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Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-3 

-----------------------------------------------------------------------------------
Sample Size .......... .. 6.80e+002 g Spectrum File ..... ......... TEMP.SPC 
Sampling Start ....... .10-09-97 15:59 Counting Start ....... .. 10-09-97 15:59 
Sampling Stop ....... .10-09-97 15:59 Buildup Time .......... .0.00e+000 Hrs 
Current Date ......... 10-14-97 10:03 Decay Time ............ .. 0.00e+000 Hrs 

----------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID................................ I.IDGeneral Radionuclide Analysis Library

Eff.= 1/[6.66e-002*EnA_2.92e+000 + 4.02e+002*EnA8.62e_001] 12-05-96 10:47
Gamma Fraction Limit >= ... 80.00 % I Decay Limit <= .. ... 8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc
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187.21 
187.21 
187.21 
187.21 
187.21 
187.21 
187.21 
187.21 
187.21 
187.21 
187.21 
240.02 
240.02 
240.02 
240.02 
240.02.  
240.'02 
240.02 
240.02 
240.02 
240.02 
296.83 
296.83 
296.83 
296.83 
296.83 
296.83 
296.83 
296.83 
296.83 
296.83 
339.61 
339.61

88 Cu-67 88 Ga-67 
88 U-235 
88 Ra-226 
88 Xe-125 
88 In- 114m 
88 Pt-197 
88 Hg-197 
88 Zn-72 
88 Mo-101 
88 Fe-59 

305 Fr-223 
305 Th-227 
305 U-235 
305 TH-232 
305 Te-131m 
305 Ra-224 
305 Xe-125 
305 IN-116M 
305 Eu-152 
305 Sm-155 

94 Ce-143 
94 U-238 
94 Ir-192 
94 Tl-210 
94 Ag-1l3 
94 TB-160 
94 Pa-231 
94 Pa-233 
94 Ga-67 
94 Pa-231 

123 Te-131m 
123 Np-239

184.50 
184.60 
185.72 
186.20 
188.43 
190.24 
191.31 
191.38 
191.50 
191.93 
192.34 
234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
2431. 4 0 
244..59 
244.67 
245.73
293.26 
295.22 
295.96 
296.00 
298.40 
298.57 
299.90 
300.10 
300.20 
302.50 
334.27 
334.30

0.4700 
0.2360 
0.5400 

0.5500 
0.1564 
0.0350 
0.0057 
0.0940 
0.1810 
0.0311 

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.0373 
0.4200 
0.1920 
0.2872

9. 64e-003 
9. 64e-003 
9.64e-003 

9. 64e-003 
9. 64e-003 
9.64e-003 
9. 64e-003 
9. 64e-003 
9. 64e-003 
9.64e-003 

8.21e-003 
8.21e-003 
8.21e-003 

8.21e-003 
8.2le-003 
8.21e-003 
8 .21e-003 
6. 98e-003 
6.98e-003 
6.98e-003

9.94e-001 2.16e-001 
9.96e-001 4.29e-003 
1.00e+000 1.87e-00

9. 80e-001 
1. 00e+000 
9.81e-001 
9. 95e-001 
9. 93e-001 
3 .31e-001 
1. 00e+000 

1. 00e+000 
1. 01e+000 
9. 89e-001 

9.80e-001 
6.99e-001 
1. 00e+000 
4.5le-001 
9.90e-001 
1. 00e+000 
1. 00e+000

1.87e-001 
6.45e-001 
2. 93e+000 
1. 78e+001 
1. 08e+000 
1.68e+000 
3.24e+000 

3 .73e+000 
9. 43e-001 
5.49e+000 

1.46e+000 
1.54e+002 
5.31e+000 
2.44e+001 
3.58e-001 
7. 73e-001 
5.18e-001

0.0900 6.98e-003 
0.2740 6.98e-003 

0.0633 6.98e-003 
0.1900 6.98e-003 

0.0952 6.25e-003 
0 •0200. 6.25e-003

9.38e-001 1.76e+000 
1.00e+000 5.43e-001 

9.99e-001 2.35e+00 
9.96e-001 7.86e-001 

9.89e-001 2.31e+000 
9.94e-001 1.09e+001
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10 
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12

339 .61 
339.61 
339.61 
339.61 
339.61 
339.61 
339.61 
339.61 
339.61 
339.61 
339.61 
353.46 
353.46 
353.46 
353.46 
353 .46 
513.07 
513 .07 
513.07 
513.07 
513.07 
513.07 
513.07 
585.27 
585.27 
585 .27 
611.38 
611.38 
611.38 
611.38 
611.38 
611.38 
611.38 
914.09 
914.09 
914.09 
971.52 
971.52 
971. 52 

1464.29

123 In-ll5m 
123 Ru-95 
123 TH-232 
123 Ra-223 
123 Ac-228 
123 Cs-136 
123 Cs-136 
123 HF-175 
123 EU-152M 
123 Eu-152 
123 Cd-1l7 
177 Bi-211 
177 U-235 
177 U-238 
177 Au-196 
177 Ba-133 
130 Te-121 
130 Tl-208 
130 Kr-79 
130 Annihila 
130 Zn-71m 
130 Rh-106m 
130 KR-85 
125 Tl-208 
125 TH-232 
125 Mo-101 
163 Kr-79 
163 Sb-125 
163 Bi-214 
163 U-238 
163 Ir-192 
163 Ag-108m 
163 Rh-106m 

82 TH-232 
82 Ac-228 
82 Sb-129 
45 TB-160 
45 Ac-228 
45 TH-232 

405 K-40

336.20 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343 .40 
344.20 
344 .30 
344 .46 
351.00 
351.10 
351.99 
355 .70 

356.00 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 
583 .14 
583 .14 
590.82 
606 .10 
606.82 
609.30 
609.32 
612.45 
614.37 
616.10 
911. 07 
911.20 
914.60 
966.17 
968.80 
968 .90 

1460.81

0.2140 2.69e-003 
0.2550 2.55e-003 

0.1746 2.55e-003 
0.1070 1.79e-003

0.4590 
0.7100 
0.1201 

0.4890 
0.4676 
0.8692 
0.0250 
0.2720 
0.1769 

0.1200 
0.3710 
0.8760 
0.6200 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.1930 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.2040 
0.2900

6.25e-003 
6. 25e-003 
6.25e-003 

6. 25e-003 
6.25e-003 
6. 25e-003 
6 .25e-003 
6. 25e-003 
6 .25e-003 

6. 05e-003 
6. 05e-003 
6. 05e-003 
6. 05e-003 
4.42e-003 

4.42e-003 
4.42e-003 
4.42e-003 
4. 42e-003 
4.42e-003 

3..95e-003 
3.95e-003 
3.80e-003 
3 .80e-003 

3.80e-003 
3. 80e-003 
3.80e-003 
3. 80e-003 
2. 69e-003

9.25e-001 1.70e+000 
1.00e+000 7.64e-001 

1.01e+000 1.10e+000 
1.00e+000 2.33e+001

INITIAL NUCLIDE EVALUATION

Nuclide Energy Fraction Status Half lives

U-238 77.11 
295.22 
351.99 
609.32 

1764.28 
Total 

TH-232 77.11 
238.63 
338.40 
583.14 
911.07 

- 968.90 
Total 

Hg-197 77.35

0.1070 Absent 
0.1920 Present 
0.3710 Present 
0.4609 Present 
0.1504 Absent 
1.2813 ABSENT 
0.1750 Absent 
0.4310 Present 
0.1201 Present 
0.3090 Present 
0.2900 Present 
0.1746 Present 
1.4997 PRESENT ( 
0.1900 Absent

1.0239/ 1.2813 = 

1.3247/ 1.4997 =

79.9110 %) 

88.3310 %)

N-364

9.27e-001 
8.17e-001 
1. 01e+000 

9. 99e-001 
9. 99e-001 
1. 00e+000 
9. 64e-001 
1. 00e+000 
8. 70e-001 

1. 00e+000 
1. 00e+000 
9. 98e-001 
1. 00e+000 
9.99e-001 

9. 90e-001 
1. 00e+000 
9. 17e-001 
8.56e-001 
1. 00e+000 

1. 01e+000 
3.31e-001 
9. 90e-001 
1.00e+000 

1.00e+000 
1. 00e+000 
1. 00e+000 
8. 56e-001 
1. 01e+000

5. 11e-301 
3. 75e-00i 
1. 79e+000 

4. 45e-001 
4.65e-001 
2.50e-001 
9.02e+000 
7. 99e-001 
1.41e+000 

2. 69e+000 
8. 69e-001 
3.70e-001 
5.21e-001 
1.84e+000 

2. 19e+000 
3.25e-001 
1.26e+000 
4.40e-001 
7. 93e+001 

1. 12e+000 
5.47e+000 
5. 90e+000 
9. 11e+000 

1.02e+000 
8. 72e+000 
5.08e-001 
2. 71e+000 
1. 15e+000

0.000 

0.000



.. r-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

<-u-196 332.90 
355.70 
Total 

Bi-211 351.00 
Total 

Zn-71m 386.28 
487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Te-121 507.59 
573.14 
Total 

-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

KR-85 514.00 
Total 

Sb-129 544.70 
812.80 
914.60 

1030.10 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

Sb-124 602.72 
645.82 
722.78 

1691.02 
Total 

Bi-214 609.30 
768.40 

1120.30 
1764.50 

Total 
Ag-112 617.40 

1387.70

0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.2300 
0 .8760 

1. 1060 
0.0001 
0.0001 
0. 9200 
0.6164 
0.2806 
0.2760 
0.5612 
2.6542 
0.9050 
0.9320 
0.9230 
2 .7600 
0.2450 
0.8640 
0.2040 
0. 1950 
0.3070 
1.8150 
0 .1767 
0.8030 
0 .9797 

0.0001 
0 .0001 
0 .0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.1920 
0 .4600 
0.2140 
0.1350 
1.0010 
0 .0838 
0.1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.9830 
0.0723 
0.1130 
0.4900 
1.6583 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.4200 
0.0530

Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Present 
Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT'.( 
Present 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent

0.8760/ 
Calc 

0.0001/

1.1060 = 

0.0001 =

0.2806/ 2.6542 = 

0.9320/ 2.7600 = 

1.0680/ 1.8150 =

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

0.2140/ 1.0010 = 

0.9756/ 2.1554 =

0.9830/ 
Calc

1.6583 =

0.0001/ 0.0004 =

0.0543/ 1.9478 =

N-365

2.7878 1) 

79.2043 %-) 

100.0000 %) 

10.5719 %) 

33.7681 %) 

58.8430 %) 

18.0361%) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

21.3786 %) 

45.2631%) 

59.2776 %) 

25.0000 %)

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



-197 

Fr-223 

Ba-133 

U-235 

TB-160

80.20 
191.38 
268.73 
Total 
77.35 

191.31 
Total 
80.00 

234.60 
Total 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83 .78 

143.76 
185.72 
236.00 
269.60 
351.10 
Total 
86 .80 

197.04 
215.65 
298.57 
876.37 
962.36 
966.17 

1177.95 
1271.88

Total 
HF-175 89.36 

343.40 
432.80 
Total 

Cu-67 93.30 
184.50 
Total 

Ga-67 93.30 
184.60 
300.20 
Total 

Te-131m 102.06 
149.71 
200 .63 
240.93 
334.27 
452.30 
773 .67 
782 .49 
793.75 
822 .78 
852 .21

Sm-155

1125.46 
1206.60 

Total 
104.30

0.0340 
0.0057 
0.0005 
0.2302 
0.1700 
0.0350 
0.2050 
0.0001 
0.0001 
0.0002 
0.3429 
0.0709 
0 .1816 
0 .6200 

0.0897 
1.3051 
0.1480 
0 .2460 
0.1050 
0.5400 
0.1100 
0.1340 
0.1200 
1.4030 
0.1340 
0.0524 
0 .0402 

0.2740 
0.3000 
0 .1000 

0.2550 
0. 1550 
0 .0760 

1.3866 
0.0235 
0.8692 
0.0156 
0.9083 
0.1690 
0.4700 
0.6390 
0.3800 
0.2360 
0.1900 
0.8060 
0.0790 
0.2054 
0.0752 
0.0755 
0.0952 
0.0567 
0.3800 
0.0775 
0.1380 
0.0609 
0.2093 
0.1137 
0.0971 
1.6635 
0.7464

Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
PRESENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Present 
ABSENT 
Absent 
Absent.  
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent

0.0057/ 0.2302 = 

0.0350/ 0.2050 =

Calc 
0.0001/ 0.0002 =

0.6200/ 1.3051 = 

0.7700/ 1.4030 = 

0.5290/ 1.3866 = 

0.8692/ 0.9083 = 

0.4700/ 0.6390 = 

0.4260/ 0.8060 = 

0.1707/ 1.6635 =

2.4761 %) 

17.0732 %) 

50.0000 %) 

47.5059 %) 

54.8824 %) 

38.1509 %) 

95.6952 %) 

73.5524 %) 

52.8536 %1) 

10.2615 %)

N-366

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Xe-125 188.43 
243.40 
Total 

In-114m 190.24 
558.43 
725.24 

1283.67 
1299.83 

Total 
Mo-101 191.93 

505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338 .70 
790.50 
911.20 
964.40 
968.80 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Cd-117 273.28 
344.46 
434.22 

1303.34 
1576.80 

Total 
Pa-231 283.60 

299.90 
302.50 
Total 

Ce-143 293.26 
664.55 
721.96 
Total 

Ir-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Tl-210 296.00 
795.00 

1060.00 
1210.00 
1310.00 

Total 
Ag-113 298.40 

Total

0.5500 
0.2871 
0.8371 
0 .1564 

0.2850 
0 .2810 
0.0003 
0.0012 
0.7239 
0.1810 
0.1135 
0.1930 
0 .0660 
0 .1135 
0.6670 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.1270 
0. 0950 
0. 1500 
0 .0810 

0.4530 
0.2900 
0.1769 
0 .1047 
0. 1827 
0 .1119 

0 .8662 
0.0001 
0.0001 
0.0001 
0.0003 
0.4200 
0.0525 
0.0512 
0.5237 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0005 
0.0900 
0.0900

8371/ 0.8371 = 100.0000 %)

Present 
Present 
PRESENT ( 0.  
Present 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Present 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Unable to Calc

Calc 
0.0003/ 

Calc 

0.0001/ 
Calc 

0.0001/

0.0006 = 

040002 = 

0.0001 =

0.2310/ 0.4530 = 

0.1769/ 0.8662 =

Calc 
Calc 

0.0002/

Absent 
Unable to 
ABSENT ( 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent 
Present 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Ab sEnt 
Una le to 
Una le to 
ABSENT 
Present 
Absent 
Absent 
PRESENT 
Presen~t 
Absent 
Absent 
Absent 
Present 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT

0.4200/ 0.5237 =

0.3415/ 
Calc

1.9478 =

o.ooo1/ 0.0005 = 

0.0900/ 0.0900 =

1564/ 0.7239 = 

3740/ 0.6670 =

N-367

21.6052 %) 

56.0720 % 

50.0000 % 

50.0000 % 

100.0000 %) 

50.9934 %) 

20.4225 %) 

66.6667 %) 

80.1986 %) 

17.5326 %) 

20.0000 1) 

100.0000 %)

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

0.0003 =

I--

I--



245.73 
Total 

Eu-152 121.78 
244.67 
344.30 
778. 90 
964.00 

1085.80 
1112 .07 
1408 .08 

Total 
IN-116M 137.92 

244 .59 

416.88 
463.13 
818.65 

1097.23 
1293.49 
1507.50 
1601.12 
1752 .42 
2212.21 

Total 
Sb-125 176.29 

380.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671.66 
Total 

-ie-125 188.43 
243.40 
Total 

Mo-101 191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

Xe-133m 233.20 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

"11-79 261.30 
397.50 
511.00 
606.10 
Total

0.0373 
0.8039 
0.3068 
0.0772 
0.2720 
0.1272 
0.1433 
0.1010 
0.1340 
0.2073 
1.3688 
0.0350 
0.0038 
0.2937 
0.0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840 
0.0520 
0 .1120 
0 .0180 
0.8390 
0.5500 
0.2871 
0.8371 
0.1810 
0 .1135 

0.1930 
0.0660 
0.1135 
0.6670 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.1000 
0.1000 
0.0001 
0.0001 
0. 0002 
0.0001 
0.0001 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530

Present 
ABSENT C 0 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT C 0.  
Absent 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Absent 
ABSENT C 0.  
Absent 
Present 
ABSENT ( 0.  
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Unable to Calc 
Absent 
Absent 
ABSENT'( 0.  
Present 
PRESENT ( 0.  
Unable to Calc
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent 
Present 
Present 
ABSENT

.0373/ 0.8039 = 

0772/ 1.3688 = 

0038/ 2.5011 = 

2360/ 0.8390 = 

2871/ 0.8371 = 

1930/ 0.6670 = 

0001/ 0.0006 = 

1000/ 0.1000 =

0.0001/ 
Calc 

0.0001/

0.0002 = 

0.0001 =

0.2310/ 0.4530 =

4.6425 %) 

5.6400 %) 

0.1519 %) 

28.1287 %) 

34.2970 %) 

28.9355 %) 

16.6667 %) 

100.0000 %) 

50.0000 %) 

100.0000 %) 

50.9934 %)

03.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Total 0.4730 PRESENT ( 0.4200/ 0.4730 = 88.7949 % 0 2.00 
K-40 1460.81 0.1070 Present 

Total 0.1070 PRESENT ( 0.1070/ 0.1070 = 100.0000 %) 0.000 
-------------------------------------------------------------------------------

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

None

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /g ) (hrs) Found Fraction 

Xe-133m 233.20 1.78e+000 +-3.00e-001 5.42e+001 1 of 1 
Ra-224 241.08 BKG 1.00e+012 1 of 1 
Bi-211 351.00 BKG 1.00e+012 1 of 1 
Tl-208 510.72 BKG 1.00e+012 2 of 2 

583.14 BKG 
Annihila 511.00 I.D.Only 1.00e+003 1 of 1 
KR-85 514.00 4.41e+001 +-1.35e+001 9.39e+004 1 of 1 
Ag-112 617.40 7.56e-001 +-1.72e-001 3.14e+000 1 of 2 
K-40 1460.81 1.81e+001 +-l.18e+000 1.12e+013 1 of 1 

TOTAL: 6.48e+001 pCi /g MPC Total: 0.00 

...........................------------------------------------------------..  

UNKNOWN PEAKS

Energy Centroid 
(keY) Channel 

606.47 1243.72 
913.74 1882.54 

1452.70 3003.03

Net Un- C.L. Bkg. FWHM Net 
Counts Certainty Counts Counts (keY) Gamma/sec 

56 19 33 94 1.55 4.065e+000 
70 14 23 42 1.14 7.228e+000 

105 14 20 30 2.57 1.616e+001

N-368



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

Sample ID SC-4 

------------------------------------------------------------------------------------
Sample Size ... ....... .. 5.75e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-09-97 17:18 Counting Start ..... ... 10-09-97 17:18 
Sampling Stop ....... .10-09-97 17:18 Live Time ... ......... .. 3600 Sec 
Current Date ......... .. 10-14-97 10:06 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch 3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En 3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 i Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 1 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keY) FLAG 

1 240.07 481.97 324 34 53 339 1.19 
2 296.75 599.81 119 26 43 207 1.42 

"-" 3 339.83 689.38 60 20 34 146 1.10 
4 353.53 717.86 179 24 38 158 1.26 
5 512.87 1049.13 97 21 35 121 2.24 
6 585.29 1199.69 i11 18 28 87 1.37 
7 611.41 1254.00 116 17 25 67 1.28 
8 663.52 1362.33 56 17 30 84 1.78 
9 913.94 1882.95 115 16 23 43 1.47 

10 971.63 2002.90 60 14 23 46 1.85 
11 1464.29 3027.14 384 20 10 9 2.34 

N-369



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-4 

------------------------------------------------------------------------------------
Sample Size ... ....... .. 5.75e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-09-97 17:18 Counting Start ..... ... 10-09-97 17:18 
Sampling Stop ....... .10-09-97 17:18 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .. 10-14-97 10:06 Decay Time .... ........ 0.00e+000 Hrs 
------------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef j Library File. . .c:\gdr\library\nes.lib 
ID ......... .................. . I IDGeneral Radionuclide Analysis Library 

------------------------------------------------------------------------------
Eff.= 1/f6.66e-002*En A-2.92e+000 + 4.02e+002*En A8 .62e-001] 12-05-96 10:47

Gamma Fraction Limit >= . . . 80.00 % 1 Decay Limit <= .... 8.000 Haiflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction

8. 21e-003 
8.21e-003 
8.21e-003 

8.21e-003 
8.21e-003 
8.21e-003 
8.21e-003 
6. 98e-003 
6. 98e-003 
6.98e-003

0.0900 6.98e-003 
0.2740 6.98e-003 

0.0633 6.98e-003 
0.1900 6.98e-003

6.25e-003 
6.25e-003 
6.25e-003 
6.25e-003 
6.25e-003 

6.25e-003 
6.25e-003 
6.25e-003 
6.25e-003 
6.25e-003 
6.25e-003

1. 00e+000 
1.01e+000 
9. 89e-001 

9.80e-001 
6. 99e-001 
1. 00e+000 
4.5le-001 
9. 90e-001 
1. 00e+000 
1.00e+000

4.68e+000 
1. 18e+000 
6. 90e+000 

1. 83e+000 
1. 94e+002 
6. 67e+000 
3.06e+001 
5.36e-001 
1.16e+000 
7. 75e-001

9.38e-001 2.64e+000 
1.00e+000 8.13e-001 

9.99e-001 3.52e+000 
9.96e-001 1.18e+000

9. 89e-001 
9. 94e-001 
9. 27e-001 
8.17e-001 
1. 01e+000 

9. 99e-001 
9.99e-001 
1. 00e+000 
9. 64e-001 
1. 00e+000 
8. 70e-001

1.33e+000 
6 .31e+000 
2. 95e-001 
2. 16e-001 
1.03e+000 

2.57e-001 
2.68e-001 
1.44e-001 
5. 20e+000 
4.61e-001 
8. 15e-001

Eff Decay Conc

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.0373 
0.4200 
0.1920 
0.2872

1 
1 
1 
1 
1 

•- 1 

1 
1 
1 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

"\-. • 3 
3

240.07 
240.07 
240.07 
240 .07 
240 .07 
240.07 
240 .07 
240.07 
240.07 
240.07 
296.75 
296.75 
296.75 
296.75 
296.75 
296.75 
296.75 
296 .75 
296.75 
296.75 
339.83 
339 .83 
339.83 
339.83 
339.83 
339.83 
339.83 
339.83 
339.83 
339.83 
339.83 
339.83 
339.83

324 
324 
324 
324 
324 
324 
324 
324 
324 
324 
119 
119 
119 
119 
119 
119 
119 
119 
119 
119 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60

Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Sm-155 
Ce-143 
U-238 
Ir-192 
TI-210 
Ag-113 
TB-160 
Pa-231 
Pa-233 
Ga-67 
Pa-231 
Te-131m 
Np-239 
In-ll5m 
Ru-95 
TH-232 
Ra-223 
Ac-228 
Cs-136 
Cs-136 
HF-175 
EU-152M 
Eu-152 
Cd-117

234 .60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244.67 
245.73 
293.26 
295.22 
295.96 
296.00 
298.40 
298.57 
299.90 
300.10 
300.20 
302.50 
334.27 
334-.30 
336.20 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343.40 
344.20 
344.30 
344.46

0.0952 
0.0200 
0.4590 
0.7100 
0.1201 

0.4890 
0.4676 
0.8692 
0.0250 
0.2720 
0.1769

N-370



4 
4 
4 
5 

,- 5 

5 
5 
5 
5 5 

6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
9 
9 

• 1 9 

10 
10 
I1

.53 
353 53 
353 .53 
353 .53 
353 53 
512 .87 
512 .87 
512 .87 
512 .87 
512 .87 
512.87 
512.87 
585.29 
585.29 
585.29 
611.41 
611.41 
611.41 
611.41 
611.41 
611.41 
611.41 
611.41 
663.52 
663 .52 
663 .52 

663 .52 

663 .52 
663.52 
663.52 
913 .94 

913 .94 
913 .94 

971.63 
971.63 
971.63 

1464 .29

179 Bi-211 
:79 7-235 

179 7-238 
179 Au-196 
179 Ba-133 

97 Te-121 
97 Tl-208 
97 Kr-79 
97 Annihila 
97 Zn-71m 
97 Rh-106m 
97 KR-85 

111 Tl-208 
111 TH-232 
111 Mo-101 
116 Kr-79 
116 Sb-125 
116 Bi-214 
116 U-238 
116 I.r-192 
116 Ag-108m 
116 Rh-106m 
116 Ag-112 

56 Ag-ib0m 
56 Cs-137 
56 Ce-143 
56 Sb-126 
56 1-126 
56 1-132 
56 1-130 

115 TH-232 
115 Ac-228 
115 Sb-129 

60 TB-160 
60 Ac-228 
60 TH-232 

384 K-40

351. 0 
351. 10 
351.99 
355.70 
356.00 
507.59 
510.72 
511. 00 
511 .00 

511.55 
511.70 
514 .00 
583 .14 
583 .14 
590.82 
606.10 
606 .82 
609.30 
609.32 
612.45 
614.37 
616.10 
617.40 
657.75 
66i. 65 
664.55 
666.30 
667.00 
667.70 
668.54 
911.07 
911.20 
914.60 
966.17 
968.80 
968.90 

1460.81

0.2140 2.69e-003 
0.2550 2.55e-003 

0.1746 2.55e-003 
0.1070 1.79e-003

0.1200 
0.3710 
0.8760 
0.6200 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.1930 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.2040 
0.4200 
0.9440 
0.8500 
0.0525 
0.9970 
0.3300 
0.9870 
0.9610 
0.2900

6.605e-003 
6.05e-003 
6. 05e-003 
6. 05e-003 
4 .42e-003 

4 .42e-003 
4 .42e-003 
4.42e-003 
4 .42e-003 
4.42e-003 

3. 95e-003 
3.95e-003 
3.80e-003 
3.80e-003 

3 80e-003 
3. 80e-003 
3. 80e-003 
3. 80e-003 
3. 80e-003 
3. 54e-003 
3.54e-003 
3. 54e-003 
3.54e-003 
3.54e-003 
3.54e-003 
3. 54e-003 
2. 69e-003

9.25e-001 2.82e+000 
1.00e+000 1.20e+000 

1.01e+000 1.74e+000 
1.00e+000 2.61e+001

INITIAL NUCLIDE EVALUATION

Energy Fraction Status

Absent 
Present 
Present 
Present 
Absent 
ABSENT -( 
Absent 
Present 
Present 
Present 
Present 
Present 
PRESENT 
Absent 
Unable to 
ABSENT 
Absent

Half lives

1.0239/ 1.2813 = 

1.3247/ 1.4997 =

Calc 
0.0001/ 0.0002 =

79.9110 %) 

88.3310 %) 

50.0000 %)

N-371

i. 00e , 000 
9. 98e-001 
1. 00e+000 
9.99e-001 

9. 90e-001 
1 . 00e+000 
9. 17e-001 
8. 56e-001 
1. 00e+000 

1.01e+000 
3 .31e-001 
9.90e-001 
1. 00e+000 

1 00e+000 
1. 00e+000 
1. 00e+000 
8. 56e-001 
8. 97e-001 
1. 00e+000 
1. 00e+000 
9. 90e-001 
9 99e-001 
9. 99e-001 
8. 63e-001 
9. 72e-001 
1. 01e+000

3.22e-...  

4.42e-t0: 
6. 23e-002 
1. 62e+00C 

1.93e.000 
2. 87e-001 
1. lle+000 
3.88e-001 
6. 99e+001 

1. 18e+000 
5. 75e+000 
4.97e+000 
7. 66e+000 

8. 63e-001 
7. 34e+000 
4. 28e-001 
2. 28e+000 
1. 06e+000 
2. 19e-001 
2. 43e-001 
3 .97e÷000 

2. 07e-001 
6. 26e-001 
2.42e-001 
2.21e-001 
1. 91e+000

Nuclide 

U-238 

TH-232 

-223 

Ba-133

77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
77.11 

238.63 
338.40 
583.14 
911.07 
968.90 
Total 
80.00 

234.60 
Total 
81.00

0.1070 
0.1920 
0.3710 
0.4609 
0.1504 
1.2813 
0.1750 
0.4310 
0.1201 
0 .3090 
0 .2900 
0.1746 
1. 4997 
0 .0001 
0.0001 
0.0002 
0 .3429

0.000 

0.000 

0.000



302 
356.30 
383.85 
Total 

235 81.07 
83.78 

143.76 
185 .72 
236.00 
269.60 
351 .10 
Total 

TB-160 86.80 
197.04 
215.65 
298.57 
876.37 
962.36 
966.17 

1177.95 
1271.88 

Total 
HF-175 89.36 

343.40 
432.80 
Total 

Ga-67 93.30 
184.60 
300.20 
Total 

-e-131m 102.06 
149.71 
200.63 
240 .93 
334.27 
452.30 
773 .67 
782.49 
793 .75 
822.78 
852.21 

1125.46 
1206.60 

Total 
Sm-155 104.30 

141.41 
245.73 
Total 

Np-239 106.10 
209.80 
228.10 
277.60 
315.90 
334.30 
Total 

-152M 121.78 
344.20 
841.60 
963.50

0.0709 
: 816 

0.6200 
0.0897 
1.3051 
0 .1480 

0.2460 
0 .1050 

0.5400 
0.1100 
0 .1340 

0.1200 
1.4030 
0.1340 
0.0524 
0.0402 
0.2740 
0.3000 
0.1000 
0.2550 
0 1550 
0 .760 
1.3866 
0.0235 
0.8692 
0.0156 
0.9083 
0.3800 
0 .2360 
0 .1900 

0 .8060 
0.0790 
0.2054 
0.0752 
0.0755 
0.0952 
0.0567 
0.3800 
0.0775 
0.1380 
0.0609 
0.2093 
0.1137 
0.0971 
1.6635 
0.7464 
0.0202 
0.0373 
0.8039 
0.2320 
0 .0410 

0 .1270 

0.1420 
0.0150 
0.0200 
0 .5770 

0.0720 
0.0250 
0.1470 
0.1200

Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent
Absent 
Absent 
Present 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
PRESENT 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
ABSENT ( 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent

( 0.6200/ 1.3051 = 

0.2300/ 1.4030 = 

0.5290/ 1.3866 = 

0.8692/ 0.9083 = 

0.1900/ 0.8060 = 

0.1707/ 1.6635 = 

0.0373/ 0.8039 = 

0.0200/ 0.5770 =

N-372

47.5059 % 

16.3934 % 

38.1509 % 

95.6952 %) 

23.5732 %) 

10.2615 %) 

4.6425 %) 

3.4662 %)

0.00.  

0.0CC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



2u15 '2 . 73 

244 .67 
344.30 
778 .90 

964 .00 
"1085.80 
1112 .07 
1408.08 

Total 
TN-116M 137.92 

244.59 
416.88 
463.13 
818.65 

1097.23 
1293.49 
1507. 50 
1601.12 
1752.42 
2212.21 

Total 
Ra-223 144.30 

154.30 
269.60 
338.60 
Total 

Sb-125 176.29 
380.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671.66 
Total 

Xe-125 188.43 
243.40 
Total 

Mo-101 191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338 .70 
790.50 
911.20 
964.40 
968 .80 
Total 

Th-227 236.00 
329.90 
Total 

1-224 241.08 
Total 

ý.Kr-79 261.30 
397.50 
511.00

5 3640 
.3068 

0.0772 
0.2720 
0.1272 
0.1433 
0.1010 
0. 1340 
0.2073 
1.3688 
0.0350 
0.0038 
0.2937 
0 .0083 

0..1372 
0 .6791 
1 .0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011 
0.0001 
0.0001 
0 .0001 
0.0001 
0.0004 
0.0630 
0.0140 
0.2960 
0. 1000 
0. 1840 
0. 0520 
0 .1120 

0 .0180 

0.8390 
0.5500 
0.2871 
0.8371 
0.1810 
0.1135 
0.1930 
0.0660 
0.1135 
0.6670 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.1270 
0.0950 
0.1500

ABSENT 
Abs en rt 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent
Absent 
Absent 
Absent 
Absent 
ABSENT 0.  
Absent 
Absent 
Absent 
Unable to Calc 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Present 
ABSENT ( 0.  
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent, 
Unable to Calc 
Absent 
Unable to Calc 
ABSENT ( 0.  
Unable to Calc 
Absent 
ABSENT ( 0.  
Unable to Calc 
PRESENT ( 0.  
Absent 
Absent 
Present

>�23/ >364 -

0038/ 2.5011 =

0001/ 0.0004 =

0520/ 0.8390 = 

2871/ 0.8371 = 

1930/ 0.6670 = 

0003/ 0.0006 = 

0001/ 0.0002 = 

0001/ 0.0001 =

25.5114 %)

0.1519 0) 

25.0000 %) 

6.1979 %) 

34.2970 %) 

28.9355 %) 

50.0000 %) 

50.0000 %) 

100.0000 %)

N-373

0.000

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

0.3492/ 1.3688 =

q



Pa-231 

Ce-143 

Ir-192 

Tl-210

cal 

273.28 
344.46 
434.22 

1303 .34 
1576.80 

Total 
283 .60 

299.90 
302.50 
Total 

293.26 
664.55 
721.96 
Total 

295.96 
308.46 
316.51 
468.06 
612.45 
Total 

296.00 
795.00

1060.00 
1210.00 
1310.00 

Total 
Ag-113 298.40 

Total 
-233 300.10 

311.90 
Total 

Au-196 332.90 
355.70 
Total 

In-li5m 336.20 
Total 

Ru-95 336.40 
1096.80 

Total 
Cs-136 340.60 

340.60 
818.50 
818.50 

1048.07 
1048.10 
1235.34 

Total 
Bi-211 351.00 

Total 
1-126 386.00 

667.00 
Total 

Zn-71m 386.28 
487.34 
511.55 
596.97 
620.19 
Total

3. 3810 
3.4530 
0.2900 
0.1769 
0.1047 
0 .1827 

0.1119 
0.8662 
0.0001 
0.0001 
0.0001 
0.0003 
0.4200 
0.0525 
0.0512 
0 .5237 
0 .2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.0001 
0.0001 
0.0001 
0 .0001 
0.0001 
0.0005 
0.0900 
0 .0900 
0.0633 
0.3700 
0.4333 
0.2300 
0.8760 
1.1060 
0.4590 
0.4590 
0.7100 
0.2100 
0.9200 
0.4890 
0.4676 
0.9970 
0.9970 
0.7976 
0.7980 
0.1974 
4.7436 
0.0001 
0.0001 
0.3400 
0.3300 
0.6700 
0.9200 
0.6164 
0.2806 
0.2760 
0.5612 
2.6542

Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Unable to 
Unable to 
ABSENT 
Present 
Present 
Absent 
PRESENT 
Present 
Absent 
Absent 
Absent 
Present 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent, 
ABSENT 
Unable to 
PRESENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT

0.2310/ 0.4530 = 

0.1769/ 0.8662 =

Calc 
Calc 

0.0002/ 0.0003 =

0.4725/ 0.5237 =

0.3415/ 
Calc

1. 9478 =

0.0001/ 0.0005 = 

0.0900/ 0.0900 = 

0.0633/ 0.4333 = 

0.8760/ 1.1060 = 

0.4590/ 0.4590 = 

0.7100/ 0.9200 =

0.9566/ 
Calc 

0.0001/

4.7436 = 

0.0001 =

0.3300/ 0.6700 = 

0.2806/ 2.6542 =

50".993 %3 

20.4225 %) 

66.6667 k) 

90.2234 %1) 

17.5326 k) 

20.0000 %) 

100.0000 %) 

14.6088 %) 

79.2043 k) 

100.0000 %) 

77.1739 %) 

20.1661 %) 

100.0000 k) 

49.2537 1) 

10.5719 %)

N-374

0. 00( 

0 0 0 c 

0.00m: 

0. 00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



695.30 
697.00 
720.50 
Total 

• .g-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70

Te-121 

T1-208 

Annihila 

KR-85 

1-132

Sb-129

Total 
507.59 
573 .14 

Total 
510.72 
583.14 
Total 

511.00 
Total 

514.00 
Total 

522.65 
630.20 
667.70 
772.61 
954.55 
Total 

536.09 
668.54 
Total 

544.70 
812.80 
914.60

1030.10 
Total 

Bi-214 609.30 
768.40 

1120.30 
1764.50 

Total 
Ag-112 617.40 

1387.70 
Total 

Ag-ll0m 657.75 
677.60 
706.67 
763.93 
884.67 
937.48 

1384.27 
1505.00 

Total 
'-s-137 661.65 

Total 
K-40 1460.81

. B770 
39970 
0.9970 
0.3190 
0. 5780 
3.7680 
0.9050 
0.9320 
0.9230 
2.7600 
0.2450 
0.8640 
0.2040 
0.1950 
0.3070 
1.8150 
0.1767 
0.8030 
0.9797 
0.0001 
0.0001 
0 .0002 
1.0000 
1.0000 
0.0041 
0.0041 
0 .1610 
0.1370 
0.9870 
0.7620 
0 .1810 
2 .2280 
0 .9900 
0.9610 
1.9510 
0.1920 
0.4600 
0.2140 
0.1350 
1.0010 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.4200 
0.0530 
0.4730 
0.9440 
0.1057 
0.1631 
0 .2226 
0 .7278 
0.3427 
0.2164 
0.1323 
2.8546 
0.8500 
0.8500 
0.1070

Absent 
Presen.  
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Present
Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
PRESENT 
Present, 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present

0.9970/ 3.7680 = 

0.9320/ 2.7600 = 

1.0680/ 1.8150 =

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

0.9870/ 2.2280 = 

0.9610/ 1.9510 =

0.2140/ 
Calc

1.0010 =

0.0001/ 0.0004 = 

0.4200/ 0.4730 = 

0.9440/ 2.8546 = 

0.8500/ 0.8500 =

( 

(

N-375

26.4597 %) 

33.7681 %) 

58.8430 *) 

18.0361%) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

44.2998 %j) 

49.2568 IS) 

21.3786 %) 

25.0000 %) 

88.7949 %) 

33.0694 %) 

100.0000 %)

0.30 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



0.1070 PRESENT 7 .:c ,, : 7.  

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
•-, Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

1 324 TH-232 911.07 7.80e-004 115 238.63 3.54e-003 324 3 60 TH-232 911.07 7.80e-004 115 338.40 7.50e-004 60 6 111 TH-232 911.07 7.80e-004 115 583.14 1.22e-003 ill 
-------------------------------------------------------------------------------

PEAK INTERFERENCE CORRECTION 

Pk# New Area Nuclide Energy Status 

1 0 Ra-224 241.08 Deleted [ Net < Critical Level ] 
3 0 In-ll5m 336.20 Deleted [ Net < Critical Level 
3 0 HF-175 343.40 Deleted [ Net < Critical Level 
6 0 Tl-208 583.14 Deleted [ Net < Critical Level 

--------------------------.------------------------------------------------------

SECONDARY NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives

HF'-175 89.36 
343.40 
432.80 
Total 

.&-224 241.08 
"Total 

In-ll5m 336.20 
Total 

Tl-208 510.72 
583.14 
Total

0.0235 
0.8692 
0.0156 
0.9083 
0.0001 
0.0001 
0.4590 
0.4590 
0.0001 
0.0001 
0.0002

Absent 
Absent 
Absent 
ABSENT ( 0.0000/ 0.9083 = 
Absent 
ABSENT ( 0.0000/ 0.0001 = 
Absent 
ABSENT ( 0.0000/ 0.4590 = 
Unable to Calc 
Absent 
ABSENT ( 0.0001/ 0.0002 =

0.0000 01) 

0.0000 01) 

0.0000 %) 

50.0000 %)

0.000 

0.000 

0.000 

0.000

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction

Ce-143 

Ag-113 
m -211 

nihila 
--85 

Ag-112 
Cs-137

Average: 
238.63 
338.40 
583.14 
911.07 
968.90 

Average: 
293.26 
664.55 
298.40 
351.00 
511.00 
514.00 
617.40 
661.65

1.29e+000 +-9.14e-002 
1.18e+000 +-1.24e-001 
1.03e+000 +-3.53e-001

+-:1.95e-001 
+-2.61e-001 
+-4.07e-001 
+-l.16e-001 
+-l.16e-001 
+-1.22e+000 
+-5.72e-001 

BKG 
I.D.Only 

+-1.50e+001 
+-1.55e-001 
+-7.46e-002

1. 18e+000 
1. 91e+000 
1. 74e+000 
5.67e-001 
5.36e-001 
3 .97e+000 

2. 64e+000 

6. 99e+001 
1. 06e+000 
2.43e-001

1. 24e+014

3.30e+001 

5.37e+000 
1. 00e+012 
1. 00e+003 
9.3 9e+004 
3.14e+000 
2. 64e+005

5 of 6 0.00 

2.832 of 3

1 
1 
1 
1 
1 
1

of 
of 
of 
of 
of 
of

1 
1 1 
1 
2 
1 24.28

N-376

TH-232



-• - 2. 61e+001 4-i.38e+- . 2e-0 

A 1.02e-002 pCi /g MPC Total: 27.12 

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None

N-377



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID : SC-5 

... ..--------------......------------ -------------------------..  

Sample Size ........ 5.80e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-10-97 08:47 Counting Start ...... 10-10-97 08:47 
Sampling Stop ..... 10-10-97 08:47 Live Time ........... 3600 Sec 
Current Date ...... 10-14-97 10:13 Real Time ............. 0 Sec 
............------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En"3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

----------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier . ......... 1.00 
------------------ 7---------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keY) FLAG 

1 77.99 145.00 42 33 57 515 0.46 NET < CL 
2 186.53 370.67 79 27 44 301 1.09 

- 3 238.90 479.54 345 34 51 359 1.15 
4 295.30 596.80 125 23 36 176 0.83 
5 338.33 686.27 70 19 31 136 1.21 
6 352.05 714.79 254 25 35 133 1.29 
7 582.75 1194.42 150 20 30 88 1.50 
8 608.88 1248.74 195 19 24 63 1.28 
9 910.181875.13 84 16 26 64 1.69 

10 1458.59 3015.29 410 21 9 7 1.96

N-378



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-5 

-------------------------------------------------------------

Sample Size ........ 5.80e+002 g Spectrum File ......... TEMP.SPC 
Sampling Start ..... 10-10-97 08:47 Counting Start ..... .10-10-97 08:47 
Sampling Stop ..... 10-10-97 08:47 Buildup Time ....... .0.00e+000 Hrs 
Current Date ...... 10-14-97 10:13 Decay Time ......... 0.00e+000 Hrs 
..................................--------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ...................... I IDGeneral Radionuclide Analysis Library 
-------------------------------------------------------------

Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*EnA8.62e-001] 12-05-96 10:47 
..................................--------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction

9.66e-003 
9. 66e-003 
9. 66e-003 
9. 66e-003 

9. 66e-003 
9. 66e-003 
9. 66e-003 
9. 66e-003 
9. 66e-003 
9. 66e-003 
9. 66e-003 
8.24e-003 

8.24e-003 
8.24e-003 
8.24e-003 

8.24e-003 
8.24e-003 
8.24e-003 
7. OOe-003 
7. OOe-003 
7. OOe-003

0.0900 7.00e-003 
0.2740 7.00e-003

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5

9. 95e-001 
9. 94e-001 
9. 96e-001 
1.00e+000 

9. 80e-001 
1.00e+000 
9.81e-001 
9. 95e-001 
9. 93e-001 
3.31e-001 
1.00e+000 
9.94e-001 

1.00e+000 
1.01e+000 
9.89e-001 

9.80e-001 
6. 99e-001 
1. 00e+000 
9. 90e-001 
1. 00e+000 
1. 00e+000

1.69e+000 
2.26e-001 
4.5le-001 
1. 96e-001 

1. 96e-001 
6. 77e-001 
3 .08e+000 

1. 87e+001 
1. 13e+000 
1. 77e+000 
3 .41e+000 
5. 45e+000 

4. 93e+000 
1.25e+000 
7. 26e+000 

1. 93e+000 
2 .04e+002 

7. 02e+000 
5.56e-001 
1.20e+000 
8. 04e-001

9.38e-001 2.74e+000 
1.00e+000 8.43e-001

186.53 
186 .53 
186 .53 
186.53 
186.53 
186 .53 
186.53 
186.53 
186 .53 

186.53 
186 .53 
186.53 
238.90 
238.90 
238.90 
238.90 
238.90 
238.90 
238.90 
238.90 
238 .90 

238.90 
295.30 
295 .30 

295.30 
295.30 
295 .30 
295.30 
295.30 
295.30 
295.30 
338.33 
338.33

79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 

345 
345 
345 
345 
345 
345 
345 
345 
345 
345 
125 
125 
125 
125 
125 
125 
125 
125 
125 
70 
70

Eff Decay Conc

Mo-99 
Cu-67 
Ga-67 
U-235 
Ra-226 
Xe-125 
In-114m 
Pt-197 
Hg-197 
Zn-72 
Mo-101 
Fe-59 
Xe-133m 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Ce-143 
U-238 
Ir-192 
Tl-210 
Ag-113 
TB-160 
Pa-231 
Pa-233 
Ga-67 
Mg-27 
Au-196

181.07 
184.50 
184.60 
185.72 
186.20 
188.43 
190 .24 
191.31 
191.38 
191.50 
191.93 
192.34 
233.20 
234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244:67 
293.26 
295.22 
295.96 
296.00 
298.40 
298.57 
299.90 
300.10 
300.20 
332.73 
332.90

0.0629 
0.4700 
0.2360 
0.5400 

0.5500 
0.1564 
0.0350 
0.0057 
0.0940 
0.1810 
0.0311 
0.1000 

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.4200 
0.1920 
0.2872

3 .65e+000 

1.22e+000 
6.43e+001 
6.30e-001

7. OOe-003 
7.OOe-003 
6. 27e-003 
6. 27e-003

9. 99e-001 
9. 96e-001 
2.25e-001 
9. 98e-001

0.0633 
0.1900 
0.0100 
0.2300

N-379



5 
5 

5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 6 

7 
7 
8 
8 
8 
8 
8 
8 
8 

9 
9 
9 

\.. 10

38. 33 
" .8 33 

338 .33 
338 .33 
338 .33 
338.33 
338 .33 
338 .33 
338.33 
338.33 
338.33 
338.33 
352.05 
352.05 
352.05 
352 .05 
352.05 
352.05 
352.05 
352 .05 
582 .75 
582 .75 
608.88 
608.88 
608.88 
608 .88 
608.88 
608 .88 
608. 88 
910. 18 
910. 18 
910 .18 

1458. 59

70 Te-13 1m 
70 Nop-239 
70 in--l15m 
70 Ru-95 
70 TH-232 
70 Ra-223 
70 Ac-228 
70 Cs-136 
70 Cs-136 
70 HF-175 
70 EU-152M 
70 Eu-152 

254 Ho-167 
254 Pt-197m 
254 Na-24 
254 Bi-211 
254 U-235 
254 U-238 
254 Au-196 
254 Ba-133 
150 Tl-208 
150 TH-232 
195 Cs-134 
195 Kr-79 
195 Sb-125 
195 Bi-214 
195 U-238 
195 Ir-192 
195 Ag-108m 

84 TH-232 
84 Ac-228 
84 Sb-129 

410 K-40

334.27 
334.30 
336.20 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343 .40 
344 .20 
344.30 
346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
583 .14 
583 .14 
604 .66 
606.10 
606 .82 
609.30 
609.32 
612.45 
614.37 
911.07 
911.20 
914.60 

1460.81
0.2140 2.70e-003 
0.1070 1.80e-003

0.0952 
0.0200 
0.4590 
0.7100 
0.1201 

0.4890 
0 .4676 
0 .8692 
0.0250 
0 .2720 
0.5700 
0. 1110 
0 .0100 

0.1200 
0.3710 
0.8760 
0.6200 

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.2900

6. 27e-0C3 
6.27e- 303 
6.27e-003 
6. 27e-003 
6. 27e-003 

6 .27e-003 
6 .27e-003 
6 . 27e-003 
6. 27e-003 
6.27e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 

6. 07e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 

3.96e-003 
3. 81e-003 
3.81e-003 
3.81e-003 

3.81e-003 
3. 81e-003 
3. 81e-003 
2.70e-003

9.25e-001 2.03e+000 
1.00e+000 2.76e+001

INITIAL NUCLIDE EVALUATION

Energy Fraction Status

77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
77.11 

238.63 
338.40 
583.14 
911.07 
968.90 
Total 
77.35 
80.20 

191.38 
268.73 
Total 
77.35 

191.31 
Total

0.1070 
0.1920 
0.3710 
0.4609 
0.1504 
1.2813 
0.1750 
0.4310 
0.1201 
0.3090 
0.2900 
0.1746 
1. 4997 
0 .1900 

0.0340 
0.0057 
0.0005 
0.2302 
0.1700 
0.0350 
0.2050

Absent 
Present 
Present 
Present 
Absent 
ABSENT 
Absent 
Present 
Present 
Present
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT

Half lives

1.0239/ 1.2813 = 

1.1501/ 1.4997 = 

0.0057/ 0.2302 = 

0.0350/ 0.2050 =

79.9110 %) 

76.6887 %) 

2.4761 %) 

17.0732 %)

N-380

9. 3e- -.  

9. 94e-0^n 
9.27e-.D00 
8.1 7e-001 
1.01e+000 

9. 99e-001 
9. 99e-001 
1. 00e+000 
9. 64e-001 
1 . 00e+000 
8. 96e-001 
8. 09e-001 
9. 77e-001 

1. 00e+000 
1. 00e+000 
9. 98e-001 
1. 00e+000 

1. 01e+000 
1. 00e+000 
9.90e-001 
1. 00e+000 

1.00e+000 
1. 00e+000 
1. 00e+000 
1.01e+000

-7 . e- , 

3.40e-30: 
2 .49e- 3W )C 
1.1:9e÷00c 

2. 96e-001 
3. 09e-001 
1. 66e-001 
6. 00e+OOC 
5 31e-001 
1. 06e÷00C 
6. 03e+000 
5 54e+001 

4. 52e+000 
1.46e+000 
6. 20e-001 
8. 74e-001 

1. 57e+000 
6. 78e-001 
8. 25e+000 
1. 27e+001 

1.43e+000 
1.22e+001 
7. 10e-001 
1.38e+000

Nuclide 

U-238 

TH-232 

Hg-197 

.--- 197

0.000 

0.000 

0.000 

0.000



7r-223 30.30 
234. • 

Toal 
Ba-!33 81.00 

276.40 
302.85 
356.00 
383.85 
Total 

U-235 81.07 
83 .78 

143 .76 
185.72 
236.00 
269.60 
351.10 
Total 

TB-160 86.80 
197.04 
215.65 
298.57 
876.37 
962.36 
966 .17 

1177.95 
1271.88 

Total 
HF-175 89.36 

343.40 
432.80 
Total 

,A-67 93.30 
184.50 
Total 

Ga-67 93.30 
184.60 
300.20 
Total 

Te-131m 102.06 
149.71 
200.63 
240.93 
334.27 
452 .30 
773 .67 

782.49 
793.75 
822.78 
852.21

Np-239 

EU-152M

1125.46 
1206.60 

Total 
106.10 
209.80 
228.10 
277.60 
315.90 
334.30 
Total 

121.78

0 0010 
0000i 

0.0002 
0.3429 
0.0709 
0.1816 
0.6200 
0 .0897 

1.3051 
0 .1480 

0 .2460 
0 .1050 
0 .5400 

0. 1100 
0 .1340 

0.1200 
1.4030 
0.1340 
0 .0524 

0 .0402 
0.2740 
0.3000 
0 .1000 

0 .2550 
0.1550 
0.0760 
1.3866 
0.0235 
0.8692 
0.0156 
0.9083 
0.1690 
0.4700 
0.6390 
0.3800 
0.2360 
0.1900 
0.8060 
0.0790 
0.2054 
0 .0752 
0.0755 
0 .0952 

0.0567 
0.3800 
0.0775 
0.1380 
0.0609 
0.2093 
0.1137 
0.0971 
1.6635 
0.2320 
0.0410 
0.1270 
0.1420 
0.0150 
0.0200 
0.5770 
0.0720

Absent 
Unable co 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent
Absent 
Absent 
Present 
Present 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
PRESENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent

Calc 
0.0001/ 0.0002 =

0.6200/ 1.3051 = 

0.7700/ 1.4030 =

50.0000 %) 

47.5059 %) 

54.8824 %)

0.2740/ 1.3866 = 19.7606 %)

( 

(

95.6952 %) 

73.5524 %) 

52.8536 %) 

10.2615 k) 

3.4662 %)

N-381

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

0.8692/ 0.9083 = 

0.4700/ 0.6390 = 

0.4260/ 0.8060 = 

0.1707/ 1.6635 = 

0.0200/ 0.5770 =



344.2: 
3 4. '1 0 
963 .50 
Total 

i-152 121.78 
244.67 
344.30 
778. 90 
964 .00 

1085. 80 
1112.07 
1408.08 

Total 
IN-116M 137.92 

244 .59 
416. 88 
463 .13 
818.65 

1097.23 
1293.49 
1507.50 
1601.12 
1752.42 
2212.21 

Total 
Mo-99 140.51 

181.07 
739.40 
Total 

ue-59 142.65 
192.34 

1099.22 
1291.56 

Total 
Ra-223 144.30 

154.30 
269.60 
338.60 
Total 

Zn-72 144.70 
191.50 
Total 

Mg-27 170.82 
332.73 
843.80 

1014.50 
Total 

Sb-125 176.29 
380.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671.66 
Total 

,-226 186.20 
Total 

Xe-125 188.43 
243.40

C 0250 
0 1470 
0.1200 
0.3640 
0.3068 
0 .0772 
0.2720 
0.1272 
0 .1433 

0 .1010 

0.1340 
0 .2073 
1.3688 
0.0350 
0.0038 
0.2937 
0 .0083 
0 .1372 

0 .67991 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2 .5011 
0 .0379 
0 .0629 
0.1260 
0.2268 
0.0103 
0.0311 
0.5680 
0.4320 
1. 0414 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.8300 
0.0940 
0.9240 
0.0070 
0.0100 
0.7140 
0.2860 
1.0170 
0.0630 
0.0140 
0.2960 
0.1000 
0 .1840 

0.0520 
0.1120 
0.0180 
0.8390 
0.0001 
0.0001 
0.5500 
0.2871

Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Absent
Absent 
Unable to Calc 
ABSENT ( 0.  
Absent 
Present 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Absent 
ABSENT ( 0.  
Absent
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Unable to Calc 
PRESENT ( 0.  
Present 
Present

0.0250/ 0.3640 = 

0.3492/ 1.3688 = 

0.0038/ 2.5011 = 

0.0629/ 0.2268 = 

0.0311/ 1.0414 =

0001/ 0.0004 =

0940/ 0.9240 = 

0100/ 1.0170 =

0520/ 

o001/

0.8390 = 

0.0001 =

6.8681 %) 

25.5114 %) 

0.1519 %) 

27 :7266 1) 

2.9864 %) 

25. 0000 %) 

10.1732 %) 

0.9833 %) 

6.1979 %) 

100.0000 %)

N-382

0.0 C' 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Z i 4 m )(D.4 
538.43 

725.24 
1283 .67 
1299.83 

Total 
Mo-101 191.93 

505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

Xe-133m 233.20 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Pa-231 283.60 
299.90 
302.50 
Total 

Ce-143 293.26 
664.55 
721.96 
Total 

Ir-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Tl-210 296.00 
795.00 

1060.00 
1210.00 
1310.00 

Total 
Ag-113 298.40 

Total 
Pa-233 300.10 

311.90 
Total 

Ao-167 321.30 
346.50 
Total

.8371 
0. 1564 
0.2850 
0.2810 
0. 0003 
0.0012 
0.7239 
0.1810 
0.1135 
0.1930 
0 .0660 
0.1135 
0.6670 
0.0001 
0.0001 
0 .0001 
0.0001 
0.0001 
0.0001 
0.0006 
0 .1000 
0.1000 
0.0001 
0.0001 
0 .0002 

0.0001 
0.0001 
0 .1270 

0.0950 
0 .1500 
0 .0810 
0.4530 
0.0001 
0.0001 
0 .0001 
0.0003 
0.4200 
0.0525 
0.0512 
0.5237 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0005 
0.0900 
0.0900 
0.0633 
0.3700 
0.4333 
0.2390 
0.5700 
0.8090

PRESENT 
Present 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Unable to 
Absent 
Unable to 
Absent

03 3 72, 0.3271- :

0.1564/ 0.7239 = 

0.1810/ 0.6670 =

21.6052 %) 

27.1364 %)

Calc 

Calc

Absent 
ABSENT ( 0.  
Present 
PRESENT ( 0.  
Unable to Calc 
Absent 
ABSENT C 0.  
Unable to Calc 
PRESENT ( 0.  
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
ABSENT ( 0.  
Present 
Absent 
Absent 
PRESENT ( 0.  
Present 
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.  
Unable to Calc 
Absent.  
Absent 
Absent 
Absent 
ABSENT ( 0.  
Present 
PRESENT ( 0.  
Present 
Absent 
ABSENT ( 0.  
Absent 
Present 
ABSENT ( 0.

0002/ 0.0006 =

1000/ 

0001/ 

0001/

0.1000 = 

0.0002 = 

0.0001 =

0810/ 0.4530 = 

0001/ 0.0003 = 

4200/ 0.5237 =

3415/ 1. 9478 =

0001/ 0.0005 = 

0900/ 0.0900 = 

0633/ 0.4333 = 

5700/ 0.8090 =

33.3333 %) 

100.0000 0%) 

50.0000 %) 

100.0000 %) 

17.8808 %) 

33.3333 %) 

80.1986 %) 

17.5326 %) 

20.0000 %) 

100.0000 %) 

14.6088 k) 

70.4574 k)

N-383

0.000 

0.000

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



. 3 322.9r 
355.73 
Tocal 

In-115m 336.20 
Total 

a-95 336.40 
1096.80 

Total 
Cs-136 340.60 

340.60 
818.50 
818.50 

1048 .07 
1048.10 
1235.34 

Total 
Pt-197m 346.50 

Total 
Na-24 346.55 

857.55 
1368.53 
1732.10 

Total 
Bi-211 351.00 

Total 
Ag-108m 434.00 

614.37 
722.95 
Total 

'"1-208 510.72 
583.14 
Total 

Sb-129 544.70 
812.80 
914.60 

1030.10 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

Bi-214 609.30 
768.40 

1120.30 
1764.50 

Total 
K-40 1460.81 

Total

3.2300 
0. 8760 
1.1060 
0.4590 
0.4590 

0.7100 
0.2100 
0.9200 
0.4890 
0 .4676 
0.9970 
0.9970 
0.7976 
0.7980 
0 .1974 

4 .7436 

0 .1110 
0 .1110 
0.0100 
0.0100 
1.0000 
0.0100 
1.0300 
0.0001 
0.0001 
0.9050 
0.9320 
0.9230 
2 .7600 
0.0001 
0 .0001 
0.0002 
0 .1920 
0.4600 
0.2140 
0.1350 
1.0010 
0.0838 
0.1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.1070 
0.1070

Present 
Present 
PRESENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
Absent

1.1060/ 1.1060 = 100.0000 %) 

0.4590/ 0.4590 = 100.0000 %)

0.7100/ 0.9200 = 

0.9566/ 4.7436 =

0.1110/ 
Calc

Absent 
ABSENT ( 0.0100/ 
Unable to Calc 
PRESENT ( 0.0001/ 
Absent 
Present 
Absent 
ABSENT ( 0.9320/ 
Absent 
Unable to Calc 
ABSENT ( 0.0001/ 
Absent 
Absent 
Present 
Absent 
ABSENT ( 0.2140/ 
Absent 
Absent
Present 
Absent
Absent 
ABSENT ( 0.9756/ 
Unable to Calc 
Absent 
Absent 
Absent 
ABSENT, ( 0.0001/ 
Present
PRESENT ( 0.1070/

77.1739 %) 

20.1661 %)

0.1110 = 100.0000 %)

1.0300 = 

0.0001 =

2.7600 = 

0.0002 =

1.0010 =

2.1554 =

0.0004 = 

0.1070 =

0.9709 k) 

100.0000 k) 

33.7681 %) 

50.0000 %) 

21.3786 k) 

45.2631 %) 

25.0000 %) 

100.0000 U)

0. Cor 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
"-# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

<._4one

N-384



FINAL ACTIVITY REPORT

""'clide Energy Conc +- i.o0sigma Halflife Peaks MPC "(keV) (pCi /g ) (hrs) Found Fraction

343.40 
186.20 

Average: 
188.43 
243.40 
233.20 
241.08 
293.26 
298.40 

Average: 
332.90 
355.70 
336.20 
346.50 
351.00 

1460.81

SRa-226 
Xe-125 

Xe-133m 
Ra-224 
Ce-143 
Ag-l113 
Au-196 

In-ll5m 
Pt-197m 
Bi-211 
K-40

+-4.61e-002 
BKG 

+-6.28e-002 
+-6.66e-002 
+-1.91e-001 
+-5.39e-001 

BKG 
+-1.03e-001 
+-5. 05e-001 
+-5.70e-002 
+-1.74e-001 
+-6.03e-002 
+-9 .4e-002 
+-5.87e-001 

BKG 
+-1.40e+000

1. 66e-001 

3.85e-001 
1.96e-001 
1. 93e+000 
5.45e+000 

5.56e-001 
2. 74e+000 
6. 21e-001 
6. 30e-001 
6 .20e-001 
3 .40e-001 
6. 03e+000 

2. 76e+001

1 of 
1 of 
2 of

1. 68e+003 
1. 00e+012 
1. 68e+001 

5.42e+001 
1. 00e+012 
3. 30e+001 
5. 37e+000 
1.48e+002 

4 .49e+000 
1. 57e+000 
1.00e+012 
1.12e+013

of 
of 
of 
of 
of 

of 
of 
of 
of

3 
1 
2 

1 
1 
3 

2 

i 
1.  
2.  
2.

0.00

2.78 

0.00

TOTAL: 4.39e+001 pCi /g MPC Total: 2.78 
-------------------------------------------------------------------------------

UNKNOWN PEAKS

Energy Centroid 
(keY) Channel

Net Un- C.L.  
Counts Certainty Counts

Bkg. FWHM Net 
Counts (keV) Gamma/sec

-ý82.75 1194.42 150 20 30 88 1.50 1.052e+001 
'•w608.88 1248.74 195 19 24 63 1.28 1.420e+001 

910.18 1875.13 84 16 26 64 1.69 8.644e+000

N-385

1 
1 
2.  
1 
2 

1 
1 
1 
1.



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

Sample ID : SC-6 

-------------------------------------------------------------

Sample Size ........ 6.45e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-10-97 09:56 Counting Start ..... .10-10-97 09:56 
Sampling Stop ..... 10-10-97 09:56 Live Time ........... 3600 Sec 
Current Date ...... 10-14-97 10:14 Real Time ............. 0 Sec 
-------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch A3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En 3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 1 
--------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keY) FLAG 

1 239.02 479.80 320 33 51 323 0.93 
2 295.60 597.42 113 25 43 203 1.08 
3 338.76 687.15 69 24 43 187 1.11 
4 352.02 714.73 191 25 38 162 1.55 
5 510.43 1044.04 114 20 32 94 1.95 
6 582.83 1194.57 120 19 31 86 1.48 
7 608.89 1248.76 167 18 22 53 1.80 
8 661.17 1357.45 52 16 28 74 0.93 
9 910.26 1875.30 102 14 20 33 1.67 

10 967.86 1995.05 54 12 19 37 1.50 
11 1458.65 3015.41 312 19 11 11 2.23 
12 1761.84 3645.74 48 8 8 5 2.54

N-386



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-6 

-----------------------------------------------------------------------------------
Sample Size ... ....... .. 6.45e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-10-97 09:56 Counting Start ..... ... 10-10-97 09:56 
Sampling Stop ....... .10-10-97 09:56 Buildup Time .......... .. 0.00e+000 Hrs 
Current Date ......... 10-14-97 10:14 Decay Time .... ........ .. 0.00e+000 Hrs 
-----------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef j Library File. . .c:\gdr\library\nes.lib 
ID ........... ................... I IDGeneral Radionuclide Analysis Library 

-/ 6----------------------------------------------------------------------------
Eff.= 1/r6.66e-002*EnA -2.92e+000 + 4.02e+002*En A8 .62e-001] 12-05-96 10:47

Gamma Fraction Limit >= . . . 80.00 % 1 Decay Limit <= .... 8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction

0.1000 8.24e-003

8 .24e-003 
8. 24e-003 
8.24e-003 

8.24e-003 
8.24e-003 
8.24e-003 
7. OOe-003 
7. OOe-003 
7. OOe-003

0.0900 7.00e-003 
0.2740 7.00e-003

7. OOe-003 
7. OOe-003 
6 .27e-003 
6 .27e-003 
6 .27e-003 
6. 27e-003 
6 .27e-003 
6. 27e-003 

6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6.27e-003 
6.27e-003

9.94e-001 4.55e+000

1.00e+000 
1. 01e+000 
9. 89e-001 

9.80e-001 
6.99e-001 
1.00e+000 
9.90e-001 
1.00e+000 
1.00e+000

4 . 11e+000 
1. 04e+000 
6. 06e+000 

1.61e+000 
1.70e+002 
5.86e+000 
4.52e-001 
9.76e-001 
6. 54e-001

9.38e-001 2.23e+000 
1.00e+000 6.86e-001

9. 99e-001 
9. 96e-001 
9. 98e-001 
9. 89e-001 
9. 94e-001 
9.27e-001 
8. 17e-001 
1. 01e+000 

9. 99e-001 
9. 99e-001 
1. 00e+000 
9. 64e-001 
1. 00e+000 
8. 70e-001

2. 97e+000 
9. 93e-001 
5. 59e-001 
1. 36e+000 
6. 45e+000 
3 Ole-001 
2.21e-001 
1.06e+000 

2 .62e-001 

2 .74e-001 
1. 48e-001 
5. 32e+000 
4.71e-001 
8 33e-001

Eff Decay Conc

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.4200 
0.1920 
0.2872

1 
1 
1 
1 
1 •" 1 

1 
1 
1 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

_ 3 
3 
3

239.02 
239.02 
239.02 
239.02 
239.02 
239.02 
239.02 
239.02 
239.02 
239.02 
295 .60 

295.60 
295.60 
295.60 
295 .60 
295.60 
295.60 
295.60 
295.60 
338.76 
338.76 
338.76 
338.76 
338.76 
338.76 
338.76 
338.76 
338.76 
338.76 
338.76 
338.76 
338.76 
338.76

320 
320 
320 
320 
320 
320 
320 
320 
320 
320 
113 
113 
113 
113 
113 
113 
113 
113 
113 

69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69

Xe-133m 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-1I6M 
Eu-152 
Ce-143 
U-238 
Ir-192 
TI-210 
Ag-113 
TB-160 
Pa-231 
Pa-233 
Ga-67 
Au-196 
Te-131m 
Np-239 
In-li5m 
Ru-95 
TH-232 
Ra-223 
Ac-228 
Cs-136 
Cs-136 
HF-175 
EU-15 2M 
Eu-152 
Cd-117

233.20 
234.60 
236.00 
236.00 
238.63 
240. 93 
241. 08 
243 .40 
244 .59 
244.67 
293 .26 
295 .22 
295.96 
296.00 
298.40 
298.57 
299.90 
300.10 
300.20 
332.90 
334.27 
334:30 
336.20 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343.40 
344.20 
344.30 
344.46

0.0633 
0.1900 
0.2300 
0.0952 
0.0200 
0.4590 
0.7100 
0.1201 

0.4890 
0.4676 
0.8692 
0.0250 
0.2720 
0.1769

N-387



4 

4 
4 
4 
4 
4 

4 

5 
5 
5 
5 
5 
5 

6 
6 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 

9 
9 
90 

10 
10 
10 
10 
10 
10 

11 
12 
12

3 52 ý`2 
S5 2 -2 

3 52 02 
352 .02 
352.02 
352.02 
352.02 
352.02 
510.43 
510.43 
510.43 
510.43 
510.43 
510.43 
510.43 
510.43 
582.83 
582.83 
608.89 
608.89 
608.89 
608.89 
608.89 
608.89 
608.89 
661.17 
661.17 
661.17 
661.17 
661.17 
661.17 
661.17 
910.26 
910.26 
910.26 
967.86 
967.86 
967.86 
967.86 
967.86 
967.86 
967.86 

1458.65 
1761.84 
1761.84

191 
191 
191 
191 
191 
1914 
1914 
1914 
114 
114 
114 
114 

114 

120 
120 
167 
167 
167 
167 
167 
167 
167 

52 
52 
52 
52 
52 
52 
52 

102 
102 
102 

54 
54 
54 
54 
54 
54 
54 

312 
48 
48

Ho-167 
Pt - 197m 
Na-24 
Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
Mo-101 
Te-121 
Tl-208 
Kr-79 
Annihila 
Zn-71m 
Rh-106m 
KR-85 
TI-208 
TH-232 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192 
Ag-108m 
Cu-61 
As-76 
Ag-110m 
Cs-137 
Ce-143 
Sb-126 
1-126 
TH-232 
Ac-228 
Sb-129 
TB-160 
EU-152M 
Eu-152 
Ac-228 
TB-160 
Ac-228 
TH-232 
K-40 
U-238 
Bi-214

346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356 .00 
505.88 
507.59 
510.72 
511.00 
511.00 
511. 55 
511.70 
514 .00 
583 .14 
583.14 
604.66 
606.10 
606.82 
609.30 
609.32 
612 .45 
614 .37 

656.00 
657.03 
657.75 
661.65 
664..55 
666.30 
667.00 
911.07 
911.20 
914.60 
962.36 
963.50 
964.00 
964.40 
966.17 
968.80 
968.90 

1460.81 
1764.28 
1764.50

0.1746 
0.1070 
0.1504

2. 56e-003 
1.80e-003 
1.53e-003

0.5700 
0.1110 

0.0100 

0.1200 
0 .3710 
0 .8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9756 
0.0810 
0.0520 

0 .4609 
0.0543 
0 .9320 
0.1170 
0.0608 
0.9440 
0.8500 
0.0525 
0. 9970 
0.3300 
0.2900 

0.2140 
0.1000 
0.1200 
0.1433

6. 07e-003 
6. 07e-003 
6. 07e-003 

6.07e-003 
6 .07e-003 
6. 07e-003 
6. 07e-003 
4.44e-003 
4.44e-003 

4 .44e-003 
4.44e-003 
4.44e-003 
4 .44e-003 
4. 44e-003 

3.96e-003 
3. 81e-003 
3. 81e-003 
3.81e-003 

3.81e-003 
3.81e-003 
3 .81e-003 
3; 55e-003 
3.55e-003 
3.55e-003 
3.55e-003 
3.55e-003 
3.55e-003 
3.55e-003 
2.70e-003 

2.70e-003 
2.56e-003 
2.56e-003 
2 .56e-003

1.00e+000 9.63e-001

1.01e+000 
1.00e+000 
1.00e+000

1.39e+000 
1.89e+001 
2.42e+000

INITIAL NUCLIDE EVALUATION

Nuclide Energy Fraction Status Half lives

U-238 77.11 0.1070 Absent 
295.22 0.1920 Present 
351.99 0.3710 Present 
609.32 0.4609 Present 

1764.28 0.1504 Present 
Total 1.2813 PRESENT 1.1743/ 1.2813 = 91.6491 %) 0.000 

.H-232 77.11 0.1750 Absent 
238.63 0.4310 Present 
338.40 0.1201 Present

N-388

8.0 9e-001 
9. 7 7e-001 

1. 98e+000 
1. 00e+000 
9. 98e-001 
1. 00e+000 
3 .31e-001 
9. 99e-001 

9.90e-001 
1. 00e+000 
9. 17e-001 
8. 56e-001 
1. 00e+000 

1.01e+000 
1. 00e+000 
9.90e-001 
1. 00e+000 

1. 00e+000 
1. 00e+000 
1. 00e+000 
9. 05e-001 
9. 87e-001 
1.00e+000 
1. 00e+000 
9. 90e-001 
9. 99e-001 
9.99e-001 
1. 01e+000 

9.25e-001 
1 . 00e+000 
9. 64e-001 
1. 00e+000

4. 8e-00u 
3.75;eu400 

3 . 05e+00C 
9 85e-00'1 
4. 19e-007 
5. 91e-001 
7. 96e+000 
1. 69e+000 

2.01e+000 
2.99e-001 
1.16e+000 
4.05e-001 
7.30e+001 

1. 13e+000 
5.22e-001 
6.36e+000 
9. 80e+000 

1. 10e+000 
9. 39e+000 
5 .47e-001 
1. 61e+000 
2. 84e+000 
1. 80e-001 
2. 00e-001 
3 .28e+000 

1. 71e-001 
5. 17e-001 
1. 50e+000 

2.22e+000 
2.46e+000 
2.12e+000 
1.71e+000

0.2550 2.56e-003



583.14 
311. I7 

968.90 
Total 

-- 223 80.00 
234.60 
Total 

Ba-133 81.00 
276.40 
302.85 
356.00 
383.85 
Total 

U-235 81.07 
83 .78 

143 .76 

185 .72 

236.00 
269.60 
351.10 
Total 

TB-160 86.80 
197. 04 
215.65 
298.57 
876.37 
962.36 
966 .17 

1177. 95 
1271.88 

Total 
.r'-175 89.36 

343.40 
432.80 
Total 

Ga-67 93.30 
184. 60 
300.20 
Total 

Te-131m 102.06 
149.71 
200.63 
240.93 
334.27 
452.30 
773.67 
782.49 
793.75 
822.78 
852.21

Np-239

1125.46 
1206.60 

Total 
106.10 
209.80 
228.10 
277.60 
315.90 
334.30 
Total

0 .3090 
0.2900 
0.1746 
1.4997 
0.0001 
0.0001 
0. 0002 
0.3429 
0.0709 
0 .1816 

0 .6200 
0.0897 
1.3051 
0. 1480 
0 .2460 
0.1050 
0.5400 
0. 1100 
0.1340 
0 .1200 

1.4030 
0.1340 
0.0524 
0.0402 
0 .2740 

0.3000 
0.1000 
0.2550 
0. 1550 
0 .0760 
1.3866 
0 .0235 
0 .8692 
0.0156 
0.9083 
0.3800 
0.2360 
0.1900 
0.8060 
0.0790 
0.2054 
0.0752 
0.0755 
0.0952 
0.0567 
0.3800 
0.0775 
0.1380 
0.0609 
0.2093 
0.1137 
0.0971 
1.6635 
0.2320 
0.0410 
0.1270 
0.1420 
0.0150 
0.0200 
0.5770

Present 
Present 
Present 
PRESENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Present 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
PRESENT 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 
Absent 
Absent 
Absent 
Absent 
Absent
Present 
ABSENT

1.3247/ 1.4997 =

Calc 
0.0001/ 0.0002 =

0.6200/ 1.3051 = 

0.2300/ 1.4030 = 

0.6290/ 1.3866 = 

0.8692/ 0.9083 = 

0.1900/ 0.8060 = 

0.1707/ 1.6635 = 

0.0200/ 0.5770 =

88.3310 %) 

50.0000 %) 

47.5059 %) 

16.3934 %) 

45.3628 %) 

95.6952 %) 

23.5732 %) 

10.2615 %) 

3.4662 %)

N-389

0.00( 

0. 00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000(



S"U-i=2M :21.73 
344.2 : 
841.60 
963.50 
Total 

.- 152 121.78 
244.67 
344.30 
778 .90 

964 .00 
1085.80 
1112 .07 
1408.08 

Total 
IN-1I6M 137.92 

244.59 
416 .88 
463 .13 

818.65 
1097.23 
1293.49 
1507.50 
1601.12 
1752.42 
2212.21 

Total 
Ra-223 144.30 

154.30 
269.60 
338.60 
Total 

-- 125 176.29 
380.51 
427. 95 
463 .51 
600.77 
606.82 
636.15 
671.66 
Total 

Xe-125 188.43 
243.40 
Total 

Mo-101 191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

-133m 233.20 
Total 

"•-Th-227 236.00 
329.90

0.0720 
3 .250 
0 1470 
0.1200 
0.3640 
0.3068 
0. 0772 
0.2720 
0 .1272 

0.1433 
0. 1010 
0 .1340 

0 .2073 
1.3688 
0.0350 
0.0038 
0.2937 
0. 0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2 .5011 

0.0001 
0 .0001 
0.0001 
0.0001 
0 .0004 
0 .0630 
0 .0140 
0.2960 
0. 1000 
0 .1840 

0 .0520 
0.1120 
0. 0180 
0.8390 
0 .5500 
0.2871 
0.8371 
0.1810 
0.1135 
0.1930 
0.0660 
0.1135 
0 .6670 

0.0001 
0 .0001 

0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.1000 
0.1000 
0.0001 
0.0001

Absent 
Present 
Absent 
Present 
ABSENT 
Absent 
Present 
Present 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Unable t 
ABSENT 
Absent 
Absent

0.1450/ 0.3640 =

0.4925/ 1.3688 = 

0.0038/ 2.5011 =

o Calc 
0.0001/

Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Present 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT -C 0.  
Absent 
Unable to Calc 
Absent 
Unable to Calc 
Unable to Calc 
Unable to Calc 
ABSENT ( 0.  
Present 
PRESENT ( 0.  
Unable to Calc 
Absent

0. 0004 =

0520/ 0.8390 = 

2871/ 0.8371 = 

1135/ 0.6670 =

o004/ 

1ooo/

0.0006 = 

0.1000 =

N-39

39.8352 %) 

35.9804 %) 

0.1519 %) 

25.0000 %) 

6.1979 %) 

34.2970 %) 

17.0165 %) 

66.6667 %) 

100.0000 %)

0. 00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Kr-79 

Cd-117 

Pa-231 

Cu-61 

Ce-143 

Ir-192 

.a-210

-oa! 
241.-3 

261.30 
397.50 
511.00 
606.10 
Total 

273.28 
344.46 
434.22 

1303.34 
1576.80 

Total 
283.60 
299.90 
302.50 
Total 

283.70 
656.00 
Total 

293.26 
664.55 
721.96 
Total 

295.96 
308.46 
316.51 
468.06 
612.45 
Total 

296.00 
795.00

1060.00 
1210.00 
1310.00 

Total 
Ag-113 298.40 

Total 
Pa-233 300.10 

311.90 
Total 

Ho-167 321.30 
346.50 
Total 

Au-196 332.90 
355.70 
Total 

In-ll5m 336.20 
Total 

Ru-95 336.40 
1096.80 

Total 
Cs-136 340.60 

340.60 
818.50 
818 .50 

1048 .07 
1048.10 
1235.34

9.0002 
1 0001 

0.0001 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530 
0.2900 
0 .1769 

0 .1047 
0.1827 
0 .1119 

0 .8662 

0.0001 
0.0001 
0. 0001 
0 .0003 

0 .1320 

0.1170 
0.2490 
0.4200 
0.0525 
0.0512 
0.5237 
0 .2872 

0.2965 
0.8290 
0 .4808 
0.0543 
1.9478 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0005 
0.0900 
0.0.900 
0.0633 
0.3700 
0.4333 
0.2390 
0.5700 
0.8090 
0.2300 
0.8760 
1.1060 
0.4590 
0.4590 
0.7100 
0.2100 
0.9200 
0.4890 
0.4676 
0.9970 
0.9970 
0.7976 
0.7980 
0.1974

ABSENT - 0.  
Unable ýo CaIc 
PRESENT ( 0.  
Absent 
Absent 
Present 
Present 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
ABSENT ( 0.  
Absent 
Present 
ABSENT ( 0.  
Present 
Present 
Absent 
PRESENT ( 0.• 
Present 
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.: 
Unable to Calc 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 0.C 
Present 
PRESENT ( 0.0 
Present 
Absent 
ABSENT C 0.0 
Absent 
Present 
ABSENT ( 0.5 
Present 
Present 
PRESENT ( 1.1 
Present
PRESENT C 0.4 
Present 
Absent 
ABSENT ( 0.7 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent

0001/

0.0002 = 

0.0001 =

2310/ 0.4530 = 

1769/ 0.8662 = 

0001/ 0.0003 = 

1170/ 0.2490 = 

1725/ 0.5237 =

3415/ 1.9478 =

o001/ 0.0005 = 

)900/ 0.0900 = 

633/ 0.4333 = 

.700/ 0.8090 = 

060/ 1.1060 = 

590/ 0.4590 = 

100/ 0.9200 =

100.0000 % 

50.9934 %) 

20.4225 %) 

33.3333 %) 

46.9880 %) 

90.2234 %) 

17.5326 %) 

20.0000 %) 

100.0000 %) 

14.6088 %) 

70.4574 %) 

100.0000 6) 

100.0000 %) 

77.1739 k)

N-391

0~ 0'-0 

0. 00 c 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



To -- a I Ptý-137m 346.53 
Tocal 

Na-24 346.55 
857.55 

1368.53 
1732.10 

Total 
Bi-211 351.00 

Total 
1-126 386.00 

667.00 
Total 

Zn-71m 386.28 
487.34 
511.55 
596.97 
620.19 
Total, 

Sb-126 414.80 
666.30 
695.00 
697.00 
720.50 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616. 10 
748.50 

1046.70

Te-121 

TI-208 

Annihila 

KR-85 

Sb-129 

As-76 

Cs-134 

Bi-214

Total 
507.59 
573.14 
Total 

510.72 
583.14 
Total 

511.00 
Total 

514.00 
Total 

544.70 
812.80 
914.60 

1030.10 
Total 

559.10 
657.03 
Total 

563.26 
569.29 
604.66 
795.76 
801.84 
Total 

609.30

4.7436 
0.1i10 
0.1110 
0.0100 
0 .0100 
1.0000 
0.0100 
1.0300 
0.0001 
0.0001 
0 .3400 
0.3300 
0.6700 
0.9200 
0.6164 
0.2806 
0 .2760 
0 .5612 
2 .6542 
0.8770 
0.9970 
0.9970 
0.3190 
0.5780 
3.7680 
0 .9050 

0 .9320 

0.9230 
2 .7600 
0 .2450 
0 .8640 
0.2040 
0.1950 
0.3070 
1.8150 
0.1767 
0 .8030 

0 .9797 

0.0001 
0 .0001 
0 .0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.1920 
0.4600 
0.2140 
0.1350 
1.0010 
0.4500 
0.0608 
0.5108 
0.0838 
0 .1543 

0.9756 
0 .8544 
0 .0873 
2 .1554 
0.0001

ABSENT 
Present 
PRESENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Present 
ABSENT 
Absent
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
Present 
Absent

3.9566/ 4.7436 =

0.1110/ 
Calc 

0.0100/ 
Calc 

0.0001/

0.1110 = 100.0000 %)

1.0300 = 

0.0001 =

0.3300/ 0.6700 = 

0.2806/ 2.6542 =

0.9970/ 3.7680 = 

0.9320/ 2.7600 = 

0.8640/ 1.8150 =

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

0.2140/ 1.0010 = 

0.0608/ 0.5108 =

Absent 
ABSENT ( 0.9756/ 
Unable to Calc

2. 1554 =

0.9709 %) 

100.0000 %) 

49.2537 %) 

10.5719 %) 

26.4597 %) 

33 :7681 %) 

47.6033 t) 

18.0361 %) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

21.3786 %) 

11.9029 %) 

45.2631 %)

N-392

0.30C 

0. OOC 

0.000 

0.000 

0.000 

0.000 

0 .000 

0 .000 

0.000 

0.000 

0.000 

0.000 

0.000

(

( 

(



c0.001 Absent 
1-2C.3-1 0.0001 Absent 
1764.50 0.0001 Unable to Calc 

Total 0.0004 ABSENT ( 0.0002/ 0.0004 = 50.0000 %) 0.0C 
S-110m 657.75 0.9440 Present 

677.60 0.1057 Absent 
706.67 0.1631 Absent 
763.93 0.2226 Absent 
884.67 0.7278 Absent 
937.48 0.3427 Absent 

1384.27 0.2164 Absent 
1505.00 0.1323 Absent 

Total 2.8546 ABSENT ( 0.9440/ 2.8546 = 33.0694 %) 0.000 
Cs-137 661.65 0.8500 Present 

Total 0.8500 PRESENT ( 0.8500/ 0.8500 = 100.0000 %) 0.000 
K-40 1460.81 0.1070 Present 

Total 0.1070 PRESENT ( 0.1070/ 0.1070 = 100.0000 %) 0.000 
-------------------------------------------------------------------------------

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

1 320 TH-232 911.07 7.83e-004 102 238.63 3.55e-003 320 
2 113 U-238 609.32 1.76e-003 167 295.22 1.34e-003 113 
3 69 TH-232 911.07 7.83e-004 102 338.40 7.52e-004 69 
4 191 U-238 609.32 1.76e-003 167 351.99 2.25e-003 191 
6 120 TH-232 911.07 7.83e-004 102 583.14 1.22e-003 120 

..................................--------------------------------------------

PEAK INTERFERENCE CORRECTION 

Pk# New Area Nuclide Energy Status 

1 0 Xe-133m 233.20 Deleted [ Net < Critical Level ] 
1 0 Ra-224 241.08 Deleted [ Net < Critical Level ] 
2 0 Ce-143 293.26 Deleted C Net < Critical Level ] 
2 0 Ag-113 298.40 Deleted ( Net < Critical Level ] 
3 0 Au-196 332.90 Deleted [ Net < Critical Level ] 
3 0 In-115m 336.20 Deleted [ Net < Critical Level 
3 0 HF-175 343.40 Deleted [ Net < Critical Level 
4 0 Pt-197m 346.50 Deleted [ Net < Critical Level 
4 0 Bi-211 351.00 Deleted [ Net < Critical Level ] 
4 0 Au-196 355.70 Deleted [ Net < Critical Level 
6 0 Tl-208 583.14 Deleted [ Net < Critical Level ] 

SECONDARY NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

HF-175 89.36 0.0235 Absent 
343.40 0.8692 Absent 
432.80 0.0156 Absent 
Total 0.9083 ABSENT ( 0.0000/ 0.9083 = 0.0000 U) 0.000 

.- 133m 233.20 0.1000 Absent 
Total 0.1000 ABSENT ( 0.0000/ 0.1000 = 0.0000 k) 0.000 

Ra-224 241.08 0.0001 Absent 
Total 0.0001 ABSENT ( 0.0000/ 0.0001 = 0.0000 k) 0.000

N-393



-e-143 293.26 
564 .55 
721.96 
Total 

T-113 298.40 
Total 

"Au-196 332.90 
355.70 
Total 

In-ll5m 336.20 
Total 

Pt-197m 346.50 
Total 

Bi-211 351.00 
Total 

Tl-208 510.72 
583.14 
Total

0.4200 
0.0525 
0.0512 
0.5237 
0.0900 
0.0900 
0.2300 
0 .8760 
1.1060 
0.4590 
0.4590 
0.1110 
0.1110 
0.0001 
0.0001 
0.0001 
0.0001 
0.0002

Absent 
Present 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT

0.0525/ 0.5237 = 

0.0000/ 0.0900 = 

0.0000/ 1.1060 = 

0.0000/ 0.4590 = 

0.0000/ 0.1110 =

0.0000/ 
Calc

0.0001 =

0.0001/ 0.0002 =

10.0248 %) 

0.0000 %) 

0.0000 %) 

0.0000 %) 

0.0000 %) 

0.0000 %) 

50.0000 %)

0.00 

0.00, 

0.00C 

0.00'C 

0.00'C 

0.00'C 

0. 00C

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction

'-232 

Annihila 
KR-85 
Cs-137 
K-40

Average: 
295.22 
351.99 
609.32 

1764.28 
Average: 

238.63 
338.40 
583.14 
911.07 
968.90 
511.00 
514.00 
661.65 

1460.81

1. 09e+000 
9. 76e-001 
9. 85e-001 
1. 10e+000 
2 . 42e+000 
1. 15e+000 
1. 04e+000 
1. 06e+000 
1. 13e+000 
1. 50e+000 
1.39e+000 

7. 30e+001 
2.00e-001 
1. 89e+001

+-7.84e-002 
+-2.20e-001 
+-1.28e-001 
+-1.16e-001 
+-4.01e-001 
+-8.03e-002 
+-1.08e-001 
+-3.72e-001 
+-1.82e-001 
+-2.09e-001 
+-3.18e-001 

I.D.Only 
+-1.26e+001 
+-6.29e-002 
+-1.13e+000

4. 12e+013

1. 24e+014 

1. 00e+003 
9.39e+004 
2. 64e+005 
1. 12e+013

4 of 5 0.00 

0.005 of 6

1 of 
1 of 
1 of 
1 of

1 
1 
1 
1

9.43e+001 pCi MPC Total:

UNKNOWN PEAKS

Energy Centroid 
(keV) Channel

Net Un- C.L.  
Counts Certainty Counts

Bkg. FWHM Net 
Counts (key) Gamma/sec

None

U-238

20.04 

20.04TOTAL:

N-394



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

Sample ID SC-7 

-----------------------------------------------------------------------------------
Sample Size ... ....... .. 5.65e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-10-97 14:39 Counting Start ..... ... 10-10-97 14:39 
Sampling Stop ....... .10-10-97 14:39 Live Time ........... .. 3600 Sec 
Current Date ......... .. 10-14-97 10:16 Real Time ........... 0 Sec 
----------------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End...... 0 / 4095 
Sigma Multiplier ........... .. 1.00 1 
--------------------------- ----------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 94.31 178.94 114 41 73 588 1.13 
2 186.46 370.52 126 32 53 393 1.00 

" "- 3 239.28 480.33 473 34 48 270 1.25 a 
4 242.34 486.68 126 25 39 212 1.08 b 
5 295.77 597.77 184 29 49 244 1.31 
6 338.70 687.02 101 24 42 180 1.25 
7 352.22 715.13 310 27 37 150 1.22 
8 463.15 945.76 56 20 35 114 1.02 
9 511.05 1045.34 113 20 31 107 1.73 

10 583.14 1195.21 156 21 32 105 1.55 
11 609.13 1249.25 246 21 26 66 1.46 
12 910.53 1875.87 133 16 22 46 1.97 
13 933.08 1922.75 37 11 17 26 0.76 
14 968.30 1995.97 64 13 20 45 1.21 
15 1458.90 3015.93 327 20 16 21 2.18 
16 1761.77 3645.58 49 8 9 7 3.16 

N-395



Neely Nuciear Research Center

Quantum Technology 
GDRC Nuclide Activity Summary

Sample ID: SC-7

Sample Size ... ....... .. 5.65e+002 g Spectrum File ............... TEMP.SPC 
Sampling Start ....... .10-10-97 14:39 Counting Start ..... ... 10-10-97 14:39 
Sampling Stop ....... .10-10-97 14:39 Buildup Time .... ....... 0.00e+000 Hrs 
Current Date ......... .10-14-97 10:16 Decay Time ......... 0.00e+000 Hrs 
---------------------------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . c:\gdr\library\nes.lib 
ID ...................... I IDGeneral Radionuclide Analysis Library 
ff.= /[6.66e- -220 4. 0, 8 e0]-----------------------------------------------

Eff.= 1/[6.66e-002*En '-2.92e+000 + 4.02e+002*En A8.62e-001] 12-05-96 10:47

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <= .... 8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction

0.0235 8.42e-003

8.42e-003 
8.42e-003 
8.42e-003 
8.42e-003 

8.42e-003 
9. 66e-003 
9. 66e-003 
9. 66e-003 
9.66e-003 

9.66e-003 
9.66e-003 
9.66e-003 
9. 66e-003 
9. 66e-003 
9. 66e-003 
9.66e-003 

8. 23e-003 
8.23e-003 
8.16e-003 

8.16e-003 
8.16e-003 
8.16e-003 
8.16e-003 
8. 16e-003

1.00e+000 7.65e+000

9. 94e-001 
9. 96e-001 
1.00e+000 
9.96e-001 

1.00e+000 
9. 95e-001 
9. 94e-001 
9. 96e-001 
1. 00e+000 

9.80e-001 
1. 00e+000 
9.81e-001 
9.95e-001 
9.93e-001 
3 .31e-001 
1. 00e+000 

1. 00e+000 
1. 01e+000 
9. 89e-001 

9. 80e-001 
6.99e-001 
1. 00e+000 
4.51e-001 
9.63e-001

1. 07e+000 
4. 75e-001 
6.59e-001 
1. 63e+000 

1.27e+000 
2 . 77e+000 
3.71e-001 
7. 38e-001 
3.21e-001 

3 .22e-001 
1. lle+000 
5. 05e+000 
3 . 06e+001 
1. 86e+000 
2. 89e+000 
5. 57e+000 

6. 94e+000 
1. 76e+000 
2. 75e+000 

7.30e-001 
7. 73e+001 
2. 66e+000 
1.22e+001 
2.37e-001

Eff Decay Conc

1 
1 
1 
1 

1 

1 
1 
1 
1 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 
3 
3 
3 
4 
4 
4 
4 

",,_.- 4 
4 
4

94.31 
94.31 
94 .31 
94 .31 

94.31 
94.31 
94.31 
94.31 
94.31 
94.31 

186 .46 
186.46 
186.46 
186.46 
186.46 
186.46 
186.46 
186.46 
186.46 
186.46 
186.46 
186.46 
239.28 
239.28 
239.28 
239.28 
242.34 
242.34 
242.34 
242.34 
242.34 
242.34 
242.34

114 
114 
114 
114 
114 
114 
114 
114 
114 
114 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
473 
473 
473 
473 
126 
126 
126 
126 
126 
126 
126

Lu-176 
Ra-221 
HF-175 
Th-234 
Cu-67 
Ga-67 
Gd-153 
Pt-195m 
Ac-225 
Ta-182 
Mo-99 
Cu-67 
Ga-67 
U-235 
Ra-226 
Xe-125 
In-114m 
Pt-197 
Hg-197 
Zn-72 
Mo-101 
Fe-59 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Sm-155 
Xe-135

88.35 
89.00 
89.36 
92.80 
93.30 
93.30 
97.43 
98.90 
99.80 

-100.10 
181.07 
184.50 
184.60 
185.72 
186.20 
188.43 
190.24 
191.31 
191.38 
191.50 
191.93 
192'.34 
234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244.67 
245.73 
247.79

0.1690 
0.3800 
0.2730 
0.1110 

0.1411 
0.0629 
0.4700 
0.2360 
0.5400 

0.5500 
0.1564 
0.0350 
0.0057 
0.0940 
0.1810 
0.0311 

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.0373 
0.9000

N-396



5 
5 
5 
5 5 
5 

5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 

7 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 

10 
10 
11 
11 
11 
11 
11 
11 
".1 
".-2 

<-/12 
12 
13

2. 377 
295 77 
295.77 
295.77 
295.77 
295.77 
295.77 
295.77 
295.77 
295.77 
338.70 
338.70 
338.70 
338.70 
338.70 
338.70 
338.70 
338.70 
338.70 
338.70 
338.70 
338.70 
338.70 
338.70 
338.70 
352.22 
352 .22 
352.22 
352.22 
352.22 
352.22 
352.22 
352 .22 
463 .15 
463 .15 
463 .15 
463 .15 
463 .15 
463515 
511.05 
511. 05 
511.05 
511 .05 
511.05 
511.05 
511.05 
511.05 
583.14 
583.14 
609.13 
609.13 
609.13 
609.13 
609.13 
609.13 
609.13 
910.53 
910 .53 

910 .53 
933.08

0.4200 
0.1920 
0.2872

7. OOe-003 
7.00~e-003 
7.00~e-003

"-26 
184 
184 

184 
184 
184 
184 
184 
184 
184 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
310 
310 
310 
310 
310 
310 
310 
310 

56 
56 
56 
56 
56 
56 

113 
113 
113 
113 
113 
113 
113 
113 
156 
156 
246 
246 
246 
246 
246 
246 
246 
133 
133 
133 

37

Eu-154 
Ce-143 
U-238 
Ir-192 
Tl-210 
Ag-113 
TB-160 
Pa-231 
Pa-233 
Ga-67 
Mg-27 
Au-196 
Te-131m 
Np-239 
In-l15m 
Ru-95 
TH-232 
Ra-223 
Ac-228 
Cs-136 
Cs-136 
HF-175 
EU-152M 
Eu-152 
Cd-117 
Ho-167 
Pt-197m 
Na-24 
Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
IN-116M 
Sb-125 
Ra-220 
Tl-209 
Ir-192 
Ge-75 
Mo-101 
Te-121 
TI-208 
Kr-79 
Annihila 
Zn-71m 
Rh-106m 
KR-85 
Tl-208 
TH-232 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192 
Ag-108m 
TH-232 
Ac-228 
Sb-129 
Ti-51

248 .00 
293.26 
295.22 
295.96 
296.00 
298.40 
298.57 
299.90 
300.10 
300.20 
332.73 
332 .90 

334.27 
334.30 
336.20 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343 .40 
344.20 
344 .30 
344 .46 
346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
463.13 
463.51 
465.00 
467.00 
468.06 
468.70 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
5.14.00 
583.14 
583.14 
604.66 
606.10 
606.82 
609.30 
609.32 
612.45 
614.37 
911.07 
911.20 
914.60 
928.50

0.2140 2.70e-003 
0.0500 2.64e-003

9.90e-001 
1. OOe+O00 
1. O0e+O000

3. 1e-00i[ 

1.82e-00C 
1.22e.Q'.OC

9 .38e-001 4.14e#OCO 
1.00e+000 1.28e+000

0.0633 
0 .1900 
0.0100 
0.2300 
0 .0952 

0.0200 
0.4590 
0.7100 
0. 1201 

0.4890 
0.4676 
0.8692 
0 .0250 
0 .2720 
0.1769 
0.5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.0083 
0.1000 

0.4808 
0.0020 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.2900

7. OOe-003 
7. OOe-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 

6.27e-003 
6. 27e-003 
6.27e-003 
6. 27e-003 
6. 27e-003 
6; 27e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 

6. 07e-003 
6.07e-003 
6.07e-003 
6. 07e-003 
4 .82e-003 
4. 82e-003 

4.82e-003 
4.82e-003 
4.43e-003 
4.43e-003 

4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 

3. 96e-003 
3. 81e-003 
3. 81e-003 
3.81e-003 

3. 81e-003 
3.81e-003 
3.81e-003 
2.70e-003

9.25e-001 3.31e+000 
1.39e-001 2.67e+001

N-397

0.0900 7.00e-003 
0.2740 7.00e-003

9. 99e-001 
9. 96e-001 
2. 25e-001 
9. 98e-001 
9. 89e-001 
9. 94e-001 
9. 27e-001 
8. 17e-001 
1. Ole+000 

9. 99e-001 
9. 99e-001 
1 OOe+000 
9. 64e-001 
1. 00e+000 
8. 70e-001 
8 96e-001 
8. 09e-001 
9. 77e-001 

1.00e+000 
1. 00e+000 
9. 98e-001 
1. 00e+000 
6. 99e-001 
1. 00e+000 

1.00e+000 
7. 86e-001 
3.31e-001 
9. 99e-001 

9. 90e-001 
1.00e+000 
9. 17e-001 
8.56e-001 
1.ooe+000 

1. Ole+000 
1.00e+000 
9. 90e-001 
1. 00e+000 

1.00e+000 
1.00e+000 
1. 00e+000 
1.01e+000

5. 52e+000 
1. 85e+000 
9. 53e+001 
9. 33e-001 
2. 28e+000 
1. 08e+001 
5 04e-001 
3. 69e-001 
1. 77e+000 

4. 38e-001 
4.59e-001 
2.46e-001 
8. 89e+000 
7. 87e-001 
1.39e+000 
1.33e+000 
7. 56e+000 
6. 95e+001 

5. 66e+000 
1. 83e+000 
7. 77e-001 
1. lOe+000 
2. 66e+001 
1. 54e+000 

3.21e-001 
9. 69e+001 
9. 02e+000 
1. 92e+000 

2.28e+000 
3.39e-001 
1.32e+000 
4 .58e-001 

8 . 27e+001 

1. 68e+000 
8. 79e-001 
1. 07e+001 
1.65e+001 

1. 86e+000 
1.58e+001 
9.20e-001 
2. 24e+000



L3 
13 
1-3 

14 
4 

-4 

14 
14 
14 
14 

15 
16 
16

333 .8 
933 .08 
933 .08 
968.30 
968.30 
968.30 
968.30 
968.30 
968.30 
968.30 

1458.90 
1761.77 
1761.77

37 Co-55 
37 Y-92 
37 Ag-110m 
64 TB-160 
64 EU-152M 
64 Eu-152 
64 Ac-228 
64 TB-160 
64 Ac-228 
64 TH-232 

327 K-40 
49 U-238 
49 Bi-214

931.30 
934.50 
937.48 
962.36 
963.50 
964. 00 
964.40 
966. 17 
968.80 
968 .90 

1460.81 
1764 .28 
1764 .50

0.2550 2.56e-003

0.1746 
0.1070 
0.1504

2. 56e-003 
1. 80e-003 
1. 53e-003

0 .7500 
0.1390 
0.3427 
0.1000 
0 .1200 

0.1433

2. 64e-023 
2. 64e-003 
2. 64e-003 
2. 56e-003 
2. 56e-003 
2 .56e-003

1.00e+000 1.30e+00C 

1.01e+000 1.89e+OOC 
1.00e+000 2.26e+001 
1.00e+000 2.83e+OOC

INITIAL NUCLIDE EVALUATION

Energy Fraction Status Half lives

Absent 
Present 
Present 
Present 
Present 
PRESENT 
Absent 
Present 
Present 
Present 
Present 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent, 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent

1.1743/ 1.2813 = 

1.3247/ 1.4997 = 

0.0057/ 0.2302 = 

0.0350/ 0.2050 =

U-238 

TH-232 

Hg-197 

Pt-197 

Fr-223 

Ba-133 

U-235 

rfB-160

77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
77.11 

238.63 
338.40 
583 .14 

911. 07 
968 .90 

Total 
77.35 
80.20 

191.38 
268.73 
Total 
77.35 

191.31 
Total 
80.00 

234.60 
Total 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83 .78 

143 .76 
185.72 
236.00 
269.60 
351.10 
Total 
86.80 

197.04 
215.65

0.1070 
0 .1920 

0.3710 
0 .4609 
0.1504 
1.2813 
0.1750 
0.4310 
0 .1201 

0.3090 
0 .2900 
0.1746 
1.4997 
0.1900 
0.0340 
0.0057 
0.0005 
0.2302 
0.1700 
0.0350 
0.2050 
0.0001 
0.0001 
0.0002 
0.3429 
0.0709 
0.1816 
0.6200 
0.0897 
1.3051 
0.1480 
0.2460 
0.1050 
0.5400 
0.1100 
0.1340 
0.1200 
1.4030 
0.1340 
0.0524 
0.0402

91.6491 %) 

88.3310 *) 

2.4761 %) 

17.0732 %) 

50.0000 %) 

47.5059 %) 

54.8824 %)

N-398

9. 08e-00! 
1. 00e+000 
1. 00e+000 
9. 64e-001 
1. 00e+000

2 53e-e 

5 43e -000 
3. 32e-00, 
2. 87e-00( 
2 32e+00(

Nuclide

Calc 
0.0001/ 0.0002 =

0.6200/ 1.3051 = 

0.7700/ 1.4030 =

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



293.57 
376 27 

962.36 
966.17 

1177.95 
1271.88 

Total 
Lu-176 88.35 

201.80 
306.90 
Total 

Ra-221 89.00 
152.00 
176.00 
Total 

HF-175 89.36 
343.40 
432.80 
Total 

Th-234 92.80 
Total 

Cu-67 93.30 
184.50 
Total 

Ga-67 93.30 
184.60 
300.20 
Total 

Gd-153 97.43 
103.18 
Total 

.c-195m 98.90 
Total 

Ac-225 99.80 
Total 

Ta-182 100.10 
152.43 
222.10 

1121.28 
1189.04 
1221.42 
1230.97 

Total 
Te-131m 102.06 

149.71 
200.63 
240.93 
334.27 
452.30 
773.67 
782.49 
793.75 
822.78 
852.21 

1125.46 
1206.60 

Total 
,Sm-155 104.30 

141.41 
245.73

0.2740 
0.3000 
0 1000 
0.2550 
0 .1550 
0. 0760 
1.3866 
0.0001 
0 .0001 
0.0001 
0.0003 
0.0001 
0.0001 
0.0001 
0 .0003 
0.0235 
0.8692 
0.0156 
0.9083 
0.0001 
0.0001 
0.1690 
0 .4700 
0.6390 
0.3800 
0.2360 
0 .1900 

0 .8060 
0.2730 
0.1992 
0.4722 
0.1110 
0.1110 
0.0001 
0.0001 
0.1411 
0.0720 
0.0758 
0.3510 
0.1636 
0.2713 
0.1155 
1.1903 
0.0790 
0.2054 
0.0752 
0.0755 
0.0952 
0.0567 
0.3800 
0.0775 
0 .1380 

0.0609 
0.2093 
0.1137 
0.0971 
1.6635 
0.7464 
0.0202 
0 .0373

Present 
Absent 
Present 
Present 
Absent 
Absent 
ABSENT ( 0.6290/ 
Unable to Calc
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Present 
Present 
Absent 
PRESENT 
Unable to 
PRESENT 
Present 
Present 
PRESENT
Present 
Present 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
PRESENT 
Unable to 
PRESENT 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Preseht 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present

0.0001/ 
Calc

1.3866 = 

0.0003 =

0.0001/ 0.0003 =

0.8927/ 
Calc 

0.0001/

0.9083 = 

0.0001 =

0.6390/ 0.6390 = 

0.8060/ 0.8060 = 

0.2730/ 0.4722 =

0.1110/ 
Calc 

0.0001/

0.1110 = 

0.0001 =

0.1411/ 1.1903 = 

0.1707/ 1.6635 =

45.3628 %) 

33.3333 %) 

33.3333 %) 

98.2825 %) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

57.8145 %) 

100.0000 %) 

100.0000 %) 

11.8542 %) 

10.2615 %)

N-399

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Nc-236 
209.80 
228.10 
277.60 
315.90 
334.30 
Total 

Tl-209 117.00 
467.00 

1566.00 
Total 

EU-152M 121.78 
344.20 
841.60 
963.50 
Total 

Eu-152 121.78 
244.67 
344.30 
778.90 
964.00 

1085.80 
1112.07 
1408.08 

Total 
Eu-154 123.10 

248.00 
723.30 
873 .19 

996 .32 

1004.76 
1274.39 

Total 
IN-116M 137.92 

244.59 
416.88 
463 .13 

818 .65 
1097.23 
1293.49 
1507.50 
1601.12 
1752 .42 
2212 .21 

Total 
Mo-99 140.51 

181.07 
739.40 
Total 

Fe-59 142.65 
192.34 

1099.22 
1291.56 

Total 
tla-223 144.30 

154.30 
269.60 
338.60 
Total

3039 
0.2320 
0.0410 
0.1270 
0.1420 
0.0150 
0.0200 
0.5770 
0 .0001 
0.0001 
0.0001 
0.0003 
0 .0720 

0 .0250 

0 .1470 

0.1200 
0.3640 
0.3068 
0.0772 
0.2720 
0 .1272 

0.1433 
0.1010 
0.1340 
0.2073 
1.3688 
0.4047 
0.0660 
0 .1970 

0 .1150 
0.1029 
0.1736 
0.3550 
1.4143 
0.0350 
0 .0038 
0 .2937 
0.0083 
0.1372 
0 .6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011 
0.0379 
0.0629 
0.1260 
0.2268 
0.0103 
0.0311 
0.5680 
0.4320 
1.0414 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004

ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Unable to 
Absent 
ABSENT 
Absent 
Present 
Absent 
Present 
ABSENT 
Absent 
Present 
Present 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Preserit 
Absent 
ABSENT ( 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Unable to 
ABSENT (

0.C373/ 0.3039 =

0.0200/ 0.5770 = 3.4662 %)

Calc

0.0001/ 0.0003 = 

0.1450/ 0.3640 = 

0.4925/ 1.3688 = 

0.0660/ 1.4143 = 

0.0121/ 2.5011 = 

0.0629/ 0.2268 = 

0.0311/ 1.0414 =

Calc 
0.0001/ 0.0004 =

33.3333 %) 

39.8352 %) 

35.9804 PC) 

4.6666 %) 

0.4838 %) 

27.7266 %) 

2.9864 %) 

25.0000 k)

N-400

0.000

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Zn-72 -444.7
1921. 50 

Total 
Mg-27 170.82 

332.73 
843.80 

1014.50 
Total 

Sb-125 176.29 
380.51 
427.95 
463.51 
600 77 
606.82 
636.15 
671. 66 
Total 

Ra-226 186.20 
Total 

Xe-125 188.43 
243.40 
Total 

In-114m 190.24 
558.43 
725.24 

1283.67 
1299.83 

Total 
Mo-101 191.93 

505.88 
590.82 
695.53 

1012.35 
Total 

Ge-75 199.20 
264.80 
418.60 
468.70 
617.80 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

Xe-135 247.79 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Cd-117 273.28

> 3300 
0.0940 
0.9240 
0. 0070 
0 .0100 

0.7140 
0.2860 
1.0170 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840 
0.0520 
0 .1120 

0. 0180 
0.8390 
0.0001 
0.0001 
0.5500 
0 .2871 
0.8371 
0. 1564 
0.2850 
0 .2810 
0 .0003 
0.0012 
0.7239 
0 .1810 

0. 1135 
0 .1930 

0.0660 
0.1135 
0.6670 
0.0084 
0.1120 
0.0028 
0.0020 
0.0013 
0.1265 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.9000 
0.9000 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530 
0.2900

Absent 
Present 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Present 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.] 
Unable to Calc 
PRESENT ( 0.C 
Present 
Present 
PRESENT ( 0.8 
Present 
Absent 
Absent 
Absent
Absent 
ABSENT ( 0.  
Present 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Unable to Calc 
Unable to Calc 
Unable to Calc 
ABSENT ( 0.  
Unable to Calc 
Absent 
ABSENT ( 0.  
Unable to Calc 
PRESENT ( 0.  
Present 
PRESENT ( 0.• 
Absent 
Absent 
Present 
Present 
ABSENT ( 0..  
Absent

1 

2 

0

0940/ 0.9240 = 

0100/ 1.0170 =

.520/ 

o001/

0.8390 = 

0.0001 =

1371/ 0.8371 = 

.564/ 0.7239 = 

945/ 0.6670 = 

020/ 0.1265 =

0004/ 

0001/ 

0001/

0.0006 = 

0.0002 = 

0.0001 =

)000/ 0.9000 = 

2310/ 0.4530 =

10.1732 %) 

0.9833 %) 

18.1168 %) 

100.0000 0) 

100.0000 %) 

21.6052 %) 

44.1529 %) 

1.6022 U) 

66.6667 %) 

50.0000 %) 

100.0000 %) 

100.0000 %) 

50.9934 %)

N-401

0.00.  

0.00( 

0. OOC 

0. OOC 

0. OOC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



.- 231 

Ce-143 

Ir-192 

Tl-210

344.46 
434.22 

1303 .34 
1576.80 

Total 
283.60 
299.90 
302.50 
Total 

293.26 
664.55 
721.96 
Total 

295.96 
308.46 
316.51 
468.06 
612.45 
Total 

296.00 
795.00 

1060.00 
1210.00 
1310.00

Total 
Ag-113 298.40 

Total 
Pa-233 300.10 

311.90 
Total 

-51 320.00 
928.50 
"Total 

Ho-167 321.30 
346.50 
Total 

Au-196 332.90 
355.70 
Total 

In-ll5m 336.20 
Total 

Ru-95 336.40 
1096.80 

Total 
Cs-136 340.60 

340.60 
818.50 
818.50 

1048.07 
1048.10 
1235.34 

Total 
Pt-197m 346.50 

Total 
Na-24 346.55 

857.55 
1368.53 
1732.10 

Total 
Bi-211 351.00

0 1769 
1047 

0.1827 
0 .1119 

0.8662 
0.0001 
0.0001 
0.0001 
0.0003 
0.4200 
0.0525 
0.0512 
0 .5237 
0.2872 
0.2965 
0.8290 
0.4808 
0 .0543 
1. 9478 
0 .0001 
0.0001 
0.0001 
0.0001 
0.0001 
0 .0005 
0 .0900 
0.0900 
0.0633 
0.3700 
0.4333 
0 .9500 

0.0500 
1.0000 
0.2390 
0 .5700 
0 .8090 
0.2300 
0.8760 
1.1060 
0.4590 
0.4590 
0.7100 
0.2100 
0.9200 
0.4890 
0.4676 
0.9970 
0.9970 
0.7976 
0.7980 
0.1974 
4.7436 
0.1110 
0.1110 
0.0100 
0.0100 
1.0000 
0.0100 
1.0300 
0.0001

Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Unable to 
Absent 
ABSENT 
Present 
Absent 
Absent 
PRESENT 
Present 
Absent 
Absent 
Present 
Present 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Present 
Present 
PRESENT 
Present 
PRESENT ( 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 
Present 
PRESENT ( 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Unable to

0.1769/ 0.8662 = 20.4225 %1)

Calc

0.0001/ 0.0003 = 

0.4200/ 0.5237 =

0.8223/ 
Calc

1.9478 =

0.0001/ 0.0005 = 

0.0900/ 0.0900 = 

0.0633/ 0.4333 = 

0.0500/ 1.0000 = 

0.5700/ 0.8090 = 

1.1060/ 1.1060 = 

0.4590/ 0.4590 = 

0.7100/ 0.9200 = 

0.9566/ 4.7436 =

0.1110/ 
Calc 

0.0100/ 
Calc

0.1110 = 

1.0300 =

33.3333 %) 

80.1986 %) 

42.2169 It) 

20.0000 %) 

100.0000 %) 

14.6088 %) 

5.0000 %) 

70.4574 11) 

100.0000 %) 

100.0000 %) 

77.1739 %) 

20.1661 t%) 

100.0000 %) 

0.9709 %)

N-402

0. OOC

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Total 
Zn-7'-n 386.25 

487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Ra-220 465.00 
Total 

Co-55 477.20 
931.30 

1408.70 
Total 

Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

A-85 514.00 
Total 

Sb-129 544.70 
812.80 
914.60 

1030.10 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

Bi-214 609.30 
768.40 

1120.30

Ag-110m 

•Y- 92

1764.50 
Total 

657.75 
677.60 
706.67 
763 .93 

884 .67 
937.48 

1384.27 
1505.00 

Total 
934.50 
Total

0 3001 
0.9200 
0.6164 
0 .2806 
0.2760 
0.5612 
2 .6542 

0.9050 
0 .9320 

0.9230 
2 .7600 

0 .2450 
0 .8640 

0 .2040 
0.1950 
0.3070 
1.8150 
0.0001 
0.0001 
0.2030 
0.7500 
0. 1650 
1.1180 
0 .1767 

0 .8030 
0.9797 
0.0001 
0.0001 
0 .0002 
1.0000 
1. 0000 
0.0041 
0.0041 
0.1920 
0.4600 
0 .2140 

0 .1350 

1.0010 
0.0838 
0 .1543 

0 .9756 

0.8544 
0.0873 
2.1554 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.9440 
0.1057 
0.1631 
0.2226 
0.7278 
0.3427 
0.2164 
0.1323 
2.8546 
0.1390 
0.1390

PRESENT 
Absent
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Present 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
Unable, to 
ABSENT " 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Present 
PRESENT

0.0001/ 0.0001- . . .. :

0.2806/ 2.6542 = 

0.9320/ 2.7600 =

0.8640/ 
Calc 

0.0001/

1.8150 = 

0.0001 =

0.7500/ 1.1180 =

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

0.2140/ 1.0010 =

0.9756/ 
Calc 

Calc 
0.0002/

2.1554 = 

0.0004 =

0.3427/ 2.8546 = 

0..1390/ 0.1390 =

(

10.5719 %) 

33.7681 1) 

47.6033 %) 

100.0000 %1) 

67.0841 %) 

18.0361 %) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

21.3786 %)

45.2631 %) 0.000 

50.0000 %) 0.000 

12.0052 t) 0.000 

100.0000 %) 0.000

N-403

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



K-40 1460.81 0.1070 Present 
To-ai 0.1070 PRESENT 0.1070/ 0.1070 i00.0000 % 

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

5 184 U-238 609.32 1.76e-003 246 295.22 1.34e-003 184 6 101 TH-232 238.63 3.55e-003 473 338.40 7.53e-004 100 7 310 U-238 609.32 1.76e-003 246 351.99 2.25e-003 310 
10 156 TH-232 238.63 3.55e-003 473 583.14 1.22e-003 156 

------------------------------------------------------------------------------

PEAK INTERFERENCE CORRECTION 

Pk# New Area Nuclide Energy Status 

5 0 Ce-143 293.26 Deleted Net < Critical Level 
5 0 Ag-113 298.40 Deleted [ Net < Critical Level 
5 0 Ga-67 300.20 Deleted [ Net < Critical Level ] 
6 1 Au-196 332.90 Deleted [ Net < Critical Level ] 
6 1 In-ll5m 336.20 Deleted [ Net < Critical Level 
6 1 HF-175 343.40 Deleted [ Net < Critical Level 
7 0 Pt-197m 346.50 Deleted [ Net < Critical Level 
7 0 Bi-211 351.00 Deleted [ Net < Critical Level ] 
7 0 Au-196 355.70 Deleted [ Net < Critical Level ] 

10 0 Tl-208 583.14 Deleted [ Net < Critical Level ] 
. ..........-------------------------------------------------------------------

SECONDARY NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives

HF-175 89.36 
343.40 
432.80 
Total 

Ga-67 93.30 
184.60 
300.20 
Total 

Ce-143 293.26 
664.55 
721.96 
Total 

Ag-113 298.40 
Total 

Au-196 332.90 
355.70 
Total 

In-li5m 336.20 
Total 

Pt-197m 346.50 
Total 

-- 211 351.00 
Total 

Tl-208 510.72 
583.14

0.0235 
0.8692 
0.0156 
0.9083 
0.3800 
0.2360 
0.1900 
0.8060 
0.4200 
0.0525 
0.0512 
0.5237 
0.0900 
0.0900 
0.2300 
0.8760 
1.1060 
0.4590 
0.4590 
0.1110 
0.1110 
0.0001 
0.0001 
0.0001 
0.0001

Present 
Absent 
Absent 
ABSENT 
Present 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
ABSENT ( 
Absent 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Unable to 
Absent

0.0235/ 0.9083 = 

0.6160/ 0.8060 = 

0.0000/ 0.5237 = 

0.0000/ 0.0900 = 

0.0000/ 1.1060 = 

0.0000/ 0.4590 = 

0.0000/ 0.1110 =

0.0000/ 
Calc

0.0001 =

2.5873 %) 

76.4268 %) 

0.0000 %) 

0.0000 %) 

0.0000 U) 

0.0000 k) 

0.0000 %) 

0.0000 %)

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0. 000

N-404



0.0002 ABSENT ( 0.000i/ 0.0002 =

FINAL ACTIVITY REPORT

Energy 
(keV)•.Nuclide 

U-238 

TH-232 

Th-234 
Cu-67 

Pt-195m 
Ac-225 
Ra-226 
Xe-125 

Ra-224 
-135 

.a-220 :•---.Annihila 

KR-85 
Y-92 
K-40

Conc +- 1.00sigma
(pCi /g

Average: 
295.22 
351. 99 
609.32 

1764.28 
Average: 

238.63 
338.40 
583.14 
911.07 
968 .90 

92 .80 
Average: 

93.30 
184.50 
98.90 
99.80 

186.20 
Average: 

188.43 
243.40 
241.08 
247.79 
465.00 
511.00 
514.00 
934.50 

1460.81

1. 88e+000 
1. 82e+000 
1. 83e+000 
1.86e+000 
2. 83e+000 
1. 81e+000 
1. 76e+000 
1. 75e+000 
1. 68e+000 
2 . 24e+000 
1. 89e+000 

4. lle-001 
1. 07e+000 
3.71e-001 
1. 63e+000 

4.21e-001 
3.22e-001 
7. 30e-001 

2.37e-001 

8. 27e+001 
1. 47e+000 
2. 26e+001

+-1.01e-001 
+-2.90e-001 
+-1.56e-001 
+-1.56e-001 
+-4.79e-001 
+-9.65e-002 
+-1.27e-001 
+-4.28e-001 
+-2.27e-001 
+-2.73e-001 
+-3.91e-001 

BKG 
+-9.15e-002 
+-3.83e-001 
+-9.42e-002 
+-5.81e-001 

BKG 
BKG 

+-7.10e-002 
+-8.17e-002 
+-1.44e-001 

BKG 
+-4.66e-002 

BKG 
I.D.Only 

+-1.46e+001 
+-4.25e-001 
+-1.37e+000

Peaks 
Found

MPC 
Fraction)

Half life 
(hrs) 

4. 12e+013 

1.24e+014 

1. 00e+012 
6.20e+001 

9.65e+001 
1.00e+012 
1. 00e+012 
1. 68e+001 

1. 00e+012 
9. 10e+000 
1. 00e+012 
1. 00e+003 
9.39e+004 
3 .54e+000 

1. 12e+013

of 
of 
of 
of 

of 
of 
of 
of 
of 
of 
of

1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1

1.13e+002 pCi MPC Total:

UNKNOWN PEAKS

Energy Centroid 
(keY) Channel

Net Un- C.L.  
Counts Certainty Counts

Bkg. FWHM 
Counts (keV)

Net 
Gamma/sec

None

N-405

��1.��.��,

4 of 5 

5 of 6 

1 of 1 
2 of 2

0.00

0.00

0.00

TOTAL:

0.00

0.00

1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID SC-8 

---------------------------------------------------------------

Sample Size ........ 6.80e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-11-97 10:17 Counting Start ..... .10-11-97 10:1i 
Sampling Stop ..... 10-11-97 10:17 Live Time ........... 3600 Sec 
Current Date ...... 10-14-97 10:23 Real Time ............. 0 Sec 
----------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt(Energy in keY) 

..........................---------------------------------------------------. 
.  Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 

Sigma Multiplier ......... 1.00 1 
---------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 78.09 145.21 59 35 59 550 0.56 
2 94.02 178.34 119 42 75 615 1.19 

- 3 186.65 370.91 122 35 60 440 1.81 
4 239.11 479.97 400 34 50 349 1.20 
5 295.70 597.63 164 28 45 225 1.12 
6 338.64 686.91 93 23 39 183 1.16 
7 352.24 715.17 265 25 36 156 1.29 
8 510.94 1045.12 115 20 31 107 1.51 
9 582.89 1194.71 162 21 31 103 1.38 

10 609.11 1249.21 243 22 28 79 1.66 
11 726.55 1493.37 49 13 20 45 1.46 
12 910.45 1875.70 107 16 24 54 1.87 
13 968.20 1995.76 66 16 26 59 1.30 
14 1119.36 2310.02 51 14 23 48 1.07 
15 1458.98 3016.10 432 22 16 22 2.13

N-406



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-8 

-----------------------------------------------------------------------------------
Sample Size ... ....... .. 6.80e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-11-97 10:17 Counting Start ..... ... 10-11-97 10:17 
Sampling Stop ....... .10-11-97 10:17 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .. 10-14-97 10:23 Decay Time .... ........ 0.00e+000 Hrs 
-----------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ........... .................. I IDGeneral Radionuclide Analysis Library

Eff.= 1/[6.66e-002*EnA_2.92e+000 + 4.02e+002*EnA8.62e_001] 
-------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <= ....

12-05-96 10:47 

8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction

6.27e-003 
6.27e-003 
6 .27e-003 
6. 27e-003 

6.27e-003 
6.27e-003 
6. 27e-003 
6. 27e-003 
6.27e-003 
6.27e-003 
6.27e-003

0.0235 8.39e-003

8.39e-003 
8.39e-003 
8.39e-003 
8.39e-003 

9.66e-003 
9.66e-003 
9.66e-003 
9. 66e-003 

9.66e-003 
9.66e-003 
9.66e-003 
9. 66e-003 
9.66e-003 
9.66e-003 
9. 66e-003

1. 00e+000 
1.01e+000 
9.95e-001 
9. 81e-001 

1. 00e+000 
9. 95e-001 
3. 31e-001 
9. 97e-001 
1. 00e+000 
1.00e+000 
1.00e+000

9.69e-001 
5.89e-001 
5.50e-001 
6.23e-001 

5 .20e+000 
3 .07e+000 

2. 83e+000 
2. 82e-001 
3. 03e-001 
7. 02e-001 
4. 23e-001

1.00e+000 6.66e+000

9. 94e-001 
9. 96e-001 
1. 00e+000 
9. 96e-001 

9.95e-001 
9. 94e-001 
9. 96e-001 
1. 00e+000 

9.80e-001 
1. 00e+000 
9. 81e-001 
9. 95e-001 
9. 93e-001 
3.31e-001 
1.00e+000

9.32e-001 
4.14e-001 
5.74e-001 
1.42e+000 

2.23e+000 
2. 98e-001 
5.94e-001 
2.58e-001 

2. 59e-001 
8.92e-001 
4. 06e+000 
2.46e+001 
1.49e+000 
2. 33e+000 
4.49e+000

Eff Decay Conc

0.1070 
0.1750 
0.1900 
0.1700 

0.0200 
0.0340 
0.1110 
0.3700 
0.3429 
0.1480 
0.2460

1 
1 
1 
1 
1 

"•-'• 1 

1 
1 
1 
1 
1 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3

78.09 
78.09 
78.09 
78.09 
78.09 
78.09 
78.09 
78 .09 

78.09 
78.09 
78.09 
78 .09 

94.02 
94 .02 

94 .02 

94 .02 

94 .02 

94 .02 

94.02 
94.02 
94.02 

186.65 
186.65 
186.65 
186.65 
186.65 
186.65 
186.65 
186.65 
186.65 
186.65 
186.65 
186.65

59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 

119 
119 
119 
119 
119 
119 
119 
119 
119 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122

U-238 
TH-232 
Hg-197 
Pt-197 
Fr-223 
Ce-144 
Hg-197 
Hg-199m 
Xe-133 
Ba-133 
U-235 
U-235 
Lu-176 
Ra-221 
HF-175 
Th-234 
Cu-67 
Ga-67 
Gd-153 
Pt-195m 
Ac-225 
Mo-99 
Cu-67 
Ga-67 
U-235 
Ra-226 
Xe-125 
In-114m 
Pt-197 
Hg-197 
Zn-72 
Mo-101 
Fe-59

77.11 
77.11 
77.35 
77.35 
80.00 
80.00 
80.20 
80.20 
80.99 
81.00 
81.07 
83.78 
88.35 
89.00 
89.36 
92.80 
93.30 
93.30 
97.43 
98.90 
§9..80 

181.07 
184.50 
184.60 
185.72 
186.20 
188.43 
190.24 
191.31 
191.38 
191.50 
191.93 
192.34

0.1690 
0.3800 
0.2730 
0.1110 

0.0629 
0.4700 
0.2360 
0.5400 

0.5500 
0.1564 
0.0350 
0.0057 
0.0940 
0.1810 
0.0311

N-407



4 

A 

4 
4 
4 
4 
4 
4 
4 
5 
5 

6 

5 
5 
5 
5 
5 

6 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

7 
7 
7 
7 
7 

7 
7 

7 

8 
8 
8 

8 

8 
8 
8 
8 

9 
9 

10 
10 
10 
1.0 

.0 
S10 

10 
11

239 .I 
239. 11 
239. 11 
239.11 
239.11 
239.11 
239.11 
239.11 
239.11 

295.70 
295.70 
295.70 
295.70 
295.70 
295.70 
295.70 
295.70 
295.70 
338.64 
338.64 
338.64 
338.64 
338.64 
338.64 
338.64 
338.64 
338.64 
338 .64 

338 .64 

338.64 
338.64 
338.64 
338.64 
352.24 
352.24 
352.24 
352.24 
352.24 
352.24 
352.24 
352.24 
510.94 
510. 94 
510.94 
510 .94 

510. 94 
510.94 
510.94 
510 .94 

582 .89 
582 .89 
609.11 
609.11 
609.11 
609.11 
609.11 
609.11 
609.11 
726.55

2.1100 B.24e-%340C Xe-133m 
400 Fr-223 
400 Th-227 
400 U-235 
400 TH-232 
400 Te-131m 
400 Ra-224 
400 Xe-125 
400 IN-116M 
400 Eu-152 
164 Ce-143 
164 U-238 
164 Ir-192 
164 Tl-210 
164 Ag-113 
164 TB-160 
164 Pa-231 
164 Pa-233 
164 Ga-67 

93 Mg-27 
93 Au-196 
93 Te-131m 
93 Np-239 
93 In-ll5m 
93 Ru-95 
93 TH-232 
93 Ra-223 
93 Ac-228 
93 Cs-136 
93 Cs-136 
93 HF-175 
93 EU-152M 
93 Eu-152 
93 Cd-117 

265 Ho-167 
265 Pt-197m 
265 Na-24 
265 Bi-211 
265 U-235 
265 U-238 
265 Au-196 
265 Ba-133 
115 Mo-101 
115 Te-121 
115 Tl-208 
115 Kr-79 
115 Annihila 
115 Zn-71m 
115 Rh-106m 
115 KR-85 
162 Tl-208 
162 TH-232 
243 Cs-134 
243 Kr-79 
243 Sb-125 
243 Bi-214 
243 U-238 
243 Ir-192 
243 Ag-108m 

49 Ce-143

233 .20 
234.60 
236.00 
236.00 
238 .63 
240.93 
241. 08 
243.40 
244 .59 
244.67 
293.26 
295.22 
295.96 
296 .00 

298.40 
298 .57 
299.-90 
300.10 
300.20 
332.73 
332.90 
334.27 
334.30 
336120 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343.40 
344.20 
344.30 
344.46 
346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
505.88 
507.59 
510.72 

511.00 
511.00 
51.1.,55 
511'. 70 
514.00 
583.14 
583.14 
604.66 
606.10 
606.82 
609.30 
609.32 
612.45 
614.37 
721.96

0.0900 7.00e-003 
0.2740 7.00e-003

0.0633 
0. 1900 
0.0100 
0 .2300 
0.0952 
0 .0200 
0.4590 
0.7100 
0.1201 

0.4890 
0.4676 
0.8692 
0.0250 
0.2720 
0.1769 
0.5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.0512

7. OOe-003 
7. OOe-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6 .27e-003 
6. 27e-003 

6.27e-003 
6.27e-003 
6. 27e-003 
6. 27e-003 
6.27e-003 
6.27e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 

6. 07e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 
4.43e-003 
4.43e-003 

4.43e-003 
4.43e-003 
4.43e-003 
4. 43e-003 
4.43e-003 

3.96e-003 
3. 81e-003 
3. 81e-003 
3. 81e-003 

3.81e-003 
3.81e-003 
3.81e-003 
3 .28e-003

.4 � - -' = .�-- - -

1.00e+000 
1.Ole+000 
9.89e-001 

9. 80e-001 
6. 99e-001 
"1. OOe+000 

9. 90e-001 
1.00e+000 
1. 00e+000

4. 88e•-00C 
1.23e+000 
7. !8e+OOC 

1. 91e+000 
2. 02e+002 
6. 95e+000 
6.23e-001 
1. 34e+000 
9. Ole-001

9.38e-001 3.06e+000 
1.00e+000 9.45e-001

9. 99e-001 
9. 96e-001 
2. 25e-001 
9. 98e-001 
9. 89e-001 
9. 94e-001 
9. 27e-001 
8. 17e-001 
1. Ole+000 

9. 99e-001 
9. 99e-001 
1. 00e+000 
9. 64e-001 
1. 00e+000 
8. 70e-001 
8. 96e-001 
8. 09e-001 
9. 77e-001 

1. 00e+000 
1.00e+000 
9.98e-001 
1. 00e+000 
3 .31e-001 
9. 99e-001 

9. 90e-001 
1. 00e+000 
9. 17e-001 
8.56e-001 
1. 00e+000 

1. Ole+000 
1.OOe+000 
9. 90e-001 
1. 00e+000 

1. 00e+000 
1. 00e+000 
1. 00e+000 
9.90e-001

4. 09et000 
I. 37e+000 
7. 29e+001 
7. 14e-001 
1. 74e+000 
8. 24e+000 
3. 85e-001 
2. 83e-001 
1.35e+000 

3 35e-001 
3 51e-001 
1. 89e-001 
6. 80e+000 
6. 02e- '01 
1.07e- 00 
9. 44e-001 
5. 37e+000 
4. 94e+001 

4. 02e+000 
1. 30e+000 
5. 52e-001 
7. 78e-001 
7. 62e+000 
1. 62e+000 

1. 93e+000 
2. 87e-001 
1. lle+000 
3.87e-001 
6. 99e+001 

1.45e+000 
7.21e-001 
8. 77e+000 
1. 35e+001 

1. 52e+000 
1.30e+001 
7. 55e-001 
3.26e+000

N-408

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.4200 
0.1920 
0.2872

8. 24e-003 
8..24e-003 
8.24e-003 

8. 24e-003 
8. 24e-003 
8. 24e-003 
7. 00e-003 
7. 00e-003 
7. 00e-003



12' 

12 
1 
_1 

'•-- 12 

12 
12 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
15

72 .55 
726.55 
726.55 
726.55 
726 .55 
726 .55 
910.45 
910.45 
910.45 
968.20 
968.20 
968 .20 
968.20 
968 .20 
968.20 
968.20 

1119.36 
1119 36 
1119 .36 
1119.36 
1119.36 
1119.36 
1458 .98

49 
49 
49 
49 
49 
49 

107 
107 
107 

66 
66 
66 
66 
66 
66 
66 
51 
51 
51 
51 
51 
51 

432

Sb-1 24 
Ag-108m 
Eu-154 
Zr-95 
In-114m 
Bi-212 
TH-232 
Ac-228 
Sb-129 
TB-160 
EU-152M 
Eu-152 
Ac-228 
TB-160 
Ac-228 
TH-232 
Sn-127 
Zn-65 
Ni-65 
Bi-214 
Sc-46 
Ta-182 
K-40

722.79 
722.95 
723.30 
724.18 
725.24 
727.30 
911.07 
911.20 
914.60 
962.36 
963 .50 

964 .00 
964.40 
966.17 
968.80 
968.90 

1114.30 
1115.52 
1115.53 
1120.30 
1120.51 
1121.28 
1460.81

1. 00e+000 

1. 00e+000 
1. 00e+000 
1. 00e+000

I .79e-0C1 
8 .38e-00i.  
4.86e-001 
5.88e-001

1.01e+000 -1.50e+00C

9.25e-001 
1. 00e+000 
9.64e-001 
1.00e+000

2.21e+000 
2. 85e+000 
2.46e+000 
1. 99e+000

1.00e+000 1.12e+000

1. 01e+000 
8. 55e-001 
1. 00e+000 
8. 76e-001 

1. 00e+000 
1.00e+000 
1. 00e+000

1. 62e+000 
7. 67e-001 
4.91e-001 
1. 88e+000 

2 .49e-001 
7. 10e-001 
2.48e+001

INITIAL NUCLIDE EVALUATION

Nuclide Energy Fraction Status
Halflives

T -238 77.11 
295.22 
351.99 
609.32 

1764.28
Total 

'H-232 77.11 
238.63 
338.40 
583.14 
911.07 
968.90 
Total 

[g-197 77.35 
80.20 

191.38 
268.73 
Total 

?t-197 77.35 
191.31 
Total 

'r-223 80.00 
234.60 
Total 

e-144 80.00 
133.54 
Total 

.,-199m 80.20 
158.37 
374.10 
Total

P 

F 

C

0.1070 
0.1920 
0.3710 
0.4609 
0.1504 
1.2813 
0.1750 
0.4310 
0.1201 
0.3090 
0.2900 
0.1746 
1.4997 
0.1900 
0.0340 
0.0057 
0.0005 
0.2302 
0.1700 
0.0350 
0.2050 
0.0001 
0.0001 
0.0002 
0 .0200 

0 .1110 
0.1310 
0 .1110 
0.5840 
0.1380 
0 8330

Present 
Present 
Present 
Present 
Absent 
PRESENT 
Present 
Present 
Present 
Present

(

Present 
Present 
PRESENT 
Present 
Present 
Present 
Absent 
PRESENT 
Present 
Present 
PRESENT 
Unable to 
Unable to 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Absent 
Absent 
ABSENT (

1.1309/ 1.2813 = 88.2619 %)

1.4997/ 1.4997 = 100.0000 %)

0.2297/ 0.2302 =

0.2050/ 
Calc 
Calc 

0.0002/

0.2050 = 

0.0002 =

0.0200/ 0.1310 = 

0,.1110/ 0.8330 =

99.7828 1k) 

100.0000 U) 

100.0000 U) 

15.2672 %) 

13.3253 t)

N-409

S. 1133 
0.9230 
0.1970 
0.3399 
0.2810

3.28e-903 
3 . 28e-003 
3.28e-003 
3 .28e-003 
3.28e-003

0.2900 2.70e-003

2.70e-003 
2.56e-003 
2. 56e-003 
2. 56e-003

0.2550 2.56e-003

2 . 56e-003 
2.26e-003 
2.26e-003 
2 .26e-003 

2 .26e-003 
2.26e-003 
1.80e-003

0.2140 
0.1000 
0.1200 
0.1433

0.1746 
0.3800 
0.5075 
0.1513 

1.0000 
0.3510 
0.1070

0.000

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

Malfliv•m

I 

H



Ba-133 81.00 
276.40 
302.85 
356.00 
383.85 
Total 

U-235 81.07 
83 .78 

143 .76 
185. 72 
236.00 
269.60 
351.10 
Total 

TB-160 86.80 
197. 04 
215. 65 
298.57 
876.37 
962.36 
966. 17 

1177.95 
1271.88 

Total 
Lu-176 88.35 

201.80 
306.90 
Total 

.- 221 89.00 
152.00 
176.00 
Total 

HF-175 89.36 
343.40 
432.80 
Total 

Th-234 92.80 
Total 

Cu-67 93.30 
184.50 
Total 

Ga-67 93.30 
184.60 
300.20 
Total 

Gd-153 97.43 
103.18 
Total 

Pt-195m 98.90 
Total 

Ac-225 99.80 
Total 

Ta-182 100.10 
152.43 
222.10 

1121.28 
1189.04 
1221.42

.3700 
0.3700 
0.3429 
0.0709 
0 .1816 
0.6200 
0.0897 
1.3051 
0.1480 
0.2460 
0. 1050 
0.5400 
0.1100 
0 .1340 

0.1200 
1.4030 
0. 1340 
0 .0524 
0 .0402 

0 .2740 
0.3000 
0.1000 
0.2550 
0.1550 
0 .0760 
1.3866 
0.0001 
0. 0001 
0 .0001 
0.0003 
0 .0001 
0 .0001 
0.0001 
0.0003 
0.0235 
0.8692 
0 .0156 

0 .9083 
0.0001 
0 .0001 
0.1690 
0.4700 
0.6390 
0.3800 
0.2360 
0.1900 
0.8060 
0.2730 
0.1992 
0.4722 
0.1110 
0.1110 
0.0001 
0.0001 
0.1411 
0.0720 
0.0758 
0.3510 
0.1636 
0.2713

Present 
PRESENT 
Present 
Absent 
Absent 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Present 
Present 
Absent 
Present 
PRESENT 
Absent 
Absent 
Absent 
Present 
Absent
Present 
Present 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Present 
Present 
Absent 
PRESENT 
Unable to 
PRESENT 
Present 
Present 
PRESENT ( 
Present 
Present 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
PRESENT ( 
Unable to 
PRESENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent

0.3700/ 0.3700 = 100.0000 %)

0.6290/ 
Calc 

0.0001/ 
Calc

1.3866 = 

0.0003 =

0.0001/ 0.0003 =

0.8927/ 
Calc 

0.0001/

0.9083 = 

0.0001 =

0.6390/ 0.6390 = 

0.8060/ 0.8060 = 

0.2730/ 0.4722 =

0.1110/ 
Calc 

0.0001/

0.1110 = 

0.0001 =

73.7798 *) 

82.9651 %) 

45.3628 k)

33.3333 1) 0.000

33.3333 %) 

98.2825 %) 

100.0000 0)

100.0000 9%)

100.0000 %0 

57.8145 1k) 

100.0000 %) 

100.0000 %)

N-410

0. 00C 

0.000

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

0.9629/ 1.3051 = 

1.1640/ 1.4030 =



1230.97 
To -aI 

e_-i1-M 102.06I 

149 .71 
200 .63 
240.93 
334.27 
452.30 
773 .67 

782.49 
793 .75 
822 .78 
852.21 

1125.46 
1206.60 

Total 
Np-239 106.10 

209.80 
228.10 
277.60 
315.90 
334.30 
Total 

EU-152M 121.78 
344.20 
841.60 
963.50 
Total 

Eu-152 121.78 
244.67 
344.30 
778.90 

.-.- 964.00 

1085.80 
1112.07 
1408.08 

Total 
Eu-154 123.10 

248.00 
723.30 
873.19 
996.32 

1004.76 
1274.39 

Total 
IN-116M 137.92 

244.59 
416.88 
463 .13 

818.65 
1097.23 
1293.49 
1507.50 
1601.12 
1752 .42 
2212 .21 

Total 
io-99 140.51 

181.07 
739.40

.155 
.1903 

0.0790 
0.2054 
0 .0752 

0 .0755 

0 .0952 
0.0567 
0.3800 
0.0775 
0.1380 
0.0609 
0.2093 
0 .1137 

0.0971 
1.6635 
0.2320 
0.0410 
0 .1270 

0.1420 
0 .0150 
0.0200 
0.5770 
0 .0720 

0. 0250 
0 .1470 
0.1200 
0.3640 
0.3068 
0 .0772 
0.2720 
0 .1272 
0.1433 
0.1010 
0.1340 
0 .2073 

1.3688 
0.4047 
0 .0660 
0.1970 
0.1150 
0.1029 
0.1736 
0.3550 
1.4143 
0.0350 
0.0038 
0.2937 
0.0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011 
0.0379 
0.0629 
0.1260

Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
Present 
ABSENT 
Absent 
Present 
Present 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent

( 

( 

( 

(

0.3510/ 1.1903 

0.1707/ 1.6635 = 

0.0200/ 0.5770 = 

0.1450/ 0.3640 = 

0.4925/ 1.3688 = 

0.1970/ 1.4143 = 

0.0038/ 2.5011 -

29.4884 %; 

10.2615 %) 

3.4662 U) 

39.8352 %) 

35.9804 %) 

13.9310 %) 

0.1519 t)

N-411

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Tonal Fe-9 42.:

192.34 
1099.22 
1291.56 

Total 
_ Ra-223 144.30 

154.30 
269.60 
338.60 
Total 

Zn-72 144.70 
191.50 
Total 

Mg-27 170.82 
332.73 
843.80 

1014.50 
Total 

Sb-125 176.29 
380.51 
427. 95 
463.51 
600.77 
606.82 
636.15 
671. 66 
Total 

Ra-226 186.20 
Total 

'-125 188.43 
243.40 
Total 

In-114m 190.24 
558.43 
725.24 

1283.67 
1299.83 

Total 
Mo-101 191.93 

505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

Xe-133m 233.20 
Total 

Th-227 236.00 
329.90 
Total 

ea-224 241.08 
Total 

Kr-79 261.30

0.2268 
0 . 0103 
0.0311 
0.5680 
0.4320 
1. 0414 
0.0001 
0.0001 
0.0001 
0.0001 
0 .0004 
0.8300 
0.0940 
0. 9240 
0 .0070 
0.0100 
0. 7140 
0 .2860 
1.0170 
0.0630 
0.0140 
0.2960 
0. 1000 
0.1840 
0.0520 
0.1120 
0 .0180 

0.8390 
0.0001 
0 .0001 
0.5500 
0.2871 
0.8371 
0. 1564 
0.2850 
0.2810 
0 .0003 
0 .0012 
0.7239 
0.1810 
0.1135 
0.1930 
0.0660 
0.1135 
0.6670 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.1000 
0.1000 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.1270

ABSENT 0.  
Absent 
Present 
Absent 
Absent 
ABSENT 0.  
Absent 
Absent 
Absent 
Unable to Calc 
ABSENT C 0.  
Absent 
Present 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent
Absent 
ABSENT 
Unable to 
PRESENT 
Present

0629/ 0.2269 = 

0311/ 1.0414 =

0001/ 0.0004 =

0940/ 0.9240 = 

0100/ 1.0170 =

0.0520/ 
Calc 

0.0001/

Present 
PRESENT C 0.  
Present 
Absent 
Present 
Absent 
Absent 
ABSENT C 0.  
Present 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Unable to Calc 
Unable to Calc 
Unable to Calc 
ABSENT ( 0.  
Present 
PRESENT ( 0.  
Unable to Calc 
Absent 
ABSENT ( 0.  
Unable to Calc 
PRESENT ( 0.  
Absent

0.8390 = 

0.0001 =

8371/ 0.8371 = 

4374/ 0.7239 = 

2945/ 0.6670 =

0004/ 

LOOOli 

o001/ 

0 001/

0.0006 = 

0.1000 = 

0.0002 = 

0.0001 =

2- 7 ---- 

2.9864 k) 

25.0000 %) 

10.1732 k) 

0.9833 %) 

6.1979 %) 

100.0000 %) 

100.0000 %) 

60.4227 %) 

44.1529 It) 

66.6667 %) 

100.0000 %) 

50..0000 %) 

100.0000 %)

N-412

0.00.  

0.00C 

0.00( 

0. 00C 

0.00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



-1-117 

Pa-231 

Ce-143 

Ir-192 

TI-210

Total 
273.28 
344.46 
434.22 

1.303 .34 
1576.80 

Total 
283.60 
299.90 
302.50 
Total 

293.26 
664.55 
721.96 
Total 

295.96 
308.46 
316.51 
468.06 
612.45 
Total 

296.00 
795.00 

1060.00 
1210.00 
1310.00

Total 
-113 298.40 

Total 
'--"Pa-233 300.10 

311.90 
Total 

Ho-167 321.30 
346.50 
Total 

Au-196 332.90 
355.70 
Total 

In-ll5m 336.20 
Total 

Ru-95 336.40 
1096.80 

Total 
Cs-136 340.60 

340.60 
818.50 
818.50 

1048.07 
1048.10 
1235.34 

Total 
Pt-197m 346.50 

Total 
-24 346.55 

857.55 
1368.53 
1732.10

1950 

0 .810 
0.4530 
0.2900 
0 .1769 

0.1047 
0 .1827 

0.1119 
0.8662 
0.0001 
0.0001 
0 .0001 
0.0003 
0.4200 
0.0525 
0.0512 
0.5237 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.0001 
0.0001 
0 .0001 
0.0001 
0.0001 
0 .0005 
0.0900 
0.0900 
0.0633 
0.3700 
0.4333 
0.2390 
0 .5700 

0.8090 
0.2300 
0.8760 
1.1060 
0.4590 
0 .4590 
0.7100 
0.2100 
0.9200 
0.4890 
0.4676 
0.9970 
0.9970 
0.7976 
0.7980 
0.1974 
4.7436 
0.1110 
0.1110 
0.0100 
0.0100 
1.0000 
0.0100

Absen:: 
Presen
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Unable tc 
Absent 
ABSENT 
Present 
Absent 
Present 
PRESENT 
Present 
Absent 
Absent 
Absent 
Present 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Present 
Present 
PRESENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
Absent 
Absent

0.2310/ 0.4530 = 

0.1769/ 0.8662 =

50.9934 %)

20.4225 %i

Calc

0.0001/ 0.0003 = 

0.4712/ 0.5237 =

0.3415/ 
Calc

1. 9478 =

0.0001/ 0.0005 = 

0.0900/ 0.0900 = 

0.0633/ 0.,4333 = 

0.5700/ 0.8090 = 

1.1060/ 1.1060 = 

0.4590/ 0.4590 = 

0.7100/ 0.9200 = 

0.9566/ 4.7436 =

0.1110/ 
Calc

0.1110 =

33.3333 %) 

89.9752 %) 

17.5326 %) 

20.0000 %) 

100.0000 %) 

14.6088 %) 

70.4574 %) 

100.0000 %) 

100.0000 %) 

77.1739 %) 

20.1661%) 

100.0000 %)

N-413

0.00,

0.00( 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Zn-71nm 386.28 
487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70

Te-121 

Tl-208 

Annihila 

KR-85 

qb-129 

Cs-134 

Sb-124 

Bi-214 

Zr-95 

Bi-212 

SSn-127

Total 
507.59 
573 .14 
Total 

510.72 
583.14 
Total 

511.00 
Total 

514.00 
Total 

544.70 
812.80 
914.60 

1030.10 
Total 

563.26 
569.29 
604.66 
795.76 
801.84 
Total 

602.72 
645.82 
722.78 

1691.02 
Total 

609.30 
768.40 

1120.30 
1764.50 

Total 
724.18 
756.72 
Total 

727.30 
785.50 

1620.60 
Total 

823.10 
1095.60 
1114.30

2 001i 

0.9200 
0.6164 
0.2806 
0 .2760 
0 .5612 

2.6542 
0.9050 
0.9320 
0.9230 
2.7600 
0.2450 
0.8640 
0.2040 
0.1950 
0 .3070 
1 .8150 
0.1767 
0.8030 
0. 9797 
0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0 .1920 

0 .4600 
0 .2140 
0.1350 
1.0010 
0.0838 
0 .1543 

0 .9756 

0 .8544 

0.0873 
2 .1554 
0.9830 
0.0723 
0.1130 
0.4900 
1.6583 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.3399 
0.5460 
0.8859 
0.0001 
0.0001 
0.0001 
0.0003 
0.1060 
0.1940 
0.3800

ABSENT 
Unable ro 
PRESENT 
Absent
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Unable to 
Absent 
Unable to 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present

0.001/ 
0.0001/

0.0001 =

0.2806/ 2.6542 = 

1.8550/ 2.7600 = 

0.8640/ 1.8150 =

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

0.2140/ 1.0010 = 

0.9756/ 2.1554 =

0.1130/ 
Calc

1.6583 =

( 

(

Calc

0.0002/ 0.0004 =

0.3399/ 
Calc

0.8859 =

0.0001/ 0.0003 =

50.0000 %) 

38.3678 %) 

33.3333 %)

N-414

IC0.0000 %1 

10.5719 %) 

67.2102 '1) 

47.6033 %) 

18.0361 %) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

21.3786 %) 

45.2631 %) 

6.8142 %)

0.000 

0.000 

0.000

-" . 9-• 9 %

0.002 

0 . 00 

0 . 00( 

0 . 00 

o . 0 0 c 
0.00C 

0.00C 

0.0OC 

0.000 

0.000 

0.000



2009.76 
Total 

1115.52 
Total 

1115.53 
1481.84 

Total 
1460.81 

Total

6 00 
I3000 

0 - 0000 

2.i000 
0.5075 
0.5075 
0.1513 
0.2350 
0.3863 
0.1070 

0.1070

ABSNT 
Absent: 
Present 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
PRESENT

0.1513/ 0.3863 = 39.1665 %)

0.1070/ 0.1070 = 100.0000 ')

PEAK CONTRIBUTION CORRECTION

Pk# Old Area Nuclide
Reference Energy Line ===>> Calculated Contribution 
Energy cts/dis Ref Area Energy cts/dis New Area

1 59 U-238 609.32 1.76e-003 243 77.11 6.71e-004 59 1 0 TH-232 911.07 7.83e-004 107 77.11 1.10e-003 0 4 400 TH-232 911.07 7.83e-004 107 238.63 3.55e-003 400 5 164 Ce-143 721.96 1.68e-004 49 293.26 2 .94e-003 164 5 0 U-238 609.32 1.76e-003 243 295.22 1.34e-003 0 6 93 TH-232 911.07 7.83e-004 107 338.40 7.53e-004 93 7 265 U-238 609.32 1.76e-003 243 351.99 2.25e-003 265 9 162 TH-232 911.07 7.83e-004 107 583.14 1.22e-003 162

PEAK INTERFERENCE CORRECTION

1.0000/ 2.1000 = 47.6190 1-

0.5075/ 0.5075 = 100.0000 %)

K-40 0.000 

0 .0 0

.-# New Area Nuclide
Enerav Status

4 
4 
4 

4 
4 

5 
5 
6 
6 
6 
7 
7 
7 
7 
9

Hg-197 
Pt-197 
Fr-223 
Hg-197 
Xe-133 
U-235 
U-235 
Xe-133m 
Fr-223 
U-235 
Ra-224 
Xe-125 
Ag-ll3 
Ga-67 
Au-196 
In-ll5m 
HF-175 
Pt-197m 
Bi-211 
U-235 
Au-196 
Tl-208

77.35 
77.35 
80.00 
80.20 
80.99 
81.07 
83.78 

233.20 
234.60 
236.00 
241.08 
243.40 
298.40 
300.20 
332.90 
336.20 
343.40 
346.50 
351.00 
351.10 
355.70 
583.14

Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted

Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net

Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical

Level 
Level1 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level

SECONDARY NUCLIDE EVALUATION

Nuclide Energy Fraction Status Half lives

N-415



29.22 

351.99 
609.32 

1764.28
Total 

TH-232 77.11 
238.63 
338.40 
583.14 
911.07 
968. 90 
Total 

Hg-197 77.35 
80.20 

191.38 
268.73 
Total 

Pt-197 77.35 
191.31 
Total 

Fr-223 80.00 
234.60 
Total 

Xe-133 80.99 
Total 

U-235 81.07 
83 .78 

143.76 
185.72 
236.00 
269.60 
351.10 
Total 

HF-175 89.36 
343.40 
432.80 
Total 

Ga-67 93.30 
184.60 
300.20 
Total 

Xe-125 188.43 
243.40 
Total 

Xe-133m 233.20 
Total 

Ra-224 241.08 
Total 

Ag-113 298.40 
Total 

Au-196 332.90 
355.70 
Total 

"'n-1l5m 336.20 
Total 

,\_>.t-197m 346.50 
Total 

Bi-211 351.00

= = = = =

0.:920 
0.3710 
0.4609 
0. 1504 
1.2813 
0 .1750 

0.4310 
0.1201 
0.3090 
0.2900 
0.1746 
1.4997 
0.1900 
0 .0340 

0 .0057 
0 .0005 
0.2302 
0.1700 
0.0350 
0.2050 
0.0001 
0 .0001 
0.0002 
0.3700 
0.3700 
0.1480 
0 .2460 
0 .1050 
0 .5400 
0.1100 
0.1340 
0 .1200 

1.4030 
0.0235 
0.8692 
0 .0156 
0. 9083 
0.3800 
0.2360 
0.1900 
0.8060 
0.5500 
0.2871 
0.8371 
0.1000 
0.1000 
0 .0001 
0.0001 
0.0900 
0.0900 
0.2300 
0 .8760 

1. 1060 
0.4590 
0 .4590 
0 .1110 
0 .1110 
0.0001

N-416

Present 
Absent 
Present 
Present 
Absent 
ABSENT 
Absent 
Present 
Present 
Present 
Present 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
Absent 
ABSENT 
Present 
Present 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Absent 
ABSENT.  
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Absent

0.9389/ 1.2813 = 

1.3247/ 1.4997 = 

0.0057/ 0.2302 = 

0.0350/ 0.2050 = 

0.0000/ 0.0002 = 

0.0000/ 0.3700 = 

0.5400/ 1.4030 = 

0.0235/ 0.9083 

0.6160/ 0.8060 = 

0.5500/ 0.8371 = 

0.0000/ 0.1000 = 

0.0000/ 0.0001 = 

0.0000/ 0.0900 = 

0.0000/ 1.1060 = 

0.0000/ 0.4590 = 

0.0000/ 0.1110 =

73.2771 %) 

88.3310 %) 

2.4761 %) 

17.0732 %) 

0.0000 %) 

0.0000 %) 

38.4890 %) 

2.5873 %) 

76.4268 %) 

65.7030 %) 

0.0000 %) 

0.0000 t) 

0.0000 t 

0.0000 t) 

0.0000 %) 

0.0000 %)

0.OOC 

0. OOC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

0.00C 

0.00



.-:001 ABSENT 
3.3001 Unable !o C6 

0.0001 Absent 
0.0002 ABSENT

Tocal

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction

Th-234 
Cu-67 

Pt-195m 
Ac-225 
Ra-226 
Ce-143 

Annihila 

KR-85 
10-65 
10

Average: 
238.63 
338.40 
583.14 
911.07 
968 .90 

92 .80 
Average: 

93.30 
184.50 
98.90 
99.80 

186.20 
Average: 

293.26 
721.96 
511.00 
514.00 

1115.52 
1460.81

1.33e+000 
1.23e+000 
1.35e+000 
1.45e+000 
1.50e+000 
1. 62e+000 

3. 38e-001 
9. 32e-001 
2.98e-001 
1. 42e+000 

6. 62e-001 
6. 23e-001 
3.26e+000 

6.99e+001 
4. 91e-001 
2.48e+001

+-8.08e-002 
+-i 06e-001 
+-3.38e-001 
+-. 84e-001 
+-2.28e-001 
+-3 85e-001 

BKG 
+-8.20e-002 
+-3.27e-001 
+-8.47e-002 
+-4.96e-001 

BKG 
B KG 

+-i 04e-001 
+-I 05e-001 
+-8 .54e-001 

I .D.Only 
+-1.21e+001 
+-i 32e-001 
+-i 28e+000

1. 24e+014

1.00e+012 
6.20e+001 

9.65e+001 
1.00e+012 
1. 00e+012 
3.30e+001 

1. 00e+003 
9.39e+004 
5. 86e+003 
1. 12e+013

5 of 6 0.00

1 of 1 
2 of 2

1 
1 
1 
2 

1 
1 
1 
1

of 
of 
of 
of 

of 
of' 
of 
of

1 
1 
1 
3 

1 
1 
1 
1

3.31

8.19

9.89e+001 pCi MPC Total:

UNKNOWN PEAKS

Energy Centroid 
(keV) Channel

Net Un- C.L.  
Counts Certainty Counts

Bkg. FWHM Net 
Counts (keY) Gamma/sec

78.09 145.21 59 35 59 550 0.56 2.615e+000 
352.24 715.17 265 25 36 156 1.29 1.213e+001 
609.11 1249.21 243 22 28 79 1.66 1.771e+001

0.0001/ 0.0002 = 50.0000 %

TH-232

'-•TOTAL: 11.49

N-417



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

Sample ID : SC-9 

--------------------------------------------------------------

Sample Size ........ 5.75e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-11-97 11:41 Counting Start ..... .10-11-97 11:41 
Sampling Stop ..... 10-11-97 11:41 Live Time ........... 3600 Sec 
Current Date ...... 10-14-97 10:26 Real Time ............. 0 Sec 
--------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En 3 12-05-96 10:47 
Where En = Sqrt(Energy in keY) 

--------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 

----------------- :---------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 75.94 140.76 183 31 46 381 1.11 a 
2 78.19 145.44 224 41 69 609 1.00 b 
3 93.81 177.90 181 50 91 823 1.46 
4 186.82 371.27 154 34 55 421 1.33 
5 239.20 480.18 519 36 51 301 1.11 a 
6 242.30 486.60 195 30 47 277 1.45 b 
7 295.66 597.56 351 30 42 219 1.26 
8 338.79 687.22 90 27 48 229 1.11 
9 352.20 715.09 528 33 46 194 1.44 

10 462.59 944.60 48 20 34 130 0.73 
11 511.36 1045.99 140 22 35 127 3.18 
12 583.05 1195.04 173 21 30 98 1.22 
13 609.05 1249.09 387 25 29 90 1.32 
14 910.58 1875.98 118 18 29 72 1.28 
15 967.84 1995.02 60 15 25 64 1.48 
16 1119.18 2309.65 91 15 21 42 1.68 
17 1458.91 3015.94 417 22 16 21 2.02 
18 1761.70 3645.45 73 10 11 9 2.01

N-418



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-9 

-------------------------------------------------------------

Sample Size ........ 5.75e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-11-97 11:41 Counting Start ..... .10-11-97 11:41 
Sampling Stop ..... 10-11-97 11:41 Buildup Time ....... .0.00e+000 Hrs 
Current Date ...... 10-14-97 10:26 Decay Time ......... 0.00e+000 Hrs 
--------------------------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ...................... I IDGeneral Radionuclide Analysis Library 
-------------------------------------------------------------

Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*EnA8.62e-001] 12-05-96 10:47 
GmaFatoLii800% DcyLit.. .i--------------------------------------------
Gamma Fraction Limit >= . . . 80.00 k I Decay Limit <= . . . . 8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction

6.28e-003 
6.28e-003 
6. 28e-003 
6.28e-003 

6.28e-003 
6.28e-003 
6. 28e-003 
6. 28e-003 
6. 28e-003 
6.28e-003 
6. 28e-003

0.0235 8.37e-003

8 .37e-003 
8.37e-003 
8. 37e-003 
8. 37e-003 

9. 65e-003 
9.65e-003 
9.65e-003 
9.65e-003 

9.65e-003 
9. 65e-003 
9. 65e-003 
9.65e-003 
9.65e-003 
9. 65e-003 
9.65e-003

1. 00e+000 
1.01e+000 
9.95e-001 
9. 81e-001 

1. 00e+000 
9. 95e-001 
3.31e-001 
9. 97e-001 
1. 00e+000 
1. 00e+000 
1.00e+000

4.34e+000 
2.64e+000 
2.46e+000 
2. 79e+000 

2.33e+001 
1. 38e+001 
1. 27e+001 
1 .26e+000 

1. 36e+000 
3. 15e+000 
1 .89e+000

1.00e+000 1.20e+001

9. 94e-001 
9. 96e-001 
1. 00e+000 
9. 96e-001 

9. 95e-001 
9. 94e-001 
9.96e-001 
1. 00e+000 

9. 80e-001 
1. 00e+000 
9.81e-001 
9. 95e-001 
9. 93e-001 
3.31e-001 
1.00e+000

1.68e+000 
7. 47e-001 
1. 03e+000 
2 . 55e+000 

3.33e+000 
4.46e-001 
8. 87e-001 
3.86e-001 

3.87e-001 
1.33e+000 
6.07e+000 
3.67e+001 
2.23e+000 
3 .48e+000 
6.70e+000

Eff Decay Conc

0.1070 
0.1750 
0.1900 
0.1700 

0.0200 
0.0340 
0.1110 
0.3700 
0.3429 
0.1480 
0.2460

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4

78.19 
78 .19 

78 .19 

78 .19 
78 .19 
78 .19 

78.19 
78 .19 

78.19 
78 .19 

78.19 
78 .19 
93.81 
93 .81 

93.81 
93 .81 

93 .81 

93 .81 

93 .81 
93 .81 
93.81 

186 .82 
186.82 
186.82 
186.82 
186.82 
186 .82 
186.82 
186 .82 
186.82 
186 .82 
186.82 
186.82

224 
224 
224 
224 
224 
224 
224 
224 
224 
224 
224 
224 
181 
181 
181 
181 
181 
181 
181 
181 
181 
154 
154 
154 
154 
154 
154 
154 
154 
154 
154 
154 
154

U-238 
TH-232 
Hg-197 
Pt-197 
Fr-223 
Ce-144 
Hg-197 
Hg-199m 
Xe-133 
Ba-133 
U-235 
U-235 
Lu-176 
Ra-221 
HF-175 
Th-234 
Cu-67 
Ga-67 
Gd-153 
Pt-195m 
Ac-225 
Mo-99 
Cu-67 
Ga-67 
U-235 
Ra-226 
Xe-125 
In-114m 
Pt-197 
Hg-197 
Zn-72 
Mo-101 
Fe-59

77.11 
77.11 
77.35 
77.35 
80.00 
80.00 
80.20 
80.20 
80.99 
81.00 
81.07 
83 .78 
88.35 
89.00 
89.36 
92.80 
93.30 
93.30 
97.43 
98.90 
9 9. 80 

181.07 
184.50 
184.60 
185.72 
186.20 
188.43 
190.24 
191.31 
191.38 
191.50 
191.93 
192.34

0.1690 
0.3800 
0.2730 
0.1110 

0.0629 
0.4700 
0.2360 
0.5400 

0.5500 
0.1564 
0.0350 
0.0057 
0.0940 
0.1810 
0.0311

N-419



5 
6 
6 
6 
6 
6 
"6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 

10 
1.0 
10 
10 
10 
11 
11 
11 
11 
11 

I0 

11 
11 

.2 
12 
13 
13

239.20 
239. 20 
239.20 
239.20 
242.30 
242.30 
242.30 
242.30 
242.30 
242.30 
242.30 
242.30 
295.66 
295.66 
295.66 
295. 66 
295.66 
295.66 
295.66 
295.66 
295.66 
338.79 
338.79 
338.79 
338.79 
338.79 
338.79 
338.79 
338 .79 
338.79 
338.79 
338.79 
338.79 
338.79 
338.79 
352.20 
352.20 
352.20 
352.20 
352.20 
352.20 
352.20 
352.20 
462.59 
462.59 
462.59 
462.59 
462.59 
511.36 
511.36 
511.36 
511.36 
511.36 
511.36 
511.36 
511.36 
583 .05 
583.05 
609.05 
609.05

519 Fr-223 
519 Th-227 
519 U-235 
519 TH-232 
195 Te-131m 
195 Ra-224 
195 Xe-125 
195 IN-116M 
195 Eu-152 
195 Sm-155 
195 Xe-135 
195 Eu-154 
351 Ce-143 
351 U-238 
351 Ir-192 
351 Tl-210 
351 Ag-113 
351 TB-160 
351 Pa-231 
351 Pa-233 
351 Ga-67 

90 Au-196 
90 Te-131m 
90 Np-239 
90 In-li5m 
90 Ru-95 
90 TH-232 
90 Ra-223 
90 Ac-228 
90 Cs-136 
90 Cs-136 
90 HF-175 
90 EU-152M 
90 Eu-152 
90 Cd-117 

528 Ho-167 
528 Pt-197m 
528 Na-24 
528 Bi-211 
528 U-235 
528 U-238 
528 Au-196 
528 Ba-133 

48 IN-116M 
48 Sb-125 
48 Ra-220 
48 Tl-209 
48 Ir-192 

140 Mo-101 
140 Te-121 
140 Tl-208 
140 Kr-79 
140 Annihila 
140 Zn-71m 
140 Rh-106m 
140 KR-85 
173 Tl-208 
173 TH-232 
387 Cs-134 
387 Kr-79

234 .60 
236 .00 
236.00 
238.63 
240.93 
241.08 
243.40 
244 .59 
244 .67 
245. 73 
247.79 
248 .00 
293.26 
295.22 
295.96 
296. 00 
298.40 
298.57 
299.90 
300.10 
300.20 
332.90 
334.27 
334 .30 
336 .20 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343.40 
344.20 
344.30 
344.46 
346.50 
346.50 
346.55 
351.00 
351 .10 
351.99 
355.70 
356.00 
463.13 
463.51 
465.00 
467.00 
468.06 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55, 
511.70 
514.00 
583.14 
583.14 
604.66 
606.10

0.0900 7.00e-003 
0.2740 7.00e-003

0.0633 
0.1900 
0.2300 
0.0952 
0.0200 
0.4590 
0.7100 
0.1201 

0.4890 
0.4676 
0.8692 
0.0250 
0.2720 
0.1769 
0.5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.0083 
0.1000 

0.4808 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9756 
0.0810

7. 00e-003 
7. OOe-003 
6. 26e-003 
6. 26e-003 
6. 26e-003 
6. 26e-003 
6.26e-003 
6.26e-003 

6.26e-003 
6.26e-003 
6.26e-003 
6.26e-003 
6.26e-003 
6. 26e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 

6. 07e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 
4. 82e-003 
4. 82e-003 

4. 82e-003 
4.43e-003 
4.43e-003 

4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 

3. 96e-003 
3. 81e-003 
3. 81e-003

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.0373 
0.9000 
0.0660 
0.4200 
0.1920 
0.2872

8. 23e-003 
8. 23e-003 
8. 16e-003 

8. 16e-003 
8 16e-003 
8 16e-003 
8. 16e-003 
8 16e-003 
8. 16e-003 
7. OOe-003 
7. OOe-003 
7. OOe-003

9.38e-001 7.76e+000 
1.00e+000 2.39e+000

9.99e-001 
9. 96e-001 
9. 98e-001 
9. 89e-001 
9. 94e-001 
9. 27e-001 
8 17e-001 
1. 01e+000 

9.99e-001 
9. 99e-001 
1. 00e+000 
9. 64e-001 
1. 00e+000 
8.70e-001 
8.96e-001 
8 . 09e-001 
9. 77e-001 

1. 00e+000 
1. 00e+000 
9. 98e-001 
1. 00e+000 
6. 99e-001 
1. 00e+000 

1. 00e+000 
3.31e-001 
9. 99e-001 

9.90e-001 
1. OOe+000 
9. 17e-001 
8.56e-001 
1. 00e+000 

1.01e+000 
1. ooe+000 
9. 90e-001

1.04e+001 
3 .46e+000 
8. 17e-001 
1. 99e+000 
9.44e+000 
4.41e-001 
3.24e-001 
1. 55e+000 

3 84e-001 
4. 02e-001 
2 .6e-001 
7. 79e+000 
6. 90e-001 
1. 22e+000 
2.22e+000 
1.27e+001 
1. 16e+002 

9.47e÷000 
3.06e+000 
1.30e+000 
1. 83e+000 
2.24e+001 
1.30e+000 

2.70e-001 
1. 10e+001 
2. 34e+000 

2. 78e+000 
4.13e-001 
1. 61e+000 
5.58e-001 
1.01e+002 

1. 83e+000 
1.36e+000 
1.65e+001

N-420

1.00e+00 0 

1. ole+000 
9. 89e-001 

9. 80e-001 
6 99e-001 
1 .00e+000 

4. 5le-001 
9. 63e-001 
1. 00e+000 
9. 90e-001 
1 . OOe+000 
1. 00e+000

7.48e•0130 
1. 89e.00: 

4.18e+000 

1. 18e+002 
4 .04e+000 

1. 86e+001 
3. 60e-001 
4. 73e+000 
1. 58e+000 
3. 40e+000 
2. 28e+000



0.0520 3.81e-00313 

-- 3 

13 
"-.3 
-4 

. 14 
14 
15 
15 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
16 
17 
18 
18

609 05 
)09. D5 

.•09 .05 

609.05 
609.05 
910 .58 

910 .58 

910 .58 
967 .84 
967.84 
967.84 
967.84 
967.84 
967.84 
967. 84 

1119. 18 
1119.18 
1119.18 
1119.18 
1119 .18 
1119.18 
1458.91 
1761.70 
1761.70

387 
337 
387 
387 
387 
118 
118 
118 
60 
60 
60 
60 
60 
60 
60 
91 
91 
91 
91 
91 
91 

417 
73 
73

- ...... �-- --
Sb-125 
Bi-214 
U-238 
Ir-192 
Ag-108m 
TH-232 
Ac-228 
Sb-129 
TB-160 
EU-152M 
Eu-152 
Ac-228 
TB-160 
Ac-228 
TH-232 
Sn-127 
Zn-65 
Ni-65 
Bi-214 
Sc-46 
Ta-182 
K-40 
U-238 
Bi-214

606.82 
609.30 
609.32 
612.45 
614.37 
911.07 
911.20 
914.60 
962.36 
963 .50 

964.00 
964.40 
966.17 
968 .80 
968.90 

1114.30 
1115.52 
1115.53 
1120.30 
1120.51 
1121.28 
1460.81 
1764.28 
1764.50

1.00e+000 1.20e+OOC

1. 01e+000 
8.55e-001 
1.00e+000 
8. 76e-001 

1.00e+000 
1. 00e+000 
1. 00e+000 
1. 00e+000

1. 74e+OOC 
1.62e+00C 
1.04e+OOC 
3. 97e+OOC 

5 .26e-001 
1. 50e+OOC 
2. 83e+001 
4. 14e+000

INITIAL NUCLIDE EVALUATION

Energy Fraction Status

77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
77. 11 

238.63 
338 .40 
583 .14 
911.07 
968.90 
Total 
77.35 
80.20 

191.38 
268.73 
Total 
77.35 

191.31 
Total 
80.00 

234.60 
Total 
80.00 

133.54 
Total 
80.20 

158.37 
374.10

0.1070 
0.1920 
0.3710 
0.4609 
0.1504 
1.2813 
0.1750 
0.4310 
0.1201 
0.3090 
0.2900 
0.1746 
1.4997 
0.1900 
0.0340 
0.0057 
0.0005 
0.2302 
0.1700 
0.0350 
0.2050 
0.0001 
0.0001 
0.0002 
0.0200 
0.1110 
0.1310 
0.1110 
0.5840 
0.1380

Present 
Present 
Present 
Present 
Present 
PRESENT 
Present 
Present 
Present 
Present 
Present

Half lives

(

Present 
PRESENT 
Present 
Present 
Present 
Absent 
PRESENT 
Present
Present 
PRESENT 
Unable to 
Unable to 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Absent 
Absent

1.2813/ 1.2813 = 100.0000 %)

1.4997/ 1.4997 = 100.0000 %)

0.2297/ 0.2302 =

0.2050/ 
Calc 
Calc 

0.0002/

0.2050 = 

0.0002 =

0.0200/ 0.1310 =

99.7828 %) 

100.0000 %) 

100.0000 %) 

15.2672 %)

N-421

0.4609 
0.0543 
0.9320 
0.2900 

0.2140 
0.1000 
0.1200 
0.1433

0.2550 2.56e-003

1. 00e+000 
1.00e+000 
1 .0O0e + 00 0 
1. 01e+000 

9. 25e-001 
1. 00e+000 
9. 64e-001 
1.00e+000

2. 56e-003 
2 .26e-003 
2.26e-003 
2. 26e-003 

2.26e-003 
2.26e-003 
1.80e-003 
1.53e-003

2.47e-,-00( 
2 .44e-.00: 
1.42e+00( 

1. 95e+00C 

2 .88e+00C 

3 .06e+OOC 

2.65e+OOC 
2. 14e+OOC

3. 81e-003 
3 .81e-003 

3.81e-003 
2.70e-003 

2.70e-003 
2.56e-003 
2. 56e-003 
2. 56e-003

0.1746 
0.3800 
0.5075 
0.1513 

1.0000 
0.3510 
0.1070 
0.1504

Nuclide

238 

TH-232 

Hg-197 

Pt-197 

Fr-223 

Ce-144 

xg-199m

0.000

0.000 

0.000 

0.000 

0.000 

0.000



Xe-133 

Ba-133 

U-235 

TB-160 

Lu-176 

.-- 221 

HF-175 

Th-234 

Cu-67 

Ga-67 

Gd-153 

Pt-195m 

Ac-225

Total 
80.93 

Tcozal 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83 .78 

143 .76 

185 .72 

236.00 
269.60 
351.10 
Total 
86. 80 

197.04 
215 .65 
298.57 
876.37 
962.36 
966.17 

1177.95 
1271.88 

Total 
88.35 

201.80 
306.90 
Total 
89.00 

152.00 
176.00 
Total 
89.36 

343.40 
432.80 
Total 
92.80 
Total 
93.30 

184.50 
Total 
93.30 

184.60 
300.20 
Total 
97.43 

103.18 
Total 
98.90 
Total 
99.80 
Total 

100.10 
152.43 
222.10 

1121.28 
1189.04

0 .330 
0 .3700 
0.3700 
0.3429 
0 .0709 

0.1816 
0.6200 
0.0897 
1.3051 
0.1480 
0 .2460 
0 .1050 

0 .5400 
0.1100 
0 .1340 

0 .1200 

1.4030 
0 .1340 
0.0524 
0.0402 
0.2740 
0.3000 
0 .1000 

0.2550 
0.1550 
0. 0760 
1.3866 
0 .0001 
0.0001 
0.0001 
0.0003 
0.0001 
0.0001 
0.0001 
0.0003 
0.0235 
0.8692 
0.0156 
0.9083 
0.0001 
0.0001 
0.1690 
0.4700 
0.6390 
0.3800 
0.2360 
0.1900 
0.8060 
0.2730 
0.1992 
0.4722 
0.1110 
0.1110 
0.0001 
0.0001 
0.1411 
0.0720 
0.0758 
0.3510 
0.1636

ABSENT 
Present 
PRESENT 
Present 
Absent 
Absent 
Present 
Absent
ABSENT 
Present 
Present 
Absent 
Present 
Present 
Absent 
Present 
PRESENT 
Absent 
Absent 
Absent 
Present 
Absent 
Present 
Present 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Present 
Present 
Absent 
PRESENT ( 
Unable to 
PRESENT 
Present 
Present 
PRESENT 
Present 
Present 
Present 
PRESENT ( 
Present' 
Absent 
ABSENT 
Present 
PRESENT 
Unable to 
PRESENT 
Absent 
Absent 
Absent 
Present 
Absent

0.0001/ 0.0003 =

0.8927/ 
Calc 

0.0001/

0.9083 = 

0.0001 =

0.6390/ 0.6390 = 

0.8060/ 0.8060 = 

0.2730/ 0.4722 =

0.1110/ 
Calc 

0.0001/

0.1110 = 

0.0001 =

0..1i0,/ 0.8330 = 

0.3700/ 0.3700 = 

0.9629/ 1.3051 = 

1.1640/ 1.4030

N-422

:3.3253 k 

i00.0000 %) 

73.7798 %) 

82.9651 %) 

45.3628 %) 

33.3333 %) 

33.3333 %) 

98.2825 %) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

57.8145 %) 

100.0000 %) 

100.0000 t)

0.6290/ 
Calc 

0.0001/ 
Calc

1.3866 = 

0.0003 =

0.00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



" 221.42 
1230.37 

Total 
Te-131m 102.06 

149.71 
200.63 
240.93 
334.27 
452.30 
773 .67 
782.49 
793 .75 
822 .78 
852.21 

1125.46 
1206.60 

Total 
Sm-155 104.30 

141.41 
245.73 
Total 

Np-239 106.10 
209.80 
228.10 
277.60 
315.90 
334.30 
Total 

Tl-209 117.00 
467.00 

1566.00 
Total 

EU-152M 121.78 
344.20 
841.60 
963.50 
Total 

Eu-152 121.78 
244. 67 
344.30 
778.90 
964 .00 

1085.80 
1112.07 
1408.08 

Total 
Eu-154 123.10 

248.00 
723.30 
873.19 
996.32 

1004.76 
1274.39 

Total 
IN-116M 137.92 

244.59 
416.88 
463.13 
818.65 

1097.23

0.2713 
0.1i55 
1. 1903 
0.0790 
0.2054 
0 .0752 

0 .0755 

0.0952 
0 .0567 
0.3800 
0.0775 
0.1380 
0.0609 
0.2093 
0.-1137 
0.0971 
1.6635 
0.7464 
0.0202 
0.0373 
0.8039 
0 .2320 
0 .0410 
0.1270 
0.1420 
0. 0150 
0 .0200 

0.5770 
0.0001 
0 .0001 
0.0001 
0.0003 
0.0720 
0.0250 
0.1470 
0. 1200 
0.3640 
0.3068 
0 .0772 
0.2720 
0 .1272 

0.1433 
0 .1010 

0.1340 
0.2073 
1.3688 
0.4047 
0.0660 
0.1970 
0.1150 
0.1029 
0.1736 
0.3550 
1.4143 
0.0350 
0.0038 
0.2937 
0.0083 
0.1372 
0.6791

Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Unable to 
Absent 
ABSENT 
Absent
Present 
Absent 
Present 
ABSENT 
Absent 
Present 
Present 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent
Absent 
Absent 
Absent 
Absent 
ABSENT ( 
Absent 
Present 
Absent 
Present 
Absent 
Absent

(

Calc

0.0001/ 0.0003 = 

0.1450/ 0.3640 =

0.4925/ 1.3688 = 

0.0660/ 1.4143 =

0.3510/ 1.1903 

0.1707/ 1.6635 

0.0373/ 0.8039 

0.0200/ 0.5770

N-423

29.4884 %) 

10.2615 %) 

4.6425 %) 

3.4662 %) 

33.3333 %) 

39.8352 %) 

35.9804 %) 

4.6666 %)

0.000 

0.000 

0.000 

0.000

0.000 

0.000 

0.000

(

(



1293.49 
1507.53 
1601. 12 
1752 .42 
2212.21 

Total 
.Lo-99 140.51 

181.07 
739.40 
Total 

Fe-59 142.65 
192.34 

1099.22 
1291.56 

Total 
Ra-223 144.30 

154.30 
269.60 
338.60 
Total 

Zn-72 144.70 
191.50 
Total 

Sb-125 176.29 
380.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671.66 
Total 

'za-226 186.20 
Total 

Xe-125 188.43 
243.40 
Total 

In-114m 190.24 
558.43 
725.24 

1283.67 
1299.83 

Total 
Mo-101 191..93 

505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

-227 236.00 
329.90 
Total 

Ra-224 241.08

1.0000 
0 :186 
0 0107 
0.0289 
0 .1858 

2 .5011 

0.0379 
0.0629 
0 .1260 
0.2268 
0. 0103 
0.0311 
0. 5680 
0 .4320 
1 .0414 
0.0001 
0. 0001 
0.0001 
0 .0001 
0 .0004 
0.8300 
0.0940 
0 .9240 

0.0630 
0 .0140 

0.2960 
0.1000 
0.1840 
0.0520 
0. 1120 
0 .0180 
0.8390 
0.0001 
0 .0001 
0.5500 
0.2871 
0 .8371 

0. 1564 
0.2850 
0 .2810 
0.0003 
0.0012 
0.7239 
0.1810 
0.1135 
0.1930 
0.0660 
0.1135 
0.6670 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.0001 
0.0001 
0.0002 
0.0001

.Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Unable to 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Present 
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Present 
Present 
PRESENT 
Present 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Absent 
ABSENT '( 
Absent 
Unable to 
Absent 
Unable to 
Unable to 
Unable to 
ABSENT ( 
Unable to 
Absent 
ABSENT 
Unable to

Calc 
0.0001/ 0.0004 =

0.0940/ 0.9240 =

0.1520/ 
Calc 

0.0001/

0.8390 = 

0.0001 =

0.8371/ 0.8371 = 

0.1564/ 0.7239 = 

0.2945/ 0.6670 =

0.0121/ 2.5011 = 

0.0629/ 0.2268 = 

0.0311/ 1.0414 =

Calc

Calc 
Calc 
Calc 

0.0004/ 
Calc 

0.0001/ 
Cal c

0.0006 = 

0.0002 =

66.6667 %) 

50.0000 %)

N-424

0.4838 01) 

27.7266 %) 

2.9864 %) 

25.0000 k) 

10.1732 %) 

18. 1168 %) 

100.0000 %) 

100.0000 %) 

21.6052 %) 

44.1529 %)

0.000 

0.000

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Kr-79 

Cd-117 

Pa-231 

Ce-143 

Ir- 192 

Tl-210

Tot:a 
247.79 
Total 

261.30 
397.50 
511.00 
606.10 

Total 
273.28 
344.46 
434.22 

1303.34 
1576.80 

Total 
283.60 
299.90 
302.50 
Total 

293.26 
664.55 
721.96 
Total 

295.96 
308.46 
316.51 
468.06 
612.45 
Total 

296.00 
795.00 

1060.00 
1210.00 
1310.00

Total 
Ag-113 298.40 

- Total 
Pa-233 300.10 

311.90 
Total 

Ho-167 321.30 
346.50 
Total 

Au-196 332,90 
355.70 
Total 

In-li5m 336.20 
Total 

Ru-95 336.40 
1096.80 

Total 
Cs-136 340.60 

340.60 
818.50 
818.50 

1048.07 
1048.10 
1235.34 

Total 
Pt-197m 346.50 

Total

0 0001 
0 .9000 
0.9000 
0.1270 
0.0950 
0 .1500 

0.0810 
0.4530 
0.2900 
0.1769 
0.1047 
0.1827 
0.1119 
0.8662 
0.0001 
0.0001 
0. 0001 
0 .0003 

0 .4200 
0.0525 
0.0512 
0.5237 
0 .2872 
0 .2965 
0.8290 
0.4808 
0 .0543 
1.9478 
0.0001 
0.0001 
0 .0001 
0 .0001 
0 .0001 
0.0005 
0.0900 
0.0900 
0.0633 
0.3700 
0.4333 
0.2390 
0.5700 
0.8090 
0.2300 
0.8760 
1.1060 
0.4590 
0.4590 
0.7100 
0.2100 
0.9200 
0.4890 
0.4676 
0.9970 
0.9970 
0.7976 
0.7980 
0.1974 
4.7436 
0.1110 
0.1110

PRESENT ( 0.  
Present 
PRESENT ( 0.  
Absent 
Absent 
Present 
Present 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
ABSENT ( 0.  
Present 
Absent 
Absent 
PRESENT ( 0.  
Present 
Absent 
Absent 
Present 
Present 
ABSENT ( 0.  
Unable to Calc
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Absent

(

Present 
ABSENT 
Present 
Present 
PRESENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT

Z00./ 0 .OCO1 

9000/ 0.9000 100.0000 %)

2310/ 0.4530 = 

1769/ 0.8662 =

50.9934 %) 

20.4225 %)

0001/ 0.0003 = 33.3333 1)

4200/ 0.5237 =

8223/ 1. 9478 =

0.0001/ 0.0005 = 

0.0900/ 0.0900 = 

0.0633/ 0.4333 = 

0.5700/ 0.8090 = 

1.1060/ 1.1060 = 

0.4590/ 0.4590 = 

0.7100/ 0.9200 = 

0.9566/ 4.7436 = 

0.1110/ 0.1110 =

80. 1986 %) 

42.2169 %) 

20.0000 0) 

100.0000 %) 

14.6088 U) 

70.4574 %) 

100.0000 %) 

100.0000 t) 

77.1739 %) 

20.1661 k) 

100.0000 %)

0.00 

0.00( 

0. 00( 

0 . 0 0c 

0. 00C 

0. 000 

0.000 

0 .000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000
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Na-24 346.55 
357.55 

1368.53 
1732.10 

Total 
-211 351.00 

Total 
Zn-71m 386.28 

487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Ra-220 465.00 
Total 

Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

.,nihila 511.00 
Total 

KR-85 514.00 
Total 

Sb-129 544.70 
812.80 
914.60 

1030.10 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

Bi-214 609.30 
768.40 

1120.30 
1764.50 

Total 
Sn-127 823.10 

1095.60 
1114.30 

Total 
•i-46 889.25 

1120.51 
2009.76 

Total 
Zn-65 1115.52

S0.100 
0 0100 
1.0000 
0.0100 
1.0300 
0.0001 
0.0001 
0.9200 
0 .6164 
0.2806 
0.2760 
0.5612 
2 .6542 

0 .9050 

0.9320 
0.9230 
2 .7600 

0 .2450 
0 .8640 
0 .2040 
0.1950 
0.3070 
1.8150 
0.0001 
0 .0001 
0.1767 
0.8030 
0. 9797 
0 .0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0. 1920 
0 .4600 
0.2140 
0.1350 
1.0010 
0.0838 
0.1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0 .1060 
0.1940 
0.3800 
0.6800 
1.0000 
1.0000 
0..1000 
2.1000 
0 .5075

Unable 
Absent
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 
Unable to 
Absent, 
Unable to 
Unable to 
ABSENT 
Absent 
Absent 
Present 
ABSENT ( 
Absent 
Present 
Absent 
ABSENT 
Present

to Calc

0.0100/ 
Calc 

0.0001/

1.0300 = 

0.0001 =

0.2806/ 2.6542 = 

0.9320/ 2.7600 =

0.8640/ 
Calc 

0.0001/ 

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

1.8150 = 

0.0001 = 

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

0.2140/ 1.0010 =

0.9756/ 
Calc 

Calc 
Calc 

0.0003/

2.1554 = 

0.0004 =

0.3800/ 0.6800 = 

1.0000/ 2.1000 =

0.9709 %) 

100.0000 0o) 

10.5719 %) 

33.7681 %) 

47.6033 %) 

100.0000 %) 

18.0361 %) 

100.0000 %) 

100.0000 *1) 

100.0000 %) 

21.3786 %) 

45.2631 %) 

75.0000 t) 

55.8824 %) 

47.6190 %)

N-426

0.00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



0.5075/ 0.5075 = ':-:o.::.,: %
Total 

1.1'5 -53 
1481.84 

Total 
1460.81 

Total

0.5075 
0.1513 
0.2350 
0.3863 
0.1070 
0.1070

0 0OC

PRESENT( 
Present 
Absent 
ABSENT ( 
Present 
PRESENT

PEAK CONTRIBUTION CORRECTION

Pk# Old Area Nuclide
Reference Energy Line ===>> Calculated Contribution 
Energy cts/dis Ref Area Energy cts/dis New Area

2 224 U-238 609.32 1.76e-003 387 77.11 6.72e-004 148 
2 76 TH-232 911.07 7.82e-004 118 77.11 1.10e-003 76 
5 519 TH-232 911.07 7.82e-004 118 238.63 3.55e-003 519 
7 351 U-238 609.32 1.76e-003 387 295.22 1.34e-003 296 
8 90 TH-232 911.07 7.82e-004 118 338.40 7.52e-004 90 
9 528 U-238 609.32 1.76e-003 387 351.99 2.25e-003 496 

12 173 TH-232 911.07 7.82e-004 118 583.14 1.22e-003 173

0.1513/ 0.3863 = 39.1665 %)

0.1070/ 0.1070 = 00.000oo %)

". -40

PEAK INTERFERENCE CORRECTION

Pk# New Area Nuclide Energy Status

2 
2 
2 
2 
2 
2 

S2 
5 
5 
7 
7 
7 
8 
8 
8 
9 
9 
9 
9 

12

0 
0 
0 
0 
0 
0 
0 
0 
0 

55 
55 
55 

0 
0 
0 

32 
32 
32 
32 

0

Hg-197 
Pt-197 
Fr-223 
Hg-197 
Xe-133 
U-235 
U-235 
Fr-223 
U-235 
Ce-143 
Ag-ll3 
Ga-67 
Au-196 
In-ll5m 
HF-175 
Pt-197m 
Bi-211 
U-235 
Au-196 
Tl-208

Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Net Counts Corrected 
Net Counts Corrected 
Net Counts Corrected 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical 
Deleted [Net < Critical

77.35 
77.35 
80.00 
80.20 
80.99 
81.07 
83.78 

234.60 
236.00 
293.26 
298.40 
300.20 
332.90 
336.20 
343.40 
346.50 
351.00 
351.10 
355.70 
583.14

Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 

Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level

SECONDARY NUCLIDE EVALUATION

Nuclide Energy Fraction Status Half lives

Hg-197 77.35 0.1900 Absent 
80.20 0.0340 Absent 

191.38 0.0057 Present 
268.73 0.0005 Absent 
Total 0.2302 ABSENT ( 0.0057/ 0.2302 = 2.4761%t) 0.000 

ý,ý.er--197 77.35 0.1700 Absent 
191.31 0.0350 Present 
Total 0.2050 ABSENT ( 0.0350/ 0.2050 = 17.0732 t) 0.000

N-427



Fr-223 80 90 
234.6 

To t a l 
Xe-133 80.99 

Total 
235 81.07 

83 .78 

143 .76 

185 .72 

236.00 
269.60 
351.10 
Total 

HF-175 89.36 
343.40 
432.80 
Total 

Au-196 332.90 
355.70 
Total 

In-li5m 336.20 
Total 

Pt-197m 346.50 
Total 

Bi-211 351.00 
Total 

Tl-208 510.72 
583.14 
Total

0.0001 
0001 

0 0002 
0.3700 
0.3700 
0.1480 
0.2460 
0.1050 
0.5400 
0.1100 
0 .1340 

0.1200 
1.4030 
0.0235 
0 .8692 

0.0156 
0.9083 
0.2300 
0 .8760 

1. 1060 
0.4590 
0 .4590 
0.1110 
0 .1110 

0.0001 
0.0001 
0 .0001 
0.0001 
0.0002

Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent
Absent 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT

0.0000/ 0.0002 = 

0.0000/ 0.3700 =

0.5400/ 1.4030 = 

0.0235/ 0.9083 = 

0.0000/ 1.1060 = 

0.0000/ 0.4590 = 

0.0000/ 0.1110 =

0.0000/ 
Calc

0.0001 =

0.0001/ 0.0002 =

0.0000 %o 

0.0000 %)

0.00C 

0.000

38.4890 %i) 0.000 

2.5873 %) 0.000 

0.0000 %) 0.000 

0.0000 %) 0.000 

0.0000 %) 0.000 

0.0000 %) 0.000 

50.0000 %) 0.000

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction

TH-232 

Th-234 
Cu-67 

Ga-67 

C-195m 
"--Ac - 225 

Ra-226

Average: 
77.11 

295.22 
351.99 
609.32 

1764.28 
Average: 

77.11 
238.63 
338.40 
583.14 
911.07 
968.90 
92.80 

Average: 
93.30 

184.50 
Average: 

93.30 
184.60 
300.20 

98.90 
99.80 

186.20

2. 92e+000 
2. 87e+000 
2. 87e+000 
2. 87e+000 
2.87e+000 
4. 14e+000 
1. 82e+000 
8. 94e-001 
1.89e+000 
1. 55e+00'G 
1. 83e+000 
1.95e+000.,

+-1.17e-001 
+-7.99e-001 
+-2.90e-001 
+-1.92e-001 
+-1.85e-001 
+-5.69e-001 
+-9.81e-002 
+-4.85e-001 
+-1.31e-001 
+-4.62e-001 
+-2.19e-001 
+-3.04e-001

1.74e+000 '+4.40e-001 
BKG 

4.98e-001 +-9.53e-002 
1.68e+000 +-4.65e-001 
4.46e-001 +-9.73e-002 
7.69e-001 +-1.27e-001 
7.47e-001 +-2.07e-001 
8.87e-001 +-1.94e-001 
5.42e-001 +-2.95e-001 
2.55e+000 +-7.07e-001 

BKG 
BKG

4 .12e+013

1. 24e+014 

1. 00e+012 
6. 20e+001 

7.82e+001 

9. 65e+001 
1. 00e+012 
1.00e+012

5 of 5 0.00 

0.00 

0.00 

0.00

6 of 6 

1 of 1 
2 of 2 

3 of 3

1 of 
1 of 
1 of

1 
1 
1

N-428

U-238

( 
(

(



Xe-'125 

Ra-224 
•-135 
_-143 

<-= Ag- 113 
Ra-220 
Annihila 
KR-85 
Zn-65 
K-40

Average: 
1-8 .43 
243 .40 
241.08 
247.79 
293.26 
298.40 
465.00 
511.00 
514.00 

1115.52 
1460.81

5.31e-001 -- 7.55e-002 1-68e-001 
3.87e-001 +-8.44e-002 
.11e+000 +-1.69e-001 

BKG 1.00e+012 
3.60e-001 +-5.49e-002 9.10e+000 
2.47e-001 +-1.34e-001 3.30e+001 
1.22e+000 +-6.6le-001 5.37e+000 

BKG 1.00e+012 
I.D.Only 1.00e+003 

1.01e+002 +-1.61e+001 9.39e+004 
1.04e+000 +-1.66e-001 5.86e+003 
2.83e+001 +-1.49e+000 1.12e+013

2

1 
1 
1 
1 
1 

1 
1

of 
of 
of 
of 
of 
of 
of 
of 
of

1 
1 
3 
1 
1 
1 
1 
1 
1

1.23

17.27

TOTAL: 1.41e+002 pCi /g MPC Total: 18.51 
--------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

75.94 140.76 183 31 46 381 1.11 8.553e+000

N-429
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Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID : SC-10 

---------------------------------------------------------------

Sample Size ........ 5.55e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-11-97 13:48 Counting Start ...... 10-11-97 13:48 
Sampling Stop ..... 10-11-97 13:48 Live Time ........... 3600 Sec 
Current Date ...... 10-14-97 10:28 Real Time ............. 0 Sec 
---------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En*3 12-05-96 10:47 
Where En = Sqrt(Energy in keY) 

----------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 
---------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 186.63 370.87 121 31 52 330 1.46 
2 239.15 480.06 313 31 45 284 1.37 
3 295.39 596.98 102 26 45 207 1.18 
4 338.54 686.70 41 29 55 243 1.18 NET < CL 
5 352.16 715.01 176 23 36 140 1.35 
6 510.78 1044.78 98 18 29 90 2.07 
7 582.97 1194.87 102 18 27 80 1.59 
8 609.17 1249.33 166 18 23 53 1.56 
9 910.38 1875.54 74 14 20 38 1.31 

10 968.40 1996.18 50 14 22 46 1.42 
11 1119.27 2309.83 62 11 15 22 1.19 
12 1459.12 3016.39 333 20 18 26 1.93

N-430



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-10 

-----------------------------------------------------------------------------------
Sample Size ... ....... .. 5.55e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-11-97 13:48 Counting Start ..... ... 10-11-97 13:48 
Sampling Stop ....... .10-11-97 13:48 Buildup Time ........... 0.00e+000 Mrs 
Current Date ......... .. 10-14-97 10:28 Decay Time .... ........ 0.00e+000 Hrs 
------------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lih 
ID ........... .................. I IDGeneral Radionuclide Analysis Library

Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*EnA8.62e_001] 
------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <= ....

12-05-96 10:47 

8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction

9. 66e-003 
9. 66e-003 
9. 66e-003 
9. 66e-003 

9. 66e-003 
9.66e-003 
9. 66e-003 
9. 66e-003 
9.66e-003 
9. 66e-003 
9.66e-003 
8.23e-003 

8. 23e-003 
8. 23e-003 
8.23e-003 

8.23e-003 
8.23e-003 
8.23e-003 
7. OOe-003 
7.OOe-003 
7. OOe-003

0.0900 7.00e-003 
0.2740 7.00e-003

1 
1 
1 
1 
1 

<- 1 

1 
1 
1 
1 
1 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
3 
3 
3 
3 
3 
3 
3 
3 
3 

\',--- 5 

5

9. 95e-001 
9. 94e-001 
9.96e-001 
1.00e+000 

9. 80e-001 
1. 00e+000 
9. 81e-001 
9. 95e-001 
9. 93e-001 
3 31e-001 
1. 00e+000 
9. 94e-001 

1. 00e+000 
1. 01e+000 
9. 89e-001 

9.80e-001 
6. 99e-001 
1. 00e+000 
9. 90e-001 
1. 00e+000 
1. 00e+000

2. 71e+000 
3.63e-001 
7.21e-001 
3.14e-001 

3.15e-001 
1. 08e+000 
4 .93e+000 

2 . 99e+001 
1. 82e+000 
2. 83e+000 
5. 45e+000 
5. 17e+000 

4.67e+000 
1. 18e+000 
6.89e+000 

1.83e+000 
1. 94e+002 
6.66e+000 
4.74e-001 
1.02e+000 
6.86e-001

9.38e-001 2.33e+000 
1.00e+000 7.19e-001

186.63 
186.63 
186.63 
186.63 
186.63 
186.63 
186.63 
186.63 
186 .63 
186.63 
186.63 
186.63 
239.15 
239.15 
239.15 
239.15 
239.15 
239.15 
239.15 
239.15 
239.15 
239.15 
295.39 
295.39 
295.39 
295.39 
295.39 
295.39 
295.39 
295.39 
295.39 
352.16 
352.16

121 
121 
121 
121 
121 
121 
121 
121 
121 
121 
121 
121 
313 
313 
313 
313 
313 
313 
313 
313 
313 
313 
102 
102 
102 
102 
102 
102 
102 
102 
102 
176 
176

Eff Decay Conc

Mo-99 
Cu-67 
Ga-67 
U-235 
Ra-226 
Xe-125 
In-114m 
Pt-197 
Hg-197 
Zn-72 
Mo-101 
Fe-59 
Xe-133m 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Ce-143 
U-238 
Ir-192 
TI-210 
Ag-113 
TB-160 
Pa-231 
Pa-233 
Ga-67 
Ho-167 
Pt-197m

181.07 
184.50 
184.60 
185.72 
186.20 
188.43 
190.24 
191.31 
191.38 
191.50 
191.93 
192.34 
233.20 
234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244-.67 
293.26 
295.22 
295.96 
296.00 
298.40 
298.57 
299.90 
300.10 
300.20 
346.50 
346.50

0.0629 
0.4700 
0.2360 
0.5400 

0.5500 
0.1564 
0.0350 
0.0057 
0.0940 
0.1810 
0.0311 
0.1000 

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.4200 
0.1920 
0.2872

3. 11e+000 
1. 04e+000 
7.68e-001 
4< 37e+000

7.OOe-003 
7.OOe-003 
6. 07e-003 
6. 07e-003

9. 99e-001 
9. 96e-001 
8.96e-001 
8.09e-001

0.0633 
0.1900 
0.5700 
0.1110

N-431



5 
5 
5 

<j 6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 

10 
10 
10 
10 

0 
i0 

- 11 
11 
12 
11 
11 
11 
12

352.!6 
-52.16 
352.16 
352.16 
352.16 
352.16 
510.78 
510.78 
510.78 
510.78 
510.78 
510.78 
510.78 
510 .78 
582 .97 

582. 97 
609.17 
609.17 
609.17 
609.17 
609.17 
609. 17 
609.17 
910.38 
910.38 
910.38 
968.40 
968.40 
968.40 
968.40 
968.40 
968.40 

1119.27 
1119.27 
1119.27 
1119.27 
1119.27 
1119.27 
1459.12

0.0100 6.07e-003:76 
176 
176 
176 
176 
176 

98 
98 
98 
98 
98 
98 
98 
98 

102 
102 
166 
166 
166 
166 
166 
166 
166 

74 
74 
74 
50 
50 
50 
50 
50 
50 
62 
62 
62 
62 
62 
62 

333

Na-24 
Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
Mo-101 
Te-121 
Tl-208 
Kr-79 
Annihila 
Zn-71m 
Rh-106m 
KR-85 
TI-208 
TH-232 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192 
Ag-108m 
TH-232 
Ac-228 
Sb-129 
EU-152M 
Eu-152 
Ac-228 
TB-160 
Ac-228 
TH-232 
Sn-127 
Zn-65 
Ni-65 
Bi-214 
Sc-46 
Ta-182 
K-40

346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
505 .88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 
583.14 
583.14 
604.66 
606.10 
606.82 
609.30 
609.32 
612 .45 
614.37 
911..07 
911.20 
914.60 
963.50 
964.00 
964.40 
966.17 
968.80 
968.90 

1114.30 
1115.52 
1115.53 
1120.30 
1120.51 
1121.28 
1460.81

0.1746 
0.3800 
0.5075 
0.1513 

1.0000 
0.3510 
0.1070

2. 56e-003 
2.26e-003 
2.26e-003 
2.26e-003 

2.26e-003 
2. 26e-003 
1. 80e-003

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.2900 

0.2140 
0.1200 
0.1433

6. 07e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 
4 .43e-003 
4 .43e-003 

4.43e-003 
4 .43e-003 
4.43e-003 
4.43e-003 
4 .43e-003 

3. 96e-003 
3.81e-003 
3.81e-003 
3.81e-003 

3 . 81e-003 
3.81e-003 
3 . 81e-003 
2.70e-003 

2. 70e-003 
2. 56e-003 
2.56e-003

1.00e+000 1.04e+000

1. 01e+000 
8. 55e-001 
1.00e+000 
8. 76e-001 

1. 00e+000 
1. 00e+000 
1. 00e+000

1. 50e+000 
1. 14e+000 
7. 32e-001 
2. 80e+000 

3.71e-001 
1. 06e+000 
2.34e+001

INITIAL NUCLIDE EVALUATION

Nuclide Energy Fraction Status

U-238 

TH-232 

Hg-197

77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
77.11 

238.63 
338.40 
583.14 
911.07 
968.90 
Total 
77.35 
80.20

0.1070 
0.1920 
0.3710 
0.4609 
0 .1504 

1. 2813 
0 .1750 

0.4310 
0 .1201 
0.3090 
0.2900 
0.1746 
1.4997 
0.1900 
0.0340

Absent 
Present 
Present 
Present' 
Absent 
ABSENT 
Absent 
Present 
Absent 
Present 
Present 
Present 
PRESENT 
Absent 
Absent

Half lives

1.0239/ 1.2813 = 

1.2046/ 1.4997 =

79.9110 %) 

80.3227 %)

N-432

1.00e+000 
1.00e+000 
9. 98e-001 
1. 00e+000 
3 .31e-001 
9. 99e-001 

9. 90e-001 
1. 00e+000 
9. 17e-001 
8.56e-001 
1.00e+000 

1.01e+000 
1.00e+000 
9.90e-001 
1.00e+000 

1. 00e+000 
1. 00e+000 
1. 00e+000 
1. 01e+000 

9.25e-001 
9. 64e-001 
1.00e+000

3. 27e+OOC 
1. 05e-00C 
4.49e-001 
6. 33e-002 
7. 96e+OOC 
1. 69e+OOC 

2. 01e+00C 
2.99e-001 
1. 16e+OOC 
4.04e-001 
7. 29e+001 

1. 12e+000 
6.04e-001 
7.34e+000 
1. 13e+001 

1.27e+000 
1.09e+001 
6.32e-001 
1.27e+000 

1. 87e+000 
2.29e+000 
1. 84e+000

0.2550 2.56e-003

0.000 

0.000
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Pt -197 

.'r-223 

Ba-133 

U-235 

TB-160 

Cu-67 

Ga-67 

Ta-182 

Te-131m

191 .38 
260 *73 

Total 
77.35 

191.31 
Total 
80.00 

234.60 
Total 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83 .78 

143 .76 
185.72 
236.00 
269.60 
351.10 
Total 
86.80 

197.04 
215.65 
298.57 
876.37 
962.36 
966.17 

1177.95 
1271.88 

Total 
93.30 

184.50 
Total 
93.30 

184.60 
300.20 
Total 
100.10 
152.43 
222.10 

1121.28 
1189.04 
1221.42 
1230.97 

Total 
102.06 
149.71 
200.63 
240.93 
334.27 
452.30 
773.67 
782.49 
793.75 
822.78 
852.21 

1125.46

0.0057 
.0005 

0.2302 
0.1700 
0.0350 
0.2050 
0.0001 
0.0001 
0. 0002 
0.3429 
0.0709 
0 .1816 

0.6200 
0 .0897 

1.3051 
0. 1480 
0 .2460 
0.1050 
0.5400 
0 .1100 

0 .1340 

0 .1200 
1.4030 
0.1340 
0 .0524 

0 .0402 

0 .2740 
0.3000 
0.1000 
0.2550 
0. 1550 
0.0760 
1.3866 
0 .1690 

0.4700 
0 .6390 
0.3800 
0.2360 
0.1900 
0.8060 
0.1411 
0.0720 
0.0758 
0.3510 
0.1636 
0.2713 
0.1155 
1.1903 
0.0790 
0.2054 
0.0752 
0.0755 
0.0952 
0.0567 

*0.3800 
0.0775 
0.1380 
0.0609 
0.2093 
0.1137

Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent

0.6200/ 1.3051 = 

0.7700/ 1.4030 = 

0.5290/ 1.3866 = 

0.4700/ 0.6390 = 

0.4260/ 0.8060 = 

0.3510/ 1.1903 =

0.0057/ 0.2302 = 

0.0350/ 0.2050 =

N-433

Calc 
0.0001/ 0.0002 =

2.4761 %) 

17.0732 %) 

50.0000 U) 

47.5059 %) 

54.8824 %) 

38.1509 1) 

73.5524 %) 

52.8536 %) 

29.4884 %)

.0 . 0 

0.00[c 

0.00OC 

0.00OC 

0.000 

0.000 

0.000 

0.000 

0.000



"1206.60 

EU-152M 121.78 
344.20 
841.60 
963.50 
Total 

Eu-152 121.78 
244 .67 
344.30 
778 .90 

964.00 
1085 .80 
1112.07 
1408.08 

Total 
IN-116M 137.92 

244.59 
416.88 
463 .13 

818 .65 
1097.23 
1293.49 
1507.50 
1601. 12 
1752.42 
2212.21 

Total 
Mo-99 140.51 

181.07 
739.40 
Total 

Fe-59 142.65 
192.34 

1099.22 
1291.56 

Total 
Zn-72 144.70 

191.50 
Total 

Sb-125 176.29 
380.51 
427.95 
463 .51 

600.77 
606.82 
636.15 
671.66 
Total 

Ra-226 186'*20 
Total 

Xe-125 188.43 
243.40 
Total 

In-114m 190.24 
558.43 
725.24 

1283.67 
1299.83 

Total

0.0971 
.6635 

0.0720 
0.0250 
0.1470 
0.1200 
0 .3640 

0.3068 
0.0772 
0.2720 
0 .1272 

0. 1433 
0 .1010 
0.1340 
0.2073 
1.3688 
0.0350 
0 .0038 
0.2937 
0.0083 
0.1372 
0.6791 
1.0000 
0.1186 
0 .0107 
0.0289 
0.1858 
2.5011 
0.0379 
0 .0629 
0.1260 
0.2268 
0 .0103 
0 .0311 
0.5680 
0.4320 
1.0414 
0.8300 
0.0940 
0. 9240 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840 
0.0520 
0.1120 
0.0180 
0.8390 
0.0001 
0.0001 
0.5500 
0.2871 
0.8371 
0 .1564 

0.2850 
0.2810 
0.0003 
0.0012 
0.7239

0.0755/ 1.6635 =
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent' 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT%- (
Unable to 
PRESENT 
Present 
Present 
PRESENT ( 
Present 
Absent 
Absent 
Absent 
Absent 
ABSENT

0.0520/ 
Calc 

0.0001/

0.8390 = 

0.0001 =

0.8371/ 0.8371 = 

0.1564/ 0.7239 =

4.5386 %1

0.1200/ 0.3640 = 

0.2205/ 1.3688 = 

0.0038/ 2.5011 = 

0.0629/ 0.2268 = 

0.0311/ 1.0414 = 

0.0940/ 0.9240 =

N-434

32.9670 %) 

16.1090 %) 

0.1519 %) 

27.7266 %) 

2.9864 %1) 

10.1732 %) 

6.1979 k) 

100.0000 %) 

100.0000 %) 

21.6052 t)

0.00 

0.000 

0.o00( 

0. 00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Total 
Ag-113 298.40 

Total 
Pa-233 300.10 

311.90 
Total 

Ho-167 321.30 
346.50 
Total 

Au-196 332.90 
355.70 
Total 

.- 197m 346.50 
Total 

Na-24 346.55 
857.55

Mc-I D 191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

Xe-133m 233.20 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Pa-231 283.60 
299.90 
302.50 
Total 

'e-143 293.26 
664.55 
721.96 
Total 

Ir-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Tl-210 296.00 
795.00 

1060.00 
1210:00 
1310.00

0 1810 
0 .1135 
0.1930 
0 .0660 
0.1135 
0 .6670 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0 .1000 
0.1000 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.1270 
0.0950 
0.1500 
0.0810 
0 .4530 
0.0001 
0.0001 
0 .0001 
0 .0003 
0.4200 
0.0525 
0.0512 
0.5237 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0005 
0.0900 
0.0900 
0.0633 
0.3700 
0.4333 
0.2390 
0.5700 
0.8090 
0.2300 
0.8760 
1.1060 
0.1110 
0.1110 
0.0100 
0.0100

Present 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Unable to 
Unable to 
Unable to 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent

Calc 
Calc 
Calc 

0.0003/ 

0.1000/ 
Calc 

0.0001/ 
Calc 

0.0001/

Absent 
Present 
Present 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
ABSENT C 0.  
Present 
Absent 
Absent 
PRESENT ( 0.  
Present 
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.: 
Unable to Calc 
Absent 
Absent 
Absent 
Absent 
ABSENT 0.( 
Present 
PRESENT ( 0.( 
Present 
Absent 
ABSENT ( 0.C 
Absent 
Present 
ABSENT 0( o.  
Absent
Present 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 

N-435

0.0006 = 

0.1000 = 

0.0002 = 

0.0001 =

2310/ 0.4530 = 

0001/ 0.0003 = 

4200/ 0.5237 =

3415/ 1.9478 =

001/ 0.0005 = 

)900/ 0.0900 = 

)633/ 0.4333 = 

5700/ 0.8090 = 

p760/ 1.1060 =

0.1110/ 
Calc

0.1110 =

0.2945/ 0.6670 = 44.1529 %) 

50.0000 %) 

100.0000 %) 

50.0000 %) 

100.0000 %) 

50.9934 %) 

33.3333 U) 

80.1986 %) 

17.5326 %) 

20.0000 %) 

100.0000 %) 

14.6088 %) 

70.4574 %) 

79.2043 %) 

100.0000 k)

0.00, 

0.00( 

0. 00c 

0. OOC 

0. 00C 

0. 0OC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000<._/



1368 .53 
1732. 13 

Total 
Bi-211 351.00 

Total 
.- 71m 386.28 

487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

WR-85 514.00 
Total 

,1-129 544.70 
812.80 
914.60 

1030.10 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

Bi-214 609.30 
768.40 

1120.30 
1764.50 

Total 
Sn-127 823.10 

1095.60 
1114.30 

Total 
Sc-46 889.25 

1120.51 
2009.76 

Total 
--- 65 1115.52 

Total 
Ii-65 1115.53 

1481.84 
Total

"1.0000 
0-0100 
1.0300 
0.0001 
0.0001 
0.9200 
0.6164 
0.2806 
0.2760 
0 .5612 
2.6542 
0. 9050 
0 .9320 

0 .9230 

2 .7600 
0.2450 
0.8640 
0 .2040 
0.1950 
0.3070 
1.8150 
0.1767 
0.8030 
0. 9797 
0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0 .0041 
0 .0041 
0.1920 
0.4600 
0.2140 
0.1350 
1.0010 
0.0838 
0.1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.1060 
0.1940 
0.3800 
0.6800 
1.0000 
1.0000 
0.1000 
2.1000 
0.5075 
0.5075 
0..1513 
0.2350 
0.3863

Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent

0.0100/ 
Calc 

0.0001/

0 

0.

Absent 
ABSENT ( 0.  
Present 
Absent 
ABSENT ( 0.  
Unable to Calc 
Unable to Calc 
PRESENT ( 0.  
Unable to Calc 
PRESENT ( 1.  
Present 
PRESENT ( 0.  
Absent 
Absent 
Present 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Unable to Calc 
Absent 
Unable to Calc 
Absent 
ABSENT ( 0.  
Absent, 
Absent 
Present 
ABSENT ( 0.  
Absent 
Present 
Absent 
ABSENT ( 1.( 
Present 
PRESENT ( 0.  
Present 
Absent 
ABSENT ( 0.

1.0300 = 

0.0001 =

.2806/ 2.6542 = 

9320/ 2.7600 = 

8640/ 1.8150 =

1767/ 

0002/ 

0000/

0.9797 = 

0.0002 = 

1.0000 =

0041/ 0.0041 = 

2140/ 1.0010 =

9756/ 2.1554 =

0002/ 0.0004 = 

3800/ 0.6800 = 

)000/ 2.1000 = 

5075/ 0.5075 = 

L513/ 0.3863 =

( 

(

N-436

0.9709 01) 

100.0000 0%) 

10.5719 %) 

33.7681 %) 

47.6033 %) 

18.0361%) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

21.3786 1) 

45.2631 %) 

50.0000 %) 

55.8824 %) 

47.6190 %) 

100.0000 %) 

39.1665 %)

0. OOC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



K-4 1460.81 0.1070 Present 
T.1070 PRESENT ( 01070/ 0.1070 .... 000 % ...  

-----------------------------------------------------------------------------

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

2 313 TH-232 911.07 7 .83e-004 74 238.63 3.55e-003 313 7 102 TH-232 911.07 7.83e-004 74 583.14 1.22e-003 102 

-------------------------------------------------------------------------------

PEAK INTERFERENCE CORRECTION 

Pk# New Area Nuclide Energy Status 

2 0 Xe-133m 233.20 Deleted [ Net < Critical Level ] 
2 0 Ra-224 241.08 Deleted [ Net < Critical Level ] 
2 0 Xe-125 243.40 Deleted [ Net < Critical Level 
7 0 Tl-208 583.14 Deleted [ Net < Critical Level 

-------------------------------------------------------------------------------

SECONDARY NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

Xe-125 188.43 0.5500 Present 
243.40 0.2871 Absent 
Total 0.8371 ABSENT ( 0.5500/ 0.8371 = 65.7030 U) 0.000 

!-133m 233.20 0.1000 Absent 
Total 0.1000 ABSENT ( 0.0000/ 0.1000 = 0.0000 %) 0.000 

\.'-Ra-224 241.08 0.0001 Absent 
Total 0.0001 ABSENT ( 0.0000/ 0.0001 = 0.0000 %) 0.000 

Tl-208 510.72 0.0001 Unable to Calc 
583.14 0.0001 Absent 
Total 0.0002 ABSENT ( 0.0001/ 0.0002 = 50.0000 k) 0.000 

-------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction

Ra-226 
Ce-143 
Ag-113 
Pt-197m 
Bi-211 
Annihila 
"R-85 

1-65 
K-40

Average: 
238.63 
583.14 
911.07 
968.90 
186.20 
293.26 
298.40 
346.50 
351.00 
511.00 
514.00 

1115.52 
1460.81

1.20e+000 +-8.98e-002 
1.18e+000 +-1.17e-001 1.12e+000 +-1.93e-001 
1.27e+000' +-2.34e-001 
1.50e+000 +-4.07e-001 

BKG 
4.74e-001 +-1.21e-001 
2.33e+000 +-5.98e-001 
4.37e+000 +-5.80e-001 

BKG 
I.D.Only 

7.29e+001 +-1.36e+001 
7.32e-001 +-1.33e-001 
2.34e+001 +-1.43e+000

1. 24e+014 

1. 00e+012 
3.30e+001 
5. 37e+000 
1. 57e+000 
1. 00e+012 
1. 00e+003 
9.39e+004 
5. 86e+003 
1. 12e+013

4 of 6

1 of 
1 of 
1 of 
1 of 
1 of 
1 of 
1 of 
1 of 
1 of

1 
3 
1 
1 
1 
1 
1 
1 
1

1.05e+002 pCi MPC Total:

N-437

TH-232

TOTAL:

0.00 

2.37 

12.19 

14.56



UNKNOWN PEAKS

-iergy Centroid Net Un- C.L. Bkg. FWHM Net 
,keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

609.17 1249.33 166 18 23 53 1.56 1.210e+001

N-438



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

"Sample ID SC-lI 

-----------------------------------------------------------------------------------
Sample Size ........ 4.90e+002 g Spectrum File .......... TEMP.SP( 
Sampling Start ..... 10-11-97 14:54 Counting Start ..... .10-11-97 14:5' 
Sampling Stop ..... 10-11-97 14:54 Live Time ........... 3600 Sec 
Current Date ...... 10-14-97 10:30 Real Time ............. 0 Sec 
..........---------------------------------------------------.  

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:4

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:4
Where En = Sqrt(Energy in keY) 

..........................---------------------------------------------------. 
.  Sensitivity ............ 2.00 Search Start / End ..... . 0 / 409E 

Sigma Multiplier ......... 1.00 
-------------------- 

;-------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keY) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 186.64 370.89 60 34 63 443 1.06 NET < CL 
2 239.11 479.98 125 28 46 288 0.97 

' 3 295.75 597.74 145 23 36 159 1.16 
4 352.16 715.01 223 24 34 127 .1.46 
5 511.06 1045.35 88 20 35 112 3.16 
6 583.06 1195.04 74 16 25 68 1.24 
7 609.18 1249.35 211 18 21 46 1.62 
8 661.12 1357.34 93 17 25 72 1.47 
9 910.32 1875.43 58 13 19 37 1.68 

10 1459.12 3016.39 189 15 11 11 2.08

N-439



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-li 

------------------------------------------------------------------------------------
Sample Size ... ....... .. 4.90e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start. ..... .10-11-97 14:54 Counting Start ..... ... 10-11-97 14:54 
Sampling Stop ....... .10-11-97 14:54 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .. 10-14-97 10:30 Decay Time .... ........ 0.00e+000 Hrs 
------------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.1ib 
ID ........... .................. I IDGeneral Radionuclide Analysis Library 
------------------------------------------------------------------------------------
Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*EnA8.62e_001] 12-05-96 10:47 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 

-------------------------------------------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc

Xe-133m 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Ce-143 
U-238 
Ir-192 
Tl-210 
Ag-113 
TB-160 
Pa-231 
Pa-233 
Ga-67 
Ho-167 
Pt-197m 
Na-24 
Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
Mo-101 
Te-121 
Tl-208 
Kr-79 
Annihila 
Zn-71m

0.1000 8.24e-003 

0.1100 8.24e-003 
0.4310 8.24e-003 
0.0755 8.24e-003 

0.2871 8.24e-003 
0.0038 8.24e-003 
0.0772 8.24e-003 
0.4200 7.00e-003 
0.1920 7.00e-003 
0.2872 7.00e-003 

0.0900 7.00e-003 
0.2740 7.00e-003

7. OOe-003 
7. OOe-003 
6.07e-003 
6.07e-003 
6.07e-003 

6.07e-003 
6.07e-003 
6.07e-003 
6. 07e-003 
4.43e-003 
4.43e-003 

4.43e-003 
4.43e-003 
4.43e-003

0.0633 
0.1900 
0.5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806

9.94e-001 2.34e+000

1.00e+000 
1. 01e+000 
9. 89e-001 

9. 80e-001 
6. 99e-001 
1. 00e+000 
9.90e-001 
1. 00e+000 
1. 00e+000

2. 11e+000 
5.35e-001 
3 . 12e+000 

8. 27e-001 
8. 76e+001 
3. 01e+000 
7. 64e-001 
1.65e+000 
1.lle+000

9.38e-001 3.76e+000 
1.00e+000 1..16e+000

9. 99e-001 
9. 96e-001 
8.96e-001 
8.09e-001 
9.77e-001 

1. 00e+000 
1. 00e+000 
9. 98e-001 
1. 00e+000 
3 .31e-001 
9.99e-001 

9.90e-001 
1. 00e+000 
9.17e-001

5.02e+000 
1. 68e+000 
1. 10e+000 
6. 27e+000 
5.76e+001 

4. 69e+000 
1. 51e+000 
6.44e-001 
9. 08e-001 
8. 10e+000 
1. 72e+000 

2.05e+000 
3.04e-001 
1. 18e+000

2 
2 
2 
2 
2 

• 2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5

239.11 
239.11 
239.11 
239.11 
239.11 
239.11 
239.11 
239.11 
239.11 
239.11 
295.75 
295.75 
295.75 
295.75 
295.75 
295 .75 

295.75 
295.75 
295.75 
352.16 
352.16 
352.16 
352.16 
352.16 
352.16 
352.16 
352.16 
511.06 
511.06 
511.06 
511.06 
511.06 
511.06

125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
145 
145 
145 
145 
145 
145 
145 
145 
145 
223 
223 
223 
223 
223 
223 
223 
223 

88 
88 
88 
88 
88 
88

233.20 
234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244.67 
293.26 
295.22 
295.96 
296.00 
298.40 
298.57 
299.90 
300.10 
300.20 
346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55

N440



0.3640 4.43e-'03 
0.0041 4.43e-003

7 

6 

7 
7 

7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 

10

5l1. 06 
zl06 

583 .06 
583.06 
609. 18 
609.18 
609.18 
609.18 
609.18 
609.18 
609.18 
661 12 
661. 12 
661 .12 

661. 12 
661. 12 
661. 12 
661.12 
910.32 
910.32 
910.32 

1459.12

1.OOe÷000 7 .42e-,OC

98 
88 
74 
74 

211 
211 
211 
211 
211 
211 
211 

93 
93 
93 
93 
93 
93 
93 
58 
58 
58 

189

Rh-106m 
KR-85 
Tl-208 
TH-232 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192 
Ag-108m 
Cu-61 
As-76 
Ag-110m 
Cs-137 
Ce-143 
Sb-126 
1-126 
TH-232 
Ac-228 
Sb-129 
K-40

511. 70 
514.00 
583.14 
583 .14 
604 .66 
606 .10 

606.82 
609.30 
609.32 
612 .45 
614.37 
656.00 
657.03 
657.75 
661.65 
664 .55 
666.30 
667.00 
911.07 
911.20 
914.60 

1460.81

INITIAL NUCLIDE EVALUATION

Energy Fraction Status Half lives

U-238 77.11 
295.22 
351.99 
609.32 

1764.28 
Total 

TH-232 77.11 
238.63 
338.40 
583.14 
911.07 
968.90 
Total 

Fr-223 80.00 
234.60 
Total 

Ba-133 81.00 
276.40 
302.85 
356.00 
383.85 
Total 

U-235 81.07 
83.78 

143.76 
185.72 
236.00 
269.60 
351.10 
Total 

TB-160 86.80 
197.04

0.1070 
0.1920 
0.3710 
0.4609 
0.1504 
1.2813 
0.1750 
0.4310 
0.1201 
0.3090 
0.2900 
0.1746 
1.4997 
0.0001 
0.0001 
0.0002 
0.3429 
0.0709 
0.1816 
0.6200 
0.0897 
1.3051 
0.1480 
0.2460 
0.1050 
0.5400 
0 .1100 
0 .1340 

0.1200 
1. 4030 
0.1340 
0.0524

Absent 
Present 
Present 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Present 
Present 
Absent 
ABSENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Absent 
Preseht 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Present 
ABSENT 
Absent 
Absent 

N-441

1.0239/ 1.2813 = 

1.0300/ 1.4997 =

Calc 
0.0001/ 0.0002 =

0.6200/ 1.3051 = 

0.2300/ 1.4030 =

79.9110 %) 

68.6804 %) 

50.0000 %) 

47.5059 k) 

16.3934 %)

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.1170 
0.0608 
0.9440 
0.8500 
0.0525 
0.9970 
0.3300 
0.2900

0.2140 2.70e-003 
0.1070 1.80e-003

3 . 96e-003 
3. 81e-003 
3.81e-003 
3.81e-003 

3. 81e-003 
3 .81e-003 
3 . 81e-003 
3 .55e-003 

3 55e-003 
3 .55e-003 

3. 55e-003 
3. 55e-003 
3. 55e-003 
3. 55e-003 
2. 70e-003

1. Ole+000 
1.00e+000 
9.90e-001 
1. 00e+000 

1 00e+000 
1 00e+000 
1. 00e+000 
9. 05e-001 
9. 87e-001 
1. 00e+000 
1. 00e+000 
9. 90e-001 
9. 99e-001 
9. 99e-001 
1 Ole+000

9.25e-001 1.66e+OOC 
1.00e+000 1.51e+002

9.19e-00' 
8. 69e-00: 
1.06et00' 
1 .63e+00: 

1. 84e+00( 
1. 56e+00: 
9. 10e-00: 
3.79e+00( 
6 . 68e+00( 
4 .25e-00: 
4. 72e-00: 
7. 72e+00C 
4. 03e-002 
1. 22e+OOC 
1. 13eOOC

Nuclide

0.000 

0.000 

0.000 

0.000 

0.000



215.65 
298.57 
376.37 
962.36 
966.17 

1177.95 
1271.88 

Total 
Ga-67 93.30 

184.60 
300.20 
Total 

Te-131m 102.06 
149.71 
200 .63 
240.93 
334.27 
452.30 
773 .67 

782.49 
793 .75 
822.78 
852.21 

1125.46 
1206.60 

Total 
Eu-152 121.78 

244 .67 
344.30 
778 .90 

964 .00 
1085 .80 
1112 .07 
1408 .08 

Total 
IN-116M 137.92 

244.59 
416.88 
463.13 
818.65 

1097.23 
1293.49 
1507.50 
1601.12 
1752.42 
2212.21 

Total 
Sb-125 176.29 

380.51 
427. 95 
463 .51 
600.77 
606.82 
636 .15 

671.66 
Total 

;-125 188.43 
243.40 
Total 

Mo-101 191.93

0.0402 
0.2740 
0.3000 
0.1000 
0 .2550 
0 .1550 

0 .0760 

1.3866 
0.3800 
0.2360 
0. 1900 
0 .8060 
0 .0790 

0.2054 
0.0752 
0.0755 
0.0952 
0.0567 
0 .3800 
0 .0775 
0.1380 
0.0609 
0 .2093 

0.1137 
0.0971 
1.6635 
0.3068 
0.0772 
0.2720 
0 .1272 

0.1433 
0.1010 
0.1340 
0.2073 
1.3688 
0.0350 
0.0038 
0.2937 
0.0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840 
0.0520 
0.1120 
0.0180 
0.8390 
0.5500 
0.2871 
0.8371 
0.1810

Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent

0.2740/ 1.3866 =

0.1900/ 0.8060 =

0.0755/ 1.6635 = 

0.0772/ 1.3688 = 

0.0038/ 2.5011 = 

0.0520/ 0.8390 = 

0.2871/ 0.8371 =

N442

19.7606 0) 

23.5732 %) 

4.5386 %) 

5.6400 %) 

0.1519 %) 

6.1979 k) 

34.2970 %)

0.00( 

0. 00( 

0.000 

0.000 

0.000 

0.000



x 

T 

R 

K

PT

C.

505.38 
590.32 
695.53 

1012.35 
Total 

-- 228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

e-133m 233.20 
Total 

h-227 236.00 
329.90 
Total 

a-224 241.08 
Total 

r-79 261.30 
397.50 
511.00 
606.10 
Total 

a-231 283.60 
299.90 
302.50 
Total 

u-61 283.70 
656.00 
Total 

a-143 293.26 
664.55 
721.96 
Total 

r-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

L-210 296.00 
795.00

Ag-113 

Pa-233 

Ho-167 

"u1-196 

Pt-197m

1060.00 
1210.00 
1310.00 

Total 
298.40 
Total 

300.10 
311.90 
Total 

321.30 
346.50 
Total 

332.90 
355.70 
Total 

346.50 
Total

0 1135 
0 .1930 
0.0660 
0.1135 
0 .6670 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.1000 
0.1000 
0.0001 
0.0001 
0 .0002 
0.0001 
0.0001 
0.1270 
0.0950 
0.1500 
0 .0810 
0.4530 
0.0001 
0.0001 
0.0001 
0.0003 
0.1320 
0.1170 
0 .2490 
0.4200 
0.0525 
0 .0512 
0.5237 
0 .2872 
0 .2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0005 
0.0900 
0.0900 
0.0633 
0.3700 
0.4333 
0.2390 
0.5700 
0.8090 
0 .2300 
0 .8760 

1. 1060 
0 .1110 

0 .1110

Present 
Absent 
Absent 
Absent 
ABSENT 
Absent

0.1135/ 0.6670 = 17.0165 %)

Absent 
Absent 
Unable to Calc
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent 
Present 
Present 
ABSENT 
Absent 
Unable to 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Present 
Present 
Absent 
PRESENT 
Present 
Absent 
Absent 
Absent 
Present 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present, 
PRESENT'( 
Present 
Absent 
ABSENT ( 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Present 
PRESENT

0.0001/ 0.0006 =

0.1000/ 
Calc 

0 .0001/ 

Calc 
0.0001/

0.1000 = 

0.0002 = 

0.0001 =

0.2310/ 0.4530

16.6667 %) 

100.0000 %) 

50.0000 %) 

100.0000 %) 

50.9934 %;)

Calc

0.0001/ 0.0003 = 

0.1170/ 0.2490 = 

0.4725/ 0.5237 =

0.3415/ 
Calc

1.9478 =

0.0001/ 0.0005 = 

0.0900/ 0.0900 = 

0.0633/ 0.4333 = 

0.5700/ 0.8090 = 

0.8760/ 1.1060 = 

0.1110/ 0.1110 =

33.3333 I) 

46.9880 c) 

90.2234 %) 

17.5326 %) 

20.0000 k) 

100.0000 %) 

14.6088 %) 

70.4574 %) 

79.2043 %) 

100.0000 %)

N443

0 . OOC

0.000 

0.000 

0.000 

0.000 

0.000

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

-E

Iz

T1



N'a-24 346.55 
357.5 

1368.53 
1732.10 

Total 
i-211 351.00 

Total 
1-126 386.00 

667.00 
Total 

Zn-71m 386.28 
487.34 
511.55 
596.97 
620.19 
Total 

Sb-126 414.80 
666.30 
695.00 
697.00 
720.50 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

'- Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

KR-85 514.00 
Total 

Sb-129 544.70 
8122. 80 
914.60 

1030.10 
Total 

As-76 559.10 
657.03 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

-- 214 609.30 
768.40 

1120.30 
1764.50

0.0100 
0.0100 
1.0000 
0.0100 
1.0300 
0.0001 
0.0001 
0 .3400 
0.3300 
0.6700 
0.9200 
0.6164 
0.2806 
0.2760 
0.5612 
2.6542 
0 .8770 

0 .9970 

0 .9970 

0.3190 
0.5780 
3.7680 
0 .9050 

0. 9320 
0.9230 
2.7600 
0.2450 
0 .8640 

0 .2040 
0 .1950 

0.3070 
1.8150 
0.1767 
0.8030 
0.9797 
0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.1920 
0.4600 
0.2140 
0.1350 
1.0010 
0.4500 
0.0608 
0.5108 
0.0838 
0.1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.0001 
0.0001 
0.0001 
0.0001

Unable to Calc
Absent 
Absent 
Absent 
ABSENT 
Unable tc 
PRESENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT ( 
Absent 
Present" 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 
Unable to 
Absent 
Absent 
Absent

0.0100/ 
Calc 

0.0001/

1.0300 = 

0.0001 =

0.3300/ 0.6700 = 

0.2806/ 2.6542 

0.9970/ 3.7680 = 

0.9320/ 2.7600 = 

0.8640/ 1.8150 = 

0.1767/ 0.9797 = 
Calc 
Calc 

0.0002/ 0.0002 = 
Calc 

1.0000/ 1.0000 = 

0.0041/ 0.0041 = 

0.2140/ 1.0010 = 

0.0608/ 0.5108 =

0.9756/ 
Calc

2.1554 =

0.9709 %) 

100.0000 %) 

49.2537 %) 

10.5719 0) 

26.4597 %) 

33.7681%) 

47.6033 %) 

18.0361%) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

21.3786 %) 

11.9029 %) 

45.2631%)

N-444

0.00 

0.00 

0.00( 

0.00( 

0. 00c 

0.00'c 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Total 
A- -- " •m 657.75 

677.60 
706.67 
763 .93 

884.67 
937.48 

1384.27 
1505 .00 

Total 
Cs-137 661.65 

Total 
K-40 1460.81 

Total 
-------------

0.0004 
0.9440 
0.1057 
0.1631 
0.2226 
0.7278 
0.3427 
0.2164 
0 .1323 

2 .8546 
0.8500 
0.8500 
0.1070

ABSENT 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present

0.0001/ 0.0004 = 0.C C

33.0694 k)

0.8500/ 0.8500 = 100.0000 %)

0.00( 

.0.00(

0.1070 PRESENT ( 0.1070/ 0.1070 = 100.0000 %) 0.00( 
......................-----------------------------------------

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

None

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction 

i-133m 233.20 2.34e+000 +-5.19e-001 5.42e+001 1 of 1 
.a-224 241.08 BKG 1.00e+012 1 of 1 

Ce-143 Average: 8.19e-001 +-1.22e-001 3.30e+001 2 of 3 4.09 
293.26 7.64e-001 +-1.22e-001 
664.55 7.72e+000 +-1.37e+000 

Ag-113 298.40 3.76e+000 +-6.02e-001 5.37e+000 1 of 1 
Pt-197m 346.50 6.27e+000 +-6.63e-001 1.57e+000 1 of 1 
Bi-211 351.00 BKG 1.00e+012 1 of 1 
Tl-208 510.72 BKG 1.00e+012 2 of 2 

583.14 BKG 
Annihila 511.00 I.D.Only 1.00e+003 1 of 1 
KR-85 514.00 7.42e+001 +-1.72e+001 9.39e+004 1 of 1 
Cs-137 661.65 4.72e-001 +-8.39e-002 2.64e+005 1 of 1 47.17 
K-40 1460.81 1.51e+001 +-1.19e+000 1.12e+013 1 of 1 

TOTAL: 1.03e+002 pCi /g MPC Total: 51.27 
-------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

609.18 1249.35 211 18 21 46 1.62 1.538e+001 
910.32 1875.43 58 13 19 37 1.68 5.969e+000

N-445

0.9440/ 2.8546 =



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

Sample ID SC-12 

-----------------------------------------------------------------------------------
Sample Size ............ 5.85e+002 g Spectrum File ................ TEMP.SPC 
Sampling Start ....... .10-11-97 17:03 Counting Start ..... .. 10-11-97 17:03 
Sampling Stop ....... .10-11-97 17:03 Live Time ... ......... .. 3600 Sec 
Current Date ......... .. 10-14-97 10:32 Real Time ........... 0 Sec 
---------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch A3 12-05-96 10:47 

FWHM(keV) 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En 3 12-05-96 10:47 
Where En = Sqrt(Energy in keY) 

-----------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier ........... .. 1.00 
----------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keY) FLAG 

1 186.67 370.95 50 29 51 360 0.71 NET < CL 
2 239.16 480.09 503 33 43 236 1.12 a 

,- 3 241.98 485.95 93 24 39 206 1.32 b 
4 295.84 597.92 79 23 39 191 1.00 
5 338.64 686.89 106 27 49 220 1.23 
6 352.21 715.11 159 23 35 155 1.02 
7 510.96 1045.15 il 19 29 95 2.67 
8 582.84 1194.60 175 20 30 88 1.61 
9 609.26 1249.52 144 18 26 73 1.32 

10 661.32 1357.75 41 15 27 68 1.87 
11 910.69 1876.19 103 15 21 44 1.79 
12 968.10 1995.56 71 16 27 63 1.87 
13 1459.16 3016.46 395 21 15 20 2.02 

N-446



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-12 

-----------------------------------------------------------------------------------
Sample Size ... ....... .. 5.85e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-11-97 17:03 Counting Start ..... ... 10-11-97 17:03 
Sampling Stop ....... .10-11-97 17:03 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .10-14-97 10:32 Decay Time .... ........ .. 0.00e+000 Hrs 
-----------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID•. . ..... ........ ............ IIDGeneral Radionuclide Analysis Library

Eff.= 1/[6.66e-002*En"^-2.92e+000 + 4.02e+002*En^8.62e_001] 
------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 *- I Decay Limit <= ....

12-05-96 10:47 

8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction

0.1000 8.23e-003

8.23e-003 
8.23e-003 
8.16e-003 

8.16e-003 
8. 16e-003 
8. 16e-003 
8. 16e-003 
8. 16e-003 
6. 99e-003 
6. 99e-003 
6. 99e-003

0.0900 6.99e-003 
0.2740 6.99e-003

6. 99e-003 
6. 99e-003 
6.27e-003 
6.27e-003 
6.27e-003 
6.27e-003 
6.27e-003 
6.27e-003 
6.27e-003 

6.27e-003 
6.27e-003 
6.27e-003

9.94e-001 7.89e+000

1. 00e+000 
1. 01e+000 
9. 89e-001 

9.80e-001 
6. 99e-001 
1. 00e+000 
4. 5le-001 
9. 63e-001 
9. 90e-001 
1. 00e+000 
1. 00e+000

7. 13e+000 
1.80e+000 
1. 96e+000 

5.20e-001 
5. 50e+001 
1.89e+000 
8.69e+000 
1.69e-001 
3.49e-001 
7.53e-001 
5. 05e-001

9.38e-001 1.72e+000 
1.00e+000 5.29e-001

9. 99e-001 
9. 96e-001 
2. 25e-001 
9. 98e-001 
9. 89e-001 
9. 94e-001 
9.27e-001 
8. 17e-001 
1.01e+000 

9. 99e-001 
9. 99e-001 
1.00e+000

2.29e+000 
7.66e-001 
9. 66e+001 
9.46e-001 
2.31e+000 
1. 09e+001 
5.10e-001 
3.74e-001 
1. 79e+000 

4.44e-001 
4.65e-001 
2. 50e-001

Eff Decay Conc

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.0373 
0.9000 
0.4200 
0.1920 
0.2872

2 
2 
2 
2 

k_ 2 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5

239.16 
239.16 
239.16 
239.16 
239.16 
241.98 
241.98 
241.98 
241.98 
241.98 
241.98 
241.98 
295.84 
295.84 
295.84 
295.84 
295.84 
295.84 
295.84 
295.84 
295.84 
338 .64 
338 .64 

338.64 
338 .64 
338 .64 

338 .64 

338 .64 

338 .64 

338 .64 

338.64 
338.64 
338.64

503 
503 
503 
503 
503 

93 
93 
93 
93 
93 
93 
93 
79 
79 
79 
79 
79 
79 
79 
79 
79 

106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106

Xe-133m 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Sm-155 
Xe-135 
Ce-143 
U-238 
Ir-192 
TI-210 
Ag-113 
TB-160 
Pa-231 
Pa-233 
Ga-67 
Mg-27 
Au-196 
Te-131m 
Np-239 
In-li5m 
Ru-95 
TH-232 
Ra-223 
Ac-228 
Cs-136 
Cs-136 
HF-175

233 .20 
234 .60 
236.00 
236 .00 

238.63 
240.93 
241.08 
243.40 
244.59 
244.67 
245.73 
247.79 
293.26 
295.22 
295.96 
296.00 
298.40 
298.57 
299.90 
3q0.10 
300.20 
332.73 
332.90 
334.27 
334.30 
336.20 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343.40

0.0633 
0.1900 
0.0100 
0.2300 
0.0952 
0.0200 
0.4590 
0.7100 
0.1201 

0.4890 
0.4676 
0.8692



5 
D 

5 
6 
6 
6 

'-.• 6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
9 
9 
9 
9 
9 
9 
9 

10 
10 

0 
- 0 
10 
10 
10 
Ii 
11 
11 
12 
12 
12 
12 
12 
12 
12 
13

338.64 
338.64 
338.64 
352.21 
352.21 
352.21 
352.21 
352.21 
352.21 
352.21 
352.21 
510.96 
510. 96 
510 .96 
510.96 
510.96 
510.96 
510. 96 
510. 96 
582 .84 

582 .84 
609.26 
609.26 
609.26 
609.26 
609.26 
609.26 
609.26 
661.32 
661.32 
661.32 
661.32 
661.32 
661.32 
661.32 
910.69 
910.69 
910.69 
968.10 
968.10 
968.10 
968.10 
968.10 
968.10 
968.10 

1459.16

106 EU-152M 
106 Eu-152 
106 Cd-117 
159 Ho-167 
159 Pt-197m 
159 Na-24 
159 Bi-211 
159 U-235 
159 U-238 
159 Au-196 
159 Ba-133 
111 Mo-101 
111 Te-121 
111 Tl-208 
111 Kr-79 
11 Annihila 
111 Zn-71m 
111 Rh-106m 
111 KR-85 
175 Tl-208 
175 TH-232 
144 Cs-134 
144 Kr-79 
144 Sb-125 
144 Bi-214 
144 U-238 
144 Ir-192 
144 Ag-108m 

41 Cu-61 
41 As-76 
41 Ag-il0m 
41 Cs-137 
41 Ce-143 
41 Sb-126 
41 1-126 

103 TH-232 
103 Ac-228 
103 Sb-129 

71 TB-160 
71 EU-152M 
71 Eu-152 
71 Ac-228 
71 TB-160 
71 Ac-228 
71 TH-232 

395 K-40

344.20 
344.30 
344.46 
346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 
583 .14 
583.14 
604 .66 

606.10 
606 .82 

609.30 
609.32 
612.45 
614.37 
656.00 
657.03 
657.75 
661.65 
664.55 
666.30 
667.00 
911.07 

.911.20 
914 .60 
962.36 
963 .50 
964 .00 
964.40 
966.17 
968.80 
968.90 

1460.81

0.2550 2.56e-003 

0.1746 2.56e-003 
0.1070 1.80e-003

0.0250 
0 .2720 

0.1769 
0 .5700 
0 .1110 
0 .0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.1170 
0.0608 
0.9440 
0.8500 
0.0525 
0.9970 
0.3300 
0.2900 

0.2140 
0.1000 
0.1200 
0.1433

6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 07e-003 
6 07e-003 
6. 07e-003 

6. 07e-003 
6.07e-003 
6. 07e-003 
6. 07e-003 
4.43e-003 
4.43e-003 

4 .43e-003 
4.43e-003 
4.43e-003 
4.43e-003 
4 .43e-003 

3.96e-003 
3. 81e-003 
3.81e-003 
3. 81e-003 

3.81e-003 
3.81e-003 
3 .81e-003 
3. 55e-003 
3.55e-003 
3. 55e-003 
3 55e-003 
3. 55e-003 
3 .55e-003 
3. 55e-003 
2. 70e-003 

2.70e-003 
2. 56e-003 
2. 56e-003 
2.56e-003

1.00e+000 1.40e+000 

1.01e+000 2.02e+000 
1.00e+000 2.64e+001

INITIAL NUCLIDE EVALUATION

Energy Fraction Status Half lives

U-238 77.11 0.1070 Absent 
295.22 0.1920 Present 
351.99 0.3710 Present 
609.32 0.4609 Present 

1764.28 0.1504 Absent 
Total 1.2813 ABSENT 1.0239/ 1.2813 79.9110 %) 0.000 

TH-232 77.11 0.1750 Absent 
238.63 0.4310 Present

N447

9. 64e-001 
1. 00e+000 
8.70e-001 
8.96e-001 
8.09e-001 
9. 77e-001 

1. 00e+000 
1. 00e+000 
9. 98e-001 
1. 00e+000 
3. 31e-001 
9. 99e-001 

9. 90e-001 
1. 00e+000 
9. 17e-001 
8. 56e-001 
1. 00e+000 

1. Ole+000 
1.00e+000 
9. 90e-001 
1. 00e+000 

1.00e+000 
1. 00e+000 
1. 00e+000 
9. 05e-001 
9.87e-001 
1. 00e+000 
1. 00e+000 
9. 90e-001 
9. 99e-001 
9.99e-001 
1.01e+000 

9.25e-001 
1.00e+000 
9.64e-001 
1.00e+000

9.01e+000 
7. 98e-001 
1. 41e+000 
6. 59e-001 
3. 75e+000 
3.44e+001 

2.80e+000 
9. 04e-001 
3. 85e-001 
5.43e-001 
8. 55e+000 
1.82e+000 

2. 16e+000 
3.22e-001 
1.25e+000 
4.35e-001 
7.84e+001 

1. 82e+000 
4. 97e-001 
6.05e+000 
9.32e+000 

1. 05e+000 
8.93e+000 
5.20e-001 
1.40e+000 
2 .47e+000 
1.57e-001 
1.74e-001 
2.85e+000 
1.49e-001 
4. 49e-001 
1.67e+000 

2.47e+000 
3.56e+000 
3.08e+000 
2. 48e+000

Nuclide



338.40 
583.14 
911.07 
968.90 
Total 

"-223 80.00 
234.60 
Total 

Ba-133 81.00 
276.40 
302.85 
356.00 
383.85 
Total 

U-235 81.07 
83.78 

- 143.76 
185.72 
236.00 
269.60 
351.10 
Total 

TB-160 86.80 
197. 04 
215.65 
298.57 
876.37 
962.36 
966. 17 

1177. 95 
1271.88 

Total 
HF-175 89.36 

343.40 
432.80 
Total 

Ga-67 93.30 
184.60 
300.20 
Total 

Te-131m 102.06 
149.71 
200.63 
240.93 
334.27 
452.30 
773.67 
782.49 
793.75 
822.78 
852.21 

1125.46 
1206.60 

Total 
Sm-155 104.30 

141.41 
245.73 
Total 

Np-239 106.10 
209.80

0.1201 
0.3090 
0.2900 
0.1746 
1.4997 
0.0001 
0.0001 
0.0002 
0 .3429 
0.0709 
0.1816 
0.6200 
0.0897 
1.3051 
0.1480 
0.2460 
0.1050 
0.5400 
0.1100 
0.1340 
0 .1200 

1.4030 
0 .1340 

0.0524 
0.0402 
0.2740 
0.3000 
0.1000 
0.2550 
0.1550 
0. 0760 
1.3866 
0.0235 
0 .8692 

0 .0156 
0. 9083 
0.3800 
0.2360 
0.1900 
0.8060 
0 .0790 
0 .2054 
0.0752 
0.0755 
0.0952 
0.0567 
0.3800 
0.0775 
0.1380 
0.0609 
0.2093 
0.1137 
0.0971 
1.6635 
0 .7464 
0 .0202 

0 .0373 

0.8039 
0.2320 
0.0410

Present 
Present 
Present 
Present 
PRESENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Present 
ABSENT 
Absent
Absent 
Absent 
Present 
Absent 
Present 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
PRESENT 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Absent 
Absent.  
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent

1.3247/ 1.4997 =

Calc 
0.0001/ 0.0002 =

0.6200/ 1.3051 = 

0.2300/ 1.4030 = 

0.6290/ 1.3866 = 

0.8692/ 0.9083 = 

0.1900/ 0.8060 = 

0.1707/ 1.6635 =

( 0.0373/ 0.8039 =

88.3310 %) 

50.0000 %) 

47.5059 %) 

16.3934 %) 

45.3628 %1) 

95.6952 %) 

23.5732 %) 

10.2615 %) 

4.6425 %)

N448

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



228. 10 
277.60 
315.90 
334.30 
Total 

-152M 121.78 
- 344.20 

841.60 
963.50 
Total 

Eu-152 121.78 
244..67 
344.30 
778.90 
964.00 

1085.80 
1112.07 
1408.08 

Total 
IN-116M 137.92 

244.59 
416.88 
463 .13 
818.65 

1097.23 
1293.49 
1507.50 
1601 .12 

1752 .42 
2212.21 

Total 
-1-223 144.30 

154.30 
269.60 
338.60 
Total 

Mg-27 170.82 
332.73 
843.80 

1014.50 
Total 

Sb-125 176.29 
380.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671.66 
Total 

Xe-125 188.43 
243.40 
Total 

Mo-101 191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50

0.1270 
0.1420 
0.0150 
0.0200 
0.5770 
0.0720 
0.0250 
0.1470 
0.1200 
0.3640 
0.3068 
0 .0772 

0.2720 
0. 1272 
0 .1433 
0 .1010 
0 .1340 

0.2073 
1.3688 
0.0350 
0.0038 
0.2937 
0 .0083 
0.1372 
0.6791 
1.0000 
0 .1186 

0. 0107 
0.0289 
0.1858 
2.5011 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.0070 
0.0100 
0.7140 
0.2860 
1.0170 
0 .0630 
0.0140 
0 .2960 

0.1000 
0.1840 
0.0520 
0.1120 
0.0180 
0.8390 
0 .5500 
0.2871 
0.8371 
0.1810 
0.1135 
0 .1930 
0.0660 
0.1135 
0.6670 
0.0001

Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present
Absent 
Preseni 
ABSENT 
Absent 
Preseni 
Present 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Unable 
ABSENT 
Absent 
Unable 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent' 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent

0.0200/ 0.5770 =

0.1450/ 0.3640 = 

0.4925/ 1.3688 = 

0.0038/ 2.5011 =

to Calc 
0.0001/ 0.0004 =

3.4662 %)

39.8352 %) 

35.9804 %) 

0.1519 %) 

25.0000 %)

to Calc

( 

(

0.0100/ 1.0170 = 

0.0520/ 0.8390 = 

0.2871/ 0.8371 = 

0.1135/ 0.6670 =

0.9833 %) 

6.1979 %) 

34.2970 %) 

17.0165 %)

N-449

0.000

0.000 

0.000 

0.000 

0.000

0.000 

0.000 

0.000 

0.000

(



,_.Xe-133m 

Th-227 

Ra-224 

Xe-135 

Kr-79 

Cd-117 

Pa-231 

-61 

Ce-143 

Ir-192 

Tl-210 

Ag-113 

Pa-233 

Ho-167 

-. 'ju-196

338.70 
790.50 
911.20 
964.40 
968.80 
Total 

233.20 
Total 

236.00 
329.90 
Total 

241.08 
Total 

247.79 
Total 

261.30 
397.50 
511.00 
606.10 
Total 

273.28 
344.46 
434.22 

1303.34 
1576.80 

Total 
283.60 
299.90 
302.50 
Total 

283.70 
656.00 
Total 

293.26 
664.55 
721.96 
Total 

295.96 
308.46 
316.51 
468.06 
612.45 
Total 

296.00 
795.00 

1060.00 
1210.00 
1310.00 

Total 
298.40 
Total 

300.10 
311.90 
Total 

321.30 
346.50 
Total 

332.90 
355.70 
Total

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.1000 
0.1000 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.9000 
0.9000 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530 
0.2900 
0.1769 
0.1047 
0.1827 
0.1119 
0.8662 
0.0001 
0.0001 
0.0001 
0 .0003 

0 .1320 
0 .1170 

0.2490 
0.4200 
0.0525 
0.0512 
0.5237 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0005 
0.0900 
0.0900 
0.0633 
0.3700 
0.4333 
0.2390 
0 .5700 

0.8090 
0.2300 
0 .8760 
1.1060

Unable to Calc
Absent 
Unable to Calc 
Unable to Calc 
Unable to Calc 
ABSENT C 0.  
Present 
PRESENT C 0.  
Unable to Calc 
Absent 
ABSENT C 0.  
Unable to Calc 
PRESENT ( 0.  
Present 
PRESENT C 0.  
Absent 
Absent 
Present 
Present 
ABSENT C 0.  
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT C 0.  
Absent 
Unable to Calc 
Absent 
ABSENT ( 0.  
Absent 
Present 
ABSENT ( 0.  
Present 
Present 
Absent 
PRESENT ( 0.e 
Present
Absent 
Absent 
Absent 
Present 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Present 
Present 
PRESENT

0004/ 

1000/ 

0001/ 

0001/

0.0006 = 

0.1000 = 

0.0002 = 

0.0001 =

9000/ 0.9000 = 

2310/ 0.4530 = 

1769/ 0.8662 = 

0001/ 0.0003 = 

1170/ 0.2490 = 

1725/ 0.5237 =

0.3415/ 
Calc

1.9478 =

0.0001/ 0.0005 = 

0.0900/ 0.0900 = 

0.0633/ 0.4333 = 

0.5700/ 0.8090 =

1.1060/ 1.1060 =

66.6667 %) 

100.0000 %) 

50.0000 %) 

100.0000 %) 

100.0000 %) 

50.9934 %) 

20.4225 %) 

33.3333 %) 

46.9880 %) 

90.2234 %) 

17.5326 01) 

20.0000 %) 

100.0000 %) 

14.6088 %) 

70.4574 %) 

100.0000 %)

N-450

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



:n-!lSm 336.20 
Total 

Ru-95 336.40 
1096.80 

Total 
,-136 340.60 

340.60 
818.50 
818.50 

1048.07 
1048.10 
1235.34 

Total 
Pt-197m 346.50 

Total 
Na-24 346.55 

857.55 
1368.53 
1732.10 

Total 
Bi-211 351.00 

Total 
1-126 386.00 

667.00 
Total 

Zn-71m 386.28 
487.34 
511.55 
596.97 
620.19 
Total 

.)o-126 414.80 
666.30 
695.00 
697.00 
720.50 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

n-85 514.00 
Total 

<,\_b-129 544.70 
812.80 
914.60

0.4590 
0.4590 
0.7100 
0.2100 
0.9200 
0 .4890 
0.4676 
0 .9970 

0 .9970 

0.7976 
0.7980 
0.1974 
4 .7436 
0 .1110 
0.1110 
0. 0100 
0.0100 
1.0000 
0 .0100 
1.0300 
0.0001 
0.0001 
0.3400 
0.3300 
0.6700 
0.9200 
0.6164 
0.2806 
0 .2760 
0.5612 
2.6542 
0.8770 
0.9970 
0. 9970 
0.3190 
0.5780 
3 .7680 
0.9050 
0.9320 
0.9230 
2.7600 
0.2450 
0.8640 
0.2040 
0.1950 
0.3070 
1.8150 
0.1767 
0 .8030 

0 .9797 

0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0..1920 
0.4600 
0.2140

Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present

0.4590/ 0.4590 = 

0.7100/ 0.9200 = 

0.9566/ 4.7436 =

0.1110/ 
Calc 

0.0100/ 
Calc 

0.0001/

0.1110 = 

1.0300 = 

0.0001 =

0.3300/ 0.6700 = 

0.2806/ 2.6542 = 

0.9970/ 3.7680 = 

0.9320/ 2.7600 = 

0.8640/ 1.8150 =

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 =

100.0000 %) 

77.1739 %) 

20.1661 %) 

100.0000 %) 

0.9709 %) 

100.0000 %) 

49.2537 %) 

10.5719 %) 

26.4597 %) 

33.7681%) 

47.6033 %) 

18.0361 %) 

100.0000 %) 

100.0000 %) 

100.0000 %)

N-451

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

(



1030.10 0.1350 Absent 
Total 1.0010 ABSENT ( 0.2140/ 1.0010 = 21.3786 %) 0.000 

As-76 559.10 0.4500 Absent 
657.03 0.0608 Present 
Total 0.5108 ABSENT ( 0.0608/ 0.5108 = 11.9029 %) 0.000 

,-134 563.26 0.0838 Absent 
"569.29 0.1543 Absent 
604.66 0.9756 Present 
795.76 0.8544 Absent 
801.84 0.0873 Absent 
Total 2.1554 ABSENT ( 0.9756/ 2.1554 = 45.2631 k) 0.000 

Bi-214 609.30 0.0001 Unable to Calc 
768.40 0.0001 Absent 

1120.30 0.0001 Absent 
1764.50 0.0001 Absent 

Total 0.0004 ABSENT ( 0.0001/ 0.0004 = 25.0000 %) 0.000 
Ag-li0m 657.75 0.9440 Present 

677.60 0.1057 Absent 
706.67 0.1631 Absent 
763.93 0.2226 Absent 
884.67 0.7278 Absent 
937.48 0.3427 Absent 

1384.27 0.2164 Absent 
1505.00 0.1323 Absent 

Total 2.8546 ABSENT ( 0.9440/ 2.8546 = 33.0694 k) 0.000 
Cs-137 661.65 0.8500 Present 

Total 0.8500 PRESENT ( 0.8500/ 0.8500 = 100.0000 %) 0.000 
K-40 1460.81 0.1070 Present 

Total 0.1070 PRESENT ( 0.1070/ 0.1070 = 100.0000 %) 0.000 
-------------------------------------------------------------------------------

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

2 503 TH-232 911.07 7.82e-004 103 238.63 3.55e-003 467 
5 106 TH-232 911.07 7.82e-004 103 338.40 7.53e-004 99 
8 175 TH-232 911.07 7.82e-004 103 583.14 1.22e-003 161 

--------------------------------------------------------------

PEAK INTERFERENCE CORRECTION 

Pk# New Area Nuclide Energy Status 

2 36 Xe-133m 233.20 Deleted [ Net < Critical Level ] 
5 7 Au-196 332.90 Deleted [ Net < Critical Level I 
5 7 In-115m 336.20 Deleted [ Net < Critical Level ] 
5 7 HF-175 343.40 Deleted [ Net < Critical Level I 
8 14 Tl-208 583.14 Deleted [ Net < Critical Level I 

SECONDARY NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

-175 89.36 0.0235 Absent 
343.40 0.8692 Absent 
432.80 0.0156 Absent 
Total 0.9083 ABSENT 0.0000/ 0.9083 = 0.0000 k) 0.000

N-452



Xe-133m 233.20 
Total 

Au-196 332.90 
355.70 
Total 

-115m 336.20 
"Total 

Tl-208 510.72 
583.14 
Total

0 .000 
0.1000 
0.2300 
0.8760 
1.1060 
0.4590 
0.4590 
0.0001 
0.0001 
0 .0002

Absent 
ABSENT ( 0.  
Absent 
Present 
ABSENT ( 0.  
Absent 
ABSENT ( 0.  
Unable to Calc 
Absent 
ABSENT ( 0.

0000/ 0.1000 = 

8760/ 1.1060 = 

0000/ 0.4590 = 

0001/ 0.0002 =

0.0000 %} 

79.2043 %1) 

0.0000 %) 

50.0000 %)

FINAL ACTIVITY REPORT

Energy Conc +- 1.00siama T-Ta1f~i f•
MDC

Nuclide (keY) (pCi /g ) (hrs) Found Fraction

.ri-z&.z

Ra-224 
Xe-135 
Ce-143 

Ag-113 
Pt-197m -211 

*nihila 
"<--R-85 

Cs-137 
K-40

Average: 
238.63 
338.40 
583.14 
911.07 
968 .90 
241.08 
247.79 

Average: 
293.26 
664 .55 
298.40 
346.50 
351.00 
511.00 
514 .00 
661.65 

1460.81

TOTAL:

1. 69e+000 
1. 67e+000 
1.67e+000 
1. 67e+000 
1. 67e+000 
2. 02e+000 

1.69e-001 
3.72e-001 
3 .49e-001 
2. 85e+000 
1. 72e+000 
3. 75e+000 

7. 84e+001 
1.74e-001 
2. 64e+001

+-9.12e-002 
+-1.18e-001 
+-4.65e-001 
+-2.12e-001 
+-2.44e-001 
+-4.57e-001 

BKG 
+-4.34e-002 
+-1.03e-001 
+-1.03e-001 
+-1.06e+000 
+-5.09e-001 
+-5.46e-001 

BKG 
I.D.Only 

+-1.35e+001 
+-6.49e-002 
+-1.43e+000

1. 24e+014

1.00e+012 
9. 10e+000 
3.30e+001 

5.37e+000 
1. 57e+000 
1.00e+012 
1. 00e+003 
9. 39e+004 
2 . 64e+005 
1. 12e+013

1.13e+002 pCi

5 of 6

1 of 
1 of 
2 of

1 
1 

1 
1 
1 
1 
1

of 
of 
of 
of 
of 
of 
of

0.00

1 
1 
3 

1 
1 
1 
1 
1 
1 
1

MPC Total:

1.86

17.42 

19.29

UNKNOWN PEAKS

Energy Centroid 
(key) Channel

Net Un- C.L.  
Counts Certainty Counts

Bkg. FWHM Net 
Counts (keY) Gamma/sec

609.26 1249.52 144 18 26 73 1.32 1.049e+001

0 .0 a0 

0.000 

0.000 

0.000

N-453



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID SC-13 

------------------------------------------------- 
--------------

Sample Size ........ 6.45e+002 g Spectrum File .. ....... .TEMP.SP( 
Sampling Start ..... 10-13-97 09:23 Counting Start ..... .10-13-97 09:2: 
Sampling Stop ..... 10-13-97 09:23 Live Time ........... 3600 Sec 
Current Date ....... 10-14-97 10:35 Real Time ............. 0 Sec 

---------------------------------------------------------------

Detector #: 22 Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt(Energy in keY) 

---------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 409E 
Sigma Multiplier. ....... .1.00 1 
-------------------------- 

-------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keY) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 78.42 145.91 63 41 74 668 0.69 NET < CL 
2 186.89 371.42 92 41 75 567 1.38 

S3 239.37 480.53 431 34 49 283 1.10 a 
4 242.39 486.79 99 25 40 221 1.16 b 
5 295.85 597.95 158 26 41 207 1.33 
6 338.72 687.07 82 24 42 197 1.42 
7 352.37 715.44 269 28 43 202 1.38 
8 511.07 1045.39 136 21 33 106 1.64 
9 583.12 1195.19 153 19 28 87 1.52 

10 609.27 1249.54 237 21 28 81 1.30 
11 726.62 1493.52 48 14 22 59 1.51 
12 910.45 1875.69 134 16 22 46 2.13 
13 968.03 1995.41 51 14 23 55 1.08 
14 1118.92 2309.11 56 15 26 54 1.88 
15 1458.98 3016.10 475 23 12 13 2.33 
16 1762.40 3646.91 44 10 15 16 1.65

N-454



Neely Nuclear Research Center 

Quantum Technology 

GDRC Nuclide Activity Summary 

Sample ID: SC-13 

---------------------------------------------------------------

Sample Size ........ 6.45e+002 g Spectrum File ......... TEMP.SP( 
Sampling Start ..... 10-13-97 09:23 Counting Start ..... .10-13-97 09:2: 
Sampling Stop ..... 10-13-97 09:23 Buildup Time ....... .0.00e+000 Hrf 
Current Date ...... 10-14-97 10:35 Decay Time ......... 0.00e+000 Hr: 
----------------------------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lil 
ID ...................... I IDGeneral Radionuclide Analysis Librarý 
----------------------------------------------------------------

Eff.= 1/[6.66e-002*EnA_2.92e+000 + 4.02e+002*EnA8.62e_001] 12-05-96 10:4' 
GmaFcinii>800 Dc Lii<l------------------------------------------------

Gamma Fraction Limit >= . .. 80.00 *1 Decay Limit <= . . . . 8.000 HalfliveE

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc

0.0629 
0.4700 
0.2360 
0.5400 

0.5500 
0.1564 
0.0350 
0.0057 
0.0940 
0.1810 
0.0311 

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.0373 
0.9000 
0.0660 
0.4200 
0.1920 
0.2872

9. 65e-003 
9. 65e-003 
9. 65e-003 
9.65e-003 

9. 65e-003 
9.65e-003 
9. 65e-003 
9. 65e-003 
9.65e-003 
9. 65e-003 
9.65e-003 

8.23e-003 
8.23e-003 
8. 15e-003 

8.15e-003 
8.15e-003 
8.15e-003 
8.15e-003 
8.15e-003 
8.15e-003 
6.99e-003 
6.99e-003 
6. 99e-003

2 
2 
2 
2 
2 

~ 2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 

\_.•. 5 
5

9. 95e-001 
9. 94e-001 
9. 96e-001 
1.00e+000 

9.'80e-001 
1. 00e+000 
9. 81e-001 
9.95e-001 
9. 93e-001 
3.31e-001 
1. 00e+000 

1. 00e+000 
1.01e+000 
9..89e-001 

9. 80e-001 
6.99e-001 
1. 00e+000 
4.51e-001 
9.63e-001 
1.00e+000 
9. 90e-001 
1. 00e+000 
1. 00e+000

1. 77e+OOC 
2.37e-001 
4.72e-002 
2.06e-001 

2. 06e-001 
7. 10e-001 
3 . 23e+000 
1. 96e+001 
1. 19e+000 
1.85e+000 
3.57e+000 

5. 54e+000 
1.40e+000 
1.89e+000 

5.02e-001 
5.32e+001 
1. 83e+000 
8.40e+000 
1.63e-001 
2. 14e+000 
6.33e-001 
1.37e+000 
9. 16e-001

186.89 
186.89 
186.89 
186.89 
186.89 
186.89 
186.89 
186.89 
186.89 
186.89 
186.89 
186 .89 
239.37 
239.37 
239.37 
239.37 
242.39 
242.39 
242.39 
242.39 
242.39 
242 .39 
242.39 
242 .39 
295.85 
295.85 
295.85 
295.85 
295.85 
295 .85 

295.85 
295.85 
295.85

92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 

431 
431 
431 
431 

99 
99 
99 
99 
99 
99 
99 
99 

158 
158 
158 
158 
158 
158 
158 
158 
158

Mo-99 
Cu-67 
Ga-67 
U-235 
Ra-226 
Xe-.125 
In-114m 
Pt-197 
Hg-197 
Zn-72 
Mo-101 
Fe-59 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Sm-155 
Xe-135 
Eu- 154 
Ce-143 
U-238 
Ir-192 
Tl-210 
Ag-113 
TB-160 
Pa-231 
Pa-233 
Ga-67

181.07 
184.50 
184.60 
185.72 
186.20 
188.43 
190.24 
191.31 
191.38 
191.50 
191.93 
192.34 
234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244.,67 
245.73 
247.79 
248.00 
293.26 
295.22 
295.96 
296.00 
298.40 
298.57 
299.90 
300.10 
300.20

9.38e-001 3.11e+000 
1.00e+000 9.60e-001 

9.99e-001 4.16e+000 
9.96e-001 1.39e+000

0.0900 6.99e-003 
0.2740 6.99e-003 

0.0633 6.99e-003 
0.1900 6.99e-003

N-455



6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 6 

7 7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 8 

9 
•" 9 

10 
10 
10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
11 
11 
12 
12 
12 
13 
13 
13 
13 
13 
13 

.3 
14 
14 
14

338 .72 
338.72 
338 .72 
338.72 
338.72 
338.72 
338.72 
338.72 
338.72 
338 .72 

338.72 
338 .72 

338 .72 
338.72 
338.72 
352.37 
352.37 
352.37 
352.37 
352.37 
352.37 
352.37 
352.37 
511.07 
511.07 
511.07 
511.07 
511. 07 
511.07 
511.07 
511.07 
583 .12 

583 .12 
609.27 
609.27 
609.27 
609.27 
609.27 
609.27 
609.27 
726.62 
726.62 
726.62 
726.62 
726.62 
726 .62 

726.62 
910.45 
910.45 
910.45 
968.03 
968.03 
968 .03 

968.03 
968.03 
968 .03 
968.03 

1118.92 
1118. 92 
1118.92

82 Mg-27 
82 Au-196 
82 Te-131m 
82 Np-239 
82 In-l15m 
82 Ru-95 
82 TH-232 
82 Ra-223 
82 Ac-228 
82 Cs-136 
82 Cs-136 
82 HF-175 
82 EU-152M 
82 Eu-152 
82 Cd-117 

269 Ho-167 
269 Pt-197m 
269 Na-24 
269 Bi-211 
269 U-235 
269 U-238 
269 Au-196 
269 Ba-133 
136 Mo-101 
136 Te-121 
136 Tl-208 
136 Kr-79 
136 Annihila 
136 Zn-71m 
136 Rh-106m 
136 KR-85 
153 Tl-208 
153 TH-232 
237 Cs-134 
237 Kr-79 
237 Sb-125 
237 Bi-214 
237 U-238 
237 Ir-192 
237 Ag-108m 
48 Ce-143 
48 Sb-124 
48 Ag-108m 
48 Eu-154 
48 Zr-95 
48 In-114m 
48 Bi-212 

134 TH-232 
134 Ac-228 
134 Sb-129 

51 TB-160 
51 EU-152M 
51 Eu-152 
51 Ac-228 
51 TB-160 
51 Ac-228 
51 TH-232 
56 Sn-127 
56 Zn-65 
56 Ni-65

332 .73 
332.90 
334.27 
334.30 
336.20 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343.40 
344.20 
344.30 
344.46 
346.50 
346.50 
346 .55 

351.00 
351.10 
351.99 
355.70 
356.00 
505 .88 
507.59 
510 .72 

511.00 
511.00 
511.55 
511.70 
514.00 
583.14 
583.14 
604.66 
606.10 
606.82 
609.30 
609.32 
612.45 
614.37 
721.96 
722.78 
722.95 
723.30 
724.18 
725.24 
727.30 
911.07 
911-. 20 
914.60 
962.36 
963.50 
964.00 
964.40 
966.17 
968.80 
968.90 

1114.30 
1115.52 
1115.53

0.2900 2.70e-003

0.2140 
0.1000 
0.1200 
0.1433

2. 70e-003 
2.56e-003 
2.56e-003 
2. 56e-003

0.2550 2.56e-003

0.1746 
0.3800 
0.5075 
0.1513

2.56e-003 
2.26e-003 
2.26e-003 
2.26e-003

0 .000 
0.2300 
0.0952 
0.0200 
0.4590 
0.7100 
0 .1201 

0.4890 
0.4676 
0.8692 
0.0250 
0.2720 
0.1769 
0.5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0 .1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.0512 
0 .1130 

0. 9230 
0 .1970 

0.3399 
0.2810

6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 

6. 27e-003 
6. 27e-003 
6 .27e-003 
6 .27e-003 
6. 27e-003 
6. 27e-003 
6. 06e-003 
6. 06e-003 
6. 06e-003 

6. 06e-003 
6. 06e-003 
6. 06e-003 
6 06e-003 
4 .43e-003 
4 .43e-003 

4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 

3.96e-003 
3. 81e-003 
3. 81e-003 
3.81e-003 

3.81e-003 
3.81e-003 
3.81e-003 
3. 28e-003 
3.28e-003 
3 .28e-003 
3 .28e-003 
3.28e-003 
3.28e-003

1.Ole+000 1.97e+000

9. 25e-001 
i. 00e+000 
9.64e-001 
1. 00e+000

2. 92e+000 
2 .32e+000 

2. Ole+000 
1. 62e+000

1.OOe+000 9.10e-001

1. Ole+000 
8.55e-001 
1. 00e+000 
8.76e-001

1.32e+000 
8 .87e-001 
5. 68e-001 
2.18e+000

N-456

2 .25e-:01 
9. 98e-00! 
9. 89e-001 
9. 94e-001 
9. 27e-001 
8 17e-002 
1. Ole+000 

9. 99e-001 
9. 99e-001 
1. 00e+000 
9.64e-001 
1. 00e+000 
8.70e-001 
8.96e-001 
8.09e-001 
9. 77e-001 

1. 00e+000 
1. 00e+000 
9. 98e-001 
1. 00e+000 
3 31e-001 
9. 99e-001 

9. 90e-001 
1. 00e+000 
9.1.7e-001 
8. 56e-001 
1. OOe+000 

1. Ole+000 
1. 00e+000 
9. 90e-001 
1. 00e+000 

1. 00e+000 
1. 00e+000 
1. 00e+000 
9. 90e-001 
1. 00e+000 
1. 00e+000 
1. 00e+000 
1. 00e+000 
1.00e+000

L ! 62e÷.00 
S7. 66e-00 

3 .58e-00 
S2. 63e-00 
.1 .26e+00: 

3 12e-00: 
3.26e-00: 

1 75e-001 
6 32e+00( 
5 60e-00: 
9 90e-00: 
1 Ole+00( 
5 75e+OOC 
5 28e+00: 

4 30e+OOC 
1. 39e+OOC 
5. 91e-002 
8 33e-002 
9 51e+OOC 
2 . 02e+OOC 

2.41e+OOC 
3.57e-001 
1.39e+OOC 
4.83e-001 
8. 71e+001 

1.44e+000 
7. 42e-001 
9. 02e+000 
1 .39e+001 

1. 57e+000 
1.33e+001 
7. 77e-001 
3.37e+000 
1. sle+000 
1. 85e-001 
8. 65e-001 
5.02e-001 
6 .07e-001



14 

14 
15 
".6 
.6

3.92 
111. 92 
1118 .92 
1458.98 
1762.40 
1762.40

56 Bi-214 
56 Sc-46 
56 Ta-182 

475 K-40 
44 U-238 
44 Bi-214

1120.30 
1120.51 
1121.28 
1460.81 
1764.28 
1764.50

i.6-OOe+000 2.89e-0:C 
1.OOe+000 8.22e-00: 
1.OOe+000 2.87e+00: 
1.OOe+000 2.22e+00(

INITIAL NUCLIDE EVALUATION

Nuclide Energy Fraction Status Halflives

TH-232 

Hg-197 

-197 

Fr-223 

Ba-133 

U-235 

TB-160

1.1743/ 1.2813 = 

1.3247/ 1.4997 = 

0.0057/ 0.2302 = 

0.0350/ 0.2050 =

U-238 77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
77.11 

238.63 
338.40 
583.14 
911.07 
968.90 
Total 
77.35 
80.20 

191.38 
268.73 
Total 
77.35 

191.31 
Total 
80.00 

234.60 
Total 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83.78 

143.76 
185.72 
236.00 
269.60 
351.10 
Total 
86.80 

197.04 
215.65 
298.57 
876.37 
962.36 
966.17 

1177.95 
1271.88 

Total

Absent 
Present 
Present 
Present 
Present 
PRESENT 
Absent 
Present 
Present 
Present 
Present

(

1.000 
0.3510 
0.1070 
0.1504

2.26e-003 
2.26e-003 
1.80e-003 
1. 53e-003

0.1070 
0.1920 
0.3710 
0.4609 
0 .1504 
1.2813 
0.1750 
0.4310 
0.1201 
0.3090 
0 .2900 
0.1746 
1.4997 
0 .1900 
0.0340 
0 .0057 
0 .0005 
0.2302 
0 .1700 
0.0350 
0.2050 
0.0001 
0.0001 
0.0002 
0.3429 
0 .0709 

0 .1816 
0.6200 
0.0897 
1.3051 
0.1480 
0.2460 
0.1050 
0.5400 
0.1100 
0.1340 
0.1200 
1.4030 
0.1340 
0.0524 
0.0402 
0.2740 
0.3000 
0.1000 
0.2550 
0 .1550 
0.0760 
1 .3866

91.6491 %) 

88.3310 %) 

2.4761 ) 

17.0732 %) 

50.0000 t) 

47.5059 %) 

54.8824 %) 

45.3628 1)

0. 00C 

0 0 00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

Present.  
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Present 
ABSENT ( 
Absent 
Absent 
Absent 
Present 
Absent 
Present 
Present

Calc 
0.0001/

0.6200/ 1.3051 = 

0.7700/ 1.4030 = 

0.6290/ 1.3866 =

Absent 
Absent 
ABSENT

N-457

0.0002 =

(



H7- '- 17c5 

.1-67 

Ga-67 

Ta-182

39.36 
343.4.: 

432.80 
Total 
93.30 

184.50 
Total 
93.30 

184.60 
300.20 
Total 
100. 0 
152 .43 
222 .0

1121.28 
1189.04 
1221.42 
1230.97 

Total 
Te-131m 102.06 

149.71 
200.63 
240.93 
334.27 
452.30 
773 .67 
782.49 
793 .75 
822 .78 

852.21 
1125.46 
1206 .60 

Total 
Sm-155 104.30 

141.41 
245.73 
Total 

Np-239 106.10 
209.80 
228 .10 
277.60 
315.90 
334.30 
Total 

EU-152M 121.78 
344.20 
841.60 
963.50 
Total 

Eu-152 121.78 
244.67 
344.30 
778 .90 

964 .00 
1085.80 
1112.07 
1408.08 

Total 
Eu-154 123.10 

248.00

0.0235 
0.8692 
0.0156 
0.9083 
0.1690 
0.4700 
0.6390 
0.3800 
0 .2360 
0.1900 
0.8060 
0.1411 
0.0720 
0 .0758 
0.3510 
0.1636 
0 .2713 
0 .1155 

1.1903 
0.0790 
0.2054 
0. 0752 
0 .0755 
0.0952 
0.0567 
0.3800 
0.0775 
0.1380 
0.0609 
0 .2093 

0 .1137 
0 .0971 

1.6635 
0.7464 
0.0202 
0.0373 
0.8039 
0.2320 
0.0410 
0.1270 
0.1420 
0.0150 
0.0200 
0.5770 
0.0720 
0.0250 
0.1470 
0.1200 
0.3640 
0.3068 
0.0772 
0.2720 
0.1272 
0.1433 
0.1010 
0.1340 
0.2073 
1.3688 
0.4047 
0.0660

Absent 
Present 
Absent 
PRESENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
Present 
ABSENT " 
Absent 
Present 
Present 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present

0.8692/ 0.9083 = 

0.4700/ 0.6390 = 

0.4260/ 0.8060 = 

0.3510/ 1.1903 = 

0.1707/ 1.6635 = 

0.0373/ 0.8039 = 

0.0200/ 0.5770 = 

0.1450/ 0.3640 = 

0.4925/ 1.3688 =

95.6952 %) 

73.5524 %) 

52.8536 %) 

29.4884 %) 

10.2615 %) 

4.6425 %) 

3.4662 %) 

39.8352 %) 

35.9804 %)

N-458

0.01c1 

0. 00c 

0 .000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



723.30 
873.:9 
996.32 

1004.76 
1274.39 

Total 
IN-116M 137.92 

244.59 
416.88 
463 .13 
818.65 

1097.23 
1293.49 
1507.50 
1601.12 
1752.42 
2212.21 

Total 
Mo-99 140.51 

181.07 
739.40 
Total 

Fe-59 142.65 
192.34 

1099.22 
1291.56 

Total 
Ra-223 144.30 

154.30 
269.60 
338.60 
Total 

Zn-72 144.70 
191.50 
Total 

Mg-27 170.82 
332.73 
843.80 

1014.50 
Total 

Sb-125 176.29 
380.51 
427.95 
463 .51 
600.77 
606.82 
636.15 
671.66 
Total 

Ra-226 186.20 
Total 

Xe-125 188.43 
243.40 
Total 

In-114m 190.24 
558.43 
725.24 

1283.67 
1299.83 

Total

0 1970 
0 1150 
0.1029 
0.1736 
0.3550 
1.4143 
0.0350 
0 .0038 

0.2937 
0.0083 
0.1372 
0 .6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011 
0.0379 
0.0629 
0.1260 
0.2268 
0.0103 
0.0311 
0.5680 
0.4320 
1.0414 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.8300 
0.0940 
0.9240 
0.0070 
0.0100 
0.7140 
0.2860 
1.0170 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840 
0.0520 
0.1120 
0.0180 
0.8390 
0.0001 
0.0001 
0.5500 
0.2871 
0.8371 
0.1564 
0.2850 
0.2810 
0.0003 
0.0012 
0.7239

Absent 
Absent 
ABSENT ( 0.  
Absent 
Present 
Absent 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Unable to Calc 
ABSENT ( 0.  
Absent 
Present 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.( 
Unable to Calc 
PRESENT ( 0.( 
Present 
Present 
PRESENT ( 0.E 
Present 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.4

Present 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent

0038/ 2.5011 = 

0629/ 0.2268 = 

0311/ 1.0414 =

0001/ 0.0004 =

0940/ 0.9240 = 

0100/ 1.0170 =

)520/ 

)001/

0.8390 = 

0.0001 =

B371/ 0.8371 = 

•374/ 0.7239 =

18.5976 %)

0.1519 %) 

27.7266 %W) 

2.9864 t) 

25.0000 %) 

10.1732 t) 

0.9833 t) 

6.1979 t) 

100.0000 t) 

100.0000 t) 

60.4227 k)

N-459

0.00

0.00( 

0.00( 

0. 00c 

0. 00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

( 0.2630/ 1.4143 =



Mc -I I1

Ac-228 

Th-227 

Ra-224 

Xe-135 

Kr-79 

Cd-117 

a-231 

Ce-143 

Ir-192 

Tl-210 

Ag-113 

Pa-233 

-167 

Au-196

1.91.93 
535.33 
590.32 
695.53 

1012.35 
Total 

209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

236.00 
329.90 
Total 

241.08 
Total 

247.79 
Total 

261.30 
397.50 
511.00 
606.10 
Total 

273.28 
344.46 
434.22 

1303.34 
1576.80 

Total 
283.60 
299.90 
302.50 
Total 

293.26 
664.55 
721.96 
Total 

295.96 
308.46 
316.51 
468.06 
612.45 
Total 

296.00 
795.00 

1060.00 
1210.00 
1310.00 

Total 
298.40 
Total 

300.10 
311.90 
Total 

321.30 
346.50 
Total 

332.90

0 .810 
3.1135 
0.1930 
0.0660 
0 .1135 

0.6670 
0.0001 
0.0001 
0 .0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.0001 
0.0001 
0 .0002 
0.0001 
0.0001 
0 .9000 

0 .9000 

0 .1270 

0. 0950 
0 .1500 

0 .0810 
0.4530 
0.2900 
0.1769 
0.1047 
0.1827 
0 .1119 

0 .8662 

0.0001 
0.0001 
0.0001 
0.0003 
0.4200 
0.0525 
0.0512 
0.5237 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0005 
0.0900 
0.0900 
0.0633 
0.3700 
0.4333 
0.2390 
0.5700 
0.8090 
0.2,300

0.0006 = 

0.0002 = 

0.0001 =

Unable to 
ABSENT ( 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Unable to 
Absent 
ABSENT 
Present 
Absent 
Present 
PRESENT 
Present 
Absent 
Absent 
Absent 
Present 
ABSENT 
Unable to 
Absent 
Absent 
Absent'.  
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT ( 
Absent 
Present 
ABSENT 
Present

Present 
Present 
Absent 
Absent 
Absent 
ABSENT C 0.  
Absent 
Unable to Calc 
Absent 
Unable to Calc 
Unable to Calc

Calc

0.0001/ 0.0003 = 

0.4712/ 0.5237 =

0.3415/ 
Calc

1. 9478 =

0.0001/ 0.0005 = 

0.0900/ 0.0900 = 

0.0633/ 0.4333 = 

0.5700/ 0.8090 =

33.3333 %) 

89.9752 %) 

17.5326 %) 

20.0000 %) 

100.0000 %) 

14.6088 %) 

70.4574 %)

N-460

2945/ 0.6670 = 44.1529 %) 

66.6667 %) 

50.0000 %) 

100.0000 %) 

100.0000 %) 

50.9934 k) 

20.4225 k)

0.9000/ 0.9000 = 

0.2310/ 0.4530 = 

0.1769/ 0.8662 =

0.00( 

0. OOC 

0. 00C 

0.000 

0.00c 

0.000 

0.000

Calc 
0.0004/ 

Calc 

0.0001/ 
Calc 

0.0001/

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



355.70 
To caI 

:n-!15m 336.20 
Total 

'-95 336.40 
1096.80 

Total 
Cs-136 340.60 

340.60 
818.50 
818 .50 

1048 .07 

1048.10 
1235.34 

Total 
Pt-197m 346.50 

Total 
Na-24 346.55 

857.55 
1368.53 
1732.10 

Total 
Bi-211 351.00 

Total 
Zn-71m 386.28 

487.34 
511.55 
596.97 
620.19 
Total 

-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

KR-85 514.00 
Total 

Sb-129 544.70 
812.80 
914.60 

1030.10 
Total 

'-134 563.26 
569.29 
604.66 
"795.76 
801.84

0.8760 
1.1060 
0.4590 
0.4590 
0.7100 
0.2100 
0.9200 
0.4890 
0.4676 
0.9970 
0.9970 
0.7976 
0.7980 
0.1974 
4.7436 
0.1110 
0.1110 
0 .0100 
0 .0100 
1.0000 
0.0100 
1.0300 
0.0001 
0.0001 
0 .9200 

0.6164 
0.2806 
0.2760 
0.5612 
2.6542 
0.9050 
0.9320 
0.9230 
2.7600 
0.2450 
0.8640 
0.2040 
0.1950 
0.3070 
1.8150 
0.1767 
0.8030 
0.9797 
0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.1920 
0.4600 
0.2140 
0.1350 
1.0010 
0.0838 
0.1543 
0.9756 
0.8544 
0.0873

Present 
PRESENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Present 
ABSENT 
Absent 
Present 
Absent

1.1060/ 1.1060 = 

0.4590/ 0.4590 = 

0.7100/ 0.9200 = 

0.9566/ 4.7436 =

0.1110/ 
Calc 

0.0100/ 
Calc 

0.0001/

(

Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT T 
Present, 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent

0.1110 = 

1.0300 = 

0.0001 =

0.2806/ 2.6542 = 

1.8550/ 2.7600 = 

0.8640/ 1.8150 =

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

0.2140/ 1.0010 =

- 0-0.0000 %: 

100.0000 %) 

77.1739 %) 

20.1661 %) 

100.0000 0%) 

0.9709 %) 

100.0000 %) 

10.5719 %) 

67.2102 %) 

47.6033 k) 

18.0361%) 

100.0000 k) 

100.0000 %) 

100.0000 k) 

21.3786 %)

N-461

0.00 

0.00 

0.00( 

0. 00c 

0. 00C 

0. 00C 

0. OOC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Total 
ob-124 602.72 

645.82 
722.78 

1691.02 
Total 

zBi-214 609.30 
768.40 

1120.30 
1764.50 

Total 
Zr-95 724.18 

756.72 
Total 

Bi-2!2 727.30 
785.50 

1620.60 
Total 

Sn-127 823.10 
1095.60 
1114.30 

Total 
Sc-46 889.25 

1120.51 
2009.76 

Total 
Zn-65 1115.52 

Total 
Ni-65 1115.53 

1481.84 
Total 

-40 1460.81 
Total

2.1554 
0 .9830 
0 .0723 

0.1130 
0.4900 
1.6583 
0.0001 
0.0001 
0 .0001 
0.0001 
0.0004 
0.3399 
0.5460 
0.8859 
0.0001 
0.0001 
0.0001 
0.0003 
0.1060 
0.1940 
0.3800 
0.6800 
1.0000 
1.0000 
0 .1000 
2.1000 
0.5075 
0.5075 
0.1513 
0.2350 
0.3863 
0.1070 
0.1070

ABSENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Unable to 
Absent 
Unable to 
Unable to 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
PRESENT

0.9756/ 2.1554 =

0.1130/ 
Calc 

Calc 
Calc 

0.0003/ 

0.3399/ 
Calc

1.6583 = 

0.0004 = 

0.8859 =

0.0001/ 0.0003 = 

0.3800/ 0.6800 = 

1.0000/ 2.1000 = 

0.5075/ 0.5075 = 

0.1513/ 0.3863 = 

0.1070/ 0.1070 =

45.2631

6.8142 %) 

75.0000 %) 

38.3678 %) 

33.3333 %) 

55.8824 %) 

47.6190 %) 

100.0000 ?6) 

39.1665 !) 

100.0000 %)

0.00( 

0 .00 C 

0 .0O0C 

0 .00 C 

0 .000 

0.000 

0.000 

0.000 

0.000

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

5 158 Ce-143 721.96 1.68e-004 48 293.26 2.94e-003 158 
5 0 U-238 609.32 1.76e-003 237 295.22 1.34e-003 0 
6 82 TH-232 238.63 3.55e-003 431 338.40 7.53e-004 82 
7 269 U-238 609.32 1.76e-003 237 351.99 2.25e-003 269 
9 153 TH-232 .238.63 3.55e-003 431 583.14 1.22e-003 149

PEAK INTERFERENCE CORRECTION

Pk# New Area Nuclide Energy Status 

5 0 Ag-113 298.40 Deleted [ Net < Critical Level ] 
6 0 Au-196 332.90 Deleted C Net < Critical Level ] 
6 0 In-llSm 336.20 Deleted [ Net < Critical Level ] 
6 0 HF-175 343.40 Deleted [ Net < Critical Level ] 
7 0 Pt-197m 346.50 Deleted [ Net < Critical Level ] 
7 0 Bi-211 351.00 Deleted [ Net < Critical Level ] 
7 0 Au-196 355.70 Deleted [ Net < Critical Level ] 

'- 9 4 Tl-208 583.14 Deleted [ Net < Critical Level I
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SECONDARY NUTCLIDE EVALUATION 

Nuclide Energy Fraction Status
Ha1 lflives238 77.11 

295.22 
351.99 
609.32 

1764.28 
Total 

HF-175 89.36 
343.40 
432.80 
Total 

Ag-113 298.40 
Total 

Au-196 332.90 
355.70 
Total 

In-li5m 336.20 
Total 

Pt-197m 346.50 
Total 

Bi-211 351.00 
Total 

Tl-208 510.72 
583.14 
Total

0.1070 
0.1920 
0 .3710 
0 .4609 
0.1504 
1 .2813 

0.0235 
0.8692 
0.0156 
0.9083 
0. 0900 
0 .0900 
0 .2300 
0.8760 
1. 1060 
0.4590 
0.4590 
0.1110 
0.1110 
0.0001 
0.0001 
0.0001 
0.0001 
0.0002

Absent 
Absent 
Present 
Present 
Present 
ABSENT 
Absent 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Unable t( 
Absent 
ABSENT

0.0000/ 
SCaic

(

0.0001 =

0.0001/ 0.0002 =

0.9823/ 1.2813 = 

0.0000/ 0.9083 = 

0.0000/ 0.0900 = 

0.0000/ 1.1060 = 

0.0000/ 0.4590 = 

0.0000/ 0.1110 =

0. 00 C 

0.000 

0.000 

0.000

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC Nuclide (keV) (pci /g ) (hrs) Found Fraction

Ra-226 
Xe-125 

Ra-224 
Xe-135 
Ce-143 

Annihila 
KR-85 
Zn-65 
K-40

Average: 
238.63 
338.40 
583.14 
911.07 
968.90 
186.20 

Average: 
188.43 
243.40 
241.08 
247.79 

Average: 
293.26 
721.96 
511.00 
514.00 

1115.52 
1460.81

1. 46e+000 
1.40e+000 
1. 26e+000 
1.41e+000 
1. 97e+000 
1. 32e+000 

3.08e-001 
2.06e-001 
5. 02e-0Odl 

1.63e-001 
6.65e-001 
6.33e-001 
3 .37e+000 

8.71e+001 
5.68e-001 
2.87e+001

+-8.34e-002 
+-1.l1e-001 
+-3.72e-001 
+-1.83e-001 
+-2.40e-001 
+-3.64e-001 

BKG 
+-7.36e-002 
+-9.09e-002 
+-1.25e-001 

BKG 
+-4.06e-002 
+--l.03e-001 
+-i.04e-001 
+-9.53e-001 

I.D.Only 
+-1.33e+001 
+-1.54e-001 
+-1.37e+000

1. 24e+014

1. 00e+012 
1. 68e+001 

1. 00e+012 
9. 10e+000 
3 .30e+001 

1. 00e+003 
9.39e+004 
5. 86e+003 
1. 12e+013

5 of 6 0.00 

0.00
1 of 1 
2 of 2

1 of 
1 of 
2 of

1 
1 
1 
1

of 
of 
of 
of

1 
1 
3 

1 
1 
1 
1

3.32

9.47

1.19e+002 pCi MPC Total:

UNKNOWN PEAKS

N-463

"TH-232

)TAL: 12.80

N'•I f] iv•,•

76.6643 %) 

0.0000 0%) 

0.0000 %) 

0.0000 %) 

0.0000 %) 

0.0000 %) 

0.0000 k) 

50.*0000 P)



Energy Centrozd 
AkeV) Channel 

152.37 715.44 
,09.27 1249.54 

•J1762.40 3646.91

Nem Un- C.L. Bkg.  
Counts Certainty Counts Counts 

269 28 43 202 
237 21 28 81 

44 10 15 16

FWHM Net 
(keV) Gamma/sec 

1.38 1.232e+001 
1.30 1.727e+001 
1.65 8.000e+000
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Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID SC-14 

---------------------------------------------------------------

Sample Size ........ 7.25e+002 g Spectrum File .......... TEMP.SP( 
Sampling Start ..... 10-13-97 11:15 Counting Start ..... .10-13-97 11:1i 
Sampling Stop ..... 10-13-97 11:15 Live Time ........... 3600 Sec 
Current Date ...... 10-14-97 10:37 Real Time ............. 0 Sec 
---------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:4ý 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:4' 
Where En = Sqrt (Energy in keV) 

..........................---------------------------------------------------. 
.  Sensitivity ............ 2.00 Search Start / End ..... . 0 / 409E 

Sigma Multiplier ......... 1.00 I 
---------------------- 

:-----------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (.keV) FLAG 

1 78.17 145.37 115 39 67 627 1.02 
2 239.11 479.98 662 41 60 438 1.35 

\- 3 295.77 597.77 72 29 52 275 1.03 
4 338.67 686.97 157 28 47 220 1.50 
5 352.01 714.70 147 24 36 164 1.20 
6 510.77 1044.76 145 22 35 133 1.85 
7 582.95 1194.82 214 22 31 108 1.74 
8 609.11 1249.22 135 18 26 73 1.25 
9 910.44 1875.68 179 19 25 58 1.68 

10 968.15 1995.66 112 17 26 64 2.03 
11 1458.87 3015.87 584 26 16 20 2.12
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Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-14 

--------------------------------------------------------------------------------
Sample Size ............. 7.25e+002 g Spectrum File ................ TEMP.SPC 
Sampling Start ....... .10-13-97 11:15 Counting Start ....... .. 10-13-97 11:15 
Sampling Stop ....... .10-13-97 11:15 Buildup Time .......... .0.00e+000 Hrs 
Current Date ......... 10-14-97 10:37 Decay Time .... ........ 0.00e+000 Hrs 

--------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef I Library File. . .c:\gdr\library\nes.lib 
ID ................................. I IDGeneral Radionuclide Analysis Library

Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*EnA8.62e-001] 12-05-96 10:47
Gamma Fraction Limit >= ... 80.00 % I Decay Limit <= .. ... 8.000 Halflires

INITIAL-NUCLIDE IDENTIFICATION

Pk# Energy counts Nuclide Energy Fraction Eff Decay Conc

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
3 
3 
3 
3 
3 
3 

3 
3 
3 
4 

4

78.17 
78.17 
78.17 
78.17 
78.17 
78.17 
78.17 
78.17 
78.17 
78.17 
78.17 
78.17 

239.11 
239.11 
239.11 
239.11 
239.11 
239.11 
239.11 
239.11 
239.11 
239.11 
295.77 
295.77 
295.77 
295.77 
295.77 
295.77 
295.77 
295.77 
295.77 
338.67 
338.67

115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
662 
662 
662 
662 
662 
662 
662 
662 
662 
662 

72 
72 
72 
72 
72 
72 
72 
72 
72 

157 
157

U-238 
TH-232 
Hg-197 
Pt-197 
Fr-223 
Ce-144 
Hg-197 
Hg-199M 
Xe-133 
Ba-133 
U-235 
U-235 
Xe-133m 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Ce-143 
U-238 
Ir-192 
Tl-210 
Ag-113 
TB-160 
Pa-231 
Pa-233 
Ga-67 
Mg-27 
Au-196

77.11 
77.11 
77.35 
77.35 
80.00 
80.00 
80.20 
80.20 
80.99 
81.00 
81.07 
83.78 

233.20 
234.60 
236.00 
236.00 
238.63 
240.93 
241. 08 
243.40 
244.59 
244 :67 
293.26 
295.22 
295.96 
296.00 
298.40 
298.57 
299.90 
300.10 
300.20 
332.73 
332.90

0.1070 
0.1750 
0.1900 
0.1700 

0.0200 
0.0340 
0.1110 
0.3700 
0.3429 
0.1480 
0.2460 
0.1000 

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.4200 
0.1920 
0.2872

6.28e-003 
6.28e-003 
6.28e-003 
6.28e-003 

6.28e-003 
6.28e-003 
6. 28e-003 
6.28e-003 
6. 28e-003 
6.28e-003 
6. 28e-003 
8.24e-003 

8.24e-003 
8.24e-003 
8.24e-003 

8.24e-003 
8.24e-003 
8. 24e-003 
7.00~e-003 
7.00e-003 
7.00~e-003

1. 00e+000 
1. 01e+000 
9. 95e-001 
9.81e-001 

1. 00e+000 
9. 95e-001 
3 .31e-001 
9. 97e-001 
1.00e+000 
1. 00e+000 
1. 00e+000 
9. 94e-001 

1.00e+000 
1. 01e+000 
9. 89e-001

9. 80e-001 
6. 99e-001 
1. 00e+000 
9. 90e-001 
1. 00e+000 
1. 00e+000

1. 77e+000 
1. 07e+000 
1.00e+000 
1.-14e+000 

9. 48e+000 
5. 61e+000 
5. 17e+000 
5. 14e-001 
5. 53e-001 
1. 28e+000 
7. 71e-001 
8.38e+000 

7.57e+000 
1. 91e+000 
1. 12e+001 

2. 96e+000 
3. 13e+002 
1.08e+001 
2.56e-001 
5.54e-001 
3.71e-001

0.0900 7.00e-003 
0.2740 7.00e-003

9.38e-001 1.26e+000 1.00e+000 3.89e-001

0.0633 
0.1900 
0.0100 
0.2100

7.00~e-003 
7.00~e-003 
6.27e-003 
6-27a-003

9. 99e-001 
9. 96e-001 
2.25e-001 
9. 98e-001

1. 68e+000 
5.63e-001 
1. 15e+002 
1. 13e+000
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4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 

6 6 
6 
6 
6 
6 
6 
6 
7 
7 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 

10 
10 
10 
10 
10 
10 
10 
11

338 .67 
338 67 
338.67 
338.67 
338 .67 
338.67 
338.67 
338.67 
338.67 
338 .67 
338.67 
338.67 
338.67 
352.01 
352.01 
352.01 
352.01 
352.01 
352.01 
352.01 
352.01 
510 .77 
510.77 
510.77 
510.77 
510.77 
510.77 
510.77 
510.77 
582 .95 

582 .95 
609.11 
609.11 
609.11 
609.11 
609.11 
609.11 
609. 11 
910.44 
910 .44 
910.44 
968.15 
968.15 
968 .15 
968.15 
968.15 
968.15 
968.15 

1458.87

157 "e-131m 
157 Np-239 
157 In-ll5m 
157 Ru-95 
157 TH-232 
157 Ra-223 
157 Ac-228 
157 Cs-136 
157 Cs-136 
157 HF-175 
157 EU-152M 
157 Eu-152 
157 Cd-117 
147 Ho-167 
147 Pt-197m 
147 Na-24 
147 Bi-211 
147 U-235 
147 U-238 
147 Au-196 
147 Ba-133 
145 Mo-101 
145 Te-121 
145 Tl-208 
145 Kr-79 
145 Annihila 
145 Zn-71m 
145 Rh-106m 
145 KR-85 
214 Tl-208 
214 TH-232 
135 Cs-134 
135 Kr-79 
135 Sb-125 
135 Bi-214 
135 U-238 
135 Ir-192 
135 Ag-108m 
179 TH-232 
179 Ac-228 
179 Sb-129 
112 TB-160 
112 EU-152M 
112 Eu-152 
112 Ac-228 
112 TB-160 
112 Ac-228 
112 TH-232 
584 K-40

334.27 
334.30 
336.20 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343.40 
344.20 
344.30 
344.46 
346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 
583.14 
583.14 
604.66 
606.10 
606.82 
609.30 
609.32 
612.45 
614.37 
911.07 
911.20 
914.60 
962.36 
963.50 
964.00 
964.40 

966.17 
968.80 
968.90 

1460. 81

0.2550 2.56e-003 

0.1746 2.56e-003 
0.1070 1.80e-003

0.0952 
0.0200 
0.4590 
0.7100 
0.1201 

0.4890 
0.4676 
0.8692 
0.0250 
0 .2720 
0.1769 
0 .5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.2900 

0.2140 
0.1000 
0.1200 
0.1433

6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 
6. 27e-003 

6.27e-003 
6.27e-003 
6.27e-003 
6. 27e-003 
6.27e-003 
6. 27e-003 
6. 07e-003 
6. 07e-003 
6.07e-003 

6.07e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 
4.43e-003 
4.43e-003 

4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 
4 .43e-003 

3.96e-003 
3.81e-003 
3.81e-003 
3.81e-003 

3.81e-003 
3. 81e-003 
3.81e-003 
2. 70e-003 

2.70e-003 
2. 56e-003 
2.56e-003 
2.56e-003

1.00e+000 1.78e+000 

1.01e+000 2.57e+000 
1.00e+000 3.14e+001

INITIAL NUCLIDE EVALUATION

Nuclide Energy Fraction Status Half lives

238 77.11 0.1070 Present 
295.22 0.1920 Present 
351.99 0.3710 Present 
609.32 0.4609 Present 

1764.28 0.1504 Absent 

N-467

9.94e-001 
9. 27e-001 
8.17e-001 
1. 01e+000 

9. 99e-001 
9. 99e-001 
1. 00e+000 
9. 64e-001 
1. 00e+000 
8. 70e-001 
8. 96e-001 
8 09e-001 
9. 77e-001 

1. 00e+000 
1 00e+000 
9. 98e-001 
1. 00e+000 
3 31e-001 
9. 99e-001 

9. 90e-001 
1.00e+000 
9. 17e-001 
8. 56e-001 
1. 06e+000 

1. 01e+000 
1. 00e+000 
9. 90e-001 
1 . O0e+000 

1. 00e+000 
1. OOe+000 
1.00e+000 
1.01e+000 

9.25e-001 
1. 00e+000 
9. 64e-001 
1.00e+000

2.  

6.!0e-00 
4.48e-00 
S2.14e+00 

5 .31e-00 
5. 55e-00: 
2. 99e-00: 
1. 08e+00: 
9. 54e-00: 
1. 69e+00( 
4 91e-00: 
2. 79e+00( 
2 57e+00: 

2. 09e+00( 
6. 74e-00: 
2.87e-00: 
4 .05e-00: 
9. 01e+00C 
1.92e+00C 

2.28e+00( 
3.39e-002 
1. 32e+OOC 
4 .58e-001 

8.26e+002 

1.80e+OOC 
3. 76e-001 
4. 57e+000 
7. 05e+000 

7. 94e-001 
6. 75e+000 
3.93e-001 
2.35e+000 

3 .47e+000 
4.53e+000 
3.92e+000 
3. 16e+000



2:-232 

Hg-197 

Pt-197 

Fr-223 

Ce-144 

Hg-199m 

Xe-133 

Ba-133 

U-235 

TB-160 

HF-175 

-67

1.1309/ 1.2813 = 88.2619 %'
Total 
77.11 

238 .63 
338.40 
583 14 
911 .07 
968 .90 

Total 
77.35 
80.20 

191.38 
268.73 
Total 
77.35 

191 .31 
Total 
80.00 

234.60 
Total 
80.00 

133.54 
Total 
80.20 

158.37 
374.10 
Total 
80.99 
Total 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83.78 

143.76 
185.72 
236.00 
269.60 
351.10 
Total 
86.80 

197.04 
215.65 
298.57 
876.37 
962.36 
966. 17 

1177.95 
1271. 88 

Total 
89.36 

343.40 
432.80 
Total 
93.30 

184.60 
300.20 
Total

1.2813 
0 .1750 
0 .4310 
0.1201 
0.3090 
0.2900 
0.1746 
1.4997 
0 .1900 

0 .0340 
0.0057 
0.0005 
0 .2302 
0 .1700 
0.0350 
0.2050 
0.0001 
0. 0001 
0 .0002 

0 .0200 

0 .1110 
0.1310 
0.1110 
0.5840 
0.1380 
0.8330 
0.3700 
0.3700 
0.3429 
0.0709 
0. 1816 
0.6200 
0 .0897 
1.3051 
0.1480 
0.2460 
0.1050 
0.5400 
0.1100 
0.1340 
0.1200 
1 .4030 
0.1340 
0.0524 
0 .0402 

0.2740 
0.3000 
0.1000 
0.2550 
0.1550 
0.0760 
1.3866 
0.0235 
0.8692 
0.0156 
0.9083 
0.3800 
0.2360 
0.1900 
0.8060

PRESENT 
Present 
Present 
Present 
Present 
Present 
Present 
PRESENT 
Present 
Present 
Absent 
Absent 
PRESENT 
Present 
Absent 
PRESENT 
Unable to 
Unable to 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
Absent 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Present 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Present 
Present 
Absent 
Absent 
ABSENT ( 
Absent 
Present 
Absent 
PRESENT 
Absent 
Absent 
Present 
ABSENT

0.2050 = 

0.0002 =

0.0200/ 0.1310 = 

0.1110/ 0.8330 = 

0.3700/ 0.3700 = 

0.9629/ 1.3051 = 

0.6240/ 1.4030 = 

0.6290/ 1.3866 = 

0.8692/ 0.9083 = 

0.1900/ 0.8060 =

0.2240/ 0.2302 =

N-468

1.4997/ 1.4997 = 100.0000 %)

0.1700/ 
Calc 
Calc 

0.0002/

97.3067 %) 

82.9268 %) 

100.0000 %) 

15.2672 %) 

13.3253 %) 

100.0000 %) 

73.7798 %) 

44.4761 %i) 

45.3628 k) 

95.6952 %) 

23.5732 %)

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Te-L3>' 02.06 
149. 7 
200.63 
240.93 
334.27 
452.30 
773.67 
782.49 
793 .75 
822 .78 
852.21 

1125 .46 
1206 .60 

Total 
Np-239 106.10 

209.80 
228 .10 
277.60 
315.90 
334.30 
Total 

EU-152M 121.78 
344.20 
841.60 
963.50 
Total 

Eu-152 121.78 
244 .67 

344.30 
778 .90 

964 .00 

1085.80 
1112 .07 
1408.08 

Total 
IN-116M 137.92 

244.59 
416.88 
463.13 
818.65 

1097.23 
1293.49 
1507.50 
1601.12 
1752.42 
2212.21 

Total 
Ra-223 144.30 

154.30 
269.60 
338.60 
Total 

Mg-27 170.82 
332.73 
843.80 

1014.50 
Total 

zb-125 176.29 
380.51 
427.95

0.0790 
0.2054 
0.0752 
0 .0755 

0.0952 
0.0567 
0.3800 
0.0775 
0-. 1380 
0.0609 
0.2093 
0 .1137 

0.0971 
1.6635 
0.2320 
0.0410 
0 .1270 

0 .1420 

0 .0150 

0 .0200 
0.5770 
0.0720 
0 .0250 
0 .1470 

0 .1200 

0.3640 
0.3068 
0.0772 
0 .2720 

0. 1272 
0 .1433 
0 .1010 

0 .1340 

0.2073 
1.3688 
0 .0350 
0 .0038 
0.2937 
0.0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.0070 
0.0100 
0.7140 
0.2860 
1.0170 
0.0630 
0.0140 
0.2960

Absent 
Absent 
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.  
Absent 
Present 
Absent 
Present 
ABSENT ( 0.  
Absent 
Present 
Present 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Unable to Calc 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent

1707/ 1.6635 = 

0200/ 0.5770 = 

1450/ 0.3640 = 

4925/ 1.3688 = 

0038/ 2.5011 = 

0001/ 0.0004 = 

0100/ 1.0170 =

10.2615 %) 

3.4662 %) 

39.8352 %) 

35.9804 %) 

0.1519 %) 

25.0000 k) 

0.9833 %)

N-469

0. 00 c 

0. OOC 

0.000 

0.000 

0.000 

0.000 

0.000

i



463.5: 
600.77 
606.32 
636.15 
671.66 
Total 

-Xe-125 188.43 
243.40 
Total 

Mo-101 191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

Xe-133m 233.20 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

7r-79 261.30 
397.50 
511.00 
606.10 
Total 

Cd-117 273.28 
344.46 
434.22 

1303.34 
1576.80 

Total 
Pa-231 283.60 

299.90 
302.50 
Total 

Ce-143 293.26 
664.55 
721.96 
Total 

Ir-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Tl-210 296.00 
795.00 

1060.00 
1210.00 
1310.00 

Total

0 .1000 
0. 840 
0 .0520 

0.1120 
0.0180 
0.8390 
0.5500 
0.2871 
0.8371 
0 .1810 

0.1135 
0.1930 
0. 0660 
0.1135 
0 .6670 
0.0001 
0.0001 
0.0001 
0.0001 
0 .0001 
0.0001 
0.0006 
0. 1000 
0. 1000 
0.0001 
0.0001 
0 .0002 

0.0001 
0.0001 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530 
0.2900 
0.1769 
0.1047 
0.1827 
0.1119 
0.8662 
0.0001 
0.0001 
0.0001 
0.0003 
0.4200 
0.0525 
0.0512 
0.5237 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0005

Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0 
Absent 
Present 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Unable to Calc 
Unable to Calc 
Unable to Calc 
ABSENT ( 0.  
Present 
PRESENT ( 0.  
Unable to Calc 
Absent 
ABSENT ( 0.  
Unable to Calc 
PRESENT C 0.  
Absent 
Absent 
Present 
Present 
ABSENT C 0.  
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
ABSENT ( 0.  
Present 
Absent 
Absent.  
PRESENT.( 0.• 
Present 
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.  
Unable to Calc 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 0.C 

N-470

0004/ 

1000/ 

0001/ 

0001/

0.0006 = 

0.1000 = 

0.0002 = 

0.0001 =

2310/ 0.4530 = 

1769/ 0.8662 = 

0001/ 0.0003 = 

1200/ 0.5237 = 

3415/ 1.9478 = 

o001/ 0.0005 =

6.1979 %1) 

34.2970 %) 

17.0165 %)

66.6667 %) 

100.0000 %) 

50.0000 k) 

100.*0000 %) 

50.9934 %) 

20.4225 k) 

33.3333 %) 

80.1986 %) 

17.5326 %r) 

20.0000 %)

0. 00C 

0.000 

0.000

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

.0520/ 0.8390 = 

2871/ 0.8371 = 

1135/ 0.6670 =

!



Ag- :"3 298.4.0 
Toca! 

Pa-233 300.10 
311.90 
Total 

o.-167 321.30 
346.50 
Total 

Au-196 332.90 
355.70 
Total 

In-115m 336.20 
Total 

Ru-95 336.40 
1096.80 

Total 
Cs-136 340.60 

340 .60 
818.50 
818. 50 

1048.07 
1048.10 
1235.34 

Total 
Pt-197m 346.50 

Total 
Na-24 346.55 

857.55 
1368.53 
1732.10 

Total 
, i211 351.00 

Total 
Zn-71m 386.28 

487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70

Te 

T!

Total 
•-121 507.59 

573.14 
Total 

.- 208 510.72 
583.14 
Total 

nihila 511.00 
Total 

•-85 514.00 
Total 

3-129 544.70

0.0900 
0.0633 
0 .3700 

0 .4333 
0.2390 
0.5700 
0. 8090 
0.2300 
0.8760 
1.1060 
0.4590 
0.4590 
0.7100 
0.2100 
0.9200 
0.4890 
0.4676 
0.9970 
0. 9970 
0 .7976 
0.7980 
0.1974 
4.7436 
0 .1110 

0 .110 

0 .0100 
0 .0100 
1.0000 
0.0100 
1. 0300 
0.0001 
0.0001 
0. 9200 
0.6164 
0.2806 
0.2760 
0.5612 
2.6542 
0.9050 
0.9320 
0 .9230 

2 .7600 
0 .2450 

0.8640 
0.2040 
0.1950 
0.3070 
1.8150 
0.1767 
0.8030 
0.9797 
0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.1920

Present 
PRESENT 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Present 
Present 
PRESENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Present

(

Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
-Present 
PRESENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent' 
ABSENT 
Present 
Absent 
ABSENT ( 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 =

0.0900/ 0.0900 = 

0.0633/ 0.4333 = 

0.5700/ 0.8090 

1.1060/ 1.1060 = 

0.4590/ 0.4590 = 

0.7100/ 0.9200 = 

0.9566/ 4.7436 = 

0.1110/ 0.1110 = 
Calc 

0.0100/ 1.0300 = 
Calc 

0.0001/ 0.0001 = 

0.2806/ 2.6542 = 

0.9320/ 2.7600 = 

0.8640/ 1.8150 =

N-471

100.oooo %) 

14.6088 %) 

70.4574 U) 

100.0000 %) 

100.0000 %) 

77.1739 %) 

20.1661 !) 

100.0000 %) 

0.9709 %) 

100.0000 %) 

10.5719 %) 

33.7681 %) 

47.6033 %) 

18.0361%) 

100.0000 %) 

100.0000 %) 

100.0000 %)

0. 00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000
•JKR

Sb



312 .3 0 
914 . 0 

1030.10 
Total 

563.26 
569.29 
604.66 
795.76 
801.84 
Total 

609.30 
768.40 

1120.30 
1764.50 

Total 
1460.81 

Total

-- 4600 
3 .2140 
0.1350 
1.0010 
0.0838 
0 .1543 
0 .9756 
0.8544 
0.0873 
2 .1554 
0.0001 
0.0001 
0 .0001 
0.0001 
0.0004 
0.1070 
0.1070

".-134 

B_-214 

K-40

Absent 
Present 
Absent 
ABSENT ( 0.2140/ 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.9756/ 
Unable to Calc 
Absent 
Absent 
Absent 
ABSENT ( 0.0001/ 
Present 
PRESENT ( 0.1070/

1.0010 = 

2.1554 =

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

1 115 U-238 609.32 1.76e-003 135 77.11 6.72e-004 52 
1 63 TH-232 911.07 7.83e-004 179 77.11 1.10e-003 63 
2 662 TH-232 911.07 7.83e-004 179 238.63 3.55e-003 662 
3 72 U-238 609.32 1.76e-003 135 295.22 1.34e-003 72 
4 157 TH-232 911.07 7.83e-004 179 338.40 7.53ie-004 157 
5 147 U-238 609.32 1.76e-003 135 351.99 2.25e-003 147 
7 214 TH-232 911.07 7.83e-004 179 583.14 1.22e-003 214 

PEAK INTERFERENCE CORRECTION 

Pk# New Area Nuclide Energy Status

Hg-197 
Pt-197 
Fr-223 
Hg-197 
Xe-133 
Xe-133m 
Fr-223 
Ra-224 
Ce-143 
Ag-113 
Au-196 
In-ll5m 
HF-175 
Pt-197m 
Bi-211 
Au-196 
Tl-208

77.35 
77.35 
80.00 
80.20 
80.99 

233.20 
234.60 
241.08 
293.26 
298.40 
332.90 
336.20 
343.40 
346.50 
351.00 
355.70 
583.14

Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
D6leted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted

Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net

Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical

Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level

SECONDARY NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives

N-472

0.0004 = 

0.1070 =

21.3786 %) 

45.2631 01) 

25.0000 %) 

100.0000 %)

0.000 

0.000 

0.000 

0.000

1 
1 
1 
1 

1 
2 
2 
2 

3 
3 
4 
4 
4 
5 
5 
5 
7



F] 

Xe 
HC 

Xe 

Ra 

CE

AS 

Au

Pt 

Bi 

TI

-7 77.35 
3C .20 

191.38 
268.73 
Total 

-- 197 77.35 
191.31 
Total 

r-223 80.00 
234.60 
Total 

e-133 80.99 
Total 

7-175 89.36 
343.40 
432.80 
Total 

e-133m 233.20 
Total 

•-224 241.08 
Total 

-143 293.26 
664.55 
721.96 
Total 

-113 298.40 
Total 

.- 196 332.90 
355.70 
Total 

-115m 336.20 
Total 

-197m 346.50 
Total 

-211 351.00 
Total 

-208 510.72 
583.14 
Total

0. 1900 
0.0340 
0.0057 
0.0005 
0.2302 
0.1700 
0.0350 
0.2050 
0.0001 
0.0001 
0.0002 
0.3700 
0 .3700 
0.0235 
0.8692 
0.0156 
0.9083 
0 .1000 
0 .1000 

0.0001 
0.0001 
0.4200 
0 .0525 

0 .0512 
0 .5237 
0.0900 
0.0900 
0.2300 
0.8760 
1. 1060 
0.4590 
0.4590 
0.1110 
0.1110 
0.0001 
0.0001 
0.0001 
0.0001 
0.0002

Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Unable tc 
Absent 
ABSENT

0.0000/ 0.2302 = 

0.0000/ 0.2050 = 

0.0000/ 0.0002 = 

0.0000/ 0.3700 = 

0.0000/ 0.9083 = 

0.0000/ 0.1000 = 

0.0000/ 0.0001 = 

0.0000/ 0.5237 = 

0.0000/ 0.0900 = 

0.0000/ 1.1060 = 

0.0000/ 0.4590 = 

0.0000/ 0.1110 = 

0.0000/ 0.0001 = 
o Calc 

0.0001/ 0.0002 =

0.0000 %) 

0.0000 k) 

0.0000 %) 

0.0000 %) 

0.0000 *%) 

0.0000 %) 

0.0000 %) 

0.0000 %) 

0.0000 %) 

0.0000 t) 

0.0000 %) 

0.0000 %) 

0.0000 %) 

50.0000 %)

0.00, 

0.00( 

0. 00( 

0 . 00C 

0. OOC 

0. OOC 

0. OOC 

0. OOC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /g ) (hrs) Found Fraction

Average: 
77.11 

295.22 
351.99 
609.32 

Average: 
77.11 

238.63 
338.40 
583.14 
911.07 
968.90 
511.00 
514.00

7.17e-001 +-7.14e-002 
7.99e-001- .+-.6.00e-001

+ý2.22e-001 
+-1.08e-001 
+-1.07e-001 
+-8.57e-002 
+-3.64e-001 
+-1.20e-001 
+-3.78e-001 
+-1.86e-001 
+-2.44e-001 
+-3.95e-001 

I.D.Only 
+-1.27e+001

5.54e-001 
6.74e-001 
7. 94e-001 
1. 91e+000 
5. 88e-001 
1. 91e+000 
2. 14e+000 
1. 80e+000 
2.35e+000 
2.57e+000 

8. 26e+001

4.12e+013

1. 24e+014 

1. 00e+003 
9. 39e+i004

4 of 5 0.00 

0.006 of 6

1 of 1 
1 of 1

U-238

TH-232 

'Annihila 
KR-85

N-473



K-4< 1460.81 3 .14e+001 +-1.37e+000 1.12e4-013 f 

TOTAL: 1.17e+002 pCi /g MPC Total: 0.00 
-----------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (key) Gamma/sec 

None
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Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID : SC-15 

---------------------------------------------------------------

Sample Size ........ 5.70e+002 g Spectrum File .......... TEMP.SP 
Sampling Start ..... 10-13-97 17:52 Counting Start ..... .10-13-97 17:5 
Sampling Stop ..... 10-13-97 17:52 Live Time ........... 3600 Se 
Current Date ...... 10-14-97 10:40 Real Time ............. 0 Se 
---------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:4 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*En A2 + 0.00e+000*EnA3 12-05-96 10:4 
Where En = Sqrt(Energy in keV) 

.............................------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 409 
Sigma Multiplier ......... 1.00 1 
----------------------- ----------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keY) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (-keV) FLAG 

1 76.26 141.41 83 32 53 427 0.59 a 
2 78.45 145.97 94 37 64 533 0.82 b 

\.... 3 94.29 178.89 72 38 68 572 0.93 
4 239.44 480.67 559 36 50 261 1.14 a 
5 242.56 487.14 110 25 40 203 1.53 b 
6 295.77 597.78 136 29 49 260 1.08 
7 338.69 687.02 109 26 46 209 1.39 
8 352.62 715.96 265 28 43 183 1.24 
9 511.39 1046.04 168 21 31 99 1.82 

10 583.28 1195.51 173 21 30 92 1.51 
11 609.40 1249.81 200 21 29 90 1.55 
12 727.16 1494.63 46 15 27 66 1.21 
13 910.79 1876.40 131 15 20 39 1.53 
14 968.53 1996.44 66 14 21 44 1.54 
15 1459.30 3016.75 376 22 19 28 1.76
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Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-15 

------------------------------------------------------------------------------------
Sample Size ... ....... 5.70e+002 g Spectrum File ................ TEMP.SPC 
Sampling Start ....... .10-13-97 17:52 Counting Start ....... .. 10-13-97 17:52 
Sampling Stop ....... .10-13-97 17:52 Buildup Time .......... .. 0.00e+000 Hrs 
Current Date ......... 10-14-97 10:40 Decay Time .... ........ 0.00e+000 Hrs 
------------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ................................. I IDGeneral Radionuclide Analysis Library

Eff.= 1/[6.66e-002*En -2.92e+000 + 4.02e+002*En^8.62e_0011 12-05-96 10:47
Gamma Fraction Limit >=... 80.00 %W I Decay Limit <= .. ... 8.000 Halflives

INITIAL'NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc

2 

k 2 
2 
2 
2 
2 
3 

3 
3 
3 
3 
3 
3 
4 

4 
4 
4 

5 
5 

5

76.26 
76.26 
76.26 
76.26 
78.45 
78.45 
78.45 
78.45 
78.45 
78.45 
78.45 
78.45 
78.45 
94.29 
94.29 
94.29 
94.29 
94.29 
94.29 
94.29 
94.29 
94.29 
94.29 

239.44 
239.44 
239.44 
239.44 
239.44 
242.56 
242.56 
242.56 
242.56 
242.56

83 
83 
83 
83 
94 
94 
94 
94 
94 
94 
94 
94 
94 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 

559 
559 
559 
559 
559 
110 
110 
110 
110 
110

U-238 
TH-232 
Hg-197 
Pt-197 
Fr-223 
Ce-144 
Hg-197 
Hg-199m 
Xe-133 
Ba-133 
U-235 
U-235 
Th-228 
Lu-176 
Ra-221 
HF-175 
Th-234 
Cu-67 
Ga-67 
Gd-153 
Pt-195m 
Ac-225 
Ta-182" 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Sm-155

77.11 
77.11 
77.35 
77.35 
80.00 
80.00 
80.20 
80.20 
80.99 
81.00 
81.07 
83.78 
84.40 
88.35 
89.00 
89.36 
92.80 
93.30 
93.30 
.97.43 
9ý8 -90 
99.80 

100.10 
234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244.67 
245.73

0.1070 0.1750 
0.1900 
0.1700 

0.0200 
0.0340 
0.1110 
0.3700 
0.3429 
0.1480 
0.2460

S. 99e-003 
5. 99e-003 
5. 99e-003 
5. 99e-003 

6. 32e-003 
6.32e-003 
6.32e-003 
6.32e-003 
6.32e-003 
6. 32e-003 
6.32e-003

1.00~e+000 
1. 01e+000 
9. 95e-001 
9.81e-001 

1. 00e+000 
9. 95e-001 
3.31e-001 
9.97e-001 
1. 00e+000 
1. 00e+000 
1. 00e+000

1. 70e+000 
1.03e+000 
9.66e-001 
1.09e+000 

9. 79e+000 
5. 79e+000 
5 .33e+000 
5.31e-001 
5. 71e-001 
1.32e+000 
7. 96e-001

0.0235 8.42e-003 1.00e+000 4.79e+000

0.1690 
0.3800 
0.2730 
0.1110

8.42e-003 
8.42e-003 
8.42e-003 
8.42e-003

9. 94e-001 
9. 96e-001 
1.00e+000 
9.96e-001

6.70e-001 
2.98e-001 
4. 13e-001
1. 02e+060

0.1411 8.42e-003 1.00~e+000 7.98e-001

0.1100 
0.4310 
0.0755 

0.2871 
0.0036 
0.0772 
0.0373

8.23e-003 
8.23e-003 
8.23e-003 

8.15e-003 
8.15e-003 
8.15e-003 
8.15e-003

1. 00e+000 
1. 01e+000 
9. 89e-001 

9. 80e-001 
6.99e-001 
1. 00e+000 
4. 51e-001

8. 14e+000 
2. 06e+000 
1.20e+001 

6.32e-001 
6.69e+001 
2 .30e+000 
1.06e+001
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5 

6 

6 
6 
6 
6 
6 
6 
6 

7 7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

8 
8 
8 8 

9 
9 
"9 
9 
9 
9 
9 9 

10 
10 
11 
11 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 
12 
12 
1.3 

.3 
13 
14 
14

242 .56 
242.56 
295.77 
295.77 
295.77 
295 .77 

295.77 
295.77 
295.77 
295.77 
295.77 
338.69 
338.69 
338.69 
338.69 
338.69 
338.69 
338.69 
338.69 
338.69 
338.69 
338.69 
338.69 
338.69 
338.69 
338.69 
352 .62 
352.62 
352.62 
352 .62 
352.62 
511.39 
511.39 
511.39 
511.39 
511.39 
511.39 
511.39 
511.39 
583.28 
583.28 
609.40 
609.40 
609.40 
609.40 
609.40 
609.40 
609.40 
727.16 
727.16 
727.16 
727.16 
727.16 
727. 16 
727. 16 
910.79 
910.79 
910.79 
968.53 
968 .53

110 Xe-135 
!!0 Eu-154 
136 Ce-143 
136 U-238 
136 ir-192 
136 Tl-210 
136 Ag-113 
136 TB-160 
136 Pa-231 
136 Pa-233 
136 Ga-67 
109 Mg-27 
109 Au-196 
109 Te-131m 
109 Np-239 
109 In-li5m 
109 Ru-95 
109 TH-232 
109 Ra-223 
109 Ac-228 
109 Cs-136 
109 Cs-136 
109 HF-175 
109 EU-152M 
109 Eu-152 
109 Cd-117 
265 Bi-211 
265 U-235 
265 U-238 
265 Au-196 
265 Ba-133 
168 Mo-101 
168 Te-121 
168 Tl-208 
168 Kr-79 
168 Annihila 
168 Zn-71m 
168 Rh-106m 
168 KR-85 
173 Tl-208 
173 TH-232 
200 Cs-134 
200 Kr-79 
200 Sb-125 
200 Bi-214 
200 U-238 
200 Ir-192 
200 Ag-108m 

46 Ce-143 
46 Sb-124 
46 Ag-108m 
46 Eu-154 
46 Zr-95 
46 In-114m 
46 Bi-212 

131 TH-232 
131 Ac-228 
131 Sb-129 

66 EU-152M 
66 Eu-152

247.79 
248.00 
293 .26 
295.22 
295.96 
296.00 
298.40 
298. 57 
299.90 
300.10 
300 .20 
332.73 
332.90 
334.27 
334.30 
336.20 
336.40 
338.40 
338.60 
338.70 
340.60 
340.60 
343.40 
344.20 
344.30 
344.46 
351.00 
351.10 
351.99 
355.70 
356.00 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 
583.14 
583.14 
604.66 
606.10 
606.82 
609.30 
609.32 
612.45 
6,14.37 
721.96 
722.78 
722.95 
723.30 
724.18 
725.24 
727.30 
911.07 
911.20 
914.60 
963.50 
964.00

0.0900 7.00e-003 
0.2740 7.00e-003

0.0633 
0.1900 
0.0100 
0.2300 
0.0952 
0.0200 
0.4590 
0.7100 
0.1201 

0.4890 
0.4676 
0.8692 
0.0250 
0.2720 
0.1769 

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.0512 
0.1130 
0.9230 
0.1970 
0.3399 
0.2810

7. OOe-003 
7. OOe-003 
6. 27e-003 
6.27e-003 
6. 27e-003 
6. 27e-003 
6.27e-003 
6.27e-003 
6.27e-003 

6. 27e-003 
6.27e-003 
6. 27e-003 
6.27e-003 
6.27e-003 
6.27e-003 

6. 06e-003 
6. 06e-003 
6. 06e-003 
6. 06e-003 
4.43e-003 
4.43e-003 

4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 

3.96e-003 
3. 81e-003 
3.81e-003 
3. 81e-003 

3.81e-003 
3. 81e-003 
3.81e-003 
3 .27e-003 
3.27e-003 
3.27e-003 
3 . 27e-003 
3. 27e-003 
3 .27e-003

0.2900 2.70e-003

0.2140 
0.1200 
0.1433

2.70e-003 
2.56e-003 
2.56e-003

0.9000 
0.0660 
0.4200 
0.1920 
0.2872

2.C5 
2. 59e.00 
6.16e-00 
1.33e+00 
8.92e-00

9.38e-001 3.03e+00 
1.00e+000 9.3Se-00

9. 99e-001 
9. 96e-001 
2 .25e-001 
9. 98e-001 
9. 89e-001 
9. 94e-001 
9. 27e-001 
8. 17e-001 
1. Ole+000 

9. 99e-001 
9. 99e-001 
1. 00e+000 
9. 64e-001 
1. 00e+000 
8. 70e-001 

1.00e+000 
1.00e+000 
9. 98e-001 
1.00e+000 
3. 31e-001 
9. 99e-001 

9. 90e-001 
1. 00e+000 
9. 17e-001 
8. 56e-001 
1. 00e+000 

1. Ole+000 
1. 00e+000 
9. 90e-001 
1. 00e+000 

1. 00e+000 
1.00e+000 
1.00e+000 
9.90e-001 
1. 00e+000 
1. 00e+000 
1. 00e+000 
1.00e+000 
1. 00e+000

4. 05e+00 
1.35e+00 
1.02e+00 
9. 98e-00 
2.43e+00 
1. 15e+00 
5. 39e-00 
3 .95e-00 

1. 89e+00 

4. 69e-00 
4. 91e-00 
2. 64e-00 
9. 51e+00 
8. 42e-00 
1. 49e+00( 

4. 80e+00( 
1.55e+00( 
6.59e-00
9. 29e-00' 
1. 33e+00: 
2.83e+00( 

3 .36e+00( 
5.00e-001 
1. 94e+000 
6. 76e-001 
1. 22e+002 

1.85e+000 
7.09e-001 
8. 62e+000 
1. 33e+001 

1. soe+000 
1.27e+001 
7.42e-001 
3.65e+000 
1. 64e+000 
2.00e-001 
9.39e-001 
5.44e-001 
6. 59e-001

1.Ole+000 2.19e+000

9.25e-001 
9.64e-001 
1. OOe+000

3. 23e+000 
2. 94e+000 
2.37e+000

N-477

8.15~e-003 
8. Se-003 
7. OOe-003 
7. OOe-003 
7. OOe-003

9.63e-00! 
1. O0e+000 

9. 90e-001 
1. OOe+000 
1. OOe+000



:4 
-4 
14 
:4 

5

968.53 
968.53 
968.53 
968.53 

1459.30

66 Ac-228 
66 TB-160 
66 Ac-228 
66 TH-232 

376 K-40

964.40 
966.17 
968.80 
968.90 

1460.81

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives

U-238 

TH-232 

Hg-197 

T t-197 

ý,Fr-223 

Ce-144 

Hg-199m 

Xe-133 

Ba-133 

U-235 

"-ýTh-228

1.2813 = 88.26-19 %)

1.4997 = 100.0000 k)

77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
77.11 

238.63 
338.40 
583.14 
911.07 
968.90 
Total 
77.35 
80.20 

191.38 
268.73 
Total 
77.35 

191.31 
Total 
80.00 

234.60 
Total 
80.00 

133.54 
Total 
80.20 

158.37 
374.10 
Total 
80..99 
Total 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83 .78 

143 .76 
185.72 
236 .00 

269.60 
351.10 
Total 
84.40 
Total

0 .1070 

0. 1920 
0 .3710 

0.4609 
0.1504 
1 .2813 

0.1750 
0 .4310 
0 .1201 

0.3090 
0.2900 
0.1746 
1.4997 
0.1900 
0.0340 
0.0057 
0.0005 
0.2302 
0.1700 
0.0350 
0 .2050 
0.0001 
0.0001 
0.0002 
0.0200 
0.1110 
0.1310 
0.1110 
0.5840 
0.1380 
0.8330 
0.3700 
0.3700 
0.3429 
0.0709 
0.1816 
0.6200 
0.0897 
1.3051 
0.1480 
0.2460 
0.1050 
0.5400 
0.1100 
0.1340 
0.1200 
1.4030 
0.0001 
0.0001

Present 
Present 
Present 
Present 
Absent 
PRESENT ( 1.1309/ 
Present 
Present 
Present 
Present 
Present 
Present 
PRESENT ( 1.4997/ 
Present 
Present 
Absent 
Absent 
PRESENT ( 0.2240/ 
Present 
Absent 
PRESENT ( 0.1700/ 
Unable to Calc 
Unable to Calc 
PRESENT ( 0.0002/ 
Present 
Absent 
ABSENT ( 0.0200/ 
Present 
Absent 
Absent 
ABSENT ( 0.1110/ 
Present 
PRESENT ( 0.3700/ 
Present 
Absent 
Absent 
Present 
Absent 
ABSENT ( 0.9629/ 
Present 
Present 
Absent 
Absent 
Present 
Absent 
Present 
ABSENT ( 0.6240/ 
Unable to Calc 
PRESENT ( 0.0001/

1.3051 = 

1.4030 =

97.3067 1k) 

82.9268 %) 

100.0000 %) 

15.2672 %) 

13.3253 %) 

100.0000 %).  

73.7798 k) 

44.4761 %)

0.0001 = 100.0000 %)

N-478

0.2550 2.56e-003 1.00e+00 .33e-00C 

0.1746 2.56e-003 1.01e+000 1.93e+00C 
0.1070 1.80e-003 1.00e+000 2.57e+001

0.2302 =

0.2050 = 

0.0002 =

0.1310 = 

0.8330 = 

0.3700 =

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



_- = - I ýsS

Total 
Lu-176 88.35 

201.80 
306.90 
Total 

Ra-221 89.00 
152.00 
176.00 
Total 

HF-175 89.36 
343.40 
432.80 
Total 

Th-234 92.80 
Total 

Cu-67 93.30 
184.50 
Total 

Ga-67 93.30 
184.60 
300.20 
Total 

ad-153 97.43 
103.18 
Total 

Pt-195m 98.90 
Total 

Ac-225 99.80 
Total 

Ta-182 100.10 
152.43 
222.10

Te-131m

1121.28 
1189.04 
1221.42 
1230.97 

Total 
102.06 
149.71 
200.63 
240.93 
334.27 
452.30 
773.67 
782.49 
793.75 
822.78 
852.21 

1125.46 
1206.60 

Total

86 .30 
197.04 
215.65 
298.57 
876.37 
962.36 
966 .17 

1177. 95 
1271. 88

0. 1340 
0.0524 
0.0402 
0 .2740 

0.3000 
0.1000 
0.2550 
0 .1550 

0.0760 
1.3866 
0.0001 
0.0001 
0.0001 
0.0003 
0.0001 
0.0001 
0.0001 
0 .0003 

0.0235 
0.8692 
0 .0156 

0. 9083 
0 .0001 
0.0001 
0.1690 
0 .4700 
0.6390 
0 .3800 
0.2360 
0.1900 
0.8060 
0.2730 
0. 1992 
0.4722 
0.1110 
0. 1110 
0.0001 
0.0001 
0.1411 
0.0720 
0.0758 
0.3510 
0.1636 
0.2713 
0.1155 
1.1903 
0.0790 
0.2054 
0 .0752 

0 .0755 

0 .0952 

0.0567 
0.3800 
0 .0775 
0 .1380 
0.0609 
0.2093 
0.1137 
0.0971 
1.6635

Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Present 
Present 
Absent 
PRESENT 
Unable to 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Absent 
Present 
ABSENT 
Present 
Absent 
ABSENT 
Present 
PRESENT 
Unable to 
PRESENT 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent.  
Absent.  
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT

1.3866 = 

0.0003 =

0.0001/ 0.0003 =

0.8927/ 
Calc 

0.0001/

0.9083 = 

0.0001 =

0.1690/ 0.6390 = 

0.5700/ 0.8060 = 

0.2730/ 0.4722 =

0.1110/ 
Calc 

0.0001/

0.1110 = 

0.0001 =

0.1411/ 1.1903 = 

0.1707/ 1.6635 =

0.5290/ 
Calc 

0.0001/ 
Calc

N-479

38.1509 %) 

33.3333 %) 

33.3333 %) 

98.2825 %) 

100.0000 %) 

26.4476 %) 

70.7196 %) 

57.8145 %) 

100.0000 %) 

100.0000 %) 

11.8542 %) 

10.2615 %)

0.00( 

0.00( 

0. 00C 

0. 00C 

0 . 00C 

0. 00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



141 41 
245.73 
Total 

•-239 106.10 
209.80 
228 .10 
277.60 
315 .90 
334.30 
Total 

EU-152M 121.78 
344.20 
841.60 
963.50 
Total 

Eu-152 121.78 
244.67 
344.30 
778.90 
964 .00 

1085.80 
1112.07 
1408.08 

Total 
Eu-154 123.10 

248.00 
723.30 
873.19 
996 .32 

1004 .76 
1274.39 

Total 
IN-116M 137.92 

244.59 
416.88 
463.13 
818 .65 

1097.23 
1293 .49 
i507.50 
1601.12 
1752 .42 
2212.21 

Total 
Ra-223 144.30 

154.30 
269.60 
338.60 
Total 

Mg-27 170.82 
332.73 
843.80 

1014.50 
Total 

)-125 176.29 
380.51 
427.95 
463.51 
600.77

0.7464 
0.0202 
0 .0373 
0.8039 
0.2320 
0.0410 
0 .1270 

0.1420 
0.0150 
0.0200 
0.5770 
0.0720 
0.0250 
0.1470 
0.1200 
0.3640 
0.3068 
0.0772 
0 .2720 

0.1272 
0.1433 
0.1010 
0.1340 
0.2073 
1.3688 
0.4047 
0.0660 
0.1970 
0.1150 
0.1029 
0.1736 
0.3550 
1.4143 
0.0350 
0.0038 
0.2937 
0.0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.0070 
0.0100 
0.7140 
0.2860 
1.0170 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840

Absent 
Absent 
Present 
ABSENT 0 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.  
Absent 
Present 
Absent 
Present 
ABSENT ( 0.  
Absent 
Present 
Present 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT C 0.  
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Unable to Calc 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Absent 
ABSENT ( 0.( 
Absent 
Absent 
Absent 
Absent 
Absent 

N480

.0373/ 0.8039 = 

0200/ 0.5770 = 

1450/ 0.3640 = 

4925/ 1.3688 = 

2630/ 1.4143 = 

0038/ 2.5011 =

0001/ 0.0004 =

)100/ 1.0170 =

4.6425 %) 

3.4662 %) 

39.8352 %) 

35.9804 %) 

18.5976 %) 

0.1519 %) 

25.0000 %) 

0.9833 k)

0.00 

0.00.  

0.00( 

0.00( 

0.00c 

0.000 

0.000 

0.000



606 .2 
ýS3 6.15 
671.66 
Total 

-.-125 188.43 
243.40 
Total 

In-ll4m 190.24 
558.43 
725.24 

1283.67 
1299.83 

Total 
Mo-101 191.93 

505.88 
590.82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

,.e-135 247.79 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Cd-117 273.28 
344.46 
434.22 

1303.34 
1576.80 

Total 
Pa-231 283.60 

299.90 
302.50 
Total 

Ce-143 293.26 
664.55 
721.96 
Total 

Ir-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Tl-210 296.00 
795.00

0.0520 
0 .1120 
0.0180 
0.8390 
0 .5500 
0 .2871 
0.8371 
0. 1564 
0.2850 
0.2810 
0.0003 
0.0012 
0.7239 
0 .1810 
0.1135 
0.1930 
0.0660 
0.1135 
0 .6670 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0 .0001 
0 .0006 
0.0001 
0.0001 
0.0002 
0.0001 
0 .0001 
0.9000 
0.9000 
0 .1270 
0.0950 
0 .1500 
0.0810 
0.4530 
0.2900 
0.1769 
0.1047 
0.1827 
0.1119 
0.8662 
0.0001 
0.0001 
0.0001 
0.0003 
0.4200 
0.0525 
0.0512 
0.5237 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.0001 
0.0001

Present 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Present 
ABSENT ( 0.  
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Unable to Calc 
Unable to Calc 
Unable to Calc 
ABSENT ( 0.  
Unable to Calc 
Absent 
ABSENT ( 0.  
Unable to Calc 
PRESENT ( 0.( 
Present 
PRESENT ( 0.• 
Absent
Absent 
Present 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Unable to 
Absent 
ABSENT .( 
Present' 
Absent 
Present 
PRESENT ( 
Present 
Absent 
Absent 
Absent 
Present 
ABSENT 
Unable to 
Absent

0.; 

0.3

0520/ 0.8390 = 

2871/ 0.8371 = 

2810/ 0.7239 = 

1135/ 0.6670 =

0004/ 

o001/ 

)001/

0.0006 = 

0.0002 = 

0.0001 =

)000/ 0.9000 = 

2310/ 0.4530 = 

.769/ 0.8662 =

6.1979 %) 

34.2970 %) 

38.8175 %) 

17.0165 %) 

66.6667 %) 

50.0000 %) 

100.0000 %) 

100.0000 %) 

50.9934 U) 

20.4225 %)

Calc

0.0001/ 0.0003 = 

0.4712/ 0.5237 = 

0.3415/ 1.9478 = 
Calc

33.3333 %) 

89.9752 %) 

17.5326 %)

N-481

0. 00( 

0.00( 

0 . 00c 

0. 0oc 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

0.000 

0.000 

0.000



2210 .00 
1310.00 

Total 
1-113 298.40 

Total 
'-_ Pa-233 300.10 

311.90 
Total 

Au-196 332.90 
355.70 
Total 

In-li5m 336.20 
Total 

Ru-95 336.40 
1096.80 

Total 
Cs-136 340.60 

340.60 
818.50 
818.50 

1048.07 
1048.10 
1235.34 

Total 
Bi-211 351.00 

Total 
Zn-71m 386.28 

487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

KR-8S 514.00 
Total 

Sb-129 544.70 
812.80 
914.60 

1030.10 
"Total 

Cs-134 563.26 
569.29

.-0001 
0.0001 
0.0001 
0.0005 
0 .0900 
0 .0900 

0.0633 
0.3700 
0 .4333 
0.2300 
0.8760 
1.1060 
0 .4590 
0.4590 
0 .7100 
0 .2100 
0.9200 
0.4890 
0 .4676 
0.9970 
0 .9970 

0.7976 
0.7980 
0. 1974 
4 .7436 

0.0001 
0 .0001 
0.9200 
0.6164 
0.2806 
0.2760 
0.5612 
2 .6542 

0.9050 
0.9320 
0 .9230 
2.7600 
0.2450 
0.8640 
0.2040 
0.1950 
0.3070 
1.8150 
0.1767 
0.8030 
0.9797 
0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.1920 
0.4600 
0.2140 
0.1350 
1.0010 
0.0838 
0.1543

Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Present 
PRESENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Absent
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent

(

Present 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT ( 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent

0.9566/ 
Calc 

0.0001/

4.7436 = 

0.0001 =

0.2806/ 2.6542 = 

1.8550/ 2.7600 = 

0.8640/ 1.8150 =

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041

0.2140/ 1.0010 =

0.0001/ 0.0005 = 

0.0900/ 0.0900 = 

0.0633/ 0.4333 = 

1.1060/ 1.1060 = 

0.4590/ 0.4590 = 

0.7100/ 0.9200 =

N-482

20.0000 %) 

100.0000 %) 

14.6088 %) 

100.0000 %) 

100.0000 %) 

77.1739 01) 

20.1661 %) 

100.0000 t) 

10.5719 U) 

67.2102 %) 

47.6033 %) 

18.0361 %) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

21.3786 %)

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00' 

0.00( 

0.00( 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

(



Present 
Absent 
Absent 
ABSENT 
Absent-124 

Bi-214 

Zr-95 

Bi-212 

K-40

604 . 6 
795.76 
801.84 
Total 

602.72 
645.82 
722.78 

1691.02 
Total 

609.30 
768.40 

1120.30 
1764.50 

Total 
724.18 
756.72 
Total 

727.30 
785.50 

1620.60 
Total 

1460.81 
Total

0 . 9756 
0.8544 
0.0873 
2.1554 
0.9830 
0.0723 
0.1130 
0.4900 
1.6583 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.3399 
0 .5460 

0 .8859 
0 .0001 

0 .0001 
0.0001 
0 .0003 

0 .1070 
0 .1070

Absent 
Present 
Absent 
ABSENT ( 0.1130/ 
Unable to Calc 
Absent 
Absent 
Absent 
ABSENT ( 0.0001/ 
Present 
Absent 
ABSENT ( 0.3399/ 
Unable to Calc 
Absent 
Absent 
ABSENT ( 0.0001/ 
Present 
PRESENT ( 0.1070/

0.9756/ 2.1554 = 45.2631 %) 

6. 8142 %) 

25.0000 %) 

38.3678 %) 

33.3333 %) 

100.0000 %)

PEAK CONTRIBUTION CORRECTION

Reference Energy Line ===>> Calculated Contribution Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

1 83 U-238 609.32 1.76e-003 200 77.11 6.41e-004 73 
1 10 TH-232 911.07 7.82e-004 131 77.11 1.05e-003 10 
4 559 TH-232 911.07 7.82e-004 131 238.63 3.55e-003 559 
6 136 Ce-143 721.96 1.68e-004 46 293.26 2.94e-003 136 
6 0 U-238 609.32 1.76e-003 200 295.22 1.34e-003 0 
7 109 TH-232 911.07 7.82e-004 131 338.40 7.53e-004 109 
8 265 U-238 609.32 1.76e-003 200 351.99 2.25e-003 256 

10 173 TH-232 911.07 7.82e-004 131 583.14 1.22e-003 173 
--------------------------------------------------------------------------------

PEAK INTERFERENCE CORRECTION 

Pk# New Area, Nuclide Energy Status

Hg-197 
Pt-197 
Fr-223 
Ag-113 
Au-196 
In-li5m 
HF-175 
Bi-211 
Au-196 
Tl-208

77.35 
77.35 

234.60 
298.40 
332.90 
336.20 
343.40 
351.00 
355.70 
583.14

Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted

[ 
( 
( 

[ 
( 
F 

F

Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net

Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical

Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level

] 

] 
] 
] 
I 
]

SECONDARY NUCLIDE EVALUATION

Nuclide Energy Fraction Status Half lives

N-483

0.0004 = 

0.8859 = 

0.0003 = 

0.1070 =

0. OOC 

0.000 

0.000 

0.000 

0.000 

0.000

1.6583 =

1 
1 

4 
6 
7 
7 
7 
8 
8 

10

0 
0 
0 
0 
0 
0 
0 
9 
9 
0



U-238 77.J 
295.22 
351.99 
609.32 

1764.28 
Total 

Hg-197 77.35 
80.20 

191.38 
268.73 
Total 

Pt-197 77.35 
191.31 
Total 

Fr-223 80.00 
234.60 
Total 

HF-175 89.36 
343.40 
432.80 
Total 

Ag-113 298.40 
Total 

Au-196 332.90 
355.70 
Total 

In-115m 336.20 
Total 

Bi-211 351.00 
Total 

-208 510.72 
583.14 
Total

-1070 
0.1920 
0.3710 
0.4609 
0.1504 
1.2813 
0.1900 
0.0340 
0.0057 
0.0005 
0.2302 
0.1700 
0.0350 
0.2050 
0.0001 
0.0001 
0 .0002 

0.0235 
0.8692 
0.0156 
0. 9083 
0. 0900 
0 .0900 
0.2300 
0.8760 
1.1060 
0.4590 
0.4590 
0.0001 
0.0001 
0.0001 
0.0001 
0.0002

Present 
Absent 
Present 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT 
Present 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent.  
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT

0.0000/ 
Calc

0.2050 =

0.0001/ 0.0002 = 

0.0235/ 0.9083 = 

0.0000/ 0.0900 = 

0.0000/ 1.1060 = 

0.0000/ 0.4590 =

0.0000/ 
Calc

0.0001 =

0.0001/ 0.0002 =

73.2771 %) 

14.7698 %) 

0.0000 %) 

50.0000 %)

0. 00( 

0. 00C 

0. 00C

2.5873 %) 0.00C 

0.0000 %) 0.00C 

0.0000 %) 0.000 

0.0000 %) 0.000 

0.0000 %) 0.000 

50.0000 %) 0.000

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC Nuclide (keY) (pCi /g ) (hrs) Found Fraction

Xe-133 
Th-228 
Th-234 
Pt-195m 
Ac-225 
Ra-224 
Xe-135 
Ce-143 

vAnnihila 
KR-85 
K-40

Average: 
77.11 

238.63 
338.40 
583.14 
911.07 
968.90 
80.99 
84.40 
92.80 
98.90 
99.80 

241.08 
247.79 

Average: 
293.26 
721.96 
511.00 
514.00 

1460.81

1. 91e+000 
1. 24e-001 
2. 06e+000 
1. 89e+000 
1. 85e+000 
2.19e+000 
1. 93e+000 
5.31e-001 

1. 02e+000 

2.05e-001 
6.50e-001 
6.16e-001 
3.65e+000 

1.22e+002 
2.57e+001

+-9.49e-002 
+-4.00e-001 
+-1.31e-001 
+-4.55e-001 
+-2.20e-001 
+-2.57e-001 
+-4.03e-001 
+-2.10e-001 

BKG 
BKG 

+-5.42e-001 
BKG 
BKG 

+-4.60e-002 
+-1.28e-001 
+-1.29e-001 
+-1.22e+000 

I.D.Only 
+-1.54e+001 
+-1.48e+000

1. 24e+014

1. 26e+002 
1. 00e+012 
1. 00e+012 
9. 65e+001 
1. 00e+012 
1. 00e+012 
9. 10e+000 
3 .30e+001 

1. 00e+003 
9.3 9e+004 
1. 12e+013

6of 6

1 
1 
1 
1 
1 
1 
1 
2 

1 
1 
1

of 
of 
of 
of 
of 
of 
of 
of 

of 
of 
of

0.00

1 
1 
1 
1 
1 
1 
1 
3 

1 
1 
1

3.25

N-484

0.9389/ 1.2813 = 

0.0340/ 0.2302 =

TH'-Z23



.:A-: 1.52e+002 pCi /g MPC Total: 3.25 
------------------------------------------------------------------------------------

UNKNOWN PEAKS 

\,,-Energy Centroid Net Un- C.L. Bkg. FWHM Net 
'keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

352.62 715.96 265 28 43 183 1.24 1.215e+001 609.40 1249.81 200 21 29 90 1.55 1.458e+001

N-485



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID SC-16 

----------------------------------------------------------------

Sample Size ........ 7.05e+002 g Spectrum File ........... TEMP.SPC 
Sampling Start ..... 10-14-97 12:05 Counting Start ..... .10-14-97 12:0O 
Sampling Stop ..... 10-14-97 12:05 Live Time ........... 3600 Sec 
Current Date ...... 10-14-97 14:15 Real Time ............. 0 Sec 
---------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:4-, 
Where En = Sqrt(Energy in keV) 

---------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 409E 
Sigma Multiplier ......... 1.00 1 
---------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 77.96 144.95 119 32 51 480 1.20 
2 93.49 177.24 86 41 72 633 0.84 

• 3 186.28 370.14 123 36 62 467 0.95 
4 238.81 479.35 481 34 48 267 1.11 a 
5 241.80 485.58 107 27 46 258 1.16 b 
6 295.14 596.46 182 26 41 210 1.15 
7 338.55 686.70 102 27 46 232 1.51 
8 351.80 714.27 332' 29 43 182 1.28 
9 510.591044.39 119 20 32 110 2.40 

10 582.62 1194.13 139 20 30 98 1.49 
11 608.75 1248.46 279 22 25 72 1.48 
12 859.54 1769.86 35 15 27 58 1.85 
13 910.09 1874.95 119 17 26 62 1.78 
14 968.00 1995.34 58 13 20 45 0.87 
15 1118.67 2308.59 79 15 22 50 1.45 
16 1458.59 3015.27 473 23 16 22 1.98 
17 1761.85 3645.77 57 9 11 9 1.56

N-486



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: SC-16 

--------------------------------------------------------------------------------
Sample Size ... ....... .. 7.05e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-14-97 12:05 Counting Start ..... ... 10-14-97 12:05 
Sampling Stop ....... .10-14-97 12:05 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .. 10-14-97 14:15 Decay Time .... ........ 0.00e+000 Hrs 

-------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ........... .................. I IDGeneral Radionuclide Analysis Library 

------------------------------------------------------------------------------
Eff.= 1/f6.66e-002*En -2.92e+000 + 4.02e+002*En A8.62e-0011 12-05-96 10:47

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <= .... 8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc

6. 25e-003 
6.25e-003 
6.25e-003 
6.25e-003 

6.25e-003 
6.25e-003 
6.25e-003 
6.25e-003 
6. 25e-003 
6. 25e-003 
6. 25e-003 
8.33e-003 
8.33e-003

0.0235 8.33e-003

8.33e-003 
8. 33e-003 
8.33e-003 
8.33e-003 
9. 67e-003 
9. 67e-003 
9. 67e-003 
9. 67e-003 

9.67e-003 
9.67e-003 
9.67e-003 
9. 67e-003 
9. 67e-003 
9. 67e-003

1.00e+000 
1. 01e+000 
9. 95e-001 
9.81e-001 

1. 00e+000 
9. 95e-001 
3.31e-001 
9. 97e-001 
1. 00e+000 
1. 00e+000 
1. 00e+000 
9.64e-001 
1.00e+000

1.89e+000 
1. 15e+000 
1. 07e+000 
1 . 22e+000 

1. 01e+001 
6 00e+000 
5. 52e+000 
5. 50e-001 
5. 92e-001 
1. 37e+000 
8 .25e-001 
4. 75e-001 
2 97e-001

1.00e+000 4.68e+000

9. 94e-001 
9. 96e-001 
1. 00e+000 
9. 96e-001 
9.95e-001 
9.94e-001 
9. 96e-001 
1. 00e+000 

9.80e-001 
1. 00e+000 
9. 81e-001 
9. 95e-001 
9. 93e-001 
3.31e-001

6.54e-001 
2 91e-001 
4. 03e-001 
9. 94e-001 
2. 17e+000 
2. 90e-001 
5. 77e-001 
2.5le-001 

2. Sle-001 
8.67e-001 
3.95e+000 
2.39e+001 
1.45e+000 
2. 26e+000

0.1070 
0.1750 
0.1900 
0.1700 

0.0200 
0.0340 
0.1110 
0.3700 
0.3429 
0.1480 
0.2460 
0.2400 
0.3700

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3

77.96 
77. 96 
77.96 
77.96 
77.96 
77.96 
77.96 
77.96 
77.96 
77. 96 
77. 96 
77. 96 
93.49 
93 .49 
93.49 
93.49 
93.49 
93.49 
93.49 
93.49 
93.49 
93.49 

186.28 
186.28 
186.28 
186.28 
186.28 
186.28 
186.28 
186.28 
186.28 
186.28 
186.28

119 
119 
119 
119 
119 
119 
119 
119 
119 
119 
119 
119 

86 
86 
86 
86 
86 
86 
86 
86 
86 
86 

123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123

U-238 
TH-232 
Hg-197 
Pt-197 
Fr-223 
Ce-144 
Hg-197 
Hg-199m 
Xe-133 
Ba-133 
U-235 
U-235 
Sm-156 
Sn-126 
Lu-176 
Ra-221 
HF-175 
Th-234 
Cu-67 
Ga-67 
Gd-153 
Pt-195m 
Mo-99 
Cu-67 
Ga-67 
U-235 
Ra-226 
Xe-125 
In-114m 
Pt-197 
Hg-197 
Zn-72 
Mo-101

77.11 
77.11 
77.35 
77.35 
80.00 
80.00 
80.20 
80.20 
80.99 
81.00 
81.07 
83.78 
87.60 
87.60 
88.35 
89.00 
89.36 
92.80 
93.30 
93.30 
97.43 
98.90 

181.07 
184.50 
184.60 
185.72 
186.20 
188.43 
190.24 
191.31 
191.38 
191.50 
191.93 

N487

0.1690 
0.3800 
0.2730 
0.1110 
0.0629 
0.4700 
0.2360 
0.5400 

0.5500 
0.1564 
0.0350 
0.0057 
0.0940 
0.1810



4 
4 
4 
4 
5 

\-/ 5 

5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 

10 
10 
"l.  
.1.  

11 
11

23 3 -.  
238.81 

238.81 
238.81 
238.81 
241. 80 
241.80 
241.80 
241.80 
241.80 
241.80 
241.80 
295. 14 
295.14 
295.14 
295.14 
295.14 
295.14 
295.14 
295.14 
295.14 
338 .55 
338.55 
338.55 
338.55 
338.55 
338.55 
338.55 
338.55 
338.55 
338.55 
338 .55 
338.55 
338.55 
338.55 
338.55 
351.80 
351.80 
351.80 
351.80 
351.80 
351.80 
351.80 
351.80 
351.80 
510.59 
510.59 
510 .59 

510.59 
510.59 
510.59 
510.59 
510.59 
582.62 
582.62 
608.75 
608.75 
608.75 
608.75 
608.75

"0.1000 3.24e-^--48 Xe-133m 
481 Fr-223 
481 Th-227 
481 U-235 
481 TH-232 
107 Te-131m 
107 Ra-224 
107 Xe-125 
107 IN-116M 
107 Eu-152 
107 Sm-155 
107 Xe-135 
182 Ce-143 
182 U-238 
182 Ir-192 
182 Tl-210 
182 Ag-113 
182 TB-160 
182 Pa-231 
182 Pa-233 
182 Ga-67 
102 Mg-27 
102 Au-196 
102 Te-131m 
102 Np-239 
102 In-liSm 
102 Ru-95 
102 TH-232 
102 Ra-223 
102 Ac-228 
102 Cs-136 
102 Cs-136 
102 HF-175 
102 EU-152M 
102 Eu-152 
102 Cd-117 
332 HF-181 
332 Ho-167 
332 Pt-197m 
332 Na-24 
332 Bi-211 
332 U-235 
332 U-238 
332 Au-196 
332 Ba-133 
119 Mo-101 
119 Te-121 
119 Tl-208 
119 Kr-79 
119 Annihila 
119 Zn-71m 
119 Rh-106m 
119 KR-85 
139 Tl-208 
139 TH-232 
279 Cs-134 
279 Kr-79 
279 Sb-125 
279 Bi-214 
279 U-238

233 .20 
234 .60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244.67 
245.73 
247.79 
293.26 
295.22 
295.96 
296.00 
298.40 
298.57 
299.90 
300.10 
300.20 
332.73 
332.90 
334.27 
334.30 
336.20 
336 .40 
338.40 
338.60 
338.70 
340.60 
340.60 
343.40 
344.20 
344.30 
344.46 
345.95 
346.50 
346.50 346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
505.88 
50.7.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 
583.14 
583.14 
604.66 
606.10 
606.82 
609.30 
609.32

0.0900 7.Ole-003 
0.2740 7.Ole-003

0.0633 
0.1900 
0.0100 
0.2300 
0 .0952 
0.0200 
0.4590 
0 .7100 
0.1201 

0.4890 
0.4676 
0.8692 
0.0250 
0.2720 
0.1769 
0.1400 
0.5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9756 
0.0810 
0.0520

7. 01e-003 
7. Ole-003 
6.27e-003 
6.27e-003 
6. 27e-003 
6.27e-003 
6. 27e-003 
6.27e-003 
6.27e-003 

6.27e-003 
6.27e-003 
6. 27e-003 
6.27e-003 
6.27e-003 
6.27e-003 
6. 07e-003 
6.07e-003 
6.07e-003 
6. 07e-003 

6. 07e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 
4 .43e-003 
4 .43e-003 

4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 
4.43e-003 

3.96e-003 
3.81e-003 
3.81e-003 
3.81e-003

0.4609 3.81e-003

- 34e- -:DI

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.0373 
0.9000 
0.4200 
0.1920 
0.2872

8.24e-003 
8. 24e-003 
8. 17e-003 

8 .17e-003 

8. 17e-003 
8 .17e-003 

8. 17e-003 
8 17e-003 
7. Ole-003 
7. 01e-003 
7. Ole-003

9.38e-001 3.28e+000 
1.00e+000 1.0!e+COO 

9.99e-001 4.37e+000 
9.96e-001 1.46e+000 
2.25e-001 7.71e+001 
9.98e-001 7.55e-001 
9.89e-001 1.84e+000 
9.94e-001 8.72e+000 
9.27e-001 4.07e-001 
8.17e-001 2.99e-001 
1.01e+000 1.43e+000 

9.99e-001 3.55e-001 
9.99e-001 3.71e-001 
1.00e+000 1.99e-001 
9.64e-001 7.19e+000 
1.00e+000 6.37e-001 
8.70e-001 1.13e+000 
1.00e+000 4.16e+000 
8.96e-001 1.14e+000 
8.09e-001 6.48e+000 
9.77e-001 5.96e+001 

1.00e+000 4.85e+000 
1.00e+000 1.57e+000 
9.98e-001 6.66e-001 
1.00e+000 9.39e-001 
3.31e-001 7.60e+000 
9.99e-001 1.62e+000 

9.90e-001 1.92e+000 
1.00e+000 2.86e-001 
9.17e-001 1.lle+000 
8.56e-001 3.87e-001 
1.00e+000 6.97e+001 

1.01e+000 1.20e+000 
1.00e+000 7.98e-001 
9.90e-001 9.71e+000 
1.00e+000 1.50e+001 

1.00e+000 1.69e+000

N-488

1. ooe+000 
1. 01e+000 
9.89e-001 

9. 80e-001 
6 .99e-001 

1 00e+000 
4 5le-001 
9. 63e-001 
9 . 90e-001 
1. 00e+000 
1. 00e+000

5.65e+OOC 
1.43e+OOC 
12. 87e+00C 

4 96e-001 
5. 25e+001 
1. 81e+000 
8 30e+000 
1. 6e-001 
6. 65e-001 
1. 44e+000 
9. 63e-001



12 
12 
.3 

13 
13 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 

16 
17 
17

'8 75 
359.54 
859.54 
910. 09 
910.09 
910.09 
968.00 
968.00 
968 .00 

968.00 
968.00 
968.00 
968.00 

1118.67 
1118.67 
1118.67 
1118 .67 

1118.67 
1118.67 
1458.59 
1761.85 
1761.85

279 
279 

35 
35 

119 
119 
119 

58 
58 
58 
58 
58 
58 
58 
79 
79 
79 
79 
79 
79 

473 
57 
57

--- 192 
Ag-108m 
Na-24 
Cd-117m 
TH-232 
Ac-228 
Sb-129 
TB-160 
EU-152M 
Eu-152 
Ac-228 
TB-160 
Ac-228 
TH-232 
Sn-127 
Zn-65 
Ni-65 
Bi-214 
Sc-46 
Ta-182 
K-40 
U-238 
Bi-214

612 .45 
614.37 
857.55 
860.47 
911.07 
911.20 
914 .60 
962.36 
963 .50 

964 .00 
964.40 
966.17 
968.80 
968 .90 

1114.30 
1115.52 
1115.53 
1120.30 
1120.51 
1121.28 
1460.81 
1764.28 
1764.50

1.00e+000 9.46e-00

1. 01e+000 
8. 55e-001 
1.00e+000 
8.76e-001 

1. 00e+000 
1.00e+000 
1.00e+000 
1. 00e+000

1. 37e+00 
1. 15e÷00 
7.34e-00 
2.81e+00 

3. 72e-00 
1.06e+00t 
2. 62e+00: 
2.63e+00,

INITIAL NUCLIDE EVALUATION

Nuclide Energy Fraction Status
Half lives

-'-238 77.11 
295.22 
351.99 
609.32 

1764.28 
Total 

TH-232 77.11 
238.63 
338.40 
583.14 
911.07 
968.90 
Total 

Hg-197 77.35 
80.20 

191.38 
268.73 
Total 

Pt-197 77.35 
191.31 
Total 

Fr-223 80.00 
234.60 
Total 

Ce-144 80.00 
133.54 
Total 

.4-199m 80.20 
158.37 
374.10 
Total

0.1070 
0.1920 
0.3710 
0.4609 
0.1504 
1.2813 
0.1750 
0.4310 
0.1201 
0.3090 
0.2900 
0.1746 
1.4997 
0.1900 
0.0340 
0.0057 
0.0005 
0.2302 
0.1700 
0.0350 
0.2050 
0.0001 
0.0001 
0.0002 
0.0200 
0.1110 
0.1310 
0.1110 
0.5840 
0.1380 
0.8330

Present 
Present 
Present 
Present 
Present 
PRESENT 
Present 
Present 
Present 
Present 
Present 
Present 
PRESENT 
Present

1.2813/ 1.2813 = 100.0000 %) 

1.4997/ 1.4997 = 100.0000 k)

(

Present 
Present 
Absent 
PRESENT 
Present 
Present 
PRESENT 
Unable to 
Unable to 
PRESENT ( 
Present 
Absent 
ABSENT 
Present 
Absent 
Absent 
ABSENT 

N489

0.2297/ 0.2302 =

0.2050/ 
Calc 
Calc 

0.0002/

0.2050 = 

0.0002 =

0.0200/ 0.1310 = 

0.1110/ 0.8330 =

99.7828 %) 

100.0000 %) 

100.0000 %) 

15.2672 %) 

13.3253 %)

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

.0.543 
0.9320 
0.0100 
0.0835 
0.2900 

0.2140 
0.1000 
0.1200 
0.1433

3.81e-0C3 
3.81e-003 
2.84e-003 
2.84e-003 
2.70e-003 

2.70e-003 
2.56e-003 
2.56e-003 
2.56e-003

0.2550 2.56e-003

2. 56e-003 
2.26e-003 
2.26e-003 
2 . 26e-003 

2.26e-003 
2.26e-003 
1.80e-003 
1.53e-003

9. 00e,000 
9. 7 7e-001 
9. 02e-001 
1. 01e+000 

9. 25e-001 
1. 00e+000 
9. 64e-001 
1.00e+000

8.36e-0C 
1.34e÷OC 
1.74e+00 
1.60e+00 

2.37e÷00 
2.41e÷00 
2.09e+00 
1.68e+00

0.1746 
0.3800 
0.5075 
0.1513 

1.0000 
0.3510 
0.1070 
0.1504

Halflives



a133 

U-235 

TB-160 

Sn-126 

Sm- 156 

Lu-2176 

Ra-221 

HF-175 

Th-234 

Cu-67 

Ga-67 

Gd-153 

?t-195m 

Ta-182

7zý:al 
a8I. G01 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83 .78 

143 .76 
185.72 
236.00 
269.60 
351.10 
Total 
86.80 

197.04 
215.65 
298.57 
876.37 
962.36 
966.17 

1177.95 
1271 .88 

Total 
86.90 
87.60 
Total 
87.60 

165.80 
204.00 
Total 
88.35 

201.80 
306.90 
Total 
89.00 

152.00 
176.00 
Total 
89.36 

343.40 
432.80 
Total 
92.80 
Total 
93.30 

184.50 
Total 
93.30 

184.60 
300.20 
Total 
97.43 

103.18 
Total 
98.90 
Total 

100.10

0.3700/ 0.3700 = i00.0000 %

-3700 
0 .3700 
0.3429 
0.0709 
0.1816 
0.6200 
0.0897 
1.3051 
0. 1480 
0.2460 
0 .1050 

0.5400 
0. 1100 
0.1340 
0.1200 
1.4030 
0.1340 
0.0524 
0.0402 
0.2740 
0.3000 
0.1000 
0.2550 
0 .1550 
0.0760 
1.3866 
0.0890 
0.3700 
0.4590 
0.2400 
0.1100 
0.2100 
0.5600 
0.0001 
0.0001 
0.0001 
0.0003 
0.0001 
0.0001 
0.0001 
0.0003 
0.0235 
0.8692 
0.0156 
0.9083 
0.0001 
0.0001 
0.1690 
0.4700 
0.6390 
0.3800 
0.2360 
0.1900 
0.8060 
0.2730 
0.1992 
0.4722 
0 .1110 
0 .1110 
0.1411

0.2400/ 
Calc 

0.0001/ 
Calc

0.5600 = 

0.0003 =

0.0001/ 0.0003 =

Absent 
Present 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
PRESENT 
Present 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
ABSENT 
Present 
Present 
Absent 
PRESENT 
Unable to 
PRESENT 
Present 
Present' 
PRESENT 
Present 
Present 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
PRESENT 
Absent

0.9083 = 

0.0001 =

0.6390/ 0.6390 = 

0.8060/ 0.8060 = 

0.2730/ 0.4722 = 

0.1110/ 0.1110 =

Present 
PRESENT 
Present 
Absent 
Absent 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Present 
Present 
Absent 
Present 
PRESENT 
Absent 
Absent 
Absent 
Present

N-490

0.8927/ 
Calc 

0.0001/

0.9629/ 1.3051 = 

1.1640/ 1.4030 = 

0.6290/ 1.3866 = 

0.3700/ 0.4590 =

73.7798 %) 

82.9651 %) 

45.3628 %) 

80-6100 1) 

42.8571 ) 

33.3333 %) 

33.3333 %) 

98.2825 %) 

100.0000 U) 

100.0000 %) 

100.0000 t) 

57.8145 %) 

100.0000 %)

0. 00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



12 243 222.7 

1121.28 
1189.04 
1221.42 
1230.97 

Total 
Te-131m 102.06 

149.71 
200 .63 
240 .93 

334.27 
452.30 
773 .67 

782.49 
793 .75 
822 .78 
852.21 

1125.46 
1206.60 

Total 
Sm-155 104.30 

141.41 
245.73 
Total 

Np-239 106.10 
209.80 
228 .10 
277. 60 
315.90 
334.30 
Total 

EU-152M 121.78 
344.20 
841.60 
963.50 
Total 

Eu-152 121.78 
244 .67 
344.30 
778. 90 
964 .00 

1085.80 
1112.07 
1408.08 

Total 
HF-181 133.05 

136.25 
345.95 
482.16 
Total 

IN-116M 137.92 
244.59 
416.88 
463.13 
818.65 

1097.23 
1293.49 
1507.50 
1601.12

"" 720 
.0758 

0.3510 
0.1636 
0.2713 
0 .1155 

1. 1903 
0 .0790 
0 .2054 

0.0752 
0.0755 
0.0952 
0.0567 
0.3800 
0.0775 
0.1380 
0.0609 
0.2093 
0.1137 
0.0971 
1.6635 
0.7464 
0.0202 
0.0373 
0.8039 
0.2320 
0.0410 
0.1270 
0 .1420 
0 .0150 
0 .0200 
0 .5770 
0.0720 
0.0250 
0.1470 
0. 1200 
0 .3640 
0 .3068 
0 .0772 

0.2720 
0.1272 
0.1433 
0.1010 
0.1340 
0.2073 
1.3688 
0.4300 
0.0610 
0.1400 
0.8600 
1.4910 
0.0350 
0.0038 
0.2937 
0.0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107

Ab sen r 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
Present 
ABSENT 
Absent 
Present 
Present 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 
Absent 
Absent 
Present' 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 

N491

0.3510/ 1.1903 =

0.1707/ 1.6635 = 

0.0373/ 0.8039 = 

0.0200/ 0.5770 = 

0.1450/ 0.3640 = 

0.4925/ 1.3688 = 

0.1400/ 1.4910 =

29.4884 U) 

10.2615 %) 

4.6425 %) 

3.4662 U) 

39.8352 %) 

35.9804 %) 

9.3897 %)

0.00( 

0. 00c 

0. 00C 

0. OOC 

0.000 

0.000 

0.000



"1752 .42 
2212.21 

Total 
Mo-99 140.51 

181.07 
739.40 
Total 

Ra-223 144.30 
154.30 
269.60 
338.60 
Total 

Zn-72 144.70 
191.50 
Total 

Mg-27 170.82 
332.73 
843.80 

1014.50 
Total 

Sb-125 176.29 
380.51 
427.95 
463 .51 

600.77 
606.82 
636.15 
671.66 
Total 

-4-226 186.20 
Total 

.e-125 188.43 
243.40 
Total 

In-114m 190.24 
558.43 
725.24 

1283.67 
1299.83 

Total 
Mo-101 191.93 

505.88 
590..82 
695.53 

1012.35 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

Xe-133m 233.20 
Total 

"-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total

3 0289 
0 1858 
2.5011 
0.0379 
0. 0629 
0. 1260 
0.2268 
0.0001 
0.0001 
0.0001 
0.0001 
0 .0004 

0 .8300 
0.0940 
0.9240 
0.0070 
0. 0100 
0.7140 
0 .2860 
1.0170 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840 
0.0520 
0.1120 
0 .0180 

0.8390 
0.0001 
0.0001 
0 .5500 
0.2871 
0.8371 
0.1564 
0.2850 
0.2810 
0.0003 
0.0012 
0.7239 
0.1810 
0.1135 
0.1930 
0.0660 
0.1135 
0.6670 
0.0001 
0 .0001 

0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.1000 
0.1000 
0.0001 
0.0001 
0.0.002 
0.0001 
0.0001

Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Unable to 
ABSENT 
Absent

0.0038/ 2.5011 = 

0.0629/ 0.2268 =

Calc 
0.0001/

Present 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Unable to Calc 
PRESENT ( 0.  
Present 
Present 
PRESENT ( 0.E 
Present 
Absent 
Absent 
Absent 
Absent 
ABSENT ( 0.2 
Present 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.2 
Absent 
Unable. to Calc 
Absent 
Unable to Calc 
Unable to Calc 
Unable to Calc 
ABSENT ( 0.0 
Present 
PRESENT ( 0.1 
Unable to Calc 
Absent 
ABSENT ( 0.0 
Unable to Calc 
PRESENT ( 0.0

0.0004 =

0940/ 0.9240 = 

0100/ 1.0170 =

)520/ 

)00l/

0.8390 = 

0.0001 =

3371/ 0.8371 = 

.564/ 0.7239 = 

1945/ 0.6670 =

o004/ 

.000/ 

001/ 

001/

0.0006 = 

0.1000 = 

0.0002 = 

0.0001 =

0.1519 %) 

27.7266 U) 

25.0000 %) 

10. 1732 %) 

0.9833 %) 

6. 1979 U) 

100.0000 %) 

100.0000 %) 

21.6052 %) 

44. 1529 %) 

66.6667 %) 

100.0000 t) 

50.0000 U) 

100.0000 %)

N-492

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

K-



Xe-.35 247.79 
Tc:ai 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Cd-117 273.28 
344.46 
434.22 

1303.34 
1576.80 

Total 
Pa-231 283.60 

299.90 
302.50 
Total 

Ce-!43 293.26 
664.55 
721.96 
Total 

Ir-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Tl-210 296.00 
795.00 

1060.00 
1210.00 
1310.00 

Total 
Ag-113 298.40 

Total 
Pa-233 300.10 

311.90 
Total 

Ho-167 321.30 
346.50 
Total 

Au-196 332.90 
355.70 
Total 

In-li5m 336.20 
Total 

Ru-95 336.40 
1096.80 

Total 
Cs-136 340.60 

340.60 
818 .50 
818 .50 

1048.07 
1048 .10 
1235.34 

Total 
Pt-197m 346.50 

Total 
Na-24 346.55

C 9000 
.9000 

0.1270 
0.0950 
0 .1500 

0.0810 
0.4530 
0.2900 
0 .1769 
0 .1047 

0.1827 
0.1119 
0 .8662 
0.0001 
0.0001 
0.0001 
0.0003 
0.4200 
0.0525 
0.0512 
0.5237 
0 .2872 
0.2965 
0.8290 
0.4808 
0 .0543 
1. 9478 
0.0001 
0.0001 
0 .0001 
0. 0001 
0 .0001 
0.0005 
0.0900 
0.0900 
0.0633 
0 .3700 
0.4333 
0.2390 
0.5700 
0.8090 
0.2300 
0.8760 
1.1060 
0.4590 
0.4590 
0.7100 
0.2100 
0.9200 
0.4890 
0.4676 
0.9970 
0.9970 
0.7976 
0.7980 
0.1974 
4 .7436 
0 .1110 
0 .1110 
0.0100

Present 
PRESENT ( 0.  
Absent 
Absent 
Present 
Present 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Unable to Calc 
Absent 
ABSENT ( 0.  
Present 
Absent 
Absent 
PRESENT ( 0.  
Present 
Absent 
Absent 
Absent

9000/ 0.9000 = 100.0000 %i

2310/ 0.4530 = 

1769/ 0.8662 = 

0001/ 0.0003 = 

4200/ 0.5237 =

Present 
ABSENT ( 0.3415/ 
Unable to Calc
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Present 
Present 
PRESENT 
Present 
PRESENT 
Present 
Absent 
ABSENT 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT

1. 9478 =

0.0001/ 0.0005 = 

0.0900/ 0.0900 = 

0.0633/ 0.4333 = 

0.5700/ 0.8090 = 

1.1060/ 1.1060 = 

0.4590/ 0.4590 = 

0.7100/ 0.9200 = 

0.9566/ 4.7436 =

(
Unable to Calc 

N493

50.9934 %) 

20.4225 %) 

33.3333 %) 

80.1986 %) 

17.5326 k) 

20.0000 %) 

100.0000 %) 

14.6088 %) 

70.4574 %) 

100.0000 %) 

100.0000 U) 

77.1739 %) 

20.1661 %)

0.1110/ 0.1110 = 100.0000 k)

0.0 

0.00 

0.00( 

0.00( 

0.00( 

0.0Cc 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.0,00



1-1

569.29 
604.66 
795.76 
801.84 
Total 

Cd-117m 564.40 
860.47 

1029.05 
1066.02 
1234.63 
1432.95 
1997.45 

Total 
Bi-214 609.30 

768.40 
1120.30 
1764.50 

Total 
.,-127 823.10 

1095.60 
1114.30 

Total

357.55 
1368.53 
1732.10 

Total 
-211 351.00 

Total 
ýZn-71m 386.28 

487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

-85 514.00 
Total 

Sb-129 544.70 
812.80 
914.60 

1030.10 
Total 

Cs-134 563.26

0 .0100 
10000 

0.0100 
1.0300 
0.0001 
0.0001 
0. 9200 
0. 6164 
0.2806 
0 .2760 
0.5612 
2 .6542 
0 .9050 

0 .9320 

0.9230 
2 .7600 
0.2450 
0 .8640 
0.2040 
0.1950 
0.3070 
1.8150 
0.1767 
0.8030 
0.9797 
0 .0001 
0.0001 
0 .0002 

1.0000 
1.0000 
0.0041 
0.0041 
0.1920 
0 .4600 
0 .2140 

0.1350 
1.0010 
0.0838 
0.1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.1518 
0.0835 
0.1196 
0.2300 
0.1134 
0.1426 
0.2530 
1.0939 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.1060 
0.1940 
0.3800 
0.6800

to CalcUnable 
Absent 
Absent 
ABSENT 
Unable 
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Unable to 
Unable to 
ABSENT 
Absent 
Absent 
Present 
ABSENT

0.0200/ 
Calc 

0.0001/

1.0300 = 

0.0001 =
to

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

0.2140/ 1.0010 = 

0.9756/ 2.1554 =

0.0835/ 
Calc 

Calc 
Calc 

0.0003/

1.0939 = 

0.0004 =

0.3800/ 0.6800 =

0.2806/ 2.6542 = 

0.9320/ 2.7600 = 

0.8640/ 1.8150 =

N-494

1.9417 %) 

100.0000 %0) 

10.5719 %) 

33.7681 %) 

47.6033 %) 

18.0361 %) 

100.0000 %r) 

100.0000 %) 

100.0000 %) 

21.3786 %) 

45.2631 %) 

7.6332 %) 

75.0000 k) 

55.8824 t)

0.3Cc 

0.300 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

%1--



-- 881.25 0000 Absent 
>!20.51 1.0000 Present 
2009.76 0.1000 Absent 

Total 2.1000 ABSENT ( 1.0000/ 2.1000 = 47.6190 %) 0.0 ->-65 1115.52 0.5075 Present 
Total 0.5075 PRESENT ( 0.5075/ 0.5075 = 100.0000 %) 0.00 

\..- Ni-65 1115.53 0.1513 Present 
1481.84 0.2350 Absent 

Total 0.3863 ABSENT ( 0.1513/ 0.3863 = 39.1665 %) 0.00t 
K-40 1460.81 0.1070 Present 

Total 0.1070 PRESENT ( 0.1070/ 0.1070 = 100.0000 %) 0.00k 
----------------------------------------------------------------------------------------

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

1 119 U-238 609.32 1.76e-003 279 77.11 6.69e-004 106 1 13 TH-232 911.07 7.83e-004 119 77.11 1.09e-003 13 4 481 TH-232 911.07 7.83e-004 119 238.63 3.55e-003 481 6 182 U-238 609.32 1.76e-003 279 295.22 1.35e-003 182 7 102 TH-232 911.07 7.83e-004 119 338.40 7.53e-004 102 8 332 U-238 609.32 1.76e-003 279 351.99 2.25e-003 332 
10 139 TH-232 911.07 7.83e-004 119 583.14 1.22e-003 139 

--- -------------------------------------------------------------------------------

PEAK INTERFERENCE CORRECTION 

Pk# New Area Nuclide Energy Status

Hg-197 
Pt-197 
Fr-223 
Hg-197 
Xe-133 
U-235 
U-235 
Xe-133m 
Fr-223 
U-235 
Ce-143 
Ag-113 
Ga-67 
Au-196 
In-liSm 
HF-175 
Pt-197m 
Bi-211 
U-235 
Au-196 
Tl-208

77.35 
77.35 
80.00 
80.20 
80.99 
81.07 
83.78 

233.20 
234.60 
236.00 
293.26 
298.40 
300.20 
332.90 
336.20 
343.40 
346.50 
351.00 
351:10 
355.70 
583.14

Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted 
Deleted

f 

r 
£ 
F 
F 
r 
£ 
F 

r 
F 
£ 
£ 
F 
F 

£ 
£

Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net 
Net

Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical 
Critical

Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level 
Level

SECONDARY NUCLIDE EVALUATION 

iclide Energy Fraction Status Halflives 

Hg-197 77.35 0.1900 Absent 
80.20 0.0340 Absent

N-495

1 
1 
1 
1 
1 
1 
1 

4 
4 
4 

6 
6 
6 
7 
7 
7 
8 
8 
8 
8 

10



268.73 
Tonal Pt-19777.35 

191.31 
Total 

k-iFr-223 80.00 
234.60 
Total 

Xe-133 80.99 
Total 

U-235 81.07 
83 .78 

143.76 
185.72 
236.00 
269.60 
351.10 
Total 

HF-175 89.36 
343.40 
432.80 
Total 

Ga-67 93.30 
184.60 
300.20 
Total 

Xe-133m 233.20 
Total 

re-143 293.26 
664.55 
721.96 
Total 

Ag-113 298.40 
Total 

Au-196 332.90 
355.70 
Total 

In-ll5m 336.20 
Total 

Pt-197m 346.50 
Total 

Bi-211 351.00 
Total 

Tl-208 510.72 
583.14 
Total

3.0057 0 0005 

0.2302 
0.1700 
0.0350 
0.2050 
0.0001 
0.0001 
0.0002 
0.3700 
0.3700 
0 .1480 

0 .2460 
0.1050 
0. 5400 
0.1100 
0.1340 
0.1200 
1.4030 
0.0235 
0 .869.2 
0.0156 
0 .9083 

0.3800 
0 .2360 
0 .1900 
0 .8060 
0.1000 
0.1000 
0.4200 
0.0525 
0.0512 
0 .5237 

0 .0900 
0.0900 
0 .2300 
0.8760 
1.1060 
0.4590 
0.4590 
0.1110 
0 .1110 
0.0001 
0.0001 
0.0001 
0 .0001 

0.0002

Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
Absent 
ABSENT 
Present 
Present 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT

0.0057/ 0.2302 

0.0350/ 0.2050 

0.0000/ 0.0002 

0.0000/ 0.3700 

0.5400/ 1.4030 

0.0235/ 0.9083 

0.6160/ 0.8060 

0.0000/ 0.1000

0.0000/ 0.5237 

0.0000/ 0.0900 

0.0000/ 1.1060 

0.0000/ 0.4590 

0.0000/ 0.1110 

0.0000/ 0.0001 
Calc 

0.0001/ 0.0002

2.4761 %' 

17.0732 %) 

= 0.0000 %) 

- 0.0000 %) 

38.4890 %) 

2.5873 %) 

- 76.4268 %) 

- 0.0000 t6) 

- 0.0000 t) 

= 0.0000 %) 

= 0.0000 %) 

= 0.0000 %) 

= 0.0000 %) 

= 0.0000 %) 

= 50.0000 U)

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /g ) (hrs) Found Fraction 

U-238 Average: 1.64e+000 +-8.32e-002 4.12e+013 5 of 5 0.00 
77.11 1.68e+000 +-5.16e-001 

295.22 1.44e+000 +-2.08e-001 
351.99 1.57e+000 +-1.37e-001 
609.32 1.69e+000 +-1.3le-001 

1764.28 2.63e+000 +-4.31e-001

N-496

3.30C 

0.00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



TH-232

Sn-126 
Th-234 
Cu-67 

Pt-195m 
Ra-226 
Xe-125 

Ra-224 
Xe-135 
Annihila 
KR-85 
Zn-65 
K-40

Average: 
77 !i 

238.63 
338.40 
583.14 
911.07 
968 .90 

87.60 
92.80 

Average: 
93.30 

184.50 
98.90 

186.20 
Average: 

188.43 
243 .40 
241.08 
247.79 
511.00 
514.00 

1115. 52 
1460.81

1. 33e+000 
1. 25e-001 
1. 43e+000 
1. 43e+000 
1. 20e+000 
1. 60e+000 
1. 37e+000 
2 97e-001 

3. 15e-001 
6. 54e-001 
2. 90e-001 
9. 94e-001 

3 .11e-001 
2.51e-001 
4 .96e-001 

1.6le-001 

6. 97e+001 
7. 34e-001 
2 . 62e+001

-- 7. 50e-Oc2 
+-3.!3e-oj0 
+- .01e-001 
+-3.73e-001 
+-1 72e-001 
+-2.31e-001 
+-3.10e-001 
+-i 41e-001 

BKG 
+-8.09e-002 
+-3.10e-001 
÷-8.38e-002 
+-4.71e-001 

BKG 
+-6.31e-002 
+-7.27e-002 
+-1.27e-001 

BKG 
+-4.14e-002 

I.D.Only 
+-1.19e+001 
+-1.35e-001 
+-1.29e+000

-. 24e4 214 

8. 76e+008 
1. 00e+012 
6. 20e+001 

9. 65e+001 
1. 00e+012 
1. 68e+001 

1. 00e+012 
9. 10e+000 
1. 00e+003 
9 39e+004 
5 .86e+003 

1. 12e+013

1.02e+002 pCi /g MPC Total:

UNKNOWN PEAKS

"-nergy Centroid 
keY) Channel

Net Un- C.L.  
Counts Certainty Counts

Bkg. FWHM Net 
Counts (keV) Gamma/sec

859.54 1769.86 35 15 27 58 1. 85 3. 429e+000

Scf

of 
of 
of2

2 
1 
2 

2

0.00

1 of 
1 of 
2 of 0.00

1 1 
1 
1 
1 
1

of 
of 
of 
of 
of 
of 12.23 

12.23TOTAL:

N-497



Radioactivity Concentrations in Liquid Samples

Sample ID Location Radionuclides Activity 
(in pCill) 

LIQ-1 Low-Level Waste Tank # I K-40 1.02x101 
LIQ-2 Low-Level Waste Tank # 2 K-40 1.02x10 1 

LIQ-3 Low-Level Waste Tank # I Sludge Cs-137 5.07x10"1 

Co-60 9.32x10"1 

K-40 1.00x10 1 

LIQ-4 Low-Level Waste Tank # 2 Sludge Cs-137 2.29xl0 1 

Co-60 5.74x10 1 

K-40 9.58x10 0 

LIQ-5 Suspect Waste Tank K-40 1.10x101 

LIQ-6 Suspect Waste Tank Sludge Cs-1 37 5.55x100 

Co-60 1.25x1 02 

K-40 6.74x10 0 

LIQ-7 Ground Floor of Containment Building K-40 1.18x10 1 

LIQ-8 Bismuth Tank TB-1 K-40 1.28x10' 
Co-60 4.72x10 0 

LIQ-9 HXD-1 Tank- Process Equipment Room K-40 1.1 1x10 1 

(Secondary Side 1) 
LIQ-10 HXD-2 Tank- Process Equipment Room K-40 1.12x101 

(Secondary Side 2) 
LIQ-1 I Compressor Oil K-40 1.25x10 1 

LIQ-12 Bismuth Shield Block Coolant Co-60 9.29x10° 
Liquid in Plastic Sheet Overhang K-40 2.28x10 1 

LIQ-13 ZnBr-Biomedical Irradiation Facility K-40 5.57x1 00 
LIQ-14 Water Filled Storage Hole -First Floor Cs-1 37 1.40x10 4 

Co-60 1.32x10 4 

K-40 I,31X10 4 

LIQ-15 Oil fron MD-2A Tank- Process Equipment Ro Kr-85 7.83x10 1 

Co-60 9.33x10° 
K-40 1.38x10 1 

Th-232 <BKG 
LIQ-16 TD-1 Tank- Process Equipment Room Co-60 8.94x10 2 

K-40 1.16x10 4 

Th-232 <BKG 
LIQ-17 Liquid Drain Basin Outside of SE K-40 1.39x101 

Corner of Containment Building 
LIQ-18 Dalney Street Sewer K-40 1.23x10 1 

Th-232 <BKG

I



Neely Nuclear-Research Center 

Quantum Technology 
GDRC Version 5.0 

- Sample ID LIQ-1 

------------------------------------------------------------------------------------
Sample Size ... ....... .. 5.50e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-22-97 13:09 Counting Start ..... .. 10-22-97 13:09 
Sampling Stop ....... .10-22-97 13:09 Live Time ... ......... .. 3600 Sec 
Current Date ......... .. 10-22-97 17:50 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En 3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 i Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 1 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
(keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 239.63 481.05 54 22 36 183 0.72 
2 1460.33 3018.89 149 14 14 17 1.72 

N499



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: LIQ-1 

--------------------------------------------------------------

Sample Size ........ 5.50e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-22-97 13:09 Counting Start ..... .10-22-97 13:09 
Sampling Stop ..... 10-22-97 13:09 Buildup Time ....... .0.00e+000 Hrs 
Current Date ...... 10-22-97 17:50 Decay Time ......... 0.00e+000 Hrs 
..................................--------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ...................... I IDGeneral Radionuclide Analysis Library 
--------------------------------------------------------------

Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*En 8.62e-001] 12-05-96 10:47 
..................................--------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
..................................--------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc 

1 239.63 54 Fr-223 234.60 
1 239.63 54 Th-227 236.00 
1 239.63 54 U-235 236.00 0.1100 8.22e-003 1.00e+000 8.15e-001 
1 239.63 54 TH-232 238.63 0.4310 8.22e-003 1.01e+000 2.06e-001 
1 239.63 54 Te-131m 240.93 0.0755 8.22e-003 9.89e-001 1.20e+000 
1 239.63 54 Ra-224 241.08 
1 239.63 54 Xe-125 243.40 0.2871 8.22e-003 9.80e-001 3.19e-001 
1 239.63 54 IN-116M 244.59 0.0038 8.22e-003 6.99e-001 3.38e+001 
1 239.63 54 Eu-152 244.67 0.0772 8.22e-003 1.00e+000 1.16e+000 
2 1460.33 149 K-40 1460.81 0.1070 1.80e-003 1.00e+000 1.06e+001 

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

TH-232 77.11 0.1750 Absent 
238.63 0.4310 Present 
338.40 0.1201 Absent 
583.14 0.3090 Absent 
911.07 0.2900 Absent 
968.90 0.1746 Absent' 
Total 1.4997 ABSENT ( 0.4310/ 1.4997 = 28.7391 %) 0.000 

Fr-223 80.00 0.0001 Absent 
234.60 0.0001 Unable to Calc 
Total 0.0002 ABSENT ( 0.0001/ 0.0002 = 50.0000 %) 0.000 

U-235 81.07 0.1480 Absent 
83.78 0.2460 Absent 

143.76 0.1050 Absent 
185.72 0.5400 Absent 
236.00 0.1100 Present 
269.60 0.1340 Absent 
351.10 0.1200 Absent

N-500



149.71 
200.63 
240.93 
334.27 
452 .30 
773 .67 

782.49 
793 .75 
822 .78 
852.21 

1125.46 
1206.60 

Total 
Eu-152 121.78 

244.67 
344.30 
778.90 
964.00 

1085.80 
1112.07 
1408.08 

Total 
IN-116M 137.92 

244.59 
416.88 
463 .13 
818.65 

1097.23 
1293.49 
1507.50 
1601.12 
1752 .42 
2212.21 

Total 
Xe-125 188.43 

243.40 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

K-40 1460.81 
Total

1 4030 
0.0790 
0.2054 
0.0752 
0 .0755 
0.0952 
0. 0567 
0.3800 
0 .0775 

0.1380 
0.0609 
0.2093 
0.1137 
0.0971 
1.6635 
0.3068 
0.0772 
0 .2720 

0. 1272 
0.1433 
0.1010 
0.1340 
0 .2073 

1.3688 
0 .0350 
0 .0038 
0 .2937 
0.0083 
0.1372 
0.6791 
1.0000 
0 .1186 

0.0107 
0 .0289 

0 .1858 
2 .5011 
0.5500 
0.2871 
0.8371 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.1070 
0.1070

ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Present 
PRESENT

0.1100/ 1.4033 = 

0.0755/ 1.6635 = 

0.0772/ 1.3688 = 

0.0038/ 2.5011 =

0.2871/ 
Calc 

0.0001/ 
Calc 

0.0001/

0.8371 = 

0.0002 = 

0.0001 =

0.1070/ 0.1070 =

7. 34233 

4.5386 %) 

5.6400 %) 

0.1519 %) 

34.2970 %) 

50.0000 t) 

100.0000 %) 

100.0000 %)

FINAL ACTIVITY REPORT

Conc +- 1.00sigma 
(pCi /g

Halflife 
(hrs)

Peaks 
Found

MPC 
Fraction

Ra-224 241.08 BKG 1.00e+012 1 of 1 
K-40 1460.81 1.06e+001 +-1.01e+000 1.12e+013 1 of 1

1.06e+001 pCi MPC Total:

UNKNOWN PEAKS

N-501

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

Nuclide
Energy 

(keV)

rAL: 0.00



Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (key) Gamma/sec 

ne

N-502



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

Sample ID : LIQ-2 

------------------------------------------------------------------------------------
Sample Size ... ....... .. 5.35e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-22-97 11:39 Counting Start ..... ... 10-22-97 11:39 
Sampling Stop ....... .10-22-97 11:39 Live Time ... ......... .. 3600 Sec 
Current Date ......... 10-22-97 17:51 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA 3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En^3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 
------------------------------------ ----------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keY) FLAG 

1 352.97 716.69 61 17 29 92 1.52 
2 583.63 1196.23 37 12 19 45 1.05 

. 3 609.58 1250.19 63 14 22 55 1.28 
4 1460.32 3018.87 140 14 13 15 2.15 

N-503



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: LIQ-2 

--------------------------------------------------------------------------------
Sample Size ... ....... .. 5.35e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-22-97 11:39 Counting Start ..... .. 10-22-97 11:39 
Sampling Stop ....... .10-22-97 11:39 Buildup Time .......... .. 0.00e+000 Hrs 
Current Date ......... 10-22-97 17:51 Decay Time .... ........ .. 0.00e+000 Hrs 

--------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID. ................................... IDGeneral Radionuclide Analysis Library 

--------------------------------------------------------------------------------
Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*EnA8.62e_001] 12-05-96 10:47 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % 1 Decay Limit <=. . . . 8.000 Halflives 

-------------------------------------------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc

351.00 
351.10 
351.99 
355.70 
356.00 
583.14 
583.14 
604.66 
606.10 
606.82 
609.30 
609.32 
612.45 
614.37 

1460.81

0.1200 
0.3710 
0.8760 
0.6200 

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.1070

6. 06e-003 
6. 06e-003 
6.06e-003 
6.06e-003 

3. 95e-003 
3 . 81e-003 
3.81e-003 
3 . 81e-003 

3. 81e-003 
3 .81e-003 
3. 81e-003 
1.80e-003

1. 00e+000 
1. 00e+000 
9.98e-001 
1.00e+000 

1. 01e+000 
1. 00e+000 
9. 90e-001 
1. 00e+000 

1.00e+000 
1.00e+000 
1.00e+000 
1.00e+000

1.18e+000 
3.80e-001 
1.62e-001 
2.28e-001 

4. 21e-001 
2.38e-001 
2. 89e+000 
4.46e+000 

5.02e-001 
4 .27e+000 
2.49e-001 
1.02e+001

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives

0.8319/ 1.2813 = 64.9262 %)

1 
1 
1 
1 
1 

2 
3 
3 
3 
3 
3 
3 
3 

4

352.97 
352.97 
352.97 
352.97 
352. 97 
583 .63 
583 .63 
609.58 
609.58 
609.58 
609.58 
609.58 
609.58 
609.58 

1460.32

61 
61 
61 
61 
61 
37 
37 
63 
63 
63 
63 
63 
63 
63 

140

Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
TI-208 
TH-232 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192 
Ag-108m 
K-40

U-238 

TH-232

77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
77.11 

238.63 
338.40 
583.14 
911.07 
968.90

0 .1070 

0.1920 
0.3710 
0 .4609 
0.1504 
1.2813 
0.1750 
0 .4310 
0.1201 
0.3090 
0.2900 
0 .1746

Absent 
Absent 
Present 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent

0.000

N-504



To::a I 
3a->33 81. 00 

276.40 
302.85 
356.00 
383.85 
Total 

U-235 81.07 
83 .78 

143 .76 
185.72 
236.00 
269.60 
351.10 
Total 

Sb-125 176.29 
380.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671.66 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Tr-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Au-196 332.90 
355.70 
Total 

Bi-211 351.00 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Tl-208 510.72 
583.14 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

Bi-214 609.30 
768.40

'- K-40

1120.30 
1764.50 

Total 
1460.81 

Total

_ .4997 
0 .3429 
0.0709 
0.1816 
0.6200 
0.0897 
1.3051 
0.1480 
0.2460 
0.1050 
0.5400 
0 .1100 
0 .1340 
0 .1200 

1.4030 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840 
0.0520 
0.1120 
0.0180 
0.8390 
0 .1270 

0.0950 
0. 1500 
0 .0810 
0.4530 
0 .2872 
0.2965 
0.8290 
0.4808 
0 .0543 

1. 9478 
0 .2300 
0 .8760 
1.1060 
0.0001 
0.0001 
0.9050 
0.9320 
0.9230 
2.7600 
0.0001 
0.0001 
0.0002 
0.0838 
0.1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.0001 
0 .0001 
0.0001 
0 .0001 
0..0004 
0.1070 
0.1070

ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Absent
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Unable to 
PRESENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT

0.3090/ 1.4997 =

0.6200/ 1.3051 = 

0.1200/ 1.4030 = 

0.0520/ 0.8390 = 

0.0810/ 0.4530 = 

0.0543/ 1.9478 =

0.8760/ 
Calc 

0.0001/

1.1060 = 

0.0001 =

0.9320/ 2.7600 =

Calc 
0.0001/ 

0.9756/ 
Calc

0.0002 = 

2.1554 =

0.0001/ 0.0004 = 

0.1070/ 0.1070 =

47.5059 %) 

8.5531 %) 

6.1979 %) 

17.8808 %) 

2.7878 01) 

79.2043 %) 

100.0000 %) 

33.7681 %) 

50.0000 %) 

45.2631 %) 

25.0000 %) 

100.0000 %)

N-505

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Aclide (keV) (pCi /g ) (hrs) Found Fraction 

- Bi-211 351.00 BKG 1.00e+012 1 of 1 
K-40 1460.81 1.02e+001 +-1.00e+000 1.12e+013 1 of 2 

TOTAL: 1.02e+001 pCi /g MPC Total: 0.00 
-------------------------------------------------------------------------------

UNKNOWN PEAKS

Energy Centroid Net Un- C.L. Bkg.  
(keV) Channel Counts Certainty Counts Counts 

583.63 1196.23 37 12 19 45 
609.58 1250.19 63 14 22 55

FWHM Net 
(keV) Gamma/sec 

1.05 2.599e+000 
1.28 4.593e+000

N-506



I MeL~J. = j : LIQ-3

Sample Size . . .. 5.60e+002 g -- Spectrum File-...  Sampling Start ..... 10-21-97 15:57 Counting Start .. . .. 10-21-97 15:5Sampling Stop . . . . . 10-21-97 15:57 Live Time . . . . . . . . . 3 0 e 
Current Date . .. . .. 10-22-97 17:52 1Real-Time .. .. .. . .. 360 Sec 

Detector #: 22. 
. .  

Energy(keV)= 8.24 + 0.481-Ch + 0.00e+000,Ch A2 + 0.00e+000,Ch^*3 12-05-96 10:47 
FWHM(keV) =0.98 + 0.006*En + 6.22e_004,En^2 + 0.00e+000,En A3 12-05-96 10:47 Where En = Sqrt(Energy in keV) Sensitivity . .. .. .. . .. 2.00 1 Search Start / End ... . . ....... 9 Sigma Multiplier . . . . . . . . 1.00 . . . 0 /4 9 

PEAK SEARCH RESULTS 
PK. ENERGY ADDRESS NET U-N- C.L. BKG FWHM # (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 3.6411 62 27 48 253 0.89 352.67 716.06 64 19 32 117 1.25 , 583.60 1196-18 43 14 24 57 0.98 4 609.70 1250.45 so 13 20 48 1.14 -- _..5 662.08 1359.33 114 17 25 58 1.36 6 911.35 1877.57 43 13 21 39 1.47 7 1172.91 2421.36 123 is 20 40 2.19 8 1332.19 2752.49 160 14 10 9 1.51 9 1460.31 3018.86 144 13 11 9 2.14

N-507

i.
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Quantum Technology 
GDRC Version 5.0

/



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: LIQ-3 

---------------------------------------------------------------

Sample Size ........ 5.60e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-21-97 15:57 Counting Start ..... .10-21-97 15:57 
Sampling Stop ..... 10-21-97 15:57 Buildup Time ....... .0.00e+000 Hrs 
Current Date ...... 10-22-97 17:52 Decay Time ......... 0.00e+000 Hrs 
...........................--------------------------------------------------..  

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ...................... I IDGeneral Radionuclide Analysis Library 
---------------------------------------------------------------

Eff.= 1/[6.66e-002*En -2.92e+000 + 4.02e+002*En^8.62e_001] 12-05-96 10:47 
G FrtoLi00% DeyLi . .00l------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 k I Decay Limit <= . . . . 8.000 Haliflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction

8.22e-003 
8.22e-003 
8. 22e-003 

8.22e-003 
8.22e-003 
8. 22e-003 

6. 06e-003 
6.06e-003 
6.06e-003 
6. 06e-003 

3.95e-003 
3.81e-003 
3.81e-003 
3.81e-003 

3. 81e-003 
3.81e-003 
3.81e-003 
3. 55e-003 
3. 55e-003 
3 .55e-003 
3. 55e-003 
3. 55e-003 
3. 55e-003 
3 55e-003 
2.70e-003

1 
1 
1 

2 

1 

1 
1 
1 

2 
2 
2 
2 

2 
3 
3 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 

5 

6 

6

1. 00e+000 
1.01e+000 
9. 89e-001 

9. 80e-001 
6.99e-001 
1. 00e+000 

1. 00e+000 
1. 00e+000 
9. 98e-001 
1.00e+000 

1.01e+000 
1. 00e+000 
9. 90e-001 
1. 00e+000 

1. 00e+000 
1. 00e+000 
1. 00e+000 
9. 87e-001 
1.00e+000 
1 00e+000 
9. 90e-001 
9. 99e-001 
9. 99e-001 
8 .63e-001 
1. 01e+000

9. 19e-001 
2.32e-001 
1.35e+000 

3.59e-001 
3.81e+001 
1.31e+000 

1. 18e+000 
3.81e-001 
1.62e-001 
2.28e-001 

4.. 67e-001 
1.80e-001 
2. 19e+000 
3 .38e+000 

3 .81e-001 
3 .24e+000 
1. 89e-001 
7. 18e+000 
4. 56e-001 
5. 07e-001 
8. 29e+000 
4.32e-001 
1.31e+000 
5.06e-001 
7.31e-001

239.66 
239.66 
239.66 
239.66 
239.66 
239.66 
239.66 
239.66 
239.66 
352.67 
352.67 
352.67 
352.67 
352.67 
583.60 
583 .60 
609.70 
609.70 
609.70 
609. 70 
609.70 
609.70 
609.70 
662 .08 
662.08 
662 .08 
662.08 
662.08 
662.08 
662.08 
911.35 
911.35 
911.35

Eff Decay Conc

62 
62 
62 
62 
62 
62 
62 
62 
62 
64 
64 
64 
64 
64 
43 
43 
50 
50 
50 
50 
5O 
50 
50 

114 
114 
114 
114 
114 
114 
114 

43 
43 
43

Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
Tl-208 
TH-232 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192 
Ag-108m 
As-76 
Ag-ll0m 
Cs-137 
Ce- 143 
Sb-126 
1-126 
1-132 
TH-232 
Ac-228 
Sb-129

234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244.67 
351.00 
351.10 
351.99 
355.70 
356.00 
583.14 
583.14 
604.66 
606.10 
606.82 
609.30 
609,32 
612.45 
614.37 
657.03 
657.75 
661.65 
664.55 
666.30 
667.00 
667.70 
911.07 
911.20 
914.60 9.25e-001 1.08e+0000.2140 2.70e-003

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 

0.1200 
0.3710 
0.8760 
0.6200 

0.3090 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.0608 
0.9440 
0.8500 
0.0525 
0.9970 
0.3300 
0.9870 
0.2900

N-508



7 
7 

8 
9

1172 .91 
.172 .91 
1332.19 
1460.31

0.9986 
0.1550 
0.9998 
0.1070

2.'17e-003 
2. 17e-003 
1.94e-003 
1. 80e-003

123 Co-60 
123 TB-160 
160 Co-60 
144 K-40

INITIAL NUCLIDE EVALUATION

Energy Fraction Status Half lives
------------------------------------------------------------------------------------------------------------------------------------------------------ =

U-238 77.11 
295.22 
351.99 
609.32 

1764.28 
Total 

TH-232 77.11 
238.63 
338.40 
583.14 
911.07 
968.90 
Total 

Fr-223 80.00 
234.60 
Total 

Ba-133 81.00 
276.40 
302.85 
356.00 
383.85 
Total 

U-235 81.07 
83.78 

143.76 
185.72 
236.00 
269.60 
351.10 
Total 

TB-160 86.80 
197.04 
215.65 
298.57 
876.37 
962.36 
966.17 

1177.95 
1271.88 

Total 
Te-131m 102.06 

149.71 
200,.63 
240.93 
334.27 
452 .30 

773.67 
782.49 
"793.75 
822 .78

0 .1070 

0 .1920 

0 .3710 
0 .4609 
0.1504 
1.2813 
0 .1750 
0.4310 
0.1201 
0.3090 
0.2900 
0.1746 
1.4997 
0.0001 
0.0001 
0 .0002 
0.3429 
0.0709 
0 .1816 

0.6200 
0.0897 
1.3051 
0.1480 
0.2460 
0.1050 
0.5400 
0.1100 
0.1340 
0 .1200 

1.4030 
0.1340 
0. 0524 
0.0402 
0.2740 
0.3000 
0.1000 
0.2550 
0 .1550 

0 .0760 

1.3866 
0.0790 
0.2054 
0.0752 
0.0755 
0.0952 
0.0567 
0.3800 
0.0775 
0.1380 
0.0609

Absent 
Absent 
Present 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Present 
Present 
Absent 
ABSENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent
Absent 
Absent 
Present 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent

0.8319/ 1.2813 = 

1.0300/ 1.4997 =

Calc 
0.0001/ 0.0002 =

0.6200/ 1.3051 = 

0.2300/ 1.4030 =

0.1550/ 1.3866 =(

64.9262 1) 

68.6804 %) 

50.0000 %1) 

47.5059 %) 

16.3934 %)

11.1784 %)

N-509

L.00e+000 4 .9Oe-oi.  
1.00e+000 1.i0e-00, 
1.00e+000 1.00e-00

1173.22 
1177.95 
1332.49 
1460.81

Nuclide

0. OOC 

0.000 

0.000 

0.000 

0.000

0.000

(



952.21 
1125.46 
1206.60 

Total 
-152 121.78 

244 .67 
344.30 
778 .90 

964.00 
1085 .80 
1112.07 
1408.08 

Total 
IN-116M 137.92 

244.59 
416 .88 
463.13 
818.65 

1097.23 
1293.49 
1507.50 
1601.12 
1752 .42 
2212.21 

Total 
Sb-125 176.29 

380.51 
427.95 
463 .51 
600 .77 

606 .82 
636.15 
671.66 
Total 

Xe-125 188.43 
243.40 
Total 

Ac-228 209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Ce-143 293.26 
664.55 
721.96 
Total 

,Ir-192 295.96 
308.46

0.2093 
.1137 

0.0971 
1.6635 
0.3068 
0.0772 
0 .2720 

0 .1272 

0.1433 
0.1010 
0 .1340 

0.2073 
1.3688 
0.0350 
0.0038 
0.2937 
0 .0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107 
0.0289 
0 .1858 
2.5011 
0. 0630" 
0.0140 
0.2960 
0 .1000 

0 .1840 

0 .0520 
0.1120 
0 .0180 

0 .8390 
0.5500 
0.2871 
0.8371 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530 
0.4200 
0.0525 
0.0512 
0..5237 
0.2872 
0.2965

Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Unable to 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT 
Unable, to 
PRESENT'( 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent

0.0755/ 1.6635 =

0.0772/ 1.3688 = 

0.0038/ 2.5011 = 

0.0520/ 0.8390 = 

0.2871/ 0.8371 =

(

Calc

0.0001/ 
Calc 

0.0001/ 
Calc 

0.0001/

0.0006 = 

0.0002 = 

0.0001 =

0.0810/ 0.4530 = 

0.0525/ 0.5237 =

16.6667 I) 

50.0000 %) 

100.0000 %) 

17.8808 %) 

10.0248 %)

N-S10

4.5386 1) 

5.6400 %) 

0.1519 %) 

6.1979 %) 

34.2970 %)

0.000 

0.000 

0.000 

0.000 

0.000

0.000 

0.000 

0.000 

0.000 

0.000



316. 51 
468. 36 
612.45 
Total 

-196 332.90 
355.70 
Total 

•-- Bi-211 351.00 
Total 

1-126 386.00 
667.00 
Total 

Sb-126 414.80 
666.30 
695.00 
697.00 
720.50 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Tl-208 510.72 
583.14 
Total 

1-132 522.65 
630.20 
667.70 
772.61 
954.55 
Total 

,-129 544.70 
812.80 
914.60 

1030.10 
Total 

As-76 559.10 
657.03 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

Bi-214 609.30 
768.40 

1120.30 
1764.50 

Total 
Ag-ll0m 657.75 

677.60 
706.67 
763.93 
884.67 
937.48 

1384.27 
1505.00 

_• Total 
Cs-137 661.65

3 8290 
0 .4808 
0.0543 
1.9478 
0.2300 
0.8760 
1. 1060 
0.0001 
0.0001 
0.3400 
0.3300 
0.6700 
0.8770 
0.9970 
0.9970 
0.3190 
0.5780 
3.7680 
0.9050 
0.9320 
0.9230 
2 .7600 
0 .0001 
0.0001 
0.0002 
0.1610 
0.1370 
0 .9870 

0 .7620 

0 .1810 

2.2280 
0 .1920 

0.4600 
0.2140 
0 .1350 

1 .0010 

0 .4500 
0 .0608 

0 .5108 
0 .0838 
0 .1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.9440 
0.1057 
0.1631 
0.2226 
0 .7278 
0 .3427 
0 .2164 
0.1323 
2.8546 
0.8500

Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Unable to 
PRESENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent

0.0543/ 1.9478 =

0.8760/ 
Calc 

0.0001/

1.1060 = 

0.0001 =

0.3300/ 0.6700 =

Absent 
Absent 
ABSENT ( 0.9970/ 
Absent 
Present 
Absent 
ABSENT ( 0.9320/ 
Absent 
Unable to Calc 
ABSENT ( 0.0001/ 
Absent 
Absent
Present 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
Present
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present

3.7680 =

2.7600 = 

0.0002 =

0.9870/ 2.2280 = 

0.2140/ 1.0010 = 

0.0608/ 0.5108 =

0.9756/ 
Calc

2.1554 =

0.0001/ 0.0004 = 

0.9440/ 2.8546 =

2.7878 %) 

79.2043 %*) 

100.0000 %) 

49.2537 %) 

26.4597 1) 

33.7681 %) 

50.0000 U) 

44.2998 0) 

21.3786 %) 

11.9029 %) 

45.2631 %) 

25.0000 %) 

33.0694 k)

N-511

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



30.500 PRESENT -0.8500/ 0.8500 = 
1173.22 0.9986 Present 
1332.49 0.9998 Present 

Total 1.9984 PRESENT ( 1.9984/ 1.9984 = 100.0000 %) 0.0aC 
40 1460.81 0.1070 Present 

Total 0.1070 PRESENT ( 0.1070/ 0.1070 = 100.0000 %) 0.000 
--------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction 

- - - - - 4-- - - - - - - - - - - - - - - - - - - - - - - - - - -
Ra-224 241.08 BKG 1.00e+012 1 of 1 Bi-211 351.00 BKG 1.00e+012 1 of 1 

Cs-137 661.65 5.07e-001 +-7.46e-002 2.64e+005 1 of 1 50.66 
Co-60 Average: 9.32e-001 +-6.66e-002 4.62e+004 2 of 2 103.54 

1173.22 7.61e-001 +-9.40e-002 
1332.49 1.10e+000 +-9.43e-002 

K-40 1460.81 1.00e+001 +-9.19e-001 1.12e+013 1 of 1 

TOTAL: 1.15e+001 pCi /g MPC Total: 154.20 
..............................-----------------------------------------------. 

.  

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keY) Gamma/sec 

583.60 1196.18 43 14 24 57 0.98 3.020e+000 
09.70 1250.45 50 13 20 48 1.14 3.646e+000 

911.35 1877.57 43 13 21 39 1.47 4.430e+000
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Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

Sample ID LIQ-4 
=- ---- - -- - - ------

Sample----- i--- ------------------------------------------------------------------------------- 
-- - - - - -Sample Size .. . ... 5.75e+002 g I Spectrum File . . . . . .TEMP.S Sampling Start ...... 10-21-97 09:09 Counting Start . 10-21-97 09: Sampling Stop ....... .. 10-21-97 09:09 Live Time 1 00: Current Date......10-22-97 17:53 Real Time . .......... 3600 S 

- - -.. .. -- - - -- - - -.... .... .... .... .... Re l T m . . . . .. .  
Detector #: 22 

Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:' FWHM(keV) = 0.98 + 0006*En + 6. 2 2e_004*En 2 + 0.00e+000*En A3 12-05-9 10:_ Where En = Sqrt (Energy in keV) 
---------------Senigm uti pi er . . . . . . .. .. 2.00 1search Start / End . . . . . 0 / 409 S i g m a M u l t p l i e . . . . . . . 1 . 0 0 

----------------------------------------------------------------------------------

PEAK SEARCH RESULTS 
PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM (key) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 352.30 715.29 46 24 45 171 1.30 
2 609.95 1250.96 59 14 22 52 1.48 
3 661.53 1358.19 53 15 25 58 1.53 __ 4 1172.87 2421.27 82 12 15 22 2.09 5 1331.99 2752.08 98 11 10 9 2.14 6 1460.24 3018.72 141 14 13 14 2.50 

( 
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Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: LIQ-4 

--------------------------------------------------------------------------------
Sample Size ... ....... .. 5.75e+002 g Spectrum File ...... ......... TEMP.SPC 
Sampling Start ....... .10-21-97 09:09 Counting Start ..... .. 10-21-97 09:09 
Sampling Stop ....... .10-21-97 09:09 Buildup Time .......... .. 0.00e+000 Hrs 
Current Date ......... 10-22-97 17:53 Decay Time .... ........ .. 0.00e+000 Hrs 

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ............ ................... . IDGeneral Radionuclide Analysis Library 

Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*En 8.62e-001] 12-05-96 10:47

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <= .... 8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction

6. 07e-003 
6. 07e-003 
6. 07e-003 

6.07e-003 
6. 07e-003 
6. 07e-003 
6. 07e-003 
3. 81e-003 
3. 81e-003 
3. 81e-003 

3 81e-003 
3. 81e-003 
3. 81e-003 
3. 55e-003 
3. 55e-003 
3 .55e-003 

3. 55e-003 
3.55e-003 
3.55e-003 
3.55e-003 
2.17e-003 
2. 17e-003 
1.94e-003 
1.80e-003

8.96e-001 
8. 09e-001
9.77e-001 

1. 00e+000 
1. 00e+000 
9. 98e-001 
1 00e+000 
1. 00e+000 
9. 90e-001 
1. 00e+000 

1. 00e+000 
1. 00e+000 
1. 00e+000 
9. 05e-001 
9. 87e-001 
1. 00e+000 
1. 00e+000 
9. 90e-001 
9. 99e-001 
9. 99e-001 
1. 00e+000 
1. 00e+000 
1. 00e+000 
1. 00e+000

1.94e-001 
1.10e+000 
1.01e+001 

8. 25e-001 
2 66e-001 
1. 13e-001 
1. 60e-001 
2 07e-001 
2 .52e+000 

3 .89e+000 

4 38e-001 
3. 73e+000 
2. 17e-001 
1. 84e+000 
3. 25e+000 
2. 06e-001 
2. 29e-001 
3 .75e+000 
1. 96e-001 
5. 91e-001 
4 94e-001 
3. 18e+000 
6. 58e-001 
9 .58e+000

INITIAL NUCLIDE EVALUATION

Nuclide Energy Fraction Status

U-238 77.11

Half lives

0.1070 Absent 

N-514

Eff Decay Conc

1 
1 
1 
1 
1 

1 
1 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 

4 
4 
5 
6

352.30 
352.30 
352.30 
352.30 
352.30 
352.30 
352.30 
352.30 
609.95 
609.95 
609.95 
609.95 
609.95 
609.95 
609.95 
661.53 
661.53 
661.53 
661.53 
661.53 
661.53 
661.53 

1172.87 
1172 .87 
1331.99 
1460.24

46 
46 
46 
46 
46 
46 
46 
46 
59 
59 
59 
59 
59 
59 
59 
53 
53 
53 
53 
53 
53 
53 
82 
82 
98 

141

Ho-167 
Pt-197m 
Na-24 
Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192 
Ag-108m 
Cu-61 
As-76 
Ag-110m 
Cs-137 
Ce-143 
Sb-126 
1-126 
Co-60 
TB-160 
Co-60 
K-40

346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
604.66 
606.10 
606.82 
609.30 
609.32 
612.45 
614.37 
656.00 
657.03 
657.75 
661.65 
664.55 
666..30 
667.00 

1173.22 
1177.95 
1332.49 
1460.81

0.5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.1170 
0.0608 
0 .9440 

0.8500 
0.0525 
0.9970 
0 .3300 
0.9986 
0.1550 
0.9998 
0.1070



-133 

U-235 

TB-160 

Sb- 125 

Kr-79 

Cu-61 

Ce-143 

Ir-192 

)-167 

Au-196

295.22 
351.99 
609.32 

1764.28 
Total 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83 .78 

143 .76 
185 .72 
236.00 
269.60 
351.10 
Total 
86.80 

197. 04 
215.65 
298.57 
876.37 
962.36 
966.17 

1177.95 
1271.88 

Total 
176.29 
380.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671. 66 
Total 

261.30 
397.50 
511.00 
606.10 
Total 

283.70 
656.00 
Total 

293.26 
664.55 
721.96 
Total 

295.96 
308.46 
316.51 
468.06 
612.45 
Total 

321.30 
346.50 
Total 

332.90

-1920 
0 .3710 

0.4609 
0.1504 
1.2813 
0.3429 
0.0709 
0 .1816 
0.6200 
0.0897 
1.3051 
0 .1480 

0.2460 
0 .1050 
0 .5400 

0.1100 
0.1340 
0.1200 
1.4030 
0.1340 
0.0524 
0.0402 
0.2740 
0.3000 
0 .1000 

0 .2550 
0 .1550 
0 .0760 
1.3866 
0 .0630 
0 .0140 

0.2960 
0 .1000 
0 .1840 

0 .0520 
0 .1120 

0 .0180 

0.8390 
0 .1270 
0.0950 
0.1500 
0 .0810 
0.4530 
0.1320 
0. 1170 
0.2490 
0 .4200 
0 .0525 

0.0512 
0.5237 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.2390 
0 .5700 
0.8090 
0.2300

Absent 
Present 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent' 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Absent

0.8319/ 1.2813 = 

0.6200/ 1.3051 = 

0.1200/ 1.4030 = 

0.1550/ 1.3866 = 

0.0520/ 0.8390 = 

0.0810/ 0.4530 

0.1170/ 0.2490 = 

0.0525/ 0.5237 = 

0.0543/ 1.9478 = 

0.5700/ 0.8090 =

64.9262 %) 

47.5059 %) 

8.5531 %) 

11.1784 16) 

6.1979 U) 

17.8808 %) 

46.9880 %) 

10.0248 %) 

2.7878 t) 

70.4574 %)

0.00.  

0. 0aC 

0.0CC 

0. ooc 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

N-515



355.7: 
Tota.  

?--197m 346.50 
Total 

,,-24 346.55 
857.55 

1368.53 
1732.10 

Total 
Bi-211 351.00 

Total 
1-126 386.00 

667.00 
Total 

Sb-126 414.80 
666.30 
695.00 
697.00 
720.50 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

As-76 559.10 
657.03 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

Bi-214 609.30 
768.40 

1120.30 
1764.50 

Total 
Ag-ll0m 657.75 

677.60 
706.67 
763.93 
884,.67 
937.48 

1384.27 
1505.00 

Total 
Cs-137 661.65 

Total 
Co-60 1173.22 

1332.49 
Total 

K-40 1460.81 
Total

..760 
1.1060 
0.1110 
0 .1110 
0.0100 
0.0100 
1.0000 
0 .0100 
1.0300 
0.0001 
0.0001 
0.3400 
0.3300 
0 .6700 
0.8770 
0.9970 
0. 9970 
0.3190 
0.5780 
3 .7680 
0.9050 
0 .9320 

0.9230 
2.7600 
0.4500 
0.0608 
0.5108 
0.0838 
0.1543 
0.9756 
0 .8544 

0 .0873 

2 .1554 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0 .9440 
0.1057 
0.1631 
0.2226 
0.7278 
0.3427 
0.2164 
0.1323 
2.8546 
0.8500 
0.8500 
0.9986 
0.9998 
1. 9984 
0 .1070 
0 .1070

Present 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Present 
PRESENT 
Present 
PRESENT

0.8760/ 1.1060 =

0.1110/ 
Calc 

0.0100/ 
Calc 

0.0001/

0.1110 = 

1.0300 = 

0.0001 =

0.3300/ 0.6700 = 

0.9970/ 3.7680 = 

0.9320/ 2.7600 = 

0.0608/ 0.5108 =

0.9756/ 
Calc

2.1554 =

0.0001/ 0.0004 = 

0.9440/ 2.8546 = 

0.8500/ 0.8500 = 

1.9984/ 1.9984 = 

0.1070/ 0.1070 =

79.2043 %'i 

100.0000 %) 

0.9709 01) 

100.0000 )% 

49.2537 %) 

26.4597 %) 

33.7681%) 

11.9029 %) 

45.2631 %) 

25.0000 %) 

33.0694 t) 

100.0000 %) 

100.0000 %) 

100.0000 PC)

PEAK CONTRIBUTION CORRECTION

Pk# Old Area Nuclide
Reference Energy Line ===>> Calculated Contribution 
Energy cts/dis Ref Area Energy cts/dis New Area

N-516

3.3 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



No ne 

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /g ) (hrs) Found Fraction 

Pt-197m 346.50 1.10e+000 +-5.70e-001 1.57e+000 1 of 1 
Bi-211 351.00 BKG 1.00e+012 2 of 1 
Cs-137 661.65 2.29e-001 +-6.46e-002 2.64e+005 1 of 1 22.92 
Co-60 Average: 5.74e-001 +-5.20e-002 4.62e+004 2 of 2 63.73 

1173.22 4.94e-001 +-7.24e-002 
1332.49 6.58e-001 +-7.47e-002 

K-40 1460.81 9.58e+000 +-9.26e-001 1.12e+013 1 of 1 

TOTAL: 1.15e+001 pCi /g MPC Total: 86.G5 
-------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

609.95 1250.96 59 14 22 52 1.48 4.304e+000
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"Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

I, 

Sample ID LIQ-5 

------------------------------------------------------------------------------------
Sample Size ... ...... . 5.55e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-20-97 17:24 Counting Start ..... .. 10-20-97 17:24 
Sampling Stop ....... .10-20-97 17:24 Live Time ... ......... 3600 Sec 
Current Date ......... 10-22-97 17:54 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*En"2 + 0.00e+000*EnA3 12-05-96 70:47 
Where En = Sqrt(Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keY) FLAG 

1 511.99 1047.31 85 18 29 76 1.33 
2 609.94 1250.93 62 14 21 50 1.73 
3 1460.40 3019.05 157 15 16 22 2.47 
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Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: LIQ-5 

--------------------------------------------------------------

Sample Size ........ 5.55e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-20-97 17:24 Counting Start ..... .10-20-97 17:24 
Sampling Stop ..... 10-20-97 17:24 Buildup Time ........ 0.00e+000 Hrs 
Current Date ...... 10-22-97 17:54 Decay Time ......... 0.00e+000 Hrs 
..............................-----------------------------------------------. 

.  Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ...................... I IDGeneral Radionuclide Analysis Library 
-------------------------------------------------------------

Eff.= 1/[6.66e-002*En_-2.92e+000 + 4.02e+002*EnA8.62e_001] 12-05-96 10:47 
--------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % 1 Decay Limit <=. . . . 8.000 Halflives 
-------------------------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc 

1 511.99 85 Te-121 507.59 0.1767 4.42e-003 9.99e-001 1.47e+000 
1 511.99 85 Tl-208 510.72 
1 511.99 85 Kr-79 511.00 0.1500 4.42e-003 9.90e-001 1.75e+000 
1 511.99 85 Annihila 511.00 1.0000 4.42e-003 1.00e+000 2.60e-001 
1 511.99 85 Zn-71m 511.55 0.2806 4.42e-003 9.17e-001 1.01e+000 
1 511.99 85 Rh-106m 511.70 0.8640 4.42e-003 8.56e-001 3.52e-001 
1 511.99 85 KR-85 514.00 0.0041 4.42e-003 1.00e+000 6.34e+001 
2 609.94 62 Cs-134 604.66 0.9756 3.81e-003 1.00e+000 2.26e-001 
2 609.94 62 Kr-79 606.10 0.0810 3.81e-003 9.90e-001 2.75e+000 
2 609.94 62 Sb-125 606.82 0.0520 3.81e-003 1.00e+000 4.24e+000 
2 609.94 62 Bi-214 609.30 
2 609.94 62 U-238 609.32 0.4609 3.81e-003 1.00e+000 4.77e-001 
2 609.94 62 Ir-192 612.45 0.0543 3.81e-003 1.00e+000 4.06e+000 
2 609.94 62 Ag-108m 614.37 0.9320 3.81e-003 1.00e+000 2.36e-001 
3 1460.40 157 K-40 1460.81 0.1070 1.80e-003 1.00e+000 1.10e+001 

..................................--------------------------------------------

INITIAL, NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

U-238 77.11 0.1070 Absent 
295.22 0.1920 Absent 
351.99 0.3710 Absent 
609.32 0.4609 Present 

1764.28 0.1504 Absent 
Total 1.2813 ABSENT ( 0.4609/ 1.2813 = 35.9713 %) 0.000 

Sb-125 176.29 0.0630 Absent 
380.51 0.0140 Absent 
427.95 0.2960 Absent 
463.51 0.1000 Absent 
600.77 0.1840 Absent 
606.82 0.0520 Present

N-519



636.15 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Ir-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Zn-71m 386.28 
487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

-- 121 507.59 
573.14 
Total 

--T1-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

KR-85 514.00 
Total 

Cs-134 563.26 
569.29 
604.66 
795".76 
801.84 
Total 

Bi-214 609.30 
768.40 

1120.30 
1764.50 

Total 
K-40 1460.81 

Total

0. 1120 
0 -3180 
0.8390 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530 
0.2872 
0.2965 
0.8290 
0 .4808 
0 0543 
1.9478 
0 .9200 

0 .6164 

0.2806 
0.2760 
0.5612 
2.6542 
0. 9050 
0.9320 
0.9230 
2.7600 
0.2450 
0 .8640 

0.2040 
0.1950 
0.3070 
1.8150 
0 .1767 

0.8030 
0.9797 
0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.0838 
0.1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.0001 
0.0001 
0.0001 
0.0001 
0. 0004 
0 .1070 

0.1070

Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT

0.1767/ 
Calc 

0.0001/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 =

0.9756/ 
Calc

2.1554 =

0.0001/ 0.0004 =

6.1979 %.!0.0520/ 0.8390 = 

0.2310/ 0.4530 = 

0.0543/ 1.9478 = 

0.2806/ 2.6542 = 

0.9320/ 2.7600 = 

0.8640/ 1.8150 =

0.1070/ 0.1070 = 100.0000 %) 0.000 
--- - - - - - - - - - - - - - - - - - -

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution k# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area

N-520

50.9934 %) 

2.7878 %) 

10.5719 %) 

33.7681% l) 

47.6033 %) 

18.0361 %) 

50.0000 %) 

100.0000 %) 

100.0000 0) 

45.2631 %) 

25.0000 %)

0.00( 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

-----------



FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /g ) (hrs) Found Fraction 

Annihila 511.00 I.D.Only 1.00e+003 1 of 1 
KR-85 514.00 6.34e+001 +-1.32e+001 9.39e+004 1 of 1 
K-40 1460.81 1.10e+001 +-1.05e+000 1.12e+013 1 of 1 

TOTAL: 7.44e+001 pCi /g MPC Total: 0.00 
-------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

609.94 1250.93 62 14 21 50 1.73 4.523e+000
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Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID LIQ-6 

--------------------------------------------------------------

Sample Size ........ 7.65e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-20-97 15:16 Counting Start ...... 10-20-97 15:16 
Sampling Stop ..... 10-20-97 15:16 Live Time ........... 3600 Sec 
Current Date ...... 10-22-97 17:55 Real Time ............. 0 Sec 
-------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*Chý3 12-05-96 10:47 

FWHM(keV) 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 
-------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 662.02 1359.21 1705 82 136 1702 1.53 
2 1172.99 2421.51 27346 175 116 985 1.97 
3 1332.03 2752.17 25016 161 58 250 2.03 
4 1460.16 3018.54 132 18 28 65 2.02
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Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

"Sample ID: LIQ-6 

-------------------------------------------------------------

Sample Size ........ 7.65e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-20-97 15:16 Counting Start ...... 10-20-97 15:16 
Sampling Stop ..... 10-20-97 15:16 Buildup Time ........ 0.00e+000 Hrs 
Current Date ...... 10-22-97 17:56 Decay Time ......... 0.00e+000 Hrs 

..................................--------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ...................... I IDGeneral Radionuclide Analysis Library 
-------------------------------------------------------------

Eff.= i/[6.66e-002*En -2.92e+000 + 4.02e+002*En 8.62e-001] 12-05-96 10:47 
..................................--------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % 1 Decay Limit <=. . . . 8.000 Halflives 
..................................--------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc 

1 662.02 1705 As-76 657.03 0.0608 3.55e-003 9.87e-001 7.86e+001 
1 662.02 1705 Ag-il0m 657.75 0.9440 3.55e-003 1.00e+000 4.99e+000 
1 662.02 1705 Cs-137 661.65 0.8500 3.55e-003 1.00e+000 5.55e+000 
1 662.02 1705 Ce-143 664.55 0.0525 3.55e-003 9.90e-001 9.07e+001 
1 662.02 1705 Sb-126 666.30 0.9970 3.55e-003 9.99e-001 4.73e+000 
1 662.02 1705 1-126 667.00 0.3300 3.55e-003 9.99e-001 1.43e+001 
1 662.02 1705 1-132 667.70 0.9870 3.55e-003 8.63e-001 5.54e+000 
2 1172.99 27346 Co-60 1173.22 0.9986 2.17e-003 1.00e+000 1.24e+002 
2 1172.99 27346 TB-160 1177.95 0.1550 2.17e-003 1.00e+000 7.98e+002 
3 1332.03 25016 Co-60 1332.49 0.9998 1.94e-003 1.00e+000 1.26e+002 
4 1460.16 132 K-40 1460.81 0.1070 1.80e-003 1.00e+000 6.74e+000 

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

TB-160 86.80 0.1340 Absent 
197.04 0.0524 Absent 
215.65 0.0402 Absent 
298.57 0.2740 Absent 
876.37 0.3000 Absent 
962.36 0.1000 Absent 
966.17 0.2550 Absent 

1177.95 0.1550 Present 
1271.88 0.0760 Absent 

Total 1.3866 ABSENT 0.1550/ 1.3866 = 11.1784 5) 0.000 
Ce-143 293.26 0.4200 Absent 

664.55 0.0525 Present 
721.96 0.0512 Absent 
Total 0.5237 ABSENT 0.0525/ 0.5237 = 10.0248 %) 0.000 

"• 1-126 386.00 0.3400 Absent 
667.00 0.3300 Present

N-523



414.30 
666.30 
695.00 
697.00 
720.50 
Total 

T1-132 522.65 
630.20 
667.70 
772.61 
954.55 
Total 

As-76 559.10 
657.03 
Total 

Ag-ll0m 657.75 
677.60 
706.67 
763 .93 
884.67 
937.48 

1384.27 
1505.00 

Total 
Cs-137 661.65 

Total 
Co-60 1173.22 

1332.49 
Total 

40 1460.81 
Total

7 6700 
0 8770 
0.9970 
0.9970 
0.3190 
0.5780 
3.7680 
0.1610 
0 .1370 
0 .9870 
0 .7620 
0.1810 
2.2280 
0.4500 
0.0608 
0.5108 
0.9440 
0.1057 
0.1631 
0.2226 
0.7278 
0.3427 
0.2164 
0.1323 
2 .8546 
0.8500 
0.8500 
0 .9986 

0 .9998 

1.9984 
0 .1070 

0 .1070

ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Present 
PRESENT 
Present 
PRESENT

3.3300/ 3.6700 =

0.9970/ 3.7680 = 

0.9870/ 2.2280 = 

0.0608/ 0.5108 = 

0.9440/ 2.8546 = 

0.8500/ 0.8500 = 

1.9984/ 1.9984 =(

26.4597 %) 

44.2998 %) 

11.9029 %) 

33.0694 %) 

100.0000 %) 

100.0000 %1)

0.1070/ 0.1070 = 100.0000 %) 0.000 S..........................................

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction 

Cs-137 661.65 5.55e+000 +-2.68e-001 2.64e+005 1 of 1 554.62 
Co-60 Average: 1.25e+002 +-5.68e-001 4.62e+004 2 of 2 13894.16 

1173.22 1.24e+002 +-7.95e-001 
.1332.49 1.26e+002 +-8.12e-001 

K-40 1460.81 6.74e+000 +-9.34e-001 1.12e+013 1 of 1 

TOTAL: 1.37e+002 pCi /g MPC Total: 14448.78 
..............................-----------------------------------------------. .  

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keY) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None

N-524
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Neely Nuclear Research Center 

Quantum Technology .....  
GDR C Version 5.0 

Sample ID LIQ-7 

------------------------------------------------------------------------------------
Sample Size ......... .. 5.75e+002 g Spectrum File................ TEMP.SPC Sampling Start ....... .10-20-97 13:34 Counting Start ..... .. 10-20-97 13:34 Sampling Stop ....... .. 10-20-97 13:34 Live Time................3600 Sec Current Date ......... .. 10-22-97 17:56 Real Time ........... 3.00 Sec 

Detector #: 22 Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 
FWHM(keV) = 0.98 + 0.006*En + 6 .22e_004*EnA2 + 0.00e+000*EnA3 12-05-96 10:47 

Where En = Sqrt (Energy in keV) 
------------------------------------------------------------------------------------
Sensitivity ... .......... .. 2.00 1 Search Start / End ..... .. 0 / 4095 Sigma Multiplier .......... ... 1.00 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM # (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 239.50 480.78 36 20 33 168 0.56 2 1459.96 3018.13 174 14 9 7 1.99
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Neely Nuclear Research Center 

Quantum Technology 
GDR-C Nuclide Activity Summary 

Sample ID: LIQ-7 

------------------------------------------------------------------------------

Sample Size . . . . . . . 5.75e+002 g Spectrum File . . . . . . . . .TEMP.S2C 
Sampling Start . . . . .10-20-97 13:34 Counting Start . . . . . 10-20-97 13:34 
Sampling Stop . . . . .10-20-97 13:34 Buildup Time . . . . . . . 0.00e+000 Hrs 
Current Date . . . . . .10-22-97 17:56 Decay Time . . . . . . . . 0.00e+000 Hrs ------------------------------------------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File . . .c:\gdr\library\nes.lib 
ID . . . . . . . . . . . . . . . . . . I IDGeneral Radionuclide Analysis Library ------------------------------------------------------------------------------

Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*En A 8.62e-0011 12-05-96 10:47 ------------------------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 k I Decay Limit <= . . . . 8.000 Halflives ------------------------------------------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

2k# Energy Counts Nuclide Energy Fraction Eff Decay Conc 

1 239.50 36 Fr-223 234.60 
1 239.50 36 Th-227 236.00 
1 239.50 36 U-235 236.00 0.1100 8.23e-003 1.00e+000 5.20e-001 
1 239.50 36 TH-232 0.4310 8.23e-003 1.01e+000 1.3le-001 
1 239.50 36 Te-131m 240.93 0.0755 8.23e-003 9.89e-001 7.66e-001 
1 239.50 36 Ra-224 241.08 
1 239.50 36 Xe-125 243.40 0.2871 8.23e-003 9.80e-001 2 . 03e-001 
1 239.50 36 IN-116M 244.59 0.0038 8.23e-003 6.99e-001 2.15e+001 
1 239.50 36 Eu-152 244.67 0.0772 8.23e-003 1.00e+000 7.40e-001 
2 1459.96 174 K-40 1460.81 0.1070 1.80e-003 1.00e+000 1.18e+001 

------------------------------------------------------------------------------

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

TH-232 77.11 0.1750 Absent 
238.63 0.4310 Present 
338.40 0.1201 Absent 
583.14 0.3090 Absent 
911.07 0.2900 Absentý 
968.90 0.1746 Absent 
Total 1.4997 ABSENT 0.4310/ 1.4997 = 28.7391 k) 0.000 

Fr-223 80.00 0.0001 Absent 
234.60 0.0001 Unable to Calc 
Total 0.0002 ABSENT 0.0001/ 0.0002 = 50-0000 k) 0.000 

U-235 81.07 0.1480 Absent 
83.78 0.2460 Absent 

143.76 0.1050 Absent 
185.72 0.5400 Absent 
236.00 0.1100 Present 
269.60 0.1340 Absent 
351.10 0.1200 Absent
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:e-13um 102.36 

149 .71 
200. 63 
240.93 
334.27 
452.30 
773 .67 

782.49 
793 .75 

822 .78 
852.21 

1125 .46 
1206 .60 

Total 
Eu-152 121.78 

244.67 
344.30 
778.90 
964.00 

1085.80 
1112.07 
1408.08 

Total 
IN-116M 137.92 

244.59 
416.88 
463 .13 

818.65 
1097.23 
1293 .49 
1507.50 
1601.12 
1752.42 
2212.21 

Total 
Xe-125 188.43 

243.40 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

K-40 1460.81 
Total

"-.4030 
0 . 0790 
0.2054 
0.0752 
0 .0755 
0 .0952 

0.0567 
0.3800 
0. 0775 
0.1380 
0.0609 
0.2093 
0.1137 
0.0971 
1.6635 
0.3068 
0 .0772 

0.2720 
0 .1272 
0.1433 
0 .1010 
0.1340 
0.2073 
1.3688 
0.0350 
0.0038 
0.2937 
0.0083 
0.1372 
0 .6791 
1.0000 
0.1186 
0.0107 
0 .0289 
0.1858 
2 .5011 

0.550o 
0 .2871 

0 .8371 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.1070 
0.1070

ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent

J.lI00/ 1.4033 =

(

Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Present 
PRESENT

0.0755/ 1.6635 = 

0.0772/ 1.3688 = 

0.0038/ 2.5011 =

0.2871/ 
Calc 

0.0001/ 
Calc 

0.0001/

0.8371 = 

0.0002 = 

0.0001 =

0.1070/ 0.1070 =

7.34, :-Z ý

4.5386 U) 

5.6400 %) 

0.1519 %) 

34.2970 %) 

50.0000 %) 

100.0000 %) 

100.0000 %)

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction 

Ra-224 241.08 BKG 1.00e+012 1 of 1 
K-40 1460.81 1.18e+001 +-9.46e-001 1.12e+013 1 of 1

1.18e+001 pCi /g MPC Total:

UNKNOWN PEAKS 

N-527

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

i )TAL: 0.00



Energy Cencroid Nei Un- C.L. Bkg. FWHM Ne: 
'keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

ne
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Neely Nuclear Research Center 

Quantum Technology 
( GDR C Version 5.0 

Sample ID : LIQ-8 

------------------------------------------------------------------------------------
Sample Size ... ....... .. 5.30e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-15-97 14:28 Counting Start...... .. 10-15-97 14:28 
Sampling Stop ....... .10-15-97 14:28 Live Time ... ......... 3600 Sec 
Current Date ......... 10-22-97 18:03 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En 3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 
-------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keY) FLAG 

1 351.81 714.29 59 21 36 156 1.33 
2 510.85 1044.93 102 24 41 145 2.29 

" " 3 608.81 1248.59 76 18 29 84 1.24 
4 1114.02 2298.93 59 18 33 102 1.39 
5 1171.67 2418.78 720 29 21 37 1.99 
6 1330.65 2749.29 650 28 23 46 2.12 
7 1458.75 3015.61 174 15 14 16 1.75 

N-529



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

..................................................................................  Sample ID: LIQ-8 

--------------------------------------------------------------------------------
Sample Size ... ....... 5.30e+002 g Spectrum File ................ TEMP.SPC 
Sampling Start ....... .10-15-97 14:28 Counting Start...... .. 10-15-97 14:28 
Sampling Stop ....... .10-15-97 14:28 Buildup Time .... ....... 0.00e+000 Hrs 
Current Date ......... 10-22-97 18:03 Decay Time .... ........ 0.00e+000 Hrs 

-------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ................................. I IDGeneral Radionuclide Analysis Library

Eff.= 1/[6.66e-002*En A-2.92e+000 + 4.02e+002*EnA8.62e_001] 12-05-96 10:47
--..............................................................................  Gamma Fraction Limit >= . . .80.00 01 1 Decay Limit <= .. .. . 8.000 Halflires

INITIAL.NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc

2 
2 
2 
2 
2 
2 

2 
2 
3 
3 
3 
3 

3 
3 
3 
4 

4 
4 

5 
6 

S 7

351.81 
351.81 
351.81 
351.81 
351.81 
351.81 
351.81 
351.81 
351.81 
510.85 
510.85 
510.85' 
510.85 
510.85 
510.85 
510.85 
510.85 
608.81 
608.81 
608.81 
608.81 
608.81 
608.81 
608.81 

1114.02 
1114.02 
1114.02 
1114.02 
1171.67 
1330.65 
1458.75

59 
59 
59 
59 
59 
59 
59 
59 
59 

102 
102 
102 
102 
102 
102 
102 
102 

76 
76 
76 
76 
76 
76 
76 
59 
59 
59 
59 

720 
650 
174

HF-181 
Ho-167 
Pt-197m.  
Na-24 
Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
Mo-101 
Te-121 
Tl-208 
Kr-79 
Annihila 
Zn-71m 
Rh-106m 
KR-85 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192" 
Ag-108m 
Eu-152 
Sn-127 
Zn-65 
Ni-65 
Co-60 
Co-60 
K-40

345.95 
346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 
604.66 
'606.10 
606.82 
6-09..30 
609-.32 
612.45 
614.37 

1112.07 
1114.30 
1115.52 
1115.53 
1173.22 
1332.49 
1460.81

0.1400 
0.5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.1340 
0.3800 
0.5075 
0.1513 
0.9986 
0.9998 
0.1070

6 .07e-003 
6. 07e-003 
6. 07e-003 
6 .07e-003 

6. 07e-003 
6. 07e-003 
6.07e-003 
6. 07e-003 
4.43e-003 
4.43e-003 

4. 43 e- 00 3 
4.43e-003 
4. 43 e- 00 3 
4.43e-003 
4.43e-003 
3. 81e-003 
3 .81e-003 
3.81e-003 

3 .81e-003 
3.81e-003 
3.8le-003 
2.27e-003 
2.27e-003 
2.27e-003 
2 .27e-003 
2 .17e-003 
1.95e-003 
1.80e-003

1.00e+000 
8.96e-001 
8.09e-001 
9.77e-001 

1. 00e+000 
1.00e+000 
9. 98e-001 
1.00e+000 
3.31e-001 
9 .99e-001 

9.90e-001 
1.00e+000 
9. 17e-001 
8.56e-001 
1 .00e+000 
1. 00e+000 
9 .90e-001 
1.00e+000 

1.00e+000 
1.00e+000 
1.00e+000 
1. 00e+000 
8.55e-001 
1. 00e+000 
8.76e-001 
1. 00e+000 
1 .00e+000 
1. 00e+000

9.83e-001 
2. 69e-001 
1 .53e+000 
1.41e+001 

1. 15e+000 
3.70e-001 
1.57e-001 
2.22e-001 
8.67e+000 
1.85e+000 

2.19e+000 
3.26e-001 
1.27e+000 
4 .41e-001 
7. 95e+001 
2 .89e-001 
3. 52e+000 
5 .43e+000 

6.11le-001 
5.20e+000 
3 .03e-001 
2.75e+000 
1.13e+000 
7.26e-001 
2. 78e+000 
4 .70e+000 
4 .73e+000 
1.28e+001

N-530



rNIT:AL NL'CL:DE EVALUATION 

Nuclide Energy Fraction Status :.aIffives

-238 
/ 

Ba-133 

U-235 

Eu-152 

HF-181 

Sb-125 

Mo-101 

Kr-79 

\- Ir-192

77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83 .78 

143 .76 
185.72 
236.00 
269.60 
351.10 
Total 

121.78 
244.67 
344.30 
778 .90 

964 .00 

1085.80 
1112.07 
1408.08 

Total 
133.05 
136.25 
345.95 
482.16 
Total 

176.29 
380.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671.66 
Total 

191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

261.30 
397.50 
511.00 
606.10 
Total 

295.96 
308.46

0.1070 
0.1920 
0.3710 
0.4609 
0 .1504 

1.2813 
0.3429 
0 .0709 
0.1816 
0 7200 
0.0897 
1.3051 
0.1480 
0 .2460 
0.1050 
0 .5400 

0.1100 
0.1340 
0.1200 
1.4030 
0.3068 
0.0772 
0 .2720 
0 .1272 

0.1433 
0 .1010 

0.1340 
0.2073 
1.3688 
0.4300 
0.0610 
0.1400 
0.8600 
1. 4910 
0.0630 
0.0140 
0.2960 
0 .1000 

0 .1840 

0 .0520 
0.1120 
0.0180 
0.8390 
0.1810 
0.1135 
0.1930 
0.0660 
0.1135 
0.6670 
0 .1270 

0.0950 
0.1500 
0 .0810 

0.4530 
0.2872 
0.2965

Absent 
Absent 
Present 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
Present 
ABSENT 
Absent 
Absent

0.8319/ 1.2813 = 

0.6200/ 1.3051 = 

0.1200/ 1.4030 =

0.1340/ 1.3688 = 

0.1400/ 1.4910 = 

0.0520/ 0.8390 = 

0.1135/ 0.6670 = 

0.2310/ 0.4530 =

N-531

64.9262 %) 

47.5059 %) 

8.5531 %) 

9.7896 %) 

9.3897 %) 

6.1979 %) 

17.0165 %) 

50.9934 %)

0.00f 

0.00( 

0. 0C0 

0.000 

0.000 

0.000 

0.000 

0.000



316.51 
463. D6 
612.45 
Total 

-167 321.30 
346.50 
Total 

-- Au-196 332.90 
355.70 
Total 

Pt-197m 346.50 
Total 

Na-24 346.55 
857.55 

1368.53 
1732.10 

Total 
Bi-211 351.00 

Total 
Zn-71m 386.28 

487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

KR-85 514.00 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

Bi-214 609.30 
768.40 

1120.30 
1764.50 

Total 
-127 823.10 

1095.60 
1114.30 

Total

0.8290 
0 .4808 
0.0543 
1 .9478 
0.2390 
0.5700 
0 .8090 
0.2300 
0.8760 
1.1060 
0.1110 
0.1110 
0.0100 
0 .0100 
1.0000 
0.0100 
1.0300 
0.0001 
0.0001 
0 .9200 

0 .6164 
0.2806 
0.2760 
0.5612 
2 .6542 
0 .9050 

0.9320 
0.9230 
2.7600 
0 .2450 
0.8640 
0.2040 
0.1950 
0.3070 
1.8150 
0 .1767 

0 .8030 
0 .9797 

0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0 .0041 

0.0838 
0.1543 
0.9756 
0.8544 
0.0873 
2 .1554 
0 .0001 
0 .0001 
0.0001 
0.0001 
0.0004 
0.1060 
0 .1940 
0.3800 
0.6800

Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent

0.0543/ 1.9478 = 

0.5700/ 0.8090 = 

0.8760/ 1.1060 =

0.1110/ 
Calc 

0.0100/ 
Calc 

0.0001/

Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Present 
Absent 
ABSENT ( 0.  
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Present 
Absent 
ABSENT ( 0.  
Unable to Calc 
Absent 
ABSENT ( 0.  
Unable to Calc 
PRESENT ( 1.  
Present 
PRESENT ( 0.  
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.  
Unable to Calc 
Absent 
Absent 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Present 
ABSENT ( 0.

0.1110 = 

1.0300 = 

0.0001 =

2806/ 2.6542 = 

9320/ 2.7600 = 

8640/ 1.8150 =

1767/ 

0001/ 

0000/

0.9797 = 

0.0002 = 

1.0000 =

0041/ 0.0041 = 

9756/ 2.1554 = 

0001/ 0.0004 = 

3800/ 0.6800 =

2.7878 %) 

70.4574 %) 

79.2043 %) 

100.0000 %) 

0.9709 % 

100.0000 % 

10.5719 %) 

33.7681 %) 

47.6033 %) 

18.0361%) 

50.0000 %) 

100.0000 0) 

100.0000 %) 

45.2631 %) 

25.0000 %) 

55.8824 %)

N-532

O . OOC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Zn-5 1115.52 n.5075 Presenr
0.5075 PRESENT 0.5075/ 0.5075 = 100.330C .  

Ni-65 1115.53 0.1513 Present 
1481.34 0.2350 Absent 

Total 0.3863 ABSENT 0.1513/ 0.3863 = 39.1665 % 0.20.  
-)-60 1173.22 0.9986 Present 

1332.49 0.9998 Present 
Total 1.9984 PRESENT ( 1.9984/ 1.9984 = 100.0000 0) 0.0aC 

K-40 1460.81 0.1070 Present 
Total 0.1070 PRESENT ( 0.1070/ 0.1070 = 100.0000 %) 0.00C 

-------------------------------------------------------------------------------

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

None 

--...........................-------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /g ) (hrs) Found Fraction 

Pt-197m 346.50 1.53e+000 +-5.43e-001 1.57e+000 1 of 1 
Bi-211 351.00 BKG 1.00e+012 1 of 1 
Annihila 511.00 I.D.Only 1.00e+003 1 of 1 
WPR-85 514.00 7.95e+001 +-1.84e+001 9.39e+004 1 of 1 

-65 1115.52 7.26e-001 +-2.28e-001 5.86e+003 1 of 1 12.10 
-o-60 Average: 4.72e+000 +-1.39e-001 4.62e+004 2 of 2 524.02 

1173.22 4.70e+000 +-1.89e-001 
1332.49 4.73e+000 +-2.05e-001 

K-40 1460.81 1.28e+001 +-l.lle+000 1.12e+013 1 of 1 

TOTAL: 9.93e+001 pCi /g MPC Total: 536.12 

S7 -----------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

608.81 1248.59 76 18 29 84 1.24 5.535e+000

N-533



"ieely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID : LIQ-9 

---------------------------------------------------------------

Sample Size ........ 5.35e+002 g Spectrum File ......... TEMP.SP( 
Sampling Start ..... 10-20-97 11:49 Counting Start ..... .10-20-97 11:4S 
Sampling Stop ..... 10-20-97 11:49 Live Time ........... 3600 Sec 
Current Date ...... 10-22-97 17:57 Real Time ............. 0 Sec 

---------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 :0:4

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*En A2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt (Energy in keV) 

..............................------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 1 
----------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keY) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 352.44 715.60 78 20 33 102 1.21 
2 583.62 1196.22 47 14 22 53 1.28 
3 609.45 1249.92 67 13 20 45 0.69 

" " 4 1460.03 3018.27 152 13 9 7 1.77

N-534



Neely Nuclear Research Cencer 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: LIQ-9 

-------------------------------------------------------------

Sample Size ........ 5.35e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-20-97 11:49 Counting Start ..... .10-20-97 11:4S 
Sampling Stop ..... 10-20-97 11:49 Buildup Time ........ 0.00e+000 Hrs 
Current Date ....... 10-22-97 17:57 Decay Time ......... 0.00e+000 Hrs 
--------------------------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lit 
ID ...... ............ I IDGeneral Radionuclide Analysis Library 
-------------------------------------------------------------

Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*EnA8.62e_001] 12-05-96 10:47 
..................................--------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
..................................--------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc 

1 352.44 78 Ho-167 346.50 0.5700 6.06e-003 8.96e-001 3.53e-001 
1 352.44 78 Pt-197m 346.50 0.1110 6.06e-003 8.09e-001 2.01e+000 
1 352.44 78 Na-24 346.55 0.0100 6.06e-003 9.77e-001 1.85e+001 
1 352.44 78 Bi-211 351.00 
1 352.44 78 U-235 351.10 0.1200 6.06e-003 1.00e+000 1.50e+000 
1 352.44 78 U-238 351.99 0.3710 6.06e-003 1.00e+000 4.85e-001 
1 352.44 78 Au-196 355.70 0.8760 6.06e-003 9.98e-001 2.07e-001 
1 352.44 78 Ba-133 356.00 0.6200 6.06e-003 1.00e+000 2.91e-001 
2 583.62 47 Tl-208 583.14 
2 583.62 47 TH-232 .583.14 0.3090 3.95e-003 1.01e+000 S.35e-001 
3 609.45 67 Cs-134 604.66 0.9756 3.81e-003 1.00e+000 2.53e-001 
3 609.45 67 Kr-79 606.10 0.0810 3.81e-003 9.90e-001 3.08e+000 
3 609.45 67 Sb-125 606.82 0.0520 3.81e-003 1.00e+000 4.74e+000 
3 609.45 67 Bi-214 609.30 
3 609.45 67 U-238 609.32 0.4609 3.81e-003 1.00e+000 5.34e-001 
3 609.45 67 Ir-192 612.45 0.0543 3.81e-003 1.00e+000 4.54e+000 
3 609.45 67 Ag-108m 614.37 0.9320 3.81e-003 1.00e+000 2.65e-001 
4 1460.03 152 K-40 1460.81 0.1070 1.80e-003 1.00e+000 l.lle+001 

-------------------------------------------------------------

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

U-238 77.11 0.1070 Absent 
295.22 0.1920 Absent 
351.99 0.3710 Present 
609.32 0.4609 Present 

1764.28 0.1504 Absent 
Total 1.2813 ABSENT 0.8319/ 1.2813 = 64.9262 %) 0.000 

LH-232 77.11 0.1750 Absent 
238.63 0.4310 Absent 
338.40 0.1201 Absent

N-535



583.14 
z - '-7 

968a9.9 
T otal 

Ba-!33 81.00 
276.40 
302.85 
356.00 
383.85 
Total 

U-235 81.07 
83 .78 

143 .76 
185 .72 

236.00 
269.60 
351.10 
Total 

Sb-125 176.29 
3.80.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671.66 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

-- 192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Ho-167 321.30 
346.50 
Total 

Au-196 332.90 
355.70 
Total 

Pt-197m 346.50 
Total 

Na-24 346.55 
857.55 

1368.53 
1732.10 

Total 
Bi-211 351.00 

Total 
Ag-108m 434.00 

614.37 
722.95 
Total 

208 510.72 
583.14 
Total

0.3090 
? 2900 
3.1746 
1 4997 
0.3429 
0.0709 
0 1816 
0. 6200 
0.0897 
1 3051 
0.1480 
0.2460 
0 .1050 
0.5400 
0 1100 
0.1340
0.120 
1.403 
0. 063 
0.014.  
0. 296i 
0. 100 
0.184 
0.052( 
0.112C 
0.0180 
0.8390 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.2390 
0.5700 
0.8090 
0.2300 
0.8760 
1.1060 
0.1110 
0.1110 
0.0100 
0.0100 
1.0000 
0.0100 
1.0300 
0.0001 
0.0001 
0.9050 
0.9320 
0.9230 
2.7600 
0.0001 
0.0001 
0.0002

Present 
Absenr 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent

0 Present 
0 ABSENT ( 0.12C 
0 Absent 
0 Absent 
0 Absent 
0 Absent 
0 Absent 

Present 
Absent 
Absent 
ABSENT ( 0.052 

* Absent 
Absent 
Absent 
Present 
ABSENT ( 0.081 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.0543 
Absent 
Present 
ABSENT ( 0.5700 
Absent 
Present 
ABSENT ( 0.8760 

Present PRESENT ( 0.1110 
Unable to Calc 
Absent 
Absent 
Absent 
ABSENT ( 0.0100/ 
Unable to Calc 
PRESENT ( 0.0001/ 
Absent 
Present 
Absent 
ABSENT ( 0.9320/ 
Absent 
Unable to Calc 
ABSENT ( 0.0001/

0.3090/ 

0.6200/

0/ 

o/

1.4997 = 

1.3051 

1.4030 = 

0.8390 = 

0.4530 = 

1.9478 =

/ 0.8090 = 

/ 1.1060 =

/, 0.1110 = 

1.0300 = 

0.0001 =

2.7600 =

0.0002 =

20.6041 1!

00/

N-536

47.5059 %) 0.Oc 

8.5531 %) 0.00 

6.1979 01) 0.00C 

17.8808 1) 0.000 

2.7878 %) 0.000 

70.4574 %) 0.000 

79.2043 %) 0.000 

00.0000 %) 0.000 

0.9709 %) 0.000 

,0.0000 %) 0.000 

3.7681 %0) 0.000 

0.0000 %) 0.000



795.76 
801.84 
Total 

609.30 
768.40 

1120.30 
1764.50 

Total 
1460.81 

Total

0.0838 
15 543 

0.9756 
0.8544 
0.0873 
2.1554 
0.0001 
0.0001 
0.0001 
0.0001 
0 .0004 

0 .1070 

0 .1070

Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.9756/ 
Unable to Calc 
Absent 
Absent 
Absent 
ABSENT ( 0.0001/ 
Present 
PRESENT ( 0.1070/

45.2631%) 

25.0000 %)

0.1070 = 100.0000 %)

0.02 

0.00CO

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

None

FINAL ACTIVITY REPORT

Energy 
Nuclide (keV) 

Dt-197m 346.50 
-211 351.00 

.- 40 1460.81

Conc +- 1.00sigma Halflife Peaks MPC 
(pCi /g ) (hrs) Found Fraction 

2.01e+000 +-5.05e-001 1.57e+000 1 of 1 
BKG 1.00e+012 1 of 1 

1.lle+001 +-9.64e-001 1.12e+013 1 of 1

TOTAL: 1.31e+001 pCi /g MPC Total: 0.00 
-------------------------------------------------------------------------------

UNKNOWN PEAKS

Energy Centroid Net Un- C.L. Bkg.  
(keV) Channel Counts Certainty Counts Counts 

583.62 1196.22 47 14 22 53 
609.45 1249.92 67 13 20 45

FWHM Net 
(keV) Gamma/sec 

1.28 3.301e+000 
0.69 4.884e+000

N-537

Bi-214 

K-40

2.1554 =

0.0004 =



Neely Nuclear Research Cencer 

Quantum Technology 
GDR C Version 5.0 

'--Sample ID LIQ-10 

-------------------------------------------------------------------------------
Sample Size ... ....... .. 5.70e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-20-97 10:33 Counting Start ..... .. 10-20-97 10:33 
Sampling Stop ....... .10-20-97 10:33 Live Time ... ......... 3600 Sec 
Current Date ......... 10-22-97 17:58 Real Time ... ......... 0 Sec 

--------------------------------------------------------------------------------
Detector #: 22 

Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA 3 12-05-96 10:47 

FWHM(keV) 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En 3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

--------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier ........... .. 1.00 

----------------------------------- ---------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 511.11 1045.47 82 18 29 78 1.64 
2 609.44 1249.89 47 15 25 61 0.83 
3 1459.72 3017.64 164 15 14 17 1.80 

N-538



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: LIQ-10 

-------------------------------------------------------------

Sample Size ........ 5.70e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-20-97 10:33 Counting Start ...... 10-20-97 10:33 
Sampling Stop ..... 10-20-97 10:33 Buildup Time ....... 0.00e+000 Hrs 
Current Date ...... 10-22-97 17:58 Decay Time ......... 0.00e+000 Hrs 
..................................--------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . c:\gdr\library\nes.lib 
7D ...... ............ IDGeneral Radionuclide Analysis Library 

- - -- - - - - - - - - - - - ----------------------------------------------

Eff.= 1/[6.66e-002*En -2.92e+000 + 4.02e+002*En 8.62e-001] 12-05-96 10:47 
..................................--------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
..................................--------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc 

1 511.11 82 Mo-101 505.88 0.1135 4.43e-003 3.31e-001 6.49e+000 
1 511.11 82 Te-121 507.59 0.1767 4.43e-003 9.99e-001 1.38e+000 
1 511.11 82 Tl-208 510.72 
1 511.11 82 Kr-79 511.00 0.1500 4.43e-003 9.90e-001 1.64e+000 
1 511.11 82 Annihila 511.00 1.0000 4.43e-003 1.00e+000 2.44e-001 
1 511.11 82 Zn-71m 511.55 0.2806 4.43e-003 9.17e-001 9.48e-001 
1 511.11 82 Rh-106m 511.70 0.8640 4.43e-003 8.56e-001 3.30e-001 
1 511.11 82 KR-85 514.00 0.0041 4.43e-003 1.00e+000 5.95e+001 
2 609.44 47 Cs-134 604.66 0.9756 3.81e-003 1.00e+000 1.67e-001 
2 609.44 47 Kr-79 606.10 0.0810 3.81e-003 9.90e-001 2.03e+000 
2 609.44 47 Sb-125 606.82 0.0520 3.81e-003 1.00e+000 3.12e+000 
2 609.44 47 Bi-214 609.30 
2 609.44 47 U-238 609.32 0.4609 3.81e-003 1.00e+000 3.52e-001 
2 609.44 47 Ir-192 612.45 0.0543 3.81e-003 1.00e+000 2.99e+000 
2 609.44 47 Ag-108m 614.37 0.9320 3.81e-003 1.00e+000 1.74e-001 
3 1459.72 164 K-40 1460.81 0.1070 1.80e-003 1.00e+000 1.12e+001 

--------------------------------------------------------------

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status, Halflives 

U-238 77.11 0.1070 Absent 
295.22 0.1920 Absent 
351.99 0.3710 Absent 
609.32 0.4609 Present 

1764.28 0.1504 Absent 
Total 1.2813 ABSENT 0.4609/ 1.2813 = 35.9713 %) 0.000 

",-125 176.29 0.0630 Absent 
380.51 0.0140 Absent 
427.95 0.2960 Absent 
463.51 0.1000 Absent 
600.77 0.1840 Absent

N-539



.- 2 
G36. 15 

Total 
•-i01 191.93 

505.88 
590.82 
695.53 

1012.35 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Ir-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Zn-71m 386.28 
487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

.>n-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

KR-85 514.00 
Total 

Cs-134 563.26 
569.29 
604.66 
795.76 
801.84 
Total 

Bi-214 609.30 
768.40

I -- K-40

1120.30 
1764.50 

Total 
1460.81 

Total

*: 520 
3.1120 

0 0180 
0.8390 
0.1810 
0.1135 
0.1930 
0 .0660 
0.1135 
0. 6670 
0.1270 
0.0950 
0 .1500 

0 .0810 
0.4530 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1 .9478 

0.9200 
0.6164 
0.2806 
0.2760 
0.5612 
2 .6542 
0.9050 
0.9320 
0.9230 
2.7600 
0.2450 
0 .8640 

0.2040 
0.1950 
0.3070 
1.8150 
0.1767 
0.8030 
0.9797 
0.0001 
0.0001 
0 .0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.0838 
0.1543 
0.9756 
0.8544 
0 .0873 

2.1554 
0.0001 
0.0001 
0.0001 
0.0001 
0. 0004 
0 .1070 
0 .1070

Presenz 
Absent
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT

0.0520/ 0.8390 = 

0.1135/ 0.6670 = 

0.2310/ 0.4530 = 

0.0543/ 1.9478 = 

0.2806/ 2.6542 = 

0.9320/ 2.7600 = 

0.8640/ 1.8150 =

0.1767/ 
Calc 

0.0001/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 =

0.9756/ 
Calc

2.1554 =

0.0001/ 0.0004 = 

0.1070/ 0.1070 =

6.1979 1) 

17.0165 0) 

50.9934 %-) 

2.7878 %) 

10.5719 %) 

33.7681%) 

47.6033 %) 

18.0361%) 

50.0000 %1) 

100.0000 %) 

100.0000 %) 

45.2631 ?V) 

25.0000 %) 

100.0000 %)

N-540

0.00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
:# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

__ None = 

----------------------------------------------------------------

FINAL ACTIVITY REPORT 
Energy Conc +- 1.00sigma Halflife Peaks MPC Nuclide (keV) (pCi /g ) (hrs) Found Fraction 

Annihila 511.00 I.D.Only 1.00e+003 1 of 1 KR-85 514.00 5.95e+001 +-1.28e+001 9.39e+004 1 of 1 K-40 1460.81 1.12e+001 +-1.01e+000 1.12e+013 1 of 1 
TOTAL: 7.07e+001 pCi /g MPC Total: 0.00 

UNKNOWN PEAKS 
Energy Centroid Net Un- C.L. Bkg. FWHM Net (keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 
609.44 1249.89 47 15 25 61 0.83 3.426e+000

N-541



Neely Nuclear Research Center 

Quantum Technology -== GDR C Version 5.0 

Sample ID LIQ-11 

----------------------------------------------------------------------------------

Sample Size .... ....... 5.10e+002 g Spectrum File................ TEMP.SP Sampling Start ........ 10-15-97 13:19 Counting Start ........ 10-15-97 13:1 Sampling Stop ....... .. 10-15-97 13:19 Live Time................3600 Se Current Date. .. ........10-22-97 17:59 Real Time ....................... 0 Se, ----------------------------------------------------------------------------------
Detector #: 22 Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*Chý2 + 0.00e+000*Ch^3 12-05-96 10:4

FWHM(keV) = 0.98 + 0.006*En + 6. 2 2 e_004*EnA2 + 0.00e+000*En^3 12-05-)G 10:4
Where En = Sqrt(Energy in keV) 

-----------------------------------------------------------------------------------Sensitivity ................................ 2.0.Sac tr n...............0/49 Se s t vt .. . . . . . . . . . 2.00 1 Search Start / End . . . . . 0 / 4095 Sigma Multiplier .......... ... 1.00 
-----------------------------------------------------------------------------------

PEAK SEARCH RESULTS 
PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM # (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (.keV) FLAG 

511.22 1045.70 94 18 28 87 2.43 2 582.76 1194.43 53 14 23 57 1.39 3 910.30 1875.39 44 12 18 37 1.17 __ 4 1458.98 3016.10 163 14 11 11 1.96 

N-542



Neely Nuciear .Research Center 

Quantum Technology 
GDR C Nuclide Activity Summary 

Sample ID: LIQ-11 

------------------------------------------------------------------------------------
Sample Size ........ 5.10e+002 g Spectrum File ......... TEMP.SPC 
Sampling Start ..... 10-15-97 13:19 Counting Start ..... .10-15-97 13:19 
Sampling Stop ..... 10-15-97 13:19 Buildup Time ........ 0.00e+000 Hrs 
Current Date ...... 10-22-97 17:59 Decay Time ......... 0.00e+000 Hrs 
.............................-------------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . . c:\gdr\library\nes.lib 
ID ...................... I IDGeneral Radionuclide Analysis Library 
----------------------------------------------------------------

Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*En 8.62e-001] 12-05-96 1--47 
-------------------------------------------------------------- 

Gamma Fraction Limit >= . . . 80.00 1 I Decay Limit <=. . . . 8.000 Halflives 
.............................-------------------------------------------------

INITIAL.NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc 

1 511.22 94 Mo-101 505.88 0.1135 4.43e-003 3.31e-001 8.31e+000 
1 511.22 94 Te-121 507.59 0.1767 4.43e-003 9.99e-001 1.77e+000 
1 511.22 94 Tl-208 510.72 
1 511.22 94 Kr-79 511.00 0.1500 4.43e-003 9.90e-001 2.10e+000 
1 511.22 94 Annihila 511.00 1.0000 4.43e-003 1.00e+000 3.13e-001 
1 511.22 94 Zn-71m 511.55 0.2806 4.43e-003 9.17e-001 1.21e+000 
1 511.22 94 Rh-106m 511.70 0.8640 4.43e-003 8.56e-001 4.22e-001 
1 511.22 94 KR-85 514.00 0.0041 4.43e-003 1.00e+000 7.62e+001 
2 582.76 53 Tl-208 583.14 
2 582.76 53 TH-232 583.14 0.3090 3.96e-003 1.01e+000 6.32e-001 
3 910.30 44 TH-232 911.07 0.2900 2.70e-003 1.01e+000 8.20e-001 
3 910.30 44 Ac-228 911.20 
3 910.30 44 Sb-129 914.60 0.2140 2.70e-003 9.25e-001 1.21e+000 
4 1458.98 163 K-40 1460.81 0.1070 1.80e-003 1.00e+000 1.25e+001 

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

TH-232 77.11 0.1750 Absent 
238.63 0.4310 Absent 
338.40 0.1201 Absent 
583.14 0.3090 Present 
911.07 0.2900 Present 
968.90 0.1746 Absent 
Total 1.4997 ABSENT ( 0.5990/ 1.4997 = 39.9413 k) 0.000 

Mo-101 191.93 0.1810 Absent 
505.88 0.1135 Present 
590.82 0.1930 Absent 
695.53 0.0660 Absent 

1012.35 0.1135 Absent 
Total 0.6670 ABSENT ( 0.1135/ 0.6670 = 17.0165 %) 0.000

N-543



Ac-223 229.5 
333.-
790.50 
911.20 
964.40 

( 968.80 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Zn-71m 386.28 
487.34 
511.55 
596.97 
620.19 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70

Te 

T1

Total 
•-121 507.59 

573.14 
Total 

-208 510.72 
583.14 
Total 

.nihila 511.00 
Total 

.-85 514.00 
Total 

-129 544.70 
812.80 
914.60

K-40

1030.10 
Total 

1460.81 
Total

.0001 
0 0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.1270 
0.0950 
0 .1500 
0.0810 
0.4530 
0.9200 
0.6164 
0.2806 
0 .2760 

0.5612 
2 .6542 
0.2450 
0.8640 
0.2040 
0.1950 
0.3070 
1.8150 
0 .1767 
0.8030 
0 .9797 

0.0001 
0.0001 
0 .0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.1920 
0.4600 
0.2140 
0.1350 
1.0010 
0 .1070 

0 .1070

Absent 
Absent 
Absent 
Unable 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Present 
PRESENT

to Calc

0.0001/ 0.0006 = 

0.1500/ 0.4530 = 

0.2806/ 2.6542 

0.8640/ 1.8150 =

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

0.2140/ 1.0010 = 

0.1070/ 0.1070 =

16.6667 %) 

33.1126 %) 

10.5719 U 

47.6033 01) 

18.0361 %) 

100.0000 k) 

100.0000 %) 

100.0000 %) 

21.3786 %) 

100.0000 %)

PEAK CONTRIBUTION CORRECTION

Pk# Old Area Nuclide
Reference Energy Line ===>> Calculated Contribution 
Energy cts/dis Ref Area Energy cts/dis New Area

None

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Peaks MPC 
-"iclide (keY) (pCi /g ) (hrs) Found Fraction 

P1-208 510.72 BKG 1.00e+012 2 of 2

Annihila
583.14 
511.00

BKG 
I.D.Only 1.00e+003 1 of 1

N-544

0.0OC 

0.00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

KR 

Sk



K(R-35 514.00 7.62e+001 --. 46e-00! 9.39e-204 -
K-4^ 145>.1 1.25ee001 +-1.3;8e-000 17.12e-013 

TOTAL: 8.87e+001 pCi /g MPC Total: a. 2 

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keY) Gamma/sec 

910.30 1875.39 44 12 18 37 1.17 4.528e+000 

N-545



Neely Nuclear Research *enter 

Quantum Technology 
GDR C Version 5.0

'.• Sample ID : LIQ-12

Sample Size ........ 2.95e+002 g Spectrum File 
Sampling Start ....... .10-20-97 09:20 Counting Start ........ 10-20-97 09:2C Sampling Stop ....... .10-20-97 09:20 Live Time. ......... 3600 Sec Current Date ......... .. 10-22-97 18:00 Real Time ............ 0 Sec 

Detector #: 22 Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------------------------
Sensitivity ... .......... .. 2.00 1 Search Start / End ..... .. 0 / 4095 Sigma Multiplier .......... ... 1.00 

--------------------------------------------------------------------------------

PEAK SEARCH RESULTS

PK. ENERGY ADDRESS 
# (keY) CHANNEL 

1 583.19 1195.33 
2 1172.61 2420.72 
3 1331.59 2751.24 
4 1459.88 3017.96

NET UN- C.L. BKG FWHM 
COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

44 15 25 78 1.11 
761 31 29 72 1.90 
738 29 20 33 1.93 
172 14 12 12 2.18

N-546



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: LIQ-12 

--------------------------------------------

Sample Size ........ 2.95e+002 g Spectrum File .......... TEMP.SP 
Sampling Start ..... 10-20-97 09:20 Counting Start ..... .10-20-97 09:2 
Sampling Stop ..... 10-20-97 09:20 Buildup Time ........ 0.00e+000 Hr 
Current Date ...... 10-22-97 18:00 Decay Time........ 0.00e+000 Hr 
-------------------------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. ... c:\gdr\library\nes.-i! 
ID ..................... IDGeneral Radionuclide Analysis Librar' 
-------------------------------------------------------------

Eff.= 1/[6.66e-002*EnA_2.92e+000 + 4.02e+002*EnA8.62e-001] 12-05-96 0:1t 
-------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halfl.ve, 
-------------------------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc 

1 583.19 44 Tl-208 583.14 
1 583.19 44 TH-232 583.14 0.3090 3.96e-003 1.01e+000 9.07e-002 
2 1172.61 761 Co-60 1173.22 0.9986 2.17e-003 1.60e+000 8.94e+OOC 
2 1172.61 761 TB-160 1177.95 0.1550 2.17e-003 1.00e+000 5.76e+001 
3 1331.59 738 Co-60 1332.49 0.9998 1.95e-003 1.00e+000 9.66e+000 
4 1459.88 172 K-40 1460.81 0.1070 1.80e-003 1.00e+000 2.28e+001 

------------------------------------------------------------------------------

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

TH-232 77.11 0.1750 Absent 
238.63 0.4310 Absent 
338.40 0.1201 Absent 
583.14 0.3090 Present 
911.07 0.2900 Absent 
968.90 0.1746 Absent 
Total 1.4997 ABSENT ( 0.3090/ 1.4997 = 20.6041%) 0.000 

TB-160 86.80 0.1340 Absent 
197.04 0.0524 Absent 
215.65 0.0402 Absent 
298.57 0.2740 Absent 
876.37 0.3000 Absent 
962.36 0.1000 Absent 
966.17 0.2550 Absent 

1177.95 0.1550 Present 
1271.88 0.0760 Absent 

Total 1.3866 ABSENT ( 0.1550/ 1.3866 = 11.1784 %) 0.000 
-208 510.72 0.0001 Absent 

583.14 0.0001 Unable to Calc 
Total 0.0002 ABSENT ( 0.0001/ 0.0002 = 50.0000 %) 0.000 

Co-60 1173.22 0.9986 Present

N-547



1332.49 To-a' 

1460.81 
-r I

0.9998 Present 
1.9984 PRESENT ( 1.9984/ 
0.1070 Present - . z�34 - '�'-' -

U J.iJU/U PRSENT ( 0.1070/ 0.1070 100.0000 %) 0.c 
-----------------------------------------------------------------------------

FINAL ACTIVITY REPORT

Energy 
Nuclide (keV) 

Co-60 Average: 
1173.22 
1332.49 

K-40 1460.81

Conc +- 1.00sigma Halflife Peaks MPC 
(pCi /g ) (hrs) Found Fraction 

9.29e+000 +-2.64e-001 4.62e+004 2 of 2 1031.87 
8.94e+000 +-3.68e-001 
9.66e+000 +-3.79e-001 
2.28e+001 +-1.92e+000 1.12e+013 1 of 1

TOTAL: 3.21e+001 pCi /g MPC Total: 1031.87 
--------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keY) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

583.19 1195.33 44 15 25 78 1.11 3.089e+000

N-548

K-4



Neely Nuclear-Research Center 

Quantum Technology 
GDR C Version 5.0 

W- Sample ID LIQ-13 

--------------------------------- 7--------------------------------------------------
Sample Size ... ........ 1.33e+003 g Spectrum File ................ TEMP.SP( 
Sampling Start ....... .10-17-97 15:28 Counting Start ..... ... 10-17-97 15:2E 
Sampling Stop ....... .10-17-97 15:28 Live Time ........... .. 3600 Sec 
Current Date ......... .. 10-22-97 18:01 Real Time ........... 0 Sec 

-------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*Ch^2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt (Energy in keV) 

-------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 I Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 1 
... ... .. ...... .. ... ... ..-------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 352.42 715.56 46 19 33 131 1.17 
2 510.99 1045.22 109 19 29 83 1.43 
3 609.68 1250.39 53 15 24 63 1.61 

- 4 1114.80 2300.55 155 15 18 31 1.78 
5 1459.45 3017.06 189 15 12 13 2.15 

N-549



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: LIQ-13 

------------------------------------------------------------------------
Sample Size ... ........ 1.33e+003 g Spectrum File .... ......... ..I 
Sampling Start ........ 10-17-97 15:28 Counting Start ........ 10-17-_ 
Sampling Stop ....... .. 10-17-97 15:28 Buildup Time ......... ... 0.00e+ 
Current Date ......... .. 10-22-97 18:01 Decay Time .... ......... 0.00e+ 

------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq .ef Library File. . .c:\gdr\library\ 
ID ...... " I DGeneral Radionuclide Analysis 

----~ J--- ------------------ - - - - - - - - - - - - - - - -- - - - - - - - -_•Li.= L/ Lb.b6e-002*En -2.92e+000 + 4.02e+002*En 8.62e-001] 
------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 %r I Decay Limit <= ....
12-05-S 

8.000 Ha

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay C 
-------------------------------------------------

Ho-167 
Pt-197m 
Na-24 
Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
Mo-101 
Te-121 
Tl-208 
Kr-79 
Annihila 
Zn-71m 
Rh-106m 
KR-85 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192 
Ag-108ni 
Eu-152 
Sn-127 
Zn-65 
Ni-65 
Bi-214 
Sc-46 
K-40

0.5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.9320 
0.1340 
0.3800 
0.5075 
0.1513

6. 06e-003 
6. 06e-003 
6. 06e-003 

6. 06e-003 
6. 06e-003 
6. 06e-003 
6. 06e-003 
4.43e-003 
4.43e-003 

4.43e-003 
4.43e-003 
4 .43e-003 
4.43e-003 
4.43e-003 
3.81e-003 
3.81e-003 
3.81e-003 

3. 81e-003 
3 .81e-003 

3 .81e-003 
2.27e-003 
2.27e-003 
2.27e-003 
2.27e-003

1.0000 2.27e-003 
0.1070 1.80e-003

8.96e-001 8.  
8.09e-001 4.  
9.77e-001 4.  

1.00e+000 3.  
1.00e+000 1.  
9.98e-001 4.  
1.00e+000 6.  
3.31e-001 3.  
9.99e-001 7.  

9.90e-001 9.j c 
1.00e+000 1.39 
9.17e-001 5.42 
8.56e-001 1.88 
1.00e+000 3.40 
1.00e+000 8.08 
9.90e-001 9.  
1.00e+000 1.  

1.00e+000 1.  
1.00e+000 1..  
1.00e+000 8..  
1.00e+000 2., 
8.55e-001 1..  
1.00e+000 7., 
8.76e-001 2.: 

1.00e+000 3.
1.00e+000 5.1

INITIAL NUCLIDE EVALUATION

N-550

4.  

1 
1 
1 
1 
1 
1 

1 
2 
2 
2 
2 
2 
2 
2 

2 
3 
3 
3 
3 
3 
3 

3 
4 
4 
4 
4 
4 
4 

/

3Z .42 

352.42 
352.42 
352.42 
352 .42 
352.42 
352.42 
352.42 

510. 99 
510 .99 

510 .99 

510.99 
510. 99 
510.99 
510. 99 
510.99 
609.68 
609 .68 

609.68 
609.68 
609.68 
609.68 
609.68 

1114.80 
1114.80 
1114.80 
1114.80 
1114.80 
1114.80 
1459.45

46 
46 
46 

- 46 
46 
46 
46 
46 

109 
109 
109 
109 
109 
109 
109 
109 

53 
53 
53 
53 
53 
53 
53 

155 
155 
155 
155 
155 
155 
189

346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 
604.66 
606.10 

606.82 
609.30 
6'09 .32 
612.45 
614.37 

1112.07 
1114.30 
1115.52 
1115.53 
1120.30 
1120.51 
1460.81



Nucide Energy Fraction Status ra I -- es

U-238 

/ 

Ba-133 

U-235 

Eu-152 

\•.-.Sb-125 

Mo-101 

Kr-79 

Ir-192 

/ 
s- Ho-167

77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83.78 

143.76 
185.72 
236.00 
269.60 
351.10 
Total 

121.78 
244.67 
344.30 
778.90 
964 .00 

1085.80 
1112.07 
1408 .08 

Total 
176.29 
380.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671.66 
Total 

191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

261.30 
397.50 
511.00 
606.10 
Total 

295.96 
308.46 
316.51 
468.06 
612.45 
Total 

321.30 
346.50

0.1070 
0.1920 
0.3710 
0.4609 
0.1504 
1.2813 
0.3429 
0.0709 
0.1816 
0.6200 
0.0897 
1.3051 
0.1480 
0.2460 
0.1050 
0.5400 
0.1100 
0.1340 
0.1200 
1.4030 
0.3068 
0.0772 
0.2720 
0.1272 
0.1433 
0.1010 
0.1340 
0.2073 
1.3688 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840 
0.0520 
0.1120 
0.0180 
0.8390 
0.1810 
0.1135 
0.1930 
0.0660 
0.1135 
0.6670 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.2390 
0.5700

Absent 
Absent 
Present 
Present 
Absent 
ABSENT ( 0.8319/ 1.2813 = 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT ( 0.6200/ 1.3051 = 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.1200/ 1.4030 = 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT ( 0.1340/ 1.3688 = 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT ( 0.0520/ 0.8390 = 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 0.1135/ 0.6670 = 
Absent 
Absent 
Present 
Present 
ABSENT ( 0.2310/ 0.4530 = 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.0543/ 1.9478 = 
Absent 
Present

64.9262 U) 

47.5059 k) 

8.5531 *) 

9.7896 %) 

6.1979 %) 

17.0165 %) 

50.9934 %) 

2.7878 1)

0.00OC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

N-551



Tot:alI 
Au-196 332.90 

355.70 
Total 

-197m 346.50 
Total 

Na-24 346.55 
857.55 

1368.53 
1732.10 

Total 
Bi-211 351.00 

Total 
Zn-71m 386.28 

487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70

Te-121 

• Tl-208 

Annihila 

KR-85 

Cs-134 

Bi-214

Total 
507.59 
573.14 
Total 

510.72 
583.14 
Total 

511.00 
Total 

514.00 
Total 

563.26 
569.29 
604.66 
795-.76 
801.84 
Total 

609.30 
768.40

1120.30 
1764.50 

Total 
Sn-127 823.10 

1095.60 
1114.30 

Total 
Sc-46 889.25 

1120.51 
/ 2009.76 

Total 
SZn-65 1115.52 

Total

0.8090 
0.2300 
0 .8760 
1. 1060 
0 .1110 

0 .1110 
0.0100 
0.0100 
1.0000 
0.0100 
1.0300 
0.0001 
0.0001 
0 .9200 

0 .6164 

0 .2806 
0 .2760 
0.5612 
2.6542 
0.9050 
0.9320 
0.9230 
2.7600 
0.2450 
0.8640 
0.2040 
0.1950 
0.3070 
1.8150 
0 .1767 

0.8030 
0. 9797 
0 .0001 
0.0001 
0.0002 
1.0000 
1.0000 
0 .0041 
0.0041 
0.0838 
0.1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.1060 
0.1940 
0.3800 
0.6800 
1.0000 
1.0000 
0.1000 
2.1000 
0.5075 
0.5075

ABSENT 
Absent 
Present 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent
Present 
Absent 
ABSENT 
Absent 
Present 
Absent
Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Unable to 
Absent 
Unable to 
Absent 
ABSENT ( 
Absent 
Absent 
Present 
ABSENT ( 
Absent 
Present 
Absent 
ABSENT 
Present 
PRESENT

0.5700/ 0.8090 = 

0.8760/ 1.1060 =

0.1110/ 
Calc 

0.0100/ 
Calc 

0.0001/

0.1110 = 

1.0300 = 

0.0001 =

0.2806/ 2.6542 = 

0.9320/ 2.7600 = 

0.8640/ 1.8150 =

0.1767/ 
Calc

0.9797 =

0.0001/ 0.0002 =
Calc 

1.0000/ 1.0000 =

0.0041/ 0.0041 =

0.9756/ 
Calc

2.1554 =

79 .457 %-

79.2043 %) 

100.0000 %) 

0.9709 %) 

100.0000 %9) 

10.5719 %i) 

33.7681 %) 

47.6033 U) 

18.0361 ) 

50.0000 %) 

100.0000 U) 

100.0000 U) 

45.2631 )

Calc

0.0002/ 0.0004 = 

0.3800/ 0.6800 = 

1.0000/ 2.1000 = 

0.5075/ 0.5075 =

50.0000 k) 

55.8824 %) 

47.6190 k) 

100.0000 k)

N-552

0.00' 

0.00C 

0. 00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

0.000 

0.000 

0.000 

0.000

(



Ni-G5 1115.53 0.1513 Present 
'481.84 0.2350 Absent 

Total 0.3863 ABSENT ( 0.1513/ 0.3863 = 39.1665 3) 0.0CC 
K-40 1460.81 0.1070 Present 

Total 0.1070 PRESENT ( 0.1070/ 0.1070 = 100.0000 %) 0 .0( 
-------------------------------------------------------------------------------

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

None 

..................................--------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction 

Pt-197m 346.50 4.79e-001 +-2.00e-001 1.57e+000 2 of 1 
Bi-211 351.00 BKG 1.00e+012 1 of 1 
Annihila 511.00 I.D.Only 1.00e+003 1 of 1 
KR-85 514.00 3.40e+001 +-5.78e+000 9.39e+004 1 of 1 
Zn-65 1115.52 7.63e-001 +-7.63e-002 5.86e+003 1 of 1 12.72 
K-40 1460.81 5.57e+000 +-4.46e-001 1.12e+013 1 of 1 

TOTAL: 4.08e+001 pCi /g MPC Total: 12.72 
........................--------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keY) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

609.68 1250.39 53 15 24 63 1.61 3.865e+000

N-553



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

<- Sample ID : LIQ-14 

----------------------------------------------------------------

Sample Size ........ 5.50e-001 L Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-17-97 13:57 Counting Start..... .10-17-97 13:57 
Sampling Stop ..... 10-17-97 13:57 Live Time........... 3600 Sec 
Current Date ...... 10-22-97 08:35 Real Time ............. 0 Sec 
----------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*En A2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt (Energy in keV) 

----------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 1 
------------------------------ 

----------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keY) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 661.46 1358.05 3087 61 49 206 1.55 2 1172.18 2419.83 2045 49 39 119 1.86 
3 1331.14 2750.31 1923 45 15 19 2.05 
4 1459.20 3016.56 184 14 6 3 2.27

N-554



Neely Nuclear Research Cencer 

Quantum Technology GDRC Nuclide Activity Summary 

Sample ID: LIQ-14 

------------------------------------------------------------------------------------
Sample Size ... ....... .. 5.50e-001 L Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-17-97 13:57 Counting Start ..... .. 10-17-97 13:57 
Sampling Stop ....... .10-17-97 13:57 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .. 10-22-97 08:35 Decay Time .... ........ .. 0.00e+000 Hrs 

-------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ......... .................. . I IDGeneral Radionuclide Analysis Library 
-------------------------------------------------------------------------------------
Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*EnA8.62e-001] 12-05-96 10:47 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 

-------------------------------------------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc 

1 661.46 3087 Cu-61 656.00 0.1170 3.55e-003 9.05e-001 1.12e+005 
1 661.46 3087 As-76 657.03 0.0608 3.55e-003 9.87e-001 1.98e+005 
1 661.46 3087 Ag-or0m 657.75 0.9440 3.55e-003 1.00e+000 1.26e+004 
1 661.46 3087 Cs-137 661.65 0.8500 3.55e-003 1.00e+000 1.40e+004 
1 661.46 3087 Ce-143 664.55 0.0525 3.55e-003 9.90e-001 2.28e+005 

S1 661.46 3087 Sb-126 666.30 0.9970 3.55e-003 9.99e-001 1.19e+004 
1 661.46 3087 1-126 667.00 0.3300 3.55e-003 9.99e-001 3.60e+004 
2 1172.18 2045 Co-60 1173.22 0.9986 2.17e-003 1.00e+000 1.29e+004 
2 1172.18 2045 TB-160 1177.95 0.1550 2.17e-003 1.00e+000 8.30e+004 
3 1331.14 1923 Co-60 1332.49 0.9998 1.95e-003 1.00e+000 1.35e+004 
4 1459.20 184 K-40 1460.81 0.1070 1.80e-003 1.00e+000 1.31e+004 

-------------------------------------------------------------------------------

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

TB-160 86.80 0.1340 Absent 
197.04 0.0524 Absent 
215.65 0.0402 Absent 
298.57 0.2740 Absenit, 
876.37 0.3000 Absent 
962.36 0.1000 Absent 
966.17 0.2550 Absent 

1177.95 0.1550 Present 
1271.88 0.0760 Absent 

Total 1.3866 ABSENT 0.1550/ 1.3866 = 11.1784 %) 0.000 
Cu-61 283.70 0.1320 Absent 

656.00 0.1170 Present ( Total 0.2490 ABSENT 0.1170/ 0.2490 = 46.9880 %) 0.000 
Ce-143 293.26 0.4200 Absent 

664.55 0.0525 Present 
721.96 0.0512 Absent 

N-555



Total 
-386.S0 
667.00 
Total 

-126 414.80 
666.30 
695.00 
697.00 
720.50 
Total 

As-76 559.10 
657.03 
Total 

Ag-ll0m 657.75 
677.60 
706.67 
763.93 
884.67 
937.48 

1384.27 
1505.00 

Total 
Cs-137 661.65 

Total 
Co-60 1173.22 

1332.49 
Total 

IK-40 1460.81 
Total

0.5237 
0 .3400 
0.3300 
0. 6700 
0 .8770 

0 .9970 

0.9970 
0.3190 
0.5780 
3.7680 
0.4500 
0.0608 
0.5108 
0 .9440 

0.1057 
0.1631 
0 .2226 
0 .7278 
0.3427 
0.2164 
0.1323 
2 .8546 

0.8500 
0.8500 
0.9986 
0.9998 
1.9984 
0.1070 
0.1070

ABSENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Present 
Present 
PRESENT 
Present 
PRESENT

0.9970/ 3.7680 = 

0.0608/ 0.5108 = 

0.9440/ 2.8546 = 

0.8500/ 0.8500 = 

1.9984/ 1.9984 = 

0.1070/ 0.1070 =

0.0525/ 0.5237 = 

0.3300/ 0.6700 =

FINAL ACTIVITY REPORT

Conc +- 1.00sigma 
(pCi /L

Half life 
(hrs)

Peaks 
Found

MPC 
Fraction

Cs-137 661.65 1.40e+004 +-2.76e+002 2.64e+005 1 of 1 1395684.63 
Co-60 Average: 1.32e+004 +-2.21e+002 4.62e+004 2 of 2 1464852.75 

1173.22 1.29e+004 +-3.11e+002 
1332.49 1.35e+004 +-3.13e+002 

K-40 1460.81 1.31e+004 +-9.84e+002 1.12e+013 1 of 1

4.02e+004 pCi /L MPC Total: 2860537.50

IUNKNOWN PEAKS

Energy Centroid 
(keY) Channel

Net Un- - C.L.  
Counts Certainty- Counts

Bkg. FWHM 
Counts (keV)

Net 
Gamma/sec

None

N-556

!S 324 %" 

49.2537 %) 

26.4597 !k) 

11.9029 %) 

33.0694 %) 

100.0000 %) 

100.0000 0) 

100.0000 %)

Nuclide
Energy 

(keY)

TOTAL:

0.00C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID LIQ-15 

-----------------------------------------------------------------------------------
Sample Size ... ....... .. 4.80e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-15-97 15:48 Counting Start ..... ... 10-15-97 15:4E 
Sampling Stop ....... .10-15-97 15:48 Live Time ... ......... .. 3600 Sec 
Current Date ......... .. 10-22-97 18:02 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

--------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 I Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 

------------------------------------------------------------------------------

PEAK SEARCH RESULTS

PK. ENERGY ADDRESS 
# (keV) CHANNEL 

1 238.81 479.36 
2 510.40 1043.99 
3 1171.44 2418.29 
4 1330.44 2748.85 
5 1458.59 3015.29

NET UN- C.L. BKG FWHM 
COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

62 27 46 296 1.09 
91 22 39 138 1.38 

1204 39 34 104 2.02 
1250 37 18 26 2.04 

170 15 14 17 2.43

N-557



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

•_-Sample ID: LIQ-15 

------------------------------------------------------------------------------------
Sample Size ............ 4.80e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-15-97 15:48 Counting Start ..... .. 10-15-97 15:48 
Sampling Stop ....... .10-15-97 15:48 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .. 10-22-97 18:02 Decay Time .... ........ 0.00e+000 Hrs 
------------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ........... .................. I IDGeneral Radionuclide Analysis Library 
-------------------------------------------------------------------------------------
Eff.= 1/[6.66e-002*En^-2.92e+000 + 4.02e+002*EnA8.62e_001] 12-05-96 10:47 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 

-------------------------------------------------------------------------------

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc

Xe-133m 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Mo-101 
Te-121 
Tl-208 
Kr-79 
Annihila 
Zn-71m 
Rh-106m 
KR-85 
Co-60 
Co-60 
K-40

233.20 
234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244.67 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 

i173.22 
1332.49 
146ý0-.81

0.1000 8.24e-003

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 
0.9986 
0.9998 
0.1070

8.24e-003 
8.24e-003 
8.24e-003 

8.24e-003 
8. 24e-003 
8.24e-003 
4.44e-003 
4.44e-003 

4.44e-003 
4.44e-003 
4.44e-003 
4.44e-003 
4.44e-003 
2. 17e-003 
1. 95e-003 
1. 80e-003

9.94e-001 1.18e+000

1. 00e+000 
1. 01e+000 
9.89e-001 

9. 80e-001 
6. 99e-001 
1. 00e+000 
3 .31e-001 
9. 99e-001 

9. 90e-001 
1. 00e+000 
9.17e-001 
8. 56e-001 
1. 00e+000 
1.00e+000 
1. 00e+000 
1. 00e+000

1. 07e+000 
2.70e-001 
1. 58e+000 

4.18e-001 
4.43e+001 
1.52e+000 
8.54e+000 
1.82e+000 

2. 16e+000 
3.21e-001 
1.25e+000 
4.34e-001 
7.83e+001 
8 .68e+000 
1.00e+001 
1.38e+001

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives 

TH-232 77.11 0.1750 Absent 
238.63 0.4310 Present 
338.40 0.1201 Absent 
583.14 0.3090 Absent 
911.07 0.2900 Absent 
968.90 0.1746 Absent

N-558

1 
1 
1 
1 
1 
1 

•*-• 1 
1 
1 

1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
4 
5

238.81 
238.81 
238.81 
238.81 
238.81 
238.81 
238.81 
238.81 
238.81 
238 .81 
510.40 
510.40 
510.40 
510.40 
510.40 
510.40 
510.40 
510.40 

1171.44 
1330.44 
1458.59

62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
91 
91 
91 
91 
91 
91 
91 
91 

1204 
1250 
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Total 
Fr-223 80.00 

234.60 
Total 

"-235 81.07 
83.78 

143.76 
185 .72 
236.00 
269.60 
351.10 
Total 

Te-131m 102.06 
149 .71 

200.63 
240. 93 
334.27 
452.30 
773 .67 

782.49 
793.75 
822.78 
852.21 

1125.46 
1206.60 

Total 
Eu-152 121.78 

244 .67 
344.30 
778 .90 

964 .00 
1085.80 
1112.07 
1408.08 

Total 
IN-116M 137.92 

244 .59 

416.88 
463 .13 

818 .65 
1097.23 
1293 .49 
1507.50 
1601.12 
1752.42 
2212.21 

Total 
Xe-125 188.43 

243.40 
Total 

Mo-101 191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

-.-133m 233.20 
Total 

Th-227 236.00 
329.90

"! 4997 
0.0001 
0.0001 
0 .0002 
0.1480 
0.2460 
0 .1050 

0 .5400 

0 .1100 
0 .1340 
0 .1200 

1 .4030 

0 .0790 
0.2054 
0.0752 
0.0755 
0.0952 
0. 0567 
0.3800 
0 .0775 
0 .1380 
0.0609 
0 .2093 
0.1137 
0.0971 
1.6635 
0.3068 
0.0772 
0.2720 
0.1272 
0 .1433 

0.1010 
0.1340 
0.2073 
1.3688 
0.0350 
0.0038 
0.2937 
0.0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011 
0.5500 
0.2871 
0.8371 
0.1810 
0.1135 
0.1930 
0.0660 
0.1135 
0.6670 
0.1000 
0.1000 
0.0001 
0.0001

ABSENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent,
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Unable to 
Absent

. 0.4310/ 

Calc 
0.0001/

1.4997 = 

0.0002 =

0.1100/ 1.4030 = 

0.0755/ 1.6635 = 

0.0772/ 1.3688 = 

0.0038/ 2.5011 = 

0.2871/ 0.8371 = 

0.1135/ 0.6670 =

0.1000/ 
Calc

0.1000 =

28.7391 

50.0000 %) 

7.8403 0) 

4.5386 k) 

5.6400 %) 

0.1519 %) 

34.2970 %) 

17.0165 k) 

100.0000 %)

N-559

0.0CC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Total 
Ra-224 241.08 

Total 
Kr-79 261.30 

397.50 
511.00 
606.10 
Total 

Zn-71m 386.28 
487.34 
511.55 
596.97 
620.19 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70

Te-121 

Tl-208 

Annihila 

KR-85 

-60 

K-40

Total 
507.59 
573.14 
Total 

510.72 
583.14 
Total 

511.00 
Total 

514.00 
Total 

1173.22 
1332.49 

Total 
1460.81 

Total

0.0002 
0.0001 
0.0001 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530 
0 .9200 

0 .6164 
0.2806 
0.2760 
0.5612 
2.6542 
0.2450 
0.8640 
0.2040 
0.1950 
0.3070 
1. 8150 
0.1767 
0.8030 
0.9797 
0.0001 
0. 0001 
0 .0002 

1.0000 
1.0000 
0.0041 
0.0041 
0.9986 
0.9998 
1.9984 
0.1070 
0.1070

ABSENT 
Unable to 
PRESENT 
Absent 
Absent
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent

(

Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Present 
PRESENT 
Present 
Present 
PRESENT 
Present 
PRESENT

0.0001/ 
Calc 

0.0001/

0.0002 = 

0.0001 =

0.1500/ 0.4530 = 

0.2806/ 2.6542 = 

0.8640/ 1.8150 =

0.1767/ 
Calc 

0.0001/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

1.9984/ 1.9984 = 

0.1070/ 0.1070 =

100.0000 %) 

33.1126 %) 

10.5719 %) 

47.6033 %) 

18.0361%) 

50.0000 k) 

100.0000 %) 

100.0000 %) 

100.0000 %) 

100.0000 %)

O.'1: 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

None

FINAL ACTIVITY REPORT

Energy Conc +- 1. 00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /g ) (hrs) Found Fraction 

Xe-133m 233.20 1.18e+000 +-5.18e-001 5.42e+001 1 of 1 
Ra-224 241.08 BKG 1.00e+012 1 of 1 
Annihila 511.00 I.D.Only 1.00e+003 1 of 1 
KR-85 514.00 7.83e+001 +-1.92e+001 9.39e+004 1 of 1 
-)-60 Average: 9.33e+000 +-2.03e-001 4.62e+004 2 of 2 1036.95 

1173.22 8.68e+000 +-2.80e-001 
1332.49 1.00e+001 +-2.94e-001 

\,---K-40 1460.81 1.38e+001 +-1.22e+000 1.12e+013 I of 1

N-560



TOTAL: 1.03e+002 pCi /g
MPC Total: - ,3; 1

UNKNOWN PEAKS 

.ergy Centroid Net Un- C.L. Bkg. FWHM Net 
(keY) Channel Counts Certainty Counts Counts (key) Gamma/sec 

None-= 
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Neely Nuclear*Research Center 

Quantum Technology 
GDR C Version 5.0 

S-Sample ID LIQ-16 

------------------------------------------------------------------------------------
Sample Size ... ....... .. 5.50e-001 L Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-17-97 11:27 Counting Start ..... .. 10-17-97 11:27 
Sampling Stop ....... .10-17-97 11:27 Live Time ... ......... .. 3600 Sec 
Current Date ......... .. 10-22-97 08:45 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*En^2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------------------------
Sensitivity . ... ......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 1 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keY) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 238.97 479.69 91 25 43 224 1.00 
2 352.33 715.36 52 15 24 90 1.10 
3 511.08 1045.40 60 22 40 137 0.92 
4 582.79 1194.49 51 16 29 83 1.55 
5 609.13 1249.25 52 14 23 63 1.74 
6 1172.13 2419.73 147 15 17 28 1.26 
7 1331.08 2750.18 123 13 14 16 2.19 
8 1459.21 3016.58 163 14 12 13 2.19

N-562



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

\._Sample ID: LIQ-16 

-------------------------------------------------------------------------------
Sample Size ... ....... .. 5.50e-001 L Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-17-97 11:27 Counting Start...... .. 10-17-97 11:27 
Sampling Stop ....... .10-17-97 11:27 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .. 10-22-97 08:45 Decay Time .... ........ 0.00e+000 Hrs 
------------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ........... .................. I IDGeneral Radionuclide Analysis Library 

------------------------------------------------------------------------------
Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*EnA8.62e-0011 12-05-96 10:47

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <= .... 8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION 

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc

Xe-133m 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Ho-167 
Pt-197m 
Na-24 
Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
Mo-101 
Te-121 
Tl-208 
Kr-79 
Annihila 
Zn-71m 
Rh-106m 
KR-85 
Tl-208 
TH-232 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238

0.1000 8.24e-003 

0.1100 8.24e-003 
0.4310 8.24e-003 
0.0755 8.24e-003 

0.2871 8.24e-003 
0.0038 8.24e-003 
0.0772 8.24e-003 
0.5700 6.06e-003 
0.1110 6.06e-003 
0.0100 6.06e-003 

0.1200 6.06e-003 
0.3710 6.06e-003 
0.8760 6.06e-003 
0.6200 6.06e-003 
0.1135 4.43e-003 
0.1767 4.43e-003 

0.1500 4.43e-003 
1.0000 4.43e-003 
0.2806 4.43e-003 
0.8640 4.43e-003 
0.0041 4.43e-003 

0.3090 3.96e-003 
0.9756 3.81e-003 
0.0810 3.81e-003 
0.0520 3.81e-003 

0.4609 3.81e-003

9.94e-001 1.52e+003

1. 00e+000 
1. 01e+000 
9. 89e-001 

9. 80e-001 
6. 99e-001 
1.00e+000 
8.96e-001 
8. 09e-001 
9. 77e-001 

1.00e+000 
1. 00e+000 
9. 98e-001 
1. 00e+000 
3.31e-001 
9. 99e-001 

9. 90e-001 
1. 00e+000 
9. 17e-001 
8. 56e-001 
1. 00e+000 

1. 01e+000 
1. 00e+000 
9. 90e-001 
1. 00e+000

1.37e+003 
3.47e+002 
2.02e+003 

5.36e+002 
5. 68e+004 
1. 95e+003 
2 .29e+002 
1 .30e+003 
1. 20e+004 

9.75e+002 
3.15e+002 
1. 34e+002 
1.89e+002 
4.92e+003 
1. 05e+003 

1.24e+003 
1.85e+002 
7. 19e+002 
2.50e+002 
4.51e+004 

5. 64e+002 
1. 91e+002 
2. 32e+003 
3.58e+003

1 

1 
1 
1 
1 

1 
k'•_,, 1 

1 
1 

1 
2 
2 
2 
2 
2 
2 
2 

2 
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 
5 
5 

' 5 

5

238.97 
238.97 
238.97 
238.97 
238.97 
238.97 
238.97 
238.97 
238.97 
238.97 
352.33 
352.33 
352.33 
352.33 
352.33 
352.33 
352.33 
352.33 
511.08 
511.08 
511.08 
511.08 
511.08 
511.08 
511.08 
511.08 
582.79 
582.79 
609.13 
609.13 
609.13 
609.13 
609.13

91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
52 
52 
52 
52 
52 
52 
52 
52 
60 
60 
60 
60 
60 
60 
60 
60 
51 
51 
52 
52 
52 
52 
52

233.20 
234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
.244.67 
346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 
583.14 
583.14 
604.66 
606.10 
606.82 
609.30 
609.32 1.00e+000 4.03e+002
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5 

6 
7 

( 8

609 13 
6 9. 3 

1172.13 
1172.13 
1331.08 
1459.21

52 1r-192 
52 Ag-108m 

147 Co-60 
147 TB-160 
123 Co-60 
163 K-40

612.45 
614.37 

1173 .22 

1177.95 
1332.49 
1460.81

0.0543 
0.9320 
0 .9986 

0 .1550 
0. 9998 
0. 1070

3.81e-003 
3. 8le-003 
2. 17e-003 
2. 17e-003 
1. 9 5e-003 1.80e-003

INITIAL NUCLIDE EVALUATION 

Nuclide Energy Fraction Status Halflives

U-238 77.11 
295.22 
351.99 
609.32 

1764.28 
Total 

TH-232 77.11 
238.63 
338.40 
583.14 
911.07 
968.90 
Total 

Fr-223 80.00 
234.60 
Total 

Ba-133 81.00 
276.40 
302.85 
356.00 
383.85 
Total 

U-235 81.07 
83.78 

143.76 
18.5.72 
236.00 
269.60 
351.10 
Total 

TB-160 86..80 
197.04 
215.65 
298.57 
876.37 
962.36 
966.17 

1177.95 
1271.88 

Total 
Te-131m 102.06 

149.71 
200.63 
240.93 
334.27 
452.30 
773.67 
782.49

Absent 
Absent 
Present 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent 
Absent

0.8319/ 1.2813 = 

0.7400/ 1.4997 =

0.1070 
0.1920 
0.3710 
0.4609 
0.1504 
1.2813 
0.1750 
0.4310 
0.1201 
0.3090 
0.2900 
0.1746 
1.4997 
0.0001 
0.0001 
0.0002 
0.3429 
0.0709 
0.1816 
0 .6200 

0.0897 
1.3051 
0 .1480 
0.2460 
0.1050 
0.5400 
0.1100 
0.1340 
0.1200 
1.4030 
0.1340 
0.0524 
0.0402 
0.2740 
0.3000 
0.1000 
0.2550 
0.1550 
0.0760 
1.3866 
0.0790 
0.2054 
0.0752 
0.0755 
0.0952 
0.0567 
0.3800 
0.0775

0.0002 =

0.6200/ 1.3051 = 

0.2300/ 1.4030 = 

0.1550/ 1.3866 =

64.9262 %) 

49.3432 %) 

50.0000 %) 

47.5059 *1) 

16.3934 %) 

11.1784 %)

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

N-564

_ cOe-00C 
1 00e+000 
1. 00e+000 
1 00e+000 
1. 00e+000

2. 0e--02 
9.26e+00.  
5. 96e+007 
8. 63e+00: 
1.16e+004

Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent
Present 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent

Calc 
0.0001/



793 .75 
822. 78 
852.21.  

1125.46 
1206.60 

Total 
Eu-152 121.78 

244 .67 

344.30 
778 .90 

964.00 
1085. 80 
1112 .07 

1408.08 
Total 

IN-116M 137.92 
244.59 
416.88 
463.13 
818.65 

1097.23 
1293.49 
1507.50 
1601.12 
1752.42 
2212.21 

Total 
Sb-125 176.29 

380.51 
427.95 
463 .51 
600 .77 

606.82 
636.15 
671.66 
Total 

Xe-125 188.43 
243.40 
Total 

Mo-101 191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

Xe-133m 233.20 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

Ir-192 295.96 
308.46 
316.51

0.1380 
0.0609 
0.2093 
0.1137 
0. 0971 
1.6635 
0.3068 
0. 0772 
0 .2720 
0 .1272 
0. 1433 
0.1010 
0. 1340 
0.2073 
1.3688 
0.0350 
0 .0038 
0.2937 
0.0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840 
0.0520 
0.1120 
0.0180 
0.8390 
0.5500 
0.2871 
0.8371 
0.1810 
0.1135 
0.1930 
0.0660 
0.1135 
0.6670 
0.1000 
0.1000 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.1270 
0.0950 
0.1500 
0.0810 
0.4530 
0.2872 
0.2965 
0.8290

Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Unable tc 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent 
Present 
Present 
ABSENT 
Absent 
Absent 
Absent

0.0772/ 1.3688 = 

0.0038/ 2.5011 = 

( 0.0520/ 0.8390 = 

0.2871/ 0.8371 = 

0.1135/ 0.6670 =

0.1000/ 
Calc 

0.0001/ 
Calc 

0.0001/

0.1000 = 

0.0002 = 

0.0001 =

0.2310/ 0.4530 =

0.0755/ 1.6635 =

N-565

( 4.5386 %) 

5.6400 0) 

0.1519 %) 

6.1979 %) 

34.2970 k) 

17.0165 !k) 

100.0000 C) 

50.0000 t) 

100.0000 k) 

50.9934 %)

0.00( 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



468.06 
612.45 
Total 

Ho-167 321.30 
346.50 
Total 

Au-196 332.90 
355.70 
Total 

Pt-197m 346.50 
Total 

Na-24 346.55 
857.55 

1368.53 
1732.10 

Total 
Bi-211 351.00 

Total 
Zn-71m 386.28 

487.34 
511.55 
596.97 
620.19 
Total 

Ag-108m 434.00 
614.37 
722.95 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70

Te-121 

Tl-208 

Annihila 

KR-85 

Cs-134 

Bi-214

I 
•_ K-40

Total 
507.59 
573.14 
Total 

510.72 
583.14 
Total 

511.00 
Total 

514.00 
Total 

563.26 
569.29 
604.66 
795.76 
801.84 
Total 

609.30 
768.40 

1120.30 
1764.50 

Total 
1173.22 
1332.49 

Total 
1460.81 

Total

0 .4808 
0 .0543 
1. 9478 
0.2390 
0.5700 
0.8090 
0.2300 
0.8760 
1. 1060 
0.1110 
0.1110 
0.0100 
0.0100 
1.0000 
0.0100 
1.0300 
0.0001 
0.0001 
0. 9200 
0 .6164 

0.2806 
0 .2760 
0.5612 
2.6542 
0.9050 
0.9320 
0.9230 
2.7600 
0.2450 
0.8640 
0.2040 
0 .1950 
0.3070 
1.8150 
0.1767 
0.8030 
0.9797 
0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.0838 
0.1543 
0.9756 
0.8544 
0.0873 
2.1554 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.9986 
0.9998 
1.9984

Absent 
Present 
ABSENT ( 0.0543/ 
Absent 
Present 
ABSENT ( 0.5700/ 
Absent 
Present 
ABSENT ( 0.8760/ 
Present 
PRESENT ( 0.1110/ 
Unable to Calc 
Absent 
Absent 
Absent 
ABSENT ( 0.0100/ 
Unable to Calc
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
Absent 
ABSENT 
Unable to Ca.  
Unable to Ca 
PRESENT ( 
Unable to Ca: 
PRESENT 
Present 
PRESENT ( 
Absent 
Absent 
Present 
Absent 
Absent
ABSENT 
Unable to Ca 
Absent 
Absent 
Absent 
ABSENT ( 
Present 
Present 
PRESENT ( J

0.1070 Present 
0.1070 PRESENT

1.9478 =

0.8090 = 

1.1060 = 

0.1110 = 

1.0300 =

0.0001/ 0.0001 = 100.0000 %1) 

0.2806/ 2.6542 = 10.5719 %i) 

0.9320/ 2.7600 = 33.7681 k) 

0.8640/ 1.8150 = 47.6033 k) 

0.1767/ 0.9797 = 18.0361 %) 
ic 
lc 
0.0002/ 0.0002 = 100.0000 %) lc 
1.0000/ 1.0000 = 100.0000 k) 

0.0041/ 0.0041 = 100.0000 U.  

0.9756/ 2.1554 = 45.2631 k) 
Lc 

).0001/ 0.0004 = 25.0000 %) 

L.9984/ 1.9984 = 100.0000 %) 

..1070/ 0.1070 = 100.0000 %)C

N-566

2.7878 %.) 

70.4574 U) 

79.2043 %) 

100.0000 %) 

0.9709 %)

0.o0ý 

0. 00k 

0 0 0OC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
.# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

•-• None

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Nuclide (keY) (pCi /L ) (hrs) 

Xe-133m 233.20 1.52e+003 +-4.21e+002 5.42e+001 
Ra-224 241.08 BKG 1.00e+012 
Pt-197m 346.50 1.30e+003 +-3.88e+002 1.57e+000 
Bi-211 351.00 BKG 1.00e+012 
Tl-208 510.72 BKG 1.00e+012 

583.14 BKG 
Annihila 511.00 I.D.Only 1.00e+003 
KR-85 514.00 4.51e+004 +-1.64e+004 9.39e+004 
Co-60 Average: 8.94e+002 +-6.67e+001 4.62e+004 

1173.22 9.26e+002 +-9.53e+001 
1332.49 8.63e+002 +-9.34e+001 

K-40 1460.81 1.16e+004 +-l.01e+003 1.12e+013

Peaks MPC 
Found Fraction 

-
of I 

1 of 1 
1 of 1 
1 of 1 

2 of 2

1 1 
2

of 
of 
of

1 1 
2 99299.10

l of 1

TOTAL: 6.04e+004 pCi /L MPC Total: 99299.10 
----------------------------------------------------------------------------

UNKNOWN PEAKS

Energy 
(keY) 

609.13

Centroid Net Un- C.L. Bkg. FWHM Net 
Channel Counts Certainty Counts Counts (keV) Gamma/sec 

1249.25 52 14 23 63 1.74 3.789e+000

N-567



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

--------------------------------------------------------- == 

k Sample ID LIQ-17 

------------------------------------------------------------------------------------
Sample Size . ........... 5.40e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-15-97 08:39 Counting Start ..... .. 10-15-97 08:39 
Sampling Stop ....... .10-15-97 08:39 Live Time ... ......... .. 3600 Sec 
Current Date ......... 10-22-97 18:04 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*EnA3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier ........... .. 1.00 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keY) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 351.31 713.24 76 19 32 117 1.17 
2 510.10 1043.38 124 18 28 65 2.58 
3 608.19 1247.29 53 15 26 73 1.18 
4 910.06 1874.88 66 9 9 8 2.07 
5 1458.38 3014.84 192 15 13 16 2.15 
6 1761.61 3645.26 36 7 8 5 1.60

N-568



Neely Nuclear Research Center 

Quantum Technology 
GDR _C Nuclide Activity Summary 

- Sample ID: LIQ-17 

----------------------------------------------------------------

Sample Size ........ 5.40e+002 g Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-15-97 08:39 Counting Start..... .10-15-97 08:3S 
Sampling Stop ..... 10-15-97 08:39 Buildup Time ....... .0.00e+000 Hrs 
Current Date ...... 10-22-97 18:04 Decay Time ......... 0.00e÷000 Hrs 

---------------------------------------------------------------

Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lih 
ID ...................... I IDGeneral Radionuclide Analysis Librarl 
----------------------------------------------------------------

Eff.= 1/[6.66e-002*EnA-2.92e+000 + 4.02e+002*En 8.62e-001] 12-05-96 10:47 
-------------------------- --------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc

HF-181 
Ho-167 
Pt-197m 
Na-24 
Bi-211 
U-235 
U-238 
Au-196 
Ba-133 
Mo-101 
Te-121 
TI-208 
Kr-79 
Annihila 
Zn-71m 
Rh-106m 
KR-85 
Sb-124 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192 
TH-232 
Ac-228 
Sb-129 
K-40 
U-238 
Bi-214

0.1400 
0.5700 
0.1110 
0.0100 

0.1200 
0.3710 
0.8760 
0.6200 
0.1135 
0.1767 

0.1500 
1.0000 
0 .2806 
0.8640 
0.0041 
0 .9830 

0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.2900 

0.2140 
0.1070 
0.1504

6. 08e-003 
6.08e-003 
6. 08e-003 
6. 08e-003 

6. 08e-003 
6. 08e-003 
6. 08e-003 
6.08e-003 
4.44e-003 
4.44e-003 

4.44e-003 
4.44e-003 
4.44e-003 
4.44e-003 
4.44e-003 
3.82e-003 
3.82e-003 
3.82e-003 
3.82e-003 

3.82e-003 
3. 82e-003 
2.70e-003 

2.70e-003 
1.80e-003 
1.53e-003

1. 00e+000 
8.96e-001 
8.09e-001 
9. 77e-001 

1. 00e+000 
1. 00e+000 
9. 98e-001 
1.00e+000 
3 .31e-001 
9. 99e-001 

9. 90e-001 
1. 00e+000 
9. 17e-001 
8.56e-001 
1. 00e+000 
1.00e+000 
1.00e+000 
9. 90e-001 
1. 00e+000 

1. 00e+000 
1. 00e+000 
1. 01e+000 

9.25e-001 
1. 00e+000 
1.00e+000

1.24e+000 
3 .40e-001 
1. 94e+000 
1.78e+001 

1.45e+000 
4 .67e-001 
1. 99e-001 
2.80e-001 
1. 03e+001 
2.20e+000 

2. 62e+000 
3. 89e-001 
1. 51e+000 
5.. 25e-001 
9.48e+001 
1.96e-001 
1.98e-001 
2 .41e+000 
3 .71e+000 

4.18e-001 
3 .56e+000 

1.16e+000 

1.72e+000 
1.39e+001 
2. 17e+000

INITIAL NUCLIDE EVALUATION 

N-569

1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 

4 
4 
4 
5 
6 
6

351.31 
351.31 
351.31 
351.31 
351.31 
351.31 
351.31 
351.31 
351.31 
510 .10 
510 .10.  
510.10 
510.10 
510.10 
510.10 
510 .10 
510.10 
608.19 
608.19 
608.19 
608.19 
608.19 
608.19 
608.19 
910.06 
910.06 
910.06 

1458.38 
1761.61 
1761.61

76 
76 
76 
76 
76 
76 
76 
76 
76 

124 
124 
124 
124 
124 
124 
124 
124 

53 
53 
53 
53 
53 
53 
53 
66 
66 
66 

192 
36 
36

345.95 
346.50 
346.50 
346.55 
351.00 
351.10 
351.99 
355.70 
356.00 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
514.00 
602.72 
604.66 
606.10 
606,82 
609.30 
609.32 
612.45 
911.07 
911.20 
914.60 

1460.81 
1764.28 
1764.50



""ucl-• Energy Frac ion Status :a- Ives

U-238

TH-232 

Ba-133 

U-235 

"-181 

Sb-125 

Mo-101 

Ac-228 

Kr-79

77.11 
295.22 
351.99 
609.32 

1764.28 
Total 
77.11 

238.63 
338.40 
583 .14 
911.07 
968 .90 

Total 
81.00 

276.40 
302.85 
356.00 
383.85 
Total 
81.07 
83 .78 

143 .76 
185.72 
236.00 
269.60 
351.10 
Total 

133.05 
136.25 
345.95 
482.16 
Total 

176.29 
380.51 
427.95 
463.51 
600.77 
606.82 
636.15 
671.66 
Total 

191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

209.50 
338.70 
790.50 
911.20 
964.40 
968.80 
Total 

261.30 
397.50 
511.00

N-570

0 .1070 

0 .1920 
0.3710 
0.4609 
0 .1504 

1.2813 
0.1750 
0.4310 
0.1201 
0.3090 
0.2900 
0.1746 
1.4997 
0.3429 
0.0709 
0.1816 
0.6200 
0.0897 
1.3051 
0 .1480 

0 .2460 
0.1050 
0.5400 
0.1100 
0 .1340 

0.1200 
1.4030 
0.4300 
0.0610 
0 .1400 

0.8600 
1 .4910 
0.0630 
0.0140 
0.2960 
0.1000 
0.1840 
0.0520 
0.1120 
0.0180 
0.8390 
0.1810 
0.1135 
0.1930 
0.0660 
0.1135 
0.6670 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.1270 
0.0950 
0.1500

Absent 
Absent 
Present 
Present 
Present 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Present 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT ( 0.  
Absent 
Absent 
Present 
Absent 
ABSENT ( 0.  
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT C 0.  
Absent 
Present 
Absent 
Abselt 
Absent
ABSENT ( 0.  
Absent 
Absent 
Absent 
Unable to Calc 
Absent 
Absent 
ABSENT 0.  
Absent 
Absent 
Present

9823/ 1.2813 = 

2900/ 1.4997 = 

6200/ 1.3051 = 

1200/ 1.4030 = 

1400/ 1.4910 = 

0520/ 0.8390 = 

1135/ 0.6670 = 

0001/ 0.0006 =

76.6643 k) 

19.3372 1) 

47.5059 V) 

8.5531 %) 

9.3897 U) 

6.1979 k) 

17.0165 k) 

16.6667 %)

0.00 

0.00( 

0 .a0C 

0. 00C 

0.000 

0.000 

0.000 

0.000



606.10 
Tor-ai 

ir-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Ho-167 321.30 
346.50 
Total 

Au-196 332.90 
355.70 
Total 

Pt-197m 346.50 
Total 

Na-24 346.55 
857.55

Bi-211 

Zn-71m 

Rh-106m 

Te-121 

Tl-208 

Annihila 

KR-85 

Sb-129 

Cs-134 

-124

1368.53 
1732.10 

Total 
351.00 
Total 

386.28 
487.34 
511.55 
596.97 
620.19 
Total 

450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

507.59 
573.14 
Total 

510.72 
583.14 
Total 

511.00 
Total 

514.00 
Total 

544.70 
812.80 
914.60 

1030.10 
Total 

563.26 
569.29 
604.66 
795.76 
801.84 
Total 

602.72 
645.82 
722.78 

1691.02

0.0810 
0.4530 
0 .2872 
0.2965 
0 .8290 

0.4808 
0 .0543 

1. 9478 
0.2390 
0 .5700 
0.8090 
0.2300 
0.8760 
1.1060 
0.1110 
0.1110 
0.0100 
0.0100 
1.0000 
0.0100 
1.0300 
0.0001 
0.0001 
0 .9200 

0 .6164 

0.2806 
0 .2760 
0 .5612 
2.6542 
0.2450 
0.8640 
0.2040 
0 .1950 

0.3070 
1.8150 
0.1767 
0.8030 
0.9797 
0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.1920 
0.4600 
0.2140 
0.1350 
1.0010 
0.0838 
0.1541 
0.9756 
0.8544 
0.0873 
2.1554 
0.9830 
0.0723 
0.1130 
0.4900

Present 
ABSENT 
Absent 
Absent 
Absent 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Present 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
Absent 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT ( 
Present 
Absent 
ABSENT 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Present 
Absent 
Absent 
Absent

0.2310/ 0.4530 =

0.0543/ 1.9478 = 

0.5700/ 0.8090 = 

0.8760/ 1.1060 =

0.1110/ 
Calc 

0.0100/ 
Calc 

0.0001/

0.1110 = 

1.0300 = 

0.0001 =

0.2806/ 2.6542 = 

0.8640/ 1.8150 =

0.1767/ 
Calc 

0.0001/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 = 

0.2140/ 1.0010 = 

0.9756/ 2.1554 =

50.9934 %0 

2.7878 %) 

70.4574 %) 

79.2043 % 

100.0000 %) 

0.9709 %) 

100.0000 %) 

10.5719 %) 

47.6033 %) 

18.0361 %) 

50.0000 t) 

100.0000 %) 

100.0000 t) 

21.3786 %) 

45.2631 %)

N-571

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



Total 1.6583 ABSENT ( 0.9830/ 1.6583 = 59.2776 % .  
31-214 609.30 0.0001 Unable to Calc 

768.40 0.0001 Absent 
1120.30 0.0001 Absent 
1764.50 0.0001 Unable to Calc 

Total 0.0004 ABSENT ( 0.0002/ 0.0004 = 50.0000 %) 0.0Q( 
, ,-40 1460.81 0.1070 Present 

Total 0.1070 PRESENT ( 0.1070/ 0.1070 = i00.0000 %) 0.00C 
-------------------------------------------------------------------------------

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

None 

..........................---------------------------------------------------..  

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /g ) (hrs) Found Fraction 

Pt-197m 346.50 1.94e+000 .+-4.96e-001 1.57e+000 1 of 1 
Bi-211 351.00 BKG 1.00e+012 1 of 1 
Annihila 511.00 I.D.Only 1.00e+003 1 of 1 
KR-85 514.00 9.48e+001 +-1.39e+001 9.39e+004 1 of 1 
K-40 1460.81 1.39e+001 +-1.12e+000 1.12e+013 1 of 1 

TAL: 1.lle+002 pCi /g MPC Total: 0.00 
---------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

608.19 1247.29 53 15 26 73 1.18 3.857e+000 
910.06 1874.88 66 9 9 8 2.07 6.791e+000 

1761.61 3645.26 36 7 8 5 1.60 6.543e+000

N-572



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

v- Sample ID LIQ-18 

------------------------------------------------------------------------------------
Sample Size ... ....... .. 5.40e+002 g Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-09-97 09:19 Counting Start ..... .. 10-09-97 09:19 
Sampling Stop ....... .10-09-97 09:19 Live Time ... ......... .. 3600 Sec 
Current Date ......... 10-22-97 18:05 Real Time ... ......... 0 Sec 
-------------------------------------------------------------------------------------

Detector #: 22 
Energy(keV)= 8.24 + 0.481*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch 3 12-05-96 10:47 

FWHM(keV) = 0.98 + 0.006*En + 6.22e-004*EnA2 + 0.00e+000*En 3 12-05-96 10:47 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier ........... .. 1.00 1 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 239.07 479.89 65 23 38 199 1.10 
2 509.95 1043.05 95 19 31 88 2.54 
3 582.76 1194.43 71 16 27 63 1.86 
4 608.31 1247.55 49 15 25 72 1.56 
5 1457.62 3013.27 171 14 11 11 2.06 

N-573



Neely NuclearResearch Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: LIQ-18 

--------------------------------------------------------------------------------
Sample Size ............ 5.40e+002 g Spectrum File ................ TEMP.SPC 
Sampling Start. ..... .10-09-97 09:19 Counting Start ....... .. 10-09-97 09:19 
Sampling Stop . . . . ..10-09-97 09:19 Buildup Time .......... .0.00e+000 Hrs 
Current Date ........... 10-22-97 18:05 Decay Time .... ........ 0.00e+000 Hrs 

--------------------------------------------------------------------------------
Efficiency Filec:\gdr\eff\550mlliq.ef Library File. . .c:\gdr\library\nes.lib 
ID ... ._................ ......... I IDGeneral Radionuclide Analysis Library

Eff.= 1/[6.66e-002*En -2.92e+000 + 4.02e+002*En 8.62e_001] 12-05-96 10:47
Gamma Fraction Limit >= ... 80.00 %k I Decay Limit <= ..... 8.000 Halflives

Half lives

N-574

INITIAL NUCLIDE IDENTIFICATION

Pk# Energy Counts Nuclide Energy Fraction Eff Decay Conc

2 
2 
2 
2 
2 

2 
3 
3 
4 
4 
4 
4 

4 
4 
4 

5

239.07 
239.07 
239.07 
239.07 
239.07 
239.07 
239.07 
239.07 
239.07 
239.07 
509.95 
509.95 
509.95 
509.95 
509.95 
509.95 
509.95 
509.95 
582.76 
582.76 
608.31 
608.31 
608.31 
608.31 
608.31 
608.31 
608.31 

1457.62

65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
95 
95 
95 
95 
95 
95 
95 
95 
71 
71 
49 
49 
49 
49 
49 
49 
49 

171

Xe-133m 
Fr-223 
Th-227 
U-235 
TH-232 
Te-131m 
Ra-224 
Xe-125 
IN-116M 
Eu-152 
Mo-101 
Te-121 
Tl-208 
Kr-79 
Annihila 
Zn-71m 
Rh-106m 
KR-85 
Tl-208 
TH-232 
Sb-124 
Cs-134 
Kr-79 
Sb-125 
Bi-214 
U-238 
Ir-192 
K-40

233.20 
234.60 
236.00 
236.00 
238.63 
240.93 
241.08 
243.40 
244.59 
244.67 
505.88 
507.59 
510.72 
511.00 
511.00 
511.55 
511.70 
;514.00 
583.14 
583.14 
G6Q2..72 
604-.66 
606.10 
606.82 
609.30 
609.32 
612.45 

1460.81

0.1000 8.24e-003 9.94e-001 1.10e+000

0.1100 
0.4310 
0.0755 

0.2871 
0.0038 
0.0772 
0.1135 
0.1767 

0.1500 
1.0000 
0.2806 
0.8640 
0.0041 

0.3090 
0.9830 
0.9756 
0.0810 
0.0520 

0.4609 
0.0543 
0.1070

8.24e-003 
8.24e-003 
8.24e-003 

8. 24e-003 
8.24e-003 
8.24e-003 
4 .44e- 003 
4 .44e-003 

4.44e-003 
4.44e-003 
4.44e-003 
4.44e-003 
4.44e-003 

3.96e-003 
3.82e-003 
3 .82e-003 
3. 82e-003 
3. 82e-003 

3.82e-003 
3.82e-003 
1.80e-003

1 .00e+000 
1. 01e+000 
9. 89e-001 

9.80e-001 
6. 99e-001 
1. 00e+000 
3 .31e-001 
9.99e-001 

9. 90e-001 
1. 00e+000 
9.17e-001 
8.56e-001 
1.00e+000 

1. 01e+000 
1.00e+000 
1.00e+000 
9. 90e-001 
1. 00e+000 

1. 00e+000 
1. 00e+000 
1. 00e+000

9.98e-001 
2.52e-001 
1.47e+000 

3.90e-001 
4.13e+001 
1.42e+000 
7. 92e+000 
1.69e+000 

2.00e+000 
2. 98e-001 
1.16e+000 
4. 02e-001 
7. 26e+001 

7. 99e-001 
1.82e-001 
1.83e-001 
2.23e+000 
3 .43e+000 

3.86e-001 
3 .29e+000 
1.23e+001

INITIAL NUCLIDE EVALUATION

Nuclide Energy Fraction Status



:-233 77.:: 
295.22 
351.99 
609.32 

1764.28 
Total 

TH-232 77.11 
238.63 
338.40 
583 .14 

911. 07 
968 .90 

Total 
Fr-223 80.00 

234.60 
Total 

U-235 81.07 
83 .78 

143 .76 
185.72 
236.00 
269.60 
351.10 
Total 

Te-131m 102.06 
149.71 
200.63 
240.93 
334.27 
452.30 
773.67 
782.49 
793.75 
822.78 
852.21 

1125.46 
1206.60 

Total 
Eu-152 121.78 

244 .67 
344.30 
778 .90 

964 .00 
1085.80 
1112 .07 
1408.08 

Total 
IN-116M 137.92 

244.59 
416.88 
463.13 
818.65 

1097.23 
1293.49 
1507.50 
1601.12 
1752.42 
2212.21 

Total

= - = = = = ==

0.-070 
0.1920 
0.3710 
0.4609 
0.1504 
1.2813 
0.1750 
0.4310 
0.1201 
0.3090 
0 .2900 

0 .1746 
1 .4997 
0.0001 
0.0001 
0.0002 
0.1480 
0.2460 
0.1050 
0.5400 
0 .1100 
0 .1340 
0 .1200 

1.4030 
0 .0790 
0 .2054 
0.0752 
0.0755 
0.0952 
0.0567 
0.3800 
0.0775 
0.1380 
0.0609 
0.2093 
0.1137 
0 .0971 

1.6635 
0.3068 
0. 0772 
0.2720 
0 .1272 

0.1433 
0.1010 
0.1340 
0.2073 
1.3688 
0.0350 
0.0038 
0.2937 
0.0083 
0.1372 
0.6791 
1.0000 
0.1186 
0.0107 
0.0289 
0.1858 
2.5011

Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent
Absent 
Absent 
Absent 
ABSENT' ( 
Absent
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
ABSENT

Absent 
Absent 
Absent 
Present 
Absent 
ABSENT 
Absent 
Present 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Unable to 
ABSENT 
Absent 
Absent

Calc 
0.0001/ 0.0002 =

0.1100/ 1.4030 = 

0.0755/ 1.6635 = 

0.0772/ 1.3688 = 

0.0038/ 2.5011 =

0.4609/ 1.2813 = 

0.7400/ 1.4997 =
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35.9713 %) 

49.3432 %) 

50.0000 %) 

7.8403 1) 

4.5386 U) 

5.6400 !) 

0. 1519 %)

0. O0C 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000



3b-:25 .176.29 
3 8-0;. 5 i 
427.95 
463 .51 
600 .77 
606.82 
636.15 
671.66 
Total 

Xe-125 188.43 
243.40 
Total 

Mo-101 191.93 
505.88 
590.82 
695.53 

1012.35 
Total 

Xe-133m 233.20 
Total 

Th-227 236.00 
329.90 
Total 

Ra-224 241.08 
Total 

Kr-79 261.30 
397.50 
511.00 
606.10 
Total 

-192 295.96 
308.46 
316.51 
468.06 
612.45 
Total 

Zn-71m 386.28 
487.34 
511.55 
596.97 
620.19 
Total 

Rh-106m 450.80 
511.70 
616.10 
748.50 

1046.70 
Total 

Te-121 507.59 
573.14 
Total 

Tl-208 510.72 
583.14 
Total 

Annihila 511.00 
Total 

.- 85 514.00 
Total 

Cs-134 563.26 
569.29

0.0630 
0.0140 
0.2960 
0.1000 
0 .1840 

0 .0520 
0 .1120 

0 .0180 
0.8390 
0.5500 
0.2871 
0.8371 
0.1810 
0.1135 
0.1930 
0.0660 
0 .1135 
0.6670 
0.1000 
0. 1000 
0.0001 
0 .0001 

0.0002 
0.0001 
0.0001 
0 .1270 
0.0950 
0.1500 
0.0810 
0.4530 
0.2872 
0.2965 
0.8290 
0.4808 
0.0543 
1.9478 
0.9200 
0.6164 
0.2806 
0.2760 
0.5612 
2.6542 
0.2450 
0.8640 
0.2040 
0.1950 
0.3070 
1.8150 
0.1767 
0.8030 
0.9797 
0.0001 
0.0001 
0.0002 
1.0000 
1.0000 
0.0041 
0.0041 
0.0838 
0.1543

Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT 
Present 
PRESENT 
Unable to 
Absent 
ABSENT 
Unable to 
PRESENT 
Absent 
Absent
Present 
Present 
ABSENT 
Absent 
Absent 
Absent
Absent 
Present 
ABSENT 
Absent 
Absent 
Present 
Absent 
Absent 
ABSENT 
Absent 
Present 
Absent 
Absent 
Absent 
ABSENT , 
Present
Absent 
ABSENT 
Unable to 
Unable to 
PRESENT ( 
Unable to 
PRESENT 
Present 
PRESENT 
Absent 
Absent

0.0520/ 0.8390 = 

0.2871/ 0.8371 = 

0.1135/ 0.6670 =

0.1000/ 
Calc 

0.0001/ 
Calc 

0.0001/

0.1000 = 

0.0002 = 

0.0001 =

0.2310/ 0.4530 = 

0.0543/ 1.9478 = 

0.2806/ 2.6542 = 

0.8640/ 1.8150 =

0.1767/ 
Calc 
Calc 

0.0002/ 
Calc 

1.0000/

0.9797 = 

0.0002 = 

1.0000 =

0.0041/ 0.0041 =

6.1979 %i) 

34.2970 k) 

17.0165 k) 

100.0000 %) 

50.0000 %) 

100.0000 %) 

50.9934 %) 

2.7878 %) 

10.5719 k) 

47.6033 %) 

18.0361 k) 

100.0000 %) 

100.0000 %) 

100.0000 %)
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0. OOC 

0. OOC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000

(



604.66 
795.76 
801.84 
Total 

602.72 
645.82 
722.78 

1691.02 
Total 

609.30 
768.40 

1120.30 
1764.50 

Total 
1460.81 

Total

0.9756 
J 8544 
0.0873 
2 .1554 
0.9830 
0 .0723 

0 .1130 
0.4900 
1.6583 
0.0001 
0.0001 
0.0001 
0.0001 
0.0004 
0.1070 
0.1070

-b-124 

Bi-214 

K-40

Present 
Absent 
Absent 
ABSENT ( 0.9756/ 
Present 
Absent 
Absent 
Absent 
ABSENT C 0.9830/ 
Unable to Calc 
Absent 
Absent 
Absent 
ABSENT ( 0.0001/ 
Present 
PRESENT ( 0.1070/

2.1554 = 

1.6583 =

PEAK CONTRIBUTION CORRECTION 

Reference Energy Line ===>> Calculated Contribution 
Pk# Old Area Nuclide Energy cts/dis Ref Area Energy cts/dis New Area 

None

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
iclide (keY) (pCi /g ) (hrs) Found Fraction 

,,Xe-133m 233.20 1.10e+000 +-3.86e-001 5.42e+001 1 of 1 
Ra-224 241.08 BKG 1.00e+012 1 of 1 
Tl-208 510.72 BKG 1.00e+012 2 of 2 

583.14 BKG 
Annihila 511.00 I.D.Only 1.00e+003 1 of 1 
KR-85 514.00 7.26e+001 +-1.44e+001 9.39e+004 1 of 1 
K-40 1460.81 1.23e+001 +-1.04e+000 1.12e+013 1 of 1 

TOTAL: 8.60e+001 pCi /g MPC Total: 0.00 
..................................--------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

608.31 1247.55 49 15 25 72 1.56 3.566e+000

N-577

0.0004 = 

0.1070 =

45.2631 ) 

59.2776 %) 

25.0000 %) 

100.0000 %)

0.C 0C 

0.000 

0.000 

0.000



Preparation of Concrete for LSC

0.2g finely ground concrete 
10 cc liquid scintillation cocktail (Ecoscint H, National Diagnostics) 

Each concrete sample was prepared using 0.2g of finely ground concrete to 
10 cc of liquid scintillation cocktail (Ecoscint H, National Diagnostics). The 
samples were shaken vigorously and placed in the dark for 24-hr. Each 
sample was then counted for 20-min on the liquid scintillation counter 
(TriCarb 2000CA). This procedure was followed for samples PT- 1 - PT-3 
and BS-l - BS-8.
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Radioactivity Concentrations in Concrete Samples

Sample ID Location Radionuclides Activity 
(in pCi/g) 

PT-1 Pipe Chase Tunnel ND 
PT-2 Pipe Chase Tunnel Co-60 2.40x10 2 

PT-3 Pipe Chase Tunnel ND 
BS-1 Bismuth Shield Leak Area ND 
BS-2 Bismuth Shield Leak Area ND 
BS-3 Bismuth Shield Leak Area ND 
BS-4 Bismuth Shield Leak Area ND 
BS-5 Bismuth Shield Leak Area ND 
BS-6 Bismuth Shield Leak Area K-40 9.93x10 2 

BS-7 Bismuth Shield Leak Area ND 
BS-8 Bismuth Shield Leak Area ND

ND= Radionuclides in Library Were Not Detected
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Neely Nuclear Research e-nc.er 

Quantum Technology 
GDRC Version 5.0 

•, Sample ID PT-I 

-------------------------------------------------------------------------------
Sample Size .... ....... 00e+000 gmn Spectrum File ...... ......... TEMP.SPC 
Sampling Start ....... .10-23-97 17:46 Counting Start ..... .. 10-23-97 17:46 
Sampling Stop ....... .10-23-97 17:46 Live Time ... ......... .. 600 Sec 
Current Date ......... 10-29-97 15:27 Real Time ... ......... 0 Sec 
-------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 
-------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

SPeaks Detected 

N-582



Neely Nuclear Research .;. Cenzer 

Quantum Technology 
GDRC Nuclide Activity Summary 

•. Sample ID: PT-I 

-------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-23-97 17:46 Counting Start ..... .. 10-23-97 17:46 
Sampling Stop ....... .10-23-97 17:46 Buildup Time .... ....... 0.00e+000 Hrs 
Current Date ......... 10-29-97 15:28 Decay Time .... ........ .. 0.00e+000 Hrs 
-------------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lih 
ID ........... ................... I IDGeneral Radionuclide Analysis Library 

-------------------------------------------------------------------------------
Eff.= 1/(8.35e-003*En A-2.72e+000 + 5.18e+001*EnA,.10e+000] 12-04-96 10:52 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
-------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /gm ) (hrs) Found Fraction 

'TAL: 0.00e+000 pCi /gm MPC Total: 0.00 
-----------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 
None 

N 
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Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

Sample ID : PT-2 

--------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File ................ TEMP.SPC 
Sampling Start ....... .10-23-97 17:34 Counting Start ..... ... 10-23-97 17:34 
Sampling Stop ....... .10-23-97 17:34 Live Time ... ......... .. 600 Sec 
Current Date ......... .. 10-29-97 15:28 Real Time ... ......... 0 Sec 

--------------------------------------------------------------------------------
Detector #: 21 

Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt (Energy in keY) 

-------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 

--------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 1175.72 2422.16 81 11 11 11 1.99 
2 1335.16 2752.90 79 9 5 2 1.88 
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Neely Nuclear Research en!-er 

Quantum Technology GDR C Nuclide Activity Summary 

Sample ID: PT-2 

--------------------------

-------------------- --------- 
--------Sample Size ....... 1.00e+000 gm Spectrum File ..........- TEMP.SP Sampling Start ..... 10-23-97 17:34 Counting Start ..... . 10-23-97 17:3.  Sampling Stop......10-23-97 17:34 Buildup Time.  Current Date......10-29-97 15:28 Decay Time. ........ 0.00e+000 Hrý 

---------------- ---------- --------- ------Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lii ID................. . . I IDGeneral Radionuclide Analysis Library 

---------------~-- 
- - -

- - - - - - - - - - - - - - - - - - - -- - - - ---- - - - - - - - - - - - - - - - - - - - - - -

Eff.= 1/[8.35e-003*En^-2"72e+000 + 5"1 8 e+001*En l.10e+0001 12-04-96 10:52 
~~~~~~~~- -- - - - - -- - - - - --------------------------------------------------- 

Gamma Fraction Limit >= ... 80.00 1 I Decay Limit <=. . . . 8.000 Halfiives 

~~~~~~~~- -- - - - - - -- - - - --------------------------------------------------- ~~~---------------------------------------------------------------

FINAL.ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

Co-60 Average: 2.40e+002 +-2.10e+001 4.62e+004 2 of 2 26665.95 1173.22 2.26e+002 +-3.00e+001 
1332.49 2.53e+002 +-2.94e+001 

TOTAL: 2.40e+002 pCi /gm MPC Total: 26665.95 

UNKNOWN PEAKS 
Energy Centroid Net Un- C.L. Bkg. FWHM Net (keV) Channel Counts Certainty Counts Counts (key) Gamma/sec 

None
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Neely Nuclear Research Center 

Quantum Technology GDRC Version 5.0 

Sample ID PT-3 

-----------------------------------------------------------------------------------
Sample Size ........ .. 1.00e+000 gm Spectrum File ................ TEMP.SPC 
Sampling Start ....... .10-23-97 17:13 Counting Start ..... .. 10-23-97 17:1
Sampling Stop ....... .10-23-97 17:13 Live Time ........... .. 600 Sec 
Current Date ......... .. 10-29-97 15:28 Real Time ........... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 1 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

I Peaks Detected 
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Neely Nuclear Research. Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

_ Sample ID: PT-3 

------------------------------------------------------------------------------------
Sample Size....... 1.00e+000 gm Spectrum F-4-'.......... . ... TEMP.SPC 
Sampling Start ....... .10-23-97 17:13 Counting Start ..... .. 10-23-97 17:13 
Sampling Stop ....... .10-23-97 17:13 Buildup Time .... ....... 0.00e+000 Hrs 
Current Date ......... 10-29-97 15:28 Decay Time .... ........ .. 0.00e+000 Hrs 
--------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lib 
ID ..... . ........ ............ I.IDGeneral Radionuclide Analysis Library 
------------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*En -2.72e+000 + 5.18e+001*En"l.10e+000] 12-04-96 10:52 
-----------------------------------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 k I Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------
------------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

'TAL: 0.00e+000 pCi /gM MPC Total: 0.00 
------------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 
None 
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Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

<__ Sample ID : BS-1 

-------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-29-97 12:45 Counting Start ..... .. 10-29-97 12:45 
Sampling Stop ....... .10-29-97 12:45 Live Time ... ......... 600 Sec 
Current Date ......... 10-29-97 15:31 Real Time ... ......... 0 Sec 
-------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt (Energy in keV) 

-------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 
-------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

Peaks Detected 
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Neely Nuclear Research. Center 

Quantum Technology 

GDRC Nuclide Activity Summary 

Sample ID: BS-l 

-------------------------------------------------------------------------------
Sample Size .... ....... 00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-29-97 12:45 Counting Start ..... ... 10-29-97 12:4c 
Sampling Stop ....... .10-29-97 12:45 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .10-29-97 15:31 Decay Time ..... ........ 0.00e+000 Hrs 

-------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lih 
ID. ................ ............ I IDGeneral Radionuclide Analysis Library 

------------------------------------------------------------------------------
Eff.= l/[8.35e-003*En -2.72e+000 + 5.18e+001*En A.10e+000] 12-04-96 10:52 

-----------------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % 1 Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------
------------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 

Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

TAL: 0.00e+000 pCi /gm MPC Total: 0.00 
------------------------------------------------------------------------------

"UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 
None 
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Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

, Sample ID : BS-2 

------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-29-97 15:01 Counting Start ..... .. 10-29-97 15:01 
Sampling Stop ....... .10-29-97 15:01 Live Time ... ......... .. 600 Sec 
Current Date ......... .. 10-29-97 15:31 Real Time ... ......... 0 Sec 
-------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+O00*EnA3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 
-------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keY) FLAG 

-Peaks Detected 
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Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: BS-2 

- ----I---------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gmn Spectrum File ...... ......... TEMP.SPC 
Sampling Start ....... 10-29-97 15:01 Counting Start ..... .. 10-29-97 15:01 
Sampling Stop ....... .10-29-97 15:01 Buildup Time ........... 0.00e+000 HrE 
Current Date ......... 10-29-97 15:31 Decay Time .... ........ .. 0.00e+000 Hrs 

-------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.li
ID ................................... I IDGeneral Radionuclide Analysis Library 

-------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*En -2.72e+000 + 5.18e+001*EnAl.10e+0001 12-04-96 10:52 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 

--------------------------------------------------------------------------------
--------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

%TAL: 0.00e+000 pCi /gm MPC Total: 0.00 
------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 
None 

N-591



Neely Nuclear Research Cencer 

Quantum Technology 
GDRC Version 5.0 

Sample ID BS-3 

------------------------------------------------------------------------------------
Sample Size ... ...... 1.00e+000 gm Spectrum File .... ......... .TEMP.SP( 
Sampling Start ....... .10-23-97 19:15 Counting Start ..... ... 10-23-97 19:1E 
Sampling Stop ....... .10-23-97 19:15 Live Time ... ......... .. 600 Sec 
Current Date ......... .. 10-29-97 15:30 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.2le-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End .......... 0 / 4095 
Sigma Multiplier .......... ... 1.00 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

Peaks Detected 

( 

N-592



Neely Nuclear Research Center 

Quantum Technology 
GDR_C Nuclide Activity Summary 

k Sample ID: BS-3 

------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File ...... ......... TEMP.SPC 
Sampling Start ....... .10-23-97 19:15 Counting Start ..... .. 10-23-97 19:15 
Sampling Stop ....... .10-23-97 19:15 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... 10-29-97 15:30 Decay Time .... ........ .. 0.00e+000 Hrs 

-------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.1ib 
ID ............ ................... I IDGeneral Radionuclide Analysis Library 
------------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*EnA-2.72e+000 + 5.18e+001*EnA 1.10e+000] 12-04-96 10:52 

-------------------------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------
------------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /gm ) (hrs) Found Fraction 

)TAL: 0.00e+000 pCi /gm MPC Total: 0.00 
------------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 
None 

N-593



Neely Nuclear Research Center

Quantum Technology GDRC Version 5.0 

Sample ID BS-4 

------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-23-97 18:56 Counting Start ..... ... 10-23-97 18:56 
Sampling Stop ....... .10-23-97 18:56 Live Time ... ......... .. 600 Sec 
Current Date ......... .. 10-29-97 15:30 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt(Energy in keY) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

Peaks Detected 

( 

N-594



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: BS-4 

-------------------------------------------------------------------------------
Sample Size .... ....... 00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-23-97 18:56 Counting Start ..... .. 10-23-97 18:5E 
Sampling Stop ....... .10-23-97 18:56 Buildup Time .......... .. 0.00e+000 HrE 
Current Date ......... .. 10-29-97 15:30 Decay Time .... ........ .. 0.00e+000 HrE 

-------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lii 
ID ........... .................. I IDGeneral Radionuclide Analysis Librari 

--------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*EnA_2.72e+000 + 5.18e+001*En A.10e+000] 12-04-96 10:52 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 

-------------------------------------------------------------------------------
--------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gM ) (hrs) Found Fraction 

)TAL: 0.00e+000 pCi /gm MPC Total: 0.00 
-------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (key) Gamma/sec 

None 
None 

N-595



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

,_ Sample ID : BS-5 

------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... .TEMP.SP( 
Sampling Start ....... .10-23-97 18:44 Counting Start ..... .. 10-23-97 18:4, 
Sampling Stop ....... .10-23-97 18:44 Live Time .......... . .. 600 Se( 
Current Date ......... .. 10-29-97 15:29 Real Time ... ......... 0 Se( 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:5: 

FWHM(keV) = 1.14 + -0.004*En + 8.2le-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:5: 
Where En = Sqrt(Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 409E 
Sigma Multiplier ........... .. 1.00 1 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 611.45 1251.63 29 6 5 3 1.66 

N-596



Neely Nuclear Research Cencer 

Quantum Technology 
GDRC Nuclide Activity Summary 

• Sample ID: BS-5 

---------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File ....... ......... TEMP.SPC 
Sampling Start ....... .10-23-97 18:44 Counting Start ..... ... 10-23-97 18:44 
Sampling Stop ....... .10-23-97 18:44 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... 10-29-97 15:29 Decay Time .... ........ .. 0.00e+000 Hrs 

--------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.li'o 
ID ............. .................... I IDGeneral Radionuclide Analysis Library 

-------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*En"-2.72e+000 + 5.18e+001*En l.10e+000] 12-04-96 10:52 

------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
---------------------------------------------------------------------------------
---------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

Ag-112 617.40 9.58e+001 +-2.00e+001 3.14e+000 1 of 2 

.JTAL: 9.58e+001 pCi /gm MPC Total: 0.00 
------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keY) Gamma/sec 

None 

N-597



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

_ Sample ID : BS-6 

-------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-29-97 15:27 Counting Start ..... .. 10-29-97 15:27 
Sampling Stop ....... .10-29-97 15:27 Live Time ... ......... .. 600 Sec 
Current Date ......... 10-29-97 15:56 Real Time ... ......... 0 Sec 
-------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt (Energy in keV) 

-------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 
-------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1 1463.01 3018.11 30 6 7 4 1.49 

N-598



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

,• Sample ID: BS-6 

------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-29-97 15:27 Counting Start ..... ... 10-29-97 15:27 
Sampling Stop ....... .10-29-97 15:27 Buildup Time .......... .. 0.00e+000 Hrs 
Current Date ......... 10-29-97 15:56 Decay Time .... ........ .. 0.00e+000 Hrs 

-------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lib 
ID ........... ................... I IDGeneral Radionuclide Analysis Library 
------------------------------------------------------------------------------------
Eff.= l/[8.35e-003*EnA-2.72e+000 + 5.18e+001*EnAl.10e+0001 12-04-96 10:52 
------------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 k I Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------
------------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

K-40 1460.81 9.93e+002 +-2.12e+002 1.12e+013 1 of 1 

S•TAL: 9.93e+002 pCi /gm MPC Total: 0.00 
------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 

N-599



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

• Sample ID : BS-7 

------------------------------------------------------------------------------------
Sample Size ........ .. 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-23-97 18:16 Counting Start ..... .. 10-23-97 18:16 
Sampling Stop ....... .10-23-97 18:16 Live Time ........... 600 Sec 
Current Date ......... .. 10-29-97 15:29 Real Time ........... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt (Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity ... .......... .. 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 
-------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

Peaks Detected 

N-600



Neely Nuclear Research Cen:er 

Quantum Technology 
GDRC Nuclide Activity Summary 

~,• Sample ID: BS-7 

------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gmn Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-23-97 18:16 Counting Start ..... .. 10-23-97 18:16 
Sampling Stop ....... .10-23-97 18:16 Buildup Time .... ....... 0.00e+000 Hrs 
Current Date ......... .. 10-29-97 15:29 Decay Time .... ........ 0.00e+000 Hrs 

-------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lib 
ID ........... .................. I IDGeneral Radionuclide Analysis Library 
------------------------------------------------------------------------------------
Eff.= l/(8.35e-003*En -2.72e+000 + 5.18e+001*EnAl.10e+000] 12-04-96 10:52 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Gamma Fraction Limit >= . . . 80.00 k I Decay Limit <=. . . . 8.000 Halflives 

-------------------------------------------------------------------------------
-------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

)TAL: 0.00e+000 pCi /gm MPC Total: 0.00 
-----------------------------------------------------------------------------

"UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(key) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 
None 

N-601



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

"._. Sample ID BS-8 

----------------------------------------------------------------

Sample Size ....... 1.00e+000 gm Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-23-97 18:01 Counting Start ...... 10-23-97 18:01 
Sampling Stop . . . ý .10-23-97 18:01 Live Time ............ 600 Sec 
Current Date ...... 10-29-97 15:29 Real Time ............. 0 Sec 
----------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.2le-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt (Energy in keV) 

----------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 
----------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keY) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keY) FLAG 

Peaks Detected

N-602



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID:.BS-8 

------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... .TEMP.SP( 
Sampling Start ....... .10-23-97 18:01 Counting Start...... .. 10-23-97 18:0 
Sampling Stop . ....... 10-23-97 18:01 Buildup Time .... ....... 0.00e+000 Hr: 
Current Date ......... .10-29-97 15:29 Decay Time ..... ........ 0.00e+000 Hrý 

-------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lii 
ID ................................... IDGeneral Radionuclide Analysis Librar, 

-------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*EnA-2.72e+000 + 5.18e+001*En A.10e+0001 12-04-96 10:5: 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % 1 Decay Limit <=. . . . 8.000 HalfliveE 

--------------------------------------------------------------------------------
--------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

)TAL: 0.00e+000 pCi /gm MPC Total: 0.00 
-------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 
None 

N-603



Radioactivity Concentrations in Locations with Elevated Removable Activity

Sample ID Location Radionuclides Activity 
(in pCilg) 

911 Graphite cylinder in Plug Storage No. 2 Co-60 2.18x10 2 

I K-40 9.94x1 02 

912 Inside Plug Storage Hole No. 2 Co-60 2.34x10 3 

921 Graphite cylinder in Plug Storage No. 4 Co-60 1.32x1 03 

923 Metal Rod in Plug Storage Hole No. 4 Co-60 3.64x10 2 

K-40 9-.6x10 2 

988 Graphite cylinder in Plug Storage No. 6 Co-60 3.37x1 02 

1012 Graphite cylinder in Plug Storage No. 8 Co-60 3.67x10 2 

1302 Inside Horizontal Port No. 12 (NW side) Co-60 6.88x10 2 

1309 Inside Horizontal Port No. 11 (NW side) Co-60 2.26x1 02 

1454 Inside Vertical Port No. 40 K-40 1.06x10 3 

1504 Inside Horizontal Port No. 8 Co-60 1.08x10 3 

K-40 1.16xl 03 

1516 Inside Horizontal Port No. 11 (E side) Zn-65 2.44x10 2 

Co-60 5.15xl 02 

K-40 1.09x10 3

N-604



Neely Nuclear Research Center 

Quantum Technology GDRC Version 5.0 

.'-'Sample ID : 911 

------------------------------------------------------------------------------------
Sample Size .... ....... 00e+000 gm Spectrum File .... ......... TEMP.SPC 
Sampling Start ....... .10-23-97 11:07 Counting Start ..... 10-23-97 11:07 
Sampling Stop ....... .. 10-23-97 11:07 Live Time ........... .. 600 Sec 
Current Date ......... .. 10-23-97 11:18 Real Time ........... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch A3 12-04-96 10:52 
FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 

Where En = Sqrt(Energy in keV) 
------------------------------------------------------------------------------------
Sensitivity ... .......... 2.00 Search Start / End...... 0 / 4095 
Sigma Multiplier ........ . . . 1.00 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (key) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1175.59 2421.89 80 9 5 2 1.63 
2 1334.87 2752.29 66 9 7 4 1.63 

"\_- 3 1463.26 3018.63 30 6 5 2 1.90 

N-605



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

Sample ID: 911 

------------------------------------------------------------------------------------
Sample Size ........ .. 1.00e+000 gm Spectrum File .... ......... TEMP.SPC 
Sampling Start ....... .10-23-97 11:07 Counting Start...... .. 10-23-97 11:07 
Sampling Stop ....... .. 10-23-97 11:07 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... 10-23-97 11:18 Decay Time ............. 0.00e+000 Hrs 
------------------------------------------------------------------------------------

Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lib 
ID. ........ .......... IDGeneral Radionuclide Analysis Library 
------------------------------ - ----------------------------------------------------

Eff.= i/[8.35e-003*EnA_2.72e+000 + 5.18e+001*En l.10e+000] 12-04-96 10:52 
-------------------------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % 1 Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------
----------------------------------------...----------------------------------------------

F7NAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /gm ) (hrs) Found Fraction 

30 Average: 2.18e+002 +-1.93e+001 4.62e+004 2 of 2 24218.40 
1173.22 2.23e+002 +-2.61e+001 
1332.49 2.12e+002 +-2.86e+001 
"1460.81 9.94e+002 +-1.96e+002 1.12e+013 1 of 1 

TOTAL: 1.21e+003 pCi /gm MPC Total: 24218.40 
------------------------------------------------------------------------- ----------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 

N-606



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

•Sample ID 912 

------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... TEMP.SPC 
Sampling Start ....... .10-23-97 11:35 Counting Start...... .. 10-23-97 11:35 
Sampling Stop ....... .10-23-97 11:35 Live Time ... ......... 600 Sec 
Current Date ......... 10-23-97 11:48 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch 3 12-04-96 10:52 

FWi.,: .-eV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt (Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier ............ 1-.00 1 
-----------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

- 123.75 239.95 135 20 31 105 1.15 
2 357.38 724.59 58 15 24 69 1.45 

"- 3 1175.54 2421.78 840 31 22 41 1.90 
4 1334.96 2752.49 728 28 13 15 2.11 

N-607



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

'-'Sample ID: 912 

------------------------------------------------------------------------------------
Sample Size ........ .. 1.00e+000 gm Spectrum File .... ......... .. TEMP.SPC 
Sampling Start ....... .. 10-23-97 11:35 Counting Start...... .. 10-23-97 11:35 
Sampling Stop ....... .. 10-23-97 11:35 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .. 10-23-97 11:48 Decay Time .... ......... 0.00e+000 Hrs 
------------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lib 
ID .............. . .. .......... I.IDGeneral Radionuclide Analysis Library 
------------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*En^_2.72e+000 + 5.18e+001*En'l.10e+000] 12-04-96 10:52 
--------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % 1 Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------
--------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

r 57 122.06 5.46e+001 +-8.22e+000 6.52e+003 1 of 2 
134m 127.50 3.81e+002 +-5.74e+001 2.91e+000 1 of 1 

s-191 129.50 1.80e+002 +-2.71e+001 3.70e+002 1 of 1 
kd-159 363.30 4.43e+002 +-1.14e+002 1.86e+001 1 of 1 

Co-60 Average: 2.34e+003 +-6.23e+001 4.62e+004 2 of 2 259929.09 
1173.22 2.34e+003 +-8.69e+001 
1332.49 2.33e+003 +-8.92e+001 

TOTAL: 3.40e+003 pCi /gm MPC Total: 259929.09 
------------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(key) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 

N-608



Neely Nuclear Research Center 

Quantum Technology GDRC Version 5.0 

Sample ID 921 

---------------------------------------------------------------

Sample Size ....... 1.00e+000 gm, Spectrum File .......... TEMP.SPC 
Sampling Start ..... .10-23-97 11:47 Counting Start ..... .10-23-97 11:47 
Sampling Stop ..... 10-23-97 11:47 Live Time ............ 600 Sec 
Current Date ...... 10-23-97 12:01 Real Time . . ... ....... 0 Sec 
---------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch 3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*En 3 12-04-96 10:52 
Where En = Sqrt (Energy in keV) 

..............................------------------------------------------------

Sensitivity ...... ...... 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 1 
---------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

S122.98 238.36 46 18 31 107 1.07 
2 345.69 700.35 29 12 20 39 0.61 

•- 3 1175.51 2421.72 439 22 13 15 1.39 
4 1334.90 2752.36 450 22 9 7 1.90

N-609



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

"-ýSample ID: 921 

------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... TEMP.SPC 
Sampling Start ....... .10-23-97 11:47 Counting Start ..... .. 10-23-97 11:47 
Sampling Stop ....... .10-23-97 11:47 Buildup Time .......... .. 0.00e+000 Hrs 
Current Date ......... .. 10-23-97 12:01 Decay Time ............. 0.00e+000 Hrs 

------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff j Library File. . .c:\gdr\library\nes.lib 
ID .......... . .... .......... I IDGeneral Radionuclide Analysis Library 
------------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*EnA-2.72e+000 + 5.18e+001*EnA1.10e+0001] 12-04-96 10:52 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------
------------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) FoO~nd Fraction 

t75 343.40 2.45e+001 +-9.85e+000 1.68e+003 1 of 3 
-57 122.06 1.86e+001 +-7.29e+000 6.52e+003 1 of 2 

s-134m 127.50 1.30e+002 +-5.09e+001 2.91e+000 1 of 1 
"•-ft-197m 346.50 1.99e+002 +-8.00e+001 1.57e+000 1 of 1 

Bi-211 351.00 BKG 1.00e+012 1 of 1 
Co-60 Average: 1.32e+003 +-4.61e+001 4.62e+004 2 of 2 146777.25 

1173.22 1.23e+003 +-6.17e+001 
1332.49 1.44e+003 +-6.95e+001 

TOTAL: 1.69e+003 pCi /gm MPC Total: 146777.25 
------------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keY) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 

N-610



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

•Sample ID 923 

---------------------------------------------------------------

Sample Size ....... 1.00e+000 gm Spectrum File .......... TEMP.SP( 
Sampling Start ..... .10-23-97 12:01 Counting Start ..... .10-23-97 12:0: 
Sampling Stop ..... 10-23-97 12:01 Live Time ............ 600 Sec 
Current Date ...... 10-23-97 13:32 Real Time ............. 0 Sec 
---------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.0*8 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt (Energy in key) 

----------------------------------------------------------------

Sensitivity ............. 2.00 Search Start-/ End ...... 0 / 4095 
Sigma Multiplier ......... 1.00 1 
----------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

123.04 238.49 173 19 26 83 1.54 
2 345.45 699.84 50 11 16 33 0.75 s-' 3 1175.31 2421.32 136 12 7 4 1.54 
4 1334.84 2752.23 108 12 10 9 2.16 
5 1463.30 3018.72 29 6 5 2 2.05

N-611



Neely Nuclear Research Center 

Quantum Technology GDRC Nuclide Activity Summary 

Sample ID: 923 

----------------------------------------------------------------------------------
Sample Size ........ .. 1.00e+000 gm Spectrum File .... ......... .. TEMP.SPC 
Sampling Start ....... .10-23-97 12:01 Counting Start ..... .. 10-23-97 12:01 
Sampling Stop ....... .10-23-97 12:01 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .. 10-23-97 13:32 Decay Time ........... .. 0.00e+000 Hrs 

------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff j Library File. . .c:\gdr\library\nes.lib 
ID ...... . ....................... .IDGeneral Radionuclide Analysis Library 
------------------------------------------------------------------------------------

Eff.= I/[8.35e-003*EnA -2.72e+000 + 5.18e+001*EnAl.10e+000] 12-04-96 10:52 

------------------------------------------------------------------------------------Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------

-------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

"175 343.40 4.23e+001 +-9.62e+000 1.68e+003 1 of 3 
57 122.06 7.00e+001 +-7.83e+000 6.52e+003 1 of 2 

s-134m 127.50 4.89e+002 +-5.47e+001 2.91e+000 1 of 1 
'--'t-197m 346.50 3.43e+002 +-7.81e+001 1.57e+000 1 of 1 

Bi-211 351.00 BKG 1.00e+012 1 of 1 
Co-60 Average: 3.64e+002 +-2.51e+001 4.62e+004 2 of 2 40464.83 

1173.22 3.80e+002 +-3.41e+001 
1332.49 3.46e+002 +-3.69e+001 

K-40 1460.81 9.60e+002 +-1.98e+002 1.12e+013 1 of 1 

TOTAL: 2.27e+003 pCi /gm MPC Total: 40464.83 
------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 

N-612



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

Sample ID 988 

----------------------------------------------------------------------------------
Sample Size....... 1.00e+000 gm Spectrum File .... ......... TEMP.SPC 
Sampling Start ....... .10-23-97 13:31 Counting Start ..... .. 10-23-97 13:31 
Sampling Stop ....... .10-23-97 13:31 Live Time ... ......... 600 Sec 
Cu:r-xnt Date ......... 10-23-97 14:04 Real Time ... ......... 0 Sec 

----------------------------------------------------------------------------------
Detector #: 21 

Energy(keV)= 8.0*8 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FW:HM(keV) = 1.14 + -0.004*En + 8.2le-004*EnA2 + 0.00e+000*En 3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

----------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End...... 0 / 4095 
Sigma Multiplier ........... .. 1.00 1 

----------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1175.69 2422.09 108 11 9 7 1.95 
2 1334.92 2752.40 119 11 0 0 2.06 

N-613



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

ý'--,-ample ID: 988 

------------------------------------------------------------------------------------
Sample Size .... ....... 00e+000 gm Spectrum File .... ......... TEMP.SPC 
Sampling Start ....... .10-23-97 13:31 Counting Start ..... .. 10-23-97 13:31 
Sampling Stop ....... .10-23-97 13:31 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... 10-23-97 14:04 Decay Time ..... ........ 0.00e+000 Hrs 
------------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lib 
ID .......... . .......... I IDGeneral Radionuclide Analysis Library 
------------------------------ - ----------------------------------------------------
Eff.= I/[8.35e-003*En^_2.72e+000 + 5.18e+001*EnA1.10e+000] 12-04-96 10:52 

-------------------------------------------------------------------------------
Oamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
--------------------------------------------------------------------------------
--------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

e Average: 3.37e+002 +-2.34e+001 4.62e+004 2 of 2 37477.01 
1173.22 3.02e+002 +-3.15e+001 
1332.49 3.81e+002 +-3.50e+001 

TOTAL: 3.37e+002 pCi /gm MPC Total: 37477.01 
------------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 

N-614



Neely Nuclear Research Center 

Quantum Technology 

GDRC Version 5.0 

"-'-Sample ID : 1012 

------------------------------------------------------------------------------------
Sample Size .... ....... 00e+000 gm Spectrum File .... ......... .. TEMP.SP( 
Sampling Start ....... .10-23-97 14:04 Counting Start ..... .. 10-23-97 14:04 
Sampling Stop ....... .10-23-97 14:04 Live Time ........... 600 Sec 
Current Date ......... .. 10-23-97 14:22 Real Time ........... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FW'M(keV) 1.14 + -0.004*En + 8.2le-004*En^2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt (Energy in keY) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ...... 0 / 4095 
Sigma Multiplier ........... .. 1.00 
--------------------------------------- ---------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

- 122.92 238.23 55 17 29 90 1.11 
2 1175.49 2421.68 124 11 5 2 2.32 

,_ 3 1335.19 2752.96 123 11 5 2 2.20 

N-615



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

"•'-'Sample ID: 1012 

-------------------------------------------------------------------------------------
Sample Size ........ .. 1.00e+000 gm Spectrum File ................ TEMP.SPC 
Sampling Start ....... .10-23-97 14:04 Counting Start...... .. 10-23-97 14:04 
Sampling Stop ....... .. 10-23-97 14:04 Buildup Time ........... 0.00e+000 Hrs 
Current Date ......... .. 10-23-97 14:22 Decay Time ..... ........ 0.00e+000 Hrs 
-------------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lib 
ID ............. ........ ........ IDGeneral Radionuclide Analysis Library 
------------------------------------------------------------------------------------
Ef-Lf.= l/[8.35e-003*EnA-2.72e+000 + 5.18e+001*En A,.10e+000] 12-04-96 10:52 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . .. . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------
------------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pCi /gm ) (hrs) Found Fraction 

57 122.06 2.22e+001 +-6.86e+000 6.52e+003 1 of 2 
134m 127.50 1.55e+002 +-4.79e+001 2.91e+000 1 of 1 

.0-60 Average: 3.67e+002 +-2.40e+001 4.62e+004 2 of 2 40779.16 
1173.22 3.46e+002 +-3.19e+001 
1332.49 3.94e+002 +-3.65e+001 

TOTAL: 5.45e+002 pCi /gm MPC Total: 40779.16 
------------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keY) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 

( 

N-616



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0 

"-ýSample ID 1262 

------------------------------------------------------------------------------------
Sample Size ........ .. 1.00e+000 gm Spectrum File .... ......... TEMP.SPC 
Sampling Start ....... .. 10-23-97 14:22 Counting Start ..... .. 10-23-97 14:22 
Sampling Stop ....... .. 10-23-97 14:22 Live Time ... ......... 600 Sec 
Current Date ......... 10-23-97 16:41 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*En 3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier ............ 1..00 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
(keY) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

610.66 1250.00 20 6 7 5 1.48 

N-617



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

'-'Sample ID: 1262 

--------------------------------------------------------------------------------
Sample Size ........ .. 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... .10-23-97 14:22 Counting Start ..... ... 10-23-97 14:2: 
Sampling Stop ....... .10-23-97 14:22 Buildup Time .......... 0.00e+000 HrE 
Current Date ......... .10-23-97 16:41 Decay Time ............ 0.00e+000 Hrs 

Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lit 
ID. ...................... I DGeneral Radionuclide Analysis Library 
------------------------- - -- ---------------------------------------------------Eff.= 1/[8.35e-003*EnA_2.72e+000 + 5.18e+001*EnA1.10e+0001 12-04-96 10:52 
------------------------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % J Decay Limit <=. . . . 8.000 Halflives 
---------------------------------------------------------------------------------
------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

AL: 0.00e+000 pCi /gm MPC Total: 0.00 
--------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

610.66 1250.00 20 6 7 5 1.48 1.007e+000 

N-618



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

"-7dmple ID 1302 

3ample Size ........ 1.00e+000 gm Spectrum File .... ......... TEMP.SPC 
3ampling Start ....... .10-23-97 15:29 Counting Start ....... .. 10-23-97 15:29 
3ampling Stop ....... .10-23-97 15:29 Live Time ... ......... 600 Sec 
:urrent Date ......... 10-23-97 16:41 Real Time ... ......... 0 Sec 

Detector #: 21 
:nergy(keV)= 8.08+ 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch 3 12-04-96 10:52 

7WHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*En 3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

3ensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
3igma Multiplier ........... .. 1.00 1 

PEAK SEARCH RESULTS 

?K. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1175.55 2421.81 261 19 18 28 1.79 
S 1335.13 2752.85 204 15 9 7 2.14 

N-619



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

ý-'Sample ID: 1302 

------------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... TEMP.SP( 
Sampling Start ....... .10-23-97 15:29 Counting Start...... .. 10-23-97 15:25 
Sampling Stop ....... .10-23-97 15:29 Buildup Time ........... 0.00e+000 HrE 
Current Date ......... .. 10-23-97 16:41 Decay Time .... ......... 0.00e+000 Hrs 
------------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lih 
ID .......... . ... ............ I IDGeneral Radionuclide Analysis Library 
------------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*EnA_2.72e+000 + 5.18e+001*EnA,.10e+0001 12-04-96 10:52 

------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------
------------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

s0 Average: 6.88e+002 +-3.55e+001 4.62e+004 2 of 2 76490.30 
1173.22 7.29e+002 +-5.22e+001 
1332.49 6.54e+002 +-4.83e+001 

TOTAL: 6.88e+002 pCi /gm MPC Total: 76490.30 
------------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (key) Gamma/sec 

None 

N-620



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

•-Sample ID 1309 

------------------------------------------------------------------------------------
Sample Size .......... 1.00e+000 gm Spectrum File . ..... ....... .. TEMP.SP( 
Sampling Start ....... .10-23-97 16:15 Counting Start ..... .. 10-23-97 16:1ý 
Sampling Stop ....... .10-23-97 16:15 Live Time ........... 600 Sec 
Current Date ......... .. 10-23-97 16:41 Real Time ........... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt (Energy in keV) 

-------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 j Search Start / End ..... .. 0 / 4095 
Sigma Multiplier ........... .. 1.00 
-------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS, COUNTS (keV) FLAG 

611.16 1251.03 25 7 9 7 1.28 
2 1175.76 2422.24 84 11 11 11 1.47 

"_ 3 1335.23 2753.04 68 10 10 9 2.05

N-621



Neely Nuclear Research Center 

Quantum Technology 
GDR-C Nuclide Activity Summary 

"-'Sample ID: 1309 

------------------------------------------------------------------------------
Sample Size . . . . . . 1.00e+000 gm, Spectrum File . . . . . . . . .TEMP.SPC Sampling Start. . . . .10-23-97 16:15 Counting Start . . . . . 10-23-97 16:1E Sampling Stop . . . . .10-23-97 16:15 Buildup Time . . . . . . . 0.00e+000 Hrs Current Date . . . . . .10-23-97 16:41 Decay Time . . . . . . . . 0.00e+000 HrE ------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File . . .c:\gdr\library\nes.lih ID . . . . . .-.-. . . . I IDGeneral Radionuclide Analysis Library ------------- - - - - - - - - - ----------------------------------------------
Eff.= 1/[8.35e-003*EnA-2.72e+000 + 5.18e+001*EnAl.10e+0001 12-04-96 10:52 ------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 01 1 Decay Limit <= . . . . 8.000 Halflives ------------------------------------------------------------------------------
------------------------------------------------------------------------------

F T NAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC Nuclide (keV) (pCi /gM (hrs) Found Fraction 

60 Average: 2.26e+002 +-2.18e+001 4.62e+004 2 of 2 25166.30 
1173.22 2.35e+002 +-3.04e+001 
1332.49 2.18e+002 +-3.12e+001 

TOTAL: 2.26e+002 pCi /gm. MPC Total: 25166.30 ------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net (keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

611.16 1251.03 25 7 9 7 1.28 1.260e+000

N-622



Neely Nuclear Research Center 

Quantum Technology GDR C Version 5.0 

Sample ID 1454 

--------------------------------------------.---------------------------------
Sample Size .......... 1.00e+000 gm Spectrum File .... ......... TEMP.SPC 
Sampling Start ....... .10-23-97 16:31 Counting Start ..... .. 10-23-97 16:31 
Sampling Stop ....... .. 10-23-97 16:31 Live Time ........ ......... 600 Sec 
Current Date ......... .. 10-23-97 16:43 Real Time ... ......... 0 Sec 

----------------------------------------------------------------------------------
Detector #: 21 

Energy(keV)= 8.0"8 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+O00*Ch^3 12-04-96 10:52 

FWHi1(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*En 3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

----------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 I Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .... ........ 1.00 

----------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1463.58 3019.30 32 6 5 2 1.16 

N-623



Neely Nuclear Research Center 

Quantum Technology ( GDRC Nuclide Activity Summary 

Sample ID: 1454 

--------------------------------------------------------------------------------
Sample Size .... . 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ...... 10-23-97 16:31 Counting Start ..... ... 10-23-97 16:31 
Sampling Stop ....... .10-23-97 16:31 Buildup Time .......... .. 0.00e+000 Hrs 
Current Date ......... .10-23-97 16:43 Decay Time ............ .. 0.00e+000 Hrs 
--------------------------------------------------------------------------------
Efficiency File. .c:\gdr\eff\point.eff I Library File. . .c:\gdr\library\nes.lib 
ID ........... . ......... .......... IDGeneral Radionuclide Analysis Library 
--------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*Enk_2.72e+000 + 5.18e+001*En~l.10e+000] 12-04-96 10:52 

-------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 k I Decay Limit <=. . . . 8.000 Halflives 
--------------------------------------------------------------------------------
--------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pCi /gm ) (hrs) Found Fraction 

0 1460.81 1.06e+003 +-2.08e+002 1.12e+013 1 of 1 

OTAL: 1.06e+003 pCi /gm MPC Total: 0.00 
--------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(key) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 

N-624



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

'ý-'Sample ID : 1504 

----------------------------------------------------------------

Sample Size ....... 1.00e+000 gm Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-23-97 16:42 Counting Start ..... .10-23-97 16:42 
Sampling Stop ..... 10-23-97 16:42 Live Time ............ 600 Sec 
Current Date ...... 10-23-97 16:57 Real Time ............. 0 Sec 
----------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.68 + 0.482*Ch + 0.00e+000,ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*En 3 12-04-96 10:52 
Where En = Sqrt (Energy in keV) 

----------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 
----------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

1175.67 2422.06 399 21 15 20 2.03 
2 1335.12 2752.82 327 19 10 10 2.01 
3 1463.47 3019.07 35 6 5 2 1.58

N-625



Neely Nuclear Research Center 

Quantum Technology 
GDR C Nuclide Activity Summary 

'--Sample ID: 1504 

--------------------------------------------------------------------------------
Sample Size ........ 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ....... 10-23-97 16:42 Counting Start ........ 10-23-97 16:42 
Sampling Stop ....... .10-23-97 16:42 Buildup Time .... ....... 0.00e+000 Hrs 
Current Date ........ .. 10-23-97 16:57 Decay Time ............ .. 0.00e+000 Hrs 
--------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. . .c:\gdr\library\nes.lib 
ID......... ". .......... I IDGeneral Radionuclide Analysis Library 
------------------------- -- ---------------------------------------------------Eff.= 1/[8.35e-003*EnA_2.72e+000 + 5.18e+001*EnA1.10e+000] 12-04-96 10:52 
--------------------------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 W I Decay Limit <=. . . . 8.000 Halflives 
--------------------------------------------------------------------------------
--------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keV) (pci /gm ) (hrs) Found Fraction 

c 60 Average: 1.08e+003 +-4.26e+001 4.62e+004 2 of 2 120179.75 
1173.22 1.lle+003 +-5.98e+001 
1332.49 1.05e+003 +-6.07e+001 

,_,_-40 1460.81 1.16e+003 +-2.11e+002 1.12e+013 1 of 1 

TOTAL: 2.24e+003 pCi /gm MPC Total: 120179.75 
--------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 

( 

N-626



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

'--Sample ID 1516 

------------------------------------------------------------------------------------
Sample Size ........ .. 1.00e+000 gm Spectrum File .... ......... .. TEMP.SPC 
Sampling Start ....... .10-23-97 16:57 Counting Start ..... .. 10-23-97 16:5
Sampling Stop ....... .10-23-97 16:57 Live Time ........... 600 Sec 
Current Date ......... .. 10-23-97 17:14 Real Time ........... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt (Energy in keY) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 I Search Start / End...... 0 / 4095 
Sigma Multiplier ........... .. 1.00 
------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

- 1117.99 2302.41 47 10 14 18 1.41 
2 1175.69 2422.09 177 15 12 13 2.08 

.,- 3 1335.23 2753.05 168 14 9 7 2.34 
4 1463.69 3019.52 33 6 5 2 2.47 

N 

N-627



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

"•-'Sample ID: 1516 

--------------------------------------------------------------------------------
Sample Size ......... 1.00e+000 gm Spectrum File .... ......... .TEMP.SP( 
Sampling Start ....... 10-23-97 16:57 Counting Start ........ 10-23-97 16:5' 
Sampling Stop ....... .10-23-97 16:57 Buildup Time .......... 0.00e+000 Hr.  
Current Date ......... .10-23-97 17:14 Decay Time ............ 0.00e+000 Hr.  
--------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff j Library File. . .c:\gdr\library\nes.lit 
ID ........... . .... ............ I DGeneral Radionuclide Analysis Library 
---------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*En -2.72e+000 + 5.18e+001*EnAl.10e+0001 12-04-96 10:52 
-------------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
------------------------------------------------------------------------------------
----------------------------------- --------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks MPC 
Nuclide (keY) (pci /gm ) (hrs) Found Fraction 

65 1115.52 2.44e+002 +-5.11e+001 5.86e+003 1 of 1 4072.60 
60 Average: 5.15e+002 +-2.99e+001 4.62e+004 2 of 2 57196.87 

1173.22 4.94e+002 +-4.09e+001 
1332.49 5.39e+002 +-4.40e+001 

K-40 1460.81 1.09e+003 +-2.06e+002 1.12e+013 1 of 1 

TOTAL: 1.85e+003 pCi /gm MPC Total: 61269.47 
------------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

None 

N-628



Revision 02 (05/97) RS - 33
Liquid Scintillation Counter Data Sheet

A. SYSTEM NORMALIZATION 

Normalized ? Yes

Date : 10/7/97

B. BACKGROUND (CPMA) Packard Std: 

NNRC Std:

18.7 cpm 

11.9 cpm

C. H-3 STANDARD Check ( Packard )

CPMA BKG 
Corrected dpm 

94009.9 - 18.7 

1.515E+05

D. H-3 EFFICIENCY ( NNRC Standard)

CPMA - BKG 
Corrected dpm 

84190.1 - 11.9 

1.400E+05

x100%

X100% = 60.1%

E. NNRC Standard must be re-made every six (6) months or if the efficiency drops 

to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Date: 

Date :

10/7/97 

/o.?-2-97

N-629

x 100%

X100% = 62.1%

Mich9e eSuton / JohannemS§ dom

- m



/,0/ 7/2

N-630

Iýow
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Quantum locQgY I .... ~... O_ g 'GDRC • Version 5.0

53046-25

ample Size............. 1.00e+000 gm Spectrum File 
Sampiing Start. ..... .10-07-97 07:08 Counting Start.  
Sampling Stop ....... .10-07-97 07:08 Live Time .  
Wurrent Date ......... 10-07-97 08:58 Real Time

... . . . . . EMP .S 

. . . 10-07-97 07: 
S. . .. . 6500 S

Detector #: 21 
Energy(keV) 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch^3 12-04-96 -":

W"M (keV) = 1.14 + -0.004*En + 8.21e-004*En^2 + 0.00e+000*En^3 'Z-04-;6.  
Where En = Sqrt(Energy in keV)

Sensiivi-y ............. 2.00 Search Start / End-..... ...... 0-/--0 
Sigma Multiplier ........... 1.00 

PEAK SEARCH RESULTS

PK. ENERGY ADDRESS 
# (keV) CHANNEL

NET UN
COUNTS CERTAINTY

C.L. BKG FWHM

i ,88.56 166.96 69382 295 244 6602 1.05 S 2 122.40 237.15 31586 207 200 4035 1.10 3 136.75 266.92 3708 103 ISO 2750 1.08 4 165.99 327.57 16528 156 163 2948 1.22 5 254.94 512.10 331 81 146 2350 1.28 6 278.83 561.65 566 78 137 2072 1.16 7 390.97 794.28 7023 112 140 1982 1.37 a ý;60.05 1352.45 23738 172 150 1778 1.62 q 895.7d 1841.29 5751 102 131 1572 1.83 10 1170.01 2410.32 21050 156 115 970 1.96 i!1328.74 2739.59 18626 143 81 516 2.11 121830.45 3780.33 2921 59 49 168 2.31

6 V, MRS

N-633



Neely Nut : e=arzz 

Quantum Technology 
-GDR_C Nuclide Activity Summary 

Sample ID: 53046-25 

-----------------------------------------------------------------------------------
Sample Size ......... 1.00e+000 gm Spectrum File ...... ... TEMP.S 
Sampling Start ....... .. 10-07-97 07:08 Counting Start ..... .. 10-07-97 ,37: 
Sampling Stop ....... .. 10-07-97 07:08 Buildup Time .......... .. 0.00e+00C H 
Current Date ......... .. 10-07-97 08:59 Decay Time ..... .... .... 0.OOe-000 H 
-----------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. c:\gdr\,'ibrary'\oon 
D...".................................. I ID ...... SRS 49183-25 PO:NT SOUrR 

Eff.= 1/[8.35e-003*En -2.72e+000 + 5.18e+001*Ený1.10e+000] 
-----------------------------------------------------------------------------------
gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 HaIfI'-.
-----------------------------------------------------------------------------------
-----------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks ~&>§c 
Nuclide (keY) (uCi /gm ) (hrs) Found Fractior 

CD-109 88.00 8.33e-001 +-3.54e-003 1.lle+004 1 of 1 
)-57 122.00 1.28e-002 +-8.39e-005 6.54e+003 1 of 1 

-2-139 166.00 7.76e-003 +-7.33e-005 3.30e+003 1 of 1 
HG-203 279.00 4.08e-004 +-5.60e-005 1.12e+003 i of 1 

_ SN-113 392.00 9.20e-003 +-1.47e-004 2.76e+003 1 of 1 
CS-137 662.00 4.14e-002 +-3.00e-004 2.63e+005 1 of 1 

TOTAL: 9.05e-001 uCi /gm -&>gc Total: 0.J0I 
-----------------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

136.75 266.92 3708 103 150 2750 1.08 4.763e+001 
254.94 512.10 331 81 146 2350 1.28 6.579e+000 
895.70 1841.29 5751 102 131 1572 1.83 4.404e+002 

1.70.01 2410.32 21050 156 115 970 1.96 2.160e+003 
1328.74 2739.59 18626 143- 81 516 2.11 2.197e+003 
1830.45 3780.33 2921 59 49 168 2.31 4.895e÷002 

N-634



BACiB027.XLD 

Unit Id: 1 
Date Performed: 1017197 6:56:18 . . . .. Application Revision: 4 

LB5IOO-W Beta Background 

6.00 

a. 5.00, 
4.00 

3.00 

j2.00 ± 
1.00 

4 -----

eed- mean a 20 
Mean background: 2.20 

Error for mean background: 0.27 
Actual standard deashon: 0.95 

Predicted standard deviaton: 0.86 
Number of Indivdal nmowemref: 10 

ChI-square: 10.97 
Reduced chl-squae: 1.22 

Page 1
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BACIB027.XLD 

Unit Id: 1 
Date Performed: 1017/97 6:56:18 Application Revision: 4 

LB5100-W Alpha Background 

1.20 

IL 1.00 
0.80 

0.6 0.40 

S0.20 

0.00 -- ,.  
;-0.20 

-0.40 

_ snd-. mrnean C 2a 
Mean biwclround: 0.13 

Error for mean Ibckground: 0.07 
Actual slandarci devitilon: 0.23 

Predicted sandarl deviation: 0.21 
Number of indildua miew~emnens: 10 

C;;sqLwe: 11.00 
Re1duced -l-square: 1.22

Paoe 1



EFFID025.XLD 

Unit Id: 1 Application Revision: 3 
Date Performed: 10/7/97 Application Version: Standard 

File Name: C:%LBXL\UNIT1 EFF1 D025.XLD 

LB100.-WAIphs-Beft Effiiency Data Entry and Output 

Source Control ID: 6641240 

Isotope Th-230 Ha-Mr 28105000 days 

Type Alpha 
Cafliation Dae 7113014 Custodan Edgar 

OPM @ calibration date 29500.00 Eor 295.00 
Decay Corrected DPM 29469.14 Enor 294.99 

Archive Me TH230AB 

-. ff~cency Erro CM A2 CPM Events X-Talk 
Ala 28.20% 0.41% 2.40 8319.73 5 28.74% 

eta 11.37% 0.17% 5.41 3354.97 AIntoB 
Groe 39.58% 0.57% 0.28 11674.70

Page 1
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Revision 02 (05/97) 
Liquid Scintillation Counter Data Sheet 

A. SYSTEM NORMALIZATION Date: 

Normalized ? Yes

B. BACKGROUND (CPMA) Packard Std: 18.8 cpm 

NNRC Std: 13.4 cpm

C. H-3 STANDARD Check 

CPMA

(Packard) 

- BKG
Corrected dpm 

94008 - 18.8 

1.515E+05

D. H-3 EFFICIENCY (NNRC Standard)

CPMA - BKG 
Corrected dpm 

83968 - 13.4 

1.400E+05

x 1 UU 7.0

x100% = 60.0%

E. NNRC Standard must be re-made every six (6) months or If the efficiency drops 

to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Michele R. Sutton

N-639

RS - 33

10/8/97

x 100 %

X100% = 62.1%

Date: 

Date:

1018/97 

(0p-3M7



V S YSTEM NORMALI~ZED %
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Protocol 4:1a Name:H-3 Efficiency 08-Oct-97 
Region As L.-UL 0.0-18.6 Lcr= 0 8kg= 0.00 %2 Sigma=0.O0 
Region 3; -L-UL= 2.0-18.6 Lc,° 0 Bkg: 0.00 %2 Sigma=0.00 
Region C; LL-UL'::: 1 -,2000 Lcr= 0 6kg: 0.00 %2 Sigma=O.00 
Time = 10.00 QIP = SIS 
H-3 Efficiency: Mirnimum 58% for Packard Standard

CPMA 
94161.9 
93968.1 
93894.1 
94008.0 
84088.9 
83894.6 
83920.6 
83968.0

06:48

SIS FLAG 
21.800 
21 .770 
21 .760 
21.777 A 
17.550 
17.540 
17.500 
17 .530 A

N-641

1 
1 
1 

2

TIME 
10.00 
10.00 
10.00 
10.00 
iO.00 
10.00 
10.00 
10.00



Protocol 4:15 Name:Sackground Check 08-Oct-97 06:27 
Rnio A; LL.-UL= 0.0-13.6 Lcr= 0 Bkg= 0.00 %2 Sigma=O.00 

Reyion 6: LL-UL=13.w,-256. Lcr= 0 8kg= 0.00 %2 Sigma=O.00 
Reoiun C: LL-UL=256.-2000 L~cr= 0 SO= 0.00. %2 Sigma=O.0O 
7ime =10.00 Q~p= i 
Baickground: Channrel A~ must. be <30 cpm 

S#4 TIME CPMA CpM8 CpMC SIS FLAG 
I1 i0.00 18.80 14.60 16.10 163.24 
2 10.00 13.40 24.90 17.10 217.14

N-642



Neely Nuclear Resear:h cenz-r 

Quantum Technology 
GDRC Version 5.0 

\_Sample ID : 53046-25 

Sml Size............................00g SetumFl............EMSP 
Sapl Siz . . . . . . 1.00e+000 gm Spectrum File-. . . . . . . .. TEMP.Spc 

Sampling Start ....... .10-08-97 09:15 Counting Start .... ..... 10-08-97 09:1E 
Sampling Stop ....... .10-08-97 09:15 Live Time ........... 600 Sec 
Current Date ......... .. 10-08-97 09:39 Real Time................0 Sec 
-------------------------------------------------------------------------------------

Detector #: 21 
Energy(kev)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch^3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier .......... ... 1.00 1 
-------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

88.87 167.60 69478 295 244 6565 1.14 
Z 122.81 238.00 31154 206 201 4074 1.11 
3 137.20 267.84 3816 102 147 2651 1.14 

" " 4 166.50 328.64 16424 155 160 2833 1.17 
5 255.86 513.99 394 87 159 2541 1.22 
6 279.62 563.29 581 71 120 1767 1.37 
7 392.05 796.52 6723 107 128 1800 1.32 
8 661.81 1356.10 24565 173 141 1697 1.56 
9 898.08 1846.22 5686 103 134 1642 1.67 

10 1173.04 2416.61 21505 156 105 875 1.90 
11 1332.19 2746.74 18901 143 76 403 2.04 
12 1835.10 3789.98 2984 60 49 139 2.41

N-643



Nee~y uc1= =• = 
Nleey Nuclear Research. cerzer 

Quantum Technology 
GDRC Nuclide Activity Summary 

,.Sample 1D: 53046-25 

---------------------------------------------------------------

Sample Size ....... 1.00e+000 gm Spectrum File .......... TEMP.SPc 
Sampling Start ..... 10-08-97 09:15 Counting Start ...... 10-08-97 09:1E 
Sampling Stop ..... 10-08-97 09:15 Buildup Time ....... 0.000e÷000 Hrs 
Current Date ...... 10-08-97 09:39 Decay Time ......... 0.00e+000 Hrs 

---------------------------------------------------------------

Efficiency File. c:\gdr\eff\point.eff Library File .c:\gdr\librarv\point.li! 
ID ...................... ID ...... SRS 49183-25 POINT SCURCE 

----------------------------------------------------------------

Eff.= 1/[8.35e-003*En -2.72e+000 + 5.18e+001*EnAl.10e+000] 12-04-96 10:52 
..........................---------------------------------------------------..  

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
----------------------------------------------------------------

----------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks ~&>gc 
Nuclide (keY) (uCi /gm ) (hrs) Found Fraction 

rT-i09 88.00 8.31e-001 +-3.52e-003 1.lle+004 1 of 1 
-57 122.00 1.26e-002 +-8.35e-005 6.54e+003 1 of 1 

-rý-139 166.00 7.73e-003 +-7.29e-005 3.30e+003 1 of 1 
HG-203 279.00 4.20e-004 +-5.11e-005 1.12e+003 1 of 1 

'SN-II3 392.00 8.84e-003 +-1.41e-004 2.76e+003 1 of 1 
CS-137 662.00 4.29e-002 +-3.02e-004 2.63e+005 I of 1 
Y-88 Average: 1.32e-002 +-1.78e-004 2.56e+003 2 of 2 0.00 

898.00 1.29e-002 +-2.34e-004 
1836.00 1.37e-002 +-2.74e-004 

CO-60 Average: 6.01e-002 +-3.15e-004 4.62e+004 2 of 2 0.00 
1173.00 5.98e-002 +-4.35e-004 
1333.00 6.04e-002 +-4.56e-004 

TOTAL: 9.76e-001 uCi /gm -&>gc Total: 0.00 

UNKNOWN PEAKS 

Energy Centroid Net Un- ., C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty" Counts Counts (keV) Gamma/sec 

137.20 267.84 3816 102 147 2651 1.14 4.905e+001 
255.86 513.99 394 87 159 2541 1.22 7.858e+000

N-644



BACi B028.XLD 

Unit Id: I
Date PerfoUnid: 10/8/97 6:55:18A Dat Prfrm d:10//9-65518Application Revision: 4

LB5loo-W Alpha Background

CF 2a 1 
Moanm binckW ound: 0.17 

Error for men backWgWr : 0.07 
Actuk *tWndwd dev1tm: 0.24 

Predicted Stanlud deviaUon: 0.24 
Numbrw of IndMduul meu menmt: 10 

Chi-squor.: 9.00 
Reduced chl-squw: 1.00

Page 1



BACIB028.XLD 

Unit Id: I

2a 
mmbwkomw: 1.90 

ErFor for amm badWOM: 0.25 
AcbjW sbndw4 dwWion: 0.96 

PodicW dwm*d dr*Mm: 0.80 
NwAw at kwwkkmi nommemu": 10 

Ch"quare: 13.00 
Refted chkqwe: 1.44

Page I



EFFID026.XLD 

Unit Id: 1 Application Revision: 3 
Date Performed: 10/8/97 Application Version: Standard 

File Name: C:\IBXL\UNIT1\EFF1D026.XLD 

LBSIOO.WAIpha..Befa Efficiency Data Entry and Output 

Source Control ID:166-012-0 

1lecope Th-230 Haif-UI 2510&000 days 
Type Alpta 

CaalMon Daie 711t3,'4 Custodian Edgar 
DPMU callralion date 29O.00 Error 295.00 

Decay ConMced IPM 2949M.14 Enorr 294.99.  
Archive Fibe TH230AB 

Eficiency Error CM £2 CPM Events X-Talk 
Alpha 21.31% 0.41% 5.05 8340.73 5 21.67% 
Beta 11.38% 0.17% 20.16 3356.10 A nto B 

Gro" 39.68% 0.57% 1.31 11705.83

Page 1
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EFFIE026.XLD 

Unit Id: I Application Revision: 3 
Date Performed: 10/8/97 Application Version: Standard 

File Name: C:%LBXL\UNlT1•EFF1E026.XLD A 

LBIO.-WAIph*a-BB Effiiency Data Engry and Output 

Source Control ID: 66-011-0 

WIotope 8r-CY-We) Hal-U 10409.6 days 
Type Beta 

"Calibralon DIO 5WS5W2 Custodgma Edgar 
DPM 41 calba"lon d.e 00.00 Error 132).00 Z Decay Corredted PM 52615.62 Error 1157.54 

Arciv Me SR90IAB 

Efficiscy Enror Chi A2 CPM Events X-Talk 
Alpha 0.20% 0.01% 3.86 103.13 5 BkitoA 
Deta 43.28% 1.05% 4.75 22772.30 0.45% 

Gros 43.48% 1.05% 5.06 22875.43

Page 1



Revision 02 (05/97) 
Liquid Scintillation Counter Data Sheet 

A. SYSTEM NORMALIZATION 
Date: 

Normalized ? Yes

RS - 33 

10/9/97

B. BACKGROUND (CPMA) Packard Std: 

NNRC Std:

16.2 cpm 

11.2 cpm

C. H-3 STANDARD Check (Packard) 

CPMA BKG x 100 % 
Corrected dpm 

94024.2 - 16.2 x 100% = 
1.514E+05 

D. H-3 EFFICIENCY (NNRC Standard) 

CPMA - BKG x 100 % 
Corrected dpm

83916.5 - 11.2 x100% = 

1.399E+05

62.1%

60.0%

E. NNRC Standard must be re-made every six (6) months or if the efficiency drops 
to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Johannes Strydom & r 

V

Date: 10/9/97 

Date: 1611-9-

N-649
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N-650



pravocci 4:10 chec. GO-Qc!-;7 
Region uor= 0 sky= D.Ls %2 Agma=0 wo 
Ragiun OcrQ 0 249= 0.60 %2 QgMa=0,0-,) 
Regiun U-UL-Ws.-2000 Ler= 0 sw= SWO %2 SAMwO.00 
Time = 10 00 UTP = SH 
BacKgraurn aharnai A MUM we ( ju 00:11 

so T:ME CPMA WMd ýAML SIS ýLAI.;: 
1 10-DO L6.20 14.00 13.40 146.40 
2 10MO 11.20 26.80 11.90 250.33

N-651



Prot;ocol ;t.s& N.±:fl -! H3ffoicluncy 
tWJtOn A> t '&L- 0 3-Ms.z Lsr= C Skg= 0.00 
AegLJ : 3. !"UL 2.0-18.m Lcr= 0 Bkg= 0.10 -Re¶.JL ,0 .,W 1 20r a- 0 =00 
Time .- 10.5)0p=A 
H-3 -s >IviNov. >.min limumif 3r3% for P'ackard Stand-~

I 

2

io.0 
10.00 

i0 .00 

:0.00 

LO0.00

O pM 
94067.6 
9400$ .t6 
93996.3 
94024 .2 
83963 .7 

33916.5

.1. :' 
21.640 
21.650 
21 .5 30 
2i. .640 
W7.400 
,7 .400 
17.390 
17.397

%2Si1g~mc-=0.oo 
%: Sigma=O.oc, 
0C2 %igma=Q.Q3

A 

A

N-652
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eey Nuc...ear Resea- Ze-r 

Quantum Technology ...........  GDR C Version 5.0 

jample ID 53046-25 

-- -- - -- -- - ------------------------------------------ 
-----Sample Size ...... 1.00e+000 gm Spectrum File ... ...... TEMP.SP.C Sampling Start ..... 10-09-97 08:24 Counting Start ..... .10-09-97 08:24 Sampling Stop ..... 10-09-97 08:24 Live Time........... 600 Sec Current Date ...... 10-09-97 09:16 Real Time ............. 0 Sec 

---- - -- - -- ---- -------------- 
7--------------------------------------

Detector #: 21 Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*Ch"2 + 0.00e+000*Ch"3 12-04-96 :0:52 
FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*En-3 12-04-96 10:52 

Where En = Sqrt (Energy in keV) 
-- -- -- -- -- -- -- ------------------------------------- 

i---------------
Sensitivity .......... 2.00 1 Search Start / End...... 0 / 4C95 Sigma Multiplier ......... 1.00 

-----------------------------------------------

PEAK SEARCH RESULTS 
PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM # (keA) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (kAV) FLAG 

88.88 167.61 70535 305 286 7526 1.15 
122.83 238.04 31331 214 234 4667 1.10 3 137.20 267.85 3996 102 145 2577 1.15 .•_ 4 166.55 328.74 16218 152 149 2739 1.15 5 255.73 513.73 332 69 118 1921 0.76 6 279.83 563.72 511 76 134 1972 1.23 7 392.17 796.77 6866 113 145 2118 1.36 8 662.03 1356.55 24215 172 141 1681 1.66 9 898.40 1846.88 5476 104 140 1675 1.70 10 1173.47 2417.48 21334 157 112 920 2.07 11 1332.67 2747.74 18625 143 83 477 2.16 12 1835.80 3791.44 2917 58 45 130 2.55

N-653



SNeev Nuclear Researc-h ::en:-:.z 

Quantum Technology GDRC Nuclide Activity Summary 

Sample iD: 53046-25 

---------------------------------------------------------------------------------
Sample Size .... ...... 1.00e+000 gm Spectrum File ................ TEMP.SP( 
Sampling Start ........ 10-09-97 08:24 Counting Start ..... .. 10-09-97 08:24 
Sampling Stop ....... .. 10-09-97 08:24 Buildup Time ........... 0.00e+000 HrE 
Current Date ......... .. 10-09-97 09:17 Decay Time ............. 0.00e+000 HrE 

----------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. c:\gdr\library\poio:.z 
ID. ........................... ........ ID... . . . SRS 49183-25 POINT SOURCE 

----------------------------------------------------------------------------------
Eff.= !/[8.35e-003*EnA-2.72e+000 + 5.18e+001*EnA1.10e+0001 12-04-96 >.:5 

--------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halfl*-;es 
----------------------------------------------------------------------------------
----------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks ~&>gc 
Nuclide (keV) (uCi /gm ) (hrs) Found Fraction 

CD-109 88.00 8.43e-001 +-3.65e-003 l.lle+004 1 of 1 
957 122.00 1.27e-002 +-8.68e-005 6.54e+003 1 of 1 
.139 166.00 7.63e-003 +- 7 .15e-005-3.30e+003- -. 1 of 1 

G-203 279.00 3.70e-004 +-5.48e-005 1.12e+003 1 of 1 
",-SN-II3 392.00 9.03e-003 +-1.49e-004 2.76e+003 1 of 1 

CS-137 662.00 4.23e-002 +-3.00e-004 2.63e+005 1 of 1 
Y-38 Average: 1.29e-002 +-1.77e-004 2.56e+003 2 of 2 0.00 

898.00 1.25e-002 +-2.36e-004 
1836.00 1.34e-002 +-2.68e-004 

CO-60 Average: 5.95e-002 +-3.15e-004 4.62e+004 2 of 2 0.00 
1173.00 5.94e-002 +-4.36e-004 
1333.00 5.96e-002 +-4.57e-004 

TOTAL: 9.88e-001 uCi /gm -&>5c Total: 0.00 

UNKNOWN PEAKS 

Energy Centroid Net Un- ". C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty -Counts Counts (keV) Gamma/sec 

137.20 267.85 3996 102 145 2577 1.15 5.137e+001 
255.73 513.73 332 69 118 1921 0.76 6.619e+000 

N-654



(
(

Unit Id: 1 
Date Performed: 10/9/97 6:57:19 Application Revision: 4

LB5IOO-W Beta Background

5.00 
S4.50 

S4.00 
3.50 

33.00 
2 2.5o 
u 2.00 

1.50 
1.00 
0.50 
0.00

........ ----------

.t....... ±

w- - mm a 2a 1
Mean bw*4mound: 

Error for mean bac.ground: 
Actual standard deviation: 

Predicted standard deviation: 
Number of indimdual memhurm .: 

Chi-euare: 
Reduced chequau:

1.73 
0.24 
0.86 
0.76 
10 

11.46 
1.27

Page 1
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( -
BACIB029.XLD

Unit Id: 1 
Date Performed: 10/9/97 6:57:19 Application Revision: 4

LB5100-W Alpha Background

1.20 -

11.00 S0 .  
0.80 

C 

0. 40
0.20 

0.00 

-0.20 
-0.401

-l- Im 0

TT

- 2- I
Mean background: 

Error for mean background: 
Actual Standard deviation: 

Predicted standard deviation: 
Number of individual measureewn: 

Chi-square: 
Reduced chi-square:

0.17 
0.07 
0.24 
0.24 
10 

9.00 
1.00

Page 1
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EFFIE027.XLD

Unit Id: 1 
Date Performed: 10/9/97 

File Name: C:"LBXLUJNIT1EFFIE027.XLD

Application Revision: 3 
Application Version: Standard

LB561.WA .41-Bfta Efficiency Data Eny and Output

Source Control ID: 6l011.00 

lote &-•mY-0 Halr-LIt. 10409.6 days 
Type Beta 

Call baak n Date 5/15W CuAtodan 
Edgar 

DPM 0 calationM dte 0000.00 Ewror 1i3c).o 
Decay Corrected CPM 52812,11 Error 1157.47 

Archlye Fi.e SRGOAB 

E l l clc e uc y E r r or C lI i £2 C P u E v e n t s X -T a Il k 

Aha 0.18% 0.01% 2.07 96.40 5 B Into A BeOA 43.13% 1.04% 2.00 22692.10 0.42% F Eo 43.31% 1 .(5% 2.04 22788.50

Page 1
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EFFID027.XLD 

Unit Id: I Application Revision: 3 
Date Performed: 10/9/97 Application Version: Standard 

File Name: C:\LBXLLUNIT1 EFF1D027.XLD 

LBStO(.WAIpha&.Beta Efficiency Data Entry and Output 

Source Control ID: 66.12-00 

Isotope Th-230 Half4Jf 281O5000 days 
Type A~ w 

Calllbtlon Dte .711304 Custodl Edgar 
9PM * c, al loron ddes 29500.00 Error 295.00 

Decay Corrected DPM 20409.14 Error 294.99 
Archive Filb TH2I0AB 

Efliiency Error Chli 2 CPM Events X-TaIlk 
Alpha 25.12% 0.41% 7.18 8296.27 5 29.05% 
Beta 11.51% 0.17% 14.60 3366.a3 A klto 

Gross 3D.63% 0.57% 2.87 11GO1.90

Page 1



Revision 02 (05/97)
RS - 33 Liquid Scintillation Counter Data Sheet

A. SYSTEM NORMALIZATION 

Normalized ? Yes

B. BACKGROUND (CPMA) Packard Std: 

NNRC Std:

18.6 cpm 

14.4 cpm

C. H-3 STANDARD Check ( Packard )

CPMA - BKG 
Corrected dpm 

93977.1 - 18.6 

1.514E+05

0. H-3 EFFICIENCY ( NNRC Standard)

CPMA - BKG 
Corrected dpm 

83808.7 - 14.4 

1.399E+05

x100%

X100% = 59.9%

E. NNRC Standard must be re-made every six (6) months or if the efficiency drops 
to im than 90 % of original efficiency.  

Orginal Efficiency: 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Michele R. Sutton & Date: 10/10/97 

Date: W147

N-659

Date : 10/10/97

x100%

x100% = 62.1%
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Protocol #-14 N~ame ,H.-ý E:-4icie c O O L g ,_ 5 Region :; L :. : 0 0- . ien.;y 0 ,2- ..•' '42 5i.ra= 0.O0 
Region .3 L--UL. .0-18.6 0_or 0 Skg,:O 0.00 %2 i', 0.Region C. LL-UL..±8.6-2000C. 0 'Sk= , 210 k'2 Si•.na=O 00 Time = Io.0O QIP = SIS 
H-.3 Effic.er:(..: ,i.:,irum .. ° For PITc)Ur.I dt.jnd

1 ,-jr 

S# rIME CPMA SIS ,:LAG 
1 10.00 94024.3 21.700 
1 10.00 93973.4 21 .680 
1 10.00 "39 .3 3.O 21.6a80 

10.00 93977.1 21.687 A 
2" 10.00 83933.8 17.450 
2 10.00 83839.0 17.450 
2 10.00 63653.3 17.430 

10.00 8:3808.7 1/7.443 A

N-661



Protocoi #:Is Name:Sackground Check 10-Oct-97 O6:31 Region A: LL--UL= 0.0-18.6 wcr= 0 Skg= 0.00 %2 Sigma=0.00 
Region 8: LL-UL=,3.w-256. Lcr= 0 Skg= 0.00 %2 Sigma=O.OO 
Region C: LL-UL=256.-2000 Lcr= 0 Bkg= 0.00 %2 Sigma=0.O0 
Time = 10.O0 QIP = SIS 
Background Chanrnei A must be . 30 cpm 

S# TIME CPMA CPM8 CPMC SIS FLAG 
i i0.00 18.60 12.20 16.80 130.30 
2 10.00 14.40 24.60 16.70 206.46'

N-662



-Neel' Nucliear Research -ee 

Quantum Technology GDRC Version 5.0 

sample 1D : 53046-25 

Sample Size 1.00e+000 gm Spectrum File. ........ TEMP.SPC Sampling Start ..... 10-10-97 07:10 Counting Start ..... .. 10-10-97 07:iC Sampling Stop. ...... 10-10-97 07:10 Live Time. .........  Current Date.......10-10-97 08:44 1 Real Time ........... .00 Sec -- • ... .. . ... .. .. . " . . . . . . .0 Sec 

Detector #: 21 Energy(keV) 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch^3 12-04-96 i1:52 
FWHM(keV) 1.14 + -0.004*En + 8 .2le_004*EnA2 + 0.00e+000*EnA3 12-04-96 -0:5Z 

Where En = Sqrt (Energy in keV) 
-----------------------------------------------------------------------------------

Sensitivity ............ 2.00 I Search Start / End ...... .' 4095 Sigma Multiplier ......... 1.00 1 

---- ---- ---- ---- ---- ------- 7--------------------------------------------

PEAK SEARCH RESULTS 
PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM # (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

88.86 167.58 69384 295 245 6628 1.16 122.82 238.02 30994 202 184 3755 1.13 3 137.20 267.85 3737 102 147 2667 1.10 . 4 166.57 328.77 16710 153 147 2651 1.14 5 255.75 513.77 385 69 116 1859 1.40 6 279.81 563.68 498 72 124 1890 1.18 7 392.29 797.01 6921 115 150 2082 1.32 8 662.28 1357.07 24424 173 142 1718 1.53 9 814.52 1672.89 191 62 115 1208 1.91 10 898.73 1847.57 5502 102 133 1618 1.87 11 1173.94 2418.47 21229 157 117 1002 1.98 12 1333.22 2748.87 18585 142 77 474 2.02 13 1836.59 3793.07 2977 59 44 133 2.44

N-"3



Neuc__ar Research -_n:..r 

Quancum Technology GDRC Nuclide Activity Summary, 

Ample 1D: 53046-25 

Sample Size ........ .. 1.00e+000 gm Spectrum File ........ ......... TEMP.SPC 
Sampling Start ........ 10-10-97 07:10 Counting Start ........ 10-10-97 07:i0 Sampling Stop ....... .. 10-10-97 07:10 Buildup Time .......... .. 0.00e+000 Hrs Current Date ......... .. 10-10-97 08:44 Decay Time ........... .. 0.00e+000 Hrs 
Efficiency File. c:\gdr\eff\point eff 

I ....................  n Fe Library File. .c:\gdr\library\"coin".!ib 
1D . . ... ID .. . ..... .. SRS 49183-25 Z' NT SC C 
----------------------------------------------------------------------------------

Eff.= l/[8.35e_003*EnA_2.72e+000 + 5.18e+001*En l.10e+000] 12-04-96 10:52 
-----------------------------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Half-ives 
-----------------------------------------------------------------------------------
-----------------------------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks -&>gc Nuclide (keV) (uCi /gm ) (hrs) Found Fraction 

CD-109 88.00 8.30e-001 +-3.53e-003 1.lle+004 1 of 1 
CO-57 122.00 1.25e-002 +-8.19e-005 6.54e+003 1 of 1 
S39 166.00 7.87e-003 +-7.19e-005 3.30e+003 1 of 1 

-203 279.00 3.60e-004 +-5.20e-005 1.12e+003 1 of 1 
_4-i13 392.00 9.10e-003 +-1.51e-004 2.76e+003 1 of 1 CS-137 662.00 4.27e-002 +-3.02e-004 2.63e+005 1 of 1 
Y-88 Average: 1.30e-002 +-1.76e-004 2.56e+003 2 of 2 0.00 

898.00 1.25e-002 +-2.31e-004 
1836.00 1.37e-002 +-2.70e-004 

CO-60 Average: 5.93e-002 +-3.15e-004 4.62e+004 2 of 2 0.00 
1173.00 5.91e-002 +-4.38e-004 
1333.00 5.95e-002 +-4.54e-004 

TOTAL: 9.74e-001 uCi /gm -&>6c Total: 0.00 
----------------------------------------------------------------------------------

UNKNOWN PEAKS 
Energy Centroid Net Un- C.L. Bkg. FWHM Net 

(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

137.20 267.85 3737 102 147 2667 1.10 4.804e+001 
255.75 513.77 385 69 116 1859 1.40 7.676e+000 
814.52 1672.89 191 62 115 1208 1.91 1.318e+001 

( 

N-664



BACIB032.XLD 

Unit Id: 1 I L:5
Date Performed: 110/1CW97.426,4 4  Application Revision: 

L85100-W Alpha Background 

1.20 

SL1.00 S0 .6 0 . ... .. ...... . . ............. .. ... .. ...-.-- ------ .- - .-- ---- -- ..-.-.- - .-.-- -- ... .. .. .
0.6 

0.40 

0.20 T 

•0 .0 
~-0.20 

z-0.40 --- -

2a 
Mean bakground: 0.20 

Err for mean backerund: 0.08 
A w sand devatin: 0.28 

Proddcted sandard devfaon: 0.26 
Numnb of kdIndual me•surnw.: 10 

CMI-quae: 10.67 
Reducd odque: 1.19

Page 1
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BACIB032.XLD

Unit Id: I % it Hs 
Date Perfonned: 10110/97 42.437e.- Application Revision: 4 

LB6IOO-W Beta Background

-T ~.. .. ...............

Error for mon bciowun 
Adukl standard dr•m 

Prodded l sbuidwd dskb 
Number of ndvlduW ffmsuronmw : 

ChMqu.e: 
Reduced ch-quae:

2.20 
0.27 
1.37 
0.86 
10 

23.09 
2.57

Page I

( --

a.  
0 
a 
2 
0 
U 

U 
I

6.00 

5.00 

4.00 

3.00 

2.00 

1.00 

0.00 

-1.00z4 
Jh

Ru ay2aI•md, - nmn 
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EFFI D028.XLD 

Unit Id: 1 Application Revision: 3 
Date Performed: 10/10/97 Application Version: Standard 

File Name: C:\LBXL\UNIT1 EFF1D028.XLD 

LB6OO.W AIpha-Beta Efficiency Data Entry and Output 

Source Control ID: 6 240 

oltope Th-23 H4Jf-U 281OOO days 
Type AlPha 

CdlbrJat Dift 7/1394 CadodWa Edgar 
OPM O cafbranon dae 2g-0.00 Error 285.00 

"Decay Corrected DPM .941914 Error 2D4.99 
Arwchve FMe TH2X0AB 

Ecllicecy Erro CM 42 CPU Ennts X.TAWk 
Alpa 2B.34% 0.41% 3.12 8310.4 5 28.91% 

seta 11.52% 0.17% 9.08 339.77 A Into B 
Grio 30.87% 0.57% 7.47 11760.17

Page I



EFFIE028.XLD 

Unit Id: I Application Revision: 3 
Date Performed: 10/10197 Application Version: Standard 

File Name: C:%LBXLtJNIT1EFF1E028.XLD 

LB510O.W pha-ptBa Efficiency Data Entry and O~put 

Source Control ID: 6641140 

Isotope &r4CW.60 Hit-Uk 10409.6 days 
Type aeda 

Caftabron DWe 5115M2 Cuutodlan Edgar 

PM a calbraUon d. 60000.00 Error 13W.00 
Decay Corected DPM 52610.46 Error 1157.41 

Archive Fib SRUOAB 

Efilcibncy Error Chi *2 CPM Evends X-Talk 
Aiphs 0.18% 0.01% 4.22 93.07 5 B Into A 
BOa 43.09% 1.04% 9.36 22667.77 0.41% 

Gross 43.26% 1.05% 9.54 22760.83

Page 1



Revision 02 (05/97)

Liquid Scintillation Counter Data Sheet RS-33

A. SYSTEM NORMALIZATION 

Normalized ? Yes

Date : 10/11/97

B. BACKGROUND (CPMA) Packard Std: 

NNRC Std:

19.4 cprn 

12.8 cpm

C. H-3 STANDARD Check ( Packard )

CPMA - BKG 
Corrected dpm 

93991.8 19.4 

1.514E+05

D. H-3 EFFICIENCY ( NNRC Standard)

CPMA - BKG 
Corrected dpm 

83697.9 - 12.8 

1.399E+05

x100%

x100% = 59.8%

E. NNRC Standard must be re-made every six (6) months or if the efficiency drops 
to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Michele R. Sutton Date: 10/11/97 

Date: 10- 11-('7

N-669

x 100 %

X100% = 62.1%
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plvotocol #.13 Name-,:Sac kgr(\fl O-u-Ond9 Region ,): L-L-UL= 0O±~~r Y ' 0?2S~ Region 8: L-L16 5 6 . Lcr'= 03 8k 0.3) g2irna=o o.-D Region ,-. Lu--UL::256.-:OOO ~cr= 0 skq= )..)o gma=0 .,00 Time o 1.00 alp =SZ 
Sac kgr OLOIC ;-h an Tel n~ be < 30 Cm 

S# TIME: CPMA 02MS ORMC SIS FLi-,G 1 10.00 19.40 15.00 15.50 1421.45 2 10.00 12.80 223.40 16.80 231.537

N-671



Protoco1 #014 Name;H-3 Efficiency i!-Oct-97 06:4Q3 
Region A: LL-UL= 0 - 0 -1a.6 Lcr= 0 Bkg= 0.00 %2 Sigma=0.00 
Region 8: LL-UL= 2.0-18.6 Lc'= 0 Bkg= 0.00 %2 Sigma=0.00 
Region C. LL-UL=I.G16-,2GO i....cr= 0 8kqJ= O.00 %2 Sigma=0.00 
Time = 10.00 QIP = SIS 
H-3 Efficiency,: mirnju 58% For Packard Standard 

S# TIME CpMA SS FLAG 
1 10.00 94053.6 21.640 
1 10.00 93941.6 21 .680 
1 10.00 93980.2 21.670 

10.00 93991.8 21.663 A 
2 10.00 6!33752.6 17.410 
2 10.00 836?3.2 17.410 
2 10.00 :&.36,4•.,) 17.400 

10.00 83697.9 17.407 A

N-672



NeeIy }uclear Researzh :e'.z__ 

Quan tum Techno logy .. .. .. .. .  GDRC Version 3.0 
/ • l -- - - . ..-

== = 3= 3 == =

1 6.; = L- 53046 -25

Sample Size....... 1.00e+ooo gm Spectrum File . .... 
. EMP.Smg 

Sampling Start ...... 10-11-97 09:54 Counting Start ...... 10-11-97 09:5) 
Sampling Stop ..... ... 10-11-97 09:54 Live Time . . . . . . . . . o0 Sec Current Date. . . . . .10-11-97 10:10 Real Time ......... 0' Se" 

Deetr1:2 ...........................................................
OSe 

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 0: 52 
FWHM(keV) = 1.14 + -0.004*En + 8 .21e_004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 Where En = Sqrt(Energy in keV) 

----------------------------------------------------------------------------------
Sensitivity . •.. . . . . ".. 2.00 1 Search Start / End ..... 0 / 409• 
Sigma Multiplier . ...........

1.00 

/ 
-------------------------------------------------------------------------------------------

PEAK SEARCH RESULTS 
PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM (key) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (ke.) FLAG = = .. . . . . . . . . . . . . ..-- - -- -- = = = = = = = = = == . . . . . ..-- - -K 

V F A 
1 89.02 167.91 68853 290 223 6093 1.09 122.97 238.33 31096 204 194 3775 1.15 . 137.37 268.20 3803 108 164 2963 1.09 4 166.73 329.10 16244 163 192 3404 1.15 5 255.91 514.11 521 81 143 2248 1.00 6 279.99 564.06 515 71 121 1808 1.47 7 392.49 797.42 6700 114 152 2120 1.30 8 662.51 1357.56 24194 172 143 1727 1.60 9 899.01 1848.16 5463 102 133 1636 1.82 10 1174.26 2419.13 21235 157 116 1000 1.96 11 1333.55 2749.57 18789 142 72 404 2.03 12 1836.99 3793.90 2959 59 46 136 2.35 

( 

N-673



Neely. Nuc-e-ar ?esearc- e:.:e' 

Quantum Technology 
GDRC Nuclide Activity Summary 

"•j.amp!e ID: 53046-25 

----------------------------------------------------------------

Sample Size ....... 1.00e+000 gm Spectrum File .......... TEMP.S2C 
Sampling Start ..... 10-11-97 09:54 Counting Start ..... .10-11-97 09:54 
Sampling Stop ..... 10-11-97 09:54 Buildup Time ........ 0.00e+000 Hrs 
Current Date ...... 10-11-97 10:10 Decay Time ......... 0.00e+000 Hrs 
----------------------------------------------------------------

Efficiency File. c:\gdr\eff\point.eff Library File .c:\gdr\library\poinc.1ib 
ID ...................... ID ...... SRS 49183-25 POINT SOURCE 

----------------------------------------------------------------

Eff.= i/[8.35e-003*EnA_2.72e+000 + 5.18e+001*EnA1.10e+000] 12-04-36 l'- 52 
----------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <. ... 8.000 aO-iLves 
----------------------------------------------------------------

----------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks ~&>gc 
Nuclide (keV) (uCi /gm ) (hrs) Found Fraction 

CT-109 88.00 8.21e-001 +-3.46e-003 1.lle+004 1 of 1 
57 122.00 1.26e-002 +-8.27e-005 6.54e+003 1 of 1 

-139 166.00 7.65e-003 +-7.66e-005 3.30e+003 1 of 1 
-203 279.00 3.73e-004 +-5.12e-005 1.12e+003 1 of 1 

\sN-113 392.00 8.82e-003 +-1.50e-004 2.76e+003 1 of 1 
CS-137 662.00 4.23e-002 +-3.01e-004 2.63e+005 1 of 1 
Y-88 Average: 1.29e-002 +-1.76e-004 2.56e+003 2 of 2 0.00 

898.00 1.24e-002 +-2.32e-004 
1836.00 1.36e-002 ÷-2.71e-004 

CO-60 Average: 5.96e-002 +-3.15e-004 4.62e+004 2 of 2 0.00 
1173.00 5.91e-002 +-4.38e-004 
1333.00 6.01e-002 +-4.54e-004 

TOTAL: 9.66e-001 uCi /gm -&>gc Total: 0.00 
---------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- "C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

137.37 268.20 3803 108 164 2963 1.09 4.890e+001 
255.91 514.11 521 81 143 2248 1.00 1.039e+001

N-674



BACi B033.XLD 

Unit Id: 1 
Date Performed: 10/11/97 8:35:14 Application Revision: 4 

LB5100-W Alpha Background 

2.00 

01.50.....  

" 1.0 0 __ 

S-0.50.  
~0.00) 

Mo bw~k~oun: 0.33 
Error for mean backround. 0.11 

Actual stndard deviation: 0.38 
Predicted Standard deviation: 0.33 

Number ot kWlidvkkm pMerfe: 10 
ChI-aquare: 12.00 

Reduced da-squae: 1.33

Page 1



BACIB033.XLD

Unit Id: I 
Date Performed: 1011i97 8:35:14

18l~ - me a

AooDlicatlon Revision: 4

"2rT I
Mean bg ound: 

Error for mm background: 
Actual sbandard dwWaln: 

Predicted standard deviatin: 
Number of kIdkl dum mersremub: 

Chi-quawe: 
Reduced chi-equae:

(-.. C ( -

LB5100-W Beta Background 

8.00 a 0 
I35.00 

.• 1 .o ..... ............. ... .. . ........ .................. .............. ...... ...... ... .. .... ...  c 4.00 

~3.00 

~2.00 ~

0.00-

I ____________

",4

2.70 
0.30 
0.98 
0.95 
10 

9.25 
1.03

Page 1

AnWication Revision: 4
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EFFID029.XLD 

Unit Id: 1 Application Revision: 3 
Date Performed: 10/11/97 Application Version: Standard 

File Name: C:\LBXL\UNIT1WEFF1D029.XLD 

LB1E.WWAIita..Betf Effimcncy Data Entry and Output 

Source Control ID: l6-012-W 

Ibcope Th-230 Hal4i. 281C50O days 
Type AV* 

Caliraion Dde 7/13,4 Cuslodian Edgar 
OPMO@ca160lbr dde 29OO.OO Error 295.00 

Decay COnrected DPM 29409.14 Eror 294.99 
Archive FMe TH2MAB 

Efficlency Error CM A2 CPU Events X-Talk 
-1 Alpha 28.51% 0.41% 2.93 8411.13 5 2B.44% 

Beta 11.33% 0.17% 18.95 3343.63 AintoB 
ro" 3D.85% 0.57% 5.90 11754.77

Page 1



EFFIE029.XLD 

Unit Id: I Application Revision: 3 
Date Performed: 10/11/97 Application Version: Standard 

File Name: C:tLBXL\UNITleFF1E029.XLD 

LB51.-WAIp a.-Beta Efficincy Data Entry and Output 

Source Control ID:16641t-00 

Isotope Or-MY6 Half-L.fe 10o40.6 days 
Type Beta 

Cailbralon Da 5/15M CustodWa Edgr 
"DPS. Q calbatlon dab Sor)0.0D Error 132D.00 

Decay Corrected DPM 52004.90 Earr 1157.31 
SArchive FE. SARWAB 

cc Elency Enor CMi £2 CPM Evews X-Talk 
Almph 0.19% 0.01% 3.76 101.20 5 BintoA 
Boa 43.13% 1.04% 2.82 226B7.03 0.44% 
gross 43.32% 1.05% 2.61 22786.23

Page 1



Revision 02 (05/97)
RS - 33 Liquid Sc-intillation Counter Data Sheet

A. SYSTEM NORMALIZATION 

Normalized ? Yes

Date : 10/13/97

B. BACKGROUND (CPMA) Packard Std: 

NNRC Std:

17.5 cpm 

12.0 cpm

C. H-3 STANDARD Check ( Packard )

CPMA BKG 
Corrected dpm 

93754.4 - 17.5 

1.513E+05

D. H-3 EFFICIENCY ( NNRC Standard)

CPMA - BKG 
Corrected dpm 

83580.7 - 12 

1.399E+05

x 100 %

x100% = 59.8%

E. NNRC Standard must be re-made every six (6) months or if the efficiency drops 
to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: 101/97

Performed By: 

Reviewed By:

Michele R. Suttoný ý O•g•3"a 1 Date: 10/13/97 

Date:

N-679

X 100 %

x100% = 61.9%



@0 

IU.  

) .

) i )



Protocol 4: :3 Name 3ackground Chec\ 13 O6:-9.  
Region A: LL-UL- 0.0-1a.6 "cy= 0 S&W 0.00 %2 Si:;rn-0.3O 
Region S: LL-UL:18.6-256. Lcr= Q MW~ 0.00 %2 sigma=0.yl0 
Region C. LL-UL*-25b.-2000 Lcr= 0 SO= 0-00 %~2 Sigma=0.00 
Time = 10.00 QIP = SIS 
Backyruund Channel A must be K.30 Cpm 

S# TIME CPMA 02MB CPMG Sf S FLAG 
1 10.00 17.50 15.20 15.60 152.29 
2 10.00 12.00 24.30 16..30 224.45

N-681



Protocol 4:14 Name:H-3 EFficiency L3-Oct-97 
Region A: LL-UL= 0.0-18.o Ucr= 0 Bkg= 0.00 %2 Sigma=0.00 
Region 8: LL-UL= 2.0-18.6 ucr= 0 Bkg= 0.00 %2 Sigma=0.00 
Region C: LL-UL=18.6-2000 Lcr= 0 Bkg= 0.00 %2 Sigma=0.00 
Time = 10.00 QIP = SIS 
H-3 Efficiency; Minrimum 58% for Packard SLandard

1

TIME CPMA 
10.00 93670.6 
10.00 93820.7 
10.00 93772.0 
10.00 93734.4 
10.00 35704.4 
10.00 33352.2 

10.00 W33580.7

sis 
21.820 
21 .830 
21.760 
21 .803 
17.560 
17.570 
17.540 
17.557

06:53

FLAG 

A 

A

N-682



Neely Nuclear Researzh Cenzer 

Quantum Technology 
GDR C Version 5.0 

'-Sampie ID 53046-25 

---------------------------------------------------------------

Sample Size ....... 1.00e+000 gm Spectrum File ......... EMP.SPC 
Sampling Start......10-13-97 07:10 Counting Start ...... 10-13-97 07:10 
Sampling Stop ..... 10-13-97 07:10 Live Time ............ 600 Sec 
Current Date ...... 10-13-97 09:11 Real Time .............. 0 Sec 
..............................------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*Ch^2 + 0.00e+000*Ch 3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*En^3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

---------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 

---------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

88.82 167.49 69416 299 265 7080 1.20 
S122.78 237.94 30677 204 197 3905 1.11 

_-> 3 137.18 267.80 3837 101 145 2585 1.18 
4 166.54 328.71 16023 151 149 2742 1.20 
5 255.61 513.49 247 62 103 1688 1.16 
6 279.94 563.96 566 81 146 2140 1.30 
7 392.32 797.07 6580 107 128 1822 1.36 
8 662.34 1357.20 24114 173 147 1710 1.56 
9 898.87 1847.85 5609 101 128 1520 1.81 

10 1174.11 2418.82 20921 158 128 1068 1.96 
11 1333.43 2749.30 18910 143 74 408 2.06 
12 1836.90 3793.71 2887 59 47 145 2.46

N-683



- -eely Nuclear Research 2e'....  

Quantum Technology--- 
GDR C Nuclide Activity Summary 

'---Sample :D: 53046-25 

Sample Size ........ .. 1.00e+000 gm Spectrum File ........... .TEMP.SPC 
Sampling Start ....... .10-13-97 07:10 Counting Start ..... .. 10-13-97 07:10 
Sampling Stop ....... .10-13-97 07:10 Buildup Time .......... .. 0.00e+000 Hrs 
Current Date ......... 10-13-97 09:11 Decay Time......... 0-00e+000 Hrs 

Efficiency File. c:\gdr\eff\point.eff I Library File .c:\gdr\library\Doinz li I . . . . . . ....................... I D . . . . . . SRS 491 .83-25 POINT SOURCE
ID• .......................................... ID.............RS4132POTsuc 
------------------------------------------------------------------------------------
Eff.= 1/[8.35e-003*EnA-2.72e+000 + 5.l8e+001*En-1.10e+000] 12-04-96 10:=2 

-- - - - - - - - - - - ----------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 1 1 Decay Limit <=. . . . 8.000 Haliv7ies 
------------------------------------- 

--------------------------

---------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks ~&>gc 
Nuclide (keV) (uCi /gm ) (hrs) Found Fraction 

Cn-109 88.00 8.30e-001 +-3.58e-003 1.11e+004 1 of 1 
37 122.00 1.24e-002 +-8.26e-005 6.54e+003 1 of 1 

-139 166.00 7.54e-003 +-7.12e-005 3.30e+003 1 of 1 
""_wG-203 279.00 4.10e-004 +-5.89e-005 1.12e+003 1 of 1 

SN-113 392.00 8.65e-003 +-1.41e-004 2.76e+003 1 of 1 
CS-137 662.00 4.22e-002 +-3.02e-004 2.63e+005 1 of 1 
Y-88 Average: 1.30e-002 +-1.75e-004 2.56e+003 2 of 2 0.00 

898.00 1.28e-002 +-2.29e-004 
1836.00 1.33e-002 +-2.69e-004 

CO-60 Average: 5.93e-002 +-3.17e-004 4.62e+004 2 of 2 0.00 
1173.00 5.82e-002 +-4.40e-004 
1333.00 6.05e-002 +-4.56e-004 

TOTAL: 9.74e-001 uCi /gM -&>gc Total: 0.00 
----------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

137.18 267.80 3837 101 145 2585 1.18 4.932e+001 
255.61 513.49 247 62 103 1688 1.16 4.922e+000

N-684



(
BACIB034.XLD 

Unit Id: 1 
Date Performed: 10113/97 7:00:12 Application Revision: 4 

LB5IOO-W Alpha Background

legnd - mnM G 2a I
Mean -wckvound: 

Error for mean bakgound: 
Actual standard devbiat: 

Prodded standard deviaton: 

Number of kndmdual measwmements: 
Chi-"qumb: 

Reduced chHUme:

0.03 
0.03 
0.11 
0.11 
10 

9.00 
1.00

Page I

(

0o

(

0.70 
M 0.60 

0.50 
0.40 
0.30 
0.20 
0.10 
0.00 

-0.10 
CL -0.20 
R -0.30 

-0.40



(
EFFID030.XLD

Unit Id: 1 
'Date Performed: 10/13/97 7:31:44 Application Revision: 3 

LB5100-W Alpha Efficiency

29.20% 
29.00% 

S28.80% 
28.60% 
28.40% 

• 28.20% 
28.00% 

a. 27.80% 
27.60% 
27.40% 
27.20%

legend - mean

T - ---- -- -
--~.::j -- ------- -1. .....V.

U 2a I
Mean efcency: 

Error for mean efciancy: 
Actual standard deviation: 

Predict standard deviatio: 

Number of indidual nmesurm•unts: 

ChPsquae: 
Reduced c, .quare:

( C

*

I

-------

28.40% 
0.41% 
0.14% 
0.18% 

5 
2.45 
0.61

Page I



BACi B034.XLD 

Unit Id: 1 
Date Performed: 10J13/97 7:00:12 Application Revision: 4 

LB5100-W Beta Background 

4.00 

13 .5 0 .V...... .. . . . ... .. . . . ... ... . . . .. . .  

3.00 
b2.00 
U1.50 

0.00 -__ 

gend - mean I 2ac; 
Mean baground: 1.87 

Enrr for mean background: 0.25 
Actual standard deviation: 0.88 

Predicted standard dviAtlon: 0.79 
Numne of Individual measuremrets: 10 

ChI-•quue: 10.79 
Reduced chi-square: 1.20

Page I



((

Unit Id: 1 
Date Performed: 10113/97 7:47:51 Application Revision: 3

klsmnd - mean a 2a I
Mom ef.iciency: 

Error for mean efficiency.  
Actual standard deviation: 

Predicted standard deviation: 
Number of inividual measurements: 

Chi-square: 
Reduced c*-4quawe:

EFFIE030.XLD

LB5100-W Beta Efficiency 

44.50% 
44.00% 

43.50% 

S43.00% 

W 42.50% 

J 42.00% 

41.50% 

41.00%

oo 
00

43.38% 
1.05% 
0.04% 
0.17% 

5 
0.26 
0.06

Page 1
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Revision 02 (05/97)

Liquid Scintillation Counter Data Sheet

A. SYSTEM NORMALIZATION 

Normalized ? Yes

Date : 10/14/97

B. BACKGROUND (CPMA) Packard Std: 

NNRC Std:

17.4 cpm 

13.0 cpm

C. H-3 STANDARD Check ( Packard )

CPMA - BKG 
Corrected dpm

93801. 5 

1.513E+05

D. H-3 EFFICIENCY ( NNRC Standard)

CPMA - BKG 
Corrected dpm 

83606.8 - 13 

1.398E+05

x100%

X100% = 59.8%

E. NNRC Standard must be re-made every six (6) months or If the efficiency drops 
to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Johannes S ,dom 

/ I.

N-689

RS - 33

x 100%

17.4 x 100% = 62.0%

Date: 

Date:

10/14/97 

fm./,, q'7



- ý; c- -- C (0 1 4/ 1 
~i N----I*

N-690



?vro~col 4 .3 Name '3dckground 0heoc. . 4-Oco-97 00.34 Region A: .. L-UL=: 0.0-16.v a 0 bK'j 0.~0 %;2 5igma=Qw00 tRegon a: LL-UL=r3.s-23 0 . L~cr= 0 SW~ 0.00 %2 :3igma-0 .0.A '-ýWiOr C: I: -UL=2Se..-2000 Lcr= 0 SWg Q .00 %~Z Sigme=o.oo Time = 10.00 I0S6 
Backgroundj Channel A must be k 30 wpm 

Si* TIME CPMA CPMS CPMC 3S5 FLAG 110.00 17.40 15.20 16.60 Ia6.2 4 2 10.00 13.00 22.80 17.70 >24.-

04691



K->

-rotocoi. 0:14 Name H-3 Efficiency . 1-00y.--:z r7 55 
Region A•: LL-WL: 0.0-l6S. "o.r." 0 Es , ) K ' wiq -=,.j' 
Region 3: LL-UL= 2.0-18.o -cr= 0 Skg= ..).00 ½ "- -jma ..,; 
Regiu•j 0 ..L-"L 8.1 .6-2 C0 ,, 0 Sky= ,.. : 6..ig•a=,O C 
Time = 10.00 QIP = SIS 
H- 3 •f-fic i. ency: Minrimum, 5n,8% for Packard i.,rca.rn 

$S TIME CPMA SIS FLAG 

1 10.00 93756.8 21.840 

1 10.00 93693.8 21.820 
- 10.00 ?3q54.0 21.830 

10.00 9380i.5 21.830 A 
2 10.00 33701.8 17.580 
2 10.00 83551.8 17.570 
- 10,00 3566.9 •7.590 

10.00 33606.8 17.580 A

N-692



Neeiy Nuclear Research '- ...  

Quantum Technology GDRC Version 5.0 

",-,-Sample ID 53046-25 

------------------
Sample Size 1.00e+000 gm Spectrum File ...... TEMP.S= Sampling Start ........ 10-14-97 10:59 Counting Start ........ 10-14-97 10:5 Sampling Stop ....... .. 10-14-97 10:59 Live Time . . . . . . . . 600 Se Current Date ......... .. 10-14-97 12:01 Real Time ............. 0 Se' 

Detector #: 21 Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch^3 12-04-96 !0:5: 
FWHM(keV) 1.14 +e -0004*En + e.2l-e004*EnA2 + 0.00e+000*EnA3 12-.4-96 :-; 

Where En = Sqrt(Energy in keV) 
------------------------------------------------------------------------------------
Sensitivity ... .......... .. 2.00 1 Search Start / End ........ 0 / 4095 Sigma Multiplier .......... .. 1.00 

------------------------------------------ 7------------------------------------------

PEAK SEARCH RESULTS 
PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM # (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

88.81 167.47 68754 295 248 6798 1.19 - 122.77 237.93 30652 205 202 4087 1.13 3 137.16 267.77 3851 107 160 2843 1.16 4 166.52 328.67 16033 154 160 2838 1.19 5 255.59 513.45 310 69 117 1907 1.14 6 279.80 563.66 485 72 125 1904 1.23 7 392.30 797.04 6649 107 129 1825 1.40 8 662.32 1357.17 24375 172 139 1634 1.54 9 898.81 1847.74 5272 105 147 1842 1.79 10 1174.11 2418.82 21522 157 108 924 1.93 11 1333.40 2749.24 18944 143 75 366 2.08 12 1836.83 3793.56 2900 58 43 122 2.45 

N 

N-693



Ne% e -,UC:.-v Re~az -. ::a Quantum~e~ocy= 

GIDRC Qunu Technoicay = R Nuclide Acivi-,y Summar, = = = =- = • - -mar( ,ample -D: 53046-25 

Sample Size . . . . . .- 
- - - - - - - -

SamleSiz . . .00e+000 gm, spectrum Fil e.. . . . . . . ..~p~p 

Sampling Start. . . .. 10-14-97 10:59 Counting Start. . . . . 0MP 10 
Sampling Stop . .I01441---97 

10:, 

Current Date ...... ... 10-14 -97 10.59 Buildup Time. . . . . . *.0-00e+0 i00r Efficiency-------------------------------- 
---------------------

Efficiency File. c:\gdr\eff\point.eff 
Library File. c:\gdr\lIbz.r0.p

0•,..  

, . . . . . . . . . . ... . .D . . . . ._, ..... 
.  I. 

.. . .. 

. . . SRS 49183-25 CIINT SOURC7 
Eff.= G/a8.35emm03*EnA

2 7 2  00 + 
-.

18e+0o.1*Enl" 10e+ 0 0 0 '-2-.4-;6-:0:52 
----------- --------------------------------------------------

I 
- - - - - - - -- 

- - - - - - - - - - - - - --

r . . . .. . . . . . . . . . . . . . < = . . . . o-00-a f v e s 
I--------------------------------------------------- 

-

-------------------------------------------------------------------------------

FINAL.ACTIVITY REPORT 
Energy Conc +- 1.00sigma Halflife Peaks 

Nuclide (keV) (uCi /gm 
(hrs) Found Fraction 

S88.00 
8 .23e-001 

.-
3 .52e ...3 1o11e+004 1 .ocf 1 

122.00 

1.24e-002 

+- 8
.30e-005 

6.54e+003 

1 of 

-139 166.00 7 .55e-003 +- 7 .23e-005 3 .30e+003 1 of 1 
203 279.00 3 .51e-004 +-5.21e-005 1.12e+003 1 of 1 113 392.00 8.74e-003 +-1.41e-004 2 .76e+003 1 of 1 137 662.00 4 .26e-002 +-3.01e-004 2 .63e+005 1 of 1 

Y-88 Average: 1.26e-002 +-1.78e-004 2 .56e+003 2 of 2 0.00 898.00 1.20e-002 +- 2 .39e-004 1836.00 
1.33e-002 +- 2 .66e-004 

CO-60 Average: 6.03e-002 +- 3 .16e-004 4 .62e+004 2 of 2 0.00 1173.00 5 .99e-002 +- 4 .37e-004 1333.00 6.06e-002 +- 4 .56e-004 TOTAL: 9 .67e-001 uCi /gm -&>gc Total: 0.00 

-------------------------------------------------------------------------------

UNKNOWN PEAKS Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec 
137.16 267.77 3851 107 160 2843 1.16 4 . 9 50e+001 

255.59 513.45 310 69 117 1907 1.14 6.177e+000 

( 

N-694



BACI B035.XLD 

Unit Id: 1 
Date Perforned: 10/14/97 9:44:47 Application Revision: 4 

LB6100-W Alpha Background 

2.00 

S1.5 0 

S1.00 

.2 0.50.  
S 0.00f7 

06-0.50 

ko '-.-• - "MGM 2a

www DMCIKround: 0.33 
Error for mean backWound: 0.11 

Actual standard deviation: 0.50 
Predicted standard deviation: 0.33 

Number ot idwiu menuremer": 10 
Chi-squere: 20.00 

Reduced clsequar: 2.22

Page 1



BACIB035.XLD 

Unit Id: I 
Date Performed: 10/14/97 9:44:47 Application Revision: 4 

LB6100-W Beta Background 

6.00 

5.00 

C 4.00 

S3.00 

•2.00 
1.00 

0 .0 0 . .......................... ................. ......... ............. . ............ ..... ...... ........ .... . . . . .  

Mmn I~on: 2.33 
Error for mean bwaVkrund: 0.28 

AcWtWal dard devistim: 1.05 
Predicted stmndwd deviation: 0.88 

Nunmer of dMdiumI nmamwxern : 10 
Ch-quare: 12.86 

Reduced cN-sqre: 1.43 

Page 1



(C

Unit Id: 1 
Date Performed: 10/14/97 

File Name: C:%LBXL\UNITI EFF1D031.XLD

Application Revision: 3 
Application Version: Standard

LB5100.WAI&ha. E da Emieency Data Enry and Output 

Source Control ID: !6-012-0 

lack" Th-23 HWWfJI* 261O50O days 
Type Alpha 

CaMIUMbIon DAe 711384 Custodian Egar 
PMM. Qclbrallon date 290.OO Eror 295.0O 

Decay Cffrede DPM 2940.13 Eror 204.99 
AMrchve FMe TH_'-AB

- Alpha 

Bro 
Gross

dE~cncy 
28.53% 
11.17%8 

39.71%k

Error 
0.41% 

0.17%

0.57% . -

Chl £2 
1.07 

3D.07

WIN 
8416.  
3291.  
11712.

I Events X-Talk 
47 5 28.14% 
30A Ino B 
'77

Page 1

EFF1D031 .XLD
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EFFI E031 .XLD 

Unit Id: I Application Revision: 3 
Date Performed: 10/14/97 Application Version: Standard 

File Name: C:ALXLWUNIT1%EFlFIE031.XLD 

LB51O-WApAIa.Be. Efficiency Data Entry and Output 

Source Control ID:16641140 

otope Sr-.M)W HuI.4Jie 1040M.6 days 
Type Beta 

Calibraion Date W562 Custodin Edgar 
IOM 0 calbraton dabe 600D00. Error 132D.00 

- Deway.Corrected DPM 52504.58 Error 1157.08 
Awchive FNo SRROAB 

Efficiency Error Chli 2 CPM Events X-Tulk 
00 Alpha 0.24%. 0.01% 7.01 125.33 5 B nto A 

Beta 43.44% 1.05% 4.45 2284W.77 0.55% 
Gros 43.18% 1.05% 4.79 22972.10

Page 1



Liquid Scintillation Counter Data Sheet

A. SYSTEM NORMALIZATION 

Normalized ? 

B. BACKGROUND 

C. H-3 STANDARD Check

Date : 10/15/97

Yes

(CPMA) Packard Std: 18.1 cpm 

NNRC Std: 12.8 cpm

( Packard )

CPMA - BKG 
Corrected dpm

x 100%

18.193803.6 

1.513E+05 

D. H-3 EFFICIENCY (N

CPMA 
Corrected dpi

83516 - 12.8 
1.398E+05

x100% =

NRC Standard)

BKG x100%

x100% =

E. NNRC Standard must be re-made every six (6) months or If the efficiency drops 

to less than 90 % of original efficiency.  

Original Efficiency: A060.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Michele R Sutton YW.A lo\s-W\i-' 

L)U
Date: 

Date:

10/15/97

N-699

62.0%

59.7%

Revision 02 (05197) RS - 33
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Protocol V:1: NaMe:3ackgroufld Che&,~ 15-Oct-97 06:36 
Reion A. 11-UL, 0.0-18~.o Lor" 0 Bky= w..:. 12 Siqma=0.00 

Region :3: L_-U' - 13.6-256. Lcr= 0 SOg= >0O0 %2sga00 

Region Q. LL-IJL..25b .- 200<) Lcr- 0 Um~p J).00 %2 Sioma-) .20 
Timne = 10.00 UJp = 515 

Backround Thanne A mIust~: be 1 20 c pf,, 

S# TIME CPMA CpMS CPMC SI --. 'U 

110.00 18.10 13.60 1b.30 141.28 
2 10.00 12.80 26.30 17.40 244.1t,

X-701



ProtocD± #:14 Name:4-i-3 Efficiency 1S-Oct-97 
Region A-b; -L. ..L 0 .0- 18. , ... cr::: 0 Nko= ,.uo %:z :igra=; .O0 
Regi.Qr .3; Lw-UL= 2.0-18.o Lcr= 0 Bkg= 0.00 %',Z Signa=0.OW 
Region C.; .L-t-:::;18.36-2000 Lcr= 0 1E3kg: 0 .00 %2 sima=.00 
Time = 10.00 QIP = 51I 
H-3 WF.oi--enf::y; mi n.imum 5$8% for Pac.ard ra3a;nda,

TIME CPMA 
10.00 93676.2 
10.00 93920.9 
1O.00 93813.6 
10.00 93803.6 
10.00 83667 7 
10.00 83391.9 
10.00 83488.5 
10.00 33516.0

SIS FLAG 
21.740 
21.770 
21.750 
21.753 A 
17.500 
17.500 
17.490 
17.497

S#C 

.1 

1

06:57

N-702



Neely Nuclear Research Center 

Quantum Technology 
GDRC Version 5.0

"\ample ID 53046-25

Sample Size ......... 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC Sampling Start ........ 10-15-97 07:43 Counting Start ........ 10-15-97 07:43 Sampling Stop ..... .. 10-15-97 07:43 Live Time ........... .. 600 Sec Current Date ........ .. 10-15-97 08:34 Real Time ........... .. 0 Sec 
--------------------------------------------------------------------------------

Detector #: 21 Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch 3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

--------------------------------------------------------------------------------
Sensitivity.. . . . . . . . . . 2.00 j Search Start / End ........ 0 / 4095 Sigma Multiplier ........... .. 1.00 

PEAK SEARCH RESULTS

PK. ENERGY ADDRESS 
# (keV) CHANNEL 

88.38 166.59 
S 122.34 237.03 

• 3 136.74 266.91 
4 166.10 327.81 
5 255.27 512.79 
6 279.30 562.62 
7 391.89 796.17 
8 661.93 1356.34 
9 898.42 1846.92 

10 1173.71 2417.98 
11 1333.00 2748.43 
12 1836.50 3792.88

NET UN- C.L. BKG FWHM 
COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

68596 293 243 6547 1.14 
30377 208 217 4318 1.11 

4061 102 144 2547 1.18 
15635 149 146 2618 1.18 

330 74 131 2109 1.10 
531 82 148 2196 1.76 

6809 118 162 2230 1.41 
24330 169 125 1450 1.62 

5281 99 129 1528 1.81 
21189 155 104 849 1.87 
18702 142 74 434 2.08 

2782 58 49 153 2.22

N-703



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

'Sample ID: 53046-25 

------------------------------------------------------------------------------
Sample Size .......... 1.00e+000 gm Spectrum File .... ......... .TEMP.SPC 
Sampling Start ........ 10-15-97 07:43 Counting Start. ....... 10-15-97 07:43 
Sampling Stop ..... .. 10-15-97 07:43 Buildup Time .......... 0.00e+000 Hrs 
Current Date ......... .10-15-97 08:34 Decay Time ............ 0.00e+000 Hrs 
------------------------------------------------------------------------------

Efficiency File. c:\gdr\eff\point.eff Library File. .c:\gdr\library\point.lib 
ID ........... .................... I ID ........ .. SRS 49183-25 POINT SOURCE 
------------------------------------------------------------------------------

Eff.= 1/[8.35e-003*En^_2.72e+000 + 5.18e+001*EnAl.10e+000] 12-04-96 10:52 
------------------------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
---------------------------------------------------- --------------------------

------------------------------------------------------------------------------

FINAL.ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks ~&>§c 
Nuclide (keV) (uCi /gM ) (hrs) Found Fraction 

CTh-109 88.00 8.26e-001 +-3.53e-003 1.lle+004 1 of 1 
;7 122.00 1.23e-002 +-8.42e-005 6.54e+003 1 of 1 

-139 166.00 7.35e-003 +-7.00e-005 3.30e+003 1 of 1 
'r(-203 279.00 3.84e-004 +-5.93e-005 1.12e+003 1 of 1 

SN-113 392.00 8.94e-003 +-1.55e-004 2.76e+003 1 of 1 
CS-137 662.00 4.25e-002 +-2.96e-004 2.63e+005 1 of 1 
Y-88 Average: 1.23e-002 +-1.72e-004 2.56e+003 2 of 2 0.00 

898.00 1.20e-002 +-2.26e-004 
1836.00 1.28e-002 +-2.66e-004 

CO-60 Average: 5.94e-002 +-3.13e-004 4.62e+004 2 of 2 0.00 
1173.00 5.90e-002 +-4.31e-004 
1333.00 5.98e-002 +-4.54e-004 

TOTAL: 9.69e-001 uCi /gm -&>§c Total: 0.00 
-----------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(key) Channel Counts Certainty Counts Counts (keV) Gamma/sec 

136.74 266.91 4061 102 144 2547 1.18 5.217e+001 
255.27 512.79 330 74 131 2109 1.10 6.567e+000

N-704
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Unit Id: 1 
Date Performed: 10/15/97 7:04:31

henmd - mwi a 2o I

Error for nme bakground: 
Actual standard deviaton: 

Prediced standard devation: 

Numbe" of nA nmeurements: 
Chi-square: 

Reduced c.at-squme:

Application Revision: 4

0.43 
0.12 
0.35 
0.38 
10 

7.77 
0.86

Page 1

BACIbu.6.XLD

(

LB5I00-W Alpha Background 

1.60 
S1.40 

i•0.40.  

0. 1.20 .  
0 1.00 4 

: -0 .20 .................... .. .......... .......... ... ................. ........... ........... ....... ..  
0.80 0.40 -

-J•



((
BACibu36.XLD

Unit Id: 1 
Date Performed: 10/15/97 7:04:31

ar

Application Revision: 4

2a I
Mean Mcyu: 

Ern for wmen backound: 
Actual slanld deviaton: 

Predied standard devialan: 
Number of kndidual mearweinets: 

Chi-nquwe: 
Reduced chi-square:

LB5100-W Beta Background 

6.00 

5.00 ! 

c . 0 ............ I. ...... . ..... .... .-..........-.... -.-.-.. 

T Ts 
0.*3.00 

0.00.
-J 
0

2.93 
0.31 
1.09 
0.99 
10 

10.88 
1.21

Page I

i

a
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Unit Id: 1 
Date Performed: 10/15197 

File Name: C:XBXLLNIT1EFF1E032.XLD

Application Revision: 3 
Application Version: Standard

LBSI•.WAIpha.iBef Efficiency Data Enty and O~put 

Source Control ID: 6641240 

Ioloe Th-230 H.1l4Jk 251O50OO days 
Type Akf, 

Caibraion Date 711304 Cusodia Edgar 
DPM Q calbration date 290.rOD Error 285.0D 

Decay Corrected DPM 29499.13 Error 294.99 

AIChvS FeS TH23OAB 

Eflciency Error CM £2 CPM Events X-Talk 
Apa 2B.77% 0.41% 14.47 8488.13 5 27.64% 
Beta 10.99% 0.16% 10.88 324303 A Into 8 

Gros 39.77% 0.57% 4.55 11731.17

Page 1

EFFIE032.XLD

"-4 
",4



(
EFFI 0032.XLD

Unit Id: 1, 
Date Performed: 10/15/97 

File Name: C:%LBXLIUNITI W=FF1 D032.XLD
Application Revision: 3 
Application Version: Standard

Lau1e~wjph@.Bq Em~cjency Datb Entry and Outpu

Source Control I 60 ý11-00 

Iaoop.&.~y~e HMW-ir. 104M9.6 days 
Type aftm 

CaIbrAijo Da&e 5l5W2 Custodin IEOWa 41i @Cmfaibrg date MM000( Error 1320.00 Decay CorecedW DPM =W~.97 Eror 1 157.00 
ArchVe FN* SROD&AB 

-----IY Error CM ^ C:I 'Even" X-Iraft

Page 1

(
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Revision 02 (05/97)

Liquid Scintillation Counter Data Sheet RS -33

A. SYSTEM NORMALIZATION 

Normalized ? Yes

Date : 10/16/97

B. BACKGROUND (CPMA) Packard Std: 

NNRC Std:

17.8 cpm 

12.3 cpm

C. H-3 STANDARD Check (Packard) 

CPMA - BKG 
Corrected dpm

93805.3 

1.513E

D. H-3 EFFICIENCY

17.8 x 100 % = 

+05 

( NNRC Standard)

CPMA BKG 
Corrected dpm 

83554.4 - 12.3 

1.398E+05

x100%

x100 % = 59.8%

E. NNRC Standard must be re-made every six (6) months or If the efficiency drops 
to less than 90 % of original efficiency.  

Original Efficiency: . 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Johannes Stn/dom j

N-709

x 100%

62.0%

Date: 

Date:

10/16/97
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P-01000: it.15 Namez.: ac. kgroLund Check
?ýWu A.L-UL- C.0--u.>. ...c 

Regin B-LL-L=1GC-26. L"- U 
Reg~ion 0: LL-ULM256-:co0 Lcrin C 
Mie = 15.00 0:9~ = S 

Wzga;kro:und C hannrel A rmust. be 30 c mrn

Skg= 0.00
%2 si~gma=0.00

S#4 TIME 
10i.s0 

2. MAO

CP-IMA 
17.30 
12 .30

C ýPMB 
13.20 
25.80

CPMC SIS FLAG 
IctZ0 139.39 
18.40 236.14

?9711



Orauco,' #~:14 Name:H-3 Efficiency 
Rein0 LL. UL:: 0. 0-1.63:: L.cr:: 0 skg= 0.  

R.egicp Sr LL-UL= 2 .0-18,6. Lcr= 0 SOg= 2'.0C' 
Rgorn Q Li.-.UL=:: Jj3 20C( Lw 0:::r- 0 .C 
74mm - .00 QIP = SIS 

H-3 Effici enc::. Minl1: SSu far Pac~~ :kar W::~and~a,

-'44 

1

T IME 
10.00 
i0.00 
i0.00 
10.00 
!0.00o 
10.00 
10.00 
10 .00

CPMA 
93751.5 
33786.3 
9)387 8 .2 

93805.3 
8?.626 .0 
83630.0 
83407 .1 
33554.4

S'S 
21.300 
22..780 
21 .780 
21.787 
17.550 
17.520 
17 .510 
17.527

FLAG

N-712

%2 Sigma-0.  

%Z SOMA



((
BACIB037.XLD

Unit Id: I 
Date Performed: 10116/97 7:06:49 Application Revision: 4

LB5100-W Alpha Background

1.60 

S1.40 
O 1.20 

S1.00 
~0.80 

0.60 S0.40 

0.20 
0.00 

R -0.20 
-0.40

_leged- mean a 2a] 
Mean background: 0.30 

Error for mean background: 0.10 
Actual standard deviation: 0.33 

Predicted standard deviation 0.32 
Number of individual measuremegts: 10 

Chi-squwe: 9.89 
Reduced ch-aquare: 1.10

-4

Page 1

4



(.l - ' C 
BAC 1B037.XLD 

Unit Id: 1 ._Performed 101697 7:06:49 
A Revison: 4 

LB5100-W Beta Background 
5.00 

S4.00 

S3.00 

2.00 

-1.00 

- mean 
a 2a

Mean background: 2.37 
Eror for mean background: 0.28 

Actual atander deV*aon: 1.07 
Predicted standard deviation: 0.89 

"Number of ndividuaj measuremen: 10 

Chi-square: 13.08 
Reduced chI-,quare: 1.45

Page 1



EFFID033.XLD 

Unit Id: 1 Application Revision: 3 
Date Performed: 10/16/97 Application Version: Standard 

File Name: C:\LBXL\UNIT1\EFFID033.XLD 

LBSIO-W Alpha-Beta Efficiency Data Entry and Output 

Source Control ID: 66. -0 

lope Th-230 HaK4-b 28105 days 
Type Alpim 

Caibrallon Dae 7/13094 Custodan Edgar 
DPM @ calibradlon date 2'5'.0 Error 295.00 

Decay Correded OPM 29489.13 Error 294.99 
Archive Fle TH230AB 

Efficiency Error Cid £2 CPM Eves X-Talk 
Alpha 28.84% 0.42% 5.64 8507.87 5 27.28% 
Be1a 10.82% 0.16% 3.27 3190.90 A Ito B 

Oro" 39.66% 0.57% 2.14 11698.77

Page 1



(
EFFIE033.XLD 

Unit Id: 1 Application Revision: 3 
Date Performed: 10/16/97 Application Version: Standard 

File Name: C:\LBXL\UNITl1EFF1E033.XLD 

LB510O.W Aipha-.Bet Efficiency Dat Enby and Output 

Source Control ID: 66-011l00 

isoopo Sr-&OY-90 HIIf.L 10400.6 days 
Type Beta 

CaMlUm De 5/151 CuGtojda Edgar 
DPM 0 clbraondate 600.00 Error 1320.00 

Decay Corrected DPM 52567.67 Eumor 1156.93 -- 
Archive FNo SR9OAB 

E,,,dency Er-or Chi £2 CPM Event X.Talk At" 0.24% 0.01% 1.41 t25.0 5 B into A 
Bea 43.56% 1.05% 1.45 2289.30 0.55% 

argo 43.78% 1.06% 1.53 23024.90

Page 1



Revision 02 (05/97)

Liquid Scintillation Counter Data Sheet

A. SYSTEM NORMALIZATION 

Normalized? 

B. BACKGROUND (

Date:

Yes

CPMA) Packard Std: 

NNRC Std:

10/17/97 

219.7 cpm 

14.4 cpm

C. H-3 STANDARD Check ( Packard )

CPMA - BKG x 100 % 
Corrected dpmr

93690 

1.512E

D. H-3 EFFICIENCY

19.7 x100% = 

+05 

( NNRC Standard)

CPMA - BKG x 100 % 
Corrected dpm 

82322.1 - 14.4 x100% = 
1.398E+05

58.9%

E. NNRC Standard must be re-made every six (6) months or if the efficiency drops 
to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: "10/1/97

Performed By: 

Reviewed By:

Michele R Sutton 7,J/0/7///'Date: 10/17/97 

Date: /0--/7.9 7

N-717

RS - 33

61.9%
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(

Unit Id: I 
Date Perfomied: 10/17/97 10:14:44 Application Revision: 4

LB5100-W Alpha Background

------T - - -. -.-

- I - I . - - A 1............ J ________

* ]
ianwd- Mieano

Meaw background: 
Error for mean background: 

Actual standard deviation: 
Predicted standard deviaon: 

Numt.., of individual neoaswrenmels 
Chi-square: 

Reduced chi-square:

BAC1B038.XLD

:-
0.70 
0.60 
0.50 
0.40 
0.30 
0.20 
0.10 
0.00 

-0.10 
-0.20 
-0.30 
-0.40

* U

?-

r

0.10 
0.06 
0.16 
0.18 
10 

7.00 
0.78

Page 1

I , i iI III

0 0

- -. -. . . . .- . . . .

'- - - - -0 I
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BACIB038.XLD 

Unit Id: 1 
Date Performed: 10_7/_97 10:14:44 _App.ication Revision: 4 

LB5100-W Beta Background 

4.00 
1 3.50 

0 3.00 

c 0.50 0.00 .....  

1.0 O ------ --

kqend - -mom 2o a 

Mean backgimund: 1.90 
Error for mean backWound: 0.25 

Actual standard deviation: 0.67 
Predicted standard deviation: 0.80 

Number of individual measurements: 10 
chsquabe: 6.33 

Reduced ch•rsquare: 0.70

Page 1



EFFID034.XLD 

Unit Id: 1 Application Revision: 3 
Date Performed: 10/17/97 Application Version: Standard 

File Name: C:%LBXLUNlT1ýEFF1D034.XLD 

LBSf.-W Aipha-Beaa Effiiency Data Entry and Output 

Source Control ID:61 2-00 

Isotope Th-230 HaffU4Jle 28100O days 
Type Aos 

Callration Date 7113M4 Custodan Edgar 
DPM a calbation date 2460.00 Error 265.00 

Decay Corrected DPM 29499.13 Error 294.99 
Archive File TH230AB 

Efficency Error CM A2 CPM Events X-Talk 
Aipha 29.01% 0.42% 7.23 8557.47 5 27.23% 
Odla 10.85% 0.16% 5.10 3201.77 A into B 
G6ross 39.8W% 0.57% 6.41 11759.23

Page I



EFFIE034.XLD 

Unit Id: 1 
Application Revision: 3 Date Performed: 10/17/97 Application Version: 3 File Name: C:XLBXLXUNIT1\EFF1E034.XLD Application Version: Standard 

LB510-WAJpha,.Be Efficiency Data Entry and Output 

Source Control ID:F66-011.00 

fto'ope Sr-O0Y-O) HIalf.Lib 10409.6 days 
Type Beta 

Cafrwation Date 5115W2 Custodban Edgar DPM 0 callration date 60000.00 Error 1320.00 Decay Corrected DPM 553.61 Error 1156.84 
Archdve FRe SRMAB r lideny Error CM £2 CPU Events I-Talk 

Alo aim3 0.01% 4.38 176.13 5 B into A 

so" 43.78% 1.06% 2.39 23021.77 0.76% Oro 44.12% 1.07% 2.46 23197.90

Page I



Neely Nuclear Research Cener.  

Quantum Technology.....  
GDR C Version 5.0 

S - m p l e ID 
= . . ..-

-toLJ -Z

Sample Size ---------------------------
Sampleng Si...... 1.00e+000 gm Spectrum File . . . . . . . .TEMP.Sp Sampling Start . . . .10-17-97 08:58 Counting Start . . .. 10-17-97 08:5, Sampling Stop . . . .10-17-97 08:58 Live Time . . . . . * 0 Current Date .. . 10-17-97 10:08 Real Time ...... 600 Se( 

0 Sec 

Detector------------------------------

Energy(kev)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*ChA3 12-04-96 10:52 
Detector #: 21 

FWHM(keV) 1.14 + -. o004*En + 8 . 2 1e_004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 Where En = Sqrt(Energy in kev) 
Sensitivity ............ 

2.00 Search Start / End. . 0..  
Sigma Multiplier ......... 1.00 

/ 4095 

PEAK SEARCH RESULTS PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM (key) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (ke.V) FLAG 
= ~~~~=-= ...... _ .. . . . .. .

T=( ~ ) F A 
= =.. 

.. =.. 
..

= 
== = -===== 

== == == 

89.17 168.22 69847 303 282 7312 1.11 123.15 238.72 30278 204 199 3962 1.12 
137.53 268.54 3842 101 145 2579 1.18 

4 166.90 329.47 15786 154 164 2985 1.22 
, 5 256.24 514.79 253 74 130 2076 1.14 6 280.28 564.66 447 76 135 2025 1.17 

7 392.73 797.93 6488 105 123 1677 1.33 8 662.78 1358.12 24394 171 131 1582 1.54 
9 899.34 1848.83 5379 105 147 1708 1.86 

10 1174.63 2419.91 21422 157 il 905 1.98 
11 1333.96 2750.41 18638 143 82 490 2.08 
12 1837.50 3794.95 2835 57 42 120 2.25 

N-724

IDw



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

;ample ID: 53046-25 

----------------------------------------------------------------

Sample Size ....... 1.00e+000 gm Spectrum File .......... TEMP.SPC 
Sampling Start ..... .10-17-97 08:58 Counting Start ..... .10-17-97 08:58 
Sampling Stop ..... 10-17-97 08:58 Buildup Time ........ 0.00e+000 Hrs 
Current Date ...... 10-17-97 10:08 Decay Time ......... 0.00e+000 Hrs 
........... .................-------------------------------------------------

Efficiency File. c:\gdr\eff\point.eff Library File. .c:\gdr\library\point.lib 
ID ..................... I ID ...... SRS 49183-25 POINT SOURCE 
----------------------------------------------------------------

Eff_.= 1/(8.35e003*EnA-2.72e+000 + 5.18e+001*EnAI.10e+000] 12-04-96 10:52 
----------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 ? I Decay Limit <=. . . . 8.000 Halflives 
----------------------------------------------------------------

----------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks ~&>6c 
Nuclide (keV) (uCi /gm ) (hrs) Found Fraction 

CD-109 88.00 8.31e-001 +-3.6le-003 1.lle+004 1 of 1 
C 37 122.00 1.22e-002 +-8.24e-005 6.54e+003 1 of 1 

139 166.00 7.44e-003 +-7.26e-005 3.30e+003 1 of 1 
.- 203 279.00 3.24e-004 +-5.51e-005 1.12e+003 1 of 1 

,-dN-II3 392.00 8.54e-003 +-1.38e-004 2.76e+003 1 of 1 
CS-137 662.00 4.27e-002 +-2.99e-004 2.63e+005 1 of 1 
Y-88 Average: 1.26e-002 +-1.77e-004 2.56e+003 2 of 2 0.00 

898.00 1.22e-002 +-2.40e-004 
1836.00 1.30e-002 +-2.63e-004 

CO-60 Average: 5.97e-002 +-3.16e-004 4.62e+004 2 of 2 0.00 
1173.00 5.97e-002 +-4.37e-004 
1333.00 5.97e-002 +-4.57e-004 

TOTAL: 9.75e-001 uCi /gm -&>5c Total: 0.00 
----------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty Counts Counts (keY) Gamma/sec 

137.53 268.54 3842 101 145 2579 1.18 4.941e+001 
256.24 514.79 253 74 130 2076 1.14 5.054e+000

N-725



Revision 02 (05/97)

Liquid Scintillation Counter Data Sheet RS -33

A. SYSTEM NORMALIZATION 

Normalized ? Yes

Date : 10/20/97

B. BACKGROUND (CPMA) Packard Std: 

NNRC Std:

19.0 cpm 

11.3 cpm

C. H-3 STANDARD Check ( Packard )

CPMA - BKG 
Corrected dpm 

93546.5 19 

1.512E+05

D. H-3 EFFICIENCY (NNRC Standard)

CPMA - BKG 
Corrected dpm 

81889.1 - 11.3 

1.397E+05

x100%

X100% = 58.6%

E. NNRC Standard must be re-made every six (6) months or if the efficiency drops 
to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Michele R Suttot9L/ Date: 10/20/97 

Date: 9

N-726

x 100 %

x100% = 61.9%
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o..;ol w,:14 Narier-'-j Efficien-' 

I ýw o- L>'UL' C: .\ it Lw = 

±CWlo 0: Lj-UL-1'H ,-w_000 !cc= 0 R 
7jE= 10.00 U = 515S 

ý-w -.- ic'iency: Minimumr 58.- *--Pckr

SN TIME CPMA 5P4 FLAG 
1C.00 93548,4 21.'830 

* 0 00 .0 1 3534. 2294.  
10.00 91556. 21810 
1-0.00 9334•. 2i827 
JO0u.00Kw2 W8S 580 

- uO.3?17-56C.

N-729

0.00

-1 ,r; I Q A7
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Neely Nuclear Research. Cen-ter 

Quantum Technology 
GDRC Version 5.0 

---- ----- - - - -- - - - - - -- - - - -- - - - -- - -- --

-- ,ample ID : 53046-25

Sample Size .... ...... 1.00e+000 gm Spectrum File .... ......... .. TEMP.SPC 
Sampling Start ....... 10-20-97 07:16 Counting Start ..... .. 10-20-97 07:16 
Sampling Stop ....... .. 10-20-97 07:16 Live Time ........... .. 600 Sec 
Current Date ......... .. 10-20-97 09:13 Real Time ........... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*Ch^2 + 0.00e+000*ChA3 12-04-96:10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.2le-004*EnA2 + 0.00e+000*En 3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

-------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start. / End...... 0 / 4095 
Sigma Multiplier ........... .. 1.00 1 

------------------------------------------------------------------------------

PEAK SEARCH RESULTS

PK. ENERGY ADDRESS 
# (keV) CHANNEL 

89.16 168.19 
123.13 238.67 

3 137.56 268.60 
4 166.90 329.46 
5 256.19 514.68 
6 280.20 564.50 
7 392.83 798.14 
8 662.99 1358.55 
9 899.58 1849.33 

10 1175.06 2420.78 
11 1334.42 2751.37 
12 1838.18 3796.37

NET UN- C.L. BKG FWHM 
COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

68094 292 242 6480 1.10 
30237 200 182 3670. 1.14 

3880 107 161 2853 1.16 
15465 152 161 2858 1.20 

214 69 118 1939 1.26 
520 82 149 2222 1.26 

6489 106 127 1793 1.36 
24044 168 120 1458 1.64 

5241 107 154 1867 1-.78 
21105 159 128 1063 1.97 
18677 144 92 497 2.09 

2743 56 42 130 2.43

N-730



"Nee!y Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

,ample ID: 53046-25 

---------------------------------------------------------------

Sample Size ....... 1.00e+000 gm Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-20-97 07:16 Counting Start ..... .10-20-97 07:16 
Sampling Stop ..... 10-20-97 07:16 Buildup Time ........ 0.00e+000 Hrs 
Current Date ...... 10-20-97 09:13 Decay Time ......... 0.00e+000 Hrs 
..............................------------------------------------------------

Efficiency File. c:\gdr\eff\point.eff Library File .c:\gdr\library\point.lib 
ID ...................... ID ...... SRS 49183-25 POINT SOURCE 
----------------------------------------------------------------

Eff.= 1/[8.35e-003*EnA_2.72e+000 + 5.18e+001*EnAl.10e+0001 12-04-96 10:52 
..............................------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 
----------------------------------------------------------------

.....------------.... ------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.OOsigma Halflife Peaks -&>4c 
Nuclide (keV) (uCi /gm ) (hrs) Found Fraction 

CD-109 88.00 8.11e-001 +-3.48e-003 l.lle+004 1 of 1 
r 7 122.00 1.22e-002 +-8.08e-005 6.54e+003 1 of 1 

-39 166.00 7.29e-003 +-7.16e-005 3.30e+003 1 of 1 
203 279.00 3.77e-004 +-5.96e-005 1.12e+003 1 of 1 

-113 392.00 8.55e-003 +-1.40e-004 2.76e+003 1 of 1 
CS-137 662.00 4.21e-002 +-2.94e-004 2.63e+005 1 of 1 
Y-88 Average: 1.23e-002 +-1.78e-004 2.56e+003 2 of 2 0.00 

898.00 1.19e-002 +-2.43e-004 
1836.00 1.26e-002 +-2.60e-004 

CO-60 Average: 5.93e-002 +-3.19e-004 4.62e+004 2 of 2 0.00 
1173.00 5.88e-002 +-4.42e-004 
1333.00 5.98e-002 +-4.61e-004 

TOTAL: 9.53e-001 uCi /gm -&>gc Total: 0.00 
---------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keY) Channel Counts Certainty 'Counts Counts (keV) Gamma/sec 

137.56 268.60 3880 107 161 2853 1.16 4.990e+001 
256.19 514.68 214 69 118 1939 1.26 4.274e+000

N-731
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E FF:1 EE:035. LD

Unit Id: 1 
Date Performed: 10/20/97 

File Name: CALBXL\UNIT1 EFF1 E035.XLD

Arpplication R.vi,;ioi: 3 
Appli-atioi, Version: Standaid

LB$100-W AIpha-Beta Efficiency Data Etifty and Output 

Source Control ID :1F6-01.I64

Isotope 
Type 

Calibration Date 
DPM * calibration date 

Decay Corrected DPM 
Archive File

•a 9:i'y .9C, 

[-eta 
5/1 ,S'i,2 

52E 73.5,7

H1ai-11.e 104D,.6 days 

Custodian .dqar 

I:r,(br 13200 

l:rrtr 1156.62

(CPpM Events X-Talk 
2)3..17 5 B into A 

23)17.70 0.96% 
23241.17

Pago 1

Alpha 
Beta 

Gross

Efflciency 
0.43% 

43.78% 
44.21%

ErFor 

0.01 

1.061).  

1 .070.

Chi A2 

1• 31

31



E'FI:11)0:35.XLD 

Unit Id: 1 Application Ruvision: 3 
Date Performed: 10/20/97 Applicalion Version: Standaid 

File Name: C:ALBXL\UNITI EFFI D035.XLD 

LB5100W Alpho-Beta Efflcien., V M)Oa E.by and Output 

Source Control 

oIot)5,' 1.'.:K103 Hall-Uf. 2e1I(W) days 
Typo! A ph.  

Calibration [Dab W71 UA 14 Custodian Edgar 
DPM @ calibration dah! • ,) :y)"3 Error ,S6 00 

Decay Corrected LP1 .3l61:9 13 Error ,'9499 
Archive Fib! 1It.:2C:B 

Efliclency Erroe l•li1 "2 CPIM Events X-lahk 
Alpha 29.25% 0.420A r-E, 8(28 20 5 26.64% 
Beta 10.62% 0.160 1, 7'* 313343 A inco B 

Gross 39.87% 0.57% .1 1.'; 11761. __

Pin', I



BACIB039.XLD 

Unit Id: 1 
Date Performed: 10/20/97 7:04:22 Application Revision: 4 

LB5100.W Beta Background 

4.00 

3.50 
3 .00-- - - -- - - - - - - -

S 2.50o --

0-2.00 * I 
U 1.50 

1.00 

-J 0.00~~~~ ----- ------.----- -.- .- - -- - - -* - . -.  

:Z • 0.50 

legend- mean o 2ar 
Mean background: 1.83 

Error for mean background: 0.25 
Actual standard deviation: 0.63 

Predicted standard deviation: 0.78 
Number of individual measurements: 10 

Chi-square: 5.91 
Reduced chi-square: 0.66

Page 1



BACIB039.XLD 

Unit Id: 1 
Date Performed: 10120/97 7:04:22 Application Revision: 4 

LB5100-W Alpha Background 

1.20 

1.00 

". 0.80 

0•. .  

0.20 
S0 .00 0....... .  

-0.20 

-0.40 ------

- w d - mom•'; . . . ... 
Mean background: 0.17 

Error for mean background: 0.07 
Actual standard deviation: 0.24 

Predted Standard deviation: 0.24 
Number of Individcua measurements: 10 

Chi-square: 9.00 
Reduced chi-square: 1.00

Paqe 1

(
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Revision 02 (05/97) 

Liquid Scintillation Counter Data Sheet 

A. SYSTEM NORMALIZATION Date: 

Normalized ? Yes

B. BACKGROUND

C. H-3 STANDARD Check (Packard) 

CPMA - BKG 
Corrected dpm

RS - 33 

10/21/97

(CPMA) Packard Std: 17.5 cpm 

NNRC Std: 13.3 cpm

x 100%

93623.1 - 17.5 

1.511E+05
X100% = 61.9%

D. H-3 EFFICIENCY (NNRC Standard) 

CPMA - BKG x 100 % 
Corrected dpm

81747.6 - 13.3 

1.397E+05
x100% = 58.5%

E. NNRC Standard must be re-made every six (6) months or if the efficiency drops 
to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Michele R Sutton t'f( /0/2/ Date: 10=21/97 

Date: A1.2Vqr7

N-736
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ArntoVol 45 Name Sac k ounrd C:heck .21 -)c r-97 
R-eŽ1y .zr : ýý-W I-- Lcv 0Bg= 000% A a 0 r.X 

L 'ri ~-Un 1: .Crw 0 SW9 0 00 %2 3V2marO W0 
N Eu 1 un * L-UL=256.-2000 wa~r= 0flff0.0 %2 Cnom,-flfl 

L!40C - 10:).00)i = 03 

rzc1.2\gr .LfhC -hurnel A :utU A :i T. O wpm

TIrME 
10.00 
10.00

CR M 
17.50 
W. 3.30

CP MG 
13.00 
23.00

CPMO 315 FLAG 
16.30 153.61 
19.00 213.72

N-738
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ProLocol #:14 Name:H-3 Efficiency 
Region A: LL-UL: 0.0-18.6 Lcr= 0 Bkg= 0 30 
Region 8: LL-UL= 2.0-18.6 Lcr= 0 8kg= 0.00 
Region C: LL-UL=18.6-2000 Lcr= 0 Skg= 0.00 
Time = 10.00 QIP = SIS 
H-3 Efficiency: Minimum 38% for Packard Standa

TIME 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

O0.00 
10.00

CpMA SIs 
93808.9 21.710 
93582.2 21.740 
93478.2 21.710 
93623.1 21.720 
8.1778-0 17,480 
31694.2 17.440 
81770.6 17.450 
81747.6 17.457

21 -C-lc- t-97 

%2 Sigma=0.00 
A2 Sigms=0.0,) 
-%2 S i..ma=Q,. OO

r d.

FLAG 

A 

A

N-739

S# 
1 
1 
1

0 "L)3

r d



Neely Nuclear Researc" Cenzer 

Quantum Technology 
GDR C Version 5.0 

--------------------------------------------------------------

Sample Size ........ .. 1.00e+000 gm Spectrum File .... ......... TEMP.SPC 
Sampling Start. ..... .10-21-97 11:18 Counting Start ..... .. 10-21-97 11:18 
Sampling Stop ....... .. 10-21-97 11:18 Live Time ... ......... 600 Sec 
Current Date ......... 10-21-97 12:33 Real Time ... ......... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*Ch^2 + 0.00e+000*Ch^3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*EnA3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity .... .......... 2.00 Search Start./ End ..... .. 0 / 4095 
Sigma Multiplier ........... .. 1.00 
------------------------------------------ 7 -----------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

89.42 168.75 69088 297 260 6809 1.07 
123.42 239.27 30041 199 181 3625 1.11 

._v3 137.82 269.13 3857 101 145 2576 1.13 
4 167.20 330.09 15144 152 164 2960 1.14 
5 256.49 515.31 322 73 129 2040 1.50 
6 280.63 565.38 381 64 109 1639 1.11 
7 393.14 798.77 6214 105 128 1810 1.31 
8 663.34 1359.27 23939 169 128 1500 1.55 
9 899.97 1850.15 5134 102 140 1671 1.72 

10 1175.45 2421.61 21257 155 103 840 1.98 
11 1334.84 2752.24 18526 141 77 408 2.10 
12 1838.66 3797.37 2736 56 40 105 2.36 

N-740 
jq F9.s



Neely Nuclear Research Center 

Quantum Technology 
GDRC Nuclide Activity Summary 

"--ample ID: 53046-25 

----------------------------------------------------------------

Sample Size ....... 1.00e+000 gm Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-21-97 11:18 Counting Start..... .10-21-97 11:18 
Sampling Stop ..... 10-21-97 11:18 Buildup Time ........ 0.00e+000 Hrs 
Current Date ...... 10-21-97 12:33 Decay Time ......... 0.00e+000 Hrs 

---------------------------------------------------------------

Efficiency File. c:\gdr\eff\point.eff Library File. .c:\gdr\library\point.-ib 
1D . . . . . . . . . . . . . . . . . . IID . . . . . . SRS 49183-25 POINT SOURCE 
---------------------------------------------------------------

Eff.= 1/[8.35e-003*En"-2.72e+000 + 5.18e+001*EnAl.10e+000] 12-04-96 10:52 
..............................------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Haiflives 
------------------------------- - - - - - - - - - - - - - - - - - - --- ---- - - - - - - - - - - - - -

---------------------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks ~&>5c 
Nuclide (keY) (uCi /gm ) (hrs) Found Fraction 

CD-109 88.00 8.20e-001 +-3.53e-003 1.11e+004 1 of 1 
"7 122.00 1.21e-002 +-8.05e-005 6.54e+003 1 of 1 

-.39 166.00 7.15e-003 +-7.16e-005 3.30e+003 1 of 1 
,,,G-203 279.00 2.77e-004 +-4.67e-005 1.12e+003 1 of 1 

SN-113 392.00 8.19e-003 +-1.38e-004 2.76e+003 1 of 1 
CS-!37 662.00 4.20e-002 +-2.95e-004 2.63e+005 1 of 1 
Y-88 Average: 1.21e-002 +-1.73e-004 2.56e+003 2 of 2 0.00 

898.00 1.17e-002 +-2.33e-004 
1836.00 1.26e-002 +-2.57e-004 

CO-60 Average: 5.93e-002 +-3.13e-004 4.62e+004 2 of 2 0.00 
1173.00 5.93e-002 +-4.32e-004 
1333.00 5.94e-002 +-4.53e-004 

TOTAL: 9.61e-001 uCi /gm -&>gc Total: 0.00 

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(keY) Channel Counts Cert~ainty Counts Counts (keV) Gamma/sec 

137.82 269.13 3857 101 145 2576 1.13 4.962e+001 
256.49 515.31 322 73 129 2040 1.50 6.438e+000

N-741
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EFFI E036.XLD 

Unit Id: 1 Application Revision: 3 
Date Performed: 10/21197 Application Version: Standard 

File Name: C:%LBXL\UNlT1EFF1E036.XLD 

LB5100-WAIphaB.eta Efficiency Data Entry and Output 

Source Control ID:166-011-00 

sotope 8r-60/Y-0 Halff-.Uk 10409.6 days 
Type Beta 

Calbratlon Date 5115/92 Custodian Edgar 
DOPM Q calbrallon date MM000.00 Error 1320.00 

"Decay Corrected DPM 52570.03 Error 1156.54 
Archive File SROASB 

Efficiency Error CMI £2 CPM Events X-Talk 
Alpha 0.47% 0.01% 0.78 248.67 5 B into A 
Beta 43.94% 1.06% 5.13 23008.23 1.07% 

Gross 44.41% 1.08% 5.27 23346.90

Page 1
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( (
EFFI D036.XLD 

Unit Id: 1 Application Revision: 3 Date Performed: 10/21/97 Application Version: 3 File Name: C:LBXL\UNITIWEFF.1D036.XLD Application Version: Standard 

LB5100.W Ajpha.Beta Efficiency Data Entry and Output 

Source Control ID:.66-012400 

Ioto0p Th-230 Haff-.11 2810SWO days 
Type Apha 

Cabellaon Date 7/13G4 Custodian Edgar 
OPM Q calibration date 29500.00 Error 295.00 

Decay Corrected DPM 29499.13 Error 294.66 
Archive File TH230AB 

SEfficieny Error ChM A2 CPM Events X.TAIk Alpha 29.39% 0.42% 16.68 8668.87 5 26.71% Beta 10.71% 0.16% 9.94 3159.97 A into B 
Gross 40.10% 0.58% 10.66 11828.83

Page 1



BACiB040.XLD 

Unit Id: 1 
Date Performed: 10/21/97 7:18:55 Application Revision: 4 

LB5100-W Beta Background 

4.50 

2 4.00 

0 3.50 

c 3.00 
2.50 

1.50 

0 ... �-o... ... . .  

Mea background: 1.90 
Error for mean background: 0.25 

Actual standard deviation: 0.94 
Predicted standard deviation: 0.80 

Number of individual measuremens: 10 
Chi-square: 12.65 

Reduced chi-square: 1.41

Page 1
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BACI B040.XLD

Unit Id: 1 
Date Performed: 10/21/97 7:18:55 Application Revision: 4 

LB5100-W Alpha Background

'ed- mean a 2a[ -J

Mean barwound: 0.17 
Error for mean backWround: 0.07 

Actual standard deviation: 0.24 
Predicted standard deviation: 0.24 

Number of individual measwenwts: 10 
Chl-square: 9.00 

Reduced chi-square: 1.00

Page 1
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Revision 02 (05/97) RS - 33
Liquid Scintillation Counter Data Sheet

A. SYSTEM NORMALIZATION 

Normalized ? Yes

Date : 10/22/97

B. BACKGROUND (CPMA) Packard Std: 

NNRC Std:

19.1 cpm 

13.1 cpm

C. H-3 STANDARD Check ( Packard )

CPMA - BKG 
Corrected dpm

93478.4 

1.511E+05

19.1

D. H-3 EFFICIENCY ( NNRC Standard)

CPMA - BKG 
Corrected dpm 

81480.8 - 13.1 

1.397E+05

x 100 %

X100% = 58.3%

E. NNRC Standard must be re-made every six (6) months or if the efficiency drops 

to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Alain Rodriguez A•

N-746

x 100 %

x100% = 61.8%

Date: 

Date:

10/22/97 

fp,22.-qr7
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p, i
4 

-,- -on''2 :unci Zhecn: 
R-upa LIAL01:% 

L:,- 
-kg 00 

R:ecy n C: L->)L256 -- IDO% Lr QBSO= 0.00 
Time - 1.00Q QrP -SIS 
Bac kground O;-dnnei A must be 1 0 2pm

;TME 

A .00 
tO .00 q: - 10

CPM 
li .80 

2030

2:-)(zI - ;7 

%2 S igma =0 ,0(.'

1.00 134.M9 

15.30 221.02

N-748
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: 2 r, bo .. .. ) •. it: : N -.tn,- : H - 2 "3 ':' ' {:..:tm .:. 7 2 - t,c:.t- .Z7 Q "•" Keg L.:.•n • _ -; .. - 0 :,.! .c', Lcr:= b', '- ="= ', .0 () :..; 3.... m a = ,) . n 
4,- -Z .. -- .• '-. 6 -- x 2•k, 0. %2 "C>" ZL.- . ...t-•.. .O . .fl:ma , 

Reg ion -18 .- 000 Lcr= : k= 0.00 %J s igma=O.2 
Time = Q - =.) 

Zn TI�..iz�--... - i fimum 7, a-Of - a . t•CFSC! 

34 -!7M7 !5LAG 
1 10.30 :;, .£ . )1 .LQQ 
1 10.O0 93401.5 I.790 

1 10 00 9 '>3376.3 21.79ý0 
10.90 9314-783.4 2• . 7?3 , .. 10.9)0 Ai'1S36 .4 17.570 L.O.0 :A.. -D .1 S 36 
1.•0. . 10 .55' 
- O..:,.O '-8L6 .4 2.560 
t . C, 30 8jqQ . 1 .567

N-749



Neely Nuclear Researzh Cer,:,r 

Quantum Technology 
GDRC Version 5.0

I -dample 1D : 53046-25

Sample Size ........ .. 1.00e+000 gm Spectrum File .... ......... .. TEMP.SPC 
Sampling Start ....... .10-22-97 09:04 Counting Start...... .. 10-22-97 09:04 
Sampling Stop ....... .. 10-22-97 09:04 Live Time ........... .. 600 Sec 
"Current Date ......... .. 10-22-97 09:55 Real Time ........... 0 Sec 
------------------------------------------------------------------------------------

Detector #: 21 
Energy(keV) 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch 3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*En^3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

------------------------------------------------------------------------------------
Sensitivity ... .......... 2.00 Search Start / End ..... .. 0 / 4095 
Sigma Multiplier ........... .. 1.00 1 
----------------------------------------------------------------------------------------

PEAK SEARCH RESULTS

PK. ENERGY ADDRESS 
# (keV) CHANNEL

\- 3 
4 
5 
6 
7 
8 
9 

10 
11 
12

89.45 
123 .44 
137.86 
167.21 
256 .19 
280.58 
393.14 
663 .36 
900.04 

1175.51 
1334.89 
1838.69

168 .81 
239.30 
269 .23 
330.11 
514 .68 
565.28 
798 .77 

1359.31 
1850 .29 
2421.73 
2752.35 
3797.43

NET UN
COUNTS CERTAINTY

67179 
29861 

3682 
15246 

395 
473 

6257 
23946 

5247 
21091 
18615 

2720

295 
199 
100 
148 
105 

82 
108 
170 
101 
156 
142 

56

C.L.  
COUNTS

268 
181 
144 
147 
201 
149 
140 
135 
136 
115 

76 
38

BKG FWHM 
COUNTS (keV) FLAG

7194 
3637 
2543 
2667 
3183 
2233 
1956 
1549 
1582 

967 
395 
101

1.07 
1.14 
1 .14 

1.17 
1.35 
1. 18 
1.36 
1.58 
1.74 
1.91 
2.13 
2.43

N-750
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Neely Nuclear Research Cener

Quantum Technology 
GDR C Nuclide Activity Summary 

-ý ample ID: 53046-25 

------------------------------------------------------------------------------------
Sample Size ........ .. 1.00e+000 gm Spectrum File .... ......... .. TEMP.SPC Sampling Start. ..... .10-22-97 09:04 Counting Start ..... .. 10-22-97 09:04 
Sampling Stop ....... .. 10-22-97 09:04 Buildup Time ......... ... 0.00e+000 Hrs Current Date ......... .. 10-22-97 09:55 Decay Time.............. .00e+000 Hrs 

------------------------------------------------------------------------------------
Efficiency File. c:\gdr\eff\point.eff Library File. c:\gdr\library\point lib ID. . .

............  ID ..... . .......... ID... . . . SRS 49183-25 POINT SOURCE --------------------------------------------------------------------------------
ELf.= I/[8.35e-003*En^-2.72e+000 + 5.18e+001*En-..10e+000j 12-04-96 1-0:52 --------------------------------------------------------------------------------
Gamma Fraction Limit >= . . . 80.00 % I Decay Limit <=. . . . 8.000 Halflives 

---------------------------------------------------- ---------------------------------------------------------------------------------------------------------------

FINAL ACTIVITY REPORT

Energy Conc +- 1.00sigma Halflife Nuclide (keV) (uCi /gm ) (hrs) 

CD-109 88.00 7.97e-001 +-3.50e-003 1.l1e+004 
7, •7 122.00 1.21e-002 +-8.04e-005 6.54e+003 
.39 166.00 7.19e-003 +-6.97e-005 3.30e+003 

3-203 279.00 3.43e-004 +-5.95e-005 1.12e+003 
'-8N-113 392.00 8.25e-003 +-1.43e-004 2.76e+003 

CS-137 662.00 4.20e-002 +-2.98e-004 2.63e+005 
Y-88 Average: 1.22e-002 +-1.71e-004 2.56e+003 

898.00 1.20e-002 +-2.31e-004 
1836.00 1.25e-002 +-2.56e-004 

CO-60 Average: 5.92e-002 +-3.14e-004 4.62e+004 
1173.00 5.88e-002 +-4.36e-004 
1333.00 5.97e-002 +-4.54e-004

Peaks ~&>ac 
Found Fraction 

1 of 1 
1of 1 
1of 1 Sof 1 
of 1 

lof 1 
2 of 2 0.00

2 of 2 0.00

TOTAL: 9.38e-001 uCi /gm -&>5c Total: 0.00 
------------------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- , C.L. Bkg. FWHM Net 
(keV) Channel Counts Certainty 'Counts Counts (keV) Gamma/sec 

137.86 269.23 3682 100 144 2543 1.14 4.737e+001 
256.19 514.68 395 105 201 3183 1.35 7.888e+000

N-751



BACIB041.XLD 

Unit Id: 1 
Date Performed: 10/22/97 10:14:44 Application Revision: 4 

LB5100-W Beta Background 

6.00 C .0 0 .............. ..... ......... ....... .... ... .. .... .. .. .  

*0 
t3 .00 

1.00 

0.00 

Slegend - mean 2 
Mean background: 2.80 

Error for mean backlound: 0.31 
Actual standard deviation: 1.02 

Predicted standard deviation: 0.97 
Number of individul easuremnents: 10 

C•-sqwe: 10.05 
Reduced chl"-quuro: 1.12 
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Unit Id: 1 
Date Performed: 10/22/97 10:14:44 Application Revision: 4

legend - mea a 2a I
Mean background: 

Error for mean background: 
Actual standard deviation: 

Predliced standard deviation: 
Number of individual maswemenits: 

Chsumre: 
Reduced ck-squmae:

BACIB041.XLD

LB5IOO-W Alpha Background 

1.60 
S1.40 1 o 1 .2 ... ............ .......... ... ... ..... ...... .. ................ ... .-i 

01.200 
0 .8 0 ... ...................................... .  

-0.40-J

0.50 
0.13 
0.32 
0.41 
10 

5.67 
0.63
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EFFID037.XLD 

Unit Id: I Application Revision: 3 
Date Performed: 10/22/97 Application Version: Standard 

File Name: C:\LBXLtJNIT1\EFFID037.XLD 

LB510I-W Alpha-Beta Efficiency Data Enfry and Output 

Source Control ID: 66-012-00 

o e Th-230 lIl-UI. 2B1O5O days 
Type AA" 

Caibration Date 7R13094 CustoMda EdHO 
OPM 0 callralon doe 2500.00 Error 295.00 

/ Decay Corrected DPM 29498.13 Error 294.99 

Archive Me TH230AB 

Elciency Error Cm A2 CPM Evelfs X-Talk 
Alpha 29.23% 0.42% 2.46 8621.40 5 26.85% 
BIa 10.73% 0.16% 3.97 3164.17 A nto 8 

Gross 3D.95% 0.57% 2.14 11785.57
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EFFIE038.XLD 

Unit Id: I Application Revision: 3 
Date Performed: 10/23/97 Application Version: Standard 

File Name: C:\LBXL•.JNIT1EFF1E038.XLD 

LBSIOO-WAIpIha.Bet Efficiency Data Entry and Output 

Source Control ID: 66-0110 

Isotope &r.QVwY-G0 H.L4JU 10409.6 days 

Type Oda 
Calbilon Dole 5115W2 Custodlan Edgr 

5PM @cal cbraftaondtMe WO00.OD Enror 1320,00 
Decay Corrected DPM 52583.05 Error 1155.39 

Archive Fib SR9B 

Efliciency Enar Cli ^2 CPU Events X-Talk 

Alpha 0.48% 0.01% 1.94 243.93 5 BWntoA 
Beta 43.82% 1.08% 1.98 23031.23 1.05% 

Gross 44.28% 1.07% 1.83 23275.17
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Revision 02 (05/97)

Liquid Scintillation Counter Data Sheet RS-33

A. SYSTEM NORMALIZATION 

Normalized ? Yes

Date : 10/23/97

B. BACKGROUND Packard Std: 

NNRC Std:

17.1 cpm 

12.4 cpm

C. H-3 STANDARD Check ( Packard)

CPMA - BKG 
Corrected dpm 

93599.6 - 17.1 

1.511E+05

D. H-3 EFFICIENCY (NNRC Standard)

CPMA - BKG 
Corrected dpm 

80727.1 - 12.4 

1.396E+05

x100%

X100% = 57.8%

E. NNRC Standard must be re-made every six (6) months or If the efficiency drops 
to less than 90 % of original efficiency.  

Original Efficiency: 60.6% 

Date standard made: 10/1/97

Performed By: 

Reviewed By:

Ken Veinot Date: 10/23/97 

Date: I -Z3 - 177

N-756

x 100%

X100% = 61.9%

( CPMA )



Protct(ol #:i1s Name 5ackgr'ourd Check 23-Oct-07 
R'egion A: LL-UL= 0.0-2.8.6 _cr= 0 Skq= 0.00 %2 sigma=0.Oo 
Region B: LL-UL=18.e-.256. o~r= 0 Bkg= 0.00 %2 Sigma=Oo.o 
Region C: LL-UL=2S6.-2000 Lcr= 0 Bkg= 0.00 %2 Sigma=0.00 
Time 10j.00 QIP = SIS 
Bac-kground Channel A mtust be < 30 cpm

SI* TIME 
2 10,.00 
2 10.00

CPMA 
17.10 
12.40

CPMB 
12.80 
23.30

CPMC SIS FLAG 
15.20 164.82 
16.80 233.26

N0157

06: 38



Protocol #:14 Name:H-3 Efficiency 23-Oct-97 
Region A: LL--UL= 0.0-18.6 Lcr= 0 Bkg= 0.00 %2 Sigma=O.oo 
Region 8: LL-UL= 2.0-18.6 Lcr= 0 8kg= 0.00 %2 sigma=O.00 
Region C: LL-UL=18.6-2000 Lcr= 0 Bkg= 0.00 %2 Sigma=O.00 
Time = 10.00 QIP = SIS 
H-3 Efficiency: MiKimum 58% for Packard Standard

S# TIME CPMA 
1 10.00 93469.8 
1 10.00 93726.6 
1 10.00 93602.3*, 

10.00 93599.6 
2 10.00 80754.1 
2 10.00 80696.3 
2 10.00 80731.0 

10.00 80727.1 
SYSTEM NORMALIZED

SIS FLAG 
21.790 
21.780 
21.770 
21.780 A 
17.530 
17.500 
17.500 
17.510 A

N-758



Neely Nuclear Research Center 

Quantum Technology 
GDR C Version 5.0 

------------------------------------------------------- -----

•'--ample ID : 53046-25 

Sample Size ....... 1.00e+000 gm Spectrum File .......... TEMP.SPC 
Sampling Start ..... 10-23-97 08:15 Counting Start ..... .10-23-97 08:15 
Sampling Stop ..... 10-23-97 08:15 Live Time ............ 600 Sec 
Current Date ...... 10-23-97 08:58 Real Time ............. 0 Sec 
..........................--------------------------------------------------...  

Detector #: 21 
Energy(keV)= 8.08 + 0.482*Ch + 0.00e+000*ChA2 + 0.00e+000*Ch 3 12-04-96 10:52 

FWHM(keV) = 1.14 + -0.004*En + 8.21e-004*EnA2 + 0.00e+000*En A3 12-04-96 10:52 
Where En = Sqrt(Energy in keV) 

----------------------------------------------------------------

Sensitivity ............ 2.00 Search Start / End ..... . 0 / 4095 
Sigma Multiplier ......... 1.00 
----------------------------------------------------------------

PEAK SEARCH RESULTS 

PK. ENERGY ADDRESS NET UN- C.L. BKG FW14M 
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG 

89.20 168.28 68206 292 243 6507 1.11 
2 123.18 238.78 30051 199 180 3600 1.11 

" " 3 137.60 268.68 3717 100 144 2559 1.15 
4 166.97 329.62 15185 151 160 2813 1.15 
5 256.26 514.84 410 74 129 2058 1.04 
6 280.29 564.69 507 69 118 1721 1.41 
7 392.99 798.45 6537 109 138 1918 1.40 
8 663.28 1359.16 24419 170 130 1556 1.57 
9 900.04 1850.28 5074 105 150 1778 1.67 

10 1175.55 2421.81 21191 157 115 920 1.92 
11 1335.01 2752.59 18689 143 84 459 2.07 
12 1838.98 3798.02 2733 56 41 115 2.39

N-759



Neely Nuclear Research Cen-er 

Quantum Technology 

GDRC Nuclide Activity Summary 

• .ample ID: 53046-25 

-------------------------------------------------------------------------------------
Sample Size ....... 1.00e+000 gm Spectrum File .......... TEMP.SPC 
Sampling Start ..... .10-23-97 08:15 Counting Start..... .10-23-97 08:15 
Sampling Stop ..... 10-23-97 08:15 Buildup Time ........ 0.00e+000 Hrs 
Current Date ...... 10-23-97 08:58 Decay Time ......... 0.00e+000 Mrs 

Efficiency File. c:\gdr\eff\point.eff Library File .c:\gdr\library\poin.!-ib 
D.............ID ...... SRS 49183-25 POINT SOURCE 

----------------------------------------------------------------

Eff.= 1/[8.35e-003*En"-2"72e+000 + 5.18e+001*EnA1.10e+000] 12-04-96 -0:52 
----------------------------------------------------------------

Gamma Fraction Limit >= . . . 80.00 % 1 Decay Limit <=. . . . 8.000 Half-ives 
----------------------------------------------------------------

.............................-------------------------------------------------

FINAL ACTIVITY REPORT 

Energy Conc +- 1.00sigma Halflife Peaks ~&>gc 
Nuclide (keY) (uCi /gm ) (hrs) Found Fraction 

CD-109 88.00 8.12e-001 +-3.48e-003 l.11e+004 1 of 1 c -7 122.00 1.22e-002 +-8.05e-005 6.54e+003 1 of 1 
-39 166.00 7.16e-003 +-7.10e-005 3.30e+003 1 of 1 

.ý-203 279.00 3.68e-004 +-5.02e-005 1.12e+003 1 of 1 
"•-SN-13 392.00 8.61e-003 +-1.44e-004 2.76e+003 1 of 1 

CS-137 662.00 4.28e-002 +-2.99e-004 2.63e+005 1 of 1 
Y-88 Average: 1 20e-002 +-1.75e-004 2.56e+003 2 of 2 0.00 

898.00 1.16e-002 +-2.39e-004 
1836.00 1.26e-002 +-2.58e-004 

CO-60 Average: 5.95e-002 +-3.16e-004 4.62e+004 2 of 2 0.00 
1173.00 5.91e-002 +-4.37e-004 
1333.00 5.99e-002 +-4.58e-004 

TOTAL: 9.54e-001 uCi /gm -&>6c Total: 0.00 
----------------------------------------------------------------

UNKNOWN PEAKS 

Energy Centroid Net Un- C.L. Bkg. FWHM Net 
(kev) Channel Counts Certainty 'Counts Counts (keV) Gamma/sec 

137.60 268.68 3717 100 144 2559 1.15 4.781e+001 
256.26 514.84 410 74 129 2058 1.04 8.190e+000

N-760
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BACIB042.XLD

Unit Id: 1 
Date Performed: 10/23/97 10:03:48 Application Revision: 4

LB5100-W Alpha Background

1.60 
1.40 S1.0 
1.20 

E 0.80 

S0.40 

S0.20 
a..o 

;R -0.20 
-0.40

Ne2end romea a 2o1 
Mean bAckroumd: 0.23 

Error for mean background: 0.09 
Aual stndard deviation: 0.32 

Predicted standard deviaion: 0.28 
Number of Individual measurernws: 10 

ChI-square: 11.57 
Reduced chi-square: 1.29
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BAC1B042.XLD 

Unit Id: 1 
Date Performed: 10/23/97 10:03:48 Application Revision: 4 

LBSIOO-W Beta Background 

8.00 

S7.00 
8 .00 

5.00 , 

4.00 I. .. ......
2 .0 0  j " 

1.00 ' 

0.00 

meon backgroun: 3.93 

Eror for mean background: 0.36 
Actual stanrd devlation: 1.26 

Predicted sbmdwd deviation: 1.15 
Number of Indvidual meauureennts: 10 

CN-square: 10.81 
Reduced cw-squwe: 1.20
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EFFI D038.XLD 

Unit Id: 1 Application Revision: 3 
Date Performed: 10/23197 Application Version: Standard 

File Name: C:\LBXL\JNIT1\EFF1D038.XLD 

LB510.W Alpha-Beta Efficiency Data Entry and Output 

Source Control ID:166-12-00 

Isotope Th-230 Half-iUe 28105000 days 
Type Alpha 

Calbaraton Wae 7113094 Custodian EdWar 
iWM 0 cailbraton date 26500.00 Error 285.00 

Decay Corrected DPM 294D".13 Error 294.99 
Arclve FRO TH230AB 

SElficiency Enror CM A2 CPU Evens X.Talk 

AWN 29.55% 0.43% 0.33 8716.93 5 26.21% 
Beta 10.50% 0.16% 5.96 3096.30 A into B 

Gross 40.05% 0.57% 1.51 11813.23
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EFFIE038.XLD 

Unit Id: 1 Application Revision: 3 
Date Performed: 10/23/97 Application Version: Standard 

File Name: C:\LBXL\UJNIT1EFF1E038.XLD 

LB100.WAIphaBeta Efficency Data Entry and Output 

Source Control ID: 66411)0 

letope Sr.4YY.60 Hil-L.U 10409.6 days 
Type Beim 

CaibrMdon DO 5W15W Culodlm Edgar 

DPM Q calhralw di. OW0D.00 Efr 1313.00 
Decay Corerded OPM 52563.05 Era"r 1156.39 

Archive File SRAB 

Efciency Eror CM £2 CPM Event X-Tafk 
AOa 0.46% 0.01% 1.94 243.93 5 B into A 

Beta 43.82% 1.06% 1.96 23031.23 1.05% 
Gross 44.28% 1.07% 1.83 23275.17
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