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CERTIFICATE OF CALIBRATION
MULTINUCLIDE STANDARD SOURCE

Customer: NEW MILLENNIUM NUCLEAR TECHNC™ LGY  P.O. No.: 091602AIP01MO1
Catalog No.: ~ GF-0051 Reference Date: 1-Nov-02 12:00 P~
Source No.: 952-30-1 Total Radioactivi 0.1006 nCi

Total Radioactivity: 3.722 kBq

Description of Source:
Capsule type: Coner=a right cylinder (44.4 mm OD x 22.7 mm tall)

A

B. Nature of active deposit: Muzznuclide distributed in approximately 1.9 g/cc concrete matrix

C. Active diameter/volume: Approximately 35 mL (66.09 grams)

D. Backing: None

E. Cover: None
Gamma-Ray Nuclide Half-life Branching Activity Gammas T
Energy (keV) Ratio (%) (nCi) per second Uncer:.
60 Am-241 432.17 £ 0.66 years 36.0 0.003087 41.12 3.0%
88 Cd-109 462.6 £ 0.7 days 3.63 0.04244 57.00 3.0%
122 Co-57 271.79 £ 0.09 days 85.6 0.001498 47.44 3.0%
166 Ce-139 137.640 + 0.023 days 79.87 0.001937 57.24 3.0%
279 Hg-203 46.595 + 0.013 days 81.48 0.005825 175.6 3.0%

— 392 Sn-113 115.09 + 0.04 days 64.89 0.007405 177.8 3.0%

514 Sr-85 64.849 = 0.004 days 98.4 0.008545 311.1 3.0%
662 Cs-137 30.17 £ 0.16 years 85.1 0.006576 207.1 3.0%
898 Y-88 106.630 + 0.025 days 94.0 0.01530 532.1 3.0%
1173 Co-60 5.272 £ 0.001 years 99.86 0.007998 295.5 3.0%
1333 Co-60 5.272 +0.001 years 99.98 0.007998 2959 3.0%
1836 Y-88 106.630 + 0.025 days 99.36 0.01530 562.5 3.0%

Method of Calibration:
The source was prepared from weighed aliquots of solutions whose concentrations in pCi/g
were determined by gamma spectrometry.

Notes:

- See reverse side for leak test(s) applied to this source.

- Nuclear data was taken from IAEA-TECDOC-619, 1991.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Overall uncertainty is calculated at the 99% confidence level.

- This source has a working life of 1 year.
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Field NaI Gamma Spectrometry Analysis of the Colorado School of Mines Soils

For

STOLLER

105 Technology Drive #190

Broomfield 80021

Colorado

NMNT Field Lab Gamma Spectrometry Analysis of The Colorado School of Mines Soils
Total Radium-226 was measured by gamma spectrometry using two Sodium Iodide detectors housed in modular portable 3-inch walled lead shields in conjunction with gamma analysis software installed on a laptop.  The photons used for the determination of Ra-226 are those at the energy of 186 keV.

A calibration check for each of the NaI gamma detectors responses were performed for Ra-226 using the NIST Mixed Multiple Nuclide Radioactive block (NIST I.D. 952-30-1) and a Ra-226 source (NIST I.D. 541-12-3) before and after every days samples to verify instrument performance by monitoring the Cs-137 or Ra-226 peak drift and the instrument’s ability to identify the calibration radionuclide of interest.  Calibration certificates are attached below.

Sample Field Counting

All 1192 soil samples were field counted for total Ra-226 gamma activity (pCi/g) by Mr. Grant Charters of NMNT. Field Ra-226 activities were calculated using the full volume of each sample, which was contained in an 8 oz plastic storage container.  The typical sample weights were between 200g and 500g.  The Ra-226 field activities (pCi/g) were used to minimize the volumes of contaminated soil removed from the site by allowing a quantitative dynamic decision making ability in near real time to happen.  The activity data obtained during the profiling process at The Colorado School of Mines was reduced and transferred to site maps as part of the daily radiological cleanup status methodology.

Site Lab NaI Ra-226 Daily Calibration Response
	Detector
	Date
	Cs-137 Calibration 
	Ra-226 Calibration
	Calibration Peak
	Calibration Peak
	Calibration

	I.D.
	 
	Source
	 Source
	Spectral 
	 Spectral Energy
	Peak Within

	 
	 
	I.D. 952-30-1
	I.D. 541-12-4
	Channel #
	 (KeV)
	Energy Range

	 
	 
	661 KeV
	186 KeV
	 
	 
	

	1
	6/21/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	6/21/2006
	
	150.22 - 204.15
	1538
	186.03
	YES

	1
	6/23/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	6/23/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	6/26/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	6/26/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	6/27/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	6/27/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	6/29/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	6/29/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	6/30/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	6/30/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	7/5/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	7/5/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	7/5/2006
	 
	166.08 - 216.52
	1047
	186.03
	YES

	2
	7/5/2006
	587.04 - 706.44
	 
	5343
	661.59
	YES

	1
	7/6/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	7/6/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	7/7/2006
	 
	166.08 - 216.52
	1047
	186.03
	YES

	2
	7/7/2006
	587.04 - 706.44
	 
	5343
	661.59
	YES

	1
	7/10/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	7/10/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	7/11/2006
	 
	166.08 - 216.52
	1047
	186.03
	YES

	2
	7/11/2006
	587.04 - 706.44
	 
	5343
	661.59
	YES

	1
	7/12/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	7/12/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	7/14/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	7/14/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	7/17/2006
	620.20 - 716.75
	 
	3574
	661.61
	YES

	2
	7/17/2006
	
	150.22 - 204.15
	1641
	185.93
	YES

	1
	7/18/2006
	 
	166.08 - 216.52
	1047
	186.03
	YES

	2
	7/18/2006
	587.04 - 706.44
	 
	5343
	661.59
	YES

	1
	7/19/2006
	 
	166.08 - 216.53
	1047
	186.03
	YES

	2
	7/19/2006
	587.04 - 706.45
	 
	5343
	661.59
	YES

	1
	7/21/2006
	620.20 - 716.77
	 
	3574
	661.61
	YES

	2
	7/21/2006
	 
	150.22 - 204.17
	1641
	185.93
	YES

	1
	7/24/2006
	620.20 - 716.78
	 
	3574
	661.61
	YES

	2
	7/24/2006
	 
	150.22 - 204.18
	1641
	185.93
	YES

	1
	7/25/2006
	620.20 - 716.79
	 
	3574
	661.61
	YES

	2
	7/25/2006
	 
	150.22 - 204.19
	1641
	185.93
	YES

	1
	7/26/2006
	 
	166.08 - 216.57
	1047
	186.03
	YES

	2
	7/26/2006
	587.04 - 706.49
	 
	5343
	661.59
	YES

	1
	7/27/2006
	620.20 - 716.81
	 
	3574
	661.61
	YES

	2
	7/27/2006
	 
	150.22 - 204.21
	1641
	185.93
	YES

	1
	7/28/2006
	620.20 - 716.82
	 
	3574
	661.61
	YES

	2
	7/28/2006
	 
	150.22 - 204.22
	1641
	185.93
	YES

	1
	7/31/2006
	620.20 - 716.83
	 
	3574
	661.61
	YES

	2
	7/31/2006
	 
	150.22 - 204.23
	1641
	185.93
	YES

	1
	8/1/2006
	620.20 - 716.84
	 
	3574
	661.61
	YES

	2
	8/1/2006
	 
	150.22 - 204.24
	1641
	185.93
	YES

	1
	8/2/2006
	 
	166.08 - 216.62
	1047
	186.03
	YES

	2
	8/2/2006
	587.04 - 706.54
	 
	5343
	661.59
	YES

	1
	8/3/2006
	620.20 - 716.86
	 
	3574
	661.61
	YES

	2
	8/3/2006
	 
	150.22 - 204.26
	1641
	185.93
	YES

	1
	8/7/2006
	620.20 - 716.87
	 
	3574
	661.61
	YES

	2
	8/7/2006
	 
	150.22 - 204.27
	1641
	185.93
	YES

	1
	8/8/2006
	620.20 - 716.88
	 
	3574
	661.61
	YES

	2
	8/8/2006
	 
	150.22 - 204.28
	1641
	185.93
	YES
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GAMMA STANDARD SOURCE

Radionuclide: Ra-226 Customer.: ALPHA ENERGY LABS

Half Life: 1600 + 7 years

Catalog No.: GF-226-100N P.O. No: BPF-96247 )

Source No.: 541-12-3 Reference Date: 15 June 1996  12:00 PST

Contained Radioactivity:(Ra-226) 0.1056 uCi (3.907 kBq)
Description of Source

a. Capsule type: D
b. Nature of active deposit: Evaporated metallic salts in ceramic matrix
¢. Active diameter/volume: 5 mm
d. Backing: Epoxy
e. Cover: Acrylic
Radioimpurities:

None detected (daughters present)

Method of Calibration
The source was prepared from a weighed aliquot of a solution whose concentration in uCi/gram was determined by
gamma spectrometry:
Energy peak(s) integrated under: 186 KeV.
Branching ratio(s) used: 0.0351 gamma rays per decay.
Uncertainty of Measurement
a. Systematic uncertainty in instrument calibration: + 3.0%
b. Random uncertainty in assay: * 0.9%
¢. Random uncertainty in weighing(s): + 0.4%
d. Total uncertainty at the 99% confidence level: + 3.2%
NIST Traceability

This calibration is traceable to the National Institute of Standards and Technology.

Leak Test(s)
See reverse side for Leak Test(s) applied to this source.

Notes

1. IPL participates in an NIST measurement assurance program to establish and maintain implicit traceability for a
number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference Materials (As in
NRC Regulatory Guide 4.15).

L. - Ut

QUALITY CONTROL

1l Tus 96
Date Signed
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