Ave.. North Hoilyccd, CA 91605 (818) 503-9201 Fax (818) 5034761 

B-IO 
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MODEL ENV4057 LINE SOURCE 
SERIAL NUMBER E839 

Reference Date October 1 .  1 996 

gamma 80989 352 
276388 7.03 
32-2 a51 18.4 
%s%3 622 
383 Wl 892 

Cs-137 gamma E61.&0 Bs 21 

coe, gamma ll?&'237 99.m 
192,501 999124 

Odober8.1995 

m e  
h& 

Jayran, Pn D 
canbkw u h w  Manager 

IEFERENCQ 

1) Tabled RadloaclM IWlOtoOeq, 7vI eddian, 1986 

LEAK TEST CERTIFICATION ON REVERSE 

North American Scientific, Inc. 7435 Greenbush Ave., North Holl)wmd. CA 91EU5 (815) 503.9201 Fax (5151 503.0764 

Lrm____ . .  -___- . .. . - 



HNF-5148. Rev. 2 

0s:oter 8, Is95 

Date 
$w-Gz- 

Jay F<n, Ph D. I-- Calibmlon Laboratow ldanager 

1 s ( l )  TatieoIRdaacIhieiYl Iaoes,~~edrjon,  (986, 

 REFERENCES 
i 

,! i 
,i 

I! 
LEAK TEST CERTlFlCATlON ON REVERSE 

I 
'1 
'! North American Stienlilic, Inc. 7135 Greenbush Ave., North Hoiiyood, CA 91605 (818) 503-9201 Fax (8%) 5034764 

- L.-._____ i _L-~ -_--==-=--&-.-- 
i 

MODEL ENV4057 LINE SOURCE 
SERl4L NUMBER E840 

Reference Date October 1 1996 

Radionuclide &Wty 

Am.241 Z . 8  kBq ( 5 . m  pci) 

8b133 2a.8 kEq ( 5 . 5 8  p c o  

C9.137 3 7 0 8 k ~ q  (r.mpci) 
cum 36.83 k8q (995.5 nCi) 

PRINCIPCE EMISSIONS"' 

In3 
Am241 QamW 

Be-133 

Cs-137 

TOhl 
Unwtrinlv U 

317% 

3 32% 

381% 

341% 

54.2 

18.4 
m.2 

8.92 

s . 2 1  

709 

8-12 
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RadlonuslWc 

Am-241 

0e-133 

Cr-137 

c&%E 
RlNClPLE EMISSDNP' 

MODEL ENV4057 LINE SOURCE 
SERLAL NUMBER E841 

Reference Dale--1996 

Am.241 

0a.133 

cs-137 

Cd33 

gamma 

gamma 

gmma 

M%lailYm 
5 7  

342 

16.4 
622 

708 

0sL 

e5 21 

83.9) 
W.E824 

LEAK TEST CERTIFICATION ON REVERSE 

North Americao Scienlilic, Inc. 7435 Greenbush h e . ,  North H ~ l l p ~ d ,  CA 91605 (818)503.9201 Fax (818) 503-0764 

-- I-.--_- . . - .  y__ - - .  - 
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MODEL ENV4057 LINE SOURCE 

Reference Date October 1,  1996 
SERIAL NUMBER ~ 8 4 2  

01-13) 

c5-137 

CO@J 

gamma 

gamma 

w- 

8093s 
276389 
302851 
3 8 s  
383 841 

561 680 

1173237 
1332501 

342 

184 
622 
857 

85 21 

SBLU 
E89824 

7m 

0 LEAK TEST CERTIFICATION ON REVERSE 0 

North American Scienfiiic, inc. 7435 Greenbush k m  North HDIIYW~~ CA 91605 (818) 503.9201 Fax (818) 50307% 

_I =I--_I-- ~.... - - %  

B-14 
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Ei CERTIFICATlE OF CALIBRATION 

j 

I 
Radionuclide 

Am-241 

0.3.133 

cr-137 

C o f o  
! 

1 PRINCIPLE EMISSIONS"' 
~ 

I 
Am-241 

i Ba-13) ! 
i 

i 
i 

C+-137 

MODEL ENV4057 LINE SOURCE 
SERIAL NUMBER E843 

Reference Date October 1.1996 

Total 
&gy&y unccrtaintv Id 

224SkBq(Sf f i7pC~)  3 1% 

241 3kBq (6523yC1) 3 3FB 

35s k q  (Ses SnO) 3 S %  

3581 kBq(9419nCi) 3 54% 

Gamma 

gamma 

October 8.1996 

Dale 

(I) T a M e f R ~ d ~ l S d o o e q  ,a ediim, 1988. 

LEAK TEST CERTIFICATION ON REVERSE 

North American Scienlific, Inc. 7435 Greenbush Ave., North Hollymod. CA 91605 (818) 5029201 Fax (818) 5030764 
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APPENDIX C 

GWAS Detectors 

Specifications 

c- 1 

- ... 



HNF-5148, Rev. 2 

Isotapc 

Energy (XeV) 

FWHM (KeV) 

fi?JTM (KeV) 

Peak / Comptan 

Rel. Efficiency % 

-1 DETECTOR SPECIFICATION AND PERFORMANCE DATA 

?cifications 

DETECMRMODEL GClOlSS S E W  W E E  3963626 

CRYOSTAT MODEL 7935-78 PREAMPLIFIER MODEL 2002CSL 

The purchase specikation and therefore the warranted performance of this detector me BS follows: 
(Electric cooljning may degrade performance by BS much 85 lo%.) 

Active Volume - cc Relative EITiciency 10 % 
Resolution 1.8 keV (FWHM) a t  1.33 MeV 

0.70 keV @%TIM) a t  122 keV 
keV (FWTM) at 1.33 MeV 

keV IFWW at 
Peak / Compton ______ :1 Cryostat well diameter - 'mm Cryostat well depth - m 
Cryostat description if special 

"CO "CO 

122 1332 

0.69 1.74 

1.27 3.25 

38.01 

10.0 

Physical Characteristics 

Geometry Closed-end eoaual 
Diameter 4 5 5  mm Active Volume cc 

~ 

Length 30 
Distance from windo, 

El-ectrical Characteristics 

Depletion voltage (+I1200 V dc 
Recommended bias voltage (+)3000 V dc 
Leakage current a t  recommended bias 0.01 nA 
Preamplifier test point voltage at  recommended voltage (.)0.28 V dc 
Capacitance at recommended bias -9 pF 

Resolution and Efficiency 

With amplifier time constant of 4 microseconds 

c-2 
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Detector sent to Canberra for repair. 

-1 DETECTOR SPECIFICATION AND P E R F O W C E  DATA 

?-scifications 

DETEcrORMODEL GClOlSS SERIALNUMBER 3963627 

CRYOSTAT MODEL 7935.75 PREAMPLIFIER MODEL 2002CSL 

The purchase specification and therefore the warranted performance of this detwtor are as follows: 
(Electric cooling may degrade perlormanee by as much as 108.) 

Active Volume - cc Relative Effciency 10 % 
Resolution 1.8 keV (FWHM) at 1.33 MeV 

0.70 keV (FWHW at 122 keV 
keV (FWTM) a1 1.33 MeV 

keV (FWThf) at 
Peak / Campton - :1 Cryostat well diameter ~ mm Cryostat well depth ___ m 
Cryostat description if special 

Physical Characteristics 

Geometry Closed-end c d  
Diameter 46 mm Active Volnme cc 
Length 28 mm WeU Depth mm 
Distance from window 5 mm WeU Diameter mm 

Electrical Characteristics 

Leakage current at recommended bias 0.02 nA 
PrempliTkr test point voltage a t  recommended voltage (.)0.82 V dc 

Resolution and Efficiency 

With amplifier time constant of 4 microseconds 

itrogen Consumption Rate c 1.6 Lilers per Day. 

Date: March 11. 1896 

Date: March 11. 1996 

SA 06450 TeL 2OS-238-235Wax 203-2361347 
o.r_rprc_l 10/9S JKi 
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Detector assigned to GEA-A, LEGe 6 .  

-1 DETECTOR SPECIFICATION AND P E R F O W C E  DATA 

F-%ifiC=itiOITR 

DETECTOR MODEL GClOlB/S SERIAL NUMBER 12953631 

CRYOSTAT MODEL 7935-78 PREAMPLIFIER MODEL 2002CSL 

The ourchase soecifiwtion and therefore the waxranted oerformanee of this deteetor are ~9 fallows: ' 
(Electric cooling may degrade perfor&ce by as much ffi 10%) 

Active V o h m  ___ cc Relative Effiieney 10 % 
Resolution 1.8 keV (FWHM) a t  1.33 MeV. 

keV (FWTM) at 1.33 MeV 

keV (FWTM) at 
e700 keV (FWHM) at 122 keV 

P e a  I Compton __ :I 
Cryostat description if specid 

Cryostat well divneter -, mm Cryostat well depth - m 

Pbgsifal C h & r i s t i c s  

Geometly Cloied-end coaxial 
Diameter 46 mm Active V a l w e  cc 
Length 29.5 nun WellDepth mm 
Distance from window 5 rnm Well Diameter rn 

Elcctrieal  characteristic^ 

Depletion voltage !+)IO00 V dc 
Recommended bm voltage !+)1$00 V de 

PreampWier test point voltage at recommended voltage (.)1.59 V dc 
Capncitmce at recommended bias -9 pF 

L e w e  w r e n t  at recommended bias 0.02 nA 

RRolotion and Eff~ciencg 

with ampiifier time eonstant Of 4 micrmeconds 

Cool Down T h e  4 hours. Cryostat Liquid Nitrogen Consumption Rate c 1.5 Liters per Day 

Date: December 22. 1995 

Date: December 22. 1895 
I .  

800 Research4mkway. Meriden CT. U S A .  08450 Tel. 203-238.2351iFar 203-235-1347 
D.*-F..C-l i O I S l  J _  

c-4 
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Isotope 

Energy (KeV 
FWHM (Key) 

FWTM (KeV 

Peak / Cornpton 

Rei. Efficiency % 

I] DETECTOR SPECIFICATION AND PERFORMANCE DATA 

"CO 60CO 

122 1332 

0.67 1.76 

1.24 3.35 

37.23 

10.1 

DETECTOR MODEL SERIAL NUMBER 12953636 
CRYOSTAT MODEL '7935-78 PREXMPLIFIER MODEL 2002CSL 

The purchme apedfication and theretare the warranted performance of this deleelor are BT follows: 
(Electric coohg m y  degcade performance by as much 84 10%) 

Active Volume __ CE RelativeEfliclency 10 S 
Resolution 1.8 keV FWZDf) at 1.33 MeV 

keV ( W h O  at 1.33 MeV 
< 700 keV 0°K at 122 keV 

keV (m) at __ 
Clyortat well diameter --mm Peak / Campton __ :I 

Cryostat description if special 
Cryostat aeU depth __ llvn 

Geometry Closed.end c d  
Diameter 46 nun Active Voiume cc 
Length 29 mm Well Depth mm 
Distance from window 5 mm Well Diameter mm 

Electricalcharncteristics 

Depletion voltage (+)1200 V de 
Recommended b a  voltage (+ 13000 V dc 
Leakage current at recommended biar 0.01 nA 
Preamplifier lest point vol lap at recommended voltagape (42.16 V dc 
Capacitance at reeomrnended bim - 8  pF 

Resolotioo and ECTlciencg 

With amplifier time eomtmt of- microiecmds 
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-1 DETECTOR SPECIFICATION AND PERFORMANCE DATA 

m C a t i O Q i 3  

DETECTOR MODEL GC2020 SERIAL NUMBER 12953589 

CRYOSTAT MODEL 7935-7s PREAMPLIFIER MODEL 2101PCSL 

The purchese speeifkotion and therefore the w m m t e d  performance of this detector are 86 follows: 
(Electric cooling may degrade performance by ffi much ffi 108.) 

Active Volume ~ ce Relative Eficiency 20 % 
Resolution 20 keV (FWHM) Et  1.33 MeV 

keV @WM) at 1.33 MeV 
keV (FWHM) at 
keV (FWTbl) at 

Peak / Compton ___ :1 Cryostat well diameter - mm Cryostat well depth ~ nun 
Cryostat description if special 

Diameter 53 mm Active Volume cc 
Length 44 mm Well Depth nun 
Distance from window 5 mm Well Diameter 171111 

Depletion voltage (+)3300 V dc 
Recommended bias voltage (+)3500 V dc 
Leakage current at recommended h i  .. nA 
Reset rate at recommended voltage 0.4 sec 
Capacitance at recommended bies - 19 pF 

&esalation and Eficiency 

With ampiifier t i e  constant of 4 microseconds 

Cool Down T h e  ' ragen Consumption Rate c1.4 Liters per Day. 

Date: Deeember 22.1996 

Date: December 22. 1995 

rkway, Meriden CT. U S A .  06450 Tel. 203-238-235liFax 203-235-1347 
mr_spes-i 10 /21  JXI 

C-6 
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-1 DETECTOR SPECIFICATION AND PERFORMANCE DATA 

F e m t i o n s  

DETECTOR MODEL GC2020 SERIALNUMBER 12958590 

CRYOSTAT MODEL 7835-7s PREAMPLIFIER MODEL 2lOlPCSL 

The purchase specification and therefore the warranted performance of this detector are as follows: 
(Electric eaoiing m y  degrade performance by as much as IO%.) 

Active Volume - cc Relative Efliciency 20 $6 
Resolution 2.0 keV (FWILU) at 1.33 MeV 

keV (FWTM) at 1.33 MeV 
keV CFWHho at 
keVCFWTM) at 

Peak / Compton ____ :1 
Cryostat description if special 

Cryostat well diameter ~ 'mm Cryostat well depth __ mm 

Physical Cbpradensn 

Geometry Closed-end coaxial 
Diameter 53 mm Active Volume cc 
Length 45.6 mm Well Depth mm 
Distance from window 5 mm Well Diameter mm 

Depletion voltage ( + )2400 V dc 
Recommended bw voltage ( + )BOO0 V dc 
Leakage emrent a t  recommended bias -. nA 
Reset rate a t  recommended voltage 0.8 sec 
Capacitance at recommended biss - 19 pF 

Resolution and Efkiency 

With amplifier lime constant of 4 microseconds 

Cwl D o m  Time 4 hours. Cryostat Liquid Nitrogen Consumption Rate c 1.4 Liters per Day. 

Date: December 22. 1995 

Date: December 22. 1995 

ay, Meriden CT. U S A .  06460 Tsl. 203.238-2351iFax 203-236-1347 
D.t;SP.E-' 1 0 / 9 1  3 s  
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Isotope 

Energy (KeV, 

FWKM (Kev) 

FWTM (KeW 

Peak / Compton 

Rel. Etliciency % 

A w m  DETECTOR SPECIFICATION AND PERFORMAh’CE DATA m 

5’CO 6% 

122 1332 

0.69 1.66 

1.29 3.03 

68.21 

24.2 

F..edfications 

DETECTOR MODEL GC2020 SERIAL NUMBER 12953692 

CRYOSTAT MODEL 7835-78 PREAMPLIFIER MODEL 2101PSL 

The purchase specification and therefore the w m t e d  performance of thk detector are BS fallows: 
(Electric cooling may degrade performance by as much as IO%.) 

Active Volume - n: RelativeEficiency 20 0 
Resolution 2.0 keV (FWHMI a t  1.33 MeV. 

keV 0 a t  1.33 MeV 
keV W H M I  a t  
keV FWTM) at 

Peak / Compton - :1 Cryostat well diameter ______ mm Cryostat well depth ___ m 
Cryostat description if special 

Physical characteristies 

Geometry Closed-end COaTd 
Diameter 63.6 nun Active Volume M. 

Distance from window 5 mm Well Diameter mm 
Length 44.5 mm Well Depth m 

Electrical characteristies 

Depletion voltage (+)3800 V dc 
Recommended bias volwge (+ )4000 V de 
Leakage carrent at recommended bias 0.01 nA 
Reset rate at recommended bm voltage 0.5 sec 
Capacitance at recommended bins - 16 pF 

Resolution and Efficiency 

With ampMiei time constant of 4 microseconds 

c-8 
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'=I DETECTOR SPECIFICATION AND PERFORMANCE DATA 

$.reciiiC&iOllS 

DETECTOR MODEL GC2020 SERIAL NUMBER 12953596 

CRYOSTAT MODEL 7935.75 PREAMPLIFIER MODEL 2101P 

The p m h a e  specifcation and therefore the warranted performance OF thia detector are as fallows: 
(Electric cooling may degrade p e r f o m c e  by as much a 10%) 

Active Volume - cc RehtiveElXciency 20 % 
Resolution 2.0 keV (FWHM) at 1.83 MeV 

keV 0 at 1.33 MeV 
k e V m  at 
keV (FWTM) at 

Peak / Camptan 46 :I. Cryostat well dinmeter - mm Cryostat well depth - mm 
Cryostat description if s p e d  

Physical Cbaracterisiica 

Geometry Closed-end coaxial 
Diameter 53 mm Active Volume c.2 
Length 43.5 mrn Well Depth mm 
Distance from window 5 mm Well Diameter mm 

Leakage current at recommended bias -. nA 
Reset rate at recommended voltage 0.6 sec 
Capacitance at remmmended bias - 18 pF 

Readution and Eniciencg 

With amplirier time constant of 4 microseconds 

Date: D-ember 22. 1995 

Date: December 22. 1995 
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-1 DETECTOR SPECIFICATION AND PERWRMANCE DATA 

x i f i c a t i o n s  

DETECWRMODEL GC2020 -NUMBER 3963597 

CRYOSTAT MODEL T9357S PREAMPLIFIER MODEL 2101PCSL 

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

Active Volume ____ cc RehtiveEflicieney 20 % 
Resolution 2.0 keV (FwtM) .at 1.33 MeV 

keV @‘WTM) at 1.33 MeV 
keV (FWHhl) at 
keV(FWTM) at 

Peak / Compton ___ :1 CryoStRt well diameter __ m Cryostat well depth ~ mm 
Cryostat description if s p e d  Big Mac 

P h y s i c a l  C h a r a c t e r i s t i c s  

Geometry Closed-end coaxial 
Diameter 55 mm Active Volume ec 
Length 42 mm Well Depth mm 
Distance from window 5 mm Well Diameter mm 

c t r ical  characteristics 

Depletion voltage (+I3500 V dc 
Reeonmended bias voltage (+)4000 V dc 
Reset rate at recommended bias 1 . 0 s e c  
Preamplifier test point voltage at  recommended voltage .. V dc 
Capacitance at recommended hias - 16 PF 

Resolu t ion  and E f f i c i e n c y  

With ampliricr time constant of 4 microseconds 

itrogen Consumption Raie c 1.4 Liters per Day. 

Date: March 11. 1996 

Date: March 11. 1996 

.SA 06450 Tel 2034.93-235uFar 203-235-1347 

c-IO 
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-1 DETECM)R SPECIFICATION AND PEWOFlMANcE DATA 

x i f  ications 

DETECI'OR MODEL GC2020 SERLGNUhfBER 3963606 

CRYOSTAT MODEL 7935-1s PILEAMPLIFIER MODEL 2101P 

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

Active Volume ____ m Relative EEciency 20 B 
Resolution 2.0 keV (FWHM at 1.33 MeV 

keV F W ' M  at  1.33 MeV 
keV(FWHW at  
keV(FWlW) at 

Peak / Campton __ :1 CryoJtat well diameter ____ mm Cryostat well depth ~ mm 
Cryostat description if special 

Phys ica l  characteristics 

Geometry Closed-end coaxial 
Diameter 56 mm Active Volume cc 
Length 43.5 mm Well Depth mm 
Distance from window 5 mm Well D i e t e r  mm 

E l e c t r i c a l  C h a r a c t e r i s t i c s  

Depletion voltage (+)1300 V dc 
Recommended bias voltage A+ )2500 

Preamplifier test paint voltage at rwommended voltage __ V dc 

V dc 
Leakage current at recommended bias .. nA 

Capacdance at recommended bias -27 PF 
Reset Rate 0.2 sec 

R e s o l u t i o n  and B f f i c i e n c y  

With amplirier time constant of 4 microseconds 

Date: March 11. 1996 

TeL 20523B235VFrrr 203-2351341 
D.L_SP.E-I ,0195 Jn? 
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DFLPECPOR SPECIFICATION AM) PERFORMANCJ3 DATA 

.- scifications 

DETECPOR MODEL GCZOZO SERIALNUMBEE 3863611 

CRYOSTAT MODEL 7835.75 PREAMPLTFW MODEL PlOlPCSL 

The purchase specilimtion and therelore the warranted pesomawe  of this detector are as foilows: 
(Electric cooling may degrade performance by as much 85 10%) 

Active Volume ___ cc RelativeEfiiciency 20 % 
Resolution 2.0 keV ( M M )  at 1.33 MeV 

keV FkVTbl) at  1.33 MeV 
keV (FWHM) at 
keV(FWTM) at 

Peak / Comptan - :1 Cryostat well diameter rnm Cryostat well depth __ mm 
Cryostat description if special 

Physical  C h a r a c t e r i s t i c s  

Geometry Closed-end coaxial 
Diameter 55 mm Active Volume cc 
Length 43.5 rnm Well Depth mm 
Distance from window 5 mm Well D i e t e r  m 

E l e c t r i c a l  C h a r a c t e r i s t i c s  

Depletion voltage (+)2400 V dc 
Recommended bias voltage 1+)3000 V dc 
Reset rate at recommended bias 0.5 sec 
Preamplifier test paint vollage st recommended voltage -- V de 
Capacitance at recommended bins - 19 PF 

R e s o l u t i o n  and E f f i c i e n c y  

With amplifier time constant of microsffonds 

onsumption Rate < 1.4 Liters per Day. 

Date: March 11. 1996 

Date: March 11. 1996 

TeL 208238235YFax 203-235-1347 
D.L_SPCC-I 10195  3.- 

c-12 
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Iso1ope 

Energy (XeY) 

FWHM WeV) 

FWTYI (Xev) 

Peak / Compton 

Rel. EEciency % 

F-Pcifications 

DSTECI’QRMODEL GC 2020 SERw.NUMBF.R 39636 17 

CRYOSTAT MODEL 7835-75 PREXMPLIFIER MODEL 2101PCSL 

The purchase specification and therefore the warranted performance of t h i s  detector are a6 follows: 
(Elwtric cooling may degrade performance by 8s much 8s 109.3 

5’Ca 6% 

122 1332 

0.84 1.73 

1.57 3.17 

56.11 

23.9 

Active Volume ___ ee RelativeEffciency 20 % 
Resolution 2.0 ksV @WHW at 1.33 MeV 

keV (FWPM) at 1.33 MeV 
keV (FwH.M) at  
keV (FWTM) at 

Pekk / Compton __ :1 Cryostat well diameter ___ CMI Cryostat well depth __ mm 
Cryostat description if special 

Physical Characteristics 

Geometry Closed-end c d  
Diameter 53.5 mm Active Volume a: 
Length 43 mm Well Depth mm 
Distance from window 5 mm Well Diameter mm 

Electrical  Characteristics 

Depletion voltage (+ )5000 
Recommended bm voltage (+)5000 V dc 
Reset rate at  recommended bias 0.4 Bec  

Preamplifier test point voltage at recommended voltage .. V dc 
Capacitance at recommended bias - 19 PF 

V de 

Resolution and Efficiency 

With ampiirter time constant of& microswonds 

C-13 
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APPENDIX D 

Energy and FWHM 

Data and Curves 

D- 1 
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Energy Calibration Report 12-20-99 11:59:21 AM Page I 
E N B R G Y  C A L I B R A T I O N  R E P O R T  

Identification Number : CALCOUNT 
Description/Title : Calibration Count Counter : GEA - A 
Arrangement : 55-gal. drums Calibration for : SEGEl 

Live Time 595.4 seconds Real Time 600.0 seconds 
Acquisition Started : 12-20-99 11:31:21 AM 

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

EnergyikeV) = -0.983 + 0.500*ch t -1.68E-07*chA2 t 0.00Et00*chA3 

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

FWHM 0.534 + 0.030*EAI/2 
LOW TAIL O.OEtO0 t O.OEtOO*E 

ENERGY CALIBRATION RESULTS TABLE 

Centroid 
Channel 
121.12 
164.04 
555.15 
608.05 
714.44 
770.21 
1326.44 
2351.34 
2670.46 

Centroid 
error 
0.03 
0.01 
0.03 
0.02 
0.01 
0.03 
0.03 
0.06 
0.06 

SHAPE CALIBRATION RESULTS TABLE 

Energy 
(kev ) 
59.54 
81.00 
276.40 
302.84 
356.01 
383.85 
661.66 
1173.24 
1332.50 

FWHM 
channels 

1.63 
1.63 
2.11 
2.05 
2.15 
2.21 
2.67 
3.33 
3.43 

FWHM 
error 
0.06 
0.03 
0.07 
0.04 
0.02 
0.07 
0.01 
0.11 
0.11 

Energy 
(kev 1 
59.54 
81.00 

276.40 
302.84 
356.01 
383.85 
661.66 
1113.24 
1332.50 

TAIL 
channels 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

TAIL 
error 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

D-2 
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Energy Calibration Report 12-20-99 11:57:24 AM 
E N E R G Y  C A L I B R A T I O N  R E P O R T  

identification Number : CALCOUNT 
Description/Title : Calibration Count Counter : GEA 
Arrangement : 55-gal. drums Calibration for 
Acquisition Started : 12-20793 11:31:21 AM 
Live Time 592.5 seconds Real Time 600.0 seconds 

ENERGY CALIBRATION COEFFICIENTS 

Page I 

A 
: SEGE2 

Energy Calibrate Performed on: 12-20-39 11:57:18 AM by: System Manager 
Energy Calibrate Type: POLY 

Energy(keV) = -0.757 t 0.500*ch + -1.72E-07*chA2 t 0.00E+00*ch*3 

SHAPE CALIBRATION COEFFICIENTS 
Shape Calibrate Performed on: 12-20-33 11:57:18 AM 
by: System Manager 

FWHM = 0.387 + O . O ~ ~ * E " I / ~  
LOW TAIL = O.O*EtOO + O.OEtOO*ENERGY 

CALIBRATION RESULTS TABLE 
Centroid Centroid 
Channel error 
120.52 0.02 
163.46 0.01 
554.12 0.02 
607.06 0.01 
713.37 0.01 
763.07 0.02 
1324.83 0.02 
2348.89 0.04 
2667.67 0.05 

SHAPE CALIBRATION RESULTS TABLE 

Energy 
(kev I 
59.54 
81.00 
276.40 
302.84 
356.01 
383.85 
661.66 
1173.24 
1332.50 

FWHM 
channels 
1.64 
1.50 
2.09 
2.11 
2.22 
2.28 
2.79 
3.80 
4.16 

FWHM 

0.04 
0.02 
0.04 
0.02 
0.01 
0.04 
0.04 

0.09 

error 

0.08 

Energy 
(keV ) 
59.54 
81.00 

276.40 
302.84 
356.01 
383.85 
661.66 

1173.24 
1332.50 

TAIL 
channels 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

TAIL 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

error 
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Energy Calibration Report 12-20-99 11:55:41 AM Page I 
E N E R G Y  C A L I B R A T I O N  R E P O R T  

Identification Number : CALCOUNT 
Description/Title : Calibration Count Counter : GEA - A 
Arrangement : 55-gal. drums Calibration for : 8EGE3 
Acquisition Started : 12-20-99 11:31:21 AM 
Live Time 592.6 seconds Real Time 600.0 seconds 

ENERGY CALIBRATION COEFFICIENTS 
Energy Calibrate Performed on: 12-20-99 11:55:36 AM by: System Manager 
Energy Calibrate Type: POLY 

Energy(keV) = -0.633 t 0.500*ch t -1.64E-07*chA2 + 0.00Et00*chA3 

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

FWHM = 0.543 t 0.032 *E"1 /2  
LOW TAIL = O.OEt00 t O.OE+OO*E 

ENERGY CALIBRATION RESULTS TABLE 
Centroid Centroid 
Channel error 
120.45 0.02 
163.40 0.01 
554.23 0.02 
607.17 0.01 
713.55 0.01 
769.22 0.02 
1325.28 0.02 
2349.63 0.04 
2668.63 0.04 

SHAPE CALIBRATION RESULTS TABLE 

Energy 
(kev ) C 

59.54 
81.00 
276.40 
302.84 
356.01 
383.85 
661.66 
1173.24 
1332.50 

FWHM FWHM 
Zhannels error 
1.72 0.04 
1.68 0.02 
2.12 0.04 
2.18 0.02 
2 '25 0.01 
2.20 0.04 
2.76 0.04 
3.48 0.07 
3.73 0.08 

Energy 
(keV) 
59.54 
81.00 
276.40 
302.84 
356.01 
383.85 
661.66 
1173.24 
1332.50 

TAIL 
channels 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

TAIL 
error 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

D-4 
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Energy Calibration Report 12-20-99 11:53:53 AM Page I 
E N E R G Y  C A L I B R A T I O N  R E P O R T  

identification Number CALCOUNT 
Description/Titie Calibration Count Counter GEA - A 

Arrangement 55-gal. drums Calibration for SEGE4 

Acquisition Started 12-20-99 11:31:21 AM Live Time 
595.0 seconds Real Time 600.0 seconds 

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

Energy(keV) = -1.687 t 0.501*ch + -1.51E-07*chA2 t 0.00EtOO*ch”3 

SHAPE CALIBRATION COEFFICIENTS 
Shape Calibrate Performed on: 12-20-99 11:53:48 AM 
by: System Manager 9*EA 

FWHM = 0.529 + 0.02*EA1/2 
LOW TAIL = O.OEtO0 t O.OE+OO*E 

ENERGY CALIBRATION RESULTS TABLE 

Centroid 
Channel 
122.31 
165.21 
555.68 
608.49 
714.77 
770.34 
1325.81 
2348.89 
2667.71 

Centroid 
error 
0.02 
0.01 
0.03 
0.02 
0.01 
0.03 
0.03 
0.05 
0.05 

Energy 
(keV 
59.54 
81.00 

276.40 

356.01 

661.66 
1173.24 
1332.50 

302.84 

383.85 

SHAPE CALIBRATION RESULTS TABLE 

Energy 
(kev ) 
59.54 
81.00. 
276.40 
302.84 
356.01 
383.85 
661.66 
1173.24 
1332.50 

FWHM 

1.61 
1.59 
2.00 
2.05 
2.13 
2.16 
2.52 
3.21 
3.33 

channels 
FWHM 
error 
0.05 
0.02 
0.06 
0.03 
0.02 
0.06 

0.09 
0.09 

0.05 

TAIL 
channels 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

TAIL 
errox 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
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Energy Calibration Report 12-20-99 12:01:44 PM Page I 
E N E R G Y  C A L I B R A T I O N  R E P O R T  

Identification Number : CALCOUNT 
Description/Title : Calibration Count Counter : GEA - A 
Arrangement : 55-gal. drums Calibration for : SEGEs 
Acquisition Started : 12-20-99 11:31:21 AM 
Live Time 595.0 seconds Real Time 600.0 seconds 

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

Energy(keV) = -1.691 + 0.501*ch + -1.54E-07*chh2 t O.00E+00*chA3 

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

FWHM = 0.605 + 0.033*EAI/2 
LOW TAIL = O.OE+OO + O.OE+OO*E 

ENERGY CALIBRATION RESULTS TABLE 

Centroid 
Channel 
122.31 
165.22 
555.64 
608.51 
714.76 
770.38 
1325.82 
2348.98 
2667.61 

Centroid 
error 
0.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.01 
0.02 
0.02 

SHAPE CALI13RATION RESULTS TABLE 

Energy 
(keV ) 
59.54 
81.00 
276.40 
302.84 
356.01 

661.66 
1173.24 
1332.50 

383 85 

FWHM 
channels 
1.86 
1.80 
2.35 
2.36 
2.41 
2.40 
2.85 
3.63 
3.81 

FWHM 
error 
0.03 
0.01 
0.03 
0.02 
0.01 
0.03 
0.02 
0.04 
0.04 

Energy 
(keV ) 

59.54 
81.00 

276.40 
302.84 
356.01 
383.85 
661.66 

1173.24 
1332.50 

TAIL 
channels 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

TAIL 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

error 

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

E N E R G Y C A L I B R A T I O N R B P O R T  

Identification Number : CA-LCOUNT 
Description/Title : Calibration Count Counter : GEA - A 
Arrangement : 55-gal. drums. 
Calibration for : LEGE5 
Acquisition Started : .l-31-00 10:33:40 AM 
Live Time 299.8 seconds Real Time 306.4 seconds 

ENERGY CALIBRATION COEFFICIENTS 
Energy Calibrate Performed on: 1-31-00 10:46:44 AM 
by: System Manager 
Energy Calibrate Type: POLY 

Energy(keV1 = 0.145 t 0.077*ch + 0.00E+00*chA2 + 0.00Et00*chA3 

SHAPE CALIBRATION COEFFICIENTS 

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

FWHM = 0.306 + 0,032 *E"1/2 
LOW TAIL = O.OE+OO + O.OEtOO*E 

ENERGY CALIBRATION RESULTS TABLE 

Centroid Centroid 
Channel error 
774.51 0.46 
1054.24 0.11 
3601.60 0.12 
3946.74 0.07 

Energy 
(keV ) 
59.54 
81.00 

276.40 
302.84 

SHAPE CALIBRATION RESULTS TABLE 

Energy FWHM FWHM 

59.54 5.61 1.05 
81.00 7.80 0.23 
276.40 11.38 0.25 
302.84 11.13 0.14 

(keV ) channels error 
TAIL TAIL 
channels error 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 



HNF-5148, Rev. 2 

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

E N E R G Y C A L I B R A T I O N R E P O R T  

Identification Number : CALCOUNT 
Description/Title :Calibration Count Counter :GEA - A 
Arrangement :55-gal. drums Calibration for :LEGE6 
Adquisition Started 1-31-00 10:33:40 AM 
Live Time 300.6 seconds Real Time 306.8 seconds 

ENERGY CALIBRATION COEFFICIENTS 

Energy Calibrate Performed on: 1-31-00 10:53:13 AM 

Energy Calibrate Type: POLY 
by: System Manager 

Energy(keV) = 0.118 + 0.076*ch t 0.00Et00*chA2 t 0.00Et00*chA3 

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

FWHM = 0.241 + 0.040*EA1/2 
LOW TAIL = O.OE+OO t O.OE+OO*E 

ENERGY CALIBRATION RESULTS TABLE 

Centroid Centroid 
Channel error 
718.08 0.67 
1058.65 0.11 
3616.11 0.13 
3962.30 0.08 

Energy 
(keV 1 
59.54 
81.00 

276.40 
302.84 

SHAPE CALIBRATION RESULTS TABLE 

Energy FWHM FWHM 
(kev ) channels error 
59.54 4.90 1.38 
81.00 8.00 0.24 
216.40 11.72 0.25 
302.84 12.40 0.15 

TAIL TAIL 
channels error 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

Page I 
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HNF-5148, Rev. 2 

Foam Drum, density = 0.01346 gmskc, No Shield (collimator). Spectrum Seq A' 3988 

10 100 
Enerey (keV) 

Seg 2, SEGe 4, Drum position 2 

,=e- 

& I I I I I I I  
0 1c  00 

Energy (keV) 

Datasource. C.\WAS\TEMP\EFFMZ.TEM 
In(Eff) - -1 348e+02 +7.694e+Ol*ln(E) -1.713e+0111n(E)"2 +1.664B*OD*ln(E)^3 

-6 .01  68-02.1n(E)"4 

Seg 3, SEGe 4, Drum position 3. 

E-2 



HNF-5 148. Rev. 2 

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

Dual Efficiency Calibration Curve 
_ -  -Lo~Energy Measured ~ Hioh Energy 

0.001 

0.0001 
10 100 

Eneray (keV) 
1000 

Datasource: C:\WAS\TEMP\EFFE42.TEM 
In(Ett) - -1 .8418+02 +1.138e+02-1n(E) -2.71ZerOl'ln(E)^2 +2 841e+OO*ln(E)"3 

-l.i13e-O1*ln(E)^4 

Seg 4, SEGe 3, Drum position 1. 

10000 

Dual Efficiency Calibration Curve 
_ _ ~  LOW Eneroy I Measured H1-h EnerOy 

0.001 

100 1000 10000 
Energy (keV) 

0 0001 
10 

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

Seg 6, SEGe 3, Drum position 3 

E-4 
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Foam Drum, density = 0.01346 gmdcc, No Shield (collimator). Spectrum Seq # 3988 

Dual Efflclency Callbration Curve 

- - _  Low Energy Measured ~ Hlah Energy 
0.001 

0.0001 
10 100 1000 10000 

Energy (keV) 

DBtPaOurco: C:\WAS\TEMP\EFF842.TEM 
In(EW - -1,787e+02 +1.088a+OZ'In(E) -2 545e+01*1n(E)"2 +Z.S21e+OOln(E)V3 

-1 .oosr-ol'ln(6)^4 

Seg 8, SEGe 2, Drum position 2 

Dual Efficiency Calibration Curve 
_ _ _  LowEnrmy I MIQlvred - Hlah Energy 

0.001 

0.0001 
10 1000 1 ow0 

Energy (kev) 

Seg 9, SEGe 2, Drum position 3 
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Foam Drum, density = 0.01346 gmsicc, No Shield (collimator). Spectrum Seq # 3988 

i 

o.wo1 10 i 

Dual Efficiency Calibration C 
- ~ o w ~ n s r g y  M B ~ P W ~ ~  - 

100 loo0 
Energy (keV) 

Seg 10, SEGe I ,  Drum position 1 

Dual Efficiency Calibration Curve 
- _ -  LowEnergy m Mensurrd ~ Hlgh Eneray 

0.001 

0.0001 

le-05 
10 100 1000 10000 

Energy (kev) 

Daraoource. C'\WAS\TEMP\EFF642.TEM 
In(Eff) - -1.854%+02 rl 1348+02*ln(E) -2.678s+011n(E)"2 +2.783e+OO*ln(E)"3 

-1.07ee-Ol'ln(E)*4 

Seg 1 I ,  SEGe 1, Drum position 2. 

E-6 
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Foam Drum, density = 0.01346 gms/cc, No Shield (collimator). Spectrum Seq # 3988 

10 

Dual Efficiency Calibration Curve 
_ - -  LowEnergy I Measu 

0.001 u 100 

I -  HlQh Energy 

1 wo 10000 
Energy (keV) 

DB~(LSOUIZW: C\WAS\TEMnEFFfMZ.TEM 
In(Et1) - -1 .374e+02 +8.105e+or'ln(E) -1 .824e+01'ln(EJA2 +I .783e+001n(E)W3 

-6.551 e-O2'ln(E)"4 

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

Dual Efficiency Calibration Curve 
_ _ _  Low Energy MePBured ~ HlOh EnelOY 1 

0.0001 

Y 

I 

Seg 3, SEGe 4, Drum positon 3 

E-8 
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Foam Drum, density = 0.01346 gmsicc, Shield (collimator). Spectrum Seq # 3989 

Energy (keV) 

Datasoume: C.\WAS\TEMP\EFF6U,TEM 
ln(6fi) - -5.473.r+01 +2.082e+01 *In(E) -3.17se+OO-ln(E)^2 +1.58Sr)-O1-ln(E)"3 

Seg 4, SEGe 3, Drum position 1. 

Dual Efficlencv Calibration Curve 

Low Enmrgy . Meemured ~ HlOh Enemy - _ _  
0.001 

0.0001 

1 e-05 4 I I I I I I l U  

10 100 1000 i 0000 
Energy (keV) 

Dafleource: C\WAS\TEMP\EFF64Z TEM 
In(Ei0 - -8.b27e+01 +3.665e+01 *ln(E) -5.55Be+00-1n(E)A2 +2 7861.-01 *ln(E)*= 

Seg 5 ,  SEGe 3, Drum position 2 
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Foam Drum, density = 0.01346 gms/cc, Shield (collimator). Specfmm Seq # 3989 

Energy (keV) 

Seg 6, SEGe 3, Drum position 3. 

Energy (keV) 

Dafaaource. C:\WAS\TEMP\EFF642.TEM 
In(Etf) - -5.764e+01 +2 261e+011n(E) -3 480e+OO-ln(E)'Z rl.779e-01 *lWEP3 

Seg 7, SEGe 2, Drum position 1 

E-IO 
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Foam Drum, density = 0,01346 gmsicc, Shield (collimator). Spectrum Seq # 3989 

10 i 00 io00 io000 
Energy (keV) 

Detaaouroe: C:\WAS\TEMP\EFFB42.TEM , 
I n ( E W )  - -i .8930+01 +3 SBSe+OO*ln(E) -3.9038-01-1n(E)%? +l 070e-02-ln(E)A3 

Seg 9, SEGe 2, Drum position 3 

E-1 1 
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Foam Drum, density = 0.01346 gmsicc, Shield (collimator). Spectrum Seq # 3989 

10 

mal Efficiency Calibration Curve 
I ~ n e r g y  I Me-"red - Hlah Energy I 

i I I I I I I I !  I I l l  
100 1000 

Energy (keV) 

DmtBQoYrce:  C ; W Y A S \ T E M P \ E F F 6 4 2 . T E M  
in(Eff) - -4 .623e+O1 + 1 . 6 8 3 e + 0 1  'In(E) -2 573erOO- ln(E) '2  1 1 . 2 8 4 e - 0 1  -ln(E)"3 

Seg IO,  SEGe I ,  Drum position 1. 

L 
0.0001 

le-05 
10 100 

Energy (keV) 

DBtasourC-e. C.\WAS\TEMPIEFF642.TEM 
In(Eff) * -I 7389101 +3.494e+01-1n(E) -S.O82e+OO*ln(E)'T r l .04Be+OO-ln(E)"3  

-4 452e-OPln(E)"4 

Seg 11, SEGe I ,  Drum position 2 

Efficiency C 
gy . Mea 

10000 

bration Curve 
ed ~ Hlph EnOrDY 

1 I I \ I  I I I I I  

1000 10000 

E-I2 
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Foam Drum, density = 0.01346 gmsicc, Shield (collimator). Spectrum Seq # 3989 
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Homosote Drum, density = 0.43029 gmsicc, No Shield (collimator). Spectrum Seq # 3994 

Dual Efficiency Calibration Curve 
_ _ -  LowEnerpy . Meuur-d ~ HlQh Enerpy 

oaoi 

0.oooi 

le-05 
i o  100 1000 

Energy (keV) 

Dmt-ou-: C.\WAS\TEMP\EFF478.TEM 
In(Efl) - -7.5ZBer01 +3 27Sa+01-1n(E) -5,305e+CQ-ln(E)"Z +2.80Ze-01 -ln(E)"3 

Seg 2, SEGe 4, Drum position 2 

10000 

Dual Efficiency Calibration Curve 
_ - -  LowEnerpy I Measured - Hlgh Enerpy 

0.001 

0.0001 

le-05 
i o  iw 1000 10000 

Energy (keV) 

Da-ource: C.\WAS\TEMP\EFF478.TEM 
In(Et1) - -7 230e+01 +3.153e+Ol-ln(E) -5 oese+oo-ln(S)*z +2 877e-O1*ln(E)% 

Seg 3, SEGe 4, Drum position 3. 

E-14 
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/ 

Homosote Drum, density = 0.43029 gmsicc, No Shield (collimator). Spectrum Seq # 3994 

Seg 4, SEGe 3, Drum position 1 

Dual Efficiency Calibration Curve 
_ _ _  L- ~nergy  I Measured - Hlah Enemy I 

0.001 

0.0001 

,n."c. J I I I I  I I 1 1 1 1  I I l L  

Seg 5, SEGe 3, Drum position 2. 
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Homosote Drum, density = 0.43029 gmsicc, No Shield (collimator). Spectrum Seq # 3994 

Seg 6,  SEGe 3, Drum position 3 

.- 
Energy (keV) 

Seg 7, SEGe 2, Drum position 1 

E-I6 
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Homosote Drum, density = 0.43029 grnsicc, No Shield (collimator). Spectrum Seq # 3994 

10 100 1000 
Energy (keV) 

Seg 9, SEGe 2,Drum position 3 

E-17 

. __I 

10000 
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Homosote Drum, density = 0.43029 gmdcc, No Shield (collimator), Spectrum Seq # 3994 

10 100 1000 1 woo 
Energy ( k e v )  

Datasource: C:\WAS\TEMP\EFF478.TEM 
In(EWI - -1.253eSOZ +7 OZZ*+Oi.ln(E) -1 568rr+Oi-ln(E)'2 tl .s?es+oo-ln(E)La 

-5.546e-O27n(E)^4 

Seg 10, SEGe 1, Drum position I 

E-18 
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Homosote Drum, density = 0.43029 gmskc, No Shield (collimator). Spectrum Seq # 3994 

Dual Efficiency Calibration Curve 
_ _ _  LowEnergy I Measured ~ Hlgh Energy 

0.01 

0.001 

0.0001 
10 100 1000 10000 

Energy (keV) 

Datasource: C:\WAS\TEMnEFF478.TEM 
In(Eff) - -3.182e+01 +9.045e+oO'ln(E) -1 .161e+00'ln(E)A2 +3.601e-O2'ln(E)"3 

Sum Segments 
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Homosote Drum, density = 0.43029 gmsicc, Shield (collimator). Spectrum Seq # 3995 

10000 .- 
Energy (keV) 

Datasoume: C:\WAS\TEMP\EFF47B.TEM 
)"(EM) 3 -5.468es01 +t .Bl3e+Ol*ln(E) -2.751e+OO~In(E)"Z +1.314e-O1*ln(E)"3 

Seg 2, SEGe 4, Drum position 2, 

0.0001 

18-05 
10 100 1000 

Energy (keV) 

E-20 



HNF-5148, Rev. 2 

piomosote Drum, density = 0.43029 gmsicc, Shield (collimator). Spectrum Seq # 3995 

Seg 4, SEGe 3, Drum position 1 

i o  1 on I no0 
Energy (keV) 

Seg 5 ,  SEGe 3, Drum position 2 
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995 

Dual Efficiency Calibration Curve 
_ _ _  LOW Enarsy rn Measured - Hlsh EnerOY 

0.0001 

le-05. 
i o  100 1000 10000 

Energy (keV) 

Seg 6, SEGe 3, Drum position 3 

Dual Efficiencv Calibration Curve 
_ _ _  LowEnergy I Meeeured ~ Hloh Eneroy 

0.0001 

16-05 
10 100 1000 10000 

Energy (keV) 

DeteeoYrCs: C-\WAS\TEMP\EFF47B.TEM 
In(Ett) - -1 .S5%+01 +2.B3Se+OO-ln(E) -2.223e-Oi*ln(E)^2 

Seg 7, SEGe 2 ,  Drum position 1 
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/ \ 

/ 
/ \ 

Homosote Drum, density = 0.43029 gmslcc, Shield (collimator). Spectrum Seq # 3995 

le-05 / \ 

I 

0.0001 

le-05 
10 100 1000 

Energy (keV) 

Datasource: 0:\WAS\TEMP\EFF47B,TEM 
)"(En) - -1 .802e+01 +1.747e+OO-In(E) -1 .250e-01*1n(E)L2 

Seg 9, SEGe 2, Drum position 3. 

10000 
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995 

Seg IO, SEGe 1, Drum position 1 ,  

Dual Efficiency Calibration Curve 
LOWEnerey I Measured ~ Hloh Enemy I _ _ _  

0.0001 

le-05 
1 0  100 

Energy (keV) 

Da~aaouxce: C:\W~S\TEMP\EFf478.TEM 
In(Eff) - -1.740e+O+ +I  .C35ie+OO-ln(E) -1.279e01*ln(E)^Z 

Seg 11, SEGe 1, Drum position 2. 

10 

I O M  io000 
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Homosote Drum, density = 0.43029 gms/cc, Shield (collimator). Spectrum Seq # 3995 

0.00' 

0.000 
10 

I: al Efficiency Calibration Curve 
nergy m Measured - High EnerQy 

100 
1000 ~ 

Energy (keV) 

Datasource: C:\WAS\TEMnEFF478,TEM 
InlEW) - -1 ,25Sa+Oi +i.3Qla+OO'ln(E) -i.OO2e-Ol'ln(E)"2 

Sum Segments. 
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Particle Board Drum, density = 0.65625 gmsicc, No Shield (collimator). Spectrum Seq # 3992 

Dual Efficiency Calibration Curve 
_ _ _  LowEnrrpy . MoPeurmd - Hlph Enrrrpy 

0.001 

0 0001 

le-05 
10 1W 1000 10000 

Energy (keV) 

Seg 2, SEGe 4, Drum position 2 

Dual Efficiency Calibration Curve 
_ _ _  LowEnomy . MOUYrmd - Hlah Enrroy 

0.001 

0.0001 

le-05 
10 100 1000 10000 

Energy (keV) 

Seg 3,  SEGe 4, Drum position 3 .  
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Particle Board Drum, density = 0.65625 gmsicc, No Shield (collimator). Spectnrm Seq # 3992 

Dual Efficiency Calibration Curve 
_ _ _  LOwEnemy . Memured ~ Hloh Enawy 

0.001 

o.wo1 

le-05l I I I f I I I I !  I I I l l  

Energy (keW 
10 100 1000 10000 

D~t-ource. C\WAS\TEMP\EFF039.TEM 
In(Eff) - -1.377e+02 +7.7801+01*ln(E) -1 .720e+01-ln(E)A2 +i .87Oe+OO*ln(E)̂ 3 

-8.O328-OTln(E)^4 

Seg 4, SEGe 3, Drum position 1 

Dud Efficiency Calibration Curve 

0 
Energy (keV) 

Seg 5 ,  SEGe 3, Drum position 2 
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3992 

D U ~ I  Efficiency Callbration Curve 
1 - - - LOW Ensrgy I Mel( lund - HIQh EnerOY I 

o.om1 

o.wo1 

1-05 
10 100 1000 10000 

Energy (keV) 

Seg 6,  SEGe 3, Drum position 3. 

Dual Efflciency Calibration Curve 
_ _ _  LowEnergy . MeUured ~ High Energy 

0.001 

0.0001 

1-3-05 
10 100 1000 10000 

Energy (keV) 

Detaaource' C.\WAS\TEMP\EFF03S.TEM 
In(E") - -7 0159+01 +2 SB3e+Ol*ln(E) -4.745er007n(E)"Z +2 4688-01-ln(E)*3 

Seg 7, SEGe 2, Drum position I 
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3992 

10 ion i 10000 
Energy (keV) 

Seg 8, SEGe 2, Drum position 2. 

0.oOoi 

le-05 
10 100 I O O W  

Energy (keV) 

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

Seg 11, SEGe 1, Drum position2. 
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Particle Board Drum, density = 0.65625 gmdcc, No Shield (collimator). Spectrum Seq # 3992 

10000 

E-3 I 
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Particle Board Drum, density = 0.65625 gmsicc, No Shield (collimator). Spectrum Seq # 3993 

0.M)Ol  

le-05 
I O 0  1000 

Energy (keV) 
10000 

DPtEIsOu-. C \WAS\TEMP\EFFOQO.TEM 
In(EW) - -1 43SetO1 +l 248o+OO?n(E) -9.517r-02-ln(E)"2 

Seg 3, SEGe 1, Drum position 3 
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993 

Energy (keV) 

Seg 6, SEGe 3, Drum position 3. 

Dual Enlclency Callbration Curve 
- - _  LOWEneWy . MlUUqa ~ Hlah En-rgy 

0 . m i  

18.05 
10 100 1000 

Energy (kev) 

Dat-ouffie. C\WAS\TEMP\EFFOSS.TEM 
,"(E") - 4 370e+01 +5.3B3e*Oi~ln(E) -1 IOZe+Ol-ln(E)^Z *1.413e+OO-In(E)~3 

-5.7620-02-ln(E)L4 

Seg 7, SEGe 2, Drum position 1 

<oooo 

10000 
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993 

o.wo1 

1-05 
10 100 1 000 i w o o  

Energy (keV) 

Datasou- C R  PIEFF03S.TEM 
m(W - -1 OPb .(IBaWOO*In(E) -1 .M&Olln(E)A2 

Seg 8, SEGe 2, Drum position 2. 

1000 
Energy (keV) 

D-~~SOUTCO: C:\M)AS\TEMP\EFFO~~.TEM 
In(EH) - -1 .SSSe+Ol +2 661 e+OO.ln(E) -2 108e-Ol*In(E)'2 

Seg 9, SEGe 2, Drum position 3 
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993 

Dual Efficiency Callbration Curve 
Ulbh Enetpy _ _ _  LOWEnemy . M-asYrBd ~ 

o.wo1 

i e-05, - 
10 100 1000 

Energy (keV) 

D~t-ourne C \WAS\TEMP\EFFOBB TEM 
In(Etl) - -2 343e-03 +1.450e+03'ln(E) -3 374e+021n(E)^2 r3 481e+OI-ln(E)'3 

-1 .344e+00-ln(E)A4 

Seg 10, SEGe 1, Drum position 1 

10000 

Dual Efficiency Callbration Curve 

i o  100 1 m0 i woo 
Energy (ksV) 

Seg 11, SEGe 1, Drum position 2. 
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Particle Board Drum, density = 0.65625 gms/cc, No Shield (collimator). Spectrum Seq # 3993 
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Sand Drum, density = 1.5601 gmsicc, No Shield (collimator). Spectrum Seq # 3991 

le-061 , , , I , / 1 1 l /  I I I I I 1 l I ~  

10 io0 1 ow 10000 
Energy (keV) 

Dataaource. C.\WA~\TEMP\EFFOJB.TEM 
In(En) - -7.ZZBerOf r2 B37erOi*ln~E) -4.512e+M)9n(E)^Z +2.287e-01 -ln(E)% 

Seg 2, SEGe 4, Drum position 2. 

Dual Efficiency Calibration Curve - LoWEne-y . Measured ~ High Enrmy _ _ _  
o.ow1 

i e-05 
10 iw lo00 lWW 

Energy (kev) 

Seg 3, SEGe 4, Drum position 3 
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Sand Drum, density = 1.5601 gmsicc, No Shield (collimator). Spectrum Seq # 3991 

Seg 4, SEGe 3,'Drum position I .  

Seg 5 ,  SEGe 3,'Drum position 2. 
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Sand Drum, density = 1.5601 gmsicc, No Shield (collimator). Spectrum Seq # 3991 

Seg 6, SEGe 3, Drum position 3 

Dual Efficiency Calibration Curve 
1-  - ~ LOW Eneroy rn Me~.ur(M - HCh Enemy I 

t o  iw 1 ow 10000 
Energy (keV) 

batmearrse. C.\WAS\TEMP\EFF03S.TEM 
In(EW) - -8 B S 2 r t O i  r2.813#-01-1n(E) -4.383e40*1n(E)*2 +2 234e-Oi'ln(E)"3 

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

- Dual Efficiency Calibration Curve 

- - _  Low Enrrgy I M-uurbd ~ High Energy I 
0.001 

o.wo1 

ie-05 
i o  i 00 10000 

Enerpy (kev) 

Seg 8, SEGe 2, Drum position 2 

" 

Dual Efficiency Calibration Curve 

0.001 

0.0001 

le-05 
10 100 1000 10000 

Energy (keV) 

Seg 9, SEGe 2, Drum position 3. 
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Sand Drum, density = 1 5601 gmsicc, No Shield (collimator) Spectrum Seq # 3991 

Dual Efflclen~y Callbratlon Curve 
_ _ -  LOwEnsrgy . M m I m u r a d  ___ HlQh Eneruy 

(r.moi 

le-05 

le-08 
10 i o 0  1000 

Energy (KeV) 

DBC-OY~CB: C\WAS\TEMP\EFF03S.TEM 
$n(Eq - -7.297a+01 +3 01BorOl-ln(E) -4.7060+00*ln(E)"2 +2 3s6.1-01-ln~E)AS 

Seg 10, SEGe 1, Drum position I 

1 woo 

- 
Dual Efficiency Callbration Curve 

Low Energy . MOIsUred - Hlah Eneruy I 
0.oooi 

1 e-OB 4 
i o  i o0  io00 io000 

Energy (keV) 

Oeteaource: C:\WAS\TEMP\EFF03S.TEM 
h(Em - -S.ZDBe-Ol -4.01 1eQl'ln(E) -S.436asOO-ln(E)A2 +3 385.1-01 'In(E)%3 

Seg 1 I ,  SEGe I ,  Drum position 2 
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Sand Drum, density = 1.5601 gmsicc, No Shield (collimator). Spectrum Seq # 3991 

~ 

Dual Efficiency Catibration Curve 
_ - -  L o w E n w y  1 M e u u r e d  -HlghEnercly 

0.Wl 

O.WO1 

16-05 
00 

Energy (keW 

Datas~~me: C:\WAS\TEMP\EFF039,fEM 
ln(Ew) - -4.273e+Oi +I .467e+OI’ln(E) -1 .ee&e+oo’ln(E)~2 +7.48ie-O2’ln(E)”3 

Sum Segments 
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Sand Drum, density = 1.5601 gmsicc Shield (collimator). Spectrum Seq # 3990 

Energy (keV) 

Seg 2, SEGe 4, Drum position 2. 

i o 0  1000 10000 
Energy (keV) 

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

Dual Efficlency Calibration Curve 
_ _ _  LowEneroy I Measurd - Hloh Enaroy 

0.0001 

le-05 
10 1000 

Seg 6, SEGe 3, Drum position 3 

Dual Efficlency Calibktion CUI 
_ ~ _  LowEnemy . Measured - 6 

0.0001 

la-05 I . .. 
10 100 1000 

Energy (keV) 

Seg 7 ,  SEGe 2, Drum position 1 

E-46 



HNF-5148, Rev. 2 

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

Energy (keV) 

Dataaoume: C.\WAS\TEMP\EFFOSS.TEM 
In(Em - -1 357a+Oi +6.481e-oi ',"(E) -2.063a-o2~1n(E)*2 

Seg 8, SEGe 2, Drum position 2 

D L  

[---Lowi 
0.0001 

le-05 

Efflolency Cellbration Curve 
ray  . M I U Y ~ ~ ~  -HlahEnaa~ I 

100 1000 10 
Energy (keV) 
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Sand Drum, density = 1.5601 gmsicc Shield (collimator). Spectrum Seq # 3990 

Seg 1 1 ,  SEGe 1, Drum position 2. 
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Sand Drum, density = 1.5601 gmsicc Shield (collimator). Spectrum Seq # 3990 
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Summed Spectra, low density, 0.0135, no shield. 

Dual Efficiency Calibration Curve 
_ _ _  LOwEnergy . Meaeured - Hlgh Enerpy 
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0.0001 I I I I I I l l  
10 1 0 0  

Energy (keV) 

Defasource: C:\WAS\TEMP\EFF478,TEM 
In(Eff) - -1.387e+02 +8.105e+Ol-In(E) -1 .BZ4e+Ol*ln(E)^Z 

-6.551 e-O2*In(E)*4 

I wo 

+1 .783er00'ln(E)A3 

10000 

Summed Spectra, 2"d density, 0.430, no shield. 

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

Dual Efficiency Calibration C U N e  

- _ _  LowEnergy Measured ~ Hlgh Energy 

0.001 

0.0001 

16-05 
10 100 1000 10000 

Energy (keV) 

Summed Spectra, heavy density, 1.56, no shield. 

Dual Efficlency Callbretlon Curve 
_ _ ~  LowEnergy Measured ~ Hlclh Energy 

0.0001 

le-05 

1-06 
10 100 1000 low0 

Energy (keV) 

E-5 1 



HNF-5148, Rev. 2 
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Spreadsheets 
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Spreadsheet for Figure 2 

Activity and Count response for 1-2000 cal Daily Source Drum 

Seg u 
I I-Top 

I0 

9 
8 
7 
6 
5 
4 

3 
2 

A04 
Sum 
% Diff 

Seg U 
I I  
10 
9 

8 
7 
6 

5 
4 
3 
2 

A04 
Sum 

COUNTS 

Seg 
SI2 
SI3 
s2  1 

s22 

S23 
S3 I 
S32 
s33 
S41 
S42 

ACTIVITY 

Seg 
SI2 
SI3 
s2  I 
s22 
S23 
S3 I 

S32 
s33 
S4 1 

S42 

59 k'eV 

4106 
4542 
6777 

7964 
7992 
8686 
7949 
7504 
7134 

5330 
3138 

69025 
67016 

2.91 

59 k'eV 
4106 

4.034 
3.765 
3.634 

3.831 
3.564 
3.512 
3.761 
3.794 
3.275 
3.404 

36.707 
36.573 

Sequence number 
4107 4108 4109 

4583 4537 4331 
6588 6669 9834 

8149 8377 8470 
8244 7991 8124 

8591 8359 8416 

8185 8197 8296 
7763 7784 7625 

7406 7283 6855 
5732 5591 5716 

3322 3358 3273 

69620 70322 70768 

68563 68146 70940 

1.52 3.09 -0.24 

Sequence number 
4107 4108 4109 

4.076 4.036 3.853 
3.660 3.705 3.797 
3.717 3.821 3.864 
3.952 3.831 3.895 

3.525 3.430 3.453 
3.616 3.621 3.665 
3.891 3.901 3.822 
3.938 3.873 3.645 

3.522 3.436 3.512 
3.603 3.642 3.550 

37.024 37.398 37.635 

37.501 37.297 37.055 

4110 
4617 
6678 
8370 
8320 
8572 

8269 
7416 
7064 
5701 
3209 

70642 
68216 

3 43 

4110 

4 106 
3711 
3 819 
3 988 
3 517 
3 653 
3 717 

3 756 
3 503 
3 481 

37 568 

37251 

% Diff 0.37 -1.29 0.27 1.54 0.84 

AVG 
4522.0 
7309.2 

8266.0 
8134.2 
8524.8 
8179.2 
7618.4 

7148.4 
5614.0 
3260.0 

70075.4 
68576.2 

2.14 

AVG 
4.021 
3.728 
3.771 

3.899 
3.498 
3.613 
3.818 
3.801 
3.449 

3.536 

37.266 
37.135 

0.35 

Dev 
111.64 

1413.00 
205.94 
147.82 

134.09 
136.98 
160.02 
210.88 
168.14 

88.18 

736.93 

De" 
0.10 
0.05 
0.09 
0.07 
0.06 
0.06 

0.08 
0.11 
0.10 
0.10 

0.39 

% e n  
2.47 
19.33 
2.49 
1.82 
1.57 

1.67 
2.10 
2.95 
2.99 
2.70 

1.05 

%err 
2.46 
I .44 
2.49 
1.82 
1.58 
1.67 
2.10 
2.95 

3.00 
2.70 

1.05 

F-2 
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Activity and Count response for 1-2000 cal Daily Source Drum 

Seg # 

I I-Top 
10 

9 

8 
7 
6 
5 
4 
3 
2 

A04 
Sum 

% Diff 

Seg u 
I I  
10 

9 
8 
7 
6 
5 
4 
3 
2 

A04 

Sum 

% Diff 

COUNTS 

Seg 
SI2 
SI3 
s21 
s22 

S23 
S3 I 

S32 
s33 
S4 1 

S42 

ACTIVITY 

Seg 
SI2 
SI3 
s2  I 
s22 
S23 
S3 I 
S32 
s33 
S41 
S42 

81 krV 
4106 

12013 

18923 
19042 
19992 
18957 
19310 
18497 
16774 

13183 
7167 

149800 
163858 

-9.38 

81 kcV 

4106 
4.483 
3.579 
2.899 
3.395 
3.152 
3.476 
3.522 
3.196 
2.996 
3.019 

34.010 
33.717 

0.86 

Sequence number 
4107 4108 4109 

11293 12379 12377 
18848 18870 18727 
22199 18865 20424 

20528 19281 21952 
20505 20621 20572 
19039 19336 18760 
18676 1x039 187x6 
17488 17278 17679 
11923 15999 16188 
9236 9220 9042 

115291 150812 151217 
169735 169888 174507 

47.22 -12.65 -15.40 

Sequence number 
4107 4108 4109 

4.214 4.620 4.619 
3.565 3.569 3.542 
3.380 2.872 3.109 
3.486 3.274 3.728 
3.410 3.429 3.412 
3.427 3.480 3.376 
3.556 3.435 3.577 

3.332 3.292 3.368 
2.710 3.637 3.680 
3.891 3.884 3.809 

34.349 34.240 34.332 
34.970 35.492 36.220 

-1.81 -3.66 -5.50 

4110 
I1693 
19251 

18564 
22377 
19577 
19429 
18423 
17312 
11539 
7973 

151793 
166138 

-9.45 

4110 
4.361 
3.641 

2.827 
3.800 

3.256 
3.497 
3.508 
3.298 
2.623 
3.359 

34.463 
34.171 

0.85 

AVG 
11951.0 
18923.8 
19818.8 
20826.0 
20046.4 

19174.8 
18484.2 
17306.2 
13766.4 
8527.6 

143782.6 
168825.2 

-17.42 

AVG 
4.460 
3.579 
3.017 
3.537 

3.332 
3.451 
3.520 

3.297 
3.129 

3.592 

34.279 
34.914 

-1.85 

De" 
465.84 
196.49 

1509.91 
1308.13 
745.63 
273.58 
287.22 

337.67 
2210.68 
922.59 

I 5943.88 

De" 
0.17 
0.04 
0.23 
0.22 
0.12 
0.05 
0.05 
0.06 
0.50 
0.39 

0.17 

%err 

3.90 
1.04 

7 62 
6.28 
3.72 
1.43 
1.55 
1.95 

16.06 
10.82 

11.09 

%err 
3.90 
I .04 

7.61 
6.28 

3.68 
I .43 
1.55 
1.95 
16.06 
10.82 

0.50 

F-3 
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Activity and Count response for 1-2000 cal Daily Source Drum 

COUNTS 

Seg # Seg 
11-Top SI2 

IO 
9 
8 
7 
6 
5 
4 
3 
2 

A04 
Sum 
?4 Diff 

Seg # 
11 
IO 
9 
8 
7 
6 
5 
4 
3 
2 

A04 
Sum 
YO Diff 

SI3 
s2  1 
s22 
S23 
S3 1 
S32 
s33 
S4 1 
S42 

356 keV 
4106 

25224 
38324 
43236 
43600 
44396 
46295 
46082 
43308 
32772 
19447 

382713 
382684 

0.01 

ACTIVITY 
356 keV 

Seg 4106 
SI2 3.080 
SI3 3.045 
s2  1 3.139 
s22 3.104 
S23 3.161 
S3 1 3.118 
S32 3.186 
s33 3.099 
S4 1 3.149 
S42 3.206 

3 1.944 
31.288 

Sequence number 
4107 4108 4109 

25856 25486 25891 
39185 38780 38893 
42259 43578 43350 
43748 43871 44066 
43356 44099 44096 
46896 46348 46799 
45829 45734 46506 
43777 43397 43272 
33185 32852 32872 
19879 19622 19376 

4110 
25730 
38746 
43331 
44089 
43949 
47071 
45967 
43427 
32803 
19497 

385298 383730 385822 386017 
383970 383767 385121 384610 

0.34 -0.01 0.18 0.36 

Sequence number 
4107 4108 4109 
3.157 3.113 3.162 
3.113 3.081 3.090 
3.141 3.164 3.148 
3.114 3.124 3.137 
3.087 3.140 3.140 
3.159 3.122 3.152 
3.168 3.162 3.215 
3.133 3.106 3.097 
3.189 3.157 3.159 
3.277 3.235 3.193 

4110 
3.142 
3.078 
3.146 
3.139 
3.130 
3.171 
3.178 
3.108 
3.152 
3.214 

32.160 32.030 32.204 32.221 
31.540 31.404 31.492 31.458 

2.05 1.93 1.95 2.21 2.37 

AVG Dev 
25637.4 280.4 
38785.6 310.5 
43150.8 514.1 
43874.8 208.6 
43979.2 384.4 
46681.8 343.6 
46023.6 300.4 
43436.2 200.7 
32896.8 165.9 
19564.2 197.6 

384716 1435.2 
384030.4 

0.18 

AVG Dev 
3.131 0.034 
3.082 0.025 
3.148 0.010 
3.124 0.015 
3.132 0.027 
3.144 0.023 
3.182 0.021 
3.108 0.014 
3.161 0.016 
3.225 0.033 

32.112 0.120 
3 1.436 

2.10 

F-4 

.-- __ -____I- 

YO err 
1.09 
0.80 
1.19 
0.48 
0.87 
0.74 
0.65 
0.46 
0.50 
1.01 

0.37 

% err 
1.09 
0.80 
0.3 1 
0.48 
0.87 
0.73 
0.65 
0.46 
0.51 
1.02 

0.37 
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Activity and Count response for 1-2000 cal Daily Source Drum 

Seg u 
1 I-Tap 

10 

9 
8 
7 
6 
5 
4 
3 
2 

A04 
Sum 
% Diff 

Seg u 
11 

i n  
9 
8 
7 
6 
5 
4 
3 
2 

A04 
Sum 
% Diff 

COUNTS 
661 keV 

Seg 4106 
s12 4062 
SI3 5767 
s21 6856 
s22 6873 
S23 6936 
S3 I 7308 
S32 7323 
s33 6624 
S4 I 4957 
S42 299 I 

59842 
59697 
0.24 

ACTIVITY 
661 keV 

Seg 4106 
SI2 0.589 
SI3 0.531 
s21 0.575 
s22 0.589 
S23 0.575 
s31 0.608 
S32 0.597 
s33 0.544 
S41 0.557 
S42 0.562 

5.948 
5.726 
3.72 

Sequence number 
4107 4108 4109 
4026 3939 3922 
5929 6034 6082 
6646 6685 6695 
6657 6908 6733 
6945 6769 6850 
7204 7178 7225 
7143 7162 7121 
674 I 6815 6914 
5035 49x0 5032 
2943 3046 3061 

59656 59766 59750 
59269 59516 59635 
0.65 0.42 0.19 

Sequence number 
4107 4108 4109 
0.584 0.572 0.562 
0.546 0.556 0.560 
0.557 0.560 0.561 
0.570 0.592 0.577 
0.575 0.561 0.567 
0.599 0.597 0.601 
0.582 0.584 0.580 
0.553 0.560 0.568 
0.566 0.560 0.566 
0.553 0.573 0.575 

5.929 5.940 5.939 
5.687 5.713 5.717 
4.09 3.83 3.73 

4110 
3983 
5894 
6719 
6641 
6845 
7250 
7291 
6799 
5024 
302 I 

59553 
59467 
0.14 

4110 

0.578 
0.543 
0.563 
0.569 
0.567 
0.603 
0.594 
0.558 
0.565 
0.568 

5.919 
5.708 
3.57 

AVG De" %err 
3986.4 58.50 1.47 
5941.2 123.65 2.08 
6720.2 80.35 1.20 
6762.4 122.62 1.81 

6869.0 72.80 1.06 
7233.0 49.61 0.69 
7208.0 92.23 1.28 
6778.6 106.52 1.57 
5005.6 35.06 0.70 
3012.4 47.01 1.56 

59713.4 111.43 0.19 
59516.8 

0.33 

AVG De" %err  
0.577 0.01 I 1.89 
0.547 0.01 I 2.08 
0.563 0.007 I .20 
0.579 0.010 1.81 
0.569 0.006 1.06 
0.601 0.004 0.69 
0.588 0.008 1.28 
0.557 0.009 1.57 
0.562 0.004 0.70 
0.566 0.009 1.56 

5.935 0.011 0.19 
5.710 

3.79 

F-5 
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Activity and Count response for 1-2000 cal Daily Source Drum 

Seg # 

1 1 -Top 

10 

9 
8 
7 

6 
5 
4 
3 
2 

A04 

Sum 

% Diff 

Seg u 
I I  
10 
9 
8 
7 
6 
5 
4 

3 
2 

A04 
Sum 

% Diff 

COUNTS 
1332.5 keV 

Seg 4106 
SI2 1966 

SI3 2780 
s21 3219 
s22 3244 
S23 3388 

S3 I 3493 
S32 3438 
s33 3241 
S4 I 2411 
S42 1426 

28645 
28606 

0.14 

ACTIVITY 
1332.5 keV 

Seg 4106 
SI2 0.4158 
SI3 0.3647 
SZI 0.3964 
s22 0.3916 
S23 0.4115 
S3 I 0.3845 
S32 0.4103 
s33 0.3899 

S41 0.4070 
S42 0.3665 

4.0484 

3.9382 
2.72 

4107 
1903 
2894 

3150 
3263 
3339 
3448 
3356 

3263 
2310 
1449 

28393 
28375 

0.06 

Sequencc number 
4108 
1921 
2854 
3196 
3297 

3362 
3520 
3443 

3295 
2364 
1439 

28746 
28691 

0.19 

4109 
1952 
2823 
3222 
3346 

3343 
3544 
3472 
3197 

2368 
1359 

28562 
28626 
-0.22 

Sequence number 
4107 4108 4109 

0.4024 0.4063 0.4130 
0.3797 0.3745 0.3703 
0.3879 0.3936 0.3968 
0.3940 0.3980 0.4040 

0.4055 0.4083 0.4060 

0.3795 0.3874 0.3900 

0.4006 0.4109 0.4143 

0.3926 0.3963 0.3845 
0.3901 0.3993 0.3998 
0.3723 0.3699 0.3494 

4.0128 4.0627 4.0366 
3.9046 3.9445 3.9281 

4110 
I894 
2879 
3271 
3177 

3360 
3428 
3490 
3147 
2401 
1449 

28554 
28496 

0.20 

41 10 

0.4007 
0.3777 
0.4027 
0.3835 
0.4081 
0.3772 
0.4165 

0.3786 
0.4055 
0.3724 

4.0356 
3.9231 

2.70 2.91 2.69 2.79 

AVG 
1927.2 
2846.0 
3211.6 
3265.4 
3358.4 

3486.6 
3439.8 
3228.6 
2370.8 
1424.4 

28580.0 
28558.8 

0.07 

AVG 
0.4076 
0.3734 
0.3955 
0.3942 
0.4079 
0.3837 
0.4105 
0.3884 
0.4003 

0.3661 

4.0392 
3.9277 
2.76 

F-6 

.. . . . .. . ~. 

DW %err 

31.01 1.61 
45.67 1.60 
43.96 I .37 
62.80 I .92 
19.40 0.58 
48.41 1.39 

51.46 1.50 
57.89 I .79 
39.62 1.67 
37.76 2.65 

130.14 0.46 

Dev %err 
0.0066 1.61 
0.0060 1.61 
0.0054 1.37 
0.0076 I .93 
0.0024 0.58 
0.0053 1.39 
0.0061 1.49 
0.0070 1.79 
0.0067 1.66 
0.0096 2.64 

0.0184 0.45 



h 



HNF-5148, Rev. 2 

No IMector Shidd (CoIH) 
Mity Deteacr Dun 

Position 
2 
3 
I 
2 
3 
1 

2 
3 
I 
2 

2 
3 
1 
2 
3 
1 
2 
3 
1 
2 

2 
3 
1 
2 
3 
1 
2 
3 
I 
2 

2 
3 
I 
2 
3 
I 
2 
3 
1 
2 

Coefficienls 
a b 

-1.MEtm 7.694Eiol 
-2.314Em 1.462EioL 
-2.567Em 1.65Ern 
-2.XSEtm 1.i95EiCQ 
-1.841Etm 1.139Ei02 
-1.415EH)2 8.126EtOI 
-1.787EH)2 I.Mtm 
-2.074HJ2 1.293Eto2 
-2.103EtU2 1.317EtO2 
-1.WEtm Ll3Etm 
-1.374Etm 8.105wOl 

-7.526301 3.27sEiOl 
-7.233EtOl 3.153EiOl 
-9.277EWI 4.81OEtOl 
-7.058Eiol 3.039EtO1 
4257EtOl 2616Etol 
-2.659BO2 1.685Eim 
-7.351Eio1 3.19iEiOI 
-1.167EWL 6.4lEiO1 
-1.253M 7.mzEiOl 
4.93SEtOI 2.5XXEiOI 
-3.WEtO1 9.915EtOl 

-1.389EKn 7.91oEtOl 
-2480Etm 1.562Etm 
-1.371w(n 7.7KEtOl 
-1.WEW2 1.133Et02 
-1.925EHn 1.179Etm 
-7.015woI 2.9MEIoI 
1.889EioL 2 . m m  

-1.561EtO2 9.lf2EiOl 
-1.474EtO2 8.44Effl1 
-212SEtm l.xcEtm 
-1.686HJ2 I.CQlEtm 

-7p8EK)I 
-2.179HJ2 
-1.574FM2 
-2.116EiOL 
-l.738Ei02 
4.852EtOI 
4.69IEtOI 
-2239Etm 
-7.23EiOl 
-9.201EiOI 
4.273ENl 

2937EtOl 
1.346Etm 
8.997EtOl 
I.ZEiO2 
LCQlEtm 
2.813EiOl 
2.80SEtOI 
I.3MEIo2 
3.01EiOI 
4.011EiOl 
1.457EtOl 

c 
-1.713EtOl 
-3.5MEtco 
4.WEtOI 
-3.076EiOl 
-2712Eiol 
-I.rnEtOI 
-2.54SEiOl 
-3.075EiOI 
-3.170EtOl 
-2.679EtOI 
-1.824EtOI 

-5.M5EiCo 
-5.089EioO 
9.974EIM 
4.849EKC 
4.123Etco 
4.WEiOl 
-5.135Etco 
-1.3sOEH)l 
-1.558EH)I 
4.584Etal 
-1.161EMJ 

-1.773EtOl 
-3.7BEtOI 
-I.7mE+ol 
-2 .mtO1  
-2.801EtOl 
4.745Em 
9.263EiOI 
-2111~1  
-1.SOIEIOI 
-3.08OEffll 
-2382EtOI 

d 
1.644!XC 
3.751Em 
4.3%Em 
3.21oEtco 
2.84IEtco 
I.714Etco 
2.621Etco 
3.264E103 
3 . m m  
278iEia) 

1.793Eia) 

e f 
4.016Em 
-1.488w)I 
-1.753Eol 
-1.249EOl 
- 1 . I 1 3 ~ 1  
4 . m  
-1.WMI 
- I . r n I  
-1.331MI 
-I.ONw)I 
4.551m 

28mEoI 
2.677E4l 
8.m6EOl -2 .9 i9m 
2.s2oEo1 
2 . 1 1 3 ~ 1  
4.359Em -1.7?4E.o1 
2 . m 1  
I.3MEtco 4.WEd?2 
1.519Etco 5 . m  
2.354Eol 
3.601Ml 

1.735Etco 
4 . m m  
1.67Etco 
2.819EiCI) 
2.933Eico 
2.469EoI 
-1.WEtOI 
2.145w03 
1.852Em 
3.217Em 
2446E103 

4.53zEm 2 . m 1  
-3.2BEtOl 3.523Em -1.357Ml 
-2.015EtOI 1.975Em - 7 . 1 m  
-3.059EtOl 3.2mEicO -1.253EAl 
-2.349ENl 2.37E.m 4.y19Em 

4.383wCo 2234MI 
4.3361m LlBEol 
-3.z2oEiOl 3.354Etco -1.3G5EAI 
4.MBwoo 2 m I  
4.435EMJ 3.385Eol 
-1.888Eioo 7.481m 

-1.397Ea 8.lG5EtOl -1.824EiOI 1.7mEta) 4.551EoL 
-2.2toEio2 1.417EtU2 -3.423EiOl 3.WEtco -1.449Ml 
-1.709EM2 I.U?lE+D. -2.3mtO1 2.446Etco -9,367E02 
-259sEtoL I.628Etm -3.937EtOI 4.197E103 -1.670MI 

F-8 
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Detector Shield (Coll=l) 
Density 

0.01346 

0.43029 

0.65625 

1.560 10 

Detector Drum 
Position 

SEGe-4 
SEGe-4 
SEGe-3 
SEGe-3 
SEFe-3 
SEGe-2 
SEGr-2 
SEGe-2 
SEtie-I 
SEGe-I 
Summed 

SEGe-4 
SEGell 
SEGe-3 
SEGe-3 
SEGc-3 
SECe-2 
SEGe-2 
SEGc-2 
SEGe-I 
SEGe-I 
Summed 

SEGe-4 
SEGe-4 
SEGC.3 
SEGe-3 
SEGr-3 
SEGe-2 
SEGr-2 
SEGe-2 
SEGe-I 
SEGe-I 
Summed 

SEGe-4 
SEGe-4 
SEGe-3 
SEGe-3 
SEGe-3 
SEGe-2 
SEGe-2 
SEGe-2 
SEGe-I 
SEGC.1 

Summed 

2 
3 
I 
2 
3 
1 
2 
3 
1 
2 

2 
3 
1 

2 
3 
I 
2 
3 
I 
2 

2 
3 
I 
2 
3 
I 
2 
3 
I 
2 

2 
3 
I 
2 
3 
I 
2 
3 
I 
2 

a 
-6.420E+Ol 
-Y.Y56E+O I 
-5.473E+0l 
-X.Y27f+01 
-2.638E+02 
-5.764E+0 I 
-5.166E+O2 
-I .893E+0l 
4.623E+OI 
-5.738€+0l 
-4.043E+01 

-5.468E+0l 
-I.llOE+03 
-1.527E+OI 
-3.Y73E+02 
- I  .234€+02 
-I.Y5YE+Ol 
-1.9Y3E+01 
-I.602E+OI 
-7.623E+02 
-I.740E+01 
-1.25YE+Ol 

-2.284E+0l 
-1.43YE+Ol 
-4.610€+02 
-2.03 IE+OI 
-1.263E+03 
-Y.370E+Ol 
-I.Y20E+Ol 
-I.Y85E+Ol 
-2.343Ec03 
-1. I 5 8 ~ + 0 3  
-1.233E+O2 

-2.284E+OI 
-1.439E+0l 
-4.6 I 0€+02 
-2.031 Et01 
-1.263E+Ol 
-Y.370E+0 I 
-I.Y20E+OI 
.I.Y85E+01 
-2.343E+03 
-I158E+03 
-I.233E+02 

Coefficients 
b 

2.566E+01 
4.232E+Ol 
2.0Y2E+01 
3.665E+01 
-1.657Ec02 
2.261 E+O I 
3.223E+02 
3.56YE+00 
1.693E+Ol 
3.434E+Ol 
1.530E+OI 

I .913~+01 
6 .916~+02 
1.589E+O0 
2.539f+02 
7.655E+02 
2.939€+00 
3.047E+00 
1.747E+00 
4.539Et02 
1.85 IE+00 
I .3Y 1 E+OO 

3.564E+00 
1,24YE+00 
2.824E+02 
3.018E+00 
7.705E+02 
5.363E+0l 
2.662E+00 
2 461E+00 
1.450E+03 
7.23YE+02 
6.828E+01 

3.564E+00 
1,24YE+00 
2.824E+02 
3.0 1 8E+00 
7.705E+02 
5.363E+0l 
2.660E+00 
2.861 E+OO 
1.450E+03 
7,23YE+02 
6.82SE+Ol 

C 
-4.001E+00 
-6.565E+00 
-3.175E+00 
-5.556€+00 
-4.030E+OI 
-3.4YOE+00 
-7.662E+0l 
-3.Y03E-01 
-2.573E+00 
-Y.O82E+00 
-2.31 IE+00 

-2.751E+OO 
-1.626E+02 
-1.182E-01 
-6.238E+0l 
-1.792E+02 
-2.223E-01 
-2.318E-01 
-1.250E-0 I 
-I.O25E+02 
-1.27YE-01 
- I  .OOZE-01 

-2.59YE-01 
-9.51 7E-02 
-6.626E+Ol 
-2.244E-01 
-1.775E+02 
-1.302E+01 
-1.949E-01 
-2. I 08E-0 I 
-3.374E+02 
-1.70YE+02 
- I  .S22E+OI 

-2.599E-01 
-9.51 7E-02 
-6.626E+01 
-2.244E-01 
-1.775E+02 
-I .302E+O I 
-1.Y49E-01 
-2.l08E-01 
-3.374E102 
-1.709E102 
-1.522€+01 

d 
2.061E-01 
3.365E-01 
1.58YE-01 
2.786E-01 
4.346E+00 
1.77YE-01 

8.080E+00 
1.070E-02 
1.284E-01 
1.046E+00 
I .  147E-01 

1.314E-01 
I .695E+01 

6.7Y7E+00 
1.861E+01 

l.026E+OI 

6.Y02E+00 

1.814E+01 
I .413E+00 

3.481E+0 I 
1.78YE+01 
I.SIOE+OO 

6.Y02E+00 

I .814€+01 
I .413E+00 

3.481E+01 
I .789E+0l 
I .SIOE+OO 

e 

-1.754E-01 

-3.1WE-01 

-4.452E-02 

-6.6 I3E-0 I 

-2.770E-01 
-7.232E-01 

-3.843E-01 

-2.6YOE-01 

-6.944f -0 1 
-5.762E-02 

-1.344E+00 
-6.Y99E-01 
-5.626E-02 

-2.690E-01 

-6.944E-01 
-5.762E-02 

-1.344E+00 
-6.99YE-01 
-5.626E-02 
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